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The Python Library Reference, Anpocisuon 3.9.23

While reference-index describes the exact syntax and semantics of the Python language, this library reference manual
describes the standard library that is distributed with Python. It also describes some of the optional components that are
commonly included in Python distributions.

Python’s standard library is very extensive, offering a wide range of facilities as indicated by the long table of contents listed
below. The library contains built-in modules (written in C) that provide access to system functionality such as file I/O that
would otherwise be inaccessible to Python programmers, as well as modules written in Python that provide standardized
solutions for many problems that occur in everyday programming. Some of these modules are explicitly designed to
encourage and enhance the portability of Python programs by abstracting away platform-specifics into platform-neutral
APIs.

The Python installers for the Windows platform usually include the entire standard library and often also include many
additional components. For Unix-like operating systems Python is normally provided as a collection of packages, so it
may be necessary to use the packaging tools provided with the operating system to obtain some or all of the optional
components.

In addition to the standard library, there is a growing collection of several thousand components (from individual programs
and modules to packages and entire application development frameworks), available from the Python Package Index.

Mepiexopeva 1
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Introduction

The «Python library» contains several different kinds of components.

It contains data types that would normally be considered part of the «core» of a language, such as numbers and lists. For
these types, the Python language core defines the form of literals and places some constraints on their semantics, but does
not fully define the semantics. (On the other hand, the language core does define syntactic properties like the spelling and
priorities of operators.)

The library also contains built-in functions and exceptions — objects that can be used by all Python code without the
need of an import statement. Some of these are defined by the core language, but many are not essential for the core
semantics and are only described here.

The bulk of the library, however, consists of a collection of modules. There are many ways to dissect this collection. Some
modules are written in C and built in to the Python interpreter; others are written in Python and imported in source form.
Some modules provide interfaces that are highly specific to Python, like printing a stack trace; some provide interfaces
that are specific to particular operating systems, such as access to specific hardware; others provide interfaces that are
specific to a particular application domain, like the World Wide Web. Some modules are available in all versions and
ports of Python; others are only available when the underlying system supports or requires them; yet others are available
only when a particular configuration option was chosen at the time when Python was compiled and installed.

This manual is organized «from the inside out:» it first describes the built-in functions, data types and exceptions, and
finally the modules, grouped in chapters of related modules.

This means that if you start reading this manual from the start, and skip to the next chapter when you get bored, you
will get a reasonable overview of the available modules and application areas that are supported by the Python library.
Of course, you don’t have to read it like a novel — you can also browse the table of contents (in front of the manual), or
look for a specific function, module or term in the index (in the back). And finally, if you enjoy learning about random
subjects, you choose a random page number (see module random) and read a section or two. Regardless of the order in
which you read the sections of this manual, it helps to start with chapter Evewuatwuéves (Built-in) Zvvaptnoeig, as the
remainder of the manual assumes familiarity with this material.

Let the show begin!
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1.1 Notes on availability

o An «Availability: Unix» note means that this function is commonly found on Unix systems. It does not make any
claims about its existence on a specific operating system.

« If not separately noted, all functions that claim «Availability: Unix» are supported on macOS, which builds on a
Unix core.

4 Kegahaio 1. Introduction



KEDAAAIO 2

Evowpatwpuéveg (Built-in) Zuvaptnoelg

O interpreter Tg Python éyei évav aplBud amd ovvapthoelg KoL Timovg evompotouévoug (built-in) og avtdv, mov
etvan whvta drabéoipa. TlapatiBevtar dm te ahpapnTiky oelpa.

Evowpatwpgveg (Built-in) Zuvap-

TACELG
abs () delattr() hash () memoryview () set ()
all() dict () help () min () setattr()
any () dir() hex () next () slice()
ascii() divmod () id() object () sorted()
bin() enumerate () input () oct () staticmethod (
bool () eval () int () open () str()
breakpoint ()| exec () isinstance () ord () sum ()
bytearray () filter() issubclass () pow () super ()
bytes () float () iter() print () tuple ()
callable () format () len () property () type ()
chr () frozenset () 1ist () range () vars ()
classmethod () getattr() locals () repr () zip ()
compile () globals () map () reversed() __import__ ()
complex () hasattr() max () round ()

abs (x)

Return the absolute value of a number. The argument may be an integer, a floating point number, or an object

implementing __abs

all (iterable)

___ (). If the argument is a complex number, its magnitude is returned.

Emotpéger True edv Oha T aToLyElC TOV iterable eivaw true (1) eGv To iterable eivan kevo). Iooduvapel pe:

def all (iterable):
for element in iterable:

if not element:
return False
return True
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any (iterable)
Emotpégel True edv 0molodnmoTe otoLyeio tov iterable ivar ain0ég. Edv To iterable eivon kevo, emotpépel
False. [oodvvapel ue:

def any(iterable):
for element in iterable:
if element:
return True
return False

ascii (object)
As repr (), return a string containing a printable representation of an object, but escape the non-ASCII characters
in the string returned by repr () using \x, \u or \U escapes. This generates a string similar to that returned by
repr () in Python 2.

bin (x)
Convert an integer number to a binary string prefixed with «Ob». The result is a valid Python expression. If x is not
a Python int object, it has to define an ___index__ () method that returns an integer. Some examples:

>>> bin(3)
'Ob11"

>>> bin (-10)
'-0b1010"

If prefix «Ob» is desired or not, you can use either of the following ways.

>>> format (14, '#b'), format (14, 'b'")
('"0Ob1120', '"1110")

>>> f'{14:4b}', £'{14:b}"'

('"Ob1120', '"1110")

Agite emiong ™) format () yuo TEPLOCOTEPES TANPOPOPIECS.

class bool ([x])
Return a Boolean value, i.e. one of True or False. x is converted using the standard truth testing procedure. If
x is false or omitted, this returns False; otherwise it returns True. The bool class is a subclass of int (see
Aowubnurol Towor — int, float, complex). It cannot be subclassed further. Its only instances are False and True
(see Boolean Values).

AMaEe oty £xdoon 3.7: x is now a positional-only parameter.

breakpoint (*args, **kws)
This function drops you into the debugger at the call site. Specifically, it calls sys.breakpointhook (),
passing args and kws straight through. By default, sys.breakpointhook () calls pdb.set_trace()
expecting no arguments. In this case, it is purely a convenience function so you don’t have to explicitly import pdb
or type as much code to enter the debugger. However, sys.breakpointhook () can be set to some other
function and breakpoint () will automatically call that, allowing you to drop into the debugger of choice.

Evyeipel éva auditing event builtins .breakpoint pe 0piopa breakpointhook.
Néo oty éxdoon 3.7.
class bytearray ( [source[, encoding[, errors] ] ] )
Emotpépete évag véog mivakag amo bytes. H khdon byt earray eival po petofinth akorovdbio axepaiwv
070 eVpog 0 <= x < 256. 'Eyel 11g mepLocoTepeg amd tig ovvnelg nebddovg petofAntav akorovblmv, o

meprypdpovtal oto TUmor MetafSAntdv AkolovOudv (Sequences), KOOMDS KoL TG TEPLOCGOTEPES UEBGOVG TTOV
£y€L 0 TUMOG bytes, delte Asttovpyles Bytes kot Bytearray.

H ntpoaipetikn mopduetpog source Wtopet vo. ¥ p1oLoomOeL yio TV apyLKomToin o Tov TivoKa (e LepLKovg
SLOLPOPETLKOVG TPOTOVG:

6 Kegdhawo 2. Evowpatwpeveg (Built-in) Zuvaptioeig
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o Eqv eivow string, mpémer emiong va dmoeTe TG TAPAUETPOVS encoding (KL TPOALPETIKA, errors)s
N bytearray () OTN OUVEXELD UETATPETEL TN OUUPOLOCELPG OF byte YPNOLUOTOLDVTOG Str.
encode ().

o Edv eivau integer, o mivakag 0a €xel autd to uéyebog xon o apytkomowndel pe null bytes.

o Edv eival avtikeipevo mov ovppoppmvetor ue to buffer interface, 6a ypnouomomOei po tpoowpiv
UVIULN LOVO YLOL OVAYVIDOT] TOU OVILKELUEVOU YLOL TNV TIPOETOLUOOL0 TOV TTEVOKO. [LE TaL bytes.

o Edv eivau iterable, mpémel va eivon évag iterable akepaiov oto gvpog 0 <= x < 256, oL 07TOLOL
YPNOLULOTTOLOVVTOL WG OPYLKEL TEPLEYXOUEVE TOV TTEVOKOL.

Xwplg opropa dnurovpyeiton €vag mivakag peyedovg 0.
Bh. exiong Tomor dvadiknc axolovOiag — bytes, bytearray, memoryview Kou Avuikelueva Bytearray.

class bytes ([source[, encoding[, errors] ] ])
Return a new «bytes» object, which is an immutable sequence of integers in the range 0 <= x < 256.bytesis
an immutable version of bytearray - it has the same non-mutating methods and the same indexing and slicing
behavior.

ZUVETMG, TO. OPLOUOTA TOU constructor epUNVEVOVTOL WG bytearray ().
Ta avtikeipeva bytes pwopouv emtiong va dnuovpynbouv ue literals, fréme strings.

BM\éme emiong Tomol Svadiknc akolovOiog — bytes, bytearray, memoryview, Avuikeluevo, Bytes, Kow Agttovpyles
Bytes kou Bytearray.

callable (object)
Return True if the object argument appears callable, F'a 1 se if not. If this returns True, it is still possible that a
call fails, but if it is False, calling object will never succeed. Note that classes are callable (calling a class returns
a new instance); instances are callable if their classhasa __ call__ () method.

Néo otnv ékdoon 3.2: Avti 1 ouvdptnon mpwta apapédnke oty Python 3.0 kow ot ovvéyela emavirOe
otV Python 3.2.

chr (i)
Emiotpépet T ouuorooeLpd TOU aVTLITPOOMITEVEL EVOLV XAPUKTPO TOV 0TT0L0V 0 KmdLKOg onueiov Unicode
eivar o aképorog i. Twa mapdderyna, chr (97) emotpépet T ovuBorooelpd 'a ', evd 1o chr (8364) emt-
oTpéQeL T oupforooelpd '€ . Autd givol To avTioTpopo Tov ord ().

To éyxupo evpog yio to dproua eivor amd 0 éwg 1,114,111 (0x10FFFF ot Bdomn 16). To ValueError Oo
ylvel raise Qv 1o i €lvan €KTOG AUTOUV TOU EVPOVG,.

@classmethod
Metotpornn wog uebddov oe péBodo Khaonge.

A class method receives the class as implicit first argument, just like an instance method receives the instance. To
declare a class method, use this idiom:

class C:
@classmethod
def f(cls, argl, arg2):

H @pdpua @classmethod eival pua ouvapton decorator — Bhéme function yio Aesrtopépeies.

Mua uéBodog khdong wropet vo kAnOel elte oty kAo (0twg C . £ () ) eite o€ éva instance (Omwg C () . £ () ).
To instance ayvoeiton ektdg amd v khadon g Edv wa nébodog Khaong Kaheitor Yo (o Topoyouevn
KAGON, TO avTLKELPEVO TTapayOuevng KAAong uetafuBaleTor wg To vmrovoovuevo Tpmwto GPLoLaL.

Ou uébodor khdong drogpépovv omd T otoTikeég uebodovg C++ 1 Java. Av Oéhete, avatpéEre oto

staticmethod () ogout)v TV evotnta. ['a meploodtepeg mAnpopopieg oxeTIkd e tig uebddovg khdone,
ovaTpEETE 0TO types.
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AMoEe oty ékdoom 3.9: O pébodot KAAGNG WTopovv TAEOV Va. avadLTA®oouy dAhovg descripiors OTtwg 1
property ().

compile (source, filename, mode, flags=0, dont_inherit=False, optimize=-1)
Metayhwttiote 10 source o€ £€vov Kmdika 1 avtikeipevo AST. Ta avtikeipevo KmdKa Wropov va, eKTele-
oToUv amtd exec () | eval ().H source pmopel vo eivan gite pua Kavoviky oupforocelpd, o oupBorooepd
byte 1 o ovpuforooetpd AST avtikeiuevou. AvatpéEte otnv Tekunpimon tov module ast yio TANpo@opieg
OYETIKA UE TOV TPOTO epyaoiog ne avrikeipeva AST.

To dpiopa filename Oa mpémer va. divel 1o apyelo amd to omoio dLafdletal 0 KMALKAG VO TEPATEL KATOLO!
avoyvopiown T edv dev dtofaotel amd éva apyeio (ypnowomoteital cuvnbwg '<string>").

To 6propa mode KaBopilel To €L0G TOV KMALKA TOV TPETEL VO, UETAYAMDTTLOTEL UITOPEL VO elvar 'exec'
e 1 source astoteheiton amd o okolovdio didoewy, 'eval' edv amoteleitan amd o povo EKppaon,
N 'single' edv amoteheitan amd pio udvo dradpaotikn mpdtaoy (oTnv Tehevtaio mepimtwon, Oo eKTu-
TwOOUV SNADOELG EKPPAOTG TTOU AELOAOYOUVTOL 08 KATL SLopopeTiKd artd None).

Ta mpoarpetikd opiopata flags ko dont_inherit ENéYyovVv TOLEG compiler options OoL TPETEL VAL EVEPYOTTOLY]-
Bouv ko oieg future features Oa wpémel va emitpémovton. Edv dev vtdpyer kapia (1 ko ot 0o eivan undév)
0 KmdKag petayhottitetol ue ta ido flags wov emmpedfovy tov kmdika mov kakel compile (). Edv 1o
opopa flags diveton ko To dont_inherit dev glvon (1) eivar undév), TOTE oL EMAOYES TOU UETAYAMTTLOTY] KO OL
uelovtikég dnhmoelg tov Kabopilovtar amod to dpiopa flags xpnotpomotovvral aveEApTNTo 0td OUTES TOU
Oa ypnopomotovvtay ovtwg 1) GAmwe. Edv to dont_inherit eivou évo i undeVIKOG aKEPLOG, TOTE TO OPLOLLL
Slags eivor avtd - ou onuaieg (LEMOVTIKES dUVATOTITEG KAl EMAOYEG UETOYAWTTIOTY) OTOV TTEPLBAIOVTA
KOOLKO, ayVOOUVTOL.

Ot emhoY£G TOU UETAYAMTTLOTY) Kol oL LeMOVTLKES eVTOAEG KaBopilovTtal amd bits wov propovv vo cuvdva-
otovv xotd bit ORed paliyio va kabopicovv morhég emhoyéc. To medio bit Tov amanteiton yio To KabopLopod
evOg edOUEVOU HEMOVTLKOV X APOKTNPLOTIKOV WITOPEL va Bpedel mg To XapakTnpLotikd compiler flag
010 _Feature instance tov module __ future__. Compiler flags umopovv va. fpedotv oto module ast, pe
T0 TPdOena PyCF_.

To dpLopa optimize K0.00piLeL TO eMimedO BENTLOTOTOINONG TOU UETAYAMTTLOTY» 1) TPOETAEYUEVY TN — 1 €TTL-
Lével To emimedo PelTioTomOlNONG TOV dLepunvéa Ommg divetor amd g emhoyés —0. Ta pntd enimeda eiva
0 (xwpig pektiotomoinone to ___debug___ eivar aknfég), 1 (oL oyvpiopoi kotapynOnkayv, 1o ___debug
eivar Pevdéc) 1 2 (oL CUPPBOLOCELPEG EYYPAPOV KaTapyNONKaV mioNG).

Avti M ovvdptnon kdvel raise SyntaxError €4v 0 UETOYAWTILOUEVOS KMALKAG gival AKVpog, Kal TO
ValueError edv o kwdukog mepithaufaver null bytes.

Edv 6éhete vo avolvoete tov Kmdika Python otnv avarapdotaorn tov AST, deite 10 ast . parse ().

Kéwvel raise éva auditing event compile pe opiopata source Ko filename. Avtd 10 ouufiav pmopel
eTiONG VO TPOKVYPEL ATtd EUUEDT UETAYADTTLON.

Inueioon: Kotd ) petoyhdtuon wag oupforooelpds pe Kmdikd ToAOTAMY YPoUUdY 6T Aettovpyia
"single' 1] "eval', 1 €l0000G TPETEL VAL TEPUATICETOL UE TOVAAYLOTOV VOV YOPAKTIPO VEOS YPOLUUNG.
Avuto yivetal yio vo d1evKoAVVOEL 0 EVTOMIONOG U1 OMOKANPOUEVWV KOl OMOKANPOUEVWV dNADOEWY GTO
module code.

Iposdomoinon: Eivow duvotd va katoppedoel o interpreter Tng Python pe puo apketd peyahn/ociovoem
oupporooelpd katd T petoyldtrion oe éva ovitkeipevo AST Adyw meplopopndv Béboug otoifiog otov
netoyhwtroti) AST g Python.

AMoEe otnv ékdoom 3.2: Allowed use of Windows and Mac newlines. Also input in 'exec' mode does not
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have to end in a newline anymore. Added the optimize parameter.

AMoEe oty €kdoon 3.5: Tlponyovuévwe, to TypeError €ywve raise 6tov null bytes cuvavtOnkav oto
source.

Néo oty ékdoomn 3.8: ast . PyCF_ALLOW_TOP_LEVEL_AWATIT UTOPEL TOPA VO. LETUPLPAOTEL OE ONUOieg
Yo va. vepyortou0el ) vTooTthplEn yio await, async for, koL async with.

class complex ( [real[, imag] ])
Return a complex number with the value real + imag*1j or convert a string or number to a complex number. If
the first parameter is a string, it will be interpreted as a complex number and the function must be called without a
second parameter. The second parameter can never be a string. Each argument may be any numeric type (including
complex). If imag is omitted, it defaults to zero and the constructor serves as a numeric conversion like i nt and
float. If both arguments are omitted, returns 0.

For a general Python object x, complex (x) delegates to x.___complex__ (). If _ complex__ () is
not defined then it falls back to _ float__ (). If _ float__ () is not defined then it falls back to
__index__ ().

Enueiwon: When converting from a string, the string must not contain whitespace around the central + or —
operator. For example, complex ('1+273") is fine, but complex ('l + 23') raises ValueError.

O wyadkdg timog meprypdpetal oto Aowbnukol Tomor — int, float, complex.

AMoEe oty £xdoon 3.6: Emitpénetal 1) opadomoinon Yymepimv pe kétw mavieg 6nwg ota literals Tov K-
duKa.

AlaEe oty £€xdoon 3.8: Falls back to __index__ () if __complex__ () and __float__ () are not
defined.

delattr (object, name)
This is a relative of setattr (). The arguments are an object and a string. The string must be the name of one
of the object’s attributes. The function deletes the named attribute, provided the object allows it. For example,
delattr (x, 'foobar') isequivalenttodel x.foobar.

class dict (**kwarg)

class dict (mapping, **kwarg)

class dict (iterable, **kwarg)
Anuovpyel éva véo heEikd. To avtikeipevo dict eival ) khéon heEikov. Agite To dict kol to Tomor avii-
otolyiong — dict YL TEKUNPLmOT OYETIKA LE QUTH TNV KAt yopia.

Tlo dAho containers, deite TG evowuatmwuéveg KMGoewg 1ist, set, ko tuple, kabwng kou to module
collections.

dir( [object] )
Xwpig oplopota, emotpépel T Moto ovopdtwv 6to TPEYXoV TomKo medio. Me éva dpioua, tpoomadel vo
EMLOTPEPEL (0L MOTO EYKUPMV XOPOKTPLOTIKMV YLOL OUTO TO AVTLKELUEVO.

If the object has amethod named __dir__ (), this method will be called and must return the list of attributes. This
allows objects that implement a custom __getattr__ () or __getattribute__ () function to customize
the way dir () reports their attributes.

If the object does not provide __dir__ (), the function tries its best to gather information from the object’s
__dict___ attribute, if defined, and from its type object. The resulting list is not necessarily complete, and may
be inaccurate when the object has a custom __getattr__ ().

O TTPOETAEYUEVOG UNYOVIOUOG dIr () GUUTEPLPEPETOL DLOPOPETLKG UE SLOLPOPETLKOVG THTTOVG CLVTLKELUE-
VoV, KaOmg Tpoomadel va TopdyeL TG Lo OYETLKES Kol OYL TLG TTLO OMOKANPWUEVES TTANPOQOPILES:
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o Edv 1o avtikeipevo eivow module THmov avitkeluévou, 1 MoTo TEPLEYEL TA OVOULOTA TV YOPOKTI|PLOTL-
KoV tov module.

o Edv to avukeipevo eivon évag thmog 1 KLU0 OVTLKEWEVOU, 1) MOTO TEPLEYEL TAL OVOLLOITOL TV Y0P
KTNPLOTLKOV TOV, KOL OVOOPOULKA TaL OpaKTNPLOTLKG TG BAOEDS TO.

o Evalhoktikd, 1 Moto epLéyel to ovOopaTo Twv (apokTPLOTIKMV TOU AVILKELLEVOU, TO OVOUOLTO TWV
YOPAKTNPLOTLKMV TNG KAAONG, KOt avadpOouKd Ta XopaKTpLlotkd tg khdong phoswg tg kKAAong.

H maporyduevn Mota eivar TaEwvounuévn akgafntikd. Io mopdderypao:

>>> import struct

>>> dir () # show the names in the module namespace

['__builtins_ ', '__name__', 'struct']

>>> dir (struct) # show the names in the struct module

['Struct', '__all_ ', '_builtins_ ', '__ _cached_ ', '__doc__', '__file_ "',
' initializing ', '__loader__', '__name__ ', '__ package_ ',
' _clearcache', 'calcsize', 'error', 'pack', 'pack_into',
'unpack', 'unpack_from']

>>> class Shape:
def _ dir_ (self):

. return ['area', 'perimeter', 'location']
>>> s = Shape ()

>>> dir(s)

["area', 'location', 'perimeter']

Inueiwon: Emeldfm dir () mopéyetol Kuplog mg evkohio yia xpron oe wo SLadpaoTiky] Ypouuy evio-
AV, TPooTadEL Vo TopéxeL £Va EVOLOPEPOV GVVOLO OVOUATMV TTEPLOTOTEPA ATtd OTLONTOTE TPOOTAOEL VO
mopéyxel £va avotnpd N ue ouvETELD, KabBopLopévo ovolo ovoudtwy, KoL 1 Aemtouept|g ouuItepLpopd tov
witopei vor cAMGEEL peta&u Tmv ekddoemv. Lo apdderypa, To yopaKTnpLoTikd HeTakhaong dev BpiokovTol
0T MoTa amoTteheoUATOV OTAV TO OPLOUO ELVOL PLol KAGOT).

divmod (a, b)

Take two (non complex) numbers as arguments and return a pair of numbers consisting of their quotient and
remainder when using integer division. With mixed operand types, the rules for binary arithmetic operators apply.
For integers, the result is the same as (a // b, a % b).For floating point numbers the resultis (g, a %
b), where g is usually math.floor (a / b) but may be 1 less than that. Inanycaseg * b + a % bis

[

very close to @, if a % b is non-zero it has the same signas b,and 0 <= abs(a % b) < abs (b).

enumerate (iterable, start=0)

Emotpépel évo avukeipevo amapibunone. To iterable mpémel vo glval puo axohovBia, €va iterator, ) KATOLO
AMO OVTLKELUEVO TTOV VITooTpileL To iteration. H uébodog __ next__ () tov iterator Tov ETLOTPEPETOL ALTTO
T0 enumerate () emoTpépeL wa Thelada (tuple) wov mepLéyet o Katopuétpnon (amwd to start Tov eiva ue
spoemhoyT) 0to 0) Ko Tig TEG Tov AapuPAvovton oo TV emavainn avm oto iterable.

>>> seasons = ['Spring', 'Summer', 'Fall', 'Winter']

>>> list (enumerate (seasons))

[(O, 'Spring'), (1, 'Summer'), (2, 'Fall'), (3, 'Winter')]
>>> list (enumerate (seasons, start=1))

[(1, 'Spring'), (2, 'Summer'), (3, 'Fall'), (4, 'Winter')]

Iooduvauo pe:

def enumerate (sequence, start=0):
n = start
for elem in sequence:

(ouvéyela otV emtduevn oehida)
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(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)

yield n, elem
n += 1

eval (expression[, globals[, locals] ] )
The arguments are a string and optional globals and locals. If provided, globals must be a dictionary. If provided,
locals can be any mapping object.

The expression argument is parsed and evaluated as a Python expression (technically speaking, a condition list)
using the globals and locals dictionaries as global and local namespace. If the globals dictionary is present and does
not contain a value for the key _ _builtins__, areference to the dictionary of the built-in module builtins
is inserted under that key before expression is parsed. This means that expression normally has full access to the
standard builtins module and restricted environments are propagated. If the locals dictionary is omitted it
defaults to the globals dictionary. If both dictionaries are omitted, the expression is executed with the globals and
locals in the environment where eval () is called. Note, eval() does not have access to the nested scopes (non-
locals) in the enclosing environment.

The return value is the result of the evaluated expression. Syntax errors are reported as exceptions. Example:

>>> x = 1
>>> eval ('
2

x+1")

This function can also be used to execute arbitrary code objects (such as those created by compi Ie () ). In this case
pass a code object instead of a string. If the code object has been compiled with 'exec' as the mode argument,
eval ()”s return value will be None.

Hints: dynamic execution of statements is supported by the exec () function. The globals () and 1ocals ()
functions returns the current global and local dictionary, respectively, which may be useful to pass around for use
by eval () or exec ().

Bl ast.literal_eval () yuo (uo GUVAPTION TOV UTOPEL e ao@iAeLa va. aELOAOYNOEL TIG GUUBOAO-
OELPEG UE EKPPAOELS TTOV TTepLE oY udvo literals.

Kéwvel raise éva auditing event exec pe To avitkeipevo kmdika wg opiopa. Mmopel emiong va eupaviotouy
oUUBAVTO PETAYADTTLONG KMOOLKAL.

exec (object[, globals[, locals] ])

Avti 1 ovvdptnon vootnpitel duvoulkn ektéheon kmduko Python. To object pémer va eivan gite o ovp-
Bolooelpd (string) eite éva aviikeipevo kddka. Edv eivar pa ovuforooelpd, 1 oupforooelpd avalvetol
¢ wo oovita dMhdoemv Python mov ot ouvéyeia exteheital (eKTOG £4V TOPOVOLAOTEL OPAALL OVVTOENC). !
Edv mpdKerton yio évo avTIKEIIEVO KMOLKO, OTTAA EKTELEITAL. Z€ OAEG TIG TTEPLITTDOELS, O KMOIKAG TTOV EKTE-
Aeitan avapévetor va givar £YKupog mg £10080¢ apyeiov (deite v evotnta file-input oto Eyyeipidio Ava-
popdc). Adpete vrdOYn OTL oL EVIOAég nonlocal, yield, ko return dgv uopov va xpnouosotnfotv
€KTOG TV OPLOUMY OLVAPTHOEMV, OKOUT KOL 0TO TAALOLO TOU KMok tov duafupdleton ot exec (). H
EMLOTPEPOUEVT TN elvol None.

In all cases, if the optional parts are omitted, the code is executed in the current scope. If only globals is provided,
it must be a dictionary (and not a subclass of dictionary), which will be used for both the global and the local
variables. If globals and locals are given, they are used for the global and local variables, respectively. If provided,
locals can be any mapping object. Remember that at module level, globals and locals are the same dictionary. If
exec gets two separate objects as globals and locals, the code will be executed as if it were embedded in a class
definition.

E&v to MeEuko globals dev mepiéyel T yio to khedl __builtins__, wa avagopd oto AeElkd tov gv-
cwpotouévov module builtins ewodyetol KAt amd avtd to khewdi. Me avtdv tov tpdmo umopel va

I AdBete vroym 6t o avahutig déxetar wévo T ovufaon téhovg ypauung timov Unix. Edv Stafdlete Tov kdduko amd éva apyeio fe-
Borwbeite OTL XPNOLUOTOLELTE TV AELTOVPYIO UETATPOTTNG VEOG YPOUUNG YLOL TV HETATPOTTT VEWV Ypapumv o otul Windows 1) Mac.
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filt

clas

eMéyEete T evowuatopéva (built-ins) eivor SLadéolua 0Tov eKTELEOLUO KDOSIKO ELOUYOVTIOG TO SIKO 0OG
__builtins__ AeEikd oto globals mpiv to dLafdoete oto exec ().

Kéwvel raise éva auditing event exec pe To avitkeipevo kmdika wg dpiopa. Mmopel extiong va eupaviotou
ouUPAVTO UETOYAMTTLONG KMOOLKOL.

Inueiwon: OLevoopatwuéveg ouvopthoelg globals () Kaw locals () emotpépovy to Tpéyov global Kat
local AeEukd, avtioTouya, Tov Wropel vo, ivol xpioLuo yio xp1on wg SeTepo KoL TPiTo OpLopa. 0to exec ().

Inueiwon: To wpoemiheyuévo locals evepyel dwg mepLyplpetal yio T ouviptnon locals () mopokdTw:
dev TPETEL VAL ETLYELPT|OETE TPOTTOTOLNOELG 0TO TTPOETIAEYUEVO locals heEukd. Tlepvhet éva pnto locals MeEuLkd
eqv Oéhete va OelTe TaL AITOTEMEOUATO TOU KMALKA 0TO [ocals [1e TV EMLOTPOPT] TNG CUVAPTNONG exec ().

er (function, iterable)

Construct an iterator from those elements of iterable for which function returns true. iterable may be either a
sequence, a container which supports iteration, or an iterator. If function is None, the identity function is assumed,
that is, all elements of iterable that are false are removed.

Adfete vtoyn 6mto filter (function, iterable) elvol l00dVVANO LE TNV EKPPOAON TNG YEVVITPLOG
(item for item in iterable if function (item)) edvrovvdptnon deveivauNone Kol (item
for item in iterable if item) &dv m ovvdptnomn eivor None.

See itertools.filterfalse () for the complementary function that returns elements of iterable for which
function returns false.

s float ([x])
Return a floating point number constructed from a number or string x.

If the argument is a string, it should contain a decimal number, optionally preceded by a sign, and optionally
embedded in whitespace. The optional sign may be '+' or '—"';a '+"' sign has no effect on the value produced.
The argument may also be a string representing a NaN (not-a-number), or a positive or negative infinity. More
precisely, the input must conform to the following grammar after leading and trailing whitespace characters are
removed:

Slgn e "+" | n_mn

infinity = "Infinity" | "inf"

nan = "nan"

numeric_value = floatnumber infinity | nan
numeric_string = [sign] numeric_value

Here floatnumber is the form of a Python floating-point literal, described in floating. Case is not significant,
so, for example, «inf», «Inf», «<INFINITY» and «iNfINity» are all acceptable spellings for positive infinity.

Otherwise, if the argument is an integer or a floating point number, a floating point number with the same value
(within Python’s floating point precision) is returned. If the argument is outside the range of a Python float, an
OverflowError will be raised.

For a general Python object x, float (x) delegates to x.__ float__ ().If _ float__ () is not defined
then it falls back to __index__ ().

Edv dev d00ei dploua, emotpépetar to 0. 0.

Examples:
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>>> float ('+1.23")

1.23

>>> float (' -12345\n")
-12345.0

>>> float ('1e-003")
0.001

>>> float ('+1E6"'")
1000000.0

>>> float ('-Infinity'")
—-inf

O timog float weprypduepetan oto AptuOntikol Tomor — int, float, complex.

AMoEe otnv €kdoon 3.6: Emtpémetal 1 opadomoinon Yyneiov pe kétw moavkeg dnwg ota literals Tov k-
auKa.

AMoEe ot £xdoon 3.7: x is now a positional-only parameter.
AlhoEe oty éxdoon 3.8: Falls back to __index_ () if __float__ () is not defined.

format (value[, formal_spec])
Convert a value to a «formatted» representation, as controlled by format_spec. The interpretation of format_spec
will depend on the type of the value argument, however there is a standard formatting syntax that is used by most
built-in types: Format Specification Mini-Language.

H mpoemiheyuévn format_spec eivar wo. Kevi ouuforooepd tov ouviBwg divel to (610 amotéheoua pe v
KAon tov str (value).

A call to format (value, format_spec) is translated to type (value) ._ format__ (value,
format_spec) which bypasses the instance dictionary when searching for the value’s __ format__ ()
method. A TypeError exception is raised if the method search reaches object and the format_spec is non-
empty, or if either the format_spec or the return value are not strings.

AMaEe oty ékdoom 3.4: To object () .__format__ (format_spec) kdvelraise 10 TypeError edv
T0 format_spec gV givar Kevi] GVUBOLOTELPEL.

class frozenset ([iterable])
Emiotpépet éva vEo OVTIKEIUEVO Frozenset, TIPOULPETIKA UE OTOLYELD TOV Aapupdvoviol amd To iterable.
To frozenset elvow pa evoouotouévn KAGon. Aeite 1o frozenset xkou 1o Tomor 2vvélov (Set) — set,
[frozenset yio. tekunplmon avtig g KAAoNG.

T GAha. containers, avatpéEte otig evoouatwuéveg KAGoelg set, 1ist, tuple, kou dict, Kabdg Kal To
module collections.

getattr (object, name[, default] )
Return the value of the named attribute of object. name must be a string. If the string is the name of one
of the object’s attributes, the result is the value of that attribute. For example, getattr (x, 'foobar')
is equivalent to x.foobar. If the named attribute does not exist, default is returned if provided, otherwise
AttributeError israised.

Inueiwon: Aedouévou dtL To private name mangling cuufaivel KOt T OTLYUY] TG LETAYAMTTLONG, TPETEL
KOVEIG VO TAPOUOPPHDVEL XELPOKIVITO TO OVOLOL EVOGS LOLMTLKOV X OPOKTPLOTIKOD (XOpAKTNPLOTIKE pe 310
KOPUPALEG VITOYPOALUULOELS) YLOL VO, AVAKTHOEL Ue getattr ().

globals ()
Emotpépet to AeEtkd ov vhomotel tov Tpéyovta xhpo ovoudtmv tov module. ['o KOdLKA eVTOG GUVOPTH-
oewV, aUTO 0pileTan Otav opileTal 1) ouVAPTNON KoL TaPaUével To 1010 aveEGpTnTn amd To o Kaheito 1
ouvAapPTNON.
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hasattr (object, name)

Ta opiopato gival £va avitkeipevo Kot (o ouufBorooelpd (string). To amotéheoua eivor True edv 1 ouufo-
Looelpd gival to dvoua evOg aTtd TO XUPUKTNPLOTIKA TOV OVTLKEWEVOY, False eav Oyl (Avtd viomoleita
KOAOVTOG TO getattr (object, name) ko va dovue av yivetou raise évo At t ributeError M OyL.)

hash (object)

Emotpéper TNV TLuy KOTaKEPUOTIONOU TOU avVILKEWEVOU (av €xer). Ot TLUEG KATUKEPUATIOUOD Elvor okcé-
paLoL. XpnoLuwomoLovvTaL YLa T YP1Yop ) oUYKpLon Twv KAeSLmv Tov AeELkol Katd T SLipKeLa PG avo-
Tenong heEukov. O aptBunTikég TLES TTOV GUYKPIVOVTOL L0EG EouV TNV idLa Tu) Katakepuationov (akduo
Ko av gival drapopetikol Tumol, 0mtmwg ovufaiver yio ta 1 kou 1.0).

Enueiwon: For objects with custom __hash___ () methods, note that hash () truncates the return value based
on the bit width of the host machine. See __hash__ () for details.

help ( [object] )

Koleitou to evompatwuévo (built-in) ovotnuo fondeiag. (Avt 1 cuvdptnon Tpoopiletal yio SLadpaoTiky)
ypNon.) Eqv dev 00ei Opropa, To dtadpaotikd ovotnua fondetog Egkivd tnv kovedra tou interpreter. Edv
T0 OpLopa eivarl pLa GVUBOAOOELPAE, TOTE 1 oVUPBoLosELPd avalnTeiton wg dvouo evog module, oG ouvap-
™Tong, wa kKAGong wag nebddou, wag MEng khewdov 1 Béuartog tekunpioong kou wa oghida forOelog
eKTURTAVETAL 0TV Kovadra. Edv To dploua elvan omotodnmote Ghho eld0og avTikelévou, dnuovpyeital wuo
oehida fo1)0€Lag 0TO AVILKELUEVO.

Note that if a slash(/) appears in the parameter list of a function, when invoking help (), it means that the
parameters prior to the slash are positional-only. For more info, see the FAQ entry on positional-only parameters.

Avti 1 oLVAPTNOT TPOOTIOETOL OTOV EVOMUATWUEVO Y MPO OVOUATOV artd To module site.

AMaEe oty €kdoom 3.4: Ou alharyég oe pydoc Kow inspect ONUAivoOuy OTL 0L OVOPEPOIEVES VITOYPAPES
yio callables eivar Aéov Lo OAOKANPWUEVES KO OUVETELS.

hex (x)

Convert an integer number to a lowercase hexadecimal string prefixed with «Ox». If x is not a Python int object,
it has to define an __index__ () method that returns an integer. Some examples:

>>> hex (255)
'Oxff!
>>> hex (-42)
'-0x2a'

Edv 6élete va petatpéypete évav axéparo apud oe o keporaia 1 el dexaeEadikh ovpporooelpd
(string) pe wpdHepa M OYL, WTOPELTE VAL XPNOLUOTTOLOETE £VALV OTTO TOUG TTOPAKETW TPOTOVG:

>>> ! ''% 255, ''% 255, ! ''% 255

('Oxff', 'ff', '"FF'")

>>> format (255, '#x'), format (255, 'x'), format (255, 'X")
('Oxff', 'ff', 'FE")

>>> f'{255:4¢x}', £'{255:x}', f£'{255:X}"'

("Oxff', 'ff', 'FF')

Agite emiong ™) format () Yo TEPLOGOTEPES TANPOPOPLES.

Agite emtiong ™) int () yLo T WETATPOITY oG deKaeEadIKNG GUUBOAOTELPAG 08 KEPALO YPNOLULOTTOLDVTOG
o Béom tov 16.

Ynueioon: TN va omokthoete e avorapdotoon dekaeEadikng ovuporooelpds yio éva float, ypmouuo-
momote ™ uébodo rloat.hex ().
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id (object)
Emotpépel v «tautdTnton evog avikelévou. Avtd eivor éva aképalog aplbpog mou eyyvdtol étu giva
povadLkog Kot 0tafepdg yia autd To avTLKEiEVo Katd ) dtdpkela ™G Lwng Tov. AVO aVTLKEIUEVA e Un
emKoMTTTOUEVES OLAPKELEG LmNG Wopel va €xouv TV idta T 1d ().

CPython implementation detail: This is the address of the object in memory.
Evyeipel éva auditing event builtins. id pe 6piopo id.

input ([prompt] )
Edv vndpyer to dpioua prompt, ypageton oty Turtik €500 ywpig pa véo ypauun netadoonc. Xt ou-
véyela, 1 ovvaptnon dtafaler po ypauuy amd Ty ei0odo, T UETATPETEL 08 (o cuuBolooelpd (e v
agaipeon wag véag ypauung) Ko v emotpépet. Otav dwafdatetor to EOF, yivetou raise 1 EOFError.

Mopdderypo:

>>> s = input('-—> ")

--> Monty Python's Flying Circus
>>> s

"Monty Python's Flying Circus"

Edv éyeL poptwbei to module readl ine, td0ten input () 00 TO PNOULOTOLYOEL YLOL VO, TAPEYEL TEPLTAOKEG
Lertovpyieg emeEepyaoiog ypauung Kol LoToptkou.

Kéwvel raise évo auditing event builtins. input e 6piopa prompt mpotov dLafdoeL TV el00do
Raises an auditing event builtins. input/result with the result after successfully reading input.

class int ([x])

class int (x, base=10)
Return an integer object constructed from a number or string x, or return 0 if no arguments are given. If x defines
_int (),int(x) returnsx. _int  ().If xdefines index_ (),itreturns x. index__ ().If
xdefines __trunc__ (),itreturns x.___trunc__ (). For floating point numbers, this truncates towards zero.

If x is not a number or if base is given, then x must be a string, bytes, or bytearray instance representing
an integer literal in radix base. Optionally, the literal can be preceded by + or — (with no space in between) and
surrounded by whitespace. A base-n literal consists of the digits 0 to n-1, with a to z (or A to Z) having values
10 to 35. The default base is 10. The allowed values are 0 and 2-36. Base-2, -8, and -16 literals can be optionally
prefixed with 0b/0B, 00/00, or 0x/0X, as with integer literals in code. Base 0 means to interpret exactly as a code
literal, so that the actual base is 2, 8, 10, or 16, and so that int ('010"', 0) isnot legal, while int ('010")
is,aswellas int ('010', 8).

O axéparog Tumog mepLypapetan 0to Aowubnukol Tomor — int, float, complex.

AlaEe ot ékdoom 3.4: Edv to base dev eivou £va instance tng i nt Ko To base avTiKeeVo €xel uua ué0odo
base.__index__, auvt) N ué00d0¢ KAAEITOL YLl VO ATOKTNOEL TOV aképao TG BAomng. Tponyovueveg
eKd0O0ELG YpnoLoTolovoay TV base.__int__ oviitmgbase._ index_ .

AMoEe otnv €kdoon 3.6: Emtpémetal 1 opadomoinon Yyneiov pe kétw moavkeg dnwg ota literals Tov k-
ouKa.

AMoEe oty £xdoon 3.7: x is now a positional-only parameter.
AMoEe oty éxdoon 3.8: Falls back to __index__ () if __int__ () is not defined.

AMoEe otV éxdoomn 3.9.14: int string inputs and string representations can be limited to help avoid denial of
service attacks. A ValueError is raised when the limit is exceeded while converting a string x to an int or
when converting an int into a string would exceed the limit. See the integer string conversion length limitation
documentation.

isinstance (object, classinfo)
Return True if the object argument is an instance of the classinfo argument, or of a (direct, indirect or virfual)
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subclass thereof. If object is not an object of the given type, the function always returns False. If classinfo is a
tuple of type objects (or recursively, other such tuples), return True if object is an instance of any of the types. If
classinfo is not a type or tuple of types and such tuples, a TypeError exception is raised.

issubclass (class, classinfo)
Return True if class is a subclass (direct, indirect or virtual) of classinfo. A class is considered a subclass of itself.
classinfo may be a tuple of class objects (or recursively, other such tuples), in which case return True if class is a
subclass of any entry in classinfo. In any other case, a TypeError exception is raised.

iter (Object[, sentinel] )

Return an iterator object. The first argument is interpreted very differently depending on the presence of the second
argument. Without a second argument, object must be a collection object which supports the iteration protocol
(the __iter__ () method), or it must support the sequence protocol (the _ getitem__ () method with
integer arguments starting at 0). If it does not support either of those protocols, TypeError is raised. If the
second argument, sentinel, is given, then object must be a callable object. The iterator created in this case will
call object with no arguments for each call toits __next__ () method; if the value returned is equal to sentinel,
StopIteration will be raised, otherwise the value will be returned.

Agite exiong Tomou lterator.

Mua xpYowun epapuoyn e deUTePNG HOPPNG Tov iter () elvol 1 Kataokeun evog block-reader. o wapdi-
derypa, 1 avdyvoon umhok otabepol Thdtoug amd va dvadikd apyeio dong dedopévav uéypt vo pTaoeL
070 TEhOG TOV apyElov:

from functools import partial
with open('mydata.db', 'rb') as f:
for block in iter (partial (f.read, 64), b'"):
process_block (block)

len (s)
Emotpépet to unkog (tov aptBud tov eldmv-meptexouévmv) evog aviikeluévov. To OpLopo. wropei vo eivol
wo axkohovdio (O7twg o ouuforooelpd, bytes, heldda, AMota, 1) 0pog) N wa GUALOYT (OTtwg éva heELKo,
éva 0T, 1) VO TOYWUEVO OET).

CPython implementation detail: To len xdével raise (o OverflowError og UfKn to omoia elvol ueyo-
Mtepo amd sys.maxsize, Onwg range (2 ** 100).

class list ([iterable])
Avti va gival ouvapmon, 1o 11st givol oty TPayuaTtkotnTo €vog uetafAntog tomog akohovbiog, 6mwg
TekpnpLoveton ota Alotes Kaw Tomor AkolovOiag (Sequence) — list, tuple, range.

locals ()
Evnuépwon kot emotpopn evog AeELKoU Tou avVTLITPOTmITEVEL TOV TPEYOVTO, TEVOKO. TOTLK®V GUUoimv. Ot
ehevbepeg petafintég emotpépovtar amd locals () dtav kodeitar o€ umhok ovvapthoemv, cALE Oy o€
wthok KAGoewv. Znueldote Ot og enimedo module, oL Iocals () kow globals () eivol To idL0 AeELKko.

Inueiwon: To wepeydueva avtov Tov AeELkon dev TpEmel va Tpotomot0oUve. oL alhayég evOEYETaL Va. uny
ETMNPEACOVY TIG TLUEG TV TOTLKDOV KoL ELEVOEPWV UETOPANTMV TOU XPNOLUOTTOLOVVTAL OITO TOV dLepUnvEQL.

map (function, iterable, ...)
Return an iterator that applies function to every item of iterable, yielding the results. If additional iterable arguments
are passed, function must take that many arguments and is applied to the items from all iterables in parallel. With
multiple iterables, the iterator stops when the shortest iterable is exhausted. For cases where the function inputs are
already arranged into argument tuples, see itertools.starmap ().

max (iterable, *[, key, default])
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max (argl, arg2, *args[, key] )
Emotpépel To peyolitepo atouyeio oe éva iterable 1) to peyahitepo amd dvo 1 mepLocdTePa opiouata.

Edv mopéyetal éva oplopa 0€ong, Oa mtpémel vo givan éva iterable. Emotpégpetal To pueyalitepo oToLyelo 0to
iterable. EGv mapéyovton 0o 1) mepLocdtepa opiouato 0£omg, EmOTPEPETOL TO LeYAADTEPO QIO TOL OPLOULOTOL
0¢omg.

Yrbpyouv dvo mpoarpetikd opiopata Tomtov MEN-KAewdi. To dpiopa key kaBopiletl uo ovvaptnon TaEwvo-
UNomMg evog oplouatog dmmg ot ypnotpomoteitan yio. to 1ist . sort (). To dpioua default koOopilel Eva
avtikeipevo ov Oa emotpéel edv To iterable wov mapéyetan eivor kevd. EQv to iterable eivol kevo Ka to
default dev mapéyeTon, yivetan raise ya ValueError.

Edv moA\G otouyeio eivar péyota, 1 ouvaptnon EmOTPEPEL TO TPMTO TOV oLVAVTNONKE. Autd ei-
vour oOupmvo pe dhho gpyahreio drothipnong otabepdtntog tagwvdunong 6mwg sorted (iterable,
key=keyfunc, reverse=True) [0] kouw heapg.nlargest (1, iterable, key=keyfunc).

Néo otnv £€xdoom 3.4: The default keyword-only argument.
AlhaEe ot €ékdoomn 3.8: To key wropet va eivow None.

class memoryview (object)
Emiotpépel éva aviikelpevo «memory view» tov dnuovpynonke amd 1o ovykekpiuévo dpopo. Bhéme Oypeic
Mvijungc yio TEPLO0OTEPEG AETTOUEPELEG.

min (iterable, *[, key, default])
min (argl, arg2, *args[, key] )
Emotpépel To kpotepo atolyeio oe évav iterable 1) to wkpdtepo amd dV0 1) mePLOTOTEPA OPLOUATAL.

Edv mapéyeton éva Opiopa 0éone, Ba mpémel va elvan éva iterable. Emotpépel to puxpdtepo otoryeio otov
iterable. E&v mapéyovtol 800 1) meplocdtepa opiopata 0£0mG, EMLOTPEPETAL TO WKPOTEPO ATt TA OPLOUOTOL
0¢omg.

Yrdpyouv dvo mpoarpetikd opiopata Tomtov MEN-KAewdi. To dpiopa key kabopilel uo ovvaptnomn tagwvo-
UNomMg evog oplopatog dmmg ot ypnotpomoteitan yio. to 1ist . sort (). To dpioua default koOopilel Eva
avtikeipevo ov Oa emotpéPel edv To iterable wov mapéyetan eivor kevd. EQv to iterable eivol kevo Kat to
default dev mapéyeTon, yivetan raise ya ValueError.

Edv mol& otouyeia eivor eAdylota, 1 OuvVAPTNON ETLOTPEPEL TO TPHOTO TOV ouvavtiOnke. Avtd ei-
vour oOupwvo ue GAha gpyaleio Statnpnong otabepdtntag tagvéunong, onwg sorted (iterable,
key=keyfunc) [0] Kot heapg.nsmallest (1, iterable, key=keyfunc).

Néo otnv ékdoon 3.4: The default keyword-only argument.
AMaEe ot €ékdoom 3.8: To key wropet va eivor None.

next (iterator[, default])
Retrieve the next item from the iterator by calling its __next__ () method. If default is given, it is returned if
the iterator is exhausted, otherwise St opIteration is raised.

class object
Return a new featureless object. ob ject is a base for all classes. It has the methods that are common to all instances
of Python classes. This function does not accept any arguments.

Ynueiwon: object does not have a ___dict__, so you can’t assign arbitrary attributes to an instance of the
object class.

oct (x)
Convert an integer number to an octal string prefixed with «0o». The result is a valid Python expression. If x is not
a Python int object, it has to define an ___index__ () method that returns an integer. For example:
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>>> oct (8)
'0010"

>>> oct (-56)
'-0070"

If you want to convert an integer number to octal string either with prefix «0o» or not, you can use either of the
following ways.

>>> ! ''% 10, " ''% 10

('"0o12", '127")

>>> format (10, '#o0'), format (10, 'o')
('0o12", '12")

>>> f'{10:40}', £'{10:0}"'

('0o12", '12")

Agite exiong ™) format () yuo TEPLOCOTEPES TANPOPOPIECS.

open (file, mode="r', buffering=-1, encoding=None, errors=None, newline=None, closefd=True, opener=None)

Avolyer 1o file kou emotpéper Eva avtiotouyo file object. EGv to apyeio dev pmopel va avoiEet, yivetau raise
wo OSError. Agite to tut-files yio mepLocoTepa TapadeiyuaTa XPHONG OUTHG TG CUVAPTNONG.

file is a path-like object giving the pathname (absolute or relative to the current working directory) of the file to
be opened or an integer file descriptor of the file to be wrapped. (If a file descriptor is given, it is closed when the
returned I/O object is closed, unless closefd is set to False.)

mode is an optional string that specifies the mode in which the file is opened. It defaults to 'r' which means
open for reading in text mode. Other common values are 'w' for writing (truncating the file if it already exists),
'x ' for exclusive creation and 'a' for appending (which on some Unix systems, means that all writes append to
the end of the file regardless of the current seek position). In text mode, if encoding is not specified the encoding
used is platform dependent: locale.getpreferredencoding (False) is called to get the current locale
encoding. (For reading and writing raw bytes use binary mode and leave encoding unspecified.) The available modes
are:

Xapaktripag | Evvola

'r! dvoryua yior ovayvmon (default)

"w' AVOLYLLOL YLOL EYYPOPT), TTEPLKOTTTOVTAS TPMDTO TO 0Py ELO

'x! AVOLYUOL YLOL OTTOKAELOTLKTY] OTULOVPYLO, OITTOTUYYAVOVTOG EAV TO OPYELD VITAPYEL HHON
'a’ open for writing, appending to the end of the file if it exists

'b! dvadikm (binary) Aettouvpyio

"t Lettovpyia kewpuévou (default)

Tt AvoLyuo YL eviuéPmon (ovayvwaon Ko eyypopt)

The default mode is ' r ' (open for reading text, synonym of 'rt '). Modes 'w+"' and 'w+b' open and truncate
the file. Modes 'r+' and 'r+b"' open the file with no truncation.

'Onwg avagépetat oto Overview, 1 Python kdver dudipion peta&l dvadikot ko keévov /0. Ta apyeia
OV avolyouv o€ duadiLKY| hettovpyio (Cupumepthoufavouévou tov 'b' oTto OpLona mode) ETLOTPEPOVV TA
mepLeOUEVA WG byt es aVIKEILEVA XMPLG OTTOKWOLKOTTOiN01). 2T AeLTovpyia KEWEVOD (1) TPoemhoy, 1
otav to 't ' mepopfdvetar 0To dpLoua mode), TO TEPLEXOUEVA TOU OPYEIOV EMOTPEPOVTOL WG SE T, TA
bytes £xovv pdTA ATOKMOLKOTOLNOEL XPNOLUOTOLDVTAG UL EEAPTOUEVT] ATtd TAATPOPUO KMOLKOTTOIN o™
1 XPNoN TG KaBopLopuévng kwdikomoinans edv divetad.

There is an additional mode character permitted, ' U', which no longer has any effect, and is considered deprecated.
It previously enabled universal newlines in text mode, which became the default behaviour in Python 3.0. Refer to
the documentation of the newline parameter for further details.
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Inueiwon: H Python dev eEaptdtol amd Tnv £vvola TV opyelmv KELWEVOU TOV VITOKEIUEVOU AELTOVPYLKOD
ovothuatogs 6AN 1 eneSepyaoia yivetar amd v ido Tnv Python ko emouévag givar aveEGptntn amd v
TAOTPOPUQL.

buffering is an optional integer used to set the buffering policy. Pass 0 to switch buffering off (only allowed in binary
mode), 1 to select line buffering (only usable in text mode), and an integer > 1 to indicate the size in bytes of a fixed-
size chunk buffer. Note that specifying a buffer size this way applies for binary buffered I/O, but Text IOWrapper
(i.e., files opened with mode="r+") would have another buffering. To disable buffering in Text IOWrapper,
consider using the write_through flag for 0. Text IOWrapper. reconfigure (). When no buffering
argument is given, the default buffering policy works as follows:

o Binary files are buffered in fixed-size chunks; the size of the buffer is chosen using a heuristic trying to
determine the underlying device’s «block size» and falling back on io.DEFAULT BUFFER_SIZE. On
many systems, the buffer will typically be 4096 or 8192 bytes long.

o «Interactive» apyeio KeLWEVOU (apyelol Lo Ta oTola To isatty () emoTpépel True) ¥PNOLULoTOLOUV
amofNkevon ypouuhg. Ao apyeio KEWEVOU YPNOLUOTTOLOVY TNV TTOALTIKT| TTOU TTEPLYPAPETAL TAPOL-
AV Lo dVAdLKA apyELaL.

encoding is the name of the encoding used to decode or encode the file. This should only be used in text mode.
The default encoding is platform dependent (whatever locale.getpreferredencoding () returns), but
any fext encoding supported by Python can be used. See the codecs module for the list of supported encodings.

To errors givan (oL TTPOOLPETLKY GUUBOAOCELPG TTOU KABOPILEL TOV TPOTTO YELPLOUOV TWV TPAMAT®V KWL
KOTTOi10MG KoL 0TOKMILKOTTOIN0NG-0uTo deV Umopel va ypnowportoun0ei oe duadiki) Aettovpyia. Atotifeta
L0t TTOLKILALOL TUTTLK @V EPYAAEL®Y XELPLOUOV ooludTov (Tapatifevtal oty evotnta Error Handlers), ov kol
0TToL0dMTTOTE HVoUd XELPLOWOV OPAAUATOV EXEL KaTaywpnOel ue to codecs. register_error () eiva
emiong éykvpo. Ta turmkd ovouato mepthapufavouy:

o To 'strict' k@vel raise o eEaipeon ValueError eGv vadpyel opaluo Kmdikomoinong. H mpo-
eTAEYUEVT] TLUY) TOV None €yeL TO (810 AToTéEAEoUAL.

o To 'ignore' ayvoel ta opdluato. ZNuelwote Ot 1 Tapdfieyn opolndtwv kKmdikomoinong uropel
Vo 0O YN OEL O ATTWAELD OEDOUEVMV.

e To '"replace' mpokaAel TV eloaywyn evog deiktn avitkataotaong (Omwg '? ') étav vrdpyouvv
dedouéva pe AavOoouévn pope.

o To 'surrogateescape' 0a avimpoowmetel Tuyov havOaouéva bytes wg LOVAdES Xapuniov vo-
Kotdototov Kwdikov mov Kuuaivovior omd U+DC80 éwg U+DCFF. Autég oL pnovadeg vmoKa-
tdotatov Kodikol Oo petatpamovv ot ouvéxelo ota dLo bytes Otav 0 YEPLOTNG OPOALATWV
surrogateescape YPNOWOTOLELTAL KOTA TNV EYYPApT) SEdOUEVOV. AUTO ELVOL YPTOLUO YLOL TNV ETTE-
Eepyaoio apyeiwv og Ayvmotn kKodikomoinon.

e 'xmlcharrefreplace' is only supported when writing to a file. Characters not supported by the
encoding are replaced with the appropriate XML character reference & #nnn; .

e To 'backslashreplace' avikadiotd dedopéva pe havBaouévn popen amd tig akorovdieg do-
QuYNG ne avaotpogng Kabétov Python.

o To 'namereplace’ (vmootnpiletol emiong pdvo KoTd T oUVTaEN) AvitKaOLoTd TOUG Ui VITOOTHPL-
Couevoug yopakTipeg ue akolovdieg drapuyng \N{ . . . }.

newline controls how universal newlines mode works (it only applies to text mode). It can be None, '', '\n"',
"\r',and '"\r\n"'. It works as follows:

o Katd v avayvoon ewoddov amd v pof|, edv 1o newline eivon None, 1 Kool hettovpylo véwv
YPOURDV gival evepyorotnuév). OL ypauués otnv elcodo wropovv va teketmvouvy og '\n', '\r', 1
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"\r\n', Kot avtd petagppdlovral oe ' \n' mpLv emotpapovv otov Kahovvta. Edv givar ' ', 1 Ka-
BoALKT) heLToupYio VEWV YPOUUMV ELVOL EVEPYOTTOLNUEVT], GAAG OL KATAAEELG YPOUUMV ETLOTPEPOVTOL
otov Kahouvta auetdppaota. Edv éyel kdmoro 0t Tug dhheg VOULLLES TWES, OL YPOULES ELGOBOV TEPLLOL-
TiCovtan povo amd tn dedouévn cupPorooelpd Kat 1 KatdAngn ypopung ETLOTPEPETAL OTOV KAAOUVTOL
OUETAPPAOT.

o Kotd v eyypagn eE680v ot pot|, edv To newline eivai None, Tuxov yopoktipeg '\n' petagppdlo-
VTOLL 0TO LYY WPLOTLKO TIPOETUAEYUEVWV YPOUUDY TOV CUOTHUATOG, 0S . 1 inesep. Edv to newline eivol
"' "\n', 8eV TPAYUOTOTTOLETOL UETAPPAON EQV TO newline (Vo 0TToLAdONTOTE OTTO TLG AANEG VOULUES
TWEG, YPAPOVTOL OTTOLOLONTTOTE YOPUKTHPES ' \n' HETOPPATOVTOL 0T dedOUEVY GUUBOLOOELPA.

If closefd is False and a file descriptor rather than a filename was given, the underlying file descriptor will be
kept open when the file is closed. If a filename is given closefd must be True (the default) otherwise an error will
be raised.

'Evo. Tpocopuoouévo mpodypoupa avolyuatog umopel va ypnowpomowndel uetafipdtovtag éva callable wg
opener. O VITOKELUEVOG TTEPLYPAPENS OPYELOV YL TO AVTIKELUEVO apyelov AapuPdveTal 0T OUVEXELD KO-
vtog 1o opener e (file, flags). To opener TPEmeL VoL ETLOTPEWEL EVAL TEPLYPAPED AVOLYTOV ALPYELOV (TTEPVMVTAG
05 . open wg opener €YeL WG ATOTEAECUO AELTOUPYLKOTITAS TOPOUOLO. LE TO VAL TTEPACOVUE TO None).

To véo dnuovpynuévo apyeio eivar non-inheritable.

To mapakatm Topdderypa ypnowpomotel v sapduetpo dir_fd g ouvdptong os . open () yia vo avoiSel
€va apyelo oe oyeon pe Evav dedouévo Katdhoyo:

>>> import os
>>> dir_fd = os.open('somedir', os.O_RDONLY)
>>> def opener (path, flags):
return os.open (path, flags, dir_fd=dir_f£fd)

>>> with open('spamspam.txt', 'w', opener=opener) as f:
print ('This will be written to somedir/spamspam.txt', file=f)
>>> os.close (dir_fd) # don't leak a file descriptor

O timog tov file object mov emotpépeTar amd T oUVAPTHOT open () eEaptdtal amod T Aertovpyia. ‘Otav
TO open () XPNOLOTOLELTAL YLOL TO AVOLYUO. EVOS 0pyelov o€ hettoupyia kewuévou ("w', "', 'wt ', 'rt ',
K.\IT.), ETLOTPEPEL (oL VITOKAGON TOv i0. Text TOBase (specifically io. Text TOWrapper). ‘Otav ypnot-
LLOTTOLELTOL Y10 TO dvoryua evOg apyetov og duadiki) hettovpyio ue Tpoowpivy) amodfkevon, 1 kKAdon mov
eMLOTPEPETAL ELVAL O VITOKAAOT TOV 10 . Buf feredIOBase. H akpipig kKhdomn molkidel: og Aettovpyia
dUadLKNG avAyvVOoNG, ETLOTPEQEL €va 10 . Buf feredReader » 08 dUADIKEG KATOOTAOELS EYYPAPNG KL
dUadLKNG TPOOONKNG, EMOTPEQPEL EVOL 10 . Bufferediriter, Kal 0T AELTOVpYio ovayvwaong/eyypogpms,
eMOTPEQPEL €va 10. Buf feredRandom. ‘Otav 1 Ipoompivy] amoONKeVon elval AeEVEPYOTOLNUEVY], ETTL-
OTPEPETOL, 1] AKOATEPYAOTY POT] , ULt VITOKAGON i0.RawIOBase, io.FileTO.

See also the file handling modules, such as, fileinput, io (where open () is declared), os, os.path,
tempfile,and shutil.

Raises an auditing event open with arguments £ile, mode, flags.
Ta opiopoto mode Kou £1ags umopel va xouv tpomomondel 1) va éxovy ovvay el amd Tv opyky KAnon.
AMoEe oty éxdoon 3.3:
o IIpootédnke 1 TapaueTpog opener.
o TpootéBnke 1 Aettovpyio "x'.

o To TOError ywdtay raise wold, TOPO elvoL YPevdmvuuo Tov OSError.
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o To FileExistsError YiveToL raise Tpa €V TO OP)EL0 TOV avoiyel o€ Aettovpyio ato-
KAeLoTLKN G dnuovpylog (' x ') vdpyeL oM.

AMaEe oty ékdoon 3.4:

o To apyeio elvow TAEoV un KANpovouLko.

Deprecated since version 3.4, will be removed in version 3.10: The 'U' mode.
AMaEe oty €kdoon 3.5:

o E&v 1 xA0om ovothuatog SLoKoTEL Ko 0 YepLotng oNuatog dev Kavel raise o, eEaipeon,
1 GUVAPTNON ETAVOLAUBAVEL TP TNV KANON GUOTNUOTOG OVTE VO KAVEL raise o e5aipeo)
InterruptedError (deite to PEP 475 yio 10 0KemTIKO).

« [Ipootédnke T0 TPOYPAUUA YELPLOUOD CPUAUATWY 'namereplace”'.

AM0Ee oty ékdoon 3.6:
o TIpootédnke vITOOTNPLEN YO TNV ATTOS0Y T AVTIKEWUEVOV TTOV VAOTTOLOVV O0S . PathlLike.

o Zta Windows, TO GvOLYUO. JLOG TTPOCWPLVIG UVAUNG KOVOOOG WTOPEL VO ETLOTPEYEL ULOL
VTOKAGON TOV 10. RawIOBase eKtdg amd T0 10. FileIO.

ord (c)
Aedouévou pag ovpporooelpds Tov avtrpoomitevel Evay yapaktipa Unicode, emotpépel évav aképoto
OV OVTLITPOOWITEVEL TO oNueio kwdikoy Unicode autov tov yapoktpa. Fa wapdderyna, to ord ('a')
emLoTpéPeL Tov aképoto aplbpd 97 xor ord ('€') (ovupolo Tou evpw) emiotpépel 8364. Autd elval To
AVTIOTPOWO TOV chr ().

pow (base, exp[, mod ])
Emotpépet base oty dOvaun exp*. edv vadoyer to *mod, emotpépel base oty duvaun exp, modulo mod
(vmoloyiletan mo amotedeopoTikd amd T0 pow (base, exp) % mod). H @dpua dbo opioudtwv
pow (base, exp) LOOOULVAUEL Ue TN ¥PT 0N TOV TEAEOTH dVVaUNG: base* *exp.

The arguments must have numeric types. With mixed operand types, the coercion rules for binary arithmetic
operators apply. For int operands, the result has the same type as the operands (after coercion) unless the second
argument is negative; in that case, all arguments are converted to float and a float result is delivered. For example,
pow (10, 2) returns 100, but pow (10, -2) returns 0.01. For a negative base of type int or f1oat and
a non-integral exponent, a complex result is delivered. For example, pow (-9, 0.5) returns a value close to 3 7.

TN toug teheotég tng int base Kou exp, edv vitdpyeL mod, T0 mod TPETEL ETLOTG VO ELVAL AKEPALOV TVITOV
Ko 1o mod mpémer vo givan un undevikd. Edv vitdpyer mod ko to exp givan apvnTikd, To base mpémeL va ivai
OYETLKA TPADTO 0TO 1mod. Ze QUTNV TV TEPLTTWOT , ENLOTPEPETOLTO pow (inv_base, —exp, mod), OTOV
T0 inv_base givol ovtiotpopo Tov base modulo mod.

AxohrovBei éva mopdderyua virohoylopuov evog ovtiotpopov yio to 38 modulo 97:

>>> pow (38, -1, mod=97)
23

>>> 23 * 38 % 97 == 1
True

AMoEe oty £kdoon 3.8: T Tov TEAEOTES 1 nt, 1] LOPPY] TPLMOV OPLOUMDY TOV POW ETLTPETEL TWPOL TO EVTEPO
OpLoa VoL ELVOL 0PVITLKO, ETILTPETOVTOG TOV VITOAOYLOUO T™V 0pOpmTMV OVTLOTPOPMV.

AMoEe otnv ékdoon 3.8: Emtpénovion opiouata keyword. TTahawdtepa, vrrootnpifoviay wovo opicuoto
0éone.
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print (*objects, sep="", end="\n', file=sys.stdout, flush=False)

Print objects to the text stream file, separated by sep and followed by end. sep, end, file and flush, if present, must
be given as keyword arguments.

‘Oha to un keyword opiopata uetatpémoviol oe ouiPorooeLlpés Otmg KAVEL 1) str () KoL YPApOovIoL 0T
PO, YwPLoUEVa UE sep kKou akohovBovvion 0o end. Ko ta 800 sep Kaw end mpémel va elvan cuuBolooeLpécs
Wrtopel emiong va givar None, ov onuaiver 0t Ba ypnowomomBotv ol mpoemheyuéveg tués. Edv dev
divovton avaikelueva,  print () 0a ypdaper amhd end.

To oplopa file pémel vo elvan ovTikeinevo e pa uébodo write (string) '« edv Sev undpyer
1 elvaur " None, Oa ypnowomowmbel 10 sys. stdout. Emeldn o tummuévo oplouato HETOTPETOVTOL
oe CUUPOLOOELPES KELWEVOY, | print () dev WITOpel vo xpnoLlpomonOel ue oveikeipevo apyeiov duadikng
rertovpyiac. Tua avtd, ypnoomotovpe to file.write (.. .).

Whether output is buffered is usually determined by file, but if the flush keyword argument is true, the stream is
forcibly flushed.

AlaEe oty ékdoon 3.3: TIpootébnke to dpropa keyword flush.

class property (fget=None, fset=None, fdel=None, doc=None)

Emotpépel Eva xopakTnpLotiko tdLotTTogs.

To fget eivar pua GuVAPTNON YLoL T AP oG TLug xopokTnpLotikov. To fser elvol (o ovvaptnon yia tov
optopd pag Tung xopaktprotikov. To fdel eivor por ouvapTnon yuo T dLoypopn Wog TG XopoKTHPL-
otkov. Kat to doc dnuovpyel o oupforooelpd eyypaomy yia To XapoKTNpLoTiko.

Mo TuTTLKY) XPMO ELVaL 0 0PLOUOG EVOG SLOYELPLLOUEVOU YAPUKTNPLOTIKOV X:

class C:
def _ init_ (self):
self._x = None

def getx(self):
return self._x

def setx(self, wvalue):
self._x = value

def delx(self):
del self._x

x = property(getx, setx, delx, "I'm the 'x' property.")

If ¢ is an instance of C, c.x will invoke the getter, c.x = wvalue will invoke the setter and del c.x the
deleter.

Edv divetat, to doc Ba eivar to docstring Tov yopakKTHPLOTIKOU 1OLOTNTOG. ALOQOPETIKY , 1 WLoTHTA OOt
avtypdaper T ovpporooelpd tov fget (edv vdpyer). Avtd Kabiotd duvati) T dnuovpyia dLoTHTOY Pdvo
YLOL AVAY VOO, EUKOLO XPNOLUOTOLDVTIOG T property () wg decorator:

class Parrot:
def _ init_ (self):
self._voltage = 100000

@property

def voltage(self):
"""Get the current voltage.
return self._voltage

mmn
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The @property decorator turns the voltage () method into a «getter» for a read-only attribute with the same
name, and it sets the docstring for volfage to «Get the current voltage.»

A property object has getter, setter, and deleter methods usable as decorators that create a copy of the
property with the corresponding accessor function set to the decorated function. This is best explained with an
example:

class C:
def init_ (self):
self._x = None

@property

def x(self):
"""I'm the 'x' property."""
return self._x

@x.setter
def x(self, wvalue):
self._x = value

@x.deleter
def x(self):
del self._x

AvTog 0 KmOALKOG eivol aKpLBdG Lo0dUVOUOG e TO TPDTO Tapdderyua. Ppoviiote va dhoete oTig Tpdabeteg
OUVOPTNOELG TO 1010 Gvoua e TNV apyLKT| LOLOTNTO (X OF QUTNV TNV TEPLTTWON.)

To eTLOTPEPOUEVO OVTLKELUEVO LOLOTNTOG £XEL ETIONG TAL X APAKTNPLOTIKA £get, fset, Kar £del wov ovTL-
OTOLYOVV 0T OPLOUOTA TOU KOTOOKEVAOTH.

AMoEe ot ékdoom 3.5: Ta docstrings TmV OVTLKEWWEVOVY IOLOTNTOG eival TAEOV eyypaLuec.

class range (stop)

class range (start, stop[, step] )
Avtl va glvow ouvaptnon, 1o range gival 0TV TPAYUOTIKOTITA £vag auetdfintog Tomog axolovdiag,
omwg Texunprovetal ota Evon (Ranges) xau Tomor AkorovOiag (Sequence) — list, tuple, range.

repr (object)
Return a string containing a printable representation of an object. For many types, this function makes an attempt to
return a string that would yield an object with the same value when passed to eval (), otherwise the representation
is a string enclosed in angle brackets that contains the name of the type of the object together with additional
information often including the name and address of the object. A class can control what this function returns for
its instances by defininga __repr__ () method.

reversed (seq)
Return a reverse iterator. seq must be an object whichhasa ___reversed__ () method or supports the sequence
protocol (the __len_ () method and the __getitem_ _ () method with integer arguments starting at 0).

round (number[, ndigits] )
Emotpépet tov number otpoyyvlomtoinuévo oe ndigits axpifieia petd v virodiootoht). EQv to ndigits mapo-
A@Oel 1) eivor None, emotpépel Tov IANOLEGTEPO aKkEPALO apLlOId 0TV 10080 TOV.

For the built-in types supporting round (), values are rounded to the closest multiple of 10 to the power
minus ndigits; if two multiples are equally close, rounding is done toward the even choice (so, for example, both
round (0.5) and round (-0.5) are 0,and round (1.5) is 2). Any integer value is valid for ndigits (positive,
zero, or negative). The return value is an integer if ndigits is omitted or None. Otherwise the return value has the
same type as number.

TN éva yevikd aviikeipevo Python number, round ekywpel 0to number.  round_ .
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Inueiwon: H ovumepipopd Tov round () ywo floats pmopet vo givar ekmAKTik: yio mapdderyua, to
round (2.675, 2) 8ivel 2.67 avTi Y0 TO AVOUEVOUEVO 2 . 68. AVTO dev elvan bug: eivan aurotéleoua
TOV YeYOVOTOG OTL TA TEPLOGOTEPQ FEKADLKE KAAOUOTA dEV UTOPOVY VO OvaTopaoTadouV akpLBmg wg
float. Aeite To tut-fp-issues yiLo TEPLOCOTEPES TANPOPOPIES.

class set( [iterable] )

Emiotpépet éva vEo OVTIKELUEVO set, TTPOULPETIKA LE OTOLYELD TTOV AaufavovTal oo To iterable. To set
elval pua evompuatmuévn kKhaon. Aeite set ko TUmor Zvvéiov (Set) — set, frozenset Yio. TEKUNPLOOT AUTNG
™G KAGoMG.

T GMha containers, deite Tig evomuoTtmuéves KAMAOEG frozenset, 11st, tuple, Kou dict, KaBOg KoL
to module collections.

setattr (object, name, value)

This is the counterpart of getattr (). The arguments are an object, a string and an arbitrary value. The string
may name an existing attribute or a new attribute. The function assigns the value to the attribute, provided the
object allows it. For example, setattr (x, 'foobar', 123) isequivalentto x.foobar = 123.

Ynueimon: Aedopévou dti to private name mangling ovufaiver Katd T oTiyur) TG LETAYADTTLONG, TPETEL
KOVELG VO TTOPOUOPPADCEL UE [T] OUTOUOTO TPOTTO TO OVOUL EVOG LOLWTIKOV YOPOKTHPLOTIKOV (X OpOoKTHPL-
oTIKd pe dV0 TPOTOPEVOUEVEG KATM TOVAES) YLOL VOL TO OPLOEL e setattr ().

class slice (stop)
class slice (start, stop[, step])

Return a slice object representing the set of indices specified by range (start, stop, step). The start
and step arguments default to None. Slice objects have read-only data attributes start, stop and step which
merely return the argument values (or their default). They have no other explicit functionality; however they are
used by NumPy and other third party packages. Slice objects are also generated when extended indexing syntax
is used. For example: a [start:stop:step] ora[start:stop, 1i].See itertools.islice () for
an alternate version that returns an iterator.

sorted (iterable, /, *, key=None, reverse=False)

Emotpépel wo véa tagvounuévn Mota oo To oTouygia oo iterable.
"Exel 8100 mpoaupetikd opiopato. Tov mpémel va Kaboplotouv mg opionota AEEemv-KAeldumy.

To key kaBopilel pa ouvapTnon evog 0pIoUOTOG TTOV YPNOLULOTTOLELTAL VLo TV EEaywYY EVOG KAEWDLOU 01-
YKpLonG amd kébe otoryeio ato iterable (Yo mapaderypa, key=str.lower). H mpoemheyuévn tyun eivau
None (ouyKpivel To otouyeia amevOeiog).

To reverse ival pa dSvadukn tur). EGv oplotei oe True, tdTe T0. 0TOLKELQ TNG MoTOG TAELVOUOUVTOL OOV VO
elye avTLoTpOapEL kKaOe gUyKpLOo).

Xpnowwomoote To0 functools.cmp_to_key () YL Vo UETATPEYPETE (O GUVAPTIOY cmp oMoV TOHITOU
og ovvaptnon key.

H evoopotmuévn cuvaptnon sorted () givoreyyunuévny ot eivan otabept). Mo ta&uvounon eivar otadept
£ eyyvdron 0TL dev Bo MAEEL 1) OYETIKT) OELPE TWV OTOLYELWV TTOV GLUYKPIVOVTOL {00 — avTd ivor xpHoLuo
yio TaELvOuNon o€ ToMOTTAG TEPAOUATA (YL TTOPASELYILO, TASLVOUNON OVE TUAUO, UETE avi poBohoyLKo
Badpo).

O oly6pLBuog TaEvounong ypnowosmoLel udvo ovykpioelg < petad otoryeiwv. Evd o oplopdg wag pedo-
dov __1t__ () opkelyia v tagwvdunon, to PEP 8 cuviotd kau tig &L rich comparisons swov 6o eqapuo-
0ToUV. Autd Oa fondnoeL 6TV ATOPUYT CPAAUGTOVY KOTA T XPTI0N TV idLmV dedopévmv pe ddha epyodeio
dudtakng, 6mwg max () mov Bacifovtar oe drapopetiky vtokeinevn uéBodo. H viomoinon ko twv €51 ou-
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vkpioewv Bonbd& emiong otV amoguyn oUYXUoNG L0 CUYKPLOELG WKTOU TUITOV TTOV UITOPOUV VL KOAEGOUY
™V avokhouevn uébodo gt ().

TN tapadeiypota TaEwvounong Ko éva oUVTouo oeuvapLo ToEvounong, avatpéEte oto sortinghowto.

@staticmethod
Metoatpornn wog uebddov oe otatiky uéhodo.

Mo otatikh uébodog dev haufaver éva ouwmnpod mpdto opiopa. I'o vo dnhdoete wo ototky uébodo,
YPNOLUOTTOMTTE CUTO TO LOLWUOL:

class C:
@staticmethod
def f(argl, arg2, ...):

H @odppa @staticmethod givol wo ovvdptnom decorator — deite function yio Aestopépeies.
A static method can be called either on the class (such as C. £ () ) or on an instance (such as C () . £ () ).

Static methods in Python are similar to those found in Java or C++. Also see c1assmethod () for a variant that
is useful for creating alternate class constructors.

‘Ontwg 6ot oL dloKoounTée, eivar emiong duvatd va Kahéoete TV staticmethod wg KOVOVIKY) CUVAP-
TNOT KoL VO KAVETE KATL 1€ TO OTOTENEOUA TNG. AUTO ElVOL QTTAPOITNTO 08 OPLOUEVEG TTEPLITTOOELS OTTOU
YPELACEDTE ULaL Ovopopd og (oL oVVapTNoT atd Eva omuo KhAomg Kol BEMeTe VoL AmopuyeTe TV ouTdUATY
petotpomny| o€ instance ué0060. I'iat AUTEG TIG TEPUTTWOELS, YPNOLULOTOLNOTE ALUTO TO LOlwNaL:

class C:
builtin_open = staticmethod (open)

TN tepLocdTepeg TANPOQOpieg OYETIKA Ue TG oTaTIKEG neBddoVG, deite To types.

class str (object=")
class str (object=b", encoding="utf-8', errors='strict’)
Emotpéper pio €kd00m st r tov object. Agite str () Y10 AeTTTOUEPELES,

To str eivow ) evowuatmuévn ovporooelpd class. Tua yevikég mANpopopieg OETKA UE TLG CUUBOAOOELPEC,
ovatpéEte Tomog Akolovbiag (Sequence) Kewuévov — str.

sum (iterable, /, start=0)
ABpoilel to start Kau ta otovyeio evog iterable amd apiotepd mpog deELd ko emotpépel To ovvoro. Ta
oToLyELa TOV iterable givan ouvnBmG apLBpol ko 1 Ty EvapEng dev emttpémeTon va ivan cuuorooeELpd.

For some use cases, there are good alternatives to sum (). The preferred, fast way to concatenate a sequence of
strings is by calling ' ' . join (sequence) . To add floating point values with extended precision, see math.
fsum (). To concatenate a series of iterables, consider using i tertools.chain ().

AlhaEe oty ékdoon 3.8: H mapbuetpog start popei vo kaboprotei wg dpropo keyword.

super ([type[, object-or-type] ])
Emotpéper éva aviikeipevo diakouoty) pecoldfnong mov ekywpel kANoelg uebodov o po yoviky 1
adepen) KAGon type. Autd eivon xpnowo yia v Tpodofaon oe petafipacuéves uebddovg mov €xovv ma-
paxaugOel og o KAAom.

The object-or-type determines the method resolution order to be searched. The search starts from the class right
after the type.

For example, if __mro___ of object-or-typeisD -> B -> C -> A —-> object and the value of type is B,
then super () searchesC -> A -> object.

The __mro___ attribute of the object-or-type lists the method resolution search order used by both getattr ()
and super (). The attribute is dynamic and can change whenever the inheritance hierarchy is updated.
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Edv to deltepo dpiopa maparelpOel, TO VITEPOVTLKELUEVO TTOV ETOTPAPNKE dev eivar deopevuévo. EGv to
devtepo dploua eivol aviikeiuevo, isinstance (obj, type) mpémel va givar alnbéc. Eqv to devtepo
oplopa eivar évag Tomog, 1o issubclass (type2, type) mpémel va eivor adndég (ovtd eivor ypnouuo
yo uebddovg kAdone).

Yrdpyouv dU0 TUTTKEG TEPLITTMOELS YPNONG YL TO Super. Z& Lo LEPOPYL0 KAACEDV Ue eviaio KApovouL-
KOTNTOL, TO Super WTOPEL VaL XPNOLUOTTOLNOEL YLoL VO AVOLPEPETOL O YOVIKEG KAAOELG XWPIG VO TLG OVOUATEL
PNTA, KAOLOTMVTAG €TOL TOV KMOLKO TTLO SLoTnPoLo. Avty 1 xpnon eivor wold mapddAnkn ue ™ yphHon
TOV super o€ AAAEG YADOOES TPOYPOUUATIOUOV.

H devttepn mepimtmon xpiong eivar 1 vtoothplEn morlhaminic KAnpovoukdTntag cuvepyaoiag oe éva du-
vopuko mepLlBaAlov ektéheong. Auth 1 mepimTmon xphong eivar povadikr| yua v Python kau dev PBpioke-
TOL 0€ OTOTLKG UETAYAMTTLOUEVEG YAMOOEG 1) YAMOOES TTOV VITOOTNPILOUV LOVO UEROVWUEVT] KANPOVOILKO-
TTa. Autd Kablotd duvaty) THV VAOTON 0N «dLayPoUIdToV doUavTimv» 6mov Torég footkéc KAAoeLg
vhoTotoVv TV idLa 1€0080. O KaAOg 0yYedLOOIOG VITAYOPEVEL OTL TETOLEG VAOTTOLOELS £XOVV TNV 1dL0L VITo-
vypapn KMong og KaOe meplmtmon (emeldr| 1) oeLpd TV KANoewv KabopileTol KaTd ToV (pOvo eKTELEDTS,
emeldN auth 1 oelpd Tpooapudletal oTig OAAAYEG OTNY Lepapyio KAAGEMV Ko emELdY ouTi) 1) dtdtagn umo-
pei va wepthapBavel adepprikéc KAAOELS TTpLv amd Tov xpdvo eKTEAEONG).

Ko yio tig 900 meplatmoelg ypnong, uo Tumk kKAon vepkhaong pnotdtel pe ovtd:

class C(B):
def method(self, arg):
super () .method (arqg) # This does the same thing as:
# super (C, self).method(arg)

Extdg amd g avalntioelg uedodmv, to super () MELTOVPYEL ETLONG VL0 AVALHTHOELS Y OPOKTIPLOTIKMV.
Mua stBavi) eplmtmaon yphong yia avtod eival N kAo descriptors og pua KAAom yovéa 1) adelpo.

Note that super () is implemented as part of the binding process for explicit dotted attribute lookups such as
super () .__getitem__ (name).Itdoes so by implementing itsown ___getattribute__ () method for
searching classes in a predictable order that supports cooperative multiple inheritance. Accordingly, super () is
undefined for implicit lookups using statements or operators such as super () [name].

Adfete emiong vrdYn OTL, eKTOS Amd TN HOPEPT UNOEVIKOU 0piolatog, 1) super () dev TepPLopileToL ot
ypnon nebodwv evidc. H pdpua dvo opropdtov kabopilel akpiog ta opionato Kol KAVeL Tig KatdAAnheg
avagopés. H @opupa undeviko opiopartog Aettovpyet wovo uéoa oe €vav opiopd khaong, Kabwg o ueto-
YAWTTLOTHG CUUTTANPOVEL TLG OITTAPOITNTES AETTTOUEPELES YLOL TV OWOTI AVAKTNOT TG KAGONG TTov opileTal,
Kabmg KoL Yo TNV tpdofaor 0Ty TPEXOVoa Topovaia yia cuvnOiouéveg tebodovc.

To TPAKTIKEG TPOTAOELG OYETIKG E TO TTMG VO, OYXEOLAOETE OUVEPYATIKES TAEELG YPNOLUOTOLMVTIOG TO
super (), avatpéEte 001Y0g ypfiong super().

class tuple ( [iterable] )

Avtiva givor ouvapTnon, To tuple eivol oTNY TPayUATKOTHTA Vo OUETABANTOG TUTOG akoAovBiag, OTTwg
tekunprovetat ota ITiewddes (Tuples) xou Tomor AkolovOiag (Sequence) — list, tuple, range.

class type (object)
class type (name, bases, dict, **kwds)

With one argument, return the type of an object. The return value is a type object and generally the same object as
returned by object.__class__.

H evoopotopévn ouvdpmon isinstance () oUVIOTATOL VL0 T QOKLUN TOU TUTOU €VOG OVTLKELUEVOL,
emeldn hapfdver vTdP TG VITOKAAOELS.

With three arguments, return a new type object. This is essentially a dynamic form of the class statement.
The name string is the class name and becomes the _ name__ attribute. The bases tuple contains the base
classes and becomes the __bases___ attribute; if empty, object, the ultimate base of all classes, is added.
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The dict dictionary contains attribute and method definitions for the class body; it may be copied or wrapped
before becoming the ___dict___ attribute. The following two statements create identical t ype objects:

>>> class X:
a =1

>>> X = type('X', (), dict(a=1))

See also Tvmor Avuikeiuévao.

Ta opiopota AMEewV-KAELSLDV TOV TOPEYOVTAL TN POPUO TPLDHV 0pLopdTwy HeTaBLBAlovtal 0Tov Kotdh-
Aho unyoviopd puetaxhdong (ovvnBwg _ init subclass_ ()) ue tov idLo Tpdmo mov Ba ékavay oL
MEEeIG-KAELOLE 0TOV 0pLOpO oG KAAonG (exTdg artd to metaclass).

Agite emiong class-customization.

AlLaEe ot €kdoomn 3.6: Subclasses of type which don’t override type.__new__ may no longer use the
one-argument form to get the type of an object.

vars ( [object] )
Return the ___dict___ attribute for a module, class, instance, or any other object witha ___dict___ attribute.

Objects such as modules and instances have an updateable  dict___ attribute; however, other objects may have
write restrictions on their ___dict__ attributes (for example, classes use a t ypes.MappingProxyType to
prevent direct dictionary updates).

Xwpig éva OpLopa, To vars () hertovpyet 6nwg locals (). ZNUELDOTE, OTL TO AeELKO TWV TOTKOV gival
YPNOLUO UOVO YL OVAYVIOT), KOG OL EVIUEPMOELG 0TO AEELKO TV TOTLKMV 0lyVOOUVTaL.

Mua eEaipeon TypeError yivetol raise v évo avtikeipevo éyel kaboplotel alld dev €xel £va yopaKTn-
pLoTkd _ dict  (yio mopAdeLypa, €AV 1 KAAOT TOU 0pileL to _ slots_ YOpAKTNPLOTLKO).

zip ( *iterables)
Make an iterator that aggregates elements from each of the iterables.

Returns an iterator of tuples, where the i-th tuple contains the i-th element from each of the argument sequences or
iterables. The iterator stops when the shortest input iterable is exhausted. With a single iterable argument, it returns
an iterator of 1-tuples. With no arguments, it returns an empty iterator. Equivalent to:

def zip(*iterables):
# zip('ABCD', 'xy') —--> Ax By
sentinel = object ()
iterators = [iter (it) for it in iterables]
while iterators:
result = []
for it in iterators:
elem = next (it, sentinel)
if elem is sentinel:
return
result.append(elem)
yield tuple (result)

The left-to-right evaluation order of the iterables is guaranteed. This makes possible an idiom for clustering a data
series into n-length groups using zip (* [iter (s) ] *n). This repeats the same iterator n times so that each
output tuple has the result of n calls to the iterator. This has the effect of dividing the input into n-length chunks.

zip () should only be used with unequal length inputs when you don’t care about trailing, unmatched values from
the longer iterables. If those values are important, use i tertools.zip_ longest () instead.

H zip () og ouvduaoud pe Tov TeELeoTn) * UTOPEL Va XP1OLUOTOLOEL YLOL TNV ATTOCUUTLEDT] MaG AoTaG:
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>> x = [1, 2, 3]

>>> vy = [4, 5, 6]

>>> zipped = zip(x, V)

>>> list (zipped)

(1, 4), (2, 5, (3, 6)]

>>> x2, y2 = zip(*zip(x, Vy))

>>> x == list(x2) and y == list(y2)
True

__import___ (name, globals=None, locals=None, fromlist=(), level=0)

Inueiwon: Avt) eivor wo TPoNyREVY) CUVAPTIOT TTOV dEV XPELALETOL OTOV KAONUEPLYO TPOYPAUUATIONO
g Python, o¢ avtifeon e 10 importlib. import_module ().

Avt 1 ouvaptnon Kaheitol oo ™ dMworn import. Mmopei va avitkataotadel (e eloarywyy Touv module
builtins KoL ovToToiyon oe builtins . import_ ) mpokeypévou va odhGEeL 1) onuactoroyio g
dMwong import, oA avtd amobappiveran adevapa, kobng eivar ouviBmg amhovoTtepo va xPNoLUo-
mowmoete ta dykiotpa ewooywyng (deite PEP 302) yia v enitevEn towv idiov otdywv Kou dev mpokahei
TPOPANUATO UE TOV KMOLKA TOV TTPoUTOOETEL TNV XPNON TNG TPOETMAEYUEVNG VAOTTOINONG eloaywyng. H
Queon pNon Tov ___import__ () emiong amoBappuvetan vtép Tov importlib. import_module ().

The function imports the module name, potentially using the given globals and locals to determine how to interpret
the name in a package context. The fromlist gives the names of objects or submodules that should be imported
from the module given by name. The standard implementation does not use its locals argument at all, and uses its
globals only to determine the package context of the import statement.

To level kaBopilel v Ba xpnopomon 0oy amdruteg 1) oyeTIkég eloaymyés. To 0 (1) TPoemhoy) ONUaiveL
uovo amdruteg eLoaymyés. O OeTikég TLEG Y To level vTodetkviouV TOV apLtOd TWV YOVIK®MV KAtohdywy
TTPOG AVOALNTNON O€ OYE0T Ue Tov Katdhoyo tov module wov kodel v import_ () (d¢ite to PEP 328
YLOL AETTTOUEPELEG).

‘Otav 1 petofhnti) name givar g popeng package .module, KOVOVIKA, ETLOTPEPETOL TO TOKETO AVOTO-
TOV €MLITEDOV (TO dvoua UEXPL TNV TPMTN KOukKida), dyt To module wov ovoudletor name. Qot600, OTOV
divetan éva pn kevd dpuona fromlist, emotpépetol To module pe To Ovoua name.

lNo mopdderyua, N dMhwon import spam katak)yel oe bytecode mov poldel pe Tov akdrovfo Kmdika:

spam = __import__ ('spam', globals(), locals(), [1, 0)

H dMhwon import spam.ham kotoh)yel og qutv TV KANON:

spam = __import__ ('spam.ham', globals (), locals(), [], 0)

ZNUELDOTE TOG TO _ import () €mOTPEPEL TO AvOTATOV £mLtédov module dw, emeldn ovtd eivar To
avTIKELUEVO TTOV oLVvdEeTan e éva dvoua pe T dhwon import.

Amd v dAn mhevpd, 1 dNhwon from spam.ham import eggs, sausage as saus KOTOM]YEL O

_temp = __ _import__ ('spam.ham', globals(), locals(), ['eggs', 'sausage']l, 0)
eggs = _temp.eggs
saus = _temp.sausage

Ed, to module spam. ham emiotpépeton omtd ™ ___import__ (). Ao auTtd TO AVILKEILEVO, TO OVOUOTA
TTPOG ELOOYMYT] AVAKTDOVTOL KOl EKYMPOVVTOL OTO OVTLOTOLYO OVOUATA TOUG.
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Edv 6éhete amhidg va ewodryete éva module (evoeyouévig néoa g va ak€To) Pe To Gvoua, P1NOLUOTTOLOTE
10 importlib.import_module ().

AMoEe oty ékdoon 3.3: ApvnTikég TG yia to level dev virootypifovron théov (to omoio emiong adAGLeL
™V TpoemheyUEVY Tiur) o€ 0).

AMaEe oty k001 3.9: Otav ¥pnoLoToLovToL ETAOYES TNG YPAUUNG EVTOA®Y —E 1 — I, TOTE 1| peTOfANTY
mepLpdilovtog PYTHONCASEOK dev haufdvetal vdyy.

YTooOnHELWOELG
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KEGANAIO 3

Built-in Constants

A small number of constants live in the built-in namespace. They are:

False
The false value of the booI type. Assignments to False are illegal and raise a SyntaxError.

True
The true value of the boo type. Assignments to True are illegal and raise a SyntaxError.

None
The sole value of the type NoneType. None is frequently used to represent the absence of a value, as when default
arguments are not passed to a function. Assignments to None are illegal and raise a SyntaxError.

NotImplemented
Special value which should be returned by the binary special methods (e.g. _ _eq (), 1t (),
_add__ (), rsub__ (), etc.) to indicate that the operation is not implemented with respect to the other

type; may be returned by the in-place binary special methods (e.g. __ imul__ (),
same purpose. It should not be evaluated in a boolean context.

iand__ (), etc.) for the

Ynueimwon: When a binary (or in-place) method returns NotImplemented the interpreter will try
the reflected operation on the other type (or some other fallback, depending on the operator). If all
attempts return Not Implemented, the interpreter will raise an appropriate exception. Incorrectly returning
Not Implemented will result in a misleading error message or the Not Implemented value being returned
to Python code.

See Implementing the arithmetic operations for examples.

Enueiwon: NotImplementedError and Not Implemented are not interchangeable, even though they
have similar names and purposes. See Not ImplementedError for details on when to use it.

AloEe otnv £€kdoom 3.9: Evaluating Not Tmplemented in a boolean context is deprecated. While it currently
evaluates as true, it will emit a DeprecationWarning. It will raise a TypeError in a future version of
Python.
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Ellipsis
The same as the ellipsis literal «. . .». Special value used mostly in conjunction with extended slicing syntax for
user-defined container data types.

_ _debug___
This constant is true if Python was not started with an —O option. See also the assert statement.

Enueiwon: The names None, False, Trueand ___debug__ cannot be reassigned (assignments to them, even as an
attribute name, raise SyntaxError), so they can be considered «true» constants.

3.1 Constants added by the site module

The site module (which is imported automatically during startup, except if the —S command-line option is given) adds
several constants to the built-in namespace. They are useful for the interactive interpreter shell and should not be used in
programs.

quit (code=None)

exit (code=None)
Objects that when printed, print a message like «Use quit() or Ctrl-D (i.e. EOF) to exit», and when called, raise
SystemEx it with the specified exit code.

copyright
credits
Objects that when printed or called, print the text of copyright or credits, respectively.

license
Object that when printed, prints the message «Type license() to see the full license text», and when called, displays
the full license text in a pager-like fashion (one screen at a time).
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KE®ANAIO 4

Turmot Built-in

O mopaxdto Katnyopieg mepLypdgouvv tovg standard tvmovg mov eivar evowuatwuévor (built) uéoo otov
interpreter.

O KUpror evowpatwuévor (built) timor eivon aptbuoi, akolouvbiec, avriotoryioelg (mappings), KMGOELS, instances
KoL exceptions.

Opropéveg collection khdoelg eivar petafintég (mutable). Ov péBodot ov mpoabETouy, aparpovv 1 avadiotdo-
00UV TO. UWEAY TOVUG KOL OEV ETLOTPEPOUV VAL GUYKEKPLUEVO AVTILKELUEVO, TTOTE OEV EMLOTPEPOLY TO 1dL0 collection
instance oA None.

OpLopéveg AeLToupyieg vTooTNPLLovToL atd dLEPoPOUS TUTOUG AVILKELUEVMV: ELOLKOTEPA, OXEDOV ONOL TAL AVTIKEL-
UEVOL (WITOPOVV VO CUYKPLOOUY WG TTPOG TNV LoOTNTA, VO EAEYXOOUV Yo TNV £YKUPN TLUT KOL VO UETATPOTOVV OE
ovpporooelpd (string) (1e T oUVAPTNON repr () M TNV ELAPPDS dLOPOPETLKY cuvapTnon st r ()). H tehevtaia
OUVAPTIOT YPNOULOTTOLELTOL EUUETO OTOV EVAL AVTIKEIUEVO YPAPETOL OO TN OVVAPTNON print ().

4.1 'EAeyxoq Eykupng Twng

OmoLodNToTE AVTLIKELEVO Witopel va eleyy el wg mpog Ty eyKupdTHTA TNG TLWUNG TOV, Yol X101 o€ i f 1 while
ouvONKN N G TELEOTNHG TWV LOYLKMV TPAEEWMV TOPAKATO.

By default, an object is considered true unless its class defines either a___bool__ () method that returns False or a
__len__ () method that returns zero, when called with the object.' Here are most of the built-in objects considered
false:

o constants defined to be false: None and False.
o uNdEév omoovdNmote aptbuntikov timov: 0, 0, 0, 03, Decimanl (0), Fraction (0, 1)

o Kevég akolovBieg xou collections: ' ', (), [1, {}, set (), range (0)

! TIpdo0ete mAnpoopieg oxeTIKd e auTéG TIG eldikég nedddoug pmopeite va Bpeite oto Eyyepidio Avagopdg Python (customization).
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O TpGEeig Kau o evompatmuéveg (built-in) ouvaptioelg mov €xovv amotéleopo Boolean savta emiotpépouy 0
1 False ywa false kot 1 M True yuo true, eKtOg €6V dnhdvetal Stapopetikd. (Enuavtiki eEaipean): oL hoyLkég
(Boolean) pGEeig or koL and eMOTPEPOVV TAVTA VAV OITTO TOUG TEMEGTEG TOVG.)

4.2 Noywkeg (Boolean) lNpa&elg — and, or, not

Avtég eivon oL Aoyikég (Boolean) pdiEeic, taEivounuéveg pdoet mpotepatdtnTog:

Mpdén AnotEleoua 2NUELWOELG
X Or y if x is false, then y, else x €))]
x and y | avtox eivou false, tote x, alMudg y )
not x if x eivou false, tote True, alMuwg False | (3)

Z1UELDOELS:

(1) Avtdg eival évag Teleotig WKPoU KUKADUOTOG, ETOUEVOG AELOAOYEL LOVO TO SEUTEPO OPLOUD AV TO TPWTO
eivau false.

(2) Avtdg gival évag Teleotig WKPoU KUKADUOTOGS, ETOUEVMG AELOAOYEL LOVO TO dEUTEPO OPLOUD ALV TO TTPMTO
elvau true.

(3) To not £yeL xounAdTEPY TPOTEPALOTNTO AUTO TOVG W AoyLkovg (non-Boolean) teleaté, omdte To not a
== Db petappdletor oav not (a==b),KoLTo a == not b &ivol CUVTOKTIKO OQALILL.

4.3 ZUuyKploEeLq

Yndpyovv oktd mpaEelg ouykplong oty Python. ‘Oleg éxouv tnv idta potepandTTO (N OTTOiOL Elvo VPMAdTEPY
amd avth) Tov hoyikov (Boolean) mtpdEemv). Ot ouykpioelg uopei va alvoodebouv avbaipeta: yio mopdderyua,
Tox < y <= zooduvapeiue x < y xai y <= z, ekT0g amd 1o 0TL T0 y aELoroyeitor povo uio popd (ahd
Ko 07TLg 800 TEPUTTMOELG TO Z dev aElohoyeitar kabolov dtav to x <y eivou false).

Avtdg o mivakag ouvopilel g Tpakelg ovyKpLong:

Mpdén ‘Evvola

< QUOTNPA UKPOTEPO ATtd

<= WKPOTEPO OTTo M (00

> aUOTNPA UEYOADTEPO ATTO

>= ueyaAiTePo oo 1 ico

== 00

1= dLdpopo

is TAUTOTNTO AVILKELUEVOY

is not | opvNTIKY TAUTOTNTO AVILKELUEVOU

Avtikeipeva dLapopeTikdV THTWV, EKTOG atd SLapopPeTIKOVG apLtBUNTIKOUG TUITOVS, OEV GUYKPIVOVTOL TOTE WG
ioa. O teheothig == opileTon TAVTO OAAA L0 OPLOUEVOUG TUTTOUG OVTIKELUEVOV (VL0 TAPASELYUA, OVTLKEIUEVQL
KAGong) wooduvapei pue is. Ou teleotés <, <=, > KoL >= 0pifoviol Hovo Omou €Xovv vOnua: yio. Topdderyua,
dwovpyovv a eEaipeon TypeError dtav éva amd ta opiopata eivol uyadikog aptduds.

Mn tavopordtuma instances pog KAGong ouvndmg ouyKpivovtal mg Ut too EKTOg v To 1 KAAoT 0pilel T uéBodo
—eq_ ().
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Ta instances puag kKAdong dev umropotv va taEvounbouv oe oyéon ue dhia instances tng idrag kKAdong, | GAhovg tv-

TTOUG TOU AVILKELUEVOU, EKTOG GV 1 KAGON 0pilel apretég amd g ueboddovg 1t (), le_ (),__gt__ (),
Ko ge_ () (yewikd, 1t () xou__eqg () eivar apketd, av Oélete TIg ouufaTikés £VVoLeg TV TENEOTHOV
oVYKPLONG).

H ovumepupopd twv tekeotav 1is kaw is not d&v wropel vo eival TPOCaPUOOUEVT: ETTLONG, LTOPOUV VO EQAP-
HOOTOVV 08 0ToLadNTOTE HVO AVTLKELUEVA KO TTOTE VO unv d1uLovpynoouvy pia eEaipeon).

Two more operations with the same syntactic priority, in and not 1in, are supported by types that are iterable or
implement the __contains__ () method.

4.4 ApipOntikol TumnoL — int, float, complex

There are three distinct numeric types: integers, floating point numbers, and complex numbers. In addition, Booleans are
a subtype of integers. Integers have unlimited precision. Floating point numbers are usually implemented using double
in C; information about the precision and internal representation of floating point numbers for the machine on which your
program is running is available in sys. float_info. Complex numbers have a real and imaginary part, which are
each a floating point number. To extract these parts from a complex number z, use z . real and z . imag. (The standard
library includes the additional numeric types fractions.Fraction, for rationals, and decimal.Decimal, for
floating-point numbers with user-definable precision.)

Numbers are created by numeric literals or as the result of built-in functions and operators. Unadorned integer literals
(including hex, octal and binary numbers) yield integers. Numeric literals containing a decimal point or an exponent sign
yield floating point numbers. Appending ' j ' or ' J' to a numeric literal yields an imaginary number (a complex number
with a zero real part) which you can add to an integer or float to get a complex number with real and imaginary parts.

H Python vrtootnpiler mAMpwg ta WKTd aplOuntikd: 0tov évag duadikdg apBunTtikog Teleotng £xeL TENEOTEG
SLOPOPETLKMV APLOUNTIK®V TUTTWV, O TEAEOTHG PE TO «OTEVOTEPO» TUTTO SLEVPUVETAL OE QUTOV TOU GALOV, OITOV
évag aképarog apliudg elvor otevotepog amd £vay ue Kiviti VITodLOGTOM], TTOV ELVOL OTEVOTEPO QITTO EVOL ULYOILKO.
H otykpion petagl apbudv dLogopeTikdy TOTmV OUUTEPLPEPETOL OOV VO HTAV OL AKPLBELG TIHEG AVTMV TWV
aplOpmv og cvyKpLo.>

Mitopoiv va xpnoLomotn0ovv oL KaTaoKevooTég int (), Float () Kouw complex () Yo va mopdyouy aptduoig
OUYKEKPLUEVOV TUTTOV.

‘O)ot ot apBunTikoi THmoL (EKTOC TV ULyadLKdV) VITooTnpilouy TG akOLovbeg TPAEELS (VLo TPOTEPALOTITES TWV
npdEewv, Bréme operator-summary):

2 Sav ovvémea, N Mota [1, 2] Bewpeitarionue [1.0, 2.07, kKo opuoiog yia mhetddeg (tuples).
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Mpdén Anotéleoua n- OAOSKANpPN
Meww- TeKkunpiwon
oelg

X+ y abpoLoua Tov X Kat y

X -y dLapopd Tov x Kan y

x *y YLVOUEVO TWV X KL Y

x/y TINMKO TV X KoL y

x //y OKEPOLO LEPOG TOV TINAKOU TWV X KAL Y e

X %y VoMo TOV X /Y 2)

-x X 0PVNTLKO

+x X QUETAPANTO

abs (x) oo VT TN M wéyebog tou x abs ()

int (x) UETATPOTTN] TOV X O AKEPOLO 3)(6) int ()

float (x) UETOTPOTT TOV X 0€ KLVITHG VITOdLAOTOMNG (4)(6) float ()
complex (rg, évag wyadikog apliuog e Tpayuatikod uépog re, AvTaoTiko wé- | (6) complex ()

im) pog im. To im petatpémetal auTOUaTo 08 UNdEV.

c. ouCuyég Tou uyodikov aplbuot ¢

conjugate ()

divmod(x, | Tolewydpt (x // y, x % y) 2) divmod ()

y)

pow (x, y) | xoedbvauntovy (5) pow ()

X ** vy x og dvvaun tov y 5)

ZNUELDOELS:

(1) Also referred to as integer division. The resultant value is a whole integer, though the result’s type is not necessarily
int. The result is always rounded towards minus infinity: 1//2is 0, (-1)//21is-1,1//(=2) is -1, and (-
1)//(-2) is 0.

(2) 'Oy yro puyadikovg aptbuovs. Avtifeta uetatpéyte oe float ypnowomowwviog abs () edv eivor epapud-
OLUO.

(3) Conversion from floating point to integer may round or truncate as in C; see functions math. floor () and
math.ceil () for well-defined conversions.

(4) 7o float déyetan emiong TG oupPorooelpég (strings) «nan» Ko «inf» pe évo TPoaLPeTIKd TPOBeU «+» 1 «-»
yto. To Not a Number (NaN - 'Oyt aptBudg) ko Oetikd 1 apvnuko dmelpo.

(5) H Python opiCetto pow (0, 0) kauto 0 ** 0 wg 1, 0mwg ovvnBITeToL YiaL TG YADOOES TPOYPAULOTIOUOV.

(6) To opBunTkd Kupohektikd (numeric literals) mwov yivovrow dektd mepthappdvouy ta Yyneia 0 €wg 9 1
omotodnmote tooduvopo Unicode (onueio kKddika pe v 1doTnTa Nd).

See https://www.unicode.org/Public/13.0.0/ucd/extracted/DerivedNumericType.txt for a complete list of code
points with the Nd property.

‘Ohot oL TUmoL numbers . Real (int xou £loat) emiong meplopufavovy tig akolovdeg Aettovpyieg:
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Mpdén Anoteeoua

math. x uetatpémetal o Integral

trunc (x)

round (x[, X OTPOYYVAOTTONUEVO OE 1 YNPLaL, GTPOYYVAOTTOLMVTAG TO Woo o€ Luyd. EGv to n mapaiel-
nj) pOel, to default Tov eivaw to 0.

math. TO peyahitepo Tntegral <=x

floor (x)

math. TO WKPOTEPO Integral >=x

ceil (x)

T mepartépw aptbuntikég mpdEelg deite ta modules math kow cmat h.

4.4.1 Bitwise MNpa&elg oe Aképailoug Tumoug
O tpdeig bitwise £xouv vomua novo yro aképarovg aptbuove. To arotéleouo Twv bitwise TtpdEemv vtohoyileton
OOV VO EKTELELTOL 0€ CUUTANPOUO 0G TPOG dVO0 Ue delpo aplbud bits tpdonuov.

O tpotepaldTITEG TMV dVAdIKMV TPaEewv bitwise eivan OMeG YoUNAOTEPES OTTO TIG aplBuNTLKEG TPAEELS KoL v
MOTEPEG QUTO TIG CUYKPLOELS 1] Lovadiaio TPaEn ~ €xeL TV idLa TpoTePaLdTNTO Ue TIg GANeG novadiaieg apLbun-
Tkég pdEelg (+ Ko —).

Avtdg o mivakag mapadétel Oheg Tig bitwise mpdEeig TaEvounuéveg oe avEovoa oelpd:

Mpdé&n AnotéAeoua 2NMELWOELG
X |y bitwise or TV x KL y 4)

X Ny bitwise exclusive or Twv x KoL y 4)

X &y bitwise and TV x KoL y 4)

x << n | x oloOnuévo (shifted) aprotepd Katd n bits | (1)(2)

x >> n | x oloBnuévo (shifted) 6E1d kot n bits (HA3)

~X Ta bits TOV X AVTLOTPOUUEVEL

Z1UELDOELS:
(1) O uetpnoeig apvnTkmv olobnoewv (negative shift) eivar dkvpeg Ko kédvovy raise ValueError.
(2) Mua aprotept) ohioOnom (shift) xotd n bits Looduvapel pe Tolomhaolaoud e pow (2, n).
(3) Mua 6eE1é ohioBnom (shift) katd n bits looduvaypel ue diaipeon TatdUoTog e pow (2, n).

(4) H ektéheon aut@v TV VITOLOYLOUWMY UE TOVAXYLOTOV £va eLTAEOV bit ETEKTAONG TPOONUOV OE (AL OVOL-
TOPAOTAON EVOG TETEPAOUEVOV CUITAPMOUOTOS WG TTPOog dVo (Eva wpéhuo bit-width 1 + max (x.
bit_length(), y.bit_length()) 1 meptocdtepo) elval apKeTod YIa Vo TAPEL TO (810 amoTéheoa
oav Vo VTN PYE £vag AELPog aplBpdg bits tpdonuov.
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4.4.2 Nepartepw MeBodoL Twv AKEpatwyv TuUnNwv

O timog int viomolel TV numbers. Integral abstract base class. Emmhéov, mapéyel peptkég axoun uebodovg:

int.bit_length/()
Emotpépet Tov aplbud tov bits mov eivol amapaitntog yio Vo ovoTtapooToEL £VoY akEPALO 08 dVOALKO,
OTTOKAELOVTOG TO TPOONUO KOl T APYLKE undEV:

>>> n = -37

>>> bin (n)
'-0b100101"

>>> n.bit_length ()
6

Mo ovykekpuéva, edv To x ebvor un undevikod, Tote 10 x . bit_length () eivor povadikdg Oetikdg apLd-
HOG k €tolL hote 2* * (k—1) <= abs (x) < 2**k.Iloodvvaua, 6tov 10 abs (x) elval opKeTd (KPO YLoL
vaL €xeL Vo woTd oTpoyyvhomotnuévo hoydplbuo, tote k = 1 + int (log(abs(x), 2)).EdavTto x
elval undév, tote 10 x .bit_length () emotpépel O.

Ioodvvapo ue:

def bit_length(self):

s = bin(self) # binary representation: bin(-37) —--> '-0b100101"'
s = s.lstrip('-0b') # remove leading zeros and minus sign
return len (s) # len('100101'") —-—> 6

Néo oty éxdoon 3.1.

int.to_bytes (length, byteorder, *, signed=False)
Emotpépel éva mivoko amd bytes Tov avamoplototv Evay aképaLo.

>>> (1024) .to_bytes (2, byteorder='big')

b'\x04\x00"'

>>> (1024) .to_bytes (10, byteorder='big')
b'\x00\x00\x00\x00\x00\x00\x00\x00\x04\x00"

>>> (-1024) .to_bytes (10, byteorder='big', signed=True)

b \xfA\xfA\XfA\xEF\XEf\xff\xff\xff\xfc\x00"'

>>> x = 1000

>>> x.to_bytes ((x.bit_length() + 7) // 8, byteorder='little")
b'\xe8\x03"'

The integer is represented using length bytes. An OverflowError is raised if the integer is not representable
with the given number of bytes.

The byteorder argument determines the byte order used to represent the integer. If byteorder is "big", the most
significant byte is at the beginning of the byte array. If byfeorder is " 1ittle", the most significant byte is at the
end of the byte array. To request the native byte order of the host system, use sys.byteorder as the byte order
value.

To opiopa signed KoBopilel €0V TO CUUTANPOUL O TPOG dVO YPTOLULOTTOLELTOL YLOL VO AVTLITPOCMITED-
oeL tov aképaro. Edv to signed eivar False kou €xer do0el £vag apvntikdg aképotog, yivetou raise va
OverflowError. Hmpoemleyuévn tun (default) yio to signed eivar False.

Néo otv éxdoom 3.2.

classmethod int.from_bytes (bytes, byteorder, *, signed=False)
Emiotpépel £vav aKeéPaLo Tov ovoTapioTaToL 0TT0 TOV SOOUEVO TvaKa TV bytes.
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>>> int.from_bytes (b'\x00\x10', byteorder='big'")

16

>>> int.from_bytes (b'\x00\x10', byteorder='little")

4096

>>> int.from_bytes (b'\xfc\x00', byteorder='big', signed=True)
-1024

>>> int.from_bytes (b'\xfc\x00', byteorder='big', signed=False)
64512

>>> int.from_bytes ([255, 0, 0], byteorder='big')

16711680

To dpiopa bytes mpémel eite va eivan éva bytes-like object eite éva iterable mov mapdyeL bytes.

The byteorder argument determines the byte order used to represent the integer. If byteorder is "big", the most
significant byte is at the beginning of the byte array. If byfeorder is "1ittle", the most significant byte is at the
end of the byte array. To request the native byte order of the host system, use sys. byteorder as the byte order
value.

To dpLopa signed VITODELKVIEL EAV TO CUUTANPOUO MG TTPOS VO YPTCLULOTTOLELTOL YLOL VO OVTLITPOTWITEVOEL
TOV OKEPOLO.

Néo otnv é€kdoom 3.2.

int.as_integer_ratio()
Return a pair of integers whose ratio is exactly equal to the original integer and with a positive denominator. The
integer ratio of integers (whole numbers) is always the integer as the numerator and 1 as the denominator.

Néo otnv €kdoon 3.8.

4.4.3 Mepartépw MeBodoL yLa Float

O timog float (kuvntig vTodiaotolng) vhomolel TV numbers. Real abstract base class. O float el emiong Tig
akolovBeg mpdobeteg puebddovG.

float.as_integer_ratio()
Return a pair of integers whose ratio is exactly equal to the original float and with a positive denominator. Raises
OverflowError on infinities and a ValueError on NaNs.

float.is_integer ()
Emotpéper True edv to float instance eivou memepaouévo pe axépoto tiun Kot False dLopopeTikd:

>>> (-2.0) .is_integer()
True

>>> (3.2).is_integer()
False

AYo uébodoL vtooTNPiLovy TN UeTATPOTY oo Kat pog dekaeEadikég oupporooelpés (strings). Agov ta floats
g Python amofnkevovrar eomtepikd wg dvadikoi apibuoi, 1 petatponn evog float wpog 1 artd wo dexadik]
ovuporooelpd ouvnBwg mepthapBdvet éva wKkpd opdiuo otpoyyvhomoinong. Aviifétmg, ol dekaeEadikég ovu-
Bolooelpég emttpémouv aKpLpn avaTapdoTooT Kol CUYKEKPLUEVOTTONON TOV OpLOUdV KIVNTHG VITOdLOOTOMC.
Avtd pmopei va givan xpnowwo katd to debugging Ko oty optOunTKy).

float.hex ()
Emotpéper o avamapdotoon evog aptbuot Kivntig vmodiaotolng wg dekaeEadiky ouppforooelpd
(string). T wemepaouévoug aptBuovs Kivnthg vItodLaoToAS, AUt 1 Avarapdotoot Oo Tepthaufaver -
vta éva tportopevduevo 0x KoL €vo tehevtaio p Kot ek0éTn.
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classmethod float.fromhex (s)
M£6060¢ KhAOoNG Yo TV emotpo@r) Tov float wov aviurpoowteveTol amd wa dekaeEadikh ovuforooelpd
(string) 5. H oupfolooelpd s uiwopet va €yl kevd dLiotno. Tov oty apyi M To Téhog.

Znuewwote 6t to float . hex () eivan €va instance method, eved) 1o £loat . fromhex () eivor o néBodog K-
ong.
Mo dekaeEadikr) ovuBorooelpd (string) éxel T pop@i:

[sign] ['0x'] integer ['.' fraction] ['p' exponent]

OOV TO TPOOLPETIKO sign umopel va elvan gite + | —, integer Ko fraction eivan ovppolooelpég (strings)
dexaeEadikmv Ynpimv Kot 0 exponent (ekBEtnG) eivar évag dekadLkog aképotog te TpoatpeTikd apodonuo. Ta
meCh 1M kepohaia dev eivar onuavtikd Ko mTpémel va vdpyel TouldyLoTov Eva dekaeEadLko Yngio eite oTov
axépalo gite oto Khdoua. Avth 1 ovvtaEn eival Topduoa ue T ovvtaEn mov kabopiletal oty evotnta 6.4.4.2
Tou tpotirtou C99, kabwg Kar oty cUvToEN mov ypnotpomoteitar oty Java 1.5 ko uetd. [dwaitepa, 1 €E0dog Tov
float.hex () wmopel va ypnowomorn0el wg dekaeEadikd Kuprohektikt| Kivntig vtodiaotodg oe kmdika C 1
Java, kou apdyOnkav dekaeEadikég ouporooelpég pe tov yapaktpa wopepns %a tg C 1 1o Double.toHexString
g Java elvon 0mwodeKtd oo to float . fromhex ().

Inueudote 6t 0 ekBETNG elvol ypauuévog e dekadikd Kol oyl dekaeEadikd kan Ot divel T dUvaun Tov 2 pe v
oroia wolhamhootaletar o ovvteleothg. [a mapdderypa, 1 dexaeEadiky cuuporooelpd (string) 0x3.a7p10
AVILITPOCMITEVEL TOV OPLOUO KIVNTNG VTOdLaoTOMG (3 + 10./16 + 7./16**2) * 2,0**10,7M 3740, 0:

>>> float.fromhex ('0x3.a7pl10")
3740.0

H epapuoyn g avtiotpopng uetatpomi oe 3740 . 0 divel pia Sagopetiki) dekaeEadikr ouupolooelpd (string)
TTOV OVTLITPOCMITEVEL TOV 1810 0pLOuo:

>>> float.hex (3740.0)
'0x1.d380000000000p+11"

4.4.4 KatakeppaTLOPOG TWV aplOuNTKWV TUTIWV

For numbers x and y, possibly of different types, it’s a requirement that hash (x) == hash (y) whenever x ==
y (see the __hash__ () method documentation for more details). For ease of implementation and efficiency across a
variety of numeric types (including int, float, decimal.Decimal and fractions.Fraction)Python’s hash
for numeric types is based on a single mathematical function that’s defined for any rational number, and hence applies
to all instances of int and fractions.Fraction, and all finite instances of f1oat and decimal.Decimal.
Essentially, this function is given by reduction modulo P for a fixed prime P. The value of P is made available to Python
as the modulus attribute of sys.hash_info.

CPython implementation detail: Auti T otwyun, o TPWTOG OV XpPNOLUOTOLETOL elvow P = 2**31 — 1 og
unyavinuoto pe unkovg 32-bit C ko P = 2**61 — 1 og unyoviuoto pe unkovg 64-bit C.

Edm o1 kavoveg Aemtouepma:

e Avtox = m / n eivouw évag un apvnukog pntog apbudg kor o n dev diaupeital amd P, opiote To
hash (x) wgm * invmod(n, P) % P,o6movto invmod (n, P) pog divel 1o ovtiotpopo tov modulo
nP.

e Avtox = m / n eival €vag un apvnakog pntog optfudg Kat to n duonpeitar ue to P (oAhd to m OxL) tote
To n dev €yeL aviiotpopo modulo P kot 0 KavOvag Tapasmdvem dev LoyYVEL. Ze QUTIV TNV TEPLITTMON 0ploTe
to hash (x) wg otabeph Ty sys.hash_info.inf.

e Avx = m / n elvou évag opvntkdg pntog aptbudg tdte to hash (x) opileton wg —hash (—-x) . Av 10
hash mov mpokvrter eivan —1, aviikoadiototal pe —2.
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INa

o The particular values sys.hash_info.inf, -sys.hash_info.inf and sys.hash_info.nan are
used as hash values for positive infinity, negative infinity, or nans (respectively). (All hashable nans have the same
hash value.)

o o évav complex oplOUd z, OL TWEG KOATOKEPUOTIOUOU TOV TPOYUATIKOV KOl QOVIOLOTIKMOV Ue-
paov ovvdvdCovtar pe Tov vmoloylopd hash (z.real) + sys.hash_info.imag * hash(z.
imag), uewwuévo modulo 2 **sys.hash_info.width étoL wote va BpioKeTal 6T0 range (-2** (sys.
hash_info.width - 1), 2**(sys.hash_info.width - 1)).Koumdhi, ov to amotéheoua eival
-1, avukodiototal pe —2.

VO 0LTTOCOPTVICOVLE TOUG TTAPATAVM KAVOVES, O™ elval €va mapdderyuo Kodika tg Python, 1oodvvapo pe

7o built-in hash, yia tov vroloyLopd tov hash evog pntov aplbuov, float, | complex:

import sys, math

def hash_fraction(m, n):

def

def

"nncompute the hash of a rational number m / n.

Assumes m and n are integers, with n positive.
Equivalent to hash(fractions.Fraction(m, n)).

mn

P = sys.hash_info.modulus
# Remove common factors of P. (Unnecessary 1if m and n already coprime.)
while m $ P == n $ P == 0:

m, n=m// P, n// P

if n $ P == 0:
hash_value = sys.hash_info.inf
else:

# Fermat's Little Theorem: pow(n, P-1, P) is 1, so
# pow(n, P-2, P) gives the inverse of n modulo P.

hash_value = (abs(m) % P) * pow(n, P - 2, P) % P
if m < O:

hash_value = -hash_value
if hash _value == -1:

hash_value = -2

return hash_value

hash_float (x) :
"""Compute the hash of a float x."""

if math.isnan (x):

return sys.hash_info.nan
elif math.isinf (x):

return sys.hash_info.inf if x > 0 else -sys.hash_info.inf
else:

return hash_fraction(*x.as_integer_ratio())

hash_complex (z) :
"""Compute the hash of a complex number z."""

hash_value = hash_float (z.real) + sys.hash_info.imag * hash_float (z.imag)
# do a signed reduction modulo 2**sys.hash_info.width
M = 2**(sys.hash_info.width - 1)

hash_value = (hash_value & (M — 1)) - (hash_value & M)
if hash_value == -1:
hash_value = -2

(ouvéyela otV eOUEVT 0ENDOL)
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(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)

return hash_value

4.5 Tunou lterator

H Python vmootnpilet tv évvola g emavainyng o containers. Autd VALOTOLELTOL Y PTOLUOTOLMVTOG dVO dLo-
POPETIKEG UEBOOOVG AUTEG YPNOLULOTTOLOVVTOL YLOL VO ETLTPEYOVY 08 KAAOELS TTOV 0pilovTol amd To XpHoT Vo
VoL UTTooTNPIZOUV TV emavalnr. Ou akohoubieg (sequences), TOU TEPLYPAPOVTAL TOPAKATW LE TEPLOTOTEPES
LETTTOUEPELEG, TAVTA VITOOTNPLLOVY TLG HeBOdOVG eavaAnYnG.

One method needs to be defined for container objects to provide iteration support:

container.__iter__ ()
Return an iterator object. The object is required to support the iterator protocol described below. If a container
supports different types of iteration, additional methods can be provided to specifically request iterators for those
iteration types. (An example of an object supporting multiple forms of iteration would be a tree structure which
supports both breadth-first and depth-first traversal.) This method corresponds to the tp_iter slot of the type
structure for Python objects in the Python/C API.

To idLa T AVTIKEIUEVOL ETAVAAMPEDY ATTALTELTAL VAL VITOOTNPILOVV TIg akOAovBeg d0 nebddoug, oL omoieg 0o
KOLVOU autoTeENOVV TO iferator protocol:

iterator.__iter__ ()
Return the iterator object itself. This is required to allow both containers and iterators to be used with the for
and in statements. This method corresponds to the tp_1iter slot of the type structure for Python objects in the
Python/C APL

iterator._ _next_ ()
Return the next item from the container. If there are no further items, raise the St opIterat ion exception. This
method corresponds to the tp_iternext slot of the type structure for Python objects in the Python/C APL

H Python opilel Stéipopa aviikeipeva iterator yio Tv vrooTNPLEN TNG ETOVAAMYNG TTEAV® OF YEVIKOUG KO OUYKE-
KpLuévoug timovg akolovOudv (sequences), AeEkd (dictionaries) kow dileg mio eEedikevuéveg popeés. O ovyke-
KPLUEVOL TUTTOL BEV ELVALL ONUAVTLKOL TTEPAL ALTTO TV VAOTTOLN01) TOV iterator TPWTOKOALOV.

Mohig 1 uébodog ___next__ () evog iterator KGveL raise €vo StopIterat ion, TPETEL VA GUVEYLOEL VO TO KOVEL
o€ emOUEVeS KAMOELS. YLOTTOLAOELG TTOV OEV VITAKOUV O QUTH TV 1OLOTNTO BEMPOVVTOL EGPAMIEVEC.

4.5.1 Tunot Generator

Python’s generators provide a convenient way to implement the iterator protocol. If a container object’s __iter ()
method is implemented as a generator, it will automatically return an iterator object (technically, a generator object)
supplying the __iter_ () and _ next__ () methods. More information about generators can be found in the
documentation for the yield expression.
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4.6 Tumol AkoAoubiag (Sequence) — list, tuple, range

Yndpyovv tpelg faoikoi Tomor axorovBuwv: lists (Aioteg), tuples (sthelddeg) kau range objects (avitkeinevo e0povg).
[Mp6obeTOL THTOL AKOAOVOIAG TPOOAPUOOUEVOL YLOL TV eneEepyaoio binary data Kau text sirings mTepLypipovTol oe
ELOLKEG EVOTNTEG.

4.6.1 Kowveg Aettoupyieg AKoAouBLwyv (Sequences)

Ot Lettovpyieg TOV TOPAKATO TEVOKO VTOGTNPILOVTOL ATtd TOUG TEPLOTOTEPOUG TUTOUG 0KOLOVOL®Y, TOCO IETO-
BAnTov (mutable) 600 Ko apetdfintwv (immutable). H collections. abe. Sequence ABC mopéygton yio va
SLEUKOLUVEL TH OWOTH VAOTTOIN 01 OUTOV TV TIPAEEWV O TPOCAPUOCUEVOUG THTTOVG AkoAOVOiaC.

Avtdg o mivakag amaplbuel Tig Aettovpyieg akolovbiag taEivounuéveg Katd avEovoa tpotepadtnTo. ZTOV Ti-
voka, o s Ko ¢ eivor akolovbieg Tou 1dlov Tomov, ta i, i, j Ko k givar axépoator aptbuol Kou to x eivar va
aVOALPETO OVTLKEILEVO TTOV TTANPOL 0TTOLOVONTOTE TUTTO KO TEPLOPLOUOVGS TLUNG TTOV ETLBAAAOVTOL OTTO TO .

Ou tpdiEelg in kaw not  in éyouv Tig idieg mpotepadtnTeg ue Tig TpdEelg ouykpong. Ou mpdEeig + (ouvévmon)
Ko * (emmavdhnym) éxouv TV ida TpoTepadTNTOL e TIG ovTioToLKeg aptdunTtikéc mpdEelc.’

Mpdén AnotEAeoua 2 nUELW-
oelg

x in s True oV €vo 0TOLYELO TOV § Eival {00 e To X, aMwg False €))

x not in s False av éva otouyelo Tou s eival (0o [e To x, odMLdG True (1)

s + t 1] GUVEVWOT] TOU 5 K ¢ 6)(7)

S * n\n * s 100 Ue TNV TPOoHEDN TOU § GTOV EQVTO TOV 11 (POPES 2)(7)

s[i] io otouyeio Tov s, apy1n To 0 3)

s[i:79] slice (vTOOVVOLO) TOV § ATTO TO i UEYPL TO j 3)4)

s[i:j:k] slice (vTOoUVOLO) TOV § ATTd TO i UEYPL TO j Le Priua k 3)(5)

len(s) UKOG Tou §

min (s) WKPOTEPO OVTLKELUEVO TOU §

max (s) UEYOMITEPO OVTLKELUEVO TOU §

s.index (x[, 1[, | deiktng g TPWTNG EUPAVIONG TOV X 0TO § (LETA atd Tov 1) oTov deiktn i | (8)

311) Ko TpLy atd To deikTr )

s.count (x) OUVOMKEG ELPOVIOELG TOV X OTO §

Ot axolovBieg (sequences) Tov idLOV THITOV VITOOTNPLLOVY EMTioNG ouYKpioels. Ewdukdtepa, ta tuples (thedidec) Ko
oL AloTeg ouykpivovral AeELKOYPapLKE cuyKpivovTag Ta avTioTolyo ototyeia. Avtd onuaiver OTL yLo vo ovykpi-
voupe ioa, k4O atouyelo TPETEL VoL CLYKPLVETAL WG 00 ue To avtioTolyd Tou, oL dVo akorovbieg mpémeL va eiva
TOV (BL0V TUTTOU Ko Vo €xovv To idLo pufkog. (I'a minpelg Aemtouépeteg delte Ty ovopopd comparisons.)

Z1UELDOELS:

(1) Evdh ot tpdiEelg inkounot in xpnoLuomolouvToL YEVIKG ovo yio amhd éleyyo containment (o ototyeio e~
péyetan oe o doury), oplopéves eEetdikevpéveg axohovdieg (OTwg OnwG oL str, bytes Ko bytearray)
TLG (PNOLUOTOLOVYV ETLONG Yo subsequence testing (éAeyyo vtoakolovdiog):

>>> llgg" in "eggsll
True

(2) Twég tov n WKpPOTEPES ad 10 0 aviuetwmilovior wg 0 (mov divel pa Kev) akohovBio Tov idov Thmou
UE 5). ZNUELDOTE OTL TOL OTOLXELD TG aKkOohoUBiag s dEV AVTLYPAPOVTOL AVOPEPOVTOL TTOMES PopPES. AUTO
OUYVE OTOLYELMVEL TOL GToua TTov EekLvouv ue Python- okegreite:

3 Mpémet va €xovv, agpol o parser dev mopet vo Eexwpioel ToV THTO TOV TEAECTHY.
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3)

“4)

®)

(6)

)

®)

>>> lists = [[]] * 3
>>> lists

[ey, 1, (11

>>> lists[0].append(3)
>>> lists

[e31, 31, (311
Avuto tov ovveRT eivor dtuto [ [1] eivon o Mota evog atoryeiov mov mepléyet pia Kevi| Aota, omoTe Ko
Ta tplo otoxelo ™ [ [1] * 3 gival avogopég oe auth T pia Kevy Aiota. H tpomormoinon omolovdnmote

o To oTorKeio TG 11ists TPOTOMOLEL ovTH T HovadLkY Aota. Mmopeite vo dnuovpynoete wua Aota
aTto SLAPOPETIKEG MOTEG e QUTOV TOV TPOTO:

>>> lists = [[] for i in range(3)]
>>> lists[0].append(3)

>>> lists[1].append(5)

>>> lists[2].append(7)

>>> lists

[e31, 51, [711]

Mepartépw emeENynomn eivar drabéoun oto Muuo FAQ fag-multidimensional-list.

/

Edv to i 1] 10 j eivan apvntikd, o deiktng eivol oyetikdg ne to thog thg akolovBiog s: to len (s) + i1
to len(s) + j avukabiotatol. Znueidote Opwg Ot to —0 eEaxohovbei va eivar 0.

To vmoovvolro (slice) Tov s amd to i £wg To j opiletor mg 1 akolovbia otouelmv ue delktn k TéTola MoTE
i <= k < j°.Ed&vToin o jeivor peyohitepo amtd To len (s), xPNOLOTOMOTE To len (s). Av 10 i
mopaheimetan 1) elvan None, ypnouosoriote 0. Av 1o j mopadeimetan ) eival pnd £v, xPNOLOTOLHOTE TO
len (s).Eav 1o i givan peyohitepo amd 1 ioo e to j, To vroouvohro (slice) eivor Kevo.

To vtoovvoho (slice) Tov s amd i €mg j pe Prina k opiletal wgm akorovbia Twv otovxelwv pe delktn x = 1 +
n*k tétolr wote 0 <= n < (j-1i)/k. Me dhha MOyLa, oL deixteg elvan 1, i+k, 1+2*k, 1+3*k Kal ovtw
KabeEne, otouatwvtag 6tav @tadoovue oto j (aMd moté dev mepthaufavet To ). Otov to k eivor BeTiko,
T § KO j MELOVOVTOL 0€ len (s) av eival peyolutepa. ‘Otov to k givor apvnTikd, T i KoL j PELWVOVTOL
og¢ len(s) - 1 aveivow ueyolitepa. Eqv ta i M j mapaleimovion 1) eivat None, yivoviow Tuég «end» (to
téhog eEaptdrtan amd To mpdonpo Tov k). Enueunate OTL To k dev wwopel va eivar undév. Edv to k givau None,
AVTLUETOTLLETOL OTTWG TO 1.

H ovvévwon apetdfintov akolovBudv (immutable sequences) 0dnyei wévta o€ éva véo avtikeipevo. Autd
onuaiver otL 1 dMuovpyia puag axkorovdiog pe emavorappavouevy ouvévmon Ba €xel TeTpaywvikd K60Tog
¥POVOU eXTELEDTG (runtime cost) 0To GUVOALKO pfkog tg akorouBiac. I va dpete Eva ypouukd K60Tog
xPOVOU eKTELEONG (runtime cost), pémel va uetafeite oe wio amd Tig mopokdTw evorlhaktikés AMoelg:

e (LV CUVEVMVETOL OVTLKELUEVA St I, WITOPELTE VO dNULOVPYNOETE (at MOTO KoL VAL PV OLUOTTOL|OETE TNV
str.join () oto T€hog N OAMDG Vo ypdpete o éva io. St ringlO instance Ko OVOKTNOETE TNV
T TG 0tTay ohokAnpwBei

e OLV OUVEVIIVETOL OVTIKEIUEVA bytes, UTOPELTE VO XPNOLWOTTOOETE TapouoLo. Tt wébodo bytes.
join () Y io.BytesIO, uropeite va kKdvete in-place ovvévmon (concatenation) ue éva bytearray
ovtikeipevo. To avukeipeva bytearray eivolr UETOPANTA KoL £XOVV VAV OTTOTELECUATIKO U OVL-
oud ouvolKkTg katavourg (overallocation)

o OV OUVEVAVETOL OVTIKELUEVO tuple, emeKTEIVETE (oL 1 1St avt” duToU
o yLo. GAAOVG TUTTOUG, EPEVVIOTE T1) OYETLKT TEKUNPLOON TWV KAATEMY

Oprouévol timotr akohovdLwv (0w range) VTooTNPLLOVY HOVo akolovBieg otolyeimv Tov akolovbBolv
OUYKEKPLUEVO LOTIPOL, KO WG EK TOUTOV deV LVITOGTNPLLovv akohovbio cuvévmon 1 emovalnym.

To index KGveiraise ValueError dtavto x dev fpioketal ato s. Oyl Oheg 0L vAOTOLOELG VITOoTNPILOUV TN
duafipaon Tov Tpdobetwv oplwv i Ko j. AUTEG OL TOPAUETPOL ETULTPETOVV TNV ATOTELECUOTLKY] Vol TON
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vroTunudTOVY TG akolovBiog. H diafipaon twv mpdobetwv opiov eival mepimov tloodivoun ue t xpnon
Tov s[i:j].index (x), WOVO YWPLG VO OVTLYPAQOVTAL OESOUEVA KOL UE TOV EMLOTPEQPOUEVO DEIKTN VOl
elval OYETIKOG e TNV apyn TG aKolovbiag Kat Oyl 0TV apyy Tov vitoouvorov (slice).

4.6.2 Turmol AgetapAntwyv AKkoAoubLwy (Sequences)

H uévn rertovpyia ov vhomolovv or apetdfAntol yevikoi thmolr akolovdiag mov dev eivar vhomolnuévor oo
netapintovg THmoug akoroubiag, eival 1 vtoothplEn ™G hash () built-in.

Avt) M vTooTPIEN emiTpémel aueTafNTeg aKkolovbies, GG OL TEPUTTOOELS TWV tuple, VA XPNOUOTOL0VVTaL
g KAeWLd dict kou vo omrobnkedovtol 0g set KoL frozenset instances.

H mpoomdfeia Katokepuotiopoy (wog atetdfAnte akorovdiog mov mepléyel un Katokepuotiotées (unhashable)
Twég 0o 0dNYNoEL 0 TypeError.

4.6.3 Turnol MetapBAntwv AKoAouBLwyv (Sequences)

O hertovpyieg Tou akdrovBov mivaka opifovior og petafintovg tomovg akorovbiac. H collections. abce.
MutableSequence ABC mapéyetol yio vo KAVeEL EVKOMOTEPT TV CWOTY VAOTTONOT OUTMV TWV AELTOVPYLMV O
TPOCAPUOCUEVOVG THTTOVG AKOAOVOLAV.

210V mivaka To s gival €va instance £vog petafAntov tomov akolovbiag, To ¢ eival 0moLodnToTe iterable avti-
Keluevo Ko to x eivar €vo avbaipeTo AVILKEIUEVO TOV TANPOL 0TTOLOVINTOTE THITO KL TTEPLOPLOUOVS TLUNG TTOV
emPBdAlovior oo To s (Yo Topdderyua, 10 bytearray déyxetor pOvo akéPOLoVs IOV TANPOVY TOV TEPLOPLOUO
0 <= x <= 255).

Mpdén AnoteAeoua 2NUEWW-
OELG
s[i] = x TO OoToLYElD  TOV 5 avtikabioTaTol artd To X
s[i:j] =t T0 vVItoovvolo (slice) Tov s amd To i £mg To j avtikadiotaTol 0o Ta TEPLE-
youeva tov iterable ¢
del s[i:7] Wwopetos(i:j] = []
s[i:j:k] =t TO OTOLYELOL TOV s [1:7:k] avikoBiotovtol amd eKelvo. Tov ¢ (1)
del s[i:j:k] apotpel Ta otoryela tov s [1: 3 : k] omd ™ Mota
s.append (x) eLodyel 1o x 0to TéAog TG akolovliog (ido ue s[len(s) :len(s)] =
[x])
s.clear () apaLpel Oha T oToLyELe otd To s (ido pe to del s[:1]) (5)
s.copy () dmuovpyei éva shallow avtiypao tov s (idto ue 1o s[: 1) 5)
s.extend (t) s | ETEKTEIVEL TO 5 e TO TEPLEXOUEVO. TOV ¢ (WG ETTL TO TAELOTOV TO {810 e TO
+= t s[len(s):len(s)] = t)
s *=n EVILEPMVEL TO § UE TO TEPLEYOUEVO TOV ETAVORAUBAVOUEVO 1 (POPEG 6)
s.insert (i, x) | €04YELTO X 0TO § 0TO delKTN WOV diveTon amd to i (to ido peto s[1:1] =
[x1)
s.pop() N s. | avaktd to OTOLEIO GTO i KOL TO OPALPEL ETTLONG OTTO TO § 2)
pop (1)
s.remove (x) remove the first item from s where s [1] is equal to x 3)
s.reverse () OVTLOTPEPEL TO GTOLYELX TOV § ()
Z1UELDOELS:

(1) 7 must have the same length as the slice it is replacing.

(2) To mpoarpetikd OpLopa i Exel TPOETAEYUEVT TN — 1, £ToL doTe amd default To TedevTaio otolyeio aparpeita
KO ETLOTPEPETAL.
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3)
“4)

&)

(6)

1 remove () KGvelraise ValueError 0tov 1o x 0ev BPloKeTaL 0T0 s.

H pé0odog reverse () tpomomolel TV akorovBio ot €01 TG YL0L OLKOVOLLOL XMPOU OTAV OVTLOTPEPETOL
o peydin axolovdio. Na vevBuuioovue otoug xpNoteg OTL AELTOUPYEL Ue TOPEVEPYELD, OEV ETLOTPEPEL
TNV OVTLOTPAUUEVT] OKOAOVDiaL.

N clear () xou M copy () mepthaufavovrol yia MOyovg ouvémelag pe ta interfaces twv petofintdv
container Tov d&v VITOOTNPILOVV hettovpyieg Tunuatomoinong (dmwg to dict kol set). H copy () dgev
amotehel pépogtng collections.abc.MutableSequence ABC, ol oL teploodTtepes KAAOELS LETOL-
BANTOV aKolouOLDV TV TAPEYOUV.

Néo otnv ékdoon 3.3: uébodot clear () kou copy ().

H T n elvan évag aképarog aplbuog 1 éva aviikeipevo ov viomotel v __index__ (). O undevikég
Ko apvntikés Tuég tov n kabapilovv thv akolovdia. Ta ototyeia g akokovbiog dev avitypdpovol:
avagpépovtal TOMEG popés, OTTmG eENyeitaL yioto s * n’ oto Kowés Acttovpyies AkolovOudv (Sequences).

4.6.4 Aioteq

Ot MoTeg eivan petofintég akohoubies, mou ouvnBmg YPNOLLOTOLOVVTOL YO TV OTTOONKEVGT GUALOYMVY OUOLO-
vevav atolyelwv (6ov o akpLpg fadudg opotdtntag olkilhel avdloyo ue epapuoy).

class list( [iterable] )

O MioTteg wropovv vo KataoKeuaoTovV Ue dLapopovs Tpdmovs:
o Xprnoipomoleiote Eva Cevryog oyKVAMV Lo VoL ONADOETE TV KeV Mota: [ ]
o Xpnowomoldvtog aykvlec, diowpitoviag ta otouyeio pe képpata: [al, [a, b, c]
o Xpnom evdg list comprehension: [x for x in iterable]
o Xp1jon Tov KaTaoKevaoT) TUTToL (type constructor): 1ist () 1 1ist (iterable)

O xataokevaoTg (constructor) dNULOVPYEL (o MoTa TG 0moiag T oToLEle eivar Ta idLa Ko pe T idua
oeLPd OTTWG TOL OTOLYELL TOV iterable. To iterable pmopei vo eivon eite po akohovBia, eite €vog container ov
VITOOTNPILEL TNV ETTAVAI YN, 1] Eva avTikeipevo iterator. EQv to iterable givon H1dn po AMotao, dnuovpyeiton
€va avtiypopo Kot emotpépetal, Topduoto ue Ty iterable [ :]. o mapdderypa, | list ('abe')
emotpegeL ['a', 'b', 'c'lxumlist( (1, 2, 3) ) emotpéper [1, 2, 3].Av dev do0Oei
Kavéva dpLoua, 0 KATookeuootng duovpyel o véa kevi Mota, [ 1.

[MoAAég dheg hettovpyleg mapdyouv emiong Aoteg, ovumepihappavouévng g built-in sorted ().

OL Moteg vhomoloVv Oheg TIg common xow mutable hertovpyieg axohovbiog. Ot Aioteg mapéyovv eniong v
akohovOn Tpoobetn pébodo:

sort (*, key=None, reverse=False)
Avt) 1 ué0odog TaELvopel T Mata, YpNOLOTOLO VTG LOVO GUYKPIoELS < uetay ototyeiwv. OueEopé-
O€LG 08V KATOOTEMAOVTAL - ALV OTTOTUYEL KATTOLO TTPAEN 0VYKPLOTG, OMOKAN P 1) AetTovpyia taEivounong
0o amwotvyeL (Kow M Mota Bo mapapeiver TOavOTATO 08 PLo UEPLKMG TPOTOTOLNUEVT] KATAOTAON).

N sort () déyeron do opiopato TOUV PTOPOVV Vo, TEPATOUV MOVO e T AEEN-KAeWdi (keyword-only
arguments):

10 key Ka00pileL (o cuvapTNoN eVOG 0PLoIOTOG TTOV Y PNOLUOTTOLELTOL VL0 TNV eEaymYT] EVOG KAELSLOY
ovyKkpLong (comparison key) amd x40e otouyelo g Motag (Yo mopdderyua, key=str. lower). To
KAeWOL TOV avTLoTOLKEL 08 KABE oToLyElD TG AoTOg VITohoYITETOL Uit (POPA KAl OTY) GUVEYELX YPNOLLO-
soLeiTon yro. ohOxkAN PN T dradikaocio taEwvounong. H mpoemiheyuévn tipt| (default) None onpaivet 6t
ta otouyeia g Motag TaEvopovvton amevdeiag ywpic vo vrtoloyiletal Sexwproth T KAetdLov.

To utility functools.cmp_to_key () eivor SLBEGLUO VIO T UETATPOTTH ULOL GUVAPTNON cmp OTUM
2.X o€ ouvapTnoN key.
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1 reverse gival o hoyukn (boolean) tiun). Av tebei oe True, TOTE T OTOLYKELQ TG MOTOG TAEIVOHOVVTOL
OOV VO TAV OVTLOTPOPN KAOE 0UYKPLOT.

Avt) 1 u€Bodog tpomorotel TV aKorovbia yio eEotkovoun o ympou Katd Ty ToELVOUN G WG (e
volng akolovbiog. Na vrevhuuicoupe otovg ypnoteg OTL Aettovpyel Ue TapeveépyeLa, OeV ETLOTPEQPEL
TV TaStvounuév axohoudia (XpNOoLUOTOMOTE TV sorted () Yio Vo CNTNOETE (ol VEQ TTEPLTTTWON
TaELvounuévng AMotag).

H uébodog sort () eivar eyyunuéva otadepn). Mia taEivounon eivar otabepi) av eyyvdron 6t dev Ho
OAMGEEL TN OYETLKY] OELPA TWV OTOLYELMY TTOV GUYKPIVOUV {00 — OvTd Elval XPNOLUO YLoL TV TOELVO-
UNom og TOAMATAG TTEPAoROTa. (VLo TTOPASELYIOL, TAELVOUN O KOTA TUAUO, 0T GUVEXELD ue BEon To
woBoroyLko KAUAKLO KTA).

T tapadeiypota TaEvounong kol £va ovvtouo tutorial, deite sortinghowto.

CPython implementation detail: Evd o Miota ta&ivopsitan, To amotédeopua TG tpoonadeiag Hetdh-
MaEng, 1) akdépa ka1 embempnon, g Aiotog eivar ampoodidproty. H viomoinon tg Python ot C
KAVEL TNV MOTO VO ELpavieTon KeV) Yo OA1 T dudipkera, Ko Kavelraise ValueError ov aviyveuoel
ot M Mota éyer petadlhoyOel Katd T dLapKela pag Tagvounone.

4.6.5 MNAewadeq (Tuples)

O mhetddeg (tuples) eivar apetdfintes axkorovbieg, Tov oVVHOMG XPNOLULOTOLOVVTOL VIO THV 0TT0ONKEVOT GUA-
Loyov etepoyevav dedouévav (Omwg oL 2-tuples mov mapdyovrar amd v built-in enumerate ()). Ta tuples
¥PNOULOTTOLOUVTOL ETTLOTG YLOL TEPUTTMOELS OOV Lot AUETABANTY akolovBio opotoyevav dedouévav (OTmg yio
TOPADELYLOL YL VOL ETLTPETETAL 1] AWTOONKEVON O€ éva set 1) o€ éva dict instance).

class tuple( [iterable] )
O mherddeg (tuples) UTopovv v KOTAOKEVAOTOUV e SLAPOPOVG TPOTOVG:

o Xp1jon evog Cevyoug mapevOiéoemy yia va dNhmOeL to Kevo tuple (Thetdda): ()
o Xpnon evdg KOUUATOG 0To TENOG YL £vaL Lovadiko tuple (mhewdda): a, M (a, )
o Awoywpropdg otovelwv pue kéuua: a, b, c® (a, b, <)

o Xpnon tov evomuatmuévou tuple ():tuple () ftuple (iterable)

O xataokevaoTig (constructor) dnuovpyei o mherdda (tuple) Tou omoiov Ta oToLyeia elval To idLa Ko 0TV
1dL0 oeLpA e To otouyeia tov iterable. H iterable pmopei va givau gite wow axolovdia, eite €vav container o
VITOOTNPICEL TV ETAVAAYPT, ) Vo avTiKeipevo iterator. EQv to iterable eival H101 €va tuple, emotpépeta

auetdpinro. o mopdderyua, to tuple ('abe') emotpéper ('a', 'b', 'c') xowto tuple ( [1,
2, 31 ) emotpéper (1, 2, 3).Av dev d00el Kavévo OpLOUa, 0 KOTAOKEVAOTNG dnutovpyel wa évo
Kevo tuple, ().

ZNUELDOTE OTL TNV TPAYUATIKOTITO TO KOUUO Elvan autd ov Kavel éva. tuple (TAetdda), Oyl oL opevoE-
oelg. O mapevOéoelg elvan TPoaLPETIKEG, EKTOGC OTTO TNV TTEPLTTWON KEVOU tuple 1) OToV XPELGTovVTaL YLoL TNV
ATOPUYT CUVTOKTIKNG aodpelog. [ mapdderypa, 1 £ (a, b, <¢) elvol o KANon ovvaptnong pe Tpia
oplopota, evid m £ ((a, b, c)) evar wa ouvaptnon KAnon ovvdptnong e évo 3-tuple wg uovodLko
opLopa.

Ta Tuples vhomtolOUV Oheg TIg TPEEELG OKOAOVOLDV common.

I eTepoyeveic oVALOYEG dedouévav Omtou 1) TPOofoor we fAor to dvoua eivol cagéotepn amd v tpdoBaon ue
Béon to deiktn, o collections.namedtuple () WITOPEL VA EIVOL ILaL TTLO KATAANAY emhoy1| oo €vo. amho
ovtikeipevo tuple (Theldda).
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4.6.6 Eupn (Ranges)

O timog range avamaplotd (ol ApeTaPAN T akoloudia apltdudv Kot ouviHOmS YT OLULOTTOLELTOL YLOL TNV ETTOVA-
ANy VOGS OCUYKEKPLUEVOL apLBuo emavalipewv o Bpoyovg for.

class range (stop)

class range (start, stop[, step] )
Ta 0ploUaTO TOV KATOOKEVO0TY E0POVG (range constructor) mpérmet vo. ival aképarot aptduol (eite g built-
in int 1 omoLwodnTote avitkeipevo ov vhomotel Ty edky uébodo _ index_ () ). E&v to Opiona step
mopareimetal, to mpoemhoyr) (default) eivar 1. Edv to Opiopa start mapakeimetol, To mpoemhoyn (default)
eivar 0. Edv o step elval undév, yivetou raise évo ValueError.

TN éva Betikd Briua, To Tepeydueva Tov range (eVpovg) r kabopitovior amd tovtimo r [1] = start +
step*i dmovi >= Oxawrr[i] < stop.

T éva apvntkd frua, to mepleydueva tov evpovg (range) eEakohovBotv va kabopilovior amd Tov THmo
r[i] = start + step*i, ahhd oL wepLopopol eivor i >= Oxowr[i] > stop.

‘Eva aviikeipevo range Oa eivor ddeto edv to r [0] dev minpol tov mepoplopnd tune. Ta ranges vitootypi-
Covv apvnikovg deiktes, aAld avtoi epunvedovtal g deikteg amd 1o Téhog TG akolovbiog mov Kabopi-
Cetar amd tovg OeTikovg deixtec.

Ta ranges 7OV TEPLEYOVV QTOAMVTES TLUEG UEYOLUTEPES OTTO Sy'S . maxsize elvol EmTPentd, ahhd oplopévo
YOPOKTNPLOTLKA (OTtwg Ten () ) Wtopel va Kavovy raise OverflowError.

Mapadeiypato Range:

>>> list (range (10))

o, 1, 2, 3, 4, 5, 6, 7, 8, 9]
>>> list (range (1, 11))

[+, 2, 3, 4, 5, 6, 7, 8, 9, 10]
>>> list (range (0, 30, 5))

[0, 5, 10, 15, 20, 25]

>>> list (range (0, 10, 3))

[0, 3, 6, 9]

>>> list (range (0, -10, -1))

o, -1, -2, -3, -4, -5, -6, -7, -8, -9]
>>> list (range (0))

>>> list (range (1, 0))

Ta ranges vhomoLoVv Oheg TG akohovBieg common extdg amd Tn cuvévmon Kou Ty exavidnpn (Moyw tou
YEYOVOTOG OTL TO. range vVILKELUEVO. (LITOPOUVV VAL OVOTTOPLOTOVY UOVo akolovbieg wov akohovBouv éva av-
oNPO LOTIRO KoL 1) ETOVAANYN KoL 1] OVVEVWDOT ouVNOmG TTapapLdlouy avtd To TPOTUTO).

start
H tum g mapauétpov start (1 0 av 1 TOPAUETPOG OEV TAPEYETAL)

stop
H tpv| g mapauétpou stop

step
H tun g mapauétpov step () 1 av 1 TOAPAUETPOG eV TOPEYETAL)

To mheovEKTNUO TOV TOTTOV range Vvt €vOg KAvoviKoy Tumov 11 st 1) tuple givan Ot éva avitkeipevo range
Ba maipver whvta to 1do (UKpo) Toad uvihung, aveEdptnTo amod 1o 1Eyehog Tov range oV OVILITPOOMITEVEL (LLOG
Ko oroOnkevel povo TG TWEG start, stop Ko step, VTOAOYILOVTOG T LELOVOUEVO OTOLYELD KO TLG VITOTTE-
PLOYEG OTWG QTTALTELTAL).
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Ta aviikeipevo range vhomowoVv v collections.abc. Sequence ABC, xou mTapéyouv xopoKTNPLOTIKA
Omwg SoKIUEG TTEPLOPLOUOY, avalhTnor SeikTy oToyelov, Tepaytoud Kol vitootpEn apvhtkdv detktdv (BA.
TYmor AkoAdovbiag (Sequence) — list, tuple, range):

>>> r = range (0, 20, 2)
>>> r

range (0, 20, 2)
>>> 11 in r
False

>>> 10 in r
True

>>> r.index (10)
5

>>> r[5]

10

>>> r[:5]

range (0, 10, 2)
>>> r[-1]

18

O éheyy0g TOV OVTIKEWEVOVY range Yo LoOTNTA Ue == KoL ! = T0 OUYKPiVEL WG akohovBieg. Anhadn, dvo avL-
Keipeva range OewpovvTol oo oV OVTLITPOOMITEVOUV TNV 1dLal akoloudia Tu®V. (ENUELDOTE OTL dVO AVTLKELLEVOL
range 7oV CUYKPLVOVTOL OG {00 UITOPEL VO £X0VV SLOPOPETIKA Start, stop KoL Step YopaKTNPLOTLKA, VLol TT0-
paderyna range (0) == range(2, 1, 3) Mrange(0, 3, 2) == range(0, 4, 2).)

AMoEe oty €xdoon 3.2: Yhomoteiote tnv akolovBio ABC. Yrootnpi&te tnv TUNUATOTONO1 KoL TOUG OPVITL-
KOUG delKTEG. AOKIUAOTE TOL 1Nt AVIIKELUEVO VIO OUUUETOYT) 08 OTOOEPS XPOVO avTl TG eTavAAYNG 0 OO TOL
OVTLKELUEVQL.

AMaEe oty €kdoom 3.3: Opiote ta “==" Kau “!=" yi0 vo. ouyKpiveTe avtikeipeva range pue Baon v axolouvdia
TOV TYOV TTOV 0pilovy (avti va cuykpivouv pe BAom Ty TovTOTTA TOU OVTLKELEVOU).

Néo omv éxdoomn 3.3: The start, stop and step attributes.
Agite emiong:

« The linspace recipe shows how to implement a lazy version of range suitable for floating point applications.

4.7 Tunog AKoAoubiag (Sequence) Kelpéevou — str

Ta dedopéva keypuévou otnv Python avtipetmmiCovton pe avukeipeva st r v strings. To ahpoptOuntikd (strings)
elvau apetapinteg sequences twv Unicode points. Ta ahgoptOuntikd ypdgpovtal pe dLipopovg TpOmovg:

o AmAG elooywykd: 'allows embedded "double" quotes'
o Authd eloaywykd: 'allows embedded "double" quotes'
o Tpumhd elooyoywkd: ' ' 'Three single quotes''',"""Three double quotes"""

To alpaplOunTikd og TP ELoaywyLIKE uropotv vo KaAUmtouv Tolég ypoupés - Oha ta oyetkd keva Oa
ouptePNpHovY 6To ahpapLOUNTLKO.

Ta AhpaptBuntikd (strings) Tov AOTEAOVV UEPOG ULOG EVIALAG EKPPATTG KOL £X0UV LOVO KEVA LETAED TOoVG, Bal
uetoTpaovv olwmnpd o€ £va eviaio aipopluntiko literal. Anhady, ("spam " "eggs") == "spam eggs".

See strings for more about the various forms of string literal, including supported escape sequences, and the r («raw»)
prefix that disables most escape sequence processing.

Ta alpoplOuntkd (strings) propouv emiong vo dnuovpynbouv amd GAM aVTLKELLEVA XPNOLUOTOLDVTOG TOV
constructor st r.
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Epooov dev vmapyer Eexwprotdg tomog «character», To indexing puog ovuBorooelpds (string) mapdyer ouuBoro-
oelpéc ufikovg 1. Anhadi, yia wor un kevi ovuporooelpd s, s[0] == s[0:1].

Aev vrtdipyel emiong uetafAnTog TOmog ovuBorooelpds (string), oMb to st r. join () 10 i0. St ringIO WTOpPEL
VoL Y PNOLUOTOMOEL VLo TNV ATTOTEAEOUOATLKT] KATAOKEVY) OVUPBOROOELPDV aTtd TOAMATANL (EP).

AMaEe ot ékdoon 3.3: Tia ouppatotnto pog Ta miow (backwards compatibility) ue tn oglpd Python 2, to tpd-
Oepo u glvan eTLTPETTO K TG 0€ aApopLOUNTUKE. Agv £yl Kauio entidpaon ot onuacio Twv ahpoplounTkoy
Ko 9ev [WITopEL Vo ouvovaoTEL 1e To Tpdeua .

class str (object=")

class str (object=b", encoding="utf-8', errors='strict’)
Emotpéper o €kdoaom siring tov object. Av 10 object dev mapéyetan, emoTpépel Kevo alpaplOuntikd. Ao~
(POPETIKA, 1] CUUTTEPLPOPA TG st () eEaptdron amd To ov divetal encoding 1) errors, wg €ENG.

If neither encoding nor errors is given, st r (object) returns type (object) .__str__ (object), which
is the «informal» or nicely printable string representation of object. For string objects, this is the string itself. If
object does nothavea __str__ () method, then st r () falls back to returning repr (object).

Edv diveton Touhdyotov éva amd ta encoding W errors, To object Oa. pémel va eivan éva bytes-like object (.Y,
bytesN bytearray). Z& QUi TNV TEPLTTOON, OV TO object elvol Eva avtikeipevo bytes (| bytearray),
tote t0 str (bytes, encoding, errors) eival l00dUVOUO we T0 bytes.decode (encoding,
errors). AlOQOPETIKA, TO AVTIKEIIEVO bytes Tov vtokpusTeL To aviikeipevo buffer Aappdveton tpv amd
™V KAMjon Tov bytes. decode (). Agite Tomot Svadikis axorovOiag — bytes, bytearray, memoryview Ko
bufferobjects yia tinpogopieg oyeTikd we to ovtikeipeva buffer.

[Tépaoua evOg OVTIKEWEVOU by tes 0T0 str () xwplg To encoding M TO errors OpioUOTA EUTLTTEL OTNV TPADTY
TEPLTTOON ETLOTPOPNG TNG ATUTNG OVOTOPAOTAONG GUUBOAOOELPAG (String) (deite emiong tnv emhoyr) —b
™G Ypouung evrorwv yia Python). o mapdderypa:

>>> str(b'Zoot!")
"b'ZOOt! ™rn

TN epLocdTepeg mTANPopopieg oyetkd pe v KAGon str ko tig uebddovg g, deite Thmog Akolovbiag
(Sequence) Keyuévov — str ko v evotnto Mébodor Zvufolocetpdg (String) mapokdtw. o v mopaymyn
poppomomuévawv ouuBorooelpdv (string), avatpéEte otig evotnteg f-strings ko Format String Syntax. Emi-
mhéov, deite tnv evotnta Text Processing Services.

4.7.1 M€6odoL ZuppBolooeLpag (String)

O ouuforooelpég (string) VAOTOLOUV OLEG TIG heLTOoVPYieg TV common aKolovOLwv, pali pe TG Tpocbeteg uedd-
dOVG TOV TTEPLYPAPOVTAL TAPOKATW.

Ou ovuforooelpég (string) vwootnpitouv emiong dYo oTuL HOPEPOTOINONG CUUPBOROGELPMV, TO EVa TOPEYEL VAl
ueydro Pabud eveMEiog xou mpooapuoyng (BAéme str.format (), Format String Syntax wou Custom String
Formatting) xou to dAho Bacileton 0to otul poppomoinong print £ g C mov yewpiletan éva otevdtepo eVpog
TV KoL giva Alyo o dvoKolo va ypnolortonel cwotd, OAAG eivol GuYVE TAUTEPO VL0 TLG TTEPUTTMOELS TTOV
wWitopel vo. xewpLotet (printf-style String Formatting).

To tufua Text Processing Services TN mpotumng PLplodfkng kaivmtel évav aplBpd amd dhheg evotnTeg oL mo-
péxouv dLpopeg PondNTLKEG VTN PETieG TTOV OYETICOVTAL UE TO KEEVO (CUUTEPLAAUBAVOUEVNG TNG VITOOTHPLENG
TOV KOVOVIKMV EKPPACEDV TNV EVOTITA re).

str.capitalize()
Emotpépet évo avtiypago tg oupporooelpdc (string) (e Tov TpdTo YopaK TP KEQPALALO KoL Ta VTOAOLTOL

ue TeLA ypAuUaLTaL.
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AloEe oty €kdoon 3.8: O mpwtog xapakTpog tibetal Tpa o€ titlecase avti yio uppercase. AUTO oNUoiveL
OTL aPaKTNPES OTTwG oL drypdepot (digraphs) Oa €xovv LOVO TO TPWTO YPAUUL TOVG UE KEPAAALO, OVTL YLOL
OMOUG TOVG YAPUKTYPEC.

str.casefold()
Emotpéper éva avriypago g ovuforooelpdg (string) oe casefolded popgn. O casefolded ouppolooelpég
WITopouV va. xpnotpuomotBovv yia caseless matching.

To casefolding eivan mapduoto pe to lowercasing ol 1o emiOeTLkO emeLdN £xeL MG 0TOYO VoL apapéoet Oheg
TLG OLAKPLOELS TNG TTeLOTNTAG O pua ouufiorooelpd (string). o wopdderyua, To yeppavikd melod ypaupo '3
Looduvapel ue "ss". Agov eivan 0N melod, | Lower () dev Ba ékave TimoTo 0T0 'R ' 1 casefold () 10
UETATPETEL O "sSS".

The casefolding algorithm is described in section 3.13 of the Unicode Standard.
Néo otnv ¢kdoom 3.3.

str.center (width[, ﬁllchar] )
Emotpépel éva kevipaplopévo og uo gupuforooelpd (string) ufkovg widrog. To padding yivetou pe ) xpfon
tov kaBopropévov fillchar (to default eivon éva xevd ASCID). H apykh ouufohoosipd emotpépetal GV To
width givol ukpoTepo 1 ioo ue to len (s).

str.count (sub[, start[, end] ] )
Emotpépel tov aplipd tov un emkaivmtopevoy (non-overalpping) eppovicemv g voopddag sub 6to
eVpog [start, end]. To mpoarpeTikd opioporta start Ko end gpunvevovtol 6mwg oto slice notation.

str.encode (encoding="utf-8", errors="strict")
Return an encoded version of the string as a bytes object. Default encoding is 'ut £-8"'. errors may be given
to set a different error handling scheme. The default for errors is 'strict', meaning that encoding errors
raise a UnicodeError. Other possible values are 'ignore', 'replace', 'xmlcharrefreplace’,
'backslashreplace' and any other name registered via codecs.register_error (), see section
Error Handlers. For a list of possible encodings, see section Standard Encodings.

By default, the errors argument is not checked for best performances, but only used at the first encoding error.
Enable the Python Development Mode, or use a debug build to check errors.

AMaEe ot ékdoom 3.1: Support for keyword arguments added.
AMEe oty £xdoon 3.9: The errors is now checked in development mode and in debug mode.

str.endswith (su]ﬁx[, start[, end] ] )
Emotpépel True av 1 ouuBorooelpd (string) teleldvel ue 1o KabopLopwévo suffix, olMuog emiotpégpel False.
To suffix pmopel exiong vo ebvon éva tuple (mheldda) amd embéparto mov mpémel vo. avalntnbovv. Me 1o
TIPOOULPETLKO start, TO TEOT aPyiLeL amd avth ™) 0€01. Me to mpoapeTtikd end, 1 0VYKPLOY OTOUATE OF QT
™ Oéom.

str.expandtabs (tabsize=8)

Emotpépel éva aviiypago g ovpporooelpds (string) 6mov 6oL oL xapaktpes tab avitkadiotovtol amd
€va 1) TEPLOGOTEPQ KEVA, AVAAOYQ [LE TV TPEXOVOQ OTAN Ko To dedopévo néyeog twv tabs. O Béoelg tab
eupavilovion KaOe tabsize yopaktpeg (to default eivor 8, divovtog tab OBéoeig otig otiheg 0, 8, 16 K.0.K.).
[ Ty emEKTO0N TG CUUPBOAOOELPAG, 1) TPEXOVOT OTHAN undeviletor Kat 1 ovuforooelpd eEeTaletol xa-
paktpag mtpog xopakthpa. Edv o yapaktipag eivor tab (\t), elodryovtal €vog 1) TEPLOGOTEPOL Y APUKTIPES
KEVMV OTO ATTOTELECILOL UEYPL 1) TPEXOVOX OTNAT va ivan {on ue v emduevn B¢on tab. (O dLog o yopaxTh-
pag tab dev avtypagpetal.) Edv o yapoaktipag eivar véo ypouur (\n) M return (\r), ovorypdpetot Kol 1
Tpéxovoa TN emavapépetal 0to undév. Omoloodfmote GANOG XopaKTNPOG avILypdpeTal auetdfintog
Ko 1 Tpgxovoa oA avEdvetal kotd £va, aveEdpTnTa 0td ToV TPOTO AvaTapdoTaoNg TOU YopaKTHP
OTAY TUTTMOVETOL.
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>>> '01\t012\t0123\t01234"' .expandtabs ()

'01 012 0123 01234"
>>> '01\t012\t0123\t01234"' .expandtabs (4)
'01 012 0123 01234"

str.find (sub[, start[, end] ])

Emotpépet tov younkotepo deiktn ot ouuforooelpd (string) 6rtov m vtd-ovuorooelpd sub pioketal péoo
070 VtooVvoho (slice) s [start:end]. To mpoaipeTkd opiouato start Ko end pUNVEVOVTOL OTTWG OTO
notation Tov vtoouvolov. Emotpéper —1 av dev Bpebel to sub.

EInueiwon: H pébodog rind () Bo mpémer va ypnowpomoteitar pdvo ov mpémet va yvopilete T 0¢on tov
sub. Two. va ehéyEete av To sub eivol vitoohvoro 1) OxL, XPNOLUOTTOLOTE TOV TELEOTY in:

>>> 'Py' in 'Python'
True

str.format (*args, **kwargs)

Extéleon pwag ettovpyiag poppomoinong ovuforooelpdg (string formatting). H ovpfolooelpd otnv omoia
ovth 1 wEBodog Kaheitow umopel vo mePLEyEL KUPLOAEKTIKO Keluevo 1) Tedio aviikatdoTaong o opLode-
TovvTan otd oyKudeg { }. Kabe medlo avitkatdotaong mepiéyel eite Tov optBuntikd deiktT evog opionatog
0¢omg, eite To Ovoua evdg keyword oplopatoc. Emiotpépel éva aviiypogo g ouuforooelpds 0mov ke
7edI0 OVTLKOTAOTOONG AvILKAOioTOTAL PE TNV T TG OVUPBOLOGELPAS TOV AVTIOTOLYXOV OPLOUATOG.

>>> "The sum of 1 + 2 is ".format (1+2)
'The sum of 1 + 2 is 3'

Agite to Format String Syntax yio. (Lot TEPLYPOPT] TOV dLoPOPOV ETAOYDV LLOPPOTTOLNTHG TOV WTOPOUV VO
K00opLoToVv otV popooinorn cvuforooepwv (format strings).

Inueiwon: Kotd ™ popgomoinom evog aplbuot (int, float, complex, decimal.Decimal Kal
VToKAGOELS) Ue Tov TOTO n (... '{:n}'.format (1234), n ovvdptnon OEteL TPOOWPLVA TV TOTO-
Oeoiae LC_CTYPE otV tommofecia LC_NUMERIC yio. TV artoKmdlkomoinon twv decimal_point kot
thousands_sep mediwv tov localeconv () av eivor un ASCIL ) peyohitepa amd 1 byte, kou to locale
LC_NUMERIC eivau dtapopetiko amd to locale LC_CTYPE. Auth) 1) tpoompivi) alhoyn) exnpedlet Kaw Gl
vijuato (threads).

AMoEe oty £xdoon 3.7: Katd t poppomoinon evog aptbpot pe tov Tomo n, 1 ouvapthor O£TeL TpoompLve
7o locale LC_CTYPE oto locale LC_NUMERIC 0€ KOITOLEG TEPLITTAOELS.

str.format_map (mapping)

Mapopoto pe to str. format (**mapping), ektdg amd To OTL Y PNOLUOTOLELTAL TO mapping amevdeiog
Ko dev avTLypapeTaL o€ pua di ct. Auto gival XproLUo o YLo Tapdderyuo 1o mapping eivol uo vitokAdon
Tov dict:

>>> class Default (dict) :
def _ missing__ (self, key):
return key

>>> ! was born in '.format_map (Default (name="'Guido"))
'Guido was born in country'

Néo oty éxdoon 3.2.
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str

str.

str.

str.

str.

str.

str.

str.

str.

.index (sub[, start[, end] ] )

Onwgm £ind (), oA kbvel raise ValueError dtav N vd-ovuBorooelpd (substring) dev éxel Ppebei.

isalnum ()

Emotpépel True av OAOL OL X apaKTPES 0TI OVUPBOLOOELPE (String) eival ahpaplOunTLKOL Kot VITdpyEeL TOV-
MAyLOTOV €vag XapaKTNPaS, dlapopeTika False. 'Evag yopoakmpag c eivar alpaplOuntkd edv éva amod
ta akdhovba emotpépel True: c. isalpha (), c.isdecimal (),c.isdigit (),fjc.isnumeric ().
isalpha ()

Return True if all characters in the string are alphabetic and there is at least one character, False otherwise.
Alphabetic characters are those characters defined in the Unicode character database as «Letter», i.e., those with
general category property being one of «Lm», «Lt», «Lu», «Ll», or «Lo». Note that this is different from the
«Alphabetic» property defined in the Unicode Standard.

isascii ()

Emotpéper True eav 1 ouufohooelpd (string) eivan Kevi) 1 OloL oL xopaKThpeg TG ovuporooelpds elvor
ASCII, aiwg False. Ouyoapaxtipeg ASCII éxouv onueia kodikomoinong oty eptoyr) U+0000-U+007F.
Néo otv ¢€kdoom 3.7.

isdecimal ()

Emotpéper True av OhoL oL yopaktipeg ot oupporooelpd (string) eivan deKadLKOL XOLPOKTNPES KoL VITAP-
YEL TOVAAYLOTOV £VAG Y OPUKTHPAGC, dLopopeTikd False. Ol dexadiKol yopaKTnpeg etvol outol Tov uwopov
vaL PNoLpoTtotnfovv yia to oxnuatiopd aptdumyv ot fdon 10, .. U+0660, ARABIC-INDIC DIGIT ZERO.
Enionua évag dexadikog yapaxthpag eivar évag yapaktipag tov Unicode General Category «Nd».
isdigit ()

Emotpépel True av 6oL oL XopaKTipeg 0T oupforooelpd eivat Ynpio kot vtdpyel TovAdyLoToV €vag Yo~
paKTNPaG, dLapopetikd False. Ta yneia mephappdvouy deKadLKoUG YAPUKTNPES KoL YN TTOV YPELH-
Covtal e10LKO YELPLOUO, OTmG To. compatibility superscript Yngio. Avtd KahdmteL To Yrgio Tov dev Wropov
va xpnoostotn oy yia to oxnuatiopd aptudv ot Baon 10, dmwg ot apbuoi Kharosthi. Tk, Eva -
QLo elvan €vag XopoKTNPag Tou £xel T Tiut T Wdtntag Numeric_Type=Digit 1) Numeric_Type=Decimal.

isidentifier ()
Emotpéper True av 1 oupfolooelpd eival EYKupo avayvmpLlotiko CULPMVA [LE TO OPLOUO TG YAMOOWG,
evotnto identifiers.

Call keyword. iskeyword () to test whether string s is a reserved identifier, such as def and class.

Mapaderyua

>>> from keyword import iskeyword

>>> 'hello'.isidentifier (), iskeyword('hello')
(True, False)
>>> 'def'.isidentifier (), iskeyword('def")

(True, True)

islower ()
Emotpéger True av 6Lot oL XapaKTpes’ 0to ahqaptOuntiko (string) etvau melol ko vrdpyel TovAdylotov
évag cased yopaxthpac, allmg False.

isnumeric ()

Emotpéper True av 0AoL oL YopakThpeg 0T cupfolooelpd eivor aptOuntikol (numeric) yopaKThpes, KoL
VITAPYEL TOUAAYLOTOV EVOG YOPAKTHPAG, dLoopeTikd False. Ou aplBuntikoi xapaktipes mephappfdvouy
YNPLOKOVS XOPAKTNPES KOl OAOVG TOUGS YOPAKTHPES TTOV £X0VV THV optfuntiky T, mt.y. U+2155, VULGAR

4 O yapakthpeg pe meld elvan avtol pe Ty WO TNTR YeVIKG Katnyopiag va eival évag omd tovg «Lux» (Fpdpupa, kegohaio), «L» (Tpdupua,
7eld), N «Lt» (Cpdupa, Keparaio).
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str.

FRACTION ONE FIFTH. Tumikd, ot optOuntikoi xopokTipeg eivar eKeivor e v tun g ddtmtog
Numeric_Type=Digit, Numeric_Type=Decimal 1} Numeric_Type=Numeric.

isprintable ()

Return True if all characters in the string are printable or the string is empty, False otherwise. Nonprintable
characters are those characters defined in the Unicode character database as «Other» or «Separator», excepting the
ASCII space (0x20) which is considered printable. (Note that printable characters in this context are those which
should not be escaped when repr () is invoked on a string. It has no bearing on the handling of strings written to
sys.stdout or sys.stderr.)

str.isspace ()
Emiotpépel True av umapyouv LOvo yapaKTipes Kevou (whitespace) 0to ahgpaplOuntikd (string) ko vdp-
YEL TOULALYLOTOV EVOG XOPOKTNPOG, SLOPOPETIKGE False.
'Evag yopaxthpag elvol whitespace edv ot pdon dedopévarv yopaxtipwv Unicode (BAéne unicodedata),
€LTE 1) YEVIKT) KOTYOpia Tov eivol Zs («Separator, space»), 1€ 1) appidpoun Kotyopia Tov eivan pia amd
LG KaTnyopieg WS, B, N S.

str.istitle ()
Emotpéger True av 1 ovuBorooepd (string) eivor wio titlecased oupporooelpd Ko vitdpyel TOVAAYLOTOV
£VaG YUPOKTNPAGS, VL0 TOPADELYLLO, OL KEPOLALOL XOpaKTHPES WTopoV vo akolovBotv wdvo tovug uncased
YOPAKTHPEG KoL oL TTeCol yapaktipes udvo cased yopaKTnpes. ALopopeTikd, emotpépel False.

str.isupper ()
Emotpégel True av OhoL oL xapoktipect 6to algaplduntikd eivar keqgataiol Kot vdpyel TouAdyLoTOV
évag cased yopakthpac, drogopeTikd False.
>>> 'BANANA'.isupper ()
True
>>> 'banana'.isupper /()
False
>>> 'baNana'.isupper ()
False
>>> ' ' isupper ()
False

str.Jjoin (iterable)
Emotpéper po ovpforooelpd (string) mov eivar 1 cuvévwon twv oupfolocelpwv oto iterable. 'Eva
TypeError Ba yivel raise av vitdpyouv Tiuég un ovuporooelpdc (non-string) oto iterable, Gupmephappavo-
UEVOY TV OVILKELUEVOY byt e s. To SLaywplotikd UeTaED TV OTOoLYELWVY gival 1] GuUBOLOGELPE TTOV TTAPEYEL
oavti M uébodog.

str.1ljust (widh|, fillchar ])
Emotpéper T ouufolooelpd (string) pe apiotepy) vbuypaupon oe o cuuforooelpd urnkovg width. To
padding yivetow pe ™ xphHon tov kabopouévov fillchar (to default eivan éva kevd ASCID). H apyikn ovppo-
LooELPA ETLOTPEPETOL €AV TO Width eivol KpOTEPO 1) 10O ue to len (s) .

str.lower ()
Emotpépel éva avtiypagpo T oupuBorooetpdg (string) we dhovg Toug cased yapaxtipect va éxovv petatpa-
mel og melovg.
The lowercasing algorithm used is described in section 3.13 of the Unicode Standard.

str.lstrip( [chars])
Emotpépet éva avilypagpo g oupfolooelpdg (string) Ue TV oQaipeon Tmv apytkov yapaktpwv. To
chars gival o ovpfohooelpd mov kaOopilel To GVVOLO TV YOPAKTPWV TTOV TPETEL VA apapeBovv. Edv
maparewpbei N eivar None, to Opiopa chars €yer wg default tnv agaipeon twv kKevav yapaktpwv. To dpiopa
chars dev gival éva Tpdbepa 0mdTE, OAOL OL CUVOVACUOL TOV TLUMV TOV APALPOVVTOL:
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>>> ! spacious '.1lstrip()
'spacious !
>>> 'www.example.com'.lstrip('cmowz.")

'example.com'

Agite TNV str.removeprefix () yuo o uEB0do mov Ba apapéoel Eva wovo mpdbeua cuuBorooELpag
(string) avti yia Oho To oVvoro TV yopaktpwv. ['a mapdaderypo:

>>> 'Arthur: three!'.lstrip('Arthur: ')

'ee!!
>>> 'Arthur: three!'.removeprefix ('Arthur: ")
'three!'

static str.maketrans (x[, y[, z] ] )
Avt 1 otaTikn 1E0080G EMLOTPEPEL EVAV TLVOKO LETOPPAOEMV TTOV UTOPEL VO Y PTOLUOTONOEL YLoL TO St 1.
translate().

E&v vidpyer pdvo évo dpropa, tpérel vo eivon éva heEukd aviiotoiyiong Unicode ordinals (axépaiot aptbuotl)
1 yopaxtipeg (ouppolooelpég - strings unkovg 1) o ordinals Unicode, ovpuforooetpég (avbaipetov uikovg)
N None. Ta kheldid yopaxtipwv ToTe Ho PETATPOUTOVV 0 KAVOVIKOUG aplOpovg.

Edv vrdpyovv dVo opiouata, mpémer va eivar ovpporooelpés (strings) icov pfkovg kor oto heEikd
(dictionary) ;ou Ba pokeL, KAOE XOpAKTNPOG OTO X B0 AVILOTOL(LOTEL OTO YAPOKTNPO OTHV ido Béom
070 y. Av uItdpyeL Tpito OpLopaL, TPETEL VAL Elval GUIPBOAOTELPEL, TOV OTTOLOV OL XAPOUKTIPES O avTLoTOLYL-
0TOVV 070 auTtoTtéleopo og None.

str.partition (sep)
Avoywpiote T ovppohooelpd (string) 0Ty TPMTY EUPAVLOT TOV Sep, KA ETLOTPEPEL £vaL 3-tuple Tov TTEPLEYEL
TO UEPOG TTPLY OITO TO SLOYWPLOTIKO, TO dL0 TO Loy mPLOTLKO KoL TO UEPOG UETA TO SLoywPLOTIKO. AV O
duaywplotig dev Ppebdei, emotpépet éva 3-010volo mov mepLExeL TNV 1L T oUUBOAOOELPG, akohouBovuevn
atd V0 KevéG OLVUPOLOTELPEGS.

str.removeprefix (prefix, /)
Ed&v 1 oupporooelpd (string) Eexiva pe to prefix, emotpéper string[len (prefix) : 1. ALPOPETIKA,
emLOTPEPEL EVOL OVTIYPAPO TNG APYLIKNG OVUPBOLOTELPAC:

>>> 'TestHook'.removeprefix ('Test')
'Hook'

>>> 'BaseTestCase'.removeprefix ('Test')
'BaseTestCase'

Néo oty éxdoon 3.9.

str.removesuffix (suffix, /)
Av 1 ovupolooelpd telewwver ue To suffix Kou To suffix dev elval Kevo, emoTpégel stringl[:-
len (suffix) ]. ALOQOPETLKA, ETOTPEPEL £VOL AVILYPOPO TNG OPYLKTG OUUBOAOCELPAG:

>>> 'MiscTests'.removesuffix ('Tests')
'Misc'

>>> "TmpDirMixin'.removesuffix ('Tests')
'TmpDirMixin'

Néo otnv éxdoom 3.9.

str.replace (old, new[, count] )
Emotpépel éva aviiypago tg ovppforooelpdg (string) pe OAeg Tig epupavioelg g vtd-ovuorooelpds old
OVTIKOTEOTNUEVES Ot TV new. EGv 800&l To mpoatpetikd dpLopo count, WOvVo oL TPWTES count EPOVIOELS
avukabiotaviol.
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str.

str.

str.

str.

str.

str.

str.

rfind (sub[, start[, end] ] )

Emotpéper to vymrdtepo index oty oupporooelpd (string) dmov Bpioketar 1 vd-ovpporooelpd sub, 1ol
WOTE TO sub mepLEYeTaL 070 s [start :end]. Ta mpootpeTikd opiopata start kKo end epunvevoviol wg slice
notation. Emiotpépel —1 o€ meplmtmon amotuyioc.

rindex (sub[, start[, end] ] )
Onwg M rfind (), odd kbvel raise ValueError dtav 1 vid-cuufiohooelpd (sub-string) sub dev BpéOnke.

rjust (width[, ﬁllchar] )

Emotpéper T ovpporooelpd (string) pe 8eELd mpooavatoloud oe pa ovupolooelpd ufikovg width. To
padding yivetar ypnopomoldvrog to Kabopiopévo fillchar (n mpoemhoyn eivan évo didotnua ASCID). H
QPYLKT CUUBOLOOELPG ETLOTPEPETAL AV TO Width givol kpdTePoO 1) oo pe len (s).

rpartition (sep)

Aoy wpiLer ) ovpporooelpd (string) otnv tekevtoio ELEAVLON TOU Sep Kot ETLOTPEPEL Eva 3-tuple ov mepLé-
YEL TO TUAUA TTPLY ATtd TO LA WPLOTLKO, TO (OL0 TO dLaXWPLOTLKS KOL TO UEPOG UETA TO dLaywpLoTikd. Edv to
duawpLotikd dev Ppebdel, emotpépel éva 3-tuple wov mepLéyel dVo kevég cuufiohooelpéc, akorovbovueveg
artd ™V idLa T oupforocelpd.

rsplit (sep=None, maxsplit=-1)

Emotpépel ia Aloto e tig AéEelg ot ovuforooelpd (string), xp1OLLOTOLOVTAG TO sep wG opLodETy. Edv
800¢i to maxsplit, Oa yivouv 1o oAb maxsplit droywpropoi, Eekivdvrag amd to deEid. Eqv to sep dev éyel
KoBopLotel 1 eivar None, 0mmoLodnmote Kevo didotnua yivetar dtaymplotiko. Extdg amd to diaywplopd
a6 ta 0eELh, ) rsplit () CUNTEPLPEPETAL OTTWG M Split () TOV TEPLYPAPETAL AETTOUEPMG TAPOKATW.

rstrip ( [chars] )

Emotpépel éva avtiypago tg ovuBorooelpdc (string) pue Toug xopaKtipeg mov £xovv apatpedel. Ta dpiopa
chars gival o ovpohoaelpd ov kaHopilel To GVVOLO TV YOPAKTPWV TTOV TPETEL VA aparpedovv. Eqv
mapon@Oel M elvon None, 10 OpLopa chars €€l g TPOETLAOYY TV APALPETT) TV KEVDVY dtaotnudtwv. To
opoua chars dev givan suffix, alhd GLoL oL CUVOVAGUOL TWV TUDV TOV OPALPOVVTOL:

>>> ! spacious '.rstrip()

! spacious'

>>> 'mississippi'.rstrip('ipz')
'mississ'

Aglte ) str.removesuffix () yuo o p€00do ov Oa agparpéoet éva amho suffix avti yio 6ho To cuivolo
TV yopoktpwv. o mapdderyuno:

>>> 'Monty Python'.rstrip(' Python')

lMl
>>> 'Monty Python'.removesuffix (' Python')
'Monty'

split (sep=None, maxsplit=-1)

Emotpéget a Mota pe tig AEeig e aupPorooelpdg (string), yp1OLUOTOUDVTAG TO sep WG SLOYWPLOTIKO.
Av 800¢l To maxsplit, yivoviow to woh maxsplit duoywpiopol (€tot, n AMota Ba €xel to Toh) maxsplit+1
otouyeia). Edv to maxsplit dev xaboprotel 1 elvor —1, 10T deVv VIdpyeL 0pLo oTov aplipd TV dLaywPLowmy
(vivovtou dheg oL mBavEG dLOCTAOELS).

If sep is given, consecutive delimiters are not grouped together and are deemed to delimit empty strings (for
example, '1,,2'.split (', ") returns ['1', "', '2']). The sep argument may consist of multiple
characters (for example, '1<>2<>3"'.split ('<>")returns ['1', '2', '3']).Splitting an empty string
with a specified separator returns [''].

TN wopdderypo:

56

KegaAaio 4. Tunou Built-in




The Python Library Reference, Anpocisuon 3.9.23

>>> '1,2,3".split (', ")

['1', '2" l3'j|

>>> '1,2,3".split (', "', maxsplit=1)
[lll’ '2,3'}

>>> '1,2,,3,"'.split (', ")

['1', '2|, ll, |3|, ll]

Av 0 sep kabopLotei 1 elval None, e@papuoletal €vog dLapopeTikdg alydplirog dLaywpLopov: oL ugovi-
0L OLAdOYLKMV KEVAV Bempotviol mg va eviaio dLaywpLloTikd, KoL To amotéleopo dev Oa mepLéyeL Keveg
ouppohooelpég (strings) 0TV apyi 1 0To TELOG, OV 1] GUUBOAOOELPA €xeL KEVO LAOTNUO 0TV 0pyT) 1] OTO TE-
Log. Katd ovvémeia, 1 dudomaon wog Kevig ovpporooelpdc 1 wog ovpforooelpds mov amotereitar udvo
ATt KEVA dLAOTHUOTO [1E £va None mg dLoywPLOTIKO ETLOTPEQPEL [ ].

TN mwopdderypo:

>>> '1 2 3'.split ()

(riv, '2', '3']

>>> '1 2 3'.split (maxsplit=1)
('1', '2 3']

>>> ! 1 2 3 '.split ()
[r1', '2', '3']

str.splitlines (keepends=False)
Emotpéper uo Moto pe tig ypoupués e ouuBorooelpds (string), dloympilovtag ota dpLo TV YPOUUmY.
Ta Lo wPLOTIKA TV Ypoupdv dev mepthaufdvoviar oty véa Mota, ektdg av 800l to keepends kol ivol
true.

Avth N néBodog duaywpilel ota axdhovba dpLa ypauumv. ITo ovykekpuuéva, To OpLo eivat Evo VITEPGUVOLO
Tov universal newlines.

Avanapdotaon | MNeplypagn

\n Line Feed

\r Carriage Return

\r\n Carriage Return + Line Feed
\vor \x0b Line Tabulation

\f or \x0c Form Feed

\xlc Aoy wprothg Apyeiov
\x1d Avoywprotig Group

\xle Awoywprotig Eyypagov
\x85 Enouevn Fpapuy) (C1 Control Code)
\u2028 Awoywprotig Ipapung
\u2029 Awaywprotig Mapaypdpou

AlaEe oty ékdoon 3.2: Ta \v kou \ £ TpootiBevTal oty AMota opiwv TmV Yooy,

TNo mwopdderypo:

>>> 'ab c\n\nde fg\rkl\r\n'.splitlines()

['ab c', '', 'de fg', 'kl']

>>> 'ab c\n\nde fg\rkl\r\n'.splitlines (keepends=True)
['ab c\n', '\n', 'de fg\r', 'kl\r\n']

Ze avtiBeon ue ™V split () Otav divetor wia ouuforooelpd (string) oprofétnong sep, ovti M uéBodog
eMLOTPEPEL LU0l KEVT) AMLOTAL Y10l TO KEVO ahpoptOunTiko, Ko (o Tepuatiko break ypoupung dev odnyei o pua
eTLITAEOV VPO
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>>> "" _gplitlines/()

[]

>>> "One line\n".splitlines|()
['One line']

ZuykpLttkd, m split ("\n') divel

>>> "' .split('\n")

['']

>>> 'Two lines\n'.split('\n")
["Two lines', '']

str.startswith (preﬁx[, start[, end] ])
Emotpéper True av 1 ovpporooelpd (string) apyilel pe to prefix, ahmg emiotpépel False. To prefix umo-
pel emiong va eivar o mherdda (tuple) prefix mpog avalntnon. Me to mpooupetikod start, EAEYYETOL TO G-
papduntkd Tov apyiler amd ™ ovykekpuuévn Béon. Me to mpoaipetikd end, otopatd 1 oVYKPLON TG
ovpporooelpdc o ot T Béom.

str.strip( [chars])
Emotpépel éva avtiypagpo e oupporooelpdg (string) (e ToUg TPMTOVGS Kol TOUG TELEVTALOUS YopaKTHPES
va éxouv agatpedel. To dpwopa chars givar o ovpporooelpd mov koBopilel To OVVOLO TV YAPAKTNPMV
mov mpémel vo. agparpebotv. Eqv mapadewpbei 1 eivar None, to dpiopa chars €xer wg default tnv agpaipeon
TV Kevarv draotnudtwv. To dpiopa chars dev eivau prefix 1 suffix: udAhov, 6LoL oL GUVOVACUOL TWV TUDV
TOU apOLPOVVTOL:
>>> ! spacious '.strip()
'spacious’
>>> 'www.example.com'.strip ('cmowz.")
'example'
O axpaieg apytkés Ko TeAMKEG TWEG TOV oplopatog chars agpolpovvtol oo ) ovuorooelpd (string). Ou
YOPAKTIPEG OPALPOVVTOL OITTO TO UITPOCTLVO AKPO UEYPL VO PTATOVV OTO YOPAUKTNPO TNG CUUPBOROTELPAG
(string) wov dev mePLEYETOL OTO CVUVOAO YAPOAKTHPWY TOV chars. Mia mapouola evépyela MauBAaveL xmpo. 0to
Téhog ™G ovpds. o TapddeLypaoL:
>>> comment_string = "#....... Section 3.2.1 Issue #32 ....... !
>>> comment_string.strip('.#! ')
'Section 3.2.1 Issue #32'

str.swapcase ()
Emotpépet éva avtiypago tng oupuforooelpdg (string) pe KeQaAmiovs X opoKTPES TOU £XO0VV UETATPATEL O€
meCovg Ko avtioTpo@a. Enuedote 6t dev eivor amapaitnta alnbéc Ot s . swapcase () . swapcase ()
== s.

str.title()
Emotpéper o titlecased €xdoon g ovuforocerpds, dmmov oL MéEeLg Eekivouv ue éva keparaio yapaktipo
Ka oL VTOLOLTTOL YopaKTNPES elval meCol.
TN mopdderypo:
>>> '"Hello world'.title ()
'Hello World'
O oly6pLBuog ypnouorotel Evay amid, aveEaptnto amd T YAmooa, optopd wog MENG wg group diadoyi-
KOV ypapudtov. O oplopds Aettoupyel oe mohhd contexts, Al ONUOLVEL OTL OL OTTOOTPOPOL OE CUVOLPECELG
Ko KTNTUkéG MEEeLg amotehov OpLa AEEewv, TOV WITOPEL VoL unV givar To emBuuntd amotéleoua:

58 KegaAaio 4. Tunou Built-in




The Python Library Reference, Anpocisuon 3.9.23

>>> "they're bill's friends from the UK".title()
"They'Re Bill'S Friends From The Uk"

H ovvépmnon string. capwords () dgv éxeL autd to mpdfAnua, Kabmg ympilet Tig MEELS HOVo o€ Kevd.

EvaA\oKTIKG, (WTOPEL VO KOTOOKEVOOTEL (Lot AVOT] YLOL TG OTTO0TPOPOUGS Y PNOLUOTTOLMVTOS KOVOVIKEG K-
PPaceLS:

>>> import re
>>> def titlecase(s):
return re.sub(r" [A-Za-z]+ (' [A-Za—-z]+)?",
lambda mo: mo.group(0) .capitalize(),
s)

>>> titlecase("they're bill's friends.")
"They're Bill's Friends."

str.translate (table)
Return a copy of the string in which each character has been mapped through the given translation table. The
table must be an object that implements indexing via __getitem__ (), typically a mapping or sequence. When
indexed by a Unicode ordinal (an integer), the table object can do any of the following: return a Unicode ordinal or
a string, to map the character to one or more other characters; return None, to delete the character from the return
string; or raise a LookupError exception, to map the character to itself.

Mamopeite va, Y P1OLUOTOOETE TO st r. maket rans () yio vo dNUWOVPYNOETE Eva Y APT UETAPPAONG AVTL-
OTOLYLONG ATTO YOPOKTHPA-OE-YAUPOUKTPO OF LAUPOPETIKEG LOPPEG.

Agite emiong Ty evOTNTa codecs YLdL (UL TTLO EVELKTT) TTPOGEYYLOT OF TTPOCAPUOOUEVO Mappings Y OPoKTY-
pwv.

str.upper ()
Emotpépel éva avtiypago g cuuforooelpdc (string) pe dhovg Toug yapaktipect mov éxovv uetatpomet
o€ KePOoaio. ZNUELDOTE OTLTO s . upper () . isupper () UTOPEL va elvar False av TO s TEPLEYEL X AP0
KTpeg xwpig meld ypdupata 1 av 1 kotnyopio Unicode tov mpokvmrovtog yopakthpa(wv) dev eivar «Lux»
(Tpbupa, keporaio), adrd m.y. «Lt» (Fpduua, titlecase).
The uppercasing algorithm used is described in section 3.13 of the Unicode Standard.

str.zfill (width)
Emotpépet éva avtiypago g ovuporooelpdc (string) mov éuetve yeudtn we Yneio ASCII '0' " yio va
dnuovpynoel piot ouuorooelpd unkovg width. Xewpiteton £va leading sign prefix (" +'/' - ') elodyovrag v
CUUTTANPWON UeTd TOV YopakThpa sign ovti yia wpwv. H apyikr) ovuporooelpd emiotpégpetol edv to width
elval pxpdtepo 1M oo e len (s).

TNo wopdderypo:

>>> "42" z£i11(5)
'00042"

>>> "—42" z£i11(5)
'-0042"
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4.7.2 printf-style String Formatting

EInueiwon: OuAetTovpyieg LOPPOTOINONG TTOV TEPLYPAPOVTAL EOM TOPOVOLAZOVV ULa TTOLKIAL LBLOPPUOULDY TTOU
0d1yovv o€ évav aplipd Kowvdv ogpaiudtov (dwg M amotuyio epgdviong tuple ko cwotdv AeElkdv). Xpnouo-
molwvtag Ta veotepa formatted string literals, to st r. format () interface 1) to template strings popel va. fon0moeL
OTNV QITOPUYTH QUTMV TOV opaludtmv. Kabe pio amd avtég tig evalhakTikég mapéyel Toug dtkovg TG ovppLpor-
Opovg KoL T 0@ENT TG AmAOTNTAG, eveMEING Kau/1] EMEKTACLUOTNTAC.

Ta aviikeipeva string £xovv (o Lovadikn evomuotouévn kettovpylo: Tov teheotr| % (modulo). Autdg elvor emiong
YVOOTOG WG TENEOTYG formatting M| * interpolation®. Aedouévaov tov format % values (0mov format givor pio
ovpporooelpd), oL TPOALAYPOPES UETOTPOTNG OTO format avitkabioTavTal artd undév 1 mePLocOTEPO OTOLY ELD
TV values. To ammotéheoua givar mopduoLo ue ™ xpfon tov sprint £ () o yhwooa C.

Edwv 10 format amoutet £va pepovouévo dpopa, To values pmopet va. etvar éva pepovouévo non-tuple avriketpevo.”
AtopopeTikd, To. values mpémel vo. gival éva tuple pe akpipmg Tov idto aptBud Twv otouyelwv Tov Kabopilova
astd to format string 1) évo LELOVOUEVO AVTIKEIUEVO OVTLOTOLYLONG (VLo TTopddeLyna, €va AeEKod).

"Evag TpoodLopLloTig UETOTPOTTNG TEPLEXEL SVO 1] TTEPLOCOTEPOUG YOPUKTIPES KoL £)EL TOUG €ENG components, OL
0700l TTPETEL VO EpOVICovTaL ue avTh T oelpd:

1. O yopaxtipag * %' ', OV ONUATOSOTEL TNV 0PYT| TOV TPOTOLOPLOTY).

2. Khewdi mapping (rtpoaipetiko), mov arotereiton amd pio akohovbio xapaktpwv oe mapévieon (Yo Tapd-
dewyua, (somename)).

3. Aelkteg HeToTpomg (TPOALPETIKO), TOV ENNPEATOVY TO ATOTEAEGO KATTOLWV TUTMV UETATPOTTG.

4. EMdyroto mhdtog ediov (poarpetiko). Edv opiletar wg ' * ' (aotepiokog), To mpayuatikd midtog dtofd-
CetoL oItd TO EMOUEVO OTOLYELO TOV tuple 0TaL values, KoL TO OVTLKELUEVO TTPOG UETATPOTN EPYETOL UETA ATTO
TO EMLYLOTO TAATOG TTEDLOV KOl TO TTPOLPETLKO precision.

5. Axpifeia (mpoarpetikod), divetor wg . ' (tekeia) axohovbBovuevy amtd to precision.Eqv opileton wg ' * !
(aoteplokog), To mpaypatiko precision dtofdleTon amd To exduevo otoLyelo Tou tuple oto values, Ko M TN
TTPOG UETATPOTTY) £PYETOL UET TO precision.

6. Metatporméag tov length (wpoapetikd).
7. Thmog conversion.

‘Otav to owotd dpiopa eivar éva AeElkd (1 Ghhog TUmog avToToiylong), TOTE oL HOPPES GTY GUUBOLOCELP TTOE-
srer va. TepLthaufBavouy éva kKAedi avtiotoiyong ot mapévieon oe autd To AeELKO mov Loy O auéoms HETA Tov
yopoktipa '%'. To khewdl avtiotolylong emiéyel Ty Tur| wov Ba popgpomonbel amd v avtiotoiyion. ['a wo-
paderyuo:

)

>>> print (' has quote types.' %
. {'language': "Python", "number": 2})
Python has 002 quote types.

Ze QUTNV TNV TEPLTTWOT OEV WITOPEL VOL VITAPYOVV TTPOCILOPLOTEG * O€ ia Loppt| (KaOmg amottov (o dLadoyk)
Mota TapouéTpwy).

O deikTeg petaTpormng eiva:

3 Tia VoL LoppoTToIOETe OVO e TAELdda (tuple) o Tpémel emopévarg va TOPEXETE Lo TTAELASO. singleton TG omotag To WOVO oToLyElo
eivaw 1 mheldda wov mpdkertal va op@otonOei.
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‘Evvola

OL petatpormi) Tung o PNOULOTOLNOEL TNV «EVOAAKTLKT pOpua» (OTOU 0PILETOL TUPAKATM).

H petatpom) Oa €xel undeviky ouumAfpwon yia aptOunTikes Téc.

H tiun petatpomig agnvetal Tpooapuoouévn (TopOKAUITTEL T UETATPOm "0 edv divovtoLl Ko To
800).

(éva kevo) Tpémer vo mpootedel £vo Kevo mpv amd €vav Oetikd apBud (1 kevi) oupuforocelpd) ov
TOPAYETOL OITO ULOL VITOYEYPAUUEVT] UETATPOTTH).

‘Eval yopaktpog stpoonuov ("+' 1 '=") Ba mponyeltol TG UETATPOTNG (FTTOPAKAUITTEL £VOL «KEVO»
delkt).

"Evag tportomon g unkovg (h, 1, or L) umwopel vo vrdipyet, alhd aryvoeiton Kafmg dev eivol armapaitnTog yio v
Python - omdte .. $1d eival Tavopoldtumo og $d.

Ot timoL petatpormng etvo:
Meta- ‘Evvola n-
Tpom Meww-
osIg

'a’ Ymoyeypopuuévog deKadLKOG 0KEPOLOG.

it Yroyeypapuévog dekadikdg axépolog.

'o! Ymoyeypouuévr okTadikn T, ()

'u' Amapyotmuévog THTog — elvat TovopoLdTumog (e to 'd'. (6)

'x! Yroyeypoupuévo dexoeEadikod (meld). )

'X! Ynoyeypouuévo dekaeEadikd (Keqaaio). 2)

'e! Floating point exponential format (lowercase). 3)

'E! Floating point exponential format (uppercase). 3)

'£! Floating point decimal format. (3)

B Floating point decimal format. 3)

'g! Floating point format. Uses lowercase exponential format if exponent is less than -4 or not | (4)
less than precision, decimal format otherwise.

'G' Floating point format. Uses uppercase exponential format if exponent is less than -4 or not | (4)
less than precision, decimal format otherwise.

‘¢! Mepovopévog xopoKTNpag (O£ eToL aKEPALO 1) LOVO YOPAKTNPA CUUBOMOOELPAG).

'r! Zvpporooelpd  (uetotpémer  omorodNmote  avtikeiwevo Python  ypnowomowwvtag | (5)
repr()).

's! Zupporocelpd  (petotpémer  omolodnmote  aviikeipevo Python ypnmowomowwviag | (5)
str()).

'a' Zvpporooelpd  (uetotpémel  omoodnmote  ovtikeiwevo Python ypnowomowdvtag | (5)
ascii()).

Ty Kavéva oplopo dev HeTatpémetal, £XEL MG ATOTELECUO EVAV YOPAKTHPA "% ' TO QITOTE-
AEOUOL.

ZNUEUDOELS:
(1) H evalhokTiki) popen tpokohel Ty eLooymyn evog Tpmtov oktadikov tpoodioploth) (' 0o ') mptv amd 1o
TPWTO YNPio.
(2) H gvolhoxtiky popua TPOKAAEL TNV ELoaywyn VOGS 0pyLkoy '0x' 9 '0X' (avaloyo e To Qv xpNoLuo-

omOnKe N popet) 'x ' M 'X") L To TPDTO YNepio.

3 H

EVOALAKTLKT] LOPPT] KAVEL TO OITOTELEGILAL VOL TTEPLEYEL TTAVTA, 0L VITOSLALOTOA], KOO KL OV OEV ALKOAOV-

Bovv Yneia.

H

axpifeia kabopilel Tov aptOud Twv YNEimv HETA THY VITOALOCTOAT KoL OpLLeTaL amd TPOETLOYT WG 6.
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(4) H evodhaxtikn Hoppn KAVEL TO QTOTEAETUOL VOL TTEPLEYEL TTAVTA, UL VITODLOOTOM] KL TOL NOEVLKA OTO TEAOG
dev apatpovvtal OmTwg Oa HTay dLaPOPETLKAL.

H axpipeto kaBopilel Tov optOud TV ONUOVILKOV Y1@imv TPLy KoL UETE TNV VITOSLAOTOAT| KoL 0pileL To 6.
(5) Eb&vm axpipera eivar™N™, 1) £€E0dog mepikomTetal o€ N Y apokTiPEG.
(6) B)éme PEP 237.

Aedopévou 6t oL ouporooelpég Python éxouv pntd uNKog, oL $s petatporés dev vofétouv Ot 1o "\ 0 ' €ival
70 T€MOG TNG CUUSOAOOELPAG.

AMoEe oty £kdoom 3.1: Ou petatporteic $ £ yia aptduolg Twv ooimv M oTOAVTY Ty eivor peyaiitepn oo
1e50 dev avukabiotavior TAEOV 0o PETATPOTESG 7.

4.8 TumoL duadlkng akoAoubiag — bytes, bytearray, memoryview

O Baoikol evoopatouévol (built-in) Tomol Yo Tov xeiplopd dvadikmv dedouévmv eival bytes koL bytearray.
YmootnpiCovtal amd T memoryview mov Ypnoluomolel To tpwtokorlo buffer protocol yia v mpdofaon ot
uviun GA®Y SUOBLKMV OVTLKELUEVDY YmPLG Va XPELATETAL 1] SNULOVPYLL AVILYPApOU.

To module array vrootpilel amwodotikn amodfKevon yio faotkovg Timovg dedopévav dmwg 32-bit aképatovg
ko IEEE754 dumng akpifetog Kivntig vtodLooToAG TLUEC.

4.8.1 Avtikeipeva Bytes

Ta avuikeipeva bytes eival apetafinteg akohovdieg pepovouévav bytes. Aedouévou 0Tt Tohha KUpLa duadikd
TPWTOKOANO Bacifovtor oty Kwdikoroinon kewévov ASCII, ta aviikeipeva bytes mpoopépouv dtdpopeg uedd-
doug o Loyvouv ndvo otov epydtovtar pe dedouéva ovppatd ue ASCII kou oyeTILOVTOL OTEVA UE OVTLKEIUEVOL
OUUPOLOCELPMVY GE [ULOL TTOLKIALOL SLOLPOPWV TPOTMV.

class bytes ([source[, encoding[, errors] ] ])
[pwrov, N ovvta&n yo Ta bytes literals eival og peydho Babud 1 idia pe ovti yua ta literals cuuforooepmv,
ue T drapopd Ot TpootibeTan Eva Tpdhena b:

o Mové elooymykd: b'axdéna enitpénetl evowpatwpéva "SinAd" eloaywyikd!
o Authd elooymyikd: b"eZaxoioubel va eniTpénel evowpatwpéva 'povd' eloaywylxd"
o Tputhd eloaywykd: b' ' '3 povd eltcaywylkd''',b"""3 §indd eioaywyika"""

Emtpérovrar povo yapaktipeg ASCII og bytes literals (aveEGptnta amd T dnhwuévn KwdLkomoinon Tov
anyaiov Kodika). Tuydv dvadikég Tuég, thve amd 127, mpémel va ewoayOovv oe bytes literals ypnoiomolm-
vTag TV KatdAnAn akolovBio dlogpuyng xopaKThpov.

‘Onwg ko pe ta literals cupfolooelpmv, Ta bytes literals (ropovv emiong va ¥pNOLUOTO OOV €va TPpOOEua
T YLOL VO QTTEVEPYOTTOLOOUV THV ETEEEPYATILO TWV aKOAOVOLDV SLapuyng yopakthpwv. Bhéme strings yio
TEPLOCOTEPEG TANPOPOPLES OYETIKA Ue TLG dLdpopeg noppég bytes literal, cuumepthafavousévav Tmv vo-
oTNPLLOUEVMV OKOAOVOLMV SLOPUYNG YOPAKTPWV.

Evd ta bytes literals ko o avarapoaotdoelg faocilovran oe keipevo ASCIL, ta aviikeipeva bytes oupmepupé-
POVTAL OTNV TTPOAYUATLKOTITO 00V apeTdPANTES akohovBieg akepaiwy pe KAOe Tun otnv akolovdio mepLo-
pLopévn €toL mote 0 <= x < 256 (Tpoomdbeileg mapafiaong avtol Tov meptoptopoV Ba kévovy raise Ty
ValueError). Autd yivetal oKOmLo yio vo. TOVIOTEL OTL, Eved ToMEG dUadLKEG Loppég mepthapfdvouy
otoyeia tov faoitovrar oe ASCII ko uwopovv vo. xpNotuoTotnfovy xpoLuo (e opLouévoug alyopiduoug
TPOCAVATOMOUEVOVG OTO KELUEVO, 0UTO eV LOYVEL YEVIKA YLt avBaipeTa dvadikd dedouéva (Tugpin epap-
woym aiyopibumv eneSepyaociog Kelnévou g dvadikég noppég dedouévarv mov dev eivar ovuforég ue ASCII
ouvNBmg 0d1YeL 08 KaTAoTPOPY) dEdOUEVWV).
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Extdg amd g literal popgéc, ta aviikeipeva bytes wropotv va dnuovpynBotv pe mohhotg dAhovg tpdmovg:
o 'Eva umdevikd avtikeipevo bytes pe kabopiouévo unkog: bytes (10)
o Amd éva iterable axepainv aplBumv: bytes (range (20) )
o AvTiypogn vIapyovImv duadtkmv dedoUEVOV LECW TOV TPpwTokOALov buffer: bytes (obj)

Agite emiong 10 evowuaTwuévo byres.

Aedopévou dtL 2 dexaeEadikd Ymepia aviiotorotv akpipwg oe éva udvo byte, ou dekaeEadikoi aplbuoi
elval o ovvihOmg XPNOLULOTOLOVUEVY LOPET| YLOL TNV TEPLYPOPT] OVOOLKMV dESOUEVAV. ZUVETTMG, O TUTOG
bytes €yet wo Tpdodetn neBodo KAGoNG yLa TV aviyvmon dedouévwy G OUTNV THY LOPEY:

classmethod fromhex (siring)
Avti 1 néBodog kAdong by tes emotpépel £va aVTLKELIEVO bytes, 0mokmALKomoLmvTag To dedouévo
avtikeipevo ovuporooelpds. H ovpufolocelpd mpémel va mepiéyel dvo dekaeEadukd Yymeia avd byte,
ue to kevo ddotnuo ASCII va ayvoeita.

>>> bytes.fromhex ('2Ef0 F1£f2 ")
b' A\xfO\xf1\xf2"

AMaEe oty ékdoom 3.7: To bytes. fromhex () mopakausmtel mhéov Oha to kevd ASCII oty oup-
Bolooelpd, Oyl uOVO TaL KEVA.
Yrdpyer pa ouvaptnon oviioTpomng UETATPOTNG YL T LETATPOTTY] VOGS OVILKEWWEVOU bytes oty deKae-

EadiKm Tov avamapdoToo.

hex ( [sep[, bytes _per_sep] ] )
Emotpépete éva aviikeipevo ouppolooelpds mov meptéyet dvo dekaeEadikd Ynpio yio ke byte oto
OTLYUWOTUTTO.

>>> b'\x£f0\x£f1\x£2"' .hex ()
'fOf1£2"

If you want to make the hex string easier to read, you can specify a single character separator sep parameter
to include in the output. By default between each byte. A second optional bytes_per_sep parameter controls
the spacing. Positive values calculate the separator position from the right, negative values from the left.

>>> value = b'\xf0\x£f1\x£2'
>>> value.hex('-")

'fO-f1-£2"

>>> value.hex('_', 2)
'fO_f1f2"

>>> b'UUDDLRLRAB' .hex (' ', -4)

'55554444 4c524c52 4142"

Néo omv éxdoon 3.5.

AMoEe oty éxdoon 3.8: H bytes. hex () vmootnpilel TAEOV TPOOLPETIKEG TAPAUETPOUGS Sep KoL
bytes_per_sep Y10, TNV EL0AYWYT SLOWPLOTIKOV HeTaE0 Tmv byte otnv €080 dexaeEadikov.

Aedopévou Ot ta aviikeipevo bytes eivan akolovbieg axepainv apluwv (opota pe pa Thetdda (tuple)), yio Eva
avTikeipevo bytes b, tTo b[0] Ba eivar évag aképarog aptbuds, evar to b[0: 1] OBa eivor éva avtikeipevo bytes
unkovg 1. (Autd épyetor og avtifeon ue TG OVUPBOLOCELPES KEWWEVOU, OTTOV TOOO 1 A&LToupYio TPOGRAoNG WG
gvpeTnpLo 600 Kat 1 hettovpylo Tunuatomoinong Oa apdyovv pa oupuBorooelpd ufkovg 1)

H oavomapdotaon avukewpuévov bytes ypnowpomotetl v literal popen (b' ... ") , kKabwg elvor ovyva mo xp1-
o oo . bytes ([46, 46, 46]). Mmopeite TAVIQ va UETATPEWPETE VAl AVTLKELUEVO bytes o€ [uo Mota
AKEPOLWOV aPLOUMV TTOV YPNoLuoToovv 1ist (b) .
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4.8.2 Avtikeipeva Bytearray

Ta avtikeiyeva bytearray eivol Evo PETAPANTO, OVTIOTOLYO, TV AVTLKEWWEVOV by tes.

class bytearray ( [source[, encoding[, errors] ] ] )
Aev vrtdpyel amokielotikn literal ovvtaEn yia avrikeipeva bytearray, ovtifeta dnuovpyouvtol Tévta Ko-
Ldvtag Tov constructor:

o Anwovupyia evog kevol otrywotimou: bytearray ()
o Anwovupyio undevikov oTypoTimou pe dedouévo ufkog: bytearray (10)
o Amo évav iterable aplOud akepaimv: bytearray (range (20))
o Avtrypagn vapyovtov duadikmv dedouévmv péom Tou mpwtokoilov buffer: bytearray (b'Hi!
")
Kabwg ta avukeipeva tou bytearray eivor petafiAntd, vmoompilovv Tig Aertovpyieg g akolovbiog

mutable eTITAEOV TOV KOLVAOV AELTOVPYLMV bytes ko bytearray mov mepLypdgoviol 0to Asttovpyles Bytes kot
Bytearray.

Agite emiong T0 EVOWUATWUEVO bytearray.

Aedopévou 6t 2 dexoeEadikd Yympia avtiotolyovv akplBog o £va udvo byte, oL dekaeEadikoi aptbuoi gival
oUVNOMG YPNOULOTTOLOVUEVT] LOPEPY] YLOL TNV TTEPLYPaApT) SVAdLKMV dedOUEVIYV. ZUVETMG, O TUTOG bytearray
€xeL wa Tpooet HEO0do KAAONGS YLoL TV OVAYVOOT] SEQOUEVMV O€ QUTNV TNV LOPPN:

classmethod fromhex (siring)
Avti M néBodog KhoNg bytearray emoTPEQPEL AVILKELUEVO bytearray, 0rToKmILKOTOLMVTAG TO de-
douévo avrtikeipevo ovpporooelpdc. H ovuforooelpd mpémel va smepLéyxel o dexoeEadikd Ynpio avd
byte, ue 1o xevo dudotnua ASCII vo aryvoeitau.

>>> bytearray.fromhex ('2Ef0 F1£f2 ")
bytearray (b' . \xf0\xf1\xf2")

AMoEe oty £€xdoon 3.7: To bytearray. fromhex () mopokduttel Tpo 0o to Kevd ASCII ot
oupporooelpd, Oyt LOVo TaL KEVA.

Yrdpyelr puo ouvapTnon aviioTpogng LETUTPOTNG YLO VO UETATPEWPEL VoL avTLKeiuevo bytearray otn dexal-
£EAOLKT AVOITOPAOTOON TOV.

hex ( [sep[, bytes _per_sep] ] )
Emotpépete éva aviikeipevo ouppolooelpds mov meptéyet dvo dekaeEadikd Ynpio yio ke byte oto
OTLYULOTUTTO.

>>> bytearray (b'\x£f0\x£f1\x£f2') .hex ()
'fOf1£2"

Néo oty éxdoonm 3.5.

AMaEe oty ékdoon 3.8: TTapduolo ue to bytes. hex (),10 bytearray.hex () vmootnpileL Topo
TPOOLPETIKEG TAPOUETPOVG Sep KoL bytes_per_sep Y10, TV ELOOYWYT Lo wpLlotik®v ueta&l tmwv byte
otv dekaeEadikn €€0do.

Aedouévou 6T T avtikelpeva bytearray eival akolovBieg akepaiwv aplBudv (tapduoto we wo Aota), yio £va
ovTiKeipuevo bytearray b, 1o b [0] Oa elvon €vag aképarog apBudg, eved to b[0:1] Oa eival évo avtikelpevo
bytearray ufKovg 1. (Autd épyeton oe avtiBeorn pe Tig oVUPBOLOOELPES KewEVoy, dmmov tdoo To indexing Ko TO
slicing Oa wapdryovv e oupforooelpd ufkovg 1)

H avamapdotoon avukeypévov bytearray ypnowomolet T popgr) bytes literal (bytearray (b'...")), Kabwbg
elval ouyva mmo ypnoun oo m.y. bytearray ([46, 46, 46]).Mmopeite mAvTa va LETOTPEYETE VAL AVTL-
Keiuevo bytearray oe Mot 0KEPOLMV XPNOLUOTOLOVTAS TO 1ist (b).
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4.8.3 Aeltoupyieqg Bytes kat Bytearray

Tdoo ta byte 600 KoL To AVTIKELUEVO TOV TTivaka byte vrootnpitouv Tig Aettovpyieg g axorovbiag common.
AMMAETIOpOVV Ol LOVO UE TEAEOTEG TOV LOLOV TUTOV, MG Kol (1E OTTOL0dNTTOTE OVILKEiuevo bytes-like object.
Adyo avtig g gvelEiog, propotv va avaueyBolv ehetbepa og Aettovpyieg xmpig vo TPokoAoUVToL GPALLOTAL.
Qo1600, 0 THITOG ETLOTPOPY|G TOV ATOTEMEOUATOG WTOPEL Vo eEapTaTOL amd T OELPd TV TELEGTMV.

Inueiwon: Ou uébodol oto bytes Ko ta aviikeipeva bytearray dev d&xovroL oLUBOAOCELPES WG OPIOUATA TOUG,
Omtmg Kot oL uéBodoL oe oupPorooelpég dev déyovtal bytes wg opiopata. Lia wapdderypa, Tpémel va ypdapete:

a = "abc"

b = a.replace("a", "f")
Ko:

a = b"abc"

b = a.replace(b"a", b"f")

Oplopéveg hettovpyieg byte Ko bytearray potmo0étouv ) xpnon dvadikmv popeav cuufatdv ue ASCII kat, wg
ek ToUToV, B0 TTpémel va amopevyovtal dtav epyaleote pe avbaipeta dvadikd dedouéva. AVTol oL TEPLOPLOUOL
KOAVTTTOVTIOL TOPOKATO.

Inueiwon: H yphon avtdv tov Aettovpyidv pacilovtor 0to ASCII yio tov yelplopd dvadikmv dedouévav mou
dev eivar aroOnkevuéva o poper) ov Pfacileton oe ASCII prwopel vo 0dNYoeL 0 KATAoTPOoPT) Sed0UEVOV.

Ot axdhovBeg uébodol oe byte kou avtikeipeva bytearray wrtopouv vo ypnowpostotnfotv pe avbaipeto dvadikd
dedouéva.

bytes.count (sub[, start[, endﬂ ] )
bytearray.count (sub[, start|, end] ] )
Emiotpépet tov apLliud Tmv [y EMLKOAVTTTOUEVDY ELPAVITEDV TNG deVTEPEVOVOOG 0kohovBiog sub To eVPOg
[start, end]. Ta. TpooupeTikG oplopata start Ko end epunveVovIoL OTTmg 0T GNUELOYPAPLC TUULOTOTTOINONC.

H vroakorovBio yio ovalntnon umopel va eivar omowodnmote bytes-like object V| €vag aképorog optOuodg
otV mepLoyr amd 0 émg 255.
AMoEe oty €xdoon 3.3: Eniong amodéyetan évav aképaro aptBud oto evpog 0 £wg 255 wg vtoakohlovdia.
bytes.removeprefix (prefix, /)
bytearray.removeprefix (prefix, /)

E&v ta dvadikd dedouéva Egkivoiv pe ) ovufohooelpd prefix, emotpépetbytes [len (prefix) : 1. Awo-
(POPETIKAL ETOTPEYTE £VOL AVTLYPOPO TWV APYLKDV dVAdLKMV dEdOUEVIIV:

>>> p'TestHook'.removeprefix (b'Test"')
b'Hook'

>>> b'BaseTestCase'.removeprefix(b'Test"')
b'BaseTestCase'

To prefix wopel va. eivor omolodfmote bytes-like object.

Inueiwon: H éxdoon bytearray ovthig tng nebddou dev hettovpyel otn 0¢om g - mopdyet Tavto £va véo
aVTIKELUEVO, aKOua KaL av Oev Eyivav alhoyéc.

Néo omnv ékdoom 3.9.

4.8. Tumot duadlKnig akohoubiag — bytes, bytearray, memoryview 65



The Python Library Reference, Anpooicsuon 3.9.23

bytes.removesuffix (suffix, /)
bytearray.removesuffix (suffix, /)

Edv ta dvadikd dedopéva tehelmvouy pe T oupuBorooelpd suffix ko auto To suffix dev eivan Kevo, ELOTPEPEL
bytes[:-len (suffix) ].Al0QOpeTLKA, ETLOTPEPEL EVOL AVTLYPOPO TWV OPYLKDOV dUAIKDV OEdOUEVOV:

>>> b'MiscTests'.removesuffix(b'Tests")
b'Misc'

>>> p'TmpDirMixin'.removesuffix (b'Tests")
b'TmpDirMixin'

To suffix wropei vo eivan omolodfmorte bytes-like object.

Inueiwon: H éxdoon bytearray ovthig tng nebddou dev hertovpyel otn 0¢om g - mopdyet Tavto £va véo
avTIKeipevo, akoua Ko av dev éyvav allhoyéc.

Néo omnv ékdoom 3.9.

bytes.decode (encoding="utf-8", errors="strict")
bytearray.decode (encoding="utf-8", errors="strict")

bytes.endswith (su]ﬁx[, start[, end ])
bytearray.endswith (suﬁix[, start

Return a string decoded from the given bytes. Default encoding is 'utf-8"'. errors may be given to set a
different error handling scheme. The default for errors is 'strict', meaning that encoding errors raise a
UnicodeError. Other possible values are 'ignore', 'replace' and any other name registered via
codecs.register_error (), see section Error Handlers. For a list of possible encodings, see section
Standard Encodings.

By default, the errors argument is not checked for best performances, but only used at the first decoding error.
Enable the Python Development Mode, or use a debug build to check errors.

Inueiwon: Passing the encoding argument to st r allows decoding any byres-like object directly, without needing
to make a temporary bytes or bytearray object.

AlhaEe oty ékdoon 3.1: Emutpdobetn vroot)piEn yia keyword opiouarta.

AMoEe ot €kdoomn 3.9: The errors is now checked in development mode and in debug mode.

,end ] ] )

Emotpépel True edv to dSvadtkd dedouévo TeheLdvouy ue 10 KaBopLopévo suffix, dLopopeTIKd eTLOTPEPEL
False. To suffix pmopei emiong va eivar pua mhetdda oo embépato mov mpémel va ovalntoete. Me to
spoaLpeTkd start, 1 dokun Eekivd amd avt) t 0€on. Me To mpoalpetikd end, OTAUOTNOTE VO GUYKPIVETE
o€ autn ™) 0¢om.

To(a) emiBepa(ta) yio avalitnon wropel vo eivor omolodfote bytes-like object.

bytes.find (sub[, start[, end] ] )
bytearray.find (sub[, start[, end] ] )

Emotpépet to youniotepo index oto dedopéva 6mov Bpioketar ) vroakorovdio sub, £€T1oL wote TO sub vo.
mepiéyeton oto slice s [start : end]. Ta mpoalpeTikd opiopata start Ko end epunvevovTaL wg GuUBolounod
Tunpartonoinong. Emotpéper —1 edv to sub dev Ppebei.

H vmoakolovBia yia avalitnon wropel va eivar omolodnmote byfes-like object 1) évag axéporog aplOuog
otV mepLoyt) amd 0 éwg 255.

Ynueioon: H pébodog £ind () Ba mpémer va ypnotpuomoLeital novo edv petdletor vo yvmpilete ) 0¢on
tov sub. Tia va ehéyEete edv To sub givar vtoovporooelpd 1 dyL, XPNOLUOTOOTE TOV TEAEOTY in:
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>>> b'Py' in b'Python'
True

AlaEe otnv €xdoon 3.3: Exiong amodéyeton évav aképato aptbud oto eVpog 0 £mg 255 wg vrookolovdia.

bytes.index (sub[, start[, end] ] )
bytearray.index (sub[, start[, end] ] )
Onwgn £ind (), 0dd kével raise o ValueError 6tav dev fpedel n devtepeviovoa akorovbia.

H vmoakolovBia yia avalitnon wropel va eivor omolodnmote byfes-like object 1| évag axképarog aplOuog
oV mepoyt) amd 0 Ewg 255.

AMoEe otnv ékdoom 3.3: Ermtiong amodéyetar évav aképato apbud ato evpog 0 €mg 255 wg vroakolovdia.

bytes. join (iterable)

bytearray.join (iterable)
Emiotpépel éva aviikeipevo bytes 1) bytearray mwou givol 1 GUVEVWOT TOV dVAdLKMV 0KohoVOLmV dEdOUEVMV
070 iterable. Mo, TypeError Oa yivel raise edv vdpyouvv tyuég oto iterable mov dev eival oav bytes-like
objects, oVUTEPINOUPAVOUEVOV TV OVTIKEWWEVWY st r. To SLoywPLoTIKO HETAED TWV OTOLXELDV Elval T
mEPLEYOUEVE TV byte 1) TOU OVTIKELUEVOL bytearray ov apéyer ovti) T uébodo.

static bytes.maketrans (from, to)

static bytearray.maketrans (from, t0)
Avti M otatik] péBodog emMOTPEPEL £Vav TTVAKO UETAPPOONG TTOV WITOPEL VA, PNoLuoTotOet yio tv
bytes.translate () mov 0o ovVTLOTOLYIOEL KAOE YOPAKTNP OTO from GTOV XopOKTNPO 0TV idLa Béon
070 fo* T0. from Kaw fo TTPETEL va. eival Kat ta dVo bytes-like objects ko va. £X0UV TO (810 UNKOG.

Néo otnv ékdoon 3.1.

bytes.partition (sep)

bytearray.partition (sep)
AraywpiCer v axohovdio KoTd TV TPpdTN EUPAVLOT TOU Sep, KoL ETLOTPEPEL UL0L 3-TTAELADOL TTOV TTEPLEYEL
TO TUNUA TTPLV OITO TO SLOYWPLOTLKO 1] TO AVILYPOpo TOV bytearray TOU KoL TO TUHUO UETE TO SLawPLOTLKO.
Edv 6ev Ppedel to dLaymwploTikod, emOTPEPEL (L 3-TAELAdO TTOU TIEPLEYEL EVAL AVTLYPOLPO TG OPYLKTG OKO-
Movbiag, akolovBovtuevn astd dvo Kevd byte 1 aviikeipeva bytearray.

To dLoywpLoTiko Yo avalTnon UTopel va eivat omotodNTote bytes-like object.

bytes.replace (old, new[, count] )

bytearray.replace (old, new[, count] )
Emiotpépel éva aviiypogo g akolovdiag 1e OMeg TIg eUpavioels g devtepevovoag akorovdiog old avti-
Kablotovpevn artd v new. Edv 800ei to mpoarpetikd dpioua count, ovitkobioTovtal ovo oL TPMTEG ELl-
(PaVioELG count.

H axolouvbia yior avalitnorn Kot ovitkotdoTtaoy g Wropel vo elvol omolodnmote bytes-like object.

Inueiwon: H éxdoon bytearray ovthig tng nebddou dev hertovpyel ot 0¢om g - mopdyet tavto £va véo
aVTIKELUEVO, aKOua Ka av Oev £yvav alhoyéc.

bytes.rfind (sub[, start[, end] ] )

bytearray.rfind (sub[, start[, end] ] )
Emotpéper tov vymhotepo deiktn otnv akolovbia émov fpioketan 1 vitookolovbia sub, £ToL HGOTE TO sub
vo TEPLEYETOL 0T0 s [start :end]. Ta mpoapetikd opiouata start Kou end epunvedovtal pe Guuoiond
Tunpartomoinons. Emotpépel —1 og mepimtmon amotuyiog.

H vroakolovbio yia avalntnon umwopet va eivan omolodnmote bytes-like object N évog axéparog aptBuog
otV mepLoyt amtd 0 €mg 255.
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AMoEe otnv ékdoom 3.3: Emtiong amodéyetar évav aképato aplbud oto evpog 0 £mg 255 wg vrroakolovdia.

bytes.rindex (sub[, start[, end ] )
bytearray.rindex (sub[, start|, end] ] )
Onwgn rfind () alhd Kavel raise wo ValueError 0tav dgv Bpedel ) vtookolovbio sub.

H vroaxolovBia yio avalftnon umopetl va givar omotodfmote bytes-like object Y| évog aképorog apliudg
otV mepLoyt) amd 0 Ewg 255.

AMoEe oty €xdoon 3.3: Eniong amodéyeton évav aképaro aptbud oto evpog 0 £wg 255 wg vtoakohovdia.

bytes.rpartition (sep)

bytearray.rpartition (sep)
Aoy wpiCel v akohoubio 0Ty TELEVTOLO EUPAVLOT) TOV Sep, KOl ETLOTPEPEL ULt 3-TTAELADOL TTOV TTEPLEYEL TO
TUNUOL TTPLY OTTO TO LAY WPLOTLKO, TO (L0 TO Lo WPLOTLKO 1] TO AvTiypapo Tov bytearray KoL T0 TUNUO UETA
10 Sy wpLotikd. Edv dev Bpedei to diaywplotikd emotpéper po 3-mhetdda o mepéyel do Kevd byte 1)
ovtikeipeva bytearray, okolovBovpeva amd €va aveiypogo g apyLkng axolovbiag.

To dLaywpLoTkd Yo avolNTNon UTOPEL Vo eival omtolodote bytes-like object.

bytes.startswith (preﬁx[, start[, end] ] )

bytearray.startswith (preﬁx[, start[, end] ] )
Emotpéper True edv ta dvadikd dedouéva Eekivouv ue 1o KaBoplouévo prefix, dLapopetikd emoTpépel
False. To prefix pmopel emiong va givar po mietado amd mpoépota mpog avalNtnor. Me to mpoalpetikd
start, | doKiun Sekivd artd auty ) B€0m. Me 10 TPoaLpeTikd end, GTOUATAEL VO GUYKPLVEL O€ auTh| T B€0m).

To(a) TpdOepo(ta) Yoo avalNTnor Wropet vo eivar omtolodfmote bytes-like object.

bytes.translate (table, /, delete=b")

bytearray.translate (table, /, delete=b")
Emotpépel €éva avilypago twv bytes 1] Tou aviikeluévou bytearray 6mov agparpovvtor Oha To byte mov eu-
PaVILOVTOL 0TO TTPOALPETIKO OpLopa delete kow To vITOMOLTA byte £X0UV AVTLOTOLLOTEL HEGW TOV dEdOUEVOU
mivoka UeTdppaong, 0 0Tolog TPEmEL va givat £va avTikeiievo bytes ufkoug 256.

Mrmopeite va yp1oLLomooeTe T uéB0do bytes.maketrans () yuo. vo. SNUOVPYHOETE EVOV TIVOKA e~
Thppoong.

OpiCeL To OpLopa table oe None Y10 LETAPPATELS TTOU dLOYPAPOUV LOVO YXAPUKTPES:

>>> b'read this short text'.translate (None, b'aeiou')
b'rd ths shrt txt'

AMEe oty £xdoon 3.6: To delete vtootnpiletar mAéov wg dpropa AEENG-KAeLdLOV.

Ou axdrovBeg uéBodol oe byte Ko bytearray ovilkeilevo €(oVv TPOETLEYUEVES OUUTTEPLPOPES TTOV TPOUTOHETOVY
™ ¥pNon dvadik®v popewv cuufatmv pe ASCIL, alld pmopovv va ypnouwomomBovyv pe avbaipeta dvadikd
dedouéva TEPVOVTOG KATAMNAO opiopata. EZnueldote 0T OAeg oL uéBodol bytearray o€ autiv TV evoTnTa dev
Lertovpyov ot BE€01 TOUg KoL OUMG TOPAYOUY VEQ OVTLKEIUEVQL.

bytes.center (width|, fillbyte |)

bytearray.center (width[, ﬁllbyte] )
Emiotpépel £va avilypapo Tov avILKELEVOU LE KEVTPO 0 wo akolovbia unkovg width. H cvpuminpwon
TTPAYULOTOTTOLELTOL X PNOLUOTOLDVTOG TO KaBopLouévo fillbyte (1 poemhoyn eivon éva dudotnua ASCID). T
avtikeiyeva bytes, n apyikr axolouBia emiotpépeTar edv to *width* elvatr pikpd-
Tepo 1 too pe "'len(s) .

Inueiwon: H éxdoon bytearray ovthig tng nebddou dev hertovpyel otn 0¢om g - mapdyet Ttavto £va véo
avTIKELUEVO, aKOua Kal av dev £yvav alhoyéc.
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bytes.1ljust (widih|, fillbyte |)

bytearray.ljust (width[, ﬁllbyte] )
Emiotpégel £va avtiypogo Tou avTLKELUEVOY OPLOTEPG EVOUYPAUULOUEVO OE UL akoAovBia uKovg width.
H ovpmdpwon cparypatooLelitol ¥pnotuomolmvtog to kaboplopévo fillbyte (1 mpoemhoyn eivan €vol dud-
omua ASCID). Twa avtikeipeva bytes, n apyixn axoloubia emiotpéypetatr edv to *width*
elvatr pikpdtepo n toco pe " “len(s)’

Inueiwon: H £éxdoon bytearray avthig tng uebddou dev hertoupyel otn Bom g - mopdyet Tavta Eva véo
OVTIKELLEVO, oKOUa KaL av OeV €yivav alhoyéc.

bytes.lstrip( [chars] )

bytearray.lstrip( [chars] )
Emotpépel éva avtiypago g akoloubdiag pe kabopiopéva faoikd byte mov éxouv aparpedei. To dpropo
chars givar pa dvadikn akohovdio Tov KaBopiler To GUVOLO TV TV byte oV TTPémerL va agparpedovv
- 70 dvopa avoépeToL 0To YeYovog Ot avth 1 uébodog ypnolpomoteitan ouvnbwg ue yopaktpeg ASCIL.
Edv mapoaingbel 1 eivor None, T0o 0piopa chars el 0¢ TPOETAOYT TNV QLPALPEDT] TOU KEVOD SLOLOTNIALTOG
ASCIL. To 6piouo. chars dev givan pdOHepa, OALG 0L GUVOVOUOL TOV TLUMV TOU CLPOLPOVVTOL:

>>> b' spacious ".lstrip()
b'spacious !

>>> b'www.example.com'.lstrip(b'cmowz.")
b'example.com'

H dvadukn axorovbia tpumv byte mpog Katdpynon umopetl va eivar omowadnmote bytes-like object. Bhéme
removeprefix () yuo o 1€0060 Tou O apaLPETEL PO UEPOVOUEVT CUUBOLOOELPG TPOOEUATOG OVTL
)0 TO 0VVOLO YapakTpwy. Ta mapdderyua:

>>> b'Arthur: three!'.lstrip(b'Arthur: ')
b'ee!!

>>> b'Arthur: three!'.removeprefix(b'Arthur: ")
b'three!’

Ynueimon: H éxdoon bytearray avtg g uebddov dev hettovpyet otn B€om g - mapdysl Thvta £va véo
OVTLIKELUEVO, OKOUOL KOL AV eV £YLvaV oALOYEG.

bytes.rjust (width[, ﬁllbyte] )

bytearray.rjust (width[, ﬁllbyte] )
Emotpépet éva avtiypogo tov aviikeluévou evbuypapuouévo deELd mov dikatoloyeitan oe o akolovBio
uiKovg width. H oupmApwon paryiotomoLeiTol ypnotpuomoumvtas to Kabopiouévo fillbyte (1) poemhoyn
eivar éva didotnuor ASCII). T avikeipeva by tes, 1 apyikn akolovdia emLoTpEpeToL €6V TO width giva
WKPOTEPO 1) i00 ue len (s) .

Inueiwon: H éxdoon bytearray avthig tng nebddov dev hertovpyel otn 0¢om g - mapdyet Tavto £va véo
avTikeipevo, akoua Kal av dev éytvav aloyEc.

bytes.rsplit (sep=None, maxsplit=-1)

bytearray.rsplit (sep=None, maxsplit=-1)
AvaywpiCel ™) dvadikn axolovbio og vroakolovbieg Tov {810V TUITOV, XPNOLUOTOLMVTAS TO Sep WG OV~
Borooepd oprobétnone. Edv dobsi maxsplit, yivovral to ol maxsplit dSioxwpiopot, ov rightmost. EGv dev
KaBopiletar sep | None, 0moLod)ToTe VToakohoudia Tov TOTEAEITOL ATOKAELOTIKA 0TTO KEVO dLdoTnua
ASCII givar oy wplotiko, ektdg omd 1o diaywplowd amd tao deELd, N rsplit () OVUTEPLPEPETOL OTTMG
split () mOV TEPLYPAPETAL AETTOUEPDS TOPAKATO.
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bytes.rstrip( [chars])
bytearray.rstrip( [chars] )

Emotpépel éva avtiypago g akolovdiag pe o kaboplopuévo devtepevovia byte mov €xovv aparpebde.
To opiopa chars givor pror duadiky] akohovdio mov KaBopiler To CUVOAO TV TUMV byte Tov TPémeL va
apapefovv - To OVoUO AVOPEPETOL OTO YEYOVOG OTL auTh| 1 LEB0SOG Y pnoLuoToLEiTaL OVVHOMG UE YOpa-
Kktpeg ASCIL Eav mapoingbei 1] eivar None, to OpLopa chars €xeL g TpOoemAOY TV 0paipeoT) Tov KeVo
draotiuatog ASCIL To dpiopa chars dev eivor emiOnua, oAl opapoVvToL OAOL 0L CUVOVOOUOL TWV TLUDV
ToUL:

>>> b spacious '.rstrip()

b!' spacious'

>>> b'mississippi'.rstrip(b'ipz')
b'mississ'

H dvadixn axorovBia tiumv byte mpog Katdpynorn Wtopel va ivan omolodnmote bytes-like object. Bhéme
removesuffix () yio o n€6odo mov o agalpéoet wa ovpPorooelpd emtBéuatog kot Oyt 6o To GVVOLO
yopoktpwv. [ mapaderypo:

>>> p'Monty Python'.rstrip(b' Python')

b'™M'

>>> p'Monty Python'.removesuffix (b' Python')
b'Monty'

Inueiwon: H éxdoon bytearray ovthig tng nebddou dev hettovpyel ot 0¢om g - mopdyet Tavto £va véo
avTIKELUEVO, aKoua Kal av dev Eyvav alhoyéc.

bytes.split (sep=None, maxsplit=-1)
bytearray.split (sep=None, maxsplit=-1)

AloywpiCer v dvadiki) axohovbio o vroakohovbieg Tov dLOV THITOV, YPNOLULOTOLWVTOS TO Sep WG OULL-
Borooelpd oproBétnong Edv 800l maxsplit xou un apvntiko, yivovron 1o wol\ maxsplit duoywpiopol (¢pa,
N Aota 0o éxe To ol maxsplit+1 otouyeia). Edv to maxsplit dev €xel kabopiotel N eivar —1, tote dev
vrtdpyeL OpLo 0ToV aPLOd TV e WPLoUDV (OLeG OL TOOVES SLOOTACELS YiVOVTOL).

If sep is given, consecutive delimiters are not grouped together and are deemed to delimit empty subsequences
(for example,b'1,,2"'.split (b', ") returns [b'1', b'', b'2']). The sep argument may consist of a
multibyte sequence (for example, b ' 1<>2<>3"' . split (b'<>") returns [b'1', b'2', b'3"']).Splitting
an empty sequence with a specified separator returns [b' '] or [bytearray (b'') ] depending on the type
of object being split. The sep argument may be any bytes-like object.

TNa wapaderypo:

>>> p'1,2,3".split(b', ")

[b'1l', b'2', b'3"']

>>> p'1,2,3".split(b', "', maxsplit=1)
[b'1l', b'2,3"']

>>> b'1,2,,3,".split(b', ")

[b'1', b'2', b'', b'3", b'"]

Edwv 1o sep dev €xeL koBopLlotel 1) eivar None, epapudletan £Vag dLopopeTikog alyopLlduog dioymplopo: ot
ekteléoelg dLodoykmv kevarv draotnudtov ASCII Oewpolvior wg Eva eviaio dLoympLoTLKO, KoL TO 0ITOTE-
Leopa dev Ba mepLEyeL KeVEG OVUBOAOOELPES OTNV 0Py ) OTO TEAOG, EAV 1] aKoAovBia £xelL KEVO TTOU EeTalL
1 mponyeitan. Katd ovvémera, o daymplonds pog Kevig akorovdiog 1 wog akolovdiag mov amoteleita
amokhelotikd amd kevd duaotnua ASCII ywpic Kaboplouévo diowpLotikod emotpépel to [].

TNa wapaderypo:
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>>> b'l 2 3'.split ()

[b'1', b'2', b'3"]

>>> p'l 2 3'.split (maxsplit=1)
[b'1l', b'2 3']

>>> b 1 2 3 '.split ()
[blil, b|2|, bl3']

bytes.strip ( [chars] )

bytearray.strip( [chars])
Emotpéger éva avtiypago g akolovbiog ue to kobopiouéva bytes wov mponyovvtal KoL ta bytes ov
¢movrtot. To dpioua chars givar o dvadikt) akolovdia wov kabopilel To GUVOLO TOV TLUWV byte ToU TTPE-
TEL VO ALPALPEDOVV - TO OVOLLOL AVaEPETAL GTO YEYOVOS OTL 0T 1 LEO0DOG Y PNOLUOTOLELITOL OVVNOWG UE
yopakthpeg ASCIL Edv moapateimetan ) eivow None, to dpiopa chars amd mpoemhoyn agorpel to ASCII
Levko dudotnua. To dpLoua chars dev eivon tpdBepa 1 emiONpo, ald apoLpovvTaL GAOL 0L GUVAVUCUOL TWV
TWAHV TOU:

>>> b spacious '.strip()
b'spacious'

>>> b'www.example.com'.strip(b'cmowz.")
b'example'

H dvadik) axohouvbio Tiumv byte mpog agaipeon umopel va ivan omotodnmorte byfes-like object.

Inueiwon: H éxdoon bytearray avthig tng nebddov dev hertovpyel otn 0¢om g - mapdyetl Tavto £va véo
avTikeipevo, akoua Kol av dev éyvav alhoyéc.

O axdrovbeg uébodot oe byte ko avitkeipevo bytearray tpotmo0Etouy T xp1non dSvadIKDV LoPQPOV CUUBATOV e
ASCII xou dev mpémel vo. epappotoviol oe avbaipeta dvadikd dedouéva. Znuelmote 6Tt Oleg oL uéBodol bytearray
O€ QUTNV TNV eVOTNTO deV AELTOUPYOUV 0T OE0H TOUG KOL OVT” AUTOU TTALPAYOUV VEQ OLVTILKELUEVOL.

bytes.capitalize()

bytearray.capitalize ()
Emotpépel éva avilypago g akolovbiog ne kaOe byte va epunvevetar og évag yopaxtipag ASCIIL, kol
TO TPWTO byte ypauuévo ue Keparaio Kot to vrorlowto e metd. Ou Tuég Twv byte mov dev eivon ASCII
petafpatovron apetdfintec.

EInueiwon: H £éxdoon bytearray avthig tng uebddou dev ertoupyel ot Bom g - mopdyet avta Eva véo
ovTIKEiLEVo, akoua Kol av dev éyvav alloyéc.

bytes.expandtabs (fabsize=8)

bytearray.expandtabs (tabsize=8)
Emotpépel éva avtiypogo tg akohoubiog dmov dhou ot tab yopaxthpeg ASCII aviikabiotovtol amd éva
neploootepa kevd ASCIL, avdhoyo pe v Tpéyovoa oA Kot to dedouévo uéyebog tab. OL Béoelg Tmv tab
enpavitovtor ka0e tabsize bytes (1 mpoemdoyn eivan 8, divovtag Oéoeig kaptelwv otig otireg 0, 8, 16 Ko
ovTm KaBeENG). Tia v eméktaom g akolovbiog, 1 Tpéyovoa ot opiletal 0To undév Kot 1 akohoudia
£Eetdletau byte tpog byte. EGv o byte givau tab yapaxtipag ASCII (b '\t '), évag 1| TEPLOCOTEPOL Y AP~
KTNPES SLOOTNUOTOG ELOGYOVTOL 0TO OUTOTEAEOUO WG OTOV 1) TPEXOVC GTNAT LOOUTOL UE THV ETOUEVT] BE0N
tab. (O {diog tab yapaktpog dev avirypdpetal.) Edv to tpéxov byte eivar ua véa ypauui) ASCII (b'\n'),
AVTLYPAETAL KO 1] TPEXOVOO OTNAN ETAVAPEPETAL 0TO UNdEV. Omoradnmote GAN Ty byte avtrypdpeTto
QUETAPBANTY KoL 1) TPEXOVOO. OTNAY TPOCAVEAVETAL KATA £val, aveEApTNTO amd TO TG GVOITOPLOTATAL 1)
T byte dtav ekTuTTAVETAL:
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>>> b'01\t012\t0123\t01234" .expandtabs ()

b'01 012 0123 01234"
>>> b'01\t012\t0123\t01234"' .expandtabs (4)
b'01 012 0123 01234"

Ynueimon: H éxdoon bytearray avtig g uebddov dev hettovpyet otn BEom g - mapdyst Tdvta £va véo
OVTIKELLEVO, oKOUa KoL av Oev €yvav alhoyéc.

bytes.isalnum()
bytearray.isalnum ()

Emotpéper  True edv  Oha T byte g axolovbiag elvor  olgafntikol  yopaxThpeg
ASCII %W ASCII odexodikd ymelo xor 1 okolovBio. dev  elvar  kev), False duapope-
Tka. Ov  ohgafnukoi  yapoktipeg ASCII  eivor ekeiveg ov Tpég byte otnv  axolovBio
b'abcdefghijklmnopgrstuvwxyzABCDEFGHIJKLMNOPQRSTUVWXYZ'. Ta dekadikd ynepio
ASCII eivar ovtég oL Tpég byte oty akolovbio b' 0123456789,

TNa wapaderypo:

>>> p'ABCabcl'.isalnum/()
True

>>> p'ABC abcl'.isalnum()
False

bytes.isalpha ()
bytearray.isalpha ()

Emotpéper True edv 6)ha ta bytes tng akohouvbiag eivar akpafntikoi yapaktpeg ASCII ko 1 akolovBio
dev eival kevi], False dwagopetikd. Ov ahgafntikoi yopaktipeg ASCII eival exeiveg oL Tuég bytes otnv
akolovbia b'abcdefghijklmnopgrstuvwxyzABCDEFGHI JKLMNOPQRSTUVWXYZ .

lNa wapaderypo:

>>> p'ABCabc'.isalpha ()
True

>>> b'ABCabcl'.isalpha()
False

bytes.isascii ()
bytearray.isascii ()

Emotpéper True edv 1 axoloubia eivor Kevi 1) Oha Taw byte g axorovBiag eivar ASCIL False duapope-
tkd. Ta bytes ASCII Bpioxovtor oto eVpog 0-0x7F.

Néo otnv ¢kdoom 3.7.

bytes.isdigit ()
bytearray.isdigit ()

Emotpéger True edv Oha ta bytes otnv akohouvbio eivar dekadikd Ynpio ASCII kan 1 akorovBio dev
eivar xevr), False duagopetkd. Ta dexadikd Yyneic ASCIL eivan avtég ol Tipég byte otnv axoroudia
p'0123456789".

lNa tapaderypo:

>>> p'1234" .isdigit ()
True

>>> p'1.23".isdigit ()
False
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bytes.islower ()

bytearray.islower ()
Emotpéger True edv vmdpyel Tovhaylotov évog melog yoapaktnpag ASCIL otnv akolovBio Ko Kavévog
Keahaiog yapaktpog ASCIL, False dLopopeTikd.

lNa Tapaderypo:

>>> b'hello world'.islower ()
True

>>> b'Hello world'.islower ()
False

O.  meCol  yopoxktipeg  ASCI  eivar  ovtég oL Twég  byte oty akolovbia
b'abcdefghijklmnopgrstuvwxyz'. Ou Kepahaior yopaktypeg ASCII eival auvtég o Tuég byte
otV akohovbio b ' ABCDEFGHI JKLMNOPQRSTUVWXYZ'.

bytes.isspace ()

bytearray.isspace ()
Emotpéper True ebv dha ta byte otnv axohovbia eivar kevd ASCII kan 1) akohovbio dev elval kevi|, False
drapopetikd. Ou yapaktpes kKevol daothuatog ASCII eivar avtég ou Twég byte otnv axorovBia b' \t\
n\r\x0b\f' (kevo, tab, véa ypauy), ETLOTPOPT UETAPOPAS, KAOETO tab, poppn por|g).

bytes.istitle()

bytearray.istitle ()
Emotpéper True edv 1 akohovbia eivar ASCII keparaio tithov (dnhadn Ta TpdTa YPAuUoTo Tmv AEEewv
Kepahaio) Kat 1 akolovbio dev eival kevi), False diagpopetikd. Agite bytes. title () Y10 TEPLOCOTEPEG
LETTTOUEPELEG OYETUKA e TOV OPLOUO TOU «titlecase».

TNa wapaderypo:

>>> p'Hello World'.istitle()
True

>>> b'Hello world'.istitle ()
False

bytes.isupper ()

bytearray.isupper ()
Emotpéper True edv vmapyel TOLMAXLOTOV €vag Keporaiog alpafntikdg yapakthpag ASCII otnv ako-
MovBia kou Kavévag meldg yapaktpog ASCIIL, diapopetikd False.

TNa wapaderypo:

>>> Db'HELLO WORLD'.isupper ()
True

>>> b'Hello world'.isupper ()
False

Ou.  meCol  yapoktipes  ASCII  eivar  ovtég oL Tuég  byte  omv  akohlouBia
b'abcdefghijklmnopgrstuvwxyz'. Ov kepahaior yopaktinpeg ASCII elval avtég ol Tuég byte
otV akolovbia b ' ABCDEFGHIJKLMNOPQRSTUVWXYZ .

bytes.lower ()

bytearray.lower ()
Emotpépel éva aviiypago g akolovbiog pe 6hovg Toug keparaiovg yapaktipeg ASCII va €xouv peto-
Tpael oTa LoodUVapOL TECA.

INo wopdderypo:
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>>> b'Hello World'.lower ()
b'hello world'

Ou.  meCol  yapoktipes  ASCII  eivar  ovtég oL Tuég  byte  omv  akohlouvBia
b'abcdefghijklmnopgrstuvwxyz'. Ou kepahaior yopaktpeg ASCII eivar avtég ov Tuég byte
(anGKOMM@HXb'ABCDEFGHIJKLMNOPQRSTUVWXYZ\

Ynueimon: H éxdoon bytearray avtig g uebddov dev hettovpyet otn BEom g - mapdyst Tdvta £va véo
OVTIKELLEVO, oKOUa KaL av Oev yLvav alhoyéc.

bytes.splitlines (keepends=False)

bytearray.splitlines (keepends=False)
Emotpépel po Mota pe Tig ypauués ot duadikt) akorovdia, omalovrag ta opia ypoauung tov ASCIL Avty
1 L€B0BOG YPNOLUOTTOLEL TNV TTPOOEYYLON universal newlines yia Tov dLOWPLOUO TOV Ypouudv. O odhayég
ypouung dev mepthappfdvovior 0t Alota ov TpoKUTTEL EKTOG £V d00€L keepends kou eivar alnOTc.

To Tapaderypa:

>>> b'ab c\n\nde fg\rkl\r\n'.splitlines/()

[b'ab c¢', b''", b'de fg', b'kl']

>>> b'ab c\n\nde fg\rkl\r\n'.splitlines (keepends=True)
[b'ab c\n', b'\n', b'de fg\r', b'kl\r\n']

Ze avtifeon pe to split () dtav diveror o oplobeTnuévn ovuBorooelpd sep, auth 1 wéBodog emoTPEPEL
(oL kKevi) Mot yro Ty Kevi) ouuBoA00ELPG Ko ULot 0AAayT) YPOUUNG TEPUATLKOV deV 0dN el O Lo eTLTAEoV

Ypopu:

>>> b"" . split(b'\n'), b"Two lines\n".split(b'\n")
([b''], [b'Two lines', b''])

>>> b"" . splitlines(), b"One line\n".splitlines ()

([1, [b'One line'])

bytes.swapcase ()

bytearray.swapcase ()
Emotpépet éva avtiypago tng akolovBiag pue 6hovg tovg melovg yopakthpeg ASCII va éxouv petatparel
0TO OVTLOTOLYO LOODVVOUO KEPAALO KoL AVTIOTPOQPAL.

INo wopdderypo:

>>> b'Hello World'.swapcase ()
b'hELLO wORLD'

O.  meCol  yopoxktipeg  ASCI  eivar  ovtég o.  Twég  byte oty akolovbia
b'abcdefghijklmnopgrstuvwxyz'. Ou Kepahaior yopaktiypeg ASCII eival auvtég ov Tuég byte
otV akohovbio b ' ABCDEFGHI JKLMNOPQRSTUVWXYZ'.

Unlike str.swapcase (), it is always the case that bin.swapcase () .swapcase () == Dbin for the
binary versions. Case conversions are symmetrical in ASCII, even though that is not generally true for arbitrary
Unicode code points.

Inueiwon: H £éxdoon bytearray avthig tng nebddou dev ertoupyel ot Bom g - mopdyet avta Eva véo
ovTIKeipevo, akoua Kol av dev éytvav alhoyéc.

bytes.title ()
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bytearray.title ()
Emotpépel o €kdoor pe kepahoio Tithov (dniadn ta mpota ypaupoto Twv AEewv Kepoaia) tng dva-
Sk g akoroubiag O6mov ot AéEeig Eexivolv e keparaio yapaktipa ASCIL kot oL VITOMOLTOL XOPAKTHPES
elvar wetoi. Ou TLég byte xwplg Keparalo YPAUUOTA TOUPOUEVOVY YMPLG TPOTOTOIN o).

lNa tapaderypo:

>>> b'Hello world'.title()
b'Hello World'

Ou.  meloi  yopaxtipeg  ASCII  sivan  ekeiveg o Tuég byte  omv  akohlouOia
b'abcdefghijklmnopgrstuvwxyz'. Ou kepahaio yopakthpeg ASCIL elival exeiveg o Twég byte
otV akolovBio b ' ABCDEFGHIJKLMNOPQRSTUVWXYZ '. ‘'Okeg ou dhheg TLuég byte elvar ywplg Kepahaio.

O akyopBuog xpnowooLel Evav amhod, aveEGPTNTo artd Tt YAMooa, oploud wog AEENG wg group dtadoyL-
KOV ypapudtmv. O oplopds Aertoupyel o ol contexts, Al ONUOLVEL OTL OL ATTOOTPOPOL OE GUVOLPETELG
Ko KTntkég MEelg amoteholv OpLar MEewv, Tov UItopel va. unv gival To emfuunTd omotéAeoua:

>>> p"they're bill's friends from the UK".title()
b"They'Re Bill'S Friends From The Uk"

Mo A0om Yo amooTpOpovg WITtopel vo dNuovpynOel xpNoLUOTOLDVTOG KAVOVIKES EKPPACELS:

>>> import re
>>> def titlecase(s):
return re.sub(rb" [A-Za-z]+ (' [A-Za-z]+)2",
lambda mo: mo.group (0) [0:1] .upper () +
mo.group (0) [1:].lower (),
s)

>>> titlecase(b"they're bill's friends.")
b"They're Bill's Friends."

Ynueimon: H éxdoon bytearray avtig g uebddov dev hettovpyet otn B€om g - mapdyst Tdvta £va véo
OVTLIKELUEVO, OKOUOL KoL av eV £yLvay oALOYEG.

bytes.upper ()

bytearray.upper ()
Emotpépel éva aviiypapo g akorovdiag pue 6hovg toug melovg yopakthpeg ASCII va éxovv petatpamel
0TO AVTLOTOLYO LOOAVVAUO KEPAAALO.

TNo mopdderypo:

>>> pb'Hello World'.upper ()
D'HELLO WORLD'

Ou.  meCol  yapoktipeg  ASCII  eivar  ovtég oL Tuég  byte  omv  akolouBia
b'abcdefghijklmnopgrstuvwxyz'. Ov kepahaior yopaktinpeg ASCII elval auvtég ol Tuég byte
(anaKoMﬂﬁkxb'ABCDEFGHIJKLMNOPQRSTUVWXYZ\

Inueiwon: H éxdoon bytearray ovthig tng nebddou dev hertovpyel ot Bom g - mopdyet Tavto Eva véo
OVTIKELUEVO, oKOUa Kal av OeV €yivav alhoyéc.

bytes.z£fill (width)
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bytearray.z£ill (width)
Emotpépel éva avtiypago g akolovbiog mov éxel amoueiver yeudto pe Yynepio ASCII L' 0" yia v on-
wovpyfoete wo akohovdia uikovs width. ‘Eva mpdBepa mpomopevduevov onuotog (b'+'/b' =) aviue-
TORTICETOL [LE TNV ELOAYWYT) TG CUUTANPWOTG TOV dfter XOPOUKTNPO TPooNuov Kat Oy tpLv. T'io aviikeipevo
bytes, N apykn akolovbia emtotpépeTol edv To width eival pKpoTepo 1) (0o ue len (seq) .

TNo wopdderypo:

>>> p"42" . z£fi11 (5)
brooo4z2"

>>> p"-42" . z£fi11(5)
b'-0042"

Inueiwon: H éxdoon bytearray ovthig tng nebddou dev hettovpyel otn 0¢om g - mapdyet Ttavto £va véo
avTIKeipevo, akoua Kal av dev éyvav alhoyéc.

4.8.4 Mopgomnoinon Bytes Tumnou print£

EInueiwon: OLAettovpyieg LOPPOTOINONG TTOV FTEPLYPAPOVTAL EOM TOPOVOLAZOVV ULa TTOLKIAL LBLOPPUOULDY TTOU
0d1yoUv oe pa oelpd artd Kowvd opdhpota (OTmg 1 amoTuyio ELMAavions Twv TAELGdwV Kot Twv AeEIKOY cwotd).
Edv 1 tium mov ektumdveton umopei va eivan mheldda 1 AeEukd, kavte to wrap oe pa heldda.

Ta avukeipeva bytes (bytes/bytearray) €0ouv (o LOVOOLKY) EVOOUATOUEVY AELTOUPYiO: TOV TELEDTY)
(modulo). Autd eival emtiong yvwotd g teheotg bytes formatting 1 interpolation. Aedopuévov tov format
values (0mov to format gival avTLKELLEVO bytes), oL TPodLaYPOPEG LETOTPOTNG % O format avTikoOLoTd pe un-

o¢év M mepLoadTepa atoLyeia values. To AmoTéELEOUO ELVOL TAPOUOLO LLE TN ¥PNON TOV sprintf () om YAwooag
C.

%
%

Edv to format omoutel éva pepovmuévo opLopa, to valiues Ptopel vo. eivor £vo HeERovwuévo ur molhamhd aviikel-
uevo.> ALopopeTiKd, To values mpémel va elvon AeLdd e akpLBMOS ToV apldud Tmv otolyelnv mov kabopilovral
amd To avukeipevo pop@ng bytes 1| wepovouévo mapping avrikeipevo (yio apdderyua, éva AeEukd).

'Evog mpoodloplotig LETATPOING TEPLEXEL OVO 1] TEPLOTOTEPOVGS XOPOUKTNPES KoL £XEL TOVg €Efjg components, OL
0TTOL0L TIPETEL VO EPOVICOVTOL UE auTh TN OELPdL:

1. O yopaxtipag * %' ", IOV ONUATOSOTEL TNV 0PYT| TOU TPOTOLOPLOTY).

2. Khewdl mapping (Tpoatpetiko), mov amotereital amd o okohovdio yapaktnpwy oe Tapévieon (Yo mapd-
dewyua, (somename)).

3. Aelkteg HeToTpomng (TPOALPETIKO), TOV EMNPEATOVY TO ATOTEAECLO KATTOLWV TUTMV UETATPOTTHS.

4. EMdyioto mhdtog mediov (tpoatpetikd). Edv opiletar wg ' * ' (aotepiokog), To mpayuatikd midtog duopd-
Cetaw amd 1o enduevo otouyelo tov tuple otol values, KoL TO AVILKELUEVO TPOG LETATPOTTY) £PYETOL UETA OTTO
TO EMAYLOTO TAATOG TTESLOV KLl TO TPOOLPETLKO precision.

5. Axpifeia (tpoarpetikod), divetar wg . ' (tekein) axohovbBovuevy amd to precision.Eqv opileton wg ' * !
(aoteploKog), To mpaynotiko precision dtofateTon amd To emdUEVO oToLYXELD TOU tuple 0TO values, Ko M TN
TTPOG UETATPOTTY) £PYETOL UET TO precision.

6. Metatpomeag tov length (pooupetiko).
7. Thmog conversion.

‘Otav 10 owotd dpropa eivar éva AeEukd (1) dhhog THmog avTioToiylong), TOTe oL LOPPEG OTO AVTIKEIUEVO bytes
moémer va. TEPhapuBavouy éva kKhewdi avtiotoiylong oe mapévOeon oe avtd to AeElkd mov €xel eloayBel auéomg
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UeTA ToV yopaktpa ' % '. To kheldl avtioTtolyong emhéyel TV T tov Oa popgomoinei amd TV avIloToiyLom.

INoa tap

AdeLypOL:

>>> print (b’ has quote types.' %

{b'language': b"Python", b"number": 2})

b'Python has 002 quote types.'

Ze QUTNV TNV TEPLTTWON OEV UITOPEL VOL VTTAPYOVV TTPOCILOPLOTEG * OF La Lopp1| (KAOMS amotov (o dLodoyLk
Mota TapouETpwy).

O delkTeg petaTtpormng eiva:

Flag

‘Evvola

'#‘

OL petatpori) Tung o PNOLOTOLNOEL TNV «EVOAMAKTIKT (pOpua» (OTOU 0PIiLETOL TUPAKATM).

'OV

H petatpormy) Oa €xel undeviky cupipwon yiow opLtOunTIKES TUUECS.

H 1) petotpomng agnvetol Tpocoploouévn (apokdusttel T petotpon '0' edv divovia
800).

L KoL TO

(éva xevo) Tpémer vo Tpootebel £va Kevo mpLy amd évav Betikd apbud (1) Kevi ovpporooelpd) o

TOPAYETOL OTTO UL VITOYEYPOUUEVT] UETOTPOTTY.

7

‘Eva yapoktipog wpoofjuov ('+' 1 '=') Oa mponyeitor TG UETATPOTNG (TOUPOKANUTTEL EVOL
deiktn).

«KEVO»

"Evag tpomomountig ukovg (h, 1, or L) wrwopei va vdpyeL, odhd ayvoeiton kabwmg dev elvar amapaitntog yio v
Python - omdte .. $1d eivor TovouoLdTuITto o€ %d.

Ot TioL PeETATPOTTHG ElvaL:
MeTta- ‘Evvola n-
Tpomm MELW-
OELG

'd’ Yroyeypapuévog dekadikdg axépotog.

it Yroyeypouuévog dekadikdg aképorLog.

o' Ymoyeypapévn oKTodiky Tuu). (1)

u! Amapyormuévog THmog — giva TavopoldTumog e to 'd . (8)

'x! Ynoyeypapuévo dexoeSadikd (eld). 2)

X! Yroyeypouuévo dekoeEadiko (keqahaio). )

'e! Floating point exponential format (lowercase). 3)

'E! Floating point exponential format (uppercase). 3)

£ Floating point decimal format. 3)

B! Floating point decimal format. 3)

'g' Floating point format. Uses lowercase exponential format if exponent is less than -4 or not less | (4)
than precision, decimal format otherwise.

'G! Floating point format. Uses uppercase exponential format if exponent is less than -4 or not less | (4)
than precision, decimal format otherwise.

¢! Movd byte (déxetan axépara 1 HELOVOUEVA byte OVTLKELUEVL).

'b' Bytes (any object that follows the buffer protocol or has __bytes__ ()). (®))

's! To 's' eivar éva Pevdmvupo yio To 'b' Kot O mpémer va ypnouomoteitar wovo yia | (6)
Kwdka pdoer Python2/3.

'a! Bytes (uetotpémer omolodnmote avtikeipevo Python ypnowomouwnvrag repr (obj) . | (5)
encode ('ascii', 'backslashreplace')).

'r' To "r' eivan évopevdmvupo yia 'a ' ko Ba mpémel va ypnotpomoteitar wovo ya faoelg | (7)

kwdika Python2/3.

Kavéva Oplopa dev HETOTPETETOL, £)EL WG OTTOTEAEOU EVOLV XAPOUKTNPO "% ' TO ATOTE-
AeouOL.
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ZNUELWOELG:

(1) H evalhokTik) pope) tpokohel v eLooymyn evog pmtov oktadikov tpoodioploth (' 0o ') mptv amd 1o

TPADTO YN pio.

(2) H evalhaxTikn @Opuo TPoKaAel TV eloorymyr] vOg apytkoy '0x ' 1 '0X' (avdloya pe to edv ypnoLuo-

souOnKe M popen 'x' N 'X") TPV TO TPWDTO Y1 pio.

(3) H evolaktikn Lop@r) KAVEL TO OTTOTELETUE VOL TTEPLEXEL TAVTOL (LLOL VTTODLOOTOAY), KOO KL v OEV ALKOAOU-

Bovv Yneia.

H axpipera kabopilet Tov aptBud twv Yyneimv HeTd TV VITOdLAOTOAT Kol oplleTal amd Tpoemioyy wg 6.

(4) H evodhaxtikn poppn KAVEL TO QTOTEAETUO VOL TTEPLEYEL TTAVTA, L VITODLOOTOM] KOL TOL NOEVLKG OTO TEAOG

dev apatpovvtal OmTwg Oa HTay dLapOPETLKAL.

H axpifeia kabopilel Tov aplbud Twv onuovtikdv YPreimy pLv KoL LETE TV VITodLaoToM) KoL 0pileL To 6.

(5) Edv n akpifera eivor™N™, 1 €E0dog mepikomreton o N xapakTipec.

(6) Tob'%s"' éyel katapyndei, ol dev Ba apoapedel Katd T dLapKeLD TG OELPAg 3.X.

(7) Tob'sr' éyel xatapynOei, ol dev Oa apaipedel Katd T dLAPKELD TG OELPAG 3.X.

(8) B\éme PEP 237.

Inueimon: H ékdoom bytearray avtig g uebodov dev Aettovpyel otn 0£om g - TOPEYEL TAVTA £va VEO avTL-
Kelpevo, axopa Kat av dev éyvav aloyés.

Agite griong:

PEP 461 - ITpooOnkm % yio. nopgomoinon oe bytes ko bytearray

Néo otmv éxdoonm 3.5.

4.8.5 Oyelg Mvnung

Ta aviikeipeva memoryview emIpénovy 0tov kmdika Python va éyxel mpdofaon ota ecwtepikd dedouéva evig
OVTLKELUEVOU TTOV VITO0THPILEL TO TpWTOKOMO buffer protocol ywpic avTLypag.

class memoryview (object)

ANovpYEL o memoryview mou avagpépetal oto object. To object mpémel vo. vITOOTNPILEL TO TPWTOKOANO
buffer. Ta evoouatouévo avitkeigeva mov vrootnpilovy to mpwtokorro buffer mepihaufdvouy bytes Ko
bytearray.

Mo memoryview €gel Ty €vvola evOg 6ToLyelov, TO OTTOL0 ElvaL 1] LOVADO ATOULKTG UVAUNG TTOU XELPi-
Ceta to apykod object. Tia wodhovg amhovg TOToVG Otwg bytes Kol bytearray, £va oTouyelo eival éva
pepovouévo byte, alhé dilot tomoL dmtwg array . array UTOPEL va £OVV UEYOAUTEPO OTOLYELA.

len (view) isequal to the lengthof tolist.If view.ndim = 0, thelengthis 1.If view.ndim = 1,the
length is equal to the number of elements in the view. For higher dimensions, the length is equal to the length of
the nested list representation of the view. The i temsize attribute will give you the number of bytes in a single
element.

Mo memoryview vrootpilel AeLtovpyleg TUNUATOTOMONG KoL TPOoPaon UEow gupeTNpiov ota dedo-
péva Tov. Mo HovodLaotaty tunuatoroinon Oa €xer wg amotéheouo pLo deuTePEVOVOa TPOROAN:
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>>> v = memoryview (b'abcefg')
>>> v[1]

98

>>> v[-1]

103

>>> v[l1l:4]

<memory at 0x7£3ddc9f4350>
>>> bytes (v[1:4])

b'bce'

Edv 1o format givan évag amd toug mpoodloplotég eyyevols Loppig artd to module st ruct, 1 Tpoofaon
Héom evpeTnplov ue Evav aképao N wa mheldda (tuple) axepaimv vTooTNPILETOL ETIONG KAl ETLOTPEPEL
£va, LeoOVWUEVO atoryeilo Pe To omotd TOTo. To LOVOSLACTATO MEMOTryviews Uropovv va. yivouv indexed pe
€vav aképato M évav aképaro mherdda (tuple). Ta wolvdidotato memoryviews umwopov ov yivouv indexed
ue mhelddeg (tuples) axpipwg ndim okepoimv 6mov ndim givar o aplOUos TV diaotdoemv. Ta undevikmv
dLaotdoemy memoryviews wropovv va yivouv indexed pe tnv Kev mheldda (tuple).

Axohou0el éva Tapaderypua ue un-byte popen:

>>> import array

>>> a = array.array('l', [-11111111, 22222222, —-33333333, 444444447)
>>> m = memoryview(a)

>>> m[0]

-11111111

>>> m[-1]

44444444

>>> m[::2].tolist ()

[-11111111, -33333333]

Ed&v 10 footko aviikeipevo givan gyypdpLo, To memoryview virooTtnpiCer LovodLAoTaT EKYMPNOT TUNO-
Tomoinomng. Aev emitpémetal ) alhoyn ueyébovg:

>>> data = bytearray(b'abcefg')
>>> v = memoryview (data)

>>> v.readonly

False

>>> v[0] = ord(b'z")

>>> data

bytearray (b'zbcefg')

>>> v[1:4] = b'123"

>>> data
bytearray (b'z123fg"')
>>> v[2:3] = b'spam'
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
ValueError: memoryview assignment: lvalue and rvalue have different structures
>>> v[2:6] = b'spamn'

>>> data
bytearray(b'zlspam')

One-dimensional memoryviews of hashable (read-only) types with formats “B”, “b” or “c” are also hashable. The
hash is defined as hash (m) == hash (m.tobytes () ):

>>> v = memoryview (b'abcefg')
>>> hash(v) == hash(b'abcefg'")
True

>>> hash(v[2:4]) == hash(b'ce')

(ouvéyela otV emtduevn oehida)
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(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)

True
>>> hash(v[::-2]) == hash(b'abcefg'[::-2])
True

AMaEe oty €kdoom 3.3: One-dimensional memoryviews can now be sliced. One-dimensional memoryviews with

73R}

formats “B”, “b” or “c” are now hashable.
AlLaEe otV €kdoom 3.4: To memoryview eyypdpeton TAéov autopata e col lections. abc. Sequence

AMoEe otnv £kdoon 3.5: Ta. memoryviews UTopovv Tmpa va. Yivouv gupetnplosmoinon ue mietdda (tuple)
AKEPALOV.

T0 memoryview €yeL didpopeg uebddovG:

__eq __ (exporter)
'Eva memoryview kal évag eEaywyéag PEP 3118 eivan icol eGv To oynuota tovg eival looduvaua KoL
€Gv OLEG OL AVTIOTOLYEG TLUEG ELVOL LOEG OTAV OL OVTLOTOLYOL KOOLKOL LOPPTG TV TELETTMVY epunvevo-
VTOL XPNOLULOTOLDVTAG TN CUVTOEN st ruct.

I'ioL T0 Voo UvVoAo TOv st ruct oL GUUPBOROGELPEG LOPPTIG TTOV VITOOTNPLLOVTAL CUTY| TN OTLYY] OTTO TO

tolist (), v KoLw elvorioegeav v.tolist () == w.tolist():
>>> import array

>>> a = array.array('l', [1, 2, 3, 4, 5])

>>> b = array.array('d', [1.0, 2.0, 3.0, 4.0, 5.01)
>>> c = array.array('b', [5, 3, 11])

>>> x = memoryview(a)

>>> y = memoryview (b)

>>> x == @ == y ==

True

>>> x.tolist () == a.tolist() == y.tolist() == b.tolist ()
True

>>> z = y[::-2]

>>> z == C

True

>>> z.tolist () == c.tolist ()

True

Edv kapio ovuporooetpd popeng dev vootnpiletor amd to module st ruct, 10Te TO Avitkeipevo. o
ouyKpivovTal TAvio wg avioo (aKOud Kol ov oL GUUBOAOCELPES LOPPOTTOINONG KL T TTEPLEYOUEVOL
NG TPOCWPLVIG UVNUNG ELVOL TTOVOLLOLOTUITCL):

>>> from ctypes import BigEndianStructure, c_long
>>> class BEPoint (BigEndianStructure) :
_fields_ = [("x", c_long), ("y", c_long)]

>>> point = BEPoint (100, 200)

>>> a = memoryview (point)

>>> b = memoryview (point)

>>> a == point

False

>>> a == b

False

Note that, as with floating point numbers, v is w does not imply v == w for memoryview objects.

AMaEe otnv €xdoon 3.3: O mponyotueves eKOOOELG CUVEKPLVOY THV QKATEPYAOTI] UWVTLT] 0Ly VOMVTOG
T LOPPT] TOV GTOLYELOV KOl T1) dOW1] TOU AOYLKOV TTIVOKO.
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tobytes (order=None)
Emotpéper ta dedopéva oto buffer wg éva bytestring. Autd Looduvauel ue TV KAHoM TOU KATOOKEVOOTY
bytes 0To memoryview.

>>> m = memoryview (b"abc")
>>> m.tobytes ()

b'abc'

>>> bytes (m)

b'abc'

T un oVveYOUEVOUG TTLVOKES, TO OTOTELECUO. ELVAL (00 LLE TNV AVATOPAOTOON TG LOOTEdWUEVNG AL~
otag pe OAa Ta oTouyela vo petatpémovtal o€ bytes. H tobytes () vmootnpilel Oheg tTig oupPorooeL-
pég LopYNc, ouumePMaUBavouivmy ekelvav tov dev eival ot ovvtaEn tov module st ruct.

/

Néo otnv £€xdoon 3.8: To order pmopel va eivon {“C”, “F”, “A”}. ‘Otav 1o order givar “C” M) “F”, ta. de-
dopéva tov apyLkov mivako petatpémovrol o C 1) og ogpd Fortran. Tua ovveyoueveg Opelg, to “A”
ETLOTPEPEL £VOL AKPLPEG OVTLYPOPO TNG PUOLKNG UVIUNG. ZuyKekpLuéva, dratnpeitat oelpd Fortran ot
uvnun. T un ouveydueveg poforéc, Ta dedouéva petotpémovion tpdto oe C. To order=None givol
70 810 e to order="C".

hex ( [sep[, bytes _per_sep] ] )
Emotpépel éva avrikeievo ouporooelpdc mov mepLéxel dvo dekaeEadikd Ynoia yia ke byte oto
buffer.

>>> m = memoryview (b"abc")
>>> m.hex ()
'616263"'

Néo omv éxdoon 3.5.

AMoEe otnv ékdoon 3.8: Tlapduolo pe To bytes. hex (), 10 memoryview.hex () TMPO VITOOTI-
pilelL TPOUUPETIKEG TAPAUETPOVG sep KO bytes_per_sep Y10, VO. ELOGYETE dLaWPLOTIKA petall twv byte
oty eEaywyn dexoeEadikov.

tolist ()
Emotpéyte To dedopéva oto buffer wg Liota otovyeiwv.

>>> memoryview(b'abc') .tolist ()

[97, 98, 99]

>>> import array

>>> a = array.array('d', [1.1, 2.2, 3.31])

>>> m = memoryview(a)
>>> m.tolist ()
(1.1, 2.2, 3.3]

AMaEe oty €xdoon 3.3: H tolist () vmootnpilelr mhéov Oleg TG EYYEVEIG UOPPES UEUOVOUEVWV
YOPAKTHPWV 0TN OVVTOEN TOV st ruct, Kabmg Kol ToASLAOTATEG OVOTOPAOTAOELC.

toreadonly ()
Emotpéper pua £€K8001m udvo yLow ovayvewon Tou avitkelwévou memoryview. To 0pylkd ovTLKeievo
memoryview eivat aueTapinto.

>>> m = memoryview (bytearray (b'abc'))
>>> mm = m.toreadonly ()

>>> mm.tolist ()

[89, 98, 99]

>>> mm[0] = 42

Traceback (most recent call last):

(ouvéyela otV emtduevn oehida)
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File "<stdin>", line 1, in <module>
TypeError: cannot modify read-only memory
>>> m[0] = 43
>>> mm.tolist ()

[43, 98, 99]

Néo omv éxdoon 3.8.

release ()

AmelevBepwvel To vokeipevo buffer mov extifetan amd to aviikeipevo memoryview. IToAMG ovTikei-
LLEVOL TTPOAYLOTOTTOLOUV ELOLKEG EVEPYELEG OTOV dLortnpeltal (o TPoohn oe autd (Yo Tapdderyua, (o
bytearray 0o amoyopeve TpoowpLvd Ty alayn ueyébovg)- emopévmg, 1 KAon g release() eival
Bolkn yiaL TV KOTAPYNON OUTOV TOV TEPLOPLOUMV (KoL ATTELEVOEPMVEL OTOLOVGINTTOTE AUWPOVUE-
VOUG TTOPOUGS) TO CUVIOUOTEPO dVVATO.

After this method has been called, any further operation on the view raises a ValueError (except
release () itself which can be called multiple times):

>>> m = memoryview (b'abc')
>>> m.release ()
>>> m[0]
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
ValueError: operation forbidden on released memoryview object

To TpOTOKOMO dLoyELPLONG TTEPLEYOUEVOL UTTOPEL VAL X PNOLUOTOLNOEL VL0 TAPOOLO OTTOTENETUAL, YPT1)-
OLLOTTOLMVTAG TN dNhwon with:

>>> with memoryview (b'abc') as m:
m[0]

97

>>> m[0]

Traceback (most recent call last):

File "<stdin>", line 1, in <module>
ValueError: operation forbidden on released memoryview object

Néo omv éxdoon 3.2.

cast ( format[, shape])

Mopgpomotel éva memoryview oe véa poppn M oynua. To shape eivar oamd mpoemhoyn
[byte_length//new_itemsizel], mov onuaiver dtL M Tpofort| amoteléopatog Bo elvar Lovo-
dudotortn. H emotpepopevn tiun eivae €vo véo memoryview, alhé to 1610 to buffer dev avtiypdpetal.
Ou vrtootnpiLdpeveg petatpornég eivor 1D -> C-contiguous xou C-contiguous -> 1D.

The destination format is restricted to a single element native format in st ruct syntax. One of the formats
must be a byte format (“B”, “b” or “c”). The byte length of the result must be the same as the original length.

Mopgomoinon amd 1D/long oe 1D/unsigned bytes:

>>> import array

>>> a = array.array('l', [1,2,31)
>>> X = memoryview(a)

>>> x.format

lll

>>> x.itemsize

8

(ouvéyela otV emOUEVT OENIDOL)
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>>> len (x)

3

>>> x.nbytes

24

>>> y = x.cast('B")

>>> y.format
B

>>> y.itemsize
1

>>> len(y)

24

>>> y.nbytes
24

Mopgomoinon amd 1D/unsigned bytes oe 1D/char:

>>> b = bytearray(b'zyz")
>>> x = memoryview (b)
>>> x[0] = b'a'
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
ValueError: memoryview: invalid value for format "B"

>>> y = x.cast('c")
>>> y[0] = Db'a'
>>> b

bytearray(b'ayz"')

Mopgomoinon amd 1D/bytes oe 3D/ints oe 1D/signed char:

>>> import struct

>>> buf = struct.pack("i"*12, *list (range(12)))
>>> x = memoryview (buf)

>>> vy = x.cast('i', shape=[2,2,3])

>>> y.tolist ()

(reo, 1, 21, I3, 4, 511, [[6, 7, 81, [9, 10, 11111
>>> y.format

lil

>>> y.itemsize

>>> len(y)

>>> y.nbytes
48

>>> z = y.cast('b")
>>> z.format
lbl

>>> z.itemsize
1

>>> len(z)

48

>>> z.nbytes
48

Mopgomoinomn amd 1D/unsigned long oe 2D/unsigned long:

>>> buf = struct.pack("L"*6, *list (range(6)))

(ouvéyela otV emtduevn oehida)
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>>> x = memoryview (buf)

>>> y = x.cast('L', shape=[2,3])
>>> len(y)

2

>>> y.nbytes

48

>>> y.tolist ()

(ro, 1, 21, (3, 4, 511

Néo omnv éxdoon 3.3.

AMoEe otnv €kdoon 3.5: H sinyaio poper dev eivar théov eploplopév) KaTd T LoPQoIToin ot o (o
oy byte.

Yrdpyovv emiong apketd dloféoua xapaKTNPLOTLKA LOVO YL avAyvwon):

obj

To BaoLKd OVTIKELLEVO TOV memoryview:

>>> b = bytearray(b'xyz')
>>> m = memoryview (b)

>>> m.obj is b

True

Néo omv éxdoon 3.3.

nbytes

nbytes == product (shape) * itemsize == len (m.tobytes ()).Avw elvoln mocdTnta
Ympov og byte ov Ba. XPNOLUOTOLOVOE O TVAKOG OF U0, OUVEXOUEVT] AVATAPAOTOO. AgV LoovTOL
amopaitnTo e len (m):

>>> import array

>>> a = array.array('i', [1,2,3,4,5])
>>> m = memoryview(a)

>>> len (m)

5

>>> m.nbytes

20

>>> y = m[::2]

>>> len(y)

3

>>> y.nbytes

12

>>> len(y.tobytes())
12

[Molvdidotatol mivokeg:

>>> import struct

>>> buf = struct.pack("d"*12, *[1.5*x for x in range(12)])

>>> x = memoryview (buf)

>>> y = x.cast ('d', shape=[3,41])

>>> y.tolist ()

[ro.o0, 1.5, 3.0, 4.5, [6.0, 7.5, 9.0, 10.5], [12.0, 13.5, 15.0, 16.5]]
>>> len(y)

>>> y.nbytes
96
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Néo omv éxdoon 3.3.

readonly
"Eva. bool tov viwodetkviet edv 1 wviun givan wovo yLow avayvewon).

format
Mo oupuforooelpd mov mepLéyer T woper| (o module style st ruct) yio K4Oe OTOLYELO GE Lot OYm).
Miropel va dnuovpynOei éva memoryview armd eEaywyeic ue ovpporooelpég avbaipetng popgng, aArd
OpLOUEVES UEB0dOL (T1.Y. tolist ()) elvan TEPLOPLOUEVEG OE EYYEVELG LOPPES EVOG OTOLYELOV.

AMaEe oty ékdoom 3.3: 1 noper| 'B' avrtpuetwrileton mhéov ovupmva e T ovvtaEn evdg struct
module. Avtd onuaivel dtt memoryview (b'abc') [0] == b'abc'[0] == 97.

itemsize
To uéyebog o€ bytes k40 aToLyelov 0TO memoryview:

>>> import array, struct

>>> m = memoryview(array.array ('H', [32000, 32001, 320021))
>>> m.itemsize

2

>>> m[0]

32000

>>> struct.calcsize('H') == m.itemsize

True

ndim
'‘Eva axépatog apltBuog mov deiyvel mO0eg SLOOTAELS EVOG TTOAVILAGTOTOV VALK OVTLITPOCMITEVEL 1|
nvnun.

shape
Mo mheldda (tuple) axepoaiwv pe piKog ndim dlvovtag To oyfua TG UVAUNG ¢ mivaka N-
dL00TAoEMV.

AMaEe ot €kdoon 3.3: Mua kevn) mhedda (tuple) avri yia None dtav ndim = 0.

strides
Mo mheldda axepaimv pe ufkog ndim mov divel To uéyebog oe bytes yio v mpdofaon oe kdbe
otouyeio yia kaOe dLdoTOoN TOV TVAKA.

AMaEe ot ékdoon 3.3: Mua kevn) herdda (tuple) avti yio None dtav ndim = 0.

suboffsets
Xpnowomoteitor ecwteptkd Yo ovotolyieg Tmov PIL. H T eivor udvo evnuepmTik.

c_contiguous
"Eva bool tov vtodetkvieL eav 1 uviun eivan C-contiguous.

Néo omv éxdoon 3.3.

f_contiguous
"Eva bool tov vtodetkvier eav 1 uvnun eivan Fortran contiguous.

Néo oty éxdoonm 3.3.

contiguous
"Eva bool tov viwodetkviet edv 1 wvnun eivan contiguous.

Néo omv éxdoon 3.3.
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4.9 Turnoil Zuvolou (Set) — set, frozenset

"Evol avTIKELevo ser givar o un toStvopunuévy ovahoyn amd dtakpitd aviikeipeva hashable. Ou ovviBelg xpNoeLg
sephapBévouy T dokuy OLOTNTOG LEAOUG, TV APOIPETT] SUTAOTUITMV OITO L0 AKOAOVOIA KOL TOV VITOAOYLOUO
nodnpatikav pdEemv dmwg tour), Evwo, dtagopd, koL cupuetpikt) dagopd. (T GMa containers, deite Tig
EVOOUATOWUEVES KMAOoELG dict, 11st, Kou tuple kKou Tto module collections).

'Ontwg Kot dhheg oulhoyEg, Ta ovvola (sets) vtootnpitouv x in set, len(set), kol for x in set.Oviog
wo un toEwvopunuévn oudhoy, ta. ouvola dev Kotaypdgouy ) B£om Tov otolxeiov 1 T oewpd elcaywyng. Zv-
VETTADGS, TO, GCUVOLQL (Sets) OeV VITOOTNPILOVV LELTOVPYIEG EVPETNPLOTTOINONG, TUNUATOTTOINONG 1) GAAT oLUITEPLPOPA
axolovBiog.

Yndpyovv ot ™) otrypn) dU0 eVoORATOUEVOL TUTTOL GUVOLOVY, set Kol frozenset. O Timog set gival eVIETA-
BANTOC — Ta TTEPLEYOUEVO TOV WITOPOVV Va 0AAGEOUV xpnoipoTodvtag neBddovg 6mtwe add () Ko remove ().
Aedopévou OtL elvar gvpeTaPAnTo, dev £XEL TIUY KOTAKEPUOATIONOV Kol OeV UITOPEL VoL pnoLpuomtotnOel ovte wg
KAeldl AeELkov ovte wg otouyeio evdg Ghhov ouvorov (set). O Timtog frozenset eivow auetdintog kol hashable
— 10 TePLEYOUEVO TOU dev pumopel vo aALdEeL petd T dmuovpyia Tov: UTopEL EToUEVIG vo. xpnoLuomotn el wg
Kheldi heEuo 1) wg oTouygio Ghhouv ouvorov (set).

Mropouv va dnuovpynBouv un kevd ouvola (oL tayouéva ouvora (frozensets)) Tomobetmdvrag wa Aoto otot-
YELWV SLOXWPLOUEVOIV [LE KOUUO LEOO 08 OlYKVAES, YioL Tapdderypa: { ' jack', 'sjoerd'}, emmiéov pe
¥PNON TOV constructor Tov set.

O constructors kKou yia TG 00 KAAOELG MeELTOVPYOVV TO 1610:

class set ([iterable])

class frozenset ([iterable])
Emotpépet éva véo ovvolo (set) 1) éva mayopévo ovvolo (frozenset) Twv omoiwv To. atotyeio £xouvv AngOel
artd To iterable. To otoryeio evog ouvOLOV TTpémeL va eivon hashable. Tuo voL AvOTTAPOOTHOOUV GUVOAD OUVO-
MoV, Ta e0WTEPLKA oVVOLQ TTPETEL VaL elval Frozenset ovukeipeva. Edv dev éxel kaBoplotel to iterable,
ETLOTPEPETAL EVOL VEO KEVO GVUVOLO.

Ta ovvoha pmopovv va. dnuovpynBovv e dLipopoug TPOTOUG:
o XpNOLWOTOLDVTOG WO ALOTOL OTOLYELWV dLaywpLopévn pe koppoto: {'jack', 'sjoerd'}
o Xpnowomoldvtog éva set comprehension: {c¢ for ¢ in 'abracadabra' if ¢ not in 'abc'}
o XpNoLwoToLdVTog ToV TUTO constructor: set (), set ('foobar'),set (['a', 'b', 'foo'l])
Ta otrywdtuna twv set Ko Frozenset mapéyovy TG akOrovbeg hettovpyieg:

len(s)
Emotpégel tov aptBud tov ototyelwv 0To 6Uvolo s (TIANOLKOTNTA TOV ).

X in s
EAéyyeL av to x elvoul uépog oTo .

X not in s
EMéyyeL av to x dev givar puépog oto s.

isdisjoint (other)
Emotpéper True edv 10 0UvVoho dev €xelL Kowva otoryeila ue to other. Ta ovvola eivor aovvoeTa Qv
Ko wovo edv 1) Tour) Tovg glvan To Kevd ovvolo.

issubset (other)
set <= other
EAéyyeL edv KaOe otorygio 0To ovvolo PBploketal oTto other.
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set < other
E)MéyyeL edv to oUvolo glval 6wotd vitoovvolo tov other, dNhad, set <= other and set !=
other.

issuperset (other)
set >= other
EMéyyer av ke otouyeio tov other givat 6To oUVOLO.

set > other
E)Méyyer av 1o o0volo elval omotd vmepovvolo tov other, dnhad, set >= other and set !=
other.

union ( *others)
set | other |
Emotpépel £va véo 6Uvolo pe otoyelo artd To GUvolo Kat Ola o GO

intersection (*others)
set & other &
Emotpéper éva véo 0Uvolo Ue oToLygla KoLvd 0to oUvolo Kai o OLa. To. dAhaL.

difference (*others)
set - other -
Emotpépel éva véo 6Uvolo e OTOLYELDL 0TO GUVOLO TTOV HEV VTTAPYOUV OTO (AL

symmetric_difference (other)
set * other
Emotpépel éva véo oUvoro ue otolyeia eite 0to ovvolo gite 0To other 0dAG OyL Ko oTa dvo.

copy ()
Emotpépel éva pnyd avtiypapo Tou ouvorov.

Note, the non-operator versions of wunion(), intersection(), difference(), and
symmetric_difference (), issubset (), and issuperset () methods will accept any iterable
as an argument. In contrast, their operator based counterparts require their arguments to be sets. This precludes
error-prone constructions like set ('abc') & 'cbs' in favor of the more readable set ('abc') .
intersection('cbs').

Tb0o0 T0 set KoL frozenset VOOTHPILOVY T OVYKPLON HeTAED ouvOhwv. Avo ovvoha eival toa edv Kal
uovo edv xaBe otolyeio Kdbe ouvorov mepLéyetal 0To dAlo (To Kabéva givar vtoovvoro Tou ddiov). ‘Eva
OUVOLO ElvoL KPOTEPO aTtd £va. IO OTVVOLO EGV KO LOVO GV TO TTPWTO GVVOLO EIVOL OMOTO VITOGVVOLO
oV deVTEPOV OVVOLOU (glvar VITOoUVOLO, AhMG deV elval i00), Eva oUVOLO glvor ueyahtepo oo Eva dAlo
GUVOLO, OV KL LOVO LV TO TTPMTO OVVOLO ELVOL GMOTO VITEPGVVOLO TOV SEVTEPOV GUVOLOV (€Lvall VITEPGVVOLO
aALG dev glvan 100).

Ta oTywodTumo TG Set CUYKPIVOvTOL (e TO. OTLYIOTUTTO TG frozenset ue Baon ta uéhn tovs. o
mopddeyua, To set ("abe') == frozenset ('abc') emotpépel True Kot To idLo cuufaiver Kol pe
toset ('abc') in set([frozenset('abc')]).

O ouYKpioELg VITOGUVOLOU KOl LOOTNTOG OEV YEVIKEVOVTOL O€ ULG. GUVEPTNON OAMKNG Tagivounone. o mwo-
paderyua, omoladnmote dVo un Kevd ouveyl ovvolo dev eival (oo KoL dev gival VITOGUVOLD TO £Val TOV
adhov, emouévog dAa Tto akdlovba emotpépouy False: a<b, a==Db, or a>b.

Aedopévou 6t ta ovvola opifouv udvo uepikn oelpd (ool vITtoouvormv), 1) £€E0d0g g webddov 1ist .
sort () dgv €yeL 0pLOTEL Y10 AMlOTEG CUVOLMYV.

Ta otouyeion ouvoOrov, drtwg Ta KheldLd AeEtkov, pémel va eivan hashable.

Avadikég mpaEelg mov ouvOVAToVY OTLYWOTUTTO. set ue frozenset emoTPéQOuV TOV TUITO TOU TTPM-
tov teheot). [ mopdderyna: frozenset ('ab') | set ('bc') emoTpépeL Vo OTLYWOTUTO TOU
frozenset.
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O ntapokdtw wivokag mopabétel ettovpyieg Tov eivat StabEoueg yia se t ov dev Loy VoLV YL OUETABATA
oTLYOTVTIA TG frozenset:

update ( *others)
set |= other |
Evnuepmvel 1o ovvolo (set), tpooBétovtag ototyeia amd Oha tar dAha.

intersection_update (*others)
set &= other &
Evnuepovel to ovvoro, dlotnpdviog wovo ta otoyelo wov Bplokovral o€ outd Kot OMa T GAACL.

difference_update (*others)
set —-= other |
Evnuepdver 1o oUvolo, agpolpmvTtog ototyeia mov fpiokovtol oe dAla.

symmetric_difference_update (other)

set “= other
Evnuepmvel 1o 60volo, SLatnpadviag Hovo to. oToLyel Tov fplokoviat oe KAOe oUvoho, alhd Oyt Kot
ota dvo.

add (elem)
[Tpocbétel To oToLKEio elem GTO GUVOMO.

remove (elem)
Agoupei to otouyeio elem amd to ovvoro. Kdvel raise tn KeyError edv to elem dev mepLéyETOL 0TO
ovvohro.

discard (elem)
Agawpel 1o oToryeio elem amd 10 0VVOrO £AV VITAPYEL.

pop ()
Agoupei xou emoTpé@el £va avbaipeto otolyeio amd to ovvoro. Kével raise jwo KeyError €dv to
ovvolo eival Kevo.

clear ()
Agarpel Oha T gToLyeia amd 1o ovvolro (set).

Znuelworn, ov  ekdooelg  un-teheoty  uebddwv  update (), intersection_update(),
difference_update (), Ko symmetric_difference_update () 0o O&yovtaL 0moL0dNTOTE
EMAVALAUBAVOUEVO OTOLYELD WG OPLOLLDL.

Note, the elem argument to the __contains__ (), remove (), and discard () methods may be a set. To
support searching for an equivalent frozenset, a temporary one is created from elem.

4.10 TumoL avtiotoiXlong — dict

'Evol avTLKELUEVO mapping ovtoTtouyilel hashable typég oe avbaipeta oviikeipeva. OL aviloTolyioelg eival (eto-
BANTé avukeipeva. Yrapyer el Tov mapdvtog BOvo €va TumKOg TUmo avIloTolylong, to dictionary. (o dhha
containers deite Tig evomuatmuéveg (built-in) 1ist, set, kow tuple kKhlogls, kou 1o module collections.)

A dictionary’s keys are almost arbitrary values. Values that are not hashable, that is, values containing lists, dictionaries
or other mutable types (that are compared by value rather than by object identity) may not be used as keys. Numeric
types used for keys obey the normal rules for numeric comparison: if two numbers compare equal (such as 1 and 1. 0)
then they can be used interchangeably to index the same dictionary entry. (Note however, that since computers store
floating-point numbers as approximations it is usually unwise to use them as dictionary keys.)

class dict (**kwargs)
class dict (mapping, **kwargs)
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class dict (iterable, **kwargs)
Emotpépel éva véo AeEikd mov €xel apyrtkomom0el amtd £va pootpetiko dpiopo 0£omg ko éva mbovo Kevo
oUVOLO 0PLOUATOV AMEEEMV-KAELOLDV.

Ta AeEikd umopotv va dnuovpynBovv pe didipopovg tpodmoue:

o XpNoWomouote o Alota Sloyxmplopévoyv pe koppato Cevymv key: value Uéoa 0g ayKOMEG:
{'jack': 4098, 'sjoerd': 4127} o0r{4098: 'jack', 4127: 'sjoerd'}

« Xpnowomnofote £va comprehension AeEikov: {1}, {x: x ** 2 for x in range (10)}

o XP1NOLUOTOLNOTE TOV KOTAOKEVOOTH TUToV: dict (), dict ([ ("foo', 100), ('bar', 200)1),
dict (foo=100, bar=200)

If no positional argument is given, an empty dictionary is created. If a positional argument is given and it is
a mapping object, a dictionary is created with the same key-value pairs as the mapping object. Otherwise, the
positional argument must be an iferable object. Each item in the iterable must itself be an iterable with exactly two
objects. The first object of each item becomes a key in the new dictionary, and the second object the corresponding
value. If a key occurs more than once, the last value for that key becomes the corresponding value in the new
dictionary.

Eav divovtol opiouato MENG-kKAedL00, Ta opiouata AEENG-KAeLOLOU KOl oL TLEG TOVG TPOOTIOEVTAL GTO
LeEukd mou dnpovpyndnke amd to dpiopa Béong. Edv vdpyer 16m éva khedi mov mpootiBetan, 1 Tiun o
10 dpropa MENG-KAeLdL0U avtikablotd Ty T otd To dplopa B¢ong.

T emeEfynom, To axohovbo mapodeiyuoto emtotpépouvy 0o évo AeEkd too ue {"one": 1, "two":
2, "three": 3}:

>>> a = dict (one=1, two=2, three=3)

>>> b = {'one': 1, 'two': 2, 'three': 3}

>>> ¢ = dict(zip(['one', 'two', 'three'l, [1, 2, 31))

>>> d = dict ([('two', 2), ('one', 1), ('three', 3)1)

>>> e = dict({'three': 3, 'one': 1, 'two': 2})

>>> f = dict({'one': 1, 'three': 3}, two=2)

>>> a == == ¢c == d == e ==

True

H mapoyn oplopdtov AEewv-KAeOLMV 6T 0TO TPDTO Tapdderypa Aettovpyel novo yia Kheldid wov givan
£yxupa avayvoplotikd Python. Avagpopetikd, pmopov va ypnotuomot0oiv omoladnmote Eykupa KAELOLA.

Avtég eivor oL Aettovpyieg mov vtootnpifovv To AeEikd (Kot emouévmg, Ba Ttpémel va vrootnpifouv Kat
TPOCAPUOOUEVOVG TUTTOVG ALVTLOTOLYLOG ETTLONG):

list (d)
Emotpéper o Mota pe Oha To KAELSLA TTOV ¥p1oLuoototvTol 0to AeELko d.

len(d)
Emiotpépel Tov aptbud Twv otoyeinv oto AeEko d.

dlkey]
Emotpépel to otouyeio tou d pe to Khewdi key. Kavel raise pa KeyError edv to key dev vdpyeL yio
va avtotolynOei.

E&v wa vrokhéon evog AeEikol opiler wa uébodo __missing__ () kou 1o key 8ev vmdpygL,
N hertovpylo dlkey] xohel ovtv v pébodo ue to Khewdi key wg Oplopa. =T GUVEXELD, M)
lertovpyla dkey] emotpéper 1) Klvel raise O, T emIOTPEQPETAL 1 yiveTtaw raise omd v Ko
__missing__ (key).Kouia diin rettovpyia 1) néBodog dev emkodel Ty __missing (). Edv
To__missing__ () dev &yeL opLoTel, yivetorraise KeyError. To__missing__ () mpémel va eival
uéB0doge dev WTopel vo eivor £vo oTLYIOTUITO UETABANTAG:
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>>> class Counter (dict):
def _ missing__ (self, key):
.. return 0
>>> ¢ = Counter ()
>>> c['red']
0
>>> c['red'] += 1
>>> c['red']
1

To mapamdvew mopdderyno deiyver uépog g vAomoinong tov collections.Counter. Mo do-
QOPETIKN UEB0d0C _ missing_ ypnowpomoteitol amd v collections.defaultdict.

d[key] = value
OpiCelto d[key] oto value.

del dlkeyl]
Agoupei to d [key] amd to d. Kavel raise éva KeyError edv 10 key O&V UITAPYEL YLOL OVTLOTOLYLON).

key in d
Emotpéper True edv to d €xel éva kheldi key, dlaopetikd False.

key not in d
Iooduvapei pe not key in d.

iter (d)
Emotpépel évav iterator wéivo omtd ta KAEWdLA Tov AeEukov. Avuth gival o ouvtouevon yio iter (d.
keys()).

clear ()
Agoipel Oha ta otouyeio amd To heELKko.

copy ()
Emotpéper éva pnyd avtiypago tov AeSikov.

classmethod fromkeys (iterable[, value])
Anovpyet éva véo AeEtkd pe khetdud amd to iterable kou Tywég wg value.

To fromkeys () eival o uéBodog kAGong mov emmotpépet Eva véo AeEukd. H tui) value opiletar amd
npoemhoyr o€ None. ‘'Okeg oL TWES OVOPEPOVTOL O £VAL LOVO OTLYILOTUTTIO, ETTOUEVIG YEVLKO DEV EYEL
vonua Yo to value vo. givan petafAnto aviikeipevo, Omwg pio kevi Aota. I va Mapete dtopopeTikég
TWEG, XpMoLpnootote ovt” autov éva dict comprehension.

get (key[, default] )
Emotpéper v T yia to key €dv to key eivan 0to AeEkd, odhung default. BGv to default dev divetan,
opitetar 0md mpoemhoyT) o€ None, €10l MoTe vt 1 ué€Bodog va unv kdével raise wo. KeyError.

items ()
Emotpépel o véa 6ym tov ototyeiwv tou AeEukov ( (key, value) Levyn). Aeite v documentation
of view objects.

keys ()
Emotpéper o véa 0y tmv kKAewdunv tou AeEtkov. Aeite to documentation of view objects.

pop (key[, default] )
E&v to key Bpioketor 0T0o AeELKO, apaLpeiTon Kat eLOTPEPEL TNV TLUY] TOU, SLOPOPETIKG ETLOTPEPEL
default. EGv default dev diveton xou to key dev eivan oto AeELkd, yivetou raise évo KeyError.

popitem ()
Agoupei kal emotpépel éva Levyog (key, value) amd to AeEuko. Ta Levyn emotpépovtal ue
oelpd LIFO (last-in, first-out).
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H uébodog popitem () elvol xpNowun yLo KOTOOTPOQLKT Eavainym o€ éva AeEtkd, dmmg xpnouo-
moteitan ouyvd og akyopLdpovg ovvorov. Edv to AeEikd eivol kevd, 1 kKMo g popitem () Kdvel
raise évo. KeyError.

AMaEe oty ékdoon 3.7: H oepd LIFO eivar mhéov eyyunuévi). Ze mpornyolueveg ekdOOELS, 1)
popitem () emotpépel £va avbaipeto Cevyog KAeWdLOV/ TS,

reversed (d)
Emotpépel évav avtiotpogo iterator wdve amd to kKhewdld tov AeEukov. Avti) givar o ovvtduevon
yio reversed (d.keys () ).

Néo oty éxdoonm 3.8.

setdefault (key[, default])
E&v 1o key Bploketal 0to heELko, emotpépet TV Tyt Tov. Edv 0yL, elodiyete to key ue T default xou
emotpégel default. To default amd mpoemioyn elvor None.

update ( [other] )
Evnuepdver to heEikd pe ta Cetyn kheldumv/tumv amd to other, ovitkobOLoTOVTOG TO VITAPYOVTO KAEL-
d16. Emiotpépet None.

update () accepts either another dictionary object or an iterable of key/value pairs (as tuples or other
iterables of length two). If keyword arguments are specified, the dictionary is then updated with those
key/value pairs: d.update (red=1, blue=2).

values ()
Emotpéget o véa dym tov Tipdv tou heElkov. Agite thv documentation of view objects.

Mo aUyKkpLon 1wootTag ueta&l wag 0Yng dict . values () kou wog GAANG Bo emoTpépel TdvTo.
False. Autd LoyVeL emioNg OTOV OVYKpivete To dict . values () Ue TOV EAUTO TNG:

>> d = {'a': 1}
>>> d.values () == d.values|()
False

d | other
Anwoupyet éva véo AeELKO e Ta ouywveLHEVa KAEOLA Kot Tig TYESG TV d Ka other, TO. 000l TTPETEL
vo, gbva ko To. 800 AeEikd. O TLuég Tov other £0UV TPOTEPALOTNTA OTAV Ta. KAWL TwV d Ko other
elvou Kowva.

Néo omv éxdoon 3.9.

d |= other
Evnuepver to AeELko d pe kheldid kou tuég amd to other, Tov umopei va ebvon eite mapping eite iterable
Cevydpl KAeWOLOV/TIUdDV. O TLEG TOU other £X0UV TPOTEPALOTNTO OTAV TO KAEWOLA TV TO d Kou other
elvaul Kowva.

Néo omv éxdoon 3.9.

Ta heEikd ouykpivoviow wg oo eav Kot povo edv €xovy ta ido Levyn (key, value) (aveEdptnta omd
™ oelpd). O ovykpioelg SLATAENG (“<”, “<=7, “>=", “>”) KGvouv raise TNV TypeError.

Ta AeEkd dLatnpovv T oepd eL0aywYNG. ZNUELDOTE OTL 1) EVIUEPMOT EVOG KAEWBLOU dev emnpedlel ™)
oelpd. To KheldLdt Tov TPOoTEDN KOV UETA TN dLAYPUPT) ELTAYOVTAL OTO TELOG.

>>> d = {"one": 1, "two": 2, "three": 3, "four": 4}
>>> d

{'one': 1, 'two': 2, 'three': 3, 'four': 4}

>>> list (d)

['one', 'two', 'three', 'four']

>>> list (d.values())

(ouvéyela otV emtduevn oehida)
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(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)

(1, 2, 3, 4]
>>> d["one"] = 42
>>> d

{'one': 42, 'two': 2, 'three': 3, 'four': 4}
>>> del d["two"]

>>> d["two"] = None
>>> d
{'one': 42, 'three': 3, 'four': 4, 'two': None}

AMoEe oty éxdoomn 3.7: H oelpd AeEkov elvan eyyunuévn OtL eivar 1 oelpd elooymyhg. Avte 1 oupItepL-
popd NTav o Aemtropépera vhomoinotn g CPython amd v ékdoom 3.6.

Ta AeEikd kar oL dperg heELkdv givar avaoTpeéiec.

>>> d = {"one": 1, "two": 2, "three": 3, "four": 4}
>>> d

{'one': 1, 'two': 2, 'three': 3, 'four': 4}

>>> list (reversed(d))

['four', 'three', 'two', 'one']

>>> list (reversed(d.values()))

(4, 3, 2, 1]
>>> list (reversed(d.items()))
[('four', 4), ('three', 3), ('two', 2), ('one', 1)]

AMoEe oty £xdoon 3.8: Ta AeEikd eivar Théov avaotpéyuc.
Agite emiong:

H types.MappingProxyType Umopel va ypnotpomomOel yio ) dnuovpyia pag OYng HOvo yuo avayvmon)
utag dict.

4.10.1 Avtikeipeva oyng AeELKou

Ta aviikeipevo mov entoTpépovion and g dict . keys (), dict.values () and dict.items () eivon dyperg
avukeuévaov (view objects). Tlapéyovv o duvaukn oy otg eyypapég tov heEuko, Tov onuaiver 0t 6Tov ah-
MAaCeL To AeELKo, M 0P avTLKATOTTPILEL QUTEG TG aMOYEG.

O OYeig AeELkov wwopovv va yivouv iterate yio TNV artd8001 TWV AVTLOTOLK WV SESOUEVOV TOVG KAL TNV VITOOTH-
PLEN EAEYY WV YL TO AV ElvalL UEPOG TOV:
len (dictview)

Emotpépet tov apBud Tmv Katoympnoemny oto AeSLKo.

iter (dictview)
Emotpépel évav iterator mdvo ota KheldLd, TG TS 1 T 0ToLXELD (TTOV OVTLITPOTMITEVOVTIOL WG TAELADES
(tuples) tov (key, wvalue) oto heELKO.

Ta kheldLd Kan oL TLEG ETOVOLAUBAVOVTOL UE TNV CELPA ELOAYWYTG. AUTO emLTPETEL TH dnuovpyia Cevymv
(value, key) ypNoluomoumvtac ™) zip ():pairs = zip(d.values (), d.keys()).Evagahlog
TPOTTOG elvaL Vo dnuLovpynoete TV idla Mota eivarpairs = [ (v, k) for (k, v) in d.items () ].

To iterate OYewv KOTA TNV TPOCOHKT 1) TN dLarypopi] Kataywpfoewv oto AeElkd wropel va Kdvel raise pio
RuntimeError 1M vo amoTyEL To iterate o OLeG TG KOTAYWPYOELS.

AloEe ot ékdoom 3.7: H oelpd AeEtkov eivan eyyunuévn oelpd eloaywyng.
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x in dictview
Emotpéper True edv to x Ppioketal ota kKAedLd tov Ao, Tig Tég 1 ta otoryeio Tov vrokeinevou
LeELkov (omnv tedevtaia mepimTwon, To x Oa mpémet va eivor o (key, value) mieldda (tuple)).

reversed (dictview)
Emotpépet évav avtiotpogo iterator wévm oto kKAewdLd, Tig Tyég M tar otouyeia tov AeEtkov. H 6ym Ba yivel
iterate pe TV AvTiOTPOP OELPA ATTO TNV ELOAYWOYT).

AMaEe oty £xdoon 3.8: O OPeig AeELKov gival TAEOV avaoTPEPLUIES.

Keys views are set-like since their entries are unique and hashable. If all values are hashable, so that (key, wvalue)
pairs are unique and hashable, then the items view is also set-like. (Values views are not treated as set-like since the entries
are generally not unique.) For set-like views, all of the operations defined for the abstract base class collections.
abc. Set are available (for example, ==, <, or ).

"Eva mopdderypa ypnong oymg heSucot:

>>> dishes = {'eggs': 2, 'sausage': 1, 'bacon': 1, 'spam': 500}
>>> keys = dishes.keys ()
>>> values = dishes.values/()

>>> # iteration

>>> n = 0

>>> for val in values:
n += val

>>> print (n)

504

>>> # keys and values are iterated over in the same order (insertion order)
>>> list (keys)

['eggs', 'sausage', 'bacon', 'spam']

>>> list (values)

[2, 1, 1, 500]

>>> # view objects are dynamic and reflect dict changes
>>> del dishes|['eggs']

>>> del dishes|['sausage']

>>> list (keys)

['bacon', 'spam']

>>> # set operations

>>> keys & {'eggs', 'bacon', 'salad'}
{'bacon'}

>>> keys ©~ {'sausage', 'juice'}
{'juice', 'sausage', 'bacon', 'spam'}

4.11 Tumnol Awaxeipiong NepLeXopevou

H 6Mhwon with tng Python vitootpilet tnv évvola evog mepLeyouévon ¥ povou EKTELETNG TTOV OPILETOL OTTO Evay
SLOYELPLOTY] TTEPLEXOUEVOU. AUTO VAOTTOLELTOL YPNOLLOTTOLWVTAG Eva Levyog HeBOdwv ov emTpémovy oe KAAOELG
TTOU OPILOVTOL 0T TO XPNOTH VO 0piloVY TEPLEYOUEVO YPOVOU EKTELEGNG TTOV ELOAYETAL TTPLV OO TNV EKTENEO
TOU OMOUATOG TNG OMAWONG Ko va Kavel £5080 Otav TeppatioTel 1 SAmon:

contextmanager._ _enter_ ()
Ewodryel 10 mepLeyOUevo eKTELEONG KOl ETTLOTPEPEL ELTE AVTO TO AVILKEILEVO ElTE Eval AAAO TTOV OYeTiCETOL UE
TO TTEPLEYOUEVO YPOVOU eKTéheonc. H tiun mov emotpépetor amd avtiv v uébodo eivar deopevuévn oto
AVOLYVOPLOTLKO OTNV TTPOTA0N as Twv dMADoewv with diayelplong mepleyouévou.
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"Eva mopdderypo evOg SLOYELPLOTY) TTEPLEYOUEVOL TTOV ETLOTPEPEL O 1OL0G elvan éva file object. Ta aviikeipevo
apyelov emoTpépouy udva toug amd __enter_ () ylo va eTLTPEYOVY OTO open () va xpnowpnomolndel wg
£KQPAOT TTEPLEYOUEVOV O ULo. SAwon with.

'Evo TapddeLryiLa SLOyELPLOTG TTEPLEXOUEVOD TTOV ETLOTPEQPEL EVOL OYETIKO OVTLKELLEVO ELVOL QUTO TOV ETTL-
otpépeton amd to decimal. localcontext (). Autol oL diayelplotég opilovv 1o evepyd dekadikd me-
pLEXOUEVO OF VAL AVTLYPOPO TOU CLPYLIKOU SEKAILKOV TTEPLEYOUEVOU KOl 0T CUVEXELX ETLOTPEPOVV TO AIVTi-
YPOLPO. AUTO ETLTPETEL TNV TPOYUATOTTONON AANAYMV 0TO TPEXOV SEKADIKO TAAUIOLO 0TO OO TG INAWONG
with, ywpic vo emnpedletor o KOdKAg ekTOg TG dNhmwong with.

contextmanager.__exit__ (exc_type, exc_val, exc_tb)
Tepuatilel amd 10 mEPLEYOUEVO YPOVOU EKTELEONG KO ETLOTPEPEL Eva Boolean deikty mov vrodetkviel edv
Kdmowa eEaipeon ov poékv e Oa pémel va Katapyn0el. EGv mpoktyel o eEaipeon katd v ektéheon
TOU 0DOUOTOG TNG SNAwoNG with, Ta 0piouoTa TEPLEXOLVY TOV TVTTO EEQIPEONG, TNV TUUY KOL TIG TTAPOQOPIES
aviyvevons. Aapopetikd, Kol to tpia opiopata ivan None.

H emotpogr) wog mpoyuatikng tung amd ovtiv v uébodo Ba éyel mg amotéheouo 1 dMiwon with vo
Katapyhoer Ty eEaipeon Ko va ovveyioel Ty ektéleon ue ) dMlwaon apéomg petd ™ dMlwon with. Ato-
POPETIKA, 1] eEaipeon Ba cuveyioel va Stadidetal uetd Ty ohokANpwon avthg e uedoddov. Ot eEaipéoelg
IOV TTPOKVITTOVY KOTA TNV EKTELEOT) AUTYG TG 1EBOS0U Ba avTikataothioouv KGO eEaipeon mov podkupe
070 OOpa TG dMhwong with.

The exception passed in should never be reraised explicitly - instead, this method should return a false value to
indicate that the method completed successfully and does not want to suppress the raised exception. This allows
context management code to easily detect whether ornotan __exit___ () method has actually failed.

H Python opiCel apketoig dLayelploTég TEPLEXOUEVOL VLA VO VTTOGTNPILOVY TOV EVKOLO GUYXPOVIOUO VULETWOV, TO
AUETO KAELOLWO apyELV 1] AAADV OVTLKELUEVMY KOLL TOV ATTAOVOTEPO YELPLOWO TOU EVEPYOD deKAdLKOV aptOunTLKoV
mepLeouévou. Ot CUYKEKPLUEVOL TUTTOL OEV OVTLUETOILLOVTOL ELOLKA TTEPA ATTd TNV EQAPUOYT TOVUG TPOTOKOMOU
drayeiprong mepexouévou. Aeite To module context 11b yio ueptkd mopadeiyuora.

O decorators tg Python generators kaw contextlib.contextmanager TAPEXOLVV Evav BOAKO TPOTO VAO-
oiNoNg oVTOV TOV TPWToKOMWY. Edv o ouvaptnon yevvitpuag eivar decorated pe tov contextlib.
contextmanager decorator, 0o emLOTPEPEL £VAV DLOYELPLOTI) TTEPLEXOUEVOV TTOV EPUPUOTEL TIG ATAPALTNTES
uebddovg ___enter_ () xkou __exit__ (), avti tov iterator mov mwopdyeton amd e undecorated ouvapTnom

YEVVITPLOG.

Adfete vdYn OTL deV VITAPYEL CUYKEKPLUEVY VITOdOYT| Yo Kopia amd avtég tig uebddovg oty dopn THmov Yo
avikeipevo Python oto Python/C API. Ou timol emektdoewv mov BEhovv va opicovv autég tig uebddovg mpémel
VOL TLG TTOPEYOUV WG oL KOvoVLKY iéBodo mtpoafdoiun otnv Python. Ze ovykpLomn ue tnv emfapuvon g pvduong
OTO TTAGLOLO TOV YPOVOU EKTELETNG, 1] EMBAPUVOT (oG amAig avalftnong kKhaong AeEtkov eivor apelntéa.

4.12 Turnog Generic Alias

Ta avikeipevo GenericAlias dnuovpyovvral yevikd e subscripting KAGG1. XpNoUWomolovVvIoL Lo GUy Ve e
container classes, 0twg 11ist M dict.Jwo mapdderyua, to List [int] eivow éva avtikeiyevo GenericAlias
TOU dNULOVPYNONKE e TNV eyypopt) TS KAAong List ue to opiopa int. Ta avikeipeva GenericAlias mpo-
opllovrow Kupimg yLa xpNom Ue type annotations.

Inueiwon: Tevikd eivor duvat 1 eyypo@r] wog KAAoNg wovo eav 1 kAdon epapuodler v ewdiky uébodo
__class_getitem__ ().

‘Eva avtikeinevo GenericAlias Aertovpyel og dlokoulotig Lecohapnong (proxy) yuo évav generic type, vho-
TOLDVTOG parameterized generics.
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To o kAo container, to(a) OpLopa(ta) Tov TopéYeL o€ oL subscription ™G KAAONG WTOPEL VO VTTOSELKVVEL
ToV(0UG) TUTTO(OUS) TWV OTOLYELWV TTOV TTEPLEYEL €va avtikelpevo. Tia mapddeyna, to set [bytes] wropei va
ypnoworomOel og annotations TUITOV YLOL VO, VITOONADOEL EVOL set GTO 0TT0l0 OMOL TO. OTOLYELD Elval TUTTOV by tes.

[o o khdon mov opiler class_getitem () alld dev eivan container, T OPLOUCITO TOU TOPEYOVTOL OE ULOL
ouvdpout] tg KAGoNg Ba vItodELKVIOUV GUY VA TOV TUTTO 1] TOUG TUTOVG ETLOTPOWPY|G LLAG 1] TTEPLOCOTEPWV LEDOdMV
mtov opilovtat o€ éva aviikeipevo. I mapdderypa, 10 regular expressions Uropovv va xpnoluosotnfotv
TO00 GTOV TUTTO OEdOUEVV St OO0 KaL GTOV TUITO dEdOUEVOV by tes:

e Evx = re.search('foo', 'foo'), 10 x 0a eivar éva aviikeipevo re. Match 6mov emoTPEQPOVTAL OL
TWES TOV T0 x . group (0) karto x [0] Ba elvor ko o 800 THToU st r. Mmopolie vor avamapaoT|OoUne
QUTO TO €LO0G UVTLKELUEVOU O€ OYOMOOUOVG TUTTOU UE T0 GenericAlias re.Match[str].

e« Ebvy = re.search(b'bar', b'bar'), (onueunote to b yia bytes), To y 0o eivor emiong pa
TOPOVOLO TOV re . Match, ol OL ETLOTPEPOUEVES TLUES TOV v . group (0) kawy [0] Oa elvar Kaw oL dvo
TUTTOV bytes. ZToVg TUTOVG annotations, 0o AVTLITPOCMITEVAUE QUVTHY TNV TOLKIMO OVTLKEWEVWY re. Match
ue to re.Match[bytes].

Ta avukeipeva GenericAlias eival onywodtumo g KAMIONG types. GenericAlias, TO. OTOLO UTOPOVY
eMioNG v XPNOLUOTOLNO0VY YLoL TV dNULOVPYIC AVTIKEWEVDY GenericAlias amevdeiag.

TIX, Y, ...]
Anmouvpyel éva GenericAlias mov AVILTPOOOITEVEL VAV TUTO T TOPAUETPOTOLNUEVO atd TVTtous X, Y,
Ko dAha avahoya pe to T mou ypnowporoteital. [ia tapdderypa, o cuvapTnoT Tov AVauEVeL po 11st
IOV TTEPLEYEL OTOLYELDL TNG Float:

def average(values: list[float]) —-> float:
return sum(values) / len(values)

"Evo dAAO TTOLpADELYILOL YLOL AVTLKELLEVOL mapping, XPMNOLLOTOLDVTOG £va. di ct,mov eiva évag generic TOTog
TOU OVOUEVEL VO TAPAUETPOUS TUTTOV TTOV OVTUTPOCMITEVOVY TOV TUITO KAEWDLOV KaL TOV TUTO TG, Z€
ovtd T TOPAdELYUA, 1) OLVAPTNOT avapuével Eva dict pe KAEWLd TOToY st r KoL TWéG TUmoV int:

def send _post_request (url: str, body: dict[str, int]) -> None:

Ou evoouotouéveg ouvaptoels (built-in) isinstance () Ko issubclass () dgv déYovioL TOUG TUTOUG
GenericAlias yio T0 OEUTEPO OPLOUA TOVG:

>>> isinstance([1, 2], list[str])
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: isinstance () argument 2 cannot be a parameterized generic

O ypdvog ektéleong Python dev emufBddel type annotations. Autd eneKTeiveTol o€ generic THITOVG KoL OTLG TTAPOUE-
TPOVG TUIoU Tovg. Katd tn dnuovpylo evog avitkeluévou container and éva GenericAlias, Ta otoly el 070
container d&v eLEYYOVTOL WG TPOG TOV TUTO TOVG. 'L Tapddetyua, o akdiovBog Kmdkag amobappvetat, oA
Oa exteheoTel ywpig opahuoto:

>>> t = list[str]
>>> t([1, 2, 31)
(1, 2, 3]

Emuthéov, To mopapeTpomotuévo. generics diaypagouy Tig TAPOUETPOUS TUTTOU KATA T SNULOVPYIC CVTLKELUE-
Vou:

>>> t = list[str]
>>> type (t)

(ouvéyela otV emtduevn oehida)
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(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)

<class 'types.GenericAlias'>
>>> 1 = t()

>>> type (1)

<class 'list'>

H xMjon repr () | str () oe éva generic ey VeEL TOV TOPAUETPOTOMUEVO THTTO:

>>> repr(list[int])
'list[int]"

>>> str(list[int])
'list[int]"

Huébodog___getitem__ () twv generic containers Oa kdétvel raise o eEaipeon yia tnv aworydpevon Aabmv dmwg
dict[str] [str]:

>>> dict[str] [str]

Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: There are no type variables left in dict[str]

Q0t000, TETOLEG EKPPATELG Elval £YKVPES OTAV YpNoLoTolovvToL LetaANTég Tomov rype variables. To gvpeth-
PLO TTPETEL VO EXEL TOOO, OTOLYELD OO KOL TO. OTOLYELC UETOPANTHG TOTOV 0TO avtiKeipyevo GenericAlias
__args__.

>>> from typing import TypeVar

>>> Y = TypeVar('Y")
>>> dict[str, Y] [int]
dict[str, int]

4.12.1 Tunukeg MNevikeg KAaoelg
O axdlovbeg Tumikég khdoelg BLprobfkng vitoothpilovv yevikd mapapetpoomuéva. Avth 1 Aloto dev elva
eSaVIANTIKY.

e tuple

e list

e dict

o set

o frozenset

e type

collections.
collections.
collections.
collections.
collections.

collections.

deque
defaultdict
OrderedDict
Counter

ChainMap

abc.Awaitable
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collections.abc.Coroutine
collections.abc.AsyncIterable
collections.abc.AsyncIterator
collections.abc.AsyncGenerator
collections.abc.Iterable
collections.abc.Iterator
collections.abc.Generator
collections.abc.Reversible
collections.abc.Container
collections.abc.Collection
collections.abc.Callable
collections.abc. Set
collections.abc.MutableSet
collections.abc.Mapping
collections.abc.MutableMapping
collections.abc.Sequence
collections.abc.MutableSequence
collections.abc.ByteString
collections.abc.MappingView
collections.abc.KeysView
collections.abc.ItemsView
collections.abc.ValuesView
contextlib.AbstractContextManager
contextlib.AbstractAsyncContextManager
dataclasses.Field
functools.cached_property
functools.partialmethod
os.PathLike

queue.LifoQueue

queue.Queue
queue.PriorityQueue
queue.SimpleQueue

re. Pattern

re.Match

shelve.BsdDbShelf

shelve.DbfilenameShelf

4.12

. Tunog Generic Alias
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e shelve.Shelf

e types.MappingProxyType

e weakref.WeakKeyDictionary
o weakref.WeakMethod

o weakref.WeakSet

e weakref.WeakValueDictionary

4.12.2 Edika XapakTnpLoTIKA QVTIKELHEVWY GenericAlias

‘'O\0L TOL TOPAUETPOTTOLUEVO. generics EPapUOTovV DK XopaKTNPLOTIKA PdVO Yo aviryvaon.

genericalias.__origin_
AvTo TO OPAKTNPLOTIKO SELYVEL 0T WY TTAPAUETPOTTOLNUEVT] YEVLKY] KAAOM:

>>> list[int].__origin_
<class 'list'>

genericalias.__args_
Avuto TO YapaKTNPLOTIKO eivor ma tuple (mbovmg unkovg 1) generic THmwv mov uetafLfaotKay oto
apykd ___class_getitem__ () tng generic KAGoNG:
>>> dict[str, list[int]].__args__

(<class 'str'>, list[int])

genericalias.__parameters_
AUTO TO YOPUKTNPLOTIKO €lval Uia voyeMKE vtoloylouévn mieldda (tuple) (mbovamg Keve) petafintov
povadLKov Tumtov Tov BploKovTal 0To __args_

>>> from typing import TypeVar

>>> T = TypeVar ('T")
>>> 1ist[T].__parameters_
(NTI )

Agite gmiong:
PEP 484 - Type Hints ITapovoilalovtog to framework thg Python yia timovg annotations.

PEP 585 - Tumog Generics Zvufovimv otig Tumkég Lvhhoyés Ewoaywyh) g duvatdmntag eyyevolg mopoue-
TpoTOiNONG KAAoEWV TUTTLKNG BLBAMOOTKNG, UTd TV TPohrtdHeon dTL epapuodTouv ™ uéBodo eldikhg KhAong
__class_getitem__ ().

Ta Generics, user-defined generics kou typing. Generic Tekunpioon yio Tov Tpdo vAomToinomng generic KAA-
GEWV TTOV UTOPOVY VO. TOPAUETPOTTOLNOOUV KT TO YPOVO EKTELEONG KOl VO KATOVON 00UV 0td 0TOTLKOVG
EAEYKTES TUTTOV.

Néo omv éxdoon 3.9.
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4.13 AAMoL Evowpatwpegvol (built-in) Tumot

O diepunvéag vrootnpitel modhd dhha eidn avikelévov. Ta meptoodtepa amd ovtd vrooTPilovv Lévo uia 1
dV0 LeLtoupyies.

4.13.1 Modules

H puévn eduxn Aettovpyio oe éva module eivar 1 mpoofaon XOpOKTNPLOTIKMV: m. name, OOV TO m ival £va
module Ko To name €ygL TPOOPaon o€ £va Gvopa ToV 0piLeToL 0TOV TTVaKA CUUPBOLWV Tov m. Ta XoPOKTNPLOTIKA
tov module prropouv vo ekympnBovv. (Enueidote 6t 1) dNhwon import dev elvar, avotpd, wao hettovpyio oe
éva aviikeipevo module To import foo dev amartel vo vTdpyeL €va aviikeipevo module pe to dvopa foo alhd
amoutel évav (eEwtepikd) definition yio éva module wov ovopdieTon foo K&Tov.)

"Eva. eldikd yapaktnplotikd ka0e module givar _ dict_ . Auto givar to AeELKO Tou TepLEYEL TOV TIVAKO OUUL-
Borwv g evotntog. H tpomomoinon autot tou AeEukot 0o oAAGEEL OTHV TPAyUATIKOTYTA TOV Tivaka CUUBOAmY
tov module, ald 1) aTevOeiag EKYMPNON OTO YOPAKTNPLOTKO _ dict  dev elvor duvatn (umopeite va ypdapete
m.__dict__['a']l = 1,movopileLtTom.a vo eivar 1, adhd dev umopeite va ypdapete m. __dict__ = {}).
Aev ovviotaton 1) amevbeiag tposomoinon tov _ dict .

Ta modules 7o gival evoouotmuéveg otov diepunvéa ypagoviol og eENg: <module 'sys' (built-—in)>.
Ed&v gpoptmbotv amd éva apyeto, ypdpovtor wg <module 'os' from '/usr/local/lib/pythonX.Y/
os.pyc'>.

4.13.2 KAdoelg Kat Ztiypidotuna KAaong

Agite objects ko class yia qUTa.

4.13.3 ZuvaptnosLq

Ta aviikeipeva ouvopthoemy dnuouvpyouvtat amd oplopovg ovvapthoemv. H povn hettovpyio oe éva aviikei-
UEVO OUVAPTNONG Elvan Vo To ovoudoovue: func (argument—-1ist).

Yrdpyovv mpaynotikd dU0 eidn AVILKELUEVWV GUVOPTIOEWV: EVOOUATOUEVEG GUVOPTNOELS KOL GUVOPTIOELS TOV
KkoBopiCovral amd tov xpnot. Kot ov do vmootnpilouvv tnv idia Aertovpyia (yio va koléoete T cuvapTtnom),
oAAG 1) VAOTTOiNoT elvol SLOPOPETLKY), €S OV KoL OL SLOPOPETLKOL TVITOL AVTIKELUEVWV.

Acgite to function yio wepLocdTEPES TANPOPOPIES.

4.13.4 M€60odol

Methods are functions that are called using the attribute notation. There are two flavors: built-in methods (such as
append () on lists) and class instance methods. Built-in methods are described with the types that support them.

If you access a method (a function defined in a class namespace) through an instance, you get a special object: a bound
method (also called instance method) object. When called, it will add the self argument to the argument list. Bound
methods have two special read-only attributes: m.___self__ is the object on which the method operates, and m.
_ func__ is the function implementing the method. Calling m (arg-1, arg-2, ..., arg-n) is completely
equivalent to callingm.__ func__ (m.__self , arg-1, arg-2, ..., arg-n).

Like function objects, bound method objects support getting arbitrary attributes. However, since method attributes are
actually stored on the underlying function object (meth.__func__), setting method attributes on bound methods is
disallowed. Attempting to set an attribute on a method results in an At t ributeError being raised. In order to set a
method attribute, you need to explicitly set it on the underlying function object:
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>>> class C:
def method(self):

pass
>>> ¢ = C()
>>> c.method.whoami = 'my name is method' # can't set on the method
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
AttributeError: 'method' object has no attribute 'whoami'
>>> c.method. func_ .whoami = 'my name is method'

>>> c.method.whoami
'my name is method'

Agite types yia TepLo0OTEPES TANPOPOPIES.

4.13.5 Avtikeipeva Kwdika

Code objects are used by the implementation to represent «pseudo-compiled» executable Python code such as a function
body. They differ from function objects because they don’t contain a reference to their global execution environment.
Code objects are returned by the built-in compile () function and can be extracted from function objects through their
___code___ attribute. See also the code module.

Accessing ___code___ raises an auditing event object .__getattr__ with arguments objand "__code__".

'Eva avTiKeinevo kmdika Pmopel vo ekteleotel 1) va aSlohoynBei mepvmvtag to (avti yia wyaio ouufolocepd)
OTLG EVOWUOTOUEVEG CUVOPTNOELG exec () fleval ().

Agite types Lo TEPLO0OTEPES TANPOPOPIECS.

4.13.6 TumoL AVTLKELHEVWYV

Ta avitkelpevo TUTOV OVILITPOTMITEVOVY TOUG SLAPOPOUS TUTOUG OVILKEWEVMY. O TUTOG EVOG OVILKELUEVOU TTPO-
oeyyileToL aTd TV EVOMUOTOUEVY] OUVAPTNOT type (). Aev vtdpyovv €1dLkEG AetTovpyieg oTovg Tomovs. To
tumiko6 (standard) module types opilel ovopata yio GLOVG TOUG TUITLKOVG EVOMUATWUEVOVS TVITOVC.

O TOmtoL Yyphgovtal og eENc: <class 'int'>.

4.13.7 To Avtikeipevo Null

AvT) TO AVTIKEIUEVO ETLOTPEPETOL ALTTO CUVAPTIOELS TTOU OEV ETOTPEPOVV PNTA UL TLUN. AeV VITOOTNPILEL ELOLKEG
Lertovpyieg. Ymapyer akpipmg éva undevikd avitkeipevo, tov ovopdletan None (éva evowuatwuévo ovoua). To
type (None) () mapdyel To idLo singleton.

Tpdpetor g None.
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4.13.8 To avtikeipevo Ellipsis

Avutd 10 aviikeipevo ypnotpuomoteitar ouvnbmg e hettovpyio tunuatomoinomng (deite slicings). Aev vwootnpilet
eldLéc hettovpyleg. Ydpyer axpiffmg va avtikeipevo Edhenyng, mov ovoudletal E111ipsi s (Vo eVOOUATOUEVO
ovoua). To type (E11lipsis) () mopdyerto E111ipsis singleton.

Ipbpetor wgEllipsis N .. ..

4.13.9 To Notimplemented Avtikeipevo

This object is returned from comparisons and binary operations when they are asked to operate on types
they don’t support. See comparisons for more information. There is exactly one NotImplemented object.
type (NotImplemented) () produces the singleton instance.

It is written as Not Implemented.

4.13.10 Boolean Values

Boolean values are the two constant objects False and True. They are used to represent truth values (although other
values can also be considered false or true). In numeric contexts (for example when used as the argument to an arithmetic
operator), they behave like the integers 0 and 1, respectively. The built-in function bool () can be used to convert any
value to a Boolean, if the value can be interpreted as a truth value (see section Eleyyoc Eykvons Tuung above).

They are written as False and True, respectively.

4.13.11 EcwTteplka AvTiKeipeva

See types for this information. It describes stack frame objects, traceback objects, and slice objects.

4.14 EWOKaA XapaktnpLotika

H vhomoinon mpocbétel peptcd e10LKA XopoKTNPLOTIKE UOVO Yol AvAyvmon o€ dLapopous THTOVG AVTLKELUEVOV,
OTOoV givol oYETIKA. OpPLoUEVO ATt AUTAE BEV OVOPEPOVTOL OITO TNV EVOOUOTOUEVY OVVAPTNON dir ().

object.__dict___
A dictionary or other mapping object used to store an object’s (writable) attributes.

instance.__class__
The class to which a class instance belongs.

class.__bases___
The tuple of base classes of a class object.

definition._ _name_
To dvouo ™G KAGoNG, TG ovvdptnong, tg webddov, Tou descriptor 1) TOV GTLYULOTUTTOV generator.

definition._ qualname_
To qualified name g KAGONG, TG CUVAPTNONG, TG LeBOdOU, ToV descriptor, 1) TOU OTLYUWOTVTOU generator.

Néo oty éxdoon 3.3.

class.__mro

This attribute is a tuple of classes that are considered when looking for base classes during method resolution.
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class.mro ()
This method can be overridden by a metaclass to customize the method resolution order for its instances. It is called
at class instantiation, and its result is stored in ___mro___

class.__subclasses__ ()
Each class keeps a list of weak references to its immediate subclasses. This method returns a list of all those
references still alive. The list is in definition order. Example:

>>> int._ subclasses__ ()
[<class 'bool'>]

4.15 MeplOPLOPOG UNKOUG HETATPOTING CUMBOAOCELPAG AKEPALOU
apLéuou

H CPython éyet éva maykOoULO 6pLo Yo T UeToTport LetaEy int and st r yua Tov petpraoud twv embéoemv dp-
VNONG VTN pectog. Autd o OpLo LoYVEL udVo Yo deKadkeg ) dhleg BAoELS aptBmy Tov dev £Xouv Ty duvour Tov
&v0. Ou deEaeEaduréc, oktadikéc, Ko dvadikég uetoTpomég eivar ameplopotes. To 6pLo umopei va dapoppmoei.

O timog int otnv CPython eival évag avbaipetog aptBudg UKovs Tov eival amodNKEVUEVOS 08 dUAdLKY LoPP
(xowvawg Yvwotog g «bignum»). Aev vitdpyel alyopLlOuog mov vo umopet va petotpépel e ovppolooelpd oe
dvadkd axépano N dvadkd aképaro oe wa CupPorooelpd oe YPoUULKO XpOVOo, ekTds €dv 1) Bdon eivar dvvaun
Tov 2. AkOun Ko ot Lo Yvwotoi akyoptduot yuo T féon 10 éxovy votetparywviki) tolvmhokdtnta. H petatporn
oG Heydng tiung 6mwg int ("1 * 500_000) umopel va dapkéoel meplocdTePo amd Vo dEVTEPOAETTO O
wo ypryopn CPU.

Limiting conversion size offers a practical way to avoid CVE-2020-10735.

To dpLo e@apudleTol 0Tov apLiud TWV YNPLOKOV XApUKTHPOY 0TI GUUBOAOTELPX £L6OS0U 1] eEGdOV dTav gUITAé-
KetaL £vag pun ypouukog alyopldpog uetoatporrg. To underscores Kai TO TpOoNUo dev vtoAoyiLovial 6To OpLo.

Otav a Aettovpylo vtepfaivel To 0pLo, yivetou raise o ValueError:

>>> import sys
>>> sys.set_int_max_str_digits (4300) # Illustrative, this is the default.
>>> = int ('2' * 5432)

Traceback (most recent call last):

ValueError: Exceeds the limit (4300) for integer string conversion: value has 5432.
—digits; use sys.set_int_max_str_digits() to increase the limit.

>>> 1 = int ('2' * 4300)

>>> len(str(i))

4300

>>> 1 _squared = i*i

>>> len(str (i_squared))

Traceback (most recent call last):

ValueError: Exceeds the limit (4300) for integer string conversion: value has 8599.
—digits; use sys.set_int_max_str_digits() to increase the limit.

>>> len (hex (i_squared))

7144

>>> assert int (hex (i_squared), base=16) == i1i*i1i # Hexadecimal is unlimited.

To  mpoemdeyuévo  Opo  eivaw 4300  yYmeio Omwg  mpoPAémeTan 0TO0  Sys.int_info.
default_max_str_digits. To KoTtOTOTO OpLO TTOUV WrTopel vo. dapopewbel eivar 640 ymopio dmwg
mpoPAémeTaL 0T0 sys. int_info.str_digits_check_threshold.
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Emaii0gvon:

>>> import sys

>>> assert sys.int_info.default_max_str_digits == 4300, sys.int_info
>>> assert sys.int_info.str_digits_check_threshold == 640, sys.int_info

>>> msg = int ('578966293710682886880994035146873798396722250538762761564"'
'9252925514383915483333812743580549779436104706260696366600"
'571186405732") .to_bytes (53, 'big')

Néo omv éxdoomn 3.9.14.

4.15.1 Eninpeaocpeva APls

O 7epLoPLoOG LoYVEL LOVO VLo SUVITTLKG 0PYEG UETOTPOTEG UeTaEY int Kaiw str 1 bytes:
e int (string) pe default féon to 10.
e int (string, base) yua Oheg TG fAOELS OV deV givan dUvaun Tov 2.
e str (integer).
e repr (integer).

o omolodNITote GAMY petatpomi ovuBorooelpds oty Bdon 10, yio mapdderyua £"{integer}™, "{}".

o

format (integer),Mb"%d" % integer.
Ot 7tepLopLoUol deV LoYVOUV YLa CUVOPTNOELS UE YPOUUKS adydpLOuo:
e int (string, base) uepaon?2,4,8, 16,1 32.
e int.from bytes () XKoL int.to_bytes ().
e hex(),oct(),bin().
o Format Specification Mini-Language yi0. deKaeEadikoig, oktadikoig kot duadikoig aptfuovc.
e stroe float.

e str o€ decimal.Decimal.

4.15.2 Awauop¢pwon opiou

IMpwv amd v exkivnorn g Python, umopeite va ypnolpomoufoete o petaffinty meptpdihovrog 1 éva deiktn
YPOUUNG EVTOLMV SLEPUNVEX YL VO SLOUOPPDCETE TO OPLO:

e PYTHONINTMAXSTRDIGITS, m.. PYTHONINTMAXSTRDIGITS=640 python3 yia va opicete 10 0pLo
0¢ 640 ) PYTHONINTMAXSTRDIGITS=0 python3 yLo Vo OTTEVEPYOTOLOETE TOV TEPLOPLOUO.

e —X int_max_str_digits, ). python3 -X int_max_str_digits=640

e To sys.flags.int_max_str_digits mepiéyer v Tiuf] PYTHONINTMAXSTRDIGITS 1 -X
int_max_str_digits. Edv xou 1 emhoyr| env var Kau 1 emmhoyy —X givar kaboplopévn, 1 emhoyn —
X €yeL TPoTEPALOTNTO. Mol Tiut| -1 vitodelkvieL OTL Ko To. dV0 deV 0ploTNKAY, ETOUEVIGS (PN OLUOTOLNONKE
wa Ty sys.int_info.default_max_str_digits kotd tnv mpoeToluosia.

A7 1oV KOALKa, Wtopeite va embemPOETE TO TPEYOV OPLO KL VO OPLOETE €Val VEO YPNOLULOTOLOVTAS CUTA TO.
sys APlIs:

e Ou sys.get_int_max_str_digits() Ko sys.set_int_max_str_digits () gival évog getter
Kau setter Lo To 0pLo og 0Lo Tov diepunvéa. Ot deutepelovieg dLEPUNVELS EXOUV TO dLKO TOVG OPLO.
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Information about the default and minimum can be found in sys. int_info:
e To sys.int_info.default_max_str_digits eivolTo UETAYAMTILOUEVO TIPOETILEYUEVO OPLO.

e To sys.int_info.str_digits_check_threshold givaln xaunlotepy amodekTy| T yio To OpLo
(eKTOG 0td 10 0 TOV TO ATEVEPYOTOLEL).

Néo omv éxdoon 3.9.14.

Ipocoyn: O opLopdg evog younrov opiov wmopel vo. 0dNyHoeL og TPoPANUATO. AV KoL 0TTAVIOG, VITAPYEL KO-
dLKag o TEPLEEL aKképaleg otabepéc e deKadLKO aplBud TNV TNYY TOVG TOV VITEPPALVOUY TO EMGYLOTO
OpLo. Zuvémela TG pUOULONG TOV 0pioy eivar OTL 0 TTNYaiog Kddkog Python mov mepiéyer dexadikovg oke-
POLoVg oPLOUOVG UeYahiTEPOUG ATtd TO OPLO OO AVTLUETMITLOEL GPALUA KATA TNV AvAAVoY, oLviOmg KAaTd TV
eKKIVNON 1] TNV OPO TG ELOAYMYNG 1) (KOO KOL KATA TNV EYKATAOTAON - VA TTAC0. OTLYUT| ELVOL EVUEPWUEVO
.pyc dev vmapyel o1 yro tov Kodika. Mia AUoT yuo Tov TTyaio mov mepLEyel TOoo peydeg otobepég eiva
Vo TG petatpéPete oe dekoeEadiky uoppn 0x kabmg dev €xel OpLo.

AoKIUAOTE OYOLAOTIKA TNV EQOPUOYT OGS EAV XPNOLUOTTOLELTE XoUNAO Opro. Befawwbdeite OTL oL dokiuég cog
EKTEAOUVTOL [LE TO OPLO TTOV E)XEL OPLOTEL VWPLG LETM TOV TTEPLBAALOVTOG 1) TOU OELKTY, DOTE VO LOYVEL KATA TV
eKKivNnon Kou akoun Kot Kot T SLepKeLa 0TToloudNTote FNIotog eYKaTdoTaong Tov umopel va KaAEoeL TV
Python yiat vaL peToryATTioEL EK TOV TPOTEPWYV TO . Py TTNYOLO OE ap)eia . pyc.

4.15.3 MNMpoTtelvopevn dLapopPpwon

The default sys.int_info.default_max_str_digits is expected to be reasonable for most applications. If
your application requires a different limit, set it from your main entry point using Python version agnostic code as these
APIs were added in security patch releases in versions before 3.11.

Moapdderypa:

>>> import sys
>>> if hasattr(sys, "set_int_max_ str digits"):
upper_bound = 68000
lower_bound = 4004
current_limit = sys.get_int_max_str_digits()
if current_limit == 0 or current_limit > upper_bound:
sys.set_int_max_str_digits (upper_bound)
elif current_limit < lower_bound:
sys.set_int_max_str_digits (lower_bound)

Edv mpémel vo 10 amevepyomoumoeTe eviehms, oplote To o 0.

YTIOONHELWOELG
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KEGAAAIO D

Built-in Exceptions

In Python, all exceptions must be instances of a class that derives from BaseException. Ina try statement with an
except clause that mentions a particular class, that clause also handles any exception classes derived from that class
(but not exception classes from which it is derived). Two exception classes that are not related via subclassing are never
equivalent, even if they have the same name.

The built-in exceptions listed below can be generated by the interpreter or built-in functions. Except where mentioned,
they have an «associated value» indicating the detailed cause of the error. This may be a string or a tuple of several items
of information (e.g., an error code and a string explaining the code). The associated value is usually passed as arguments
to the exception class’s constructor.

User code can raise built-in exceptions. This can be used to test an exception handler or to report an error condition «just
like» the situation in which the interpreter raises the same exception; but beware that there is nothing to prevent user code
from raising an inappropriate error.

The built-in exception classes can be subclassed to define new exceptions; programmers are encouraged to derive new
exceptions from the Except ion class or one of its subclasses, and not from BaseExcept i on. More information on
defining exceptions is available in the Python Tutorial under tut-userexceptions.

5.1 Exception context

When raising a new exception while another exception is already being handled, the new exception’s __context___
attribute is automatically set to the handled exception. An exception may be handled when an except or finally
clause, or a with statement, is used.

This implicit exception context can be supplemented with an explicit cause by using from with raise:

raise new_exc from original_exc

The expression following £ rom must be an exception or None. It will be set as __cause___ on the raised exception.
Setting ___cause___ also implicitly sets the ___suppress_context___ attribute to True, so that using raise
new_exc from None effectively replaces the old exception with the new one for display purposes (e.g. converting
KeyError to AttributeError), while leaving the old exception available in ___context___ for introspection
when debugging.
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The default traceback display code shows these chained exceptions in addition to the traceback for the exception itself.
An explicitly chained exception in ___cause___ is always shown when present. An implicitly chained exception in
__context__isshownonlyif _ _cause__is Noneand __suppress_context__ is false.

In either case, the exception itself is always shown after any chained exceptions so that the final line of the traceback
always shows the last exception that was raised.

5.2 Inheriting from built-in exceptions

User code can create subclasses that inherit from an exception type. It’s recommended to only subclass one exception
type at a time to avoid any possible conflicts between how the bases handle the args attribute, as well as due to possible
memory layout incompatibilities.

CPython implementation detail: Most built-in exceptions are implemented in C for efficiency, see: Objects/exceptions.c.
Some have custom memory layouts which makes it impossible to create a subclass that inherits from multiple exception
types. The memory layout of a type is an implementation detail and might change between Python versions, leading to
new conflicts in the future. Therefore, it’s recommended to avoid subclassing multiple exception types altogether.

5.3 Base classes

The following exceptions are used mostly as base classes for other exceptions.

exception BaseException
The base class for all built-in exceptions. It is not meant to be directly inherited by user-defined classes (for that,
use Exception). If str () is called on an instance of this class, the representation of the argument(s) to the
instance are returned, or the empty string when there were no arguments.

args
The tuple of arguments given to the exception constructor. Some built-in exceptions (like OSError) expect
a certain number of arguments and assign a special meaning to the elements of this tuple, while others are
usually called only with a single string giving an error message.

with_traceback (1h)
This method sets 7b as the new traceback for the exception and returns the exception object. It is usually used
in exception handling code like this:

try:

except SomeException:
tb = sys.exc_info () [2]
raise OtherException(...).with_traceback (tb)

exception Exception
All built-in, non-system-exiting exceptions are derived from this class. All user-defined exceptions should also be
derived from this class.

exception ArithmeticError
The base class for those built-in exceptions that are raised for various arithmetic errors: OverflowError,
ZeroDivisionError, FloatingPointError.

exception BufferError
Raised when a buffer related operation cannot be performed.
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exception LookupError
The base class for the exceptions that are raised when a key or index used on a mapping or sequence is invalid:
IndexError, KeyError. This can be raised directly by codecs. Iookup ().

5.4 Concrete exceptions

The following exceptions are the exceptions that are usually raised.

exception AssertionError
Raised when an assert statement fails.

exception AttributeError
Raised when an attribute reference (see attribute-references) or assignment fails. (When an object does not support
attribute references or attribute assignments at all, TypeError is raised.)

exception EOFError
Raised when the input () function hits an end-of-file condition (EOF) without reading any data. (N.B.: the
io.IOBase.read () and io.IOBase.readline () methods return an empty string when they hit EOF.)

exception FloatingPointError
Not currently used.

exception GeneratorExit
Raised when a generator or coroutine is closed; see generator.close () and coroutine.close (). It
directly inherits from BaseExcept ion instead of Exception since it is technically not an error.

exception ImportError
Raised when the import statement has troubles trying to load a module. Also raised when the «from list» in
from ... import hasa name that cannot be found.

The name and path attributes can be set using keyword-only arguments to the constructor. When set they
represent the name of the module that was attempted to be imported and the path to any file which triggered
the exception, respectively.

AMoEe oty £xdoon 3.3: Added the name and path attributes.

exception ModuleNotFoundError
A subclass of TmportError which is raised by import when a module could not be located. It is also raised
when None is found in sys.modules.

Néo otv £€kdoom 3.6.

exception IndexError
Raised when a sequence subscript is out of range. (Slice indices are silently truncated to fall in the allowed range;
if an index is not an integer, TypeError is raised.)

exception KeyError
Raised when a mapping (dictionary) key is not found in the set of existing keys.

exception KeyboardInterrupt
Raised when the user hits the interrupt key (normally Control-C or Delete). During execution, a check for
interrupts is made regularly. The exception inherits from BaseException so as to not be accidentally caught
by code that catches Exception and thus prevent the interpreter from exiting.

Enueiwon: Catching a KeyboardInterrupt requires special consideration. Because it can be raised at
unpredictable points, it may, in some circumstances, leave the running program in an inconsistent state. It is
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generally best to allow KeyboardInterrupt to end the program as quickly as possible or avoid raising it
entirely. (See Note on Signal Handlers and Exceptions.)

exception MemoryError

Raised when an operation runs out of memory but the situation may still be rescued (by deleting some objects).
The associated value is a string indicating what kind of (internal) operation ran out of memory. Note that because
of the underlying memory management architecture (C’'s malloc () function), the interpreter may not always be
able to completely recover from this situation; it nevertheless raises an exception so that a stack traceback can be
printed, in case a run-away program was the cause.

exception NameError

Raised when a local or global name is not found. This applies only to unqualified names. The associated value is
an error message that includes the name that could not be found.

exception NotImplementedError

This exception is derived from Runt imeError. In user defined base classes, abstract methods should raise this
exception when they require derived classes to override the method, or while the class is being developed to indicate
that the real implementation still needs to be added.

Ynueimon: It should not be used to indicate that an operator or method is not meant to be supported at all - in
that case either leave the operator / method undefined or, if a subclass, set it to None.

Enueiwon: NotImplementedError and Not Implemented are not interchangeable, even though they
have similar names and purposes. See Not Implemented for details on when to use it.

exception OSError ( [arg] )
exception OSError (errno, strerror[, ﬁlename[, winerror[, ﬁlenameZ] ] ])

This exception is raised when a system function returns a system-related error, including I/O failures such as «file
not found» or «disk full» (not for illegal argument types or other incidental errors).

The second form of the constructor sets the corresponding attributes, described below. The attributes default to
None if not specified. For backwards compatibility, if three arguments are passed, the args attribute contains
only a 2-tuple of the first two constructor arguments.

The constructor often actually returns a subclass of OSError, as described in OS exceptions below. The particular
subclass depends on the final e rrno value. This behaviour only occurs when constructing OSError directly or
via an alias, and is not inherited when subclassing.

errno
A numeric error code from the C variable errno.

winerror
Under Windows, this gives you the native Windows error code. The e rrno attribute is then an approximate
translation, in POSIX terms, of that native error code.

Under Windows, if the winerror constructor argument is an integer, the e r rno attribute is determined from
the Windows error code, and the errno argument is ignored. On other platforms, the winerror argument is
ignored, and the winerror attribute does not exist.

strerror
The corresponding error message, as provided by the operating system. It is formatted by the C functions
perror () under POSIX, and FormatMessage () under Windows.

filename
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filename2
For exceptions that involve a file system path (such as open () or os.unlink ()), filename is the
file name passed to the function. For functions that involve two file system paths (such as os. rename ()),
filename?Z corresponds to the second file name passed to the function.

AMoEe omv ékdoon 3.3: EnvironmentError, IOError, WindowsError, socket.error,
select.error and mmap.error have been merged into OSError, and the constructor may return a
subclass.

AMoEe oty ékdoon 3.4: The i lename attribute is now the original file name passed to the function, instead
of the name encoded to or decoded from the filesystem encoding. Also, the filename2 constructor argument and
attribute was added.

exception OverflowError
Raised when the result of an arithmetic operation is too large to be represented. This cannot occur for integers
(which would rather raise MemoryError than give up). However, for historical reasons, OverflowError is
sometimes raised for integers that are outside a required range. Because of the lack of standardization of floating
point exception handling in C, most floating point operations are not checked.

exception RecursionError
This exception is derived from RuntimeError. It is raised when the interpreter detects that the maximum
recursion depth (see sys.getrecursionlimit ()) is exceeded.

Néo otnv ékdoon 3.5: Previously, a plain Runt imeError was raised.

exception ReferenceError
This exception is raised when a weak reference proxy, created by the weakref.proxy () function, is used to
access an attribute of the referent after it has been garbage collected. For more information on weak references,
see the weak ref module.

exception RuntimeError
Raised when an error is detected that doesn’t fall in any of the other categories. The associated value is a string
indicating what precisely went wrong.

exception StopIteration
Raised by built-in function next () and an iferator’s __next___ () method to signal that there are no further
items produced by the iterator.

The exception object has a single attribute va lue, which is given as an argument when constructing the exception,
and defaults to None.

When a generator or coroutine function returns, anew St opTterat i on instance is raised, and the value returned
by the function is used as the value parameter to the constructor of the exception.

If a generator code directly or indirectly raises StopIteration, it is converted into a RuntimeError
(retaining the StopIteration as the new exception’s cause).

AMoEe otnv ékdoon 3.3: Added value attribute and the ability for generator functions to use it to return a value.

AMoEe ot ékdoon 3.5: Introduced the RuntimeError transformation via from __ future_  import
generator_stop, see PEP 479.

AlhaEe oty €kdoom 3.7: Enable PEP 479 for all code by default:a St opTterat i on error raised in a generator
is transformed into a Runt imeError.

exception StopAsyncIteration
Must be raised by __anext__ () method of an asynchronous iterator object to stop the iteration.

Néo otv éxdoon 3.5.

exception SyntaxError (message, details)
Raised when the parser encounters a syntax error. This may occur in an import statement, in a call to the
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built-in functions compile (), exec (), or eval (), or when reading the initial script or standard input (also
interactively).

The st () of the exception instance returns only the error message. Details is a tuple whose members are also
available as separate attributes.

filename
The name of the file the syntax error occurred in.

lineno
Which line number in the file the error occurred in. This is 1-indexed: the first line in the file has a 1ineno
of 1.

offset
The column in the line where the error occurred. This is 1-indexed: the first character in the line has an
offset of 1.

text
The source code text involved in the error.

For errors in f-string fields, the message is prefixed by «f-string: » and the offsets are offsets in a text constructed
from the replacement expression. For example, compiling f’Bad {a b} field” results in this args attribute: (“f-string:
. .”’ (66”’ 1’ 4’ 66(a b)n9?)).

exception IndentationError

Base class for syntax errors related to incorrect indentation. This is a subclass of SyntaxError.

exception TabError

Raised when indentation contains an inconsistent use of tabs and spaces. This is a subclass of
IndentationError.

exception SystemError

Raised when the interpreter finds an internal error, but the situation does not look so serious to cause it to abandon
all hope. The associated value is a string indicating what went wrong (in low-level terms).

You should report this to the author or maintainer of your Python interpreter. Be sure to report the version of the
Python interpreter (sys . version;itis also printed at the start of an interactive Python session), the exact error
message (the exception’s associated value) and if possible the source of the program that triggered the error.

exception SystemExit

This exception is raised by the sys.exit () function. It inherits from BaseException instead of
Exception so that it is not accidentally caught by code that catches Exception. This allows the exception
to properly propagate up and cause the interpreter to exit. When it is not handled, the Python interpreter exits; no
stack traceback is printed. The constructor accepts the same optional argument passed to sys.exit (). If the
value is an integer, it specifies the system exit status (passed to C’s exit () function); if it is None, the exit status
is zero; if it has another type (such as a string), the object’s value is printed and the exit status is one.

A call to sys.exit () is translated into an exception so that clean-up handlers (finally clauses of try
statements) can be executed, and so that a debugger can execute a script without running the risk of losing control.
The os._exit () function can be used if it is absolutely positively necessary to exit immediately (for example,
in the child process after a call to os. fork ()).

code
The exit status or error message that is passed to the constructor. (Defaults to None.)

exception TypeError

Raised when an operation or function is applied to an object of inappropriate type. The associated value is a string
giving details about the type mismatch.

This exception may be raised by user code to indicate that an attempted operation on an object is not supported, and
is not meant to be. If an object is meant to support a given operation but has not yet provided an implementation,
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NotImplementedError isthe proper exception to raise.

Passing arguments of the wrong type (e.g. passing a 1ist when an int is expected) should result in a
TypeError, but passing arguments with the wrong value (e.g. a number outside expected boundaries) should
resultina ValueError.

exception UnboundLocalError
Raised when a reference is made to a local variable in a function or method, but no value has been bound to that
variable. This is a subclass of NameError.

exception UnicodeError
Raised when a Unicode-related encoding or decoding error occurs. It is a subclass of ValueError.

UnicodeError has attributes that describe the encoding or decoding error. For example, err . object [err.
start:err.end] gives the particular invalid input that the codec failed on.

encoding
The name of the encoding that raised the error.

reason
A string describing the specific codec error.

object
The object the codec was attempting to encode or decode.

start
The first index of invalid data in ob ject.

end
The index after the last invalid data in ob ject.

exception UnicodeEncodeError
Raised when a Unicode-related error occurs during encoding. It is a subclass of UnicodeError.

exception UnicodeDecodeError
Raised when a Unicode-related error occurs during decoding. It is a subclass of UnicodeError.

exception UnicodeTranslateError
Raised when a Unicode-related error occurs during translating. It is a subclass of UnicodeError.

exception ValueError
Raised when an operation or function receives an argument that has the right type but an inappropriate value, and
the situation is not described by a more precise exception such as TndexError.

exception ZeroDivisionError
Raised when the second argument of a division or modulo operation is zero. The associated value is a string
indicating the type of the operands and the operation.

The following exceptions are kept for compatibility with previous versions; starting from Python 3.3, they are aliases of
OSError.

exception EnvironmentError
exception IOError

exception WindowsError
Only available on Windows.
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5.4.1 OS exceptions

The following exceptions are subclasses of OSError, they get raised depending on the system error code.

exception BlockingIOError
Raised when an operation would block on an object (e.g. socket) set for non-blocking operation. Corresponds to
errno EAGAIN, EALREADY, EWOULDBLOCK and EINPROGRESS.

In addition to those of OSError, BlockingIOError can have one more attribute:

characters_written
An integer containing the number of characters written to the stream before it blocked. This attribute is
available when using the buffered I/O classes from the i 0 module.

exception ChildProcessError
Raised when an operation on a child process failed. Corresponds to errno ECHILD.

exception ConnectionError
A base class for connection-related issues.

Subclasses are BrokenPipeError, ConnectionAbortedError, ConnectionRefusedError and
ConnectionResetError.

exception BrokenPipeError
A subclass of ConnectionError, raised when trying to write on a pipe while the other end has been closed, or
trying to write on a socket which has been shutdown for writing. Corresponds to errno EPTPE and ESHUTDOWN.

exception ConnectionAbortedError
A subclass of ConnectionError, raised when a connection attempt is aborted by the peer. Corresponds to
errno ECONNABORTED.

exception ConnectionRefusedError
A subclass of ConnectionError, raised when a connection attempt is refused by the peer. Corresponds to
errno ECONNREFUSED.

exception ConnectionResetError
A subclass of ConnectionError, raised when a connection is reset by the peer. Corresponds to errno
ECONNRESET.

exception FileExistsError
Raised when trying to create a file or directory which already exists. Corresponds to errno EEXTST.

exception FileNotFoundError
Raised when a file or directory is requested but doesn’t exist. Corresponds to errno ENOENT.

exception InterruptedError
Raised when a system call is interrupted by an incoming signal. Corresponds to errno EINTR.

AMoEe oty ékdoon 3.5: Python now retries system calls when a syscall is interrupted by a signal, except if the
signal handler raises an exception (see PEP 475 for the rationale), instead of raising TnterruptedError.

exception IsADirectoryError
Raised when a file operation (such as os.remove ()) is requested on a directory. Corresponds to errno
EISDIR.

exception NotADirectoryError
Raised when a directory operation (such as os. 1 istdir ()) is requested on something which is not a directory.
On most POSIX platforms, it may also be raised if an operation attempts to open or traverse a non-directory file
as if it were a directory. Corresponds to errno ENOTDIR.
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exception PermissionError
Raised when trying to run an operation without the adequate access rights - for example filesystem permissions.
Corresponds to errno EACCES and EPERM.

exception ProcessLookupError
Raised when a given process doesn’t exist. Corresponds to errno ESRCH.

exception TimeoutError
Raised when a system function timed out at the system level. Corresponds to errno ETIMEDOUT.

Néo oty é€xdoon 3.3: All the above OSError subclasses were added.
Agite gmiong:

PEP 3151 - Reworking the OS and IO exception hierarchy

5.5 Warnings

The following exceptions are used as warning categories; see the Warning Categories documentation for more details.

exception Warning
Base class for warning categories.

exception UserWarning
Base class for warnings generated by user code.

exception DeprecationWarning
Base class for warnings about deprecated features when those warnings are intended for other Python developers.

Ignored by the default warning filters, except in the _ _main__ module (PEP 565). Enabling the Python
Development Mode shows this warning.

The deprecation policy is described in PEP 387.

exception PendingDeprecationWarning
Base class for warnings about features which are obsolete and expected to be deprecated in the future, but are not
deprecated at the moment.

This class is rarely used as emitting a warning about a possible upcoming deprecation is unusual, and
DeprecationWarning is preferred for already active deprecations.

Ignored by the default warning filters. Enabling the Python Development Mode shows this warning.
The deprecation policy is described in PEP 387.

exception SyntaxWarning
Base class for warnings about dubious syntax.

exception RuntimeWarning
Base class for warnings about dubious runtime behavior.

exception FutureWarning
Base class for warnings about deprecated features when those warnings are intended for end users of applications
that are written in Python.

exception ImportWarning
Base class for warnings about probable mistakes in module imports.

Ignored by the default warning filters. Enabling the Python Development Mode shows this warning.

exception UnicodeWarning
Base class for warnings related to Unicode.
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exception BytesWarning

Base class for warnings related to bytes and bytearray.

exception ResourceWarning
Base class for warnings related to resource usage.

Ignored by the default warning filters. Enabling the Python Development Mode shows this warning.

Néo oty éxdoon 3.2.

5.6 Exception hierarchy

The class hierarchy for built-in exceptions is:

BaseException

+—— SystemExit

+-— KeyboardInterrupt

+-— GeneratorExit

+-— Exception
+-— StoplIteration
+-— StopAsynclteration
+—— ArithmeticError
| +-— FloatingPointError
| +—— OverflowError

| +—-— ZeroDivisionError
+—-— AssertionError

+-— AttributeError

+-— BufferError

+—— EOFError

+—-— ImportError

| +—— ModuleNotFoundError
+—— LookupError

| +—— IndexError

| +—— KeyError

+—-— MemoryError

+—-— NameError

| +—— UnboundLocalError
+—— OSError

| +-— BlockingIOError

| +—— ChildProcessError

| +-— ConnectionError

| | +-— BrokenPipeError

| | +—— ConnectionAbortedError
| | +—— ConnectionRefusedError
\ \ +—-— ConnectionResetError

| +—— FileExistsError

| +-— FileNotFoundError

| +—— InterruptedError

| +-— IsADirectoryError

| +-— NotADirectoryError

| +-— PermissionError

| +—— ProcessLookupError

| +-— TimeoutError

+—— ReferenceError

+-— RuntimeError

| +—— NotImplementedError

\ +-— RecursionError

(ouvéyela otV emtduevn oehida)
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+—— SyntaxError

| +-— IndentationError

\ +-— TabError

+—— SystemError

+-— TypeError

+-— ValueError

| +-— UnicodeError

\ +—-— UnicodeDecodeError
\ +-— UnicodeEncodeError

\ +-— UnicodeTranslateError

+-— Warning
+-— DeprecationWarning
+-— PendingDeprecationWarning
+-— RuntimeWarning
+-— SyntaxWarning
+-— UserWarning
+-— FutureWarning
+-— ImportWarning

+-— UnicodeWarning
+-— BytesWarning
+-— ResourceWarning
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Text Processing Services

The modules described in this chapter provide a wide range of string manipulation operations and other text processing
services.

The codecs module described under Binary Data Services is also highly relevant to text processing. In addition, see the
documentation for Python’s built-in string type in 7T0wo¢ AxolovOiag (Sequence) Kewuévov — str.

6.1 string — Common string operations

Source code: Lib/string.py

Agite gmiong:
TYmog AkorovBiag (Sequence) Ketuévov — str

MéBodor Zvuforocelpdg (String)

6.1.1 String constants

The constants defined in this module are:

string.ascii_letters
The concatenation of the ascii_lowercaseand ascii_uppercase constants described below. This value
is not locale-dependent.

string.ascii_lowercase
The lowercase letters 'abcdefghijklmnopgrstuvwxyz'. This value is not locale-dependent and will not
change.

string.ascii_uppercase
The uppercase letters ' ABCDEFGHIJKLMNOPQRSTUVWXYZ '. This value is not locale-dependent and will not
change.
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string.digits
The string '0123456789".

string.hexdigits
The string '0123456789abcdefABCDEF .

string.octdigits
The string '01234567".

string.punctuation
String of ASCII characters which are considered punctuation characters in the C locale: ' "#$%&"' () *+,—./:;
<=>?Q@[\]1"_"{[}~

string.printable
String of ASCII characters which are considered printable. This is a combination of digits, ascii_letters,
punctuation,and whitespace.

string.whitespace
A string containing all ASCII characters that are considered whitespace. This includes the characters space, tab,
linefeed, return, formfeed, and vertical tab.

6.1.2 Custom String Formatting

The built-in string class provides the ability to do complex variable substitutions and value formatting via the format ()
method described in PEP 3101. The Format ter class in the st ring module allows you to create and customize your
own string formatting behaviors using the same implementation as the built-in format () method.

class string.Formatter
The Formatter class has the following public methods:

format (format_string, /, *args, **kwargs)
The primary API method. It takes a format string and an arbitrary set of positional and keyword arguments.
It is just a wrapper that calls vformat ().

AMoEe oty €kdoon 3.7: A format string argument is now positional-only.

vformat (format_string, args, kwargs)
This function does the actual work of formatting. It is exposed as a separate function for cases where you
want to pass in a predefined dictionary of arguments, rather than unpacking and repacking the dictionary as
individual arguments using the *args and * *kwargs syntax. vformat () does the work of breaking up
the format string into character data and replacement fields. It calls the various methods described below.

In addition, the Format ter defines a number of methods that are intended to be replaced by subclasses:

parse (format_string)
Loop over the format_string and return an iterable of tuples (literal_text, field_name, format_spec, conversion).
This is used by viformat () to break the string into either literal text, or replacement fields.

The values in the tuple conceptually represent a span of literal text followed by a single replacement field.
If there is no literal text (which can happen if two replacement fields occur consecutively), then literal_text
will be a zero-length string. If there is no replacement field, then the values of field_name, format_spec and
conversion will be None.

get_field (field _name, args, kwargs)
Given field_name as returned by parse () (see above), convert it to an object to be formatted. Returns a
tuple (obj, used_key). The default version takes strings of the form defined in PEP 3101, such as «O[name]»
or «label.title». args and kwargs are as passed in to vformat (). The return value used_key has the same
meaning as the key parameter to get_value ().
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get_value (key, args, kwargs)
Retrieve a given field value. The key argument will be either an integer or a string. If it is an integer, it
represents the index of the positional argument in args; if it is a string, then it represents a named argument
in kwargs.

The args parameter is set to the list of positional arguments to viormat (), and the kwargs parameter is set
to the dictionary of keyword arguments.

For compound field names, these functions are only called for the first component of the field name;
subsequent components are handled through normal attribute and indexing operations.

So for example, the field expression “0.name” would cause get_value () to be called with a key argument
of 0. The name attribute will be looked up after get_value () returns by calling the built-in getattr ()
function.

If the index or keyword refers to an item that does not exist, then an ITndexError or KeyError should
be raised.

check_unused_args (used_args, args, kwargs)
Implement checking for unused arguments if desired. The arguments to this function is the set of all argument
keys that were actually referred to in the format string (integers for positional arguments, and strings for named
arguments), and a reference to the args and kwargs that was passed to vformat. The set of unused args can be
calculated from these parameters. check_unused_args () is assumed to raise an exception if the check
fails.

format_£field (value, format_spec)
format_field () simply calls the global format () built-in. The method is provided so that subclasses
can override it.

convert_field (value, conversion)
Converts the value (returned by get_field()) given a conversion type (as in the tuple returned by the
parse () method). The default version understands “s” (str), “r” (repr) and “a” (ascii) conversion types.

6.1.3 Format String Syntax

The str. format () method and the Format ter class share the same syntax for format strings (although in the case
of Formatter, subclasses can define their own format string syntax). The syntax is related to that of formatted string
literals, but it is less sophisticated and, in particular, does not support arbitrary expressions.

Format strings contain «replacement fields» surrounded by curly braces { }. Anything that is not contained in braces is
considered literal text, which is copied unchanged to the output. If you need to include a brace character in the literal
text, it can be escaped by doubling: { { and } }.

The grammar for a replacement field is as follows:

replacement_field = "{" [field name] ["!" conversion] [":" format_spec] "}"
field _name = arg_name ("." attribute_name | "[" element_index "]1")*
arg_name = [identifier | digit+]

attribute_name = identifier

digit+ | index_string

index_string <any source character except "]"> +
conversion "r" | "s" | "a"

format_spec n= <described in the next section>

element_index

In less formal terms, the replacement field can start with a field_name that specifies the object whose value is to be
formatted and inserted into the output instead of the replacement field. The field name is optionally followed by a
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conversion field, which is preceded by an exclamation point ' ! ', and a format_spec, which is preceded by a colon ' : '.
These specify a non-default format for the replacement value.

See also the Format Specification Mini-Language section.

The field_name itself begins with an arg_name that is either a number or a keyword. If it’s a number, it refers to a
positional argument, and if it’s a keyword, it refers to a named keyword argument. If the numerical arg_names in a format
string are 0, 1, 2, ... in sequence, they can all be omitted (not just some) and the numbers 0, 1, 2, ... will be automatically
inserted in that order. Because arg_name is not quote-delimited, it is not possible to specify arbitrary dictionary keys (e.g.,
the strings '10"' or ' : —] ') within a format string. The arg_name can be followed by any number of index or attribute
expressions. An expression of the form ' .name ' selects the named attribute using getattr (), while an expression
of the form ' [index] ' does an index lookup using __getitem__ ().

AMoEe ot £€xdoon 3.1: The positional argument specifiers can be omitted for st r. format (),so '{} {}'.
format (a, b) isequivalentto '{0} {1}'.format (a, b).

AMaEe oty €kdoon 3.4: The positional argument specifiers can be omitted for Formatter.

Some simple format string examples:

"First, thou shalt count to " # References first positional argument

"Bring me a " # Implicitly references the first positional.
—argument

"From to " # Same as "From {0} to {1}"

"My quest is " # References keyword argument 'name'

"Weight in tons " # 'weight' attribute of first positional arg
"Units destroyed: " # First element of keyword argument 'players'.

The conversion field causes a type coercion before formatting. Normally, the job of formatting a value is done by the
__format__ () method of the value itself. However, in some cases it is desirable to force a type to be formatted as a
string, overriding its own definition of formatting. By converting the value to a string before calling __format__ (),
the normal formatting logic is bypassed.

Three conversion flags are currently supported: ' ! s' which calls st r () on the value, ' ! r' which calls repr () and
'"1a'" whichcalls ascii().

Some examples:

"Harold's a clever " # Calls str() on the argument first
"Bring out the holy " # Calls repr() on the argument first
"More " # Calls ascii () on the argument first

The format_spec field contains a specification of how the value should be presented, including such details as field width,
alignment, padding, decimal precision and so on. Each value type can define its own «formatting mini-language» or
interpretation of the format_spec.

Most built-in types support a common formatting mini-language, which is described in the next section.

A format_spec field can also include nested replacement fields within it. These nested replacement fields may contain
a field name, conversion flag and format specification, but deeper nesting is not allowed. The replacement fields within
the format_spec are substituted before the format_spec string is interpreted. This allows the formatting of a value to be
dynamically specified.

See the Format examples section for some examples.
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Format Specification Mini-Language

«Format specifications» are used within replacement fields contained within a format string to define how individual
values are presented (see Format String Syntax and f-strings). They can also be passed directly to the built-in format ()
function. Each formattable type may define how the format specification is to be interpreted.

Most built-in types implement the following options for format specifications, although some of the formatting options
are only supported by the numeric types.

A general convention is that an empty format specification produces the same result as if you had called st () on the
value. A non-empty format specification typically modifies the result.

The general form of a standard format specifier is:

format_spec

[[filllalign][sign] [#]1[0] [width] [grouping _option][.precision] [type]

fill = <any character>

allgn = "<" | ">" I nwm_mn | nAmn

Slgl’l :: |I+" | nwn_mn I " "

width = digit+

grouping_option = L

precision = digit+

type = "b" | "c" I "d" | "e" ‘ "E" | "f" ‘ "F" | "g" | "G" I "n" | "O" I "E

If a valid align value is specified, it can be preceded by a fill character that can be any character and defaults to a space
if omitted. It is not possible to use a literal curly brace (» {» or «}») as the fill character in a formatted string literal or
when using the st r. format () method. However, it is possible to insert a curly brace with a nested replacement field.
This limitation doesn’t affect the format () function.

The meaning of the various alignment options is as follows:

OptignMeaning

'<' | Forces the field to be left-aligned within the available space (this is the default for most objects).
'>" | Forces the field to be right-aligned within the available space (this is the default for numbers).
'="| Forces the padding to be placed after the sign (if any) but before the digits. This is used for printing
fields in the form “+000000120”. This alignment option is only valid for numeric types. It becomes
the default when “0” immediately precedes the field width.

'~ | Forces the field to be centered within the available space.

Note that unless a minimum field width is defined, the field width will always be the same size as the data to fill it, so that
the alignment option has no meaning in this case.

The sign option is only valid for number types, and can be one of the following:

Option | Meaning

T indicates that a sign should be used for both positive as well as negative numbers.

- indicates that a sign should be used only for negative numbers (this is the default behavior).
space | indicates that a leading space should be used on positive numbers, and a minus sign on negative
numbers.

The '#' option causes the «alternate form» to be used for the conversion. The alternate form is defined differently
for different types. This option is only valid for integer, float and complex types. For integers, when binary, octal, or
hexadecimal output is used, this option adds the respective prefix '0b"', '0o', '0x "', or '0X"' to the output value. For
float and complex the alternate form causes the result of the conversion to always contain a decimal-point character, even
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if no digits follow it. Normally, a decimal-point character appears in the result of these conversions only if a digit follows
it. In addition, for 'g' and 'G"' conversions, trailing zeros are not removed from the result.

The ', ' option signals the use of a comma for a thousands separator. For a locale aware separator, use the 'n"' integer
presentation type instead.

AMaEe oty ékdoon 3.1: Added the ', ' option (see also PEP 378).

The '_"' option signals the use of an underscore for a thousands separator for floating point presentation types and for
integer presentation type 'd'. For integer presentation types 'b', 'o', 'x"', and 'X"', underscores will be inserted
every 4 digits. For other presentation types, specifying this option is an error.

AMaEe oty ékdoon 3.6: Added the '_ ' option (see also PEP 515).

width is a decimal integer defining the minimum total field width, including any prefixes, separators, and other formatting
characters. If not specified, then the field width will be determined by the content.

When no explicit alignment is given, preceding the width field by a zero (' 0 ') character enables sign-aware zero-padding
for numeric types. This is equivalent to a fill character of ' 0 ' with an alignment type of '=".

The precision is a decimal integer indicating how many digits should be displayed after the decimal point for presentation
types 'f£' and 'F', or before and after the decimal point for presentation types 'g' or 'G'. For string presentation
types the field indicates the maximum field size - in other words, how many characters will be used from the field content.
The precision is not allowed for integer presentation types.

Finally, the type determines how the data should be presented.

The available string presentation types are:

Type | Meaning
's! String format. This is the default type for strings and may be omitted.
None | Thesameas 's"'.

The available integer presentation types are:

Typg Meaning

'b' | Binary format. Outputs the number in base 2.

'c' | Character. Converts the integer to the corresponding unicode character before printing.

'd' | Decimal Integer. Outputs the number in base 10.

'o"' | Octal format. Outputs the number in base 8.

x ' | Hex format. Outputs the number in base 16, using lower-case letters for the digits above 9.

'X" | Hex format. Outputs the number in base 16, using upper-case letters for the digits above 9. In case
"4 ' is specified, the prefix ' Ox ' will be upper-cased to ' 0X ' as well.

'n' | Number. This is the same as 'd', except that it uses the current locale setting to insert the
appropriate number separator characters.

None The sameas 'd"'.

In addition to the above presentation types, integers can be formatted with the floating point presentation types listed
below (except 'n' and None). When doing so, f1oat () is used to convert the integer to a floating point number
before formatting.

The available presentation types for f1oat and Decimal values are:
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Type Meaning

'e' | Scientific notation. For a given precision p, formats the number in scientific notation with the
letter “e” separating the coefficient from the exponent. The coefficient has one digit before and p
digits after the decimal point, for a total of p + 1 significant digits. With no precision given,
uses a precision of 6 digits after the decimal point for 71 oat, and shows all coefficient digits for
Decimal. If no digits follow the decimal point, the decimal point is also removed unless the #
option is used.

'E' | Scientific notation. Same as 'e ' except it uses an upper case “E” as the separator character.

' £' | Fixed-point notation. For a given precision p, formats the number as a decimal number with exactly
p digits following the decimal point. With no precision given, uses a precision of 6 digits after
the decimal point for f1oat, and uses a precision large enough to show all coefficient digits for
Decimal. If no digits follow the decimal point, the decimal point is also removed unless the #
option is used.

'F' | Fixed-point notation. Same as ' £ ', but converts nan to NAN and inf to INF.

'g"' | General format. For a given precision p >= 1, this rounds the number to p significant digits
and then formats the result in either fixed-point format or in scientific notation, depending on its
magnitude. A precision of 0 is treated as equivalent to a precision of 1.

The precise rules are as follows: suppose that the result formatted with presentation type 'e ' and
precision p—1 would have exponent exp. Then, if m <= exp < p, where m is -4 for floats and
-6 for Decima 1 s, the number is formatted with presentation type ' £ ' and precision p—1-exp.
Otherwise, the number is formatted with presentation type 'e ' and precision p—1. In both cases
insignificant trailing zeros are removed from the significand, and the decimal point is also removed
if there are no remaining digits following it, unless the ' # ' option is used.

With no precision given, uses a precision of 6 significant digits for f1oat. For Decimal, the
coefficient of the result is formed from the coefficient digits of the value; scientific notation is
used for values smaller than 1e-6 in absolute value and values where the place value of the least
significant digit is larger than 1, and fixed-point notation is used otherwise.

Positive and negative infinity, positive and negative zero, and nans, are formatted as inf, —inf,
0, —0 and nan respectively, regardless of the precision.

'G' | General format. Same as 'g' except switches to 'E' if the number gets too large. The
representations of infinity and NaN are uppercased, too.

'n' | Number. This is the same as 'g', except that it uses the current locale setting to insert the
appropriate number separator characters.

%' | Percentage. Multiplies the number by 100 and displays in fixed (' £ ') format, followed by a percent
sign.

None For float this is the same as 'g', except that when fixed-point notation is used to format the
result, it always includes at least one digit past the decimal point. The precision used is as large as
needed to represent the given value faithfully.

For Decimal, this is the same as either 'g' or 'G' depending on the value of context.
capitals for the current decimal context.

The overall effect is to match the output of st () as altered by the other format modifiers.

Format examples

This section contains examples of the st r. format () syntax and comparison with the old %-formatting.

In most of the cases the syntax is similar to the old %-formatting, with the addition of the { } and with : used instead of
%. For example, '$03.2f"' can be translatedto ' {: 03.2f}".

The new format syntax also supports new and different options, shown in the following examples.

Accessing arguments by position:
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>>> '"/0}, {1}, {Z2}" . format('a', 'b', 'c")

'a, b, c'

>>> '/}, ()}, {}".format('a', 'b', 'c') # 3.1+ only

'a, b, ¢’

>>> '"/2), {1}, {0}".format('a', 'b', 'c')

'c, b, a'

>>> '"/2}, {1}, {0}".format (*'abc') # unpacking argument sequence

'c, b, a'

>>> '"[0}{1}{0}"'.format ('abra', 'cad') # arguments' indices can be repeated
'abracadabra'

Accessing arguments by name:

>>> 'Coordinates: {latitude}, {longitude}'.format (latitude='37.24N"', longitude='-115.
—81W")

'Coordinates: 37.24N, -115.81W'

>>> coord = {'latitude': '37.24N', 'longitude': '-115.81W'}

>>> 'Coordinates: {latitude}, {longitude}'.format (**coord)
'Coordinates: 37.24N, -115.81W'

Accessing arguments” attributes:

>>> ¢ = 3-5j
>>> ('The complex number {0} is formed from the real part {0.real} '
'and the imaginary part {0.imag/}."').format (c)

'The complex number (3-53j) is formed from the real part 3.0 and the imaginary part -5.
‘—?0 . '
>>> class Point:
def _ _init_ (self, x, y):
self.x, self.y = x, vy
def _ str_ (self):
return 'Point ({self.x}, {self.y})'.format (self=self)

>>> str(Point (4, 2))
'Point (4, 2)'

Accessing arguments” items:

>>> coord = (3, 5)

>>> 'X: {0[0]}; Y: {0[1]}".format (coord)
'X: 3; Y: 5

Replacing s and $r:

>>> "repr () shows quotes: {/r}; str() doesn't: {!/s}".format ('testl', 'test2')
"repr () shows quotes: 'testl'; str() doesn't: test2"

Aligning the text and specifying a width:

>>> ' {:<30}" . format ('left aligned')
'left aligned !

>>> ' {:>30}"'" . format ('right aligned')
! right aligned'

>>> '/:730}" . format ('centered")

! centered !

>>> ' /[:4730}"  format ('centered') # use '*' as a fill char
l***********centered***********l
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Replacing $+f, $—-f,and $ £ and specifying a sign:

>>> " [:4f); {:+f)" . format (3.14, -3.14) # show it always

'+3.140000; —-3.140000"

>>> "/ f); {: £} . format(3.14, -3.14) # show a space for positive numbers

' 3.140000; -3.140000"

>>> "/[:—f); {:-7}" . format (3.14, -3.14) # show only the minus —-- same as '{:f}; {:f}"'

'3.140000; —-3.140000'"

Replacing $x and %o and converting the value to different bases:

>>> # format also supports binary numbers

>>> "int: {0:d}; hex: {0:x}; oct: {0:0}; bin: {0:b}".format (42)
'int: 42; hex: 2a; oct: 52; bin: 101010°

>>> # with 0x, 0o, or 0Ob as prefix:

>>> "int: {0:d}; hex: {0:#x}; oct: {0:#0}; bin: {0:#b}".format (42)
'int: 42; hex: 0Ox2a; oct: 0052; bin: 0b101010"

Using the comma as a thousands separator:

>>> '/, ' format (1234567890)
'1,234,567,890'

Expressing a percentage:

>>> points = 19
>>> total = 22
>>> 'Correct answers: {:.2%}'.format (points/total)

'Correct answers: 86.36%"

Using type-specific formatting:

>>> import datetime

>>> d = datetime.datetime (2010, 7, 4, 12, 15, 58)
>>> '"{:%Y-%Sm-%d $H:%M:%S}'.format (d)

'2010-07-04 12:15:58"

Nesting arguments and more complex examples:

>>> for align, text in zip('<">', ['left', 'center', 'right']):

.

'"{0:{fill}{align}l6}"'.format (text, fill=align, align=align)

'left<<<<<!

'ANAARcentert NNt

'>>>>>>>>>>>right!

>>>

>>> octets = [192, 168, 0, 1]

>>> " [ 02X} {:02X}{:02X}{:02X}".format (*octets)
'COAB0001"

>>> int (_, 16)

3232235521

>>>

>>> width = 5
>>> for num in range(5,12):
for base in 'dXob':
print ("{0:{width}{base}}"'.format (num, base=base, width=width), end=' ")
print ()

(ouvEyELa OTNV ETTOLLEVT GEMLDOL)
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(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)

5 5 5 101
6 6 6 110
7 7 7 111
8 8 10 1000
9 9 11 1001
10 A 12 1010
11 B 13 1011

6.1.4 Template strings

Template strings provide simpler string substitutions as described in PEP 292. A primary use case for template strings is
for internationalization (i18n) since in that context, the simpler syntax and functionality makes it easier to translate than
other built-in string formatting facilities in Python. As an example of a library built on template strings for i18n, see the
flufl.i18n package.

Template strings support $-based substitutions, using the following rules:
o $$ is an escape; it is replaced with a single $.

e Sidentifier names a substitution placeholder matching a mapping key of "identifier". By default,
"identifier" is restricted to any case-insensitive ASCII alphanumeric string (including underscores) that
starts with an underscore or ASCII letter. The first non-identifier character after the $ character terminates this
placeholder specification.

e ${identifier} is equivalent to $identifier. It is required when valid identifier characters follow the
placeholder but are not part of the placeholder, such as "${noun}ification".

Any other appearance of $ in the string will result in a ValueError being raised.
The st ring module provides a Template class that implements these rules. The methods of Template are:

class string.Template (femplate)
The constructor takes a single argument which is the template string.

substitute (mapping={}, /, **kwds)
Performs the template substitution, returning a new string. mapping is any dictionary-like object with keys
that match the placeholders in the template. Alternatively, you can provide keyword arguments, where
the keywords are the placeholders. When both mapping and kwds are given and there are duplicates, the
placeholders from kwds take precedence.

safe_substitute (mapping={}, /, **kwds)
Like substitute (), except that if placeholders are missing from mapping and kwds, instead of raising
a KeyError exception, the original placeholder will appear in the resulting string intact. Also, unlike with
substitute (), any other appearances of the $ will simply return $ instead of raising Va lueError.

While other exceptions may still occur, this method is called «safe» because it always tries to return a usable
string instead of raising an exception. In another sense, safe_substitute () may be anything other than
safe, since it will silently ignore malformed templates containing dangling delimiters, unmatched braces, or
placeholders that are not valid Python identifiers.

Template instances also provide one public data attribute:

template
This is the object passed to the constructor’s femplate argument. In general, you shouldn’t change it, but read-
only access is not enforced.

Here is an example of how to use a Template:
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>>> from string import Template

>>> s = Template ('Swho likes Swhat')

>>> s.substitute (who="'tim', what='kung pao')
'tim likes kung pao'

>>> d = dict (who="tim')

>>> Template ('Give $who $100') .substitute (d)
Traceback (most recent call last):

ValueError: Invalid placeholder in string: line 1, col 11
>>> Template ('Swho likes Swhat') .substitute (d)
Traceback (most recent call last):

KeyError: 'what'
>>> Template ('Swho likes Swhat') .safe_substitute (d)
'tim likes S$what'

Advanced usage: you can derive subclasses of Template to customize the placeholder syntax, delimiter character, or
the entire regular expression used to parse template strings. To do this, you can override these class attributes:

o delimiter — This is the literal string describing a placeholder introducing delimiter. The default value is $. Note that
this should not be a regular expression, as the implementation will call re. escape () on this string as needed.
Note further that you cannot change the delimiter after class creation (i.e. a different delimiter must be set in the
subclass’s class namespace).

e idpattern — This is the regular expression describing the pattern for non-braced placeholders. The default value is
the regular expression (?a: [_a-z] [_a-z0-9]*).If this is given and braceidpattern is None this pattern will
also apply to braced placeholders.

Enueiwon: Since default flags is re . IGNORECASE, pattern [a—z] can match with some non-ASCII characters.
That’s why we use the local a flag here.

AMaEe ot ékdoom 3.7: braceidpattern can be used to define separate patterns used inside and outside the braces.

o braceidpattern — This is like idpattern but describes the pattern for braced placeholders. Defaults to None which
means to fall back to idpattern (i.e. the same pattern is used both inside and outside braces). If given, this allows
you to define different patterns for braced and unbraced placeholders.

Néo otnv ékdoon 3.7.

o flags — The regular expression flags that will be applied when compiling the regular expression used for recognizing
substitutions. The default value is re . IGNORECASE. Note that re . VERBOSE will always be added to the flags,
so custom idpatterns must follow conventions for verbose regular expressions.

Néo otnv ¢kdoon 3.2.

Alternatively, you can provide the entire regular expression pattern by overriding the class attribute pattern. If you do this,
the value must be a regular expression object with four named capturing groups. The capturing groups correspond to the
rules given above, along with the invalid placeholder rule:

« escaped — This group matches the escape sequence, e.g. $$, in the default pattern.
« named - This group matches the unbraced placeholder name; it should not include the delimiter in capturing group.

o braced — This group matches the brace enclosed placeholder name; it should not include either the delimiter or
braces in the capturing group.

o invalid — This group matches any other delimiter pattern (usually a single delimiter), and it should appear last in
the regular expression.
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6.1.5 Helper functions

string.capwords (s, sep=None)
Split the argument into words using str.split (), capitalize each word using str.capitalize (), and
join the capitalized words using st r. join (). If the optional second argument sep is absent or None, runs of
whitespace characters are replaced by a single space and leading and trailing whitespace are removed, otherwise
sep is used to split and join the words.

6.2 re — Regular expression operations

Source code: Lib/re.py

This module provides regular expression matching operations similar to those found in Perl.

Both patterns and strings to be searched can be Unicode strings (st r) as well as 8-bit strings (by t e s). However, Unicode
strings and 8-bit strings cannot be mixed: that is, you cannot match a Unicode string with a byte pattern or vice-versa;
similarly, when asking for a substitution, the replacement string must be of the same type as both the pattern and the
search string.

Regular expressions use the backslash character (' \ ') to indicate special forms or to allow special characters to be used
without invoking their special meaning. This collides with Python’s usage of the same character for the same purpose in
string literals; for example, to match a literal backslash, one might have to write ' \\\\ ' as the pattern string, because
the regular expression must be \\, and each backslash must be expressed as \ \ inside a regular Python string literal.
Also, please note that any invalid escape sequences in Python’s usage of the backslash in string literals now generate a
DeprecationlWarning and in the future this will become a SyntaxError. This behaviour will happen even if it
is a valid escape sequence for a regular expression.

The solution is to use Python’s raw string notation for regular expression patterns; backslashes are not handled in any
special way in a string literal prefixed with 'r'. So r"\n" is a two-character string containing '\ ' and 'n', while
"\n" is a one-character string containing a newline. Usually patterns will be expressed in Python code using this raw
string notation.

It is important to note that most regular expression operations are available as module-level functions and methods on
compiled regular expressions. The functions are shortcuts that don’t require you to compile a regex object first, but miss
some fine-tuning parameters.

Agite gmiong:

The third-party regex module, which has an API compatible with the standard library re module, but offers additional
functionality and a more thorough Unicode support.

6.2.1 Regular Expression Syntax

A regular expression (or RE) specifies a set of strings that matches it; the functions in this module let you check if a
particular string matches a given regular expression (or if a given regular expression matches a particular string, which
comes down to the same thing).

Regular expressions can be concatenated to form new regular expressions; if A and B are both regular expressions, then
AB is also a regular expression. In general, if a string p matches A and another string ¢ matches B, the string pg will
match AB. This holds unless A or B contain low precedence operations; boundary conditions between A and B; or have
numbered group references. Thus, complex expressions can easily be constructed from simpler primitive expressions like
the ones described here. For details of the theory and implementation of regular expressions, consult the Friedl book
[Frie09], or almost any textbook about compiler construction.
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A brief explanation of the format of regular expressions follows. For further information and a gentler presentation, consult
the regex-howto.

Regular expressions can contain both special and ordinary characters. Most ordinary characters, like 'A', 'a',or '0',
are the simplest regular expressions; they simply match themselves. You can concatenate ordinary characters, so last
matches the string ' last '. (In the rest of this section, we'll write RE’s in this special style, usually without
quotes, and strings to be matched 'in single quotes'.)

Some characters, like ' | ' or ' (', are special. Special characters either stand for classes of ordinary characters, or affect
how the regular expressions around them are interpreted.

Repetition qualifiers (*, +, ?, {m, n}, etc) cannot be directly nested. This avoids ambiguity with the non-greedy modifier
suffix 2, and with other modifiers in other implementations. To apply a second repetition to an inner repetition, parentheses
may be used. For example, the expression (?:a{6}) * matches any multiple of six 'a' characters.

The special characters are:

. (Dot.) In the default mode, this matches any character except a newline. If the DOTALT flag has been specified, this
matches any character including a newline.

~ (Caret.) Matches the start of the string, and in MUL TT L INE mode also matches immediately after each newline.

$ Matches the end of the string or just before the newline at the end of the string, and in MULTILINE mode also
matches before a newline. £oo matches both “foo” and “foobar”, while the regular expression £oo$ matches only
“foo”. More interestingly, searching for foo.$ in 'fool\nfoo2\n' matches “foo2” normally, but “fool” in
MULTILINE mode; searching for a single $ in ' foo\n' will find two (empty) matches: one just before the
newline, and one at the end of the string.

* Causes the resulting RE to match O or more repetitions of the preceding RE, as many repetitions as are possible. ab*
will match “a”, “ab”, or “a” followed by any number of “b’s.

+ Causes the resulting RE to match 1 or more repetitions of the preceding RE. ab+ will match “a” followed by any
non-zero number of “b’s; it will not match just “a”.

? Causes the resulting RE to match O or 1 repetitions of the preceding RE. ab? will match either “a” or “ab”.

*2,4+2,2? The '*', '+', and '?' qualifiers are all greedy; they match as much text as possible. Sometimes this
behaviour isn’t desired; if the RE <. *> is matched against '<a> b <c>"', it will match the entire string, and
not just '<a>"'. Adding ? after the qualifier makes it perform the match in non-greedy or minimal fashion; as few
characters as possible will be matched. Using the RE <. * 2> will match only '<a>"'.

{m} Specifies that exactly m copies of the previous RE should be matched; fewer matches cause the entire RE not to
match. For example, a{ 6} will match exactly six 'a' characters, but not five.

{m,n} Causes the resulting RE to match from m to n repetitions of the preceding RE, attempting to match as many
repetitions as possible. For example, a{ 3, 5} will match from 3to5 'a' characters. Omitting m specifies a lower
bound of zero, and omitting n specifies an infinite upper bound. As an example, a{4, }b will match 'aaaab"' or
a thousand 'a' characters followed by a 'b', but not 'aaab'. The comma may not be omitted or the modifier
would be confused with the previously described form.

{m,n}? Causes the resulting RE to match from m to n repetitions of the preceding RE, attempting to match as few
repetitions as possible. This is the non-greedy version of the previous qualifier. For example, on the 6-character
string 'aaaaaa',a{3,5} willmatch 5 'a"' characters, while a{ 3, 5} ? will only match 3 characters.

\ Either escapes special characters (permitting you to match characters like ' * ', ' 2 ', and so forth), or signals a special
sequence; special sequences are discussed below.

If you’re not using a raw string to express the pattern, remember that Python also uses the backslash as an escape
sequence in string literals; if the escape sequence isn’t recognized by Python’s parser, the backslash and subsequent
character are included in the resulting string. However, if Python would recognize the resulting sequence, the
backslash should be repeated twice. This is complicated and hard to understand, so it’s highly recommended that
you use raw strings for all but the simplest expressions.
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[1 Used to indicate a set of characters. In a set:
o Characters can be listed individually, e.g. [amk] will match 'a"', 'm',or 'k'.

« Ranges of characters can be indicated by giving two characters and separating them by a ' —', for example
[a—z] will match any lowercase ASCII letter, [0-5] [0—9] will match all the two-digits numbers from
00 to 59, and [0-9A-Fa-f] will match any hexadecimal digit. If — is escaped (e.g. [a\—-z]) or if it’s
placed as the first or last character (e.g. [-a] or [a—1]), it will match a literal '-"'.

« Special characters lose their special meaning inside sets. For example, [ (+*) ] will match any of the literal
characters ' (', '+', "*',or ') '.

o Character classes such as \w or \ S (defined below) are also accepted inside a set, although the characters
they match depends on whether ASCTIT or LOCALE mode is in force.

o Characters that are not within a range can be matched by complementing the set. If the first character of the
set is '~ ', all the characters that are not in the set will be matched. For example, [~5] will match any
character except '5', and [~"] will match any character except '~ '. ~ has no special meaning if it’s not
the first character in the set.

o To match a literal '] ' inside a set, precede it with a backslash, or place it at the beginning of the set. For
example, both [ () [N]1{}] and [] () [{}] will both match a parenthesis.

« Support of nested sets and set operations as in Unicode Technical Standard #18 might be added in the future.
This would change the syntax, so to facilitate this change a FutureWarning will be raised in ambiguous
cases for the time being. That includes sets starting with a literal ' [ ' or containing literal character sequences

'——','&&", '~~",and ' | | '. To avoid a warning escape them with a backslash.

AMoEe oty ékdoon 3.7: FutureWarning is raised if a character set contains constructs that will change
semantically in the future.

| A|B, where A and B can be arbitrary REs, creates a regular expression that will match either A or B. An arbitrary

number of REs can be separated by the ' | ' in this way. This can be used inside groups (see below) as well. As the
target string is scanned, REs separated by ' | ' are tried from left to right. When one pattern completely matches,
that branch is accepted. This means that once A matches, B will not be tested further, even if it would produce a
longer overall match. In other words, the ' | ' operator is never greedy. To match a literal ' | ', use \ |, or enclose

it inside a character class, asin [ | ].

(...) Matches whatever regular expression is inside the parentheses, and indicates the start and end of a group; the
contents of a group can be retrieved after a match has been performed, and can be matched later in the string with
the \number special sequence, described below. To match the literals ' (' or ') ', use \ ( or \), or enclose
them inside a character class: [ (1, [) ].

(?...) Thisisan extension notation (a ' ? ' followinga ' (' is not meaningful otherwise). The first character after the
' 2 ' determines what the meaning and further syntax of the construct is. Extensions usually do not create a new
group; (?P<name>. . .) isthe only exception to this rule. Following are the currently supported extensions.

(?ailmsux) (One or more letters from the set 'a', '1', 'L', 'm', 's', 'u', 'x"'.) The group matches the
empty string; the letters set the corresponding flags: re. A (ASCII-only matching), re. T (ignore case), re. L
(locale dependent), re . M (multi-line), re . S (dot matches all), re . U (Unicode matching), and re . X (verbose),
for the entire regular expression. (The flags are described in Module Contents.) This is useful if you wish to include
the flags as part of the regular expression, instead of passing a flag argument to the re. compile () function.
Flags should be used first in the expression string.

(?:...) A non-capturing version of regular parentheses. Matches whatever regular expression is inside the
P g g p g P
parentheses, but the substring matched by the group cannot be retrieved after performing a match or referenced
later in the pattern.

(?ailmsux—-imsx:...) (Zero or more letters from the set 'a', 'i', 'L', 'm', 's', 'u', 'x"', optionally
followed by '-' followed by one or more letters from the 'i', 'm', 's"', 'x'.) The letters set or remove the
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corresponding flags: re. A (ASCII-only matching), re. I (ignore case), re . L (locale dependent), re . M (multi-
line), re. S (dot matches all), re . U (Unicode matching), and re . X (verbose), for the part of the expression. (The
flags are described in Module Contents.)

Theletters 'a', 'L"' and 'u' are mutually exclusive when used as inline flags, so they can’t be combined or follow

' —'. Instead, when one of them appears in an inline group, it overrides the matching mode in the enclosing group.
In Unicode patterns (?a: . ..) switches to ASCII-only matching, and (?u: .. .) switches to Unicode matching
(default). In byte pattern (?L: .. .) switches to locale depending matching, and (?a: .. .) switches to ASCII-
only matching (default). This override is only in effect for the narrow inline group, and the original matching mode
is restored outside of the group.

Néo otnv €kdoon 3.6.
AMoEe oty £xdoon 3.7: The letters 'a', 'L' and 'u' also can be used in a group.

(?P<name>. . .) Similar to regular parentheses, but the substring matched by the group is accessible via the symbolic
group name name. Group names must be valid Python identifiers, and each group name must be defined only once
within a regular expression. A symbolic group is also a numbered group, just as if the group were not named.

Named groups can be referenced in three contexts. If the patternis (?P<quote>['"]) .*? (?P=quote) (i.e.
matching a string quoted with either single or double quotes):

Context of reference to group «quote» Ways to reference it
in the same pattern itself

e (?P=quote) (as shown)
o \1

when processing match object m
e m.group ('quote')

e m.end ('quote"') (etc.)

in a string passed to the repl argument of re . sub ()
e \g<quote>

e \g<1>
e \1

(?P=name) A backreference to a named group; it matches whatever text was matched by the earlier group named

name.
(?#...) A comment; the contents of the parentheses are simply ignored.
(?=...) Matchesif ... matches next, but doesn’t consume any of the string. This is called a lookahead assertion. For

example, Isaac (?=Asimov) will match ' Isaac ' only if it’s followed by 'Asimov"'.

(?!...) Matches if ... doesn’t match next. This is a negative lookahead assertion. For example, Isaac (?!
Asimov) will match 'Isaac ' only if it’s not followed by 'Asimov'.

(?<=...) Matches if the current position in the string is preceded by a match for . . . that ends at the current position.
This is called a positive lookbehind assertion. (?<=abc) def will findamatchin 'abcdef ', since the lookbehind
will back up 3 characters and check if the contained pattern matches. The contained pattern must only match strings
of some fixed length, meaning that abc or a | b are allowed, but a* and a{ 3, 4 } are not. Note that patterns which
start with positive lookbehind assertions will not match at the beginning of the string being searched; you will most
likely want to use the search () function rather than the match () function:

>>> import re

>>> m = re.search (' (?<=abc)def', 'abcdef')
>>> m.group (0)
'def!
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This example looks for a word following a hyphen:

>>> m = re.search(r' (?<=-)\wt+', 'spam-egg')
>>> m.group (0)
leggl

AlhaEe ot ékdoon 3.5: Added support for group references of fixed length.

(?<!...) Matches if the current position in the string is not preceded by a match for . . .. This is called a negative
lookbehind assertion. Similar to positive lookbehind assertions, the contained pattern must only match strings of
some fixed length. Patterns which start with negative lookbehind assertions may match at the beginning of the string
being searched.

(? (id/name) yes—pattern|no—-pattern) Will try to match with yes-pattern if the group with given
id or name exists, and with no-pattern if it doesn’t. no—pattern is optional and can be omitted. For
example, (<) ? (\w+@\w+ (?2:\.\w+)+) (?(1)>|$) is a poor email matching pattern, which will match
with '<user@host.com>"' as well as 'user@host.com', but not with '<user@host.com' nor
'user@host.com>".

The special sequences consist of '\ ' and a character from the list below. If the ordinary character is not an ASCII digit
or an ASCII letter, then the resulting RE will match the second character. For example, \ $ matches the character '$"'.

\number Matches the contents of the group of the same number. Groups are numbered starting from 1. For example,
(.+) \1matches 'the the'or '55 55',butnot 'thethe' (note the space after the group). This special
sequence can only be used to match one of the first 99 groups. If the first digit of number is 0, or number is 3 octal
digits long, it will not be interpreted as a group match, but as the character with octal value number. Inside the ' [
and '] ' of acharacter class, all numeric escapes are treated as characters.

\A Matches only at the start of the string.

\b Matches the empty string, but only at the beginning or end of a word. A word is defined as a sequence of word
characters. Note that formally, \b is defined as the boundary between a \w and a \W character (or vice versa),
or between \w and the beginning/end of the string. This means that r ' \bfoo\b' matches ' foo', 'foo."',
'(foo) ', '"bar foo baz' butnot 'foobar'or 'foo3"'.

By default Unicode alphanumerics are the ones used in Unicode patterns, but this can be changed by using the
ASCTII flag. Word boundaries are determined by the current locale if the LOCALE flag is used. Inside a character
range, \b represents the backspace character, for compatibility with Python’s string literals.

\B Matches the empty string, but only when it is not at the beginning or end of a word. This means that r 'py\B'
matches 'python', 'py3"', 'py2',butnot 'py"', 'py."',or "py!'. \Bis just the opposite of \b, so word
characters in Unicode patterns are Unicode alphanumerics or the underscore, although this can be changed by using
the ASCT I flag. Word boundaries are determined by the current locale if the LOCALE flag is used.

\d

For Unicode (str) patterns: Matches any Unicode decimal digit (that is, any character in Unicode character
category [Nd]). This includes [0—-9], and also many other digit characters. If the ASCT T flag is used only
[0-9] is matched.

For 8-bit (bytes) patterns: Matches any decimal digit; this is equivalent to [0-9].

\D Matches any character which is not a decimal digit. This is the opposite of \ d. If the ASCT T flag is used this becomes
the equivalent of [~0-9].

\s

For Unicode (str) patterns: Matches Unicode whitespace characters (which includes [ \t\n\r\f\v], and
also many other characters, for example the non-breaking spaces mandated by typography rules in many
languages). If the ASCTT flagis used, only [ \t\n\r\f\v] is matched.
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For 8-bit (bytes) patterns: Matches characters considered whitespace in the ASCII character set; this is
equivalentto [ \t\n\r\f\v].

\S Matches any character which is not a whitespace character. This is the opposite of \'s. If the ASCT I flag is used this
becomes the equivalent of [~ \t\n\r\f\v].

\w

For Unicode (str) patterns: Matches Unicode word characters; this includes most characters that can be part of
a word in any language, as well as numbers and the underscore. If the ASCIT flagis used, only [a-zA-Z0—
9_] is matched.

For 8-bit (bytes) patterns: Matches characters considered alphanumeric in the ASCII character set; this is
equivalent to [a-zA-Z0-9_1].If the LOCALE flag is used, matches characters considered alphanumeric in
the current locale and the underscore.

\W Matches any character which is not a word character. This is the opposite of \w. If the ASCIT flag is used this
becomes the equivalent of [~a-zA-70-9_].If the LOCALE flag is used, matches characters which are neither
alphanumeric in the current locale nor the underscore.

\Z Matches only at the end of the string.

Most of the standard escapes supported by Python string literals are also accepted by the regular expression parser:

\a \b \f \n
\N \r \t \u
\U \v \x AR

(Note that \b is used to represent word boundaries, and means «backspace» only inside character classes.)

"\u', "\U', and '"\N' escape sequences are only recognized in Unicode patterns. In bytes patterns they are errors.
Unknown escapes of ASCII letters are reserved for future use and treated as errors.

Octal escapes are included in a limited form. If the first digit is a O, or if there are three octal digits, it is considered
an octal escape. Otherwise, it is a group reference. As for string literals, octal escapes are always at most three digits in
length.

AMaEe oty €kdoon 3.3: The '\u' and '\U"' escape sequences have been added.
AMaEe ot ékdoon 3.6: Unknown escapes consisting of '\ ' and an ASCII letter now are errors.

AMoEe oty éxdoon 3.8: The ' \N{name} ' escape sequence has been added. As in string literals, it expands to the
named Unicode character (e.g. ' \N{EM DASH}"').

6.2.2 Module Contents

The module defines several functions, constants, and an exception. Some of the functions are simplified versions of the
full featured methods for compiled regular expressions. Most non-trivial applications always use the compiled form.

AMoEe otnv €xdoon 3.6: Flag constants are now instances of RegexF 1ag, which is a subclass of enum. IntFlag.

re.compile (pattern, flags=0)
Compile a regular expression pattern into a regular expression object, which can be used for matching using its
match (), search () and other methods, described below.

The expression’s behaviour can be modified by specifying a flags value. Values can be any of the following variables,
combined using bitwise OR (the | operator).

The sequence
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re.

re

re

re.

re

re.
re.

re.

prog = re.compile (pattern)
result = prog.match(string)

is equivalent to

result = re.match(pattern, string)

but using re. compile () and saving the resulting regular expression object for reuse is more efficient when the
expression will be used several times in a single program.

Enueiwon: The compiled versions of the most recent patterns passed to re. compile () and the module-level
matching functions are cached, so programs that use only a few regular expressions at a time needn’t worry about
compiling regular expressions.

A

ASCII
Make \w, \W, \b, \B, \d, \D, \'s and \ S perform ASCII-only matching instead of full Unicode matching. This
is only meaningful for Unicode patterns, and is ignored for byte patterns. Corresponds to the inline flag (?a).

Note that for backward compatibility, the re .U flag still exists (as well as its synonym re .UNICODE and its
embedded counterpart (?u) ), but these are redundant in Python 3 since matches are Unicode by default for
strings (and Unicode matching isn’t allowed for bytes).

DEBUG
Display debug information about compiled expression. No corresponding inline flag.

I

IGNORECASE
Perform case-insensitive matching; expressions like [A-Z] will also match lowercase letters. Full Unicode
matching (such as U matching 1) also works unless the re . ASCI I flag is used to disable non-ASCII matches. The
current locale does not change the effect of this flag unless the re. LOCALE flag is also used. Corresponds to the
inline flag (?21).

Note that when the Unicode patterns [a-z] or [A-Z] are used in combination with the TGNORECASE flag,
they will match the 52 ASCII letters and 4 additional non-ASCII letters: “I” (U+0130, Latin capital letter I with
dot above), “1” (U+0131, Latin small letter dotless i), “I” (U+017F, Latin small letter long s) and “K” (U+212A,
Kelvin sign). If the ASCTT flag is used, only letters “a” to “z” and “A” to “Z” are matched.

L

LOCALE
Make \w, \W, \b, \B and case-insensitive matching dependent on the current locale. This flag can be used only
with bytes patterns. The use of this flag is discouraged as the locale mechanism is very unreliable, it only handles
one «culture» at a time, and it only works with 8-bit locales. Unicode matching is already enabled by default in
Python 3 for Unicode (str) patterns, and it is able to handle different locales/languages. Corresponds to the inline
flag (?L).

AMoEe oty ékdoon 3.6: re. LOCALE can be used only with bytes patterns and is not compatible with re.
ASCII.

AMoEe oty ékdoom 3.7: Compiled regular expression objects with the re. LOCALE flag no longer depend on
the locale at compile time. Only the locale at matching time affects the result of matching.

M

re .MULTILINE

When specified, the pattern character '~ ' matches at the beginning of the string and at the beginning of each
line (immediately following each newline); and the pattern character ' $ ' matches at the end of the string and at
the end of each line (immediately preceding each newline). By default, ' ~ ' matches only at the beginning of the
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string, and ' $ ' only at the end of the string and immediately before the newline (if any) at the end of the string.
Corresponds to the inline flag (?m) .

re.S
re.DOTALL

Make the ' . ' special character match any character at all, including a newline; without this flag, ' . ' will match
anything except a newline. Corresponds to the inline flag (?s).

re.X

re .VERBOSE
This flag allows you to write regular expressions that look nicer and are more readable by allowing you to visually
separate logical sections of the pattern and add comments. Whitespace within the pattern is ignored, except when
in a character class, or when preceded by an unescaped backslash, or within tokens like *?, (?: or (?P<...>.
When a line contains a # that is not in a character class and is not preceded by an unescaped backslash, all characters
from the leftmost such # through the end of the line are ignored.

This means that the two following regular expression objects that match a decimal number are functionally equal:

a = re.compile(r"""\d + # the integral part

\. # the decimal point

\d * # some fractional digits""", re.X)
b = re.compile (r"\d+\.\d*")

Corresponds to the inline flag (?x) .

re.search (pattern, string, flags=0)
Scan through string looking for the first location where the regular expression pattern produces a match, and return a

corresponding match object. Return None if no position in the string matches the pattern; note that this is different
from finding a zero-length match at some point in the string.

re .match (pattern, string, flags=0)
If zero or more characters at the beginning of string match the regular expression pattern, return a corresponding

match object. Return None if the string does not match the pattern; note that this is different from a zero-length
match.

Note that even in MULTILINE mode, re.match () will only match at the beginning of the string and not at the
beginning of each line.

If you want to locate a match anywhere in string, use search () instead (see also search() vs. match()).

re . fullmatch (pattern, string, flags=0)
If the whole string matches the regular expression pattern, return a corresponding match object. Return None if
the string does not match the pattern; note that this is different from a zero-length match.

Néo otnv é€kdoom 3.4.

re.split (pattern, string, maxsplit=0, flags=0)
Split string by the occurrences of pattern. If capturing parentheses are used in pattern, then the text of all groups in
the pattern are also returned as part of the resulting list. If maxsplit is nonzero, at most maxsplit splits occur, and
the remainder of the string is returned as the final element of the list.

>>> re.split(r'\W+', 'Words, words, words.')
['"Words', 'words', 'words', '']

>>> re.split(r' (\W+)', 'Words, words, words.')
['Words', ', ', 'words', ', ', 'words', '.', '']

>>> re.split (r'\W+', 'Words, words, words.', 1)
['"Words', 'words, words.']

>>> re.split('[a-f]+', '0a3B9', flags=re.IGNORECASE)
[ro', 'z', '9'"]
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If there are capturing groups in the separator and it matches at the start of the string, the result will start with an
empty string. The same holds for the end of the string:

>>> re.split(r' (\W+)', '...words, words...")

(v, '...'", 'words', ', ', 'words', '...', '']

That way, separator components are always found at the same relative indices within the result list.

Empty matches for the pattern split the string only when not adjacent to a previous empty match.

>>> re.split(r'\b', 'Words, words, words.')
(v, 'words', ', ', 'words', ', ', 'words', '.']

>>> re.split(r'\wW*', '...words...")

['l’ |', ‘W', 'O', lr‘, ldl’ 'S', |', l|:|

>>> re.split(r' (\W*)', '...words...")

[", l"‘V, "’ V', 'w|, ", 'O', "’ ’rV, "’ 'd" V', 'S', "“V, IV, "’ V'J

AMoEe oty ékdoon 3.1: Added the optional flags argument.

AMoEe ot ékdoom 3.7: Added support of splitting on a pattern that could match an empty string.

re.findall (pattern, string, flags=0)

Return all non-overlapping matches of pattern in string, as a list of strings or tuples. The string is scanned left-to-
right, and matches are returned in the order found. Empty matches are included in the result.

The result depends on the number of capturing groups in the pattern. If there are no groups, return a list of strings
matching the whole pattern. If there is exactly one group, return a list of strings matching that group. If multiple
groups are present, return a list of tuples of strings matching the groups. Non-capturing groups do not affect the
form of the result.

>>> re.findall (r'\bf[a-z]*', 'which foot or hand fell fastest')
['foot', 'fell', 'fastest']

>>> re.findall (r' (\w+)=(\d+) "', 'set width=20 and height=10")

[ ("width', '20"'), ('height', '10')]

AMoEe ot ékdoom 3.7: Non-empty matches can now start just after a previous empty match.

re. finditer (pattern, string, flags=0)

Return an iterator yielding match objects over all non-overlapping matches for the RE pattern in string. The string
is scanned left-to-right, and matches are returned in the order found. Empty matches are included in the result.

AMEe oty €xdoon 3.7: Non-empty matches can now start just after a previous empty match.

re . sub (pattern, repl, string, count=0, flags=0)

Return the string obtained by replacing the leftmost non-overlapping occurrences of pattern in string by the
replacement repl. If the pattern isn’t found, string is returned unchanged. repl can be a string or a function; if it
is a string, any backslash escapes in it are processed. That is, \n is converted to a single newline character, \r
is converted to a carriage return, and so forth. Unknown escapes of ASCII letters are reserved for future use and
treated as errors. Other unknown escapes such as \ & are left alone. Backreferences, such as \ 6, are replaced with
the substring matched by group 6 in the pattern. For example:

>>> re.sub(r'def\s+([a-zA-Z_][a-2zA-Z_0-9]1*)\s*\ (\s*\):',
r'static PyObject*\npy_\1(void)\n{"',

C. 'def myfunc():")

'static PyObject*\npy_myfunc (void) \n{'

If repl is a function, it is called for every non-overlapping occurrence of pattern. The function takes a single match
object argument, and returns the replacement string. For example:
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>>> def dashrepl (matchobj) :
if matchobj.group (0)

. else: return '-'

>>> re.sub('-{1,2}', dashrepl, 'pro————-gram-files')

'pro—-—gram files'

>>> re.sub(r'\sAND\s', ' & ', 'Baked Beans And Spam', flags=re.IGNORECASE)

'Baked Beans & Spam'

= '-': return ' '

The pattern may be a string or a pattern object.

The optional argument count is the maximum number of pattern occurrences to be replaced; count must be a non-
negative integer. If omitted or zero, all occurrences will be replaced. Empty matches for the pattern are replaced
only when not adjacent to a previous empty match, so sub ('x*', '-', 'abxd') returns '-a-b--d-"'.

In string-type repl arguments, in addition to the character escapes and backreferences described above, \g<name>
will use the substring matched by the group named name, as defined by the (?P<name>...) syntax. \
g<number> uses the corresponding group number; \g<2> is therefore equivalent to \2, but isn’t ambiguous
in a replacement such as \g<2>0. \ 20 would be interpreted as a reference to group 20, not a reference to group
2 followed by the literal character ' 0 '. The backreference \ g<0> substitutes in the entire substring matched by
the RE.

AMoEe oty ékdoon 3.1: Added the optional flags argument.

AlhaEe oty ékdoon 3.5: Unmatched groups are replaced with an empty string.

AMEe oty £xdoon 3.6: Unknown escapes in patfern consisting of '\ ' and an ASCII letter now are errors.
AMEe oty £xdoon 3.7: Unknown escapes in repl consisting of '\ ' and an ASCII letter now are errors.

AMoEe otnv ékdoon 3.7: Empty matches for the pattern are replaced when adjacent to a previous non-empty
match.

re . subn (pattern, repl, string, count=0, flags=0)
Perform the same operation as sub (), but return a tuple (new_string, number_of_subs_made).

AMoEe oty ékdoon 3.1: Added the optional flags argument.
AlhaEe oty ékdoon 3.5: Unmatched groups are replaced with an empty string.

re.escape (pattern)
Escape special characters in pattern. This is useful if you want to match an arbitrary literal string that may have
regular expression metacharacters in it. For example:

>>> print (re.escape('https://www.python.org'))
https://www\.python\.org

>>> legal_chars = string.ascii_lowercase + string.digits + "!#S$%&"*+-."_ " |~:"
>>> print ('[ ]+' % re.escape(legal_chars))
[abcdefghijklmnopgrstuvwxyz0123456789 1 \#\SS\& '\ *\+\=\ . \"_"\[\~: ]+

>>> operators = ['+', '=', "F', /v, vHkxl]
>>> print ('|'.join(map (re.escape, sorted(operators, reverse=True))))

ZIN=INHNFNF A *

This function must not be used for the replacement string in sub () and subn (), only backslashes should be
escaped. For example:

>>> digits_re = r'\d+'

>>> sample = '/usr/sbin/sendmail - 0 errors, 12 warnings'

>>> print (re.sub(digits_re, digits_re.replace('\\', r'\\'), sample))
/usr/sbin/sendmail - \d+ errors, \d+ warnings
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AMoEe ot ékdoon 3.3: The ' _' character is no longer escaped.

AMEe oty €ékdoon 3.7: Only characters that can have special meaning in a regular expression are escaped. As
aresult, v v’ |"|’ v%v’ "l"’ v, v, l/l’ ' l, l,. v’ l<l, |=v’ '>l, v@v’and nyn arenolongerescaped.

re.purge ()
Clear the regular expression cache.

exception re.error (msg, pattern=None, pos=None)
Exception raised when a string passed to one of the functions here is not a valid regular expression (for example,
it might contain unmatched parentheses) or when some other error occurs during compilation or matching. It is
never an error if a string contains no match for a pattern. The error instance has the following additional attributes:

msg
The unformatted error message.

pattern
The regular expression pattern.

pos
The index in pattern where compilation failed (may be None).

lineno
The line corresponding to pos (may be None).

colno
The column corresponding to pos (may be None).

AMoEe oty ékdoon 3.5: Added additional attributes.

6.2.3 Regular Expression Objects

Compiled regular expression objects support the following methods and attributes:

Pattern.search (string[, pos[, endpos] ] )
Scan through string looking for the first location where this regular expression produces a match, and return a
corresponding match object. Return None if no position in the string matches the pattern; note that this is different
from finding a zero-length match at some point in the string.

The optional second parameter pos gives an index in the string where the search is to start; it defaults to 0. This
is not completely equivalent to slicing the string; the ' ~ ' pattern character matches at the real beginning of the
string and at positions just after a newline, but not necessarily at the index where the search is to start.

The optional parameter endpos limits how far the string will be searched; it will be as if the string is endpos
characters long, so only the characters from pos to endpos - 1 will be searched for a match. If endpos is less
than pos, no match will be found; otherwise, if rx is a compiled regular expression object, rx . search (string,
0, 50) isequivalentto rx.search(string[:50], O0).

>>> pattern = re.compile ("d")

>>> pattern.search ("dog") # Match at index 0

<re.Match object; span=(0, 1), match='d'>

>>> pattern.search("dog", 1) # No match; search doesn't include the "d"

Pattern.match (string[, pos[, endpos] ])
If zero or more characters at the beginning of string match this regular expression, return a corresponding match
object. Return None if the string does not match the pattern; note that this is different from a zero-length match.

The optional pos and endpos parameters have the same meaning as for the search () method.
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>>> pattern = re.compile("o")
>>> pattern.match ("dog") # No match as "o" is not at the start of "dog".
>>> pattern.match ("dog", 1) # Match as "o" is the 2nd character of "dog".

<re.Match object; span=(1, 2), match='o'>

If you want to locate a match anywhere in string, use search () instead (see also search() vs. match()).

Pattern.fullmatch (string[, pos[, endpos] ] )
If the whole string matches this regular expression, return a corresponding match object. Return None if the string
does not match the pattern; note that this is different from a zero-length match.

The optional pos and endpos parameters have the same meaning as for the search () method.

>>> pattern = re.compile("o[gh]")

>>> pattern.fullmatch ("dog") # No match as "o" is not at the start of '"dog".
>>> pattern.fullmatch("ogre") # No match as not the full string matches.

>>> pattern.fullmatch ("doggie", 1, 3) # Matches within given limits.

<re.Match object; span=(1, 3), match='og'>

Néo otnv ékdoom 3.4.

Pattern.split (string, maxsplit=0)
Identical to the split () function, using the compiled pattern.

Pattern.findall (string[, pos[, endpos] ] )
Similar to the findall () function, using the compiled pattern, but also accepts optional pos and endpos
parameters that limit the search region like for search ().

Pattern.finditer (sm'ng[, pos[, endpos] ] )
Similar to the finditer () function, using the compiled pattern, but also accepts optional pos and endpos
parameters that limit the search region like for search ().

Pattern.sub (repl, string, count=0)
Identical to the sub () function, using the compiled pattern.

Pattern.subn (repl, string, count=0)
Identical to the subn () function, using the compiled pattern.

Pattern.flags
The regex matching flags. This is a combination of the flags given to compile (),any (?...) inline flags in the
pattern, and implicit flags such as UNICODE if the pattern is a Unicode string.

Pattern.groups
The number of capturing groups in the pattern.

Pattern.groupindex
A dictionary mapping any symbolic group names defined by (?P<id>) to group numbers. The dictionary is
empty if no symbolic groups were used in the pattern.

Pattern.pattern
The pattern string from which the pattern object was compiled.

AMoEe oty £kdoom 3.7: Added support of copy . copy () and copy . deepcopy (). Compiled regular expression
objects are considered atomic.
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6.2.4 Match Objects

Match objects always have a boolean value of True. Since match () and search () return None when there is no
match, you can test whether there was a match with a simple i £ statement:

match = re.search(pattern, string)
if match:
process (match)

Match objects support the following methods and attributes:

Match.expand (template)
Return the string obtained by doing backslash substitution on the template string template, as done by the sub ()
method. Escapes such as \n are converted to the appropriate characters, and numeric backreferences (\ 1, \2) and
named backreferences (\g<1>, \g<name>) are replaced by the contents of the corresponding group.

AMaEe oty £xdoon 3.5: Unmatched groups are replaced with an empty string.

Match.group ( [group], ] )

Returns one or more subgroups of the match. If there is a single argument, the result is a single string; if there are
multiple arguments, the result is a tuple with one item per argument. Without arguments, groupl defaults to zero
(the whole match is returned). If a groupN argument is zero, the corresponding return value is the entire matching
string; if it is in the inclusive range [1..99], it is the string matching the corresponding parenthesized group. If a
group number is negative or larger than the number of groups defined in the pattern, an TndexError exception
is raised. If a group is contained in a part of the pattern that did not match, the corresponding result is None. If a
group is contained in a part of the pattern that matched multiple times, the last match is returned.

>>> m = re.match(r" (\w+) (\w+)", "Isaac Newton, physicist")
>>> m.group (0) # The entire match

'Isaac Newton'

>>> m.group (1) # The first parenthesized subgroup.
'Isaac’

>>> m.group (2) # The second parenthesized subgroup.
'Newton'

>>> m.group (1, 2) # Multiple arguments give us a tuple.

('"Isaac', 'Newton')

If the regular expression uses the (?P<name>. . .) syntax, the groupN arguments may also be strings identifying
groups by their group name. If a string argument is not used as a group name in the pattern, an IndexError
exception is raised.

A moderately complicated example:

>>> m = re.match (r" (?P<first_name>\w+) (?P<last_name>\w+)", "Malcolm Reynolds")
>>> m.group ('first_name')
'Malcolm'

>>> m.group ('last_name')
'Reynolds"’

Named groups can also be referred to by their index:

>>> m.group (1)
'Malcolm'
>>> m.group (2)
'Reynolds"’

If a group matches multiple times, only the last match is accessible:
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>>> m re.match(r" (..)+", "alb2c3") # Matches 3 times.
>>> m.group (1) # Returns only the last match.
IC3|

Match._ getitem__ (g)

This is identical to m. group (g) . This allows easier access to an individual group from a match:

>>> m = re.match(r" (\w+) (\w+)", "Isaac Newton, physicist")
>>> m[0] # The entire match

'Isaac Newton'

>>> m[1] # The first parenthesized subgroup.

'Isaac’

>>> m[2] # The second parenthesized subgroup.
'Newton'

Néo oty é€xdoon 3.6.

Match.groups (default=None)

Return a tuple containing all the subgroups of the match, from 1 up to however many groups are in the pattern.
The default argument is used for groups that did not participate in the match; it defaults to None.

For example:

>>> m = re.match (r" (\d+)\. (\d+)", "24.1632")
>>> m.groups ()
('24', '1632")

If we make the decimal place and everything after it optional, not all groups might participate in the match. These
groups will default to None unless the default argument is given:

>>> m = re.match (r" (\d+)\.? (\d+)?2", "24™)

>>> m.groups () # Second group defaults to None.

('24', None)

>>> m.groups ('0") # Now, the second group defaults to '0'.
('24V, YOV)

Match.groupdict (default=None)

Return a dictionary containing all the named subgroups of the match, keyed by the subgroup name. The default
argument is used for groups that did not participate in the match; it defaults to None. For example:

>>> m = re.match (r" (?P<first_name>\w+) (?P<last_name>\w+)", "Malcolm Reynolds")
>>> m.groupdict ()
{'first_name': 'Malcolm', 'last_name': 'Reynolds'}

Match.start ( [group ] )
Match.end ( [group] )

Return the indices of the start and end of the substring matched by group; group defaults to zero (meaning the
whole matched substring). Return -1 if group exists but did not contribute to the match. For a match object m,
and a group g that did contribute to the match, the substring matched by group g (equivalent tom. group (g) ) is

’m.string[m.start(g):m.end(g)}

Note that m. start (group) will equal m. end (group) if group matched a null string. For example, after m

= re.search('b(c?)', 'cba'),m.start(0)isl,m.end(0) is2, m.start (1) andm.end (1)
are both 2, and m. start (2) raises an IndexError exception.

An example that will remove remove_this from email addresses:
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>>> email = "tony@tiremove_thisger.net"
>>> m = re.search("remove_this", email)
>>> email[:m.start ()] + email[m.end() :]

'tony@tiger.net'

Match.span ( [group] )
For a match m, return the 2-tuple (m.start (group), m.end(group)). Note that if group did not
contribute to the match, thisis (-1, -1). group defaults to zero, the entire match.

Match.pos
The value of pos which was passed to the search () or match () method of a regex object. This is the index
into the string at which the RE engine started looking for a match.

Match.endpos
The value of endpos which was passed to the search () or match () method of a regex object. This is the index
into the string beyond which the RE engine will not go.

Match.lastindex
The integer index of the last matched capturing group, or None if no group was matched at all. For example, the
expressions (a)b, ((a) (b)),and ( (ab)) willhave lastindex == 1 if applied to the string 'ab "', while
the expression (a) (b) will have lastindex == 2, if applied to the same string.

Match.lastgroup
The name of the last matched capturing group, or None if the group didn’t have a name, or if no group was matched
at all.

Match.re
The regular expression object whose match () or search () method produced this match instance.

Match.string
The string passed to match () or search ().

AMoEe otnv ékdoon 3.7: Added support of copy . copy () and copy.deepcopy (). Match objects are considered
atomic.

6.2.5 Regular Expression Examples
Checking for a Pair

In this example, we'll use the following helper function to display match objects a little more gracefully:

def displaymatch (match) :
if match is None:
return None
return '<Match: , groups=¢r>"'" % (match.group (), match.groups())

Suppose you are writing a poker program where a player’s hand is represented as a 5-character string with each character
representing a card, «a» for ace, «k» for king, «q» for queen, «j» for jack, «t» for 10, and «2» through «9» representing
the card with that value.

To see if a given string is a valid hand, one could do the following:

>>> valid = re.compile(r""[a2-9tjgk] sm)

>>> displaymatch(valid.match ("akt5g")) # Valid.
"<Match: 'aktbqg', groups=()>"

>>> displaymatch (valid.match ("aktbe")) # Invalid.
>>> displaymatch (valid.match ("akt")) # Invalid.

(ouvéyela otV emtduevn oehida)
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>>> displaymatch(valid.match ("727ak")) # Valid.
"<Match: '727ak', groups=()>"

That last hand, "727ak", contained a pair, or two of the same valued cards. To match this with a regular expression,
one could use backreferences as such:

>>> pair = re.compile(r".*(.).*\1")

>>> displaymatch (pair.match ("717ak")) # Pair of 7s.
"<Match: '717', groups=('T7',)>"

>>> displaymatch (pair.match ("718ak")) # No pairs.

>>> displaymatch (pair.match ("354aa")) # Pair of aces.
"<Match: '354aa', groups=('a',)>"

To find out what card the pair consists of, one could use the group () method of the match object in the following
manner:

>>> pair = re.compile(r".*(.).*\1")

>>> pair.match("717ak") .group (1)

|7|

# Error because re.match() returns None, which doesn't have a group() method:

>>> pair.match("718ak") .group (1)
Traceback (most recent call last):
File "<pyshell#23>", line 1, in <module>
re.match(r".*(.).*\1", "718ak") .group (1)
AttributeError: 'NoneType' object has no attribute 'group'

>>> pair.match("354aa") .group (1)
lal

Simulating scanf()

Python does not currently have an equivalent to scanf () . Regular expressions are generally more powerful, though also
more verbose, than scanf () format strings. The table below offers some more-or-less equivalent mappings between
scanf () format tokens and regular expressions.

scanf () Token | Regular Expression

%cC .

%$5¢ .{5}

sd [—+]2\d+

$e, $E, %f,%g | [—+12 (\d+ (\.\d*) 2 [\.\d+) ([eE] [-+]?\d+)?
51 [—+12 (0[xX] [\dA-Fa-£]+[0[0-7]*|\d+)

5 [—+12[0-71+

$s \S+

su \d+

$%, 5X [-+12 (0[xX]) 2 [\dA-Fa-f]+

To extract the filename and numbers from a string like

/usr/sbin/sendmail - 0 errors, 4 warnings

you would use a scanf () format like
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%$s — %d errors, %d warnings

The equivalent regular expression would be

’(\S+) - (\d+) errors, (\d+) warnings

search() vs. match()

Python offers two different primitive operations based on regular expressions: re.match () checks for a match only at
the beginning of the string, while re. search () checks for a match anywhere in the string (this is what Perl does by
default).

For example:

>>> re.match("c", "abcdef™) # No match
>>> re.search("c", "abcdef") # Match
<re.Match object; span=(2, 3), match='c'>

Regular expressions beginning with ' ~ ' can be used with search () to restrict the match at the beginning of the string:

>>> re.match("c", "abcdef™) # No match
>>> re.search(""c", "abcdef™) # No match
>>> re.search(""a", "abcdef") # Match

<re.Match object; span=(0, 1), match='a'>

Note however that in MULTILINE mode match () only matches at the beginning of the string, whereas using
search () with a regular expression beginning with ' ~ ' will match at the beginning of each line.

>>> re.match('X', 'A\nB\nX', re.MULTILINE) # No match
>>> re.search('”X', 'A\nB\nX', re.MULTILINE) # Match
<re.Match object; span=(4, 5), match='X'>

Making a Phonebook

split () splits a string into a list delimited by the passed pattern. The method is invaluable for converting textual data
into data structures that can be easily read and modified by Python as demonstrated in the following example that creates
a phonebook.

First, here is the input. Normally it may come from a file, here we are using triple-quoted string syntax

>>> text = """Ross McFluff: 834.345.1254 155 Elm Street

Ronald Heathmore: 892.345.3428 436 Finley Avenue
Frank Burger: 925.541.7625 662 South Dogwood Way

Heather Albrecht: 548.326.4584 919 Park Place"""

The entries are separated by one or more newlines. Now we convert the string into a list with each nonempty line having
its own entry:

>>> entries = re.split ("\n+", text)
>>> entries
['Ross McFluff: 834.345.1254 155 Elm Street',

(ouvéyela otV emduevn oehida)
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'Ronald Heathmore: 892.345.3428 436 Finley Avenue',
'Frank Burger: 925.541.7625 662 South Dogwood Way',
'Heather Albrecht: 548.326.4584 919 Park Place']

Finally, split each entry into a list with first name, last name, telephone number, and address. We use the maxsplit
parameter of split () because the address has spaces, our splitting pattern, in it:

>>> [re.split(":? ", entry, 3) for entry in entries]
[['Ross', 'McFluff', '834.345.1254', '155 Elm Street'],
['"Ronald', 'Heathmore', '892.345.3428', '436 Finley Avenue'],
['"Frank', 'Burger', '925.541.7625', '662 South Dogwood Way'],
['Heather', 'Albrecht', '548.326.4584"', '919 Park Place']]

The : ? pattern matches the colon after the last name, so that it does not occur in the result list. With amaxsplit of 4,
we could separate the house number from the street name:

>>> [re.split(":? ", entry, 4) for entry in entries]

[['"Ross', 'McFluff', '834.345.1254', '155', 'Elm Street'],
['"Ronald', 'Heathmore', '892.345.3428', '436', 'Finley Avenue'],
['"Frank', 'Burger', '925.541.7625', '662', 'South Dogwood Way'],
["Heather', 'Albrecht', '548.326.4584', '919', 'Park Place']]

Text Munging

sub () replaces every occurrence of a pattern with a string or the result of a function. This example demonstrates using
sub () with a function to «munge» text, or randomize the order of all the characters in each word of a sentence except
for the first and last characters:

>>> def repl(m):

inner_word = list (m.group(2))
random.shuffle (inner_word)
.. return m.group(l) + "".join(inner_word) + m.group (3)
>>> text = "Professor Abdolmalek, please report your absences promptly."

>>> re.sub (r" (\w) (\w+) (\w)", repl, text)
'Poefsrosr Aealmlobdk, pslaee reorpt your abnseces plmrptoy.'
>>> re.sub (r" (\w) (\w+) (\w)", repl, text)
'Pofsroser Aodlambelk, plasee reoprt yuor asnebces potlmrpy.'

Finding all Adverbs

findall () matches all occurrences of a pattern, not just the first one as search () does. For example, if a writer
wanted to find all of the adverbs in some text, they might use findall () in the following manner:

>>> text = "He was carefully disguised but captured quickly by police."
>>> re.findall (r"\w+ly\b", text)
['carefully', 'quickly']
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Finding all Adverbs and their Positions

If one wants more information about all matches of a pattern than the matched text, finditer () is useful as it provides
match objects instead of strings. Continuing with the previous example, if a writer wanted to find all of the adverbs and
their positions in some text, they would use finditer () in the following manner:

>>> text = "He was carefully disguised but captured quickly by police."
>>> for m in re.finditer (r"\w+ly\b", text):
print (' - : ' % (m.start (), m.end(), m.group(0)))

07-16: carefully
40-47: quickly

Raw String Notation

Raw string notation (r"text ") keeps regular expressions sane. Without it, every backslash (' \ ') in a regular expression
would have to be prefixed with another one to escape it. For example, the two following lines of code are functionally
identical:

>>> re.match (r"\wW(.)\1\w", "™ £f ")

<re.Match object; span=(0, 4), match=' ff '>
>>> re.match ("\\W (.)\\I\\w", " ££ ™)
<re.Match object; span=(0, 4), match=' ff '>

When one wants to match a literal backslash, it must be escaped in the regular expression. With raw string notation,
this means r" \ \ ". Without raw string notation, one must use "\ \\ \ ", making the following lines of code functionally
identical:

>>> re.match (r"\\", r"\\")
<re.Match object; span=(0, 1), match="\\"'>
>>> re.match ("\\\\", r"\\")
<re.Match object; span=(0, 1), match="\\'>

Writing a Tokenizer
A tokenizer or scanner analyzes a string to categorize groups of characters. This is a useful first step in writing a compiler
or interpreter.

The text categories are specified with regular expressions. The technique is to combine those into a single master regular
expression and to loop over successive matches:

from typing import NamedTuple
import re

class Token (NamedTuple) :
type: str
value: str
line: int
column: int

def tokenize (code) :
keywords = {'IF', 'THEN', 'ENDIF', 'FOR', 'NEXT', 'GOSUB', 'RETURN'}
token_specification = [
('"NUMBER', r'\d+(\.\d*)?"), # Integer or decimal number
('ASSIGN', r':="), # Assignment operator

(OVVEYELAL TNV ETTOUEVT OELLOL)

146 Kegahawo 6. Text Processing Services



https://en.wikipedia.org/wiki/Lexical_analysis

The Python Library Reference, Anpocisuon 3.9.23

(ovveyiCetow amd TV Tponyouevn oekida)

("END', r'; "), # Statement terminator
('"ID"', r'[A-Za-z]+"), # Identifiers
('op’', r'[+\=-*/1"), # Arithmetic operators
('"NEWLINE', «r'\n'"), # Line endings
('SKIP', r'[ \tl+"), # Skip over spaces and tabs
('MISMATCH', r'."), # Any other character
]
tok_regex = '|['.join(' (?P<%s5>%s5)' % pair for pair in token_specification)
line_num = 1
line_start = 0

for mo in re.finditer (tok_regex, code):
kind = mo.lastgroup

value = mo.group ()
column = mo.start () - line_start
if kind == 'NUMBER':
value = float (value) if '.' in value else int (value)
elif kind == 'ID' and value in keywords:
kind = value
elif kind == 'NEWLINE':

line_start = mo.end()
line_num += 1

continue
elif kind == 'SKIP':
continue
elif kind == 'MISMATCH':
raise RuntimeError (f'{value!/r} unexpected on line {line_num}')

yield Token (kind, value, line_num, column)

statements = '''
IF gquantity THEN
total := total + price * quantity;
tax := price * 0.05;
ENDIF;

for token in tokenize (statements):
print (token)

The tokenizer produces the following output:

Token (type="IF', value='IF', line=2, column=4)

Token (type="'ID', value='quantity', line=2, column=7)
Token (type="'THEN', value='THEN', line=2, column=16)
Token (type="'ID', value='total', line=3, column=38)
Token (type="ASSIGN', wvalue=':=', line=3, column=14)
Token (type="'ID', value='total', line=3, column=17)
Token (type='0OP', value='+', line=3, column=23)

Token (type="ID', value='price', line=3, column=25)
Token (type='OP', value='*', line=3, column=31)

Token (type="'ID', value='quantity', line=3, column=33)
Token (type="END', value=';', line=3, column=41)
Token (type="'ID', value='tax', line=4, column=38)
Token (type="ASSIGN', wvalue=':=', line=4, column=12)
Token (type="'ID', value='price', line=4, column=15)
Token (type='0OP', value='*"', line=4, column=21)

Token (type="'NUMBER', wvalue=0.05, line=4, column=23)

(ouvEyeLa oTNV ETOUEVY) OEMLOOL)
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Token (type="END', value=';', line=4, column=27)
Token (type="ENDIF', wvalue='ENDIF', line=5, column=4)
Token (type="END', value=';', line=5, column=9)

6.3 difflib — Helpers for computing deltas

Source code: Lib/difflib.py

This module provides classes and functions for comparing sequences. It can be used for example, for comparing files,
and can produce information about file differences in various formats, including HTML and context and unified diffs. For
comparing directories and files, see also, the i Iecmp module.

class difflib.SequenceMatcher

This is a flexible class for comparing pairs of sequences of any type, so long as the sequence elements are hashable.
The basic algorithm predates, and is a little fancier than, an algorithm published in the late 1980’s by Ratcliff
and Obershelp under the hyperbolic name «gestalt pattern matching.» The idea is to find the longest contiguous
matching subsequence that contains no «junk» elements; these «junk» elements are ones that are uninteresting
in some sense, such as blank lines or whitespace. (Handling junk is an extension to the Ratcliff and Obershelp
algorithm.) The same idea is then applied recursively to the pieces of the sequences to the left and to the right of
the matching subsequence. This does not yield minimal edit sequences, but does tend to yield matches that «look
right» to people.

Timing: The basic Ratcliff-Obershelp algorithm is cubic time in the worst case and quadratic time in the expected
case. SequenceMatcher is quadratic time for the worst case and has expected-case behavior dependent in a
complicated way on how many elements the sequences have in common; best case time is linear.

Automatic junk heuristic: SequenceMat cher supports a heuristic that automatically treats certain sequence
items as junk. The heuristic counts how many times each individual item appears in the sequence. If an item’s
duplicates (after the first one) account for more than 1% of the sequence and the sequence is at least 200 items
long, this item is marked as «popular» and is treated as junk for the purpose of sequence matching. This heuristic
can be turned off by setting the aut o junk argument to False when creating the SequenceMatcher.

Néo oty éxdoom 3.2: The autojunk parameter.

class difflib.Differ
This is a class for comparing sequences of lines of text, and producing human-readable differences or deltas. Differ
uses SequenceMatcher both to compare sequences of lines, and to compare sequences of characters within
similar (near-matching) lines.

Each line of a D1 f fer delta begins with a two-letter code:

Code | Meaning
'~ ' | line unique to sequence 1

'+ ' | line unique to sequence 2
v line common to both sequences
"2 ' | line not present in either input sequence

€y

Lines beginning with attempt to guide the eye to intraline differences, and were not present in either input
sequence. These lines can be confusing if the sequences contain tab characters.

class difflib.HtmlDiff
This class can be used to create an HTML table (or a complete HTML file containing the table) showing a side by

148 Kegahawo 6. Text Processing Services



https://github.com/python/cpython/tree/3.9/Lib/difflib.py

The Python Library Reference, Anpocisuon 3.9.23

side, line by line comparison of text with inter-line and intra-line change highlights. The table can be generated in
either full or contextual difference mode.

The constructor for this class is:

__init__ (tabsize=8, wrapcolumn=None, linejunk=None, charjunk=IS_CHARACTER_JUNK)
Initializes instance of Html1Diff.

tabsize is an optional keyword argument to specify tab stop spacing and defaults to 8.

wrapcolumn is an optional keyword to specify column number where lines are broken and wrapped, defaults
to None where lines are not wrapped.

linejunk and charjunk are optional keyword arguments passed into ndiff () (used by HtmIDiff to
generate the side by side HTML differences). See ndiff () documentation for argument default values
and descriptions.

The following methods are public:

make_ file (fromlines, tolines, fromdesc=", todesc=", context=False, numlines=5, *, charset="utf-8")
Compares fromlines and folines (lists of strings) and returns a string which is a complete HTML file containing
a table showing line by line differences with inter-line and intra-line changes highlighted.

fromdesc and todesc are optional keyword arguments to specify from/to file column header strings (both
default to an empty string).

context and numlines are both optional keyword arguments. Set context to True when contextual differences
are to be shown, else the default is False to show the full files. numlines defaults to 5. When context is
True numlines controls the number of context lines which surround the difference highlights. When context
is False numlines controls the number of lines which are shown before a difference highlight when using
the «next» hyperlinks (setting to zero would cause the «next» hyperlinks to place the next difference highlight
at the top of the browser without any leading context).

Ynueiwon: fromdesc and fodesc are interpreted as unescaped HTML and should be properly escaped while
receiving input from untrusted sources.

AMoEe oty ékdoom 3.5: charset keyword-only argument was added. The default charset of HTML
document changed from 'ISO-8859-1"to 'utf-8"'.

make_table (fromlines, tolines, fromdesc=", todesc=", context=False, numlines=5)
Compares fromlines and tolines (lists of strings) and returns a string which is a complete HTML table showing
line by line differences with inter-line and intra-line changes highlighted.

The arguments for this method are the same as those for the make_file () method.
Tools/scripts/diff.py is a command-line front-end to this class and contains a good example of its use.

difflib.context_diff (a, b, fromfile=", tofile=", fromfiledate=", tofiledate=", n=3, lineterm="\n")
Compare a and b (lists of strings); return a delta (a generator generating the delta lines) in context diff format.

Context diffs are a compact way of showing just the lines that have changed plus a few lines of context. The changes
are shown in a before/after style. The number of context lines is set by n which defaults to three.

By default, the diff control lines (those with * * * or ——-) are created with a trailing newline. This is helpful so that
inputs created from io. IOBase.readlines () result in diffs that are suitable for use with io0. TOBase.
writelines () since both the inputs and outputs have trailing newlines.

For inputs that do not have trailing newlines, set the lineterm argument to " " so that the output will be uniformly
newline free.
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The context diff format normally has a header for filenames and modification times. Any or all of these may be
specified using strings for fromfile, tofile, fromfiledate, and tofiledate. The modification times are normally expressed
in the ISO 8601 format. If not specified, the strings default to blanks.

>>> sl
>>> 352

['bacon\n', 'eggs\n', 'ham\n', 'guido\n']

['python\n', 'eggy\n', 'hamster\n', 'guido\n']

>>> sys.stdout.writelines (context_diff(sl, s2, fromfile='before.py', tofile=
—'after.py'))

*** before.py

-—— after.py

kkkkkkkhkkkhkkkKhKk kK

* k% 1,4 * K Kk Kk
! bacon

! eggs
! ham

! eggy
! hamster
guido

See A command-line interface to difflib for a more detailed example.

difflib.get_close_matches (word, possibilities, n=3, cutoff=0.6)

Return a list of the best «good enough» matches. word is a sequence for which close matches are desired (typically
a string), and possibilities is a list of sequences against which to match word (typically a list of strings).

Optional argument n (default 3) is the maximum number of close matches to return; n must be greater than 0.

Optional argument cutoff (default 0 . 6) is a float in the range [0, 1]. Possibilities that don’t score at least that similar
to word are ignored.

The best (no more than n) matches among the possibilities are returned in a list, sorted by similarity score, most
similar first.

>>> get_close_matches ('appel', ['ape', 'apple', 'peach', 'puppy'])
['apple', 'ape'l

>>> import keyword

>>> get_close_matches ('wheel', keyword.kwlist)

['while']

>>> get_close_matches ('pineapple’', keyword.kwlist)

[]

>>> get_close_matches ('accept', keyword.kwlist)

["except']

difflib.ndiff (a, b, linejunk=None, charjunk=IS_CHARACTER_JUNK)

Compare a and b (lists of strings); return a D1 £ fer-style delta (a generator generating the delta lines).
Optional keyword parameters linejunk and charjunk are filtering functions (or None):

linejunk: A function that accepts a single string argument, and returns true if the string is junk, or false if not. The
default is None. There is also a module-level function IS_LINE_JUNK (), which filters out lines without visible
characters, except for at most one pound character (' # ') — however the underlying SequenceMatcher class
does a dynamic analysis of which lines are so frequent as to constitute noise, and this usually works better than
using this function.

charjunk: A function that accepts a character (a string of length 1), and returns if the character is junk, or false if
not. The default is module-level function 7.S_CHARACTER_JUNK (), which filters out whitespace characters (a
blank or tab; it’s a bad idea to include newline in this!).
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Tools/scripts/ndiff.py is a command-line front-end to this function.

>>> diff = ndiff ('one\ntwo\nthree\n'.splitlines (keepends=True),
C.. 'ore\ntree\nemu\n'.splitlines (keepends=True))
>>> print (''.join(diff), end="")

- one

A

ore

D+

- two
three

tree

+ +

emu

difflib.restore (sequence, which)
Return one of the two sequences that generated a delta.

Given a sequence produced by Differ.compare () or ndiff (), extract lines originating from file 1 or 2
(parameter which), stripping off line prefixes.

Example:

>>> diff = ndiff ('one\ntwo\nthree\n'.splitlines (keepends=True),
C. 'ore\ntree\nemu\n'.splitlines (keepends=True))
>>> diff = list(diff) # materialize the generated delta into a 1list
>>> print (''.join (restore(diff, 1)), end="")

one

two

three

>>> print (''.join(restore(diff, 2)), end="")

ore

tree

emu

difflib.unified_diff (a, b, fromfile=", tofile=", fromfiledate=", tofiledate=", n=3, lineterm="\n")
Compare a and b (lists of strings); return a delta (a generator generating the delta lines) in unified diff format.

Unified diffs are a compact way of showing just the lines that have changed plus a few lines of context. The changes
are shown in an inline style (instead of separate before/after blocks). The number of context lines is set by » which
defaults to three.

By default, the diff control lines (those with ———, +++, or @@Q) are created with a trailing newline. This is helpful so
that inputs created from i10. IOBase. readlines () resultin diffs that are suitable for use with 0. TOBase.
writelines () since both the inputs and outputs have trailing newlines.

For inputs that do not have trailing newlines, set the lineterm argument to " " so that the output will be uniformly
newline free.

The context diff format normally has a header for filenames and modification times. Any or all of these may be
specified using strings for fromfile, tofile, fromfiledate, and tofiledate. The modification times are normally expressed
in the ISO 8601 format. If not specified, the strings default to blanks.

>>> s1 = ['bacon\n', 'eggs\n', 'ham\n', 'guido\n']

>>> 52 = ['python\n', 'eggy\n', 'hamster\n', 'guido\n']

>>> sys.stdout.writelines(unified diff(sl, s2, fromfile='before.py', tofile=
—~'after.py'))

—-—— before.py

+++ after.py

(ouveéyela otV emtduevVn oerida)
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@@ -1,4 +1,4 @@
—-bacon

—-eggs

—ham

+python

teggy

+hamster

guido

See A command-line interface to difflib for a more detailed example.

difflib.diff_bytes (dfunc, a, b, fromfile=b", tofile=b", fromfiledate=b", tofiledate=b", n=3,

lineterm=b"\n")
Compare a and b (lists of bytes objects) using dfunc; yield a sequence of delta lines (also bytes) in the format

returned by dfunc. dfunc must be a callable, typically either unified diff () or context_diff ().

Allows you to compare data with unknown or inconsistent encoding. All inputs except n must be bytes objects,
not str. Works by losslessly converting all inputs (except n) to str, and calling dfunc (a, b, fromfile,
tofile, fromfiledate, tofiledate, n, lineterm).The outputof dfunc is then converted back
to bytes, so the delta lines that you receive have the same unknown/inconsistent encodings as a and b.

Néo otnv ékdoom 3.5.

difflib.IS_LINE_JUNK (l/ine)
Return True for ignorable lines. The line line is ignorable if line is blank or contains a single ' # ', otherwise it is
not ignorable. Used as a default for parameter linejunk in ndi £ () in older versions.

difflib.IS_CHARACTER_JUNK (ch)
Return True for ignorable characters. The character ch is ignorable if ch is a space or tab, otherwise it is not
ignorable. Used as a default for parameter charjunk in ndiff ().

Agite emiong:

Pattern Matching: The Gestalt Approach Discussion of a similar algorithm by John W. Ratcliff and D. E. Metzener.
This was published in Dr. Dobb’s Journal in July, 1988.

6.3.1 SequenceMatcher Objects

The SequenceMat cher class has this constructor:

class difflib.SequenceMatcher (isjunk=None, a=", b=", autojunk=True)
Optional argument isjunk must be None (the default) or a one-argument function that takes a sequence element
and returns true if and only if the element is «junk» and should be ignored. Passing None for isjunk is equivalent
to passing lambda x: False;in other words, no elements are ignored. For example, pass:

lambda x: x in " \t"

if you’re comparing lines as sequences of characters, and don’t want to synch up on blanks or hard tabs.

The optional arguments a and b are sequences to be compared; both default to empty strings. The elements of both
sequences must be hashable.

The optional argument autojunk can be used to disable the automatic junk heuristic.
Néo omnv ¢xdoon 3.2: The autojunk parameter.

SequenceMatcher objects get three data attributes: bjunk is the set of elements of b for which isjunk is True;
bpopular is the set of non-junk elements considered popular by the heuristic (if it is not disabled); b2; is a dict
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mapping the remaining elements of b to a list of positions where they occur. All three are reset whenever b is reset
with set_seqgs () or set_seqg2 ().

Néo otnv ¢kdoom 3.2: The bjunk and bpopular attributes.
SequenceMat cher objects have the following methods:

set_seqgs (a, b)
Set the two sequences to be compared.

SequenceMatcher computes and caches detailed information about the second sequence, so if you want to
compare one sequence against many sequences, use set_segZ () to set the commonly used sequence once and
call set_seqgl () repeatedly, once for each of the other sequences.

set_seql (a)
Set the first sequence to be compared. The second sequence to be compared is not changed.

set_seq2 (b)
Set the second sequence to be compared. The first sequence to be compared is not changed.

find_longest_match (alo=0, ahi=None, blo=0, bhi=None)
Find longest matching block in a[alo:ahi] and b[blo:bhi].

If isjunk was omitted or None, find longest_match () returns (1, j, k) suchthata[i:i+k]is
equaltob[J:Jj+k],wherealo <= i <= i+k <= ahiandblo <= j <= Jj+k <= bhi.Forall
(1', J', k') meeting those conditions, the additional conditions k >= k', i <= i',andif i ==
i',3j <= 7' are also met. In other words, of all maximal matching blocks, return one that starts earliest in
a, and of all those maximal matching blocks that start earliest in a, return the one that starts earliest in b.

>>> s = SequenceMatcher (None, " abcd", "abcd abcd")
>>> s.find_longest_match(0, 5, 0, 9)
Match (a=0, b=4, size=5)

If isjunk was provided, first the longest matching block is determined as above, but with the additional
restriction that no junk element appears in the block. Then that block is extended as far as possible by
matching (only) junk elements on both sides. So the resulting block never matches on junk except as identical
junk happens to be adjacent to an interesting match.

Here’s the same example as before, but considering blanks to be junk. That prevents ' abcd' from matching
the ' abcd' at the tail end of the second sequence directly. Instead only the 'abcd' can match, and
matches the leftmost 'abcd' in the second sequence:

>>> s = SequenceMatcher (lambda x: x==" ", " abcd", "abcd abcd")
>>> s.find_longest_match(0, 5, 0, 9)
Match (a=1, b=0, size=4)

If no blocks match, this returns (alo, blo, 0).
This method returns a named tuple Match (a, b, size).
AMaEe oty €kdoon 3.9: Added default arguments.

get_matching_blocks ()
Return list of triples describing non-overlapping matching subsequences. Each triple is of the form (i, j,
n),and meansthata[i:i+n] == b[j:Jj+n]. The triples are monotonically increasing in i and j.

The last triple is a dummy, and has the value (len (a), len(b), 0).Itisthe only triple withn ==

If (i, j, n)and (1', J', n') areadjacent triples in the list, and the second is not the last triple in
the list, then i+n < i'or j+n < j';in other words, adjacent triples always describe non-adjacent equal
blocks.
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>>> s = SequenceMatcher (None, "abxcd", "abcd")
>>> s.get_matching_blocks ()
[Match (a=0, b=0, size=2), Match(a=3, b=2, size=2), Match(a=5, b=4, size=0)]

get_opcodes ()

Return list of 5-tuples describing how to turn a into b. Each tuple is of the form (tag, i1, i2, 31,
j2).Thefirsttuple has i1 == 31 == 0, and remaining tuples have i/ equal to the i2 from the preceding
tuple, and, likewise, jI equal to the previous j2.

The tag values are strings, with these meanings:

Value Meaning

'replace' | a[il:12] should be replaced by b[j1:732].

'delete' a[il:12] should be deleted. Note that 31 == 72 in this case.

'insert' b[j1:72] should be insertedat a[11:11]. Note that i1 == i2 in this case.
'equal' alil:12] == b[jl:7j2] (the sub-sequences are equal).

For example:

>>> a = "gabxcd"
>>> b = "abycdf"
>>> s = SequenceMatcher (None, a, b)
>>> for tag, il, i2, j1, j2 in s.get_opcodes():
print (' al : 1 —> bl : ] -——> '.format (
. tag, 11, i2, 31, Jj2, alil:i2], b[j1:321))
delete af[0:1] ——> b[0:0] 'q' > !
equal af[l:3] ——> b[0:2] 'ab' ——> 'ab'
replace af3:4] -——> b[2:3] x> Ty
equal af[d:6] ——> b[3:5] 'ed' ——> 'cd!
insert al6:6] ——> b[5:6] TYo——> ' f!

get_grouped_opcodes (n=3)

Return a generator of groups with up to n lines of context.

Starting with the groups returned by get_opcodes (), this method splits out smaller change clusters and
eliminates intervening ranges which have no changes.

The groups are returned in the same format as get_opcodes ().

ratio()

Return a measure of the sequences” similarity as a float in the range [0, 1].

Where T is the total number of elements in both sequences, and M is the number of matches, this is 2.0*M
/ T. Note that this is 1 . 0 if the sequences are identical, and 0 . O if they have nothing in common.

This is expensive to compute if get_matching_blocks () or get_opcodes () hasn’t already been
called, in which case you may want to try quick_ratio () or real_quick_ratio () first to get an
upper bound.

Enueimon: Caution: The result of a ratio () call may depend on the order of the arguments. For instance:

>>> SequenceMatcher (None, 'tide', 'diet').ratio()
0.25
>>> SequenceMatcher (None, 'diet', 'tide').ratio()
0.5
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quick_ratio ()
Return an upper bound on ratio () relatively quickly.

real_quick_ratio ()
Return an upper bound on ratio () very quickly.

The three methods that return the ratio of matching to total characters can give different results due to differing levels of
approximation, although quick_ratio () and real_quick_ratio () are always at least as large as ratio () :

>>> s = SequenceMatcher (None, "abcd", "bcde")
>>> s.ratio()

0.75

>>> s.quick_ratio()

0.75

>>> s.real_quick_ratio()

1.0

6.3.2 SequenceMatcher Examples

This example compares two strings, considering blanks to be «junk»:

>>> g SequenceMatcher (lambda x: x == " ",
"private Thread currentThread;",

"private volatile Thread currentThread;")

ratio () returns a float in [0, 1], measuring the similarity of the sequences. As a rule of thumb, a ratio () value over
0.6 means the sequences are close matches:

>>> print (round(s.ratio(), 3))
0.866

If you’re only interested in where the sequences match, get_matching_blocks () is handy:

>>> for block in s.get_matching_blocks() :
.. print ("al ] and b ] match for elements" $ block)
al[0] and b[0] match for 8 elements
al[8] and b[17] match for 21 elements
al29] and b[38] match for 0 elements

Note that the last tuple returned by get_matching_blocks () is always a dummy, (len(a), len(b), 0),
and this is the only case in which the last tuple element (number of elements matched) is 0.

If you want to know how to change the first sequence into the second, use get_opcodes () :

>>> for opcode in s.get_opcodes() :
.. print (" al : ] bl : 1" % opcode)
equal af[0:8] b[0:8]

insert af[8:8] b[8:17]

equal al[8:29] b[17:38]

Agite emiong:

e The get_close _matches () function in this module which shows how simple code building on
SequenceMat cher can be used to do useful work.

« Simple version control recipe for a small application built with SequenceMatcher.
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6.3.3 Differ Objects

Note that D1 f fer-generated deltas make no claim to be minimal diffs. To the contrary, minimal diffs are often counter-
intuitive, because they synch up anywhere possible, sometimes accidental matches 100 pages apart. Restricting synch
points to contiguous matches preserves some notion of locality, at the occasional cost of producing a longer diff.

The D1 ffer class has this constructor:

class difflib.Differ (linejunk=None, charjunk=None)
Optional keyword parameters linejunk and charjunk are for filter functions (or None):

linejunk: A function that accepts a single string argument, and returns true if the string is junk. The default is None,
meaning that no line is considered junk.

charjunk: A function that accepts a single character argument (a string of length 1), and returns true if the character
is junk. The default is None, meaning that no character is considered junk.

These junk-filtering functions speed up matching to find differences and do not cause any differing lines or
characters to be ignored. Read the description of the find_Ilongest_match () method’s isjunk parameter
for an explanation.

Differ objects are used (deltas generated) via a single method:

compare (a, b)
Compare two sequences of lines, and generate the delta (a sequence of lines).

Each sequence must contain individual single-line strings ending with newlines. Such sequences can be
obtained from the readlines () method of file-like objects. The delta generated also consists of newline-
terminated strings, ready to be printed as-is via the writelines () method of a file-like object.

6.3.4 Differ Example

This example compares two texts. First we set up the texts, sequences of individual single-line strings ending with newlines
(such sequences can also be obtained from the readlines () method of file-like objects):

>>> textl = ''' 1. Beautiful is better than ugly.
2. Explicit is better than implicit.
3. Simple is better than complex.
4. Complex is better than complicated.
""" .splitlines (keepends=True)
>>> len (textl)
4
>>> textl1[0][-1]
l\nv
>>> text2 = '''" 1. Beautiful is better than ugly.
3. Simple is better than complex.
4. Complicated is better than complex.
5. Flat is better than nested.
""" .splitlines (keepends=True)

Next we instantiate a Differ object:

>>> d = Differ ()

Note that when instantiating a D1 ffer object we may pass functions to filter out line and character «junk.» See the
Differ () constructor for details.

Finally, we compare the two:
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>>> result = list (d.compare (textl, text2))

result is a list of strings, so let’s pretty-print it:

>>> from pprint import pprint

>>> pprint (result)

[ 1. Beautiful is better than ugly.\n',

! 2. Explicit is better than implicit.\n',

'— 3. Simple is better than complex.\n',
3

'+ Simple is better than complex.\n',

' ++\n',

' - 4. Complex is better than complicated.\n',
l? e e /\\nl’

'+ 4. Complicated is better than complex.\n',
' 4+ N “\n',

'+ 5. Flat is better than nested.\n']

As a single multi-line string it looks like this:

>>> import sys
>>> sys.stdout.writelines (result)
1. Beautiful is better than ugly.
2. Explicit is better than implicit.
- 3. Simple is better than complex.
3

+ Simple is better than complex.

? ++

- 4. Complex is better than complicated.
5 ~ A
+ 4. Complicated is better than complex.
? ++++ N ~
+ 5. Flat is better than nested.

6.3.5 A command-line interface to difflib

This example shows how to use difflib to create a di f £-like utility. It is also contained in the Python source distribution,
as Tools/scripts/diff.py.

#!/usr/bin/env python3
""" Command line interface to difflib.py providing diffs in four formats:

* ndiff: lists every line and highlights interline changes.

* context: highlights clusters of changes in a before/after format.
* unified: highlights clusters of changes in an inline format.

* html: generates side by side comparison with change highlights.

mmn

import sys, os, difflib, argparse
from datetime import datetime, timezone

def file_mtime (path) :
t = datetime.fromtimestamp (os.stat (path) .st_mtime,
timezone.utc)
return t.astimezone () .isoformat ()

(OVVEYELAL TNV ETTOUEVT OENLOL)
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def main () :

parser = argparse.ArgumentParser ()
parser.add_argument ('-c', action='store_ true', default=False,
help='Produce a context format diff (default)"')
parser.add_argument ('-u', action='store true', default=False,
help='Produce a unified format diff')
parser.add_argument ('-m', action='store_ true', default=False,
help='Produce HTML side by side diff '
'(can use -c and -1 in conjunction)')
parser.add_argument ('-n', action='store true', default=False,
help='Produce a ndiff format diff')
parser.add_argument ('-1', '—--lines', type=int, default=3,
help='Set number of context lines (default 3)"')
parser.add_argument ('fromfile')
parser.add_argument ('tofile')
options = parser.parse_args()

n = options.lines
fromfile = options.fromfile
tofile = options.tofile

fromdate = file_mtime (fromfile)
todate = file_mtime (tofile)
with open (fromfile) as ff:
fromlines = ff.readlines{()
with open(tofile) as tf:
tolines = tf.readlines|()

if options.u:
diff = difflib.unified _diff(fromlines, tolines, fromfile, tofile, fromdate, .
—~todate, n=n)
elif options.n:
diff = difflib.ndiff (fromlines, tolines)
elif options.m:
diff = difflib.HtmlDiff () .make_file(fromlines,tolines, fromfile,tofile,
—context=options.c,numlines=n)
else:
diff = difflib.context_diff (fromlines, tolines, fromfile, tofile, fromdate, .
—~todate, n=n)

sys.stdout.writelines (diff)

if name == "'_ _main_ ':
main ()
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6.4 textwrap — Text wrapping and filling

Source code: Lib/textwrap.py

The t ext wrap module provides some convenience functions, as well as Text Wrappe r, the class that does all the work.
If you're just wrapping or filling one or two text strings, the convenience functions should be good enough; otherwise, you
should use an instance of TextWrapper for efficiency.

"

textwrap.wrap (fext, width=70, *, initial_indent="",  subsequent_indent="",  expand_tabs=True,
replace_whitespace=True, fix_sentence_endings=False, break_long_words=True,
drop_whitespace=True, break_on_hyphens=True, tabsize=8, max_lines=None, placeholder='

[..]"

Wraps the single paragraph in fext (a string) so every line is at most width characters long. Returns a list of output
lines, without final newlines.

Optional keyword arguments correspond to the instance attributes of TextWrapper, documented below.

See the TextWrapper.wrap () method for additional details on how wrap () behaves.

"

textwrap.£ill (fext, width=70, *, initial_indent="",  subsequent indent="",  expand_tabs=True,
replace_whitespace=True, fix_sentence_endings=False, break_long_words=True,
drop_whitespace=True, break_on_hyphens=True, tabsize=8, max_lines=None, placeholder='
[..]"
Wraps the single paragraph in fext, and returns a single string containing the wrapped paragraph. fi11 () is
shorthand for

"\n".Jjoin (wrap (text, ...))

In particular, £i11 () accepts exactly the same keyword arguments as wrap ().

textwrap.shorten (fext, width, * fix_sentence_endings=False, break_long_words=True,

break_on_hyphens=True, placeholder="][...]")
Collapse and truncate the given fext to fit in the given width.

First the whitespace in fext is collapsed (all whitespace is replaced by single spaces). If the result fits in the width, it is
returned. Otherwise, enough words are dropped from the end so that the remaining words plus the placeholder
fit within width:

>>> textwrap.shorten("Hello world!", width=12)

'Hello world!'

>>> textwrap.shorten("Hello world!", width=11)

'Hello [...]"

>>> textwrap.shorten("Hello world", width=10, placeholder="...")
'Hello...'

Optional keyword arguments correspond to the instance attributes of TextWrapper, documented below. Note
that the whitespace is collapsed before the text is passed to the TextWrapper £i11 () function, so changing the
value of tabsize, expand_tabs, drop _whitespace,and replace whitespace will have no effect.

Néo otnv ¢kdoom 3.4.

textwrap.dedent (fext)
Remove any common leading whitespace from every line in fexz.

This can be used to make triple-quoted strings line up with the left edge of the display, while still presenting them
in the source code in indented form.

Note that tabs and spaces are both treated as whitespace, but they are not equal: the lines " hello" and "\
thello" are considered to have no common leading whitespace.
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Lines containing only whitespace are ignored in the input and normalized to a single newline character in the output.

For example:

def test():
# end first line with \ to avoid the empty line!
s =
hello
world
print (repr(s)) # prints ' hello\n world\n !
print (repr (dedent (s))) # prints 'hello\n world\n'

textwrap.indent (fext, prefix, predicate=None)
Add prefix to the beginning of selected lines in fexz.

Lines are separated by calling text .splitlines (True).
By default, prefix is added to all lines that do not consist solely of whitespace (including any line endings).

For example:

>>> s = 'hello\n\n \nworld'
>>> indent (s, ' ")
' hello\n\n \n world'

The optional predicate argument can be used to control which lines are indented. For example, it is easy to add
prefix to even empty and whitespace-only lines:

>>> print (indent (s, '+ ', lambda line: True))
+ hello

+
+
+ world

Néo otnv ¢€kdoom 3.3.

wrap (), fill () and shorten () work by creating a TextWrapper instance and calling a single method on it.
That instance is not reused, so for applications that process many text strings using wrap () and/or £i11 (), it may be
more efficient to create your own TextWrapper object.

Text is preferably wrapped on whitespaces and right after the hyphens in hyphenated words; only then will long words be
broken if necessary, unless TextWrapper.break_long_words is set to false.

class textwrap.TextWrapper (**kwargs)
The TextWrapper constructor accepts a number of optional keyword arguments. Each keyword argument
corresponds to an instance attribute, so for example

wrapper = TextWrapper (initial_indent="* ")

is the same as

wrapper = TextWrapper ()
wrapper.initial_ indent = "* "

You can re-use the same TextWrapper object many times, and you can change any of its options through direct
assignment to instance attributes between uses.

The TextWrapper instance attributes (and keyword arguments to the constructor) are as follows:
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width
(default: 70) The maximum length of wrapped lines. As long as there are no individual words in the input text
longer than width, TextWrapper guarantees that no output line will be longer than width characters.

expand_tabs
(default: True) If true, then all tab characters in fext will be expanded to spaces using the expandtabs ()
method of text.

tabsize
(default: 8) If expand_tabs is true, then all tab characters in fext will be expanded to zero or more spaces,
depending on the current column and the given tab size.

Néo omv éxdoon 3.3.

replace_whitespace
(default: True) If true, after tab expansion but before wrapping, the wrap () method will replace each
whitespace character with a single space. The whitespace characters replaced are as follows: tab, newline,
vertical tab, formfeed, and carriage return (' \t\n\v\£f\r").

Inueinon: If expand tabs is false and replace_whitespace is true, each tab character will be
replaced by a single space, which is not the same as tab expansion.

Ynueiwon: If replace_whitespace is false, newlines may appear in the middle of a line and cause
strange output. For this reason, text should be split into paragraphs (using st r. splitlines () orsimilar)
which are wrapped separately.

drop_whitespace
(default: True) If true, whitespace at the beginning and ending of every line (after wrapping but before
indenting) is dropped. Whitespace at the beginning of the paragraph, however, is not dropped if non-
whitespace follows it. If whitespace being dropped takes up an entire line, the whole line is dropped.

initial_indent
(default: ' ') String that will be prepended to the first line of wrapped output. Counts towards the length of
the first line. The empty string is not indented.

subsequent_indent
(default: ' ') String that will be prepended to all lines of wrapped output except the first. Counts towards the
length of each line except the first.

fix_sentence_endings
(default: False) If true, TextWrapper attempts to detect sentence endings and ensure that sentences are
always separated by exactly two spaces. This is generally desired for text in a monospaced font. However,
the sentence detection algorithm is imperfect: it assumes that a sentence ending consists of a lowercase letter
followed by one of '. "', '! ', or '?"', possibly followed by one of '" ' or "' ", followed by a space. One
problem with this is algorithm is that it is unable to detect the difference between «Dr.» in

’[...] Dr. Frankenstein's monster [...]

and «Spot.» in

’[...] See Spot. See Spot run [...]

fix_sentence_endings is false by default.

Since the sentence detection algorithm relies on string.lowercase for the definition of «lowercase
letter», and a convention of using two spaces after a period to separate sentences on the same line, it is
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specific to English-language texts.

break_long_ words
(default: True) If true, then words longer than w1 dt h will be broken in order to ensure that no lines are longer
than width. If it is false, long words will not be broken, and some lines may be longer than width. (Long
words will be put on a line by themselves, in order to minimize the amount by which width is exceeded.)

break_on_hyphens
(default: True) If true, wrapping will occur preferably on whitespaces and right after hyphens in compound
words, as it is customary in English. If false, only whitespaces will be considered as potentially good places
for line breaks, but you need to set break_ 1ong_words to false if you want truly insecable words. Default
behaviour in previous versions was to always allow breaking hyphenated words.

max_lines
(default: None) If not None, then the output will contain at most max_lines lines, with placeholder appearing
at the end of the output.

Néo oty éxdoon 3.4.

placeholder
(default: ' [...]") String that will appear at the end of the output text if it has been truncated.

Néo omv éxdoon 3.4.
TextWrapper also provides some public methods, analogous to the module-level convenience functions:

wrap (fext)
Wraps the single paragraph in text (a string) so every line is at most width characters long. All wrapping
options are taken from instance attributes of the TextWrapper instance. Returns a list of output lines,
without final newlines. If the wrapped output has no content, the returned list is empty.

£ill (text)
Wraps the single paragraph in fext, and returns a single string containing the wrapped paragraph.

6.5 unicodedata — Unicode Database

This module provides access to the Unicode Character Database (UCD) which defines character properties for all Unicode
characters. The data contained in this database is compiled from the UCD version 13.0.0.

The module uses the same names and symbols as defined by Unicode Standard Annex #44, «Unicode Character
Database». It defines the following functions:

unicodedata.lookup (name)
Look up character by name. If a character with the given name is found, return the corresponding character. If not
found, KeyError is raised.

AMaEe oty ékdoon 3.3: Support for name aliases' and named sequences” has been added.

unicodedata.name (chr[, default] )
Returns the name assigned to the character chr as a string. If no name is defined, default is returned, or, if not
given, ValueError is raised.

unicodedata.decimal (chr[, default ] )
Returns the decimal value assigned to the character chr as integer. If no such value is defined, default is returned,
or, if not given, ValueError is raised.

! https://www.unicode.org/Public/13.0.0/ucd/NameAliases. txt
2 https://www.unicode.org/Public/13.0.0/ucd/NamedSequences. txt
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unicodedata.digit (chr[, default ] )
Returns the digit value assigned to the character chr as integer. If no such value is defined, default is returned, or,
if not given, ValueError is raised.

unicodedata.numeric (chr[, default] )
Returns the numeric value assigned to the character chr as float. If no such value is defined, default is returned, or,
if not given, ValueError is raised.

unicodedata.category (chr)
Returns the general category assigned to the character chr as string.

unicodedata.bidirectional (chr)
Returns the bidirectional class assigned to the character chr as string. If no such value is defined, an empty string
is returned.

unicodedata.combining (chr)
Returns the canonical combining class assigned to the character chr as integer. Returns O if no combining class is
defined.

unicodedata.east_asian_width (chr)
Returns the east asian width assigned to the character chr as string.

unicodedata.mirrored (chr)
Returns the mirrored property assigned to the character chr as integer. Returns 1 if the character has been identified
as a «mirrored» character in bidirectional text, 0 otherwise.

unicodedata.decomposition (chr)
Returns the character decomposition mapping assigned to the character chr as string. An empty string is returned
in case no such mapping is defined.

unicodedata.normalize (form, unistr)
Return the normal form form for the Unicode string unistr. Valid values for form are “NFC”, “NFKC”, “NFD”,
and “NFKD”.

The Unicode standard defines various normalization forms of a Unicode string, based on the definition of canonical
equivalence and compatibility equivalence. In Unicode, several characters can be expressed in various way. For
example, the character U+00C7 (LATIN CAPITAL LETTER C WITH CEDILLA) can also be expressed as the
sequence U+0043 (LATIN CAPITAL LETTER C) U+0327 (COMBINING CEDILLA).

For each character, there are two normal forms: normal form C and normal form D. Normal form D (NFD) is also
known as canonical decomposition, and translates each character into its decomposed form. Normal form C (NFC)
first applies a canonical decomposition, then composes pre-combined characters again.

In addition to these two forms, there are two additional normal forms based on compatibility equivalence. In
Unicode, certain characters are supported which normally would be unified with other characters. For example,
U+2160 (ROMAN NUMERAL ONE) is really the same thing as U+0049 (LATIN CAPITAL LETTER I).
However, it is supported in Unicode for compatibility with existing character sets (e.g. gb2312).

The normal form KD (NFKD) will apply the compatibility decomposition, i.e. replace all compatibility characters
with their equivalents. The normal form KC (NFKC) first applies the compatibility decomposition, followed by the
canonical composition.

Even if two unicode strings are normalized and look the same to a human reader, if one has combining characters
and the other doesn’t, they may not compare equal.

unicodedata.is_normalized (form, unistr)
Return whether the Unicode string unistr is in the normal form form. Valid values for form are “NFC”, “NFKC”,
“NFD”, and “NFKD”.

Néo otnv ¢kdoon 3.8.

In addition, the module exposes the following constant:
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unicodedata.unidata_version
The version of the Unicode database used in this module.

unicodedata.ued_3_2_0
This is an object that has the same methods as the entire module, but uses the Unicode database version 3.2 instead,
for applications that require this specific version of the Unicode database (such as IDNA).

Examples:

>>> import unicodedata

>>> unicodedata.lookup ('LEFT CURLY BRACKET")

v

>>> unicodedata.name('/")

'SOLIDUS'

>>> unicodedata.decimal ('9")

9

>>> unicodedata.decimal('a"')

Traceback (most recent call last):
File "<stdin>", line 1, in <module>

ValueError: not a decimal

>>> unicodedata.category ('A') # 'L'etter, 'u'ppercase

lLu'

>>> unicodedata.bidirectional ('\u0660') # 'A'rabic, 'N'umber
IAN'

6.6 stringprep — Internet String Preparation

Source code: Lib/stringprep.py

When identifying things (such as host names) in the internet, it is often necessary to compare such identifications for
«equality». Exactly how this comparison is executed may depend on the application domain, e.g. whether it should be case-
insensitive or not. It may be also necessary to restrict the possible identifications, to allow only identifications consisting
of «printable» characters.

RFC 3454 defines a procedure for «preparing» Unicode strings in internet protocols. Before passing strings onto the wire,
they are processed with the preparation procedure, after which they have a certain normalized form. The RFC defines a
set of tables, which can be combined into profiles. Each profile must define which tables it uses, and what other optional
parts of the stringprep procedure are part of the profile. One example of a st ringprep profile is nameprep,
which is used for internationalized domain names.

The module st ringprep only exposes the tables from RFC 3454. As these tables would be very large to represent
them as dictionaries or lists, the module uses the Unicode character database internally. The module source code itself
was generated using the mkstringprep.py utility.

As a result, these tables are exposed as functions, not as data structures. There are two kinds of tables in the RFC: sets
and mappings. For a set, st ringprep provides the «characteristic function», i.e. a function that returns True if the
parameter is part of the set. For mappings, it provides the mapping function: given the key, it returns the associated value.
Below is a list of all functions available in the module.

stringprep.in_table_al (code)
Determine whether code is in tableA.1 (Unassigned code points in Unicode 3.2).

stringprep.in_table_bl (code)
Determine whether code is in tableB.1 (Commonly mapped to nothing).
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stringprep.map_table_b2 (code)
Return the mapped value for code according to tableB.2 (Mapping for case-folding used with NFKC).

stringprep.map_table_b3 (code)
Return the mapped value for code according to tableB.3 (Mapping for case-folding used with no normalization).

stringprep.in_table_cl1 (code)
Determine whether code is in tableC.1.1 (ASCII space characters).

stringprep.in_table_cl2 (code)
Determine whether code is in tableC.1.2 (Non-ASCII space characters).

stringprep.in_table_cll_cl12 (code)
Determine whether code is in tableC.1 (Space characters, union of C.1.1 and C.1.2).

stringprep.in_table_c21 (code)
Determine whether code is in tableC.2.1 (ASCII control characters).

stringprep.in_table_c22 (code)
Determine whether code is in tableC.2.2 (Non-ASCII control characters).

stringprep.in_table_c21_c22 (code)
Determine whether code is in tableC.2 (Control characters, union of C.2.1 and C.2.2).

stringprep.in_table_c3 (code)
Determine whether code is in tableC.3 (Private use).

stringprep.in_table_c4 (code)
Determine whether code is in tableC.4 (Non-character code points).

stringprep.in_table_c5 (code)
Determine whether code is in tableC.5 (Surrogate codes).

stringprep.in_table_c6 (code)
Determine whether code is in tableC.6 (Inappropriate for plain text).

stringprep.in_table_c7 (code)
Determine whether code is in tableC.7 (Inappropriate for canonical representation).

stringprep.in_table_c8 (code)
Determine whether code is in tableC.8 (Change display properties or are deprecated).

stringprep.in_table_c9 (code)
Determine whether code is in tableC.9 (Tagging characters).

stringprep.in_table_d1 (code)
Determine whether code is in tableD.1 (Characters with bidirectional property «R» or «AL»).

stringprep.in_table_d2 (code)
Determine whether code is in tableD.2 (Characters with bidirectional property «L»).

6.7 readline — GNU readline interface

The readline module defines a number of functions to facilitate completion and reading/writing of history files
from the Python interpreter. This module can be used directly, or via the r1completer module, which supports
completion of Python identifiers at the interactive prompt. Settings made using this module affect the behaviour of both
the interpreter’s interactive prompt and the prompts offered by the built-in input () function.
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Readline keybindings may be configured via an initialization file, typically . inputrc in your home directory. See
Readline Init File in the GNU Readline manual for information about the format and allowable constructs of that file, and
the capabilities of the Readline library in general.

Enueiwon: The underlying Readline library API may be implemented by the 1ibedit library instead of GNU readline.
On macOS the readline module detects which library is being used at run time.

The configuration file for 1 ibedit is different from that of GNU readline. If you programmatically load configuration
strings you can check for the text «libedit» in readline.__doc__ to differentiate between GNU readline and libedit.

If you use editline/1 ibedit readline emulation on macOS, the initialization file located in your home directory is named
.editrc. For example, the following content in ~/ . edit rc will turn ON vi keybindings and TAB completion:

python:bind -v
python:bind "I rl_complete

6.7.1 Init file

The following functions relate to the init file and user configuration:

readline.parse_and_bind (string)
Execute the init line provided in the string argument. This calls r1_parse_and_bind () in the underlying
library.

readline.read_init_file( [ﬁlename] )
Execute a readline initialization file. The default filename 1is the Ilast filename used. This calls
rl_read_init_file () in the underlying library.

6.7.2 Line buffer

The following functions operate on the line buffer:

readline.get_line_buffer ()
Return the current contents of the line buffer (r1_1line_buf fer in the underlying library).

readline.insert_text (string)
Insert text into the line buffer at the cursor position. This calls r1_insert_text () in the underlying library,
but ignores the return value.

readline.redisplay ()
Change what’s displayed on the screen to reflect the current contents of the line buffer. This calls
rl_redisplay () in the underlying library.

6.7.3 History file

The following functions operate on a history file:

readline.read_history_file( [ﬁlename] )
Load a readline history file, and append it to the history list. The default filename is ~/ .history. This calls
read_history () in the underlying library.

readline.write_history file ( [ﬁlename] )
Save the history list to a readline history file, overwriting any existing file. The default filename is ~/ . history.
This calls write_history () in the underlying library.
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readline.append_history file (nelements[, filename ] )
Append the last nelements items of history to a file. The default filename is ~/ . history. The file must already
exist. This calls append_history () inthe underlying library. This function only exists if Python was compiled
for a version of the library that supports it.

Néo otnv €kdoon 3.5.

readline.get_history_length()

readline.set_history_length (length)
Set or return the desired number of lines to save in the history file. The write_history_ file () function
uses this value to truncate the history file, by calling history_ truncate_file () in the underlying library.
Negative values imply unlimited history file size.

6.7.4 History list

The following functions operate on a global history list:

readline.clear_history ()
Clear the current history. This calls clear_history () in the underlying library. The Python function only
exists if Python was compiled for a version of the library that supports it.

readline.get_current_history length()
Return the number of items currently in the history. (This is different from get_history_ length (), which
returns the maximum number of lines that will be written to a history file.)

readline.get_history_item (index)
Return the current contents of history item at index. The item index is one-based. This calls history_get ()
in the underlying library.

readline.remove_history_item (pos)
Remove history item specified by its position from the history. The position is zero-based. This calls
remove_history () in the underlying library.

readline.replace_history_item (pos, line)
Replace history item specified by its position with [line. The position is zero-based. This calls
replace_history_entry () in the underlying library.

readline.add_history (line)
Append line to the history buffer, as if it was the last line typed. This calls add_history () in the underlying
library.

readline.set_auto_history (enabled)
Enable or disable automatic calls to add_history () when reading input via readline. The enabled argument
should be a Boolean value that when true, enables auto history, and that when false, disables auto history.

Néo oty éxdoon 3.6.

CPython implementation detail: Auto history is enabled by default, and changes to this do not persist across
multiple sessions.
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6.7.5 Startup hooks

readline.set_startup_hook ( [function] )
Set or remove the function invoked by the r1_startup_hook callback of the underlying library. If function is
specified, it will be used as the new hook function; if omitted or None, any function already installed is removed.
The hook is called with no arguments just before readline prints the first prompt.

readline.set_pre_input_hook ( [function ] )
Set or remove the function invoked by the r1_pre_input_hook callback of the underlying library. If function
is specified, it will be used as the new hook function; if omitted or None, any function already installed is removed.
The hook is called with no arguments after the first prompt has been printed and just before readline starts reading
input characters. This function only exists if Python was compiled for a version of the library that supports it.

6.7.6 Completion

The following functions relate to implementing a custom word completion function. This is typically operated by the
Tab key, and can suggest and automatically complete a word being typed. By default, Readline is set up to be used by
rlcompleter to complete Python identifiers for the interactive interpreter. If the readline module is to be used
with a custom completer, a different set of word delimiters should be set.

readline.set_completer ( [function] )
Set or remove the completer function. If function is specified, it will be used as the new completer function;
if omitted or None, any completer function already installed is removed. The completer function is called as
function (text, state),forstatein 0, 1, 2, ..., until it returns a non-string value. It should return the next
possible completion starting with fext.

The installed completer function is invoked by the entry_func callback passed to
rl_completion_matches () in the underlying library. The text string comes from the first parameter
tothe r1_attempted_completion_function callback of the underlying library.

readline.get_completer ()
Get the completer function, or None if no completer function has been set.

readline.get_completion_type ()
Get the type of completion being attempted. This returns the r1_completion_type variable in the underlying
library as an integer.

readline.get_begidx ()

readline.get_endidx ()
Get the beginning or ending index of the completion scope. These indexes are the start and end arguments passed
tothe r1_attempted_completion_function callback of the underlying library.

readline.set_completer_delims (string)

readline.get_completer_ delims ()
Set or get the word delimiters for completion. These determine the start of the word to be considered for completion
(the completion scope). These functions access the r1_completer_word_break_characters variable in
the underlying library.

readline.set_completion_display matches_hook ( [function ] )
Set or remove the completion display function. If function is specified, it will be used as the new completion
display function; if omitted or None, any completion display function already installed is removed. This sets or
clears the r1_completion_display_matches_hook callback in the underlying library. The completion
display function is called as function (substitution, [matches], longest_match_length)
once each time matches need to be displayed.
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6.7.7 Example

The following example demonstrates how to use the readline module’s history reading and writing functions to
automatically load and save a history file named .python_history from the user’s home directory. The code below
would normally be executed automatically during interactive sessions from the user's PYTHONSTARTUP file.

import atexit
import os
import readline

histfile = os.path.join(os.path.expanduser ("~"), ".python history")
try:
readline.read_history_file(histfile)
# default history len is -1 (infinite), which may grow unruly
readline.set_history_length (1000)
except FileNotFoundError:
pass

atexit.register (readline.write_history_ file, histfile)

This code is actually automatically run when Python is run in interactive mode (see Readline configuration).

The following example achieves the same goal but supports concurrent interactive sessions, by only appending the new
history.

import atexit

import os

import readline

histfile = os.path.join(os.path.expanduser ("~"), ".python_history")

try:

readline.read_history_file(histfile)

h_len = readline.get_current_history_length()
except FileNotFoundError:

open (histfile, 'wb').close()

h_len =0

def save (prev_h_len, histfile):
new_h_len = readline.get_current_history_length()
readline.set_history_length(1000)
readline.append_history_file(new_h_len - prev_h_len, histfile)
atexit.register(save, h_len, histfile)

The following example extends the code. InteractiveConsole class to support history save/restore.

import atexit
import code
import os
import readline

class HistoryConsole (code.InteractiveConsole):

def _ init_ (self, locals=None, filename="<console>",
histfile=os.path.expanduser ("~/.console-history")):
code.InteractiveConsole.__init_ (self, locals, filename)

self.init_history(histfile)

def init_history(self, histfile):
readline.parse_and_bind("tab: complete™)

(ouvéyela otV emtduevn oehida)
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if hasattr(readline, "read history_file"):
try:
readline.read_history_file(histfile)
except FileNotFoundError:
pass
atexit.register(self.save_history, histfile)

def save_history(self, histfile):
readline.set_history_length(1000)
readline.write_history_file (histfile)

6.8 rlcompleter — Completion function for GNU readline

Source code: Lib/rlcompleter.py

The rlcompleter module defines a completion function suitable for the readline module by completing valid
Python identifiers and keywords.

‘When this module is imported on a Unix platform with the read i ne module available, an instance of the Completer
class is automatically created and its complete () method is set as the readline completer.

Example:

>>> import rlcompleter

>>> import readline

>>> readline.parse_and_bind("tab: complete™)
>>> readline. <TAB PRESSED>

readline.__doc___ readline.get_line_buffer( readline.read_init_file(
readline._ file readline.insert_text ( readline.set_completer (
readline._ _name_ readline.parse_and_bind(

>>> readline.

The r1completer module is designed for use with Python’s interactive mode. Unless Python is run with the —S option,
the module is automatically imported and configured (see Readline configuration).

On platforms without readline, the Completer class defined by this module can still be used for custom purposes.

6.8.1 Completer Objects

Completer objects have the following method:

Completer.complete (fext, state)
Return the stateth completion for zext.

If called for fext that doesn’t include a period character (' . '), it will complete from names currently defined in
__main__, builtins and keywords (as defined by the keyword module).

If called for a dotted name, it will try to evaluate anything without obvious side-effects (functions will not be
evaluated, but it can generate calls to ___getattr__ ()) up to the last part, and find matches for the rest via the
dir () function. Any exception raised during the evaluation of the expression is caught, silenced and None is
returned.
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KEDAAAIO 7

Binary Data Services

The modules described in this chapter provide some basic services operations for manipulation of binary data. Other
operations on binary data, specifically in relation to file formats and network protocols, are described in the relevant
sections.

Some libraries described under 7ext Processing Services also work with either ASCII-compatible binary formats (for
example, re) or all binary data (for example, di f£11ib).

In addition, see the documentation for Python’s built-in binary data types in T0mot Svadikne axolovbiag — bytes,
bytearray, memoryview.

7.1 struct — Interpret bytes as packed binary data

Inyaiog kOdikag: Lib/struct.py

This module performs conversions between Python values and C structs represented as Python byt e s objects. This can
be used in handling binary data stored in files or from network connections, among other sources. It uses >vufoloceipés
uoogomoinons as compact descriptions of the layout of the C structs and the intended conversion to/from Python values.

Ynueioon: By default, the result of packing a given C struct includes pad bytes in order to maintain proper alignment
for the C types involved; similarly, alignment is taken into account when unpacking. This behavior is chosen so that the
bytes of a packed struct correspond exactly to the layout in memory of the corresponding C struct. To handle platform-
independent data formats or omit implicit pad bytes, use standard size and alignment instead of native size and
alignment: see Awdza&n Byte, MéyeOog kauw Xtolyion for details.

Apketég ouvopTNoELg Tov struct (Ko uéfodot g kKhAong St ruct) déyovrol o Tapduetpo buffer. Avty ovo-
PEPETOL O€ OVTLKELIEVA TTOV VAoTToLoUV ta. bufferobjects kou mapéyouv eite £va ovaryvaoLuo ite Evay avayvaoLuo-
eyypdpipo buffer. Ot o ouvnOLOUEVOL TUTTOL TTOV YPTOLUOTTOLOVVTOL YId QUTOV TOV 0KOTd Elval oL bytes Kol
bytearray, aA\G mohhoi dAhoL TUTToL TOV Witopovv va BewpnBovv wg mtivakeg bytes VAOTOLOUV TO TPWOTOKOANO
buffer, emitpémovtag v avdyvoon/Tpo@odoTnon Ywpic emTAL0V aVTILYPapY) ATt £VoL AVTLKEIUEVO bytes.
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7.1.1 Zuvaptnoslqg Kal egalpecelq

To module opiCeL Thv axdhovdn eEaipeon KoL ouVOPTHOELS:

exception struct.error
EEaipeon mou yivetal raise o SLAQOPES TEPUTTMOELS TO OPLOUOL ELVAL (Lol OVUBOLOTELPE TTOV TTEPLYPAPEL
TO OPAALLQL.

struct .pack (format, vi, v2,...)
Emotpéger éva avtikeipievo 1Omov bytes mov mepléyel g TG vi, v2, ... TOKETAPLOUEVES GUUPOVE (LE
T ovpporooelpd poporoinong format. To opiopato TPETEL VO TOLPLATOUV OKPLBDG UE TIG ATTOLTOVUEVEG
TWUEG TNG UOPPOTTOINONG.

struct .pack_into (format, buffer, offset, vi, v2, ...)
Moxetdpet TG TG v, v2, ... oVWPOVO UE T1 OVUPBOLOTELPAE LOPQOTTOiNoNG format KoL YPAPEL TA. TOKE-
taplopéva bytes otov eyypdpo buffer buffer Eexivarvtog amd ™) 0om offser. Enuewdote 6TL To offset givar
VTTOYPEWTIKO OPLOUCL.

struct .unpack (format, buffer)
Amooupmieler amd tov buffer buffer (o omoiog vmotiBeton €xelL mokeTapLoTel pe T uéodo pack (format,
.. .)) ovupwva pe Vv oupporooelpd poppomoinong format. To amotéheopa eivar puo heldda, oKouo
KL ov TepLéyel wovo €va otoryeio. To uéyebog tov buffer oe bytes mpémer var TapLaLeL (LE TO OTTOLTOVUEVO
uéyebog ovugpova e ™ woper|, 0mwg kabopiletal amd T ouvaptnon calcsize ().

struct .unpack_£from (format, /, buffer, offset=0)
Amoovumielel amd tov buffer Egkivdvtag omd ) 0¢om offset, cVppva pe T oLvUBOAOCELPE HoPPOTTOiNoNG
Sformat. To amotéleopa ivan o heldda, akopo ki av mepLéyel wovo éva otovyeio. To puéyebog tov buffer
oe bytes, Eekivdvtag amd ) 0éon offser, mpémer vo givar TovhdyLotov To puéyebog mou asmorteital amd T
nop@, 6mtwg Kabopitetar 0md T ovvdptnon calcsize ().

struct.iter_unpack (format, buffer)
Iteratively unpack from the buffer buffer according to the format string format. This function returns an iterator
which will read equally-sized chunks from the buffer until all its contents have been consumed. The buffer’s size in
bytes must be a multiple of the size required by the format, as reflected by calcsize ().

Kd&0e emavddnym emiotpépel po TAELGd0 CUUPOVOL [LE T GVUBOLOTELPE LOPPOTOLNOTG.
Néo otnv é€kdoom 3.4.

struct.calecsize (format)
Emotpéper 1o uéyebog g doung (kow Kotd ouvémele Tov avILKEWEVOU bytes ou mapdyetal oo To
pack (format, ...))mov avuotolyel ot cuufolooelpd Loppormoinang format.

7.1.2 ZupBoAooelpEQ popPpoToinong

Format strings are the mechanism used to specify the expected layout when packing and unpacking data. They are built
up from Xapaxtioes noopne, which specify the type of data being packed/unpacked. In addition, there are special
characters for controlling the Awdra&n Byte, MéyeBog ko Ztolyion.
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Awata&n Byte, M€yeBog kat Ztoixion

By default, C types are represented in the machine’s native format and byte order, and properly aligned by skipping pad
bytes if necessary (according to the rules used by the C compiler).

EvalAaKTiKd, 0 TpDTOG X OpaKTHPOG TS OVUPBOROTELPAS LOPPOTOLNONG UITOPEL VO Y PNOLUOTOLOEL Yo VoL VTTodEl-
EeL ) oelpd byte, To uéyebog Kot TV evOUYPAUILOT TOV CUOKEVOOUEVMY dESOUEVOV, CVUPMVOL [LE TO TOPUKAT®
mivaxo:

Xapakmpag | 2eipd bytes MeyeBog | 2tolxion
@ native native native

= native TuITLKd Kavéva

< little-endian TUTLKO KaveEva,

> big-endian TUTTLKO Kavéva

! dixtvo (= big-endian) | Tumikd Kovéva,

Av 0 TPDOTOG YOPaKTHPAG deV givar évag ortd autovg, vrotifetal '@ .

Native byte order is big-endian or little-endian, depending on the host system. For example, Intel x86 and AMD64
(x86-64) are little-endian; Motorola 68000 and PowerPC G5 are big-endian; ARM and Intel Itanium feature switchable
endianness (bi-endian). Use sys.byteorder to check the endianness of your system.

To native péyeBog ko 1 otoiylon KabopiCovtal ¥pNoLUoTOLMVTIOG TV €K(ppaon sizeof tou petoylwttiot C.
Avtd ouvdudletal mavta pe TV native oelpd byte.

To tumikd péyebog eEaptdral LOvo amd Tov XopaKTHPo LOPPOTTOiNoNG: deite ToV Tivako oty evotnta Xapo-
KTIOES UOQPTS.

Znuewnote ™) drapopd HeTaEL Tov '@ Kan '=": Ko ta 800 (protuorotovy T native oelpd byte, odid to uéyebog
KO 1] 0TOL(LOY] TOU TELEVTOLOV ELVAL TUTTOTTONUEVAL.

H popen ' ! ' avumpoommevel ™) oelpd byte tov diktiou, 1) omoia elvon tdvta big-endian 6mwg opiteton oto IETF
RFC 1700.

Aev vdpyel 1pdmog va dnhwOel non-native oelpd byte (va emmifPAn0el evarloyn byte). Xpnouwomolote Ty Katdh-
M)A emdoyn "< ">

ZNUELWOELS:

(1) To ovumMjpwua (padding) TpootiBetar cuTdUaTo HOVO PETAED SLadoyIKDY ueAdV TG dounc. Agv TpooTi-
BeTou ovuTAP®UC OTNV APy 1| 0TO TELOG TS KOOLKOTTOLUEVNG SOUT|G.

99 99 9 __%

(2) Aev mpootiBeTon CUUTAPOUIO OTOV YPNOLLOTOLELTAL non-native uéyefog Kat oTolyLon, m.y. ne “<”,”>”, “=",
Ko “1”.

(3) T va guBuypauioeTe To TENOG ULOG HOUNG UE TNV OTTOLTION OTOLYLONG EVOG OUYKEKPLUEVOD THTTOV, TEAELWD-
OTE T1] LOPPT) UE TOV KOILKS Lo autd Tov TUmo e A 00g emovolnpewv undév. Aette Iapadelyuarc.

XapaKkTAPES HOPPTiG

OL Y apoKTHPES LOPPTG £XOUV THV akOlovdn onpacic: 1 petatpori uetasy tiwwv C kow Python givar tpogpovig,
dedouévarv tov Timwv tove. H otnin “Tumkd uéyebog” avapépetal 0to uéyefog tg OUIITLEOUEVNG TLUTG O€ byte
otav ypnoworoteitan Tumkd uéyebog: dMhadt, dtav 1 cuuforooelpd popeng Eexiva pe éva amd ta <, >,
"1voor '=". Otav ypnowpomoteitan to native uéyefog, to uéyebog g ovumeouévng g eEaptdtal amd Ty
TNOTPOPULCL.
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Mopery | Turog C Tunog Python | Turukd peyebog | Znuewwoelq
x oVUTANPWUOTLIKO byte Koulo T

c char bytes unkovg 1 | 1

b signed char integer 1 (D), (2)
B unsigned char integer 1 2)
? _Bool bool 1 (D
h short integer 2 2)
H unsigned short integer 2 2)
i int integer 4 2)
I unsigned int integer 4 2)
1 long integer 4 2)
L unsigned long integer 4 2)
q long long integer 8 2)
Q unsigned long long | integer 8 )
n ssize_t integer 3)
N size_t integer 3)
e (6) float 2 4)
f float float 4 @)
d double float 8 4)
s char[] bytes

P char[] bytes

P void * integer ®))

AMaEe oty €kdoon 3.3: TIpootédnke vitooTHpLEN Yo TG Lopeég 'n' kow "N'.

AMoEe oty £xdoon 3.6: ITpootédnke vITOOTHPLEN YLoL TN popen 'e .

ZNUELWOELS:

(D

2

3)

“4)

&)

(6)

The ' 2 ' conversion code corresponds to the _Boo1l type defined by C99. If this type is not available, it is simulated
using a char. In standard mode, it is always represented by one byte.

When attempting to pack a non-integer using any of the integer conversion codes, if the non-integer has a
__index__ () method then that method is called to convert the argument to an integer before packing.

AMoEe ot ékdoon 3.2: Added use of the __index__ () method for non-integers.

Ot kwdikoi petatpomng "'n' kor "'N' eivor dabéopol povo yia to native puéyeBog (emheyuévo wg mpo-
emLoY1 1 1e Tov YopoKTipo dLdtaEng byte '@'). Two to Tumkd péyeog, pmopeite vo XPNOLUOTOLOETE
0TTOL0ONTOTE OTTO TIG AANES LOPPEG AKEPOLMY TTOV TAULPLATOVV OTNV EQPAPUOYY COGC.

I toug KmdLKovg petotpomg ' £, 'd' Kat 'e ', 1) CUOKEVAOUEVY AVATTAPA.OTOOT YPT|OLULOTTOLEL TH LOPEPN)
IEEE 754 binary32, binary64 1| binary16 (avtiotoryaywo '£', 'd' 1 'e "), aveEdptnta amd T nopeh Kivithg
VITOSLOLOTOATG TTOV YPNOLUOTTOLEL 1) TAATPOPLLOL.

O yapaktmpog poppomoinong "P' eival duabéonog novo yo T Quotkt| oelpd byte (emheyuévn wg mtpo-
ETLAOYT) 1] LE TOV YOPaKTHPO OELPAg byte '@ '). O yopaxtipag oelpds byte '=" emdéyel tn ypron little-
big-endian oelpdg pe fdon to ovotua. To module struct dev epunvedel avTd ®G native oeLpd, ETOUEVIG M)
poppt "P ' dev eivon drabéouun).

O timog IEEE 754 binary16 «half precision» elonyOm otnv avabempnon tov 2008 touv spotimov IEEE 754
standard. AvaBétel éva bit Tpoonuov, évav ekbéty 5-bit kow akpipeo 11-bit (ue 10 bit amwoOnkevuéva pntd)
KoL WTopel vo avastapaotioel aptfuoig ueta&l mepimov 6. 1e—-05 Ko 6. 5e+04 pe ifpn akpifeio. Av-
TOG 0 TUTOG deV VIOOoTNPLLETOL EVPEMG ATtd TOVG UETAYAMTTLOTEG TG C: 08 [ial TUTTLKY] YoV, £vog un
spoonuacuévog short umopel vo xpnotuotom el yio amo0fKevon, allhd oyl yio aptbuntikéc tpdEels. Atite
) oehida g Wikipedia yua tn half-precision floating-point format yio meplocdtepeg mAnpogopies.
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'Evog xopoKTNpos Hop@ooinong uwopel va ponyeitanr amd évav aképoro aptbud emavoarjpewv. To moapd-
devypna, 1 ovpporooelpd poppomoinong ' 4h' onuaivel axpipwg to idto ue "hhhh'.

OL Y 0paKTNPEG KEVOU LETAED TWV LOPPOTOLHGEWV AyVOOUVTAL MOTOO00, £VAG 0PLOUOG KL 1) LOP@T) TOU SeV TTPETEL
VoL TTEPLEYOVV KEVL.

For the 's' format character, the count is interpreted as the length of the bytes, not a repeat count like for the other
format characters; for example, ' 10s ' means a single 10-byte string, while ' 10c ' means 10 characters. If a count is
not given, it defaults to 1. For packing, the string is truncated or padded with null bytes as appropriate to make it fit. For
unpacking, the resulting bytes object always has exactly the specified number of bytes. As a special case, ' 0s ' means a
single, empty string (while ' 0c ' means 0 characters).

Katd to ToKeTapLopo (oG Tumg x (P1NoLoTOLmVTOS (o atd TG Wop@pég akepaiwv ("b', "B', "h', "H', 'i',
I, 1Y, 'L, g, 'QT), €4V TO X Elval €KTOG TOU €YKUPOU VPOUG YL QUTNV T UOPPY), YiveTal raise po
eEaipeon st ruct.error.

AMaEe oty €kdoon 3.1: Iponyouuévme, oplopéves amo TG LoPPEG AKEPAIMV TTEPLTUALYQV TIUESG EKTOG EVPOUG
Ko eupavilov DeprecationWarning avil ywo. st ruct . error.

O yapaktpog poppomoinong 'p' kmdikomolei éva «Pascal string», dnhodi| e ukpr| cuuforooelpd petafinto
unKovg arodnkevuévn oe 6tablepd aptbud byte, tov kabopiletan amd Tov uetpnti. To mpdto byte wov amoOnkev-
etal elvol To unKog g ovuPorooelpdc N 255, dmoto elvan kpotepo. Akorovbovv to byte g cuUBOrOOELPAGS.
Edv 1 ovpporooepd mov mepva oty pack () givow ol peydin (ueyalitepn amd tov petpnty petov 1), amodn-
KevovtoL Lovo ta TpmTa count —1 byte g ovpporooelpdc. Eav 1 ovuporooelpd eivon pkpotepy amd count —
1, ovumAnpwvetal pe undevika byte dote va ypnoipomombouv axpifwg téoa byte 6oa kabopilel o uetpnc.
Znuelwote ot yLe T unpack (), 0 YOPOKTHPUS LOPPOTTOINGNG 'p ' KoTavalmveL count byte, aAld 1 ovuforo-
OELPAL TTOV ETLOTPEPETOL OEV WITOPEL TTOTE VAL TTEPLEYEL TEPLOCOTEPO. O.TTO 255 byte.

[ to XopoKTNPo Lopehg ' 2", M T Tov emotpépetal eival elte True elte False. Katd v ovokevaoia,
YPMNOULOTTOLELTOL 1] LOYLKT] TLUT) TOV ovTLKELUEVOV-opiopatos. Eite 0 eite 1 ot native 1 TumLKT| avostopaoTaon Tou
bool Ba cuokevaoTOVY, Kot ortoLadNToTe U undeviky Ty Oa eivanr True Katd TV ATooVOKEVAGTO.

Mapadeiypata

Inueiwon: All examples assume a native byte order, size, and alignment with a big-endian machine.

A basic example of packing/unpacking three integers:

>>> from struct import *

>>> pack('hhl', 1, 2, 3)
b'"\x00\x01\x00\x02\x00\x00\x00\x03"

>>> unpack ('hhl', b'\x00\x01\x00\x02\x00\x00\x00\x03"')
(1, 2, 3)

>>> calcsize('hhl")

8

Ta amoovoKkevoopéva Tedio LITOPOVY Vo OVOUAGTOUV ELTE AVaOETOVTAG TO 0 UETUPANTES lTE TEPLTUALYOVTAG TOL
O€ L0L OVOULOLOUEVT] TIAELADOL:

>>> record = b'raymond \x32\x12\x08\x01\x08"'
>>> name, serialnum, school, gradelevel = unpack('<10sHHb', record)

>>> from collections import namedtuple

>>> Student = namedtuple('Student', 'name serialnum school gradelevel')
>>> Student._make (unpack ('<10sHHb', record))
Student (name=b'raymond ', serialnum=4658, school=264, gradelevel=38)
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The ordering of format characters may have an impact on size since the padding needed to satisfy alignment requirements
is different:

>>> pack('ci', b'*', 0x12131415)
b'*\x00\x00\x00\x12\x13\x14\x15"
>>> pack('ic', 0x12131415, b'*")
b'\x12\x13\x14\x15*"'

>>> calcsize('ci'")

8

>>> calcsize('ic')

5

The following format '11h01 "' specifies two pad bytes at the end, assuming longs are aligned on 4-byte boundaries:

>>> pack ('11h01', 1, 2, 3)
b'\x00\x00\x00\x01\x00\x00\x00\x02\x00\x03\x00\x00"'

This only works when native size and alignment are in effect; standard size and alignment does not enforce any alignment.

Agite gmiong:

Module array Iaketopliopévn duadikn amodfKevon ouoLoyeviv dedouévwy.

Module xdrl1ib Packing and unpacking of XDR data.

7.1.3 KAaoelg

To module st ruct opilel emiong Tov akéhovbo timo:

class struct.Struct (format)

Return a new Struct object which writes and reads binary data according to the format string format. Creating a
Struct object once and calling its methods is more efficient than calling the st ruct functions with the same format
since the format string only needs to be compiled once.

Ynueimon: The compiled versions of the most recent format strings passed to St ruct and the module-level
functions are cached, so programs that use only a few format strings needn’t worry about reusing a single St ruct
instance.

Ta petayhotiiopéva avkeipeva Struct vtootnpilovy Tig akdrovdeg nebBddovg Kot LOLOTNTES:

pack (vl, v2,...)
ToutdoNUo [e TN OUVAPTNON pack (), XPNOWOTOLDVIONG T UETAYAWTTLOUEVY]  LOPQY).
(len (result) Oa eival ico ue size.)

pack_into (buffer, offset, vi, v2, ...)
TautdoNpHo e T GUVAPTNON pack_into (), XP1OLUOTOLMVTUG T LETOYAWTTLOUEVY] LOPP).

unpack (buffer)
ToauTOONUO UE TH CUVAPTNON unpack (), XPNOUOTOLDVTOG T UETAYAOTTLONEVY wopet]. To uéyebog
tov buffer oe bytes mpémeL va elvan oo pe size.

unpack_£from (buffer, offset=0)
Tavtdonpo e T ouvapTNon unpack_from (), XPNOLUOTOLDVTOG TN UETOYAWTTLIOUEVY woppt). To
uéyebog tov buffer oe bytes, Eekivdvtog amd ™) 0€om offset, Tpémer va elvan TOVAGYLOTOV s1ze.

iter_unpack (buffer)
TautdoNHO Ue T CUVAPTNON iter unpack (), XPNOLUOTOLDVTIOG T UETOYAWTTLIOUEVY woppt). To
uéyebog tov buffer oe bytes mpémel va elval TOMATALGLO TOV s1ze.
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Néo omv éxdoon 3.4.

format
H ovufolooelpd popeng mov ypnoLuomonKe yio T dNuovpyia avtol Tov ovitkelwévou Struct.

AMaEe oty ékdoon 3.7: O TOmog TG oVUBOLOCELPAG LOPPNG ElvaL TAEOV St r avTi Yo by tes.

size
To vmohoyLouévo uéyefog g doung (Kot Kotd OUVETELD TOV OVTLKELWEVOU bytes tov opdryeTal otd
™ 1é00do pack ()) mov ovTLoToLYEL OTN format.

7.2 codecs — Codec registry and base classes

Source code: Lib/codecs.py

This module defines base classes for standard Python codecs (encoders and decoders) and provides access to the internal
Python codec registry, which manages the codec and error handling lookup process. Most standard codecs are text
encodings, which encode text to bytes (and decode bytes to text), but there are also codecs provided that encode text
to text, and bytes to bytes. Custom codecs may encode and decode between arbitrary types, but some module features
are restricted to be used specifically with fext encodings or with codecs that encode to bytes.

The module defines the following functions for encoding and decoding with any codec:

codecs . encode (0bj, encoding='utf-8', errors='strict’")
Encodes obj using the codec registered for encoding.

Errors may be given to set the desired error handling scheme. The default error handler is 'strict ' meaning
that encoding errors raise ValueError (or amore codec specific subclass, such as UnicodeEncodeError).
Refer to Codec Base Classes for more information on codec error handling.

codecs .decode (0bj, encoding='utf-8', errors='strict’)
Decodes obj using the codec registered for encoding.

Errors may be given to set the desired error handling scheme. The default error handler is 'strict ' meaning
that decoding errors raise ValueError (or a more codec specific subclass, such as UnicodeDecodeError).
Refer to Codec Base Classes for more information on codec error handling.

The full details for each codec can also be looked up directly:

codecs . lookup (encoding)
Looks up the codec info in the Python codec registry and returns a CodecInfo object as defined below.

Encodings are first looked up in the registry’s cache. If not found, the list of registered search functions is scanned.
If no CodecInfo objectis found, a LookupError is raised. Otherwise, the CodecInfo object is stored in
the cache and returned to the caller.

class codecs.CodecInfo (encode, decode, streamreader=None, streamwriter=None,

incrementalencoder=None, incrementaldecoder=None, name=None)
Codec details when looking up the codec registry. The constructor arguments are stored in attributes of the same

name:

name
The name of the encoding.

encode

decode
The stateless encoding and decoding functions. These must be functions or methods which have the same
interface as the encode () and decode () methods of Codec instances (see Codec Interface). The functions
or methods are expected to work in a stateless mode.
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incrementalencoder

incrementaldecoder
Incremental encoder and decoder classes or factory functions. These have to provide the interface defined
by the base classes IncrementalEncoder and IncrementalDecoder, respectively. Incremental
codecs can maintain state.

streamwriter

streamreader
Stream writer and reader classes or factory functions. These have to provide the interface defined by the base
classes St reamiWriter and St reamReader, respectively. Stream codecs can maintain state.

To simplify access to the various codec components, the module provides these additional functions which use 1 ookup ()
for the codec lookup:

codecs .getencoder (encoding)
Look up the codec for the given encoding and return its encoder function.

Raises a LookupError in case the encoding cannot be found.

codecs .getdecoder (encoding)
Look up the codec for the given encoding and return its decoder function.

Raises a LookupError in case the encoding cannot be found.

codecs.getincrementalencoder (encoding)
Look up the codec for the given encoding and return its incremental encoder class or factory function.

Raises a LookupError in case the encoding cannot be found or the codec doesn’t support an incremental encoder.

codecs.getincrementaldecoder (encoding)
Look up the codec for the given encoding and return its incremental decoder class or factory function.

Raises a LookupError in case the encoding cannot be found or the codec doesn’t support an incremental decoder.

codecs .getreader (encoding)
Look up the codec for the given encoding and return its St reamReader class or factory function.

Raises a LookupError in case the encoding cannot be found.

codecs.getwriter (encoding)
Look up the codec for the given encoding and return its St reamWriter class or factory function.

Raises a LookupError in case the encoding cannot be found.
Custom codecs are made available by registering a suitable codec search function:

codecs.register (search_function)
Register a codec search function. Search functions are expected to take one argument, being the encoding name in
all lower case letters with hyphens and spaces converted to underscores, and return a CodecInfo object. In case
a search function cannot find a given encoding, it should return None.

AMoEe ot €ékdoomn 3.9: Hyphens and spaces are converted to underscore.

Enueiwon: Search function registration is not currently reversible, which may cause problems in some cases, such
as unit testing or module reloading.

While the builtin open () and the associated i o module are the recommended approach for working with encoded text
files, this module provides additional utility functions and classes that allow the use of a wider range of codecs when
working with binary files:
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codecs . open (filename, mode="r', encoding=None, errors='strict’, buffering=-1)
Open an encoded file using the given mode and return an instance of StreamReaderWriter, providing
transparent encoding/decoding. The default file mode is ' r ', meaning to open the file in read mode.

Inueiwon: Underlying encoded files are always opened in binary mode. No automatic conversion of '\n"' is
done on reading and writing. The mode argument may be any binary mode acceptable to the built-in open ()
function; the 'b ' is automatically added.

encoding specifies the encoding which is to be used for the file. Any encoding that encodes to and decodes from
bytes is allowed, and the data types supported by the file methods depend on the codec used.

errors may be given to define the error handling. It defaults to 'strict ' which causes a ValueError to be
raised in case an encoding error occurs.

buffering has the same meaning as for the built-in open () function. It defaults to -1 which means that the default
buffer size will be used.

codecs .EncodedFile (file, data_encoding, file_encoding=None, errors='strict’)
Return a St reamRecoder instance, a wrapped version of file which provides transparent transcoding. The
original file is closed when the wrapped version is closed.

Data written to the wrapped file is decoded according to the given data_encoding and then written to the original
file as bytes using file_encoding. Bytes read from the original file are decoded according to file_encoding, and the
result is encoded using data_encoding.

If file_encoding is not given, it defaults to data_encoding.

errors may be given to define the error handling. It defaults to 'strict ', which causes ValueError to be
raised in case an encoding error occurs.

codecs.iterencode (iferator, encoding, errors='strict’, **kwargs)
Uses an incremental encoder to iteratively encode the input provided by iterator. This function is a generator. The
errors argument (as well as any other keyword argument) is passed through to the incremental encoder.

This function requires that the codec accept text st r objects to encode. Therefore it does not support bytes-to-bytes
encoders such as base64_codec.

codecs.iterdecode (iterator, encoding, errors='strict’, **kwargs)
Uses an incremental decoder to iteratively decode the input provided by iterator. This function is a generator. The
errors argument (as well as any other keyword argument) is passed through to the incremental decoder.

This function requires that the codec accept bytes objects to decode. Therefore it does not support text-to-text
encoders such as rot_ 13, although rot_ 13 may be used equivalently with i terencode ().

The module also provides the following constants which are useful for reading and writing to platform dependent files:

codecs .BOM

codecs .BOM_BE

codecs .BOM_LE

codecs .BOM_UTF8

codecs.BOM_UTF16

codecs.BOM_UTF16_BE

codecs.BOM_UTFl16_LE

codecs.BOM_UTF32

codecs.BOM_UTF32_BE

codecs.BOM_UTF32_LE
These constants define various byte sequences, being Unicode byte order marks (BOMs) for several encodings.
They are used in UTF-16 and UTF-32 data streams to indicate the byte order used, and in UTF-8 as a Unicode
signature. BOM_UTF16 is either BOM_UTF16_BE or BOM_UTF16_LE depending on the platform’s native byte
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order, BOM is an alias for BOM _UTF16, BOM LE for BOM _UTF16_LEand BOM BE for BOM _UTF16_BE. The
others represent the BOM in UTF-8 and UTF-32 encodings.

7.2.1 Codec Base Classes

The codecs module defines a set of base classes which define the interfaces for working with codec objects, and can
also be used as the basis for custom codec implementations.

Each codec has to define four interfaces to make it usable as codec in Python: stateless encoder, stateless decoder, stream
reader and stream writer. The stream reader and writers typically reuse the stateless encoder/decoder to implement the
file protocols. Codec authors also need to define how the codec will handle encoding and decoding errors.

Error Handlers

To simplify and standardize error handling, codecs may implement different error handling schemes by accepting the
errors string argument:

>>> 'German B, #'.encode(encoding='ascii', errors='backslashreplace')
b'German \\xdf, \\u266c’

>>> 'German B, 4&'.encode(encoding='ascii', errors='xmlcharrefreplace')
b'German &#223;, &#9836;"'

The following error handlers can be used with all Python Standard Encodings codecs:

Value Meaning

'strict' Raise UnicodeError (or a subclass), this is the default. Implemented in
strict_errors().

'ignore' Ignore the malformed data and continue without further notice. Implemented in
ignore_errors ().

'replace’ Replace with a replacement marker. On encoding, use ? (ASCII character). On

decoding, use € (U+FFFD, the official REPLACEMENT CHARACTER).
Implemented in replace_errors ().

'backslashreplace' | Replace with backslashed escape sequences. On encoding, use hexadecimal form of
Unicode code point with formats \xhh \uxxxx \Uxxxxxxxx.On decoding, use
hexadecimal form of byte value with format \ xhh. Implemented in
backslashreplace_errors().

'surrogateescape’ On decoding, replace byte with individual surrogate code ranging from U+DC80 to
U+DCFF. This code will then be turned back into the same byte when the
'surrogateescape' error handler is used when encoding the data. (See PEP
383 for more.)

The following error handlers are only applicable to encoding (within rext encodings):

Value Meaning

'xmlcharre frReplaceewith XML/HTML numeric character reference, which is a decimal form of Unicode code
point with format & #num; Implemented in xmIcharrefreplace_errors ().
'namereplace Replace with \N{ . . . } escape sequences, what appears in the braces is the Name property from
Unicode Character Database. Implemented in namereplace_errors ().

In addition, the following error handler is specific to the given codecs:
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Value Codecs Meaning

'surrogaudp®aft16, utf-32, utf- | Allow encoding and decoding surrogate code point (U+D800 - U+DFFF) as
16-be, utf-16-le, utf-32- | normal code point. Otherwise these codecs treat the presence of surrogate
be, utf-32-le code point in st r as an error.

Néo oty éxdoon 3.1: The ' surrogateescape’ and 'surrogatepass' error handlers.

AlhaEe oty €xdoon 3.4: The ' surrogatepass' error handler now works with utf-16* and utf-32* codecs.
Néo oty €xdoon 3.5: The 'namereplace’ error handler.

AMaEe oty €kdoon 3.5: The 'backslashreplace' error handler now works with decoding and translating.
The set of allowed values can be extended by registering a new named error handler:

codecs.register_error (name, error_handler)
Register the error handling function error_handler under the name name. The error_handler argument will be
called during encoding and decoding in case of an error, when name is specified as the errors parameter.

For encoding, error_handler will be called with a UnicodeEncodeError instance, which contains information
about the location of the error. The error handler must either raise this or a different exception, or return a tuple
with a replacement for the unencodable part of the input and a position where encoding should continue. The
replacement may be either st or bytes. If the replacement is bytes, the encoder will simply copy them into
the output buffer. If the replacement is a string, the encoder will encode the replacement. Encoding continues on
original input at the specified position. Negative position values will be treated as being relative to the end of the
input string. If the resulting position is out of bound an IndexError will be raised.

Decoding and translating works similarly, except UnicodeDecodeError or UnicodeTranslateError
will be passed to the handler and that the replacement from the error handler will be put into the output directly.

Previously registered error handlers (including the standard error handlers) can be looked up by name:

codecs.lookup_error (name)
Return the error handler previously registered under the name name.

Raises a LookupError in case the handler cannot be found.
The following standard error handlers are also made available as module level functions:

codecs.strict_errors (exception)
Implements the ' strict ' error handling.

Each encoding or decoding error raises a UnicodeError.

codecs.ignore_errors (exception)
Implements the ' ignore' error handling.

Malformed data is ignored; encoding or decoding is continued without further notice.

codecs.replace_errors (exception)
Implements the ' replace' error handling.

Substitutes ? (ASCII character) for encoding errors or € (U+FFFD, the official REPLACEMENT CHARACTER)
for decoding errors.

codecs.backslashreplace_errors (exception)
Implements the 'backslashreplace’' error handling.

Malformed data is replaced by a backslashed escape sequence. On encoding, use the hexadecimal form of Unicode
code point with formats \xhh \uxxxx \Uxxxxxxxx. On decoding, use the hexadecimal form of byte value
with format \xhh.

AMoEe oty ékdoon 3.5: Works with decoding and translating.

7.2. codecs — Codec registry and base classes 181



The Python Library Reference, Anpooicsuon 3.9.23

codecs.xmlcharrefreplace_errors (exception)
Implements the 'xmlcharrefreplace' error handling (for encoding within text encoding only).

The unencodable character is replaced by an appropriate XML/HTML numeric character reference, which is a
decimal form of Unicode code point with format & #num; .

codecs.namereplace_errors (exception)
Implements the 'namereplace' error handling (for encoding within fext encoding only).

The unencodable character is replaced by a \N{ . . . } escape sequence. The set of characters that appear in the
braces is the Name property from Unicode Character Database. For example, the German lowercase letter '3 '
will be converted to byte sequence \N{LATIN SMALL LETTER SHARP S}.

Néo otnv ¢€kdoom 3.5.

Stateless Encoding and Decoding

The base Codec class defines these methods which also define the function interfaces of the stateless encoder and decoder:

Codec.encode (input, errors='strict’)
Encodes the object input and returns a tuple (output object, length consumed). For instance, text encoding converts
a string object to a bytes object using a particular character set encoding (e.g., cp1252 or iso-8859-1).

The errors argument defines the error handling to apply. It defaults to ' st rict ' handling.

The method may not store state in the Codec instance. Use St reamir i t er for codecs which have to keep state
in order to make encoding efficient.

The encoder must be able to handle zero length input and return an empty object of the output object type in this
situation.

Codec .decode (input, errors='strict')
Decodes the object input and returns a tuple (output object, length consumed). For instance, for a fext encoding,
decoding converts a bytes object encoded using a particular character set encoding to a string object.

For text encodings and bytes-to-bytes codecs, input must be a bytes object or one which provides the read-only
buffer interface - for example, buffer objects and memory mapped files.

The errors argument defines the error handling to apply. It defaults to 'strict ' handling.

The method may not store state in the Codec instance. Use St reamReader for codecs which have to keep state
in order to make decoding efficient.

The decoder must be able to handle zero length input and return an empty object of the output object type in this
situation.

Incremental Encoding and Decoding

The TncrementalEncoder and TncrementalDecoder classes provide the basic interface for incremental
encoding and decoding. Encoding/decoding the input isn’t done with one call to the stateless encoder/decoder function,
but with multiple calls to the encode ()/decode () method of the incremental encoder/decoder. The incremental
encoder/decoder keeps track of the encoding/decoding process during method calls.

The joined output of calls to the encode ()/decode () method is the same as if all the single inputs were joined into
one, and this input was encoded/decoded with the stateless encoder/decoder.
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IncrementalEncoder Objects

The TncrementalEncoder class is used for encoding an input in multiple steps. It defines the following methods
which every incremental encoder must define in order to be compatible with the Python codec registry.

class codecs.IncrementalEncoder (errors='strict’)

Constructor for an TncrementalEncoder instance.

All incremental encoders must provide this constructor interface. They are free to add additional keyword
arguments, but only the ones defined here are used by the Python codec registry.

The IncrementalEncoder may implement different error handling schemes by providing the errors keyword
argument. See Error Handlers for possible values.

The errors argument will be assigned to an attribute of the same name. Assigning to this attribute makes it possible
to switch between different error handling strategies during the lifetime of the TncrementalEncoder object.

encode (object, final=False)
Encodes object (taking the current state of the encoder into account) and returns the resulting encoded object.
If this is the last call to encode () final must be true (the default is false).

reset ()
Reset the encoder to the initial state. The output is discarded: call .encode (object, final=True),
passing an empty byte or text string if necessary, to reset the encoder and to get the output.

getstate ()
Return the current state of the encoder which must be an integer. The implementation should make sure that
0 is the most common state. (States that are more complicated than integers can be converted into an integer
by marshaling/pickling the state and encoding the bytes of the resulting string into an integer.)

setstate (state)
Set the state of the encoder to state. state must be an encoder state returned by getstate ().

IncrementalDecoder Objects

The ITncrementalDecoder class is used for decoding an input in multiple steps. It defines the following methods
which every incremental decoder must define in order to be compatible with the Python codec registry.

class codecs.IncrementalDecoder (errors='strict’)

Constructor for an TncrementalDecoder instance.

All incremental decoders must provide this constructor interface. They are free to add additional keyword
arguments, but only the ones defined here are used by the Python codec registry.

The IncrementalDecoder may implement different error handling schemes by providing the errors keyword
argument. See Error Handlers for possible values.

The errors argument will be assigned to an attribute of the same name. Assigning to this attribute makes it possible
to switch between different error handling strategies during the lifetime of the TncrementalDecoder object.

decode (object, final=False)
Decodes object (taking the current state of the decoder into account) and returns the resulting decoded object.
If this is the last call to decode () final must be true (the default is false). If final is true the decoder must
decode the input completely and must flush all buffers. If this isn’t possible (e.g. because of incomplete byte
sequences at the end of the input) it must initiate error handling just like in the stateless case (which might
raise an exception).

reset ()
Reset the decoder to the initial state.
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getstate ()

Return the current state of the decoder. This must be a tuple with two items, the first must be the buffer
containing the still undecoded input. The second must be an integer and can be additional state info. (The
implementation should make sure that O is the most common additional state info.) If this additional state
info is 0 it must be possible to set the decoder to the state which has no input buffered and 0 as the additional
state info, so that feeding the previously buffered input to the decoder returns it to the previous state without
producing any output. (Additional state info that is more complicated than integers can be converted into an
integer by marshaling/pickling the info and encoding the bytes of the resulting string into an integer.)

setstate (state)
Set the state of the decoder to state. state must be a decoder state returned by getstate ().

Stream Encoding and Decoding

The St reamWriter and St reamReader classes provide generic working interfaces which can be used to implement
new encoding submodules very easily. See encodings.utf_8 for an example of how this is done.

StreamWriter Objects

The St reamWriter class is a subclass of Codec and defines the following methods which every stream writer must
define in order to be compatible with the Python codec registry.

class codecs.StreamWriter (stream, errors='strict')

Constructor for a St reamiri t er instance.

All stream writers must provide this constructor interface. They are free to add additional keyword arguments, but
only the ones defined here are used by the Python codec registry.

The stream argument must be a file-like object open for writing text or binary data, as appropriate for the specific
codec.

The St reamiriter may implement different error handling schemes by providing the errors keyword argument.
See Error Handlers for the standard error handlers the underlying stream codec may support.

The errors argument will be assigned to an attribute of the same name. Assigning to this attribute makes it possible
to switch between different error handling strategies during the lifetime of the St reamiiriter object.

write (object)
Writes the object’s contents encoded to the stream.

writelines (list)
Writes the concatenated iterable of strings to the stream (possibly by reusing the write () method). Infinite
or very large iterables are not supported. The standard bytes-to-bytes codecs do not support this method.

reset ()
Resets the codec buffers used for keeping internal state.

Calling this method should ensure that the data on the output is put into a clean state that allows appending
of new fresh data without having to rescan the whole stream to recover state.

In addition to the above methods, the St reamWriter must also inherit all other methods and attributes from the
underlying stream.

184

KegaAaio 7. Binary Data Services



The Python Library Reference, Anpocisuon 3.9.23

StreamReader Objects

The St reamReader class is a subclass of Codec and defines the following methods which every stream reader must
define in order to be compatible with the Python codec registry.

class codecs.StreamReader (stream, errors='strict')
Constructor for a St reamReader instance.

All stream readers must provide this constructor interface. They are free to add additional keyword arguments, but
only the ones defined here are used by the Python codec registry.

The stream argument must be a file-like object open for reading text or binary data, as appropriate for the specific
codec.

The St reamReade r may implement different error handling schemes by providing the errors keyword argument.
See Error Handlers for the standard error handlers the underlying stream codec may support.

The errors argument will be assigned to an attribute of the same name. Assigning to this attribute makes it possible
to switch between different error handling strategies during the lifetime of the St reamReader object.

The set of allowed values for the errors argument can be extended with register _error ().

read (size=-1, chars=-1, firstline=False)
Decodes data from the stream and returns the resulting object.

The chars argument indicates the number of decoded code points or bytes to return. The read () method
will never return more data than requested, but it might return less, if there is not enough available.

The size argument indicates the approximate maximum number of encoded bytes or code points to read for
decoding. The decoder can modify this setting as appropriate. The default value -1 indicates to read and
decode as much as possible. This parameter is intended to prevent having to decode huge files in one step.

The firstline flag indicates that it would be sufficient to only return the first line, if there are decoding errors
on later lines.

The method should use a greedy read strategy meaning that it should read as much data as is allowed within the
definition of the encoding and the given size, e.g. if optional encoding endings or state markers are available
on the stream, these should be read too.

readline (size=None, keepends=True)
Read one line from the input stream and return the decoded data.

size, if given, is passed as size argument to the stream’s read () method.
If keepends is false line-endings will be stripped from the lines returned.

readlines (sizehint=None, keepends=True)
Read all lines available on the input stream and return them as a list of lines.

Line-endings are implemented using the codec’s decode () method and are included in the list entries if
keepends is true.

sizehint, if given, is passed as the size argument to the stream’s read () method.

reset ()
Resets the codec buffers used for keeping internal state.

Note that no stream repositioning should take place. This method is primarily intended to be able to recover
from decoding errors.

In addition to the above methods, the St reamReader must also inherit all other methods and attributes from the
underlying stream.
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StreamReaderWriter Objects

The St reamReadeririter is a convenience class that allows wrapping streams which work in both read and write
modes.

The design is such that one can use the factory functions returned by the 7ookup () function to construct the instance.

class codecs.StreamReaderWriter (stream, Reader, Writer, errors='strict’)
Creates a St reamReaderlriter instance. stream must be a file-like object. Reader and Writer must be factory
functions or classes providing the St reamReader and St reamiriter interface resp. Error handling is done
in the same way as defined for the stream readers and writers.

StreamReaderWriter instances define the combined interfaces of St reamReaderand St reamiriter classes.
They inherit all other methods and attributes from the underlying stream.

StreamRecoder Objects

The St reamRecoder translates data from one encoding to another, which is sometimes useful when dealing with
different encoding environments.

The design is such that one can use the factory functions returned by the Zookup () function to construct the instance.

class codecs.StreamRecoder (stream, encode, decode, Reader, Writer, errors='strict’)
Creates a St reamRecoder instance which implements a two-way conversion: encode and decode work on
the frontend — the data visible to code calling read () and write (), while Reader and Writer work on the
backend — the data in stream.

You can use these objects to do transparent transcodings, e.g., from Latin-1 to UTF-8 and back.
The stream argument must be a file-like object.

The encode and decode arguments must adhere to the Code c interface. Reader and Writer must be factory functions
or classes providing objects of the St reamReader and St reamiriter interface respectively.

Error handling is done in the same way as defined for the stream readers and writers.

St reamRecoder instances define the combined interfaces of St reamReader and St reamiriter classes. They
inherit all other methods and attributes from the underlying stream.

7.2.2 Encodings and Unicode

Strings are stored internally as sequences of code points in range U+0000-U+10FFFF. (See PEP 393 for more details
about the implementation.) Once a string object is used outside of CPU and memory, endianness and how these arrays are
stored as bytes become an issue. As with other codecs, serialising a string into a sequence of bytes is known as encoding,
and recreating the string from the sequence of bytes is known as decoding. There are a variety of different text serialisation
codecs, which are collectivity referred to as rext encodings.

The simplest text encoding (called 'latin-1" or 'is0-8859-1") maps the code points 0-255 to the bytes 0x0-
0xff, which means that a string object that contains code points above U+00FF can’t be encoded with this codec.
Doing so will raise a UnicodeEncodeError that looks like the following (although the details of the error message
may differ): UnicodeEncodeError: 'latin-1' codec can't encode character '\ul234' in
position 3: ordinal not in range (256).

There’s another group of encodings (the so called charmap encodings) that choose a different subset of all Unicode
code points and how these code points are mapped to the bytes 0x0-0xf£. To see how this is done simply open e.g.
encodings/cpl252.py (which is an encoding that is used primarily on Windows). There’s a string constant with
256 characters that shows you which character is mapped to which byte value.

186 Kegpalaio 7. Binary Data Services


https://www.python.org/dev/peps/pep-0393

The Python Library Reference, Anpocisuon 3.9.23

All of these encodings can only encode 256 of the 1114112 code points defined in Unicode. A simple and straightforward
way that can store each Unicode code point, is to store each code point as four consecutive bytes. There are two
possibilities: store the bytes in big endian or in little endian order. These two encodings are called UTF-32-BE and
UTF-32-LE respectively. Their disadvantage is that if e.g. you use UTF-32-BE on a little endian machine you will
always have to swap bytes on encoding and decoding. UTF—-32 avoids this problem: bytes will always be in natural
endianness. When these bytes are read by a CPU with a different endianness, then bytes have to be swapped though. To
be able to detect the endianness of a UTF—1 6 or UTF—32 byte sequence, there’s the so called BOM («Byte Order Mark»).
This is the Unicode character U+FEFF. This character can be prepended to every UTF—16 or UTF-32 byte sequence.
The byte swapped version of this character (OxFFFE) is an illegal character that may not appear in a Unicode text. So
when the first character in a UTF—16 or UTF—32 byte sequence appears to be a U+FFFE the bytes have to be swapped
on decoding. Unfortunately the character U+FEFF had a second purpose as a ZERO WIDTH NO-BREAK SPACE:a
character that has no width and doesn’t allow a word to be split. It can e.g. be used to give hints to a ligature algorithm.
With Unicode 4.0 using U+FEFF asa ZERO WIDTH NO-BREAK SPACE has been deprecated (with U+2060 (WORD
JOINER) assuming this role). Nevertheless Unicode software still must be able to handle U+FEFF in both roles: as a
BOM it’s a device to determine the storage layout of the encoded bytes, and vanishes once the byte sequence has been
decoded into a string; as a ZERO WIDTH NO-BREAK SPACE it’s a normal character that will be decoded like any
other.

There’s another encoding that is able to encode the full range of Unicode characters: UTF-8. UTF-8 is an 8-bit encoding,
which means there are no issues with byte order in UTF-8. Each byte in a UTF-8 byte sequence consists of two parts:
marker bits (the most significant bits) and payload bits. The marker bits are a sequence of zero to four 1 bits followed by
a 0 bit. Unicode characters are encoded like this (with x being payload bits, which when concatenated give the Unicode
character):

Range Encoding
U-00000000 ... U-0000007F | OXXXXXXX

U-00000080 ... U-000007FF | 110xxxxx 10XXXXXX

U-00000800 ... U-0000FFFF | 1110xxxx 10xxxxxx 10XXXXXX
U-00010000 ... U-0010FFFF | 11110xxx 10xxxxxx 10xxxxXX 10XXXXXX

The least significant bit of the Unicode character is the rightmost x bit.

As UTF-8 is an 8-bit encoding no BOM is required and any U+FEFF character in the decoded string (even if it’s the first
character) is treated as a ZERO WIDTH NO-BREAK SPACE.

Without external information it’s impossible to reliably determine which encoding was used for encoding a string. Each
charmap encoding can decode any random byte sequence. However that’s not possible with UTF-8, as UTF-8 byte
sequences have a structure that doesn’t allow arbitrary byte sequences. To increase the reliability with which a UTF-
8 encoding can be detected, Microsoft invented a variant of UTF-8 (that Python calls "ut £-8-sig") for its Notepad
program: Before any of the Unicode characters is written to the file, a UTF-8 encoded BOM (which looks like this as a
byte sequence: Oxe f, Oxbb, 0xbf) is written. As it’s rather improbable that any charmap encoded file starts with these
byte values (which would e.g. map to

LATIN SMALL LETTER I WITH DIAERESIS
RIGHT-POINTING DOUBLE ANGLE QUOTATION MARK
INVERTED QUESTION MARK

in is0-8859-1), this increases the probability that a ut f-8—-sig encoding can be correctly guessed from the byte
sequence. So here the BOM is not used to be able to determine the byte order used for generating the byte sequence, but
as a signature that helps in guessing the encoding. On encoding the utf-8-sig codec will write Oxe £, Oxbb, Oxbf as the
first three bytes to the file. On decoding ut £-8-sig will skip those three bytes if they appear as the first three bytes in
the file. In UTF-8, the use of the BOM is discouraged and should generally be avoided.

7.2. codecs — Codec registry and base classes 187



The Python Library Reference, Anpooicsuon 3.9.23

7.2.3 Standard Encodings

Python comes with a number of codecs built-in, either implemented as C functions or with dictionaries as mapping
tables. The following table lists the codecs by name, together with a few common aliases, and the languages for which
the encoding is likely used. Neither the list of aliases nor the list of languages is meant to be exhaustive. Notice that
spelling alternatives that only differ in case or use a hyphen instead of an underscore are also valid aliases; therefore, e.g.
'ut£-8"' is a valid alias for the 'ut£_8"' codec.

CPython implementation detail: Some common encodings can bypass the codecs lookup machinery to improve
performance. These optimization opportunities are only recognized by CPython for a limited set of (case insensitive)
aliases: utf-8, utf8, latin-1, latinl, is0-8859-1, is08859-1, mbcs (Windows only), ascii, us-ascii, utf-16, utf16, utf-32,
utf32, and the same using underscores instead of dashes. Using alternative aliases for these encodings may result in
slower execution.

AMoEe oty €kdoon 3.6: Optimization opportunity recognized for us-ascii.

Many of the character sets support the same languages. They vary in individual characters (e.g. whether the EURO SIGN
is supported or not), and in the assignment of characters to code positions. For the European languages in particular, the
following variants typically exist:

o an ISO 8859 codeset

» a Microsoft Windows code page, which is typically derived from an 8859 codeset, but replaces control characters
with additional graphic characters

« an IBM EBCDIC code page
 an IBM PC code page, which is ASCII compatible

Codec Aliases Languages

ascii 646, us-ascii English

big5 big5-tw, csbig5 Traditional Chinese

big5hkscs big5-hkscs, hkscs Traditional Chinese

cp037 IBM037, IBM039 English

cp273 273, 1BM273, csIBM273 German
Néo oty éxdoon 3.4.

cp424 EBCDIC-CP-HE, IBM424 Hebrew

cp437 437, IBM437 English

cp500 EBCDIC-CP-BE, EBCDIC-CP- | Western Europe

CH, IBM500

cp720 Arabic

cp737 Greek

cp775 IBM775 Baltic languages

cp850 850, IBM850 Western Europe

cp852 852, IBM852 Central and Eastern Europe

cp855 855, IBM855 Bulgarian, Byelorussian,
Macedonian, Russian, Serbian

cp856 Hebrew

cp857 857, IBM&57 Turkish

cp858 858, IBM858 Western Europe

cp860 860, IBM860 Portuguese

cp861 861, CP-IS, IBM861 Icelandic

cp862 862, IBM862 Hebrew

cp863 863, IBM863 Canadian

cp864 IBM864 Arabic

2uvex(Cetal otnv enduevn ceAida
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Mivakag 1 - ouvexiCetal amnd tnv mponyoupevn oeAida

Codec Aliases Languages
cp865 865, IBM865 Danish, Norwegian
cp866 866, IBM866 Russian
cp869 869, CP-GR, IBM869 Greek
cp874 Thai
cp875 Greek
cp932 932, ms932, mskanji, ms-kanji Japanese
cp949 949, ms949, uhc Korean
cp950 950, ms950 Traditional Chinese
cpl006 Urdu
cpl026 ibm1026 Turkish
cpll25 1125, ibm1125, cp866u, ruscii Ukrainian
Néo omv éxdoon 3.4.
cpl140 ibm1140 Western Europe
cpl250 windows-1250 Central and Eastern Europe
cpl251 windows-1251 Bulgarian, Byelorussian,
Macedonian, Russian, Serbian
cpl252 windows-1252 Western Europe
cpl253 windows-1253 Greek
cpl254 windows-1254 Turkish
cpl255 windows-1255 Hebrew
cpl256 windows-1256 Arabic
cpl257 windows-1257 Baltic languages
cpl258 windows-1258 Vietnamese
euc_jp eucjp, ujis, u-jis Japanese
euc_jis_2004 jisx0213, eucjis2004 Japanese
euc_jisx0213 eucjisx0213 Japanese
euc_kr euckr, korean, ksc5601, ks_c-5601, | Korean
ks_c-5601-1987, ksx1001, ks_x-
1001
gb2312 chinese, csis058gb231280, euc-cn, | Simplified Chinese
euccn, eucgb2312-cn, gb2312-
1980, gb2312-80, iso-ir-58
gbk 936, cp936, ms936 Unified Chinese
¢b18030 gb18030-2000 Unified Chinese
hz hzgb, hz-gb, hz-gb-2312 Simplified Chinese
1502022 _jp csis02022jp, is02022jp, is0-2022- | Japanese
JP
1502022_jp_1 1502022jp-1, is0-2022-jp-1 Japanese
1502022_jp_2 1802022jp-2, is0-2022-jp-2 Japanese,  Korean,  Simplified
Chinese, Western Europe, Greek
i502022_jp_2004 | is02022jp-2004, is0-2022-jp-2004 | Japanese
1502022_jp_3 1502022jp-3, is0-2022-jp-3 Japanese
i502022_jp_ext 1502022 jp-ext, is0-2022-jp-ext Japanese
1502022_kr ¢s1s02022kr, is02022Kkr, is0-2022- | Korean
kr
latin_1 is0-8859-1,  is08859-1, 8859, | Western Europe
cp819, latin, latinl, L1
1508859_2 150-8859-2, latin2, L2 Central and Eastern Europe
1508859_3 180-8859-3, latin3, L3 Esperanto, Maltese
1508859_4 150-8859-4, latind, L4 Baltic languages

2uvex(Cetal otnv enduevn ceAida
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Mivakag 1 - ouvexiCetal amnd tnv mponyoupevn oeAida

Codec Aliases Languages
1508859_5 150-8859-5, cyrillic Bulgarian, Byelorussian,
Macedonian, Russian, Serbian
1508859_6 150-8859-6, arabic Arabic
1508859 _7 150-8859-7, greek, greek§ Greek
1508859_8 180-8859-8, hebrew Hebrew
1508859_9 150-8859-9, latin5, L5 Turkish
1508859_10 150-8859-10, latin6, L6 Nordic languages
is08859_11 is0-8859-11, thai Thai languages
1508859_13 150-8859-13, latin7, L7 Baltic languages
1508859_14 150-8859-14, latin8, L8 Celtic languages
1508859_15 180-8859-15, latin9, L9 Western Europe
1508859_16 150-8859-16, latin10, L10 South-Eastern Europe
johab cpl361, ms1361 Korean
koi8_r Russian
koi8 t Tajik
Néo omv éxdoon 3.5.
koi8_u Ukrainian
kz1048 kz_1048, strk1048_2002, rk1048 Kazakh
Néo omv éxdoon 3.5.
mac_cyrillic maccyrillic Bulgarian, Byelorussian,
Macedonian, Russian, Serbian
mac_greek macgreek Greek
mac_iceland maciceland Icelandic
mac_latin2 maclatin2, maccentraleurope, | Central and Eastern Europe
mac_centeuro
mac_roman macroman, macintosh Western Europe
mac_turkish macturkish Turkish
ptcpl54 csptepl54, pt154, cplS4, cyrillic- | Kazakh
asian
shift_jis csshiftjis, shiftjis, sjis, s_jis Japanese
shift_jis_2004 shiftjis2004, sjis_2004, sjis2004 Japanese
shift_jisx0213 shiftjisx0213, sjisx0213, s_jisx0213 | Japanese
utf_32 U32, utf32 all languages
utf_32_be UTF-32BE all languages
utf_32_le UTF-32LE all languages
utf_16 Ul16, utf16 all languages
utf_16_be UTF-16BE all languages
utf_16_le UTF-16LE all languages
utf 7 U7, unicode-1-1-utf-7 all languages
utf_8 U8, UTF, utf8, cp65001 all languages
utf_8_sig all languages

AMoEe oty ékdoon 3.4: The utf-16* and utf-32* encoders no longer allow surrogate code points (U+D800-U+DFFF)
to be encoded. The utf-32* decoders no longer decode byte sequences that correspond to surrogate code points.

AMoEe ot €ékdoomn 3.8: cp65001 is now an alias to ut £_8.

190 Kegpalaio 7. Binary Data Services



The Python Library Reference, Anpocisuon 3.9.23

7.2.4 Python Specific Encodings

A number of predefined codecs are specific to Python, so their codec names have no meaning outside Python. These
are listed in the tables below based on the expected input and output types (note that while text encodings are the most
common use case for codecs, the underlying codec infrastructure supports arbitrary data transforms rather than just text
encodings). For asymmetric codecs, the stated meaning describes the encoding direction.

Text Encodings

The following codecs provide st r to bytes encoding and bytes-like object to st r decoding, similar to the Unicode text
encodings.

Codec Aliases Meaning

idna Implement RFC 3490, see
also encodings. idna.
Only errors='strict' is
supported.

mbcs ansi, dbcs Windows only: Encode the operand
according to the ANSI codepage
(CP_ACP).

oem Windows only: Encode the operand
according to the OEM codepage
(CP_OEMCP).
Néo otv éxdoon 3.6.

palmos Encoding of PalmOS 3.5.

punycode Implement RFC 3492. Stateful
codecs are not supported.

raw_unicode_escape Latin-1 encoding with \uXXXX

and \UXXXXXXXX for other code
points. Existing backslashes are not
escaped in any way. It is used in the
Python pickle protocol.

undefined Raise an exception for all
conversions, even empty strings.
The error handler is ignored.
unicode_escape Encoding suitable as the contents of
a Unicode literal in ASCII-encoded
Python source code, except that
quotes are not escaped. Decode
from Latin-1 source code. Beware
that Python source code actually
uses UTF-8 by default.

AlhaEe oty €xdoon 3.8: «unicode_internal» codec is removed.
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Binary Transforms

The following codecs provide binary transforms: bytes-like object to byt e s mappings. They are not supported by bytes.
decode () (which only produces st r output).

Codec Aliases Meaning Encoder / decoder
base64_codec! | base6d, Convert the operand to multiline MIME base64 (the base64.
base_64 result always includes a trailing ' \n"). encodebytes () /
AMaEe oty €kdoon 3.4: accepts any bytes-like object | base64.
as input for encoding and decoding decodebytes ()
bz2 codec bz2 Compress the operand using bz2. bz2.compress () /
bzZ2.
decompress ()
hex_codec hex Convert the operand to hexadecimal representation, binascii.
with two digits per byte. b2a_hex () /
binascii.
a’b_hex ()
quopri_codec quopri, Convert the operand to MIME quoted printable. quopri.
quotedprintable, encode () with
quoted_printable quotetabs=True/
quopri.
decode ()
uu_codec uu Convert the operand using uuencode. uu.encode () /
uu.decode ()
zlib_codec zip, zlib Compress the operand using gzip. z1ib.
compress () /
z1ib.
decompress ()

Néo otnv éxdoom 3.2: Restoration of the binary transforms.
AMoEe oty £kdoon 3.4: Restoration of the aliases for the binary transforms.
Text Transforms

The following codec provides a text transform: a st r to st r mapping. It is not supported by st r.encode () (which
only produces bytes output).

Codec | Aliases | Meaning
rot_13 | rotl3 Return the Caesar-cypher encryption of the operand.

Néo otnv éxdoom 3.2: Restoration of the rot_ 13 text transform.

AMoEe oty £xdoon 3.4: Restoration of the rot 13 alias.

! In addition to bytes-like objects, *base64_codec' also accepts ASCI-only instances of st r for decoding
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7.2.5 encodings.idna — Internationalized Domain Names in Applications

This module implements RFC 3490 (Internationalized Domain Names in Applications) and RFC 3492 (Nameprep:
A Stringprep Profile for Internationalized Domain Names (IDN)). It builds upon the punycode encoding and
stringprep.

If you need the IDNA 2008 standard from RFC 5891 and RFC 5895, use the third-party idna module.

These RFCs together define a protocol to support non-ASCII characters in domain names. A domain name containing
non-ASCII characters (such as www.Alliancefrangaise.nu) is converted into an ASCII-compatible encoding
(ACE, such as www.xn-—-alliancefranaise-npb.nu). The ACE form of the domain name is then used in all
places where arbitrary characters are not allowed by the protocol, such as DNS queries, HTTP Host fields, and so on.
This conversion is carried out in the application; if possible invisible to the user: The application should transparently
convert Unicode domain labels to IDNA on the wire, and convert back ACE labels to Unicode before presenting them to
the user.

Python supports this conversion in several ways: the idna codec performs conversion between Unicode and ACE,
separating an input string into labels based on the separator characters defined in section 3.1 of RFC 3490 and converting
each label to ACE as required, and conversely separating an input byte string into labels based on the . separator and
converting any ACE labels found into unicode. Furthermore, the socket module transparently converts Unicode host
names to ACE, so that applications need not be concerned about converting host names themselves when they pass them
to the socket module. On top of that, modules that have host names as function parameters, such as ht tp. client and
ftplib, accept Unicode host names (http.client then also transparently sends an IDNA hostname in the Host
field if it sends that field at all).

When receiving host names from the wire (such as in reverse name lookup), no automatic conversion to Unicode is
performed: applications wishing to present such host names to the user should decode them to Unicode.

The module encodings. idna also implements the nameprep procedure, which performs certain normalizations on
host names, to achieve case-insensitivity of international domain names, and to unify similar characters. The nameprep
functions can be used directly if desired.

encodings.idna.nameprep (label)
Return the nameprepped version of label. The implementation currently assumes query strings, so
AllowUnassignedis true.

encodings.idna.ToASCII (label)
Convert a label to ASCII, as specified in RFC 3490. UseSTD3ASCIIRules is assumed to be false.

encodings.idna.ToUnicode (label)
Convert a label to Unicode, as specified in RFC 3490.

7.2.6 encodings.mbcs — Windows ANSI codepage

This module implements the ANSI codepage (CP_ACP).
Availability: Windows only.
AMoEe otnv ékdoomn 3.3: Support any error handler.

AMaEe ot ékdoon 3.2: Before 3.2, the errors argument was ignored; ' replace' was always used to encode, and
'"ignore"' to decode.
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7.2.7 encodings.utf_8_sig— UTF-8 codec with BOM signature

This module implements a variant of the UTF-8 codec. On encoding, a UTF-8 encoded BOM will be prepended to the
UTF-8 encoded bytes. For the stateful encoder this is only done once (on the first write to the byte stream). On decoding,
an optional UTF-8 encoded BOM at the start of the data will be skipped.
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Data Types

The modules described in this chapter provide a variety of specialized data types such as dates and times, fixed-type
arrays, heap queues, double-ended queues, and enumerations.

Python also provides some built-in data types, in particular, dict, 1ist, set and frozenset,and tuple. The str
class is used to hold Unicode strings, and the bytes and bytearray classes are used to hold binary data.

The following modules are documented in this chapter:

8.1 datetime — Basic date and time types

Source code: Lib/datetime.py

The datet ime module supplies classes for manipulating dates and times.

While date and time arithmetic is supported, the focus of the implementation is on efficient attribute extraction for output
formatting and manipulation.

Agite emiong:

Module calendar General calendar related functions.

Module time Time access and conversions.

Module zoneinfo Concrete time zones representing the IANA time zone database.

Package dateutil Third-party library with expanded time zone and parsing support.
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8.1.1 Aware and Naive Objects

Date and time objects may be categorized as «aware» or «naive» depending on whether or not they include timezone
information.

With sufficient knowledge of applicable algorithmic and political time adjustments, such as time zone and daylight saving
time information, an aware object can locate itself relative to other aware objects. An aware object represents a specific
moment in time that is not open to interpretation. '

A naive object does not contain enough information to unambiguously locate itself relative to other date/time objects.
Whether a naive object represents Coordinated Universal Time (UTC), local time, or time in some other timezone is
purely up to the program, just like it is up to the program whether a particular number represents metres, miles, or mass.
Naive objects are easy to understand and to work with, at the cost of ignoring some aspects of reality.

For applications requiring aware objects, datet ime and t ime objects have an optional time zone information attribute,
tzinfo, that can be set to an instance of a subclass of the abstract t zinfo class. These tzinfo objects capture
information about the offset from UTC time, the time zone name, and whether daylight saving time is in effect.

Only one concrete t zinfo class, the t imezone class, is supplied by the datet ime module. The t imezone class
can represent simple timezones with fixed offsets from UTC, such as UTC itself or North American EST and EDT
timezones. Supporting timezones at deeper levels of detail is up to the application. The rules for time adjustment across
the world are more political than rational, change frequently, and there is no standard suitable for every application aside
from UTC.

8.1.2 Constants

The datet ime module exports the following constants:

datetime .MINYEAR
The smallest year number allowed in a date or datet ime object. MINYEAR s 1.

datetime .MAXYEAR
The largest year number allowed in a date or datetime object. MAXYEARis 9999.

8.1.3 Available Types

class datetime.date
An idealized naive date, assuming the current Gregorian calendar always was, and always will be, in effect.
Attributes: year, month, and day.

class datetime.time
An idealized time, independent of any particular day, assuming that every day has exactly 24*60*60 seconds. (There
is no notion of «leap seconds» here.) Attributes: hour, minute, second, microsecond,and tzinfo.

class datetime.datetime
A combination of a date and a time. Attributes: year, month, day, hour,minute, second, microsecond,
and tzinfo.

class datetime.timedelta
A duration expressing the difference between two date, time, or datetime instances to microsecond
resolution.

class datetime.tzinfo
An abstract base class for time zone information objects. These are used by the datet ime and t ime classes to
provide a customizable notion of time adjustment (for example, to account for time zone and/or daylight saving
time).

LTf, that is, we ignore the effects of Relativity
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class datetime.timezone

A class that implements the t zinfo abstract base class as a fixed offset from the UTC.

Néo otnv ¢kdoom 3.2.
Objects of these types are immutable.

Subclass relationships:

object
timedelta
tzinfo
timezone
time
date
datetime

Common Properties

The date, datetime, t ime, and t imezone types share these common features:

« Objects of these types are immutable.

« Objects of these types are hashable, meaning that they can be used as dictionary keys.

» Objects of these types support efficient pickling via the pick e module.

Determining if an Object is Aware or Naive

Objects of the date type are always naive.
An object of type t ime or datet ime may be aware or naive.
A datet ime object d is aware if both of the following hold:

l. d.tzinfoisnot None

2. d.tzinfo.utcoffset (d) does not return None
Otherwise, d is naive.
A time object ¢t is aware if both of the following hold:

1. t.tzinfois not None

2. t.tzinfo.utcoffset (None) does not return None.
Otherwise, ¢ is naive.

The distinction between aware and naive doesn’t apply to t imede 1t a objects.

8.1. datetime — Basic date and time types
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8.1.4 timedelta Objects

A timedelta object represents a duration, the difference between two dates or times.

class datetime.timedelta (days=0, seconds=0, microseconds=0, milliseconds=0, minutes=0, hours=0,

weeks=0)
All arguments are optional and default to 0. Arguments may be integers or floats, and may be positive or negative.

Only days, seconds and microseconds are stored internally. Arguments are converted to those units:
o A millisecond is converted to 1000 microseconds.
« A minute is converted to 60 seconds.
» An hour is converted to 3600 seconds.
o A week is converted to 7 days.
and days, seconds and microseconds are then normalized so that the representation is unique, with
¢ 0 <= microseconds < 1000000
e 0 <= seconds < 3600%*24 (the number of seconds in one day)
¢ —999999999 <= days <= 999999999

The following example illustrates how any arguments besides days, seconds and microseconds are «merged» and
normalized into those three resulting attributes:

>>> from datetime import timedelta
>>> delta = timedelta(

days=50,

seconds=27,

microseconds=10,

milliseconds=29000,

minutes=5,

hours=8,

weeks=2

)

>>> # Only days, seconds, and microseconds remain
>>> delta
datetime.timedelta (days=64, seconds=29156, microseconds=10)

If any argument is a float and there are fractional microseconds, the fractional microseconds left over from all
arguments are combined and their sum is rounded to the nearest microsecond using round-half-to-even tiebreaker.
If no argument is a float, the conversion and normalization processes are exact (no information is lost).

If the normalized value of days lies outside the indicated range, OverflowError is raised.

Note that normalization of negative values may be surprising at first. For example:

>>> from datetime import timedelta

>>> d = timedelta (microseconds=-1)

>>> (d.days, d.seconds, d.microseconds)
(-1, 86399, 999999)

Class attributes:

timedelta.min
The most negative t imedelta object, timedelta (-999999999).

timedelta.max
The most positive t imedelta object, timedelta (days=999999999, hours=23, minutes=59,
seconds=59, microseconds=999999).
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timedelta.resolution
The smallest possible difference between non-equal ¢ imede 1t a objects, timedelta (microseconds=1).

Note that, because of normalization, timedelta.max > —-timedelta.min. —-timedelta.max is not
representable as a t imedelta object.

Instance attributes (read-only):

Attribute Value

days Between -999999999 and 999999999 inclusive
seconds Between 0 and 86399 inclusive
microseconds | Between 0 and 999999 inclusive

Supported operations:

Operation Result

tl = t2 + t3 Sum of £2 and £3. Afterwards ¢/-12 == ¢3 and t/-t3 == 12 are true. (1)

tl = t2 - t3 Difference of 2 and 3. Afterwards ¢/ == 12 - t3 and 12 == tI + 13 are true. (1)(6)

tl = t2 * i or t1 | Delta multiplied by an integer. Afterwards ¢/ // i == 12 is true, provided 1 != 0.

=1 * t2
In general, ¢t/ *1i==1¢I * (i-1) + ¢l is true. (1)

tl = t2 * £ or tl | Delta multiplied by a float. The result is rounded to the nearest multiple of

= f * t2 timedelta.resolution using round-half-to-even.

f=1t2 / t3 Division (3) of overall duration ¢2 by interval unit 3. Returns a fIoat object.

tl = t2 / f or tl | Delta divided by a float or an int. The result is rounded to the nearest multiple of

=t2 / 1 timedelta.resolution using round-half-to-even.

tl = t2 // iortl = | The floor is computed and the remainder (if any) is thrown away. In the second case,

t2 // £3 an integer is returned. (3)

tl = t2 % t3 The remainder is computed as a t imede 1t a object. (3)

q, r = divmod(tl, | Computesthe quotientand the remainder:q = t1 // t2@3)andr = t1 % t2.

t2) qis an integer and r is a t imede 1t a object.

+t1 Returns a t imede1ta object with the same value. (2)

-t1 equivalent to t imede 1 ta(-tl.days, -tl.seconds, -t1.microseconds), and to t1* -1. (1)(4)

abs (t) equivalent to +f when t .days >= 0,andto-fwhent.days < 0.(2)

str(t) Returns a string in the form [D day([s], ][H]H:MM:SS[.UUUUUU], where D
is negative for negative t. (5)

repr (t) Returns a string representation of the t imedelta object as a constructor call with
canonical attribute values.

Notes:
(1) This is exact but may overflow.
(2) This is exact and cannot overflow.
(3) Division by O raises ZeroDivisionError.
(4) -timedelta.max is not representable as a t imede 1t a object.

(5) String representations of timedelta objects are normalized similarly to their internal representation. This leads
to somewhat unusual results for negative timedeltas. For example:

>>> timedelta (hours=-5)

datetime.timedelta (days=-1, seconds=68400)
>>> print (_)

-1 day, 19:00:00
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(6) The expression t2 - t3 will always be equal to the expression t2 + (-t3) except when t3 is equal to
timedelta.max;in that case the former will produce a result while the latter will overflow.

In addition to the operations listed above, t imedelta objects support certain additions and subtractions with date
and datet ime objects (see below).

AMoaEe otV €kdoon 3.2: Floor division and true division of a t imedelta object by another t imedelta object
are now supported, as are remainder operations and the divmod () function. True division and multiplication of a
timedelta object by a f1oat object are now supported.

Comparisons of t imedelta objects are supported, with some caveats.

The comparisons == or ! = always return a boo 1, no matter the type of the compared object:

>>> from datetime import timedelta

>>> deltal = timedelta (seconds=57)

>>> delta?2 = timedelta (hours=25, seconds=2)
>>> delta2 != deltal

True

>>> delta2 ==

False

For all other comparisons (such as < and >), when a ¢t imedelta object is compared to an object of a different type,
TypeError is raised:

>>> delta2 > deltal
True
>>> delta2 > 5
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: '>' not supported between instances of 'datetime.timedelta' and 'int'

In Boolean contexts, a t imedeta object is considered to be true if and only if it isn’t equal to t imedelta (0).
Instance methods:

timedelta.total_seconds ()
Return the total number of seconds contained in the duration. Equivalent to td /
timedelta (seconds=1). For interval units other than seconds, use the division form directly (e.g.
td / timedelta (microseconds=1)).

Note that for very large time intervals (greater than 270 years on most platforms) this method will lose microsecond
accuracy.

Néo otnv ¢kdoon 3.2.

Examples of usage: timedelta

An additional example of normalization:

>>> # Components of another_year add up to exactly 365 days

>>> from datetime import timedelta

>>> year = timedelta (days=365)

>>> another_year = timedelta (weeks=40, days=84, hours=23,
minutes=50, seconds=600)

>>> year == another_year
True

>>> year.total_seconds ()
31536000.0
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Examples of timedelta arithmetic:

>>> from datetime import timedelta
>>> year = timedelta (days=365)

>>> ten_years = 10 * year

>>> ten_years

datetime.timedelta (days=3650)

>>> ten_years.days // 365

10

>>> nine_years = ten_years - year
>>> nine_years

datetime.timedelta (days=3285)

>>> three_years = nine_years // 3
>>> three_years, three_years.days // 365
(datetime.timedelta (days=1095), 3)

8.1.5 date Objects

A date object represents a date (year, month and day) in an idealized calendar, the current Gregorian calendar indefinitely

extended in both directions.
January 1 of year 1 is called day number 1, January 2 of year 1 is called day number 2, and so on.”

class datetime.date (year, month, day)
All arguments are required. Arguments must be integers, in the following ranges:

e MINYEAR <= year <= MAXYEAR
e 1 <= month <= 12
e 1 <= day <= number of days in the given month and year
If an argument outside those ranges is given, ValueError is raised.
Other constructors, all class methods:

classmethod date.today ()
Return the current local date.

This is equivalent to date . fromtimestamp (time.time () ).

classmethod date.fromtimestamp (fimestamp)
Return the local date corresponding to the POSIX timestamp, such as is returned by t ime. time ().

This may raise OverflowError, if the timestamp is out of the range of values supported by the platform C
localtime () function, and OSError on localtime () failure. It's common for this to be restricted to
years from 1970 through 2038. Note that on non-POSIX systems that include leap seconds in their notion of a
timestamp, leap seconds are ignored by fromtimestamp ().

AMoEe oty €xdoom 3.3: Raise OverflowError instead of ValueError if the timestamp is out of the range
of values supported by the platform C localtime () function. Raise OSError instead of ValueError on
localtime () failure.

classmethod date.fromordinal (ordinal)
Return the date corresponding to the proleptic Gregorian ordinal, where January 1 of year 1 has ordinal 1.

ValueErrorisraised unless 1 <= ordinal <= date.max.toordinal (). For any date d, date.
fromordinal (d.toordinal()) ==

2 This matches the definition of the «proleptic Gregorian» calendar in Dershowitz and Reingold’s book Calendrical Calculations, where it’s the base
calendar for all computations. See the book for algorithms for converting between proleptic Gregorian ordinals and many other calendar systems.
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classmethod date.fromisoformat (date_string)

Return a dat e corresponding to a date_string given in the format YYYY-MM~-DD:

>>> from datetime import date
>>> date.fromisoformat ('2019-12-04")
datetime.date (2019, 12, 4)

This is the inverse of date. isoformat (). It only supports the format YYYY-MM-DD.

Néo oty éxdoon 3.7.

classmethod date.fromisocalendar (year, week, day)

Return a dat e corresponding to the ISO calendar date specified by year, week and day. This is the inverse of the
function date. isocalendar ().

Néo otnv ékdoom 3.8.

Class attributes:

date.min

The earliest representable date, date (MINYEAR, 1, 1).

date.max

The latest representable date, date (MAXYEAR, 12, 31).

date.resolution

The smallest possible difference between non-equal date objects, t imedelta (days=1).

Instance attributes (read-only):

date.year

Between MINYEAR and MAXYEAR inclusive.

date.month

Between 1 and 12 inclusive.

date.day

Between 1 and the number of days in the given month of the given year.

Supported operations:

Operation Result

date2 = datel + timedelta | date?istimedelta.days days removed from datel. (1)

date2 = datel - timedelta | Computes date2 such that date2 + timedelta == datel.(2)

timedelta = datel - date2 | (3)

datel < date2 datel is considered less than date2 when datel precedes date2 in time. (4)

Notes:

(1) date2 is moved forward intime if t imedelta.days > 0,orbackwardif timedelta.days < 0.Afterward
date2 - datel == timedelta.days.timedelta.seconds and timedelta.microseconds
are ignored. OverflowError is raised if date2.year would be smaller than MINYEAR or larger than
MAXYEAR.

2)
3)

4)

timedelta.seconds and timedelta.microseconds are ignored.

This is exact, and cannot overflow. timedelta.seconds and timedelta.microseconds are O, and date2 + timedelta ==
datel after.

In other words, datel < date?2 if and only if datel.toordinal () < date2.toordinal (). Date
comparison raises TypeError if the other comparand isn’t also a dat e object. However, Not Implemented
is returned instead if the other comparand has a t imetuple () attribute. This hook gives other kinds of date
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objects a chance at implementing mixed-type comparison. If not, when a date object is compared to an object
of a different type, TypeError is raised unless the comparison is == or !=. The latter cases return False or
True, respectively.

In Boolean contexts, all date objects are considered to be true.
Instance methods:

date.replace (year=self.year, month=self.month, day=self.day)
Return a date with the same value, except for those parameters given new values by whichever keyword arguments
are specified.

Example:

>>> from datetime import date
>>> d = date (2002, 12, 31)
>>> d.replace (day=26)
datetime.date (2002, 12, 26)

date.timetuple ()
Return a t ime. st ruct_t ime such as returned by t ime. localtime ().

The hours, minutes and seconds are 0, and the DST flag is -1.

d.timetuple () is equivalent to:

time.struct_time((d.year, d.month, d.day, 0, 0, 0, d.weekday(), yday, —-1))

where yday = d.toordinal() - date(d.year, 1, 1).toordinal() + 1 isthe day number
within the current year starting with 1 for January 1st.

date.toordinal ()

Return the proleptic Gregorian ordinal of the date, where January 1 of year 1 has ordinal 1. For any dat e object
d,date.fromordinal (d.toordinal()) ==

date.weekday ()
Return the day of the week as an integer, where Monday is 0 and Sunday is 6. For example, date (2002, 12,
4) .weekday () == 2, a Wednesday. See also i soweekday ().

date.isoweekday ()
Return the day of the week as an integer, where Monday is 1 and Sunday is 7. For example, date (2002, 12,
4) .isoweekday () == 3, a Wednesday. See also weekday (), isocalendar ().

date.isocalendar ()
Return a named tuple object with three components: year, week and weekday.

The ISO calendar is a widely used variant of the Gregorian calendar.’

The ISO year consists of 52 or 53 full weeks, and where a week starts on a Monday and ends on a Sunday. The first
week of an ISO year is the first (Gregorian) calendar week of a year containing a Thursday. This is called week
number 1, and the ISO year of that Thursday is the same as its Gregorian year.

For example, 2004 begins on a Thursday, so the first week of ISO year 2004 begins on Monday, 29 Dec 2003 and
ends on Sunday, 4 Jan 2004:

>>> from datetime import date

>>> date (2003, 12, 29).isocalendar ()
datetime.IsoCalendarDate (year=2004, week=1, weekday=1)
>>> date (2004, 1, 4).isocalendar ()
datetime.IsoCalendarDate (year=2004, week=1, weekday=7)

3 See R. H. van Gent’s guide to the mathematics of the ISO 8601 calendar for a good explanation.
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AM0Ee oty £xdoon 3.9: Result changed from a tuple to a named tuple.

date.isoformat ()
Return a string representing the date in ISO 8601 format, YYYY~-MM-DD:

>>> from datetime import date
>>> date (2002, 12, 4).isoformat ()
'2002-12-04"

This is the inverse of date. fromisoformat ().

date.__str__ ()
For a date d, str (d) is equivalent to d.isoformat ().

date.ctime ()
Return a string representing the date:

>>> from datetime import date
>>> date (2002, 12, 4).ctime()
'Wed Dec 4 00:00:00 2002"

d.ctime () is equivalent to:

time.ctime (time.mktime (d.timetuple()))

on platforms where the native C ctime () function (which time.ctime () invokes, but which date.
ctime () does not invoke) conforms to the C standard.

date.strftime (format)
Return a string representing the date, controlled by an explicit format string. Format codes referring to hours,
minutes or seconds will see 0 values. For a complete list of formatting directives, see strftime() and strptime()
Behavior.

date.__ format__ (format)
Same as date.strftime (). This makes it possible to specify a format string for a date object in formatted
string literals and when using str. format (). For a complete list of formatting directives, see strftime() and
strptime() Behavior.

Examples of Usage: date

Example of counting days to an event:

>>> import time

>>> from datetime import date

>>> today = date.today ()

>>> today

datetime.date (2007, 12, 5)

>>> today == date.fromtimestamp (time.time())
True

>>> my_birthday = date(today.year, 6, 24)

>>> if my_birthday < today:

.. my_birthday = my_birthday.replace(year=today.year + 1)
>>> my_birthday

datetime.date (2008, 6, 24)

>>> time_to_birthday = abs (my_birthday - today)
>>> time_to_birthday.days
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More examples of working with date:

>>> from datetime import date

>>> d date.fromordinal (730920) # 730920th day after 1. 1. 0001
>>> d

datetime.date (2002, 3, 11)

>>> # Methods related to formatting string output
>>> d.isoformat ()

'2002-03-11"

>>> d.strftime ("%d/Sm/%y")
'11/03/02"

>>> d.strftime ("%A Sd. %B $Y")

'Monday 11. March 2002'

>>> d.ctime ()

'Mon Mar 11 00:00:00 2002"'

>>> 'The {1} is {0:%d}, the {2} is {0:%B}.'.format (d, "day", "month")
'The day is 11, the month is March.'

>>> # Methods for to extracting 'components' under different calendars
>>> t = d.timetuple ()
>>> for i in t:

c print (i)

2002 # year

3 # month

11 # day

0

0

0

0 # weekday (0 = Monday)
70 # 70th day in the year
-1

>>> ic = d.isocalendar ()

>>> for i in ic:

. print (i)

2002 # ISO year

11 # ISO week number

1 # ISO day number ( 1 = Monday )

>>> # A date object is immutable; all operations produce a new object
>>> d.replace (year=2005)
datetime.date (2005, 3, 11)

8.1.6 datetime Objects

A datet ime object is a single object containing all the information from a date object and a t i me object.

Like a dat e object, dat et ime assumes the current Gregorian calendar extended in both directions; like a ¢ i me object,
datetime assumes there are exactly 3600%24 seconds in every day.

Constructor:

class datetime.datetime (year, month, day, hour=0, minute=0, second=0, microsecond=0, tzinfo=None,
*, fold=0)
The year, month and day arguments are required. #zinfo may be None, or an instance of a t zinfo subclass. The
remaining arguments must be integers in the following ranges:

e MINYEAR <= year <= MAXYEAR,
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e 1 <= month <= 12,

e 1 <= day <= number of days in the given month and year,
<= hour < 24,

<= minute < 60,

<= second < 60,

o o o O

<= microsecond < 1000000,
e fold in [0, 1].
If an argument outside those ranges is given, Va lueError is raised.

Néo oty éxdoon 3.6: Added the fold argument.

Other constructors, all class methods:

classmethod datetime.today ()

Return the current local datetime, with £t zinfo None.

Equivalent to:

datetime.fromtimestamp (time.time ())

See also now (), fromtimestamp ().

This method is functionally equivalent to now (), but without a t z parameter.

classmethod datetime.now (fz=None)

Return the current local date and time.

If optional argument ¢z is None or not specified, this is like today (), but, if possible, supplies more precision than
can be gotten from going through a t ime. t ime () timestamp (for example, this may be possible on platforms
supplying the C gettimeofday () function).

If 7z is not None, it must be an instance of a £ z 1 nfo subclass, and the current date and time are converted to 17’s
time zone.

This function is preferred over today () and utcnow ().

classmethod datetime.utcnow ()

Return the current UTC date and time, with t zinfo None.

This is like now (), but returns the current UTC date and time, as a naive datet ime object. An aware current
UTC datetime can be obtained by calling datetime.now (timezone.utc). See also now ().

Ipozdomoinon: Because naive datet ime objects are treated by many dat et ime methods as local times,
it is preferred to use aware datetimes to represent times in UTC. As such, the recommended way to create an
object representing the current time in UTC is by calling datetime.now (timezone.utc).

classmethod datetime.fromtimestamp (timestamp, tz=None)

Return the local date and time corresponding to the POSIX timestamp, such as is returned by t ime. time ().
If optional argument #z is None or not specified, the timestamp is converted to the platform’s local date and time,
and the returned datet ime object is naive.

If #z is not None, it must be an instance of a ¢ zinfo subclass, and the timestamp is converted to #z’s time zone.

fromtimestamp () may raise OverflowError, if the timestamp is out of the range of values supported
by the platform C localtime () or gmtime () functions, and OSError on localtime () or gmtime ()
failure. It's common for this to be restricted to years in 1970 through 2038. Note that on non-POSIX systems that
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include leap seconds in their notion of a timestamp, leap seconds are ignored by fromtimestamp (), and then
it’s possible to have two timestamps differing by a second that yield identical datet ime objects. This method is
preferred over ut cfromtimestamp ().

AlaEe oty ékdoon 3.3: Raise OverflowError instead of ValueError if the timestamp is out of the
range of values supported by the platform C localtime () or gmtime () functions. Raise OSError instead
of ValueErroron localtime () or gmtime () failure.

AlhoEe oty ékdoon 3.6: fromtimestamp () may return instances with fold setto 1.

classmethod datetime.utcfromtimestamp (fimestamp)
Return the UTC datet ime corresponding to the POSIX timestamp, with t zinfo None. (The resulting object
is naive.)

This may raise OverflowError, if the timestamp is out of the range of values supported by the platform C
gmtime () function, and OSError on gmtime () failure. It’s common for this to be restricted to years in 1970
through 2038.

To get an aware datet ime object, call fromtimestamp ():

’datetime.fromtimestamp(timestamp, timezone.utc)

On the POSIX compliant platforms, it is equivalent to the following expression:

’datetime(l970, 1, 1, tzinfo=timezone.utc) + timedelta (seconds=timestamp)

except the latter formula always supports the full years range: between MINYEAR and MAXYEAR inclusive.

IIpozidomoinon: Because naive datetime objects are treated by many datetime methods as local
times, it is preferred to use aware datetimes to represent times in UTC. As such, the recommended
way to create an object representing a specific timestamp in UTC is by calling datetime.
fromtimestamp (timestamp, tz=timezone.utc).

AMoEe ot €xdoon 3.3: Raise OverflowError instead of ValueError if the timestamp is out of the
range of values supported by the platform C gmt ime () function. Raise OSError instead of ValueError on
gmtime () failure.

classmethod datetime.fromordinal (ordinal)
Return the datet ime corresponding to the proleptic Gregorian ordinal, where January 1 of year 1 has ordinal 1.
ValueErrorisraised unless 1 <= ordinal <= datetime.max.toordinal (). The hour, minute,
second and microsecond of the result are all 0, and t zinfois None.

classmethod datetime.combine (date, time, tzinfo=self.tzinfo)
Return a new datet ime object whose date components are equal to the given date object’s, and whose time
components are equal to the given ¢ ime object’s. If the tzinfo argument is provided, its value is used to set the
t zinfo attribute of the result, otherwise the t zinfo attribute of the fime argument is used.

For any datetime objectd, d == datetime.combine(d.date(), d.time(), d.tzinfo).If
date is a datet ime object, its time components and t z1info attributes are ignored.

AMoEe oty ékdoon 3.6: Added the tzinfo argument.

classmethod datetime.fromisoformat (date_string)
Return a datet ime corresponding to a date_string in one of the formats emitted by date. isoformat () and
datetime.isoformat ().

Specifically, this function supports strings in the format:
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YYYY-MM-DD [*HH[ :MM[:SS[.£f££[£f££]]]] [+HH:MM[:SS[.f££f££f£f]]1]]

where * can match any single character.

IIpocoyn: This does nor support parsing arbitrary ISO 8601 strings - it is only intended as the inverse operation
of datetime.isoformat ().A more full-featured ISO 8601 parser, dateutil.parser.isoparse
is available in the third-party package dateutil.

Examples:

>>> from datetime import datetime

>>> datetime.fromisoformat ('2011-11-04")

datetime.datetime (2011, 11, 4, 0, 0)

>>> datetime.fromisoformat ('2011-11-04T00:05:23")

datetime.datetime (2011, 11, 4, 0, 5, 23)

>>> datetime.fromisoformat ('2011-11-04 00:05:23.283")

datetime.datetime (2011, 11, 4, 0, 5, 23, 283000)

>>> datetime.fromisoformat ('2011-11-04 00:05:23.283+00:00")

datetime.datetime (2011, 11, 4, 0, 5, 23, 283000, tzinfo=datetime.timezone.utc)

>>> datetime.fromisoformat ('2011-11-04T00:05:23+04:00")

datetime.datetime (2011, 11, 4, 0, 5, 23,
tzinfo=datetime.timezone (datetime.timedelta (seconds=14400)))

Néo otnv €kdoon 3.7.

classmethod datetime.fromisocalendar (year, week, day)
Return a datetime corresponding to the ISO calendar date specified by year, week and day. The non-date
components of the datetime are populated with their normal default values. This is the inverse of the function
datetime.isocalendar ().

Néo otnv ¢kdoon 3.8.

classmethod datetime.strptime (date_string, format)
Return a datet ime corresponding to date_string, parsed according to format.

This is equivalent to:

datetime (* (time.strptime (date_string, format) [0:6]))

ValueFError is raised if the date_string and format can’t be parsed by t ime. st rpt ime () or if it returns a
value which isn’t a time tuple. For a complete list of formatting directives, see strftime() and strptime() Behavior.

Class attributes:

datetime.min
The earliest representable datetime, datetime (MINYEAR, 1, 1, tzinfo=None).

datetime.max
The latest representable datetime, datetime (MAXYEAR, 12, 31, 23, 59, 59, 999999,
tzinfo=None).

datetime.resolution
The smallest possible difference between non-equal datet ime objects, timedelta (microseconds=1).

Instance attributes (read-only):

datetime.year
Between MINYEAR and MAXYEAR inclusive.
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datetime.month
Between 1 and 12 inclusive.

datetime.day
Between 1 and the number of days in the given month of the given year.

datetime.hour
In range (24).

datetime.minute
In range (60).

datetime.second
In range (60).

datetime.microsecond
In range (1000000).

datetime.tzinfo
The object passed as the #zinfo argument to the dat et ime constructor, or None if none was passed.

datetime.fold
In [0, 1].Usedtodisambiguate wall times during a repeated interval. (A repeated interval occurs when clocks are
rolled back at the end of daylight saving time or when the UTC offset for the current zone is decreased for political
reasons.) The value O (1) represents the earlier (later) of the two moments with the same wall time representation.

Néo otnv ¢€kdoom 3.6.

Supported operations:

Operation Result
datetime2 = datetimel + timedelta | (1)

datetime2 = datetimel - timedelta | (2)
timedelta = datetimel - datetime2 | (3)
datetimel < datetime2 Compares datetime to datetime. (4)

(1) datetime? is a duration of timedelta removed from datetimel, moving forward in time if timedelta.days >
0, or backward if timedelta.days < 0. The result has the same ¢ zinfo attribute as the input datetime, and
datetime?2 - datetimel == timedelta after. OverflowError is raised if datetime2.year would be smaller than
MINYEAR or larger than MAXYEAR. Note that no time zone adjustments are done even if the input is an aware
object.

(2) Computes the datetime2 such that datetime?2 + timedelta == datetimel. As for addition, the result has the same
tzinfo attribute as the input datetime, and no time zone adjustments are done even if the input is aware.

(3) Subtraction of a datetime from a datet ime is defined only if both operands are naive, or if both are aware.
If one is aware and the other is naive, TypeError is raised.

If both are naive, or both are aware and have the same ¢ zinfo attribute, the t zinfo attributes are ignored, and
the result is a t imedelta object t such that datetime2 + t == datetimel. No time zone adjustments
are done in this case.

If both are aware and have different £ zinfo attributes, a—b acts as if a and b were first converted to naive
UTC datetimes first. The result is (a.replace (tzinfo=None) - a.utcoffset()) - (b.
replace (tzinfo=None) - b.utcoffset ()) except that the implementation never overflows.

(4) datetimel is considered less than datetime2 when datetimel precedes datetime2 in time.

If one comparand is naive and the other is aware, TypeError is raised if an order comparison is attempted. For
equality comparisons, naive instances are never equal to aware instances.
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If both comparands are aware, and have the same ¢ zinfo attribute, the common ¢t z1info attribute is ignored
and the base datetimes are compared. If both comparands are aware and have different t zinfo attributes, the
comparands are first adjusted by subtracting their UTC offsets (obtained from self.utcoffset ()).

AMaEe ot €xdoon 3.3: Equality comparisons between aware and naive datetime instances don’t raise
TypeError.

Enueiwon: In order to stop comparison from falling back to the default scheme of comparing object addresses,
datetime comparison normally raises TypeError if the other comparand isn’t also a da t et i me object. However,
NotImplemented is returned instead if the other comparand has a timetuple () attribute. This hook gives
other kinds of date objects a chance at implementing mixed-type comparison. If not, when a datet ime object
is compared to an object of a different type, TypeError is raised unless the comparison is == or ! =. The latter
cases return False or True, respectively.

Instance methods:

datetime.date ()
Return date object with same year, month and day.

datetime.time ()
Return t ime object with same hour, minute, second, microsecond and fold. ¢ zinfo is None. See also method
timetz ().

AMoEe oty £xdoon 3.6: The fold value is copied to the returned t ime object.

datetime.timetz ()
Return ¢ ime object with same hour, minute, second, microsecond, fold, and tzinfo attributes. See also method
time ().

AMoEe oty £kdoon 3.6: The fold value is copied to the returned t ime object.

datetime.replace (year=self.year, month=self.month, day=self.day, hour=self.hour, minute=self.minute,

second=self.second, microsecond=self.microsecond, tzinfo=self.tzinfo, *, fold=0)
Return a datetime with the same attributes, except for those attributes given new values by whichever keyword

arguments are specified. Note that tzinfo=None can be specified to create a naive datetime from an aware
datetime with no conversion of date and time data.

Néo otnv ¢kdoom 3.6: Added the fold argument.

datetime.astimezone (#z=None)
Return a datetime object with new t zinfo attribute 7z, adjusting the date and time data so the result is the
same UTC time as self, but in z’s local time.

If provided, #z must be an instance of a t zinfo subclass, and its ut coffset () and dst () methods must not
return None. If self is naive, it is presumed to represent time in the system timezone.

If called without arguments (or with t z=None) the system local timezone is assumed for the target timezone.
The .t zinfo attribute of the converted datetime instance will be set to an instance of t imezone with the zone
name and offset obtained from the OS.

If self.tzinfo is tz, self.astimezone (tz) is equal to self: no adjustment of date or time data is
performed. Else the result is local time in the timezone fz, representing the same UTC time as self: after astz
= dt.astimezone (tz),astz — astz.utcoffset () will have the same date and time data as dt —
dt.utcoffset ().

If you merely want to attach a time zone object #z to a datetime dr without adjustment of date and time data, use
dt.replace (tzinfo=tz). If you merely want to remove the time zone object from an aware datetime dt
without conversion of date and time data, use dt . replace (tzinfo=None).
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Note that the default t zinfo. fromutc () method can be overridden in a ¢ z1in fo subclass to affect the result
returned by ast imezone (). Ignoring error cases, ast imezone () acts like:

def astimezone(self, tz):
if self.tzinfo is tz:
return self
# Convert self to UTC, and attach the new time zone object.
utc = (self - self.utcoffset()) .replace(tzinfo=tz)
# Convert from UTC to tz's local time.
return tz.fromutc (utc)

AMEe oty £xdoon 3.3: 1z now can be omitted.

AMoEe oty éxdoomn 3.6: The ast imezone () method can now be called on naive instances that are presumed
to represent system local time.

datetime.utcoffset ()
If tzinfois None, returns None, else returns self.tzinfo.utcoffset (self),and raises an exception
if the latter doesn’t return None or a t imede 1t a object with magnitude less than one day.

AlhaEe oty ékdoon 3.7: The UTC offset is not restricted to a whole number of minutes.

datetime.dst ()
If tzinfo is None, returns None, else returns self.tzinfo.dst (self), and raises an exception if the
latter doesn’t return None or a t imede 1t a object with magnitude less than one day.

AMoEe oty ékdoon 3.7: The DST offset is not restricted to a whole number of minutes.

datetime.tzname ()
If tzinfois None, returns None, else returns self.tzinfo.tzname (self), raises an exception if the
latter doesn’t return None or a string object,

datetime.timetuple ()
Return a t ime. st ruct_time such as returned by t ime. localtime ().

d.timetuple () is equivalent to:

time.struct_time ((d.year, d.month, d.day,
d.hour, d.minute, d.second,
d.weekday (), yday, dst))

where yday = d.toordinal() - date(d.year, 1, 1).toordinal() + 1 isthe day number
within the current year starting with 1 for January Ist. The tm_1isdst flag of the result is set according to the
dst () method: tzinfois None or dst () returns None, tm_isdst is set to —1; else if dst () returns a
non-zero value, tm_isdst issetto 1;else tm_isdst issetto O.

datetime.utctimetuple ()
If datetime instance d is naive, this is the same as d.timetuple () except that tm_isdst is forced to O
regardless of what d.dst () returns. DST is never in effect for a UTC time.

If d is aware, d is normalized to UTC time, by subtracting d.utcoffset (), and a time.struct_time
for the normalized time is returned. tm_1isdst is forced to 0. Note that an OverflowError may be raised if
d.year was MINYEAR or MAXYEAR and UTC adjustment spills over a year boundary.

IIposwdomoinon: Because naive datet ime objects are treated by many dat et ime methods as local times,
it is preferred to use aware datetimes to represent times in UTC; as a result, using utcfromtimetuple
may give misleading results. If you have a naive datetime representing UTC, use datetime.
replace (tzinfo=timezone.utc) to make it aware, at which point you can use datetime.
timetuple ().
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datetime.toordinal ()
Return the proleptic Gregorian ordinal of the date. The same as self.date () .toordinal ().

datetime.timestamp ()
Return POSIX timestamp corresponding to the datet ime instance. The return value is a £1oat similar to that

returned by t ime. time ().

Naive datetime instances are assumed to represent local time and this method relies on the platform C
mktime () function to perform the conversion. Since dat et ime supports wider range of values thanmkt ime ()
on many platforms, this method may raise OverflowError for times far in the past or far in the future.

For aware dat et ime instances, the return value is computed as:

(dt - datetime (1970, 1, 1, tzinfo=timezone.utc)).total_seconds ()

Néo otnv ¢kdoon 3.3.

AdhoEe oty éxdoon 3.6: The t imestamp () method uses the £old attribute to disambiguate the times during
a repeated interval.

Ynueiwon: There is no method to obtain the POSIX timestamp directly from a naive datet ime instance
representing UTC time. If your application uses this convention and your system timezone is not set to UTC,
you can obtain the POSIX timestamp by supplying tzinfo=timezone.utc:

’ timestamp = dt.replace(tzinfo=timezone.utc) .timestamp ()

or by calculating the timestamp directly:

’timestamp = (dt - datetime (1970, 1, 1)) / timedelta (seconds=1)

datetime.weekday ()
Return the day of the week as an integer, where Monday is 0 and Sunday is 6. The same as self.date () .
weekday (). See also i soweekday ().

datetime.isoweekday ()
Return the day of the week as an integer, where Monday is 1 and Sunday is 7. The same as self.date () .
isoweekday (). See also weekday (), isocalendar ().

datetime.isocalendar ()
Return a named tuple with three components: year, week and weekday. The same as self.date () .
isocalendar ().

datetime.isoformat (sep="T', timespec='auto")
Return a string representing the date and time in ISO 8601 format:

e YYYY-MM-DDTHH:MM:SS.ffffff,if microsecondisnot(
e YYYY-MM-DDTHH:MM:SS, if microsecondis O
If utcoffset () does not return None, a string is appended, giving the UTC offset:
e YYYY-MM-DDTHH:MM:SS.ffffff+HH:MM[:SS[.fE£££££f]],if microsecondisnot(
e YYYY-MM-DDTHH:MM:SS+HH:MM[:SS[.ffffff]],if microsecondis

Examples:

>>> from datetime import datetime, timezone
>>> datetime (2019, 5, 18, 15, 17, 8, 132263).isoformat ()
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'2019-05-18T15:17:08.132263"
>>> datetime (2019, 5, 18, 15, 17, tzinfo=timezone.utc) .isoformat ()
'2019-05-18T15:17:00+00:00"

The optional argument sep (default ' T ') is a one-character separator, placed between the date and time portions
of the result. For example:

>>> from datetime import tzinfo, timedelta, datetime
>>> class TZ(tzinfo) :
"""A time zone with an arbitrary, constant —-06:39 offset."""
def utcoffset (self, dt):
return timedelta (hours=-6, minutes=-39)

>>> datetime (2002, 12, 25, tzinfo=TZ()) .isoformat (' ")

'2002-12-25 00:00:00-06:39"
>>> datetime (2009, 11, 27, microsecond=100, tzinfo=TZ()) .isoformat ()

'2009-11-27T00:00:00.000100-06:39"

The optional argument timespec specifies the number of additional components of the time to include (the default
is "auto'). It can be one of the following:

e 'auto':Same as 'seconds' if microsecondis 0, same as 'microseconds' otherwise.
e 'hours':Include the hour in the two-digit HH format.

e 'minutes':Include hour and minute in HH : MM format.

e '"seconds':Include hour, minute, and second in HH:MM: SS format.

e 'milliseconds': Include full time, but truncate fractional second part to milliseconds. HH:MM: SS.
sss format.

¢ 'microseconds': Include full time in HH:MM: SS. £ff £ £ £ £ format.

Ynueimon: Excluded time components are truncated, not rounded.

ValueError will be raised on an invalid timespec argument:

>>> from datetime import datetime

>>> datetime.now () .isoformat (timespec="minutes"')
'2002-12-25T00:00"

>>> dt = datetime (2015, 1, 1, 12, 30, 59, 0)

>>> dt.isoformat (timespec="microseconds")
'2015-01-01T12:30:59.000000"

Néo oty éxdoon 3.6: Added the fimespec argument.

datetime.__str__ ()
For a datetime instance d, str (d) is equivalentto d.isoformat (' ').

datetime.ctime ()
Return a string representing the date and time:

>>> from datetime import datetime
>>> datetime (2002, 12, 4, 20, 30, 40).ctime ()
'Wed Dec 4 20:30:40 2002

The output string will not include time zone information, regardless of whether the input is aware or naive.
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d.ctime () is equivalent to:

time.ctime (time.mktime (d.timetuple()))

on platforms where the native C ctime () function (which time. ctime () invokes, but which datetime.
ctime () does not invoke) conforms to the C standard.

datetime.strftime (format)
Return a string representing the date and time, controlled by an explicit format string. For a complete list of
formatting directives, see strftime() and strptime() Behavior.

datetime._ format__ (format)
Same as datetime.strftime (). This makes it possible to specify a format string for a datet ime object
in formatted string literals and when using st r. format (). For a complete list of formatting directives, see
strftime() and strptime() Behavior.

Examples of Usage: datetime

Examples of working with datet ime objects:

>>> from datetime import datetime, date, time, timezone

>>> # Using datetime.combine ()

>>> d = date (2005, 7, 14)

>>> t time (12, 30)

>>> datetime.combine (d, t)
datetime.datetime (2005, 7, 14, 12, 30)

>>> # Using datetime.now()

>>> datetime.now ()

datetime.datetime (2007, 12, 6, 16, 29, 43, 79043) # GMT +1

>>> datetime.now (timezone.utc)

datetime.datetime (2007, 12, 6, 15, 29, 43, 79060, tzinfo=datetime.timezone.utc)

>>> # Using datetime.strptime ()

>>> dt = datetime.strptime("21/11/06 16:30", "2d/%m/%y SH:%M")
>>> dt

datetime.datetime (2006, 11, 21, 16, 30)

>>> # Using datetime.timetuple () to get tuple of all attributes
>>> tt = dt.timetuple()
>>> for it in tt:

print (it)
2006 # year
11 # month
21 # day
16 # hour
30 # minute
0 # second
1 # weekday (0 = Monday)
325 # number of days since 1lst January
-1 # dst - method tzinfo.dst () returned None

>>> # Date in ISO format
>>> ic = dt.isocalendar ()
>>> for it in ic:
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print (it)
2006 # ISO year
47 # ISO week
2 # ISO weekday

>>> # Formatting a datetime

>>> dt.strftime ("$A, $d. $B %Y $I:%MS%p")

'Tuesday, 21. November 2006 04:30PM'

>>> 'The {1} is {0:%d}, the {2} is {0:%B}, the {3} is {O0:
—"month", "time")

'The day is 21, the month is November, the time is 04:30PM.'

o°

I:

oo

M$p}.'.format (dt, "day",

The example below defines a t z1info subclass capturing time zone information for Kabul, Afghanistan, which used +4
UTC until 1945 and then +4:30 UTC thereafter:

from datetime import timedelta, datetime, tzinfo, timezone

class KabulTz (tzinfo) :
# Kabul used +4 until 1945, when they moved to +4:30
UTC_MOVE_DATE = datetime (1944, 12, 31, 20, tzinfo=timezone.utc)

def utcoffset (self, dt):
if dt.year < 1945:
return timedelta (hours=4)
elif (1945, 1, 1, 0, 0) <= dt.timetuple()[:5] < (1945, 1, 1, 0, 30):
# An ambiguous ("imaginary") half-hour range representing
# a 'fold' in time due to the shift from +4 to +4:30.
# If dt falls in the imaginary range, use fold to decide how
# to resolve. See PEP495.
return timedelta (hours=4, minutes= (30 if dt.fold else 0))
else:
return timedelta (hours=4, minutes=30)

def fromutc(self, dt):
# Follow same validations as 1in datetime.tzinfo
if not isinstance(dt, datetime) :
raise TypeError ("fromutc() requires a datetime argument")
if dt.tzinfo is not self:
raise ValueError ("dt.tzinfo 1s not self")

# A custom implementation is required for fromutc as

# the input to this function is a datetime with utc values

# but with a tzinfo set to self.

# See datetime.astimezone or fromtimestamp.

if dt.replace(tzinfo=timezone.utc) >= self.UTC_MOVE_DATE:
return dt + timedelta (hours=4, minutes=30)

else:
return dt + timedelta (hours=4)

def dst(self, dt):
# Kabul does not observe daylight saving time.
return timedelta (0)

def tzname (self, dt):
if dt >= self.UTC_MOVE_DATE:
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return "+04:30"
return "+04"

Usage of KabulTz from above:

>>> tzl = KabulTz()

>>> # Datetime before the change

>>> dtl = datetime (1900, 11, 21, 16, 30, tzinfo=tzl)
>>> print (dtl.utcoffset())

4:00:00

>>> # Datetime after the change

>>> dt2 = datetime (2006, 6, 14, 13, 0, tzinfo=tzl)
>>> print (dt2.utcoffset ())

4:30:00

>>> # Convert datetime to another time zone

>>> dt3 = dt2.astimezone (timezone.utc)

>>> dt3

datetime.datetime (2006, 6, 14, 8, 30, tzinfo=datetime.timezone.utc)
>>> dt2

datetime.datetime (2006, 6, 14, 13, 0, tzinfo=KabulTz())

>>> dt2 == dt3

True

8.1.7 time Objects

A t ime object represents a (local) time of day, independent of any particular day, and subject to adjustment viaa t zinfo
object.

class datetime.time (hour=0, minute=0, second=0, microsecond=0, tzinfo=None, *, fold=0)
All arguments are optional. fzinfo may be None, or an instance of a ¢ zinfo subclass. The remaining arguments
must be integers in the following ranges:

e 0 <= hour < 24,

¢ 0 <= minute < 60,

e 0 <= second < 60,

¢ 0 <= microsecond < 1000000,
e fold in [0, 1].

If an argument outside those ranges is given, Va lueError is raised. All default to 0 except tzinfo, which defaults
to None.

Class attributes:

time.min
The earliest representable ¢ ime, time (0, 0, 0, 0).

time.max
The latest representable t ime, time (23, 59, 59, 999999).

time.resolution
The smallest possible difference between non-equal t i me objects, t imedelta (microseconds=1), although
note that arithmetic on t ime objects is not supported.
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Instance attributes (read-only):

time.hour
In range (24).

time.minute
In range (60).

time.second
In range (60).

time.microsecond
In range (1000000).

time.tzinfo
The object passed as the tzinfo argument to the t ime constructor, or None if none was passed.

time.fold
In [0, 1].Usedtodisambiguate wall times during a repeated interval. (A repeated interval occurs when clocks are
rolled back at the end of daylight saving time or when the UTC offset for the current zone is decreased for political
reasons.) The value O (1) represents the earlier (later) of the two moments with the same wall time representation.

Néo otnv ¢kdoom 3.6.

t ime objects support comparison of ¢ ime to t ime, where a is considered less than b when a precedes b in time. If
one comparand is naive and the other is aware, TypeErrozr is raised if an order comparison is attempted. For equality
comparisons, naive instances are never equal to aware instances.

If both comparands are aware, and have the same tzinfo attribute, the common tzinfo attribute is ignored and
the base times are compared. If both comparands are aware and have different ¢ zin fo attributes, the comparands are
first adjusted by subtracting their UTC offsets (obtained from self.utcoffset ()). In order to stop mixed-type
comparisons from falling back to the default comparison by object address, when a t i me object is compared to an object
of a different type, TypeError is raised unless the comparison is == or ! =. The latter cases return False or True,
respectively.

AMaEe oty €kdoon 3.3: Equality comparisons between aware and naive t ime instances don’t raise TypeError.
In Boolean contexts, a t i me object is always considered to be true.

AMoEe otnv ékdoon 3.5: Before Python 3.5, a £ ime object was considered to be false if it represented midnight in
UTC. This behavior was considered obscure and error-prone and has been removed in Python 3.5. See bpo-13936 for
full details.

Other constructor:

classmethod time.fromisoformat (time_string)
Return a time corresponding to a time_string in one of the formats emitted by time.isoformat ().
Specifically, this function supports strings in the format:

HH[:MM[:SS[.f££[f£f£f]1]1]1] [+HH:MM[:SS[.f£f£f£f£f£f]]]

IIpocoyn: This does not support parsing arbitrary ISO 8601 strings. It is only intended as the inverse operation
of time.isoformat ().

Examples:

>>> from datetime import time
>>> time.fromisoformat ('04:23:01")
datetime.time (4, 23, 1)
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>>> time.fromisoformat ('04:23:01.000384")

datetime.time (4, 23, 1, 384)

>>> time.fromisoformat ('04:23:01+04:00")

datetime.time (4, 23, 1, tzinfo=datetime.timezone (datetime.
—timedelta (seconds=14400)))

Néo otv ¢€kdoom 3.7.

Instance methods:

time.replace (hour=self.hour, minute=self.minute, second=self.second, microsecond=self.microsecond,

tzinfo=self.tzinfo, *, fold=0)
Return a t i me with the same value, except for those attributes given new values by whichever keyword arguments
are specified. Note that t zinfo=None can be specified to create a naive t ime from an aware t ime, without
conversion of the time data.

Néo oty éxdoon 3.6: Added the fold argument.

time.isoformat (timespec='auto’)

Return a string representing the time in ISO 8601 format, one of:
e HH:MM:SS.ffffff, if microsecondisnot(
e HH:MM:SS, if microsecondis 0
e HH:MM:SS.ffffff+HH:MM[:SS[.ffffff]],if utcorfset () does not return None

e HH:MM:SS+HH:MM[:SS[.ffff£f£f]], if microsecond is 0 and utcoffset () does not return
None

The optional argument fimespec specifies the number of additional components of the time to include (the default
is "auto'). It can be one of the following:

e 'auto':Same as 'seconds' if microsecondis 0, same as 'microseconds' otherwise.
e 'hours':Include the hour in the two-digit HH format.

e 'minutes':Include hour and minute in HH: MM format.

e 'seconds':Include hour, minute, and secondin HH:MM: SS format.

e 'milliseconds': Include full time, but truncate fractional second part to milliseconds. HH:MM: SS.
sss format.

e 'microseconds': Include full time in HH:MM: SS. f£ £ £ £ f format.

Ynueiwon: Excluded time components are truncated, not rounded.

ValueFError will be raised on an invalid timespec argument.

Example:

>>> from datetime import time

>>> time (hour=12, minute=34, second=56, microsecond=123456) .isoformat (timespec=
—'minutes')

'12:34"

>>> dt = time (hour=12, minute=34, second=56, microsecond=0)

>>> dt.isoformat (timespec="microseconds"')

'12:34:56.000000"

>>> dt.isoformat (timespec="'auto")

'12:34:56"
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Néo otnv £kdoom 3.6: Added the timespec argument.

time.__str__ ()
Foratimet, str (t) isequivalentto t.isoformat ().

time.strftime (format)
Return a string representing the time, controlled by an explicit format string. For a complete list of formatting
directives, see strftime() and strptime() Behavior.

time._ format__ (format)

Same as t ime. strftime (). This makes it possible to specify a format string for a t ime object in formatted

string literals and when using st r. format (). For a complete list of formatting directives, see strftime() and
strptime() Behavior.

time.utcoffset ()

If tzinfois None, returns None, else returns self.tzinfo.utcoffset (None), and raises an exception
if the latter doesn’t return None or a t imede1ta object with magnitude less than one day.

AlaEe ot ékdoomn 3.7: The UTC offset is not restricted to a whole number of minutes.

time.dst ()

If tzinfo is None, returns None, else returns self.tzinfo.dst (None), and raises an exception if the
latter doesn’t return None, or a t imede 1t a object with magnitude less than one day.

AMoEe ot ékdoom 3.7: The DST offset is not restricted to a whole number of minutes.

time.tzname ()

If tzinfois None, returns None, else returns self.tzinfo.tzname (None), or raises an exception if the
latter doesn’t return None or a string object.

Examples of Usage: time

Examples of working with a ¢ i me object:

>>> from datetime import time, tzinfo, timedelta
>>> class TZ1l(tzinfo):
def utcoffset (self, dt):
return timedelta (hours=1)
def dst(self, dt):
return timedelta (0)
def tzname (self,dt):
return "+01:00"
(self):
return f"{self. class . name o"

def _ repr

>>> t = time (12, 10, 30, tzinfo=TZz1())
>>> t

datetime.time (12, 10, 30, tzinfo=TZ1())
>>> t.isoformat ()

'12:10:30+01:00"

>>> t.dst ()

datetime.timedelta (0)

>>> t.tzname ()

'+01:00'"

>>> t.strftime ("$H:%M:%S %7Z2")

'12:10:30 +01:00"

>>> 'The is {:%H:%M}."'.format ("time", t)
'The time is 12:10."
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8.1.8 tzinfo Objects

class datetime.tzinfo

This is an abstract base class, meaning that this class should not be instantiated directly. Define a subclass of
tzinfo to capture information about a particular time zone.

An instance of (a concrete subclass of) tzinfo can be passed to the constructors for datetime and time
objects. The latter objects view their attributes as being in local time, and the t zinfo object supports methods
revealing offset of local time from UTC, the name of the time zone, and DST offset, all relative to a date or time
object passed to them.

You need to derive a concrete subclass, and (at least) supply implementations of the standard ¢ zinfo methods
needed by the datet ime methods you use. The datet ime module provides timezone, a simple concrete
subclass of tzinfo which can represent timezones with fixed offset from UTC such as UTC itself or North
American EST and EDT.

Special requirement for pickling: A t zinfosubclassmusthavean ___init__ () method that can be called with
no arguments, otherwise it can be pickled but possibly not unpickled again. This is a technical requirement that
may be relaxed in the future.

A concrete subclass of ¢ zinfomay need to implement the following methods. Exactly which methods are needed
depends on the uses made of aware datet ime objects. If in doubt, simply implement all of them.

tzinfo.utcoffset (dr)

Return offset of local time from UTC, as a t imede 1t a object that is positive east of UTC. If local time is west
of UTC, this should be negative.

This represents the fotal offset from UTC; for example, if a tzinfo object represents both time zone and
DST adjustments, utcoffset () should return their sum. If the UTC offset isn’t known, return None.
Else the value returned must be a timedelta object strictly between —timedelta (hours=24) and
timedelta (hours=24) (the magnitude of the offset must be less than one day). Most implementations of
utcoffset () will probably look like one of these two:

return CONSTANT # fixed-offset class
return CONSTANT + self.dst (dt) # daylight-aware class

If utcoffset () does not return None, dst () should not return None either.
The default implementation of utcoffset () raises Not ImplementedError.

AMoEe oty £xdoon 3.7: The UTC offset is not restricted to a whole number of minutes.

tzinfo.dst (dt)

Return the daylight saving time (DST) adjustment, as a t imedelta object or None if DST information isn’t
known.

Return timedelta (0) if DST is not in effect. If DST is in effect, return the offset as a t imede1ta object
(see utcofrset () for details). Note that DST offset, if applicable, has already been added to the UTC offset
returned by utcoffset (), so there’s no need to consult dst () unless you're interested in obtaining DST info
separately. For example, datetime. timetuple () callsits t zinfo attribute’s dst () method to determine
how the tm_1isdst flag should be set, and tzinfo. fromutc () calls dst () to account for DST changes
when crossing time zones.

An instance 7z of a t z i nfo subclass that models both standard and daylight times must be consistent in this sense:
tz.utcoffset (dt) - tz.dst(dt)

must return the same result for every datetime df with dt .tzinfo == tz For sane tzinfo subclasses,
this expression yields the time zone’s «standard offset», which should not depend on the date or the time, but only
on geographic location. The implementation of datetime.astimezone () relies on this, but cannot detect
violations; it’s the programmer’s responsibility to ensure it. If a ¢ z1info subclass cannot guarantee this, it may be
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able to override the default implementation of tzinfo. fromutc () to work correctly with ast imezone ()
regardless.

Most implementations of dst () will probably look like one of these two:

def dst (self, dt):
# a fixed-offset class: doesn't account for DST
return timedelta (0)

or:

def dst(self, dt):
# Code to set dston and dstoff to the time zone's DST
# transition times based on the input dt.year, and expressed
# 1in standard local time.

if dston <= dt.replace(tzinfo=None) < dstoff:
return timedelta (hours=1)

else:
return timedelta (0)

The default implementation of dst () raises Not ImplementedError.
AlhoEe oty €xdoon 3.7: The DST offset is not restricted to a whole number of minutes.

tzinfo.tzname (dt)
Return the time zone name corresponding to the datet ime object dt, as a string. Nothing about string names is
defined by the datet ime module, and there’s no requirement that it mean anything in particular. For example,
«GMT», «UTC», «-500», «-5:00», «<EDT», «US/Eastern», «America/New York» are all valid replies. Return
None if a string name isn’t known. Note that this is a method rather than a fixed string primarily because some
t zinfo subclasses will wish to return different names depending on the specific value of dr passed, especially if
the t zinfo class is accounting for daylight time.

The default implementation of t zname () raises Not ImplementedError.

These methods are called by a datetime or time object, in response to their methods of the same names. A
datet ime object passes itself as the argument, and a t i me object passes None as the argument. A t z1info subclass’s
methods should therefore be prepared to accept a dt argument of None, or of class datet ime.

When None is passed, it’s up to the class designer to decide the best response. For example, returning None is appropriate
if the class wishes to say that time objects don’t participate in the tzinfo protocols. It may be more useful for
utcoffset (None) to return the standard UTC offset, as there is no other convention for discovering the standard
offset.

When a datetime object is passed in response to a datetime method, dt.tzinfo is the same object as self.
t zinfo methods can rely on this, unless user code calls tzinfo methods directly. The intent is that the tzinfo
methods interpret dt as being in local time, and not need worry about objects in other timezones.

There is one more t z i nfo method that a subclass may wish to override:

tzinfo.fromute (df)
This is called from the default datetime.astimezone () implementation. When called from that, dt .
tzinfo is self, and df's date and time data are to be viewed as expressing a UTC time. The purpose of
fromutc () is to adjust the date and time data, returning an equivalent datetime in self’s local time.

Most t z info subclasses should be able to inherit the default fromutc () implementation without problems. It’s
strong enough to handle fixed-offset time zones, and time zones accounting for both standard and daylight time,
and the latter even if the DST transition times differ in different years. An example of a time zone the default
fromutc () implementation may not handle correctly in all cases is one where the standard offset (from UTC)
depends on the specific date and time passed, which can happen for political reasons. The default implementations
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of astimezone () and fromutc () may not produce the result you want if the result is one of the hours
straddling the moment the standard offset changes.

Skipping code for error cases, the default fromutc () implementation acts like:

def fromutc(self, dt):
# raise ValueError error 1if dt.tzinfo is not self
dtoff = dt.utcoffset ()
dtdst = dt.dst ()
# raise ValueError 1f dtoff is None or dtdst is None
delta = dtoff - dtdst # this is self's standard offset
if delta:
dt += delta # convert to standard local time
dtdst = dt.dst ()
# raise ValueError 1if dtdst is None
if dtdst:
return dt + dtdst
else:
return dt

In the following t zinfo_examples . py file there are some examples of ¢ zinfo classes:

from datetime import tzinfo, timedelta, datetime

ZERO = timedelta (0)
HOUR = timedelta (hours=1)
SECOND = timedelta (seconds=1)

# A class capturing the platform's idea of local time.
# (May result in wrong values on historical times in

# timezones where UTC offset and/or the DST rules had
# changed in the past.)

import time as _time

STDOFFSET = timedelta(seconds = —_time.timezone)
if _time.daylight:

DSTOFFSET = timedelta(seconds = —_time.altzone)
else:

DSTOFFSET = STDOFFSET
DSTDIFF = DSTOFFSET - STDOFFSET
class LocalTimezone (tzinfo) :

def fromutc(self, dt):
assert dt.tzinfo is self
stamp = (dt - datetime (1970, 1, 1, tzinfo=self)) // SECOND
args = _time.localtime (stamp) [:6]
dst_diff = DSTDIFF // SECOND
# Detect fold
fold = (args == _time.localtime (stamp - dst_diff))
return datetime (*args, microsecond=dt.microsecond,
tzinfo=self, fold=fold)

def utcoffset (self, dt):
if self._isdst (dt):
return DSTOFFSET
else:
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return STDOFFSET

def dst (self, dt):
if self._isdst(dt):
return DSTDIFF
else:
return ZERO

def tzname (self, dt):
return _time.tzname[self._ isdst (dt) ]

def _isdst(self, dt):
tt = (dt.year, dt.month, dt.day,
dt .hour, dt.minute, dt.second,
dt .weekday (), 0, 0)
stamp = _time.mktime (tt)
tt = _time.localtime (stamp)
return tt.tm _isdst > 0

Local = LocalTimezone ()

# A complete implementation of current DST rules for major US time zones.

def first_sunday_on_or_after (dt):
days_to_go = 6 - dt.weekday ()
if days_to_go:
dt += timedelta(days_to_go)
return dt

US DST Rules

This is a simplified (i.e., wrong for a few cases) set of rules for US
DST start and end times. For a complete and up-to-date set of DST rules
and timezone definitions, visit the Olson Database (or try pytz):
http://www.twinsun.com/tz/tz—-1ink.htm
http://sourceforge.net/projects/pytz/ (might not be up-to-date)

In the US, since 2007, DST starts at 2am (standard time) on the second
Sunday in March, which is the first Sunday on or after Mar 8.
DSTSTART_2007 = datetime (1, 3, 8, 2)

# and ends at 2am (DST time) on the first Sunday of Nov.

DSTEND_2007 = datetime(1, 11, 1, 2)

# From 1987 to 2006, DST used to start at 2am (standard time) on the first
# Sunday in April and to end at 2am (DST time) on the last

# Sunday of October, which is the first Sunday on or after Oct 25.
DSTSTART_1987_2006 = datetime (1, 4, 1, 2)

DSTEND_1987_2006 = datetime (1, 10, 25, 2)

# From 1967 to 1986, DST used to start at 2am (standard time) on the last
# Sunday in April (the one on or after April 24) and to end at 2am (DST time)
# on the last Sunday of October, which is the first Sunday

# on or after Oct 25.

DSTSTART_1967_1986 = datetime (1, 4, 24, 2)

DSTEND_1967_1986 = DSTEND_1987_2006

o H R R W R R W R

(ouvEyELa OTNV ETTOLLEVT GEMLDOL)
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def us_dst_range (year) :

# Find start and end times for US DST. For years before 1967,
# start = end for no DST.
if 2006 < year:

dststart, dstend = DSTSTART_2007, DSTEND_2007
elif 1986 < year < 2007:

dststart, dstend = DSTSTART_1987_2006, DSTEND_1987_2006
elif 1966 < year < 1987:

dststart, dstend = DSTSTART_1967_1986, DSTEND_1967_1986
else:

return (datetime (year, 1, 1), ) * 2

start = first_sunday_on_or_after (dststart.replace (year=year))

end = first_sunday_on_or_after (dstend.replace (year=year))
return start, end

class USTimeZone (tzinfo) :

def _ init_ (self, hours, reprname, stdname, dstname):
self.stdoffset = timedelta (hours=hours)
self.reprname = reprname
self.stdname = stdname
self.dstname = dstname

def _ repr_ (self):
return self.reprname

def tzname (self, dt):
if self.dst(dt):
return self.dstname
else:
return self.stdname

def utcoffset (self, dt):
return self.stdoffset + self.dst (dt)

def dst(self, dt):
if dt is None or dt.tzinfo is None:

return

# An exception may be sensible here, in one or both cases.

# It depends on how you want to treat them. The default

# fromutc () implementation (called by the default astimezone ()
# implementation) passes a datetime with dt.tzinfo is self.

return ZERO
assert dt.tzinfo is self
start, end = us_dst_range (dt.year)

# Can't compare naive to aware objects, so strip the timezone from

# dt first.

dt = dt.replace(tzinfo=None)

if start + HOUR <= dt < end - HOUR:
# DST is in effect.
return HOUR

if end - HOUR <= dt < end:

# Fold (an ambiguous hour): use dt.fold to disambiguate.

return ZERO if dt.fold else HOUR
if start <= dt < start + HOUR:

(ouvEyELa OTNV ETTOLLEVT GEMLDOL)
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# Gap (a non-existent hour): reverse the fold rule.
return HOUR if dt.fold else ZERO

# DST is off.

return ZERO

def fromutc(self, dt):
assert dt.tzinfo is self
start, end = us_dst_range (dt.year)
start = start.replace(tzinfo=self)
end = end.replace(tzinfo=self)
std_time = dt + self.stdoffset
dst_time = std_time + HOUR
if end <= dst_time < end + HOUR:
# Repeated hour
return std_time.replace(fold=1)
if std_time < start or dst_time >= end:
# Standard time
return std_time
if start <= std_time < end - HOUR:
# Daylight saving time
return dst_time

Eastern = USTimeZone (-5, "Eastern", "EST", "EDT")
Central = USTimeZone (-6, "Central", "csT", "CDT")
Mountain = USTimeZone (-7, "Mountain", "MST", "MDT")
Pacific = USTimeZone (-8, "Pacific", "PST", "PDT")

Note that there are unavoidable subtleties twice per year in a t z i n o subclass accounting for both standard and daylight
time, at the DST transition points. For concreteness, consider US Eastern (UTC -0500), where EDT begins the minute
after 1:59 (EST) on the second Sunday in March, and ends the minute after 1:59 (EDT) on the first Sunday in November:

UTC 3:MM 4:MM 5:MM 6:MM 7:MM 8:MM
EST 22:MM 23:MM O:MM 1:MM 2:MM 3:MM
EDT 23:M O:MM 1:MM 2:MM 3:MM 4:MM
start 22:MM 23:MM O:MM 1:MM 3:MM 4:MM

end 23:MM O:MM 1:MM 1:MM 2:MM 3:MM

When DST starts (the «start» line), the local wall clock leaps from 1:59 to 3:00. A wall time of the form 2:MM doesn’t
really make sense on that day, so ast imezone (Eastern) won't deliver a result with hour == 2 on the day DST
begins. For example, at the Spring forward transition of 2016, we get:

>>> from datetime import datetime, timezone
>>> from tzinfo_examples import HOUR, Eastern
>>> u0 = datetime (2016, 3, 13, 5, tzinfo=timezone.utc)
>>> for i in range(4):
u = ul0 + i1i*HOUR
t = u.astimezone (Eastern)
print(u.time(), 'UIC =', t.time (), t.tzname())

05:00:00 UTC = 00:00:00 EST
06:00:00 UTC = 01:00:00 EST
07:00:00 UTC = 03:00:00 EDT
08:00:00 UTC = 04:00:00 EDT
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When DST ends (the «end» line), there’s a potentially worse problem: there’s an hour that can’t be spelled unambiguously
in local wall time: the last hour of daylight time. In Eastern, that’s times of the form 5:MM UTC on the day daylight time
ends. The local wall clock leaps from 1:59 (daylight time) back to 1:00 (standard time) again. Local times of the form
1:MM are ambiguous. ast imezone () mimics the local clock’s behavior by mapping two adjacent UTC hours into
the same local hour then. In the Eastern example, UTC times of the form 5:MM and 6:MM both map to 1:MM when
converted to Eastern, but earlier times have the fo1d attribute set to 0 and the later times have it set to 1. For example,
at the Fall back transition of 2016, we get:

>>> u0 = datetime (2016, 11, 6, 4, tzinfo=timezone.utc)
>>> for i in range(4):
u = ul0 + i1i*HOUR
t = u.astimezone (Eastern)
print (u.time (), 'UTC =', t.time(), t.tzname(), t.fold)

04:00:00 UTC = 00:00:00 EDT
05:00:00 UTC = 01:00:00 EDT
06:00:00 UTC = 01:00:00 EST
07:00:00 UTC = 02:00:00 EST

o = O O

Note that the dat et ime instances that differ only by the value of the £o1d attribute are considered equal in comparisons.

Applications that can’t bear wall-time ambiguities should explicitly check the value of the £o1d attribute or avoid using
hybrid ¢ z i nfo subclasses; there are no ambiguities when using ¢ i me zone, or any other fixed-offset ¢ z i n fo subclass
(such as a class representing only EST (fixed offset -5 hours), or only EDT (fixed offset -4 hours)).

Agite gmiong:

zoneinfo The datet ime module has abasic t imezone class (for handling arbitrary fixed offsets from
UTC) and its t imezone. ut c attribute (a UTC timezone instance).

zoneinfo brings the JANA timezone database (also known as the Olson database) to Python, and its
usage is recommended.

TANA timezone database The Time Zone Database (often called tz, tzdata or zoneinfo) contains code and data that
represent the history of local time for many representative locations around the globe. It is updated periodically to
reflect changes made by political bodies to time zone boundaries, UTC offsets, and daylight-saving rules.

8.1.9 timezone Objects
The t imezone class is a subclass of tzinfo, each instance of which represents a timezone defined by a fixed offset
from UTC.

Objects of this class cannot be used to represent timezone information in the locations where different offsets are used in
different days of the year or where historical changes have been made to civil time.

class datetime.timezone (offset, name=None)
The offset argument must be specified as a t imede 1t a object representing the difference between the local time
and UTC. It must be strictly between —t imedelta (hours=24) and timedelta (hours=24), otherwise
ValueFError is raised.

The name argument is optional. If specified it must be a string that will be used as the value returned by the
datetime.tzname () method.

Néo otnv ékdoom 3.2.
AlhaEe oty ékdoon 3.7: The UTC offset is not restricted to a whole number of minutes.

timezone.utcoffset (drf)
Return the fixed value specified when the ¢ imezone instance is constructed.
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The dt argument is ignored. The return value is a t imede 1t a instance equal to the difference between the local
time and UTC.

AMoEe oty ékdoom 3.7: The UTC offset is not restricted to a whole number of minutes.

timezone.tzname (dt)
Return the fixed value specified when the t imezone instance is constructed.

If name is not provided in the constructor, the name returned by t zname (dt) is generated from the value of
the of fset as follows. If offset is t imedelta (0), the name is «<UTC», otherwise it is a string in the format
UTC=*HH : MM, where = is the sign of of fset, HH and MM are two digits of offset .hours and offset.
minutes respectively.

AMoEe oty éxdoon 3.6: Name generated from offset=timedelta (0) is now plain “UTC”, not
'UTC+00:00".

timezone.dst (df)
Always returns None.

timezone.fromute (dr)
Return dt + offset. The df argument must be an aware datet ime instance, with tzinfo setto self.

Class attributes:

timezone.utc
The UTC timezone, t imezone (timedelta (0)).

8.1.10 strftime () and strptime () Behavior
date, datetime, and t ime objects all supporta strftime (format) method, to create a string representing the
time under the control of an explicit format string.

Conversely, the datetime. strptime () class method creates a datet ime object from a string representing a date
and time and a corresponding format string.

The table below provides a high-level comparison of strftime () versus strptime ():

strftime strptime

Usage Convert object to a string according to a | Parse a string into a datetime object given a
given format corresponding format

Type of | Instance method Class method

method

Method of date; datetime; time datetime

Signature strftime (format) strptime (date_string, format)

strftime () and strptime () Format Codes

The following is a list of all the format codes that the 1989 C standard requires, and these work on all platforms with a
standard C implementation.
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Directive Meaning Example Notes
%a Weekday as  locale’s (D)
abbreviated name. Sun, Mon, ... Sat
(en_US);
So, Mo, ..., Sa (de_DE)
SA Weekday as locale’s full @))
fame. Sunday, Monday, ...,
Saturday (en_US);
Sonntag, Montag, ...,
Samstag (de_DE)
Sw Weekday as a decimal | 0,1,...,6
number, where 0 is
Sunday and 6 is Saturday.
%d Day of the month as azero- | 01, 02, ..., 31 9
padded decimal number.
%b Month as locale’s (D)
abbreviated name. Jan, Feb. ... Dec
(en_US);
Jan, Feb, ..., Dez (de_DE)
%B Month as locale’s full @))
hame. January, February, ...,
December (en_US);
Januar, Februar, ...,
Dezember (de_DE)
$m Month as a zero-padded | 01,02, ..., 12 )
decimal number.
%y Year without century as | 00, 0l, ..., 99 ©))
a zero-padded decimal
number.
%Y Year with century as a | 0001, 0002, ..., 2013, | (2)
decimal number. 2014, ..., 9998, 9999
%H Hour (24-hour clock) as | 00,01, ..., 23 9
a zero-padded decimal
number.
$I Hour (12-hour clock) as | 01,02, ..., 12 9
a zero-padded decimal
number.
$p Locale’s equivalent of 1, 3)
either AM or PM. AM., PM (en_US);
am, pm (de_DE)
M Minute as a zero-padded | 00, 01, ..., 59 )
decimal number.
%S Second as a zero-padded | 00,01, ..., 59 @), 9)
decimal number.
$f Microsecond as a decimal | 000000, 000001, ..., | (5)
number, zero-padded to 6 | 999999
228 digits. Kepalawo 8. Data Types|
%7z UTC offset in the | (empty), +0000, -0400, | (6)
form +HHMM[SS[. | +1030, +063415, -
fff£££]] (empty string | 030712.345216
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Several additional directives not required by the C89 standard are included for convenience. These parameters all
correspond to ISO 8601 date values.

DirectivéMeaning Example Notes

%G ISO 8601 year with century representing the year that contains the | 0001, 0002, ..., 2013, | (8)
greater part of the ISO week ($V). 2014, ..., 9998, 9999

su ISO 8601 weekday as a decimal number where 1 is Monday. 1,2,...,7

SV ISO 8601 week as a decimal number with Monday as the first day of | 01,02, ..., 53 (8),
the week. Week 01 is the week containing Jan 4. )]

These may not be available on all platforms when used with the st rftime () method. The ISO 8601 year and ISO
8601 week directives are not interchangeable with the year and week number directives above. Calling st rptime ()
with incomplete or ambiguous ISO 8601 directives will raise a ValueError.

The full set of format codes supported varies across platforms, because Python calls the platform C library’s
strftime () function, and platform variations are common. To see the full set of format codes supported on your
platform, consult the strftime (3) documentation. There are also differences between platforms in handling of
unsupported format specifiers.

Néo otnv éxdoomn 3.6: %G, %u and %V were added.

Technical Detail
Broadly speaking, d. strftime (fmt) actslike the £t ime module’s time.strftime (fmt, d.timetuple())
although not all objects support a t imetuple () method.

For the datetime.strptime () class method, the default value is 1900-01-01T00:00:00.000: any
components not specified in the format string will be pulled from the default value.*

Using datetime.strptime (date_string, format) isequivalent to:

datetime (* (time.strptime (date_string, format) [0:6]))

except when the format includes sub-second components or timezone offset information, which are supported in
datetime.strptime butare discarded by time . strptime.

For t ime objects, the format codes for year, month, and day should not be used, as t ime objects have no such values.
If they’re used anyway, 1900 is substituted for the year, and 1 for the month and day.

For dat e objects, the format codes for hours, minutes, seconds, and microseconds should not be used, as dat e objects
have no such values. If they’re used anyway, O is substituted for them.

For the same reason, handling of format strings containing Unicode code points that can’t be represented in the charset
of the current locale is also platform-dependent. On some platforms such code points are preserved intact in the output,
while on others st rft ime may raise UnicodeError or return an empty string instead.

Notes:

(1) Because the format depends on the current locale, care should be taken when making assumptions about the output
value. Field orderings will vary (for example, «month/day/year» versus «day/month/year»), and the output may
contain Unicode characters encoded using the locale’s default encoding (for example, if the current locale is ja_ JP,
the default encoding could be any one of eucJP, SJIS,or utf-8;use locale.getlocale () to determine
the current locale’s encoding).

(2) The strptime () method can parse years in the full [1, 9999] range, but years < 1000 must be zero-filled to
4-digit width.

4 Passing datetime.strptime ('Feb 29', '$b %d') will fail since 1900 is not a leap year.

8.1. datetime — Basic date and time types 229



The Python Library Reference, Anpooicsuon 3.9.23

3)
4)
&)

(6)

)

®)

9)

AMoEe ot €kdoomn 3.2: In previous versions, st rft ime () method was restricted to years >= 1900.
AlhoEe oty éxdoon 3.3: In version 3.2, strft ime () method was restricted to years >= 1000.

When used with the st rptime () method, the $p directive only affects the output hour field if the $ I directive
is used to parse the hour.

Unlike the ¢ ime module, the datet ime module does not support leap seconds.

When used with the st rpt ime () method, the % £ directive accepts from one to six digits and zero pads on the
right. £ is an extension to the set of format characters in the C standard (but implemented separately in datetime
objects, and therefore always available).

For a naive object, the $z and %$Z format codes are replaced by empty strings.
For an aware object:

%z utcoffset () is transformed into a string of the form +tHHMM [SS[.f£££f£f] ], where HH is a 2-digit
string giving the number of UTC offset hours, MM is a 2-digit string giving the number of UTC offset minutes,
SS is a 2-digit string giving the number of UTC offset seconds and ££££ff is a 6-digit string giving the
number of UTC offset microseconds. The £f££ff part is omitted when the offset is a whole number of
seconds and both the ££ £ £f f and the SS part is omitted when the offset is a whole number of minutes. For
example, if utcoffset () returns timedelta (hours=-3, minutes=-30), %z is replaced with
the string '-0330".

AlaEe ot ékdoon 3.7: The UTC offset is not restricted to a whole number of minutes.

AlhoEe ot ékdoon 3.7: When the %z directive is provided to the st rpt ime () method, the UTC offsets can
have a colon as a separator between hours, minutes and seconds. For example, '+01:00:00"' will be parsed as
an offset of one hour. In addition, providing 'Z ' is identical to '+00:00"'.

%2 In strftime (), %7 is replaced by an empty string if t zname () returns None; otherwise %7 is replaced
by the returned value, which must be a string.

strptime () only accepts certain values for $Z:
1. any value in t ime . t zname for your machine’s locale
2. the hard-coded values UTC and GMT

So someone living in Japan may have JST, UTC, and GMT as valid values, but probably not EST. It will raise
ValueError for invalid values.

AlhaEe otnv ékdoon 3.2: When the % z directive is provided to the st rpt ime () method, an aware datet ime
object will be produced. The t zinfo of the result will be set to a t imezone instance.

When used with the st rptime () method, $U and $W are only used in calculations when the day of the week
and the calendar year ($Y) are specified.

Similar to $U and $W, $V is only used in calculations when the day of the week and the ISO year (%G) are specified
ina strptime () format string. Also note that $G and %Y are not interchangeable.

When used with the st rpt ime () method, the leading zero is optional for formats $d, $m, $H, $I, %M, %S, $J,
%$U, $W, and $V. Format %y does require a leading zero.
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8.2 zoneinfo — IANA time zone support

Néo omv éxdoomn 3.9.

The zoneinfo module provides a concrete time zone implementation to support the IANA time zone database as
originally specified in PEP 615. By default, zoneinfo uses the system’s time zone data if available; if no system time
zone data is available, the library will fall back to using the first-party tzdata package available on PyPI.

Agite emiong:

Module: datetime Provides the time and datetime types with which the ZoneTInfo class is designed to be
used.

Package tzdata First-party package maintained by the CPython core developers to supply time zone data via PyPI.

8.2.1 Using ZoneInfo

ZoneInfoisaconcrete implementation of the datet ime. t zinfo abstract base class, and is intended to be attached
to tzinfo, either via the constructor, the datet ime. replace method or datetime.astimezone:

>>> from zoneinfo import ZoneInfo
>>> from datetime import datetime, timedelta

>>> dt = datetime (2020, 10, 31, 12, tzinfo=ZoneInfo ("America/Los_Angeles"))
>>> print (dt)
2020-10-31 12:00:00-07:00

>>> dt.tzname ()
'PDT"

Datetimes constructed in this way are compatible with datetime arithmetic and handle daylight saving time transitions
with no further intervention:

>>> dt_add = dt + timedelta (days=1)

>>> print (dt_add)
2020-11-01 12:00:00-08:00

>>> dt_add.tzname ()
'PST!

These time zones also support the fold attribute introduced in PEP 495. During offset transitions which induce
ambiguous times (such as a daylight saving time to standard time transition), the offset from before the transition is
used when fo1d=0, and the offset after the transition is used when fold=1, for example:

>>> dt = datetime (2020, 11, 1, 1, tzinfo=ZonelInfo ("America/Los_Angeles"))
>>> print (dt)
2020-11-01 01:00:00-07:00

>>> print (dt.replace (fold=1))
2020-11-01 01:00:00-08:00

When converting from another time zone, the fold will be set to the correct value:
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>>> from datetime import timezone
>>> LOS_ANGELES = ZoneInfo ("America/Los_Angeles™)
>>> dt_utc = datetime (2020, 11, 1, 8, tzinfo=timezone.utc)

>>> # Before the PDT —-> PST transition
>>> print (dt_utc.astimezone (LOS_ANGELES))
2020-11-01 01:00:00-07:00

>>> # After the PDT —-> PST transition
>>> print ((dt_utc + timedelta (hours=1)).astimezone (LOS_ANGELES))
2020-11-01 01:00:00-08:00

8.2.2 Data sources

The zoneinfo module does not directly provide time zone data, and instead pulls time zone information from the
system time zone database or the first-party PyPI package tzdata, if available. Some systems, including notably Windows
systems, do not have an IANA database available, and so for projects targeting cross-platform compatibility that require
time zone data, it is recommended to declare a dependency on tzdata. If neither system data nor tzdata are available, all
calls to ZoneInfo will raise ZoneInfoNotFoundError.

Configuring the data sources

When ZoneInfo (key) is called, the constructor first searches the directories specified in TZPATH for a file matching
key, and on failure looks for a match in the tzdata package. This behavior can be configured in three ways:

1. The default TZPATH when not otherwise specified can be configured at compile time.
2. TZPATH can be configured using an environment variable.

3. At runtime, the search path can be manipulated using the reset_tzpath () function.

Compile-time configuration

The default TZPATH includes several common deployment locations for the time zone database (except on Windows,
where there are no «well-known» locations for time zone data). On POSIX systems, downstream distributors and those
building Python from source who know where their system time zone data is deployed may change the default time zone
path by specifying the compile-time option TZPATH (or, more likely, the configure flag ——with-tzpath), which
should be a string delimited by os . pathsep.

On all platforms, the configured value is available as the TZPATH key in sysconfig.get_config _var().

Environment configuration

When initializing TZPATH (either at import time or whenever reset_tzpath () is called with no arguments), the
zoneinfo module will use the environment variable PYTHONTZPATH, if it exists, to set the search path.

PYTHONTZPATH
This is an os.pathsep-separated string containing the time zone search path to use. It must consist of
only absolute rather than relative paths. Relative components specified in PYTHONTZPATH will not be used,
but otherwise the behavior when a relative path is specified is implementation-defined; CPython will raise
InvalidTZPathWarning, but other implementations are free to silently ignore the erroneous component or
raise an exception.
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To set the system to ignore the system data and use the tzdata package instead, set PYTHONTZPATH="".

Runtime configuration

The TZ search path can also be configured at runtime using the reset_tzpath () function. This is generally not an
advisable operation, though it is reasonable to use it in test functions that require the use of a specific time zone path (or
require disabling access to the system time zones).

8.2.3 The ZoneInfo class

class zoneinfo.ZoneInfo (key)
A concrete datetime. t zinfo subclass that represents an IANA time zone specified by the string key. Calls
to the primary constructor will always return objects that compare identically; put another way, barring cache
invalidation via ZoneInfo.clear cache (), for all values of key, the following assertion will always be

true:

a = Zonelnfo (key)
b = ZoneInfo (key)
assert a is b

key must be in the form of a relative, normalized POSIX path, with no up-level references. The constructor will
raise ValueError if a non-conforming key is passed.

If no file matching key is found, the constructor will raise Zone InfoNotFoundError.
The ZoneInfo class has two alternate constructors:

classmethod ZoneInfo.from_£ile (fobj, /, key=None)
Constructs a ZoneInfo object from a file-like object returning bytes (e.g. a file opened in binary mode or an
io.BytesIO object). Unlike the primary constructor, this always constructs a new object.

The key parameter sets the name of the zone for the purposes of __str__ () and __repr__ ().
Objects created via this constructor cannot be pickled (see pickling).

classmethod ZoneInfo.no_cache (key)
An alternate constructor that bypasses the constructor’s cache. It is identical to the primary constructor, but returns
a new object on each call. This is most likely to be useful for testing or demonstration purposes, but it can also be
used to create a system with a different cache invalidation strategy.

Objects created via this constructor will also bypass the cache of a deserializing process when unpickled.

IIpocoyn: Using this constructor may change the semantics of your datetimes in surprising ways, only use it
if you know that you need to.

The following class methods are also available:

classmethod ZoneInfo.clear_cache (¥ only_keys=None)
A method for invalidating the cache on the Zone Info class. If no arguments are passed, all caches are invalidated
and the next call to the primary constructor for each key will return a new instance.

If an iterable of key names is passed to the only_keys parameter, only the specified keys will be removed from
the cache. Keys passed to only_keys but not found in the cache are ignored.
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IIpoeidomoinon: Invoking this function may change the semantics of datetimes using ZoneInfo in
surprising ways; this modifies process-wide global state and thus may have wide-ranging effects. Only use it
if you know that you need to.

The class has one attribute:

ZoneInfo.key
This is a read-only aftribute that returns the value of key passed to the constructor, which should be a lookup key
in the IANA time zone database (e.g. America/New_York, Europe/Paris or Asia/Tokyo).

For zones constructed from file without specifying a key parameter, this will be set to None.

Ynueimon: Although it is a somewhat common practice to expose these to end users, these values are designed to
be primary keys for representing the relevant zones and not necessarily user-facing elements. Projects like CLDR
(the Unicode Common Locale Data Repository) can be used to get more user-friendly strings from these keys.

String representations

The string representation returned when calling st on a ZoneInfo object defaults to using the ZoneInfo. key
attribute (see the note on usage in the attribute documentation):

>>> zone = ZonelInfo("Pacific/Kwajalein")
>>> str (zone)
'Pacific/Kwajalein’

>>> dt = datetime (2020, 4, 1, 3, 15, tzinfo=zone)
>>> f£"/dt.isoformat () [{dt.tzinfo /1"
'2020-04-01T03:15:00+12:00 [Pacific/Kwajalein]'

For objects constructed from a file without specifying a key parameter, st r falls back to calling repr (). ZoneInfo’s
repr is implementation-defined and not necessarily stable between versions, but it is guaranteed not to be a valid
ZonelInfo key.

Pickle serialization

Rather than serializing all transition data, Zone Info objects are serialized by key, and ZoneInfo objects constructed
from files (even those with a value for key specified) cannot be pickled.

The behavior of a ZoneInfo file depends on how it was constructed:

1. ZoneInfo (key): When constructed with the primary constructor, a ZoneInfo object is serialized by key,
and when deserialized, the deserializing process uses the primary and thus it is expected that these are expected
to be the same object as other references to the same time zone. For example, if europe_berlin_pkl isa
string containing a pickle constructed from ZoneInfo ("Europe/Berlin"), one would expect the following
behavior:

>>> a = ZonelInfo ("Europe/Berlin")

>>> b = pickle.loads (europe_berlin_pkl)
>>> a is b

True

2. ZoneInfo.no_cache (key): When constructed from the cache-bypassing constructor, the ZoneInfo
object is also serialized by key, but when deserialized, the deserializing process uses the cache bypassing
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constructor. If europe_berlin_pkl_nc is a string containing a pickle constructed from ZoneInfo.
no_cache ("Europe/Berlin"), one would expect the following behavior:

>>> a = ZonelInfo ("Europe/Berlin")

>>> b = pickle.loads (europe_berlin_pkl_nc)
>>> a is b

False

3. ZoneInfo.from_file(fobj, /, key=None): When constructed from a file, the ZoneInfo object
raises an exception on pickling. If an end user wants to pickle a ZoneInfo constructed from a file, it is
recommended that they use a wrapper type or a custom serialization function: either serializing by key or storing
the contents of the file object and serializing that.

This method of serialization requires that the time zone data for the required key be available on both the serializing and
deserializing side, similar to the way that references to classes and functions are expected to exist in both the serializing and
deserializing environments. It also means that no guarantees are made about the consistency of results when unpickling a
ZoneInfo pickled in an environment with a different version of the time zone data.

8.2.4 Functions

zoneinfo.available_timezones ()
Get a set containing all the valid keys for IANA time zones available anywhere on the time zone path. This is
recalculated on every call to the function.

This function only includes canonical zone names and does not include «special» zones such as those under the
posix/ and right/ directories, or the posixrules zone.

IIpocoyn: This function may open a large number of files, as the best way to determine if a file on the time
zone path is a valid time zone is to read the «magic string» at the beginning.

Ynueimon: These values are not designed to be exposed to end-users; for user facing elements, applications should
use something like CLDR (the Unicode Common Locale Data Repository) to get more user-friendly strings. See
also the cautionary note on ZoneInfo. key.

zoneinfo.reset_tzpath (fo=None)
Sets or resets the time zone search path (TZPATH) for the module. When called with no arguments, TZPATH is
set to the default value.

Calling reset_tzpath will not invalidate the ZoneInfo cache, and so calls to the primary ZoneInfo
constructor will only use the new TZPATH in the case of a cache miss.

The t o parameter must be a sequence of strings or os. Pat hLike and not a string, all of which must be absolute
paths. ValueError will be raised if something other than an absolute path is passed.
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8.2.5 Globals

zoneinfo.TZPATH
A read-only sequence representing the time zone search path — when constructing a ZoneInfo from a key, the
key is joined to each entry in the TZPATH, and the first file found is used.

TZPATH may contain only absolute paths, never relative paths, regardless of how it is configured.

The object that zoneinfo.TZPATH points to may change in response to a call to reset_tzpath (), so it
is recommended to use zoneinfo.TZPATH rather than importing TZPATH from zoneinfo or assigning a
long-lived variable to zoneinfo.TZPATH.

For more information on configuring the time zone search path, see Configuring the data sources.

8.2.6 Exceptions and warnings

exception zoneinfo.ZoneInfoNotFoundError
Raised when construction of a Zone Info object fails because the specified key could not be found on the system.
This is a subclass of KeyError.

exception zoneinfo.InvalidTZPathWarning
Raised when PYTHONTZPATH contains an invalid component that will be filtered out, such as a relative path.

8.3 calendar — General calendar-related functions

Source code: Lib/calendar.py

This module allows you to output calendars like the Unix cal program, and provides additional useful functions related
to the calendar. By default, these calendars have Monday as the first day of the week, and Sunday as the last (the European
convention). Use setfirstweekday () to set the first day of the week to Sunday (6) or to any other weekday.
Parameters that specify dates are given as integers. For related functionality, see also the datet ime and t i me modules.

The functions and classes defined in this module use an idealized calendar, the current Gregorian calendar extended
indefinitely in both directions. This matches the definition of the «proleptic Gregorian» calendar in Dershowitz and
Reingold’s book «Calendrical Calculations», where it’s the base calendar for all computations. Zero and negative years
are interpreted as prescribed by the ISO 8601 standard. Year O is 1 BC, year -1 is 2 BC, and so on.

class calendar.Calendar (firstweekday=0)
Creates a Calendar object. firstweekday is an integer specifying the first day of the week. 0 is Monday (the
default), 6 is Sunday.

A Calendar object provides several methods that can be used for preparing the calendar data for formatting.
This class doesn’t do any formatting itself. This is the job of subclasses.

Calendar instances have the following methods:

iterweekdays ()
Return an iterator for the week day numbers that will be used for one week. The first value from the iterator
will be the same as the value of the i rstweekday property.

itermonthdates (year, month)
Return an iterator for the month month (1-12) in the year year. This iterator will return all days (as
datetime.date objects) for the month and all days before the start of the month or after the end of
the month that are required to get a complete week.

236 Kegahaio 8. Data Types


https://github.com/python/cpython/tree/3.9/Lib/calendar.py

The Python Library Reference, Anpocisuon 3.9.23

itermonthdays (year, month)
Return an iterator for the month month in the year year similar to i termonthdates (), but not restricted
by the datetime.date range. Days returned will simply be day of the month numbers. For the days
outside of the specified month, the day number is 0.

itermonthdays2 (year, month)
Return an iterator for the month month in the year year similar to i termonthdates (), but not restricted
by the datet ime. date range. Days returned will be tuples consisting of a day of the month number and
a week day number.

itermonthdays3 (year, month)
Return an iterator for the month month in the year year similar to i termonthdates (), but not restricted
by the datet ime. date range. Days returned will be tuples consisting of a year, a month and a day of the
month numbers.

Néo omv éxdoom 3.7.

itermonthdays4 (year, month)
Return an iterator for the month month in the year year similar to i termonthdates (), but not restricted
by the datetime. date range. Days returned will be tuples consisting of a year, a month, a day of the
month, and a day of the week numbers.

Néo oty éxdoon 3.7.

monthdatescalendar (year, month)
Return a list of the weeks in the month month of the year as full weeks. Weeks are lists of seven datet ime.
date objects.

monthdays2calendar (year, month)
Return a list of the weeks in the month month of the year as full weeks. Weeks are lists of seven tuples of
day numbers and weekday numbers.

monthdayscalendar (year, month)
Return a list of the weeks in the month month of the year as full weeks. Weeks are lists of seven day numbers.

yeardatescalendar (year, width=3)
Return the data for the specified year ready for formatting. The return value is a list of month rows. Each
month row contains up to width months (defaulting to 3). Each month contains between 4 and 6 weeks and
each week contains 1-7 days. Days are datetime. date objects.

yeardays2calendar (year, width=3)
Return the data for the specified year ready for formatting (similar to yeardatescalendar ()). Entries
in the week lists are tuples of day numbers and weekday numbers. Day numbers outside this month are zero.

yeardayscalendar (year, width=3)
Return the data for the specified year ready for formatting (similar to yeardatescalendar ()). Entries
in the week lists are day numbers. Day numbers outside this month are zero.

class calendar.TextCalendar (firstweekday=0)
This class can be used to generate plain text calendars.

TextCalendar instances have the following methods:

formatmonth (theyear, themonth, w=0, [=0)
Return a month’s calendar in a multi-line string. If w is provided, it specifies the width of the date columns,
which are centered. If [ is given, it specifies the number of lines that each week will use. Depends on the first
weekday as specified in the constructor or set by the set firstweekday () method.

prmonth (theyear, themonth, w=0, [=0)
Print a month’s calendar as returned by formatmonth ().
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formatyear (theyear, w=2, I=1, c=6, m=3)
Return a m-column calendar for an entire year as a multi-line string. Optional parameters w, /, and ¢ are for
date column width, lines per week, and number of spaces between month columns, respectively. Depends on
the first weekday as specified in the constructor or set by the set firstweekday () method. The earliest
year for which a calendar can be generated is platform-dependent.

pryear (theyear, w=2, I=1, c=6, m=3)
Print the calendar for an entire year as returned by formatyear ().

class calendar.HTMLCalendar (firstweekday=0)
This class can be used to generate HTML calendars.

HTMLCalendar instances have the following methods:

formatmonth (theyear, themonth, withyear=True)
Return a month’s calendar as an HTML table. If withyear is true the year will be included in the header,
otherwise just the month name will be used.

formatyear (theyear, width=3)
Return a year’s calendar as an HTML table. width (defaulting to 3) specifies the number of months per row.

formatyearpage (theyear, width=3, css='calendar.css', encoding=None)
Return a year’s calendar as a complete HTML page. width (defaulting to 3) specifies the number of months
per row. css is the name for the cascading style sheet to be used. None can be passed if no style sheet should
be used. encoding specifies the encoding to be used for the output (defaulting to the system default encoding).

HTMLCalendar has the following attributes you can override to customize the CSS classes used by the calendar:

cssclasses
A list of CSS classes used for each weekday. The default class list is:

’cssclasses = ["mon", "tue", "wed", "thu", "fri", "sat", "sun"]

more styles can be added for each day:

cssclasses = ["mon text-bold", "tue", "wed", "thu", "fri", "sat", "sun red"]

Note that the length of this list must be seven items.

cssclass_noday
The CSS class for a weekday occurring in the previous or coming month.

Néo omv éxdoon 3.7.

cssclasses_weekday head
A list of CSS classes used for weekday names in the header row. The default is the same as cssclasses.

Néo omv éxdoomn 3.7.

cssclass_month_head
The month’s head CSS class (used by formatmonthname () ). The default value is "month™".

Néo omv éxdoon 3.7.

cssclass_month
The CSS class for the whole month’s table (used by formatmonth ()). The default value is "month™".

Néo oty éxdoon 3.7.

cssclass_year
The CSS class for the whole year’s table of tables (used by formatyear ()). The default value is "year".

Néo omv éxdoon 3.7.
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cssclass_year_head
The CSS class for the table head for the whole year (used by formatyear ()). The default valueis "year".

Néo omv éxdoon 3.7.

Note that although the naming for the above described class attributes is singular (e.g. cssclass_month
cssclass_noday), one can replace the single CSS class with a space separated list of CSS classes, for example:

"text-bold text-red"

Here is an example how HTMLCalendar can be customized:

class CustomHTMLCal (calendar.HTMLCalendar) :
cssclasses = [style + " text-nowrap" for style in
calendar.HTMLCalendar.cssclasses]
cssclass_month_head = "text-center month-head"
cssclass_month = "text-center month"
cssclass_year = "text-italic lead"

class calendar.LocaleTextCalendar (firstweekday=0, locale=None)
This subclass of TextCalendar can be passed a locale name in the constructor and will return month and
weekday names in the specified locale. If this locale includes an encoding all strings containing month and weekday
names will be returned as unicode.

class calendar.LocaleHTMLCalendar (firstweekday=0, locale=None)
This subclass of HTMLCalendar can be passed a locale name in the constructor and will return month and
weekday names in the specified locale. If this locale includes an encoding all strings containing month and weekday
names will be returned as unicode.

Ynueioon: The formatweekday () and formatmonthname () methods of these two classes temporarily change
the current locale to the given locale. Because the current locale is a process-wide setting, they are not thread-safe.

For simple text calendars this module provides the following functions.

calendar.setfirstweekday (weekday)
Sets the weekday (0 is Monday, 6 is Sunday) to start each week. The values MONDAY, TUESDAY, WEDNESDAY,
THURSDAY, FRIDAY, SATURDAY, and SUNDAY are provided for convenience. For example, to set the first
weekday to Sunday:

import calendar
calendar.setfirstweekday (calendar.SUNDAY)

calendar. firstweekday ()
Returns the current setting for the weekday to start each week.

calendar.isleap (year)
Returns True if year is a leap year, otherwise False.

calendar.leapdays (yl, y2)
Returns the number of leap years in the range from y/ to y2 (exclusive), where y/ and y2 are years.

This function works for ranges spanning a century change.

calendar .weekday (year, month, day)
Returns the day of the week (0 is Monday) for year (1970-...), month (1-12), day (1-31).

calendar .weekheader (n)
Return a header containing abbreviated weekday names. n specifies the width in characters for one weekday.
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calendar .monthrange (year, month)
Returns weekday of first day of the month and number of days in month, for the specified year and month.

calendar.monthcalendar (year, month)
Returns a matrix representing a month’s calendar. Each row represents a week; days outside of the month are
represented by zeros. Each week begins with Monday unless set by set firstweekday ().

calendar .prmonth (theyear, themonth, w=0, [=0)
Prints a month’s calendar as returned by month ().

calendar .month (theyear, themonth, w=0, [=0)
Returns a month’s calendar in a multi-line string using the formatmonth () of the TextCalendar class.

calendar.precal (year, w=0, I=0, c=6, m=3)
Prints the calendar for an entire year as returned by calendar ().

calendar.calendar (year, w=2, I=1, c=6, m=3)
Returns a 3-column calendar for an entire year as a multi-line string using the formatyear () of the
TextCalendar class.

calendar.timegm (fuple)
An unrelated but handy function that takes a time tuple such as returned by the gmtime () function in the
t ime module, and returns the corresponding Unix timestamp value, assuming an epoch of 1970, and the POSIX
encoding. In fact, t ime . gmtime () and t imegm () are each others” inverse.

The calendar module exports the following data attributes:

calendar.day_name
An array that represents the days of the week in the current locale.

calendar.day_abbr
An array that represents the abbreviated days of the week in the current locale.

calendar.month_name
An array that represents the months of the year in the current locale. This follows normal convention of January
being month number 1, so it has a length of 13 and month_name [0] is the empty string.

calendar.month_abbr
An array that represents the abbreviated months of the year in the current locale. This follows normal convention
of January being month number 1, so it has a length of 13 and month_abbr [0] is the empty string.

Agite emiong:
Module datetime Object-oriented interface to dates and times with similar functionality to the ¢ ime module.

Module time Low-level time related functions.

8.4 collections — Container datatypes

Source code: Lib/collections/__init__.py

This module implements specialized container datatypes providing alternatives to Python’s general purpose built-in
containers, dict, 1ist, set,and tuple.
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namedtuple () | factory function for creating tuple subclasses with named fields
deque list-like container with fast appends and pops on either end
ChainMap dict-like class for creating a single view of multiple mappings
Counter dict subclass for counting hashable objects

OrderedDict dict subclass that remembers the order entries were added
defaultdict dict subclass that calls a factory function to supply missing values
UserDict wrapper around dictionary objects for easier dict subclassing
UserList wrapper around list objects for easier list subclassing
UserString wrapper around string objects for easier string subclassing

Deprecated since version 3.3, will be removed in version 3.10: Moved Apnonuéves Baoikés KAdoeis Zviloyav to the
collections.abc module. For backwards compatibility, they continue to be visible in this module through Python
3.9.

8.4.1 chainMap objects

Néo omv éxdoon 3.3.

A ChainMap class is provided for quickly linking a number of mappings so they can be treated as a single unit. It is
often much faster than creating a new dictionary and running multiple update () calls.

The class can be used to simulate nested scopes and is useful in templating.

class collections.ChainMap (*maps)
A ChainMap groups multiple dicts or other mappings together to create a single, updateable view. If no maps are
specified, a single empty dictionary is provided so that a new chain always has at least one mapping.

The underlying mappings are stored in a list. That list is public and can be accessed or updated using the maps
attribute. There is no other state.

Lookups search the underlying mappings successively until a key is found. In contrast, writes, updates, and deletions
only operate on the first mapping.

A ChainMap incorporates the underlying mappings by reference. So, if one of the underlying mappings gets
updated, those changes will be reflected in Cha inMap.

All of the usual dictionary methods are supported. In addition, there is a maps attribute, a method for creating new
subcontexts, and a property for accessing all but the first mapping:

maps
A user updateable list of mappings. The list is ordered from first-searched to last-searched. It is the only stored
state and can be modified to change which mappings are searched. The list should always contain at least one
mapping.

new_child (m=None)
Returns a new ChainMap containing a new map followed by all of the maps in the current instance. If m is
specified, it becomes the new map at the front of the list of mappings; if not specified, an empty dict is used,
so that a call to d.new_child () is equivalent to: ChainMap ({}, *d.maps). This method is used
for creating subcontexts that can be updated without altering values in any of the parent mappings.

AMaEe oty ékdoon 3.4: The optional m parameter was added.

parents
Property returning a new ChainMap containing all of the maps in the current instance except the first one.
This is useful for skipping the first map in the search. Use cases are similar to those for the nonlocal
keyword used in nested scopes. The use cases also parallel those for the built-in super () function. A
reference to d. parents is equivalent to: ChainMap (*d.maps[1:]).
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Note, the iteration order of a ChainMap () is determined by scanning the mappings last to first:

>>> baseline = {'music': 'bach', 'art': 'rembrandt'}

>>> adjustments = {'art': 'van gogh', 'opera': 'carmen'}
>>> list (ChainMap (adjustments, baseline))

['music', 'art', 'opera']

This gives the same ordering as a series of dict.update () calls starting with the last mapping:

>>> combined = baseline.copy ()
>>> combined.update (adjustments)
>>> list (combined)

['music', 'art', 'opera']

AMoEe oty £xdoon 3.9: Added support for | and | = operators, specified in PEP 584.
Agite gmiong:

o The MultiContext class in the Enthought CodeTools package has options to support writing to any mapping in the
chain.

o Django’s Context class for templating is a read-only chain of mappings. It also features pushing and popping of
contexts similar to the new_child () method and the parent s property.

» The Nested Contexts recipe has options to control whether writes and other mutations apply only to the first mapping
or to any mapping in the chain.

o A greatly simplified read-only version of Chainmap.
ChainMap Examples and Recipes

This section shows various approaches to working with chained maps.

Example of simulating Python’s internal lookup chain:

import builtins
pylookup = ChainMap (locals (), globals (), vars(builtins))

Example of letting user specified command-line arguments take precedence over environment variables which in turn
take precedence over default values:

import os, argparse
defaults = {'color': 'red', 'user': 'guest'}

parser = argparse.ArgumentParser ()

parser.add_argument ('-u', '—-user')

parser.add_argument ('-c', '—-—-color')

namespace = parser.parse_args()

command_line_args = {k: v for k, v in vars(namespace) .items() if v is not None}
combined = ChainMap (command_line_args, os.environ, defaults)

print (combined['color'])
print (combined['user'])

Example patterns for using the Cha inMap class to simulate nested contexts:
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c = ChainMap () # Create root context

d = c.new_child() # Create nested child context

e = c.new_child() # Child of ¢, independent from d

e.maps[0] # Current context dictionary —-- like Python's locals()
e.maps[—1] # Root context —-- like Python's globals()

e.parents # Enclosing context chain —-- like Python's nonlocals
di'x"'] =1 # Set value in current context

dl'x"] # Get first key in the chain of contexts

del d['x"'"] # Delete from current context

list (d) # All nested values

k in d # Check all nested values

len (d) # Number of nested values

d.items () # All nested items

dict (d) # Flatten into a regular dictionary

The ChainMap class only makes updates (writes and deletions) to the first mapping in the chain while lookups will
search the full chain. However, if deep writes and deletions are desired, it is easy to make a subclass that updates keys
found deeper in the chain:

class DeepChainMap (ChainMap) :
'Variant of ChainMap that allows direct updates to inner scopes'

def _ setitem_ (self, key, value):
for mapping in self.maps:
if key in mapping:

mappingl[key] = value
return
self.maps[0] [key] = value

def _ delitem__ (self, key):
for mapping in self.maps:
if key in mapping:
del mappinglkey]
return
raise KeyError (key)

>>> d = DeepChainMap ({'zebra': 'black'}, {'elephant': 'blue'}, {'lion': 'yellow'})
>>> d['lion'] = 'orange' # update an existing key two levels down

>>> d['snake'] = 'red' # new keys get added to the topmost dict

>>> del d['elephant'] # remove an existing key one level down

>>> d # display result

DeepChainMap ({'zebra': 'black', 'snake': 'red'}, {}, {'lion': 'orange'})

8.4.2 Counter objects

A counter tool is provided to support convenient and rapid tallies. For example:

>>> # Tally occurrences of words in a list

>>> cnt = Counter ()

>>> for word in ['red', 'blue', 'red', 'green', 'blue', 'blue'l]:
cnt [word] += 1

>>> cnt

Counter ({'blue': 3, 'red': 2, 'green': 1})

(OVVEYELXL TNV ETTOUEVT OEALOL)
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(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)

>>> # Find the ten most common words in Hamlet

>>> import re

>>> words = re.findall(r'\w+', open('hamlet.txt').read().lower())

>>> Counter (words) .most_common (10)

[("the', 1143), ('and', 966), ('to', 762), ('of', 669), ('i', 631),
('you', 554), ('a', 546), ('my', 514), ('hamlet', 471), ('in', 451)]

class collections.Counter ( [iterable—or—mapping ] )
A Counteris a dict subclass for counting hashable objects. It is a collection where elements are stored as
dictionary keys and their counts are stored as dictionary values. Counts are allowed to be any integer value including
zero or negative counts. The Counter class is similar to bags or multisets in other languages.

Elements are counted from an iterable or initialized from another mapping (or counter):

>>> ¢ = Counter () # a new, empty counter

>>> ¢ = Counter ('gallahad") # a new counter from an iterable
>>> ¢ = Counter ({'red': 4, 'blue': 2}) # a new counter from a mapping
>>> ¢ = Counter (cats=4, dogs=8) # a new counter from keyword args

Counter objects have a dictionary interface except that they return a zero count for missing items instead of raising
a KeyError:

>>> ¢ = Counter(['eggs', 'ham'])
>>> c['bacon'] # count of a missing element 1is zero
0

Setting a count to zero does not remove an element from a counter. Use del to remove it entirely:

>>> c['sausage'] = 0 # counter entry with a zero count
>>> del c|['sausage'] # del actually removes the entry

Néo otv éxdoom 3.1.

AMoEe oty ékdoom 3.7: As a dict subclass, Counter Inherited the capability to remember insertion order.
Math operations on Counter objects also preserve order. Results are ordered according to when an element is first
encountered in the left operand and then by the order encountered in the right operand.

Counter objects support additional methods beyond those available for all dictionaries:

elements ()
Return an iterator over elements repeating each as many times as its count. Elements are returned in the order
first encountered. If an element’s count is less than one, e lement s () will ignore it.

>>> ¢ = Counter (a=4, b=2, c=0, d=-2)
>>> sorted(c.elements())
[la', lal, la|, lal’ lbl’ lle

most__common ( [n ] )
Return a list of the n most common elements and their counts from the most common to the least. If z is
omitted or None, most_common () returns all elements in the counter. Elements with equal counts are
ordered in the order first encountered:

>>> Counter ('abracadabra') .most_common (3)
[(ta', 5), ('b', 2), ('r', 2)]

subtract ( [iterable—or—mapping ] )
Elements are subtracted from an iterable or from another mapping (or counter). Like dict . update () but
subtracts counts instead of replacing them. Both inputs and outputs may be zero or negative.
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>>> ¢ = Counter (a=4, b=2, c¢=0, d=-2)

>>> d = Counter(a=1, b=2, c=3, d=4)

>>> c.subtract (d)

>>> ¢

Counter({'a': 3, 'b': 0, 'c': =3, 'd': -6})

Néo oty éxdoon 3.2.

The usual dictionary methods are available for Counte r objects except for two which work differently for counters.

fromkeys (iterable)
This class method is not implemented for Counter objects.

update ( [itemble-or-mapping] )
Elements are counted from an iterable or added-in from another mapping (or counter). Like dict.
update () but adds counts instead of replacing them. Also, the iferable is expected to be a sequence of
elements, not a sequence of (key, value) pairs.

Common patterns for working with Counter objects:

sum (c.values ()) # total of all counts

c.clear () # reset all counts

list (c) # 1list unique elements

set (c) # convert to a set

dict (c) # convert to a regular dictionary

c.items () # convert to a list of (elem, cnt) pairs
Counter (dict (list_of_pairs)) # convert from a list of (elem, cnt) pairs
c.most_common () [:-n-1:-1] # n least common elements

+c # remove zero and negative counts

Several mathematical operations are provided for combining Counter objects to produce multisets (counters that have
counts greater than zero). Addition and subtraction combine counters by adding or subtracting the counts of corresponding
elements. Intersection and union return the minimum and maximum of corresponding counts. Each operation can accept
inputs with signed counts, but the output will exclude results with counts of zero or less.

>>> ¢ = Counter (a=3, b=1)
>>> d = Counter (a=1, b=2)

>>> ¢ + d # add two counters together: c[x] + d[x]
Counter({'a': 4, 'b': 3})

>>> ¢ - d # subtract (keeping only positive counts)
Counter({'a': 2})

>>> ¢ & d # intersection: min(c[x], d[x])
Counter({'a': 1, 'b': 1})

>>> ¢ | d # union: max(c[x], d[x])

Counter({'a': 3, 'b': 2})

Unary addition and subtraction are shortcuts for adding an empty counter or subtracting from an empty counter.

>>> ¢ = Counter (a=2, b=-4)
>>> +C

Counter ({'a': 2})

>>> —¢

Counter ({'b': 4})

Néo oty £€xdoom 3.3: Added support for unary plus, unary minus, and in-place multiset operations.

Inueiwon: Counters were primarily designed to work with positive integers to represent running counts; however, care
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was taken to not unnecessarily preclude use cases needing other types or negative values. To help with those use cases,
this section documents the minimum range and type restrictions.

The Counter class itself is a dictionary subclass with no restrictions on its keys and values. The values are intended
to be numbers representing counts, but you could store anything in the value field.

The most_common () method requires only that the values be orderable.

For in-place operations such as c [key] += 1, the value type need only support addition and subtraction. So
fractions, floats, and decimals would work and negative values are supported. The same is also true for update ()
and subtract () which allow negative and zero values for both inputs and outputs.

The multiset methods are designed only for use cases with positive values. The inputs may be negative or zero, but
only outputs with positive values are created. There are no type restrictions, but the value type needs to support
addition, subtraction, and comparison.

The elements () method requires integer counts. It ignores zero and negative counts.

Agite griong:

Bag class in Smalltalk.
Wikipedia entry for Multisets.
C++ multisets tutorial with examples.

For mathematical operations on multisets and their use cases, see Knuth, Donald. The Art of Computer Programming
Volume II, Section 4.6.3, Exercise 19.

To enumerate all distinct multisets of a given size over a given set of elements, see itertools.
combinations_with_replacement ():

map (Counter, combinations_with_replacement ('ABC', 2)) # —-—-> AA AB AC BB BC CC

8.4.3 deque objects

class collections.deque ([iterable[, maxlen] ] )

Returns a new deque object initialized left-to-right (using append ()) with data from iterable. If iterable is not
specified, the new deque is empty.

Deques are a generalization of stacks and queues (the name is pronounced «deck» and is short for «double-
ended queue»). Deques support thread-safe, memory efficient appends and pops from either side of the deque
with approximately the same O(1) performance in either direction.

Though 11 st objects support similar operations, they are optimized for fast fixed-length operations and incur O(n)
memory movement costs for pop (0) and insert (0, v) operations which change both the size and position
of the underlying data representation.

If maxlen is not specified or is None, deques may grow to an arbitrary length. Otherwise, the deque is bounded to
the specified maximum length. Once a bounded length deque is full, when new items are added, a corresponding
number of items are discarded from the opposite end. Bounded length deques provide functionality similar to the
tail filter in Unix. They are also useful for tracking transactions and other pools of data where only the most
recent activity is of interest.

Deque objects support the following methods:

append (x)
Add x to the right side of the deque.
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appendleft (x)
Add x to the left side of the deque.

clear ()
Remove all elements from the deque leaving it with length O.

copy ()
Create a shallow copy of the deque.

Néo omv éxdoon 3.5.

count (x)
Count the number of deque elements equal to x.

Néo otmv éxdoon 3.2.

extend (iterable)
Extend the right side of the deque by appending elements from the iterable argument.

extendleft (iterable)
Extend the left side of the deque by appending elements from iterable. Note, the series of left appends results
in reversing the order of elements in the iterable argument.

index (x[, start[, stop] ] )
Return the position of x in the deque (at or after index start and before index stop). Returns the first match or
raises ValueError if not found.

Néo omv éxdoon 3.5.

insert (i, x)
Insert x into the deque at position i.

If the insertion would cause a bounded deque to grow beyond maxlen, an TndexError is raised.

Néo omv éxdoon 3.5.

pop ()
Remove and return an element from the right side of the deque. If no elements are present, raises an
IndexError.

popleft ()
Remove and return an element from the left side of the deque. If no elements are present, raises an
IndexError.

remove (value)
Remove the first occurrence of value. If not found, raises a ValueError.

reverse ()
Reverse the elements of the deque in-place and then return None.

Néo oty éxdoon 3.2.

rotate (n=1/)
Rotate the deque 7 steps to the right. If n is negative, rotate to the left.

When the deque is not empty, rotating one step to the right is equivalent to d . appendleft (d.pop () ),
and rotating one step to the left is equivalent to d . append (d.popleft () ).

Deque objects also provide one read-only attribute:

maxlen
Maximum size of a deque or None if unbounded.

Néo oty éxdoon 3.1.

8.4.
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In addition to the above, deques support iteration, pickling, len (d), reversed(d), copy.copy (d), copy.
deepcopy (d), membership testing with the in operator, and subscript references such as d[0] to access the first
element. Indexed access is O(1) at both ends but slows to O(n) in the middle. For fast random access, use lists instead.

Starting in version 3.5, deques support __add__ (),__mul__ (),and __imul__ ().

Example:

>>> from collections import deque

>>> d = deque('ghi'") # make a new deque with three items
>>> for elem in d: # iterate over the deque's elements
ce print (elem.upper())

G

H

I

>>> d.append('J") # add a new entry to the right side
>>> d.appendleft ('f'") # add a new entry to the left side
>>> d # show the representation of the deque
deque (['f', 'g', 'h', 'i', '3'])

>>> d.pop () # return and remove the rightmost item
ljl

>>> d.popleft () # return and remove the leftmost item
'fl

>>> list (d) # list the contents of the deque
['g', 'h', 'i']

>>> d[0] # peek at leftmost item

gt

>>> d[-1] # peek at rightmost item

'il

>>> list (reversed(d)) # list the contents of a deque in reverse
['i', 'h', 'g']

>>> 'h' in d # search the deque

True

>>> d.extend('Jk1l") # add multiple elements at once

>>> d

deque(['g', 'h', 'i', 'j3', 'k', '1'])

>>> d.rotate (1) # right rotation

>>> d

deque(['l', 'g', 'h', 'i', '3', 'k'])

>>> d.rotate(-1) # left rotation

>>> d

deque(['g', 'h', 'i', '3', 'k', '1'])

>>> deque (reversed(d)) # make a new deque in reverse order
deque(['l', 'k', '3', 'i', 'h', 'g'])

>>> d.clear () # empty the deque

>>> d.pop () # cannot pop from an empty deque

Traceback (most recent call last):
File "<pyshell#6>", line 1, in -toplevel-
d.pop ()
IndexError: pop from an empty deque

>>> d.extendleft ('abc') # extendleft () reverses the input order
>>> d
deque (['c', 'b', 'a'l)
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deque Recipes

This section shows various approaches to working with deques.

Bounded length deques provide functionality similar to the tail filter in Unix:

def tail (filename, n=10):
'Return the last n lines of a file'
with open(filename) as f:
return deque (f, n)

Another approach to using deques is to maintain a sequence of recently added elements by appending to the right and
popping to the left:

def moving_average (iterable, n=3):
# moving_average ([40, 30, 50, 46, 39, 44]) ——-> 40.0 42.0 45.0 43.0
# http://en.wikipedia.org/wiki/Moving _average

it = iter (iterable)

d = deque(itertools.islice(it, n-1))
d.appendleft (0)

s = sum(d)

for elem in it:
s += elem - d.popleft ()
d.append (elem)
yield s / n

A round-robin scheduler can be implemented with input iterators stored in a deque. Values are yielded from the active
iterator in position zero. If that iterator is exhausted, it can be removed with popleft (); otherwise, it can be cycled
back to the end with the rotate () method:

def roundrobin (*iterables) :

"roundrobin ('ABC', 'D', 'EF') -——> A D E B F C"
iterators = deque (map (iter, iterables))
while iterators:

try:

while True:
yield next (iterators[0])
iterators.rotate (-1)
except Stoplteration:
# Remove an exhausted iterator.
iterators.popleft ()

The rotate () method provides a way to implement deque slicing and deletion. For example, a pure Python
implementation of del d[n] relies on the rotate () method to position elements to be popped:

def delete_nth(d, n):
d.rotate (—n)
d.popleft ()
d.rotate (n)

To implement deqgue slicing, use a similar approach applying rotate () to bring a target element to the left side of
the deque. Remove old entries with popleft (), add new entries with extend (), and then reverse the rotation. With
minor variations on that approach, it is easy to implement Forth style stack manipulations such as dup, drop, swap,
over, pick, rot,and roll.
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8.4.4 defaultdict objects

class collections.defaultdict (default factory=None, /[, ] )
Return a new dictionary-like object. defaultdict is a subclass of the built-in dict class. It overrides one
method and adds one writable instance variable. The remaining functionality is the same as for the di ct class and
is not documented here.

The first argument provides the initial value for the default_factory attribute; it defaults to None. All
remaining arguments are treated the same as if they were passed to the dict constructor, including keyword
arguments.

defaultdict objects support the following method in addition to the standard dict operations:

_ _missing__ (key)
If the default_factory attribute is None, this raises a Ke yE rror exception with the key as argument.

If default_factoryisnot None, itis called without arguments to provide a default value for the given
key, this value is inserted in the dictionary for the key, and returned.

If calling default_ factory raises an exception this exception is propagated unchanged.

This method is called by the __getitem__ () method of the dict class when the requested key is not
found; whatever it returns or raises is then returned or raised by __getitem__ ().

Note that __missing__ () is not called for any operations besides __getitem__ (). This means that
get () will, like normal dictionaries, return None as a default rather than using default_factory.

defaultdict objects support the following instance variable:

default_factory
This attribute is used by the _ _missing__ () method; it is initialized from the first argument to the
constructor, if present, or to None, if absent.

AMoEe oty ékdoon 3.9: Added merge (| ) and update ( | =) operators, specified in PEP 584.

defaultdict Examples

Using 1ist asthe default_factory,itis easy to group a sequence of key-value pairs into a dictionary of lists:

>>> s = [('yellow', 1), ('blue', 2), ('yellow', 3), ('blue', 4), ('red', 1)]
>>> d = defaultdict (list)
>>> for k, v in s:

d[k].append(v)

>>> sorted(d.items ())
[('blue', [2, 4]), ('red', [1]), ('yellow', [1, 3])]

When each key is encountered for the first time, it is not already in the mapping; so an entry is automatically created using
the default_factory function which returns an empty 1ist. The 1ist .append () operation then attaches the
value to the new list. When keys are encountered again, the look-up proceeds normally (returning the list for that key) and
the 1ist.append () operation adds another value to the list. This technique is simpler and faster than an equivalent
technique using dict.setdefault ():

>>> d = {}
>>> for k, v in s:
d.setdefault (k, []).append(v)

>>> sorted(d.items())
[('blue', [2, 4]), ('red', [1]), ('yellow', [1, 3])]
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Setting the default_factoryto int makes the defaultdict useful for counting (like a bag or multiset in other
languages):

>>> s = 'mississippi'
>>> d = defaultdict (int)
>>> for k in s:

d[k] += 1

>>> sorted(d.items ())
[(('i', 4), ('m', 1), ('p', 2), ('s', 4)]

When a letter is first encountered, it is missing from the mapping, so the default_ factory function calls int () to
supply a default count of zero. The increment operation then builds up the count for each letter.

The function int () which always returns zero is just a special case of constant functions. A faster and more flexible
way to create constant functions is to use a lambda function which can supply any constant value (not just zero):

>>> def constant_factory(value):

.. return lambda: value

>>> d = defaultdict (constant_factory('<missing>"))
>>> d.update (name='John', action='ran')

>>> ! to "% d

'John ran to <missing>'

Setting the default_factory to set makes the defaultdict useful for building a dictionary of sets:

>>> s = [('red', 1), ('blue', 2), ('red', 3), ('blue', 4), ('red', 1), ('blue', 4)]
>>> d = defaultdict (set)
>>> for k, v in s:

d[k].add (v)

>>> sorted(d.items ())
[('"blue', {2, 4}), ('red', {1, 3})]

8.4.5 namedtuple () Factory Function for Tuples with Named Fields

Named tuples assign meaning to each position in a tuple and allow for more readable, self-documenting code. They can
be used wherever regular tuples are used, and they add the ability to access fields by name instead of position index.

collections.namedtuple (typename, field_names, *, rename=False, defaults=None, module=None)
Returns a new tuple subclass named typename. The new subclass is used to create tuple-like objects that have fields
accessible by attribute lookup as well as being indexable and iterable. Instances of the subclass also have a helpful
docstring (with typename and field_names) and a helpful ___repr__ () method which lists the tuple contents in
a name=value format.

The field_names are a sequence of strings suchas [ 'x', 'y']. Alternatively, field_names can be a single string
with each fieldname separated by whitespace and/or commas, for example 'x y'or 'x, y'.

Any valid Python identifier may be used for a fieldname except for names starting with an underscore. Valid
identifiers consist of letters, digits, and underscores but do not start with a digit or underscore and cannot be a
keyword such as class, for, return, global, pass, or raise.

If rename is true, invalid fieldnames are automatically replaced with positional names. For example, [ 'abc',
'def', 'ghi', 'abc']isconvertedto ['abc', '_1', 'ghi', '_3'], eliminating the keyword
def and the duplicate fieldname abc.

defaults can be None or an iterable of default values. Since fields with a default value must come after any fields
without a default, the defaults are applied to the rightmost parameters. For example, if the fieldnames are [ 'x"',
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'y', 'z'] and the defaults are (1, 2), then x will be a required argument, y will default to 1, and z will
default to 2.

If module is defined, the __module___ attribute of the named tuple is set to that value.

Named tuple instances do not have per-instance dictionaries, so they are lightweight and require no more memory
than regular tuples.

To support pickling, the named tuple class should be assigned to a variable that matches typename.
AMoEe oty ékdoon 3.1: Added support for rename.

AlaEe oty ékdoon 3.6: The verbose and rename parameters became keyword-only arguments.
AMEe oty £xdoon 3.6: Added the module parameter.

AMEe oty £xdoon 3.7: Removed the verbose parameter and the _source attribute.

AMoEe oty ékdoon 3.7: Added the defaults parameter and the _field_defaults attribute.

>>> # Basic example

>>> Point = namedtuple('Point', ['x', 'v'l])

>>> p = Point (11, y=22) # instantiate with positional or keyword arguments
>>> p[0] + pl[l] # indexable like the plain tuple (11, 22)

33

>>> x, y =p # unpack like a regular tuple

>>> x, y

(11, 22)

>>> p.x + p.y # fields also accessible by name

33

>>> p # readable __repr.__ with a name=value style

Point (x=11, y=22)

Named tuples are especially useful for assigning field names to result tuples returned by the csv or sglite3 modules:

EmployeeRecord = namedtuple ('EmployeeRecord', 'name, age, title, department, paygrade

)

import csv
for emp in map (EmployeeRecord._make, csv.reader (open("employees.csv", "rb"))):
print (emp.name, emp.title)

import sqglite3
conn = sglite3.connect ('/companydata')
cursor = conn.cursor ()
cursor.execute ('SELECT name, age, title, department, paygrade FROM employees')
for emp in map (EmployeeRecord._make, cursor.fetchall()):
print (emp.name, emp.title)

In addition to the methods inherited from tuples, named tuples support three additional methods and two attributes. To
prevent conflicts with field names, the method and attribute names start with an underscore.

classmethod somenamedtuple._make (iterable)
Class method that makes a new instance from an existing sequence or iterable.

>>> t = [11, 22]
>>> Point._make (t)
Point (x=11, y=22)

somenamedtuple._asdict ()
Return a new dict which maps field names to their corresponding values:

252 Kegahaio 8. Data Types




The Python Library Reference, Anpooicuon 3.9.23

>>> p = Point (x=11, y=22)
>>> p._asdict ()
{'x': 11, 'y': 22}

AMoEe ot ékdoom 3.1: Returns an OrderedDi ct instead of a regular dict.

AMoEe otnv ékdoom 3.8: Returns a regular di ct instead of an OrderedDict. As of Python 3.7, regular dicts
are guaranteed to be ordered. If the extra features of OrderedDict are required, the suggested remediation is
to cast the result to the desired type: OrderedDict (nt._asdict ()).

somenamedtuple._replace (**kwargs)
Return a new instance of the named tuple replacing specified fields with new values:

>>> p = Point (x=11, y=22)
>>> p._replace (x=33)
Point (x=33, y=22)

>>> for partnum, record in inventory.items():
inventory|[partnum] = record._replace (price=newprices|[partnum], .
—timestamp=time.now())

somenamedtuple._fields
Tuple of strings listing the field names. Useful for introspection and for creating new named tuple types from
existing named tuples.

>>> p._fields # view the field names
(x', 'y
>>> Color = namedtuple('Color', 'red green blue')

>>> Pixel = namedtuple('Pixel', Point._fields + Color._fields)
>>> Pixel (11, 22, 128, 255, 0)

Pixel (x=11, y=22, red=128, green=255, blue=0)

somenamedtuple._field_defaults
Dictionary mapping field names to default values.

>>> Account = namedtuple('Account', ['type', 'balance'], defaults=[0])
>>> Account._ field defaults

{'balance': 0}

>>> Account ('premium')

Account (type="premium', balance=0)

To retrieve a field whose name is stored in a string, use the getattr () function:

>>> getattr(p, 'x'")
11

To convert a dictionary to a named tuple, use the double-star-operator (as described in tut-unpacking-arguments):

>> d = {'x': 11, 'y': 22}
>>> Point (**d)
Point (x=11, y=22)

Since a named tuple is a regular Python class, it is easy to add or change functionality with a subclass. Here is how to add
a calculated field and a fixed-width print format:
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>>> class Point (namedtuple ('Point', ['x', 'y'])):

slots = ()
@property
def hypot (self):

return (self.x ** 2 + self.y ** 2) ** 0.5

def _ str_ (self):
. return 'Point: x= y= hypot= ' % (self.x, self.y, self.
—hypot)

>>> for p in Point (3, 4), Point (14, 5/7):
. print (p)

Point: x= 3.000 vy= 4.000 hypot= 5.000
Point: x=14.000 vy= 0.714 hypot=14.018

The subclass shown above sets ___slots__ to an empty tuple. This helps keep memory requirements low by preventing
the creation of instance dictionaries.

Subclassing is not useful for adding new, stored fields. Instead, simply create a new named tuple type from the _fields
attribute:

>>> Point3D = namedtuple('Point3D', Point._fields + ('z',))

Docstrings can be customized by making direct assignments to the __doc___ fields:

>>> Book = namedtuple('Book', ['id', 'title', 'authors'])
>>> Book. doc += ': Hardcover book in active collection'
>>> Book.id. doc = '"13-digit ISBN'

>>> Book.title. doc
>>> Book.authors.

= 'Title of first printing'
= 'List of authors sorted by last name'

AMaEe oty ékdoon 3.5: Property docstrings became writeable.
Agite emiong:

e See typing.NamedTuple for a way to add type hints for named tuples. It also provides an elegant notation
using the class keyword:

class Component (NamedTuple) :
part_number: int
weight: float
description: Optional[str] = None

e See types.SimpleNamespace () for a mutable namespace based on an underlying dictionary instead of a
tuple.

e The dataclasses module provides a decorator and functions for automatically adding generated special
methods to user-defined classes.
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8.4.6 OrderedDict objects

Ordered dictionaries are just like regular dictionaries but have some extra capabilities relating to ordering operations.
They have become less important now that the built-in dict class gained the ability to remember insertion order (this
new behavior became guaranteed in Python 3.7).

Some differences from dict still remain:
o The regular dict was designed to be very good at mapping operations. Tracking insertion order was secondary.

o The OrderedDict was designed to be good at reordering operations. Space efficiency, iteration speed, and the
performance of update operations were secondary.

« Algorithmically, OrderedDict can handle frequent reordering operations better than dict. This makes it
suitable for tracking recent accesses (for example in an LRU cache).

» The equality operation for OrderedDict checks for matching order.

e The popitem () method of OrderedDict has a different signature. It accepts an optional argument to specify
which item is popped.

e OrderedDict hasamove_to_end () method to efficiently reposition an element to an endpoint.
o Until Python 3.8, dict lackeda ___reversed__ () method.

class collections.OrderedDict ( [items] )
Return an instance of a dict subclass that has methods specialized for rearranging dictionary order.

Néo otv éxdoon 3.1.

popitem (last=True)
The popitem () method for ordered dictionaries returns and removes a (key, value) pair. The pairs are
returned in LIFO order if last is true or FIFO (first-in, first-out) order if false.

move_to_end (key, last=True)
Move an existing key to either end of an ordered dictionary. The item is moved to the right end if last is true
(the default) or to the beginning if last is false. Raises Ke yError if the key does not exist:

>>> d = OrderedDict.fromkeys ('abcde')
>>> d.move_to_end('b")

>>> ''" . join(d.keys ())

'acdeb'

>>> d.move_to_end('b', last=False)
>>> ''" join(d.keys())

'bacde’

Néo omv éxdoon 3.2.
In addition to the usual mapping methods, ordered dictionaries also support reverse iteration using reversed ().

Equality tests between OrderedDict objects are order-sensitive and are implemented as 1list (odl.
items () )==1ist (od2.items () ). Equality tests between OrderedDict objects and other Mapping objects
are order-insensitive like regular dictionaries. This allows OrderedDict objects to be substituted anywhere a regular
dictionary is used.

AMoEe otV £ékdoom 3.5: The items, keys, and values views of OrderedDict now support reverse iteration using
reversed().

AMoEe oty €kdoom 3.6: With the acceptance of PEP 468, order is retained for keyword arguments passed to the
OrderedDict constructor and its update () method.

AMoEe ot ékdoon 3.9: Added merge ( |) and update ( | =) operators, specified in PEP 584.
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OrderedDict Examples and Recipes

It is straightforward to create an ordered dictionary variant that remembers the order the keys were last inserted. If a new
entry overwrites an existing entry, the original insertion position is changed and moved to the end:

class LastUpdatedOrderedDict (OrderedDict) :
'Store items in the order the keys were last added'

def __ _setitem__ (self, key, value):
super () ._ _setitem__ (key, value)
self.move_to_end(key)

An OrderedDict would also be useful for implementing variants of functools.lru_cache():

class LRU:

def _ init_ (self, func, maxsize=128):
self.func = func
self.maxsize = maxsize
self.cache = OrderedDict ()

def _ _call_(self, *args):

if args in self.cache:
value = self.cachelargs]
self.cache.move_to_end(args)
return value

value = self.func(*args)

if len(self.cache) >= self.maxsize:
self.cache.popitem(False)

self.cachelargs] = value

return value

8.4.7 UserDict objects

The class, UserDict acts as a wrapper around dictionary objects. The need for this class has been partially supplanted
by the ability to subclass directly from dict; however, this class can be easier to work with because the underlying
dictionary is accessible as an attribute.

class collections.UserDict ([initialdata])
Class that simulates a dictionary. The instance’s contents are kept in a regular dictionary, which is accessible via
the data attribute of UserDict instances. If initialdata is provided, dat a is initialized with its contents; note
that a reference to initialdata will not be kept, allowing it to be used for other purposes.

In addition to supporting the methods and operations of mappings, UserDict instances provide the following
attribute:

data
A real dictionary used to store the contents of the UserDict class.
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8.4.8 UserList objects

This class acts as a wrapper around list objects. It is a useful base class for your own list-like classes which can inherit
from them and override existing methods or add new ones. In this way, one can add new behaviors to lists.

The need for this class has been partially supplanted by the ability to subclass directly from 11 st; however, this class
can be easier to work with because the underlying list is accessible as an attribute.

class collections.UserList ( [list] )
Class that simulates a list. The instance’s contents are kept in a regular list, which is accessible via the dat a attribute
of UserList instances. The instance’s contents are initially set to a copy of list, defaulting to the empty list [].
list can be any iterable, for example a real Python list or a UserList object.

In addition to supporting the methods and operations of mutable sequences, UserList instances provide the
following attribute:

data
A real 1ist object used to store the contents of the UserList class.

Subclassing requirements: Subclasses of UserILi st are expected to offer a constructor which can be called with either
no arguments or one argument. List operations which return a new sequence attempt to create an instance of the actual
implementation class. To do so, it assumes that the constructor can be called with a single parameter, which is a sequence
object used as a data source.

If a derived class does not wish to comply with this requirement, all of the special methods supported by this class will
need to be overridden; please consult the sources for information about the methods which need to be provided in that
case.

8.4.9 Userstring objects

The class, UserSt ring acts as a wrapper around string objects. The need for this class has been partially supplanted
by the ability to subclass directly from st r; however, this class can be easier to work with because the underlying string
is accessible as an attribute.

class collections.UserString (seq)
Class that simulates a string object. The instance’s content is kept in a regular string object, which is accessible via
the data attribute of UserString instances. The instance’s contents are initially set to a copy of seq. The seq
argument can be any object which can be converted into a string using the built-in st r () function.

In addition to supporting the methods and operations of strings, UserSt ring instances provide the following
attribute:

data
A real st r object used to store the contents of the UserSt ring class.

AMoEe otnv ékdoomn 3.5: New methods __getnewargs
isprintable, and maketrans.

s rmod__, casefold, format_map,
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8.5 collections.abc — Abstract Base Classes for Containers

Néo omv éxdoon 3.3: [Tahardtepa, ovtd To module NTov uépog tov collect ions module.

Inyaiog kodikag: Lib/_collections_abe.py

This module provides abstract base classes that can be used to test whether a class provides a particular interface; for
example, whether it is hashable or whether it is a mapping.

Néo omv £€xdoon 3.9: Autég oL agnpnuéveg KAGoelg vmootpilovv mhéov [ 1. Aeite Tomog Generic Alias xou PEP
58S.

8.5.1 Apnpnuéveg Baolkeég KAaoelg ZuAhoywyv

To collections module tpoopépel tig eENg ABCs:
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ABC KAnpovo- Apnpnueveg MeBodol Mixin M€Bodol
pel and
Container __contains_
Hashable __hash___
Iterable __iter_
Iterator Iterable | __next___ __iter_
Reversible Iterable | __reversed___
Generator Iterator | send, throw close,__iter_ ,_  next_
Sized __len___
Callable __call_
Collection Sized, __contains_ ,
Iterable, | _ _iter_ , len_
Container
Sequence Reversiblp, getitem_ , __contains_ ,__iter_
Collection__len_ __reversed_ , index, and count
MutableSequence | Sequence | __getitem__, Inherited Sequence methods and
_ _setitem_ , append, reverse, extend, pop,
__delitem_ , remove,and ___iadd___
__len__ ,insert
ByteString Sequence | __getitem__, Kinpovounuéveg Sequence pébodot
__len___
Set Collectioh___contains__, _le_,_ 1t , eq__,__ne
__diter_ ,_ len_ __gt__, ge_ ,__and__ ,__or__,
__sub_ ,_ xor__ ,and isdisjoint
MutableSet Set __contains__, Kinpovounuéveg Set uébodot xou
__diter_,_ len_ , clear, pop, remove, __ior__,
add, discard __iand_, ixor__ ,xou__isub_
Mapping Collectiop__getitem_ __contains__, keys, items,
__diter_,_ len_ values, get, eq__,KolL__ne_
MutableMapping | Mapping _ _getitem__, Kinpovounuéveg Mapping puéhodot Kat
_ _setitem_ , pop, popitem, clear, update, KoL
__delitem_ , setdefault
_ iter_ ,_  len_
MappingView Sized __len_
ItemsView MappingView, __contains_ ,_ _iter_
Set
KeysView MappingVigew, __contains_ ,___iter_
Set
ValuesView MappingVigew, __contains__ ,_ iter_
Collection
Awaitable __await__
Coroutine Awaitable| send, throw close
AsynclIterable __aiter_
Asynclterator Asynclterpblanext_ __aiter
AsyncGenerator Asynclterpasend, athrow aclose,_ _aiter_ ,_ anext_

class collections.abc.Container

ABC for classes that provide the __contains__ () method.

class collections.abc.Hashable
ABC for classes that provide the __hash___ () method.

class collections.abc.Sized
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ABC for classes that provide the __len__ () method.

class collections.abc.Callable
ABC for classes that provide the __call__ () method.

class collections.abc.Iterable
ABC for classes that provide the __iter__ () method.

Checking isinstance (obj, Iterable) detects classes that are registered as Tterable or that have an
__iter__ () method, but it does not detect classes that iterate with the __getitem__ () method. The only
reliable way to determine whether an object is iferable is to call iter (ob7).

class collections.abc.Collection
ABC yia tig KMGoelg emavolopfovouevmy container pe uéyedog.

Néo otv éxdoon 3.6.

class collections.abc.Iterator
ABC yio khaoeLg mov mopeyouv Tig uedddovg __ iter () xou ___next__ (). Agite emiong Tov opLopd
TOV iterator.

class collections.abc.Reversible
ABC for iterable classes that also provide the __reversed__ () method.

Néo otnv €kdoon 3.6.

class collections.abc.Generator
ABC for generator classes that implement the protocol defined in PEP 342 that extends iterators with the send (),
throw () and close () methods. See also the definition of generator.

Néo otnv ékdoon 3.5.

class collections.abc.Sequence
class collections.abc.MutableSequence
class collections.abc.ByteString
ABCs povo yua avayvmon (read-only) kow mutable sequences.

Implementation note: Some of the mixin methods, suchas __iter_ (),__ reversed__ () and index (),
make repeated calls to the underlying _ getitem__ () method. Consequently, if _ getitem__ () is
implemented with constant access speed, the mixin methods will have linear performance; however, if the
underlying method is linear (as it would be with a linked list), the mixins will have quadratic performance and
will likely need to be overridden.

AlhaEe oty ékdoon 3.5: H uébodog index() mpodabeoe vmoothplEn yio To opiopata stop KoL start.

class collections.abc.Set
class collections.abc.MutableSet
ABC:s for read-only and mutable sets.

class collections.abc.Mapping
class collections.abc.MutableMapping
ABCs uovo yio avayvwon (read-only) ko mutable mappings.

class collections.abc.MappingView
class collections.abc.ItemsView
class collections.abc.KeysView
class collections.abc.ValuesView
ABCs yL0. OVTLOTOLYOELG, OTOLYELD, KAELOLGA KOl TWWEG views.

class collections.abc.Awaitable
ABC for awaitable objects, which can be used in await expressions. Custom implementations must provide the
__await__ () method.
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Ta avukeipeva Coroutine Ko ta oTrypdtuma g KMaong Corout ine givol Oha Tapadelypoto avtg tg
ABC.

Ynueimon: In CPython, generator-based coroutines (generators decorated with types.coroutine () or
asyncio.coroutine ()) are awaitables, even though they do not have an __await__ () method. Using
isinstance (gencoro, Awaitable) for them will return False. Use inspect.isawaitable ()
to detect them.

Néo otnv €kdoon 3.5.

class collections.abc.Coroutine
ABC for coroutine compatible classes. These implement the following methods, defined in coroutine-objects:
send (), throw(), and close (). Custom implementations must also implement __await__ (). All
Corout ine instances are also instances of Awaitable. See also the definition of coroutine.

Ynueiwon: In CPython, generator-based coroutines (generators decorated with types.coroutine () or
asyncio.coroutine ()) are awaitables, even though they do not have an __await__ () method. Using
isinstance (gencoro, Coroutine) for them will return False. Use inspect. isawaitable ()
to detect them.

Néo otnv ¢€kdoom 3.5.

class collections.abc.AsyncIterable
ABC for classes that provide __aiter__ method. See also the definition of asynchronous iterable.

Néo otnv €kdoon 3.5.

class collections.abc.AsyncIterator
ABC yia kMAogLS o TTapéyouy TG nebddovg _aiter_ Koi___anext_ . Agite emiong Tov oplopd tov
asynchmnous iterator.

Néo otnv ¢kdoon 3.5.

class collections.abc.AsyncGenerator
ABC for asynchronous generator classes that implement the protocol defined in PEP 525 and PEP 492.

Néo otnv ¢kdoom 3.6.

These ABCs allow us to ask classes or instances if they provide particular functionality, for example:

size = None
if isinstance (myvar, collections.abc.Sized):
size = len (myvar)

Several of the ABCs are also useful as mixins that make it easier to develop classes supporting container APIs. For
example, to write a class supporting the full Set API, it is only necessary to supply the three underlying abstract
methods:  contains__ (), iter_ (),and _ _len__ (). The ABC supplies the remaining methods such as
_and__ () and isdisjoint ():

class ListBasedSet (collections.abc.Set):
""" Alternate set implementation favoring space over speed
and not requiring the set elements to be hashable. '''
def _ init__ (self, iterable):
self.elements = 1lst = []
for value in iterable:
if value not in 1lst:

(OVVEYELAL TNV ETTOUEVT OEALOL)
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(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)

lst.append(value)

def @ iter (self):
return iter (self.elements)

def _ contains_ (self, wvalue):
return value in self.elements

def = len_ (self):
return len(self.elements)

sl = ListBasedSet ('abcdef'")
s2 = ListBasedSet ('defghi'")
overlap = sl & s2 # The __and__ () method is supported automatically

ZNUELMOELG YLOL TN XPNON TV Set Ko MutableSet wg mixin:

(1) Since some set operations create new sets, the default mixin methods need a way to create new instances from
an iterable. The class constructor is assumed to have a signature in the form ClassName (iterable).
That assumption is factored-out to an internal classmethod called _from_iterable () which calls
cls (iterable) to produce a new set. If the Set mixin is being used in a class with a different constructor
signature, you will need to override _from_ iterable () with a classmethod or regular method that can
construct new instances from an iterable argument.

(2) To override the comparisons (presumably for speed, as the semantics are fixed), redefine _ le_ () and
p p y p
__ge__ (), then the other operations will automatically follow suit.

(3) The Set mixin provides a _hash () method to compute a hash value for the set; however, __hash__ () is
not defined because not all sets are hashable or immutable. To add set hashability using mixins, inherit from both
Set () and Hashable (), thendefine __hash__ = Set._hash.

Agite emiong:
o Zvvtoyn OrderedSet yia éva mopdderypo wov faciletol oty kKhGon MutableSet.

o T eproodtepa oyetikd pe g ABCs, deite to abc module kaw to PEP 3119.

8.6 heapqg — Heap queue algorithm

Source code: Lib/heapq.py

This module provides an implementation of the heap queue algorithm, also known as the priority queue algorithm.

Heaps are binary trees for which every parent node has a value less than or equal to any of its children. This implementation
uses arrays for which heap [k] <= heap[2*k+1] and heap[k] <= heap[2*k+2] for all k, counting elements
from zero. For the sake of comparison, non-existing elements are considered to be infinite. The interesting property of a
heap is that its smallest element is always the root, heap [0].

The API below differs from textbook heap algorithms in two aspects: (a) We use zero-based indexing. This makes the
relationship between the index for a node and the indexes for its children slightly less obvious, but is more suitable since
Python uses zero-based indexing. (b) Our pop method returns the smallest item, not the largest (called a «min heap» in
textbooks; a «max heap» is more common in texts because of its suitability for in-place sorting).

These two make it possible to view the heap as a regular Python list without surprises: heap [0] is the smallest item,
and heap.sort () maintains the heap invariant!
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To create a heap, use a list initialized to [ ], or you can transform a populated list into a heap via function heapify ().
The following functions are provided:

heapq.heappush (heap, item)
Push the value item onto the heap, maintaining the heap invariant.

heapqg.heappop (heap)
Pop and return the smallest item from the heap, maintaining the heap invariant. If the heap is empty, TndexError
is raised. To access the smallest item without popping it, use heap [0].

heapq.heappushpop (heap, item)
Push item on the heap, then pop and return the smallest item from the heap. The combined action runs more
efficiently than heappush () followed by a separate call to heappop ().

heapg.heapify (x)
Transform list x into a heap, in-place, in linear time.

heapqg.heapreplace (heap, item)
Pop and return the smallest item from the heap, and also push the new item. The heap size doesn’t change. If the
heap is empty, TndexError is raised.

This one step operation is more efficient than a heappop () followed by heappush () and can be more
appropriate when using a fixed-size heap. The pop/push combination always returns an element from the heap
and replaces it with item.

The value returned may be larger than the item added. If that isn’t desired, consider using heappushpop ()
instead. Its push/pop combination returns the smaller of the two values, leaving the larger value on the heap.

The module also offers three general purpose functions based on heaps.

heapqg.merge ( *iterables, key=None, reverse=False)
Merge multiple sorted inputs into a single sorted output (for example, merge timestamped entries from multiple
log files). Returns an iterator over the sorted values.

Similar to sorted (itertools.chain (*iterables)) butreturns an iterable, does not pull the data into
memory all at once, and assumes that each of the input streams is already sorted (smallest to largest).

Has two optional arguments which must be specified as keyword arguments.

key specifies a key function of one argument that is used to extract a comparison key from each input element. The
default value is None (compare the elements directly).

reverse is a boolean value. If set to True, then the input elements are merged as if each comparison were reversed.
To achieve behavior similar to sorted (itertools.chain(*iterables), reverse=True), all
iterables must be sorted from largest to smallest.

AMoEe ot ékdoom 3.5: Added the optional key and reverse parameters.

heapqg.nlargest (n, iterable, key=None)
Return a list with the n largest elements from the dataset defined by iterable. key, if provided, specifies a function
of one argument that is used to extract a comparison key from each element in iterable (for example, key=str.
lower). Equivalent to: sorted (iterable, key=key, reverse=True) [:n].

heapg.nsmallest (n, iterable, key=None)
Return a list with the n smallest elements from the dataset defined by iterable. key, if provided, specifies a function
of one argument that is used to extract a comparison key from each element in iferable (for example, key=str.
lower). Equivalent to: sorted (iterable, key=key) [:n].

The latter two functions perform best for smaller values of n. For larger values, it is more efficient to use the sorted ()
function. Also, when n==1, it is more efficient to use the built-in min () and max () functions. If repeated usage of
these functions is required, consider turning the iterable into an actual heap.
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8.6.1 Basic Examples

A heapsort can be implemented by pushing all values onto a heap and then popping off the smallest values one at a time:

>>> def heapsort (iterable):
h =[]
for value in iterable:
heappush (h, value)
return [heappop (h) for i in range(len (h))]

>>> heapsort([1, 3, 5, 7, 9, 2, 4, 6, 8, 01])
[OV 1/ 2/ 37 47 5/ 6/ 77 87 9J

This is similar to sorted (iterable), butunlike sorted (), this implementation is not stable.

Heap elements can be tuples. This is useful for assigning comparison values (such as task priorities) alongside the main
record being tracked:

>>> h = []
>>> heappush (h,
>>> heappush (h,
>>> heappush (h
>>> heappush (h,
>>> heappop (h)
(1, 'write spec')

'write code'))
'release product'))
'write spec'))
'create tests'))

~

14

~

w = 3 !
~

~

8.6.2 Priority Queue Implementation Notes

A priority queue is common use for a heap, and it presents several implementation challenges:
« Sort stability: how do you get two tasks with equal priorities to be returned in the order they were originally added?

o Tuple comparison breaks for (priority, task) pairs if the priorities are equal and the tasks do not have a default
comparison order.

« If the priority of a task changes, how do you move it to a new position in the heap?
« Or if a pending task needs to be deleted, how do you find it and remove it from the queue?

A solution to the first two challenges is to store entries as 3-element list including the priority, an entry count, and the task.
The entry count serves as a tie-breaker so that two tasks with the same priority are returned in the order they were added.
And since no two entry counts are the same, the tuple comparison will never attempt to directly compare two tasks.

Another solution to the problem of non-comparable tasks is to create a wrapper class that ignores the task item and only
compares the priority field:

from dataclasses import dataclass, field
from typing import Any

@dataclass (order=True)
class PrioritizedItem:
priority: int
item: Any=field(compare=False)

The remaining challenges revolve around finding a pending task and making changes to its priority or removing it entirely.
Finding a task can be done with a dictionary pointing to an entry in the queue.

Removing the entry or changing its priority is more difficult because it would break the heap structure invariants. So, a
possible solution is to mark the entry as removed and add a new entry with the revised priority:
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pag = [] # list of entries arranged in a heap
entry_finder = {} # mapping of tasks to entries
REMOVED = '<removed-task>"' # placeholder for a removed task
counter = itertools.count () # unique sequence count

def add_task (task, priority=0):
'Add a new task or update the priority of an existing task'’
if task in entry_finder:
remove_task (task)

count = next (counter)
entry = [priority, count, task]
entry_finder[task] = entry

heappush (pg, entry)

def remove_task (task):
'Mark an existing task as REMOVED. Raise KeyError if not found.'
entry = entry_finder.pop (task)
entry[-1] = REMOVED

def pop_task():
'Remove and return the lowest priority task. Raise KeyError if empty.'
while pqg:
priority, count, task = heappop (pqg)
if task is not REMOVED:
del entry_finder[task]
return task
raise KeyError ('pop from an empty priority queue')

8.6.3 Theory

Heaps are arrays for which a [k] <= a[2*k+1] and a[k] <= a[2*k+2] for all k, counting elements from 0.
For the sake of comparison, non-existing elements are considered to be infinite. The interesting property of a heap is that
a[0] is always its smallest element.

The strange invariant above is meant to be an efficient memory representation for a tournament. The numbers below are
k,notalk]:

7 8 9 10 11 12 13 14

15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

In the tree above, each cell & is topping 2*k+1 and 2*k+2. In a usual binary tournament we see in sports, each cell is
the winner over the two cells it tops, and we can trace the winner down the tree to see all opponents s/he had. However, in
many computer applications of such tournaments, we do not need to trace the history of a winner. To be more memory
efficient, when a winner is promoted, we try to replace it by something else at a lower level, and the rule becomes that a
cell and the two cells it tops contain three different items, but the top cell «wins» over the two topped cells.

If this heap invariant is protected at all time, index O is clearly the overall winner. The simplest algorithmic way to remove
it and find the «next» winner is to move some loser (let’s say cell 30 in the diagram above) into the 0 position, and then
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percolate this new 0 down the tree, exchanging values, until the invariant is re-established. This is clearly logarithmic on
the total number of items in the tree. By iterating over all items, you get an O(n log n) sort.

A nice feature of this sort is that you can efficiently insert new items while the sort is going on, provided that the inserted
items are not «better» than the last 0’th element you extracted. This is especially useful in simulation contexts, where
the tree holds all incoming events, and the «win» condition means the smallest scheduled time. When an event schedules
other events for execution, they are scheduled into the future, so they can easily go into the heap. So, a heap is a good
structure for implementing schedulers (this is what I used for my MIDI sequencer :-).

Various structures for implementing schedulers have been extensively studied, and heaps are good for this, as they are
reasonably speedy, the speed is almost constant, and the worst case is not much different than the average case. However,
there are other representations which are more efficient overall, yet the worst cases might be terrible.

Heaps are also very useful in big disk sorts. You most probably all know that a big sort implies producing «runs» (which
are pre-sorted sequences, whose size is usually related to the amount of CPU memory), followed by a merging passes for
these runs, which merging is often very cleverly organised'. It is very important that the initial sort produces the longest
runs possible. Tournaments are a good way to achieve that. If, using all the memory available to hold a tournament, you
replace and percolate items that happen to fit the current run, you'll produce runs which are twice the size of the memory
for random input, and much better for input fuzzily ordered.

Moreover, if you output the 0’th item on disk and get an input which may not fit in the current tournament (because the
value «wins» over the last output value), it cannot fit in the heap, so the size of the heap decreases. The freed memory
could be cleverly reused immediately for progressively building a second heap, which grows at exactly the same rate the
first heap is melting. When the first heap completely vanishes, you switch heaps and start a new run. Clever and quite
effective!

In a word, heaps are useful memory structures to know. I use them in a few applications, and I think it is good to keep a
“heap” module around. :-)

8.7 bisect — Array bisection algorithm

Source code: Lib/bisect.py

This module provides support for maintaining a list in sorted order without having to sort the list after each insertion. For
long lists of items with expensive comparison operations, this can be an improvement over the more common approach.
The module is called b1 sect because it uses a basic bisection algorithm to do its work. The source code may be most
useful as a working example of the algorithm (the boundary conditions are already right!).

The following functions are provided:

bisect.bisect_left (a, x, lo=0, hi=len(a))
Locate the insertion point for x in a to maintain sorted order. The parameters lo and i may be used to specify
a subset of the list which should be considered; by default the entire list is used. If x is already present in a, the
insertion point will be before (to the left of) any existing entries. The return value is suitable for use as the first
parameter to 1ist.insert () assuming that a is already sorted.

The returned insertion point i partitions the array a into two halves so that all (val < x for val in
allo:1]) fortheleftsideand all (val >= x for val in a[i:hi]) for the right side.

bisect.bisect_right (a, x, l0o=0, hi=len(a))

! The disk balancing algorithms which are current, nowadays, are more annoying than clever, and this is a consequence of the seeking capabilities
of the disks. On devices which cannot seek, like big tape drives, the story was quite different, and one had to be very clever to ensure (far in advance)
that each tape movement will be the most effective possible (that is, will best participate at «progressing» the merge). Some tapes were even able to
read backwards, and this was also used to avoid the rewinding time. Believe me, real good tape sorts were quite spectacular to watch! From all times,
sorting has always been a Great Art! :-)
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bisect.bisect (a, x, lo=0, hi=len(a))
Similarto bisect_left (),butreturns an insertion point which comes after (to the right of)) any existing entries
of x in a.

The returned insertion point i partitions the array a into two halves so that a1l (val <= x for val in
al[lo:1i]) fortheleftside and all (val > x for val in a[i:hi]) for the right side.

bisect.insort_left (a, x, l0o=0, hi=len(a))
Insert x in a in sorted order. This is equivalent to a. insert (bisect.bisect_left (a, x, lo, hi),
x) assuming that a is already sorted. Keep in mind that the O(log n) search is dominated by the slow O(n) insertion
step.

bisect.insort_right (a, x, lo=0, hi=len(a))
bisect.insort (a, x, lo=0, hi=len(a))
Similar to insort_left (), butinserting x in a after any existing entries of x.

Agite emiong:

SortedCollection recipe that uses bisect to build a full-featured collection class with straight-forward search methods and
support for a key-function. The keys are precomputed to save unnecessary calls to the key function during searches.

8.7.1 Searching Sorted Lists

The above bisect () functions are useful for finding insertion points but can be tricky or awkward to use for common
searching tasks. The following five functions show how to transform them into the standard lookups for sorted lists:

def index(a, x):
'Locate the leftmost value exactly equal to x'
i = bisect_left (a, x)
if i != len(a) and a[i] == x:
return i
raise ValueError

def find_ 1t (a, x):
'Find rightmost value less than x'
i = bisect_left (a, x)
if i:
return af[i-1]
raise ValueError

def find_le(a, x):
'Find rightmost value less than or equal to x'
i = bisect_right(a, x)
if i:
return af[i-1]
raise ValueError

def find gt (a, x):
'Find leftmost value greater than x'
i = bisect_right(a, x)
if i != len(a):
return ali]
raise ValueError

def find _ge(a, x):
'Find leftmost item greater than or equal to x'
i = bisect_left (a, x)

(ouvéyeLa 0TV eTOUEVT] GEMDQL)
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if 1 != len(a):
return a[i]
raise ValueError

8.7.2 Other Examples

The bisect () function can be useful for numeric table lookups. This example uses bisect () to look up a letter
grade for an exam score (say) based on a set of ordered numeric breakpoints: 90 and up is an “A”, 80 to 89 is a “B”, and
SO on:

>>> def grade(score, breakpoints=[60, 70, 80, 90], grades='FDCBA'):
i = bisect (breakpoints, score)
return grades|[i]

>>> [grade (score) for score in [33, 99, 77, 70, 89, 90, 1001]]
[IF" IAI’ 'C" lc', lBl, lAl, IAlJ

Unlike the sorted () function, it does not make sense for the bisect () functions to have key or reversed arguments
because that would lead to an inefficient design (successive calls to bisect functions would not «remember» all of the
previous key lookups).

Instead, it is better to search a list of precomputed keys to find the index of the record in question:

>>> data = [('red', 5), ('blue', 1), ('yellow', 8), ('black', 0)]
>>> data.sort (key=lambda r: r[1])

>>> keys = [r[l] for r in data] # precomputed 1list of keys
>>> data([bisect_left (keys, 0)]

('black', 0)

>>> datal[bisect_left (keys, 1)]

("blue', 1)

>>> datal[bisect_left (keys, 5)]

('red', 5)

>>> data([bisect_left (keys, 8)]

('yellow', 8)

8.8 array — Efficient arrays of humeric values

This module defines an object type which can compactly represent an array of basic values: characters, integers, floating
point numbers. Arrays are sequence types and behave very much like lists, except that the type of objects stored in them
is constrained. The type is specified at object creation time by using a fype code, which is a single character. The following
type codes are defined:
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Type code | C Type Python Type Minimum size in bytes | Notes
'b! signed char int 1

'B' unsigned char int 1

u' wchar_t Unicode character | 2 (1)
'h' signed short int 2

"' unsigned short int 2

it signed int int 2

T unsigned int int 2

'l signed long int 4

' unsigned long int 4

'q' signed long long int 8

Q' unsigned long long | int 8

£ float float 4

'd’ double float 8

Notes:
(1) It can be 16 bits or 32 bits depending on the platform.

AMoEe oty ékdoom 3.9: array ('u') now uses wchar_t as C type instead of deprecated Py_UNICODE.
This change doesn’t affect to its behavior because Py_ UNICODE is alias of wchar_t since Python 3.3.

Deprecated since version 3.3, will be removed in version 4.0.

The actual representation of values is determined by the machine architecture (strictly speaking, by the C implementation).
The actual size can be accessed through the i temsize attribute.

The module defines the following type:

class array.array (typecode[, initializer] )
A new array whose items are restricted by fypecode, and initialized from the optional initializer value, which must
be a list, a bytes-like object, or iterable over elements of the appropriate type.

If given a list or string, the initializer is passed to the new array’s fromlist (), frombytes (), or
fromunicode () method (see below) to add initial items to the array. Otherwise, the iterable initializer is passed
to the extend () method.

Raises an auditing event array.__new___ with arguments typecode, initializer.

array.typecodes
A string with all available type codes.

Array objects support the ordinary sequence operations of indexing, slicing, concatenation, and multiplication. When
using slice assignment, the assigned value must be an array object with the same type code; in all other cases, TypeError
is raised. Array objects also implement the buffer interface, and may be used wherever bytes-like objects are supported.

The following data items and methods are also supported:

array.typecode
The typecode character used to create the array.

array.itemsize
The length in bytes of one array item in the internal representation.

array.append (x)
Append a new item with value x to the end of the array.

array.buffer info()
Return a tuple (address, length) giving the current memory address and the length in elements of the
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buffer used to hold array’s contents. The size of the memory buffer in bytes can be computed as array.
buffer_info() [1] * array.itemsize. This is occasionally useful when working with low-level (and
inherently unsafe) I/O interfaces that require memory addresses, such as certain ioct 1 () operations. The returned
numbers are valid as long as the array exists and no length-changing operations are applied to it.

Enueiwon: When using array objects from code written in C or C++ (the only way to effectively make use of this
information), it makes more sense to use the buffer interface supported by array objects. This method is maintained
for backward compatibility and should be avoided in new code. The buffer interface is documented in bufferobjects.

array.byteswap ()
«Byteswap» all items of the array. This is only supported for values which are 1, 2, 4, or 8 bytes in size; for other
types of values, Runt imeError is raised. It is useful when reading data from a file written on a machine with a
different byte order.

array.count (x)
Return the number of occurrences of x in the array.

array .extend (iterable)
Append items from iterable to the end of the array. If iterable is another array, it must have exactly the same type
code; if not, TypeError will be raised. If iterable is not an array, it must be iterable and its elements must be the
right type to be appended to the array.

array.frombytes (s)
Appends items from the string, interpreting the string as an array of machine values (as if it had been read from a
file using the fromfile () method).

Néo otnv ékdoon 3.2: fromstring () is renamed to frombytes () for clarity.

array.fromfile (f, n)
Read n items (as machine values) from the file object f and append them to the end of the array. If less than n items
are available, EOFError is raised, but the items that were available are still inserted into the array.

array.fromlist (list)
Append items from the list. This is equivalent to for x in list: a.append (x) except that if there is a
type error, the array is unchanged.

array.fromunicode (s)
Extends this array with data from the given unicode string. The array must be a type 'u' array; otherwise a
ValueErrorisraised. Use array.frombytes (unicodestring.encode (enc)) toappend Unicode
data to an array of some other type.

array.index (x)
Return the smallest i such that i is the index of the first occurrence of x in the array.

array.insert (i, x)
Insert a new item with value x in the array before position i. Negative values are treated as being relative to the end
of the array.

array.pop ( [1] )
Removes the item with the index i from the array and returns it. The optional argument defaults to —1, so that by
default the last item is removed and returned.

array.remove (x)
Remove the first occurrence of x from the array.

array.reverse ()
Reverse the order of the items in the array.
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array.tobytes ()
Convert the array to an array of machine values and return the bytes representation (the same sequence of bytes
that would be written to a file by the tofile () method.)

Néo otnv ékdoon 3.2: tostring () is renamed to tobytes () for clarity.

array.tofile (f)
Write all items (as machine values) to the file object f.

array.tolist ()
Convert the array to an ordinary list with the same items.

array.tounicode ()
Convert the array to a unicode string. The array must be a type 'u' array; otherwise a ValueError is raised.
Use array.tobytes () .decode (enc) to obtain a unicode string from an array of some other type.

When an array object is printed or converted to a string, it is represented as array (typecode, initializer).
The initializer is omitted if the array is empty, otherwise it is a string if the typecodeis 'u ', otherwise it is a list of numbers.
The string is guaranteed to be able to be converted back to an array with the same type and value using eval (), so long
as the array class has been imported using from array import array.Examples:

("1

("u', 'hello \u2641")
array ('1', [1, 2, 3, 4, 5])

('d', [1.0, 2.0, 3.141)

Agite gmiong:
Module struct Packing and unpacking of heterogeneous binary data.

Module xdrlib Packing and unpacking of External Data Representation (XDR) data as used in some remote
procedure call systems.

NumPy The NumPy package defines another array type.

8.9 weakref — Weak references

Source code: Lib/weakref.py

The weakref module allows the Python programmer to create weak references to objects.
In the following, the term referent means the object which is referred to by a weak reference.

A weak reference to an object is not enough to keep the object alive: when the only remaining references to a referent
are weak references, garbage collection is free to destroy the referent and reuse its memory for something else. However,
until the object is actually destroyed the weak reference may return the object even if there are no strong references to it.

A primary use for weak references is to implement caches or mappings holding large objects, where it’s desired that a
large object not be kept alive solely because it appears in a cache or mapping.

For example, if you have a number of large binary image objects, you may wish to associate a name with each. If you
used a Python dictionary to map names to images, or images to names, the image objects would remain alive just because
they appeared as values or keys in the dictionaries. The WeakKeyDictionary and WeakValueDictionary
classes supplied by the weakref module are an alternative, using weak references to construct mappings that don’t
keep objects alive solely because they appear in the mapping objects. If, for example, an image object is a value in a
WeakValueDictionary, then when the last remaining references to that image object are the weak references held
by weak mappings, garbage collection can reclaim the object, and its corresponding entries in weak mappings are simply
deleted.
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WeakKeyDictionary and WeakValueDictionary use weak references in their implementation, setting up
callback functions on the weak references that notify the weak dictionaries when a key or value has been reclaimed
by garbage collection. Weak Set implements the set interface, but keeps weak references to its elements, just like a
WeakKeyDictionary does.

finalize provides a straight forward way to register a cleanup function to be called when an object is garbage collected.
This is simpler to use than setting up a callback function on a raw weak reference, since the module automatically ensures
that the finalizer remains alive until the object is collected.

Most programs should find that using one of these weak container types or finalize is all they need - it’s not usually
necessary to create your own weak references directly. The low-level machinery is exposed by the weak re £ module for
the benefit of advanced uses.

Not all objects can be weakly referenced; those objects which can include class instances, functions written in Python (but
not in C), instance methods, sets, frozensets, some file objects, generators, type objects, sockets, arrays, deques, regular
expression pattern objects, and code objects.

AMaEe oty ékdoon 3.2: Added support for thread.lock, threading.Lock, and code objects.

Several built-in types such as 1ist and dict do not directly support weak references but can add support through
subclassing:

class Dict (dict):
pass

obj = Dict (red=1, green=2, blue=3) # this object is weak referenceable

CPython implementation detail: Other built-in types such as tuple and int do not support weak references even
when subclassed.

Extension types can easily be made to support weak references; see weakref-support.

When ___slots__ are defined for a given type, weak reference support is disabled unless a ' __weakref_ ' string
is also present in the sequence of strings in the __slots__ declaration. See __slots__ documentation for details.

class weakref.ref (object[, callback] )
Return a weak reference to object. The original object can be retrieved by calling the reference object if the referent
is still alive; if the referent is no longer alive, calling the reference object will cause None to be returned. If callback
is provided and not None, and the returned weakref object is still alive, the callback will be called when the object
is about to be finalized; the weak reference object will be passed as the only parameter to the callback; the referent
will no longer be available.

It is allowable for many weak references to be constructed for the same object. Callbacks registered for each weak
reference will be called from the most recently registered callback to the oldest registered callback.

Exceptions raised by the callback will be noted on the standard error output, but cannot be propagated; they are
handled in exactly the same way as exceptions raised from an object’s __del__ () method.

Weak references are hashable if the object is hashable. They will maintain their hash value even after the object
was deleted. If hash () is called the first time only after the object was deleted, the call will raise TypeError.

Weak references support tests for equality, but not ordering. If the referents are still alive, two references have the
same equality relationship as their referents (regardless of the callback). If either referent has been deleted, the
references are equal only if the reference objects are the same object.

This is a subclassable type rather than a factory function.

__callback_
This read-only attribute returns the callback currently associated to the weakref. If there is no callback or if
the referent of the weakref is no longer alive then this attribute will have value None.

AMaEe oty ékdoon 3.4: Added the ___callback___ attribute.
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weakref .proxy (object[, callback] )
Return a proxy to object which uses a weak reference. This supports use of the proxy in most contexts instead
of requiring the explicit dereferencing used with weak reference objects. The returned object will have a type of
either ProxyType or CallableProxyType, depending on whether object is callable. Proxy objects are not
hashable regardless of the referent; this avoids a number of problems related to their fundamentally mutable nature,
and prevent their use as dictionary keys. callback is the same as the parameter of the same name to the ref ()
function.

AMoEe otnv ékdoon 3.8: Extended the operator support on proxy objects to include the matrix multiplication
operators @ and @=.

weakref .getweakrefcount (object)
Return the number of weak references and proxies which refer to object.

weakref.getweakrefs (object)
Return a list of all weak reference and proxy objects which refer to object.

class weakref.WeakKeyDictionary ( [dict] )
Mapping class that references keys weakly. Entries in the dictionary will be discarded when there is no longer a
strong reference to the key. This can be used to associate additional data with an object owned by other parts of
an application without adding attributes to those objects. This can be especially useful with objects that override
attribute accesses.

AMoEe ot ékdoon 3.9: Added support for | and | = operators, specified in PEP 584.

WeakKeyDict ionary objects have an additional method that exposes the internal references directly. The references
are not guaranteed to be «live» at the time they are used, so the result of calling the references needs to be checked before
being used. This can be used to avoid creating references that will cause the garbage collector to keep the keys around
longer than needed.

WeakKeyDictionary.keyrefs ()
Return an iterable of the weak references to the keys.

class weakref.WeakValueDictionary ( [dict])
Mapping class that references values weakly. Entries in the dictionary will be discarded when no strong reference
to the value exists any more.

AMoEe oty £xdoon 3.9: Added support for | and | = operators, as specified in PEP 584.

WeakValueDictionary objects have an additional method that has the same issues as the keyrefs () method of
WeakKeyDictionary objects.

WeakValueDictionary.valuerefs ()
Return an iterable of the weak references to the values.

class weakref.WeakSet ( [elements] )
Set class that keeps weak references to its elements. An element will be discarded when no strong reference to it
exists any more.

class weakref.WeakMethod (method)
A custom ref subclass which simulates a weak reference to a bound method (i.e., a method defined on a class and
looked up on an instance). Since a bound method is ephemeral, a standard weak reference cannot keep hold of it.
WeakMethod has special code to recreate the bound method until either the object or the original function dies:

>>> class C:
def method(self):
print ("method called!")
>>> ¢ = C()
>>> r = weakref.ref (c.method)

(ouvéyela oty emtduevn oehida)
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>>> r ()

>>> r = weakref.WeakMethod (c.method)
>>> 1 ()

<bound method C.method of <__main__.C object at 0x7£c859830220>>
>>> 1 () ()

method called!

>>> del c

>>> gc.collect ()

0

>>> r ()

>>>

Néo otv ¢kdoom 3.4.

class weakref.finalize (obj, func, /, *args, **kwargs)

Return a callable finalizer object which will be called when obj is garbage collected. Unlike an ordinary weak
reference, a finalizer will always survive until the reference object is collected, greatly simplifying lifecycle
management.

A finalizer is considered alive until it is called (either explicitly or at garbage collection), and after that it is dead.
Calling a live finalizer returns the result of evaluating func (*arg, **kwargs),whereas calling a dead finalizer
returns None.

Exceptions raised by finalizer callbacks during garbage collection will be shown on the standard error output, but
cannot be propagated. They are handled in the same way as exceptions raised from an object’s__del__ () method
or a weak reference’s callback.

When the program exits, each remaining live finalizer is called unless its at exit attribute has been set to false.
They are called in reverse order of creation.

A finalizer will never invoke its callback during the later part of the interpreter shutdown when module globals are
liable to have been replaced by None.

__call_ ()
If self is alive then mark it as dead and return the result of calling func (*args, **kwargs).If self is
dead then return None.

detach ()
If self is alive then mark it as dead and return the tuple (obj, func, args, kwargs).If self is dead
then return None.

peek ()
If self is alive then return the tuple (obj, func, args, kwargs).If self is dead then return None.

alive
Property which is true if the finalizer is alive, false otherwise.

atexit
A writable boolean property which by default is true. When the program exits, it calls all remaining live
finalizers for which atexit is true. They are called in reverse order of creation.

Ynueimon: It is important to ensure that func, args and kwargs do not own any references to obj, either directly
or indirectly, since otherwise obj will never be garbage collected. In particular, func should not be a bound method
of obj.

Néo otv éxdoom 3.4.
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weakref .ReferenceType
The type object for weak references objects.

weakref.ProxyType
The type object for proxies of objects which are not callable.

weakref.CallableProxyType
The type object for proxies of callable objects.

weakref.ProxyTypes
Sequence containing all the type objects for proxies. This can make it simpler to test if an object is a proxy without
being dependent on naming both proxy types.

Agite griong:

PEP 205 - Weak References The proposal and rationale for this feature, including links to earlier implementations and
information about similar features in other languages.

8.9.1 Weak Reference Objects

Weak reference objects have no methods and no attributes besides ref._callback__ . A weak reference object
allows the referent to be obtained, if it still exists, by calling it:

>>> import weakref
>>> class Object:

pass
>>> o0 = Object ()
>>> r = weakref.ref (o)
>>> 02 = r()
>>> o0 is 02
True

If the referent no longer exists, calling the reference object returns None:

>>> del o, 02
>>> print(r())
None

Testing that a weak reference object is still live should be done using the expression ref () is not None. Normally,
application code that needs to use a reference object should follow this pattern:

# r is a weak reference object
o=r1r()
if o is None:
# referent has been garbage collected
print ("Object has been deallocated; can't frobnicate.")
else:
print ("Object is still live!")
o.do_something_useful ()

Using a separate test for «liveness» creates race conditions in threaded applications; another thread can cause a weak
reference to become invalidated before the weak reference is called; the idiom shown above is safe in threaded applications
as well as single-threaded applications.

Specialized versions of ref objects can be created through subclassing. This is used in the implementation of the
WeakValueDictionary toreduce the memory overhead for each entry in the mapping. This may be most useful to
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associate additional information with a reference, but could also be used to insert additional processing on calls to retrieve
the referent.

This example shows how a subclass of ref can be used to store additional information about an object and affect the
value that’s returned when the referent is accessed:

import weakref

class ExtendedRef (weakref.ref):

def _ init_ (self, ob, callback=None, /, **annotations):
super () ._ _init__ (ob, callback)
self._ counter = 0

for k, v in annotations.items() :
setattr(self, k, v)

def _ call_ (self):
"""Return a palr containing the referent and the number of
times the reference has been called.
ob = super().__call__ ()
if ob is not None:
self._ counter += 1
ob = (ob, self.__ _counter)
return ob

8.9.2 Example

This simple example shows how an application can use object IDs to retrieve objects that it has seen before. The IDs of
the objects can then be used in other data structures without forcing the objects to remain alive, but the objects can still
be retrieved by ID if they do.

import weakref
_id2obj_dict = weakref.WeakValueDictionary ()

def remember (obj) :
oid = id(obj)
_id2obj_dict[oid] = obj
return oid

def id2obj (oid) :
return _id2obj_dict[oid]

8.9.3 Finalizer Objects

The main benefit of using finalize is that it makes it simple to register a callback without needing to preserve the
returned finalizer object. For instance

>>> import weakref
>>> class Object:
pass

>>> kenny = Object ()
>>> weakref.finalize (kenny, print, "You killed Kenny!")

(ouvéyela otV emtouevVn oerida)
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<finalize object at ...; for 'Object' at ...>
>>> del kenny
You killed Kenny!

The finalizer can be called directly as well. However the finalizer will invoke the callback at most once.

>>> def callback(x, vy, z):
print ("CALLBACK")
return x + y + z

>>> obj = Object ()
>>> f = weakref.finalize(obj, callback, 1, 2, z=3)
>>> assert f.alive

>>> assert f() == 6

CALLBACK

>>> assert not f.alive

>>> f() # callback not called because finalizer dead
>>> del obj # callback not called because finalizer dead

You can unregister a finalizer using its detach () method. This kills the finalizer and returns the arguments passed to
the constructor when it was created.

>>> obj = Object ()

>>> f = weakref.finalize(obj, callback, 1, 2, z=3)
>>> f.detach ()
(<...0Object object ...>, <function callback ...>, (1, 2), {'z': 3})

>>> newobj, func, args, kwargs =
>>> assert not f.alive

>>> assert newob]j is obj

>>> assert func(*args, **kwargs) == 6
CALLBACK

Unless you set the atexit attribute to False, a finalizer will be called when the program exits if it is still alive. For
instance

>>> obj = Object ()

>>> weakref.finalize (obj, print, "obj dead or exiting")
<finalize object at ...; for 'Object' at ...>

>>> exit ()

obj dead or exiting

8.9.4 Comparing finalizers with __del__ () methods
Suppose we want to create a class whose instances represent temporary directories. The directories should be deleted
with their contents when the first of the following events occurs:

« the object is garbage collected,

« the object’s remove () method is called, or

« the program exits.

We might try to implement the class usinga __del__ () method as follows:

class TempDir:
def @ init_ (self):

(ouvéyela otV emtduevn oehida)
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self.name = tempfile.mkdtemp ()

def remove (self):
if self.name is not None:
shutil.rmtree (self.name)
self.name = None

@property
def removed(self):
return self.name is None

def = del_  (self):
self.remove ()

Starting with Python 3.4, _ del () methods no longer prevent reference cycles from being garbage collected, and
module globals are no longer forced to None during inferpreter shutdown. So this code should work without any issues
on CPython.

However, handling of __del__ () methods is notoriously implementation specific, since it depends on internal details
of the interpreter’s garbage collector implementation.

A more robust alternative can be to define a finalizer which only references the specific functions and objects that it needs,
rather than having access to the full state of the object:

class TempDir:
def _ init_ (self):
self.name = tempfile.mkdtemp ()
self. finalizer = weakref.finalize(self, shutil.rmtree, self.name)

def remove (self):
self. _finalizer ()

@property
def removed(self):
return not self. finalizer.alive

Defined like this, our finalizer only receives a reference to the details it needs to clean up the directory appropriately. If
the object never gets garbage collected the finalizer will still be called at exit.

The other advantage of weakref based finalizers is that they can be used to register finalizers for classes where the definition
is controlled by a third party, such as running code when a module is unloaded:

import weakref, sys
def unloading_module () :

# implicit reference to the module globals from the function body
weakref.finalize (sys.modules[ name ], unloading_module)

Inueiwon: If you create a finalizer object in a daemonic thread just as the program exits then there is the possibility
that the finalizer does not get called at exit. However, in a daemonic thread atexit.register (), try:
finally: ...andwith: ... donotguarantee that cleanup occurs either.
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8.10 types — Dynamic type creation and names for built-in types

Source code: Lib/types.py

This module defines utility functions to assist in dynamic creation of new types.

It also defines names for some object types that are used by the standard Python interpreter, but not exposed as builtins
like int or str are.

Finally, it provides some additional type-related utility classes and functions that are not fundamental enough to be builtins.

8.10.1 Dynamic Type Creation
types.new_class (name, bases=(), kwds=None, exec_body=None)
Creates a class object dynamically using the appropriate metaclass.

The first three arguments are the components that make up a class definition header: the class name, the base classes
(in order), the keyword arguments (such as metaclass).

The exec_body argument is a callback that is used to populate the freshly created class namespace. It should accept
the class namespace as its sole argument and update the namespace directly with the class contents. If no callback
is provided, it has the same effect as passing in lambda ns: None.

Néo otnv ¢kdoom 3.3.

types.prepare_class (name, bases=(), kwds=None)
Calculates the appropriate metaclass and creates the class namespace.

The arguments are the components that make up a class definition header: the class name, the base classes (in
order) and the keyword arguments (such as metaclass).

The return value is a 3-tuple: metaclass, namespace, kwds

metaclass is the appropriate metaclass, namespace is the prepared class namespace and kwds is an updated copy of
the passed in kwds argument with any 'metaclass' entry removed. If no kwds argument is passed in, this will
be an empty dict.

Néo otnv ¢€kdoom 3.3.

AMEe otnv €kdoom 3.6: The default value for the name space element of the returned tuple has changed. Now
an insertion-order-preserving mapping is used when the metaclass does not have a___prepare__ method.

Agite eriong:
metaclasses Full details of the class creation process supported by these functions
PEP 3115 - Metaclasses in Python 3000 Introduced the __prepare__ namespace hook

types.resolve_bases (bases)
Resolve MRO entries dynamically as specified by PEP 560.

This function looks for items in bases that are not instances of ¢ ype, and returns a tuple where each such object
that has an __mro_entries__ method is replaced with an unpacked result of calling this method. If a bases
item is an instance of t ype, or it doesn’t have an __mro_entries__ method, then it is included in the return
tuple unchanged.

Néo otnv ¢€kdoom 3.7.
Agite gmiong:

PEP 560 - Core support for typing module and generic types
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8.10.2 Standard Interpreter Types

This module provides names for many of the types that are required to implement a Python interpreter. It deliberately
avoids including some of the types that arise only incidentally during processing such as the 1istiterator type.
Typical use of these names is for i sinstance () or issubclass () checks.

If you instantiate any of these types, note that signatures may vary between Python versions.

Standard names are defined for the following types:

types.FunctionType
types.LambdaType
The type of user-defined functions and functions created by 1ambda expressions.

Raises an auditing event function.___new__ with argument code.
The audit event only occurs for direct instantiation of function objects, and is not raised for normal compilation.

types.GeneratorType
The type of generator-iterator objects, created by generator functions.

types.CoroutineType
The type of coroutine objects, created by async def functions.

Néo otnv €kdoon 3.5.

types.AsyncGeneratorType
The type of asynchronous generator-iterator objects, created by asynchronous generator functions.

Néo otnv ¢kdoom 3.6.

class types.CodeType (**kwargs)
The type for code objects such as returned by compile ().

Raises an auditing event code.__new__ with arguments code, filename, name, argcount,
posonlyargcount, kwonlyargcount,nlocals, stacksize, flags.

Note that the audited arguments may not match the names or positions required by the initializer. The audit event
only occurs for direct instantiation of code objects, and is not raised for normal compilation.

replace (**kwargs)
Return a copy of the code object with new values for the specified fields.

Néo omv éxdoon 3.8.

types.CellType
The type for cell objects: such objects are used as containers for a function’s free variables.

Néo otv éxdoom 3.8.

types.MethodType
The type of methods of user-defined class instances.

types.BuiltinFunctionType

types.BuiltinMethodType
The type of built-in functions like Ien () or sys.exit (), and methods of built-in classes. (Here, the term
«built-in» means «written in C».)

types.WrapperDescriptorType
The type of methods of some built-in data types and base classes such as object.__init__ () orobject.
1t (0.

Néo omnv ékdoom 3.7.
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types.MethodWrapperType
The type of bound methods of some built-in data types and base classes. For example it is the type of object () .
__str__ .

Néo otnv ¢kdoon 3.7.

types.MethodDescriptorType
The type of methods of some built-in data types such as str. join ().

Néo otnv ¢kdoom 3.7.

types.ClassMethodDescriptorType
The type of unbound class methods of some built-in data types such as dict.__dict__ ['fromkeys'].

Néo oty éxdoon 3.7.

class types.ModuleType (name, doc=None)
The type of modules. The constructor takes the name of the module to be created and optionally its docstring.

Ynueimon: Use importlib.util.module_from_spec () to create a new module if you wish to set the
various import-controlled attributes.

doc

The docstring of the module. Defaults to None.

__loader___
The loader which loaded the module. Defaults to None.

This attribute is to match importlib.machinery.ModuleSpec.loader as stored in the
attr:__spec__ object.

Ynueiwon: A future version of Python may stop setting this attribute by default. To guard against this
potential change, preferably read from the _ spec__ attribute instead or use getattr (module,
"__loader__", None) if you explicitly need to use this attribute.

AMoEe oty ékdoon 3.4: Defaults to None. Previously the attribute was optional.

__name___
The name of the module. Expected to match importlib.machinery.ModuleSpec.name.

__package_
Which package a module belongs to. If the module is top-level (i.e. not a part of any specific package) then
the attribute should be set to ' ', else it should be set to the name of the package (which can be __name___
if the module is a package itself). Defaults to None.

This attribute is to match importlib.machinery.ModuleSpec.parent as stored in the
attr:__spec__ object.

Ynueiwon: A future version of Python may stop setting this attribute by default. To guard against this
potential change, preferably read from the _ spec__ attribute instead or use getattr (module,
"__package__", None) if you explicitly need to use this attribute.

AMEe oty ékdoon 3.4: Defaults to None. Previously the attribute was optional.

—_sSpec__
A record of the module’s import-system-related state. Expected to be an instance of importlib.
machinery.ModuleSpec.
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Néo omv éxdoon 3.4.

class types.GenericAlias (¢ origin, t_args)
The type of parameterized generics such as 1ist [int].

t_origin should be a non-parameterized generic class, such as 1ist, tuple or dict. t_args should be a
tuple (possibly of length 1) of types which parameterize t _origin:

>>> from types import GenericAlias

>>> list[int] == GenericAlias(list, (int,))

True

>>> dict[str, int] == GenericAlias(dict, (str, int))
True

Néo otnv ékdoom 3.9.
AMoEe ot €ékdoon 3.9.2: This type can now be subclassed.

class types.TracebackType (tb_next, th_frame, thb_lasti, tb_lineno)
The type of traceback objects such as found in sys.exc_info () [2].

See the language reference for details of the available attributes and operations, and guidance on creating tracebacks
dynamically.

types.FrameType
The type of frame objects such as found in tb.tb_frame if tb is a traceback object.

See the language reference for details of the available attributes and operations.

types.GetSetDescriptorType
The type of objects defined in extension modules with PyGet SetDef, such as FrameType.f_locals or
array.array.typecode. This type is used as descriptor for object attributes; it has the same purpose as the
property type, but for classes defined in extension modules.

types.MemberDescriptorType
The type of objects defined in extension modules with PyMemberDef, such as datetime.timedelta.
days. This type is used as descriptor for simple C data members which use standard conversion functions; it has
the same purpose as the property type, but for classes defined in extension modules.

CPython implementation detail: In other implementations of Python, this type may be identical to
GetSetDescriptorType.

class types.MappingProxyType (mapping)
Read-only proxy of a mapping. It provides a dynamic view on the mapping’s entries, which means that when the
mapping changes, the view reflects these changes.

Néo otnv ¢kdoon 3.3.

AMoEe otnv €xkdoon 3.9: Updated to support the new union ( | ) operator from PEP 584, which simply delegates
to the underlying mapping.

key in proxy
Return True if the underlying mapping has a key key, else False.

proxy [key]
Return the item of the underlying mapping with key key. Raises a Ke yError if key is not in the underlying
mapping.

iter (proxy)
Return an iterator over the keys of the underlying mapping. This is a shortcut for iter (proxy.keys () ).
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len (proxy)
Return the number of items in the underlying mapping.

copy ()
Return a shallow copy of the underlying mapping.

get (key[, default] )
Return the value for key if key is in the underlying mapping, else default. If default is not given, it defaults to
None, so that this method never raises a KeyError.

items ()
Return a new view of the underlying mapping’s items ( (key, value) pairs).

keys ()
Return a new view of the underlying mapping’s keys.

values ()
Return a new view of the underlying mapping’s values.

reversed (proxy)
Return a reverse iterator over the keys of the underlying mapping.

Néo omv éxdoomn 3.9.

8.10.3 Additional Utility Classes and Functions
class types.SimpleNamespace
A simple object subclass that provides attribute access to its namespace, as well as a meaningful repr.

Unlike ob ject, with SimpleNamespace you can add and remove attributes. If a SimpleNamespace object
is initialized with keyword arguments, those are directly added to the underlying namespace.

The type is roughly equivalent to the following code:

class SimpleNamespace:
def _ _init__ (self, /, **kwargs):
self. dict .update (kwargs)

def _ repr_ (self):
items = (f"{k/}={v " for k, v in self. dict .items ())
return " ( )" .format (type(self). name , ", ".join(items))

def __eqg (self, other):
if isinstance(self, SimpleNamespace) and isinstance (other, .
—SimpleNamespace) :
return self. dict == other. dict
return NotImplemented

SimpleNamespace may be useful as a replacement for class NS: pass. However, for a structured record
type use namedtuple () instead.

Néo otnv ¢kdoom 3.3.
AMoEe oty €kdoon 3.9: Attribute order in the repr changed from alphabetical to insertion (like dict).

types.DynamicClassAttribute (fger=None, fset=None, fdel=None, doc=None)
Route attribute access on a class to __getattr__.

This is a descriptor, used to define attributes that act differently when accessed through an instance and through
a class. Instance access remains normal, but access to an attribute through a class will be routed to the class’s
__getattr__ method; this is done by raising AttributeError.
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This allows one to have properties active on an instance, and have virtual attributes on the class with the same name
(see enum. Enum for an example).

Néo otnv ¢kdoom 3.4.

8.10.4 Coroutine Utility Functions

types.coroutine (gen_func)
This function transforms a generator function into a coroutine function which returns a generator-based coroutine.
The generator-based coroutine is still a generator iterator, but is also considered to be a coroutine object and is
awaitable. However, it may not necessarily implement the __await__ () method.

If gen_func is a generator function, it will be modified in-place.

If gen_func is not a generator function, it will be wrapped. If it returns an instance of collections.abc.
Generator, the instance will be wrapped in an awaitable proxy object. All other types of objects will be returned
as is.

Néo otnv ¢kdoon 3.5.

8.11 copy — Shallow and deep copy operations

Source code: Lib/copy.py

Assignment statements in Python do not copy objects, they create bindings between a target and an object. For collections
that are mutable or contain mutable items, a copy is sometimes needed so one can change one copy without changing the
other. This module provides generic shallow and deep copy operations (explained below).

Interface summary:

Ccopy . copy (x)
Return a shallow copy of x.

copy . deepcopy (x[, memo] )
Return a deep copy of x.

exception copy.Error
Raised for module specific errors.

The difference between shallow and deep copying is only relevant for compound objects (objects that contain other objects,
like lists or class instances):

« A shallow copy constructs a new compound object and then (to the extent possible) inserts references into it to the
objects found in the original.

o A deep copy constructs a new compound object and then, recursively, inserts copies into it of the objects found in
the original.

Two problems often exist with deep copy operations that don’t exist with shallow copy operations:

« Recursive objects (compound objects that, directly or indirectly, contain a reference to themselves) may cause a
recursive loop.

» Because deep copy copies everything it may copy too much, such as data which is intended to be shared between
copies.

The deepcopy () function avoids these problems by:
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« keeping a memo dictionary of objects already copied during the current copying pass; and
« letting user-defined classes override the copying operation or the set of components copied.

This module does not copy types like module, method, stack trace, stack frame, file, socket, window, or any similar types.
It does «copy» functions and classes (shallow and deeply), by returning the original object unchanged; this is compatible
with the way these are treated by the pi ck e module.

Shallow copies of dictionaries can be made using dict.copy (), and of lists by assigning a slice of the entire list, for
example, copied_list = original_list[:].

Classes can use the same interfaces to control copying that they use to control pickling. See the description of module
pickle for information on these methods. In fact, the copy module uses the registered pickle functions from the
copyreg module.

In order for a class to define its own copy implementation, it can define special methods __ _copy__ () and
__deepcopy__ (). The former is called to implement the shallow copy operation; no additional arguments are passed.
The latter is called to implement the deep copy operation; it is passed one argument, the memo dictionary. If the
__deepcopy__ () implementation needs to make a deep copy of a component, it should call the deepcopy ()
function with the component as first argument and the memo dictionary as second argument.

Agite gmiong:

Module pickle Discussion of the special methods used to support object state retrieval and restoration.

8.12 pprint — Data pretty printer

Source code: Lib/pprint.py

The pprint module provides a capability to «pretty-print» arbitrary Python data structures in a form which can be
used as input to the interpreter. If the formatted structures include objects which are not fundamental Python types, the
representation may not be loadable. This may be the case if objects such as files, sockets or classes are included, as well
as many other objects which are not representable as Python literals.

The formatted representation keeps objects on a single line if it can, and breaks them onto multiple lines if they don’t fit
within the allowed width. Construct Prett yPrinter objects explicitly if you need to adjust the width constraint.

Dictionaries are sorted by key before the display is computed.
AMaEe oty £kdoon 3.9: Added support for pretty-printing t ypes . SimpleNamespace.

The pprint module defines one class:

k

class pprint.PrettyPrinter (indent=1, width=80, depth=None, stream=None,

_ sort_dicts=True)
Construct a PrettyPrinter instance. This constructor understands several keyword parameters. An output

stream may be set using the stream keyword; the only method used on the stream object is the file protocol’s
write () method. If not specified, the PrettyPrinter adopts sys.stdout. The amount of indentation
added for each recursive level is specified by indent; the default is one. Other values can cause output to look a
little odd, but can make nesting easier to spot. The number of levels which may be printed is controlled by depth;
if the data structure being printed is too deep, the next contained level is replaced by . . .. By default, there is
no constraint on the depth of the objects being formatted. The desired output width is constrained using the width
parameter; the default is 80 characters. If a structure cannot be formatted within the constrained width, a best effort
will be made. If compact is false (the default) each item of a long sequence will be formatted on a separate line. If
compact is true, as many items as will fit within the width will be formatted on each output line. If sort_dicts is true
(the default), dictionaries will be formatted with their keys sorted, otherwise they will display in insertion order.

, compact=False,

AMoEe oty £xdoon 3.4: Added the compact parameter.
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AMoEe oty £xdoon 3.8: Added the sort_dicts parameter.

>>> import pprint
>>> stuff = ['spam', 'eggs', 'lumberjack', 'knights', 'ni']
>>> stuff.insert (0, stuff[:])
>>> pp = pprint.PrettyPrinter (indent=4)
>>> pp.pprint (stuff)
[ ['spam', 'eggs', 'lumberjack', 'knights', 'ni'],
'spam',
'eggs’',
'lumberjack',
'knights',
'ni']
>>> pp = pprint.PrettyPrinter (width=41, compact=True)
>>> pp.pprint (stuff)
[["spam', 'eggs', 'lumberjack',
'knights', 'ni'],
'spam', 'eggs', 'lumberjack', 'knights',
'ni']
>>> tup = ('spam', ('eggs', ('lumberjack', ('knights', ('ni', ('dead',
('"parrot', ('fresh fruit',))))))))
>>> pp = pprint.PrettyPrinter (depth=6)
>>> pp.pprint (tup)
("spam', ('eggs', ('lumberjack', ('knights', ('ni', ('dead', (...)))))))

The pprint module also provides several shortcut functions:

pprint .pformat (object, indent=I, width=80, depth=None, *, compact=False, sort_dicts=True)
Return the formatted representation of object as a string. indent, width, depth, compact and sort_dicts will be passed
to the PrettyPrinter constructor as formatting parameters.

AMoEe oty £xdoon 3.4: Added the compact parameter.
AMoEe oty ¢xdoon 3.8: Added the sort_dicts parameter.

pprint .pp (object, *args, sort_dicts=False, **kwargs)
Prints the formatted representation of object followed by a newline. If sort_dicts is false (the default), dictionaries
will be displayed with their keys in insertion order, otherwise the dict keys will be sorted. args and kwargs will be
passed to pprint () as formatting parameters.

Néo otnv ¢kdoom 3.8.

pprint.pprint (object, stream=None, indent=1, width=80, depth=None, *, compact=False, sort_dicts=True)
Prints the formatted representation of object on stream, followed by a newline. If stream is None, sys.stdout
is used. This may be used in the interactive interpreter instead of the print () function for inspecting values
(you can even reassign print = pprint.pprint for use within a scope). indent, width, depth, compact and
sort_dicts will be passed to the PrettyPrinter constructor as formatting parameters.

AlaEe oty ékdoon 3.4: Added the compact parameter.
AMoEe oty £xdoon 3.8: Added the sort_dicts parameter.

>>> import pprint
>>> stuff = ['spam', 'eggs', 'lumberjack', 'knights', 'ni']
>>> stuff.insert (0, stuff)
>>> pprint.pprint (stuff)
[<Recursion on list with id=...>,
'spam',
'eggs',
'lumberjack’',

(ouvéyela otV emtduevn oelida)
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(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)

'knights',
'l’li']

pprint.isreadable (object)
Determine if the formatted representation of object is «readable», or can be used to reconstruct the value using
eval (). This always returns False for recursive objects.

>>> pprint.isreadable (stuff)
False

pprint.isrecursive (object)
Determine if object requires a recursive representation.

One more support function is also defined:

pprint .saferepr (object)
Return a string representation of object, protected against recursive data structures. If the representation of object
exposes a recursive entry, the recursive reference will be represented as <Recursion on typename with
id=number>. The representation is not otherwise formatted.

>>> pprint.saferepr (stuff)
"[<Recursion on list with id=...>, 'spam', 'eggs', 'lumberjack', 'knights', 'ni']"

8.12.1 PrettyPrinter Objects

PrettyPrinter instances have the following methods:

PrettyPrinter.pformat (object)
Return the formatted representation of object. This takes into account the options passed to the PrettyPrinter
constructor.

PrettyPrinter.pprint (object)
Print the formatted representation of object on the configured stream, followed by a newline.

The following methods provide the implementations for the corresponding functions of the same names. Using these
methods on an instance is slightly more efficient since new PrettyPrinter objects don’t need to be created.

PrettyPrinter.isreadable (object)
Determine if the formatted representation of the object is «readable,» or can be used to reconstruct the value using
eval (). Note that this returns False for recursive objects. If the depth parameter of the PrettyPrinteris
set and the object is deeper than allowed, this returns False.

PrettyPrinter.isrecursive (object)
Determine if the object requires a recursive representation.

This method is provided as a hook to allow subclasses to modify the way objects are converted to strings. The default
implementation uses the internals of the saferepr () implementation.

PrettyPrinter.format (object, context, maxlevels, level)
Returns three values: the formatted version of object as a string, a flag indicating whether the result is readable, and
a flag indicating whether recursion was detected. The first argument is the object to be presented. The second is a
dictionary which contains the id () of objects that are part of the current presentation context (direct and indirect
containers for object that are affecting the presentation) as the keys; if an object needs to be presented which is
already represented in context, the third return value should be True. Recursive calls to the format () method
should add additional entries for containers to this dictionary. The third argument, maxlevels, gives the requested
limit to recursion; this will be O if there is no requested limit. This argument should be passed unmodified to
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recursive calls. The fourth argument, level, gives the current level; recursive calls should be passed a value less than
that of the current call.

8.12.2 Example

To demonstrate several uses of the pprint () function and its parameters, let’s fetch information about a project from
PyPIL:

>>> import json

>>> import pprint

>>> from urllib.request import urlopen

>>> with urlopen('https://pypi.org/pypi/sampleproject/json') as resp:
project_info = json.load(resp) ['info']

In its basic form, pprint () shows the whole object:

>>> pprint.pprint (project_info)

{'author': 'The Python Packaging Authority"',
'author_email': 'pypa-dev@googlegroups.com',
'bugtrack_url': None,
'classifiers': ['Development Status :: 3 - Alpha',
'Intended Audience :: Developers',
'License :: OSI Approved :: MIT License',
'Programming Language :: Python :: 2°',
'Programming Language :: Python :: 2.6',
'Programming Language :: Python :: 2.7',
'Programming Language :: Python :: 3',
'Programming Language :: Python :: 3.2"',
'Programming Language :: Python :: 3.3',
'Programming Language :: Python :: 3.4"',
'Topic :: Software Development :: Build Tools'],
'description': 'A sample Python project\n'
o ______ \nu
l\nl
'This is the description file for the project.\n'
l\nl

'The file should use UTF-8 encoding and be written using '
'ReStructured Text. It\n'
'will be used to generate the project webpage on PyPI, and '
'should be written for\n'
'that purpose.\n'
n\nu
'Typical contents for this file would include an overview of '
'the project, basic\n'
'usage examples, etc. Generally, including the project '
'changelog in here is not\n'
'a good idea, although a simple "What\'s New" section for the '
'most recent version\n'
'may be appropriate.’,

'description_content_type': None,

'docs_url': None,

'download_url': 'UNKNOWN',

'downloads': {'last_day': -1, 'last_month': -1, 'last_week': -1},
'home_page': 'https://github.com/pypa/sampleproject’,

'keywords': 'sample setuptools development',

'"license': 'MIT',

(ouvéyeLa 0TV ETOLLEVT CEMLDOL)

288 Kegahaio 8. Data Types



https://pypi.org

The Python Library Reference, Anpocisuon 3.9.23

(ovveyiCetow amd TV Tponyouevn oekida)

'maintainer': None,
'maintainer_email': None,
'name': 'sampleproject',
'package_url': 'https://pypi.org/project/sampleproject/"',
'platform': 'UNKNOWN',
'project_url': 'https://pypil.org/project/sampleproject/"',
'project_urls': {'Download': 'UNKNOWN',

'Homepage': 'https://github.com/pypa/sampleproject'},
'release_url': 'https://pypi.org/project/sampleproject/1.2.0/",
'requires_dist': None,
'requires_python': None,
'summary': 'A sample Python project',
'version': '1.2.0"}

The result can be limited to a certain depth (ellipsis is used for deeper contents):

>>> pprint.pprint (project_info, depth=1)

{'author': 'The Python Packaging Authority',

'author_email': 'pypa-dev@googlegroups.com',

'bugtrack_url': None,

'classifiers': [...1,

'description': 'A sample Python project\n'
| - —— \n'
l\nl
'This is the description file for the project.\n'
l\nl

'The file should use UTF-8 encoding and be written using '
'ReStructured Text. It\n'
'will be used to generate the project webpage on PyPI, and '
'should be written for\n'
'that purpose.\n'
l\nl
'Typical contents for this file would include an overview of '
'the project, basic\n'
'usage examples, etc. Generally, including the project '
'changelog in here is not\n'
'a good idea, although a simple "What\'s New" section for the '
'most recent version\n'
'may be appropriate.’,

'description_content_type': None,

'docs_url': None,

'download_url': 'UNKNOWN',

'downloads': {...},

'home_page': 'https://github.com/pypa/sampleproject’,

'keywords': 'sample setuptools development',

'"license': 'MIT',

'maintainer': None,

'maintainer_email': None,

'name': 'sampleproject',

'package_url': 'https://pypi.org/project/sampleproject/"',

'platform': 'UNKNOWN',

'project_url': 'https://pypi.org/project/sampleproject/’,

'project_urls': {...},

'release_url': 'https://pypi.org/project/sampleproject/1.2.0/",

'requires_dist': None,

'requires_python': None,

(ouvEyeLa oTNV ETOUEVY) OEMLOOL)
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'summary': 'A sample Python project',
'version': '1.2.0'}

Additionally, maximum character width can be suggested. If a long object cannot be split, the specified width will be
exceeded:

>>> pprint.pprint (project_info, depth=1, width=60)

{'author': 'The Python Packaging Authority"',
'author_email': 'pypa-dev@googlegroups.com',
'bugtrack_url': None,

'classifiers': [...],

'description': 'A sample Python project\n'
- \nl
V\nl

'This is the description file for the '

'project.\n'

v\nl

'The file should use UTF-8 encoding and be '

'written using ReStructured Text. It\n'

'will be used to generate the project '

'webpage on PyPI, and should be written '

'for\n'

'that purpose.\n'

l\nl

'Typical contents for this file would '

'include an overview of the project, '

'basic\n'

'usage examples, etc. Generally, including '

'the project changelog in here is not\n'

'a good idea, although a simple "What\'s '

'New" section for the most recent version\n'

'may be appropriate.’',
'description_content_type': None,

'docs_url': None,

'download_ url': 'UNKNOWN',

'downloads': {...},

'home_page': 'https://github.com/pypa/sampleproject’',
'keywords': 'sample setuptools development',

'license': 'MIT',

'maintainer': None,

'maintainer_email': None,

'name': 'sampleproject',

'package_url': 'https://pypi.org/project/sampleproject/"',
'platform': 'UNKNOWN',

'project_url': 'https://pypi.org/project/sampleproject/"',
'project_urls': {...},

'release_url': 'https://pypi.org/project/sampleproject/1.2.0/',

'requires_dist': None,
'requires_python': None,

'summary': 'A sample Python project',
'version': '1.2.0"}
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8.13 reprlib — Alternate repr () implementation

Source code: Lib/reprlib.py

The reprlib module provides a means for producing object representations with limits on the size of the resulting
strings. This is used in the Python debugger and may be useful in other contexts as well.

This module provides a class, an instance, and a function:

class reprlib.Repr
Class which provides formatting services useful in implementing functions similar to the built-in repz () ; size
limits for different object types are added to avoid the generation of representations which are excessively long.

reprlib.aRepr
This is an instance of Repr which is used to provide the repr () function described below. Changing the attributes
of this object will affect the size limits used by repr () and the Python debugger.

reprlib. repr (obj)
This is the repr () method of aRepr. It returns a string similar to that returned by the built-in function of the
same name, but with limits on most sizes.

In addition to size-limiting tools, the module also provides a decorator for detecting recursive callsto __repr__ () and
substituting a placeholder string instead.

@reprlib.recursive_repr (fillvalue="..")
Decorator for __repr__ () methods to detect recursive calls within the same thread. If a recursive call is made,
the fillvalue is returned, otherwise, the usual __repr__ () call is made. For example:

>>> from reprlib import recursive_repr
>>> class MyList (list):

@recursive_repr ()

def _ repr (self):

return '<' + '|'.join (map (repr, self)) + '>!'

>>> m = MyList ('abc')
>>> m.append (m)
>>> m.append('x")
>>> print (m)
<'a'l'b'|'c'"|...|"'x"'">

Néo otnv ékdoom 3.2.

8.13.1 Repr Objects

Repr instances provide several attributes which can be used to provide size limits for the representations of different
object types, and methods which format specific object types.

Repr.maxlevel
Depth limit on the creation of recursive representations. The default is 6.

Repr.maxdict
Repr.maxlist
Repr.maxtuple
Repr.maxset
Repr.maxfrozenset
Repr.maxdeque
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Repr.maxarray
Limits on the number of entries represented for the named object type. The default is 4 for maxdict, 5 for
maxarray, and 6 for the others.

Repr.maxlong
Maximum number of characters in the representation for an integer. Digits are dropped from the middle. The
default is 40.

Repr.maxstring
Limit on the number of characters in the representation of the string. Note that the «normal» representation of the
string is used as the character source: if escape sequences are needed in the representation, these may be mangled
when the representation is shortened. The default is 30.

Repr.maxother
This limit is used to control the size of object types for which no specific formatting method is available on the
Repr object. It is applied in a similar manner as maxst ring. The defaultis 20.

Repr.repr (obj)
The equivalent to the built-in repr () that uses the formatting imposed by the instance.

Repr.reprl (obj, level)
Recursive implementation used by repzr (). This uses the type of obj to determine which formatting method to
call, passing it obj and level. The type-specific methods should call repr1 () to perform recursive formatting, with
level - 1 for the value of level in the recursive call.

Repr.repr_TYPE (obj, level)
Formatting methods for specific types are implemented as methods with a name based on the type name. In the
method name, TYPE is replaced by '_"'.join (type (obj).__name__ .split ()). Dispatch to these
methods is handled by repri (). Type-specific methods which need to recursively format a value should call
self.reprl (subobj, level - 1).

8.13.2 Subclassing Repr Objects

The use of dynamic dispatching by Repr. repri () allows subclasses of Repr to add support for additional built-in
object types or to modify the handling of types already supported. This example shows how special support for file objects
could be added:

import reprlib
import sys

class MyRepr (reprlib.Repr) :

def repr_TextIOWrapper (self, obj, level):
if obj.name in {'<stdin>', '<stdout>', '<stderr>'}:
return obj.name
return repr (ob7j)

aRepr = MyRepr ()
print (aRepr.repr (sys.stdin)) # prints '<stdin>'
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8.14 enum — Support for enumerations

Néo oty éxdoon 3.4.

Source code: Lib/enum.py

An enumeration is a set of symbolic names (members) bound to unique, constant values. Within an enumeration, the
members can be compared by identity, and the enumeration itself can be iterated over.

Inueimon: Case of Enum Members

Because Enums are used to represent constants we recommend using UPPER_CASE names for enum members, and will
be using that style in our examples.

8.14.1 Module Contents

This module defines four enumeration classes that can be used to define unique sets of names and values: Enum,
IntEnum, Flag, and IntFlag. It also defines one decorator, unigue (), and one helper, auto.

class enum.Enum
Base class for creating enumerated constants. See section Functional API for an alternate construction syntax.

class enum.IntEnum
Base class for creating enumerated constants that are also subclasses of int.

class enum.IntFlag
Base class for creating enumerated constants that can be combined using the bitwise operators without losing their
IntFlag membership. TntF1ag members are also subclasses of int.

class enum.Flag
Base class for creating enumerated constants that can be combined using the bitwise operations without losing their
F'1ag membership.

enum.unique ()
Enum class decorator that ensures only one name is bound to any one value.

class enum.auto
Instances are replaced with an appropriate value for Enum members. By default, the initial value starts at 1.

Néo oty éxdoon 3.6: Flag, IntFlag, auto
8.14.2 Creating an Enum

Enumerations are created using the class syntax, which makes them easy to read and write. An alternative creation
method is described in Functional API. To define an enumeration, subclass £num as follows:

>>> from enum import Enum
>>> class Color (Enum) :
RED = 1
GREEN = 2
BLUE = 3
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Ynueioon: Enum member values

Member values can be anything: int, str, etc.. If the exact value is unimportant you may use aut o instances and an
appropriate value will be chosen for you. Care must be taken if you mix aut o with other values.

Enueiwon: Nomenclature
o The class Color is an enumeration (or enum)

e The attributes Color.RED, Color.GREEN, etc., are enumeration members (or enum members) and are
functionally constants.

e The enum members have names and values (the name of Color .RED is RED, the value of Color .BLUE is 3,
etc.)

Ynueioon: Even though we use the class syntax to create Enums, Enums are not normal Python classes. See How
are Enums different? for more details.

Enumeration members have human readable string representations:

>>> print (Color.RED)
Color.RED

...while their repr has more information:

>>> print (repr (Color.RED))
<Color.RED: 1>

The type of an enumeration member is the enumeration it belongs to:

>>> type (Color.RED)

<enum 'Color'>

>>> isinstance (Color.GREEN, Color)
True

>>>

Enum members also have a property that contains just their item name:

>>> print (Color.RED.name)
RED

Enumerations support iteration, in definition order:

>>> class Shake (Enum) :
VANILLA = 7
CHOCOLATE =
COOKIES = 9
MINT = 3

4

>>> for shake in Shake:
print (shake)

Shake.VANILLA

(ouveéyela otV emtduevVn oehida)
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Shake.CHOCOLATE
Shake.COOKIES
Shake .MINT

Enumeration members are hashable, so they can be used in dictionaries and sets:

>>> apples = {}

>>> apples[Color.RED] = 'red delicious'

>>> apples[Color.GREEN] = 'granny smith'

>>> apples == {Color.RED: 'red delicious', Color.GREEN: 'granny smith'}
True

8.14.3 Programmatic access to enumeration members and their attributes

Sometimes it’s useful to access members in enumerations programmatically (i.e. situations where Color . RED won't do
because the exact color is not known at program-writing time). Enum allows such access:

>>> Color (1)
<Color.RED: 1>
>>> Color (3)
<Color.BLUE: 3>

If you want to access enum members by name, use item access:

>>> Color['RED']
<Color.RED: 1>
>>> Color['GREEN']
<Color.GREEN: 2>

If you have an enum member and need its name or value:

>>> member = Color.RED
>>> member.name

'RED"'

>>> member.value

1

8.14.4 Duplicating enum members and values

Having two enum members with the same name is invalid:

>>> class Shape (Enum) :
SQUARE = 2
SQUARE = 3

Traceback (most recent call last):

TypeError: Attempted to reuse key: 'SQUARE'

However, two enum members are allowed to have the same value. Given two members A and B with the same value (and
A defined first), B is an alias to A. By-value lookup of the value of A and B will return A. By-name lookup of B will also
return A:
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>>> class Shape (Enum) :

SQUARE = 2
DIAMOND = 1
CIRCLE = 3

ALIAS_FOR_SQUARE = 2

>>> Shape.SQUARE
<Shape.SQUARE: 2>

>>> Shape.ALIAS_FOR_SQUARE
<Shape.SQUARE: 2>

>>> Shape (2)
<Shape.SQUARE: 2>

Inueiwon: Attempting to create a member with the same name as an already defined attribute (another member, a
method, etc.) or attempting to create an attribute with the same name as a member is not allowed.

8.14.5 Ensuring unique enumeration values

By default, enumerations allow multiple names as aliases for the same value. When this behavior isn’t desired, the following
decorator can be used to ensure each value is used only once in the enumeration:

@enum.unique

A class decorator specifically for enumerations. It searches an enumeration’s __members___ gathering any aliases it
finds; if any are found ValueError is raised with the details:

>>> from enum import Enum, unique
>>> @unique
class Mistake (Enum) :

ONE = 1
TWO = 2
THREE = 3
FOUR = 3

Traceback (most recent call last):

ValueError: duplicate values found in <enum 'Mistake'>: FOUR -> THREE

8.14.6 Using automatic values

If the exact value is unimportant you can use auto:

>>> from enum import Enum, auto
>>> class Color (Enum) :

RED = auto ()

BLUE = auto ()

GREEN = auto ()

>>> list (Color)
[<Color.RED: 1>, <Color.BLUE: 2>, <Color.GREEN: 3>]

The values are chosen by _generate_next_value_ (), which can be overridden:
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>>> class AutoName (Enum) :
def _generate_next_value_ (name, start, count, last_values):
return name

>>> class Ordinal (AutoName) :
NORTH = auto ()
SOUTH = auto ()
EAST = auto ()
WEST = auto()

>>> 1list (Ordinal)
[<Ordinal .NORTH: 'NORTH'>, <Ordinal.SOUTH: 'SOUTH'>, <Ordinal.EAST: 'EAST'>, <Ordinal.
—SWEST: "WEST'>]

Ynueioon: The goal of the default _generate_next_value_ () method is to provide the next int in sequence
with the last i nt provided, but the way it does this is an implementation detail and may change.

Enueiwon: The _generate_next_value_ () method must be defined before any members.

8.14.7 lteration

Iterating over the members of an enum does not provide the aliases:

>>> 1list (Shape)
[<Shape.SQUARE: 2>, <Shape.DIAMOND: 1>, <Shape.CIRCLE: 3>]

The special attribute __members___is a read-only ordered mapping of names to members. It includes all names defined
in the enumeration, including the aliases:

>>> for name, member in Shape.__ _members__.items () :
name, member

'SQUARE', <Shape.SQUARE: 2>)

DIAMOND', <Shape.DIAMOND: 1>)
CIRCLE', <Shape.CIRCLE: 3>)
'"ALIAS_FOR_SQUARE', <Shape.SQUARE: 2>)

v
v

(
(
(
(

The __members___ attribute can be used for detailed programmatic access to the enumeration members. For example,
finding all the aliases:

>>> [name for name, member in Shape._ members__ .items () if member.name != name]
["ALIAS_FOR_SQUARE']
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8.14.8 Comparisons

Enumeration members are compared by identity:

>>> Color.RED is Color.RED

True

>>> Color.RED is Color.BLUE
False

>>> Color.RED is not Color.BLUE
True

Ordered comparisons between enumeration values are not supported. Enum members are not integers (but see /ntEnum
below):

>>> Color.RED < Color.BLUE
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: '<' not supported between instances of 'Color' and 'Color'

Equality comparisons are defined though:

>>> Color.BLUE == Color.RED
False

>>> Color.BLUE != Color.RED
True

>>> Color.BLUE == Color.BLUE
True

Comparisons against non-enumeration values will always compare not equal (again, TntEnum was explicitly designed
to behave differently, see below):

>>> Color.BLUE == 2
False

8.14.9 Allowed members and attributes of enumerations

The examples above use integers for enumeration values. Using integers is short and handy (and provided by default by
the Functional API), but not strictly enforced. In the vast majority of use-cases, one doesn’t care what the actual value of
an enumeration is. But if the value is important, enumerations can have arbitrary values.

Enumerations are Python classes, and can have methods and special methods as usual. If we have this enumeration:

>>> class Mood (Enum) :
FUNKY = 1
HAPPY = 3

def describe (self):
# self is the member here
return self.name, self.value

def _ str_ (self):
return 'my custom str! '.format (self.value)

@classmethod
def favorite_mood(cls):
# cls here is the enumeration

(ouvéyela otV emtduevn oehida)
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return cls.HAPPY

Then:

>>> Mood.favorite_mood()
<Mood.HAPPY: 3>

>>> Mood.HAPPY.describe ()
('"HAPPY', 3)

>>> str (Mood.FUNKY)

'my custom str! 1°'

The rules for what is allowed are as follows: names that start and end with a single underscore are reserved by enum and
cannot be used; all other attributes defined within an enumeration will become members of this enumeration, with the
exception of special methods (__str__ (), __add__ (), etc.), descriptors (methods are also descriptors), and variable
names listed in _ignore_.

Note: if your enumeration defines __new__ () and/or __init__ () then any value(s) given to the enum member will
be passed into those methods. See Planet for an example.

8.14.10 Restricted Enum subclassing

A new Enum class must have one base Enum class, up to one concrete data type, and as many ob ject-based mixin
classes as needed. The order of these base classes is:

class EnumName ([mix-in, ...,] [data-type,] base-enum) :
pass

Also, subclassing an enumeration is allowed only if the enumeration does not define any members. So this is forbidden:

>>> class MoreColor (Color) :
PINK = 17

Traceback (most recent call last):

TypeError: Cannot extend enumerations

But this is allowed:

>>> class Foo (Enum) :
def some_behavior (self):
pass

>>> class Bar (Foo) :
HAPPY = 1
SAD = 2

Allowing subclassing of enums that define members would lead to a violation of some important invariants of types and
instances. On the other hand, it makes sense to allow sharing some common behavior between a group of enumerations.
(See OrderedEnum for an example.)
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8.14.11 Pickling

Enumerations can be pickled and unpickled:

>>> from test.test_enum import Fruit

>>> from pickle import dumps, loads

>>> Fruit.TOMATO is loads (dumps (Fruit.TOMATO))
True

The usual restrictions for pickling apply: picklable enums must be defined in the top level of a module, since unpickling
requires them to be importable from that module.

Inueiwon: With pickle protocol version 4 it is possible to easily pickle enums nested in other classes.

It is possible to modify how Enum members are pickled/unpickled by defining _ reduce_ex__ () in the enumeration
class.

8.14.12 Functional API

The Enum class is callable, providing the following functional API:

>>> Animal = Enum('Animal', 'ANT BEE CAT DOG'")

>>> Animal

<enum 'Animal'>

>>> Animal.ANT

<Animal.ANT: 1>

>>> Animal.ANT.value

1

>>> list (Animal)

[<Animal.ANT: 1>, <Animal.BEE: 2>, <Animal.CAT: 3>, <Animal.DOG: 4>]

The semantics of this API resemble namedtuple. The first argument of the call to Enum is the name of the
enumeration.

The second argument is the source of enumeration member names. It can be a whitespace-separated string of names, a
sequence of names, a sequence of 2-tuples with key/value pairs, or a mapping (e.g. dictionary) of names to values. The
last two options enable assigning arbitrary values to enumerations; the others auto-assign increasing integers starting with
1 (use the start parameter to specify a different starting value). A new class derived from Enum is returned. In other
words, the above assignment to Animal is equivalent to:

>>> class Animal (Enum) :

ANT = 1
BEE = 2
CAT = 3
DOG = 4

The reason for defaulting to 1 as the starting number and not 0 is that 0 is False in a boolean sense, but enum members
all evaluate to True.

Pickling enums created with the functional API can be tricky as frame stack implementation details are used to try and
figure out which module the enumeration is being created in (e.g. it will fail if you use a utility function in separate module,
and also may not work on IronPython or Jython). The solution is to specify the module name explicitly as follows:
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>>> Animal = Enum('Animal', 'ANT BEE CAT DOG', module=__ name_ )

Ipozwdomoinon: If module is not supplied, and Enum cannot determine what it is, the new Enum members will
not be unpicklable; to keep errors closer to the source, pickling will be disabled.

The new pickle protocol 4 also, in some circumstances, relies on ___qualname___ being set to the location where pickle
will be able to find the class. For example, if the class was made available in class SomeData in the global scope:

>>> Animal = Enum('Animal', 'ANT BEE CAT DOG', qualname='SomeData.Animal')

The complete signature is:

Enum (value="'NewEnumName', names=<...>, *, module='...', qualname='...', type=<mixed-
—in class>, start=1)

value What the new Enum class will record as its name.

names The Enum members. This can be a whitespace or comma separated string (values will start at 1
unless otherwise specified):

"RED GREEN BLUE' | 'RED,GREEN,BLUE' | 'RED, GREEN, BLUE' ‘

or an iterator of names:

’['RED', "GREEN', 'BLUE'] ‘

or an iterator of (name, value) pairs:

’[('CYAN', 4), ('MAGENTA', 5), ('YELLOW', 6)] ‘

or a mapping:

’{'CHARTREUSE': 7, 'SEA_GREEN': 11, 'ROSEMARY': 42} ‘

module name of module where new Enum class can be found.
qualname where in module new Enum class can be found.
type type to mix in to new Enum class.

start number to start counting at if only names are passed in.

AMaEe oty ékdoom 3.5: The start parameter was added.

8.14.13 Derived Enumerations

IntEnum

The first variation of Enum that is provided is also a subclass of int. Members of an TntEnum can be compared to
integers; by extension, integer enumerations of different types can also be compared to each other:

>>> from enum import IntEnum
>>> class Shape (IntEnum) :
CIRCLE = 1

(ouvéyela otV eOUEVT OENIDOL)
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SQUARE = 2

>>> class Request (IntEnum) :
POST = 1
GET = 2

Il
Il
N

>>> Shape
False

>>> Shape.CIRCLE ==

True

>>> Shape.CIRCLE == Request.POST
True

However, they still can’t be compared to standard Enum enumerations:

>>> class Shape (IntEnum) :
CIRCLE = 1
SQUARE = 2

>>> class Color (Enum) :
RED = 1
GREEN = 2

>>> Shape.CIRCLE == Color.RED
False

IntEnum values behave like integers in other ways you'd expect:

>>> int (Shape.CIRCLE)

1

>>> ['a', 'b', 'c'][Shape.CIRCLE]
lbl

>>> [1 for i in range (Shape.SQUARE) ]
[0, 1]

IntFlag

The next variation of Enum provided, TntF1ag, is also based on int. The difference being TntF1ag members can
be combined using the bitwise operators (&, |, *, ~) and the result is still an TntF1ag member. However, as the name
implies, TntF1ag members also subclass int and can be used wherever an int is used. Any operationonan IntFlag

member besides the bit-wise operations will lose the TntF1ag membership.

Néo omv éxdoom 3.6.

Sample TntF1lag class:

>>> from enum import IntFlag
>>> class Perm(IntFlag):

R =4
W = 2
X =1
>>> Perm.R | Perm.W

<Perm.R|W: 6>
>>> Perm.R + Perm.W

(ouveéyela otV emoOueV oehida)
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6

>>> RW = Perm.R | Perm.W
>>> Perm.R in RW

True

It is also possible to name the combinations:

>>> class Perm(IntFlag):

R =4
W = 2
X =1
RWX = 7

>>> Perm.RWX

<Perm.RWX: 7>
>>> ~Perm.RWX
<Perm.-8: —-8>

Another important difference between IntF1agand Enumis thatif no flags are set (the value is 0), its boolean evaluation
is False:

>>> Perm.R & Perm.X
<Perm.0: 0>

>>> bool (Perm.R & Perm.X)
False

Because IntFI1ag members are also subclasses of int they can be combined with them:

>>> Perm.X | 8
<Perm.8|X: 9>

Flag

The last variation is F'1ag. Like TntFlag, F1ag members can be combined using the bitwise operators (&, |, *, ~).
Unlike TntF1ag, they cannot be combined with, nor compared against, any other 71 ag enumeration, nor int. While
it is possible to specify the values directly it is recommended to use aut o as the value and let F'1 ag select an appropriate
value.

Néo otv éxdoom 3.6.

Like TntFlag, if a combination of F'1ag members results in no flags being set, the boolean evaluation is F'alse:

>>> from enum import Flag, auto
>>> class Color (Flag):

RED = auto ()

BLUE = auto()

GREEN = auto ()

>>> Color.RED & Color.GREEN
<Color.0: 0>

>>> bool (Color.RED & Color.GREEN)
False

Individual flags should have values that are powers of two (1, 2, 4, 8, ...), while combinations of flags won’t:

8.14. enum — Support for enumerations 303




The Python Library Reference, Anpooicsuon 3.9.23

>>> class Color (Flag):
RED = auto()
BLUE = auto()
GREEN auto ()
WHITE = RED | BLUE | GREEN

>>> Color.WHITE
<Color.WHITE: 7>

Giving a name to the «no flags set» condition does not change its boolean value:

>>> class Color (Flag):
BLACK = 0
RED = auto ()
BLUE = auto ()
GREEN = auto()

>>> Color.BLACK
<Color.BLACK: 0>

>>> bool (Color.BLACK)
False

Ynueioon: For the majority of new code, Enumand F1ag are strongly recommended, since TntEnumand IntFlag
break some semantic promises of an enumeration (by being comparable to integers, and thus by transitivity to other
unrelated enumerations). TntEnumand ITntF1ag should be used only in cases where Enumand F1ag will not do; for
example, when integer constants are replaced with enumerations, or for interoperability with other systems.

Others

While TntEnumis part of the enum module, it would be very simple to implement independently:

class IntEnum(int, Enum) :
pass

This demonstrates how similar derived enumerations can be defined; for example a St rEnum that mixes in st r instead
of int.

Some rules:

1. When subclassing £num, mix-in types must appear before £numitself in the sequence of bases, asinthe Tnt Enum
example above.

2. While Enum can have members of any type, once you mix in an additional type, all the members must have values
of that type, e.g. int above. This restriction does not apply to mix-ins which only add methods and don’t specify
another type.

3. When another data type is mixed in, the value attribute is not the same as the enum member itself, although it is
equivalent and will compare equal.

4. %-style formatting: %s and %r call the Enum class’s __str__ () and __repr__ () respectively; other codes
(such as %i or %h for IntEnum) treat the enum member as its mixed-in type.

5. Formatted string literals, st r. format (),and format () will use the mixed-in type’s__format__ () unless
__str__ () or __format__ () is overridden in the subclass, in which case the overridden methods or Enum
methods will be used. Use the !s and !r format codes to force usage of the Fnum class's ___str__ () and
__repr__ () methods.
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8.14.14 Whentouse _new_ () VS. __init__ ()

__new__ () must be used whenever you want to customize the actual value of the Enum member. Any other
modifications may go in either __new__ () or __init__ (),with___init__ () being preferred.

For example, if you want to pass several items to the constructor, but only want one of them to be the value:

>>> class Coordinate (bytes, Enum) :

mmn

Coordinate with binary codes that can be indexed by the int code.
def _ new__ (cls, value, label, unit):
obj = bytes.__new__ (cls, [value])
obj._value_ = value
obj.label = label
obj.unit = unit
return obj
PX = (0, 'P.X', 'km")
PY = (1, 'P.Y', 'km'")
VX (2, 'V.X', 'km/s'")
VY (3, 'V.Y', 'km/s'")

>>> print (Coordinate['PY'])
Coordinate.PY

>>> print (Coordinate (3))
Coordinate.VY

8.14.15 Interesting examples

While Enum, IntEnum, IntFlag,and F1ag are expected to cover the majority of use-cases, they cannot cover them
all. Here are recipes for some different types of enumerations that can be used directly, or as examples for creating one’s
own.

Omitting values
In many use-cases one doesn’t care what the actual value of an enumeration is. There are several ways to define this type
of simple enumeration:

« use instances of aut o for the value

« use instances of object as the value

« use a descriptive string as the value

« use a tuple as the value and a custom __new___ () to replace the tuple with an int value

Using any of these methods signifies to the user that these values are not important, and also enables one to add, remove,
or reorder members without having to renumber the remaining members.

Whichever method you choose, you should provide a repr () that also hides the (unimportant) value:

>>> class NoValue (Enum) :
def _ _repr__ (self):
return '< . >'" % (self. class_ . name_ , self.name)
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Using auto

Using aut o would look like:

>>> class Color (NoValue) :
RED = auto ()
BLUE = auto ()
GREEN = auto ()

>>> Color.GREEN
<Color.GREEN>

Using object

Using object would look like:

>>> class Color (NoValue) :
RED = object ()
GREEN = object ()
BLUE = object ()

>>> Color.GREEN
<Color.GREEN>

Using a descriptive string

Using a string as the value would look like:

>>> class Color (NoValue) :

RED = 'stop'
GREEN = 'go'
BLUE = 'too fast!'

>>> Color.GREEN
<Color.GREEN>

>>> Color.GREEN.value
lgol

Using a custom __new__ ()

Using an auto-numbering __new__ () would look like:

>>> class AutoNumber (NoValue) :
def _ new__ (cls):

value = len(cls._ _members_ ) + 1
obj = object.__new__ (cls)
obj._value_ = value

return obj

>>> class Color (AutoNumber) :
RED = ()
GREEN = ()

(ouvéyela otV emtduevn oehida)
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BLUE = ()

>>> Color.GREEN
<Color.GREEN>

>>> Color.GREEN.value
2

To make a more general purpose Aut oNumber, add *args to the signature:

>>> class AutoNumber (NoValue) :

def _ new__ (cls, *args): # this is the only change from above
value = len(cls._ members_ ) + 1
obj = object.__new__ (cls)
obj._value_ = value

return obj

Then when you inherit from Aut oNumber you can write your own __init__ to handle any extra arguments:

>>> class Swatch (AutoNumber) :

def _ _init__ (self, pantone='unknown') :
self.pantone = pantone
AUBURN = '3497"
SEA_GREEN = '1246"
BLEACHED_CORAL = () # New color, no Pantone code yet!

>>> Swatch.SEA_GREEN
<Swatch.SEA_GREEN: 2>

>>> Swatch.SEA_GREEN.pantone
'1246"

>>> Swatch.BLEACHED_CORAL.pantone
'unknown'

Znueiwon: The __new__ () method, if defined, is used during creation of the Enum members; it is then replaced by
Enum’s __new__ () which is used after class creation for lookup of existing members.

OrderedEnum

An ordered enumeration that is not based on IntEnum and so maintains the normal Enum invariants (such as not being
comparable to other enumerations):

>>> class OrderedEnum (Enum) :
def _ ge_ (self, other):
if self. class  is other. class
return self.value >= other.value
return NotImplemented
def _ gt_ (self, other):
if self. class is other. class
return self.value > other.value
return NotImplemented
def _ le_ (self, other):
if self. class__ is other._ class_
return self.value <= other.value

(ouvéyela otV emtduevn oehida)
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return NotImplemented
def _ 1t_ (self, other):
if self. class_
return self.value < other.value
return NotImplemented

is other. class

>>> class Grade (OrderedEnum) :

A =5
B =4
c =3
D =2
F=1

>>> Grade.C < Grade.A
True

DuplicateFreeEnum

Raises an error if a duplicate member name is found instead of creating an alias:

>>> class DuplicateFreeEnum (Enum) :

def _ init_ (self, *args):
cls = self._class_
if any(self.value == e.value for e in cls):
a = self.name
e = cls(self.value) .name

raise ValueError (

"aliases not allowed in DuplicateFreeEnum:

s (a, e))

>>> class Color (DuplicateFreeEnum) :

RED = 1

GREEN = 2
BLUE = 3
GRENE = 2

Traceback (most recent call last):

ValueError: aliases not allowed in DuplicateFreeEnum:

'GRENE"'

——> 'GREEN'

Enueiwon: This is a useful example for subclassing Enum to add or change other behaviors as well as disallowing aliases.
If the only desired change is disallowing aliases, the unique () decorator can be used instead.
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Planet

If __new__ () or__init__ () is defined the value of the enum member will be passed to those methods:

>>> class Planet (Enum) :

MERCURY = (3.303e+23, .4397e6)

VENUS = (4.869%e+24, .0518e6)
EARTH = (5.976e+24, .37814e6)
MARS = (6.421e+23, .3972e6)

SATURN (5.688e+26, .0268e7)
URANUS (8.686e+25, .5559e7)
NEPTUNE = (1.024e+26, .4746e7)
def _ init_ (self, mas radius) :
self.mass = mass # in kilograms
self.radius radius # 1in meters
@property
def surface_gravity(self):
# universal gravitational constant (m3 kg-1 s-2)
G = 6.67300E-11
return G * self.mass / (self.radius * self.radius)

2
6
6
3
JUPITER = (1.9e+27, 7.1492e7)
6
2
2
SI

>>> Planet.EARTH.value
(5.976e+24, 6378140.0)

>>> Planet .EARTH.surface_gravity
9.802652743337129

TimePeriod

An example to show the _ignore__ attribute in use:

>>> from datetime import timedelta
>>> class Period(timedelta, Enum) :
"different lengths of time"
_ignore_ = 'Period i'
Period = wvars/()
for i in range(367):
Period['day_2d'

o\

i] = 1

>>> list (Period) [:2]

[<Period.day_0: datetime.timedelta (0)>, <Period.day_1: datetime.timedelta (days=1)>]
>>> list (Period) [-2:]

[<Period.day_365: datetime.timedelta (days=365)>, <Period.day_366: datetime.
—timedelta (days=366)>]

8.14.16 How are Enums different?

Enums have a custom metaclass that affects many aspects of both derived Enum classes and their instances (members).
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Enum Classes

The EnumMeta metaclass is responsible for providing the _ _contains__ (), __dir__ (), __iter__ () and
other methods that allow one to do things with an Enum class that fail on a typical class, such as list(Color) or
some_enum_var in Color. EnumMeta is responsible for ensuring that various other methods on the final Enum class
are correct (suchas _ _new__ (),_ getnewargs_ (),__str__ () and __repr__ ()).

Enum Members (aka instances)

The most interesting thing about Enum members is that they are singletons. EnumMet a creates them all while it is creating
the Enum class itself, and then puts a custom __new___ () in place to ensure that no new ones are ever instantiated by
returning only the existing member instances.

Finer Points

Supported _ _dunder__ names

__members___is a read-only ordered mapping of member_name:member items. It is only available on the class.

__new__ (), if specified, must create and return the enum members; it is also a very good idea to set the member’s
_value_ appropriately. Once all the members are created it is no longer used.

Supported _sunder_ hames

e _name_ - name of the member
e _value_ - value of the member; can be set / modified in __new___
e _missing_ - alookup function used when a value is not found; may be overridden

e _ignore_ - alist of names, eitherasa 1ist ora st r, that will not be transformed into members, and will be
removed from the final class

e _order_ - used in Python 2/3 code to ensure member order is consistent (class attribute, removed during class
creation)

e _generate_next_value_ —used by the Functional API and by aut o to get an appropriate value for an enum
member; may be overridden

Néo omv €xdo01n 3.6: _missing , order , generate next value_
Néo omv éxdoon 3.7: _ignore_

To help keep Python 2 / Python 3 code in sync an _order_ attribute can be provided. It will be checked against the
actual order of the enumeration and raise an error if the two do not match:

>>> class Color (Enum) :
_order_ = 'RED GREEN BLUE'
RED = 1
BLUE = 3
GREEN = 2

Traceback (most recent call last):

TypeError: member order does not match _order_
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Ynueioon: In Python 2 code the _order_ attribute is necessary as definition order is lost before it can be recorded.

_Private__names

Private names will be normal attributes in Python 3.11 instead of either an error or a member (depending on if the name
ends with an underscore). Using these names in 3.9 and 3.10 will issue a DeprecationWarning.

Enum member type

Enum members are instances of their Fnum class, and are normally accessed as EnumClass .member. Under certain
circumstances they can also be accessed as EnumClass .member . member, but you should never do this as that lookup
may fail or, worse, return something besides the £num member you are looking for (this is another good reason to use
all-uppercase names for members):

>>> class FieldTypes (Enum) :

name = 0
value = 1
size = 2

>>> FieldTypes.value.size
<FieldTypes.size: 2>

>>> FieldTypes.size.value
2

Ynueiwon: This behavior is deprecated and will be removed in 3.11.

AMEe oty ékdoon 3.5.

Boolean value of Enum classes and members

Enum members that are mixed with non-Enum types (such as int, str, etc.) are evaluated according to the mixed-in
type’s rules; otherwise, all members evaluate as True. To make your own Enum’s boolean evaluation depend on the
member’s value add the following to your class:

def _ bool_ (self):
return bool (self.value)

Enum classes always evaluate as True.
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Enum classes with methods

If you give your Enum subclass extra methods, like the Planet class above, those methods will show up ina dir () of
the member, but not of the class:

>>> dir (Planet)

['"EARTH', 'JUPITER', 'MARS', 'MERCURY', 'NEPTUNE', 'SATURN', 'URANUS', 'VENUS', '__
—~class_ ', '__doc_ ', ' _members_ ', '_ _module_ ']

>>> dir (Planet.EARTH)

['__class__ ', '__doc__', '__module__', 'name', 'surface_gravity', 'value']

Combining members of Flag

If a combination of Flag members is not named, the repr () will include all named flags and all named combinations
of flags that are in the value:

>>> class Color (Flag):
RED = auto ()
GREEN = auto ()
BLUE = auto ()
MAGENTA = RED | BLUE
YELLOW = RED | GREEN
CYAN = GREEN | BLUE

>>> Color (3) # named combination

<Color.YELLOW: 3>
>>> Color (7) # not named combination

<Color.CYAN|MAGENTA|BLUE | YELLOW|GREEN|RED: 7>

Ynueioon: In3.11 unnamed combinations of flags will only produce the canonical flag members (aka single-value flags).
So Color (7) would produce something like <Color.BLUE | GREEN |RED: 7>.

8.15 graphlib — Functionality to operate with graph-like structures

Source code: Lib/graphlib.py

class graphlib.TopologicalSorter (graph=None)
Provides functionality to topologically sort a graph of hashable nodes.

A topological order is a linear ordering of the vertices in a graph such that for every directed edge u -> v from vertex
u to vertex v, vertex u comes before vertex v in the ordering. For instance, the vertices of the graph may represent
tasks to be performed, and the edges may represent constraints that one task must be performed before another;
in this example, a topological ordering is just a valid sequence for the tasks. A complete topological ordering is
possible if and only if the graph has no directed cycles, that is, if it is a directed acyclic graph.

If the optional graph argument is provided it must be a dictionary representing a directed acyclic graph where the
keys are nodes and the values are iterables of all predecessors of that node in the graph (the nodes that have edges
that point to the value in the key). Additional nodes can be added to the graph using the add () method.

In the general case, the steps required to perform the sorting of a given graph are as follows:
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o Create an instance of the TopologicalSorter with an optional initial graph.
» Add additional nodes to the graph.
e Call prepare () on the graph.

o While is_active () is True, iterate over the nodes returned by get_ ready () and process them. Call
done () on each node as it finishes processing.

In case just an immediate sorting of the nodes in the graph is required and no parallelism is involved, the
convenience method TopologicalSorter.static_order () can be used directly:

>>> graph = {llD": {"Bll, "C"}, "Cll: {"A"}, "Bll: {"A"}}
>>> ts = TopologicalSorter (graph)

>>> tuple(ts.static_order())

('A" 'C" 'B" VD')

The class is designed to easily support parallel processing of the nodes as they become ready. For instance:

topological_sorter = TopologicalSorter ()
# Add nodes to 'topological_sorter'...

topological_sorter.prepare ()
while topological_sorter.is_active():
for node in topological_sorter.get_ready () :
# Worker threads or processes take nodes to work on off the
# 'task_queue' queue.
task_queue.put (node)

When the work for a node is done, workers put the node 1in
'finalized_tasks_queue' so we can get more nodes to work on.

The definition of 'is_active()' guarantees that, at this point, at
least one node has been placed on 'task_queue' that hasn't yet

been passed to 'done()', so this blocking 'get ()' must (eventually)
succeed. After calling 'done()', we loop back to call 'get_ready()'
again, so put newly freed nodes on 'task_queue' as soon as
logically possible.

node = finalized_tasks_qgqueue.get ()

topological_sorter.done (node)

S FH W H R W W H

add (node, *predecessors)
Add a new node and its predecessors to the graph. Both the node and all elements in predecessors must be
hashable.

If called multiple times with the same node argument, the set of dependencies will be the union of all
dependencies passed in.

It is possible to add a node with no dependencies (predecessors is not provided) or to provide a dependency
twice. If a node that has not been provided before is included among predecessors it will be automatically
added to the graph with no predecessors of its own.

Raises ValueError if called after prepare ().

prepare ()
Mark the graph as finished and check for cycles in the graph. If any cycle is detected, CycleError will
be raised, but get_ready () can still be used to obtain as many nodes as possible until cycles block more
progress. After a call to this function, the graph cannot be modified, and therefore no more nodes can be
added using add ().
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is_active ()

Returns True if more progress can be made and False otherwise. Progress can be made if cycles
do not block the resolution and either there are still nodes ready that haven't yet been returned by
TopologicalSorter.get_ready () or the number of nodes marked TopologicalSorter.
done () is less than the number that have been returned by TopologicalSorter.get_ready ().

The _ bool__ () method of this class defers to this function, so instead of:

if ts.is_active():

it is possible to simply do:

if ts:

Raises ValueError if called without calling prepare () previously.

done (*nodes)

Marks a set of nodes returned by TopologicalSorter.get_ready () as processed, unblocking any
successor of each node in nodes for being returned in the future by a call to TopologicalSorter.
get_ready ().

Raises ValueError if any node in nodes has already been marked as processed by a previous call to this
method or if a node was not added to the graph by using TopologicalSorter.add (), if called without
calling prepare () or if node has not yet been returned by get_ready ().

get_ready ()

Returns a tuple with all the nodes that are ready. Initially it returns all nodes with no predecessors, and
once those are marked as processed by calling TopologicalSorter.done (), further calls will return
all new nodes that have all their predecessors already processed. Once no more progress can be made, empty
tuples are returned.

Raises ValueError if called without calling prepare () previously.

static_order ()

Returns an iterator object which will iterate over nodes in a topological order. When using this method,
prepare () and done () should not be called. This method is equivalent to:

def static_order (self):
self.prepare ()
while self.is_active():
node_group = self.get_ready ()
yield from node_group
self.done (*node_group)

The particular order that is returned may depend on the specific order in which the items were inserted in the
graph. For example:

>>> ts = TopologicalSorter ()
>>> ts.add(3, 2, 1)

>>> ts.add (1, 0)

>>> print ([*ts.static_order()])
(2, 0, 1, 3]

>>> ts2 = TopologicalSorter ()
>>> ts2.add (1, 0)
>>> ts2.add (3, 2, 1)

(ouvéyela otV emOUEVT OENIDO)
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>>> print ([*ts2.static_order()])
(o, 2, 1, 31

This is due to the fact that «0» and «2» are in the same level in the graph (they would have been returned in
the same call to get_ready ()) and the order between them is determined by the order of insertion.

If any cycle is detected, CycleError will be raised.

Néo omnv ékdoom 3.9.

8.15.1 Exceptions

The graph1ib module defines the following exception classes:

exception graphlib.CycleError
Subclass of ValueErrorraisedby TopologicalSorter.prepare () if cycles exist in the working graph.
If multiple cycles exist, only one undefined choice among them will be reported and included in the exception.

The detected cycle can be accessed via the second element in the args attribute of the exception instance and
consists in a list of nodes, such that each node is, in the graph, an immediate predecessor of the next node in the
list. In the reported list, the first and the last node will be the same, to make it clear that it is cyclic.
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KE®ANAIO 9

AplBunTikd kat Mabnuatikd Modules

Ta modules mov EPLYPAEPOVTOL 08 OUTO TO KEPAAULO TOPEXOVV aPLOUNTIKEG Kol LOOUOTIKEG CUVOPTIOELG KOl
Tomovg dedopuévav. To makéto numbers opilel po apnenuévn tepapyio Tomwv dedouévwv. Ta modules math
Ko cmath TepPLEoVV SLAPOPES LABNIATIKEG GUVOPTNOELS Y0 OPLOUOVG KIVITTHG UIT0dLaoTOMG Ka (yodtkoug
aplBpovg. To module decimal vmooTnpilel aKpLPelg OVOTOPAOTAOELS dEKOOKMOV OpLOUMDY YP1OLUOTTOLMVTAG
apldunTiky avbaipetng axpifelas.

Ta axdrovba modules avolvovtal o€ AUTO TO KEPAIOLO

9.1 numbers — Numeric abstract base classes

Source code: Lib/numbers.py

The numbe rs module (PEP 3141) defines a hierarchy of numeric abstract base classes which progressively define more
operations. None of the types defined in this module are intended to be instantiated.

class numbers.Number
The root of the numeric hierarchy. If you just want to check if an argument x is a number, without caring what
kind, use isinstance (x, Number).

9.1.1 The numeric tower

class numbers.Complex
Subclasses of this type describe complex numbers and include the operations that work on the built-in compIex
type. These are: conversions to complex and bool, real, imag, +, —, *, /, **, abs (), conjugate (),
==, and !=. All except — and ! = are abstract.

real

Abstract. Retrieves the real component of this number.
imag

Abstract. Retrieves the imaginary component of this number.
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abstractmethod conjugate ()
Abstract. Returns the complex conjugate. For example, (1+37) .conjugate () == (1-37).

class numbers.Real
To Complex, Real adds the operations that work on real numbers.

In short, those are: a conversion to float, math.trunc (), round (), math.floor (), math.ceil (),
divmod(),//,%, <, <=, >, and >=.

Real also provides defaults for complex (), real, imag, and conjugate ().

class numbers.Rational
Subtypes Real and adds numerator and denominator properties, which should be in lowest terms. With
these, it provides a default for f1oat ().

numerator
Abstract.

denominator
Abstract.

class numbers.Integral
Subtypes Rational and adds a conversion to int. Provides defaults for float (), numerator, and
denominator. Adds abstract methods for pow () with modulus and bit-string operations: <<, >>, &, *, |,

9.1.2 Notes for type implementors

Implementors should be careful to make equal numbers equal and hash them to the same values. This may be subtle if
there are two different extensions of the real numbers. For example, fractions.Fractionimplements hash () as
follows:

def _ hash_ (self):

if self.denominator ==
# Get integers right.
return hash (self.numerator)

# Expensive check, but definitely correct.

if self == float (self):
return hash (float (self))

else:
# Use tuple's hash to avoid a high collision rate on
# simple fractions.
return hash((self.numerator, self.denominator))

Adding More Numeric ABCs

There are, of course, more possible ABCs for numbers, and this would be a poor hierarchy if it precluded the possibility
of adding those. You can add MyF oo between Complex and Real with:

class MyFoo (Complex) :
MyFoo.register (Real)

318 Kegaiaio 9. ApiOuntika kat Maénpatika Modules




The Python Library Reference, Anpooicuon 3.9.23

Implementing the arithmetic operations

We want to implement the arithmetic operations so that mixed-mode operations either call an implementation whose
author knew about the types of both arguments, or convert both to the nearest built in type and do the operation there.
For subtypes of Tntegral, this means that __add__ () and __radd__ () should be defined as:

class MyIntegral (Integral):

def _ add__ (self, other):
if isinstance (other, MyIntegral):
return do_my_adding_stuff (self, other)
elif isinstance (other, OtherTypeIKnowAbout) :
return do_my_other_adding_stuff (self, other)
else:
return NotImplemented

def _ radd__ (self, other):
if isinstance (other, MyIntegral):
return do_my_adding_stuff (other, self)
elif isinstance (other, OtherTypeIKnowAbout) :
return do_my_other_ adding_stuff (other, self)
elif isinstance (other, Integral):
return int (other) + int (self)
elif isinstance (other, Real):
return float (other) + float (self)
elif isinstance (other, Complex):
return complex (other) + complex(self)
else:
return NotImplemented

There are 5 different cases for a mixed-type operation on subclasses of Comp 1ex. I'll refer to all of the above code that
doesn’t refer to MyIntegral and OtherTypeIKnowAbout as «boilerplate». a will be an instance of A, which is a
subtype of Complex(a : A <: Complex),andb : B <: Complex.[Illconsidera + b:

1. If A defines an __add__ () which accepts b, all is well.

2. If A falls back to the boilerplate code, and it were to return a value from ___add__ (), we'd miss the possibility
that B defines a more intelligent _ radd__ (), so the boilerplate should return Not Implemented from
add__ (). (Or A may not implement __add__ () atall.)

3. Then B’s __radd__ () gets a chance. If it accepts a, all is well.

4. If it falls back to the boilerplate, there are no more possible methods to try, so this is where the default
implementation should live.

5. If B <: A, Python tries B.___radd__ before A.__add__. This is ok, because it was implemented with
knowledge of A, so it can handle those instances before delegating to Complex.

IfA <: Complexand B <: Real without sharing any other knowledge, then the appropriate shared operation is
the one involving the built in complex, and both __radd__ () sland there, so a+b == b+a.

Because most of the operations on any given type will be very similar, it can be useful to define a helper function which
generates the forward and reverse instances of any given operator. For example, fractions.Fraction uses:

def _operator_fallbacks (monomorphic_operator, fallback_operator):
def forward(a, b):
if isinstance (b, (int, Fraction)):
return monomorphic_operator (a, b)
elif isinstance (b, float):

(ouvéyeLa 0TV ETOUEVT] GEMDQL)
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return fallback_operator (float (a), b)
elif isinstance (b, complex):
return fallback_operator (complex(a), b)

else:
return NotImplemented
forward. name = '__ ' + fallback_operator. name + ' '
forward. doc = monomorphic_operator. doc

def reverse (b, a):
if isinstance(a, Rational):
# Includes ints.
return monomorphic_operator (a, b)
elif isinstance (a, numbers.Real):
return fallback_operator (float (a), float (b))
elif isinstance(a, numbers.Complex) :
return fallback_operator (complex(a), complex (b))

else:
return NotImplemented
reverse. = ' r' + fallback_operator. name + '
reverse. = monomorphic_operator. doc

return forward, reverse

def _add(a, b):
"y + prnre
return Fraction (a.numerator * b.denominator +
b.numerator * a.denominator,
a.denominator * b.denominator)

_add__, __radd__ = _operator_fallbacks(_add, operator.add)

9.2 math — Mathematical functions

This module provides access to the mathematical functions defined by the C standard.

These functions cannot be used with complex numbers; use the functions of the same name from the cmath module if
you require support for complex numbers. The distinction between functions which support complex numbers and those
which don’t is made since most users do not want to learn quite as much mathematics as required to understand complex
numbers. Receiving an exception instead of a complex result allows earlier detection of the unexpected complex number
used as a parameter, so that the programmer can determine how and why it was generated in the first place.

The following functions are provided by this module. Except when explicitly noted otherwise, all return values are floats.
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9.2.1 Number-theoretic and representation functions

math.ceil (x)

Return the ceiling of x, the smallest integer greater than or equal to x. If x is not a float, delegatestox.__ceil_
which should return an Tntegral value.

math.comb (n, k)
Return the number of ways to choose k items from n items without repetition and without order.

Evaluateston! / (k! * (n - k)!) when k <= n and evaluates to zero when k > n.

Also called the binomial coefficient because it is equivalent to the coefficient of k-th term in polynomial expansion
of the expression (1 + x) ** n.

Raises TypeError if either of the arguments are not integers. Raises Va lueError if either of the arguments
are negative.

Néo otnv ¢kdoom 3.8.

math.copysign (x, y)
Return a float with the magnitude (absolute value) of x but the sign of y. On platforms that support signed zeros,
copysign (1.0, -0.0) returns-/.0.

math. fabs (x)
Return the absolute value of x.

math.factorial (x)
Return x factorial as an integer. Raises Va lueError if x is not integral or is negative.

AmoovpOnke oty €kdoom 3.9: Accepting floats with integral values (like 5 . 0) is deprecated.

math.floor (x)

Return the floor of x, the largest integer less than or equal to x. If x is not a float, delegates to x.__ floor_ ,
which should return an Tntegral value.

math.fmod (x, y)

Return fmod (x, ), as defined by the platform C library. Note that the Python expression x % y may not
return the same result. The intent of the C standard is that fmod (x, y) be exactly (mathematically; to infinite
precision) equal to x — n*y for some integer n such that the result has the same sign as x and magnitude less
than abs (y). Python’s x % vy returns a result with the sign of y instead, and may not be exactly computable
for float arguments. For example, fmod (-1e-100, 1e100) is —1e-100, but the result of Python’s —1e-
100 % 1e100is1e100-1e-100, which cannot be represented exactly as a float, and rounds to the surprising
1e100. For this reason, function fmod () is generally preferred when working with floats, while Python’s x % vy
is preferred when working with integers.

math. frexp (x)
Return the mantissa and exponent of x as the pair (m, e).misafloatand e is an integer such that x == m *

2**e exactly. If x is zero, returns (0.0, 0),otherwise 0.5 <= abs (m) < 1. Thisis used to «pick apart»
the internal representation of a float in a portable way.

math . £sum (iterable)

Return an accurate floating point sum of values in the iterable. Avoids loss of precision by tracking multiple
intermediate partial sums:

>>> sum((.1, .1, .1, .1, .1, .1, .1, .1, .1, .11)
0.9999999999999999

>>> fsum((.1, .1, .1, .1, .1, .1, .1, .1, .1, .11)
1.0
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The algorithm’s accuracy depends on IEEE-754 arithmetic guarantees and the typical case where the rounding
mode is half-even. On some non-Windows builds, the underlying C library uses extended precision addition and
may occasionally double-round an intermediate sum causing it to be off in its least significant bit.

For further discussion and two alternative approaches, see the ASPN cookbook recipes for accurate floating point
summation.

math.ged ( *integers)
Return the greatest common divisor of the specified integer arguments. If any of the arguments is nonzero, then
the returned value is the largest positive integer that is a divisor of all arguments. If all arguments are zero, then
the returned value is 0. gcd () without arguments returns 0.

Néo otv ¢€kdoom 3.5.

AMEe otnv éxdoon 3.9: Added support for an arbitrary number of arguments. Formerly, only two arguments
were supported.

math.isclose (a, b, *, rel_tol=1e-09, abs_tol=0.0)
Return True if the values a and b are close to each other and False otherwise.

Whether or not two values are considered close is determined according to given absolute and relative tolerances.

rel_tol is the relative tolerance — it is the maximum allowed difference between a and b, relative to the larger absolute
value of a or b. For example, to set a tolerance of 5%, pass rel_tol=0.05. The default tolerance is 1e-09,
which assures that the two values are the same within about 9 decimal digits. rel_tol must be greater than zero.

abs_tol is the minimum absolute tolerance — useful for comparisons near zero. abs_tol must be at least zero.

If no errors occur, the result will be: abs (a-b) <= max(rel_tol * max(abs(a), abs (b)),
abs_tol).

The IEEE 754 special values of NaN, inf, and —inf will be handled according to IEEE rules. Specifically, NaN
is not considered close to any other value, including NaN. inf and —inf are only considered close to themselves.

Néo otv éxdoon 3.5.
Agite emiong:
PEP 485 — A function for testing approximate equality

math.isfinite (x)
Return True if x is neither an infinity nor a NaN, and False otherwise. (Note that 0 . O is considered finite.)

Néo otnv ¢kdoon 3.2.

math.isinf (x)
Return True if x is a positive or negative infinity, and False otherwise.

math.isnan (x)
Return True if x is a NaN (not a number), and False otherwise.

math.isqrt (n)
Return the integer square root of the nonnegative integer n. This is the floor of the exact square root of n, or
equivalently the greatest integer a such that a® < n.

For some applications, it may be more convenient to have the least integer a such that n < a2, or in other words the
ceiling of the exact square root of n. For positive #, this can be computed usinga = 1 + isqrt(n - 1).

Néo otnv ¢€kdoom 3.8.

math.lcm ( *integers)
Return the least common multiple of the specified integer arguments. If all arguments are nonzero, then the returned
value is the smallest positive integer that is a multiple of all arguments. If any of the arguments is zero, then the
returned value is 0. 1cm () without arguments returns 1.
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Néo otv ¢€kdoom 3.9.

math.ldexp (x, i)
Return x * (2**1i). This is essentially the inverse of function frexp ().

math.modf (x)
Return the fractional and integer parts of x. Both results carry the sign of x and are floats.

math.nextafter (x, y)
Return the next floating-point value after x towards y.

If x is equal to y, return y.
Examples:
e math.nextafter (x, math.inf) goes up: towards positive infinity.
e math.nextafter (x, -math.inf) goes down: towards minus infinity.
e math.nextafter (x, 0.0) goestowards zero.
e math.nextafter (x, math.copysign(math.inf, x)) goes away from zero.
See also math.ulp ().
Néo otnv ¢kdoom 3.9.

math.perm (n, k=None)
Return the number of ways to choose k items from n items without repetition and with order.

Evaluateston! / (n - k) ! when k <= n and evaluates to zero when k > n.
If & is not specified or is None, then k defaults to n and the function returns n!.

Raises TypeError if either of the arguments are not integers. Raises Va lueError if either of the arguments
are negative.

Néo otnv ¢kdoom 3.8.

math.prod (iterable, *, start=1I)
Calculate the product of all the elements in the input iterable. The default start value for the product is 1.

When the iterable is empty, return the start value. This function is intended specifically for use with numeric values
and may reject non-numeric types.

Néo otnv ¢kdoon 3.8.

math.remainder (x, y)
Return the IEEE 754-style remainder of x with respect to y. For finite x and finite nonzero y, this is the difference
x — n*y, where n is the closest integer to the exact value of the quotient x / y.If x / vy is exactly halfway
between two consecutive integers, the nearest even integer is used for n. The remainder r = remainder (x,
y) thus always satisfies abs (r) <= 0.5 * abs(y).

Special cases follow IEEE 754: in particular, remainder (x, math.inf) is x for any finite x, and
remainder (x, 0) and remainder (math.inf, x) raise ValueError for any non-NaN x. If the
result of the remainder operation is zero, that zero will have the same sign as x.

On platforms using IEEE 754 binary floating-point, the result of this operation is always exactly representable: no
rounding error is introduced.

Néo otnv ¢€kdoom 3.7.

math.trunc (x)
Return x with the fractional part removed, leaving the integer part. This rounds toward O: t runc () is equivalent to
floor () for positive x, and equivalent to cei 1 () for negative x. If x is not a float, delegates to x . __trunc__,
which should return an Tntegral value.
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math.ulp (x)
Return the value of the least significant bit of the float x:

o If xis a NaN (not a number), return x.
o If x is negative, return ulp (-x).
« If x is a positive infinity, return x.

« If x is equal to zero, return the smallest positive denormalized representable float (smaller than the minimum
positive normalized float, sys. float_info.min).

o If x is equal to the largest positive representable float, return the value of the least significant bit of x, such
that the first float smaller than xis x — ulp (x).

o Otherwise (x is a positive finite number), return the value of the least significant bit of x, such that the first
float bigger than x is x + ulp (x).

ULP stands for «Unit in the Last Place».
See also math.nextafter () and sys. float_info.epsilon.
Néo oty éxdoon 3.9.

Note that frexp () and modf () have a different call/return pattern than their C equivalents: they take a single argument
and return a pair of values, rather than returning their second return value through an “output parameter” (there is no such
thing in Python).

Forthe ceil (), f1oor (),and modf () functions, note that all floating-point numbers of sufficiently large magnitude
are exact integers. Python floats typically carry no more than 53 bits of precision (the same as the platform C double
type), in which case any float x with abs (x) >= 2**52 necessarily has no fractional bits.

9.2.2 Power and logarithmic functions

math.exp (x)
Return e raised to the power x, where e =2.718281... is the base of natural logarithms. This is usually more accurate
thanmath.e ** xor pow (math.e, x).

math.expml (x)
Return e raised to the power x, minus 1. Here e is the base of natural logarithms. For small floats x, the subtraction
in exp (x) — 1 can resultin a significant loss of precision; the expm? () function provides a way to compute
this quantity to full precision:

>>> from math import exp, expml

>>> exp(le-5) - 1 # gives result accurate to 11 places
1.0000050000069649e-05
>>> expml (1le-5) # result accurate to full precision

1.0000050000166668e-05

Néo otnv €kdoon 3.2.

math.log (x[, base] )
With one argument, return the natural logarithm of x (to base e).

With two arguments, return the logarithm of x to the given base, calculated as 1og (x) /1log (base).

math.loglp (x)
Return the natural logarithm of /+x (base e). The result is calculated in a way which is accurate for x near zero.

math.log2 (x)
Return the base-2 logarithm of x. This is usually more accurate than 1og (x, 2).
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Néo otv ¢kdoom 3.3.
Agite emiong:

int.bit_Ilength () returns the number of bits necessary to represent an integer in binary, excluding the sign
and leading zeros.

math.loglO (x)
Return the base-10 logarithm of x. This is usually more accurate than 1og (x, 10).

math.pow (x, y)
Return x raised to the power y. Exceptional cases follow Annex “F” of the C99 standard as far as possible. In
particular, pow (1.0, x) and pow (x, 0.0) always return 1.0, even when x is a zero or a NaN. If both x
and y are finite, x is negative, and vy is not an integer then pow (x, y) is undefined, and raises ValueError.

Unlike the built-in * * operator, math.pow () converts both its arguments to type 1 oat. Use * * or the built-in
pow () function for computing exact integer powers.

math.sqgrt (x)
Return the square root of x.

9.2.3 Trigonometric functions

math.acos (x)
Return the arc cosine of x, in radians. The result is between 0 and pi.

math.asin (x)
Return the arc sine of x, in radians. The result is between —pi /2 and pi/2.

math.atan (x)
Return the arc tangent of x, in radians. The result is between —pi/2 and pi/2.

math.atan2 (y, x)
Return atan (y / x),inradians. The result is between —p1i and pi. The vector in the plane from the origin to
point (x, vy) makes this angle with the positive X axis. The point of atanZ2 () is that the signs of both inputs
are known to it, so it can compute the correct quadrant for the angle. For example, atan (1) and atan2 (1,
1) are bothpi/4,butatan2 (-1, -1) is-3*pi/4.

math.cos (x)
Return the cosine of x radians.

math.dist (p, q)
Return the Euclidean distance between two points p and g, each given as a sequence (or iterable) of coordinates.
The two points must have the same dimension.

Roughly equivalent to:

sgrt (sum((px — gx) ** 2.0 for px, gx in zip(p, 9)))

Néo otnv ¢€kdoom 3.8.

math.hypot (*coordinates)
Return the Euclidean norm, sgrt (sum (x**2 for x in coordinates) ). Thisis the length of the vector
from the origin to the point given by the coordinates.

For a two dimensional point (x, ), this is equivalent to computing the hypotenuse of a right triangle using the
Pythagorean theorem, sqrt (x*x + y*y).

AMoEe oty ékdoon 3.8: Added support for n-dimensional points. Formerly, only the two dimensional case was
supported.
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math.sin (x)
Return the sine of x radians.

math.tan (x)
Return the tangent of x radians.

9.2.4 Angular conversion
math.degrees (x)
Convert angle x from radians to degrees.

math.radians (x)
Convert angle x from degrees to radians.

9.2.5 Hyperbolic functions

Hyperbolic functions are analogs of trigonometric functions that are based on hyperbolas instead of circles.

math.acosh (x)
Return the inverse hyperbolic cosine of x.

math.asinh (x)
Return the inverse hyperbolic sine of x.

math.atanh (x)
Return the inverse hyperbolic tangent of x.

math.cosh (x)
Return the hyperbolic cosine of x.

math.sinh (x)
Return the hyperbolic sine of x.

math.tanh (x)
Return the hyperbolic tangent of x.

9.2.6 Special functions
math.erf (x)
Return the error function at x.

The erf () function can be used to compute traditional statistical functions such as the cumulative standard normal
distribution:

def phi (x):
'"Cumulative distribution function for the standard normal distribution'’
return (1.0 + erf(x / sqrt(2.0))) / 2.0

Néo otnv é€kdoom 3.2.

math.erfe (x)
Return the complementary error function at x. The complementary error function is definedas 1.0 - erf (x).
It is used for large values of x where a subtraction from one would cause a loss of significance.

Néo otv ¢€kdoom 3.2.
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math.gamma (x)
Return the Gamma function at x.

Néo otnv ¢kdoom 3.2.

math.lgamma (x)
Return the natural logarithm of the absolute value of the Gamma function at x.

Néo otv éxdoon 3.2.

9.2.7 Constants

math.pi
The mathematical constant 7 = 3.141592..., to available precision.

math.e
The mathematical constant e = 2.718281..., to available precision.

math.tau
The mathematical constant 7 = 6.283185.. ., to available precision. Tau is a circle constant equal to 2z, the ratio of
a circle’s circumference to its radius. To learn more about Tau, check out Vi Hart’s video Pi is (still) Wrong, and
start celebrating Tau day by eating twice as much pie!

Néo otnv ¢kdoom 3.6.

math.inf

A floating-point positive infinity. (For negative infinity, use -math.inf.) Equivalent to the output of
float ('"inf').

Néo otnv ¢kdoom 3.5.

math.nan
A floating-point «not a number» (NaN) value. Equivalent to the output of float ('nan'). Due to the
requirements of the IEEE-754 standard, math.nan and float ('nan') are not considered to equal to any
other numeric value, including themselves. To check whether a number is a NaN, use the i snan () function to
test for NaNs instead of is or ==. Example:

>>> import math

>>> math.nan == math.nan

False

>>> float ('nan') == float('nan')
False

>>> math.isnan (math.nan)
True

>>> math.isnan(float ('nan'))
True

Néo oty éxdoon 3.5.

CPython implementation detail: The math module consists mostly of thin wrappers around the platform C math
library functions. Behavior in exceptional cases follows Annex F of the C99 standard where appropriate. The current
implementation will raise ValueError for invalid operations like sgrt (-1.0) or Log (0.0) (where C99 Annex F
recommends signaling invalid operation or divide-by-zero), and Over £ 1owE rror for results that overflow (for example,
exp (1000.0) ). A NaN will not be returned from any of the functions above unless one or more of the input arguments
was a NaN; in that case, most functions will return a NaN, but (again following C99 Annex F) there are some exceptions
to this rule, for example pow (float ('nan'), 0.0) orhypot (float ('nan'), float('inf')).

Note that Python makes no effort to distinguish signaling NaNs from quiet NaNs, and behavior for signaling NaNs remains
unspecified. Typical behavior is to treat all NaNs as though they were quiet.
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Agite griong:

Module cmath Complex number versions of many of these functions.

9.3 cmath — Mathematical functions for complex numbers

This module provides access to mathematical functions for complex numbers. The functions in this module accept integers,
floating-point numbers or complex numbers as arguments. They will also accept any Python object that has either a
__complex__ () ora__float__ () method: these methods are used to convert the object to a complex or floating-
point number, respectively, and the function is then applied to the result of the conversion.

Enueiwon: On platforms with hardware and system-level support for signed zeros, functions involving branch cuts are
continuous on both sides of the branch cut: the sign of the zero distinguishes one side of the branch cut from the other.
On platforms that do not support signed zeros the continuity is as specified below.

9.3.1 Conversions to and from polar coordinates

A Python complex number z is stored internally using rectangular or Cartesian coordinates. It is completely determined
by its real part z . real and its imaginary part z . imag. In other words:

z == z.real + z.imag*1lj

Polar coordinates give an alternative way to represent a complex number. In polar coordinates, a complex number z is
defined by the modulus r and the phase angle phi. The modulus 7 is the distance from z to the origin, while the phase phi
is the counterclockwise angle, measured in radians, from the positive x-axis to the line segment that joins the origin to z.

The following functions can be used to convert from the native rectangular coordinates to polar coordinates and back.

cmath.phase (x)
Return the phase of x (also known as the argument of x), as afloat. phase (x) isequivalenttomath.atan2 (x.
imag, x.real).Theresultlies in the range [-7, 7], and the branch cut for this operation lies along the negative
real axis, continuous from above. On systems with support for signed zeros (which includes most systems in current
use), this means that the sign of the result is the same as the sign of x . imag, even when x . imag is zero:

>>> phase (complex (-1.0, 0.0))
3.141592653589793

>>> phase (complex (1.0, -0.0))
-3.141592653589793

Ynueioon: The modulus (absolute value) of a complex number x can be computed using the built-in abs () function.
There is no separate cmath module function for this operation.

cmath.polar (x)
Return the representation of x in polar coordinates. Returns a pair (r, phi) where r is the modulus of x and phi
is the phase of x. polar (x) is equivalent to (abs (x), phase (x)).

cmath.rect (r, phi)
Return the complex number x with polar coordinates » and phi. Equivalent to r * (math.cos (phi) +
math.sin (phi)*17).
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9.3.2 Power and logarithmic functions

cmath.exp (x)
Return e raised to the power x, where e is the base of natural logarithms.

cmath.log (x[, base] )
Returns the logarithm of x to the given base. If the base is not specified, returns the natural logarithm of x. There
is one branch cut, from 0 along the negative real axis to -co, continuous from above.

cmath.loglO (x)
Return the base-10 logarithm of x. This has the same branch cut as 1og ().

cmath.sqgrt (x)
Return the square root of x. This has the same branch cutas Iog ().

9.3.3 Trigonometric functions

cmath.acos (x)
Return the arc cosine of x. There are two branch cuts: One extends right from 1 along the real axis to co, continuous
from below. The other extends left from -1 along the real axis to -co, continuous from above.

cmath.asin (x)
Return the arc sine of x. This has the same branch cuts as acos ().

cmath.atan (x)
Return the arc tangent of x. There are two branch cuts: One extends from 17j along the imaginary axis to «©j,
continuous from the right. The other extends from —1 j along the imaginary axis to —«j, continuous from the left.

cmath.cos (x)
Return the cosine of x.

cmath.sin (x)
Return the sine of x.

cmath.tan (x)
Return the tangent of x.

9.3.4 Hyperbolic functions

cmath.acosh (x)
Return the inverse hyperbolic cosine of x. There is one branch cut, extending left from 1 along the real axis to -co,
continuous from above.

cmath.asinh (x)
Return the inverse hyperbolic sine of x. There are two branch cuts: One extends from 1 j along the imaginary axis
to 7, continuous from the right. The other extends from -1 7 along the imaginary axis to —3j, continuous from
the left.

cmath.atanh (x)
Return the inverse hyperbolic tangent of x. There are two branch cuts: One extends from 1 along the real axis to
o, continuous from below. The other extends from —1 along the real axis to —, continuous from above.

cmath.cosh (x)
Return the hyperbolic cosine of x.

cmath.sinh (x)
Return the hyperbolic sine of x.
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cmath.tanh (x)

Return the hyperbolic tangent of x.

9.3.5 Classification functions

cmath.isfinite (x)

Return True if both the real and imaginary parts of x are finite, and False otherwise.

Néo otnv €kdoon 3.2.

cmath.isinf (x)

Return True if either the real or the imaginary part of x is an infinity, and False otherwise.

cmath.isnan (x)

Return True if either the real or the imaginary part of x is a NaN, and Fal se otherwise.

cmath.isclose (a, b, *, rel_tol=1e-09, abs_tol=0.0)

Return True if the values a and b are close to each other and False otherwise.
Whether or not two values are considered close is determined according to given absolute and relative tolerances.

rel_tol is the relative tolerance - it is the maximum allowed difference between a and b, relative to the larger absolute
value of a or b. For example, to set a tolerance of 5%, pass rel_tol=0.05. The default tolerance is 1e-09,
which assures that the two values are the same within about 9 decimal digits. rel_fol must be greater than zero.

abs_tol is the minimum absolute tolerance - useful for comparisons near zero. abs_tol must be at least zero.

If no errors occur, the result will be: abs (a-b) <= max(rel_tol * max(abs(a), abs(b)),
abs_tol).

The IEEE 754 special values of NaN, inf, and —inf will be handled according to IEEE rules. Specifically, NaN
is not considered close to any other value, including NaN. inf and —inf are only considered close to themselves.

Néo otnv €kdoon 3.5.
Agite emiong:

PEP 485 — A function for testing approximate equality

9.3.6 Constants

cmath.pi

The mathematical constant s, as a float.

cmath.e

The mathematical constant e, as a float.

cmath.tau

The mathematical constant 7, as a float.

Néo otnv €kdoon 3.6.

cmath.inf

Floating-point positive infinity. Equivalent to float ('inf"').

Néo otnv ¢kdoom 3.6.

cmath.infj

Complex number with zero real part and positive infinity imaginary part. Equivalent to complex (0.0,
float ('inf')).

Néo otnv ¢kdoom 3.6.
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cmath.nan
A floating-point «not a number» (NaN) value. Equivalent to f1oat ('nan').

Néo otnv ¢kdoom 3.6.

cmath.nanj
Complex number with zero real part and NaN imaginary part. Equivalent to complex (0.0,
float ('nan')).

Néo oty éxdoon 3.6.

Note that the selection of functions is similar, but not identical, to that in module math. The reason for having two
modules is that some users aren’t interested in complex numbers, and perhaps don’t even know what they are. They would
rather have math.sqgrt (—1) raise an exception than return a complex number. Also note that the functions defined
in cmath always return a complex number, even if the answer can be expressed as a real number (in which case the
complex number has an imaginary part of zero).

A note on branch cuts: They are curves along which the given function fails to be continuous. They are a necessary feature
of many complex functions. It is assumed that if you need to compute with complex functions, you will understand about
branch cuts. Consult almost any (not too elementary) book on complex variables for enlightenment. For information of
the proper choice of branch cuts for numerical purposes, a good reference should be the following:

Agite emiong:

Kahan, W: Branch cuts for complex elementary functions; or, Much ado about nothing’s sign bit. In Iserles, A., and Powell,
M. (eds.), The state of the art in numerical analysis. Clarendon Press (1987) pp165-211.

9.4 decimal — Decimal fixed point and floating point arithmetic

Source code: Lib/decimal.py

The decimal module provides support for fast correctly-rounded decimal floating point arithmetic. It offers several
advantages over the f1oat datatype:

Decimal «is based on a floating-point model which was designed with people in mind, and necessarily has a
paramount guiding principle — computers must provide an arithmetic that works in the same way as the arithmetic
that people learn at school.» — excerpt from the decimal arithmetic specification.

Decimal numbers can be represented exactly. In contrast, numbers like 1.1 and 2.2 do not have exact
representations in binary floating point. End users typically would not expect 1.1 + 2.2 to display as 3.
3000000000000003 as it does with binary floating point.

The exactness carries over into arithmetic. In decimal floating point, 0.1 + 0.1 + 0.1 - 0. 3 isexactly equal
to zero. In binary floating point, the resultis 5.5511151231257827e~-017. While near to zero, the differences
prevent reliable equality testing and differences can accumulate. For this reason, decimal is preferred in accounting
applications which have strict equality invariants.

The decimal module incorporates a notion of significant places so that 1 .30 + 1.20is 2.50. The trailing zero
is kept to indicate significance. This is the customary presentation for monetary applications. For multiplication,
the «schoolbook» approach uses all the figures in the multiplicands. For instance, 1.3 * 1.2 gives 1 .56 while
1.30 * 1.20gives 1.5600.

Unlike hardware based binary floating point, the decimal module has a user alterable precision (defaulting to 28
places) which can be as large as needed for a given problem:
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>>> from decimal import *

>>> getcontext () .prec = 6

>>> Decimal (1) / Decimal (7)

Decimal ('0.142857")

>>> getcontext () .prec = 28

>>> Decimal (1) / Decimal (7)

Decimal ('0.1428571428571428571428571429")

» Both binary and decimal floating point are implemented in terms of published standards. While the built-in float
type exposes only a modest portion of its capabilities, the decimal module exposes all required parts of the standard.
When needed, the programmer has full control over rounding and signal handling. This includes an option to enforce
exact arithmetic by using exceptions to block any inexact operations.

o The decimal module was designed to support «without prejudice, both exact unrounded decimal arithmetic
(sometimes called fixed-point arithmetic) and rounded floating-point arithmetic.» — excerpt from the decimal
arithmetic specification.

The module design is centered around three concepts: the decimal number, the context for arithmetic, and signals.

A decimal number is immutable. It has a sign, coefficient digits, and an exponent. To preserve significance, the coefficient
digits do not truncate trailing zeros. Decimals also include special values such as Infinity, -Infinity, and NaN.
The standard also differentiates —0 from +0.

The context for arithmetic is an environment specifying precision, rounding rules, limits on exponents, flags indicating
the results of operations, and trap enablers which determine whether signals are treated as exceptions. Rounding
options include ROUND_CETILING, ROUND_DOWN, ROUND_FLOOR, ROUND_HALF_DOWN, ROUND_HALF_EVEN,
ROUND_HALF_UP, ROUND_UP, and ROUND_ 05UP.

Signals are groups of exceptional conditions arising during the course of computation. Depending on the needs of
the application, signals may be ignored, considered as informational, or treated as exceptions. The signals in the
decimal module are: Clamped, TnvalidOperation, DivisionByZero, Inexact, Rounded, Subnormal,
Overflow, Underflowand FloatOperation.

For each signal there is a flag and a trap enabler. When a signal is encountered, its flag is set to one, then, if the trap enabler
is set to one, an exception is raised. Flags are sticky, so the user needs to reset them before monitoring a calculation.

Agite emiong:

o IBM’s General Decimal Arithmetic Specification, The General Decimal Arithmetic Specification.

9.4.1 Quick-start Tutorial

The usual start to using decimals is importing the module, viewing the current context with get context () and, if
necessary, setting new values for precision, rounding, or enabled traps:

>>> from decimal import *

>>> getcontext ()

Context (prec=28, rounding=ROUND_HALF_EVEN, Emin=-999999, Emax=999999,
capitals=1, clamp=0, flags=[], traps=[Overflow, DivisionByZero,
InvalidOperation])

>>> getcontext () .prec = 7 # Set a new precision

Decimal instances can be constructed from integers, strings, floats, or tuples. Construction from an integer or a float
performs an exact conversion of the value of that integer or float. Decimal numbers include special values such as NaN
which stands for «Not a number», positive and negative Infinity, and —0:
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>>> getcontext () .prec = 28

>>> Decimal (10)

Decimal ('10")

>>> Decimal ('3.14")

Decimal ('3.14")

>>> Decimal (3.14)

Decimal ('3.140000000000000124344978758017532527446746826171875")
>>> Decimal ((0, (3, 1, 4), -2))

Decimal ('3.14")

>>> Decimal (str (2.0 ** 0.5))

Decimal ('1.4142135623730951")

>>> Decimal (2) ** Decimal ('0.5")

Decimal ('1.414213562373095048801688724")
>>> Decimal ('NaN'")

Decimal ('NaN'")

>>> Decimal ('-Infinity")

Decimal ('-Infinity")

If the FloatOperation signal is trapped, accidental mixing of decimals and floats in constructors or ordering
comparisons raises an exception:

>>> c = getcontext ()

>>> c.traps[FloatOperation] = True
>>> Decimal (3.14)

Traceback (most recent call last):

File "<stdin>", line 1, in <module>
decimal.FloatOperation: [<class 'decimal.FloatOperation'>]
>>> Decimal ('3.5") < 3.7
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
decimal.FloatOperation: [<class 'decimal.FloatOperation'>]
>>> Decimal ('3.5') == 3.5
True

Néo oty éxdoon 3.3.

The significance of a new Decimal is determined solely by the number of digits input. Context precision and rounding
only come into play during arithmetic operations.

>>> getcontext () .prec = 6

>>> Decimal ('3.0")

Decimal ('3.0")

>>> Decimal ('3.1415926535")

Decimal ('3.1415926535")

>>> Decimal ('3.1415926535") + Decimal('2.7182818285")
Decimal ('5.85987")

>>> getcontext () .rounding = ROUND_UP

>>> Decimal ('3.1415926535") + Decimal('2.7182818285")
Decimal ('5.85988")

If the internal limits of the C version are exceeded, constructing a decimal raises TnvalidOperation:

>>> Decimal ("1€9999999999999999999™")
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
decimal.InvalidOperation: [<class 'decimal.InvalidOperation'>]

AMoEe oty ékdoon 3.3.
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Decimals interact well with much of the rest of Python. Here is a small decimal floating point flying circus:

>>> data = list (map(Decimal, '1.34 1.87 3.45 2.35 1.00 0.03 9.25".split()))
>>> max (data)

Decimal ('9.25")

>>> min (data)

Decimal ('0.03")

>>> sorted (data)

[Decimal ('0.03'), Decimal('1.00'), Decimal('1.34"'"),
Decimal ('2.35'"), Decimal('3.45'), Decimal('9.25")]
>>> sum(data)

Decimal ('19.29")

>>> a,b,c = datal[:3]

>>> str(a)

'1.34"

>>> float (a)

1.34

>>> round(a, 1)

Decimal('1.3")

>>> int (a)

1

>>> a * 5

Decimal ('6.70")

>>> a * Db

Decimal ('2.5058")

>>> c % a

Decimal ('0.77")

Decimal ('1.87"),

And some mathematical functions are also available to Decimal:

>>> getcontext () .prec = 28

>>> Decimal (2) .sqgrt ()

Decimal ('1.414213562373095048801688724")
>>> Decimal (1) .exp ()

Decimal ('2.718281828459045235360287471")
>>> Decimal ("10") .1n ()

Decimal ('2.302585092994045684017991455")
>>> Decimal ('10") .1ogl0 ()

Decimal ('1")

The quantize () method rounds a number to a fixed exponent. This method is useful for monetary applications that
often round results to a fixed number of places:

>>> Decimal ('7.325") .quantize (Decimal('.01"), rounding=ROUND_DOWN)
Decimal ('7.32")

>>> Decimal ('7.325") .quantize (Decimal('1."), rounding=ROUND_UP)
Decimal ('8")

As shown above, the get context () function accesses the current context and allows the settings to be changed. This
approach meets the needs of most applications.

For more advanced work, it may be useful to create alternate contexts using the Context() constructor. To make an
alternate active, use the set context () function.

In accordance with the standard, the decimal module provides two ready to use standard contexts, BasicContext
and ExtendedContext. The former is especially useful for debugging because many of the traps are enabled:
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>>> myothercontext = Context (prec=60, rounding=ROUND_HALF_DOWN)

>>> setcontext (myothercontext)

>>> Decimal (1) / Decimal (7)

Decimal ('0.142857142857142857142857142857142857142857142857142857142857")

>>> ExtendedContext

Context (prec=9, rounding=ROUND_HALF_EVEN, Emin=-999999, Emax=999999,
capitals=1, clamp=0, flags=[], traps=[])

>>> setcontext (ExtendedContext)

>>> Decimal (1) / Decimal (7)

Decimal ('0.142857143")

>>> Decimal (42) / Decimal (0)

Decimal ('Infinity")

>>> setcontext (BasicContext)
>>> Decimal (42) / Decimal (0)
Traceback (most recent call last):
File "<pyshell#143>", line 1, in -toplevel-
Decimal (42) / Decimal (0)
DivisionByZero: x / O

Contexts also have signal flags for monitoring exceptional conditions encountered during computations. The flags remain
set until explicitly cleared, so it is best to clear the flags before each set of monitored computations by using the
clear_flags () method.

>>> setcontext (ExtendedContext)

>>> getcontext () .clear_flags ()

>>> Decimal (355) / Decimal (113)

Decimal ('3.14159292")

>>> getcontext ()

Context (prec=9, rounding=ROUND_HALF_EVEN, Emin=-999999, Emax=999999,
capitals=1, clamp=0, flags=[Inexact, Rounded], traps=[])

The flags entry shows that the rational approximation to P i was rounded (digits beyond the context precision were thrown
away) and that the result is inexact (some of the discarded digits were non-zero).

Individual traps are set using the dictionary in the t raps field of a context:

>>> setcontext (ExtendedContext)

>>> Decimal (1) / Decimal (0)

Decimal ('Infinity")

>>> getcontext () .traps[DivisionByZero] = 1

>>> Decimal (1) / Decimal (0)

Traceback (most recent call last):

File "<pyshell#112>", line 1, in -toplevel-

Decimal (1) / Decimal (0)

DivisionByZero: x / O

Most programs adjust the current context only once, at the beginning of the program. And, in many applications, data is
converted to Decimal with a single cast inside a loop. With context set and decimals created, the bulk of the program
manipulates the data no differently than with other Python numeric types.
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9.4.2 Decimal objects

class decimal.Decimal (value="0", context=None)

Construct a new Decimal object based from value.

value can be an integer, string, tuple, float, or another Decimal object. If no value is given, returns
Decimal ('0"). If value is a string, it should conform to the decimal numeric string syntax after leading and
trailing whitespace characters, as well as underscores throughout, are removed:

sign ce= ' | '

digit A T A e L L R I A A A
indicator = 'e' | 'E'

digits ::= digit [digit]...

decimal-part ::= digits '.' [digits] | ['.'] digits

exponent-part ::= indicator [sign] digits

infinity ::= 'Infinity' | 'Inf'

nan c:=  'NaN' [digits] | 'sNaN' [digits]

numeric-value ::= decimal-part [exponent-part] | infinity

numeric-string ::= [sign] numeric-value | [sign] nan

Other Unicode decimal digits are also permitted where digit appears above. These include decimal digits
from various other alphabets (for example, Arabic-Indic and Devanagari digits) along with the fullwidth digits
"\uff10"' through '\uff19"'.

If value is a t uple, it should have three components, a sign (O for positive or 1 for negative), a t uple of digits,
and an integer exponent. For example, Decimal ( (0, (1, 4, 1, 4), -3)) returns Decimal ('1l.
414"').

If value is a f1oat, the binary floating point value is losslessly converted to its exact decimal equivalent. This
conversion can often require 53 or more digits of precision. For example, Decimal (float ('1.1")) converts
to Decimal ('1.100000000000000088817841970012523233890533447265625").

The context precision does not affect how many digits are stored. That is determined exclusively by the number of
digits in value. For example, Decimal ('3.00000") records all five zeros even if the context precision is only
three.

The purpose of the confext argument is determining what to do if value is a malformed string. If the context traps
InvalidOperation, an exception is raised; otherwise, the constructor returns a new Decimal with the value
of NaN.

Once constructed, Decimal objects are immutable.
AlhaEe oty ékdoon 3.2: The argument to the constructor is now permitted to be a £1oat instance.

AMoEe otnv ékdoom 3.3: £1oat arguments raise an exception if the F1loatOperat ion trap is set. By default
the trap is off.

AMoEe otnv ¢kdoon 3.6: Underscores are allowed for grouping, as with integral and floating-point literals in code.

Decimal floating point objects share many properties with the other built-in numeric types suchas f1oat and int.
All of the usual math operations and special methods apply. Likewise, decimal objects can be copied, pickled,
printed, used as dictionary keys, used as set elements, compared, sorted, and coerced to another type (such as
float or int).

There are some small differences between arithmetic on Decimal objects and arithmetic on integers and floats.
When the remainder operator % is applied to Decimal objects, the sign of the result is the sign of the dividend
rather than the sign of the divisor:

>>> (=7) % 4
1

(ouvéyela otV emduevn oehida)
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(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)

o

>>> Decimal (-7) % Decimal (4)
Decimal ('-3")

The integer division operator // behaves analogously, returning the integer part of the true quotient (truncating
towards zero) rather than its floor, so as to preserve the usual identity x == (x // y) * y + x % y:

>>> -7 // 4

-2

>>> Decimal (-7) // Decimal (4)
Decimal ('-1")

The % and // operators implement the remainder and divide-integer operations (respectively) as
described in the specification.

Decimal objects cannot generally be combined with floats or instances of fractions.Fraction in arithmetic
operations: an attempt to add a Decimal to a float, for example, will raise a TypeError. However, it is
possible to use Python’s comparison operators to compare a Decimal instance x with another number y. This
avoids confusing results when doing equality comparisons between numbers of different types.

AMoEe oty éxdoon 3.2: Mixed-type comparisons between Decimal instances and other numeric types are

now fully supported.
In addition to the standard numeric properties, decimal floating point objects also have a number of specialized
methods:
adjusted ()
Return the adjusted exponent after shifting out the coefficient’s rightmost digits until only the lead digit
remains: Decimal ('321e+5") .adjusted () returns seven. Used for determining the position of the

most significant digit with respect to the decimal point.

as_integer_ratio ()
Return a pair (n, d) of integers that represent the given Decimal instance as a fraction, in lowest terms
and with a positive denominator:

>>> Decimal ('-3.14") .as_integer_ratio()
(=157, 50)

The conversion is exact. Raise OverflowError on infinities and ValueError on NaNs.
Néo otv éxdoon 3.6.

as_tuple()
Return a named tuple representation of the number: DecimalTuple (sign, digits, exponent).

canonical ()
Return the canonical encoding of the argument. Currently, the encoding of a Decimal instance is always
canonical, so this operation returns its argument unchanged.

compare (other, context=None)
Compare the values of two Decimal instances. compare () returns a Decimal instance, and if either operand
is a NaN then the result is a NaN:

a or b is a NaN ==> Decimal ('NaN'")
a <b ==> Decimal('—-1")
a ==> ==> Decimal ('0")
a>b ==> Decimal('1l")

9.4. decimal — Decimal fixed point and floating point arithmetic 337



The Python Library Reference, Anpooicsuon 3.9.23

compare_signal (other, context=None)
This operation is identical to the compare () method, except that all NaNs signal. That is, if neither operand
is a signaling NaN then any quiet NaN operand is treated as though it were a signaling NaN.

compare_total (other, context=None)
Compare two operands using their abstract representation rather than their numerical value. Similar to the
compare () method, but the result gives a total ordering on Decimal instances. Two Decimal instances
with the same numeric value but different representations compare unequal in this ordering:

>>> Decimal ('12.0") .compare_total (Decimal ('12"))
Decimal ('-1")

Quiet and signaling NaNs are also included in the total ordering. The result of this function is
Decimal ('0") if both operands have the same representation, Decimal ('-1") if the first operand
is lower in the total order than the second, and Decimal ('1") if the first operand is higher in the total
order than the second operand. See the specification for details of the total order.

This operation is unaffected by context and is quiet: no flags are changed and no rounding is performed. As
an exception, the C version may raise InvalidOperation if the second operand cannot be converted exactly.

compare_total_mag (other, context=None)
Compare two operands using their abstract representation rather than their value as in compare_total (),
but ignoring the sign of each operand. x . compare_total_mag (y) isequivalent to x.copy_abs () .
compare_total (y.copy_abs()).

This operation is unaffected by context and is quiet: no flags are changed and no rounding is performed. As
an exception, the C version may raise InvalidOperation if the second operand cannot be converted exactly.

conjugate ()
Just returns self, this method is only to comply with the Decimal Specification.

copy_abs ()
Return the absolute value of the argument. This operation is unaffected by the context and is quiet: no flags
are changed and no rounding is performed.

copy_negate ()
Return the negation of the argument. This operation is unaffected by the context and is quiet: no flags are
changed and no rounding is performed.

copy_sign (other, context=None)
Return a copy of the first operand with the sign set to be the same as the sign of the second operand. For

example:
>>> Decimal ('2.3") .copy_sign(Decimal('-1.5"))
Decimal ('-2.3")

This operation is unaffected by context and is quiet: no flags are changed and no rounding is performed. As
an exception, the C version may raise InvalidOperation if the second operand cannot be converted exactly.

exp (context=None)
Return the value of the (natural) exponential function e**x at the given number. The result is correctly
rounded using the ROUND_ HALF _EVEN rounding mode.

>>> Decimal (1) .exp ()

Decimal ('2.718281828459045235360287471")

>>> Decimal (321) .exp ()

Decimal ('2.561702493119680037517373933E+139")

from_float (f)
Classmethod that converts a float to a decimal number, exactly.
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Note Decimal.from_float(0.1) is not the same as Decimal(“0.1”). Since 0.1 is not exactly representable in
binary floating point, the value is stored as the nearest representable value which is 0x1.999999999999ap-4.
That equivalent value in decimal is 0.7000000000000000055511151231257827021181583404541015625.

Ynueiwon: From Python 3.2 onwards, a Decima 1 instance can also be constructed directly froma f1oat.

>>> Decimal.from_float (0.1)

Decimal ('0.1000000000000000055511151231257827021181583404541015625")
>>> Decimal.from_float (float ('nan'))

Decimal ('NaN")

>>> Decimal.from_float (float ('inf'))

Decimal ('Infinity")

>>> Decimal.from_float (float ('-inf'))

Decimal ('-Infinity")

Néo omv éxdoon 3.1.

£ma (other, third, context=None)
Fused multiply-add. Return self *other+third with no rounding of the intermediate product self *other.

>>> Decimal (2) .fma (3, 5)
Decimal ("11")

is_canonical ()
Return True if the argument is canonical and F'alse otherwise. Currently, a Decimal instance is always
canonical, so this operation always returns True.

is_finite()
Return True if the argument is a finite number, and False if the argument is an infinity or a NaN.

is_infinite()
Return True if the argument is either positive or negative infinity and Fa 1 se otherwise.

is_nan{()
Return True if the argument is a (quiet or signaling) NaN and Fa I se otherwise.

is_normal (context=None)
Return True if the argument is a normal finite number. Return False if the argument is zero, subnormal,
infinite or a NaN.

is_gnan ()
Return True if the argument is a quiet NaN, and Fal se otherwise.

is_signed()
Return True if the argument has a negative sign and F'a 1 se otherwise. Note that zeros and NaNs can both
carry signs.

is_snan()
Return True if the argument is a signaling NaN and Fa se otherwise.

is_subnormal (context=None)
Return True if the argument is subnormal, and Fa 1 se otherwise.

is_zero()
Return True if the argument is a (positive or negative) zero and Fa I se otherwise.

1n (context=None)
Return the natural (base e) logarithm of the operand. The result is correctly rounded using the
ROUND_HALF_EVEN rounding mode.
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1o0g10 (context=None)
Return the base ten logarithm of the operand. The result is correctly rounded using the ROUND_HALF _EVEN
rounding mode.

logb (context=None)
For a nonzero number, return the adjusted exponent of its operand as a Decimal instance. If the operand
is a zero then Decimal ('-Infinity"') is returned and the DivisionByZero flag is raised. If the
operand is an infinity then Decimal ('Infinity"') is returned.

logical_and (other, context=None)
logical_and () is alogical operation which takes two logical operands (see Logical operands). The result
is the digit-wise and of the two operands.

logical_invert (context=None)
logical_invert () is alogical operation. The result is the digit-wise inversion of the operand.

logical_or (other, context=None)
logical_or () is alogical operation which takes two logical operands (see Logical operands). The result
is the digit-wise or of the two operands.

logical_xor (other, context=None)
logical_xor () is alogical operation which takes two logical operands (see Logical operands). The result
is the digit-wise exclusive or of the two operands.

max (other, context=None)
Like max (self, other) except that the context rounding rule is applied before returning and that NaN
values are either signaled or ignored (depending on the context and whether they are signaling or quiet).

max_mag (other, context=None)
Similar to the max () method, but the comparison is done using the absolute values of the operands.

min (other, context=None)
Likemin (self, other) except that the context rounding rule is applied before returning and that NaN
values are either signaled or ignored (depending on the context and whether they are signaling or quiet).

min_mag (other, context=None)
Similar to the min () method, but the comparison is done using the absolute values of the operands.

next_minus (context=None)
Return the largest number representable in the given context (or in the current thread’s context if no context
is given) that is smaller than the given operand.

next_plus (context=None)
Return the smallest number representable in the given context (or in the current thread’s context if no context
is given) that is larger than the given operand.

next_toward (other, context=None)
If the two operands are unequal, return the number closest to the first operand in the direction of the second
operand. If both operands are numerically equal, return a copy of the first operand with the sign set to be the
same as the sign of the second operand.

normalize (context=None)
Normalize the number by stripping the rightmost trailing zeros and converting any result equal to
Decimal ('0') to Decimal ('0e0"). Used for producing canonical values for attributes of an
equivalence class. For example, Decimal ('32.100') and Decimal ('0.321000e+2"') both
normalize to the equivalent value Decimal ('32.1").

number_class (context=None)
Return a string describing the class of the operand. The returned value is one of the following ten strings.

e« "-Infinity", indicating that the operand is negative infinity.
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e "-Normal™", indicating that the operand is a negative normal number.

e "—Subnormal", indicating that the operand is negative and subnormal.
» "-Zero", indicating that the operand is a negative zero.

e "+Zero", indicating that the operand is a positive zero.

e "+Subnormal", indicating that the operand is positive and subnormal.
e "+Normal™", indicating that the operand is a positive normal number.

e "+Infinity", indicating that the operand is positive infinity.

e "NaN", indicating that the operand is a quiet NaN (Not a Number).

e "sNaN", indicating that the operand is a signaling NaN.

quantize (exp, rounding=None, context=None)
Return a value equal to the first operand after rounding and having the exponent of the second operand.

>>> Decimal ('1.41421356") .quantize (Decimal ("1.000"))
Decimal ('1.414")

Unlike other operations, if the length of the coefficient after the quantize operation would be greater than
precision, thenan TnvalidOperat ionis signaled. This guarantees that, unless there is an error condition,
the quantized exponent is always equal to that of the right-hand operand.

Also unlike other operations, quantize never signals Underflow, even if the result is subnormal and inexact.

If the exponent of the second operand is larger than that of the first then rounding may be necessary. In this
case, the rounding mode is determined by the rounding argument if given, else by the given context
argument; if neither argument is given the rounding mode of the current thread’s context is used.

An error is returned whenever the resulting exponent is greater than Emax or less than Et iny.

radix ()
Return Decimal (10), the radix (base) in which the Decimal class does all its arithmetic. Included for
compatibility with the specification.

remainder_near (other, context=None)
Return the remainder from dividing self by other. This differs from self % other in that the sign of the
remainder is chosen so as to minimize its absolute value. More precisely, the return value is self — n *
other where n is the integer nearest to the exact value of self / other, and if two integers are equally
near then the even one is chosen.

If the result is zero then its sign will be the sign of self.

>>> Decimal (18) .remainder_near (Decimal (10))
Decimal ('-2")

>>> Decimal (25) .remainder_near (Decimal (10))
Decimal ('5")

>>> Decimal (35) .remainder_near (Decimal (10))
Decimal ('-5")

rotate (other, context=None)
Return the result of rotating the digits of the first operand by an amount specified by the second operand.
The second operand must be an integer in the range -precision through precision. The absolute value of the
second operand gives the number of places to rotate. If the second operand is positive then rotation is to the
left; otherwise rotation is to the right. The coefficient of the first operand is padded on the left with zeros to
length precision if necessary. The sign and exponent of the first operand are unchanged.
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same_quantum (other, context=None)
Test whether self and other have the same exponent or whether both are NaN.

This operation is unaffected by context and is quiet: no flags are changed and no rounding is performed. As
an exception, the C version may raise InvalidOperation if the second operand cannot be converted exactly.

scaleb (other, context=None)
Return the first operand with exponent adjusted by the second. Equivalently, return the first operand multiplied
by 10**other. The second operand must be an integer.

shift (other, context=None)
Return the result of shifting the digits of the first operand by an amount specified by the second operand.
The second operand must be an integer in the range -precision through precision. The absolute value of the
second operand gives the number of places to shift. If the second operand is positive then the shift is to the
left; otherwise the shift is to the right. Digits shifted into the coefficient are zeros. The sign and exponent of
the first operand are unchanged.

sqrt (context=None)
Return the square root of the argument to full precision.

to_eng_string (context=None)
Convert to a string, using engineering notation if an exponent is needed.

Engineering notation has an exponent which is a multiple of 3. This can leave up to 3 digits to the left of the
decimal place and may require the addition of either one or two trailing zeros.

For example, this converts Decimal ('123E+1"') to Decimal ('1.23E+3").

to_integral (rounding=None, context=None)
Identical to the to_integral_value () method. The to_integral name has been kept for
compatibility with older versions.

to_integral_exact (rounding=None, context=None)
Round to the nearest integer, signaling Tnexact or Rounded as appropriate if rounding occurs. The
rounding mode is determined by the rounding parameter if given, else by the given context. If neither
parameter is given then the rounding mode of the current context is used.

to_integral_value (rounding=None, context=None)
Round to the nearest integer without signaling Tnexact or Rounded. If given, applies rounding; otherwise,
uses the rounding method in either the supplied context or the current context.

Logical operands

The logical_and (), logical_invert (), logical_or (), and logical_xor () methods expect their
arguments to be logical operands. A logical operand is a Decimal instance whose exponent and sign are both zero,
and whose digits are all either 0 or 1.

9.4.3 Context objects

Contexts are environments for arithmetic operations. They govern precision, set rules for rounding, determine which
signals are treated as exceptions, and limit the range for exponents.

Each thread has its own current context which is accessed or changed using the get context () and setcontext ()
functions:

decimal.getcontext ()
Return the current context for the active thread.
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decimal.setcontext (c¢)
Set the current context for the active thread to c.

You can also use the with statement and the Iocalcontext () function to temporarily change the active context.

decimal.localcontext (ctx=None)
Return a context manager that will set the current context for the active thread to a copy of czx on entry to the
with-statement and restore the previous context when exiting the with-statement. If no context is specified, a copy
of the current context is used.

For example, the following code sets the current decimal precision to 42 places, performs a calculation, and then
automatically restores the previous context:

from decimal import localcontext

with localcontext () as ctx:
ctx.prec = 42 # Perform a high precision calculation
s = calculate_something()
s = +s # Round the final result back to the default precision

New contexts can also be created using the Context constructor described below. In addition, the module provides
three pre-made contexts:

class decimal.BasicContext
This is a standard context defined by the General Decimal Arithmetic Specification. Precision is set to nine.
Rounding is set to ROUND_HALF_UP. All flags are cleared. All traps are enabled (treated as exceptions) except
Inexact, Rounded, and Subnormal.

Because many of the traps are enabled, this context is useful for debugging.

class decimal.ExtendedContext
This is a standard context defined by the General Decimal Arithmetic Specification. Precision is set to nine.
Rounding is set to ROUND_HALF _EVEN. All flags are cleared. No traps are enabled (so that exceptions are not
raised during computations).

Because the traps are disabled, this context is useful for applications that prefer to have result value of NaN or
Infinity instead of raising exceptions. This allows an application to complete a run in the presence of conditions
that would otherwise halt the program.

class decimal.DefaultContext
This context is used by the Context constructor as a prototype for new contexts. Changing a field (such a
precision) has the effect of changing the default for new contexts created by the Context constructor.

This context is most useful in multi-threaded environments. Changing one of the fields before threads are started
has the effect of setting system-wide defaults. Changing the fields after threads have started is not recommended
as it would require thread synchronization to prevent race conditions.

In single threaded environments, it is preferable to not use this context at all. Instead, simply create contexts
explicitly as described below.

The default values are prec=28, rounding=ROUND_HALF_EVEN, and enabled traps for Overflow,
InvalidOperation,and DivisionByZero.

In addition to the three supplied contexts, new contexts can be created with the Context constructor.

class decimal.Context (prec=None, rounding=None, Emin=None, Emax=None, capitals=None,
clamp=None, flags=None, traps=None)
Creates a new context. If a field is not specified or is None, the default values are copied from the
DefaultContext.If the flags field is not specified or is None, all flags are cleared.

prec is an integer in the range [1, MAX_PREC] that sets the precision for arithmetic operations in the context.
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The rounding option is one of the constants listed in the section Rounding Modes.

The traps and flags fields list any signals to be set. Generally, new contexts should only set traps and leave the flags
clear.

The Emin and Emax fields are integers specifying the outer limits allowable for exponents. Emin must be in the
range [MIN_EMIN, 0], Emax in the range [0, MAX_ EMAX].

The capitals field is either O or 1 (the default). If set to 1, exponents are printed with a capital E; otherwise, a
lowercase e is used: Decimal ('6.02e+23").

The clamp field is either O (the default) or 1. If set to 1, the exponent e of a Decimal instance representable in
this context is strictly limited to the range Emin - prec + 1 <= e <= Emax - prec + 1.Ifclampis
0 then a weaker condition holds: the adjusted exponent of the Decimal instance is at most Emax. When clamp
is 1, a large normal number will, where possible, have its exponent reduced and a corresponding number of zeros
added to its coeflicient, in order to fit the exponent constraints; this preserves the value of the number but loses
information about significant trailing zeros. For example:

>>> Context (prec=6, Emax=999, clamp=1).create_decimal ('1.23e999")
Decimal ("1.23000E+999")

A clamp value of 1 allows compatibility with the fixed-width decimal interchange formats specified in IEEE 754.

The Context class defines several general purpose methods as well as a large number of methods for
doing arithmetic directly in a given context. In addition, for each of the Decimal methods described above
(with the exception of the adjusted () and as_tuple () methods) there is a corresponding Context
method. For example, for a Context instance C and Decimal instance x, C.exp (x) is equivalent to x.
exp (context=C). Each Context method accepts a Python integer (an instance of int) anywhere that a
Decimal instance is accepted.

clear_flags ()
Resets all of the flags to 0.

clear_traps ()
Resets all of the traps to 0.

Néo omv éxdoon 3.3.

copy ()
Return a duplicate of the context.

copy_decimal (num)
Return a copy of the Decimal instance num.

create_decimal (num)
Creates a new Decimal instance from num but using self as context. Unlike the Decimal constructor, the
context precision, rounding method, flags, and traps are applied to the conversion.

This is useful because constants are often given to a greater precision than is needed by the application.
Another benefit is that rounding immediately eliminates unintended effects from digits beyond the current
precision. In the following example, using unrounded inputs means that adding zero to a sum can change the
result:

>>> getcontext () .prec = 3

>>> Decimal ('3.4445'") + Decimal('1.0023")

Decimal ('4.45"

>>> Decimal ('3.4445'") + Decimal (0) + Decimal('1.0023")
Decimal ('4.44")

This method implements the to-number operation of the IBM specification. If the argument is a string, no
leading or trailing whitespace or underscores are permitted.
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create_decimal_from_float (f)
Creates a new Decimal instance from a float f but rounding using self as the context. Unlike the Decimal .
from_float () class method, the context precision, rounding method, flags, and traps are applied to the
conversion.

>>> context = Context (prec=5, rounding=ROUND_DOWN)
>>> context.create_decimal_ from_ float (math.pi)
Decimal ('3.1415")

>>> context = Context (prec=5, traps=[Inexact])
>>> context.create_decimal_ from_float (math.pi)
Traceback (most recent call last):

decimal.Inexact: None

Néo omv éxdoon 3.1.

Etiny ()
Returns a value equal to Emin - prec + 1 which is the minimum exponent value for subnormal results.
When underflow occurs, the exponent is set to Et iny.

Etop ()
Returns a value equal to Emax - prec + 1.

The usual approach to working with decimals is to create Decima I instances and then apply arithmetic operations
which take place within the current context for the active thread. An alternative approach is to use context methods
for calculating within a specific context. The methods are similar to those for the Decimal class and are only
briefly recounted here.

abs (x)
Returns the absolute value of x.

add (x, y)
Return the sum of x and y.

canonical (x)
Returns the same Decimal object x.

compare (x, y)
Compares x and y numerically.

compare_signal (x, y)
Compares the values of the two operands numerically.

compare_total (x, y)
Compares two operands using their abstract representation.

compare_total_mag (x, y)
Compares two operands using their abstract representation, ignoring sign.

copy_abs (x)
Returns a copy of x with the sign set to 0.

copy_negate (x)
Returns a copy of x with the sign inverted.

copy_sign (x,y)
Copies the sign from y to x.

divide (x, y)
Return x divided by y.

9.4. decimal — Decimal fixed point and floating point arithmetic 345



The Python Library Reference, Anpooicsuon 3.9.23

divide_int (x, y)
Return x divided by y, truncated to an integer.

divmod (x, y)
Divides two numbers and returns the integer part of the result.

exp (x)
Returns e ** x.

fma (x, y, 7)
Returns x multiplied by y, plus z.

is_canonical (x)

Returns True if x is canonical; otherwise returns False.
is_finite (x)

Returns True if x is finite; otherwise returns False.
is_infinite (x)

Returns True if x is infinite; otherwise returns False.

is_nan (x)
Returns True if x is a gqNaN or sNaN; otherwise returns False.

is_normal (x)
Returns True if x is a normal number; otherwise returns False.

is_gnan (x)
Returns True if x is a quiet NaN; otherwise returns False.

is_signed (x)
Returns True if x is negative; otherwise returns False.

is_snan (x)
Returns True if x is a signaling NaN; otherwise returns False.

is_subnormal (x)
Returns True if x is subnormal; otherwise returns False.

is_zero (x)
Returns True if x is a zero; otherwise returns False.

1n (x)
Returns the natural (base e) logarithm of x.

logl0 (x)
Returns the base 10 logarithm of x.

logb (x)
Returns the exponent of the magnitude of the operand’s MSD.

logical_and (x, y)
Applies the logical operation and between each operand’s digits.

logical_invert (x)
Invert all the digits in x.

logical_or (x,y)
Applies the logical operation or between each operand’s digits.

logical_xor (x,y)
Applies the logical operation xor between each operand’s digits.
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max (x, y)
Compares two values numerically and returns the maximum.

max_mag (x, y)
Compares the values numerically with their sign ignored.

min (x, y)
Compares two values numerically and returns the minimum.

min_mag (x, y)
Compares the values numerically with their sign ignored.

minus (x)
Minus corresponds to the unary prefix minus operator in Python.

multiply (x, y)
Return the product of x and y.

next_minus (x)
Returns the largest representable number smaller than x.

next_plus (x)
Returns the smallest representable number larger than x.

next_toward (x, y)
Returns the number closest to x, in direction towards y.

normalize (x)
Reduces x to its simplest form.

number_class (x)
Returns an indication of the class of x.

plus (x)
Plus corresponds to the unary prefix plus operator in Python. This operation applies the context precision and
rounding, so it is not an identity operation.

power (x, y, modulo=None)
Return x to the power of y, reduced modulo modulo if given.

With two arguments, compute x * *y. If x is negative then y must be integral. The result will be inexact unless
y is integral and the result is finite and can be expressed exactly in “precision” digits. The rounding mode of
the context is used. Results are always correctly-rounded in the Python version.

Decimal (0) ** Decimal (0) results in InvalidOperation, and if InvalidOperation is
not trapped, then results in Decimal ('NaN"').

AMaEe otnv £kdoon 3.3: The C module computes power () in terms of the correctly-rounded exp ()
and 1n () functions. The result is well-defined but only «almost always correctly-rounded».

With three arguments, compute (x**y) % modulo. For the three argument form, the following restrictions
on the arguments hold:

« all three arguments must be integral

« y must be nonnegative

« at least one of x or y must be nonzero

« modulo must be nonzero and have at most “precision” digits

The value resulting from Context .power (x, y, modulo) isequal to the value that would be obtained
by computing (x**y) % modulo with unbounded precision, but is computed more efficiently. The
exponent of the result is zero, regardless of the exponents of x, y and modulo. The result is always exact.
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quantize (x, y)
Returns a value equal to x (rounded), having the exponent of y.

radix ()
Just returns 10, as this is Decimal, :)

remainder (x, y)
Returns the remainder from integer division.

The sign of the result, if non-zero, is the same as that of the original dividend.

remainder_ near (x,y)
Returns x — y * n, where n is the integer nearest the exact value of x / vy (if the result is O then its sign
will be the sign of x).

rotate (x, y)
Returns a rotated copy of x, y times.

same_quantum (x, y)
Returns True if the two operands have the same exponent.

scaleb (x, y)
Returns the first operand after adding the second value its exp.

shift (x, y)
Returns a shifted copy of x, y times.

sqgrt (x)
Square root of a non-negative number to context precision.

subtract (x, y)
Return the difference between x and y.

to_eng_string (x)
Convert to a string, using engineering notation if an exponent is needed.

Engineering notation has an exponent which is a multiple of 3. This can leave up to 3 digits to the left of the
decimal place and may require the addition of either one or two trailing zeros.

to_integral_exact (x)
Rounds to an integer.

to_sci_string (x)
Converts a number to a string using scientific notation.

9.4.4 Constants

The constants in this section are only relevant for the C module. They are also included in the pure Python version for
compatibility.
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32-bit 64-bit
425
decimal . _PREC 000000 999999999999999999
. 425000000 999999999999999999
decimal .MAX EMAX
) -425000000 —999999999999999999
decimal .MIN_EMIN
. -849999999 -1999999999999999997
decimal .MIN_ETINY

decimal .HAVE_THREADS

The value is True. Deprecated, because Python now always has threads.

AmooupOnke oty €kdoon 3.9.

decimal.HAVE_CONTEXTVAR

The default value is True. If Python is compiled ——without-decimal-contextvar, the C version uses
a thread-local rather than a coroutine-local context and the value is False. This is slightly faster in some nested

context scenarios.

Néo omv éxdoom 3.9: backported to 3.7 and 3.8.

9.4.5 Rounding modes

decimal .ROUND_CEILING
Round towards Infinity.

decimal .ROUND_DOWN
Round towards zero.

decimal .ROUND_FLOOR
Round towards —Infinity.

decimal .ROUND_HALF_DOWN

Round to nearest with ties going towards zero.

decimal .ROUND_HALF_EVEN

Round to nearest with ties going to nearest even integer.

decimal .ROUND_HALF_UP

Round to nearest with ties going away from zero.

decimal .ROUND_UP
Round away from zero.

decimal .ROUND_O05UP

Round away from zero if last digit after rounding towards zero would have been O or 5; otherwise round towards

Z€10.
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9.4.6 Signals

Signals represent conditions that arise during computation. Each corresponds to one context flag and one context trap
enabler.

The context flag is set whenever the condition is encountered. After the computation, flags may be checked for
informational purposes (for instance, to determine whether a computation was exact). After checking the flags, be sure
to clear all flags before starting the next computation.

If the context’s trap enabler is set for the signal, then the condition causes a Python exception to be raised. For example,
if the DivisionByZerotrapisset,thena DivisionByZero exception is raised upon encountering the condition.

class decimal.Clamped
Altered an exponent to fit representation constraints.

Typically, clamping occurs when an exponent falls outside the context’s Emin and Emax limits. If possible, the
exponent is reduced to fit by adding zeros to the coefficient.

class decimal.DecimalException
Base class for other signals and a subclass of ArithmeticError.

class decimal.DivisionByZero
Signals the division of a non-infinite number by zero.

Can occur with division, modulo division, or when raising a number to a negative power. If this signal is not trapped,
returns Infinity or —Infinity with the sign determined by the inputs to the calculation.

class decimal.Inexact
Indicates that rounding occurred and the result is not exact.

Signals when non-zero digits were discarded during rounding. The rounded result is returned. The signal flag or
trap is used to detect when results are inexact.

class decimal.InvalidOperation
An invalid operation was performed.

Indicates that an operation was requested that does not make sense. If not trapped, returns NaN. Possible causes
include:

Infinity - Infinity
0 * Infinity
Infinity / Infinity

o

x % 0

Infinity % x

sgqrt (-x) and x > 0
0 ** 0

X ** (non—-integer)
x ** Infinity

class decimal.Overflow
Numerical overflow.

Indicates the exponent is larger than Emax after rounding has occurred. If not trapped, the result depends on the
rounding mode, either pulling inward to the largest representable finite number or rounding outward to Infinity.
In either case, Tnexact and Rounded are also signaled.

class decimal.Rounded
Rounding occurred though possibly no information was lost.

Signaled whenever rounding discards digits; even if those digits are zero (such as rounding 5.00 to 5. 0). If not
trapped, returns the result unchanged. This signal is used to detect loss of significant digits.
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class decimal.Subnormal
Exponent was lower than Emin prior to rounding.

Occurs when an operation result is subnormal (the exponent is too small). If not trapped, returns the result
unchanged.

class decimal.Underflow
Numerical underflow with result rounded to zero.

Occurs when a subnormal result is pushed to zero by rounding. Tnexact and Subnormal are also signaled.

class decimal.FloatOperation
Enable stricter semantics for mixing floats and Decimals.

If the signal is not trapped (default), mixing floats and Decimals is permitted in the Decimal constructor,
create_decimal () and all comparison operators. Both conversion and comparisons are exact. Any occurrence
of a mixed operation is silently recorded by setting 7’1 oat Operation in the context flags. Explicit conversions
with from_float () or create_decimal_from_float () do not set the flag.

Otherwise (the signal is trapped), only equality comparisons and explicit conversions are silent. All other mixed
operations raise FFloatOperation.

The following table summarizes the hierarchy of signals:

exceptions.ArithmeticError (exceptions.Exception)
DecimalException
Clamped
DivisionByZero (DecimalException, exceptions.ZeroDivisionError)
Inexact
Overflow (Inexact, Rounded)
Underflow (Inexact, Rounded, Subnormal)
InvalidOperation
Rounded
Subnormal
FloatOperation (DecimalException, exceptions.TypeError)

9.4.7 Floating Point Notes

Mitigating round-off error with increased precision

The use of decimal floating point eliminates decimal representation error (making it possible to represent 0 . 1 exactly);
however, some operations can still incur round-off error when non-zero digits exceed the fixed precision.

The effects of round-off error can be amplified by the addition or subtraction of nearly offsetting quantities resulting in
loss of significance. Knuth provides two instructive examples where rounded floating point arithmetic with insufficient
precision causes the breakdown of the associative and distributive properties of addition:

# Examples from Seminumerical Algorithms, Section 4.2.2.
>>> from decimal import Decimal, getcontext
>>> getcontext () .prec = 8

>>> u, v, w = Decimal(11111113), Decimal (-11111111), Decimal('7.51111111")
>>> (u + v) + w

Decimal ('9.5111111")

>>> u + (Vv + w)

Decimal ('10")

>>> u, v, w = Decimal (20000), Decimal (-6), Decimal ('6.0000003")

(ouvéyela otV emtduevn oehida)
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(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)

>>> (u*v) + (u*w)
Decimal ('0.01")

>>> u * (vtw)
Decimal ('0.0060000")

The decimal module makes it possible to restore the identities by expanding the precision sufficiently to avoid loss of
significance:

>>> getcontext () .prec = 20

>>> u, v, w = Decimal(11111113), Decimal(-11111111), Decimal('7.51111111")
>>> (u + v) + w

Decimal ('9.51111111")

>>> u + (v + w)

Decimal ('9.51111111")

>>>

>>> u, v, w = Decimal (20000), Decimal(-6), Decimal ('6.0000003")
>>> (u*v) + (u*w)

Decimal ('0.0060000")

>>> u * (vtw)

Decimal ('0.0060000")

Special values

The number system for the de cima 1 module provides special values including NaN, sNaN, -Infinity, Infinity,
and two zeros, +0 and —0.

Infinities can be constructed directly with: Decimal ('Infinity"'). Also, they can arise from dividing by zero when
the DivisionByZero signal is not trapped. Likewise, when the Overf1ow signal is not trapped, infinity can result
from rounding beyond the limits of the largest representable number.

The infinities are signed (affine) and can be used in arithmetic operations where they get treated as very large,
indeterminate numbers. For instance, adding a constant to infinity gives another infinite result.

Some operations are indeterminate and return NaN, or if the TnvalidOperat ionsignal is trapped, raise an exception.
For example, 0/0 returns NaN which means «not a number». This variety of NaN is quiet and, once created, will flow
through other computations always resulting in another NaN. This behavior can be useful for a series of computations
that occasionally have missing inputs — it allows the calculation to proceed while flagging specific results as invalid.

A variant is sNaN which signals rather than remaining quiet after every operation. This is a useful return value when an
invalid result needs to interrupt a calculation for special handling.

The behavior of Python’s comparison operators can be a little surprising where a NaN is involved. A test
for equality where one of the operands is a quiet or signaling NaN always returns False (even when doing
Decimal ('NaN')==Decimal ('NaN") ), while a test for inequality always returns True. An attempt to compare
two Decimals using any of the <, <=, > or >= operators will raise the TnvalidOperation signal if either operand
is a NaN, and return False if this signal is not trapped. Note that the General Decimal Arithmetic specification does
not specify the behavior of direct comparisons; these rules for comparisons involving a NaN were taken from the IEEE
854 standard (see Table 3 in section 5.7). To ensure strict standards-compliance, use the compare () and compare-—
signal () methods instead.

The signed zeros can result from calculations that underflow. They keep the sign that would have resulted if the calculation
had been carried out to greater precision. Since their magnitude is zero, both positive and negative zeros are treated as
equal and their sign is informational.

In addition to the two signed zeros which are distinct yet equal, there are various representations of zero with differing
precisions yet equivalent in value. This takes a bit of getting used to. For an eye accustomed to normalized floating point
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representations, it is not immediately obvious that the following calculation returns a value equal to zero:

>>> 1 / Decimal ('Infinity")
Decimal ('OE-1000026")

9.4.8 Working with threads

The getcontext () function accesses a different Context object for each thread. Having separate thread contexts
means that threads may make changes (such as getcontext () . prec=10) without interfering with other threads.

Likewise, the set context () function automatically assigns its target to the current thread.

If setcontext () has not been called before getcontext (), then getcontext () will automatically create a
new context for use in the current thread.

The new context is copied from a prototype context called DefaultContext. To control the defaults so that each thread will
use the same values throughout the application, directly modify the DefaultContext object. This should be done before any
threads are started so that there won’t be a race condition between threads calling get context (). For example:

# Set applicationwide defaults for all threads about to be launched
DefaultContext.prec = 12

DefaultContext.rounding = ROUND_DOWN

DefaultContext.traps = ExtendedContext.traps.copy ()
DefaultContext.traps[InvalidOperation] = 1

setcontext (DefaultContext)

# Afterwards, the threads can be started
tl.start ()
t2.start ()
t3.start ()

9.4.9 Recipes

Here are a few recipes that serve as utility functions and that demonstrate ways to work with the Decimal class:

def moneyfmt (value, places=2, curr='"', sep=',', dp='".",
pos='"', neg='-"', trailneg='"):

"""Convert Decimal to a money formatted string.

places: required number of places after the decimal point
curr: optional currency symbol before the sign (may be blank)
sep: optional grouping separator (comma, period, space, or blank)
dp: decimal point indicator (comma or period)
only specify as blank when places 1s zero
pos: optional sign for positive numbers: '+', space or blank
neg: optional sign for negative numbers: '-', '(', space or blank
trailneg:optional trailing minus indicator: '-', ')', space or blank

>>> d = Decimal ('-1234567.8901")

>>> moneyfmt (d, curr='S$")

'-$1,234,567.89"'

>>> moneyfmt (d, places=0, sep='.', dp='"', neg='"', trailneg='-")
'1.234.568-"

>>> moneyfmt (d, curr='S', neg='(', trailneg=")")

(ouvéyela otV emtduevn oehida)
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3

(ouveyiletar 0mwd TNV TPONYoUIEVT OEMdN)

'($1,234,567.89) "'

>>> moneyfmt (Decimal (123456789),
'123 456 789.00"

>>> moneyfmt (Decimal ('-0.02"),
'<0.02>"

sep="'

neg='<",

men

q Decimal (10) ** -places # 2 pla

sign, digits, exp = value.quantize(q) .a
result = []
digits = list (map(str, digits))
build, next = result.append, digits.pop
if sign:

build(trailneq)

for i in range(places):
build(next () if digits else
if places:

IOI)

build(dp)
if not digits:

build('0")
i=0

while digits:
build (next ())

i+=1

if i == 3 and digits:
i =0
build(sep)

build(curr)
build(neg if sign else pos)
return ''.join (reversed(result))
def pi():
"""Compute Pi to the current precision.

>>> print (pi())
3.141592653589793238462643383

mn

getcontext () .prec += 2 # extra digits

three = Decimal (3) # substitute "t
lasts, t, s, n, na, d, da = 0, three, 3
while s != lasts:

lasts = s

n, na = n+na, nat+3

d, da = d+da, da+32

t = (t *n) / d

s +=t
getcontext () .prec —= 2

return +s

def exp(x):

"""Return e raised to the power of x.

>>> print (exp (Decimal (1)))
2.718281828459045235360287471
>>> print (exp (Decimal (2)))

")

trailneg="'>")

ces ——> '0.01"'

s_tuple ()

for intermediate steps
hree=3.0" for regular floats
1, 0, 0, 24

’

# unary plus applies the new precision

Result type matches input type.

(ouvEyELa OTNV ETTOLLEVT GEMLDOL)
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(ovveyiCetow amd TV Tponyouevn oekida)

def

def

7.389056098930650227230427461
>>> print (exp(2.0))
7.38905609893

>>> print (exp (2+07))
(7.38905609893+037)

men

getcontext () .prec += 2
i, lasts, s, fact, num = 0, O, 1, 1, 1

while s != lasts:
lasts = s
i +=1

fact *= i

num *= x

s += num / fact
getcontext () .prec —= 2
return +s

cos (x) :
"""Return the cosine of x as measured in radians.

The Taylor series approximation works best for a small value of x.

o)

For larger values, first compute x = x % (2 * pi).
>>> print (cos (Decimal ('0.5")))
0.8775825618903727161162815826

>>> print (cos (0.5))

0.87758256189

>>> print (cos (0.5+03))
(0.87758256189+07)

mn

getcontext () .prec += 2

i, lasts, s, fact, num, sign = 0, O, 1, 1, 1, 1
while s != lasts:

lasts = s

i+=2

fact *= 1 * (i-1)
num *= x * x

sign *= -1
s += num / fact * sign
getcontext () .prec —= 2

return +s

sin(x):
"""Return the sine of x as measured in radians.

The Taylor series approximation works best for a small value of x.

o

For larger values, first compute x = x % (2 * pi).

>>> print (sin(Decimal ('0.5")))
0.4794255386042030002732879352
>>> print (sin(0.5))
0.479425538604

>>> print (sin(0.5+07))
(0.479425538604+037)

(ouvEyELa OTNV ETTOLLEVT GEMLDOL)
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men

getcontext () .prec += 2

i, lasts, s, fact, num, sign =1, 0, x, 1, x, 1
while s != lasts:

lasts = s

i+=2

fact *= 1 * (i-1)
num *= x * x

sign *= -1
s += num / fact * sign
getcontext () .prec —= 2

return +s

9.4.10 Decimal FAQ

Q. It is cumbersome to type decimal.Decimal ('1234.5"). Is there a way to minimize typing when using the
interactive interpreter?

A. Some users abbreviate the constructor to just a single letter:

>>> D = decimal.Decimal
>>> D('1.23") + D('3.45")
Decimal ('4.68")

Q. In a fixed-point application with two decimal places, some inputs have many places and need to be rounded. Others
are not supposed to have excess digits and need to be validated. What methods should be used?

A. The quantize () method rounds to a fixed number of decimal places. If the Tnexact trap is set, it is also useful
for validation:

>>> TWOPLACES = Decimal (10) ** -2 # same as Decimal ('0.01")

>>> # Round to two places
>>> Decimal ('3.214") .quantize (TWOPLACES)
Decimal ('3.21")

>>> # Validate that a number does not exceed two places
>>> Decimal ('3.21") .quantize (TWOPLACES, context=Context (traps=[Inexact]))
Decimal ('3.21")

>>> Decimal ('3.214") .quantize (TWOPLACES, context=Context (traps=[Inexact]))
Traceback (most recent call last):

Inexact: None

Q. Once I have valid two place inputs, how do I maintain that invariant throughout an application?

A. Some operations like addition, subtraction, and multiplication by an integer will automatically preserve fixed point.
Others operations, like division and non-integer multiplication, will change the number of decimal places and need to be
followed-up with a quantize () step:

>>> a = Decimal ('102.72") # Initial fixed-point values
>>> b = Decimal ('3.17")

(ouveéyela otV emtduevn oehida)
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>>> a + b # Addition preserves fixed-point

Decimal ('105.89")

>>> a - b

Decimal ('99.55")

>>> a * 42 # So does integer multiplication

Decimal ('4314.24")

>>> (a * b).quantize (TWOPLACES) # Must quantize non-integer multiplication
Decimal ('325.62")

>>> (b / a).quantize (TWOPLACES) # And quantize division

Decimal ('0.03")

In developing fixed-point applications, it is convenient to define functions to handle the quantize () step:

>>> def mul(x, y, fp=TWOPLACES) :

.. return (x * y).quantize (fp)

>>> def div(x, y, fp=TWOPLACES) :
return (x / y).quantize (fp)

>>> mul
Decimal
>>> div
Decimal

a, b) # Automatically preserve fixed-point
'325.62")

b, a)

'0.03")

Q. There are many ways to express the same value. The numbers 200, 200.000, 2E2, and 02E+4 all have the same
value at various precisions. Is there a way to transform them to a single recognizable canonical value?

A.The normalize () method maps all equivalent values to a single representative:

>>> values = map (Decimal, '200 200.000 2E2 .02E+4'.split())
>>> [v.normalize () for v in values]
[Decimal ('2E+2"'), Decimal ('2E+2'), Decimal ('2E+2'), Decimal ('2E+2")]

Q. Some decimal values always print with exponential notation. Is there a way to get a non-exponential representation?

A. For some values, exponential notation is the only way to express the number of significant places in the coefficient. For
example, expressing 5. 0E+3 as 5000 keeps the value constant but cannot show the original’s two-place significance.

If an application does not care about tracking significance, it is easy to remove the exponent and trailing zeroes, losing
significance, but keeping the value unchanged:

>>> def remove_exponent (d) :
return d.quantize (Decimal (1)) if d == d.to_integral() else d.normalize ()

>>> remove_exponent (Decimal ('5E+3"))
Decimal ('5000")

Q. Is there a way to convert a regular float to a Decimal?

A. Yes, any binary floating point number can be exactly expressed as a Decimal though an exact conversion may take
more precision than intuition would suggest:

>>> Decimal (math.pi)
Decimal ('3.141592653589793115997963468544185161590576171875")

Q. Within a complex calculation, how can I make sure that I haven’t gotten a spurious result because of insufficient
precision or rounding anomalies.
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A. The decimal module makes it easy to test results. A best practice is to re-run calculations using greater precision and
with various rounding modes. Widely differing results indicate insufficient precision, rounding mode issues, ill-conditioned
inputs, or a numerically unstable algorithm.

Q. I noticed that context precision is applied to the results of operations but not to the inputs. Is there anything to watch
out for when mixing values of different precisions?

A. Yes. The principle is that all values are considered to be exact and so is the arithmetic on those values. Only the results
are rounded. The advantage for inputs is that «what you type is what you get». A disadvantage is that the results can look
odd if you forget that the inputs haven’t been rounded:

>>> getcontext () .prec = 3

>>> Decimal ('3.104"'") + Decimal('2.104")

Decimal ('5.21")

>>> Decimal ('3.104"') + Decimal('0.000") + Decimal('2.104")
Decimal ('5.20")

The solution is either to increase precision or to force rounding of inputs using the unary plus operation:

>>> getcontext () .prec = 3
>>> +Decimal ('1.23456789") # unary plus triggers rounding
Decimal ('1.23")

Alternatively, inputs can be rounded upon creation using the Context.create_decimal () method:

>>> Context (prec=5, rounding=ROUND_DOWN) .create_decimal ('1.2345678")
Decimal ('1.2345")

Q. Is the CPython implementation fast for large numbers?

A. Yes. In the CPython and PyPy3 implementations, the C/CFFI versions of the decimal module integrate the high speed
libmpdec library for arbitrary precision correctly-rounded decimal floating point arithmetic'. 1 ibmpdec uses Karatsuba
multiplication for medium-sized numbers and the Number Theoretic Transform for very large numbers.

The context must be adapted for exact arbitrary precision arithmetic. Emin and Emax should always be set to the
maximum values, c 1amp should always be O (the default). Setting prec requires some care.

The easiest approach for trying out bignum arithmetic is to use the maximum value for prec as well’:

>>> setcontext (Context (prec=MAX_PREC, Emax=MAX_EMAX, Emin=MIN_EMIN) )

>>> x = Decimal (2) ** 256

>>> x / 128

Decimal ('904625697166532776746648320380374280103671755200316906558262375061821325312")

For inexact results, MAX_PREC is far too large on 64-bit platforms and the available memory will be insufficient:

>>> Decimal (1) / 3

Traceback (most recent call last):
File "<stdin>", line 1, in <module>

MemoryError

On systems with overallocation (e.g. Linux), a more sophisticated approach is to adjust prec to the amount of available
RAM. Suppose that you have 8GB of RAM and expect 10 simultaneous operands using a maximum of 5S00MB each:

1
Néo oty éxdoon 3.3.
2

AMoEe oty ékdoon 3.9: This approach now works for all exact results except for non-integer powers.
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>>> import sys

>>>

>>> # Maximum number of digits for a single operand using 500MB in 8-byte words
>>> # with 19 digits per word (4-byte and 9 digits for the 32-bit build):
>>> maxdigits = 19 * ((500 * 1024**2) // 8)

>>>

>>> # Check that this works:

>>> ¢ = Context (prec=maxdigits, Emax=MAX_EMAX, Emin=MIN_EMIN)

>>> c.traps[Inexact] = True

>>> setcontext (c)

>>>

>>> # Fill the available precision with nines:

>>> x = Decimal (0) .logical_invert () * 9
>>> sys.getsizeof (x)
524288112

>>> x + 2

Traceback (most recent call last):
File "<stdin>", line 1, in <module>
decimal.Inexact: [<class 'decimal.Inexact'>]

In general (and especially on systems without overallocation), it is recommended to estimate even tighter bounds and set
the Tnexact trap if all calculations are expected to be exact.

9.5 fractions — Rational numbers

Source code: Lib/fractions.py

The fractions module provides support for rational number arithmetic.
A Fraction instance can be constructed from a pair of integers, from another rational number, or from a string.

class fractions.Fraction (numerator=0, denominator=1)

class fractions.Fraction (other_fraction)

class fractions.Fraction (float)

class fractions.Fraction (decimal)

class fractions.Fraction (string)
The first version requires that numerator and denominator are instances of numbers.Rational and
returns a new Fraction instance with value numerator/denominator. If denominator is 0, it raises
a ZeroDivisionError. The second version requires that other_fraction is an instance of numbers.
Rational and returns a Fract ion instance with the same value. The next two versions accept either a f1oat
ora decimal.Decimal instance, and return a Fract ion instance with exactly the same value. Note that due
to the usual issues with binary floating-point (see tut-fp-issues), the argument to Fraction (1.1) is not exactly
equal to 11/10, and so Fraction (1.1) does not return Fraction (11, 10) asone might expect. (But see
the documentation for the 7 imit_denominator () method below.) The last version of the constructor expects
a string or unicode instance. The usual form for this instance is:

[sign] numerator ['/' denominator]

where the optional sign may be either “+” or “-” and numerator and denominator (if present) are strings
of decimal digits. In addition, any string that represents a finite value and is accepted by the 1 oat constructor is
also accepted by the Fract ion constructor. In either form the input string may also have leading and/or trailing
whitespace. Here are some examples:
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>>> from fractions import Fraction
>>> Fraction (16, -10)

Fraction (-8, 5)

>>> Fraction(123)

Fraction (123, 1)

>>> Fraction

)
)

(
Fraction (0, 1
>>> Fraction('3/7")
Fraction (3, 7)
>>> Fraction(' -3/7 ')

Fraction (-3, 7)

>>> Fraction('1.414213 \t\n')
Fraction (1414213, 1000000)

>>> Fraction('-.125")

Fraction (-1, 8)

>>> Fraction('7e-6")
Fraction (7, 1000000)

>>> Fraction(2.25)

Fraction (9, 4)

>>> Fraction(1.1)

Fraction (2476979795053773, 22517998136852438)
>>> from decimal import Decimal
>>> Fraction(Decimal('1.1"))
Fraction (11, 10)

The Fraction class inherits from the abstract base class numbers.Rational, and implements all of the
methods and operations from that class. Fract ion instances are hashable, and should be treated as immutable.
In addition, Fract ion has the following properties and methods:

AMaEe oty ékdoom 3.2: The Fract i on constructor now accepts £1oat and decimal . Decimal instances.

AMoEe otnv ékdoom 3.9: The math. ged () function is now used to normalize the numerator and denominator.
math.gcd () always return a int type. Previously, the GCD type depended on numerator and denominator.

numerator
Numerator of the Fraction in lowest term.

denominator
Denominator of the Fraction in lowest term.

as_integer_ratio()
Return a tuple of two integers, whose ratio is equal to the Fraction and with a positive denominator.

Néo oty éxdoonm 3.8.

from_float (fit)
This class method constructs a Fraction representing the exact value of flif, which must be a float.
Beware that Fraction.from_float (0.3) is not the same value as Fraction (3, 10).

Ynueiwon: From Python 3.2 onwards, you can also construct a Fract i on instance directly froma f1oat.

from_decimal (dec)
This class method constructs a Fract i on representing the exact value of dec, which mustbe a decimal.
Decimal instance.

Xnueimon: From Python 3.2 onwards, you can also construct a Fraction instance directly from a

360 Kegaiaio 9. ApiOuntika kat Maénpatika Modules



The Python Library Reference, Anpooicuon 3.9.23

decimal .Decimal instance.

limit_denominator (max_denominator=1000000)
Finds and returns the closest Fraction to self that has denominator at most max_denominator. This
method is useful for finding rational approximations to a given floating-point number:

>>> from fractions import Fraction
>>> Fraction('3.1415926535897932") .1imit_denominator (1000)
Fraction (355, 113)

or for recovering a rational number that’s represented as a float:

>>> from math import pi, cos

>>> Fraction (cos (pi/3))

Fraction (4503599627370497, 9007199254740992)
>>> Fraction(cos(pi/3)) .limit_denominator ()
Fraction (1, 2)

>>> Fraction(l.1).limit_denominator ()
Fraction (11, 10)

__floor__ ()
Returns the greatest int <= self. This method can also be accessed through the math. floor ()
function:

>>> from math import floor
>>> floor (Fraction (355, 113))
3

_ceil__ ()
Returns the least int >= self. This method can also be accessed through the math.ceil () function.

__round__ ()

__round__ (ndigits)
The first version returns the nearest int to self, rounding half to even. The second version rounds self
to the nearest multiple of Fraction (1, 10**ndigits) (logically, if ndigits is negative), again
rounding half toward even. This method can also be accessed through the round () function.

Agite gmiong:

Module numbers The abstract base classes making up the numeric tower.

9.6 random — Generate pseudo-random numbers

Source code: Lib/random.py

This module implements pseudo-random number generators for various distributions.

For integers, there is uniform selection from a range. For sequences, there is uniform selection of a random element, a
function to generate a random permutation of a list in-place, and a function for random sampling without replacement.

On the real line, there are functions to compute uniform, normal (Gaussian), lognormal, negative exponential, gamma,
and beta distributions. For generating distributions of angles, the von Mises distribution is available.

Almost all module functions depend on the basic function random (), which generates a random float uniformly in the
semi-open range [0.0, 1.0). Python uses the Mersenne Twister as the core generator. It produces 53-bit precision floats
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and has a period of 2**19937-1. The underlying implementation in C is both fast and threadsafe. The Mersenne Twister
is one of the most extensively tested random number generators in existence. However, being completely deterministic,
it is not suitable for all purposes, and is completely unsuitable for cryptographic purposes.

The functions supplied by this module are actually bound methods of a hidden instance of the random. Random class.
You can instantiate your own instances of Random to get generators that don’t share state.

Class Random can also be subclassed if you want to use a different basic generator of your own devising: in that case,
override the random (), seed (),getstate (),and setstate () methods. Optionally, a new generator can supply
agetrandbits () method — this allows randrange () to produce selections over an arbitrarily large range.

The random module also provides the SystemRandom class which uses the system function os.urandom () to
generate random numbers from sources provided by the operating system.

IMpozwdomoinon: The pseudo-random generators of this module should not be used for security purposes. For
security or cryptographic uses, see the secret s module.

Agite gmiong:

M. Matsumoto and T. Nishimura, «Mersenne Twister: A 623-dimensionally equidistributed uniform pseudorandom
number generator», ACM Transactions on Modeling and Computer Simulation Vol. 8, No. 1, January pp.3-30 1998.

Complementary-Multiply-with-Carry recipe for a compatible alternative random number generator with a long period
and comparatively simple update operations.

9.6.1 Bookkeeping functions
random. seed (a=None, version=2)
Initialize the random number generator.

If a is omitted or None, the current system time is used. If randomness sources are provided by the operating
system, they are used instead of the system time (see the os. urandom () function for details on availability).

If a is an int, it is used directly.

With version 2 (the default), a st r, bytes, or bytearray object gets converted to an int and all of its bits
are used.

With version 1 (provided for reproducing random sequences from older versions of Python), the algorithm for st r
and by tes generates a narrower range of seeds.

AMoEe oty £xdoon 3.2: Moved to the version 2 scheme which uses all of the bits in a string seed.

AmootpOnke oty ékdoon 3.9: In the future, the seed must be one of the following types: NoneType, int, f1oat,
str,bytes,or bytearray.

random.getstate ()
Return an object capturing the current internal state of the generator. This object can be passed to setstate ()
to restore the state.

random.setstate (state)
state should have been obtained from a previous call to getstate (), and setstate () restores the internal
state of the generator to what it was at the time getstate () was called.
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9.6.2 Functions for bytes

random.randbytes (n)
Generate n random bytes.

This method should not be used for generating security tokens. Use secrets. token_bytes () instead.

Néo otnv ¢€kdoom 3.9.

9.6.3 Functions for integers

random. randrange (sfop)

random. randrange (start, stop[, step] )
Return a randomly selected element from range (start, stop, step). This is equivalent to
choice (range (start, stop, step)), butdoesn’t actually build a range object.

The positional argument pattern matches that of range (). Keyword arguments should not be used because the
function may use them in unexpected ways.

AMoEe oty éxdoomn 3.2: randrange () is more sophisticated about producing equally distributed values.
Formerly it used a style like int (random () *n) which could produce slightly uneven distributions.

random.randint (a, b)
Return a random integer N such thata <= N <= b. Alias for randrange (a, b+1).

random.getrandbits (k)
Returns a non-negative Python integer with k random bits. This method is supplied with the MersenneTwister
generator and some other generators may also provide it as an optional part of the API. When available,
getrandbits () enables randrange () to handle arbitrarily large ranges.

AMoEe oty ékdoon 3.9: This method now accepts zero for k.

9.6.4 Functions for sequences

random.choice (seq)
Return a random element from the non-empty sequence segq. If seq is empty, raises TndexError.

random. choices (population, weights=None, *, cum_weights=None, k=1I)
Return a & sized list of elements chosen from the population with replacement. If the population is empty, raises
IndexError.

If a weights sequence is specified, selections are made according to the relative weights. Alternatively, if a
cum_weights sequence is given, the selections are made according to the cumulative weights (perhaps computed
using itertools.accumulate ()). For example, the relative weights [10, 5, 30, 5] are equivalent
to the cumulative weights [10, 15, 45, 50]. Internally, the relative weights are converted to cumulative
weights before making selections, so supplying the cumulative weights saves work.

If neither weights nor cum_weights are specified, selections are made with equal probability. If a weights sequence
is supplied, it must be the same length as the population sequence. It is a TypeError to specify both weights and
cum_weights.

The weights or cum_weights can use any numeric type that interoperates with the f1oat values returned by
random () (that includes integers, floats, and fractions but excludes decimals). Behavior is undefined if any weight
is negative. A ValueError is raised if all weights are zero.

For a given seed, the choices () function with equal weighting typically produces a different sequence than
repeated calls to choice (). The algorithm used by choices () uses floating point arithmetic for internal
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consistency and speed. The algorithm used by choice () defaults to integer arithmetic with repeated selections
to avoid small biases from round-off error.

Néo otnv ¢kdoom 3.6.
AMoEe oty ékdoon 3.9: Raises a ValueError if all weights are zero.

random.shuffle (x[, random] )
Shuffle the sequence x in place.

The optional argument random is a O-argument function returning a random float in [0.0, 1.0); by default, this is
the function random ().

To shuffle an immutable sequence and return a new shuffled list, use sample (x, k=len (x)) instead.

Note that even for small 1en (x), the total number of permutations of x can quickly grow larger than the period of
most random number generators. This implies that most permutations of a long sequence can never be generated.
For example, a sequence of length 2080 is the largest that can fit within the period of the Mersenne Twister random
number generator.

Deprecated since version 3.9, will be removed in version 3.11: The optional parameter random.

random. sample (population, k, *, counts=None)
Return a k length list of unique elements chosen from the population sequence or set. Used for random sampling
without replacement.

Returns a new list containing elements from the population while leaving the original population unchanged. The
resulting list is in selection order so that all sub-slices will also be valid random samples. This allows raffle winners
(the sample) to be partitioned into grand prize and second place winners (the subslices).

Members of the population need not be hashable or unique. If the population contains repeats, then each occurrence
is a possible selection in the sample.

Repeated elements can be specified one at a time or with the optional keyword-only counts parameter. For example,
sample (['red', 'blue'], counts=[4, 2], k=5) isequivalentto sample (['red', 'red',
'red', 'red', 'blue', 'blue'l], k=5).

To choose a sample from a range of integers, use a range () object as an argument. This is especially fast and
space efficient for sampling from a large population: sample (range (10000000), k=60).

If the sample size is larger than the population size, a ValueError is raised.
AMoEe otny ékdoon 3.9: Added the counts parameter.

AmoovpOnke oty ékdoomn 3.9: In the future, the population must be a sequence. Instances of set are no longer
supported. The set must first be converted to a 1ist or tuple, preferably in a deterministic order so that the
sample is reproducible.

9.6.5 Real-valued distributions

The following functions generate specific real-valued distributions. Function parameters are named after the
corresponding variables in the distribution’s equation, as used in common mathematical practice; most of these equations
can be found in any statistics text.

random.random ()
Return the next random floating point number in the range [0.0, 1.0).

random.uniform (a, b)
Return a random floating point number N suchthata <= N <= bfora <= bandb <= N <= aforb < a.

The end-point value b may or may not be included in the range depending on floating-point rounding in the equation
a + (b-a) * random().
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random.triangular (low, high, mode)
Return a random floating point number N such that 1ow <= N <= high and with the specified mode between
those bounds. The low and high bounds default to zero and one. The mode argument defaults to the midpoint
between the bounds, giving a symmetric distribution.

random.betavariate (alpha, beta)
Beta distribution. Conditions on the parameters are alpha > 0and beta > 0. Returned values range between
Oand 1.

random.expovariate (lambd)
Exponential distribution. lambd is 1.0 divided by the desired mean. It should be nonzero. (The parameter would be
called «lambda», but that is a reserved word in Python.) Returned values range from O to positive infinity if lambd
is positive, and from negative infinity to 0 if lambd is negative.

random.gammavariate (alpha, beta)
Gamma distribution. (Not the gamma function!) Conditions on the parameters are alpha > 0andbeta > 0.

The probability distribution function is:

math.gamma (alpha) * beta ** alpha

random.gauss (mu, sigma)
Gaussian distribution. mu is the mean, and sigma is the standard deviation. This is slightly faster than the
normalvariate () function defined below.

Multithreading note: When two threads call this function simultaneously, it is possible that they will receive the
same return value. This can be avoided in three ways. 1) Have each thread use a different instance of the random
number generator. 2) Put locks around all calls. 3) Use the slower, but thread-safe normalvariate () function
instead.

random.lognormvariate (mu, sigma)
Log normal distribution. If you take the natural logarithm of this distribution, you’ll get a normal distribution with
mean mu and standard deviation sigma. mu can have any value, and sigma must be greater than zero.

random.normalvariate (mu, sigma)
Normal distribution. mu is the mean, and sigma is the standard deviation.

random.vonmisesvariate (mu, kappa)
mu is the mean angle, expressed in radians between 0 and 2*pi, and kappa is the concentration parameter, which
must be greater than or equal to zero. If kappa is equal to zero, this distribution reduces to a uniform random angle
over the range 0 to 2*pi.

random.paretovariate (alpha)
Pareto distribution. alpha is the shape parameter.

random.weibullvariate (alpha, beta)
Weibull distribution. alpha is the scale parameter and beta is the shape parameter.
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9.6.6 Alternative Generator

class random.Random ( [seed] )
Class that implements the default pseudo-random number generator used by the random module.

AmoovpOnke otnv £ékdoomn 3.9: In the future, the seed must be one of the following types: NoneType, int,
float, str,bytes,or bytearray.

class random.SystemRandom ( [seed] )
Class that uses the os.urandom () function for generating random numbers from sources provided by the
operating system. Not available on all systems. Does not rely on software state, and sequences are not reproducible.
Accordingly, the seed () method has no effect and is ignored. The getstate () and setstate () methods
raise Not ImplementedError if called.

9.6.7 Notes on Reproducibility
Sometimes it is useful to be able to reproduce the sequences given by a pseudo-random number generator. By re-using a
seed value, the same sequence should be reproducible from run to run as long as multiple threads are not running.

Most of the random module’s algorithms and seeding functions are subject to change across Python versions, but two
aspects are guaranteed not to change:

« If a new seeding method is added, then a backward compatible seeder will be offered.

o The generator’s random () method will continue to produce the same sequence when the compatible seeder is
given the same seed.

9.6.8 Examples

Basic examples:

>>> random () # Random float: 0.0 <= x < 1.0
0.37444887175646646

>>> uniform (2.5, 10.0) # Random float: 2.5 <= x <= 10.0
3.1800146073117523

>>> expovariate(l / 5) # Interval between arrivals averaging 5.
—seconds
5.148957571865031

>>> randrange (10) # Integer from 0 to 9 inclusive

7

>>> randrange (0, 101, 2) # Even integer from 0 to 100 inclusive
26

>>> choice(['win', 'lose', 'draw']) # Single random element from a sequence
'draw'

>>> deck = 'ace two three four'.split()

>>> shuffle (deck) # Shuffle a 1ist

>>> deck
['four', 'two', 'ace', 'three']

(ouvéyela otV emOUEVT OENIDOL)
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>>> sample([10, 20, 30, 40, 50], k=4) # Four samples without replacement
[40, 10, 50, 30]

Simulations:

>>> # Six roulette wheel spins (weighted sampling with replacement)
>>> choices(['red', 'black', 'green'], [18, 18, 2], k=6)
['red', 'green', 'black', 'black', 'red', 'black']

>>> # Deal 20 cards without replacement from a deck
>>> # of 52 playing cards, and determine the proportion of cards

>>> # with a ten-value: ten, jack, queen, or king.

>>> dealt = sample(['tens', '"low cards'], counts=[16, 36], k=20)
>>> dealt.count ('tens') / 20

0.15

>>> # Estimate the probability of getting 5 or more heads from 7 spins
>>> # of a biased coin that settles on heads 60% of the time.
>>> def trial():
return choices ('HT', cum_weights=(0.60, 1.00), k=7).count('H') >= 5

>>> sum(trial () for i in range(10_000)) / 10_000
0.4169

>>> # Probability of the median of 5 samples being in middle two quartiles
>>> def trial():
return 2_500 <= sorted(choices(range(10_000), k=5))[2] < 7_500

>>> sum(trial () for i in range(10_000)) / 10_000
0.7958

Example of statistical bootstrapping using resampling with replacement to estimate a confidence interval for the mean of
a sample:

# http://statistics.about.com/od/Applications/a/Example-Of-Bootstrapping.htm
from statistics import fmean as mean
from random import choices

data = [41, 50, 29, 37, 81, 30, 73, 63, 20, 35, 68, 22, 60, 31, 95]

means = sorted(mean (choices(data, k=len(data))) for i in range (100))

print (f'The sample mean of {mean(data):.1f} has a 90% confidence '
f'interval from {means[5]:.1f} to {means[94]:.1f}")

Example of a resampling permutation test to determine the statistical significance or p-value of an observed difference
between the effects of a drug versus a placebo:

# Example from "Statistics 1is Easy" by Dennis Shasha and Manda Wilson
from statistics import fmean as mean
from random import shuffle

drug = [54, 73, 53, 70, 73, 68, 52, 65, 65]
placebo = [54, 51, 58, 44, 55, 52, 42, 47, 58, 46]
observed_diff = mean(drug) - mean (placebo)

n = 10_000
count = 0

(ouvEyeLa oTNV ETOUEVT) OEMLOOL)
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combined = drug + placebo

for i in range(n):
shuffle (combined)
new_diff = mean (combined[:len(drug)]) - mean (combined[len (drug):])
count += (new_diff >= observed_diff)

print (f'{n} label reshufflings produced only {count} instances with a difference')
print (f'at least as extreme as the observed difference of {observed_ diff:.1f}.")
print (f'The one-sided p-value of {count / n:.4f} leads us to reject the null')

(

print (f'hypothesis that there is no difference between the drug and the placebo.')

Simulation of arrival times and service deliveries for a multiserver queue:

from heapq import heapify, heapreplace
from random import expovariate, gauss
from statistics import mean, median, stdev

average_arrival_interval = 5.6

average_service_time = 15.0

stdev_service_time = 3.5

num_servers = 3

waits = []

arrival_time = 0.0

servers = [0.0] * num_servers # time when each server becomes available

heapify (servers)
for i in range(1_000_000):
arrival_time += expovariate (1.0 / average_arrival_interval)
next_server_available = servers[0]
wait = max (0.0, next_server_available - arrival_time)
waits.append(wait)
service_duration = max (0.0, gauss (average_service_time, stdev_service_time))
service_completed = arrival_time + wait + service_duration
heapreplace (servers, service_completed)

print (f'Mean wait: {mean(waits) :.1f/. Stdev wait: stdev (waits) :.1f/}.")
print (f'Median wait: {median(waits):.1f}. Max wait: {max(waits):.1f}.")

Agite emiong:

Statistics for Hackers a video tutorial by Jake Vanderplas on statistical analysis using just a few fundamental concepts
including simulation, sampling, shuffling, and cross-validation.

Economics Simulation a simulation of a marketplace by Peter Norvig that shows effective use of many of the tools and
distributions provided by this module (gauss, uniform, sample, betavariate, choice, triangular, and randrange).

A Concrete Introduction to Probability (using Python) a tutorial by Peter Norvig covering the basics of probability theory,
how to write simulations, and how to perform data analysis using Python.
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9.6.9 Recipes

The default random () returns multiples of 2733 in the range 0.0 < x < 1.0. All such numbers are evenly spaced and are
exactly representable as Python floats. However, many other representable floats in that interval are not possible selections.
For example, 0.05954861408025609 isn’t an integer multiple of 273,

The following recipe takes a different approach. All floats in the interval are possible selections. The mantissa comes from
a uniform distribution of integers in the range 2°? < mantissa < 2>, The exponent comes from a geometric distribution
where exponents smaller than -53 occur half as often as the next larger exponent.

from random import Random
from math import ldexp

class FullRandom (Random) :

def random(self):
mantissa = 0x10_0000_0000_0000 | self.getrandbits(52)
exponent = -53
x = 0
while not x:
x = self.getrandbits (32)
exponent += x.bit_length() - 32
return ldexp (mantissa, exponent)

All real valued distributions in the class will use the new method:

>>> fr = FullRandom ()
>>> fr.random()
0.05954861408025609

>>> fr.expovariate (0.25)
8.87925541791544

The recipe is conceptually equivalent to an algorithm that chooses from all the multiples of 271974 in the range 0.0 < x

< 1.0. All such numbers are evenly spaced, but most have to be rounded down to the nearest representable Python float.
(The value 27'%7# is the smallest positive unnormalized float and is equal to math.ulp (0.0).)

Agite gmiong:

Generating Pseudo-random Floating-Point Values a paper by Allen B. Downey describing ways to generate more fine-
grained floats than normally generated by random ().

9.7 statistics — Mathematical statistics functions

Néo omv éxdoon 3.4.

Source code: Lib/statistics.py

This module provides functions for calculating mathematical statistics of numeric (Rea I-valued) data.

The module is not intended to be a competitor to third-party libraries such as NumPy, SciPy, or proprietary full-featured
statistics packages aimed at professional statisticians such as Minitab, SAS and Matlab. It is aimed at the level of graphing
and scientific calculators.

Unless explicitly noted, these functions support int, float, Decimal and Fract ion. Behaviour with other types
(whether in the numeric tower or not) is currently unsupported. Collections with a mix of types are also undefined
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and implementation-dependent. If your input data consists of mixed types, you may be able to use map () to ensure
a consistent result, for example: map (float, input_data).

9.7.1 Averages and measures of central location

These functions calculate an average or typical value from a population or sample.

mean () Arithmetic mean («average») of data.

fmean () Fast, floating point arithmetic mean.

geometric_mean () | Geometric mean of data.

harmonic_mean () Harmonic mean of data.

median () Median (middle value) of data.

median_low /() Low median of data.

median_high () High median of data.

median_grouped () | Median, or 50th percentile, of grouped data.

mode () Single mode (most common value) of discrete or nominal data.
multimode () List of modes (most common values) of discrete or nomimal data.
quantiles () Divide data into intervals with equal probability.

9.7.2 Measures of spread

These functions calculate a measure of how much the population or sample tends to deviate from the typical or average
values.

pstdev () Population standard deviation of data.
pvariance () | Population variance of data.

stdev () Sample standard deviation of data.
variance () Sample variance of data.

9.7.3 Function details
Note: The functions do not require the data given to them to be sorted. However, for reading convenience, most of the
examples show sorted sequences.

statistics.mean (data)
Return the sample arithmetic mean of data which can be a sequence or iterable.

The arithmetic mean is the sum of the data divided by the number of data points. It is commonly called «the
average», although it is only one of many different mathematical averages. It is a measure of the central location of
the data.

If data is empty, StatisticsError will be raised.

Some examples of use:

>>> mean ([1, 2, 3, 4, 41)

2.8

>>> mean([-1.0, 2.5, 3.25, 5.75])
2.625

>>> from fractions import Fraction as F

(ouvéygeLa TNV ETOUEVT] GEMDQL)
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>>> mean ([F (3, 7), F(1, 21), F(5, 3), F(1, 3)1)
Fraction (13, 21)

>>> from decimal import Decimal as D
>>> mean ([D("0.5"), D("0.75"), D("0.625"), D("0.375")1])
Decimal ('0.5625")

Ynueimon: The mean is strongly affected by outliers and is not necessarily a typical example of the data points.
For a more robust, although less efficient, measure of central tendency, see median ().

The sample mean gives an unbiased estimate of the true population mean, so that when taken on average over all
the possible samples, mean (sample) converges on the true mean of the entire population. If data represents the
entire population rather than a sample, then mean (data) is equivalent to calculating the true population mean
.

statistics. fmean (data)
Convert data to floats and compute the arithmetic mean.

This runs faster than the mean () function and it always returns a £1oat. The data may be a sequence or iterable.
If the input dataset is empty, raises a StatisticsError.

>>> fmean ([3.5, 4.0, 5.251])
4.25

Néo otnv ¢€kdoom 3.8.

statistics.geometric_mean (data)
Convert data to floats and compute the geometric mean.

The geometric mean indicates the central tendency or typical value of the data using the product of the values (as
opposed to the arithmetic mean which uses their sum).

Raises a StatisticsError if the input dataset is empty, if it contains a zero, or if it contains a negative value.
The data may be a sequence or iterable.

No special efforts are made to achieve exact results. (However, this may change in the future.)

>>> round(geometric_mean([54, 24, 36]), 1)
36.0

Néo otnv ¢kdoom 3.8.

statistics.harmonic_mean (data)
Return the harmonic mean of data, a sequence or iterable of real-valued numbers.

The harmonic mean, sometimes called the subcontrary mean, is the reciprocal of the arithmetic mean () of the
reciprocals of the data. For example, the harmonic mean of three values a, b and ¢ will be equivalentto 3/ (1/a
+ 1/b + 1/c).If one of the values is zero, the result will be zero.

The harmonic mean is a type of average, a measure of the central location of the data. It is often appropriate when
averaging rates or ratios, for example speeds.

Suppose a car travels 10 km at 40 km/hr, then another 10 km at 60 km/hr. What is the average speed?

>>> harmonic_mean ([40, 601])
48.0
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Suppose an investor purchases an equal value of shares in each of three companies, with P/E (price/earning) ratios
of 2.5, 3 and 10. What is the average P/E ratio for the investor’s portfolio?

>>> harmonic_mean([2.5, 3, 101]) # For an equal investment portfolio.
3.6

StatisticsError israised if data is empty, or any element is less than zero.

The current algorithm has an early-out when it encounters a zero in the input. This means that the subsequent inputs
are not tested for validity. (This behavior may change in the future.)

Néo otv éxdoon 3.6.

statistics.median (data)

Return the median (middle value) of numeric data, using the common «mean of middle two» method. If data is
empty, StatisticsError israised. data can be a sequence or iterable.

The median is a robust measure of central location and is less affected by the presence of outliers. When the number
of data points is odd, the middle data point is returned:

>>> median([1, 3, 5])
3

When the number of data points is even, the median is interpolated by taking the average of the two middle values:

>>> median([1, 3, 5, 71)
4.0

This is suited for when your data is discrete, and you don’t mind that the median may not be an actual data point.

If the data is ordinal (supports order operations) but not numeric (doesn't support addition), consider using
median_low () or median_high () instead.

statistics.median_low (data)

Return the low median of numeric data. If data is empty, Stat isticsError israised. data can be a sequence
or iterable.

The low median is always a member of the data set. When the number of data points is odd, the middle value is
returned. When it is even, the smaller of the two middle values is returned.

>>> median_low ([1, 3, 5])

3

>>> median_low([1, 3, 5, 71)
3

Use the low median when your data are discrete and you prefer the median to be an actual data point rather than
interpolated.

statistics.median_high (data)

Return the high median of data. If data is empty, StatisticsError is raised. data can be a sequence or
iterable.

The high median is always a member of the data set. When the number of data points is odd, the middle value is
returned. When it is even, the larger of the two middle values is returned.

>>> median_high([1, 3, 51)

3

>>> median_high([1, 3, 5, 71)
5
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Use the high median when your data are discrete and you prefer the median to be an actual data point rather than
interpolated.

statistics.median_grouped (data, interval=I)

Return the median of grouped continuous data, calculated as the 50th percentile, using interpolation. If data is
empty, StatisticsError israised. data can be a sequence or iterable.

>>> median_grouped([52, 52, 53, 54])
52.5

In the following example, the data are rounded, so that each value represents the midpoint of data classes, e.g. 1
is the midpoint of the class 0.5-1.5, 2 is the midpoint of 1.5-2.5, 3 is the midpoint of 2.5-3.5, etc. With the data
given, the middle value falls somewhere in the class 3.5-4.5, and interpolation is used to estimate it:

>>> median_grouped([1, 2, 2, 3, 4, 4, 4, 4, 4, 5])
3.7

Optional argument inferval represents the class interval, and defaults to 1. Changing the class interval naturally will
change the interpolation:

>>> median_grouped([1, 3, 3, 5, 7], interval=l)
3.25

>>> median_grouped([1, 3, 3, 5, 7], interval=2)
3.5

This function does not check whether the data points are at least inferval apart.

CPython implementation detail: Under some circumstances, median_grouped () may coerce data points to
floats. This behaviour is likely to change in the future.

Agite emiong:

o «Statistics for the Behavioral Sciences», Frederick J Gravetter and Larry B Wallnau (8th Edition).

o The SSMEDIAN function in the Gnome Gnumeric spreadsheet, including this discussion.

statistics.mode (data)

Return the single most common data point from discrete or nominal dafa. The mode (when it exists) is the most
typical value and serves as a measure of central location.

If there are multiple modes with the same frequency, returns the first one encountered in the data. If the smallest
or largest of those is desired instead, use min (multimode (data)) or max (multimode (data) ). If the
input data is empty, StatisticsError israised.

mode assumes discrete data and returns a single value. This is the standard treatment of the mode as commonly
taught in schools:

>>> mode ([1, 1, 2, 3, 3, 3, 3, 4])
3

The mode is unique in that it is the only statistic in this package that also applies to nominal (non-numeric) data:

>>> mode( ["red", "blue", Hblue", "redH’ "green“, Hred", Hred"J )
'red'

AMoEe oty ékdoom 3.8: Now handles multimodal datasets by returning the first mode encountered. Formerly,
itraised StatisticsError when more than one mode was found.
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statistics.multimode (data)

Return a list of the most frequently occurring values in the order they were first encountered in the data. Will return
more than one result if there are multiple modes or an empty list if the data is empty:

>>> multimode ('aabbbbccddddeeffffgg')
['bl, 'd" 'f']
>>> multimode ('")

[]

Néo otnv ¢kdoom 3.8.

statistics.pstdev (data, mu=None)

Return the population standard deviation (the square root of the population variance). See pvariance () for
arguments and other details.

>>> pstdev([1.5, 2.5, 2.5, 2.75, 3.25, 4.75])
0.986893273527251

statistics.pvariance (data, mu=None)

Return the population variance of data, a non-empty sequence or iterable of real-valued numbers. Variance, or
second moment about the mean, is a measure of the variability (spread or dispersion) of data. A large variance
indicates that the data is spread out; a small variance indicates it is clustered closely around the mean.

If the optional second argument mu is given, it is typically the mean of the data. It can also be used to compute the
second moment around a point that is not the mean. If it is missing or None (the default), the arithmetic mean is
automatically calculated.

Use this function to calculate the variance from the entire population. To estimate the variance from a sample, the
variance () function is usually a better choice.

Raises StatisticsError if data is empty.

Examples:

>>> data = [0.0, 0.25, 0.25, 1.25, 1.5, 1.75, 2.75, 3.25]
>>> pvariance (data)

1.25

If you have already calculated the mean of your data, you can pass it as the optional second argument mu to avoid
recalculation:

>>> mu = mean (data)
>>> pvariance (data, mu)
1.25

Decimals and Fractions are supported:

>>> from decimal import Decimal as D
>>> pvariance ([D("27.5"), D("30.25"), D("30.25"), D("34.5"), D("41.75")1)
Decimal ('24.815")

>>> from fractions import Fraction as F
>>> pvariance ([F (1, 4), F(5, 4), F(1, 2)1)
Fraction (13, 72)

Tnueimon: When called with the entire population, this gives the population variance 62. When called on a sample
instead, this is the biased sample variance s2, also known as variance with N degrees of freedom.
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If you somehow know the true population mean p, you may use this function to calculate the variance of a sample,
giving the known population mean as the second argument. Provided the data points are a random sample of the
population, the result will be an unbiased estimate of the population variance.

statistics.stdev (data, xbar=None)
Return the sample standard deviation (the square root of the sample variance). See variance () for arguments
and other details.

>>> stdev([1.5, 2.5, 2.5, 2.75, 3.25, 4.75])
1.0810874155219827

statistics.variance (data, xbar=None)
Return the sample variance of data, an iterable of at least two real-valued numbers. Variance, or second moment
about the mean, is a measure of the variability (spread or dispersion) of data. A large variance indicates that the
data is spread out; a small variance indicates it is clustered closely around the mean.

If the optional second argument xbar is given, it should be the mean of data. If it is missing or None (the default),
the mean is automatically calculated.

Use this function when your data is a sample from a population. To calculate the variance from the entire population,
see pvariance ().

Raises StatisticsError if data has fewer than two values.

Examples:

>>> data = [2.75, 1.75, 1.25, 0.25, 0.5, 1.25, 3.5]
>>> variance (data)
1.3720238095238095

If you have already calculated the mean of your data, you can pass it as the optional second argument xbar to avoid
recalculation:

>>> m = mean (data)
>>> variance (data, m)
1.3720238095238095

This function does not attempt to verify that you have passed the actual mean as xbar. Using arbitrary values for
xbar can lead to invalid or impossible results.

Decimal and Fraction values are supported:

>>> from decimal import Decimal as D
>>> variance ([D("27.5"), D("30.25"), D("30.25"), D("34.5"), D("41.75")1])
Decimal ('31.01875")

>>> from fractions import Fraction as F
>>> variance ([F (1, 6), F(1, 2), F(5, 3)1)
Fraction (67, 108)

Tnueiwon: This is the sample variance s? with Bessel’s correction, also known as variance with N-1 degrees of
freedom. Provided that the data points are representative (e.g. independent and identically distributed), the result
should be an unbiased estimate of the true population variance.

If you somehow know the actual population mean u you should pass it to the pvariance () function as the mu
parameter to get the variance of a sample.
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statistics.quantiles (data, *, n=4, method='exclusive’)

Divide data into n continuous intervals with equal probability. Returns a list of n — 1 cut points separating the
intervals.

Set n to 4 for quartiles (the default). Set  to 10 for deciles. Set n to 100 for percentiles which gives the 99 cuts
points that separate data into 100 equal sized groups. Raises StatisticsError if nis not least 1.

The data can be any iterable containing sample data. For meaningful results, the number of data points in data
should be larger than n. Raises Stat isticsError if there are not at least two data points.

The cut points are linearly interpolated from the two nearest data points. For example, if a cut point falls one-third
of the distance between two sample values, 100 and 112, the cut-point will evaluate to 104.

The method for computing quantiles can be varied depending on whether the data includes or excludes the lowest
and highest possible values from the population.

The default method is «exclusive» and is used for data sampled from a population that can have more extreme values
than found in the samples. The portion of the population falling below the i-th of m sorted data points is computed
asi / (m + 1).Given nine sample values, the method sorts them and assigns the following percentiles: 10%,
20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%.

Setting the method to «inclusive» is used for describing population data or for samples that are known to include
the most extreme values from the population. The minimum value in data is treated as the Oth percentile and the
maximum value is treated as the 100th percentile. The portion of the population falling below the i-th of m sorted
data points is computed as (1 - 1) / (m - 1).Given 11 sample values, the method sorts them and assigns
the following percentiles: 0%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%.

# Decile cut points for empirically sampled data

>>> data = [105, 129, 87, 86, 111, 111, 89, 81, 108, 92, 110,
100, 75, 105, 103, 109, 76, 119, 99, 91, 103, 129,
106, 101, 84, 111, 74, 87, 86, 103, 103, 106, 86,
111, 75, 87, 102, 121, 111, 88, 89, 101, 106, 95,

.. 103, 107, 101, 81, 109, 104]
>>> [round (g, 1) for g in quantiles(data, n=10)]
[81.0, 86.2, 89.0, 99.4, 102.5, 103.6, 106.0, 109.8, 111.0]

Néo otnv ¢kdoom 3.8.

9.7.4 Exceptions

A single exception is defined:

exception statistics.StatisticsError
Subclass of ValueError for statistics-related exceptions.

9.7.5 NormalDist objects

NormalDist is a tool for creating and manipulating normal distributions of a random variable. It is a class that treats
the mean and standard deviation of data measurements as a single entity.

Normal distributions arise from the Central Limit Theorem and have a wide range of applications in statistics.

class statistics.NormalDist (mu=0.0, sigma=1.0)
Returns a new NormalDist object where mu represents the arithmetic mean and sigma represents the standard

deviation.

If sigma is negative, raises StatisticsError.

376

Kegaiaio 9. ApiOuntika kat Maénpatika Modules



http://www.stat.yale.edu/Courses/1997-98/101/ranvar.htm
https://en.wikipedia.org/wiki/Central_limit_theorem
https://en.wikipedia.org/wiki/Arithmetic_mean
https://en.wikipedia.org/wiki/Standard_deviation
https://en.wikipedia.org/wiki/Standard_deviation

The Python Library Reference, Anpocisuon 3.9.23

mean
A read-only property for the arithmetic mean of a normal distribution.

median
A read-only property for the median of a normal distribution.

mode
A read-only property for the mode of a normal distribution.

stdev
A read-only property for the standard deviation of a normal distribution.

variance
A read-only property for the variance of a normal distribution. Equal to the square of the standard deviation.

classmethod from_samples (data)
Makes a normal distribution instance with mu and sigma parameters estimated from the data using fmean ()
and stdev ().

The data can be any iterable and should consist of values that can be converted to type f1oat. If data does
not contain at least two elements, raises Stat i st icsError because it takes at least one point to estimate
a central value and at least two points to estimate dispersion.

samples (n, *, seed=None)
Generates n random samples for a given mean and standard deviation. Returns a 1 i st of f1oat values.

If seed is given, creates a new instance of the underlying random number generator. This is useful for creating
reproducible results, even in a multi-threading context.

pdf (x)
Using a probability density function (pdf), compute the relative likelihood that a random variable X will be
near the given value x. Mathematically, it is the limit of the ratio P (x <= X < x+dx) / dxasdx
approaches zero.

The relative likelihood is computed as the probability of a sample occurring in a narrow range divided by the
width of the range (hence the word «density»). Since the likelihood is relative to other points, its value can
be greater than 7.0.

cdf (x)
Using a cumulative distribution function (cdf), compute the probability that a random variable X will be less
than or equal to x. Mathematically, it is written P (X <= x).

inv_cdf (p)
Compute the inverse cumulative distribution function, also known as the quantile function or the percent-point
function. Mathematically, it is written x : P (X <= x) = p.

Finds the value x of the random variable X such that the probability of the variable being less than or equal
to that value equals the given probability p.

overlap (other)
Measures the agreement between two normal probability distributions. Returns a value between 0.0 and 1.0
giving the overlapping area for the two probability density functions.

quantiles (n=4)
Divide the normal distribution into n continuous intervals with equal probability. Returns a list of (n - 1) cut
points separating the intervals.

Set n to 4 for quartiles (the default). Set n to 10 for deciles. Set n to 100 for percentiles which gives the 99
cuts points that separate the normal distribution into 100 equal sized groups.
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zscore (x)
Compute the Standard Score describing x in terms of the number of standard deviations above or below the
mean of the normal distribution: (x — mean) / stdev.

Néo omv éxdoon 3.9.

Instances of NormalDist support addition, subtraction, multiplication and division by a constant. These
operations are used for translation and scaling. For example:

>>> temperature_february = NormalDist (5, 2.5) # Celsius
>>> temperature_february * (9/5) + 32 # Fahrenheit
NormalDist (mu=41.0, sigma=4.5)

Dividing a constant by an instance of NormalDist is not supported because the result wouldn’t be normally
distributed.

Since normal distributions arise from additive effects of independent variables, it is possible to add and subtract
two independent normally distributed random variables represented as instances of NormalDist. For example:

>>> pbirth_weights = NormalDist.from_samples([2.5, 3.1, 2.1, 2.4, 2.7, 3.5])
>>> drug_effects = NormalDist (0.4, 0.15)

>>> combined = birth_weights + drug_effects

>>> round (combined.mean, 1)

3.1

>>> round (combined.stdev, 1)

0.5

Néo otnv ékdoom 3.8.

NormalDist Examples and Recipes

NormalDist readily solves classic probability problems.

For example, given historical data for SAT exams showing that scores are normally distributed with a mean of 1060 and a
standard deviation of 195, determine the percentage of students with test scores between 1100 and 1200, after rounding
to the nearest whole number:

>>> sat = NormalDist (1060, 195)

>>> fraction = sat.cdf (1200 + 0.5) - sat.cdf (1100 - 0.5)
>>> round(fraction * 100.0, 1)
18.4

Find the quartiles and deciles for the SAT scores:

>>> list (map(round, sat.quantiles()))

[928, 1060, 1192]

>>> list (map(round, sat.quantiles(n=10)))

[810, 896, 958, 1011, 1060, 1109, 1162, 1224, 1310]

To estimate the distribution for a model than isn’t easy to solve analytically, Norma1Dist can generate input samples
for a Monte Carlo simulation:

>>> def model(x, y, z):
return (3*x + 7*x*y - 5*y) / (11 * z)

>>> n = 100_000
>>> X = NormalDist (10, 2.5).samples(n, seed=3652260728)

(ouvéyela otV emtouevV oerida)
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>>> Y = NormalDist (15, 1.75).samples(n, seed=4582495471)
>>> 7 = NormalDist (50, 1.25).samples(n, seed=6582483453)
>>> quantiles (map (model, X, Y, Z))

[1.4591308524824727, 1.8035946855390597, 2.175091447274739]

Normal distributions can be used to approximate Binomial distributions when the sample size is large and when the
probability of a successful trial is near 50%.

For example, an open source conference has 750 attendees and two rooms with a 500 person capacity. There is a talk
about Python and another about Ruby. In previous conferences, 65% of the attendees preferred to listen to Python talks.
Assuming the population preferences haven’t changed, what is the probability that the Python room will stay within its
capacity limits?

>>> n = 750 # Sample size

>>> p = 0.65 # Preference for Python
>> g=1.0 - p # Preference for Ruby
>>> k = 500 # Room capacity

>>> # Approximation using the cumulative normal distribution
>>> from math import sqgrt

>>> round(NormalDist (mu=n*p, sigma=sqgrt (n*p*q)).cdf(k + 0.5), 4)
0.8402

>>> # Solution using the cumulative binomial distribution

>>> from math import comb, fsum

>>> round (fsum(comb(n, r) * p**r * g**(n-r) for r in range(k+1l)), 4)
0.8402

>>> # Approximation using a simulation

>>> from random import seed, choices

>>> seed (8675309)

>>> def trial():

.. return choices (('Python', 'Ruby'), (p, 9), k=n).count ('Python')
>>> mean (trial() <= k for i in range(10_000))

0.8398

Normal distributions commonly arise in machine learning problems.

Wikipedia has a nice example of a Naive Bayesian Classifier. The challenge is to predict a person’s gender from
measurements of normally distributed features including height, weight, and foot size.

We’re given a training dataset with measurements for eight people. The measurements are assumed to be normally
distributed, so we summarize the data with NormalDist:

>>> height_male = NormalDist.from_samples([6, 5.92, 5.58, 5.921])
>>> height_female = NormalDist.from_samples([5, 5.5, 5.42, 5.751])
>>> weight_male = NormalDist.from_samples([180, 190, 170, 165])
>>> weight_female = NormalDist.from_samples([100, 150, 130, 15017)
>>> foot_size_male = NormalDist.from_samples([12, 11, 12, 10])
>>> foot_size_ female = NormalDist.from_samples([6, 8, 7, 91)

Next, we encounter a new person whose feature measurements are known but whose gender is unknown:

>>> ht = 6.0 # height
>>> wt = 130 # weight
>>> fs = 8 # foot size
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Starting with a 50% prior probability of being male or female, we compute the posterior as the prior times the product
of likelihoods for the feature measurements given the gender:

>>> prior_male = 0.5

>>> prior_female 0.5

>>> posterior_male = (prior_male * height_male.pdf (ht) *
weight_male.pdf (wt) * foot_size_male.pdf (fs))

>>> posterior_female = (prior_female * height_female.pdf (ht) *

weight_female.pdf (wt) * foot_size_female.pdf (fs))

The final prediction goes to the largest posterior. This is known as the maximum a posteriori or MAP:

>>> 'male' if posterior_male > posterior_female else 'female'
'female'
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keoanaio 10

Functional Programming Modules

The modules described in this chapter provide functions and classes that support a functional programming style, and
general operations on callables.

The following modules are documented in this chapter:

10.1 itertools — Functions creating iterators for efficient looping

This module implements a number of iterator building blocks inspired by constructs from APL, Haskell, and SML. Each
has been recast in a form suitable for Python.

The module standardizes a core set of fast, memory efficient tools that are useful by themselves or in combination.
Together, they form an «iterator algebra» making it possible to construct specialized tools succinctly and efficiently in
pure Python.

For instance, SML provides a tabulation tool: tabulate (f) which produces a sequence £ (0), f£(1), ....The
same effect can be achieved in Python by combining map () and count () to formmap (£, count ()).

These tools and their built-in counterparts also work well with the high-speed functions in the operator module.
For example, the multiplication operator can be mapped across two vectors to form an efficient dot-product:
sum (map (operator.mul, vectorl, vector2)).

Infinite iterators:

lterator Arguments Results Example
count () | start, start, start+step, start+2*step, ... count (10) —--> 10 11 12 13 14
[step]
cycle() | p PO, pl, ... plast, pO, pl, ... cycle('ABCD') -——> A B CDABUC
D
repeat () elem [,n] elem, elem, elem, ... endlessly orup to | repeat (10, 3) --> 10 10 10
n times
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Iterators terminating on the shortest input sequence:

Iterator Arguments Results Example
accumulate () p [func] p0, pO+pl, pO+pl+p2, | accumulate([1,2,3,4,5]) ——> 1 3 6
10 15
chain () Pa - pO, pl, ... plast, 90, q1, | chain('ABC', 'DEF') --> A B C D E
chain. iterable pO, pl, ... plast, q0, q1, | chain.from_iterable (['ABC"',
from iterablel() 'DEF']) -—-—> A B CDEF
compress () data, (d[o] if s[O]), (d[1] if | compress ('ABCDEF', [1,0,1,0,1,11)
selectors s[1]), ... -—>ACETF
dropwhile () pred, seq seq[n], seq[n+1], | dropwhile (lambda x: x<5, [1,4,6,
starting when pred fails 4,11) ——> 6 4 1
filterfalse ()| pred, seq elements of seq where | filterfalse (lambda X: X%2,
pred(elem) is false range (10)) ——> 0 2 4 6 8
groupby () iterable[, key] | sub-iterators grouped by
value of key(v)
islice() seq, [start,] | elements from | islice ('ABCDEFG', 2, None) —--> C
stop [, step] seq[start:stop:step] DEFG
starmap () func, seq func(*seq[0]), starmap (pow, [(2,5), (3,2), (10,
func(*seq[1]), ... 3)]) ——> 32 9 1000
takewhile () pred, seq seq[0],seq[1], until pred | takewhile (lambda x: =x<5, [1,4,6,
fails 4,11) ——> 1 4
tee() it, n itl, it2, ... itn splits one
iterator into n
zip_longest ()| p,q, --- (pl01, q[OD), (p[1],q[1]), | zip_longest ('ABCD', 'xy',
fillvalue="'-") ——> Ax By C-
D_
Combinatoric iterators:
Iterator Arguments Results
product () P, g, ... | cartesian product, equivalent to a nested for-loop
[repeat=1]
permutations () pl, 1] r-length tuples, all possible orderings, no repeated
elements
combinations () p, T r-length tuples, in sorted order, no repeated elements
combinations_with_replacement p)r r-length tuples, in sorted order, with repeated
elements
Examples Results
product ('ABCD', repeat=2) AA AB AC AD BA BB BC BD CA CB CC CD DA DB
DC DD
permutations ('ABCD', 2) AB AC AD BA BC BD CA CB CD DA DB DC
combinations ('"ABCD', 2) AB AC AD BC BD CD
combinations_with_replacement ('ABCD|'AA AB AC AD BB BC BD CC CD DD
2)
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10.1.1 Itertool functions

The following module functions all construct and return iterators. Some provide streams of infinite length, so they should
only be accessed by functions or loops that truncate the stream.

itertools.accumulate ( iterable[, func, *, initial=None ] )
Make an iterator that returns accumulated sums, or accumulated results of other binary functions (specified via the
optional func argument).

If func is supplied, it should be a function of two arguments. Elements of the input iterable may be any type that
can be accepted as arguments to func. (For example, with the default operation of addition, elements may be any
addable type including Decimal or Fraction.)

Usually, the number of elements output matches the input iterable. However, if the keyword argument initial is
provided, the accumulation leads off with the initial value so that the output has one more element than the input
iterable.

Roughly equivalent to:

def accumulate (iterable, func=operator.add, *, initial=None) :
'Return running totals'
# accumulate([1,2,3,4,5]) -——> 1 3 6 10 15
# accumulate([1,2,3,4,5], initial=100) --> 100 101 103 106 110 115
# accumulate([1,2,3,4,5], operator.mul) --> 1 2 6 24 120
it = iter (iterable)
total = initial
if initial is None:
try:
total = next (it)
except Stoplteration:
return
yield total
for element in it:
total = func(total, element)
yield total

There are a number of uses for the func argument. It can be set to min () for a running minimum, max () for a
running maximum, or operator.mul () for arunning product. Amortization tables can be built by accumulating
interest and applying payments. First-order recurrence relations can be modeled by supplying the initial value in
the iterable and using only the accumulated total in func argument:

>>> data = [3, 4, 6, 2, 1, 9, 0, 7, 5, 8]

>>> list (accumulate (data, operator.mul)) # running product
[3, 12, 72, 144, 144, 1296, 0, 0, 0, O]

>>> list (accumulate (data, max)) # running maximum

[3, 4, 6, 6, 6, 9, 9, 9, 9, 9]

# Amortize a 5% loan of 1000 with 4 annual payments of 90

>>> cashflows = [1000, -90, -90, -90, -90]

>>> list (accumulate (cashflows, lambda bal, pmt: bal*1.05 + pmt))
[1000, 960.0, 918.0, 873.9000000000001, 827.5950000000001]

# Chaotic recurrence relation https://en.wikipedia.org/wiki/Logistic_map

>>> logistic_map = lambda x, _: r * x * (1 - x)

>>> r = 3.8

>>> x0 = 0.4

>>> inputs = repeat (x0, 36) # only the initial value is used
>>> [format(x, '.2f') for x in accumulate (inputs, logistic_map) ]

(ouvéyela otV eOUEVT OENIDOL)
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[‘o.40', 'o.912', 'o.30', 'o.81', '0.60', '0.92', '0.29', '0.79', '0.63',
'‘o.88', '0.39', '0.90', '0.33', '0.84', '0.52', '0.95', '0.18', '0.57"',
'o.93', '0.25', '0.72', '0.79', '0.63', '0.88', '0.39', '0.91', '0.32",
'0.83', '0.54', '0.95', '0.20', '0.60', '0.92', '0.30"', '0.80', '0.60"']

See functools.reduce () for a similar function that returns only the final accumulated value.
Néo otnv ¢€kdoom 3.2.

AMEe oty £xdoon 3.3: Added the optional func parameter.

AMoEe oty €ékdoon 3.8: Added the optional initial parameter.

itertools.chain (*iterables)

Make an iterator that returns elements from the first iterable until it is exhausted, then proceeds to the next iterable,
until all of the iterables are exhausted. Used for treating consecutive sequences as a single sequence. Roughly
equivalent to:

def chain(*iterables):
# chain('ABC', 'DEF') -——> A B C D E F
for it in iterables:
for element in it:
yield element

classmethod chain.from_iterable (iterable)

Alternate constructor for chain (). Gets chained inputs from a single iterable argument that is evaluated lazily.
Roughly equivalent to:

def from_iterable (iterables):
# chain.from iterable(['ABC', 'DEF']) --> A B C D E F
for it in iterables:
for element in it:
yield element

itertools.combinations (iterable, r)

Return r length subsequences of elements from the input iterable.

The combination tuples are emitted in lexicographic ordering according to the order of the input iterable. So, if the
input iterable is sorted, the combination tuples will be produced in sorted order.

Elements are treated as unique based on their position, not on their value. So if the input elements are unique, there
will be no repeat values in each combination.

Roughly equivalent to:

def combinations (iterable, r):

# combinations ('ABCD', 2) —--> AB AC AD BC BD CD
# combinations (range (4), 3) > 012 013 023 123
pool = tuple(iterable)
n = len(pool)
if r > n:

return
indices = list (range(r))
yield tuple(pool[i] for i in indices)
while True:

for i in reversed(range(r)):

if indices[i] != i + n - r:
break

(ouvéyeLa 0TV ETOUEVT] GEMDQL)
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else:
return
indices[1] += 1
for j in range(i+l, 1r):
indices[j] = indices[j-1] + 1
yield tuple(pool[i] for i in indices)

The code for combinations () can be also expressed as a subsequence of permutations () after filtering
entries where the elements are not in sorted order (according to their position in the input pool):

def combinations (iterable, r):
pool = tuple(iterable)

n = len(pool)
for indices in permutations (range(n), r):
if sorted(indices) == list (indices):

yield tuple(pool[i] for i in indices)

The number of items returnedisn! / r! / (n-r)! when0 <= r <= norzerowhenr > n.

itertools.combinations_with_replacement (iterable, r)
Return r length subsequences of elements from the input iterable allowing individual elements to be repeated more
than once.

The combination tuples are emitted in lexicographic ordering according to the order of the input iterable. So, if the
input iterable is sorted, the combination tuples will be produced in sorted order.

Elements are treated as unique based on their position, not on their value. So if the input elements are unique, the
generated combinations will also be unique.

Roughly equivalent to:

def combinations_with_replacement (iterable, r):
# combinations_with_replacement ('"ABC', 2) —--> AA AB AC BB BC CC
pool = tuple(iterable)
n = len(pool)
if not n and r:
return
indices = [0] * r
yield tuple(pool[i] for i in indices)
while True:
for i in reversed(range(r)):
1

if indices[i] != n - 1:
break
else:
return
indices[i:] = [indices[i] + 1] * (r - 1i)

yield tuple(pool[i] for i in indices)

The code for combinations_with_replacement () can be also expressed as a subsequence of
product () after filtering entries where the elements are not in sorted order (according to their position in the
input pool):

def combinations_with_replacement (iterable, r):
pool = tuple(iterable)

n = len(pool)
for indices in product (range(n), repeat=r):
if sorted(indices) == list (indices):

yield tuple(pool[i] for i in indices)
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The number of items returned is (n+r-1)! / r! / (n-1)! whenn > 0.
Néo otv éxdoon 3.1.

itertools.compress (data, selectors)
Make an iterator that filters elements from data returning only those that have a corresponding element in selectors
that evaluates to True. Stops when either the data or selectors iterables has been exhausted. Roughly equivalent

to:

def compress (data, selectors):
# compress ('ABCDEF', [1,0,1,0,1,1]) --> A C E F
return (d for d, s in zip(data, selectors) if s)

Néo otnv €kdoon 3.1.

itertools.count (start=0, step=I)
Make an iterator that returns evenly spaced values starting with number szarz. Often used as an argument to map ()

to generate consecutive data points. Also, used with zip () to add sequence numbers. Roughly equivalent to:

def count (start=0, step=1):
# count (10) —-—-> 10 11 12 13 14
# count (2.5, 0.5) -> 2.5 3.0 3.5

n = start
while True:
yield n

n += step

When counting with floating point numbers, better accuracy can sometimes be achieved by substituting
multiplicative code such as: (start + step * 1 for i in count()).

AMoEe oty £xdoon 3.1: Added step argument and allowed non-integer arguments.

itertools.ecycle (iterable)
Make an iterator returning elements from the iterable and saving a copy of each. When the iterable is exhausted,

return elements from the saved copy. Repeats indefinitely. Roughly equivalent to:

def cycle(iterable):

# cycle('ABCD') -——> A B CDADBCDABCD
saved = []
for element in iterable:

yield element

saved.append (element)
while saved:

for element in saved:

yield element

Note, this member of the toolkit may require significant auxiliary storage (depending on the length of the iterable).

itertools.dropwhile (predicate, iterable)
Make an iterator that drops elements from the iterable as long as the predicate is true; afterwards, returns every
element. Note, the iterator does not produce any output until the predicate first becomes false, so it may have a

lengthy start-up time. Roughly equivalent to:

def dropwhile (predicate, iterable):
# dropwhile (lambda x: x<5, 1,4,6,4,1]) > 6 4 1
iterable = iter(iterable)
for x in iterable:
if not predicate (x):
yield x

(ouvéyeLa 0TV ETOUEVT] GEMDQL)
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break
for x in iterable:
yield x

itertools. filterfalse (predicate, iterable)

Make an iterator that filters elements from iterable returning only those for which the predicate is False. If
predicate is None, return the items that are false. Roughly equivalent to:

def filterfalse (predicate,
# filterfalse(lambda x:
if predicate is None:
predicate = bool
for x in iterable:
if not predicate (x):
yield x

iterable) :

x%2, range(10)) —--> 0 2 4 6 8

itertools.groupby (iterable, key=None)

Make an iterator that returns consecutive keys and groups from the iterable. The key is a function computing a key
value for each element. If not specified or is None, key defaults to an identity function and returns the element
unchanged. Generally, the iterable needs to already be sorted on the same key function.

The operation of groupby () is similar to the unigq filter in Unix. It generates a break or new group every time
the value of the key function changes (which is why it is usually necessary to have sorted the data using the same
key function). That behavior differs from SQL’'s GROUP BY which aggregates common elements regardless of
their input order.

The returned group is itself an iterator that shares the underlying iterable with groupby (). Because the source
is shared, when the groupby () object is advanced, the previous group is no longer visible. So, if that data is
needed later, it should be stored as a list:

groups = []
uniquekeys = []
data = sorted(data, key=keyfunc)

for k, g in groupby (data,
groups.append(list (g))
uniquekeys.append (k)

keyfunc) :
# Store group iterator as a list

groupby () is roughly equivalent to:

class groupby:
# [k for k, g in groupby ('AAAABBBCCDAABBB') ]
# [list(g) for k, g in groupby ('AAAABBBCCD')]
def _ _init__ (self, iterable, key=None) :
if key is None:

--—> A B CDA B
—-—> AAAA BBB CC D

key = lambda x: x
self.keyfunc = key
self.it = iter (iterable)

self.tgtkey = self.currkey = self.currvalue =
_ _iter_ (self):

return self

_ _next_ (self):

self.id = object ()

object ()
def

def

while self.currkey
self.currvalue
self.currkey =
self.tgtkey = self.

self.tgtkey:

= next (self.it) # Exit on StopIteration
self.keyfunc(self.currvalue)

currkey
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return (self.currkey, self._grouper(self.tgtkey, self.id))
def _grouper(self, tgtkey, id):

while self.id is id and self.currkey == tgtkey:
yield self.currvalue
try:
self.currvalue = next (self.it)
except Stoplteration:
return
self.currkey = self.keyfunc(self.currvalue)

itertools.islice (iterable, stop)
itertools.islice (iterable, start, stop[, step] )

Make an iterator that returns selected elements from the iterable. If start is non-zero, then elements from the iterable
are skipped until start is reached. Afterward, elements are returned consecutively unless step is set higher than one
which results in items being skipped. If stop is None, then iteration continues until the iterator is exhausted, if at
all; otherwise, it stops at the specified position. Unlike regular slicing, i s1ice () does not support negative values
for start, stop, or step. Can be used to extract related fields from data where the internal structure has been flattened
(for example, a multi-line report may list a name field on every third line). Roughly equivalent to:

def islice(iterable, *args):
# islice('ABCDEFG', 2) -—> A B
# islice('ABCDEFG', 2, 4) —-—> C D
# islice ('ABCDEFG', 2, None) —-—-> C D E F G
# islice('ABCDEFG', 0, None, 2) —-—> A C E G
s = slice(*args)

start, stop, step = s.start or 0, s.stop or sys.maxsize, s.step or 1
it = iter (range(start, stop, step))
try:

nexti = next (it)

except Stoplteration:
# Consume *iterable* up to the *start* position.
for i, element in zip(range(start), iterable):
pass
return
try:
for i, element in enumerate (iterable):
if i == nexti:
yield element
nexti = next (it)
except Stoplteration:
# Consume to *stop*.
for i, element in zip(range(i + 1, stop), iterable):
pass

If start is None, then iteration starts at zero. If step is None, then the step defaults to one.

itertools.permutations (iterable, r=None)

Return successive r length permutations of elements in the iterable.

If r is not specified or is None, then r defaults to the length of the iferable and all possible full-length permutations
are generated.

The permutation tuples are emitted in lexicographic ordering according to the order of the input iterable. So, if the
input iterable is sorted, the combination tuples will be produced in sorted order.

Elements are treated as unique based on their position, not on their value. So if the input elements are unique, there
will be no repeat values in each permutation.
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Roughly equivalent to:
def permutations(iterable, r=None) :
# permutations('ABCD', 2) —--> AB AC AD BA BC BD CA CB CD DA DB DC
# permutations (range (3)) —-—-> 012 021 102 120 201 210
pool = tuple(iterable)
n = len(pool)
r = n if r is None else r
if r > n:
return
indices = list (range(n))
cycles = list(range(n, n-r, -1))
yield tuple(pool[i] for i in indices|[:r])
while n:
for i in reversed(range(r)):
cycles[i] =1
if cycles[i] == 0:
indices[i:] = indices[i+1:] + indices[i:i+1]
cycles[i] = n - i
else:
J = cycles|[i]
indices[i], indices[-j] = indices[-Jj], indices[i]
yield tuple(pool[i] for i in indices([:r])
break
else:
return

The code for permutations () can be also expressed as a subsequence of product (), filtered to exclude
entries with repeated elements (those from the same position in the input pool):

def permutations(iterable, r=None) :
pool = tuple(iterable)

n = len(pool)

r = n if r is None else r

for indices in product (range(n), repeat=r):
if len(set (indices)) == r:

yield tuple(pool[i] for i in indices)

The number of items returnedisn! / (n-r)! when 0 <= r <= norzerowhenr > n.

itertools.product ( *iterables, repeat=I)
Cartesian product of input iterables.

Roughly equivalent to nested for-loops in a generator expression. For example, product (A, B) returns the
same as ((x,y) for x in A for y in B).

The nested loops cycle like an odometer with the rightmost element advancing on every iteration. This pattern
creates a lexicographic ordering so that if the input’s iterables are sorted, the product tuples are emitted in sorted
order.

To compute the product of an iterable with itself, specify the number of repetitions with the optional repeat keyword
argument. For example, product (A, repeat=4) means the same as product (A, A, A, A).

This function is roughly equivalent to the following code, except that the actual implementation does not build up
intermediate results in memory:

def product (*args, repeat=1):
# product ('ABCD', 'xy') —-—-> Ax Ay Bx By Cx Cy Dx Dy
# product (range (2), repeat=3) —--> 000 001 010 011 100 101 110 111
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pools = [tuple(pool) for pool in args] * repeat
result = [[]]
for pool in pools:

result = [x+[y] for x in result for y in pool]

for prod in result:
yield tuple (prod)

Before product () runs, it completely consumes the input iterables, keeping pools of values in memory to

generate the products. Accordingly, it is only useful with finite inputs.

itertools.repeat (object[, times] )

Make an iterator that returns object over and over again. Runs indefinitely unless the times argument is specified.
Used as argument to map () for invariant parameters to the called function. Also used with zip () to create an

invariant part of a tuple record.

Roughly equivalent to:

def repeat (object, times=None) :
# repeat (10, 3) —--> 10 10 10
if times is None:
while True:
yield object
else:
for i in range(times) :
yield object

A common use for repeat is to supply a stream of constant values to map or zip:

>>> list (map(pow, range(10), repeat(2)))
(o, 1, 4, 9, 16, 25, 36, 49, 64, 81]

itertools.starmap (function, iterable)

Make an iterator that computes the function using arguments obtained from the iterable. Used instead of map ()
when argument parameters are already grouped in tuples from a single iterable (the data has been «pre-zipped»).
The difference between map () and starmap () parallels the distinction between function (a,b) and

function (*c). Roughly equivalent to:

def starmap (function, iterable):
# starmap (pow, [(2,5), (3,2), (10,3)]) —-—> 32 9 1000
for args in iterable:
yield function (*args)

itertools.takewhile (predicate, iterable)
Make an iterator that returns elements from the iterable as long as the predicate is true. Roughly equivalent to:

def takewhile (predicate, iterable):
# takewhile (lambda x: x<5, [1,4,6,4,1]) ——> 1 4
for x in iterable:
if predicate(x):
yield x
else:
break

itertools.tee (iterable, n=2)
Return n independent iterators from a single iterable.
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The following Python code helps explain what fee does (although the actual implementation is more complex and
uses only a single underlying FIFO queue).

Roughly equivalent to:

def tee(iterable, n=2):
it = iter (iterable)
deques = [collections.deque () for i in range (n)]
def gen (mydeque) :
while True:

if not mydeque: # when the local deque is empty
try:
newval = next (it) # fetch a new value and
except Stoplteration:
return
for d in deques: # load it to all the deques

d.append (newval)
yield mydeque.popleft ()
return tuple(gen(d) for d in deques)

Once tee () has made a split, the original iterable should not be used anywhere else; otherwise, the iterable could
get advanced without the tee objects being informed.

tee iterators are not threadsafe. A Runt imeError may be raised when using simultaneously iterators returned
by the same tee () call, even if the original iterable is threadsafe.

This itertool may require significant auxiliary storage (depending on how much temporary data needs to be stored).
In general, if one iterator uses most or all of the data before another iterator starts, it is faster to use 1ist ()
instead of tee ().

itertools.zip_longest (*iterables, fillvalue=None)
Make an iterator that aggregates elements from each of the iterables. If the iterables are of uneven length, missing
values are filled-in with fillvalue. Iteration continues until the longest iterable is exhausted. Roughly equivalent to:

def zip_longest (*args, fillvalue=None) :
# zip_longest ('ABCD', 'xy', fillvalue='-') --> Ax By C—- D-
iterators = [iter(it) for it in args]
num_active = len(iterators)
if not num_active:
return
while True:
values = []
for i, it in enumerate (iterators):
try:
value = next (it)
except Stoplteration:
num_active —= 1
if not num_active:
return
iterators([i] = repeat (fillvalue)
value = fillvalue
values.append(value)
yield tuple (values)

If one of the iterables is potentially infinite, then the zip_longest () function should be wrapped with
something that limits the number of calls (for example i slice () or takewhile ()). If not specified, fillvalue
defaults to None.
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10.1.2 Itertools Recipes

This section shows recipes for creating an extended toolset using the existing itertools as building blocks.

Substantially all of these recipes and many, many others can be installed from the more-itertools project found on the
Python Package Index:

pip install more-itertools

The extended tools offer the same high performance as the underlying toolset. The superior memory performance is kept
by processing elements one at a time rather than bringing the whole iterable into memory all at once. Code volume is kept
small by linking the tools together in a functional style which helps eliminate temporary variables. High speed is retained
by preferring «vectorized» building blocks over the use of for-loops and generators which incur interpreter overhead.

def take(n, iterable):
"Return first n items of the iterable as a list"
return list (islice(iterable, n))

def prepend(value, iterator):
"Prepend a single value in front of an iterator"
# prepend (1, [2, 3, 4]) -> 1 2 3 4
return chain([value], iterator)

def tabulate (function, start=0):
"Return function(0), function(l), ..."
return map (function, count (start))

def tail(n, iterable):
"Return an iterator over the last n items"
# tail (3, 'ABCDEFG') —-—-> E F G
return iter (collections.deque (iterable, maxlen=n))

def consume (iterator, n=None) :
"Advance the iterator n-steps ahead. If n is None, consume entirely."
# Use functions that consume iterators at C speed.
if n is None:
# feed the entire iterator into a zero-length deque
collections.deque (iterator, maxlen=0)
else:
# advance to the empty slice starting at position n
next (islice(iterator, n, n), None)

def nth(iterable, n, default=None) :
"Returns the nth item or a default value"
return next (islice(iterable, n, None), default)

def all_equal (iterable):
"Returns True if all the elements are equal to each other"
g = groupby (iterable)
return next (g, True) and not next (g, False)

def quantify (iterable, pred=bool):
"Count how many times the predicate is true"
return sum(map (pred, iterable))

def pad_none (iterable):
"""Returns the sequence elements and then returns None indefinitely.
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Useful for emulating the behavior of the built-in map() function.

men

return chain(iterable, repeat (None))

def ncycles(iterable, n):
"Returns the sequence elements n times"
return chain.from_iterable (repeat (tuple (iterable), n))

def dotproduct (vecl, vec2):
return sum(map (operator.mul, vecl, vec2))

def convolve(signal, kernel):
# See:  https://betterexplained.com/articles/intuitive-convolution/
# convolve (data, [0.25, 0.25, 0.25, 0.25]) —--> Moving average (blur)

# convolve (data, [1, -1]) —--> 1st finite difference (lst derivative)

# convolve (data, [1, -2, 1]) ——> 2nd finite difference (2nd derivative)
kernel = tuple(kernel) [::-1]

n = len(kernel)

window = collections.deque([0], maxlen=n) * n
for x in chain(signal, repeat (0, n-1)):
window.append (x)
yield sum(map (operator.mul, kernel, window))

def flatten(list_of_lists):
"Flatten one level of nesting"
return chain.from_iterable(list_of_lists)

def repeatfunc(func, times=None, *args):
"""Repeat calls to func with specified arguments.

Example: repeatfunc (random.random)
mrrn
if times is None:
return starmap (func, repeat (args))
return starmap (func, repeat (args, times))

def pairwise (iterable) :
"s -> (s0,s1), (sl1,s2), (s2, s3), ..."
a, b = tee(iterable)
next (b, None)
return zip(a, b)

def grouper (iterable, n, fillvalue=None):
"Collect data into fixed-length chunks or blocks"
# grouper ('ABCDEFG', 3, 'x') —-> ABC DEF Gxx"
args = [iter(iterable)] * n
return zip_ longest (*args, fillvalue=fillvalue)

def roundrobin (*iterables) :

"roundrobin ('ABC', 'D', 'EF') -——> A D E B F C"
# Recipe credited to George Sakkis
num_active = len(iterables)
nexts = cycle(iter(it).__next_ for it in iterables)
while num_active:
try:

for next in nexts:
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yield next ()
except Stoplteration:
# Remove the iterator we just exhausted from the cycle.
num_active —-= 1
nexts = cycle(islice(nexts, num_active))

def partition(pred, iterable):
"Use a predicate to partition entries into false entries and true entries"
# partition(is_odd, range(10)) --> 0 2 4 6 8 and 1 3 5 7 9
tl, t2 = tee(iterable)
return filterfalse(pred, tl), filter (pred, t2)

def powerset (iterable) :
"powerset ([1,2,3]) ——> () (1,) (2,) (3,) (1,2) (1,3) (2,3) (1,2,3)"
s = list (iterable)
return chain.from_iterable (combinations (s, r) for r in range(len(s)+1))

def unique_everseen (iterable, key=None) :
"List unique elements, preserving order. Remember all elements ever seen."
# unique_everseen ('AAAABBBCCDAABBB') —-> A B C D
# unique_everseen ('ABBCcAD', str.lower) —-—-> A B C D
seen = set ()
seen_add = seen.add
if key is None:
for element in filterfalse(seen._ contains_ , iterable):
seen_add (element)
yield element
else:
for element in iterable:
k = key(element)
if k not in seen:
seen_add (k)
yield element

def unique_justseen (iterable, key=None) :
"List unique elements, preserving order. Remember only the element Jjust seen."
# unique_justseen ('AAAABBBCCDAABBB') --> A B C D A B
# unique_justseen ('ABBCcAD', str.lower) --> A B C A D
return map (next, map (operator.itemgetter(l), groupby(iterable, key)))

def iter_except (func, exception, first=None):
""" Call a function repeatedly until an exception is raised.

Converts a call-until-exception interface to an iterator interface.
Like builtins.iter (func, sentinel) but uses an exception instead
of a sentinel to end the loop.

Examples:

iter_except (functools.partial (heappop, h), IndexError) # priority queue.
—iterator

iter_except (d.popitem, KeyError) # non-blocking dict.
—literator

iter_except (d.popleft, IndexError) # non-blocking deque.
—iterator

iter_except (g.get_nowait, Queue.Empty) # loop over a.

—producer Queue

(ouvEyELa OTNV ETTOLLEVT GEMLDOL)
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iter_except (s.pop, KeyError) # non-blocking set.
—iterator
try:
if first is not None:
yield first () # For database APIs needing an initial cast to.

—db.first ()

def

def

def

def

def

def

while True:
yield func()
except exception:
pass

first_true (iterable, default=False, pred=None) :
"""Returns the first true value in the iterable.

If no true value 1is found, returns *default*

If *pred* is not None, returns the first item
for which pred(item) is true.

meen

# first_true(la,b,c], x) ——> a or b or ¢ or X
# first_true(la,b], x, f) —-—> a if f(a) else b if f(b) else x
return next (filter (pred, iterable), default)

random_product (*args, repeat=1):

"Random selection from itertools.product (*args, **kwds)"
pools = [tuple(pool) for pool in args] * repeat

return tuple (map (random.choice, pools))

random_permutation (iterable, r=None) :

"Random selection from itertools.permutations (iterable, r)"
pool = tuple(iterable)

r = len(pool) if r is None else r

return tuple (random.sample (pool, r))

random_combination (iterable, r):

"Random selection from itertools.combinations (iterable, r)"
pool = tuple(iterable)

n = len(pool)

indices = sorted(random.sample (range(n), r))

return tuple(pool[i] for i in indices)

random_combination_with_replacement (iterable, r):

"Random selection from itertools.combinations_with_replacement (iterable, r)"
pool = tuple(iterable)

n = len(pool)

indices = sorted(random.choices (range(n), k=r))

return tuple(pool[i] for i in indices)

nth_combination(iterable, r, index):

"Equivalent to list (combinations(iterable, r)) [index]"
pool = tuple(iterable)

n = len(pool)

if r < 0 or r > n:
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raise ValueError

c =1

k = min(r, n-r)

for i in range (1, k+1):
c=c* (n-k +1i) // i

if index < 0:
index += c
if index < 0 or index >= c:
raise IndexError
result = []
while r:
c, n, r = c*r//n, n-1, r-1
while index >= c:
index —-= ¢
c, n = c*(n-r)//n, n-1
result.append(pool[-1-n])
return tuple (result)

10.2 functools — Higher-order functions and operations on callable
objects

Source code: Lib/functools.py

The functools module is for higher-order functions: functions that act on or return other functions. In general, any
callable object can be treated as a function for the purposes of this module.

The functools module defines the following functions:

@functools.cache (user_function)
Simple lightweight unbounded function cache. Sometimes called «memoize».

Returns the same as 1ru_cache (maxsize=None), creating a thin wrapper around a dictionary lookup for
the function arguments. Because it never needs to evict old values, this is smaller and faster than 1 ru_cache ()
with a size limit.

For example:

@cache
def factorial(n):
return n * factorial(n-1) if n else 1

>>> factorial (10) # no previously cached result, makes 11 recursive calls
3628800

>>> factorial (5) # just looks up cached value result

120

>>> factorial (12) # makes two new recursive calls, the other 10 are cached
479001600

Néo otnv éxdoom 3.9.

@functools.cached_property (func)
Transform a method of a class into a property whose value is computed once and then cached as a normal attribute
for the life of the instance. Similar to property (), with the addition of caching. Useful for expensive computed
properties of instances that are otherwise effectively immutable.
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Example:

class DataSet:

def _ _init__ (self, sequence_of_numbers):
self._data = tuple(sequence_of_numbers)

@cached_property
def stdev(self):
return statistics.stdev(self._data)

The mechanics of cached _property () are somewhat different from property (). A regular property
blocks attribute writes unless a setter is defined. In contrast, a cached_property allows writes.

The cached_property decorator only runs on lookups and only when an attribute of the same name doesn’t exist.
When it does run, the cached_property writes to the attribute with the same name. Subsequent attribute reads and
writes take precedence over the cached_property method and it works like a normal attribute.

The cached value can be cleared by deleting the attribute. This allows the cached_property method to run again.

Note, this decorator interferes with the operation of PEP 412 key-sharing dictionaries. This means that instance
dictionaries can take more space than usual.

Also, this decorator requires that the __dict__ attribute on each instance be a mutable mapping. This means it
will not work with some types, such as metaclasses (since the ___dict___ attributes on type instances are read-only
proxies for the class namespace), and those that specify ___slots__ withoutincluding __dict__ as one of the
defined slots (as such classes don’t provide a __dict___ attribute at all).

If a mutable mapping is not available or if space-efficient key sharing is desired, an effect similar to
cached_property () can be achieved by a stacking property () ontop of cache ():

class DataSet:
def _ _init__ (self, sequence_of_numbers):
self._data = sequence_of_numbers

@property
@cache
def stdev(self):
return statistics.stdev(self._data)

Néo otnv ¢kdoon 3.8.

functools.cmp_to_key (func)
Transform an old-style comparison function to a key function. Used with tools that accept key functions
(such as sorted (), min(), max (), heapg.nlargest (), heapg.nsmallest (), itertools.
groupby ()). This function is primarily used as a transition tool for programs being converted from Python
2 which supported the use of comparison functions.

A comparison function is any callable that accept two arguments, compares them, and returns a negative number
for less-than, zero for equality, or a positive number for greater-than. A key function is a callable that accepts one
argument and returns another value to be used as the sort key.

Example:

sorted(iterable, key=cmp_to_key(locale.strcoll)) # locale—aware sort order

For sorting examples and a brief sorting tutorial, see sortinghowto.
Néo otv ¢€kdoom 3.2.

@functools.lru_cache (user_function)
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@functools.lru_cache (maxsize=128, typed=False)
Decorator to wrap a function with a memoizing callable that saves up to the maxsize most recent calls. It can save
time when an expensive or I/O bound function is periodically called with the same arguments.

Since a dictionary is used to cache results, the positional and keyword arguments to the function must be hashable.

Distinct argument patterns may be considered to be distinct calls with separate cache entries. For example, f(a=1,
b=2) and f(b=2, a=1) differ in their keyword argument order and may have two separate cache entries.

If user_function is specified, it must be a callable. This allows the /ru_cache decorator to be applied directly to a
user function, leaving the maxsize at its default value of 128:

@lru_cache
def count_vowels (sentence) :
sentence = sentence.casefold()
return sum(sentence.count (vowel) for vowel in 'aeiou')

If maxsize is set to None, the LRU feature is disabled and the cache can grow without bound.

If typed is set to true, function arguments of different types will be cached separately. For example, £ (3) and
£ (3.0) will be treated as distinct calls with distinct results.

The wrapped function is instrumented witha cache_parameters () function that returns a new dict showing
the values for maxsize and typed. This is for information purposes only. Mutating the values has no effect.

To help measure the effectiveness of the cache and tune the maxsize parameter, the wrapped function is instrumented
with a cache_info () function that returns a named tuple showing hits, misses, maxsize and currsize. In a multi-
threaded environment, the hits and misses are approximate.

The decorator also provides a cache_clear () function for clearing or invalidating the cache.

The original underlying function is accessible through the _wrapped___ attribute. This is useful for introspection,
for bypassing the cache, or for rewrapping the function with a different cache.

An LRU (least recently used) cache works best when the most recent calls are the best predictors of upcoming calls
(for example, the most popular articles on a news server tend to change each day). The cache’s size limit assures
that the cache does not grow without bound on long-running processes such as web servers.

In general, the LRU cache should only be used when you want to reuse previously computed values. Accordingly,
it doesn’t make sense to cache functions with side-effects, functions that need to create distinct mutable objects on
each call, or impure functions such as time() or random().

Example of an LRU cache for static web content:

@lru_cache (maxsize=32)
def get_pep (num) :
'Retrieve text of a Python Enhancement Proposal'
resource = 'https://www.python.org/dev/peps/pep- /' % num
try:
with urllib.request.urlopen(resource) as s:
return s.read()
except urllib.error.HTTPError:
return 'Not Found'

>>> for n in 8, 290, 308, 320, 8, 218, 320, 279, 289, 320, 9991:

pep = get_pep (n)
print (n, len (pep))

>>> get_pep.cache_info ()
CacheInfo(hits=3, misses=8, maxsize=32, currsize=8)
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Example of efficiently computing Fibonacci numbers using a cache to implement a dynamic programming

technique:

@lru_cache (maxsize=None)
def fib(n):
if n < 2:
return n
return fib(n-1) + fib(n-2)

>>> [fib(n) for n in range(16)]

>>> fib.cache_info ()

(o, 1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89, 144, 233, 377,

CacheInfo (hits=28, misses=16, maxsize=None, currsize=16)

Néo omnv ékdoom 3.2.

AMoEe oty ékdoon 3.3: Added the typed option.

AMEe oty ¢xdoon 3.8: Added the user_function option.

Néo otnv €kdoom 3.9: Added the function cache_parameters ()

@functools.total_ordering

Given a class defining one or more rich comparison ordering methods, this class decorator supplies the rest. This
simplifies the effort involved in specifying all of the possible rich comparison operations:

The class must defineoneof __ 1t (), le
supplyan __eq__ () method.

For example:

— 0,

gt__(),or__ge__ ().In addition, the class should

@total_ordering
class Student:

return (hasattr (other,

hasattr (other,
def eq__(self, other):

return NotImplemented

def _ 1t (self, other):

return NotImplemented

return ((self.lastname.lower (), self.firstname.lower())
(other.lastname.lower (), other.firstname.lower()))

def _is_valid_operand(self, other):
"lastname") and
"firstname"))

if not self._is_valid_operand (other) :

if not self._is_valid_operand (other):

return ((self.lastname.lower (), self.firstname.lower()) <
(other.lastname.lower (), other.firstname.lower()))

Ynueiwon: While this decorator makes it easy to create well behaved totally ordered types, it does come at
the cost of slower execution and more complex stack traces for the derived comparison methods. If performance
benchmarking indicates this is a bottleneck for a given application, implementing all six rich comparison methods

instead is likely to provide an easy speed boost.

Néo otnv €kdoon 3.2.

AlhaEe otnv ékdoom 3.4: Returning NotImplemented from the underlying comparison function for unrecognised

types is now supported.

10.2. functools — Higher-order functions and operations on callable objects 399



https://en.wikipedia.org/wiki/Fibonacci_number
https://en.wikipedia.org/wiki/Dynamic_programming

The Python Library Reference, Anpooicsuon 3.9.23

functools.partial (func, /, *args, **keywords)

Return a new partial object which when called will behave like func called with the positional arguments args and
keyword arguments keywords. If more arguments are supplied to the call, they are appended to args. If additional
keyword arguments are supplied, they extend and override keywords. Roughly equivalent to:

def partial (func, /, *args, **keywords):
def newfunc(*fargs, **fkeywords):
newkeywords = {**keywords, **fkeywords}
return func(*args, *fargs, **newkeywords)
newfunc.func = func
newfunc.args = args
newfunc.keywords =
return newfunc

keywords

The partial () is used for partial function application which «freezes» some portion of a function’s arguments
and/or keywords resulting in a new object with a simplified signature. For example, partial () can be used to
create a callable that behaves like the int () function where the base argument defaults to two:

>>> from functools import partial
>>> basetwo = partial (int, base=2)

>>> basetwo. doc__ = 'Convert base 2 string to an int.'
>>> basetwo ('10010")
18

class functools.partialmethod (func, /, *args, **keywords)

Return a new partialmethod descriptor which behaves like partial except that it is designed to be used as

a method definition rather than being directly callable.

Sfunc must be a descriptor or a callable (objects which are both, like normal functions, are handled as descriptors).

When func is a descriptor (such as a normal Python function, classmethod (), staticmethod(),
abstractmethod () or another instance of partialmethod), calls to _ get__ are delegated to the
underlying descriptor, and an appropriate partial object returned as the result.

When func is a non-descriptor callable, an appropriate bound method is created dynamically. This behaves like a
normal Python function when used as a method: the self argument will be inserted as the first positional argument,
even before the args and keywords supplied to the part ialmethod constructor.

Example:

>>> class Cell:
def _ init_ (self):
self._alive = False
@property
def alive(self):
return self._alive
set_state(self, state):
bool (state)

def
self. _alive =

set_alive = partialmethod(set_state, True)
set_dead = partialmethod(set_state, False)
>>> ¢ = Cell()
>>> c.alive
False

>>> c.set_alive ()
>>> c.alive
True

Néo oty éxdoon 3.4.
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functools.reduce (function, iterable[, initializer])
Apply function of two arguments cumulatively to the items of iterable, from left to right, so as to reduce the
iterable to a single value. For example, reduce (lambda x, y: x+y, [1, 2, 3, 4, 5]) calculates
((((1+2)+3)+4)+5). The left argument, x, is the accumulated value and the right argument, y, is the update
value from the iterable. If the optional initializer is present, it is placed before the items of the iterable in the
calculation, and serves as a default when the iterable is empty. If inifializer is not given and iterable contains only
one item, the first item is returned.

Roughly equivalent to:

def reduce (function, iterable, initializer=None) :
it = iter (iterable)
if initializer is None:

value = next (it)
else:
value = initializer
for element in it:
value = function(value, element)

return value

See itertools.accumulate () for an iterator that yields all intermediate values.

@functools.singledispatch
Transform a function into a single-dispatch generic function.

To define a generic function, decorate it with the @singledispatch decorator. When defining a function using
@singledispatch, note that the dispatch happens on the type of the first argument:

>>> from functools import singledispatch
>>> @singledispatch
def fun(arg, verbose=False):
if verbose:
print ("Let me just say,", end=" ")
print (arg)

To add overloaded implementations to the function, use the register () attribute of the generic function, which
can be used as a decorator. For functions annotated with types, the decorator will infer the type of the first argument
automatically:

>>> @fun.register
def _(arg: int, verbose=False):
if verbose:
print ("Strength in numbers, eh?", end=" ")
print (arg)

>>> @fun.register
def _(arg: list, verbose=False):
if verbose:
print ("Enumerate this:")
for i, elem in enumerate (arqg):
print (i, elem)

For code which doesn’t use type annotations, the appropriate type argument can be passed explicitly to the decorator
itself:

>>> @fun.register (complex)
def _ (arg, verbose=False):
if verbose:

(ouvéyela otV emtduevn oehida)
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print ("Better than complicated.", end=" ")
print (arg.real, arg.imag)

To enable registering lambdas and pre-existing functions, the register () attribute can also be used in a
functional form:

>>> def nothing(arg, verbose=False) :
print ("Nothing.")

>>> fun.register (type (None), nothing)

The register () attribute returns the undecorated function. This enables decorator stacking, pick1ing, and
the creation of unit tests for each variant independently:

>>> @fun.register (float)
@fun.register (Decimal)
def fun_num(arg, verbose=False):
if verbose:
print ("Half of your number:", end=" ")
print (arg / 2)

>>> fun_num is fun
False

When called, the generic function dispatches on the type of the first argument:

>>> fun("Hello, world.")
Hello, world.

>>> fun("test.", verbose=True)
Let me just say, test.

>>> fun (42, verbose=True)
Strength in numbers, eh? 42
>>> fun(['spam', 'spam', 'eggs', 'spam'], verbose=True)
Enumerate this:

0 spam

1 spam

2 eggs

3 spam

>>> fun (None)

Nothing.

>>> fun(1.23)

0.615

Where there is no registered implementation for a specific type, its method resolution order is used to find a more
generic implementation. The original function decorated with @singledispatch is registered for the base
object type, which means it is used if no better implementation is found.

If an implementation is registered to an abstract base class, virtual subclasses of the base class will be dispatched
to that implementation:

>>> from collections.abc import Mapping
>>> @fun.register
def _ (arg: Mapping, verbose=False):
if verbose:
print ("Keys & Values")

(ouvéyela otV eOUEVT OENIDOL)
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for key, value in arg.items():
print (key, "=>", wvalue)

>>> fun({"a": "b"})
a =>>b

To check which implementation the generic function will choose for a given type, use the dispatch () attribute:

>>> fun.dispatch (float)

<function fun_num at 0x1035a2840>

>>> fun.dispatch(dict) # note: default implementation
<function fun at 0x103fe0000>

To access all registered implementations, use the read-only registry attribute:

>>> fun.registry.keys()

dict_keys([<class 'NoneType'>, <class 'int'>, <class 'object'>,
<class 'decimal.Decimal'>, <class 'list'>,
<class 'float'>])

>>> fun.registry[float]

<function fun_num at 0x1035a2840>

>>> fun.registry[object]

<function fun at 0x103fe0000>

Néo otnv ékdoom 3.4.
AMoEe oty ékdoom 3.7: The register () attribute now supports using type annotations.

class functools.singledispatchmethod (func)
Transform a method into a single-dispatch generic function.

To define a generic method, decorate it with the @singledispatchmethod decorator. When defining a
function using @singledispatchmethod, note that the dispatch happens on the type of the first non-self
or non-cls argument:

class Negator:
@singledispatchmethod
def neg(self, arg):
raise NotImplementedError ("Cannot negate a")

@neg.register
def _(self, arg: int):
return -arg

@neg.register
def _(self, arg: bool):
return not arg

@singledispatchmethod supports nesting with other decorators such as @classmethod. Note that to
allow for dispatcher.register, singledispatchmethod must be the outer most decorator. Here is
the Negator class with the neg methods bound to the class, rather than an instance of the class:

class Negator:
@singledispatchmethod
@classmethod
def neg(cls, arg):
raise NotImplementedError ("Cannot negate a")

(ouvéyela otV emtduevn oehida)
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@neg.register

@classmethod

def _(cls, arg: int):
return -arg

@neg.register

@classmethod

def _(cls, arg: bool):
return not arg

The same pattern can be used for other similar decorators: @staticmethod, @abstractmethod, and others.

Néo otnv ¢€kdoom 3.8.

functools.update_wrapper (wrapper, wrapped, assigned=WRAPPER_ASSIGNMENTS,

updated=WRAPPER_UPDATES)
Update a wrapper function to look like the wrapped function. The optional arguments are tuples to specify which

attributes of the original function are assigned directly to the matching attributes on the wrapper function and which
attributes of the wrapper function are updated with the corresponding attributes from the original function. The
default values for these arguments are the module level constants WRAPPER_ASSIGNMENTS (which assigns to
the wrapper function’s __module__, __name_ , _ qualname__, __annotations__ and __doc__,
the documentation string) and WRAPPER_UPDATES (which updates the wrapper function’s ___ dict__, i.e. the
instance dictionary).

To allow access to the original function for introspection and other purposes (e.g. bypassing a caching decorator
such as 1ru_cache ()), this function automatically adds a __wrapped___ attribute to the wrapper that refers
to the function being wrapped.

The main intended use for this function is in decorator functions which wrap the decorated function and return
the wrapper. If the wrapper function is not updated, the metadata of the returned function will reflect the wrapper
definition rather than the original function definition, which is typically less than helpful.

update_wrapper () may be used with callables other than functions. Any attributes named in assigned or
updated that are missing from the object being wrapped are ignored (i.e. this function will not attempt to set them
on the wrapper function). At t ributeError is still raised if the wrapper function itself is missing any attributes
named in updated.

Néo otnv £€kdoom 3.2: Automatic addition of the __wrapped___ attribute.
Néo oty éxdoon 3.2: Copying of the __annotations__ attribute by default.
AMoEe oty €ékdoon 3.2: Missing attributes no longer trigger an At t ributeError.

AMaEe oty ékdoon 3.4: The __wrapped___ attribute now always refers to the wrapped function, even if that
function defined a __wrapped___ attribute. (see bpo-17482)

@functools.wraps (wrapped, assigned=WRAPPER_ASSIGNMENTS, updated=WRAPPER_UPDATES)

This is a convenience function for invoking update_wrapper () as a function decorator when
defining a wrapper function. It is equivalent to partial (update_wrapper, wrapped=wrapped,
assigned=assigned, updated=updated). For example:

>>> from functools import wraps
>>> def my_decorator (f) :
@wraps (f)
def wrapper (*args, **kwds):
print ('Calling decorated function')
return f (*args, **kwds)
return wrapper

(ouvéyela otV emtduevn oehida)
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>>> @my_decorator
def example():
"""Docstring"""
print ('Called example function')

>>> example ()

Calling decorated function
Called example function
>>> example. name
'example'

>>> example. doc
'Docstring’

Without the use of this decorator factory, the name of the example function would have been 'wrapper', and
the docstring of the original example () would have been lost.

10.2.1 partial Objects

partial objects are callable objects created by partial (). They have three read-only attributes:

partial. func
A callable object or function. Calls to the partial object will be forwarded to func with new arguments and
keywords.

partial.args
The leftmost positional arguments that will be prepended to the positional arguments provided to a partial
object call.

partial .keywords
The keyword arguments that will be supplied when the partial object is called.

partial objects are like function objects in that they are callable, weak referencable, and can have attributes. There
are some important differences. For instance, the __name___ and __doc___ attributes are not created automatically.
Also, partial objects defined in classes behave like static methods and do not transform into bound methods during
instance attribute look-up.

10.3 operator — Standard operators as functions

Source code: Lib/operator.py

The operator module exports a set of efficient functions corresponding to the intrinsic operators of Python. For
example, operator.add(x, vy) is equivalent to the expression x+y. Many function names are those used for
special methods, without the double underscores. For backward compatibility, many of these have a variant with the
double underscores kept. The variants without the double underscores are preferred for clarity.

The functions fall into categories that perform object comparisons, logical operations, mathematical operations and
sequence operations.

The object comparison functions are useful for all objects, and are named after the rich comparison operators they support:

operator.1lt (a, b)
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operator.le (a,b)
operator.eq(a, b)
operator.ne (a, b)
operator.ge (a, b)
operator.gt (a, b)
operator.__1lt__ (a,b)
operator.__le__ (a,b)
operator.__eq _ (a,b)
operator.__ne__ (a,b)
operator.__ge__ (a,b)

operator.__gt__ (a,b)

Perform «rich comparisons» between a and b. Specifically, 1t (a,
equivalent to a <= b, eg(a, b) isequivalenttoa == b, ne(a,

b) isequivalenttoa < b, le(a, b) is

b) is equivalenttoa !'= b, gt (a,

b) is equivalent to a > b and ge (a, b) isequivalentto a >= b. Note that these functions can return any
value, which may or may not be interpretable as a Boolean value. See comparisons for more information about rich

comparisons.

The logical operations are also generally applicable to all objects, and support truth tests, identity tests, and boolean

operations:

operator.not_ (obj)
operator._ _not__ (obj)

Return the outcome of not obj. (Note that there is no ___not__ () method for object instances; only the
interpreter core defines this operation. The result is affected by the __bool__ () and __len__ () methods.)

operator.truth (obj)

Return True if obj is true, and F'alse otherwise. This is equivalent to using the boo 1 constructor.

operator.is_ (a, b)
Return a is b. Tests object identity.

operator.is_not (a, b)
Return a is not b. Tests object identity.

The mathematical and bitwise operations are the most numerous:

operator.abs (0bj)
operator.__abs__ (obj)
Return the absolute value of obj.

operator.add (a, b)
operator.__add__ (a,b)
Return a + b, for a and b numbers.

operator.and_ (a, b)
operator.__and__ (a,b)
Return the bitwise and of a and b.

operator.floordiv (a, b)
operator.__floordiv__ (a, b)
Returna // b.

operator.index (a)
operator.__index__ (a)
Return a converted to an integer. Equivalent to a

operator.inv (obj)
operator.invert (obj)
operator.__inv__ (obj)

.__index__ ().
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operator.__invert__ (obj)
Return the bitwise inverse of the number obj. This is equivalent to ~ob7j.

operator.lshift (q, b)
operator.__lshift__ (a,b)
Return a shifted left by b.

operator.mod (a, b)
operator.__mod__ (a,b)
Returna % b.

operator.mul (a, b)
operator.__mul__ (a,b)
Return a * Db, for a and b numbers.

operator.matmul (q, b)
operator.__matmul__ (a, b)
Returna @ b.

Néo oty éxdoon 3.5.

operator.neg (obj)
operator._ _neg__ (obj)
Return obj negated (-ob7j).

operator.or_ (a, b)
operator.__or__ (a,b)
Return the bitwise or of a and b.

operator.pos (0bj)
operator.__pos__ (obj)
Return obj positive (+obj).

operator.pow (a, b)
operator.__pow__ (a,b)
Return a ** b, for ¢ and b numbers.

operator.rshift (a, b)
operator.__rshift__ (a, b)
Return a shifted right by b.

operator.sub (a, b)
operator.__sub__ (a,b)
Return a - b.

operator.truediv (a, b)
operator.__truediv__ (a, b)

Return a / b where 2/3 is .66 rather than 0. This is also known as «true» division.

operator.xor (a, b)
operator.__xor__ (a,b)
Return the bitwise exclusive or of a and b.

Operations which work with sequences (some of them with mappings too) include:

operator.concat (a, b)
operator.__concat__ (a, b)
Return a + b for a and b sequences.

operator.contains (a, b)
operator.__contains__ (a, b)
Return the outcome of the testb in a. Note the reversed operands.

10.3. operator — Standard operators as functions
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operator.countOf (q, b)
Return the number of occurrences of b in a.

operator.delitem (q, b)
operator.__delitem__ (a,b)
Remove the value of a at index b.

operator.getitem(q, b)
operator._ _getitem__ (a,b)
Return the value of a at index b.

operator.indexOf (qa, b)
Return the index of the first of occurrence of b in a.

operator.setitem (aq, b, c)
operator.__setitem__ (a,b,c)
Set the value of a at index b to c.

operator.length_hint (0bj, default=0)

Return an estimated length for the object o. First try to return its actual length, then an estimate using object.

__length_hint__ (), and finally return the default value.

Néo omnv ékdoom 3.4.

The operator module also defines tools for generalized attribute and item lookups. These are useful for making fast
field extractors as arguments for map (), sorted (), itertools.groupby (), or other functions that expect a

function argument.

operator.attrgetter (aftr)
operator.attrgetter (*attrs)

Return a callable object that fetches atfr from its operand. If more than one attribute is requested, returns a tuple

of attributes. The attribute names can also contain dots. For example:

o After f = attrgetter ('name'), thecall f (b) returns b.name.

o After £

attrgetter ('name', 'date'),thecall f (b) returns (b.name, b.date).

e After f = attrgetter('name.first', 'name.last'), the call £ (b) returns (b.name.

first, b.name.last).

Equivalent to:

def attrgetter (*items) :

if len(items) == 1
attr = items([0]
def g (obj):

return resolve_attr (obj, attr)

else:
def g(obj):

return g

def resolve_attr(obj, attr):
for name in attr.split("."):
obj = getattr (obj, name)
return obj

if any(not isinstance(item, str) for item in items):
raise TypeError ('attribute name must be a string')

return tuple (resolve_attr(obj, attr) for attr in items)

operator.itemgetter (item)
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operator.itemgetter ( *items)

Return a callable object that fetches item from its operand using the operand’s ___getitem__ () method. If
multiple items are specified, returns a tuple of lookup values. For example:

o After £

itemgetter (2),thecall £ (r) returns r [2].
o After g

itemgetter (2, 5, 3),thecallg(r) returns (r[2], r[5], r[3]).

Equivalent to:

def itemgetter (*items
if len(items) ==

)
1
item = items[0]
def g (obj):
return obj[item]
else:
def g (obj):
return tuple (obj[item] for item in items)
return g

The items can be any type accepted by the operand’s ___getitem__ () method. Dictionaries accept any hashable
value. Lists, tuples, and strings accept an index or a slice:

>>> itemgetter (1) ('ABCDEFG")

IB’

>>> itemgetter (1, 3, 5) ('ABCDEFG'")

('Bl, 'Dl, 'F')

>>> itemgetter (slice (2, None)) ('ABCDEFG'")

'CDEFG'

>>> soldier = dict (rank='captain', name='dotterbart')
>>> itemgetter ('rank') (soldier)

'captain'’'

Example of using i temgetter () to retrieve specific fields from a tuple record:

>>> inventory = [ ('apple', 3), ('banana', 2), ('pear', 5), ('orange', 1)]
>>> getcount = itemgetter (1)

>>> list (map(getcount, inventory))

[3, 2, 5, 1]

>>> sorted(inventory, key=getcount)

[('orange', 1), ('banana', 2), ('apple', 3), ('pear', 5)]

operator.methodcaller (name, /, *args, **kwargs)

Return a callable object that calls the method name on its operand. If additional arguments and/or keyword
arguments are given, they will be given to the method as well. For example:

o After £ methodcaller ('name'), the call £ (b) returns b.name ().
o After f = methodcaller ('name', 'foo', bar=1),thecall £ (b) returns b.name ('foo"',
bar=1).

Equivalent to:

def methodcaller (name, /, *args, **kwargs):
def caller (obj):
return getattr (obj, name) (*args, **kwargs)
return caller
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10.3.1 Mapping Operators to Functions

This table shows how abstract operations correspond to operator symbols in the Python syntax and the functions in the

operator module.

Operation Syntax Function

Addition a+ b add(a, b)
Concatenation seql + seq2 concat (seqgl, seq2)
Containment Test obj in seq contains (seq, ob7j)
Division a/ b truediv(a, b)
Division a // b floordiv(a, b)
Bitwise And a &b and_(a, b)

Bitwise Exclusive Or a b xor (a, b)

Bitwise Inversion ~ a invert (a)

Bitwise Or a | b or_(a, b)
Exponentiation a ** b pow (a, Db)

Identity a is b is_(a, b)

Identity a is not b is_not (a, b)
Indexed Assignment obj[k] = v setitem(obj, k, V)
Indexed Deletion del objlk] delitem(obj, k)
Indexing obj[k] getitem(obj, k)
Left Shift a << b lshift (a, b)
Modulo as%shb mod (a, b)
Multiplication a *b mul (a, b)

Matrix Multiplication | a @ b matmul (a, b)
Negation (Arithmetic) | - a neg(a)

Negation (Logical) not a not_ (a)

Positive + a pos (a)

Right Shift a >> b rshift (a, b)

Slice Assignment seq[i:j] = values | setitem(seq, slice (i, J), values)
Slice Deletion del seqli:j] delitem(seq, slice (i, 3J))
Slicing seq[i:J] getitem(seq, slice(i, 3J))
String Formatting s % obj mod (s, obj)
Subtraction a - b sub (a, b)

Truth Test obj truth (obj)

Ordering a <b lt(a, b)

Ordering a <=b le(a, b)

Equality a ==>b eq(a, b)

Difference a l!l=»b ne (a, b)

Ordering a >=b ge(a, b)

Ordering a>b gt (a, b)
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10.3.2 In-place Operators

Many operations have an «in-place» version. Listed below are functions providing a more primitive access to in-place
operators than the usual syntax does; for example, the statement x += vy is equivalentto x = operator.iadd (x,
y) . Another way to put it is to say that z = operator.iadd(x, y) isequivalentto the compound statement z =
X; z += y.

In those examples, note that when an in-place method is called, the computation and assignment are performed in two
separate steps. The in-place functions listed below only do the first step, calling the in-place method. The second step,
assignment, is not handled.

For immutable targets such as strings, numbers, and tuples, the updated value is computed, but not assigned back to the
input variable:

>>> a = 'hello'

>>> iadd(a, ' world")
'hello world'

>>> a

'hello'

For mutable targets such as lists and dictionaries, the in-place method will perform the update, so no subsequent
assignment is necessary:

>>> s = ['h', 'e', 'l', '1', 'o']
>>> iadd(s, [' ', 'w', 'o', 'r', '1', 'd'l)
['h', 'e', '1', '1', 'o', ' ', 'w', 'o', 'r', 'l', 'd']
>>> s
['h', 'e', 'l', 'l', 'o', ' ', 'w', 'o', 'r', '1', 'd']
operator.iadd (a, b)
operator.__iadd__ (a,b)

a = iadd(a, b) isequivalenttoa += b.
operator.iand (a, b)
operator.__iand__ (a,b)

a = iand(a, D) isequivalenttoa &= b.
operator.iconcat (a, b)
operator.__iconcat__ (a, b)

a = iconcat (a, b) isequivalenttoa += b for a and b sequences.

operator.ifloordiv (a, b)
operator.__ifloordiv__ (a,b)
a = ifloordiv(a, Db) isequivalenttoa //= b.

operator.ilshift (q, b)
operator.__ilshift__ (a, b)
a = ilshift (a, b) isequivalenttoa <<= b.

operator.imod (a, b)
operator.__imod__ (a, b)
a = imod(a, Db) isequivalenttoa %= b.

operator.imul (a, b)
operator.__imul__ (a, b)
a = imul (a, b) isequivalenttoa *= b.

operator.imatmul (g, b)
operator.__imatmul__ (a, b)
a = imatmul (a, b) isequivalenttoa @= b.
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operator.ior (a, b)
operator.__ior__ (a,b)
a = ior(a, b) isequivalenttoa |= b.

operator.ipow (a, b)
operator._ _ipow__ (a,b)
a = ipow(a, b) isequivalenttoa **= b.

operator.irshift (a, b)
operator.__irshift__ (a,b)
a = irshift (a, b) isequivalenttoa >>= b.

operator.isub (a, b)
operator.__isub__ (a,b)
a = isub(a, Db) isequivalenttoa -= b.

operator.itruediv (a, b)
operator.__itruediv__ (a,b)
a = itruediv (a, b) isequivalenttoa /= b.

operator.ixor (a, b)
operator.__ixor__ (a,b)
a = ixor(a, D) isequivalenttoa "= b.
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File and Directory Access

The modules described in this chapter deal with disk files and directories. For example, there are modules for reading
the properties of files, manipulating paths in a portable way, and creating temporary files. The full list of modules in this
chapter is:

11.1 pathlib — Object-oriented filesystem paths

Néo oty éxdoon 3.4.
Source code: Lib/pathlib.py

This module offers classes representing filesystem paths with semantics appropriate for different operating systems. Path
classes are divided between pure paths, which provide purely computational operations without I/O, and concrete paths,
which inherit from pure paths but also provide I/O operations.
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PurePosixPath PureWindowsPath
F 1 F
frffffﬂfﬁffﬂﬁﬂr Path 11&hﬁ“““‘=ﬁna=‘_
PosixPath WindowsPath

If you've never used this module before or just aren’t sure which class is right for your task, Pat h is most likely what you
need. It instantiates a concrete path for the platform the code is running on.

Pure paths are useful in some special cases; for example:

1. If you want to manipulate Windows paths on a Unix machine (or vice versa). You cannot instantiate a
WindowsPath when running on Unix, but you can instantiate PureiindowsPath.

2. You want to make sure that your code only manipulates paths without actually accessing the OS. In this case,
instantiating one of the pure classes may be useful since those simply don’t have any OS-accessing operations.

Agite gmiong:
PEP 428: The pathlib module — object-oriented filesystem paths.
Agite griong:

For low-level path manipulation on strings, you can also use the os. path module.

11.1.1 Basic use

Importing the main class:

>>> from pathlib import Path

Listing subdirectories:

>>> p = Path('.")

>>> [x for x in p.iterdir() if x.is_dir()]
[PosixPath('.hg'), PosixPath('docs'), PosixPath('dist'),
PosixPath('__pycache__ '), PosixPath('build')]

Listing Python source files in this directory tree:
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>>> list (p.glob('**/*.py"))

[PosixPath ('test_pathlib.py'), PosixPath('setup.py'),
PosixPath ('pathlib.py'), PosixPath('docs/conf.py'),
PosixPath ('build/lib/pathlib.py')]

Navigating inside a directory tree:

>>> p = Path('/etc")

>>> g =p / 'init.d' / 'reboot'
>>> g
PosixPath('/etc/init.d/reboot"')
>>> g.resolve ()
PosixPath('/etc/rc.d/init.d/halt")

Querying path properties:

>>> g.exists ()
True
>>> g.is_dir()
False

Opening a file:

>>> with g.open() as f: f.readline()

"#!/bin/bash\n'

11.1.2 Pure paths

Pure path objects provide path-handling operations which don’t actually access a filesystem. There are three ways to access

these classes, which we also call flavours:

class pathlib.PurePath (*pathsegments)

A generic class that represents the system’s path flavour (instantiating it creates either a PurePosixPath or a

PureWindowsPath):

PurePosixPath('setup.py')

>>> PurePath('setup.py') # Running on a Unix machine

Each element of pathsegments can be either a string representing a path segment, an object implementing the
os.PathLike interface which returns a string, or another path object:

>>> PurePath('foo', 'some/path', 'bar')
PurePosixPath ('foo/some/path/bar")

>>> PurePath (Path('foo'), Path('bar'))
PurePosixPath ('foo/bar")

When pathsegments is empty, the current directory is assumed:

>>> PurePath ()
PurePosixPath('.")

When several absolute paths are given, the last is taken as an anchor (mimicking os . path. join ()”s behaviour):
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>>> PurePath('/etc', '/usr', 'lib64")
PurePosixPath ('/usr/1lib64")

>>> PureWindowsPath ('c:/Windows', 'd:bar'")
PureWindowsPath ('d:bar'")

However, in a Windows path, changing the local root doesn’t discard the previous drive setting:

>>> PureWindowsPath('c:/Windows', '/Program Files')
PureWindowsPath ('c:/Program Files')

Spurious slashes and single dots are collapsed, but double dots (' . . ") are not, since this would change the meaning
of a path in the face of symbolic links:

>>> PurePath('foo//bar'")
PurePosixPath ('foo/bar')
>>> PurePath('foo/./bar")
PurePosixPath ('foo/bar"')
>>> PurePath('foo/../bar")
PurePosixPath('foo/../bar'")

(a naive approach would make PurePosixPath('foo/../bar") equivalent to
PurePosixPath ('bar'), which is wrong if foo is a symbolic link to another directory)

Pure path objects implement the os. PathLike interface, allowing them to be used anywhere the interface is
accepted.

AMoEe oty ékdoon 3.6: Added support for the os. Pat hLike interface.

class pathlib.PurePosixPath (*pathsegments)
A subclass of PurePath, this path flavour represents non-Windows filesystem paths:

>>> PurePosixPath('/etc')
PurePosixPath ('/etc'")

pathsegments is specified similarly to PurePath.

class pathlib.PureWindowsPath ( *pathsegments)
A subclass of PurePath, this path flavour represents Windows filesystem paths:

>>> PureWindowsPath('c:/Program Files/"')
PureWindowsPath ('c:/Program Files"')

pathsegments is specified similarly to PurePath.

Regardless of the system you’re running on, you can instantiate all of these classes, since they don’t provide any operation
that does system calls.

General properties

Paths are immutable and hashable. Paths of a same flavour are comparable and orderable. These properties respect the
flavour’s case-folding semantics:

>>> PurePosixPath('foo') == PurePosixPath ('FOO")

False

>>> PureWindowsPath ('foo') == PureWindowsPath ('FOO")
True

>>> PureWindowsPath ('FOO') in { PureWindowsPath('foo') }

(OVVEYELAL OTNV ETTOUEVT OEALOL)
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(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)

True
>>> PureWindowsPath ('C:') < PureWindowsPath('d:"')
True

Paths of a different flavour compare unequal and cannot be ordered:

>>> PureWindowsPath ('foo') == PurePosixPath('foo')
False
>>> PureWindowsPath ('foo') < PurePosixPath('foo')

Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: '<' not supported between instances of 'PureWindowsPath' and 'PurePosixPath

'
—

Operators

The slash operator helps create child paths, similarly to os.path. join():

>>> p = PurePath('/etc')

>>> p

PurePosixPath ('/etc")

>>> p / 'init.d' / 'apache2'
PurePosixPath ('/etc/init.d/apache2")
>>> g = PurePath('bin')

>>> '/usr' / q

PurePosixPath ('/usr/bin")

A path object can be used anywhere an object implementing os. PathLike is accepted:

>>> import os

>>> p = PurePath('/etc')
>>> os.fspath(p)

'/etc!

The string representation of a path is the raw filesystem path itself (in native form, e.g. with backslashes under Windows),
which you can pass to any function taking a file path as a string:

>>> p = PurePath('/etc')

>>> str(p)

'/etc!

>>> p = PureWindowsPath('c:/Program Files')
>>> str(p)

'c:\\Program Files'

Similarly, calling bytes on a path gives the raw filesystem path as a bytes object, as encoded by os. fsencode ():

>>> bytes (p)
b'/etc'

Inueiwon: Calling bytes is only recommended under Unix. Under Windows, the unicode form is the canonical
representation of filesystem paths.
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Accessing individual parts

To access the individual «parts» (components) of a path, use the following property:
PurePath.parts
A tuple giving access to the path’s various components:

>>> p = PurePath('/usr/bin/python3")
>>> p.parts

(*/', 'usr', 'bin', 'python3'")

>>> p = PureWindowsPath('c:/Program Files/PSF")
>>> p.parts

('c:\\', 'Program Files', 'PSF')

(note how the drive and local root are regrouped in a single part)

Methods and properties

Pure paths provide the following methods and properties:

PurePath.drive
A string representing the drive letter or name, if any:

>>> PureWindowsPath('c:/Program Files/') .drive
'C:'

>>> PureWindowsPath ('/Program Files/') .drive
T

>>> PurePosixPath('/etc') .drive

[}

UNC shares are also considered drives:

>>> PureWindowsPath ('//host/share/foo.txt'") .drive
"\\\\host\\share'

PurePath.root
A string representing the (local or global) root, if any:

>>> PureWindowsPath('c:/Program Files/') .root
l\\l

>>> PureWindowsPath('c:Program Files/') .root
T

>>> PurePosixPath('/etc') .root

l/l

UNC shares always have a root:

>>> PureWindowsPath('//host/share') .root

l\\l

PurePath.anchor
The concatenation of the drive and root:

>>> PureWindowsPath('c:/Program Files/") .anchor
Tes\\!

>>> PureWindowsPath('c:Program Files/') .anchor

(ouvéyela otV emtduevn oehida)
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lc:l

>>> PurePosixPath('/etc') .anchor

l/’

>>> PureWindowsPath ('//host/share') .anchor
"\\\\host\\share\\'

PurePath.parents
An immutable sequence providing access to the logical ancestors of the path:

>>> p = PureWindowsPath('c:/foo/bar/setup.py')
>>> p.parents[0]

PureWindowsPath ('c:/foo/bar"')

>>> p.parents[1]

PureWindowsPath ('c:/foo")

>>> p.parents[2]

PureWindowsPath('c:/")

PurePath.parent
The logical parent of the path:

>>> p = PurePosixPath('/a/b/c/d")
>>> p.parent
PurePosixPath ('/a/b/c")

You cannot go past an anchor, or empty path:

>>> p = PurePosixPath('/")
>>> p.parent
PurePosixPath('/")

>>> p = PurePosixPath('.")
>>> p.parent
PurePosixPath('.")

Ynueiwon: This is a purely lexical operation, hence the following behaviour:

>>> p = PurePosixPath('foo/..")
>>> p.parent
PurePosixPath('foo')

If you want to walk an arbitrary filesystem path upwards, it is recommended to first call Path. resolve () so

as to resolve symlinks and eliminate «..» components.

PurePath.name
A string representing the final path component, excluding the drive and root, if any:

>>> PurePosixPath('my/library/setup.py') .name
'setup.py’

UNC drive names are not considered:

>>> PureWindowsPath ('//some/share/setup.py') .name

'setup.py’
>>> PureWindowsPath('//some/share') .name
T
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PurePath.suffix

The file extension of the final component, if any:

>>> PurePosixPath('my/library/setup.py') .suffix

-py’
>>> PurePosixPath('my/library.tar.gz') .suffix
l.gZV
>>> PurePosixPath('my/library') .suffix

[}

PurePath.suffixes

A list of the path’s file extensions:

>>> PurePosixPath('my/library.tar.gar') .suffixes

['".tar', '.gar']

>>> PurePosixPath('my/library.tar.gz') .suffixes
[".tar', '.gz']

>>> PurePosixPath('my/library') .suffixes

L]

PurePath.stem

The final path component, without its suffix:

>>> PurePosixPath('my/library.tar.gz') .stem
'"library.tar’

>>> PurePosixPath ('my/library.tar') .stem
'library'

>>> PurePosixPath('my/library') .stem
'library'

PurePath.as_posix ()

Return a string representation of the path with forward slashes (/):

>>> p

PureWindowsPath ('c:\\windows")
>>> str(p)

'c:\\windows'
>>> p.as_posix()
'c:/windows'

PurePath.as_uri ()

Represent the path asa file URIL ValueError israised if the path isn’t absolute.

>>> p PurePosixPath ('/etc/passwd")
>>> p.as_uri ()

'file:///etc/passwd’

>>> p = PureWindowsPath('c:/Windows")
>>> p.as_uri ()

'file:///c:/Windows'

PurePath.is_absolute ()

Return whether the path is absolute or not. A path is considered absolute if it has both a root and (if the flavour
allows) a drive:

>>> PurePosixPath('/a/b') .is_absolute ()
True

>>> Pure