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The Python Library Reference, Anpoocicuon 3.10.19

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.

Meplexopeva 1
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KE®AAAIO 1

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 Evowuatwuéves (Built-in)
Svvaptnoees, 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
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Evowpatwpueveg (Built-in) Zuvaptnoelq

O interpreter tng Python éyeL évav aplBud and ovvaptioelg Kot THmovs evowuatwuévoug (built-in) og avtdv,
mtov eivan wévta duadgaipa. TlapatiBevtar 0 e ahpapnTiky oelpd.
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EvowpaTtwpgveg (Built-in) uvaptroelg

A E L R
abs () enumerate () len () range ()
aiter/() eval () 1list () repr ()
all/() exec () locals () reversed ()
any () round ()
anext () F M
ascii() filter() map () S

float () max () set ()
B format () memoryview () setattr()
bin() frozenset () min () slice()
bool () sorted()
breakpoint () G N staticmethod ()
bytearray () getattr () next () str()
bytes () globals () sum ()

(0) super ()

C H object ()
callable () hasattr() oct () T
chr () hash () open () tuple ()
classmethod () help() ord() type ()
compile () hex ()
complex () P \Y%

1 pow () vars ()
D id() print ()
delattr () input () property () V4
dict () int () zip ()
dir() isinstance()
divmod () issubclass () _

iter() __import__ ()

abs (x)

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

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

aiter (async_iterable)

Emotpépetan évag asynchronous iterator ywo. €vo. asynchronous iterable. Iooduvopel ue v kAfon tov x.

__aiter_ ().

Znueiwon: Ze ovtibeon ue 1o iter (), 10 aiter () dev éxel maporloyn 2 opLOUATOV.

Néo otnv éxdoaon 3.10.

all (iterable)

Emotpéper True edv Oha to otouyela Tov iterable eivol true (1) edv o iterable eival kevo). Iooduvayiel

ue:

return True

def all(iterable):
for element in iterable:
if not element:
return False

awaitable anext (async_iterator[, default])

Kegahalo 2. Evowpatwpeveg (Built-in) Zuvaptioeig
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‘Otov aVOIEVETAL, ETLOTPEPETAL TO ETOUEVO OTOLYELD QTO TO asynchronous iterator, V| default (tpoemmhoy)
£ divetal Kou o iterator £xgL eEavTAnOEi.

AvTO givan e aoUyypov TopaAlay TG EVOOUATOUEVIG CUVAPTNONG next (), KoL CUIITTEPLPEPETOL
TOPOUOLAL.

Avuto xohel v uébodo ___anext__ () TOV async_iterator, eMOTPEPOVTAG VO awaitable. AVauEVOVTOG
aUTo, ETOTPEPEL TV ETOUEVT TUY TOV iterator. Av diveton To default (Tpoemhoyn), AUTO ETLOTPEPETOL
€@V o iterator £yl eEavtAnOsi, alg yivetow raise éva StopAsyncIteration.

Néo otnv €xdoon 3.10.

any (iterable)

Emotpéper True edv omolod)mote ototyeio Tov iterable eivon aknbéc. EGv to iterable eivol kevo, emi-
otpé@elL False. looduvouel pe:

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

ascii (object)
‘Onwgn repr (), emOTPEPEL o OVUPBOMOCELPA TTOU TTEPLEYEL (0L EKTUTTMOLUT ALTTELKOVLOT] EVOG ALVTLKEL-
uévov, aAhG avorpel toug un-ASCII yopokTpeg ot CUPPBOLOCELPX TOV EMOTPEPETAL OTTO TO repr ()
ypnopomolmvtag \x, \u, N \U amodpdoeig. Avtd moapdyel pio ouuBoroseLpd TAPOUOLOL e QUTY TTOV
emotpépetal atd ™V repr () oty Python 2.

bin (x)

Convert an integer number to a binary string prefixed with «0b». The result is a valid Python expression. If x is
not a Python int object, it has to definean ___index__ () method that returns an integer. Some examples:

>>> bin(3)
'Ob11"

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

Edv to mpdBepa «Ob» givan emtBuuntd 1 o)L, WTOPELTE VAL YPNOLUOTOLOETE VAV OITO TOUG TTAPUKAT®
TPOTOVGE.

>>> format (14, '#b'), format (14, 'b'")
('Ob1110', '1110")

>>> f'{14:4b}', £'{14:b}"'

('Ob1110', '1110")

Agite emiong ™ format () Yo TEPLOCOTEPES TANPOPOPILES.

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

AMoEe oty ékdoon 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. If sys.breakpointhook () is not accessible, this function will raise
RuntimeError.
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Evyeipel éva auditing event builtins.breakpoint pe épiopa breakpointhook.
Néo oty éxdoon 3.7.

class bytearray ( [source[, encoding[, errors] ] ] )
Emotpépete évag véog mivakag amd bytes. H khdon bytearray eivan o peta ANt akorovbio oke-
paimv 0to eVpog 0 <= x < 256. 'Exel Tig mepLocdtepeg amod tig ovvioelg uebddovg uetofAntmy akolov-
LV, tov meprypdipovion 6to Tomor MetaffAntdv AkolovOudv (Sequences), KaBMOG KOL TLG TEPLOCOTEPES
uebodoug mou €xel o TOTOg by tes, deite Acttovpyies Bytes kau Bytearray.

H mpoaipetiky mopduetpog source WTopel Vo 1 OLLOTTONOEL YLoL TV 0PYLKOTTOIN0Y TOU VUK e
UEPLKOVG SLALPOPETLKOVG TPOTOVG:

o Edv eivau string, mpémel emiong va dmoeTe TIg mapaueTpovg encoding (KoL TPOOLPETIKAL, errors)es
N bytearray () Ot OUVEXELO UETATPETEL TV CUUPBOLOOELPE OF byte YPNOLLOTOLOVTOG St .
encode ().

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

o Edv sivan avrikeipevo mov ovppopgpdvetar pe to buffer interface, Oa ypnopwomomOel wa tpocw-
PV VUM UWOVO YLOL OVAYVIDGT] TOU VTLKELUEVOU YLOL TNV TTPOETOLUOGIOL TOV TTEVOKOL (L€ TaL bytes.

o Edv eivau iterable, mpémey vo. eivar évag iterable akepaimv 0to €dpog 0 <= x < 256, oL 0TOLOL
YPNOLULOTTOLOVVTOL WG APYLKAL TEPLEYXOUEVE TOV TTEVOKOL.

Xwpig dpropa dnuovpyeitan évag sivakag ueyéboug 0.
Bh. emiong Tomor Svadiknc axolovOiag — bytes, bytearray, memoryview Kou Avuikelueva Bytearray.

class bytes ([source[, encoding[, errors] ] ])
Emotpépetol €vo vEo avTLKELEVO «bytes», Tov gival wo apeTdfinT axoiovbia axkepaimv 6To e0pog
0 <= x < 256.H bytes glvou wa ouetdfhntn £€kdoon tov bytearray — €xel TG ideg uebodovg
Ywpig LETAMAEN KoL TNV (810, CUUTEPLPOPE EVPETNPLOTOINONG KL TEUOYLOUOV.

ZUVETMG, TO. OPLOUOLTA TOU constructor epUNVEVOVTOL WG bytearray ().
Ta avtikeipeva bytes uwopouv emtiong va dnuovpynBovv ue literals, fAéme strings.

BMéme emiong Tomor Svadiknc akolovOiag — bytes, bytearray, memoryview, Avuikeluevo, Bytes, Ko Agt-
tovpyles Bytes kou Bytearray.

callable (object)
Return True if the object argument appears callable, a1 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 €kdoom 3.2: Avt 1 ovvdptnon pdta agarpédnie oty Python 3.0 ko ot ouvéyeia emovniOe
otV Python 3.2.

chr (i)
Emotpépet ) ovpolooelpd TOU OVTLITPOOMITEVEL £VOV YOPUKTIPO TOU OTTOLOV 0 KMOLKOS ONUELOV
Unicode eivaw o axépatog i. Twa mapdderyna, chr (97) emotpéper ™) ovppolooelpd 'a', evd 1o
chr (8364) emotpépel T OVUPOLOTELPA '€ . AUuTO glval TO AvTioTPoQo Tov ord ().

To éykupo e0pog yia to dpropa eivan amd 0 éwg 1,114,111 (0x10FFFF ot Bdon 16). To ValueError
Ba ylvel raise v T0 i lval €KTOG LUTOV TOV EVPOVG,.

@classmethod
Metotpornn wog uebddov oe néBodo Khdonge.

Mua uébodog kKhGong Aappdvel Ty KAGON WG GLWITNPO TPADTO OPLOLO, OTTMS ULat instance péOodog hay-
Béver to instance. T'at vo dmhaddoete pa w€Hodo KhAONG, ¥PNOLUOTOMOTE 0UTO TO LOLMULOL:

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

8 Kegahalo 2. Evowpatwpeveg (Built-in) Zuvaptioeig
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H @oéppa @classmethod givan wo ovvaptnon decorator - BAéme function yia hestopéperec.

Mo uébodog khdiong wopei va kAnOel eite oty kAdon (0mwg C. £ () ) eite o€ €va instance (6twg C () .
£ ()). To instance aryvoeitol ektog 0td TV KAdon tg. Edv pia uébodog khdong kakeitan yio o opo-
youev KAAON, TO aVILKEIUEVO TOPAYOUEVNG KAAONG UETAPLBATETAL (G TO VITOVOOUUEVO TPMTO OPLOUAL.

Ou nébodor kKhdong drapépovv amd TG otatikég uebddovg C++ 1 Java. Av Bélete, avatpéEte oto
staticmethod () o€ autiv ™V evomto. ['o mepLocdTepeg TANPOPOPies OXETIKA e TG ueBddoug
KAGOTG, avatpéETe 0To types.

AMoEe otnv ékdoon 3.9: Or uébodol khdong umopotv mhéov vo avadumhdoovy dhhovg descripiors dmwg
N property ().

AMEe oty £xdoon 3.10: Class methods now inherit the method attributes (__module_ , __name__,
__qualname_ ,__doc__and __annotations__)and have anew __ wrapped___ attribute.

compile (source, filename, mode, flags=0, dont_inherit=False, optimize=- 1)
Metayhwttiote To source o€ évav Kmduka 1 ovtikeipevo AST. Ta avTikeipevo KOOLKO LTopovy Vo, KTe-
Aeotovv amd exec () M eval (). H source pmopel va giva lTe pua Kavoviky oupohocelpd, (o ou-
Bolooepd byte 1 wo oupporooetpd AST avtikeipevov. AvotpéEte otnv Tekunpiwon tov module ast
YLOL TANPOPOPLES TYETLKA [UE TOV TPOTTO epyaoiag ue avuikeipneva AST.

To dpioua filename Oa. pémet vo diveL To apyelo 0td To 000 dLoPATeTOL 0 KDOLKOG: VO TEPAOoEL K-
TOLOL ALvaryvoploLun Tt eav dev dtofaotel oo éva apyeio (ypnotpomoteitar ouvnbwg '<string>"').

To 6pLopo. mode Ka.O0pILeL TO E160G TOV KMALKA TTOV TPETTEL VOL LETAYAWTTLOTEL UTOPEL VO elval 'exec
eqv M source amoteleiton amd o akolovdio dnhwoewy, "'eval' edv amoteheitan amd pia udvo k-
@paon, M "single' gGv amoteheiTon Ao (o LOVo dLadpaaTiKy) TPOTOoT (0T TEAEVTALN TEPLTTMON,
Ba ekTuTWOOUV dNhdOELS EKPPaoTg ToU aELoAoYoUVTaL 08 KATL dLapopeTikd amd None).

Ta mtpoarpeTikd opiouata flags kow dont_inherit ehéyyovv moLeg compiler options O, TPETEL VOL EVEPYOTTOL-
NOovv Kou mwoteg future features Oa pémer va emrtpémovor. Edv dev vrdipyer kouia (9 Kot ot dvo eivor
undév) o kmdLKag petayhmtitetan pe to ida flags wov emnpedfovv Tov KMdika wov kokel compile ().
Edwv 1o 6popa flags divetal ko to dont_inherit dev eivon (1) elvol undév), Tote oL emhoYEG TOU PeTayAmT-
TLOTY Ko oL pedhovrikég dnhaoelg wov kabopifovral amd to dproua flags ypnotpomorovvtar aveEdp-
T™TO 0TT0 AVTEG TTOV Ol Y pMNoLuoToLoUVTAY 0UTWG Y dAMwe. EGv to dont_inherit eivan évo un undevikog
aképarog, tote to Oplopa flags eivor autd — ou onuaieg (Lelhovtikég duvatdTnTeg Ko emAOYES LETa-
YAWTTLOTI) 0TOV TEPLBAANOVTO KMALKO 0lyVOOUVTAL.

Ot emhoY£EG TOU UETAYAMTTLOTY) Kot OL LeMovTikég eviohés Kabopifovton amd bits mov pumopovv va ouv-
duvaotovv katd bit ORed pati yia va kabopioovv mollég emhoyéc. To medio bit mov amarteiton yio
T0 K0.O0PLOUO EVOG BEQOUEVOL LEALOVTLKOV YOPOKTNPLOTLKOY UTOPEL va. Bpedel mg To YopaKTNPLOTLKO
compiler_flag oto _Feature instance tov module __ future__. Compiler flags umopovv va Bpe-
Bouv oto module ast, ue to TpdOepa PyCF_.

To opiopa optimize K0H0pPiTeL TO eMITESO PEATIOTOTOLNONG TOV UETOYAWTTLOTH* 1 TTPOETAEYUEVT TUUY
-1 emhéyel 1o emimedo PeltioTomoinong tov depunvéa Omtmg divetal amd g emhoyég —0. Ta pntd
emimeda eival 0 (ywpig fehtiotomoinone to ___debug__ eivar adnbécg), 1 (oL LoyupLopol Katopynonkay,
to __debug___ &ivar Pevdéc) 1 2 (o1 ouufolooelpés eyypapmy KatopyhonkKoy exiong).

Avti 1 oUVAPTNON KAVEL raise SyntaxError eV 0 HETAYAMTILOUEVOG KMALKAG Eival GKUPOG, KL TO
ValueError edv o kowdikog mepthaufavet null bytes.

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

Kéwvel raise éva auditing event compi le pe opiouata source kot £i1lename. Avtd 1o oupfdv wropei
emioNg vo. TPOKVYPEL Atd EUUEDT UETAYADTTLON.

Inueiwon: Kotd T uetayhdTtion wog oupuBorooelpdc ue Kwdikd TOMMATADV YPUUUDY 0TI AELTOUpP-
vio "'single' 1 'eval', 1 €i0080G TPETEL VO TEPUATICETAL UE TOVAGYLOTOV VALY YOPOKTIHPA VEOG
YPOUUNG. AUt yivetol yio vo dlevKoluvOEL 0 evTomopog U OLOKANPWUEVWY KoL OMOKANPWUEVDVY ON)-
Mdogwv oto module code.
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IIpoedomoinon: Eivor duvatd va katappevosl o interpreter g Python pe o opketd pe-
vya&in/ovvOetn cuuPolooelpd Katd T HeToyhmTTion og éva avtikeipnevo AST Aoym meploplopamv Ba-
Bovg otoifag otov petayhwtiiot) AST g Python.

AMoEe oty €xdoon 3.2: Emtpémeton 1) xprion véwv ypauudv Windows kouw Mac. Entiong, 1 elooywym
ot Aettovpyia 'exec' dev ypeldleton mAEov va teheLwvel og vEa ypouur|. [Ipootébnke 1 mapduetpog
optimize.

AMEe otnv ékdoon 3.5: TIponyovuévmg, To TypeError éyve raise dtov null bytes cuvovtnOnkov oto
source.

Néo otnv ékdoon 3.8: ast .PyCF_ALLOW_TOP_LEVEL_AWAIT wropel topa vo uetafLpaotel oe on-
Haieg yio va. evepyoroun0el ) vooTthplEn yia 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 int and f1oat. 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 Aowwbnuikol Tomor — int, float, complex.

AMoEe oty €xdoon 3.6: Emitpémetan 1 opadomoinen Yyneimv ue kétow mavleg dnwg ota literals tou
KOOLKO.

AlhaEe oty ékdoom 3.8: Falls back to __index__ () if __complex__ () and __float__ () are not
defined.

delattr (object, name)

Avuto elval oyetkd g setattr (). Ta oplopota elvar évo ovtikeipevo kou wa ovpforooepd. H
ouppolooelpd TPETEL VaL gival TO GvVoUo EVOG atd TO Y OPAKTNPLOTIKA Tou aviikewuévov. H ovvdptnon
SLayPApEL TO ETWVULO XAPOKTNPLOTIKO, VITO TNV TTPoUmo0eoT OTL TO OVTIKELUEVO TO emLTPETEL. Lo o~
paderyua, to delattr (x, 'foobar') eivoloodVvouo pe to del x.foobar. To name dev ypeLd-
Cetan va givar avayvoplotikd g Python (deite setattr ()).

class dict (**kwarg)
class dict (mapping, **kwarg)
class dict (iterable, **kwarg)

Anwovpyei éva véo heEikd. To avtikeipevo dict eivan 1 kKAdon AeEikov. Agite To dict ko 1o Tmot
avtiotolytons — dict Yo TEKUNPLOON OYETIKA UE QuTh TNV KT Yopid.

T M containers, deite Tig evoopatouéveg kKAdoelg 1ist, set, Kol tuple, Kabwng kol to module
collections.

dir ( [object] )

Xwpig opiopata, emoTPEPeL T MOTA OVOUAT®Y 0TO TPEYOV TOTLKO medio. Me éva oplopa, tpoomadel
VoL ETLOTPEPEL PLeL MOTOL EYKUPWOV XOPAKTNPLOTLKDOV YLOL GUTO TO OVTLKEIUEVO.

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.

10
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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 mtpoemiheyuévos unyavioudg dir () CUUTEPLPEPETOL OLOPOPETLKA e DLAPOPETLKOVG TUTTOVS CLVTLKEL-
UEVOV, KaBmOG TpooTtadel Vo TAPAYEL TIG TTLO OYETLKEG KO 0L TLG TTLO OMOKAMPOUEVES TTANPOPOPLEG:
o Edv 1o avukeipevo givor module Timou aviikeluévov, 1 MoTta TEPLEYEL TA OVOUATO TWV Y UPOKTN-
pLoTtikdv Tov module.

o Edv to aviikeiuevo eival évag timog 1 kAdon aviikeluévov, n Moto mepLéyel ta ovouaTo Tmv
YOPOKTNPLOTIKMV TOU, KO AVAOPOULKAL TOL Y OPAKTNPLOTLKA TG BAOEMG TOV.

o Evalhoktikd, 1 MoTo TEpLEYEL TO OVOLOTA TWV Y UPOKTIPLOTIKMV TOU OVILKELUEVOU, TA OVOUOITOL
TOV YAPOKTNPLOTIKDV TNG KAAOTG, KoL 0VOdPOUKX TO XOpAKTNPLOTLKA TG KAdong BAoewg TG
KAdone.

H mapoayoduevn Mota eivar ta&wvounuévn akgafntucd. Io mopaderypao:

>>> 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):

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

Ynueioon: Eneldfn dir () mapéyetol kuplmg mg EUKola YLoL proT 08 PLol SLOSPOTLKY) YPOUUT EVTO-
LV, TPOOoTAOEL VO TOPEYEL EVOL EVOLAPEPOV TVVORO OVOUATMOV TTEPLOCOTEPQ ALTTO OTLONITOTE TPOOTAOEL
va TOPEYEL £VOL AVoTNPO 1| LE CUVETELD, KAOOPLOUEVO GVVOLO OVOUAT®Y, KL 1] AETTOUEPTG OUUITEPL-
@opa Tov umopet vo alldEel uetaEl Twv ekddoewv. Lo Topdderyua, Ta YopaKTNPLOTKY LeTakAdong
dev Bpiokovtor 0t Mota amoTeAeoudTmV dTarv To dpLopa ivan po KAAo.

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 result is
(g, a % b),wheregisusuallymath.floor (a / b) butmay be 1 less than that. Inany case g * b

+ a % bisveryclosetoa,if a % b isnon-zero it has the same sign as b, and 0 <= abs(a % b) <
abs (b).

enumerate (iterable, start=0)
Emotpéper éva aviikeipevo amopibunong. To iterable mpémer va eivar o okohovdia, €va iterator, f
Kémoto dAho aviikeipevo mov vtootpilel to iteration. H uébodog  next_ () tov iterator mov €mi-
OTPEPETOL OTTO TO enumerate () emoTpEPeL po Theldda (tuple) wov mepLéyeL pua KaTouétpnomn (oo
To start wov glvou e mpoemhoyy oto 0) Kan Tig TWES tov hapupdvovtor amd TV exavainpn Tovw 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')]

Iooduvapo pe:

11
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def enumerate (sequence, start=0):
n = start
for elem in sequence:
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.

To dplopa expression ovolVeETOL Ka aELOAOYEITOL WG o EKppaon thg Python (amd teyvikig dmoymg,
wo Aloto ovvOnkdv) ypnotpomoldvtog ta heEukd (dictionaries) globals kau locals wg global kou local
namespace. EGv to AeEikd globals viapyer Kau dev mepiéyel o tun yio to kAewdi _ builtins_
o avapopd 0to heEtkd tov evompatmuévov module builtins el0GyeTon KAT® amd ovtd to KAedi
7P avalvOel to expression. Me autdv Tov TpOTO umopeite va eléyEete mola 0o To EVOOUATOUEVO,
otouygeio eivar SLaBEoLua Yo Tov EKTELEOLIO KMOBLKA, EL0AyovTag To SIk6 oag heEikd __builtins_
0710 globals mtpwv drofaotel ot eval (). BEdv to Ae&ixo locals mopaheipOei, opileton amd mpoemhoym
010 AeEuxo globals. BGv mapolnpBoiv kar ta d0o AeEukd, 1 ékppaon ekteheitan pe to globals kau locals
070 ePLPatlov 0mov Kaheltar ) eval (). Znueiwon, To eval() dev €yl TpoOoPoon aTo nested scopes (Un
TOTTLKL) 0TO TTEPLBAMOV TTOV TTEPLKAELEL.

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

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

x+1")

AvuTi 1 CUVAPTNON UITOPEL ETLONG VAL Y PNOLULOTTONOEL YL TNV EKTEAEDT AVOALPETWV AVTLKEWUEVDVY KD~
duka (0mmg AUt OV dNULOVPYOUVTOL 0TTd TNV compile () ). Ze ouTh TNV TEPLITTOon), uetaPLBalet éva
OVTLIKELUEVO KMOOLKO ovTE it o oupforooelpd. EGv 1o avilkeipnevo Kmdika £xel UETAYAMWTTLOTEL U
"exec' ®G TO OPLOUA mode, 1) ETLOTPEPOUEVT) T TOV eval ()'s Ba elvor None.

Zupfouléc: ) SuvouLKY) EKTEAEOT] EVTIOLMV VITooTHPILETAL 0Tt TNV ouVdpTnon exec (). OLoVVOPTOELG
globals () xaw locals () emotpépouv 1o Tpéyov global kat local AeELkd, avtioTouya, To 0moio wropei
v givor xpNoLo yior LeTofifoon yupw amd ) xpfHon oo TG eval () f exec ().

Edwv 1 dedopévn anyn elvan et oupBohooelpd, TOTE 0paLpovVToL To KEVA Kot To. tabs TTov Tpo1youvToL
1 €ovIaL.

BA. Tt ast.literal_eval () yuo. uio GUVAPTNOY TTOV UTOPEL UE AOPALELD. VO, AELONOYTOEL TIG GV~
Bolooelpéc ue ekppdoelg mov mepLéyovy udvo literals.

Kave raise éva auditing event exec e TO OVTIKELUEVO KDOLKO g OpLona. Mmopel emiong vo ugovi-
oToVV ouUBavTa UETAYADTTLONG KOOLKAL.

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

Avti M ouvapTnon vitooTnpilel duvauky ektéleon kmdika Python. To object mpémel va eivan gite o
ouppolooelpd (string) eite éva aviikeipevo kmdka. Edv eivar pa ovpporooelpd, 1 ovuforooelpd ava-
Meton og o covita dMhwoewv Python tov otn ovvéyelo exteheiton (eKTOG AV TOpOVOLOOTEL OPALUOL
ovvtagng).! Bav mpdrerton Yo évo avikelpevo kodika, amhd ekteheital. e OAeg TIG TEPUTTDOELS, O
KMOLKAG TOV EKTENEITOL OVAUEVETAL VO, Elval £YKUPOG g el00d0G apyeiov (deite tnv evotnta file-input
010 Eyyepidio Avagopdc). Aapete vtdoym ot oL eviolég nonlocal, yield, ko return dgv uio-
POUV VO Y PNOOTOINOOVV EKTOG TOV OPLOUDY CUVAPTNOEWV, AKOUN KOL GTO TACLOL0 TOV KMILKO TOU
duafipateton ot exec (). H emotpepouevn tut eivalr 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 the module level, globals and locals are the

! AdBete vdyn 6TL 0 avalutig déxetan pdvo ) ovpfaon Téhoug ypauung Tomov Unix. Edv Slafdlete Tov Kdhdika amd éva apygio
Beforwbeite OTL YPNOLUOTOLELTE TNV AELTOVPYIC LETATPOTNG VEAS YPAUUTG YLOL TV UETOTPOTTY) VEMV Ypoupmv og otul Windows 1) Mac.
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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.

Ebv to heEuko globals dev mepiéyer tun yia to khewdi _ _builtins_ , e avagopd oto heEukd tov
evoopatopuévov module builtins elodyetol KATw amd avtd to khewdi. Me autdv tov 1pdmo pmopet
va ehéyEete T evowpatwuéva (built-ins) eivor diabéoua otov eKTELETLILO KMALKA ELOAYOVTOG TO SLKO
oag __builtins__ heEuko oto globals mpwv to dloffdoete oto exec ().

Kavel raise éva auditing event exec e TO OVTIKEIUEVO KDOLKO g OpLtona. Mmopel emiong vo eugovi-
oToVV ouufavta PeTaYADTTIONG KOILKA.

Inueiwon: OLevomuatouéveg ouvaptioelg globals () kow locals () emotpégouv To Tpéyov global
Kat local AeELko, avtioTtouya, Tov WITopel va eival xpHouo yia xpion og devTepo KoL TPito OPLoNa 0To
exec ().

Inueiwon: To mpoemheyuévo locals evepyel OTTwG TEPLYPAPETOL VL0 T CUVApTNOYN locals () mapo-
KOTw: dev TPETEL VO ETUYELPYOETE TPOTTOTOW|OELG OTO TPOETUAEYUEVO locals heEukd. Tlepvhet éva pntd
locals MeBukd ediv O€heTE va deite TaL ATOTELEOUATO, TOV KMSLKA 0T0 locals (e TNV EMLOTPOPY] TNG OUVAP-
mong exec ().

filter (function, iterable)

clas

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 0tLto filter (function, iterable) &ivol LGOAVVAUO UE TNV EKPPOOT TNG YEV-
VTP (item for item in iterable if function(item)) edv n ovvdptnomn dev eivar
None kou (item for item in iterable if item) &dvm ovvdptnon 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 signmaybe '+' or ' —';a '+ ' sign has no effect on the value produced.
The argument may also be a string representing a NaN (not-a-number), or positive or negative infinity. More
precisely, the input must conform to the £ 1 oatvalue production rule in the following grammar, after leading
and trailing whitespace characters are removed:

sign = mpmwopom_m

infinity = "Infinity" | "inf"

nan = "nan"

digitpart = digit (["_"] digit)*

number = [digitpart] "." digitpart | digitpart ["."]
exponent = ("e"™ | "E") ["+" | "-"] digitpart
floatnumber = number [exponent]

floatvalue = [sign] (floatnumber | infinity | nan)

Here digit is a Unicode decimal digit (character in the Unicode general category Nd). 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, f1oat (x) delegatestox.__ float__ ().If _ float__ () isnotdefined
then it falls back to _ _index__ ().
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Edv dev dobei dpLoua, emotpépetal to 0. 0.

Examples:

>>> 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 ékdoon 3.6: Emtpémeton 1 opadomoinon Yymepionv pe kdtw movleg dmwg ota literals tov
KOOLKO.

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

format (value[, formal_spec])
Metatpénel éva value og pa avomopdotaon «formatted», Omwg eléyyetan amd to format_spec. H epun-
veta Tov format_spec 0o, €E0ptn0el 0TO TOV TUTO TOV 0PLOUOTOG value « ®OoTOO0 VITAPYEL ULOL TUTTLKT] OU-
VTOEN LOPPOTTOINOTG TTOU YPNOLUOTOLEITOL ATtd TOVG TEPLOCOTEPOVS EVOWUOTMUEVOVG TVTTOVS: Formar
Specification Mini-Language.

H npoemiheyuévn format_spec givar puo Kevy) ouuBorooelpd mov ouvnOmg divel To (8L0 aotéleoua e
™V KMo Tov str(value).

A callto format (value, format_spec) istranslated 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 ob ject and the format_spec is
non-empty, or if either the format_spec or the return value are not strings.

AloEe oty ékdoon 3.4: To object () .___format__ (format_spec) kdvelraise 10 TypeError
e to format_spec dev gival Kevy) GuuBoho0ELPdL.

class frozenset ([iterable])
Emotpéper éva vEo OvTIKEINEVO frozenset, TPOULPETIKA e OToLyela Tov Aaupdvovior amd To
iterable. To frozenset glvol puia EVoOUATOUEVY KAAOT. Agite To frozenset kot to Tomor Zvvdiov
(Set) — set, frozenset i TEKUNPLOON VTG TG KAAONG.

[wo. dhho containers, avatpéEte 0Tig evompuatwuéveg kKhGoewg set, 1ist, tuple, kol dict, Kabmg Ko
to module collections.

getattr (object, name[, default] )
Emotpéper TV Tips| Tov ovouaouévou yopaKkTnpLotikoy tov object To name mpémel va givan o oup-
Borooepd. Edv M ouufohooelpd eivar to dvoua evog autd To. YOPOKTIPLOTIKG TOU GVILKELUEVOU, TO
amotéheoua eivar 1 T owtov Tou yopaktnplotkov. Lo mapddeyna, getattr (x, 'foobar')
elval LoodUvVoo pe To x . foobar. Edv to xopaktnplotikd yvopLouo dev vidpyeEL, To default emiotpé-
(PETOL EAV TTOPEYETAL, OLAPOPETLKA YiveTaLTaise To At t ributeError. To name dev ypeldletan vo. eival
avayvoplotkd Python (deite setattr()).

EInueiwon: Aedouévou 6Ti To private name mangling cuupaiver Katd T oTLyus) TG UETOYADTTLONG, TPE-
TTEL KOVELG VO TTOPAUOPPDVEL XELPOKIVITA TO OVOLLO. EVOG LOLMTIKOD {OPOKTNPLOTIKOD (YOPAKTPLOTLKG
ue dV0 KOPUQOLES VITOYPOUULOELS) YLOL VO AVOKTNOEL UE getattr ().

globals ()
Emotpépel to heELkd mov vhomoLel Tov Tpéxovia xmpo ovoudtmv tov module. Ta kKHdika evtdg ov-
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VOPTNOEWYV, UTO opiletal dTav OpileTal 1 CUVAPTNON KoL TOPOUEVEL TO 1010 AveEGPTNTN A TO OV
KaAglTow 1 ouvapTnom.

hasattr (object, name)
Ta opiouato eivar éva aviikeipevo kou wee ovpporooelpd (string). To amotéheoua eivor True eqv
1N ovpPoROCELPA Elval TO OVOUO EVOG OO TO YOPOKTNPLOTIKA TOU OVTLKEWEVOY, False eav OyL.
(Avutd vhomoleitar Kohmvtag To getattr (object, name) kou va dovue ov yivetol raise €vo
AttributeError M oyL.)

hash (object)
Emotpéper v T KOTOKEPUATIOWOV TOU OVTLKEWEVOL (av €xel). O TLEG KATOKEPUOTIOUOU ELvaL
aKEPaALOL. XpNOLOTTOLOVVTOL YL T YPNYOPT) OUYKPLOT TV KAELOLDV TOU AeELKOU KOTA T SLEPKELD ULOG
avagfinong AeEikov. Ou apBuntikég Tiuég ov ovykpivovtal ioeg éxouv Tnv idLa Ty KATaKEPUATIONOU
(axoduo Ko av givan duapopeTikol TomoL, OmTwg cuufaiver yio to 1 kou 1.0).

Ynueiwon: 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] )
Kaeitor to evoopotopévo (built-in) cvotqpo pondeias. (Avty n ovvéptnon mpoopiletol yio dio-
dpaotiky| ypnon.) Edv dev d0bsi dpiona, to dradpaotikd ovotnua Borfetog Eekivad thv Koveodra tov
interpreter. EGv to dpiopa givor po. ouufBorooelpd, tote 1 ovporooelpd ovalnteitar wg dvoua evog
module, wLag ovvapTnomng, wa KAGong wag uedodov, wog MEng khewdot 1 Béuatog tekunpiwong Ko
wo oghida fonbelag extummveTon otV Kovoola. Edv to dplopa eivan omolodnmote dAho eidog avikeL-
uévov, dnuovpyeitor o oelida Bonelog 0To AvILKeLUEVO.

AdPete vtoyn ot edv epgaviCetal o KA0eTog (/) 0T MOoTo TOPAUETPMY P0G OVVAPTNONG KATA TNV
KMjon help (), onuaiver 6tL o wopduetpot mpLv amd v kabeto eival povo Béone. Ta meploodTepeg
mmpoopies, Préme the FAQ entry on positional-only parameters.

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

AMoEe otnv ékdoam 3.4: Ov odhayég oe pydoc Kow inspect oNuaivouy OTL oL AVOQEPOUEVES VTTOYPO.-
@ég y1o callables eivan TAEOV TLO OMOKANPOUEVES KOL CUVETELS.

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 0élete va uetatpéypete evav axépoto opbud ot wa kepoaio 1 el dekoaeEadikn ovuforooelpd
(string) pe mpdOepa 1 OYL, UTOPELTE VAL YPNOLUOTOOETE VALY ATtd TOVG TOPAKATM TPOTOVG:

>>> ! "% 255, ! ‘% 255, ! ‘% 255

('oxff', 'ff', 'FEF'")

>>> format (255, '#x'), format (255, 'x'), format (255, 'X")
('oxff', 'f£f', 'FEF')

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

('Oxff', 'f£f', 'FEF')

Agite emiong ™ format () Yo TEPLOGOTEPES TANPOPOPIES.

Agite emtiong ™ int () yuo T HETATPOITY oG deKaeEadikg oupfolooelpdic o€ aKEPOLO P OLUOTOLMD-
vtag o Bdon tov 16.

EInueiwon: o va arokthoete wo avartapdotaon dekaeEadukng ouupolooepdg yia éva float, ypnot-
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pogomorte ) uébodo float .hex ().

id (object)

Emotpépel v «TautdTTon evOog avitkeluévov. Avtd elval éva aképatog aptBudg mov eyyvdtor Ot
elva povadikdg Ka 0tofepog Yo auTo TO AVTLKELUEVO KoTtd TN dLdpkeLa TG Cong Tov. Avo aviikeipeva
UE UM eTKOATTTOUEVES SLAPKELEG TG UITOPEL VaL ExoVV TV Lo T 1d ().

Agnropépera viomoinong CPython: Avutd gival 1 S1e¥BVVGT TOV OVTLKEWWEVOU OTNV Uviju).

Evyeipel éva auditing event builtins.id pe oplopa id.

input ( [prompt] )

Edv vrtdpyer to OpLopa prompt, ypagetor oty Tustikt £€£080 ywpig wo véa ypauur petddoonc. =t ou-
VEYELD, 1] CUVAPTNON SLaBACeL o ypouun otd Ty €l00d0, TN UETATPETEL 08 ULat GUUBOAOOELPA (UE TV
QPALPEDT MLOLG VEAS YPOUUNGS) Kot TNV emttoTtpégeLl. Otav duafaletol to EOF, yivetai raise 1 EOFError.
Hopd&derypa:

>>> s = input('-—> ")
——> Monty Python's Flying Circus
>>> s

"Monty Python's Flying Circus"

Ed&v €xel poptwbel to module readline, toten input () Oa TO XPNOLUOTOLIOEL VL0 VO TTOPEYEL TEPL-
TTLOKEG AELTOUPYies emeEepyaoiag YPAUUNG KoL LOTOPLKO.

Kéwvel raise éva auditing event builtins. input pe 6plopa prompt mwpotov dLafdoeL TNV i0000

Kdve raise éva auditing event builtins.input/result pe TO AWTOTEAECUO UETA TV ETLTUYY] OVO-
YVOON TV dESOUEVOIV.

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

_dint_ (),int (x) returnsx.__int_ ().Ifxdefines _ index__ (),itreturnsx.__index__ ().
If x defines __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 in radix base. Optionally, the string can be preceded by + or — (with no space in between), have
leading zeros, be surrounded by whitespace, and have single underscores interspersed between digits.

Mua ovpporooelpd (string) aképailov aptBpov BAong n TePLEYEL YNPia, KAOEVO 0TTO TAL OTTOLOL ALVTLITPO-
owmever o Ty oo to 0 éwg to n-1. Ov Twég 0-9 pumopovv va avarapaotafoldy ue 0mToLodNToTe
dekadikd Yyneio Unicode. O tipég 10-35 pumopoiv va avamopaotadolv ue a wg to z (| A 0g 10 2).
H mpoemheyuévn base eivar 10. O emtpenoueveg Baoeig eivor 0 ko 2-36. Ou cuuforooelpés Baong
-2, -8 ko -16 umopovv mPoaLpeTLKA va €xovv To TPdbena 0b/0B, 00/00, | 0x/0X, dwg KoL (e oKE-
patovg aptBuovg atov kmdika. o v Baomn 0, 1 ovuporooelpd epunvevetal ue TapouoLlo TPOTo pe
évav integer literal in code, 0T0 OTL 1] TParypaTiky aon eivon 2, 8, 10 M 16 dmtwg poodiopiletor amd o
npdOena. H Bdomn 0 dev emtpérmel emiong ta undevikd oty apyh : int ('010', 0) dev eivan EQIKTO,
evd To int ('010") kow int (010", 8) elval.

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

AMaEe otnv ékdoon 3.4: Edv o base dev eivan éva instance TG int Ko TO base OVTIKEIIEVO EXEL (WO
uébodo base.__index_ , avthn uéBodog Kaheitan Yo vo atoKT)oeL TOV aképato ™G fdong. ITpon-
youueveg EKOOCELG XPNOLUOTOLOVOOV TV base . int__ aviitngbase._ _index_ .

AMoEe otnv ékdoon 3.6: Emtpémetol 1 opadomoinon Yymepiov pe kdtw movkeg 6mwg ota literals tov
KmOLKA.

AMoEe ot €kdoomn 3.7: x is now a positional-only parameter.

AMoEe oty £xdoon 3.8: Falls back to __index__ () if __int__ () is not defined.
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AMoEe otnv £¢xdoon 3.10.7: 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 infeger 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)
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) or a Tdmoc Evwong of multiple types, 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.

AMoEe oty £xdoon 3.10: To classinfo pmopel va givan éva Tomos Evaworg.

issubclass (class, classinfo)
Emotpéper True edv 1 class eivon po viroxhdon (dueon, éuueon, 1) virtual) Tov classinfo. Mo khdon
Bewpeitol vtokAdor tov govtoy g To classinfo pmopel va eivon o mherdda (tuple) avikeluévmy
KAGong (M avadpowkd, dhhes tétoleg mhelddec) 1 wa TUmos Evwons, omdte emiotpépete True edv
1 class givar VITOKAGOY OTOLOGONTOTE KATOWPLONG OTO classinfo. Ze omotodfmote GAAY mepimtmon,
vivetou raise wa eEaipeon TypeError.

AMoEe oty ékdoon 3.10: To classinfo pmwopei va eivan éva Tomos Evaorg.

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 iterable
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, St opIterat ion will be raised, otherwise the value will be returned.

Agite eniong Tomou Iterator.

Mua xpnowun epapuoyn e deUTePNS LopPNG Tov iter () gival 1 Kataokeur evog block-reader. '
TOPAdELYLLOL, 1 AVAYVDON UITAoK 0Tt00epot) TAATOUG artd éva duadLlkd apyelo PAong dedouévarv pueypt
VoL PTACEL 0TO TENOG TOU QLPYELOV:

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)
Emotpépel To unkog (tov aptdud twv eldmv-meplexouévmy) evog avitkeluévov. To oplono wmopei vo
elval o akorovBia (0mwg o ovpporooelpd, bytes, mheldda, AMota, 1 €0pog) N wa cvihoyy (dmwg éva
LeELK0, éval O€T, 1| €V TAYWUEVO OFT).

Agmropépera. vhiomoinong CPython: To 1en kdvel raise o OverflowError 6g Wk T 0moto eivat
ueyoAUtepa amd sys.maxsize, dnwg range (2 ** 100).

class 1list ([iterable])
Avtl va givar ovvaptnon, to 11ist elval 0NV TPAYUOTLKOTNTO £vag UETOPANTOG TOTog akolovbiag,
omwg Tekunprovetan ota Alotes kou Thmor AkolovOilag (Sequence) — list, tuple, range.

locals ()
Evnuépwon KoL emotpo@r) evog AeELKoD ToU avTLITPOCMITEVEL TOV TPEYXOVTA, TLVOKE TOTKOV GUUBOLY.
O ehevBepeg petafintég emotpépovtar amd 1ocals () OToV KUAEITOL 08 WTAOK OUVAPTHOEMY, AAAG
oL o€ pmhok KAdoewv. Znuelwote 0t o€ emimedo module, oL Tocals () KoL globals () givol To idLo
AeELKo.

Inueiwon: To mepieydueva avtol Tov heEkol dev mpémel vo, Tpomostoovvs oL alhayéc evdéyetal
VO UMV ETNPEACOUV TIG TLES TV TOTLKADV KoL ELeVOEPWV UETUPANTAOV TOV YPNOLULOTOLOVVTAL ATTO TOV
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diepunvéa.

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 i tertools.starmap ().

max (iterable, *[, key, default])
max (argl, arg2, *args[, key] )
Emiotpépel to ueyohitepo otoLygio oe éva iterable 1) to peyohtepo amd dV0 1) TEPLOOOTEPO OPLOUATAL.

Edv mapéyeton éva dpiopa 0€ong, Oa mpémel va givar éva iterable. EmoTpépeTon To HeyahiTtepo oToLyElo
o7o iterable. EGv mapéyovtor 0o 1 meploodtepa opiopato 0Eomg, EMLOTPEPETAL TO LEYOAITEPO ATTO TO.
oplopota B¢omng.

Yndpyouv &0 mpoarpetikd opiopato Tomov AEEN-khewdi. To dpiopa key kabopilel o ouvaptnon ta-
Ewvdunong evdg opiopatog dmmg oty xpnowuortoteitar yia to 1ist . sort (). To dpwopa default ko.0o-
piCer éva aviikeipevo mov Ha emotpépel v to iterable mov mapéyetan ivan kevo. Edv to iterable eivon
Kevo ko to default dev mapéyetal, yiveton raise wo. ValueError.

Edv mol& otouyeia eival péylota, 1 ouvAapTNoT ETLOTPEPEL TO TPMTO TOV ouvavTNOnKe. Avto ei-
vou oVupmvo pe dhha epyaleio diatnpnong otabepdtntag taEvounong émwg sorted (iterable,
key=keyfunc, reverse=True) [0] Kawheapg.nlargest (1, iterable, key=keyfunc).

Néo oty éxdoon 3.4: The default keyword-only argument.
AMoEe oty ékdoon 3.8: To key umopei va eivar None.

class memoryview (object)
Emotpépel éva avitkeipnevo «memory view» ov dnuovpynonke amod to cuykekpuuévo dpioua. Biéme
Oveic Mvijung yio. TePLO0OTEPEG AETTOUEPELEC.

min (iterable, *[, key, default])
min (argl, arg2, *args[, key])
Emiotpépel to ukpotepo otoLyeio og évay iterable 1) to pkpotepo amd do 1) TEPLOGOTEPQ OPLOUATA.

Edqv mapéyetar éva opiopa Béong, Ba mpémel va eival éva iterable. EmotpépeL To KpOTEPO GTOLYELD
otov iterable. Eav mopéyovtat dvo 1 meplocdtepa oplopata OE0NG, EMOTPEPETOL TO WKPOTEPO ATTO T
oplopota B¢omng.

Yndpyouv dvo mpoarpetikd opiopuato Tomov AEEN-Kkhewdi. To dpiopa key kabopilel o ouvaptnon to-
ELvounong evog oploiatog OTTmg ot ypnowuosoteitaL yito 1ist . sort (). To dpiopo default kabo-
piCer éva aviikeipevo wov Ha emotpépel v to iterable mov mapéyetan ivan kevo. Edv to iterable eivon
Kevo Ko to default dev mapéyetal, yiveton raise wo. ValueError.

Edv oM@ otouyeio eivar eEMAYLOTA, 1] CUVAPTNOT ETOTPEPEL TO TPWTO TOV cuvavinOnke. Autd ei-
vou oUppwvo pe dhha epyodeia drathpnong otabepdntog taEvounong, 6mmg sorted (iterable,
key=keyfunc) [0] xat heapg.nsmallest (1, iterable, key=keyfunc).

Néo oty éxdoon 3.4: The default keyword-only argument.
AMoEe oty ékdoon 3.8: To key uropei va givar None.

next (iterator[, default])
Avdixtnon tov enduevov atouyeio amd to iterator Kahmvrag ™ uébodo _ next_ (). Edv 800¢l default,
EMLOTPEPETAL EQV O iterator £xeL eEaviAnOel, dlopopeTikd yivetau raise wo. StopIteration.

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

Xnueimon: object does not havea  dict
the object class.

, SO you can’t assign arbitrary attributes to an instance of
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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 definean ___index__ () method that returns an integer. For example:

>>> oct (8)
'0010"

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

Edv 0éhete va uetatpépete Evav aképato aptdud oe oktodik ouuforocelpd eite ue to mpdepo «0o»
eite OyL, WTOPELTE VAL YP1OLUOTOOETE £VAV OTTO TOUG TTAPAKATM TPOTOVG.

>>> ! ‘% 10, ! ''% 10

('"0o012", '12")

>>> format (10, '#o0'), format (10, 'o'")
('"Ool12', "12")

>>> £'{10:40}', £'{10:0}"

('0o012", '12")

Agite emiong ™ format () Yo TEPLOGOTEPES TANPOPOPILES.

open (file, mode="r', buffering=- 1, encoding=None, errors=None, newline=None, closefd=True,
opener=None)
Avoliyel 1o file Ko emotpépel éva avtiotouyo file object. EGv to apyeio dev umopei vo avoiel, yiveto
raise wa OSError. Agite To tut-files yia mepLoodtepa mapadelypuato xpnong ouTng T GuvApTHoNG.

To apyelo eivan éva path-like object tov diver to dvopa dadpour|g (amdIVTo 1 0€ OYEOT UE TOV TPEXOVTOL
KatdAoyo gpyaciag) Tov apyeiov tov o avoiel 1 évag axépaiog meprypapeag apyeiov Tov apyetou
7OV TTPOKELTOL VO avadLmAwOel. (EQv diveton évag mepLypagéag apyeiov, KAELVEL OTAY TO EMLOTPEPOUEVO
avukeipevo I/0O eivar kKhewotod ektog el closefd €xeL oplotel wg 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: 1ocale.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:

Xapaktn- ‘Evvola

pag

'r! dvoryua yior avayvmon (default)

Tw' AVOLYLLOL YLOL EYYPOPT], TTEPLKOTTTOVTAS TPDTO TO OPYElo

'x! AVOLYULOL YLO. OTTOKAELOTUKY) ONULOVPYIQ, ATTOTUYYAVOVTOG EAV TO APYELO VITAPYEL O
'a' AVOLYLLOL YLOL EYYPOPT), TTPOGOPTATOL OTO TEAOG TOU ALPYELOV EGV VTTAPYEL

'b! dvadikm (binary) Aettovpyio

"t Lertovpylo kewwévou (default)

T4 AvoLyuoL YLoL eviuéPWon (OvAayvwaon Kot eyypopn)

H stpoemiheypévn Aertoupyia eivar "r' (avolyel yia avayvmon Kelwévou, ouvavupo tov 'rt ). Ot Aet-
Tovpyleg 'w+' Kou "w+b ' avoiyel ko weptkofel To apyelo. Oudertovpyieg 'r+' and 'r+b' avoiyovv
TO aPYELO YWPig TEPLKOTT.

'Onwg avagépetal ato Overview, 1 Python kdver dtakpLon peta&l dvadikov ko keypwévou I/0. Ta apyeio
OV avolyouv og duadLkn Aettovpyia (cuumepthapfavouévov tov 'b' ato OpLopa mode) ETLOTPEPOVY
T TEPLEYOUEVO WG byt es OVTIKEIEVA XWPIG ATOKWOLKOTOLN 0. ZT1 AErToupYia KeEWEvou (1) TpoEmL-
Moyn, N 6tav 1o 't ' mepthappdvetal oto dpLoua mode), T TEPLEXOUEVA TOV APYELOV ETLOTPEPOVTOL
WG st r, 1o bytes é0VV TPMOTA ATOKWILKOTONOEL YPNOLUOTOLDVTOG UL EEAPTMOUEVT] ATTO TAATPOPUO.
Kwdlkomoinon 1 xpnon g kKaboplouévng kwdikomoinons edv diveto.
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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 behavior in Python
3.0. Refer to the documentation of the newline parameter for further details.

Ynueiwon: H Python dev eEaptdtal amd TNV £VvoLo TV apyelmV KELWEVOU TOV VITOKEIUEVOU AELTOUPYL-
KOU OVOTNUOTOG O 1 emteSepyaoia yivetaw amd v idua tnv Python kot eouévog eivor aveEaptiTn
aTto TNV TAATPOPLLOL.

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/0, 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 i0. Text IOWrapper.
reconfigure (). When no buffering argument is given, the default buffering policy works as follows:

« 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 Kelwévou (apyeta yia To ool To isatty () emotpépel True) YPT1oLUo-
7oLOVY arTodNKevon Ypouung. AMo apyeia KEWEVOU YPNOLUOTTOLOUV TV TTOMTLKY| TOV TEPLYPG-
PETOL TOPATTAV® YL SUAdLKA apyeioL.

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 1ocale.getpreferredencoding () returns),
but any fext encoding supported by Python can be used. See the codecs module for the list of supported
encodings.

To errors givar wo. Tpoapetiky] ovppforooelpd mov KoBopilel Tov TPOTO YELPLOUOU TV CQAAU-
TOV KOALKOTOINOoNG KoL 0TtoKmALKomoinons-avtd dev wtopet va ypnotpomotOet oe dvadikn hettovp-
vio. Awatifetor pua TOLKIMO TUTILKOV EPYOLELMY XELPLOWOU GPOMIATOV (TOPATIOEVTOL 0TV EVOTITA
Error Handlers), av KoL 0TTOLOONTTOTE OVOUOL XELPLOUOV TROAATOV €XEL KoTtaywpnOel ue to codecs.
register_error () gival emiong éykvpo. Ta tumikd ovouata mepthauBivouy:

e To '"strict' kdavel raise wa eEaipeon ValueError edv viapyel o@diuc kKodikomoinong. H
mpoemheyuévn Tt Tou None €yet to idto amotéheopa.

e To '"ignore' ayvoel To. OQAMLATO. ZNUELOOTE OTL 1) TAPAPAEYT CPAMLATOV KWILKOTOINoNG
wiropel vo. 00N Y1oeL o€ ATMAELD SEOOUEVIIV.

o To 'replace' TPOKAAEL TNV ELOAYWYN EVOG OEIKTN AVTIKATAOTOONG (0Twg ' 2 ') OTAV VITAPYOVY
dedouéva pe AavBoouév pope.

e To 'surrogateescape' 0o avimpoowmevel TxdOv AavOaouéva bytes wg wovadeg youniov
VITOKATAGTOTOU KmALKoU mov Kupaivovior and U+DC80 émg U+DCFF. Avtég oL uovadeg vmo-
KOTAoTOTOU KMALKOV B0 LETOTPATOVY 0TI GUVEYELD OTA 1dLaL bytes OTaV O YELPLOTHG CPAAUATWV
surrogateescape P OLULOTOLELTAL KATA TNV eYYpap] dedouévwv. Auto eival XpoLUo YL TV
enmeEepyaoia apyelmv og Ayvwotn Kmdikomoinon.

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’' avukafiotd dedopéva pe havBaouévn popepn amd g akohoubisg
dLapuyng ue avaotpopng kabétov Python.

e To 'namereplace' (vmootnpileTon emiong WOVO KATA T OUVTAEY) avTLKaOLOTA TOUG U1 VIT0-
oTPLLOUEVOUGS YopaKTHPES Ue aKolovBieg dlapuyng \N{ . . . }.

To newline kaBopilel Tov TPOTO AVAIIONG XAPUKTNPMY VEAG YPOUUNG 0TTO TN por). MItopel v eivat Ko
None, "', '\n"', "\r', ko '\r\n"'. Aertovpyel wg eENg:

o Katd v avayvoon e06dov amd v pot), edv 10 newline eivor None, N ko0olkn Aettovpyio
VEOV YPOULMV elval evepyoromuév. Ot ypauuég otny eicodo umopovv vo. tehetdvouvy o '\n',
"\r',M '\r\n', ko autd petappatovial og ' \n' IpLv EmOTPAPOVY 0TOV Kahovvta. Edv eivor
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"1, m KaBoMKY Aettovpyia VEWV YPaUUmVY glval evepyomomuév, allé oL KOTOAM|EELS YPOUUDY
EMLOTPEPOVTAL 0TOV Kohovvta auetdppoota. Edv éxel kamoto amd T dAheg vouueg tuég, ot
YPOUUEG EL00d0U TeppatiCovral wovo amd T dedoutvr cupPorooelpd Kou 1 Katdingn ypapumhg
EMLOTPEPETAL OTOV KAAOVVTO OUETAPPOOTY.

o Katd v eyypagn eE68ov otn pot), edv to newline eivar None, Tuydv yopaxtipeg '\n' peto-
PPALOVTAL 0TO SLOYMPLOTIKO TPOETIAEYUEVIV YPOUUWDY TOV GUOTNUATOG, 0S . 1 inesep. Edv 1o
newline eivar ' ' 1 "\n', deV TPOYUATOTOLEITAL UETAPPOON EQV TO newline eivol 0TOLOONTOTE ATTO
TLG OAAEG VOULUEG TUWES, YPAPOVTOL OTTOLOLONTTOTE XAPUKTNPES ' \n' UeTOPPATOVTOL 0T dedouévh
ouuforocelpd.

Ed&v 1o closefd givol False xau €xel 000el €vog mEPLYPAPENS OPYELOV AVTL YLl £VOL OVOUO. OpyElov,
0 VTTOKELUEVIKOG TTEPLYpapéas apyeiov o mapapeiver avorytodg dtav to apyeio kheioel. Edv do0ei éva
dvopa apyeiov to closefd mpémet va givar True (1) TPOETULAOYT)+ OLAPOPETIKA, B0t TPOKVPEL EVOL GPANULAL.

‘Eva tpocapuoopévo tpdypapua avolyuatog umopel vo ypnowromotnel petafipdtovag éva callable
g opener. O VTOKEILEVOS TTEPLYPAPEAS OPYELOV YLl TO OVTLKEILEVO apyelov AauPdveTal 0T oUvE ELD
Kahdvtog to opener ue (file, flags). To opener mpémel vo emOTPEPEL EVOL TEPLYPOAPED AVOLYTOV APy LoV
(mepvmvTag os . open wg opener £XEL MG ATOTELEGIOL AELTOVPYLKOTNTOG TOPOUOLOL LLE TO VO TEPATOVUE
170 None).

To véo dnuovpynuévo apyeio etvan non-inheritable.

To mopaKdTm TOPAdELYIO XPNOLULOTTOLEL TNV TAPAUETPO dir_fd TG oVUVAPTNONG OS . open () Yo Vo,
ovoiEel éva apyeio oe oyton pe évav 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 EMOTPEPETOL OO TN OLVAPTNON open () &Eaptdtor amd TN Ael-
tovpyia. ‘Otav t0 open () ypnowomoleital Yo to &voryua evdg apyeiov oe Aettouvpyio Keué-
vou ("w', 'r', 'wt', 'rt’', K.MT.), EMOTPEPEL PLat VITOKAGON Tov io. Text IOBase (specifically
io0.TextIOWrapper). ‘Otav ¥PNOLUOTOLEITOL YO TO Gvolypo evog apyeiov og duadikn Ael-
Tovpyla ue mpoowplvy) amobfnKevorn, 1 KAAON OV EMOTPEPETOL ELVOL WO, VITOKAAON TOU io.
BufferedIOBase. H axpifing khdon molkidhel: og Aettoupyict SUASLKNG avAYVOONG, ETLOTPEPEL
éva io.BufferedReader « 0¢ dUAOIKES KOTAOTAOELG EYYPOPNG KOl dLadIKNG TPpooONKNg, £mL-
OTpEQEL €val 10. Bufferediriter, Kol 0Tl AELTOUpYio avayvoong/eyypapns, EmoTtpépet éva io.
Buf feredRandom. ‘Otav 1 TpocwpLv) 000N KEVOT| VAL ATEVEPYOTTONUEVT], ETTLOTPEPETAL, 1] OKOL-
TEPYOOTN POT , WO VITOKAAGN 10.RawIOBase, io.FilelO.

Agite emiong Tig evotnteg doxeiplong apyelwv, Ontwg £ileinput, io (dmov opiletarm open ()), os,
os.path, tempfile, KoL shutil.

Raises an auditing event open with arguments £ile, mode, flags.

Ta opiouata mode Kaw £lags UTOPEL Vo €Xouv Tportomotn0el 1) va €xovv ouvoyOel amd TV apyLkn
KAT0.

AMaEe oty ékdoon 3.3:
o TpootédnKe 1 TAPGUETPOG opener.
« TIpootéOnke M Aettovpyia "x'.
e To TOError ywotav raise mold, TP eivor Yeudwvuuo Tov OSError.

o To FileExistsError Yivetal raise Tdpo e4v TO apyEL0 TOV AVolyEL 08 A&tToupyia
amokheloTikng dnuovpyiag (" x ") vdpyel NON.
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AMoEe oty ékdoon 3.4:

o To apyeio eivar mhéov un KAnpovouko.

Deprecated since version 3.4, removed in version 3.10: The 'U' mode.
AMaEe oty ékdoon 3.5:

o EGv 1 K\M01) 0VoTHROTOG SLOKOTEL KaL 0 YELPLOTHG ONUaTOG deV KAVEL raise wo. eEai-
PEON, 1) CLVAPTNOT ETAVORAUPAVEL TOPO TV KAO1) GUGTNUOTOG OVTE VOL KAVEL raise Lot
eEaipeon TnterruptedError (8eite to PEP 475 yia to oKentiko).

« [Ipootédnke 10 TPOYpapLO YELPLOUOD OaAdTwy 'namereplace”'.

AMoEe oty €xdoon 3.6:

o Ipootébnke vmoompiEn yoo TV amodoyl] OVILKEWEV®DY TTOV  VAOTOLOVY  Os.
PathLike.

o Zta Windows, To Gvoryuo iag Ipocmwpiving Wving KovoOhog UWITOPEL VO ETLOTPEPEL (oL
VITOKAGON TOV 10. RawIOBase eKtdg amd t0 i0. FilelO.

ord (c)

Agdopévou uag ovuBorooeLpd Tov avTLTpooweVeL £vov yopoktipa Unicode, emotpépel Evov oké-
POLO TTOU OVTLITPOoWITeVEL TO onueio kKwdukov Unicode avtov tov yapaktmpa. T mapdderypa, to
ord('a'") emotpépel Tov aképolo optiud 97 kKar ord ("€') (oUuPolo Tov EVPW) EMOTPEPEL 83 64.
Avtd gival To ovtiotpoo Tov chr ().

pow (base, exp[, mod] )

Emotpépel base otv dOvoun exp*. edv vadoyer 1o *mod, emotpépel base otnv duvaun exp, modulo
mod (vtoloyileta o amoteleopotikd amd to pow (base, exp) % mod). H pdpua Vo opiopdtmv
pow (base, exp) LOOdVVAUEL UE TN YXPHON 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 37.

TN Ttovug teheotég g int base xou exp, edv vtdpyel mod, To mod TPETEL ETLONG VO ElvaL akepAiov
TUTTOV Ko To mod mpEmeL va givan un undeviko. Eqv vtdpyer mod Ko to exp givor apvntkd, to base
TIPETTEL VAL ELVAL OYETIKA TTPWTO OTO mod. Ze QUTHV TNV TEPLTTMON , EMOTPEPETAL TO pow (inv_base,
-exp, mod), 0oV To inv_base givol ovTioTpopo Tov base modulo mod.

AxorovBei éva mopdderyua virohoyLopuoy evog ovtiotpopov Yo to 38 modulo 97:

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

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

AMoEe otnv ékdoor 3.8: T Tov TEAEOTEG int, 1) LOPPT TPUHV OPLOUMY TOU POW ETLTPETEL TMPA TO
deUTEPO OpLopa VoL elvoL ApVNTLKO, ETLTPETOVTAS TOV UTOMOYLOUO TWV apOpmTdV AVTIoTPOP®YV.

AloEe oty éxdoon 3.8: Emtpémovton opioparta keyword. Tlahadtepa, vmootpiloviav wéovo opi-
opara Béong.

print (*objects, sep="", end="\n', file=None, flush=False)

Extuntaver objects oty pon| kelwévou file, ywplopéva pe sep Kow akohovBovpeva amd end. Ta sep, end,
Sile, xou flush, edv vtdpyovv, mpémer va divovion wg opiopata keyword.

‘Oha to. un keyword opiopato petaTpémovial 0e GUUBOAOOELPEG OTwG KAVEL 1] St () KoL YPAPOVTOL
0T PO}, YWPLOUEVA UE sep Ko okolovBouvtal amd end. Kai ta 800 sep ko end mpémel va eivol ovp-
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Bolooelpéce umopel emiong vo eivan None, ov onuaiver 0tL Ba xpNoLuoTonBovy oL TPOETAEYUEVES
nuéc. Edv dev divovion avukeiueva,  print () o ypdpel amhd end.

To opLopa file mpémel vo eivan ovilkeipevo pe pua pébodo write (string) '« edv 8ev undpyetr
1n elvatr " None, Oa xpnowwomomel 1o sys. stdout. Emeldr) ta Tumouévo opiopoto LeTUTPETOo-
VTOL 08 CUUPOLOCELPES KELUEVOU, 1) print () OV WITOPEL VAL YPNOLUOTONOEL e OVTLKELUEVO APYELOV
duadikng Aertovpyiac. o avtd, ypnowwomotovue to file.write (.. .).

H sipoowpivi) arodrkevorn e£6dov kabopiletal ouvnBwg amd to apyelo. Qotdoo, edv to flush givon
oAnOéc, 1 por) EemAéveTol AvayKAOTIKA.

AlaEe oty ékdoon 3.3: TIpootébnke to dpropa keyword flush.

class property (fget=None, fset=None, fdel=None, doc=None)
Emotpépel éva xopaktnpLotiko tdLotTog.
To fger eivar o ouvapPTNON Yo T AYPN Wog Tung xopoktnpLlotikov. To fset eivoal wo ouvaptnon
YLOL TOV OPLOUO WLOG TNG XopokTnpLotikoV. To fdel givol o ouvapTNoT Yo T SLOYPOPY (WOG TLWNG
yopoktnplotikov. Kat to doc dnuovpyei pot oupohooelpd eyypapmy Yo TO XOpoKTPLOTLKO.

Mo TuTTLKY) XPMO ELVaL 0 0PLOUOG EVOS SLOYELPLLOUEVOU YAPOKTNPLOTIKOV 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.")

Edwv 1o ¢ elvon éva instance tov C, to ¢ . x Ba koléoel Tov MjmtTn, To c.x = value' Ba kaléoetl
Tov pubuiotTr, kai To | del c.x TOV dLaypapEa.

Edwv divetar, 1o doc Oa givar to docstring Tou XapaKTNPLOTIKOU IOLOTNTOG. ALOQOPETIKY , 1) 1LOLOTNTA OO
avtypdper ™) ovpporooelpd tov fget (edv vrapyel). Avtd kaOLoTd duvaty T dnuovpyia LLOTNTWY
HOVO YL avayvmoT), eDKOA YPNOLULOTOLMVTAS T property () og decorator:

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

@property

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

mmn

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 voltage 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

(ouvéyela otV TOUEVY 0EDL)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

@property

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

@x.setter
def x(self, value):

self._x = value
@x.deleter
def x(self):

del self._x

Avutdg 0 KMALKaG elvarl axpLfmg LloodUvauog pe To TpmTo mapdderyua. Ppoviiote va dhoeTe 0TIG TPO-
00gTEG OUVAPTNOELS TO LOL0 OVOROL UE TNV OPYLKN OLOTNTA (X O QUTHY TNV TEPLTTWOT).)

To emOTPEPOUEVO OVTIKEIUEVO LOLOTNTAG EXEL ETTLONG TO. YOopaKTNPLoTiKd fget, fset, ko fdel mov
OVTLOTOLYOVV 0TO. OPLOUATO TOU KOTAOKEVALOTH.

AMoEe oty £xdoon 3.5: Ta docstrings TV OVILKELUEVOV LOLOTITAG elval TTAEOV EYYPAPLUES.

class range (stop)

class range (start, stop[, step] )
Avti va glval ouvapmon, T0 range €ivaL OTNY TPAYUOTIKOTNTA £VaG AueTdBANTOG THTOG akolovBiog,
oG TEKUNpLwvetaL ota Evoen (Ranges) kau Tomor AkolovOiag (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 defining a __repr__ () method. If sys.displayhook () is not
accessible, this function will raise Runt imeError.

reversed (seq)
Return a reverse iterator. seq must be an object which has a __reversed__ () method or supports the
sequence protocol (the _ len_ () method and the _ getitem__ () method with integer arguments
starting at 0).

round ( number[, ndigits] )
Emotpéper Tov number otpoyyvlomomuevo o ndigits axpipelo uetd v vrodiaotoly). Eav 1o ndigits
mopain@Bel N elvan None, EOTPEPEL TOV TANOLEGTEPO OKEPALO APLOUO GTNV LGOS0 TOV.

I Tov EVOOIOTOUEVOUS TUTTOVG TOV VItooTtpilovy T round (), Ol TWEG OTPOYYULOTOLOVVTOL GTO
noLéotepo molomhdolo tov 10 oty dvvaun ueiov ndigits*« edv dvo morramidoia eiva eElcov Ko-
vId, 1 6TPOoYYUAoTOiNON YivETaL TPOS TNV doTia emtAoy] (€Tot, yia wapdderyua, tooo to “round(0.5)" kot
“round(-0.5)" elvor "0, kou “round(1.5) elvan “2%). Omotadnmote axéooua tun elivor Eykvon yia *ndigits
(BeTixen, undevikn, 1 apvntikh). H emiotpepopevn tun eivon axépanog v to ndigits mopaiepOei 1 eivon
None. AloQopeTIKAY, 1 TLN ETLOTPOPNG £XEL TOV 1010 TUTTO e TO number.

TN éva yevikd aviikeipevo Python number, round ekywpel 0to number.  round_ .

Inueiwon: H ovumepupopd tov round () yio floats umopel va ebvon ekmAnkTik: yio mapdderyua, To
round (2.675, 2) divel2.67 avtiyia To OvOUEVOUEVO 2 . 68. Autd dev givar bug: elval amotéheoua
TOV YEYOVOTOG OTL TO TTEPLOTOTEPQL HEKAIKA KAAOUATA OEV UTOPOVV VO AVATTAPO0TOO0UV aKPLBMG 1G
float. Aeite To tut-fp-issues yia TePLOGOTEPES TANPOYOPIES.

class set ([iterable])
Emiotpépel £va vEo avTIKeievo set, TPOaLPETIKA (e oToryeia tov Aappdvovtal amd To iterable. To set
glval (o eVOwUoToueEvy KAAom. Agite set kou Tomor Svvodov (Set) — set, frozenset yia. TEKUNPLWON
avThg ™G KAGONG.
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T GMha containers, deite Tig evomuotmuéveg KMAOEG frozenset, 1ist, tuple, kKou dict, KOODG
xou to module collections.

setattr (object, name, value)
Avto elval to avtiotow o tovg getattr (). Ta oplopota givar éva aviiKeiplevo, uo ouUBOoL0oELPA
Ko e avBaipetn Ty). H ovppfolooepd (wopel va ovopdoet €va vtdpyov YopaKTNPLoOTLKO 1) £va VEO
yopaktnpeLotiko. H ouvdptnon ekywpel v tiun 0To XopaKTpLlotiko, ue v spoiimdOeon Ot to avi-
Kelpevo to emrpémer. Mo mopdderyuo setattr (x, 'foobar', 123) 100dvvauei ue 1o x. foobar
= 123.

To name dev ypewdletar va elvor ovoyvoplotkd Python Omwg opiletar oto identifiers , extodg
edv 1o avikeipevo emhéEel va to emPdher ovtd, Yoo TOPAdELYUO OF VO TPOCOPUOOUEVO
__getattribute_ () f uéow __slots__. Eva xopaKtnplotikd Tou omoiov To Ovoua Sev eival
avoyvmpLoTLko dev Oa elval TPooPAoLUo Y1 OLUOTOLMVTAS T ONUELOYPOPia, O elvol TpooRdoio
UEow ToV getattr () KA.

Inueiwon: Aedouévou 6L To private name mangling cuupaivel Kotd T oTLypr) TG UETOYADTILONG, TPE-
TTEL KOVELG VAL TTOPAUOPPDOEL PE WY OUTOUATO TPOITO TO HVoua EVOG LOLWTIKOD YAPAKTNPLOTLKOV (Xopa-
KTNPLOTLKA pe dV0 TTPomopevudueveg KATm TOVAES) YLOL VO TO OpLoEL Ue 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)
Emotpéper wa véa taSivounuévn Aloto oo ta otoyeia oto iferable.

"Exetl 900 TPOaLpETIKG 0piopata Tov JTPETEL Vo, KOB0PLOTOUV g opiopata MEEmV-KAELOLMV.

To key kaBopilet pa ouvdptnon evdg oplopatog Tov ypnotpomoteital yio Thv eEaywyn evog kKhetdLo
oUYKpLoTG artd ka0 atouyelo oto iterable (yio mapdderyua, key=str.lower). H mpoemheyuévn tum
elval None (ouykpivel ta otovygia amevdeiog).

To reverse givaur o, dSvadikn Tur). EGv oplotei oe True, Tt Ta 0TOLYELA THG MoTaG TAgLvopoUvToL ooy
va giye avtiotpogel KaHe ovykpLom.

Xpnowomouote To functools.cmp_to_key () YO VO UETOTPEWETE WO CLUVAPTNGT cmp TOAOU
TUTOV OE OUVAPTN O key.

H evoopatouévn ovvdptnon sorted () givor eyyvmuévn ot eivor otabepr). Mo taEwvdunon eivor
o0t0.0ept) edv eyyvdrol Ot dev B AAMGEEL 1] OYETLKY OELPG TOV GTOLYELMV TTOV CUYKPIVOVTAL {00 — 0T
glvor xpNoLo yio TaELvounom og TOAOTAG TeEPGoROTa (VLo TAPASELYUE, TAELVOUN oY 0V TUAILCL, UETA
ava oboroykd Faduo).

O ayopibuog ta&vounong ypnowomotel pdvo ovykpioelg < peta&y atotyeimv. Evd o oplopudg puag
uebodov 1t () apkei yia v taEwvounon, to PEP 8 cuviotd kau tig €EL rich comparisons wov 6a
eapuooTtovy. Autd Oa fondioeL 0TV AToPUYY OPOMIATOV KATA TV (P10 TV OLmV dESOUEVDV 1E
dAa gpyodeio Sudtagng, Omtwg max () mov Bacifovrol oe Sapopetikt) vrokeinevn wébodo. H viomoi-
nom Ko Twv £EL ovykpicewv fondé eniong oTNV ATTOPUYY CUYXUONG YO CUYKPIOELS KTOU THTOU TTOU
uopovv va, Kohéoovy Ty avakhmuevn uébodo ___gt__ ().

INo mapadeiypoto TaEvounong KoL £va GUVTopo oepvapLo Tasvounong, avatpéEte oto sortinghowto.

@staticmethod
Metotpornn wog uebddov oe otatiky| uéhodo.

Mua otatik) pébodog dev Aapupdvel éva orwmnpd mpmto dpiopa. Tia vo dnhwoete o ototikn uébodo,
YPNOLUOTTOOTE QUTO TO LOLWUOL:
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class C:
@staticmethod
def f (argl, arg2, ...):

H @oéppa @staticmethod givor o ovvdptnom decorator — deite function yio Aesrtopépeieg.

A static method can be called either on the class (such as C. f ()) or on an instance (such as C () . £ ()).
Moreover, they can be called as regular functions (such as £ () ).

O otatikég péBodot otnv Python eivan mopduoleg pe avtég mov Ppiokovtar oty Java 1) otn C++. Emtiong,
avatpéEte ot classmethod () YL o TOAPOALAYT) TTOV ELvOL YPNOLUY YLO. TH dNUOVPYLe EVOIOKTL-
KOV KATAOKEVOOTOV KAGGEWY.

‘Ontwg 6hot oL drakoountés, eival emiong duvatod vo kohéoete TV staticmethod wg KOvVovIKY ov-
VAPTNON KoL VO KAVETE KATL UE TO ATOTEAEOUA TNG. AVTO ELVOL QTTOPALTNTO O OPLOUEVES TTEPLITTAOELS
OOV YPELALEDTE (WAL AVAPOPE OF oL CUVAPTION aTtd €va oopa KOOGS KoL OEleTe vo amopuyete TV
autduaTy petatposty) ot instance péO0do. o AUTEG TLG TEPLITTMOELS, XPTOLUOTOMNOTE AUTd TO LOIMUOL:

def regular_ function():

class C:
method = staticmethod (regular_function)

To TepLoodTepeg TANPOPOPIES OYETIKA U TIG OTUTIKEG HeBddOUG, deite To types.

AlhaEe otnv £kdoom 3.10: Static methods now inherit the method attributes (__module
__qualname__, __doc__and __annotations
now callable as regular functions.

,__name__,
), have a new __wrapped___ attribute, and are

class str (object=")
class str (object=b", encoding="utf-8', errors='strict’)

Emotpépet uua £€K8001 st r tov object. Agite st r () yia NeTTOUEPELEG.

To str ival 1 evoopatwuévy ouuBorooelpd class. Tia YeVIKEG TANPOPOPIES OYETIKA UE TIG GUUBOAO-
oelpég, oavatpeEte Tomos AkolovOiag (Sequence) Kewuévov — sir.

sum (iterable, /, start=0)

ABpoilel to start Kou Tt otovyeio evog iterable amd aplotepd mpog deELd Kau emotpépel To guvolro. Ta
OTOLYEL TOV iferable givol ouVHOWG apLtBUOL Ko 1) Ty EvapENG dev emiTpémetal va. eivar oupBorooeLlpd.

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 ().

AMoEe oty ékdoon 3.8: H mapduetpog start pmopel va kaboprotei wg dpropa keyword.

class super ( [type[, object-or-type] ] )

Emotpépel éva aviikeipevo dlakouoti) Lecohdfnong mov ekympel kAfoelg nuedddov oe o yovikn 1
adepn KAAOoN type. AuTd givan XpHoLuo yuo Ty Tpodofaon oe puetafiacuéveg webddovg mov €xovy
mopokoupbel oe po KAGon.

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.

Edv to deitepo OpLopa mopolelpOel, To VITEPOVTIKEIUEVO TTOV EMLOTPAPNKE eV elvar deopevuévo. Eqv
To devtepo Oploua elvar ovilkeipevo, isinstance (obj, type) mpémer va eivar adndég. Eav to
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devtepo OpLopa eival évag TOmog, To issubclass (type2, type) mpémel va eivor alnbég (auvtd
elval xpfolro yio uebddovg kKAAong).

Yrdpyovv 600 TUTLKEG TEPLITTMOELS XPNONG YLOL TO super. Z€ ULdL Lepapy o KAAoEWV e eviaia KAnpo-
VOKOTITA, TO Super UTOPEL VO (PNOLLOTTOLNOEL YLOL VO OVOPEPETOL OF YOVIKEG KAAOELG YWPLG VO TLG
ovopdlel pNTa, KoOLoTMVTAG £TOL TOV KMALKO L0 dLaTpnotuo. Avtn 1 xpNnomn eivor wold Tapdiinin
UE T1) (PN OT| TOV super o€ GALEG YADOOES TPOYPAUUOTIOUOV.

H dgitepn mepinmtwon ypnong eivor 1 virootpiEn ToAhathfg KANPOVOULKOTNTAG OUVEPYAoiog oE évol
duvapkod meptariov extéreong. Avt 1) TEPLTTTWOoT XPNOoNG Elvan Lovadik) yia tv Python ko dev Bpi-
OKETOL O€ OTOTLKO LETOYAWTTLOUEVES YADOOEG 1) YADOOESG TOV VTOOTHPILOUY UOVO UEUOVOUEVT KANPO-
voukoTnTa. Avtd Kablotd duvaty v vAhomoinor «dLoypapuidTmy SLULUAVTILMY» OOV TOAES POOLKEG
KAGoelg vhomotovv TV idLa pEB0d0. O Kahdg oyedLaoUOG VITaryopevEL OTL TETOLEG VAOTTOLYOELS £X0VV TV
Lo vitoypagn KAong o ke mepimtwon (emeldn 1 oepd Twv KMoewv kKabopiletal Katd Tov xpovo
eKTELEOTG, ETTELDN AUTN 1) OELPG TPOOAPUOTETAL OTIG AMOYEG OTHV Lepapyio KAAoEMV Ko ETELdT) OUTH
1 dLata&n pwopei va mepthaudver adep@Lkés KAAOELS TTPLV aTtd TOV XPOVO EKTEAEONC).

Kot yio tig 800 mepLtmoelg ypfone, wa Tustky Ko veepkAdong potdter pe auto:

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

Extdg and tg avalnmoeig uebddwv, to super () MeLTOvpyel ETLONG YL0L AVOLNTNOELS XOPOKTNPLOTL-
Kav. Mo mbovy seplmtmon xpfong yuo autd givan ) KAom descriptors o€ po kKhAom yovéa 1 adehgo.

Note that super () is implemented as part of the binding process for explicit dotted attribute lookups
suchas super () .__getitem__ (name).Itdoessobyimplementingitsown ___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 voOYPT OTL, EKTOG OITO T LOPEPY UNOEVIKOV OpIOUOTOC, | super () dev meplopiletal ot
xphHon uebodwv evidg. H podpua dvo opropdtwv Kabopilel akpimg To oploioto Ko KOVeL TG KaTih-
Ahec avagpopés. H pdpua undevikov opiopatog Aettovpyel udvo pnéoa oe Evay oplopd KAaong, Kabmg o
UETAYAWTTLOTG CUUTANPMVEL TIG ATTOPALTITEG AETTTOUEPELEG YLO. TV OWOTY] AVAKTN O TNG KAAONG TTOV
opitetat, Kabwmg KoL yio TV TPOaacn 0Ty TPEXOVaa TOPoVGia Yo cuvnOiouéveg pebddovg.

[o TPaKTIKEG TTPOTAOELG OYETLK UE TO TTAG VO, OYESLACETE CUVEPYATIKEG TAEELS YPOLUOTOLWVTOG TO
super (), avatpégEte 0d1y6g yp1ong super().

class tuple ([iterable] )
Avti va gival ouvapTnon, To tuple givol otV TPAYUOTIKOTNTO Vo APETAPRANTOG TUITOG akolovBiog,
omwg tekunprwvetol ota [TAeddes (Tuples) xou Tomwor AkolovOiog (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 evooportouévn ovvdptnon isinstance () ouvioTotot yio T oKLY TOU TUTTOU EVOG AVTLKELUEVOU,
emeldn haufaver veoyn g vtokAdoeLe.

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, ob ject, the ultimate base of all classes, is added.
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))
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See also Tmor Avaikeévav.

Ta opiopata AEEewv-KAeldLdv ov Topéyovian ot Popua TPLdV opopdtov uetafipdtovral otov Ko-
TdAMMAo punyavioud petakhdong (ovvhbwg _ init subclass_ () ) e tov idio 1pdmo mov Ha éka-
vav ot MEelc-khetdd otov oplopd wog KAaomg (ektdg amod to metaclass).

Agite emiong class-customization.

AMoEe otnv ékdoon 3.6: Subclasses of t ype which don’t override type.__new__ may no longer use the
one-argument form to get the type of an object.

vars ( [abject] )

Returnthe __ 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 types.
MappingProxyType to prevent direct dictionary updates).

Xwpig éva dplopa, To vars () hertovpyel émwg locals (). ZNUEUDOTE, OTL TO AEIKO TWV TOTLKMV
glval xpfHoLo pudvo yLo aviyvwon, KoOmdg oL evijuePMOELS 0To AEELKO TV TOTK®OV 0ryVOOUVTaL.

Mua eEaipeon TypeError yivetol raise eGv évo aviikeipevo éxel kaboplotel alhd dev éxel éva yapa-
KTNpLotkd _ dict_ (ywo mopdderypa, edv 1 kKo Tov opilel tTo _ slots_ yOopaKTnpLoTLKO).

zip ( *iterables, strict=False)

Emavényn oe morhovg iterables mopddAnka, dNuovpymvtag TAeLGdeg e £va avTikeipevo amd To Ka-
Béva.

Mapdaderypa:

>>> for item in zip([1, 2, 31, ['sugar', 'spice', 'everything nice']):
print (item)

(1, 'sugar')
(2, 'spice')
(3, 'everything nice')

Mo tummkd: 1 zip () emoTpEQPeL Evay iterator TAELAdWY, OOV N i-1 TAELADA TEPLEYEL TO i-O GTOLYELD
oo KAOE £va ad TOVG ETAVAUAMPLULOVS OPLOUATWV.

'Evag Aog TpOmog Yo Vo OKEQTEiTE T zip () €lvol OTL UETATPETEL TIG YPOUUUEG O€ OTNAES, KOL TLG
OTNAEG O YPOUUES. AUTO elval TAPOUOLO LLE LETOPOPEL ULOLG LT TPLC.

To zip () eivan teumédng: Ta otouyeia dev Oa vitofAndolv ot emeEepyaocio péypt va emavaingei o
iterable, 7.y. pe évav Bpoyo for 1 ue avadimhwon oe wa 11 st.

‘Eva. tpdiypo ov mpémel va AMafete vdyn eivar ot ta iterables mov petapipdotnkay ot zip () Ba
WITOPOVoaV VO, £XOUVE JLAPOPETLKA NKTe UEPLKEG POPEG QT TO OYEALAOUO KOL UEPLKES (POPES MOYW
€vOg OPAALOTOG OTOV KMOLKO TTOV TTPOETOLaoE avtd T iterables. H Python mpoogépel Tpelg diapope-
TUKEG TTPOOEYYIOELS YLOL TNV OVTLUETMITLOT CUTOV TOU CNTHUATOG:

o Ané default, n zip () otapatd 6tav eEavtinbei o cuvtoudtepog iterable. Avtd Oa oryvonoel ta.
VITOLOLITOL OTOLYELA 0TOVG UeyolUTePOUG iterables, KOBOVTOG TO ATOTELEGUA 0TO UIKOG TOU GUVTO-
uotepov iterable:

>>> list (zip(range(3), ['fee', 'fi', 'fo', 'fum']))
[(0, '"fee'), (1, 'fi'), (2, 'fo')]

e Hzip () xpnowomoieitor ouyva oe mepitdoeLs 0mov ta iterables virotifeton OTL €xouv ioo ufKog.
Se TETOLEG TEPLTTMOELS, CLVIOTOTAL 1] XPN01 TG emhoyNg st rict=True. H éE0d0g eivar idia pue
TV KOVOVIKY] Z1p () :

>>> list (zip(('a', 'b', 'c"), (1, 2, 3), strict=True))
((ta', 1), ('b', 2), ('c', 3)]
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e avtifeon Pe TNV TPOETUAEYUEVT] CUIITTEPLPOPL, YiveTau raise éva ValueError eGv éva iterable
eEavtinOel pwv amtd ta dhha:

>>> for item in zip(range(3), ['fee', 'fi', 'fo', 'fum'], strict=True):
print (item)

0, 'fee')

1, '"fi")

2, 'fo')

raceback (most recent call last):

(
(
(
T

ValueError: zip() argument 2 is longer than argument 1

Xwpig 10 0plopa strict=True, KaOe opdlua Tov 0dNYEL 08 eTOVOLOUBOVOUEVO UKY SLapo-
PETLKOU uNKoug Oa tebel oe oiyaon, mbovmg vo eupavileTol mg dSUOEVPETO OPALLL 08 GANO HEPOG
TOV TPOYPEUUATOG,

o O wkpdtepot iterables umopovv vo ouprtinpmBotv oe wa otadepy T wote Oha T iterables vo
€yovVve 10 1810 uNKog. Autd yivetoL amd to itertools. zip_longest ().

Mepurtwoelg dxpwv: Me éva povo emavolnmiikd Opwoua, 1 zip () emotpépel évay iterator 1-mlelddwv.
Xwplg opiopata, emotpépel Evay Kevo iterator.

Zuppoviég Kar KO
o H oeipd aEordynong amd apiotepd mpog ta deEud Tmv iterables eivor eyyunuévn. Avtd kablotd
duvatd Eval LB VLo TNV OUOdOTTOINTT WG OELPAG dedouévwy o opuddeg n-unKovg xpNoLuo-
TOLOVTOG Zz1ip (* [1iter (s) ] *n, strict=True).Avtd emovolappdvel Tig (dieg ETAVAAMPPELS

n Qopég £toL tote kb mhetdda eEGS0V va. £xEL TO ATOTEAEOUN TV KANOEMV N TPOG TOV ETAVOL-
MTTTn. AVTo €xEL oG amoTéleopa T dLalpeon TG eLoOdOV 08 KOWLATLO UKOVG.

e H zip () og ouvduaoud ue tov TeELeoT) * UITOPEL VO YPNOLUOTOOEL YLl TV OITOGUUTTLEDT] ULOG

Morag:

>>> x = [1, 2, 3]

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

>>> list (zip(x, Vy))

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

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

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

AMoEe oty £xdoon 3.10: Tlpootédnke to dplopo strict.

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

Inueiwon: Avth eivol i TponyUEVn ouvapTnon TTou dev Ypeldletan 0Tov KaONUEPLYE TPOYPOUUALTL-
ouo g Python, og avtifeon pe 1o importlib. import_module ().

Avti 1 ovvdptnon xokeitan amd T dhwon import. Mmopel va avitkatootodel (ue eLooymyr Tov
module builtins KoL avILOTOLYLON 0 builtins.__import__) mpokeiuévou va aldEeL 1 onua-
olohoyia g SMiwong import, ald avtd amoboppivetar 6evapd, kadwng eivar ovviiBmg amhov-
OTEPO VO, P OLULOTTOLYOETE TO AYKLOTPa eLoaywyNg (deite PEP 302) yia tv emtitevEn twv idtwv otdywv
Ko O&V TPOKAAEL TPOPAMUOLTO UE TOV KMOLKO TTOV TtPpoUToBETEL TV YPNON TG TPoETeYEVNG VOOl -
nong ewoaywyne. H dueon ypnon tov __ import_ () emiong amoBappivetal viép Tov importlib.
import_module ().

H ouvapton ewodyetr to module name, ypnouomoimvtag mboavmg to dedouéva globals ko locals oL vo
KaboploeL TOV TPOTTO EPUNVELAG TOV 0VOUATOG 08 €va. thaiolo akétov. H fromlist divel ta ovopota tmv
QVTLIKELUEVOV 1] TOV VITOUOVADdWY TToV O Ttpémer vo. ewoayBovv artd To module ov divetal astd to name.
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H tumky vhomoinon dev xpnotpnomotel kabdlov to dpiopa locals ko ypnowpomotet ta globals tng udvo
YLOL VO TTPOGOLOPLOEL TO TAALOLO TOV TaKETOV TNG dNhwoNG import.

To level kaBopilel edv Ba xpnoluomonBovy amdiutes 1) oxetkéc eloaymyéc. To 0 (1 mpoemhoyn) on-
paiver povo omodvteg eloaywyés. Ou BeTikég TUES Yo TO level VTodeLKVIOUV TOV apLOUd TV YOVIK®V
KOTAAOYWV TPOg avalntnon oe oyEon pe Tov kotdhoyo tov module wov Kahel v ___ import__ ()
(deite o PEP 328 yia hemropépeleg).

‘Otowv M petafAnt) name eivon tg popens package . module, KOVOVIKE, ETLOTPEPETOL TO TOKETO AVO)-
TéTov emLTEdOU (To dvopa UEYPL TNV TPWTH KOVKKIdA), dyt To module wov ovoudletar name. Qotd0o0,
otav divetar £va urn Kevo opiopo. fromlist, emotpépetan to module pe to dvoua name.

TN wapdderyua, ndMAwon import spam katalyel o€ bytecode tov potdLet pe tov akdrovbo Khduka:

’spam = _ _import__ ('spam', globals (), locals(), [], 0)

H dhwon import spam.ham Katal)yel o€ qutv TV KANON:

’spam = _ _import__ ('spam.ham', globals(), locals(), [], 0)

ZNUELMOTE TWG TO ___import__ () €MOTPEPEL TO AVMOTATOV enmutédov module €8, emeldr| avtd eivon
TO QAVTIKELUEVO TTOV ouVdEeTaL LE va dOvopa ue T dMAwor import.

Azd v G mhevpd, 1 dNhwon from spam.ham import eggs, sausage as saus KOTOAYEL

(0133

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

saus = _temp.sausage

Edw, To module spam.ham emotpépetor amtd T __import__ (). Amd ovtd To AVIIKEIUEVO, TO OVO-
LLOLTCL TTPOG ELOAYWYT) OVOKTMVTOL KOL EKYXMPOVVTOL 0T OLVTLOTOLY0 OVOUATA TOVG,.

Edv 0éhete amlwg va elodryete €vo module (evdeyouévmg Héoa oe €va TOKETO) UE TO OVOUQL, YPNOLLO-
ToW0TE TO importlib. import_module ().

AMoEe oty €kdoon 3.3: ApvnTikég TLéG Yo To level dev vitooTtnpiloviol TAéov (To 0moio emiong oh-
MACeL TNV mpoemheyuévn Twur oe 0).

AMoEe oty €kdoon 3.9: Otav xpnoLromolovvTol emhoyEég TG YPOUUNG EVIOA®Y —E 1) — I, TOTE 1) ue-
tafint meptpdilovtog PYTHONCASEOK dev haufdvetar vaodyy.

YTOONHELWOELG
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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
An object 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. None is the sole instance of the
NoneType type.

NotImplemented
A 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__ (), __iand__ (), etc.) for
the same purpose. It should not be evaluated in a boolean context. Not Implemented is the sole instance of
the t ypes.Not ImplementedType type.

Inueiwon: When a binary (or in-place) method returns Not Implemented 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
NotImplemented will result in a misleading error message or the Not Implemented value being
returned to Python code.

See Implementing the arithmetic operations for examples.

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

AMoEe oty €xdoon 3.9: Evaluating Not Implemented in a boolean context is deprecated. While it
currently evaluates as true, it will emit a DeprecationiWarning. 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. E11ipsis is the sole instance of the t ypes.E1lipsisType type.

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

Enueiwon: The names None, False, True and ___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 SystemExit 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

Ou mapokdTm Katnyopieg meptypdgpovy tovg standard timovg mov eivar evowuatwuévor (built) uéoo otov
interpreter.

Ot kvpror evoopatopévor (built) timor eivar apibuoi, axohouvbiec, avriotoyioelg (mappings), KAAGELS,
instances KoL exceptions.

Opropéveg collection khdoelg elvol petapintég (mutable). Ou uéBodot mov TPoabETouy, aparpovv 1 avadia-
TAOoOVV T UENT TOUG KOL OEV ETLOTPEPOVY £VOL CUYKEKPLUEVO OVTLKEILEVO, TTOTE DEV EMLOTPEPOLVV TO (dLO
collection instance oA\ None.

OpLopéveg hettovpyieg vTooTNPILoVTOL ATo ALAPOPOVG THTTOVG AVILKELUEVWV: ELOLKOTEPL, OYEDOV OLAL TAL ALVTL-
Kelpevo uropovv va ouykplfov og pog T LoOTNTa, Vo eheyy 00UV yia TNV £YKUPT) TULY KOL VO LETATPATTOVY
og ovuporooelpd (string) (Le T oUVAPTNON repr () N TNV ELAPPDG dLOPOPETIKY ouvaptnon str ()). H te-
Aevtaia ovvApTNOoN XPNOLUOTTOLELTAL EUUECT OTAY £VOL AVTIKELIEVO YPAPETAL ATTO T CUVAPTNON print ().

4.1 'EAeyxoq Eykupng Twng

OmoLodNToTE AVTIKELEVO Witopel va eleyyDel wg mpog ™V eykupdTHTA THG TWWNG TOV, YLd XpHon o€ 1f 1
while ouvONK 1) ©G TEAEOTNG TOV AOYIKODY TPAEewV TOPaKAT®.

By default, an object is considered true unless its class defines either a ___bool__ () method that returns False
ora__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)

O tpGEelg kot oL evompotmuéveg (built-in) ouvaptioelg wov égovy amotéheoua Boolean wdvta emotpépouv
0MFalse ywofalse kau 1 1) True yio true, eKtoG edv dnhmvetal SLopopeTikd. (Enuavtikr eEaipeon: oL hoyikeég
(Boolean) pa&elg or kow and emLOTPEPOVY TAVTA £VAV OUTO TOVG TEAETTEG TOVG. )

! Mp6oBete mAnpopopieg oYeTd [1E VTG TIG E1dLKEG neBddovG mopeite va Bpeite oto Eyyelpidio Avagpopdg Python (customization).
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4.2 Noywkeg (Boolean) lNpa&elg — and, or, not

Avtég eivou oL Aoyikég (Boolean) pdiEeig, taEivounuéveg fdoet tpotepandtnrog:

Mpd&n Anoteeopua 2NUELWOELG
X or y oV TO X gival true, TOTE X, AAMMG (1)
x and y | avTox eivou false, tote x, alMudg y 2)
not x if x elvau false, 10te True, oMuwg False | (3)

ZNUELWOELS:

(1) Avtdg eivon évag teheoThg WKPOU KUKADUATOS, EMOUEVIS AELOMOYEL LOVO TO dEUTEPO OPLOUD OV TO
pdTo eiva false.

(2) Avutdg givol évag teleotng WKPOU KUKADOUOTOS, ETOUEVeG aELoloyel Lovo to deltepo OpLopa av To
TPWTO Elva true.

(3) To not éyeL youniotepn mpotepatdTnTo OTtd TOVg W) Aoyrkovg (non-Boolean) teleotég, 0mdTe TO not
a == b petappdletal oav not (a==b),KoLToa == not b &vaL CUVTAKTIKO GQAAIA.

4.3 Zuykpiloelg

Ynapyouv oktm mtpd&eig ovykpiong oty Python. ‘Okeg éxouv v idia mpotepardTnTa (1) ommoia givar vim-
Lotepr amd avt) Tmv Aoyikdv (Boolean) mpd&ewv). Ou ouykpioelg pmopei va ahvoodebotv avbaipeta yio
TOPAdEYUA, TO X < y <= Z LOOdUVOUELUE X < y kal y <= z, €KTOG amd to OTL T0 y aEloroyeitar udvo
wio opd (alhd Kan otig 800 TEPLTTWOELG TO Z dev agloloyeiton KaBdhov dtov to x < vy elvau false).

Avtdg o mivakag ouvopilel Tig TpaEelg ovyKpLong:

Mpdé&n ‘Evvola

< AVOTNPA WKPOTEPO OTTO

<= wkpdTEPO OTtd 1) 100

> oVOTNPEA UEYOAITEPO QT

>= ueyalTepo oo 1 ico

== oo

1= dLéupopo

is TAUTOTNTO AVILKELUEVOY

is not | opVNTLKY TAUTOTNTO AVILKELUEVOU

AVTIKELUEVO BLAPOPETIKDV TUTTMV, EKTOG ATTO SLOPOPETLKOVG aptOunTikog THIToug, dev oVYKpPivovTaL TOTé
wg ioa. O teheotg == opileTon TAVTO OAAA YI0L OPLOUEVOUG TUTTOVG OVTLKELWEVMV (Y10l TTOPAdELY DL, OVTLKEL-
ueva, KAGong) twoduvvouet pe is. O teleotég <, <=, > KaL >= opifovral udvo dmou éxouv vonua- yio. mapd-
devypa, dnwovpyovv wo eEaipeon TypeError dtav éva amd To opiopota eivan pyadikog aptbudc.

Mn movopoldtuma instances (oG KAGomg ouvnbmg ouykpivoviol wg ur toa ektog edv To 1 kAo opllel T
uébodo __eq ().

Ta instances wog KAGong dev umopotv vo, TaEvounovv o oyxéon ue Ghha instances g idtag kKAdong, 1 GA-
LOVG TUTTOVG TOU AVILKELUEVOU, EKTOG €AV 1) KhAOT) 0pileL apketég amd tig uebddovg 1t (), le (),
_ gt (),xou__ge_ () (yevikd, 1t () xkou__eqg () eivor opketd, ov OéheTe TLG OUUPATIKEG €V-
VOLEG TOV TELEGTMV OVYKPLONG).

H oupmepupopd twv TeEleoT®V is Ko 1s not &V Uopel va eival TPOoapUOOUEVT: ETTLONG, WTOPOUV VO
£QAPUOOTOVV O€ 0TTOL0dNTOTE SVO avTIKEipEVO. KoL TTOTE va unv dnuovpyfhoouv pia eEaipeon.

Two more operations with the same syntactic priority, in and not in, are supported by types that are iterable or
implement the __contains__ () method.
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4.4 ApwpOntikoi TumoL — int, £loat, 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. f1oat_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.Fract ion, 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 vootnpiler mApwg T ikt aptBuntikd: dtav £vog duadikog aplluntikdg teheotic EXEL TEMEOTEG
SLOPOPETLKMV aPLOUNTIKDV TOTTWV, O TEAEOTIG JLE TO «OTEVOTEPO» TUITO dLEVPVVETAL G€ AUTOV TOU dALOV, dTTOU
évag axépalog oplipog eivat oTevoTeEPOg 0o £vay Ue KviT VodLaoTtolt), Tov eivan oTevOTEPO Al Vol
wyadtkd. H otykplon uetoEi aplbumy SLopopetik@v THmwV OUUTEPLPEPETOL OOV VO NTAV 0L OKPLBELS TLIEG
AUTMV TOV 0PLORMY o8 oVYKPLOT).”

Mmopotv va. xpnouomot0ovV oL KOTAoKEVOoTEG int (), Float () Ko complex () Yo Vo TApayouv apLo-
HOVG CUYKEKPLUEVOU TVHTTOV.

‘O)ot o aptBuntikoi TUIToL (EKTOG TV WyadIKOV) VITooTNPilovy Tig akdlovbeg TPAEELS (Lo TPOTEPALOTITES
TV tpdEewv, PAéme operator-summary):

Mpdén AnotéAeopua 2n- OASKkANpeN
Meww- | Tekunpiwon
oele

X +y AaBpoLopa Tov x Ko y

X -y dLapopd Tou x Kan y

X *y YLVOUEVO TV X KOL Y

x /vy TINMKO TV X KoL y

x //y OKEPOLO HEPOG TOV TTNAIKOU TOV X KalL y (1)

X %y VITOAOLTTO TOV X /Y 2)

-x X 0PVNTLKO

+x X OUETAPANTO

abs (x) armoOALTY TN 1 LEYEDOG Tou X abs ()

int (x) UETATPOTT] TOV X O AKEPULO 3)(6) int ()

float (x) | UETOTPOTI TOU X OF KIVNTNG VITODLOOTOMG (4)(6) float ()
complex (re,fvag Wyadkdg aplbudg (e Tpoyuatikd uépog re, Avtaotko | (6) complex ()

im) uépog im. To im UETATPETETOL OUTOUOTO OF UNOEV.

c. ouCuyég Tou wyodikov aptbuot ¢

conjugate()

divmod (x, | o CevydpL (x // y, x % y) 2) divmod ()

y)

pow (%, X og duvau Tov y 5) pow ()

v)

X ** y X og duvau Tov y 5)

ZNUELWOELS:

(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 Sav ovvémela, N Mota [1, 2] Oswpeiton ionue [1.0, 2.0], Kow opoiwg yio TAelddeg (tuples).

44. Apwpontikoi TUnoL — int, float, complex
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(2) 'Oy yro yadikovg apbuotc. Avtifeta petatpéyte oe float ypnowwomoldvtog abs () edv givan epap-
nooLuo.

(3) H petatponn and float oe int mEPIKOTTEL, ATOPPLTTOVTIOG TO KAAOWOTIKO WEPOG. AELTE TIG OLUVAP-
moewg math. floor () Kowmath.ceil () yuo eVOMOKTIKES UETATPOTIES.

(4) 7o float d&yetan emiong Tig ovuPorooelpég (strings) «nan» Ko «inf>» e éva Tpoapetikd mTpdHeua «+» 1
«=» y1a. to Not a Number (NaN - Oyt aptBuog) Kow 0etikd 1 apvntkod dmeipo.

(5) H Python opiCel to pow (0, 0) kowto 0 ** 0 wg 1, dmwg ovvnOIleTor Yo TG YADOOES TPOYPAUUOL-
TLOUOV.

(6) To aplBuntikd kuplolektikd (numeric literals) ov yivoviow dektd mepthapfdvouv to Yymepia 0 €wg 9 M
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.

‘O)ot oL TUmoL numbers . Real (int xou float) emiong meplopufavovy tig akolovdeg Aettovpyieg:

Mpdén AnoteAeopua
math. X petatpémetal o Integral
trunc (x)

round (x[, | X OTPOYYULOTTONUEVO OF 1 YNpiat, OTPOYYVROTOLWVTAG TO Wod og Tuyd. Edv 1o n mapa-
nj) LevpBei, To default Tov eivon to 0.

math. TO peyaitepo Integral <=x
floor (x)

math. TO WKPOTEPO Integral >=x
ceil (x)

T epartépw aplbuntikég mpdEelg deite ta modules math kow cmath.

4.4.1 Bitwise MNpa&elg oe Aképailoug Tumoug
O Tpa&elg bitwise €xouv vonua udvo yia aképatovg aptbuovs. To amotéleoua twv bitwise mtpdEemv vroho-
viCetar oav va exteleiton o ouumAnpwua ®g Tpog dYo pe amewpo apbud bits Tpdonuov.

Ot tpotepaldTNTEG TV dVAdIKDOV TPAEewv bitwise eivar Oheg younhotepeg amd tig apLbuntikéc TpdEelg Ko
VYNAGTEPEG ATTO TIG OLYKPLOELS: 1) povadiaia TPdEn ~ £xel TV ida TpotepatdTnTa Ue TLg dhAeg povadiaieg
apBunTikég Tpdeg (+ kan —).

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

Mpd&n AnotéAeoua 2NMELWOELG
x |y bitwise or Twv x KdL y 4)

x Ny bitwise exclusive or TV x KoL y @

X &Yy bitwise and Twv x KoL y (@))

x << n | x ooOnuévo (shifted) aprotepd kotd n bits | (1)(2)

x >> n | x oloOnuévo (shifted) deE1d xotd n bits (H(?3)

~X TaL bits TOU X AVTLOTPOUUEVAL

Z1UELDOELS:
(1) Ouuetpnoelg apvnTkdY ohobfoewv (negative shift) eivon dxupeg Kow kKGvovy raise ValueError.
(2) Mo aprotept) ohioOnon (shift) katd n bits Loodvvouel ue ToMoTAACLOUO Ue pow (2, n).

(3) Mua 6eE1é ohioBnom (shift) katd n bits looduvaypel ue diaipeon TatdUOTOS e pow (2, n).
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(4) H extéleon autmv TmV VITOLOYLOUMDV UE TOVAAYLOTOV €va emITAEOV bit ETEKTOONG TPOONUOV OF (oL
AVOTTOPAOTAON EVOS TTETEPAOUEVOU CUUTTANPDOUATOG WG TPOG dV0 (€vo w@éhipo bit-width 1 + max (x.
bit_length (), y.bit_length()) 1 TePLOCOTEPO) ELVOL OPKETO YLOL VOL TAPEL TO (OLO OTTOTELEGLAL
oav VoL VTN PYE £vag ATTELPOG aplBpdg bits tpdonuov.

4.4.2 MNepartepw MEBodoL Twv AkEpalwyv TuTwV

O timog int vAomolel TV numbers. Integral abstract base class. Emumléov, mapéyel peptkég axoun uedo-
dovg;

int.bit_length/()
Emotpépet Tov aptBud twv bits ov elval amopaitnTog yio VoL avotopooTHoEL VOV aKEPILO 08 dua-
K0, ATOKAELOVTAG TO TPOONUO KL TA 0P LIKE UNdEV:

>>> n = -37

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

>>> n.bit_length ()
6

Mo ouyKeKpLUEVA, GV TO x elvar pun undevikd, 10te 10 x.bit_length () elvar povadikdg Oetikdg
opbudg k étoL wote 2** (k-1) <= abs(x) < 2**k.loodUvoua, 6tov 10 abs (x) elval apKeTd
kPO Yol va €xeL €va omoTtd oTpoyyvhomoimuévo hoydpbuo, tote k = 1 + int (log(abs (x),
2)).Ed&v to x eivar undév, tote 10 x .bit_length () emotpépel 0.

Ioodvvapo pe:

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 otv éxdoom 3.1.

int.bit_count ()
Emotpépet Tov aptBud twv wovadwv oty duadikn avamapdoToot] TG Ao TG TG TOU AKEPALOU.
Avtd eivar emiong yvwotod og to pétpnua tandvouot (population count). ITapdderypo:

>> n = 19

>>> bin(n)

'0b10011"

>>> n.bit_count ()

3

>>> (-n) .bit_count ()
3

Ioodvvapo pe:

def bit_count (self):
return bin(self) .count ("1")

Néo otmv éxdoon 3.10.

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

>>> (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)

(ouvéyela otV emtdpevn oehida)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

P'\xfA\XFA\XEA\XEA\XEE\XEFf\xEff\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 OverflowErrorisraised 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 byteorderis "1itt1le", 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 opropa signed KaBopilel v TO CUIITAPMUO MG TPOG SVO Y PNOLILOTTOLEITOL YLOL VOL AVTLITPOOMITEVOEL
tov aképaro. Edv to signed eivar False kau €xel 00l évog apvnTtikdg aképotog, Yivetou raise éva
OverflowError. Hmpoemleyuévn tun (default) yia to signed eivor False.

Néo otnv ékdoom 3.2.

classmethod int.from_bytes (bytes, byteorder, *, signed=False)
Emotpépet évav aképaio Tov avamopiotatol amd Tov S00UEVO TvaKa TV bytes.

>>> 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 TapdyeL 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 byteorder is "1itt1le", 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 opLopa signed VITOOELKVUEL EQV TO CUUTANPWUA WG TPOG dVO YPNOLLOTTOLELTAL YL VOL OVTLITPOTWITEV-
OEL TOV OKEPALO.

Néo otnv ¢kdoon 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 MNepartepw MeBodoL yia Float

O timog float (KNG VITOdLOOTOMG) VAOTTOLEL TV numbers . Rea 1 abstract base class. O float €yel emiong g
akolovOeg 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 eivol memepaouévo pe axépoio T Ko False dlopopeTikd:
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>>> (-2.0).is_integer()
True

>>> (3.2).1is_integer()
False

Ao néodol vtooTnpilovy T petatporty) amd Ko tpog dekaeEadikég ovuBolooelpég (strings). Agov ta floats
g Python amofnkevovtal ecwteptkd mg dvadikol apibuoi, n petatpomy) evog float Tpog 1) amtd wua dexadikn
ovuporooelpd ocuvihBwg mepthaufdvel éva wkpd oedluo otpoyyvlomoinone. Avubétme, ol deKaeEadikeg
OUUPOLOCELPES ETLTPETOVV OKPLPY] OVOTAPAOTAOT] KO OVYKEKPLULEVOTOINOT TOV 0PLOUL®V KLVITIG VITOdL0-
otolM)c. Autd wtopei va eivar ypnowo Katd to debugging xor oty optOuntuky).

float.hex()
Emotpéper wo avamopaotaoy evog aptBuol Kivitig vmodiaotolc wg dekaeEadiky ovufohooelpd.
(string). I memepaouévoug aptiuovg KIviThg vodLaotolng, auth 1 avarapdotaot 0o mepthappdver
TAVTO VA TPOTTOPEVOUEVO 0X KOL VO TELEVTALO P Kol EKOETY).

classmethod float.fromhex (s)
Mé£60d0¢ KAGaNG Lo TNV emiotpo@i) tou float wov aviutpoomevetal 0o wo dekaeEadik| oupporo-
oelpd (string) s. H ouufohooelpd s umopel va €xeL kKevo dLaoTno Tov oty apyn N To Téhoc.

Znuewnote 0TL to Float . hex () eivan éva instance method, evaw to float . fromhex () givor po ueBodog
KAdone.

Mo dekaeEadikr) ovuBorooelpd (string) éxel T pop@:

[sign] ['Ox'] integer ['.' fraction] ['p' exponent]

610V TO TPOaLPETIKO sign uwopel va eival gite + 1) —, integer ko £ract ion eivow ouuforooelpéc (strings)
dexoeEadikmv Ynopimv ko 0 exponent (ekBtng) eivan €vag deKadLkog OKEPOLOG UE TPOALPETLKO TPdOoNUO.
Ta meld 1 kepolaio dev eivor ONUAVTIKG Ko TTPETTEL VL VITAPYEL TOVAAXLOTOV £va. deKaeEAdLKO Yrpio eite
otov aképano eite 0To KAGopa. Auti m ovvtagn eivou mapouoLa e T ovvtagn mov kabopileTor oV evOTTO.
6.4.4.2 tov potumov C99, kabdg Kol otn oUvTaEn mov ypnolpomoteitol oty Java 1.5 kou petd. Idwaitepa, 1)
¢E0d0g Tov Float . hex () umopel va ypnotpomoin el wg dexoeEadikd Kuplohektiky KivnThg vitodLaotolg
oe kKhdika C 1) Java, kou wapdyOnkav dexoaeEadikéc ovuforooelpéc (e Tov yapaktipa woppns $a g C 1 1o
Double.toHexString tng Java eival amodextd amd to float . fromhex ().

Znuewmwote 6T 0 ekBETNG eival ypauuévog pe dekadikd Ko Oyt dekaeEadikd kot otu divel T dvvaun tov 2 pe
™V oot moAhamhaotdleton o ovvteleoth. T mapdderypa, 1 dexoeEadukn ovuporooelpd (string) 0x3.
a7p10 avuIpoommTEVEL TOV 0PLOUd KIVNTNG VITOdLAoTOAM g (3 + 10./16 + 7./16**2) * 2,0**10,
1 3740, 0:

>>> float.fromhex ('0x3.a7pl0")
3740.0

H epapupoyh g avtiotpogng uetotpomig oe 3740.0 diver pia diapopetiky] dekaeEadikn ovuforooelpd
(string) oV AvTLITPOoWITEVEL TOV 1810 OPLOUO:

>>> float.hex(3740.0)
'0x1.d380000000000p+11"
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4.4.4 KatakepHaTlOPOG TWV apLOUNTIKWV TUTIWV

For numbers x and y, possibly of different types, it’s a requirement that hash (x) == hash (y) whenever x
== vy (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.

Agmropépera vhomoinong CPython: Auti) T oTiywy), 0 TPADOTOG OV YPNOLUOTOLELTAL Elvoal P = 2*¥*31 — 1
oe unyoviuota pe unkovg 32-bitC ko P = 2**61 — 1 oe unyaviuoto ie unkovg 64-bit C.

Ed® oL kxavdveg hemtouepwg:

e Avtox = m / n elvou évag un apvntkog pntdg aplbudg kol 1o n dev dtotpeitol amd P, opiote 1o
hash (x) wogm * invmod(n, P) % P, o6movto invmod(n, P) pog dlvelL TO avTioTPOQpo TOU
modulo n P.

e Avtox = m / neivow évag un apvntkog pntog aptBudg ko to n drawpeiton pe to P (adAd to m oyL)
tOTE TO N1 OEV £XEL AVTIOTPOPO modulo P Kait 0 KavOvag Topamdve dev LoyVEL. Ze auThHvV TV TEPLTTMON
oplote 10 hash (x) g otabepn T sys.hash_info.inf.

e Avx = m / n eival évag apvnukog pntog apbuog tote to hash (x) opileton wg ~hash (-x) . Av
o hash ;ov pokvrtteL givar —1, avitkadiotatal pe —2.

o Ou ouykekpluéveg Twég TV sys.hash_info.inf kow —sys.hash_info.inf ypnoipwomotovvion
WG TLHES KATOKEPUATLOUOU YLoL TO OETIKO ArteLpo 1 To apvnTikd dmelpo (avtiotouya).

o T évav complex aplBud z, oL TWEG KOTAKEPUATIOUOV TOV TPAYUOTLKMY KOl (POAVTIUOTIKMOV UEPMV
ouvduatovtat pue tov voroylopd hash (z.real) + sys.hash_info.imag * hash(z.imag),
uewwpévo modulo 2**sys.hash_info.width étoL dote va Ppioketal 0to range (-2** (sys.
hash_info.width - 1), 2**(sys.hash_info.width - 1)).Kou mdhi, av to amotéheouo
gival —1, avikoOiototaol pe —2.

[ va amooagnvicouue ToOUg TapaTavm Kavoves, edo eival éva apdderypa Kodika g Python, toodvvapo
ue to built-in hash, yia Tov vtoloyiopwd tov hash evog pntov aplbuov, float, | complex:

import sys, math

def hash_fraction(m, n):
""n"Compute the hash of a rational number m / n.

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

men

P = sys.hash_info.modulus
# Remove common factors of P. (Unnecessary if m and n already coprime.)
while m $ P == n % P ==
m, n=m// P, n//P
if n & P ==
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

(ouvéyela 0TV emOpEVY 0edL)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

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

if math.isnan (x):

return object.__hash__ (x)
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())

def 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

return hash_value

4.5 Tunou lterator

H Python vrtootnpilel v £vvola tg emavainymg oe containers. AVTtd VAOTOLETOL Y PNOLUOTOLDVTAG dVO dLat-
POPETLKEG UEOGDOUVG: QUTEG YP1OLUOTOLOVVTOL YLOL VAL ETILTPEYOUV 08 KAAOELS TTOV 0pilovTan amd To XPHoT Vo
VoL VTTOoTNPLLOVY TNV emtavainym. Ot akoloubieg (sequences), TOV TEPLYPAPOVTOL TOPAKATO [LE TEPLOCOTEPEG
LemTOUEPELEG, TTAVTA VITOOTNPILOVV TIg LEDBOdOVG ETAVAAYTG.

Mo ué0odog mpérel var opLoTel Lo, Tor container ovILKeipEVa hote vo Tapéyel iterable vitooTHPLEN:

container.__iter__ ()
Emotpépet éva aviikeipevo iterator. To aviikeipevo amorteital va vitootnpilel To mpwTtOKOANO ETOVOL-
M pewv ov mepLyplpetan tapakatom. Edv évag container vtootnpilel dtopopetikol TG TG €m0~
VEMYNG, PITopovv va tapaoyefotv mpodabeteg néBodol yia vo Tntholv ouyKekpLuévol iterators yio
avtovg Tovg THmoug emavainyme. (Eva mopdderypa avikeltévou mov vrootpilel TolMamiég noppés
emavainyme Oa ftav o devdpiky dopun ov vtooTnpilel ko appdtepes Tig breadth-first ko depth-first
pop@ég). Avtn 1 uéBodog avtiotolyel otn uéBodo tp_iter tng doung timou yio avitkeipevo Python
oto API tng Python/C.

To id100 TO. AVTIKELUEVO ETOAVOAMWPEDY ATTALTELTAL VO VTTOOTNPILOVY Tig akOAovBeg S0 uebddovG, oL omoieg
07t KoLvoU aotehoVV To iterator protocol:

iterator.__iter__ ()
Emiotpépet 1o (010 TO avILKeiuevo iferator. Autd OITOLTELTOL MOTE VO ETLTPOITEL 1] X PNOLULOTTOLNOT TOGO
TV containers, 000 KoL TV iterators e Ta statements for kou in. Avty 1 uéBodog avtLoToLyel 0T doun
tp_iter tov avukewévov g Python oto Python/C APL

iterator.__next__ ()
Emotpépel to emoduevo atoryeio amd tov iterator. EGv dev vmdpyovv ddha atouyeio, Kdvel raise v
eEaipeon StopIteration. Avtn uéBodog avtiotouyel otnv doun tp_iternext TV avilKeWWévmy
¢ Python oto API g Python/C.

H Python opilet Sibpopa aviikeipeva iterator yio TV vrooTpLEN g emavalnPng Tévm o yeviKoug Kat
OLYKEKPLUEVOUG TUITOVG aKoAoVOLMV (sequences), AeEtkd (dictionaries) Kou GAAEG 70 eEELOIKEVUEVES NOPEEG,.
O ouykekpluévol ThmoL dev givar onuovtikol épa amd v vAoToino1 Tov iterator TPMTOKOIOV.

Mohig ) uébodog ___next___ () evog iterator kAveL raise éva. StopIlteration, TPEMTEL VO OVVEYIOEL VO, TO
Kéver og emdueveg KMOELS. YAOTTOLOELG TOV dEV LVITAKOUV 08 auTH TNV OLOTNTA BEMPOVVTOL ECPAMIEVES.
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4.5.1 Tunol 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.

4.6 TuroL AkoAouBiag (Sequence) — list, tuple, range

Yndpyouvv tpeig faotkoi tomor akorovOiwv: lists (Aioteg), tuples (mhelddeg) ko range objects (ovTikeipevo
gvpovg). [pdobetor THIOL 0KOAOVOIOG TPOCAPUOCUEVOL YL TNV EEEEPYAOia binary data Ko fext strings TepL-
vpbhpovTon o€ eLOLKEG EVOTNTEG.

4.6.1 Kowveég Aettoupyieg AKoAoubLwyv (Sequences)

O AeLToupyieg ToV TOPAKATW VUK VITOOTNPLLOVTOL 0T TOVG TTEPLOTOTEPOVS TUTTOUS AKOAOVOLDYV, TOTO UE-
tafintav (mutable) 600 ko apetédfintwv (immutable). H collections. abc. Sequence ABC mapéyeton
YLoL VoL SLEVKORUVEL T1) GWOTY] VAOTTOINOT QUT™V TV TPAEemy o€ Tposapuooévous THmoug akoloubiag.

Avtdg o mivakag amaplBuel Tig Aettoupyieg akolovdiog taSivounuéveg katd avgovoa mpotepaLdTNTa. ZTOV
sivaka, To s Ko 7 ivar akohoubieg Tov idLov Timov, ta 1, i, j KoL k eivon aképaiol aptBuot Ko to x eival éva
aVOAPETO OVTIKELUEVO TTOV TTANPOL 0TTOLOVONTTOTE TUITO KO TTEPLOPLOUOVGS TUUNG TTOV ETLBAAAOVTOL OTTO TO .

Oumpd&elg in Kawnot in €xouv Tig idleg mpotepaldTTeg Ue TG TPdEelg oUykplong. OumpdEelg + (ouvévman)
KaL * (emavddnyn) éxouvv TV 1dLa TPoTEPULOTNTOL e TIG avTioTOLKEG aptOunTikéG TpdEelg,.”

Mpdén AnotEleoua 2 NUEWW-
OElC

x in s True oV €va 0ToLYELo TOV S elval 00 [e To X, adldg False (1)

x not in s False av éva oTouyelo Tou s eival L0o pe 1o x, 0AAMOG True (1)

s + t 1] CLVEVMOT] TOV § KO ¢ ©)(7)

S * nAn * s 100 pe TV TPOGHEDT TOV § GTOV EAUTO TOV 1 POPES 2)(7)

s[i] io oTouyeio Tov s, apyn to 0 3)

s[i:zj] slice (VITOOVVOAO) TOV § ATTO TO I UEYPL TO J 3)4)

s[i:j:k] slice (vTOoVVOLO) TOV 5 QTd TO i UEYPL TO j e Prua k 3)(5)

len(s) UNKog tov §

min (s) WKPOTEPO OVTLKELUEVO TOV §

max (s) UEYAAITEPO OVTLKELLEVO TOV §

s.index (x[, SEIKTNG TNG TPWDTNG EUPAVLONG TOV X 0TO s (LETA 0TO TOV 1) oToV deikty | (8)

il, J311) i Ko TpLv amd To delKT j)

s.count (x) OUVOAMKEG EUPAVIOELS TOV X OTO §

Ou axolovBieg (sequences) Tov (dLov TVTTOV VITOOTNPLLOVY emiong ovykpioels. Ewdikotepa, ta tuples (mheldi-
dgc) KL oL MoTeg ovykpivovTol AeELKOYpapLKd OUYKPIVOVTOG TA OVTIOTOLYO. OTOoLKELD. AUTO onuaivel OTL yLo
va ouykpivoupe toa, ka0e oToLyElo TPETEL VO CUYKPIVETAL WG 100 Ue To ovTioTord Tov, oL dvo aKkolovbieg
TPETEL VAL €lvaL TO 1dLov TUITOU Ko var £xovv 1o ido unkog. (Mo ipelg hemropuépeteg deite TV avagpopd
comparisons.)

Eumpdobior kKau avtiotpopol iterators méve oe petofintég axorovbieg £xyovv mpdopaon oe TWESG YPNOLUO-
molwvTag £va OelkTn. Avtdg o deiktng Ba cuveyioer vo Padilel mpog ta eumpdg (1 TPOG TA TOW) AKOUOL
Ko av 1 vrokeipevn akohovbio petalhdooetar. O iterator tepuatifer povo 6tov évo ITndexError 1 éva
StopIteration yivelraise (1] 6Tov 0 delKTNG TECEL KATW 0T TO UNOEV).

ZNUELWOELS:

3 Mpémer va éxovv, agod o parser dev (mopet vo Eexwpioet TOV THTO TOV TEAECTHV.
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(1) Evod ou mpdEelg in Kow not  in ¥pnoLuomotouvToL YeEVIKA Lovo yuo oo éheyyo containment (v 0ToL-
yelo mepLéyetol oe uuo dout)), oplouéveg eEetdikevuéveg akorovdisg (Omtwg OTwG oL str, bytes Kl
bytearray) TG ypNoLLoToLoVV eiong Yo subsequence testing (éAeyyo vtoakorovdiag):

>>> llggﬂ in "qusll
True

(2) TwégTov n ukpoTepeg amd to 0 avtipeTmmilovrol wg 0 (tov divel wa kevi| akolovdio Tov idLov THmou
UE §). ZNUELDOTE OTL TO GTOLYELD TNG AKOMOUOILOLG 5 HEV AVTLYPAQPOVTAL: AVAPEPOVTOL TTOAMES POpPEG. AuTd
oUYVa OTOLELMVEL TOL GTopa TTov EgkLvouv ue Python- okegpreite:

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

[el, 1, 111

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

(031, 31, [31]
Avutd mov ouvéRN elvon 6tLTo [ []] elvon o Moto evOg OToLYELOV TTOU TTEPLEYEL (iat KEVT| MOoTa, 0TTOTE
Ko To Tpio otouxeto g [ [1] * 3 eivon avagopég oe avty ™) uia kevi AMota. H tpomomoinomn omotov-

dMmote amtd ta otovyeio g 1ists tpomormotel ovti) T povadikn Aioto. Mmopeite vo dnuovpynoete
HoL MoTa atd SLapopETLKEG MOTEG [LE QUTOV TOV TPOTO:

>>> lists [[] for i in range(3)]

>>> lists[0].append(3)
>>> lists[1].append(5)
>>> lists[2].append(7)
>>> lists

[[31, [51, [71]

IMepartépw emeENynon eivan drabéowun oto Mpuo FAQ fag-multidimensional-list.

(3) Edv 10 i1 70 j eivar apvntikd, o delktng elvor oyetikdg ue to téhog g akorovbiag s: to len (s) + 1
Ntolen(s) + javukadiotatol. Znueidote opwg Ot to —0 eEakolovBei va eival 0.

(4) To vmoouvolro (slice) Tov s 0rtd To i £wG TO j OPILETAL WG 1) akolovBia oToLyElWV (e delkTn k TETOLA MOTE
i <= k < 3 .E&vtoinf o eivouw peyoritepo amd to len (s), xpnoLtomorjote o len (s). Avto i
mopaieimetan N elvow None, ypnolpomomote 0. Av to j mopadeimetan 1 eivor pnd £ v, xpNOLUOTONOTE
to len (s) . EQv 1o i eivaw peyalitepo amd 1 ioo pe to j, To viroovvolo (slice) eivor Kevo.

(5) To vmoovvolo (slice) Tou s amd i £wg j pe Prua k opitetor wg M akorovBio TV oToLyElWV He deiktn X =
i + n*ktétole wote 0 <= n < (J-1i) /k.Me dhha AOya, ol deikteg elvan i, 1+k, i+2*k, i+3*k
Kot oUTw KabeENg, otapatdvrag otav @taoovue 0to j (aAld moté dev mepthaufdvel to j). ‘Otav to k
elvar OeTikd, Ta i Kou j pewdvovtol og len (s) av eivor peyaivtepa. ‘Otav to k eivar apvnikd, ta i Kot
Juewdvovtar og len (s) — 1 ov elvaw peyolitepa. Edv ta i 1) j mopaleimovton 1) eivor None, yivoviou
Tég «end» (to Téhog eEapPTATUL QIO TO TPOGNUO TOV k). ZNUELMOTE OTL TO k deV UTopel va eivol pundév.
Ed&v 1o k eivan None, avripetonileton 6mwg to 1.

(6) H ovvévmon auetdfintov axoloududv (immutable sequences) 001 Yel TAVTA 0 €VOL VEO OVTLKEIUEVO.
Avutd onpaiver dtu 1 dnuovpyia pog akorovbiog ue emavalaufavouevn cuvévoon o €xel Tetpaym-
vikd K60T0G Y pOVOU eKTéNEONG (runtime cost) 0T0 GUVOALKO Unkog g akorovBiac. Tia va mtdpete éva
YPAUULKO KOOTOG Y pOVOU eKTELEDTG (runtime cost), TPEmeL vo Letafeite oe pia amd TG TApoKATm eVO-
MoKTIKES MoELS:

o OV OUVEVIVETOL AVTLUKEIEVA STt I, WTTOPELTE VAL ONULOVPYNOETE (oL MOTA KOLL VOL Y PT|OLUOTTOLYOETE
™V str.join () 0To TELOG N CAMMG VO YpOeTe 0€ €val 1 0. St ring IO instance KoL OVOKTYOETE
™V T TG OTarV OAOKANPWOEL

e (LV GUVEVMVETOL AVTIKEIUEVO byt es, WTOPELTE VO YP1OLUOTTOLNOETE TOPOUOLa. T uEB0do bytes.
join() | io.BytesIO, f| umopeite va kdvete in-place ouvévwon (concatenation) pe €va
bytearray avikeipevo. Ta avitkeipeva by tearray eivol LeTofANTA KoL £(0VV EVOV ATOTEAE-
OUOITLKO UMY OVIoRO ouvollkng Katovoung (overallocation)
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e OV OUVEVIVETOL OVTIKELUEV, tup ] e, EMEKTEIVETE (Ol 1 1St avt” auToU
o yLoL GAAOVG TUTTOUG, EPEVVINOTE TN OYETLKT TEKUNPLWOT TV KAAGEMY

(7) Oprouévol thmol axohovOLdV (0nwg range) vrootnPitovv wovo akorovdieg oToLyElwWV TOV OKOAOU-
00UV cuykeKpLUEVO NOTIPA, KL 0G €K TOUTOU eV VITooTNpilovv akolovdia ouVEVWON 1) ETAVOANYY).

(8) To index Kdvel raise ValueError 0tov to x dev Bpioketol 0to s. 'Oyt dAeg oL VAOTOMOELG VITOoTHPI-
Covv ™ duafifaon Twv Tpoabetmv oplwv i Kat j. AUTEG OL TOPAUETPOL ETUTPETOVY TNV OTTOTENEOUATIKT
avaZnmon vrotunudtov g akorovdios. H dafipaon tov mpdobdetmv oplwv eivan mepimov 1oodv-
voun 1e ™) xpNon Tov s [1:3] . index (x), udvo xwpig va avityplpoviol dedouéva KaL (L€ TOV ETL-
OTPEPOUEVO OELKT VOl ELVALL OYETLKOG IE TNV 0PYT) THG 0KoAovOiog Kot 0L 0TV apy1] TOV VITOGUVOLOU
(slice).

4.6.2 Turol ApetapAntwv AKkoAoubLwy (Sequences)

H poévn Aettoupyia wov vhomolovv ol auetdfAntol yevikol tumol axolovdiag wov dev eivar vhomolmuévor amd
netapintovg Thmoug akorovbiag, eival 1 vtoothplEN ™G hash () built-in.

Avti 1 vtootpIEY emtpéel auetdfAnteg akohoubiss, OTWG oL TEPLITTMOELS TWV tup 1 e, VA YP1OLULOTTOL0V-
viow oG Kheldld dict Ko va amwodnkevovtal oe set KoL frozenset instances.

H mpoomdBeia kotokeppatiopoy wag OUETEAPANTNG aKOAOUOING TOU TEPLEXEL W KOTOKEPUOATLOTEES
(unhashable) Tiuég Oa 0dnyNoeL 0 TypeError.

4.6.3 Turnol MetapBAntwv AKoAouBLwyv (Sequences)

O Aertovpyieg Tov akdrovBou mivaka opilovrar o puetafintovg timovg akolovdiog. H collections.
abc.MutableSequence ABC mapéyetol yio vo KOveL EUKOAOTEPT] TV GWOTY VAOTTOLNGT) GUTMV TOV AEL-
TOUPYLADV O€ TPOCGAPUOCUEVOUG TUTOUG OLKOMOUOLDV.

Ztov mivaka to s eival £va instance evog petafAntol Timov akolouvbiag, To ¢ eival 0molodmoTe iterable avti-
Keluevo Kot 1o x eivor £va avhaipeTo OVTLKELUEVO TTOU TANPOL 0TTOLOVONITOTE THITO KOL TEPLOPLOUOVS TUNG
7oV eMPBAANOVTOL ATTd TO § (VLo TAPAdELYUQ, TO bytearray dEXETOL HOVO OKEPALOVG TTOV TANPOUV TOV TTE-
popopd 0 <= x <= 255).

Mpdén AnoteAecpua 2nueEww-
fofalls
s[i] = x TO OTOLYELD  TOV 5 avTikadioTaTol arTd To X
s[i:j] =t T0 VIToovvolo (slice) Tovu s amd To i £wg To j avtikabiotaTtol oo Ta JTE-
pleyxoueva Tov iterable ¢
del s[i:7] wwopetos[i:j] = []

s[i:j:k] =t TO, OTOLYELD. TOV s [1: 7 :k] aviikadiotovtal amd ekeiva Tou ¢ (D
] agoupel Ta otoryeia tov s [1:j : k] amd ™ Mota
eLodryel To x 010 Téhog TG akolovbiog (ido e s[len (s) : len(s) ] =

[x])
s.clear () apaipet Oho ToL oToLyEla otd To s (ido pe to del s[:1) 5)
s.copy () dnuovpyei éva shallow avtiypao tov s (1dLo pe to s [: 1) 5)
s.extend (t) 1 | ETEKTELVEL TO § [LE TO TEPLEYOUEVA TOV ¢ (WG ETTE TO TAELTTOV TO 110 e TO
s += t s[len(s):len(s)] = t)
s *=n EVILEPMVEL TO § € TO TEPLEYOUEVO TOV ETAVOLAUBAVOUEVO 1 POPEG (6)
s.insert (i, €LOALYEL TO X 0TO § 0T0 delkTN 7OV diveTan ad 10 i (To ido ueTo s [1:1]
x) = [x])
s.pop() M s. | QVOKTA TO OTOLYELO OTO i KOIL TO OPALPEL ETTLONG OTTO TO § )
pop (i)
s.remove (x) remove the first item from s where s [1] is equal to x 3)
s.reverse () OVTLOTPEPEL TOL OTOLYELDL TOV § 4
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ZNUELWOELG:

(D
2

3)
“4)

®)

(6)

¢t must have the same length as the slice it is replacing.

To TPoaLPeTLKO OPLoUA i EXEL TPOETAEYUEVN TN — 1, £ToL WoTe amd default To televtaio oToLyElo apaL-
PELTOL KO ETLOTPEPETAL.

1 remove () KGveiraise ValueError 0tov 10 x 0ev BPloKeTaL 0TO .

H uébodog reverse () tpomormolel v akohovbio 0T O£01 TG YLO OLKOVOULO XDPOU OTOV AVTLOTPE-
petaL wa peyakn axohoubio. No vrevOuuioovpe otovg ypNnoteg 0Tl Aettovpyel e mopevépyela, dev
ETLOTPEPEL TNV OVTLOTPOUUEVT] aKolovBia.

N clear () Kau M copy () mepthauBdvovion yia Aoyoug ouvémeiag ue ta interfaces Twv petofAnTmv
container tov dev VITOOTNPILOVV AerTovpyieg TUunuatomoinong (dmwg ta dict ko set). H copy () dev
amotehel Hépog g collections.abc.MutableSequence ABC, ahld oL meploodtepeg KAAOELG
UETAPANTOV 0KOAOVOLMV TNV TAPEYOLV.

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

H i 7 givan évag aképarog apBudg 1 éva avitkeipevo mov viomotel Ty __index__ (). O undevi-
KEG Kal apvNTIkéG TLWEG Tov 11 KaBapitouv tnv akolovBia. Ta otouyeia Tng akolovBiog dev ovTLypigpo-
vToL avoagépovtal ToMEG popéc, dnmg eEnyeitar Yo to s * n’ oto Kowég Aettovpyles AkorovOudv
(Sequences).

4.6.4 Aioteq

O Moteg eivor petafintég axorovdieg, mov ovvABMG YPNOLWOTOLOVVTOL Yo TV aofNkevon culloymy
opoLoyevav ototyelmv (0ou 0 axpng BadUdg oloLOTNTOG TOLKIALEL OVALOYOL UE EQPAPUOYY)).

class list( [iterable] )

O MoTEG WITOPOVY VO KATAOKEVOGTOUV UE dLAPOPOUG TPOTOVG:
o Xpnowomoteiote éva LeVyYog ayKulmv yLa vo. SNAMOETE TV KeVH Mota: [ ]
o Xpnowuomoldviog aykvles, diowpitoviog ta otouyeio pe kéupata: [al, [a, b, c]
o Xpnom evog list comprehension: [x for x in iterable]
o Xp1on Tov KATaOKEVOOTY) TUITOU (type constructor): 1ist () ) list (iterable)

O xotaoKkevaoThg (constructor) dNULOVPYEL pLat ALOToL TG 0TToiaG T oToLY ElD elval TaL idLoL Ko pe Tnv idLa
oelpd OTwg ta atoLyelo Tov iterable. To iterable pmopel vo eival eite o axolovbia, eite évag container
OV VITOOTNPICEL TNV eTAVOAN Y, 1] €va aviikeipevo iterator. Eqv to iterable eivon 110 wo AMota, m-
LLOVPYELTOL VOl AVTLYPOPO KO ETLOTPEPETOL, TOPOuoL e TNV iterable [ :]. To mopdderyua, 1
list ('abc') emotpégel ['a', 'b', 'c'lwoumlist( (1, 2, 3) ) emotpépea [1, 2,
31. Av dgev d00ei Kavéva OpLopa, 0 KaTaokevaoThs dNUOVPYEL wio véo kevi Mota, [].

TToM\ég Ghheg Aettoupyieg mapdyovy emiong Aioteg, ovpmephopfovouévng tg built-in sorted ().

O AioTeg vhomoloUv OAeg Tig common ko mutable Aertovpyieg axorovbiag. O Moteg mapéyovv emiong
™V akdrovdn cpdobetn pébodo:

sort (*, key=None, reverse=False)
Avt) 1 uébodog ta&Lvouei tn hiota, xpnoomoumvtag udvo cuykpioelg < ueta&l otouyeiwv. OL
eEaLPEoELg dEV KOTAOTEMOVTOL - oV atoTUyEL Kamola TTpdEn ovykpLong, ohokAnpn 1 Aettovpyia
tagvounong Ba amotiyel (ko 1 Moto Ba mapapeivel mBavoTATo O8 Lo LEPLKMG TPOTOTOLUEVY
KATAOoTOO0N).

1 sort () déyeton 8Vo opiopata OV WITOPOVV Vo, TEPAOoOUV HOvo ue T MEN-KAewdi (keyword-only
arguments):

10 key k0BopileL uio ovvapTnoT evog OPIoUATOG TTOV Y PNOLUOTTOLETOL YLOL THV EEarywyT) evOg Khel-
dLo00 ovykplong (comparison key) amd kdbe otoryeio g Alotag (yia mapdderypa, key=str.
lower). To kAeldi o avtiotolyel oe Kdbe atoryeio TG Motog umohoyileTol uic (popd Kol 0T ou-
VEYELOL X PN OLUOTTOLEITOL Yot OMOKAN PN T Sradikaoia Tagwvounonc. H mposmheyuévn tiun (default)
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None onuaiver étL to oToLyela g Motag TaEvopovvtol amevdeiog ympig vo vroloyiletan Egyw-
pLoT T KhetdLov.

To utility functools.cmp_to_key () elvor SLaBE0LUO YLOL T UETOTPOTT ULCL CUVAPTNOY cmp
O0TVA 2.X 0g ovvapTnon key.

1 reverse givow pa Aoyikr) (boolean) tyun. Av tebel oe True, TOTE TA OTOLYKELQ TNG MioTOG TAELVO-
LOUVTOL OOV VO HTAV OVTLOTPOPY KAOE 0UYKPLOT.

Avt) 1 ué0odog Tpomorolel TV akorovBia yia eEotKovOuNon XMPOL Katd TV TOELVOUNOT tag
ueydiing axorovBiag. Na vrevBuuioovue otoug xpnoteg OTL AeELTOVPYEL e TapeVEPYELAL, OEV ETTL-
oTpEpeL TNV TaELvounuévn akoloudia (xpNoLuoTooTe TV sorted () yio vo TNTNOoeTe wo. véa
mepimTmon tagivounuévng Motog).

H uébodog sort () eivan eyyunuéva otabept). Mo toErvounon eivar otabep av eyyvdron dtL dev
B0 aAMGEEL T OYETIKT OELPA TMV OTOLYELMV TTOV CUYKPIVOUV (00 — QUTO ElvoL XPNOLULO YLOL TV
TAELVOUN O 08 TTOAMOTTAG TTepdopaTo (Lo TTOPASELY LD, TASIVOUNOT KATA TUNILA, 0TI GUVEYELD UE
Béon to woboroykd KAMUAKLo KTh).

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

Agnropépera vhomoinong CPython: Eva pua Mota ta&uvoueitat, To ammotéleopio TG TpoomdfeLag
uetdAhakne, 1 akdpa ka1 embempnon, e Motag eivar ampoodidpiotn. H vhomoinon g Python
ot C kdver v Mota vo gupoviletor Kev) yio OMn ) dLdpkeLa, KoL KQveL raise Va lueError ov
aviyvevoetr 0tL 1) Aota €yl petaihayBel Katd ) dudpKrela og taEvounong.

4.6.5 MNAewadeq (Tuples)

Ou mhelddeg (tuples) eival apetdfinteg akolovdieg, mov cuVNO®G YPNOWOTOLOVVTOL YL THV OTTOONKEVOT
OVALOYDV ETEPOYEVAV dedoUEVIV (0mtwg ot 2-tuples ov mapdyovior amd v built-in enumerate ()). Ta
tuples ¥PNOLULOTOLOVVTOL ETTLONG YLOL TEPLITTMOELG OOV Lal OUETAPAN T akohovBio opoloyevav dedousvwv
(6mwg Yo TopadeLyuo YL vou ELTPETETOL 1) ATTOONKEVOT O€ éva set 1) o€ éva dict instance).

class tuple ([iterable] )
O mherddeg (tuples) PTopovv var KOTAOKEVAOTOUV e SLApopous TPOTOVG:

o Xp1jon evog Cetvyoug mapevOioemy yiao va dNhmOel to Kevo tuple (thetdda): ()
o Xpnon evdg KOUUATOG 0To TENOG YL £var Lovadiko tuple (mhewdda): a, M (a, )
o Atoywpropdg otovelwv pue kéuua: a, b, cf (a, b, <)

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

O xatookevaothg (constructor) dnuovpyet wo mheldda (tuple) Tov omoiov T oToL el elval Tor 1dLa
Ko oTNV idLa oelpd ue to otouygia tov iterable. H iterable pmopei va eivau gite wo okohovdia, eite Evay
container 10V VITOOTHPLLEL TNV ETTAVAINY, 1] Eva avTikeipevo iterator. EQv to iterable eival 101 €va tuple,
emotpepetal apetdfinto. Na mapaderyna, To tuple ("abe') emotpéper ('a', 'b', 'c') Ko
totuple( [1, 2, 3] ) emotpéper (1, 2, 3).Av dev d00el Kavéva OPLOUA, O KATOOKEVOOTNG
dnuovpyel pa évo Kevo tuple, () .

ZNUELWOTE OTL TNV TPAYUOTIKOTNTO TO KOUUOL ELvVaL AVTO 710U KAveL Eva tuple (rThetdda), Oyt oL TOPEV-
0éoeic. O mapevOEoelg elvol TPoaLpETikeS, eKTOG amd TV mepimtmon Kevov tuple 1 dtav ypeldfovion
YLOL TNV QITOQUYY CUVTOKTIKNG aodperac. o mapdderypa, £ (a, b, c) eivan po KAon ovvapt-
ong pe tpia oplowata, evon £ ((a, b, c)) elvow pa cuvaptnon kinon ovvdptnong pe éva 3-tuple
G HovadLkd OpLouaL.

Ta Tuples vhomoLOUV OAEG TIg TPEEELG OKOAOVOLDY common.

T etepoyeveic oulhoyég dedouévav dmov 1 Tpdopaon ue FAaon to dvoua eival capéotepn omtd Ty Tpdofoot
ue Pdon 1o delk, 10 collections.namedtuple () WTOPEL VO ELVOL IOl TTLO KATOANAT eTThOYH aTto €va
omho aviikeipevo tuple (TAelada).
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4.6.6 Eupn (Ranges)

O 10mog range ovosTopLoTd (o aueTd ANt akolovdia aplOumv Ko GuvnOmGS XPNOLULOTTOLELTOL YLOL THV ETTOL-
VO YPT) EVOS CUYKEKPLUEVOL apLBuol emavalpewv o Bpoyovg for.

class range (stop)

class range (start, stop[, step] )
Ta opiopota Tov KOTAoKEVAOTH €0poUg (range constructor) spémel vo eivol aképatol aplbpot (eite g
built-in int 7 07TOLONTOTE AVIIKEIUEVO TTOV VAOTTOLEL TNV €LOLKT) uéBodo _ index__ () ). Edv 1o 6pti-
oL step TOPAAELTETAL, TO TTpogmhoy (default) elvon 1. Edv to 6pLoua start Tap alelteTaL, T0 TPOETLAOYT
(default) eivar 0. Edv to step elvan undév, yivetou raise évo ValueError.

TN éva BeTikd Briua, To mepleydueva Tov range (elpovg) r kabopilovior amd Tovtimo r [i] = start
+ step*iodmovi >= Okour[i] < stop.

T éva apvitkd Briua, to TepLexouevo Tov eupoug (range) eEakorovBouv va Kabopifovrar amd tov
Tnor[i] = start + step*i, ahhd oL weplopopol eivon i >= Oxkowr[i] > stop.

‘Eva ovtikeipevo range Oa eival adelo edv 1o r [0] dev mhnpol tov mepopopd tung. To ranges vio-
ompilovy apvnTikols deikTeg, MG autol epunvevtovTol Mg deikTeg 0Ttd TO TELOG TNG akohoubiag mov
KaBopiletar ammd Toug OeTikovg deikTec.

Ta ranges 7OV TEPLEXOVV OTTOMVTES TUWEG UEYOUAVTEPES OO SyS . maxsize elvol EMLTPENTA, AAMG OpL-
OUEVA YOPAKTNPLOTIKA (OTTG Ien () ) UWTOPEL VoL KAVOUY 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 vhomoloOv Oleg TG akohovdieg common €KTOG 0O T CLVVEVMOT KoL TNV emavainym (Aoyw
TOV YEYOVOTOG OTL TO. range OVILKEIUEVO WTOPOUV VA AVaTTapLoTovV wOvo akohovbieg mov akorovBovy
€va avoTNPO HOTIRO KoL 1 ETOVAANYY Kot 1] OVVEVWOT ouvNOwg tapaLalouv avtd To TPATUTO).

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 TheoVvEKTNUO TOV TUTTOV range €vavtl eVOg KOVoVIKoU TOmov 11ist M tuple eival OTL €va avitKeluevo
range 0o maipveL TAvTo, 1o i8Lo (KPO) Tooo vHuUng, aveEdptnTo amd To péyefog Tov range OV AVIITPOOM-
meveL (uag ko arrobnkevel novo tg Tiég start, stop kKot step, VmoloyiLovIoag To UELOVOUEVO OTOLYELD
KO TLG VITOTTEPLOYEG OTTMG ALTTOLTELTOL).

Ta aviikeipevo range vVAOTOLOUV TV collections. abc. Sequence ABC, Ko TopELOUV YOPAKTPLOTLIKG
OTWG SOKLUES TTEPLOPLOUOV, AvaliTnon ST OTOLYEIOV, TEUAYLONO Kol VITOOTHPLEN apvnTIKDOV SeLkTmV (BA.
Tomor AkolovOiag (Sequence) — list, tuple, range):
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>>> 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 AVTIKEWWEVMVY range Y10, LoOTHTA UE == KO | = Tta GUYKpivel wg akohouvbies. Anhadn, dvo avri-
Kelpeva range Oemwpovvral ioo oV AVILITPOSWITEVOVY TV L0 akorlovbia TWV. (Enuelmote 6Tl dVo AvTIKel-
ULEVOL Tange TTov OLYKPILVOVTOL OG L00L WTOPEL VAL EXOUV OLAPOPETIKA start, Stop Kl Step upaKTNPLOTIKA,
yio mapaderyuwo range (0) == range (2, 1, 3) Mrange(0, 3, 2) == range (0, 4, 2).)

AMoEe oty ékdoon 3.2: Yhomoteiote thv akolovBiae ABC. YroompiEte thv Tunuatoroinoy Kol tovg ap-
VNTLKOUG SEIKTES. AOKIUAOTE T 1 Nt VTIIKEUEVE YLOL CUUUETOYN] 0€ 0TOOEPS XPOVO QVTL TNG EMOVAAYNG OE
Oha T avTikeipeva.

AMaEe oty €xdoon 3.3: Opiote ta “==" Kar “!=" yio vo OUYKpiveTe aviiKeipeva range e Baomn v akolovdio
TOV TWWOVY TV 0piLouv (vl va ovyKpivouv pe BAon TV TovTOTNTO TOV AVTLKELUEVOD).

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

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

4.7 Tunog AKoAoubiag (Sequence) Kelpevou — str

Ta dedopéva kewévou oty Python avupetwmiCoviol pe avukeipeva str A strings. To alpoapOuntkd
(strings) eivow auetdfinteg sequences twv Unicode points. Tor akgaplOuntikd ypdpoviol e didpopovg Tpo-
TOVG;:

o AmAd elooywyikd: 'allows embedded "double" quotes'
o Aumhd elooymykd: 'allows embedded "double" quotes'
o Tputhd elooywykd: ' ' 'Three single qguotes''',"""Three double quotes"""

Ta olpapldunTikd oe TPLTAd eLo0YWYLKA UTopoVV Vo KaAUTTouy Todég Ypauués - Oha to. oyeTikd kevad Oa
ouuTePANPHOVV 0T0 aAPOPLOUNTLKO.

Ta AhpaplBunTikd (strings) Tov orroTehoVV PHEPOG PLAIG EVLOLOG EKPPAONG Ko £X0VV OV KEVEL PeTaEl Toug,
Oa petatpatouv olwmnpd oe éva eviaio akpaplOuntiko literal. Anhadt, ("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 ahgpopOuntikd (strings) pmwopovv emiong va dnuovpynBovv ard GALA VTIKEILEVO YPNOLLOTOLMVTOS TOV
constructor str.

Egdoov dev vrtdpyer Eexwplotdg timog «character», to indexing wog ovpBorooelpdc (string) mapdryer ouvpfo-
hooelpég unkovg 1. Anhadi, yio pa un kevi) oupforooelpd s, s [0] == s[0:1].

Aev vrtdpyer emtiong peTafAntog Tomog ovuBorooelpdg (string), Al to str. join () 110 i0.StringIO
WITOPEL VoL PNOLUOTTOLN 0L YLaL TNV 0ITOTENETUATIKT] KATOoKeUT CUUBoh0sELp®V atd oMY uép).
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AMoEe oty £xdoon 3.3: T ovpBatdtnto mpog Ta iom (backwards compatibility) pe T oglpd Python 2, to
pdOeNa u Elvan ETLTPETTO Kol TOM 08 ahpaplOunTIKd. Agv €xelL Kopia emidpaon oty onuacio Twv aigopto-
WNTLKOV KoL OV WITOPEL VoL CUVOVOOTEL (e To TTPdOepa .

class str (object=")

class str (object=b", encoding="utf-8', errors='strict’)
Emotpéper o £€kdoo siring tov object. Av to object dev mapéyeTol, EMOTPEPEL KEVO OApapLlOuNTKO.
ALagopeTikd, 1 CVIWITEPLPOPG TG st r () eEaptdtal amd To av divetan encoding W errors, wg €ENG.

If neither encoding nor errors is given, str (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 not have a ___str__ () method, then st r () falls back to returning repr (object).

Edqv divetow tovhaylotov éva amd o encoding W) errors, 10 object Oa. mpémer va. eivan éva bytes-like
object (m.y. bytes | bytearray). Z& QUTI TV TEPLTTOON, OV TO object elvol €vo. avitkelpevo bytes
(| bytearray), tote 10 str (bytes, encoding, errors) &lvol L0OdUVOUO UE TO bytes.
decode (encoding, errors).ALGQOPETIKA, TO OVTIKEIUEVO bytes TOV VITOKPVITTEL TO AVTIKEIUEVO
buffer haufdaveton piv amd v KAHon tov bytes.decode (). Agite Tomor Svadikis akolovbiog —
bytes, bytearray, memoryview kou bufferobjects yio mAnpogopieg oyetikd pe ta avrkeipeva buffer.

[Tépaopa evdg avTikelnévoy bytes oto str () ywplg To encoding 1) T errors 0pioULOTO EUTLTTEL OTHV
TPATN TEPITTMON EMOTPOPTG TNG ATUTTNG AVOTAPAOTOONG ouuporooelpdg (string) (deite emiong tnv
emhoyn —b g ypauung eviohmv yia Python). T mopdderypo:

>>> str(b'Zoot!")
"b'Zoot!""

TN TepLocdTEPeg TANPOPOPIES OYETLKA ne TV KhAoT str ko TG ueboddovg tng, deite Thmoc Axo-
AovOiag (Sequence) Kewuévov — str kow tnv evotnto. MéOodor Svufolocetods (String) mapaxdtw. o v
TOPAYWYN LOPPOTTOLUEVWV CUPBorocELPMV (string), avatpéEte otig evotnteg f-strings kaw Format String
Syntax. Emuathéov, deite v evomta Text Processing Services.

4.7.1 M€6odoL ZuppBolooeLpag (String)

Ot oupporooerpég (string) vhomolovy dheg TG Aertovpyieg TV common axohovOLdV, Hali He TG mpdabeTeg
1ehOAOVG OV TEPLYPAPOVTOL TOPAKATO.

O oupporooelpég (string) vTooTNPILovv emiong dVO GTUA LOPPOTTOLNONG CUUBOLOGELPMV, TO £VOL TTAPEYEL VAL
ueyaho pabud gvehEiog ko mpooapuoyng (Bréne str. format (), Format String Syntax kow Custom String
Formatting) xou to GAho Paocileton 0to oTvk poppomoinong print £ mg C mov yewpileTon £vo 0TeEVOTEPO EVPOG
TOTTWV KOL ELvaL AMyo o dUOKOAO VoL XpNoLuototn0el cwotd, aAAG eivar ouYVE ToVTEPO YLOL TIG TTEPLITTMOELS
IOV WITOPEL VO XELPLOTEL (printf-style String Formatting).

To tuhua Text Processing Services tng mpdtumng PLprodnkng Kahimrer Evav apbud amd dhheg evotnteg mov
TOPEYOVV dLdpopeg PonONTIKEG VIINPECLES TOV OYETICOVTOL e TO Kelpevo (ouumepthaiBavouévng g vo-
OTNPLENG TOV KAVOVIKMV EKPPAUCEDV 0TIV EVOTNTA re).

str.capitalize()
Emotpépel éva aviiypopo g oupporooelpds (string) e Tov IpmdTo apakTtpo KEQAANLO KoL Ta vitd-
Aoura pe Teld ypdupuota.

AMEe ot ékdoon 3.8: O pwTog xopaKTpog TibeTaL Thpa o€ titlecase avti yio uppercase. Avtd on-
paiver Ot yopaktipeg OTWS oL duypapol (digraphs) Ba £xovv ndvo To TPDTO YPAUU TOVG UE KEParaio,
avTi yror GLOVG TOUG XOPAKTNPES.

str.casefold()
Emotpépel éva avtiypago tg ouuBorooelpds (string) oe casefolded poppt). O casefolded cuuorooeipéc
uropovv va ypnotpomotnBov yia caseless matching.

To casefolding eivow wopdpoLo pe to lowercasing ol o emBeTIK emeLd) £xEL WG OTOYO VO OPALPETEL
Oheg TG dlakpioelg g meLOHTNTAG 0 (o ovuBorooelpd (string). I TapddeLyUa, TO YePUAVIKO TTELO
vpduua "B oodvvapel e "ss". Agov eivar Nom meld,  Lower () dev Oa éxave timota 0to 'R ' 1
casefold () TO UETATPETEL OE "sS™.
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The casefolding algorithm is described in section 3.13 of the Unicode Standard.

Néo otv éxdoon 3.3.

str.center (width[, fillchar |)

Emiotpépet €va Kevipaplopévo oe pa ovuporooelpd (string) unkovg mAdrog. To padding yivetan pe )
xpfon Tov kabopropévov fillchar (to default eivar évo kevd ASCID). H apyikn cuufohooeipd emiotpépe-
T €dv To width givol kpdTePo 1) oo pe to len (s).

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

Emotpépet Tov aptBud tmv un entkolumtopuevav (non-overalpping) eppovioewy tng vtoouddag sub 6to
evpog [start, end]. To mpooupetikd opiouorta start kKou end epunvevovaL 0mwg oo slice notation.

Av 10 sub givar Kevo, eTLOTPEQPEL TOV 0PLOUO TV KEVHOY OUIBOAOCELPMOV (strings) LETAED TV YOPUKTY)-
POV TOV ElVaL TO UNKOG THG OUUPBOLOTELPAS oLV £val.

str.encode (encoding="utf-8', errors='strict')

Emotpépet tv oupfolooelpd (string) kmdikomouévny oe bytes.
10 encoding €ye\ default oe 'ut £-8 ' - deite Standard Encodings yio mbavég THéG.

TO errors eMEYYEL TOV TPOTO YELPLOWOV TV OQUANGTOV Kwdlkomoinons. Eav eivow "strict' (o
default), tote yivetoun raise wa eEaipeon UnicodeError. AMeg mbavég Tiuég eivar ta 'ignore’,
'replace', 'xmlcharrefreplace', 'backslashreplace' koL 0mol0dNToTe GALO Gvouc TOU
€xeL kataywpnel péow tov codecs. register_error (). Agite to Error Handlers yio AeTtTtopépELES.

T AMoyoug amddoomNg, 1 TLUT) TWV errors dev ELEYYETOL MG TTPOG TNV EYKUPITITO EKTOG AV OVTMG TPOKV-
PetL opalpa KodKomoinong, av to Python Development Mode givou evepyomoinuévo M av éva debug build
YPNOLUOTTOLELTAL.

AlaEe oty ékdoon 3.1: Emutpdobetn vtoot)piEn yia keyword opiopata.

AMoEe oty ékdoon 3.9: H T Ttov 6pov errors eléyyetor Twpa 6to Python Development Mode KoL 6t0
debug mode.

str.endswith (suﬂix[, start[, end] ] )

Emotpéper True av 1 ovuporooelpd (string) tehelddvel pe to Kaboplouévo suffix, oldg emotpépel
False. To suffix umopei emiong va eivan éva tuple (therddar) oo embépato Tov mPEmeL vo ovalntnovv.
Me 10 TTPOOLPETLKO start, TO TEOT apyilel amd avth T 0€0om. Me to mpoapeTikod end, 1) GUYKPLOT OTOUOTA
o€ autn ™) 0¢on.

str.expandtabs (tabsize=8)

Emotpéper éva aviiypago g ovuforooelpdg (string) 6rtov Olot oL XapakTipeg tab avitkodiotovtal
arto Evav 1) TEPLOCOTEPA KEVA, avAhoYO e TNV TpEXovoa oThHln Kot To dedouévo uéyebog tmv tabs. Ot
0éoeig tab eppaviCovton k&Oe tabsize yopoxktpes (to default ivan 8, divovrog tab Béoeig otig otheg 0,
8, 16 x.0.K.). ['la. TV eméKTtoom ™G ovuBoLooELPAG, 1) TPEXovoa TN undeviletan Kan 1 cupfohooelpd
eEetaletan yapaKthpag mtpog yapaktpa. Eqv o yapaktipag eivar tab (\t), elodyovian évag 1| mepLo-
0OTEPOL YOPAKTIPEG KEVAV OTO OLTTOTELECILOL UEYPL 1) TPEYOVON OTNAN V. ebval Lom e v emduevn B¢om
tab. (O idlog o yapaktipag tab dev avtypapetar.) Eqv o yopakmpag eivow véa ypauun (\n) 1 return
(\ 1), OvTLYPAPETOL KO 1) TPEXOVOO. OTNAT ETTOVOPEPETOL 0TO UNOEV. OTOL00dNTOTE AAAOG YAPAKTNPOG
OVILYPAQETOL AUETABANTOG KO 1) TpExovoa othin avEdvetal Katd éva, aveEdptnta amd Tov Tpdmo
OVOTTOPAOTAONG TOV YUPAKTHP OTOV TUTTMVETOL.

>>> "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 xaunkotepo deiktn ot ovuforooelpd (string) 6wov 1 vd-cupuolooelpd sub Ppioketan
péoa oto vroovvolo (slice) s[start:end]. To mpooupeTtkd opiopata start Kol end epuvevovioL
OTWG 07O notation Tov voouvorov. Emotpéper —1 av dev Ppedei to sub.
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Inueiwon: H pébodog £ind () Oo mpémeL va xpnoLoTToLEiTaL LOVo av TTpEmeL va yvmpilete ) 06om
tov sub. Tia va ehéyEete av to sub eivorl vroovvoro 1 OxL, XPNOLLOTOLOTE TOV TELEOTY in:

>>> 'Py' in 'Python'
True

str.format (*args, **kwargs)
Extéleon wog Aettovpyiog uoppomoinong ovuporooepde (string formatting). H ovppolooelpd oty
omoio avth M uéB0dog Kakeitan UTopel vo TePLEXEL KUPLOAEKTLKO KELUEVO 1) TTEDLOL AVTIKATATTOONG TTOV
oplofetovvtal oo aykules { . Kabe medio avuikatdotaong mepléyel eite Tov aplbuntikd deiktrn evog
oplopatog B€ong, elte To dvoua evog keyword opiopatog. Emiotpépel éva aviypogo g ouuporooet-
pac 6o KAOE mEdio AVTIKOTAOTAONG AVILKOOLoTOTAL UE TV TLUN TG CUUPBOAOGELPAG TOV AVTLOTOLY OV
0pLopaTog,.

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

Agite 10 Format String Syntax yio. o, TePLYPOPT] TOV dLApOpmV ETAOYDV LLOPPOTTOLNOTG TTOV UTOPOVY
va kaBopLoTouv 0TV Lop@ooinan cuppolooelpwv (format strings).

Inueiwon: Kotd ) popgomoinon evég aplbuov (int, float, complex, decimal.Decimal Kai
VToKAGOELS) HE TOV TUmo n (;t.y.: "{:n}'.format (1234), N ouvdptnon OETEL TPOOWPLVE TNV TO-
mtobecia LC_CTYPE otnv toro0ecio. LC_NUMERIC Y10 TV atokmdikomoinon twv decimal_point
Kot thousands_sep medlwv tov localeconv () av eivar un ASCII M peyarvtepa amd 1 byte, Kol to
locale I.C_NUMERIC &ivou dtopopetikd amd to locale LC_CTYPE. Avti) 1) TpocwpLv) adhayn Ennpeaet
Ko G vijuato (threads).

AMoEe oty ékdoon 3.7: Kotd ) popomoinon evog aptBuot pe tov tirmo n, 1) cuvaptnon Bétel mpo-
owpLva to locale LC_CTYPE oto locale LC_NUMERIC 0€ KAUTOLES TEPLITTMOELS.

str.format_map (mapping)
Mapopoto pe 1o str. format (**mapping), ektdg Amd TO OTL YPNOULOTOLEITAL TO mapping osev-
Osiag kou dev avrypagetal oe wa dict. Autd eivat pNoo av yio Topdderyuo To mapping eivol
wa virokAhdon tou dict:

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

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

Néo otmv éxdoom 3.2.

str.index (sub[, start[, end] ] )
Onwgm £ind (), ol kével raise ValueError 6tav 1 vrd-cuufiohooelpd (substring) dev el Bpe0et.

str.isalnum ()
Emotpéger True av 6oL oL (opakTHpES 0T GUUBOA0OELPG (String) eivan olpaplOuNTIKoL Ko viTdpyeL
TOVAAYLOTOV €VOG XAPOKTNPAS, dLapopeTikd False. Evag yapaktpag ¢ elval ahoplOuntkd edv
éva amd to. akOhovBo emotpépel True: c.isalpha(), c.isdecimal (), c.isdigit (), M| c.
isnumeric ().

str.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.
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str.

str.

str.

str.

str.

str.

str.

str.

isascii ()

Emotpéger True €dv 1 ouufolooelpd (string) eivan kKevi) 9] OAOL OL XAPOKTNPES TNG OVUBOLOOELPAG
eivar ASCII, alMuwg False. Ovyopaktipeg ASCII éxouv onueio kwdikomoinong oty meproyn U+0000-
U+007F.

Néo otnv €kdoon 3.7.

isdecimal ()

Emotpéger True av OhoL OL XOpOKTNPESG 0T GUUBOA0OELPAG (string) eivol dekadikol XopoKTPES KoL
VITAPYEL TOUALAYLOTOV EVOG YXOPOUKTNPOG, dlapopeTikd False. Ou dekadikol yapaktipes elvar ool
OV WITOPOVV va. xpnotpomotnBov yia To oynuationd apbumv oty Bdon 10, .y U+0660, ARABIC-
INDIC DIGIT ZERO. Emtionua évag dekadikog xopakt)pag eivan évag yopaktipag tov Unicode General
Category «Nd».

isdigit ()

Emotpépel True av 6ot oL YopaKTipeg 0T oVUPBoLooeLpd elvol Yl Kot VITAPYEL TOUALAYLOTOV £Vag
yopaxTipac, dtopopetikd False. Ta ynoia mephappdvouy deKadlkoUg YopakTNPES KoL Yneia Tov
YPELATOVTAL ELOLKO YELPLOWO, OTTmG Tor compatibility superscript Yngio. Avtd KohOTTEL ToL Ynpia Tov dev
WITOPOUV VOl YPNOLUOTTONOOUV Yo To oxNuUaTopd aptdumv ot paon 10, émtwg o aptbuoi Kharosthi.
Tumikd, éva ymeio eival évag yopakthpag mov €xel v Ty ™ Widtntag Numeric_Type=Digit 1
Numeric_Type=Decimal.

isidentifier ()
Emotpéper True av 1 ovpolooelpd eival £YKupo ovoryvwpLoTiko GUUQOVE UE TO 0PLOUO TG YAWGOOG,
evotnta identifiers.

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

Mopdderypo

>>> from keyword import iskeyword

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

(True, True)

islower ()
Emotpépel True av 6Lot oL yapaktpec 0to ahqaptOuntiko (string) etvou etol ko vdpyer TovhdyL-
otov évag cased yopakthpac, alMwg False.

isnumeric ()

Emotpépel True av OMOL OL YOpaKTHPEG O0TH CUUBOAOOELPAG elval aplBuntikol (numeric) XopaKTNPES,
KOL VITAPYEL TOVALYLOTOV £VOG XAPAKTNPOS, OLopOopeTikd False. Ou aptOunTikol XopoKTipeS mepL-
AapBavouy YneLokovg XopaKTPES Kot OLOVUG TOUG YOPAKTHPES TOU EXOUV TNV OPLOUNTLKY TUUT), TT.X.
U+2155, VULGAR FRACTION ONE FIFTH. Tumikd, ot aplOuntikoi yopaKTipeg eivol eKeivol pe tnv
Tun g dTtag 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, Fal se 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.)

isspace ()
Emotpéper True av vmdpyouv wovo yopaKThpeg kevou (whitespace) 0to alpaplOuntikd (string) Ko
VITAPYEL TOUALALYLOTOV EVOG XOPOUKTNPOG, OLOPOPETIKG False.

'‘Evag yopaxkthpag elvol whitespace €dv oty Baon dedouévov yapoktipwv Unicode (Préme
unicodedata), eite 1 YeEVIKY] Katyoplo Tov elvar Zs («Separator, space»), €lte 1 aupidpoun Kotn-
yopia Tov givol pia amd TG Katnyopleg WS, B, 1) S.

4 O yapaktipeg pe meld eival autol pe TV WO T Yevikig KaTnyopiag va eival évag amd tovg «Lu» (Cpdupa, Kepahaio), «Ll»
(Tpbupa, meld), | «Lt» (Cpdupa, Kepohaio).
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str.istitle ()
Emotpéper True av 1 ovuforooelpd (string) eivor a titlecased ovuorooelpd Ko vdpyer TouhdyL-
OTOV €VOG (OPAKTIHPAGS, YLOL TAPAIELYILAL, OL KEPAAQLOL YOPAKTHPEG UITOPOUV VO AKOAOVOOVY LOVO TOVG
uncased ypaKTNPES KoL OL TELOL X OPUKTNPES LOVO cased X opOKTNPES. ALOPOPETLKA, eMLOTPEPELFalse.

str.isupper ()
Emotpépel True av dAoL o yapaktipect 6To ohpapduntikd elvol Keqalaiol Ko vtdp)yel TOVAG LOTOV
évag cased yopakthpac, dlogopeTikd False.

>>> 'BANANA'.isupper ()
True

>>> 'banana'.isupper ()
False

>>> 'baNana'.isupper ()
False

>>> ' ' _isupper ()
False

str.join (iterable)
Emotpéper o ovuforooelpd (string) mov eival  ovvévwaon twv cuufolooelpwv oto iterable. 'Eva
TypeError 0o yivel raise av vtdpyouv tiuég un ovuporooelpdc (non-string) oo iterable, cvumepihop-
Bavouévav tov avikewévmy bytes. To dlaymplotkd uetaEl Twv otolyeiwv eivar 1 cupuforooelpd
7OV TTaPEYEL VT 1 uéBodoc.

str.ljust (width[, ﬁllchar])
Emotpéper T ovuforooslpd (string) pe aplotep evBuypdupion oe wo. ouuBorooelpd unKovg width.
To padding yivetow pe ) xpnon tov Kabopiouévou fillchar (to default ivan évo kevd ASCID). H apyik
GUUPOLOCELPG ETLOTPEPETAL EAV TO Width lvoL (KPOTEPO 1) 100 pe To len (s) .

str.lower ()
Emotpépel éva aviiypago g ovpuporooelpdg (string) ue dGhovg Toug cased yopaktipect va éxouvv ue-
tatpamel og melovg.

The lowercasing algorithm used is described in section 3.13 of the Unicode Standard.

str.lstrip( [chars] )
Emotpépet Eva aviiypago g ouuBolooelpds (string) ue v apaipeon twv apytkav yopoktipwv. Ta
chars givow pa ouuBorooelpd Tov Kabopilel To GUVOLO TWV YOPAKTHPWYV TOV TPETEL VO, apapefovv.
Edv mopahewpOei 1) eivor None, 1o Opiopa chars £xeL og default tnv agpaipeon Tmv KEVOV (OPOKTHPOV.
To 6propa chars dev givar £vo TPdOeU0: 0TTOTE, OLOL OL CUVOVOCUOL TV TLUMDV TOU APALPOVVTAL:

>>> ! spacious ".1lstrip()
'spacious !

>>> 'www.example.com'.lstrip('cmowz.")
'example.com'

Agilte ™V str.removeprefix () ywo wa péBodo mov Ha agpalpéael éva povo mpdbepa ovuforooet-
pac (string) avti yio 0Lo to oVvVolo TV yopoktpwv. ['a Tapaderypo:

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

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

static str.maketrans (x[, y[, z] ] )
Avti 1 otaTik’) nEB0d0g emLoTPEPEL EVay VUK UETOPPATEMVY TTOV UITOPEL VO. PN OLUoToLn el YLol To
str.translate().

Edv vrtdpyer ndévo éva dpiopa, mpémel va ivan éva heSikd avtiotoiyiong Unicode ordinals (aképatot
aptBuot) N yapoktpeg (ouuforooelpéc - strings unkovg 1) oe ordinals Unicode, ovuporooepég (avbai-
peTov unkoug) 1 None. Ta KAEWOLA apakTp®V TOTE O HETATPATOVY OE KOVOVLKOUS aptOuovc.

Ebv vrtdpyouv 8o opiopata, mpémer va givar cupPorooelpés (strings) ioov unkovg Kar oto heEukod
(dictionary) mov Oa pokMpel, KaOe YopaKTHPAS 0TO X OO AVILOTOLYLOTEL OTO XAPUKTNPA OTNV (DL
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0¢om o010 y. Av umapyEL Tpito OpLopa, TPETEL va eivor oLUPBolooeLpd, Tou 0oiou oL yopaKTpeg Ho
OVTLOTOL(LOTOVY 0TO atoTéleopa o€ None.

str.partition (sep)

str.

str.

str.

str.

str.

str

str.

str.

Awaywpiote T oupuforocelpd (string) otV TPWOTN EUPAVLOT TOV Sep, KoL ETOTPEPEL £va. 3-tuple ou
TEPLEYEL TO UEPOG TTPLV ATTO TO LAY WPLOTLKO, TO {810 TO dLaWPLOTLKO KoL TO UEPOG UETA TO dLOympPL-
otkd. Av o duaywpLotig dev Ppebdel, emotpépel Eva 3-010volo Tov mEPLEYEL TV 1dLaL TN oVUPBOoloTELPd,
akolovBouuevn amtd U0 KevEG CLVUPBOLOTELPES.

removeprefix (prefix, /)
Edv 1 ovuBorooepd (string) Egxiva pe to prefix, emotpépel string[len (prefix) : 1. Alagpopetikd,
EMLOTPEPEL VAL AVTILYPOPO TNG aPYLKNG OVUPBOAOCELPAG:

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

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

Néo otnv ¢€kdoom 3.9.

removesuffix (suffix, /)
Av 1 ovuporooelpd tehewwver ue to suffix Kol to suffix dev eivol kevo, emotpépel stringl[:—
len (suffix) ]. AloOpPeTIKA, ETLOTPEPEL EVOL OVTLYPOPO TNG OPYLIKNG Cupporooelpds:

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

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

Néo otnv ékdoom 3.9.

replace (old, new[, count] )

Emotpépet éva avtiypogo g ouuBorooelpdc (string) pe OAeg TLG EUPAVIOELS TNG VITO-OUUPBOLOCELPAG
old ovtikoteotnuéveg amtd v new. Edv d00ei to mpoaupetikd dpLopo. count, pdvo oL TpWTEG count -
pavioelg avitkadiotavrat.

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

Emotpéper to vymidtepo index otn ovporooerlpd (string) 6mov Bpioketonn vd-ovuBorooepd sub, £Tou
WOTE TO sub mePLEETAL 0T0 s [start :end]. Ta mpoalpetikd oploporta start Ko end epUVEVOVTAL MG
slice notation. Emiotpépel —1 o€ mepimtmon amotuyiog.

rindex (sub[, start[, end] ] )
‘Onwg W rfind (), alhd KQveL raise ValueError Otov M vo-cuuBolooelpd (sub-string) sub dev Ppé-
Onxe.

.rjust (width[,ﬁllchar])

Emotpépet T cupPorooelpd (string) ue 8eE10 mpooovatohoud og o ovuforocelpd unkovg width. To
padding yivetou ypnotuomoldvrog to kabopiouévo fillchar ( poemhoyi) etvon éva dudotua ASCID). H
QPYLKT CUUBOLOOELPG ETLOTPEPETAL EAV TO Width givol kpdTePo 1) oo pe len (s).

rpartition (sep)

Aoy mpiler T ovpporooelpd (string) 0TV TEAEVTALO EUPAVLOT TOV Sep Kol ETOTPEPEL €vo. 3-tuple o
TEPLEYEL TO TUHUA TTPLY ATtd TO SLOYWPLOTIKO, TO (D10 TO SLAYWPLOTIKO KOL TO UEPOG UETA TO dLOYWPL-
otk0. Edv to dtoywprotikd dev Ppebdel, emotpépel éva 3-tuple mov mepLéyel dV0 Kevég ovuPorooeLpéc,
akohovBovpeveg ad TV idLa T CupPorocELPA.

rsplit (sep=None, maxsplit=- 1)

Emotpéper o Mota pe tig MEelg ot cupPorooelpd (string), ¥P1OLUOTOLDVIAG TO sep G OPLOOETY).
Edv 800¢i to maxsplit, O yivouv to mol) maxsplit diaywpropoi, Eekivarvtog amd to deEid. Edv to sep
dev éyeL kabopLotel 1) elvan None, omotodnmote Kevd didotnua yiveton diaywplotikod. Extog amd to dia-
YPLoUd otd To 8eELd, 1| rsplit () CUUTEPLPEPETAL OTWG T Split () TOV TEPLYPAPETAL AETTTOUEPDG
TOPAKATO.
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str.rstrip ( [chars] )
Emotpépel éva avtiypago tg oupporooelpds (string) ue Toug xapaktpes mov €xovv agatpedei. Ta
oplopa chars givor e ouuBorooelpd ov KaBopileL To GUVOLO TOV XAPAKTNPMY TTOV TPETEL VO OLPOL-
pebovv. Edv mapodngOel 1) eivar None, to OpLiouo chars €xeL wg TPOETAOYY THV OQPALPEDT TWV KEVDV
draotnudtwv. To dpiopa chars dev eivon suffix, alhd GLOL OL GUVOVAOUOL TWV TLUMV TOV OLPOLPOVVTOL:

>>> ! spacious '.rstrip()

! spacious'

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

Aglte ™ str.removesuffix () yu pae pébodo mov Oa aparpéoel évo amhd suffix avl yia 6ho to
ouvoho TV yopaktypwyv. o mopdderypo:

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

IM’
>>> 'Monty Python'.removesuffix (' Python'")
'Monty'

str.split (sep=None, maxsplit=- 1)
Emotpéper wa Mota pe g MEelg g ouuPfolooelpdg (string), xpNoLULOTOLOVIAG TO sep WG dLayw-
pLotikd. Av 800el To maxsplit, yivovior to ol maxsplit diaywpropol (€tal, n Mot Bo €xel To ol
maxsplit+1 otovyeia). Edv to maxsplit dev kaboprotel 1 elvor —1, tOTE dev vTdpyeL OpLo aTov aptdud
TV SLaywPLopmV (Yivovtor Oheg ot mhaveg dLOOTATELS).

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 [''].

TNa Tapaderypo:

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

rray, '2', '3']

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

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

[rar, '2v, v, 3", ']

Av 10 sep kaBopLoTel 1) eival None, eaproletol £Vag dLapopeTtkog ahyopLOIog dLaywpLopov: oL euga-
VioeLg dLadoYLKMV KEVOY OEmPOoUvVToL mg £Va EVLALO dLaWPLOTLKO, KoL TO AtoTEAEOO OeV Oa TeEPLEYEL
Kevég ouuflohooelpéc (strings) 0TV apym 1 0TO TELOG, AV 1] GUUBOAOCELPG £XEL KEVO SLATTNUOL 0TIV OPYT|
1 oto téhoc. Katd ovvémeia, 1 dLaomaon pag kevig ovuBorooetpdc 1 wog oupporooelpds mov aito-
teleitar udvo amtd keva daotiuato pe £va None mg dLaympLoTikd emtotpépel [ ].

TNa Tapaderypo:

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

[lll, '2|, '3'1

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

>>> ! 1 2 3 '.split ()
['1" '2" '3'}

str.splitlines (keepends=False)
Emotpépet wo Alota Ue TLg YPauuég T oupBohooeLpdg (string), SLoymplloviag oTo OpLo TV YPULUUMV.
Ta dLaywPLOTIKA TV Ypoupmv dev mepthappdvovior otny véa Alota, ektog ov d00el To keepends Ko
elvau true.

Avti 1 nébodog duaywpiler ota akdrovba dpia ypouuwv. ITo cuykekpluéva, to dpLa ivan £va vrep-
oUvVoLO TOV universal newlines.
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Avanapdotaon | Mepiypagpn

\n Line Feed

\r Carriage Return

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

\for \x0c Form Feed

\xlc Awoywprotig Apyeiov
\x1d Avoywprotig Group

\xle Avoywprotig Eyypapov
\x85 Emopevn papur) (C1 Control Code)
\u2028 Avoywprotig Ipapung
\u2029 Awoywprotig Mapaypdgpov

AlhaEe oty ékdoon 3.2: Ta \v kou \ £ TpootiBeviol oty AoTta opiwv Tmv Ypouudy.

lNo mwopdderypo:

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

['ab C', ll’ 'de fg', "k1l']

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

Ze avtifeon pe v split () dtav diveron po ouuforooelpd (string) oproBétnong sep, ovti 1 uéHodog
eMLOTPEPEL (IOl KEVH ALOTOL Y10l TO KEVO ahpaplOunTiko, Ko (o Tepuatiko break ypouung dev odnyel oe
HLOL ETLTTAEOV YPOLUUN:

>>> "" splitlines ()

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

Zuykprokd, 1 split ("\n') divew

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

['"1

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

str.startswith (preﬁx[, start[, end] ] )

Emotpéper True av 1 ouuBorooelpd (string) opyilel we to prefix, alwg emiotpégel False. To prefix
umopei exiong va etvou (o wherdda (tuple) prefix wpog avalntnomn. Me to mpoaLpeTiko start, EAEYYETOL TO
ohpaptBunTikd ou apyiler amd ™) ovykekpiuévn B¢om. Me To mpoaipetkd end, otapoatd 1 oUYKpLoT
g ovuPorooelpdc oe autn T 0€om.

str.strip( [chars])

Emotpépel éva ovtiypago tg oupporooelpdc (string) (e TOUS TPMTOUG KAl TOUG TEAEVTALOUG Y APOKTY-
peg va éxouv apalpedel. To dpioua chars givor pLo. oupuforocelpd Tov Kabopilel 1o ovvolo TV yopa-
KTNpwv mov mpémel va agparpedotv. Edv mapohewpbei 1) eivon None, to dpiopa chars €xel wg default tnv
agalpeon Tmv kevov dwaotnudtmv. To dpioua chars dev eivau prefix 1 suffix- udihov, Ghot oL cuvdvacuol
TV YOV TOV 0LPOLPOVVTOL:

>>> ! spacious '.strip()
'spacious’

>>> 'www.example.com'.strip ('cmowz.")
'example'

O axpaieg apyLKes KoL TEMKEG TLUES TOV oplopatog chars agpalpovviol oo T oupforooelpd (string).
OL 0paKTNPES APALPOVVTOL OO TO UITPOCTLVO GKPO UEYPL VA PTACOVV OTO YXUPUKTN PO TG GUUBOAO-
oelpdg (string) Tov eV MEPLEYETOL GTO GUVOLO YOPUKTHPWV TOV chars. Mo tapouoLo evépyela AapuBavet
WP 0TO TELOG TG ovpds. Ta mapdiderypo:
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>>> comment_string = "#....... Section 3.2.1 Issue #32 ....... !
>>> comment_string.strip('.#! ")
'Section 3.2.1 Issue #32'

str.swapcase ()
Emotpéper éva avtiypogo e ouufBohooslpdg (string) pe KeQaraiovg yapaKTNPES TOV EYOUV LETO-
TPOTTEL 08 TELOVG KOL AvTioTpopa. Znueldote ot dev eivol amapaitnta alnbéc 6t s . swapcase () .
swapcase () == s.

str.title()
Emotpépet o titlecased ékdoom g ovpBorooelpde, dmov ou AéEeig Egkivolv pe va Keparaio yapo-
KTNPO KoL OL VITOLOLTTOL YOPAKTHPES Elva TECOL.

INo mwopdderypo:

>>> 'Hello world'.title ()
'Hello World'

O alyopLOuog xPNOLUOTOLEL £Vvav athd, aVEEAPTNTO OTTO TH YAWOOoa, oplopd wag AEEng wg group dia-
doykdv ypouudtwv. O oplopdg Aettovpyel o€ TOAMG contexts, oAAG onuaiver OTL oL ATOOTPOPOL OE
ouvalpéoelg Kat KTNTikég MEelg amotehovv Opra MEewv, Tov wwopel va uny eivor To embuuntod asto-
Téheopos:

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

H ouvvdptnon string.capwords () dev €xel autd To TPoPAua, Kabmg ywpilel g MEelg udvo oe
Kevd.

EvolokTikd, wwopel va Kataokevaotel wo Mon yia TG otooTpopous (p1oLLOTOLMVTOS KOVOVIKEG
eEKQPPAOELS:

>>> import re
>>> def titlecase(s):
return re.sub(r"[A-Za-z]+ (' [A-Za-z]+)?2",
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.

Mitopeite vo. YPNOWOTOLAOETE TO st r.maketrans () Yuo Vo SNUWOVPYNOETE £val XAPTN UETAPPATNG
OVTLOTOLYLONG OTTO YOPAUKTNPO-0E-YOPAKTIHPA GE DLOPOPETLKES MOPPES.

Agite emiong v evoTNTO codecs YLo oL Lo EVEMKTY TTPOOEYYLOY O€ TPOCOPOCUEVO mappings yo-
POAKTNPMYV.

str.upper ()
Emotpéet éva aviiypago g ovpuBolooelpdc (string) pe dhovg Toug xopaktipect mov éxouvy petatpa-
el o€ Keoaia. ENUELOOTE OTLTO S . upper () . isupper () WTOpPEl vo eival False av 10 s TEPLEYEL
YOPAKTHPES YwPig TECA ypduuota 1 av 1 Katnyopio Unicode tov mpokimtovtog yapaktipa(wv) dev
eivar «Lu» (Ipdupa, xeporaio), odrd mt.y. «Lt» (Ipdupa, titlecase).

The uppercasing algorithm used is described in section 3.13 of the Unicode Standard.
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str.zfill (width)
Emotpépel €vo avtiypago ™g ovuBorooelpds (string) wov éueve yepdtn ue Yyneict ASCIL '0'* yio va
dmuovpynoel pio ouuforooelpd unkovg width. Xewpiletal éva leading sign prefix (' +'/' - ") elodryovtog
TV VUM P WO UETA TOV XOPOKTNPO sign avti Yo stpLv. H apyiky) cuufBohooeLpd emLoTpEpeETOL GV TO
width givon (uxpoTePo 1M oo pe len (s).

TNo mwopdderypo:

>>> "42" z£i11(5)
'00042"

>>> "—42" z£i11(5)
'-0042"

4.7.2 print£-style String Formatting

Inueioon: Oudettovpyieg Lop@omoinong Tou Teptypdpovtol £8M TapovoLifovy uLa TTotkihic tdLoppubumv
IOV 0dNYOUV 0€ £vav aplipd Kowmv oQoAudtwy (0TTmg N aotuyic eugdviong tuple Kow omotmv AeELKdv).
Xpnowomowwvtag to vedtepa formatted string literals, To st r. format () interface M to template strings wimo-
pel va fondNnoeL oty amopuyr outdv Twv opoludtwv. Kdbe pio 0mmd auvtég tig evoAaKTIKES TOPEYEL TOVG
dtkovg TG ovufiBacuots Kol To opEn T amAdTNToG, eveMELNG Kaw/f) ETEKTOOUOTNTOG.

Ta avokelpeva string €(ouv (o LovodiKy evoouotouévn hettoupyia: tov tekeotn % (modulo). Autdg eivon
emiong yvwotdg wg teheotig formatting M) * interpolation*. Aedopévav twv format % values (6mov format
eivar pioe ovpPBorooelpd), S oL TPOdLOYPAPEG UETATPOTTNG OTO format avtikaBiotavtol amd undév 1) mepLoco-
TEPO OTOLYELA TV values. To amotéheopa ivan TapOUOLo Ue T XPNoN Tov sprintf () ot yadooa C.

Edv 1o format amoutel €va pepovouévo 6pLoua, to values Wmopet vor eivan €va pepovmuévo non-tuple avi-
Keluevo.” Alopopetikd, to values mpémet va eivar éva tuple pe axpiBog Tov idlo aptbud Twv otoLyeiwv Tov
Kkabopilovrar amd To format string 1) £va LELOVOUEVO OVTIKEIUEVO OVTLOTOLYLOTG (Yol TOpadeLyua, £va AeELKd).

"Evag TpoodloploTthc UETOTPOTNG TePLEXEL V0 1 TEPLOCOTEPOUGS YAPOKTIPES Kat £XEL TOug eENg components,
0L OTTOLOL TTPETEL VOL ELPAVICOVTOL UE OUTY] TN OELPAL:

1. O yopaxtipag *$' ", TOU ONUATOSOTEL TNV 0PYT| TOV TPOTOLOPLOTY).

2. Khewdi mapping (mpoanpetikd), mov amoteleitan amd o akolovbio yapakmpwy oe mapévieon (yio
mopdderyna, (somename)).

3. Aelkteg HeTOTPOTNG (TPOALPETIKD), TTOV ENNPEATOVY TO ATOTEAEGIO KATTOLWV TUTMV UETATPOTTHG.

4. Eldyroto mhdtog mediov (mpoanpetikd). Eav opileton og ' * ' (a0teplokog), T0 mpayuatikd mhatog
drafdletar amd To emduevo aToLyeio Tov tuple otol values, KoL TO AVTIKELUEVO TPOG LETATPOTTY] EPYETOL
UETA atd TO EAAYLOTO TAATOG TESIOV KO TO TPOALPETLKO precision.

5. Axpifeia (TpoalpeTikd), diveton og ' . ' (teleia) axorovBovuevn amd To precision.Edv opiletan wg ' * !
(aoteplokog), To Tpoyuatikd precision dtofdleton amd To exduevo otoLyelo Tov tuple ota values, Kau
TLUY] TPOG UETOTPOTTY] EPYETAL LETA TO precision.

6. Metatporméag tov length (wpoapeTikd).
7. T¥mog conversion.

‘Otav 1o 6wotd dplopa givar éva AeEkd (1) GAAOG TUITOG AvTLOTOL(LONG), TOTE OL LOPPES 0T CUUBOAOTELPEL
moémet vo. tephapBdvouy éva kheldi avtiotoiylong oe tapévheon o auto To AeELko mov eLon N auéomg uetd
TOV XopoKTNPa "% ' . To KAWL avTLoTOiYLONG EMAEYEL TNV TUUY TTOV B0 LOPPOTOINOEL OITTO TV AVTLOTOLYLOM.
To Tapaderyua:

5 T vat poppoooete pdvo o mhetdda (tuple) Bo pémel emopévmg Vo TapéyeTe [ TAeLGdo singleton g omoiog To LGVo oToLyEio
eivaw 1 mheLdda wov mpdkertal va opgortonOei.
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)

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

e QUTNV TV TEPLTTMON OEV WTOPEL VOL VITAPYOVY TPOODLOPLOTEG * 0€ oL op@r] (Kabwg amantovv pa dio-
doy LK1 MoTO TOPAUETPWV).

O delkTeg peTaTpomng eiva:

Flag| Evvola

"#' | Oupetatpomn Tng Oa XPNOLUOTOLNOEL TNV «EVAAMAKTIKY QOpUo» (07t0v opiletan TapaKdTm).
'0' | H petatporm) Oa €yl UnNdEVLKT) GUUTAYPWON Y10 apLOUNTIKES TLUES.

- | Hupn petotpomig agpivetal Tpooapuoouévn (rapokdustter T uetatpormt) 0" edv divovral Kot
! Ta 800).

(¢va kevo) Mpémel va mpootedel £va kevo mpLy amd évav Oetikd apdud (M Kevy ovuporooelpd) o
TOPAYETOL OTTO UL VITOYEYPOUUEVT] UETOTPOTTY).

'+' | 'Eva yapaktipog wpoonuov ("+' 1 ' - ") Oa tponyeitan Tng UETATPOTTNG (TOUPOKAUTITEL EVaL «KEVO»
deiktn).

"Evag tpomomountig ukovg (h, 1, or L) Umopel vo vidpyet, adhd ayvoeitor kabwg dev eival amapaitntog
v Tv Python - omote .. $1d eivon mavouoldtumo o€ $d.

Ot TUoL HeTATPOTTHG lvaL:

Meta- ‘Evvola n-
Tporm MELW-
OELG

'd’ Yroyeypouuévog dekadikdg axépatlog.

it Yroyeypapuévog dekadikdg aképotog.

'o! Yroyeypouuévn oKTodikn tu. (1)

u! Amapyonmuévog Thmog — givar ovopoldtumog e to 'd’. (6)

'x! Ynoyeypouuévo dexoeEadiko (eld). 2)

X! Yroyeypopuévo dekaeEadikod (kegaraio). )

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

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

£ Floating point decimal format. 3)

'F! 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 | (4)
not less than precision, decimal format otherwise.

et Mepovopuévog xapoktnpog (déyetat aképato 1 Lovd xapaktpa ouuporlooelpdc).

'r' Svpporocelpd (netotpémer omolodnmote avitkeipevo Python ypnmowomowwviag | (5)
repr()).

's' Zupporooelpd (petatpémel omolodnmote aviikeiuevo Python ypnowwomorwvrog | (5)
str()).

'a! Zvuporooelpd (uetatpémel omotodNmote avtikeinevo Python ypnowwomoiwvtag | (5)
ascii()).

'y Kavéva dpiopa dev petatpémetalt, £XEL G 0TOTEAETUA EVOLV UPOKTAPA ' S ' TO QUTO-
TELEONLOL.

ZNUELWOELS:

(1) H evodhaxtikn Loppn TPOKAAEL TNV ELOAYWYT EVOG TPHDOTOV OKTAIKOV TTpoadloptot) (' 0o ') mpLv amd
TO TTPWTO YNPio.

(2) H evalhoKTikT) (OpUO TTPOKOALEL TNV ELOAYWYY EVOG 0pyLKOV '0x ' 1 ' 0X ' (avdhoya ue To edv ypnot-
pomoOnKe M popen 'x ' 1 'X') ITPLV TO TPWOTO YP1pio.

4.7. Tunog AkoAoubiag (Sequence) Kelpévou — str 59




The Python Library Reference, Anpooicsuon 3.10.19

(3) H evolhaxtiki popei KAVEL TO AITOTELEGUOL VAL TTEPLEYEL TTAVTOL (LOL VITOILAOTOY), KOO KL 0LV SEV KO-
LovBovv Ymepia.

H axpipeta kaBopilel tov aptBud Twv Ynpinv Letd Ty vrodiaotolt] Kot oplletat od TPoemhoyr wg
6.

(4) H evalhokTikn pop@r] KAVEL TO ATOTELECUO. VO TTEPLEXEL TTAVTOL L0 VITOOLOOTOAN KOl T NOEVLKG 0TO
TELOG deV apaLpouvToL OTTMG Bl TOV dLOPOPETIKA.

H axpipera kaBopilel Tov optOud Twv onuovtikov Ymeiov pLy Kot HeTd TV uodLooToly) Kot opilet
70 6.

(5) Eb&v m axpipera eivar™N™, 1) £éE0dog mepikomretan o€ N Y apokTHPEG.
(6) B)éme PEP 237.

Aedopévou 611 oL suuforooslpéc Python éxouv pntd punkog, oL $s uetatpormés dev vtobétovy 6t to '\0'
etvau To téhog tng ovpuporooelpdc.

AMaEe otnv €xdoom 3.1: O petatporeig % £ yio aptBuovs TV 0Toimv 1) otOAVTY Ty eivor peyalitepn amod
1e50 dev avtikadiotavrol TAEov amd HETATPOTES $g.

4.8 Tumot Oduadlkng akoAoubiaG — bytes, bytearray,
memoryview

Ou Baowkoi evompoatwuévor (built-in) tomor yia tov yepropnd dvadikwv dedouévav eivor bytes kou
bytearray. Ymootpifoviol amd ) memoryview TOv YPNOLUOTOLEL TO TpwToKoAo buffer protocol yia
™V TPOGPaoN 0T uvNu GAA®Y SUASIK®V AVIIKELUEVWY XWPig Va YpetdleTal 1 dnwovpyio avirypdpou.

To module array vmootnpilel 0mwodotikn amobnkevon Yo Paotkovg Timovg dedouévarv Ommg 32-bit aké-
parovg kou IEEE754 durng axpifelog Kivnig vtodlaoToing TLLéc.

4.8.1 Avtikeipeva Bytes

Ta aviikeipeva bytes eivon auetdfinteg axorovbieg pepovouévmv bytes. Aedouévov ot mold KvpLa dva-
duka mpwtdKorho facifovrol oty Kwdikomoinon kewwévov ASCIIL, ta aviikeipeva bytes tpoopépouv dLigo-
pec uefddovg Tou LoyVouv udvo dtav epydlovtar pe dedouéva ovupotd pe ASCII xou oyetiCovrol oTeva e
OVTLKELLEVO GUUBOLOCELPMVY OE PLL TTOLKIAOL SLALpOPV TPOTWV.

class bytes ([source[, encoding[, errors] ] ])
[pohtov, 1 ovvtaEn yio To bytes literals givar og peydho fadud 1 idia ue avti yuo ta literals cuporo-
GELPWV, UE T dLopopd Ot TpootideTal £vo TpdOeuo b:

e Movad eloayoyikd: b'axdépa enittpénel evowpatwpéva "Sl1nAd" eilocaywylxd’

o Aumhd elooyoyika: b"eEaxoioufel va emiTpénel evowpatwpéva 'povd' eloayw-—
yika"

o Tputhd eloaywykd: b' ' '3 povd eltocaywylkd''',b"""3 Sindd siocaywyikad"""

Emtpémovran névo yapoktpeg ASCII oe bytes literals (aveEGptnta amd t dnhouévn Kwdikomoinon
TOV TTNYaiov Khdika). Tuyov dvadukég Tipéc, mévw amd 127, mpémel va eloayBouv oe bytes literals ypn-
OLUOTTOLMVTOG TNV KOTAAMNAN akohovBia SLagpuyng xapoKTipmy.

‘Onwg ko ue ta literals cuuforooepwy, ta bytes literals propovtv exiong va ypnoluomolcovy éva mpod-
fena © Lo va astevepyomomoouy Ty eneEepyaoio Tmv akohovbimv diagpuyng yopaktipwy. Biémre
strings yia ePLOCOTEPEG TANPOPOPLES OYETIKA [e TIg dLdpopeg woppég bytes literal, ovumepihaufavo-
UEVOV TWV VTOOTNPLLOUEVOV 0KOMOUOLDV SLApUYG XOPOKTNPWV.

Evo ta bytes literals ko ou avasapaotdoelg faocilovtar oe keipevo ASCII, to aviikeipeva bytes oupe-

PLPEPOVTOL TNV TPAYUATIKOTNTA OOV aUeTAPINTES akolovbieg akepaimv e Kdbe Tyun oty oKolov-
Bia meploplopévn €toL wote 0 <= x < 256 (mpoomdBeleg mopafiaong ovtol Tov mepLloptopo Ho
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K&vovuv raise ™V ValueError). Autd YiveTal OKOTLULO Y0 VO, TOVLOTEL OTL, eV TOAEG dLAdIKES Lop-
pég mephapBdvouv otouyeia mov Pacitovior oe ASCII xou uropovy vo xpnoLtnoTon0ovy xpfoLua e
0pLOUEVOUG OAYOPLOUOVG TPOCAVATOMOUEVOUG OTO KELUEVO, AUTO dEV LOYVEL YEVIKA Yio ovBaipeTo dva-
dud dedouéva (Tl epapuoyr akyopibumy eneEepyaciag Kewwévou oe duadikég pnoppég dedouévmv
mov dev eivar oupufatéc ue ASCII ovviOwg 0dNyel og KaTaoTpopt dedoUEVDV).

Extdg amo g literal poppéc, ta avrikeipeva bytes pmopotv va dnuovpyndotv ue worhovg Ghhovg tpod-
TOVG;:

o 'Evo undevikd avuikeipevo bytes ue kaboplouévo unkog: bytes (10)

o Amo éva iterable akepaiwv aplOumv: bytes (range (20) )

o Avtrypapn vTapyovIwv dSvadikdv dedouévmv néom tov TpmTokoilov buffer: bytes (ob7)
Agite emtiong 10 evoouatmuévo byfes.

Aedopuévou 6t 2 dekaeEadikd Ynpia avtiotorovv akpLBmng oe éva udvo byte, oL dekaeEadukoi aplbpoi
glval o ovvnOmG XPNOLLOTTOLOVUEVT] LOPEPT Lo TNV TEPLYPOPY dVadKmV dedouévwv. ZUVETMOGS, O
TUIog bytes €xel o tpdodetn uéBodo KAAoNg yro v avdyvmon dedouévmy oe auTnv TV Hop@Y):

classmethod fromhex (siring)
Avti 1 nébodog KAAoNG by tes emOTPEPEL EVO OVTLKEIUEVO bytes, ATOKMOLKOTOLMVTAG TO ded0-
uévo avukeinevo ovuforooepds. H ovpporooelpd mpémer va mepiéyel dvo dexaeEadikd Ynepio
ava byte, pe to kevd dudotnua ASCII va aryvoeita.

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

AMoEe otV éxdoon 3.7: To bytes. fromhex () moapakdurtel miéov dha tao kevd ASCII ot
ovuforooelpd, Oyt uovo Tt KeVA.

Yndpyer yo ouvvapTnor oviioTpopng LETOTPOTNG YLOL T UETOTPOTY| EVOG OVTLKELUEVOU bytes otnv Oe-
KaeEadIKT ) TOU avamapGoToo).

hex ( [sep[, bytes _per_sep] ] )
Emotpépete éva avtikeipevo oupolooelpds mov mepiéyet dvo dekaeEadikd Ynpia yio ke byte
0TO OTLYWWOTVTTO.

>>> b'\xf0\x£f1\x£f2' .hex ()
'fO0f1£2"

Edv Bélete va kavete T dekaeEadikn ovpolooelpd mo evavayvmotn, wopeite va kabopioete
L. TTOPGUETPO SLAXMPLOUOV YOPAKTNPwWV sep ov B0 cuumepingdel otnv £50d0. Amtd mpoeri-
Moy, avTod To dLoywpLloTikd Ba epthaufdvetar uetaEv KaOe byte. Mo de0Tept TPOALPETIKT TT0L-
pauetpog bytes_per_sep e éyyel ta draothuata. OL Oetikés Tiuég vtohoyiCovy T Béon tov duayw-
pLot amd ta SeELd, oL opVNTIKES TLES 0t TOL APLOTEPA.

>>> value = b'\xf0\xfl\x£f2'
>>> value.hex ('-")

'fO0-f1-f2"

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

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

'55554444 4c524c52 4142°

Néo oty éxdoon 3.5.

AMoEe oty €kdoon 3.8: H bytes. hex () vmootnpilel TAEOV TPOALPETLKES TAPOAUETPOVS Sep KOl
bytes_per_sep Y10, TV EL0AYWYY] Lo WPLOTIKDV UeTaED TV byte otnv £€£080 dekaeEadikov.

Aedopévou OTL T avTikeipeva bytes eival akolovBieg akepaimv apBumv (oot pe wo mhelada (tuple)), yio
éva avtikeipevo bytes b, To b [0] Ba eivar évag axépartog optBudc, evio to b [0: 1] Oa givan £va AvILKELUEVO
bytes prjkoug 1. (Autd épyeton oe avtifeon pe TG oupPohooELPEG KELUEVOV, OTTOV TOGO 1) AetTovpyia TPpooaong
WG EVPETNPLO OO0 KaL 1 AELTOUPYia TUNUOTOToinong o mapdyouv wo cvpporooelpd unkoug 1)
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H avamopdotaon avikeyévmy bytes ypnowpomotet v literal popgpn (b' . . . "), Kabwg eivar ovyvd mmo ypn-
own and . bytes ([46, 46, 46]).Mmopeite mdvta va petatpéete £va avitkeipevo bytes og wo Moto
OKEPOLMY aPLOIMV TOV YXPNOLoToLOvY 1ist (b).

4.8.2 Avtikeipeva Bytearray

Ta avuxkeiyevo bytearray givol évo UeTaBANTO, AVTLOTOLY0, TV OVTIIKEWEVOV bytes.

class bytearray ([source[, encoding|, errors | ] ])
Aev vrtapyer asokhelotik literal ovvta&n yio aviikeipevo bytearray, avtifeta dnuovpyotvral stévto.
KaA®DVTOG TOV constructor:

o Anuovpyta evog Kevou otryuotimoy: bytearray ()
o Anwoupyio undevikov otrypotimov pe dedouévo ufkog: bytearray (10)
o Amo évav iterable aplOud akepaimv: bytearray (range (20))

o Avuiypoagn  vmapyovtov  duoadikav - dedouévov  puéow  Tov  mpwtokOihov  buffer:
bytearray (b'Hi!")

Kabwg ta avtikeipevo tou bytearray eivor petafAntd, vrootnpiovy Tig Aettovpyieg tng akohovbiog
mutable MOV TV KOLVOV AetToOupyLwv bytes Kau bytearray swou wepLypdpovtat ato Asitovoyieg Bytes
Ko Bytearray.

Aglte £7lONG TO EVOOUOTOUEVO bytearray.

Aedopévou Ot 2 dekoeEadiKa Prgpia avtiotololv akppwg ot éva udvo byte, ol dexaeEadikol aptuol
glval ouvnOmG PNOLLOTTOLOVUEVT] LOPPY] YLOL TV TTEPLYPAPT] dVADIKDV dedOUEVMV. ZUVETMDGS, O TUTOG
bytearray £yeL (o tpoodetn né€O0d0 KAGONG YLaL TNV OVAYVWGT SESOUEVOV GE OUTHY TNV LOPQT):

classmethod fromhex (string)
Avt 1 pébodog khdong bytearray emOTPEPEL AVTLKEIUEVO bytearray, aroKmOLKOTOLOVTAG TO
dedouévo avtikeipevo ovupforooelpds. H cupporooelpd tpémel va mepléyel 500 dexaeEadikd -
pia ava byte, ue 1o kevo dudotnua ASCII va aryvosito.

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

AMaEe otnv ékdoon 3.7: To bytearray. fromhex () TOPAKGUITTEL TOPA OhaL T, KeVE ASCIT
ot ovpPorooeLpd, OyL LWOVO Ta KEVAL.

Yrdpyer o ouvapTnon aviioTpoEng UETOTPOTNG YIOL VO UETATPEYPEL €VO. AVTLKELUEVO bytearray oty
dekaeEadIK avamopEoToo Tov.

hex ( [sep[, bytes _per_sep] ] )
Emotpépete éva avtikeipevo ouppforooelpdc ov mepiéyel Svo dexaeSadukd Yyneia yia ke byte
0TO OTLYIOTUTTO.

>>> bytearray (b'\x£f0\x£f1\x£f2') .hex ()
'fOof1f2"

Néo otv éxdoonm 3.5.

AMaEe oty éxdoon 3.8: Tlapoduola pe to bytes.hex (), 10 bytearray.hex () vmootnpilel
THOPO TPOOLPETIKEG TOPAUETPOVG Sep Kal bytes_per_sep YLo. TNV ELCAYOYY SLOYWPLOTIKMOV UETAED
TV byte otV dekoeEadikn €€0do.

Aedopévou Oti ta avitkeipeva bytearray eivol akolovieg axepaiwv aptOudv (apduota ue po Mota), yo éva
aviikeipevo bytearray b, to b [0] Oa elvan évag axépanog aptdudg, ever to b [0: 1] Oa eival éva avTLKELUEVO
bytearray ufjkovg 1. (Autd épyetol o avtifeon ue tig oupporooelpég Keluévou, 0tov Tooo To indexing KoL To
slicing Oa apdyouv wa ovpporooelpd unkovg 1)
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H avamapdotaon avitkeluévmv bytearray ypnowomotei T popgt bytes literal (boytearray (b'...")), Kao-
0mg elval ouyva mo ypfHown oo .. bytearray ([46, 46, 46]). Mmopeite mavta vo petatpéete
éva avikeipevo bytearray oe Mot oKepaimV ypnopuomolmvtag to List (b).

4.8.3 Aevltoupyieg Bytes kal Bytearray

Tbo0 ta byte 600 Ko Ta AVILKELIEVO TOV TTivaka byte vtootnpilovy Tig Aettovpyieg TG akolovdiag common.
AMMAETIdPOVY Oyl LOVO PE TELEDTEG TOV 1OLOV THTTOV, AAMG KOl UE OTTOLOONTTOTE VTLKELUEVO bytes-like object.
Adyw avtic g eveMEiag, popotv va avaperyBovv ehetibepa oe hertoupyieg ywpig va tpokarovvtal o@di-
wota. QoTO00, 0 TUITOG ETLOTPOPT|S TOV AITTOTELECUATOG UITOPEL VO EE0pTATAL 0TTd T1) GELPG TWV TELEOTADV.

Inueimon: Ouuébodol ota bytes Kau ta aviikeipeva bytearray dgv §éyovrar cupfolooelpis wg oploiaTd Toug,
O6mtmg ko oL uéBodot oe oupforooelpég dev déyovtal bytes wg opiouarta. o mopdderyua, Tpémel vo ypopete:

a = "abc"

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

a = b"abc"

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

Oplopéveg hettovpyieg byte Kau bytearray spoimobétouv ™) xphon dvadikwv nopewv cvppatmnv ue ASCII
Ko, og €K To0Tov, o pémel var amopetryovtal dtav epydleote ue avbaipeta dvadikd dedopéva. Avtoi ot
TEPLOPLOUOL KOAVTTTOVTOL TOPOKATM.

Inueimon: H ypnon avtav Towv Aertovpyudv Bootfovrar 6to ASCII yio Tov Yelplopnd dvadikmv dedouévav
mou dev eivan amoOnkevuéva oe popet ov Paociletan oe ASCII wropei vo 091 yN0OEL 08 KaTaoTpoPt) dedoue-
V.

O ak6hovBeg uéBodot oe byte Ko avtikeipeva bytearray uropovv va ypnotpomotn0ouv pe avbaipeta dvadika
dedopéva.

bytes.count (sub[, start[, end] ] )

bytearray.count (sub[, start[, end] ] )
Emotpépet Tov apltBud tov un emkolumtouevmy eupavicemy tng devtepeiovsog akohovbiog sub 6to
evpog [start, end]. To TPOALPETIKG oploporta start Kou end epUVEVOVTIOL OTTMG 0TI CNUELOYPOPLOL TUN-
LOTOTTONONG.

H vmoaxolouBia yio ovalnTnon Wropei va eivor omolodnmote bytes-like object 1) évag axéporog aptOuog
otV mepLoyr) amd 0 émg 255.

Edwv to sub givan Kevo, EMLOTPEPEL TOV APLOIO TOV KEVHOV TUNUATMV HETOEY TWV XOPOKTNPMV TTOV ELVOL
TO UNKOG TOV OVTIKELWEVOD bytes quv €va.

AMoEe otnv €xdoon 3.3: Exmiong amodéyetal évav axképato apbud oto evpog 0 £wg 255 wg voaKo-
hovBia.

bytes.removeprefix (prefix, /)

bytearray.removeprefix (prefix, /)
Edv ta dvadikd dedopéva Eekivoiv pe T ouufBohooelpd prefix, emotpépel bytes [len (prefix) : ].
ALOOPETIKG ETLOTPEYTE VAL AVTLYPOPO TWV APYLKDV dVAIIKDV dedOUEVWV:

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

>>> pb'BaseTestCase'.removeprefix (b'Test")
b'BaseTestCase'
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To prefix wtopei va eivor omolodNtote bytes-like object.

Ynueimon: H £xdoon bytearray avtig tg uebddov dev hertovpyel ot Béon g - mopdyel Tavto éva
VEO QVTLKELUEVO, KOO KOl 0V gV €yLvay olhayég.

Néo otnv é€kdoom 3.9.

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

Edv ta duadikd dedopéva teketdrvouv pe ) ovuforooelpd suffix Ko avtd to suffix dev eivan kevo, emi-
otpépelbytes[:—len (suffix) ]. AlOPOPETIKA, EMLOTPEPEL EVOAL OVTLYPOPO TOV APYLKDV SVASLKMVY
dedopévarv:

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

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

To suffix umopet va. eivon omoLodftote bytes-like object.

Ynueimon: H £xdoon bytearray avtiig g uebddov dev hertovpyel ot Béon g - mopdyel Tévto éva
VEO OLVTLKELUEVO, OKOUOL KOL OtV OEV £yLvay olaYEC.

Néo otv éxdoon 3.9.

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

Emotpépet ta bytes sov £xovv amokmdikomowmOel o€ wa st r.
t0 encoding €ye\ default oe 'ut £-8 ' - deite Standard Encodings yio. mbavég Tuég.

To errors eléyyeL TOV TPOTO YELPLOUOV TWV OQUANGTOV amokwdlkomoinons. Edv 'strict'
(M mpoemhoyr), vyivetar raise wo eSaipeon UnicodeError. Aleg mbovég tuég eivor Tto
"ignore', 'replace’', kot omowodfwote dAho dGvopa Tov £xel Kotoyxmpndel amd thv codecs.
register_error (). B\mne Error Handlers yio. hetopépeLec.

To AMdyoug amtddooNG, 1 T TOV errors dev eAEYYETOL WG TPOG TNV EYKUPOTNTO TOV, EKTOG EAV TAPOU-
oLaoTel £va 6pALA aTOKmALKOTTOINOoNG, Elval evepyomomuévo to Python Development Mode 1y pnoLuo-
moteiton éva debug build.

Inueiwon: H petddoon tov opiouatog encoding 0ty st r emTPETEL TV ATOKWOLKOTTOL01] 0TOLOU-
dMmote bytes-like object amevOelog, xwpic vo ypeLdTeTol vo dSNULOVPYNOETE £Va TPOCWPLVO AVILKELUEVO
bytes fjbytearray.

AMoEe oty £xdoon 3.1: Emutpdobetn vroothplEn yia keyword opioporta.

AMEe oty ékdoon 3.9: H T tov 6pov errors eléyyeton Tpa 6to Python Development Mode KoL 6t0
debug mode.

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

Emotpépel True dv to duadikd dedouéva TELELWVOUV e TO KAOOPLOUEVO suffix, SLapopeTiKd emoTpE-
peL False. To suffix popei emiong va eivol puo mhelddo omd embépota mov mTPEmeL Vo avalnTOoETe.
Me 10 7TpoaLpeTikd start, 1) dokiur| Sekivd ad avt ) 6£01. Me T0o Tpoaipetikd end, GTOUATIOTE VO
ouyKpivete og auti) T 0€o).

To(o) emiBepa(to) yio avalnTon wropei va ivan omolodnmorte bytes-like object.

bytes.find (sub[, start[, end] ] )
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bytearray.find (sub[, start[, end] ] )
Emotpépel to yapnidtepo index ota dedouéva 6mov Bpioketor 1 viroakohovdia sub, £ToL HOTE TO sub
va epLéyetal oto slice s [start : end]. Ta wpoarpetikd opiopota start kon end epunveovioL wg oupL-
Boioud tunuatomoinone. Emiotpéper —1 edv to sub dev Bpedei.

H vroaxoiovBio yio avalitnon umopet vo. eivol omolodnmote byfes-like object V) €vag axképarog aptOpog
otV mepLoyt) amd 0 Ewg 255.

Ynueimon: H pébodog £ind () Bo mpémel va ypnowpomoLeitol pdvo v ypeldteton va yvopitete
0¢om tov sub. T'wa va, ehéyEete edv To sub eivol vToouuBorhooeLpd 1) OXL, YPTOLULOTTOOTE TOV TELEOTY] in:

>>> p'Py' in b'Python'
True

AMoEe oty €kdoon 3.3: Emiong amodéyetal évav axépato apud oto evpog 0 £wg 255 wg vroako-
AovBia.

bytes.index (sub[, start[, end] ] )
bytearray.index (sub[, start[, end] ] )
Onwgn £ind (), oA kével raise o ValueError otav dev pedel ) devtepeviovoa akolovbia.

H vmoaxohlouBia yia ovalnTnon Wropei va eivar omolodnmote bytes-like object 1) évag axéporog aptOuog
otV mepLoyr) amd 0 émg 255.

AlaEe oty ékdoon 3.3: Emiong amodéyetar évav aképaro apbud oto evpog 0 émg 255 wg vtoako-
LovBia.

bytes. join (iterable)

bytearray.join (iterable)
Emotpéper éva aviikeipevo bytes 1) bytearray mwov givat 11 ouvevmon Tov duadikdv akohovOiwv dedo-
uévwv oto iterable. Mo, TypeError Qo yivel raise edv vtdpyouv TWeég 0To iterable mov dev eivol oov
bytes-like objects, GUUTEPIMAUBOVOUEVOV TWV AVTIKEWWEVWV St . To SLoywPLOTIKS HeTaED TV 0TOLYELDV
elval To TepLeyoueva Twv byte 1| Tov avtikelévoy bytearray ov mopéyel ovti) T wEbodo.

static bytes.maketrans (from, to)

static bytearray.maketrans (from, to)
Avti) 1) otk péB0d0g EMLOTPEPEL EVALY TTUVOKO UETAPPOONS TTOV UTOPEL VAL X pNoLuomtotn el yua tv
bytes.translate () mov Ba aviloTolyioel KAOe YapaKkTNpa 0To from OTOV YOUPOKTNPA 0TV 1dL0
0¢0m o7o to ta from Ko to TPEmeL va. elvan Ko 1o, dV0 byfes-like objects Ko Vo, €(OUV TO (L0 UHKOG.

Néo otnv ékdoom 3.1.

bytes.partition (sep)

bytearray.partition (sep)
Aoy wpiCel TV oKolovBio KOt TV TPOTH EUPAVLOT TOV Sep, KAl EMLOTPEPEL UL 3-TTAeLddaL TOU TTE-
PLEYEL TO TUNUE TTPLY ATTO TO SLaYWPLOTIKO 1] TO avIiypopo Tov bytearray Tou Kot TO TUWUG UETE TO
duaywpLotikd. Edv dev Bpebel 1o dLaywplotikd, emotpépet i 3-Aetdda Tov TEPLEYEL EVOL AVTLYPOPO
™G apyLKTG akohovBiag, akohovBovuevn amd dvo kevd byte 1) aviikeipeva bytearray.

To dLoywpLoTiko Yo avaliTnon UITopEL va eivat omotodNoTe bytes-like object.

bytes.replace (0ld, new[, count])

bytearray.replace (old, new[, count] )
Emotpépel éva avtiypagpo T akolovbiog e Oheg TIg epupavioelg TG devtepevovoag akolovbiog old
avukaOlotovuevn amd v new. EGv 800&l to mtpoaupetikd dpLopa count, avtikabioTavtol Lovo oL Ipm-
TEG EUPOVIOELG count.

H axolovbia yio avalntmon Ko ovILKoTaoToon Tg WTopel vo eival omolodnmote bytes-like object.

Inueiwon: H éxdoon bytearray avtfig tng uebodov dev hertovpyet ot 0éom g - mapdysl wévta éva
VEO QVTIKELUEVO, AKOUOL Kot oV eV €ytvay alharyég.
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bytes.rfind (sub[, start[, end] ] )

bytearray.rfind (sub[, start[, end] ] )
Emotpéper tov vymidtepo deiktn otnv akolovbio 0mou Bploketar 1 viroakolouvbia sub, €101 mOTE
T0 sub va mePLEYETOL 0T0 s [start :end]. Ta mpoolpetikd opiouata start Ko end pUNVEVOVTOL e
guufolopnd tunuortomroinong. Emotpéper —1 oe mepimtmon amotuyioc.

H vrtoaxolovBia yio avalntnon umopel va ivar omtolodftote bytes-like object M) évog oKépaLog aplipodg
otV mepLoyt) amd 0 Ewg 255.

AMoEe otv ékdoor 3.3: Eniong amodéyetar évav axéparo opBud oto evpog 0 éwg 255 wg vmoako-
LovBia.

bytes.rindex (sub[, start[, end] ] )
bytearray.rindex (sub[, start[, end] ] )
Onwgn rfind () ahhd Kavel raise wa ValueError 0tov 6gv Bpedei ) vitookolovbio sub.

H vroaxoiovBia yio avalntnon uropel vo eivar otolodote bytes-like object M) €vog 0KEPALOG apLOROG
oV mepLoyt amtd 0 €émg 255.

AMoEe otnv €xdoon 3.3: Emtiong amodéyetal évav axképato apbud oto evpog 0 £wg 255 wg vroaKo-
hovBia.

bytes.rpartition (sep)

bytearray.rpartition (sep)
Aoy wpiCel TV axohoudic 0TIV TEAEUTOLO EUPAVLOT TOV sep, KoL EMLOTPEPEL ULat 3-TTAELAO L TTOV TTEPLEYEL
TO TUNLLOL TTPLV 0ITO TO SLOYWPLOTLKO, TO {810 TO dLayWPLOTLKS 1] TO OVTLYPApO TOV bytearray Ko TO TUNUOL
HETA TO dLaywPLoTko. Edv dev Bpebei o duaywplotikd emotpépet o 3-mAetdda ov mepLéyel 00 Keva
byte 1 avtikelpeva bytearray, akohovBovueva omd €va avtiypapo g apylkng akorovdiog.

To draywpLoTkd Yo avalNTNon UTOPEL va gival omtolodote bytes-like object.

bytes.startswith (preﬁx[, start[, end] ] )
bytearray.startswith (preﬁx[, start[, end] ] )
Emotpépel True edv ta dvadikd dedouévo Egkivouv e 1o KaBopLouévo prefix, SLOPOPETLKA ETLOTPEPEL
False. To prefix pmopel emiong va eivor wo mherddo amd mpobépata tpog avalitnor. Me to mpoaipe-
TKO start, | doKiun Sekivd artd aut) T B€01. Me 10 TPoaPeTIKO end, OTAUOTAEL VO CUYKPIVEL OF QUTH)
T Oéom.
To(a) TpdOepo(ta) Yoo avalnTnor Wropet vo eivar otolodfmtote bytes-like object.
bytes.translate (table, /, delete=b")
bytearray.translate (fable, /, delete=b")
Emotpépet éva avtiypago twv bytes 1) tov avtikeyévou bytearray 6ov agarpouvtol 6Aa ta byte o

EUPAVILOVTOL 0TO TPOLPETIKO dpLopa delete Kou ta vitdOlOLTA byte £x0VV avTioToLyLoTel PECW TOU dE-
dOUEVOV TEVOKOL LETAPPAOTS, O OTTOL0G TIPETEL VAL ELvalL £va AVTIKELUEVO bytes unkoug 256.

Mmopeite va ypnolomomoete ™ uEBodo bytes.maketrans () Yo vo. SNULOVPYNOETE Evav TVOKOL
UETAPPAONC.

OpiCeL To OpLopa table oe None Y10 LETAPPATELS TTOU dLOYPAPOUV LOVO YXAPUKTIPES:

>>> b'read this short text'.translate (None, b'aeiou')
b'rd ths shrt txt'

AMaEe oty £xdoon 3.6: To delete vtootnpiletar mAéov wg dpropa AEENG-KAeLdLOV.

Ou axdrovBeg néBodol oe byte Kol bytearray ovitKeUEVa €OV TPOETIAEYUEVES CUUTEPLPOPES TTOV TTPOVITO-
0¢touv ™) xpNomn dvadikwv poppwv cuufatmv pe ASCIL, aléd umopouv va xpnotiomornbotv pue ovbaipeto
dvadikd dedopéva mepvaivtag Katddinho opiopata. Znuewmote ot Oheg ov uébodol bytearray o€ avtiv T
EVOTNTO. dev AELTOUPYOUV 0T BE0T TOUG KO OUMG TTOPAYOUV VEQ OVTLKEIUEVQL.

bytes.center (width[, fillbyte |)

bytearray.center (width[, ﬁllbyte] )
Emiotpépet Eva aviiypogo ToU OVTLKELUEVOD [LE KEVTPO O€ uLo. akohovBio unkovg width. H cupmdnpwon
TIPAYULOTOTTOLELTOL X PNOLUOTOLDVTOG TO KabopLouévo fillbyte ( mipoemhoyi eivor éva dudotnua ASCID).
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lNo ovukeipeva bytes, n apyixn axoAouBia emioTpéweTar edv to *width* eivau
pikpdtTepo 1 too pe len(s)’

Ynueimon: H £xdoon bytearray avtiig tg uebddov dev hertovpyel ot Béon g - mopdyel Tévto éva
VEO OVTLKELUEVO, OKOUO KOL OtV OEV £yLvay oMOYEC.

bytes.ljust (width[, ﬁllbyte])

bytearray.ljust (width[,ﬁllbyte])
Emotpépet éva avilypapo Tov avitkeluévou aplotepd evBuypaptopévo oe (o okohovbio unKovg
width. H oupmApmon TpoylotomoLeitol xpnoLuomoldvtas to kabopiouévo fillbyte (1 mpoemhoyn &i-
vou éva dtdotnua ASCID). N aviikeipevo bytes, n apyixr akodoubia emiotpéypetar edv
To *width* eivaur pikpdtepo 1 too pe " “len(s) .

Ynueimon: H £xdoon bytearray avtig g uebddov dev hertovpyel ot Béon g - mopdyel Tévto éva
VEO QVTIKELNEVO, AKOUOL Kot oV eV €ytvay alharyég.

bytes.lstrip( [charsH )

bytearray.lstrip ( chars] )
Emotpépet éva aviiypago g akohovdiog pe kabopiopéva faotkd byte wov éxouvv apaipedel. To opt-
opa chars givon o dSuodikn akorovbio wov Kahopilel To GUVORO TV TLMV byte TOV TPETEL VOL LPOLPE-
00UV - TO OVOILA OVOLPEPETOL OTO YEYOVOG OTL auTN) 1] LEB0SOG pNoLoToLeital ouVHOWG UE XOPUKTNPES
ASCIL. Edv mopaingbei 1 elvor None, 1o OpLouo. chars €xeL oG TPOETAOYY TNV QQPAIPEDN TOV KEVOU
draothuatog ASCIL To dpiopa chars dev givan TpdHepa, oG 0L GUVOVUOUOL TOV TLUMY TOV 0PALPOV-
VoL

>>> b' spacious " lstrip()
b'spacious !

>>> b'www.example.com'.lstrip(b'cmowz.")
b'example.com'

H dvadikn axolovbia v byte mpog katdpynon umopet vo eivon ooradnmorte bytes-like object. Bhéme
removeprefix () yuo o uEB0d0 oV BoL APALPETEL L0 LELOVMOUEVT] CUUBOMOTELPA TTPOOENATOG OVTE
Mo TO 0VVOLO YapakTpwy. o mapdderyuna:

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

>>> pb'Arthur: three!'.removeprefix(b'Arthur: ")
b'three!’

EInueiwon: H éxdoon bytearray avtiig tng uebo6dov dev hertovpyei otn Oom g - mapdysl Tévta éva.
VEO AVTLKELUEVO, KOO KoL oV eV €yLvay olharyég.

bytes.rjust (width[, ﬁllbyte])

bytearray.rjust (width[,ﬁllbyte])
Emotpépel éva aviiypago Tov avitkelnévou evbuypauuouévo deEd mouv dukolohoyeitol og po aKo-
MovBio unkovg width. H cupmAipmon mpayiatomoLeliton X pnoluototdviog to kabopiouévo fillbyte (1
spoemhoyt) eivan eva didotnua ASCID). TN avukeipeva bytes, 1 opyLKi akohovdio emotpépetal
ev to width eivol KpoOTEPO 1) 100 pe len (s) .

Inueiwon: H éxdoon bytearray avtiig tng uebo6dov dev hertovpyei ot Oom g - mapdysl Tévta éva
VEO QVTLKELUEVO, KOO KAl 0V eV €yLvay olharyég.

bytes.rsplit (sep=None, maxsplit=- 1)
bytearray.rsplit (sep=None, maxsplit=- 1)
Aoy wpiLel T duadiky axorovbia o€ vtoaKorovdieg Tov {dLov TUTOV, X PNOLUOTOLDVTOG TO Sep WG GV~
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Borooepd oprobétnong. Edv 600l maxsplit, yivovtar to mold maxsplit duoywpiopol, ou rightmost. EGv
dev Kabopiletor sep 1) None, 0moLadNTOTE VTOUKOAOVOIA TOV ATTOTENELTOL ATTOKAELOTIKA atd KeVO
Sduaotnua ASCII eivon SLaymplotikd, eKTog 0rtd To dLaympLopd oo ta deEid, | rsplit () CUNTEPLRE-
peTon OTwg split () oL mEPLYPAPETOL AETTOUEPMG TAPUKATW.

bytes.rstrip ( [chars])
bytearray.rstrip( [chars])

Emotpépel éva avtiypago tg akorovdiag ue ta kabopiopéva devtepetovta byte o £xovv agalpedei.
To 6piopa chars givor o, dvadiky) axorovbia mov kabopilel To CUVOLO TV TLUWV byte Tov TTPETEL VoL
apaLpedoy - To dvoua avapépetol 0to Yeyovdg 0Tl avth 1 ué€Bodog ypnotiomoteitar ouvnOmes ue yo-
paxtnpeg ASCIL Edv mapaingei 1 eivor None, 1o OpLoua chars el g IPoemAOYT| TNV 0QOipET TOV
Kkevoy draotuatog ASCIL To dpwopa chars dev givor emiOnua, aArd agopovvtal 6AoL oL CUVOVACUOL
TOV TYUOV TOV:

>>> b spacious '.rstrip()

b!' spacious'

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

H dvadikn axorovbio tiumy byte tpog Katdpynon wmopei va eivar oolodfmote bytes-like object. Bhéme
™ removesuffix () yuo o ué6odo ov Oa apapéoel po ouuBorooelpd emBéuatog kot oyt 6Lo To
ouvolo yoapaktpwv. [a Tapdaderypo:

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

b'™M'

>>> pb'Monty Python'.removesuffix (b' Python')
b'Monty'

Inueiwon: H éxdoon bytearray avtfig tng uebddov dev hertovpyet ot 0éom g - mapdysl wévta éva
VEO QVTIKELUEVO, AKOUOL Kot oV eV €ytvay alharyég.

bytes.split (sep=None, maxsplit=- 1)
bytearray.split (sep=None, maxsplit=- 1)

AroyxwpiCel Tnv dvadik akohovbio oe voakolovdieg Tov dLOV THITOV, YPNOLUOTOLDVTIOG TO SEP MG
oupporooelpd oproBétnong Edv d00el maxsplit ko un apvnTtikod, yivovton 1o wohd maxsplit dtoywpLopol
(Gpa, N Mota Oa €xe To oA maxsplit+1 otovgein). Edv to maxsplit dev éxel koOoprotel 1 eivon —1,
toTE dEV VTapYEL OPLo 0TOV aPLOUO TV dLaywPLop®V (Oheg oL Bavég dLoomdoeLg yivovtar).

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 byzes-like object.

lNa Tapaderypo:

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

[b'1', b'2', b'3"']

>>> b'1,2,3".split(b', "', maxsplit=1)
[b'1l', b'2,3"']

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

[b’lV, bl2l, bVl’ bY3V, b'V]

Edwv to sep dev éxeL kaboplotei 1) elvol None, epoapuoTeTol £Vag SLapopeTtkog akyopLlOog dLoympLopov:
ot ekteléoelg dtadoytkmv kevav daotnudtmv ASCII Bewpouvtar mg €va eviaio dLaywpLoTiko, Kat To
amotéleoua dev Oa mepLéyel KevEG GUUPBOLOOELPES OTNV apyT] 1] 0TO TELOG, GV 1] akolovbia £xeL KeEVO
mov émeton 1) ponyeitar. Katd ovvémeia, o dtoywpionds wag keviig akolovdiog 1 wog akohovbiog
mtov astoteheitan amwokhelotikd amd kevo dudotnua ASCII ympic KaOopLouEvo dLaympLoTKO EMLOTPEPEL
o [].

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 ()
[b'1', b'2', b'3']

bytes.strip ( [chars] )

bytearray.strip( [chars] )
Emotpépel éva avtiypago tg akolovbiog pe ta kabopiopéva bytes mov ponyouvtaL Ko to bytes ov
¢movrot. To dpiopa chars givar por dvadikr) akolovbia wov kaBopilel To oVVoro TV TV byte mov
TPETEL VO APALPEDOVY - TO OVOULOL OVOPEPETOL GTO YEYOVOG OTL vt M HEOOSOG Y PNOLLOTTOLELITOL GUVT]-
Bwg pe yapaktpeg ASCIL Eav mapaleimeton 1) eivan None, 10 0piopa chars otd mpoemhoyn) apotpet
to ASCII hevkd dudotnua. To Opiopa chars dev eivon TpodHepa 1 emibONUaL, aAhd aporpovvTal GAOL oL
oUVOUAOUOL TV TUMV TOV:

>>> 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 avtfig tng uebodov dev hertovpyet ot 0éom g - mapdysl Tévta éva
VEO QVTIKELUEVO, AKOUOL Kot oV eV Eytvay alharyég.

Ou axdrovbeg uébodol oe byte kau avitkeipevo bytearray mpoimoOétouy ) ¥p1on SVUdIKMOV LOPPOV GV~
Botdv ue ASCII kau dev mpémel var epaprotoviar oe avbaipeto duadikd dedouéva. Znuelwote OtL Oreg oL
uébodol bytearray oe avtiv TV VOTNTA JeV AeLToUpYOUV 0T B0 TOUG KO ave” ovToV Topdyouv vEX avTL-
Keipeva.

bytes.capitalize ()

bytearray.capitalize ()
Emotpépel éva avilypago g akolovbiog ue kaOe byte va epunvevetar og évag yapaktpog ASCII,
KoL To TPOTO byte ypouuévo pe Kegpoloio Kot to virololmo ue meld. Ou Tiuég twv byte mov dev eivar
ASCII petapipatovral apetdpinTes.

Ynueimon: H £xdoon bytearray avtiig tg uebddov dev hertovpyel ot Béon g - mopdyel Tavta éva
VEO AVTLKELUEVO, KOO KOl 0V OEV €yLvay olharyég.

bytes.expandtabs (fabsize=8)

bytearray.expandtabs (tabsize=8)
Emotpépel éva avilypago g akolovbiog 6mouv dhot ot tab yopaxtipeg ASCIL avtikadiotavror omd
éva M meprooodtepa Keva ASCIL, avdhoya pe v tpéyovoa ot ko to dedouévo uéyeog tab. O Oéoelg
TV tab eppavitovton k4Oe fabsize bytes (1 wpoemihoyn eivor 8, divovrag Boelg KapTehdV 0TIG OTNAES
0, 8, 16 kaw oVtw kaOeENC). Tia TV emékToom TG oKoroubiag, 1) Tpéxovoa oThHin opileTol oto undév
Kau 1) akolovBia eEetdletal byte mpog byte. EGv to byte eivou tab yapoaxthpag ASCIL (b '\t '), évag 1
TEPLOTOTEPOL Y APOAKTIPES SLAOTIUATOS ELTAYOVTAL OTO ATTOTELECLOL EMG OTOV 1) TPEYX OV OTHAN LGOVTOL
ue v exoduevn B€om tab. (O (drog tab yopaxthpag dev avitypdgpetatr.) EGv to tpéyov byte elvor uio véo
ypouu ASCII (b ' \n "), avitypdgpetal Kot 1 TPEYovaa OTNAT ETOVOPEPETOL 0TO UNdEV. OmoLadNmote
QA T byte avtrypdgeton apetdfAnTn Kot 1 Tpéyovoo 6T TPocavEaveTaL Kotd éva., aveEdpTnTo.
TTO TO TAG OVOTTOPLOTATOL 1) TLUT) byte OTaV EKTUTMVETOL:

>>> p'01\t012\t0123\t01234" .expandtabs ()

b'01 012 0123 01234"
>>> b'01\t012\t0123\t01234"'.expandtabs (4)
b'01 012 0123 01234"
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Inueiwon: H éxdoon bytearray avthig tng uebo6dov dev hertovpyei ot Oon g - mapdysl Tévta éva
VE0 aVTIKELUEVO, KOO Kol oV eV €ytvay alharyég.

bytes.isalnum ()

bytearray.isalnum ()
Emotpéper True edv Olo ta byte g oxolouvbiog sivar  olpafnTikol  XOpOKTNPES
ASCIT 1 ASCII dexodikd Yyneio Ko 1 akolouvbiaw dev  eivar Kevi), False diogpope-
TKkd. Ouv olgpapnukol yopaxtipeg ASCIL eivor exeiveg oL Tuég byte oty  axohovbia
b'abcdefghijklmnopgrstuvwxyzABCDEFGHIJKLMNOPQRSTUVWXYZ'. Ta dekadikd Yn-
pia. ASCII givan awTég oL Tiuég byte otnv akohovBia b' 0123456789 .

T Tapaderypa:

>>> p'ABCabcl'.isalnum()
True

>>> b'ABC abcl'.isalnum/()
False

bytes.isalpha ()

bytearray.isalpha ()
Emotpéper True edv 6ha ta bytes tng akorovBiog elvor olgpafntikol yopaxtipeg ASCII ko 1 ako-
LovBia dev eivar kevi), False diagopetika. Ou ahgpapntikoi yapaktipeg ASCII eival exeiveg oL TLuég
bytes otV akolovbio b 'abcdefghijklmnopgrstuvwxyzABCDEFGHI JKLMNOPQRSTUVWXYZ

T Topdderyuo:

>>> pb'ABCabc'.isalpha()
True
>>> p'ABCabcl'.isalpha ()
False

bytes.isascii ()

bytearray.isascii ()
Emotpéper True eav 1 okohovBia eivar kev) 1 Oha ta byte g akolovBiog eivar ASCIIL, False da-
popeTikd. Ta bytes ASCII Bpiokovtan oto eupog 0-0x7F.

Néo oty éxdoon 3.7.
bytes.isdigit ()
bytearray.isdigit ()
Emotpépel True edv Oha ta bytes oty akorovBia eivan dexadikd Ympian ASCII ko 1 akohovBio dev

elval kevn, False dwagpopetikd. Ta dexadukd Yneio ASCII eivar avtég oL Tuég byte otny axohovbio
b'0123456789".

TNa wapaderypo:

>>> p'1234" .isdigit ()
True
>>> pb'1.23"'.isdigit ()
False

bytes.islower ()

bytearray.islower ()
Emotpéper True edv viapyer tovhdylotov évag meldg yopaktpoag ASCII otnv axkorovBia kou Kove-
vag kegpahaiog yapaktipag ASCIL False dLapopetikd.

T Topdderyuo:

>>> p'hello world'.islower ()
True

(ouvéyela otV TOUEVY 0EMD)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

>>> b'Hello world'.islower ()
False

O  meloi  yopaxthpeg  ASCII  eivar  autég or  mupég byte otnv  axohoubio
b'abcdefghijklmnopgrstuvwxyz'. O kepolaior yopaktypeg ASCII eivar auvtég or Tuuég
byte otV akolovbio b ' ABCDEFGHI JKLMNOPQRSTUVWXYZ'.

bytes.isspace ()

bytearray.isspace ()
Emotpéper True edv 6ha ta byte otnv akolovbia eivar kevd ASCII kau 1 axolovbio dev eivar kev,
False dwogpopetikd. O yapaktipeg kevoy draotnuatog ASCII eivar avtég oL Tipég byte otnv akolov-
Olab' \t\n\r\x0b\f"' (kevo, tab, véa ypoauur, ETLOTPOPY UETAPOPAS, KAOETO tab, Lopt) pong).

bytes.istitle()

bytearray.istitle ()
Emotpéper True edv n akohovbio eivor ASCII kepataia tithov (dnhadn ta mpwta ypduuato Tmv
MEewv kegalaio) Kot 1 akolovOia dev eival Kevi), False dwagopetikd. Agite bytes.title () yo
TEPLOOOTEPEG METTTOUEPELES OYETIKL LLE TOV OPLOWO TOV «titlecase».

lNa wapaderypo:

>>> pb'Hello World'.istitle()
True

>>> p'Hello world'.istitle()
False

bytes.isupper ()

bytearray.isupper ()
Emotpéper True edv vmdpyer Touddyotov évag Kepahaiog arpafntkog yapakthpag ASCIT otny
akolovbio Kau Kavévag meldg yopaktipog ASCII, diapopetikd False.

TNa wapaderypo:

>>> p'HELLO WORLD'.isupper ()
True

>>> b'Hello world'.isupper ()
False

O meCol  yopaxtipeg ASCII  eivar  auvtég o Twués byte oty axohovbia
b'abcdefghijklmnopgrstuvwxyz'. Ov keparaior yopaktmpeg ASCIL eivor avtég o Tuuég
byte otV axolouvBia b ' ABCDEFGHTI JKLMNOPQRSTUVWXYZ'.

bytes.lower ()

bytearray.lower ()
Emotpépet éva avtiypago g akolovbiog pe 6hovg tovg kKeparaiovg yopaktnpeg ASCII va éyovv
peTATPATEL 0T LoOdVVAA TECA.

INo mwopdderypo:

>>> b'Hello World'.lower ()
b'hello world'

O  meCol  yopaxthpeg ASCII  eivar  auvtég o Twpés byte oty axohovbia
b'abcdefghijklmnopgrstuvwxyz'. Ou kegohaior yoapaktnpeg ASCII eivor avtés ot Tuég
byte otnv axolovbio b ' ABCDEFGHI JKLMNOPQRSTUVWXYZ '

Inueiwon: H éxdoon bytearray avtiig tng uebo6dov dev hertovpyei ot Oon g - mapdysl Tévta éva
VEO QVTLKELUEVO, KOO KoL oV eV €yLvay olharyég.

bytes.splitlines (keepends=False)
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bytearray.splitlines (keepends=False)

Emotpépel pua AMota pe tig ypapués ot duvadiki akorovdia, omdtovag to opia ypauutg tov ASCIL.
Avti 1 u€0080¢g YN OLULOTOLEL TV TTPOOEYYLON universal newlines yio. TOV dLOXOPLOUO TOV Ypouumv. Ot
odhayég ypauung dev mephaufavovtal 0Ty MoTa oV TPOKUTTTEL EKTOG eGv dobel keepends Kal elvon
ano7s.

TNo mwopdderypo:

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

[b'ab ¢', 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 () otav divetar wa oproBetnuévn ovpporooelpd sep, ovth 1 uéBodog emi-
OTPEQPEL WLOL KEVT MOTO Y1a THY KEVT CUUPBOLOCELPE KOL oL AANOLYT) YPAUUNG TEPUATIKOV eV 0dMYEL o€
Lol ETLTAEOV YPOLUUN:

>>> 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 ()

Emotpépel éva avtiypopo g akorovdiog pe dhovg tovg melovg yopaktpeg ASCII va éxovv ueto-
TPOITEL GTO AVTLOTOLYO LOOSVVAUO KEPAAALO KO OVTIOTPOQAL.

T Topdderyuo:

>>> p'Hello World'.swapcase ()
b'hELLO wORLD'

O meCol  yopaxtipeg ASCII  eivar  auvtég o muég byte oty axohovbia
b'abcdefghijklmnopgrstuvwxyz'. Ov kepalaior yopakmpeg ASCII eivor avtég oL Tuég
byte otV axolovbio b ' ABCDEFGHI JKLMNOPQRSTUVWXYZ'.

Unlike st r. swapcase (), itis always the case thatbin.swapcase () . swapcase () == bin forthe
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 uebo6dov dev hertovpyei ot Oom g - mapdysl Tévta éva
VE0 QAVTIKELUEVO, aKOUO Kol oV eV Eytvay alharyés.

bytes.title ()
bytearray.title()

Emotpépel pua €kdoon pe kepohaia tithov (dnhadn ta mpdta ypduuato Twv AMEewv Kepoaia) g
duadikng axkorovbiog 6mou oL MéEeig Eekivouv pe kepodaio yapaktipo ASCII kau ot vrdrowmol yopa-
KtNpeg etvar wefoi. O Tiuég byte ymplg Kegohaia YPAUUOTO TOPAUEVOUY YWPLS TPOTOTTOLNOM).

TNa tapaderypo:

>>> b'Hello world'.title()
b'Hello World'

O  meCoi  yopoxtpes  ASCII  elvon  exeiveg oL  wpég byte omv  axohouvbia
b'abcdefghijklmnopgrstuvwxyz'. Ou kepolaio yopakthpes ASCII eivor exeiveg ov Tuég
byte otnv axolovbio b ' ABCDEFGHIJKLMNOPQRSTUVWXYZ '. ‘Okeg ov dhheg TLuég byte eivar ympig
KepohoiaL.

O olyépLBuog ypnowwomotel évav amhod, aveEdptNTo 0md T YA®ooo, oplopnd wog AMENG g group dia-
doykdv ypouudtwv. O oplopdg Aettovpyel o€ TOAMG contexts, 0AAG onuaivel OTL oL ATTOOTPOPOL OE
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oVVaLPEDELG Ka KTNTIKEG MEeLg ammotehovv Opra MEewv, Tov wmopel va uny eivol To embuuntod asto-
TELEOUOL:

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

Mua A0o1 Y10 aooTpOpOovg WITopPEel Vo dNuoupynOel XpNOLUOTOLDVTOG KOVOVIKES 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 £xdoon bytearray avtig g uebddov dev hertovpyel ot Béon g - mopdyel Tévta éva
VEO AVTLKELUEVO, KOO KOl 0V gV €yLvay olhayég.

bytes.upper ()

bytearray.upper ()
Emotpépel éva avtiypogpo tng akolovbiog ue 6hovg toug meCovg yapaktpes ASCII va éxovv peta-
TPOTEL 0TO AVTIOTOLYO LOOOUVAO KEPAALLO.

lNo mwopdderypo:

>>> pb'Hello World'.upper ()
DP'HELLO WORLD'

O meCol  yopaxthpeg ASCII  eivar  auvtég o  mués byte oty axohoubia
b'abcdefghijklmnopgrstuvwxyz'. O kegohaior yopaktypeg ASCII eivor auvtéc ot Tuég
byte otnv axolovbio b ' ABCDEFGHI JKLMNOPQRSTUVWXYZ '

Inueiwon: H éxdoon bytearray avthig tng uebo6dov dev hertovpyei ot Oon g - mapdysl Tévta éva
VE0 aVTLKELUEVO, aKOUO Kot oV eV Eytvay alharyég.

bytes.z£fill (width)

bytearray.z£ill (width)
Emotpépel éva aviiypago g akohoubiog mou éxel amoueiver yepdto ue ynepioc ASCIIb ' 0 ' yia va om-
pwovpyfoete o akohovbia uijkovg width. 'Evo mpdbepa tpomopevduevov onuatog(b'+'/b ' =) avti-
UETMITUTETOL UE TNV ELTOYWYT) TNG CULTANPWOONG TOV dfter Y apakTpa Tpoofuov Ko oyt mpwv. Lo avre-
Keipeva bytes, 1 opyLK] oakohovBio emlotpépeTal eV T0 width gival KpOTEPO 1) 100 pe len (seq) .

TNo mwopdderypo:

>>> p"42" . z£1i11(5)
b'ooo042"
>>> pb"-42" . zf111 (5)
b'-0042"

Inueiwon: H éxdoon bytearray avtiig tng uebo6dov dev hertovpyei ot Oom g - mapdysl Tévta éva
VEO QVTLKELUEVO, KOO KoL oV eV €yLvay olharyég.
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4.8.4 Mop¢gomnoinon Bytes tumnou print£

EInueiwon: Oulertoupyieg LoppomToinong ov TepLypapovtal €8 TapovoLtaLouv uia ToLkihic dLoppududv
IOV 00N YOUV 0 o oelpd amtd Kowvd opdhuata (OTmg 1) amotuyio enpaviong Tmv Thetddmy Kot Twv AeElkdv
owotd). Edv ) tyum mov extumdvetal umopel va ivar mherdda 1 AeEkod, Kavte To wrap o€ o TALdda.

/

Ta avikeipevo bytes (bytes/bytearray) £xovv o Lovadik) EVOOUATOUEVT] AELTOUPYIO: TOV TELEOTY] %
(modulo). Autd givan emtiong Yvwotd wg teleotng bytes formatting 1) interpolation. Aedouévov twv format %
values (0mov to format eival OVTLKELUEVO bytes), oL TPOSLAYPUPEG LETATPOTING % OF format ovILKOOLOTA
ue undév 1) mepLoootepa otolyelo values. To amotéleopa eivar TopdUoLo ue ) xpfon Tov sprintf () om
viwooag C.

Edv 1o format amoutel éva pepovauévo dpLopa, To values Wtopet va ivot Evo LELoVOUEVO U ToMMOTAO avL-
Keluevo.’ Alapopetikd, To values mpémel va. elval mheldda e akpLpmg Tov apdud Twv otolyeinv mov kado-
pilovtow amo To avrikeipevo woppng bytes 1 uepovouévo mapping aviikeiievo (yio mopaderyna, évo heEko).

'Evog mpoadloploTtig LETATPOITNG TTEPLEYEL OVO 1] TTEPLOTOTEPOVGS YOPUKTHPES KOL £XEL TOVG £ENG components,
OL OTTOLOL TIPETEL VO EPOVICOVTOL UE auTh TN OELPdL:
1. O yopaxtipag * %' ", IOV ONUATOSOTEL TNV 0PYT| TOU TPOTOLOPLOTY).

2. Khewdi mapping (7pooutpetikd), mov amoteheitor oo po akolovdia yopoktipwy oe mapeévieon (Yo
mopaderyna, (somename)).

3. Aelkteg HeToTpomg (TPOALPETIKO), TOV EMNPEACOVY TO ATOTEAECLO KATTOLWV TUTMV UETATPOTTHS.

4. EMayioto mhdrtog mediov (mpoarpetikd). Edv opileton g '* ' (a0TeploKog), TO TPAYUOTIKO TAATOG
dLafatetar amd To emduevo otouyelo Tov tuple otol values, KoL TO AVTIKELUEVO TPOG LETATPOTTY) EPYETOL
petd amd 1o eEALoTo TAATOG TESIOV KOl TO TTPOALPETIKO precision.

5. Axpifera (TpoalpeTikd), diveton mg ' . ' (teleia) axorovBovuevn amtd o precision.Eqv opiletan wg ' * !
(aoteplokog), To mpoyuatikd precision dtofdleTol amd To emdUEVO oToLyElO TOV tuple ota values, Ko 1
TLUN TTPOG UETOTPOTT EPYETOL UETA TO precision.

6. Metatpomeag Tov length (pooupetiko).
7. Tvmog conversion.

‘Otav 10 owotd dpropa eivor £va AeEKo (1] GAAOG TUITOG aVTLOTOIXLONG), TOTE OL LOPYPES OTO OVTLKELUEVO bytes
moémer va mepthaufiavouy éva khewdi avtiotoiylong oe mapévOeon oe autd To heEukod mou éxel eoayBel automg
UETA TOV YopokThpa "% "' . To KAeWdi ovTLoToiylong emAgyeL TV Ty tov Oo pop@omotn el oo TV avTLoToi-
yron. T Topdderypo:

>>> print (b' has quote types.' %
C. . {b'language': b"Python", b"number": 21})
b'Python has 002 quote types.'

2 QUTNV TV TEPLTTMOT OEV UWITOPEL VOL VITAPYOVY TPOOGALOPLOTEG * 0€ Ual Lop@r) (Kabwg amaitodv wa dia-
doyLkn Mota Tapauétpmv).

O deiKTeg pueTaTpormng eiva:

Flag| Evvola

"#' | Oupetatporn g Ba xpNOLILOTTOLATEL TNV «EVOAMAKTLKY Opuo» (6rtov opiletan TapokdTm).
'0' | H uetatpomn Oa €xer undevikn ovpuminpmaon yio aptOunTikég Téc.

'— | H 11 YetaTpomng oprveToL TpocopUOoUEVY (FTOPAKAUITTEL T HeToTposty '0 ' v divoviol Ko
! o 810).

! (éva xevo) Tpémel va mpootebel £va kevo mpLy amd £vav OeTikd apBud (1) Kevy) cupfolocelpd) mov
! TOPAYETOL OTTO UL VITOYEYPOUUEVT] UETOTPOTTY.

'+' | 'Eva xopoktpag tpoofuov ('+' N =) 0 TponyELToL TG UETATPOTG (TTAPAKAUTTTEL EVOL KKEVO»
delkn).
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‘Evag tpomomountig uikovg (h, 1, or L) wropei va vdpyel, olé ayvoeitor kabwg dev eivar amapaitntog
vioe Tv Python - omote .. $1d eivol movouoldtumo o€ $d.

Ot TUmoL petatpormng etvo:

Meta- | ‘Evvola in-
Tpom MELW-
OElg

'a’ Ymoyeypapuuévog deKadLkOg aképaLog.

it Yroyeypouuévog dekadikdg aképatog.

o' Ymoyeypopuévn oKTodLK Tuu. (1)

'u' Amapyomuévog Thmog — givan tavopoldtumog e to 'd’. )

'x! Ynoyeypopuévo dexoeEadiko (meld). 2)

X! Ynoyeypouuévo dekoeSadikd (keparaio). 2)

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

B! 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.

‘¢! Movd byte (déyetal axépota 1) pepovouéva byte aviikeipueva).

'b! Bytes (any object that follows the buffer protocol or has __bytes__ ()). 5)

's' To 's' eival évo Peuddvuuo yio to 'b' kol o pémer v ypnotpomoteitol uovo yier | (6)
Kwdika fdoer Python2/3.

'a! Bytes (uetatpémel ommoLodfmote avitkeipevo Python ypnolpomolwvtag repr (obj) . | (5)

encode ('ascii', 'backslashreplace')).

'r! To 'r' eivow éva Peuddvupo yio 'a' ko Ba mpémer va ypnotposoteiton povo yio | (7)
Baoeig kwduka Python2/3.
= Kavéva 6pLopo dev petatpémetalt, £eL mg AmoTELEoU EVOV XOPOKTNPO ' %' TO OTT0-
TENEOLOL.
ZNUELWOELS:

(1) H evolhakTiky poppr| TpoKalel TNV eLoaymyn evOg TpmTov oKTAdLKOV tpoodioptatn (' 0o ') mpLv amd
TO TPWTO YNPio.

(2) H evalhokTikt) pOpUo TPOKOALEL TNV ELOAYWYY EVOG apyLkoy '0x ' 1} '0X"' (avdhoya pe To edv xpnot-
pomonOnKe M popen 'x "' M 'X') TPLV TO TPWDTO Y1 pio.

(3) H evodhoKTiky) popgpt) KAVEL TO OTTOTELECUA VOL TTEPLEYEL TTAVTOL (LA VITOOLAGTOAT], OKOWAL KL OV OEV 0KO-
AovBovv Ymepia.

H axpipeia kabopilel Tov aptOud tov Yneiov uetd v vrodiaotoli) Kot opiletol amd Tpoemhoyn g
6.

(4) H evalhakTiky) Hop@pn KGVEL TO ATTOTEAECUO VO TTEPLEYEL TTAVTA (L0 VTTOSLOLOTOAY) KOl TO. UNOEVLKA 0TO
TEMOG deV apapovvToL 6ITmG Ba TV dLOPOPETIKA.

H axpipeta kabopilet Tov aptOud Tmv onuavitkdv YPineiwv mpLy Ko Letd Ty vrodlaoToir Kot opile
70 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, adhd dev Oa aparpedel Katd T dLAPKELD TG OELPAG 3.X.

(8) Béme PEP 237.
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Inueiwon: H éxdoom bytearray avtig thg uebodov dev hettovpyei otn Oéom g - mapdyer Tévta évo véo
avTLKeipevo, akopa Kot av dev éyvav alhoyéc.

Agite emiong:

PEP 461 - TIpoobkn % yio popgomoinon oe bytes Kai bytearray

Néo omv éxdoon 3.5.

4.8.5 Oyelg Mvnung

To avtikeipeva memoryview emIpémovy otov Kodika Python va €xel mpdopaon ota ecwteptkd dedopéva
EVOG OVTLKELWEVOU TTOV VITOoTNPILEL TO TPWTOKOMO buffer protocol ywpig avtrypog.

class memoryview (object)

ANovpYEL la memoryview mov avapEpeTaL 0to object. To object mpémel va vrootnpilel To TPWTO-
Kolho buffer. Ta evompatouévo ovtkeipevo mov vrooTpitovy to mpwtdkorro buffer mepihaufdvouvv
bytes KoL bytearray.

Mo memoryview €xeL TNV £vvolo evOg atotyelov, To 0molo €ival 1) LOVAdO ATOULKTG WVAUNG TTOU YEL-
piCetan to apykod object. Tia tolovg amhoig Timovs dmtwg bytes Ko bytearray, éva otolyeto eivor
£€va UEPOVWUEVO byte, alhd GALOL TUTTOL OTIOG array . array WIopel vo. €(ouv ueyoritepa oToLyelo.

len (view) is equal to the length of tolist.If view.ndim = O, the lengthis 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 tems i ze attribute will give you the number of bytes
in a single element.

Mo memoryview vooTNpileL AELTOVPYLES TUNUATOTOINONG KoL TPOOPAoT HECWH EVPETNPLOV 0T dE-
dopéva tov. Mo LovoSLAOTOTI TUNUOTOTTOIN o1 Bal £XEL WG ATTOTELETOL LLOL SEVTEPEVOVOQL TTPOPOAT):

>>> v = memoryview (b'abcefg')
>>> v[1]

98

>>> v[-1]

103

>>> v[1:4]

<memory at 0x7£3ddc9f4350>
>>> bytes(v[1:4])

b'bce'

Edv to format eival évag amd Toug TpoadloploTtés eyyevoUs nopeng omtd to module st ruct, 1 mpod-
ofaon péow gvpetnplov e Evav aképalo 1M wo Tielado (tuple) akepaimv vrootnpiletal exiong Ko
emoTPEPeL VO LELOVMUEVO GToLYElo PE TO 0moTod TUo. Ta LovodLAoTATO MEemoryviews Wropouv vo.
yivouv indexed pe évav axépato 1 évav axéparo mherdda (tuple). Ta TOAVSLAOTATO MEemOryviews uio-
pouv av yivouv indexed pe mhelddeg (tuples) axpipwg ndim axepaimv 6ov ndim givar o aplOUoOS Twv
daotdoemv. Ta undevikdv dL0.0TGoemv memoryviews uopouv va yivovv indexed pe v Kev) mhetdda
(tuple).

AxolouBel éva Tapaderypna 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]
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Edv 1o foowkd aviikeipevo gival eyypdLo, To memoryview vrootnpiler LovodLioTtaTy EKmp ot Tun-
potoroinong. Aev emtpémetan 1 alhoyn peyébovg:

>>> 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'spamn'

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')

ANTSR1)

Ta povodidotata memoryviews Twv TOTwV hashable (WOvo Yoo aviyvwon) we wopgpég “B”, “b” 1 “c

uopovv emiong va kKatokepuattotovy. O kotakepuationdg opiletar wg hash (m) == hash (m.
tobytes () ):

>>> v = memoryview (b'abcefg')

>>> hash(v) == hash(b'abcefg'")

True

>>> hash(v[2:4]) == hash(b'ce')

True

>>> hash(v[::-2]) == hash(b'abcefg'[::-2])

True

AMoEe otnv £kdoom 3.3: Ta LoVOSLACTATO MEmMOoryviews popouv héov va tunuatosomdotv. Ta po-

TSR]

vodLaoToTe memoryviews e Loppéc “B”, “b” 1 “c” elvon mhéov hashable.

AMoEe omv ékdoomn 3.4: to memoryview eyypdgetar mhéov avtouato pue collections.abc.
Sequence

AlhoEe oty €kdoom 3.5: To. memoryviews PITopovv TP VoL Yivouv gupeTnpLomoinon ue mhelddo (tuple)
AKEPALOV.

T0 memoryview €xeL didpopeg uebddovG:

__eq _ (exporter)
"‘Eva. memoryview kau évag eSaywyéag PEP 3118 eival ioot edv ta oyfuorto Tovg eiva 1oodvvauo
Ko €dv OMEG OL AVTIOTOLYEG TLUEG ival L0eg OTAV OL AVTIOTOLYOL KWOLKOL LOPPNG TWV TELEGTMV
EPLUNVEVOVTOL YPNOLUOTTOLDVTAG TN OUVTOEN st ruct.

I 0 vToovvolo Tov struct oL CUUBOAOOELPES LOPPNG TTOV VITOGTNPLLOVTOL CUTH TN OTLYUY

omd to tolist (), v kKoww elval ioegedv 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)

>>> ¢ = array.array('b', [5, 3, 11)

>>> x = memoryview(a)

>>> y = memoryview (b)

>>> x == g == y ==

True

>>> x.tolist () == a.tolist() == y.tolist() == b.tolist ()
True

>>> z = y[::-2]

(ouvéyela otV emtduevn oehida)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

>>> 7z ==

True

>>> z.tolist () == c.tolist ()
True

Edv kapio ovpporooelpd pwopeng dev vootnpitetor and to module st ruct, TOTE TO AVILKEL-
uevo B ovykpivovrar Tdvia wg dvioa (ko Kot ov oL CUUBOAOCELPES LOPPOTTOLNONG KAl TO.
TEPLEYOUEVL TG TTPOCWPLVIG VNG ELVOL TTOVOLLOLOTUITAL):

>>> 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 oty ékdoom 3.3: Ou tporyolueveg eKOO0ELG CUVEKPLYAY TNV AKOTEPYAOTI) UV UT 0yvom-
VTG T LOPPT] TOV GTOLYELOV KOl T SO} TOU AOYLKOV TTVOKO.

tobytes (order=None)

Emotpéper o dedouéva oto buffer mg €va bytestring. Avtd wooduvauel pe v KAon tov Kato-
OKEVOOTN byt es 0T0 memoryview.

>>> m = memoryview (b"abc")
>>> m.tobytes ()

b'abc'

>>> bytes (m)

b'abc'

[0 U OUVEXOUEVOUG TTLVAKES, TO AITOTEALEOUOL EIVOL (00 UE TNV AVATAPAOTOC TNG LOOTESWUE-
VNG Aotag pe Oha To otouelo va petatpémovtor o bytes. H tobytes () vmootnpiler dheg g
ovuporooelpég nopeiic, ouvumepthaufavouévmy ekeivmv ov dev eivar ot ovvtaEn Tov module
struct.

,

Néo omnv éxdoom 3.8: To order umopei va. eivan {“C”, “F”, “A”}. ‘Otav 10 order givor “C” 1 “F”, 1o
dedopéva tov apykov mivaka uetatpémovrar oe C 1 oe oewpd Fortran. INo ouveydueveg OYeLs,
10 “A” emLoTpépel Evo aKPLBES OVTLYPOPO TG PUOLKNG UVIUNG. ZUYKEKPLUEVA, dLOTNPELTOL OELPA
Fortran otn pviun. T un ovveydueveg mpoforéc, ta dedouéva petatpémovrar mpito oe C. To
order=None gival to id10 e to order="C".

hex ( [sep[, bytes _per_sep] ] )

Emotpéper éva avtikeipevo ovporooelpdc mou meptéyel dvo dekaeEadikd Ynepia yia kaOe byte
oto buffer.

>>> m = memoryview (b"abc")
>>> m.hex ()
'616263"'

Néo oty éxdoonm 3.5.

AMoEe oty £xdoon 3.8: TTopduolo e to bytes. hex (), 10 memoryview. hex () THOPO VITO-
OTNPITEL TPOOLPETIKEG TOPAUETPOVG sep KO bytes_per_sep Y10, VO, ELGAYETE SLoywPLOTLKG UETAED
TV byte otV eEaymyn dexaegadiko.
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tolist ()
Emotpéyte ta dedopéva oto buffer wg Miota 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]

AMoEe oty éxdoon 3.3: H tolist () vmootnpilel ThEov OAEG TLG EYYEVELG LOPPEG LELOVWUEVDV
YOPOKTNPWV 0T CVVTOEY Tov st ruct, Kadmg Kot ToASLACTATES AVATAPAOTAOELS.

toreadonly ()
Emotpépel pa €K800m pdvo yo ovéryvoon tov avekeluévou memoryview. To 0pytkd ovItKeluevo
memoryview eivol apeTapinTo.

>>> m = memoryview (bytearray (b'abc'))

>>> mm = m.toreadonly ()

>>> mm.tolist ()

[89, 98, 99]

>>> mm[0] = 42

Traceback (most recent call last):
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 ()
AmelevBepmver To vokeipevo buffer wov extifetan atd to aviikeipevo memoryview. I[ToAG avri-
Keluevo Tpayotomolouv eldLkEG evépyeteg OTav diatnpeitan o Tpofoin og autd (Yo mopd-
deLypa, o by tearray 0o omoyopeve TpocwpLva Ty olhayn ueyé0ovs): emouévmg, 1 KAHon tg
release() eivar BOALKT| YLoL TV KATAPYNOT] QUTOV TOV TEPLOPLOUMDV (KoL Ae eVOEPDVEL OTOLOVO-
OMTOTE CULWPOVUEVOUG TTOPOUGS) TO GUVIOUOTEPO 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 TPWTOKOIO dLOYELPLONG TEPLEXOUEVOU UITTOPEL VOL Y PNOLUOTOLNOEL YL TAPOUOLO ATOTEAEUA,
yPNoLoTOLmVTAG TN dNAWOoN 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.
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cast ( format[, shape] )

Mopgomoiel éva. memoryview o€ véo popen 1 oynuo. To shape eivor omd TPOETAOYY
[byte_length//new_itemsize], mov onuaiver 0Tt 1 TpoPort) aotehéouatog Oa eivat po-
vodidotaty. H emotpepouevn tyun eivor éva véo memoryview, aAlG to idLo to buffer dev avrrypd-
petat. Ou vmootnpLioueveg puetatpomég 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
'll
>>> x
8

>>>

.format
.itemsize
len (x)

>>>

24
>>>

x.nbytes

y = x.cast('B")
>>> y.format
IBI
>>>
1

>>>
24

>>>

24

y.litemsize

len(y)

y.nbytes

Mopgomoinon antd 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
>>> y = x.cast('c")
>>> y[0] = b'a'
>>> b

bytearray(b'ayz')

np"

Mopgomoinon amd 1D/bytes oe 3D/ints oe 1D/signed char:

>>> import struct
buf struct.pack ("i"*12,

>>> x =

>>> *list (range(12)))
memoryview (buf)

>>> y = x.cast('i', shape=[2,2,31])
>>> y.tolist ()
(reo, 1, 21, I3, 4,

>>> y.format

511, (e, 7, 8], [9, 10, 11]]]

'il
>>> y.itemsize

>>> len (y)

>>>
48
>>> z =

y.nbytes

y.cast('b")

(ouvéyela 0TV emOpEVY 0edL)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

>>> z.format
b

>>> z.itemsize
1

>>> len(z)

48

>>> z.nbytes
48

Mopgortoinon ant6d 1D/unsigned long oe 2D/unsigned long:

>>> buf = struct.pack ("L"*6, *list (range(6)))
>>> x = memoryview (buf)

>>> y = x.cast('L', shape=[2,3])

>>> len(y)

2

>>> y.nbytes

48

>>> y.tolist ()
(o, 1, 21, (3, 4, 511

Néo omv éxdoon 3.3.

AMaEe oty ékdoon 3.5: H sinyaio popen dev eivar mhéov meploplopévn Katd T wopgomoinon
oe wo. oy byte.

Yndpyouv emiong apketd dLabéoiua yopaKTnPLOTLKE HOvo Yo avaryvoon:

obj
To PaOLKO OVTIKEIPEVO TOV MEmOryview:

>>> b = bytearray(b'xyz'")
>>> m = memoryview (b)

>>> m.obj is b

True

Néo omnv éxdoon 3.3.

nbytes
nbytes == product (shape) * itemsize == len(m.tobytes()). Avti eivawLn
TOCOTITA XMPOV O byte TOU Ba XPNOOTOLOVOE O TUVAKAG OE L0 GUVEYOUEVT] AVATOPAOTOON.
Aev 1000t aopaitnto pue len (m) :

>>> import array

>>> a = array.array('i', [1,2,3,4,51)
>>> m = memoryview(a)

>>> len (m)

5

>>> m.nbytes

20

>>> y = m[::2]

>>> len(y)

3

>>> y.nbytes

12

>>> len(y.tobytes())
12

[Molvdidotartol mivokeg:

>>> import struct
>>> buf = struct.pack("d"*12, *[1.5*x for x in range(12)])

(ouvéyela 0TV emOpEVY 0edL)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

>>> = memoryview (buf)
= x.cast ('d', shape=[3,41])

X
>>> y
>>> y.tolist ()
0
1

(to.o, 1.5, 3.0, 4.5], [6.0, 7.5, 9.0, 10.5], [12.0, 13.5, 15.0, 16.5]]
>>> len(y)

3

>>> y.nbytes

96

Néo omnv éxdoon 3.3.

readonly
"Eva. bool tov viwodetkviet edv 1 wviun givan wovo yLow avaryvewon).

format
Mo oupfiorooelpd tou stepiéyet ™) popet (oe module style st ruct) yia kaOe otouyeio oe pa dGym.
Miopel va dnuovpyndei éva memoryview amd eEaywyeig pe ovuforooelpéc avbaipetng nopgnc,
oA opLopéveg uEBodOL (TT.y. tolist ()) Eival TEPLOPLOUEVEG OE EYYEVELG LOPPES EVOG OTOLYELOV.

AMaEe oty €kdoon 3.3: 1 poper} 'B' avuuetomiletal Théov ovupmva ue T ovvtagn evog 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 axépartog aptBuog mov delyvel mooeg dLooTdoelg evog TOAMSLAOTATOV TIVOKO OVTLITPOCM-
seveL 1) .

shape
Mo mhelddo (tuple) axepaimv pe unkog ndim divovtag 1o oyNua ™G Wvnung g mivako N-
dL00TAoEMV.

AM0Ee ot €kdoon 3.3: Mua kevn) mhedda (tuple) avti yia None dtav ndim = 0.

strides
Mo mherdda axepaimv ue unkog ndim wov divel to péyebog oe bytes yia v mpdofaomn oe KaOe
otouyeto yia kaOe dLdoTOoN TOV TVAKA.

AMaEe ot ékdoon 3.3: Mua kevn) mhedda (tuple) avti yia None dtav ndim = 0.

suboffsets
Xpnowomoteitor ecwteptkd Yo ovotolyieg Tmov PIL. H T eivor udvo evnuepm k.

c_contiguous
"Eva bool tov vtodetkvieL eav 1 uviun etvan C-contiguous.

Néo omv éxdoon 3.3.

f_contiguous
"Eva bool tov vtodetkvier ey 1 uviun eivan Fortran contiguous.

Néo oty éxdoon 3.3.

contiguous
"Eva bool tov viwodelkviet edv 1 wvnun eivan contiguous.
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Néo omv éxdoon 3.3.

4.9 Tumol ZuvoAou (Set) — set, frozenset

"Eva avtukeipevo ser eivar i un) taSivounuévn oudhoyn amd dtakprtd avitkeipeva hashable. Ou auvyBelg ypn-
O€LG TTEPLAAUBAVOUV T dOKLUN LOLOTNTOG UENOVG, TNV ALPALPEDT) SLTAOTUTTOV atd o akoAovBia Ka ToV vIto-
roylopd pabnuatikdv tpdEemv OTme Tou, EVon, duapopd, kot ovuuetpikn dwagpopd. (Fa Ghha containers,
deite TG evowpatwuéveg kKhAoelg dict, 1ist, kow tuple kow 1o module collections).

‘Ontwg kow dhheg oVuALOYES, Tar oUVOla (sets) vtootnpilovy x in set, len(set), koauw for x 1in set.
‘Ovtog o un toEvounuévn culhoyr], ta oivola dev Kataypdpouy T €01 TOU OTOLYELOV 1) TN OELPA ELOO-
YOYNG. ZUVETMG, TA GVVOLQ. (sets) dev VITooTNPILOVY AELTOUPYIEG EVPETNPLOTTOLNONG, TUNUOATOTOINONG 1 GAAT
oupItePLpopd akohovbiog.

Yndpyovv auty T otyp 900 evomUoToUEVOL TUmtoL ouvOloy, set kou frozenset. O TOmog set eivon
EVUETAPANTOG — Ta TEPLEXOUEVA TOV WIToPOUV vo. adAdEouV ypnowwomoldvtag uefddovg d6mwg add () Ko
remove (). Agdouévov OTL elvar eVIETAPANTO, OEV EXEL TLUT KOTAKEPUATIOWOV KoL eV WTopel Vo XpnoLuo-
mtomnBei oUte wg KAeLdi heEkov oUte wg otouyeio evog dhhov cuvorou (set). O TOTog Frozenset givol apetd-
BANTog Kow hashable — o TePLEXOUEVO TOU deV UTopet Vo OAAGEEL UETA T1) SMULoVPYia TOV: WIToPEl emouevog
va, ypnowporton el wg kAedi AeEkov 1 mg otoLyeio Ghhov ouvorou (set).

Mropouv va dnuovpynbouv un Kevé ouvoha (OxL mayouéva ouvoha (frozensets)) TomoBetdvrog wao Aloto
OTOLYELOV Lo WPLOUEVV UE KOPUO LECOL OE ayKUAES, Yo Tapddetyua: { ' jack', 'sjoerd'}, emumhéov
UE TN ¥ P01 TOV constructor Tov set.

O constructors ko yia TG S0 KAAGELG MeLTOVPYOUV TO 1610:

class set ([iterable])

class frozenset ( [iterable] )
Emotpéper éva véo auvolo (set) 1) éva mayouévo ovvolo (frozenset) Twv omolmv to. oTOLYKELQ E£YOUV
M@Oel artd to iterable. To. oTouyeio evog ouvolov mpémer va eivar hashable. Tl vaL avamtopaoTioOVY
oUvola CUVOLWYV, TA ECMTEPLKA GUVOLQ TTPETEL VO elval Frozenset aviikeipevo. Edv dev éxel kabo-
pLoTel To iterable, emOTPEPETOL £VOL VEO KEVO GVVOLO.

Ta gUvoha uopouv va dnuovpynbouv pe dudpopoug TpodTOUG:
o XPNOWOTOLDVTOG WO ALOTO OTOLYELWV dLarywpLopévn pe koppoto: {'jack', 'sjoerd'}

o Xpnowomowmvtag éva set comprehension: {c for ¢ in 'abracadabra' if ¢ not in
'abc'}
o Xpnowomoidviog Tov TOmo constructor: set (), set ('foobar'), set(['a', 'b',
'foo'])
Ta otryudtuna twv set Kol Frozenset mapéyovy TG akorovbeg hettovpyieg:

len(s)
Emotpépel tov aptBud tov ototyelwv 0To 6Uvolo s (TANOLKOTN T TOV ).

x in s
EMéyyeL av to x eivon uépog oto s.

x not in s
E)\éyyeL av to x dev gival uépog oTo s.

isdisjoint (other)
Emotpéper True edv 1o ovvolo dev €xeL Kowva atouyeia e to other. Ta ovvola givor agUvoeToL
eqv Kat uOvo edv 1 Tout) Toug giva To Kevd ovvolo.

issubset (other)
set <= other
EAéyyer edv Kd0g otoLygio 010 oUvolo PBploketal oto other.
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set < other
E)MéyyeL edv o 0U0voAo eivol 0wotd voovvolo Tov other, dNhadn, set <= other and set
!= other.

issuperset (other)
set >= other
EMéyyer av ke otouyeio tov other givat 6To oUVOLO.

set > other
EMéyyer av to ouvolo glval 0wotd vtepoivoro Tov other, dnhadn, 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.

Znuelwon, oL ekdO0ELG Un TEAEOTWV Twv uebddwv union (), intersection (), difference (),
symmetric_difference (), issubset (),ko issuperset () 0o dextovv 0mol0d1mote iterable
g OpLopa. Avtifeta, oL aVTLoTOLYOL TELEGTEG QUTALTOVY VAL OPLOTOVY TG OPLOUOTE TOUG YLOL VAL YiVOUY
ouvola. Autd amokhelel KOTAOKEVAOTES EMIPPETELG O OPAMLATO OTTWG set ("abc') & 'cbs' vmép
TOV TILO SUOW(’I’YV(J)O‘IZOU set ('abc') .intersection('cbs').

Tb0o0 T0 set KoL frozenset VOOTHPILOVY T OVYKPLOT UeTAED ouvOlwy. Avo ovvola eival ioa edv
Ko povo ediv ka0e atouyelo kaOe cuvorou mepLéyetal 0To dAlo (To Kabéva eival vItooUvolo Tov GAAOL).
‘Eva. oUvolo givar ikpotepo omd éva Ao ouvoro v KoL udvo av To TpmTo GVVOLO Elval cwotod
VITOOVVOLO TOV HEVTEPOV GUVOLOU (giva VITOGVVOLO, aAAd deV gival 100), Eva GUVOLO elval ueyohitepo
arto £va Ao oVVoLO, AV KoL LOVO OV TO TTPADTO GUVOLO ELVOL GMOTO VITEPGUVOLO TOU HEVTEPOV GUVOLOU
(givar vTePOVVOLO aAG deV ival {00).

Ta oTrywdTUIO. TG set GUYKPLVOVTOL UE TO OTLYIMOTUTIO TG frozenset ue Baon ta uéky tovg. o
mopddeyua, to set ('abe') == frozenset ('abc') emotpépel True KoL To id10 ovppaivel ko
ueto set ('abc') in set ([frozenset('abc')]).

O 0VYKPLoELG VITOGUVOLOU KO LOOTNTOG EV YEVIKEVOVTAL GE (Lo GUVAPTNOY OAkNG TaEvounone. lNa
mopdderyna, omoladnmote dSVO U Keva cuveyf) ouvoha dev eival toa Kow dev eivar vTtoauvola to éva
oV AoV, eEmOUEVIG SAa TaL akOLoVOa emoTPéouy False: a<b, a==Db, or a>b.

Aedopévou dtL ta oUvola opifouv udvo uepikr) oepd (ox€oelg vITtoouvolmv), 1 €E0dog g ueboddov
list.sort () dev €L 0pLoTeL YLoL MOTEG CUVOAWV.

Ta otouyeion ouvoOrov, drtwg Ta KheldLd AeEtkov, pémel va eivan hashable.

Avadikég mpdEelg mov ouvdLALoVY oTLYWdTUTIO set e frozenset eMOTPEPOVV TOV TUITO TOV TTP®-
tov teheot). [ mopdderyua: frozenset ("ab') | set ('bc') emoTpEPeL £va OTLYIOTUTTO TOV
frozenset.

O mapokdTm mivakog Tapadétel Aettoupyieg mov eivor SLabEoueg yio set Tov deV LoYVOUV YLO. OE-
TéfAnTo oTywoTUTTO TG Frozenset:

update ( *others)
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set |= other |
Evnuepdvel to ovvolo (set), tpocbétovtag otolygio 0mwd dha ta dAlaL.

intersection_update (*others)
set &= other &
Evnuepmvel 1o 60volo, SLaTnpdvIog LOVO TO OTOLYELO TTOV BPLOKOVTIOL O OUTO KoL OMOL T GANCL.

difference_update (*others)
set —= other |
Evnuepovel 1o 6Uvolo, apalpmvtag ototyeia mov fpiokovtol og dAla.

symmetric_difference_update (other)

set “~= other
Evnuepdvel to ovvoro, dtotnpdvtog wovo ta otouyeio wov Bplokovral o€ Kdbe ouvolo, oAl OxL
Kat ota dvo.

add (elem)
[MpooHétel To oToLyElo elem GTO GUVOLO.

remove (elem)
Agoupel to otoyelo elem artd 1o ovvolo. Kavel raise T Ke yError v to elem dgv mepLéyetal 0o
ovvolro.

discard (elem)
Agoupei To oToLyElo elem 0std TO GVVOLO EAV VITAPYEL.

pop ()
Agaipel KoL emoTpégel éva avbaipeto otolyeio amd to ovvoro. Kdvel raise o KeyError gav
TO OVVOLO Eivail KeVO.

clear ()
Agoupei 6l ta otoryeio amd To GUVoro (set).

Znuelworn, ov  ekdooelg  un-teheot) webddwv  update (), intersection_update (),
difference_update (), KXo symmetric_difference_update () 0o O&xoviaL 0moL0dN-
TTOTE EMAVALAUBAVOUEVO OTOLYELD MG OpLOUL.

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 Turnoi avtiotoixtong — dict

'Evo aviikeipevo mapping aviiotowyilet hashable tuég oe avbaipeta avukeipeva. Ouaviiotolyioelg elva peta-
BANTA avtikeipeva. YapyeL el Tov Tapovtog HOvo €va TuItkog TUT0 avTLoToiylong, To dictionary. (o dAha
containers dgite Tig evowpatwuéveg (built-in) 11 st, set, kow tuple kKMAoEL, kouto module collections.)

Ta khedid evog AeEikov eivan oyeddv avBaipeteg Tiuég. O Tiuég mov dev eivan hashable, Smhadi), TG oL
mepLE ovv AMoteg, AeElkd 1 dhhoug uetofAntoig Timovg (Tov ovykpivovtal BACEL TG KoL OxL BACEL TAVTO-
TNTAG OVILKEWEVOU) OEV UTopoVV va. xpnotomotnfotv wg khetdid. Ot Tiég mov ovykpivovran ioeg (6mtwg 1,
1.0, Kot True) umopovv va. xpnouostotnfovv evalhaktikd yio to index tng idog KataympLong heEtkov.

class dict (**kwargs)

class dict (mapping, **kwargs)

class dict (iterable, **kwargs)
Emotpéget évo véo heEuLkd mov €xel apykomowmBei amd éva mpoarpetikd dpiopa O¢ons Ko éva mhavo
Kevo oUVOLO 0pLopdtmv MEEMV-KAELOLMV.

Ta AeEikd umopotv va dnuovpyndotv pe didpopovg TpodTOUS:

o XpNOWOTOLHOTE (ol MOoTa dLoymPLoUévey e Kouuato Cevydv key: value péoo oe oyKULES:
{'jack': 4098, 'sjoerd': 4127} or {4098: 'jack', 4127: 'sjoerd'}

o Xpnowomouote éva comprehension AeEtkov: {}, {x: x ** 2 for x in range (10)}
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o XPNOWWOTOLAOTE TOV KATAOKEVAOTH TOmov: dict (), dict ([ ('foo', 100), ('bar',
200)]),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 iterable 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.

Edv divovran opiopata MENG-kAeLdL0D, Ta opiopata AEENG-KAeldLov Kot oL Tég Tovg Tpootifevtal 6To
LeELk6 mou dnuovpyndnke amd to dpropa BEong. Eqv vrdpyer 1101 éva khedi mov mpootifetat, 1 T
07td 10 OpLopa AEENG-KAELSLOU avTikaOLoTd TV Ty oo To OpLopa BEong.

[ emeENynon, ta akdrovda mopadeiypota emotpépouvy OAa évo AeEkd ico 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)

>>> g == p == == == e ==

True

H mapoyt| opiopdtmv AEEewv-Kheldimv 6tmg 0To TPADTO TAPAdELYUO AELTOVPYEL LOVO YLO. KAELDLA TTOV
elval £ykupa avayvmplotikd Python. Awagopetikd, pmopoiv va xpnotnostotn 000y omotadfote £yKupa
KAELOLAL.

AvuTtég eivou oL hertoupyieg mov vmootnpifouv to AeElkd (Ko emouévog, Ha mpémel vo oot Pilouy Kat
TPOCOUPUOCUEVOUG TUTTOVUG OVTLOTOLYLONG ETTLONG):

list (d)
Emotpéper wo Aoto pe dha ta kKheldud wov ypnotuomototvral 6to AeEKo d.

len (d)
Emotpéper Tov aptBud Tmv otoyeinv oto heSikod d.

d[key]
Emotpépel to atouyeio tov d pe to khedi key. Kavel raise wa KeyError edv to key dev vmdpyel
YL va oviotouyn0ei.

E&v o vtokhaaon evog heEukot opilel wa pébodo _ missing_ () Kou to key dev vmdpyeL,
N Aettovpylo dkey] kohel avtv v uéBodo ue to KAeWi key mg OpLopa. 2t OUVEXELD, 1|
Lertovpyila d [key] emOTPEPEL ) KAVEL raise O, TL EMOTPEPETAL 1) YIVETAL raise atd TV KAYon
_ missing__ (key). Kauio a6\ Aertovpyia 1 uéBodog dev emkarel v __missing ().
Edvto__missing__ () dev &yeL opLotel, yivetanraise KeyError.To__missing__ () mpémeL
vo. ebvor nébodoge dev wropel vo elvor vol oTLyILOTUITO UETABANTHG:

>>> class Counter (dict):
def _ missing__ (self, key):
.. return 0
>>> ¢ = Counter ()
>>> c['red']
0
>>> c['red'] += 1
>>> c['red']
1

To mapomavm mopdderyuo deiyvel uépog g vhomoinong tov collections. Counter. M
dlapopetikn uébodog _ missing_ ypnowpomoteiton amd Ty collections.defaultdict.
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d[key] = value
Opiterto d[key] oto value.

del d[key]
Agarpei to d[key] amd 1o d. Kdvelraise éva Ke yError edv 1o key eV VITAP)YEL YLOL OLVTLOTOLYLON).

key in d
Eniotpépel True edv to d €xeL éva kKAewdl key, duapopetikd False.

key not in d
Iooduvauei ue not key in d.

iter(d)
Emotpéper évov iterator avw amd ta kKAWL tou AgEikov. Auty eivol wo. cuviOuevon yuo.
iter (d.keys ()).

clear ()
Agoupei dho To. otoryeio 0o To AeEiKo.

copy ()
Emotpépel évo pnyo aviiypago tov AeEtkov.

classmethod fromkeys (iterable[, value])
Anovpyet éva véo AeEkd ue khewdud amd to iterable kou tyuég wg value.

To fromkeys () eivon o p€Bodog khdong wov emotpéper éva véo AeEukd. H tium value opieton
amtd wpoemhoyt o€ None. ‘Oleg oL TWEG avapEPOVTAL OE £VOL LWOVO GTLYULOTUITO, ETOUEVIG YEVIKA
dev €yeL vomua yuo to value vo. givor peTapintod aviikeipevo, dmwg wa kev AMota. T va Mafete
SLOPOPETLKES TUES, Y p1oLoToote avt” autov éva dict comprehension.

get (key[, default] )
Emotpéper v T yio to key €Gv to key eivor oto AeEukod, adhmg default. EGv to default dev
divetau, opiletal amd mpoemhoyy oe None, €10l dote ovth 1 uéBodog va unv Kdvel raise wo
KeyError.

items ()
Emotpéper o véa Oy twv otogeiov touv AeEkol ((key, value) Cedym). Aeite v
documentation of view objects.

keys ()
Emotpéper o véa 0y Tmv KAewdumv Tov AeEtkov. Agite to documentation of view objects.

pop ( key[, default] )
Edwv 1o key Bploketal 010 AeELKO, apapeitan Ko ELOTPEPEL TV TUUY TOU, SLOPOPETLKA ETLOTPEPEL
default. EGv default dev divetar Kau To key dev eivan 010 ALk, yivetou raise évo KeyError.

popitem ()
Agoupei kau emotpépet éva Levyog (key, value) amod to heEukod. Ta Levyn emotpégovtal ue
) oelpd LIFO (last-in, first-out).

H ué60dog popitem () eivar ypnowun yio KaTaoTpo@Lky) etavaln oe évo AeELko, 6mtmg ypnot-
HoTtoLeiToL ovyva og ahydpuovg ovvorou. Edv to AeEikd eivan kevo, 1) khfon tg popitem ()
KQveL raise évo KeyError.

AMaEe oty ékdoon 3.7: H cepd LIFO givar mhéov eyyunuévn. Ze mporyovueveg ekdO0ELS, 1
popitem () emotpépel £va avbaipeto Cevyog KAeWdLOU/TLum|S.

reversed (d)
Emotpépel évav avtiotpogo iterator wéivo astd ta kKAewdd Tov heEukot. Auti) eivon wo ovvtduguon
yio reversed (d.keys () ).

Néo oty éxdoonm 3.8.

setdefault (key[, default])
E&v 1o key Bpioketal 0to heELkd, emotpépet TV Ty Tov. Edv oy, elodyete to key ue T default
Ko emotpépel default. To default amd mpoemhoym eival None.

4.10. Tumot avtiotoixiong — dict 87



The Python Library Reference, Anpooicsuon 3.10.19

update ( [other] )
Evnuepdver to AeEkd pe ta Tevyn KAetdudv/Tudy amtd to other, ovitKabLoTHVIOG TA VITAPKOVTO,
KhewdLd. Emotpépel 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 ()
Emotpéper pa véa Oy Tmv Tudv tov AeEkov. Agite v documentation of view objects.

Mo 6UYKpLon LodTTaG UETaED wag 6yng dict . values () Ko pog GAng Ba emotpépel TdvTo
False. Autd LoyVeL emiong 0Tov ouykpivete to dict . values () Ue TOV EAUTO TNG:

>> d = {'a': 1}
>>> d.values () == d.values|()
False

d | other
Anwovupyet éva véo AeEkd pe to ouyymveupévo KAWL Ko Tig TéG TV d Kou other, To 0ol
mpémeL v gbvar ko ta 800 AeEukd. Ou Tipég Tov other £youv mtpotepatdtnTo 6T T KAeLdLd Twv d
Kaw other givol Kowvd.

Néo omv éxdoon 3.9.

d |= other
Evnuepdver 1o AeEtkd d pe khetdid Ko tiég artd To other, TOv WITOPEL VO Elval €lTe mapping €ite
iterable Cevydpt xhelddv/Tiumv. O TYES To other £X0VV TPOTEPALOTITA OTOV TA KAEWOLA TV TO d
Kaw other givol Kowvd.

Néo omv éxdoomn 3.9.

Ta AeEkd ovykpivovtor og toa edv Kat wovo eav €xouv ta ida Levyn (key, value) (aveEdptnto

oamd ™) oepd). OL ouykpioelg SLbtakng (“<”, “<=", “>=7, “>”) kdvouv raise v TypeError.

Ta AeEkd drotnpov T oeLpd ELo0YWYNG. ZNUELOOTE OTL 1) EVIUEPMOT EVOG KAELDLOU dev emtnpedleL T
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())

(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}

AMaEe otnv €kdoon 3.7: H oelpd heEukov eival eyyunuévn dtu eivon 1 oelpd eLooymyng. Avty M ouurte-
pLpopd ftav wa kerropépeta. vhomoinon tg CPython amwd v €ékdoom 3.6.

Ta AeEikd kar or dperg heELkdv givar avaoTpéec.

>>> 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()))

(ouvéyela otV emtduevn oehida)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

(4, 3, 2, 1]
>>> list (reversed(d.items()))
[('four', 4), ('three', 3), ('two', 2), ('one', 1)]

AMEe oty £xdoon 3.8: Ta AeEikd eivor Tthéov avaotpéuct.
Agite emiong:

H types.MappingProxyType UmopEL va ypnotwomotn0et yia ™) dnuovpyio wog oyng uovo yua avd-
YVwOon uag dict.

4.10.1 Avtikeipeva oyng AeELKou

Ta aviikelpevo mov emoTpépoviol amnd TG dict . keys (), dict.values () and dict.items () elvon
Syers avukeuévav (view objects). Tlapéyovy o dSuvouLky 6ym oTig eyyPapég Tov AeELKon, Tov onuaivel 6t
otav alaCer 1o AeELKo, 1 0P avTLKaTomTPIiLEL QUTEG TG aMOYES.

O 6erg heErkot pumopov vo. yivouy iterate yia TV artd8001] TV AVTLOTOL WV SESOUEVMV TOVG KOL TNV VITO-
OTHPLEN ELEYY WV VIOl TO OV ElVOIL UEPOG TOV:

len (dictview)
Emotpépet tov apBud Tmv Kataympnoeny oto AeELKo.

iter (dictview)
Emotpégel évay iterator méivo ota KLeLdLAL, TG TLUEG 1) TOL OTOLYELNL (TTOV AVTLITPOOMITEVOVTOL WG TAELALOEG
(tuples) tov (key, wvalue) oTo heELKO.

Ta KAeWdLd Kou oL Tuég emavoloufavovtal ue v oelpd elocaywyng. Avto EmLTPETEL T dNULOVPYLO
Cevydv (value, key) YXPNOLUOTOLOVTOGTN zip ():pairs = zip(d.values (), d.keys()).
'Evag dAhog Tpdrtog eivor va dnuovpynoete Ty idla Aota eivaw pairs = [ (v, k) for (k, V)
in d.items()].

To iterate Opemv KAt TV TPOGONHKN 1 TN SLarypopy] Kotoywpoewv 0to AeELKd umopel va kdvel raise
wa RuntimeError f] vo. amoTOYEL TO iterate o€ OLEG TIG KOTOY WP OELS.

AMoEe oty £xdoon 3.7: H oelpd heEuko elval eyyunuévn oelpd eloaywyg.

X in dictview
Emotpéper True edv to x Bpioketar ota Kheldud tou AeELkon, Tig THHEG 1) Ta GToLyEl TOV VIToKeIUeEVOD
AeELkov (ot televtaia TepimTwon, To x Oa mpémer va eivor o (key, value) mheldda (tuple)).

reversed (dictview)
Emotpépel évov avtiotpogo iterator mdvew oto KAeWOLE, TLg TLueéG 1) T otorxeio Tov AeEukov. H 6ym Oo
yivel iterate (e TNV AVTIOTPOEY CELPA OITTO TNV ELOAYWY.

AlaEe ot ékdoon 3.8: Ou dpeig AeELko eivan Théov avaoTpéLues.

dictview.mapping
Emotpépel wa types. MappingProxyType Tov avadmAMVeL To apytkd AeELKO 0To omoio ovapé-
peTaL 1 OYn.
Néo otnv ¢kdoon 3.10.

Keys views are set-like since their entries are unique and hashable. If all values are hashable, so that (key, value)
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 tapaderyua xpnong o6yng reEkov:

>>> dishes = {'eggs': 2, 'sausage': 1, 'bacon': 1, 'spam': 500}
>>> keys = dishes.keys ()
>>> values = dishes.values/()

(ouvéyela 0TV enOpEVY 0ed)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

>>> # 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'}

>>>
>>>

# get back a read-only proxy for the original dictionary
values.mapping

mappingproxy ({'bacon': 1, 'spam': 500})

>>>
500

values.mapping['spam']

4.11 Tumnol Awaxeipiong NepLexXopeEvou

H dhhwon with g Python vitootnpilel v évvola evog meplexouévou ypdvou eKTéheong mov opileTor amod
EVOV DLOYELPLOTY) TTEPLEYOUEVOD. AUTO VAOTTOLELTOL XPNOLUOTOLDVTOG £va Levyog neBddmv ov emTpémovy g
KAGoELG TTOV 0pilovTan 0TTd TO XPNOTH VO 0PILOUV TEPLEXOUEVO X POVOU EKTELEDTG TTOV ELOGYETAL TTPLY ALTTO TV
eKTENEDT] TOV ODUOTOG TG dwOoNG Kat va Kavel €E080 dtav teppuatiotel 1 dHhwon:

contextmanager.__enter_ ()

Ewodyet to meplexduevo eKTéheong KoL EmLOTPEPEL ELTE AUTO TO AVTLKEIIEVO gite £va dALO oV oyeTileTa
LLE TO TTEPLEXOUEVO YPOVOL eKTéELeoNS. H Tiun wov emiotpégpetan amd avtiv v uébodo eivar deouevuévn
0TO OVOLYVIPLOTLKO OTNV TTPOTA0N as TwV dMNADOEWV with dLayeliplong mepleyouévou.

‘Eva o pdderypo evOg SLOyELPLOTH TTEPLEYOUEVOU TTOV ETLOTPEQPEL O (810G elvan éva file object. Ta avi-
Kelpeva apyelov emtoTpépouv ndva tovg otd __enter_ () yio va ETLTPEYPOVV OTO open () VO YPTOLUO-
o Bl wg €xppaon mepLEXOUEVOL o€ (o SMAWoN with.

"Evo mopddery ol SLoyeipLong TepLEXOUEVOU TTOV ETLOTPEPEL £VAL OYETUKO AVTIKELUEVO Elval 0VTO TTOV ETTL-
oTpéQeTaL atd T0 decimal. localcontext (). AuTtol oL SLayELPLOTES OPILOVV TO eVePYO dEKAUOLKO
TEPLEYOUEVO OF VO OVTLYPOLPO TOV OPYLKOV SEKAOLKOV TEPLEXOUEVOU KO OTY) CUVEYELOL ETTLOTPEPOVY TO
aVTLYPapo. AUTO ETLTPETEL TNV TTPAYUOTOTTOMN O CAAAY®V 0TO TPEYOV deKAILKO TAALOLO 0TO OMUA TNG
dMhwong with, ywpig va emnpedletal o KmdLKag eKTOG TG dOMAwong with.

contextmanager.__exit__ (exc_type, exc_val, exc_tb)

Tepuotilel amd to mepLexouevo xpdvou ektéheonc Kat emotpépel éva Boolean delktn mov vmodetkviel
eGv kdmora eEaipeon ov mpoékwpe Ba mpémel va kKatapynOei. Edv mpoxiyer o eSaipeon xatd tnv
EKTELEDT] TOV OMOUATOG TG dMAwong with, To oploporta wepLEyovy Tov Tumo eEaipeong, TV Ty Kot
TLG TANPOPOPIESG AViXVEVONG. ALOPOPETIKA, KOL TO TPt oplopaTa eivon None.
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H emotpogi| pag porypartikig tuig ord oty tv nébodo Ba éxel wg atotéheopua  dYhwon with va
Katapynoet v eEaipeon Kai va cuveyioel v ektéheon pe T dhwon auéong petd t dMwon with.
Awagopetikd, 1 eEaipeon Oa ovveyioel va duadidetar puetd Ty ohokApwon avtig g uebddov. Ou
€EALPETELS TTOV TIPOKUVITTOVY KATA TNV EKTEAEON AVTNG TG ueBOdov Ba avtikatoothoouv K&Oe eEaipeon
OV TPOEKVPE 0TO oMU THG OMAmwong 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 apKeTOVG SLOYELPLOTEG TTEPLEXOUEVOU YLO. VO VTTOGTNPILOVV TOV EUKOLO GUYYPOVIOWO VIUd-
TV, TO AUECO KAELOLWO 0pYelmV 1] GAMMV OVTLKELUEVOV KOL TOV OTTAOVOTEPO YELPLOUO TOV EVEPYOD SEKAOLKOV
aplBunTikot meplexopévou. OL GUYKEKPLUEVOL TOTTOL eV AVTLUETMTUTOVTOL ELOLKA TTEPQ amd TV eQapuoyn
TOVG TPWTOKOAAOV dLayelplong meptexouévou. Agite To module context 11ib yio ueptkd mapadeiypaTa.

O decorators tng Python generators kaw context1ib. contextmanager mapéyovy évav Boiko Tpdmo vio-
TOINONG AUTAOV TOV TPOTOKOAM®Y. Edv wo ovvdpton yevvntpiag elvor decorated pue tov contextlib.
contextmanager decorator, B0 ETLOTPEYPEL EVAV SLOYELPLOTY] TTEPLEYOUEVOU TTOV EPOAPUOTEL TLG OTTOPALTYTES
ueboddovg___enter () Kou__exit___ (), ovtiToOv iterator mov wopdyeton orto o undecorated ouvapTnon
YEVVITPLOG.

Adfete vToYN OTL deV VTAPYEL CUYKEKPLUEVY VITOdOYN Yo Kapio amd avtég Tig uefddouvg ot dowr) THmTOU
v avtikeipeva Python oto Python/C APL. Ou timol enektdoemv mov OEAovv va opioovv autég tig uedodoug
TIPETTEL VOL TLG TTAPEYOVY MG (oL Kavovikh uéBodo mpoofdowun oty Python. Ze ouykpion pe v emfapuvon
NG PUOULONG GTO TAGLOLO TOU YPOVOU EKTELEONG, 1] EMLBAPVVOT WG OTTATG avalTnong Khaong AeEuko eiva
apeATEQ.

4.12 Tumnou Annotation tunou — Generic Alias, Union

OL Baotkoi evomuotmuévol TOToL yLo type annotations givaw Generic Alias kow Union.

4.12.1 Tunog Generic Alias

To aviikeipevo GenericAlias dmuovpyovvrol yevikd pe subscripting KAGon. XpnoLwomolovvTaL Lo
ovyv& ue container classes, 6mwg 1ist M dict.lia mapdderypa, to 1ist [int] elvon €va avTLKELUEVO
GenericAlias mou dnuovpyhHonke ue v eyypapn e kAdong List ue 1o oplopa int. Ta avukeipeva
GenericAlias mpooplloviol Kupimg yia xpoT UE type annotations.

EInueiwon: Cevikd eivol duvath) 1 eyypagn wag kKAGong udévo edv 1 khdon epapudler v ewdikr pébodo
__class_getitem__ ().

‘Eva avtikeipevo GenericAlias hettovpyel og dakomotng pecohdfnaong (proxy) yuo évav generic type,
VAOTTOUDVTAG parameterized generics.

[ wo khéon container, to(a) OpLopo(tar) Tov TopéyeL o€ uiat subscription T KAGONG WITOPEL VoL VTTOOELKVVEL
Tov(0Vg) TUTTO(0VG) TV OToLXELWV TTOU TTEPLEYEL €var avTikeipevo. o Topdderyua, o set [bytes] umopel
va ypnotomo el og annotations THITOV YLOL VAL VTTOONAMOEL €vaL set 0To 0TTolo OLOL TaL OTOLYEL ElVOL TUTTOU
bytes.

To o kAdon mov opiCer_ class_getitem () odAd dev eivol container, ToL OPIOUOTOL TTOV TOPEYOVTAL OE
wo ovvdpopn g kKAGong Ba vITodelkviouv GuY VA TOV THTTO 1] TOUG TUTOUS ETLOTPOPTG ULOG 1) TEPLOTOTEPWYV
uebddwv mou opilovron oe €va avtikeipevo. Fo mapadewyna, t0 regular expressions WIOPOVV va
¥PNOLOTO 00UV TOGO GTOV TUTTO HESOUEVMV St 000 KOl OTOV TUTTO dEdOUEVWV by tes:

e Evx = re.search('foo', 'foo'),to x Oa givan éva avtikeipevo re. Match OTToU ETLOTPEPOVTOL
OL TLEG TOV TO X . group (0) Kowto x [0] Oa elvan Ko Toe d¥0 TOTOV st r. MITopoUue Vo avamapaot-
oovue ot TO €00 AVTIKELUEVOV 08 OYOMAOUOVG TUTOV e T0 GenericAlias re.Match[str].
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e« Ebvy = re.search(b'bar', b'bar'), (onuewwote to b Yo bytes), 10 y Oa eivor emiong wo
TOPOVOLO TOV re . Match, aAld oL emoTPEPOUEVES TWEG TV v . group (0) Kawy [0] Oa givar Kot ot
Vo Timov bytes. ZTovg TUTOVG annotations, 0 AVILTPOCMITEVAUE AVTHV TNV TOLKIACL OVTLKEWWEVMY
re.Match ne to re .Match [bytes].

Ta avtikeipevo GenericAlias elvol OTLYWOTVTIO TG KAAONG types . GenericAlias, To 0Tolo LTopovV
EMioNG va XPNOLUOTOLN B0V YIaL TNV dNULovpyia aviiKelwévav GenericAlias amevdeiag.

TIX, Y, ...]
Anpovpyel éva GenericAlias OV OVIWTPOCWITEVEL £VAV TUTTO T TOPOUETPOTOLNUEVO ATtd TUTOVG
X, Y, xou Ghha avdroyo pe to T mov ypnowpomoteitar. o mopdderyua, wo guvapTnor Tov aVOUEVEL
par 11 st Tov TEPLEYEL OTOLYEL TG Float:

def average (values: list[float]) —-> float:
return sum(values) / len(values)

‘Evo. GAAO TTOLpADELYIOL YLOL AVTLKELUEVOL mapping, XPNOLUOTOLDVTOG €va dict,mov eival évag generic
TUITOG TTOV OVOUEVEL HVO TOPAUETPOVG TUTTOV TTOV AVILITPOCMITEVOUV TOV TUTO KAELOLOV KoL TOV TUITO
Twne. e autd 1o ToPddeLyua, 1 ovvdptnomn avauével éva dict pe kKheldld TOmov st r Ko Tuég THmov
int:

def send_post_request (url: str, body: dict[str, int]) -> None:

O evoopartopéveg ovvapthoelg (built-in) isinstance () kou issubclass () dev déxoviol TOug THITOVG
GenericAlias yi0 10 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 extéleong Python dev emiBdidher type annotations. Avtd emekteiveTal o€ generic TUTOVG KOL OTLG TOPOL-
uétpoug timov tovg. Katd t dnuovpylo evog aviikeypnévou container oo évo GenericAlias, Ta OTOLYELN
07O container gV eAEYYOVTIOL WG TPOG TOV TVTTO ToVS. [l Tapdderypa, o akdrovbog kwdikag amobappuvetal,
oAAG Ba exTeELETTEL YWPIG OPAlATOL:

>>> t = list([str]
>>> t([1, 2, 3])
(1, 2, 31

Emumhiéov, ta mopauetpomomuéva generics dLorypdipouy TLg TapapéTpous TOmov Katd T dnuovpyio avikel-
uévou:

>>> t = list[str]
>>> type (t)
<class 'types.GenericAlias'>

>>> 1 = t ()
>>> type (1)
<class 'list'>

H xMjon repr () | str () oe éva generic deiyVeL TOV TOPAUETPOTOMUEVO THTTO:

>>> repr(list[int])
'list[int]"

>>> str(list[int])
'list[int]"

H pébodog ___getitem_ () Twv generic containers Oa kdével raise wo. eEaipeon yia v asaydpevon Aaddv
omwgdict [str] [str]:
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>>> dict[str] [str]
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: There are no type variables left in dict[str]

Qot000, TETOLEG EKPPATELG ElVOL EYKUPEG OTAV YPNOLUOTOLOVVTAL UETABANTEG TUTTOV fype variables. To gvpe-
THPLO TTPETEL VO EYEL TOOO OTOLY el OO Kal Ta oTOoLyglo PETAPANTAG TVTOV 0TO avilkeluevo GenericAlias
__args__.

>>> from typing import TypeVar
>>> Y = TypeVar('y")

>>> dict[str, Y][int]
dict[str, int]

Turukeg Mevikeég KAdoelg
Ot axdhovbeg Tumikég KAAOELS PLBALOONKNS vTooTpilovy Yevikd mopaueTpomomuéva. Avth 1 Aota dev
elvau eEavTAnTik.
e tuple
e list
e dict
o set
e frozenset
* type
e collections.deque
e collections.defaultdict
e collections.OrderedDict
e collections.Counter
e collections.ChainMap
e collections.abc.Awaitable
e collections.abc.Coroutine
e collections.abc.AsyncIterable
e collections.abc.AsyncIterator
e collections.abc.AsyncGenerator
e collections.abc.Iterable
e collections.abc.Iterator
e collections.abc.Generator
e collections.abc.Reversible
e collections.abc.Container
e collections.abc.Collection
e collections.abc.Callable
e collections.abc.Set
e collections.abc.MutableSet

e collections.abc.Mapping
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ElS1kd XapaKTnpLloTLKA QVTLKELMEVWY GenericAlias

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
shelve.Shelf
types.MappingProxyType
weakref.WeakKeyDictionary
weakref.WeakMethod
weakref.WeakSet

weakref.WeakValueDictionary

‘O\0L TOL TOPAUETPOTTOLUEVOL, generics EPaPUOToVY EdIKA XOPAKTNPLOTIKA UdVO Yo aviryvaon.

genericalias.__origin_
AUTO TO YOPAKTNPLOTIKO SELYVEL 0TI U] TAPOUETPOTTOLNUEVT] YEVLKT) KAAON:

>>> list[int].__origin_
<class 'list'>

genericalias.__args_
AvTO TO YopaKTNPLOTLKO glval pua tuple (mbovmg unkoug 1) generic TOmV Tov petafLpdotnkay 6to

apyko6 ___class_getitem__ () Ttng generic kKAGoNG:

>>> dict[str, list[int]].__args__
(<class 'str'>, list[int])

94

KegpdAaio 4. Tunol Built-in




The Python Library Reference, Anpoocicuon 3.10.19

genericalias.__parameters_
AuTto 10 XopaKTNPLOTIKS giva i voyelkd vitohoylouévn mheldda (tuple) (avig kevi)) uetofAnTmy
HOVadLKOV TUITOV TTOV BPLloKOVTAL 0TO __args___:

>>> from typing import TypeVar

>>> T = TypeVar('T")
>>> 1ist[T].__parameters_
(NTI)

Inueiwon: 'Eva avukeiyevo GenericAlias ue mapoustpovg typing. ParamSpec evOéyetal va.
unv €xeL OWoTéG __parameters_  UETA TNV AVTLKATAOTAON EMEWDY| TO typing. ParamSpec mpoo-
piletan Kuplmg yLo ENeyy0 OTaTIKOU THITOU.

Agite gmiong:
PEP 484 - Type Hints I[MapovolGZovtag to framework t)g Python yia timovg annotations.

PEP 585 - Tumog Generics Zupfovimv otig Tumikég Tvhhoyés Ewooywyr g dSuvatdThTag eYYEVOUG Top0-
UETPOTTOINONG KAAOEWV TUTTLKTG BLAoONKN S, vTd TV TPoiTdOeoN OTL EQPapuOTovy T UEB0DO ELOLKNG
KMdong __class_getitem__ ().

Ta Generics, user-defined generics kou typing.Generic Tekunpinon yio tov tpomo vhoToinong generic
KAGOEMV TOU UITOPOUV VO TTAPOUETPOTTONOOUV KaTd TO ¥pOVO eKTELEONG KoL VO KatavonbBouv amd
OTOTLKOVG ENEYKTES TUTTWV.

Néo omv éxdoom 3.9.

4.12.2 Tunog Evwong

‘Eva aviikeipevo évmong dratnpel v Ty g hettovpyiog | (kotd bit or) og moAMamAG avitkeipevo rype
objects. Autol oL TUIoL TPOOoPILovTaL Kuplmg Yo type annotations. H €Kppaon TOmov évwong emLtpémnel Ty
KaBapotepn ovvtaEn vddelEng oe ovykpLon we To typing. Union.

X |1 Y|
OpiCel éva avrikeipevo Evmong mov mepléyel tomovg X, ¥, kot ovtm kabeEfc. To X | Y onuaivel eite
X eite Y. Eivaw 100d0vapo pe 1o typing.Union[X, Y]. T mapdderyua, n akdrovbn ouvdptnon
avapével éva OpLopc TOTTov 1nt or float:

def square (number: int | float) —-> int | float:
return number ** 2

union_object == other
Ta aviikeipevo Evmong propov va eeyy 000V yio LodTnTa e AN OVTLKELLEVO EVIONG. AETTOUEPELES:

o OL eEVIOELS TV EVOOEMYV LOOTEdMVOVTOL:

’(int | str) | float == int | str | float ‘

o Ot meprtTol THToL KoTapyovToL:

int | str | int == int | str ‘

o Katd ) ovykpLon tmv evoemv, 1) 0eLpd oryvoeiToL:

int | str == str | int ‘

o Eivaw ouppotd we 1o typing. Union:

int | str == typing.Union[int, str] ‘
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o Ot TPOOLPETLKOL THITOL WTOPOUV VAL YPAPTOVY WG £V pe None:

str | None == typing.Optionall[str]

isinstance (obj, union_object)

issubclass (obj, union_object)
Ou kMjoelg 0¢ isinstance () Kau issubclass () VTOOTNPILOVIOL ETLONG UE EVOL OVTLKEIUEVO V-
ong:

>>> isinstance("", int | str)
True

However, union objects containing parameterized generics cannot be used:

>>> isinstance(l, int | list[int])
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: isinstance () argument 2 cannot contain a parameterized generic

O timog mov ekTifeTaL QITd TOV XPTOTH VLG TO AVIIKEIUEVO EVIDONG WITOPEL VO TPOOTELAOTEL ) TO types .
UnionType KoL vo. xpnotuwomon0et yio ehéyyovg isinstance (). Aev givar duvat 1 dnuovpyia evog
OVTILKELWEVOU At TOV TUTTO:

>>> import types
>>> isinstance (int | str, types.UnionType)
True
>>> types.UnionType ()
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: cannot create 'types.UnionType' instances

Ynueiowon: The _ or_ () method for type objects was added to support the syntax X | Y. If a metaclass
implements __or__ (), the Union may override it:

>>> class M(type):
def _ or_ (self, other):
return "Hello"

>>> class C(metaclass=M) :

pass

>>> C | int
'Hello'

>>> int | C

int | __main__ .C

Agite emiong:
PEP 604 - To PEP mpoteivel T ovvtaEn X | Y ko tov timo 'Evwon.

Néo omv éxdoaon 3.10.
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4.13 AAMoL Evowpatwpegvol (built-in) Tumot

O depunvéac vrrootnpiletl Torhd ddla €10 oviikewévmv. Ta meplocdtepa amd ovtd vTooTnpitouvy wovo pia
1 dvo Aertovpyiec.

4.13.1 Modules

H povn edikn Aertovpyia oe £va module givor 1 TPOOROOY XAPOKTHPLOTIKMV: m. name, OOV TO M ELVaL EVa
module ko to name €ygL TPdoPaoN og £va dvoua Tov opiletol oTov mivaka ovuBolmy touv m. Ta yopaKTy-
protikd tov module popovv va ekywpnovv. (Enuewwote 6t 1 dMiwon import dev eivor, avotpd, wo
Lertovpyia og éva aviikeipevo module: To import foo dev amortel va vdpyet éva aviikeipevo module pe
10 Ovoua. foo ol amautel évav (eEwtepikd) definition yio. éva module tov ovoudletal foo kdmov.)

"Eva e1d1k6 yopaktnplotikod K6Oe module givar _ dict_ . Autd elvar To AeEKO mov TepLEyEL ToV Tivaka,
ovuBOAmV g evotntag. H tpomomoinon avtot tou AeEukot Oa aAMGEEL 0TV TPOYUATIKOTITA TOV TTEVOKOL
ovuforwv Tov module, oAl 1 aTevOeiag ek MPNOT 0TO YopUKTNPELOTIKO _ dict__ dev eivan duvatn (umo-

peite va ypdapete m.__dict___['a']l = 1, mov opilel To m.a va eivor 1, alhG dev pwropeite va ypdapete
m.__dict__ = {}). Aev ouviototon N amevdeiog Tpomomoinon tov _ dict .
Ta modules ou givar evompuatwpéveg otov digpunvén yphgoviar og eENg: <module 'sys' (built-

in)>. EGv goptwBoiv amd éva apyelo, ypheovior wg <module 'os' from '/usr/local/lib/
pythonX.Y/os.pyc'>.

4.13.2 KAdoelg Kat Ztiypidotuna KAaong

Acgite objects ko class yio quTd.

4.13.3 ZuvaptnosLg

Ta avikeipevo ouvopToemv dnuovpyouvtal axd oplopols ovvaptnoewv. H udvn Aettovpyia og éva avti-
Kelpevo ouvaptnong eivon va to ovoudoovue: func (argument-list).

Yrdpyovv mpaypotikd 800 €61 AVTLKELWEVOV GUVOPTIOEWV: EVOMUATWOUEVEG OUVAPTNOELS KAL GUVOPTNOELG
mtov Kabopitovtar amtd tov xpnot. Kot or 800 vrootnpiCovy v idta Aertovpyio (Yo vo KOAEGETE T CUVAP-
™om), oA 1) VAOTTOiN o1 £ivol SLOPOPETLKTY], €S OV KOl OL SLOLPOPETLKOL TUITOL OVTLKELUEVMV.

Acgite To function yio wepLocOTEPES 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 se 1 f 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 compiIe () 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__ witharguments objand"__code__".

'Eva avuikeigevo kmduka wropel vo ekteheatel 1 va aSiohoynBei mepvadrvtog to (avti yio mnyaia ovpuforo-
oeLP) OTIG EVOWUOTOUEVES CUVOPTNOELG exec () ffeval ().

Agite types Lo TEPLO0OTEPES TANPOPOPIECS.

4.13.6 TumoL AVTLKELHEVWYV

To avTLKEILEVA TUTOV AVTLITPOOMITEVOUV TOUG LAPOPOVG TUTOVG AVTLKEWEVOYV. O TUTOG EVOG AVTLKELUEVOU
TPOOEYYILETAL OITTO TNV EVOMUATOUEVT] CUVAPTNON t ype (). AeV VITAPYOVV ELOLKEG LELTOVPYLEG OTOVG TUITOVG.
To tumkd (standard) module ¢ ypes opilel ovopato yio 6AOVG TOUG TUTTLKOUG EVOMUATMUEVOUG TUTTOUG,.

O TOmtoL Yyphgovtal og eENc: <class 'int'>.

4.13.7 To Avtikeipevo Null

AT TO OVTLKEUEVO ETLOTPEPETAL OITO CUVAPTIOELS TTOU OEV EMLOTPEPOVY PNTA e Tur|. Agv vtootnpilet
eldLKEG Aettoupyies. YdpyeL akplpmg Eva undevikd avuKeipevo, mov ovoudtetol None (€vo EVOOUATOUEVO
6vopa). To type (None) () mapdyet to idLo singleton.

Tpdpetor g None.

4.13.8 To avtikeipevo Ellipsis

AvT TO aVTIKELUEVO YpMoLpoTTOoLEiTaL GUVNOMG e Aettoupyia Tunuatomoinong (deite slicings). Aev vtootnpi-
Cel eldukég hertovpyies. Ymapyer axkpimg éva avitkeipevo EMeryng, mov ovoudteton E11ipsis (€va evow-
uatwuévo dvoua). To type (E11lipsis) () mapdyerto E111ipsis singleton.

Ipbpetor g E1llipsis N . . ..
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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 Not Implemented 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 hooI () can be used
to convert any value to a Boolean, if the value can be interpreted as a truth value (see section Eleyyos Eykvons
Twuns 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 mtpooétel peptkdt eLdLKE YOpAKTHPLOTLKA LOVO YL OVAYVWOT) 08 SLAPOPOVS TUTTOVUG AVTLKELUE-
Vv, 0TTov givar oxeTikd. OpLopéva amd auTd dev aVapEPOVTAL ATTO TNV EVOOUATOUEVY ouvdpTtnon dir ().

object.__diect__
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 dvoua ™G KAGoNG, TG ovvdpTnong, Tg tebodov, Tou descriptor 1) TOV GTLYULOTUTOV generator.

definition.__qualname_
To qualified name g KAAONG, TG OLVVAPTNONG, TG UeBGdOV, Tou descriptor, 9 TOV GTLYWLOTVTOV
generator.

Néo omnv ékdoom 3.3.

class.__mro

This attribute is a tuple of classes that are considered when looking for base classes during method resolution.

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'>]
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4.15 MeploplOPOG MNAKOUG HETATPOTIC OUHMBOAOOCELPAG aKE-
paLou apLopou

H CPython éyeL éva maykOouo 6pLo yLo T UETOTPOtY) UeTaEV int and st r yid TOV UETPLAOUO TWV EMLOEoEWV
dpvnong vanpeoias. Avtd To 0pLo LoyVeL uévo yia dekadikég N dhheg Paoelg aplBuwv mov dev €xovy TV
dvaun tov dVo. Ou deEaeEadikéc, oktadikés, Katl dvadikéc uetaTpomég eivar ameploplotes. To dplo propei
Vo SLapoppwOEl.

O timog int otnv CPython givaw évag avbaipetog aplBudg wiKovg mov eivor amodnkevpévog oe dvadiki
nop@1 (Kowvmg yvwotdg mg «bignumy). Aev vtdpyer ohydpLtOUog o va umopel va UETATPEPEL (o GLUPBOLO-
OeLPG o€ dLadIKO aképano 1 SUOdLKO aKEPOLO OF ULat CUUPBOLOCELPE OF YPAUULKO XPOVO, EKTAG GV 1 Bdon
etvar dUvapn tov 2. Akoun Kot ot o yvootol odydpiduol yio ™ fdon 10 €xouv voTeTpaymvIKY TOAUTAO-
kotTa. H petatpomn pog peydng tung 6mme int ("1' * 500_000) umopel vo SLoPKECEL TEPLOOOTEPO
oo éva devtepoOremnto oe [ ypiyoprn CPU.

Limiting conversion size offers a practical way to avoid CVE-2020-10735.

To 6pLo ePaPUOLETAL GTOV OPLOUSG TOV YNPLOKDOV XAPUKTP®Y 0T ovuBolooelpd e.o6dov 1 eEddov dtav
EUTAEKETAL £VOG U1 YPOUMKOS olyopLBuog puetatpomyg. Ta underscores Ko To Tpodonuo dev virohoyitovon
07O 0pLo.

‘Otav wo Aettovpyio vitepPaivel to 6pLo, yivetow 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

>>> i_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) == i*i # Hexadecimal is unlimited.

To mpoemheyuévo Opro  eivaw 4300  yYmpio Omwg  mpoPrémetan  O0TO0  Sys.int_info.
default_max_str_digits. To KatmTATo OpLO OV WITOPEL Vo dLapopwbel eival 640 Ynpio OTwg
mpoPAETETaL OTO Sys. int_info.str_digits_check_threshold.

Emodm0gvon:

>>> 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 éxdoon 3.10.7.
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4.15.1 Ennpeacpeva APls

O 7EPLOPLOUOG LOYVEL LOVO VLo SUVITLKG 0PYEG UETOTPOTEG ETAEY int Kl str 1) bytes:

int (string) ue default féon to 10.

int (string, base) yua Oheg Tig fAoelg mwov dev eivor dvvoun tov 2.
str (integer).

repr (integer).

omoladNTote GAAN petatpomtn ouuforooepdg ot faon 10, yio mopdderypo £" {integer}", "{}".
format (integer), T] b"$d" % integer.

OL 7tepLopLoUoL dEV LoYVOUV YLa CUVOPTNOELS UE YPOUKS alydpLOuo:

int (string, base) uepdaon?2,4,38, 16,1 32.

int.from_bytes () Kxow int.to_bytes ().

hex(),oct (), bin{().

Format Specification Mini-Language yio. dekaeEadikoig, oktadikoig kot duadikoig aptfuove.
stroe float.

stroe decimal.Decimal.

4.15.2 Awapépgpwon opiou

[pwv amtd v exkivion g Python, umopeite va ypnolpomorjoete pia HeTa ANt meptpdAlovtog 1 €va deikTh
YPOUUNG EVTOLDV SLEPUNVED YLOL VOL SLAUOPPDOETE TO OPLO:

PYTHONINTMAXSTRDIGITS, .. PYTHONINTMAXSTRDIGITS=640 python3 yia va Op’LGS‘Ee TO
Oplo og 640 ) PYTHONINTMAXSTRDIGITS=0 python3 yiLo VO AITEVEPYOTOLYOETE TOV TEPLOPLOUO.

-X int_max_str_digits,my. python3 -X int_max_str_digits=640

To sys.flags.int _max_str_digits mepiéyer v T PYTHONINTMAXSTRDIGITS 1] —-X
int_max_str_digits. E&v xou 1 emloyr) env var ko 1 emhoyn —X eivar KkaBoplopéve, 1 emhoyn
-X &yeL mpotepatdTTa. Mo Ty -1 vrodetkvuel 6t Kat tar SU0 deV 0ploTKOY, ETTOUEVWG Y PT|OLULOTTOL-
NONKe wo T sys.int_info.default_max_str_digits KoTd TNV TPOETOLUACIA.

And tov KOdika, umopeite vo embempnoete To TPEYoV OPLO Kol VO 0PLOETE VAL VEO YPTOLULOTOLDVTOG AUTA
Ta sy s APIs:

Ov sys.get_int_max_str_digits() KoL sys.set_int_max_str_digits () elvou évog
getter kayl setter yio to 6pLo o€ 6ho Tov diepunvéa. Ou devtepetovieg dLepunveig £xovv To KO Toug
opLo.

Information about the default and minimum can be found in sys. int_info:

To sys.int_info.default_max_str_digits €ivoL 1O HETOYAMTILOUEVO TIPOETIAEYUEVO OPLO.

e To sys.int_info.str_digits_check_threshold gival 1 XOUNAOTEPY ATTOSEKTY] TLUH YLOL TO

OpLo (extdg amd 1o 0 OV TO ATEVEPYOTTOLEL).

Néo omv éxdoon 3.10.7.

Ipocoyn: O opiopdg evog xaunhot opiov umopel vo. 0dnynoel oe pofifuata. Av kot 6rtdviog, VTapyeL
KOOLKOG OV TTEPLEYEL aKEPOLES 0TAOEPEG OE EKOOLKO apLOUd 0TV Ty TOVG TTOV VITEPPaivouy To eldyL-
070 0pLo. ZUVETELD TNG PUOULONG TOV 0piov givar OTL 0 T yaiog Kmdikag Python mov mepiéyel dekadikovg
aKEPALOVG aPLOUOVG UEYOAUTEPOUG aTTd TO OPLO Bl AVTIUETWOITIOEL GPAMLO KOTE TV 0vEAVoY), GuvIOmG
KATO TV EKKIVINON 1 TV PO TG ELOOYMYNG 1) (KOO KOL KATA TV EYKATAOTAO0N - Avd oo oty eivor

4.15.
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EVNUEPMUEVO . pyC OEV VITAPYEL NON VL0 TOV KDSLKO. Mo AUaT Lo ToV TN yaio ov sepLéyel TOo0o PeYahes
otafepéc eival va Tig uetotpéyete oe dekaeEadikn uopr 0x kadmg dev éxel dplo.

AOKLUAOTE OYOAAOTLKG TV EPOAPUOYT GOG EAV YPTOLUOTOLELTE XOUNAO OpLo. Befowwbeite 6t oL dokiuég
00G EKTEMOUVTOL IUE TO OPLO TTOV £XEL OPLOTEL VOPIG HECW TOV TTEPLBAALOVTOG 1) TOU dElKTY, MOTE VO LoYVEL
KoTd TV eKKivion Ko akOun Ko Katd T SLdpKeLd 0TotoudfToTe PUOTOG EYKATAOTAONG TOV UTOPEL
va kKohéoel Ty Python yio vo HEToyAMTTIOEL €K TV TPOTEPMV TO . Py TINYOL0 08 apyela . pyc.

4.15.3 Mpotelvopevn dlapdéppwon

The default sys.int_info.default_max_str_digits isexpected 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.

Moapdderypor:

>>> 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 amevepyomouoeTe eviehms, oplote To o 0.

YTOONHELWOELG
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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 i 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 i on 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 setas ___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
KeyErrorto AttributeError), while leaving the old exception available in ___context___ for introspection
when debugging.

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.
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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.

Aemrouépera vhomoinons CPython: 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 (1b)
This method sets b as the new traceback for the exception and returns the exception object. It was
more commonly used before the exception chaining features of PEP 3134 became available. The
following example shows how we can convert an instance of SomeException into an instance of
OtherException while preserving the traceback. Once raised, the current frame is pushed onto
the traceback of the OtherException, as would have happened to the traceback of the original
SomeException had we allowed it to propagate to the caller.

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.

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 ().
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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.)

The name and obj attributes can be set using keyword-only arguments to the constructor. When set they
represent the name of the attribute that was attempted to be accessed and the object that was accessed for said
attribute, respectively.

AMoEe oty ékdoon 3.10: Added the name and ob7 attributes.

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 Except ion 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 ImportError 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 Cont rol1-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 Except ion 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
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).
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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.

The name attribute can be set using a keyword-only argument to the constructor. When set it represent the
name of the variable that was attempted to be accessed.

AMoEe oty €kdoom 3.10: Added the name attribute.

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.

Enueiwon: 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.

Inueiwon: Not ImplementedError 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 a rgs 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 r rno 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 errno 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 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

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 ()), £ilenameZ corresponds to the second file name passed to the function.

AMoEe oty éxdoon 3.3: EnvironmentError, IOError, WindowsError, socket.error,
select.error and mmap.error have been merged into OSError, and the constructor may return a
subclass.
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AMoEe otV £¢xdoon 3.4: The £ilename attribute is now the original file name passed to the function,
instead of the name encoded to or decoded from the filesystem encoding and error handler. 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 Runt imeError. It is raised when the interpreter detects that the maximum
recursion depth (see sys.getrecursionlimit ()) is exceeded.

Néo otv éxdoom 3.5: Previously, a plain RuntimeError 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 StoplIteration
Raised by built-in function next () and an iterator's __next___ () method to signal that there are no further
items produced by the iterator.

The exception object has a single attribute value, which is given as an argument when constructing the
exception, and defaults to None.

When a generator or coroutine function returns, a new StopIteration 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, itis converted into a RuntimeError
(retaining the StopIteration as the new exception’s cause).

AMoEe ot £xdoon 3.3: Added value attribute and the ability for generator functions to use it to return a
value.

AlLaEe ot £€kdoom 3.5: Introduced the RuntimeError transformation via from ___future_  import
generator_stop, see PEP 479.

AMoEe otnv ékdoom 3.7: Enable PEP 479 for all code by default: a StopTteration 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 otnv ¢€kdoom 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
built-in functions compile (), exec (), or eval (), or when reading the initial script or standard input
(also interactively).

The str () 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
linenoof 1.
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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.

end_lineno
Which line number in the file the error occurred ends in. This is 1-indexed: the first line in the file has a
linenoof 1.

end_offset
The column in the end line where the error occurred finishes. This is 1-indexed: the first character in the
line has an of f£set of 1.

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: ...”, (*”, 1,2, “(ab)n”, 1, 5)).

AlhoEe oty éxdoon 3.10: Added the end_1inenoand end _offset attributes.

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 Except i on. 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.

Acallto 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, Not ImplementedError is the 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.
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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.

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 EITNPROGRESS.

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.
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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 EPIPE
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 €xdoon 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.Iistdir ()) 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.

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 omv £€xdoon 3.3: All the above OSError subclasses were added.
Agite emiong:

PEP 3151 - Reworking the OS and IO exception hierarchy
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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.

exception EncodingWarning
Base class for warnings related to encodings.

See Opt-in Encoding Warning for details.
Néo otnv éxdoon 3.10.

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 otnv ¢€kdoom 3.2.
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5.6 Exception hierarchy

The class hierarchy for built-in exceptions is:

BaseException

+-— SystemExit

+—— KeyboardInterrupt

+-— GeneratorExit

+-— Exception
+-— Stoplteration
+-— StopAsynclteration
+-— ArithmeticError
| +-— FloatingPointError
| +—-— OverflowError
| +—-— ZeroDivisionError
+-— AssertionError
+-— AttributeError

+-— BufferError

+—— EOFError

+—-— ImportError

| +—-— ModuleNotFoundError
+—— LookupError

| +—— IndexError

| +—— KeyError

+—— MemoryError

+—— NameError

| +—-— UnboundLocalError
+—— OSError

| +-— BlockingIOError

-— RuntimeError
+—— NotImplementedError
+-— RecursionError
—-— SyntaxError
+-- IndentationError
| +—-— TabError
+—— SystemError
+—-— TypeError
+-— ValueError
| +—— UnicodeError
| +—— UnicodeDecodeError
\ +-— UnicodeEncodeError
| +—— UnicodeTranslateError
+-— Warning
+-— DeprecationWarning
+-— PendingDeprecationWarning
+-— RuntimeWarning
+-— SyntaxWarning

| +—— ChildProcessError

| +-— ConnectionError

| | +-— BrokenPipeError

| | +—— ConnectionAbortedError
| | +—— ConnectionRefusedError
| | +—-— ConnectionResetError

| +-—— FileExistsError

| +-— FileNotFoundError

| +-—— InterruptedError

| +-- IsADirectoryError

| +-— NotADirectoryError

| +-— PermissionError

| +—— ProcessLookupError

| +-— TimeoutError

+-— ReferenceError

+

\

\

+

\

(ovvEYELD OTNV ETTOUEVY OENLOL)

112

Kegahaio 5. Built-in Exceptions




The Python Library Reference, Anpoocicuon 3.10.19

(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

+-— UserWarning

+-— FutureWarning
+-— ImportWarning
+-— UnicodeWarning
+-— BytesWarning
+-- EncodingWarning
+-— 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 70to¢ AkodovOiag (Sequence) Keiuévov — str.

6.1 string — Common string operations

Source code: Lib/string.py

Agite gmiong:
TYmog AkorovBiag (Sequence) Ketuévov — str

MéBodor ZvuPolocetpdg (String)

6.1.1 String constants

The constants defined in this module are:

string.ascii_letters
The concatenation of the ascii_lowercase and 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.

string.digits
The string '0123456789".

string.hexdigits
The string '0123456789abcdefABCDEF'.
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string.octdigits

The string '01234567".

string.punctuation

String of ASCII characters which are considered punctuation characters in the C locale: ! "#$%&"' () *+, —.
[25<=>2Q@ I\ _" {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 classin 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 viormat ().

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. viformat () 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 vformat () 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
«0[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 ().

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.

116

Kegahaio 6. Text Processing Services


https://www.python.org/dev/peps/pep-3101
https://www.python.org/dev/peps/pep-3101

The Python Library Reference, Anpoocicuon 3.10.19

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 TndexError 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_f£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 :u= "{" [field name] ["!" conversion] [":" format_spec]
field_name = arg_name ("." attribute_name | "[" element_index "]
arg_name = [identifier | digit+]

attribute_name = identifier

element_index = digit+ | index_string

index_string = <any source character except "]"> +

conversion = "r"o | "s" | "a"

format_spec = <described in the next section>

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
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 O, 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__ ().
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AMoEe otnv £xdoom 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 positionald.
—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~ () on the value, ' ! r' which calls repr ()
and ' !'a' 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
afield 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.

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] [tyg

fill = <any character>

align = LP | nsn I n_mn | nAn
sign = L

width = digit+
grouping_option = LI
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precision RES digit+

type ::: "b" | "C" | "d" | "e" ‘ "E" | "f" ‘ "F" | "g" | "G" |
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:

OptionMeaning
'<' | 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 for numbers 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 'Ob"', '0o"', '0Ox"', 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 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.

AMoEe oty €xdoon 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.

AMoEe oty €xdoon 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 '=".

AMoEe oty ¢kdoon 3.10: Preceding the width field by ' 0' no longer affects the default alignment for strings.

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 fype determines how the data should be presented.
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The available string presentation types are:

Type | Meaning
's! String format. This is the default type for strings and may be omitted.
None | The sameas 's"'.

The available integer presentation types are:

Type 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 '# ' is specified, the prefix ' 0x ' 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 same as '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 £1oat 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 £ 7oat, 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
coeflicient digits for Decima 1. 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 O 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 mis -4
for floats and -6 for Decimals, the number is formatted with presentation type 'f' 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 coeflicient 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:

>>> ! , , '.format('a', 'b', 'c")
'a, b, c'
>>> '{}, , ' format('a', 'b', 'c") # 3.1+ only

(ouvéyela otV TOUEVN OEMD)
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'a, b, c'

>>> '"/(2}, {1}, {0}'".format('a', 'b', 'c')

'e, b, a'

>>> '"/2), {1}, {0} . format (*'abc'") # unpacking argument sequence

'e, 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 (3-5j) 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, y
def _ str_ (self):
return 'Point ({self.x}, {self.y})"'.format (self=self)

>>> str (Point (4, 2))
'Point (4, 2)'

Accessing arguments” items:

>>> 'X: {0[0]}; Y: {0[1]}".format (coord)
'X: 3; Y: 5

>>> coord = (3, 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
Al ***********centered***********'

Replacing $+£, $—-f,and $ £ and specifying a sign:

>>> " [:+f); {:+f)7  format (3.14, -3.14) # show it always

'+3.140000; -3.140000"

>>> "/ f}; {: f£}".format (3.14, -3.14) # show a space for positive numbers
' 3.140000; -3.140000"

(OUVEYELOL OTNV ETTOLLEVT) OENIDQL)
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>>> "[:-f); {:-f}" . format (3.14, -3.14) # show only the minus -- same as

—{:f}!
'3.140000; —-3.140000"

" f};

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 Ob as prefix:

>>> "int: {0:d}; hex: {0:#x}; oct: {0:#0}; bin: {0:#b}".format (42)
'int: 42; hex: 0x2a; oct: 0052; Dbin: 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 SH:%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<<ii<!

'ANAANcenter AT

'>>>>>>>>>>>right’

>>>

>>> octets = [192, 168, 0, 1]

>>> "/ 02X 02X 02X} { 02X} . format (*octets)
'COA80001"

>>> int (_, 16)

3232235521

>>>

>>> width = 5
>>> for num in range(5,12):
for base in 'dXob':
print ('{0:{widt

print ()
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

h}{base}}'.format (num, base=base, width=width), end=' ")
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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 118n, see the flufl.i18n package.
Template strings support $-based substitutions, using the following rules:

e $$ is an escape; it is replaced with a single $.

e $identifier names a substitution placeholder matching a mapping key of "identifier". By default,
"identifier" isrestricted 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} isequivalentto $identifier.Itisrequired when valid identifier characters follow the
placeholder but are not part of the placeholder, such as "${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

ValueError.

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 template 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:

>>> from string import Template

>>> s = Template ('Swho likes S$what')

>>> s.substitute (who="'tim', what='kung pao')
'tim likes kung pao'

>>> d = dict (who="tim")

>>> Template ('Give Swho $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'

(ouvEyELD TNV ETTOUEVT) GENDQ)

124 Kegahaio 6. Text Processing Services



https://www.python.org/dev/peps/pep-0292
https://flufli18n.readthedocs.io/en/latest/

The Python Library Reference, Anpoocicuon 3.10.19

(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

>>> 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:

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).

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.

Inueiwon: 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 otV £éxdoom 3.7: braceidpattern can be used to define separate patterns used inside and outside the
braces.

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 €kdoon 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.

braced - This group matches the brace enclosed placeholder name; it should not include either the delimiter
or braces in the capturing group.

invalid - This group matches any other delimiter pattern (usually a single delimiter), and it should appear last
in the regular expression.

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.
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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 (bytes). 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 DeprecationWarning 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 emiong:

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 g 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.

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 (*, +, 2, {m, n}, etc) cannot be directly nested. This avoids ambiguity with the non-greedy
modifier suffix ?, 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.
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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 TTLINE 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 foo$ matches
only “foo”. More interestingly, searching for foo.$ in 'fool\nfoo2\n' matches “f002” 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 0 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 0 or 1 repetitions of the preceding RE. ab? will match either “a” or “ab”.

*2,4+?,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 3 to 5 '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' orathousand 'a' characters followedbya 'b ', butnot ' 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.

[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 bya ' - ', 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—]), it will match a literal ' -"'.

o Special characters lose their special meaning inside sets. For example, [ (+*) ] will match any of the
literal characters ' (', "+', "*', or ') '.

» Character classes such as \w or \ S (defined below) are also accepted inside a set, although the characters
they match depends on whether ASCTI T 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 setis '~ ', 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.
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o Tomatchaliteral '] ' inside a set, precede it with a backslash, or place it at the beginning of the set. For
example, both [ () [\]1{}] and [] () [{}] will match a right bracket, as well as left bracket, braces,
and parentheses.

« 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 €kdoon 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, [) ].

(?...) This is an extension notation (a '?"' following a ' (' is not meaningful otherwise). The first character
after the ' ?' 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', 'i', 'L', 'm", 's"', "u’', 'x"'.) The group matches

the empty string; the letters set the 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 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
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 theset '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 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.)

The letters '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 £€kdoom 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):
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Context of reference to group «quote» Ways to reference it
in the same pattern itself

e (?P=quote) (as shown)
e \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"'.

(?!...) Matchesif ... 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 find a matchin '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'’

This example looks for a word following a hyphen:

>>> m = re.search(r' (?<=-)\w+', '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, (<) 2 (\w+@\w+ (?:\.\w+)+) (? (1)>]$) isa 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
] $ 1 .

\number Matches the contents of the group of the same number. Groups are numbered starting from 1. For
example, (.+) \1 matches 'the the' or '55 55", but not 'thethe' (note the space after the
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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 a character 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 ASCIT 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!'. \B is just the opposite of \Db,
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 ASCI 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.

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 ASCIT flag is used
this becomes the equivalent of [~ \t\n\r\f\v].

\w

For Unicode (str) patterns: Matches Unicode word characters; this includes alphanumeric characters (as
defined by str.isalnum()) as well as the underscore (_). If the ASCT I flag is used, only [a—zA~-
70-9_1 is matched.

For 8-bit (bytes) patterns: Matches characters considered alphanumeric in the ASCII character set; this
is equivalent to [a-zA-Z0-9_]. 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 ASCTT flag is used
this becomes the equivalent of [~a-zA-Z0-9_].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
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(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.

AMoEe oty €kdoon 3.3: The '\u' and '\U' escape sequences have been added.
AMoEe ot ékdoomn 3.6: Unknown escapes consisting of '\ ' and an ASCII letter now are errors.

AMaEe oty ékdoon 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.

Flags

AMoEe otnv €kdoon 3.6: Flag constants are now instances of RegexFlag, which is a subclass of enum.
IntFlagqg.

re.A

re.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).

re .DEBUG
Display debug information about compiled expression. No corresponding inline flag.

re.l

re .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 . ASCT T 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 ASCT T flag is used, only letters “a” to “z” and “A” to “Z” are matched.

re.L

re.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 ot ékdoon 3.6: re. LOCALE can be used only with bytes patterns and is not compatible with
re.ASCII.
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re.

AMoEe ot €kdoom 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

re.

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 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.DOTALL

re.

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 .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<...>.Forexample, (? :and * ? arenotallowed. 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) .

Functions

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

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.

Ynueimon: 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.
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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 ékdoom 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)
['o', 'z', '9']

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.')
['*, 'Wwords', ', ', 'words', ', ', 'words', '.']

>>> re.split(r'\wWw*', '...words...")

['l’ l', ’W', lOV, lr’, ld’, ISl’ l', ’lJ

>>> re.split(r' (\W*)', '...words...")

['l’ l‘.-|, l', ll, lwll 'l’ lol’ l', lrl, ll, 'd', 'l, lSII '...I, l‘, l', '|:|

AMoEe ot ékdoom 3.1: Added the optional flags argument.
AMoEe oty £xdoon 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.
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>>> 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'")]

AMEe oty £xdoon 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.

AlhaEe oty ékdoon 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-zA-Z_0-9]*)\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:

>>> def dashrepl (matchobj) :

if matchobj.group(0) == '-': return ' '
. 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'

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.

AMoEe otnv £ékdoom 3.6: Unknown escapes in pattern 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).
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AMEe oty £xdoon 3.1: Added the optional flags argument.
AMEe oty £xdoon 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 + "!#$%&"*+—-." " [~:"
>>> print ('[ ]+' % re.escape(legal_chars))
[abcdefghijklmnopgrstuvwxyz0123456789 ! \#\S3\& "\ *\+\=\.\"_"\|\~:]1+

>>> OperatOIS . [I+Y, l7|, l*l, l/l, l**l]
>>> print ('|'.Jjoin (map (re.escape, sorted(operators, reverse=True))))

JIN=INHINFAF

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

AMEe oty £xdoon 3.3: The ' _' character is no longer escaped.

AMoEe oty €kdoon 3.7: Only characters that can have special meaning in a regular expression are escaped.
Asaresult, L v’ l"V’ v%v’ "'", v, v’ v/v’ v:v’ v; v’ v<v’ v:v’ l>¥, '@l’ and " " are no longer
escaped.

re.purge ()
Clear the regular expression cache.

Exceptions

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.
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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], 0).

>>> 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[, endpas] ] )
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.

>>> 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 otv ¢€kdoom 3.4.

Pattern.split (string, maxsplit=0)
Identical to the spl1it () 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 (string[, 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.
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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 £xdoon 3.7: Added support of copy.copy () and copy.deepcopy (). Compiled regular
expression objects are considered atomic.

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 f 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 femplate, 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.
AMoEe oty ékdoon 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 IndexError 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.
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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:

>>> 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 éxdoon 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'.
('24', '0")

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] )

138

Kegahaio 6. Text Processing Services




The Python Library Reference, Anpoocicuon 3.10.19

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,
afterm = re.search('b(c?)', 'cba'),m.start(0) isl,m.end(0) is2,m.start (1) and
m.end (1) are both 2, and m. start (2) raises an TndexError exception.

An example that will remove remove_this from email addresses:

>>> email = "tony@tiremove_thisger.net"
>>> m = re.search("remove_this", email)
>>> email[:m.start ()] + email[m.end() :]

'tony@tiger.net'

Match. span ( [gmup] )
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 oty 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())
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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, «g» 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] S

>>> displaymatch (valid.match ("aktb5g")) # Valid.
"<Match: 'aktb5qg', groups=()>"

>>> displaymatch(valid.match ("aktb5e")) # Invalid.
>>> displaymatch (valid.match ("akt")) # Invalid.
>>> 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:

>>> palr = re.compile(r".*(.).*\1")
>>> displaymatch (pair.match ("717ak"))
"<Match: '717', groups=('7',)>"

>>> displaymatch (pair.match ("718ak"))
>>> displaymatch (pair.match ("354aa"))
"<Match: '354aa', groups=('a',)>"

# Pair of 7s.

# No pairs.
# Pair of aces.

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)
l7l

# 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

%c .

$5¢c .{5

$d [

%e, 3E, 3f, 3g [—
[

Regular Expression

(\d+ (\.\d*) 2|\ .\d+) ([eE] [-+]2\d+) ?
(0[xX] [\dA-Fa-£f1+|0[0-71*|\d+)
[

%1

o\
(@)
|

0]
~
n
+

o | oo o
x|e
o\
b
-
(o
+

To extract the filename and numbers from a string like
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’/usr/sbin/sendmail - 0 errors, 4 warnings

you would use a scanf () format like

%$s — %d errors, %d warnings

The equivalent regular expression would be

’(\S+) - (\d+) errors, (\d+) warnings

search() vs. match()

Python offers different primitive operations based on regular expressions:
e re.match () checks for a match only at the beginning of the string
e re.search () checks for a match anywhere in the string (this is what Perl does by default)
e re.fullmatch () checks for entire string to be a match

For example:

>>> re.match("c", "abcdef") # No match

>>> re.search("c", "abcdef") # Match
<re.Match object; span=(2, 3), match='c'>

>>> re.fullmatch("p.*n", "python") # Match
<re.Match object; span=(0, 6), match='python'>
>>> re.fullmatch("r.*n", "python") # No match

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"""
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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',
'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 a maxsplit
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) :

"RETURN' }

keywords = {'IF',

"THEN',

token_specification = [

('NUMBER',
"ASSIGN',
"END',
'ID',
"oP',
'"NEWLINE',

(
(
(
(
(
('SKIP',

r'\d+(\.\d*)?"),

r'::’)l

')y
r'[A-Za-z]+"),
' [+\=*/1"),
r'\n'),

r' [ \t]+"),

'"ENDIF',

"FOR',

FH oW H R W W H

'NEXT', 'GOSUB',
Integer or decimal number
Assignment operator
Statement terminator
Identifiers

Arithmetic operators

Line endings

Skip over spaces and tabs

(ouvéyela 0TV emOpEVY 0edL)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

("MISMATCH', r'."), # Any other character
]

tok_regex =
line_num = 1
line_start = 0

for mo in re.finditer (tok_regex,

"['.join (' (?P<%s>%s5) ' % palir for pair in token_specification)

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 =
line_num += 1

mo.end ()

continue

elif kind == 'SKIP':
continue

elif kind == '"MISMATCH':

raise RuntimeError (f'{value!/r} {line_num/")

yield Token (kind,

unexpected on line

value, line_num, column)

statements = '''
IF quantity 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,
Token (type="'ID', value='quantity', line=2,

Token (type="'THEN', value='THEN', line=2,

Token (type="'ID', value='total', line=3,
Token (type="ASSIGN', wvalue=':=', line=3,
Token (type="'ID', value='total', line=3,
Token (type='0P', value='+', line=3, column=
Token (type="'ID', value='price', line=3,
Token (type='OP', value='*', line=3, column=

column=4)

column=7)

column=16)
column=8)

column=14)
column=17)

23)

column=25)

31)
column=33)

value='quantity', line=3,

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",
Token (type="'OP"',

value='price', line=4, column=15)

(
(
(
(
(
(
(
(
(
Token (type="1ID",
(
(
(
(
( value='*"', line=4, column=21)
(
(
(
(

Token (type="'NUMBER', wvalue=0.05, line=4, column=23)
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)
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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 1ecmp 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: SequenceMatcher 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 otnv ¢kdoom 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 SequenceMat cher both to compare sequences of lines, and to compare sequences of characters
within similar (near-matching) lines.

Each line of a Di 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
'? ' | line not present in either input sequence

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 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 Htm1Di ff.

tabsize is an optional keyword argument to specify tab stop spacing and defaults to 8.
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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 Html1Diff to
generate the side by side HTML differences). See ndi £ f () 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 tolines (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 Fal se 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.

AMaEe otnv éxdoom 3.5: charset keyword-only argument was added. The default charset of HTML
document changed from 'IS0-8859-1"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 io.
IOBase.writelines () since both the inputs and outputs have trailing newlines.

For inputs that do not have trailing newlines, set the /ineferm 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.

>>> g1 = ['bacon\n', 'eggs\n', 'ham\n', 'guido\n']

>>> s2 = ['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

kkhkkkhkhkkkhkkkkhkkkk

* Kk K 1’4 * Kk kK

! bacon

(ouvéyela 0TV emOpEVY 0edL)
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! 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 7 (default 3) is the maximum number of close matches to return; » 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 Di f 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 I'S_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 7S_CHARACTER_JUNK (), which filters out whitespace
characters (a blank or tab; it’s a bad idea to include newline in this!).

Tools/scripts/ndiff.py isacommand-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

s A

ore

- two
— three

V]
|

+

tree
emu

+
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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),
. '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 n 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 io0. TOBase. readlines () result in diffs that are suitable for use with
io.IOBase.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']

>>> s2 = ['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

@@ -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.
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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 otnv ¢xdoom 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); b2j is a dict
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_seq2 ().

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.

SequenceMat cher 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 (i, j, k) suchthata [1i:i+k]
isequaltob[j:Jj+k],where alo <= i <= i+k <= ahiandblo <= j <= Jj+k <= bhi.
Forall (i', j', k') meeting those conditions, the additional conditions k >= k',i <= i',and
if i == 1i',J <= j' 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.
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>>> 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 (1,
j, n),andmeansthata[i:1+n] == b[7j:j+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).Itis the only triple with n
== 0.If (1, j, n)and (i', j', n') are adjacent triples in the list, and the second is not the
last triple in the list, then i+n < 1i' or j+n < J';in other words, adjacent triples always describe
non-adjacent equal blocks.

>>> 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, 11, i2,
31, 32).Thefirsttuplehas i1 == j1 == 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:1i2] should be replaced by b[j1:732].

'delete' al[il:12] should be deleted. Note that 31 == 72 in this case.

'insert' b[j1:732] should be insertedat a[11:11]. Note that i1 == 1i2 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, i1, i2, j1, j2 in s.get_opcodes|():
print (' al : 1] ——> Db : ] -——> '.format (
. tag, 11, 1i2, 31, j2, alil:i2], bl[jl:321))
delete al0:1] ——> b[0:0] 'q' > !
equal af[l:3] ——> b[0:2] 'ab' ——> 'ab'
replace al[3:4] ——> b[2:3] x> Ty

(ouvéyela otV nOpEV) 0EMD)
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equal ald4:6] ——> 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 . O if the sequences are identical, and 0 . 0 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.

Ynueiwon: 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

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_qguick_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»:

>>> s = 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:

6.3. difflib — Helpers for computing deltas 151




The Python Library Reference, Anpooicsuon 3.10.19

>>> 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() :

C. 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 O.

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 al8:29] b[17:38]

Agite eriong:

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.

6.3.3 Differ Objects

Note that Differ-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.
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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\n'
>>> 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 £ fer object we may pass functions to filter out line and character «junk.» See the

Differ () constructor for details.

Finally, we compare the two:

>>> 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',
'? A P /\\nll

'+ 4. Complicated is better than complex.\n',
) et A “\n',

L 5. Flat is better than nested.\n']

As a single multi-line string it looks like this:

>>> import sys
>>> gys.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.
? el A
+ 4. Complicated is better than complex.
? ++++ ~
+ 5. Flat is better than nested.
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6.3.5 A command-line interface to difflib

This example shows how to use difflib to create a diff-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.

mn

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 ()

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)

(ouvéyela 0TV emOpEVY 0edL)
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sys.stdout.writelines (diff)

if name == '_ main__ ':
main ()

6.4 textwrap — Text wrapping and filling

Source code: Lib/textwrap.py

The textwrap module provides some convenience functions, as well as TextWrapper, 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=Fualse, 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. 7111 () is
shorthand for

"\n".Jjoin (wrap (text, ...))

In particular, 7111 () accepts exactly the same keyword arguments as wrap ().

textwrap.shorten (text, 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 £il1 () function, so
changing the value of tabsize, expand_tabs, drop_whitespace, and replace_whitespace
will have no effect.

Néo omnv ékdoom 3.4.
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textwrap.dedent (fext)

Remove any common leading whitespace from every line in zext.

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.

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))
print (repr (dedent (s)))

# prints ' hello\n world\n !

# prints 'hello\n world\n'

textwrap.indent (fext, prefix, predicate=None)

Add prefix to the beginning of selected lines in fext.
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 ékdoom 3.3.

wrap (), £i11 () 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 = "* "
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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:

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 fext.

tabsize
(default: 8) If expand_tabs is true, then all tab characters in text will be expanded to zero or more
spaces, depending on the current column and the given tab size.

Néo oty éxdoonm 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").

Ynueiwon: If expand tabsis 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 ()
or similar) 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 byoneof ' . ', ' ! ', or ' ? ', possibly followed byoneof '" ' 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.
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Since the sentence detection algorithm relies on st ring. 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
specific to English-language texts.

break_long_words
(default: True) If true, then words longer than width 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 youneedtoset 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 otv éxdoom 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 wi dt h 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 0 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, O 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:

unicodedata.unidata_version
The version of the Unicode database used in this module.
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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')

l{l

>>> 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

lLul

>>> 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 st ringprep 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).

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).
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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 i nput () function.

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 APT 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 1ibedit 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/1ibedit readline emulation on macOS, the initialization file located in your home directory
is named .editrc. For example, the following content in ~/ .editrc will turn ON vi keybindings and TAB
completion:
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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 is the last 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_line_buffer in the underlying library).

readline.insert_text (string)
Insert text into the line buffer at the cursor position. Thiscalls r1_insert_text () inthe 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. Thiscalls write_history () in the underlying library.

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 () in the 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.
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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 callshistory_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 () inthe underlying
library.

readline.set_auto_history (enabled)
Enable or disable automatic calls to add_history () whenreading 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 otnv ¢€kdoom 3.6.

Agnropépera vhomoinons CPython: Auto history is enabled by default, and changes to this do not persist
across multiple sessions.

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.
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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 r1completer 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 1is invoked by the entry_func callback passed to
rl_completion_matches () in the underlying library. The fext 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 to the r1_attempted_completion_function callback of the underlying library. The values
may be different in the same input editing scenario based on the underlying C readline implementation. Ex:
libedit is known to behave differently than libreadline.

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
rl_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 clearsthe 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.

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

(ouvéyela 0TV emOpEVY 0edL)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

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™)
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)
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6.8 rlcompleter — Completion function for GNU readline

Source code: Lib/rlcompleter.py

The r1completer module defines a completion function suitable for the readl i ne module by completing valid
Python identifiers and keywords.

When this module is imported on a Unix platform with the readline 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 ke yword 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 7m0t dvadikns akolovbiag — bytes,
bytearray, memoryview.

7.1 struct — Interpret bytes as packed binary data

Inyaiog kOdikag: Lib/struct.py

Avt6 T0 module petatpémel petagl Tumv g Python kai doudv g C mov avamaplotavtol wg aviikeinevo,
bytes g Python. Zvumoyeig format strings meplypigovy TG TPOPLETOUEVES UETOTPOTES OTTO/TPOG TUEG
g Python. Ou cuvaptioelg Kou To avitkeipevo tov module puopouvv va ypnowomoinfotv yio do Kupiowg
eapuoye: Ty avradhayrh dedopévav ue eEmtepukés mnyes (apyeia 1| ouvAETELS dLKTUOV) 1) TN UETOQOPE.
dedouévarv petag g epappoyng Python kol tov emumédov C.

EInueiwon: Otav dev divetan yopaktipag Tpodinatoc, 1 apoemheyuévny hettoupyio eivan 1 eyyevig (native
mode). TTaxetdpetr 1) awoovumiéCer dedouéva pe PAom Ty TAOTPOPLIO KL TOV UETOYAMTTLOTY] (L€ TOV OTTOL0
KOTOOKEVAOTNKE 0 diepunvéag tng Python. To amotéleouo g ovokevaoiag wog dedouévng doung C me-
prhaufaver cupminpopotikd bytes (pad bytes) mov Siotnpovv T GMOTH OTOL(LON L0 TOVG EUTAEKOUEVOUG
timovg C- mapouoimg, 1 otoiyon AauBavetor vToyn Katd TV aroovokevaoio. Avtifeta, KaTd TV ETKoL-
vavia dedouévmv pe eEwteptkéc mNYES, 0 TPOYPAUUATIOTIG eival vITtevBUVOg YLa ToV KaBopLoud TG OeLpdis
byte KoL TOU CUUTANP®OUATOG UETAED TV oTtouyetmv. Agite Awdtagn Byte, MéyeOog kar Stolyion yio hemtoué-
peLec.

ApKeTEG GUVOPTNOELS TOV st ruct (Kol uéBodol g KAAoNg St ruct) déxovtal pa TapaueTpo buffer. Avti
AVOPEPETOL O ovTIKeipeva mov vhomoloUv to bufferobjects kau mapéyovv eite €va avayvaoluo eite Evov
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avaryvaoLpo-eyypdpuo buffer. Ou mo ouvnBlopévol THITOL TOV YPNOLUOTOLOVVTAL L0 AUTOV TOV OKOTTO €i-
vaL oL bytes kow bytearray, olMd morhol dhhot Thmol wov pmopovv va Bewpnboiv wg mtivakeg bytes vho-
7toLoVV To ITPwTOKOoALO buffer, emTpémovrag TV aviyvwon/tpopodotnon xwpig emTALOV avTLYPOpT) artd éva
OVTLKELUEVO bytes.

7.1.1 Zuvaptnoelg KaL eEalpeoeLq

To module opiZeL Thv axdhovdn eEaipeon KoL ouVOPTHOELS:

exception struct.error
EEaipeon mov yivetal raise o€ SLGQOopES TEPLITTMOELS TO OpLopa. eivan ie. GuuBoroCELPA TTOV TTEPLYPApEL
TO OQPAALQL.

struct .pack (format, vi, v2,...)
Emotpépel éva avtikeipevo TOmov bytes mov mepLéyel TG TEG v, v2, ... TOKETAPLOUEVES OVUPOVOL UE TH
oupporooelpd poppomoinong format. Ta oplopota pémel va TopLdfouy akpLmg Ue TG OTTOLTOVUEVES
TWWES TNG UOPPOTOLNONG.

struct .pack_into (format, buffer, offset, vi, v2, ...)
Maxetapel Tig Tuég vi, v2, ... CUPWVO UE T GVUBOAOCELPE LOPPOTTOINONG format Kai YPAUPEL TO. TTOL-
KeToplopéva bytes otov eyypdappo buffer buffer Eexivavtag amd ) 0éom offser. Enuewmote OtL To offset
£lval VITOYPEWTLKO OPLOUQL.

struct .unpack (format, buffer)
Amoovumieler amd tov buffer buffer (o omoiog vmotiBetan €yxel maketaplotel pe ™ péBodo
pack (format, ...)) ovupwva pe v ovuporocelpd wopgomoinong format. To amotéheoua €i-
vou po Thelada, akoua ki ov meptéyel udvo éva otoryeio. To uéyebog tou buffer oe bytes mpémel va
TALPLALTEL UE TO OTTOLTOVUEVO UEYEDOG OVUPVO UE T1 LopPY), OTTwg Kabopiletal amd ) ouvipTnon
calcsize ().

struct .unpack_£from (format, /, buffer, offset=0)
AmoovpmieCel oo Tov buffer Eexivavtag oo T 0éom offset, cvupwvo. ue T GUUPBOLOOELPE LOPPOTTOiT)-
ong format. To amwotéheopa eivor (o TAELAdL, akoOua KL av stepléyel povo éva otouyeio. To puéyebog tov
buffer oe bytes, Eekivdvrag amd ) 0¢on offset, mpémer va ivan tovhdylotov To uéyebog ov asmoLteital
artd T poper, dmtwg Kabopiletar 0md T ovvdptnon calcsize ().

struct.iter_unpack (format, buffer)
Amoouvpmieel emavainmkd atd tov buffer buffer cvugpmva pe ™ ovuorooelpd poppormoinong format.
Avti 1 ouvaptnon emotpépet évav iterator o omoiog Oa drafdoel kouudtio idov ueyébovg amd Tov
buffer puéypL va xatavarnbolv dha to mepleyouevd tov. To uéyebog tov buffer oe bytes mpémel va &i-
vou TodhamAdolo Tov ueyéboug mov amanteiton amd T pop@, 0mwg kabopiletal amd T CuVAPTHOoY
calcsize ().

Kd&0e emavadnym emotpépet pua thetddo ovupvo. te T ovuBorooselpd poppomoinong.
Néo otnv ¢kdoom 3.4.

struct.calcsize (format)
Emotpéget o péyebog g dopng (Kow KOoTé GUVETELD TOU OVTIKELUEVOD bytes Tov TapayeTaL atd To
pack (format, ...))mou avtotolyel ot ouuBolocelpd LopPPoTToinang format.
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7.1.2 ZupBoOAOCELPEG HOPPOTIOINONG

O ouuPoroceLpég LoPPOTTOiNONG TTEPLYPAPOLY T SLdTaEn Twv dedouévarv Katd TV cuoKevaoio Kol atoou-
okevaoio Twv dedopévarv. Anuovpyovvean amd format characters, ov 0moiol KaBopiLovv Tov THmo Twv dedoué-
VWV TOV GVOKEVALoVTOL/omToovokevdlovtol. EmmAéov, eldikol yopaxtipeg eELEYovv TV byte order, size and
alignment. KaOe cuuBolooelpd Loppomoinong amoteleitol oo Evav Ipoalpetkd yopoktipa tpdepo mov
TEPLYPAPEL TIG OUVOMKEG LOLOTITEG TV SESOUEVOV KAl £VAV 1] TTEPLOCOTEPOVS YAPUKTIPES LOPPOTTOLNONG
TTOU TEPLYPAPOVY TIG TIPOYUATIKES TLIES OEHOUEVIIV KOL TO CUMITTAPMLLOL.

Awata&n Byte, MéyeBog kat Ztoixion

Antd poemhoyr, ou timot tg C avamapiotavtal ot QUotkT poper Kot Stdtagn byte tng unyavig kot evdu-
YPAUUEOVTOL OWOTA, TapoleiTovTog byte YeEUoUOTog GV elvol amapaitnto (CVUEOVO. e TOUG KAVOVES TO
ypnowpomotetl o petoylwtrotig C). Avth 1 oupstepLpopd emhéyeTol £T0L MOTE TO. byte ULag CVOKEVOOUEVNG
doung va avtiatoryotv akplBadg ot duata&n uvihung e avtiotoyms dourg e C. To av Ba ypnowwomowOei
puoLkn dudtakn byte Ko yéuoua 1 TuToTotuéveg nop@ég eEapTaTaL otd TV EQOPUOYT.

EvolloKTikd, 0 TpmTtog xopakThpas TG OVUBOLOCELPAS LOPQOTOINONG WITOPEL VAL XP1OLULOTTOOEL YI0l VO
vrtodei&el T oelpd byte, To uéyebog KoL TV eVOVYPEUULOT TWV OVOKEVAOUEVOV SESOUEVMV, CUUPOVO, LE TO
TOPOKATO TTUVOKOL:

Xapaktipag | Zewpd bytes MeyeBog | Xtoixion
@ native native native

= native TUTTLKO KOovEva,

< little-endian TUTTLKO Kovéva,

> big-endian TUITLKO Kavéva

! dixtvo (= big-endian) | Tumko Kaveva

Av 0 TPDOTOG YOPAKTHPAG dEV Eival £vag 0td ovtovg, vmotifetal '@ .

H native oglpd byte eivar big-endian 1) little-endian, avaloya ue to ovotnuo vrodoyns. Lo mapdderyua, o
Intel x86, AMD64 (x86-64) xau Apple M1 eivau little-endian, evd) o IBM z ko tolhég TOAOLOTEPES OLPYLTEKTO-
vikég eivau big-endian. Xpnowpwomomorte ) uetofnm sys . byteorder yia vo ehéyEete To endianness tov
OUOTHUATOG OOLC.

To native puéye0og koL 1 0ToixLoM KaO0PILovIoL YPNOLUOTOLMVTS TNV EK(PPAOT S1izeof TOU UETUYAWTTLOTH
C. Autd ouvdudletan tdvta e TV native oelpd byte.

To tumkd uéyebog eEaptdral povo amd Tov XopaKTNPO LopQoToinong: deite Tov mivaka oty evotnta Xa-
OOKTNOES UOPPTG.

ENUELDOTE TN SLOPOPG UETAED Tov '@ ' Kai "=": Kai To. dU0 XpnoLuorolovv T native oelpd byte, allé to
uéye0og Kal 1 0Tol Lo TOU TELEVTOLOV ELVAL TUTOTTOLNUEVAL.

H popen ' ! ' avuumpoowsteves ) oelpd byte tov dtktvov, 1 omoia eivor tavto. big-endian dmwg opiletol oto
IETF RFC 1700.

Aev vrtdpyer Tpdmog var dhmOel non-native oelpd byte (va emfAn0ei evalhayn byte). Xpnouomoote Ty
KATOMNAY emAoyn "< ) ">

Z1UELDOELS:

(1) To cuumifipwpa (padding) mpootiBetan avTOHHOTO LOVO HETAED dLadoytkmv pekmv ™G dounc. Aev Tpo-
otifeTon CUNTAMPOUO OTHY APy 1 0TO TELOG TNG KWALKOTONUEVTG dOUNG.

99 95

(2) Aev mpootifetar ovumAnpwua dtav ypnowooLeital non-native u€yeog KoL oToiyLon, mT.y. ue “<”,”7>",
“ ”»
=", Ko

“yp»

(3) T va evBvypoupioete To TEMOG WOG SOUNG UE TV GITALTNON OTOLYLONG EVOG CUYKEKPLUEVOU TUITOV,
TELEUDOTE TN LOPPT| UE TOV KMILKS Yo autd Tov TUITo pe i0og emavolnpewv undév. Asite Hapadely-
uaza.
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XapakTrpeg popepng

OL yapakTHpeg LoPPNG £X0UV TNV akOAoVON onuacio: 1 uetatpomy peta&y Tudv C ko Python gival mtpo-
pavig, dedouévmv tov TV Tovg. H othin “Tumikd uéye0oc” avagpépetor 0To uéyedog T CUUTLETUEVNG
T og byte dtav ypnolpomoteitol Tumko puéyebog dnhady, d6tav 1 ovuporooelpd nopehg EeKva e éva
amd o <", >, "1 or "=".'Otav ypnoLuomoLeitol To native uéyebog, to uéyebog TG CUNTTLECUEVNG TLUTG
eSaptdrol amd TV ThaTpOpUL.

Mopgr | Turog C Turmog Python | Turukd peyebog | Znuewwoelg
x OUUTTANPOUOTIKO byte Koo T @)
c char bytes ufikovg 1 | 1

b signed char integer 1 M, ()
B unsigned char integer 1 2)
? _Bool bool 1 €))
h short integer 2 )
H unsigned short integer 2 2)
i int integer 4 )
I unsigned int integer 4 2)
1 long integer 4 )
L unsigned long integer 4 2)
q long long integer 8 2)
Q unsigned long long | integer 8 2)
n ssize_t integer 3)
N size_t integer 3)
e 6) float 2 (@)
f float float 4 @)
d double float 8 (@)
S char[] bytes ©))
o) char[] bytes ®)
P void* integer )

AMEe oty €kdoon 3.3: TTpootéOnke VITOOTHPLEN YL TIG LOPPEG "'n' Kow 'N'.

AMaEe oty €kdoon 3.6: Ipootédnke vITOoTHPLEN YLaL TN popen 'e .

Z1UELDOELS:

(1)

2

3)

4)

®)

(6)

The ' 2" conversion code corresponds to the _Bool 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 oty £xdoon 3.2: Added use of the __index___ () method for non-integers.

O kwdikol petatpomng "'n' xor "N givan dtaféaipol udvo yia to native puéye0og (emheyuévo mg Tpoe-
TAOYT 1) UE TOV YapoKTHpa dudtagng byte '@ "). T to Tumikd uéyebog, Wropeite va yp1oLUoTOLoETE
0TTOLOONTOTE OTTO TG GANES LOPPEG AKEPOLMVY TTOV TAULPLATOVV OTNV EQPAPUOYY COGC.

To Toug KmdLKovg petotporig '£', 'd! KoL 'e', 1) CUOKEVOOUEVT OVOITOPAOTOON YPTOLUOTTOLEL TH
wope1 IEEE 754 binary32, binary64 1} binary16 (avtiotoya yio "£', 'd' 9 'e "), aveEdptnTo oo ™)
HOPEY KLVITHG VTTOOLOOTOMG TTOU Y PNOLUOTTOLEL 1) TAATPOPLLOL.

O yopaxtipag uoppomoinong 'P ' elvar dLabEoLog OVo Yo TN UOLKT OeLpd byte (emheyuévy mg
TTPOETLAOYT) 1] LLE TOV OPAKTNPA GELPAG byte '@ ). O xopaKT)pOg OeLpdg byte '=" emAéyel Tn (PNON
little- 1 big-endian oewpdic pe Bdon to ovotnua. To module struct dev epunvevel avtd wg native oelpd,
EMOUEVG 1 Lop@PT) "P ' dev elval dtabéouun.

O timog IEEE 754 binary16 «half precision» €10My0n otv avoadempnon tov 2008 tov mpotimov [EEE
754 standard. Avo0éteL éva bit Tpoonuov, Evav ekBéTn 5-bit kon axpipeto 11-bit (ne 10 bit amobnkevpuéva
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PNTA) KoL UTTOPEL VO AVATTAPOOTNOEL aptOuog uetal mepimov 6. 1e—05 ko 6 . 5e+04 pe minpn axpi-
Bera. Avtdg o TOTOg deV VITooTNPileTan EVPEMS ATTd TOVG HETAYAWTTLOTEG TG C: 08 UL TUTTLKT) Uy arvi,
€vag un TPooNUaouéVog short WItopet vor pnoLpomombel yior armodnKevon, olhd oyt yia oplOuntikég
pGEeic. Aeite ) oelido tng Wikipedia yo T half-precision floating-point format yio weplocdtepeg -
POopLES.

(7) Katd ) ovokevaoia, 1o 'x" eiodyel éva NUL byte.

(8) O yapoaktnpoag poppomoinons 'p' kwdikomolei £va «Pascal string», dnhadn wo wkpr ouuBorooelpd
UETOPANTOV UNKous amoOnkevuévy o€ otabepd apbud byte, mov Kkabopiletar amd tov petpnt). To
TPAOTO byte OV AmoONKEVETAL ElvaL TO UKOG TNG ovuPorooelpdc 1 255, dmoto eivar wkpdTepo. AKo-
LovBovv ta byte g cupforooelpds. Edv 1 oupuforocelpd mov epvd oty pack () elvon ol pueydn
(ueyohitepn amd tov petpnt peiov 1), amwodnkevovrar pdvo to mpwto count—1 byte tng cupforo-
oepdc. Edv 1 ovupolooelpd eivon wkpdtepn amd count—1, CUUTANPOVETAL Ue UNOEVIKG byte moTe
va. ypnopomonBouv akpLBmg tooa byte 000 K0O0pIleL 0 HETPNTNG. ZNUELDOTE OTL YL T unpack (),
0 YOPAKTHPAG LOPPOTONONG 'p ' Katavaldvel count byte, oAhd 1) GUUBOAOOELPG TOV ETLOTPEPETOL
deV UITOPEL TTOTE VAL TTEPLEYEL TEPLOCOTEPOL OLTTO 255 byte.

(9) T T0 YopaKTHPA LOPPOTTOINoNG 's ', aptBuog (count) epunveveTAL MG TO UNKOG TV byte, Ko Oyl G
évag aplBpdg emavalpeny, 6mmg ouppaivel pue dGAovg yopakthpeg wopgpomoinons. Fa mapaderyua,
'10s"' " “onupatvetl pra povadikn ocuppBorocelpd 10 byte mou avtictolyetl 1 mpoép—
xetatr and éva evialo byte string tng Python, evd ~ " '10c' onuaiver 10 Eexwprototg
YOPOKTNPEG TOV EVOG byte aTtoLygia (7T.. ccccceccec) OV AVTLOTOLYOUV OF 1] 0t €K dLapOPETIKA
byte objects tng Python. (Agite to ITopadelyuata yio o, cuykekpluévn entidelln g dtogpopdg.) Av dev
d00¢&l apOuog, 1 mpoemheyuévn Ty eivan 1. Katd v ovokevaoio (packing), n ovuporocelpd me-
PLKOTTTETAL 1) CVUTANPDVETAL Ue UNdeVIKG byte dote va Taplalel oto kabopiopévo unkoc. Katd tmv
amoovokevaotio (unpacking), to amotéleoua elvor dvto évo avitkeipevo bytes ue axplpmg to Kabopt-
OUEVO UNKoG. Qg eLdLKT) TTEPLTTTWOT, TO ' 0s ' oNUaiveL o povadiky), Kevy) oupuforooelpd (evar to ' Oc'!
onuaiver 0 xapaKTNPeg).

"Evog yopaKThpas LopQotoinong wropet va tponyeiton amd évav aképato apdud emovolnpewv. Fo wopd-
devypna, 1 ovpporooelpd poppomoinong ' 4h' onuaivel axpupwg to idto ue "hhhh'.

O yopaKTNPeg KeEVOU UETAED TV LLOPPOTOLHTEMV AyVOOUVTOL MOTOCO0, £vag aptBudg KoL 1) Lop@1} Tov dev
TIPETTEL VOL TTEPLEYOVV KEVAL.

Katd 10 TaKeTapLlope (o TG x XPNOLUOTOLDVTOG (oL oItd TIg Mop@ég akepaiov ('b', 'B', 'h', "H',
i, 'IN,'1, 'L, g, TQY), €4y TO X elval EKTOG TOU £YKUPOU EVPOVGS VLG VTNV T LOPQT, YIVETOL raise
wo eEaipeon st ruct .. error.

AMaEe ot €kdoon 3.1: TIponyoupévmg, OpLOUEVES OTTO TLG LOPPES OKEPALLWYV TTEPLTUALYAV TLUEG EKTOG EVPOVG
Ko gupavilav Deprecationarning avii Yy st ruct .. error.

[0l TO XOPaKTNPO LOPGPNG ' 2 ', 1) TN TTOV ETLOTPEQPETOL Eival eite True elte False. Katd v cvokevaoia,

YPTOLULOTTOLELTOL 1] AOYLKT] TLUY) TOV avitkeluévou-opiopatog. Eite 0 eite 1 ot native 1 Tumikn avomapdotoot
Tov bool Bo ouokeVAOTOVY, KOL ortoLadNToTE U WNdeEVIKY TLun Ba elvol True KaTtd TV 0TtooVoKEVAO(a.

Mapadeiypata

Inueioon: To mapadeiypoto native oelpdg byte (tov kabopifovior amd to Tpdheua popehg ' @ ' M tnv aov-
Ola OTTOLOVANTTOTE YOPOUKTNPA TPOOEUATOG) EVOEYETOL VO LNV OLVTLOTOLXOVV O€ QUTA TTOU TTOPALYEL 1) WOV
TOU AvVOyVHOoTYH, KaOmg avtd eEaptdtar amd TNV TAATEOPUA KL TOV UETAYAMTTLOTY.

ZUOKEVOOi0 KOl GITOOVOKEVOOI0 OKEPALMV TPLDV SLOPOPETIKMV Ueyeddv, ypnoluomolmvtag diata&n big
endian:

>>> from struct import *
>>> pack (">bhl", 1, 2, 3)
b'\x01\x00\x02\x00\x00\x00\x03"

(ouvéyela 0TV emopEV) 0ehidaL)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

>>> unpack ('>bhl', b'\x01\x00\x02\x00\x00\x00\x03")
(1, 2, 3)

>>> calcsize ('>bhl")

7

[TpoomdBeLo ovokevaoiog evog axepaiov mov elvorl Told ueydhog yio to kaboplouévo medio:

>>> pack (">h", 99999)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
struct.error: 'h' format requires -32768 <= number <= 32767

Emdetcviet v duagopd uetaEl tmv apakthpmy popgomoinong 's' koL 'c':

>>> pack ("@ccc", b'1', b'2', b'3")
b'123"

>>> pack ("@3s", b'123")

b'123"

Ta ATOOVOKEVOOUEVOL TTEDLOL WITOPOVYV VO, OVOUAOTOVV iTE AVAOETOVTAGS TOL 08 UETAPANTES ElTE TTEPLTUALYOVTAG
TOL OE (0L OVOULOLOUEVT] TTAELADAL:

>>> 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)

H oepd tov yopaKTthpwv Loppomoinong wropei va enmpedoet to péyebog oe katdotaon native hettovpyiog,
KaOMG T0 CUNITAMPMUO. EIVOL EUUETO. Z€ TUTTILKT AELTOVPYIa, O XPNOTNG Elval VITEVOUVOG IO TNV ELOAYWOYT
0TTOLALOONTOTE EMLOVUNTOU CUUTANPDOUOATOG. ZNUELDOTE OTNV TPADTY KAON pack Tapakdtm 0Tl Tpootédn-
Kav Tpia undevikd (NUL) bytes petd tnv ovokevaouévn tiur| ' # ' yuo vo euBUypoUILOTEL O ETTOUEVOG AKEPOILOG
o€ 0pLo 1ecodpwv bytes. Ze avTd To TOPEdELYUa, 1) EE0d0¢ TapdyOnke o Evav vitohoyioty ue little endian op-
YLTEKTOVLKY):

>>> pack('@ci', b'#', 0x12131415)
b'#\x00\x00\x00\x15\x14\x13\x12"
>>> pack('@ic', 0x12131415, b'#")
b'\x15\x14\x13\x124#"

>>> calcsize('@ci'")

8

>>> calcsize('@ic")

5

H axdrhovdn popen) "11h01" €xer wg amotéheopa THv Tpoodnkn dvo bytes ouumAnpwaong 0to Téhog, VIToOE-
tovtag Ot oL paxpoi aképarot (longs) tng mhatpopuag evbuvypoupitovran o 6pLa 4-byte:

>>> pack ('@11hO0L", 1, 2, 3)
b'\x00\x00\x00\x01\x00\x00\x00\x02\x00\x03\x00\x00"'

Agite emiong:
Module array Ioketopliopévn duadikn amoOfKevon opuoLoyeviv dedouEVwY.
Module json Kwdikomomg kau aokmdikomountig JSON.

Module pickle Zeiplomoinon avitkelwévav Python.
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7.1.3 EQapHOYEQ

Yrdpyouv 800 KUPLEG EQapuoyEG yLoL T PO TOV st ruct: 1 ovtodhayn dedouévarv uetaEv Python kot Km-
duka C péoa og P Eopuoyn 1 Ue po. AR EQOPUOYT TTOU €XEL UETAYAMTTIOTEL LE TOV (810 UETAYAWTTLOTY
(native formats), Ko 1 avtaAhoyn dedouévmv HETAED EQAPUOYMV TTOV XPNOLLOTTOLOVV UL GUILPOVIUEVY SLdi-
ta&n dedopévawv (standard formats). Tevikd, oL GUUBOLOTELPEG LOPPNG TTOV YPNOLULOTTOLOVVTOL OE AUTOVG TOVG
dvo Toueig eivor drapopeTikéc.

Native Mopp€q

When constructing format strings which mimic native layouts, the compiler and machine architecture determine byte
ordering and padding. In such cases, the @ format character should be used to specify native byte ordering and data
sizes. Internal pad bytes are normally inserted automatically. It is possible that a zero-repeat format code will be
needed at the end of a format string to round up to the correct byte boundary for proper alignment of consective
chunks of data.

EEetdote autd ta dvo anmhd mapadeiypora (g Evav 64-bit, little-endian vrtohoyioti):

>>> calcsize('@1lhl")
24
>>> calcsize('@11h")
18

Ta dedopéva dev ouumdnpwvovral o 6pLo 8 byte 1o TéLog TNg devTEPNG OVUBOLOTELPAS LOPPOTTOLNONG YW~
pig N xpNon emumhéov cuumAfpwongs. ‘Evag kwdikdg noppomoinong pe emovalnyn undév Aver avto 1o mpo-

PAnuo

>>> calcsize('@11h01l")
24

O kwdLKOG poporoinong 'x ' umopel va ypnoipuomomOet yio va kafopioel Ty emovainyr, alld yio native
HOPPEG elval TPOTLHOTEPO VAL XPNOLUOTTOLELTAL €VOG KOOLKOG LOPQPOTTOINONG Ue emavainym undév, dmwg
'01°".

Amd mpoemhoyi), xpnowooLeital 1 native oelpd byte Ko otoiyon, alld eivor KOAUITEPO VA EILAOTE OOPELS
KO VOL Y P1OLUOTTOLOVIE TOV XOPOKTNPO TPOOeua '@ ',

TUTILKEG HOPPEQ

‘Otav avtodhdoete dedopéva mépa atd ) diepyaocio oac, dtmg oe dIKTHMON 1 0TToONKEVOT, VAL EI0TE AKPL-
Beic. Kabopiote v akpipi) oelpd tmv byte, to uéyedog kot tnv evbuypdupon. Mnv vtobétete 0TL tauptafouvv
UE TN PUOLKT OELPd ILag ouykekpLévng unyovig. o mapdderyua, 1 oeLpd byte tov dtktou sivan big-endian,
eva wolhoi dnuogiheig emeSepyaotég eivan little-endian. Opilovtag avtd pntd, o xpHoTng dev yperdleTol vo
EVOLAPEPETOL YLOL TLG AETTTOUEPELES TNG TTAALTPOPUAS OTNV 0TtoloL eKTELElTAL 0 KMOLKOG. O TPMTOG Y APAKTNPAS
mpémel TuTLkA va elvol < 1> (1) ). H guBivn yio v mpoodnkn cuptinpopatikmy byte avijKeL 0Tov Ipoypou-
notot. O xapaKTNEOg LOPPNG Ue UNdEVIKT etavddnym dev Ba Aettoupyfoel. Avt” autov, o xpNoTg TpEmel
vo, tpoobétel pnTd byte 'x ' Omou amouteitar. EnaveEetdlovtag To mapadeiyuata omwd Ty mponyoduevy
eVOTNTA, £YOVUE:

>>> calcsize('<gh6xqg')

24

>>> pack ('<ghéxqg', 1, 2, 3) == pack('€@lhl', 1, 2, 3)
True

>>> calcsize('@1l1h'")

18

>>> pack('@llh', 1, 2, 3) == pack('<ggh', 1, 2, 3)
True

>>> calcsize ('<gghéx'")

24

(ouvéyela 0TV emOpEVY 0edL)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

>>> calcsize ('@11h01")

24

>>> pack ('@11h01', 1, 2, 3) == pack('<gghé6x', 1, 2, 3)
True

Ta mapactdve amoteléopota (extelecuéva g 64-bit unyavi)) dev eivar eyyunuévo o6t Ba taptdfovv dTov
eKTELOVVTAL OE dLOPOPeTIKEG Uy avéS. o mopdderyua, To mopakdtm mopadeiyuata ekteléotnrkoy o 32-bit

uny.ovi:

>>> calcsize ('<ggho6x')

24

>>> calcsize ('@11h01")

12

>>> pack('@l1lho1', 1, 2, 3) == pack('<gghéx', 1, 2, 3)
False

7.1.4 KAdoelg

To module st ruct opilel emiong Tov akdhovbo timo:

class struct.Struct (format)
Emotpépet éva véo avtikeipevo Struct mov ypdper kou dLopdler dvadikd dedouévo ovpupwvo ue ™
ouppolooelpd popgporoinong format. H dnuovpylo evog avitkeluévou Struct wa gopd Ko 1 KANom
TV nefOdWV Tov gival o ATodOTLKY OTTd TV KANOT ouvapThoemy oe enimedo module e tnv ido
nop@n, Kabwg 1 ovuPorocelpd poppomoinong petayAmTTiZeTal LOvo o popd.

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
Struct instance.

Ta petayhoTTiopéva avikeipeva Struct vtootnpilovy Tig akdiovdeg nedddovg Kot LOLOTNTES:

pack (vl,v2,...)
Tavtéonuo pe T OVVAPTNON pack (), YPNOLUOTOLMVIONG T UETAYAWTIIOUEVY] LOPPY).
(len (result) Ba eival ico ue size.)

pack_into (buffer, offset, vi, v2,...)
TautdoNpHO e T GVVAPTNON pack_into (), XP1OLUOTOLDVTAS T LETOYAWTTLOUEVY] LOPQT).
unpack (buffer)
TauTOONUO UE TN OUVAPTNON unpack (), YPNOLLOTOLWVTOS T1 LETOYAWTTLIOUEVY nop@r). To péye-
Bo¢ tov buffer o€ bytes mpémeL va eivan ico pe size.
unpack_from (buffer, offset=0)
Tavtdonpo ue Tt ouvapINoN unpack_from (), YPNOLULOTOLMVTAS T UETOYAWTTLOWEVY LOPP.
To puéyeBog tov buffer oe bytes, Eekivivrag amd ™ 0€om offset, Tpémel va eivol TOVAAYLOTOV s1i ze.

iter_unpack (buffer)
TautdONUO UE TN OUVAPTNOY iter _unpack (), XPNOLUOTOLMVTAG T UETOAYAWTTLOWEVT] LOPPN.
To uéyebog tou buffer oe bytes mpémeL va eivar TOAATAACL0 TOV s1ze.

Néo oty éxdoon 3.4.

format
H ovpporooelpd poppng wov ¥pnoLuomoOnKe yio ) dnuLovpyia ovtol Tou aviikelnévoy Struct.

AMaEe oty €kdoon 3.7: O timog g ouuBorooelpdc LopeNG eivol TAEOV st r avii Yo bytes.
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size
To vrtohoyLouévo péyeog g doutng (KoL KAt GUVETELD TOU OVTLKELWEVOU bytes Tou smopdyeta
ortd ™) uéBodo pack ()) OV AVILOTOLYEL 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 fext 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 by tes.

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 a more 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 0bj 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 objectisfound, 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.

incrementalencoder

incrementaldecoder
Incremental encoder and decoder classes or factory functions. These have to provide the interface
defined by the base classes TncrementalEncoder and IncrementalDecoder, respectively.
Incremental codecs can maintain state.

streamwriter
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streamreader
Stream writer and reader classes or factory functions. These have to provide the interface defined by the
base classes St reamWriter 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
lookup () 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 reamiriter 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 oty £xdoon 3.9: Hyphens and spaces are converted to underscore.

codecs .unregister (search_function)
Unregister a codec search function and clear the registry’s cache. If the search function is not registered, do
nothing.

Néo otnv ékdoaon 3.10.

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:

codecs . open (filename, mode="r', encoding=None, errors='strict’, buffering=- 1)
Open an encoded file using the given mode and return an instance of St reamReadeririter, providing
transparent encoding/decoding. The default file mode is ' r ', meaning to open the file in read mode.

Inueiwon: If encoding is not None, then the 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.
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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 iferator. 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 by t e s 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_UTF16_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_UTEF' 16 is either BOM_UTF16_BEor BOM_UTF16_LE depending on the platform’s
native byte order, BOM is an alias for BOM_UTF16, BOM_LE for BOM_UTF16_LE and BOM_BE for
BOM_UTF16_BE. The others represent the BOM in UTF-8 and UTF-32 encodings.
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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, #'.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

'xmlcharrefrReplaceswith XML/HTML numeric character reference, which is a decimal form of Unicode
code point with format & #num; Implemented in xmIcharrefreplace_errors ().
'namerepladeReplace 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:

Value Codecs Meaning

' surroghutgiast-16, utf-32, utf- | Allow encoding and decoding surrogate code point (U+D800 - U+DFFF’)
16-be, utf-16-le, utf-32- | as normal code point. Otherwise these codecs treat the presence of
be, utf-32-le surrogate code point in st r as an error.

Néo oty éxdoon 3.1: The ' surrogateescape’ and 'surrogatepass' error handlers.

AMoEe oty ékdoon 3.4: The ' surrogatepass' error handler now works with utf-16* and utf-32* codecs.
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Néo otnv éxdoom 3.5: The 'namereplace’ error handler.
AMoEe 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 r or by tes. 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 TndexError 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.

AMaEe oty £xdoon 3.5: Works with decoding and translating.

codecs.xmlcharrefreplace_errors (exception)
Implements the 'xmlcharrefreplace’ error handling (for encoding within fext 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
' " will be converted to byte sequence \N{LATIN SMALL LETTER SHARP S}.

Néo otnv ¢kdoon 3.5.
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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, fext 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 ' strict ' handling.

The method may not store state in the Codec instance. Use St reamiiriter 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 ' st rict ' 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 IncrementalDecoder 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.

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
IncrementalEncoder 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).
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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 O 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 (stare)
Set the state of the encoder to state. state must be an encoder state returned by getstate ().

IncrementalDecoder Objects

The TncrementalDecoder 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
IncrementalDecoder 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.

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 0 is the most common additional state info.) If this additional
state info is O 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 stafe. state must be a decoder state returned by getstate ().

7.2. codecs — Codec registry and base classes 181



The Python Library Reference, Anpooicsuon 3.10.19

Stream Encoding and Decoding

The StreamiWriter and StreamReader classes provide generic working interfaces which can be used to
implement new encoding submodules very easily. See encodings.ut £_8 for an example of how this is done.

StreamWriter Objects

The Streamiriter 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 reamiVriter 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 Streamiriter 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 reamriter
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 reamiriter must also inherit all other methods and attributes from the
underlying stream.

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 StreamReader 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.
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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.

StreamReaderWriter Objects

The St reamReaderWriter 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 Iookup () function to construct the
instance.

class codecs.StreamReaderWriter (stream, Reader, Writer, errors='strict')
Creates a St reamReaderWriter instance. stream must be a file-like object. Reader and Writer must
be factory functions or classes providing the St reamReader and St reamWriter interface resp. Error
handling is done in the same way as defined for the stream readers and writers.

StreamReadeririter instances define the combined interfaces of St reamReader and St reamiriter
classes. They inherit all other methods and attributes from the underlying stream.
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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 Iookup () 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 Codec 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.

StreamRecoder instances define the combined interfaces of St reamReader and St reamWriter 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 fext encodings.

The simplest text encoding (called 'latin-1"' or 'iso-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 0x0-0xff. 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.

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—-16 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 (0xFFFE) is an illegal character
that may not appear in a Unicode text. So when the first character ina UTF—1 6 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
asa 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; asa ZERO WIDTH NO-BREAK
SPACE it’s a normal character that will be decoded like any other.
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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 10XxXxXxx

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 £, 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 180-8859-1), this increases the probability that a ut £-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 £, 0xbb, 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.

7.2.3 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. 'utf£-8" isavalid alias for the 'ut£_8"' codec.

Agmropépera viomoinong CPython: 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, latin1, 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
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« an IBM PC code page, which is ASCII compatible

Codec Aliases Languages

ascii 646, us-ascii English

big5 big5-tw, csbig5 Traditional Chinese

bigShkscs big5-hkscs, hkscs Traditional Chinese

cp037 IBM037, IBM039 English

cp273 273, IBM273, csIBM273 German
Néo omv 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, IBMS855 Bulgarian, Byelorussian,
Macedonian, Russian, Serbian

cp856 Hebrew

cp857 857, IBM857 Turkish

cp858 858, IBM858 Western Europe

cp860 860, IBM860 Portuguese

cp861 861, CP-IS, IBMS861 Icelandic

cp862 862, IBM&62 Hebrew

cp863 863, IBM863 Canadian

cp864 IBM864 Arabic

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

cpl1006 Urdu

cpl026 ibm1026 Turkish

cpll25 1125, ibm1125, cp866u, ruscii Ukrainian
Néo oty ékdoon 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

guvexela otnv emoyevn oeAida
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Mivakag 1 - ouvexiCetal and tnv nponyoupevn ceAida

Codec Aliases Languages
euc_kr euckr, korean, ksc5601, ks c- | Korean
5601, 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
gb18030 gb18030-2000 Unified Chinese
hz hzgb, hz-gb, hz-gb-2312 Simplified Chinese
i502022_jp csi502022jp, i502022jp, is0-2022- | Japanese
Jp
1502022_jp_1 1502022jp-1, is0-2022-jp-1 Japanese
1502022_jp_2 1502022jp-2, is0-2022-jp-2 Japanese, Korean, Simplified

Chinese, Western Europe, Greek

i502022_jp_2004

i502022jp-2004,
2004

is0-2022-jp-

Japanese

asian

i502022_jp_3 i502022jp-3, is0-2022-jp-3 Japanese
1502022_jp_ext 1502022 jp-ext, is0-2022-jp-ext Japanese
1502022 _kr ¢sis02022kr, is02022kr, 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
1s08859_3 1s0-8859-3, latin3, L3 Esperanto, Maltese
1508859_4 150-8859-4, latind, L4 Baltic languages
1s08859_5 150-8859-5, cyrillic Bulgarian, Byelorussian,
Macedonian, Russian, Serbian
1508859_6 150-8859-6, arabic Arabic
1508859_7 is0-8859-7, greek, greek8 Greek
1508859_8 180-8859-8, hebrew Hebrew
1s08859_9 is0-8859-9, latin5, L5 Turkish
1508859_10 is0-8859-10, latin6, L6 Nordic languages
1508859_11 is0-8859-11, thai Thai languages
is08859_13 150-8859-13, latin7, L7 Baltic languages
1508859_14 150-8859-14, latin8, L8 Celtic languages
1508859_15 1s0-8859-15, 1atin9, L9 Western Europe
1508859_16 150-8859-16, latin10, L10 South-Eastern Europe
johab cpl361, ms1361 Korean
koi8_r Russian
koi8 t Tajik
Néo otnv éxdoon 3.5.
koi8_u UKkrainian
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, cpl54, cyrillic- | Kazakh

guvexela aTny eNouevn oeAida
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Mivakag 1 - ouvexiCetal and tnv nponyoupevn ceAida

Codec Aliases Languages
shift_jis csshiftjis, shiftjis, sjis, s_jis Japanese

shift_jis_2004 shiftjis2004, sjis_2004, sjis2004 Japanese

shift_jisx0213 shiftjisx0213, sjisx0213, | Japanese

s_jisx0213

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.

AlhaEe oty éxdoomn 3.8: cp65001 is now an alias to ut £_8.

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.
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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 omv 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.

AMoEe oty £kdoon 3.8: «unicode_internal» codec is removed.

Binary Transforms

The following codecs provide binary transforms: byfes-like object to bytes mappings. They are not supported by

bytes.decode () (which only produces st r output).
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Codec Aliases Meaning Encoder / decoder
base64_codec! | base64, Convert the operand to multiline MIME base64 (the base64.
base_64 result always includes a trailing '\n"). encodebytes () /
AMoEe oty ékdoon 3.4: accepts any byres-like base64.
object as input for encoding and decoding decodebytes ()
bz2_codec bz2 Compress the operand using bz2. bz2.compress ()
/bz2.
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_printgble 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. z1lib.
compress () /
z1lib.
decompress ()

Néo omnv £€xdoon 3.2: Restoration of the binary transforms.
AMoEe oty €xdoon 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 str.encode ()
(which only produces bytes output).

Codec | Aliases | Meaning
rot_13 | rotl3 Return the Caesar-cypher encryption of the operand.

Néo omnv £€xdoon 3.2: Restoration of the rot_13 text transform.

AlhaEe oty €xdoon 3.4: Restoration of the rot 13 alias.

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.Alliancefrancaise.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.

! In addition to bytes-like objects, 'base64_codec" also accepts ASCII-only instances of st r for decoding
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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 http.client and ftplib, accept Unicode host names (http.client thenalso
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
AllowUnassigned is 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 oty €kdoon 3.3: Support any error handler.

AM0Ee ot £kdoom 3.2: Before 3.2, the errors argument was ignored; ' replace' was always used to encode,
and 'ignore' to decode.

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
st r 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 time objects have an optional time zone information
attribute, t zinfo, that can be set to an instance of a subclass of the abstract t zinfo class. These ¢t z1info 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. MINYEARis 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).

LIf, 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.

8.1.4 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.
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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 imede1ta object, timedelta (-999999999).

timedelta.max
The most positive timedelta object, timedelta (days=999999999, hours=23,
minutes=59, seconds=59, microseconds=999999).

timedelta.resolution
The smallest possible difference between non-equal timedelta 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:
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Operation Result

tl = t2 + t3 Sum of £2 and 3. Afterwards t/-2 == ¢3 and t1-t3 == 12 are true. (1)

tl = t2 - t3 Difference of 12 and 3. Afterwards ¢t/ == 12 - t3 and 12 == tI + ¢3 are true. (1)(6)

tl = t2 * i or t1 | Deltamultiplied by an integer. Afterwards ¢/ // 1 ==12 is true, provided 1 != 0.

=1 * t2
In general, ¢t/ *i==1tI * (i-1) + ¢ 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 z3. Returns a £1oat object.

tl = t2 / £ 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 // 1iortl | Theflooriscomputed and the remainder (if any) is thrown away. In the second case,

=t2 // t3 an integer is returned. (3)

tl = t2 % t3 The remainder is computed as a t imedelta object. (3)

q, r = divmod(tl, | Computes the quotient and the remainder: g = t1 // t2@)andr = tl1 %

t2) t2.qisaninteger and r is a t imedelta object.

+t1 Returns a t imede 1t a object with the same value. (2)

-t1 equivalent to timedelta(-tl.days, -tl.seconds, -t1.microseconds), and to t1* -1.
A

abs (t) equivalent to +¢ when t .days >= 0,andto-f when t.days < 0.(2)

str(t) Returns a string in the form [D day[s], 1[H]JH:MM:SS[.UUUUUU], where
D is negative for negative t. (5)

repr (t) Returns a string representation of the t imede It a 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 imedelta object.

(5) String representations of ¢ imedelta objects are normalized similarly to their internal representation. This

(6)

leads to somewhat unusual results for negative timedeltas. For example:

>>> timedelta (hours=-5)
datetime.timedelta (days=-1,
>>> print (_)

-1 day, 19:00:00

seconds=68400)

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 i mede It a objects support certain additions and subtractions with date
and datetime objects (see below).

AMaEe otnv éxdoon 3.2: Floor division and true division of a t i mede 1 t a object by another ¢ i mede 1 t a 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
(ouvéyela 0TV TOUEVY OEMDL)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

True
>>> delta2 ==
False

For all other comparisons (such as < and >), when a t imede 1 t a 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 imede 1t a object is considered to be true if and only if it isn’t equal to timedelta (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 otv é€kdoom 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

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)
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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 (timestamp)
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 fromt imestamp ().

AMoEe otnv ékdoom 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
ValueErroron localtime () failure.

classmethod date.fromordinal (ordinal)
Return the date corresponding to the proleptic Gregorian ordinal, where January 1 of year 1 has ordinal 1.

ValueErrorisraisedunless 1 <= ordinal <= date.max.toordinal ().Foranydated, date.
fromordinal (d.toordinal ()) ==

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 otnv ékdoon 3.7.

classmethod date.fromisocalendar (year, week, day)
Return a date corresponding to the ISO calendar date specified by year, week and day. This is the inverse of
the function date. isocalendar ().

Néo otnv ¢kdoon 3.8.
Class attributes:

date.min
The earliest representable date, date (MINYEAR, 1, 1).

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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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 | date2 willbe timedelta.days days after datel. (1)
date2 = datel - timedelta | Computes date2 such that date2 + timedelta == datel.(2)
timedelta = datel - date2 | (3)
datel < date?2 datel is considered less than date2 when datel precedes date2 in time.
“)
Notes:

(1) date? is moved forward in time if timedelta.days > 0, or backward if timedelta.days < O.
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 MAXYFAR.

(2) timedelta.seconds and timedelta.microseconds are ignored.

(3) This is exact, and cannot overflow. timedelta.seconds and timedelta.microseconds are 0, and date2 + timedelta
== datel after.

(4) 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 date object. However,
Not Implemented is returned instead if the other comparand has a t imetuple () attribute. This hook
gives other kinds of date objects a chance at implementing mixed-type comparison. If not, when a dat e object
is compared to an object of a different type, TypeError is raised unless the comparison is == or !=. The
latter cases return F'a 1 se 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_time 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:
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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 istheday 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 date
objectd, 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)

AMoEe oty ékdoon 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 equivalentto 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.

3 See R. H. van Gent’s guide to the mathematics of the ISO 8601 calendar for a good explanation.
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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)
Sameas date. st rftime (). This makes it possible to specify a format string for a da t e 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: 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

202

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/%m/%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:

ce print (i)

2002 # year

3 # month

11 # day

0

0

0

0 # weekday (0 = Monday)
70 # 70th day in the year

(ouvéyela otV enopEV) 0ehidaL)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

-1

>>> ic = d.isocalendar ()

>>> for i in ic:

C 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 date object, datet ime assumes the current Gregorian calendar extended in both directions; like a t ime
object, datet ime 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:

¢ MINYEAR <= year <= MAXYEAR,

e 1 <= month <= 12,

e 1 <= day <= number of days in the given month and year,
<= hour < 24,

<= minute < 60,

second < 60,

L]

o o o o
A
Il

<= 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).
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If #z is not None, it must be an instance of a t zin fo subclass, and the current date and time are converted
to t7’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 dat et ime object. An aware current
UTC datetime can be obtained by calling datetime.now (timezone.utc). See also now ().

Iposdomoinon: Because naive datet ime objects are treated by many datet 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 datet ime . now (t imezone.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 . t ime ().
If optional argument #z is None or not specified, the timestamp is converted to the platform’s local date and
time, and the returned dat et ime object is naive.

If #z is not None, it must be an instance of a t 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 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 cfromt imestamp ().

AMoEe oty ¢kdoon 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 (timestamp)
Return the UTC datet ime corresponding to the POSIX timestamp, with ¢ 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(197o, 1, 1, tzinfo=timezone.utc) + timedelta (seconds=timestamp)

except the latter formula always supports the full years range: between MINYEAR and MAXYEAR inclusive.

IIpocidomoinon: 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).
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AMoEe otnv ékdoom 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 OSErrorinstead of ValueError
on gmt ime () failure.

classmethod datetime.fromordinal (ordinal)
Return the dat et ime corresponding to the proleptic Gregorian ordinal, where January 1 of year 1 has ordinal
1. ValueError israised 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 zinfo argument is provided, its value is used to
set the t zinfo attribute of the result, otherwise the t zinfo attribute of the time argument is used.

For any datet ime objectd, d == datetime.combine (d.date(), d.time(), d.tzinfo).
If date is a datet ime object, its time components and t zinfo attributes are ignored.

Al\aEe oty ékdoon 3.6: Added the #zinfo 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:

YYYY-MM-DD [*HH[ :MM[:SS[.£f££[£f££]]]] [+tHH:MM[:SS[.££££££]]]]

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 (20121, 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 oty éxdoon 3.7.

classmethod datetime.fromisocalendar (year, week, day)
Return a datet ime 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 oty éxdoon 3.8.

classmethod datetime.strptime (date_string, format)
Return a dat et ime corresponding to date_string, parsed according to format.

This is equivalent to:
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datetime (* (time.strptime (date_string, format) [0:6]))

ValueFErrorisraised if the date_string and format can’t be parsed by t ime . st rpt ime () orif 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 datet ime, datetime (MINYEAR, 1, 1, tzinfo=None).

datetime.max
The latest representable datet ime, datetime (MAXYEAR, 12, 31, 23, 59, 59, 999999,
tzinfo=None).

datetime.resolution
The smallest possible difference between non-equal datetime objects,
timedelta (microseconds=1).

Instance attributes (read-only):

datetime.year
Between MINYEAR and MAXYEAR inclusive.

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]. Used to disambiguate 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 €kdoon 3.6.

Supported operations:

Operation Result

datetime2 = datetimel + timedelta | (1)

datetime2 = datetimel - timedelta | (2)

timedelta = datetimel - datetime2 | (3)

datetimel < datetime?2 Compares datetimeto datetime. (4)

(1) datetime? is a duration of timedelta removed from datetime1, moving forward in time if t imedelta.days
>0, or backward if t imedelta.days <0. The result has the same t z i nfo attribute as the input datetime,
and datetime?2 - datetimel == timedelta after. Ove rf1owError 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.
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(2) Computes the datetime? such that datetime2 + timedelta == datetimel. As for addition, the result has the same
t zinfo 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 datetime 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 t zin fo attribute, the ¢ zin o 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 t 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 datetime?2 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.

If both comparands are aware, and have the same ¢ z i n f o attribute, the common ¢t z i n f o attribute is ignored
and the base datetimes are compared. If both comparands are aware and have different ¢ zinfo attributes,
the comparands are first adjusted by subtracting their UTC offsets (obtained from self.utcoffset ()).

AlhaEe otnv ékdoom 3.3: Equality comparisons between aware and naive datet ime instances don’t raise
TypeError.

Enueiwon: Inorder to stop comparison from falling back to the default scheme of comparing object addresses,
datetime comparison normally raises TypeFError if the other comparand isn't also a datet ime object.
However, Not Implemented 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
datetime 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 time object with same hour, minute, second, microsecond and fold. tzinfo is None. See also
method t imetz ().

AMoEe oty £xdoon 3.6: The fold value is copied to the returned t ime object.

datetime.timetz ()
Return t 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 t zinfo=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 z, 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 cof fset () and dst () methods must
not return None. If self is naive, it is presumed to represent time in the system timezone.
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If called without arguments (or with t z=None) the system local timezone is assumed for the target timezone.
The . tzinfo attribute of the converted datetime instance will be set to an instance of timezone with the
zone name and offset obtained from the OS.

If self.tzinfoisfz, 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 #z, representing the same UTC time as self: after ast z
= 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 dt 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).

Note that the default tzinfo. fromutc () method can be overridden in a t zinfo subclass to affect the
result returned by astimezone (). 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)

AMoEe ot ékdoom 3.3: 1z now can be omitted.

AM0Ee otnv ékdoon 3.6: The astimezone () method can now be called on naive instances that are
presumed to represent system local time.

datetime.utcoffset ()
If tzinfo is None, returns None, else returns self.tzinfo.utcoffset (self), and raises an
exception if the latter doesn’t return None or a t imedelta 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 tzinfois None, returns None, else returns self.tzinfo.dst (self), and raises an exception if
the latter doesn’t return None or a t imedeta object with magnitude less than one day.

AlhaEe 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 isthedaynumber
within the current year starting with 1 for January 1st. The tm_1isdst flag of the result is set according to the
dst () method: tzinfois None or dst () returns None, tm_isdst issetto —1;else if dst () returns
a non-zero value, tm_isdst issetto 1;else tm_isdst issetto 0.

datetime.utctimetuple ()
If datet ime instance d is naive, this is the same as d. t imetuple () except that tm_isdst is forced to
0 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 (),anda time. struct_time
for the normalized time is returned. tm_1isdst is forced to 0. Note that an Overf1owError may be raised
if d.year was MINYEAR or MAXYEAR and UTC adjustment spills over a year boundary.
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IIpocidomoinon: Because naive datet ime objects are treated by many datet ime methods as local
times, it is preferred to use aware datetimes to represent times in UTC; as a result, using datetime.
utctimetuple () 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 ().

datetime.toordinal ()
Return the proleptic Gregorian ordinal of the date. The same as self.date () .toordinal ().

datetime.timestamp ()

Return POSIX timestamp corresponding to the dat et 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 datet ime supports wider range of values than
mktime () 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.

AMoEe oty éxdoon 3.6: The t imestamp () method uses the fold attribute to disambiguate the times
during a repeated interval.

Ynueimon: 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 t zinfo=t imezone.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 microsecondisnot0
e YYYY-MM-DDTHH:MM:SS, if microsecondis0

If utcoffset () does not return None, a string is appended, giving the UTC offset:
e YYYY-MM-DDTHH:MM:SS.ffffff+HH:MM[:SS[.ffffff]],if microsecondisnot(
e YYYY-MM-DDTHH:MM: SS+HH:MM[:SS[.ff££f£ff]],if microsecondisO

Examples:
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datetime.__str

>>> from datetime import datetime, timezone

>>> datetime (2019, 5, 18, 15, 17, 8, 132263).isoformat ()
'2019-05-18T15:17:08.132263"

>>> datetime (2019, 5, 18, 15, 17, tzinfo=timezone.utc) .isoformat ()
'2019-05-18T15:17:004+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
defaultis '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£ £ fff format.

Xnueioon: Excluded time components are truncated, not rounded.

ValueError will be raised on an invalid fimespec 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 otnv ¢kdoom 3.6: Added the timespec argument.

_ (0
For a datet ime 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.

d.ctime () is equivalent to:
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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)
Sameas datetime.strftime (). This makes it possible to specify a format string for a dat et 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 lst January
-1 # dst — method tzinfo.dst () returned None

>>> # Date in ISO format
>>> ic = dt.isocalendar ()
>>> for it in ic:

print (it)
2006 # ISO year
47 # ISO week
2 # ISO weekday

(ouvéyela 0TV emOpEVY 0edL)
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(ovveyiCeton amd Ty ponyovuevn oehida)

>>> # 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 {0:
", "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 z i nfo 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 is 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:
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

(ovvEYELD OTNV ETTOUEVY OENLOL)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

>>> # 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 time object represents a (local) time of day, independent of any particular day, and subject to adjustment via a
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 tzinfo subclass. The remaining
arguments must be integers in the following ranges:
. <= hour < 24,
minute < 60,

<= second < 60,

L]

o o o o
A
Il

<= microsecond < 1000000,
e« fold in [0, 1].

If an argument outside those ranges is given, ValueError is raised. All default to O except #zinfo, which
defaults to None.

Class attributes:

time.min
The earliest representable t 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 time objects, timedelta (microseconds=1),
although note that arithmetic on ¢ i me objects is not supported.

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 ¢ ime constructor, or None if none was passed.
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time.fold
In [0, 1]. Used to disambiguate 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 time 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, TypeError 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 t z i nfo attribute, the common ¢ zinfo attribute is ignored and
the base times are compared. If both comparands are aware and have different ¢ z i nfo 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 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.

AMoEe otnv ékdoon 3.3: Equality comparisons between aware and naive t i me instances don’t raise TypeError.
In Boolean contexts, a t 1me object is always considered to be true.

AMoEe otnv £éxdoon 3.5: Before Python 3.5, a t i me 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 (fime_string)
Return a time corresponding to a fime_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£]]]] [+HH:MM[:SS[.f££f£££f]]]

IIpocoyn: This does not support parsing arbitrary ISO 8601 strings. It is only intended as the inverse
operation of t ime.isoformat ().

Examples:

>>> from datetime import time

>>> time.fromisoformat ('04:23:01")

datetime.time (4, 23, 1)

>>> 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 otnv ¢kdoon 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 time 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 time from an aware
t ime, without conversion of the time data.

Néo otnv £kdoom 3.6: Added the fold argument.

time.isoformat (fimespec='auto’)
Return a string representing the time in ISO 8601 format, one of:
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e HH:MM:SS.ffffff, if microsecondisnot(
e HH:MM:SS, if microsecondis 0
e HH:MM:SS.ffffff+HH:MM[:SS[.ffffff]],if utcofrfset () does not return None

e HH:MM:SS+HH:MM[:SS[.ffffff]],if microsecondisOand utcoffset () doesnotreturn
None

The optional argument timespec specifies the number of additional components of the time to include (the
defaultis '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.

¢ '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"

Néo oty éxdoon 3.6: Added the fimespec 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)
Sameas t ime. st rftime (). This makes it possible to specify a format string for a t i me 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 tzinfo is None, returns None, else returns self.tzinfo.utcoffset (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.

AlhaEe oty éxdoon 3.7: The UTC offset is not restricted to a whole number of minutes.

time.dst ()
If tzinfois 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.

AlhoEe oty éxdoon 3.7: The DST offset is not restricted to a whole number of minutes.
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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"
def _ repr_ (self):
return f"{self. class . name__ } ()"

>>> t = time (12, 10, 30, tzinfo=TZ1())
>>> 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 $2Z2")

'12:10:30 +01:00"

>>> 'The is {:%H:%M}."'.format ("time", t)
'The time is 12:10."

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) ¢ zinfo can be passed to the constructors for datet ime and t ime
objects. The latter objects view their attributes as being in local time, and the ¢ z i n f o 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 ¢ z i n £ o methods
needed by the dat et ime methods you use. The dat et ime module provides ¢ i mezone, 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 zinfo subclass musthavean __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 tz1info may 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 (dt)
Return offset of local time from UTC, as a t imedelta object that is positive east of UTC. If local time is
west of UTC, this should be negative.
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This represents the total offset from UTC; for example, if a t zinfo 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 t imedelta object strictly between —timedelta (hours=24) and
timedelta (hours=24) (the magnitude of the offset must be less than one day). Most implementations
of utcorffset () 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.
AlhaEe oty ékdoon 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 imede 1 ta 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 ¢ imede 1t a object
(see utcorffset () fordetails). Note that DST offset, if applicable, has already been added to the UTC offset
returned by ut coffset (), so there’s no need to consult dst () unless you're interested in obtaining DST
info separately. For example, datetime.timetuple () callsits tzinfo 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 #z of a t zinfo 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 datet imedt withdt .tzinfo == tz Forsane t zinfo 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 £ zinfo subclass cannot guarantee
this, it may be able to override the default implementation of tzinfo. fromutc () to work correctly with
astimezone () 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
# in 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.
AMoEe oty ékdoon 3.7: The DST offset is not restricted to a whole number of minutes.

tzinfo.tzname (dr)
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
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because some tzinfo subclasses will wish to return different names depending on the specific value of dt
passed, especially if the ¢ zinfo class is accounting for daylight time.

The default implementation of t zname () raises Not ImplementedError.

These methods are called by a datet ime or time object, in response to their methods of the same names. A
datetime object passes itself as the argument, and a t ime object passes None as the argument. A tzinfo
subclass’s methods should therefore be prepared to accept a df 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 t zinfo 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 datet ime object is passed in response to a datet ime method, dt .t zinfo is the same object as self.
t zinfo methods can rely on this, unless user code calls t zinfo methods directly. The intent is that the t zinfo
methods interpret dt as being in local time, and not need worry about objects in other timezones.

There is one more t z info method that a subclass may wish to override:

tzinfo.fromutc (dt)
This is called from the default datetime.astimezone () implementation. When called from that, dt .
tzinfo is self, and dr’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 i n fo subclasses should be able to inherit the default £ romutc () 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 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 1if 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 1f dtdst is None
if dtdst:
return dt + dtdst
else:
return dt

In the following t zinfo_examples.py file there are some examples of tz1info 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

(ouvéyela 0TV emOpEVY 0edL)
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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:
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

S o HH KR W R
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# https://sourceforge.net/projects/pytz/ (might not be up-to-date)

#

# In the US, since 2007, DST starts at Z2am (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 Z2am (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(l, 4, 1, 2)

DSTEND_1987_2006 = datetime (1, 10, 25, 2)

# From 1967 to 1986, DST used to start at Z2am (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(l, 4, 24, 2)

DSTEND_1967_1986 = DSTEND_1987_2006

def us_dst_range (year) :

# Find start and end times for US DST. For years before 1967, return
# 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:
# 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 ()

(ovvEYELD OTNV ETTOUEVY OENLOL)
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# 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:
# 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", "CcsT", "CDT")
Mountain = USTimeZone (-7, "Mountain", "MST", "MDT")
Pacific = USTimeZone (-8, "Pacific", "PST", "PDT")

Note that there are unavoidable subtleties twice per year in a ¢ zinfo 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:

UTcC 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:MM 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 astimezone (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

(ouvéyela 0TV emOpEVY 0edL)
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>>> u0 = datetime (2016, 3, 13, 5, tzinfo=timezone.utc)
>>> for i1 in range(4):

u = u0 + i*HOUR

t = u.astimezone (Eastern)

print (u.time (), 'UTC ="', t.time(), t.tzname())

05:00:00 UTC = 00:00:00 EST
06:00:00 UTIC = 01:00:00 EST
07:00:00 UTC = 03:00:00 EDT
08:00:00 UTC = 04:00:00 EDT

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 = u0 + i*HOUR
t = u.astimezone (Eastern)
print (u.time(), 'UTC =', t.time(), t.tzname(), t.fold)

04:00:00 UTIC = 00:00:00 EDT
05:00:00 UTC = 01:00:00 EDT
06:00:00 UTC = 01:00:00 EST
07:00:00 UTIC = 02:00:00 EST

o = O O

Note that the datet ime instances that differ only by the value of the fold attribute are considered equal in
comparisons.

Applications that can’t bear wall-time ambiguities should explicitly check the value of the fo1d attribute or avoid
using hybrid t z 1 n o subclasses; there are no ambiguities when using t i me zone, or any other fixed-offset t zinfo
subclass (such as a class representing only EST (fixed offset -5 hours), or only EDT (fixed offset -4 hours)).

Agite griong:

zoneinfo The datetime module has a basic t imezone class (for handling arbitrary fixed offsets
from UTC) and its t imezone. utc 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 ValueError is raised.
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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 ¢kdoom 3.2.
AlhaEe oty ékdoon 3.7: The UTC offset is not restricted to a whole number of minutes.

timezone.utcoffset (dt)
Return the fixed value specified when the t imezone instance is constructed.

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.

AlhaEe oty ékdoon 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 offset as follows. If offser is timedelta (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 otv ékdoor 3.6: Name generated from of fset=timedelta (0) is now plain 'UTC', not
'UTC+00:00".

timezone.dst (dt)
Always returns None.

timezone.fromutc (dt)
Return dt + offset. The df argument must be an aware datet ime instance, with tzinfo setto self.

Class attributes:

timezone.utec
The UTC timezone, t imezone (timedelta (0)).

8.1.10 strftime () and strptime () Behavior
date, datetime, and time objects all supporta strftime (format) method, to create a string representing
the time under the control of an explicit format string.

Conversely, the datetime. st rptime () 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)
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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 (1)
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 a | 01,02, ..., 31 9
zero-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 (1)
name.
January, February, ...,
December (en_US);
Januar, Februar, ...,
Dezember (de_DE)
$m Month as a zero-padded | 01,02, ..., 12 ©)]
decimal number.
Sy Year without century as | 00,01, ..., 99 9)
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.
%1 Hour (12-hour clock) as | 01,02, ..., 12 ©)]
a zero-padded decimal
number.
$p Locale’s equivalent of (D), (3)
either AM or PM. AM. PM (en_US);
am, pm (de_DE)
M Minute as a zero-padded | 00, 01, ..., 59 9)
decimal number.
%3 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
digits.
%z UTC offset in the | (empty), +0000, -0400, | (6)
8.1. datetime — Basic|d@t@and tifi@'#ypes (- | +1030, +063415, - 225
fEEfEE] ] (empty | 030712.345216
string if the object is
naive).
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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 | 01, 02, ..., 53 (8),
of the week. Week 01 is the week containing Jan 4. )]

These may not be available on all platforms when used with the st rft ime () method. The ISO 8601 year and ISO
8601 week directives are not interchangeable with the year and week number directives above. Calling st rpt ime ()
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 st rft ime (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) acts like the time 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 time objects, the format codes for year, month, and day should not be used, as time objects have no such
values. If they're used anyway, 1900 is substituted for the year, and 1 for the month and day.

For date objects, the format codes for hours, minutes, seconds, and microseconds should not be used, as date
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 ut£-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.

AMoEe oty €ékdoon 3.2: In previous versions, st rftime () method was restricted to years >= 1900.

AlhaEe oty ékdoon 3.3: In version 3.2, st rftime () method was restricted to years >= 1000.

4 Passing datetime.strptime ('Feb 29', '$b %d') will fail since 1900 is not a leap year.
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(3) When used with the strptime () method, the $p directive only affects the output hour field if the $I
directive is used to parse the hour.

(4) Unlike the t ime module, the dat et ime module does not support leap seconds.

(5) 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).

(6) For a naive object, the $z and $Z format codes are replaced by empty strings.
For an aware object:

%z utcoffset () istransformed into a string of the form +HHMM [SS [ . 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 £ £ £ £ £ £ is a 6-digit string
giving the number of UTC offset microseconds. The £ £ £ £ ff part is omitted when the offset is a whole
number of seconds and both the £££f£ff 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".

AlhoEe oty éxdoon 3.7: The UTC offset is not restricted to a whole number of minutes.

AlaEe oty ékdoom 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"'.

%Z In strftime (), %$Z is replaced by an empty string if tzname () returns None; otherwise %$Z 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.

AMoEe otnv ékdoomn 3.2: When the %z directive is provided to the strptime () method, an aware
datet ime object will be produced. The t zinfo of the result will be set to a t imezone instance.

(7) When used with the strptime () method, $U and %W are only used in calculations when the day of the
week and the calendar year ($Y) are specified.

(8) Similar to $U and %W, %V is only used in calculations when the day of the week and the ISO year ($G) are
specified in a st rptime () format string. Also note that $G and $Y are not interchangeable.

(9) When used with the st rpt ime () method, the leading zero is optional for formats $d, $m, $H, $I, $M, %S,
%73, %U, $W, and $V. Format %y does require a leading zero.

8.2 zoneinfo — IANA time zone support

Néo omv éxdoon 3.9.

Source code: Lib/zoneinfo

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 gmiong:

Module: datetime Provides the t ime and datet ime types with which the Zone Info class is designed to be
used.

8.2. zoneinfo — IANA time zone support 227


https://github.com/python/cpython/tree/3.10/Lib/zoneinfo
https://www.python.org/dev/peps/pep-0615
https://pypi.org/project/tzdata/

The Python Library Reference, Anpooicsuon 3.10.19

Package tzdata First-party package maintained by the CPython core developers to supply time zone data via PyPI.

8.2.1 Using ZoneInfo

ZoneInfo is a concrete implementation of the datetime. tzinfo abstract base class, and is intended to be
attached to t z info, either via the constructor, the dat et ime. replacemethodor datetime.astimezone:

>>> from zoneinfo import ZonelInfo
>>> from datetime import datetime, timedelta

>>> dt = datetime (2020, 10, 31, 12, tzinfo=Zonelnfo ("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 fo1d 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=ZoneInfo("America/Los_Angeles"))
>>> print (dt)
2020-11-01 01:00:00-07:00

>>> print (dt.replace(fold=1l))
2020-11-01 01:00:00-08:00

When converting from another time zone, the fold will be set to the correct value:

>>> from datetime import timezone
>>> LOS_ANGELES = Zonelnfo ("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
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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 TZPA TH 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,butother implementations are free to silently ignore the erroneous component
or raise an exception.

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. zoneinfo — IANA time zone support 229


https://pypi.org/project/tzdata/

The Python Library Reference, Anpooicsuon 3.10.19

8.2.3 The ZoneInfo class

class zoneinfo.ZoneInfo (key)
A concrete datetime. tzinfo 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 = ZonelInfo (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 Zone Info 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 ZoneInfo 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.

Iposwdomoinon: 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:

ZonelInfo.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.

Enueiwon: 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
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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 r ona Zone Info 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 /] "
'2020-04-01T03:15:00+12:00 [Pacific/Kwajalein]'

For objects constructed from a file without specifying a key parameter, str 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 ZoneInfo key.

Pickle serialization

Rather than serializing all transition data, ZoneInfo 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 Zone Info 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 is
a 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. zZoneInfo.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
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 = ZoneInfo ("Europe/Berlin")

>>> b = pickle.loads (europe_berlin_pkl_nc)
>>> a is b

False

3. ZoneInfo.from_ file (fobj, /, key=None):When constructed from afile, 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.
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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.

Ynueiwon: 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 Zone Info cache, and so calls to the primary ZoneInfo
constructor will only use the new TZPATH in the case of a cache miss.

The to parameter must be a sequence of strings or os.PathLike and not a string, all of which must be
absolute paths. ValueError will be raised if something other than an absolute path is passed.

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 (),soit
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 ZoneInfo 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.
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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 set firstweekday () 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 ime 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. MONDAY is O (the
default), SUNDAY is 6.

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 £irstweekday 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.

itermonthdays (year, month)
Return an iterator for the month month in the year year similar to itermonthdates (), but not
restricted by the datet ime. date range. Days returned will simply be day of the month numbers. For
the days outside of the specified month, the day number is O.

itermonthdays2 (year, month)
Return an iterator for the month month in the year year similar to itermonthdates (), 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 itermonthdates (), but not
restricted by the datetime. date range. Days returned will be tuples consisting of a year, a month
and a day of the month numbers.

Néo omv éxdoon 3.7.

itermonthdays4 (year, month)
Return an iterator for the month month in the year year similar to itermonthdates (), but not
restricted by the datet ime. 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 otv éxdoom 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
datetime. 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.
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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 datet ime. 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 ().

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 c 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
TOW.

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:
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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

N n}

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 éxdoon 3.7.

cssclass_month_head
The month’s head CSS class (used by formatmonthname () ). The default value is "month™".

Néo oty 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
n year".

Néo omv éxdoon 3.7.

cssclass_year_head
The CSS class for the table head for the whole year (used by formatyear ()). The default value is
" year "

Néo omv éxdoom 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.
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Inueiwon: 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 (y/, 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.

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, I=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 gmt ime () 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.
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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.

calendar .MONDAY
calendar.TUESDAY
calendar .WEDNESDAY
calendar.THURSDAY
calendar .FRIDAY
calendar.SATURDAY
calendar.SUNDAY
Aliases for day numbers, where MONDAY is O and SUNDAY is 6.

Agite griong:
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.

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

8.4.1 CchainMap objects

Néo otmv éxdoom 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.
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A ChainMap incorporates the underlying mappings by reference. So, if one of the underlying mappings gets
updated, those changes will be reflected in Cha i nMap.

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, **kwargs)
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
dictis used, so thata call to d.new_child () isequivalent to: ChainMap ({}, *d.maps).Ifany
keyword arguments are specified, they update passed map or new empty dict. 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.
AMoEe oty €kdoon 3.10: Keyword arguments support 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:]).

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 ékdoon 3.9: Added support for | and | = operators, specified in PEP 584.
Agite griong:

o The MultiContext class in the Enthought CodeTools package has options to support writing to any mapping in
the chain.

« 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 parents property.

o 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.

A greatly simplified read-only version of Chainmap.
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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:

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
d[l'x"'"] =1 # Set value 1in 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:

mappinglkey] = value
return
self.maps([0] [key] = value

def _ delitem__ (self, key):
for mapping in self.maps:
if key in mapping:
del mappingl[key]

(ouvéyela otV TOUEVY 0EMD)
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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 1list

>>> cnt = Counter ()

>>> for word in ['red', 'blue', 'red', 'green', 'blue', 'blue'l]:

.. cnt [word] += 1

>>> cnt

Counter ({'blue': 3, 'red': 2, 'green': 1})

>>> # 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 Counter is 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 is.
—Zero

0

Setting a count to zero does not remove an element from a counter. Use de 1 to remove it entirely:

>>> c['sausage'] = 0 # counter entry with a zero count
>>> del c['sausage'] # del actually removes the entry

Néo otv ékdoom 3.1.

AlaEe oty ékdoon 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:
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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 Iements () will ignore it.

>>> ¢ = Counter(a=4, b
>>> sorted(c.elements (
L}

2, c=0, d=-2)
)
[lal, lal, la|, lal’ 1

)
b', 'b']

most_common ( [n ] )
Return a list of the » most common elements and their counts from the most common to the least. If n
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'y, 5), ('b', 2), ('r', 2)]

subtract ( [iterable-or-mapping ] )
Elements are subtracted from an iferable 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.

>>> ¢ = Counter
>>> d = Counter
c

( ’
(
>>> c.subtract (d

a=4, b
a=1, b=
)

>>> ¢

Counter({'a': 3, 'b': 0, 'c¢': -3, 'd': -6})

Néo omnv éxdoon 3.2.

total ()
Compute the sum of the counts.

>>> ¢ = Counter (a=10, b=5, c=0)
>>> c.total ()
15

Néo oty éxdoonm 3.10.

The usual dictionary methods are available for Counter 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 iterable is expected to be a sequence of
elements, not a sequence of (key, value) pairs.

Counters support rich comparison operators for equality, subset, and superset relationships: ==, ! =, <, <=, >, >=.
All of those tests treat missing elements as having zero counts so that Counter (a=1) == Counter (a=1,
b=0) returns true.

Néo oty €xdoon 3.10: Rich comparison operations were added.

AMoEe oty éxdoomn 3.10: In equality tests, missing elements are treated as having zero counts. Formerly,
Counter (a=3) and Counter (a=3, b=0) were considered distinct.

Common patterns for working with Counter objects:

c.total () # 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

(ouvéyela 0TV emOpEVY 0edL)
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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. Equality
and inclusion compare 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})

>>> ¢ == d # equality: c[x] == d[x]

False

>>> ¢ <=d # inclusion: c[x] <= d[x]

False

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 omv £€xdoon 3.3: Added support for unary plus, unary minus, and in-place multiset operations.

Ynueimon: Counters were primarily designed to work with positive integers to represent running counts; however,
care 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.

o 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.

e 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.

o The elements () method requires integer counts. It ignores zero and negative counts.

Agite emiong:
« Bag class in Smalltalk.
» Wikipedia entry for Multisets.

o C++ multisets tutorial with examples.
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o 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.

o 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.

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 oty éxdoon 3.5.

count (x)
Count the number of deque elements equal to x.

Néo omv 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.
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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 omv éxdoon 3.2.

rotate (n=/)
Rotate the deque n steps to the right. If # 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 omv éxdoon 3.1.

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
.. print (elem.upper())
G
H
I
>>> d.append('3j") # 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
'jl
>>> d.popleft () # return and remove the leftmost item
lfl
>>> list (d) # 1list the contents of the deque
['g', 'h', 'i']
>>> d[0] # peek at leftmost item
lgl
>>> d[-1] # peek at rightmost item
lil
>>> list (reversed(d)) # list the contents of a deque in reverse
('i', 'h', 'g'l
>>> 'h' in d # search the deque
(ouvéyela otV enOpEV) 0edL)
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True

>>> d.extend('Jk1l") # add multiple elements at once
>>> d

deque([lgl, lhl, 'il, 'jl, 'k" ll'])

>>> d.rotate (1) # right rotation

>>> d

deque([lll, lgl, 'hl, 'il, 'j" lk'])

>>> d.rotate (-1) # left rotation

>>> d

deque(['g', lhl, 'i'I 'j|! 'k', 'l'])

>>> deque (reversed(d)) # make a new deque 1in reverse order
deque(['l'l 'kll 'j'l 'i|7 'h'V '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)

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
# https://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:

(ouvéyela otV emtdpeV) oehida)
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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 deqgue 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 degue 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.

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 dict 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 KeyError exception with the key as
argument.

If default_factory is not None, it is 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.
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defaultdict Examples

Using 1istasthe default_factory,itiseasy 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, 31)]

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])]

Setting the default_factory to 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())
[(ri', 4), ('m', 1), ('p', 2), ('s', 4)]

When a letter is first encountered, it is missing from the mapping, so the default_factory functioncalls 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_factoryto 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})]
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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 such as ['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', 'y', 'z'] andthe defaultsare (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 otny ékdoon 3.1: Added support for rename.

AMoEe ot €kdoom 3.6: The verbose and rename parameters became keyword-only arguments.
AMoEe oty £xdoon 3.6: Added the module parameter.

AMoEe oty €ékdoom 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'])

>>> p = Point (11, y=22) # instantiate with positional or keyword arguments
>>> pl[0] + p[l] # indexable like the plain tuple (11, 22)

33

>>> x, y =p # unpack like a regular tuple

>>> x, Yy

(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

(ouvéyela otV nOpEV) 0EMD)
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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 (iferable)
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:

>>> p = Point (x=11, y=22)
>>> p._asdict ()
{'x': 11, 'y': 22}

AMoEe oty ékdoon 3.1: Returns an OrderedDict instead of a regular dict.

AlhoEe ot ékdoom 3.8: Returns a regular dict 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

(ouvéyela 0TV TOUEVN 0EMDL)
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{'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:

>>> class Point (namedtuple('Point’', ['x', 'y'])):
_slots_ = ()
@property
def hypot (self):
return (self.x ** 2 + self.y ** 2) ** 0.5
def @ str_ (self):
R return 'Point: x= y= hypot= ' % (self.x, self.y, self.
—hypot)

>>> for p in Point (3, 4), Point (14, 5/7):
Ce 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. d = '13-digit ISBN'

= 'Title of first printing'

>>> Book.title.
>>> Book.authors. = 'List of authors sorted by last name'

AMaEe oty ékdoon 3.5: Property docstrings became writeable.
Agite griong:

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

» See types.SimpleNamespace () for a mutable namespace based on an underlying dictionary instead of
a tuple.
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The dataclasses module provides a decorator and functions for automatically adding generated special
methods to user-defined classes.

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:

The regular di ct was designed to be very good at mapping operations. Tracking insertion order was secondary.

The OrderedDict was designed to be good at reordering operations. Space efficiency, iteration speed, and
the performance of update operations were secondary.

The OrderedDict algorithm can handle frequent reordering operations better than dict. As shown in the
recipes below, this makes it suitable for implementing various kinds of LRU caches.

The equality operation for OrderedD1ict checks for matching order.

A regular dict can emulate the order sensitive equality test withp == g and all(kl == k2 for
k1, k2 in zip(p, 9)).

The popitem () method of OrderedDict has a different signature. It accepts an optional argument to
specify which item is popped.

A regular dict can emulate OrderedDict’s od.popitem (last=True) with d.popitem () which is
guaranteed to pop the rightmost (last) item.

A regular dict can emulate OrderedDict’s od.popitem(last=False) with (k
next (iter(d)), d.pop (k)) which will return and remove the leftmost (first) item if it exists.

OrderedDict has amove_to_end () method to efficiently reposition an element to an endpoint.

A regular dict can emulate OrderedDict’s od.move_to_end(k, last=True) withd[k] = d.
pop (k) which will move the key and its associated value to the rightmost (last) position.

A regular dict does not have an efficient equivalent for OrderedDict's od.move_to_end (k,
last=False) which moves the key and its associated value to the leftmost (first) position.

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 ¢kdoom 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 /ast 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)

'acdeb'

>>> d.move_to_end('b', last=False)
>>> '' join (d)

'bacde’

Néo otv éxdoom 3.2.
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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 list (odl.
items ())==1list (od2.items () ). Equality tests between OrderedDict objects and other Mapping
objects are order-insensitive like regular dictionaries. This allows OrderedDi ct objects to be substituted anywhere
a regular dictionary is used.

AMoEe otnv ékdoon 3.5: The items, keys, and values views of OrderedDict now support reverse iteration using
reversed().

AMaEe oty £xdoon 3.6: With the acceptance of PEP 468, order is retained for keyword arguments passed to the
OrderedDict constructor and its update () method.

AMoEe oty €xdoon 3.9: Added merge (|) and update ( | =) operators, specified in PEP 584.
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():

from time import time

class TimeBoundedLRU:
"LRU Cache that invalidates and refreshes old entries."

def _ init_ (self, func, maxsize=128, maxage=30) :
self.cache = OrderedDict () # { args : (timestamp, result)}
self.func = func
self.maxsize = maxsize

self.maxage

maxage

def _ call (self, *args):

if args in self.cache:
self.cache.move_to_end(args)

timestamp, result = self.cachelargs]
if time() - timestamp <= self.maxage:
return result
result = self.func(*args)
self.cachelargs] = time (), result

if len(self.cache) > self.maxsize:
self.cache.popitem(0)
return result

class MultiHitLRUCache:
""" LRU cache that defers caching a result until
it has been requested multiple times.

To avoid flushing the LRU cache with one-time requests,
we don't cache until a request has been made more than once.

men

def _ init_ (self, func, maxsize=128, maxrequests=4096, cache_after=1):

(ouvéyela 0TV emOpEVY 0edL)
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self.requests = OrderedDict () #
self.cache = OrderedDict () #
self.func = func

self.maxrequests = maxrequests # max number of uncached requests
self.maxsize = maxsize # max number of stored return values

{ uncached_key : request_count }
{ cached_key : function_result }

self.cache_after = cache_after

def _ call (self, *args):
if args in self.cache:
self.cache.move_to_end(args)
return self.cachelargs]
result = self.func(*args)
self.requests[args] = self.requests.get (args, 0) + 1
if self.requests[args] <= self.cache_after:
self.requests.move_to_end(args)
if len(self.requests) > self.maxrequests:
self.requests.popitem(0)
else:
self.requests.pop(args, None)
self.cachelargs] = result
if len(self.cache) > self.maxsize:
self.cache.popitem(0)
return result

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 dat a attribute of UserD1i ct 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, UserDi ct instances provide the following
attribute:

data
A real dictionary used to store the contents of the UserDict class.

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 1 i 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 data
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, UserLi st instances provide the
following attribute:

data
A real 11st object used to store the contents of the UserList class.
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Subclassing requirements: Subclasses of UserList 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 ékdoon 3.5: New methods __getnewargs
isprintable, and maketrans.

s rmod__, casefold, format_map,

8.5 collections.abc — Abstract Base Classes for Containers

Néo oty éxdoon 3.3: ITahawdtepa, avtd 1o module NTav pépog 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.

'Evog éheyyog issubclass () | isinstance () yuo pa dtemo) Aettovpyel pe évav amd tpelg Tpdmoue.

1) A newly written class can inherit directly from one of the abstract base classes. The class must supply the required
abstract methods. The remaining mixin methods come from inheritance and can be overridden if desired. Other
methods may be added as needed:

class C(Sequence) : Direct inheritance
def _ init_ (self):
def _ getitem_ (self, index):
def len_ (self):

def count (self, wvalue):

Extra method not required by the ABC
Required abstract method

Required abstract method

Optionally override a mixin method

HO% W ¥ W

>>> issubclass (C, Sequence)
True

>>> isinstance (C(), Sequence)
True

2) Existing classes and built-in classes can be registered as «virtual subclasses» of the ABCs. Those classes should
define the full API including all of the abstract methods and all of the mixin methods. This lets users rely on
issubclass () or isinstance () tests to determine whether the full interface is supported. The exception
to this rule is for methods that are automatically inferred from the rest of the API:
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class D: # No inheritance
def _ init_ (self): # Extra method not required by the ABC
def _ _getitem__ (self, index): # Abstract method
def _ len_ (self): # Abstract method
def count (self, wvalue): # Mixin method
def index(self, wvalue): # Mixin method
Sequence.register (D) # Register instead of inherit
>>> issubclass (D, Sequence)
True
>>> isinstance (D (), Sequence)
True
In this example, class D does not need to define ___contains__,__iter_,and __ reversed__ because the

in-operator, the iteration logic, and the reversed () function automatically fall back tousing __getitem__ and
len

3) Some simple interfaces are directly recognizable by the presence of the required methods (unless those methods
have been set to None):

class E:
def _ iter_ (self):
def _ next_ (next):

>>> issubclass (E, Iterable)
True

>>> isinstance(E(), Iterable)
True

Ou oUvOeTeg dlemapég HeV VITOOTNPILOVY CUTY) TNV TELEVTOLA TEYVLKT) ETELOT ULOL DLETTALPY| EIVOL KATL TTEPLO-
00TEPO OTTO TNV TTaPousia ovopdtwv uehddwv. Ou diemapés kabopilovv T onuootoloyio Kol TG oxéoels
HETAED TV PeBOdWV TOU SV UTOPOUV VO oUVAYO0UV TOKAELOTLKG Gt TV TTAPOVOLN CUYKEKPLUEVOV OVO-
uatwv pe@odwv. Ia mapdderyua, N yvororn 0t o kKhaon mopéxer g uebddovg _ getitem  ,  len
KoL iter  Ogv elval eTapKng yLo Vo SLOKPLVEL o KhAoT Sequence amd wo kKhaon Mapping.

Néo otnv éxdoon 3.9: Autég oL agnpnuéves kKhdoels vrtootnpilovy mhéov [ 1. Aeite Tvmog Generic Alias xou
PEP 585.

8.5.1 Apnpnueveg Baoikég KAaoelg ZuAhoywv

To collections module tpoogéper tig eENg ABCs:
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ABC KAnpovo- | Apnpnueveg MeBodol | Mixin MgBodot
pel and
Container! __contains_
Hashable! __hash___
Tterable!? __iter_
Iterator! Iterable | __next___ __iter_
Reversiblel Iterable | __reversed_ _
Generator! Iterator | send, throw close,__iter_ ,_ next_
Sized __len_
Callable! __call__
Collection! Sized, __contains__,
Iterable,| _ _iter_ , len_
Containeq
Sequence Reversible, getitem__ , __contains_ ,__iter_,
Collectign__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 uébodot
__len_
Set Collectign _contains__, _le_, 1t , eq__,__ne__,
__iter_ ,_ len_ __gt__, ge_ ,__and__,
__or_ ., sub_, xor__,and
isdisjoint
MutableSet Set __contains__, Kinpovounuéveg Set uébodot xou
__iter_, len_, clear, pop, remove, __ior_ ,
add, discard _dand__ ,__ixor_ , Kot
__disub___
Mapping Collectign__getitem__ , __contains__, keys,items,
__diter_,_ len_ values,get,__eq _,KdlL__ne___
MutableMapping | Mapping | __getitem_ , Kinpovounuéveg Mapping uébodot
__setitem_ , KoL pop, popitem, clear, update,
__delitem_ , Kol setdefault
__diter_ ,_ len_
MappingView Sized _len_
ItemsView MappingView, __contains_ ,__iter_
Set
KeysView MappingView, __contains_ ,__iter_
Set
ValuesView MappingView, __contains__,__iter_
Collectiagn
Awaitablel __await___
Coroutine! Awaitabldg send, throw close
AsyncIterable! __aiter_
AsyncIteratorl Asyncltenablenext_ __aiter_
AsyncGenerator] Asyncltenagsend, athrow aclose, aiter_ ,_ anext
! These ABCs override object .__subclasshook__ () to support testing an interface by verifying the required methods are present
and have not been set to None. This only works for simple interfaces. More complex interfaces require registration or direct subclassing.
2 Checking isinstance (obj, Iterable) detects classes that are registered as Iterable 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 iterable is

tocall iter (obj).
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YTOONHELWOELG

8.5.2 Apnpnueveg Baolkeg KAaoelg ZuAhoywV - AvaAuTLKEG MepLypagpeg

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
ABC for classes that provide the __1en__ () 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 Iterable 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 (obj).

class collections.abc.Collection
ABC yia tig KMGoelg emavolopfovouevoy container pe uéyedoc.

Néo otnv €kdoon 3.6.

class collections.abc.Iterator
ABC yia KMAOELG TTOV TTOPEXOVY TIG UEBGdOVG  iter () Kow___next__ ().Aeite emiongtov oplopod
TOV iterator.

class collections.abc.Reversible
ABC for iterable classes that also provide the __reversed__ () method.

Néo otnv £€kdoom 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 ¢€kdoom 3.5.

class collections.abc.Sequence
class collections.abc.MutableSequence
class collections.abc.ByteString
ABCs uovo yia avayvmon (read-only) kou mutable sequences.

Implementation note: Some of the mixin methods, such as __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.

AMoEe oty £xdoon 3.5: H uébodog index() mpdobeoe voothplEn yia ta opiopata stop Kau 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 povo yua avayvmon (read-only) kow mutable mappings.

class collections.abc.MappingView
class collections.abc.ItemsView
class collections.abc.KeysView
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class collections.abc.ValuesView
ABCs yL0. 0VTLOTOLYTOELG, OTOLYELD, KAELOLA 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.

Ta avukeipeva Coroutine Ko Tt oTLypldTumae ™G KMAoNG Corout ine givan OAA TTOPOSELYIOTA QUTNG
g ABC.

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, 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
Coroutine instances are also instances of Awaitable. See also the definition of coroutine.

Inueiwon: 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 ékdoom 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 KMA0ELG TOV TTOpE ovy TIG ueBddovg _ aiter ko __anext_ . Aeite emiong tov oplopod
TOV ClSyl”lCh}’()l’l()LlS 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.

8.5.3 MNapadeiypata Kat Zuvtayeqg

Ot ABCs emitpémouy va pmTHoovue TG KAAOELG 1] TOL AVILKELUEVO, OV TTAPEXOUV GUYKEKPLUEVT] AELTOVPYLKO-
™NTA, Y0 TOPAOELY UL

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 ():
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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:

lst.append(value)

def @ iter (self):
return iter (self.elements)

def _ contains_ (self, value):
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
__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 gmiong:
o Zvvtoyn OrderedSet yia éva mopdderypo wov faciletol oty KhGon MutableSet.

o T eproodtepa oyetikd pe g ABCs, deite to abc module ko 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).
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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!

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:

heapqg.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,
IndexError 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, ITndexError 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 ifem 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.

heapq.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 oty £xdoon 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 iterable (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, wvalue)
return [heappop (h) for i in range(len (h))]

>>> heapsort ([1, 3, 5, 7, 9, 2, 4, 6, 8, 01])
[Ol 1[ 2’ 3! 4’ 5[ 6[ 7! 8’ 91

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?

» 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 = hea