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The Python Library Reference, Anpoocicuon 3.11.13

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 an active collection of hundreds of thousands of 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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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.

o If an availability note contains both a minimum Kernel version and a minimum libc version, then both
conditions must hold. For example a feature with note Availability: Linux >= 3.17 with glibc >= 2.27 requires
both Linux 3.17 or newer and glibc 2.27 or newer.

1.1.1 WebAssembly platforms

The WebAssembly platforms wasm32-emscripten (Emscripten) and wasm32-wasi (WASI) provide a subset
of POSIX APIs. WebAssembly runtimes and browsers are sandboxed and have limited access to the host and external
resources. Any Python standard library module that uses processes, threading, networking, signals, or other forms
of inter-process communication (IPC), is either not available or may not work as on other Unix-like systems. File
I/0, file system, and Unix permission-related functions are restricted, too. Emscripten does not permit blocking I/O.
Other blocking operations like s1eep () block the browser event loop.

The properties and behavior of Python on WebAssembly platforms depend on the Emscripten-SDK or WASI-SDK
version, WASM runtimes (browser, NodeJS, wasmtime), and Python build time flags. WebAssembly, Emscripten,
and WASI are evolving standards; some features like networking may be supported in the future.

For Python in the browser, users should consider Pyodide or PyScript. PyScript is built on top of Pyodide, which
itself is built on top of CPython and Emscripten. Pyodide provides access to browsers” JavaScript and DOM APIs
as well as limited networking capabilities with JavaScript’s XMLHt t pRequest and Fetch APIs.

 Process-related APIs are not available or always fail with an error. That includes APIs that spawn new processes
(fork (),execve ()),wait for processes (waitpid ()),sendsignals (kil1 ()),or otherwise interact with
processes. The subprocess is importable but does not work.

o The socket module is available, but is limited and behaves differently from other platforms. On Emscripten,
sockets are always non-blocking and require additional JavaScript code and helpers on the server to proxy
TCP through WebSockets; see Emscripten Networking for more information. WASI snapshot preview 1 only
permits sockets from an existing file descriptor.

« Some functions are stubs that either don’t do anything and always return hardcoded values.

» Functions related to file descriptors, file permissions, file ownership, and links are limited and don’t support
some operations. For example, WASI does not permit symlinks with absolute file names.

4 Kegahaio 1. Introduction


https://webassembly.org/
https://emscripten.org/
https://wasi.dev/
https://emscripten.org/
https://wasi.dev/
https://wasmtime.dev/
https://pyodide.org/
https://pyscript.net/
https://emscripten.org/docs/porting/networking.html

KEDAAAIO 2

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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Evowpatwpgveg (Built-in) Xuvaptnoelq

A E L R
abs () enumerate () len () range ()
aiter() eval () 1ist () repr ()
all/() exec () locals () reversed()
anext () round ()
any () 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 A%

I pow () vars ()
D id() print ()
delattr () input () property () Z
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)

Emwotpépeton évag asynchronous iterator yio. éva asynchronous iterable. Ioodvvauel pue v KMo Tov X .
__aiter_ ().

Znuelwon: Ze aviibeon pueto iter (), 10 aiter () dev éxel mapodiayr 2 oploudtwy.
Néo otnv £¢xdoon 3.10.
all (iterable)

Emotpéper True edv Oha to otouyela Tov iterable eivol true (1) edv o iterable eivol kevo). Iooduvayel
ue:

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

6 Kegahalo 2. Evowpatwpeveg (Built-in) Zuvaptioeig
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awaitable anext (async_iterator)

awaitable anext (async_iterator, default)
‘Otov avopévetat, emLotpépetal To ETOUEVO 0ToLyELD aItd To asynchronous iterator, V| default (tpoemhoy)
£dv divetow Kau o iterator €xer eEavtAnOei.

Avuto givar o aoUypov Topalloy TG EVOMUOTOUEVTG CUVAPTNONG next (), KoL CUUTTEPLPEPETOL
sapduoLa.

Avto xokel v né€bodo __anext () Ttov async_iterator, emotpépovtag £va awaitable. AVouEVoOvVTaG
QUTO, ETLOTPEPEL TNV ETOUEVT] TLN] TOV iterator. Av divetan To default (TPoemhoy), AUTd ETOTPEPETAL
€@ o iterator €yelL eEaviinOei, allwmg yiveTow raise évo StopAsyncIteration.

Néo otnv éxdoon 3.10.

any (iterable)

Emotpéper True edv omolodnmote ototyeio Tov iterable eivon aknbéc. EGv to iterable eivol kevo, emi-
otpé@eL False. looduvouel pe:

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

ascii (object)

‘Onwgn repr (), EMOTPEPEL (U0 CUUBOAOOELPG TTOU TTEPLEYEL ULOL EKTUTTMOLUT] OITTELKOVLOT] EVOG AVTIKEL-
uévov, aAld avorpel tovg un-ASCII yapoktpeg 0T CUUPBOLOTELPH TOV ETLOTPEPETAL OO TO repr ()
ypnowpomolmviog \x, \u, 1 \U arodpdoelg. Autd mopdyetl o ovppohooelpd mopduoLa e vt Tov
emotpépetar atd v repr () oty Python 2.

bin (x)

Metotpornn evog aképatov aptBuol oe wo dvadiky ovuporooelpd ue pdbeua «0b». To amotéleoua
elvar o £ykvpn ékgppaor Python. EGv to x dev eivon avtikeipevo tg Python int, mpémel va oplotel
o uébodog __index_ () mov emiotpépet évav aképalo apldud. Kamowa mapadeiyuato:

>>> bin (3)
'Ob11"

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

Edv to mpdOepa «Ob» eivar emBupntod 1 0L, WTOPELTE VA YPNOLUOTOLHOETE VAV OITTO TOUG TAPUKAT®
TPOTOVGE.

>>> format (14, '#b'), format (14, 'b')

('Ob1110', '1110")
>>> f'{14:4b}', £'{14:b}"
('0b1110', '1110")

Agite emtiong ™) format () Yo TEPLOCOTEPES TANPOPOPLES.
class bool (x=Fulse)

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

AlhaEe 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
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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.

And poemhoyn, N ovusteppopd g breakpoint () umopei vo. alhGEEL pe Ty ueTaAnt meptfah-
Aovtog PYTHONBREAKPOINT. BA. v sys.breakpointhook () yuo AETTOUEPELES XPNONG.

Adfete vtoyn OTL aLVTO SEV ElvaL EYYUNUEVO €AV 1) Sys. breakpointhook () €xgL avTLKOTAOTAOEL.
Evyelpel éva auditing event builtins.breakpoint ue épioua breakpointhook.
Néo otnv ¢kdoon 3.7.

class bytearray (source=b")

class bytearray (source, encoding)

class bytearray (source, encoding, errors)
Emotpépete évag véog mmivakag oo bytes. H kKhdom by tearray eivol po petofint axohovbio oke-
paimv 010 e¥pog 0 <= x < 256. 'ExeL Tig mepLocdTepes amd tig ovvidelg webddovg uetafAnTmy okolov-
0LV, Tov mepLypapovion oto Thmor Metafintav AkolovOudv (Sequences), KaBMG KL TLG TEPLOCOTEPES
uebddoug mou €xel o TOTOG by tes, deite Acttovpyiss Bytes kau Bytearray.
H mpooupetikn mapGuetpog source Wopel vo. xPNoLULOTTONOEL YioL THY 0pyLKOTTOiNoY TOU TVOKA e
HEPLKOVGS BLOPOPETLKOVG TPOTOVG:

o Edv eivau string, mpémel emiong va dMOeTE TLG TOPAUETPOVG encoding (KOL TPOOLPETIKAL, errors)es

N bytearray () Ot GUVEXELD UETATPETEL T CUUBOLOCELPG OE byte yPNOLUOTOLOVTAG St T .
encode ().

o Edv eivau integer, o mivakag 0a €xel autd to uéyebog ko 0o apytkomondei ue null bytes.

o Edv eivan avtikeipevo mov ovppoppmvetar pe to buffer interface, 6o ypnowwomonOel pia Tpoow-
PLVI] LVIUN LOVO YLOL OVAYVIOT] TOV OVTLKELUEVOU YLOL TNV TTPOETOLUALOLOL TOV TTivaka e ta bytes.

o Edv sivau iterable, mpémel va eival évag iterable akepaimv 0to €0pog 0 <= x < 256, 0L 0TTOLOL
YPTOLULOTTOLOVVTOL WG OLPYLKAL TEPLEYXOUEVE TOV TTEVOKOL.
Xwpig Opropa dnuovpyeitan évag mivokag ueyéboug 0.
B\ emiong Tomol dvadikijs axorovOiag — bytes, bytearray, memoryview Ko Avuikeiueva Bytearray.
class bytes (source=b")
class bytes (source, encoding)
class bytes (source, encoding, errors)

Emotpégetal éva véo avtikeipevo «bytes», mou eivar uua apuetdfAnty akolovbio akepaimv 0to eVpog
0 <= x < 256.H bytes givou o auetdfintn €kdoon tov bytearray — éyel g idieg ueBoddovg
Y Wpig LETAAAEN KoL TNV (810l CUUTEPLPOPE EVPETNPLOTOLNONG KA TEUOYLOUOV.

ZUVETTMG, TAL OPLOLLOLTAL TOV constructor punvevovtaL wg bytearray ().
Ta avtikeipeva bytes pwopouv emiong va dnuovpynbouv ue literals, fAéme strings.

Biéme eniong TVmor Svadikis akolovbiag — bytes, bytearray, memoryview, Avukelueva Bytes, ko Aet-
Ttovoyies Bytes kau Bytearray.

callable (object)

Emotpéper True edv 1o OpLopo. object eppoviletol og callable, kow Fa 1 se edv dyL. Eqv avutd emotpéyet
True, eivol akopa mhavo po Ko vao amotiyel, addd edv eivon False, 1 KMo tov object dev Oo.
TETUYEL TOTE. ZNUELWOTE OTL 0L KAAGELG LTTOPOoVV va. KANBoUV (1) KAHoM mag kKAAoNg emotpépel Eva véo
instance). Ta instances umopovv vo. kKAnBovv av 1 kKhéon toug €xel T uébodo _ call ().

Néo otnv ékdoon 3.2: Avti) 1 ouvdptnon cpato apapédnke otnv Python 3.0 kou ot ouvéyeia emoviniOe
oty Python 3.2.

8 Kegahalo 2. Evowpatwpeveg (Built-in) Zuvaptioeig
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chr (i)

Emotpépet ) ovpolooelpd TOU OVTLITPOOMITEVEL £VOV YOPOKTIPO TOU OTTOLOV 0 KMOLKOS ONUELOV
Unicode eivow o axépatog i. Twa mapdderyna, chr (97) emotpéper ™ ovppolooelpd 'a', evd 1o
chr (8364) emotpépel T OVUPBOLOTELPE '€ . AuTo glval To avtioTpopo tov ord ().

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

@classmethod

Metatpomny| puag puebddov oe uébodo krdone.

Mo ué0odog KhAong AapaveL T KAAGT WG OLMITNPO TPMWTO OPLopa, OTMG Lo instance pébodog Aau-
Béver to instance. T'ua v dSnAdoete pua u€Bodo KAAOMG, YP1OLULOTTOOTE AUTO TO WIMUAL:

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

H ¢@opua @classmethod givan (o ouvapton decorator — Bréme function yua hemtopépeLec.

Mua uébodog khdong wtopei va kAnOei eite otnv kAdon (0mwg C. £ () ) eite o€ £va instance (6twg C () .
£ ()). To instance aryvoeital ektdg 0rtd TV KAGon tg. Edv pia uébodog khdong kakeitan yio o opa-
youevn KAAoN, To avILKeiuevo Topayouevng kKAAong HeTaPLBACETAL G TO VITOVOOUUEVO TPMTO OPLOUAL.

Ou uébodor kKhaomg dragépouv amd Tig otatkésg webddovg C++ 1) Java. Av Oéhete, avatpéEte oto
staticmethod () og avtnv TV evotto. ['a mepLlocdTepeg mAnpopopieg oyxeTkd pe tig uebodovg
KAGOTG, avatpEETe 0To types.

AMEe otnv €kdoom 3.9: O uébodot kKAGong uropotv mhéov va avadimhhoovy dhhovg descriptors OTmg
N property ().

AMaEe otnv ékdoom 3.10: Class methods now inherit the method attributes (__module_ , _ name_
_ _qualname_ ,_ doc__and __annotations_ )and have anew __ wrapped___ attribute.

AMoEe oty €kdoon 3.11: Ou uébodot kKhaomg dev umopotv Théov va Kavouv wrap dhlovg descriptors
Onwg property ().

compile (source, filename, mode, flags=0, dont_inherit=False, optimize=-1)

Metayhwttiote to source og ¢vav Kodika 1) avitkeipevo AST. Ta aviikeipevo KddLKo Lropovv vo. eKTe-
Aeotovv amd exec () ) eval (). H source pmopei va givar Te e Kavoviky oupBohocelpd, (o ouu-
Bohrooelpd byte 1 wo oupporooelpd AST avtikeipevov. AvatpéEte otnv tekunpimon tov module ast
YLOL TANPOPOPIEG TYETLKA [UE TOV TPOTTO epyaoiag ue avrikeipeva AST.

To dpioua filename 0o mpémet vo divelL To apyelo 0Td To 000 dLoPAleTor 0 KMOdLKOG: v TeEpdoel K-
zoLaL ovoryvepiour Tt edv dev daffaotel amd éva apyeio (xpnowuomoteiton ovvhbwg '<string>").

To 6proua mode k0Hopilel TO E160G TOV KMOLKA TTOU TPETTEL VOL UETAYAWTTLOTEL WTOPEL VOL Elval 'exec
eqv M source amoteleiton amd o akolovdio dnhwoemy, 'eval' edv amotekeitan amd pia udvo k-
@paon, N "single' edv amoteleiTOL ATTO (it LOVO SLAdPACTIKT TPOTAOT (OTNV TEAEVTAUL TTEPLTTMON,
Ba ekTUTWOOUV dNADOELG EKPPAOTG TTOU aELOAOYOUVTOL OE KATL SLapopeTikd amd None).

Ta mpoarpetikd opiouata flags kou dont_inherit é\éyyovv ToLEG compiler options Oo. TPETEL VAL EVEPYOTTOL-
NnBovv kou oleg future features o pémel vo emrpémovtan. Edv dev vmdpyel kapio (1 kow ot dv0 eivan
undév) o kmdikag petayhmtritetan pe to ida flags wov emnpedfovv Tov KOdika wov kakel compile ().
Edv 1o épropa flags divetan ko to dont_inherit dev eivan (1) elvan undév), TOTE oL emAOYEG TOU PETAYAMT-
TLOTY Ko oL pedhovtikég dmhooelg wov kabopifovral amd to dproua flags ypnopomorovvral aveEdp-
TTa o auTtég Tou B xpnouomolovvToy ovtwg 1 dAhwg. Edv to dont_inherit eivon évo un undevikog
axépalog, Tote 10 Opopa flags eivar ovtd — oL onpaieg (LEMAOVTLKEG duVOTOTHTEG KOL ETAOYEG UETO-
YAWTTLOTY) 0TOV TTEPLBAANOVTO KMALKO 0lyVOOUVTAL.

Ot emhoYEG TOU UETAYAMTTLOTY) Koit 0L LeEMOVTIKEG EVTOAEG KaBopifovton amd bits mov pmwopovv va ouv-
duaotovv katd bit ORed pati yia va kabopicovv molég emhoyéc. To medio bit mov amarteitan yio
70 KaBopLopd evog edouévou LeMOVTLKOU Y apakTNPLoTIKOV Wropel vo. Bpedel g To Y apakTnpLoTiko
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compiler_flag oto_Feature instance Tov module __ future__. Compiler flags umopovv va Bpe-
Bouv oto module ast, ue to TpdOepa PyCF_.

To opiopa optimize K0H0PiLeL TO eMiTESO PEATIOTOTOLNONG TOV UETOYAWTTLOTH* 1 TTPOETAEYUEVT TUUY
-1 emhéyel 1o emimedo Peltiotomoinong tov depunvéa 6mmg divetal amd g emhoyég —0. Ta pntd
emimeda eival 0 (ywpig fehtiotomoinone to ___debug__ eivar adnbéc), 1 (oL LoyupLopol Katopynonkay,
to __debug___ &ival Pevdéc) 1 2 (o1 ouufolooelpés eyypapmy Katopyhonkoy exiong).

Avt 1 ouvVAPTNON 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 opiopota source kot £ilename. Autd to cuufdv umopset
emioNg vo. TPOKVPEL Atd EUUEDT) LETAYADTTLON.

Inueiwon: Kotd T PetayhdTTion wog ouiuBorooelpdc ue KwdLko TOMATAMY YPUUUDY 0TI AELTOUp-
vio "single' 1 'eval', 1 €i0080G TPETEL VO TEPUATICETAL UE TOVAGYLOTOV VALY YOPAKTHPA VEAG
YPOUUNG. AUTO yivetol yio vo dlevKoAUVOEL 0 eVTOTIONOG U1 OLOKANPWUEVDV Kol OMOKANPWUEVDVY O1)-
Mooewv oto module code.

IIpocidomoinon: Eivor duvatd va koatappevoel o interpreter tng Python pe o opketd pe-
vya&in/ocvvOetn cupBolooelpd Katd ) HetoyhmTTion oe eéva avtikeipnevo AST Aoym meploplopamv Ba-
Boug otoifag otov petayhmttiot) AST tng Python.

AlaEe oty €kdoom 3.2: Emutpémeton 1 xpnon vémv ypouumv Windows kow Mac. Extiong, 1 eloarywyn
ot Aertovpyia 'exec' dev yperaletan héov va tehedvel og véa ypauur). [Ipootébnke n mtapaueTtpog
optimize.

AMoEe oty £éxdoom 3.5: ITponyovuévoe, to TypeError éywve raise 6tav null bytes ouvavtiOnkav oto
source.

Néo oty ékdoon 3.8: ast .PyCF_ALLOW_TOP_LEVEL_AWAIT wropel topa vo uetafLpaotel oe on-
uaieg yio va evepyorom0et 1 vitootplEn ywo await, async for, Katasync with.

class complex (real=0, imag=0)

class complex (string)

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 float. If both arguments are omitted, returns 0.

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

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

O wyadikdg Tomog meprypdgpetal oto Apwudnuxol Tomor — int, float, complex.

AMoEe oty €xdoon 3.6: Emitpémetan 1 opadomoinon Yyneimwv ue kértw mavleg dnwg ota literals tou
KOOLKA.

AlaEe oty ékdoon 3.8: Emotpéper miow ot __index__ () edv m __complex__ () Kai W
__float__ () dev opiCovral.

10
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delattr (object, name)

Avto elvon oxetkd g setattr (). Ta opiopata eivor évo ovtikeipevo Kot o ovpporooepd. H
oupporooelpd TPETEL VAL gival TO dvouo VOGS atd TO YOPAKTNPLOTIKA TOV aviikeluévoy. H ovvdptnon
SLAYPAPEL TO ETTMVUNO YKOPAKTNPLOTIKO, VITd THY TTpoimdBeon OTL To avitkeinevo to emtpémel. o ma-
paderyua, 1o delattr (x, 'foobar') sival loodivapo pe 1o del x.foobar. To name dev ypeld-
Cetaw va givar avayvoplotiko g Python (deite setattr ().

class dict (**kwarg)

class dict (mapping, **kwarg)

class dict (iterable, **kwarg)
Anwovpyei éva véo heEikd. To avtikeipevo dict givan 1 kKAdon AeEikov. Agite To dict ko 1o Tmot
avtiotolyions — dict Y10, TEKUNPLOON OYETIKA UE auTh TNV KOTNyopid.

T d\how containers, deite TG evoopatmuéveg kKhdoeg 11ist, set, Kat tuple, Kabwng Kol To module
collections.

dir ()

dir (object)

Xwpig opiouato, ETOTPEPEL T MOTO OVOUATOV 0TO TPEYXOV TOTLKO Tedio. Me éva dploua, tpoomadel
VO ETOTPEPEL (AL MOTO £YKUPMV X OUPOKTHPLOTIKMV YLOL OUTO TO OVTLKEIUEVO.

Edv to aviikeipevo €yer puia uébodo pe to oOvopo __dir__ (), avth n uébodog Oa Kareitan Kol tpé-
TTEL VOL ETOTPEYEL PLe ALOTOL aTtd YOPAKTHPLOTIKG. AVTO ETTPETEL TO OVTLKEIUEVOL TTOV VAOTTOLOVV (LOL
£EATOULKEVUEVY] OUVAPTNOT __getattr__ () or __getattribute_ () yuo TV TPOCAPUOYT TOU

TPOTOV UE TOV OTTOL0 1) d1r () AVOPEPEL TA YOPOKTHPLOTIKA.

Edv to avukeipevo dev mapéyer v __dir__ (), m cuvaptnon wpoonadel vo ovAEEeL TAnpopopieg
a0 TO YOPOKTNPLOTIKO __dict___ TOU OVTLKELUEVOU, €OV EXEL OPLOTEL, KL AITO TO AVTLKELUEVO TOV
tUrov Tovu. H Mota mov mapdystor wg amotéheopio deV eival omopaiTnTo TANPNG KAl WTOPEL VoL eiva
ovakpLpng 6tov to aviikeipevo éxel eEatopukevuévn _getattr_ ().

O mtpoemheyuévog unyavioudg dir () CUUTEPLPEPETAL OLOPOPETLKA e DLAPOPETIKOVG TUTTOVS ALVTLKEL-
VeV, KabBmg TPoomadel Vo TAPAYEL TLG TTLO OYETLKEG KOL O)L TLG TTLO OAOKANPWUEVES TTANPOPOPLES:
o Edv 1o avukeipevo givor module THmou aviikeluévov, 1 MoTta TEPLEYEL TA OVOUATO TWV Y APOKTY-
PLOTIK®V Tov module.

o Edv to aviuikeiuevo eival évag timog 1 kAdon aviikeluévov, N Moto mepLéyel ta ovouato Tmv
YOPAKTIPLOTLKMY TOV, KOL AVALOPOULKA TOL (OPAKTIPLOTIKA TG BAOEMS TOU.

o Evalhoktikd, 1 MoTo TEpLEYEL TO OVOLLOTA TWV UPOKTIPLOTIKMV TOU OVILKELUEVOU, TA OVOUOITOL
TOV YAPUKTNPLOTIKOV TNG KAAOTG, KoL 0VOdPOULKA TO XOpAKTNPLOTIKE TG KAGoNG BAoewg TG
KAdone.

H raporyduevn Mota eivar taEwvounuévn akgafntikd. Io mapaderypo:

>>> 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']
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Inueiwon: Enednn dir () mopéyetol Kupiwg mg evkolio yio xpon oe pa S1edpaoTiki) ypouur eveo-
AV, TPOoTTAOEL VO TTAPEYEL £VOL EVOLAPEPOV TVVOLO OVOUATMOV TTEPLOCOTEP ALTTO OTLONTTOTE TPOOTADEL
Vo TaPEXEL £va VOTNPO 1] UE CUVETELD, KADOPLOWEVO GUVOLO OVOUATMOV, KOL 1) AETTTOUEPNG OUUTTEPL-
popd tov umopei va alhGEet petali twv ekddoemv. Tia mopdderypa, To XapoKTNPLOTIKA HETAKAGONG
dev Bpiokovtor 0t Mota aToTeAeoudTmY OTaV T OPLoUa Elvan pot 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 % Db). 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 avtikeipevo amapibunonc. To iterable mpémel va. ivan o akohovbia, €va iterator, W)
Kémoto dAho aviikeipevo mov vtootpilel to iteration. H uébodog  next_ () tov iterator mov emi-
OTPEPETOL OITO TO enumerate () emoTpEPeL po. TAeldda (tuple) wou mepLeyeL wa Katouétpnomn (oo
TO start OV elva e TPoemA0YY 0To 0) Ka TG TES Tov AapUPBAvovTaL amtd TV ETOVAAYPT TAVW 0TO
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')]

Ioodvvapo pe:

def enumerate (iterable, start=0):
n = start
for elem in iterable:
yield n, elem
n += 1

eval (expression, globals=None, locals=None)

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 dpLoua expression avolveToL Ko aElohoyeitar wg wo éxgpaon ™g Python (amd teyvikhg dmoymng,
o Mota ouvOnKodv) ypnowwomowwvtag to heSikd (dictionaries) globals xou locals wg global ko local
namespace. EGv to AeEikd globals vitdpyel Kau dev mepiéyel o T yio to kAedi _ _builtins__,
wo. avopopd 0to heEtkd tov evompotmuévov module builtins el0GyeToL KATO omd ovtd to KAedi
stpLv avolvBel To expression. Me outdv tov Tpdo umopeite vo eléyEete moLa atd TA EVOOUATOUEVOL
otolyeia eivan duabéoua Yo Tov eKTeErEaLio KK, elodyovtag To duk6 oag AeSikd __builtins__
0710 globals mpwv drofaotel ot eval (). Eqv to Ae&uixo locals mopaleipOei, opileton amd mpoemhoy
0710 AeE1k6 globals. EGv mapaingoiv ko ta d0o AeEikd, 1 éxgpoon extereitol pe to globals xou locals
0710 mePLBarhov dmou kakeitau ) eval (). Enueiwon, To eval() dev €xel TpPdoPaom oto nested scopes (U
ToTTLKd) 0T0 TTEPLBAMLOV TTOV TTEPLKAELEL.

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

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

sardl V)

AUt 1 GUVAPTNON WITOPEL ETTLONG VO YPNOLUOTTONOEL YLaL TNV EKTEAEOT AVOAUPETWV OVTLKEWWEVMV KO-
dKa (OTTMG AUTA TOV dNULOVPYOUVTOL ATtd TNV compile ()). Z& OUTH TV TEPLTTWON, peTafLpdlet éva
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OVTLKELUEVO KMOLKO ovTi YLor o ovpuPBorooelpd. EGv 1o avtikeipnevo KmdKa €xel LETAYAWTTLOTEL e
"exec' WG TO OPLOUA mode, 1] ETLOTPEPOUEVT] TUH Tov eval ()'s Ba elvor None.

Zuppovréc: 1 duvaulkn ektéreor) eviohmy vtoothpiletal amd Ty cuvaptnon exec (). Ol ouvopTnoeLg
globals () koL locals () emotpépouv To Tpéyov global kat local AeELkd, avtioToLya, To 0T0io wropei
vaL ElvolL PNoLo Yo peTaifaon yopw oo ™ xpnon amxo g eval () | exec ().

Edv n dedopévn anyn elvan pua oupuBohoseLpd, TOTE 0paLpoVVTOL TO KEVA KL TOL tabs TTov o1 youvToL
1] émovTaL.

Bh. ) ast.literal eval () yuo Wo OUVEPTNOT JTOV UITOPEL Ue AoPALeLD Vo 0ELOAOYHOEL TLG OULL-
Bolooelpéc ne exppdoelg mov mepLEyouv novo literals.

Kave raise éva auditing event exec e TO OVTIKEIUEVO KDOLKO g OpLtona. Mmopel emiong vo eugovi-
oToVV ouUBavTa PETAYAMDTTLONG KOOLKAL.

exec (object, globals=None, locals=None, /, *, closure=None)

Avt 1 ovvdptnon vrootpilel duvouky exktédeon kmduka Python. To object mpémer va eivau gite po
oupfolooelpd (string) eite éva aviikeipevo Kodika. Edv eivor po oupforooelpd, 1 cupfolooelpd avo-
Metal og o covita dnhwoewv Python ov ot ouvvéyela exteleiton (eKTOG €AV TOPOVOLAOTEL TPALUL
ovvtagng).! Bav mpdrerton Yo évo avikeipevo kodika, amhd ektekeital. e OAeg TIG TEPUTTDOELS, O
KOOLKOG TTOV EKTEAEITOL AVaEVETAL VO elval £YKVPOog g elgodog apyetov (deite Tv evotnta file-input
010 Eyyepidio Avagopdc). Adpete vtdoym Ot oL eviolég nonlocal, yield, kou return dgv umo-
POUV VO PNOLOTONO0VV EKTOG TOV OPLOUDY CUVAPTOEWV, KON KOl 0TO TACLGLO TOU KMOLKOL TOU
dafipateton ot exec (). H emotpepouevn T eivor 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
same dictionary. If exec gets two separate objects as globals and locals, the code will be executed as if it were
embedded in a class definition.

E&v to AeEukd globals dev mepiéyer tium yio to kAewdi _ _builtins__, wa avagopd oto AeEikd tou
evoouatmuévov module builtins eloGyeton KATw amd ovtd to KAewi. Me autdv Tov tpodmo umopel
va ehéyEete T evompatwuéva (built-ins) eivow dabéoua 0tov EKTELEOLUO KHOOLKO ELGGYOVTOG TO dLKO
oac__builtins__ heEikd ato globals mpiv to dlafdoete 010 exec ().

To opropa closure KaBopiler éva clossure—pia mieldda amd cellvars. Eivan éykvpo povo 6tov to object
elval évo ovtikeipevo Kodika mou mepLéyet eletbepeg petafintés. To unkog tg mhelddog mpémel vo
TOLPLAZEL OKPLBMOG e TOV apLlOd TV eeVOEP®VY UETAPANTOV TOU AVAPEPOVTOL OTTO TO AVILKELUEVO
KOOLKO.

Kave raise éva auditing event exec e TO OVTIKEIUEVO KDOOLKO g OpLtona. Mmopel emiong vo eupovi-
oTovV ouufavta PeTAYADTTIONG KOILKA.

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

Inueiwon: To mpoemheyuévo locals evepyel OTTWG TEPLYPAPETOL YLOL T CUVAPTNOYN locals () mapo-
KOtw: dev TPETEL VO ETULYELPYOETE TPOTTOTOWOELS 0TO TPOETUAEYUEVO locals heEukd. Tlepvher éva pntd
locals MeEukd ediv O€eTe vau deite TaL ATOTELEOUATO TOV KMSLKA 0T0 locals (e TNV EMLOTPOPY] TNG OUVAP-
mong exec ().

I AdiPete vroyn 6t 0 avalutiig Séxetan pdvo ) ovpfaon téhoug ypapuuhg tomov Unix. Edv Stafdlete Tov Kddika amd éva apygio
BeponmBeite OTL xpNOLUOTOLELTE TV AELTOVPYIO LETATPOTNG VEOS YPOUUTNG YLOL TNV UETOTPOTT VEWV Ypaupdv oe otuh Windows 1) Mac.
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AMoEe oty £xdoon 3.11: Tlpootébnke 1 mapduetpog closure.
filter (function, iterable)

Anwovpyet évav iterator amtd ekeiva ta ototyeio Tov iterable yio To. omoio M function givar aindfg. To
iterable pmopei va eivan gite o akohovBdia, Evo container wov vtooTNpilel iteration, 1) évag iterator. Eqv
M function givow None, 1 cuvapton toutdtntag vrotifetat, dnhadt, dha To oToLyEla ToV iterable Tov
gival Pevdn agparpovvtol.

Adfete vtoyn 6tLto filter (function, iterable) &lvol LGOAVVAUO UE TNV EKPPOOT TNG YEV-
VTP (item for item in iterable if function(item)) &dv n ovvdptnomn dev eivar
None kou (item for item in iterable if item) &dvm ovvdptnon eivor None.

Bl itertools.filterfalse () YL TN OUUTIANPWUATLKY CUVAPTHON TOV ETLOTPEPEL GTOLYELO TOV
iterable y\o. ta. omoia 1 function glvoun Yevdnc.

class float (x=0.0)

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 £1oat value production rule in the following grammar, after leading
and trailing whitespace characters are removed:

sign = A

infinity = "Infinity" | "inf"

nan = "nan"

digit = <a Unicode decimal digit, i.e. characters in Unicode general category
digitpart = digit (["_"] digit)*

number = [digitpart] "." digitpart | digitpart ["."]

exponent u= ("e" | "E") ["+"™ | "-"] digitpart

floatnumber = number [exponent]

floatvalue

[sign] (floatnumber | infinity | nan)

Ta meld/kepahaio dev eival oNUAVIIKY, ETOUEVIG, Yo topdderyna, «inf», «Inf», «INFINITY», ko
«iNfINity» eivol Oheg amodektég opHoypapies yio 1o OeTLkd dmerpo.

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.

Mo éva yevikd ovuikeipevo Python x, float (x) ekywpeli ot0 x._ float_ (). Edv 7o
__float__ () dev éyeL oplotel, TOTE EMOTPEPEL 0TO __index__ ().

Edv dev d00¢i OpLopa, emotpépetor 1o 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

L

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

AMaEe oty €xdoon 3.6: Emtpémetan 1 opadomoinen Yynoimv ue kétw mavleg dnwg ota literals tou
KOOLKA.
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AMoEe oty £kdoon 3.7: x is now a positional-only parameter.
AMoEe oty £xdoon 3.8: Emotpéper oto __index_ () edvto___float__ () dev éxeL oplotei.

format (value, format_spec=")

Metotpémnel éva value og wo avamapaotaon «formatted», dmwg eléyyetan amd 1o format_spec. H epun-
veia Tov format_spec 0o €E0ptnOel 06 TOV TUITO TOV 0PILoUOTOG value » wOoTO00 VITAPYEL U0l TUTTLKT] GU-
VTOEN LOPPOTTOINGTG TTOV YPNOLUOTOLEITOL ATTO TOVG TEPLOCOTEPOUS EVOMUATMUEVOVG TVTTOVS: Formart
Specification Mini-Language.

H npoemiheyuévn format_spec givar puo Kevy) ouuBorooelpd mov ouvnOwg divel To idLo amotéleoua e
™V KMjon Tov str (value).

M. kAhflon oto format (value, format_spec) petagppdletar og type (value) .
__format__ (value, format_spec) TO 0Toi0 TOPAKGUTTEL TO instance tov AeELkoU KOTA
™y avaliton ™¢ Twng ™e uebddov _ format__ (). Mo €Eaipeon TypeError yivetal raise

eqv N avalnmon g uebddov QToeL 0To object Kou To format_spec dev gival Kevo 1) eav gite o
Sformat_spec gite M TiuY) EMLOTPOPNG deV elval oVUBOLOOELPEC.

AlaEe oty ékdoon 3.4: To object () .__format__ (format_spec) KGvel raise 10 TypeError
eQv o format_spec dev givor Kevi) ouppolhooeLpd.

class frozenset (iterable=set())

Emotpéper €va véo ovTiKeinevo frozenset, TPOULPETIKG e OTOLKELR TOV Aaupdvovior amd To
iterable. To frozenset eival pa evomuotmuévn Khaom. Agite to frozenset ko 1o Tomor Svvdiov
(Set) — set, frozenset yio TEKUNPILMON QVTNG TG KAGONC.

T dMho containers, 0vaTpEETE OTIG EVOWUOTOUEVES KAAOELG set, 11st, tuple, kKoL dict, kabdg kat
to module collections.

getattr (object, name)
getattr (object, name, default)

Emiotpéper TNV TLU TOV OVOULAOUEVOD YOPAKTNPLOTLKOV TOV object To name mpémel va glval wo ovp-
Borooepd. Edv m ouufohooelpd eivar To Gvouo evog amd o (OPOKTIPLOTIKG TOU OVILKELUEVOY, TO
amoTtéleoua gival 1 Ty avtov Tov yopaktyplotikov. INa mapdderyua, getattr (x, 'foobar')
elval LoodUvapo e to x . foobar. Edv to xopaktnplotikod yvopLopo dev vidpyeL, to default emotpé-
peTaL Qv TaPEYETOL, SLOPOPETLKG YiveTal raise To At t ributeError. To name dev ypeldLeToL va eivor
avayvoplotikd Python (deite setattr()).

Inueiwon: Aedouévou 6Ti To private name mangling cuupaivel Katd T oTLyur) TG UETOYADTILONG, TPE-
TTEL KOVELG VO TTOPAUOPPDVEL XELPOKIVITO TO GVOULO. EVOG LOLMTIKOD Y OPOKTNPLOTIKOD (YOpAKTHPLOTIKG
ue dV0 KOPUPALEG VITOYPAUUIOELS) YLOL VO AVOKTHOEL UE getattr ().

globals ()

Emotpépel to heELkd mov vAoToLel TOV TPEXovTa Xmpo ovoudtmv tov module. Ta kKHdika evtdg ov-
VOPTNOEWV, 0UTO 0pileTal dTav OpIleTaL 1] CUVAPTNOT KoL TOPOUEVEL TO 110 aveEGpTNTN amtd TO OV
Kodeitol 1 ouvapTnom.

hasattr (object, name)

Ta oplopata eivor évo aviikeipevo kou po. ovpporooelpd (string). To amotéheopa eivar True edv
1 ovuBOAOOELPG €ivar TO OVORO €VOG OUTO TO OPOKTIPLOTIKA TOU AVILKEWEVOY, False €Gv OyL.
(Avutd vhomoleitow Kohmvtag To getattr (object, name) kou va dovue ov yivetol raise €vo
AttributeError M OyL.)

hash (object)

Emotpégel TV T KATOKEPUOTLOUOU TOU OVTLKEWEVOU (av €xeL). OL TUEG KOTAKEPUATIONOU elval
aKEPOLOL. XP1NOLIOTTOL0VVTAL YL, T YPTYOPT OUYKPLON TV KAEWDLhV Tov AeELkol Katd T SLdpKeLa puag
avalnmong AeSukov. OL aplBunTikég TULEG TTOV CUYKPIVOVTAL L0EG X 0UV TNV idLa TL KATOKEPUOTLOUOY
(axduo Ko av givan dLapopeTikoi ToToL, OTTwg cupfaiver yio to 1 kou 1.0).
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Inueiwon: Do aviikeipevo pe tpooapuoopéveg uedddovg _ _hash_ (), onuewdote 6t to hash ()
TEPLKOTTTEL TNV TUUY ETLOTPOPNG UE BAOT TO TAATOG bit TOV VITOAOYLOTY).

help ()
help (request)

Kaleitow to evompotouévo (built-in) ovomua pondeas. (Avty n ovvdptnon mpoopiletol yio dia-
dpaotikr xpfon.) Eav dev d00si dpioua, to dadpaotikd auotnua fondelag Eekivd tnv Kovoola tou
interpreter. EGv to 0piopa eivor por ouufBohooelpd, tote 1 ovpporocelpd avoalnteitor wg dGvoua evog
module, oG ouvapTnong, wo KAGong oG nebddov, wog MENG kAedLov 1 Béuatog Tekunpiwong Ko
o oghida fonberag extummveTon 0TV Kovodra. EGv to opiopa eivan omotodnmote dALo eidog avtikel-
uévov, dnuovpyeitor o oeda Bonelag 0To aviiKeiuevo.

Adfete vtoym OTL el gppoviletan wa KA0eTog (/) 0T Mot TOPAUETPMOV ULAG CUVAPTIONG KATH TV
KAMon help (), onuaiver 0TL oL wopdpetpot mpLy amd v kabeto eivol povo Béone. I'ia meploodTepeg
mmpogopliec, Préme the FAQ entry on positional-only parameters.

Avti 1 OVVAPTNOT TPOOTIDETAL GTOV EVOMUATOUEVO XDPO ovoudtwv amd To module site.

AMoEe otnv ékdoon 3.4: OL odhayég oe pydoc Kow inspect ONuaivouy OTL oL AvoQeEPOUEVES VTTOYPO.-
pég yua callables eivan TAEOV TLO OLOKANPOUEVEG KOL OUVETELS.

hex (x)

Metatpormy| evog akepaiov apBpot oe wo well| dexaeEadiky) oupporooelpd (string) pe mpdOepa to
«0x». Edv to x dev eivar avrikeipevo Python int, mpémel va opioel po. uéBodo __index_ () mov
emotpépel Evav aképaro aptBud. Kamowa mapadeiynora:

>>> hex (255)
'Oxff!

>>> hex (-42)
'-0x2a'’

Edv 0éhete va petatpéyete Evav aképato aptbuo oe wa kegahoio 1 el dekaeEadikr ovuforooelpd.
(string) pe wpdOepa M 0L, WTOPELTE VAL XPNOLUOTTOLHTETE £VALV ATTO TOVG TTOPAKATW TPOTOVG:

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

("Oxff', 'ff', 'FEF')

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

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

('Oxff', 'f£f', 'FE")

Agite emiong ™) format () yuo TEPLOGOTEPES TANPOPOPIEC.

Agite emtiong ) int () Yo T UETATPOT aG deK0eEASIKTG CUUBOLOCELPAG OE AKEPALO YPTOLULOTTOL®-
vtag e fdon tov 16.

Inueiwon: o va arokthoete wo avartopdotoon dekaeEadikng ouppolooelpdg yio va float, ypnot-
pogomote ) uébodo float.hex ().

id (object)

Emotpégel TV «TautdTNTo» £VOG OVTLKELEVOD. AUTO gival éva aképalog aplBuog mov eyyvdtol ot
elval LovadLkog koL otabepds yio avTd To avitkeipevo katd t) didpreia tng Tomng Tov. AVo ovTikeipeva
1e un emKoluTTOueVeS dLapKeELEg LmNg Wopel var €xouvv TV oo T 1d ().

Agmropépera. vhomoinong CPython: Avutd gival 1 S1e00VVOT TOV OVILKELWEVOU OTNV Uviju).

Eveipet éva auditing event builtins. id pe 6piopa id.

input ()
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input (prompt)
Edv vrtdpyer to dpropa prompt, ypagetal otny Tumtky] €500 ympic o véa ypapur Hetddoons. 2t ov-
VEYELD, 1] CUVAPTNON dLaACeL o ypouun otd Ty 0080, TN HETATPETEL 08 ULd CUUBOAOTELPA (UE TV
QPALPEDN OGS VEAS YPOUUNG) Ko TV emtoTtpépeL. Otav duafatetol to EOF, yivetai raise N EOFError.
Mapdaderypa:

>>> s = input ('-—> ')

——> Monty Python's Flying Circus
>>> g

"Monty Python's Flying Circus"

Edv éyeL poptwBel to module readline, t0te M input () O TO XPNOLUOTOMOEL YLOL VAL TTOPEYEL TEPL-
TAOKEG Aertovpyieg emeEepyaoiog ypauug KoL LoTopLkou.

Kéwvel raise éva auditing event builtins. input pe 6piopa prompt mwpotov dLafaoeL TNV 0000

Kéwvel raise éva auditing event builtins.input/result [ To OTOTEAEOUO HETE TV ETLTUYT OVA-
YVOON TV ESOUEVOIV.

class int (x=0)

class int (x, base=10)

Return an integer object constructed from a number or string x, or return O if no arguments are given. If x defines

_int (),int (x) returnsx._ int  ().Ifxdefines index_  (),itreturnsx. index ().
If xdefines __trunc__ (),itreturns x.___trunc__ (). For floating point numbers, this truncates towards
Zero.

If x is not a number or if base is given, then x must be a string, bytes, or bytearray instance representing
an integer 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.

Mo ovporooepd (string) axépatov apbuot Bdong n mepiéyel Ynpio, Kabéva amd ta 0Toio AvILITPo-
owmevel o Ty oo to 0 éwg to n-1. Ov Twég 0-9 pumopovv va avarapaotafoly ue 0moLodNIToTe
dekadikd Yyneio Unicode. Ou tipég 10-35 pumopoiv va avamopaotadolv ue a wg 1o z (| A ®g 10 Z).
H npoemheypévn base givar 10. Ou emmitpentopeveg Bdoerg eivar 0 xow 2-36. O ovuporooelpés Bdong
-2, -8 kauw -16 pmwopovv mpoorpeTikd vo. £xouvv to mTpobepa 0b/0B, 00/00, 1) 0x/0X, OTTWG KoL UE OKE-
poaovg aptBuovg otov kmdika. Ta v o 0, 11 ovupolooelpd epunvevetat pue TapoduoLlo TPoTo Ue
évav integer literal in code, oto Ot M| TporypaTikh faon eivan 2, 8, 10 1 16 d6mwg mtpoadopiletar amd To
npdOena. H Bdom 0 dev emitpérmel emiong ta undevikd oty apyh : int ('010', 0) dev eivan EQIKTO,
evy To int ('010"') xou int ('010', 8) eivou.

O axéparog Tomog meprypdpetan oto ApwwOnurkol Thmor — int, float, complex.

AMoEe oty £xdoon 3.4: EGv o base dev gival €va instance TG int KoL TO base GVIIKEIUEVO EXEL (Lo
uébodobase. index_ , avthn ué0odog Kakeitan Lo vo atoKT)oeL ToV aképato ™G fdong. ITpon-
yovpeveg €KOOOELG XPNOLUOTOLOVoOV TV base . int_  aviitngbase. index_ .

AMEe otV €kdoon 3.6: Emitpémeton 1 opadomoinon Yyneiov pe katw movkeg 6mwg ota literals tov
KOdLKa.

AMEe oty £xdoon 3.7: x is now a positional-only parameter.
AlhaEe oty ékdoon 3.8: Emotpépel miom ot __index___ () avn__int__ () dev éxeL oplote.
AlaEe oty ékdoon 3.11: H avébeon ot __trunc__ () éxel katopynOei.

AMoEe otnv ékdoon 3.11: int string inputs and string representations can be limited to help avoid denial of
service attacks. A ValueError is raised when the limit is exceeded while converting a string x to an int or
when converting an int into a string would exceed the limit. See the integer string conversion length limitation
documentation.

17



The Python Library Reference, Anpooicuon 3.11.13

isinstance (object, classinfo)

Emotpéper True edv 1o dpiopa object eivon €va instance Tov opiopatog classinfo , | wag (Gueong, u-
ueong M virtual) vrokhGong ovtov. Bdv to object dev eivor évo aviikeipevo tou dedopévou timov, 1
ouvaptnon Ba emotpégel mhvta False. Edv to classinfo eivon o mhetddo tomov avtkelwévov (1
avadpoukd, dileg tétoleg mhelddeg) M wa Toog Evaocns moMomA®V TUmmV, emotpépel True eqv
T0 object givan €vo. instance ortolovdNToTE amtd Tovg TOTTOVG. Edv T0 classinfo dev eival éva tdmog 1 o
mhelddo TUTTWV Kat TEToleg mAELAdEC, yivetau raise o eEaipeon TypeError. H TypeError 8gv uio-
PEL va yivel raise yio un £yKupo TOmo, GV £vag TTPoTYOUUEVOG ELEYYOG ELVOL ETLTUYNC.

AMEe oty £xdoon 3.10: To classinfo pmopel va givan éva Tomos Evworg.

issubclass (class, classinfo)

Emotpéper True v 1 class ebvow pa vtokhdon (Gueom, éuueon, N virtual) Tov classinfo. Mo KhGom
Oewpeiton vitokhaon tov eavtoy ™. To classinfo pmopel vor eivor o mheldda (tuple) aviikeluévawv
KAGong (M avadpopkd, ddieg tétoleg mhelddeg) M wa Tumog Evwong, omdte emotpépete True eqv
1 class gival vITOKAAON OTOLOCONTTOTE KATOYWPLONG OTO classinfo. Ze omolodnmote GAAn mepimTmon,
yivetau raise pa eEaipean TypeError.

AMEe oty £xdoon 3.10: To classinfo pmopel va givan éva Tomos Evworg.

iter (object)

iter (object, sentinel)

Emotpépete éva aviikeipevo iterator. To TpmTto OpLopo EpUIVEVETAL TTOM) SLOPOPETLKG OLVALOYOL E TV
TOPOVOio TOu deVvTEPOL Opiopatog. Xwpic deiTepo OPLOUa, TO object TPETEL VA, Eival £va AVTIKELUEVO
OUMAOYNG TTOU VAL UTTOOTNPLLEL TO TPWTOKOANO iferable (N uébodog __iter () ), N mpémel va vtooTnpi-
CeL to mpwtdKorho akohovbiog ( uébodog __ _getitem () pe axépara opiopota wov Eekivodv amd
0). Edv dev vootnpilel Kavévo amd autd to TpoTOKolla, yivetal raise wo TypeError. Edv do0el
To devTEPO OpLoua sentinel, TOte 10 object mpémel vo. eivan €va callable avtikeipevo. O iterator wov O1-
wovpyhHOnKe oe ot THY TEPLTTWON O KAAETEL TO object ywpic opiopata yio k&Oe kAo ot puébodo
__next__ () »&lv n Tuf mov emotpépetan eivol ton pe sentinel, Oa yivel raise | StopIteration,
draopetikd Oo emOTPAPEL 1) TUY).

Aglte emiong Tvmou Iterator.

Mua xprowun epapuoyn TG deUTEPNG LOPPNG Tov iter () gival 1 Kataokeur evog block-reader. T'a
mopddeLyua, 1 ovayvwon urhok otabepot TAGtoug oo £va duadikd apyeio Baong dedousvarv uéypt
VoL PTACEL 0TO TENOG TOV ALPYELOV:

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

len (s)

Emotpépet to unkog (tov aplbpd tmv eldmv-mepleouévav) evog avitkeluévov. To OpLopio Hmopei vo
elval o akorovBia (0mwg o ovpPorooelpd, bytes, mheldda, AMota, 1 €0pog) 1 wa cvihoyy (dmwg éva
LeELKo, éva OeT, 1| €V TAYWUEVO OFT).

Agmropépera vhomoinong CPython: To 1en kdvel raise wa OverflowError og WhKn To omoia eiva
ueyoAUtepa amd sys.maxsize, dnwg range (2 ** 100).

class list

class list (iterable)

Avti va givar ouvaptnom, 1o 11st gival oV Tpaynattkdtto £vog HEToPANTog THmog akolovbiag,
O TEKUNpLwvetoL ota Aloteg kou Tomor Akolovbiag (Sequence) — list, tuple, range.

locals ()

Evnuépwon Kat emiotpop evog AeELKoU Tou avITposmITEVEL TOV TPEXOVTA VALK TOTKOV OUUBOAwWV.
O ehetBepeg petafpintég emotpépovtar atd locals () OTOV KAAEITOL 08 WTAOK OUVAPTHOEMY, AAAG
OyL o€ Wthok KhAoewv. ZNueunote 0Tt o€ emimedo module, ov 1ocals () ko globals () €ival to idLo
AeELKo.
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Inueiwon: To mepieydueva avtol Tov AeEikol dev mpémel vo, Tpomoto0ovvs oL alhayéc evdéyetal
VO UMV ETNPEACOUV TIG TLES TV TOTLKDV KoL ELeVOEPWV UETUPANTAOV TOU Y PNOLUOTOLOVVTAL ATTO TOV
diepunvéa.

map (function, iterable, *iterables)
Emotpéper évav iterator mwov epapuolel function oe K40e otolyelo tov iferable, divovtag ta amotelé-
opata. Edv mepdoovv emumhéov opiouorta iterables, M function mpémel vo. MaPeL TOOQ 0piouaTo KoL vo
eqapuotetal ota otouyelo amd dha ta iterables mapddinko. Me molhashovg iterables, o iterator ota-
natd dtav eEaviindel o ovvtopdTepog iterable. o ePLTTMOELG GTOV OL ELG0SOL CUVAPTNONG Eivar 1181
dlatetaypéveg oe TAELADES OpLOUATOV, PAéme itertools. starmap ().

max (iterable, *, key=None)

max (iterable, *, default, key=None)

max (argl, arg2, *args, key=None)
Emotpépet to peyalitepo otoryeio oe éva iterable 1 to peyoditepo atd V0 1) TEPLOCHTEPO OPLOUATA.
Edv mapéyeton éva dpiopa 0¢ong, Oa mpémel vo eivau éva. iterable. EmoTpépeTol To Peyahitepo oToLyElo
oto iterable. EGv mapéyovtar 0o 1 meploodtepo opiopato BEome, EMLOTPEPETAL TO LEYOAITEPO ATTO TO.
oplopota B¢omng.
Yndpyouv dvo mpoarpetikd opiouato THmov AEEN-Kkhewdi. To dpiopa key kabopilel o ouvapTnon to-
ELvounong evog opiopatog OTTmg ot ypnowtosoteitaL yito 1ist . sort (). To dpiopo default kabo-

piCer éva aviikeipevo wov Oa emotpépel v to iterable mov mapéyetan ivan kevo. Edv to iterable eivon
Kevo Ko To default dev mapéyetal, yivetal raise (o ValueError.

Edv mold otouyeia eival péylota, 1 ouvAapPTNOT ETLOTPEPEL TO TPMTO TOU ouvavInOnke. Avto ei-
vou oVupmvo pe dhha epyaleio diatnpnong otabepdtnrag taEvounong émwg sorted (iterable,
key=keyfunc, reverse=True) [0] Kavheapg.nlargest (1, iterable, key=keyfunc).
AMaEe oty €kdoon 3.4: [TpootéOnke 1 mopaueTpog uovo AEEns-kheldi default.

AMoEe oty ékdoon 3.8: To key uropei va givar None.

class memoryview (object)
Emiotpépet évo avitkeigevo «memory view» 1ov dnuovpynonke amd to ouykekpluévo opiona. Bléme
Overg Mvijung Y10, TEPLOOOTEPES AETTOUEPELEG,.

min (iterable, *, key=None)

min (iterable, *, default, key=None)

min (argl, arg2, *args, key=None)
Emotpépel to ukpdtepo otoyeio oe £vay iterable 1) to pukpdtepo atd 0o 1) mepLocdTEP OpioUaTA.
Edv mopéyetan éva dpioua 0¢omg, Ba mpémel va elvon éva iterable. Emiotpégel To wKkpotepo otouyelo

otov iterable. Edv mapéyovion 0o 1| meplocdtepa oplopato O£0mMG, EMOTPEPETOL TO WKPOTEPO ATTO TAL
oploporta B¢omng.

Yndpyouv 0o mpoarpetikd opiouata tomov AEEN-Kkheldi. To dpropa key Kabopilel o ovvaptnom to-
Ewvounong evog opioatog OTTmg auth ypnowuosoteitan yie to 1ist . sort (). To dpiopa default kabo-
piCeL £va avTikeipuevo mov Ba emotpéel edv To iterable wou mapéyeton eivar kevd. Edv to iterable givou
Kevo Kot to default dev mopéyeTaL, yiveton raise wo. ValueError.

Ed&v mol\G otouyeia eivor erdylota, 1 ouvapTnot emoTPéPeL TO TPMTO TOV oVvavINONKE. Auto E&i-
vou oVUpmvo ue Ghha epyaieia drathpnong otabepdtnrog TaEwvounone, 6nwg sorted (iterable,
key=keyfunc) [0] Kot heapg.nsmallest (1, iterable, key=keyfunc).

AMaEe oty ékdoon 3.4: TIpooténke 1 mapduetpog povo MENG-Kheldi default.
AMoEe oty £xdoon 3.8: To key pwtopei va eivol None.

next (iferator)
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next (iterator, default)

Avditnon tov enduevov otolyelo amd to iterator Kahmvrag ™ uébodo _ next_ (). Edv 800¢el default,
emotpépetan edv o iterator éyel eE0vTinOel, dlapopeTikd yivetal raise o 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.

Znuai(ﬂ(m: object does not have a ___dict__, so you can’t assign arbitrary attributes to an instance of
the ob ject class.

oct (x)

Metatpémel évav aképoto apldud oe uo oktadiky ouufolooelpd ue mpddeua «0o». To amotéleouo
eivan po £ykupn ékgpaon Python. Edv to x dev eivan éva avrikeipevo Python int, mpémel va opioel pua
uébodo ___index__ () mov emoTpépeL Evav aképato apdud. INa mopdderypo:

>>> oct (8)
'0010"

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

Edv 0éhete va uetatpépete Evav aképato aptdud oe oktodikt oupuforooelpd ite ue to mpdepo «0o»
eite OyL, WTOPELTE VAL YPTOLUOTTOOETE VAV OTTO TOUG TTAPAKATM TPOTOVG.

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

('0o012', '12")

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

>>> f'{10:40}', £'{10:0}"

('0o12', '12")

Agite emiong ™ format () yuo TEPLOCOTEPES TANPOPOPLES.

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

Avoliyel to file Ko emotpépel éva avtiotouyo file object. EGv to apyeio dev umopel vo avoiel, yiveto
raise wa OSError. Agite To tut-files yio mepLoodtepa mapadelypuato xpnong ouTng T GUVAPTHOoNG.

To apyeio eivon €éva path-like object wov divel 1o Gvoua dLodpourg (ATTOLUTO 1) 08 GYEON UE TOV TPEYOVTOL
KatdAoyo gpyaociag) Tov apyeiov tov o avoiel 1 évag axépaiog meprypapéag apyeiov Tov apyeiou
710V TTPOKELTOL VO avadLmAwOel. (EQv divetou évag mepLypagéag apyeiov, KAeLVEL OTAY TO EMLOTPEPOUEVO
avtkeipevo I/0 eivoar kKheotod 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.getencoding () 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

U0 avorypa yua avéryvoon (default)

"w' AVOLYLLOL YLOL EYYPOPT), TTEPLKOTTTOVTOAS TPMDTO TO 0Py ELo

'x' AVOLYILOL YLOL OLTTOKAELOTLKT] ONULOVPYLQ, OITOTUYYAVOVTAS EQV TO 0PYELO VITAPYEL OT
'a' AVOLYUOL YLOL EYYPOPT], TPOGOPTATOL OTO TEAOG TOU ALPYELOV EQV VITAPYEL

'b! dvadikm (binary) Aettovpyio

0{g o Lettovpyio kewuévou (default)

Tt avorypa yua evnuépwaon (avaryvwaon ko eyypopn)
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H stpoemmiheypévn Aertoupyia eivor "r' (avolyel yio avayvmon Kelwévou, ouvavupo Tov 'rt ). Ou Aet-
Tovpyleg 'wt' Kou "w+b ' avoiyel ko wepLkofel To apyelo. Oudertovpyieg 'r+' and "'r+b' avoiyovv
TO aPYELO XWPig TEPLKOTT.

'Onwg avagépetal ato Overview, 1 Python kdver dtakpLon peta&d dvadikot ko keypwévou I/0. Ta apyeio
OV avolyouv og duadLkt Aettovpyia (cuumepthapfavouévov tov 'b' oto OpLopa mode) ETLOTPEPOVY
T TEPLEXOUEVO WG byt es OVTIKEIEVA XWPIG ATOKMILKOTOIN 0. ZT1 AELToupYia KEWEVOU (1] TPOETL-
Moyn, N 6tav 1o 't ' mepthappdvetal oto dpLoua mode), TO. TEPLEXOUEVA TOV APYEIOV ETLOTPEPOVTOL
WG str, 1o bytes é0VV TPMOTA ATOKWILKOTONOEL YPNOLUOTOLDOVTOG UL EEAPTMOUEVT] ATTO TAATPOPUO.
KwdLkomoinon 1 xpnon g Kaboplouévng kwdikomoinons edv divetod.

Inueiwon: H Python dev eEaptdtor amd TNV £vvolo TwV apyeiwv KELWEVOU TOV VITOKEIUEVOU AELTOUPYL-
KOU OVOTNUOTOG O 1 emeSepyaoia yivetar amd v idua tnv Python xou emouévag eivor aveEaptin
aITd TNV TAATPOPUO.

To buffering elvor €vag TPOOLPETIKOG AKEPALOG TTOV Y PNOLLOTTOLELTOL YL TO OPLOUO TNG TTOALTIKNG QLTTO-
OnKevong oty tpoowpviy wvnun. Mepvdel to 0 Yo Vo ATEVEPYOTOLACGETE TNV TPOCWPLVY uvnun (EmL-
tpémetal uovo og duadik) Aettovpyia), To 1 yia va emhéEete mpoowpiviy arrobfkevan ypauung (uropet
va ypnowporomn el udvo dtav ypdpete oe Aettovpyia Keypnévou) Ko évav aképoto > 1 yua va virodeiet
T0 uéyebog oe byte puag TpoowpLvig Uviung tunudtwv otabdepot pueyébovs. Adfete vroyn otL 0 Kobo-
pLopodg evag peyéboug buffer pe avtdv tov 1pdmo woyver yia /O pe dvodiki TpocwpLvy wvnur, aArid to
TextIOWrapper (dnhadm, to apyeio wov avoiyovy pe mode="r+") Oa €xouve dAAn amobnkevon. [
VO AITEVEPYOTTOLOETE TNV TPOoWPLVY] artobrkevon oto Text IOWrapper, eEetdote To evdeyOUeVo va.
YPNOLUOTOMOETE (Wt write_through onuaia ywa io. Text IOWrapper. reconfigure (). Otav
dev divetar dpLona buffering, 1 TPOETAEYUEVT] TTOALTLKY] TPOOWPLVNG aoOfKevong ertovpyel wg eENg:

e To dvadikd apyeia amoONKEVOVTIOL OTHV TPOCWPLVY] UVHUY O KOUUaTie. oTafgpov ueyeé-
Bouvgs to uéyebog tou buffer emhéyetal XPNOWOTOLDOVIOG WOl EVPETIKN TOV TTPOOTAOEL Vo
TPoodLopioeL T «uéyefog TOU UTAOK» TNG UTOKEIUEVNG OUOKEUNG KOl ETCVEPYETAL OF i0.
DEFAULT_ BUFFER_SIZE. Z& mol& cvotipata, 1 tpocwpvy wviun Oa €xer ovvihbmg unkog
4096 1) 8192 bytes.

o «Interactive» opyeio Kelwévou (apyeta yia T ool To isatty () emoTpépel True) YPT1OoLUo-
TOLOVV OTTOONKEVOT YpauunG. AMa apyeia KELWEVOD YPTOLUOTTOLOUV TNV TTOMTLKY] TTOV TEPLYPU-
PETOL TOPATAV® YL SUAdLKA apyeiaL.

To encoding elvol TOo Ovoud TNG KWOLKOTONONG TOV YPNOULOTOLELTAL VL0 TV ATOKMOLKOTOINoN 1)
TNV KOOLKOTOINoY Tov apyelov. Oo mpémel va yP1OLUOTOLELTOL WOVO 0 Aettovpyia Kewwévov. H
TPoETAEYUEVY] Kwdlkomoinon eEaptdtar amd v mhatpdpuo (0Tdfmote emotpéper | locale.
getencoding () ), 0A& 0TTOL0dNTTOTE fext encoding mov vitootnpiteTol 0o tnv Python. Agite to module
codecs Yo, ™) MoTo TV Voo TNPLLOUEVOV KWOLKOTTOLOEWV.

To errors €ivoL o TPOOLPETLKT] GVUPBOLOOELPE OV KAOOPILeL TOV TPOTO YELPLOUOD TWV CQUAUG-
TOV KWOLKOTOLN0NG KO ATOKMALKOTOINoNG-auTd deV uiopei va ypnouomotn el oe duadikr| Aettovp-
yio. Avotifetan par workihio TumK®V epyoleimwv xelpltopot opaludtov (apatifevtar oty evotnta
Error Handlers), oy Ko 0TtoL001Htote Gvouo XELPLoUoy opaludtmy €xel KotaympnOel ue 1o codecs.
register_error () elvol emiong ¢ykupo. Ta Tumkd ovopota sephaufdvouy:

e To 'strict' kavel raise pa eEaipeon ValueError edv vmapyel o@diua Kodikomoinong. H
TPOETAEYUEVT TLY] TOV None €XEL TO (810 aTToTéELET|AL.

e To '"ignore' ayvoel To OQPAMLATO. ZNUELDOTE OTL 1] TAPAPAEYT CPAAMIATMV KWOLKOTOINONG
WITOPEL VoL 00N YNOEL 0€ OTTMAELL DESOUEVAV.

o To '"replace' TPOKAAEL TNV ELOAYWYY EVOG OEIKTN AVTIKATAOTOONG (0TS ' 2 ') OTAV VITAPYOVY
dedouéva ue havlaouévn poper).

e To 'surrogateescape' 0o aviutpoowsmevel Tuxdv Aavbaouéva bytes wg Hovadeg yauniov
VITOKATAOTOTOU KmALKoU tov Kupaivovior amd U+DC80 émg U+DCFF. Avutég oL uovadeg vmo-
KATAOTOTOU KOOLKOU 00l UETATPOTOUV 0TI CUVEXELX OTA (dLa bytes OTaV 0 YELPLOTIG CPAALATMY
surrogateescape P OLLOTOLELTOL KOTA TNV eyypapt) dedouévwv. Autd eival XproLuo yio Tnv
eneEepyooia apyeimv oe Gyvmotn Kmdikomoinon.
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e To 'xmlcharrefreplace' vmootnpiletan wOVo Kotd TV eyypapn o apyeio. O xapakTpes
7oV deV VITOOTNPLLOVTAL ATTd TNV KMALKOTOiINoN ovTikoOioTavtal Ue Ty KaTtdAMnin avagpopd
yopaxthpov XML &#nnn;.

e To 'backslashreplace' avukafiotd dedouévo ue havOaouévn nuoppn amd g akohovdieg
dLapuyng pe avaotpoyng Kabétov Python.

e To 'namereplace' (vootnpileTor emmiong LOVO KATA T OUVTAEY) avTLKaOLOTA TOUG U1 VITo-
otPLLOUEVOUGS YopaKThpES Ue akolovBieg drapuyng \N{ . . . }.

To newline kaBopilel ToV TPOTO AVAIIONG XAPUKTNPMVY VEOG YPOUUTNG 0TTO T poT). MItopel vol givai Ko
None, '', '"\n', "\r', kot '\r\n"'. Aartovpyei wg eENg;

o Katd v avayvoon e06dov amd v pot), edv 10 newline eivor None, N ko0olkn Aettovpyio
VEQV YPOULMV givar evepyomomuév. Ou ypauuég otny €icodo umopovv vo. tehetdvouvy o '\n',
"\Nr', 1 "\r\n', Ko autd petappdlovtal o8 ' \n' IpLy EMLOTPAPOUV 0ToV Kahouvta. Edv eivon
' M KaBolkn Aettovpyia VEV YPaUUdY glval evepyomouév, allé oL KoToMEELS YpOouudV
ETLOTPEPOVTAL OTOV KOAOUVTA AUETAPPOoTa. EQv €xel kdmolo oo Tig dAheg vOULUEG TLUES, OL
vPaUUES €L0OdOV TEPUATILOVTOL LOVO OTTO T dedouéV GUUBOAOTELPA KOL 1] KATAANEN YPOUUNG
EMLOTPEPETAL OTOV KAAOUVTA OQUETAPPAOTY.

o Katd v eyypagn eé£660v ot porj, edv to newline givar None, Tuyov xapoktipes '\n' ueto-
PPATOVTAL OTO SLOYMPLOTLKO TPOETAEYUEVOV YPOUUMY TOV GUOTNUATOG, 0S . L inesep. Edv to
newline ebvat ' ' 1 ' \n', O&V TPAYUOTOTOLELTOL UETAPPAON EAV TO newline giva 0ToLodNTOTE ALTTO
TLG AAAEG VOILUEG TUES, YPAPOVTOL OTTOLOLONTTOTE XAPAKTNPES ' \n' ueTappdtoviol ot dedouévn
ouvpporooelpd.

Edv to closefd eivor False Ko €xel d00el évag mepLypapéog apyeiov ovti yio éva ovoua apyeiov,
0 VTOKELUEVLKOG TEpLypapéas apyelov o mapapeivel avorytog dtav to apyeio kheioel. Edv do0eil éva
ovopo. apyetov to closefd mpémer va eivor True (1) TPOETAOYN) SLAPOPETLKA, O TPOKVPEL EVaL OPANUAL.

'Evo tpooapuoopévo tpdypauua avolyuatog umopel vo ypnowomomei petafipdtoviag éva callable
g opener. O VTOKEIUEVOS TTEPLYPAPEAS OPYELOV YLl TO OVTIKEIUEVO apYelov AauPAveTaL 0T OUVEELD
KaAdvTog To opener Ue (file, flags). To opener mpémel vo. eMOTPEPEL EVOL TEPLYPAPED QVOLYTOV apYELO
(TEePVMVTAG 05 . open wg opener £XEL MG ATOTELECILO AELTOVUPYLKOTNTOG TOPOUOL [LE TO VO TEPAOOVE
10 None).

To véo dnuLovpynuEVo apyeio eivaw non-inheritable.

To mopoKdT® TOPAIELYILO XPTOULOTOLEL TNV TAPAUETPO dir_fd Thg CLUVAPTNONG Os. open () Yo Vo
avoi&el éva apyeio oe oxéon pe évov dedopévo KoTtdhoyo:

L

>>> import os
>>> dir_fd = os.open('somedir', os.O_RDONLY)
>>> def opener (path, flags):
return os.open (path, flags, dir_fd=dir_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 O T OUVAPTNOYN open () €EapTaTaL OO TN AL
Tovpyla. ‘Otav t0 open () ypnowomoleital yior to dvoryua evdg apyelov oe Aettovpyio Keué-
vou ("w', 'r', 'wt', 'rt', K.AW.), EMOTPEPEL (A VITOKAAON Tov io. TextIOBase (specifically
io.TextIOWrapper). ‘Otav YPNOLWOTOLEITOL YO0 TO Gvoryno evog apyeiov oe dvadikn Aet-
TovpYleL UE TPOOWPLVY aToBNKeEVON, 1 KAAOT TTOU EMOTPEPETAL EVOL WO VITOKAGOYN TOv io.
BufferedIOBase. H axpifing khdon molkidhel: og Aertovpyict duadLkNg avayvmong, emLoTpEpeL
éva. io.BufferedReader « 0¢ QUUOLKEG KATOOTAOELS EYYPOPNG KoL dLAdIKNG TPooOfkne, emL-
OTpéQeL €va 10. Bufferediriter, Kol 0T AELTovpyio aviyvoong/eyypapns, ETLOTPEQPEL €va 1 0.
BufferedRandom. Otav 1 IpocwpLvy] arroONKevon VoL OITEVEPYOTTOLUEVT], ETILOTPEPETOL, 1] OKA-
TEPYAOTY POT| , ILat VITOKAGON 0. RawIOBase, io.FilelO.
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Acgite emiong g evoTiteg duayeiplong apyeiwv, dmwg £ileinput, io (6mov opietorn open ()), os,
os.path, tempfile, KoL shutil.

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

Ta opiouata mode Ko £lags UTOPEL Vo €xouv Tportomotn0el 1 va €govv ouvoyOel amd TV apyLkn
KA om.

AMEe oty xdoon 3.3:
o Tpootébnke 1 mopdueTpog opener.
« Tlpootébnke M hettovpyio "x .
e To TOError ywotav raise wolld, TP eivol YPevdwvuuo Tov OSError.

e To FileExistsError yivetal raise Topo €4V TO OPYELO TOV AVOLYEL OE AELTOVPYIO OTTOKAELOTL-
KNG dnuovpyiag (' x ") vdpyel .
AlhaEe oty ékdoon 3.4:
o To apyeio givar Théov un KAnpovouuko.
AlMaEe oty ékdoon 3.5:
o EGv m kMjon ovothpotog SLakomel Kou 0 YEPLOTNG onuatog dev Kdvel raise o eSaipeon,
1 OUVAPTNON ETOVOLAUPBAVEL TP THY KON OVOTAUATOS avTi va Kdvel raise o eEaipeon
InterruptedError (deite to PEP 475 yio 1o 0KemTIKo).
o TpooTtébnKe T0 TPOYPAUUA YELPLOUOV OPAAUATOV 'namereplace’.
AMoEe oty ékdoon 3.6:
o TpootébnKe VITOOTNPLEN YO TNV ATODOY T AVILKELUEVWY TTOV VAOTIOLOVV O0s . Pathlike.

o Zta Windows, TO GVOLyIOL LLOG TTPOCWPLVAG UVNUNG KOVOOAOLG UTTOPEL VO ETLOTPEWEL (Ot VTTOKAGON
TOV 10.RawIOBase eKtdg amd 10 10. FilelO.

AMoEe oty ékdoon 3.11: H kertovpyio 'U' €xel agapebei.
ord (c)

Aedouévou uag oupporooelpds Tov avTLpoomevel Evay yopoktpo Unicode, emlotpépel évov oKe-
POLO TTOV OVTLITPOOMITEVEL TO oNuelo Kwdikov Unicode ovtol tov yoapoakmpa. Ta mapdaderyna, to
ord('a') emotpépelL Tov aképaro opdud 97 kar ord ('€') (oUuPBolo Tov EVPW) EMOTPEPEL 83 64.
Avut6 gival to avtiotpopo tov chr ().

pow (base, exp, mod=None)

Emotpéper base otnv duvaun exp*. edv vadoyet 1o *mod, emotpégel base otnv duvour exp, modulo
mod (VIToAOYIZETOL TTLO OTTOTEAECUATIKG 0td TO pow (base, exp) % mod). H popua &0 optopdtmv
pow (base, exp) LOOOVLVAUEL Ue TN ¥P1 O 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 toug teheotég g int base Ko exp, eGv vtdpyeL mod, To mod TPETEL ETLONG VO ElvVAL AKEPALOV
TUTTOV Ko To mod Tpérer vo. ivan un undevikd. Edv vdpyer mod kou 1o exp glval apvitiko, to base
TPETEL VO, ELVOL OYETIKA TTPWDTO OTO Mod. Ze VTNV TV TEPLITTWON , EMOTPEPETOL TO pow (inv_base,
—exp, mod), Omov 1o inv_base gival avtiaTpogo tov base modulo mod.

AxolovBei éva Tapaderypa VITOAOYLOHOU EVOG AVTIGTPOQOL YLo. To 38 modulo 97:

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

(OUVEYELD TNV ETTOUEVY] GEMDO)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)
>>> 23 * 38 % 97 == 1
True

AMoEe otnv ékdoor 3.8: T Tov TeAeOTEG int, 1) LOPPT TPLHV OPLOUMY TOU POW ETLTPETEL TAPA TO
deVTEPO OPLOUN VAL ELVOL OPVNTLKO, ETTLTPETOVIOG TOV VTOAOYLOUO TOV apOpOTMV OVTIOTPOPM®Y.

AMoEe oty éxdoom 3.8: Emitpémovran opiopato keyword. ITahawdtepa, vrootnpifoviav udvo opi-
ouata OEong.

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

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

‘Oha To. um keyword opiopato petatpémovial 0e GUUBOA0OELPEG OTmG KAVEL 1] St () KoL YPAPOVTOL
0T PO}, YWPLOUEVA UE sep Ko okolovBouvtal amd end. Kai ta 800 sep ko end mpémel va eivol ovp-
Bolooelpéce umopel emiong vo eivan None, wov onuaivel 0tL Bo xpNoLuoTotn0ovy oL TPOETAEYUEVEG
Tuéc. Edv dev divovion avakeiueva, W print () o ypdypel anhd end.

To 6propa file Tpémel vo eivar ovTLkeipevo pe i pébodo write (string) "« edv 8Sev undpyetl
n etivalr " None, Oa xpnowwomomOel 1o sys. stdout. Eneld) to Tumwpéva opiopoto UETATPETOo-
vtaL o€ ouUBoNOOELPEG KEWEVOU, 1] print () OEV WITOPEL VO XPNOLUOTOMOEL Ue avTIKEIUEVA OpyELOV
duadikng Aettovpyiac. o ovtd, ypnowwomotovue to file . write (.. .).

H npoowpuvi| amobnxevon eE6dov kabopiletor ouvnBwg amd to apysio. Qotdoo, ebv to flush eivor
olnBég, n pon EemhéveTol OVOYKAOTLKA.

AMEe oty £xdoon 3.3: Tlpootédnke to dpiopo keyword flush.

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

Emotpépel £va yopakTnplotko idtnrac.

To fget eivan o GuvAPTNON Lo T MY Wog TG xapoktnplotikov. To fser eivor wa ovvdptnon
YLOL TOV 0PLOUO (oG TG xapoaktnplotikov. To fdel eivar pior ouvaptnomn yio T dtoypapn Wog TUnNG
yopaktnplotikov. Kot to doc dnuouvpyet po ouuBorooelpd eyypapmv Yo To XopaKTNPLOTIKO.

Mua Tummikt] xpnon elvol 0 0pLopdg evog dLaeLpLLOUEVOL YOPUKTNPLOTIKOV 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.")

J

Edv to ¢ glvan éva instance tov C, t0 ¢ . x 0o KAAEOEL TOV MjTTN, T0 . x = value' ©Oa kxaAléoer
Tov pubuioTr, kxai To | “del c.x TOV dLAyPAPEd.

Edv divetat, o doc Oa eivar to docstring Tov opaKTneLoTtkoy 1ddTnTog. ALopopeTikd , 1) tdLoTNTe Ot
avtrypdaper ™ ovpPorooelpd Tov fger (v vitdpyer). Avtd Kablotd duvat) T dnuovpyio LOLOTNTMV
HOVO Y1a AvAYVmOoT), EDKOA Y PNOLULOTOUNVTAG T property () g decorator:

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

(ouvéyela oty eV oehida)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)
@property
def voltage(self):
"""Get the current voltage."""
return self._voltage

O decorator @property petatpémel Ty w€Hodo voltage () o€ «getter» yio Vo XOPAKTNPLOTLKO HOVO
YLOL VALYV OT) UE TO 1810 dvoua, kKo opilel T ovppolocelpd eyypdopmy yio voltage oe «Get the current
voltage.»

@getter
@setter

@deleter

"Evo avtikeipevo 1duotnrog €xel uedddovg getter, setter, kow deleter mov Umopovy va ypn-
oLoToNB0VV MG SLAKOCUNTES TOU dNULOVPYOUV EVOL AVTILYPAPO TNG LOLOTHTAG UE TNV OVTIOTOLYT
oUVAPTI O accessor v £xeL opLotel otov decorator. Avtd eEnyeitan Kalvtepa pe Eva mapaderypa:

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

@property

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

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

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

Avtdg 0 KOdLKOG Elvol aKpLB®G LO0dVVAIOG LLE TO TPMTO Tapaderyua. Ppoviiote va dMOETE OTLG
TPOoDeTEG CUVOPTNOELS TO 1010 Gvoua (e THV Py WOLOTNTA (X 08 AUThHY TNV TTEPimTmon.)

To ETLOTPEPOUEVO AVTIKELUEVO LOLOTNTOG £XEL ETTLONG TA XOPOKTNPLOTIKA fget, fset, kou fdel
TTOV OVTLOTOLYOVV GTO OPLOUATO TOU KOTAOKEVALOT).

AMaEe oty ékdoon 3.5: Ta docstrings TV OVTLKELUEVOV LOLOTNTAG eival TAEOV EYYPAPLUES.

class range (stop)
class range (start, stop, step=I)

Avtl va givor ouvapnon, 1o range elvol 0NV TPAYUATIKOTNTO £Vag OUETAPANTOG TUTOG akohovbiag,
OTWG TEKUNPLOVETOL 0T0 EVo1) (Ranges) kKau TUmor Akolovbiag (Sequence) — list, tuple, range.

repr (object)

Emotpéper wa ouuBorooeLpd Tov TEPLEXEL U0 EKTUTMOLUY AVATAPAO0TO0T VoG avtikelévou. T'a
TTOAAOVG TUTTOVG, AUTI 1] CUVAPTNOT KAVEL (o TPOOTAOELD VO EMLOTPEYPEL (o cUUBoAOTELPA TToV Oa
aTEdLOE Vo AVTLKELUEVO pe TNV 1L Ty Otav petafifalotav oto eval () « SLOPOPETIKA, 1] AvVATTaL-
pGoToon elvol pua oupPorooelpd Tov epLKAELETOL 08 AYKUAES TTOU TTEPLEXEL TO OVOUL TOU TUTOV TOU
ovTikelwévou naki pe mpodobeteg TAnpopopieg mov ouyva mepthaufavouy to dvoua Kol Tt dtevbuvon
Tov avtikelévov. Mia kKhéon propei va ehEyEeL T LOTPEPEL QUTH 1) CUVAPTIOT] YLOL TIG OVTOTNTEG TNG
opilovtog pa nébodo __repr_ (). Eav m sys.displayhook () dgev eivow mpoofdoiun, auty M
ouvaptnon Ba kdvel raise 10 Runt imeError.

Avti) 1 KAMAOT €EL LG TTPOOAPUOOUEVT] AVOTTOPAEOTOON TTOV WTopel vo aglohoynOei:
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-

L

class Person:

def _ init__ (self, name, age):
self.name = name
self.age = age

def _ repr__ (self):
return f"Person('{self.name}', self.age /)"

reversed (seq)

Emotpéper éva avtiotpogo iterator. To seq mpémer va givar €vo avitkeiuevo mmou €xet o néhodo
__reversed__ () 7 vwootnpilel 1o TpwTOKoAo akorovBiag ( uébodog _ len_ () kou m uébo-
doc___getitem__ () ue aképoia opiopato mwov EeKtvolv astod 0).

round (number, ndigits=None)

clas
clas

Emotpéper Tov number otpoyyvlomomuévo o ndigits axpipelo uetd v vodiaotol). EGv to ndigits
Topain@Bel N elvan None, ETLOTPEPEL TOV TANOLECTEPO OKEPALO ALPLOUO OTNV €L00O0G TOV.

T Tov EVoopatouévoug THIoVs Tov vtoothpifovy ™ round (), oL TWEG OTPOYYVAOTOLOUVTOL GTO
mnoéotepo molamthdolo tov 10 oty dvvaun ueiov ndigits*« edv dvo mordamrdoia elvau e&lcov Ko-
VT4, 1] 6TPOYYVAOTTOINGT YIVETAL TTPOG TNV doTia emAoyn (étot, yua mapddetyua, téoo to “round(0.5)" kat
“round(-0.5)" elvar "0, kou “round(1.5)" elvar “2™). Omoradnmote axéoaia Tun elvar éykvon yia *ndigits
(BeTixem, undevikn, 1) apvntikt). H emiotpepopevn tun eivor axépanog edv to ndigits mopaierpdei 1 elvor
None. ALOPOPETLKA, 1] TLUT) ETLOTPOPNG EXEL TOV LOLO TUITO e TO number.

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

Ynueimon: H ovumepupopd tov round () yuo floats uwopel vo givor eKTANKTiKy: yio Topdderypa, To
round (2.675, 2) 8iveL2.67 avilyio 1o ovopuevouevo 2 . 68. Avto dev eival bug: elvol amotéleopo
TOV YEYOVOTOG OTL TOL TTEPLOTOTEPQL dEKAIKE KAAOUATA OEV WITOPOVY VO AvaTTapaoTafoy akpLBmg wg
float. Aeite To tut-fp-issues yia TEPLOOOTEPES TANPOPOPIES.

s set
s set (iterable)

Emotpépet £va vEo aVTIKEIIEVO set, TPOULPETLKA e oToLyEla TTov haufavovtal amd to iterable. To set
elval o evoopatouévn KAGon. Asite set ko Tomor Svvddov (Set) — set, frozenset yuo. TEKUNPLWOT
oVTNG TG KAAONG.

T dAha containers, deite TG evompatwuéveg KAAoelg frozenset, 1ist, tuple, Kol dict, KOG
Kxou to module collections.

setattr (object, name, value)

clas

Avuto givar to avtiotolyo tovg getattr (). Ta oplopota eivar €va avTIKEIPEVO, ud GVUBOAOCELPG
Ko wo avBaipetn tuy. H oupporooelpd uwopet vo 0voudoeL Eva vitdpyov xopaKTnpLoTiko 1 £va vEo
yopaktnpLotiko. H ouvéptnon exympel v Tiun 0To XopaKTpLlotiko, ue v spoimdOeon ot to avi-
Keluevo to emrpémel. Lo mopdderyuo setattr (x, 'foobar', 123) w00dvvapuei ue 1o x . foobar
= 123.

To name dev ypewdletar va eival ovoyvwpiotkd Python dmwg opiletar oto identifiers , extodg
£Gv TO aviikeipevo emAéEeL vo to emBarer autd, yio mapdderyuo oe €va TPOCAPUOOUEVO
__getattribute_ () f uéow __slots__ . Eva xopaKtnplotikd Tou omoiov To Ovoua dev eivat
ovoyvmpLoTKo dev Ba elval TPooBAoLUo YT CLULOTTOLMVTAS T OUELOYPapia, ML elvol Tpoofdoio
UEow TOV getattr () KA.

Inueiwon: Aedouévou 6Ti To private name mangling cuupaiver Katd T oTLyus) TG UETOYADTTLONG, TPE-
TTEL KOVELG VAL TOPAUOPPDOEL PE W) OUTOUATO TPOTTO TO Hvoua £VOG LOLMTIKOD YAPaKTNPLOTLKOV (Xopa-
KTNPLOTLKAG pe dV0 TTpomopevdpeveg KATm TOUAES) YL VO TO OpLoEL Ue setattr ().

s slice (stop)
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class slice (start, stop, step=None)

Emiotpépete £va avitkeievo slice mov aviutpoommeVel To OVVOLO TV SELKTMV oV Kabopifoviat amd
To range (start, stop, step).Ta opiopota start Ko step eivon 0o mpoemioyh None.

start
stop

step

To OVTLKELLEVA TUNUATOV EXOVV XOPOKTNPLOTIKE dedouévawv novo yia avéyvoon start, stop,
KoL step T 0Tolo TAMDG ETLOTPEPOVY TLG TLUESG TOV OPLoUATog (1] TV TPOETAOYY| TOVG). Aev
éyxouve G pNTH AeLTovpyLtKOTNTO: 10TOC0, XpNotuootovvtal amtd To NumPy Ko Ghho mokéto
TplTOV.

Ta avrkeipeva slice dmuovpyolvrar emiong Otav ypnoluomoleital ektetauévy ovvtagn evpetn-
piov. Tl mopdderyua: a[start:stop:step] M alstart:stop, i]. Aelte ) itertools.
islice () Yo o eVOMOKTIKY £KO00T| TOV EMLOTPEWPEL EVAL iterator.

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

Emotpéper pa véa taSivounuévn Aloto oo ta otoyeia oto iferable.
"Exel 800 poaipetikd oplopato. mov mpérel vo kaboplotouv mg opiopota AEEEmV-KAeLSLDV.

To key xkaBopilel pa ouvaptnon evdg opiouatog Tov ypnotpuomoLeital yio Ty eEaywyr evog kKhetdLov
oUYKPLOTG atd K40 atouyelo oto iterable (yio mopdderyna, key=str. lower). H mpoemheyuévn tum
eival None (ovykpivel ta ototyeia amevdeiog).

To reverse givar o Svadikn Tur. EGv oplotel oe True, T0Te 0 0TOL)ELC TNG MoTag Tagivopouviol ooy
va eiye avriotpogel Kabe ovykpLom.

XpNowomoLote 10 functools.cmp_to_key () YL VO UETATPEPETE U0 CUVAPTNON cmp TOALOY
TUTOV O€ OUVAPTN O key.

H evoopatouévn ovvdptnon sorted () eivow eyyvnuévn ot eivow otabepr). Mo ta&wvounon eivou
otafept) edv eyyvdTol Ot dev Oa alGEEL 1) OYETIKT OELPA TV OTOLYELMY TTOV oUYKpivovTaLl ioo — avTd
glvou xpNoLuo yio TaELvounon o€ ToAOTTAG TepGopata (Lo Tapdderyud, TaEvounon ové Tufuc, Ueto
avé woboroyko fadud).

O alyopbuog taEvounong ypnowomotel udvo ovyKpioelg < pueta&u otolyeimv. Evid o oplopodg uog
ueboddov __1t__ () apkel yia v tagvounomn, to PEP 8 cuviotd ko tig €EL rich comparisons swov Oo
eaprootovv. Avtd Bo fondnoel 0TV oToPUY CPAMAT®Y KOTA TH XPNoN TV idLwv dedouévmy e
dMa gpyodeio udtagng, Omwg max () mov Bacifovrol oe dragpopetiki) virokeinevn wébodo. H viomoi-
nom Ko Twv €EL ovykpicewv fonba emiONG 0TV AITOPUYY GUYYVONG YO CUYKPIOELS WKTOU THITOU TTOU
uopovv va Kahéoovy Ty avakhouevn uébodo gt ().

T tapadeiypoata ToEvounong kot £vo ouvtopo oguvéplo TaEvounong, avatpéEte oto sortinghowto.

@staticmethod

Metotporn wog uebddov og otatiky uéhodo.

Mo otatikt) uébodog dev haufavet éva olmmnpd Tpwto opiopa. [ va dnhwoete pua ototiky uébodo,
YPNOLUOTTOMOTE QUTO TO LOLWUOL:

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

H @pdpua @staticmethod sivan o ovvaptnon decorator — deite function yio Aemtouépelec.

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 otatikéc uéBodot oty Python eivou apduoreg pe avtég wov Bpiokovral oty Java 1 otn C++. Eniong,
ovatpeEte ot classmethod () Yo JoL TAPOALOYY TTOV glval yprjotun yio. T dnuovpyia evolhoKTL-
KOV KOTAOKEVAOTOV KAAOEWV.
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‘Ontwg 6hot oL drakoountés, eivar emiong duvatod vo Kohéoete v staticmethod g KOVOVIKY] OU-
VAPTNON KoL VO KAVETE KATL UE TO ATOTEAEOUA TNG. AVTO ELVOL OITOPALTNTO 0 OPLOUEVES TTEPUTTMOELS
OTTOV YPELATEDTE UL AVOLPOPA OF WO OVVAPTNOT 0TTo €va ompa KAAoNG KoL OEAETE VO 0TTOQUYETE TV
ovtduaty petatpom) ot instance pEB0do. I'or AUTEG TLG TEPLTTMOELS, YPTOLUOTOOTE CUTO TO LOLMLLAL:

def reqular_function() :

class C:
method = staticmethod (regular_function)

TN TepLocdTEPEg TANPOQOPLEG OYETIKA Ue TIG oTaTIKEG ueBddoVG, deite To types.

AlhoEe oty ékdoom 3.10: Static methods now inherit the method attributes (__module_ ,  name_
__qualname_ , __doc__and _ _annotations__ ), have a new __wrapped___ attribute, and are
now callable as regular functions.

class str (object=")

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

Emotpéper o €kdoom st r tov object. Agite str () yio hNemTOuépELeG.

To str eival 1 evoouatwuévy ouuBorooeLpd class. Tia yevikég TANPopopies OYETIKA Ue TG GUUBOAO-
oelpéc, avatpeEte Tomog Akolovbiag (Sequence) Keyuévov — str.

sum (iterable, /, start=0)

ABpoilel To start koL To otouyeia evig iterable amd aplotepd TPog deELG Kaw emoTpEPEL To gUvoro. Ta
otouyelo tov iterable eival cuviBwg aplBuot ko 1) T EvapEng dev emtpémeTol va. eivol cuBoAOsELPAL.

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 ().

AloEe oty ékdoom 3.8: H mapauetpog start pmopei va. kaboplotel mg dpioua keyword.

class super

class super (type, object_or_type=None)

Emotpépet €vo ovTLKeiievo dLokouoty) Hecohdpnong mov ekympel kKAoelg uebddov oe po yovikn M
adep@rn kAo type. Autd eivar xpnowo yua Ty tpodofaot oe petafipacuéveg uefddovg mov €xovv
mopakoupdel oe o KAGo.

To object_or_type xa0opilel to method resolution order wov Oo, ovalnnOei. H avalntnon Sexuvd amd v
KAGom auéowg Letd Tov fype.

For example, if __mro___ of object_or_typeisD -> B -> C —-> A —> object and the value of rype
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.

Edwv to dettepo dpropa maparepbei, To VITEPAVIIKEIUEVO TTOV EMLOTPAPNKE eV elvar deopevpévo. Eqv
to devtepo dpLoua eivar oviikeipevo, isinstance (obj, type) mpémer va eivor aindég. Eav to
devtepo OpLopa eival £vag TOmog, To issubclass (type2, type) mpémel va eivor alnbég (avtd
elval xpfHolo yio uebddovg khaong).

Yrdpyouv 00 TUTILKEG TEPLITTWOELG YPNONG YLOL TO Super. Z€ Lo LEPAPYLo KAAOEWV e eviaia KANpo-
VOULKOTITA, TO Super WITOPEL VO YPNOLULOTTONOEL Y10 VO OVOPEPETOL O YOVIKEG KMAOELG YWPIG VO TLG
ovopaLEL pNTd, KoOLOTOVTOG £TOL TOV KOILKA L0 dLatnprotpo. Avty 1 xpHom eivar Told mopdiinin
LE T1) (PN OT| TOV super o€ GALeG YAMOOES TPOYPAUUOTIOUOV.

H devtepn mepintman xpriong eivar 1 vtootipiEn Torhaming KAPOVOULKOTITAG CUVEPYOOLaG O€ €va.
duvoko meptBailov exTéheons. AuTi 1) IEPLTTMOo ¥pNoNg eivar povadikm yio Ty Python kou dev pi-
OKETOL 0€ OTOTLKA UETOYAWTTLOUEVES YADOOES 1) YADOOES TOV VITOOTHPILOVY HOVO UELOVOUEVT KANPO-
voukoTTa. Autd KabLotd duvaTy) TV VAOTTONON «dLorypoUIATWY SLOUAVTLDV» OOV TOMES Bootkéc
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KAGoelg vhomotovv TV idLa pEB0d0. O Kahdg oy edLoonos VTaryopeveL Ot TETOLEG VAOTTOLYOELS £X0VV TV
Lo vitoypagn KAong o ke mepimtwon (emeldn 1 oepd Twv KMoewv kKabopiletal Katd Tov xpovo
eKTELEOTG, ETELDN QUTN 1) OELPA TPOOAPUOTETAL OTIG AMOYEG OTHV Lepapyio KAAoEmV Ko ETELdT) oUTH
1 dLata&n propei va mepthaufdver adep@Lkés KAAOELS TTPLV aTtd TOV YPOVO EKTEAEONC).

Kot yia tig 800 meputmoelg ypfone, wa Tutky 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)

Ext6g amd tig avalnmoelg ueddodwv, 1o super () AeLttovpyel emiong yLo avalnToELg YOPAKTNPLOTL-
Kav. Mo mbovy sepimtmon xpfong yio autd givan ) kKAom descriptors o€ po kKhAom yovéa 1 adehpo.

Adfete vroyn OtL 10 super () vhomoteltar wg UEPOg TG dradikaoiog déouevong yio pntég avaln-
TIOELG YOPOUKTNPLOTLKOV Ue KOUKKidEG OTTwG super () . getitem  (name).To Kdvel epopuoto-
vtog T Otk tov uébodo ___getattribute_ () yia avalitnon kKAAoemv ue tpofréyur oepd mou
VITOoTNPILEL TOAATAY KANPOVOILKOTNTO. ZUVETIWG, 1] super () OeV €xeL OPLOTEL YL0L OLOTTNPES avaln-
THOELG TTOV PNOLUOTOLOVY dNAMOELG 1) TENEOTEG OTTWG super () [name].

Adfete emiong vOYPT OTL, EKTOG ATTd T LOPEPY UNOEVIKOV 0ploUaToc, | super () dev meploplletal ot
xphon uebddwv evidg. H podpua dvo opropdtwv Kabopilel axpimg To oplotota Ko KOVEL TLG KATih-
Meg ovapopéc. H pdpua undevikov opiopatog Aettovpyel tovo u€oa o€ Evay oplopd Khaong, kabwg o
UETOYAWTTLOTHG CUUTANPMVEL TIG OITAPOLTITES AETTTOUEPELEG YLOL TV OWOTH OVAKTNON TG KAAONG Tou
opitetat, Kabwmg KoL yia TV TPOaaon 0Ty TPEXOVOa TOPOVGia Yot cuvnOiouéveg uebddovg.
To TPOKTUIKEG TPOTAOELS OYETLKA UE TO TG VO, OYESLAOETE OVVEPYATIKES TAEELS YPNOLUOTOLDVTAS TO
super (), avoTpéEte 001Y0g ypjong super().

class tuple

class tuple (iterable)
Avti va givar ouvapTnon, To tuple eivol OTHV TPAYUOTIKOTNTO VO AUETAPANTOG TUITOG akolovBiog,
omwg tekunpLovetol ota [Tleddes (Tuples) xou Tomor Akolovbiag (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 evoopatouévn ovvdpmon isinstance () GuvioTaTol yio T SOKLUY TOU TOTOV EVOG AVTLKELUEVOU,
emeldn haufaver veoyn Tig vtokidoec.

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 ¢ ype objects:

>>> class X:
a =1

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

See also Tmor Avaikeévaov.

Ta opiopata AEEewv-KheldLhv ov apéyovian T eopua TPLdV opopdtov uetafipdtovral otov Ko-
TdAMMAO punyavioud petokidong (ovvhbwg _ init subclass_ () ) e tov idio 1pdmo mov Ha éxa-
vav oL MEelc-khetdld otov oplopd og 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.
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vars ()

vars (object)
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).

Xwpic éva 6ploua, To vars () lertovpyel dmwg locals (). ENUEUOOTE, OTL TO AeELKO TWV TOTKOV
elvoL XpHoLo HOVo Yo avayvwon, Kabmg oL evnuepdoelg 0To AeELKO TV TOK®VY ayvoouvTal.

Mua eEaipeon TypeError yivetou raise eGv éva avtikeipevo xel kaboprotei ol dev éxel éva yopa-
KNpLotkd _ dict__ (Yo mopdderyna, v 1 KAAOT Tov 0pilel To _slots_ yopaKTnpLoTiko).

zip ( *iterables, strict=False)

Emavdinyn oe morhovg iterables sapddAnka, dNULOvpymvTag TAELGdES e £va avTikeipevo amd 1o Ka-
Béva.

Hopdderypa:

>>> for item in zip([1, 2, 3], ['sugar', 'spice', 'everything nice']):
print (item)

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

Mo tumkd: M zip () emOTPEQPEL Evay iterator TAELAdWV, OOV 1) i-1 TAELADA TEPLEXEL TO i-O GTOLYELO
oo KAOE £va amd TOVG ETAVAUAMPLULOVS OPLOUATWV.

‘Evag aM0g TpOITOg YLt Vo OKEPTELTE TN Zz1ip () €lval OTL UETATPETEL TIG YPOUUEG O OTNAES, KOL TLG
oTNAeG 08 YPOoUUES. AuTtd eivol TAPOUOLO LE UETAPOPUL LOG UNTPOC.

To zip () eivar teumédng: Ta otouyeia dev Oa vitofAnbolv oe emeEepyaocia péypt va emavaingei o
iterable, m.y. ue évav Ppoyo for 1 ue ovadimhwon oe o 11 st.

‘Eva tpdypo ov mpémel va AMafete vdyn eivar ot Ta iterables mov petapipdotnkay o zip () Oa
UITOPOVOAY VO EXOUVE BLOPOPETLKA UMK+ UEPLKEG (POPES ATTO TO OYEDLAOUO KOl UEPLKES (POPEG AOYM
evOg OPAMIOTOG 0TOV KMALKO TTOV TTPoeToipaoe autd ta iterables. H Python mpoogépel tpelg drogpope-
TUKEG TTPOOEYYIOELS YLOL TNV OVTLUETMITLOT CUTOV TOU CNTHUATOG:

o Ano default, 1 zip () otapatd 6tav eEavtindei o cuvtoudtepog iterable. Avtd Oa aryvonoel ta.
VTTOLOLTTOL OTOLYELOL OTOVG UeYolUTEPOULG iterables, KOBOVTOG TO ATTOTELEGUO GTO UIKOG TOU GUVTO-
uotepov iterable:

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

|

e Hzip () xpnowomoieitor ouyva oe mepLitdoeLs 0mov ta iterables virotifeton OTL €xouv ioo prfKog.
Ze TETOLEG TEPLTTMOELS, CLVIOTOTAL 1) XPH01 TG emhoyNg st rict=True. H éE0d0g givau idia ue
TNV KOVOVIKY| Z1ip () :

>>> list(zip(('a', 'b', 'c"), (1, 2, 3), strict=True))
[('a', 1), ('b', 2), ('c', 3)]

e avTifeon Pe TNV TPOETUAEYUEVT] CUIITTEPLPOPL, YiveTau raise éva ValueError eGv éva iterable
eEavtinOel pwv amd ta dhha:

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

(0, 'fee')
(1, "fi')

(ouvéyela oty emtopevn oehida)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)
(2, '"to')
Traceback (most recent call last):

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

Xwpig 1o 0popo strict=True, KaOe opdlua Tov 0dNYel 08 emovolouBovOUEVO UKy dLapo-
peTLKOY uNKoug Oa tebel o oiyaon, TOovmg vo eupaviteTol mg dUoEVPETO 0PI 08 GANO HEPOG
TOU TTPOYPGUUOTOC.

o O wkpodtepot iterables pmopovv vo cuptinpwBov o wa otadepn T wote Oha T iterables vo
€youve To id10 uNKog. Avtd yivetanw amd 1o itertools. zip_longest ().

[epurtwoelg dxpwv: Me éva wovo eovolnmikd opwoua, | zip () emotpépel évay iterator 1-mhelddwv.
Xwpig opiopata, emotpépel Evay Kevo iterator.

Zupfouléc Ko KO ma:

o H oepd 0Elohdynong amd aplotepd pog ta eELd tmv iterables eivan eyyunuévi. Avtd kabuotd
duvaTo Eval LB VLo TNV OUOOOTTOINTT WOG OELPAS dedouévav o ouddeg n-UNKovg ¥P1NoLUo-
TOLOVTOG z1ip (* [1ter (s) ] *n, strict=True).Avtd emovolappdvel TG (dieg ETAVAAMPELS
n @opég £tol wote Kdbe mhetdda €680V va £xel TO ATOTELEOUO. TV KAMOEWV N TTPOG TOV ENAVOL-
M. Avto €xel oG amoTéleopa T dLoipeon NG EL0OSOV G KOUUATLO U KOG,

e H zip () og ouvdvaoud ue tov TeEAeoTH * WITOPEL VA (PNOLUOTONOEL YLOL TNV ITOCUUITTLEDT] PLAG

Morog:

>> x = [1, 2, 3]

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

>>> list(zip(x, y))

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

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

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

AlhaEe oty ékdoon 3.10: TIpootébnke to dplona strict.

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

Inueiwon: Avti ebvor pa Tponyuévn ouvapTnon mou dev ypeldletal 0Tov KaONUEPLVO TPOYPOUUATL-
ouo g Python, og avtifeon pe 1o importlib. import_module ().

Avti)  ouvaptnon koleitor amd ) dMiwon import. Mmopel vo aviikataotadel (Le eloaywyy Tov
module builtins KoL avuoTtoiylon oe builtins.  import_ ) mpokewévov vo aAhGEel 1 onuo-
otohoyia g dMiwong import, ald avtd amoboppivetar 6devapd, kabwng sivar ovviidmg amhov-
OTEPO VAL YPNOLUOTONOETE Ta AYKLoTPa eLoaymyng (deite PEP 302) yio Ty emtitevEn tov idiwv otdymv
Ko O&V TPOKAAEL TTPOPAMUOLTO UE TOV KWMLK TTOV TTPOoUTOOETEL TV YPNON TNG TPOETAEYEVNG VAOTTOL-
nong ewoaywyne. H dueon ypnon tov __import__ () emiong amoBappivetal viép Tov importlib.
import_module ().

H ovvéptnon ewodryer to module name, ypnowwomoimvtag mbovmg ta dedouéva globals xou locals yio vo.
KabopioeL ToV TPOTTO EpuUNVELAG TOV 0VOIATOG O€ €va. thaioto akétov. H fromlist divel ta ovoporta tmv
OVTLKELEVMV 1] TWV VITOUOVAdWYV 1oV Oa Tpémel va eloayBovv artd To module ov divetal amd To name.
H tumiki) vhomoinon dev ypnoipomolel kaBorov to dpopa locals xou ypnowpomolet ta globals tng ndovo
YLOL VoL TTPOadLOpLoEL TO TAOLOLO TOV TaKETOV TG ONAwoNG import.

To level kaBopileL v Oa ypnolpomomBolv amdlvteg 1| oxeTiKEG elocaywyés. To O (1 mpoemhoy) on-
Hoiver povo amdlvteg etoaywyég. Ou OeTikég TuéG Yo To level VITodeLkvioUV TOV apLlBud TV YOVIK®V
KATohOYmV 7TPOog avalnton oe oxéon ue tov Katdhoyo tov module wov Kahel Ty __ import__ ()
(deite to PEP 328 yia hemtrouépeleg).
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‘Otov M petafAnti) name eivon g popens package . module, KOVOVIKGE, ETLOTPEPETOL TO TTOKETO AVO)-
TéTov EMUITEDOU (TO dvopa UEYPL TNV TPWTH KOVKKIdA), dyt To module wov ovoudletar name. Qotdoo,
otav divetar £va un Kevo oplouo. fromlist, emotpépetor to module pe to dvoua name.

TN wopdderyna, ndMiwon import spamkatolnyel o€ bytecode wov poldiLel e Tov akorovho Kmduka:

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

H dMhwon import spam.ham kKotak)yel og qut)v TV KANON:

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

ZNUELDOTE TWG TO ___import_ () eMOTPEPEL TO AVOTATOU emLtédov module edm, emeldr) ovtd elvor
TO QVTIKELUEVO TTOV ouVOEeTaL e va dvoua pe T dMwor import.

Amd v G Thevpd,  Owon from spam.ham import eggs, sausage as saus KOTOAMYEL

(0131

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

saus = _temp.sausage

Ed®, T0o module spam. ham emotpépetar amd ™ ___import__ (). Amd autd TO OVILKEIUEVO, TO OVO-
LOLTAL TTPOG ELOAYWYT OVOKTMVTOL KOL EKYXOPOVVTOL 0TA OLVTLOTOLYO OVOUOTA TOVG.

Edv 0éhete amhmg va elodyete ¢éva module (evoeyouévmg uéoa o€ €vo. TTOKETO) (LE TO OVOUX, XP1OLUO-
TOWOTE T0 importlib. import_module ().

AMoEe oty ékdoom 3.3: ApviTikég Tuég Yo To level dev vitootnpilovial Théov (To omoio emiong oh-
MaCeL TV mpoemheyuévn tui o€ 0).

AMoEe oty €kdoom 3.9: Otav ypnoLuoTolovvtol emhoyEg TG YPOUUNG EVIOA®DY —E 1] — I, TOTE 1) ue-
Tapint) weptpdihovtog PYTHONCASEOK dev haufdvetan vdyy.

YTOONHELWOELG
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Built-in Constants

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

False

The false value of the bool 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.)toindicate 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.

Enueiwon: 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.

Inueiwon: 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 otv ékdoor 3.9: Evaluating Not Implemented in a boolean context is deprecated. While it
currently evaluates as true, it will emit a DeprecationWarning. It will raise a TypeError in a future
version of Python.
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Ellipsis
The same as the ellipsis literal «. . .». Special value used mostly in conjunction with extended slicing syntax
for user-defined container data types. E11ipsis is the sole instance of the t ypes.E11ipsisType 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 SystemEx1it 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®.

Qg poemhoyn, £va avtikeipevo Bempeital true ektdg edv 1 KAAON Tov 0pileL it bool () uébodo mov
emotpépel False uto__len_ () uéBodo mov emotpépel uindév, dtav kaheiton pe to aviikeipevo.! Edd
TaL TEPLO0OTEPQ Atd TO Evowpotwpéva (built-in) aviikeipevo Bewpovvton false:

o 0100gpEc OV €YoVV 0pLoTel wg false: None Kot False
o undév omolovdnote apLduntikov tomtov: 0, 0, 0, 03, Decimanl (0), Fraction (0, 1)
o Kevég akolovbieg kou collections: ' ', (), [1, {}, set (), range (0)

O TpGEetg koL oL evompotmuéveg (built-in) ouvapthoelg wov éxovy amotéheoua Boolean mdvta emotpépouv
0N False yofalse kau 1 1) True yio true, eKTOG edv dSNhmveTal SLopopeTikd. (Enuoavtikh eEaipeon: oL hoyikeég
(Boolean) mpdEelg or ko and ETLOTPEPOUV TAVTOL EVOV OO TOVG TEAEGTEG TOVG.)

! Mp6o0ete mANpopopieg OYETKA [1e VTG TIC e1dLKEC neBddovg wmopeite va Bpeite oto Eyyelpidto Avagopdg Python (customization).
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4.2 Noywkeg (Boolean) lNpa&elg — and, or, not

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

Mpdén AnotéAeaua 2 NUELWOELG
X Oor y oV TO X givau true, TOTE X, OAMLDG y (1)
x and y ov 1o x eivau false, ToTE X, AAM®G ¥ 2)
not x if x elvou false, tote True, aMuwg False (3)

ZNUELDOELS:

(1) Avtdg eivor évag teleotng WKPov Kukhduotog, emopuévog agloloyel novo to deltepo OpLopa av to
mpwro eiva false.

(2) Avutog eivou évag teheoThg WKPOU KUKADMUATOS, EMOUEVIS AELOMOYEL LOVO TO dEUTEPO OPLOUD OV TO
TPATO €ival true.

(3) To not éyelL xaunidtepn TpotepotdHTNTA 0TTO TOVG U AoyLkovg (non-Boolean) teleotéc, omdte 10 not
a == b petoppdletal oav not (a==b),KaLtoa == not b &voL CUVTAKTIKO OQAAULAL.

4.3 ZuyKpioelg

Yndpyouv okt® tpdEeig ovykplong oty Python. ‘Okeg éxouv v ido mpotepardTnTa (1) omToia givar vim-
Motepn amd avth) tov Aoyikav (Boolean) mpdEewv). Ou cuykpioelg umopei va ahvoodebBotv avbaipeta: yio
TOPAdELYUA, TO X < y <= z L0OdUVOUEL uE X < y kal y <= z, eKtdc amd to 6t To y aEtohoyeitar povo
uiot opd (aMLG Ko 0TLg V0 TEPLITTMOELS TO Z dev aELoloyeitan kaBdlov 6Ttav To x < vy eivou false).

Avtdg o mivakag ouvopilel Tig TpaEelg ovykpLong:

Mpdén ‘Evvola

< oVOTNPA UKPOTEPO OTO
<= wkpdTEPO OTTO 1| 160

> QVOTNPA UEYOAUTEPO OITO
>= ueyalitepo amo 1 oo

= ioo

= dLdpopo

is TAUTOTNTO AVTILKELUEVOU

is not  OPVNTIKY TOVTOTNTO OVTLKELUEVOU

Avtikelpueva SLopoPETLKMY TUTTMV, KTOG atd dLApOPETIKOVG 0pLOUNTLKOVG THTOVG, eV GUYKPIVOVTOL TOTE
g toa. O teheotc == opileTal TAVTO OAAA YLOL OPLOUEVOUG TUTTOVS OVTLKEWWEVWV (VL0 TTOPAOELY L, OVTLKEL-
uevo. KAGomng) tooduvouei pe is. Ot teheotég <, <=, > KaL >= opifovtaLl Lovo Omov £ouv vONUo: YLo. TOPA-
devypa, dnuovpyovv wo. eEaipeon TypeError dtav éva amd To opiopota eivon uyadikog aptdudc.

Mn movopoldtuma instances (oG KAGoNG ouvnbmg ouykpivoviol wg ur oo ektog edv To 1 kAo opilel T
uébodo __eq ().

Ta instances pog KAGong dev wtopotv va taEvoundovv oe oyéon ue Gk instances g idiog KAGoNG, 1 G-
LOVG TOTTOVG TOV AVTLKELUEVOU, EKTOG €AV 1) KAAOT 0pileL apketég amd tig uebddovg 1t (), __le_ (),
_ gt (),xou__ge_ () (yevikd, 1t () xou__eqg () eivor opketd, av OéheTe TLG OUUPATIKEG €V-
VOLEG TMOV TELETTMV OVYKPLONG).

H ouvpmepupopd twv teleot®dv is Kol 1s not dev umopel va elvol TPOsUPUOCUEVT: ETLONG, WITOPOVV VO
EQPOPUOOTOVV O OTTOLOONTTOTE VO AVTLKEIUEVO KO TTOTE VO, Unv dnuovpynoouy pio eEaipeon.

Avo axdun tpdEelg pe TV i8Lo CUVTOKTIKY] TPOTEPALOTNTA, in KOL not in, vwootnpifovral amd THmovg
mov eival Iterable ) vhomolovv T néBodo _ contains__ ().
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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):

Mpdé&n AnotEAeoua 2n- OAGSKANpPN
pew-  Tekunpiwon
fofalle

X +y A0poLoua Tov X Kat y

X -y dLapopd Tov x Kat y

X *y YLVOUEVO TV X KOL Y

x /vy TNALKO TOV X KoL Y

x //y OKEPOLO LEPOG TOV TINAIKOU TWV X KaL Y (H(2)

X %y vorowTo TOU X /Y 2

-x X 0PVNTLKO

+x X QUETAPANTO

abs (x) artoluTn T 1) ueyebog tov x abs ()

int (x) UETOTPOTTH TOV X 0€ AKEPALO (3)(6) int ()

float (x)  UETOTPOTN TOV X O€ KLVITHG VITOSLAOTOMNG (4)(6) float ()
complex (re évag myadikog aplOuog ue mpaynotkd wépog re, aviootkd  (6) complex ()

im) uépog im. To im petatpémetar ouTOUaTO 08 UNOEV.

©- oulVYEg TOU yadtkov aptbuov ¢

conjugate

divmod (x, ToCeuyapl (x // y, X % y) 2) divmod ()

Y)

pow (x, X o€ duvau Tov y 5) pow ()

Y)

X ** y x og duvaun Tov y (5)

ZNUELWOELS:

(1) Avoepépeton emiong mg diaipeon akeéparov aptBuov. I'ia teleoTtég TUTOY 1nt, TO ATOTELEOUO EXEL TUTTO
int. T teheotég Thmov f1oat, To amotéheopa el Tomo £1oat. Fevikd, To amotéleopa eival évag

2 Sav ovvémela, M Mota [1, 2] Bewpeitanfonue [1.0, 2.017, kKo ouotog yio whetddeg (tuples).
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0MOKANPOG aKEPOLOG 0ptBIdG, av KoL 0 THITOG Tov amoteléouartog dev eivon amapaitnta int. To amro-
TELEOLLOL ELVAL TTAVTOL OTPOYYVAEUEVO TTPOG TO Ueiov dmelpo: 1/ /2 eivon 0, (-1) //2 elvan -1,1// (-2)
elvon —1, xou (—=1) // (=2) etvan 0.

(2) 'Oy yror wyadikovg apbuove. Avtifeta petatpéyte o float ypnolpomoldviag abs () edv givan epap-
nooLuo.

(3) H petatpomn and float o int mEPIKOTTEL, ATOPPITTOVTIOG TO KAAOUWOTIKO WEPOG. AElTE TIG OLUVAp-
toelig math. floor () Ko math.ceil () Yuol eVOMOKTIKEG UETATPOTIES.

(4) 7o float d¢yeTan emiong Tig ovuPorooelpég (strings) «nan» Ko «inf>» pe éva Tpoalpetikd Tpdeua «+» 1
«» y1o. 7o Not a Number (NaN - Oyt aptuog) ko 0etikd 1 apvnTikd AeLpo.

(5) H Python opiCeL to pow (0, 0) kouwto 0 ** 0 wg 1, 6mwg ovvnOILeTon Yo TG YMDOOES TPOYPAUUOL-
TLOUOV.

(6) Ta aplBunTikd KuprohekTikd (numeric literals) swov yivovtan dektd mepthaufavouy to Yyneio 0 €og 9 1)
omotodnmote Looduvapo Unicode (onueio kndika pe v dotnta Nd).

See https://www.unicode.org/Public/14.0.0/ucd/extracted/DerivedNumericType.txt for a complete list of
code points with the Nd property.

‘O)ot ov ThmoL numbers. Real (int Kol £loat) emiong mepthapfavouy tig akdlovbeg Aettovpyies:

Mpdé&n AnotElecua

math. X petotpémeton o Tntegral

trunc (x)

round (x[, X OTPOYYVAOTOMUEVO OE 1 YNPicL, OTPOYYVLOTOLDOVTOG TO Wod og Luyd. EGv to n mopa-
nj) LeupOel, to default Tov eivan to 0.

math. TO pueyolitepo Integral <=Xx
floor (x)

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

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

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

Ot tpoTtePaLdTNTEG TV dVAdIKDOV TPAEewv bitwise eivar Oheg younhotepeg amd tig apLbuntikéc TpdEelg Ko
VYNAOTEPEG ATTO TIG OLYKPLOELS: 1) povadiaia TTpdEn ~ £xel TV ida TpotepatdTnTa Ue TG dAAeg povadiaieg
apunTikég TpdEerg (+ kan —).

Avtdg o mivakag mapadétel Oheg Tig bitwise mpd&elg TaEvounuéveg oe avEovoa oelpd:

Mpdé&n AnotEleoua 2 NUELWOELG
X |y bitwise or TV x KoL y )

x Ny bitwise exclusive or TV x KoL y @)

X & y bitwise and Twv x KoL y “4)

x << n  x ohoOnuévo (shifted) apiotepd kotd n bits  (1)(2)

x >> n  xoloOnuévo (shifted) 6eEL& kKatd n bits (HA3)

~X Ta bits TOv X AVILOTPAUUEVOL

ZNUELWOELS:
(1) Oupetpnoelg apvnTikmv oloONoewv (negative shift) eivan dxvpeg kow Kdvouy raise ValueError.

(2) Mua aprotept) ohioOnom (shift) xotd n bits tlooduvapel pe olomhaotaoud pe pow (2, n).
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(3) Mua 8eE1é ohicOnom (shift) katd n bits looduvapet pue diaipeon Tatduotog e pow (2, n).

(4) H extéleon autmv TMV VITOLOYLOUMDV Ue TOVRAYLOTOV €va eLTAEOV bit ETEKTOONG TPOONUOV OF WO
oVOTTOPAOTAON EVOS TTETEPAOUEVOU CUUTTANPMOUOTOG WG TPOG dV0 (€vo w@éhipo bit-width 1 + max (x.
bit_length(), y.bit_length()) 1 TePLOOOTEPO) ELVOL OPKETO YLOL VOL TAPEL TO (OLO OTTOTEAETLAL
oo vo, vipye Evag amelpog apliudg bits tpdonuov.

4.4.2 Mepartepw MEBodoL Twv AkEpalwyv Tunwyv

O timog int vhomolel ™V numbers. Integral abstract base class. Emmléov, mapéyel nepikéc axoun nebo-
dovg;

int.bit_length()

Emotpéper tov apBud tov bits mov eival amapaitntog yio Vo avamapooToeL EVov aKépalo og dua-
d1K0, amoxielovtag To TPOONLO KoL T APYLKE UNOEV:

>>> n = —-37

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

>>> n.bit_length()
6

ITwo ovykekpluéva, edv To x givar un undevikod, tote 1o x.bit_length () elvon povodikdg Betkodg
aptBudg k étoL wote 2** (k-1) <= abs(x) < 2**k.IcodUvoua, 6Tov To abs (x) eivol apKeTd
KPS YL vo. €xeL Eva owaTd oTPoyyvhomomuévo hoydpbuo, tote k = 1 + int (log(abs (x),
2) ). E&v to x givor undév, 10te 10 x . bit_length () emotpépel O.

Iooduvapo 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 otnv ¢€kdoom 3.1.
int.bit_count ()

Emotpépet Tov optBud twv wovadwv oty duadikn avamapdoTtoot) TG amdluTnG TG TOU AKEPALOU.
Avto glvan emtiong yvmotd og to uétpnua tinbuopov (population count). [apdderypa:

>>> n = 19

>>> bin(n)

'0b10011"

>>> n.bit_count ()

3

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

L

Ioodvvapo pe:

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

Néo otnv ékdoon 3.10.
int.to_bytes (length=I, byteorder="big', *, signed=False)

Emotpépel éva mivoko oo bytes Tov avamoplototv Evay aképaLo.

>>> (1024) .to_bytes (2, byteorder='big')
b'\x04\x00"
>>> (1024) .to_bytes (10, byteorder='big')

(ouvéyela oty eV oehida)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)
b'\x00\x00\x00\x00\x00\x00\x00\x00\x04\x00"
>>> (-1024) .to_bytes (10, byteorder='big', signed=True)
b'\xfE\XEfA\XFA\XEF\XEF\XEE\XEE\xEff\xfc\x00"
>>> x = 1000
>>> x.to_bytes((x.bit_length() + 7) // 8, byteorder='little')
b'\xe8\x03"'

O aképarog avamapioToTol ¥ pnoLuomolmwvtag length bytes xou 1 poemheyuévn tov tyun (default) eivon
1. 'Eva OverflowError yivetol raise av o aképotog oplfuog dev dvvatol va avamapaotadel ue tov
aptBud bytes wov dGONKe.

To dpwopa byteorder koBopilel T O€LPA TWV byte TOV YPNOLUOTTOLOVVTAL YLOL TIV OVOITTAPGOTAOY] TOU
axépatov aplbuov, kot éxovv mpoemheyuévn T (default) "big". Edv to byteorder eivar "big", 1o
70 oNpovTiko byte Bploketor otV apyy Tov mivaka twv bytes. E&v to byteorder eivon "1ittle", 10
70 oNUaVILKO byte Bpiloketan 0To TELOG Tov mivaka Twv bytes.

To opropa signed KaBopilel v T0 CUNTAPOUO WG TPOG VO YPNOLULOTTOLELTOL YLOL VOL AVTLTTPOCMITEVOEL
tov aképaro. Edv to signed eivar False kou €xel 000l évog apvntikdg axépotog, Yivetou raise éva
OverflowError. H mpoemieyuévn Ty (default) yua to signed eivor False.

Ou tpoemleyuéveg tpég (defaults) propovv va xpnoomonfovv yio vo. HETATPEYPOVV BOAKE Evav oKE-
poLo og €va udvo byte avitkeipevo:

>>> (65) .to_bytes ()
b'A'

Q01000, OTAV YPNOULOTTOLELTE TTPOETIAEYUEVO, OPLOUATOL, NV TPOOTTAONOETE VO UETATPEWETE WL TUUN
peyohvtepn amo 255 1) diaopetikd Oo Adfete évo OverflowError.

Ioodvvapo ue:

-

def to_bytes(n, length=1, byteorder='big', signed=False):
if byteorder == 'little':
order = range (length)
elif byteorder == 'big':
order = reversed(range (length))
else:
raise ValueError ("byteorder must be either 'little' or 'big'")

return bytes((n >> 1i*8) & Oxff for i in order)

Néo otnv ékdoon 3.2.

AMoEe oty éxdoom 3.11: TlpootiOéueveg mpoemheyuéveg tiuég (defaults) opiopatog yio length ko
byteorder.

classmethod int.from_bytes (bytes, byteorder="big', *, signed=False)

Emotpépel évav aképalo ov avotapioTatol oo Tov S0OUEVO TivaKa Twv bytes.

-

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

16

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

4096

>>> int.from_bytes (b'\x£fc\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 Opiopa bytes mpémel eite va eivan éva bytes-like object gite éva iterable mov mapdyel bytes.
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To 6propa byteorder kaHopiLeL T OeLPA byte TOU YPNOLUOTTOLELTAL YLOL TV OVOTTOPAOTAON TOU AKEPALOV
aptBuov, Ko 1 wpoemheyuévn tur| (default) eivon "big". Edv to byteorder eivor "big", 10 TO 7O
onuavtikd byte Bpioketar oTnv apyn Tov mivaka Twv bytes. EGv to byteorder eivon "1ittle", 10 7O
onuavilko byte fpioketat 0To TA0g TOv TvaKa TV bytes. ['io va Tntioete v eyyev) oelpd tov bytes
Tov host GVOTHUATOG, XPNOLOTOMOTE TO Sys . byteorder mg Tur TG OeLpdg byte.

To 6propa signed VITOOELKVUEL EGV TO CUUTANPWUA WG TTPOS HVO YPNOLLOTTOLELTAL YL VOL OVTLITPOCWITEV-
OEL TOV OKEPALLO.

Tooduvapo pe:

def from bytes (bytes, byteorder='big', signed=False):
if byteorder == 'little':
little_ordered = list (bytes)
elif byteorder == 'big':
little_ordered = list (reversed (bytes))
else:
raise ValueError ("byteorder must be either 'little' or 'big'")

n = sum(b << i*8 for i, b in enumerate(little_ordered))

if signed and little_ordered and (little_ordered[-1] & 0x80):
n —= 1 << 8*len(little_ordered)

return n

Néo otnv €kdoon 3.2.
AMEe oty £xdoon 3.11: Tpoot®éuevy poemiheyuévn Ty (default) opiopotog yio to byteorder.

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 Mepartepw MEBodoL yua Float

O timog float (kKtvnTg VITOdLOOTOMG) VAOTTOLEL TV numbers . Rea 1 abstract base class. O float €yel emiong tig
akolovBeg mpdobeteg puebddovG.
float.as_integer_ratio()
Return a pair of integers whose ratio is exactly equal to the original float and with a positive denominator.
Raises OverflowError on infinities and a ValueError on NaNs.
float.is_integer ()

Emotpéper True edv to float instance eivon memepaocuévo pe axépona Tun ko False dlopopeTikd:

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

>>> (3.2).is_integer ()
False

Avo péfodol vtooTnpilovy T petatpomy) amd Ko tpog dekaeEadikég ovuBolooelpég (strings). Agov ta floats
g Python awofOnkevovtal ecwtepikd wg dvadikol apLbuoi, 1 petatpornn evog float tpog 1 amd wo Sexadik)
ovpporooelpd ovviBweg mephaupdver éva wkpd odlua oTpoyyulomToinong. AvilBétme, ol dexaeEadikég
oupPoLOCELPEG EMLTPETOVY OKPLBY) AVATOPAOTOON KOl CUYKEKPLUEVOTTOINOT TOV AplOUmY KIvNTIG VITOdL0L-
otolM)c. Autd wtopei va eivar xpnowo Katd to debugging xou oty oplOuntuky).
float.hex()
Emotpéper wo avamopaotaoy evog aptBuot Kivitig vmodiaotolc wg dekaeEadiky ovufohooelpd.
(string). T'a wemepaouévous aplbpovg KLviTig VITOSLAOTOANG, AUTH 1) avatopdotaoy Oa mepthappdver
TAVTO EVa TPOTTOPEVOUEVO 0X KOL VO TELEVTALO P Kot EKOETY).
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classmethod float.fromhex (s)

Mé60dog Khdong yio Ty emotpopr) Tov float ov avtutpoowsevetal amd ua dexoeEadiky ouuBoro-
oelpd (string) s. H ovufohooeipd s umopel va €xel kevd dtdotnuo wov oty apyh M to Téhog.

Znuewwote 0tL To float . hex () eivon éva instance method, evw to float . fromhex () eivor o 1éOodog
KAdone.

Mua dexaeEadikn ovuBorooelpd. (string) €xel T pope:

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

OOV TO TPOALPETIKO s ign umopel va eival eite + 1) —, integer xou fract ion eivalr ouuforooeLpéc (strings)
dekaeEadikmv Ynpimv kow 0 exponent (ekBETNG) eivon £vag dekadLkOg AKEPOLOG LLE TPOALPETIKS TPOaNUO.
Ta eld 1 Ke@araio dev eival ONUAVTIKG Kol TPETEL VO, VITAPYEL TOUAAYLoTOV £va dekaeEadikd Ynpio eite
otov aképano eite 0to Khaoua. Auti 1 oUvtoEn eivan tapduota pe T ouvtogn mov kabopiletal otny evotnTa
6.4.4.2 tov wpotumov C99, kabig Kar otn ovvta&n mov ypnowpomoteitor oty Java 1.5 Ko petd. Iduaitepa, 1)
¢E0dog tov Float . hex () umopel va ypnotpomoin el wg dekoeEadikd Kuplohektiky Kivntig vmodiaotoing
oe kwduka C 1 Java, ko wapdyOnkov dexaeSadikég ovuforooelpéc ue Tov yapakthpa popeng a mg C 1 to
Double.toHexString tg Java givai amodektd atd to float . fromhex ().

Inuewdote 6t 0 ekBETNG eivor ypauuévog e dekadikd Kau oyl dekaeEadikd kol 0t divel T duvaun tov 2 ue
™V omoia wolhamhaotaletar o ovvteleothg. Twa mapdderypa, 1 dexoeEadikn ovuporooelpd (string) 0x3.
a7pl0 avuIpoommeVEL TOV 0PLOUO KIVNTNG VITOdLaoToM|g (3 + 10./16 + 7./16**2) * 2,0**10,
1 3740, 0:

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

H egappoyr g avtiotpogng uetatpomng oe 3740 .0 diver uia diapopetikr] dexaeEadiky ovuporooelpd
(string) TOV OVTLITPOCWITEVEL TOV {BL0 0PLOUO:

>>> float.hex (3740.0)
'0x1.d4380000000000p+11"

4.4.4 KatakeppaTlOpoGg TWV aplOunTKWV TUTIWV

To aptBuovg x Kot y, ThovOG SLAMOPETIKOV THTWYV, ELVAL TPOATATOVUEVO OTL hash (x) == hash (y)

omote x ==y (deite TV tekunpioon yo v wébodo __hash__ () yia meploodTepeg Aemrouépeieg). o
TNV EVKOAOTEPY EQPAPUOYY KOL OTTOTEAEOUATIKOTNTA O €val €0pog aplOunTikav THmwv (cuumepthafavo-
uWEvov twv int, float, decimal.Decimal kxou fractions.Fracion) o Katokepuotiopnog tg Python
yLoL aptOunTLKovg THmovg acitetal oe pia Lovo HadnNUaTLky GuvAapTNoT TTOV OPILETAL YLOL OTTOLOVITTTOTE PTO
apLbud, KoL mg ex ToUTov Loy VL yio OhoL TaL instances int Ko fractions. Fraction Kol OMo TETEPAOUEVOL
instances float xow decimal . Decimal. OvolooTIKY, cuTh 1) ouvapThon divetor amd to modulo peiwong P
yio éva 0ta0epd TpdTo P. H tpn tov P dratibetonr otnv Python wg modulus atrribute tov sys. hash_info.

Agmropépera vhomoinong CPython: Auti| T oTiywt), 0 TPADTOG TOV YPNOLUOTOLELTAL Elvol P = 2**31 — 1
oe unyoviuota pe unkovg 32-bit Ckaw P = 2**61 — 1 og unyaviuoto ie unkovg 64-bit C.

Edm oL kxavdveg hemtouepwe:

e Avtox = m / n elvou évag un apvntkog pntdg aplbuog kol to n dev dtotpeitol amd P, opiote 1o
o

hash (x) wogm * invmod(n, P) % P, 6mov to invmod(n, P) pog dlvelL To avtioTpopo Tou
modulo n P.

e Avtox = m / neivow évag un apvntkog pntog aptBudg kot to n drawpeiton pue to P (addd to m oyL)
toTE TO N1 eV £XEL AvTioTPOPo modulo P Kot 0 KavOvag Topamdve dev LoyVEL. Ze auThHvY 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
to hash mov mtpoxvmteL eivon —1, avukabiotaton pe —2.
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INo
ue T

o Ou ovykekpuuéveg Tég Twv sys.hash_info.inf kouw —sys.hash_info.inf ypnolpomotovvot
WG TWES KATUKEPUATLONOU Yol TO OETIKO ATteLpo 1 To apvnTikd dmelpo (avtiotouya).

o T évav complex aplBud z, oL TWEG KOTAKEPUATIOUOV TOV TPAYUATLKMY KOl (POVTUOTIKMOV UEPMV
ouvOVALovTal (e ToV uTohoyoud hash (z.real) + sys.hash info.imag * hash(z.imag),
pewwpuévo modulo 2**sys.hash_info.width étoL wote vo PplokeTal 010 range (—2** (sys.
hash_info.width - 1), 2**(sys.hash_info.width - 1)).Koumdhi, av to amotéheouo
elval —1, avukabiototan pe —2.

VO ALTTOCAPIVICOUUE TOVG TTAPATAV® KAVOVES, DM elval Eva tapdderyua Kmdika g Python, .oodvvapo

imp

def

def

def

o built-in hash, yio Tov vtoroyiopd tov hash evog pntov aplbpov, rloat, f) complex:
ort sys, math
hash_fraction(m, 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)).
mrrn
P = sys.hash_info.modulus
# Remove common factors of P. (Unnecessary if m and n already coprime.)
while m $ P == n $ P == 0:
m, n=m// P, n//P
if n %P == 0:
hash_value = sys.hash_info.inf
else:
# Fermat's Little Theorem: pow(n, P-1, P) is 1, so
# pow(n, P-2, P) gives the inverse of n modulo P.
hash_value = (abs(m) % P) * pow(n, P - 2, P) % P
if m < O:
hash_value = —-hash_value
if hash value == -1:
hash_value = -2
return hash_value
hash_float (x) :

"""Compute the hash of a float x."""

if math.isnan(x) :

return 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())

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

hash_value = hash_float (z.real) + sys.hash_info.imag * hash_float (z.imaqg)
# 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
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4.5 Tumnol lterator

H Python vrtootnpilel v £vvolo tng emavalpng oe containers. Avtd vhomoteltal xpNoLuoToLdvIog dVo dia-
(POPETLKEG NEBOOOVG" ALUTEG YPTOLUOTOLOVVTOLL YLO. VOL ETILTPEYPOUV O€ KAATELS TTOV 0piLovToL atd To Xp1oTh Vo,
VoL VITOoTNPILOVY TNV etavainym. O akohoubieg (sequences), TOV TEPLYPAPOVTOL TOPAKATW (LE TEPLOCOTEPES
LETTTOUEPELES, TTAVTA VITOOTNPLLOVY TLG HeBOdOVG eavaAnyne.

Mo ué0odog mpérel var opLoTel Yo Ta container oVTIKEIEVO OTE VoL Tapéyel iterable vitooTHPLEN:

container.__iter__ ()

Emotpépet éva aviikeipevo iterator. To aviikeipevo amortelital va virootnpilel To mpwTtOKOANO ETOVOL-
M pewv ov mepLypdpetan tapakatom. Edv évag container vtootnpilel dtopopetikolg THTOG TG €m0~
VEMYNG, PITopovV va tapaoyefotv mpodabeteg uéBodol yia vo Tntmholv ouyKekpLuévol iterators yio
avtovg Tovg Tumoug emtavainyme. (Eva mopdderypa avikeltévou mov vrootpilel TolMamiég noppés
emavainymes o ftav o devdpiky dopn tov 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. AVTIKEIUEVO ETAVOAM\PEDY ATTALTELTAL VO VITOOTNPILOVY Tig akOAovBeg S0 neBddOVG, oL omoieg
07t KoLvou aoTehoVV To iterator protocol:

iterator.__iter__ ()

Emotpépet To 1810 To aVTIKEIIEVO iferator. AVTO aITaLTEITAL DOTE VO, ELTPOITEL 1] YPNOLLOTOINOT TOGO
TV containers, 000 KoL TV iterators pe ta statements £or ko in. Avti) 1 ué€0odog avtiotoryel ot doun
tp_iter tov avukewévoyv g Python oto Python/C APL

iterator.__next__ ()

Emotpépel to emoduevo atoryeio amd tov iterator. Eqv dev vmdpyovv ddha atouyeio, Kdvel raise v
eEaipeon StopIteration. Avtn uéBodog avtiotouyel otnv doun tp_iternext Twv aviKeWwévmv
¢ Python oto API tg Python/C.

H Python opilel Siépopa avrikeipeva iterator yio TV vrooTpLEN g emavainyng Tévm o yevikolg Ko
OLYKEKPLUEVOUG TUTTOVG akoAovOLV (sequences), AeEikd (dictionaries) Kou GAAEG 70 eEELOIKEVUEVES NOPEPEG,.
O ouykekpluévol ThmoL dev givar onuovtikol Tépa amd v vAoToinot Tov iterator TPMTOKOM.OV.

Mohig ) uébodog ___next__ () evog iterator kAveL raise éva. StopIlteration, TPEMTEL VO OUVEYLOEL VO, TO
KdveL og emdueveg KMOELS. YAOTTOLOELG TOV dEV LITAKOUV 08 auTH TNV OLOTNTA BEMPOVVTOL ETPAMIEVES.

4.5.1 Tunot Generator

Python’s generators provide a convenient way to implement the iterator protocol. If a container object’s
__iter__ () method is implemented as a generator, it will automatically return an iterator object (technically,
a generator object) supplying the __iter () and _ _next__ () methods. More information about generators
can be found in the documentation for the yield expression.

4.6 Tumol AKkoAouBiag (Sequence) — list, tuple, range

Yndpyovv tpelg Paotkoi tOmor akorovOiwv: lists (Aioteg), tuples (theldideg) ko range objects (OvTikeipeva
eVpovg). ITpdobeToL THTOL aKoAOVOiAG TPOTOPUOTUEVOL YLO. TNV enteEepyaoia binary data KoL text strings TepL-
vpbhpovton oe eldikég evOTNTEC.
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4.6.1 Kowveg Aettoupyieg AKoAouBLwyv (Sequences)

Ot AeLtovpyieg Tov ToPaKAT® TEVOKA VITOOTNPILOVTOL 0T TOVG TTEPLOTOTEPOVS TUTTOUS AKOAOVOLDYV, TOTO UE-
tafintodv (mutable) 600 kou apetdfintov (immutable). H collections. abc. Sequence ABC mapéyeton
yLoL VoL SLEVKOAUVEL TH) 0WOTY] VAOTTOLNOT QUuT™V TV TPdEemv o€ Tposapuooévoug THmovs akoloubiog.

Avtdg o mivakag amaplBuel Tig Aettoupyieg akolovbiog taivounuéveg Katd avgovoa TpoTepaLdTNTO. ZTOV
sivaka, o s KoL ¢ ivat akohoubieg Tov idLov Timov, ta 1, i, j Ko k eivor oképaiol aptBuot Ko to x eival éva
aVOAPETO OVTIKELUEVO TTOV TTANPOL 0TTOLOVONTOTE TUITO KO TTEPLOPLOUOVGS TLUNG TTOV ETLBAAAOVTOL OTTO TO .

Oumpd&elc in Kawnot in €xouv Tig idleg mpotepatdTTeg ue Tig TpdEelg oUykplong. OumtpdEelg + (ouvévman)
Ko * (emmavdhm) éxouv TV idla TPOTEPAULOTNTO. e TLS OVTLoTOLYES apLOUMTIKEG TPdEelc.”

Mpdén AnotéAeaua 2nuelw-
OEIQ

x in s True av €vo OTOLYELO TOV § Elval (00 Ue To X, ahMwg False (1)

x not in s False av éva otouyelo Tou s eival L0o pe 1o x, OALOG True @)

s + t 1 CVVEVOOT] TOV § KO ¢ 6)(7)

s * nNn * s 100 pe TNV TPOGHECT TOV § GTOV EAUTO TOV 11 POPEG )7

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

s[i:j] slice (VTOOUVOLO) TOV § ATt TO i PEYPL TO j 3)(4)

s[i:j:k] slice (VTTOOVVOLO) TOV § ATTO TO i UEYPL TO j Le Pruat k 3)5)

len (s) UNKoG Tov §

min (s) WKPOTEPO OVTLKELUEVO TOV §

max (s) UEYOAITEPO OVTLKELUEVO TOV §

S.index (x[, SEIKTNG TNG TPDTNG EUPAVLONG TOV X OTO § (LETG 0Td TOV 1) oTOoV deikTn  (8)

il, 311) i Ko spLv oo to delkrn j)

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

Ou axolovBieg (sequences) Tov (dLOV TVTTOV VITOGTNPILOVY emiong ovykpioels. Ewdikotepa, ta tuples (wheldt-
dec) Kau oL Moteg ovykpivovtal AEEIKOYPOapLKG GUYKPIVOVTOG TO VTLOTOLY O OTOLYELC. AUTO onuaivel OtL yio
vo. ouykpivouue toa, k40e otolyelo TPEmeL Vo ouyKpivetal wg (00 ue to avtiotolyd tov, oL dvo akolovbieg
mpémeL va glvar Tov 1dLov THITov Ka var £xouv To 1810 unKkog. (Mo whfpelg AemTouépeleg deite v ovapopa
comparisons.)

Eumpdofior Kau avtiotpopot iterators mdva oe petofintég axkolovdieg éxovv mpdopfaon oe TWEG XPNOLUO-
oLdvTog €va deiktn. Autdg o delktng Ba ouveyioer va fadilel mpog ta eumpog (1] TPOG TO TOW) AKOUO
Kow av 1) vrokeipevn akorovdio uetadddooetar. O iterator teppatiCer udvo otav évo IndexError 1M éva
StopIteration yivel raise (1] 0Tav 0 elKTNG TEOEL KATW OO TO UNOEV).

ZNUELWOELS:

(1) Evd oL mpd&elg in Ko not  in ypnoLuomolovvTol YEVIKG Hovo yio asthd éleyyo containment (0v 0TOL-
yeto mepiéyeTol oe pua dout)), oplouéveg eSetdikevuéveg akolovbieg (Ommg OTwg oL str, bytes Ko
bytearray) TG YP1OLUOTOL0VV ETTLONG YLa subsequence testing (éLeyyo vitookohovOiog):

>>> llgg" in Heggsﬂ
True

(2) TwégTtou n wKpdTEPEG 0Ttd To 0 avTLUETMTLLOVTOL WG O (FTov divel o keviy akolovbia Tov idlov THTov
UE §). ZNUELMOTE OTL TOL OTOLYELD TNG AKOMOVOLAG 5 DEV AVTLYPAQPOVTAL OVOPEPOVTOL TTOAMAES POPES. AuTd
ouY VA oToLELDVEL Ta. dtopa tov Egkivouv pe Python- okegreite:

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

(01, 1, (11

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

, , .
(ovvéyela otV emtouevn oehlda)

3 Mpémer va €xovv, agod o parser dev pmopet va Eexwpioet TOV THTO TOV TERECTHV.
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3)

“4)

&)

(6)

)

®)

(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

>>> lists

(es1, 31, [311
Avtd mov ouvéRT eivar 6t to [ [1] elvar wa Moto evog otoryeiov ov mepLéyel pio Kevi Alota, omdte
Ko ta tplo otoryeioe g [ [1]1 * 3 elvan ovaepopég og auth) T wa kevi) Aiota. H tpomomoinon omotov-

dMrote artd ta otoryeio TG 1ists Tpomormotel ovti) T povadikn Aioto. Mmopeite va dnuovpynoete
(oL MoTta oIt LapopETIKEG MOTEG [LE QUTOV TOV TPOTO:

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

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

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

>>> lists

(r31, 51, (711

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

Edv 10 i 1] T0 j elvan apvnTikd, o delktng elvorl oyeTikog ue to téhog g akorovbiag s: to len (s) + 1
Ntolen(s) + javukadiotatal Znuedote Opwg 6Tt to —0 eEakolovBei va eival 0.

To vroouvolo (slice) Tov s amd to i €mg To j opiletal wg M akorovBio oTolyelmv ue deikn k TéTola WoTe
i <= k < j.Ed&vtoinrToeivaw ueyahitepo amd 1o len (s), pNOLUOTOLN0TE T0 len (s) . Avtoi
mopaleimetan M elvow None, ypnowpomowmote 0. Av to j mapadeimetan 1 eivor pnd £ v, xPNOLUOTOL0TE
10 len (s). Edv to i eivou peyaritepo amod 1 ico pe to j, to vmoovvolro (slice) eivar Kevo.

To voouvolo (slice) Tov s amd i €wg j ue Pua k opiletar wg M akorovdio Twv otoL elwv (e deikTn x =
i + n*k tétol wote 0 <= n < (J-1i) /k. Me dhha AOyLa, oL deikteg elvan i, 1+k, i+2*k, i+3*k
Ko 00Tw KabeENG, OTOUATMOVTOG OTOV (PTACOVUE 0TO j (aAMG ToTé dev mepthaufiavet To j). ‘Otav 1o k
eivar OeTiKkd, Ta i Kou j perdvovtol og len (s) av eivon peyaivtepa. ‘Otav to k eivor apvntikd, ta i Kot
Juewwvovtar og len (s) — 1 ov elvaw peyolvtepa. Edv ta i 1) j mopaleimovton 1) eivor None, yivoviou
Tég «end» (to TéLog eEaPTATUL AITO TO TPOGNUO TOV k). ZNUELMOTE OTL TO k BeV UTOPEL VaL eival undév.
Edv to k eival None, avuuetoniletor 0mwg to 1.

H ovvévmon apetdfintov akorovOunyv (immutable sequences) 0dNyel TAVTO O€ £VOL VEO ALVTLKEIULEVO.
Avutd onpaiver dtL 1 dnuovpyia pog akolovdiog pe emavalapufavouevn cuvévmon o €xel TeTpaym-
vikd K60T0G Y pOVOU eKTéNEONG (runtime cost) 0T0 GUVOALKO unkog g akorovdiac. Ta va mtdpete éva
YPOUULKO KOOTOG Y pOVoU ekTéLEDT G (runtime cost), Tpémel vo Letafeite oe pio amd TG TapoKkdTm evol-
LoKTIKEG Moels:

o LV OUVEVAVETOL OVILKEILEVQ STt T, IUTOPELTE VO SNULOVPYHOETE Lo ALOTE KOL VOL X PTOLUOTTOLHOETE
™V str.join () 0To TEMOG N CAMMG VO YPOETE 08 €valL 1 0. St ring IO instance KoL OVOKTYOETE
™V Tt ™G Otav OAOKANPWOEL

e OV GUVEVMVETOL AVTIKEIUEVO byt e s, UTOPELTE VO YP1OLUOTTOLNOETE TOPOUOLa. T uEB0do bytes.
join() M| io.BytesIO, f| umopeite va kavete in-place cuvévwon (concatenation) pe éva
bytearray avikeipevo. Ta aviikeipeva by tearray eivol LETOPATAE Ko £(0VV EVOV ATOTEAE-
OUOTLKO UNYOvVIopd ouvollkng Katovoung (overallocation)

e OV GUVEV(VETOL OVTIKEINEVA tuple, EMEKTEIVETE WO 1 1St ovT” auTov
o yLo. GAAOVG TUTTOUG, EPEVVIOTE T1) OYETLKT TEKUNPLOOT TwV KAAOEDY

Opropévol thmol akohovdLdv (0ntwg range) vootnpitovy pévo axkolovbieg oToLyElwV TOV AKOAOU-
Bouv ovykekpLuéva poTifa, Kol og ek ToUTou dev VITooTNPILouv aKkolovbia uVEVWON 1) ETTaVAINY.

To index Kkd&velraise ValueError 0tov 1o x 0gv Bploketon 0to s. 'Oyt OLeg oL VAOTOMOELG VITooTYPI-
Covv ) dtafifaon Twv Tpdobetmv oplwv i Kat j. AUTEG OL TOPAUETPOL ETLTPETOVY TNV OTTOTELEOUATLKT
avalfinon vrotunudtov g akolovbiac. H dtapifaon twv mpdobetmv opimv givar mepimov 16000U-
voun pe ™ xpnon tov s [i:j].index (x), udvo ywpig va avitypdpovior dedouéva Kal [LE TOV ETL-
OTPEPOUEVO EIKT VO elval OYETIKOG Le TV apyn ™G akolovBiog kaw Oyl 0Ty apy1 TOU VTOGUVOLOU
(slice).
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4.6.2 Turol AgetapAntwyv AKoAoubLwy (Sequences)

H pévn Aettoupyio wov vhomolovv ot auetdfAntol yevikol tumot akolovdiag wov dev eivor vhomotmuévol amd
netapintovg THmoug akorovbiag, eival 1 vtoothplEn g hash () built-in.

Avti 1 vtootNpIEn emtpénel auetdfinteg akohovbiss, OTWG OL TEPLITTMOELG TWV tup 1 e, Va. YP1OLULOTTOL0V-
vtow g kKhewdd dict Ko vo amofnkevovtal 0 set Kol frozenset instances.

H mpoomdBeia KoTokeppotiopo wag OUETARANTIG aKOAOUOIAG TTOU TEPLEXEL W KOTOKEPUOTLOTEES
(unhashable) Tiuég Oa 0dNyNoeL 0 TypeError.

4.6.3 Turolw MetapAntwv AKoAouBLwyv (Sequences)

O Aertovpyieg Tov akdrovBou mivaka opilovrar o uetafintovg timovg akolovbiog. H collections.
abc.MutableSequence ABC mapéyetol yio vo KAver EUKOMOTEPT] TV GWOTY VAOTTIOLNGT GUTMV TOV AEL-
TOUPYLDV O€ TPOCUPUOOUEVOUG TUTTOUG OLKOMOUOLDV.

Ztov mivaka To s eival éva instance £vog petafAntov timov akolovbiog, To f elvol omolodnmore iterable avri-
KelUevo Kot To x elvor éva avOaipeTo AVILKELUEVO TOU TATPOL OTOLOVONTOTE TUTO KOL TEPLOPLOUOVG TLUTG
7tov emPBAANOVTOL aTTd TO s (YL TaPAdELYUQ, TO bytearray dEXEToL HOVO OKEPALOVG TTOV TTAPOUV TOV JTE-
popowd 0 <= x <= 255),

Mpdé&n Anotéleoua 2 NUELW-
OELC
s[i] = x TO OTOLYELO I TOV 5 OVTIKOOLOTATOL ATTO TO X
s[i:j] =t T0 VItoovvolo (slice) Tov s ad 1o i £wg TO j avtikabioTaTon aTd ToL TTE-
pleyxoueva tov iterable ¢
del s[i:7] wWouetos[i:j] = [1]
s[i:j:k] =t T, OTOLYELD TOV s [1: 7 :k] aviikadiotovtol amd ekeiva Tou ¢ (1)
del s[i:7j:k] apaLpel Ta oTolyel Tov s [1:J 1 k] amd ) Mot
s.append (x) €LOAYEL TO X 0TO TéAOG TNG akohovBiog (0o e s[len (s) :len(s) ] =
[x])
s.clear () apaipel Oho ToL oToLyELa 0td To s (0o pe to del s[:1) 5)
s.copy () dnuovpyei éva shallow avtiypago Tov s (idto peto s :]) 5)
s.extend(t) 1 eMEKTEIVEL TO 5 [LE TAL TEPLEYXOUEVA TOV ¢ (WG €Tl TO TAELOTOV TO (OLO LE TO
s += t s[len(s):len(s)] = t)
s *=n EVIUEPMDVEL TO S UE TO TEPLEYXOUEV TOU ETAVOLAUPBAVOUEVO 1 POPES (6)
s.insert (i, ELOALYEL TO X OTO § OTO OELKTY 7OV diveTon arrd 10 i (To idLo ue To s [1: 1]
x) = [x])
s.pop() M sS. OVOKTO TO OTOLYELO OTO i KoL TO apaipel emtiong amd 1o s 2)
pop (1)
s.remove (x) remove the first item from s where s [1] is equal to x 3)
s.reverse () OVTLOTPEPEL TOL OTOLYELOL TOV § O]
Z1UELDOELS:

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

(2) To mpoapeTikd OpLopa i £xeL TPOETAEYUEVH TLuN — 1, €10t dhote artd default To TehevTAiO OTOLYELO OLpOIL-
PELTOL KO ETLOTPEPETAL.

(3) n remove () kGveLraise ValueError 0Tav to x dev PploKeTal 0To .

(4) H uébodog reverse () tpomomolel TNV akohovbio. 01 B£01M NG VL0 OLKOVOULO XDPOU OTOV AVTLOTPE-
petaL pa peyakn axohoubio. No vrevOuuioovpe otovg ypNnoteg 0Tl Aettovpyel we mopevépyela, dev
ETLOTPEPEL TNV OVTLOTPOUUEVT] aKohouBia.

(5) M clear () kaum copy () mepthaufdvovior yia Aoyovg ouvémelag ue ta interfaces Twv petofAnTmv
container ;Tov dev VITOOTNPILOVV AerTovpyieg TUNuaTomoinang (dmwg ta dict koL set). H copy () dev
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amotehel uépog ™G collections.abc.MutableSequence ABC, allhd oL meplocdtepeg KAAOELG
UETOPANTOV 0KOLOVOLMVY TNV TAPEYOUV.

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

(6) H twun n eivar évag aképotog aptduog 1 éva avikeipevo ov vhomotel Ty __index__ (). O undevi-

KEG Ka apvNTikég TinéG Tov n Kabapitovv tnv akorovbia. Ta otouyeia TG akolovBiog dev ovTLypdgpo-
VIOl avogeépovtal ToMEg Qopéc, dmwg eEnyeitar Yo to s * n oto Kowés Aettovoyles AkorovOudv
(Sequences).

4.6.4 Aioteq

Ou Moteg eivan petafintég axohovdie, mov cuvnOmMG ¥PNOLUOTOLOVVTAL YLt TNV ATtoONKEVON GVALOYWV
opotoyevawv atotyeimv (6rov o axping Babudg opoLdTNTOG TOLKIALEL AVALOYOL UE EQAPUOYY)).

class list( [iterable] )

Ot MioTteg wropotiv vo KaTookKeuooTovv He dLipopous Tpdmovg:
o Xpnowomoteiote éva Cevyog ayKulmv yLa vo. SNAMOETE TV KEVH Mota: [ ]
o Xpnowwomoldviog aykvles, diowpitoviog ta otovyeto pe koppata: [al, [a, b, c]
o Xprjon evog list comprehension: [x for x in iterable]
o Xp1on Tov KATaoKEVOOTY TUTTOU (type constructor): 1ist () 1 list (iterable)

O xoTaoKevaoThg (constructor) dnuLovpyel puat ALoTa TG omoiag ta otouyelo elvar ta idLo Ko pe tnv idia
oelpd OTwg ta atoyelo Tov iterable. To iterable pmopel vo. eival eite o axolovbia, elte évag container
OV VITOOTNPILEL TNV eAVAAN YN, 1 €va aviikeipevo iterator. EQv to iterable eivon 1o wo Aiota, -
LWLOUPYELTOL VO OVTLYPOPO Kot EmLOTPEPETAL, TapoOuoLa ue T iterable[:]. [Na mopdderyua, 1
list ('abc') smorpécpu ['a', 'b', 'c'lxoumlist( (1, 2, 3) ) smorpécpeu [, 2,
31. Av dev do0el Kavéva OpLopa, 0 KaTaokevaoThg dNUovpYel wio véo kevi) Aota, [ 1.

ToM\ég Ghheg hertovpyieg mapdyovv emiong Aloteg, ovpmephapfoavouévng tg built-in sorted ().

O MoTteg vhomolotv OAeg TG common Kaw mutable hertovpyieg akohovBiag. Ou AioTteg mapéyouv emiong
™V akorovdn mtpdobetn nébodo:
sort (*, key=None, reverse=False)
Avt) 1 uébodog taELvouei tn AMota, ypnoworounvtag udvo cuykpioelg < ueta&l otolyeiwv. OL
eEQLPETELG OEV KOTAOTEMOVTOL - AV atoTUYEL Kamola TpdEn ovyKpLong, ohOkAnpn 1 Aettovpyio

ta&vounong Ba amotiyel (kau 1 hota 0o mapaueivel TOAVOTOTO GE UL LEPLKMG TPOTTOTTOLUEVT)
Kotdotaon).

N sort () déxeton d0 0ploUAT TOV PITOPOVV VAL TEPATOUV WOVO UE T AMEEN-KAEWdL (keyword-only
arguments):

10 key kaBopilel uio ouvapTnom evog OpioIATOG TTOV YPNOLUOTTOLEITOL YLOL THV EEarywyT) eVOG KheL-
dLovU ovykplong (comparison key) amd kdbe otouelo g Motog (Yo mapdderyua, key=str.
lower). To klewdi mov aviioToLyel o€ KaOe oToLyElo TG MOTAS VTOAOYILETOL Hiol (POPA KOL OTY) G-
vEYELOL X PN OLUOTTOLEITOL Yo OMOKAN PN T Sradikaoio Tagvounone. H mposmiheyuévn tiun (default)
None onuaivel 0T To. aTotyeia Thg Alotag TaEvouolivral amevdeiag ywpic vo vtohoyileton Eeym-
pLoTH T KAELSLOD.

To utility functools.cmp_to_key () givor SLOOECLUO YLO T UETATPOTTY] WO CUVAPTNOT cmp
0TV 2.X 0€ ovvapTnon key.

1 reverse givol wo oyt (boolean) tuur). Av tebei oe True, T0Te T OTOLYELQL TG AloTOg TaELVO-
ULOUVTOL OOV VO TTAV OVTLOTPOPY KAOE 0UYKPLOT.

Avt) 1 uéBodog Tpomomotel TV akorovBia yia eE0tKovOUNoT XMPOU Katd TV ToEvOun o mag
ueyong axolouvbiac. No vrevOuuicovue 6Tovg ¥pNoTeg OTL LELTOUPYEL Ue TapeVEPYEL, DEV ETTL-
oTPEPEL TNV TaELvounuévn akohoubia (xPNoLUoTOMoTE TV sorted () yio v TNTNOoETe o véa
neplmtwon tagvounuévng AMotag).
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H uébodog sort () eivor eyyunuéva otabept). Mo taEivounon eivor otabept) av eyyvdrtar ot dev
Oa aMAEeEL TN OYETIKT GELPG TWV OTOLXEIWV TTOV CUYKPIVOLVY (00 — ovTd ivol YpNoLo yio TV
TaELVOUN O 08 TTOAMOTTAG TTepdouaTo (Yo TOPAdELY IO, TASIVOUNOT KATA TUNILA, 0T GUVEYELO UE
Béon to wohoroykd KMUAKLO KTA).

INo mapadeiyuato TaEwvéunong ko éva ovvrouo tutorial, deite sortinghowto.

Aemrouépera vhomoinong CPython: Evd wo Aloto taEuvopeital, To amotéheopa tng tpoonddeiog
netdAhoEnge, 1 akdpa ka1 embempnon, e Motag eivar arpoodidpiotn. H vhosmoinon g Python
ot C kdver v Mota vo gugaviletan kevn yio OAn ) dubpkela, Ko Kavel raise ValueError av
aviyvevoet Ot 1 Mota éyer petadhoy el katd t dibpkela pag taEvounong.

4.6.5 MNMAewadeq (Tuples)

Ou mhelddeg (tuples) eival apetdfinteg akolovbieg, mov cuvNOmG YPNOLOTOLOVVTOL VLo THY OTT0ONKEVOT
OVALOYDV ETEPOYEVADV dedouévmv (0mwg ot 2-tuples ov mapdyoviow amd v built-in enumerate ()). Ta
tuples yPNOLUOTOLOVVTAL ETLONG YLOL TEPLTTMOELS OOV UL0L AUETAPANTY akohoubic. opoloyevav dedouévmy
(07™G YLOL TOPADELYUOL YLOL VOL ETILTPETETOL 1) ATOONKEVON O€ €val set 1] o€ €va dict instance).

class tuple ( [iterable] )

O mheddeg (tuples) propoVv var KOTOOKEVAOTOVV [UE ALAPOPOVG TPOTOVG:
o Xpnom evdg Levyoug mapevOéoewy yia va dnhwOel to Kevo tuple (herdda): ()
o Xpnon evdg xOUUATOG 0To TEMOG YL £VaL LLovadLKO tuple (Theldda): a, M (a, )
o Awoywpiopudg otoLelmv pue kéuua: a, b, c® (a, b, c)
o Xpnon tov evowuatmuévou tuple ():tuple () fltuple (iterable)

O xataokevaotg (constructor) dnuiovpyet o whedda (tuple) Tov omoiov o oToLyeio eival Ta idLa
KoL otnVv idLo oeLlpd e ta atovyeia tov iterable. H iterable pmopel va. eivon gite wa akolovbia, eite Evav
container 1oV VITOOTNPLLEL TV ETAVAAYT), 1] Eva avTikeipevo iterator. EQv to iterable givon H)0m éva tuple,
emotpepetal apetdfinto. INa mapdderyna, To tuple ('abce') emotpépel ('a', 'b', 'c') K
totuple( [1, 2, 3] ) emotpéper (1, 2, 3).Av dev dobel kavéva OPLOUA, O KATOOKEVOOTNG
dnuovpyei o éva kevo tuple, () .

ZNUELDOTE OTL 0TIV TTPAYUATIKOTITO TO KOUUOL ELVaL VTO TTov KAver £va tuple (sthetdidar), Oyl oL ToPEV-
Béoeic. O mapevOEoelg elvol TPOaLPETIKES, £KTOG amd TNV mepimTmon Kevov tuple 1 6tav ypeldlovion
YLOL TV QITOQUYT] OUVTAKTIKNG aodpelas. o mapdderypa, n £ (a, b, c¢) elvor pa Ko ouvaptn-
omg ue tpia opiouorta, evo £ ((a, b, c)) elvow pa cuvaptnon kAon ovvaptong pe éva 3-tuple
g LovadIKd dpLopaL.

Ta Tuples vhomOLOUV OAES TIG TPEEELG OKOAOVOLDV common.
I etepoyeveig ovAhoyég dedopévarv Oov 1 Ttpdofaon ue Béon to dvoua eivar cogéotept amd TV TpodoPao

ue pdon 1o delk, 10 collections.namedtuple () WTOPEL VO ELVOL LLOL TLO KATOANAT €AY TTO €val
amhd aviikeipevo tuple (mheldda).

4.6.6 Eupn (Ranges)

O 110G range ovosTopLoTd to auetdfAntn axorovdia aplOumv Ko GuviBmG XP1NOLULOTTOLELTOL YLOL THV ETT0L-
VMY EVOG GUYKEKPLUEVOL 0pLOoV etavalipemy og Bpoyoug for.

class range (stop)

class range (start, stop[, step])

Ta oplopoto Tov KoTaokeuoot e¥povg (range constructor) mpémel va eivon aképorot aptbuol (gite g
built-in int 1) owolodNmoTE avitkeluevo Tov vhormotel TNV eLdLkT) uébodo _ index__ () ). Edv o opt-
oL step TOPAAELTETAL, TO TTPoemAoy) (default) eivon 1. Edv to OpLioua start topaleiteTal, To ITPOETAOYT
(default) eivow 0. Edv o step elvan undév, yivetou raise évo ValueError.
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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) eEakorovbovv va Kabopifovrar amd tov
tnor[i] = start + step*i, ahhd oL weplopopol eivor i >= Oxowr[i] > stop.

‘Evo avtikeipevo range 0o eival adewo ebv 1o r [0] dev minpoi tov mepropopd tyumc. Ta ranges vio-
ompilovv apvnTikols deikteg, aAAG autol epunvevoviol mg deikTeg 0td To TELOG TG akohoubiag mov
KaBopiletar amd Toug OeTikovg deikTec.

Ta ranges 7OV TEPLEXOVV OTTOMVTES TWEG UEYOAVTEPES OO SyS . maxsize elvol emLTPENTA, AAMG OpL-
OUEVAL YOPAKTNPLOTIKA (OTTG Ien ()) UWTOPEL Vo KAVOoUY raise Overf lowError.

Mapadeiypato Range:

>>> list (range (10))

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

(1, 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, =91
>>> list (range (0))

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

L J

Ta ranges vhomoloVv Oleg TG akohovdieg common eKTOG OO T CVVEVMOT KoL TNV emavainym (Aoyw
TOV YeYOVOTOG OTL TOL range oVILKEIUEVO WITOPOUV VA AVaTTapLoTovv uOvo akohovbieg mov akorovBovy
€va qvoTNPO LoTIBo KoL 1 ETOVAIN P Kat 1] uvEVEDOT ovvihBmg TtapafLalovv autd To TPOTUTO).
start

H tun g mapoauétpov start (1 0 av 1 TOPAUETPOG OV TUPEYETAL)

stop
H tun g mapauétpov stop

step
H tpv] g mapauétpou step (N 1 av 1 TopAUETPOS OEV TOPEYETAL)

To TAEOVEKTNUO TOV TUTTOV range Vvt eVOg KOVOVIKOD TOTov 11ist M tuple eival OTL €va avitKeiuevo
range 0o, TaipveL TAVTo, To 1810 (KPO) TOoO UvHUNG, aveEdptnTo amd To péyefog Tov range OV AVIWTPOOM-
mevel (oG Ko arrobnkevel uovo TG Tuég start, stop Kai step, vToloyilovtag To LELOVWUEVO. OTOLYELD
KO TLG VTTOTTEPLOYES OTTMG CLTTOLTELTAL).

Ta avtikeipevo range VAOTOLOUV TV collections. abc. Sequence ABC, Kot TopéYouv YopaKTHPLOTIKG
WG SOKLUES TTEPLOPLOUOV, AvalTNoT SElKTN OTOLYEIOV, TEUAYLOUS KOl VITOOTHPLEN apvNTIKDOV SELKTMOV (BA.
TYmor AkodovOiag (Sequence) — list, tuple, range):

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

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

>>> 10 in r
True

>>> r.index (10)
5

>>> r[5]

10

>>> r[:5]

(ouvéyela oty eV oehida)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)
range (0, 10, 2)
>>> r[-1]
18

O éheyy0G TOV AVTIKEWWEVMVY range Y10, LoOTHTO UE == KO | = Tta GUYKpivel wg akohouvbieg. Anhadn, dvo avri-
Keipeva range Oewpovvral Lo oV AvILITPOoWITEVOVY TV L0 akolovbia THWV. (ENuelmote 6Tl dVO AVTIKEL-
ULEVOL Tange TToV CLYKPILVOVTOL OG L00L WITOPEL VaL EXOUV OLAPOPETIKA start, Stop Kl Step upaKTNPLOTIKA,
yio tapaderyuwo range (0) == range (2, 1, 3) \range(0, 3, 2) == range (0, 4, 2).)

AMoEe oty ékdoon 3.2: Yhomoteiote tnv axolovBiae ABC. YmoompiEte thv Tunuatomoinoy Kol tovg ap-
VNTLKOUG SEIKTES. AOKLUAOTE T 1 Nt VTIKEUEVA YLOL CUUUETOYN] 0€ 0TOOEPS XPOVO QVTL TNG ETOVAAYNG OE
Oha T avTLKeipeva.

AMaEe oty €xdoon 3.3: Opiote ta “==" KL “I=" yio vo. OUYKpiveTe avTiKeipeva range e Baomn v akolovdio
TOV TWWOVY TV 0piLouv (avti va ovyKpivouv ue BAon TV TovTOTNTO TOU VTLKELUEVOD).

MMpootébnKav ta start, stop Kai step attributes.
Agite gmiong:

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

4.7 Turnog AKoAoubBiag (Sequence) Kelpevou — str

Ta dedopéva kewévov oty Python avupetwmifovror pe avukeipeva str 1 strings. To alpoapduntkd
(strings) eivow auetdfinteg sequences twv Unicode points. Tor akpaplOuntikd ypdpoviol pe didpopovg Tpo-
TOVG;:

o AmAd elooywyikd: 'allows embedded "double" quotes'
o Authd eloayoylkd: 'allows embedded "double" quotes'
o Tpuhd elooywykd: ' ' 'Three single quotes''',"""Three double quotes"""

Ta ohpapldunTikd og TPLTAd ELo0YWYLKA UITopoVV Vo KaAUTTOUV ToAES Ypauués - Oha ToL oYeTIKd Keva Oa
ouuTePANPOOVV 0T0 aAPOPLOUNTLKO.

Ta AhpaplBunTtikd (strings) Tov omroTehoVV PEPOG PLAIG EVLOLOG EKPPAONG Kot £X0VV OV KEVE petal Toug,
Oa petatpatouv olwmnpd oe éva eviaio akpaplOuntiko literal. Anhadt, ("spam " "eggs") == "spam
eggs".

Agite ta strings yLo TeEPLOCOTEPES TANPOPOPLEG TYETLKA UE TIG OLAPOPES LOPPES TOV OAPAPLOUNTIKDV, OU-
UITEPLAAUPBOVOUEVV TOV VITOOTNPLLOUEVOV aKolouOLDV escape sequences, Kot TOU r («raw») mtpdbeua mov
OLTTEVEPYOTTOLEL TNV ETEEEPYATLOL TV TEPLOTOTEPWV AKOAOVOLDV dLapuync.

Ta ahgpopOuntikd (strings) pmwopovv emiong va dnuovpynBovv ard GALA VTIKEILEVO YPNOLULOTOLM VTS TOV
constructor str.

Egdoov dev vrdpyer Eexwplotdg timog «character», to indexing wog ovporooelpdc (string) mapdryer ouvpfo-
hooelpéc unkovg 1. Anhadt, yro pa un kevi) oupforooelpd s, s [0] == s[0:1].

Aev vrtdpyer emtiong HeTaPAnTog THmog ouuBorooelpdg (string), Al To str. join () 110 i0.StringIOo
WIToPEL VoL PN OoLUoTTotn el YLo TNV 0ToTENETUATIKT] KATOoKEUT SUUBoM0cELpMV artd oMl uép.

AMaEe oty éxdoon 3.3: Twa ovppatdto mpog ta wiom (backwards compatibility) pe T oelpd Python 2, to
tpoOepa u elvor emLTPETTO Ko TAM 08 oahpopLtOunTLKd. Agv €xeL Koo emidpaor OTH ONUooio TV aApapLo-
UNTIKOV KoL OeV Popel va ouvdvooTel ue to tpdbepa r.

class str (object=")

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

Emotpéper pa €kdoaom string tov object. Av to object dev TOPEYETAL, EMOTPEPEL KEVO ahpaplOunTko.
ALOOPETIKA, 1] CUUTTEPLPOPA TG st T () eEaptdral amd to av divetar encoding 1 errors, WG €ENG.
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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 nothave a ___str__ () method, then st r () falls back to returning repr (object).

Edv diveton touhaylotov éva amd to encoding W errors, To object Qo mpémeL va givan évo bytes-like
object (m.y. bytes | bytearray). & 0QUTY TNV TEPLTTWOT], AV TO object E1vVOL EVAL AVTLKEINEVO by tes
(M bytearray), 10t t0 str (bytes, encoding, errors) &ival Ll00dVVAUO Ue T0 bytes.
decode (encoding, errors).AldQOpPETKd, TO OVTLKELIEVO bytes OV VTOKPUITTEL TO AVILKELUEVO
buffer Aapfavetor pLv amd v KAHon tov bytes. decode (). Agite Tomor Svadikic axolovOiog —
bytes, bytearray, memoryview xou bufferobjects yio. Anpoopieg oyetikd ue ta avekeipeva buffer.

[Iépaoua evog avILKEWWEVOV bytes 0To str () ywplg To encoding M TO errors OPLOUATO EUTTLTTEL GTNV
TPADTN TEPITTMWON EMOTPOPHG TG ATVITNG AVOTapAoTaong ovpporooelpds (string) (deite emiong tnv
gm0y —b TG ypauung evtordv yio Python). T mapdderyuo:

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

TN epLocdTepeg TANPOPOPLES OYETLKA ne TV KhAoT str ko TG ueboddovg g, delte Thmoc Axo-
Lovbiag (Sequence) Kewuévov — str ko v evotnta Mébodor Svuforoceiods (String) mapokdtm. Fo Ty
TOPAY WYY LOPPOTTOLNUEVIDY GUUPBOLOCELPMV (String), avatpéEte otig evotnteg f-strings ko Formar String
Syntax. Emumthéov, deite v evotnta Text Processing Services.

4.7.1 M€6odoL ZuppBolooeLpag (String)

Ou oupporooelpég (string) vhomolovv Oleg TLg AeLToupYieg TV common axohovOLdV, Hall pe Tig mpdobeteg
uebddovG TOU TTEPLYPAPOVTAL TOPAKATW.

O oupporooelpég (string) vTooTPILovv emiong 80 GTUA LOPPOTTOLNONG CUUBOLOTELPMV, TO £VOL TTAPEXEL VOl
ueyaho padud gvehEiog ko mpooapuoyng (Bréne str. format (), Format String Syntax kow Custom String
Formatting) kou o dAho Booiletol 0To oTud popgomoinong print £ g C mou xelpileton éva 0tevoTepo eVpog
TV Ko glvor Myo mo dvoKkoro va ypnoworton el omotd, ol eivar ovy v TayVTEPO VLA TIG TEPLTTAOELS
OV UTTOPEL VOL YELPLOTEL (printf-style String Formatting).
To tuhua Text Processing Services tng mpotumng Buprodnkng kahimrer Evav aptbud amd dhheg evotnteg mov
TOPEYOVV dLApopeg PoNONTIKEG VITNPECIES TOV OYETICOVTOL e TO Keipevo (CUUTEPIAAUBAVOUEVNG TG VITO-
OTHPLENG TWV KAVOVIKDV EKPPACEDY GTNV EVOTITA re).
str.capitalize ()

Emotpépel éva avilypapo tg ouufolooelpdg (string) (e Tov TpdTo Y upak TP KEQAAALO KoL Ta vITto-

Moura pe Teld ypdupota.

AMoEe oty £xdoon 3.8: O mpwtog yopoKThpag Tibetan Tpa o titlecase avti yio uppercase. Avtd ov)-
paiver Ot yopaktipeg OTms oL duypdagol (digraphs) O £xovv ndvo to TPWTO Ypduua Toug ue keporaio,
ovTi yior OLOVG TOUG YOPUKTNPES.

str.casefold ()

Emotpépel éva avtiypago tg ouuBorooelpdg (string) oe casefolded poppt). O casefolded ouuorooeipéc
umopovv va ypnotpomotnBov yia caseless matching.

To casefolding eivow wopdpoLo pe to lowercasing ol o emBeTIK £meLdY €XEL WG OTOYO VO OPALPETEL
Oheg TG drakpioelg g meLOHTNTAG 0 (o ovuBorooelpd (string). I wapddeLryua, to yepuaviko melod
vpdupo "B oodvvapel ue "ss". Agouv eivar H10m welo, 1 lower () dgv Ba £Kave Timoto 0To 'R ' 1
casefold () TO UETATPETEL OE "sS™.

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

str.center ( width[, Sfillchar ] )

Emotpépel £va kevrpaplopévo oe wor ovpporooelpd (string) unkovg wAdrog. To padding yivetan pe T
xphHon Tou kaboprouévov fillchar (to default eivon évo kevd ASCID). H apyikn cuufohoosipd emiotpépe-
Taw €dv To width givol kpdtepo 1) (oo ue to len (s).
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str.count (sub[, start[, end] ] )

Emotpépet Tov aplBud tov un emkolvmtopevmy (non-overalpping) eugpavioemy g vroouddog sub 0to
eVpog [start, end]. To mpoarpeTikd opioporta start Ko end gpunvevovtol 6mwg oto slice notation.

Av 10 sub givon Kevo, eTLOTPEPEL TOV 0PLOUO TV KEVHOY OUUBOAOCELPMOV (strings) LETAED TV YOPAKTY)-
POV TOV ElvaL TO UNKOG THG OUUPBOLOTELPAS oLV £val.

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

Emotpépet tnv oupfolooelpd (string) kmdikomomuévny oe bytes.
t0 encoding €yeL default oe 'ut £-8 ' - deite Standard Encodings yio. mbavég Tuéc.

TO errors eMEYYEL TOV TPOTO YELPLOWOV TV GQPOANGTOV Kwdikomoinong. Eav eivow 'strict' (1o
default), tote yiveton raise wa eEaipeon UnicodeError. AMeg mbavég Tiuég eivar To 'ignore’,
'replace', 'xmlcharrefreplace', 'backslashreplace' koL 0mol0dNToTE GALO Gvoua TOU
éyeL KatoywpnOel uéow tov codecs. register _error (). Agite to Error Handlers yio AeTTOUEPELEGS.

T LOYyovg amddoong, M TN TV errors 3ev ENEYYETAL WG TPOG TNV EYKUPOTNTA EKTOG AV OVIWG TPOK V-
Per opalpa KodLKomoinong, av to Python Development Mode givoun evepyomtoinuévo M av éva debug build
Y PT|OLULOTTOLELTOLL.

AMoEe oty ékdoon 3.1: Emurpdodetn virootplEn yia keyword opiopata.

AMoEe oty ékdoom 3.9: H tur| Tov dpov errors ehéyyetar thpa. oto Python Development Mode kai 6Tto
debug mode.

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

Emotpéper True av 1 ovuforooelpd (string) tehewdver pe to Kabopouévo suffix, odlidg emotpépel
False. To suffix pmopei emiong vo eivon éva tuple (therdda) amd embéuata mov wpémer va avalntnovyv.
Me 10 TTPOOLPETLKO start, TO TEOT apyileL amd avth T 0€0om. Me to mpoatpeTikd end, 1) GUYKPLOT OTOUOTA
og oty T Béon).

str.expandtabs (fabsize=8)

Emotpépel éva avtiypago tg ovpporooelpds (string) dou 6ot oL yopakTipeg tab aviikadiotovton
artd €vav 1) TEPLOCOTEPA KEVA, avAhoYO Ue TNV TPEXOVaa OTHAY KoL To dedouévo uéyebog tmv tabs. Ou
Oéoeig tab eppaviCovtor k&be tabsize yapaxtipes (to default eivan 8, divovrog tab Oéoeig otig otieg 0,
8, 16 x.0.K.). T'la. TV eméKToom ™G oVUBOLOTELPAG, 1) TPEXouoa TN undeviletan Kan 1 cupfohooelpd
eEetdleTau apaKThpag mpog yapaktipa. Eqv o yapaxthpag eivar tab (\t), elodyovion évag 1| mepLo-
00TEPOL YOPAKTIPEG KEVAOV OTO ATTOTELETILOL UEYPL 1) TPEYOVON OTNAN V. ebval Lom we v emduevn O¢om
tab. (O (dLog 0 yapaktpag tab dev avarypdgetar.) Edv o yapaktipog eivor véa ypauun (\n) 7 return
(\ 1), avILypageToL Ko 1) TPEXOVOO OTHAY ETAVAPEPETAL 0TO UNOEV. OmToL0GdNTOTE AANOG YOPAKTIPAG
OVILYPAETOL AUeTdfAnTog KoL 1 Tpéxovoa othin avEdvetal Katd éva, aveEdpmnta amd Tov Tpdmo
AVOTTOPAOTAONG TOV Y UPAKTHP 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 younhotepo deiktn ot oupforooelpd (string) érrov 1 vtd-ovuBorooelpd sub FpiokeTo
péoo 0to vroouvoho (slice) s [start:end]. Ta mpooupeTikd opiouato start Kou end epUNVEVOVIOL
OTwg 070 notation Tov VToouvorov. Emotpéper —1 av dev Bpedel to sub.

Inueiwon: H pébodog find () Oo mpémeL va xpnoostoLeital ovo av pemel va. yvmpilete T 0€om
tov sub. T vo. ehéyEete av To sub gival vtoovvolo 1 OxL, YPNOWOTTOOTE TOV TEAEOTY| in:

>>> 'Py' in 'Python'
True
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str.

str.

str.

str.

str.

str.

format (*args, **kwargs)

Extéheon wog ettovpyiag popgomoinong ovuforooelpdg (string formatting). H ovpporooelpd oty
omoio vt M PEB0dOG Kaheitan WTOPEL VO TEPLEXEL KUPLOAEKTIKO KELUEVO 1) TTESLOL AVTIKATAOTAONG TTOV
oproBetovvtar oo aykuleg { . Kabe medio avuikatdotaong mepiéyet eite Tov aplbuntikd deiktrn evog
oplopartog 0éong, elte To dvoua evog keyword opiopatog. Emiotpépel éva avtiypopo g ouuBorooeL-
pag 6mov K&Oe medio avrikatdoTaong avitkadioTatal Ue TV T TG CUUBOAOOELPAG TOV AVTIOTOLY OV
opiopaTog,.

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

Agite To Format String Syntax yuo. puo. TepLypopt] Tmv dLapopmy emAOYDV LOPPOITOLN 0TS TTOV UITOPOVY
va Kafoplotohv otV poppomoinomn ovuporooelpdv (format strings).

Ynueioon: Katd t popgomoinomn evog apibuov (int, float, complex, decimal.Decimal Ko
VITOKAAOELG) UE TOV TUTo n (... "{:n}'.format (1234), 1 ouvaptnon OEteL TPOoWPLVAL TNV TO-
mofecio. LC_CTYPE oty tomofeoior LC_NUMERIC Y1 TV ATtoKmdLKowoinon twv decimal_point
Kot thousands_sep mediwv tov localeconv () av eivar un ASCII Y ueyaritepa amod 1 byte, Ko to
locale 1.C_NUMERIC givou dtopopetikd amd to locale LC_CTYPE. Avti) 1) TpocwpLvy) adhayn ennpedlet
Ko ddha vipora (threads).

AMoEe oty €kdoon 3.7: Katd tn popgomoinom evog aptbuot pe tov timo n, 1 ouvdptnon 0étel po-
owpva to locale LC_CTYPE o7o locale LC_NUMERIC o€ KAUTOLEG TEPLITTMOELS.
format_map (mapping)

[Mapoduolo pe 1o str. format (**mapping), eKTOg amd To OTL PNOWOTOLETAL TO mapping omev-
Beiag KoL dev avypagetal og wa dict. Autd eival pNoo av yia Topdderyuo tTo mapping eivol
pa virokhaon 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 oty éxdoon 3.2.

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

‘Onwgm £ind (), odé kKével raise ValueError 6tav 1 vrd-cuufiohooslpd (substring) dev éxel Bpe0et.

isalnum ()

Emotpépel True av 6hoL oL YopaKTipeg 0T ovuBorooelpd (string) elvan ahgaplOuntikol Ko vtdpyet
TOVAAYLOTOV €VOG YAPOKTNPAS, dlapopetikd False. Evag yapaktpag ¢ elval ahpoplOuntkd edv
é€va amd to akohovbo emotpépel True: c.isalpha (), c.isdecimal (), c.isdigit (), N c.
isnumeric ().

isalpha ()

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

isascii ()
Emotpéper True edv 1 ouuBorooelpd (string) elvor Kevi) 1 OhoL oL YOpaKTHPES TG OURPBOLOTELPAS

eival ASCII, adhidg False. Ouvyopaktipeg ASCII €xouv onueio kwdikomoinong otnv meptoy U+0000-
U+007F.

Néo oty éxdoon 3.7.
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str.

str

str.

str

str.

str

str

str.

isdecimal ()

Emotpéger True av OhoL OL XOPOKTNPESG 0TI GUUBOAOOELPA (string) eivol dekadikol XapoKTpES KoL
VITAPYEL TOULAYLOTOV EVOG YOPOUKTNPOG, OLapopeTikd False. Ou dekadikol yapaktipes elvar ovtol
OV WITOPOVV va. xpnotpomotnBolv yia To oynuationd apbumv oty Bdon 10, w.y. U+0660, ARABIC-
INDIC DIGIT ZERO. Entionua évag dekadikdg yopaktpag eivor évag yapoaktipag tov Unicode General
Category «Nd».

.isdigit ()

Emiotpéper True av 6ot oL Y opaKT)peS 0TI CUUBOAOTELPA ELvaL Y1 @LoL KoL UTTAPYEL TOULAYLOTOV £VOg
yopakthpac, dragopetikd False. Ta Ynoio mephappdvouy dekadikolg yapakTNpes Ko Yneia o
YPELACOVTOL ELOLKO XELPLOUD, OTTmG Ta compatibility superscript Ymeia. Avtd KolvTTeL Ta Yypio Tov dev
WITOPOUV VAL YPNOLULOTTONO0UV Yo TO oxNuUaTiopd aptdudv ot pdon 10, émtwg o aptbuoi Kharosthi.
Tumikd, éva ymeio elval évag yopakthpag mov €yxel v Ty g Widtntag Numeric_Type=Digit 1)
Numeric_Type=Decimal.

isidentifier ()

Emotpégel True ov 1 ouuBoLooELPA EivaL EYKUPO avaryVOPLOTIKO CUUPMVA UE TO OPLOUO THG YADOOOGS,
evotnro identifiers.

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

Hapaderyua

>>> from keyword import iskeyword

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

(True, True)

.islower ()

Emotpépel True av 6hot oL yapaktpec 0to ahqoaptOuntiko (string) etvou etol ko vdpyet TovhdyL-
otov évag cased yopakthpac, alMwg False.

isnumeric ()

Emotpéper True av OAoL OL YOpaKTHPEG 0TH CUUSOAOOELPA elval aplBunTikol (numeric) XopaKTNPES,
KOL VTTAPYEL TOVALYLOTOV £VOG XAPAKTNPOS, OLOOpPeTkd False. Ou aplOunTikol XopoKTipeg mepL-
AapBdvouy YneLokovs XopaKTPES Kat OLOVG TOVUG YOPAKTHPES TOU EXOUV TNV OPLOUNTLKY TLUT), TT.X.
U+2155, VULGAR FRACTION ONE FIFTH. Tumikd, ot aplOuntikol yopaKtipeg eivol ekeivol (e 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 ov vmdpyouv wOvo yopaktipes kevou (whitespace) 0to akgpaplOuntikd (string) Ko
VITAPYEL TOULAYLOTOV EVOG Y OPOKTNPOG, OLOPOPETLKE False.

'‘Evog yopakthpag elval whitespace e€av oty Baon dedouévov yapoktnpwv Unicode (Bréme
unicodedata), eite N yeVIKN KoTnyopia Tov eivar Zs («Separator, space»), €ite 1) appidpoun Katn-
yoplo Tov gival pia amd TG Katnyopieg WS, B, 1 S.

istitle ()

Emotpéper True av n ovpPorooepd (string) eivon pua titlecased ovpBorooelpd Ko vdpyeL TouhdyL-
OTOV €VOG YOPUKTIHPAGC, YLOL TOLPAELYILAL, OL KEPAAQLOL YOPAKTHPEG UTOPOUV VO AKOAOVHOVY OVO TOVG
uncased yopoKTNPES Ka oL telol yopakTipeg wovo cased yopaKTipes. ALopopeTikd, emotpépetFalse.

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.isupper ()

Emotpépel True av 6Lot oL opakTipec>0% 334 g1o ahpaptOuntikd etvol kepahatol kot vidpyel Tov-

MryLotov évog cased xapokTPag, dLapopeTikd False.

-

>>> 'BANANA'.isupper ()
True

>>> 'banana'.isupper ()
False

>>> 'baNana'.isupper ()
False

>>> ' ' _isupper ()
False

str.

str.

str.

str.

join (iterable)

Emotpéper wa oupuforooelpd (string) mov givar 11 ouvévaor towv ovuforocelpwv oto iterable. 'Evo.
TypeError 0a yivel raise av vdpyovy tiég un ovuporooelpds (non-string) oo iterable, cuumepihop-
Boavouévav Tmv avikewévov bytes. To Sloywplotikd puetad tov otoryeiwv eivar 1 ovpuBorooelpd
7OV TTapEYEL vt 1 uéEBodoC.

1just (width|, filichar |)

Emotpéger ™) ovpporooelpd (string) pe aplotept) evbuypaupuon oe pe oupuBolooelpd unkovg width.
To padding yivetal pe T ypnon tov kabopiopévou fillchar (to default eivon éva kevd ASCID). H apyikm
ouppolooelpd ETLOTPEPETOL EQV TO Width givan WKPOTEPO 1) 100 Ue To len (s).

lower ()

Emotpépel évo avtiypogo g cupuBolooelpds (string) pe dGhovg toug cased yopokTipeg o5 4

€youv petotpostel og melovge.

vo

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

1strip( [chars] )

Emotpépel éva aviiypapo tng ouufBohooeLpdg (string) (e TNV apaipeor Twv apytkav yopaktnpwy. Ta
chars givor (o ovuforooelpd ov kafopilel To 0OVVOLO TV XAPAKTHPWY TOV TPETEL VoL opoLpefovv.
Edv mapadewpbei 1 eivar None, to dpiopa chars €xer wg default tnv agpaipeon Tov KevOY yopaKThHpwy.
To dpropa chars dev eivar Eva TpdOepa 0TdTE, OAOL OL GUVOVUGUOL TWV TLUMY TOU APALPOVVTOL:

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

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

Agite MV str.removeprefix () yuo wo uéBodo mov Oa agalpéoet éva povo mpdHeua ovuPorooeL-
Pag (string) avti yio. Oho To gUvoro TV yapoktypwv. ['a mopdderyuo:

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

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

static str.maketrans (x[, y[, z] ])

Avt 1 otaTik’ nEB0d0G emLoTPEPEL EVaY TEVOKO UETOPPACEMY TTOV UITOPEL VO, PN OLuoTtotn0el yio To
str.translate().

Edv vndpyer povo éva dpiopa, mpémel va eivar évo heEukd avtiotoiyiong Unicode ordinals (aképaiot
apbuot) M yapaxtipes (ovuporooelpég - strings ufkovg 1) oe ordinals Unicode, cupfolooelpéc (avbai-
peTov unkoug) 1 None. Ta KAEWOLA apakTpmV TOTE O HETATPATOVY OE KOVOVLKOUG aptOuovc.

Eaqv vrtapyouv dvo opiopoata, mpémer va eivor ovpBolooelpég (strings) ioov ufkovg kKow oto AeEukd
(dictionary) mov Oa pokMpel, KaOe YopaKTHPAS 0TO X O0 AVILOTOLYLOTEL OTO YAPAKTNPA CTNV idLo
0¢0m 010 y. Av vITdpyEL TPLTO OPLOUA, TPETEL VO ELVOL CUUBOLOCELPA, TOV OTTOLOV OL YOPUKTHPES O
OVTLOTOLYLOTOVV 0TO OTTOTéEAECUA O None.
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str.

str.

str.

str.

str

str

str.

str

str.

partition (sep)

Awaywpiote T oupforocelpd (string) otV TPMOTN EUPAVLOT TOV Sep, Ko EMOTPEPEL €va. 3-tuple wou
TEPLEYEL TO PUEPOG TTPLV QT TO SLOKWPLOTIKO, TO 1dL0 TO dLoywPLOTIKO KoL TO UEPOG UETA TO dLaymptL-
otkd. Av o duaywpLotig dev Ppebdel, emotpépel Eva 3-01Uvolo ov mePLEYEL TV 1dLaL TN oVUPBOLOTELPd,
akolovBouuevn atd U0 KevEg OLUUPBOLOTELPES.

removeprefix (prefix, /)

E&v 1 ovufohooelpd (string) Eexivd e to prefix, emotpéper string [len (prefix) : 1. ALOQOPETIKA,
emLOTPEPEL EVOL OVTLYPAPO TG aPYLKNG oVUPBoLoTeLpdc:

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

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

Néo otnv ékdoom 3.9.

removesuffix (suffix, /)

Av 1 ovuporooelpd Telewdver pe Tto suffix ko to  suffix dev  elvar  KeVO, EMOTPEPEL
string[:—len (suffix) ]. AlpOPETIKA, EMLOTPEPEL EVOL OVTLYPOPO TNG OPYLKTG CUUBOLOCELPAG:

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

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

Néo omnv ékdoom 3.9.

replace (old, new[, count])

Emiotpépel £va ovtiypapo g ovuPohooelpdc (string) ue OLeg TLG ELLPAVIOELS TG VTTO-OUUBOAOCELPAG
old ovtikoteotnuéveg artd v new. Edv d00ei to mpoapetikd dpiopo count, pdvo oL TpMTEG count ep-
Pavioelg ovtikodiotavtal.

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

Emotpépel to vimidtepo index otn ovporooelpd (string) 6mtov Bpioketal 1 vitd-cuuBorooelpd sub, ETot
WOoTe T0 sub mepLéyetal 010 s [start:end]. Ta mpoalpetikd oplopota start Ko end epunveVovVTaL MG
slice notation. Emiotpépel —1 og mepinmtwon amotuyiog.

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

Onwg M rfind (), ahhd Kbvel raise ValueError 6tav 1 vid-cuufiohooelpd (sub-string) sub dev Bpé-
Onxke.

rjust (width [, ﬁllchar] )

Emotpéper T ovuBorooetpd (string) pe 8eE16 mpooavatolopd og o ovporooelpd unkovg width. To
padding yivetaw ypnopomormvrag o Kabopiopévo fillchar (n mpoemhoyn eivan éva didotua ASCID). H
apyLkn ovuBorooelpd emoTpépetal edv To width elvol wkpdTepo M (oo pe len (s).

.rpartition (sep)

Aoy wpiCel ™) ovuBorooelpd (string) otV TeEheuTOio EUPAVLON TOU sep Ko emoTtpépel £va 3-tuple mov
TEPLEYEL TO TUHUA TTPLY ATTd TO SLOKMPLOTIKO, TO (D10 TO SLAYWPLOTIKO KOL TO UEPOS UETA TO dLOYWPL-
otk0. Edv to dtoywprotikd dev Bpebdel, emotpépel éva 3-tuple mov mepLéyel dV0 Kevég ovuPorooelpéc,
axohovBovpeveg ard TV idLa T cupforocelpd.

rsplit (sep=None, maxsplit=-1)

Emotpéper o Mota e tig MEeig ot oupforooelpd (string), xpNOLLOTOLDVTIOG TO sep WG OPLOOET).
Edv d00¢i to maxsplit, Bo. yivouv to ok maxsplit duoywpropol, Eexivavtag amd to deEud. Edv to sep
dev éyeL kabopLoTel 1) eivan None, 0motodnmote Kevd didotnua yiveton daywprotikd. Extog amd to dia-
YWPLOWO aTtd To 8eELl, ) rsplit () CUWITEPLPEPETAL OTIWGT SPLit () TOV TEPLYPAPETOL AETTOUEPDG
TOPOKATO.
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str.rstrip ( [chars] )

str.

str.

Emotpépet éva avtiypopo g ouufolooelpdg (string) ue tovg xopaKtpeg mov éxouvv apaipedei. Ta
opLopa chars givon o ouuforooelpd Tov Kabopilel 10 GVVOLO TOV YOPOKTNPWV TOU TPETEL VO OLPOL-
pebovv. Edv mapodngOei 1) eivar None, to 6piopo. chars €xeL wg TPOETAOYY THV OPALPEDT TWV KEVOV
draotnudtwv. To dpioua chars dev eivar suffix, alhé GLOL 0L CUVOVOGUOL TOV TLUMV TOV APALPOVVTOL:

>>> ! spacious '.rstrip()

! spacious'

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

Agite ™) str.removesuffix () ywo. wa uéBodo mov Oa agarpéoer évo amho suffix ovti yia dho to
oUvolo TV yapakthpwy. Lo mopdderypa:

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

lMl

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

split (sep=None, maxsplit=-1)

Emotpéper o Mota pe tig MEelg g ouuPfolooelpdg (string), xpnOLULOTOLOVIAG TO sep WG dLayw-
pLotikd. Av do0ei to maxsplit, yivovtar to ol maxsplit duoywpiouol (€tot, 1 Aota Oa €xer 1o TOA
maxsplit+1 otouyeia). Edv to maxsplit dev kaboprotel 1 elvor —1, TOTE dev vTdpyeL OpLo aTov aptdud
TV SLawPLoUmV (Yivovtor Oheg oL TOavEG 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 [''].

TNo mwopdderypo:

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

[ra', '2', '3']

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

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

tvav, g4, vv_ g vi]

Av 10 sep kaBopLoTel 1) elval None, eaproleTol £Vag dLapopeTtkog ahyopLlOog dLaywpLopov: oL lga-
VioeLg LadOYLKMV KEVOY OEmPOUVTOL G £VOL EVLALO SLaWPLOTLKO, KoL TO atoTéAeoua dev Oa mepLEYEL
Kevég ouufohooeLpéc (strings) otV apym 1 0TO TELOG, AV 1) GUUBOAOCELPG £)EL KEVO DLATTNUOL 0TV OPYT|
1 oto téhoc. Katd ovvémeia, 1 dLaomoon pag kevig ovuBorooetpds 1 wog oupporooelpds Tov ato-
teleitan uovo amtd keva daotiuato te £va None mg dLaympLloTikd emtotpépel [ ].

TNa wapaderypo:

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

['1|, 12|, '3']

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

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

splitlines (keepends=False)

Emotpépel pua Mota ue Tig ypoupés thg oupporooelpd (string), dtoympiloviog ota dpLo Twv YPOouudy.
Ta SLoymPLoTKAE TV Ypapumv dev mepthappdvovtar oty véa Alota, ektdg av 800ei To keepends Ko
eivau true.

Avti) 1 uébodog draywpilel oto akdhovba OpLa ypauumv. ITo cuykekpLuéva, To OpLo. eivor Eva vmep-
ouvolo tov universal newlines.
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Avarnapdotaon [epypaon

\n Line Feed

\r Carriage Return

\r\n Carriage Return + Line Feed
\v or \x0b Line Tabulation

\f or \x0c Form Feed

\x1lc AvoywpLotig Apyeiov
\x1d Avoywprotiig Group

\xle Avoywprotig Eyypagpmv
\x85 Emouevn Ipapur (C1 Control Code)
\u2028 Avoywprotig Fpapung
\u2029 Awaywprotig Mapaypdpou

AlaEe oty ékdoon 3.2: Ta \v kou \ £ pootiBevial oty AMota opiwv TV Yooy,

INo mwopdderypo:

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

['ab c¢', "', 'de fg', 'kl']

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

Ze avtifeon pe v split () dtav diveror po ouuforooelpd (string) oproBétnong sep, ovti 1 uéHodog
eMLOTPEPEL LULOL KEVH ALOTOL Y10l TO KEVO ahpaplOunTiko, Ko (o tepuatiko break ypouung dev odnyel oe
LLOL ETTLITAEOV YPOUUN:

g
>>> "" splitlines ()

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

['One line']
.

Zuykprokd, 1 split ("\n') divel

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

['"]

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

L

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

Emotpéger True av 1 ouufohooelpd (string) apyilel ue to prefix, alwg emotpépel False. To prefix
witopet emtiong vo eivar wo whetada (tuple) prefix pog avalntnon. Me 10 TpoalpeTiko start, ENEYYETOL TO
ahopOuNTLKd TOU aPYiCEL 0o TN oUYKeKPLUEVY BE0m. Me To TPOaLPETIKO end, oTauaTd N oVYKpPLoN
™G ovuforooelpdg o avti) T 0¢om).

str.strip( [chars])

Emotpépet Eva aviiypago g ouuforooelpdg (string) (e Toug TpmTous Kol TOUG TELEVTALOVGS XAPOKTH-
pec va. Eyouv apoupedel. To dpiopa chars eivar o cupfolooelpd Tov Kabopilel To GVVOLo TV Yopa-
KTNpwv 7ov mpémel va agparpedotv. Edv mapodewpbei 1) eivan None, to dpiopa chars €xel wg default tnv
apalpeon Tmv kevov dwaotnudtmv. To dpioua chars dev eivau prefix 1) suffix- udihov, 6hot ot cuvdvaouol
TV TYMV TOV 0LPOLPOVVTOL:

>>> ! spacious '.strip()
'spacious’

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

O axpaieg apyLkes KoL TEMKESG TLUEG TOV oplopatog chars agpalpovviol otd T oupporooelpd (string).
OL YapaKTNPES OLPOLPOVVTAL ATTO TO UITPOOTLVO GKPO UEYPL VO PTACOUV GTO XAPUKTNPO TNG CUUBOAO-
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str.

str.

str.

str.

0eLPAG (string) ToU deV TTEPLEYETAL OTO GUVOAO Y APOKTNPWY TOV chars. Mia tapduota evépyeia Aaupdver
WP 0TO TELOG TG ovpds. [ia apdiderypa:

>>> comment_string = "#....... Section 3.2.1 Issue #32 ....... !
>>> comment_string.strip('.#! ")

'Section 3.2.1 Issue #32'

swapcase ()

Emotpépel éva avtiypogo g ouuBorooelpds (string) e Kepaiaiovg YapoKTNPES TOV EXOUV LETO-
Tpartel og meECOVG KoL avVTLOTPOQa. ZNUELDOTE OTL OEV eival amapaitnta akndég Ot s . swapcase () .
swapcase () == s.

title()

Emotpéper o titlecased £ékdoom g ovpBorooelpde, dmov ou AéEeig Egkivolv pe va Keparaio yopo-
KTNPO KoL OL VITOLOLITTOL YOPAKTHPES Elva TECOL.

INo mwopdderypo:

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

R

|

O alyopLOuog xPNoLUOTOLEL £vav athd, AVEEAPTNTO OTTO TH YAWOOoa, oplopd wag AEEng wg group dia-
doykdv ypoupdtwv. O oplopdg Aettovpyel o€ TOAMG contexts, oAAG onuaiver OTL oL ATOOTPOPOL OE
ouvalpéoelg Kat KTNTikég MEelg amotelovv Opa MEewv, Tov wwopel va uny eivor To embuuntod asto-
Téheopos:

"They'Re Bill'S Friends From The Uk"

{>>> "they're bill's friends from the UK".title () }

H ouvvdptnon string.capwords () dev €xel autd To TPOPANUa, Kabmg ywpilel Tig MEelg udvo oe
Keva.

EvolokTikd, wmopel va Kataokevaotel wo. Mon yia TG amtooTpopous (pNoLLOTOLMVTOS KOVOVIKEG
EKQPPATELS:

e N

>>> 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."

translate (table)

Emotpépel éva aviiypago tg oupporooelpdg (string) 0to omolo KaOe xapaktpag £xeL AVTLOTOLYLOTEL
UEC® TOV TTEvaka UETAPPOOoNG. O TvaKag TPETEL VoL ELVOL EVOL AVTLKELUEVO TTOU VAOTTOLEL EVPETNPLOTTOL-
non uéow ™G __getitem__ (), ovvhBwg éva mapping f éva sequence. Otav to indexing yivetou ue évo
Unicode ordinal (¢vag aK€POLOG), TO OVTLKEIUEVO TOU TTLVOKOL LWITOPEL VA KAVEL 0TTOLOdNTOTE OITd T AKO-
MovBa: vo emotpépel éva Unicode ordinal 7 o oupBorooelpd (string), Vo avIloToLyioeL TOV Y apoKTpo
o€ EVav 1) TTEPLOOOTEPOVS AMLOVG YOPUKTNPES: VO, EMLOTPEYEL None, Lol VO SLoYPAPEL TOV XAPOKTPO
aIto T CUUBOLOCELPG TTOV ETLOTPEPETOL: 1) VOL KAVEL raise v LookupError, Yo Vo, AVILOTOLYOEL TOV
YOPOKTNPC OTOV EAVTO TOU.

Mitopeite vo. PNOWOTOLAOETE TO st r.maketrans () Yuo Vo dSNUWOVPYNOETE £val XAPTN UETAPPATNG
OVTLOTOLYLONG OTTO YOPAUKTNPO-0E-YOPUKTIHPA GE SLOPOPETLKES LOPPES.

Agite emiong v evOTNTO codecs Yo oL Lo EVEMKTY TTPOOEYYLOY O€ TPOCOPLOCUEVO mappings yo-
POAKTNPMV.

upper ()

Zehida 55, 4

Emotpépet éva avtiypago g ovupolooelpdc (string) pe GAovg Toug YOPAKTHPES OV £YOUV
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UETOTPOTTEL 08 KEPaAaio. ZNUELmoTe OTL T0 s . upper () . isupper () Umopel vo eival False av to
S TEPLEXEL YOPAKTHPESG YwPig TELA ypduuota 1 av 1 kotnyopion Unicode tou mpokimtovtog xopa-
ktpa(wv) dev eivar «Lux» (Tpaupa, keparaio), adrd m.y. «Lt» (Cpduua, titlecase).

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

str.zfill (width)

Emotpépel éva aviiypapo g ovppolooelpdc (string) wov éuetve yeudtn ue Yyneic ASCIL '0'° yio va
dnuovpynoeL puia cuuforooelpd unkovg width. Xewpileton évo leading sign prefix (' +'/' - ') elodyovtog
TV CVWITAPWON UETA TOV XOPOKTNPO sign avti yio stpwv. H apykt) cuufBohooeLpd ELOTPEPETOL EAV TO
width eivon pkpdTepo 1 ioo pe len (s) .

Mo wapaderypo:

>>> "42" z£fill (5)
'00042"

>>> "—42" z£fill (5)
'-0042"

4.7.2 print£-style String Formatting

Inueimon: Oulertovpyieg Loppomoinong ov TepLypdpovtol 8 Topovotdfouv o Totkhic tdLoppuduLdv
7OV 0dNYOUV 0t £vay aplipd Kowmv oQoAudTwy (6mTmg 1 atotuyio eugdviong tuple KoL cwotmv AeELKdv).
Xpnowwomoldvtog to vedtepo. formatted string literals, To str. format () interface 1) to template strings wio-
pel va fondNoeL oty amopuyr otV Twv opoiudtov. Kdbe plo omd avtég tig evolaKTiKES TOPEYEL TOVG
dukovg TG oVUBLBOOoUOVS KAt TA OQEAT TNG ATAOTITAC, EVEMELOG KA/ ETEKTOOLULOTNTOG.

Ta aviikeipeva string £€xovv Lo LOVadLKY EVOOUATOUEVN AerToupyic: Tov teleot % (modulo). Autdg eivon
emiong Yvootdg g teheatig formatting M) * interpolation*. Aedopévav twv format % values (6mov format
etvau pio ovpporooelpd), & oL TPOdLOYPUPES UETATPOTNG OTO format avuikadiotaviol amd undév 1) TepLooo-
TEPA OTOLYELD TWV values. To amotéleoua eivor ToPOUOLO e T XpNor Tov sprint £ () om yhoooo C.

Edv 1o format amoutel éva pepovouévo OpLoua, to values Wmopel va eivan £va pepovmuévo non-tuple avri-
xetpevo.” Alagopetikd, Ta values mpémel vo. elvor éva tuple pe akplog Tov idto aptdud Tmv otolyetwv mov
KaBopifovrar asmod to format string ) £va ueOVOUEVO AVTIKEIUEVO AVTLOTOLXLOMG (YL TTapdderyua, Eva AeELKO).

"Evag tpoadloplothg HETATPOTNG TTePLEXEL VO 1) TEPLOCOTEPOUGS YAPOUKTHPES Kat £XeL Toug eEfg components,
Ol OTTOLOL TTPETTEL VAL EPAVICOVTOL UE OUTY) TN OELPAL:

1. O yapaxthpag * %' ", IOV ONUATOSOTEL TNV 0PYT| TOU TPOTOLOPLOTY).

2. Khewdi mapping (pootpetikd), mov amoteheitor oo po. akolovdia yapokthpwy oe mopévieon (yio
mapaderyna, (somename)).

3. AeiKTeg HeTorTporig (TPOALPETIKG), TTOV EMNPEALOVY TO TOTEAEOUO KATTOLWV TUTMV UETATPOTTHG.

4. EMayroto mhdrtog mediov (mpoarpetikd). Edv opileton wg '* ' (00TEPLOKOC), TO TPAYUOATIKO TAATOG
duafatetal amd To emduevo atoLyelo Tov tuple otol values, KoL TO AVTIKELUEVO TPOG LETATPOTTY) EPYETOL
HETA atd TO EAAYLOTO TAATOG TESIOV KOl TO TTPOLPETLKO precision.

5. Axpipeia (tpoapeTiko), divetar og ' . ' (teheia) akorovBovuevn amd to precision.Eqv opiletar wg ' * '
(aotepiokog), To Tpayuatikd precision dLofELeTol amd To ETOUEVO GTOLYELD TOV tuple ota values, Kai 1
T TTPOG UETOTPOTT EPYETOL UETG TO precision.

6. Metatpoméag tov length (wpoapetikd).

7. Tumog conversion.

5 T VoL LopomotoeTe Povo e hetdda (tuple) Oo mpémel emopévag va apéyete e mhetdda singleton Tng omoiag o Lévo ototyeio
eivow 1 TAeLdda o TPOKELTaL VO LOPPOTTOLNOEL.
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‘Otav 1o owotd dpiopa eivar éva AeELkd (1] dAhog TOITOG OVTLOTOLYLONG), TOTE OL LOPPES 0TI GUUBOAOCELPG
moémer va, ePLhaUPavouv évo. Kheldi avtiotoiyiong oe mapévieon oe avtd To heELkd ov 1oy On auéomg uetd
TOV XapoKTNPo "% '. To KAEWDL avTLoTOlYLONG EMAEYEL TNV TUUY TTOV B0 LOPPOTOLNOEL 0T TV AVTLOTOLYLOM.
T wopdderypo:

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

Python has 002 quote types.

e QUTNV TV TEPLTTMON OEV WTOPEL VOL VITAPYOVY TPOODLOPLOTEG * 0€ Mol Lop@r) (Kabwg amatovv pa dia-
doyLkn Mot TOPAUETPOV).

OL deixTeg UeTATPOTNG ElVaL:

Flag ‘Evvoia

"4 OupetoTporti) TUNG o xPNOLUOTOOEL TNV «EVOAMAKTIKT pOpUa» (OTOV OPITETOL TOPAKATW).
'0'  H petatpormy| Oa €xel undeviky CUUTANPOON YLl apLtOUNTLKES TUES.
—' H 11 petatpomng agpnvetal Ipooaproouévn (Tapakusttel T Letatpomn "0 edv divovtol Kot
T dV0).
J (éva kevo) Ipémel va mpootebei Eva kevd mpiv amd évav Betikd aplbud (1 Kevy ovpporooelpd) mov
' TOPAYETOL OITO ULCL VTTOYEYPOUUEVT] UETOTPOTTY.
"+'  Eva yopaxthpag tpoonuov ("+' 1 =) Oa mponyeiton TG LETATPOTNG (TTOPAKAUITTEL EVAL <KEVO»
deikTn).

"Evag tportomom g uKkovg (h, 1, or L) wwopei va vmapyel, oG ayvoeitol kabmg dev elval amapaitntog
yioe Tv Python - omdte .. $1d eivol movouoldtumo o $d.

Ot tUmoL petatpormng etvo:

Meta- ‘Evvola n-
TPOTN MELW-
OELG

'q! Yroyeypouuévog dekadikdg aképaLog.

it Ynoyeypouuévog dekadikdg aképaLoc.

o' Ymoyeypopuuévn oKTodLKY) TLu. (1)

I Amapyomwpévog THmog — givar avouoldtumog pe to 'd’. (6)

'x! Yroyeypoupévo dexoeEadikod (steld). )

'X' Ynoyeypouuévo dekoeEadikd (keporaio). 2)

'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 not ~ (4)
less than precision, decimal format otherwise.

Tg" Mepovouévog xopoKTNpog (dé et aképato 1 Lovod xapakTipa cuuBolooelpdiq).

'r! Zvuporooelpd  (uetatpémer omolodfmote avtikeinevo Python ypnowomowdviag  (5)
repr()).

's' Zvpuporooelpd  (uetatpémer omoLodnmote avtikeinevo Python ypmowomowdviag  (5)
str()).

'a! Fvuporooepd  (pnetatpémer omolodfmote avtikeipevo Python ypmowomowdviag  (5)
ascii()).

050 Kavéva 6pLopo dev HeTatpémeTtal, YL MG ATOTELETUO EVOV YOPAKTHPO 'S ' TO OITO-
TENEOQL.

ZNUELWOELS:
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(1) H evodhaxtikn poppn TpoKalel TV eLoaymyn evog TpdTov okTadikoy wpoadloptot) (' 0o ') mpLv amd
TO TTPWTO YNPio.

(2) H evalhokTikt) OpUo TPOKOALEL TNV ELOAYWYY EVOG apyLkoy '0x ' 1} ' 0X ' (avdhoya pe To edv xpnot-
pomoOnKe M popen 'x ' N 'X"') TPLV TO TPWDTO Y1 pio.

(3) H evolhaxtiki pope KAVEL TO ATTOTELECUOL VAL TTEPLEYEL TTAVTOL (ULOL VITOILAOTOMY], KOO KL 0V SEV AUKO-
AovBovv ymepia.

H axpipeta kabopitel tov aptBud Twv Ynpinv Letd Ty vodiaotolt] Kot oplletat omd Tpoemhoyr wg
6.

(4) H evalhaXTiKy) Hop@pn KOVEL TO ATTOTEAECUO VO TTEPLEYEL TTAVTO ULOL VTTOSLOLOTOAY) KOl TO. UNOEVLKA OTO
TELOG SV apaLpoVvTOL OTTMG B TV dLOPOPETIKA.

H axpipeto kabopilet Tov aptOud Tmv onuavitkdv YPneiwv TpLy Ko Letd Ty vrodlaoToi Kot opile
70 6.

(5) Eb&vm axpipera eivar™N™, 1) £éE0dog mepikomTetal o€ N (apokTHPEG.
(6) B)\éme PEP 237.

Aedouévou 0tL oL suuforooelpéc Python éxouv pntd pfkog, ov $s uetatpomés dev vobétovy 6t to '\0'
etvau To téhog tng ovpuporooelpdc.

AMaEe otnv €xdoom 3.1: O petatporeig $ £ yio aptBuols TV 0Toimv 1) 0TOAVTY Ty eivor peyalitepn amod
1e50 dgev avukabiotaviolr TAEOV 0T PETATPOTES %J.

4.8 TumoL Oduadlkng akoAoubiaG — bytes, bytearray,
memoryview

Ou Baowkoi evompoatwuévor (built-in) tomor yia tov yepropnd dvadikwv dedouévav eivor bytes kou
bytearray. Ymootpifoviol amd ) memoryview TOU YPNOLUOTOLEL TO TPwTOKOAO buffer protocol yio
™V TPOGPaoN 0T uvNu GAA®Y SUAdIK®V AVIIKELUEVWY XWpig va YpetdleTal 1 dnwovpyio avirypdpou.

To module array vmootnpilel omwodotikn amobnkevon Yo Paotkovg Timovg dedouévarv Omtmg 32-bit akeé-
patovg kou IEEE754 durthng axpifelog Kivnig vtodlaoToing TLéc.

4.8.1 Avtikeipeva Bytes

Ta aviikeipeva bytes eivon auetdfinteg axorovdieg pepovouévmv bytes. Aedouévov ot mold KvpLa dva-
Sk tpwtdKoAa Bacifovtar otny kKmdikomoinom kewwévov ASCII, ta aviikeipevo bytes mpoogépouvv dudgo-
peg uebddovg ou LoyVouv udvo dtav epydlovtar pe dedouéva ovupotd pe ASCII xou oyeTiCovrol oTeva e
OVTLKELUEVO GUUBOLOCELPMVY GE PLL TTOLKIAOL SLALpOPV TPOTWV.

class bytes ([source[, encoding[, errors] ] ])

Ipwtov, 1 oUvtaEn yo ta bytes literals eivar oe peydho faduo 1 idia pe avtn yia to literals cupforo-
oELPWV, UE T dopopd Ot TpootibeTal £va TpdOeua b:

o Mové elooymykd: b'axdéna enitpénetl evowpatwpéva "SinAd" eloaywyikd!

o Authd eloaywylkd: b"eZaxoioubel va emitpénel evowpatwpéva 'povd' eloayw-—
yika"

o Tputhd elooyoyikd: b' ' '3 povd eioaywylkd''',b"""3 SinAd eiocaywylxd"""

Emtpémovtar povo yoapaktipeg ASCII og bytes literals (aveEdptnta amd 0 dnrouévi Kmdikomoinon
TOV FTNYaiov KOdika). Tuydv duadikég Tiués, méve amd 127, mpémel va eloayOouv oe bytes literals ypn-
OLULOTTOLMVTAG TNV KOTAMNAN akoAouBia SLagpuyng XapoKTpmy.

‘Onwg ko pe ta literals ovpporooelparv, ta bytes literals umwopovv emiong va xpNoLUOTOOOUY EVal TPO-
Oeuo r yLo va asmevepyomojoovy Ty ereEepyooio Tmv akohovbiwv Stagpuyig yopaktipwy. Biémre
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strings yLo. TEPLOCOTEPEG TANPOPOPLEG OYETIKG U TG didipopeg poppég bytes literal, cuumepthapfovo-
UEVOV TWV VTOOTNPLLOUEVOV 0KOMOUOLMOV SLALpUYTG XOPOKTNPWV.

Evd ta bytes literals xou ot avamapootdoelg aocilovran oe keipevo ASCII, to aviikeipeva bytes oupre-
PLPEPOVTOL TNV TPOAYUATIKOTNTA OOV AUETAPANTES aKolovBieg akepaimv e KABe Ty 0Ty oKolov-
Oila weploplopévn €toL wote 0 <= x < 256 (mpoomdbeleg mopaficong ovtol Tov mepLoplopo Ha
K&vovuv raise ™V ValueError). Autd YIveTaL OKOTLULO YOl VO, TOVLOTEL OTL, eV TOAEG dLAdIKES Lop-
pég mephapBdvouv otouyeio mov Pacitovior oe ASCII xou uropovy vo xpnoLtuootn0ovy xpfoLua e
0pLOUEVOUG OAYOPLOUOVG TPOCAVATOMOUEVOUG OTO KELUEVO, AUTO eV LOYVEL YEVIKA Yio ovBaipeTo dva-
dukd dedouéva (Tuphi) epapuoyr akyopibumy eneEepyaciag Kewwévou oe duadikég noppég 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 dGhlhovg Ttpod-
TOVG;:

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

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

o Avtrypagn vTapyovIwv dSvadikdv dedouévmy néom tov TpmTokoilov buffer: bytes (ob7)
Agite emiong 10 evoouaTmuévo byfes.

Aedopévou 6t 2 dekaeEadikd Ynpia avtiotorovv akpLBng oe éva udvo byte, oL dekaeEadukoi aplbpoi
glval o ovvnOmG XPNOLLOTTOLOVUEVT] LOPEPT Lo TNV TEPLYPOPY dUAdIK®MV dedOUEVV. ZVVETMOGC, O
TUIog bytes €xel o tpdodetn uéBodo KAAoNG yro TV avayvmon dedouévmy oe auTnV TV Hop@i):

classmethod fromhex (string)

Avti 1 1é€00d0¢ KAGOoNG by tes emOTPEPEL EVOL OVTLKEIUEVO bytes, ATOKWOLKOTOLMVTOS TO ded0-
uévo avrikeipevo ovuforooepds. H ovpBorooelpd mpémer va. mepiéyel dvo dexaeEadikd Ynpio
ova byte, ue to kevd dudotnua ASCII va aryvoeitat.

>>> bytes.fromhex ('2Ef0 F1f2 ")
b' \xfO\xf1\xf2"

AM0Ee oty €kdoon 3.7: To bytes. fromhex () mopakaumtel mhéov Oha to kevd ASCII oty
ouvpporooelpd, Oyt HOVo TaL KeVA.
Yrdpyer o ouvapTnor avIioTpomng LETOTPOTTNG YLOL T UETOTPOTTY EVOS OVTLKELWEVOU bytes otny de-
KaeEadIKT) TOU avamapaoToon).

hex ( [sep[, bytes _per_sep] ] )
Emotpépete éva avtikeipevo oupolooelpdg mov mepiéyet dvo dekaeEadikd Ynopia yio ke byte
0TO OTLYWWOTUTTO.

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

Edv Bélete va kavete T deKaeEadikn ovpBolooelpd o evavayvmotn, wopeite va kKabopioete
L0 TTOPGUETPO SLAXMPLOUOY YOPAKTNPwWV sep tov Bo cuumepingdei otnv é50d0. Amtd mpoeri-
Loy, avtod To droywploTtikd Ba epthaufdvetar uetaEy KGO byte. Mo de0tept) TPOALPETIKT TT0L-
pauetpog bytes_per_sep eréyyel ta draothuata. OL Betikés Tiuég vtohoyiCovy t Béon tov duayw-
pLot amd to deELd, oL apVNTIKEG TUUES atd TaL apLoTePd.

>>> value = b'\xf0\xf1l\x£f2'
>>> value.hex ('-")

'fO-f1-£2"

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

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

'55554444 4c524c52 4142"

Néo oty éxdoonm 3.5.
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AMoEe oty €kdoon 3.8: H bytes. hex () vootnpilel TAEOV TPOULPETLKES TTAPOAUETPOVS Sep KOl

bytes_per_sep Y10, TV EL0AYWYY] SLOWPLOTIKDOV UeTaED TV byte otnv £€£080 dekaeEadikov.
Aedopévou OTL o avTikeipeva bytes eivar okolovBieg akepaimv aptBumv (oot ue wo mhelada (tuple)), yio
éva avtikeipevo bytes b, To b [0] Ba eivar évag axépartog optBudc, evio to b [0: 1] Oa eivan £va avTLKELUEVO
bytes unkovg 1. (Autd épyetal oe ovtifeon pe TG CUUPBOLOOELPES KELUEVOU, OTTOV TOOO 1) AELTOVpYLa TPOOPaoNg
WG EVPETNPLO OO0 KOL 1) AELTOUPYia TUNUOTOTOiNong o mapdyouv o ovpporooelpd unkoug 1)

H avamopdotaon avikeyévmy bytes ypnowpomotei v literal popen (b' . . . "), Kabwg eivar ovyvd mmo ypn-
own and .. bytes ([46, 46, 46]).Mmopeite mdvta va petatpéete £va avitkeipevo bytes oe wo Moto
OKEPALOV apLBUdV ToV Ypnolomotovv 1ist (b).

4.8.2 Avtikeipeva Bytearray

Ta avikeipeva bytearray eival €vo HETOPANTO, OVTLOTOLYO, TV AVTIKEWWEVWY bytes.

class bytearray ( [source[, encoding[, errors] ] ] )

Aev vtdpyel amoxhelotiky literal ovvtoEn yio aviikeipevo bytearray, avtifeto dnuovpyodvrol TdvTo.
KoAWVTOG TOV constructor:

o Anwovupyio evog kevol oTtrywotimou: bytearray ()
o Anwovupyio undevikov otypoTimou pe dedouévo ufkog: bytearray (10)
o Amd évav iterable oplOud axepaiwv: bytearray (range (20))

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

KaOwg ta avikeipevo tou bytearray eivor petaffAntd, vrootnpiovy tig Aettovpyieg tng akohovbiog
mutable eMTAEOV TV KOLVOV AeLTOUpYLmV bytes Kau bytearray swou mepLypdpovtat 1o Asitovoyies Bytes
Kou Bytearray.

Agite emioNg TO EVOWUATWUEVO bytearray.

Aedopévou 6t 2 dekaeEadikd Ymia avtiotoryovv akpipng oe éva udvo byte, oL dekaeEadukol aplOuoi
glval ouvnOmG YPNOLLOTTOLOVEVT] LOPPY] YLOL TV TTEPLYPAPY) VUKDV dedOUEVMV. ZUVETTMDGS, 0 TUTOG
bytearray £yeL wo tpooBetn néEB0do KAAONG YLaL TNV OVAYVDOT SESOUEVIV GE OUTHV TNV LOPQT):

classmethod fromhex (siring)

Avti n uébodog KAGonG bytearray emOTPEPEL OVTLKEILEVO bytearray, 0ITOKmMOLKOTOLDVTOG TO
dedouévo avtikeipevo ovuforooepds. H cupporooepd mpémel va mepiéyel d0o dekaeEadikd Y-
pia ava byte, pe to kevo duaotnuo ASCII va ayvoegital.

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

AMoEe oty ékdoon 3.7: To bytearray. fromhex () napoKdumxtel ThHpo Oho To kKevd ASCIT
ot ovpporooelpd, Oyt UOVO Ta. KEVA.
Yrdpyer pio ouvapTnon avtioTpopng UETATPOTNG YLOL VO LETATPEWEL £Val AVTLKELUEVO bytearray oTH)

dekaeEadiKn avamapioTaon Tov.

hex ( [sep[, bytes _per_sep] ] )
Emotpépete éva avtikeipevo oupolooepdg mov mepiéyet dvo dekaeEadukd Ynoia yio ke byte
0TO OTLYWWOTUTO.

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

Néo omv éxdoon 3.5.

AMoEe oty £xdoom 3.8: Tlapoduola pe to bytes. hex (), 10 bytearray.hex () vmooTnpilel
TOPO TPOCLPETIKES TAPAUETPOVG sep KO bytes_per_sep YLo. TV ELGAYOYT] SO WPLOTIKOV UETAED
TV byte otnv dekoeEadikn £€0do.
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Aedopévou ot ta aviikeipeva bytearray eivou akohovbieg axepaiwv aptBudv (apduota ue po Mata), yo éva
avTikeipevo bytearray b, To b [0] Oa elvan évag axépanog aptBuds, evar 1o b [0: 1] Oa gival éva avTKEIUEVO
bytearray pufjkovg 1. (Autd épyetal o avtifeon ue tig ovuporooelpég Kenévou, 0tov oo To indexing KoL To
slicing Oa wapdryovv wa oupforooelpd ufkovg 1)

H avamoapdotoon avitkelnévaov bytearray ypnoipomotel T popgr| bytes literal (boytearray (b'... ")), Ka-
B¢ elval ouyvd mo yxpfHown oo .. bytearray ([46, 46, 46]). Mmopeite mavta vo PETATPEPETE
éva avTikeipevo bytearray oe Mot oKEPALMV YpHoLHOTOLOVTAS To 1ist (b).

4.8.3 Aeltoupyieg Bytes kal Bytearray

Tooo ta byte 600 KoL TO AVILKEpEVa TOV TTivaka byte vitootnpifovv Tig Aettovpyieg tng akorovdiog common.
AMMAETIOPOVY 0L LOVO PE TEAEDTEG TOV 18LOV THTTOV, AAMG KOl L€ OTTOLOONTTOTE AVTLKEIUEVO bytes-like object.
Adyo avtig g eveMEiag, umopotv va avapelyBovv ehetiBepa oe Aertoupyieg ywpig vo tpokarovvTal o@di-
wota. QoTO00, 0 TUITOG EMLOTPOPT|G TOV AITOTELECUATOS UITOPEL VoL EE0pTATAL 0TTd T GELPG TWV TELEOTHDV.

Inueimon: Ouuébodol ota bytes Kat ta avtikeipeva bytearray dgv §éyovral cupfolooelpis wg oplowaTd TouG,
O6mtmg ko oL uéBodot oe oupforooelpég dev déyovtal bytes wg opiopata. o mopdderypa, TpEmer vo ypaeTe:

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

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

Oplouéveg hettovpyieg byte kau bytearray mpotimo0étouv ) yprion dvadikmv poppwv cuufatmv pe ASCII
Ko, o¢ €K ToUTov, Ba pémel va amopetryovtal dtav epydleote ue avbaipeta dvadikd dedopéva. Autoi o
TEPLOPLOUOL KAAMITTOVTOL TTAPUKAT.

Inueimon: H ypnon avtov Twv Aertovpyudv Bootfovrar 6to ASCII yio Tov yewpopnd dvadikmv dedouévarv
mtou dev eivan amonkevuéva oe popet ov Paociletan oe ASCII uropei vo 091 yNoeL 08 KaTaoTpopt) dedoue-
VOV,

O axdrovBeg uébodol o€ byte Ko aviikeipueva bytearray uopovv va xpnotpnomotn0ovv pe avbaipeta duadikd
dedouéva.

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

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

Emotpépet tov aplBud tov un emkolumtouevmy eupavicemv g devtepeiovsog akohovbiog sub 6to
evpog [start, end]. To TPOALPETIKG opioporta start Kou end epUVEVOVTIOL OTTMG 0T CNUELOYPAPLOL TUN-
LLOLTOTTOLNOG.

H vmoaxohlouOia 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 TUNUATMVY HETOEY TWV XOPOKTPMV TTOV ELVOL

TO UNKOG TOU AVILKELUEVOU bytes Guv €val.

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

bytes.removeprefix (prefix, /)

bytearray.removeprefix (prefix, /)

E&v ta dvadikd dedouéva Eekivouv e T ouppolooelpd prefix, emotpépet bytes [len (prefix) : ].
ALOQOPETIKA ETLOTPEYTE £VAL AVTLYPOPO TV OPYLKMV dSVASIKDV dEdOUEVMV:
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>>> b'TestHook'.removeprefix (b'Test')
b'Hook'

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

To prefix uopei vo. elvow omoLodNmote bytes-like object.

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

Néo otnv ¢kdoom 3.9.

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

Edv ta duadikd dedopéva teketdvouy pe ) ovuBorooelpd suffix kKow avtd to suffix dev eivor Kevd, emi-
otpépetbytes[:—len (suffix) ]. ALOQOPETIKA, ETLOTPEPEL £VOL AVTLYPAPO TWV APYLKMY dVASLKMOV
dedopévarv:

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

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

To suffix wropei vo eivan omolodforte bytes-like object.

Inueiwon: H éxdoon bytearray avthig tng uebo6dov dev hertovpyei ot Oom g - mapdysl Tévta éva
VEO AVTIKELUEVO, aKOUO Kot oV eV Eytvay alharyég.

Néo omnv ékdoom 3.9.

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

Emotpépel ta bytes mov €xovv amokmdikomowmOel oe wa st r.
to encoding €yeL default og 'ut £-8 ' - deite Standard Encodings yio. mOovEG TUUEC.

To errors eMéyyeL TOV TPOTO YEPLOUOU TV OQOALATOV osmokwdikomoinong. Edv 'strict'
(M mpoemhoyr), vivetar raise wo eEaipeon UnicodeError. AlMeg mbovég tuég eivol to
"ignore', 'replace', Kal omolodNmote G0 dvoua mou €yel katoywpnOel amd v codecs.
register error ().B\ne Error Handlers yia hemtopépelec.

T Moyoug ardd0oNG, 1 TLUT) TOV errors eV EAEYYETOL MG TTPOG TNV EYKUPOTNTA TOV, EKTOG EAV TAPOV-
OLAOTEL £VaL OPAMLO ATTOKWALKOTTOINONG, Elval evepyomomuévo to Python Development Mode 1 xpnowuo-
mtoteiton éva debug build.

Ynueimon: H petddoon tov opiopatog encoding otV st r emITPETEL TV ATOKMSLKOTO{101] 0TOLOV-
dMmote bytes-like object autevBeiog, ywpic vo ypeldeTor va dSNUOVPYNOETE £va TPOCWPLVO AVTIIKEINEVO
bytes | bytearray.

AMoEe oty ékdoon 3.1: Emurpdobetn vootnpiEn yia keyword opiopata.

AlaEe oty €kdoon 3.9: H tium tov dpov errors ehéyyetan tpa oto Python Development Mode xow 670
debug mode.

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

Emotpépel True edv ta Suodikd dedouéva TeheLmvouy Ue 10 KaOopLouévo suffix, SLapopeTIKa EMLOTPE-
peL False. To suffix wropei emiong va eivol o hetddo amd embéporta wov TPEmeL Vo avalnTNOETE.
Me to mpoarpetikd start, 1) dokyun Eekivd amd ovth ) 0£o1. Me to mtpoaupetikd end, GTOUATHOTE VO,
ouykpivete og autn T 0¢om.

To(a) emiBepa(ta) yio avalitnon wropel vo eivor omolodote bytes-like object.
bytes.find (sub[, start[, end] ] )
bytearray.£find (sub[, start[, end] ] )

Emotpépet to younhotepo index oto dedopéva dmov Bpioketal 1 vtoakolovdia sub, £ToL HOTE TO Sub
va mepiéyetal oto slice s [start :end]. Ta mpoarpetikd opiopata start Kou end epuvedovioL mg GupL-
Bolouod tunuortomoinong. Emotpéper —1 edv 1o sub dev Ppebel.

H vrtoaxoiovBia yio avalntnon umopel va ivan omtolodfitote bytes-like object M) évog oKEPALOG apLORdS
otV mepLoyt) amd 0 Ewg 255.

Inueiwon: H uébodog £ind () Oo mpémel va. ypnotpomoleitar udvo edv ypeldetol va yvopilete )
0¢om tov sub. Twa va, ehéyEete ediv To sub eivor vtooupfohooelpd 1) OxL, P OLULOTTOOTE TOV TELEGTY] in:

>>> pb'Py' in b'Python'
True

AMoEe otv ékdoon 3.3: Eniong amodéyetar évav axéparo opBud oto gipog 0 éwg 255 wg vmoako-
Lovbia.

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

bytearray.index (sub[, start[, end] ] )
Onwgn £ind (), oA kével raise o ValueError 6tav dev fpedel n devtepeviovoa akorovbia.
H vroaxoiovbio yio avalitnon uwopet vo. eivol oolodnmoTte byfes-like object V| €vag axképanog aplOpog
otV mepLoyt) amd 0 Ewg 255.
AMEe oty €kdoon 3.3: Exmiong amodéyetar évav axképato apBud oto evpog 0 ¢wg 255 wg vroako-
Lovbia.

bytes. join (iterable)

bytearray.join (iterable)
Emotpépel éva aviikeipevo bytes 1| bytearray wou eivor 1 OUVEVDON TV dSVAdLKMV 0KoAovOLmV dedo-
uévav oto iterable. Mo TypeError Oa yivel raise edv vdpyovv Tlwég oto iterable mov dev eival ooV
bytes-like objects, GLUTEPIMAUPOAVOUEVDV TOV AVTIKELUEVWV St . TO SLaWPLOTIKO UETAED TWV OTOLYELDVY
elval To wepLeydueva Tmv byte 1 Tov avtikeluévou bytearray ov mapéyer ot ) uébodo.

static bytes.maketrans (from, to)

static bytearray.maketrans (from, to)
Avth 1 otk w€B0d0g EMLOTPEPEL EVOLV TTVAKA LETAPPAONG TTOU UITOPEL VAL XPNoLuoTon0el yia Ty
bytes.translate () mov o avtiotolyioer KAOE YopaKTYPO OTO from GTOV YOPOUKTHPA 0TV 1dLa
0¢0om 070 to Ta from Kau to TPETEL VAL elvan Ko To. &0 bytes-like objects Ko vo. £4OUV TO L0 UHKOG.
Néo otv éxdoon 3.1.

bytes.partition (sep)
bytearray.partition (sep)

AloywpiCer v akolovBio Kot TV TPOTH EUPAVIOT TOV Sep, KAl EMLOTPEPEL UL 3-TAeLddaL ToU JTe-
PLEXEL TO TUNUOL TTPLY Atd TO SLAWPLOTLKO 1] TO OVTiYpapo Tou bytearray Tov KoL TO TUNUO UETA TO
draywpLotikd. Eav dev Bpebei 1o Loy mplotikd, EmLoTpEeL o 3-Aelddo o TEPLEYEL EVOL AVTLYPOPO
TG apPyLKTG akolovBiag, akorovBovuevn amd dvo kevd byte 1) avtikeipeva bytearray.

To dLaywpLoTkd Yo avolNTNon UTOPEL Vo gival omtolodNote bytes-like object.
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bytes.replace (old, new[, count] )

bytearray.replace (old, new[, count])

Emotpépel éva aviiypapo tg akolovbiag ue dleg Tig enpavioels tg devtepevovoag akorovbiog old
avtikoOiotovuevn oo v new. EGv 800gl to mpoatpetikd dpiopa count, avtkodiotaviol udvo oL tpo-
TEG EUPOVIOELG count.

H axolovBia yia avalitnon Kot avitkatdotaor g Wropel vo. eival omolodote bytes-like object.

Inueiwon: H éxdoon bytearray avtiig tng uebo6dov dev hertovpyei ot O¢om g - mapdysl Tévta éva
VEO AVTLKELUEVO, KOO KoL oV eV €yLvay olharyés.

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

bytearray.rfind (sub[, start[, end] ] )
Emotpéper tov vymhotepo deiktn oty akorovdia dmov fpioketar 1 vitoakorovbia sub, £ToL MOTE
T0 sub va mepLéyeToL 0to s [start :end]. Ta mpoopeTikd opiouata start Ko end pUNVEVOVTOL e
ouppolopd tunpatomoinong. Emotpépel —1 og mepimtmon amoTuyiog.
H vroaxoiovbia yio avalitnon umopet vo. eivol omolodnmote byfes-like object V) €vag axképarog aptOpog
otV mepoyt) amd 0 Emg 255.
AMoEe oty €xkdoon 3.3: Exmiong amodéyetal évav axképato apBud oto evpog 0 £wg 255 wg vroako-
AovBia.

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

bytearray.rindex (sub[, start[, end] ] )
Onwgm rfind () ol kdvel raise o ValueError dtav dev Bpedel 1 viroakolovbia sub.
H vrtoaxolovBia yio avalntnon umopel va ivar omtolodftote bytes-like object M) évog oKEPALOG aplOpdg
otV mepLoyr) amd 0 Emg 255.
AMoEe otv ékdoan 3.3: Eniong amodéyetar évav aképaio opBud oto gvpog 0 éwg 255 wg vmoako-
MovBia.

bytes.rpartition (sep)

bytearray.rpartition (sep)
Aoy wpiCel TNV akohoudic 0TV TEAEUTOLO ELPAVLOT) TOV Sep, KO ETLOTPEPEL ULaL 3-TTAELAO L TTOV TTEPLEYEL
TO TUNLLOL TTPLV 0TTO TO SLOYWPLOTLKO, TO {810 TO dLaWPLOTLKS 1] TO OVTLYPApo TOV bytearray Ko TO TUNUOL

HETA TO dLayPLoTko. Edv dev Bpebei o duaywplotikd emotpépet o 3-mAetdda ov mepLéyeL 600 Keva
byte 1| avtikelpueva bytearray, axohovBovueva od €va avIlypapo ™G apylkng akorovdiog.

To dLoywpLoTiko Lo avaliTtnon WITopel va eivar omotodNmote bytes-like object.
bytes.startswith (preﬁx[, start[, end] ] )

bytearray.startswith (preﬁx[, start[, end] ] )
Emotpépel True edv ta Suadikd dedouéva Eekivov (e To KabopLlopévo prefix, SLOQoPETLKX ETLOTPEPEL
False. To prefix pmopel emiong va eivon wo herddo amd mpobépata tpog avalitnorn. Me to mpoaipe-
KO start, | dokiun Sekivd artd aut) T B€01. Me 10 TPoaPeTIKO end, OTAUOTAEL VO GUYKPIVEL OF QUTH)
™ Béom.
To(a) TpdOepo(ta) Yoo avalNTnor Wropet vo eivar omtolodfmtote bytes-like object.

bytes.translate (table, /, delete=b")
bytearray.translate (table, /, delete=b")

Emotpépet €va avtiypago Tov bytes 1) Tou aviikeluévou bytearray 0ou agpalpovvtor Oha To byte wou
EULPAVIZOVTOL OTO TPOALPETIKO dpLopa delete Kan To vitOLOLTAL byte £x0UV avVTLOTOL(LOTEL LECW TOV OE-
SOUEVOL TTEVAKO UETAPPAONG, O OTTOLOG TTPETTEL VAL ELVAL £VOL OVTLKELUEVO bytes ufkovg 256.

Mropeite va. ypnowomolioete ™) wébodo bytes.maketrans () yuo Vo, SNUOVPYHOETE EVOV TTVAKOL
UETAPPOONG.

OpiCel T0 OpLopa table o€ None Y10 LETAPPACELS TTOU dLOYPAPOUV LOVO XUPOUKTPES:
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>>> b'read this short text'.translate (None, b'aeiou')
b'rd ths shrt txt'

AMoEe oty ékdoon 3.6: To delete vtootnpiletar mhéov mg dpropa AEENG-KAeLdLOD.

Ot axo6lovBeg néBodol oe byte Ko bytearray aviiKeipueva £4ouv TPOETLEYUEVES CUUTEPLPOPES TTOV TTPOVITO-
Bétouv ™) xpNon dvadikdv poppav cvupatwv ue ASCIL, aAld pmopolv va ypnopwomombovv ue avbaipeto
dvadikd dedouéva mepvarviog Katddinho opiopata. Enuewmote ot Oheg ov uébodol bytearray oe avtiv tv
EVOTNTO eV AELTOUPYOUV 0T BE0T TOUG KoL OUMG TOPAYOUV VEQ OVTLKEILEVQL.

bytes.center (width[,ﬁllbyte])

bytearray.center ( width[, fillbyte ] )

Emotpépel éva aviiypapo Tou ovTkelwévou ue kEvtpo oe uo akohovbio unkovg width. H ouumdnpwon
TTPOAYLOTOTTOLELTOL Y PNOLUOTOLDVTOG TO KabopLouévo fillbyte (v tpoemihoyi elvon éva dudotnua ASCID).
Mo avikeigeva bytes, n apyixn axoloubia emiotpépetal edv To *width* elvau
nixkpdtepo 1 too pe " Tlen(s)’

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

bytes.1ljust (widih|, fillbyte ])

bytearray.ljust (width[,ﬁllbyte])

Emotpépet éva avilypapo Tov avilkeluévou aplotepd evBuypaptonévo oe o okohovbio unKovg
width. H oupmApmon TpoylotomoLeitol XpnoLuomoldvtas to kabopiouévo fillbyte () mpoemhoyn &i-
vou éva drdotnua 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 OVTLKELUEVO, OKOUOL KOL OtV OEV £yLvay olaYEC.

bytes.lstrip( [chars] )

bytearray.lstrip( [chars] )

Emotpéper éva aviiypapo g akolovbiog pe kabopiopéva faoikd byte wov éxouv apoapedei. To 6pt-
opa chars givor o dSvodikn akorovdio wov Kabopilel To GUVORO TWV TLUMV byte TOV TPETEL VOL OLPOLPE-
00UV - TO OVOULA OVOLPEPETOL OTO YEYOVOG OTL auTN) 1 LEB0SOG YpNoLoToLeital ouvHOWG UE XOPUKTNPES
ASCIIL Ed&v mapaingbel 1) eivar None, to 0plopa chars €xeL g TPoemLoyn TV apaipeoT) Tov Kevo
draothuatog ASCIL To dpioua chars dev eivan TpdBepa, oAld 0L GUVOVUOUOL TOV TLUMY TOV 0PALPOV-
vTou:

>>> b' spacious ' 1lstrip()
b'spacious !

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

H dvadikn axkorovbio typumv byte mpog katdpynon umopei vo. eivor omoradnmote bytes-like object. Bhéme
removeprefix () yuo o uEB0d0 o OOl APULPETEL LLaL LELOVMOUEVT] CUUBOMOTELPA TTPOOEUATOG OVTE
Mo TO 0VVOAO YapakTpwy. Ta mapdderyuna:

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

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

Ynueimon: H £xdoon bytearray avtiig tg uebddov dev hertovpyel ot Béon g - mopdyel Tavto éva
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VEO QVTIKELUEVO, KOO Kot oV eV €ytvay alharyég.

bytes.rjust (width[, ﬁllbyte])
bytearray.rjust (width[,ﬁllbyte])

Emotpéget £va avtiypago tou ovitkelnévou evfuypaumouévo deELd wov SLkatohoyeital og uLo aKo-
MovBio unkovg width. H cupumAipmon TparyilotomoLelTon X pNoLuototdvog to kabopiouévo fillbyte (1
spoemhoyt) eivan éva didotnua ASCID). TNo avuikeipyeva bytes, 1 opyKi akohovdio emotpépetal
€qv to width elvon wkpodTepo 1) loo pe len (s) .

Inueiwon: H éxdoon bytearray avthig tng uebo6dou dev hertovpyei ot Oom g - mapdysl Tévta éva
VEO AVTIKELUEVO, aKOUO Kol oV eV Eytvay olharyég.

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

Aoy mpiLel T duadiky axorovdia og vtoaKoAovBieg Tov {dLOV TUITOU, X PNOLUOTOLDVTOG TO Sep WG GV~
Borooelpd oprobétnong. Edv 800l maxsplit, yivovior to mold maxsplit duoywpiopol, ou rightmost. EGv
dev Kabopiletar sep 1) None, 0moLadNTOTE VTOUKOAOVOIA TOV OTTOTELELTOL ATTOKAELOTIKA atd KeVO
dudotnua ASCII givor oy wpLoTtikod, eKTdg 0td To dLoympLopd amd To. 8eELd, | rsplit () oVUTEPLPE-
peton Omtwg split () TOU MEPLYPAPETOL AETTOUEPDG TAPUKATM.

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

Emotpépel éva avtiypapo g akolovdiag ue to kabopiopéva devtepevovta byte mov £xouv agpalpede.
To dpropa chars eivon o dvadiky akorovbio wov kaBopilel To ovvolo TV TV byte wov pémet va
apaLpedovv - To dvoua avagpépeTol 0to Yeyovdg OTL auth 1 uEBodog ypnottomoteital ouvnOweg ue yo-
paxtipes ASCIL Eqv mapodng0el 1] eivar None, To 0pLopa chars el oG TPOETAOYY TNV OPAIPETT TOU
Kkevoy drootiuatog ASCIL To dpioua chars dev eival emiOnpa, aAid agotpovvtal 6AotL oL cuvdvaouol
TOV TYOV TOV:

>>> b' spacious ".rstrip()

b' spacious'

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

H dvadikn axorovBio Tumv byte tpog Katdpynon Witopel va eivan omolodnmote bytes-like object. Bhéme
™ removesuffix () yuo o uéBodo mov Ba apapéoel po ouuBorooelpd emBéuaTog Kot oyt 6ho To
ouvolo yapaxthpwyv. [o mapaderyua:

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

b'M'

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

Ynueimon: H £xdoon bytearray avtig g uebddov dev hertovpyel ot Béon g - mopdyel Tévto éva
VEO QVTLKELUEVO, KOO KoL oV gV €yLvay olhayés.

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

bytearray.split (sep=None, maxsplit=-1)
Aoy mpiCer v dvadikn akolovbio og vtoakorovBieg Tov (dLov THTOV, XPNOLUOTOLDVTOG TO sEp WG
oupforooelpd oproBétnong Edv d00ei maxsplit ko pun apvntikod, yivoviol 1o ol maxsplit diaywpiopot
(Gpa, N Mota Oa €xe To moAM maxsplit+1 otovgeia). Edv to maxsplit dev éyel kaboprotel 1 eivon —1,
tdTE deV VIaPYEL OPLO OTOV aPLOUO TV dLaywpPLopmVy (Oheg oL BovEG 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

4.8. TunolL duadlKknig akohoubiag — bytes, bytearray, memoryview 71



The Python Library Reference, Anpooicuon 3.11.13

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.

TNa Tapaderypo:

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

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

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

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

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

Edv to sep dev €xeL kabopuotel 1) eivar None, e@apuodletol Evag dLagopetikds olyopLtiuog diaympLopo:
oL ekteléoelg dLadoytkmv Kevav draotnudtmv ASCII Bewpouvtal mg £va eviaio dLaywpLoTiko, Kat To
amotéleoua dev Oa mepLéyel KevéG GUUPBOLOOELPES 0TV apyT] 1] 0TO TELOG, GV 1] akolovbia £xeL KeEVO
mov émeton 1) mponyeitar. Katd ovvémeia, o dtoywpionds wag kevig akolovdiog 1 wog akohovbiog
mtov astoteheitan amwokhelotikd amd kevo dudotnua ASCII ywpig KaOopLopévo dLaympLoTiko EmLOTPEPEL
o [].

lNa wapaderypo:

>>> pb'l 2 3'.split ()

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

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

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

bytes.strip( [chars ] )

bytearray.strip( [chars] )

Emotpégel éva aviiypogo e akolovdiag e ta kabopiouéva bytes ov sponyouvio Ka ta bytes wov
émovton. To dpiopa chars givon pa dSvadiki) akoloudico wov kabopilel To oVVOLo TOV TUDV byte OV
mpETEL VoL apapefoVV - To VOO AVAPEPETOL 0TO YEYOVOG OTL vt 1) UEOB0DOG YPNOLUOTOLELTAL GUVY-
Bwg pe yapoktpeg ASCIL Edv mopaleimetol 1) eivon None, 10 0pLloua chars amd wpoemhoyn apoipet
to ASCII Levkd dudotnua. To dpiopa chars dgv givon Tpdbepa M emiOnua, ahhd agorpotvvior dhot ot
GUVOUAOUOL TOV TLUDV TOU:

>>> b' spacious '.strip()
b'spacious'

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

H dvadikn axoloubia tyumv byte Tpog agpaipeon umopei va eivar omorodnmorte bytes-like object.

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

Ot axdrovbeg puébodot oe byte kou aviikeipevo bytearray mpoimoBétouy T ¥phHon dSuadIKMV LOPPdV GV~
Batdv ue ASCII kau dev mpémet var epapuotoviar oe avbaipeto dvadikd dedopéva. Znueiwote otL Oreg oL
uébodol bytearray oe autihv TNV eVOTITA Jev AELTOUPYOUV 0T BE0T TOUG KO OVT” QUTOV TTAPAYOUV VEQ OVTL-
Keipeva.

bytes.capitalize ()

bytearray.capitalize ()

Emotpépel éva avtiypago tng akolovdiog ue kdbe byte vo epunvetetor wg évag yopakthpag ASCII,
Ko To TpdTo byte ypoupévo ue kepahoio kor to vrolowro pe mweld. Ou Tuég tmv byte mov dev eivon
ASCII petafipatovror opetdfintes.
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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.expandtabs (fabsize=8)
bytearray.expandtabs (fabsize=8)

Emotpépel éva aviiypagpo tng akolovbiog dmouv dhot ot tab yapaxthpeg ASCIL avtikadiotavrol amd
éva 1| meploootepa keva ASCIL, avahoya e Ty Tpéyovoa 0T KoL To dedouévo uéyebog tab. O Béoelg
TV tab eppavitovtol k4Oe tabsize bytes (1 mpoemhoyn elvon 8, divovrag Béoelg KapTeEADV OTIG OTNAES
0, 8, 16 xou oVtm K0OeENG). T Ty eméktaom g axkolovbiag, 1 Tpéyovoa oTYAN opileTar 0To uNdév
Ka 1 akohovBia eEetdletal byte mpog byte. EGv to byte eivou tab yapoaxthpag ASCII (b '\t '), évag 1
TEPLOTOTEPOL Y APOKTIPES DLAOTHUATOS ELTAYOVTAL OTO ATOTELETOL EMG OTOV 1) TPEYX OV OTHAY LOOVTOL
ue v exoduevn B€om tab. (O (dog tab yapakthpag dev avirypdgetar.) Eav to tpéyov byte elvar o véo
vpauut) ASCII (b ' \n"), avILypAagpeTaL KoL 1) TPEXOVOO OTHAY ETAVOQEPETAL 0TO UNdEV. OTOL0dNTOTE
QAN T byte avTrypdgpeTol auetdfBANT Kot 1 Tpéxovoa oThAn TpooavEdvetal Katd £va, aveEdptnto
aTTO TO TADG AVOTTOPLOTATOL 1) TLUT) byte OTAV EKTUTMOVETOL:

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

b'0l 012 0123 01234"
>>> p'01\t012\t0123\t01234"'.expandtabs (4)
b'01 012 0123 01234"

Inueiwon: H éxdoon bytearray avtfig tng uebo6dov dev hertovpyei ot O¢on g - mapdysl Tévta éva
VEO QAVTLKELUEVO, KOO KoL oV eV EyLvay alharyég.

bytes.isalnum ()
bytearray.isalnum ()

Emotpéper True edv Oho ta byte g oxolouvbiog eivar olpafnTikol  XopOKTNPES
ASCII 1) ASCII dekadikd ymeplo Kow 1 akorovBion dev eivar kevi), False diogope-
Tkd. Ov ahpapnikoi  yapaktypeg ASCII eivor ekeiveg oL Tuég byte omnv  okolovBia
b'abcdefghijklmnopgrstuvwxyzABCDEFGHIJKLMNOPQRSTUVWXYZ'. Ta dekadikd yn-
pia. ASCII givan awtég oL Tiuég byte otnv akohovBia b' 0123456789 .

T Topdderyuo:

>>> p'ABCabcl'.isalnum()
True
>>> b'ABC abcl'.isalnum()
False

bytes.isalpha ()
bytearray.isalpha ()

Emotpépel True edv 0ha ta bytes tng akolovbiag eivor algpapntikol yapaktpeg ASCII kot 1) ako-
MovBia dev eival Kevi), False dragopetikd. Ov ohgpapntikol xapaktipeg ASCII eival ekeiveg ol TLéG
bytes otnv akohovBio b 'abcdefghijklmnopgrstuvwxyzABCDEFGHI JKLMNOPQRSTUVWXYZ .

INa wapaderypo:

>>> pb'ABCabc'.isalpha ()
True

>>> b'ABCabcl'.isalpha ()
False

bytes.isascii ()
bytearray.isascii ()

Emotpéper True edv 1 akohouBia eivan kevi| 1) 6ha ta byte Tg akolovdiog eivor ASCII, False dio-
popeTikd. Ta bytes ASCII Bpiokovtan oto eupog 0-0x7F.
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Néo otv ¢kdoom 3.7.
bytes.isdigit ()
bytearray.isdigit ()

Emotpépel True edv Oha ta bytes oty akorovdia eivan dexadikd Ympian ASCII kou 1 akohovBio dev
eival kevn, False dwagpopetikd. Ta dexadukd Yneio ASCII eivar avtég oL Tuég byte otnv akohovbio
b'0123456789".

T Topdderyuo:

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

bytes.islower ()

bytearray.islower ()
Emotpéper True eav viapyer tovhdylotov évag meldg yopoaktpoag ASCII otnv akorovBia kou Kove-
vag kepahaiog yapaktipag ASCIL False dLapopetikd.

To Topdderyuo:

>>> pb'hello world'.islower ()
True
>>> b'Hello world'.islower ()
False

O  meCol  yopaxthpeg ASCII  eivar  auvtég o Twpés byte oty axohoubia
b'abcdefghijklmnopgrstuvwxyz'. Ou kegohaior yoapaktnpeg ASCII eivar avtés ot Tuég
byw(anGKOKOUORXb'ABCDEFGHIJKLMNOPQRSTUVWXYZ'

bytes.isspace ()

bytearray.isspace ()

Emotpéper True edv Ol ta byte otnv axolovbia eivar kevd ASCII kau 1 axohovbio dev eivar kev,
False dwagpopetikd. Ou yapaktipeg kKevou draothuatog ASCII eivar avtég oL Tiuég byte otnv axolov-
Blab' \t\n\r\x0b\f' (kevd, tab, véa ypouu, EmOTPoPT| uetapopdc, kabeto tab, popei ponc).
bytes.istitle()
bytearray.istitle ()

Emotpéper True edv 1 axohovbio eivar ASCII kepataia tithov (dnhadn ta TpdTa YpAuuaTo Tmv
MEewv Kepahaia) Kou 1) akohovBia dev eivar kevn, False duaqopetikd. Aeite bytes.title () yo
TEPLOOOTEPEG METTOUEPELEG OYETLKL LE TOV OPLOO TOV «titlecase».

T Topdderyuo:

>>> pb'Hello World'.istitle()
True

>>> b'Hello world'.istitle ()
False

bytes.isupper ()
bytearray.isupper ()

Emotpéper True edv vmdpyel Touvhaylotov €vog Kepolaiog alpafniikog yapaktipog ASCIL oty
akolovbia Kou kavévag meldg yopaktipog ASCII, diopopetikd False.

T Topdderyuo:

>>> b'HELLO WORLD'.isupper ()
True
>>> pb'Hello world'.isupper ()
False
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O meloi  yopaxthpeg  ASCII  eivar  autég or  mupég byte otnv  axohoubio
b'abcdefghijklmnopgrstuvwxyz'. O keporaior yopaktypeg ASCII eivar auvtég or Tuég
byte otnv akohovdio b ' ABCDEFGHI JKLMNOPQRSTUVWXYZ '.

bytes.lower ()

bytearray.lower ()
Emotpéper éva aviiypago g akorovliog pe dhovg tovg keparaiovg yapaktipeg ASCII va éyovv
peTaTpastel ot Loodvvaua Teld.

TNa Tapaderypo:

>>> b'Hello World'.lower ()
b'hello world'

Ou  meCoi  yapaxtinpes  ASCII  eivar  ovtégc ov  Tpuég byte oty axolouvBia
b'abcdefghijklmnopgrstuvwxyz'. O kegolaior yopaktypeg ASCII eivor auvtég ot Tuuég
byte otV akolovbio b ' ABCDEFGHI JKLMNOPQRSTUVWXYZ'.

Ynueimon: H £xdoon bytearray avtig g uebddov dev hertovpyel ot Béon g - mopdyel Tévto éva
VEO OLVTLKELUEVO, OKOUO KOL OV OEV £yLvay olOYEC.

bytes.splitlines (keepends=False)

bytearray.splitlines (keepends=False)
Emotpéper pa Mota pe tig ypouués otn dvadikn akorovdia, omdlovrag ta 6pia ypapuung tov ASCIL
Avti 1 u€0080G ¥ PN OLUOTTOLEL TV TTPOGEYYLON universal newlines yio. Tov dLOXWPLOUO TOV Ypoupmv. Ot
odhayég ypauung dev mephaufavovtal 0Ty MoTa oV TPOKUITTEL EKTOG eGv d00el keepends Kal eivon
ononc.

lNa Tapaderypo:

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

[b'ab c¢', b'', b'de fg', b'kl']

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

Ze avtifeon pe to split () otov divetar wa oproBetnuévn ovuporooelpd sep, ovti 1 uéBodog emi-
OTPEPEL WLoL KEV MoTa yLa TV KEVI CUUPBOLOCELPE KOL Lo AAROYY) YPOUUNG TEPUATLKOV eV 0dNYEL o€
HLoL ETLITAEOV YPOLULUN:

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

>>> b"".splitlines (), b"One line\n".splitlines ()
([], [L'One line'])

bytes.swapcase ()

bytearray.swapcase ()
Emotpépel éva avtiypago tg akolovbiog pue 6hovg toug melovg yapaktpeg ASCII va éxovv peta-
TPOATEL 0TO AVTIOTOLYO LGOBVVAUO KEPAAALO KAl AVIIOTPOPAL.

TNa Tapaderypo:

>>> pb'Hello World'.swapcase ()
b'hELLO wORLD'

O meCol  yopaxtipeg ASCII  eivar  auvtég o Twués byte oty axohovbia
b'abcdefghijklmnopgrstuvwxyz'. Ov keparaior yopaktmpeg ASCIL eivor avtég o Tuég
byte otV axolouvBia b ' ABCDEFGHTI 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.
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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.title ()
bytearray.title()

Emotpépel pua €kdoon pe Kepodaia tithov (dnhadi ta mpdta ypduuato Twv AMEewv Kepoaia) g
dvadikng akorovbiog 6mou oL MéEeig Eekivouv pe kepodaio yapaktipo ASCII kau ot vrdroumol yopa-
KtNpeg etvar mwefol. Ou Tiuég byte ymplg Kegoraia YPAUUOTO TOPAUEVOUY YWPLS TPOTOTOINOM).

lNo wopdderypo:

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

Ou.  meCoi  yopoxtpes  ASCII  eivon  exeiveg oL wpés byte omv  axolouvbia
b'abcdefghijklmnopgrstuvwxyz'. Ou kepolaio yopakthpeg ASCII eivor exeiveg o Tuég
byte otnv axolovbio b ' ABCDEFGHIJKLMNOPQRSTUVWXYZ '. ‘Oleg ov dhheg TLwéG byte eivar ympig
Kepaaia.

O olyépLBuog ypnowootel évav amhod, aveEdpTNTo ad T YA®ooo, oplopnd wog AMENG g group dia-
doykdV ypoupdtwv. O oplopdg Aettovpyel oe TOAMG contexts, 0AAG onuaiver OTL oL aTTOOTPOPOL OE
ouvalpéoelg Kat KTNTikég MEelg amotelovv dpra MEewv, Tov WTopel va uny eivor To embuuntod ato-
TéheopaL:

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

Mo AMom Lo atooTpOpoug UIToPEL var dNULOVPYNOEL XPNOLULOTOLDVTOG KOVOVIKEG EK(PPAOELS:

e 7
>>> 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."

Inueiwon: H éxdoon bytearray avthig tng uebo6dov dev hertovpyet ot Oom g - mapdysl Tévta éva
VEO AVTIKELUEVO, AKOUOL Kot oV eV Eytvay alharyég.

bytes.upper ()

bytearray.upper ()
Emotpéper éva avtiypogo tng akolovbiog ue 6hovg toug meCovg yapaktpes ASCII va éxovv peta-
TPOATEL 0TO AVTIOTOLYO LOOBVVAUO KEPAAALO.

TNa wapaderypo:

>>> b'Hello World'.upper ()
b'HELLO WORLD'

O  meloi  yopaxthpeg  ASCII  eivar  autég or  mupég byte otnv  axohoubio
b'abcdefghijklmnopgrstuvwxyz'. O kepolaior yopaktypes ASCII eivar auvtég or Tuuég
byte otV akolovbio b ' ABCDEFGHI JKLMNOPQRSTUVWXYZ'.
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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.z£fill (width)
bytearray.z£ill (width)

Emotpépel éva aviiypago g akohoubiog mou éxel amoueivel yepdto pe ynepioa ASCIIb ' 0" yia va om-
povpyfoete o akohovdio uijkovg width. 'Evo mpdbepa tpomopevduevov onuatog(b'+'/b ' =) avti-
UETMTTUTETOL UE TNV ELOOYWYT) TNG CULTANPWOONG TOV dfter Y OpakTpa Tpoonuov Kot oy mpwv. Lo avee-
keipeva bytes, 1 opyK] akohovBio emlotpépeTal v To width gival KpOTEPO 1) 100 pe len (seq) .

T Tapaderypa:

>>> b"42" . z£fi11 (5)
b'00042"

>>> p"-42".z£f111 (5)
b'-0042"

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

4.8.4 Mopgomnoinon Bytes Tumnou print£

EInueiwon: Oulertoupyieg LoppomToinong mov TepLypipovtol €8 TapovoLtafouv o ToLkihic bLoppududv
IOV 0N YOUV 0 pia oelpd amtd Kowvd opdhuata (OTmg 1) aroTuyio enpaviong Tmv Thetddmy Kot Twv AeElkdv
owotd). Edv ) tyum mov extumdvetal umopel va. ivar herddo 1 AeELkod, Kavte To wrap og o TAeLdda.

/

Ta avikeipevo bytes (bytes/bytearray) £xovv o Lovadik] EVOOUOTOUEVT] AELTOUPYIO: TOV TELEOTY] %
(modulo). Autd givar emtiong Yvwotd og teleotig bytes formatting V) interpolation. Agdopévov 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 LELoVmUEVO U ToMoTAd avL-
Ketpevo. 2o 015 Ayaopetikd, To values mpémel va etval mheldda pe axkppoig Tov aptdud Twv oTouyelny mou
KoBopiCovtol amd To AVIIKEIUEVO Loppng bytes 1) Lewovwuévo mapping avitkeitevo (yio Tapaderyua, Evo
AeELko).

"Evag Tpoodloplothg UETOTPOTNG TEPLEXEL VO 1) TEPLOCOTEPOUGS YAPOUKTIPEG Kat £XeL Toug eENG components,
OL OTTOLOL TTPETEL VAL EUPOVICoVTaL Ue vt T oelpd:

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

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

3. Aelkteg HeTOoTPOomNG (TPOALPETIKD), TOV ENNPEATOVY TO ATOTEAEGLO KATTOLWV TUTMV UETATPOTTHG.

4. EMdyroto mhdtog mediov (mpoarpetikd). Edv opileton wg '* ' (a0TeploKOC), TO TPAYUOTIKO TAATOG
dafdletan amod to emdUevo oToLyElo TOV tuple ota values, KoL TO AVILKELUEVO TPOG LETOTPOTTY] £PYETAL
UETA aTtd TO EAAYLOTO TAATOG TESIOV KO TO TPOALPETLKO precision.

5. Axpifera (TpoalpeTikd), diveton og ' . ' (teleia) axorovBovuevn amd o precision.Edv opiletan wg ' * !
(aoteplokog), To mpoyuatikd precision dtofdleton amd To exduevo otoLyelo Tov tuple ota values, Kau
TUUN TTPOG UETOTPOTTY EPYETOL UETA TO precision.

6. Metotporméag tov length (wpoapetikd).
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7. Tvmog conversion.

‘Otav 10 owotd dpopa eivor Eva AeEKS (1] GAAOG TUITOG aVTLOTOIYLONG), TOTE OL LOPYPES OTO OVTLKELUEVO bytes
moémer va mepthaufiavouy éva khewdi avtiotoiylong oe mapévOeon oe autd To heSLkod mou £xel eoayBel automg
UETA TOV YopokThpa "% . To KAewdi avtioToiylong emAéyel Tnv Ty tov Oo pop@omotn el oo Ty avTLoToi-
yron. T Topdderypo:

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

& QUTNV TV TEPLTTMON OEV WTOPEL VOL VITAPYOVY TPOODIOPLOTEG * 0€ (o Lop@r) (Kabwg amantovv pa dio-
doy LK1 Mot TOPAUETPWV).

O delKTeg PHeTaTPOTNG ElvalL:

Flag ‘Evvoia

"4 Oupetotport) TG o xPNOLULOTONOEL TV «EVOAMAKTIKT pOpua» (OTOV 0pIteETOL TOPAKATM).

'0'  H petatpormy| Oa €xel undeviky CUUTANPOON YLl aptOUnTLKES TYES.

'—'  H ) UETATPOTG OLPTIVETOL TPOCAUPUOCUEVT (TOPAKAUTTEL T peTotpormy ' 0" edv divovran Ko
T d10).

' (éva xevo) Tpémel va mpootedel Eva Kevo mpiv amod Evav Oetikd apldud (1] Kevy) cupBolooelpd) o

' TTOPAYETAL OTTO [LLOL VTTOYEYPOUUEVT] LETATPOTTY).

'+' 'Eva yopaxthpas tpoonuov ("+' M =) Oa mponyeiton TG LETATPOTNG (TTOPAKAUITTEL EVAL <KEVO»
deikTn).

‘Evag tpomomountig uikovg (h, 1, or L) wropet va vdpyel, old ayvoeitor kabwg dev eival amapaitntog
v Tv Python - omote .. $1d eivol movouoldtumo o $d.

Ot tUmoL petatpormng etvo:

Meta- 'Evvoia 2n-
TPOTN MELW-
fofalle

el Ynoyeypouuévog dekadikdg aképatog.

04,0 Yroyeypapuévog dekadikdg axéporog.

o' Ymoyeypopuuévn oKTodLK TLu. @)

"u' Amopyoimuévog TOmog — elvol TavouoloTumog pe to 'd!. (8)

'x! Yroyeypouuévo dexoeEadiko (meld). 2)

X! Yroyeypopuévo dekoeEadikod (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 not  (4)
less than precision, decimal format otherwise.

Tg" Mové byte (déxetan axépaia 1 uenovouéva byte avikeiueva).

175U Bytes (k&0e avtikeipevo mov axolovOei To buffer protocol 1§ éxer __bytes_ ()). (5)

"gu To 's' elivan éva Pevdmvupo Yo to "b' ko Oa tpémel va ypnolrooteitan povo yia  (6)
Kddko faoel Python2/3.

'a' Bytes (netotpénel omolodnmote aviikeipevo Python ypnowpomoidviog repr (obj) . (5)
encode ('ascii', 'backslashreplace')).

T3 To 'r' sivaw éva Pevdmvuuo yia 'a' Ko Oa mpémer va ypnowwomoteitar povo yia  (7)
Baoeig kmwdika Python2/3.

0250 Kavéva dplopa dev petotpémetol, el wg omoTéheoua EVay XApUKTNPO "% ' TO oto-
TéENEOUOL.
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ZNUELWOELG:

(1) H evodhaxtikn Loppn TPOKAAEL TNV ELOAYWYTN EVOG TPDOTOV OKTAIKOV TTpoadloplot) (' 0o ') mpLv amd
TO TTPWTO YNPio.

(2) H evolhoktikn pOpura TPOKOAEL TNV ELOAYWYN EVOG apyLtkoV '0x ' 1) ' 0X' (avdloya LE To Qv XpNoL-
poomONKe 1 popen 'x' | 'X ') ITPLV TO TPHDOTO YNPio.

(3) H evolhaxtiki Lopep KAVEL TO ATTOTELECUOL VAL TTEPLEYEL TTAVTOL (ULOL VTTOILAOTOMY), KOO KL 0LV dEV KO-
AouBovv Ynepia.

H oxpipeto xaBopilel Tov aptBud Twv Yneiwv LeTd TV vTodLooTtol Ko oplletal ad TPOoemhoYY| G
6.

(4) H evalhokTiky woper KAVEL TO ATOTEAECUO. VO TTEPLEXEL TTAVTA 0L VITODLOLOTOAN KOl TAL (NOEVIKG 0TO
TELOG deV apaLpoVVToL OTTMG OaL TV dLOPOPETIKA.

H axpipera kaBopilel Tov optBud Twv onuovTiKav Ymepiov pLy Kot HeTd TV umodLootoly) Kot opilet
10 6.

(5) Edv n akpifeia eivor N, 1 €E080¢ mepLkodmTeTol o N X opaKThpEG.
(6) Tob'%s!' éyel xatapynOei, adhd dev Oa aparpedel Katd T dLAPKELD TG OELPAG 3.X.
(7) Tob'sr' éxel xotapynOel, alhd dev Bo agarpedel Katd T dLapKeLa TG OELPAg 3.X.

(8) B)éme PEP 237.

EInueiwon: H éxdoom bytearray avtig thg uebodov dev hertovpyei otn Bom g - mapdyel Tévta évo véo
avTIKeipevo, akopa Ko av dev éyvav alhoyéc.

Agite griong:
PEP 461 - TTpooO1kn % yio poppomoinon o€ bytes kau bytearray
Néo omv éxdoom 3.5.

4.8.5 Oyeig Mvijung

Ta avikeipevo memoryview emtpémovy otov kmdika Python va éxel mpdofaoy ota ecmteptkd dedouéva
€VOG AVTLKELUEVOV TTOV VITOOTNPILEL TO TTpWTOKOoALO buffer protocol ywpig avtiypap.

class memoryview (object)

ANWOVPYEL Ia memoryview oV avapEPETaL 0To object. To object mtpémel va vrooTnpilel To TPWTO-
Kolho buffer. Ta evompatouévo ovtiKeiueva mov vrootpitovy to mpwtdkorro buffer mephoufdvouvv
bytes Kol bytearray.

Mo memoryview €xeL TNV £vvolo evOg otoLyelov, TO 0TOL0 Eival 1] LOVADO ATOULKTG WVNUNG TTOU YEL-
piCetan to apykod object. Tia wololg amhoig Timovg dmwg bytes Ko bytearray, Evo oTolyelo eivol
€va uePOVWUEVO byte, alhd GALOL TUTTOL OTIOG array . array WITopetl vo. €(ouv ueyohitepa 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 t ems i ze attribute will give you the number of bytes
in a single element.

Mo memoryview vooTnpilel Aettovpyleg TUNUOTOTOiNoNG KoL Tpoopaot HEow evpeTnpiov oTa de-
douéva tov. Mia povodidotortn Tunuatomoinon 0o €xeL g aToTELEOUO (o dEVTEPEVOVOX TTPOBOAY:

>>> v
>>> v[1]
98
>>> v[-1]
103

memoryview (b'abcefg')

(ouvéyela oty eV oehida)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)
>>> v[1l:4]
<memory at 0x7£3ddc9f4350>
>>> bytes(v[1:4])
b'bce'

Ed&v to format givou évag amd Toug TpoadloploTtég eyyevoug nopeng oo to module st ruct, 1 wpod-
ofoon péom evpetnplov ue évav axképalo 1 o mhetdda (tuple) axepaimv vrootnpiletol emiong Kot
ETLOTPEPEL EVAL LEUOVOUEVO GTOLYEO e TO OWOTO TUTO. To OVOSLAOTATO. Memoryviews Uropovv va
vivouv indexed pe évav aképalo M évav aképoro mietada (tuple). To TOAVOLAOTOTA MEMOryviews (io-
pouv av yivouv indexed pe mhelddeg (tuples) axpipwg ndim axepainv 6ov ndim givar o aplOuods Twv
diaotdoemv. To undevikmv dLooTaoemwv memoryviews uwopovv va yivouv indexed pe tnv kevi| Theiddo
(tuple).

AxolovBei éva mapaderyna ue un-byte popen:

.

>>> import array

>>> a = array.array('l', [-11111111, 22222222, —-33333333, 44444444])
>>> m = memoryview (a)

>>> m[0]

-11111111

>>> m[-1]

44444444

>>> m[::2].tolist ()

[-11111111, -33333333]

J

Ed&v to faotkd avTikKelnevo eivat eyypapLio, To memoryview vtooTnpiel LovodLAoTATY EKYWDPNON TUN-
patomoinong. Aev emtpémetan 1) alhoyn ueyébovg:

>>> data = bytearray(b'abcefg')

>>> v = memoryview (data)

>>> v.readonly

False

>>> v[0] = ord(b'z")

>>> data

bytearray (b'zbcefg')

>>> v[l:4] = b'123"

>>> data

bytearray (b'z123fg"')

>>> v[2:3] = b'spam'

Traceback (most recent call last):
File "<stdin>", line 1, in <module>

ValueError: memoryview assignment: lvalue and rvalue have different structures

>>> v[2:6] = b'spam'

>>> data

bytearray (b'zlspam')

TSR}

Ta povodidotota memoryviews twv TOmwv hashable (WOVO Yoo aviyvwon) we wopgég “B”, “b” 1 “c

-

.

WITopouv emiong va Kotakepuatiotovv. O Kotakepuatiowds 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

J

AMoEe oty €kdoon 3.3: To povodid.ototo memoryviews uropovv Théov va tunuatostorouv. Ta po-

/

vodLA.oTOTO memoryviews (e Loppéc “B”, “b” 1) “c” elvow mhéov hashable.
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AMoEe oy €xdoon 3.4: to memoryview eyypdgeton mAéov avtduata pe collections.abc.

Sequence

AMoEe otnv €kdoom 3.5: To. memoryviews Uropouv TP va. Yivouy eupeTpLostoino ue wheldda (tuple)

aKEPOLMV.
T0 memoryview €yelL didpopeg pebddovG:

__eq __ (exporter)

"Eva memoryview kau évag eSaywyéag PEP 3118 eival iool edv ta oyfuorto Tovg eiva 1oodvvauo
Ko €dv OMEG OL QVTIOTOLYEG TLUES eival L0eg OTAV OL AVTIOTOLYOL KWOLKOL LOPPNG TWV TELEGTMV
EPLUNVEVOVTOL YPNOLUOTOLDVTAG TN GUVTOEN st ruct.

I 0 vtoovvolo Tov struct oL CUUBOAOOELPES LOPPNG TTOV VITOGTNPLLOVTOL CUTH TN OTLYUY
omd to tolist (), v Koww elval ioeg edv v.tolist () w.tolist ():

>>> import array

>>> a = array.array('l', [1, 2, 3, 4, 51])

>>> b = array.array('d', [1.0, 2.0, 3.0, 4.0, 5.0])
>>> c = 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]

>>> z == C

True

>>> z.tolist () == c.tolist ()

True

J

Edv kapio ovpporooelpd pwoppng dev vootnpitetor and to module st ruct, TOTE TO. AVILKEL-
ueva Bo ovykpivovrar Tdvia wg dvioa (akduo Kot ov oL CUUBOAOCELPES LOPPOTTOLNONG KAl TO.
TEPLEYOUEVAL TG TTPOCWPLVIG VUG 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 ==
False

Note that, as with floating point numbers, v is w does not imply v w for memoryview objects.

AMaEe otnv ékdoom 3.3: Ou tporyoueveg eKOO0ELG CUVEKPLYAY TNV AKOTEPYAOTI) UV UT 0yVOm-
VTG T LOPPT] TOV OTOLYELOV KoL T SO} TOU AOYLKOV TTVOKO.

tobytes (order='C")

Emotpépel ta dedopéva oto buffer wg éva bytestring. Avtd 1ooduvapel ue v KANoN Tov Kota-
OKEVOOTY byt es 0T0 memoryview.

>>> m = memoryview (b"abc")
>>> m.tobytes ()

b'abc'

>>> bytes (m)

b'abc'

4.8. TunolL duadlKknig akohoubiag — bytes, bytearray, memoryview
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Tlo U OUVEXOUEVOUG TTLVAKES, TO ATOTEALEOUOL EIVOL 00 E TNV AVATAPAOTOC TNG LOOTESWUE-
VNG Alotag pe Oha To otouelo va petatpémovtor o€ bytes. H tobytes () vmootnpiler dheg g
ovuporooelpég popeng, ovumephaufavouévmy ekeivamv ov dev eivar oty ovvtaEn tov module
struct.

,

Néo omnv éxdoom 3.8: To order umopei vo. eivan {“C”, “F”, “A”}. ‘Otav 10 order givonr “C” 1 “F”, 1o
dedopéva tov apykov mivaka uetatpémovrar oe C 1 oe oewpd Fortran. INo ouveydueveg OYPeLs,
10 “A” emoTpépel Evo aKPLBES OVTLYPOPO TG PUOLKNG UVNUNG. ZUYKEKPLUEVA, dLoTnpeiTal OELPd
Fortran otn pviun. T un ovveydueveg mpoforéc, ta dedouéva petatpémovrar mpidto oe C. To
order=None gival to id10 e to order="C".

hex ( [sep[, bytes _per_sep] ])

Emotpéeper éva avuikeipevo ovpolooelpdc mou meptéyel dvo dexaeEadikd Ynepio yia kGO byte
oto buffer.

>>> m = memoryview (b"abc")
>>> m.hex ()
'616263"'

Néo oty éxdoon 3.5.

AMoEe otV £xdoon 3.8: TTopduolo e to bytes. hex (), 10 memoryview. hex () TOPO VITO-
OTNPICEL TPOOLPETIKEG TOPAUETPOVG sep KO bytes_per_sep Y10, VO, ELOAYETE SLoyWPLOTIKG UETAED
TV byte otV eEaymyn dexaegadiko.

tolist ()

Emotpéyte to dedopéva oto buffer wg Liota otovyeiwv.

>>> memoryview (b'abc') .tolist ()

[97, 98, 99]

>>> import array

>>> a = array.array('d', [1.1, 2.2, 3.31)

>>> m = memoryview(a)
>>> m.tolist ()
(1.1, 2.2, 3.3]

AMaEe oty €kdoon 3.3: H tolist () vmootnpilel mhéov OAES TLG EYYEVELG LOPPEG LELOVIUEVDV
YOPOKTNPWV 0T oVVTOEY Tov st ruct, Kabwg Kat ToOAILAOTUTES AVATAPAOTAOELS.

toreadonly ()

Emotpéper po £K8001 wovo yia ovayviw o) Tou avitkelnévov memoryview. To apyLko avitkeinevo
memoryview eivol apeTapinTo.

>>> m = memoryview (bytearray (b'abc'))
>>> mm = m.toreadonly ()
>>> mm.tolist ()
[97, 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 oty éxdoonm 3.8.

release ()

Amehevepmvel To vtokeipevo buffer mov extifeTon amtd To avrikeipevo memoryview. IToAMG ovTi-
KelUevVaL TPAYLOTOTTOLOUV ELOLKEG EVEPYELEG OTOV dlatnpeitan o TPofoin og autd (Yo mopd-
deLypa, o by tearray 0o omoyopeve TpocwpLva Ty olhayn ueyéous): emouévmg, 1 KAHon tg
release() eivat BOALKT| YLoL TV KATAPYNOT] GUTOV TOV TEPLOPLOUMDV (KoL AeheVOEPWVEL OTOLOVO-
OMTOTE CULWPOVUEVOUG TTOPOUGS) TO GUVIOUOTEPO dUVATO.
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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 TPWTOKOIAO dLOYELPLONG TEPLEXOUEVOU UITTOPEL VOL Y PNOLUOTOLNOEL YL TAPOUOLO OTOTEAECUD,
ypNoLoToLmVTaS T dNAWoN with:

>>> with memoryview (b'abc') as m:
m[0]

97

>>> m[0]

Traceback (most recent call last):
File "<stdin>", line 1, in <module>
ValueError: operation forbidden on released memoryview object

Néo omv éxdoon 3.2.

cast ( format[, shape] )

Mopgomoiel éva. memoryview o€ véo popen 1 oxnuo. To shape elvor omd mpoemAoyn
[byte_length//new_itemsize], wov onuoivel 0Tl 1) TPOPoAT| aotehéouatog Oa eivat po-
vodidotaty. H emotpepouevn tiun eivor éva véo memoryview, aAld to idLo to buffer dev avirypd-
petor. O vmootnplLoueveg petatpomég eivor 1D -> C-contiguous ko C-contiguous -> 1D.

H pop@1 mpooptopot meplopiletal oe (o eyyevy Lop@T LELOVOUEVOL GTOLYEIOV 0T OUVTOEN
struct. Mio amd g poppég mpémer va eivar popen byte (“B”, “b” 1 “c”). To unkog byte tov
OTTOTELECUATOG TTPETTEL VAL ELVOLL TO {810 LLE TO CLPYLKO UNKOG. ZNUELMOTE OTL OO TO. UK byte wropet
va EapTdvToL amd TO AELTOVPYLKO GVOTNUOL.

Mopgomoinomn amd 1D/long oe 1D/unsigned bytes:

>>> import array

>>> a = array.array('l', [1,2,3])
>>> x = memoryview (a)

>>> x.format

K

>>> x.itemsize

8

>>> len (x)

3

>>> x.nbytes

24

>>> y = x.cast('B'")
>>> y.format

B

>>> y.itemsize

1

>>> len(y)

24

>>> y.nbytes

24

Mopgomoinon and 1D/unsigned bytes oe 1D/char:

>>> b = bytearray(b'zyz')
>>> x = memoryview (b)

(ouvéyela oty enopevn oehida)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)
>>> x[0] = b'a'
Traceback (most recent call last):

TypeError: memoryview: invalid type for format 'B'

>>> y = x.cast('c'")
>>> y[0] = b'a'
>>> b

bytearray(b'ayz')

Mopgomoinon amd 1D/bytes oe 3D/ints oe 1D/signed char:

>>> import struct

>>> buf = struct.pack("i"*12, *list (range(12)))
>>> x = memoryview (buf)

>>> y x.cast('i', shape=[2,2,3])

>>> y.tolist ()

rrro, 1, 21, (3, 4, 511, [([e6, 7, 81, [9, 10, 11111
>>> y.format

lil

>>> y.itemsize

>>> len(y)

>>> y.nbytes
48

>>> z = y.cast('b'")
>>> z.format
lbl

>>> z.itemsize
1

>>> len(z)

48

>>> z.nbytes
48

Mopgpomoinomn amd 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 ()

(ro, 1, 21, (3, 4, 511

Néo oty éxdoon 3.3.

AMaEe oty €xdoon 3.5: H minyaia wopgn dev eivar mhéov meploplopéviy Katd T popeostoinon
og wo. Oy byte.

Yrdpyovv eniong apKeTd SLOOECLUO YOPAKTIPLOTIKA LOVO YLOL AVAY VOO

obj

To BaOLKO OVTIKEIUEVO TOV MEmOryview:

>>> b = bytearray(b'xyz')
>>> m = memoryview (b)

>>> m.obj is b

True

Néo omv éxdoon 3.3.
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nbytes

nbytes == product (shape) * itemsize == len (m.tobytes()). Avt eivaw
TOCOTITA X MPOV O byte oV Ba XPNOLWOTOLOVOE O TUVAKOG OE L0 OUVEYOUEVT] AVATOPEOTOON.
Aev 1000taL astopaitnto pue len (m) :

>>> import array

>>> a = array.array('i', [1,2,3,4,5])
>>> m = memoryview (a)

>>> len (m)

5

>>> m.nbytes

20

>>> y = m[::2]

>>> len (y)

3

>>> y.nbytes

12

>>> len(y.tobytes())
12

[Molvdidotartol mivokes:

>>> import struct

>>> buf = struct.pack("d"*12, *[1.5*x for x in range(12)])

>>> x = memoryview (buf)

>>> y = x.cast('d', shape=[3,4])

>>> y.tolist ()

([ro.o0, 1.5, 3.0, 4.5, [6.0, 7.5, 9.0, 10.5], [12.0, 13.5, 15.0, 16.5]]
>>> len(y)

3

>>> y.nbytes

96

Néo omv éxdoon 3.3.

readonly

"Eva bool ov vrodetkvier edv 1 vijun eivol ovo yuo avayvwon.

format

Mua oupforocelpd mov mepteyel T popet| (o module style st ruct) yio k4Oe oTOLYELO OE (oL OY).
Mitopei va dnuovpynOei évo memoryview o6 eEaywyeis ue cupuforooelpés avbaipetng noppig,
oA opropéveg uEBodoL (TT.y. tolist ()) Eval TEPLOPLOUEVEG OE EYYEVELG LOPPES EVOG GTOLYELOV.

AMoEe oty €kdoon 3.3: 1 poper} "B avtuetomiletal Théov ovupmva ue T ovvtagn evog struct
module. Avtd onuaivel 0L memoryview (b'abe') [0] == b'abc'[0] == 97.

itemsize

To uéyebog oe bytes k40 atoLyelov 0To memoryview:

>>> import array, struct

>>> m = memoryview (array.array('H', [32000, 32001, 32002]1))
>>> m.itemsize

2

>>> m[0]

32000

>>> struct.calcsize('H') == m.itemsize

True

ndim

'Evo. axépotog aplBpog mwov delyvel mdoeg dLOOTAOELS EVOG TOAMOLAGTOTOV TLVAKO OVILTPOCH-
TEVEL 1] VN UT).
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shape
Mo whewddo (tuple) axepaiov pe unKog ndim divoviag To OXNUO TG WVNNG wg mivako N-
dL00TAoEMV.

AM0Ee ot ékdoon 3.3: Mua kevn) thedda (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
otouyeio yia kaOe dLdoTOON TOV TVAKA.

AM0Ee ot ékdoon 3.3: Mua kevn) hedda (tuple) avti yia None dtav ndim = 0.

suboffsets

Xpnowuomoteitor ecwteptkd Yo ovotolyies Tomov PIL. H Ty eivor udvo evnuepmtik.

c_contiguous

"Eva bool tov vimodekviet edv 1 uvnun eivan C-contiguous.
Néo omv éxdoon 3.3.

f_contiguous
"Eva bool tov viwoderkviet ebv 1 uvnun eivon Fortran contiguous.

Néo otv éxdoonm 3.3.

contiguous
"Eva bool ov viwodelkviet ediv 1 uvnun eivan contiguous.

Néo omv éxdoon 3.3.

4.9 Tumoi ZuvoAou (Set) — set, frozenset

"Eva avtikeipevo ser eivar po un taEvounuévn cudhoyn amd dakprtd ovitkeipeva hashable. Ou ouvn0elg ypm-
o€l TepLthauBavouv T dokiut| LdtnTag wEhoug, THV apaipeot SmAd Ty amd o akolovdia Kot Tov vo-
Loyoud padnuotikdv TpdEewv 6Tmg Tout, EVwon), dlopopd, Kot ouuuetptkr| dwapopd. (Mo Ao containers,
deite TG evoopatouéveg kKhaoelwg dict, 1ist, kow tuple kow 1o module collections).

‘Onwg Kou GAkeg oulhoyég, Ta ouvola (sets) vmootnpilovv x in set, len(set), koaw for x in set.
‘Ovimg o un ToEvounuévn culhoyr|, Ta oivola dev Kataypdpouy T 0£01 TV OTOLYEIOV 1) TN OELPX ELOC-
YOYNG. ZUVETTAGS, TOL GUVOA (Sets) dev uITooTNPILOUV heLToupyieg EVPETNPLOTOINONG, TUNUOTOTTOIMONG 1) GAAY
ovptepLpopd axorovbiog.

Ymdpyouvv avti T ottyuy] 900 EVOOUATOUEVOL TUTTOL OVVOOV, set koL frozenset. O TOmog set givor
EVUETAPANTOG — Ta. TTEPLEXOUEVA TOV WITOPOVV VO, AAAEEOUV YpnoluooldvTag uedddovg 6mwg add () Ko
remove (). Aedouévou OtL elvor eVHETAPANTO, dEV £XEL TLUY KOTAKEPUATIONOU KL OEV (WTOPEL VAL Y PNOLUO-
o Oei oUte wg KAewdi LeELkol oute wg oToLyelo evog AAhou ouvolou (set). O TOTog Frozenset gival AueTd-
BAntog Kow hashable — o mepLeyOUEVO TOU deV Propel va OAAGEEL HETA T1) dNULOVPYIC TOV* WITOPEL ETOUEVIG
va ypnoworton el wg khewdi LeSikov 1 wg otouyeio dihov ouvdlov (set).

Mitopotv va dnuoupynBouv un Kevé ouvoha (OxL mayouéva ouvoha (frozensets)) TomoBetdvrog wo Aloto
OTOLYELOV LY WPLOUEVV IE KOUUO UECO OE ayKUAES, Yo Tapaderyua: { ' jack', 'sjoerd'}, emuthéov
LLE T1) P101) TOU constructor Tov set.

O constructors kou yia TLg U0 KhAOELG AeLTOVPYOVV TO 1610:

class set ( [iterable] )

class frozenset ( [iterable] )

Emotpéper éva véo auvolo (set) 1) éva mayouévo ovvolo (frozenset) Twv omolmv to oTOLYELQ E£YOUV
M@Oel artd to iterable. To. oTouyeio evog ouvOlov mpémer va eivar hashable. Tl vaL avamopaoTioOVY
oUvVOLha CUVOLWYV, TA ECMTEPLKA GUVOLQL TTPETEL VO elval Frozenset aviikeipevo. Edv dev éxel kabo-
pLoTel To iterable, emOTPEPETOL EVOL VEO KEVO GVVOLO.

Ta gUvoha uopouv va dnuovpynbouv pe dudipopoug TpodTOUG:
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o XPNOLWOTOLDHVTOG WO ALOTOL OTOLYELWV dLarywpLopévn pe koppoto: {'jack', 'sjoerd'}
o Xpnowomowdvtoag éva set comprehension: {c for ¢ in 'abracadabra' if c¢ not in
'abc'}
o XpNOoLHOTOLMVTOG TOV TUMO constructor: set (), set ('foobar'), set(['a', 'b',
'foo'l)
Ta otryudtuna twv set Ko Frozenset mapéyovy TG akorovbeg hettovpyieg:
len (s)
Emotpépel Tov apltOud Tmv oToLyEimv 0To 6UVOAO s (TANOtkdTnTAL TOL 5).
X in s
EMéyyeL av to x glvon uépog oto s.
X not in s
E)Méyyer av to x dev givar puépog oTo s.
isdisjoint (other)
Emotpéper True edv 1o o0volo dev €xeL Kowva otoyela ue to other. Ta ovvola eivor agUvoeTa
eqv Kat uOvo edv 1 Tout) Tovg giva To Kevd ovvolo.
issubset (other)
set <= other

EMéyyeL edv kGO otolyeio ato ovvoro Bpioketon oto other.

set < other
EMéyyeL edv o 0U0vVOAO gival 0woTd voovvolo Tov other, dNhad, set <= other and set
!= other.

issuperset (other)

set >= other

E)Méyyer av ke atouyeio tov other givat 6To oUVOLO.

set > other
EMéyyer av to ouvolo givol owotd vtepovoro Tov other, dNhadn, set >= other and set
!= other.

union ( *others)

set | other |
Emotpéper éva véo 6Uvolo pe otolyeia artd to oUvolo Kot Mo To GAACL.

intersection (*others)
set & other &

Emotpépel éva véo oUivolo pe otolyelo Kowvd 6To oUvolo Kau og OhaL T GAAaL.

difference (*others)
set - other -

Emotpépel €va véo 6UvVoLo e OTOLYELDL 0TO GUVOLO TTOU HEV VUTTAPYOUV OTO GAACL.

symmetric_difference (other)
set * other
Emotpépel £va véo 6Uvolo ue otouyela eite 6To 0UVOLO gite 0TO other aAld Oyl Ko oTa dvo.

copy ()
Emotpépel éva pnyd avtiypopo 1ov cuvorou.

Znuelwon, oL ekdOoeLg U TELECTWV TwV neBddwv union (), intersection (), difference (),
symmetric_difference (), issubset (),Ka issuperset () Oa deytovv omolodimote iterable
wg OpLopa. Avtifeta, oL avTioToL oL TELEGTEG QUTOLTOVY VAL OPLOTOVY TG OPIOUOTE TOUG YLOL VAL YIVOUVY
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ouvoha. Autd amokAeiel KOTAOKEVAOTEG EMPPETELG O OPAMIATO OTTWG set ('abc') & 'cbs' vmép
TOV TTL0 EVAVAYVWOTOU set ('abc') .intersection ('cbs').

Tb00 T0 set Kal frozenset voothpifovy T ovyKpLon ueta&l ouvorlwy. Avo ovvola eival ioa edv
Ko uovo edv kibe otoyeio kaBe ouvolou mepLéyetal 6To Ao (To KaBéva eival vToovolo Tou GAAOV).
‘Eva ovolo givar (kpotepo oo éva ahho ovvoho €dv KoL uOvVo av To TPOTO oVVOAO glval omwoTd
VITOOVVOLO TOU deVTEPOV GUVOLOV (ElVaL VITOGUVOLO, AAMG deV eival 100), £va oUvolo eivar peyaiiTepo
aTto €va A0 GVVOAO, AV KO LOVO OV TO TTPADTO GVVOLO ELVAL GMOTO VITEPGUVOAO TOU SEVTEPOV GUVOLOU
(elvon vitepovvoho allG dev eival i00).

Ta oTrywdTuTo TG set GUYKPLVOVTOL Ue TOL OTLYIOTUTIO TG frozenset ue Baon ta wéky tove. lNa
Tapadelyla, To set ('abe') == frozenset ('abc') emotpépel True Kot To idLo cupufaivel Ko
ueto set ('abc') in set ([frozenset ('abc')]).

OL oVYKPIOELG VITOOUVOROU KOl LOOTNTAG SEV YEVIKEVOVTOL OF ULet CUVAPTNOT OMKTG Ta&vounone. o
TOPAdELYLLO, OTTOLOONTTOTE dVO U KEVA ouveyT ) ovvola dev elvol Loo KoL deV eival VITOGUVOL TO éva
Tov dMhov, emouévmg dAa To. akorovba emotpépouy False: a<b, a==Db, or a>b.

Aedouévou 6tL To. ovvola opilovv udvo uepikn oelpd (oxéoelg vtoovvorwv), 1 €€0dog g uedddov
list.sort () dev éxeL opLoTel Yo AMioTeg oUVOrRWV.

Ta otouyeio. ouvorov, drwg Ta KrewdLd AeEtkov, mpémel va eivan hashable.

Avadikég mpdEeig mov cuvOVALovy oTLYOTUTIA set Je frozenset EMOTPEQPOVV TOV THTTO TOV TPM-
tov teheot). [o mopdderypa: frozenset ('ab') | set ('bc') emotpépet £va OTLYIMOTUITO TOV
frozenset.

O mapokdtm mivakog TapadEtel AetTovpyies mov eivar dtabéoueg yia set oV deV LOYVOUV YLO. OUE-
TéPANTO oTLYWOTUTTOL TG frozenset:
update ( *others)
set |= other | ...
Evnuepovel to ovvolo (set), tpoobétovrog atouyeio amd dha tar GAla.

intersection_update (*others)
set &= other &
Evnuepdver to ovvoro, dtotnpdvtog wovo ta oToLyelo tov Bpiokovral o€ oautd Kot OMoL To GAACL.

difference_update (*others)
set —= other | ...

Evnuepmvel 1o 60volo, apatpdvTag oToLyeia tov Bplokovtal og GAlaL.

symmetric_difference_update (other)

set “= other
Evnuepavel to ovvoro, dtotnpidviog wovo ta otoyelo ov Bplokovral o€ Kdbe ouvolo, odhd OxL
Ko oto dvo.

add (elem)

IMpooBétel To oToLyEio elem GTO GUVOLO.

remove (elem)
Agarpel to otoryeio elem amd 1o ovvoro. Kavel raise tn KeyError eQv 10 elem dev TePLEYETAL OTO
ovvohro.

discard (elem)

Agoupei To oToLyElo elem 0std TO GVVOLO EAV VITAPYEL.

pop ()
Agoupei kal emotpépel éva avbaipeto otouyeio amd to ovvoro. Kdvel raise wa KeyError eqv
TO 0VVOLO givor Kevo.
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clear ()

Agarpel Oha T gToryeia amd 1o ovvolo (set).

Znuelworn, ov  ekdooelg  un-teheot) weBddwv  update (), Iintersection_update (),
difference_update (), Ko symmetric_difference_update () 6a 8&govioL 0moL0dN-
TTOTE EMAVOLAUBOAVOUEVO OTOLYELD MG OPLOUCL.

Znuelwon, to Opiopa elem yoo g uebddovg _ contains_ (), remove (), kou discard () Wmo-
pet va glvan éva ovvoro. T'o TV vTooTPIEN TG avalNTNoNg YL €vol LGOSUVOUO TTAYOUEVO 0VVOLO
(frozenset), éva TpoowpLvd dnuLovpyeitar oo to elem.

4.10 TumoL avtiotoiXtong — dict

'Evo aviikeipevo mapping aviiotowyilel hashable tuég oe avbaipeta avukeipeva. Ouavtiotolyioelg eiva peto-
BANTG avTikeipeva. Yrdpyet emti Tov Topdvtog ovo £va TULKOg TOTTO avTLoTtolyiong, To dictionary. (Lo ddha
containers deite Tig evowpotmuéves (built-in) 11 st, set, kKot t uple KAAoEL, kou to module collections.)

Ta khewdid evog AeEikov eivan oyeddv avBaipeteg Tiuég. O Tiuég mov dev eivan hashable, SnAady), TG OV
mepLEovy AMoteg, AeElkd 1) dhhoug uetoAntoig Timovg (Tov ovykpivovtal BACEL TN KoL Oy BACEL TAVTO-
TNTAG OVILKEWEVOU) OEV UTopoV va ypnoootnfotv wg khetdid. Ot tég mov ovykpivovran toeg (Omtwg 1,
1.0, xoL True) wropovv va xpnotpomotfoty evolhaktikd yia to index g idag KataydpLong AeEtkov.

class dict (**kwargs)
class dict (mapping, **kwargs)
class dict (iterable, **kwargs)
Emotpépel éva véo AeEkd mou €yl apytkomon el amd £va mpoatpetikd dpLopa BEong kol éva mbavd
Kevo 0UVOLO 0pLoidtmv AEEMV-KAELOLDV.
Ta AeEikd umopotv va dnuovpynbovv pe didipopovg tpodmougs:
o XpPNOWOTOLHOTE o MOoTa dLoymPLoiévmy te Kouuato Cevydv key: value puéoo o€ ayKULES:
{'jJack': 4098, 'sjoerd': 4127} o0r {4098: 'jack', 4127: 'sjoerd'}
« Xpnowomnoote £va comprehension AeEtkov: {1}, {x: x ** 2 for x in range (10)}

o XPNOLWOTOLOTE TOV KOTAOKEVAOTH Tomov: dict (), dict ([ ('foo', 100), ('bar',
200)1),dict (foo=100, bar=200)

If no positional argument is given, an empty dictionary is created. If a positional argument is given and it is
a mapping object, a dictionary is created with the same key-value pairs as the mapping object. Otherwise,
the positional argument must be an iferable object. Each item in the iterable must itself be an iterable with
exactly two objects. The first object of each item becomes a key in the new dictionary, and the second object
the corresponding value. If a key occurs more than once, the last value for that key becomes the corresponding
value in the new dictionary.

E&v divovral opiopoto AMEENG-KAeLdLOV, Ta opiopata MENG-KAELSL0U KoL OL TYUESG TOVG TPOOTIBEVTOL 0TO
LeEukd mou dnuovpynOnke amd to dpopa O¢onc. Edv vdpyer 1181 éva kheldi mov pootifeton, 1 Tiun
a6 to dpropa MENG-KAeLdL0U avTLkaOLoTd Ty T atd To dpLopa BEong,.

T emeEfynon, ta akohovba tapadeiyuata emotpépouy dha éva AeElkd 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 == b == c == == @ ==

True
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H mapoyt| opiopdtmv AEEewv-Kheldimv OTme 0To TPADTO TAPAdELYUO AELTOVPYEL LOVO Y10 KAELDLY TTOV
elval £ykupa avayvmplotikd Python. Awagopetikd, propoiv va xpnotnototn 000y omotadfote £yKupa
KAELOLAL.

Avtég eivon oL hertoupyieg mov vmootnpifouv to AeEikd (Ko emopévog, Ba mpémel vo oot pilouy Kat
TPOCOUPUOCUEVOUG TUTTOVUG OVTLOTOLYLONG ETTLONG):
list (d)
Emotpéper o Mota pe Oha Tor KAELDLA TTOV ¥ p1oLUomotouvTol 0to AeELKo d.
len(d)
Emiotpépel Tov aptdud Twv otolyeinv oto AeEko d.
d[key]

Emotpépel to atouyeio tov d e 1o khedi key. Kave raise wa KeyError edv to key dev vmdpyel
Y10, VO avTLOTOLY N OEL.

E&v wa voxhdon evog AeEukot opiler o pébodo __missing_ () ko 1o key dev vmapyeL,
N hertovpyio d[key] wohel avtv thv uébodo pe to khewdi key wg dplopa. =N GuVEXELD, W)
Lertovpyla d[key] emOTPEPEL 1) KAVEL raise O, TL EMOTPEPETAL 1) YIVETAL raise amtd TV KAYon
__missing__ (key). Kauio d\n Aettovpyia 1 uéBodog dev emkarel v __missing_ ().
Edvto__missing__ () dev &yeL opLotel, yivetanraise KeyError.To__missing__ () mpémer
vo. ebvor pébodoge dev propel vo elvor €vol oTLYILOTUTTO UETABANTHG:

>>> class Counter (dict) :
def _ missing__ (self, key):
return 0

>>> ¢ = Counter ()
>>> c['red']

0

>>> c['red'] += 1
>>> c['red']

1

To mapomave mopdderypo deiyvelr uépog g vhomoinong tov collections. Counter. M
drapopetikn uéBodog __missing__ ypmowwomoteitan omtd v collections.defaultdict.

d[key] = value
Opiterto d[key] oto value.
del dlkey]
Agoupeito dkey] amd 1o d. Kdvelraise éva Ke yError edv 1o key eV VTGP EL YLOL AVTLOTOLYLON).
key in d
Emotpéper True edv to d €xel éva khedi key, dlapopetikd False.
key not in d
Iooduvauei ue not key in d.
iter (d)

Emotpéeper évav iterator mévo amd to KAedLd Tov AeEikov. Avty sivar por ovvtougvon yio
iter(d.keys()).

clear ()

Agoupei 6L to otoryeio 0o to AeEiko.

copy ()
Emiotpépel évo pnyo oviiypago tov AeEtkov.
classmethod fromkeys (iterable[, value])

Anuovpyel évo véo eEkd ue kheldud astd To iterable ko tiwég wg value.

To fromkeys () givaun pa néBodog KAGONG o emotpépel £va véo AeEuko. H tui) value opileton
o7td poemhoyn o€ None. ‘Oleg oL TWEG AvapEPOVTOL OE EVOL WOVO OTLYILOTUTTO, ETOUEVIG YEVLKA
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dev €yeL vomua yuo to value vo. eivar peTafAntd aviikeipevo, dmwg wa kevi AMiota. o va Mafete
SLOPOPETLKES TUES, Yp1oLomoote avt” autov éva dict comprehension.

get (key[, default] )
Emotpéper v tium yio 1o key edv to key eivar oto AeEikd, adhdg default. EGv to default dev
divetan, opiletol amd mpoemhoyn oe None, €10l dote ovth) 1 ué€Bodog vo unv Kdvel raise o
KeyError.

items ()

Emotpéper wo. véa Oyn tov otolxeiov tov heEkot ((key, value) CTedyn). Asite v
documentation of view objects.

keys ()
Emotpéper o véa 0y Tmv KAedumv Tov AeEtkov. Agite to documentation of view objects.

pPop ( key[, default] )
Edv 1o key Bpioketal 010 AeELKO, apatpeitan Ko LOTPEPEL TV TUUY TOU, SLOPOPETLKA ETLOTPEPEL
default. EGv default dev diveton Ko to key dev eivan oto AeEkd, yivetou raise évo KeyError.

popitem ()
Agoipel kau emotpépet éva Cevyog (key, value) amd to heEuiko. Ta Ledyn emotpégovtal ue
™ ogpd LIFO (last-in, first-out).
H uébodog popitem () eivan ypnowun yio KaTaoTpomLky) eavalnn oe évo heELko, 6mtmg ypnot-
pogtoteitan ovyvd og alydplbuovg ouvorov. Edv to heEikd eivar kevd, ) kAfon thg popitem ()
K@vel raise éva KeyError.
AMaEe oty ékdoon 3.7: H oepd LIFO givar mhéov eyyunuévn. Ze mponyovueveg ekdO0ELS, 1
popitem () emotpépel Eva ovbaipeto Levyog KAEWOLOV/TLUNG.

reversed (d)

Emotpéeel évav avtiotpoo iterator tavm artd To. KAWL Tov AeELkov. Auth eivor pa ouvtduegvon
Yo reversed (d.keys () ).

Néo omv éxdoon 3.8.

setdefault (key[, default])

E&v 1o key Bpioketar 0to heELkd, emotpépet TV Ty Tov. Edv oy, elodyete to key ue twu default
Ko emotpépel default. To default amtd mpoemhoym eival None.

update ( [other] )
Evnuepdver to heEikd pe to Levyn KAedmv/Tiumv oo to other, OVILKOOLOTOVTOG TA VITAPYOVTOL

KAedLG. Emiotpépel 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 pua véa 0y Tmv Tumv tov AeEkov. Agite v documentation of view objects.

Mo 00yKpLom LlooTNTaG HeTaEl pag Oyng dict . values () ko wag GAAng Oa emotpépel tdvra,
False. Autd oyVeL emiong 0Tov ouykpivete To dict . values () Ue TOV EAUTO TNG:

>>> d = {'a': 1}
>>> d.values () == d.values()
False

d | other

Anovpyet évo véo AEIKO pe To. ouyywveupéva KheldLd KoL Tig TEg Twv d KoL other, To omoio.
npéeL vo bvan ko ta 800 heEukd. Ou Tipég tov other €xouv mtpotepotdTnTo 6T To KAeldLd Twv d
Kow other givat Kowvd.

Néo oty éxdoon 3.9.
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d |= other

Evnuepdver 1o AeEtkd d pe khetdid Ko tipéc ortd o other, Tov WITOPEL VoL gival eite mapping eite
iterable Cevydpt xhelddv/Tyumv. O TES Tov other £X0UV TPOTEPALOTITA OTAV T KAELOLE T™V TO d
Ka other givol Kowvd.

Néo omv éxdoomn 3.9.

Ta LeEukd ovykpivovtar wg oo edv kKow povo edv éxovv ta idla Cevyn (key, value) (aveEaptnra

a6 ) ogp@). O ovykpioelg dudtakng (“<”, “<=", “>=", “>”) KGvouv raise TNV TypeError.

Ta AeEkd dtotnpotv T oeLpd ELo0YWYNG. ZNUELOOTE OTL 1) EVIUEPMOT EVOG KAELDLOU dev emtnpedleL T
oelpd. To kKheldidt Tov TPOoTEDN KOV UETA TN dLAYPUPT] ELOAYOVTAL 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 ot €kdoom 3.7: H oeipd heEikov eivan eyyunuév dtu eivon 1 oeLpd eLooymyng. Avtn n oupste-
pupopd ftav wa kerropépeto vhomoinon tg CPython amtd v €ékdoom 3.6.

Ta AeEkd kar oL Operg MeELKdv gival avaoTpéLues.

-

>>> d = {"one": 1, "two": 2, "three": 3, "four": 4}
>>> d

{'one': 1, 'two': 2, 'three': 3, 'four': 4}

>>> list (reversed (d))

['four', 'three', 'two', 'one']

>>> list (reversed(d.values()))

(4, 3, 2, 11
>>> list (reversed(d.items()))
[("four', 4), ('three', 3), ('two', 2), ('one', 1)]

AlaEe ot €ékdoomn 3.8: Ta heEikd eivan mhéov avaotpéyuua.

Agite gmiong:

H types.MappingProxyType UTOPEL VA XPNOLUOTOMOEL yiar T dnuovpyia (wog oyng uovo yo. avd-
yvoon utag dict.

4.10.1 AvTtikeigeva oyng AeELkou

Ta aviikeipevo mov emotpépoviol ot TG dict . keys (), dict.values () and dict.items () eivon
Syeis avuksévav (view objects). Tlapéyouvv ua Suvauky) 6P oTig eyypapés Tov AeELKov, Tov onuaiver Ot
Otav alhalel to AeELko, 1 dym aviikatomTpilel avTtég Tig ohhayéc.

O 0yeLg heELKov wropouv va yivouy iterate yio Ty ostd6d00 THV aVTioToL WV dedOUEVMY TOVG KOL TNV VITO-
OTHPLEN EALEYY WV YLOL TO OV ELVOIL UEPOG TOV:

len (dictview)

Emiotpéget Tov opldpd Tmv Kotaywpfoewv oto AeEKo.
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iter (dictview)
Emotpéper évav iterator v oo KAeLdLd, TLg TYES 1) T OTOLYELD (TTOV AVTLITPOOMITEVOVTOL WG TAELAOES
(tuples) tov (key, wvalue) oto heELKo.

Ta KhewdLd KoL oL Tég emovolaudvovtal Le TV OeLpd eloaywyns. Avtd emitpémel T dnuovpyia
Cevydv (value, key) YPNOLUOTOLDOVTOG TN zip ():pairs = zip(d.values (), d.keys()).
'Evag GMog TpoTog eivat va dnuovpynoete v idia Aota eivaw pairs = [ (v, k) for (k, v)
in d.items () ].

To iterate OYewv KOTG TNV TPOoONK 1) TN dtarypopr) Kataywphoewv oto AeEukd wtopel va kdvel raise
wo RuntimeError M va amoTyEL To iterate o OLeG TIG KUTOYWPNOELS.
AMaEe oty ékdoon 3.7: H oeipd AeEuko eivar eyyunuévn oelpd eloaywyng.
x in dictview
Emotpéper True edv to x Bpioketal ot Khetdid Tov AeELKon, TG TLIEG 1] TAL GTOLYELD TOV VITOKEIUEVOY
LeEukov (ot Tehevtaia epimTwon, To x Oa wpémel va eivan wa (key, value) mheidda (tuple)).
reversed (dictview)
Emotpépet évav avtiotpogo iterator stavem ota KAeWdLd, Tig Tiuég 1 ta otouyeia Tov heEukov. H dym Oa
yivel iterate (e TNV AVTIOTPOPY CELPA OTTO TNV ELOAYWY.
AMaEe ot €kdoom 3.8: Ou dperg AeEko eivan Théov avaoTpéuuec.
dictview.mapping
Emotpégel o types . MappingProxyType mov ovadtAdveL To apytkd AeElkd oto omoio avape-
peTOL 1) OY.
Néo otnv £¢xdoon 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 6ymg heSikov:

>>> dishes = {'eggs': 2, 'sausage': 1, 'bacon': 1, 'spam': 500}
>>> keys = dishes.keys ()
>>> values = dishes.values|()

>>> # iteration

>> n = 0

>>> for val in values:
n += val

>>> print (n)

504

>>> # keys and values are iterated over in the same order (insertion order)
>>> 1list (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'}

(ouvéyela oty eV oehida)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)
True
>>> keys | ['Juice', 'juice', 'juice']l] == {'bacon', 'spam', 'juice'}
True

>>> # get back a read-only proxy for the original dictionary
>>> values.mapping

mappingproxy ({ 'bacon': 1, 'spam': 500})

>>> values.mapping|['spam']

500

4.11 Tumol Awaxeipiong MNepLexXopevou

H dhhwon with g Python vtootnpilel v évvola evog mepleyouévou ypdvou eKtéheong mov opileTon amd
EVOLV LOYELPLOTT) TTEPLEYOUEVOL. AUTO VAOTTOLELTOL XPNOLUOTOLDVTOG £va Levyog neBddmv mov emTpémovy o
KAGoELS TTOV 0pilovTan 0TTd TO XPNOTYH VO 0PILOUV TEPLEYXOUEVO X POVOU EKTELEDTG TTOU ELOGYETOL TTPLY ALTTO TV
EKTELEDT] TOV OMUATOG TNG SNAwoNg Ko va. kdvel £€5000 dtav Tepuatiotei 1 dHhwon:

contextmanager.__enter__ ()

Ewodryel to mepieyopevo eKTéLeonS Ko EMLOTPEPEL ELTE AUTO TO OVTLKELUEVO gite £va GAhO TTOU oyeTiCETaL
ULE TO TTEPLEYOUEVO YPOVOL eKTéLeoNS. H Tium) tov emotpégpetan amd avtv v uébodo sivar deouevuévn
0TO OVOLYVIPLOTLKO OTNV TPOTAoN as Twv dMNADoEWV with dLayelplong mepLexouévou.

‘Eva mopdderypo evOg SLoyELPLOTH TEPLEYOUEVOU TTOV ETLOTPEPEL O (810G elvan éva file object. Ta avi-
Kelpevo apyeiov emotpépovy udva Toug amtd _enter_ () Lo VoL ETLTPEYOUV OTO open () Va ¥P1OLUO-
o 0el wg EKPPOLOT TEPLEYOUEVOV O€ pLo. dMrwon with.

"Evo mopddery o SLoyeipLong TepLeXOUEVOU TTOV ETLOTPEPEL EVAL OYETUKO AVTIKELUEVO ELVOL OVTO TTOV ETTL-
OTPEQPETOL QT TO decimal. localcontext (). Autol oL dLayELPLOTES OPILoUV TO evepyd deKAdLKO
TEPLEYOUEVO OF £VOL OVTIYPALPO TOV OPYLKOD SEKASLKOV TEPLEXOUEVOU KO OTY) CUVEYELOL ETTLOTPEPOVY TO
oVTLYpOpo. AUt ETLTPETEL TV TPOYUATOTOINOY OAAAYDV GTO TPEYOV dEKAILKO TAAIOLO GTO 0D TG
dMhwong with, ywpig va emmpedleton 0 KmdLKAG eKTOG TG dNAwong with.

contextmanager.__exit__ (exc_type, exc_val, exc_tb)

Tepuatiler amd 10 TEPLEYOUEVO XPOVOU EKTENEONG KO ETTLOTPEPEL £va Boolean deiktrn oV VTodeLKVUEL
£Qv Kastoia eEaipeon ov mpoékuvpe Oa pémel va KatapynOel. EGdv mpoxiyel o eEaipeon katd tnv
EKTENEOT TOV OOOTOG TG dSNhwong with, Ta opiopata mepéyovv Tov THTO eEaipeonc, TNV Ty Ko
TLG TANPOYOPLEG AV VEVONG. ALOPOPETIKA, KOL TO. TPl oplopoTa eivor None.

H emiotpogr| wag poryatikg LG otd vty Ty 1éBodo Ba éxel og amotéheopa ) dnhwon with va
KaTopyHoeL TNV eEaipeon KoL va ouveyioel TV eKTéleon pe T SMAwor apéoms puetd T dMiwon with.
Awagopetikd, 1 eEaipeon Ba ouveyioel va Stodidetor petd v ohokAnpwon avthg g uedddov. O
£EALPETELG TTOV TTPOKUVITTOVY KATA TNV EKTEAEON VTG TG ueBOdov Ba avtikatoothoouy K&Oe eEaipeon
IOV TTPOEKVPE 0TO OMUA TG dMAwong with.

H eEaipeon mov duafipdotnke dev Ba mpérmet woté va emavartomodetnOei pntd - ovtiBeta, avt 1 uébo-
d0¢ Oa mpérer va emoTpéPet o Pevdi Tium yio vo, vtodeiEet dt 1 uEBodog ohokAnpdONKe ue emiTuyio
Kot dev 0éheL vo astokppeL TNV eEaipeon ov £xeL Yivel raise. AUTO eTITPETEL OTOV KMSLKE SLoyeipLong
TEPLEYOUEVO VOL EVTOTTILEL EVKOMDL GV MLaL PEB0OOG _ exit_ () €xeL mpAyuatt amoTOyeL.

H Python opiCeL apKeTOVG SLOYELPLOTEG TTEPLEXOUEVOU YLO VO VTTOGTNPILOVV TOV EVKOLO GUYYPOVIOWO VIUd-
TV, TO AUETO KAEIOLHO aPYELMV 1) GAADV AVILKEWEVOV KOL TOV ATTAOVOTEPO YELPLOUO TOV EVEPYOV dEKAILKOU
aplBunTikot meplexopévon. OL ouyKeKpLUEVOL TOTTOL eV AVTLIETMTULOVTOL ELOLKG TTEPO amd TV EQapuoyn
TOVG TPWTOKOAAOV drayeiplong meptexouévou. Aeite To module context 11b yio ueptkd mopodeiypoTa.

Ot decorators tng Python generators kaw context1ib. contextmanager mapéyovy évav Boilko Tpdmo vho-
TOINONG AUTOV TOV TPOTOKOAM®Y. Edv wo ovvdptnon yevvntpiag eivor decorated pe tov contextlib.
contextmanager decorator, 0o EMLOTPEYEL EVOLV DLOYELPLOTI) TTEPLEXOUEVOU TTOV EQOPUOTEL TIG OTTOPALTITES
ueboddovg___enter () Kou__exit___ (), ovtiTov iterator ov wopdyeton oo o undecorated ouvaptnon

YEVVITPLOG.
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Adfete vrdYn OTL dev VITAPYEL CUYKEKPLUEVY VITOdOYT Yo Kapio amd avtég Tig uedddovg o dour) THITOU
v avitkeipevo Python oto Python/C API. O timol emtektdiosmv wov BELovv va opioovv ovtég tig pefddovg
TIPETEL VOL TIG TTOPEYOVY MG Mo Kavovikh uéBodo mpooBdowun oty Python. Ze ovykpLon pue v emfapuvon
™G PUOWONG 0TO TAAIOLO TOV YPOVOU EKTENEDTG, 1] ETLBAPUVOT (oG arthig avalTnong kKAGong AeEikov eivar
ouerTéa.

4.12 Tunou Annotation tunou — Generic Alias, Union

OL Baotkoi evowpatwuévol THmoL Y type annotations eivow Generic Alias xou Union.

4.12.1 Turnog Generic Alias

Ta ovukeipevo GenericAlias dnmmovpyouvtar yevikd pe subscripting khdorn. Xpnoiwomoovvior o
ouvyv& ue container classes, 6mwg 1ist M dict.lia mapdderypo, to 1ist [int] &elvon €va avTiKeipuevo
GenericAlias mou dnuovpyhonke ue v eyypapn e kAdong 1ist ue 1o opiopa int. Ta avukeipeva
GenericAlias mpoopiloviol Kupimg yia XpNon Ue fype annotations.

Inueimon: Tevikd eivol duvath) n eyypagn wog kKAGong udvo edv 1 khdon epapudlel v ewdikr pébodo
__class_getitem__ ().

‘Evo. oviikeipevo GenericAlias lettovpyel g SLOKOWLOTNG UeCOLABNONG (Proxy) Yo évav generic type,
VAOTTOLWVTAG parameterized generics.

I KAGor container, to(a) OpLopa(ta) Tov mapéyel o€ o subscription g KAGONG WITOPEL VO VTTOSELKVUEL
ToVv(0UG) TUITO(0VG) TWV OTOLYELWV TTOV TTEPLEXEL Eva aviikeipevo. Ta mapdaderyua, to set [bytes] umopel
v xpnowomoinOei og annotations THITOV YLOL VOL VTTOONANDOEL £vaL Set 0TO 0TTOl0 OMOL TOL GTOLYELD ElvaL TOTOV
bytes.

TN o khdon mov opiler__class_getitem_ () odhd dev elvou container, Ta 0pLOUOTA TTOV TOPEYOVTIOL OE
o ovvdpopn g KAGong Ba vITodeLkVIOUV GUYVE TOV THTTO 1] TOVG TUTTOUS EMLOTPOPNG ULOG 1] TEPLOCOTEPWV
uebodwv mov opilovrol og éva avitkeipevo. o mapddetyua, 10 regular expressions (WTOPOVV VA
ypNopomomBouv 1600 otov THTo dedouévmv st r 600 Ko 0Tov TOTO dedouévmy bytes:

e EGvx = re.search('foo', 'foo'), 7o x Oa eivar éva aviikelpevo re. Match IO ETLOTPEPOVTOL
oL TWEG TOV TO X . group (0) kowto x [0] Oa elvon Ko Tar dV0 THTOV st . MIopoUue Vo avostopooTi-
oovpe ovtd TO €L00G AVTIKELUEVOV GE OYOMAOUOVG TOTOV e To GenericAlias re.Match[str].

e« Evy = re.search(b'bar', b'bar'), (onuewwote to b yio bytes), 10 y Oa eivor emiong wo
TOPOVOio TOV re . Match, aAld oL emoTPepOUeves TWEG TV v . group (0) Kawy [0] Oa givan kou ot
Vo Timov bytes. ZToug TUTOVG annotations, 00 AVILTPOCMITEVAUE AVTNV TNV TOLKIALCL OVTLKELWEVMY
re.Match pe to re .Match [bytes].

To avukeipueva GenericAlias eivan oTymoOTVTO THG KAMAONG types . GenericAlias, To 0Toio UITtopovy
emiong va XPNOoLUoTotn 00UV yio TV duLovpyic avilKelévov GenericAlias amevdeiog.

TIX, Y, ...]

Anmovpyel éva GenericAlias OV OVIUTPOOWITEVEL £VAV TUTTO T TOPOUETPOTOLNUEVO ATtd TUTOVG
X, Y, xou Mo avdroyo pe To T mwov ypnorpomoteitar. I'a mopdderyua, wo guvapTnoT Tov aVOUEVEL
o 11ist mov mepLéyeL otovelo g £loat:

def average (values: list[float]) —-> float:
return sum(values) / len(values)

'‘Evo. dAAO TTOLpAdELYILOL YIOL AVTLKELUEVOL mapping, XPNOLLOTOLDVTOG €va dict,mov eivar évag generic
TUITOG TTOV OVOUEVEL HVO TTOPAUETPOVG TUITOV TTOV AVILITPOCMITEVOUV TOV TUITTO KAELOLOV KoL TOV TUITO
Tne. e autd 1o ToPdderyua, 1 ovvdptnon avauével €va dict pe kheldLd TOmov st r Ko Tuég THmov
int:
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def send_post_request (url: str, body: dict[str, int]) -> None:

O evoopatopéveg ovvaptioelg (built-in) isinstance () kou issubclass () dgv d€X0VIoL TOUG TUTOVG
GenericAlias yio 10 8eVTEPO 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 ypovog exktéheong Python dev emBdllel type annotations. Avtd emEKTELVETAL O generic TUTOVG KA OTLG TP
uétpoug timov tovg. Katd t dnuovpyia evog avrikeipnévov container otd éva GenericAlias, Ta OTOLYELL
07O container dev EAEYYOVTAL WG TPOG TOV TVTTO TOVG. 'L Tapdderyua, o akdrovhog kmwdikag amobappivetal,
oMG Oa exTeleaTEl YWPic opaluaTaL:

>>> t = list[str]
>>> t([1, 2, 31)
1, 2, 3]

Emuthéov, ta mapauetpomomuéva generics dtorypdpouy Tig TapapéTpous THIon Katd T dNuovpyio aviikeL-
uévou:

>>> t = list([str]
>>> type (t)
<class 'types.GenericAlias'>

>>> 1 = t ()
>>> type (1)
<class 'list'>

H xMon repr () f) str () og évo generic el VEL TOV TOPOAUETPOTTOLNUEVO TVTTO:

>>> repr(list[int])
'list[int]"'

>>> str(list[int])
'list[int]"'

H uébodog ___getitem__ () twv generic containers Ba kdvel raise o eSaipeon yio v ataydpevon Aadmv
omwgdict [str] [str]:

>>> dict[str] [str]
Traceback (most recent call last):

TypeError: dict[str] is not a generic class

Qot600, TéTolEg EKPPATELG ElvaL EYKUpEG OTAV YPNOLUOTTOLOUVTOL PETABANTEG TOTTOV type variables. To gvpe-
THPLO TTPETTEL VOL £)EL TOOO GTOLYELD OO0 KO TOL OTOLYELD LETABANTIG TOTOV OTO OVTIKEILEVO GenericAlias
__args__.

>>> from typing import TypeVar
>>> Y = TypeVar('Y'")

>>> dict[str, Y][int]
dict[str, int]
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Tunikeéq Mevikeg KAaoelg

Ot axdhovbeg Tumikég KAAOELS BLBALOONKN S vTooTpilovy Yevika mopaueTpomomuéva. Avth 1 Aota dev

elva eEavThnTuiky).
o tuple
e list
e dict
o set
e frozenset
* type
e collections.
e collections.
e collections.
e collections.
e collections.
e collections.
e collections.
e collections.
e collections.
e collections.
e collections.
e collections.
e collections.
e collections.
e collections.
e collections.
e collections.
e collections.
e collections.
e collections.
e collections.
e collections.
e collections.
e collections.
e collections.
e collections.
e collections.

e collections.

deque

defaultdict
OrderedDict
Counter

ChainMap
abc.Awaitable
abc.Coroutine
abc.AsyncIterable
abc.AsyncIterator
abc.AsyncGenerator
abc.Iterable
abc.Iterator
abc.Generator
abc.Reversible
abc.Container
abc.Collection
abc.Callable

abc. Set
abc.MutableSet
abc.Mapping
abc.MutableMapping
abc.Sequence
abc.MutableSequence
abc.ByteString
abc.MappingView
abc.KeysView
abc.ItemsView

abc.ValuesView

e contextlib.AbstractContextManager

e contextlib.AbstractAsyncContextManager

4.12. Turmnot Annotation Turou — Generic Alias, Union

97



The Python Library Reference, Anpooicuon 3.11.13

e dataclasses.Field

e functools.cached_property
e functools.partialmethod

e 0s.PathLike

e queue.LifoQueue

e queue.Queue

e queue.PriorityQueue

e queue.SimpleQueue

e re.Pattern

o re.Match

e shelve.BsdDbShelf

e shelve.DbfilenameShelf

e shelve.Shelf

e types.MappingProxyType

e weakref.WeakKeyDictionary
e weakref.WeakMethod

o weakref.WeakSet

o weakref.WeakValueDictionary

Ewd1ka XapaKTnpLoTIKA AVTLKELUEVWY GenericAlias

‘Ol TOL TOPAUETPOTTOLNUEVE generics EPAPUOTOUY ELOLKA YOPUKTNPLOTLKA LOVO YL AVAYVMOT).

genericalias._ _origin

AvTo TO OPAKTNPLOTIKO SELYVEL 0T WY TAPAUETPOTTOLNUEVY] YEVLKY] KAAOM:

>>> list[int]._ _origin___
<class 'list'>

genericalias.__args

AvTO TO YopaKTNPLOTLKO glval pua tuple (mbovmg unkoug 1) generic TOmV Tov petafLpdotnkay 6o
apyko ___class_getitem__ () tng generic KAGoNG:

>>> dict[str, list[int]].__args___
(<class 'str'>, list[int])

genericalias.__parameters

AuTto 10 XapaKTNPLOTIKS giva o voyehkd vitohoylopévn mhetdda (tuple) (sbavidg keve|) HetofANTmyY
povadLKov TUITOV TOV BPLOKOVTAL OTO __args_ .

>>> from typing import TypeVar

>>> T = TypeVar('T")
>>> 1ist[T].__parameters_
(NTI)
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Inueiwon: 'Eva avukeipevo GenericAlias ue mapopétpovg typing. ParamSpec evoéyetal va.
unv €xeL omoTéG _ parameters_ HETA TNV OVTLKOTAOTAON €MEWDT| TO typing. ParamSpec mpoo-
piletan Kuplmg yLo ENeyy0 OTATLKOU THTOU.

genericalias.__unpacked_
‘Eva. boolean mou woyver av 1o alias €yeL QTOCUUTLEDTEL YPNOLUOTOLMVTOG TOV TeleoTH] * (deite To
TypeVarTuple).
Néo otv éxdoon 3.11.

Agite emiong:

PEP 484 - Type Hints
MapovordLovtag to framework g Python yia timovug annotations.

PEP 585 - Tumog Generics Zuufoviov otig Tumikés Tvihoyég
Ewoaymyn tng duvatdtntog eyyevols Tapauetpomoinong kKhaoemy Tumkng FLpiodnkng, vd v mpo-
Do0eom OTL epapuodovy T uEB0do edIkNG KAGong _ class_getitem ().

Ta. Generics, user-defined generics kol typing.Generic
Texkunpimon yia tov TpdITo VAOTOINoNG generic KAAGEWV TOV UITOPOVY VA TOPAUETPOTOOOUV KOTE TO
YPOVO EKTEAEONG KOL VO KATOVO 00UV 0T 0TATLKOUG EAEYKTEG TUTTMV.

Néo omv éxdoom 3.9.

4.12.2 Tunog Evwong

‘Eva aviikeipevo évmong dratnpel v tum g Aettovpyiog | (kotd bit or) oe moOAMATAG avitkeipeva rype
objects. AvTol oL TUIOL TPOOPILoVTAL KUPLmG Yo type annotations. H €Kppaon TOmov évwaong emLTpémeL Ty
KaBapotepn ouvtaEn vtddelEng oe ovykpLon we To typing. Union.

X | Y|

OpiCel éva avtikeipevo Evmong mov meptéyet tumovg X, ¥, kow ovtm kabeEfc. To X | Y onuaives eite
X eite Y. Eival 1o0d0vapo pe 1o typing.Union[X, Y]. T mapdderyua, n axdhovdn cuvdptnon
avapével éva OpLouo TOTov int or float:

def square (number: int | float) -> int | float:
return number ** 2

EInueiwon: O teheotic | dev wropel va ypnopomoln0el Katd To xpovo EKTELEONG YLOL VO OPLOEL EVIIOELG
omov éva M| TepLooOTEPO UENT Elval Wor Witpoativy avagopd. T'a mapdderyua to int | "Foo™",
0oV TO "Foo™" eival o avogopd o€ (o KAGom mov dev éxel axourn Kabopiotel, O amotiyEL KaTd T0
xpOvo exTéleonG. Tia EVOELG TTOV TEPLMAUBAVOUV UTTPOOTLVESG AVAPOPES, TAPOVOLALEL OMOKAN PN TV
£x@ppoon wg ovuporooelpd, .y, "int | Foo".

union_object == other
Ta aviikeipevo Evoong umopovv va eheyy 000V yio LodTnTa e AR OVTLKELLEVA EVIONG. AETTOUEPELES:

o OL EVIIOELS TV EVOOEWMYV LOOTTEdMVOVTOL:

[(int | str) | float == int | str | float }

o Ou meputTol TUmoL KatopyovvoL:

[int | str | int == int | str }

o Kotd ) oUykpLon Tmv eVvioemv, 1) 0ELpa oryvoeiTtoL:
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== int

[int | str str |

o Eivaw ouppotd pe 1o typing. Union:

[int | str == typing.Union[int, str]

o OL TPOoaLPETLKOL THTTOL WITOPOVV VAL YPAPTOUY G Vo) e None:

[str | None

typing.Optional [str]

isinstance (obj,

issubclass (obj,

union_object)

union_object)

O kMjoelg 0e isinstance () Ko issubclass () VoOTPILOVTOL ETLONG UE EVOL OVTLKEIUEVO V-
one:

>>> isinstance("", int | str)

True

Qot600, T0 parameterized generics o€ OVIIKEIUEVO EVIDONG dEV UTOPOVV VO ELeyyHoUV:

>>> isinstance (1, int | list[int]) # short-circuit evaluation

True

>>> isinstance([1], int | list[int])

Traceback (most recent call last):

TypeError: isinstance () argument 2 cannot be a parameterized generic

O timog mov ekTifeTAL 0T TOV XPTOTH VL0 TO AVIIKEIUEVO EVIDONG WITOPEL VO TPOOTELAOTEL Atd TO types .
UnionType KoL vo. xpnowuomon0et yio ehéyyovg isinstance (). Aev givar duvat 1 dnuovpyio evog
OVTLKELUEVOV OLTTO 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

Inueiwon: H uébodog __or__ () yia avitkeipeva tomov mpootédnke yia vo vrootnpi€et ) oVvvtaEn X |
Y. Edv wa petaxhaon vhomotel __or__ (), N 'Evwon umwopel vo v mapokdppeL:

>>> class M(type):
def _ or_ (self, other):
return "Hello"

>>> class C(metaclass=M):
pass

>>> C | int

'Hello'

>>> int |
int | C

©

Agite emiong:
PEP 604 - To PEP mpoteivel ™) ouvtaEn X | Y xou tov tumo 'Evwon.

Néo omv éxdoon 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 mov eivar evoopotmuéveg otov diepunvéa yphgoviar g eEfg: <module 'sys'

(built-in) >. Eqv goptwBoiv amd éva apyelo, ypdgpoviar 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

O puéBodot elvar ouVOPTNOELS TOU KOAOVVTOL YPNOLULOTOLDVTOG TO notation }opaKTNPLOTLK®OV. Ytdpyouv Vo
€tdn: built-in methods (6nwg 1 append () otig Moteg) kou class instance method. Ot evowpotouéves pébodol
TEPLYPAPOVTAL UE TOVG TUITOVG TTOV TLG VTTOGTNPLLOUV.

Ed&v amoxtioete mpdofaorn oe wa uéBodo (o ouvapTnon mov opiletol pio namespace KAGon) péow evog
OTLYILOTOTTOV, MU aveTe €va eldLKO avTiKeipevo: éva avikeipuevo bound method (ovopdCetol emiong instance
method). ‘Otov kodeitat, Oo Tpoobéoel to dpiopa sel f otn Alota opiopdtmy. O deopevuéveg uéBodot £xovv
V0 €LOLKA YOPOKTNPLOTIKA OVO yLoL avdyvewon: m. ___self_ €(vol TO OVTLKELUEVO OTO 0TTOL0 AELTOVPYEL 1)
uébodog kowm.__func__ eivow 1 ouvaptnon mov vhomotei v uébodo. H khjon tov m (arg-1, arg-2,

., arg-n) egival amohitwg 100dVvaun ue Ty kAon tov m.___func__ (m.__self_, arg-1,
arg-2, ..., arg-n).

‘Ontwg to function objects, Ta avitkeipevo deopeguuévng ueBoddov vrootnpilovv ™ My avbaipetwv yxopa-
KTNPLOTLKOV. Q0TO00, dEdOUEVOU OTL TA XAPAKTNPLOTIKA TS HeBOdOV arTtodNKeVOVTOL OTHY TPAYUATIKOTNTO
OTO VTTOKEIUEVO aVTIKEIEVO oVvhpTnong (method._ func_ ), 0 oplopdg XOPOKTNPLOTIKOV HeBddov o
deopevuéveg nebddovg dev emtpémertar. H mpoomdbeia optopot evog xopaktnpLotikol oe o uébodo €xet
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WG ATOTEAEOUO. VO Yivel raise | At t ributeError. [ vo opioete éva xopakTnpLotikd uedddov mpémel vo
TO OPLOETE PNTA OTO VITOKELUEVO AVTLKEIUEVO CUVAPTNONG:

>>> 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 1o instance-methods yia TEPLOCOTEPEG TANPOPOPIES.

4.13.5 Avtikeipeva Kwdika

To ovilkeipevo KOdLKA ¥P1OLUOTOLOUVTOL OO TNV VAOTOINOT YLo VO AVATOPAOTIOOUV TOV «Peudo-
UETOYAOTTLOUEVO» eKTENéTLIUO KMOLKa Python, 6tmg éva odua ouvapTnong. ALagépouv amd T AVTLKELILEVA
OUVAPTNOTNG ETELDT OEV TTEPLEXOVY avapopd 0To Ttarykdouo (global) mepifdiiov exktéheong toug. Ta aviikei-
LEVOL KMOBLKO ETLOTPEPOVTOL OTTO TNV EVOMUATWUEVT OUVAPTNOT compile () Kau wtopel va eEaydel amod To
AVTLKEIUEVOL OVVAPTNONG LEC TOU XAPUKTNPLOTIKOV TOVg __code_ . Agite emiong to module code.

H npbéoPaon otn __code___ kdvel raise éva auditing event object .__getattr__ pe opiopato obj kot
"_code_ ".

'‘Evo avtikeipevo kmdiko umopei vo ekteleatel 1) va aEtohoyndei mepvmvtag to (ovTi yuo myaio ovpuforo-
OELPA) OTLG EVOMUOTOUEVEG OUVOPTNOELS exec () | eval ().

Agite types Lo TEPLO0OTEPES TANPOPOPIECS.

4.13.6 TumoL AVTLKELHEVWYV

To aVTLKEIUEVO TUTTOV AVTLITPOOMITEVOUV TOUG ALAPOPOVG THTOVG AVTLKEWEVWYV. O TUTTOG EVOG AVTIKELUEVOU
mtpooeyylletal amd TV EVOWUATWUEVY OVVAPTNOT Lype (). Aev VTTdpyouV eLOLKES MeLTOVPYLEG OTOVG TUTTOUG.
To tumikd (standard) module ¢ ypes opilel ovopato yio OAOVG TOUG TUTTLKOVG EVOMUATMOUEVOUG TUTTOUG,.

O tOmtoL yphoovior og eENg: <class 'int'>.

4.13.7 To Avtikeipevo Null

AUTO TO OVTIKEIUEVO ETLOTPEPETAL ATTO GUVOAPTNOELG TTOV OEV EMLOTPEPOVY PNTA (oL TLY). AEV VITOOoTNPILEL
eldLKéC Aettoupyies. YapyeL akplpdg £va undevikd aviiKeievo, mov ovoudtetor None (€vo EVOOUATOUEVO
ovoua). To type (None) () mapayet To idLo singleton.

Tpdpetan g None.
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4.13.8 To avtikeipevo Ellipsis

AuT 1O avVTIKELUEVO YpMOLpoTTOLELTOL GUVIOWG e AetToupyia Tunuatomoinong (deite slicings). Aev vtootnpi-
Cel eldukég hettovpyieg. Ymapyel axkpiog éva avitkeipevo éMewryng, mov ovoudteton E11ipsis (€va evow-
notopévo dvoua). To type (E11lipsis) () mapdyelto E111ipsis singleton.

Ipbpetor wgEllipsis N .. ..

4.13.9 To Notimplemented Avtikeipevo

AUTO TO OVTIKEIUEVO ETULOTPEPETOL ATTO CUYKPLOELG Ko dvadLkég Aettovpyieg OTav Toug Tnteitan va hettovp-
YNOOUV o€ TUTOVG OV eV VITOOTNPILoUV. Aglte To comparisons yLa TePLOCOTEPES TANPOOpiec. YmapyeL
oKkpLBOG Eva avtikeipevo Not Implemented. To type (Not Implemented) () TOPAYEL TO OTLYULOTUTTO
singleton.

Eivou ypapuévo g Not Implemented.

4.13.10 Boolean Values

Boolean values are the two constant objects False and True. They are used to represent truth values (although
other values can also be considered false or true). In numeric contexts (for example when used as the argument to an
arithmetic operator), they behave like the integers 0 and 1, respectively. The built-in function bool () can be used
to convert any value to a Boolean, if the value can be interpreted as a truth value (see section EAcyyoc Eykvong
Twurjc above).

They are written as False and True, respectively.

4.13.11 EcwTtepka AvTiKeipeva

Agite types yio avtég Tig mAnpogopies. Tleprypdupel stack frame objects, traceback objects, Kot avitkeipevo tun-
LLOLTOTTOLNONG.

4.14 EWBKa XapaktnpLoTika

H vhomoinon mpoobétel peptkdt eldIKd yopaKTHPLOTIKG LOVO YL OVAYVWGT) 08 dLApopous THITOVG AVTIKELUE-
v, 01ov gival oxeTikd. OpLopéva amd autd dev avapépovtal amd TV EVOOUOTOUEVY CUVAPTNON dir ().

object.__dict_

A dictionary or other mapping object used to store an object’s (writable) attributes.
instance.__class___

The class to which a class instance belongs.
class.__bases___

The tuple of base classes of a class object.
definition._ name_

To dvouo TG KAGoNG, TG ovvdpTnong, tg webddov, Tou descriptor 1) TOV OTLYULOTUTTOV generator.
definition._ _qualname_

To qualified name g KAAONG, TG ovVApPTNONG, TG UeBddoV, Tou descriptor, 1 TOV GTLYWOTVTOV
generator.

Néo otnv ¢€kdoom 3.3.
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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'>, <enum 'IntEnum'>, <flag 'IntFlag'>, <class 're._constants._
—NamedIntConstant'>]

4.15 MeplOpLOPOG MNAKOUG HETATPOTIC OUHMBOAOCELPAG aKE-
paLou apLOpou

H CPython éygt éva maykOoULo 6pLo yio. T HeTatpom) uetaEl int and st r yio Tov HeTpLaoid tTwv embéoemv
dpvnong vanpeoiag. Avtd To 0pLo LoyVeL uévo yia deKadlkég 1 dhheg PBaoelg aplBuwv mov dev €xovv TV
dvvapumn tov dvo. Ou deEaeEadikéc, oKTadLkéG, Kot dvadikég petatpomés eivar amepoplotes. To 6pLo umopet
va. dtopoppmOei.

O timog int otnv CPython givar évag avbaipetog aplBudg puikovg mov eivoar amodnkevuévog oe duadik
nop@1) (Kowvmg yvwotdg mg «bignums»). Aev vtdpyer ohydpLOUog ov va umopel va UeTATPEPeL (o oVUPBoLo-
oelpd og dBuadLKO OKEPOLO 1) SUODLKO OKEPOLO OE [ CUUBOLOCELPA O€ YPAUWMKO XPOVO, EKTAS €AV 1 Bdon
elva dvvaun tov 2. AKoun ko ot to yvootoi akyopiduot yia ) faon 10 €xovv vmoteTparywviky ToAvTAO-
kotTa. H petatpormi wag pueydng tung 6mme int ("1' * 500_000) wropei vo dLopKETEL TEPLOTOTEPO
amd éva devtepdiernto oe pwa ypiyopn CPU.

Limiting conversion size offers a practical way to avoid CVE-2020-10735.

To 6pLo ePaPUOLETAL OTOV OPLOUS TOV YNPLOKDOV XAPAKTNP®Y 0T ovpBolocelpd eloddov M eEddov dtav
EUTMAEKETOL EVaG U1 YPOUUKOS olyopLBuog petatporig. Ta underscores Ko To TpooNuo dev vrohoyitovron
070 6pL0.

‘Otav wa Aertovpylo vtepfaivel To 0pLo, yivetal 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 digits) for integer string conversion: value.
—~has 5432 digits; use sys.set_int_max_str_digits() to increase the limit

>>> 1 = int ('2' * 4300)

>>> len(str(i))

4300

>>> 1 _squared = i*i

>>> len(str(i_squared))

Traceback (most recent call last):

ValueError: Exceeds the limit (4300 digits) for integer string conversion; 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.
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To

mpoemheyuévo  Opto  eivaw 4300  ymepio  Omwg  mpoPrémetan  OTO0  Sys.int_info.

default_max_str_digits. To KaT®TATo OpLo TOV WITOPEl Vo drapopwbel eivar 640 Ynpio OTwg
TPoPAETETAL 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 = 1int ('578966293710682886880994035146873798396722250538762761564"
'9252925514383915483333812743580549779436104706260696366600"
'571186405732") .to_bytes (53, 'big')

Néo oty éxdoon 3.11.

4.15.1 Emnpeacpéva APls

O 7EPLOPLOUOG LOYVEL LOVO VLo SUVITLKG 0PYEG UETOTPOTTEG UETAEY int Kau str 1) bytes:

int (string) ue default féon to 10.

int (string, base) yua Oheg Tig fAoelg wov dev eivor dvvoun tov 2.
str (integer).

repr (integer).

omoladNTote GAAN petatpomn ouuforooepdg ot fdon 10, yio mopdderypa £" {integer}", "{}".

[

format (integer), T] b"$d" % integer.

Ot 7tEPLOPLoUOL dEV LOYVOUV YLa GUVOPTNOELS UE YPOUMKS alydpLOuo:

int (string, base) uepdon?2,4,38, 16,1 32.

int.from_bytes () xow int.to_bytes ().

hex(),oct (), bin{().

Format Specification Mini-Language yio. dekaeEadikoig, oktadikoig kot duadikoig aptfuove.
strog float.

stroe decimal.Decimal.

4.15.2 Awapoppwon opiou

[pwv amtd v exkivion g Python, umopeite va ypnolpomorjoete pua HeTafAnte meptpdAlovtog 1 €va deikth
YPOUUNG EVTOLDV SLEPUNVED YL VOL SLAUOPPDOETE TO OPLO:

PYTHONINTMAXSTRDIGITS, .. PYTHONINTMAXSTRDIGITS=640 python3 yia va Op’LGS‘ES 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 mepléyel Vv T PYTHONINTMAXSTRDIGITS 1] —-X
int_max_str_digits. Edv xou n emhoyn env var kou ) emhoyn —X elvon KabopLopévn, 1 emioyn
-X &yeL mpotepatdTTa. Mo Ty -1 vrodetkviel 6t Kat tar SU0 deV 0plOTIKOY, ETTOUEVWG Y PT|OLULOTTOL-
NONKe wo. T sys. int_info.default_max_str_digits KOTd TNV TPOETOLUATLA.

And tov KOdika, umopeite vo embempnoete To TPEYOoV OPLO Kol VO 0PLOETE VAL VEO YPTOLUOTOLDVTOG AUTA
Ta sy s APIs:

Ov sys.get_int_max_str_digits() Ko sys.set_int_max_str_digits () elvou évog
getter kayl setter yio to 6plo o€ 6ho tov diepunvéa. Ou devtepetovieg diepunveig £xovv To KO Toug
opLo.

4.15.
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ITMpoopieg OXETIKA LLE TV TIPOETLOYY KOL TO EMAYLOTO UTTOPOVV Vo, fpebovv 0T0 sys. int_info:
e To sys.int_info.default_max_str_digits eivolTo UETAYAMTILOUEVO TIPOETILEYUEVO OPLO.

e To sys.int_info.str_digits_check_threshold gival N YOUNAOTEPT] ATTOSEKTY TLUT) VIO TO
opLo (extdg amd to 0 TOV TO AITEVEPYOTTOLEL).

Néo omv éxdoomn 3.11.

Ipocoyn: O opLopdg evog xaunhot opiov umopel vo. 0dnyNoeL og TpofAfuata. Av KoL 6Tdviog, VITapyEL
KOOLKOG 7OV TTEPLEYEL AKEPOLES 0TADEPEG 0E EKODLKO apLlOUd 0TV TTHYN TOVG TTOV VITEPPaivouy TO eMdyL-
070 OpLo. Zuvémela TG PUOULONG TOV opiov eivar dtL 0 TNYaiog Kddikag Python mwov mepiéyet dekadikoig
aKEPLOVG apLlBpovg HeyadUTePOUs amd To OpLo O AVILUETMITLOEL OQEALLO KOTA THY AVAAVoY), GuvinOmg
KATo TV €KKLVNON 1 TV PO TG ELOOYMYNG 1) (KOO KOL KATA TNV £YKATAOTAO0N - avd Tdoa oty elvon
EVIUEPWUEVO . Py C OEV VTTAPYEL O YL TOV K®ALKA. Mio MHOT YLoL TOV TN YOLO TTOV TEPLEYEL TOOO PeYAAeg
otabepéc eivar va tig petatpépete o€ deKaeEadike wopen 0x kabmg dev €xeL OpLo.

AOKLUAOTE OYOAAOTLKG TV EPOAPUOYT GOG EAV YPTOLUOTOLELTE XOUNAO OpLo. Befaiwbeite 6t oL dokiuég
00G EKTEMOUVTOL UE TO OPLO TTOV £XEL OPLOTEL VOPIG LECW TOV TTEPLBAALOVTOG 1) TOU dElKTY, MWOTE VO LoYVEL
KaTo TV €KKIVNOoN Kot akoun Kot Kotd T SLapKeLa 0tolovdnToTe FUATog eYKOTAOTAONG IOV UTopel
va kohéogl Tnv Python yio var HETOYAMTTIOEL €K TV TPOTEPWV TO . PY TNYOLO O APYELD . PyC.

4.15.3 MNMpoTtelvopevn dLapopPpwon

The default sys. int_info.default_max_str_digitsisexpected to be reasonable for most applications.
If your application requires a different limit, set it from your main entry point using Python version agnostic code as
these APIs were added in security patch releases in versions before 3.11.

Moapdderypa:

>>> import sys
>>> if hasattr(sys, "set_int_max_str _digits"):
upper_bound = 68000
lower_bound = 4004
current_limit = sys.get_int_max_str_digits()
if current_limit == 0 or current_limit > upper_bound:
sys.set_int_max_str_digits (upper_bound)
elif current_limit < lower_bound:
sys.set_int_max_str_digits (lower_bound)

Edv mpémel vo 10 amevepyomoumoeTe eviehms, oplote To o 0.

YTIOONHELWOELG
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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 in this chapter 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

Three attributes on exception objects provide information about the context in which the exception was raised:

BaseException._ _context_
BaseException.__cause_
BaseException.__suppress_context_

When raising a new exception while another exception is already being handled, the new exception’s
___context__ attribute is automatically set to the handled exception. An exception may be handled when
an except or finally clause, or a with statement, is used.

This implicit exception context can be supplemented with an explicit cause by using from with raise:

[raise new_exc from original_exc }

The expression following £rom must be an exception or None. It will be set as ___cause___ on the raised
exception. Setting __cause___ also implicitly sets the ___suppress_context__ attribute to True, so
thatusing raise new_exc from None effectively replaces the old exception with the new one for display
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purposes (e.g. converting KeyError to 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___ is shown only if _ _cause__ is None and __suppress_context__ is
false.

In either case, the exception itself is always shown after any chained exceptions so that the final line of the
traceback always shows the last exception that was raised.

5.2 Inheriting from built-in exceptions

User code can create subclasses that inherit from an exception type. It’s recommended to only subclass one exception
type at a time to avoid any possible conflicts between how the bases handle the args attribute, as well as due to
possible memory layout incompatibilities.

Agntopépera. vhomoinong 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 (1h)

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.exception().__traceback___
raise OtherException(...).with_traceback (tb)
__traceback___

A writable field that holds the traceback object associated with this exception. See also: raise.

add_note (note)

Add the string note to the exception’s notes which appear in the standard traceback after the exception
string. A TypeErrorisraised if note is not a string.

108 Kegahaio 5. Built-in Exceptions


https://github.com/python/cpython/tree/3.11/Objects/exceptions.c
https://peps.python.org/pep-3134/

The Python Library Reference, Anpoocicuon 3.11.13

Néo omv éxdoomn 3.11.

__notes___
A list of the notes of this exception, which were added with add_note (). This attribute is created
when add_note () is called.
Néo omv éxdoomn 3.11.

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. lookup ().

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 optional name and path keyword-only arguments set the corresponding attributes:

name
The name of the module that was attempted to be imported.

5.4. Concrete exceptions 109



The Python Library Reference, Anpooicuon 3.11.13

path
The path to any file which triggered the exception.

AMoEe oty £xdoon 3.3: Added the name and path attributes.

exception ModuleNotFoundError

A subclass of TmportError which is raised by import when a module could not be located. It is also
raised when None is found in sys.modules.

Néo otnv ¢kdoom 3.6.

exception IndexError

Raised when a sequence subscript is out of range. (Slice indices are silently truncated to fall in the allowed
range; if an index is not an integer, TypeError is raised.)

exception KeyError

Raised when a mapping (dictionary) key is not found in the set of existing keys.

exception KeyboardInterrupt

Raised when the user hits the interrupt key (normally Control-C or Delete). During execution, a check
for interrupts is made regularly. The exception inherits from BaseException so as to not be accidentally
caught by code that catches Except ion and thus prevent the interpreter from exiting.

Ynueimon: 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).
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 £xdoon 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.

Ynueiwon: 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.

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

exception OSError ( [arg] )
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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 r rno attribute is determined
from the Windows error code, and the errno argument is ignored. On other platforms, the winerror
argument is ignored, and the winerror attribute does not exist.

strerror
The corresponding error message, as provided by the operating system. It is formatted by the C functions
perror () under POSIX, and FormatMessage () under Windows.

filename

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 ()), £ilenameZ2 corresponds to the second file name passed to the function.

AMaEe oty ékdoon 3.3: EnvironmentError, TOError, WindowsError, socket.error,
select.error and mmap.error have been merged into OSError, and the constructor may return a
subclass.

AMaEe oty €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 otnv ékdoon 3.5: Previously, a plain Runt imeError was raised.

exception ReferenceError

This exception is raised when a weak reference proxy, created by the weakref . proxy () function, is used to
access an attribute of the referent after it has been garbage collected. For more information on weak references,
see the weakref 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.
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exception StopIteration

Raised by built-in function next () and an iterator's __next___ () method to signal that there are no further
items produced by the iterator.
value
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 oty €xdoon 3.3: Added value attribute and the ability for generator functions to use it to return a
value.

AMaEe ot €kdoom 3.5: Introduced the RuntimeError transformation via from ___future_  import
generator_stop, see PEP 479.

AMoEe otnv ékdoon 3.7: Enable PEP 479 for all code by default: a StopIteration 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 €kdoon 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
lineno of 1.

offset
The column in the line where the error occurred. This is 1-indexed: the first character in the line has an
offset of 1.

text
The source code text involved in the error.

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
lineno of 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 fset 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.
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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.

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.
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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 EINPROGRESS.

In addition to those of OSError, BlockingIOError can have one more attribute:

characters_written
An integer containing the number of characters written to the stream before it blocked. This attribute is
available when using the buffered I/O classes from the i o module.
exception ChildProcessError

Raised when an operation on a child process failed. Corresponds to errno ECHILD.

exception ConnectionError
A base class for connection-related issues.
Subclasses are BrokenPipeError, ConnectionAbortedError, ConnectionRefusedError
and ConnectionResetError.

exception BrokenPipeError

A subclass of ConnectionError, raised when trying to write on a pipe while the other end has been
closed, or trying to write on a socket which has been shutdown for writing. Corresponds to errno EPIPE
and ESHUTDOWN.
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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.

AlLaEe oty £€kdoom 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, EPERM, and ENOTCAPABLE.

AMoEe ot ékdoon 3.11.1: WASI's ENOTCAPABLE is now mapped to PermissionError.

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 otmv éxdoom 3.3: All the above OSError subclasses were added.
Agite emiong:

PEP 3151 - Reworking the OS and IO exception hierarchy

5.5 Warnings
The following exceptions are used as warning categories; see the Warning Categories documentation for more details.

exception Warning

Base class for warning categories.

exception UserWarning

Base class for warnings generated by user code.
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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
DeprecationlWarning 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 ékdoom 3.2.
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5.6 Exception groups

The following are used when it is necessary to raise multiple unrelated exceptions. They are part of the exception
hierarchy so they can be handled with except like all other exceptions. In addition, they are recognised by
except *, which matches their subgroups based on the types of the contained exceptions.

exception ExceptionGroup (msg, excs)

exception BaseExceptionGroup (msg, excs)

Both of these exception types wrap the exceptions in the sequence excs. The msg parameter must be a string.
The difference between the two classes is that BaseExceptionGroup extends BaseException and it
can wrap any exception, while ExceptionGroup extends Exception and it can only wrap subclasses
of Exception. This design is so that except Exception catches an ExceptionGroup but not
BaseExceptionGroup.

The BaseExceptionGroup constructor returns an ExceptionGroup rather than a
BaseExceptionGroup if all contained exceptions are Exception instances, so it can be used to
make the selection automatic. The Except i onGroup constructor, on the other hand, raises a TypeError
if any contained exception is not an Except ion subclass.

message

The msg argument to the constructor. This is a read-only attribute.

exceptions

A tuple of the exceptions in the excs sequence given to the constructor. This is a read-only attribute.

subgroup (condition)

Returns an exception group that contains only the exceptions from the current group that match condition,
or None if the result is empty.

The condition can be either a function that accepts an exception and returns true for those that should be
in the subgroup, or it can be an exception type or a tuple of exception types, which is used to check for
a match using the same check that is used in an except clause.

The nesting structure of the current exception is preserved in the result, as are the values of its message,
_ _traceback__,__cause__,__context__and_ notes__ fields. Empty nested groups are
omitted from the result.

The condition is checked for all exceptions in the nested exception group, including the top-level and any
nested exception groups. If the condition is true for such an exception group, it is included in the result
in full.

split (condition)
Like subgroup(), but returns the pair (match, rest) where match is
subgroup (condition) and rest is the remaining non-matching part.

derive (excs)
Returns an exception group with the same me ssage, but which wraps the exceptions in excs.

This method is used by subgroup () and split (). A subclass needs to override it in order to make
subgroup () and split () return instances of the subclass rather than ExceptionGroup.

subgroup () and split () copy the __ traceback__, cause__, context___ and
__notes___ fields from the original exception group to the one returned by derive (), so these fields
do not need to be updated by derive ().

>>> class MyGroup (ExceptionGroup) :
def derive(self, excs):
return MyGroup (self.message, excs)

>>> e = MyGroup ("eg", [ValueError(l), TypeError(2)])
>>> e.add_note ("a note")

(ouvéyela oty emtopevn oehida)
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>>> e.__ _context__ = Exception("context")

>>> e.__cause__ = Exception("cause")

>>> try:

raise e
except Exception as e:
exc = e

>>> match, rest = exc.split (ValueError)

>>> exc, exc.__context_ , exc._ _cause_ , exc._ notes_

(MyGroup ('eg', [ValueError(l), TypeError(2)]), Exception('context'),.

—Exception('cause'), ['a note'l])

>>> match, match._ context_ , match._ cause_ , match._ notes_

(MyGroup ('eg', [ValueError(l)]), Exception('context'), Exception('cause'), .

—~['a note'])

>>> rest, rest._ context_ , rest._ cause_ , rest._ notes_

(MyGroup ('eg', [TypeError(2)]), Exception('context'), Exception('cause'), [

—'a note'])

>>> exc.__ _traceback__ is match._ traceback__ is rest._ traceback_

True
Note that BaseExceptionGroup defines __new__ (), so subclasses that need a different constructor
signature need to override that rather than __init__ (). For example, the following defines an exception

group subclass which accepts an exit_code and and constructs the group’s message from it.

class Errors (ExceptionGroup) :
def _ new_ (cls, errors, exit_code):
self = super().__new__ (Errors, f"exit code: exit_code /", errors)
self.exit_code = exit_code
return self

def derive (self, excs):
return Errors (excs, self.exit_code)

Like ExceptionGroup, any subclass of BaseExceptionGroup which is also a subclass of
Exception can only wrap instances of Exception.

Néo otnv éxdoomn 3.11.

Exception hierarchy

The class hierarchy for built-in exceptions is:

BaseException

[TTTT

BaseExceptionGroup
GeneratorExit
KeyboardInterrupt
SystemExit
Exception

— ArithmeticError

— FloatingPointError

F—— OverflowError

L— ZeroDivisionError
AssertionError
AttributeError
BufferError
EOFError
ExceptionGroup [BaseExceptionGroup]
ImportError

L— ModuleNotFoundError

CITITTIT

(ouvéyela oty eV oehida)
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— LookupError
| F—— IndexError
| — KeyError
FA* MemoryError
F—— NameError
| L— UnboundLocalError
F47 OSError
F—— BlockingIOError
ChildProcessError
ConnectionError
F—— BrokenPipeError
— ConnectionAbortedError
— ConnectionRefusedError
L— ConnectionResetError
FileExistsError
FileNotFoundError
InterruptedError
IsADirectoryError
NotADirectoryError
PermissionError
ProcessLookupError
TimeoutError
ReferenceError
RuntimeError
— NotImplementedError
L— RecursionError
StopAsynclteration
Stoplteration
SyntaxError
L— IndentationError
L— TabError
SystemError
TypeError
ValueError
L— UnicodeError
— UnicodeDecodeError
— UnicodeEncodeError
L— UnicodeTranslateError
rning
BytesWarning
DeprecationWarning
EncodingWarning
FutureWarning
ImportWarning
PendingDeprecationWarning
ResourceWarning
RuntimeWarning
SyntaxWarning
UnicodeWarning
UserWarning

[TTTTTTT 17

- 1rr it i

L

W

[TTTTTTTTTT
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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 Zvuforocelpdg (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".
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string.hexdigits

The string '0123456789%abcde fABCDEF".

string.octdigits

The string '01234567".

string.punctuation

String of ASCII characters which are considered punctuation characters in the C locale: ! "#$%&" () *+, —.
[ep<=>2@[\]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 Formatter classinthe st ring module allows you to create and
customize your own string formatting behaviors using the same implementation as the built-in format () method.

class string.Formatter

The Formatter class has the following public methods:

format (format_string, /, *args, **kwargs)

The primary API method. It takes a format string and an arbitrary set of positional and keyword
arguments. It is just a wrapper that calls vformat ().

AM0Ee oty ékdoon 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. viormat () 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 viormat () to break the string into either literal text, or replacement
fields.

The values in the tuple conceptually represent a span of literal text followed by a single replacement field.
If there is no literal text (which can happen if two replacement fields occur consecutively), then literal_text
will be a zero-length string. If there is no replacement field, then the values of field_name, format_spec
and conversion will be None.

get_field (field name, args, kwargs)

Given field_name as returned by parse () (see above), convert it to an object to be formatted. Returns
a tuple (obj, used_key). The default version takes strings of the form defined in PEP 3101, such as
«O[name]» or «label.title». args and kwargs are as passed in to vformat (). The return value used_key
has the same meaning as the key parameter to get_value ().
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get_value (key, args, kwargs)

Retrieve a given field value. The key argument will be either an integer or a string. If it is an integer,
it represents the index of the positional argument in args; if it is a string, then it represents a named
argument in kwargs.

The args parameter is set to the list of positional arguments to vformat (), and the kwargs parameter
is set to the dictionary of keyword arguments.

For compound field names, these functions are only called for the first component of the field name;
subsequent components are handled through normal attribute and indexing operations.

So for example, the field expression “0.name” would cause get_value () to be called with a key
argument of 0. The name attribute will be looked up after get__value () returns by calling the built-in
getattr () function.

If the index or keyword refers to an item that does not exist, then an IndexError or KeyError
should be raised.

check_unused_args (used_args, args, kwargs)

Implement checking for unused arguments if desired. The arguments to this function is the set of all
argument keys that were actually referred to in the format string (integers for positional arguments, and
strings for named arguments), and a reference to the args and kwargs that was passed to vformat. The
set of unused args can be calculated from these parameters. check_unused_args () is assumed to
raise an exception if the check fails.

format_£field (value, format_spec)
format_field () simply calls the global format () built-in. The method is provided so that
subclasses can override it.

convert_field (value, conversion)

Converts the value (returned by get_ field ()) given a conversion type (as in the tuple returned by the
parse () method). The default version understands “s” (str), “r” (repr) and “a” (ascii) conversion types.

6.1.3 Format String Syntax

The str. format () method and the Format ter class share the same syntax for format strings (although in the
case of Format ter, subclasses can define their own format string syntax). The syntax is related to that of formatted
string literals, but it is less sophisticated and, in particular, does not support arbitrary expressions.

Format strings contain «replacement fields» surrounded by curly braces { }. Anything that is not contained in braces
is considered literal text, which is copied unchanged to the output. If you need to include a brace character in the
literal text, it can be escaped by doubling: { { and } }.

The grammar for a replacement field is as follows:

replacement_field = "{" [field name] ["!" conversion] [":" format_spec]
field_name = arg_name ("." attribute_name | "[" element_index "]
arg_name = [identifier | digit+]

attribute_name = identifier

element_index = digit+ | index_string

index_string = <any source character except "]"> +

conversion = "r" | "s" | "a"

format_spec n= format-spec:format_spec

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.
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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. An arg_name is treated as a number
ifacallto str.isdecimal () on the string would return true. If the numerical arg_names in a format string are
0, 1, 2, ... in sequence, they can all be omitted (not just some) and the numbers 0, 1, 2, ... will be automatically
inserted in that order. Because arg_name is not quote-delimited, it is not possible to specify arbitrary dictionary keys
(e.g., the strings '10"' or ':—] ') within a format string. The arg_name can be followed by any number of index
or attribute expressions. An expression of the form ' .name ' selects the named attribute using getattr (), while
an expression of the form ' [index] ' does an index lookup using __getitem__ ().

AMaEe ot £€kdoom 3.1: The positional argument specifiers can be omitted for st r. format (),so "{} {}'.
format (a, b) isequivalentto '{0} {1}'.format (a, b).

AMoEe oty €kdoon 3.4: The positional argument specifiers can be omitted for Formatter.

Some simple format string examples:

"First, thou shalt count to " # References first positional argument

"Bring me a " # Implicitly references the first positional.
—argument

"From to " Same as "From {0} to {1}"

"My quest is "
"Weight in tons "
"Units destroyed: "

References keyword argument 'name'
'weight' attribute of first positional arg
First element of keyword argument 'players'.

FH I W H

J

The conversion field causes a type coercion before formatting. Normally, the job of formatting a value is done by the
__format__ () method of the value itself. However, in some cases it is desirable to force a type to be formatted as a
string, overriding its own definition of formatting. By converting the value to a string before calling__ format__ (),
the normal formatting logic is bypassed.

Three conversion flags are currently supported: ' !'s ' which calls st r () on the value, ' ! r' which calls repr ()
and '!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
a field name, conversion flag and format specification, but deeper nesting is not allowed. The replacement fields within
the format_spec are substituted before the format_spec string is interpreted. This allows the formatting of a value to
be dynamically specified.

See the Format examples section for some examples.

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:
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format_spec = [[filllalign][sign] ["z"]1["#"]1["0"] [width] [grouping_option] ["." prz
fill = <any character>

allgl’l := "<" | ">" I nm_mn | nAmn

Slgn = "+" | nwn_m I " "

width = digit+

grouping_option = L

precision = digit+

type := "b" | "C" I "d" | "e" ‘ "E" | "f" ‘ "F" | "g" | "G" I "n" | "O" I

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:

Optic Meaning

'<' 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

040 indicates that a sign should be used for both positive as well as negative numbers.
I=0 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 'z ' option coerces negative zero floating-point values to positive zero after rounding to the format precision.
This option is only valid for floating-point presentation types.

AMoEe oty éxdoon 3.11: Added the 'z ' option (see also PEP 682).

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', 'Ox"', 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).
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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 ot ékdoomn 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 type determines how the data should be presented.

The available string presentation types are:

Type Meaning

's'  String format. This is the default type for strings and may be omitted.
None Thesameas 's'.

The available integer presentation types are:

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 f1oat and Decimal values are:
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Type

Meaning

'e'

'E'
'f'

'F'
'g'

None

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 1 oat, and shows all coefficient
digits for Decima 1. If no digits follow the decimal point, the decimal point is also removed
unless the # option is used.

Scientific notation. Same as 'e ' except it uses an upper case “E” as the separator character.

Fixed-point notation. For a given precision p, formats the number as a decimal number with
exactly p digits following the decimal point. With no precision given, uses a precision of
6 digits after the decimal point for f1oat, and uses a precision large enough to show all
coefficient digits for Decima 1. If no digits follow the decimal point, the decimal point is also
removed unless the # option is used.

Fixed-point notation. Same as ' £ ', but converts nan to NAN and inf to INF.

General format. For a given precision p >= 1, this rounds the number to p significant digits
and then formats the result in either fixed-point format or in scientific notation, depending on
its magnitude. A precision of 0 is treated as equivalent to a precision of 1.

The precise rules are as follows: suppose that the result formatted with presentation type 'e'
and precision p—1 would have exponent exp. Then, if m <= exp < p, where m is -4
for floats and -6 for 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 coefficient of the result is formed from the coefficient digits of the value; scientific notation
is used for values smaller than 1e-6 in absolute value and values where the place value of the
least significant digit is larger than 1, and fixed-point notation is used otherwise.

Positive and negative infinity, positive and negative zero, and nans, are formatted as inf,
—-inf, 0, -0 and nan respectively, regardless of the precision.

General format. Same as 'g' except switches to 'E"' if the number gets too large. The
representations of infinity and NaN are uppercased, too.

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.

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 r () 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:

>>> ! ,

'a, b, ¢’

; '.format ('a', 'b', 'c'")

(ouvéyea otV exopEVn oehid)
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(ovveyiCeton amd Ty ponyovuevn oehida)

>> '{}, {}, {}'.format('a', 'b', 'c') # 3.1+ only

'a, b, c'

>> '{2}, {1}, {0}'.format ('a', 'b', 'c')

'c, b, a'

>>> '"[{2}, {1}, {0}'.format (*'abc') # unpacking argument sequence

'c, b, a'

>>> '"{0}{1}{0}'.format ('abra', 'cad') # arguments' indices can be repeated
'abracadabra’

Accessing arguments by name:

>>> 'Coordinates: {latitude}, {long
—115.81W")

'Coordinates: 37.24N, -115.81W'

>>> coord = {'latitude': '37.24N', 'longitude': '-115.81W'}
>>> 'Coordinates: {latitude}, {1 tude}'.format (**coord)
'Coordinates: 37.24N, -115.81W'

ude}'.format (latitude="'37.24N', longitude='-

Accessing arguments” attributes:

>>> c = 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:

>>> coord = (3, 5)
>>> "X {0[0]}; Y: {0[1]}".format (coord)
'X: 3; Y: 57

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 '
>>> '{:#730}".format ('centered') # use '*' as a fill char

T kkhrxxxkkkkcantered ¥ x*rrxxkkx !

Replacing $+f, $—-f,and $ £ and specifying a sign:

>>> '"{:+f}; {:+f}'.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

(ouvéyela oty eV oehida)
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' 3.140000; -3.140000"

>>> '"{:-f}; {:-f}'.format (3.14, -3.14)
—{:f}'!

'3.140000; -3.140000"

(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

# show only the minus —-- same as '{: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 O:b}".format (42)
'int: 42; hex: 2a; oct: 52; bin: 101010"

>>> # with 0x, 0o, or 0Ob as prefix:

>>> "int: {0:d}; hex: {0:#x}; oct: {0:#0}; bin: {0:#b}".format (42)
'int: 42; hex: 0x2a; oct: 0052; bin: 0b101010"'

Using the comma as a thousands separator:

>>> '{:,}'. format (1234567890)
'1,234,567,890"

Expressing a percentage:

>>> points = 19
>>> total = 22
>>> 'Correct answers:

'Correct answers: 86.36%"'

. 2%} " . format (points/total)

Using type-specific formatting:

>>> import datetime

>>> d = datetime.datetime (2010, 7, 4,
>>> "{:%Y-%Sm-%d $H:%M:%S}'.format (d)
'2010-07-04 12:15:58"

12,

15, 58)

Nesting arguments and more complex examples:

>>> for align, text in zip('<">', ['left', 'center', 'right']):

'{0: {fill}{align}16}"'.format (text, fill=align, align=align)
'left <<t
'"Afrcentert AN
'>>>>>>>>>>>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:{w }{base}}'.format (num, base=base, width=width), end=' ")
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
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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.

is_wvalid()
Returns false if the template has invalid placeholders that will cause substitute () to raise
ValueError.
Néo oty éxdoon 3.11.

get_identifiers ()

Returns a list of the valid identifiers in the template, in the order they first appear, ignoring any invalid
identifiers.

Néo otmv éxdoomn 3.11.
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:
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>>> from string import Template

>>> s = Template ('S$Swho likes S$what')

>>> s.substitute (who="'tim', what='kung pao')
'tim likes kung pao'

>>> d = dict (who="tim')

>>> Template ('Give $who $100') .substitute (d)
Traceback (most recent call last):

ValueError: Invalid placeholder in string: line 1, col 11
>>> Template ('Swho likes Swhat') .substitute (d)
Traceback (most recent call last):

KeyError: 'what'
>>> Template ('Swho likes Swhat') .safe_substitute (d)
'tim likes S$what'

Advanced usage: you can derive subclasses of TempIate to customize the placeholder syntax, delimiter character,
or the entire regular expression used to parse template strings. To do this, you can override these class attributes:

o delimiter — This is the literal string describing a placeholder introducing delimiter. The default value is $. Note
that this should not be a regular expression, as the implementation will call re.escape () on this string as
needed. Note further that you cannot change the delimiter after class creation (i.e. a different delimiter must
be set in the subclass’s class namespace).

e idpattern - This is the regular expression describing the pattern for non-braced placeholders. The default value is
the regular expression (?a: [_a-z] [_a—-z0-9]*).If this is given and braceidpattern is None this pattern
will also apply to braced placeholders.

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 oty éxdoon 3.7: braceidpattern can be used to define separate patterns used inside and outside the
braces.

o braceidpattern — This is like idpattern but describes the pattern for braced placeholders. Defaults to None
which means to fall back to idpattern (i.e. the same pattern is used both inside and outside braces). If given,
this allows you to define different patterns for braced and unbraced placeholders.

Néo otnv ¢€kdoom 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.

e 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.

The methods on this class will raise ValueError if the pattern matches the template without one of these named
groups matching.
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6.1.5 Helper functions

string.capwords (s, sep=None)

Split the argument into words using str.split (), capitalize each word using str.capitalize (),
and join the capitalized words using st r. join (). If the optional second argument sep is absent or None,
runs of whitespace characters are replaced by a single space and leading and trailing whitespace are removed,
otherwise sep is used to split and join the words.

6.2 re — Regular expression operations

Source code: Lib/re/

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 bytes 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 griong:

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,
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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 operators or quantifiers (*, +, ?, {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.

The special characters are:

(Dot.) In the default mode, this matches any character except a newline. If the DOTALTL flag has been specified,
this matches any character including a newline.

(Caret.) Matches the start of the string, and in MULTILINE 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 MUL T I L I NE 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 MUL TTLINE 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, 42,22

The '*', '+', and '?"' quantifiers 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 quantifier 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>"'.

*4, +4, 2+

Likethe '*', '+',and ' ? ' quantifiers, those where '+"' is appended also match as many times as possible.
However, unlike the true greedy quantifiers, these do not allow back-tracking when the expression following it
fails to match. These are known as possessive quantifiers. For example, a*a will match 'aaaa' because the
a* will match all 4 'a's, but, when the final 'a' is encountered, the expression is backtracked so that in the
end the a* ends up matching 3 'a's total, and the fourth 'a' is matched by the final 'a'. However, when
a*+ais used to match 'aaaa', the a*+ will match all 4 'a ', but when the final 'a ' fails to find any more
characters to match, the expression cannot be backtracked and will thus fail to match. x*+, x++ and x ?+ are
equivalent to (?>x*), (?>x+) and (?>x7?) correspondingly.

Néo oty éxdoon 3.11.

{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, }© will match
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'aaaab' orathousand 'a' characters followed bya '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 quantifier. For example, on the 6-character
string 'aaaaaa',a{3,5} willmatch 5 'a"' characters, while a{ 3, 5} ? will only match 3 characters.

{m,n}+

[1

Causes the resulting RE to match from m to n repetitions of the preceding RE, attempting to match as
many repetitions as possible without establishing any backtracking points. This is the possessive version of
the quantifier above. For example, on the 6-character string 'aaaaaa', a{3, 5}+aa attempt to match 5
'a' characters, then, requiring 2 more 'a's, will need more characters than available and thus fail, while
a{3, 5raa will match with a{ 3, 5} capturing 5, then 4 ' a's by backtracking and then the final 2 'a's are
matched by the final aa in the pattern. x{m, n}+ is equivalent to (?>x{m,n}).

Néo otnv ékdoon 3.11.

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.

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 ' -"'.

« Special characters lose their special meaning inside sets. For example, [ (+*) ] will match any of the
literal characters ' (', "+', "*', or ") '.

o Character classes such as \w or \ S (defined below) are also accepted inside a set, although the characters
they match depend on the flags used.

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.

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 €xdoon 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,
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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 ' ? ' followinga ' (' is not meaningful otherwise). The first character after the
' 2 ' determines what the meaning and further syntax of the construct is. Extensions usually do not create a new
group; (?P<name>. . .) is the only exception to this rule. Following are the currently supported extensions.

(?ailmsux)
(One or more letters from the set 'a', "1', 'L', 'm', 's', 'u', 'x"'.) The group matches the empty
string; the letters set the corresponding flags for the entire regular expression:

o re.A (ASCII-only matching)
e re. I (ignore case)

o re. L (locale dependent)

e re.M (multi-line)

e re. S (dot matches all)

o re. U (Unicode matching)

e re. X (verbose)

(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.

AMoEe otnv ékdoon 3.11: This construction can only be used at the start of the expression.

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', '1', '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 for
the part of the expression:

e re.A (ASCII-only matching)
e re. I (ignore case)
o re. L (locale dependent)
e re.M (multi-line)
e re. S (dot matches all)
o re. U (Unicode matching)
e re. X (verbose)
(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 bytes patterns (?L: . ..) switches to locale dependent 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.
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Néo otv £€kdoom 3.6.

AMoEe oty £xdoon 3.7: The letters 'a', 'L' and 'u' also can be used in a group.

(?>...)
Attempts to match . . . as if it was a separate regular expression, and if successful, continues to match the
rest of the pattern following it. If the subsequent pattern fails to match, the stack can only be unwound to a
point before the (?>...) because once exited, the expression, known as an atomic group, has thrown away

all stack points within itself. Thus, (?>.*) . would never match anything because first the . * would match
all characters possible, then, having nothing left to match, the final . would fail to match. Since there are no
stack points saved in the Atomic Group, and there is no stack point before it, the entire expression would thus
fail to match.

Néo otmv éxdoon 3.11.

(?P<name>...)
Similar to regular parentheses, but the substring matched by the group is accessible via the symbolic group
name name. Group names must be valid Python identifiers, and each group name must be defined only once
within a regular expression. A symbolic group is also a numbered group, just as if the group were not named.

Named groups can be referenced in three contexts. If the patternis (?P<quote>['"]) .*? (?P=quote)
(i.e. matching a string quoted with either single or double quotes):

Context of reference to group «quote» Ways to reference it

in the same pattern itself
e (?P=quote) (as shown)

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>

. \g<i>
e \1

AmooupOnke oty ékdoon 3.11: Group name containing characters outside the ASCII range (b'\x00'-
b'"\x7f")in bytes patterns.

(?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.
(?=...)
Matches if . . . matches next, but doesn’t consume any of the string. This is called a lookahead assertion. For

example, Isaac (?=Asimov) will match ' Isaac ' only if it’s followed by 'Asimov'.

Matches if ... doesn’t match next. This is a negative lookahead assertion. For example, Isaac (2!
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 match in '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:
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Is N

>>> import re

>>> m = re.search (' (?<=abc)def', 'abcdef')
>>> m.group (0)

'def'

L

This example looks for a word following a hyphen:

>>> m = re.search(r' (?<=-)\w+', 'spam-egg')
>>> m.group (0)
leggl

AMoEe oty £xdoon 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+Q@\w+ (2:\.\w+) +) (?
(1)>1%) is a poor email matching pattern, which will match with '<user@host.com>"' as well as
'user@host.com', but not with '<user@host.com' nor 'user@host.com>".

AmoovtpOnke otnv £€kdoom 3.11: Group id containing anything except ASCII digits. Group name containing
characters outside the ASCII range (b'\x00'-b'\x7f") in bytes replacement strings.

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
|l $ |l .
\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', butnot 'thethe' (note the space after the group). This
special sequence can only be used to match one of the first 99 groups. If the first digit of number is 0, or number
is 3 octal digits long, it will not be interpreted as a group match, but as the character with octal value number.
Inside the ' [ ' and '] ' of 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 or end of the string. This means that r ' \bat \b' matches 'at ', 'at. "',
'"(at) ',and 'as at ay' butnot 'attempt' or 'atlas'.

The default word characters in Unicode (str) patterns are Unicode alphanumerics and the underscore, but this
can be changed by using the ASC I T flag. Word boundaries are determined by the current locale if the LOCALE
flag is used.

Inueiwon: 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 nor at the beginning or end of a word. This means that r ' at \B"
matches 'athens', 'atom', 'attorney',butnot 'at', 'at.',or 'at!'. \Bis the opposite of \b,
so word characters in Unicode (str) patterns are Unicode alphanumerics or the underscore, although this can
be changed by using the ASCIT flag. Word boundaries are determined by the current locale if the LOCALE
flag is used.
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\d

\D

\s

\s

\w

\W

\Z

For Unicode (str) patterns:
Matches any Unicode decimal digit (that is, any character in Unicode character category [Nd]). This
includes [0-91], and also many other digit characters.

Matches [0-9] if the ASCIT flag is used.

For 8-bit (bytes) patterns:
Matches any decimal digit in the ASCII character set; this is equivalent to [0—-9].

Matches any character which is not a decimal digit. This is the opposite of \d.

Matches [~0-9] if the ASCTT flag is used.

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).

Matches [ \t\n\r\£f\v] if the ASCIT flag is used.

For 8-bit (bytes) patterns:
Matches characters considered whitespace in the ASCII character set; this is equivalent to [ \t\n\r\
fA\v].

Matches any character which is not a whitespace character. This is the opposite of \s.

Matches [~ \t\n\r\f\v] if the ASCIT flag is used.

For Unicode (str) patterns:
Matches Unicode word characters; this includes all Unicode alphanumeric characters (as defined by st r.
isalnum()), as well as the underscore (_).

Matches [a-zA-70-9_] if the ASCTT flag is used.

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.

Matches any character which is not a word character. This is the opposite of \w. By default, matches non-
underscore (_) characters for which st r. isalnum () returns False.

Matches [~a-zA-Z0-9_] if the ASCIT flag is used.

If the LOCALE flag is used, matches characters which are neither alphanumeric in the current locale nor the
underscore.

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
\N
\U

\b \f \n
\r \t \u
\v \x AR

(Note that \b is used to represent word boundaries, and means «backspace» only inside character classes.)

"\u', "\U', and '\N' escape sequences are only recognized in Unicode (str) patterns. In bytes patterns they are
errors. Unknown escapes of ASCII letters are reserved for future use and treated as errors.
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Octal escapes are included in a limited form. If the first digit is a O, or if there are three octal digits, it is considered
an octal escape. Otherwise, it is a group reference. As for string literals, octal escapes are always at most three digits
in length.

AMaEe oty €kdoon 3.3: The '\u' and '\U' escape sequences have been added.
AMaEe oty €kdoon 3.6: Unknown escapes consisting of '\ ' and an ASCII letter now are errors.

AMoEe oty ékdoom 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
AMaEe otnv ékdoon 3.6: Flag constants are now instances of RegexFlag, which is a subclass of enum.
IntFlag.
class re.RegexFlag
An enum. IntFlag class containing the regex options listed below.
Néo otnv ékdoon 3.11: -addedto __all___
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 (str) patterns, and is ignored for bytes patterns.

Corresponds to the inline flag (?a) .

Enueiwon: The U flag still exists for backward compatibility, but is redundant in Python 3 since matches are
Unicode by default for st r patterns, and Unicode matching isn’t allowed for bytes patterns. UNICODE and
the inline flag (?u) are similarly redundant.

re .DEBUG

Display debug information about compiled expression.
No corresponding inline flag.

re.I
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 ASCT T flag is used to disable non-ASCII matches. The
current locale does not change the effect of this flag unless the LOCALE flag is also used.

Corresponds to the inline flag (?1).

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
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re.

re

re.

re.

re.

re.

re.

re.

re.

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.

Corresponds to the inline flag (?L).

Ipozwdoroinon: This flag is discouraged; consider Unicode matching instead. The locale mechanism
is very unreliable as it only handles one «culture» at a time and only works with 8-bit locales. Unicode
matching is enabled by default for Unicode (str) patterns and it is able to handle different locales and
languages.

AMoEe otnv £xdoom 3.6: LOCALE can be used only with bytes patterns and is not compatible with ASCTT.

AMoEe oty €xdoom 3.7: Compiled regular expression objects with the LOCALE flag no longer depend on
the locale at compile time. Only the locale at matching time affects the result of matching.

.M

MULTILINE

When specified, the pattern character ' ~ ' matches at the beginning of the string and at the beginning of each
line (immediately following each newline); and the pattern character ' $ ' matches at the end of the string and
at the end of each line (immediately preceding each newline). By default, ' ~ ' matches only at the beginning
of the 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) .

NOFLAG

Indicates no flag being applied, the value is 0. This flag may be used as a default value for a function keyword
argument or as a base value that will be conditionally ORed with other flags. Example of use as a default value:

def myfunc (text, flag=re.NOFLAG) :
return re.match (text, flag)

Néo otnv ékdoon 3.11.

S

DOTALL
Make the ' . ' special character match any character at all, including a newline; without this flag, ' . ' will
match anything except a newline.

Corresponds to the inline flag (?s).

U

UNICODE
In Python 3, Unicode characters are matched by default for st r patterns. This flag is therefore redundant with
no effect and is only kept for backward compatibility.

See ASCIT to restrict matching to ASCII characters instead.

X
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 * 2, (2 :
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:
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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 flags 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.

Ynueiwon: 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.

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 Mat ch. 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. 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 Mat ch. 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.
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-

>>> 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.',K6 1)
['"Words', 'words, words.']

>>> re.split('[a-f]+', '0a3B9', flags=re.IGNORECASE)

[vov’ 131’ |91]

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...'")
ey, '...'", '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'\W*', '...words...')

[", "’ Vw', VOV, ’I-V, 'dV, 'S’, ", Vl}

>>> re.split(r' (\W*)', '...words...")

['l, l...V, |', 'l, 'W', 'l, lol’ |', ’r', l|, 'd', 'l, ‘S', '.'.II |V, |', 'l]

AMaEe oty £xdoon 3.1: Added the optional flags argument.
AMoEe oty ékdoon 3.7: Added support of splitting on a pattern that could match an empty string.

re.findall (pattern, string, flags=0)

Return all non-overlapping matches of pattern in string, as a list of strings or tuples. The string is scanned
left-to-right, and matches are returned in the order found. Empty matches are included in the result.

The result depends on the number of capturing groups in the pattern. If there are no groups, return a list of
strings matching the whole pattern. If there is exactly one group, return a list of strings matching that group.
If multiple groups are present, return a list of tuples of strings matching the groups. Non-capturing groups do
not affect the form of the result.

>>> re.findall (r'\bf[a-z]*', 'which foot or hand fell fastest')
["foot', 'fell', 'fastest']

>>> re.findall (r' (\w+)=(\d+) "', 'set width=20 and height=10")

[ ("width', '20'), ('height', '10')]

AMoEe oty ékdoon 3.7: Non-empty matches can now start just after a previous empty match.

re.finditer (pattern, string, flags=0)

Return an iferator yielding Mat ch 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.

AMaEe oty £xdoon 3.7: Non-empty matches can now start just after a previous empty match.

re. sub (pattern, repl, string, count=0, flags=0)

Return the string obtained by replacing the leftmost non-overlapping occurrences of pattern in string by the
replacement repl. If the pattern isn’t found, string is returned unchanged. repl can be a string or a function; if
it is a string, any backslash escapes in it are processed. That is, \n is converted to a single newline character,
\ r is converted to a carriage return, and so forth. Unknown escapes of ASCII letters are reserved for future
use and treated as errors. Other unknown escapes such as \ & are left alone. Backreferences, such as \ 6, are
replaced with the substring matched by group 6 in the pattern. For example:
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>>> re.sub(r'def\s+([a—-zA-Z_][a—-zA-Z_0-9]1*)\s*\ (\s*\):"',
r'static PyObject*\npy_\1(void)\n{"',

Ce . '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
Mat ch 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.

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 ot ékdoom 3.1: Added the optional flags argument.

AMEe oty £xdoon 3.5: Unmatched groups are replaced with an empty string.

AlLaEe ot €ékdoom 3.6: Unknown escapes in pattern consisting of ' \ ' and an ASCII letter now are errors.
AlhaEe oty ékdoon 3.7: Unknown escapes in repl consisting of '\ ' and an ASCII letter now are errors.

AMEe otnv ékdoon 3.7: Empty matches for the pattern are replaced when adjacent to a previous non-empty
match.

AmoovpOnke oty €ékdoon 3.11: Group id containing anything except ASCII digits. Group name containing
characters outside the ASCII range (b'\x00"'-b'\x7£f ') in bytes replacement strings.

re . subn (pattern, repl, string, count=0, flags=0)

re.e

Perform the same operation as sub (), but return a tuple (new_string, number_of_ subs_made).
AMoEe ot €kdoom 3.1: Added the optional flags argument.
AMEe oty £xdoon 3.5: Unmatched groups are replaced with an empty string.

scape (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:

-

L

>>> print (re.escape ('https://www.python.org'))
https://www\.python\.org

>>> legal_chars = string.ascii_lowercase + string.digits + "!#$%&'*+—." " [~:"
>>> print ('[ ]+" % re.escape(legal_chars))
[abcdefghijklmnopqrstuvwxyz0123456789 \#\SS\& "\ \+\ =\ . \"_"\[\~:]+

>>> operators = ['+', '-', '"*', /v, vkk1]
>>> print ('|'.join (map (re.escape, sorted(operators, reverse=True))))

ZIN=INHINFNF [\ *
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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

AlhaEe oty ékdoon 3.3: The ' ' character is no longer escaped.

AMaEe oty ékdoom 3.7: Only characters that can have special meaning in a regular expression are escaped.
Asaresult, "!', ""r v wmam l,l v/v vt v;v Tt or=t1 v Qe and""'arenolonger
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 ot ékdoom 3.5: Added additional attributes.

6.2.3 Regular Expression Objects

class re.Pattern

Compiled regular expression object returned by re. compile ().

AMoEe otnv ékdoon 3.9: re. Patternsupports [ ] to indicate a Unicode (str) or bytes pattern. See T0r0¢
Generic Alias.

Pattern.search (string[, pos[, endpos] ] )

Scan through string looking for the first location where this regular expression produces a match, and return a
corresponding Mat ch. 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
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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 (sz‘ring[, pos[, endpos] ])

If zero or more characters at the beginning of string match this regular expression, return a corresponding
Match. 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 Mat ch. Return None if the string
does not match the pattern; note that this is different from a zero-length match.

The optional pos and endpos parameters have the same meaning as for the search () method.

>>> pattern = re.compile("o[gh]")

>>> pattern.fullmatch ("dog") # No match as "o" is not at the start of "dog
>>> pattern.fullmatch ("ogre") # No match as not the full string matches.
>>> pattern.fullmatch ("doggie", 1, 3) # Matches within given limits.

<re.Match object; span=(1, 3), match='og'>

Néo otnv ¢kdoon 3.4.

Pattern.split (string, maxsplit=0)

Identical to the split () function, using the compiled pattern.

Pattern.findall (string[, pos[, endpos] ] )
Similar to the findall () function, using the compiled pattern, but also accepts optional pos and endpos
parameters that limit the search region like for search ().

Pattern.finditer (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.
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.
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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 éxdoon 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)

class re.Match

Match object returned by successful mat ches and searches.

AMoEe oty ékdoon 3.9: re.Match supports [] to indicate a Unicode (str) or bytes match. See TWmog
Generic Alias.

Match.expand (ftemplate)

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. The backreference \ g<0> will be replaced by the entire match.

AMoEe ot ékdoomn 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(l, 2) # Multiple arguments give us a tuple.

('Isaac', 'Newton')

If the regular expression uses the (?P<name>...) syntax, the groupN arguments may also be strings
identifying groups by their group name. If a string argument is not used as a group name in the pattern, an
IndexError exception is raised.

A moderately complicated example:
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>>> 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.
Yc3'

Match.__getitem__ (g)

This is identical to m. group (g) . This allows easier access to an individual group from a match:

N
r>>> 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'
. J

Named groups are supported as well:

>>> m = re.match (r" (?P<first_name>\w+) (?P<last_name>\w+)", "Isaac Newton")
>>> m['first_name']

'Isaac'

>>> m['last_name']

'Newton'

Néo otnv €kdoon 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+)\.?2 (\d+)?2", "24")

>>> m.groups () # Second group defaults to None.

('24"', None)

>>> m.groups('0") # Now, the second group defaults to '0'.
(124l, IOI)

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:
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>>> m = re.match (r" (?P<first_name>\w+) (?P<last_name>\w+)", "Malcolm Reynolds")
>>> m.groupdict ()
{'first_name': 'Malcolm', 'last_name': 'Reynolds'}

Match.start ( [group] )
Match.end ( [group] )

Return the indices of the start and end of the substring matched by group; group defaults to zero (meaning the
whole matched substring). Return -1 if group exists but did not contribute to the match. For a match object m,
and a group g that did contribute to the match, the substring matched by group g (equivalent tom. group (g) )
is

[m.string[m.start(g):m.end(g)] }

Note that m.start (group) will equal m.end (group) if group matched a null string. For example,
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 IndexError 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 ( [group] )
For a match m, return the 2-tuple (m.start (group), m.end(group) ). Note that if group did not
contribute to the match, thisis (-1, -1). group defaults to zero, the entire match.

Match.pos
The value of pos which was passed to the search () or match () method of a regex object. This is the index
into the string at which the RE engine started looking for a match.

Match.endpos
The value of endpos which was passed to the search () or match () method of a regex object. This is the
index into the string beyond which the RE engine will not go.

Match.lastindex
The integer index of the last matched capturing group, or None if no group was matched at all. For example,
the expressions (a) b, ( (a) (b)),and ( (ab)) willhave lastindex == 1 if applied to the string 'ab"',
while the expression (a) (b) will have lastindex == 2, if applied to the same string.

Match.lastgroup
The name of the last matched capturing group, or None if the group didn’t have a name, or if no group was
matched at all.

Match.re

The regular expression object whose match () or search () method produced this match instance.

Match.string

The string passed to match () or search ().

AMoEe oty €xkdoon 3.7: Added support of copy.copy () and copy.deepcopy (). Match objects are
considered atomic.
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6.2.5 Regular Expression Examples
Checking for a Pair

In this example, we'll use the following helper function to display match objects a little more gracefully:

def displaymatch (match) :
if match is None:
return None

)

return '<Match: , groups=¢r>"' % (match.group (), match.groups())

Suppose you are writing a poker program where a player’s hand is represented as a 5-character string with each
character representing a card, «a» for ace, «k» for king, «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 ("akt5gq")) # Valid.
"<Match: 'akt5q', groups=()>"

>>> displaymatch (valid.match ("akt5e")) # 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")) # Pair of 7s.
"<Match: '717', groups=('7',)>"

>>> displaymatch (pair.match ("718ak")) # No pairs.

>>> displaymatch (pair.match ("354aa")) # Pair of aces.

"<Match: '354aa', groups=('a',)>"

To find out what card the pair consists of, one could use the group () method of the match object in the following
manner:

>>> pair = re.compile(r".*(.).*\1")

>>> pair.match("717ak") .group (1)

'7'

# Error because re.match() returns None, which doesn't have a group() method:

>>> pair.match ("718ak") .group (1)
Traceback (most recent call last):
File "<pyshell#23>", line 1, in <module>
re.match (r".*(.).*\1", "718ak").group (1)
AttributeError: 'NoneType' object has no attribute 'group'

>>> pair.match("354aa") .group (1)
lal
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Simulating scanf()

Python does not currently have an equivalent to scanf () . Regular expressions are generally more powerful, though
also more verbose, than scanf () format strings. The table below offers some more-or-less equivalent mappings
between scanf () format tokens and regular expressions.

scanf () Token Regular Expression

%c .

$5¢ .{5}

%d [—+]2\d+

%e, 3E, 51, 3g [=+12(\d+ (\.\d*) 2 |\.\d+) ([eE] [-+]2\d+)?
%1 [-+1?(0[xX] [\dA-Fa- f]+|0[ 71*|\d+)

%0 [-+]12[0-7]+

%$s \S+

>u \d+

$x, $X [-+]1?2(0[xX])?[\dA-Fa-f]+

\o

To extract the filename and numbers from a string like

[/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.
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>>> re.match ("X", "A\nB\nX", re.MULTILINE) # No match
>>> re.search(""X", "A\nB\nX", re.MULTILINE) # Match
<re.Match object; span=(4, 5), match='X"'>

Making a Phonebook

split () splits a string into a list delimited by the passed pattern. The method is invaluable for converting textual
data into data structures that can be easily read and modified by Python as demonstrated in the following example
that creates a phonebook.

First, here is the input. Normally it may come from a file, here we are using triple-quoted string syntax

>>> text = """Ross McFluff: 834.345.1254 155 Elm Street

Ronald Heathmore: 892.345.3428 436 Finley Avenue
Frank Burger: 925.541.7625 662 South Dogwood Way

Heather Albrecht: 548.326.4584 919 Park Place"""

The entries are separated by one or more newlines. Now we convert the string into a list with each nonempty line
having its own entry:

>>> entries = re.split ("\n+", text)

>>> entries

['Ross McFluff: 834.345.1254 155 Elm Street',
'Ronald Heathmore: 892.345.3428 436 Finley Avenue',
'Frank Burger: 925.541.7625 662 South Dogwood Way',
'Heather Albrecht: 548.326.4584 919 Park Place']

Finally, split each entry into a list with first name, last name, telephone number, and address. We use the maxsplit
parameter of split () because the address has spaces, our splitting pattern, in it:

>>> [re.split(":? ", entry, 3) for entry in entries]
[['Ross', 'McFluff', '834.345.1254', '155 Elm Street'],
['"Ronald', 'Heathmore', '892.345.3428', '436 Finley Avenue'],
['"Frank', 'Burger', '925.541.7625', '662 South Dogwood Way'],
['Heather', 'Albrecht', '548.326.4584', '919 Park Place']]

The : ? pattern matches the colon after the last name, so that it does not occur in the result list. With amaxsplit
of 4, we could separate the house number from the street name:

>>> [re.split(":? ", entry, 4) for entry in entries]

[['Ross', 'McFluff', '834.345.1254', '155', 'Elm Street'],
['"Ronald', 'Heathmore', '892.345.3428', '436', 'Finley Avenue'],
['"Frank', 'Burger', '925.541.7625', '662', 'South Dogwood Way'],
['"Heather', 'Albrecht', '548.326.4584', '919', 'Park Place']]

Text Munging

sub () replaces every occurrence of a pattern with a string or the result of a function. This example demonstrates
using sub () with a function to «munge» text, or randomize the order of all the characters in each word of a sentence
except for the first and last characters:

>>> def repl (m):

inner_word = list (m.group(2))
random.shuffle (inner_word)
return m.group(l) + "".join (inner_word) + m.group (3)

(ouvéyELa OTNY ETTOUEVY] GEMDO)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

>>> 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']

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 Mat ch 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 (' = g "% (m.start (),

[}

07-16: carefully
40-47: quickly

m.end (), m.group(0)))

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"\W(.)\1\w", " £f ")
<re.Match object; span=(0, 4), match=' ff
>>> re.match ("\\W(.)\\21\\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="\\'>
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Writing a Tokenizer
A tokenizer or scanner analyzes a string to categorize groups of characters. This is a useful first step in writing a
compiler or interpreter.

The text categories are specified with regular expressions. The technique is to combine those into a single master
regular expression and to loop over successive matches:

from typing import NamedTuple
import re

class Token (NamedTuple) :
type: str
value: str
line: int
column: int

def tokenize (code) :

keywords = {'IF', 'THEN', 'ENDIF', 'FOR', 'NEXT', 'GOSUB', 'RETURN'}
token_specification = [
("NUMBER', r'\d+(\.\d*)?2"), # Integer or decimal number
('ASSIGN', r':="), # Assignment operator
('"END', r';"), # Statement terminator
('ID', r'[A-Za-z]+"), # Identifiers
('‘op', ' [+\=*/1"), # Arithmetic operators
('"NEWLINE', r'\n'), # Line endings
('SKIP', r'[ \tl1+"), # Skip over spaces and tabs
("MISMATCH', r'."), # Any other character
]
tok_regex = '|'.join (' (?P<%s5>%s)' % pair for pair in token_specification)

line_num = 1
line_start = 0

for mo in re.finditer (tok_regex, code):
kind = mo.lastgroup
value = mo.group ()
column = mo.start () - line_start
if kind == 'NUMBER':
value = float (value) if '.' in value else int (value)
elif kind == 'ID' and value in keywords:
kind = value
elif kind == 'NEWLINE':

line_start = mo.end()
line_num += 1
continue
elif kind ==
continue
elif kind ==

'SKIP':

'MISMATCH':

raise RuntimeError (f'{value!/r}
line_num,

yield Token (kind, value,

statements = "'’

IF quantity THEN

unexpected on line {line_num}')

column)

total := total + price * quantity;

tax := price * 0.05;
ENDIF;

for token in tokenize (statements):
print (token)

The tokenizer produces the following output:

6.2. re — Regular expression operations
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Token (type='"IF', value='IF', line=2, column=4)

Token (type="'ID', value='quantity', line=2, column=7)
Token (type="'THEN', wvalue='THEN', line=2, column=16)
Token (type='ID', value='total', line=3, column=8)
Token (type="'ASSIGN', wvalue=':=', line=3, column=14)
Token (type="'ID', value='total', line=3, column=17)
Token (type='0OP', value='+', line=3, column=23)

Token (type="'ID', value='price', line=3, column=25)
Token (type='OP', value='*', line=3, column=31)

Token (type="END', value=';', line=3, column=41)
Token (type="'ID', value='tax', line=4, column=38)
Token (type="ASSIGN', value=':=', line=4, column=12)
Token (type="'ID', value='price', line=4, column=15)
Token (type='OP', 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='ID', value='quantity', line=3, column=33)
(
(
(
(
(
(
(
(
(

Token (type="END', value=';', line=5, column=9)

6.3 difflib — Helpers for computing deltas

Source code: Lib/difflib.py

This module provides classes and functions for comparing sequences. It can be used for example, for comparing files,
and can produce information about file differences in various formats, including HTML and context and unified diffs.
For comparing directories and files, see also, the 71 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.

AMaEe oty €xdoon 3.2: Added 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:
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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 Htm1Diff.

tabsize is an optional keyword argument to specify tab stop spacing and defaults to 8.

wrapcolumn is an optional keyword to specify column number where lines are broken and wrapped,
defaults to None where lines are not wrapped.

linejunk and charjunk are optional keyword arguments passed into ndiff () (used by Htm1Diff to
generate the side by side HTML differences). See ndiff () documentation for argument default values
and descriptions.

The following methods are public:

make_file (fromlines, tolines, fromdesc=", todesc=", context=False, numlines=5, *, charset="utf-8")

Compares fromlines and 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 fodesc are optional keyword arguments to specify from/to file column header strings (both
default to an empty string).

context and numlines are both optional keyword arguments. Set context to True when contextual
differences are to be shown, else the default is False to show the full files. numlines defaults to 5. When
context is True numlines controls the number of context lines which surround the difference highlights.
When context is False numlines controls the number of lines which are shown before a difference
highlight when using the «next» hyperlinks (setting to zero would cause the «next» hyperlinks to place
the next difference highlight at the top of the browser without any leading context).

Ynueiwon: fromdesc and fodesc are interpreted as unescaped HTML and should be properly escaped
while receiving input from untrusted sources.

AM0Ee otV ékdoom 3.5: charset keyword-only argument was added. The default charset of HTML
document changed from 'TSO-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.
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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 # 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 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.

>>> import sys

>>> from difflib import *

>>> s1 = ['bacon\n', 'eggs\n', 'ham\n', 'guido\n']

>>> 32 ['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

R R e b i b e S b 4

* K * 1,4 * Kk kK
! bacon

! eggs
! ham

! eggy
! hamster
guido

See A command-line interface to difflib for a more detailed example.

difflib.get_close_matches (word, possibilities, n=3, cutoff=0.6)

Return a list of the best «good enough» matches. word is a sequence for which close matches are desired
(typically a string), and possibilities is a list of sequences against which to match word (typically a list of
strings).

Optional argument n (default 3) is the maximum number of close matches to return; n must be greater than 0.

Optional argument cutoff (default 0. 6) is a float in the range [0, 1]. Possibilities that don’t score at least that
similar to word are ignored.

The best (no more than n) matches among the possibilities are returned in a list, sorted by similarity score,
most similar first.

>>> get_close_matches ('appel', ['ape', 'apple', 'peach', 'puppy'l)
["apple', 'ape']

>>> import keyword

>>> get_close_matches ('wheel', keyword.kwlist)

['while']

>>> get_close_matches ('pineapple', keyword.kwlist)

[]

>>> get_close_matches ('accept', keyword.kwlist)

['except']

L

difflib.ndiff (a, b, linejunk=None, charjunk=IS_CHARACTER_JUNK)

Compare a and b (lists of strings); return a D1 f fe r-style delta (a generator generating the delta lines).
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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 7S 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 is a command-line front-end to this function.

>>> diff = ndiff ('one\ntwo\nthree\n'.splitlines (keepends=True),
C.. 'ore\ntree\nemu\n'.splitlines (keepends=True))
>>> print (''.join(diff), end="")

- one

s A

+ ore

oA

- two

— three

V)
|

4L

CEE@

HE

emu

difflib.restore (sequence, which)

Return one of the two sequences that generated a delta.

Given a sequence produced by Differ.compare () or ndiff (), extract lines originating from file 1 or
2 (parameter which), stripping off line prefixes.

Example:
e N\
>>> 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 list
>>> 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 i 0. 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 lineferm argument to " " so that the output will be uniformly
newline free.

The unified 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.
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>>> 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 output of dfunc is then converted
back to bytes, so the delta lines that you receive have the same unknown/inconsistent encodings as a and b.

Néo otnv ¢€kdoom 3.5.
difflib.IS_LINE_JUNK (line)

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.

AMoEe oty £xdoon 3.2: Added the autojunk parameter.
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SequenceMatcher objects get three data attributes: bjunk is the set of elements of b for which isjunk is True;
bpopular is the set of non-junk elements considered popular by the heuristic (if it is not disabled); b2; is a dict
mapping the remaining elements of b to a list of positions where they occur. All three are reset whenever b is
reset with set_seqgs () or set_seqg2 ().

Néo oty ékdoon 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_seqgZ2 () 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[i:i+k]
isequaltob[j:j+k],wherealo <= i <= i+k <= ahiandblo <= j <= Jj+k <= Dbhi.
Forall (i', 3', k') meeting those conditions, the additional conditions k >= k',1 <= i', and
ifi == 1i',j <= 7' are also met. In other words, of all maximal matching blocks, return one that
starts earliest in a, and of all those maximal matching blocks that start earliest in a, return the one that
starts earliest in b.

>>> s = SequenceMatcher (None, " abcd", "abcd abcd")
>>> s.find_longest_match (0, 5, 0, 9)
Match (a=0, b=4, size=5)

If isjunk was provided, first the longest matching block is determined as above, but with the additional
restriction that no junk element appears in the block. Then that block is extended as far as possible by
matching (only) junk elements on both sides. So the resulting block never matches on junk except as
identical junk happens to be adjacent to an interesting match.

Here’s the same example as before, but considering blanks to be junk. That prevents ' abcd' from
matching the ' abcd' at the tail end of the second sequence directly. Instead only the 'abcd' can
match, and matches the leftmost 'abcd' in the second sequence:

>>> s = SequenceMatcher (lambda x: x==" ", " abcd", "abcd abcd")
>>> s.find_longest_match (0, 5, 0, 9)
Match (a=1, b=0, size=4)

If no blocks match, this returns (alo, blo, 0).

This method returns a named tuple Match (a, b, size).

AMoEe oty €xdoon 3.9: Added default arguments.
get_matching blocks ()

Return list of triples describing non-overlapping matching subsequences. Each triple is of the form (i,
j, n),andmeansthata[i:1+n] == b[J:Jj+n]. The triples are monotonically increasing in i and

J

The last triple is a dummy, and has the value (len(a), len(b), 0).Itis the only triple with n
== 0.If (i, 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 < 1' or j+n < 7J';in other words, adjacent triples always describe
non-adjacent equal blocks.
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>>> s = SequenceMatcher (None, "abxcd", "abcd")
>>> s.get_matching_blocks ()
[Match (a=0, b=0, size=2), Match(a=3, b=2, size=2), Match(a=5, b=4, size=0)]

get_opcodes ()

Return list of 5-tuples describing how to turn a into b. Each tuple is of the form (tag, 11, 12,
j1, j2).Thefirsttuplehas il == j1 == 0, and remaining tuples have i/ equal to the i2 from the
preceding tuple, and, likewise, j/ equal to the previous j2.

The fag values are strings, with these meanings:

Value Meaning

'replace' afil:i2] should be replacedbyb[jl:32].

'delete' a[i1:12] should be deleted. Note that 71 == 72 in this case.

'insert' b[jl:72] should be insertedat a [11:11]. Note that i1 == 1i2 in this case.
'equal' alil:12] == b[jl1l:32] (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] ——> b : ] -——> '.format (
c tag, 11, i2, 3J1, j2, alil:i2], bl[jl:321))
delete af[0:1] ——> b[0:0] Igl! ==> 0V
equal af[l:3] ——> b[0:2] 'ab' ——> 'ab'
replace al3:4] ——> b[2:3] 'x' ——> 'y
equal afd:6] ——> b[3:5] 'ed' ——> 'cd!
insert a[(6:6] ——> b[5:6] rYo——> T 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.
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real_quick_ratio ()
Return an upper bound on ratio () very quickly.
The three methods that return the ratio of matching to total characters can give different results due to differing

levels of approximation, although quick_ratio () and real quick_ratio () are always at least as large as
ratio():

>>> s = SequenceMatcher (None, "abcd", "bcde")
>>> s.ratio()

0.75

>>> s.quick_ratio()

0.75

>>> s.real_quick_ratio()

1.0

6.3.2 SequenceMatcher Examples

This example compares two strings, considering blanks to be «junk»:

>>> 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:

>>> print (round(s.ratio(), 3))
0.866

If you’re only interested in where the sequences match, get_matching_blocks () is handy:

>>> for block in s.get_matching blocks():
.. print ("al ] and b[ ] match for elements" % block)
al0] and b[0] match for 8 elements
al[8] and b[17] match for 21 elements
al29] and b[38] match for 0 elements

Note that the last tuple returned by get_matching blocks () is always a dummy, (len(a), len(b),
0), and this is the only case in which the last tuple element (number of elements matched) is 0.

If you want to know how to change the first sequence into the second, use get_opcodes ():

>>> for opcode in s.get_opcodes() :

Ce . print (" al g 1 bl 8 1" % opcode)
equal af[0:8] b[0:8]

insert a[8:8] b[8:17]

equal af8:29] b[17:38]

Agite griong:

e The get_close_matches () function in this module which shows how simple code building on
SequenceMatcher can be used to do useful work.

« Simple version control recipe for a small application built with SequenceMatcher.
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6.3.3 Differ Objects

Note that 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 Di 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 Iongest_match () method’s isjunk parameter
for an explanation.

Differ objects are used (deltas generated) via a single method:

compare (a, b)
Compare two sequences of lines, and generate the delta (a sequence of lines).
Each sequence must contain individual single-line strings ending with newlines. Such sequences can
be obtained from the readlines () method of file-like objects. The delta generated also consists of

newline-terminated strings, ready to be printed as-is via the writelines () method of a file-like
object.

6.3.4 Differ Example

This example compares two texts. First we set up the texts, sequences of individual single-line strings ending with
newlines (such sequences can also be obtained from the readlines () method of file-like objects):

>>> textl = "'' 1. Beautiful is better than ugly.
2. Explicit is better than implicit.
3. Simple is better than complex.
4. Complex is better than complicated.

5 '"".splitlines (keepends=True)

>>> len (textl)

4

>>> textl1[0][-1]

l\nl

>>> 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)) ]
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result is a list of strings, so let’s pretty-print it:

>>> from pprint import pprint

>>> pprint (result)

[v 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',

V= 4. Complex is better than complicated.\n',
l? ey e /\\nl’

'+ 4. Complicated is better than complex.\n',
0P et N “\n',

'+ 5. Flat is better than nested.\n']

As a single multi-line string it looks like this:

>>> import sys

>>> sys.stdout.writelines (result)

1. Beautiful is better than ugly.

2. Explicit is better than implicit.
3. Simple is better than complex.
3

+ Simple is better than complex.

? ++

= 4. Complex is better than complicated.
2 A ———— A
+ 4. Complicated is better than complex.
? ++++ A
1 5. Flat is better than nested.

6.3.5 A command-line interface to difflib

This example shows how to use difflib to create a 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,

(ouvéyela oty eV oehida)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)
help='Produce HTML side by side diff '
'(can use -c and -1 in conjunction) ')

parser.add_argument ('-n', action='store_true', default=False,

help='Produce a ndiff format diff')
parser.add_argument ('-1', '--lines', type=int, default=3,

help='Set number of context lines (default 3)"')
parser.add_argument ('fromfile')
parser.add_argument ('tofile')
options = parser.parse_args ()

n = options.lines
fromfile = options.fromfile
tofile = options.tofile

fromdate = file_mtime (fromfile)
todate = file_mtime (tofile)
with open (fromfile) as ff:
fromlines = ff.readlines()
with open (tofile) as tf:
tolines = tf.readlines|()

if options.u:
diff = difflib.unified _diff (fromlines, tolines, fromfile, tofile, fromdate,
— todate, n=n)
elif options.n:
diff = difflib.ndiff (fromlines, tolines)
elif options.m:
diff = difflib.HtmlDiff () .make_file(fromlines,tolines, fromfile,tofile,
—context=options.c,numlines=n)
else:
diff = difflib.context_diff (fromlines, tolines, fromfile, tofile, fromdate,
- todate, n=n)

sys.stdout.writelines (diff)

if name_ == '__main__ ':
main ()

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=False, break_long_words=True,
drop_whitespace=True, break_on_hyphens=True, tabsize=8, max_lines=None, placeholder='

[-.])

Wraps the single paragraph in fext (a string) so every line is at most width characters long. Returns a list of
output lines, without final newlines.

Optional keyword arguments correspond to the instance attributes of TextWrapper, documented below.

See the TextWrapper.wrap () method for additional details on how wrap () behaves.
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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='
[...1"
Wraps the single pa