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KEDAAAIO 1

General Python FAQ

1.1 General Information

1.1.1 What is Python?

Python is an interpreted, interactive, object-oriented programming language. It incorporates modules, exceptions, dynamic
typing, very high level dynamic data types, and classes. It supports multiple programming paradigms beyond object-
oriented programming, such as procedural and functional programming. Python combines remarkable power with very
clear syntax. It has interfaces to many system calls and libraries, as well as to various window systems, and is extensible in
C or C++. It is also usable as an extension language for applications that need a programmable interface. Finally, Python
is portable: it runs on many Unix variants including Linux and macOS, and on Windows.

To find out more, start with tutorial-index. The Beginner’s Guide to Python links to other introductory tutorials and
resources for learning Python.

1.1.2 What is the Python Software Foundation?

The Python Software Foundation is an independent non-profit organization that holds the copyright on Python versions
2.1 and newer. The PSF’s mission is to advance open source technology related to the Python programming language and
to publicize the use of Python. The PSF’s home page is at https://www.python.org/psf/.

Donations to the PSF are tax-exempt in the US. If you use Python and find it helpful, please contribute via the PSF
donation page.



https://wiki.python.org/moin/BeginnersGuide
https://www.python.org/psf/
https://www.python.org/psf/donations/
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1.1.3 Are there copyright restrictions on the use of Python?

You can do anything you want with the source, as long as you leave the copyrights in and display those copyrights in any
documentation about Python that you produce. If you honor the copyright rules, it’s OK to use Python for commercial use,
to sell copies of Python in source or binary form (modified or unmodified), or to sell products that incorporate Python in
some form. We would still like to know about all commercial use of Python, of course.

See the PSF license page to find further explanations and a link to the full text of the license.

The Python logo is trademarked, and in certain cases permission is required to use it. Consult the Trademark Usage Policy
for more information.

1.1.4 Why was Python created in the first place?

Here’s a very brief summary of what started it all, written by Guido van Rossum:

I had extensive experience with implementing an interpreted language in the ABC group at CWI, and
from working with this group I had learned a lot about language design. This is the origin of many Python
features, including the use of indentation for statement grouping and the inclusion of very-high-level data
types (although the details are all different in Python).

I had a number of gripes about the ABC language, but also liked many of its features. It was impossible to
extend the ABC language (or its implementation) to remedy my complaints — in fact its lack of extensibility
was one of its biggest problems. I had some experience with using Modula-2+ and talked with the designers
of Modula-3 and read the Modula-3 report. Modula-3 is the origin of the syntax and semantics used for
exceptions, and some other Python features.

I was working in the Amoeba distributed operating system group at CWI. We needed a better way to do
system administration than by writing either C programs or Bourne shell scripts, since Amoeba had its own
system call interface which wasn’t easily accessible from the Bourne shell. My experience with error handling
in Amoeba made me acutely aware of the importance of exceptions as a programming language feature.

It occurred to me that a scripting language with a syntax like ABC but with access to the Amoeba system
calls would fill the need. I realized that it would be foolish to write an Amoeba-specific language, so I decided
that I needed a language that was generally extensible.

During the 1989 Christmas holidays, I had a lot of time on my hand, so I decided to give it a try. During
the next year, while still mostly working on it in my own time, Python was used in the Amoeba project with
increasing success, and the feedback from colleagues made me add many early improvements.

In February 1991, after just over a year of development, I decided to post to USENET. The rest is in the
Misc/HISTORY file.

1.1.5 What is Python good for?

Python is a high-level general-purpose programming language that can be applied to many different classes of problems.

The language comes with a large standard library that covers areas such as string processing (regular expressions,
Unicode, calculating differences between files), Internet protocols (HTTP, FTP, SMTP, XML-RPC, POP, IMAP,
CGI programming), software engineering (unit testing, logging, profiling, parsing Python code), and operating system
interfaces (system calls, filesystems, TCP/IP sockets). Look at the table of contents for library-index to get an idea of
what’s available. A wide variety of third-party extensions are also available. Consult the Python Package Index to find
packages of interest to you.
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1.1.6 How does the Python version humbering scheme work?

Python versions are numbered A.B.C or A.B. A is the major version number - it is only incremented for really major
changes in the language. B is the minor version number, incremented for less earth-shattering changes. C is the micro-level
- it is incremented for each bugfix release. See PEP 6 for more information about bugfix releases.

Not all releases are bugfix releases. In the run-up to a new major release, a series of development releases are made,
denoted as alpha, beta, or release candidate. Alphas are early releases in which interfaces aren’t yet finalized; it’s not
unexpected to see an interface change between two alpha releases. Betas are more stable, preserving existing interfaces
but possibly adding new modules, and release candidates are frozen, making no changes except as needed to fix critical
bugs.

Alpha, beta and release candidate versions have an additional suffix. The suffix for an alpha version is «aN» for some small
number N, the suffix for a beta version is «bN» for some small number N, and the suffix for a release candidate version
is «rcN» for some small number N. In other words, all versions labeled 2.0aN precede the versions labeled 2.0bN, which
precede versions labeled 2.0rcN, and those precede 2.0.

You may also find version numbers with a «+» suffix, e.g. «2.2+». These are unreleased versions, built directly from the
CPython development repository. In practice, after a final minor release is made, the version is incremented to the next
minor version, which becomes the «a0» version, e.g. «2.4a0».

See also the documentation for sys.version, sys.hexversion,and sys.version_info.

1.1.7 How do | obtain a copy of the Python source?
The latest Python source distribution is always available from python.org, at https://www.python.org/downloads/. The
latest development sources can be obtained at https://github.com/python/cpython/.

The source distribution is a gzipped tar file containing the complete C source, Sphinx-formatted documentation, Python
library modules, example programs, and several useful pieces of freely distributable software. The source will compile
and run out of the box on most UNIX platforms.

Consult the Getting Started section of the Python Developer’s Guide for more information on getting the source code and
compiling it.

1.1.8 How do | get documentation on Python?

The standard documentation for the current stable version of Python is available at https://docs.python.org/3/. PDF, plain
text, and downloadable HTML versions are also available at https://docs.python.org/3/download.html.

The documentation is written in reStructuredText and processed by the Sphinx documentation tool. The reStructuredText
source for the documentation is part of the Python source distribution.

1.1.9 I've never programmed before. Is there a Python tutorial?

There are numerous tutorials and books available. The standard documentation includes tutorial-index.

Consult the Beginner’s Guide to find information for beginning Python programmers, including lists of tutorials.
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1.1.10 Is there a newsgroup or mailing list devoted to Python?

There is a newsgroup, comp. lang.python, and a mailing list, python-list. The newsgroup and mailing list are
gatewayed into each other — if you can read news it’s unnecessary to subscribe to the mailing list. comp. lang.python
is high-traffic, receiving hundreds of postings every day, and Usenet readers are often more able to cope with this volume.

Announcements of new software releases and events can be found in comp.lang.python.announce, a low-traffic moderated
list that receives about five postings per day. It’s available as the python-announce mailing list.

More info about other mailing lists and newsgroups can be found at https://www.python.org/community/lists/.

1.1.11 How do | get a beta test version of Python?

Alpha and beta releases are available from https://www.python.org/downloads/. All releases are announced on the
comp.lang.python and comp.lang.python.announce newsgroups and on the Python home page at https://www.python.org/;
an RSS feed of news is available.

You can also access the development version of Python through Git. See The Python Developer’s Guide for details.

1.1.12 How do | submit bug reports and patches for Python?

To report a bug or submit a patch, please use the Roundup installation at https://bugs.python.org/.

You must have a Roundup account to report bugs; this makes it possible for us to contact you if we have follow-up
questions. It will also enable Roundup to send you updates as we act on your bug. If you had previously used SourceForge
to report bugs to Python, you can obtain your Roundup password through Roundup’s password reset procedure.

For more information on how Python is developed, consult the Python Developer’s Guide.

1.1.13 Are there any published articles about Python that | can reference?

It’s probably best to cite your favorite book about Python.
The very first article about Python was written in 1991 and is now quite outdated.

Guido van Rossum and Jelke de Boer, «Interactively Testing Remote Servers Using the Python Programming
Language», CWI Quarterly, Volume 4, Issue 4 (December 1991), Amsterdam, pp 283-303.

1.1.14 Are there any books on Python?
Yes, there are many, and more are being published. See the python.org wiki at https://wiki.python.org/moin/PythonBooks
for a list.

You can also search online bookstores for «Python» and filter out the Monty Python references; or perhaps search for
«Python» and «language».
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1.1.15 Where in the world is www.python.org located?

The Python project’s infrastructure is located all over the world and is managed by the Python Infrastructure Team. Details
here.

1.1.16 Why is it called Python?

When he began implementing Python, Guido van Rossum was also reading the published scripts from «Monty Python’s
Flying Circus», a BBC comedy series from the 1970s. Van Rossum thought he needed a name that was short, unique, and
slightly mysterious, so he decided to call the language Python.

1.1.17 Do | have to like «Monty Python’s Flying Circus»?

No, but it helps. :)

1.2 Python in the real world

1.2.1 How stable is Python?

Very stable. New, stable releases have been coming out roughly every 6 to 18 months since 1991, and this seems likely
to continue. As of version 3.9, Python will have a major new release every 12 months (PEP 602).

The developers issue «bugfix» releases of older versions, so the stability of existing releases gradually improves. Bugfix
releases, indicated by a third component of the version number (e.g. 3.5.3, 3.6.2), are managed for stability; only fixes
for known problems are included in a bugfix release, and it’s guaranteed that interfaces will remain the same throughout
a series of bugfix releases.

The latest stable releases can always be found on the Python download page. There are two production-ready versions of
Python: 2.x and 3.x. The recommended version is 3.x, which is supported by most widely used libraries. Although 2.x is
still widely used, it is not maintained anymore.

1.2.2 How many people are using Python?

There are probably millions of users, though it’s difficult to obtain an exact count.

Python is available for free download, so there are no sales figures, and it’s available from many different sites and packaged
with many Linux distributions, so download statistics don’t tell the whole story either.

The comp.lang.python newsgroup is very active, but not all Python users post to the group or even read it.

1.2.3 Have any significant projects been done in Python?

See https://www.python.org/about/success for a list of projects that use Python. Consulting the proceedings for past
Python conferences will reveal contributions from many different companies and organizations.

High-profile Python projects include the Mailman mailing list manager and the Zope application server. Several Linux
distributions, most notably Red Hat, have written part or all of their installer and system administration software in Python.
Companies that use Python internally include Google, Yahoo, and Lucasfilm Ltd.
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1.2.4 What new developments are expected for Python in the future?

See https://www.python.org/dev/peps/ for the Python Enhancement Proposals (PEPs). PEPs are design documents
describing a suggested new feature for Python, providing a concise technical specification and a rationale. Look for a
PEP titled «Python X.Y Release Schedule», where X.Y is a version that hasn’t been publicly released yet.

New development is discussed on the python-dev mailing list.

1.2.5 Is it reasonable to propose incompatible changes to Python?

In general, no. There are already millions of lines of Python code around the world, so any change in the language
that invalidates more than a very small fraction of existing programs has to be frowned upon. Even if you can provide a
conversion program, there’s still the problem of updating all documentation; many books have been written about Python,
and we don’t want to invalidate them all at a single stroke.

Providing a gradual upgrade path is necessary if a feature has to be changed. PEP 5 describes the procedure followed for
introducing backward-incompatible changes while minimizing disruption for users.

1.2.6 Is Python a good language for beginning programmers?

Yes.

It is still common to start students with a procedural and statically typed language such as Pascal, C, or a subset of C++
or Java. Students may be better served by learning Python as their first language. Python has a very simple and consistent
syntax and a large standard library and, most importantly, using Python in a beginning programming course lets students
concentrate on important programming skills such as problem decomposition and data type design. With Python, students
can be quickly introduced to basic concepts such as loops and procedures. They can probably even work with user-defined
objects in their very first course.

For a student who has never programmed before, using a statically typed language seems unnatural. It presents additional
complexity that the student must master and slows the pace of the course. The students are trying to learn to think like a
computer, decompose problems, design consistent interfaces, and encapsulate data. While learning to use a statically typed
language is important in the long term, it is not necessarily the best topic to address in the students” first programming
course.

Many other aspects of Python make it a good first language. Like Java, Python has a large standard library so that
students can be assigned programming projects very early in the course that do something. Assignments aren’t restricted
to the standard four-function calculator and check balancing programs. By using the standard library, students can gain
the satisfaction of working on realistic applications as they learn the fundamentals of programming. Using the standard
library also teaches students about code reuse. Third-party modules such as PyGame are also helpful in extending the
students” reach.

Python’s interactive interpreter enables students to test language features while they’re programming. They can keep a
window with the interpreter running while they enter their program’s source in another window. If they can’t remember
the methods for a list, they can do something like this:

>>> L = []

>>> dir (L)

['_add__', '__class__ ', '_ _contains_ ', '_ delattr_ ', '_ delitem_ ',
' dir_ ', '_doc__', ' _eq ', '__format__', '_ge_ "',

' __getattribute__', '__getitem__', '__gt__ ', '__hash__', '__iadd__"',

' dimul_ ', ' dinit_ ', '__diter_ ', ' _le ', ' _len_ ', '__1t_ "',

' mul__ ', '_ _ne ', '_new__', '__reduce__ ', '_ reduce_ex_ ',

' _repr_ ', '__reversed__ ', '__rmul__', '__setattr__', '__setitem__ "',
' sizeof_ ', '__str__ ', '__subclasshook__', 'append', 'clear',

(ouvéyela otV emOUEVT OENDOL)
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(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)

'copy', 'count', 'extend', 'index', 'insert', 'pop', 'remove',

'reverse', 'sort']

>>> [d for d in dir (L) if ' ' not in d]

["append', 'clear', 'copy', 'count', 'extend', 'index', 'insert', 'pop', 'remove',
—'reverse', 'sort']

>>> help (L.append)
Help on built-in function append:

append (...)
L.append (object) —-> None —-- append object to end

>>> L.append (1)
>>> L,

[1]

With the interpreter, documentation is never far from the student as they are programming.

There are also good IDEs for Python. IDLE is a cross-platform IDE for Python that is written in Python using Tkinter.
PythonWin is a Windows-specific IDE. Emacs users will be happy to know that there is a very good Python mode for
Emacs. All of these programming environments provide syntax highlighting, auto-indenting, and access to the interactive
interpreter while coding. Consult the Python wiki for a full list of Python editing environments.

If you want to discuss Python’s use in education, you may be interested in joining the edu-sig mailing list.

1.2. Python in the real world 7
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KEDAAAIO 2

FAQ lNMpoypappatiopou

2.1 N'evikég EpwtnosLg

2.1.1 Ynapxel npoéypappa EVIOTILOHOU CPAAPATWY OE eMinedo nnyaiou Kwdika
He onueila dlakomiq , HE €va Brina KATL;

Noau.

IMoAhol evtomiotég ogolpudtov Yoo v Python meptypdpovior mopakatom Ko 1 EVOOUOTOUEVY] GUVAPTNON
breakpoint () 04g emTpEnEL VO UETOPEITE GE 0TOLOONTOTE OTTO AVTA.

To pdb module iva évo amhd cAAE ETOPKES TPOYPOAULLO EVIOTLOUOV GQPUALATOV OF AELTOUPYIO KOVOOAAG YLOL TV
Python. Eivaw uépog g tumkng Bufiodrkng Python ko eivar documented in the Library Reference
Manual. Mmopeite emiong vo YpayeTe To dLKO 0O TPOYPAUUA GPAALATWV XPNOLULOTOLMVTAS TOV KMALKA YL0L TO
pdb wg mapdderypa.

The IDLE interactive development environment, which is part of the standard Python distribution (normally available as
Tools/scripts/idle), includes a graphical debugger.

To PythonWin givou éva Python IDE mov stepihapfaver éva pdypopua evromopov opaipdtov GUI mov faciletal
oe pdb. To mpdypapua evtomopoy opoludtwv PythonWin ypwuatiZel ta onueia dtokommg ko £xeL apketd wpaio
YOPAKTPLOTLKA, OTTMG TOV EVTOMIOUSO opaludtwy og tpoypduuata tov dev eivar PythonWin. To PythonWin givau
dLabéopo mg puépog Tov pywin32 £pyou Kou wg wépog g dravoung ActivePython .

Eric is an IDE built on PyQt and the Scintilla editing component.
To trepan3k eivor éva TpodypaUUo EVTOTLOUOY 0POAUATOV TTapduoto (e to gdb.

To Visual Studio Code givan évag IDE pe epyaieio eviomopnol oQaidTmy IOV EVOOUATHVETAL UE MOYLOUWKO ELEY-
%0V £Kd00MNG.

Yrdpyer évag apBuog epmopikav Python IDEs ou epihapfdvouy ypogpLkoug eviomiopols ogpoipdtov. Avtd
sEpLAaUBavouy:

e Wing IDE
« Komodo IDE



https://github.com/mhammond/pywin32
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e PyCharm

2.1.2 Ynapxouv gpyaAeia rnou Bonbouv otnv €Upeon CPAAHATWY 1| OTNV EKTE-
Aeon oTaTKAG avdailuong;

Nouw.
Pylint and Pyflakes do basic checking that will help you catch bugs sooner.

Static type checkers such as Mypy, Pyre, and Pytype can check type hints in Python source code.

2.1.3 MNwg pnopw va dnuloupyriow €va stand-alone binary amnoé €va Python script;

Aev yperdleote v duvatdtnta petoyldttong Kodika Python oe C, edv to ndvo mov HBéhete eivan éva stand-alone
TPOYPAUUC TTOV OL (PNOTEG WITOPOVV VA KOTERACOUV KalL VO EKTELECOUV YWPLS VO XPELALETOL VA EYKATAOTIICOVY
mpwta TV dravout) g Python. Yrapyer wa oelpd amd epyaieio mov kabopifovv 1o oUuvoro twv modules wou
OTTOLTOVVTOL OITO £VOL TTPOYPaupa Ko ovvdéouv autd ta modules poli pe éva dvadikd apyeio Python yio va wo-
payOei éva pdvo exteréoLuo.

One is to use the freeze tool, which is included in the Python source tree as Tools/freeze. It converts Python byte
code to C arrays; with a C compiler you can embed all your modules into a new program, which is then linked with the
standard Python modules.

AELTOVPYEL COPDVOVTOG TOV TTIYOE0 KOOLKA avadpouLkd yio SNAmOeLg eLooymyNs (Kt 0TLg dU0 LoPPES) KoL 0vaL-
Intwvtag to modules otnv Tumiky dtadpoun) Python kabmg kol 0tov Katdhoyo mpoéhevong (VLo EVOOUOTOUEVAL
modules). Ztnv ovvéyela yupiLel Ta bytecode yio modules mov eivon ypauuéveg oe Python og xwduka C (initializers
VALK TTOV (WITOPOVY VO, LETOTPOITOVY OE AVILKEIUEVA KMOLKA ¥ PpNoLuoTolmvTog to marshal module) ko dnuovp-
Vel Vo TPOCOPLOOUEVO APYELD DLAUOPPOONG TTOV TEPLEYEL LOVO EKELVO TO EvOomportmpéva modules Tov xpnoLuo-
TTOLOVVTOL TTPAYUOTUKG 0TO TTPOYPOUIA KOl TO OUVOEEL e Tov vtdlouto depunvéa Python yio vo oynuortiost éva
aUTOVOUO dUAdLKO OPYELD TTOV AeLTovpyel AKPLBMDG OTMG TO GEVAPLO 0OG.

Ta TopaKaT® TAKETO WTOPOVV Vo oag Bondnoouy yia tnv dnuovpyia ekteréoumy Kovoorag ko GUI:
 Nuitka (Cross-platform)
« Pylnstaller (Cross-platform)
» PyOxidizer (Cross-platform)
o cx_Freeze (Cross-platform)
o py2app (macOS uoévo)
» py2exe (Windows only)

2.1.4 Ynapyxouv mnpotuna Kwdikoroinong n odnyog OTUA yLa mpoypaupparta
Python;

Naut. To otvl K0dLKOTOINoNG TTOV Otattelital yior To Tumttkd modules BiiioOnkng texunplwvetor wg PEP 8.
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2.2 Baown Nwooa

2.2.1 MNarti Aappavw €va UnboundLocalError 6tav n HeTaBAnTn €XEL HLa TLUN;

It can be a surprise to get the UnboundLocalError in previously working code when it is modified by adding an assignment
statement somewhere in the body of a function.

Avtd 0 KwdiKac:

>>> x = 10

>>> def bar():
print (x)

>>> bar ()

10

doulevel, oG aVTOG 0 KOdIKAC:

>>> x = 10

>>> def foo():
print (x)
x += 1

results in an UnboundLocalError:

>>> foo ()
Traceback (most recent call last):

UnboundLocalError: local variable 'x' referenced before assignment

Avutd ovufaivel emeldn o0tav kdvete o avabeon oe wa petafAnty oe éva g0pog, auty 1 UETAPANTH YiveTal
TOTULKY] 08 VT TO VP0G KoL OKLALEL 0TTOL0dTTOTE PETABANT pe TapOUoLo Gvouo. 0to eEmTepLkd eVpog. Epdoov 1)
televtaio tpdtaon oto foo exywpel uLa VE T 0TO X, 0 UETAYAMTILOTG TV avaryVOPILEL WG TOTTLKY] UETAPANTY.
Katd ovvémeia 6tav 1 wponyoVuevn print (x) €mLyeLpEL Vo EKTUMOEL TV uninitialized Tomikn petafint Kol
TPOKVITTEL OPAALLOL.

310 TOPATAVE TOPASELYILA, WTOPEITE VO TTOKTNOETE TPOOPaaT 0T puetafAnty eEwteptkov ebpoug dnhdvovtog
™V g KOOOAK:

>>> x = 10

>>> def foobar():
global x
print (x)

. x += 1

>>> foobar ()

10

Avti 1 pnTi O hwon astartelton Yo vo oG vteviupioel Ot (og avtifeot) ne Ty emLpavelakd avahoyn Kotdotaon
ue TG UETAPANTEG KAAONG KAl OTLYWOTVITOU) OTNV TPAYUATIKOTITO TPOTTOTOLELTE TNV TLU] TG UETAPRANTIG OTO
eEwtepkd medio:

>>> print (x)
11

Miopeite va kdvete KAt mopduolo oe éva €vieto medio ypnolpomowdvrag T AEN khewdi nonlocal:

2.2. Baown MNwooa 11
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>>> def fool():

x = 10
def bar():
nonlocal x
print (x)
X += 1
bar ()
print (x)
>>> foo ()
10
11

2.2.2 Mool eivat oL Kavoveg yLa TLG TOTILKEG Kal TLG KAOOALKEG peTaBANTEQ oTNV
Python;

Zv Python, ou petafintég mov avagpépovrol HOvo oo o€ o ouvaptnon eivon Epueca kabohkés. Eav oe o
UeTOfINTN ekwPNOEL Lo T 0TOVINTOTE UEGO GTO TMUO. TNG OLVAPTNONS, Bewpeital OTL EivoLl TOTKT, EKTOG
av dMAmOel pNTd wg KoOOMK.

Av ko givan Myo €xmdngn oty apyt, avtd to eEnyel wa otryun. Amd ™) wio mhevpd 1 amaitnon global yia
EKYWPNUEVES UETAPANTEG TOPEYEL ULt YPOUUT EVAVTL AVETTLOVUNTOV TOPEVEPYELMV. ATTO TNV GAAY, GV OTToLTELTOL
global yia Oheg TG kKabohkég avagopéc, Oa ypnolpomotovoate global Ohn v wpa. Oa empeme va dNAMOETE
g KooK KAOE avapopd o€ Lo eVomuatmuévi Aettovpyia 1 oe £va otouyelo evog eloaryduevov module. Avty
1] OKOTAOTAO0 B0 VIKNOEL TNV %PNoLUOTNTO TG OMNAwong global Yo TOV EVIOTLOUO TUPEVEPYELDV.

2.2.3 lNarti ta lambdas nou opifovtal o€ €vav BPOX0 HE SLAPOPETLKEG TLHEQG ETIL-
OTPEPOUV OAa TO idLO anoTEAECHUQ;

Ag vtobéoouue Ot ypnopomoleite évav Ppoyo for yia va oploete pepikd diagpopetikd lambdas (] axdpo Ko
OTTAEG GUVOPTHOELS), TT.Y.:

>>> squares = []
>>> for x in range(5):
squares.append (lambda: x**2)

Avtd oag divel o Aota wov mepLéyel 5 lambdas wov voloyilovv to x* *2. Mmopel va mepluévete OtL, Otav
Koléoete, Oa eméotpepay, avtiotowya, 0, 1, 4, 9 kaw 16. QoT1d00, OTAV dokiudoete Tpayuatikd Oa deite Ot Ol
eMLOTPEQPOVY 16:

>>> squares|[2] ()
16
>>> squares[4] ()
16

Avtd ovufaivel emeld) to x dev givar tomkd yo to lambdas, oAAG opiletan oto eEmTepLKd £VPog Ko eival TPo-
opdowo dtav to lambda xaleitar — oy dtav opiletat. to TEA0Gg ToU BPOYOU, 1) TLUT TOV X eivar 4, ETOUEVWG OMEG
Ol GUVOPTNOELG ETMLOTPEPOVY TP 4* * 2, dnhadn 1 6. Mmopeite emiong va to emolnfevoete alhalovrag Ty T
Tov x Kot delte mwg oAAdTovv To amoteléopata tov lambda:

>>> x = 8
>>> squares[2] ()
64

12 Kegahaio 2. FAQ Mpoypappatiopou




Python Frequently Asked Questions, Anpoocicuon 3.9.24

To va To amopiyeTe autd, Tpémer vo atobnKevoete TG TWéG oe uetafAntég Tomkég oto lambda, €tolL wote va
unv paciZovrol oty Tur| Tov KoBoMKov x:

>>> squares = []
>>> for x in range(5):
squares.append (lambda n=x: n**2)

Ed®, To n=x dnuovpyei pa véa petafinti n tomkn oto lambda ko virohoyiCetow dtav to lambda opiletan £tou
MOoTE Vo €xEL TNV idLa TLUY oV elye TO x O€ ekelvo To onueio Ppoyov. Avtd onuaiver 6tL 1 Ty Tov n Oo eivor 0
oto pwto lambda, 1 gto devtepo , 2 0To TPiTo Ko oUTw KabeErg. Emouévmg ka0e lambda o emiotpéyel Tipa
TO OWOTO ATOTENEOUOL:

>>> squares[2] ()
4
>>> squares[4] ()
16

Z1UELDOTE OTL OUTH) 1] CUUTTEPLPOPA OEV glvait LOLOROPPN Lo To lambdas, allG LoYVEL KoL YLa KOVOVIKEG AeLToup-
viec.

2.2.4 Nwg porpalopal KABOALKEG petapAnteg oe modules;

O Kavovikdg TPOTTOG YLoL Vo, LoLPALeoTte TANPOQOpPieg UETAED TV AELTOUPYLKMV LOVAdmY uéoa o £va povo mtpd-
vpapuua givor 1 dnuovpyio evdg eldikov module (cuyva ovoudleton config 1 cfg). Amhwg eloarydyete to module
dapudppwong oe Oheg to. modules TG epapuoyng oage to module otV ouvEXELa YiveTan SLaBEoLuo wg ToyKOoIo
ovopa. Emetdn vdpyer puovo éva mapdderypa yor kdbe module , ov ahhory€G TOV YIVOVTOL OTO OLVTLKELUEVO TOV
module avtikatomtpifovral avtov. o mtapdderypa:

config.py:

x =0 # Default value of the 'x' configuration setting
mod.py:

import config

config.x = 1

main.py:

import config
import mod
print (config.x)

Note that using a module is also the basis for implementing the Singleton design pattern, for the same reason.

2.2.5 Moleg eival oL «BEATLOTEG NMPAKTLKEG» yLa TN XPNHon import oe €va module;

TCevikd, unv xpnoworoteite from modulename import *. K&t tétolo dnuovpysl wa akatootocio 6To
importer’s namespace, koL KaOLotd o d0okoro Yo Ta linters v, evtomicouv ampoadidpLoto ovouaTa.

Ewsoywyn modules otnv kopugr evog apyelov. Me autdv tov tpodmo kablotd cagég moto dhia modules amoutel
0 KOOLKOG 00G KAl OITOPEVYOVTOL EPMTIOELG OYETLKA UE TO OV TO OVOUd TNG MOVAdOG elval evtog mediov. Xp1-
OLUOTTOLMVTOG €va import ava ypouur Kablotd evkoln v mpoodfkn ko ) diaypogpr) module imports, aAlé
YPNOLULOTTOLMVTAG TTOMATAG imports avd ypapung KatovolmveTal Myotepog xmpog oty 00dvr.

Eival kol mpaxtiky edv elodryete module pe tv akdlovdn oepd:
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1. standard library modules - e.g. sys, os, getopt, re

2. third-party library modules (anything installed in Python’s site-packages directory) — e.g. mx.DateTime, ZODB,
PIL.Image, etc.

3. locally-developed modules

Mepikég popég eivorl amapaitnto vo uetakivnouv oL eLooywyEg o€ o ouvapTnon 1 kKAGon yio va asogevyfotv
mpofiuata e TG Kukhkég etoaymyés. O Gordon McMillan Aéel:

Ou kukAkég eloaywyég elvor kKahég Otav kot ta dvo modules Y PNOLLOTOLOVV T1 LOPPY) ELOAYWYNG
«import <module>». Astotuyydvouv dtav To 20 module Oéhel va dpel Eva dvopa artd to TpwTo («from
module import name») Ko 1] EL0AYWYN EVOL 0TO KOPUPALo emtimedo. Avtd ouuPaivel ETELDT TO TPWTO
module gival ATaoYOMUEVO UE THV ELOAYWYT] TOV 20V.

Ze quThv TV TEplmTmaon, edv To devtepo module xpNOLUOTOLEITOL UOVO GE U0 CUVAPTI O, TOTE 1] ELOOY WYY WTOPEL
evKolo va, petopepOel Lo o€ AUTHY TNV OVVAPTNON. ATTO TN OTLYUT) TTOU KOAELTOL 1) ELOAYWYT, TO TPpwTo module
Ba €yeL OAOKANPWOEL TNV 0Py LKOTOiNoT), Ko To devtepo module puwopei vo K&vel Ty eLoaywy tov.

Mitopei iong vo eivol aTapaiTNTo Vo LETOKLVIOETE TG ELOOYWYES OITO TO AVITEPO ETLTEDO KWMLK, EGV OPL-
ouéva artd To. module eivol CUYKEKPLUEVOL VLo TV TAATPOPUOL. ZE OUTHY TV TEPLITTMON, EVOEYETOL VO UMV ElvaL
Kav duvati) 1 eloaynyr OV tTov modules 0To ETAVM UEPOG TOV apyelov. Ze AVTHV TNV TEPLTTWOT), 1) ELOOYWYN
TV 00oT®Y modules 0TOV AVTIOTOLKO KDOOLKO L0 CUYKEKPLUEVT] TTAATPOPUO. ELVOL ULoL KOAT| ETTLAOYY).

METOKLVIOTE TLG ELOOYWYEG O€ TOTILKO TTEDLO0, OTWG LECH OE £VOLV OPLOUO CUVAPTNOTG, LOVO EAV ELVOL ATTAPALTNTO
va MBei éva TpdfInua 0mtwg N aropuyn wag KukAKNG eloaywyng 1 edv mpoomadeite va pewnoete tov xpdvo
TIPOETOLUAOLOG PLag LOVAdOG. AUt 1) TEXVLKT gival wdtaitepa xpnowurn edv TolEg amd TIg eLoaywyEG dev eival
amopaitnTeg avdioyo (e Tov TPOTO EKTELETNG TOV TPOYPAULOTOS. Mropeite emtiong vo OéheTe vo ueTaKIV)OETE
TG eLoaywyEG O€ uLa ouvaptnon edv ta modules ypnolomolovvTal WOvVo og AUtV T oUVAPTHoN. AdBeTe VITOYN
ot M POpTWOT VOg module THY TPOTN PoPa uITopel va gival dotavnpn AOym Tng HLoG PoPag TG apyLKOTOINoNG
tov module, 0AAG 1) POpT™ON evog module TOMEG popég eivar oxedoOv dwpedv, KooTiLovtag udvo ueptkés avaln-
oelg oe AeElkd. Axdua kot ov To dvoua tov module £xel Eequyel amd to medio e@apuoyhg tov, to module givan
mlavag dabéoluo oto sys.modules.

2.2.6 Narti porpalovral oL MPOETIAEYUEVEQ TLHEG HETAEU TWV AVTLKELHEVWYV;

Avtdg 0 TmoG 0PAALOTOG CUVNOMGS dAYKMVEL VEOPUELG TTPOYPAUUATIOTEG. ZKEPTELTE AUTHV TH CUVAPTNON:

def foo(mydict={}): # Danger: shared reference to one dict for all calls
. compute something ...
mydict [key] = value
return mydict

Tnv TPt (POPA TOV KAAEITE AUTHV THY CUVAPTN O, TOo mydict mepLéyeL Eva uepovouévo ototyeio. T devitepn
@opd, To mydict mepLéyxer dvo otoryeio yioti 0tav To foo () Eekivd tv ektéheot), To mydict Eekwvd pe éva
avTikeipevo oM péoa.

Zuyva ovopévetar Ot o KAom ouvapTnong dNULOVPYEL VEO AVTLKEIEVA YLOL TTPOETULAEYUEVES TWES. Aev cuufal-
ver autd. Ou TpoemheyUEveg TUEG dULoVPYOUVTOL OKPLBMG tia popd, dtav opiletal 1 cuvdptnon. Edv avtd to
avTikeipevo aAlGEeL, dmtmg to AeELko o€ auTd To TaPaderyua, ETOUEVES KANOELG 0TV ouvapTtnom Ba ovogpépovol
0€ QUTO TO AANAYUEVO OVTLKELUEVO.

EE oplopo, auetafinta avikeipeva 6mmg aptbuoi, ovuforooelpéc, thelddeg Kot None , eivol acpolt) amd ah-
hayéc. Ou odhayég oe petafintd avukeipevo 6mwg AeEikd, Moteg Kou tapovoieg KAGoEwV UTopEL va. 0dnynoouvv
og oUyyvon.

Adyw avtig TG duvaTOTITAC, EivOL KOAT TPOKTIKY| TTPOYPAUUATIONOV VO UMV YPTOLULOTTOLELTE UETABANTA arvTL-
Kelpevo mg mpoemheyuéveg Tiéc. AviiOeTa, ¥p1oLLomoLeioTe None mg TPOETAEYUEVY TIUT KoL LEGO 0TV GU-
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vaptnon, eléyEte Gv 1 wopaueTpog eivar None kol dnuovpynote wo. véa Mota/AeEikd/o,t kou av givar. T
TOPAdELYLOL UMV YPOPETE:

def foo (mydict={}):

OANG:

def foo (mydict=None) :
if mydict is None:
mydict = {} # create a new dict for local namespace

Avti 1 duvatdTta uopel va givan ypnouy. Otav €xete uua ouvapTnon Tov gival xpovopopa Yol TOV VITOLO-
YLOWUO, L0 KOLVY) TEYVLKT) Elval Vo artoOnKeVoETe TPOCWPLVA TIG TOPAUETPOUG KOL TNV ETLOTPEPOUEVT] TIUT) KAOE
KAMONG 0TN GUVAPTNON KoL VO ETLOTPEPETE TNV TPOoWPLVA artoBnkevuévn Tt edv Tnnbei Eavd m idia T,
Avtd ovoudleton «memoizing», Kol UTOPEL VoL EQOPROOTEL WG EENG:

# Callers can only provide two parameters and optionally pass _cache by keyword
def expensive(argl, arg2, *, _cache={}):
if (argl, arg2) in _cache:
return _cache|[ (argl, arg2)]

# Calculate the value

result = ... expensive computation ...

_cache|[ (argl, arg2)] = result # Store result in the cache
return result

B0, WTOPOVOATE VO XPNOLUOTOOETE o KADOAKY LETABANTY TTOv TepLeyeL Eva AeELKO avTi yio TV TPOoETIAEY-
uévn tpre Eivouw O¢ua yovotov.

2.2.7 MNwg propw va HETABLBACW TIPOALPETLKEG TIAPAHETPOUG 1] TIAPAHUETPOUG
AEEEWV-KAELSLWV amod Tn Jla ouvaptnon otnv aiAn;

SUMEETE TOL OpLOHOTOL YPYOLULOTTOLDVTOG TOVG specifiers * Kai * * ot MoTa TapauéTpmy TG GUVAPTNoNG: Auto
oag divel ta opiopato 0¢omng mg mAeldda Kat ta opiopoto MEewv-kAedidv wg AeEikd. 2T CUVEYELD, UITOPELTE
VoL LETOPLBACETE QUTA TOL OPLOUATO KOTA TV KANOT GAANG GUVAPTNONG UE TN ¥PTION TOV * KoL * *:

def f(x, *args, **kwargs):
kwargs['width'] = "14.3c'

g(x, *args, **kwargs)

2.2.8 Moua eival n dtapopad PeTa&U OPLOPATWYV Kal TApaAUETPWYV;

Parameters are defined by the names that appear in a function definition, whereas arguments are the values actually passed
to a function when calling it. Parameters define what types of arguments a function can accept. For example, given the
function definition:

def func(foo, bar=None, **kwargs):
pass

Joo, bar xou kwargs givon mtapauetpol g func. Qotdoo, 6tav Kaheital 1 func, yio TopadeLyoL:
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func (42, bar=314, extra=somevar)

oL Twég 42, 314, Ko somevar gival opiopota.

2.2.9 lMartin aAAayn ™ng Aiotag “y” aAAalel eniong Kal tn Aiota “x”;

Av ypaypate kOdLko OTOC:

>>> = []

= X
.append (10)

>>>
>>>
>>>
[10]
>>> x
[10]

KKK X

WTOPEL VO AVapMTLEGTE YLOUTE 1] TTPOCONKT VOGS oToLyeiov oto y dAha&e emiong To x.
Yndpyovv 800 mapdyovteS TOU TAPEYOUV GUTO TO ATTOTELEOUOL:

1) Oupetapintég eivar amhd ovopata Tov avagépovtal oe avitkeipeva. Kavovagy = x dev dnuovpyeitol
avTiypapo g MoTog — dNoupyel wa vEo UETOPANTY ¥ TTOV OVOPEPETOL OTO LOLO AVILKELUEVO TTOU OVOL(pE-
PETOL TO X. AUTO ONUALVEL OTL VITAPYEL LOVO £VEL OVTLKELUEVO (1] AMOTA), KOL TO X KOL TO ¥ QAVOPEPOVTOL OE
ovTo.

2) Ou Mioteg eivou mutable, wov onuaiver 6t prtopeite vo aAAEETE TO TEPLEXOUEVO TOUG.

After the call to append (), the content of the mutable object has changed from [] to [10]. Since both the variables
refer to the same object, using either name accesses the modified value [10].

Av avtioTtor ioouue Evo AUETAPAMITO OVTLKEIUEVO OF X:

>>> =5 # ints are Iimmutable

>>> = X

>>> =x + 1 # 5 can't be mutated, we are creating a new object here

XXX

>>>
6
>>> y

WITOPOVIE VO SOVUE OTL OE QUTNV TNV TEPLTTWON x KoL y OeV elvar TAéov ioa. Autd cuufaivel emeldn oL aképatol
apbuol eivan immutable, kou dtav kévovpe x = x + 1 dev petodhdooetol to int 5 avEGvovtag TV TN
Tov. avtifeta, dnuovpyovue Eva véo avTikeipevo (to int 6) Kol To eKywpovue 0to x (dNhadi), alhdlovtag To
OVTLKEIUEVO 0TO 0TTOL0 avapEpPeTaL TO X). MeTtd amd avtv tv avddeon éxovue dvo avrikeiteva (ta ints 6 and 5)
Ko dV0 PETAPANTEG TTOV OVAPEPOVTAL OE QUTA (X TMPO OVOPEPETOL OE 6 OAAAL y aKOU avapéPETaL 0To 5).

Some operations (for example vy .append (10) and y.sort ()) mutate the object, whereas superficially similar
operations (for example y = vy + [10] and sorted (y)) create a new object. In general in Python (and in all
cases in the standard library) a method that mutates an object will return None to help avoid getting the two types of
operations confused. So if you mistakenly write y . sort () thinking it will give you a sorted copy of y, you'll instead
end up with None, which will likely cause your program to generate an easily diagnosed error.

QoT0600, VITAPYEL Ui Kot yopic AettovpyLdv dmov 1) idLa TPAaEN £xel neplkég popEg SLAPOPETIKEG CUUTTEPLPOPES
e SLapopeTIKOVG THTTOVG: oL etavEnuévol teheotéc avdbeong. Na wopdderypa, += uetodhdooel Tig hMoteg oAAG
Oyl g mhelddeg ) Tovg ints (a_list += [1, 2, 3] eivouioo pe a_list.extend([1, 2, 3]) ka
uetolGooeLa_list, evod 1o some_tuple += (1, 2, 3) kowsome_int += 1 dNWOVPYEL VEQ OVTLKELUEVAL).

Me Mo Moyuat:
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o Ebv éyoupe éva petofinto avikeipevo (1ist, dict, set, KA.), WTOPOVUE VO X PNOLUOTTOLGOVUE OPLOUE-
VEG OUYKEKPLUEVEG AELTOVPYIES VL0, VO TO UETCAMAEOUNE Kot OLEG TLG UETABANTEG TTOV AVAPEPOVTOL OE CUTO

0a douv TV aAhaym.

o Edv éyovue éva apetdapinto aviikeipevo (str, int, tuple, KAT.), OAEG OL UETAPANTES TTOV AVOPEPOVTOL
oe auto Oa Prémovv mavta TV (dLal TLY), aAAd oL Aettoupyieg Tov Ba PETATPETOVY QUTHY TNV TLUY OF oL
vEQ TN ETULOTPEPOUV TTAVTA EVOL VEO OVTLKELUEVO.

Edv 0élete va yvopilete dv 800 HeTOPANTEG OVOPEPOVTOL OTO 1OLO AVTIKELUEVO 1) OYL, WTTOPELTE VO YPTOLUOTTOL-
10€TE TOV is operator, 1) TNV EVOOUATOUEVT CuVApTHon 1d () .

2.2.10 NMwg propw va ypayw pia ouvaptnon e napapetpouq e§0d0u (KAon pe

avagpopa);

Na vudote 6tL ta opiopato petapiBagovral pe avadbeon oty Python. Epocov 1 exympnon dnuouvpyel amhog
AVAPOPEG OE OVILKEIUEVQ, BEV VITAPYEL PEVSDVLUO UETOED £vOG 0vOIaTOG oplonatog og avtd Tov Kahel kKow og
avtd Tov Kodeitat, Kou EmOuEVIG dev VITdpyEL KMo Tpog avapopd amtd udvy me. Mrmopeite vo emitiyete 10

emBuuntd amotéleopa ue dLiPopPovg TPOTOVG.

1) Emotpépoviog (o TAELdda TV OmoTEAECUATWV:

>>> def funcl(a, b):
a = 'new-value' # a and b are local names
b=Db+ 1 # assigned to new objects
return a, b # return new values

>>> x, y = 'old-value', 99

>>> funcl (x, V)

("new-value', 100)

Avt) elvon oyedov dvto 1) o EekdBapn Ao

2) Xpnoipomolmvrag KabBoikég netofAntéc. Avtd dev elval aoparéc Yo ViU KoL deV GUVIOTATOL.

3) Iepvavtag éva uetafinto (ue duvatdtnto orlayng el TOTOV) AVILKELUEVO:

>>> def func2 (a):

al0] = '"new-value' # 'a' references a mutable 1ist
all] alf1] + 1 # changes a shared object
>>> args = ['old-value', 99]

>>> func2 (args)
>>> args
['new-value', 100]

4) Tepvdvtag oe £va AeELKO ToU PETOANAOOETAL:

>>> def func3(args):

args|['b'] args['b'] + 1 # change it in-place
>>> args = {'a': 'old-value', 'b': 99}

>>> func3(args)

>>> args

{'a': 'new-value', 'b': 100}

args['a'l = 'new-value' # args is a mutable dictionary

5) 'H opadomolote TLEG O€ WoL Tapouoia KAdong:
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>>> class Namespace:
def _ _init__ (self, /, **args):
for key, value in args.items():
setattr(self, key, value)

>>> def func4 (args):
args.a = 'new-value' # args 1is a mutable Namespace
args.b = args.b + 1 # change object in-place

>>> args = Namespace (a='old-value', b=99)
>>> func4 (args)

>>> vars (args)

{'a': "mew-value', 'b': 100}

Aev vtdipyer oxedov moté Kohdg MOYOg va yivel outd mepihoKo.

H xoUtepn emhoyn oag eivol vou eTLOTPEPETE (IOl TLELADA TTOV TTEPLEYEL TTOMOTIAN ATTOTEAEGILOTAL.

2.2.11 NMwg dnuoupyeite Yua cuvaptTnon uynAotepng tagng otnv Python;

"Eyete 800 emA0YEG: WTOPELTE VA Y p1oLomooeTe EvOeta media 1 umopeite va ypnowuomoufjoete callable avtikei-
ueva. T mopdderyua, ag vrobéoouue ot Oéhete vo oploete To linear (a, b) mov emMOTPEPEL ULAL CUVAPTNOT
£ (x) mov vmoloyilel TV Tur a*x+b. Xpnowpomoldviog £vOeto media:

def linear(a, b):

def result (x):
return a * x + b

return result

'H ypnowomoimvtog éva callable avtikeipevo:

class linear:

def _ init_ (self, a, b):
self.a, self.b = a, b

def _ call_ (self, x):
return self.a * x + self.b

Ko otig 80 mepLntmoels:

taxes = linear (0.3, 2)

divel éva callable aviikeipevo 6mov taxes (10e6) == 0.3 * 10e6 + 2.

H mtpoaéyyion tov callable aviikeluévou £xeL TO UELOVEKTNUOL OTL ELvaL ALyO TTLo opyT| Ko 0dnyel o€ Ehappwg ueyo-
Mtepo kwdLka. Qotdoo, onuelmoTe OTL (o ouAhoyT| amd callables uTopel vo LOLPOGTEL TNV VITOYPAPT| TOVG UECW
KANpovouKOTITOG:

class exponential (linear):
# _ init__ inherited
def _ call_ (self, x):
return self.a * (x ** self.b)

To avTKeipevo utopet vo evOulaKdoeL Ty Katdotaon yio toiéc uebddovg:
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class counter:

value = 0

def set (self, x):
self.value = x

def up(self):
self.value = self.value + 1

def down (self):

self.value = self.value - 1
count = counter ()
inc, dec, reset = count.up, count.down, count.set

Edw inc (), dec () koL reset () AELTOUPYOUV GOV CUVAPTHOELS TTOV LOLPATOVTOL TNV (0L LETOFANTY UETPTONG.

2.2.12 Nwg pnopw va avilypayw €va avrtikeipevo otnv Python;

Tevikd, doxudote copy . copy () N copy . deepcopy () YLo. T YEVIKY] TEPLTTWOT. AEV UTOPOVY VO OVTLYPO.-
oV OLOL TOL OVTLKELUEVQ, AAAAL TOL TTEPLOOOTEPA UITOPOVYV.

OpLopéva, avTLKeiteva umopotv vo, avilypagolv o evkola. Ta heEukd éxovv pio uébodo copy () :

’newdict = olddict.copy ()

Ot axohoubieg PITOPOUV VAL AVTLYPOPOVY LE TEUAYLOUO:

’newfl = 1[:]

2.2.13 Nwg pnopw va Bpw TLG HEBOBOUG 1} TA XAPAKTNPLOTLKA EVOG QVTLKELHEVOU;

For an instance x of a user-defined class, dir (x) returns an alphabetized list of the names containing the instance
attributes and methods and attributes defined by its class.

2.2.14 MNwg propei 0 KWSLKAG HOU va avakaAUYeL TO OVOUa EVOG QVTLKELHEVOU;

Cevikd AmVTOG, OV WTOPEL, ETTELON TA OVTIKELLEVA dEV £X0VVE TPAYUATIKA ovopata. OUoLaoTIKd, 1) EKYXMOPNON
deopevel TAvTa €va Ovoua o€ P TLufe To 1010 Loy vEL Yo Tig dhwoelg def ko class, oG o vty TV mepi-
stwon 1 T eivau callable. AGBete vrdPn Tov akOAovO0o KHdLKA:

>>> class A:

pass
>>> B = A
>>> a = B()
>>> b = a

>>> print (b)
<__main__ .A object at 0x16D07CC>
>>> print (a)
<__main__.A object at 0x16D07CC>
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Arguably the class has a name: even though it is bound to two names and invoked through the name B the created instance
is still reported as an instance of class A. However, it is impossible to say whether the instance’s name is a or b, since both
names are bound to the same value.

Cevikd uhavtac, dev Oa TPEmEL Vo Eival OTOPALTNTO 0 KMILKOG GOG VO «YVOPILEL TOL OVOLOTA» GUYKEKPLUEVOY
TV, Av dev ypdpete eokepuéva evoookorkd (introspective) mpoyplpuoto, autd givar ouvhBwg po EvostEn ot
oL GAAOLYT) TTPOGEYYLONG UITOPEL VOL ELvOLL ETTOQELS.

Zto comp.lang.python, o Fredrik Lundh é8woe puo eEaipetikt] avaloyio og amdyvtnon g autiv Ty epwTno:

Me 70 1510 TPOTO TOV TOLPVETE TO OVOUQ AVTNG TNG YATOG TTOV BprKate ot Pepdvta oag: 1) idla ydto
(avtikeipevo) dev uopel vo oag meL To GVord TG Ko eV TNV EVOLOPEPEL TTPAYUATIKG - £TOL O UOVOG
TPOTOG Yo Vo uabete Twg MEyeTow eivor vo pwThoete OLOVG TOVg YEITOVEG oag (namespaces) oV eival
1 Yata Toug (AVTLKELUEVO). ..

... KO UMV EKTAAYELTE OV SLATTLOTMOETE OTL ELval YVOOTO Pe TOAG ovopata, 1 Kavéva ovouo.!

2.2.15 TuoupBaivel pe TNV MPoTEPALOTNTA TOU TEAECTH KOUHUATOG;

To xoupa dev eivon teheothg otnv Python. Ekegteite avtiv Tv ouvedpio:

>>> "a" in "b", "a"
(False, 'a')

Agdopévou dtL To kKduua dev eivan TeeoThg, OAAG SLoWPLOTIKS HETAED TWV EKPPATEWY, TO TTOPATAV® CELONO-
YOUVTOL OOV VO ELYOTE ELOAYOLYEL:

’(nan in llbll)’ ngn

dev:

’Hall in ("b", nan)

To 810 Loy VEL YLOL TOVG BLAPOPOVGS TENEDTES EKYMPNONG (=, += KAT). Agv elval TPayuoTikd TeleoTég aAhd oVVTO-
KkTikoi delimiters og dSNAMOELG EKYOPNONG.

2.2.16 Ymnapxel L.0odUvapo Tou TpLadlkou TeAeoTn «?:» TnG C;

Naw vrapyet, H oUuvtogn éxel og eEng:

[on_true] if [expression] else [on_false]

x, y = 50, 25
small = x if x < y else y

[Tpwv ewoayBei avti 1) oUvToEn oty Python 2.5, éva kowvd diwpa ftav 1 xp1on AoyiKdv TEMECTMV:

[expression] and [on_true] or [on_false]

Qot600, aVTd TO LWIWNA deV elval AopaAés, Kabmg umopel vo dwaoel AavOaouéva amoTeAEoUOTE OTOV TO on_true
€yl Pevdn dvadikn| tur). Emouévmg, eivar mdvto Kahitepo vo XpNOLUOTOLOETE T opue. . .. if ... else
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2.2.17 Eivai duvatov va ypayoupe acagpn one-liners otnv Python;

Yes. Usually this is done by nesting 1 ambda within 1ambda. See the following three examples, due to Ulf Bartelt:

from functools import reduce

# Primes < 1000
print (list (filter (None,map (lambda y:y*reduce (lambda x,y:x*y!=0,
map (lambda x,y=y:y%x,range (2, int (pow(y,0.5)+1))), 1), range(2,1000)))))

# First 10 Fibonacci numbers
print (list (map (lambda x, f=lambda x,f: (f(x-1,f)+f(x-2,£f)) if x>1 else 1:
f(x,f), range(10))))

# Mandelbrot set

print ((lambda Ru,Ro, Iu, Io, IM, Sx,Sy:reduce (lambda x,y:x+y,map (lambda vy,
Iu=Iu, Io=Io,Ru=Ru,Ro=Ro,Sy=Sy,L=lambda yc, Iu=Iu, Io=Io,Ru=Ru,Ro=Ro,i=IM,
Sx=Sx, Sy=Sy:reduce (lambda x,y:x+y,map (lambda x,xc=Ru,yc=yc,Ru=Ru, Ro=Ro,
i=i, Sx=Sx,F=lambda xc,yc,x,Vv,k, f=lambda xc,yc,x,vy,k,f: (k<=0)or (x*xt+ty*y
>=4.0) or 1+f(xc,yc,x*x-y*y+xc,2.0*x*y+yc,k-1,f):f(xc,yc,x,y,k,f):chr(

64+F (Ru+x* (Ro-Ru) /Sx,yc,0,0,1)),range (Sx))) :L(Iuty* (Io-TIu)/Sy), range (Sy
y))) (-=2.1, 0.7, -1.2, 1.2, 30, 80, 24))

# \_ /N /] / |__ lines on screen

# v 174 / / _ columns on screen

# / / / maximum of "iterations"

# / / range on y axis

# / range on x axis

Mnv T0 dOKLUAOETE GTO OTTLTL, TALLOLA!

2.2.18 Tionpaivel n KABeTOG(/) OTN AloTA MAPAMETPWYV HLAG OUVAPTNONG;

A slash in the argument list of a function denotes that the parameters prior to it are positional-only. Positional-
only parameters are the ones without an externally-usable name. Upon calling a function that accepts positional-only
parameters, arguments are mapped to parameters based solely on their position. For example, divmod () is a function
that accepts positional-only parameters. Its documentation looks like this:

>>> help (divmod)
Help on built—-in function divmod in module builtins:

divmod(x, vy, /)
Return the tuple (x//y, x%y). Invariant: div*y + mod == x.

H kd0etog 070 TéMOG TG MOTOG TOPAUETPMV ONUALVEL OTL KO oL dV0 sTapdueTpot givar uovo Béong. Emopévmg, 1
KMon g divmod () pe opiopata AéEewv Kheldidv Oa 0d1yotoe og opalua:

>>> divmod (x=3, y=4)
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
TypeError: divmod() takes no keyword arguments
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2.3 ApLBpoi kaL CUPBOAOCELPEG

2.3.1 Nwg npoodlopilw dekacEadlkoug 1 OKTAdLKOUG aKEpaLloug apLlbuoug;

To va xoBopioete Evav okTadIKO YP1plo, TPONYELITOL TV OKTAOIKNG TWNG UE £va uNdEv, Ko HeTd éva melo
1N Kepahaio «o». ['a Tapdderyua, yio vo, opioete T LETAPANTY «a» oty oktadikn Ty «10» (8 o deKadLko),
TMKTPOAOYNOTE:

>>> a = 0010
>>> a
8

To dexaeEadikd eivar eEicov evkolo. ATthwg ponyeital Tov dekaeEadikov aptBuov ue éva undév, Kat uetd éva
nelo 1 kepolaio «x». Ta dexoaeSadukd Ynpio prwropov va kaboplotovv ue meld M Keparaio. Ta wopdderyua,
otov diepunvea Python:

>>> a = 0Oxab
>>> a

165

>>> b = 0XB2
>>> b

178

2.3.2 MNarti 1o -22 // 10 eTLOTPEPEL -3;

Ogeileton Kupiwg oty embupia tov to 1 % J va €xeL 1o idto Tpodonuo pe 1o j. Edv to Bélete avto, kKou Oéhete
emiong:

i==@//3) =3+ &%7J

toTE 1) dLaipeon akepaiov aptBuol mpémer vo emotpéPet to vtolowro. H C amartel emtiong vo diotnpeitar vt
1] TAUTOTNTO KL, 0TI GUVEYELD, OL UETAYAMTTLOTES TTOV TEPLKOTTOVY TO 1 // J mpémeL va Kvouvto 1 % J va
€L TO 1O10 TPOONUO pE TO 1.

Yndpyovv yeg TpoyUaTIKEG TEPLTTAOOELS XPNONG YLt To 1 % J 6tov To J elvonr apvntkd. ‘Otav to J eiva
BeTLKd, VITAPYOLVY TOMES, Kau OYedOV OAeg elvan Lo xpNolueg yioe 1 % J va eivaw >= 0. Edv to pohot héer 10
éheye mpv a6 200 wpeg; —190 % 12 == 2 eivow xpHowwos 10 —190 % 12 == -10 eivou éva opdiua o
TEPLUEVEL VO, DUYKWDOEL.

2.3.3 Nwg pnopw va napw to literal xapaktnplotiko int avti ywa to SyntaxError;

Trying to lookup an int literal attribute in the normal manner gives a syntax error because the period is seen as a decimal
point:

>>> 1. class_
File "<stdin>", line 1
1.__class_

A

SyntaxError: invalid decimal literal

H Mom eivoun vo droywprotel To literal amd v teheia eite pe kevd eite pe mopévOeon.
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>>> 1 . class_
<class 'int'>

>>> (1)._ class_
<class 'int'>

2.3.4 MNwg HETATPENW HLa CURBOAOOELPA OE Evav apLlOuo;

For integers, use the built-in int () type constructor, e.g. int ('144"') == 144. Similarly, float () converts to
floating-point, e.g. float ('144"') == 144.0.

Antd mpoemhoyi), vt epunvetouv tov optiud wg dekadikod, £ToL wote int ('0144"') == 144 va eivor olndég,
Ko To int ('0x144"') va eyeiper ValueError. To int (string, base) maipvel T fAOT L0 LETATPOT
G OEVTEPO TPOULPETLKO OPLona, 0TOTE TO int ( '0x144', 16) == 324.Ed&vn pdon éxel kaboprotel wg 0, o
apLBpdg epunvevetal ypnopomolmvrag Kavoves g Python: éva apyikd “00” vtodnidver oktadLko , koL 1o “0x”
deiyvel évov dexaeEadiko apdud.

MnV xpNOLOTTOLELTE TNV EVOMUATOUEVT] CUVAPTNON eval () €4V To LOVO TV YPELALEDTE ELVOL VO LETATPEYPETE
ovpporooelpég og aptBuovs. eval () Oa eivor onuavitkd o opyr Ko Tapovotdlel Kivouvo aopaieiog: KAmTolog
0o umopovoe va cog petofipdoel wo £xgpaon Python mov umopel va éxel avembiunteg mapevépyetes. o o
paderyua kdmolog Ba uopovoe va tepdoeL To _ import_ ('os') .system("rm -rf $SHOME") T0 omoio
Oa drorypdpet To home dxeho.

eval () €yeL emiong wg AmOTEAEOUO. TV EPUNVELD TV aplBumv mg ekgpdoelg Python, étol ote m.y. to
eval ('09'") divel évo ovvtaktkd opdiuo emeldn n Python dev emitpémel v eloaywyn tov “0” oe évav de-
KadLkd oplOud (extodg “07).

2.3.5 Nwg peTaTpenw gvav aplBpd oe CUPNBOAOOELPAQ;

To convert, e.g., the number 144 to the string “144”, use the built-in type constructor st r () . If you want a hexadecimal or
octal representation, use the built-in functions hex () or oct () . For fancy formatting, see the f-strings and formatstrings
sections, e.g. "{:04d}".format (144) yields '0144"and "{:.3f}".format (1.0/3.0) yields '0.333".

2.3.6 Mwg pMopwW va TPOTIOTOLI|OW HLa CUMBOAOCELPA OTN B€0N TNG;

Agv pumopeite, ylotl oL oURBOAOCELPES ELvaL OUETAPANTES. ZTLG TEPLOOOTEPES TTEPLTTAOELG Ot TPETEL ATADG VaL O1)-
WOUPYNOETE pLat VEO GUUPBOLOTELPG 0TTd TOL dLAPOpa HEPT aTd TaL oTToia BELETE vau T ouvapuohoyhoete. QoTd00,
eqv ypelaleote éva aviikeipevo pe duvatdTnta Tpomomoinong dedouévmv unicode, dokUAOTE VoL X PNOLUOTTOL-
OETE €VOL OVTIKELNEVO 10 . StringIO 1) to module array:

>>> import io

>>> s = "Hello, world"
>>> sio = i0.StringIO(s)
>>> sio.getvalue ()
'Hello, world'

>>> sio.seek (7)

5

>>> sio.write("there!")
6

>>> sio.getvalue ()
'Hello, there!'!

>>> import array

(ouvéyela otV emouevV oelida)
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(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)

>>> a = array.array('u', s)
>>> print (a)

array('u', 'Hello, world")
>>> a[0] = 'y'

>>> print (a)

array ('u', 'yello, world")

>>> a.tounicode ()
'yvello, world'

2.3.7 Nwg Unopw va XPnoLUOTIOL 0w CUMBOAOCELPEG Yia va KAAEOwW ouvapTi-

ocLg/HEeBOBOUG;

Yndpyovv dubipopeg teVIKES.

To koAUtepo eival va ypnolpomooete éva AeEtkd mov avtiotouyilel ovpBorooelpég oe cuvaptioets. To
KUPLO TAEOVEKTIUO QUTAG TNG TEXVIKNG €lval OTL oL GuIBOh0CELPEG eV YXPELALETAL VA TALPLALOVV UE TA
OVOUOTO TWV OVVOPTNoEWV. AVTH glval ertiong 1 KUpLa TEXVIKT Tov yprowuomoteital yio Ty eEopoiwon
LLOLG KOTAOKEVTG TTeLMV-KEPolaiwV:

def a():
pass

def b () :
pass

dispatch = {'go': a, 'stop': b} # Note lack of parens for funcs

dispatch[get_input ()] () # Note trailing parens to call function

XP1OLUOTOLELOTE TNV EVOMUOTOUEVY OVVAPTNON getattr () :

import foo
getattr (foo, 'bar') ()

Znuewnote Ot 1o getattr () AELTOVPYEL O OTOLOONTOTE AVILKELUEVO, CUUTEPIAAUPBAVOUEVWV KAATEWV,
ovtotitwv kKhdoswv, modules, kot oUtw KaOeENC.

AvuTto ypnoLpoToLELTOL € TTOAG onueio TG TVTTILKNG PLpAoOnKNG, Omtwg auTo:

class Foo:
def do_foo(self):

def do_bar(self):

f = getattr(foo_instance, 'do_' + opname)
£0

Xpnowomolnote To Locals () Yo va eTAVOETE TO dvoua TG oVvApTNoNgG:

def myFunc () :
print ("hello")

fname = "myFunc"

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

f = locals () [fname]
£()

2.3.8 Is there an equivalent to Perl’s chomp() for removing trailing newlines from
strings?

Mrtopeite va xpNOoLUoToLoete T0 S.rstrip ("\r\n") yuo Vo apolpéseTe OMEG TLG EWPOVIOELS OTOLOVITTTOTE
terminator ypouung amd to t€Aog g ouuforooelpdg S ywpls va agparpéoete dira kevd. H ovppolooepd S avi-
TPOOMTEVEL TEPLOOOTEPEG ATTO UioL YPAUUES 0TO TENOG, OL terminators YpauunG yio OAEG TIg KEVEG Ypauués Oa
agapedoiv:

>>> lines = ("line 1 \r\n"
n\r\nu

L. "\r\n")

>>> lines.rstrip("\n\zr")

'line 1 '

Aedopévou 0tL autd eivan ouvnOmg emBuUNTO LOVO KOTA THY AvAYVEWOoT KEWEVOU Ui YPAUUy T Qopa, 1 xpNon
Tov S.rstrip () Aertovpyeil KOl

2.3.9 Is there a scanf() or sscanf() equivalent?

'Oy wg tétolo.

For simple input parsing, the easiest approach is usually to split the line into whitespace-delimited words using the
split () method of string objects and then convert decimal strings to numeric values using int () or £loat ().
split () supports an optional «sep» parameter which is useful if the line uses something other than whitespace as a
separator.

For more complicated input parsing, regular expressions are more powerful than C’s sscanf () and better suited for
the task.

2.3.10 What does “UnicodeDecodeError” or “UnicodeEncodeError”’ error mean?

B\ 1o unicode-howto.

2.4 Anoédoon

2.4.1 To npoypappa pou givat mMoAu apyo. NMNwg uropw va to emrayxuvw;
Avt6 gival dvokoho, yevikd. Tpwtov, edd eivar wo AMoto pue Ttpdynoto ov mpénel va Oupdote Tpwv fovt)Eete
TEPALTEP®:

o To yopaktnpotikd amxddoong diapépouv peta&d twv vhomoujoewv Python. Avti) 1 FAQ eotidlel oto
CPython.

o H ovurmepipopd wropel vo. Stagpépel PeToED TV AELTOUPYLKMV oVoTNUAT®Y, eldlKd dtov whdue yio I/O 1
multi-threading.
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o Oa mpémer mhvta vo Pplokete ta hot spot oto TPOYPAPUG OOG TOLY ETLYELPTOETE VO BENTLOTOTOOETE
omolovdnTote kKwdika (BA. To module profile).

« H olvtakn oevapiov cuykprtikig aEloldynong Oa oag emtpéyel vo KAvete iterate yprfiyopa Katd tv ava-
tnmon Pertiwoemv (BA. To module timeit).

o ZuvioTaTol avermupUhaKTo Vo £xeTe Kol KaAupn Kddika (WEow unit testing 1 ortolaodnmote GAMNG TEYVL-
KNG) Ly amd thv mbavy eloaymy Kpuppévoy talvdpoufioewy (regressions) oe eEeAyuéveg BeAtiotomol-
1OELC.

Toutov Aeybévtog, VITdpyouV TOAAE KOLTOL YL TNV ETLTAYVVOY TOu KOdKa Python. AkohovBovv oplopéveg yevi-
Kég apyég mov BonBotv oA otV EMiTEVEN ATOSEKTMV EMUITEdMV ATOOONG:

o To va kdvete Toug alyopiBuovg cog mo ypNyopoug (N va alldEete oe TayUTEPOUS) UTOPEL VO ATTOPEPEL
oA peyahiTepa 0ELT aItd To Vo TPOOTADELTE VO OKOPTTioeTe KOO (kPO BeNTLOTOTOINONG 08 OAO TOV
KOOLKA 00G.

o XpNOLUOTTOL0TE TIG OMOTES dopég dedopuévarv. Meletnote v tekunplwon yio to bltin-types kou to module
collections.

o 'Otav 1 Tumkn BLpModNKN TapéyeL EVo TPOTOYOVO Yo VoL KAVETE KATL, Elval Thavo (av Kol dev eival ey-
YUNUEVO) Va elvoL TTLO YPNYOPO atd omoLadhitote EVOALAKTIKY) AMom Tov wtopeite va Ppeite. Avtd LoyveL
AAd yio tpwtdyova ypapuévo o C, Omg eVOMUATOUEVO KAl OPLOUEVOVS TUTTOVG entekTdoemy. o ma-
PAdELYUAL, PPOVTIOTE VAL X PNOLULOTTIOLT|OETE ELTE TNV eVOMUATOUEVT uEB0dO 1ist . sort () &lte T OYETIKN
ouvdptnon sorted () ya va kbvete ToEwvounon (ko deite To sortinghowto yio apadeiyuato HéTplog
TPONYUEVNS XP1ONG).

o O apapéoeLs Telvouv va dnuLovpyolv £uueces KotevhuvoeLg Kol avaykaZouy Tov dlepunvEéa v EpYOOTEL
nepLoootepo. Edv ta enimeda g éuueong Katevhuvong umepTePOUV TOU OYKOU TNG XPTOLUNG EPYATiog
OV YIVETOL, TO TPOYPAUUO 00g Oa elvar o apyd. Oa TPETEL VoL OTTOPUYETE TNV VITEPPOALKTY] OLpaipeDT,
€LOLKA e T HopE@Y WKPOOKOTILKMV oUVApTHOEMVY 1 neBOdmV (;Tou elvan emiong ouyva emlhuLe yio TV
AVOLYVOOLUOTNTA).

If you have reached the limit of what pure Python can allow, there are tools to take you further away. For example, Cython
can compile a slightly modified version of Python code into a C extension, and can be used on many different platforms.
Cython can take advantage of compilation (and optional type annotations) to make your code significantly faster than
when interpreted. If you are confident in your C programming skills, you can also write a C extension module yourself.

Agite gmiong:

H oehida wiki mov eivar aglepmuévn oe cupufoviéc amrddoomc.

2.4.2 TMolog €ival o Lo AnNoTEAEOUATLKOG TPOTIOG YLa va CUVOECETE TIOAAEG OUp-
BoAooelpEg peTAEU TOUG;

Ta aviikeipeva str kow bytes gival auetdfinta, emopévmog 1 oVvOEot TOAMY cUUPBOLOCEPDV UETAED TOUG
elval avaroteheouatiky KoOmMg KAOe oLVEVWOT dNULOVPYEL £VaL VEO AVTLKELUEVO. ZTN YEVIKT) TTEPLTTOON, TO GU-
VOMKO KOOTOG XPOVOU EKTEAEONG ELVAL TETPAYWVIKO OTO GUVOAKO UfKog OUUBOLOTELPAC.

[0 vor OUYKEVIPDOETE TOMA AVTIKEIUEVA ST T, TO TPOTELVOUEVO LOLMUOL ELVOL VO TO TOTOOETNOETE O€ WOl AMoTal
KoL VO KAAEOETE TO 0TO str.join () Téhog:

chunks = []

for s in my_strings:
chunks.append (s)

result = ''.join (chunks)

(éva Ao LoyLKG QTOTELECUATIKO LOLUO ELVOL VO YPNOLUOTOOETE TO 10 . StringIO)
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To T oVYKEVTPMOT TOAMDY AVTIKEWEVOV byt es, TO CUVIOTOUEVO LWOImUO EivaL M ETEKTOON EVOG AVTIKELUEVOD
bytearray ypNOWOTOLMVTOS ETLTOTLO. OUVEVWOT] (0 TELEOTNG +=):

result = bytearray ()
for b in my_bytes_objects:
result += Db

2.5 AKoAouBieg (MAewadeg/AloTeQ)

2.5.1 Nwg pMopw va Kavw Jetatpor) HETAEU NMAELAdwYV Kal ALOTWV;

O KaTOoKEVAOTNG TUTTOV tuple (seq) UETATPETEL OTOLAONTOTE AKOAOVOL (TTNV TPAYUATIKOTYTO OTTOLOOT|TTOTE
iterable) o mhelddo pe ta idLa aToLyElD OTNV D10l OELPAL.

To wopdderyna, 1o tuple ([1, 2, 3]1) amodidel (1, 2, 3) kawtotuple ('abc') amodidel ('a', 'b',
'c'). Edv to dpiopa eivar mherdda, dev dnuiovpyel aviiypapo alld emLotpépel To (810 AVTIKELUEVO, ETOUEVMG
etval pTnvo va KaAéoete to tuple () Otav dev elote olyoupol OTL éva avitkeiuevo elval 1O mhelddo.

O xatookevaot|g TUmmV list (seq) uetatpémel omoladnmote akolovbdia 1| iterable oe wa Aiota pe to ida
otouyeia otV da oepd. T mapdderypa, to 1ist ((1, 2, 3)) amodider [1, 2, 3] kou list ('abc')
amodidel ['a', 'b', 'c'l.Av o opopa eivar Mota, duovpyel amhadg éva aviiypapo dmwg Oa £Kave 1o
seql:].

2.5.2 T eivalL apvnTikog deiktng;

Ot axolovbieg Python indexed pe Oetikotc aplBpovg kot apvntikovg aptbuotc. Ta Betikots aplbpovg to 0 giva
o pwrog deiktng 1 eivar o devtepog deiktng Kaw ovtw kabeEhg. Ta apvnTikovg deikteg To -1 givar o Televtaiog
deixtng ko 1o -2 eivan o potereutaiog (dimha 0To TeElevtaio) deiktng Kow oVTw KabeEhg. ZkepTeite To seq[—n]
G TO idL0 ue 10 seqg[len (seq) -nl.

H ypnomn apvnukmv detktdv pmopel vou gival ol foiukn. Tia mopdderypa S[:—11 elvow OAn 1 ovporocelpd
EKTOG OTTO TOV TELEVTALLO APOKTIPOL TNG, O OTOLOG ELVAL YPTOLUOG YLO. TNV OPALPEDT THG VEAS YPAUUNG TTOV 0KO-
MovBei uLa cuuforooelpd.

2.5.3 MNwg pmopw va enavaldpw pia akoAoubia pe avriotTpoPpn oeLpq;

XPNOWOTOLELTTE TNV EVOOUATOUEVT CUVAPTNON reversed () :

for x in reversed(sequence) :
# do something with x ...

Avuto dev B emmpedoel TNV apyLkn oog akolovdia, ald dNULOVPYNOTE £V VEO AVTIYPOPO UE OVTIOTPOPY GELPA
YLOL ETTOVAAY).
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2.5.4 Nwg agaipeite dLMAGTUNA AMO HLa AloTa;

Agite to Python Cookbook yio o pokpd gulnmon oxetikd pue morhoig Tpdmovs YLo VoL To Kavete ovtd:
https://code.activestate.com/recipes/52560/

Edv dev oag mepdlel va avadiatdEete tn Moto, TOELVOUNOTE TV KAl UETE 0OPDOTE 0T TO TEAOG TIG MOTOG,
SLoypApovTag To. HLTAOTUTTO KAOWMG TPOYWPATE:

if mylist:
mylist.sort ()
last = mylist[-1]
for i in range(len(mylist)-2, -1, -1):
if last == mylist[i]:
del mylist[i]
else:
last = mylist[i]

Edv 6ha ta atouyela T AoTog umopovv va xpnotuomotn 0oy og khetdid ovvorov (dnhadn eivar Oha to hashable)
avtd glvol ovyva mmo ypiyopo:

mylist = list (set(mylist))

Avtd petatpémel T Mota og £va 6UVoLo, aQALpdOVTOG £ToL TA, SLITAOTUITO, KOl 0TY OUVEXELD Eavd og Mota.

2.5.5 Nwg agpalpeite MOAAaNAa otolxeia anod pia Aiota

'Onmwg KoL (e TV KOTEP YN0 TOV SUTAOTUITMVY, TO pNTO iterating ovtioTpoga Pe (o ouvOnKy dLaypophg eivar pa
mBavdTTe. Qotdoo, eivol eUKOAITEPO KoL TTLO YPIYOPO VA XPNOLUOTTOLHOETE TV OVTLKOTAOTAON TUNUATOV UE
Eva EUIEDO 1 PTG TTPOG TOL EUTTPOG iteration. AkorovBovv tpelg aporharyés:

mylist[:] = filter (keep_function, mylist)
mylist([:] (x for x in mylist if keep_condition)
mylist[:] [x for x in mylist if keep_condition]

To comprehension g AMotag umopel va eival tayvTepo.

2.5.6 Nwg pnopeite va pTiagete €vayv nivaka otnv Python;

Xprnowpomowote pia Alota:

["thj.S", 1, "j.S", "an", "array"]

O Moteg elvan Looduvaueg e toug mivakeg g C 1 Pascal oty xpoviki| Toug mohmAokoTnToe 1 KUpLo dtopopd
etvar 6t wa Moto Python umopel va epLéyel aviikeipueva ToAdV SLAPOPETIKDV TUTWV.

The array module also provides methods for creating arrays of fixed types with compact representations, but they are
slower to index than lists. Also note that NumPy and other third party packages define array-like structures with various
characteristics as well.

To get Lisp-style linked lists, you can emulate cons cells using tuples:

lisp_list = ("like", ("this", ("example", None) ) )

If mutability is desired, you could use lists instead of tuples. Here the analogue of lisp caris 1isp_list [0] and the
analogue of cdris 1isp_list [1]. Only do this if you're sure you really need to, because it’s usually a lot slower than
using Python lists.
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2.5.7 Nwg pTIaxVw pLa noAudiaoctatn Aiotaq;

Md&lhov poomadfoate va @TidEete £vav TOAUSLAOTATO TVaKO ooV aUTdV:

>>> A = [[None] * 2] * 3

AvTtd Qaivetor 0moTO OV TO EKTUTTMOETE:

>>> A
[ [None, None], [None, None], [None, None]]

AMG OTav exywpeite o Ty, EupaviCetat oe ToAd onueio:

>>> A[0][0] = 5
>>> A
[[5, None], [5, None], [5, Nonel]]

O AOyog eivar OTL 1 avastapaywyn wog Moto ue * dev dnuovpyei aviiypapa, dnuovpyel WOvo avagpopés ota
vrtdpyovra avitkeipeva. To *3 dnuovpyel wa Aota ov mepiéyel 3 avapopés otnv da Moto ukovg dvo. Ou
olayég oe pia oelpd Oa engpaviCovtal oe OAeg TIg OELPES, KATL TOV 0%edOV Oiyoupa dev eival autd ov OéheTe.

H mpotervouevn pooéyyLon eivor vo dnuovpynoeTe TpdTo pue Alota pe to embuuntd uiKog Kot 0T CUVEXELL
Vo oVt PwoeTe KAOe oToLyElo ne pa véa Mota:

A = [None] * 3
for i in range(3):
A[i] = [None] * 2

Avtd dnuovpyei o Mota ov meptéxel 3 drapopeTikés MoTeg ue unkog dvo. Mitopeite emiong va xpMOLUOTTOoL |-
oete £va comprehension AloTtog:

w, h =2, 3
A = [[None] * w for i in range (h)]

Or, you can use an extension that provides a matrix datatype; NumPy is the best known.

2.5.8 How do | apply a method to a sequence of objects?

Use a list comprehension:

result = [obj.method() for obj in mylist]

2.5.9 lNuarti to a_tuple[i] += [“item”] dnuloupyei pLa egaipeon 6tav AELTOUPYEL N
TPOCONKN;

Avtd ogeileTol og évav cuvdLaoIO Tou YeyovdTog OTL oL etavENuEvol TeEheoTEG ek DPNONG elval TEAEOTEG exy -
onong KoL TG dLagopdc Hetaly uetafintov Ko auetdpfintomv avukewévov oty Python.

Avt) 1 ovTNTNOT LoYYEL YEVIKG OTOV OL ETOVENUEVOL TEAEOTEG EKYDPNONG EPAPUOTOVTOL OE OTOLYELC ULOLG TTAELAL-
dac mov delyvouv oe HETABANTA ovTikelueva, adld Oa ypnolpomooovpe 1ist Ko += mg VITOdELYUd oS,

Edv ypdapere:
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>>> a_tuple = (1, 2)
>>> a_tuple[0] += 1
Traceback (most recent call last):

TypeError: 'tuple' object does not support item assignment

O Moyog yo v eEaipeon Ba mpémer va eivan apéowg copng: to 1 TpooTifeToL 0To avTikeipnevo a_tuple [0]
delyveL 0to (1), TAPAYOVTAG TO AVILKEIUEVO ATOTELECUATOG, 2, OAA OTOV TPOOTAOOVIE VAL AVILOTOLYICOUNE TO
OTTOTELEGILOL TOU VITOLOYLOWHOV, 2, 0TO atotyeio 0 TG TAetddag, Aapupdvovpe éva opdiuo emeldn dev wropovue vo
aAhGEoupe ovtd ou deiyvel £va ototyeio uog mhelddag.

Kdétw 06 to koddppata, autd mov Kaver auth 1) emovEnuévn dnhwon avabeong eivou mepimov to eENg:

>>> result = a_tuple[0] + 1
>>> a_tuple[0] = result
Traceback (most recent call last):

TypeError: 'tuple' object does not support item assignment

Eival to tuua avaddeong tg Aertovpylog mov mopdyel To opailuol, opov uia TAELAd elval aUeTaPANTY.

‘Otav yplgpete KATL O0LV:

>>> a_tuple = (['foo']l, 'bar'")
>>> a_tuple[0] += ['item']
Traceback (most recent call last):

TypeError: 'tuple' object does not support item assignment

H eEaipeon eivor Aiyo mmo eKmAnKTIKY], KoL akOuT) o EKTANKTIKO gival To YeYovog OTL Tapdho Tov VIthpye £va
OPAAUQL, TO TTAPAPTNUC AELTOVPYNOE:

>>> a_tuple[0]
["foo', 'item']

To see why this happens, you need to know that (a) if an object implements an ___iadd___ magic method, it gets called
when the += augmented assignment is executed, and its return value is what gets used in the assignment statement; and
(b) forlists, __iadd__is equivalent to calling ext end on the list and returning the list. That’s why we say that for lists,
+=is a «shorthand» for 1ist .extend:

>>> a_list = []
>>> a_list += [1]
>>> a_list

[1]

Avutd 100duvaLED LE:

>>> result = a_list._ iadd__ ([1])
>>> a_list = result

To avTLKEiEVO GTO 0TTOl0 VTTOdELKVVETOL Otd TO a_list £xel peTohhayOel Kan 0 dEIKTNG 0TO UETAMOYUEVO AVTIKEL-
uevo éyet ekympnOei miow oto a_list. To telkd amotéheouo g avadeong eival £va no-op, Kabmg eivor £vag
deikng oto idLo avtikeipevo mov To a_list édeuyve mponyovuévmg, odhd 1 avébeon eEakolovdel va yiveta.

'EtoL, 0T0 TapAdELYa LA, 0UTO TTOV CUUPALVEL Elval LGOdVVAUO UE:
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>>> result = a_tuple[0].__iadd__ (['item'])
>>> a_tuple[0] = result
Traceback (most recent call last):

TypeError: 'tuple' object does not support item assignment

The _ iadd__ succeeds, and thus the list is extended, but even though result points to the same object that
a_tuple[0] already points to, that final assignment still results in an error, because tuples are immutable.

25.10 ©éAw va KAvw Mua mepPIiMAokKn Tta&gvounon: MMOPEiTE va KAvete €va
Schwartzian Transform otnv Python;

H teyvikt|, wov amodideton otov Randal Schwartz thg kowvdtntog Perl, ta&wvouei To otouyeia wog Motag pe féon
(o LETPMoT Tov avtiotowyilel kKabe atolyeio oty » T TaEvounong» tov. v Python, xpnowomouote to
opopa key yio T uébBodo 1list.sort ():

Isorted = L[:]
Isorted.sort (key=lambda s: int(s[10:15]))

2.5.11 Nwg pnopw va ta&Lvopnow pia Aiota pe Baon TiLg TIHEG amnd pia aAAn Ai-
oTq;

Suyywvedote ta og évay iterator TAELASOWV, TAEvouNnoTe T AMOTO TOV TPOKVITTEL KOL, 0TIV OUVEYELD. ETULAEETE TO
otouyelo mov Oélete.

>>> listl = ["what", "I'm", "sorting", "by"]

>>> 1list2 = ["something", "else", "to", "sort"]

>>> pairs = zip(listl, list2)

>>> pairs = sorted(pairs)

>>> pairs

[("I'm", 'else'), ('by', 'sort'), ('sorting', 'to'), ('what', 'something')]
>>> result = [x[1] for x in pairs]

>>> result

['else', 'sort', 'to', 'something']

2.6 AvTtikeipeva

2.6.1 T eival pua KAaon;

Mo KMAOT Elvan 0 UYKEKPLUEVOG TOITOG OVTLKELUEVOD TTOU dNULOVPYELTOL e TNV EKTEAEON Lag dNAwoNG KAGONG.
To aviikeipevo KAAoNG XPNOUOTOLOVVTAL MG TIPOTUITOL YLOL T1 ONULOVPYIC OVTLKEWWEVMV TTOPOVCLOG, TO OTTOLaL
EVOOUATOVOUV TOO ToL dedouéva (XopakTpLotikd) 6oo Kou Tov Kmdika (ueBddoUg) eldLKd Yo évov THmo dedo-
UEVQV.

Mua kAGor wtopel va BaciCeton og plo 1) meploodtepeg ahheg KAAOELS, TOU OVOUALoVTOL BOOLKEG KAAOELG TNG.
11 OUVE ELD KANPOVOUEL TOL XOLPOKTNPLOTIKA Kot TG uefddoug Tmv Baotkdv KAAGEMVY. AUTO EMLTPETEL OE £VaL NO-
VTELO OVTLKELWEVOU Va FehTLwbel dLodoyikd pe kKinpovoukdtnto. Mmopei va €xete (o yeviky khion Mailbox
o opEYEL Paotkég nebodovg TPOGPAoNS Yo £Va YPOUUOTOKLBOTIO Kot vTokAdoelg 0mwg MboxMailbox,
MaildirMailbox, OutlookMailbox mou XeLPILoviol dLAPOPEg CUYKEKPLUEVES LOPPES YPOUUATOKLBMTIOV.
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2.6.2 T eival pua pE60JdOG;

Mua uéBodog eivar o GuvapTNon oe KATOoLo avitkeipevo x mov ouvnOwg Kaleite wg x . name (op topata. . .).
Ot uéBodoL 0pilovTal MG CUVAPTHOELS EVIOS TOU OPLOUOY KAAONG:

class C:
def meth(self, arg):
return arg * 2 + self.attribute

2.6.3 Tweival to self;

To self eivor amhodg éva ovppatikd dvouo Yo To TP®TO OpLopa pag neBddov. Mio né€bodog mov opiletar wg
meth (self, a, b, c) mpémel va ovoudletor x.meth (a, b, ¢) yuo kdmwolo mopdderyuo x TG KhAoNG
OTNV 0TToleL EUPAVICETAL 0 0pLOROGe 1 KohoUuevn néodog o ovopdLetan meth (x, a, b, c).

BA. extiong Why must “self” be used explicitly in method definitions and calls?.

2.6.4 MNwg pnopw va eAEYEw €Aav €va avtiKeiPevo ival pua ovrotnta puag dedo-
HEVNG KAAoNG 1} HLag UTtIoKAAong tng;

Use the built-in function isinstance (obj, cls). You can check if an object is an instance of any of a number
of classes by providing a tuple instead of a single class, e.g. isinstance (obj, (classl, class2,

.) ), and can also check whether an object is one of Python’s built-in types, e.g. isinstance (obj, str) or
isinstance (obj, (int, float, complex)).

Adfete vtoyn 6T To isinstance () ehéyyeL ETONG YLOL ELKOVIKY KANpOovoKOTTO 0TT0 Wat abstract base class.
'Etot, 1 dokuun Oa emiotpépel True yior o eyyeypouuév kKhaon axdua KL av dev €xel kKAnpovounoet dueoo 1
éuueoa amd ovtd. Na va ehéyEete o «odnBuwvn kKinpovoukdtntor, capwote to MRO tg KAGONG:

from collections.abc import Mapping

class P:
pass

class C(P):
pass

Mapping.register (P)

>>> ¢ = C()

>>> isinstance(c, C) # direct
True

>>> isinstance(c, P) # indirect
True

>>> isinstance(c, Mapping) # virtual
True

# Actual inheritance chain
>>> type(c)._ mro_
(<class 'C'>, <class 'P'>, <class 'object'>)

# Test for "true inheritance"
>>> Mapping in type(c). mro
False
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AdBete voYmn 6t TO TEPLOTOTEPX TTPOYPAUUATO dEV Y PNOLUOTOLOVV TO isinstance () o€ KAdoeLg wov opiLo-
vtar amd ™) xpnotn mold ovyva. Edv avamtiooete pdvor 0og tig KAAOELS, £V TTLO OMOTO OVTLKELULEVOOTPEPNG
otuk elvon va opitete pefdd0Vg 0TLG KAAOELS TOU EVODUATMVOUY L0, CUYKEKPLUEVT] CUUTTEPLPOPQ, AVTL VAL ELEY-
YETE TNV KAAON TOU OVTLKELUEVOD KL VO KAVETE KATL dLOpOoPeTKO 1e BAoT TNV KAAON TTOV ELVOL, VL0 TTOPASELYUOL,
eQV €YETE ULAL OVVAPTNON TTOV KAVEL KATL:

def search (obj) :
if isinstance (obj, Mailbox):
# code to search a mailbox
elif isinstance (obj, Document) :
. # code to search a document
elif

Mo kahOtepn mtpooéyylon eival vo oploete po 10080 search () o€ Oheg TIG KAAOELG KOl OTTAMG VO TV KOAE-
o€Te:

class Mailbox:
def search(self):
# code to search a mailbox

class Document:
def search(self):

# code to search a document

obj.search()

2.6.5 T eival To delegation;

To delegation eivol pLot AVILKELUEVOOTPAPNG TEXVLKY (ovopdletal emtiong potifo oyediaong). Ag vtobéoovue OTL
éyete éva avtikeipevo x kou Béhete va aldEete T ovprtepLpopd wog povo amd Tig uebddovg Tov. Mmopeite va
dMUOVPYNOETE Lol VEQ KAGOT TTOU TTOPEYEL PLat VEO, VAOTTOIN 0T TG ueBddov mov oog evolagépel vo adhdEete Kal
ekywpel Oheg Tig ddheg ueBddovg oty avtiotouyn uéBodo tou x.

Ou wpoypaupatiotég Python popotv elkola vo vhomomoouy tv avdbeon. Lo mapdderyna, n axkdhovdn khdon
VAOTTOLEL Pt KAAO TTOV GUUTTEPLPEPETOL OOV APYELD MG UETATPETEL OMOL TOL YpOTTTd dedopéva oe Kepaaio:

class UpperOut:

def _ init_ (self, outfile):
self. outfile = outfile

def write(self, s):
self._outfile.write(s.upper())

def _ _getattr__ (self, name):
return getattr(self._outfile, name)

Here the UpperOut class redefines the write () method to convert the argument string to uppercase before calling
the underlying self. outfile.write () method. All other methods are delegated to the underlying self.
_outfile object. The delegation is accomplished via the __getattr__ method; consult the language reference
for more information about controlling attribute access.

Note that for more general cases delegation can get trickier. When attributes must be set as well as retrieved, the class must
definea __setattr__ () method too, and it must do so carefully. The basic implementation of __setattr__ ()
is roughly equivalent to the following:
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class X:
def _ setattr_ (self, name, value):
self. dict [name] = value
Most __setattr__ () implementations must modify self.__dict__ to store local state for self without causing

an infinite recursion.

2.6.6 How do | call a method defined in a base class from a derived class that
overrides it?

XPNOLWOTOLHOTE TV EVOOUATOUEVY GUVAPTNON super () :

class Derived (Base) :
def meth (self):
super (Derived, self) .meth()

For version prior to 3.0, you may be using classic classes: For a class definition suchas class Derived (Base) :
you can call method meth () defined in Base (or one of Base’s base classes) as Base .meth (self, arguments.
. .) . Here, Base .meth is an unbound method, so you need to provide the se1f argument.

2.6.7 Nwg uropw va opyavwow ToV KwdLKa JoU TIPOKELUEVOU va SLEUKOAUVW TNV
aAAayn Tng Baolkng KAaong;

B0 WTOPOVOATE VO OVTLOTOLLOETE T oLkt KAAON 0€ £va YPEVdMVUUIO KAl VO TTPOKVPEL TO PEVOMVUUO. ZTNV
OUVEYELDL, TO WOVO TTOV TTPETTEL VO GAMGEETE elval 1) TN OV €xel ekympnBel Pevddvupo. Mapeummtdovimg, avto
T0 KOATTO glvan emmiong xpnouo edv Béhete va amopaocioete dSUVOULKE (T.Y. avaloya te TV dLobeoLudTTo TOV
TOpwV) oL faotky) kKhaon va ypnopomomoete [Mapdderypor:

class Base:

BaseAlias = Base

class Derived (BaseAlias) :

2.6.8 Nwg dnuloupyw dedopEva OTATIKNG KAAoNng Kal HEOOBoUG oTATLKIG KAG-
ong;

Tdoo ta otatioTikd dedouéva 6co KoL oL atatikéc uébodol (e v évvora g C++ 1) g Java) vrootnpilovrou

otnv Python.

T otatkd dedouéva, amhdg opiote va apakTPLoTkd Khdong. Tuo va exywpfoete wua véa Ty} 0To yapo.-
KTNPLOTLKO, TPETTEL VOL YPNOLUOTTOLOETE PNTA TO Ovoua KAAONG 0TV EKYXDPNON:

class C:
count = 0 # number of times C.__init___ called

def  init_ (self):

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

C.count = C.count + 1

def getcount (self):
return C.count # or return self.count

To c. count avagépetal €xiong oto C . count Yo 0TOLOdNTOTE ¢, ETOL MOTE VO LOYVELTO 1sinstance (¢, C),
ekToOg edv mopakapupOel amd to idLo To ¢ 1 amd Kamola KAAon ot dtadpour| avalntnong g Paotkng KAaong
andtoc.__class__ miow oto C.

[poooyn: og o uéBodo tou C, pua avddeon 0mwg self.count = 42 dNUOVPYEL Lot vEQ Ka AOYETY TaPOVTiaL
e To dvopa «count» 6to dkd tov dict Tov sel £. Emavaoivdeon pag KhAoNG-0TaTikng Ovoud dedouévay mpémel
TavTo Vo TPOodLopiLeL TNV kAo elte BpiokeTon péca o€ o uefodo eite OyL:

C.count = 314

O ototikég pébodot eivar duvatéc:

class C:
@staticmethod
def static(argl, arg2, arg3):
# No 'self' parameter!

Qot600, £vag oAV 1TLo AAOg TPOTOG Y10 VoL MABETE TO ATOTENEGUA (OG OTATIKNG UEOOOV giva HEow pLag aTing
OUVAPTNONG OF EMITEDO HOVADAG:

def getcount():
return C.count

Edv o kddikag oog eivar dounuévog €toL mote va opilel pio kKAdon (1] oteva ouvdedeuévn tepapyiag KAAGEWV)
ova module, awto mapéyel Ty embuun Ty EVOUAAK®O).

2.6.9 MNwg pmopw va uNEPPOPTWOW KAaTaoKeuaoTeS (1] 1€66doug) otnv Python;

Avti 1 atdvinon Loyvel oty TPOYUOTIKOTITA YIoL Oheg TIg neBddove, alld 1 epdTNON cUVNOWG EppovileTa
TPOTI 0TO TAALOLO TV KOTATKEVOOTHDV.

Zmv C++ Oa ypdopate
class C {
C() { cout << "No arguments\n"; }
C(int i) { cout << "Argument is " << i << "\n"; }

Zmv Python sipémel va ypdpete Evav povadilkd KATooKEVAOTY) TOU VAL TTLAVEL OLEG TLG TTEPLITTMOELS Y PTOLULOTTOLM-
vtag poemheyuéva opiopato. o wapdderypor:

class C:
def _ init_ (self, i=None):
if i is None:
print ("No arguments")
else:
print ("Argument is", 1i)

Avuto dev eivar evteddg 100dVvVapo, OAG apKeTd KOVIA oty TPAE.
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B0, WTopoVoaTE EMIONG VA SOKLUAOETE (oL ALOTA OPLOUATOV PETABANTOV UHKOUG, TT.X.

def _ init_ (self, *args):

H (8w tpooéyyiomn Aettoupyel yio OAOVg Tovg 0pLopovg nebodwv.

2.6.10 Mpoomnabw va XPnoLUOoTIONoW __spam Kat AapBavw €va GPpAaApa oXETLKA
He To _SomeClassName__spam.

Ta ovoporta petafAtaiv pe duwhf) voypduion oty apyn eivor «mangled» yio vo tapéyouv évav amhd odld
OTTOTELECUATLIKO TPOTO OPLOUOV TV OWTIKMV UETOPIMNTOV KAA0TG. OmoL0d1toTe avaryvwpLotikod TG QOPUAG
___spam (TouléyLotov dV0 TPOTOPEVOUEVEG KATW TAVAES, TO TOM) €va TELOG VIOYPAUWONS) avTikadiotatol
uéom KeWwévou 1o _classname__spam, OOV T0 classname €ivo To TPEXOV OVoua KAAONG UE ATTOYVUVMUEVES
TUYOV TPONYOVUEVES TTOVAEC.

This doesn’t guarantee privacy: an outside user can still deliberately access the «_classname__spam» attribute, and private
values are visible in the object’s __dict__ . Many Python programmers never bother to use private variable names at
all.

2.6.11 H kAaon pou opileL __del  aAAa dev Kaleital 0tav dLaypadw TO AVTLKEL-
HEVO.

Yndpyovv didpopot mbavol Adyot yia auTo.

The del statement does not necessarily call __del__ () - it simply decrements the object’s reference count, and if this
reaches zero __del_ () is called.

If your data structures contain circular links (e.g. a tree where each child has a parent reference and each parent has
a list of children) the reference counts will never go back to zero. Once in a while Python runs an algorithm to detect
such cycles, but the garbage collector might run some time after the last reference to your data structure vanishes, so
your __del__ () method may be called at an inconvenient and random time. This is inconvenient if you’re trying to
reproduce a problem. Worse, the order in which object’s __del_ () methods are executed is arbitrary. You can run
gc.collect () to force a collection, but there are pathological cases where objects will never be collected.

Despite the cycle collector, it’s still a good idea to define an explicit close () method on objects to be called whenever
you’re done with them. The close () method can then remove attributes that refer to subobjects. Don’tcall__del_ ()
directly - __del__ () should call close () and close () should make sure that it can be called more than once for
the same object.

"Evo dAAOG TPOTTOG YLOL VO OTTOQPUYETE TLG KUKALKEG OVOLpOPES Elval va. ypnoipomotoete to module weakre £, 10
07010 00G ETLTPETEL VO aVEAVETE TOV apLBd Twv avagopdv toug. O douts dedouévmv dEVTpwyv, Yo TopadeLyua,
Oa TPETEL VOL Y POLUOTTOLOVV BOVVOES OVOPOPES YLOL TLG OVOALPOPES YOVEWV Kol dEMPMV ( ALV TAL XPELAOTOVV!).

Finally, if your __del () method raises an exception, a warning message is printed to sys.stderr.
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2.6.12 MNwg propw va AGBw pia Alota e OAeQ TLG OVTOTNTEG HLag SedOMEVNG
KAQong;

H Python dev mapaxorovBei dheg Tig mapovaieg pag kKhAong (1 evog evomuatmuévou Tomov). Mmopeite va tpo-
YPOUUATIOETE TOV KATOOKEVOOTY TG KAGONG Vo mapakolovdel Oheg Tig ovtdTnTeg dtatnpwvtag wo Alota adv-
VOUWMY 0VOpOpOV o€ KAOE Tapouvoia.

2.6.13 Narti To anotéAeocpa Tou id () ¢aivetal va gnv eivat povadiko;

To evowuatmuévo 1d () emotpépel Evov aképoto ov eivar eyyunuévo ot eivar Lovadikog Katd T dtapkela
Cong tov avuikelpnévou. Egpdoov oto CPython, avuth eivar dtevBuvorn uviung tov ovtkelwévou, ouuBaivel ovyva
OTL HETA T dLorypapt] EVOG OVTLKELWEVOU OITTO T UVHLLY, TO ETTOUEVO TTPOGPATA SNULOVPYNUEVO OVTLKEIUEVO EKYW-
peitat oty idua O€om ot uvnun. Avtd goivetor amtd avtd To Tapdderypa:

>>> 1id(1000)
13901272
>>> 1d(2000)
13901272

Ta 800 AvoyvVOPLOTIKG OVIKOUV 08 SLOPOPETIKA OKEPOLOL OLVTLKELILEVOL TTOU SNULOVPYOVVTOL TTPLV Kot dLorypdpo-
vTal opéome UETA TV ekTéleon g kAong id () . Ta va Beformbeite OTL TA AVTIKEIUEVO TMV OTOLMY TO OVOL-
YVOPLoTiKO OéheTe va eEetdoete elvan axoue TwvTovd, SNUovpYNoTe wLo GAA) ovopopd. 0TO OVILKEIIEVO:

>>> a = 1000; b = 2000
>>> 1d(a)
13901272
>>> 1d(b)
13891296

2.6.14 MoTe pnopw va Baclotw o€ SOKLUEG TAUTOTNTAG HE TOV TEAEOTN is;

O teleotig 15 eMEYYEL TNV TAUTOTNTO TOV avTikelwévoy. H dokiuf) a is b woodvvapei pe id (a) == id(b).

H 1o onpoveike| 1dLdTnTa evOg TEGT TOVTOTNTAG Eival OTL £VAL AVTIKEUEVO ELVOL TTAVTA TTAVOUOLOTUTTO (LE TOV EQUTO
TOU, T0 a 1s a emotpéel mdvta True. Ta Te0T TOLVTOTHTAG Elval oUuVNOWG TayVTEPO OTTo TO TETT LOOTNTOC.
Ko og avtifeon pe to teoT LodTTaC, TO TEOT TAUTOTNTOG Elvan eyyunuéva 6T Oa emotpépouv €vo boolean True
N False.

Qotd00, TA TECT TAVTOTNTOG WTOPOVV UOVO VO, AVILKATAOTIOOUV TO TEOT LOOTNTOG OTAV eival eEacpalouévn 1
TOUTOTNTO AVTIKELUEVOV. TEVIKA, VITAPYOVY TPELG TEPLITTMOELG OOV 1] TAUTOTNTO ELVOL EYYUNUEVN:

1) Assignments create new names but do not change object identity. After the assignment new = old, itis guaranteed
that new is old.

2) Putting an object in a container that stores object references does not change object identity. After the list assignment
s[0] = x,itis guaranteed that s[0] is x.

3) If an object is a singleton, it means that only one instance of that object can exist. After the assignments a = None
and b = None, itis guaranteed that a is b because None is a singleton.

2T TEPLOOOTEPEG AMAEG TTEPLTTWOELS, TO TECT TAVTOTNTAG OV EVOEIKVUVTAL KOL TTPOTUULMVTOL T TEGT LOOTNTAC.
Ewdikotepa, ta 1e0T TautotTnTag 8ev O TPETEL VO PN OLUOTOLOVVTOL VI TOV EAEYY0 0TaOEP®V OIS int Kot st r
mou dev eivou eyyunuéva singletons:
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>>> a = 1000

>>> b = 500

>>> ¢ = b + 500
>>> a 1s cC

False

>>> a = 'Python'
>>> b = 'Py'

>>> ¢ = b + 'thon'

>>> a is c
False

Ouolmg, To VEO OTLYILOTUTTO. UETOPANTOV KOVTELVEP OEV ELVOL TOTE TAVOUOLOTUTTOL:

>>> a = []
>>> b = []
>>> a is b
False

210V Tummko kKmdtka piodnkmng, o deite TOAG KOLVA HOTIBO Yo T 0WOTY P01 TOV SOKLUMV TAUTOTNTAG:

1) As recommended by PEP 8, an identity test is the preferred way to check for None. This reads like plain English in
code and avoids confusion with other objects that may have boolean values that evaluate to false.

2) Detecting optional arguments can be tricky when None is a valid input value. In those situations, you can create a
singleton sentinel object guaranteed to be distinct from other objects. For example, here is how to implement a method
that behaves like dict .pop () :

_sentinel = object ()

def pop(self, key, default=_sentinel):
if key in self:
value = self[key]
del self[key]
return value
if default is _sentinel:
raise KeyError (key)
return default

3) Container implementations sometimes need to augment equality tests with identity tests. This prevents the code from
being confused by objects such as f1oat ('NaN') that are not equal to themselves.

For example, here is the implementation of collections.abc.Sequence.___contains__ ():
def _ contains_ (self, value):
for v in self:
if v is value or v == value:

return True
return False
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2.6.15 MNwg pnopei pua urtokAaon va eAeyEel iola dedopeva anobnkevovtal o€
Hla ageTapAnTn napoucia;

When subclassing an immutable type, override the ___new__ () method instead of the __init__ () method. The
latter only runs affer an instance is created, which is too late to alter data in an immutable instance.

‘Oleg autég oL auetdfinteg KAAOELS £X0UV dLOPOPETLKY] VIToypapt) amd T UNTPLKY Toug KAAoN:

from datetime import date

class FirstOfMonthDate (date) :
"Always choose the first day of the month"
def _ new__ (cls, year, month, day):
return super()._ _new__ (cls, year, month, 1)

class NamedInt (int) :
"Allow text names for some numbers"

xlat = {'zero': 0, 'one': 1, 'ten': 10}
def _ new_ (cls, wvalue):
value = cls.xlat.get (value, value)
return super()._ new__ (cls, value)

class TitleStr(str):
"Convert str to name suitable for a URL path"
def _ new_ (cls, s):

s = s.lower() .replace(' ', '-")
s = ''".Join([c for c in s if c.isalnum() or c == "'-"])
return super()._ _new__ (cls, s)

O KAGogLg Ptopouv va xpnotuomot0ovv Etot:

>>> FirstOfMonthDate (2012, 2, 14)
FirstOfMonthDate (2012, 2, 1)

>>> NamedInt ('ten'")

10

>>> NamedInt (20)

20

>>> TitleStr ('Blog: Why Python Rocks')
'blog-why-python-rocks'

2.7 Modules

2.7.1 MNwg dnuoupyw €va .pyc apxeio;

‘Otav évo module eladryetol yio pmtn @opd (1) 6tav To apyeio tpoéhevong éxel ahhGEel 0td T dnuovpyic Tov
TPEXOVTOG UETOYAWTTLOUEVOU OPYELOV), VO APYELD . PYC TTOU TOPEYEL TOV UETOYAWTTLOUEVO KMOLKA Ba mtpérmel
vo. dnuovpynBei oe évav vtokatdhoyo _ pycache 0 KOTGhoYOg mov mepLéyeL to . py. To apyelo .pyc Ba
éyel éva dvopa apyeiov mov Eekiva pe To idLo dvoua ue To apyeio . py KoL TELEUDVEL OE .pycC, UE VO HECOLO
otouyeio ov eEapTatal amd To CUYKEKPLUEVO dadikd apyeto python mov To dnuovpynoe. (Br. PEP 3147 yia
LETTTOUEPELEG.)

"Evog MOyog yio tov omoio evdgyetar va unv dnuovpyn0ei éva apyeto . pyc elvor éva mpdfinuo dikomudtoy
OTOV KATALOYO TTOU TTEPLEYEL TO OPYELO TTPOEREVONG, TTOV ONUALVEL OTL OEV LTopel vo. dnutovpynOel 0 vToKaTdhoyog
__pycache__. Autd wropei va ouufei, yia mapaderyua, edv avartuydel wg évag xpnotng alhd ekteleiton wg
dAhog, dmtmg eGv doKUALETE He Evav SLOKOWOTY LOTOU.
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Extog xoau av éxel oplotel 1 petafinty meptpddhoviog PYTHONDONTWRITEBYTECODE, 1 dnwovpyio evog ap-
yetov .pyc eivar avtoportn eav eodyete ¢éva module kou 1 Python éyxer t duvatdtnta (dikawmpato, eheidepog
YWPOG, KAT...) va dnuLovpynoeL €vo. __pycache_ vmokatdAoyo Kot ypdpte to petayhwtrionévo module o
OVTOV TOV VITOKOTAAOYO.

H extéheon g Python og éva oevdplo avotatov emmédov dev Oewpeitar elcarymyr| kow dev Oo dnuovpynOet .
pyc. a mapdderypa, edv éxete éva module avotdtov eniédov foo . py mov elodyel €vo Ao module xyz . py,
otav ekteleite 10 foo (MMMKTPOAOYDVTAG python foo.py wg eviol Keligpoug), Oa dnuovpynbei éva .pyc
Yo TO Xy Z €TELdN TO xyz €XEL eloayDel, aAlhd dev Oo dnuovpynOel apyeio . pyc yua to £oo Kabwg 10 £o0 . py
dev eLodyeTOL.

Edv ypelaleton va dnuLovpynoete va apyelo . pyc yio 1o £oo — dNhadn, vo dUovpynoeTe Eva apyelo . pyc
via éva module sov dev €xel etoayDel — pmopeite, ypnolpomoldvtog to modules py__compile Kaiw compileall.

To module py_compile wwopei va uetayhmtrioel xewpokivnto omoradnmote module. ‘Evog tpdmog eival va xpn-
OLUOTTOLNOETE T OUVAPTNON compile () 0g AUTHV TNV EVOTNTA SLAOPAOTIKA:

>>> import py_compile
>>> py_compile.compile('foo.py")

Avtd Ba ypdpeL To . pyc O€ £vav vToKaTdAoyo _ pycache_ otnv idia 0éon pe to foo . py (1] UTOPELTE VO TO
TOPAKAUPETE UE TNV TPOOLPETLKY TOPAuUeTpo cfile).

Mropeite emiong va uetayhmTTLoETE QUTOUOTA OMOL TOL APYELD OE EVaV KOTAAOYO 1] KOTAAOYOUS YPNOLLOTOLM-
vtag to module compileall. Mmopeite va Kédvete amtd to shell prompt exteldviog to compileall . py Kot
mapéyovtag T dadpoun) evog kataldyou mov mepLéyel apyeto Python yia petarylwtrion:

python -m compileall .

2.7.2 MNwg pmopw va Bpw TO Ovopa Tou TpEXovTog module;

'Eva module pmopei va BpeL to dikd tou dvopa module kottdLovtag Ty mpokafoplopuévn Kabohky neto AN
__name__. E&vavt éxet v tuy __main__, to mpdypapua ektereiton mg oevaplo. [ToAld modules wov ypnot-
LOTTOLOVVTOL OUVIOMG UE TV ELOAYWMYT) TOUG TOPEYOVY ETLONG LLOL DLETTALPT) YPOUUNG EVTOLDV 1] £VaV AUTOEAEYYO
Kat eKTENETTE AUTOV TOV KOBLKA LOVO apov eléyEete T0 __name_ :

def main () :
print ('Running test...')

if _ name_ == " main '

main ()

2.7.3 Nwg pmopw va €Xw modules nou eLocayouv apoiBaia To €va To AAAo;

YmoOéote 6T €xete ta axolovba modules:

foo.py:

from bar import bar_var
foo_var = 1

bar.py:
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from foo import foo_var
bar_var = 2

To mpoPAnua elvan 6TL 0 dtepunvéag Ba exteréoel Ta axdlovBa Briuato:
« main imports foo
« Empty globals for foo are created
« foo is compiled and starts executing
« foo imports bar
« Empty globals for bar are created
« bar is compiled and starts executing
« bar imports foo (which is a no-op since there already is a module named foo)
¢ bar.foo_var = foo.foo_var

To televtaio Bruo amotuyydvel, emeldn M Python dev €xel teheumwoel axoua pe Ty epunveio tov £oo Ko to global
LeELKO ouufOrmY Lo To foo gival akouo Kevo.

To 5o ovppaiver 0tav ypnouomoteite To import £oo Ko, 0T OUVEXELX, TPOOTOOElTE Vo ookt oeTE TTPO-
opfaon oto foo.foo_var og KoOoMKO KMOLKA.

Yrdpyouv (Touldylotov) TPELS TOOVOL TPOTTOL AVILUETMITLONG OUTOV TOV TTPOBANUATOG.

O Guido van Rossum ovviotd thv omopuyr] AoV TV xpNnoewv tov from <module> import ... Ko Tnv
TomoHéTnon AoV Tov KMALKO Héca og cuvoptioels. Ta initializations KaBolk®V HETAPANTOV Ko peTafAntov
KAAong Oa mpémeL va xpnopnootnfolv uovo otabepés 1) EVOOUATOUEVES CUVOPTNOELS. AuTd onuaiver Ot éva
eloaryopevo module avagépetal wg <module>. <name>.

O Jim Roskind spoteivel va exteléoete to frjuata pe v akorovdn oepd og kd0e module:
« eEaymyég (globals, ouvaptioelg, Kot KLAoELG TTou dev X PpetdfovToL ELo0yOUEVES BAOIKES KAAOELS)
o dMAwoELg import
o eVEPYOS KDOOLKAG (OUUITEPILAUPBAVOUEVMY TMV KABOAKMV TTOV 0PYLKOTTOLOUVTOL OTTO ELOOYOUEVES TUUEG).

O Van Rossum dev apéoel moht auth|] 1 Tpocéyylon emeldn oL eloaymyég eppoviCovtal oe €va mepiepyo Hépog,
oAG Aertovpye.

O Matthias Urlichs cuviotd v avadidpBpwon Tov KmdLKA 00g £T0L MOTE 1 AVOIPOULKT] ELTOYWYT VO UV ELval
amopaitnT eEapYNG.
Avtég oL Mioglg dev ailnroostokheioviol.

2.7.4 __import__(“x.y.2”) emiotpePel <module “X”>e NMwg UMopw va napw to z?

ZKEPTELTE VO YPNOLUOTOLOETE T OVVAPTNON EVKOMOG import_module () amd To importlib avii:

z = importlib.import_module('x.y.z")
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2.7.5 Otav enegepyalopat €va module Tiou €XeL ELOAXOEL KAl TNV EMAVELOAYW, OL
aAlayeg dev epgpavifovral. MNati cuppaivel auto;

T Adyovg amoteheopatikdTnTag Kabmg Ko cuvémelog, | Python duafdler to apyeio g evotntog wovo v
TPADT POPA TOV ELTAYETAL L0 AELTOUPYLKY novada. Eav dev to ékave, og Eva Tpdypaia Tov AmoTereiTol 0o
ToAEG evOTNTEG OTOU 1) KaBeuia eLodyeL To 1dLo Baotkd module, to ooikd module Oa avarvbel ko o avalvbel
Eavd modhég gopéc. Fia vo avaykdoete T ek VEOU avayvwor) tag oAMoyuEvng evotntag , KAvte to eENG:

import importlib
import modname
importlib.reload (modname)

[Mposwdomoinon: avty N texviky dev eivar 100% aogodng. Ewdikdtepa, modules mov meptéyovv dnhmwaoelg 0mwg

from modname import some_objects

Oa ovveyioer va Aertovpyel pe v Told £€K8001 TV ELCAYOUEVWV OvTLKELUEVOY. Edv 1 Aettovpytkn wovada
TEPLEYEL OPLOROVG KLAOEWYV, OL VITAPYOVOES TOPOVTLEG KLAGEWV Jev Ba eviuepmBOVV yLoL VO XPNOLUOTOLOVY TOV
opLopd ™G vEag KAAoNG. Autd uropei vo 0dnynoeL otnv akorovomn mopddosn ovumepLpopd:

>>> import importlib

>>> import cls

>>> ¢ = cls.C() # Create an instance of C
>>> importlib.reload(cls)

<module 'cls' from 'cls.py'>

>>> isinstance(c, cls.C) # isinstance is false?!?
False

H ¢@uomn tou mpofinuotog kabiototol cagpng edv EKTUTMOETE TNV «TAVTOTNTO» TOV OVILKEWWEVOY KAGONG:

>>> hex (id(c.__class_ ))
'0x7352a0"

>>> hex (id(cls.C))
'0x4198d0"
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KEGANAIO 3

Design and History FAQ

3.1 Why does Python use indentation for grouping of statements?

Guido van Rossum believes that using indentation for grouping is extremely elegant and contributes a lot to the clarity of
the average Python program. Most people learn to love this feature after a while.

Since there are no begin/end brackets there cannot be a disagreement between grouping perceived by the parser and the
human reader. Occasionally C programmers will encounter a fragment of code like this:

if (x <= vy)
X++5;
Yy-—i
z++;

Only the x++ statement is executed if the condition is true, but the indentation leads many to believe otherwise. Even
experienced C programmers will sometimes stare at it a long time wondering as to why vy is being decremented even for
X > y.

Because there are no begin/end brackets, Python is much less prone to coding-style conflicts. In C there are many different
ways to place the braces. After becoming used to reading and writing code using a particular style, it is normal to feel
somewhat uneasy when reading (or being required to write) in a different one.

Many coding styles place begin/end brackets on a line by themselves. This makes programs considerably longer and wastes
valuable screen space, making it harder to get a good overview of a program. Ideally, a function should fit on one screen
(say, 20-30 lines). 20 lines of Python can do a lot more work than 20 lines of C. This is not solely due to the lack of
begin/end brackets — the lack of declarations and the high-level data types are also responsible — but the indentation-based
syntax certainly helps.

43




Python Frequently Asked Questions, Anpocisuon 3.9.24

3.2 Why am | getting strange results with simple arithmetic
operations?

See the next question.

3.3 Why are floating-point calculations so inaccurate?

Users are often surprised by results like this:

>> 1.2 - 1.0
0.1999999999999999¢6

and think it is a bug in Python. It’s not. This has little to do with Python, and much more to do with how the underlying
platform handles floating-point numbers.

The float type in CPython uses a C double for storage. A £1oat object’s value is stored in binary floating-point
with a fixed precision (typically 53 bits) and Python uses C operations, which in turn rely on the hardware implementation
in the processor, to perform floating-point operations. This means that as far as floating-point operations are concerned,
Python behaves like many popular languages including C and Java.

Many numbers that can be written easily in decimal notation cannot be expressed exactly in binary floating-point. For
example, after:

>>> x = 1.2

the value stored for x is a (very good) approximation to the decimal value 1 . 2, but is not exactly equal to it. On a typical
machine, the actual stored value is:

’1.00l1001100110011001100110011001100110011001100110011 (binary)

which is exactly:

’1.1999999999999999555910790149937383830547332763671875 (decimal)

The typical precision of 53 bits provides Python floats with 15-16 decimal digits of accuracy.

For a fuller explanation, please see the floating point arithmetic chapter in the Python tutorial.

3.4 Why are Python strings immutable?

There are several advantages.

One is performance: knowing that a string is immutable means we can allocate space for it at creation time, and the storage
requirements are fixed and unchanging. This is also one of the reasons for the distinction between tuples and lists.

Another advantage is that strings in Python are considered as «elemental» as numbers. No amount of activity will change
the value 8 to anything else, and in Python, no amount of activity will change the string «eight» to anything else.
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3.5 Why must “self” be used explicitly in method definitions and calls?

The idea was borrowed from Modula-3. It turns out to be very useful, for a variety of reasons.

First, it’s more obvious that you are using a method or instance attribute instead of a local variable. Reading self . x or
self.meth () makes it absolutely clear that an instance variable or method is used even if you don’t know the class
definition by heart. In C++, you can sort of tell by the lack of a local variable declaration (assuming globals are rare or
easily recognizable) — but in Python, there are no local variable declarations, so you'd have to look up the class definition
to be sure. Some C++ and Java coding standards call for instance attributes to have an m__ prefix, so this explicitness is
still useful in those languages, too.

Second, it means that no special syntax is necessary if you want to explicitly reference or call the method from a particular
class. In C++, if you want to use a method from a base class which is overridden in a derived class, you have to use the : :
operator — in Python you can write baseclass.methodname (self, <argument list>).Thisis particularly
useful for __init__ () methods, and in general in cases where a derived class method wants to extend the base class
method of the same name and thus has to call the base class method somehow.

Finally, for instance variables it solves a syntactic problem with assignment: since local variables in Python are (by
definition!) those variables to which a value is assigned in a function body (and that aren’t explicitly declared global),
there has to be some way to tell the interpreter that an assignment was meant to assign to an instance variable instead of
to a local variable, and it should preferably be syntactic (for efficiency reasons). C++ does this through declarations, but
Python doesn’t have declarations and it would be a pity having to introduce them just for this purpose. Using the explicit
self.var solves this nicely. Similarly, for using instance variables, having to write se1f.var means that references
to unqualified names inside a method don’t have to search the instance’s directories. To put it another way, local variables
and instance variables live in two different namespaces, and you need to tell Python which namespace to use.

3.6 Why can’t | use an assignment in an expression?

Starting in Python 3.8, you can!

Assignment expressions using the walrus operator .= assign a variable in an expression:

while chunk := fp.read(200):
print (chunk)

See PEP 572 for more information.

3.7 Why does Python use methods for some functionality (e.g.
list.index()) but functions for other (e.g. len(list))?

As Guido said:

(a) For some operations, prefix notation just reads better than postfix — prefix (and infix!) operations have a
long tradition in mathematics which likes notations where the visuals help the mathematician thinking about
a problem. Compare the easy with which we rewrite a formula like x*(a+b) into x*a + x*b to the clumsiness
of doing the same thing using a raw OO notation.

(b) When I read code that says len(x) I know that it is asking for the length of something. This tells me
two things: the result is an integer, and the argument is some kind of container. To the contrary, when I
read x.len(), I have to already know that x is some kind of container implementing an interface or inheriting
from a class that has a standard len(). Witness the confusion we occasionally have when a class that is not
implementing a mapping has a get() or keys() method, or something that isn’t a file has a write() method.
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---https://mail.python.org/pipermail/python-3000/2006-November/004643.html

3.8 Why is join() a string method instead of a list or tuple method?

Strings became much more like other standard types starting in Python 1.6, when methods were added which give the
same functionality that has always been available using the functions of the string module. Most of these new methods
have been widely accepted, but the one which appears to make some programmers feel uncomfortable is:

’n’ ".jOiI’l(['l’, l2l, 141, '8', '16'])

which gives the result:

’"1, 2, 4, 8, 1e"

There are two common arguments against this usage.

The first runs along the lines of: «It looks really ugly using a method of a string literal (string constant)», to which the
answer is that it might, but a string literal is just a fixed value. If the methods are to be allowed on names bound to strings
there is no logical reason to make them unavailable on literals.

The second objection is typically cast as: «I am really telling a sequence to join its members together with a string
constant». Sadly, you aren’t. For some reason there seems to be much less difficulty with having split () as a string
method, since in that case it is easy to see that

"1, 2, 4, 8, 1e".split(", ")

is an instruction to a string literal to return the substrings delimited by the given separator (or, by default, arbitrary runs
of white space).

join () isa string method because in using it you are telling the separator string to iterate over a sequence of strings and
insert itself between adjacent elements. This method can be used with any argument which obeys the rules for sequence
objects, including any new classes you might define yourself. Similar methods exist for bytes and bytearray objects.

3.9 How fast are exceptions?

A try/except block is extremely efficient if no exceptions are raised. Actually catching an exception is expensive. In
versions of Python prior to 2.0 it was common to use this idiom:

try:
value = mydict [key]

except KeyError:
mydict [key] = getvalue (key)
value = mydict [key]

This only made sense when you expected the dict to have the key almost all the time. If that wasn’t the case, you coded
it like this:

if key in mydict:
value = mydict [key]
else:
value = mydict [key] = getvalue (key)

For this specific case, you could also use value = dict.setdefault (key, getvalue (key)), butonly if
the getvalue () callis cheap enough because it is evaluated in all cases.
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3.10 Why isn’t there a switch or case statement in Python?

You can do this easily enough with a sequence of 1f... elif... elif... else. There have been some
proposals for switch statement syntax, but there is no consensus (yet) on whether and how to do range tests. See PEP 275
for complete details and the current status.

For cases where you need to choose from a very large number of possibilities, you can create a dictionary mapping case
values to functions to call. For example:

functions = {'a': function_1,
'b': function_2,
'c': self.method_ 1}

func = functions[value]
func ()

For calling methods on objects, you can simplify yet further by using the getattr () built-in to retrieve methods with
a particular name:

class MyVisitor:
def visit_a(self):

def dispatch(self, wvalue):

method_name = 'visit_ ' + str(value)
method = getattr(self, method_name)
method ()

It’s suggested that you use a prefix for the method names, such as visit_ in this example. Without such a prefix, if
values are coming from an untrusted source, an attacker would be able to call any method on your object.

3.11 Can’t you emulate threads in the interpreter instead of relying on
an OS-specific thread implementation?

Answer 1: Unfortunately, the interpreter pushes at least one C stack frame for each Python stack frame. Also, extensions
can call back into Python at almost random moments. Therefore, a complete threads implementation requires thread
support for C.

Answer 2: Fortunately, there is Stackless Python, which has a completely redesigned interpreter loop that avoids the C
stack.

3.12 Why can’t lambda expressions contain statements?

Python lambda expressions cannot contain statements because Python’s syntactic framework can’t handle statements
nested inside expressions. However, in Python, this is not a serious problem. Unlike lambda forms in other languages,
where they add functionality, Python lambdas are only a shorthand notation if you're too lazy to define a function.

Functions are already first class objects in Python, and can be declared in a local scope. Therefore the only advantage of
using a lambda instead of a locally-defined function is that you don’t need to invent a name for the function - but that’s
just a local variable to which the function object (which is exactly the same type of object that a lambda expression yields)
is assigned!
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3.13 Can Python be compiled to machine code, C or some other
language?

Cython compiles a modified version of Python with optional annotations into C extensions. Nuitka is an up-and-coming
compiler of Python into C++ code, aiming to support the full Python language. For compiling to Java you can consider
VOC.

3.14 How does Python manage memory?

The details of Python memory management depend on the implementation. The standard implementation of Python,
CPython, uses reference counting to detect inaccessible objects, and another mechanism to collect reference cycles,
periodically executing a cycle detection algorithm which looks for inaccessible cycles and deletes the objects involved.
The gc module provides functions to perform a garbage collection, obtain debugging statistics, and tune the collector’s
parameters.

Other implementations (such as Jython or PyPy), however, can rely on a different mechanism such as a full-blown garbage
collector. This difference can cause some subtle porting problems if your Python code depends on the behavior of the
reference counting implementation.

In some Python implementations, the following code (which is fine in CPython) will probably run out of file descriptors:

for file in very_long_list_of files:
f = open(file)
c = f.read (1)

Indeed, using CPython’s reference counting and destructor scheme, each new assignment to f closes the previous file. With
a traditional GC, however, those file objects will only get collected (and closed) at varying and possibly long intervals.

If you want to write code that will work with any Python implementation, you should explicitly close the file or use the
with statement; this will work regardless of memory management scheme:

for file in very_long_list_of files:
with open(file) as f:
c = f.read(l)

3.15 Why doesn’t CPython use a more traditional garbage collection
scheme?

For one thing, this is not a C standard feature and hence it’s not portable. (Yes, we know about the Boehm GC library. It
has bits of assembler code for most common platforms, not for all of them, and although it is mostly transparent, it isn’t
completely transparent; patches are required to get Python to work with it.)

Traditional GC also becomes a problem when Python is embedded into other applications. While in a standalone Python
it’s fine to replace the standard malloc() and free() with versions provided by the GC library, an application embedding
Python may want to have its own substitute for malloc() and free(), and may not want Python’s. Right now, CPython
works with anything that implements malloc() and free() properly.
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3.16 Why isn’t all memory freed when CPython exits?

Objects referenced from the global namespaces of Python modules are not always deallocated when Python exits. This
may happen if there are circular references. There are also certain bits of memory that are allocated by the C library that
are impossible to free (e.g. a tool like Purify will complain about these). Python is, however, aggressive about cleaning
up memory on exit and does try to destroy every single object.

If you want to force Python to delete certain things on deallocation use the atexit module to run a function that will
force those deletions.

3.17 Why are there separate tuple and list data types?

Lists and tuples, while similar in many respects, are generally used in fundamentally different ways. Tuples can be thought
of as being similar to Pascal records or C structs; they’re small collections of related data which may be of different types
which are operated on as a group. For example, a Cartesian coordinate is appropriately represented as a tuple of two or
three numbers.

Lists, on the other hand, are more like arrays in other languages. They tend to hold a varying number of objects all of
which have the same type and which are operated on one-by-one. For example, os.listdir ('.") returns a list of
strings representing the files in the current directory. Functions which operate on this output would generally not break if
you added another file or two to the directory.

Tuples are immutable, meaning that once a tuple has been created, you can’t replace any of its elements with a new
value. Lists are mutable, meaning that you can always change a list’s elements. Only immutable elements can be used as
dictionary keys, and hence only tuples and not lists can be used as keys.

3.18 How are lists implemented in CPython?

CPython’s lists are really variable-length arrays, not Lisp-style linked lists. The implementation uses a contiguous array
of references to other objects, and keeps a pointer to this array and the array’s length in a list head structure.

This makes indexing a list a [1] an operation whose cost is independent of the size of the list or the value of the index.

When items are appended or inserted, the array of references is resized. Some cleverness is applied to improve the
performance of appending items repeatedly; when the array must be grown, some extra space is allocated so the next few
times don’t require an actual resize.

3.19 How are dictionaries implemented in CPython?

CPython’s dictionaries are implemented as resizable hash tables. Compared to B-trees, this gives better performance for
lookup (the most common operation by far) under most circumstances, and the implementation is simpler.

Dictionaries work by computing a hash code for each key stored in the dictionary using the hash () built-in function. The
hash code varies widely depending on the key and a per-process seed; for example, «Python» could hash to -539294296
while «python», a string that differs by a single bit, could hash to 1142331976. The hash code is then used to calculate a
location in an internal array where the value will be stored. Assuming that you're storing keys that all have different hash
values, this means that dictionaries take constant time — O(1), in Big-O notation - to retrieve a key.
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3.20 Why must dictionary keys be immutable?

The hash table implementation of dictionaries uses a hash value calculated from the key value to find the key. If the key
were a mutable object, its value could change, and thus its hash could also change. But since whoever changes the key
object can’t tell that it was being used as a dictionary key, it can’t move the entry around in the dictionary. Then, when you
try to look up the same object in the dictionary it won’t be found because its hash value is different. If you tried to look
up the old value it wouldn’t be found either, because the value of the object found in that hash bin would be different.

If you want a dictionary indexed with a list, simply convert the list to a tuple first; the function tuple (L) creates a tuple
with the same entries as the list L. Tuples are immutable and can therefore be used as dictionary keys.

Some unacceptable solutions that have been proposed:

« Hash lists by their address (object ID). This doesn’t work because if you construct a new list with the same value it
won't be found; e.g.:

mydict = {[1, 2]: '"12"}
print (mydict[[1, 211])

would raise a KeyError exception because the id of the [1, 2] used in the second line differs from that in the
first line. In other words, dictionary keys should be compared using ==, not using is.

» Make a copy when using a list as a key. This doesn’t work because the list, being a mutable object, could contain a
reference to itself, and then the copying code would run into an infinite loop.

« Allow lists as keys but tell the user not to modify them. This would allow a class of hard-to-track bugs in programs
when you forgot or modified a list by accident. It also invalidates an important invariant of dictionaries: every value
ind.keys () is usable as a key of the dictionary.

o Mark lists as read-only once they are used as a dictionary key. The problem is that it’s not just the top-level object
that could change its value; you could use a tuple containing a list as a key. Entering anything as a key into a
dictionary would require marking all objects reachable from there as read-only — and again, self-referential objects
could cause an infinite loop.

There is a trick to get around this if you need to, but use it at your own risk: You can wrap a mutable structure inside a
class instance which hasbotha __eq_ () anda__hash__ () method. You must then make sure that the hash value
for all such wrapper objects that reside in a dictionary (or other hash based structure), remain fixed while the object is in
the dictionary (or other structure).

class ListWrapper:
def _ init_ (self, the_list):
self.the_list = the_list

def _ _eqg (self, other):
return self.the_list == other.the_list

def = hash_ (self):
1 = self.the_1list
result = 98767 - len(l)*555
for i, el in enumerate(l):
try:
result = result + (hash(el) % 9999999) * 1001 + 1
except Exception:
result = (result % 7777777) + i * 333
return result

Note that the hash computation is complicated by the possibility that some members of the list may be unhashable and
also by the possibility of arithmetic overflow.
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Furthermore it must always be the case that if o1 == 02 (ieol.__eqg  (02) is True)then hash(ol) ==
hash (02) (ie,0l1.__hash () == 02._ _hash__ ()), regardless of whether the object is in a dictionary or not.
If you fail to meet these restrictions dictionaries and other hash based structures will misbehave.

In the case of ListWrapper, whenever the wrapper object is in a dictionary the wrapped list must not change to avoid
anomalies. Don’t do this unless you are prepared to think hard about the requirements and the consequences of not
meeting them correctly. Consider yourself warned.

3.21 Why doesn’t list.sort() return the sorted list?

In situations where performance matters, making a copy of the list just to sort it would be wasteful. Therefore, 1ist .
sort () sorts the list in place. In order to remind you of that fact, it does not return the sorted list. This way, you won’t be
fooled into accidentally overwriting a list when you need a sorted copy but also need to keep the unsorted version around.

If you want to return a new list, use the built-in sorted () function instead. This function creates a new list from a
provided iterable, sorts it and returns it. For example, here’s how to iterate over the keys of a dictionary in sorted order:

for key in sorted(mydict) :
# do whatever with mydict[key]...

3.22 How do you specify and enforce an interface spec in Python?

An interface specification for a module as provided by languages such as C++ and Java describes the prototypes for the
methods and functions of the module. Many feel that compile-time enforcement of interface specifications helps in the
construction of large programs.

Python 2.6 adds an abc module that lets you define Abstract Base Classes (ABCs). You can then use isinstance ()
and issubclass () tocheck whether an instance or a class implements a particular ABC. The collections.abc
module defines a set of useful ABCs such as Tterable, Container, and MutableMapping.

For Python, many of the advantages of interface specifications can be obtained by an appropriate test discipline for
components.

A good test suite for a module can both provide a regression test and serve as a module interface specification and a set of
examples. Many Python modules can be run as a script to provide a simple «self test.» Even modules which use complex
external interfaces can often be tested in isolation using trivial «stub» emulations of the external interface. The doctest
and unittest modules or third-party test frameworks can be used to construct exhaustive test suites that exercise every
line of code in a module.

An appropriate testing discipline can help build large complex applications in Python as well as having interface
specifications would. In fact, it can be better because an interface specification cannot test certain properties of a program.
For example, the append () method is expected to add new elements to the end of some internal list; an interface
specification cannot test that your append () implementation will actually do this correctly, but it’s trivial to check this
property in a test suite.

Writing test suites is very helpful, and you might want to design your code to make it easily tested. One increasingly
popular technique, test-driven development, calls for writing parts of the test suite first, before you write any of the actual
code. Of course Python allows you to be sloppy and not write test cases at all.
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3.23 Why is there no goto?

In the 1970s people realized that unrestricted goto could lead to messy «spaghetti» code that was hard to understand and
revise. In a high-level language, it is also unneeded as long as there are ways to branch (in Python, with i f statements
and or, and, and i f-else expressions) and loop (with while and for statements, possibly containing continue
and break).

One can also use exceptions to provide a «structured goto» that works even across function calls. Many feel that exceptions
can conveniently emulate all reasonable uses of the «go» or «goto» constructs of C, Fortran, and other languages. For
example:

class label (Exception): pass # declare a label
try:
if condition: raise label () # goto label

except label: # where to goto
pass

This doesn’t allow you to jump into the middle of a loop, but that’s usually considered an abuse of goto anyway. Use
sparingly.

3.24 Why can’t raw strings (r-strings) end with a backslash?

More precisely, they can’t end with an odd number of backslashes: the unpaired backslash at the end escapes the closing
quote character, leaving an unterminated string.

Raw strings were designed to ease creating input for processors (chiefly regular expression engines) that want to do their
own backslash escape processing. Such processors consider an unmatched trailing backslash to be an error anyway, so
raw strings disallow that. In return, they allow you to pass on the string quote character by escaping it with a backslash.
These rules work well when r-strings are used for their intended purpose.

If you’re trying to build Windows pathnames, note that all Windows system calls accept forward slashes too:

f = open("/mydir/file.txt") # works fine!

If you're trying to build a pathname for a DOS command, try e.g. one of

dir r"\this\is\my\dos\dir" "\\"
dir = r"\this\is\my\dos\dir\ "[:-1]
dir "\\this\\is\\my\\dos\\dir\\"
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3.25 Why doesn’t Python have a «with» statement for attribute
assignments?

Python has a “with” statement that wraps the execution of a block, calling code on the entrance and exit from the block.
Some languages have a construct that looks like this:

with obj:
a =1 # equivalent to obj.a = 1
total = total + 1 # obj.total = obj.total + 1

In Python, such a construct would be ambiguous.

Other languages, such as Object Pascal, Delphi, and C++, use static types, so it’s possible to know, in an unambiguous
way, what member is being assigned to. This is the main point of static typing — the compiler always knows the scope of
every variable at compile time.

Python uses dynamic types. It is impossible to know in advance which attribute will be referenced at runtime. Member
attributes may be added or removed from objects on the fly. This makes it impossible to know, from a simple reading,
what attribute is being referenced: a local one, a global one, or a member attribute?

For instance, take the following incomplete snippet:

def foo(a):
with a:
print (x)

The snippet assumes that «a» must have a member attribute called «x». However, there is nothing in Python that tells the
interpreter this. What should happen if «a» is, let us say, an integer? If there is a global variable named «x», will it be
used inside the with block? As you see, the dynamic nature of Python makes such choices much harder.

The primary benefit of «with» and similar language features (reduction of code volume) can, however, easily be achieved
in Python by assignment. Instead of:

function (args) .mydict [index] [index].a = 21
function (args) .mydict [index] [index] .b = 42
function (args) .mydict[index] [index].c = 63
write this:

ref = function(args) .mydict [index] [index]
ref.a = 21

ref.b = 42

ref.c = 63

This also has the side-effect of increasing execution speed because name bindings are resolved at run-time in Python, and
the second version only needs to perform the resolution once.
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3.26 Why don’t generators support the with statement?

For technical reasons, a generator used directly as a context manager would not work correctly. When, as is
most common, a generator is used as an iterator run to completion, no closing is needed. When it is, wrap it as
«contextlib.closing(generator)» in the “with” statement.

3.27 Why are colons required for the if/while/def/class statements?

The colon is required primarily to enhance readability (one of the results of the experimental ABC language). Consider
this:

if a ==
print (a)

Versus

if a ==
print (a)

Notice how the second one is slightly easier to read. Notice further how a colon sets off the example in this FAQ answer;
it’s a standard usage in English.

Another minor reason is that the colon makes it easier for editors with syntax highlighting; they can look for colons to
decide when indentation needs to be increased instead of having to do a more elaborate parsing of the program text.

3.28 Why does Python allow commas at the end of lists and tuples?

Python lets you add a trailing comma at the end of lists, tuples, and dictionaries:

[1, 2, 3,1
(‘a', 'b', 'c',)
d = {
"A": [1, 51,
"B": [6, 7], # last trailing comma is optional but good style

There are several reasons to allow this.

When you have a literal value for a list, tuple, or dictionary spread across multiple lines, it’s easier to add more elements
because you don’t have to remember to add a comma to the previous line. The lines can also be reordered without creating
a syntax error.

Accidentally omitting the comma can lead to errors that are hard to diagnose. For example:

x = [
Ylfee",
"fiell
"fOOH,
Ylfum"

]

This list looks like it has four elements, but it actually contains three: «fee», «fiefoo» and «fum». Always adding the
comma avoids this source of error.
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Allowing the trailing comma may also make programmatic code generation easier.
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KE®ANAIO 4

Library and Extension FAQ

4.1 General Library Questions

4.1.1 How do I find a module or application to perform task X?
Check the Library Reference to see if there’s a relevant standard library module. (Eventually you'll learn what’s in the
standard library and will be able to skip this step.)

For third-party packages, search the Python Package Index or try Google or another Web search engine. Searching for
«Python» plus a keyword or two for your topic of interest will usually find something helpful.

4.1.2 Where is the math.py (socket.py, regex.py, etc.) source file?

If you can’t find a source file for a module it may be a built-in or dynamically loaded module implemented in C, C++ or
other compiled language. In this case you may not have the source file or it may be something like mathmodule.c,
somewhere in a C source directory (not on the Python Path).

There are (at least) three kinds of modules in Python:
1) modules written in Python (.py);
2) modules written in C and dynamically loaded (.dll, .pyd, .so, .sl, etc);

3) modules written in C and linked with the interpreter; to get a list of these, type:

import sys
print (sys.builtin_module_names)
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4.1.3 How do | make a Python script executable on Unix?

You need to do two things: the script file’s mode must be executable and the first line must begin with # ! followed by the
path of the Python interpreter.

The first is done by executing chmod +x scriptfile or perhaps chmod 755 scriptfile.

The second can be done in a number of ways. The most straightforward way is to write

#!/usr/local/bin/python

as the very first line of your file, using the pathname for where the Python interpreter is installed on your platform.

If you would like the script to be independent of where the Python interpreter lives, you can use the env program. Almost
all Unix variants support the following, assuming the Python interpreter is in a directory on the user’s PATH:

#!/usr/bin/env python

Don’t do this for CGI scripts. The PATH variable for CGI scripts is often very minimal, so you need to use the actual
absolute pathname of the interpreter.

Occasionally, a user’s environment is so full that the /usr/bin/env program fails; or there’s no env program at all. In
that case, you can try the following hack (due to Alex Rezinsky):

#! /bin/sh

nww.n

exec python $0 1+"s@"

nwn

The minor disadvantage is that this defines the script’s __doc__ string. However, you can fix that by adding

doc = "r"r . .Whatever..."""

4.1.4 Is there a curses/termcap package for Python?

For Unix variants: The standard Python source distribution comes with a curses module in the Modules subdirectory,

though it’s not compiled by default. (Note that this is not available in the Windows distribution — there is no curses
module for Windows.)

The curses module supports basic curses features as well as many additional functions from ncurses and SYSV curses
such as colour, alternative character set support, pads, and mouse support. This means the module isn’t compatible with
operating systems that only have BSD curses, but there don’t seem to be any currently maintained OSes that fall into this
category.

4.1.5 Is there an equivalent to C’s onexit() in Python?

The atexit module provides a register function that is similar to C’s onexit ().
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4.1.6 Why don’t my signal handlers work?

The most common problem is that the signal handler is declared with the wrong argument list. It is called as

handler (signum, frame)

so it should be declared with two parameters:

def handler (signum, frame):

4.2 Common tasks

4.2.1 How do | test a Python program or component?

Python comes with two testing frameworks. The doctest module finds examples in the docstrings for a module and
runs them, comparing the output with the expected output given in the docstring.

The unittest module is a fancier testing framework modelled on Java and Smalltalk testing frameworks.

To make testing easier, you should use good modular design in your program. Your program should have almost all
functionality encapsulated in either functions or class methods — and this sometimes has the surprising and delightful
effect of making the program run faster (because local variable accesses are faster than global accesses). Furthermore the
program should avoid depending on mutating global variables, since this makes testing much more difficult to do.

The «global main logic» of your program may be as simple as

if name_ == "_ _main_ ":

main_logic ()

at the bottom of the main module of your program.

Once your program is organized as a tractable collection of function and class behaviours, you should write test functions
that exercise the behaviours. A test suite that automates a sequence of tests can be associated with each module. This
sounds like a lot of work, but since Python is so terse and flexible it’s surprisingly easy. You can make coding much more
pleasant and fun by writing your test functions in parallel with the «production code», since this makes it easy to find bugs
and even design flaws earlier.

«Support modules» that are not intended to be the main module of a program may include a self-test of the module.

if name == " _ main_ ":

self _test ()

Even programs that interact with complex external interfaces may be tested when the external interfaces are unavailable
by using «fake» interfaces implemented in Python.
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4.2.2 How do | create documentation from doc strings?

The pydoc module can create HTML from the doc strings in your Python source code. An alternative for creating API
documentation purely from docstrings is epydoc. Sphinx can also include docstring content.

4.2.3 How do | get a single keypress at a time?

For Unix variants there are several solutions. It’s straightforward to do this using curses, but curses is a fairly large module
to learn.

4.3 Threads

4.3.1 How do | program using threads?

Be sure to use the threading module and not the _thread module. The threading module builds convenient
abstractions on top of the low-level primitives provided by the _thread module.

4.3.2 None of my threads seem to run: why?

As soon as the main thread exits, all threads are killed. Your main thread is running too quickly, giving the threads no
time to do any work.

A simple fix is to add a sleep to the end of the program that’s long enough for all the threads to finish:

import threading, time

def thread_task (name, n):
for i in range(n):
print (name, 1)

for i in range(10):
T = threading.Thread(target=thread_task, args=(str(i), 1))
T.start ()

time.sleep(10) # <——————————————————————————— !

But now (on many platforms) the threads don’t run in parallel, but appear to run sequentially, one at a time! The reason
is that the OS thread scheduler doesn’t start a new thread until the previous thread is blocked.

A simple fix is to add a tiny sleep to the start of the run function:

def thread_task (name, n):
time.sleep(0.001) # <———————————————————— !
for i in range(n):
print (name, 1)

for i in range(10):
T = threading.Thread(target=thread_task, args=(str(i), 1i))
T.start ()

time.sleep(10)
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Instead of trying to guess a good delay value for t ime . sleep (), it’s better to use some kind of semaphore mechanism.
One idea is to use the queue module to create a queue object, let each thread append a token to the queue when it finishes,
and let the main thread read as many tokens from the queue as there are threads.

4.3.3 How do | parcel out work among a bunch of worker threads?

The easiest way is to use the concurrent . futures module, especially the ThreadPoolExecutor class.

Or, if you want fine control over the dispatching algorithm, you can write your own logic manually. Use the queue
module to create a queue containing a list of jobs. The Queue class maintains a list of objects and has a . put (obj)
method that adds items to the queue and a .get () method to return them. The class will take care of the locking
necessary to ensure that each job is handed out exactly once.

Here’s a trivial example:

import threading, queue, time

# The worker thread gets jobs off the queue. When the queue is empty, it
# assumes there will be no more work and exits.
# (Realistically workers will run until terminated.)
def worker () :
print ('Running worker')
time.sleep(0.1)
while True:
try:
arg = g.get (block=False)
except queue.Empty:
print ('Worker', threading.currentThread(), end=' ")
print ('queue empty')
break
else:
print ('Worker', threading.currentThread(), end=' ")
print ('running with argument', arg)
time.sleep(0.5)

# Create queue
d = queue.Queue ()

# Start a pool of 5 workers

for i in range (5):
t = threading.Thread(target=worker, name='worker Y% (1i+1))
t.start ()

# Begin adding work to the queue
for i in range(50):
g.put (1)

# Give threads time to run
print ('Main thread sleeping')
time.sleep (5)

When run, this will produce the following output:

Running worker
Running worker
Running worker
Running worker

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

Running worker
Main thread sleeping

Worker <Thread(worker 1, started 130283832797456)> running with argument O
Worker <Thread(worker 2, started 130283824404752)> running with argument 1
Worker <Thread(worker 3, started 130283816012048)> running with argument 2
Worker <Thread(worker 4, started 130283807619344)> running with argument 3
Worker <Thread(worker 5, started 130283799226640)> running with argument 4
Worker <Thread(worker 1, started 130283832797456)> running with argument 5

Consult the module’s documentation for more details; the Queue class provides a featureful interface.

4.3.4 What kinds of global value mutation are thread-safe?

A global interpreter lock (GIL) is used internally to ensure that only one thread runs in the Python VM at a time. In
general, Python offers to switch among threads only between bytecode instructions; how frequently it switches can be set
via sys.setswitchinterval (). Each bytecode instruction and therefore all the C implementation code reached
from each instruction is therefore atomic from the point of view of a Python program.

In theory, this means an exact accounting requires an exact understanding of the PVM bytecode implementation. In
practice, it means that operations on shared variables of built-in data types (ints, lists, dicts, etc) that «look atomic» really
are.

For example, the following operations are all atomic (L, L1, L2 are lists, D, D1, D2 are dicts, x, y are objects, i, j are
ints):

L.append (x)
L1l.extend (L2)

x = L[1]

x = L.pop()
L1[1i:3] = L2
L.sort ()

X =y
x.field =y
D[x] =y
D1.update (D2)
D.keys ()

These aren’t:

i = 1i+1
L.append(L[-117)
L[i] = LI[3]
D[x] = D[x] + 1

Operations that replace other objects may invoke those other objects” __del__ () method when their reference count
reaches zero, and that can affect things. This is especially true for the mass updates to dictionaries and lists. When in
doubt, use a mutex!
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4.3.5 Can’t we get rid of the Global Interpreter Lock?

The global interpreter lock (GIL) is often seen as a hindrance to Python’s deployment on high-end multiprocessor server
machines, because a multi-threaded Python program effectively only uses one CPU, due to the insistence that (almost)
all Python code can only run while the GIL is held.

Back in the days of Python 1.5, Greg Stein actually implemented a comprehensive patch set (the «free threading» patches)
that removed the GIL and replaced it with fine-grained locking. Adam Olsen recently did a similar experiment in his
python-safethread project. Unfortunately, both experiments exhibited a sharp drop in single-thread performance (at least
30% slower), due to the amount of fine-grained locking necessary to compensate for the removal of the GIL.

This doesn’t mean that you can’t make good use of Python on multi-CPU machines! You just have to be creative with
dividing the work up between multiple processes rather than multiple threads. The ProcessPoolExecutor class
in the new concurrent . futures module provides an easy way of doing so; the multiprocessing module
provides a lower-level API in case you want more control over dispatching of tasks.

Judicious use of C extensions will also help; if you use a C extension to perform a time-consuming task, the extension
can release the GIL while the thread of execution is in the C code and allow other threads to get some work done. Some
standard library modules such as z1ib and hashlib already do this.

It has been suggested that the GIL should be a per-interpreter-state lock rather than truly global; interpreters then wouldn’t
be able to share objects. Unfortunately, this isn’t likely to happen either. It would be a tremendous amount of work, because
many object implementations currently have global state. For example, small integers and short strings are cached; these
caches would have to be moved to the interpreter state. Other object types have their own free list; these free lists would
have to be moved to the interpreter state. And so on.

And I doubt that it can even be done in finite time, because the same problem exists for 3rd party extensions. It is likely
that 3rd party extensions are being written at a faster rate than you can convert them to store all their global state in the
interpreter state.

And finally, once you have multiple interpreters not sharing any state, what have you gained over running each interpreter
in a separate process?

4.4 Input and Output

4.4.1 How do | delete a file? (And other file questions...)

Use os.remove (filename) or os.unlink (filename); for documentation, see the os module. The two
functions are identical; unlink () is simply the name of the Unix system call for this function.

To remove a directory, use os.rmdir ();use os.mkdir () to create one. os.makedirs (path) will create any
intermediate directories in path that don’t exist. os.removedirs (path) will remove intermediate directories as
long as they’re empty; if you want to delete an entire directory tree and its contents, use shutil.rmtree ().

To rename a file, use os.rename (01ld_path, new_path).

To truncate a file, openitusing £ = open (filename, "rb+"),anduse f.truncate (offset);offset defaults
to the current seek position. There’s also os . ftruncate (fd, offset) for files opened with os . open (), where
fd is the file descriptor (a small integer).

The shut i1 module also contains a number of functions to work on files including copyfile (), copytree (), and
rmtree ().
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4.4.2 How do | copy a file?

The shutil module contains a copyfile () function. Note that on MacOS 9 it doesn’t copy the resource fork and
Finder info.

4.4.3 How do | read (or write) binary data?

To read or write complex binary data formats, it’s best to use the st ruct module. It allows you to take a string containing
binary data (usually numbers) and convert it to Python objects; and vice versa.

For example, the following code reads two 2-byte integers and one 4-byte integer in big-endian format from a file:

import struct

with open(filename, "rb") as f:
s = f.read(8)
X, Yy, 2z = struct.unpack(">hhl", s)

The “>” in the format string forces big-endian data; the letter “h” reads one «short integer» (2 bytes), and “I” reads one
«long integer» (4 bytes) from the string.

For data that is more regular (e.g. a homogeneous list of ints or floats), you can also use the array module.

Enueiwon: To read and write binary data, it is mandatory to open the file in binary mode (here, passing "rb" to
open () ). If you use "r" instead (the default), the file will be open in text mode and f.read () will return str
objects rather than bytes objects.

4.4.4 | can’t seem to use os.read() on a pipe created with os.popen(); why?

os.read () is a low-level function which takes a file descriptor, a small integer representing the opened file. os.
popen () creates a high-level file object, the same type returned by the built-in open () function. Thus, to read n bytes
from a pipe p created with os . popen (), youneed touse p.read (n).

4.4.5 How do | access the serial (RS232) port?

For Win32, OSX, Linux, BSD, Jython, IronPython:
https://pypi.org/project/pyserial/
For Unix, see a Usenet post by Mitch Chapman:

https://groups.google.com/groups?selm=34A04430.CF9 @ohioee.com
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4.4.6 Why doesn’t closing sys.stdout (stdin, stderr) really close it?

Python file objects are a high-level layer of abstraction on low-level C file descriptors.

For most file objects you create in Python via the built-in open () function, £.close () marks the Python file object
as being closed from Python’s point of view, and also arranges to close the underlying C file descriptor. This also happens
automatically in £’s destructor, when £ becomes garbage.

But stdin, stdout and stderr are treated specially by Python, because of the special status also given to them by C. Running
sys.stdout.close () marks the Python-level file object as being closed, but does not close the associated C file
descriptor.

To close the underlying C file descriptor for one of these three, you should first be sure that’s what you really want to do
(e.g., you may confuse extension modules trying to do I/O). If it is, use os.close ():

os.close(stdin.fileno())
os.close(stdout.fileno())
os.close (stderr.fileno())

Or you can use the numeric constants 0, 1 and 2, respectively.

4.5 Network/Internet Programming

4.5.1 What WWW tools are there for Python?

See the chapters titled internet and netdata in the Library Reference Manual. Python has many modules that will help you
build server-side and client-side web systems.

A summary of available frameworks is maintained by Paul Boddie at https://wiki.python.org/moin/WebProgramming.

Cameron Laird maintains a useful set of pages about Python web technologies at http://phaseit.net/claird/comp.lang.
python/web_python.

4.5.2 How can | mimic CGI form submission (METHOD=POST)?

I would like to retrieve web pages that are the result of POSTing a form. Is there existing code that would let me do this
easily?

Yes. Here’s a simple example that uses urllib.request:

#!/usr/local/bin/python
import urllib.request

# build the query string
gs = "First=Josephine&MI=Q&Last=Public"

# connect and send the server a path
req = urllib.request.urlopen('http://www.some-server.out—there'
'/cgi-bin/some-cgi-script', data=qgs)
with req:
msg, hdrs = req.read(), req.info()

Note that in general for percent-encoded POST operations, query strings must be quoted using urllib.parse.
urlencode (). For example, to send name=Guy Steele, Jr.:
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>>> import urllib.parse
>>> urllib.parse.urlencode ({'name': 'Guy Steele, Jr.'})
'name=Guy+Steele%2C+Jr."

Agite griong:

urllib-howto for extensive examples.

4.5.3 What module should | use to help with generating HTML?

You can find a collection of useful links on the Web Programming wiki page.

4.5.4 How do | send mail from a Python script?

Use the standard library module smtplib.

Here’s a very simple interactive mail sender that uses it. This method will work on any host that supports an SMTP listener.

import sys, smtplib

fromaddr = input ("From: ")
toaddrs = input ("To: ").split(',")
print ("Enter message, end with ~D:")
msg = "'
while True:

line = sys.stdin.readline ()

if not line:

break
msg += line

# The actual mail send

server = smtplib.SMTP ('localhost')
server.sendmail (fromaddr, toaddrs, msg)
server.quit ()

A Unix-only alternative uses sendmail. The location of the sendmail program varies between systems; sometimes it is
/usr/lib/sendmail, sometimes /usr/sbin/sendmail. The sendmail manual page will help you out. Here’s
some sample code:

import os

SENDMAIL = "/usr/sbin/sendmail" # sendmail location
p = os.popen (" -t —-i" % SENDMAIL, "w")
p.write("To: receiver@example.com\n")
p.write("Subject: test\n")
p.write("\n") # blank line separating headers from body
p.write ("Some text\n")
p.write("some more text\n")
sts = p.close()
if sts != 0:
print ("Sendmail exit status", sts)
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4.5.5 How do | avoid blocking in the connect() method of a socket?

The select module is commonly used to help with asynchronous I/O on sockets.

To prevent the TCP connect from blocking, you can set the socket to non-blocking mode. Then when you do the socket .
connect (), you will either connect immediately (unlikely) or get an exception that contains the error number as .
errno. errno.EINPROGRESS indicates that the connection is in progress, but hasn’t finished yet. Different OSes will
return different values, so you're going to have to check what’s returned on your system.

You can use the socket .connect_ex () method to avoid creating an exception. It will just return the errno value.
To poll, you can call socket .connect_ex () again later - 0 or errno.EISCONN indicate that you're connected
— or you can pass this socket to select .select () to check if it’s writable.

Inueiwon: The asyncio module provides a general purpose single-threaded and concurrent asynchronous library,
which can be used for writing non-blocking network code. The third-party Twisted library is a popular and feature-rich
alternative.

4.6 Databases

4.6.1 Are there any interfaces to database packages in Python?

Yes.

Interfaces to disk-based hashes such as DBM and GDBM are also included with standard Python. There is alsothe sgqlite3
module, which provides a lightweight disk-based relational database.

Support for most relational databases is available. See the DatabaseProgramming wiki page for details.

4.6.2 How do you implement persistent objects in Python?

The pickle library module solves this in a very general way (though you still can’t store things like open files, sockets
or windows), and the shelve library module uses pickle and (g)dbm to create persistent mappings containing arbitrary
Python objects.

4.7 Mathematics and Numerics

4.7.1 How do | generate random numbers in Python?

The standard module random implements a random number generator. Usage is simple:

import random
random.random ()

This returns a random floating point number in the range [0, 1).
There are also many other specialized generators in this module, such as:
« randrange (a, b) chooses an integer in the range [a, b).
e uniform(a, b) chooses afloating point number in the range [a, b).

e normalvariate (mean, sdev) samples the normal (Gaussian) distribution.
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Some higher-level functions operate on sequences directly, such as:
e choice (S) chooses a random element from a given sequence.
e shuffle (L) shuffles a list in-place, i.e. permutes it randomly.

There’s also a Random class you can instantiate to create independent multiple random number generators.
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KEGAAAIO D

2 UXVEQ EPWTNOELG ETIEKTAONG/EVOWNATWONG

5.1 Mnopw va dnULoUpYROoW TLG BLKEG HOoU ocuvapTtioelg otn C;

Noau, uropeite va. dnuovpyhoete evoopatwuéva (built-in) modules wov epLeyovv CLUVAPTOELS, LETAPANTES, EEaL-
péoelg kan akdun kot véoug timovg oty C. Avtd eEnyeiton oto éyypago extending-index.

Ta weproodtepa Pirio peoaiog 1 mponyuévng Python Ba kahvmtouv exiong avtod to Hépo.

5.2 Mmiopw va dnULOUPYRO® TLG OLKEG HOU cuvapTrioelg otn C++;

Nau, ypnoipomormvrag tig duvatdtntes ovufatdtnrag C mov fpiokovral otn C++. Toobetote 1o extern "C"
{ ... }yopw and v Python vo mepthaufdver apyeio Kol tomodetnote to extern "C" mpv amd KaGOe
ovvapTnomn ov mpdkertal vo kKAnOel amd Ttov diepunvéa tng Python. Ta kabohukd 1) o otatkd avitkeipevo C++
ue constructors udAhov dev eivar Ko LdEa.

5.3 To va ypayei C KarnoLog eivat SUCKOAO- UTIAPXOUV AAAEG EVAA-
AGKTLKEG;

Yrdpyovv dudipopeg evolhaxtikéc AMIOELS Lo va ypdapete Tug dLkég oog emektdoelg C, avaloya UE TO TL TPOOTTO-
Oeite vo KAveTe.

Cython and its relative Pyrex are compilers that accept a slightly modified form of Python and generate the corresponding
C code. Cython and Pyrex make it possible to write an extension without having to learn Python’s C API.

If you need to interface to some C or C++ library for which no Python extension currently exists, you can try wrapping the
library’s data types and functions with a tool such as SWIG. SIP, CXX Boost, or Weave are also alternatives for wrapping
C++ libraries.
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5.4 Mwg propw va eKTeEAEow aubaipeteg dnAwoelg Python ané to
C;

H ovvéptnon vymhotepov emmédov yia va yiver ovtd eivar 1 PyRun_SimpleString () 1) omoio ektelel éva
OpLopa CUUBOAOTELPAG OTO TAAULOLO TNG EVOTNTOG _ main__ Kou emotpépet 0 yio emituyio koL —1 otav cuufai-
vel o eEaipeon (ovumepthappavouévou tov SyntaxError). Edv 0éhete meploodtepo EAeyy0, YPYOLLOTOLOTE
PyRun_String () - deite Tov mnyaio kwdika PyRun_SimpleString () oto Python/pythonrun.c™

5.5 MNMwg pnopw va agloAoynow pia aubaipetn EKppaon Python ano
™ C;

Kaléote T ouvaptnon PyRun_String () omd Ty mponyovuevn) epwtnomn upe to ovuforo &évopEng
Py_eval_input- avolel (uo wopdotaot), Ty aSLoAoyel KoL ETLOTPEPEL TV TLUY TNG.

5.6 Nwg propw va egayw TLpEG C ano €va avtikeipevo Python;

That depends on the object’s type. If it’s a tuple, PyTuple_Size () returns its length and PyTuple_GetItem()
returns the item at a specified index. Lists have similar functions, PyListSize () and PyList_GetItem().

For bytes, PyBytes_Size () returns its length and PyBytes_AsStringAndSize () provides a pointer to its
value and its length. Note that Python bytes objects may contain null bytes so C’s st rlen () should not be used.

T va gréyEete Tov THmo evog OVILKEWEVOY, TpdTo. Beforwbeite 6t dev eivol NULL, Kou UETA YPYOLLOTTOLOTE
To. PyBytes_Check (), PyTuple_Check (), PyList_Check (), KA.

Yndpyer emiong éva APl vynlot emutédov yio avuikeipeve Python mov mapéyeton amd T Aeyd-
uevr “abstract” Odiemoqt) (interface) - dwofdote Include/abstract.h Yy mePLO0OTEPEG AETMTOUE-
peteg. Emitpémer ) Ouaovvdeon ue kdbe eidovg axorovbiog Python ypnowomoidviag KANOES OTmG
PySequence_Length (), PySequence_GetItem (), kKA. KaOmg Kor wold dAlo xpHoa TpmTOKOAA
o6mtwg aplbpol (PyNumber_Index () et al.) Kou avtiotoryioelg otov PyMapping APIs.

5.7 Nwg propw va xpnotpomnowjow tnv Py _BuildValue() yia va dn-
Hloupynow Hia tAelada (tuple) aubaipetou HRKouUG;

Agev umopeic. Xpnowomowote 1o PyTuple Pack ().

5.8 MNw¢g KaAw TN HEBODO £VOG avTLKELNEVOU aro tn C;

H ouvdptnon PyObject_CallMethod () wropei va xpnowworonOei yia tnv KMon wog avbaipetng pneboddov
evog avtkelévoy. O mopduetpol eivol To avTikeitevo, to dvoua g nebddov mpog KON, o cuuBorooeLpd
HopPng OTTmg AT IOV Ypnoluomoteitan e T Py_BuildvValue (), Ko TG TWEG OPLOUATOG:

PyObject *
PyObject_CallMethod (PyObject *object, const char *method_name,
const char *arg_format, ...);
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Avutd hettovpyet yio kdbe aviikeipevo mou €xel uebddovg - eite eivar evowuatwuéveg eite kabopilovrar amd to
ypfHot. Eiote vtevBuvol edv telkd ypnowwomooete Py _DECREF () 0TV TUUY ETLOTPOPNC.

Io va kaléoete, .., T wEbodo «seek» evog avitkelnévou apyetov e optopata 10, 0 (vtobétovrag Ot 0 deiktng
TOU AVILKELUEVOV Py ELOV Elvon «f»):

res = PyObject_CallMethod(f, "seek", "(ii)", 10, 0);
if (res == NULL) {
an exception occurred
3
else {
Py_DECREF (res) ;

Znuelwote Ot £meld) To PyObject _CallObject () mdvra Béhel wo mhewdda (tuple) yia ) Aiota oplopudtomv,
yioL v KOMEOEL oL GuvapTnon xmpig opiopora, vo mepdoet «()» yio T wop@r| Kot vo KaAEOEL PLe. GUVAPTNOY UE
éva Opopa, epLBailovy to dpioua oe opévheon, .y, «(i)».

5.9 MNwg propw va Kavw catch tnv €§0d0 ané tnv PyErr _Print() (
otwdnnote ektunwvetal oe stdout/stderr);

Ztov kmdika Python, opiote éva avtikeiuevo mov vrootnpilel T né0odo write (). AVTLOTOLYLOTE OVTO TO AVTL-
Keluevo ota sys . stdout kau sys . stderr. Kakéote To print_error, 1] amhdg eMLTPEYPTE GTOV TUTTLKO UNYOVIOUO
AviyveELOoNG v AeLToupyNoEL. 2T oVVEYELD, 1 £5080¢ Bo el omoudmote TV oteikel 1 uébodog write ().

O guKkoLOTEPOG TPOTOG YLOL VAL TO KAVETE QUTO ELVOL VAL XPNOLUOTOLAOETE TV KAAON 10.StringIO:

>>> import io, sys

>>> sys.stdout = i0.StringIO()

>>> print ('foo')

>>> print ('hello world!")

>>> sys.stderr.write(sys.stdout.getvalue())
foo

hello world!

'Eva TpocopuooiéVo aVTIKELUEVO YL VaL KAVEL TO (810 Oa poldler pe ovto:

>>> import io, sys
>>> class StdoutCatcher (io.TextIOBase) :
def @ init_  (self):
self.data = []
def write(self, stuff):
self.data.append(stuff)

>>> import sys

>>> sys.stdout = StdoutCatcher ()

>>> print ('foo')

>>> print ('hello world!")

>>> sys.stderr.write(''.join(sys.stdout.data))
foo

hello world!

5.9. Nwg pnopw va Kavw catch tnv €§0d0 anod tnv PyErr_Print() (1§ otdnrnote ektunwvetal oe71
stdout/stderr);
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5.10 NMwg pmopw va anoktRow npdéopaon oc €va module ypappevo
oe Python anoé t™n C;

Miopeite va Mafete évav deiktn oto aviikeipevo tov module wg eEng:

module = PyImport_ImportModule ("<modulename>");

Edv to module dev éxeL elooyOel axdua (dnhadn dev vmdpyel okoua 0to sys.modules), GUTO QPYLIKOTIOLEL TO
module: dLapopeTikd AAMG EMOTPEPEL TNV TY TOV sys .modules ["<modulename>"]. ZNuedote OTL dev
eloayel To module og Kovéva namespace — dLOoPOAIZEL LOVO OTL £xEL apytkoTomOel KoL OTL elva ormobnKevpevY
010 sys.modules.

Mitopeite 0TI OUVEYELD VO ATTOKTIOETE TTPOOaOT OTaL YOPakKTNPELOTIKG Tov module (dnAady omotodnmote Gvoua
opiCetar oto module) wg eENg:

’attr = PyObject_GetAttrString (module, "<attrname>");

H kMjon PyObject_SetAttrString () yio aviiotoiyion oe petofintég oto module Aertovpyel emiong.

5.11 MNwg dracuvd<opal pe avtikeipeva C++ amnod tnv Python;

Avéloya pe TG artouthoelg 0og, Vtdpyouv Torég mpooeyyioeis. o va to Kavete autd yepokivnta, Sekivijote
drapdtovtag to the «Extending and Embedding» document . Zuveldntomoote 0Tl Y10 TO GUOTNUO XPOVOU EKTE-
Aeoti) Python, dgv vmdipyer peydin dragpopd petald C kar C++ — emopévog 1 oTpatnyk e dnuouvpyiog evog
véou TOmov Python yUpw amtd évav timo dourg C (deixtn) Oa Aettovpynoel emiong yio aveikeipeva C++.

T Bprodnkeg C++, deite To va yodyet C kdmotog elvar SVoK0A0" VTGOYOVV GALES EVAIIAKTIKES;.

5.12 Mpdobeoa €va module Xpnolpomolwvtag To apXeio Setup kat
TO make anotuyxavet yLati;

To setup mpémet va TeEAELDVEL O€ Lo VEQ Ypou), av dev vitdipyet véo ypauut, N dtodikacia build amotuyydver.
(T va dropBwBel avtd amoutel koo kakdfovdo script shell, koL autd to ool eivor TO00 WKPO TOV dev
paiveton va a&itel Tov Kdmo.)

5.13 Nwg Kavw debug pLa enteKtaon;

‘Otav ypnoipomoleite 10 GDB pe duvoukd poptopéveg eTEKTAOELS, OEV UTOPEITE VO 0PLoeTE OMNUELD dLokOoTTHg
OTNV EMEKTOON 00G UEYPL VA PoPTWOEL 1) EMEKTAONG 0O,

2710 apyeio oag . gdbinit (1) dadpaotikd), tpoobéote TNV evioln:

br _PyImport_LoadDynamicModule

2t ovvéyela, otav exteheite to GDB:
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$ gdb /local/bin/python
gdb) run myscript.py

gdb) continue # repeat until your extension is loaded
gdb) finish # so that your extension is loaded

gdb) br myfunction.c:50

gdb) continue

5.14 ©€Aw va kavw compile €va Python module oto cuotnua Linux
Hou, aAAd Aeirnouv oplopgva apxeia. MNati;

Most packaged versions of Python don’t include the /usr/lib/python2.x/config/ directory, which contains
various files required for compiling Python extensions.

For Red Hat, install the python-devel RPM to get the necessary files.

For Debian, run apt—-get install python-dev.

5.15 Mwg pnopw va EEXWPLow TNV «EAALI) €L0aywyn» arno tnv
«EYKUPN ELOAYWYN»;

Mepikég popég Béhete vo uundeite T oupmepLpopd Tov dtodpaotikov diepunvéa Python, dov oag divel éva ou-
veyOUeVo prompt OTav 1) EL0060¢ eivail EMMITING (TT.%. TANKTPOROYNOATE TNV 0PYT WG dNAwONG «if» 1) dev Kheloote
TG TOPEVOEDELS 1) T TPUTAA ELOOYWYLKA CURPBOLOCELPDV), OAAG Gag divel £va PiVUUO, CUVTOKTIKOU GQAALOTOG
AUECMGS OTAV 1 ELOAYWYT) OEV Elval £yKLp).

Ztv Python pmopeite va ypnowwomouioete to module codeop, 1 070l0 TPOOEYYITEL ETAPKDGS TN CVUITEPLPOPE

tov parser. To IDLE ypnowomotel ovto, Yo mopdderyuo.

O gukohdTEPOG TPOTOG Y1 Vo, To Khvete ot C eivaw vo kaléoete T PyRun_InteractiveLoop () (iowg o
Eexwprotd viua (thread)) Kaw va agroete tov diepunvéa Python va. yelplotel tv €i0odo yia eadig. Mtopeite emi-
ong va opioete PyOS_ReadlineFunctionPointer () yio va dei&ete TV SIKLAG TPOCOPUOOUEVT) CUVEPTNON
eloaywyne. Agite ta Modules/readline.c Kol Parser/myreadline. c yio TEPLOCOTEPES OUUPOVAEC.

5.16 NMwg uropw va Bpw anpoodioplota cuBoAa g++ _ builtin_new
N __pure_virtual;

T dSuvaukn optmworn module enéktaong g++, mpémel va kdvete recompile v Python, va ) ovvdéoete Eavd
xpnowomolmvtag g++ (ardEte to LINKCC oto Python Modules Makefile), kau vo ouvdéaete o module enéktoong
0aG XPNOWOTOLOVTIOG g++ (.. g++ —shared -o mymodule.so mymodule.o).

5.14. ©¢Aw va kavw compile €va Python module oto ocuotnua Linux pou, aAAa Aeinouv 73
oplopéva apxeia. MNarti;
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5.17 Mmnopw va dnULOUPYNROW HLa KAAOT QVTLKELHEVOU HE OPLOUE-
veQ HEBABouUG Tou ulotowouvtal otn C Kal aAAeg otn Python
(T.X. HEOW KAnpOovoHLKOTNTAG);

Noau, propeite vo kKhnpovouroete amd evoopotopéveg (built-in) kKhdoelg 0mwg int, 1ist, dict, K.AT.

The Boost Python Library (BPL, http://www.boost.org/libs/python/doc/index.html) provides a way of doing this from
C++ (i.e. you can inherit from an extension class written in C++ using the BPL).
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KE®GANAIO O

Python ota Windows FAQ

6.1 NMwg prmopw va eKTeEAEow £va npoypappa Python ota Windows;

Avtd dev givar amapaitnto o omhf epmtnon. Eav giote 16m eEoketmpévol ue v ektéheon apoypaupudtov
oo ™ ypouuy evrolov twv Windows tote Oha Oo paivovol Tpopavi)” SLopopeTIKA, WTOPEL VO YPELALOTEL Ay
ePLocOTEPN K0.O0dN YN OM).

Extdg Ko av xpnouomoleite KAmoLo eidog evomuatmuévou meptBdAlovtog avamtuEng, Oa katainEete mAnkTpo-
roymvtag evioléc twv Windows o autd mov avapépetor wg «Command prompt window». Zvvi0wg umopeite va
dMuovpynoete £va tétolo Tapdiupo amd T ypauur avalitnong oog Kavovtog avalnton yio cmd. ©a mpémel
Vo, uopeite vo avayvopioete tdte éyete Eekuvioel éva tétoto mapdbupo emeldn) Oa deite éva «command prompt»
tov Windows, 1) ooio. ouvii0wg Lotdlel pe avto:

’C:\>

To ypduua WITopel vo. ivat dLopopeTLKO, KoL UTOPEL VoL VITAPYouve GAMO TPAYUaTO UETE atd AT, £TOL UWITOPELTE
va deite eEloov euKoha KAUTL OOV:

’D:\YourName\Projects\Python>

avdhoya ue To Twg £xel PUOULOTEL O VITOAOYLOTNG 0. Ko TL GAAO éyete KAvel pue avtdv. Molg Eekuvioete éva
T£T0L0 TTAPAOUPO, €loTe 08 KAAd dpouo yio TV ekTéheon mpoypapupdtov Python.

[Mpémer va cuveldnromofjoete dtu ta Python oevaplo oag mpémel va eneEepyaotouv amd Ghho mpdypauua ov
ovoudCetal Python interpreter. O interpreter dLofACeL To 0evApLO oac, To KAveL compile o€ bytecodes kou ot oUVE-
yeLo ekTeel Ta bytecodes yio va TpéEel to podypauud oog. Aowdy, Twg pubuilete Tov interpreter Lo, Vo, XELPLOTEL
tnv Python cag;

[Mpdto amd Oha, TPETEL V. OLYOVPEVTEITE OTL TO TOPEOUPO EVIOMMV 0OG avayvwpilel Tnv AEEN «py» wg 0dnyia
yio T évapEn tov interpreter. EGv éxete avoi&el éva mopdbupo eviohmv, Oa pémel va dokiudoete vo eloaydyete
TNV EVIOAY| Py KOL VO TTOTH|OETE return:

C:\Users\YourName> py

2t ovveéyela, Oo mpémel va deite KATL oov:
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Python 3.6.4 (v3.6.4:d48eceb, Dec 19 2017, 06:04:45) [MSC v.1900 32 bit (Intel)] on.
—win32

Type "help", "copyright", "credits" or "license" for more information.

>>>

"Exete Egkivioel Tov interpreter oe «interactive mode». Autd onupaiver dtL wwopeite va elodryete dSNADoELg 1 ex-
ppdoelg Python dtodpaotikd Kou va tig ekteleite 1 va tig aElohoyeite evd mepuévete. Avtd eivar éva amd ta
LoYVpOTEPa YopakTnPLotkd ¢ Python. ENéyEte To elodryovtag nepuicég ekppdoelg tng emhoyn oag Kau BAEmo-
VTG TOL ALTTOTEAEOLLOLTOL:

>>> print ("Hello")

Hello
>>> "Hello" * 3
'HelloHelloHello'

IoAAol &vBpwIToL XPNOLIOTOLOVV T SLOdPACTLKY hetTovpyio wg wa folkt oAld eEarpetikd mpoypauuatiiopevn
aptBpopnyovy. Otav Bélete va teppatioete ™) dladpaotiki) ovvedpia Python, kaléote T ouvaptnon exit ()
1 KPATNOTE TATNUEVO TO TANKTPO Ctrl evd elodyete €va Z, KoL UETE TOTHOTE TO TANKTPO «Enter» yio va
emotpéete 0to command prompt twv Windows.

Mropel emiong vo SLomLoTmoete OTL €XETE WAL KOTAYMPNON 0To Start-menu Onwg Start » Programs » Python 3.x
> Python (command line) mov é€xeL wg amotéleopo va Prémete to >>> o€ éva véo mapdbupo, o mapdbupo Ba
eEapavioTel agol KoAEoeTe T oUVApPTNON exit () N eloaydyete Tov xapaktipa Ct r1-7” to. Windows ekteholv
uior ovo evtodt) «python» oto mapdOupo Kow v Kheivouv dtav tepuatilete Tov interpreter.

Topa tou yvwpitouue 0TL 1 EVIOM| py avaryvopileTtol, Ltopeite va tng ddoete To oevaplo Python cog. Oo mpémel
vo. dMOETE elte (o oTOlUTY elTe o OYETIKY dtadpoun Tpog oto oevaplo Python. Ag vtoBécouue OTL 1O OEVA-
pto Python cag BplokeTol oTny empaveLa Epyaoiag oag KoL ovoudletal hello. py, KoL 1 YPAUUY EVIOMDY OOG
OVOLYEL OLOPPA OTOV QPYLKO 00G KOTAMOYO, MOTE VO PAETETE KATL TTOPOUOLO UE:

C:\Users\YourName>

Aowdv tpa O TNTNOETE 0T TV EVIOM] Py VL dWOEL TO 0eVAPLO 0ag otV Python tANKTPOAOYDVTOG Py OKO-
LovBovuevn artd T dLadPoLLY) TOV GEVAPIOV 00G:

C:\Users\YourName> py Desktop\hello.py
hello

6.2 NMwg Kavw ta Python scripts ekTteAEoLUQ;

Zta Windows, to tustikd mpdypapua eykataotaong Python dm ovoyetiCel v enéktaon .py He Evav TOTo opyEiov
wo avoryth EVIoA mov ektehel tov diepunvéa (D: \Program Files\Python\python.exe "%1" $%*).
AvuTto givar apKeTo Y00 VoL KAVETE Ta scripts ekteléolua oo T ypouur eviohmv wg “foo.py”. Edv mpotiudte va
WITOPELTE VO EKTEAECETE TO GEVAPLO TANKTPOAOYDVTAG AtAd “f00” ymplg eméktaon, Tpémel va TpochioeTe .py 0N
uetofan mepipdiroviog PATHTEXT.
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6.3 lNarti pepikeg popeg n Python apyel T0o0 oAU va EEKLVOEL;

ZuvihBwg 1 Python Egkuvé moht ypiyopa ota Windows, aAlG TEPLOTACLOKA VTAPYOUV OVOPOPES GPAMATMVY OTL
1 Python apyiCel Eagvikd va maipvel ol xpovo yio vo Eekivioet. AuTtd yivetar oKOUA Lo OLVLYUOTLKO, ETTELON 1)
Python Oa Aertoupyel kohd oe ddha cvotnuota Windows ov paivetol va £xovy dLauoppmbel pe Tov idLo tpomo.

To TPOPIUE UTOPEL VO OPEINETAL OE ECPAAUEVY] SLAUOPPMOT] TOU AOYLOUKOU ELEYYOV LWV OTO TPOPANUOTLKO
unyavnua. OpLopévol oapmTég LV gival YvmaoTo OTL elodyouy emfBapuvon ekkivnong dvo tdEewv ueyédoug dtav
0 copwTig €xel puOuoTEL Vo TapakolovBel OLES TIG AVAYVIOELS ATTd TO CVOTNUO OPYELMV. AOKLUAOTE VO ELEY-
Eete TN SLOUOPP®OT TOV MOYLOWKOV LDV GTO, OVOTNUOTE 00G Yo Vo Befatwbdeite ot £xouv dviwg SrapoppmOet
mavopordtuma. To McAfee, dtav éxel puOpoTel vo capmvel OA1 T dpaoTnPLOTHTA AVAYVIOONG TOV CUOTUOTOG
apYELOV , elvon Evog ouyKeKpLEVOS pTalyTng.

6.4 NMwg propw va dnULOUPYROW €va EKTEAECLHUO AMO €va OEVAPLO
Python;

BA\. Iwg umwooch va Snuovoynow éva stand-alone binary awé éva Python script; yuor o Mot epyalEiLwV Tov uropov
vaL pNnoostotn0ovv yio T dNULovpyio eKTELESLULWY apYELDV.

6.5 Eival €va apxeio *.pyd idlo pe €va apxeio DLL;

Nau, ta apyeio .pyd eivon dll, oddd vidpyouv pepikég dwapopés. Eav éxete éva DLL ue to dvopa foo.pyd, toTE
mpémeL vau €yl e ouvapTnon PyInit_foo (). 2 ovvéyelo wropeite va ypaypete Python «import foo», Ko
1 Python 6o avaintoel to foo.pyd (kabwg kol to foo.py, foo.pyc) koL va to Bpel, Oa mpoomadfoel vo Kaléoel
T0 PyInit_foo () Y0 Vo TO apyLKOTOOEL. Agv ouvdéeTe To .exe oog e To foo.lib, Kabwg avtd Oa ékava ta
Windows va astaitioovy v opovoia DLL.

Adpete vroym 6tL 1 dradpour) avalntnong yia to foo.pyd eivar to PYTHONPATH, dev eivar idia pue ) drodpoun
7oV YpMotpnootovv to. Windows yio thv avalntmon tov foo.dll. Estiong, to foo.pyd dev xpeldletol va vidpyeL yio
TNV EKTELEDT] TOV TTPOYPAUUATOG OAG, EVD QY oVVOETETE TO TPOYpapud oag ne éva dll, amarteiton to dil. Puvokd,
amarteiton to foo.pyd edv Béhete va melte import foo. Ze éva DLL, ) ouvdeon dnhwvetal 6Tov mnyoaio Khdka
ue to _ declspec (dllexport). Ze éva .pyd, 1 ovvdeon opiletar oe o Aot SLabEoLumv GUVaPTNOEMV.

6.6 NMwg propw va svowpatwow tnv Python oe pua spappoyn
Windows;

H evooudtwon tov Python interpreter oe o Windows e@appoyr wwopei vo ouvvoyiotet wg eENg:

1. Do _not_ build Python into your .exe file directly. On Windows, Python must be a DLL to handle importing
modules that are themselves DLL’s. (This is the first key undocumented fact.) Instead, link to pythonNN.d11;
it is typically installed in C: \Windows\System. NN is the Python version, a number such as «33» for Python
3.3.

Mropeite va ouvdedeite pe v Python ue 0o duapopetikoig tpdmous. ZUvdean xpovou (pOPTwong ONUALVEL
oUvdeon evavTia 010 pythonNN. 1ib, evd 1 oUvdeon xpOvoy eKTELEONG ONUOLVEL GUVOEDT EVAVTLAL OTO
pythonNN.d11. (TCevikn onueiwon: pythonNN. 1ib eival to Aeyduevo «import lib» mov avtiotolyel 6To
pythonNN.d11. Amhwg opilel ouufora Yo To oUVOETUO.)

6.3. lMarti peplkeg popeg n Python apyel T600 NOAU va EEKLVIiOEL; 77
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H otvdeon yxpdvov ektéheong amhomotel onuavitkd TG emioyég ouvdéopwyv. Ola oupfaivovv Katd
v ektédeon. O KOdka oog TPEmeL va QopTdoel pythonNN.d1ll ypNOUOTOLDVING TNV POVTivVOL
LoadLibraryEx () twv Windows. O k®dLkog mpémel eniong va ypNouomoLel poutiveg Tpdofaong Kot
dedopéva 010 pythonNN.d11 (dniadm, to C API thg Python) ypnoipomoidvrog deikteg wov Aappdvovo
artd ™) poutiva twv Windows GetProcAddress (). Ot poKpOeVTOAEG UTOPOVV VO KAVOUV Y PNOLULOTTOLM-
VTaG auTovg Tovg deikTeg duapaveic oe omotovdnmote kmdiko C ov kahel povtiveg oto C API tng Python.

. If you use SWIG, it is easy to create a Python «extension module» that will make the app’s data and methods

available to Python. SWIG will handle just about all the grungy details for you. The result is C code that you link
into your .exe file (!) You do _not_ have to create a DLL file, and this also simplifies linking.

. To SWIG 6a dnuouvpyfoer wa. ouvaptnon init (o ouvapton C) tng omoia to dvopa eEaptdtar amd to

ovopa g wovadag eméktaons. [Na mopdderyua, edv to dvoud tov module gival leo, | cuvapTong init
0o ovopdieton initleo(). EGv ypnowpomoteite ™ okt SWIG khdoeig, dmwg Oa émperne, 1 ouvaptnon init
0o ovoudteton initleoc(). Autd ekkivel (o Kupimg kpupn fondntkn KAGon Tov ¥p1oLUOTOLELTOL OO TV
KAGOT OKLAL.

O MOYOg YL Tov omoio witopeite va cuvdéoete Tov kmdika C oto frua 2 0to apyeio cog .exe eival OTL 1M
KAOT) TG OUVAPTINONG 0PYLKOTTOINoNG Looduvauel pe tv elooywyn tov module otnv Python! (Autd eivau
70 deVTEPO KAELDL TTOV dEV TEKUTPLOVETAL.)

. Me Mya Moyla, Witopeite vor P1oLUOTOLOETE TOV aKOAOUOO KmALKA Yo va, apyLkormotoete tov Python

interpreter pe To module emékToonc.

#include "python.h"

Py_Initialize(); // Initialize Python.
initmyAppc(); // Initialize (import) the helper class.
PyRun_SimpleString ("import myApp"); // Import the shadow class.

. Yrdpyouvv dvo mpopriuata ue o C API tng Python, ta omoio Oa yivouv gugovi edv yxpnOLUOTOLHOETE

évav compiler diopopetikd amd tov MSVC, tov compiler mov yxpnotwomoOnke yio t) dnuwovpyio tov
pythonNN.dIIL.

Problem 1: The so-called «Very High Level» functions that take FILE * arguments will not work in a multi-compiler
environment because each compiler’s notion of a struct FILE will be different. From an implementation standpoint
these are very _low_ level functions.

Ipopinua 2: To SWIG dnpovpyel tov akdrovBo Kddiko dtav dnuovpyel wrappers o€ void cuvoptoeLs:

Py_INCREF (Py_None) ;
_resultobj = Py_None;
return _resultobi;

Avotuyoe, To Py_None glval o LoKpOeVIOl) OV EMEKTELVETOL O UL AVOPOPA OE (o cUVOET doun
dedopévarv mov ovoudCetar _Py_NoneStruct uéoa oto pythonNN.dIL Ko swéiht, ovtdg 0 Kdhdikog Oo armotiyeL
oe éva mult-compiler TepBAALOV. AVTLKOTOOTIOTE QUTOV TOV KMILKA, [IE:

return Py_Buildvalue("");

Mropel va givar duvath 1 xpNnomn g eviorng $typemap g SWIG yia va yiver avtopota 1 odhayr, ov
KoL O&V KOTAPEPO. VO TO KAV® QUTO Vo AeLToupynoeL (eipon eviehmg apyaplog g SWIG).

. Hypnon evdg Python shell script yia va. dnuovpyfoete £va Python interpreter wopdfupo uéoo amd v eqop-

woyn oag Windows dev eivol kKaly 1déa” To mapdbupo mov Oa wpoktyper Oa givar aveEdptnto 0md to 0¥-
otnuo Tapabvpov g epapuoyng oac. Avtifeta, eoeig (1) 1 KAGon wxPythonWindow) 0o mpémer va om-
povpyfoete £va «eyyevég» (native) interpreter mapdBupo. Eivor evkolo va cuvdéoete ovtd to mapdbupo pe
tov Python interpreter. Mmopeite va avakoatevdivete to i/o tng Python oto _any_ avtikeipevo mov vitootpi-
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Cer avaryvwon Ko eyypogt), Emouévmg To udvo mou ypeldleote eival éva avtkeipevo Python (tov opileta
oto module eméKTaong) wov mEPLEXEL TG ueBOdoVG read() ko write().

6.7 NMwg propw va eunodiow toug editors va elocayouv tabs otov
nnyaio t™ng Python pou;

To FAQ dgv ouviotovv v %pf o1 Koptehwv Kat 0 0d1y6g otvh Python, PEP 8, cuviotd 4 kevd yio Tov Kotave-
unuévo kmdika Python” avt eival emiong 1 mpoemheyuévn hettovpyio python tov Emacs.

e omotovdnmote editor, 1 wi&) tabs kou spaces givor Kok 10€a. To MSVC dev dtapépel amd auth TNV Aoy Ko
pvOuitetor gvkola yio va xpnotpomotel kKeva: Ilapte Tools » Options » Tabs, xou yio. tov TOmo apyetov «Default»
opiote To «Tab size» KoL to «Indent size» 0to 4, Kou emhéETe TO Kovumi emhoyng «Insert spaces».

H Python eyeiperto IndentationError j TabError eGv ta (UKTA tabs kKot spaces tpokalovy TpoAfuato 6To
leading whitespace. Mtopeite emiong va ekteléoete To module tabnanny yia va ehéyEete edv 8évtpo KoTahdyou
o€ Aertovpyia batch.

6.8 Mwg pIopw va eAEYEW yLa €va natnua NARKTpwyv Xwpic aro-
KAELOMO;
Xpnowomoteiote to module msvert. Avti eival éva Tumké module eméktaong ewdukd yio to Windows. Opilet

o ouvapTnon kbhit () m omoia eléyyel eqv vdpyeL éva xTimmua TANKTPoLoyiov, Kot 1o getch () maipvel
EVOV (OPOKTNP YWPLG VO TOV ETAVAAAUBAVEL.

6.7. Nwg pnopw va epnodiocw Toug editors va eloayouy tabs otov nnyaio tng Python pou; 79
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KEDAAAIO 7

Graphic User Interface FAQ

7.1 General GUI Questions

7.2 What GUI toolkits exist for Python?

Standard builds of Python include an object-oriented interface to the Tcl/Tk widget set, called tkinter. This is probably
the easiest to install (since it comes included with most binary distributions of Python) and use. For more info about Tk,
including pointers to the source, see the Tcl/Tk home page. Tcl/Tk is fully portable to the macOS, Windows, and Unix
platforms.

Depending on what platform(s) you are aiming at, there are also several alternatives. A list of cross-platform and platform-
specific GUI frameworks can be found on the python wiki.

7.3 Tkinter questions

7.3.1 How do | freeze Tkinter applications?
Freeze is a tool to create stand-alone applications. When freezing Tkinter applications, the applications will not be truly
stand-alone, as the application will still need the Tcl and Tk libraries.

One solution is to ship the application with the Tcl and Tk libraries, and point to them at run-time using the
TCL_LIBRARY and TK_LIBRARY environment variables.

To get truly stand-alone applications, the Tcl scripts that form the library have to be integrated into the application as well.
One tool supporting that is SAM (stand-alone modules), which is part of the Tix distribution (http://tix.sourceforge.net/).

Build Tix with SAM enabled, perform the appropriate call to Tclsam_init (), etc. inside Python’s Modules/
tkappinit.c, and link with libtclsam and libtksam (you might include the Tix libraries as well).
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7.3.2 Can | have Tk events handled while waiting for 1/0?

On platforms other than Windows, yes, and you don’t even need threads! But you’ll have to restructure your I/O code a
bit. Tk has the equivalent of Xt's Xt AddInput () call, which allows you to register a callback function which will be
called from the Tk mainloop when I/O is possible on a file descriptor. See tkinter-file-handlers.

7.3.3 | can’t get key bindings to work in Tkinter: why?

An often-heard complaint is that event handlers bound to events with the bind () method don’t get handled even when
the appropriate key is pressed.

The most common cause is that the widget to which the binding applies doesn’t have «keyboard focus». Check out the Tk
documentation for the focus command. Usually a widget is given the keyboard focus by clicking in it (but not for labels;
see the takefocus option).
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KEGANAIO 8

«["lati elval eykateotnuevn n Python otov urtoAoyloth pou;» FAQ

8.1 Tueival n Python;

H Python eivar pia yYAdooa mpoypoupotiopot. XpnoLuomoLleitol Yo ToMEG dLopopeTIKES EQaPUOYES. XPNOLUO-
moLelTOL 08 OPLOUEVOL MIKELDL KOl KOAEYLOL DG ELOAYMYLKT] YAMOOO TPOYPOUUaTtlopov emteldn n Python eivol evkoln
otV ekpdOnon, aArd ypnowomoLeital eniong amd emoyyYEMLOTIES TPOYPAUUATIOTEG LOYLOWKOV 08 HEPN OTMG
otV Google, otnv NASA kau otnv Lucasfilm Ltd.

Av Bélete va pdibete meprooodTepa yio tv Python, Eexiviote pe tov Od6my6 vy apydpovg oty Python.

8.2 lNuarti eival eykateotnuevn n Python otov urtoAoyLoTi Hou;

Av Bpeite v Python gykateotnuévn oto oVoTNUA 00G, aMG dev OUUAOTE Va TV €XETE EYKATAOTIOEL VITAPYOVY
dLdpopol havol TpoToL e ToVg 0Tolovg Bol Itopovoe va. £xEL QTdoel eXel.

« 'Towg K&molog GALOG (P1OTNG TOV VITOAOYLOTY 10ehe Vo LAOEL TPOYPAUUOTIONO KAl TO eYKOTEOTNOE. O
TPETTEL VO BPELTE TTOLOG XPNOLUOTTOLOVGE TOV VITOAOYLOTY] KL LWTOPEL VOL TO EYKOTEOTIOE.

o Mo eqpappoyi) Tpitov uépovug ou €xeL EYKATOOTOOEL 0TOV VITOLOYLOTY) WTtopEl va. el ypaptel og Python ko
va eptedppave wo eykoatdotaon g Python. Yrdpyovv moldég T€Toleg eapUoYES, OO TPOYPAUUATOL
GUI péypt dSLaKopoTég SIKTUOU Kot SLOLYELPLOTLKG SCripts.

o Oplopéveg ovokevég pe Windows €xouv emiong eykateotnuévn v Python. Auti ) otrypr| yvwpifovue vio-
Moyotég g Hewlett-Packard ko tng Compaq tov mepthaufiavouy tnv Python. Ilpogavig opiopévo amd ta
epyodeto drayeiprong tg HP/Compaq eivon ypauuéva oe Python.

o IToAAG Aettoupylkd cvotpota ovppatd pe Unix, 0twg to macOS kot oplopéveg diavoués Linux, €éxovv oo
mpoemhoyT) eykateotnuévr v Python, 1) omoia epthappdvetor ot fooLKr) eYKATAoTOON.
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8.3 Mmnopw va diaypayw tnv Python;

Avtd eEaptdrar 0o to mov tponiBe M Python.

Av KAQITTOLOG TO EYKOTEOTNOE OKOTLUOL, WTTOPELTE VO TO APALPETETE YwPig vo PAaeTe Timota. Zta Windows, xpn-
owomolnate to etkovidlo Ilpoonxn/Agaipeon tpoypoupdtov otov Mivakoa Eréyyou.

Av 1 Python eyKatootdOnKe amd uia epapuoyn TpLtov UEPOUGS, WTOPELTE ETLONG VAL TNV OpaLpEoeTe, OAAA 1) eap-
uoyn avtr) dev Oo Aettovpyel TAEov. Oa TPETEL VaL YPNOLUOTOLYOETE TO TPOYPAULO OTTEYKOTAOTOONG QUTNG TNG
eOpUoYNG avti va agparpéoete amevbeiag v Python.

Edv 1 Python mepthauBAVETOL 0TO AELTOUPYLKO 0OG GUGTNUOL, OEV GUVLOTATOL 1) APOLPEDT] TNG. AV TNV APOLPETETE,
omora epyaieio NTav ypouuéva oe Python dev Oa Aettovpyouv mhéov, Kal Kémola amd avtd wropel va eival on-
HOVTLKG YL €0AG. 2T CUVEYELD, B0l amtantnOel EmaveYKATAOTOO OAOKANPOU TOU GUOTHOTOS YLl VO dlopBmoeTe
Eavd ta Tpdyuata.
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Mwoodpl

>>> To mpoemheyuévo Python prompt tov dtadpootiko shell. Zuyvd epgpaviletal yio mapadeiyioto KmdLKa Tou
uITopoVV va, EKTEAETTOUV dLAdPAOTIKA OTOV interpreter.

. Mmnopei va avagépetan o€:

o To mpoemiheyuévo Python prompt tou dtadpaotikov shell katd v eLooymyn Tou KOdIKa Yo £va Whok
KddiKa pe gooyn, otav Bpioketol péoa oe éva Levyog Taplaouévmv aplotepmv Ko deEudv delimiters
(mapevOéoelg, ayKULeg, AYKLOTPO 1) TPLITAN ELOAYMYLKA), ) LETA TOV KoBopLond evog decorator.

o H evowpatmuévn otabepd E11ipsis.

2to3 'Eva epyaleio mov mpoomadel vo uetatpépel tov Kodika Python 2.x oe kwduka Python 3.x duayelpilovrog
TLG TTEPLOTOTEPES ALTVUPATOTITES TOU UTOPOVYV VO EVTOTLOTOVV OVOADOVTOG TNV TNy Ko diaoyilovtag to
dévTpo avdivong.

2t03 eival drabéoipo oty atdvtap BirodNKn wg 1ib2t o3, mapéyetar éva onueio e.0ddov mwg Tools/
scripts/2to3. Bh. 2to3-reference.

agnpnuévy fackn) kAaon Ou agnpnuéveg Paotkéc KAAOELSG cuumthnpwvouy To duck-typing mapéyoviag évav
tpoOTo opLopov interfaces dtov dhheg texvikég 6mwg N hasattr () Bo Nrav adéEieg 1 avemaiodnta Aav-
Oaopéveg (Yo topdderypna pe magic methods). Tao ABC (abstract base class) eLodyovv elKOVIKEG VTOKAAOELS,
oL omoieg eivar KAGoeLg Tov dev Khnpovouovvran ard o kKAGon, odhd eEakolovbotv va avayvopiloval
amd to isinstance () kow amd 10 issubclass () ” BA. v teKunpimwon tov module abe. H Python dia-
0éteL moAG evowpatwpuéva ABC yia dopég dedopévmv (oto module collections. abe), apOuovg (oto
module numbers), poég (o010 module povada io), eloarywyn finders kou loaders (0to module importlib.
abc). Mmopeite va dnuovpynoete ta dukd oag ABC pe to module abe.

annotation Mo etikéto Tov oyeTIeTan Ue po UETARANTH, £va YopaKTNPELOTIKO KAGONG 1| WOl TTOPAUETPOG GU-
VAPTNONG 1] TLUN TTOV ETLOTPEPETAL, TTOV XPT|OLUOTTOLELTOL KOTd avufacn wg type hint.

Aegv givar duvati) 1) TPoOoPaon oTo annotations TWV TOTLKMOV UETABANTOV KT TO (pdvo eKTéheons, alld
Ta annotations tov global petafANTmv, TOV YoPAKTNPLOTLKOV KAAONG KoL TOV CUVOPTHOE®MY 0rtodnKkevo-
VTOL 0TO ELOLKO YOpOoKTNPLOTIKO __annotations__ twv modules, Twv KAACEMV KOL TV OUVAPTNOEWY,
avtioToya.

See variable annotation, function annotation, PEP 484 and PEP 526, which describe this functionality.
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opwopo. Mot puetafiatetal oe pio function () method) xotd Ty kAo g ouvaptnong. Yrdpyouv dvo eidn

0PLOUATOV:

o keyword argument: ¢évo. dpLopa. TPLY amd Evo avayvopLoTiko (.. name=) o€ Ui KAMon ovvaptongm
TEPVAVTAG TO WG TY) 0€ éva AeEkd mpy amd * *. T'o mopdderyna, To 3 KoL to 5 0ToTeAoUV opiopata,
MEewv-KheldLmv otig akdrovbeg KM oeLS Tpog complex () :

complex (real=3, imag=b5)
complex (**{'real': 3, 'imag': 5})

o positional argument: £vo. 6pLopa. Tov dev givan OpLopa keyword. To opiopato O£0Mg LTopPovV VoL EUpOL-
viCovtar otnv apyng wag hMotog optopdtmv /Kot va petofipalovrar wg otouyelo evog iterable mpiv
o6 *. ['o wopdderyua, To 3 kow 1o 5 amotehoVv oplopata OE0NG OTLS TOPAKATO KA OELS:

complex (3, 5)
complex (* (3, 5))

Ta opiopota EKYWPOUVTOL OTIG OVOUOUEVES TOTILKEG UETOBANTEG 0TO OO pLe ouvapTnong. BA. v evo-
Tita calls yia Tovug Kavoveg o SLETOUV auThHv TNV EKYMPNOT. ZUVTAKTIKA, 0TTOL0ONTOTE £KQPOON UITOPEL
va ypnouortoBel yia va avarapaotioel £va oproua’” 1 oELohoyoUHEVT) TIUT EKYMPEITOL OE LLC. TOTILKY)
ueTapAnT.

B emiong v eyypoap Tov YAwooapiov yia to parameter, tv FAQ gpadytnom oto 7 Stapopd uetaEt ooioud-
Vv Kal Tapouétowv, Kou PEP 362.

aoUyypovos duayeiproTi)g context An object which controls the environment seen in an async with statement by

defining __aenter_ () and __aexit__ () methods. Introduced by PEP 492.

0oUyypovog generator Mio. ouvAEPTNON TOU eMLOTPEQEL Eva asynchronous generator iterator. MoldZelL pe puo. ov-

vapTNom coroutine Tov opileToL ue async def eKTOG atd OTL TEPLEYEL EKPPAOELS yield Yo TNV Tapoywyn
HLOLG OELPAG TUUDV TTOV UIT0PoVY va. xpnoworoboiv oe évav async for Bpdyo.

ZuviHBmg avopépeTal oe o CUVAPTNOY 0oUYXPOVoU generator, 0AAG umopel va avapépetal oe Evav acdy-
XOOVO generator iterator Gg OPLOUEVA contexts. Ze TEPLITTMOELG OTTOV TO ETMLOLWKOUEVO VOTUL OEV ELVOL OOPES,
UE TNV XPNOT TOV TPV OPMV OITOQEVYETOL 1] ALTAPELAL.

Mo ovvapTnom achyypovou generator WITOPEel va. TEPLEYEL EKPPAOELS await , Kabmg kol dNAdoeLg async
for, KoL async with.

aovyypovog generator iterator 'Evo avtikeipevo mouv dnuovpyndnke amd wa ouvaptnon asynchronous generator.

This is an asynchronous iterator which when called using the __anext___ () method returns an awaitable object
which will execute the body of the asynchronous generator function until the next yield expression.

Each yield temporarily suspends processing, remembering the location execution state (including local variables
and pending try-statements). When the asynchronous generator iterator effectively resumes with another awaitable

returned by __anext__ (), it picks up where it left off. See PEP 492 and PEP 525.

aovyypovog iterable An object, that can be used in an async for statement. Must return an asynchronous iterator
fromits __aiter__ () method. Introduced by PEP 492.

aovyypovog iterator An object that implements the __aiter_ () and __anext__ () methods. __anext_

must return an awaitable object. async for resolves the awaitables returned by an asynchronous iterator’s
__anext__ () method until it raises a StopAsyncIteration exception. Introduced by PEP 492.

xopoxTNPLotikod A value associated with an object which is referenced by name using dotted expressions. For example,

if an object o has an attribute a it would be referenced as o.a.

awaitable An object that can be used in an await expression. Can be a coroutine or an object withan __await__ ()

method. See also PEP 492.
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BDFL Axpwviuo tov Benevolent Dictator For Life, xohokdyo0og diktdtopag g Lomg, dnhadn Guido van Rossum,
0 dnuovpyodg g Python.

dvadiko apyeio A file object able to read and write bytes-like objects. Examples of binary files are files opened in
binarymode ('rb"', 'wb' or 'rb+'),sys.stdin.buffer, sys.stdout.buffer,andinstancesof io.
BytesIOand gzip.GzipFile.

BA. emtiong rext file yio éva ovTIKELUEVO TUTTOU apeio Lkovo vo. dtofdoet Kan va ypdper st r avitkeipeva.

bytes-like avrikeipeve ‘Eva avrikeipevo mov vitootnpilel to bufferobjects ko umopei va eEdyer éva C-contiguous
buffer. Autd mepihaufdver Oha ta avitkeipevo bytes, bytearray, Katarray . array, Kadmg Ko tohhd
Kowd memoryview ovuikeipeva. Ta dvadikot timov (bytes-like) avtikeipevo pmopovv vo. (P1OLUOTOL-
NOovv yia dudipopeg Aertovpyieg mov drayelpilovran duadikd dedouéva” autd TeEPLAAUBEvVOUV oUITiEo
amodNKevon og duadLko apyeio Kal arootoh) uéow socket.

Oplouéveg hettoupyieg yperalovran To. duadikd dedopéva va eivor uetafintd. H texunpioon ouyva ovo-
(PEPETOL O€ AUTA MG «dVAILKE avitKeluevo avayvmong-eyypapne» (read-write bytes-like objects). [Tapadely-
LOTO LETABANTOV AVTIIKEWEVOV TTPOOMPLVIG AtoONKevong TepLEXovy bytearray Kot évo memoryview
evOg bytearray. AMEeG AELTOUPYiEg ATOLTOVY TNV WTOONKEVONG TV dVAdIKDV dedouéva o€ aUETARAMTA
ovTkeipeva («dvodukd avtikeipeva wovo avaryvoong»” (read-only bytes-like objects) opadeiypota ovtdv
mePLEouV bytes kot évo memoryview evog bytes avIlKeWEVou.

bytecode O mnyaiog kddika tg Python petaryhottileton oe bytecode, 1| e0WTEPLKY) AVATUPAOTAON EVOG TPOYPALL-
patog Python otov diepunvéa CPython. To byfecode amobnketetal eioNg TPOOMPLVAE OOG . PY C APYELN DOTE
1] EKTELEDT) TOV {010V apyElov va eival yp1yopoTept TV deUTepn Qopd eKTéleong (Uopel va omopevyBel
€K VEOU UETAYADTTLON 0ITd TOV TINYaio KmdLKa o€ bytcode). Avth 1) «evOLauean YAwooo» AEyetow Ot TPEYEL
og wa virtual machine TOV €KTENEL TOV KMALKA UNYOvNG TOV avtiotolyel oe Kabe bytecode. Adfete voyn
Ot to. bytecode dev ovouévetal va Aettoupyolv HeTa &l SLOpOPETIKMV ELKOVIKMV wyovav Python, ovte va
givar 0tabepd netaEn Twv ekdodcewv g Python.

Mua Alota oo 0dnyieg oxetikd pe ta bytecode wropei va Bpedel otnv tekunpiwon yia to module dis.

callback Mua subroutine ouvéptnon 1 omoia petafipdletor wg Oplona mTov O eKTELETTEL KATOLXL OTLYUR OTO
HEAOV.

kAdon ‘Evo mpdtumo yio ) dnuovpyio aviikeluévov ov opifovrat amwd to xpnot. Ot oplopol KAAoEWY ouvi)-
Bwg mepLEovv opLopovg ueBOdWV TOV AELTOVPYOUV OE OTLYULOTUTTO THG KAGONC.

uetafinti kAdons Mo petofinti) wov opifetor oe pua kKAGom Kat tpoopiletan va tpomormtonOet udvo oe eninedo
KAGonG (dn). Oyl o€ €va OTLYIOTUTO (oG KAAONG).

coercion The implicit conversion of an instance of one type to another during an operation which involves two arguments
of the same type. For example, int (3.15) converts the floating point number to the integer 3, but in 3+4 .5,
each argument is of a different type (one int, one float), and both must be converted to the same type before they
can be added or it will raise a TypeError. Without coercion, all arguments of even compatible types would have
to be normalized to the same value by the programmer, e.g., f1oat (3) +4. 5 rather than just 3+4.5.

mryodikog appudg Mio eTEKTA0N TOU YVWOTOUY OUOTNUOTOSG TPAYUATIKMOVY apludy 0To omoio 6Aot ot apldupol
ekppatovral mg GOpoLoua evog TPayIOTIKOU HEPOVGS KO EVOG POVTAOTIKOD uéPovg. O pavtaoTikol apLd-
1ot elvan TPOYUATIKA TTOAAOITTAGOLOL TG PAVTOOTIKNG WOVAda (1] TETPOYWVIKT pilo Tov —1), OV GUYVA
vpGgovtol i ota padnuatikd 1 3 otn unyoavikr. H Python €xel evoopatmuévi vrootiptEn yio pyadikoig
apLOUovg, oL 0ToioL YPAPOVTOL UE AUTOV TOV TEAEUTALO CUUBOMOUS” TO POVTAOTIKO UEPOG YPAPETAL UE TO
emibnua J, 7wy., 3+173. To va amoktoete Ttpoofaon o ovvOeTa 1ooduvaa To module math, ypnoipormor-
Note 1o cmath. H ypnon uryadikav aplOumv givat Eva apKeTa Tponyueévo LadONUATiko YopaKTNPLOTLKO.
eqv dev YVopLLeTe TNV avayK TOVg, gival oedOV GlyoUpo OTL WITOPELTE VO TAL OLYVONOETE UE AOPAAELAL.

duayeprotiic context An object which controls the environment seen in a with statement by defining __enter__ ()
and __exit__ () methods. See PEP 343.
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context petafint) Mo petafinti mov uropel va éxel Tolég dLapopeTikeg TG avaroya ue To context. Auto
eivau kowvd oto Thread-Local Storage 65tov kG0€ EKTELEGT TOU VILOTOG UTTOPEL VOL £)EL DLOPOPETLKT TUUT) YLOL
o petaanty). Hapdia avtd, ue Tig context UETAUPANTES, WTOPEL VO VITAPYOVY TTOAMG TTePLBaAlovTa oe éval
viua EKTELEOTG KO 1) KUPLOL P1oT YL TLG context uetafSAnTég eivan 1) TapakorloBNomn Twv UETOPAMTOV o8
Tovtoypoveg diepyaoiec. Bh. contextvars.

contiguous 'Eva buffer Oewpeitol contiguous axpif3ng edv eivau eite C-contiguous eite Fortran contriguous. To buffer
undevikmv daotdoswv eival C ko Fortran contiguous. Ze povodidoToToug TLVAKES, TOL OTOLYELOL TTPETEL VO
tomofeTovvTaL 0T Uviun To €va dimha oto dAlo, ue oelpd avEnong twv detktdv Egkivdviag amd o undév.
Ze molvdidototovg C-contiguous TVaKeS, 0 TeEAeVTALOg delkTNG petafdhletar ToyvTepa OTOV EMLOKENTO-
VTOL TO. OTOLYELO. O oeLpd dlevBuvong uviung. Qotodco, oe Fortran contiguous mivokes, 0 TpmMTOG OEIKTNG
UETAPAANETOL TTLO YPTYOPOL.

coroutine O\ coroutines €ivai pLoL L0 YEVIKEVUEV poppn) subroutines. O subroutines eLodryovtal o€ £va onueio Kol
eEdryovtal og Gho onueio. Ot coroutines wropei va elooyBovv, va, eEayBotv KoL vo ouveyLoTolv og oA
drapopetikd onueto. Mmopovv va vhomotioovy pe v dMhworn async def. Bh. exiong PEP 492.

coroutine cuvaptnon Mo GuvAPTNON TTOV EMLOTPEQPEL VO coroutine avTiKeinevo. Mo guvapTtnon coroutine wio-
pet vo opiletal amd ) dMiwon async def, KoL wwopel va mepiéyel await, async for, KoL async
with AEEeig Khewdud. Avtég elonyOnoav amd to PEP 492,

CPython H xovovikn vhomoinomn tg yAwooag tpoypauuotiopnod Python, dtwg diavépetol oto python.org. O dpog
«CPython» ¥ p1GLUOTOLELTOL OTOV ELVOL OTTOPOLTITO YLOL TNV OLAKPLOT OUTHG TNG VAOTTOINONG atd GAMES OTT™G
n Jython | m IronPython.

decorator Mo oUVAPTNOT TTOU EMOTPEPEL L. GAAY CUVAPTNOY, CVVNOWG EPOPUOTETOL MG UETATYNUOTIONOG
ouvdpTnong xpnolomolhvrag tThv @wrapper oUvtogn. ZuvnOouéva tapadeiypato yio Tovg decorators
eival classmethod () Kouw staticmethod ().

H o¥vtaEn tov decorator givar amhdg KOAAMITLOTIKY, Ot akOAOUO0L dVO 0PLOUOL CUVOPTHOEMVY ElVaL ONULOL-
oLoAoYLKG LoodUvauoL:

def f (arqg):
f = staticmethod (f)

@staticmethod
def f (arqg):

H idua évvola vtdpyet yio tig kAAoeLs, alhd xpnowportoteiton Mydtepo ouyva ekel. Bh. v tekunpimon yio
function definitions xou class definitions yio epLocdTEP OYETLKG Ue TOVG decorators.

descriptor Any object which defines the methods __get__ (), set_ (),or _ _delete__ (). When a class
attribute is a descriptor, its special binding behavior is triggered upon attribute lookup. Normally, using a.b to
get, set or delete an attribute looks up the object named b in the class dictionary for a, but if b is a descriptor,
the respective descriptor method gets called. Understanding descriptors is a key to a deep understanding of Python
because they are the basis for many features including functions, methods, properties, class methods, static methods,
and reference to super classes.

TN epLocdtepeg TAnpopopieg avapoplka e tig uedddovg twv descriptors, fA. see descriptors 1) to [TpokTi-
KOG 0N YOG Yo T prion Tov Descriptor.

Aeiko An associative array, where arbitrary keys are mapped to values. The keys can be any object with __hash__ ()
and __eqg__ () methods. Called a hash in Perl.

Kotavonon AeEikov ‘Evo ovumayig Tpdmog yio va. eneEepyaoteite Oha 1] HEPOG TWV OTOLYELWY 08 £VaL ETOVOA-
TTTLKO KO VoL ETLOTPAPEL Eva pe heEikd ue ta amoteléoparta. results = {n: n ** 2 for n in
range (10) } dnwovpyel éva AeElkd mov mepiéyel to KheWdi n mov ovilotoryiCeTol pe v i n ** 2.
BA. comprehensions.
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oyn AeEikov Ta oviikeipeva ov emotpépovior amd dict . keys (), dict.values (), kot dict.items ()
KahoOvan Mperg AeELKoV. AUTEG TapEyouV (oL SUVOULKT] Sy TOV TOV EYYPAP®OVY TOU AeELKOV, TTOu oNuaivel
ot dtov To AeELko petafdidetarl, 1 Oym avikotomTpiler avtég Tig odhayéc. o va avoykaoete Ty oym
LeEukov va yiver o thinpng AMota ypnowomomote to 1ist (dictview) . Bh. dict-views.

docstring A string literal which appears as the first expression in a class, function or module. While ignored when the
suite is executed, it is recognized by the compiler and put into the _ doc__ attribute of the enclosing class,
function or module. Since it is available via introspection, it is the canonical place for documentation of the object.

duck-typing 'Eva otul mpoypappatiopot mov dev eEetdlel Tov TU0 evOG AVILKELUEVOU YId VO TTPOOOLOPIOEL
ov éyeL T oot diemagt)” avtifeta, N 1EB0dOG 1) TO XAPUKTINPLOTIKO KAAEITOL ATADG 1 XPNOLOTTOLEL-
tau («If it looks like a duck and quacks like a duck, it must be a duck.») Alvovtag €ugoon oTig dLETAPES KoL
OYL 0 OVYKEKPLUEVOUG TOTTOVG, 0 KOAG OYedlaouévog Kodikag Bertidvel tv eveMEla Tou emLTpémovtag
™V Tohuuop@Lky vrokatdotao. O timog duck-typing amogetyer dokiuég XPNOLUOTOLDOVTOG type () N
isinstance (). (Enuelwon, wotdoo, dtL 0 TOTog Thmag duck-typing umopel vo cuutAnpwOel we abstract
base classes.) Avti avtov, cuvnBwg ypnowomotel dokiuég hasattr () N wpoypapuotiond EAFP.

EAFP Ilwo gdkoho va Tntijoelg ovyympeon mopd adeta. Avtd 1o Kowvd otuk mpoypauuotiopot og Python stpo-
rto0étel TNV VapEN £YKUpwV KAEWSUOV 1] YOPUKTNPLOTIKOV Kol oulhaufavel eEalpéoelg eGv 1 vitdfeon
amodey el eapaiuévn. Autd to Kabopd Kot ypiyopo oTuk yapakTnpileTol amd TV Tapovsio ToA®Y on-
Mdoewv try kow except. H teyvikr épyetol og ovtifeon pe to otuk mov eivor LBYL xowvd og modhég dhheg
vAwooeg, 6mwg 1 C.

éxgppaon 'Eva koppdtt ovvtaEng o umopel va a€lohoyn et oe kdsworo tuuy). Me diha Moyia, pia ékgppaon eivan
ULOL CUOOWPEVOT OTOLYELWV EKPPaoNg Omwg KuplodeEia, ovopata, Tpdopaon XopaKTNPLOTIK®Y, TEAEOTEG
1] KAMOELG GUVOPTNOEMV TTOV OLEG ETMLOTPEPOVY WOl TUUT). Z€ avtifeon ue wolég dhheg YADOoES, dev gival
Oheg oL YAmOOoLKEG douég ekppAoels. Ydpyovve emiong statements mov dev (Wropovv va xpnouosotnfotv
g eKPpAaoeLs, 0twg to while. Ou avabéoelg TUMV elval eTiong dNAWOELG 0L EKPPAOELS.

module exéktaong ‘Evo module ypauuévo oe C 1) C++, mou ypnowortoteiton 0td to C API g Python yia va
OAANAETLOPATOVY UE TOV TUPTVA KOL [LE TOV KWMLK TOV Y p1OTH.

/

f-string Ou xvplohexTikég oVUPBOLOOELPES YpNOLOTOLOVY te TPdBepa "£' 7 "F' ovoudZovtar ovvibwg «f-
strings» mov eival ouvtopoypapia tov formatted string literals. BA. eniong PEP 498.

OVTIKEINEVO apyeiov An object exposing a file-oriented API (with methods such as read () or write ()) to an
underlying resource. Depending on the way it was created, a file object can mediate access to a real on-disk file
or to another type of storage or communication device (for example standard input/output, in-memory buffers,
sockets, pipes, etc.). File objects are also called file-like objects or streams.

ZTNV TPAYUATIKOTNTO VTTAPYOVV TPELG KATIYOPLES AVTLKELUEVWV apyElOV raw Svadikd cpyela, buffered dva-
Oukd apyela xou apyela kewuévov. OL dlemapég Tovg opitovral oty evotnta io. O KovoviKOg TPOTOG Yia
VO SNULOVPYHOETE EVOL AVTLKELUEVO OPYELOV ELVAL YPTOLUOTOUDVTAG TV OVVAPTNOT open () .

OVTIKEIPEVO TTOV PoLaCeL ue apyeio 'Eva ovvdvuuo ue o file object.
finder 'Evo avtikeipevo mov mpoomabel va BpeL To loader yio éva module wou elonyOm.

Since Python 3.3, there are two types of finder: meta path finders for use with sys .meta_path, and path entry
finders for use with sys .path_hooks.

See PEP 302, PEP 420 and PEP 451 for much more detail.

oképora Swaipeon H pabnpotikn Siaipeon mov oTpoyyvhomolel Tpog To KATw oTov Kovivdtepo aképato. O te-
Leotg aképonag daipeong eivar / /. Twa mapdderyna,  ékppaon 11 // 4 aEoloyeitol oe 2 og avtibeon
UE TV T 2 . 75 TOU EMLOTPEPETOL OITO TNV dLALPEDT] (e VITOOLALOTOAT. Znueimon otL (-11) // 4 kdvel
-3 gmeldn aut) elval 1 oTpoyyvhomoinon mpog ta kdtw tov -2 . 75. Bh. PEP 238.

ovvapTon Muo oelpd amd SNAMOELG TOV EMLOTPEPOUV KATTOLY, TL] OF AUTOV TTOU TNV KAAESE. Ze aUTEG UTOPOUV
VO TTEPOUOTOVY KAVEVQL 1) TTEPLOCOTEPOL 0PLGUA T TTOV WITOPEL VAL xpNoLpototn el yio Ty ektéleon). BA. emtiong
TG eVOTNTEG parameter, method, Ko the function.
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ouvaptnon annotation 'Evog annotation oG TapauéTpov GuvapTiong 1 Wog TG ETLOTPOQTGS.

Ou ouvaptioeLg annotations ouy VA YPNOWOTTOLOVVTAL Y0 UTOOEEELS TUTOV: VIO TAPADELYUA, OUTH 1 OU-
vapTNON ovouévetal va Ttépel dYo oplouaTo 1nt Kol ETONG AVAUEVETOL VO €XEL UL ETLOTPEPOUEVT] TLUY
int:

def sum_two_numbers(a: int, b: int) -> int:
return a + b

H oVvto&n ouvdptnong annotation avolvetar oty evdtnto. function.
See variable annotation and PEP 484, which describe this functionality.

__future__ 'Eva future statement, from _ future_ import <feature>, k000dnyel TOV UETAYAMTILOT
vo petayhwTtioel To tpéyov module ypnoluomoldvag ouvTasn 1 onuactoloyio Ttou Ba yiver 1) TuTKY o€
uehhovtiki) €kdoon tng Python. To module __future_  tekunpumvel Tig mbavég Tiuég tov feature. Me tnv
ELOAYOYT QUTNG TNG AELTOVPYLIKNG LOVASUG KOL TNV 0ELOAOYNON TV LETARANTMV TG, WTopPEiTe Vo delte ToTe
QoL vEaL duvaTOTNTO TPOOTEONKE YL TPDTN POPA OTHV YADOoO Ko toTe O yivel (1] £yuve) N TpoemAoy:

>>> import _ future_
>>> _ future__ .division
7Feature((2, 2, O, 'alpha', 2)/ (31 OI OI 'alpha'/ O)l 8192)

ouAloyn amoppudtov H dtodikacio amelevfépmong g uviung Otav dev ypnopomoteitor diho. H Python ekte-
Ael VALY QTTOPPLUATOV UECH KOTOUETPNONG OVOPOPHDV KAl EVOG KUKAMKOU GUAAEKTY OKOUTILOLMY TTOV
elval og B¢om va aviyvevel Kot va omdiel Tovg KUKAovg avapopds. O culhékTng amoppludtmy umopet va
eheyy el ypnopomolwvtag to module ge.

generator Mo oUVAPTNOT TTOV EMLOTPEPEL Eval generator iterator. MOLATEL LE L0l KAVOVLKT] OUVAPTNON EKTOG 0ITO
TO OTL TEPLEYEL EKPPATELG yield Yia THV Tapaymyr Wag 0eLpds TUMV TTOU WTOPOUV VoL ¥ PN oLuomot ot
o€ évav podyo for Y| Tou Wtopovv va ovoKkTNOoUv o T popd e v ovvaptnon next () function.

ZVvHOG avopépeTal O o OUVAPTNOT generator, OAAG UTopel v avopépeTtal o€ Evav generator iterator €
UEPLKA contexts. Ze TEPUTTMOELG OTTOV TO ETMLOLWKOUEVO VOT|UOL OEV ELVOL OAPES, 1] XPNOT TOV TANPWV OpwV
OTTOPEVYEL TNV AOAPELOL.

generator iterator 'Eva avtikeigevo mov dnuovpyeiton omd wua ouvapTnon generator.

Each yield temporarily suspends processing, remembering the location execution state (including local variables
and pending try-statements). When the generator iterator resumes, it picks up where it left off (in contrast to
functions which start fresh on every invocation).

generator £k@paon Mua £k@paon Tov emLoTpEQeL Evay iterator. Moldlel pe Kavovikr) £kppaon Tov okohovdeitan
and o tpdtaon for mov opilel wo UeTaBANTH Ppoyov, £va g0pog Kol o TPOLPETIKY Ttpodtaon 1 £. H
oUVOUAOUEVT EKPPAOT ONULOVPYEL TLUES YLOL (IO OUVAPTNOT) EYKAELOUOV:

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285

YEVIKT] 6UvapTNeT] Mo ouvapTNON TOU 0TToTEAEITOL 0Ttd TOMATAEG GUVAPTNOELG TTOV VAOTTOLOUY TV {8LaL AeL-
Tovpyia yro draopetikotg Thmove. oo vAomoinom mpémel va xpnoLuomotOel Katd T SLEpKeLo wLoL KAT-
omg kabopiletar amd Tov akyopLlOuo arooTorys.

BA. emiong v Koo mpnon tov single dispatch, tov decorator functools.singledispatch () ko PEP
443.

YEVIKOG Tumog 'Evog rype mov wopel va mapoapetporomel” ouvnOwg wo container class, émwg 1ist 1 dict.
XPNOLLOTTOLELTOL YL fype hints Kow annotations.

TN teploodtepes Aemtopépeles, PA. generic alias types PEP 483, PEP 484, PEP 585, ko to module t yping.
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GIL BA. global interpreter lock.

global interpreter lock O pnyovioudg mov xpnotuomoteitor amd tov diepunvéo CPython Yo vo. SLao@olioeL Ot
novo évo vijua extelel Python bytecode kéBe qopd. Avtd amhomorel tnv viomoinon CPython dnuovpywm-
VTOAG TO LOVTENO OVTLKELUEVOU (CUUTEPLACUPBAVOUEVWV KPIOWWV EVOOUATOUEVWV TOTOV 0w TT.). dict)
EUUETO OOPAAEG EVOVTL TAUTOYPOVNG TTPOofaonc. To kKheidwuo olokANPov Tov diepunvéa dLeVKOLIVEL TOV
dLepuUN Ve VoL ELVaL TTOMATADY VNUETWOV, E1G BAPOG TOU HEYEAOU HEPOVG TOV TAPOAANALOUOV TTOV TTOPEYOVY
oL Ny avég TOMATA®V eneEepyaoTdy.

However, some extension modules, either standard or third-party, are designed so as to release the GIL when doing
computationally-intensive tasks such as compression or hashing. Also, the GIL is always released when doing 1/O.

[ponyoutpeveg mpoomdbeleg va dnuovpynOei évag diepunvéag «eletBepwv-vudTmwv» (avTodg ToU KAELDM-
VEL TOL KOOy pnoto dedopéva ue ol o Aemtopept] evanctnoia) dev frav emituyeis emeldn 1 amddoon
VoY MPNOE TNV KOLVT| TTEpimtmon evdg eneEepyaot). Iliotevetal 6tL 1 vépfaon autol Tov TPOPANUATOG
art6doong Ba Kédvouv ToAD TTLo TTEPITAOKY KoL ETOUEVMGS TTLO dATTAVIPT) 0TV GUVINPNO).

hash-based pyc 'Eva apyeio kpuprig uvnung bytecode mov ypnoLuomoLel Tov KoToKepUATIond KoL 0yL Tov ¥pdvo
TPOTOTTOLNONG TOU AVTLOTOLXOU OPYELOV TIPOEALEVONG YLOL VO TTPOOOLOPLOEL TNV EYKUPOTNTO TOU. BA. pyc-
invalidation.

hashable An object is hashable if it has a hash value which never changes during its lifetime (it needsa __hash__ ()
method), and can be compared to other objects (itneedsan ___eqg__ () method). Hashable objects which compare
equal must have the same hash value.

H VmopEn hashable kel éva avikeipevo va pwopel vo ypnowuomom el mg khedi AeEukol kor wg uéhog
€VOG CUVOLOU, ETTELDN AUTES OL OUES DESOUEVV Y PNOLUOTOLOVY TUUEG KOTAKEPUATIOUOV.

Ta mepLoodtepo omd ta aueTdffinto evoopatwuévo avitkeipevo g Python umopoiv vo Katokepuott-
oTovV” TaL HETOPANTA KovTévep (Omtwg oL Mioteg 1) Tt AeEukd) dev eivar” ta auetdfinta Kovtéwvep (6mwg
mheladeg Kan to frozesets) UTOPovV v KATAKEPUOTIOTOUV UOVO EGV TA OTOLYELC TOVG ELVOL KOTAKEPUALTL-
ouéva. Ta avVILKEIUEVO TTOV Eival OTLYILOTUITO. KAAGEMY TTOV OpilovTaLl 0td TO YXP1OTH UWIT0POVY Vo KATO-
KEPUOTLOTOUV 0ItO TTPOoETIAOYY. ‘'Oha GUYKPIVOVTOL GVIOA EKTOG OO TOV EAUTO TOUGS) KL 1) TUY KOTAKEP-
LOTLOUOV TOVG TTPOEPYETOL atd To 1d () .

IDLE An Integrated Development Environment for Python. IDLE is a basic editor and interpreter environment which
ships with the standard distribution of Python.

immutable 'Eva avtikeipevo ue otabepn tur). Ta opetdfinta ovikeipevo mepthaufdavouv aptbuots , ovupo-
hooepég kol mhelddec. ‘Eva tétoto avtikeipevo dev umopei vo alldEel. ‘Eva véo aviikeipevo mpémel va
dnuwovpynOei edv mpémer va amodnkevtel o drapopetikn tun. Maiovv onuavtikd polo oe uépn 6mov
o otafepd asmarteitat, yio mopdderyno wg KAewdi oe évo AeEko.

gwoayouevo path Mo Aiota oo tomobeoieg () kataywoioes Stadpouris) mov umopotv va avalntnbolv path
based finder yio. va. elooy0ovv modules. Kotd v duadikaoio eloaywyng, avty N AMota ue torodeoieg ovvi-
Bwg épyetat amd sys . path, dAhd YLO TO VTOTAKETO, WTOPEL ETTLONG VO €POEL ATTd TO YOPAKTNPLOTLKO TOV
TOKETOV YOVEQ __path__ .

aoayoyn Hdwodikaotio katd tnv omoio o kddukag tng Python ot £éva module eivon Stabéoun otov kdhdika Python
evog dlhov module.

awoayoyéas Eva aviikeipevo umopel kKow voa avalntel kol vo @optdver ¢va module” kau éva finder xon loader
OVTLKELUEVO.

duadpaotikog H Python éyel évav dLadpaotikd Siepunvéa 6mtov onuaivel dtL uopelg va elodyelg SNMMOELG KoL
EKPPAOELS OTNV ELOOYWYT] EVIOLDV TOV SLEPUNVEX, EKTEADVTOG TEG GUETT KOL EUPOVILOVTAG TO AVTIKEL-
peva. Amhng eKKLVNOTE TV python ywpig opiopato (lavidg emhéyoviag To amd 10 KUPLO UEVOU TOv
VITOAOYLOTY) 00G). ATtoTelel £vav amodoTiKo TPdmo yia va dokLuaoTte véeg 1S 1) va eEeTdoTe AelToVpPYIKEG
povades Kau makéta (Buunbeite help (x) ).
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interpreted H Python eival o interpreted yAmooa, og avtiBeon pe o LETOyAmTTIOUEVT], AV KoL 1) SLAKPLON WTOPEL
va givat kot 0odn Moyw g mapovaio tov bytecode petaylwttioti). Avtd onuaiver OTL ta apyeio Tpoéhevong
WITOPOUV VO EKTELETTOVV 0rtevdeiag Y wpig vo dnuovpynOel pnTa éva eKTEAEOLILO ALPYELO TTOU OTNY OUVEYELD
exteheitar. Ou interpreted yAddooeg ovviBmg €xouv wkpdTepo KUKAO avamTuEng/ eviomopot opoiidtmy
ATTO TG UETAYAWTTLOUEVEG, OV KL TOL TTPOYPAUUOTAE TOUG YEVIKA eKTENOUVTAL TTLO apya. BA. emtiong interactive.

TEPUOTIOUOS AErToupyiang diepunvéa ‘Otav Tnteitol Tepuationds hettovpyiag, o diepunvéag g Python elotpye-
T 08 (oL €LY Ao mou amerevfepmvel oTadLoKd OAOVG TOVS dLaTLOEIEVOUG TTOPOUG, OTTMG AELTOUPYL-
Kég novddeg Kau molhamhéc kpiolueg eocmtepikés doués. Emiong mpayuatomolel apketég KAMOELS 0TO G-
Aértne okovmdimv. Avtd WITOPEL VO EVEPYOTTOLOEL TNV EKTELEDT] KMOLKO 08 KATAOTPOPELG TTov 0pilovTol
amd to ypnot N oe callbacks aoBevoig aviamokpioels. O KOOKOG TOV eKTELELTOL KATA TN (PAOT] TEPUOL-
TLIOPOY heLTovpylog WTopet vo ouvavtioel dudpopeg eSaipéoels, Kabmg oL TOpoL 0Tovg omoiovs Pacitetol
evdgyeTon va unv hettovpyotv héov (ouvnon mapadeiypato eivar ov Aettovpyikéc povadeg PLiodnikme 1
0 UNYOVIOUOG ELOOTOLNOEMV).

O Baotkdg MOYos TepUaTIoNoV hettovpylog tov diepunvéa eivar 6t to __main_ module 1) ohokAnpmOnKe
1 EKTEAEDT) TOV KMOALKA TTOV ETPEYE.

iterable An object capable of returning its members one at a time. Examples of iterables include all sequence types (such
as 1ist, str, and tuple) and some non-sequence types like dict, file objects, and objects of any classes you
define withan __iter__ () methodorwitha___getitem__ () method that implements Sequence semantics.

Iterables can be used in a for loop and in many other places where a sequence is needed (zip (), map (), ...).
When an iterable object is passed as an argument to the built-in function iter (), it returns an iterator for the
object. This iterator is good for one pass over the set of values. When using iterables, it is usually not necessary to
call iter () or deal with iterator objects yourself. The for statement does that automatically for you, creating
a temporary unnamed variable to hold the iterator for the duration of the loop. See also iterator, sequence, and
genemtor.

iterator An object representing a stream of data. Repeated calls to the iterator's __next__ () method (or passing
it to the built-in function next () ) return successive items in the stream. When no more data are available a
StopIteration exception is raised instead. At this point, the iterator object is exhausted and any further calls
toits__next__ () method justraise StopIteration again. Iterators are required tohavean __iter_ ()
method that returns the iterator object itself so every iterator is also iterable and may be used in most places where
other iterables are accepted. One notable exception is code which attempts multiple iteration passes. A container
object (such as a 1ist) produces a fresh new iterator each time you pass it to the iter () function or use it in a
for loop. Attempting this with an iterator will just return the same exhausted iterator object used in the previous
iteration pass, making it appear like an empty container.

[eproodtepeg mAnpopopieg umopouv vo. fpeboviv oto typeiter.

ouvaptnon key Mo ouvdptnon kiedi ) wo ouvaptnon taEvounong eivar wo. Suvotdtta KAong mov emt-
OTPEPEL O, T TTOV ypnotpomoteiton yio ToEvounomn 1 Suitokn. o mapdderyua, locale.strxfrm ()
YPYOLLOTTOLELTALL YLOL TV TTOPOywyn EVOG KAELBLOU TAELVOUNONG TToV YVmpilet Tig ouufaoels Tagwvounong
YLOL OUYKEKPLUEVEG TOTILKEG puOuioeLs.

‘Eva. aplbudg epyoreiov otnv Python déyetar Paoikég ouvoptnoelg Yo Tov €AEYY0 TOU TPOTOU UE
TOV 07T0l0 T oTOLKELD TaELVopoUVTaL 1) opadoroloUvTaL. Autd mepléyovy min (), max (), sorted (),
list.sort (), heapg.merge (), heapg.nsmallest (), heapg. nlargest (),Ko itertools.
groupby ().

There are several ways to create a key function. For example. the str.lower () method can serve as a key
function for case insensitive sorts. Alternatively, a key function can be built from a lambda expression such
as lambda r: (r[0], r[2]). Also, the operator module provides three key function constructors:
attrgetter (), itemgetter (), and methodcaller (). See the Sorting HOW TO for examples of how
to create and use key functions.

opwopo keyword B\. argument.
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lambda Muo ovayvoun evOUAT®UEVY GUVAPTNOT) TTOU OITOTEAELTOL ATt 0L LOVOLKT| expression 1) 0Ttoia. AELOAO-
veitar Otav kodeitol 1 ouvdptnon. H ouvtoEn yua t dnuovpyia wog ouvaptnong lambda eivon 1ambda
[parameters]: expression

LBYL Look before you leap. Autd 1o otuk KwdLkomoinong eLéyyel pnTd TG TPoUTOOE0ELS TPLV TPOYUCTOTOLYOEL
KANoeLg M ovalnthoels. Autd 1o oTuk €pyetol o€ avtifeor 1e Ty TPooéyylon EAFP Ko YopoKTnpiteTo
aTTo TNV TAPOVOLA TTOAMMY dnhwoewv 1 f.

Ze EvoL TePLBAMOY TTOAMATAMY VNUATWV, 1) TPooeyyLlon LBYL umopel vo dLakivouvevoet va eL0GYEL (oL Guv-
oMkm aydva petakv «the Looking» ko «the leaping». T'wa apdderypa o kdikac, 1 £ key in mapping:
return mappingl[key] umopel va amotiyel edv éva GO VIO apaLpéoel To key amd To mapping UETO
™ doky), ahhG TPy astd TV avalitnon. Avtd to Tpofinua wropel va Abel pue KAeldouata 1 xpnotuo-
oLdvTog TV pooéyyon EAFP.

Moto A built-in Python sequence. Despite its name it is more akin to an array in other languages than to a linked list
since access to elements is O(1).

list comprehension 'Evo cupmayfg 1pdmog yia va eneEepyaoteite OAa 1) UEPOG TV OTOLYELWV O UL, akohouBia
Ko voL emLoTpéPpete wua Mot pe ta atotehéopato. result = ['{:#04x}'.format (x) for x in
range (256) if x % 2 == 0] dnwovpysi wa Aloto ovuforocelpmv mov mepéyouvv Luyotg dekaeEa-
duxovg apBuovg (0x..) oto evpog amd 0 €mg 255. H mpdtoom 1 £ eivar mpooupetik). Eqv moapalewpOel, dha
Ta oToryelo 0To range (256) vmofailovion og eneSepyaoiaL.

loader An object that loads a module. It must define a method named 1oad_module (). A loader is typically returned
by a finder. See PEP 302 for details and importlib.abc.Loader for an abstract base class.

naykn uédodog ‘Eva drumo ovvdvupo yia special method.

mapping A container object that supports arbitrary key lookups and implements the methods specified in the Mapping
or MutableMapping abstract base classes. Examples include dict, collections.defaultdict,
collections.OrderedDict and collections.Counter.

meta path finder 'Evog finder mov emiotpdepnie pe oavolntnon oto sys .meta_path. O finders ueta-diadpoung
oyetiCovral, ol dapépovv amd ta finders entry dtadpour.

Bih. importlib.abc.MetaPathFinder yia tg uebddovg mov vhomolovv oL meta path finders.

ueta-khdon H khdon wag khéong. Ou opropol kKhaomg dnuovpyotv éva dvopa. kKAdong, éva AeElkd khdong Kat
o Alota footkmv kKhaoewv. H peto-khdon givar veifuvn yia v amtdKTon dutdv TV TPLOV 0pLoUdTmy
Ko TNV dnuovpyia g kKAAong. OL eplocoTEPES AVILKELUEVOOTPEPEIG YADOOES TPOYPAUUATIONOV TOPE-
YOUV LLOL TTPOETUAEYUEVT] VAOTTOIN 0. AT TTov Kvel Ty Python Egywproth eivor dti givan duvarh m dnuovp-
yio Tpooapuoouévov petakhaoewv. OL TepLocOTEPOL YPNOTES OEV YPELALOVTOL TTOTE OUTO TO EPYOLELD, AAAL
OTAV TAPOAOTEL AVAYKT), QUTO TO EPYALELD, OL UETO-KAAOELG LTTOPOVY VO TTOPEYOVY LOYVPES, KOUPEG MIOELG.
"Ex0ouv %p1noLomomOel yio v Kotoypagr| TpooBoong XopoKTNPLoTIKOV, TV TPoaOfKk acpalelog vnud-
TV, TNV TOPAKOA0VON0N SNULOVPYIAS AVILKEWUEVWV, TNV VAOTTOINOT| singletons, Kol mtolég dhheg epyaoiec.

[epioodtepeg mAnpopopieg wropotv va fpebolv oto metaclasses.

uébodog Mia ouvdptnon sov opiletar péoa 0to ooua wag kKhaone. Eqv kaleitol wg yopakmpLotikd wog mepi-
TTOONG AVTNG TNG KAAONG, 1) 1EB0d0G B MABEL AVTIKEIIEVO TEPLTTWONG WG TPWDTO TG argument (TO OTOLO
ovviiBwg ovoudtetan self). Bh. function xou nested scope.

oepd avaivongs nedodwv Method Resolution Order is the order in which base classes are searched for a member during
lookup. See The Python 2.3 Method Resolution Order for details of the algorithm used by the Python interpreter
since the 2.3 release.

module 'Eva oviikeipevo o ypnouedel mg opyovmtikh povada tov kmdika tng Python. Ta modules éxouv évav
YDOPO OVOUATOV TTOU TTePLEEL avbaipeta aviikelipeva Python. Ta modules poptwvovtol otnv Python ue thv
dwadikooia importing.

B\ emiong package.
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TEYVIKES TTPodLarypopés module 'Evo namespace wov TEPLEXEL TG TAPOQOPLES TTOV TYETICOVTAL LE TNV ELOAYWYT
IOV YPNOLUOTOLOVVTOL Yie TNV POPT®oN €vog module. Mo epimtwon tov importlib.machinery.
ModuleSpec.

MRO Bh. method resolution order.

mutable To evpetdfinto avrkeipevo uropovy vo aAMGEouY TG Tuég alhd va kpatnoouv ta id () . BL. emiong
immutable.

named tuple O 6pog «named tuple» epappdCeTol yio 0oLovontoTe THmTo 1| KAGON ov KAnpovoueital amd v
TLELAD L KOL TWV OTTOLWV TC GTOLYELD WTOPOUV VAL EUPETNPLOTOLNOOUV glval TPOaPAoLUa YP1OLUOTOLDVTOG
ETOVLLLA YOPAKTNPLOTIKA. O TOIog 1) 1 KAAOT UTOPEL vaL el Kol GALA X OpOKTHPLOTIKA.

oMol evowpatmuévor Tomol eivon named tuples, CUUTEPLIAAUBAVOUEVWV TV TLUDV TTOV ETLOTPEPOVTOL OITTO
time.localtime () kawos.stat (). Eva dhho moapdderypa eivan to sys. float_info:

>>> sys.float_info[l] # Iindexed access
1024

>>> sys.float_info.max_exp # named field access
1024

>>> isinstance(sys.float_info, tuple) # kind of tuple

True

Some named tuples are built-in types (such as the above examples). Alternatively, a named tuple can be created
from a regular class definition that inherits from tuple and that defines named fields. Such a class can be written
by hand or it can be created with the factory function collections.namedtuple (). The latter technique
also adds some extra methods that may not be found in hand-written or built-in named tuples.

namespace To uépog dmou amobnrevetar wa petafinty. Ta namespaces vhomolovvror wg heEikd. Ymdapyovv ot
TOTTLKOL, OL KABOALKOL KOl OL EVOMUATOUEVOL namespaces KoOMG kKoL oL £vOEToL namespaces 0€ AVIIKELLEVOL
(0e ueBddovg). o mapddeLyna oL ovvapToelgbuiltins . open KoL os . open () dLOKPIVOVTAL 0TTO TOVG
Y POVG ovoudtwv Tovg. OLxmwpot ovopdtwv Fondov emtiong TV ovoyvmoLdTYTO KOt TH CUVTNPNoWOTI T
Kablotmvtag oapéc wolo module viomolel o Aettovpyia. Lo apdderypa, ypdgpovtag random. seed ()
Nitertools.islice () kaOLOTA COPES OTL AUTEG OL CUVOPTNOELG VAOTTOLOUVTOL artd To. module random
KoL itertools, avtioTtouya.

mokéto namespace A PEP 420 package which serves only as a container for subpackages. Namespace packages may
have no physical representation, and specifically are not like a regular package because they haveno __init_ .
py file.

B emiong module.

nested scope H duvvatdomta avagpopdg oe wa petafint oe évav mepikheiduevo opopd. Tia mapdderypo puo
OUVAPTNON TTOV OPITETAL UECA OE (oL (AT GUVAPTNOT WTOPEL VOL AvOaQEPETOL OE UETAPBANTEG 0TIV eEEWTEPLKT|
oUVAPTNOY. ZNUEL®OTE OTL TO EvOeTo TEdia amd TPoemAOY AELTOUPYOVV UOVO YLoL OVOLpPOPE Kal 0L Yol
exympnon. Ot tomikég uetafantég dtofdloviol Kat Ypapovtol 6To ecmTeptkd medlo epapuoyng. Ouolwg,
ot KaOohKeg petafAntég dafalovy Kot ypdgouv 6Tov KaBolkd ympo ovoudtwv. To nonlocal emitpémel
™V eyypapn) oe eEmteptkd media.

kAdon véov otvh Old name for the flavor of classes now used for all class objects. In earlier Python versions,
only new-style classes could use Python’s newer, versatile features like _ slots__, descriptors, properties,
__getattribute__ (), class methods, and static methods.

ovukeipevo Omoladnmote dedouévo te KaTdoTaon (XapaKTNPELoTKd 1 Tiun) Ko Kaboplouévn ouumeptpopd
(uébodor). Emiong, N telkn ootk kKhAom ommolacdfote new-style class.

oxkéro A Python module which can contain submodules or recursively, subpackages. Technically, a package is a Python
module with an __path___ attribute.

BA. emtiong regular package xou namespace package.
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TUPAUETPOS Mia £ykupn ovtdtnTo o8 évav oplopnd function () uéBodog) mov kabopilel éva argument (| og opL-
OUEVEG TTEPUTTADOELS, OPLOUATA) TTOU Witopel vo. dexOei 1 ouvaptnon. Yrapyovv mévie €id1 mopauétpmy:

o AéEn-KAeldi 1) Oéon: koBopilel Eva dpLOoUO TOV WIToPEL Vo ueToPLBootel eite Oéoews M wg dotaua AEEng-

kAeldiov. Autd gival To TPOETAEYUEVO ELDOG TTAPAUETPOV, VL0 TAPAdELYUa foo Ko bar ota oakdhovBa:

def func (foo, bar=None) :

o Oéoewg udvo: xaBopilel £va OpLopO. TOV UTOPEL va Tapéyetat uovo amd ) 0€on. Ol TapdueTpol ovo
0€0mGg WTtopovV Vo 0pLoTOVY GUUTEPLLAUBAVOVTAG EVaV YOPUKTNPA / 0T MOTO TAPAUETPWY TOV OpL-
opov oVVAPTNONG UETE 0TTO AUTEG, Yo Tapdderyua posonlyl kou posonly2 oto eENg:

def func(posonlyl, posonly2, /, positional or_keyword) :

o AéEng-kAetdi uévo: xabopilel évo OpLopa ov propel va mapéyetar pdvo e AEEN khedi. OL TapaueTpoL
HOVO YL AEEN-KAELSE WITopovV VoL 0pLoTOUV GUUITEPIAAUBAVOVTOG UL Tapduetpo BEong 1) okéto * ot
MoTa TAPOUETPWY TOU OPLOUOY CUVAPTNONG TTPLV ATtd OUTES, Yo Tapaderyua kw_onlyl Kau kw_only2
ota okOhovba:

def func(arg, *, kw_onlyl, kw_only2):

o uetafAnti Oéong: xobopilel OTL umopel va mapooyedel wa avbaipetn axorovbia oploudtov O¢ong
(emumhéov TV opLopdtwv BEong mov eivar 1O 0TodeKTA amtd dAleg TopaAuETPOUS). Mia Té€ToLa o~
PAUETPOG WTOPEL VO OPLOTEL TTPOCAPTDOVTOG TO GVOLLOL TNG TAPOUETPOU UE *, VIOl TAPAIELYUD args OTa.
axohovba:

def func(*args, **kwargs):

o uetafinth AéEn-kreldi: kabopiler 6T umopov va mapéyovrar avbaipeto ToAG oplopata AEENG-
KAeLdL0V (emmummhéov TV oplopdtmv MENG KAeLdLoU tov eival amodektd amd dhheg tapauétpovg). Mio
TETOLO TTOPAUETPOG WITOPEL VO OPLOTEL TTPOCUPTMVTAG TO OVOUC TNG TOPAUETPOU [UE * *, YO TOPA-
deryua kwargs 0mmwg mTopoTaV®.

O apAueTpoL PTopovv vo Kahopioovy TG00 Ta TPOULPETIKA OG0 KAl TO AITOLTOUUEVO, OPLOUATO , KOOMDG
KO TTPOETUAEYUEVES TLIES YLOL OPLOUEVOL TIPOULPETLKA OPIOLLOITAL.

Bh. emtiong v argument xotaympLor evpetnpiov, v epmtnon FAQ oyetkd ue n diapood uetatd opioud-
TV Ko TOPQUETOWY, TV KMAON inspect .Parameter, v evotnta function ko PEP 362.

path entry Mo pepovopévn tomobeoia ato import path v omoio. cupfovievetal o path based finder yio. va. pet
modules yLo. EL0AYWYT.

path entry finder 'Evog finder mov emotpégetal amd évav KahoOuevo 0to sys . path_hooks (dnhadf) éva parh
entry hook) mov E¢pel mwg va evtomiCelr modules e path entry.

B\ importlib.abc.PathEntryFinder yio tig uefddovg mov o entry finder dtadpoung vhoTOLEL.

path entry hook A callable on the sys.path_hook list which returns a path entry finder if it knows how to find
modules on a specific path entry.

path based finder 'Eva amd ta mpoemheyuéva meta path finders mov ovalntd évo import path yio. modules.

path-like avrikeipevo 'Evo avtikeipevo mov avuipoowmevel évo path cvotuatog apyeiwv. ‘Eva aviikeipevo
path givau gite éva aviikeipevo str 1 bytes mov aviutpoowsevel £va path 1 éva aviikeipevo mov vhomotel
TO TPWTOKOMO 0s . PathLike. Eva avitkeipevo mov vrootnpilel To tpwtdkolo os . PathLike umopei
va petatparmel og path ovothuatog apyelwv str M bytes Kahmvtag TV ouvapmon os . £spath () ” ta
os.fsdecode () Kot os. fsencode () Wropovv va ¥pNotuoTotfoy yio TV eyyunon evog amotelé-
opatog str M bytes, avtiotoya. Ewonydn amd tov PEP 519.
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PEP IIpotoom Bedtiwong Python. ‘Eva PEP givou éva €yypago oyedlooiol mov mopéyel TApopopies 0Ty Kot-
votnto Python 1) mepuypdepel o véo duvatdtta yia v Python 1) tig duadikaocieg 1) 1o mepifallov .
Ta PEP 0a mtpémel va mop€youy (o GUVOITTLKY] TEYXVLKT] TTPOSLOypagpT] KOL (L AOYLKT) YLOL TCL TTPOTELVOUEVAL
YOPOKTNPLOTLKA.

Ta PEP mpoopilovrol va eival oL KUPLOL Y ovIoUoL YLoL TNV TTPOTO0T ONUAVILKMV VEDV YOPOKTPLOTLKMYV,
YLOL T GUAAOYY] TTANPOPOPLIV TNG KOLVOTNTOG Yo Vo THTNUOL KoL Y10 TV TEKUNPLmON TOV 0Topaoemy
oyedLaouov o £xovv ewoay el otnv Python. O ouyypagéag tov PEP gival veBuvog yio thv otkodoumon
ouvaiveong evtog TG KOLVOTNTOG KoL TNV TEKUNPLmon avtifeTtwy amdPpewy.

Bi. PEP 1.

tuuoe. ‘Eva ovvoho amd apyeioa og Evay povo katdhoyo (evoeyousvng amodnKevuévo og apyelo zip) Tou GuuPa-
Lovv og éva namespace TOKETO, OTWg opitetar oto PEP 420.

opwopa 0éomg BA. argument.

provisional API 'Eva provisional API eival avtd mov €xel eokepuévo eEarpebei amd tig backwards eyyunoeig ovp-
Batomtog g Tumikng PLPAOOTKNG. Av KoL dEV aAVaIEVOVTOL ONUOVTIKEG AAMAYEG O TETOLEG OLETTOPEC,
£POCOV EMONUOIVOVTAL WG TPOoWPLVES, alharyég un backwards cuufatdmrog (UéxpL KoL KOTapynon g
dLemap|g) Uopel va TpoktPpouv edv KpLel amopaitto amd Toug Pactkos TPoypaunaTtiotés. Tétoleg
odhayég dev Ba yivouv dokoma — Bo ouuBouv wovo edv amokalupOovv cofapd Oeueliddn eraTTOROTA
OV TOPOLELPONKAY TPLV aTtd T cuuTtepiinyn tov APL

Axoun kou yo provisional API, ou un backwards ovppatéc alaryég Bewpoivtar «hion oyatng avaykne»- Oa
eEaxohovBei vo yivetaw ke poomdOero yio va Bpebei pua Abom backwards cupBati| og TuYOV EVIOTLOUEVOL
TPoPfAUATO.

Avth 1 Stadikaoia emitpémer oty TuTtLK ) PBALOONKT va ouveyioel va eSeliooetan ue v Tdpodo Tov ypo-
VO, XWPLG VO KAELOMVEL TPOPAUATIKG OQAMIOTA OYEDLOOUOD YLOL EKTETAUEVES XPOVIKEG EPLOdOVS. BA.
PEP 411 yia teploo0tepeg AeTTOUEPELEG.

provisional wokéro BA\. provisional API.

Python 3000 Wevdmvupo yia to ouvolo ekddoemv Python 3.x (emvonOnke mptv otd ol Kapd 6tov 1) Kukho-
popia TG £K800mMG 3 NTOV KATL 0TO HaKPLVO uéhov.) Avtd ovoudletal emiong wg cuvtopoypapio «Py3k».

Pythonic Mua 1déa 1) évo Koppdtt KhdLKa Tou akohovbel ot ta 7o Kowvd wuwpato ™G Yhmooag Python, avti
VO VAOTTOLEL KDOLKOL Y PTOLULOTTOLMVTAG EVVOLES KOLVEG 08 AMAe YADOoeS. Tla mapdderypa, Evo Koo wWimuo
otnv Python givan va xdvet wor eavanym mdvo amd Oha ta otoueio evag iterable ypNOLLOTOLMVTOG ULOL
Mhwon £or. [Todrég dhheg YADOOEG TTOU dEV EYOUV OUTOV TOV TUTTO KATAOKEUNG, £T0L 0L AvOpwItoL Tov dev
eivar eEotkelmpévol pe v Python ypnotpomototv peptkéc popég Evav aptbuntkod uetpn:

for i in range(len(food)):
print (food[i])

Avtifeta, wo mo kabapn uébodog Pythonic:

for piece in food:
print (piece)

avayvoplopévo ovoua ‘Eva dvopa pe kovkkideg mov deiyvel T «diadpout)» amd 1o kabohkd evpog evog module
og o kAdon, ocuvapton 1 uébodo mov opiletar o auThHv TV evotnTa, Omtmg opiletan oto PEP 3155.
TN ovvaptnoelg kKoL KAAOELS OVADTATOU EMUTEOOV, TO AVOLYVWPLOUEVO OVOLLOL elval idLo pe to dvoua Tou
OVTLKELUEVOU:

>>> class C:
class D:
def meth (self):

(ouvéyela 0NV eOUEVT) OEMDQ)
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(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)

pass
>>> C._ qualname_
lCl
>>> C.D.__qgqualname_
'Cc.D'
>>> C.D.meth. qgualname
'C.D.meth'’

‘Otowv ypnowwooteitar yia avapopd oe modules , To TAHowWS avayvweLlouévo évoua oNUaiveL oMOKANPO To
drakekopuévo path pog to module, CUNITEPLOUBOVOUEVOV TUYOV YOVIKMV TAKETWV T.). email .mime.
text:

>>> import email.mime.text
>>> email.mime.text. name
'email .mime.text'

i 00g avaopas The number of references to an object. When the reference count of an object drops to zero, it is
deallocated. Reference counting is generally not visible to Python code, but it is a key element of the CPython
implementation. The sys module defines a getrefcount () function that programmers can call to return the
reference count for a particular object.

Kovoviko mok€to 'Eva mapadooiako package, Omtmg £vag Katdhoyog mov mepléyeL éva __init__ . py apyeio.
B\. exiong namespace package.

_ slots__ Muia dMAwon péoa og pua KhAom ov eEotkovouel uviun SNAMVOVTAG €K TV TPOTEPWYV Y MPO VLo TaPd-
deLyua yopakTnpLotikd Ko eEaheiqpovtag heELkd oTryiotimmy. AV Kat dSUo@IAfG, 1) TEXVLKY eivol KATmG
dVOKOLO VO YIVEL CWOTI KOL TPOOPILETOL KOAITEPO YLO. OTLAVLEG TTEPUTTMOELG OTTOV VITAPYEL HEYAAOG apLO-
UOG OTLYILOTVTTMV O€ [LaL EPOPUOYY KPLoLUNG-UviHUNG.

akolovBia. An irerable which supports efficient element access using integer indices via the __getitem__ () special
method and definesa ___1en__ () method that returns the length of the sequence. Some built-in sequence types
are list, str, tuple,and bytes. Note that dict alsosupports ___getitem__ () and __len__ (),butis
considered a mapping rather than a sequence because the lookups use arbitrary immutable keys rather than integers.

The collections.abc.Sequence abstract base class defines a much richer interface that goes
beyond just _ _getitem__ () and __len__ (), adding count (), index (), contains__ (),
and _ reversed__ (). Types that implement this expanded interface can be registered explicitly using
register().

set comprehension 'Evog cupmayhg tpomog yia va eneEepyaoteite Oha 1) HéPog Tmv otolyeimv oe €va iterable Ko
VO ETLOTPAPEL V0L OVVOAO LE Ta atoTeréopota. results = {c for ¢ in 'abracadabra' if c
not in 'abc'} dnwovpyei to ovvoho ovpporooelpdv {'r', 'd'}. BL. comprehensions.

novaduko dispatch Muo woper| dispatch generic function émov 1 vhomoinon emiéyeton pe BAomn tov THIO €VOG
UELOVOUEVOU OPLOUOLTOG.

slice 'Eva avtikeipevo mov ouvnbmg meptéyet Eva tunua wog akorovbiag sequence. Anuovpyeitan éva slice xpn-
OLUOTTOLDVTAG T oNueiman subscript, [] we dvw Kou Kdtw teheieg neta&l aplbudv otav divovtol wolhoi,
Omwg 010 variable name [1:3:5]. H onueiwon aykding (subscript) xpnoLuomoLel ecmteptkd avitkel-
ueva slice.

181k uéBodog Mia uébodog ov Kaheitar orwmnpd 0d Ty Python yia va ekteléoel puo ouyKekpLuévi Aertoup-
via og évav TOm0, dmwg M TPooOfKn. Tétoleg nuéBodol éxovve ovopota Tov EeKvouv KoL TEAELDOVOUV UE
dumhéc Kbtw movheg. Ou edikég néBodol TekunpLdvovTan 0To specialnames.

drowon Mo mtpdtoon eivar pépog ag oovitag (éva «umhok» kddika). Mo pdtaon eivon gite évag expression
eite o aswd oG dopég pe po AEEN-KAedi Omtwg 1 £, while 1) for.

97



Python Frequently Asked Questions, Anpocisuon 3.9.24

Kwdukomoinon kewpévov Mia ovuforooelpd otnv Python eivol wa akolouvbio onueiwv kddika Unicode (oTo0 gv-
poc U+0000-U+10FFFF). ['la var artoONKEVOETE 1] VO UETAPEPETE UL CUUPBOLOCELPAL, TIPETTEL VOL OELPLOTTOL-
NBel wg dvadikn akorovbia.

H oepromoinon wog ouuBorooelpds o (o duadiky akohovbic eival YvooT wg «KOALKOTOINoT» , KoL 1)
avadnuovpyia g ouuBorocelpds amd Ty dSuadikr| akohovOio eival YVmOT MG «OTOKMALKOTOIN o).

Yrdpyetr por Totkihion SLapopeTikig OeLpLoToinong Kelwévou codecs, oL 0TT0ioL GUANOYLKG OVOPEPOVTOL WG
«KWOLKOTTOLNOELG KELUEVOU».

apyeio kewévov 'Eva file object ixovd vo SlaBaler kau va ypdeper aviikeipeva str. Zuyvd, évo apyeio kewé-
VOU ATOKTA TPAYUATIKG TTPOOP0oN O€ (a pon duadlkt) por) dedoUEVMV KaL YeLPLLETOL QUTOUATO TNV fext
encoding. TTopadelyuorto apyeimv KeLEvov eivan apyela Tov avoiyouv oe hettovpyia Kewévou ("' 1 "w'),
sys.stdin, sys.stdout, Kot otrypdtume tov io. StringIO.

BA. emtiong binary file yio évo avitkeipevo apyelov pe duvatdTnta avayvoong Kot eyypopns dvadtkd avii-
Kelusva.

oupforocelpd TPUTA®Y ELoaymYIKOV Mo GUUBOAOCELPE TTOU SECUEVETOL AT TPELG TEPUTTWOELG ELTE EVOG ELOQL-
yoyrko¥ (») 1 pag arootpdpov (). Av kou dev TapEYouv Kouia AeLttovpytkoTnTa tov dev eivar dtabéoiun
1e OVUPBOLOCELPEG UE LLOVAL ELOAYWYLKE, ElvaL XPHOLUES YLOL BLapOPOoVg AOYOUGS. Zag EMLTPETOUV VO GUUTTE-
PGPeTE LOVA Kat SAd eLoaymyLkd xwpig dtopuyn o€ uLat CUUBOAOOELPG KOl UTOPOVY VO, EKTELVOVTOL
og TOMEG YPOAUUES XWPLG TN YPTON TOV XOPAKTNPO CUVEYELDL, KADLOTMVTAGS TA LOLALTEPO. YPNOLLO KATA TN
oUVTOEN eYYPAPWV pe CUUPBOLOCELPES.

tomog The type of a Python object determines what kind of object it is; every object has a type. An object’s type is
accessible asits ___class___ attribute or can be retrieved with type (ob7j).

type alias 'Evo ouvadvupo yuo évay thmo, mov dnuiovpyeitar ue ty ovafeorn TOmov o€ £va avayvopLoTko.

Ta type aliases eival ypnowpa yio tnv asthomoinom type alias. Tia wapdderypor:

def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuplel[int, int, int]]:
pass

WITOPEL VL YIVEL TTLo EVAVAYVHOTO OTTWG:

Color = tuple[int, int, int]

def remove_gray_shades (colors: list[Color]) -> list[Color]:
pass

Bi. typing kou PEP 484, movu mepLypdepel outiv TNV AeLtovpytkdtnTa.

type hint 'Evag annotation wov KaOopileL TOV avopuevopevo TOo yio. (ot LETOPANTY), EVO X apaKTNPLOTIKO KAGOoNG
1] WL TTOLPAUETPO CUVAPTNONG 1) TLUT ETLOTPOPNG.

Type hints are optional and are not enforced by Python but they are useful to static type analysis tools, and aid
IDEs with code completion and refactoring.

YnodeiEeig timou (type hints) yio KaBoMkég UETOPANTEG, YOPOKTNPLOTIKA KAGONG KoL OUVOPTH-
oelg , OMG Oyl TOTKEG UETAPANTEG, WITOPOUV VA JTPOOTELAOTOVV YPNOLUOTOLMVTAG TO typing.
get_type_hints ().

B\ typing kouw PEP 484, mov mepuypdepel outiv TNV hettovpytkdtnta.

Kofohkég véeg ypauués Eva tpdmog epunveiog pomv KeWWEvou 0tov ooio dia ta akdhovbo avayvmpifovral
wg MEelg wag ypoupng: 1 ovupoon téhovg ypouung tov Unix '\n', 1 oVppaon twv Windows '\r\n"',
Kou v wahd ovupaon Macintosh '\ r '. BL. PEP 278 xaw PEP 3116, kaOdg kowbytes.splitlines ()
yio TPodabetTn ypnon.
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annotation pevapiyeig ‘Evag annotation wo. petaBAng 1 evog xopaktnpLlotiko KAGoNG.

‘Otov annotating puo eTaBANTY 1 va xopakTnpLotikod kKAdong, 1 avadeon eivol TpoatpeTikn:

class C:
field: 'annotation'

Ta annotations PETOPANTOV YPNOWOTOLOVVTOL GUVNOWG YLaL fype hints: YLo. TAPAIELYUA OUTH 1) LETOPANTY
avapéveral va MfeL Tiég int:

count: int = 0

H o¥vta&n annotation petafinTig mepryplpetal oty evOTITa. annassign.
See function annotation, PEP 484 and PEP 526, which describe this functionality.

virtual environment 'Evo ouvepyoatikd amopovmuévo eptBallov xpovoy eKTELEONG OV ETULTPETEL OTOVG YPT1)-
0TEG Kau TIG eapuoyés tg Python va eyxotaotioovy kot vo avopaduicovy tokéta diovoung Python ympig
va tapeuaivouy oty ovutepLpopd dAlmv epapuroymv Python mov ektelovivtal 0To idlo ovoTnua.

Bi. emtiong venv.

virtual machine 'Evog vroloyiotic opileton €€ ohokipov amd to hoyiowkd. H eucovikh unyavi tng Python
ektelel To bytecode OV eKTTEUTETAL ALTTO TOV UETAYAWTTLOTY bytecode.

Zen 1 Python Kotdhoyog oyedlootikmy apymv KoL (LAOGOMLMY TOV ELVOL YPTOLUES YLOL TV KATOVONOT] KoL TN
xPNoN ™G YAdooag. O kotdhoyog witopei va fpedel mnktpoloydvrag «import this» otnv dladpaotik
KOvGeoOLa.
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nAPAPTHMA B’

About these documents

These documents are generated from reStructuredText sources by Sphinx, a document processor specifically written for
the Python documentation.

H avamtuEn tov eyypleov Kol Tov gpyoleiwv toug eivar eE” ohokhnpov edehovtiky mpoomddera, dmwg Ko 1)
idua 1 Python. EGv Béhete va. ouvelopépete, piEte wo. potid ot oghida reporting-bugs yio, TANPOQOPLES OYETIKEG
e To Twg vo. 1o Kavete. Kawvouplol e0ehoviég eival mdvta evmpdodektol!

[ToAAég vy OpLOTiES TTNYALVOUY OTOVG:
« Fred L. Drake, Jr., the creator of the original Python documentation toolset and writer of much of the content;
« the Docutils project for creating reStructuredText and the Docutils suite;

o Fredrik Lundh yua to 816 tov Alternative Python Reference mpdtlekt amd to omoio to Sphinx mpe ol
KoAég LOgec.

B'.1 Contributors to the Python Documentation

IoAhol avBpwrtoL éxouv ouvela@épel ot Yhwooo Python, thv BiioOnin tng Python, ko ta €yypagpa tng Python.
Agite Misc/ACKS otig minyég dravoung g Python yia pa Moto twv ouvieheotdv.

Moévo ue tn ouufol) Kot Tig OUVELGPOPES TG Kotvotntag tg Python, 1) Python €yel tétola vitépoya éyypapo -
Zag evyoaploTovpe!
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4
NAPAPTHMA [

loTopla kat Adela

.1 Hotopia Tou AoyLoHLKOU

Python was created in the early 1990s by Guido van Rossum at Stichting Mathematisch Centrum (CWI, see https://www.
cwi.nl/) in the Netherlands as a successor of a language called ABC. Guido remains Python’s principal author, although
it includes many contributions from others.

In 1995, Guido continued his work on Python at the Corporation for National Research Initiatives (CNRI, see https:
/Iwww.cnri.reston.va.us/) in Reston, Virginia where he released several versions of the software.

In May 2000, Guido and the Python core development team moved to BeOpen.com to form the BeOpen PythonLabs
team. In October of the same year, the PythonLabs team moved to Digital Creations (now Zope Corporation; see https:
/Iwww.zope.org/). In 2001, the Python Software Foundation (PSF, see https://www.python.org/psf/) was formed, a non-
profit organization created specifically to own Python-related Intellectual Property. Zope Corporation is a sponsoring
member of the PSF.

All Python releases are Open Source (see https://opensource.org/ for the Open Source Definition). Historically, most, but
not all, Python releases have also been GPL-compatible; the table below summarizes the various releases.

‘Ekdoon Mpoepxduevn ard | ‘Etoq Idloktnoia | GPL compatible?
0.9.0éwg 1.2 | &/v 1991-1995 CWI v
13¢émg1.52 | 1.2 1995-1999 CNRI VoL
1.6 1.5.2 2000 CNRI oxL
2.0 1.6 2000 BeOpen.com | oyt
1.6.1 1.6 2001 CNRI oyl
2.1 2.0+1.6.1 2001 PSF oYL
2.0.1 2.0+1.6.1 2001 PSF v
2.1.1 2.142.0.1 2001 PSF VoL
2.1.2 2.1.1 2002 PSF VoL
2.1.3 2.1.2 2002 PSF VoL
2.2 kou whve | 2.1.1 2001-ofuepo. | PSF VoL
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Inueiwon: GPL-compatible doesn’t mean that we're distributing Python under the GPL. All Python licenses, unlike
the GPL, let you distribute a modified version without making your changes open source. The GPL-compatible licenses
make it possible to combine Python with other software that is released under the GPL; the others don’t.

X&p1, 0toug ToAovg eEmTepLkovg e0eLOVTEG TTOV EpYAOTKAY KUTW 07TO TG 081 Yieg Tov Guido, avtég oL ekddoelg
EyLVay EQLKTEG.

.2 OpolL Kat npoUmnoBeocelg ywa tnv npoéocpacn | tTnv Xpnon tneg
Python pe aAAoug Tpomoug

Python software and documentation are licensed under the PSF License Agreement.

Starting with Python 3.8.6, examples, recipes, and other code in the documentation are dual licensed under the PSF
License Agreement and the Zero-Clause BSD license.

Kdamoro Aoyioukd mov eival evomupotouévo otnv Python givan vitd duagpopetikég ddeteg ypnone. O adeleg mapal-
TOEVTAL PE KDOOLKO TOV EUTTLITTEL 0€ QUTNV TNV AdeLaL. Agite Adeies kau Evyaototies yra Evoouatwuévo Aoyiouxd
yLoL uLoL EAMLTTN ALOTaL ATV TV OdELMDV.

".2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.9.24

1. This LICENSE AGREEMENT is between the Python Software Foundation ("PSE"),._
—and

the Individual or Organization ("Licensee") accessing and otherwise using.
—~Python

3.9.24 software in source or binary form and its associated documentation.

2. Subject to the terms and conditions of this License Agreement, PSF hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 3.9.24 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice.
—of
copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All._
—~Rights
Reserved" are retained in Python 3.9.24 alone or in any derivative version
prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.9.24 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

—hereby
agrees to include in any such work a brief summary of the changes made to.

—Python
3.9.24.

4. PSF is making Python 3.9.24 available to Licensee on an "AS IS" basis.
PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
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EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY REPRESENTATION..
—OR

WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT.
—THE

USE OF PYTHON 3.9.24 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.9.24

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT.L
—OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.9.24, OR ANY.
—~DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material breach.
—~of
its terms and conditions.

7. Nothing in this License Agreement shall be deemed to create any.
—relationship

of agency, partnership, or joint venture between PSF and Licensee. This.
—~License

Agreement does not grant permission to use PSF trademarks or trade name in.
—a

trademark sense to endorse or promote products or services of Licensee, or.
—any

third party.

8. By copying, installing or otherwise using Python 3.9.24, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

r22 YMoQNIA AAEIAZ BEOPEN.COM I'lA PYTHON 2.0

ZYM®ONIA AAEIAZ ANOIXTOY KQAIKA BEOPEN PYTHON EKAOZH 1

1. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary
form and its associated documentation ("the Software").

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the
Software, alone or in any derivative version prepared by Licensee.

3. BeOpen is making the Software available to Licensee on an "AS IS" basis.
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,

(ouvéyela otV emtduevn oehida)
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MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOF.

5. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

7. By copying, installing or otherwise using the software, Licensee agrees to be
bound by the terms and conditions of this License Agreement.

r.2.3 ZYM®QNIA AAEIAZ CNRI I'lA PYTHON 1.6.1

1. This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
Internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
Internet using the following URL: http://hdl.handle.net/1895.22/1013."

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to
include in any such work a brief summary of the changes made to Python 1.6.1.

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR

(ouvéyela otV emtduevn oehida)
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ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

r2.4 XYMoOQNIA AAEIAZ CWII'IA PYTHON 0.9.0 EQx 1.2

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted, provided that
the above copyright notice appear in all copies and that both that copyright
notice and this permission notice appear in supporting documentation, and that
the name of Stichting Mathematisch Centrum or CWI not be used in advertising or
publicity pertaining to distribution of the software without specific, written
prior permission.

STICHTING MATHEMATISCH CENTRUM DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO
EVENT SHALL STICHTING MATHEMATISCH CENTRUM BE LIABLE FOR ANY SPECIAL, INDIRECT
OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE,
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE.
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M.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.9.24
DOCUMENTATION

Permission to use, copy, modify, and/or distribute this software for any
purpose with or without fee is hereby granted.

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

.3 Adeleg katL Euxaplotieq yia Evowpatwpévo AOYLOULKO

Avt) 1 evoémto eivan o nutedfic, aAhd avEavopevn Mota adeldv Kot EuyaplotidV YioL AOYLOWKOS TPiTwYV, ToU
EVOWUOTMOVETOL 0TNV dtavou g Python.

M.3.1 Mersenne Twister

The _random module includes code based on a download from http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/
MT2002/emt19937ar.html. The following are the verbatim comments from the original code:

A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand(seed)
or init_by_array(init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written
permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS

"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT

LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR

A PARTICULAR PURPOSE ARE DISCLAIMED. 1IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,

(ouvéyela otV emtduevn oehida)
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EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)

M.3.2 Sockets

The socket module uses the functions, getaddrinfo (), and getnameinfo (), which are coded in separate
source files from the WIDE Project, http://www.wide.ad.jp/.

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software
without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS " 'AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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M.3.3 Aouyxpoveg socket unnpeoieq

The asynchat and asyncore modules contain the following notice:

Copyright 1996 by Sam Rushing
All Rights Reserved

Permission to use, copy, modify, and distribute this software and
its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of Sam
Rushing not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior
permission.

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

M.3.4 Awaxeipion Cookie

H evémto http.cookies mepéyel TV TOpAKAT® E1O0TOINON:

Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>
All Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy O'Malley not be used in advertising or publicity

pertaining to distribution of the software without specific, written
prior permission.

Timothy O'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy O'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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M.3.5 Avixveuon eKTéAeong

H evomto t race mepLéyel v TapokdTm eLd0TOiNo:

portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.

M.3.6 Zuvaptnoelg UUencode kat UUdecode

H evomto uu mepiéyet v mapakdtm edomoinon:

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:
— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C

(ouvéyela otV eOUEVT OENIDOL)
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version is still 5 times faster, though.
— Arguments more compliant with Python standard

M.3.7 KAjoelg Anopakpuopevng Aladikaciag XML

H evomto xmlrpc. client mepiéyel v mopakdtw e100moinon:

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

Permission to use, copy, modify, and distribute this software and
its associated documentation for any purpose and without fee is
hereby granted, provided that the above copyright notice appears in
all copies, and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written
prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

M.3.8 test_epoll

The test_epoll module contains the following notice:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF

(ouvéyela otV emtouevVn oehida)
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MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION

WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

M.3.9 EruAoyn kqueue

H evomta select mepiéyel v mapokdtm ewdomoinon yio v kqueue diemopi):

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS " 'AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

".3.10 SipHash24

To apyelo Python/pyhash. c mepiéyel v vhomoinon tov Marek Majkowski tou alyopiBuov tov Dan Bernstein,
SipHash24. Autd mepléyeL tnv mopaKatom oNueinon:

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
all copies or substantial portions of the Software.
</MIT License>

(ouvéyela otV emtduevn oehida)
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Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/1little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

M.3.11 strtod kaw dtoa

The file Python/dtoa. c, which supplies C functions dtoa and strtod for conversion of C doubles to and from strings, is
derived from the file of the same name by David M. Gay, currently available from http://www.netlib.org/fp/. The original
file, as retrieved on March 16, 2009, contains the following copyright and licensing notice:

/*********************************~k******************************

*

* The author of this software is David M. Gay.

*

* Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

*

* Permission to use, copy, modify, and distribute this software for any

* purpose without fee is hereby granted, provided that this entire notice
*

is included in all copies of any software which is or includes a copy
or modification of this software and in all copies of the supporting
documentation for such software.

* % o

THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY
REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.
*

* % o

***************************************************************/

M.3.12 OpenSSL

The modules hashlib, posix, ssl, crypt use the OpenSSL library for added performance if made available by
the operating system. Additionally, the Windows and macOS installers for Python may include a copy of the OpenSSL
libraries, so we include a copy of the OpenSSL license here:

LICENSE ISSUES

The OpenSSL toolkit stays under a dual license, i.e. both the conditions of
the OpenSSL License and the original SSLeay license apply to the toolkit.
See below for the actual license texts. Actually both licenses are BSD-style
Open Source licenses. In case of any license issues related to OpenSSL
please contact openssl-core@openssl.org.

OpenSSL License

/*
* Copyright (c) 1998-2008 The OpenSSL Project. All rights reserved.
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Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in
the documentation and/or other materials provided with the
distribution.

3. All advertising materials mentioning features or use of this
software must display the following acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit. (http://www.openssl.org/)"

4. The names "OpenSSL Toolkit" and "OpenSSL Project" must not be used to
endorse or promote products derived from this software without
prior written permission. For written permission, please contact
openssl-core@openssl.org.

5. Products derived from this software may not be called "OpenSSL"
nor may "OpenSSL" appear in their names without prior written
permission of the OpenSSL Project.

6. Redistributions of any form whatsoever must retain the following
acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit (http://www.openssl.org/)"

THIS SOFTWARE IS PROVIDED BY THE OpenSSL PROJECT "“AS IS'' AND ANY
EXPRESSED OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE OpenSSL PROJECT OR
ITS CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT

NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;

LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)

HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

This product includes cryptographic software written by Eric Young
(eay@cryptsoft.com). This product includes software written by Tim
Hudson (tjh@cryptsoft.com).

LR T S TR S N S S NS S N S N S S S S S S N S N S S S S S A T T S S N N T S SRS N S T S .

Original SSLeay License

/* Copyright (C) 1995-1998 Eric Young (eay@cryptsoft.com)
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All rights reserved.

This package is an SSL implementation written
by Eric Young (eay@cryptsoft.com).
The implementation was written so as to conform with Netscapes SSL.

This library is free for commercial and non-commercial use as long as
the following conditions are aheared to. The following conditions
apply to all code found in this distribution, be it the RC4, RSA,
lhash, DES, etc., code; not just the SSL code. The SSL documentation
included with this distribution is covered by the same copyright terms
except that the holder is Tim Hudson (tjh@cryptsoft.com).

Copyright remains Eric Young's, and as such any Copyright notices in

the code are not to be removed.

If this package is used in a product, Eric Young should be given attribution
as the author of the parts of the library used.

This can be in the form of a textual message at program startup or

in documentation (online or textual) provided with the package.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:
1. Redistributions of source code must retain the copyright
notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.
3. All advertising materials mentioning features or use of this software
must display the following acknowledgement:
"This product includes cryptographic software written by
Eric Young (eay@cryptsoft.com)"
The word 'cryptographic' can be left out if the rouines from the library
being used are not cryptographic related :-).
4. If you include any Windows specific code (or a derivative thereof) from
the apps directory (application code) you must include an acknowledgement:
"This product includes software written by Tim Hudson (tjh@cryptsoft.com)"

THIS SOFTWARE IS PROVIDED BY ERIC YOUNG " "AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

The licence and distribution terms for any publically available version or
derivative of this code cannot be changed. i.e. this code cannot simply be
copied and put under another distribution licence

[including the GNU Public Licence.]
/
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.3.13 expat

The pyexpat extension is built using an included copy of the expat sources unless the build is configured ——with-
system—expat:

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

r.3.14 libffi

The _ctypes extension is built using an included copy of the libffi sources unless the build is configured —~with-
system—1ibffi:

Copyright (c) 1996-2008 Red Hat, Inc and others.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
‘*Software''), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED " "AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.
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r.3.15 zlib

H eméktaon z1ib dnuovpyeiton xpnoLoToLmVTOS £VO CUUTEPIAAUBAVOUEVOL OVTLYPAPO TOV TTNYWV Zlib, edv 1)
€kd0o0m Tov zlib ov Bpioketal 0To CVOTNUA ElVOL TTOAD TTOAMA YLoL VAL, XPNOLULOTTOLNOEL YLoL TV KOTAOKEVY:

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be
appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean—loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

M.3.16 cfuhash

H vhomoinom tov mivoka KoTaKepUATIONoU OV XPNOUOTToLEITOL 0td To tracemalloc facileTon 010 £€pYyo
cfuhash:

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above
copyright notice, this list of conditions and the following
disclaimer in the documentation and/or other materials provided
with the distribution.

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived
from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT

(ouvéyela otV emtduevn oehida)
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LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

M.3.17 libmpdec

The _decimal module is built using an included copy of the libmpdec library unless the build is configured ——with-
system—-1libmpdec

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

M.3.18 W3C C14N ocouita SoKLUNiQ

H covita doxiufig C14N 2.0 oto mokéto test (Lib/test/xmltestdata/cl14n-20/) avaktOnke amd tov
tototoro tov W3C https://www.w3.org/TR/xml-c14n2-testcases/ Ko dtavépeton e v adewa 3 pntpwv BSD:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All Rights Reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

(ouvéyela otV emtduevn oehida)
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* Redistributions of works must retain the original copyright notice,

this list of conditions and the following disclaimer.

Redistributions in binary form must reproduce the original copyright

notice, this list of conditions and the following disclaimer in the

documentation and/or other materials provided with the distribution.

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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H Python ko vt 1) Tekunpiwon eivod:

Copyright © 2001-2023 Python Software Foundation. ‘Ol To. StkodUoTo SLOTPOUVTAL.

Copyright © 2000 BeOpen.com. OLa T SUKOLMOUOTA SLATNPOVVTOL.

Copyright © 1995-2000 Corporation for National Research Initiatives. Olo. To. StKaLOUATO SLATNPOVVTAL.

Copyright © 1991-1995 Stichting Mathematisch Centrum. ‘Ola Tal SLKOLOUOTA SLATPOVVTOL.

AvatpéEte oto lotopla kar Adewa Yo, TA PN G TANPOQOPN oY OYeTLKd pe TV ddera yprong Ko TG eEouoLodoThHoELC.
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