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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.

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 license page to find further explanations and the full text of the PSF License.

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

1.1.6 How does the Python version numbering 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.
 Bis the minor version number - it is incremented for less earth-shattering changes.
o (Cis the micro version number - it is incremented for each bugfix release.

Not all releases are bugfix releases. In the run-up to a new feature 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:

o The suffix for an alpha version is «aN» for some small number N.
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o The suffix for a beta version is «<bN» for some small number N.
« 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 the Developer’s Guide for more information about the development cycle, and PEP 387 to learn more about
Python’s backward compatibility policy. 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.

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/.
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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, use the issue tracker at https://github.com/python/cpython/issues.

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».

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. :)

4 KegaAaio 1. General Python FAQ


https://www.python.org/downloads/
https://www.python.org/
https://www.python.org/
https://devguide.python.org/
https://github.com/python/cpython/issues
https://devguide.python.org/
https://ir.cwi.nl/pub/18204
https://wiki.python.org/moin/PythonBooks
https://wiki.python.org/moin/PythonBooks
https://infra.psf.io
https://en.wikipedia.org/wiki/Monty_Python
https://en.wikipedia.org/wiki/Monty_Python

Python Frequently Asked Questions, Anpoocicuon 3.11.13

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 new feature 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.

1.2.4 What new developments are expected for Python in the future?

See https://peps.python.org/ 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.
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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 ', '__1len o' 1t Y,

' mul_ ', '_ne_ ', ' _new__', '__reduce_ ', '_ reduce_ex_ ',

' _repr_ ', '__reversed_ ', '__rmul_ ', '_ _setattr__', '__setitem_ ',
' _sizeof_ ', '__str__ ', '__ _subclasshook__', 'append', 'clear',

'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.
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.
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KEDAAAIO 2

FAQ lMpoypaupatiopou

2.1 N'evikég EpwtnosLg

2.1.1 Ynapxel npoypappa eVIOMIONOU CPAAHATWY OE EMIMESO Tnyaiou Kw-
Olka pe onueia dlakomnnig , ME €va Brpa KATL.;

Noau.

IoAAol evtomoTtég opaipdtov Yo v Python meptypd@ovtot Topakdtm Kot 1 EVOOUATOUEVY oVVAPTNOT
breakpoint () 04g emTpEnEL VO UETOPEITE GE 0TOLOONTOTE OTTO AVTA.

To pdb module eivar évo amhd odhd emapkég mpdypapUe EVIOTIOUOY GQRUALATOV 08 AELTOVPYi0 KOVOOAOG
yio. tnv Python. Eivow uépog g tumikng Bufiodikng Python kou eivar documented in the Library
Reference Manual. Mmopeite emiong va YPAWETE TO dIKO 0O TPOYPOUUE OPOLUATMOV ¥PNOLLOTTOLDVTOG
Tov KmdLKa yio. 1o pdb wg mapaderyua.

To dradpaotikd meptBdihov avamtuEng IDLE, to omoio amotelel uépog g Tumikng dtovourg Python (cuvi)-
Owg drabéapo g Tools/scripts/idle3), mov mepthapufavet éva ypamikd Tpdypauua EVIOTLOUOD 0POAMATOV.

To PythonWin givaw ¢éva Python IDE mov mepihapupdver éva mpoypaupo eviomopoy opaiudtov GUI mov
Baoiteton og pdb. To mpdypapua evtomopot opaludtwy PythonWin ypmuoartiCel To onueio diakomng kot £xel
OPKETA WPaLO XOPAKTNPLOTIKA, OTTWG TOV EVIOTLOUO OPOALATOV 08 TPoypauuota tov dev eivor PythonWin.
To PythonWin givou dtaéoipo wg uépog tov pywin32 €pyou kow g uépog tng dtavoung ActivePython .

To Eric givaw éva IDE mov facileton oto PyQt kau to component eneEepyaociag Scintilla.
To trepan3k eivor éva TpodypaUUo EVTOTLOUOY 0POAUATOV TTapduoto (e to gdb.

To Visual Studio Code givar évog IDE pe epyadeio eVTomopot oQaiidTmV ToU EVOOUATMVETAL e AOYLOUWKO
ehéyyou ékdoonc.

Yrdpyer évag apbuodg eumopitkdv Python IDEs mov mepihapfdvouy ypopLkovg eviomionoVs GpaAidTomy.
Avtd epihapfavouy:

e Wing IDE
« Komodo IDE

e PyCharm
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2.1.2 Ynapyouv epyaleia rnou Bonbouv oTnV eUPECT CPAAHATWY 1] OTNV EKTE-
Aeon OoTATIKAG avaAuong;

Nau.
Pylint ko Pyflakes kévouv ooikd éheyyo mov Oa cog fondNoeL va evtomioete o GQAALOTA VOPLTEPOQ.

"Eleyyol otatikoy tomov émwg Mypy, Pyre, kaw Pytype umopei va ehéyEer vmodei&elg timov otov mnyaio Km-
duka g Python.

2.1.3 MNwg propw va dnuloupyniow €va stand-alone binary arnd €va Python
script;

Aev ypeldiLeote TV duvatoTTo peTaylwttong kaduka Python oe C, edv 1o udvo mov Bélete eivon €vol stand-
alone TPOYPOULO TOV OL PNOTEG WITOPOUVV VAL KATERATOUV KOl VO, EKTEAECOUV YWPLg VO Y peLdTeToL VO eYKal-
TAOTIHOOVY TPATO. TV dtarvour| T Python. Yrdpyel o ogpd amd epyaieia mov kabopitouv 1o ovvolo Tmv
modules ov amairtovviol oo Eva mpoypapua Kot ovvdéovy ovtd to. modules poli pe Eva dvadikd apyelo
Python yia va wopayBei éva ndvo exteréouo.

To éva eival va XP1NOLUOTOLOETE TO EPYOLELD TAYMUOTOS, TO OTTOLO TEPLMAUPAVETOL GTO OEVTPO TT1YOLOU TG
Python wg Tools/freeze. Metatpémel duadikd kddiko Python oe C mivaxecs pe évav C uetayhmwTTioTy) Wropeite
va evompotmoete Oha to modules cog o€ Eva VEO TPOYPAULD, TO OTTOLO 0TI CUVEYELD CUVOEETOL L€ TA TUTTLKA
Python modules.

AELTOVPYEL 0OPDVOVTAG TOV TNYALO KOOLKO avadpopkd yio dnhwoelg eloaywyng (Kot otig d00 Hoppés)
Ko avalntavrog to modules otnv Tumikn dradpoun Python kabwmg Kot otov Katdhoyo mpoéhevong (Yo v-
oopotopéva modules). Ztnv ovvéyela yupitel ta bytecode yio modules mov eivar ypaupuéveg o Python og Ko-
duxa C (initializers swivoko TOV WITOPOVV VO LETOTPOATOVY O€ OVTLKELUEVO KMOLKOL Y P1OLLOTTOLDVTOG TO marshal
module) Ko dNUOVPYEL EVaL TPOCAPUOCUEVO OPYELD DLAUOPPWOTNG TTOU TEPLEYEL LWOVO EKELVOL TAL EVOWUOTO-
uéva modules oV YPNOLUOTOLOVVTOL TTPAYUATIKA OTO TIPOYPOULOL KOL TO GUVOEEL LUE TOV VITOAOLTTO SLEPUTVEQ
Python yia va oynuatiogt évo autdvouo duvadikd apyeio mov Aettoupyel akpLmg 0mwg To OEVAPLO GOG.

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

2.1.4 Ynapyouv mnpoturna Kwdikornoinong r; odnyog OTuA yLa mpoypapuata
Python;

Naut. To otv)h K0dLKOTOINoNG TTOV artarteltol yio tor Tumttkd modules BifiioOnkng 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;

Miopei va givon £kmAngn va Mafete to UnboundLocalError 08 KOSIKA TOU LELTOUPYOVOE PO YOUUEVIIG
OTAV TPOTOTOLELTOL TPOOHETOVTOG (o SNAWOT EKYDPNONG KATOU 0TO GMOUC ULOG GUVAPTNONG.

Avtd 0 KwdiKac:

>>> x = 10

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

>>> bar ()

10

douvlevel, oG aVTOG 0 KOdLKAGC:

>>> x = 10

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

KatolyeL o€ éva UnboundLocalError:

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

UnboundLocalError: local variable 'x' referenced before assignment

Avutd ovufaivel emeldn otov Kavete wa avdbeon oe pa Leta ANty og £va gVpog, ot 1 HetaAnTy yiveton
TOTLKY] OF AUTO TO EVPOG KoL OKLALEL 0TTOLadNTTOTE PETAPANTY e TapdUoLo dvouo 0to eEwTeptko evpog. Eqod-
00V 1 Tehevtaia TpoTaon oto foo eXyWPEL (o VEA TLUT 0TO X, O LETOYAMTTLOTIG TNV OVOYVOPILEL WG TOTTLKY
uetofAnT. Katd ovvémela dtav 1 mponyoduevn print (x) emyelpel va ektummaoel T)v uninitialized tostuky
UETOLANTN KO TTPOKVITTEL GPAUCL.

2T0 TAPOTAVO TAPADELYLLO, WITOPEITE VO TTOKTNOETE TPOOPaoN 0T petafhnt) eEwtepikot evpoug dnim-
VOVTOG TV 0G KOOOMKN:

>>> x = 10

>>> def foobar():
global x
print (x)
x += 1

>>> foobar ()
10

Avti m pnth dHhwon astanteitan yio vo oag veviupioer 0tu (o€ avtifeon ue ™V empavelakd avaioyn Ka-
TAOTAON [UE TIG UETAPANTES KAAOTNG KAl OTLYUWOTUTTOV) 0TV TPAYUOTIKOTNTO TPOTOTTOLELTE TNV TLUT| TNG UE-
tapAntg oto eEwtepikd medio:

>>> print (x)
11

Mitopeite va kGvete KAt mtapouolo oe éva £vBeto medio ypnowworoldvtog T AEEN Khewdi nonlocal:

>>> def fool():
x = 10
def bar():
nonlocal x

(ouvéyela oty eV oehida)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

print (x)
x += 1
bar ()
print (x)
>>> foo ()
10
11

2.2.2 Mool eival oL Kavoveg yla TLG TOTILKEG Kal TLG KAOOALKEG HETABANTEQ
otnv Python;

Zv Python, ou petaffintég mov avagpépovror udvo pHéoa oe po guvaptnomn eivor éupeca koBohkés. Eav oe
Lol LETOPAN TN EXXWPNOEL pLoL TLUY 0TOVIHITOTE HECH 0TO OMDWUA TG CLVAPTNONG, Bewpeitar OTL elvar TomK,
eKTOG oV ONAwOel pNTd wg KaBolK.

Av xou gival Myo £xkmtingn oy apyn, autd To eEnyel wa oty Ao ) pio thevpd 1 asaitnon global yio
EKYWPNUEVES LETOPANTES TTAPEYEL ULOL YPOUUY EVOVTL OVETLOVUNTWV TTAPEVEPYELDV. ATTO TNV GARY, €AV QTTOLL-
teltal global yua Oheg TG kabohkég avagpopés, Ba ypnoomotovcote global Oy v wpa. Oa Empeme
va ONAoeTE WG KaOOMKTY KAOE avapopd 08 o EVOmUOTOUEVT AELTOVPYIa ) O £VOL OTOLYELD EVOG ELOAYO-
uevov module. Avti 1 axataotacio Oo viknoer TV ypnowdTTa TG dMAwong global yia TOV EVIOMLOUO
TTOPEVEPYELDV.

2.2.3 lNarti ta lambdas mnou opilovtal oe €vav BpOX0 HE SLAPOPETIKEG TLHEQ
ETMLOTPEPOUV OAa TO iBLO ANoTEAECHQ;

Ag voBéoouvue 6T ypnolpomoteite Evav Bpoyo for yia va opioete pepikd dapopetikd lambdas (1) axoua ko
ATTAEG OUVOPTNOELS), TT.Y.:

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

Avutd oag divel wo Aota ov mepLéyel 5 lambdas wov vitoloyiCovv to x* * 2. Mmopel va mepuévete OtL, Otav
Koléoete, Oa eméotpepay, aviiotoya, 0, 1, 4, 9 kot 16. QoT1000, OTAY doKLUAoETE TPAYUATIKA O deite OTL
OhoL eTLOTPEPOVY 1 6:

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

Avtd ovppaiver emeld) To x dev eivor Tomkd yia o lambdas, aAhG opiletar oto eEmteplkd evpog Ka gi-
vou Tpoofaotpo otav to lambda kKadelitor — Oyl 6tav opiletol. 1o Téhog Tou BPOYOU, 1 TLN TOU X ival 4,
EMOUEVIG OLEG OL CUVAPTIOELG ETLOTPEPOVY TOPQ 4 * *2, dnhadn 1 6. Mmopeite emiong va to exaindeloete
oAAGTOoVTOG TV T TOV X Ko Ogite Twg ahhAlovv ta amoteréopota Tov lambda:

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

I vo To amoguyete ovtd, Tpémel vo amodnkeVoete TG Tlég oe uetapintég tomkég oto lambda, étol wote
vo unv BaciCovtar oty T Tov Kahoiko x:

>>> squares = []
>>> for x in range(5):
squares.append (lambda n=x: n**2)
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Ed®, to n=x dnwovpysei o véa uetafinti n tomiky oto lambda kau vwohoyiZetor dtav to lambda opileTon
£TOL OOTE VO €xeL TNV (OL0L TLUT| TTOV ElE TO x OE EKEIVO TO ONUELO BPoOYov. AuTtd onuaiver OTL 1 T Tov n
Oa eivar 0 oto pwto lambda, 1 oto devtepo , 2 oto TpiTo Ko ovtw KabeENc. Enouévog kaOe lambda 0o
ETLOTPEPEL TWPA TO CWOTO ATOTENEOUOL:

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

ZNUELDOTE OTL OUTH 1] CUUITEPLPOPE deV elvan LOLOLOPET Yo To lambdas, olAd Loy VEL KO YLOL KAVOVIKEG AEL-
Tovpyiec.

2.2.4 Nwg porpalopal KABOALKEG petapBAnteEg o modules;

O kavovikog Tpdog Yo vo, LolpdLeote TANPo@opies UETAED TV AELTOUPYLKDOV HOVASWY UECH OE €V, LOVO
apdypapua givar 1 dnuovpyia evog ewdtkoy module (ovyvd ovoudleton config 1) cfg). AThmdg eLoaydyste To
module diapdppmwong oe Oleg ta modules TG epapuoyng oace to module oV cuvéyela yivetor dtabéoio
g orykoouLo ovouo. Emedn vdpyel wovo éva mopdderyua yio kéOe module , ov odlhoyég ov yivovTol 0to
avTikeipevo tov module avitkatomTpifovrol mavtov. [o mapdaderyua:

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)

J

Adfete vtoym otL 1 yp1on evog module eival exiong 1 Pdom yio THY epapuoy Tou HOTiPoV OYESLATUOY
singleton, yio. Tov id10 AoYo.

2.2.5 Moleg sival oL «BEATLOTEG MPAKTLKEG» yla TN XPnon import oe €va
module;

Cevikd, unv ypnowpomoteite from modulename import *. KAt tétolo dSNuovpyel pio oKaTooTooic 0To
importer’s namespace, ko kKaOL0Td o dUoKoAo yia ta linters vo. eVTOmioouV ampooddpLoTa ovouaTa.

Ewoorywyn modules otnv Kopupt evog apyetov. Me autdv tov 1pdmo kabiotd copég oo dhha modules astartel
0 KOOLKAG 00G KOl OTTOPEVYOVTAL EPWTIOELG OYETLKA UE TO AV TO Ovouo TG Hovadag eivan eviog mediov.
Xpnowomoudvtag éva import avd ypouun Kabiotd evkoln v mpoadnkn kol t diaypogi) module imports,
OAAG ypMoLpOTTOLMVTAG TTOMOITAG iImports avd ypapung KotavaldveTat Myotepog Xmpog oty 00ovr.

Eivol ko mpoktik edv elodryete module pe tnv akdrovdn oelpd:
1. tvmkd module BifioOfknG — m.y. sys, 0s, argparse, re

2. module BiBrobNKNG TPtV (O, TL Elvan eykateotnuévo 0To Katdhoyo site-packages g Python) — m.y.
dateutil, requests,PIL.Image

3. tomukd ovosttuyuéva modules

Mepikég popég elval amapaitnTo va PeTaKLvnBoUV oL EL0AYMYEG 08 ULo GUVAPTNON 1] KAAOT YL VO OTTO(EV-
¥0oUv mpofiiuata pe Tig Kukhkeg elcarywyés. O Gordon McMillan Aée:
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O KUKMKEG eLoaymyEg eivor Kahég dtav Kan o do modules xpNoLUoToLoUy T LoPEY ELOAYWYNG
«import <module>». Amotuyyavouv 6tav 1o 20 module Oéher va mhper Eva Gvoua atd To TPWTO
(«from module import name») KoL 1 ELOAYWYY ELvaL 0TO KOpupaio entimedo. Autd cupufaivel emeldn
to pwto module (VoL OTOOYOANUEVO UE TV ELOAYWYT] TOV 200.

Ze QUTNV TNV TEPLTTMON, €GV TO devTEPO module ypnoipomoteitol pOvo O [La GUVAPTNOT, TOTE 1) ELOOYWYY|
wtopet evkoha va puetagepbel péoa og auThHv ™V oVvapTNoT. ATtd T oTLYWY) TTOV KAAETOL 1] ELOOYWYT], TO
npdTo module Oa £xeL OLOKANPDOEL THV CLPYLKOTTOINGT), KoL TO devTepo module pmopel va KaveL Ty eloaymyr
TOU.

Mrtopei emtiong va elvol amapaltnTo vo LETAKLVIOETE TIG ELOAYWYEG OITTO TO OVIITEPO ETLTEOO KWOLKO, EQV
oplopéva amd to module Elvol CUYKEKPLUEVEL YL TV TAOTPOPUOL. ZE QUTHV TNV TEPLITTWOT, EVOEYETOL VO. UMV
eivar kav duvaty 1 elooywyn dhwv twv modules 0To emdvm PEPOG TOU APYELOV. Z€ QUTHV TNV TTEPLITTWON, 1
eLoaywyn TV omot®v modules 0TOV OVTIOTOLYO KOILKA Y10t CUYKEKPUUEVT TAATPOPLLOL ELVOLL UL0L KOAT) ETTLAOYT).

MeToKLVI|OTE TIG ELOOYWYES O€ TOTILKO TTedi0, OTTMG WETO 08 £vav 0pLopd oUVAPTNONG, WOVO eQV elval amapal-
™To va AuBel éva TpOPANUT 0TS 1) OTTOPUYT) OGS KUKALKTG ELOOY®YNG 1) €AV TPOOTAOELTE VO LELDOETE TOV
¥POVO TPOETOLUAOLOG LaG LOVAdAS. AUTY) 1] TEXVLKT] ELVOL LOLALTEPA YPTOLUY EAV TOMES OTTO TIG ELOAYWYEG
dev elval amopaitnTeg avaloyo Pe TOV TPOTO EKTEAECNG TOV TPOYPAUUATOG. Mitopeite emiong va Bélete vo
UETOKLVIOETE TIG ELOOYWYES O€ (o ouvapPTNON edv To. modules ¥PNOLUOTOLOVVTAL LOVO OE QUTHV TH CUVAP-
™on. AdPete vTdOYN OTL M POPTWOT evog module TV TPMOTN Popd wTopel va elval dotavnpn AOYm TG MaG
opdg TG apytkomoinong tov module, olé 1 pOpTwON €vog module molAEG popég elvar axeddOV dwpedv,
KootiLovtag wovo peptkég avalntnoelg oe AeSuko. Akdua kou av to dvoua tov module éxel Eegpiyer oo to
medio eqpapuoyrg tov, To module eivar mbavadg dabéouo oto sys.modules.

2.2.6 MNarti porpalovrat oL MPOETIMAEYHUEVEG TIHEG HETAEU TWV QVTLKELHEVWYV;

Avtdg 0 TUTOG GPAALOTOG GUVNOMG dUYKMVEL VEOPUELG TPOYPAUUOTIOTES. ZKEPTELTE AVTNV TN CUVAPTNON:

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

return mydict

Tnv TpwT opd Tov Koelte AUtV TV CUVAPTHON, To mydict mepLéyel €va puepovwuévo ototyeio. Tn dev-
TEPN POPA, To mydict mepLéyel dvo otouyeia yiati dtav to foo () Sekivd tnv extéleon, To mydict Eekuivad
ue éva avtikeipevo oN pnéoa.

Zuyvd avapévetor Ot (o KA1 ouvapTtnong dMULOVpYEL VEX OVTLKELUEVA YLOL TTPOETUAEYUEVES TIUES. Aev
ovppaiver autd. Ou TpoemAeyuéveg TLEG dNUOVPYOUVTOL AKPLB®G (o popd, dtav opiletal 1 ovvdptnom.
E&v avtd to avukeipevo alhdEel, dmmwg to heELko o€ autd To mapaderyia, ETOUEVES KAOELG 0TIV GUVAPTION)
Oa avapépovtal o€ AUTO T0 OMAYUEVO OVTLKELIUEVO.

EE oplopov, apetdfinta avitkeipeva 6mtmg aptbuoi, ovuforooeipéc, mhelddeg Kol None , gival ao@of amd
aAhoyég. O alhayég og petafintd avitkeipeva 6mmg AeELkd, AMoTeg kal mopovoieg KMAoEwY witopei va 0d1-
YNOOUV O€ GUYYVON.

AdYw avtig TG duvaTOTNTAG, €ival KOAY TPOKTIKY| TPOYPOUUATIONOU VO UNV PV OLULOTTOLELTE UETAPANTA
avTIKeipeva wg mpoemheyuéves Twés. Avtibeta, ypnowwomoleiote None wg mpoemheyuévn Tt Ko uéoo.
otV oVvapTNoN, eEAEYETE edv 1) TapdueTPog ivan None koL dnuovpyhote o véo Aoto/AeEukd/d, T koL av
etvat. o wopdderypo unv ypdapete:

def foo (mydict={}):

oA

def foo (mydict=None) :
if mydict is None:
mydict = {} # create a new dict for local namespace
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Avti 1 duvatoTTo Wtopet va eiva xphoun. ‘Otov €xete pia GuVAPTNOT TTOV Eival XPovoBOPa. VLo TOV VITO-
LOYLOWO, Lol KOLVT) TEYXVLKY ELval VO AtoONKeVoETE TPOTMPLVAL TLG TAPAUETPOUS KAL TV ETLOTPEPOUEVT TLUT|
K&Oe KM oNG 0TI CUVAPTNON KoL VO, ETLOTPEPETE TV TPOOWPLVE artodnkevpuévy Ty eav Tntndel Eava m idia
Y. Autd ovoudleTol «memoizing», KoL WTOPEL Vo, EpaprooTel 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

O UTOPOVOATE VO YPNOLUOTTONOETE UL KABOMKT petafAnty mou meptéyet £va AeELKO avti yia TV TpoemL-
reyuévn tyne Eivon 6épa yotvotov.

2.2.7 Nwg propw va HETaBLBACW MPOALPETIKEG MAPAUETPOUG I MAPAUETPOUG
AEEEWV-KAELSLWV amod TN Jla ouvaptnon otnv aiAn;

SUMAEETE T OPIONATA XPNOLUOTTOLDOVTAG TOVG specifiers * kau ** ot Alota mapauétpmv Thg oVvapTNoNG
Avtd oag divel ta oplopota 0¢omg wg mheddo Ko ta opiopato AEEemv-Kheldudv wg AeEkd. =t ouvéyela,
wropeite va petafipdoete ovtd ta opiopota Kotd Ty KAMon GAANG GUVAPTIONG UE T1) (PNOT) TWV * KoL * *:

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

g(x, *args, **kwargs)

2.2.8 Mowa eival n dapopa peTa&u OPLOPATWY Kal TIAPANETPWV;

Tapduetoor opilovral amd To. OVOIATO TOU ELPAVILOVTOL OTOV OPLOUO LOG CUVAPTNONG, EVM TO 0plouaTe
elvol oL TLHES TTOV TTPAYUOTLKA UETAPLBATOoVTAL 08 o GuvApTNon Kotd v kKAHon tg. O mapduetpot opitouv
T kind of arguments umopei vo. deytel o ovvapon. Fa mapdderyno dedouévou Tov opLopov Thg oVvapTong:

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

foo, bar xon kwargs elvon mapauetpol g func. Qotdoo, 6tov Kakeitol 1 func, yio TopAdELyIL:

[func(42, bar=314, extra=somevar) }

oL TWéG 42, 314, Kau somevar gival opiopata.

[13 ”

2.2.9 Nartin aAAayn ™ng Aiotag “y” aAAalel eniong kaw tn Aiota “x”;

Av yppote Khdika dmwg:

>>>
>>>

=[]
= x

>>> y.append(10)

KKK X

>>>
[10]
>>> x
[10]
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WTOPEL VO AvapMTLEGTE YLOUTE 1] TTPOCONKT VOGS oToLyeiov oto y dhha&e emiong To x.
Yndpyovv 800 mapdyovteS TOU TAPAYOUV GUTO TO ATTOTELECUOL:

1) Ou petafintég eivar amhd ovouota mov avagépovtal o aviikeipeva. Kovovagy = x dev dnuovp-
YeELToL avTlypapo TG MoTog — dNWovpyel (o véo UETABANTY] ¥ TTOU AVOPEPETOL OTO (OLO OVTLKELUEVO
IOV avoupéPETaL TO X. AUTO onuaiver OtL vTdpyer povo €va aviikeipevo (n Mota), KoL To X Kat To y
AVOPEPOVTOL OE AUTO.

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

Metd v kAfon oto append () , TO TePLEXOUEVO TOV UETABANTOV avtikeluévou €xel oAhGEeL amtd [1 og [10].
Emeldn ko ou d00 petafAntég avapépoviol 0To (810 AVILKELLEVO, Y PTOLUOTOLMVTOG OTTOLOONITOTE OVOUM OTTO-
KTa Tpoofaon oty Tposomomuévn Tt [10].

Av avtiotolyioovue Evo ApETAPMITO OVTLKELUEVO OF X:

>>> = 5 # ints are immutable

>>> = X

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

HKoX X

>>>
6
>>> y

J

WTOPOVUE VO, OVUE OTL OE QUTHY THV TEPLTTWON X KoL v Oev glvar mhéov ioa. Autd oupfaivel emeldr) ot
axépaiot aplpoi eivar immutable, kKow Otav Kavovpue x = x + 1 8gv uetoAhdooetal To int 5 avEdvovtog Ty
L TOVe AVTLOETO, dNULOVPYOULLE £VOL VEO OVTLKELUEVO (TO int 6) Kot TO EKYWPOVE 0TO X (dNhadn, alhaloviog
TO OVTLKEIUEVO OTO OTTOL0 AVOLPEPETOL TO x). MeTd 0td avtnv v avdbeon éxovue dvo aviikeipevo (ta ints
6 and 5) Kai OU0 PETAPANTES TTOU AVOPEPOVTAL OE AUTA (X THPOL AVAPEPETOL O€ 6 AAAE y AKOUO AVAPEPETOL
oTo 5).

Oprlopéveg hettovpyieg (Yo mapdderypa v . append (10) Kol y.sort ()) uetodhdocovv to oviikeievo,
EVM EMUPOAVELOK A TTapOpoLeg pdEelg (Yo mopddetywoy = v + [10] koL sorted (y)) dnuovpyouv éva
véo avtikeipevo. Fevikd otnv Python (ko o€ Oheg Tig mmepLttdoelg othy Tumky Bifiodnkn) wo uébodog mov
netalhdooel £va aviikeipevo 0o emotpéel None yio voL 0to@uUyeL T1 oUyyvoT Tov 800 TUTWV TPAEEWV.
Emouévmg, eav ypdapete katd Mabog v . sort () vouitovrag 6t Oa oag ddoet éva TaEivounuévo avtiypogpo
Tov v, Ba katolhEeTe pe None, to 0mtoio mbavotata Ba TpoKaréaeL To TPOYPULUE 0OG VO STULOVPYTOEL Eval
L400G TO 0TTOL0 dLAYLYVMOOKETAL EVKOACL.

Qotd00, VITAPYEL Lo KATNYopio AeLTovpyLmv Omov 1) idial TPAEN €xel UEPLKES POPES BLAPOPETIKEG CUUITEPL-
@opEG e SLOPOPETIKOVG TUTTOUG: OL etavENUévol Tedeotég avdOeongs. To mopdderypa, += uetodhdooet Tig
Moteg al& oL TG heLddeg f tovgints (a_list += [1, 2, 3] eivoricopea_list.extend([1, 2,
31) Kou yetaAhGoogL a_list, eved) To some_tuple += (1, 2, 3) Kouwsome_int += 1 dnulovpyel
VEQL AVTLKELUEVQL).

Me Mo Moya:

o Edv éyovue éva petafAntd avukeipevo (List, dict, set, KAT.), WTopoUUE VO YP1OLULOTTOL|COVUE OPL-
OUEVEG OUYKEKPLUEVEG AELTOUPYIES Y1 VO TO UETOMMAEOVUE KOl OXEG TIG UETAPBANTEG TTOU AVALPEPOVTOL
og ovto Ba douv TV odhay.

o Ebv éxovue éva apetdfinto avtikeiyevo (str, int, tuple, KAT.), OAeg OL UETAPANTES TOV OVOLPEPO-
vtat o€ auto Oa PAémovy dvta TV idLa Ty, aAAG oL AELToupYieg Tov Oa PETATPETOVY OUTHY TNV T
O€ (oL VEQL TLUT) ETTLOTPEPOVY TTAVTA £VAL VEO AVTIKELUEVO.

Edv 0éhete va yvopilete edv 600 petafAnNtég avapépoviol 0to idLo avitkelnevo N OyL, WTOPELTE va XP1OLUO-
TTOLNOETE TOV 1S operator, 1] TV EVOOUOTWUEVT] CUVAPTNON 1d ().
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2.2.10 NMwg pmopw va ypayw pia cuvaptnon He napapeTpouq €§650u (KARon
HE avagopaq);

Na Ouvudiote 6t ta opiouato petafipatovrar pe avabeon oty Python. Egpdoov 1 ekympnon dnuovpyei amthmg
avaQopEg 08 aVTLKEINEVE, SEV VITAPYEL PEVODVUUO UETAED EVOG OVOUATOG OPIOUOTOG O CUTO TTOU KAAEL Kol
o€ 0T OV KoelTaL, Kol ETOUEVWG OEV VTTAPYEL KAT|ON TTPOS ava(popd artd novn te. Mmopeite va emitiyete
70 emLOUUNTO ATOTELEGLOL e SLAPOPOUG TPOTOVG.

1) Emotpégovtag pa mhelddo Twv amoTeleouaTmv:

>>> 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)
. J

Avth givon oyedov avta 1 mo Sexdbapn Aon).
2) Xpnoipomormvrag KaBoAkEG HeTOPANTES. AVTO OV Elval OOMALES YLOL VLA KoL OEV GUVIOTATOL.

3) Tepvwvtag éva petafintd (ue duvatdtnta olayhg el TOTOV) AVTLKEIUEVO:

>>> def func2(a):

a[0] = 'new-value' # 'a' references a mutable 1ist
al[l] = a[1] + 1 # changes a shared object
>>> args = ['old-value', 99]

>>> func?2 (args)
>>> args

['new-value', 100]
. J

4) Tlepvdvrag ot éva AeEkd mov petadhdoostol:

-
>>> def func3(args):

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

>>> func3(args)
>>> args
{'a': 'new-value', 'b': 100}

5) 'H opodomooTe Tiuég o€ UL Topovoio KAAoG:

>>> 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)
>>> funcéd (args)

>>> vars (args)

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

Agv umapyeL oyedov moté Kahdg AOYOS va Yivel auTd mepimhoko.

H xodUtepn emhoyn oag eivol vor ELOTPEPETE (oL TAELADA TTOV TTEPLEXEL TTOMOITTANL ALTTOTEAECULOLTAL.
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2.2.11 NMwg dnuloupyeite pLa ocuvaptnon uynAdétepng tagng otnv Python;

"Eyete 000 emhoyEg: Wtopeite va ypnotpomorfjoete évieta media 1) pmopeite vo ypnolpomotoete callable avri-
kelpeva. Ta mopdderyuna, ag vrobécovue dtL Béhete va opioete To linear (a,b) OV EMOTPEPEL ULOL OU-
vapmon £ (x) wov vroloyilel TV TLur a* x+b. Xpnowpowoldviog £vheto 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

Kau otig 800 mepLntioels:

[taxes = linear (0.3, 2) }

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

H mtpooéyyion tov callable avtikelévou €xel 1o HELOVEKTNUOL OTL Elval Alyo TTL0 0pyT| Ka 0dnyel oe ehappmg
ueyahitepo kmdika. Qotdoo, onuelmote Ot (o culhoyn oo callables ptopel va LOLPAOTEL TNV VITOYPOLEPY
TOUG HEOM KANPOVOLKOTNTOG:

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

To avtKeipevo utopet vo evOulaKdoeL Ty Katdotaon yia todés uebddovg:

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

J

Edw inc (), dec () koL reset () AELTOUPYOUV GOV CUVAPTHOELS TTOV UOLPATOVTOL TNV (OLat LETOPANTY Ué-
TPNoNG.
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2.2.12 Nwg pnopw va avilypayw €va avrikeipevo otnv Python;

Tevikd, dokiudote copy . copy () M copy.deepcopy () YO T YEVIKT TEPITTOON. AV WITOPOVV VA AVTL-
YPOLPOVV OLOL TOL OLVTLKELUEVCL, OALAL TOL TTEPLOCOTEPA LITOPOVV.

OpLopéva avTIKeipeva uTopoy vo. avirypapotv mo evkoha. Ta heEikd éxouv pio uébodo copy () :

[newdict = olddict.copy () }

O axolovbieg LITOPOVY VO OVTLYPAPOVY UE TEUAYLOUO:

[new_l = L8] }

2.2.13 Nwg propw va Bpw TLG HEBOdOUG 1| TA XAPAKTNPELOTLKA EVOG AVTLKEL-
HEVou;

T mapaderypa po kKAGon x mov opiletor amd 1o xpNot), dir (x) emOTPEPEL to ahpofnTiky AMota pe
TOL OVOULOLTOL TTOU TTEPLEYEL TOL YUPOKTIPLOTIKA THG OVIOTNTAG Kot TG UEBOSOVG KOl TAL YOPUKTNPLOTIKA TTOV
opifovtor ard TV KAAOT TO.

2.2.14 MNwg pnopel 0 KWSLKAG HOU va avaKkaAUWeL TO OVOoUa EVOG AVTLKELHEVOU;

Fevikd whovtog, 0ev PTOPEL, ETELDT TA AVTILKEIUEVA EV £YO0UVE TPAYUATLKA ovopata. QOUOLOOTIKA, 1) EKY M-
pnon deouever TAVTO £va dvoua o€ wLoL Tt To 1810 LoyveL yia Tig dnhmoelg de f koL class, ald 08 auTh
TV TTEPLTT™WON M T givan callable. Adfete vtoym Tov akdLovHo KOdLKA:

>>> class A:

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

>>> print (b)
<__main__ .A object at 0x16D07CC>
>>> print (a)
<__main__ .A object at 0x16D07CC>

Avapgopnmta 1 kKAdon yxet éva dvoua: Tapodho Tov eival deoUEVUEVY 08 S0 OVOUATO Kol KoAelTan Lo
TOV 0VOpROTOG B 1) dnovpynuév ovedtita eEakohoubel va avagépetor mg ovtdTnta g khdong A. Qotdoo,
etvar advvato vo ovpe gite To Ovoua ™G ovrdTnTag elval a 1 b, Kabdg kot To d00 ovouaTo CUVOLOVTIL e
™V 101 TLu).

Tevikd whovtag, dev Ba mpémel va gival amopaitnTo 0 KOALKG 00g Va «YVOPILEL TO OVOUATO» CUYKEKPL-
UEVOV TLMV. AV OeV YplpeTe e0KeUUEVA EVOOOKOTIKA (introspective) Tpoypauuota, auto eivor ouviiwg wuo
évoelEn OtL o aAhory) TPOOEYYLONG UITOPEL VAL ELvoL ETWPEAC.

Zto comp.lang.python, o Fredrik Lundh £dmoe pa eEatpetiky) ovoloyio wg otdvnon o authv TV EpmTHoN:

Me to 810 TpdIO OV TOLPVETE TO OVOpO QUTNG TNG YATOg Tov BpnKate ot Bepdvia oac: 1
OLa yaTo (avTLKELIEVO) dEV UTOPEL VL GO TTEL TO OVOUK TG KO OEV TNV EVOLAPEPEL TTPOLYLLOTLKEL
- €101 0 UOVOG TPOTOG YL vo. udbete mwg MEYETOL Elval VO pwTHOETE OAOVG TOVG YELTOVEG OOG
(namespaces) av eivat 1 yata Tovg (AVTLKELUEVO). ..

... KOL UNV EKTAAYELTE OV SLATILOTMOETE OTL ELVaL YVOOTO e TOAAG ovopata, 1) Kavéva ovoua!
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2.2.15 T oupBaivel pe TNV MPOTEPALOTNTA TOU TEAECTH KOUUATOG;

To xoéupa dev eivon teheothg otnv Python. Ekegteite avtiv v ouvedpio:

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

|

Agdopévou 0T To KOppa dev givar Tereothg, alld SLoywPLoTikd HETOED TwV EKPPAOEMY, TA TAPUTAVYD 0510~
LoyouvToL oav Vo eiyote eloaydryeL:

[(nan in llbll)’ ngn

dev:

[navv in ("b", nan)

)

To 810 LoyVEL YL TOVG dLAPOPOVGS TENEDTEG EKYWPNONG (=, += KAT). Aev eivor TPayuotikd TeEleoTéEG AAAG
ovvtaktikol delimiters o dNLMOOELG EKYDPNONG.

2.2.16 Yrniapxel Looduvapo Tou TpLadkou teAeoTtn «?:» tng C;

Nauw vrapyet, H oUuvtokn éxel og eEne:

[on_true] if [expression] else [on_false]

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

Ipwv ewoayBei ot M ouvtaEn oty Python 2.5, éva Kowvo 18impa ftav 1 xpnon AoyLK®V TEAEOTMV:

[[expression] and [on_true] or [on_false]

Qotd00, avTd To Wimpa dev givarl aoparéc, Kabmg wropel vo dhoel AavBaouéva amoteAéouato OTav To
on_true €yeL Pevdi) dvadikn . Emopuévmg, eival mdvto KaAUTepo va p1oLLoTomoeTe ) @opua. . . . if
else

2.2.17 Eivai duvatov va ypayoupe acagpn one-liners otnv Python;

Noat. Zvvn0mg autod yivetar pe €vheon tov lambda &vidg tov lambda. Agite ta akdhovOa tpio Tapadeiy-
nota, ehappmg Tpocaproouéva amxd tov 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+'\n'+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=8x, 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,vy,k, f=lambda xc,yc,x,v,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,v,k,f):chr(

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

(ouvéyela oty eV oehida)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

lines on screen

columns on screen
maximum of "iterations"
range on y axis

range on x axis

Mnv T0 dOKLUAOETE OTO OTTLTL, TALLOLA!

2.2.18 TiLonpaivel n KaBetog(/) otn Aiota NapapeTpwy Ylag ocuvaptnong;

Mo KGOeTog 0TN MOTA OPLOUATMY (OGS CUVEPTNONG VITOIMAMDVEL OTL OL TTOPAUETPOL TPLV OITTO QUTHY Elval
wovo Béong. Ou mapduetpor pdvo Bang eivar exeiveg ywpig eEwtepLkd xpnowomoioo ovouo. Kotd thv
KAT01] (UOG CUVAPTNONG TTOU JEXETAL TAPAUETPOVG WOVO BEONG, T OPLOUATO. AVTLOTOLYILOVTAL OF TAPOUE-
TPOVG oV Paociloviol amokAELoTIKA ot 0€om Tovg. Tlo mopdderypa  divmod () €lvor pa cuvapTnon Tov
déyetar udvo mapapétpovg Béone. H tekunpimon tovg poldlel pe ovtd:

>>> help (divmod)

Help on built-in function divmod in module builtins:

divmod (x, v,

Return the tuple

(x//y, x%Y).

Invariant:

div*y + mod == x.

H xd0gt0¢ 070 TéLOG TG MoTOg TapauéTpwy onuaivel ot kot oL dVo mopduetpot eivar wovo Béong. Erouévag,
1 KAfon g divmod () ue opiopata AEEewv Kheldidhv Ba 0dnyotioe og opolua:

>>> divmod (x=3, y=4)
(most recent call last):
"<stdin>",
divmod ()

Traceback
File
TypeError:

in <module>
takes no keyword arguments

2.3 ApLOpoi kaL CUPBOAOCELPEQG

2.3.1 Nwg npoodLopilw dekacEadlkoug 1 OKTAdLKOUG aKEpaLloug apLlbuoug;

I va koBopioete Evov oKTadLKO YNepio, Tponyeital TV OKTadKNG TLUNG Ue Evo undév, “KoL LETd Eval TTelod
1 KePaAaio «o». ['a Topdderypua, Yo va oploete T peta ANty «a» oty oktadik Ty «10» (8 og dexadiko),

TMKTPOAOYNOTE:
>>> a = 0010
>>> a

8

To dexaeEadikd givar eEicov evkolo. ATthmg Ttponyeiton Tov dekaeEadikot aplbuov ue éva undév, Kou uetd
éva telo M Kepaaio «x». Ta dexaeEadikd Ynpio propovv va kaboprlototv pe meld 1 Kepahaio. o wopd-

deryua, otov diepunvéa Python:

>>>
>>>
165
>>>
>>>
178

a
a

b
b

Oxab

0XB2
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2.3.2 Narti 1o -22 // 10 eTlOTPEPEL -3;

OgeileTol Kupiwg oty embuvpio tov to i % J va €xel to 1dLo pdonuo pe to j. Edv 1o Oéhete auto, ko
Oéhete emiong:

[i::(i//j)*j+(i%j) ]

toTE N dLaipeon akepaiov aplBuov mpémel va emotpéypel to vtdlouto. H C amantel emiong va diotnpelton
OUTH| 1) TOVTOTNTA KOlL, OTY) OUVEYELQ, OL UETAYAMTTILOTEG TTOV TTEPLKOTTOUV TO 1 // J mpémeL va Kdvouv To 1
% J va €yeL 1o idLo TPOoNUO UE TOo i.

Yrdpyouv AMyeg payloTikés TEPLITTOOELS YPNONG YLt TOo 1 % J Otav to J eivor apvntikd. Otov To J eivar
OeTKd, VITAPYOVV TOMEGS, Ka OYedOV OAEG elval Lo XpNoueg yioo i % J va elvaw >= 0. E&v to pohdu Aéer 10
T éheye pwy oo 200 mpeg; —190 % 12 == 2 givaw ypfowos 10 —190 % 12 == -10 eivou évo opdlua
TTOV TEPLUEVEL VO, DOYKMOEL.

233 Nwg propw va mapw to literal Yapaktnplotiké int avti ywa ToO
SyntaxError;

H mpoomdBeia oavalnmmong evog literal yopaktnpiotikol int pe Tov Kavovikd tpdmo divel éva
SyntaxError eneldn 1 mepiodog Dewpeital mg VTodLoaTo):

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

S

SyntaxError: invalid decimal literal

H Mon eivaw va duaywprotei to literal amd tv teleia eite e kevo eite pe mopévoeon.

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

<class 'int'>

2.3.4 Nwg HETATPENW HLa CUPBOAOCELPA 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.

And mpoemhoyT), ovtd epunvetovy tov apliud og dekadikod, £ToL dote int ('0144') == 144 va eivon
oAnOég, koL To int ('0x144 ") vo eyeipet ValueError. To int (string, base) maipvel ) fdon yo
UETOTPOTN WG SEVTEPO TPOALPETLKO OpLopa, omdTe To int ( '0x144', 16) == 324.Edv n pdon €yxe
kaboprotei wg 0, 0 apBudg epunvevetal ypnopomolmvtag Kavoveg tg Python: éva apyikd “00” vtodnidver
oKTOdLKS , Ko To “OX” delyvel Evav dexoeEadikod apliuo.

MnV xpNOWOTTOLELTE TNV EVOMUATOUEVT CUVAPTNON eval () €dv TO WOVO TOV YPELOLETTE ELVAL VO LETATPE-
Pete ovpporooelpég oe aplbpovg. eval () Ba eivor onuavakd o opyn Ko Tapovotdiel kivouvo aoga-
\etag: Kamorog Oa puwopovoe vo oag petapLpdoet o £xeppaot Python mov wmopel va €yel avembounteg ma-
pevépyeles. o mapdderyuo Kamorog Oo umopovoe vo mepdoetto__import_ ('os') .system("rm —rf
SHOME") to omoto 0o drorypdaper To home pdkelo.

eval () éyeL emliong wg AmOTELECHO TV EPUNVELX TV aplBudV wg ekppdoels Python, étol wote m.y. 10
eval ('09'") divel éva ouvtakTiko opdhua eneldr) 1 Python dev emtpémer v elooymyn tov “0” oe évav
deKkadLKo apliuod (extog “0”).
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2.3.5 Nwg peTaTpenw gvav aplBud oe cUpBoAOOELPQ;

T vo petatpépete, Ty tov apldud 144 ot ovuBorooelpd "144", XPNOLUOTOLEIOTE TOV EVOMUATWUEVO
U0 Kataokewg str (). Edv 0éhete wo dekaeEadikn 1 oktadikr| avamapdotact), ¥p1oLoToLoTe TIg EV-
OOUOTOUEVEG oUVOPTNOELS hex () 1 oct (). [ pavtaytepn popgomoinon, Pr. tig evotnteg f-strings xou
formatstrings s.y. "{ : 04d}" . format (144) amodidel '0144" kou"{:.3f}".format (1.0/3.0) amo-
SideL '0.333".

2.3.6 MNwg pMopw va TPOTIOTIOLI{OW HLa CUMBOAOCELPA OTN B€0N TNG;

Agev umopeite, yLati oL GuUBOLOCELPES ELVAIL AUETAPANTES. ZTLG TEPLOGOTEPES TEPLITTMOELS OO TPETTEL ATADGS VO
dnuovpynoete (o véa oupPorooelpd amd To diipopa tEPN artd ta omoio OEAETE VO T CUVOPUOLOYNOETE.
Qotdoo, edv ypelaleote £va avuKeipuevo pe duvatdtnta tpomomoinong dedouévmv unicode, dokiudote vo
YPNOLUOTTONOETE VOl OVTLKELIEVO 10. StringIO 1) 1o 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

>>> 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 propw va XPnOoLUOTIO{ow CUHBOAOCELPEG Yia va KAAECOW CuvapTh-
oeLg/HedAdoug;

Yrdpyouv dLapopeg TEYVIKES.

 To kahiTepo elval va xpNoLuoTooete £va AeELKO Tou avtioTtolyilel cupporooelpég oe cuvapthioets. To
KUPLO TTAEOVEKTIUA QUTNG TNG TEXVLKNG ELvaL OTL 0L GCUUBOAOOELPEG DEV YPELATETAL VO TOLPLATOUV LE T
OVOLOTO TMV CUVAPTNOEMY. AUTH elval emtiong 1) KUPLOL TEYVLKT TTOU (PTOLULOTTOLELTOL YLoL TV EEopoiwon
LLOG KOTALOKEVNG TTECMV-KEQPOLALmV:

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

o XPNOLUOTOLEIOTE TNV EVOMUATOUEVT] CUVAPTNON getattr () :
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import foo
getattr (foo, 'bar') ()

ZNUELDOTE OTL TO getattr () AELTOUPYEL 0 OTOLOONTOTE AVTLKELLEVO, CUUTEPLAAUBAVOUEVOV KA~
oWV, ovToTNTWV KAAoewv, modules, kot ovtw KaOeEHS.

AuTo ¥pNOLUOTOLELTOL O TTOAMG onueio TG TVTTILKNG PLpAoOn KNS, Omtwg auTo:

s 7
class Foo:

def do_foo(self):

def do_bar (self):

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

o Xpnowpomoote 10 locals () yio vo emAVOETE TO OVOLLOL TG OVVAPTNONG:

def myFunc () :
print ("hello")

fname = "myFunc"
f = locals () [fname]
£0)

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

Mitopeite vo xpNOLUOTOLoeTeE T0 S. rstrip ("\r\n") yio vo apotpéoete OMES TIG EUPAVIOELS OTOLOVON-
TTOTE terminator ypapung artd To TELoG TG OVUBOLOTELPAS S xwpig va apaipéaete dhha kevd. H ouuforooeipd
S avtutpooweVel TEPLooOTEPES aAmd (o YPOUUES O0TO TELOG, Ol terminators YPouunG Yo OAES TG KEVES VPO~
uég Ba aarpedovv:

>>> lines = ("line 1 \r\n"
] \r\nll

C "\r\n")

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

'line 1 '

Aedopévou 0Tt autd eivor ovvihBwg emBuunTtd HOVO KOTE TV avayvmon KEWEVOU Ui YPauus T opd, 1
xPNON Tov S. rstrip () Aettoupyel KOAG.

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 float ().
split () supports an optional «sep» parameter which is useful if the line uses something other than whitespace as
a separator.

I 7o epimhokn avdivon eloodov, to regular expressions givol Lo Loyvpd amd tg sscant g C Ko eivon
L0 KATAMNAES YLOL TNV EPYOOLOL.
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2.3.10 What does “UnicodeDecodeError” or “UnicodeEncodeError”’ error mean?

BA 1o unicode-howto.

2.3.11 Mmnopw va TEPHATION HLA AKATEPYAOTN CUMBOAOOELPA HE TEPLTTO
aplduo backslashes;

Mo akotépyaot CupBolooeELpd TOU TEALELMVEL e TTEPLTTO 0pLBud backslashes O Eegpiryel atd to ambdomacuo
™G ovuforocelpdg:

>>> r'C:\this\will\not\work\"
File "<stdin>", line 1
r'C:\this\will\not\work\"

A

SyntaxError: unterminated string literal (detected at line 1)

Yndpyovv apketég Mol yia autd. O €vag eival vo XpNOLUOTTOLCETE KAVOVIKEG OUUPBOLOCELPES KOl VOL OL-
mhaotdoete To backslashes:

>>> 'C:\\this\\will\\work\\"
"C:\\this\\will\\work\\"'

‘Eva GALo gival va ouvOEaETE Lo KavoviKT] cupolooelpd mov mepléyel éva escaped backslash otnv axatép-
yoot ovpfohooelpd:

>>> r'C:\this\will\work"' "\\'
'C:\\this\\will\\work\\"

Eivay emiong duvotd va ypnoluomotioete 1o os.path.join () ywo va mpoobéoete €va backslash ota
Windows:

>>> os.path.join(r'C:\this\will\work', '')
"C:\\this\\will\\work\\"

AdBete vroOYPn 6TL evdd va backslash Ba «escape» amd €va eloarywykd Yo Tov TPoadLopLord TOU GNUELOV TTOV
TEALELWVEL 1] OKATEPYOOTY) OUUBOLOTELPEL, OEV VITAPYEL DLAPUYT] KATA TV EPUNVELX TNG TG TG OKATEPYOL-
otng ovuporooelpdc. Anhadn, to backslash wopapével TapdY 0TV TUY TG AKATEPYAOTNG CUUBOAOOELPAG:

>>> r'backslash\'preserved'
"backslash\\'preserved"

Agite emiong v mpodiaypopt) oty language reference.

2.4 Andédoon

2.4.1 To npoypappa pou givat oAU apyo. MNwg pnopw va To emrayxuvw;
Avtd eivan dvokolo, yevikd. [Ipodtov, edm eivor pua MoTa e Tpdypota Tov pémel va Oupdote mpLy Bout)-
Eete mepautépw:

o To yopaxTnPLoTikd 0mrdd00mg diapépouv uetagl Twv viomowoemv Python. Avth 1 FAQ gotidlel oto
CPython.

o H ovuteprpopd pmopei vo dtogpépel HeTaE0 Twv AELTOVPYLKDOV GUOTNUATOV, ELOLKE dTav whdue yo /O
1] multi-threading.

o Oa mpémeL mhvta vo Pplokete ta hot spot 010 TPOYPAUUG GOG TOLY ETULYELPNOETE VO PENTLOTOTOLYOETE
omolovdfote KHdLka (BA. to module profile).
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o H ovvta&n oevapiov ovykpriikhg a&oldynong Bo cog emitpépel va Kdvete iterate ypryopa Katd tnv
avaZntnon peltwoemv (BA. To module timeit).

o ZVVIOTATOL AVETLPUAOKTO VO €XETE KOAT) KAA 1 KOk (Eom unit testing 1) omotacdnmote dAng Te-
YVIKNG) TTpLV amtd Ty mbavi) eloaymyr] Kpupuévoy tokivdpounoemy (regressions) og eEehyuéveg Peh-
TLOTOTTOLOELG.

Tovutov hexBévtog, vtdpyouv oA KOATA Yior TNV emttdyuvon Tov Kodiko Python. AkolovBotv oplouéveg
YEVIKEG 0pYEG TTOV FonBoVV TOM) 0TV EMITEVET ATTOSEKTHOV EMITESWV 0TTOS00NG:

« To va kdvete Toug ahyopiBuovg oag o yp1yopoug (1) va cdhaEeTe o€ TayiTepoug) UITOPEL VO ATToPéPEL
oMY peyalitepa opé atd 1o va mpoomadeite vo oKopmioete KO (KPO BelTiotomoinong og Oho
TOV KOOIKA oac.

o Xpnowuomojote TG owotég doués dedouévav. Melethiote thv TeKunpimon yuo to bltin-types Ko to
module collections.

o ‘Otav 1 Tumky| BLPAoONKY mapéyel Eva TPMTOYOVO YL VAL KAVETE KATL, Eival TOavo (av ko dev giva
EYYUNUEVO) VAl ELvaL TTLO YPTYOPO atd OTTOLAdONTTOTE EVAALAKTIKTY AVOT TTOV umopeite va. Ppelte. Avto
Loy veL OLTAd yia Tpwtdyova ypoaupuéva oe C, Orwg eEVOmUATOUEVO KOL OPLOUEVOUG TUTTOVG ETEKTATEMV.
[0 Topdderyua, PPOVIIoTE VoL XPNOLUOTOLHOETE elTe TNV Evomuatouévn uébodo 1ist . sort () eitet
oyeTKN ovvdpTnon sorted () yia va kévete TaSivounon (kou deite to sortinghowto yio tapodeiyuoto
UETPLOG TLPONYUEVNG Y PHONG).

o Ou agarpéoelg Telvouy va dMULovpyolv EUUECES KOTEVOUVOELG KoL avayKGLouv ToV dlepunvéa va. ep-
yootel meploodtepo. Edv ta emimeda tng éuueong koteufuvong vieptepouv tov dYKov TG XPNoUng
gpyooiag mov yivetat, To mpdypapua cog Oa givar mo apyd. O mpémeL va amopUYeTE TV VITEPPO-
MKT apaipean), ELOLKA UE T LOPPY WWKPOOKOTILKDV GUVOPTNOEmV 1 1eBOdwV (stou elval emiong ouyva
ETTLTTULOL YLOL TNV OVOLYVOOLULOTI|TCL).

Edv éyete @tdoer oto 6pLo Tou T wropei va emitpémel 1 Kabopr| Python, vtdpyouvv epyakeio mov o oog
amouokpvvouv. Ta wapdderyua, To Cython uwopel vo ueTayMmTTLoEL PLet ENOPPMG TPOTTOTOLUEVY EKSO0N
tov Khdka Python oe o eméktoon C, Kou WTopet vo ypnouomon0el o€ moAEG SLopOoPETLKES TAATPOPUEG.
H Cython pmopei va ekuetallevtel TV UeTAYAMTILON (KOL TOVG TPOQLPETLKOVG OYOMAOUOVS) Yo va KAveL
TOV KOLKa oag oAl o ypryopo amd otav epunveveton. Edv eiote oiyovpol yia tig deELotntég oog otov
apoypopuationd C, umopeite emiong va write a C extension module povol cog.

Agite gmiong:

H oelida wiki mwov eivar agiepopévn oe ouuoulég amddoong.

2.4.2 Molog eival o Lo anoTeAEOHUATIKOG TPOTIOQ YLA VA CUVOEOCETE TIOAAEQ
OUMBOAOOCELPEG HeTAEU TOUG;

To avtikeipeva st r ko bytes givol ouetdinta, emouévmg 1 ovvdeot ToMmV GuIBOAOCELPMV UETAED TOVG
elvor avartoteheouaTiky Kabmg Kdbe oVVEVWOT dNULOVPYEL £VaL VEO OVTIKEIUEVO. 2T YEVIKT| TTEPLTTMON, TO
OUVOMKO KOOTOG YPOVOU EKTENEONG ELVOL TETPAYMVIKO GTO GUVOMKO UKOG GUUBOLOOELPAS.

[ va ouyKevtpmoete TOMA aVTLKEIUEVA St T, TO TPOTELVOUEVO LOIWWUA ELVOL VO TO. TOTOOETNOETE 08 (WO
Moto Kol va KoAEoETE T0 0T0 str. join () Téhog:

chunks = []

for s in my_strings:
chunks.append (s)

result = ''.join (chunks)

(éva Ao MoYLKG QTTOTELECUATLKO LOLUO ELVOL VO YPNOLUOTOOETE TO 10 . StringIO)

[0 T CVYKEVTPWON TTOADY OVTLKEWEVMY byt es, TO GUVIOTMUEVO LOIMUO ELVAL 1] ETEKTOOT EVOG AVTIKELUE-
vou bytearray ypnoLluomolmvTag emtdmo cuvEVWOT (0 TeEheoTg +=):
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result = bytearray ()
for b in my_bytes_objects:
result += Db

2.5 AKoAouBieg (MAewadeg/AloteQ)

2.5.1 Nwg pnopw va Kavw HETATPOTN HETAEU MAELASWYV Kal ALOTWYV;

O KatookevaoTig TOToV tuple (seq) UETOTPETEL 0TOLAdONTOTE okohovOia (0TNV TPAYUATIKOTITO OTTOLO-
dMmore iterable) o€ mheldda pe Ta idLo oToLyELa OTNV idLa oELPd.

lNo Tapaderyua, to tuple ([1, 2, 3]) amodider (1, 2, 3) xouto tuple ('abc') amodidel ('a',
'b', 'c'"). Ed&v 1o opiopa givar mheldda, dev dNUovpyel avtiypago arld eTLOTPEPEL TO LOL0 AVTLKEL-
ULEVO, ETTOUEVOG ELVaL (TNVO Vo KahéoeTe To tuple () Otav Oev €l0Te OlyoupoL OTL £va OVTLKEILEVO elval NON
mhelddal.

O KaTaoKeEVaoTNG TUTOV 1ist (seq) petatpémel omoladnmote akolovbia 1) iterable oe po Moto pe to ido
otouyeia oty idta oelpd. o wapaderypa, to List ( (1, 2, 3)) amwodider [1, 2, 3] Kawlist ("abc')
amodideL ['a', 'b', 'c'l.AvTo dpopa givan Mota, dnuovpyel amhmg Eva avilypapo dnwg Ho ékave
T0 seqg:].

2.5.2 T eivalL apvnTikOg deikTng;

O axolovBieg Python indexed pe Oetikoig aptBuoig kor apvitikovg aptbuovs. I'a Betikots aptbuots to 0
elvan o pdtog detitng 1 eivan o devtepog deixtng ko ovtw KabeEnc. Mo apvntikovg deikteg To -1 eival o te-
levtaiog deiktng Kau to -2 givan 0 potehevtaiog (distha 0To TeEAEVTAi0) deikTng Ko oUTw KabeENc. ZrepTeite
TOo seqg[—n] wgTO 8o ue to seqllen(seq) —nlj.

H ypnon apvntikov detktmv umopel vou eivar mol Boiuk). T wapdderyna S[:—1] eivor O 1 ovuforo-
OELPA EKTOG ATtd TOV TELEVTOLO YOPAKTHPO THG, O OTTOLOG ELVOLL YPNOLUOG YLOL TNV OLPOLPEDT] TNG VEAG YPAUUNG
mtov akohovBei pa ovpporooetpd.

2.5.3 Nwg pnopw va enavalapw pua akoAoudia pe avtioTpogpn oeLpPq;

XPNOLWOTTOLEIOTE TNV EVOMUOTOUEVT] OVVAPTNOT reversed () :

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

Avuto dev Oa emmpedoel TV apyLkh cog akolovlio, alld dnuovpynote éva vEo avilypapo ue aviioTpogpm
OELPAL YLOL ETTOVAAY).

2.5.4 Nwg agpaipeite diNMAGTUNA aAnod pia Alota;

Agite To Python Cookbook yio o pokpd ouinmon oxetikd pe worhovg TpOmoug YIo VoL To KAveTe ovtd:
https://code.activestate.com/recipes/52560/

E&v dev oag melpdlel va avadiatdEete ) Aiota, TaSivoufote Ty Kol et copmate amtd 1o Téhog TG Motag,
dLaypapovTtag T dLhoTuma Kafmg TPoymPATe:

if mylist:
mylist.sort ()
last = mylist[-1]
for i in range(len(mylist)-2, -1, -1):
(ouvéyela otV enopevn oehida)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)
if last == mylist[i]:
del mylist[i]
else:
last = mylist[i]

Edv 6o to otouygia TG AoTag Wropouv va xpnotnosotn0oiy wg kheldid ovvorov (dnhadi eivar dha T
hashable) ot givar Guyva TLO YPYYOPO:

[mylist = list (set (mylist)) ]

Avtd petatpémel T Mota og éva 6UvoLo, aQapdVTog £ToL Ta SLITAOTUITO, KOl 0T CUVEYXELD Savd og Mota.

2.5.5 Nwg agpaipeite MOAAANAAG otolxeia anod pia Aiota

'Onwg Kat Ue TV KoTtdpynon tTov SUthOTumtmy, To pnto iterating avtiotpopa ue wo ouvofkn dioypagig eivor
o ThovoTnTa. QoTd00, ElvVoL EUKOLOTEPO KaL TTLO YPTYOPO VA YPT|CLULOTTO|OETE TNV OVTLKOTAOTAON TUNUA-
TOV e va EUUESO 1) PNTWG TTPOG TO EUTTPOG iteration. AkorovBov tpelg maparhoyés:

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 T MoTtag Uwopel va. eivar tayvTepo.

2.5.6 Nwg pnopeite va ptiagete €vav nivaka otnv Python;

Xprnowpomoote pia Atota:

[["this", 1, "iS", llan", narrayn] }

O Moteg etvar loodvvapeg e toug mivakeg g C 1 Pascal oty ypovikr Toug molumhokoTnTas 1 KopLa dio-
popd etvar OTL pua Mota Python ummopel va epLéyel avitkelieve Tomy SLapopeTtKmv TOTMmV.

To module array mapéyet emiong uebodovg yia ™ duovpyio TVAK®Y 0Tadep®V THTWV LE CUWITAYELS AvaL-
TOPAOTAOELS, O eival TLo apyég otV gvpeTnpiaon amtd Tig Moteg. Znueldote exiong 6t to NumPy ko
dAho Takéto Tpitwv, opllovy douég TUTOUG array (e dLApopa Y AUPAKTNPLOTIKY ETTIONG.

T va AMdfete ovvdedeuéveg Moteg Tomov Lisp, pmopeite va eEopoudoete cons keAud Yp1NOLULOTOLOVTAG TAELU-
deg;

[lispflist = ("like", ("this", ("example", None) ) ) }

Edv eivar emBount 1 petofAntomta, pmopeite va xpnouomotoete Moteg avti yio mherddes. Edw to avd-
Loyo evdg Lisp car eivar 1isp_list [0] kow 1o avahoyo tov cdr givan 1isp_list [1]. Mdvo Kdvte 1o av
elote BEPLOL OTL TPAYUOTIKA Y PELATETAL, YOt Elvar ouvOmG TTLo apyd Kan artd T xpNorn Aotdv Python.

2.5.7 Nwg pTLIAXVW Hia oAudlaoctatn Alota;

Md&hov poomadnoote va QTLAEETE £vav TOAUSLAOTOTO TVAKO GaV OUTOV:

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

Autd @aivetal cwoTd OV TO EKTUTMOETE:

[ [None, None], [None, None], [None, None]]

>>> A J
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AMG btav exympeite po T, epupoviletar o Told onueio:

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

O AOYog glvan OTL M) AVOTTOPAYOYT) oG MoTa ue * dev dNUOUPYEL ovTiypopa, dNULOVPYEL LOVO avapopég
ot VTGP ovTa aviikKeipeva. To * 3 dnuouvpyel wa Moto wov meptéxel 3 avapopéc oty idla AMota ufiKovg
dv0. Ov alharyég og pia oelpd Ba eppavifovrar og Oheg TG OELPES, KATL TOV 0%EdOV Giyoupa dev elval avtd
7oV OéheTe.

H rtpotetvouevn mpooéyyLon elvol va dNuovpyNoeTe TpmTo. pLot AIoToL e TO ELBuUNTO UNKOG KOl 0T OUVEYELD
Vo CUUTTANPWOETE KAOE oToLYELO e paL vEa MaTa:

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

Autd dnuovpyel wo Aota mou mepiéxel 3 duapopetikéc Moteg ue unkog dvo. Mmopeite emiong va xpnoiuo-
moufjoete €vo comprehension AMoTac:

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

EvolloKTiKd, WTOpeite vo XPMNOLUOTTOLOETE ULl EMTEKTAON TTOV TTOPEXEL EvOV TUTO SEBOUEVWV UNTPOG
(matrix)s To NumPy &ivau to mo yvootd.

2.5.8 MNwg pmopw va epapuoow pia HEB0S0 1) HLa ouvapTnon o< Jua akoAoubia
QVTLKELHEVWYV;

[ vo kahéote pua éBodo 1) o ouvapTNoN KoL VO OUYKEVTPMOETE TLG EMLOTPEPOUEVES TLUEG ELVOL LLal AoTal,
éva list comprehension givol o Kot Avom:

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

result = [function (obj) for obj in mylist]

Io va ekteléoete amhmg T 1EB0dO 1) T1) oVVAPTNON XWPIG VO OTTOONKEVOETE TIG ETLOTPEPOUEVES TLUES, ALPKEL
évag amhog Ppodyog for:

for obj in mylist:
obj.method ()

for obj in mylist:
function (ob7j)

2.5.9 lNuarti to a_tuple[i] += [“item”] dnuioupyel pLa egaipeon 6tav AeLtoupyei
N MPOCONKN;

Avt ogeiletan 08 £vav ouVOLAOUO TOU YEYOVOTOG OTL OL ETAVENUEVOL TEAEOTEG EKYMPNONG EIVOL TEAEOTEG
ekyonong Kou g dapopdc uetaly uetafintdy Kou apetdfintov avikewévoy otnv Python.

Avt) 1 ougNTNoT WYvEL YEVIKG OTOV 0L ETAVENUEVOL TEAEOTEG EKYMPNONG EQAPUOTOVTOL GE GTOLYEID (OG
mhelddag mov deiyvouv oe petafANTtd avilkeipeva, adhd Oa xpnolpomorjoovpe 1ist kou += mg vwddeLynd
nog.

Edv ypdaperte:
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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 yio v eEaipeom Oa mpérmet va eival opuéomg oaghg: To 1 TpooTifeTol 0To aviikeiievo a_tuple [0]
delyveL 070 (1), TOPAYOVTIOG TO AVILKEIUEVO ATTOTEAMEOUOTOG, 2, OAAG OTAV TPOOTAoVUE VO AVTLOTOLYICOUNUE
TO QTTOTELECILOL TOV VITOAOYLOUOUV, 2, 0TO atotyeio 0 ™G mhetadac, Aaupdvovue éva opdiua emeldn dev wo-
povue va aldEovpe autd mov deiyvel éva otouyeio wag Tielddog.

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 o eKTANKTIKT, Kol KON Lo KTTAKTIKO €ivol To YeEYOvOg OTL TapOLOo TTOV VITHPYE
éva opdua, To TapdpTnuo Aettovpynoe:

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

T va deite yati ovppaiver autd, mpémel vo yvwpilete 0T (o) eQv €VO AVTIKELUEVO VAOTTOLEL Lol LWOYLKT
wébodo __iadd__ (), mwov kahkeitar dtov exteheitan 1 ewovENUEVN avaOeon += KoL 1) T ETLOTPOPTG Elvar
T OV Xpnoluooteital otn dNhwon ekydpnong ko () yra Mioteg, _ iadd_ () wooduvapei pe v Kon
tov extend () om Moto Kot emotpépel ™) Mota. o avtd hépe OTL Lo  AMoTeG += elvol UL «OUVTOUOYPapion
yio list.extend ():

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

[11]

Avtd 100dUvaLEL LE:

>>> result = a_list.__iadd__ ([1])
>>> a_list = result

To aviikeipevo oto omoio vmodetkvietar amd to a_list €xel uetodhayOel KoL 0 delKTNG 0TO UETAMNOYUEVO
aviikeipevo €xel ekywpnOel miow oto a_list. To tehkd amotéheona thg avdbeong eivat £va no-op, Kabmg
elvan évag delktng oto idLo avTikeipevo Tov to a_ 11 st €detyve mponyovuévmg, arlhd n avébeon eEakolovbei
v yivetal.

"Et0l, 070 mopddetynd fog, outd Tov CUUBOLIVEL Elval LGOOUVOLO IE:

>>> result = a_tuple[0].__iadd__ (['item'])
>>> a_tuple[0] result
Traceback (most recent call last):

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

TypeError: 'tuple' object does not support item assignment

To __iadd__ () metuyaivel, kou £€ToL 1 Mot emekTeiveTat, old Topolo Tov To anotéAeoua delyVeL 0To
id10 avTikeipevo ov deiyvel NdN To a_tuple [0], avti 1 telK1| avdbeon eEakolovbei va £xeL g amotéle-
oua éva AMaBog, yiorti ou mhelddeg eival apetdfinTes.

2.5.10 ©éAw va Kavw pia TePINAOKN TAELVOMUNOoN: MTIOPELTE va KAVETE €va
Schwartzian Transform otnv Python;

H teyvix, mov amodidetan otov Randal Schwartz tng kowvotntog Perl, ta&wvouel ta otouyeia wag Motag ue
Béom wa pétpnon mou avtiotoyilel kdbe otoryeio oty « T taSvounong» tov. Ztnv Python, xpnowomor-
NoTe To OpLopa key Yo ™ uéBodo 1ist.sort ():

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

2.5.11 Nwg pnopw va Ta§lvouRow Hia Aiota pe BAaon TLQ TIMHEG amno Hia adAAn
AloTaq;

SuyywvedoTe Ta og Evay iterator TAELASWV, TAELVOUNOTE TN MOTA TTOV TPOKUITTEL KO, 0TIV OUVEYELQ ETUAEETE
T0 oToLyeilo mov BéAeTe.

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

>>> list2 = ["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 KAGON glval 0 OUYKEKPLUEVOG TUTTOG OVTLKELUEVOU TTOU dNUOUPYELTOL e TNV EKTENEDT wag dHhwang
KAdone. Ta avtikeipevo KAAoNG XPNOLUOTOLOVVTAL WG TTPOTUITO. YL0L T SNULOVPYIO OVTIKELUEVOV TOPOVOLOG,
T OTTOLAL EVOMUATDOVOVY TOGO Ta dEDOUEVOL (Y APAKTNPLOTIK() 600 KoL TOV KOdLKa (LeBOd0UG) E1OLKA YLoL évay
TUITO HEOUEVDV.

Mo KMGom propel vo aocitetor oe pia M Teploodtepeg dhheg KAGOELS, Tov ovoudtoviol Baoikég KAGoelg
™G ZT1 CUVEYELD KANPOVOUEL TAL XOPAKTNPLOTIKG KoL TG ueBodovg tov faoikmv KAGoemv. Avtd emitpé-
TTEL 0€ £V, LOVTELO AVTLKELUEVOL Vo FehTLwBel dLodoyikd ne kKAnpovoukodTnta. MTopet va €xete P YEVIKT
KAdon Mailbox mov mapéyel faotkég uebddovg TPdofaong yia EVo YPOULOTOKLBMTLO Kot VIToKAAoELS OTtmg
MboxMailbox,MaildirMailbox, OutlookMailbox ov yeLPILovToL SLAPOPES CUYKEKPLUEVES LOPPEG
YPOUUATOKLBWTLOV.
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2.6.2 T eival pua pE60JdOG;

Mua 100806 gival wo. ouvapTnon oe KAmolo avitkeipevo x mov ouvnOwg koleite g x . name (op Ltopata.
.. ). O uébodot opilovrar mg oVVAPTHOELG EVIOS TOU 0PLoUOU KAAONG:

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

2.6.3 Tweival to self;

To self eival amhmg évo ovufatikd dvoua yio To TpdTo OpLoo tog webddov. Mia uédodog ov opiletan wg
meth (self, a, b, c¢) npémervoovoudletorx.meth (a, b, c) ywoKdmolo Tapdderyua x TG kKAdong
OTNV 0TToleL EUPAVICETAL 0 0pLOROGe 1 Kohovuevn uéodog o ovopdetan meth (x, a, b, c).

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

2.6.4 MNwg pmopw va eA€yEw €Aav €va avtlKELPEVO ival pua ovtotnta piag de-
SoMEvVNng KAAoNG 1 HLag unokAdaong Ing;

XpPNOLWOTOLHOTE TV EVOMUATWUEVT CUVAPTNOY isinstance (obj, cls). Mmopeite va ehéyEete edv
€VOL AVTLKELUEVO ElVOIL WLOL TOPOVOLC OTTOLOGONTTOTE atd évav aplBud KAAoeEmV TapéyovTag Wo. Thelddo
OVTL YLoL Lol HEHOVUEVT KAGoN, my. isinstance (obj, (classl, class2, ...)), KOl Umo-
pet emiong va eléyEel eGv éva avtikeipnevo eival £vag amd Toug eVomuoTmpuévoug Timtovg TG Python, st.y.
isinstance (obj, str) fjisinstance (obj, (int, float, complex)).

Adfete véoyn 6T T0 isinstance () eréyyel exiong Yo ELKOVIKY KANPOVOULKOTNTO Otd Wa. abstract base
class. "Etot, ) doxiur| Oa emotpépel True yia (o eyyeypoupnévn kKAGon akopo KL av dev £xeL KAnpovouroet
dueoa M épueoca amd autod. Ta va ehéyEete o «odnBuvy) KAnpovoukdtnto», capwate to MRO tg kKAAoNG:

from collections.abc import Mapping

class P:
pass

class C(P):
pass

Mapping.register (P)

>>> ¢ = C{()

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

>>> isinstance(c, P) # Iindirect
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

Adfete voYn OTL TAL TEPLOGOTEPA TPOYPAUUOTO OEV XPNOLUOTOLOVV TO isinstance () o€ KAMAGELS TOV
opifovtor amd T PNoTN oA ovyvd. Edv avamtiooete povol 0og Tig KAAGELS, EVOL TTLO0 0WOTO OVILKELUEVO-
otpePNG oTUA elvon vo opilete nebddoug 0TLG KAAOELS TTOU EVOMUOTOVOUV ULe CUYKEKPLUEVT] GUUTEPLPOPAL,
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avTi va gAY ETE TNV KAAON TOU avTLKELWEVOU KO VO KAVETE KATL dLopopeTikd pe fAor v KhAon mov eivad,
VLol TOPADELYUX, EQV EYETE ULAL GUVAPTNON TTOV KAVEL KOTL:

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

Mo kahtepr) mpooéyylon eivar va oploete wa uébodo search () oe Oheg Tig KAAOELS KL OTTAMG VO TV
KoAEoeTe:

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 eivou (o OVTLKELEVOOTPAPNG TEYXVIKY (0OvoudLetal emtiong notifo oxediaong). Ag vrobésovpe
ot éyete éva avtikeinevo x kou 0éhete va alhdEete T ovuepLpopd wag povo artd TG uedddoug Tov. Mimo-
pELTE Vo dMULovpYRoeTe (o vEo KAGOoN TTov Topéxel P véa VA0TToinor e uefddov ov oag eVOLapEPEL VO,
oMGEeTe Kou exywpel Oheg Tig dhheg nebddovg oty avtiotouyn uéHodo tov x.

O wpoypaupatiotég Python wtopotv evkola va vhosoujoovy v avadeor). I mapdderypa, 1 akoiAovom
KAGon vhomolel pa KAAo Tov ouptepupépetal oav apyeto old petatpémer Oho To Yposttd dedouéva o€
Kepohaia:

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)

J

Edwm 1 kAdon UpperoOut emavampoodiopilel T uébodo write () yio vo UETATPEYPEL TN GUUBOLOOELPG Opi-
OUOTOG 08 Keahaia mpLv Kahéoet TV vokeipuevn uébodo self. outfile.write (). Okeg oL Ghheg ué-
B0d0L eKYWPOVVTOL 0TO VITOKELEVO ovTikeinevo self. outfile. To delegation oloxinpdvetar Héow g
uebddov __getattr__ ().ZuvuPfovkevteite to the language reference yio epLoooTEPES TANPOPOPLEG OYETIKA
E TOV EAEYYO TNG TPOGPAONG.

Adfete vrOYP OTL YLOL TTLO YEVIKEG TEPLITTMOELG 1) AVAOEDN UITOPEL VL YiveL Tito dVoKOoMY. Oty To XopaKThpL-
OTLUKA TPETTEL VO 0pLoTOVY KOOGS Ko va avakthOovv, 1) kKAdon mpémel vo opioet o uébodo _ setattr ()
emiong, KoL TPETEL VoL To KAveL tpooektikd. H faoikn vhomoinon tov _ setattr_ () eivou meplmov oo-
dvvapo pe To eENg:

class X:

def _ setattr_ (self, name, value):
self. dict [name] = wvalue
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Most ___setattr__ () implementations must modify self.__dict__ to store local state for self without
causing an infinite recursion.

2.6.6 MNwg pnopw va KaAe€ow Hwa HEB0do mnou opiletal oe pla Baclkn KAAon
ano pia mapaywyn KAAon mou Tnyv eneKTeiVeL,

XPNOWOTTOLNOTE TV EVOMUATWUEVY CUVAPTNON super () :

class Derived (Base) :
def meth (self):
super () .meth () # calls Base.meth

Zto mopdderyua, To super () Oa TPoodlopicer ovTOUATO TO OTLYWOTUTO atd TO 0molo KANONKe (1 T
self), avalnworte ™ method resolution order (MRO) pe type (self) . mro__, KoL ETOTPEYPTE TO ETOUEVO
071 oeLpd uetd to Derived oto MRO: Base.

2.6.7 MNwg PMopw va opyavwow TOV KWdLKA HOU TIPOKELHEVOU Va SLEUKOAUVW
TNV aAAayn TG Baolknig KAaong;

B0, LTOPOVOOTE VO AVTLOTOLYIOETE T PAOLKY) KAATT O€ £VaL YPEVIMVULO KO VO TTPOKVPEL TO YPEVDDMVUUO. ZTHV
OVVEYELD, TO MOVO OV TTpérel va aldEete eivan 1) Ty mov €xeL ekympnOel Pevddvupo. Mapepmmtdviwg,
avtd To KOO glvan emtiong xpNowo edv Bélete va amopaocioete duvaukd (.. avaroya pe v dtadeotuo-
™ro TV TOpwV) ot faotkn KhGon va xpnowpomorfjoete [Mapdderypor:

class Base:

BaseAlias = Base

class Derived (BaseAlias) :

2.6.8 NMwg dnuloupyw dedopeva oTATLKNG KAAONG Kal HEBOSoUG OTATLKAG KAG-
ong;

Tooo o oTaToTikd dedouéva 600 Kot oL oTatikeg uefodol (ue Ty évvora g C++ 1) g Java) vootnpiCovron

otnv Python.

Io otatikd dedouéva, amhig opiote £va xopakTNPLoTIKO KAGoNG. T'lo vo ekymwphoeTe o vEa T 0To Y o-
POKTNPLOTLKO, TPETEL VAL Y PTOLULOTTOOETE PNT TO Ovoua KAAONG TNV EKYDPNON:

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

def _ init_ (self):
C.count = C.count + 1

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

To c. count avagépetal emiong 0To C . count Yo 0TTOLOONTOTE C, £TOL DOTE VO LOYVELTO i sinstance (c,
C), eK10g edv mapokapupdel amd to 1810 To ¢ 1 artd Kool KAGoN ot dadpoun avalitnong g Paotknhg
KAdong amd to c.__class__ miow oto C.

[Tpocoyn: oe wo uéBodo tou C, o avdbeon 6mwg self.count = 42 dNUOUPYEL W VEX KoL QOYETH
TAPOVOLOL UE TO OVopo «count» 0to d1ko tou dict Tov self. Emavooivdeon wog kKAAoNG-otatikng ovoua
dedouévarv mpérmet mhvta va Tpoodiopilel v kK don eite Bpioketor péoa o po wéBodo eite dyL:
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[C.count = 314

O ototikég pébodot eivar duvatéc:

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

Qot600, £vag oD Lo ATAOG TPOTOG YLo VO AABETE TO ATOTEAEOUO LOG OTATLKTG LeBOdOV elvan HEGW Wag
ot g ouvdpTnoNG o€ emimedo LOVAdAC:

def getcount () :
return C.count

Edv 0 khdikag oog eivor dopunuévog £€tolL mate va opitet pio kKAGon (1] oteva cuvoedeuév Lepapyiag kKAAoewv)
ova module, auto mapéyel Ty embuunTy eVOUAAKWOT).

2.6.9 Nwg pMopwW va UTIEPPOPTWOW KaTtaockeuaoteg ( peEOOSoug) otnv
Python;

AvTi) 1) ATAVTHON LOYVEL GTNV TPAYUOTLKOTNTA Yo OAEG TLg neBddovg, ahhd 1) epwtnon ouvnOwg epgpaviletol
TPADTN 0TO TAALOLO TWV KATOOKEVOTTMV.

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

}

Ztnv Python mtpémel va ypdapete évov Hovadikd KoTaoKevaoT) IOV VO TTLAVEL OMEG TIG TTEPLTTWOELG Y P1OLUO-
TOLDVTOG TTPoETAeYUEVO opiopata. [ mopdderyuo:

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

Avto dev gival evieldg 1o0odUvopo, oAhd apKeTd KOVTEa oty TPdEN.

B0 wrtopoVoaTe eMioNG VA SOKLUACETE (O ALOTA OPLOUATOV UETABANTOV UTKOVG, TT.X.

def _ init__ (self, *args):

H idua tpooéyyion Aertoupyel yio OAOUG Tovg 0pLopovg nedodwv.
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2.6.10 NMpoomnadw va XpnoLYOTIONow __spam Kal Aappavw €va opailpa oxe-
TIKA pe to _SomeClassName__spam.

Ta ovéuato petafAntdv pe ki vroypduuon oty apyl eivar «mangled» yio vo apéyouv évav omho
oAAG atoteleouaTikd TPOTO 0PLOUOY TV LOLOTIKAOV UETABINTMV KAAoNS. OmoL001ITOTE OVOYVIPLOTIKO TG
@Opuog _ spam (Tovhdylotov 800 TPomopevoueveg KAtw TavAES, TO TOM) £va TEAOG VITOYPAUILONG) OVTL-
Kabiototal péom KeWwévou 10 _classname_ spam, OOV T0 classname eivol To TpEXov Ovoua KAAonG e
OTTOYUUVOUEVESG TUYOV TTPONYOUUEVES TTAVAES.

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 kAdaon pou opilel __del__ aAAa dev KaAeital 6tav dtaypapw TO avtl-
KElpEVO.

Yndpyouv didpopot mbavoi Aoyor yio ovtd.

H npdtaon del dev Kahel amaparttwgto __del () — amhdg UELDVEL TOV apLOUd avapopdg TOU AVIIKEL-
UEVOU, KoL v autd (pTaoeL 0to undév Kadeltarto __del_ ().

Edv oL douég dedouévamv oog TePLEYOUV KUKALKOUG OUVOEOUOUG (.. €vo EVTPO Omov K&be Toudl éxel o
avapopd yovéa Kan KGOe yovéag €xel uia AMoto toududv), or uetpnoelg dev Bo eavélBouv oté 0to undév.
Kd&6e 1600 1 Python extelei évav alydpiBuo yia va aviyvevoet tétolovg KUKAoUS, oA 0 GUAAEKTNG OKOUTTL-
dudv ptopei va ekteleotel Kamola otiyur) uetd Ty eEapdvion tng televtaiag avagopdc ot dour) dedousvov
0ac, emouévwg N uéBodog _ del () umopel va kKAnOel og wo Gfoln Ko Tuyaia otiypn. Autod dev eivar fo-
MK6 edv tpoomabeite va avosapdEete £va TpOPAnUa. AKOUN XELPOTEPT, 1] OELPA [LE TV OTTOia EKTENOVVTOL
uébodor ___del__ () tov ovtikelueévou eivor avbaipetn. Mmopeite va ekteléoete 10 gc.collect () yo va
avaykdoete o oulhoyn, alhl vadoyovy mafohoyikég mepUTTdoELg Omou Ta avitkeipevo dev Ba oulheyBouv
TOTE.

[Mapd tov ovAéKTY KUKLOV, EEakolovBel v givar Kol 1déa va opioete wa pnth uébodo close () og avti-
keluevo wov Ba kKahovvtow Kdbe popd mov telewwvete pue avtd. H uébodog close () umopel ot ouvéyeL va
OPOLPETEL YOPAKTNPLOTLIKA TTOV OVOPEPOVTOL O VITOOVTLKELUEVA. Mnv kaheite to __del_ () amevbeiog
-__del__ () Ba mpémer va Kaheite To close () Kai 1o close () Oa mpémer va Peforwbel OTL pmopel vo
KAN0el mepLoodtepeg 0Td Uia POPES YLaL TO LOL0 AVTLKEIUEVO.

"Eva GAh0G TPOITOg YLoL var artopUYETE TLG KUKAMKESG 0vapopEg eivat vo. xpnotpnomotoete to module weakref,
TO 07T0l0 0aG EMTPENEL VA AVEAVETE TOV aplBud TV avagopmv tous. Ou douég dedouévav dévtpwv, yio
mapaderypa, 0o TPETEL VAL (PTOLUOTOLOVV OOUVOLLES AVAPOPES YLOL TLS ALVAPOPES YOVEMY KOl AOEAPOV ( oV
TOL YPELOOTOVV!).

Téhog, v uébodog__del () eyeipel po eEAipeoT), EKTUTMVETAL £VA TPOELOOTTOTIKS vupa oy SLev-
Ouvon sys.stderr.

2.6.12 Nwg propw va AaBw pia Alota HE OAEQ TLG OVTOTNTEG HLag SeSOUEVNG
KAQong;

H Python dev mapakolovBei Oheg Tig mapovoieg wag KAaong (1) evdg evomuatmuévou THmov). Mtopeite va
TTPOYPAUUATIOETE TOV KOTAOKEVALOTH TNG KAAONG VAL TapakohovOEL OLeG TIG OVTOTNTEG SLATNPMVTAG ULt AloTa
advvapmv avoagopmv oe Kbe mapovaia.
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2.6.13 Narti To anotéAeocpa Tou id () ¢aivetal va pnv eivat povadiko;

To evowuatmuévo 1d () emOoTPEPEL Evav OKEPOLO TTOV Elval eyyunuévo OtL elvol povadikog katd ) dudp-
Keo omg Tov avikelwévou. Egpdoov ato CPython, aut) eivor dLevfuvon pviung Tov avikeévou, ouppaivet
ovyva OTL LETA T SLaYPOPT) EVOG OVTLKELUEVOU OTTO TN UV, TO ETOUEVO TTPOOPOTO ONULOVPYNUEVO OVTL-
Keluevo ekympeitar oty idto 0€om ot uvhun. AvTtd Qaivetal amd aUTo TO TOPAdELYOL:

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

Ta V0 avVoyVOPLOTLKA OVIKOUY 08 SLOPOPETLKA OKEPOLOL OVTLKELUEVOL TTOU STULOVPYOVVTOL TTPLY Kot dLarypdt-
POVTOL OUECWG UETA TNV ekTELED TG KMong id () . Twa va BePfanmbeite OTL TO OVTIKEIPEVO TWV OTOLMV TO
avayvoplotkd 0éhete vo eEeTdoeTe elval akoua Coviavd, dnuovpynote (o AR avogopd 0To OVILKEIIEVO:

>>> a = 1000; b = 2000
>>> id(a)
13901272
>>> id(b)
13891296

2.6.14 MNoTe propw va BacLloTw o€ SOKLUEG TAUTOTNTAG HE TOV TEAEODTN iS;

O teheotng 1 s eMéYyeL TNV TAUTOTNTA TOV avitkelwévor. H dokiuf a is b iooduvauei pe id (a) == id (b).

H miio onuaviky tdLdtnta evOg TE0T TAVTOTNTAG ELVaL OTL £VOL AVTLKELUEVO EIVOL TAVTO TAVOUOLOTUITO UE TOV
€0VTO TOV, TO & 1s a emoTpépel mavta True. Ta Te0T TAVTOTTOG Eival ouvNOmG TayUTEPO OTTO TO TEDT
wootntog. Ko oe avtifeon pe ta 160t 1o0TNTaG, To TE0T TAVTOTNTOG Elval eyyunuéva OTL Ba emLoTpépouy va
boolean True 1| False.

Qo1600, TO TECT TAVTOTNTOG WTOPOUV UGV VO AVTLKATOOTIOOUV TA TEOT LOOTNTOG OTAY ElvaL EEQCPAMOUEVT
1 TAUTOTNTO AVILKELUEVOU. [eVIKd, VTTAPYOUV TPELS TEPLITTMOELS OTTOU 1) TAUVTOTHTA ELVAL EYYUNUEVT:

1) Assignments create new names but do not change object identity. After the assignment new = old, it is
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, it is guaranteed that a is b because None is a singleton.

211G TEPLOOOTEPES AMNES TTEPLITTMOELS, TOL TECT TAVTOTNTAG OEV EVOELKVUVTAL KOL TIPOTLUDVTOL TO, TEOT LOOTY)-
tac. Eldukotepa, To teoT ToutdTTas dev o ITPETEL VAL PN OLUOTTOLOVVTOL L0 TOV EAEYY0 0TaBEpDV OIS int
Ko str wov dev elval eyyunuéva singletons:

>>> a = 1000

>>> b = 500

>>> ¢ = Db + 500
>>> a is c

False

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

>>> ¢ = b + 'thon'
>>> a 1s c

False

Ouolmg, To VEO OTLYILOTUTTO. LETOPANTOV KOVTELVEP OEV ELVOL TOTE TAVOUOLOTUTTOL:
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>>> a = []
>>> b [
>>> a is b
False

Ztov TumLKo Kodka BLho0NKnge, Oa deite ToMA Kotvd HoTifa yio T cwoTt) XpNon TwV SOKLUMY TAVTOTNTOG:

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.

T Tapaderyua, edm eival 1 vhomoinon tov collections.abce.Sequence._ contains_ ():

def _ contains_ (self, wvalue):
for v in self:
if v is value or v == value:

return True
return False

2.6.15 MNwg propei pua urtokAaon va eA€yEel nowa dedopéva anobnkevuovtat
o€ Jla apeTapAntn napoucia;

Katd v vrokidon evdg auetdfintov timov, mapokdppete T nébodo _ new__ () avti yio ™ puéBodo
__init__ ().H televtaio extereiton povo apot dnuovpyndel to Tapovoia, 1 omoia ivat oA apyd yio
vo. aAMGTEL dedopéva o€ Lo aueTdfAnTn mepimtmon.

‘Oheg auTéG OL APETAPANTES KAAOELG €YOUV SLAPOPETLKT VITOYPAPY] OTTO T UNTPLKT) Tovg KAdoN:

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, value):
value = cls.xlat.get (value, value)
return super()._ new__ (cls, value)

class TitleStr(str):
"Convert str to name suitable for a URL path"
(ouvéyela oty eV oehida)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

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 K¥AdogLg ptopouv va xpnotpuomotn0ovv étot:

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

>>> NamedInt ('ten')

10

>>> NamedInt (20)

20

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

2.6.16 Mwg pmopw va anodnKeuow TLG KAROELG HEOODOU OTNV KPUPN HVIHHN;

Ta &0 Paocikd epyoaheia yia Tig ueBddOVE Ao KEVONG OTNV TPOCWPLVY] Uvhun eivar To. functools.
cached_property () kot functools.lru_cache (). To mpdTo AToONKEVEL TA ATOTEAECUOTO OE ETTE-
71ed0 TOPOVOLOG KO TO dEVTEPO O€ emimedo KAAoNG.

H npooéyyion cached_property hertovpyel udvo pe pebddovg mov dev Aaupdvouv opiopata. Agv dnuiovpyel
ovapopa oto otryotumo. To amotéheopa g cached peBddovg B dratnpnOei LOVo G0 TO GTLYLOTUITTO ELVOL
Cwvtovo.

To mheovEKTNUOL EIVOL OTL OTOV VAL OTLYULOTUTTO OEV Y PNOLUOTTOLELTOL TTAEOV, TO OTTOTENEOUA TNG OTTOONKEVUE-
NG uebddov Ba amehevbepmbel apuéome. To petovékTnua givar 0TL €6V CUOCMPEVTOUV OTLYIOTUTTA, O elvol
KOl TO ATOTEAEOUOITOL TG CUCOMPEVUEVTG LeBOdoV. Mmopolv va avamtuyBouv xwplg meploplopovg.

H stpooéyyion lru_cache hertovpyel pe nebddovg mov €xouvv opiopata hashable. Anpuovpyel o avapopd 0to
OTLYILOTLTTO, EKTOG €AV KaTaPANO0UVY eldLKEC TPOoTADELES VIO VL TTEPAOEL OE ADVVOUES AVAPOPEC.

To mheovEKTNUA TOV alyopiOuov ou ypnolpoTomonke Aydtepo mpoda@ata eivar OTL 1 KPupt uviun opLo-
Oeteital amd to Kaboplopévo maxsize. To petovékTnua eivon OTL TO OTLYOTUITO SLOTNPOVVTOL TOVTUVA EmG
OTOU TAAALMOOUV ATTO TV KPUPT) UvAUN 1) UEXPL VL DLOLYPOLPEL 1] KPUEPT] LLVIuT).

Autd to Tapaderypa deiyver TLg dLAPOPES TEXVIKES:

class Weather:
"Lookup weather information on a government website"

def _ init_ (self, station_id):
self. station_id = station_id
# The _station_id is private and immutable

def current_temperature (self):
"Latest hourly observation"
# Do not cache this because old results
# can be out of date.

@cached_property

def location(self):
"Return the longitude/latitude coordinates of the station"
# Result only depends on the station_id

@lru_cache (maxsize=20)

def historic_rainfall (self, date, units='mm'):
"Rainfall on a given date"
# Depends on the station_id, date, and units.
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To mapartdvm Topdderyna Tpoimobétel 0T 1o station_id dev oldLeL moté. Edv ta oxetikd yopaKTnpLotikd
TOPOVOLOG elval UETAPBANTA, 1) TPOoaEyyLoN cached_property dev Witopet vo AELTOUPYNOEL £TELDT) dEV UTTOPEL VO
eVTOTioeL aAMOYES 0T XOPOKTNPLOTLKA.

[ va ettoupynoel 1) TpooéyyLon lru_cache dtowv to station_id elvon petaffAnto, 1 KAAoT TPETEL VO OPLOEL TLG

uebddovg __eq_ () xow __hash__ () MOTE 1 KPUPT WVIUN VO LWITOPEL VO EVIOTLOEL OYETLKEG EVILEPWDOELG
YOPOKTNPLOTIKMV:

class Weather:
"Example with a mutable station identifier"

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

def change_station(self, station_id):
self.station_id = station_id

def _ eqg (self, other):
return self.station_id == other.station_id

def = hash__ (self):
return hash(self.station_id)

@lru_cache (maxsize=20)

def historic_rainfall (self, date, units='cm'):
'Rainfall on a given date'
# Depends on the station_id, date, and units.

2.7 Modules

2.7.1 Nwg dnuoupyw €va .pyc apxeio;

‘Otov éva module elodryetan Yo TpdT) opd (1] dtav to apyeio mpoéhevong €xel alhaEel amd T dnuovpyia
TOV TPEYOVTOG UETAYAMTILOUEVOL QPYELOV), EVa apyElo . pyC TOU TOPEYEL TOV UETAYAMTTLOUEVO KDOLKa Oa
npémel vo. dMuovpynOel oe évav vrokatdhoyo _ pycache_ o katdhoyog mov mepLéxel o . py. To apyeio
.pyc Ba éxel éva dvoua apyeiov mov Eekivd pe to idlo dvopo te To apyelo . py Kou TEAELDVEL OE . Py C, UE
éva pecaio otouygio mov eEaptatal 0o To CUYKeKpLUEVO duadikd apyeio python mwov to dnuovpynoe. (Bi.
PEP 3147 yio Aemtopépelec.)

"Evag AOY0G Y10 TOV 071010 eVOEYETOL VO UV dnuovpyn0ei éva apyeio . pyc eival Eva TpofANUo SIKoLwUATmyY
OTOV KATALOYO TTOU TEPLEYEL TO APYELO TPOELEVONG, TTOV ONUAEVEL OTL deV Umopel vo dmuovpynOel o vtoka-
téhoyog _ pycache_ . Avutd umopel va ovppel, yio mapdderypa, edv avamtuydel og évag xpfotg alrd
ekteleiton wg GAhog, OTTmg eGv dOKLUATETE Ue Vv dLAKOULOTY) LOTO.

Extog xau av £xel oplotel N petafinti meptfadhovtog PYTHONDONTWRITEBYTECODE, 1 dSnuLovpyia evog
apyelov .pyc elvor avtopoty edv elodyete éva module ko 1 Python éyel ) duvatdomto (dtkaudparta, elev-
0epog xDPoGC, K.AIT...) va dNuovpyhHoel éva _ pycache_  vmokatdhoyo Kou YpOYTE TO UETAYAMTILOUEVO
module og avtdV TOV VITOKATANOYO.

H extéheon g Python og éva oevaplo avatatov emutedov dev Bewpeitan eloaywyn kou dev o dnuiovpynOet
.pyc. lNa moapdderyna, edv éxete éva module avortdtov emmédov £oo . py mov elodyel Eva Ao module xy z .
Py, 0tav eKkteleite To oo (mAnKIpoloymvtag python foo.py wgeviol) keligovug), Oa dnuovpynOsi éva
.PYC Y10 TO Xy Z €mELdT) T0 xy z €xeL eloayOel, odhd dev Bo dnuovpynbet apyelo . pyc yio 10 £oo Kabmg To
foo.py dev elodyeTOL.

Edv ypewdetar va dnuovpynoete éva apyeio .pyc yio to foo — dmhadn, va dnuovpynoete éva apyeio
.pyc ywo éva module mov dev éxel ewoayBel — wopeite, ypnowomowmvtag to. modules py_compile kot
compileall.
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To module py_ compi le wropei va petayhmttioel xetpokivita omotadfote module. ‘Evag tpdmog eivar va
YPTOLULOTTONOETE TN OVVAPTNOT compile () 0 QUTHY TNV EVOTITA SLADPAOTIKA:

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

Avutd Oa ypdnper to . pyc o évav vokatdhoyo _pycache oty (dwa Béom pe to £oo . py (1) wropeite
VOL TO TTOPAKAUPETE UE TNV TTPOOLPETLKT| Topduetpo cfile).

Mitopeite emiong vo. HETAYAMTTIOETE AUTOUATO OMAL TOL QY ELDL O€ EVOLV KATALOYO 1] KATAAOYOUS Y PTOLUOTTOLMD-
vtag to module compileall. Mmopeite va kdvete astd to shell prompt ektehwvtag to compileall.py Kot
mapéyovrag T dradpoun evdg Katahdyov ov mepLéyel apyeia Python yia petaryhdttion:

[python -m compileall . J

2.7.2 MNwg pmopw va Bpw TO Ovoua Tou TPpEXovTog module;

"Evo. module propet va fpet o dukd tou dvopa module KottdLovrag Ty mpokaoplouévn Kobolkn petaint
__name__. Edv avt) éxeL v 1w __main__, to poypappo eKtelelton wg oevaplo. ITohé modules ov
YPNOLULOTTOLOVVTOL GUVIOMG UE TNV ELOOYWYT] TOUG TTOPEXOVY ETLONG L0 OLETTOPY YPOUUNG EVTOLDV 1] Evav
QUTOEAEYYO KOL EKTEAEOTE QUTOV TOV KMSLKA WdOVO apoV ehéyEete To __name_

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

if name == '__main_ ':

main ()

2.7.3 Nwg pnopw va €Xw modules mou elocayouv apotpaia to €va To aAAo;

YmoO£ote ot €xete ta axoiovba modules:

foo.py:

from bar import bar_var
foo_var = 1

bar.py:

from foo import foo_var
bar_var = 2

To mpoPAnua eivan 0tL 0 dtepunvéag Oa exteréoel Ta akdlovOa BruaTo:
o main elodyeL £oo
o Anuovpyovvtor Keva KabBolkd yia to foo
o To foo petayhwtriletol kol Eekiva 1 ektéleon
e foo ewoGyeL bar
o Anuovpyouvtol Kevd Kabohkd yio bar
o To bar petoylottileTon Kou opyilel vo ekteleiton

o To bar &0dyeL to foo (To omoio eivar amayopevtikd, Kabmg vmdpyer 11 €vo module pe 1o dvoua
foo)

o O unyavioudg eloaymyng tpoomadel vo dlopdoel to foo_var amd to mayKoouo £oo, yio va opioet
10 bar.foo_var = foo.foo_var
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To teheutaio fua amoTuyyavel, emeldn 1 Python dev éyel teleunoer akouo ue TV epunveia Tov £oo Kat 1o
global AeEkd ouuforwv yio to foo gival aKopo Kevo.

To i6to ouppaivel dtav ypnolwomoteite To import foo Ko, 0T CUVEXELX, TPOOTADEITE VA ATTOKTIOETE
npdofaon oto £oo. foo_var og KoOoKO KMILKA.

Yrdpyouv (TouldyLlotov) TPELS TOOVOL TPOTTOL AVTLUETMITLONG OVTOV TOV TTPOBANUATOG.

O Guido van Rossum ouviotd v amopuyr AoV Twv XpHoewv Tov from <module> import ... KoLtnv
tomoféTnon dhov Tov KHdika péoa e ouvaptioels. Ta initializations KAOOAMK®V UETABANTOV Kol LETOFANTOV
KAdong B wpémer va xpnotpnomotn 0oy uovo otabepég 1) EVOOUATOUEVEG CUVOPTHOELS. AuTd onuaivel OTL éva
eloayouevo module avagépetor wg <module>. <name>.

O Jim Roskind stpoteivel va exteléoete to. frjuata pe v akorovdn oepd og kd0e module:
« eEaymyég (globals, ouvaptioels, Kot KAAoELS TTou Sev X PetdfovToL ELo0YOUEVES PAOIKES KAAOELS)
o OMiwoelg import

o eVEPYOS KDOOIKAG (CUUTEPIAAUPBAVOIEVWV TWV KOOOMKDV TTOU 0Py LKOTOLOVVTOL ATTO ELOAYOUEVES TL-
HéQ).

O Van Rossum 8ev apéael Tol) auT) 1 TPooEyyLon eTELdN oL ELoaywYES EppOVIiovTaL OE €va TTepiepyo UEPOG,
oAAG Aertovpye.

O Matthias Urlichs ouviotd v avadidpOpmon tou KOdLKA 00G £TOL MOTE 1] AVAIPOULKY ELOAYWYY VO UMV
elvan atapaitnty eEapyne.

AvTtég oL Mioglg dev ailnroastokheiovial.

2.7.4 __import__(“x.y.2”) emwotpePel <module “X’>e¢ NMwg Ynopw va napw to z?

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

[z = importlib.import_module('x.y.z"') }

2.7.5 Otav enegepyalopat €va module rtou €xeL eLoaxBel Kal Tnv ENMavelocayw,
oL aAAayeg dev epgavifovral. Nati cuppaivel auto;

To AMOyoug amoteleopotikoOtnTog Kodmg Kot cuvémeias, 1 Python dtafialel to apyeio g evotnToag Lovo Ty
TPADTN POPA TOU ELOAYETOL UL AELTOVPYLKY povada. Edv dev 1o ékave, oe éva mpdypapuo Tov amoteheiton
amd moAAég evoTnTES Ommov 1) Kabepio elodyet to (dto Baotkd module, To Baotkd module Oo ovoluBel Ko Oo
avaivBei Eava molég gopéc. Mo va avaykdoete T €K vEOU avayvmon wag oAAayuévng evotitag , KAVTe

to e&Ag:

import importlib
import modname
importlib.reload (modname)

[Mposwdomoinon: avt n teyviky dev eivor 100% aopaiic. EWdikdtepa, modules wov wepiéyovv dnhwoelg dmtmg

[from modname import some_objects ]

Ba ouveyioel va hettovpyel ue TV Tohd €KO00N TOV ELOAYOUEVOV aVTLKEWEVOV. EGv 1) Aettoupyukn wovado
TEPLEYEL OPLOROVG KLAOEWYV, OL VTTAPYOVOES TOPOVTLEG KAAGEWV dev Ba evuep®BOVV yLaL VO Y PNOLUOTOLOVY
TOV 0pLopd TG vEag KAAoNG. Autd umopel va 0dnyhoer oty akdlovdn mopddoEn cuumepLpopd:

>>> import importlib

>>> import cls

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

(ouvéyela otV enopevn oehida)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)
<module 'cls' from 'cls.py'>
>>> isinstance(c, cls.C) # isinstance 1is false?!?
False

H @iomn tou pofinuotog kabiotatal caphg iV EKTUTMOETE TNV «TAVTOTNTO» TOV AVTLKEWWEVOY KAAoNG:

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

>>> hex (id(cls.C))
'0x4198d0"
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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++;
Y-
Zrar 3

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 v is being decremented even
forx > 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.
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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
0.19999999999999996

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 float 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:

[>>> Xx = 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:

[1.00110011001100110011001100l1001100110011001100110011 (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 se1f.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
1list>).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 alocal 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 sel1f . 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.

---https://mail.python.org/pipermail/python-3000/2006-November/004643.html
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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', |2v, 141, '8', '16']) }

which gives the result:

["1, 2, 4, 8, 16" }

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 () asastring
method, since in that case it is easy to see that

["1, 2, 4, 8, 16".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 () is astring 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 () call is 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?

In general, structured switch statements execute one block of code when an expression has a particular value or set of
values. Since Python 3.10 one can easily match literal values, or constants within a namespace, with a match
case statement. An older alternative is a sequence of if... elif... elif... else.

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 ()

J

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.

Imitating switch with fallthrough, as with C’s switch-case-default, is possible, much harder, and less needed.

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.

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 (1)

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.

o 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 in d.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 _ _eg_ (self, other):
return self.the_list == other.the_list

def _ hash (self):
1l = self.the_list
result = 98767 - len(l)*555
for i, el in enumerate(l) :
try:
result = result + (hash(el) % 9999999) * 1001 + i
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.

Furthermore it must always be the case thatif o1 == 02 (ieol.__eg (02) is True)thenhash (ol) ==
hash (o2) (ie,0l.__hash_ () == o02._ _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.
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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 () to check 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 1ist . append () method is expected to add new elements to the end of some internal
list; an interface specification cannot test that your 1ist . 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 if
statements and or, and, and i f—e1se 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

J

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\\"

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.
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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.

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 == b
print (a)

versus

if a ==
print (a)

J

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.
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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:

# 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 = [
"fee",
Ylfie"
"fooll,
"fumll

]

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.

Allowing the trailing comma may also make programmatic code generation easier.
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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

[#l/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:

[#J/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@"

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

[77doc77 = """ . .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 ().

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(siqnum, frame) }

so it should be declared with two parameters:

def handler (signum, frame): J
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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.

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.
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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), 1i))
T.start ()

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

J

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, 1i)

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

time.sleep(10)

J

Instead of trying to guess a good delay value for time.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 (ob3j)
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:

(ouvéyela oty eV oehida)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)
print ('Worker', threading.current_thread(), end=' ")
print ('queue empty')
break
else:
print ('Worker', threading.current_thread(), end=' ")
print ('running with argument', arg)
time.sleep(0.5)

# Create queue
g = queue.Queue ()

# Start a pool of 5 workers

for i in range (5):
t = threading.Thread (target=worker, name='worker % (i+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
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)
L1.extend (L2)
x = L[1]
x = L.pop ()
(ouvéyela oty eV oehida)
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Li[i:j] = L2
L.sort ()
X =Y
x.field =y
D[x] =y
D1.update (D2)
D.keys ()

These aren’t:

i=i+1
L.append (L[-1])
L[i] = L[j]
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!

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?
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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 (old_path, new_path).

To truncate a file, open it using £ = 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 il module also contains a number of functions to work on files including copyfile (), copytree (),
and rmtree ().

4.4.2 How do | copy a file?

The shutil module contains a copyfile () function. Note that on Windows NTES volumes, it does not copy
alternate data streams nor resource forks on macOS HFS+ volumes, though both are now rarely used. It also doesn’t
copy file permissions and metadata, though using shutil.copy?2 () instead will preserve most (though not all) of
it.

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

os.read () is alow-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 (), you need to use 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

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 https://web.archive.org/web/
202102241836 19/http://phaseit.net/claird/comp.lang.python/web_python.
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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 ur11lib. 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=gs)
with req:
msg, hdrs = reqg.read(), reg.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.:

>>> import urllib.parse
>>> urllib.parse.urlencode ({'name': 'Guy Steele, Jr.'})
'name=Guy+Steele%2C+Jr."'

Agite gmiong:
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 ()
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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@Rexample.com\n")
p.write ("Subject: test\n")
p.write("\n") # blank line separating headers from body
p.write("Some text\n")
.write ("some more text\n")
sts = p.close()
if sts != 0:
print ("Sendmail exit status", sts)

e}

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
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 connect_ex () method to avoid creating an exception. It will just return the errno value. To poll,
you can call 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.

Enueiwon: 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 also the
sglite3 module, which provides a lightweight disk-based relational database.

Support for most relational databases is available. See the DatabaseProgramming wiki page for details.
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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 she 1 ve 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:

e 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.
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.

4.7. Mathematics and Numerics
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KEGAAAIO D

2 UXVEQ EPWTNOELG ETIEKTAONG/EVOWNATWONG

5.1 Mnopw va dnULoUpYROoW TLG BLKEG HOoU ocuvapTtioelg otn C;

Nau, umopeite va dnuovpynoete evompatouéva (built-in) modules wov mepLéyovv oVVAPTNOELS, UETABANTES,
eEaupéoelg Ko axour Ko véoug tumoug otnv C. Autd eEnyeital oto éyypago extending-index.

Ta weproodtepa Piiio peoaiog 1 mponyuévng Python Ba kahimtouv exiong avtd to Héa.

5.2 Mmiopw va dnpLoupyriow TLG SLKEG HOoU oUuVAPTROELG OTN C++;

Nau, xpnowomrolmvtog tig duvatotteg ovufatodtnrag C mwov Bpiokovtar ot C++. Tomobetote 10 extern
" o{ ...} yOpw amd v Python va mepihopfdver apyeio Kot tomobetiote To extern "C" mpiv
amd K&Oe ovvdptnomn mov mpdKkerton va KOl amd tov diepunvéa g Python. Ta kabohkd 1 tal oToTIKG
aviikeipevo C++ pe constructors pdAhov dev elvan Ko Ldéa.

5.3 To va ypayeL C karmnotog¢ €ivalL SUOKOAO- UTIAPXOUV AAAEQ
EVAAAAKTLKEG;

Yndpyovv dudipopeg evarlhaKTikég AMIoELG Yo va ypdapete Tig dukég oag emektdoelg C, avdhoya e To T Tpo-
OT0OElTE VO KAVETE.

To Cython ko To oyeTLkd TOov Pyrex givol HeTayAOTTLOTEG TOV HEYOVTOL EMAPPDG TPOTOTOLNUEVT] LOPPT) TG
Python kot dnuovpyouv tov avtiotoryo C kwdika. To Cython kat To Pyrex kabiototvv duvoti ) ovvragny
oG eTEKTAONG YWPiG va xperatetan va udbete to C API tng Python.

Edv yperdleton va ovvdebeite pe kdmora Bprobnkn C 1 C++ yio TV omoia dev vTdpyeL AuTNV T OTLYUT|
eméktaon Python, umopeite va S0KLUACETE VO AVOILTADOETE TOVG TUTOUG OESOUEVIV KOL TLG CUVOPTHOELS TG
BuproONKNg ue eva epyodeio 0mmwg SWIG. SIP, CXX Boost, | Weave givou emtiong evalhakTikég MIOELS YLoL TNV
avadimhmon Biprodnkmv C++.
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5.4 NMwg pnopw va ekteAéow aubaipeteg dnAwoelg Python amnod
To C;

H ouvaptnon vymidtepou emmédou yia va yiver auvtd eivar M PyRun_SimpleString () v omoio exte-
Ael éva Opiopa ouufBorooeElpdg 0To TAGIOLO NG evOTNTOG _ main_ Kou emotpéper 0 yio emTvyio
Kar —1 otav ovufaiver wo eSaipeon (ovumepthoppavouévou tov SyntaxError). Bdv 0éhete meploood-
Tepo €AEYYO, YPNOLoTomote PyRun_String ()« deite tov mnyoaio K®dika PyRun_ SimpleString ()
oto" Python/pythonrun.c™.

5.5 MNMwg pmopw va aglohoynow pia aubaipetn €Kkppaon Python
ano tn C;

Kaléote ) ouvdptnon PyRun_String() amd v mponyoluevi) epwtnon ue to oVuporo évapEng
Py_eval_input: avoliel pa mopdotaot, Ty aELoAoYEL Kol EMLOTPEPEL TNV TN TG,

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

Avt6 eEaptdral amd Tov TOmo Tov oviikeévou. Eqy eivar wo mheidda (tuple), PyTuple_Size () emotpé-
(PEL TO UNKOG TOV KO T0 PyTuple GetItem () emotpépel 1o oToLygio og éva Kaboplopévo index. O Moteg
€Y OUV TAPOUOLEG CUVOPTNOELS, PyList _Size () KawPyList GetItem().

T bytes, PyBytes_Size () emotpépel TO UHKOG TOV KoL T0 PyBytes_AsStringAndSize () mopéyet
Evav SELKTI OTNY T KoL To uiKog tov. Adpete vdyn ot ta avtikeipeva byte tng Python umopel va epié-
youv null byte, etopévog ) strlen () g C dev mpémel va XPNOLUOTTOLELTOL.

[ vo ehéyEete Tov THITo eVOG avTIKELUEVOL, TPt Beforwbeite Ot dev eivar NULL, Ka UETE Y P1OLULOTTOLOTE
To. PyBytes_Check (), PyTuple_Check (), PyList_Check (), KAT.

Yndpyer emiong éva AP vynmhot emmédov yio avukeipeva Python mov mapéyeton omd T heyo-
uevr “abstract” diemwoqr (interface) - dwapdote Include/abstract.h ywo meploodtepes hemroué-
peteg. Emtpémer ) dwoovvdeon pe kdbe eldovg axorovBiog Python ypmowomowmviag kinoelg Ommg
PySequence_Length (),PySequence_GetItem (), KAT. KoO®OG KoL TOMG AL YPTOLUd TPOTOKOMOL
omwg apbpol (PyNumber_Index () etal.) ko aviiotoryioelg otov PyMapping APIs.

5.7 Nwg pnopw va xpnotponowow tnv Py_BuildValue() yta va dn-
Hloupynow Hia Aelada (tuple) aubaipetou HRiKoug;

Aev umopeic. Xpnowomowote 1o PyTuple Pack ().

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

H ovvdptnon PyObject_CallMethod () umopei va ypnowposonOel yio Ty kAo wog avbaipetng ue-
0060v evog avTikelévou. OL TaPAUETPOL ELVaL TO AVTILKEIUEVO, TO Ovoua ™G HeBddOU TPog KA O, o Gup-
Bolooelpd popeng dmtmg vt Tov pnolpomoteitan pe T Py_BuildValue (), Kot TLG TWEG OPIOUATOG:

PyObject *
PyObject_CallMethod (PyObject *object, const char *method_name,
const char *arg_format, ...);
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Avutd hertovpyei yio kdbe avtikeipevo mov éyel nebddovg - eite eival evomuotmuéveg eite kabopifovror amd
t0 xpnot. Eiote vmetBuvol edv telkd ypnopomomoete Py DECREF () 0TV Tiui ETLOTPOPNGS.

[ va Kaléoete, m.y., ) uéBodo «seek» evog aviikelwévou apyeiov pe opiopata 10, 0 (vtobétovrag Ot o
OELKTIG TOV QVTLKELUEVOL OpYELOV Elva «f»):

res = PyObject_CallMethod(f, "seek", "(ii)", 10, O0);
if (res == NULL) {
an exception occurred
I3
else {
Py_DECREF (res) ;

Znuelwote 0tL emeldn o PyObject _CallObject () mdvra 0éher wa mhewddo (tuple) yio ™) Aioto opt-
oudTOV, YL Vo KAAEGEL UL GUvVAPTNOT Xwpig opiopata, va epdoet «()» Yo T Loppn Kou vo KaAEoEeL uLo.
ouvaptnon pe évo dplopna, TepLBarlovy to dpropa oe Tapévheon, .. «(i)».

5.9 Mwg pmopw va Kavw catch tnv €§0do anod tnv PyErr _Print() (R
otwdnnote ektunwvetal oe stdout/stderr);

Ztov Kwdwka Python, oplote éva avtikeipevo mov vrootnpiler ™) uédodo write (). Avriotolyiote avtd to
OVTLKEIPEVO 0T sys . stdout kol sys.stderr. Kaléote to print_error, 1) ammhdg emitpéypte 0TOV TUITLKO
UNYOVLOUO OV VEVONG VO AELTOUPYNOEL. ZTH OUVEYELD, 1] £E000¢ Oa TtdeL omtoudnToTe TV oteihel 1) pEB0dOG
write ().

O guKoLOTEPOG TPOTOG YLOL VA TO KAVETE QUTO ELVOL VO XPNOLUOTOLNOETE TV KAGON 10.StringIO:

>>> import io, sys

>>> sys.stdout = io0.StringIO()

>>> print ('foo')

>>> print ('hello world!"'")

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

hello world!

'Eva Tpocoproopiévo avTtKeIUeVo Yo va, KAVeL To id1o Oa poldlel pe avto:

>>> 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 ano tnv PyErr_Print() (1§ otdnnote ektunwvetal69
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5.10 MNwg propw va anoktTnow npocpaocn oc €va module ypap-
Hévo o€ Python anoé tn C;

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

[module = PyImport_ImportModule ("<modulename>") ; }

Edv to module dev éyel etoayOei axoua (dnhadn dev vmdpyeL akopuo 0to sys.modules), ovtd apyLKoToLel
to module: LoPOPETLKA ATADG EMOTPEPEL TNV TLUT| TOV sys.modules ["<modulename>"]. ZNUELDOTE
ot dev elodyel To module o€ Kavéva namespace — dLLoPAMTeL uOVo OTL £xeL apytkoolnOel koL ot ivol amo-
Onkevuévn oto sys.modules.

Mitopeite 0T GUVEXELD VO ATTOKTHOETE TPOOPAON 0T YOPAKTHPLOTIKG Tov module (dnhadr| 0molodmmote
dvoua opitetor oto module) wg eEfg:

[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;

Avéahoya e TG AT OELS 00G, VITdpYoVV TOMEG TpooeyYioels. o va To KAveTe autd yelpokivnta, Eekivn-
ote drapdtovtag to the «Extending and Embedding» document . Zvveidnromomote dti yio to ovotiua xpodvou
ekteleot) Python, dev vitdpyet ueydhn duapopd peta&i C ko C++ — ETTOUEVOS 1) OTPOTIYLKY TNG SNuovpyiog
evog véou tumou Python yupw amtd évav timo doung C (deixtn) Oa Aertovpyroel emtiong yio avitkeipevo C++.

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

5.12 Mpdoobeoa €va module Xpnolponowwvtag To apXeio Setup
Kat To make amnotuyxavet yLati;

To setup PETEL VO TELELDVEL OE UL VEQL YPOALUUT), OV OEV VITaPYEL VEX Ypouun, 1 dtadikacio build awotuyydvet.
(T va dtopBwBei avtd amortel kamworo KakdBovho script shell, Ko avtd to opdiua eivar TOoo wkpd Tov dev
paiveton va a&itel Tov Kdmo.)

5.13 Nwg Kavw debug pLa enteKtaon;

‘Otov ypnowworoteite 1o GDB e duvaukd poptopéveg emektdoels, dev Wopeite va opioete onueio dLoKomng
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:

$ 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
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5.14 ©éAw va kavw compile €va Python module oto cuotnua
Linux pou, aAAa Aeimnouv opLopeva 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 MNMwg propw va EeEXwpiow TNV «EAALII] ELOAYWYH» Ao TNV
«€YKUPN ELOAYWYNR»;

Mepikég popég OéheTe va pumOeite ) ovuteprpopd Tov dadpaotikov diepunvéa Python, dmov cog divel éva
ovuveyouevo prompt 0tav 1 €l60d0g elvan Mg (T.). TANKTpoLoyNoaTE TNV apyn Wag dMhwong «if» 1 dev
KAeloate Tig mapevOEoELg 1) TaL TPLITAY ELOOYWYLKA OUUBOLOCELPMDV), OALG Gag SLVEL Eval PiVUILO OUVTOKTIKOU
OPAALOTOG AUECMG OTAV 1) ELOAYWYT) OEV glval £YKup).

Ztnv Python puropeite va ypnopomomoete to module codeop, 1) 070ia TPOCEYYILEL EMAPKDG TN CUUTEPLPOPE.
tov parser. To IDLE ypnOLuomoLel auto, yia o padeLypoL.

O gukoldTEPOG TPOTOG YLt va To kévete ot C eival vo Kaiéoete t) PyRun_InteractiveLoop () (iowg
oe Eeywpotod vijpa (thread)) Kow vo agrioete tov diepunvéa Python va yewplotel v gicodo yia ecdc. Mrmo-
peite emiong va opioete PyOS_ReadlineFunctionPointer () yuovo deiEete Ty diKLGG Tpooaproouévn
ouvapTtnon elooywyne. Agite ta Modules/readline.c koL Parser/myreadline. c yio TEPLOOOTEPES
ouppoviéc.

5.16 NMwg uropw va PBpw amnpoodiépLota OCUMBOAA J++
__builtin_new 1} __pure_virtual;

To duvauky @optmon module eméktaong g++, mpémel va kavete recompile v Python, va T ouvdéoete
Eavd ypnotpomoudvtog g++ (alaEte to LINKCC oto Python Modules Makefile), kau va ouvdéoete to module
EMEKTAONG 0OG YPNOLUOTOLMVTAG g++ (TT.Y. g++ —shared —-o mymodule.so mymodule.o).

5.17 Mrmopw va dnuLoOUpPYNOowW HLa KAAON QVTLKELHEVOU HE OpL-
OMEVEG HEBOBOUG Tou uAoTrtolouvTtal otn C Kat AAAeg otn
Python (T1.X. H€EOW KANnpOVOULKOTNTAS);

Noau, propeite vo kKhnpovouroete amd evoopoatopéveg (built-in) kKhdoelg 0mwg int, 1ist, dict, KA.

H BipriodNKn Boost Python Library (BPL, https://www.boost.org/libs/python/doc/index.html) mopéyet Eva tpdmTO
yioL va yiver ovto amd v C++ (dnhadt) pmopeite vo KAnpovouroete oo (o KAGom ETEKTOoNG YPOUUEVY OE
C++ ypmopomordvrog to BPL).

5.14. ©éAw va kavw compile €va Python module oto gUuotnua Linux pou, aAAd Aeimouv 71
oplopéva apxeia. MNarti;
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Python ota Windows FAQ

6.1 Nwg pmopw va ekTeAEow €va mnpoypappa Python ota
Windows;

Auto dev eivar amapaitta o oy epdnon. EGv eiote 161 eEotketmuévol pe v eKTéheon mpoypapudtmy
oo ) ypoupr evtolwv twv Windows tote Oha Oo paivovtal Tpopave|” SLOPOPETLKA, WTTOPEL VO YPELOOTEL
Aym meproooTepn Kabodnynon.

EKTOG KoL 0V XPNOLULOTOLEITE KATTOLO €i80G EVOWUATOUEVOU TTEPLBAAAOVTOG aVATTUENS, Ba KatalEete mhn-
KTpoloywvrtag evtorég twv Windows og ovtd mov avapépetol wg «Command prompt window». Zvvifwg uito-
pELTE VO dMUoVpYNoeTe €va TETOLO TOPGOVPo amd ) ypapuuy avalninong oog Kavoviog avatntnon yo
cmd. Oa TPEMEL VO WTOPELTE VO AVOYVOPLOETE TTOTE EYETE SEKLVIOEL €VOL TETOLO TTapBupo emeldn) Ba deite
éva «command prompt» Twv Windows, 1) omoio cuviBwg HoLatet ue avto:

[C:\>

)

To ypauuo WTopel va ivan SLopopeTLKO, KoL UTOPEL VA VITAPYOUVE GALGL TPAYUATO UETE OO QUTO, £TOL
wropeite va deite eEloov evkola KATL GOV:

[D:\YourName\Projects\Python> ]

avdhoya pe To Ttwg éxel puOwoTel 0 VITOAOYLOTAG 0OG Kol Tt AL €xeTe KAVEL e autdv. Mol Eekivioete éva.
TétoL0 TOPdOvpo, elote e Kahd dpouo yia v ektéheon mpoypaupdtov Python.

[Mpémel vo ouverdntomowoete Ot ta Python oevéapia oog mtpémet va eneEepyaototv amd dAho Tpdypauio Iov
ovoudCetal Python interpreter. O interpreter dLofACeL To 0evapLo 0ag, To KAveL compile og bytecodes Kaw ot
ovvéyela ektehet To bytecodes yia va tpeEel To Tpodypapud oag. Aowtdv, Ttwg puOuilete Tov interpreter yio vo.
xewptotetl v Python oag;

[Mpdto asd Oha., TPETEL VO OLYOVPEVTELTE OTL TO TAPAOUVPO EVIOMDV 0OG ovaryvopilel Tnv MEN «py» wg 0d1)-

vio yio v évap&n tov interpreter. Edv éyete avoiel éva mapdBupo eviolwv, Ba mpémel vo dokiudoete vo
ELOOYAYETE TNV EVTOM] Py KO VO TTATNOETE return:

[C:\Users\YourName> Py

21t ouvéyela, Ba mpémer vo deite KAt 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». Avtd onuoiver 0TL pmopeite va elodyete dMAmoelg 1
ekppdoelg Python dtadpaotikd Kat va Tig ekteleite 1 va Tig aSloloyeite evd mepuuévete. Avtd gival éva amod
T LOYUPOTEPA XOPaKTNPLOTIKG TG Python. EAEéyETe to elodyovtag peplkég eKppAaoeLg TG emloyy oOg KoL
BAémovtog To amoteAéopaTaL:

>>> print ("Hello")

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

IMoAol dvBpwatoL ypnoLpuomotovv T dLadpaotikh Aertoupyia mg i foltkr) oALG eEqPETIKA TPOYPOUUATL-
Couevn apBuounyovi. Otav Bélete vo tepuortioete T dladpaotiki) ovvedpia Python, kahéote T ovvdptnon
exit () N KpaTNOTE TOTNUEVO TO TAKTPO Ctrl eV ELOAYETE €V Z, KOL UETA TTATHOTE TO TAAKTPO «Enter»
yio vo emotpéete oto command prompt Twv Windows.

Mrtopel emiong vo SLOTLOTWOETE OTL €XETE ULOL KATAMPNOT 0To Start-menu Omwg Start » Programs * Python
3.x » Python (command line) mov €yeL wg amotéheona vo. frémete to >>> og €va véo mapdHupo, To mopddupo
0o eEapoaviotel agol kKaléoete T ouvaptnon exit () 1 ewoaydyete Tov yapokthpa Ctr1-2" to. Windows
eKTELOUV pio LOvo evtol) «python» oto mopdOvpo Kat tnv Kheivouv dtav tepuotilete Tov interpreter.

Topa Tou Yvopilovue OTL 1 VIO Py OVOYVWPITETOL, WTOPELTE VO THG dMOETE TO 0evipLlo Python cag. Oa
TpETEL VO OMOETE elTE (oL ATOMUTY ELTE (oL OYETLKT) dtadpoun) TTPog oto oevaplo Python. Ag vmoBéoouue Ot
t0 0evaplo Python cog Bploketal otV emupdvela pyaoiog oag kKol ovoudtetor hello . py, KoL 1 YPOUus
EVTOLDV 00 avOlyEL OUOPPO OTOV PYLKO OO KATALOYO, MOTE VO, BAETETE KATL TAPOUOLO UE:

[C:\Users\YourName>

1

Aowdv twpa Bo TNToeTe amd TV EVIOM)| py va doEL To 0evdplo oag otnv Python minktpoloywdviog py
aKolovBovpevn otd TN dLadpPott) Tov GEVOPLOY 0OG:

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

6.2 NMwg Kavw ta Python scripts ekTteAEoLUQ;

Zta Windows, to tumikd mpodypouuo eykatdotaong Python H81 ovoyetiCer Ty eméktaon .py ue £vav timo
OPYELOV WO avolyTi) evioly] mov ektelel tov diepunvéa (D: \Program Files\Python\python.exe
"SI %*), Autd elvol apketd Yo va KAVETE Ta SCripts ekTeAéoluo amd T ypouur eviolmv wg “foo.py”.
Edv mpotiudite vo putopeite vo eKteléoeTte T0 OEVAPLO TANKTPOAOYDVTOG amtAd “fo0” ywpig eméktao, mpémel
vo. Tpoobéoete .py ot petafint mepipdiioviog PATHTEXT.

6.3 lNati peplkeg popeg n Python apyel T600 TOAU va EEKLVIiOEL;

ZuviBwg 1 Python Egkivd ol ypiyopa ota Windows, ol TepLOTAGLOKE VTTEPYOUV AVOQOPESG OPAILATOV
ot 1 Python apyiCer Eaqvikd va aipvel ol xpdvo yio vo Eekivioet. Avto yivetor akOUa TLo OLVLYUOTLKO,
emeldn) 1) Python Oa Aertovpyet kald o dAha ovotiuata Windows stov gaivetal vo €xouv dtopoppwOei pe tov
idLo tpoIo.

To TpOPINUa LIToPEl Vo 0peIAETOL OE ETPAAUEVT DLAUOPPOTT TOV LOYLOULKOV ELEYYOU LIV GTO TTPOBANUOTLKO

unyévnua. Optouévor 6apmTég LHV eival YvmoTod OTL elodyouy emiBdpuvon ekkiviong dvo tdEewv peyéboug
otav 0 copmTNG £XEL PUOULOTEL VO TOPAKOLOVOEL OMES TIG AVAYVAOELG OTTO TO CVUOTNUO OPYELWV. AokiudoTe

74 Kegahawo 6. Python ota Windows FAQ



Python Frequently Asked Questions, Anpoocicuon 3.11.13

va eMEYEETE T SLOUOPPWON TOV LOYLOULKOU LV 0TO. CVOTHUATA 00G Yo Vo BefotmBeite dTL Exouv dvimg
drapoppwdei movouordtuma. To McAfee, dtav €xel puOULOTEL VO GOPMOVEL OAN T dPATTNPLOTITA OVAYVWOONG
TOU CUOTHUATOS OPYELWV , elval Evag ouykekpLévog TalyTng.

6.4 MNMwg propw va dNULoUPYNOowW €va EKTEAECLHO arno €va osva-
pLo Python;

BA\. ITwg pumwopd va dnuwovoynow éva stand-alone binary amd éva Python script; Yo o, Mota. epyoeiwv mov
WITOPOVV VaL YP1OLUOTTONO0UV Yia TH dNULOVPYia EKTELEGLUMY apyElwY.

6.5 Eival €va apxeio *.pyd idlo pe €va apxeio DLL;

Nau, ta apyeia .pyd givar dll, alhé vedpyovv pepikéc drogopés. Eqv éxete éva DLL pe to ovoua foo.pyd,
TOTE TPETEL VAL EEL PO, CUVAPTNON Py Init_foo (). 2t ovvéyela umopeite va ypdapete Python «import foo»,
ko 1 Python o avalntioer to foo.pyd (xabwmg xan to foo.py, foo.pyc) kou va to Bpet, Oa mpoomabnoeL va
KoAéoeL o PyInit_foo () Yo va o apytkomotioel. Aev ouvdéete to .exe oag (e To foo.lib, kabhg avtd Oa
éxava ta. Windows va astautiioovy v mapovoio DLL.

Adfete vtoyn 6T M dradpoun| avalntnong yua to foo.pyd eivor to PYTHONPATH, dev eivau idia pe tn da-
dpour mov ypnotpomorotv To. Windows yio tnv avalnton tov foo.dll. Emiong, to foo.pyd dev yperdleton vo
VTTAPYEL YLOL TV EKTELEDT] TOV TTPOYPAUUATOS 0OG, EVD AV oUVOETETE TO TPOYpauudt oog ue éva dll, amortei-
tau o dIl. Dvoikd, amarteitan To foo.pyd edv Oéhete va meite import foo. Ze évo DLL, 1) 60vdean dnhmveton
OTOV TNYaio KOdKa (e To _declspec (dllexport). Ze éva .pyd, n ovvdeon opileton o€ wo Aoto duo-
O¢oLLmV oVVAPTNOEWV.

6.6 NMwg pnopw va evowpatwow tnv Python oe pua epappoyn
Windows;

H evooudtwon tov Python interpreter oe o Windows egappoyr| uwopei vo ouvvoyiotet wg eEng:

1. No unv dnwovpyeite amevOeiag tnv Python oto apyelo cog .exe. Zta Windows, 1 Python mpémel va ei-
vou DLL yua vau xelpiCeton Ty eLooywyn AeLtoupytkdv povadwyv mov eivar to idta DLL. (Avtd givor to
TPADTO KAELDL TOV dEV TEKUNPLdVETAL.) AVTiDeTa, ouvdéoTe To pythonNN.d11” eivar cuvnOwg eyka-
te0TNUEVO 070 C: \Windows\System. NN givou 1) ékdoon Python, évag aptBudg 6tmg «33» yia Python
3.3.

Mitopeite vo ovvdebeite pue v Python ue 800 dtopopetikolg TpoOTovg. ZUvOEoT YpOvoy POPTWONG
onuaiver oUuvoEDT evavtia 0To pythonNN. 1ib, evd 1 oUvdeon xpovov eKTéheon onuaivel oUVOEDT
evavtia 010 pythonNN . d11. (TCeviky onueimon: pythonNN. 1ib gival to Aeyduevo «import lib» mov
ovtiotol el 0to pythonNN . d11l. Amhadg opilel ovppola yio To oUvdeopo.)

H ovvdeon ypdvou ektéleong amhomolel onuovtikd tig emhoyeg ovvdéopmyv. ‘Oha cupufaivovv katd
v eKktéleon. O Khdko oag TPETEL VO POPTMOEL PythonNN.d11 Yp1OLUOTOLOVTAG THV POUTIVOL
LoadLibraryEx () twv Windows. O K®LKOG TPETEL EMONG VO, XPNOLUOTIOLEL povTiveg TPOGRAONG
Ko dedopéva 010 pythonNN.d11 (dnhad, to C API tng Python) ypnopwomoumvrag deikteg mov Aap-
Bavovrow amd T povtiva twv Windows GetProcAddress () . O Lokpoevtolég WTopovv va Kavouv
AP OLULOTTOLMVTAS QUTOVS TOVG OelKTEG dlapavelg oe 0moLovontote kmdika C o Kahel povtiveg 0T0
C API tn¢ Python.

2. E&v ypnowomoteite SWIG, eivan evkoro vo dnuovpynoete éva Python «extension module» mov Qo kéiver
Ta dedouéva Kat tig uefddovg g epapuoyng dtadéouo otnv Python. To SWIG 0o yeipLotel oyeddv Oheg
TLG grungy Aemtouépeleg yio 0dc. To amotéheoua eivor o Kdikag C mov ouvoEeate aTo 0pYELO 00G .exe
(1) Aev ypeidCetar vo dnuovpynoete éva apyeio DLL kau autd amhomolel eniong ) ovvdeon).

6.4. Nwg pnopw va dnuioupynow €va eKTEAECLUO anod €va oevaplo Python; 75
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3. To SWIG 6a. dnuovpynoet wo. ouvaptnon init (o ovvaptnon C) g omoia to dvopa eEaptdran amd

T0 dvopa TG wovadag eméktaong. I mapdderyna, dv 1o Gvoud tov module givar leo, 1 cuvapTONG
init O ovoudCeton initleo(). Edv ypnopomoteite T ok SWIG khdoeig, dmtmg o Emperne, 1 ovvdptnom
init O ovopdetan initleoc(). Autd exkivel (o Kupiwg Kpuen Bondntkn KAAom Tov XPpNoLULOTOLELTOL
artd TV KAAOoN OKLA.

O MOY0g Yo Tov omolo umopeite va ovvdéaete Tov kmdika C oto Biua 2 0To apyeio 0ag .exe eivat Ot
1 KANON TG CUVAPTNONG 0PYLKOTOINoNG Looduvaylel pe v eloarywyy tov module oty Python! (Avtd
gival 1o 8e0TEPO KAELOL TTOU SEV TEKUNPLDVETAL.)

. Me Aiyo MOy, PITOpELTe VoL Y P1OLUOTOLOETE TOV akOAOVO0 KMALKA Yo VoL apyLkomotijoete Tov Python

interpreter pe To module eméktaong.

#include <Python.h>

Py_Initialize(); // Initialize Python.
initmyAppc(); // Initialize (import) the helper class.
PyRun_SimpleString ("import myApp"); // Import the shadow class.

. Yrdpyouv dvo mpopiquata e to C API tng Python, ta omoia Oa yivouv epgavy edv xpnoLuomotoete

¢vav compiler dtapopetikd amd tov MSVC, tov compiler tov ypnoluomomOnKe yia T dnuovpyio tov
pythonNN.dIL.

Mpopinua 1: Ov Aeydueveg ovvaptioelg «[Todd Yymiov Emxuédov» mov haufdvouv opiopato FILE *
dev o hertovpyovv oe multi-compiler teptBdihov, emeldn n évvoro KaOe petayhmTTiot) yia éva st ruct
FILE Oa givat duopopetikiy. Amd v Aoy TG EQapuoyns, TPOKELTOL VLo AELTOUPYIES TOAD Y ounhov
ETMLITESOV.

Ipopinua 2: To SWIG dnuovpyel tov akdrovfo Kodika 0tav dnuovpyel wrappers og void ouvapti)-
OELS:

Py_INCREF (Py_None) ;
_resultobj = Py_None;
return _resultobij;

Avotuywg, To Py None eival pio LoKpogvToln o eneKTelveTal 0€ Lot oavopopd o€ ot ouvOeTn doun
dedopévarv mov ovopdletor _Py_NoneStruct péoa oto pythonNN.dI. Kaw wdht, 0vtdg o kmdikag o asto-
TUyeL og €vo mult-compiler wepLBUALOV. AVTIKOTAOTHOTE QUTOV TOV KMOOLKO UE:

[return Py_Buildvalue ("");

Mitopei va givar duvati| 1 xpnon g eviol|g $typemap g SWIG yia va yiver ovtduata 1 alhoy,
oV Ko O&V KOTApePO. VaL TO KAvm ovtd va hettovpynoet (elpan eviehmg apyaptog thg SWIG).

. H xpnon evdg Python shell script yia va dnuovpynoete évo Python interpreter mapdBupo péoo amd v

N t)

eqapuoyn oog Windows dev givar Kah) 1d€a” 1o mapdBupo mov Oa tpokipel Ba eivar aveEdptnto amnd
To ovoTnua Tapadipou TG epapuoyns oac. Aviibeta, eoeig (1] | kKhdon wxPythonWindow) Oa mtpé-
el VoL dNOVPYNOETE €va «eyyevéc» (native) interpreter wapdBupo. Eival evkoho va ouvdéoete ovtd to
mopdOvpo ue tov Python interpreter. Mmtopeite vo. avakoatevfivete 1o i/o g Python oto _any_ avuikei-
LEVO TTOV VTTOOTNPICEL OVAYVIOT KO EYYPOPT), ETOUEVS TO LOVO TTOV YPELACETTE ELVAL EVOL AVTLKELUEVO
Python (;tov opitetor oto module emtéktaong) mov mepLéyet Tig nebddoug read() kow write().
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6.7 NMwg pnopw va eprnodiow toug editors va elcayouyv tabs otov
mnyaio t™ng Python pou;

To FAQ dev ouviatouv v xpfion KapTtehdv Kot 0 0dMydg otuk Python, PEP 8, ouviotd 4 xevd yio tov Kata-
veunuévo kmdika Python” autn eivan emiong 1 poemheyuévn hettovpyio python tov Emacs.

e omolovdnmote editor, 1 wi&n tabs kou spaces givor Kok 18é¢a. To MSVC dev dtogpépel amd auvth Ty doym
Ko puBpiletan gvkola yia va ypnowwomolel keva: Idpte Tools » Options » Tabs, KoL Yo Tov TOTO apygiov
«Default» opiote To «Tab size» koL To «Indent size» ot0 4, Kou emhéETe o KouuTi emhoyng «Insert spaces».

H Python eyeiperto IndentationError fl TabError edv ta WKTd tabs kou spaces wpokolovv wpoAfuoto
oto leading whitespace. Mmopeite emiong vo ektedéoete 1o module tabnanny yio va ehéyEete edv dévrpo
Kotaldyou og Aertovpyia batch.

6.8 Mwg propw va eA€YEw yua €va matnua NARKTPpwY Xweig aro-
KAELOMO;

Xpnowomoteiote to module msvert. Avti) eivan évo tumikd module eméktoong eldikd yia too Windows. OpiCet
woL ovvaptnon kbhit () 1 omoia eléyyel edv vtdipyeL £va T U TANKTPOAOYIOV, KoL To getch () maipvel
EVOV YOPOKTNPA YWPLG VO TOV ETAVAAAUBAVEL.

6.9 Nwg pmopw va dLopdwow TO CPAAUa TIOU AeineL To api-ms-
win-crt-runtime-I11-1-0.dli;

Avtd umopei va ovufel oe Python 3.5 ko vedtepeg exddoelg 0tav ypnowwomoteite Windows 8.1 1) vedtepn k-
doom ywpic va éxovv eykataotadel Oheg oL evnuepmoels. Ilpmto fePormbeite 4TL To AetToupyLkd oog cVoTHUO
VITOOTNPICETAL KO ELVOL EVIIUEPWUEVO Ko €AV auTd eV EMAIOEL TO TPOPANU, emokepOeite T oelda viTo-
otpLENG g Microsoft yio kaBodnynon oyetikd e tn un avtopoty eykotdotoon tg evnuépwong C Runtime.

6.7. Nwg pnopw va epnodiocw Toug editors va eloayouy tabs otov nnyaio tng Python pou; 77
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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 (https://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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KEGAAAIO 8

«["ati elvatl eykateotnuevn n Python otov urtoAoyloth pou;» FAQ

8.1 Tueival n Python;

H Python givouw o yYAdooo Tpoypoppatioiot. XpnoLuomoteital Yo ToAES dLapopeTikég epapuoyés. Xpnot-
nortoteitan o€ opLouéva AMUKELO Kot KOMEYLOL DG ELOAYWYLKT YADOO Tpoypouuotiopnot emewdn 1 Python eivan
eVKOA 0TV eKUGONOT, OALE YPNOLULOTTOLELTOL ETTLONG OO ETOYYEAUOTIES TTPOYPAUUATLOTEG LOYLOMKOV O
uépn omwg otnv Google, otnv NASA ko 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 eykateomnuévn oto oVuoTNUd 00G, ald dev OundoTe va TV €YETE EYKATAOTHOEL VITAP-
youv dLdpopot mhavol TpdToL e Toug omoiovg Ba wropovoe vo Exel PTaoeL ekel.

« 'Towg kAmToLog AALOG Y P10TNG TOV VITOAOYLOTH 10EXE Vo UAOEL TTPOYPOUUATIONO KO TO EYKOTEGTNOE. O
TPETTEL VO BPELTE TTOLOG XPNOLUOTTOLOVGE TOV VITOAOYLOTY] KL LWTOPEL VOL TO EYKOTEOTIOE.

o Mo epappoyr) tpitov uépoug mov €xel eykataotadel oTov vmohoyLoT umopel va €xel ypoptei o Python
Ko va epteddupave o eykatdotaon e Python. Yadpyouv molhég téToleg epapuoyég, amd mTpoypa-
pato GUI uéypt dLaKopoTég SIKTUOU Kot Lo ELPLOTLKA SCTipts.

o Oplopéveg ovokevég ue Windows éyouv emiong eykateotnuévn v Python. Avti tn otryun yvmpifovpe
vrohoyotég g Hewlett-Packard xou tng Compaq ov epihapfiavouv tnv Python. TIpogavamg opiopéva
oo ta epyodeia drayeiptong e HP/Compaq eival ypauuévo oe Python.

o IToAAG Aettovpyikd ovothuato ovufotd pe Unix, dmtwg to macOS kou oplopéveg diavouég Linux, €xovv
artd mpoemhoyn eykoteotnuévn v Python, 1 omtoia wepthaufdvetar ot faoikn eyKotdotoo.
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8.3 Mmnopw va diaypayw tnv Python;

Avtd eEaptdrar 0o to mov tponiBe M Python.

Av KAITOL0G TO €YKATEOTNOE OKOTLUO, (WTOPELTE VAL TO ApaLpETETE YwpPig va. Prapete timota. Zto Windows,
ypNopomoote 1o ekovidio Ipoodnkn/Agaipeon mpoypauudtwv otov Iivaka Eréyyov.

Av 1 Python eykatootdOnKe amd (o epopuoyr| Tpitov HéPous, UIToPelTe ETLONG VAL TNV APULPECETE, O 1)
epapuoyn avtr| dev Oo Aettovpyel TAEOV. Oa TPETEL VAL Y PTOLUOTOLOETE TO TPOYPOUUOL OITEYKATAOTAONG
aUTHG TG EQAPUOYNG avTi va aparpéoete amevbeiog v Python.

Edv 1 Python mepihapdveton 0to Aettovpytkod oag oVoTnua, deV OUVLOTATOL 1] OPALPEDT) TNG. AV TNV OLPOLPE-
oete, OmoLo. epyaleia o ypouuévo o Python dev Ba hettovpyov mAéov, Kot KATToLo amtd auTd WITopEl vo.
elval onpoavtikd yia €00g. 2t ouvéyela, Oa amartnOel EmoveyKoTdoTaon ohOKANPOU TOU CUOTHUATOG YLOL VO,
dropBoete Eavd ta mpdypata.
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nAPAPTHMA A’

Mwoodpt

>>>
To wtpoemheyuévo Python prompt tov dradpaotiko shell. Zuyva epupaviteTon yia mopadeliypato kndiko
IOV WITOPOVYV VoL EKTEAEOTOVV dLAdPAOTIKA OTOV interpreter.

Mmopel vo. avapEPETaL OE:

e To mpoemkeyuévo Python prompt tov dtadpootikov shell katd v eloaymyr Tov KOdLKO Yo Eva
WIThok KmALKa e 0oy, Otav Bpioketal péoa oe £va Levyog ToLPLOoUEVMDY OPLOTEPMV Ko dEELMV
delimiters (;wapevOéoels, ayKiieg, AyKLOTPO 1 TPLITAG EL0OYOYLKA), 1| UeTd Tov KabopLopd evog
decorator.

o H evoouatouévn otabepd E11ipsis.

2to3
'Eva epyodeio mov poomadet va uetatpéper tov kmdika Python 2.x og kwduka Python 3.x duaepito-
VTAG TIG TTEPLOGOTEPES ALOVUPBATOTNTEG TTOV (WTOPOVV VAL EVTOTILETOVV OVOADOVTOG TNV TTNYT) Ko dLooyi-
Covtag 1o 9éVTpo avaluong.

2to3 elvan droBéoo oty otdvtap PPAodNKNn wg 1ib2to3, mapéyetor éva onueio elcddov mg
Tools/scripts/2to3. BA. 2to3-reference.

agnpnuévn faotkr) KAaom

O agnpnuéveg Pootkéc KANAOELG CUUTANPMOVOUY TO duck-typing mopéXOVTAS EVOV TPOTO OPLOUOY
interfaces 6tav Gheg texvikég Omwg M hasattr () Oa Nrov 0dégieg M avenaiodnto hovOaouéveg
(ywo mopdderyuo pe magic methods). Tao ABC (abstract base class) elodyovv elkovikég vmokAAoELS, oL
omoieg eivat KAMAOELG TTOU deV KANpovouovvToL astd po kAo, odd eEakorovBoiv va avoyvwpifovion
amd to isinstance () koL amd 10 issubclass ()7 A v TeEKUNpiwon tov module abe. H Python
duabéter modhd evowpatmuéva ABC yia douég dedopuévmv (0to module collections.abc), apld-
povg (oto module numbers), poég (oto module povada io), etoaywyn finders ko loaders (oto module
importlib.abc). Mmopeite va dnuovpynoete ta dukd oag ABC ue to module abe.

annotation
Mo eTKETO TTOU OYETILETOL UE JLoL LETABANTY, EVOL YOPAKTNPLOTIKO KAAONG 1) Mol TTOUPAUETPOG GUVEP-
TNONG 1) TULY TOU ETOTPEPETAL, TTOV YPNOLUOTOLELTAL KATA oCVUPBaon WG fype hint.

Aev givor duvati M TpodoPaoy oto annotations TwV TOTLKDV UETAPANTOV KATA TO POVO EKTELETNG, AAAG
To annotations twv global LETAPANTOV, TWV XOPAKTNPLOTIKMV KAAOTG KOl TOV GUVAPTHOEMV AoOnKey-
OVTOL 0TO EOLKO XOPOKTNPLOTIKO _annotations_ twv modules, twv KAAOEMY KOL TWV CUVAPTY-
CEMV, OVTIOTOLY .
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BA\. variable annotation, function annotation, PEP 484 kaw PEP 526, ta omoio meplypdpouv v Aettovp-
yikdtto. Exiong BA. annotations-howto yia tig BéATIOTEG TPOKTIKEG doVAEVOVTAG UE annotations.

opopa
Mo T petofialetan oe wlo function () method) xotd v KAHon g ovvdptnong. Yrdpyovv dvo
€LdMN opLopdTv:
o keyword argument: £va. OpLOUOL TTPLV ATTO €VOL OVOLYVIPLOTLKO (FT.%. name=) O€ (o, KAon ouvap-

oNG 1 TEPVADVTAG TO WG TIUT| 08 £va heELko mtpLv amd * *. Tia wapdderypua, To 3 KoL To 5 amotehovv
opiopata MEEemv-kheldunv otig akodhovdeg KA OELG TTpog complex () :

complex (real=3, imag=5)
complex (**{'real': 3, 'imag': 5})

o positional argument: €vo. dpLopo. Tov dgv gival oplopa keyword. Ta oplopato O€ong pmopovv va eu-
paviCovrol otV apyns wag Motag oplopdtmv H/Kot va uetapLatovral wg otovyeio evog iterable
mpwv oo *. T wopdderyna, To 3 xou 1o 5 amotehoVv opiopata 0Eong 0TLg TOPAKATO KANOELS:

complex (3, 5)
complex (* (3, 5))

Ta opiouato eKymPoVVTOL 0TS OVOLLOOUEVES TOTILKES UETAPANTEG 0TO GmUL Wa ovvapTnong. Bi. Ty
evotnTa calls yio Toug KavOoveg Tou SLETOVV AUTHVY TNV EKYMPNOT]. ZUVTOKTIKA, OTOLAONITOTE £K(PPOON
WITOPEL VAL (PN OLUOTONOEL YLOL VOL AVATTAPOOTNOEL EVaL OpLona” 1) AELOAOYOUEVT] TLUN EKYWPELTOL OE LLOL
TOTILKT) UETOPANTA.

Bh. exiong v eyypapn tov yAwooapiov yua to parameter, Tv FAQ gpmtnon oto 7 diagood uetao
optoudtwv kot mapauétowv, kol PEP 362.

aoUYYPOVOS dtoyelpLoTi)g context
'Evo avtikeipevo mov eréyyel to opatod meptBdihov o wa dSNAwon async with opilovrag tig uedo-
dovg __aenter_ () Kau__aexit__ ().ITov ewonydn and PEP 492.

aovyypovog generator
M oUVAPTNOT| TTOV ETLOTPEPEL £V asynchronous generator iterator. MolGLeL ue o ouvaptnon coroutine
mov opiletan ue async def ektdg amd Ot mepLéyel eEKPPATELS vield yia TNV Tapoywyn WaG OELpag
TLWOV TTOV UITopovy va. ypnowosoinbotv oe évav async for Bpdyo.

ZUvHOOG aVOQEPETAL OE WLOL GUVAPTNOT CLOVYYPOVOU generator, GAAG WITOPEL VO AVAPEPETOL O EVOY
aclyypovo generator iterator 0€ OpLOUEVA contexts. 2 TEPLTTOOELS OTOV TO EMLILWKOUEVO VOTUOL SEV
€LVaL OOUPES, UE TNV XPNOT) TOV APV OPWV OITOQEVYETOL 1) LTAPELAL.

Mo ouvapTnoN 0oUYYPOVOU generator (WTOopPel Vo TePLEyeL EKPPAoelg await , Kabdg K dNAmoelg
async for,KaLasync with.

aoVyypovogs generator iterator
‘Eva aviikeipevo mov dnuovpyndnke amd wa ovvaptnon asynchronous generator.

Avtog elval évag asynchronous iterator wov 6Tav KOAELTOL Y p1oLLOTOLOVTAS TV 1éEO0d0 ___anext__ ()
ETLOTPEPEL EVOL AVOUEVOULEVO OVTIKELLEVO TTOU B0 EKTELECEL OTO GMUA TNG CUVAPTHONG TOV ALoVYYPOVOU
generator UEypL THV enouevy yield ékgppoon.

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
'Evo avTiKeiplevo, mov wtopet va ypnoworondei oe o dMhwon async for. [pémel vo emotpépel
éva asynchronous iterator om6d v pé€bodo __aiter__ (). Ilov ewonyOn amd PEP 492.

aoUyypovog iterator
‘Evo. ovtikeigevo mov vhomotel TG pebddovg _ aiter () xou __anext_ (). H uébodog
__anext__ () mpémel vo emoTpépeL Eva awaitable avuikeipevo. To async for emlleL To ovoue-
vopeva o emLoTpEPovToL otd ) wébodo _ anext () evog aovyypovov iterator £mg OTOU eYEipeL
wo eEaipeon StopAsyncIteration. Ewoflydn amd PEP 492.
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XOPOKTIPLOTIKO
Mo TLut) oV OETICETOL e £VaL AVTIKELUEVO TTOV CUVNOWG AVAPEPETAL LLE OVOUD YPTOLUOTTOLMVTAG EK-
ppaoelg pue Koukkideg. o mapdderypa, edv éva avitkeipevo o €xel éva xapokpLotkd a Ha avopé-
pETOL WG 0.4.

Elvow duvato vo dmoovue o€ Eva OVTLKELLEVO VAl YOPOKTNPLOTLKO TTOU TO OVOUO. TOU OEV ELVOL VALY Vm-
pLoTikd 6mtmg opiteton amd identifiers, yio TopddeLyUo XPNOUOTOLMVTOG setattr (), oV emTPETETOL
arto To avtikeipevo. ‘Eva tétolo yopaktnplotiko dev Oa eival tpooaoiio xpnNoLuoToLdVTog TG TEMELES,
Ko vt avtov Oa mpémel va avokTnOel ypnopomolmvtag getattr ().

awaitable
'Eva 0VTLKELLEVO TTOU UTTOPEL VL X pnoLpomotn el oty ékgppaon await. Mmopel va elval coroutine M €vo.
ovTikeigevo pe o __await_ () uébodo. Bh. emiong PEP 492.

BDFL

Axpwviuo tov Benevolent Dictator For Life, kahokdyafog diktdropag g Cone, dradn Guido van
Rossum, o dnpouvpydg tng Python.

dvadiko apyeio
'Eva. file object tkovd va. dLaalel ko va ypagpeL Svadikot timov aviikelueva. Tapadelyuato dvadikmy
apyelwv eivar apyelor mov avoiyovv oe dvadikn Aettovpyio ("rb', '"wb' 1] 'rb+'), sys.stdin.
buffer, sys.stdout.buffer, Kol OTLyIOTUTOV TV 10.BytesIO koL gzip.GzipFile.

B emtiong text file yio. €vor OVTLKELPEVO TUTTOV OPYELO LKAVO VaL SLABAOEL Kot VL YPAYEL ST T OVTLKELUEVAL.

daverkn avagopd
Zto C API g Python, o davelkt| ovopopd elval (o avopopd og €vo. OVILKEIUEVO, OTTOV 0 KMALKOG
TTOV YPTOLUOTTOLEL TO avTLKELUEVO deV KaTéxel TNV avapopd. [ivetan évag aypnoipuomointog deiktng edv
TO avtikeipevo Kataotpopei. o mapdderypa, o dadikaoio garbage collection pwwopei vo apaipéoet
TO TELEVTOUO Strong reference amd TO AVILKELUEVO KOL ETOL VO TO KOTOOTPEPEL.

Zuviotatol 1 KMo tov Py__INCREF () 070 daveiki] avagood e 0KOmd VoL LETATPATEL 08 £VaL LGy V0T
avagopd EMITOMOV, EKTOG OTAV TO AVILKELUEVO OEV UITOPEL VO KOTAOTPOPEL TTPLY OO TNV TEAEVTALN
xphHon g davelkng avagopds. H cuvaptnon Py_NewRef () umopet va xpnotpomown0el dote vo. om-
wovpyn el Eva Loy vo1 avapood.

bytes-like avrikeipeva,
'Evo. avTiKeipevo mov vitootnpilel To bufferobjects kou pmopel va eEqyer éva C-contiguous buffer. Avtd
mepthappdver Oha ta aviikeipevo bytes, bytearray, Kaw array . array, Kafmg Kot ToAAd Kowva
memoryview avikeipeva. Ta dvadikov tomov (bytes-like) avitkeipevo propotv va xpnotuootnovy
ya dudipopeg hettovpyieg wou droyepitovion dvadikd dedouéva” avtd TePAauBAvVoUV CUNITTIEST OITO-
OMkevon og duadikd apyeio ko amooTol uéow socket.

Oplouéveg hertovpyieg yperdtovrol tor duadikd dedouéva va eivor uetofintd. H texunpioon ovyva
AVOPEPETOL 08 AUTA MG «dVAdIKA avTiKelpeva avayvoonc-eyypogc» (read-write bytes-like objects).
Mapadelynato PeTABANTOV OVILKEWEVMY TPOCWPLVTG 000N KEVOoT G TTEPLEXOUV bytearray Kol éva
memoryview evog bytearray. AMeg hettovpyleg amantovv Ty amofnKevong tmv dvadikmv de-
dopéva oe auetdfinta avitkeipeva («duadtkd ovTikeipeva wovo avayvwang»” (read-only bytes-like
objects) wopadeiyuaTo oVTOV TEPLEXOVY bytes Kot éva memoryview evog bytes avitkeluévou.

bytecode

O mnyaiog kwdika g Python uetaylottiCetol og byfecode, M €0MTEPLKT) OVOTOPAOTAON EVOG TTPO-
vpdupatog Python otov diepunvéa CPython. To bytecode amobnkevetol emiong Tpoowpvd og . pyc
apyelor MmoTe M eKTELEON TOV idLOV apYELOV Va. givan YpNyopdTEPN TNV devTEPT POPA eKTENEONG (WITO-
pel vo amopevy el 1) €K VEOU HETOYADTTLON aItd TOV TTNyoio KOdika oe bytcode). Avti 1 «evaldpeon
YADOoO» Aéyetal OTL TpExel 08 WwoL virtual machine oV €KTENEL TOV KMOLKO N AVAG TTOV OVTLOTOLYEL
oe kGOe bytecode. AGfete vty OtL To. bytecode dev avOUEVETOL VO AELTOUPYOUV HETAED SLOPOPETLKMV
ELKOVIKMV piyovarv Python, ovte va eival otabepd petalt twv ekddoemv g Python.

Mua Mota amd 0dnyieg oyetikd ue ta bytecode umopel va Bpebei otnv tekunpimon yio to module dis.

callable
‘Eva callable eival évo aviikeipevo mov umopel vo kKaheotel, mbava pe éva ovvolo opopdtmv (BA.
argument), A€ TNV TOPAKATO OVVTAEY:
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[callable(argumentl, argument2, argumentN) }

Mua function, Kau kot” eméktaon wo method givon callable. 'Eva otryudtumo pa KAGonMG o vhorotel

™ puébodo __call () eivau emiong callable.

callback
Mua subroutine cuvaptnon 1 omoia petafLpateTor wg OpLona Tov Bo EKTENEOTEL KATOLA OTLYUH OTO
UEALOV.

KAdon

‘Eva pdTumo yia T dnuovpyia avitkeluévav mov opifovtat amd to ypnot. Ot opiouol Khdoewv ov-
vii0wg TepLExovv opLopovc uefoddmVY Tov Aettovpyolv oe OTLYULOTUTTA TS KAGOTG.

uetafinTy kAdong
Mo petapinti wov opiletat oe o KAGoN Ko Tpoopiletol va tpomomotn0el wovo oe emimedo KAAong
(. Oy o€ éva OTLYIOTUTTO (aG KAAONG).

uryodikog apdpdg
Mo eTTEKTO.0T TOV YVMOTOU GUOTHUOTOS TTPOYIATIKDV aptOimy 6To 05toio dhot ot aptboi ekgppdLovon
wg dBpolopa evOg TPAYLOTLKOV HEPOUG Kot evOG pavtaotikol uépovg. OL pavtootikol aptbuot eivor
TPAYUOTLKG TOAMATAAOLO TG PAVTOOTIKTG Hovada (1 TeTpaymvikn pila Tov —1), mov ovyva yplgo-
vtou i ota padnpotikd 1 3 oty unyovikr. H Python €yel evoopotmpuévn voothplEn yio wyadikoig
apLBuovg, oL omoioL YPApovToL (e autdV TOV TELEVTOL0 CUUPBOLLOWO” TO PAVTOOTIKO WEPOG YPApETOL
ue to eminua j, m.y., 3+13. [Na vo arokthoete mpdofaoy oe ovvOeTa LodUvaua to module math,
ypnopomomote to cmath. H xpnon uyadikmv aptBumy eivor £va apkeTd Tponyuévo nodmuotiko xo-
POKTNPLOTLKO. €AV OEV YVWPILLETE TNV OVAYKT) TOVUG, ELVAL OYEDOV GLYOUPO OTL UTOPELTE VOL TOL OLYVOT|OETE
UE ALOPANELXL.

duayeploTiic context
‘Eva avtikeipuevo mou ehéyyel 1o meptPdilov mov epgavitetar og pio dnhwon with opifovrog Tig pe-
00dovg __enter_ () xou__exit__ ().B\ PEP 343.

context petafinTi
Mo petoAnti mov uropet vo €xel ToAEG SLAPOPETIKES TUEG OVAAOYX UE TO context. AUTO elval KOLvo
oto Thread-Local Storage 0mmov k@0e eKTELEOT TOV VIUOTOG WTOPEL VAL €XEL OLAPOPETLKT] TLUT YLOL [LLCL
uetapint. Mapodho ovtd, pe Tig context ueTaANTES, WTOPEL VoL VITaPYouV TOMA TEPBAILoVTa o8 Eval
Vo EKTELEONG KO 1) KOPLAL Y P1 01 YLaL TIG context UETAPANTES eival 1) TOPAKOAOVONON TV HETOLANTMV
oge Tovtdypoveg depyooies. Bh. contextvars.

contiguous
‘Eva buffer Oewpeital contiguous axplpag edv eivar elte C-contiguous eite Fortran contriguous. To buffer
undevikdv draotdoemv givor C kou Fortran contiguous. Ze ovodSLAOTATOVG TEVOKES, TO OTOLYELL TPE-
7EL Vo Toro0eTovvVTaL 0T Ui To éva Sistha 0To GAAO, Ue OELPG aOENONG TWV SEKTHOV EEKLVAVTaG
o to undév. Ze mohvdidotatovg C-contiguous Tivakes, 0 TehevTaiog deikThg neTafdiletan TayvTePa
OTaV EMLOKETTOVTOL TOL OTOLYELO O OELPA dlevBuvong uvhung. Qotdoo, oe Fortran contiguous mtivakeg, o
TPADTOG OELKTNG LETAUBAMLETAL TTLO YPT)YOPOL.

coroutine
O coroutines eivou puo. Lo yevikevpéve nope subroutines. Ot subroutines el0dyovtol og £va onuelo Ko
eEdyovtan oe dAho onueio. Ou coroutines umopei va. elooyBovv, va eEoybolv Ko vo ouveLoTovV o

TOAGL SLapopeTikd onueio. Mmopovv va vhosofjcovy pe v dMMiwon async def. B eniong PEP
492.

coroutine ocuvaptnon
Mo GUVAPTNON TTOV ETLOTPEPEL EVOL coroutine OVTIKELIEVO. Mia ouvaptnor coroutine Wtopei va opieTon
omd ™ dMhwon async def, Kou uwopei vo epLéyel await, async for, kot async with AéEeig
KAEWOLA. AvTtég eLonyOnoav amd to PEP 492.

CPython
H xavovikn vihomoinon g yhwooog mpoypoppatiopot Python, 6mwg duavéuetan ato python.org. O 6pog
«CPython» ypnowpomoteiton 6Tav eivol omopaiT)To Yio TV dLAKPLoN GuThG THG VAOTTOIN NG atd dAleg
omwg M Jython ) m IronPython.
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decorator
Mo oUVAPTNOT TOU ETOTPEPEL ULt GARY GUVAPTNON, CUVNOWG EQPAPUOTETAL WG UETOTYUATIOUOS OU-
VAPTNONG YPNOWOTOUDVTAG THY Rwrapper oUvtagl. Zuvnoiouéva mapadeiyuoto yio Toug decorators
gival classmethod () Kaw staticmethod ().

H ovvtaEn tou decorator eivar amhmg KAA®ITLOTIKY, 0oL akOhovBoL &0 0pLopol ouvapTHoemv eival
ONUaoLOA0YLKG LoodUvauoL:

def f (arqg):
f = staticmethod (f)

@staticmethod
def f (arqg):

H idua évvola vtdipyer yio g kKAGoerg, ol ypnolpomoteitol Myotepo ovyvd exei. BL. v tekunpimon
yio. function definitions kou class definitions yia epLoodtepa oyeTikd pe Toug decorators.

descriptor

Kd&0e avrikeipevo mov opitel tig peboddovg __get_ (), __set_ (), N __delete__ (). Otav éva
YOPOKTNPLOTIKO KAAOoNG givan descriptor, 1) €10LKY) SEOUEVTIKT) TOV CUUTEPLPOPE EVEPYOTTOLELTOL KOTO
TV avalNTnon XopoKTNPLoTiKdv. Kovovikd, ypnouomoimvtag a.b yuo va AMfete, va opioete 1) va dia-
YPGPETE VA XOPAKTIPLOTIKO avalnTd TO AVTIIKELUEVO UE TO Ovopa b 0To AeELKO NG KAGONG Yo @, AN,
e to b elvon descriptor, kaettor ) aviiotolyn nébodog descriptor. H katavonon twv descriptors eivor
70 KA&WSL Yo TNV KahiTepn kotavonon g Python yioti avtd amotehel Ty fdon yio ok yapoktn-
PLOTLKA 0T CUVOPTNHOELS, ueBOdoVg, LLOTNTES, HEB0dOL KhAOoNG oTaTikég uéBodoL, KoL avagpopd oe
ooUTEP KAAOELS.

[0 TepLocdTEPEG TANPOPOPLEG AVaPOPLKA U TIG ueBOdOVG TV descriptors, BA. see descriptors 1) to [Tpa-
KTLKOg 000G Yo T xpron tov Descriptor.

AeEiko
"Evol TpOooeTOLpLOTIKOG TTivaka, 0mov avbaipeta khewdid avriotoryilovtat og Tuésg. Ta kheldid wopei
VoL glvan 0TtoL0d1IToTE avTLKElpevo ue uefddovg _hash_ () xou__eq (). OvoudZetar wg hash oto
Perl.

KaTavonoen Aeukov
'Eva ovprtoyng tpomog yio va emeEepyaoteite dha 1 uépog Twv oToL elwV 0 £va EmOVOAITTIKO KoL
vo emoTpopel Evo pe heEkod ue ta amoteléoparta. results = {n: n ** 2 for n in
range (10) } dnuovpyel éva AeELKO mou mepLéyeL To KAWL n Tov avTLoTOLYILETOL Ue TV T n * *
2. BA. comprehensions.

oym AeEkov
Ta avikeipeva Tov emoTpépovior oo dict .keys (), dict .values (), kouwdict.items () xo-
hovvtar 0elg AeEkov. AuTég Tapéouy wa dSuvoutky dym Twv TV eyypap®v tou AeELkov, Tov o)-
naiver ot dtov To heEukd puetafadietol, 1 6Py ovitkatomtpilel avtég Tig odayés. Na va avoykdoete
v 0y AeEkov va yivel pa hpng Mota ypnowwomowmote to 1ist (dictview) . BL. 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. 6Tl Tpoypoptotiopot ov dev eEeTdleL ToV THo eVOG VTLKELUEVOD YLOL VO TTPOGOLOPLOEL OV EYEL
T 0ot dLemagn” avtibeTa, 1 nEB0SOG N TO XOPAKTNPLOTIKO KaAEiTOL ammhidg 1) xpnowworoteitan («If
it looks like a duck and quacks like a duck, it must be a duck.») Aivovtog éugpaon otig diemapés Kan oyt
0€ OUYKEKPLUEVOUG TUITOVG, 0 KOAG OxedLaouévog KHdKag BeAtiddvel Tv eveMEia Tov emitpémovtag
™V TohvpopLkn vrokatdotaot. O timog duck-typing amogpelyel doKLIES Y PN OLLOTOLMVTAS type ()
N isinstance (). (Enueiwon, wotdoo, 6Tl 0 THTOG TATLAG duck-typing umwopet vo cuumAnpwOeL pe
abstract base classes.) Avti awtol, cuvnOmg ypnowomolel dokuég hasattr () fapoypaupatiopnd FAFP.
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EAFP
ITwo e0K0AO VO TNTNOELG OLVYYDPEDT TTaPd AdELD. AVTd TO KOLvd 0TV Tpoypauuatiopnoy og Python tpois-
o0&TEL TNV VTTapEN £YKUPmV KAELSLMV 1] (OPOKTHPLOTIKOV Kot cuhhaufdver eEanpéoelg edv 1) vitdeon
arodey el eopaluév. Avtd to Kabapo Kot ypNyopo OTVA XopoKTNPILETAL Amd THY TAPOVGLO TTOMMV
dMhwoewv try Ko except. H teyvik épyetol og avtibeon we to atuk mov eivaw LBYL kowvd o€ moAhég
deg yhnooeg, dmtmg 1 C.

£€K@ppaon
"Eva. Koppdtt oUuvtaEng mov propel vo agtohoynOel oe kdmoro tur). Me dhho AoyLa, o €K@paat eiva
HWoL CVOOMPEVOT aToLyelmV EKppaong dmwg kKuploreEia, ovopata, TpOaBaon YAPAKTPLOTIKGOVY, TeEhe-
0T£G 1] KMOELG OUVAPTHOEMV TOV OLEG EMOTPEPOVY (uaL TUY). Ze avtifeon pe mohhég dhheg yYhwooeg,
dev eivar Oheg oL YAwooukég douég exppdioets. YAy ovve emiong statements Tov deV Itopovv vo. xpnot-
pozomBouv mg ekpPATELS, Omtwg To while. O avabéoelg Tudv eivar emiong dniboelg oyl ekppdoeLc.

module exékTO0NG
'Eva module ypoupévo oe C 1) C++, wov ypnoipomoteitol amd to C API tng Python yia vor ahdniemidpd-
GOUV L€ TOV TTUPNVOL KOl L€ TOV KMOLKA TOV YPNOTH).

f-string
Ou xvplokektikég oupporooelpés ypnowwomoloty pe mpdhepa "£' M "F' ovoudtovior ouvnOwg «f-
strings» ov eival ouvtopoypapia tov formatted string literals. BA. eiong PEP 498.

OVTIKEIUEVO apyEiov
‘Eva avtikeipevo mov exBétel évo API mpooavatolouévo oe apyeio (e nebddovg dmwg read () M
write ()) og évav vmoKeipuevo mopo. Avdhoya pe tov TpdITo Tov dNUoVPYNONKE, £va AVIIKEIUEVO
apyelov wwopei vo pecorafinoel oty Tpdofacn o€ Evo TPAYUOTIKO apyelo 1o dloko 1 o€ GAlo TUmo
ovoKeUNG amodnkevong 1 emtkowvoviag (Yo mopdderypa tumiky) eicodog/ €50d0g, in-memory buffers,
sockets, pipes, kKA .). Avtikeipevo apyeiov ovoudtovron emiong file-like objects N streams.

2TV TPOYUOTLKOTITA VITAPYOUV TPELS KATNYOPLES AVTLKEWWEVWV apyelov raw dvadikd apyela, buffered
dvadikd apyelo xon apyelo keyévov. OLdLemapég Tovg opilovtal oty evotnta i o. O Kavovikdg Tpdmog
YLOL VO ONULOVPYNOETE VOl OVTLKELUEVO QY ELOV EVAL XPNOLUOTOLDVTOG TV CUVAPTNON open () .

OVTIKEINEVO TOV noLALEL pe apyeio
‘Eva ouvavupo pe to file object.

KWOLKOTOI1)01] CUGTIUATOS UPYELMY KO XELPLOTHS CPUAUATOV
H xwdikomoinon Kot 0 XEPLoTNg 0QaAndTov ypnotpomoteitor amd v Python yio tv ammokmdiko-
moinon twv bytes amd To Aettovpylkod cuoTnUa KoL TV Kodikoroinon og Unicode yio 1o Aettovpylko
avoTNU.

H xwdikomoinon cvothuatog apyeiov Wwropel vo eyyunbel v emTuynuévn amokmdLkomoinon Ohmy
TV bytes kKatw oo 128. EAv 1 KwdLKOTOiN01 CUOTHUATOS APYELDV SEV TOPEYEL ALUTIHV TNV EYYUNOT), OL
ouvoptnoelg API umopovv va gyeipovy éva UnicodeError.

Ovouvoptioelg sys.getfilesystemencoding () Katsys.getfilesystemencodeerrors ()
uopovV va xpNoLtuootnBovy Yo var MAPETE TV KmALKOTOINoN TOU CUOTHUOTOS OPYELWV KOl TOU
YELPLOTH OPOALATWY.

O filesystem encoding and error handler duopop@mvoviol Katd thv ekkivnon tg Python amd ™ ov-
vaptnon PyConfig_Read () Ph. filesystem_encoding kou filesystem_errors uéln tou
PyConfig.

BM. emiong to locale encoding.

finder
‘Eva aviikeipevo mov poomadel va Bpet to loader yio éva module wou e1omy 0.

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.

aKEPOLO draipeo)
H padnuotixn diaipeon mov oTpoyyvhomoLel Tpog ta KATw 0Tov Kovitvotepo aképato. O teheotng oke-
porag daipeong eivon / /. Twa mopdderyna, ) éxgpaon 11 // 4 aSlohoyeitol og 2 o ovtifeon ue v
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T 2. 75 TOV EMLOTPEPETAL OTTO TNV LALPEON Pe VITOdLOOTOM). EZnueiwon 6tL (-11) // 4 xGver -3
emELN AT ELVOL 1] OTPOYYULOTTOINGT /P0G Tar Kdtw tov —2 . 75. BL. PEP 238.

ouvapToN
Mo oelpdt 06 dNAMDOELG TOU EMLOTPEPOVY KATOLA TLUT] O QUTOV TTOU TNV KAAEDE. e aUTéG UTOPOVY
V0L TEPOAOTOVV KAVEVA 1] TTEPLOOOTEPA OOLGLUATA TTOV UITOPEL VO XPNoLootn el Yo TV ektéleot). Bh.
emiong TG evotteg parameter, method, kou the function.

ouvapTNo annotation
'Evag annotation Wog TopapéTpon GuVAPTNOoNG 1 WLAG TWUNG ETLOTPOGPTS.

Ou ovvOPTNOELG annotations GUY VA YPNOLOTTOLOUVTOL YO vodelEels Thmov: yio, ToPdderyua, auty M
OUVAPTNON OVOUEVETAL VO TTAPEL HVO OPLOUATO 1Nt Ko ETLONG AVAUEVETOL VO £XEL L0 ETLOTPEPOUEVT|
T int:

def sum_two_numbers(a: int, b: int) -> int:
return a + b

H oVvtoEn ouvdptnong annotation avolvetar oty evotnto function.

B\ variable annotation xou PEP 484, tov mepLypapet ovt) v Aertovpytkotnta. Emxiong BA. annotations-
howto yi0. Tig KOAUTEPES TPAKTIKEG HOULEVOVTOG e annotations.

future
‘Eva future statement, from _ future_ import <feature>, KaHodNYEL TOV UETAYAMTILOTY VO
uetayhmtrioet to Tpéyxov module yPNOLUOTOLHOVTOG GUVTOEY 1) ONpactoloyia tov B Yiver 1) TumtLKY og
pelhovtiky) ékdoom tng Python. To module _ future_  tekunplwvel tig mbove TWES Tov feature. Me
TV ELOOYWYY OUTAG TNG AELTOVPYIKNG LOVASOG Kat TNV AELOAOYNOT TWV UETAPANTMOV TG, umopeite va
deite moTE oL vEa duvatdOTNTO TPOOTEONKE YL TPWTN POPd TNV YADooo Ko ote Oa yiver (1) €yive)
1) TTPOETULAOYY):

>>> import _ future
>>> _ future__ .division
7Feature((2, 2, O, 'alpha', 2)/ (31 OI OI 'alpha'/ O)l 8192)

OUALOYT] CLTTOPPLUATOV
H drodikaoia amehevbépmong g uvnung otav dev ypnotpomoteitar ahho. H Python ektehei ovihoyi
ATOPPLULATOV UECH KATOUETPNONG AVAPOPMY KoL EVOG KUKMKOU OUALEKTH OKOUTILOLMV TTOV elvoLl o€
Béom va aviyvevel Kol vo omtdel Toug KUKhovg avapopds. O ovihéktng amoppludtwv uropel va eheyyOel
xpnoomotwvtag to module ge.

generator
Mo ouvApTNON TTOV ETLOTPEPEL EVaL generator iterator. MOLATEL UE O KAVOVLKY) GUVAPTNON EKTOG 0ITO TO
OTL TTEPLEYEL EKPPAOELS Yy 1 e 1d yia TNV TOPAYmYT) WOG OELPAG TILMV TTOV UITOPOUV VO XPNOLUOTTOLN 000V
og évav pdyo for M| Tov uTopoVv va ovokTNOoUV o T Qopd pe TV ovvaptnon next () function.

ZVVHBWG AVapEPETOL OE L0 GUVAPTNOT) generator, GAAG LWITOPEL VO VOPEPETOL OE EVALV generator iterator
0€ PEPLKA contexts. Ze TEPLITTMOELG OTTOV TO ETMLOLWKOUEVO VOO OEV ELVaL OAPES, 1] XPNOT) TWV TAPWV
OpWV ATOPEVYEL TNV ACAUPELQL.

generator iterator
'‘Eva avTLKELIEVO TOU dNULOVPYELTOL OTtd (i oVVApTNOY 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@pao)
Mua ékppaon Tou emLOTPEPEL Evav iterator. Moldlet pe Kavoviky £kgpaon mov akolovBeitan amd wo

npdtaon for mov opilel o petafint) fpodyov, Eva evpog Ko o Tpoapetikt) tpdtaon if. H ouvv-
duaouévn EKpPaoT dNUOVPYEL TLUES YLO. 0L CUVAPTNOT EYKAELOUOV:

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285
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YEVIKT] GUVAPTNOT)

Mo ouvdptnon mov asoteheitan amd ToMMATAEG CUVAPTHOELS TTOV VAOTTOLOUV TNV idLol Aertoupyia yio
drapopetikovg Tomovg. TTowa vAomoinom mpémet va ypnotpomotn el Katd ) dLapKeLo wo KAHong Ka-
Bopiletan amd tov adydpLOuo amooToMC.

B emiong v Katoympnon tov single dispatch, tov decorator functools.singledispatch () Ko
PEP 443.

YEVIKOG TUTOG

GIL

'Evag type Tov WTopEL Vo Topaetpomot0el” ouvnbmg po container class, 0twg 1ist 1) dict. Xpnot-
HOTTOLELTOL Y10 Type hints KoL annotations.

TN epLoooTepeg Aemtouépeies, PA. generic alias types PEP 483, PEP 484, PEP 585, xou to module
typing.

BA. global interpreter lock.

global interpreter lock

O unyoviopds mou ypnotuosoteiton amd tov diepunvéa CPython Yo va dLaopaiioer 6t povo va viuo
extelel Python byrecode k&0 @opd. Autd amlomotel v vhomoinon CPython dnuovpydvrog to po-
VTELO OVTLKELUEVOD (CUIITTEPLNOUBOVOLEVOY KPLOLW®WY EVOOUATOUEV®Y TUTTMVY OTTwg Y. dict) éupeoa
aoparéc évavt toutdypovng Tpdopaong. To kheldwua ohdkAnpov tov diepunvéa dlevkoruvel Tov diep-
UNVEQ VaL ELVOL TTOAMATTADV VIUATOV, LG BAPOG TOU UEYAAOU UEPOVG TOV TTAPUANALOUOV TTOV TTOPEYOUV
oL UMy aveg TOAMATAWV eneEepyaoTdy.

Qo0t600, 0pLOUEVES AELTOUPYIKEG LOVADES ETEKTOONG, €iTe TUTILKEG eite Tpitwv, ELouvV oYedLAOTEL £TOL
wote va omehevdfepdvouy to GIL dtav ektehoUv £pyaoieg EVIOTIKMV VITOLOYLOU®DV OTTMWG CUUTTiETN 1)
katokeppotionds. Eniong, to GIL anelevbepwvetal wdvto otav extereite 1/0O.

[ponyoupeveg tpoomdbereg va dnuovpynel évag drepunvéag «eAevBepwv-vnudtwvy» (AUTdg ToU KAEL-
ddveL ta Kowvoypnota dedopéva pe ol Lo AemTouepy evancOnoio) dev NTov emTVYElG ETELON 1) OITO-
8001 VITOYMPNOE 0TV KOLVT| TTEPimTmaon evig eneEepyaoth. [liotevetal dTL 1) vTépBoon outov Tou Tpo-
BAuatog amddoong Ba KAvouv oA TTLo TEPLTAOKT KoL ETOUEVIS TTILO OATTAVIPT) OTNV GUVTIHPNOT).

hash-based pyc

'Evo apyeio Kpugng wnung bytecode mtov ypnOLUOTOLEL TOV KATOKEPLATIONO Kot L Tov (pdvo Tpo-
TTOTTOLNONG TOV OVTLOTOLYOV OPYELOV TPOEAEVONG VLG VAL TTPOGOLOPLOEL TV EYKUPOTNTO TOV. BA. pyc-
invalidation.

hashable

IDLE

‘Eva ovtikeipevo eivan hashable v €yel pua Ty KaTtokepuotlopoV ov dev aAldlel moté kotd ) dudp-
KELL TG Cwmg tov (xperdeton o uéBodo __hash__ () ), ko uwopet va ouykplOei pe dhho ovtikeipevo
(xperaCetan o uébodo __eq  ()) . Ta hashable ovTIKEIUEVO TTOV GUYKPIVOVTOL OOG TTPOG TV LOOTNTO.
TOVG TTPETEL VAL £XOVV TNV idL0L TLUT| KATUKEPUOTIOUOV.

H YmapEn hashable kéiver évo aviikeipevo va pumopel vo ypnotpomon el mg kheldi AeEikov Kau mg uéhog
€vOg OUVOLOU, ETTELDN AUTEG OL HOUEG DEDOUEVV YPTOLUOTTOLOVV TUUEG KATOKEPUOTLOUOU.

Ta mepLocdTEPQ ATd TO QUETAPANTA EVOOUATOUEVO OvTLKELIEVA TN Python witopotv va kortakepuatt-
0ToUV” TaL UETAPANTA KOVTELVEP (OTTWG OL MoTeg 1) Tt AeELK @) dev elvar” ta apetdfinto Koviévep (OTTmg
mhelddeg ko ta frozesets) LITOPOUV VoL KOTOKEPUATLOTOVY UOVO €AV TO. OTOLYXELD TOVG ElvOL KATAKEPUOL-
twouéva. Ta aviikeipeva mov eivar oTyumoTumo KAMLoewy ov opifovtal amd 1o xpNot UTopouv vo
KoTaKePUOTLOTOUV atd mpoemihoyn. ‘Oha CUyKpivovTaL GVioo EKTOG OITO TOV EQUTO TOVUGS) KOL 1) TLUY
KATOUKEPUOATLOUOU TOVG TIPOEPYETOL atd TO id () .

"Eva. ohokAnpouévo meptBdilov avamtuEng Ko udbnong yia thv Python. idle givon éva Booukd mept-
Barov eneEepyaoiag Kat diepunvéon ov guvodeteton ord TV Ttk diavour| g Python.

immutable

‘Eva avtikeipevo pe otabepn) tuy. Ta ouetdfinta avitkeipeva tepthaufavouv apbuots , ouuBoro-
oelpég Kau mhelddec. ‘Eva tétoto avtikeipevo dev popei vor odAGEeL. 'Eva véo avtikeipevo mpémel vo.
dnuovpynOei v mpémer va amodnkevtel o dropopetik) tiur). [aifovv onuovtikd pdoro og pépn 6o
wo. 0tafepd asmarteital, yio mopdderyno wg KAedi oe évo AeEko.
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e1oayouevo path
Mo Mota amd tomobeoieg (] kataywoloeis diadoounc) mov uTopovy va avalntOoOv path based finder
yio va gloayBotv modules. Katd tv duadikacio eloaymyng, ovth 1 Aiota ue torobeoieg ouvnbwg ép-
yetal amd sys.path, alhd yia ta vromoakéta umopel emiong va €pBel amd To YOPAKTNPLOTIKO TOV
TOKETOV YOVEQ __path__ .

EL6UYOYY)
H dradikaoia Katd tv omoia 0 Khdikag e Python o éva module eivon dto0€ouun otov kwduko Python
evog dlhov module.

1o0ymyEng
‘Eva avTLKELIEVO UTTOPEL KoL var avoCNTEL Kot va poptwvel éva module” kou éva finder xou loader ovti-
Kelpevo.

dadpaotikog
H Python éygt évov dLadpaotikd dieppunvéa 0ov onuaivel Ot (WTOPELS VoL ELOGYELS ONAMOELG Kal EKPPU-
OELG OTV ELOAYWYT) EVIOMMV TOU SLEPUNVEX, EKTEADVTOG TEG AUECO KOl EUPOVICOVTAG TO OVTLKELUEVAL.
Amlwg ekKLvijoTe TV python ywpig opiouata (bavamg emléyovtag To amd To KUPLO LEVOD TOV VIT0-
Loyloth oac). Amotehel Evov 0rrodoTIKd TPOTTO YLaL va SoKLAOTE VEeg 1OEEG 1) va eEeTdoTe AetTovpyLkég
povadeg Ko mokéta (Buunbeite help (x)).

interpreted
H Python eivouw pa interpreted yYAwooa, og avtifeon pe po LETOYAMTTLOUEVT], AV KoL 1) SLAKPLOY UITOPEL
va givar kow BoA Moym g Tapouoia tov bytecode petayhmtTioTy). Autd onpaiver OTL To apyEio TPO-
£\evomg Wtopouv vo. ekteleoToVV artevdeiog ywpig vo dnuovpyndei pntd éva exteréolo apyeio mov
oty ouvéyelo extereitol. Ol interpreted yAdooeg ovvnBwg éxovv WKpOTEPO KUKAO ovamTuENG/ evto-
TLOROV CPAMLATOV ATtd TLG UETAYADTTLOUEVES, OV KL TO TTPOYPAUUOTA TOUG YEVIK( EKTELOVVTAL TTLO
apYd. B, eniong inferactive.

TEPUOTIOUOS AELTOUPYING drepunvin

‘Otov Tnelton tepuatiopds Aettovpyiag, o diepunvéag g Python eloépyetar oe o eldik @pdaon dmov
amehevfepdvel 0TadLAKAE OLOVS TOUG dLaTLOEUEVOUG TTOPOUGS, OTTWG AELTOVPYIKEG UOVADES Ko oML
ég kploeg eomtepikég dopéc. Emiong mpayuatomolel apketéc KAMOELS 0TO GUAAEK TG GKOVTLOLDV.
AvTO UITOpEL VO EVEPYOTTOLT|OEL TNV EKTELEDT] KDOLKA 08 KATOOTPOPELS TOV 0pilovTal amd To Yot 1
oe callbacks ao0evoig avramokpioels. O kmdiKag Tov eKTELEITAL KATA T1) (PAOT TEPUOTLONOV AELTOVP-
viag umopet va ouvavtnoel dudpopeg eEatpéoels, kKabmg oL TOPoL 0Tovg 0moiovg PacileTar evogyeTon
vo. unv hertovpyotv mhéov (ouvnOm mopadeiyuato eivar oL Aettovpytkég novadeg PLpiodfkng M o un-
YOVLOUOG ELOOTTOLTEMV).

O Baoikdg hoyog Tepuatlopot Aettovpyiog Tov diepunvéa eivor 6tL to __main__ module 1) ohokAnpw-
OnKe 1 EKTELEON TOV KMOOLKO TTOV £TPEYE.

iterable
An object capable of returning its members one at a time. Examples of iterables include all sequence types (such
as list, str, and tuple) and some non-sequence types like dict, file objects, and objects of any classes
you define with an __iter__ () method or witha __getitem__ () method that implements sequence
semantics.

Ta iterables umwopovv va xpnotnoson0ovv og éva for pdyo Kot og Todd Ghha onueia dTov ypeLdite-
T W akohoudia (zip (), map (), ...). Otov éva iterable ovtikeipevo petafLpatetor wg OpLonc oTny
EVOOUATOUEVY OVVAPTNON 1ter (), emOTPEPEL Evay iterator yia AVTLKEIEVO. AUTOg o iterator eivol
KOAOG Y10l €va TEpaoua ad Eva GUVoro TmV. OTtav XpNOLUOTTOLELTL ETOVOANTTTLKA, CUVNO®GS eV €l-
VoL OTTaPaiTTO VO KOAESETE TO iter () 1 va aoyolndeite wdvol oag ue oviikeipeva iterator. H d8nhmon
for To KAVEL AUTOUATO. VL0 EGAG, ONULOVPYMVTAGS O TTPOCWPLVY] LETAPANTH YWPLG GVoud Yia VoL KPOTa
ToV iterator yio TNV dudipkela Tov Bpdyov. Bh. emiong iterator, sequence, Ko generator.

iterator
'‘Eval 0VTLKELUEVO TTOU OVTLITPOCMITEVEL Ui, por] dedouévmv. Exavahaupovoueveg kANoeLg Tpog T wé-
00d0 __next__ () Tou iterator (1] petaifoon Tov OTHY EVOOUATOUEVY CUVAPTNON next () ) emoTpé-

oV dLadoy Lk otolyeia aTnVv pot). Otav Oy teplocdtepo dedouéva eivar dStadéoua eyeipetal pua eEai-
peon StopIteration. Ze autd To onueio, To avtikeipevo iterator eEaviieital Kot TuyOV mEPOLTEPW
KMoewg ot uébodo __next_ () amhog amhd eyeipovv Eavd to StopIlteration. O iterators mwpé-
TEL VAL EXOUV WoL uéB0do __iter_ () mov emloTPEPEL TO D10 TO avTLKELUEVO iterator, £TOL WoTE KAOE
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iterator va. eivow emiong iterable Kau umopel va ypnopwomombel ota mEPLOGOHTEPQ UEPT OOV YivovTon
omodeKktol Kot dAhol iterators. Mio. aEtoonueimty eEaipeon eival o kddLKOg Tov emLyeLpel TOMATAG
mepdopata iteration. 'Eva aviikeipevo koviéivep (Ommg éva 1ist) mapdyel évav kobapd véo iterator
K&Oe popd mov kAOe popd Tov peTaPLBAleTaL 0TV CUVAPTNON 1ter () N TOV XPNOLULOTOLELTAL OF VO
for Bpoyo. Edv emyeipnioete avtd ue évav iterator amhdg Oo emotpéypete To id1o eEavtinuévo avri-
KELWEVO iterator sTov YPNOLOTOLONKE 0TO TPONYOUUEVO TEPOOpQ iteration , KAvOvTag TO va QaiveTol
oav €va GOEL0 KOVTELVEP.

[MepLoodtepeg mAnpoopieg wmopotv va fpedolv oo typeiter.

Agmropépera viomoinons CPython: To CPython dev epappolel pe ovvémelo v amaitnon va opitst
évag iterator __iter_ ().

ouvaptnon key
Muia ouvapTnon KAEWSi 1] o cuvapTon TaELVOUNOoNG Eivor UL SuvaTOTHTO KAHONG TTOV ENLOTPEPEL (L0,
Ty Tou yprotporoteiton yio toEvounon 1 dudtokn. Mo mapddeyua, locale.strxfrm() ypnot-
LLOTCOLELTOL YLOL TV TTOPpay WYY VoG KAELDLOU TaEivounong mov yvmpilet Tig ovuBaoelg ToEvounong yio
OUYKEKPLUEVES TOTILKES pLOULOELS.

‘Eva oplBudg epyodleimv omnv Python &éyetar Paotkég ouvaptnoels yio Tov €AEYX0 TOU TPOTOU
ue Tov omoio Tt otouyeiar taivouovviar 1 opadormolovvtol. Avtd mepéyovv min (), max (),
sorted(), list.sort (), heapg.merge (), heapg.nsmallest (), heapg. nlargest(),
Kow itertools.groupby ().

Yndpyouv didgopotr tpdrot yio vo dnuovpynoete uia ovvapton khewdov. INa mapdderypo. 1 ué-
00d0¢ str.lower () WTOPEL VO (PNOLUEVOEL WG OLVAPTNOT KAELDL YLOL TV TEPLTTWOT WY dLAKPLONG
seCov-kegalaiwv. Evollaktikd, ua cuvaptnon kiewdot pmopet vo dnuovpynbel amd wo lambda
éxppaon 0nwg lambda r: (r[0], r[2]).Emiong operator.attrgetter (), operator.
itemgetter () Kaw operator.methodcaller () &lvol TPELG KATOOKEVOOTEG FOOLKMV GUVAPTI-
oewv. B\, 1o Ta&woéunon HOW TO yia mapadeiyuoto dnuovpyiog Kot xpfong Pactk®v GuvopToemy.

opropa keyword
B\. argument.

lambda
Mo avavUpIY EVOOUOTWUEVY GUVEPTION TTOV OITOTEAEITOL OTTO LOL LOVADLKT) expression M 0toio aELo-
hoyeitar Otav kaheiton n ovvdptnon. H ovvtaEn yuo t dnuovpyia wag ovvdptnong lambda eivon
lambda [parameters]: expression

LBYL
Look before you leap. Avtd to oTvh Kmdikomoinong eréyyel prtd TG TPoiToOETELS TPLV TPAYUATOTTOL-
NoeL KMoeg N avalnmoels. Avtd To oTul EpyeTaL 08 avtifeon ue v Tpooéyylon EAFP Ko yapoKT)-
piCetan amd v mopovoio ToADV dNhmoewy 1 f.

e éva meplailov molhamhmv vnudtov, 1 tpoogyyion LBYL pmopel va diakivéuveloel vo. ELoAyEL
o ovvOfKn aydva uetaEl «the Looking» kau «the leaping». ['o tapdderyna o khdikag, 1f key in
mapping: return mappingl[key] wropel vo omotiyel v Eva GALo VU apaLpEceL To key oo
TO mapping petd ™) dokiun, olG TP oTd THY ovalNTNon. Auto to TPOPANUO umopel va Avbel pe
KA OUOTOL 1 XpnoLpomolmvtas Ty wpocéyyion EAFP.

Aiota
'‘Eva evoouotouévo Python sequence. Iapd to Ovopa tov, LoLaLeL TEPLOCOTEPO LE EVOLV TIVOKA 08 GAAES
YAwooeS Topd ue po ovvoedeuévn hMota, kabag 1 tpocPaon oto otolyel eivar O(1).

list comprehension
'Eva. oupstayng Tpomog yo va eneSepyooteite Oho 1 LEPOG TV OTOLYEIWY 08 pLa 0KoAovbia KoL vo.
EMOTPEYETE WO MoTa ue T ommotedéopata. result = ['{:#04x}'.format (x) for x in
range (256) if x % 2 == 0] dNWOUPYEL wiat AloTa CURPBOLOCELPDV TTOU TTEPLEXOUV LUYOVG dekaie-
Eadkovg apBuove (0x..) oto evpog artd 0 émg 255. H mpdtaom i f eivon tpoarpetiky). Edv maparerpbei,
O\oL TOL oTOLYELDL 0TO range (256) vmofahllovtal oe emeSepyaoiaL.

loader

An object that loads a module. It must define a method named load_module (). A loader is typically
returned by a finder. See PEP 302 for details and importlib.abc.Loader for an abstract base class.
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TOTKY] KWOKOTOiNoM
Zto Unix, givae 1 kmdikomoinom g tomky pubuwong LC_CTYPE. Mmopet va puBuotei ue locale.
setlocale(locale.LC_CTYPE, new_locale).

Zta Windows, eivow 1) code page ANSI (;t.y. "cpl252™").

Zto Android xow to VxWorks, 1 Python ypnowosmotei to "ut £-8" wg Tomk KmdtKomoino.
locale.getencoding () WIopEL va xpNOLUoTotn el yio TV avaKTnon TG TOmKNG KmOLKOToinong.
BA. emtiong o filesystem encoding and error handler.

noykt) uédodog
"Eva &tumo ovvdvuuo yia special method.

mapping
‘Eva aviikelpevo Koviéwvep mov vmootnpiler avbaipeteg avalntioelg KAeWOLDOV Kol VAOTTOLEL
©g uefoddovg mov kobopilovior oto collections.abc.Mapping W collections.abc.
MutableMapping abstract base classes. Ta mopadeiyuata mepthaufdvovy dict, collections.
defaultdict, collections.OrderedDict Kauw collections.Counter.

meta path finder
'Evag finder mov emiotpdpnKe (e avalntnon oto sys.meta_path. O finders peta-diadpourig oyeti-
Covtat, aAld dropépouv amo ta finders entry dtadooung.

B\ importlib.abc.MetaPathFinder yia tig uebddovg mov vhomolovv oL meta path finders.

neta-KAdon

H khéon wag khaong. O opropoi kKhong dnuovpyotv éva dvopa Ko, éva AeELkd KAAomG Kol (o,
Mota faotkav kKhaoewv. H peto-khdon eivor veufuvn yio v amdKTnon outmy TV TPLmV 0pLopid-
TV Ko TNV dNuovpyio TG KhGomg. OL TeEPLO0OTEPES AVTLKELUEVOOTPEPELG YMDOOES TPOYPAUUOTLOUOV
TOPEYLOVV UL TTPOETUAEYUEVT VIOTTOIN 0. Autd Tov Kdver v Python Eeywpioti| eivor tL givor duvari
1 dnuovpyio TPOGUPUOoUEVWVY HeToKAGoEWY. OL TEPLOGOTEPOL XPNOTES dEV YPELALoVTAL TOTE OVTO TO
epyoheto, aAhG OTOY TOPOAOTEL AVAYKT), AUTO TO EPYOLELD, OL LETA-KAAOELS WTOPOUV VAL TTOPEYOVV LOY V-
péc, Koupég Moeis. 'Exovv ypnowwomondei yio tnv Katoypapn Tpoofoong yopakTpLoTik®y, TV Tpo-
oONKN AoPALELOG VNULATOV, TNV TOPAKOAOVONON INOVPYLOG OVILKEWEVMY, TV VAoTToiN o singletons,
Ko ToMES AMLEG epYOLOLES.

[MepLoodtepeg mANPoOpopieg umopovv vo. fpedovv oto metaclasses.

uébodog
Mo cuvaptnon mov opiletat uéoa 0to omuo pwag Khaong. Edv kakeitar og yopaKTnpLoTko Wog me-
picTmong avtig g KAdong, N uéBodog O MafeL avItKeileVo TEPLTTMONG WG TPWTO TG argument (To
omoio ouvBwg ovoudLeton self). BL. function Kau nested scope.

e avahvong 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
"EvoL OVTLKELLEVO TTOV Y PT|OLUEVEL G OPYAVOTLKY LoVAada Tov kKmduka tng Python. Ta modules éyxouv évay
YOPO ovoudTtwv Tov TepLEyEL avbaipeta avitkeipeva Python. Ta modules qpoptdvovtor otnv Python pe
™V dwodiKaoia importing.

BA. emiong package.

TEYVIKES TTPOdLaypapés module
"Evo. namespace tov JepLEYEL TLG TTAPOPOPLES TOV TYETICOVTOL [LE TV ELOAYMYT] TTOV (P OLULOTOLOVVTOL
Yo TV @OpTmon evog module. Mia stepintwon tov importlib.machinery.ModuleSpec.

MRO
B\. method resolution order.

mutable
Ta gvuetdfinto avrkeipeva uropotv va oldEouv Tig Tuég oG va Kpathoovy ta id () . Bh. exiong
immutable.
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named tuple
O 6pog «named tuple» epapudletar yio 0molovonmote THmo 1 KAAGT OV KANpOvoueital amd Ty
TAELAS A KOL TV OTTOLWV TO. OTOLYELD WITOPOVV VAL EVPETNPLOTTOLNO0VV ElVOL TPOGRAGLUO. YP1OLULOTOL®-
VTAG ETMOVUUA YOoPAKTNPLOTLKA. O TOTOG 1) 1) KAAOT WTOPEL Vo €YEL KoL GANOL Y APOKTNPLOTIKA.

ITo\hoi evompatwuévol Tomot eivor named tuples, GUUTEPLOUBAVOUEVOV TOV TLUODV TTOV ETLOTPEPOVTAL
and time.localtime () kow os.stat (). Eva d\o moapdderypo eivor 1o sys. float_info:

>>> sys.float_info[1l] # indexed access
1024

>>> sys.float_info.max_exp # named field access
1024

>>> isinstance(sys.float_info, tuple) # kind of tuple

True

OpLOUEVES AVOLYVIPLOUEVES TIAELADEG EIVOL EVOOUATMUEVOL TUTTOL (OTTMG TOL TAPATAV® TOPAELYUATA).
EvalhokTikd, pa avayvoplopévn mheldda uropet vo dnuovpynoei amod évav opopd Kovovikng kAd-
01g OV KANpovouel amd tuple kot wov opilel ykupa medio. Mo tétoto kAo umopel va ivan ypou-
uévn e to yépL N uopel va dmuovpyn el Kinpovoumviog to typing . NamedTuple, ) ue v factory
ouvdpton collections.namedtuple (). Ol televtoieg TeyVikég TPOTHETOVV ETIONG UEPLKEG ETTL-
éov uefddovg ov umopel va unv Bpefolv og XeLPOYPOPES 1) EVOMUATWUEVEG TAELADES Ue OVOLLO.

namespace

To uépog dmov amodnkevetar wo petafinty. To namespaces VAOTOLOUVTOL WG AEELKA. YTTAPYOUV OL
ToTTLKol, oL KaBOALKOL KoL oL EVOmOTOUEVOL namespaces KoOMG KoL oL £vOeToL namespaces 0€ AVTIKEL-
ueva (oe peboddovg). I'a Tapdderyua oL ouvaptoeigbuiltins . open KoL os . open () dlokpivoviol
AITO TOVG Y WPOVG OVOUATWV TOVS. OL XpoL ovopdtwv fonfolv exiong v avayvwoudTTa KoL T ov-
vInpNowoTTa KabLotmvtag oapég toro module vhomotel o Aettovpyio. I'ia mapdderyua, ypdpovtog
random.seed () Nitertools.islice () kaBLotd capég OTL AUVTEG OL GCUVOPTOELG VAOTOLOVVTOL
artd to module random kow itertools, aviioTtouya.

TUK£TO 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 dvvatéomta avagpopds oe pa petafint) oe évav meptkhelopevo opopnd. o mapdderyo e ov-
VAPTNOT TTOV opileTal néoa og Wo GAA CUVAPTNON WITtopel Vo ovagépetal o PeTaPANTég oty eEw-
TEPLKY CUVAPTNON. Znuerwote Ot to évOeta medio amd mpoemhoyn Aettovpyov HOVo Yo avapopd
Ka OyL o ekympnon. O tomkés petaAntég duafBaovral KoL YpagovTal 0To E0MTEPLKO TEDIO EPap-
poyns. Onolwg, ov kaBolkés uetafintég dtafdlovv Kot ypdpouv otov Kabohko ywpo ovoudtwv. To
nonlocal emTpémel TNV eyypopy oe eEntepkd media.

KAGon vEou OTUA
To o Gvopa 1oL To 100G TV KAAGEWY PN OLUOTTOLELTOL TTAEOV YLa OMaL TOL AvTLKELUEVO. Z€ TOMOTEPES
exd00¢eLg TG Python, wovo oL KhAoELg VEOU OTUA LITOPOVOOY VO Y PTOLULOTTOLT|OOUV TIG VEOTEPES, EVEMKTEG
duvatdtnteg g Python émtwwg _ slots_ , descriptors, 1Ol0thteg _ getattribute (), uébodol
KAAOMG, Ko 0ToTiKEG HEB0dOL.

OVTIKEIUEVO
OmoLad1rtote dedouéva [1e KaTaoToot (XoPaKTNPLOTIKA 1 Tiun) Ko Kaboplopévn cuumepipopd (uébo-
dov). Emtiong, N telkn fooikn khéon omolaodote new-style class.

TOKETO
"Eva Python module mov ptopei va epiéyer submodules 1) avadpoukd, vtomokéta. Texvikd, éva makéto
elvar wa hettovpyikt) povada Python pe éva__path_ yopoktnplotiko.

BA. emtiong regular package xou namespace package.

TAPAUETPOS
Mua €yKupn ovtotnta o€ Evav oploud function () ué00dog) mov kabopilel Eva argument (1) 6 OPLOPEVEG
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TEPLITTOOELS, Opiopata) Tov uopel va dexOel 1 ouvdptnomn. Yadpyovv mévte eidn mapouétpmv:

o AéEn-kAeldi 1) Oéon: kabopilel éva dpLopa Tov witopet vo petafipaotel gite Oéoewe N wg dotoua
AéEng-kAetdiov. Avtd eival To TPOETUAEYUEVO ELO0G TAPAUETPOV, VIOl TAPADdELYUA foo KoL bar oTa.
akorovba:

[def func (foo, bar=None): ... }

o Oéoewg uévo: xaBopilel Eva OpLopa TOV PITOPEL Va TOPEYETOL LOVO artd TN B€om. OL mapduetpot
uovo B€omg WTopovV vaL 0pLOTOVV GUUTEPLLAUBAVOVTOG EVOY XUPAKTHPO / 0T AMOTO TAPOUETPOV
TOU OPLOUOY CVVAPTNONG UETE 0TTd QUTEG, Yo Tapdderyua posonlyl kon posonly2 oto eENG:

[def func (posonlyl, posonly2, /, positional_or_keyword): ... }

o AéEng-kAeldi udvo: kaBopilel évo OpLopa ov propel vo mopéyetor udvo ue MEN khewdi. Ou ma-
paueTpol wovo yio MEN-KAeWdi wrtopodv va 0pLoTtovv ouUTEPLAOUPBAVOVTOG ULt TTOPGUETPO BE-
ong 1 ok€To * 0T MOTA TAPAUETPWV TOU OPLOUOY GUVAPTNONG TIPLY OO AUTEG, YLOL TTOPAELYLL
kw_onlyl xou kw_only2 oto. oxdiovba:

[def func (arg, *, kw_onlyl, kw_only2): ... }

o uetafAnti Oéong: koBopilel 0TL umopel va mapaoyedel wa avbaipetn axohovbio oplopdtwv BEong
(emumhéov TV opopdtmv B€omng mov elvor 101 amodekTd amd GAeg TOPAUETPOUS). Mia TéTolo
TOPAUETPOS WTOPEL VO OPLOTEL TPOCAPTDVTOG TO OVOUQL TG TTAPAUETPOV UE *, YLO. TTOPAELY UL
args oto. axohovbo:

[def func (*args, **kwargs): ... }

o uetafinth AéEn-kAeidi: kabopilel OTL umopovv vo mapéyovtar cvdaipeto TOAG opiopoata AEENG-
KAewdLov (emuthéov Twv opropdtwv MENG KAEWdL0U oV givan 0rrodektd 0td dleg mapauétpoug).
Mo tétola TOPAUETPOS UTOPEL VO OPLOTEL TPOCUPTMVTAS TO OVOUD TNG TOPAUETPOV UE * *, YLl
TOPAdELYHO kwargs Omme ToPpaTAV®.

O mopdpeTpol wropotv va Kabopicouvy TO00 Ta TPOALPETLKG OGO KL T OITOLTOVUEVO OPIOUOTO. , KO-
0mG KoL TPOETAEYUEVES TUILEG YLOL OPLOUEVA TTPOOLPETLKG OPLOUATAL.

Bh. emtiong v argument KatoympLon gvpetnpiov, Ty epwtnon FAQ oyetikd we 7 diapood uetatd opt-
GUATOV Kot TapauéTow, TNV KAAON inspect .Parameter, v evotnta function ko PEP 362.

path entry
Mo pepovmuévn tomobeaion oto import path v omoio. ouuBovieveton o path based finder yio va. Bpet
modules yio eLoorymyr.

path entry finder
'‘Evag finder mov emotpépetat amd évav Kahovuevo oto sys.path_hooks (dnhadn éva path entry
hook) mtov Eépel wg vo. evromntiler modules pe path entry.

B\ importlib.abc.PathEntryFinder yia tig uebddovg mov o entry finder diadpoung viomotel.

path entry hook
"Eva kahovpevo ot Mota sys . path_hooks, To omoio emotpépel éva path entry finder eGv Eépel Twg
va Bploker module og o oLYKEKPLUEYY path entry.

path based finder
‘Eva amd ta tpoemheyuéva meta path finders mov avolnta éva. import path yio. modules.

path-like avrikeipevo
'Evo avTLKELIEVO TTOV avTLItpoowmmeveL éva path ovothuatog apyeiwv. ‘Eva aviikeipevo path eivou eite
éva avTIKEipevo str 1 bytes mov aviurpoowstevel £va path 1 £va AVTLKEIUEVO TTOV VAOTTOLEL TO TTPM-
tOKkoMo os . PathLike. Eva avtikeipevo mov vtootnpilel o tpwtdkolro os . PathLike umopel va
petotpostel og path cvotpatog apyeimv str 1 bytes Kahdvrog Ty ouvdptnon os . £spath () ” 1o
os.fsdecode () koL os.fsencode () UTOPOVV VO XPNOLWOTOLNOOVY YO TV EYYUNOT) EVOS OTTOTE-
Mouatog str M bytes, aviiotorya. ElonyOn and tov PEP 519.
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PEP

[Mpétaon Bedtiwong Python. ‘Eva PEP sivan éva €yypago oyedlaopot o mapéyel IANpoQopieg otny
Kowvotnta Python 1) mepuypdgper wa véa duvatdtnrta yioo Ty Python 1 tig dradikaocieg 1 to mepifih-
Lov . To PEP B mpémel va mop€youv (o GUVOTTTLKT) TEYVLKT TPOdLOrypaLpy] Kot (o AOYLKY) YLt T
TPOTELVOUEVOQL Y OPOKTNPLOTLKAL.

Ta PEP mtpoopiCovror va givar oL KUpLot unyaviopuol yior v pdtaot uovILK®V VEmV XopaKTPL-
OTIKAV, L0 TN OVALOYT] TANPOQOPLAV TNG KOVOTITAG Yo Vo TNTNUOL KO YLoL TNV TEKUNPLDOT TWV
ATOPAoEMV OYEDLOTUOV TTOV €Youv eloayOel otnv Python. O ouyypagéag tov PEP gival vteubuvog yio
TV 0LK0dOUN 0N CUVaLVETNG eVTOG THG KOLVOTNTAG KOL TNV TEKUNPLDON AVTIOET™V OTOPewV.

BL. PEP 1.

o

‘Eva 6volo amtd apyeto og évav wovo Kotdhoyo (evoexouévmg amoONKeVUEVO 0E APYELO Zip) TTOV GUW-
Barovv og évo namespace TOKETO, OTWG opiletar oto PEP 420.

opiopa 0¢ong

BA. argument.

provisional API

"Eva. provisional API givar autd mmov éxer eokeupéva eEonpebdei oo tig backwards eyyunoeig cuppatoTn-
TAG TNG TUTILKNG BLBAOOTIKNG. AV KoL OEV OVOUEVOVTOL ONUOVTLKES OMAYEG OF TETOLEG DLETAPES, EPOTOV
ETLONUOLVOVTOL WG TTPOCWPLVES, alhayég un backwards cuufatotntog (UEypL Kol Katdpynon g oie-
TOPNG) WITOPEL VAL TPOKMPoUV eGv KpLbel amapaitnto amd Toug Faotkovg Tpoypounatiotés. Tétoleg
oadhayég dev Ba yivouv Gokoma - Oa cupfotv udvo edv amokoluBouv copapd Bepelmon eraTTmpoTo
TTOV FTOPOLELPONKAY TTPLV aTTo T cuuTtepilinyn tov APL

Axoun xou ywo provisional API, ou un backwards ouvppotéc odhayég Bempovvror «hvorn Eoyxatng
avaykne»- Ba eEaxolovbei va yivetar ke mpoomdBera yio va Bpebel wa Ao backwards cupfoti
0€ TUYOV EVTOTLOUEVO. TTPOBANUOITOL.

Avti ) dradikooio emrtpémer oty Tustkt BlobnKn va ovveyioel va eEgliooeTal (e TV TAPodo Tou
YPOVOU, YwPIG Vo KAELOMVEL TPOPANUATIKG OAALOTA OYESLAOUOV VL0 EKTETAUEVES YPOVIKES TTEPLODOUG.
Bi. PEP 411 yia teploodtepeg AETTOUEPELEG.

provisional Tokéro

BA\. provisional API.

Python 3000

Wevdmvupo yia to ovvolo ekdooewv Python 3.x (emvonOnke spuv amd okt koupd dtav 1 kKvkhogopio
™G €kdoong 3 tav KATL 0T0 PakpLvo wéMov.) Autd ovoudleton emtiong wg cuviopoypogio «Py3k».

Pythonic

Mo 1déa 1) £va Koupdtt KOdLKa Tov akohoVOEL TTLOTA T 710 KoLV tdudpota e yAwooog Python, avi
Vo VLOTTOLEL KMALKOL YPNOLUOTOLMVTOG £VVOLES KOLVEG oe dAheg YAmooeg. Ta mapdderypa, £va Kowvo
wimuo otnv Python eivar va kéver wo emavédinym ctave amd oha to otouyeio evog iterable ypnoiuo-
mowwvtag wo dMiwon for. TTodég dhheg YADOOES TOV HEV £YOUV OVTOV TOV TUTO KOTAOKEVNG, £TOL OL
avBpwmol ov dev eivan eEotkelmwuévol ue v Python ypnowwomolotv ueptkég @opég évav aptduntikd
peTpNT:

{

for i in range(len(food)):
print (food[i])

Avtifeta, o o Kabopr nébodog Pythonic:

|

for piece in food:
print (piece)

AVOYVOPLOUEVO OVoud.

'Eva dvoua pue Koukkideg mwov deiyvel ) «dradpour)» amd to kabolko evpog evdg module oe puo kKAdon,
ouvaptnon 1 uéBodo mov opiletal o autnV TV EVOTNTA, dmtwg opiletar oto PEP 3155. o cuvoptioelg
Kol KAAOELS OVATATOV ETLTEDOV, TO OVOLYVWPLOUEVO GVOUCL ELVaL 1OLO LLE TO OVOUX TOV OVTLKEWEVOU:
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p
>>> class C:

class D:
def meth (self):
pass

>>> C.__qualname_

IC’

>>> C.D.__gualname
IC.DI

>>> C.D.meth.__ _qualname
'C.D.meth'

‘Otav ypnopomoleiton yio ovapopa oe modules , To TAOWS aVayvVwELGUEVO dvoua ONUOLVEL OLOKANPO
To drakekoupévo path mpog to module, cuvumephauBavouévav ToyxOv YOVIK®OV TOKETWVY T.Y. email.
mime.text:

>>> import email.mime.text
>>> email.mime.text. name
'email .mime.text'

N 00g avagopig
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. Programmers can call the sys.getrefcount () function to return the reference count
for a particular object.

KOVOVIKO TOKETO
"Eva mopadooiokd package, dmwg £vag KATALOYOS OV TTEPLEXEL Eva __init__ . py opyelo.

B\. exiong namespace package.

slots
Mo dNhwon péoa oe pe KAGom mtov eEotkovouel uvijun Snhmvovtog €K TmV TPOTEPWV XDPO LA, T
paderyua xopoKmpLotikd Ko eEaleipovrog MeEikd oTrypotimwy. Av Ko SNUOQLANG, 1 TEXVIKT| elvor
KAmwg dUOKOAO vaL Yivel 0WOTI| Ko TPoopiletol KaAITEPO YLo GIAVIEG TEPLTTMOELG OTTOV VITAPYEL UE-
YOLOG aPLOUOG OTLYILOTOTTMV GE 0L EQOPUOYT KPLOWNG-UVIUNG.

axolovBia
An iterable which supports efficient element access using integer indices via the __getitem__ () special
method and definesa __len__ () method that returns the length of the sequence. Some built-in sequence
types are list, str, tuple, and bytes. Note that dict also supports __getitem__ () and
__len__ (),butis considered a mapping rather than a sequence because the lookups use arbitrary immutable
keys rather than integers.

H agnpnuévn Paokn khdon collections.abc.Sequence opilel o mohd mo mhovoto die-
oy mov Eemepvd to oA __getitem_ () xow __len__ (), adding count (), index(),
__contains__ (),kxo__reversed__ ().OttdmoL wov vhomolotv authy TV dtevpupévn diemap
WITOPOUV Va KoTampnOouv pntd xpnowomoimviag register () . [o mepiocdtepn tekunpiwon oye-
Tk e Tig uebodovg axorovdiag yevikd, avatpéEte oto Common Sequence Operations.

set comprehension
'Evog ovpmaymg Tpdmog yio vo eneEepyaoteite OAa 1) uEPOg Twv aToLyElwv o éva iterable Ko vo emi-
oTpapel €vo ouvolo pe ta omoteléoparta. results = {c for c¢ in 'abracadabra' if c
not in 'abc'} dnwovpyei to ovvoro ovuBorooelpdv { 'r', 'd'}. Bl comprehensions.

novaduko dispatch
Mua popepn) dispatch generic function 6mov 1 vAoTOINGT ETAEYETOL UE BAON TOV TUTO EVOG LEUOVDUEVOU

oplouortoc.

slice
‘Eva ovtikeipevo mov ouvnOmg mepléyel £va tufua og axorovbiag sequence. Anpuovpyeiton éva slice
YPNOLOTTOLMVTAG T onueimon subscript, [] pe dvo ko Katw teleieg uetaEl aplbudv étav divovio
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oAhoi, Otwg 0to variable_name[1:3:5]. H onueiwon aykiing (subscript) xpnOLUOTOLEL E0WTE-
pLKd oviikelpeva slice.

e1dk1] uédodog
Mo uéBodog mov Kaheitol olwmnpd amd v Python yia vo ekTeAEoEL (oL OLYKEKPLUEVT) hetToupyia oe
évav TOmo, drtmg 1 tpoodNKn. Tétoleg péBodol £xovve ovouaTo Tov EeKLVoY Ko TELELDVOUV (e dUTAEG
Kdtw movkeg. OL eldikég uéBodol TekunpLwvovtal 0to specialnames.

dMlwon
Mo tpdtaom eivor uépog wag covitag (vo «Umhok» Khdika). Mia tpdtaon givau eite évag expression
elte wa oo wodhég douég e o AEEN-Khewdi 6mwg i £, while 1) for.

EAEYKTIG CTATIKOV TUTOV
"Eva eEmtepukd epyaieto dmmov duafdlel Tov Python kddika KoL Tov avalvel, avalntmviog Tpopfiiuoto.
omwg havbaouévol Tomol. Bi. extiong rype hints ko to module typing.

strong reference
2to C API g Python, pua 1oyupn ovopopd eivat pia ovapopd 0g Vo AVIIKELIEVO TTOU AVIKEL OTOV
KddLko Tov meptéxel v avagopd. H woyvpn avagopd houfdvetal kohovtag to Py INCREF () dtav
1 avopopd duouvpyeitol Kou aehevbepmvetal e Py DECREF () OTOV SLOYPAPEL 1] AVA(pOpdL.

H ouvaptnon Py_NewRef () wmopei vo xpnoluosotn0el yia tn dnuiovpyia Loyupmg avapopaig oe éva
ovrikeipevo. Zuvnbwe, 1 cuvaptnon Py DECREF () mpémel vo KOAELTOL 0TV Loyvpn ovopopd oLy
ByeL amd o VPOg TG LOYVPNG AVAPOPACS, VLo VO, ATtopevy el 1) dLopPoT) LLOG AVOPOPAS.

BA. emtiong borrowed reference.

KWOKOTOIN01 KENEVOY
Mo ovpporooelpd otnv Python eivor por axorouBia onueimv kodika Unicode (oto eVpog U+0000-
U+10FFFF). ['a va armoOnkeVoeTe 1 Vo UETAPEPETE WO CUUBOLOCELPA, TPETEL VO OELPLOTTOLNOEL WG
duadikn axolovdia.

H oeipromoinom pog oupforooelpds oe o dSuadiki| akohovbio elval yvwoTy g «KmILKOToinon» , Kot
N avodnuovpyia g oupporooelpds amd v dvadiki| akohovdia elvol Yoot mg «aToKmOLKoTol-
non».

Ymdpyel pia otkihio SLopopeTLKNG GELPLOTOLNOMG KELWEVOU codecs, oL 0Tolol CUALOYLKA avapépovTal
WG «KMOUKOTOLNOELG KEWWEVOU».

OPYELO KEWUEVOY
'Eva file object tkavd va SLaf3ael Ko vo YpAgpeL avitkeipeva str. Zuyvd, EVo apyelo KELWEVOL UTOKTA
TPOYUOTLKA TTPOOPaoT 0€ wo. por) duadiky) por) dedopuévarv Kat xelpiletar avtduota TV text encoding.
Mapadeiypato apyeimwv KEWEVOD eivat apyeio Tov avoiyouv o Aettovpyio kKewévou ("r' 1 "w'), sys.
stdin, sys.stdout, kot oTLyudTUITO TOV i0. StringIO.

BA\. emiong binary file yio éva avitkeipevo apyeiov pe duvatdtnta aviryvoong Kat eyypapng dvadikd
(ZV‘L’LKSL’HEV(X.

ouuPOAOCELPE TPUTAMY ELCAYWMYIKOV
Mo ouporooelpd Tov dECUEVETAL OO TPELS TEPUTTMOELS ELTE EVOG ELOAYWYLKOV (») 1] OG ATOTTPO-
@ov (). Av Ko deV TaPEXOUV KOULa AELTOVPYLKOTNTO TTov deV givar diadéoun pe ovuporooelpés e
ROV ELOAYWYLKA, €ivol YPTIOLUES YO LapOPOVg AOYOUGS. Z0G ETLTPETOUV VO, CUMITTEPIAAPETE LOVA KoL
ALTAG ELOAYYLKA Y wpig dLopuyn) 0 (o CUUBOAOCELPG KoL UWITOPOUV VO. EKTEIVOVTAL OF TOMES VPO~
UEG YWPLG TN XPNON TOV YOPAKTHPA GUVEXELD, KOOLOTOVTOG Ta LOLaiTEPa XpNoLUa Kotd T ovvtagn
eyYPAPoV ue ouporooelpéc.

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 as its __class___ attribute or can be retrieved with t ype (ob7j).

type alias
"Evo. GUvV@VUUO Y10 VAV TUTTO, TTOV dMuovpyeitan pe v avafeon Timov oe Vo ovoryvwpLoTiKo.

Ta type aliases eival ypnowua yio v amhomoinon rype alias. Two tapaderypa:
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def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuple[int, int, int]]:
pass

WITOPEL VoL YIVEL TTL0 EVAVAYVOTO dTTWG:

Color = tuple[int, int, int]

def remove_gray_shades (colors: list[Color]) -> list[Color]:
pass

B\ typing kouw PEP 484, mov mepuypdepel authv tnv hettovpytkdtnta.

type hint
"Evag annotation wov KaBopilel TovV avapevouevo THIo yLo. (ol LETABANT, £va XopaKTpLoTko KAdong

1] WL TTOLPAUETPO CUVAPTNONG 1) TLUT) ETLOTPOPNG.

O vtodeikelg Timmy (type hints) eivar wpoonpetikéc Kal dev emBaiovran amd v Python, alld eivon
YPHOWES YL static type checkers. Mmopolv emiong va fondnoouvv tovg IDEs pe t ovumhpwon Kot thy
AVOSLAUOPPOOT KMOLKAL.

YmodeiEeig tomov (type hints) yia Kabolkég petafintésg, xapoakKTnplotkd KAAoNG Kou cuvopti-
oelg , aAAG OxL TOTLKEG UETAPANTES, UTOPOUV VO TTPOOTELOCTOUV YPNOLWOTOLDVING TO typing.
get_type_hints ().

B\. typing xouw PEP 484, mou mepLypdgper autiv Ty AeLToupyLtkotnTa.

Ka0oMKEg VEES Ypaupés
"Eva TpOTTog epUNVELNG pOMV KEWWEVOU GTOV 0TT0l0 OAa To akOAOUO avaryvwpilovtol mg MEELG wag
ypouung: 1 ovppaon téhovg ypapurhg tov Unix '"\n', 1 oVupaon tov Windows '\r\n', Kou v na-
Mé ovuPaon Macintosh "\ r'. Br. PEP 278 xou PEP 3116, xa0d¢ Kaw bytes.splitlines () ywo
pdodeTn yphHom.

annotation petafinrig
'Evag annotation o, PeToPANTIG 1] VOGS YOPOKTNPLOTLKOU KAAOTG.

‘Otov annotating puo PeTo AT 1 £va xopakTnpLotikod KAdong, 1 avdbeon eivol TpoapeTikn:

class C:
field: 'annotation'

Ta annotations HETAPANTOV XPNOLUOTOLOVVTAL CUVIOWGS YLOL 1ype hints: Y10 TOPAdeLyuo auth N LeTaPAnTy
ovouévetal vo Al Tiég int:

[count: int = 0 }

H ovvtoEn annotation petafAntig mepLypdgpetal oty evOTITO annassign.

BA\. function annotation, PEP 484 xouw PEP 526, mov meprypdpouv auty| T Aertovpyia. Aegite emiong
annotations-howto yia. BENTLOTES TPOAKTIKEG OYETIKA UE TNV EPYOTIO e OXOMAOUOVC.

virtual environment
'Eva. ovvepyatikd ommoiovouévo mepLBAALov ¥pOvVoU EKTELEDTG TTOV ETLTPETEL OTOVGS YPNOTEG KOL TLG
epapuoyég g Python va eykatootmoovv Kot va avofabuicovv mokéta diavoung Python ywpig va
mopeufaivouv ot ovuTEPLPOoPE AWV epapuoymv Python tou ektehovvtol 0to idto cuoThua.

B. emiong venv.

virtual machine
"Evog vitohoylotig opileton €€ ohokApou amd to Aoyioukd. H eucovikr| unyavn tg Python extelei to
bytecode mov eXTTEUTETOL ATTO TOV peTayAwTTioT)) bytecode.

Zen g Python
Katdhoyog oyedlaotikdv apydv KoL QLLOCOQLOV TTOV EIVOL XPTNOLUES YLO TNV KATOVONOoT KoL T 10T
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™g Yhwooog. O Katdhoyog umopet vo Bpedel minktporoydviog «import this» oty dLodpaoTiky
KOvGOLa.
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About these documents

These documents are generated from reStructuredText sources by Sphinx, a document processor specifically written
for the Python documentation.

H avamtuEn tov eyypdewv kol Tov epyaleimv Toug eivat e€” ohokApou eBehovtiki] TtpoomtddeLa., dwg Kat
1 idua 1 Python. Edv 0éhete va ouvelopépete, piEte wa potid oty oelido reporting-bugs yio Anpogopieg
OYETIKEG e TO TG VO, To Kdvete. Kawvouprol eBehoviég eivan mavta 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;
« 7o Docutils tpdtlekt yio v dnuovpyio tmv epapuoydv reStructured Text ko Docutils:

o Fredrik Lundh yia to 61k6 Ttou Alternative Python Reference mpdtlext amd 1o omoio to Sphinx mpe ol
KoAég LOgec.

B'.1 Contributors to the Python Documentation

IMoAhol GvBpwmoL éxovv ouvelopéper otn yAwooo Python, tnv Bupiobnkn g Python, kol to €yypago tg
Python. Aeite Misc/ACKS otig mtnyég dravoung g Python yia wo Aoto tov ouvieheotav.

Movo e T ouUBoAT| KoL TIG CUVELOQOPEG THG KoLvotntag tg Python, 1 Python €yeL tétola vépoya éyypapa
- Zag evyopLotovpe!
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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:
/Iwww.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://www.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.

‘Ekdocn Mpoepxduevn and ‘Etoq Idloktnoia  GPL compatible?
09.0éwg 1.2  d/v 1991-1995 CWI VoL
13émg1.52 1.2 1995-1999 CNRI Vol
1.6 1.5.2 2000 CNRI OyL
2.0 1.6 2000 BeOpen.com &y
1.6.1 1.6 2001 CNRI oYL
2.1 2.0+1.6.1 2001 PSF oL
2.0.1 2.0+1.6.1 2001 PSF vou
2.1.1 2.1+2.0.1 2001 PSF valL
2.1.2 2.1.1 2002 PSF VoL
2.1.3 2.1.2 2002 PSF VoL
2.2 xou whvey  2.1.1 2001-onuepo.  PSF Vo

Enueiwon: 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.
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Xapm, otovg morhoVg eEmTepLkolg e0ehovteg Tov epydotnKav Katm amd Tig 0dnyieg Tov Guido, avtég ot
eKOO0ELS EYLVALY EPLKTEC.

.2 Opol kaL nipoumoBbEoeLg yLa TNV npéopacn n} TNV XPrion tTng
Python pe aAAoug tpomnoug

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.

Kdémolo Aoyioukd mou givan evowuatmuévo otny Python eivoar vd dragpopetikég adeteg ypnons. OL adeteg
ToPOTOEVTAL (LE KMOLKO TOV EUTTLTTTEL 08 AUTHV TNV Gdeia. Agite Adeies ko Evyapioties yio Evewuatwuévo
Aoyioukd yuow puoL EAMTTN MOTa AUTOV TV 0dELmV.

M.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.11.13

1. This LICENSE AGREEMENT is between the Python Software Foundation.
— ("PSF"), and

the Individual or Organization ("Licensee") accessing and otherwise.
—using Python

3.11.13 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 3.11.13 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 3.11.13 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 3.11.13 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
3.11.13.

4. PSF is making Python 3.11.13 available to Licensee on an "AS IS" basis.

PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY..
—OF

EXAMPLE, BUT NOT LIMITATION, PSEF MAKES NO AND DISCLAIMS ANY..
—REPRESENTATION OR

WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR.
—THAT THE

USE OF PYTHON 3.11.13 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.
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5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.11.13

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A._
—~RESULT OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.11.13, OR ANY.
—~DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOEF.

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, .
—O0r any

third party.

8. By copying, installing or otherwise using Python 3.11.13, Licensee.

—agrees
to be bound by the terms and conditions of this License Agreement.

r2.2 ZYMoQNIA 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,
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
(ouvéyela oty emtopevn oehida)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)
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
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 THEREOEF.

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

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

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.

r.2.4 XYMoOQNIA AAEIAZ CWII'lA 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.

M.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.11.13
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.

M.2. Opol kal poiinmoBeoeLg yia Tnv npoocpaon 1 tnv Xprion tng Python pe aAAouqg tponddy
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.3 Adeleq katL Euxaplotieg yia Evoopatwpévo AOYLOULKO

Avti M evotita givor o nutelic, odd avEavouevn Moto adewmv KoL EVapLoTImV Yo, AOYLOWKO Tpitmv,
IOV EVOOUOTOVETOL 0TV dtavour| 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,
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)
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M.3.2 Sockets

H evdtnta socket ypnopomotel 1ig ovvaptoels, getaddrinfo (), koL getnameinfo (), Ta 0moio €OV

viomon0ei oe draopetikd apyeia amd to WIDE 'Epyo, https://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.

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.

r.3. Adeleq kat Euxaplotieg yia Evowpatwpgvo AOyLOHLKO

109



https://www.wide.ad.jp/

Python Frequently Asked Questions, Anpocicuon 3.11.13

M.3.4 Awaxeipion Cookie

H evomto http.cookies mepléyel TV mopaKdT® E100TOINON:

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.

M.3.5 Avixveuon eKTéAeong

H evomto t race mepiéyel v TapokdTm eL00TOiN0:

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.

110 Mapaptnua I'. lotopia kat Adsla




Python Frequently Asked Questions, Anpoocicuon 3.11.13

M.3.6 Zuvaptnioelg UUencode kat UUdecode

H evomto uu mepLéyet v mopakdtm domoinon:

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
version is still 5 times faster, though.

- Arguments more compliant with Python standard

M.3.7 KAjoelg Anopakpuopevng Awadikaciag XML

H evomto xmlrpc. client mepiéyel v mopakdtw e1d0moinon:

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. 1IN 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.
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".3.8 test_epoll

H evomto test.test_epoll mepLéyet TV TAPaKATm ELOOTOIMON:

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
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 EmAoyn kqueue

H evomta select mepiéyel tv mapokdtm ewdomoinon yio v kqueue diemagpi):

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. 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.
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r".3.10 SipHash24

To apyelo Python/pyhash.c mepiéyxer v vhomoinon tov Marek Majkowski tov olyopiBuov tov Dan
Bernstein, SipHash24. Autd mepléyel v mapakdatm 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>

Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

M.3.11 strtod kau dtoa

To apyelo Python/dtoa. ¢, mov mopéyel TG ovvaptnoelg dtoa ko strtod tng C yio petatpormt) twv C doubles
7TPOG Ko atd strings, Tpoépyetat amd to oudvupo apyeto tov David M. Gay, mtpog to mopdv diabéoiuo amod
https://web.archive.org/web/20220517033456/http://www.netlib.org/fp/dtoa.c. To apykod apyeio, OTWG AvaKTY)-
Onke otig 16 Maptiov, 2009, mepiéyet ta akOAOVOa TVEVUATIKG SUKOLDUOTA KOL TNV ELOOTOIN0N 0dEL0dOTN-

ongc:

/****************************************************************

*

* The author of this software is David M. Gay.
*

Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

* % of

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

* % 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.

*

***************************************************************/
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r.3.12 OpenSSL

Ou povédechashlib, posix, ssl, crypt xpnotpnomorovv thv Bifiiodnkn OpenSSL yia emuthéov amddoon,
eqv dratifevton amd to hettovpykd ovotnua. Emumhiéov, ta mpoypduuota eykatdotaong yio v Python yio
Windows ko macOS, evdéyetar va mepthapfiavouy éva avtiypago twv Bipiodnkdv OpenSSL, erouévog ov-
usepthapupavouue eva aviiypago g aderag OpenSSL €d®. Tia tnv €ékdoon OpenSSL 3.0 ko yua vedTtepeg
€KOO0ELS TTOV TPOEPYOVTOL aTtd auTh, LoyveL 1) ddela Apache v2:

Apache License
Version 2.0, January 2004
https://www.apache.org/licenses/

TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

1.

Definitions.

"License" shall mean the terms and conditions for use, reproduction,
and distribution as defined by Sections 1 through 9 of this document.

"Licensor" shall mean the copyright owner or entity authorized by
the copyright owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all
other entities that control, are controlled by, or are under common
control with that entity. For the purposes of this definition,
"control" means (i) the power, direct or indirect, to cause the
direction or management of such entity, whether by contract or
otherwise, or (ii) ownership of fifty percent (50%) or more of the
outstanding shares, or (iii) beneficial ownership of such entity.

"You" (or "Your") shall mean an individual or Legal Entity
exercising permissions granted by this License.

"Source" form shall mean the preferred form for making modifications,
including but not limited to software source code, documentation
source, and configuration files.

"Object" form shall mean any form resulting from mechanical
transformation or translation of a Source form, including but
not limited to compiled object code, generated documentation,
and conversions to other media types.

"Work" shall mean the work of authorship, whether in Source or
Object form, made available under the License, as indicated by a
copyright notice that is included in or attached to the work

(an example is provided in the Appendix below) .

"Derivative Works" shall mean any work, whether in Source or Object
form, that is based on (or derived from) the Work and for which the
editorial revisions, annotations, elaborations, or other modifications
represent, as a whole, an original work of authorship. For the purposes
of this License, Derivative Works shall not include works that remain
separable from, or merely link (or bind by name) to the interfaces of,
the Work and Derivative Works thereof.

"Contribution" shall mean any work of authorship, including
the original version of the Work and any modifications or additions
to that Work or Derivative Works thereof, that is intentionally
submitted to Licensor for inclusion in the Work by the copyright owner
or by an individual or Legal Entity authorized to submit on behalf of
the copyright owner. For the purposes of this definition, "submitted"
means any form of electronic, verbal, or written communication sent
(ouvéyela oty enopevn oehida)
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to the Licensor or its representatives, including but not limited to
communication on electronic mailing lists, source code control systems,
and issue tracking systems that are managed by, or on behalf of, the
Licensor for the purpose of discussing and improving the Work, but
excluding communication that is conspicuously marked or otherwise
designated in writing by the copyright owner as "Not a Contribution."

"Contributor" shall mean Licensor and any individual or Legal Entity
on behalf of whom a Contribution has been received by Licensor and
subsequently incorporated within the Work.

2. Grant of Copyright License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
copyright license to reproduce, prepare Derivative Works of,
publicly display, publicly perform, sublicense, and distribute the
Work and such Derivative Works in Source or Object form.

3. Grant of Patent License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
(except as stated in this section) patent license to make, have made,
use, offer to sell, sell, import, and otherwise transfer the Work,
where such license applies only to those patent claims licensable
by such Contributor that are necessarily infringed by their
Contribution(s) alone or by combination of their Contribution (s)
with the Work to which such Contribution(s) was submitted. If You
institute patent litigation against any entity (including a
cross—claim or counterclaim in a lawsuit) alleging that the Work
or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate
as of the date such litigation is filed.

4. Redistribution. You may reproduce and distribute copies of the
Work or Derivative Works thereof in any medium, with or without
modifications, and in Source or Object form, provided that You
meet the following conditions:

(a) You must give any other recipients of the Work or
Derivative Works a copy of this License; and

(b) You must cause any modified files to carry prominent notices
stating that You changed the files; and

(c) You must retain, in the Source form of any Derivative Works
that You distribute, all copyright, patent, trademark, and
attribution notices from the Source form of the Work,
excluding those notices that do not pertain to any part of
the Derivative Works; and

(d) If the Work includes a "NOTICE" text file as part of its
distribution, then any Derivative Works that You distribute must
include a readable copy of the attribution notices contained
within such NOTICE file, excluding those notices that do not
pertain to any part of the Derivative Works, in at least one
of the following places: within a NOTICE text file distributed
as part of the Derivative Works; within the Source form or
documentation, if provided along with the Derivative Works; or,
within a display generated by the Derivative Works, if and
wherever such third-party notices normally appear. The contents

(ouvéyela otV entopevn oehida)
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of the NOTICE file are for informational purposes only and
do not modify the License. You may add Your own attribution
notices within Derivative Works that You distribute, alongside
or as an addendum to the NOTICE text from the Work, provided
that such additional attribution notices cannot be construed
as modifying the License.

You may add Your own copyright statement to Your modifications and
may provide additional or different license terms and conditions
for use, reproduction, or distribution of Your modifications, or
for any such Derivative Works as a whole, provided Your use,
reproduction, and distribution of the Work otherwise complies with
the conditions stated in this License.

5. Submission of Contributions. Unless You explicitly state otherwise,
any Contribution intentionally submitted for inclusion in the Work
by You to the Licensor shall be under the terms and conditions of
this License, without any additional terms or conditions.
Notwithstanding the above, nothing herein shall supersede or modify
the terms of any separate license agreement you may have executed
with Licensor regarding such Contributions.

6. Trademarks. This License does not grant permission to use the trade
names, trademarks, service marks, or product names of the Licensor,
except as required for reasonable and customary use in describing the
origin of the Work and reproducing the content of the NOTICE file.

7. Disclaimer of Warranty. Unless required by applicable law or
agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any
risks associated with Your exercise of permissions under this License.

8. Limitation of Liability. In no event and under no legal theory,
whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even if such Contributor
has been advised of the possibility of such damages.

9. Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,
and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this
License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason
of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS
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.3.13 expat

H enéxtaon pyexpat MUWOUPYELTOL XPNOLUOTOLMVTAG £VO CUWTEPINOUBOVOUEVO OVTLYPAPO TV TTIYMV
expat, ektOg edv 1) €kdoom €xeL TNy pUOULON ——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 libfli sources unless the build is configured
——with-system—-1libffi:

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 eméxtaon z1ib dnuovpyeital ¥p1oLUoTOLmMVTAS VO, CUUTEPIAAUBAVOUEVOL avTiypapo Tov Tnydv zlib,
eqv 1 £xdoom Tov zlib wov BpiokeTol 0To CVOTNUO ELVOL TTOA) TTOME YLOL VAL X PN OLULOTTOLNOEL YL TNV KATOOKEVT):

N

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 vhomoinon tov mivaKa KoTaKepUATIONOU OV xpnotiomoteital amd 10 tracemalloc faociletol oto €pyo
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
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

(ouvéyela oty enopevn oehida)
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(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—-libmpdec:

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. 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.

.3.18 W3C C14N ocouita SoKLUNiG

H covita doxiurig C14N 2.0 oto mokéto test (Lib/test/xmltestdata/c14n-20/) avaxtibnke amxd
tov totdtomo tov W3C https://www.w3.0org/TR/xml-c14n2-testcases/ kot drovéuetor pe thv 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:

* 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

(OUVEyELD TNV ETTOUEVY] GEMDO)
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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.

r".3.19 Audioop

To module audioop ypnowwomotel wg Baon kKmdika tov apyeiov g771.c Tov épyou Sox. https://sourceforge.net/
projects/sox/files/sox/12.17.7/s0x-12.17.7 .tar.gz

Avuto o nyaiog kmdikag eival Tpoidv tng Sun Microsystems, Inc. Ko wopéyetal yLo omepLopLoTh
xphHon. Ou %pfoTeEG UTOPOVV VO OVTLYPAPOUV 1] VO TPOTOTOLOOUV OUTOV TOV TTNYoio KmALKa

YWPLS YPEWOT.

O [MTHT'AIOZ KQAIKAZ TOY SUN ITAPEXETAI OIIQX EXEI XQPIY KANENOZ EIAOYZ ET-
I'YHZEIX XYMIIEPIAAMBANOMENQN EITYHXEQN ZXEAIA>MOY, EMIIOPEYZIMOTH-
TAZ KAI KATAAAHAOTHTAZ I'TA 2YTKEKPIMENO ZKOIIO ‘H ITIOY ITPOKYTITEI AITO
KATIOIA ITOPEIA XYNAAAATHZ, XPH>XHX 'H EMITOPIKHZ ITPAKTIKHZ.

O myaiog KmdLkog Tov Sun TapEYETOL YWPIg TV VITOOTHPLEN Ko wpig Kauio voypEwon) ek ué-
povg g Sun Microsystems, Inc. va fon01oeL otnv xpnomn, oty S1dpOwon, Tpomomoinon 1 fertimon
TOV.

SUN MICROSYSTEMS, INC. SHALL HAVE NO LIABILITY WITH RESPECT TO THE
INFRINGEMENT OF COPYRIGHTS, TRADE SECRETS OR ANY PATENTS BY THIS
SOFTWARE OR ANY PART THEREOF.

Ze Kapia sepizmtworn 1 Sun Microsystems, Inc. dev @épel evOUVH yLoL TUXOV OTTOAELD EGODWV 1)
KepdWV 1N dAheg e1dIKES, Euueoeg Kat emakOlovbeg Tnuieg, akoun kol av 1 Sun €yl eviuepwoei
Yol TV TTOavOTHTA TETOLWV TNILOY.

Sun Microsystems, Inc. 2550 Garcia Avenue Mountain View, Koligpdpvio 94043

".3.20 asyncio

Mépn g evotitag asyncio evomuatmvoviol amd to uvloop 0.16, 1 omoia dwavéuetar ue ddewa MIT:

Copyright (c) 2015-2021 MagicStack Inc. http://magic.io

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.

(ouvéyela oty enopevn oehida)
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https://sourceforge.net/projects/sox/files/sox/12.17.7/sox-12.17.7.tar.gz
https://github.com/MagicStack/uvloop/tree/v0.16.0
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)
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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nAPAPTHMA £\’

Copyright

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 010 lotopla kar Adea Yo TPNG TANPOQOPNON OYETIKE te TNV AdeLa YpNoNG Ko Tig eE0V010d0-
THOELS.
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