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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 1
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.
« 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:
« The suffix for an alpha version is «aN» for some small number N.

o The suffix for a beta version is «<bN» for some small number N.
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o The suffix for a release candidate version is «rcN» for some small number M.

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/.

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.
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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. :)

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. Python 3.x is the recommended version
and supported by most widely used libraries. Python 2.x 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.
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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.

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:

>>> I, = []

>>> dir (L)

['_add__ ', '_class_ ', '__contains__ ', '__delattr__ ', '__delitem_ ',
' _dir_ ', '__doc__', '_eqg ', '__format__ "', '__ge_ ',

' __getattribute_ ', '_ _getitem_ ', '__gt_ ', '__hash_ ', '__iadd_ ',
' imuwl_ ', ' dinit_ ', '__diter ', '_le_ ', ' _len_ ', '__1t_ "',

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

(ouvéyela oty eV oehida)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)
' 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)
>>> I,

[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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FAQ lMpoypaupatiopou

2.1 N'evikég EpwtnosLg

2.1.1 Ynapxel npoypappa eVIOMIONOU CPAAHATWY OE EMIMESO Tnyaiou Kw-
Olka pe onueia dlakomnig , He €va Briia KAT.;

Noau.

ITol\oi evromiotég opoludtmy yio Tv Python mepLypdpoviol mopakdtm Kat 1) EVOOUATOUEVT] CUVAPTNOT|
breakpoint () 04g emTPENTEL VO UETOPEITE GE OTOLOONTOTE OTTO AVTA.

To pdb module givor évo amhd odhd emapkég mpdypapue EVIOTIOUOU GQROALETOV G AELTOVPYI0 KOVOOAOG
yioe tnv Python. Eivow uépog g tumikng Bufiodkng Python kau eivar documented in the Library
Reference Manual. Mmopeite eniong va ypdapete To d1KO 60 TPdYPUUUA CPAMLATMY YPNOULOTOLMVTOS
oV KOdika yio to pdb og mapdderypa.

To dLadpaotikd meptBdihov avamtuEng IDLE, to omoio arotelel uépog g Tumiktg dtovourg Python (cuvi)-
Owg drabéapo g Tools/scripts/idle3), mov mepthauBaver Eva ypamiko Tpdypauua EVIOTLOUOU OQOAMATOV.

To PythonWin eivaw éva Python IDE mov mepihaufiaver éva mpdypoupa evromopnot opaiudtmv GUI mov
Baoileton og pdb. To mpdypaupa evromopoV opaipdtwv PythonWin ypwuotiCer ta onueio dLokomng Ko €xeL
OPKETA MPaio XOPAKTNPLOTIKA, OTTmG TOV EVIOTLOUO OPOAMLETOV O€ TPoypauuota tov dev eivor PythonWin.
To PythonWin givor dta0éoipo wg uépog tov pywin32 €pyou kow g uépog tng dtovoung ActivePython .

To Eric givaw éva IDE mov facileton oto PyQt kau to component eneEepyaociog Scintilla.
To trepan3k givor éva TpOYPAUUO EVTOTLOUOY GROAUATOV Tapduoto pe to gdb.

To Visual Studio Code eivai évog IDE pe epyadeio eVTomopo oQaiidTmV Tou EVOOUATMVETAL LE AOYLOUWKO
ehéyyou €kdoonc.

Yrndpyer évag apbudg eumopikdv Python IDEs mov meplapfdvouy ypopLkoug eVIomioioVs opaALdToOY.
Avtd mepihapfavouy:

« 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 To. GQAALOTA VOPLTEPO.

"Eleyyol otatikol tomov dmwg Mypy, Pyre, kaw Pytype umopei va ehéyEer vmodei&elg timov otov mnyaio Km-
ouka g Python.

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

Aev ypeLdLeote TNV duvatdtnTo peTtaylwttong kwduka Python oe C, edv To ndvo mov Bélete eivon €val stand-
alone TPOYPOUUO TTOU OL YPNOTEG WTOPOUVV VAL KATERATOUV KOl VO, EKTEAECOUV YWPLG VO YPELATETOL VO VKO-
TAOTHoOLVY TPMTO TV dtarvour| T Python. Yrdpyer o ogpd amd epyaieia mov kabopitouv 1o ovvolo Tmv
modules ov amartovvTol oo Eva mpodypauna Kot ovvdéovy owtd to. modules pali pe Eva dvadikd apyeio
Python yia va tapay0ei €vo povo exteléopo.

To éva eival va, XP1NOLULOTTOLOETE TO EPYOULELD TOYMUOTOS, TO OTTOL0 TEPLMAUPAVETOL OTO SEVTPO TTYOALOUV TG
Python wg Tools/freeze. Metatpémer dvadikd kahdiko Python oe C mivakece ue évav C HeTayhwTTioT WIopeite
Vo evoopatdoete Oho To. modules 6ag o€ £va VEO TPOYPAUUA, TO OTOLO OTH OUVEXELQ CUVOEETOL [LE TOL TUTTLKG.
Python modules.

AELTOVPYEL OOPDVOVTAG TOV TTNYALO KDOOLKO avadpoukd yio dnhmwoelg eloaywyng (Ko otig d00 noppés)
Ko avalntdvrog to modules otnv Tumikn dradpoun) Python kabwg Kau otov Katdhoyo mpoéhevong (Yo v-
ocopoatopéva modules). Ztnv ovvéyela yupitet ta bytecode yio modules mov eivar ypaupéveg oe Python og Ko-
duko C (initializers stivokao OV WITOPOUV VO LETATPATOVY O€ AVTLKELUEVA KDOILKA YPNOLLOTOLMVTAGS TO marshal
module) Ko dNUOUVPYEL VO TPOTAPUOCUEVO 0PYELD DLAUOPPWONG TOV TTEPLEYEL WOVO EKELVOL TAL EVOOUATO-
uévo. modules 7OV Y PNOLUOTOLOVVTOL TPAYUATIKA OTO TIPOYPAUUO KOL TO CUVOEEL UE TOV VITOMOLTTO dLepunvER
Python yia v oynuatiogt évo autdvouo duvadikd apyeio mov Aertoupyel axpifwg 6mwg To OEVAPLO GG,

To TopaKaT® TAKETO WTOPOVV va. oag Bondnoouy yia Ty dnuovpyia ekteréoumy Kovoorag ko GUI:
o Nuitka (Cross-platform)
« Pylnstaller (Cross-platform)
« PyOxidizer (Cross-platform)
o cx_Freeze (Cross-platform)
o py2app (macOS povo)
o py2exe (Windows puovo)

2.1.4 Ynapyouv mpoturna Kwdikomnoinong r; odnyog OTuA yLa mpoypdappata
Python;

Nauw. To oTv)h KOdLKOTOiNong 7Tov astarteiton Yo o Tumttkd modules BifiioOnkng texunpiwvetor wg PEP 8.

2.2 Baown Nwooa

2.2.1 MNarti Aappavw €va UnboundLocalError 6tav n petafAntn €XEL pLa TLUN;

Miropel vo eivon £kmAngn va Mafete to UnboundLocalError 08 KOSIKA TOU AELTOUPYOVOE PO YOUUEVIG
OTAV TPOTOTOLEITOL TPOOOHETOVTOG (o SNAWON EKYDPNONG KATOU 0TO GMOUC ULOG GUVAPTNONG.

Avtd 0 k®dKag:

>>> x = 10
>>> def bar():
print (x)

(ouvéyela otV exopevn oehida)
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>>> Dbar ()
10

(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

douvlevel, oG aVTOG 0 KOILKAGC:

>>> x = 10

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

KatalM)yeL o€ éva UnboundLocalError:

>>> foo ()

Traceback (most recent call last):

UnboundLocalError: local variable 'x

A}

referenced before assignment

Avutd ovufaivel emeldn otov Kavete wa avdbeon oe wa Leta ANty oe £va gVpog, ot 1 LetaAnTy yiveton
TOTLKY] OF QUTO TO EVPOG KoL OKLALEL 0TTOLOdNTTOTE UETAPANTY] e TapOUoLo Ovouo 0To eEwTepLKo evpog. Epod-
ooV 1 Tehevtaia TpdTaon oto foo eXywPEL o vEa TLUT 0TO X, O LETOYAMTTLOTHG TNV OVOYVOPILEL WG TOTTLKY
uetofnTn. Katd ovvénela dtav 1 mponyoduevn print (x) emyelpel va ektummaoel TV uninitialized tostuky

UETOLANTN KO TTPOKVITTEL GPAIUL.

3T0 TAPOTTAV® TAPASELYLLD, UWITOPEITE VO ATTOKTNOETE TPOOPaoN 0T petafhnt) eEmtepikot evpoug dnim-

VOVTOG TV 0G KOOOMKN:

>>> x = 10

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

>>> foobar ()
10

Avti 1 prT dNAwon astatelTon yia vo oag vreviuuioel 6t (o aviifeon pe TV emLpAVELOKG avAloyn Ka-
TAOTOON UE TIG UETAPANTEG KAAONG KAl OTLYUWOTUITOV) 0TV TPAYUOTIKOTNTO TPOTTOITOLEITE TNV TLUT| TNG UE-

TAPANTNG 0TO EEWTEPLKO TTEDiO:

>>> print (x)
11

Miopeite va kdvete K4t mapdupoo oe éva £vBeto medio ypnolpomoldvrag T AEN khewdi nonlocal:

>>> def fool():

x = 10
def bar():
nonlocal x
print (x)
X += 1
bar ()
print (x)
>>> foo ()
10
11
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2.2.2 Mool eival oL Kavoveg yla TLG TOTILKEG Kal TLG KAOOALKEG HETABANTEQ
otnv Python;

Ztnv Python, ou petafintég mov avapépovial ovo Héoo o€ o GuvapTon eivan éupeco Kabohkés. Edv oe
(oL LETOPAN TN EXYWPNOEL pLaL TLUT) 0TOVITTTOTE UECH 0TO OMWUN TG CVVAPTNONG, Oewpeitar OTL elval TomuK,
eKTOG oV ONAWOEeL pNTd wg KaBOMK.

Av ko gival Aiyo éktinEn oty apy, avtd to eEnyel wa otryun. Amd t pia thevpd ) amaitnon global yio
EKYWPNUEVEG UETABINTEG TTaPEXEL UL YPOUUY EVOVTL OVETLOVUNTWYV TTaLpEVEPYELDV. ATt TNV GANY, GV aTaiL-
teitor global yia Oheg TG Kabohkég avapopés, Ba ypnowomotovoate global Ok v wpa. Oa Emxpemne
vo. MNhwoete wg KAOOMKT KAOE avopopd 08 o EVOOUOTOUEVT) LELTOVPYIO 1) O £VOL OTOLYELD VOGS ELOAYO-
uevov module. Avti) 1 axotaotacio o viknoer Ty ypnowodTTa T dMlwong global yia TOV EVIOTLOUO
TTOPEVEPYELDV.

2.2.3 lNarti Ta lambdas mnou opifovtal oe €vav BpOX0 HE SLaPOPETIKEG TLHEQ
ETLOTPEPOUV OAa TO iBLO ANOTEAECHQ;

Acg voBéoovue 6T ypnotpomoteite Evav Bpoyo for yua va oploete pepikd dapopetikd lambdas (1) axoua kot
ATAEG GUVOPTNOELS), TT.Y.:

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

Avtd oag divel wo Aota wov mepLéyel 5 lambdas wov vitoloyiovy to x* * 2. Mmopel va mepiuévete dti, dtav
KaAéoete, Oa eméotpepay, aviiotowya, 0, 1, 4, 9 kau 16. Qotdoo, dtav dokiudoete mpaypotikd Oa deite OTL
Oha eTLOTPEPOVV 1 6:

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

Avtd ovpBaiver emeld) To x dev eivor Tomkd yia o lambdas, aAhG opiletar oto eEmteplkd evpog Ka gi-
vou Tpoofdotpo otav to lambda Kaheitar — Oyl 6tav opiletal. 1o Téhog Tou BPOYoU, M TL TOU X ival 4,
EMOUEVIG OLEG OL CUVAPTOELG ETLOTPEPOVY TOPQ 4 * *2, dnhadn 1 6. Mmopeite emiong va to enaindevoete
oAAGTOoVTOG TV T TOV X Ko Ogite Twg aAhAlovv ta amoteréopota Tov lambda:

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

To v To amopuyete ovtd, TPEmEL Vo amoOnKeVoeTe TG TIEG o€ PeTaPANTég Tomkég oto lambda, £tol wote
vo v paoifovror oty Tur Tov Kabolkov x:

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

Edw, To n=x dnuovpyel wa véa petafAnti) n tomikt oto lambda kot vitohoyiCeton dtav To lambda opileton
€TOL MOTE VO EYEL TNV 1OLAL TLUN TTOV ElYE TO x O€ EKEIVO TO ONUELO PfPdYov. Autd onuaiver OTL 1 T Tov n
Ba eivow 0 oto mpwto lambda, 1 oto devtepo , 2 0To TPiTo KOl OUTW KBeENG. Emouévmg kébe lambda Oo
EMLOTPEYEL TOPO TO CWOTO ATOTENETILOL:

>>> squares[2] ()
4
>>> squares[4] ()
16
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ZNUELMOTE OTL OUTH 1] CLWITEPLPOPE deV elvan LOLOUOPEPT Yo To lambdas, oA Lo VEL KOl YLl KAVOVIKEG AEL-
TOVPYiES.

2.2.4 Nwg porpalopal KABOALKEG petapAnteEg oe modules;

O Kavovikog Tpdmog Lo vo. LolpdLeote TANPoQopies HETAED TV AELTOUPYLKDOV LOVAdWY UECH OE €V, LOVO
mpoOYpouua givar 1 dnuovpyia evog ewdtkoy module (ouyva ovoudletor config 1) cfg). Amhwg eloaydyete to
module dioapudppwong oe dheg ta modules ™G epapuoyng oace to module otV Guvéyela yivetor dtabéouo
wg maykoouo dvopa. Emeldn vdpyer ndvo €va mapdderyna yio kaOe module , or alloyég mov yivoviol oto
avikeipevo tov module avitkatomTpiCovion mavtov. o mapaderyua:

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)

Adfete vtoyn 6T 1 xpnon evog module eivor emiong M AN YL TV EQOPUOYY TOU UOTIFOV 0YEdLAOUOV
singleton, yia Tov 810 AoYyo.

2.2.5 Moleq sival oL «BEATLOTEG TMPAKTLKEG» yla Tn XPnon import oe €va
module;

Cevikd, unv ypnoposoteite from modulename import *. KAt tétolo dNUoOvpYel pia 0KATooTo0io 0TO0
importer’s namespace, koL KaOLotd o dokoro Yo Ta linters v, evtomicouv ampoadidpLoto ovouaTa.

Ewsorywyn modules otnv Kopupt evog apyetov. Me autdv tov 1pdmo koot copég moto dhha modules astartel
0 KMOLKAG 0OG KOL OTTOPEVYOVTAL EPMTIOELG OYETIKA UE TO AV TO OVOUX TNG LOVAdOG elvol eviog mediov.
Xpnowomoldvtag éva import avd ypouun Kabiotd evkoln v mpoadnkn kol t diaypogi) module imports,
OAAG Y p1oLHOTTOLMVTAG TTOMOTAG Imports avd ypapung KatavaldveTat MyoTepog Xmpog oty 00ovr.

Eivol ko tpaktik edv elodyete module pe tnv akdrovdn oelpd:
1. tumkd module BiproONKNg - m.%. sys, os, argparse, re

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

3. tomkd avosttuypéva modules

MepLkég (popEG Elval ATOPALTNTO VO LETAKLVIO0VYV OL ELOAYMYEG OF [LOL GUVAPTNOT] 1] KAAOT YLOL VO OITTOQEV-
¥000v pofruata pe TG Kukhikég etoaymyéc. O Gordon McMillan Aéel:

O KUKMKEG eLoaymyEg elvol kKahég dtav Kan to d0 modules XpNOLUOTOLOUY T LOPEY ELOAYWYNG
«import <module>». Amotuyyavouv 6tav 1o 20 module 0éheL va mper Eva Gvoua atd To TPWTO
(«from module import name») Ko 1 ELOAYWYY] ELval 0TO KOpupaio emimedo. Autd cupufaivel emeldn
to pwto module Vol aTOoYOANUEVO UE TV ELOAYWYT] TOV 200.

e qUTHV TNV TEPLTTWON, GV TO deVTEPO Module ¥PNOLUOTOLELTOL LOVO GE [LeL GUVAPTNOT, TOTE 1) ELCAYOYT
witopet evkoha va puetapepbel péoa og auThv TV oVVAPTNOT. ATtO T OTLYWY TTOV KAAE(TOL 1) ELOOY®YT], TO
spdTo module o £xeL OLOKANPDOEL THV APYLKOTOINGT), KoL TO devTepo module pmopel va KAveL Ty eLoaymyr|
TOV.

Mitopei emmiong vo eivol aTopaiTNTO VO LETAKLVIOETE TIG ELOAYWYEG OUTO TO OVITEPO ETLTEDO KMOLKA, EGV
oplopéva amd to. module eivor CUYKEKPLUEVA YLOL TNV TAATQEOPUOL. Z€ QUTNV TNV TEPLITTWOT, EVOEYXETOL VOL UNV
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eivar kav dvvaty 1 elooywyn dhwv tov modules 0to emdvm HEPOG TOV APYEIOV. Z€ AUTHV TNV TTEPLITTWON, 1
eLoaywyn Twv omot®v modules 0TOV OVTIOTOLYO KOILKA Y10t CUYKEKPLUEVT TAATPOPLLOL ELVOIL (Lol KOAT) ETTLAOYT).

MeToKLVI|OTE TIG ELOOYWYES O€ TOTILKO TTedi0, OTTmG WETO 08 £vav opLopd oUVAPTNONG, WOVO eQV elval amapai-
™To va AuBel éva TpOPANUA 0TS 1) OTTOPUYT) OGS KUKALKTG ELOOY®YNG 1) €AV TPOOTAOELTE VO LELDOETE TOV
¥POVO TPOETOLUAOLOG LaG LOVAdAS. AUTY) 1] TEXVLKT] ELVOL LOLALTEPA YXPTOLUY EQV TOMEG OTTO TIG ELOAYWYEG
dev elval amopaitnteg avaloyo pe ToV TPOTO EKTELECTG TOV TPOYPAUUAToS. Mitopeite emiong va Bélete vo
UETOKLVIOETE TG ELOOYWYES O€ (o ouvapTNOoN €dv To. modules ¥PNOLUOTOLOVVTAL LOVO OE QUTHV TH CUVAP-
™on. AdPete vdYn OTL M POPTWOT evog module TV TP TN Popd uTopel va elval datavnpn AOYm TG MaG
opdg g apyLkomoinong tov module, olé 1 pOpTwON £vog module ToAAEG popég elvar axeddOV dwpedv,
KootiLovtag wovo peptkég avalntnoelg oe AeSiko. Akdua kou av to dvouo tov module £xel Eegpiyer oo o
medio eqpapuoyrg tov, To module eivar mbavadg dabéouo oto sys.modules.

2.2.6 MNarti potpalovral oL MPOETIAEYHEVEG TLHEG HETAEU TWV AVTLKELHEVWYV;

Avtdg 0 THTOg GPAAILOTOG GUVNOMG dUYKMVEL VEOPUELG TPOYPAUUOTIOTES. ZKEPTELTE AVTNV TN CUVAPTNON:

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

return mydict

Tnv TPWTY POPA TTOU KOAELTE QUTIHV TNV OUVAPTNOY], T0 mydict mepiéyel Eva pepovouévo ototyeio. Th dev-
TEPN POPA, To mydict mepLéyel dvo otouyeia yiati dtav to foo () Eekivd Ty extéleon, to mydict Eekiva
ue éva avtikeipevo 1oN puéoa.

Zuyvd avapévetor Ot o KAoT ouvapTtnong dMULOVpYel VEX OVTLKELUEVA YLOL TTPOETUAEYUEVES TIUES. Agv
ovppaiver autd. Ou TpoemAeyuévesg TLEG dNULOVPYOUVTAL AKPLB®G (o popd, Otav opiletat 1 ovvdptnom.
Edv autd to aviikeipevo aAlGEel, 6rtmg to AeEkd oe autd To TapddeLya, eTOUEVES KAOELG 0TV oVvapTNoN
Bo avapéPovTaL 08 AUTO TO AAMYUEVO OVTLKELUEVO.

EE oplopov, apetdfinta avitkeipeva 6mmg aptbuoi, ovuforooepéc, mhelddeg Kol None , gival ao@oif amd
aAhayég. Ov alhayég og petafintd avitkeipeva 6mmg AeELkd, AoTeg kal mopovoieg KMAoEWY Witopei va 0d1-
YOOV 0€ GUYYVON.

AdYo avtig TG duvaTOTNTAC, €lval KOAY TTPOKTLKY| TPOYPOUUATIOUOU VO UNV XPNOLUOTTOLELTE UETABANTA
AVTIKEIPEVO WG TPOoETmAeYUEVeES TWES. Avtifeta, ypnowwomoleiote None wg mpoemheyuévn Tt Ko uéoo
OtV oVvapTNoN, eEAEYETE edv 1) TapduETPOg ivan None koL dnuovpyhote o véo Aoto/ieEud/d,t kol av
etvar. T wopdderypo unv ypdapete:

def foo (mydict={}):

OANG:

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

Avti 1) duvortotnTa propel va eivan xpiowun. Otav €yete (o cuvapTnon mov eivol xpovopopa yio Tov vIto-
LOYLOWO, Lo KOLVT) TEYXVLKY ELvaL VO atoONKeVOETE TPOTMPLVAL TLG TAPOUETPOUG KOL TV ETLOTPEPOUEVT] TUUT|
K&Oe KM oNG 0TI CUVAPTNON KOL VO, ETLOTPEPETE TV TPOCWPLVE artoOnkevuévn Ty edv Tnendel Eavd m iduo
. Autd ovoudlETOL «memoizing», Kal UITopEel va. epopuootel wg eEnc:

# 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)]

(ouvéyea otV xopevn oehida)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)
# Calculate the value
result = ... expensive computation
_cache[ (argl, arg2)] = result # Store result in the cache
return result

B0 WToPOVOATE VO, XPNOLUOTOLHOETE (o KAOOMKY UETABANTH TTOU TTepLEyeL Eva AeELKO avTh Lo TNV TTPOETTL-
reyuévn tyune Eivow 6épa yotvotov.

2.2.7 MNwg propw va HETABLBACW TPOALPETLKEG MAPAUETPOUG I} TAPAHUETPOUG
AEEEWV-KAELSLWV amod Tn Jla ouvaptnon otnv aiAn;

SUMEETE T OPLOUOTO YPNOLUOTTOLDVTAG TOVG specifiers * koL ** ot Mota TapauéTpwy TG ouvapTnong

Avtd oag divel ta opiopota 0¢omng wg mheddo Ko ta opiopato AEEemv-kheldudv wg AeEkd. Ztn ouvéyela,

uropeite va petafipdoete ovtd ta opiopata Kotd Ty KMo AN ouvAapTong Le T (PNOoT TV * KoL * *:

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

g(x, *args, **kwargs)

2.2.8 Moua eival n dtagpopad peTa&U OPLOPATWYV Kal TIApaAHETPWV;

Iopduetoor opllovton amd Ta OVOROTA TOV EUPAVICOVTOL OTOV 0PLOUO WOG CUVAPTHONG, EVM TO 0ploua T
elval oL TS ToV TPAyLOTLK A HETABLBAToVTOL O (o ouvapTon Kotd v kKAfon tg. O mopduetpot opitouv
T kind of arguments umopei vo. dey el pa ouvapton. o Topdderypo dedouévou Tov opLopov Thg ovvapTnong:

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

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

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

oL TWéG 42, 314, Kai somevar gival opiopata.

13 ”

2.2.9 MNartin aAAayn t™ng Aiotag “y” aAAalel eniong kKal tn Aiota “x”;

Av ypaypate kOdLko OTOC:

>>> x = []

>>> y = x

>>> y.append (10)
>>> vy

[10]

>>> x

[10]

WTOPEL VO AvapmTLESTE YLOUTE 1] TTPOCONKT VOGS oToLyeiov oto vy dAhaEe emiong To x.
Yndpyouv &0 mapdyovieg mov mopdyouv autd 1o omtoTéleopa:

1) Ou petafintég eivor amhd ovouato Tov ovogpeépovior o aviikeipneva. Kavovogy = x dgv dnuovp-
veitan avilypapo g AMotag — dNULOUPYEL (oL VEX LETABANTY) Y TTOU AVAQPEPETAL OTO (OL0 AVTILKELUEVO
OV AVOUPEPETOL TO X. AVTO onuoiver OTL vmapyer novo €va avitkeipevo () AMota), Kol To x KoL T0 y
AVOPEPOVTOL OE AUTO.

2) O Moteg eivou mutable, wov onuaiver 6t prropeite vo aAAEETE TO TEPLEXOUEVO TOUG.
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After the call to append (), the content of the mutable object has changed from [] to [10]. Since both the
variables refer to the same object, using either name accesses the modified value [10].

Av avtioTtolyioovue Evo ApETAPAMTO OVTLKEIIEVO OF X:

>>> = 5 # ints are immutable

>>> = X

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

XX X

>>>
6
>>> y

WITOPOVUE VO HOVUE OTL O€ AUTHV THV TEPLTTWON X KoL v Oev elvar mhéov ioa. Autd ovpfaivel emeldr) ot
axéparol aptbuol eivan immutable, kou dtav kKGvovpe x = x + 1 dgv petalhdooetal to int 5 avEavovrag tnv
TN TOV avTifETOL, dSNULOVPYOULLE £Va VEO OVTLKELEVO (TO int 6) Ko TO EKYWPOVUE 0TO X (dNAadY), alALovTag
TO AVTILKELUEVO OTO 0TTOL0 AVOLPEPETOL TO x). MeTd 0td autnv v avdbeon éxovue dvo aviikeipevo (ta ints
6 and 5) Ko OV0 PUETUPANTES TOV AVOPEPOVTAL OE AUTA (X TOPO AVAPEPETOL O€ 6 AAAG Y KOO AVAPEPETOL
oTo 5).

Oplopéveg hettovpyieg (Yo mapdderypa v . append (10) Kot y.sort ()) UetoAAooovY TO OVTIKEIIEVO,
EVA ETLPAVELOKE TTOpOpOLEG TPGEeLS (Yo mopdderynoy = y + [10] kaw sorted (y)) dnuovpyoulv éva.
véo avtikeipevo. Fevikd otnv Python (ko o Oheg Tig TePLTdOoELS 0TV TumLky BLfirodnkn) wo uébodog mov
uetalhdooel éva avukeipevo Bo emotpéper None yio vo arto@uUyeL T oUyyvor twv 800 THmwv TpaEemy.
Emopévwg, edv ypdpete kotd Mdbog v . sort () vopifovrag ot Ba oag dmoeL £va TaEivounuévo avtiypogo
oV v, Ba katalnEete pe None, To omoio mbovotata o tpoKaléoel To Tpdypauud oog va dnuovpynoet éva
L4B0¢ TO 0Ol0 dLaryLYVDOKETOL EVKONO.

Qot600, VITdpyeL pio Katnyopia hettoupyudv 6mov 1 idia TpdEn €xel ueptkés popég dLapopeTikés oupumepL-
Popég e SLOPOPETIKOVG TUTTOVG: OL eltavEnuévol teheotég avdbeong. Mo mapdderypa, += petodhdooet Tig
Moteg odG Oy Tig mhelddeg N tovg ints (a_list += [1, 2, 3] eivanicouea_list.extend([1, 2,
31) Kou petodhGooel a_list, evd 1o some_tuple += (1, 2, 3) Kousome_int += 1 dnuovpyei
VEQL OVTLKELUEVCL).

Me diha Moyio::

o Edv éyovue évo petafAnto avukeipevo (List, dict, set, KAT.), WTOPOVUE VO (P1OLLOTOL|OOUUE OPL-
OUEVEG OUYKEKPLUEVEG MELTOVPYIEG VIO VO TO peTarhGEovpe Kal OLEG TG HETOPANTES TTOU AVAPEPOVTOL
og¢ autd Oo douv TV odhay.

o Edv éxovue éva auetdfinto avtikeiyevo (str, int, tuple, KA.), OAeg OL UETAPANTES TOV OVOIPEPO-
vtaL og auto Oa Prémovy vt TV idLa Ty, aAhd oL AeLToupyieg Tov Ba UETATPETOVY OUTHY TNV TN
O€ [LLOL VEOL TUIY] ETTLOTPEPOUV TTAVTA EVOL VEO ALVTLKELUEVO.

Edv 0éhete va yvwpilete edv 600 petafNTég avagpépoviol 0To 9o avItKeiuevo 1 OyL, WTOPELTE VAL XPNOLUO-
TTOLOETE TOV 1S operator, 1] TV EVOOUATOUEVY GuvapTYon id ().

2.2.10 MNwg pmopw va ypayw Hia cuvaptnon He mapapetpoug €E030u (KARON
HE avagopq);

Na Ouudote 6t ta opiouato petopLpatovrar pe avabeon oty Python. Egpdoov 1) ekympnon dnuovpyei amhmg

avaQpoPEg 08 aVTLKEINEVE, HEV VITAPYEL YEVADVUUO UETAED EVOG 0VOUATOG OPIOLUOTOG O GUTO TTOU KAAEL Kol

O€ QUTO TTOV KOAELTOL, KOL ETTOUEVG OEV VITAPYEL KAT|ON TPOg avapopd amtd ndvn tg. Mmopeite va emitivyete
T0 EOVUNTO ATOTEAEOUO. UE DLAPOPOUG TPOTOVG.

1) Emotpépovtag (o Thetdda TV otoTeEAEoUATMV:

>>> 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

(ouvéyela oty eV oehida)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)
>>> x, y = 'old-value', 99
>>> funcl (x, V)
('new-value', 100)

Avth| givor oyedov avta 1 o Sexdbopn Ao,
2) Xpnowomoiwvtag KoOohkég uetafAnTtéc. Autd dev elvor aomaAeg yia ViU Ko dev cuvioTtatol.

3) Tepvwvtag éva petafintd (ue duvatdtnto odlayhg i TOTOV) AVTIKEIUEVO

>>> def func2(a):

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

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

L J

4) Tlepvdvrag ot éva Ao mov petadhdoostol:

>>> def func3(args):

args['a'l] = 'new-value' # args is 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}

. J

5) 'H opadomolote TléG 08 WL Tapouoia KAGonG:

s 3

>>> class Namespace:
def _ _init__ (self, /, **args):
for key, value in args.items () :
setattr (self, key, wvalue)

>>> def funci4 (args):

args.a = 'new-value' # args is 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}

Aev vrtdipyer oxedov moté Kohdg MOYOg va yivel outd TepimhoKo.

H xoaltepn emhoyr) oog ivol vou ETLOTPEPETE PLeL TAELADO. TTOU TTEPLEYEL TOMATAL QTOTELETUATAL.

2.2.11 NMwg dnuloupyeite pLa ocuvaptnon uynAdétepng tagng otnv Python;

"Eyete 000 emhoyEg: Wtopeite va ypnopomojoete Evieta media 1) pmopeite vo ypnolpomooete callable avri-
kelpeva. Ta mopdderyua, ag vrobécovue dtL Oéhete va opioete To linear (a,b) OV EMOTPEPEL ULOL OU-
vapmnon £ (x) wov voloyilel TV Tur a*x+b. Xpnowpomoldviog £vheto media:

def linear (a, b):
def result (x):

(ouvéyela oty emtopevn oehida)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)
return a * x + b
return result

'H ypnowomoidvtog éva callable avrtikeipevo:

class linear:

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

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

Kau otig 800 mepintmoels:

[taxes = linear (0.3, 2) ]

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

H mtpooéyyion tov callable avtikelévou €yl To uetovékTnuo Ot elval Alyo o opyr Ko 0dnyel og ehappmg
ueyolTePo KMdka. QoTO00, ONUELDOTE OTL (ot cudhoyn amd callables pwopel vo owpaoTel Tv voypogn
TOUG UEC® KANPOVOULKOTNTAGC:

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

To avTKEEVO (WITopPEL Vo eVOULAKMDOEL TV Katdotaon yia toAéc uebddovg:

class counter:

value = 0

def set (self, x):
self.value

Il
b

def up(self):

self.value self.value + 1

def down (self):

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

Edw inc (), dec () kou reset () AeLTOUPYOVV OOV GUVOPTNHOELG TTOV UOLPATOVTAL TNV idL0 LETOPANTY 1é-
TPNONG.

2.2.12 Nwg pnopw va avrlypayw €va avrtikeipevo otnv Python;

Tevikd, dokiudote copy . copy () M copy.deepcopy () Y0 T YEVIKT TEPLTTOON. A&V WITOPOVV VA AVTL-
YPOPOVV OLOL TOL OVTLKELUEVCL, OALAL TOL TTEPLOCOTEPA LITOPOVV.

OpLopéva avTIKEiIEVE UTTOPOUV VO, avTLypapotv o evkoha. Ta heEikd €xouv pio uéBodo copy () :

[newdict = olddict.copy () }

Ot axohoubieg UITOPOUV VL AVTLYPAPOVV UE TEUOYLOUO:
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2.2.13 MNwg propw va Bpw TLG HEBODOUG NI TA XAPAKTNPLOTIKA EVOG AVTLKEL-
HEVOu;
T wapaderypa po kKAGon x mov opiletol amd 1o xpNot), dir (x) EmOTPEPEL Wo ahpofnTiky AMota pe

TOL OVOULOLTOL TTOU TTEPLEYEL TOL YAPOKTNPLOTIKA THG OVIOTNTAG Kot TIG UeBOd0UG KL T YOPUKTPLOTIKG TOV
opifovtar 0md TV KAAOT TOU.

2.2.14 Nwg pnopei 0 KWdLKAG HOU va avakaAUyeL TO VoA EVOG AQVTLKELUEVOU;

Cevikd whovtog, 0ev PTOpPEL, ETELDT TA AVTILKEIUEVA EV £YO0UVE TPAYUOTLKA ovopaTa. QUOLOOTIKA, 1) EKY M-
pnon deopever TAVTO £va dvoua o€ WL Tt To 1810 LoyveL yia Tig dnhmoelg de f koL class, ald 08 auTh
TNV TEPLTT™WON M T givan callable. Adfete vToYM Tov akdOAOVOO KOOLKA:

>>> class A:

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

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

Avougiopnmto 1 kKAdon €xer éva dvopa: Tapdlo Tov Eivol dECUEVUEVT] 0€ dVO OVOUATA KoL KOAELTOL UEGM
TOV OVOUATOG B 1) d1povpynuévn ovotita eSaKolovBel va avagpépetalr mg oviotto. TG KAdong A. Qotdoo,
eivar advvato va movue gite To dvoua ™G ovtdTnTag elval a 1 b, Kabdg Kot Ta d0 OvOUATH CUVOEOVTOL UE
™V idol T,

Cevikd whdvtog, dev Oa mpémel va elvol amTopaiTNTo 0 KOOLKOG 00G VO «YVOPLTEL TAL OVOUOTO» CUYKEKPL-
UEVQV TLHMV. AV eV YpApeTe eoKEPUEVO EVOOOKOTILKA (introspective) TpoypAupaTa, auTo ivol ouvnime pa
€vOeIEN OTL Lo oAy TTPOOEYYLONG WITOPEL VAL ElvaL ETWPELNG.

Zto comp.lang.python, o Fredrik Lundh é8woe pio eEaupetikt] avaloyio og amdyvtnon g autiv TV epwTno:

Me 10 810 TpdTO TOV TALPVETE TO OGVOUA AUTNG TG YATAG oV BpNKate ot Pepivta cog: 1)
dLa yato (avTiKeipevo) dev umopel va oog TeL TO OVOUK TG KoL OEV TNV EVOLOPEPEL TPOALYOTLKA,
- £¢toL 0 udvog TPdITog Yo vo. ndbete mwg MéyeTon eivor vo pwTHOETE OAOVG TOVUG YEITOVEG 00G
(namespaces) av givat 1 y&ta Tovug (AVTLKELUEVO). ..

....KOL NV EKTTAOLYELTE OV DLOTTLOTMOETE OTL Elval YVwOoTO Ue ToAA ovouata, 1 Kovéva dvoua!

2.2.15 T oupBaivel e TNV MPOTEPALOTNTA TOU TEAECTH KOMUATOG;

To xoupa dev eivon teheatng otnv Python. Exegteite avtiv v ouvedpio:

>>> llaH in Vlb" , Hall
(False, 'a')

Aedopévou 0TL To KOppa dev eival TELeoTNG, AAMG Lo WPLOTLKO UETAEY TV EKPPAGEMYV, TA TOPATAV®D 0ELO-
LoyouvtaL oav va eiyote eloaydyeL:

[("a" in "b"), "a" }

dev:

["a" in ("b", "a"> }
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To 810 LoyVEL YL TOVG dLAPOPOVGS TENEDTEG eKYWPNONG (=, += KATT). Aev eival TPayuoTikd TeELeoTEG AAAG
ovvtaktikol delimiters o dNLMOOELS EKYDPNONG.

2.2.16 Yrniapxel LoodUvapo Tou TpLadkou TteAeoTtn «?:» tng C;
Naw vrapyet, H oUuvtoEn éxel og eEne:

[on_true] if [expression] else [on_false]

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

Mpuwv ewoayBei vt M ouvtaEn oty Python 2.5, éva Kowvo 1dimpa frav 1 xp1on AoyLK®V TEAEOTMV:

[[émppch] and [aAnbécg] or [Yeudéq] }
Qo01600, 0VTO T0 Wi dev eival aopaiés, Kabwg umopel vo dwoel havloouévo amoteléonuato 0Tav To
on_true €yeL Pevdi) dvadikn . Emopuévmg, eival mévto KaAUTepo vo Xp1oLLoTomoeTe ™) @opua. . . . if

else

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

Naw. ZuvnBwg ovtd yiverow ue €vBeon tov lambda €viog tov Lambda. Agite 1o akohovba tpia mapadely-
uata, eErappog tpooapuoouéva oo 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(l10))))

# Mandelbrot set

print ( (lambda Ru, Ro, Iu, Io, IM, Sx,Sy:reduce (lambda x,y:x+'\n'+y,map (lambda vy,
Tu=Iu, Io=Io, Ru=Ru, Ro=Ro, Sy=Sy, L=lambda yc, Iu=Iu, Io=Io,Ru=Ru,Ro=Ro,i=IM,
Sx=Sx, Sy=Sy:reduce (lambda x,y:x+y,map (lambda x,xc=Ru, yc=yc, Ru=Ru, Ro=Ro,
i=i, Sx=Sx,F=lambda xc,yc, x,y,k, f=lambda xc,yc,x,y,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,vy,k,f):chr(

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

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

# 174 174 / / columns on sScreen

# / / / maximum of "iterations'"

# / / range on y axis

# / range on x axis

Mnv T0 dOKLUAOETE GTO OTTLTL, TALLOLA!

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

Mo KGOeTOg 0T AMOTA OPLOUATMY (OGS CUVEPTNONG VITOIMADVEL OTL OL TTOPAUETPOL TPLV OITO QUTHY ElvaL
wovo Béomg. Ou mapduetpor pdvo Bamng eival exeiveg ywpig eEwtepicd xpnowomouioo ovopo. Kotd tnv
KAO1] (OG CUVAPTNONG TTOU OEXETAL TAPAUETPOVG WOVO BE0MG, T OPLOUATO AVTLOTOLYILOVTAL OF TAPOUE-
TPoug ov facitoviol amokielotikd ot B€on tovg. o mapdderypa | divmod () elvol (o ovvaptnon mov
déyeTon povo mapauéTpovg 0¢onc. H tekunpiwor) Tovg Hotalet e auto:
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>>> help (divmod)
Help on built-in function divmod in module builtins:

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

H xd6gTt0¢ 070 TEMOG NG MoTog Tapauétpwy onuaivel ot kot oL Vo opduetpot eival wovo Béong. Eropévag,
1 KMo g divmod () pe opiopata AEEewv KheldLhv Oa 081 yotoe og opalua:

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

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

2.3 ApLBpoi kaL CUPBOAOCELPEG

2.3.1 Nwg npoodLopilw dekacEadlkougq 1} OKTAdLKOUG aKEPaLloug apLlbpoug;

T va koBopioete Evav oKTadLKo Prepio, Tponyeital Ty OKTadIKNG TLUNG Ue Evo undév, “Kou LeTd Evol Telo
1 Keahaio «o». Tia mapdderyua, yio vo oploete T petafAnt «a» oty oktadikn tun «10» (8 oe dekadikd),
TIMNKTPOMOYHOTE:

>>> a = 0010
>>> a
8

To dexaeEadikd eivar eSioou evkoho. Athmg mponyeital Tov dekaeEadikov aptBuov pe éva undév, Ko Hetd
éva TeCo M kegahaio «x». Ta dexaeEadikd Ynpio propovv va kaboplototv e meld 1 Kepahaio. o wopd-
derypna, otov diepunvéa Python:

>>> a = 0xab
>>> a
165
>>> b
>>> b
178

0XB2

2.3.2 Narti 1o -22 // 10 eToTPEPEL -3;

OgeileTon Kupiwg oty embupio Tov to i % J va €xel to idLo pdonuo pe to j. Edv 1o Béhete auto, ko
Oéhete emiong:

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

tOTE M dLaipeon axkepaiov apbuov mpémer va emotpéPet To vitorowwo. H C amatei emiong vo dtotnpeiton
Ut 1 TOVTOTITA KL, 0T OUVEYELD, OL UETAYAMTTLOTEG TTOV TTEPLKOTTOVV TO 1 // 7 TPEmEL VoL KAvouv to 1
% va €xeL To idLo TPOONUO UE TO i.

Yndpyovv Myeg TPayLOTIKEG TEPLTTMOELG XPNONG VLo TOo 1 % I Otav To J eivan apvnukd. ‘Otav to j elvon
OeTLK0, VITdpyOUY TOMES, KoL 0YedOV OMEC elva Tmo ypnoteg yioe 1 % J va eivaw >= 0. Edv 1o pohdu Aéel 10
T éheve mpv amd 200 wpeg; —190 % 12 == 2 eivaw ypfowos 10 —190 % 12 == -10 givor évo opdlua
TTOU TTEPLUEVEL VO AYKMUTEL.
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233 Nwg propw va mapw to literal Yapaktnplotiké int avti ywa ToO
SyntaxError;

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

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

A

SyntaxError: invalid decimal literal

H Mon eivaw va duaywprotet to literal amd tv teleia elte | kevo eite pe mopévoeon.

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

<class 'int'>

2.3.4 MNwg HETATPENW HLa CUMBOAOOELPA OE Evav apLlOuo;

Mo axépotovg aplbpovg, YPNOWOTOLOTE TOV EVOMUOTOUEVO KOTAOKEVAOTH TUmOV int () , Y.
int ('144') == 144. Opolwg, t0 float () petotpémel oe Evov aplBudg Kvnmg vmodaoTtolg ..
float ('144') == 144.0.

Antd mpoemhoyi), autd epunvedovy tov apliud og dekadikd, £tol dote int ('0144') == 144 va eivon
aAnBég, kow To int ('0x144 ") vo eyeipet ValueError. To int (string, base) maipvel ™) fdon yo
UETOTPOT WG SEVTEPO TPOALPETIKO OpLoUa, 0mtOTe To int ( '0x144', 16) == 324.Edv n Bdon éye
kaBoplotel wg 0, 0 apLBudg epunvevetal ypnopomolmvtas Kavoveg g Python: éva apyikd “00” vtodnidvel
oKTOdLKOG , kKo To “0x” deiyver évav dekaeEadikd apbud.

Mnv xpNOLOTTOLETE TNV EVOMUATOUEVT CUVAPTNON eval () €4V TO WOVO TOV YPELALETTE ELVAL VO HETATPE-
Pete ovpporooelpég oe aplbpovg. eval () Oa eivar onuavakd o opyn Kot Tapovotdlel kKivouvo aoga-
Letag: kdmorog Oa umopovoe va oag petapipaoel wa £kgpaon Python mov wmopei vo éxel avembiounteg ma-
pevépyeles. [N mopdderyno kdmolog Ba umopovoe vo mepdoetto  import  ('os') .system("rm —rf
SHOME") to omoio Oa diarypdper To home pdkelo.

eval () éyeL emiong wg AmOTELESUO TV EPUNVELL TV aplBudv wg ekppdoelg Python, étol wote m.y. TO
eval ('09") divel éva ouvtakTiko opdlua emetd| 1 Python dev emtpémer v eloaymyn tov “0” og évav
deKadLKo apdud (ektog “07).

2.3.5 MNwg peTaTpenw vav aplOpd o CupBoAooeLPQ;

TNo va petatpégete, my tov apldud 144 ot ovuforooelpd '144 ", yP1OLUOTOLELOTE TOV EVOMUATMOUEVO
TOmo Kataokeung str (). Bav 6éhete wo dexaeEadikn 1 oKTadiKn avamopdoTtaoy), ¥P1oLULOTTOL0TE TIG V-
oOUOTOUEVEG oUVOPTNOELS hex () 1 oct (). T pavtaytepn popgomoinom, Pr. tig evotnteg f-strings ko
formatstrings 5t.y. "{ : 04d} " . format (144) amwodidel '0144" ko "{:.3f}".format (1.0/3.0) amo-
6ideL '0.333".

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

Agv pumopeite, ylott oL oVUPOAOCELPEG ELvaL AUETAPANTES. ZTIG TEPLOCOTEPES TEPLITTMOELS O TPETEL ATAMG VOL
duovpyhoete pua véo ouuolocelpd artd to dudpopa uépn atd To omoio OENETE VO T GUVOPUOLOYNOETE.
Qot600, edv Ypeldleote £va aviKeipuevo pue duvatdtnta tpomomoinong dedouévmv unicode, doKLUATTE VO
YPNOLOTTOMOETE EVOL AVTIKEIUEVO 10 . StringIO 1 1o module array:

>>> import io
>>> s = "Hello, world"
>>> sio = i0.StringIO(s)

(ouvéyela oty emtopevn oehida)
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>>> sio.getvalue ()
'Hello, world'

>>> sio.seek (7)

9

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

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

>>> import array

>>> g = array.array('w', s)
>>> print (a)

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

>>> print (a)

array('w', 'yello, world')
>>> a.tounicode ()

'yvello, world'

(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

2.3.7 MNMwg Uropw va XPnNOLHOTIOoW CUHUBOAOCELPEG YA Va KAAECW CUVaAPTH-

ocLg/HeBOBOUG;

Yndpyovv dibpopes TeVIKES.

« To kahiTepo elval va xpNoLUoTOoeTe £va AeELKO TTou avtiotolyilel cupporooelpég oe cuvapthosic. To
KUPLO TTAEOVEKTNOL OVTNG THG TEYXVLKTG Elvail OTL oL CUUPOLOCELPEG HEV YpeLdleTal va TOLPLALoOVY UE Ta
0VOIOTA TV GUVOPTNOEWV. AUTH ELVOL ETTLONG 1] KUPLOL TEYVLKT] TTOU Y P1OLUOTTOLELTAL YIa TNV EE0OIWaT

HLOLG KOTAOKEVTG TTELMV-KEPOAALWV:

def a():
pass

def b():
pass

dispatch = {'go': a, 'stop':

dispatch[get_input ()] ()

# Note lack of parens for funcs

# Note trailing parens to call function

o XpPNOLUOTTOLEIOTE TNV EVOMUATOUEVT] CUVAPTNON getattr () :

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

ZNUELDOTE OTL TO getattr () AELTOUPYEL 0 OTOLOONTOTE UVTLKELLEVO, CUUTEPLAAUSAVOUEVOV KA~

oWV, OVIOTNTWV KAAoewv, modules, kot ovtw KaOeEHS.

AuTO ¥pNOLUOTTOLELTOL O TTOAMG onueio TG TVTTILKNG BLpAoONKN S, Omtwg auTo:

class Foo:
def do_foo(self):

def do_bar (self):

(ouvéyea oty enopevn oehida)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

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

o Xpnowuomojote To Llocals () Yo vo emAVOETE TO OVoud THG OVVAPTNOTG:

-

def myFunc () :
print ("hello")

fname = "myFunc"

f = locals () [fname]
£()

.

2.3.8 Ynapxetl .ooduvapo pe to Perl’s chomp () yla TNV agaipeon Twv VEWV
YPAUHWYV arod TLG CUHMBOAOCELPEG;

Mrtopeite vo xpNOLUOTOLOETE TO S.rstrip ("\r\n") yio vo apolpeoeTe OLEG TIG EUPAVIOELS OTTOLOVON-
7TOTE terminator ypapung otd To TELog TG ovuBorooelpds S xmplig va agpapéoete dhha kevd. H ouuforooeipd
S oVTLITPOOoWITEVEL TEPLOGOTEPES ATTO 0L YPOUUES OTO TELOG, OL terminators YPouunG yLo. OAES TG KEVES YPOL-
uég Oo agparpedovv:

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

C.. AN

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

'line 1 '

Agdouévou 6tL autd eivar ovviBwg emBuuntd HOVo KOTd TNV avayvmon KELWEVOU Uia YPOUUT T popd, 1
¥PNON TOV S.rstrip () Aettovpyel Kahd.

2.3.9 YnapxeL avtiotolXo scanf () 1| sscanf ();
'Oy wg tétolo.

T asthy) avédvon eio6dov, 1 evkordTtepn TPoogyyLlon eivar ouvnBwg o dLaympLopds TG ypauung oe MEeig
opLofeTNUEVEG UE KEVA dLOOTNUATA YXPNOLUOTOLDVTOG TN WEB0d0 split () avikeluévwv cupporooelpmv
KOL OTY CUVEYELD UETOTPOTTY OEKUIKDV CUUBOAOCELPMV OE aplOUNTIKEG TLUEG XPNOLUOTOLMVTAS int () 1
float (). split () vVITOOTNPILEL WO TTPOOLPETLKT] TTAPGUETPO «SEP» TTOU ELVOL YPHOLUN EGV 1] YpOouUn xPN-
OLOTTOLEL KATL SLapOopETIKS atd KEVO SLAOTNIA WG dLOYWPLOTLKO.

I o mepimhokn avdlvon e.06dov, Ta regular expressions eivol Lo LoYVPA amd Tig sscant g C kot eivon
7O KATAMNAES YLOL TV EPYOOLCL.
2.3.10 Tuonpaivel To 0PAAHA UnicodeDecodeError I} UnicodeEncodeError;

BA\ to unicode-howto.

2.3.11 Mnopw va TepHaTiow HLA AKATEPYAOTN CUMBOAOCELPA HE TEPLTTO
aplduo backslashes;

Mo axatépyaotn oupfolooelpd Tou TeELELmVEL ie TepLTtd opLBud backslashes o Eepiryer atd to amdomacuo
™G OVUBOAOOELPAG:

>>> 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)
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Yndpyouv apketég AMoelg yia avtd. O €vag eivat va XpOLUOTTOLOETE KAVOVIKEG OUUPBOLOCELPES KoL VaL SL-
mhaotdoete To backslashes:

>>>

"C:\\this\\will\\work\\"

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

|

"Eva dMAo gival vo ouvoéoeTe o Kavovikt ovpfohooelpd mov meptéyel £va escaped backslash otnv akatép-
Y00t CUUPOLOCELPA:

>>>

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

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

|

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

>>>

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

"C:\\this\\will\\work\\"

|

Adpete vroym 6t eva €va backslash O «escape» 0o €va eLoayWYLKO Y10 TOV TTPOOSLOPLOUO TOU GNUELOV TTOV
TELELDVEL 1] OKATEPYOOTY OUUBOLOGELPEL, OEV VITAPYEL DLAPUYT] KATA TV EPUNVELX TNG TG TG OKATEPYOL-
otng ovuporooelpdc. Anhadn, to backslash wopapével TapdY OTNV TULY TG AKATEPYAOTNG CUUBOAOOELPAG:

>>>

r'backslash\ 'preserved'

"backslash\\'preserved"

Acgite emiong v mpodiaypopt) oty language reference.

2.4

Anédoon

2.4.1 To npoypappa pou eivat mMoAu apyo. Nwg propw va to emrayxuvw;

Avuto givar d0oK0MO, Yevika. [TpdTov, €dd eivar o Mota pue Tpdyuato wov mpémel va Bupdote mpv foutn-
EeTe mEPALTEP:

Ta xopaKTNPLoTIKG artddoang diapépovy uetaEl tmv vhomowjoewy Python. Avti 1 FAQ eotidilel oto
CPython.

H ovpmepupopd pmopei vo dragépel petali Tmv AELTOVPYLKMY GUGTNUATOV, LKA OTav thdue yio /O
1 multi-threading.

Oo mpémel vta vo Pplokete ta hot spot 610 TPdYPAUUG 0OG TOLY ETLYELPNOETE VO PENTLOTOTOLYOETE
omolovdfote KMdika (BA. to module profile).

H ovvtaEn oevapiov ovykprtikng aEordynong Ba oog emttpéypel va Kavete iterate yprnyopa Kotd tnv
avaZntnon peltiwoemv (B. To module timeit).

ZUVIOTATOL AVETLPUAAKTO VO €XETE KOAT) KAAPT KOOIk (LECm unit testing 1) omotaadnmote dAng Te-
YVIKNG) TTpLv amtd Ty mbavi) eloaymyr Kpupuévov takivdpounoemy (regressions) og eEehyuéveg Peh-
TLOTOTTOLOELG.

Toutov hexBévtog, vtdpyouv oG KOATA Yior TNV emttdyuvon Tov Koduko Python. AkolovBotv oplouéveg
YEVIKEG 0pYEG 7OV FonBoVV TOM) 0TV EMITEVET ATTOSEKTHOV EMITESWV 0TTOS00NG:

To va kavete Toug alyopibuovs oag mmo ypryopovg (1] va alhdEete oe TayUTEPOUC) (WTOPEL VOL ALTTOPEPEL
oMY peyalitepa opéY atd 1o va poomadeite vo oKopmioete KOMTA (KPO BelTioTomoinong og Oho
TOV KWK 00G.

Xpnowwomorote TG owotég doués dedouévav. Mehethiote thv TeKunpimon yuo to bltin-types ko to
module collections.

‘Otov 1 Tumkn BLprodNKm mapéyel éva TpmTdyovo Yo vo Kavete kdtL, elvol mbovo (av kol dev eiva
EYYUNUEVO) VAL ELVaL TTILO YPTYOPO atd OTTOLAdNTTOTE EVOALAKTIKY AVOT TTOV umopeite va. Ppeite. Avto
Loy veL OLTAd yia Tpwtdyova ypoaupuéva oe C, drwg eEVOmUATOUEVO KOL OPLOUEVOUG TUTTOVG ETEKTATEMV.
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To Topdderyna, pPOVTIOTE VAL PN OLUOTTOLHOETE EiTE TNV EVOWUATWUEVY n€B0d0 1ist . sort () eite
oyeTiK ovvdpTnon sorted () yia va kdvete TaEvounon (kou deite to sortinghowto yio Tapoadeiyuoto.

UETPLOG TTPONYUEVNG Y PYIONG).

o Ou apalpéoelg TELvouy va dMUovpyolv EUUIESES KOTEVOUVOELS Kol avaykKATouv Tov diepunvéa vo. ep-
yootel mepLlocotepo. Eav ta emimeda tng éupeong kotevbuvong veptepovy Tou OYKOU TG XPNOLUNG
gpyooiag mov yivetat, To mpdypauua cog Ba givar o apyd. O mpémer va amopUYETE TV VITEPPO-
MKT| apaipean, ELOLKA UE T LOP@Y WKPOOKOTILKDV GuvapTNoemv 1 nebodwv (stou eival emiong ovyva
ETTLTAULOL YLOL TV OVOYVOOLILOTITCAL).

Edv éyete @tdoer oto 6pLo Tou T propet vo emitpémel 1 Kabopr| Python, vrdpyovv epyakeia mov Ha oag
amopaxpvvovy. I'a mapdderypa, to Cython umopet vo LETOYMMTTIOEL Pl EMOLPPIDG TPOTOTOLUEVT] £KOOON
tov Khdka Python oe pwa eméktaon C, Kou (WTopet vo ypnoLuomon el o€ ToAES SLOPOPETLKES TTAUTPOPIEG.
H Cython pmopei va exuetadllevtel TV UeTAYAMTTLON (KOL TOVG TPOQLPETLKOUG O OMAOUOVS) Yo VA KAVEL
TOV KOdLKa oag oAl o ypryopo amd otav gpunvevetar. Edv eiote oiyoupol yia tig 8eELotntég oog otov
apoypapuatiopd C, umwopeite exiong va write a C extension module uovot oac.

e Asite emiong

H oelido wiki ov eivan aglepmpevn og cuLPOVLES aTOd00NC.

2.4.2 Molog €ival o TLO AMOTEAEOHATIKOG TPOTIOG YA VA OUVOECETE TIOAAEQ
OupBoAOOELPEG HETAEU TOUG;
Ta aviikeipeva st r koL bytes givan apetdpinta, emouévwg 1 oUvSEST TOAMY CUUBOAOCELPDY HETAED TOUG

elval avoroteheopuatiky) KaOmg kdbe oLVEVWOT dNULOVPYEL £Val VEO OVTLKELUEVO. TN YEVIKT| TTEPITTMON, TO
OUVOLLKO KOOTOG YPOVOU EKTENEONG ELVOL TETPAYMVLKO OTO GUVOAKO UNKOG GUUBOLOCELPAG.

INo vo ouykevipmoete TOMA OVTLKELUEVA St T, TO TPOTELVOUEVO LOLMUO ELVaL VO TO. TOTOOETNOETE OF (L
Mota ko va kohéoete To 0to str.join () téhog:

chunks = []

for s in my_strings:
chunks.append (s)

result = ''.Jjoin (chunks)

(¢va G0 hoylkd amoTeAeouaTLKO LOImLLOL ELVOL VAL XPTOLUOTOLOETE TO 10. StringIO)

T T OVYKEVTP™ON TOMMV AVTIKEWEVOY byt es, TO CUVIOTOUEVO LOLWUA EIVOL 1) ETTEKTAON EVOG AVTIKELULE-
vou bytearray ypnoLoToumvTas emtdmo cuVEVWOT (0 TELEOTNG +=):

result = bytearray()
for b in my bytes_objects:
result += b

2.5 AKoAouBieg (MAewadeg/AloTeQ)

2.5.1 Nwg pnopw va Kavw PHETATPOTN HETAEU MAELASWYV Kal ALOTWYV;

O KatookevaoTig TOToV tuple (seq) HeTOTPETEL 0TOLAdNTOTE okohovOia (0TNV TPAYUATIKOTITO OTTOLO-
dMore iterable) o€ mheldda pe Ta idLor oToLyELa OTNV idLa oELPdL.

lNo mapaderyua, to tuple ([1, 2, 3]) amodider (1, 2, 3) xKowto tuple ('abc') amodider ('a',
'b', 'c').Eav to dpopa givar mherdda, dev dNuovpyel aviiypapo ol ETLOTPEPEL TO (OL0 AVTLKEL-
UEVO, ETOUEVOG ElvaL (TNVO Vo KahéoeTe To tuple () Otav Oev €loTe olyoupol OTL £va ovVTLKEiLEVO elval NN
TheLddaL.

O KaTaoKeEVaoTNG TUTOV 1ist (seq) petatpémel omoladnmote akolovbia 1) iterable oe o Moto pe to idio
otouyeia oty idta oelpd. o wapdderypa, to List ( (1, 2, 3)) amwodidel [1, 2, 3] Kawlist ("abc')
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amodideL ['a', 'b', 'c'l.Avto dpopa eivan Mota, dNuovpyel arthig Eva avtiypapo onwg Ba EKave
T0 seq[:].

2.5.2 T eivalL apvnTLKOg deikTNnG;

O axohovBieg Python indexed pe Betikovg aplBuovg kar apvitkovg aptbuovs. o Betikovs aptbuotg to 0
elvan 0 pdtog detkg 1 eivar o devtepog deiktng ko ovtw KabeEnc. [a apvnuikots deikteg To -1 eivor o te-
Levtaiog delkTng Ko to -2 eivar o potelevtaiog (dimha 0To TehevTaio) deiktng kol oUutw KabeEng. TrkepTeite
To seg[—n] wg 1o Lo ue 1o seqllen(seq)-nj.

H ypnon apvntikav detktav umopel vou eivoar mol) Boiuk). I wapdderyna S[:—-11 eivor OAn 1 ovuforo-
OELPA EKTOG ATTd TOV TELEVTOLO YOPAKTHP THG, O OTTOLOG ELVOLL YPNOLULOG YLOL TNV QLPALPEDT] TNG VENG YPAUUNG
mtov akohovBOei uia ovpporooeLpd.

2.5.3 MNwg pnopw va enavaldpw pia akoAoubia pe avtioTpoPpn oeLpq;

XPNOLWOTTOLELOTE TNV EVOMUOTOUEVT] OVVAPTNOT reversed () :

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

Avuto dev Ba emmpedoel TV apyki cog akolovBio, alld dnuovpyNnote £va vEo aviiypapo ue aviioTpogn
OELPA YLOL ETOVOAYT).

2.5.4 MNwg apaipeite dunAoturna ano pua Aiota;
Agite To Python Cookbook yio o pokpd oulnmon oxetkd pue morhoig TpOmous YLoL VoL To KAVETE ovTo:
https://code.activestate.com/recipes/52560/

E&v dev oag melpdlel va avadiatdEete ™) Mota, TaEivoufiote Ty Kol uetd copmoTte amd 1o Téhog g Motag,
dLaypApovTag To. dLTAOTUTTO KAOMG TPOYWPATE:

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

Edv 6ha ta otouyela g AoTtag Wtopouv va xpnotposonfoiv wg khewdid ovvorov (dnhadr eivar dha T
hashable) awTo glvow GUYVA TTLO YPYYOPO:

[mylist = list (set (mylist)) }

Avtd petatpémel T Mota og éva oUvoLo, aQaLp®VTOG £ToL TO SLITAOTUITO, KO 0TY CUVEYELD Eavd og Mota.

2.5.5 Nwg agpaipeite MOAAANAAG otolxeia anod pia Aiota

'Onwg Kat Ue TV KoTtdpynon tov SUthOTumtmy, To pnTo iterating avtiotpopa ue po ouvofkn dioypagiig eivor
o ThovotnTa. QoTd00, Eivol EUKOLOTEPO KaL TTLO YPTYOPO VA YPT|OLULOTTOOETE TNV OVTLKOTAOTAON TUNUG-
TOV 1e va EUUESO 1) PNTWG TTIPOGS TO EUTTPOG iteration. AkorovBovv 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 g AMotag umopel va eival tay0tepo.

2.5. AKoAoubBieg (MAeladeg/Aioteg) 25


https://code.activestate.com/recipes/52560/

Python Frequently Asked Questions, Anpocicuon 3.14.0rc3

2.5.6 MNwg pnopeite va ptiagete €vav nivaka otnyv Python;

Xpnowwomorote uua Moo

[["QUTI”‘[", 1, nginLH, HPLQH, ll}\’LO._CQn] ]

O Moteg eivar 1oodvvapeg e toug mivakeg g C M Pascal oty xpoviki| Toug molvmhokoThtas M KopLa dia-
@opd eivar Ot wa Moto Python pmopei va mepiéyel avitkelpevo TolmV SLapopETIKMV THTMV.

To module array mapéyet emiong ueBodovg yia T dnuovpylo Tvakmy oTadepmV TUTWV L CUWITTAYELS ovaL-
TOPAOTACELS, O elval TTLO apyEg 0TV evpeTnplaoy amtd TG AMoteg. Znueldote eniong 6t to NumPy xou
dMho mokéTa Tpitv, opilovv douég THTOVGS array Ue dLAmopa XaPOKTPLOTIKA ETLONG.

T va Mfete ouvdedeuéveg Moteg Tumov Lisp, umopeite vo eEopuoudoete cons keAtd }p1NOLUOTOLDOVTAG TAELG-
oeg;

[lispflist = ("onwg", ("auto", ("to mapdSeirypa", None) ) ) ]

Edv eivar emBuunt 1 uetofAntomra, umopeite va ypnopuomotoete Moteg avii yio mheiddes. Edw to avd-
Loyo evdg Lisp car eivar 1isp_list [0] Kow To avaloyo tov cdr eivanr 1isp_list [1]. Mdvo Kkdvte 10 av
elote BEPaLOL OTL TPAYUOTIKA X PELATETAL, YOt Elval ouvNOmG TTLo apyd Kan atd T (pNorn Aotdv Python.

2.5.7 Nwg pTLaXVw Hua noAudiaoctatn Aiotaq;

Md&Mov poomadnoate va QTLAEETE £vav TOAUSLAOTOTO VKO GAV OUTOV:

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

Avtd gaivetor 0moTo oV TO EKTUTIMOETE:

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

>>> A J

AMG btav exympeite po T, epupoviletal o Told onueio:

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

O AOyog givan OTL M AvaTToPayYT) (WO MoTta ue * dev dNUOVPYEL avTiypapa, dNUWOVPYEL LOVO avapopég
ota vITapyovta aviikeipeva. To * 3 dnuovpyel wo Moto mov mepLéxel 3 avapopés otV idta AMota uiKkovg
dv0. O alhayég o pia oelpd Ba eppaviCovrar og Oleg TG OeLPES, KATL TOV 0%EdOV olyoupa dev elval outd
mtov Béhete.

H stpoteivouevn mpoaéyyion eival va dSNuovpyNoeTe Tp®ToL pLct MoTo e TO EmBupunTo PNKOG KAl 0T OUVEYELD
Vo oVUITAPWoeTE KAOE oToLyElo ne P véa Mota:

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

Autd dnuovpyel wo Aiota mou meptéxer 3 duapopetikéc Moteg ue unkog dvo. Mmopeite emiong va xpnoLuo-
moufjoete €vo comprehension AloTtag:

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

EvollokTikd, Wtopeite vo XP1NOLUOTOLOETE UL ETTEKTAON TTOV TOPEXEL €VOV TUTO SESOUEVIV UNTPAG
(matrix)s To NumPy eivai to mmo yvooto.
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2.5.8 MNwg pnopw va epappéow pia HEBOSO N JLa cuvapTnon o€ pla akoAoubia
QVTLKELLHEVWY;

To vo kahéoTe o éBodo 1 o GuVAEPTNOoT KoL VO OUYKEVTPMOETE TIG EMLOTPEPOUEVES TLUEG EIVOL PLaL MoTal,
éva list comprehension givan g kKoupm hoom:

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

result [function (obj) for obj in mylist]

Io va ekteléoete amhmg T 1EB0d0 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 (obj)

2.5.9 lNuarti to a_tuple[i] += [“item”] dnuioupyel pLa egaipeon 6tav AeLtoupyei
N MPooONKnN;
Avt ogeiletan 08 £vav ouVOLAOUO TOU YEYOVOTOG OTL OL ETAVENUEVOL TEAEOTEG EKYMPNONG EIVOL TEAEOTEG

ek onons Kou g dagpopdc netaty uetafintdy Ko apetdfintoy avikeywévov otnv Python.

Avt) 1 ougNTNOT WYVEL YEVIKG OTOV 0L ETAVENUEVOL TEAEOTEG EKYMPNONG EQAPUOTOVTOL OE GTOLYELD (OG
mhelddag mov delyvouv o petafnTtd oviikeipeva, adhd Ba ypnowomooovue 1ist Ko += mg vTddeLyUd
nog.

Edv ypayere:

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

TypeError: 'tuple' object does not support item assignment

O MOyog yo T eEaipeom Oa pémet va elval opuéomg oaghg: To 1 Tpootifetol 0to aviikeipevo a_tuple [0]
deiyveL 0To (1), TAPAYOVTOG TO OVTLKELUEVO ATOTEAEOUOTOC, 2, OAAG OTaV TPOCTOOOVUE VAL AVTLOTOLYIOOVUE
TO OTTOTELEGLOL TOV VITOAOYLOUOY, 2, 0TO O0ToLyelo 0 TG mhelddac, Aapupdvovue éva opdiuo emeldn dev umo-
povue va aldEovue avtd mov deiyvel éva otouygio wag TAeLddog.

Kértw amd ta kohdpuata, autd mov Kaver vt 1 eravEnuévn dhmaon ovabeong eivan epimov 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 tpuua avadeong g AeLtoupyiag mov mopdyel To opdlua, ool pia thelddo eivor auetdfin.

‘Otav ypaepete KATL oav:

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

TypeError: 'tuple' object does not support item assignment
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H eEaipeon eivar Aiyo mo eKmANKTIKT, KoL 0KOUN Lo eKTANKTIKO eival To yeyovig 0Tt TapOlo Tov VIhpyE
EVoL OQAMILAL, TO TOPAPTHUA AELTOVPYNOE:

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

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

>>> a_list = []
>>> g list += [1]
>>> g list

[1]

Avtd 1ooduvauel pe:

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

J

To aviikeipevo oto omoio vmodetkvietan amd to a_list €xel uetodhayOel KoL o0 delKTNG 0TO UETAMNOYUEVO
aviikeipevo €xel ekywpnOel miow oto a_list. To tehkd amotéheona tg avébeong eival £va no-op, Kabmg
elvan évag delktng 0To idLo avTikeipevo Tov to a_ 11 st €detyve mponyovuévmg, arlhd n avébeon eEakolovbei
v yivetal.

"Etol, 0T0 TapAdeLyYId NaG, AUTO TTOV OUUPALVEL E(VOL LOODUVOUO UE:

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

TypeError: 'tuple' object does not support item assignment

To__iadd__ () metuyoivel, kou £€ToL 1 MoTto emekTeiveTat, old Topolo oV To anoTéAeoua delyVeEL 0To
1910 avTikeipevo ov deiyvel NdN Tto a_tuple [0], avti 1 telkT avdbeon eEakolovbei va €xeL g amotéle-
ouo €va AMaBog, yioti ou mhelddeg eival apetdfinTes.

2.5.10 OéAw va Kavw pLa TePINAOKN TAELVOUNON: MTIOPELTE va KAVETE £€va
Schwartzian Transform otnv Python;

H teyvixy, mov amodidetan otov Randal Schwartz tng kowvotntog Perl, ta&wvouel ta otouyeia wag Motag pe
Béom wa péTpnon mou avtiotoyilel ke otoryeio oty « T taSvounong» tov. tnv Python, ypnowwomor-
NoTe To OpLopa key Yoo ™ 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 BAon TLQ TLHEG Amo pia aAAn
AioTa;

Suyyxwvevote ta og £vay iterator AeLddwv, TAEIVOUNOTE TH MOTO TTOV TPOKVITTEL KAL, 0TV OVVEYELD eTAEETE
TO OTOLYELO TTOV OéheTE.

>>> listl = ["T1", "xdvw", "taivéunon", "pe"]

>>> 1list2 = ["kdatl", "OSirawopeTikd", "Tou", "Tafivouw"]
>>> pairs = zip(listl, 1list2)

>>> pairs = sorted(pairs)

(OUVEYELD OTNV ETTOUEVT] GEMDO)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

>>> pairs

[ ("Eyw", 'OSirapopeTikd'), ('amd', 'taivopw'), ('ta&ivounon', 'ce'), ('Tr',
<'xati') ]
>>> result = [x[1] for x in pairs]

>>> result
['SrapopeTikd', 'Ttaiivopw', 'pe', 'xkdti']

2.6 AvTtikeipeva

2.6.1 T eival pua KAaon;

Mo kAGom €lval 0 OUYKEKPLUEVOG TUTTOG OVTLKELLEVOU TTOU ONULOUPYELTOL UE TNV EKTELEDT wag Ohwaong
Khdong. Ta aviikeipeva KAAONG X PNOLULOTOLOVVTOL WG TTPOTUITA, YOl T dNULOVPYIC OVTLKELUEVMV TOPOVOLAG,
TOL OTTOL0L EVOMUATDOVOUY TOGO TaL dESOUEVA (XAPAKTNPLOTIKE) 600 KoL ToV KOdLKa (LeBdd0vg) e1dLKd Yo vay
TUTO HESOUEVOIV.

Mo kKMGom purtopel va acifetor og pia 1 meploodtepeg diheg KAGoeLS, Tov ovoudovial faotkés kKAdoelg
™G. ZT1 OUVEYELD. KAPOVOUEL TO YAPOKTNPLOTIKA KOl TiG LeBddovg tv Paotkmv KAdoewmv. Autd emitpé-
TTEL O€ €VaL LOVTELO AVTLKELUEVOU VO, BEATLDOEL dLadoyikd ue kKAnpovoukdtto. Mmopel vou £XETe PLoL YEVLKT)
KAGon Mailbox mov mapéyel faotkég uebddovg Tpdofaong yia EVo YPOULOTOKLBMTLO Kt VITOKAAOELG OTTmG
MboxMailbox,MaildirMailbox, OutlookMailbox Tov XeLPILOVTOL SLAPOPES OUYKEKPLUEVES WOPPES
ypOoupaToKLB™TIOU.

2.6.2 T eival pua pEB0d0G;

Mua uéB0d0og eiva pLor oVVAPTNOT 08 KATTOLO OVTLKELUEVO X TTOV oUVNOWS Kakeite wg x . name (op topata.
.. ). OLuébodol 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 eivor amhmg évo ovufatikd dvoua yo To TPdTo OpLopo tog uebddov. Mia uédodog mov opiletan wg
meth (self, a, b, c) npémervoovoudletorx.meth (a, b, c) Yo Kdmolo Tapdderyua x TG KAdong
otV omola eupoviletal o oplopoce 1 kahovpevn uébodog Ba ovopdietor meth (x, a, b, c).

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

2.6.4 Nwg propw va eAEyEw £Av €va avTlKelPeEVO elval gua ovtotnta puag de-
SoHEVNG KAAoNG 1 HLag UrokKAaong Ing;

Xpnouomotote TV evomuatouévy ovvdptnon isinstance (obj, cls). Mmopeite va ehéyEete edv
€VOL OVTIKELUEVO EVOL ULOL TTOPOVGILC OTTOLOOONTTOTE atd évav apldud KAMAoeEmV TapéyovTag Wo. mhelddo
ovtl Yo wo puepovouévny kadon, my. isinstance (obj, (classl, class2, ...)), KoL Wro-
pei emiong va eléyEel eGv éva avtikeinevo gival évog amd Toug evomuoTmuévoug Tumovg g Python, m.y.
isinstance (ob7j, str)ﬁisinstance(obj, (int, float, complex)).

Adfete vdyn Ot 10 isinstance () eléyyel emioNg YO ELKOVIKT KAPOVOULKOTNTO 0to WL abstract base
class. "Etot, 1 doxiun| Oa emotpépel True yia (ol eyyeypouuévn kKAGon axopo KL av dev £xel KAnpovouroet
dueoa N gupueca amd avtd. Fo va eléyEete o «alnOuvy KAnpovoukdtyta», ocapdote to MRO g KAAoNG:

from collections.abc import Mapping

class P:
(ouvéyela otV emopevn oehida)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

pass

class C(P):
pass

Mapping.register (P)

>>> ¢c = C()

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

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

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

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

# Test for "true inheritance"
>>> Mapping in type(c)._ mro_

Adfete voYn OTL TAL TEPLOGOTEPT TPOYPAUUOTO OEV XPNOLUOTOLOVV TO isinstance () o€ KAMAOELG TOV
opifovrtor amd T (PNoTN oA ovyva. EGv avamtiooete povol 0og Tig KAAGELS, EVOL TTLO0 0WOTO OVILKELUEVO-
otpePNG oTUA elvan vor opilete nebddoug 0TLG KAAOELS TTOU EVOMUOTOVOUV ULC CUYKEKPLUEVT] GUUTEPLPOPAL,
OVTL VO EAEYYETE TNV KAAGT TOU OVTLKELUEVOD KoL VO, KAVETE KATL dLOLPOPETIKO pe Baor tv KAdon mov eival,
YLOL TTOLPADELYUOL, EQV EYETE ULOL GUVAPTI O TTOV KOVEL KOTL:

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

Mo kahOtepr) mpooéyylon eival 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 OVTLKELLEVOOTPOPNG TEYXVLKY (0OvoudLetal emiong notifo oxediaong). Ag vrobéoovpe
ot éyete éva avtikeipevo x Kaou Oéhete va alhdEete T ovpumepLpopd wag povo artod Tig uedddovg Tov. Mro-
pELTE Vo dMuLovpynoete o vEo KAGOoN TTov Topéyel Pa véa VAOTToiNnoT g uefddov o 00g EVOLAPEPEL VO,
oAGEeTe Kou exywpel Oheg Tig dhheg nebddovg oty avtiotouyn uéHodo tou x.

O wpoypaupatiotég Python pwropotv evkola va vhomorjoovy v avadeot). [ mapdaderypa, 1 axoiouom
KAGon vhomolel e KAAon Tov oupmtepupépetal oav apyeto old petatpémer Oho To Yposttd dedouéva oe
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Kegalaia:

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

Ed® 1 kAdon UpperOut emavampocdiopilel tn uébBodo write () yio vo uetatpéypel ™ ouuBorooelpd opi-
onatog oe Kepohaia mply Kohéoel TV vrtokeipevn nébodo self._outfile.write (). Oleg oL Ghheg né-
B0d0L EKYWPOVVTOL 0TO VITOKELUEVO OvTIKEinevo self._outfile. To delegation ohoxAnpdvetar uéom tng
ueboddov ___getattr__ ().Zuvufovievteite To the language reference yia meplocdtepeg TANPoOQoOpPieg OYETIKA
e Tov €reyyo g mtpdoBaongc.

Adete vTOYPN OTL YLOL TTLO YEVIKEG TTEPLTTMOELG 1) AVAOEDT WITOPEL VL YiveL TiLo dVoKoAY. Oty To XopaKThpL-
OTLKA TTPETEL VO, 0PLOTOVV KAOMG Ko vo avaktnOouv, 1) kAo tpémer va opioet po nébodo __setattr_ ()
emiong, Ko TPETEL VoL To KAveL pooektikd. H faoikn vhomoinon tov __setattr__ () eivow mepimov 1oo-
dvvauo pe To eENg:

class X:

def _ setattr (self, name, value):
self. dict [name] = value

IMoMég vhomoifjoelg __setattr__ () kokoUv TNV :object.__ _setattr_ () yua va B€covv wa ueta-
BANTH 0TOV €0VTO TOVG XWPIG VO TPOKAAOUV ATTELPT) AvOLdpOUT).

class X:
def _ setattr_ (self, name, value):
# Custom logic here...
object.__setattr__ (self, name, wvalue)

Evolloktikd, eivar duvatd vo oploete XopOKTNPLOTIKA ELOGYOVTOG KOTAXWPNOELS 010 self.  dict
amevdeiac.

2.6.6 MNwg pnopw va KaA€ow Hua HEB0DSOo 1ou opiletal o pLa Baclkn KAGon
ano pua nmapaywyn KAAon mou Tnv ENeEKTEIVEL,

XP1OLUOTOLYOTE TV EVOMUOTWUEVT] CUVAPTNOT super () :

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

Zto mopdderyua, To super () Ba TPoodlopicer ovVTOUATO TO OTLYIOTUITO atd TO 0molo KANONKeE (1 Twus
self), avalnmorte ™ method resolution order (MRO) pe type (self) . mro__, KoL ETOTPEYTE TO ETOUEVO
011 0€Lpa uetd 1o Derived oto MRO: Base.

2.6.7 Nwg pnopw va opyavwow ToV KWdLKA HOU TIPOKELMEVOU va SLEUKOAUVW
TNV aAAayn ™G Baolkni¢ KAaong;

B0 WITOPOVOUTE VAL AVTLOTOLYIOETE TN FOOLkY) KAAON 08 £VoL PEVAMVUIO KOL VO TTPOKVPEL TO YEVADMVUUO. ZTHV
ovvéyela, To udvo mov mpémer vo alaEeTe eival 1 Ty Tov €xel ekywpn el YPevdwvupo. Mapepmurtdviog,
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avtd To KOMTO glvan Tiong xpNowo eqv BéleTe va amopacioete duvaukd (.. avaloyo pe v dtabeotuo-
TTO TOV TOPWV) oL, footkn kKhaon va ypnopwomomoete Mapaderypa:

class Base:

BaseAlias = Base

class Derived (BaseAlias) :

2.6.8 Nwg dnuloupyw dedopéva oTATLKNG KAAONG Kal HeBOSoug oTaTKAG KAG-
ongG;

Tbo0 Ta oTaTLoTIKG dedopéva 600 Kat ot atatikéc uébodot (ne Ty évvora tg C++ 1) tng Java) vrootnpifovion
otnv Python.

[o otatikd dedouéva, amhig oplote £va XopoKTNPLOTIKO KAAoNG. ['la vo ekywproeTe wa véa Ty 0To Yo.-
POAKTNPLOTIKO, TTPETEL VAL, Y PNOLULOTTOL|OETE PTA TO OVOULO KAAONG OTNV EKYDPTON:

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 0TOLOONTOTE ¢, £TOL DOTE VO LOYVELTO i sinstance (¢,
C), eKt0g 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, wo avébeon d6nwg self.count = 42 dNULOUPYEL Wa VEX KoL QOYETH
TAPOVOLO. UE TO OVOUOL «count» 0To ko Tou dict Tov self. Emavoaoivdeon wog kKAAoNG-otatikng ovoua
dedouévarv pérmet mhvta va Tpoodopilel v kK don eite Bpioketor péoa o po wéBodo eite dyL:

[C.count = 314 }

O otatikég uébodol eivar duvatéc:

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

Qot600, £vag oD Lo ATAOG TPOTOG Yo VoL AABETE TO ATOTEAEOUO (OG OTATIKTG HeBOdOV elvan LEGw wag
oG oVVAPTNONG O€ emimedo Hovadag:

def getcount () :
return C.count

Edv o kmdikog oag elvar dounuévog £ToL waTe vo opileL pia KAAon (1] 0TeVA GUvOEdEUEVT LEPAPY NG KAATEMV)
avd module, avtd mapéyer Ty emBounty evOLAAKWON.
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2.6.9 MNwg propw va UNEPPOPTWOW KATAOKEUAOTEG (I HEOBOBOUG) oTnv
Python;

Avti 1 amdvTNoT LoyVEL OTY TPOYUATIKOTTO Yia ONeg TLg uebddovg, odhd 1 epdTnon ovvhBwg epgpaviteTon
TPADTN 0TO TAALCLO TV KATOOKEVOTTMV.

2y C++ Oa yphpate
class C {
C() { cout << "No arguments\n"; }
C(int i) { cout << "Argument is " << i << "\n"; }

}

Ztnv Python mtpémel va ypdapete €vov novadikd KotaoKevaoTi) IOV VO TTLAVEL OMEG TIG TEPLTTWOELG X PTOLUO-
ToLdVTOG TpoETmAeYUEVO opiopata. I'a mopdderypa:

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

Auto dev eivan evteAdS 100dUvapo, OAG apKETA KOVTA 0TV TPAE.

B0, WTopoVoaTE EMLONG VA SOKLUATETE (0L ALOTA OPLOUATOV UETABANTOV UTKOUG, TT.X.

def _ init_ (self, *args):

H {81 tpooéyyion Aettoupyel yio OAOUG TOvg 0pLopovsg neboddwv.

2.6.10 Mpoomnabw va XPnoLUoToow __spam Kat Aapypavw €va opailpa oxe-
TIKA pe to _SomeClassName__spam.

Ta ovouato petafAntadv pe ki) vroypdupon oty apyr eivar «mangled» yio vo mopéyouvv évoav omho
O0AG 0TTOTEAEOUATIKO TPOTTO OPLOUOD TV LOLWTIKMV UETUPANTMV KAAOTNG. OmotodNToTe avayvwpLoTtkod g
POpuog ___spam (tovhaylotov 80 Tpomopevdueveg KATw TOVAES, TO TOM) £va TEAOG VITOYPAUULONG) OVTL-
KabioTotal péow KeWwévoy 10 _classname__spam, OTTOV T0 classname Vol To TPEXoV Ovoud KAAoNG e
OTTOYUUVOUEVES TUYOV TTPONYOUUEVES TTOUNEG.

To avayvoplotkd umopei va ypnopomombel apuetdfAnto evtog g kAdong, alhd yia tpdofacn og avtd
ekTOg TG KAAONG, TPETEL VA YPNOLUOTOOEL TO TAPAUOPPOUEVO OVouQL:

class A:
def _ one(self):
return 1
def two(self):
return 2 * self._ one()

class B(A) :
def three(self):

return 3 * self. A one()

four = 4 * A()._A__one()

J

FUYKEKPLUEVA, AUTO EV EYYVATOL TO ATTOPPITO KABMG évag eEEmTEPLKOG XPHOTNG WITopel akdua va €xeL KO-
U TPOOP Ao 0TO LOLWTLKO YOPAKTHPLOTLKO TTOAOL TTpoypauotiotés Python dev umaivovy moté otov KOmo
VOL Y PNOLUOTOL|COVY OVOLLOLT LETOPANTOV.
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e Asite emiong

OL TPOSLOPPAPES TOPATOLNONG LOLWTIKOU OVOUOTOG YLOL LETTTOUEPELEG KO ELOLKES TTEPLITTMOELG.”

2.6.11 H kAdaon pou opilel __del__ aAAa dev KaAeital 6tav dtaypapw TO avtl-
Keipevo.

Yndpyovv dibgpopot mbavoi Adyot yio autd.

H npdtaon del dev Kahel amoparttwgto _del () — amhdg LELOVEL TOV apLBUd avapopdg TOU AVILKEL-
UEVOU, KoL v autd (pTaoeL 0to undév Kaheltanto __del_ ().

Edv oL dopég dedopévarv oag mepLEyouv KukAKoug ouvdEéouovg (st.y. €va dévtpo dmov Kdbe moudi £xel wo
avapopd yovéa Kot KaOe yovéag €xel uua AMoTto oudidv), ov uetpnoelg dev o emavéLBouv oté 0To undév.
Kd&0e 1600 1 Python extelel évav alydpiOuo yia va aviyvevoet tétolovg KUKAoUS, aAAd 0 CUAAEKTNG OKOUTTL-
v ptopei va ekteleotel Kamola atiyur) uetd tnv eEapdvion tng televtaiag avagopdc ot dour) dedopévav
00G, EMOUEVWG N uEB0dog _ del () umopel va kKAnOel og wo Gfoln Ko Tuyaia otiypn. Avtod dev eival fo-
MKS edv poomabdeite va avarapdEete éva TpofAnua. AKoOun XeLpOTEPT, 1| GELPA [LE TNV 0TTola EKTENOVVTOL
uébodor __del__ () Tovu avrikeluévov eivor avbaipetn. Mmopeite va ekteléoete To gc. collect () yuo va
avayKdoete (o oulhoyn, alhd vadoyovy mafohoyikég mepLTTdoeLg dmtou Ta avitkeipevo dev Oa oulheyBouv
TOTE.

IMapd Tov ovAAEKTY KUKAOU, eEakolovBel va eivan Koy 1déa va opioete o pnth uéhodo close () og avri-
Keipeva wov Ba kahovvtar Kébe popd mov tehewwvete pe avtd. H uébodog close () umopei ot ouvéyet va
APALPETEL YOPOKTIPLOTIKA TTOU OVOPEPOVTOL OF VITOOVTIKELEVE. My Kakeite To __del_ () amevdeiog
-__del__ () o mpémer va Kaheite To close () Kot 10 close () Oa mpémer va Pefoiwdel OTL pmopel vo
KAnOel mepLoodtepes 0Td uia QopEG YLaL To 1910 avTLKeinevo.

"Eva dA0g TpdITog Yo voL amoUyeTe TG KUKMKESG avopopEg eival va ypnotpuomoioete to module weakref,
TO 07T0L0 00G emTpémer va avEdvete tov apBud Twv avagopdv Tovs. O douég dedouévmv dEVIpwV, Yo
ToPAdELYLa, B0 TPETEL VO YPNOLUOTTOLOVV OOVVAIES AVOPOPES YLOL TG AVAPOPES YOVEWV Kl adeApV ( oV
T YPELAOTOVV!).

Téhog, v uébodog__del () eyeipel po eEAPEDT), EKTUTMVETAL £VA TPOELOOTOTIKS [ vupaL oy dLev-
Ouvom sys.stderr.

2.6.12 Nwg propw va AdBw piLa Alota HE OAEQ TLG OVTOTNTEG HLag SEBOUEVNG
KAQong;

H Python dev mapakolovBei dOheg Tig mapovoieg wag KAaong (1) evog evoouatmuévou tTomov). Mtopeite va
TPOYPAUUATIOETE TOV KOTAOKEVALOTH TNG KAAONG VAL TApakohoUOEL OLEG TIG OVTOTNTES SLATNPWVTAG ULt AloTaL
0dVVOUWY OVAPOPHDV 0 KAOE Tapovaia.

2.6.13 MNarti To anotéAeopa Tou id () ¢aivetal va gnv eivat povadiko;

To evoopatouévo id () emoTpépel Evav oKEPOLO TOV ElvVOL EYYVNUEVO OTL elval povadikdg Kotd T dtdp-
kel Long tov avtikelévou. Egpdoov ato CPython, aut) eivor dievBuvon puviung Tov avikelévou, ouppaiver
ouyva OTL HeTd TN dLarypopt) EVOG OVTLKELWEVOU OTTO TN UV, TO ETOUEVO TTPOGPOTO ONUOVPYNUEVO OVTL-
Kelpevo exympettar oty idua 0€om ot uvhun. Avtd gaiveton amxd avtd to Topdderyuo:

>>> id(1000)
13901272
>>> id(2000)
13901272

Ta U0 avoyVOPLOTLKA OVIKOUV 08 SLOPOPETLKA OKEPOLOL OVTLKELUEVOL TTOU STULOVPYOVVTOL TTPLY Ko dLarypdi-
POVTOL AUECWG UETA TNV ekTéLED TG KMong id () . Twa va BePfamwbeite OTL TO OVTIKEIPEVO TOV OTOLMV TO
avayvoploTtikd 0éhete vo eEeTdoeTe elval akoua Coviavd, SnuovpynoTte e AR avogopd 0To OVILKEIIEVO:
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>>> a = 1000; b = 2000
>>> id(a)
13901272
>>> id(b)
13891296

2.6.14 Mote pnopw va Baclotw o€ SOKLUEG TAUTOTNTAG HE TOV TEAECTN is;
O teheoThg 1 s EAéyyel TV TautdTNTO TOV avkeluévov. H doxui a is b looduvopeipe id (a) == id(b).

H o onuovtikn tdlotnta evog Te0T TOVTOTNTOG ELVOL OTL EVOL OVTLKELUEVO ELVOL TTAVTO TTAVOUOLOTUTTO (LE TOV
€0VTO TOV, TO @ 1s a emoTpé@el mavta True. Ta Te0T TAVTOTNTOG Elval ouVNOMG TAUTEPO OITTO TO TEGT
toottog. Kot oe avtifeon pe ta 160t 1odTNTog, T TEOT TAVTOTNTOG elval eyyunuéva OTL Bo emLoTpépouy va
boolean True 1) False.

Q0T000, TO TEOT TAVTOTITAG LITOPOVV LOVO VA AVTLKOTAGTIOOVY Ta TEGT LOOTNTAG OTOV eivol eEA0mAMOUéEVY
1] TOVTOTNTO OVTLKELUEVOL. [EVIKA, VITAPYOVV TPELG TEPLITTMOELG OTTOV 1) TAVTOTNTO ELVOL EYYUNUEVN:

1) Ou exympnoelg dnuovpyotv véa ovopata alhd dev oAALATOUV TNV TOVTOTHTA AVTIKEUEVOV. META TNV
ovaBeon new = old, eival eyyunuévo 0tL o new is old.

2) H1tomo0£tnom evOg avILKELUEVOU O EVOL KOVTELVEP TTOV OTTOONKEVEL OVOPOPESG AVTLKELUEVV OEV AMATEL
TV TOVTOTNTA OVTLKELUEVOV. MeTd v avdBeon Motag s [0] = x, eivaw eyyvnuévo éteto s [0] is
.

3) Edv éva avtikeipevo givar singleton, onuaiver 4t pdvo £va oTrydtumo autoy Tov oVILKEWWEVOU UTopel
va vrtdpyel. Metd tig exywpfioelg a = None koub = None, elval eyyunuévo 0tLto a is b emewdy
To None eivau singleton.

ZTG TEPLOCOTEPES AANEG TIEPLITTMOELS, TOL TEOT TOUTOTNTOG dEV EVOEIKVUVTAL KOL TIPOTLUMDVTOL TO. TEGT LOOTN-
tac. Eldukotepa, to teoT TouTtdTTas deV B0 ITPETEL VAL Y PN OLULOTTOLOVVTOL L0 TOV EAEYY0 0TaBEPDV OTTWG int
Ko str wov dev elval eyyunuéva singletons:

>>> a = 1000

>>> b = 500

>>> ¢ = b + 500
>>> a is ¢

False

>>> g = 'Python'
>>> b = 'Py'

>>> c = b + 'thon'
>>> a is c

False

Opolmg, To VEQ OTLYILOTUTTO LETAPANTOV KOVTELVEP OEV ELVAL TTOTE TTOVOUOLOTUTTAL:

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

Ztov TumKO Kodika BLphodNKng, Oa deite ToMd Kotvd HoTifa yio T cwaoTt) XpNon TV SOKLUMY TAVTOTNTOG:

1) Onwg mpoteivetor amd 1o PEP 8, évag éheyyog Toutdtntag eival 0 TPOTIUMUEVOG TPOTTOG YLa VO ENEY-
Eete 1o None. Avtd eivol oov ommhd ayyMKd otov KOSIKO Kot amo@eVyeTal 1) oUyyuor ne GAho ovTL-
Kelpevo wov umopel va £xovv Tuég boolean ov aglohoyovvral mg Pevdeic.

2) O evtomoudg TPOULPETLKMY OPLOUAT®VY WITopEeL va givar SVoKohog OTav To None eival puo €yKupn T
€L0000V. Z€ QUTEG TIG TTEPLITTDOELS, WTTOPELTE VO SNULOVPYTTETE VAL AVTIKELUEVO LEUOVMUEVOU PPOVPOY
7ov eivar eyyunuévo 0tL Ba drapéper amd ddha aviikeipeva. Do mopdderyuo, deite Twg propeite va
eQopuooeTe o uEBodo mov ouptepLpépetal oav dict . pop () :

2.6. Avtikeipeva 35


https://peps.python.org/pep-0008/

Python Frequently Asked Questions, Anpocicuon 3.14.0rc3

e 3

_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) Ou vAOTTOOELG KOVTELVEP UEPLKEG POPEG Y PELALETOL VO AVENCOUV TaL TEGT LOOTNTOG UE DOKILUES TAUVTO-
TTac. AVTO TOTPETEL T GUYY VO TOU KMALKO otd avitkeipevo 6tme to £loat ('NaN') mov eivor
oo pe to. ida.

[o Tapaderyua, edo elval n 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 Mwg pnopei pua utokAaon va eA€y&el nowa dedopeva anodnkevovtal
o€ JLa apeTapAnTn napouoia;

Katd v vrokAidon evog auetdfintov tomov, mapakdpypete ) uébodo _ new () ovti yio ™ néBodo
__init__ ().H tekevtaia ekteleitan LOvo agpot) dnuovpynOEL po Topovoia, 1 ool eivol oA apyd yo
vo aAMGTEL dedopéva o€ P aueTdfAnTn sepimtmon.

‘Oheg autég oL aueTdfAnteg KAAOELS £X0UV SLOPOPETLKY VIToYpapt) atd T UNTPLKY Toug KAAON:

from datetime import date

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

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

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

return super()._ new__ (cls, value)

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

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

O K¥AGogLg Ptopouv va xpnotuomot0ovv Etot:

>>> FirstOfMonthDate (2012, 2, 14)
FirstOfMonthDate (2012, 2, 1)
>>> NamedInt ('ten')

(ouvéyela oty eV oehida)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)
10
>>> NamedInt (20)
20
>>> TitleStr ('Blog: Why Python Rocks')
'blog-why-python-rocks'

2.6.16 MNwg propw va anodnkeuow TL§ KANOELG HEOOBOU OTNV KPUPN MVIIHN;

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

H mpooéyyion cached_property hertovpyel udvo pe pebddovg mov dev Aapupdvouv opiopata. Agv dnuiovpyel
ovapopa oto otryiotumo. To amotéheopa g cached ueBddovg B dratnpnOei LOVo OG0 TO GTLYLOTUITTO ELVOL
Cwvtovo.

To mheovEKTNOL EIVOL OTL OTOV VAL OTLYULOTUTTO OEV Y PNOLUOTTOLELTOL TTAEOV, TO OTTOTENEOUA TNG OTTOONKEVUE-
NG uebddov Ba amehevbepmbel auéome. To petovékTnua givar 0TL €6V CUOCMPEVTOUV OTLYIOTUTTA, O elvor
KOL TO OTOTEAEOUOTOL TG CUOOMPEVUEVTG LeBOdoV. Mmopolv va avamtuyBouv xwplg meploplopovg.

H stpooéyyion lru_cache hertovpyel pe nebddovg mov €xouvv opiopata hashable. Anpuovpyel o avapopd 0to
OTLYILOTUTTO, EKTOG €AV KaTaPANO0UY eldLKES TPOOTADELES VIO VL TTEPAOEL OE ADVVOUES AVAPOPEC.

To mheovEKTHUA TOV alyopiBuov ou ypnolpomomonke Aydtepo mpoda@ata eivar OTL 1 KPupt uviun opLo-
Oeteital amd to Kaboplopévo maxsize. To petovékTnua eivon OTL TO OTLYIOTUITO SLOTNPOUVTOL TOVTUVA MG
OTOU TAAALMOOUV ATTO TV KPUPT) UV 1] UEXPL VO DLOLYPOLPEL 1] KPUEPT] LLViuT).

Autd to Tapaderypa deiyvel 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.

To mapomave mopdderypa mtpoimobéter Ot To station_id dev odAACeL moTé. Edv T oyeTikd opaKTNpLOTIKA
TAPOVOLOG ELVOL LETAPANTA, 1) TPOOEYYLON cached_property dev WTtopel vor AELTOUPYNOEL £mTELdY] dEV UTOPEL VOL
EVTOTTLOEL AANOYEG OTOL Y OLPOKTNPLOTIKAL.

T va Aertoupyhoel 1) Tpocéyyion lru_cache dtow to station_id eivon petaffAnto, 1 KAAoT TPETEL VO OPLOEL TIG
uebddovg __eq () kou__hash__ () ®OTE 1) KPUPT) WVIUT] VO WTOPEL VO EVTOTTLOEL OYETIKEG EVIUEPMOELG
YOPOKTIPLOTIKMDV:
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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 _ eq_ (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 MNwg dnuoupyYw €va .pyc apxeio;

‘Otav évo module eLodiyeTon yio TpdTn opd (1] 0Tav to apyeio mpothevong £xel adlAdEeL amd T dmuovpyio.
TOU TPEYOVTOG UETAYAMTILOUEVOL aPYelov), Eva apyelo . pyc Tov TapEYEL TOV UETAYAMTTLOUEVO KDdLKa Oa
nipémeL vo. duovpynOel oe évav vokatdhoyo _ pycache_ o koatdhoyog 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.)

"Evog AOY0G Y10 TOV 07010 eVOEYETOL VO unv dnuovpyn0ei éva apyeio . pyc eival €va TpofANo SIKoLwUAT®mY
OTOV KATALOYO TTOU TEPLEYEL TO OPYELO TPOENEVONG, TTOV ONUAEVEL OTL deV umopel vo dmuovpynOel o vtoka-
tédhoyog _ pycache_ . Avutd umopel va ovppel, yio mapdderypa, edv avamtuydel og évag xpMotg alrd
ekteleitol wg GAhog, OTTmg Qv dOKLUATETE UE VOV dLAKOULOTY) LOTO.

Extog xau av £xel oplotel N petofinty meptfdhovtog PYTHONDONTWRITEBYTECODE, 1 dSnuLovpyia evog
apyelov .pyc elvor avtouotn edv eodryete éva module ko 1 Python éyel T duvatdomto (dtkaudparta, elev-
0gpog xDPOGC, K.AIT...) va dNovpyhHoel éva _ pycache_  vmokatdhoyo Kou YPOYTE TO UETAYAMTILOUEVO
module og avtdV TOV VITOKATANOYO.

H extéheon tng Python og éva oeviplo avmtatov emédov dev Bewpeiton eloaywyr) kou dev Ba dnurovpynOel
.pyc. lNa mapdderyna, edv éxete éva module avartdtov emmédov £00 . py oL eLodyel Eva Ao module xy z .
Py, 0tav eKkteleite To foo (mMAnkIpoloymvtag python foo.py wg eviol) keligovug), Ba dnuovpynOei éva
.PYC Y10 TO Xy Z €ELdT) T0 xy z €xeL eloayOel, adhd dev Bo dnuovpynBet apyelo . pyc yia 10 £oo Kabmg to
foo.py dev elodyeToL.

Edv yperdetar va dnuovpynoete éva apyeio .pyc yio 1o foo — dmhadn, va dnuovpynoete éva apyeio
.pyc ywo éva module mov dev €xel ewoayBel — wopeite, ypnowomoimvtag To. modules py_compile kou
compileall.

To module py_compile umopel va petayhwttioel xetpokivnta omotadftote module. ‘Evag tpomog eivan va
¥ PNOUYOTTOMOETE T OLVAPTNOT compile () O€ AUTHVY TV eVOTITA dLOdPAOTIKA:

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

Avtd Ba ypdaper to . pyc og évav vokatahoyo __pycache_ oty idia Béom pe to foo . py (1] wropeite
VO TO TTOPAKAUPETE UE TNV TPOOLPETIKY TapAueTpo cfile).
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Mitopeite emiong vo PETAYAMTTIOETE QUTOUATO OLAL TOL QPYELDL O€ EVOLV KATALOYO 1] KATAAOYOUS Y P OLUOTTOLMD-
vtag to module compileall. Mmopeite va kdvete astd to shell prompt ektehwvtag to compileall.py Kot
mopéyovrag T dradpoun evdg Katahdyou ou mepLéyel apyeia Python yia puetaryddttion:

[python -m compileall

2.7.2 MNwg pmopw va Bpw TO Ovopa Tou TpEXoVTog module;

"Eva module propei va fpet 1o ko tou dvopa module KottdZovrag tnv mpoko0oplopévn Kabolk petainti
__name__. EGv vt éet v Tuf) __main_, 1o mpdypouuo ekteleitar wg ogvdprlo. Iolhd modules mwov
YPTOLULOTTOLOVVTOL GUVIOMG LE TNV ELOOYWYY] TOUG TTOPEYOVV ETLONG L0 OLETTOPY YPOUUNG EVTOLDV 1) vay
aUTOENEYYO KO EKTEAEDTE AUTOV TOV KMAIKA udvo oo ehéyEete To ___name_ :

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

if name == '_ _main Jg

main ()

2.7.3 Nwg pnopw va €Xw modules mou elocayouv apolpaia to €va To aAAo;
YroBéote 0TL £xete To. okOAoVOa 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 Bo exteléoel Ta akolovOa BruaTo:
e main g0dyeL foo
o Anuovpyouvvtor Keva KabBolkd yia to foo
o To foo petoyhwtrileTor Kou EeKivd 1 extédeon
e foo el0GyeL bar
o Anuovpyouvtor Kevd Kabohkd yio bar
e To bar petayhottileton kKo opyilel vo ekteleitol

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

o O unyavioudg eloaymyng tpoomadel vo dlopdoel to foo_var amd to mayKoowo £oo, yia va opioet
10 bar.foo_var = foo.foo_var

To teheutaio fua amoTuyyavel, emeldn 1 Python dev éyel teleunoer akouo ue TV epunveia Tov £oo Kat 1o
global AeEkd ouuorwv yio to foo gival aKopo Kevo.

To ido ovppaiver dtav ypnoluomoleite To import £oo Ko, 0T CUVEYELX, TPOOTADELTE VO ATOKTYOETE
npdofaon oto foo. foo_var og KoOoAKO KMILKA.

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

O Guido van Rossum cuviotd v amopuyr AoV Twv XpHoewv Tov from <module> import ... KoLTnv
tomtoféTnon dhov Tou KHdika péoa oe ouvaptioels. Ta initializations KaOOAMK®V UeTABANTOV Kol LETOPANTOV

2.7. Modules 39



Python Frequently Asked Questions, Anpocicuon 3.14.0rc3

KAdong Ba wpémer va xpnotpnototn 00Uy povo otadepég 1) EVOOUATOUEVES CUVAPTHOELS. AVuTd anuaivel 0Tt éva
eloaryopuevo module avagépetal wg <module>. <name>.

O Jim Roskind stpoteivel va exteléoete o frjuata pe v akoiovdn ogpd og kd0e module:
o eEaywyég (globals, ovvapthoelg, Kou kKAdoelg mov dev yperdLovron eloaydueves faotkéc kKAGoEeLS)
o dMlwoelg import

o eVEPYOS KOOLKAG (CUUTEPIAAUPBAVOUEVWV TV KOOOMKDV TOU 0Py LKOTOLOUVTOL Atd eLoayOUEVES TL-
HEQ).

O Van Rossum dgv apéaet oA auTh 1) TPOOEYYLOT ETELDT) OL ELOAYWYEG EUPOVILOVTOL OF £VaL TTEPLEPYO UEPOG,
MG hertovpyei.

O Matthias Urlichs ouviotd v avodidpBpmon tov KOdLKE cog £T0L MOTE 1) OVOOPOULKT) ELOOYWYY VO UMV
elvan aapaitty eEopync.

Avtég oL Mioelg dev ailnroaokheioviod.

2.7.4 __import__(“x.y.z”) emwiotpEPel <module “X’>e¢ NMwG Ymopw va napw to z?

ZKEPTELTE VO (PNOLUOTTOLNOETE T CUVAPTNON EVKOMOg import_module () amd to importlib avri:

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

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

I Loyovg amoteheopatikoTTog KaOmg Ko ovvémeiag, | Python dtafdlel To apyelo g voTnTOg LOVO TNV
TPADTN POPA TOU ELOAYETOL UL AELToVpYLKy povada. Edv dev 1o ékave, oe éva mpdypapuo Tov aoteheiton
amd moAhég evdtnTeS Ommov 1) Kabepio elodyet to (dto Baotkd module, To Baotkd module Oo avoruOel Ko Oo
avaivBei Eava molég gopéc. o va avaykdoete T €K vEOU avayvmon wag oAAayuévng evoTiTag , KAVTE
T0 €ENG:

import importlib
import modname
importlib.reload (modname)

[poewdomoinomn: avt n texvikn dev eivan 100% aopaing. Ewdikotepa, modules ov mepléyovy dNhmoelg 0mmg

[from modname import some_objects

0a ovveyioel va Aettovpyel pe Ty makid £€Kdoom TV eloayduevov avitkelnévav. Edv n kettoupyukt| povado
TEPLEYEL OPLOROVG KAATEWY, OL VITAPYOVOES TOPOVTiEG KAATEWY dev Ba evuep®BOVV yLoL VO Y PNOLUOTOLOVY
ToV 0pLoud TG véag khdong. Autd uitopel va 081 ynoeL oty akolovdn mapddoEn ovumepLpopd:

>>> import importlib

>>> import cls

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

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

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

H @iomn tou mpofrnuotog kabiotatal cagphg AV EKTUTMOETE TNV «TAUTOTNTO» TOV OVTLKEWWEVOY KAAoNG:

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

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

Design and History FAQ

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

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

if (x <= y)
xX++;
Y=—i
Z++;

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

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

See the next question.
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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:

[>>>X: 1.2 }

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

[l.OOl1001100110011001100110011001100110011001100110011 (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.

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
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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

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:

[", ".join(['l', |2|, 141, '8', 1161])

which gives the result:

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

There are two common arguments against this usage.
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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:
nydict [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.

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 mat ch
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 ()

J

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

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

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

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

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

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

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

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

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 ('.") returnsa
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.
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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 [i] 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 1142331 976. 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.

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, 2]1)

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
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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 eq___(self, other):

return self.the_list == other.the_list

def _ _hash__ (self):
1 = self.the_list
result = 98767 - len(1l) *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 01 == 02 (ieol.__eqg (02) is True)thenhash (ol) ==
hash (02) (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.

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 ITterable, Container, and
MutableMapping.

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

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/else expressions) and loop (with while and for statements, possibly containing
continue and break).

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

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

except label: # where to goto
pass

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

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

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

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

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

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

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

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

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

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

In Python, such a construct would be ambiguous.

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

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

For instance, take the following incomplete snippet:

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

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

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

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

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

ref.b = 42

ref.c = 63

J

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.

Similar proposals that would introduce syntax to further reduce code volume, such as using a “leading dot”, have been
rejected in favour of explicitness (see https://mail.python.org/pipermail/python-ideas/2016-May/040070.html).

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) inthe with statement.

50 Kegahawo 3. Design and History FAQ


https://mail.python.org/pipermail/python-ideas/2016-May/040070.html

Python Frequently Asked Questions, Anpoocicuon 3.14.0rc3

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

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

if a ==
print (a)

Versus

if a == Db:
print (a)

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

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

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

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

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

There are several reasons to allow this.

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

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

x = [
"fee",
Hfieﬂ
HfOO",
"fum"

]

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)

4.1.3 How do | make a Python script executable on Unix?

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

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

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

[#//usr/local/bin/python
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as the very first line of your file, using the pathname for where the Python interpreter is installed on your platform.

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

[#//usr/bin/env python }

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

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

#! /bin/sh

wmww.n

exec python S0 1+"s@"

nmmon

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

[ doc = ""r_ _ .Whatever...""" }

4.1.4 Is there a curses/termcap package for Python?

For Unix variants: The standard Python source distribution comes with a curses module in the Modules subdirectory,
though it’s not compiled by default. (Note that this is not available in the Windows distribution - there is no curses
module for Windows.)

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

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

The atexit module provides a register function that is similar to C’s onexit ().

4.1.6 Why don’t my signal handlers work?

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

[handler (signum, frame) ]

so it should be declared with two parameters:

def handler (signum, frame): }

4.2 Common tasks

4.2.1 How do | test a Python program or component?

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

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

To make testing easier, you should use good modular design in your program. Your program should have almost all
functionality encapsulated in either functions or class methods - and this sometimes has the surprising and delightful
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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 _t hread module. The threading module builds convenient
abstractions on top of the low-level primitives provided by the _thread module.

4.3.2 None of my threads seem to run: why?

As soon as the main thread exits, all threads are killed. Your main thread is running too quickly, giving the threads

no time to do any work.

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

import threading, time

def thread_ task (name, n):
for i in range(n):
print (name, i)

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

time.sleep(10) # <

args=(str (i),

i))

4.3. Threads
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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, i)

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

time.sleep (10)

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 hasa . put (ob7)
method that adds items to the queue and a . get () method to return them. The class will take care of the locking
necessary to ensure that each job is handed out exactly once.

Here’s a trivial example:

import threading, queue, time

# The worker thread gets jobs off the queue. When the queue is empty, it
# assumes there will be no more work and exits.
# (Realistically workers will run until terminated.)
def worker():
print ('Running worker')
time.sleep (0.1)
while True:
try:
arg = g.get (block=False)
except queue.Empty:
print ('Worker', threading.current_thread(), end=' ")
print ('queue empty')
break
else:
print ('Worker', threading.current_thread(), end=' ")
print ('running with argument', argqg)
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
t.start ()

|l

S (i+1))

(ouvéyela otV emopevn oehida)
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# 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)
Ll.extend (L2)
x = L[1]

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

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

These aren’t:

i = 1i+1
L.append(L[-1])
L[i] = L[J]
D[x] = D[x] + 1
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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.

With the approval of PEP 703 work is now underway to remove the GIL from the CPython implementation of
Python. Initially it will be implemented as an optional compiler flag when building the interpreter, and so separate
builds will be available with and without the GIL. Long-term, the hope is to settle on a single build, once the
performance implications of removing the GIL are fully understood. Python 3.13 is likely to be the first release
containing this work, although it may not be completely functional in this release.

The current work to remove the GIL is based on a fork of Python 3.9 with the GIL removed by Sam Gross. Prior
to that, 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 did a similar experiment in his
python-safethread project. Unfortunately, both of these earlier 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. The Python 3.9 fork is the first attempt at removing the GIL with an acceptable performance impact.

The presence of the GIL in current Python releases 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.

An alternative approach to reducing the impact of the GIL is to make the GIL a per-interpreter-state lock rather
than truly global. This was first implemented in Python 3.12 and is available in the C API. A Python interface to it is
expected in Python 3.13. The main limitation to it at the moment is likely to be 3rd party extension modules, since
these must be written with multiple interpreters in mind in order to be usable, so many older extension modules will
not be usable.

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 ().

58 Kegpalato 4. Library and Extension FAQ


https://peps.python.org/pep-0703/
https://github.com/colesbury/nogil
https://code.google.com/archive/p/python-safethread

Python Frequently Asked Questions, Anpoocicuon 3.14.0rc3

4.4.2 How do | copy a file?

The shutil module contains a copyfile () function. Note that on Windows NTFS 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.copy2 () 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, Yy, 2z = struct.unpack(">hhl", s)

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

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

O Ihusioon

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 st r objects
rather than bytes objects.

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

os.read () is 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:

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 ():
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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.
4.5.2 What module should | use to help with generating HTML?

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

4.5.3 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 ()

J

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")

p.write ("some more text\n")

sts = p.close()

(ouvéyela oty eV oehida)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)
if sts != 0:
print ("Sendmail exit status", sts)

4.5.4 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.

O Inucioon

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.

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).
« uniform(a, b) chooses a floating-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:

4.6. Databases 61


https://twisted.org/
https://wiki.python.org/moin/DatabaseProgramming

Python Frequently Asked Questions, Anpocicuon 3.14.0rc3

e choice (S) chooses a random element from a given sequence.
e shuffle (L) shuffies a list in-place, i.e. permutes it randomly.

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

2 UXVEQ EPWTNOELG ETIEKTAONG/EVOWNATWONG

5.1 Mnopw va dnULoUpYROoW TLG BLKEG HOoU ocuvapTtioelg otn C;
Nau, umopeite va dnuovpynoete evompatouéva (built-in) modules wov mepLéyovv oVVapTNOELS, UETABANTES,
eEalpéoelg Ko axour Ko véoug tumoug otnv C. Autd eEnyeital oto yypago extending-index.

Ta weproodtepa PLrio peoaiag 1 mponyuévng Python Ba kahdmtouv exiong avtd to Héua.

5.2 Mmiopw va dnpLoupyrRow TLG SLKEGQ HoU ouvapPTROELG OTN C++;

Nau, ypnowomolmviag g dvvatotnteg ovupatotmtag C mov Bpiokovror oty C++. TomoOetiote 10 extern
" { ...} yOpw amd v Python va mepihopfdver apyeio Kou tomobetote To extern "C" mpuv
amd KaOe ovvdptnomn mov TpdKerton va KOsl amd tov diepunvéa thg Python. Ta kabohkd 1 ta oToTIKG
avikeipevo C++ pe constructors pdAhov dev eivan Ko 1.

5.3 To va ypayelL C kamnowog sivalr SUCKOAO- UTIAPXOUV AAAEQ
EVAAAAKTLKEG;

Yndpyouv apketég evalhaktikég Moelg yio T oOvtagn twv dikdv oag exektdoswv C, ovaloya ue to T
npoomadeite va kdvete. To Recommended third party tools poogépouv amhototepeg KoL mo eEehyuéveg
npooeyyloelg yio ) duovpyia enektdoewv C ko C++ yia Python.

5.4 NMwg pnopw va ekteAeéow aubaipeteg dnAwoelg Python amod
To C;

H ouvaptnon vymidtepou emmédou yia va yiver auvtd eivar M PyRun_SimpleString () 1 omoio exte-
Ael éva Opiopa ouuBorooELPGg 0TO TAGLOLO NG evOTNTOg _ main_ Kou emotpéper 0 yia emTvyio
Kot —1 otav ovufaiver wo eEaipeon (ovumepthoppavouévou tov SyntaxError). Bav 0éhete meploood-
Tepo €AEYYO, YPNOLomomote PyRun_String ()« deite tov mnyaio K®dika PyRun_SimpleString ()
oto  Python/pythonrun.c™.
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5.5 Mwg pmopw va aglohAoynnow HLa aubaipetn €kppaon Python
amno t™n C;

Ka)éote ™ ovvdptnon PyRun_String () omd TNV TPONYOUUEVY] €PMTNON UE TO GUUPOAO EVOPENG
Py_eval_input: avolvel (o mopdotaot, Ty aELoAoYEel KoL ETLOTPEPEL TV TLUY TG,

5.6 NMwg propw va e§ayw TIpeEG C anod €va avtikeipevo Python;

Avtd eEaptdron amd Tov Timo Tov aviikewévov. Edv eivon wa mherdda (tuple), PyTuple_Size () emotpé-
(PEL TO UNKOG TOV KoL T0 PyTuple_GetItem () emotpépeL To otoLyelo oe éva kaboplopévo index. Ou Aioteg
€YOUV TAPOUOLEG CUVOPTNOELS, PyList_Size () Kau PyList_GetItem().

I bytes, PyBytes_Size () emoTpEéPeL TO UNKOG TOV KoL T0 PyBytes_AsStringAndSize () mopéyel
Evav SELKTI 0TIV T KoL To uikog tov. Adpete vodyn ot ta avtikeipeva byte tng Python umopel va mepLé-
youv null byte, eopévogn strlen () g C dev mpémel va XPNOLUOTOLELTOL.

To vo eMéyEete Tov TUTo evOg avTLKELUEVOY, TTpwTa Befarwbdeite dTu dev eivar NULL, Ko UETE X PNOLUOTTOLOTE
To. PyBytes_Check (), PyTuple_Check (), PyList_Check (), KAT.

Yndpyer emiong évo API vymlod emmédov ywo avuikeipeva Python mov mopéyetor omd T heyo-
uevn “abstract” diemwoqr (interface) — dwapdote Include/abstract.h Yo mepLoodTEPES hemTOoué-
petec. Emtpémer ) duaovvdeon pe xabe eidovg axolovBiag Python ypnowwomowmvtag kANoelg Ommg
PySequence_Length (), PySequence_GetItem (), KAT. KaBNOG Ko TOMG G xpHoo TPmTOKOMO.
o6mwg aplbpol (PyNumber_Index () et al.) Kou avtiotolyioelg otov PyMapping APIs.

5.7 Nwg pnopw va xpnotponowow tnv Py_BuildValue() yta va dn-
Hloupynow Hua mAelada (tuple) aubaipetou pikoug;

Agev 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 avTtikelévou. OL TAPAUETPOL ELVOL TO AVTLKEIUEVO, TO Ovoua ™G neBddOU TPog KA oM, o Gup-
Bolooelpd popeng dmmg auTh TOV YPNoLuoToLeiTaL (e T Py_BuildValue (), Kou T TWEG OploUATog:

PyObject *
PyObject_CallMethod (PyObject *object, const char *method_name,
const char *arg_format, ...);

Auto hettovpyel yia kGOe avtikeipevo mov éyel nebddovg - eite elval evomuotouéveg eite Kabopifoviar amd
o ypnotr. Elote vmevBuvor edv tehikd ypnolpomomoete Py_DECREF () 0TV TU ETLOTPOPNG.

INa vo Kahéoete, m.y., ) pébodo «seek» evdg avukewévov apyeiov pe opiouata 10, 0 (vrobétovrag otL o
SEIKTNG TOV OVTLKELUEVOL OPYELOV Eiva «»):

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

}

J

Znuewwote 0Tl emeldy 1o PyObject_CallObject () mdvra 0éher o mheddo (tuple) yio ™) Aioto opi-
OUATOV, L0 VO KOALETEL ULOL CUVAPTNON XWPIG OploUaTaL, Vo TEPATEL «()» Yia TN LOP@Y) KoL Vo KOrETEL Lo
oUvVAPTNOTN UE Eva OpLopa., TEPLBAALOUV TO OpLopaL 08 TTOPEVOED, TT.y. «(i)».
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5.9 Mwg pmopw va Kavw catch tnv €§0do anod tnv PyErr_Print() (R
otwdnmnote ektuntwvetal o stdout/stderr);

Ztov Kwdwka Python, oplote éva avtikeipevo mov vrootnpiler ™) uébodo write (). Avriotolylote avtd to

AVTIKEIPEVO OTa sys . stdout kol sys . stderr. Kaléote to print_error, 1) ammhdg emitpéyPte 0TOV TUITIKO

LNYOVIOUO OViVEVONG VO AELTOUPYNOEL. ZTH OUVEYELD, 1] £E080¢ Oa tdeL omoudnToTe TV oTeihel 1) pEBodog
write ().

O gUKOLOTEPOG TPOTOG YLOL VA TO KAVETE QUTO ELVOL VO XPNOLUOTOLOETE TV KAGON 10.StringIO:

>>> import io, sys

>>> sys.stdout = i10.StringIO()

>>> print ('foo')

>>> print ('hello world!")

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

hello world!

'Eva Tpocopuooiévo avTLKEIUEVO YioL vaL KAVEL TO 1810 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!

5.10 Nwg propw va anokTiow npocpaon oe €va module ypap-
pévo og Python ano tn C;

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

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

Edv to module dev éyel etoayOel axoua (dnhadn dev vmdpyeL akouo 0to sys.modules), ovtd apyLkomoLel
to module: dLoPOPETLKA ATAMDG EMOTPEPEL TNV TLUT| TOV sys.modules ["<modulename>"]. ZNUELDOTE
ot dev elodyel To module o€ Kavéva namespace — dLLoPorilel uOvo OTL €xeL apytkomorn el koL Ot ivol amo-
Onkevpévn oto sys.modules.

Mrtopeite 0T GUVEXELD VO QITTOKTHOETE TTPOOPALON OTA YOPAKTHPLOTIKG Tov module (dnhad1| 0moLodmote
6voua opiteton oto module) wg eEfg:

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

H xMjon PyObject_SetAttrString () ywo aviiotoiyion oe petofintég oto module Aertovpyel emiong.

5.9. Nwg pnopw va Kavw catch tnv €§0d0 ano tnv PyErr_Print() (1§ otdnrnote ektunwvetats
oe stdout/stderr);
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5.11 Nwg dracuvd<opal pe avtikeipeva C++ anod tnv Python;

AvEaloyo pe TIG Aot OELS 0ac, VTTAPYoUV ToMEG Tpooeyyioelc. [ia va to Kévete autd yelpokivita, Eexivi-
ote drapdtovrag to the «Extending and Embedding» document . Zvveidnromomote dti yio to ovotiua xpovou
ekteleot) Python, dev vitdpyet ueyahn duapopd petagi C ko C++ — ETOUEVOG 1) OTPOTIYLKY TNG Snuovpyiog
evog véou tumou Python yupw amtd évav timo doung C (deixtn) Oa Aertovpyroel emtiong yio avitkeipevo C++.

[ Bphodnkeg C++, deite To va yodiyer C kdmotog elvar SVeK0A0" VIGOYOVY GALES EVAIIAKTIKES;.

5.12 Mpoobeoa €va module Xpnolponowwvtag To apXeio Setup
KatL To make GNOTUYXdVSL- YlaTi.;
To setup TPETEL VO TEMELDVEL OE ULAL VEQL YPOAUUT, OV OEV VITAPYEL VEX Ypouun, 1 dtadikacio build arwotuyydvet.

(T va dLopBwbei avtd astantel koo kakoBouvdo script shell, ko ovtd To opdiua givar TO00 Kkpd Tov dev
paiveton va a&itel Tov Kdmo.)

5.13 NMwg Kavw debug pLa enéektaon;

‘Otav ypnoiomoleite 1o GDB pe duvapkd poptmuéves emeKTAOELS, OEV WTOPELTE VO OPLOETE ONUELO DLOKOTTYG
OTNV EMEKTOON 00G UEYPL VA PoPTWOEL 1) EMEKTAONG 0OG.

210 apyeio oag . gdbinit (1] dadpaotikd), tpocbiote TNV evioln:

[br _PyImport_LoadDynamicModule }

2t ovvéyeia, otav ekteleite 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

5.14 ©éAw va Kkavw compile €va Python module oto cuotnua
Linux pou, aAAa Acimtouv opLopeva apxeia. MNati;

OL tepLocOTEPEG CUOKEVAOUEVES EKOO0ELS TNG Python sopahelmovy opLouéva apyeiot TOV OTTaLTOVVTOL YL TH

ueTayhMdTTION TV emekTdoewv Python.

I to Red Hat, eyxotaotiote 1o RPM g python3-devel yia va Aéfete ta amopaitnto apyeio.

I'ia. o Debian, ekteléote to apt—-get install python3-dev.

5.15 Nwg propw va EEXwPiow TNV «EAALNN €L0aywynR» anoé tTnv
«EYKUPN ELOAYWYN»;

Mepikég popég OéheTe va puumBeite ) ovumteplpopd Tov dadpaotikov diepunvéa Python, 6mov cog divel éva
ovveyouevo prompt 0tav 1 €l60dog elvan Mg (TT.). TANKTpoLoyNoaTE TNV apyN Wag dMhwong «if» 1) dev
Kheloate Tig TapevOETELS 1) T TPLITAG ELOAYWYLKA GUUBOLOOELPMV), AAME Gag BLVEL EVAL UNVUUO OUVTOKTLKOU
OPAMLOTOG AUECMG OTOV 1 ELoOYwYN deV eivar EyKupn).

Ztnv Python uropeite va ypnopomomoete to module codeop, 1) 0moia tpoceyyilel ETapKmg T CUUTEPLPOPA.
tov parser. To IDLE ypnowpomoteil ovto, Yo opdderyuo.
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O gukoldTEPOG TPOTTOG Y1t va. To Kévete ot C eival vo Kahéoete t) PyRun_TInteractiveLoop () (lowg
oe EeywpLotod vipa (thread)) kow vo aghoete tov diepunvéo Python va yelplotel v €icodo yio eadg. Mmo-
peite emiong va opioete PyOS_ReadlineFunctionPointer () yuova 8eiEete Tnv SIKLAG TPOGAPUOOUEVT)
ouvvaptnon ewooywyns. Aeite ta Modules/readline.c koL Parser/myreadline. ¢ yio TEPLOOOTEPEG
ovppouvléc.

5.16 Nwg uropw va PBpw amnpoocdépLota OCUHBOAA J++
__builtin_new n} __pure_virtual;
T duvapuky @optmon module eméktaong g++, mpémel va kavete recompile v Python, va ) ouvdéoete

Eava ypnopomoidvrog g++ (0AhaEte to LINKCC oto Python Modules Makefile), kau va ovvdéoete To module
EMEKTAONG OOG YPNOLUOTOLMVTAG g++ (TT.Y. g++ —shared —-o mymodule.so mymodule.o).

5.17 Mmnopw va dnULOUPYNOW HLa KAAON avTLKELHEVOU HUE OpL-
OHEVEG HEBOBOUG TtIoU UAoTiolouvTal otn C Kal AAAeg otn
Python (r.X. H€EOW KAnpovouLlKOTNTAG);

Noau, propeite vo Khnpovouroete 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 tpdmo
yia va yiver ovtd amd v C++ (dnhadn pmopeite va kKAnpovounoete amd wo KA emEKTUoNG YPAUUEY OE
C++ ypmotpomordvtog to BPL).

5.16. Nwg propw va Bpw anpoodiopiota cUPBoAa g++ _ builtin_new i __pure_virtual; 67
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KE®GAAAIO O

Python ota Windows FAQ

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

Avuto dev eivar amapaitta wa oy epdnon. Eav eiote 161 eEotketmuévol pe v eKTéAeon mtpoypapudTmy
oo ) ypouur evtolwv twv Windows tote Oha Oa paivovtal Tpopoave|” dLOPOPETLKA, WTTOPEL VO YPELOOTEL
Ayn mepLoodtepn Kabodnyno.

EKTOG KoL 0V XPNOLULOTTOLEITE KATTOLO €i80G EVOWUATOUEVOU TTEPLBAAAOVTOG aVATTUENS, Ba KatalEete mhn-
KTpoloywvtag evtorég twv Windows og ovtd mov avagépetol wg «Command prompt window». Zvvifwg uito-
peiTe va duovpynoete €va TéTolo Topdhupo amd ™) ypapuuy avalninong oog Kavoviog avatntnon yo
cmd. Oa mpémel va umopeite va avayvopioete mote éxete Egkivnoel éva tétolo mapdbupo emeldr| Oa deite
éva «command prompt» Tov Windows, 1) omoia. cuviifwg poldler pe ovto:

[C:\>

)

To ypduuo umopet va eivor dLopopetkd, Kot WTopel vo vdpyovve ddha mpdypato petd amd autd, 1ot
wtopeite va deite eEicov eukola KATL Gav:

[D:\YourName\Projects\Python>

)

avALOYQ e TO TG £YEL PUBILOTEL O VITOAOYLOTHG 0O Ko TL AMAO £xete Kdvel pe autov. Molg Eexivioete éva
TETOLO TTAPGaOVPO, eioTe 08 KAAd dpduo yio TV ekTéheon mpoypauudtmv Python.

[Mpémel vo ovverdntomowoete Ot ta Python oevipia oag tpémet va eneEepyaotolv amd dALo TPOYPaUL TTOU
ovopatetal Python interpreter. O interpreter duaf3aler o oevdplo cag, To kavel compile o bytecodes koL ot
ovvéyela extehel Ta bytecodes yia va tpéEel To mpodypapud oag. Aoutdv, Ttwg pubuilete Tov interpreter yio vo.
yeprotel v Python oac;

IMpdhTo astd OhO., TPETEL VO OLYOVPEVTELTE OTL TO TAPAOVPO EVIOMDY GOG ovaryvopilel Tnv MEN «py» wg 0d1-
via yia v évapEn tov interpreter. EGv €xete avoi&el éva mapdbupo eviohmv, Ba mpémel vo dokiudoete vo.
ELOQYAYETE TNV EVTOM] Py KOL VO TTATNOETE return:

[C :\Users\YourName> py

211 ouvéyela, Ba mpémel vo deite KaTL oov:
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Python 3.6.4 (v3.6.4:d48eceb, Dec 19 2017, 06:04:45) [MSC v.1900 32 bit.
— (Intel)] on win32

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

"Exete Eekivioel Tov interpreter oe «interactive mode». Avtd onuaiver 0TL pmopeite va elodyete dnAmoelg 1
ekppaoelg Python dtadpaotikd Kot va Tig exteleite 1| va Tig aEloloyeite evd mepluévete. Avto eival évo amd
TOL LOYUPOTEPQ YOPOKTNPLOTLKG TNG Python. EAEYETE TO £10GYOVTAG UEPIKEG EKPPAOELG TG ETAOYT OOG KOl
BAETOVTOG TO ATOTEAEOUOTOL:

>>> print ("Hello")

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

[ToAloi GvBpmITOL PN OLULOTOLOUV TN dLadpaoTiky) hettoupyion g pua Boitky) odAd eEaLpeTikd TPOYPaUIOTL-
Couevn opBpounyoavi. ‘Otav Oélete va tepuotioete T dLadpaotikt) ouvedpio Python, kaléote tn ouvapTnon
exit () N KpaTNOTE TOTNUEVO TO TAKTPO Ctrl eV ELOAYETE €V Z, KOL UETA TTALTHOTE TO TAKTPO «Enter»
yio va emotpépete oto command prompt Twv Windows.

Mrtopei emiong Vo SLOTLOTMOETE OTL €XETE U0 KaTa®pnor oto Start-menu Omwg Start » Programs » Python
3.x » Python (command line) mov €yelL wg amotéreouo vo. fAEmeTe TO >>> o€ éva véo mapabupo, To mapddupo
Oa eEagpaviotel agpov Kahéoete T ouvapTNON exit () 1 ewaydyete Tov yopaktpa Ctr1-2” to. Windows
eKTEAOUV o LOvo evtoly «python» oto opdHupo Kat tnv Kheivouv dtav tepuotiete Tov interpreter.

Tohpa o Yvwpilovue OTL 1 VIO Py OVOYVWPITETOL, WTOPELTE VO THG dMoeTe To 0evipLlo Python cag. Oa
TIPETTEL VO OMOETE elTE oL ATOIVTY) €lTe o oyeTIky dadpour| Tpog ato oevaplo Python. Ag vtoBécouue ot
to oevdplo Python cog Bpioketal oty emupavelo epyaoiag oag kKot ovopdletar hello. py, Kol 1 ypouuy
EVTOLDV 00G aVOlyEL GUOPPO OTOV PYLKO 00 KATALOYO, OTE VO, BAETETE KATL TAPOUOLO UE:

[C:\Users\YourName>

)

Aoutdv twpa Oa Tnoete amd ™V eviol] py va dmoEL To oevdplo oag otnv Python minktpoloydviag py
akohovBovpevn ostd T dLadpot] Tov OEVOPILOV 0OG:

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

6.2 Nwg kavw ta Python scripts ekteAéoua;

Zta Windows, to tumikd mpodypouuo eykatdotaong Python #1981 ovoyetiCer Ty eméktaon .py ue évav timo
OPYELOV WO avolyTi) eviolt] mov ektelel tov diepunvéa (D: \Program Files\Python\python.exe
"SI %*), Autd elvol apketd YLoL va KAVETE Ta SCripts ekTeAéoLo amd TN Ypouur eviolmv wg “foo.py”.
Edv mpotiudite vo puitopeite vo eKTeléoeTe T0 OEVAPLO TANKTPOAOYDVTOG amtAd “f00” ywpig eméktaom, mpémel
va tpocaBéoete .py ot petafint mepipdirovtog PATHTEXT.

6.3 lNati peplkeg popeq n Python apyeil T600 TOAU va EEKLVIiOEL;

ZuviBwg 1 Python Egkivd ol ypryopa ota Windows, ol epLOTaoLokd VITEPY UV avapopEs opaludTov
ot 1 Python apyiCer Eaqvikd va aipvel ol xpdvo yio vo Eekivioet. Avtd yivetal akOua TLo oLVLYUOTLKO,
emeldn) 1) Python Oa Aertovpyet kald o dhha ovotiuata Windows o gaivetal vo €xouv dtopoppwOei pe tov
idLo tpoIo.

To pdPINUa uTopel vo 0peileToL 08 E0QPAAUEVT DLAUOPPOTT TOV AOYLOULKOV ELEYYOU LIV GTO TPOBANUOTLKO
unyévnuo. Optouévol apmTég LHV eival YvmoTod OTL elodyouv emiPBdpuvon ekkiviong dvo tdEewv peyéboug
Otav 0 oopOTNG £XEL PUOULOTEL VO TOPAKOLOVOEL OMES TIG AVAYVAOELG OTTO TO CUOTNUO OPYELWV. AokiudoTe
vo, eEAEYEeTE TN LaHOPP®MAOT] TOV LOYLOWKOV LV 0T CVOTNUOTE 00g Yo Vo Befaimbeite OTL €xouv dvimg
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drapoppwdei movouordtuma. To McAfee, dtav €xelL puOULOTEL Vo GOpMOVEL OAN T dPATTNPLOTITA OVAYVWONG
TOV CUOTHUATOS OPYELWYV , ElVOL EVag OUYKEKPLUEVOS PTOlYTNG.

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

BA. Iwg umopd va dnuovoyiow éva stand-alone binary amé éva Python script; yuo o, Moto epyoleiov mov
WITOPOVV VOL Y PNOLUOTTONBOUV YLaL TH dNULOVPYia EKTELECLUMY apyELWV.

6.5 EivalL €va apxeio *.pyd idLo pe €va apxeio DLL;

Nau, ta apyeio .pyd givan dll, ald vitdpyovv pepikés dagpopéc. Eav éxete éva DLL pe to évoua foo.pyd,
TOTE TPETEL VOL EYEL WO OUVAPTNON Py Init_foo (). Ztn ovvéyelo umopeite va ypdpete Python «import foo»,
ko 1 Python 6o avalntioer to foo.pyd (xabwg xon to foo.py, foo.pyc) kar va to Bpet, Oa tpoomabnoeL va
KoléoeL To PyInit_foo () yo va to apyltkomotoel. Aev ovvdéete 1o .exe oag e 1o foo.lib, kabmg avtd Ha
éxavo to. Windows va astoutficovv v apovoia DLL.

Adfete vtoym ot M dadpout) avalnmmong yo to foo.pyd eivar to PYTHONPATH, d¢v eivar idio pue ) dia-
dpour) mov ypnotpormotoVv To. Windows yio tnv avalntmon tov foo.dll. Emiong, to foo.pyd dev yperdeton vo
VTTAPYEL YLOL TV EKTEAEDT] TOV TPOYPAUUATOS 00G, EVD AV OUVOEDETE TO TPdYpauudt oog ue éva dll, amortel-
tau to dll. ok, asarteiton To foo.pyd edv Oéhete va mteite import foo. Ze éva DLL, 1) o0vdeon dnhadrveton
OTOV TTNYaio KOdka pe to __declspec (dllexport). Ze éva .pyd, n ovvdeon opiletan o€ o Aoto duo-
oWV oVVAPTNOEWV.

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

H evowudtmon tov Python interpreter og jo Windows eqapuoyn Wropei vo ovvoyiotel wg eENe:

1. No unv dnuovpyeite amevbeiog v Python oto apyeio cag .exe. Zra Windows, 1 Python stpémet va gi-
vou DLL yua vou xelpileton TNy eLoorywyn AELToupyLKdv Lovadwv mov eivar to idtoe DLL. (Avtd givor to
TPADTO KAELDL TOV eV TEKUNpLdvETaL.) Aviifeta, ouvdéote To pythonNN.d11” eivar cuvnOwg eyka-
te0TNUEVO 010 C: \Windows\System. NN eivow 1) ékdoon Python, évag aptBudg 6tmg «33» yia Python
3.3.

Mropeite vo ovvdebeite pue v Python ue 600 dlapopetikols Tpomovg. ZUvOEoT YpOvoy QOPTWONG
onuaiver oUuvoEoT evavtia 0To pythonNN. 1ib, evd 1 oUuvdeon xpovov ektéheong onuaivel oUvoeot
evavtia 010 pythonNN . d11. (Feviky onuelmon: pythonNN. 1ib eivol to heyduevo «import lib» mov
ovtiotol el 0to pythonNN . d11l. Amhadg opilel ovppola yio To oUvdeopo.)

H oivdeon ypodvovu extéheong ammhomotel onuavitkd tig emhoyég ouvdéoumwy. Oha ouufaivovv Kotd
™V eKtéleon. O KDdKo oag TPETEL VO POPTMOEL PythonNN.d11l Xp1OLUOTOLOVTAS THY POUTIVOL
LoadLibraryEx () twv Windows. O K®LKG TPETEL EMONG VO XPNOLUOTTOLEL povTiveg mpdoBaong
Ko dgdopéva 0to pythonNN.d11 (dnhadm, to C API tng Python) ypnopwomolmvrag deikteg mov Aapt-
Bavovtar amo ) povtivo twv Windows GetProcAddress () . Ot LaKpoevTtolég LITopoUV Vo KAVOUV
YPNOLUOTTOLMVTAG QVTOVG TOVG dEIKTEG dLoupaveig oe 0moLovdfmote kwdika C Tov KaAel pouTiveg 0To
C API g Python.

2. Ed&v ypnowomoteite SWIG, eivou evkoho va dnurovpynoete £vo. Python «extension module» stov Oa kdvel
Ta dedouéva Kat TLg uefddovg g epapuroyng dtadéowua otnv Python. To SWIG Ba yeiplotel oyeddv Oheg
TIG grungy Aemtouépeleg yia €0ac. To amotéheopa eivar o kmdikog C mov GuvOEEDTE GTO OPYELD 0OG .exe
(1) Aev yperdetar vo dnuovpyfoete éva apyeio DLL ko avtd amhomolel emtiong T ovvoeon).

3. To SWIG 60 dnuovpynoet o, ovvaptno init (we ouvaptnon C) g omoia o dvouo eEaptdrol amd
T0 dvopa TG wovadag eméktaong. Ia mapdderyuna, dv To dvoud tov module givar leo, 1 cuvapTnong
init Oa ovoudiCeton initleo(). Edv ypnowpnomoeite T okid SWIG khdoelg, 6mtmg o émperne, 1 ovvdptnom
init O ovoudLetan initleoc(). Autd ekKivel o Kupimg Kpugpt Bondntikn KAAON TOU Y PNOLULOTOLELTAL
o TV KAAOT OKLA.

6.4. Nwg pnopw va dnuioupynow €va eKTEAECLUO anod €va oevaplo Python; 71
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O MOY0g Yo Tov omolo umopeite va ovvdéaete Tov kmdika C oto Biua 2 0To apyeio 0ag .exe eivat Ot
1 KANON TG GUVAPTNONG 0PYLKOTOINoNG Looduvaylel pe v eloarywyy tov module oty Python! (Avtd
gival 1o 8e0TEPO KAELOL TTOU HEV TEKUNPLDVETAL.)

4. Me Myo AOyLo, WTOPELTE VAL Y PNOLUOTOOETE TOV 0KOAOVO0 KMALKA Yo Vo apyLkomotfjoete Tov Python
interpreter pe To module emékTaonc.

#include <Python.h>

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

5. Yndpyovv dvo mpofinuata pe to C API tng Python, ta omoia Ba yivouv epgavi) edv xpnoLuomotoete
€vav compiler dtapopetikd amd tov MSVC, tov compiler mov ypnolpomoOnke yua t) dnuovpyio tov
pythonNN.dIL

Mpopinua 1: O Aeydueveg ovvaptioelg «[Todd Yymiov Exiédov» mov haufdvouv opiopuato FILE *
dev Oa hertovpyovv oe multi-compiler eptBdihov, emeldn n €vvolo KaOe petayhoTTiot) yia éva st ruct
FILE Oa eival duopopetikty. Amd v Aoy TG eQapuoyns, TPOKELTOL YL AELTOUPYiEg TOAD Y ounhov
emLITEDOV.

Mpopinua 2: To SWIG dnuovpyei tov akdhovbo Khdika dtav dnuovpyel wrappers o€ void ovvapt-
o8LG;:

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

Avotuywg, To Py _None eivol o LaKpogvToln) o eneKTelvetal o€ i avopopd o€ uua ouvOetn dou
dedopévarv mov ovoudletar Py NoneStruct uéoo oto pythonNN.dIl. Kow i, ovtdg o krdukag Ba aso-
TUYEL o€ €vo. mult-compiler epLBAAAOV. AVTLKATOOTIHOTE AUTOV TOV KMOLKOL [LE:

[return Py_BuildValue (""); }

Mrmopel va glval duvatn 1 xeNnon s EvIiomg $typemap g SWIG yia va yivel avtopota 1 ooy,
av Ko OgV KOTApePa va, T0 KAVM auTo va Aettoupynoet (eipon eveehmg apydplog g SWIG).

6. H ypnom evog Python shell script yia va dnuovpynoete éva Python interpreter mapd@upo péoo oo thy
eapuoyn oog Windows dev givar Kok 1d€a” To mapdBupo mov Oa pokvpel Ba eivar aveEdptnTo amd
T0 ovotnua mopabipou g epapuoyns oac. Aviibeta, goeig (1) 1 kKhdon wxPythonWindow) 6o mpé-
TEL VO ONOVPYNOETE €va «eyyevéc» (native) interpreter wapdBupo. Eival evkoho va ouvdéoete ovtd o
mapaOupo pe tov Python interpreter. Mmopeite va avakatevbivete to i/o ™ Python oto _any_ avuikei-
LEVO TTOU VITOOTNPILEL AVAYVMOT KO EYYPOPY, ETOUEVS TO LOVO TTOV YPELALETTE ELVAL EVOL AVTLKELUEVO

Python (;tov opiCetal oto module eméktoong) mov mepLéyel Tig Hebddovg read() ko write().

6.7 NMwg pnopw va eprnodiow toug editors va elcayouyv tabs otov
mnyaio t™ng Python pou;

To FAQ dev ouviatouv v xpNomn Kaptehdv kot 0 081 ydg otuk Python, PEP 8, ouviotd 4 keva yio tov kota-
veunuévo kmdika Python” auth eivan emiong 1 mpoemdeyuévn hettovpyio python tov Emacs.

Se omotovdnmote editor, 1) Wik tabs koL spaces givar Kok déa. To MSVC dev dtapépel amd avti) Ty dmoyn
Ko pubuileton evkola Yo vo. ypnoiporolel keva: Tapte Tools » Options » Tabs, KoL Y10 TOV TOTO OPYELOV
«Default» opiote to «Tab size» kau To «Indent size» oto 4, ko emAéETe To Kovuri emhoyng «Insert spaces».

H Python gyeiperto IndentationError fl TabError edv ta WKTd tabs kot spaces wpokolovv wpofAfuoto
oto leading whitespace. Mmopeite emiong va ektedéoete 1o module tabnanny yio va ehéyEete edv dévrpo
Katahoyou og hettovpyio batch.
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6.8 Mwg pnopw va eAEYEW yLa €va natnua nANKTpwyv Xweig aro-
KAELOUO;
Xpnowomoteiote To module msvert. Avte eivol éva tumiko module entéktoong e1dukd yio toe Windows. OpiCel

wo ouvaptnon kbhit () 1 omoia eéyyel edv vITapyEL Eva XTUINUO TANKTPOAOYIOV, Ko To getch () maipvel
EVOV YOPOKTHPA YWPLG VO TOV ETAVAAAUBAVEL.

6.9 NMwg pmopw va dLopbwow TO CPAAHA TIOU AELTEL TO api-ms-
win-crt-runtime-I1-1-0.dll;

Avtd pumopei va guufel og Python 3.5 kau vedtepeg exdooeig dtav ypnotuomoteite Windows 8.1 1) vedtepn €k-
doom xwpic va éxovv eyKataotadel Oheg oL evnuepwoels. [lpdto fePormbeite 6TL TO AerTOUPYLKO GOg CVOTNUO
VITOOTNPICETOL Ko Elvan EVIUEPWUEVO Kait €AV auTd deV EAVOEL TO TPOPINUQ, emtokepOeite ™) oelida viTo-
otpLENG g Microsoft yio KaBodynom oxeTikd e ) un avtdpotn eykatdotaon e eviuépmaong C Runtime.

6.8. NMwg pnopw va eAEYEw yla €va NMATNHA MANRKTPWY XWPEILG AMOKAELOUO; 73
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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.

Various third-party freeze libraries such as py2exe and cx_Freeze have handling for Tkinter applications built-in.

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.
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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 yYAdooao Tpoypoppatioiot. XpnoLuomoteital Yo ToAES dLapopeTikés epapuoyés. Xpnot-
nortoteitan o€ opLouéva AMUKeL Kot KOMEYLOL G ELOAYWYLKT YADOO TTpoypoapuotiopnot emewdn 1 Python eivan
eVKOA 0TV eKUONOT, OALE YP1OLUOTTOLELTOL ETTLONG OTTO ETOLYYEAUOTIES TTPOYPOAUUATLOTEG LOYLOMKOV O
uépn omwg otnv Google, otnv NASA ko otnv Lucasfilm Ltd.

Av Bélete va pdbete meprooodTepa yio TV Python, Eexiviote pe tov O6my6 yia apydplovg oty Python.

8.2 lNuarti eival eykateotnuevn n Python otov untoAoyLotn Hou;

Av Bpeite v Python eykateotnuév oto oVoTNUA 00G, aMG dev BuNAoTE va TV €XETE EYKATAOTHOEL VITAP-
¥ouv dLdpopot mhovoi TPdToL e Toug omoiovg Oa Lropovoe vo ExeL PTAoEL eKEL.

« 'Towg KAmoL0g AALOG PN OTNG TOV VITOLOYLOTY) OELE Va LABEL TPOYPAUUOTION) KL TO EYKATESTNOE. Oa
TPETEL VO, BPELTE TOLOG YPNOLUOTOLOVOE TOV VTTOAOYLOTY] KOLL UTTOPEL VAL TO EYKATEOTIOE.

o Mo epappoyi) Tpitov HEPoug o €xel eyKataotadel 0Tov VITOAOYLOTH PIToPEl Vo £xEL YpaTel o€ Python
Ko va epteddupave o eykotdotaon g Python. Yadpyouv molhég téToleg epapuoyés, amd mpoypau-
pata GUI uéypt dtakopotés dikthov Kan dLayeLpLoTika scripts.

o Oplopéveg ovokevég e Windows €xovv emiong eykateotnuévy v Python. Avuti) T oturypr| yvopilovue
vroloyotég g Hewlett-Packard xau tng Compaq ov epthapfavouv tnv Python. TIpogavamg opiopéva
o ta epyodeio drayeiprong e HP/Compaq eival ypapuéva oe Python.

o ToAAG Aettovpytkd ovothuato ovufatd pe Unix, dmtwg to macOS ko optouéveg duavouég Linux, €xovy
artd mpoemhoyn eykoteotnuévn v Python, 1 omtoia wepthaufdvetar ot faoikn eykotdotoo.

8.3 Mnopw va duaypayw tnv Python;

Avutd eEaptdrton 0o to mov tponiBe m Python.

Av KAITOL0G TO €YKATEOTNOE OKOTUOL, WTOPELTE VAL TO ApaLpETeTe Ywpig va Prapete timota. Zto Windows,
YPNOLOTOMOTE TO €LkOVidLo [Tpocdfjkn/Agaipeon mpoypauudtwy atov Iivako Exéyyov.

Av 1 Python eykatootaOnKe oo (o epopuoyy Tpitov HEPOVGS, UITOPELTE ETLONG VAL TNV APALPEOETE, AAAA 1|
epopuoyn autn dev Ba hettovpyei TAEov. Oa TPETEL VO YPNOLUOTTOLOETE TO TPOYPOUUO ATEYKATAOTOONG
aUThG TG EQAPUOYNG avTi va agparpéoete amevdeiog v Python.
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Edv 1 Python mepihapBdveton 0to Aettovpytkd oag oVoTnua, deV OUVLOTATAL 1] OPALPEDT) TNG. AV TNV OPOLPE-
o€Te, OToLo. epyaiela ftav ypouuéva oe Python dev Ba hettovpyotv mhéov, Kou KAToLo artd autd pmopel vo
elval onpovtikd yia €00g. 2t ouvéyela, Oa amartnOel emoveykoTdoTaor oMOKANPOU TOU CUOTHUATOG YLOL VO,
dtopOroete Eavd ta mpdypato.
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nAPAPTHMA A’

Mwoodpt

>>>
H mtpoemiheyuévn Python evioly| tov interactive shell. Zvyvd ugpaviCeTon yio Topadelypuato KOdLKo Tou
WITOPOUV VO, EKTELEGTOVV LodPaoTIKA GTOV interpreter.

Mmopel vo. avapEPETaL OE:

o H mpoemieyuévn Python evioh| tov inferactive shell kotd v eloaywyn 10U KOSdKO Yoo Eva
WITAOK KMOLKO [e €00y, OTav BPlokeTol PECO OE €va (VYOS TALPLUOUEVOV APLOTEPMDV Kol Oe-
Eudv delimiters (mapevOéoelg, aykUies, dykiotpa 1) TPTAG eloaywylkd), 1 uetd tov kaboploud
evog decorator.

o The three dots form of the Ellipsis object.

agnpnuévn Bactkr) KAaom

O agnpnuéveg Pootkéc KMAOELG CUUTANPOVOUY TO duck-typing mopéxovrag €vav TpoOmo 0pLopov
interfaces O6tav Gheg Teyxvikég Omwg M hasattr () 0o Nrov adé€ieg M avenaiodnto hovOaouéveg
(yio mopdderyuo pe magic methods). Tao ABC (abstract base class) elodryovv elkovikég vmokhAioeLs, oL
ortoieg elval KLAoELG IOV deV KAnpovopouvTol oo e Khaor, alld eEakolovfoiv va avayvwpilovio
amd 10 isinstance () kou amd to issubclass ()7 PA. v TeEKunpiwon tov module abe. H Python
drabéter modd evowpatmuéva ABC yia douég dedopuévmv (oto module collections.abc), apb-
povg (oto module numbers), poég (oto module povada io), etoaywyn finders ko loaders (oto module
importlib.abc). Mmopeite va dnuovpynoete ta dikd oag ABC pe to module abe.

ouvapTI o annotate
Mo ouvapTNOT TTOV UTTOoPEL var KANOEL yLoL vo. avaKTNoEL To annotations €vOG OVTLKELUEVOV. AUTN 1] OV-
vapTNOoN €ivar TPOooPAEoLUY WG TO YOPAKTNPELOTIKO ___annotate_  TwV CUVOPTHOEMY, TV KAAGEMV
Ko twv modules. Ou ouvapTHOELG annotate givan £va VITOGUVOAO TOV evaluate functions.

annotation
Mo eTikéTO TOU OYETICETAL UE ULt LETAPANTY, VO YOPAKTIPLOTLKO KAAONG 1) ULOL TTAPAUETPOG OUVAP-
TNONG 1] TULY TTOV ETUOTPEPETAL, TTOV ¥ PNOLLOTOLELTOL KOTA oVUPBaoT g type hint.

Aev givan duvati) 1) TPOOPoT oTa annotations TWV TOTKDOV UETAPANTOV KATA TO POVO EKTELETNG, AAAG
Ta annotations Twv global petafANTmv, TOV XAPUKTNPLOTIKOV KAAONG KoL TwV GUVOPTNOEMV UTOPOVY
vo avak 0oV Kohmvtag Ty eviod) annotationlib.get_annotations () oe modules, kKh&ogLg
KOl GUVOPTYOELS, AVTLOTOLY .

BA\. ta variable annotation, function annotation, PEP 484, PEP 526 xouw PEP 649, ta omoia mepLypdgpovy
™V Aertoupylkotnta. Agite emiong ta annotations-howto yia TG BENTLOTES TPAKTIKEG dOVAEVOVTOG |Ie
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annotations.

opopa
Mo T petofualetan og wio function () method) xotd v KAHon T ovvdptnong. Yrdpyovv dvo
€LdM opLopdTv:

o keyword argument: £va. OpLOUOL TTPLV ATTO €VO OVOLYVPLOTLKO (FT.%. name=) O€ o, KAon ouvap-
oNG N TEPVADVTAG TO WG TUUT| 08 £va AeELko mtpLv amd * *. Tia Tapddetyua, To 3 KoL To 5 amotehovv
optopata AEEewv-kheldLhv otig akoAovbeg KA oELS TPog complex () :

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

« positional argument: ¢€va. dpopa Tov dev givan dpLopa keyword. To opiouata 0€omg umopovv va eu-
pavilovTow 0TV 0pyNG WG MOoTog 0pLopdtov /Kot va, LetofLBatoviot wg oToyelo evOg iterable
mpwv oo *. Tua mapdderyna, To 3 koL o 5 amotehovv opiopata 060G 0TLg TOPAKATO KANOELS:

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

Ta opiouato eKymPoVVTOL OTIG OVOLLOOUEVES TOTILKES UETABANTEG 0TO GmUA Mo oVvapTong. BA. Ty
evotnta calls yio Toug KavOVES TOU SLETOUV QUTNV THV EKYMPNOT]. ZUVTOKTIKY, OTTOL0ONTOTE EKPPUOT
WITOPEL VAL PN OLUOTONOEL YLOL VO AVATTaPOOTNOEL EVa OpLopa” 1) aELOAOYOUEVT] TLUN EKYWPELTOL OE L0
TOTTLKT) UETOPANTY.

Bh. emiong v eyypap) tov YAwooapiov yio to parameter, Tv FAQ epwtnon oto 7 diagood uetao
opLoua TV Ko wopauétowv, kou PEP 362.

aoVYYpovog drayelploTi|s context
‘Eva avTLKELIEVO TTOV ELEYYEL TO 0pOTO TTEPLPAIAOV o€ po dhwon async with opiloviog tig uebo-
dovg __aenter_ () Kou__aexit__ (). ITov ewonydn and PEP 492.

aoVyypovogs generator
Mo GUVAPTNOT| TTOV ETLOTPEPEL EVaV asynchronous generator iterator. MolGLeL ue wa ouvéptnon coroutine
7ov opiletan ue async def ektog amd OTL TePLEXEL EKPPACELS yield YLo TNV TAPOymY WLOG OELPAS
TLUOV TTOV WITOPOovV va. ypnotpomombovyv oe évav async for Bpdyo.

ZuvHBwg avagépeTal 08 oL OUVAPTNOT CoVYYPOVOU generator, GAAG WITOPEL VO AVAPEPETOL O EVOY
aclyypovo generator iterator 0€ OpLOUEVA contexts. Ze TEPLITTMOELG OTOV TO ETILWKOUEVO VOTIUOL dEV
elval oapéc, (LE TNV P10 TWV TANPOV OPWV OTTOPEVYETAL 1] ATAPELQ.

Mo oUVAPTNOT QoVYYPOVOU generator (WTOPEL Vo TEPLEXEL EKPPATELG awalt , KabBdg kol dNADOELG
async for,xaLasync with.

aoUyypovog generator iterator
An object created by an asynchronous generator function.

Avtog elvon évog asynchronous iterator Tov 0TV KOAELTOL XpNoLpuoTolwvtag v wébodo ___anext__ ()
EMLOTPEPEL EVOL AVOUEVOULEVO OVTLKELUEVO TTOU B0 EKTEALETEL OTO GMUA TIG CUVAPTIONG TOV ALoVYYPOVOU
generator PéypL THv enouevy yield ékgppoon.

Kdabe yield avaotédier mpocwpivd v eneEepyooia, Buudtor v Kotdotooy ektéheong (cuuste-
PLLOUBOVOUEVOY TMV TOTKMOV UETAPANTOV KoL Tov dNhdoewv try oe ekkpeudtnta). Otav o acvy-
X00VOG generator iterator GUVEYIOEL ATTOTENEOUOTLKA UE GAAO OVAUEVOUEVO TTOU ETLOTPEPETOL ATTO
:pep: 492 () xou PEP 525.

aovyypovog iterable
‘Eva. ovtikeipevo, ov uopei va ypnotportonel o o dMAwon async for. [pémel va emotpépet
éva asynchronous iterator amd v uébodo __aiter (). IMov ewonyOn amd PEP 492.

aoUyypovog iterator
‘Evo. ovtikeigevo mov vhomotel TG pebddovg _ aiter_ () xou __anext_ (). H uébodog
__anext__ () mpémel vo emoTPEQEL Eva awaitable avuikeipuevo. To async for emlVgL To ovoue-
vopeva TTov emLoTPEpovTol otd ) wébodo _ anext () gvog aovyypovov iterator £mg OTOU eyeipeL
wo eEaipeon StopAsyncIteration. Ewofydn amé PEP 492.
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KOTAOTO01] CUVOESEUEVOL VIIUOTOS
'Eva thread state ov givan EVEPYT| VLA TO TPEXOV VIO TOU AELTOVPYLKOU GUOTHLUOTOGC.

‘Oto emovvasttetal €vag thread state, TO VUG TOU AELTOUPYLKOV CUOTHUATOG £XEL TPOOFOOT 0TO TAMPES
Python C API xou pumopei va kahéoer ue oopdieia tov diepunvéa bytecode.

Extdg edv o ouvdptnon avagéper pntd to avtifeto, 1 tpoomdbeio kKAong tov C API ywpig wo
ouvNUUEVY Katdotaon viuatog Oa 0dnyNoeL £va oLpaio opdAua 1 08 aTpoadLOPLOTH GUUITEPLPOPAL.
Mo KotdoTaon vUoTog Utopel vo. ouvoedel ko va amoouvdedei pntd amd tov ypnon uéow tov C API
1 éuueca amd Tov xpovo ektéleonc, ovumephappfoavouévoy tTov kinoemv amokiewopot C Kot amd Tov
diepunvéa bytecode peta&u Twv Koewv.

Zuig mepLocdtepeg ekdO0ELS TG Python, M VmapEn pog Katdotoorn ovvdedeuévou vIijaTog VITovoEl Ot
0 KoAdV dtatnpet TV GIL Yo ToV TPEXOVTO SLEPUNVED, ETOUEVIG LOVO EVOL VL0 AELTOUPYLKOV GVOTN-
HOTOG UTOPEL VAL €XEL PLOL KOTAOTOON OUVOEDEUEVOL VAUATOG O WLt OEdOUEVT OTLyUn. ZTLG EKDOOELG
free-threaded tng Python, To vijuato Ltopouv va SLatnpov TauToypova Uid KOTAOTOO CUVOEDEUEVOU
VILOLTOG, EMLTPETOVTAS TV TPOYUATLKT) TOPaANAia Tov diepunvéa bytecode.

XOPOKTIPLOTIKO
Mo Tt oV OETICETOL UE £VaL AVTIKELUEVO TTOU CUVNOWG AVAPEPETAL LLE OVOUD YPTOLUOTTOLMVTAG EK-
ppaoelg pe Koukkideg. I'a mapdderypa, edv éva avitkeipevo o €xel éva xapoktpLotkd a Oa avopé-
PETOL WG 0.4.

Elvou duvato vo dmoovue o€ Eva OVTLKELLEVO VAl YOPOKTIPLOTLKO TTOU TO OVOUO. TOU OEV ELVOL AVOYVm-
pLoTikd 6mtmg opitetor amd identifiers, yio TopddeLyno xPNOUOTOLMOVTOG setattr (), oV emTpémeTon
a7to To avtikeipevo. ‘Eva tétolo yopaktnplotiko dev Oa eival tpooAaoiio xpoLuoToLdVTog TG TEMELES,
Ko avti avtov Oa mpémel va ovokTnOel ypnopomolmvtag getattr ().

awaitable
'Eva 0VTLKELLEVO TTOU UTTOPEL VL X pnoLpomtotn0el 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 diktdtopag g Cone, dnradn Guido van
Rossum, o dnpouvpydg tng Python.

dvadiko apyeio
'Eva. file object tkovd va. SLaalel ko va ypagpeL Svadikot timov aviikelueva. apadeiyuato 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 VO SLABAOEL Ko VaL YPAYEL ST T OVTLKELUEVAL.

daverkn avagopd
Zto C API g Python, o davelkt| ovogopd eival (o avopopd og €vo. OVILKEIUEVO, OTTOV 0 KMALKAG
TTOV YPTOLUOTTOLEL TO aVTLKELUEVO dEV KaTéxel TNV avapopd. [ivetan évag aypnoipuomointog deiktng edv
TO avtiKeipevo Kataotpopei. o mapdderypa, o dadikaoio garbage collection pwopei vo apaipéoet
TO TEAEVTOUO Strong reference amd TO AVILKELUEVO KOL ETOL VO TO KATOOTPEPEL.

Zuviotatol 1 KMo tov Py_INCREF () 070 daveiki] avagood e 0KOmd VoL LETATPATEL 08 £VaL LGy V0T
ava@opd emITOIOV, EKTOG OTAV TO AVILKELUEVO OEV UITOPEL VO KATAOTPOPEL TTPLY 0O TNV TEAEVTALN
xphHom g davelkng avagopds. H ouvaptnon Py_NewRef () umopet va xpnotpomown0el dote vo. om-
wovpynOel Eva Loy vo1 avapood.

bytes-like avtikeipeva.
'Eva. avTikeipevo mov vitootnpilet o bufferobjects kou pmopel va eEayer éva C-contiguous buffer. Avtd
mephappdver Oha ta aviikeipeva bytes, bytearray, Kaw array . array, Kafmg Kot oA Kowva
memoryview avikeipeva. Ta dvadikov tomov (bytes-like) avitkeiuevo popotv vo xpnotuootnovy
ya dudipopeg hettovpyieg wou droyeLpitoviar dvadikd dedouéva” avtd TePAauPAvouv CUNTEST QITO-
Onkevon oe dvadikd apyeio ko amootol) péow socket.

Oplouéveg hertovpyieg yperdtovrol tor duadikd dedouéva va eivar uetofintd. H texunpioon ovyva
AVOPEPETOL 08 AUTA MG «dVAdIKA avTiKelpueva avayvoonc-eyypogrc» (read-write bytes-like objects).
Mapadelynato PeTABANTOV OVILKEWEVMVY TPOCWPLVTG 000N KEVOoT g TTEPLEXOUV bytearray Kol éva
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memoryview gvOg bytearray. AMEG heLTOVPYieG OTOLTOUV TNV OIT0ONKEVONG TV SUOSIKMV dE-
dopéva oe auetdfinta avitkeipevo («duadikd ovTikeipeva wovo avayvwaong»” (read-only bytes-like
objects) mopadelyuoTto oVTAV TEPLEXOVY bytes Kot éva memoryview evog bytes avitkeluévou.

bytecode

O myaiog kwdika g Python petoylwttileton o byfecode, 1) E0MTEPLKY] AVOTAPAOTAON EVOG TPO-
vpduuatog Python otov diepunvéa CPython. To byfecode amoBnkevetal emiong TPoowPLVE WG .pycC
apyelor MmoTe M eKTELEON TOV LOLOV OPYELOV Va givan YpNYopdTEPN TNV deVTEPT] POPA EKTENEONG (UITO-
pel va amopevyOel 1 ek VEOU UETOYAMMTTLON atd TOV TTNyaio Kmdiko o bytcode). Auti M «evdLdueon
YADOOoO» Aéyetal OTL Tpéyel O€ Wo virtual machine mov €KTeLel TOV KMOLKO UNYOVIG TOV OVTLOTOLYEL
o€ KG0Oe bytecode. AGfete vrdOY OTL Tl bytecode dev ovopEVETAL VO AELTOVPYOVY UETAED SLOPOPETLKMV
ELKOVIKMV pyovav Python, ovte va eival otabepd petall twv ekddoewv g Python.

Mo Alota artd 0dnyieg oxetikd ue ta bytecode ptopei va Bpedel otnv tekunpimwon yia to module dis.

callable
‘Eva callable eivow évo avtikeipevo mov pmopet va Kaheotel, mbavd ue éva ovvoho opopdtwv (Bh.
argument), U€ TNV TOPAKATO OVVTAEN:

callable (argumentl, argument2, argumentN)

Mua function, xou xot” eméktaon wa method givon callable. ‘Eva otrypudtumo wa kKhAong ov vAoToLEL

™ puébodo ___call__ () eivow emiong callable.

callback
Mua subroutine ouvaptnon 1 omoia petafLBdtetor wg opLopa Tov Oo EKTENEOTEL KATOLX OTLYUT OTO
HEAOV.

KAdon

"Evo pdTUuITo Y T dnULovpyios aviiKeLuEVav Tov opiovtat amd to ypnot. Ot opiopoi KAGoEmY ou-
VNOWG TePLEYOUV 0pLoUovg HeBOdWV TOV AeLTOVPYOUV 08 OTLYIOTUTTO TG KAGONG.

uetoiTi KAGong
Mua petafAnt) mov opileTon og po KAAoM Kot tpoopiletal va tpomomotn el uovo oe enimedo Khdong
(. Oy o€ éva oTrydTLTTO aG KAAOTG).

uetafinti KAewoipatog
"Evag free variable tov ovagépetal amd éva nested scope Kou 0pileToL 08 (uo. EEWTEPLKT) TEPLOYN, AVTL
va eAOETOL dUVALKE KOTA TV EKTELEON OTTO TOL KOOOMKA 1] EVOWUOTOUEVO namespaces. Mtopel vo.
dMhwOel pnTd pe TN deopevuévn AEN-KAewdi nonlocal dote va emTpastel 1 eyypap, 1| va OewpnOel
OTL opiletan épuueca GTav 1 UETAPANTY pNoLoToLeital udvo yio aviryvaoon.

[0 TopAdeLypa, 1 GUVAPTNON inner Tov TOPAKATO KMHOLKO, TO0O 1 x 000 KoL 1 print givou free
variables, oM nOvo M x glvon po uetafAntr kAewoluatog:

(def outer () :
x =0
def inner():
nonlocal x
X += 1
print (x)
return inner

L J

AOY0 TOV YOpaKTNPLOTIKOY codeobject .co_freevars (To 0700, TOPA TV OVOUAOLO TOV, TTEPL-
rappdvel udvo ta ovouato Tov uetafAnTav Khewolpatog Kot oL Oleg TG avapepoueves Elevbepeg eta-
BANTES), XPNOLULOTTOLELTAL UEPLKEG POPES O TTLO YEVIKOG OpOG free variable axoun Kot OTov YIVETOL ELOLKY)
avapopd og PETAPANTEG KAELOLUOTOG.

mryadukog apdpog
Mo ETEKTO0N TOV YVOOTOU GUOTHUOTOG TIPOYUATIKDV 0PLOU®OY 0TO 07T010 OAOL 0L apLlOpol eKppAtovTa
wg dbpolopa £vOg TPAYUOTIKOY HEPOUG KoL EVOG pavTaoTkoy uépovg. OL gpavtaotikol aplbuol eivor
TPOYUOTLK A TTOAMAATTAAOLOL TG PAVTAOTIKTG LOVAdO (1] TETPOY®VIKT pila Tov —1), oV ovyva Ypapo-
vtol i ota pednuotikd 1 3 oty unyoviky. H Python €yel evoopotmpuévn voothpleEn yio wyadikoig
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aptBuovg, oL 0ToioL YPAPOVTaL (e AuTdV TOV TELELTOLI0 CUUBOMOUO” TO PavTOoTIKO uépog ypdpeTon
ue to emibnua J, Y., 3+13. o va amoxthoete mpodoPaon oe ovvOeta Looduvapo to module math,
ypnooTomote to cmath. H ypnon wyadikmv aptbumv givar £va apketd mponyuévo nodnuatiko yo-
POKTNPLOTLKO. €4V dEV YVWPITETE TNV OVAYKT) TOVUG, ELVaL OYEDOV GLYOUPO OTL UTOPELTE VOL TO. OLYVOT|OETE
LE ALOPANELXL.

context
Auto 0 6pog £xEL DLOPOPETIKEG ONUOLOLEG OLVANOYOL UE TO TTOV KO TTMG Y PT|OLUOTOLELTOL. MEPIKES KOLVEG
évvoleg:

« H npoowpivn katdotoomn 1 To meptfddlov wov dnuovpyeital amod évav context manager HEGW PLOG
dMhwong with.

o To oUvoho TV deopevuévav KAELOLOV-TIUNG TTOV OYETILOVTOL e VO CUYKEKPLUEVO AVTILKELUEVO
contextvars.Context kol mpoomeldfovtol péow avitkewévov ContextVar. B, emiong
context variable.

« 'Eva aviikeiyevo contextvars.Context. BA. emiong current context.

TPWTOKOAAO drayeipiong mepifaiiovog
OuuébodoL __enter_ () xou__exit__ () xahovviow oo T dNhwon with. BL. PEP 343.

Swayeprotiic context
'Eva avTIKELIEVO TTOV VAOTTOLEL TO context management protocol Kouw ELEYYEL TO TEPLPAILOV TTOV €l 0POTO
uéoo og o dMiwon with. BL. PEP 343.

context petafinti
Mua peta ANt TG omoiag 1) T eEaPTATOL AITO TO TTOLO Eival To current context. Ou TéG Tpoomeldo-
VTOL PECM TWV AVTLKEWWEVOV contextvars . ContextVar. O petafAntég cuuppalouevwy xpnoLuo-
TTOLOVVTAL KUPLWG YLOL VO, OUTOUOVMOOUV TNV KOTAOTOON UETAED TOUVTOYPOVMY 0LOVYYPOVIV EPYOOLMV.

contiguous
"Eva buffer Oewpeital contiguous akplBag edv eivou eite C-contiguous eite Fortran contriguous. To buffer
undevikmv draotdoemv givor C xow Fortran contiguous. e (lOVOSLAGTATOVG TTLVOKES, T OTOLYELOL TTPE-
meL vo TomofeTovvtal ot pviun To éva dimha 0to GAAo, pe oELPA avENONG TWV SEKTHOV EEKLVAOVTAG
atod 1o undév. Ze mohvdidotatovg C-contiguous mivakes, o TeELeVTOLOG deikTng UeTABAMETOL TAYXVTEP
OTaV EMLOKETTOVTOL TOL OTOLYELO O OELPA dleuBuvong uvhung. Qotdoo, oe Fortran contiguous mtivakeg, o
TPADTOG OELKTNG LETABAMLETAL TTLO YPTYOPOL.

coroutine
OL coroutines €ivaL (Lot ITLo YEVIKEUUEVT Lop@n subroutines. Ot subroutines £L.04yOVTOL OE VO OT)UELO KL
eEdryovtar og Ghho onueio. Ou coroutines pumopel va ewoayBovv, vo eEayBolv Kar vo ovveyLotovv og
TOAG dLapopeTikd onueia. Mmopovv va vhosoujoovy pe v dMiwon async def. B eniong PEP
492,

coroutine cuvaptnon
M GUVAPTNOT TTOV ETLOTPEWPEL £VAL coroutine AVTIKELUEVO. Mo ouvapTN oY) coroutine Wtopel va opitetan
a6 ™) dhwon async def, Kou Umopel va mepLéyeL await, async for, Kaw async with AéEelg
KAEWOLG. Avtég elonyOnoav amtd to PEP 492.

CPython
H xavovikn vhomoinon g yhwooag mpoypaupatiowot Python, dmwg duavéuetar ato python.org. O dpog
«CPython» ypnowpomoteitor 6Tav eivol omapaiTTo Yia TV dLAKPLoT OUTHG THG VAOTOIN oG ot dhheg
omwg M Jython W 1 IronPython.

TpEYOV TAXICLO
To context (contextvars.Context OVIKEILEVO) TOV XPNOLUOTOLEITOL QUTT] T OTLYUY 0T TOL ALVTL-
Keluevo ContextVar yua vo mpoomeldoet (va TapeL 1) vo 0pioel) TG TWEG Twv context variables. K&Oe
Vi €xEL To kO Tov TPEYoV ovuppalouevo Ta Thaioto yio TV EKTELEDT] AoVYYPOVWV EPYOTL®V (BA.
asyncio) ovvdéouv KaOe epyaoio pe £vo. GUUEPATOUEVO, TO OTTOLO YIVETOL TO TPEXOV OUUPPATOUEVO
omote 1 gpyaocia Egkivd 1 ouveyiler v extéheon.

KUKMK1] ¢Topoveen)
Mo vToopdda evog 1] TEPLOTOTEPMY AVTLKELUEVIV TTOV AVaPEPOVTOL LETOED TOoVg oynuatifovrag évay
KUKLO avopopmv, 0hhG dev avagépovtol amd dAha ovTiKeiueva eKTog g opddag. O okomdg tov cyclic
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garbage collector glvon vo. eVTOTLEL UTEG TIG OLALOEG KalL VO OTTAEL TOV KUKAOG OVOLPOPHDYV (DOTE VO, WITOPEL
VO OTTOOEOUEVTEL 1) Uviu.

decorator
Mo GUVAPTNON TTOU ETLOTPEPEL Lo GAAY GUVAPTNOY, CUVNOWG ePapUOTETAL MG UETUTYTUATIONOS GU-
VAPTNONG YPNOWOTOUDVTAG THY @wrapper ovvtagn. Zuvhouéva mapadeiynota yio Toug decorators
elvor classmethod () xou staticmethod ().

H oUvtaEn tov decorator givar amhdg KoAhwtioTiky), ou ak6iovbolr V0 opLopol cuvapTioewy eival
ONUOOLOAOYLKA LOOSVVOUOL:

def f (arg):
f = staticmethod (f)

@staticmethod
def f (arg):

L

H {81 évvola vtdipyet yio g khdoelg, odhd ypnopomoleitol Ayotepo ovyvd exel. Bh. v tekunpimon
vio. function definitions kou class definitions yia epLoodTepa oyeTikd pe Toug decorators.

descriptor

Kd&0e avukeipevo mov opilel tig uebddovg _ get_ (), __set_ (),M __delete_ (). Otav éva
YOPAKTNPLOTLKO KAGoNG elvon descriptor, 1) eLOLKT] dEOUEVTIKY TOV OUUITEPLPOPE EVEPYOTTOLELTOL KOTA
TV avalnTnon XopoKTNPLoTikdv. Kavovikd, ypnouomoimvtag a.b yia va Mfete, vo opioete 1) va dia-
ypdpete Eva xapaKkTNPELOTIKO avalnTd To avItKeievo ue To dvoua b 0to AeEtko g KAGoNG Yo a, AAAG
edv 1o b elvou descriptor, kaheitow 1 aveiotouyn wéBodog descriptor. H katavonom twv descriptors eiva
T0 KAEWL Yoo TV Kahitepn kotavonon g Python yioti avtd amotehet Ty fdon yio wolhd yapokt-
PLOTIKG OTTWG OVVAPTHOELS, eBOdoUG, 1OLOTNTES, NEB0dOL KAAONG oTaTiKEG HéBOdOL, KOl avapopd oe
oovmep KAAOELG.

TN TepLoodTEPEG TANPOPOPLEG OVOPOPLKA e Tig ueBOdoVg Twv descriptors, BA. see descriptors 1) to I[Tpa-
KTKOG 001ydg yia ) xpnon tov Descriptor.

AeEiko
"Evo TpooeTaLpLlotikog mtivaka, omov avbaipeta khetdid aviotoryiCovral oe twég. Ta kheldid pmopei
va. glval 0TtoLod1ToTe avTLkeipevo ue uefddovg  hash_ () xou__eq (). OvoudCetar wg hash oto
Perl.

Kotavonon AeEikov
"Evo. GUUITTOYNG TPOTTOG YL VO, ETTEEEPYAOTELTE OAA 1) HEPOG TWV OTOLYEIWV OF £VOL ETAVAATITIKO KL
vo emotpopet évo ue heSikd ue ta amotedéopata. results = {n: n ** 2 for n in
range (10) } dnwovpyel éva AeEKO Tov mepLéyeL To KAWL n Tov avtioTolyileton pe Ty ) n - **
2. B\. comprehensions.

oyn AeEkov
Ta avtikeipeva wov emotpépovral amd dict .keys (), dict.values (), Kardict.items () Ko-
rovvtar 0elg AeEkov. Autég mapéyovy wa duvauky dym Twv Tmv eyypap®v tou AeELkov, ov ot)-
naiver 6t 6t to heEukd petafadietal, 1 6P avitkatomtpilel avtéc g odayés. Na va avaykdaoete
v 6Yn AeEtkov va yiver wo TAhpng Alota ypnolwomomote 1o 1ist (dictview) . BA. dict-views.

docstring
Mua literal oupfohooelpd Tov eUpaviteTor mg 1 TPMTN EKPPAoT o€ wia KAGom, ouvaptnon 1 module.
Evd ayvoeital Katd Ty eKTéMent) TG CoviTag, ovoryvipileTol otd ToV UETAYAMTTLOTY Ko Torrodeteito
0TO YOPAKTNPLOTLKO _ doc__ TNg KAMAONG, TG cuvapTnong 1 Tov module ov mepikheiet. Aedouévou
OTL gival LaOEOLO HECW EVOOTKOTNONG, TO KOVOVLKO EPOG YLOL TNV TEKUNPLIOT TOU AVILKELUEVOU.

duck-typing
"Eva. 6TUl TPOYPouUoTioio sov dev eEeTdlel Tov THTO VG AVTLKELUEVOD YLOL VA TTPOOSLOPIoEL v £XEL
T 0ot dLemaEn” avtibeTa, 1 uEB0SOG 1| TO XOPUKTNPLOTIKO KaleiTol amhodg 1 xpnowomoteitan («If
it looks like a duck and quacks like a duck, it must be a duck.») Aivovtog éugaon otig dtemapég Kan Oyt
0€ OUYKEKPLUEVOUG TUITOVGS, 0 KOAG OYedLAOUEVOG KMALKOG BENTLOVEL TV EVEMEID TOV EMLTPETOVTOG
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TV ohvpopPLkn vrokotdotaot). O timog duck-typing amopelyel doKLUES Y PN OLULOTOLOVTAS type ()
1 isinstance (). (Enueiwon, wotd00, 6Tl 0 TUTOG TATLOG duck-typing UTopel va. CUUTANPWOEL pe
abstract base classes.) Avti avtol, cuvnOmg ypnowomolel dokuwég hasattr () fapoypapuationd EAFP.

dunder
An informal short-hand for «double underscore», used when talking about a special method. For example,
__init__ is often pronounced «dunder init».

EAFP
Mo evKoAo va TNTioelg ovyydpeon Tapd adeta. Avtd To Kowvd oTul tpoypapuatiopov og Python wpot-
oBETeL TNV VITOPEN EYKUPWOV KAELOLDV 1) XOPAKTNPLOTIKOV Ko cudhapuBdver eEopéoelg edv 1 vtdBeon
amodeyOel eopoluévi. Avtd to Kabapod KoL ypNyopo GTUA XOpaKTNPILETAL A0 THY TAPOVCLO TTOAMMY
dMlwoewv try kow except. H teyvikn épyetal oe avtifeon pe to atuk mov eival LBYL Kowvo o€ molhég
dheg yhwooeg, dmmg 1 C.

aEoAdyN 0N oUVAPTONS
Mo ouvaptnon wov uropei var KAnOet yio va aElohoynoet £va adpaveég xapoKTHPLOTIKO EVOG aVTLKEL-
UEVOU, OTIMG 1) TL] TOV PEVOMVVUW®V THITOV TTOV dNULOVPYOUVTAL LLE THY TPOTOOT type.

EK@ppaon
"Eva. Koppdtt oUuvtaEng o propel va agtohoyn el oe kdmoro tur). Me dAho AoyLa, o €K@paat eiva
Wo. CVOOMPEVOT oToLyelmV EKppaong dmtwg kKuploreEia, ovopata, TpOaBaon YapaKTPLOTIKGOV, TeEhe-
0TéG 1] KMOELG OUVAPTHOEMV TOV OLEG EMOTPEPOVY [uat LY. Ze avtifeon pe mohhég dhheg yYhwooeg,
dev eivar Oheg oL YAwooukég douég exppdioets. Ymapyovve emiong statements Tov deV ITopovV vo. Xp1oL-
poromBouv wg eKpPATELS, OTtmg To while. O avabéoelg Tudv eivar emiong dniboelg oyl ekppdoeLc.

module ewéktaong
'Eva module ypoupévo oe C 1) C++, wov ypnoipomoteital amd to C API tng Python yua vor aAdniemidpd-
GOUV L€ TOV TTUPNVOL KAl L€ TOV KMOLKA TOV %P1 OTH).

f-string

f-strings
String literals prefixed with £ or F are commonly called «f-strings» which is short for formatted string literals.
See also PEP 498.

OVTIKEIUEVO PYEIOV
‘Eva avtikeipevo mov ek0étel évo API mpooavotolouévo oe apyeio (te uedddovg dmwg read () M
write ()) og évav vmokeluevo mopo. Avdloya pe tov TpdmTo mTov dnuovpyNOnKe, éva avitkelnevo
aPYELOV UTOPEL VO UECOLOPTOEL OTHY TPOOPOCT O€ £VOL TPAYUATIKO apyELO0 0TO dioko 1 o€ dhho TUTo
ovokeung amobfKevong 1 emkowvaviag (Yo mopdderypo Tumiky) eicodog/ €50dog, in-memory buffers,
sockets, pipes, KA.). Avtikeipevo apyeiov ovoudtovran emiong file-like objects 1 streams.

2TV TPAYUOTIKOTNTA VITAPYOUV TPELS KATNYOPLEG AVTLKEWEVOV apyelov raw dvadikd apyela, buffered
dvadikd apyeio xon apyelo keyévov. OL dLemapég Tovg opllovtal oty evotnta io. O Kavovikdg Tpdmog
YLOL VOL OTULLOVPYT|OETE €VOL AVTILKELUEVO OPYELOV ELVALL X PNOLUOTTOLDVTAS TV CUVAPTN O open () .

OVTIKEILEVO TTOV NOLATEL NE apYEiO
'Eva ouvavupo pe to file object.

KOSIKOT0I(1)01] GUOTINUATOS APYEIWV KL YEPLOTIS CPAANATMY
H xwdLKomoinon Kat 0 YepLoTig 0paAudTtwy xpnoluomoleitar amd tv Python yio v amokmdiko-
7oiN o1 TV bytes amd to Aettovpytkd ovoTnua Kou TV Kodikoroinon oe Unicode yio 1o Aettoupykod
ovoTNUO.

H x0dikomoinon ovothuatos apyelov WTopel vo eyyun0el v emTuynuévn amokmdlkomoinon ohmy
TV bytes katw otd 128. Edv 1) KdLKOTOL01 CUOTHUATOS APy ELDV OEV TOPEYEL CLUTIHV TNV EYYUNOT, OL
ouvapthoelg API uopotv va gyeipouvv éva UnicodeError.

Ovovvaptioelg sys.getfilesystemencoding () Kausys.getfilesystemencodeerrors ()
WITopouv va xpnowortotnfotv yior vo AMABETE TV KmALKOTOoiNo TOU CUOTHUATOS APYELDY KoL TOU
YELPLOTH OPOALATWV.

O filesystem encoding and error handler diopoppavovior Katd TV ekkivnon tg Python amd ™ ov-
vaptnon PyConfig_Read () Ph. filesystem_encoding kou filesystem_errors péln tov
PyConfig.
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BA. emtiong to locale encoding.

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

Ynrdpyouvv dvo timol finder: finders ueta dStadpourns yio xpon ue sys .meta_path, Ko finders ei.6édov
Stadpouns Yo xpnon we sys .path_hooks.

BA. finders-and-loaders xow import1ib yio meplocdtepeg hemTopépeLec.

aképor Sraipeon
H poadnpotixn diaipeon mov 6TpoyyvhomoLel Tpog ta KATw 0Tov Kovitvotepo aképato. O teheoTtng oKke-
porag daipeong eivon / /. Twa mopdderyna, n éxgppaon 11 // 4 aSlohoyeitow og 2 o ovtifeon ue v
T 2 . 75 TOV EMOTPEPETAL OTTO TNV LAUPEDN UE VITOdLOOTOM). EZnueiwon 6tL (-11) // 4 xGver -3
emeLdN v elval 1 0TPOYYULOTOINGT OGS Tar Kdtw tov —2 . 75. BL. PEP 238.

Swpeav vijna
‘Eva povtého viudtwv 0mmov molha vijuato propotv va ektehovv Python bytecode tautdypova uéco
oToV 1010 dtepunvéa. Auto épyeton oe aviibeon pe to global interpreter lock, 1o omolo emitpémel o€ Eva
uovo viuo va ektelel Python bytecode kG0e popd. Aeite to PEP 703.

dwpeav perafinti
Tumikd, dmwg opiletar oto language execution model, pwo ehevBepn petafAnty eivor omoladnmote ue-
TOANTY XPNOLUOTTOLELTOL 08 £va namespace IOV eV ELVOL TOTLKY| LETAPANTY] O€ eKelvo TO namespace.
Agite 10 closure variable yio mopdderypo. IIpaktikd, AMOYw TOU OVOUOTOG TOU YOPOKTNPLOTIKOV
codeobject.co_freevars, 0 0pog XPNOLULOTOLEITOL ETTLONG UEPLKES POPES G CUVDVUNO TNG closure
variable.

ouvapToN
Mia oeLpdt 0td SNAMOELS TTOV EMLOTPEPOVY KATOLL TIUY) OF OUTOV TTOVU TNV KAAEDE. € AUTEG UITOPOVV
VO TTEPALOTOUV KOVEVOQL 1| TTEPLOCOTEPO. OPlOUATE TTOV UITOPEL VoL ypnoyortotn0ei yio v ektéheon. BA.
emiong TG evotteg parameter, method, kou the function.

ouvapTNo annotation
'Evag annotation Wog TopapéTpou GUVAPTONG 1 WG TG ETLOTPOGPTS.

OL ovvOPTNOELG annotations GUYVA YPNOLOTTOLOUVTOL YO vT0delEels TUmov: Yio TOPAdELYUa, VT M
OUVAPTNON OVOUEVETOL VO TTAPEL HVO OPLOUATO 1Nt Ko ETLONG AVAUEVETOL VO EXEL 0L ETLOTPEPOUEVT|
T int:

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

H ovvta&n ovvdptnong annotation ovahdetow otnv evotnta. function.

BA. variable annotation xou PEP 484, tov mepLypdiper oty Ty Aettovpyikotnta. Esiong fi. annotations-
howto yia Tig KaATEPEg TPAKTIKES dOVAEVOVTAG e annotations.

future
‘Eva future statement, from __ future_ import <feature>, KaHodNYel TOV UETAYAMTTILOTY VO
uetayhmtrioet to Tpéyxov module yPNOLUOTOLHVTOG GUVTAEY 1) oNuactoloyia tov Ba yivel 1) TumtKy og
uedhoviikr) ékdoon tng Python. To module  future  tekunpwvel Tig mbovég Tuég Tou feature. Me
TV ELOAYWYY] OQUTNG TNG AELTOVPYIKHG LOVADOG KoL TNV aELOAOYNOT TwV UETABATOV TNG, UWTOPELTE VO
deite moTe o véa duvatdtTTo TPooTEONKE Yo TPWTH Popd TNV YAdooo Kot ote O yiver (1) €yive)

1) TTPOETUAOYT):
>>> import __ future
>>> _ future_ .division

_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

GVALOYI] TOPPLUATOY
H duadikacio amehevfépmong g uvnung otav dev ypnowwomoteitar dhho. H Python extelel oudhoyn
ATOPPLUATOV HECH KATAUETPONG OVOPOPMV KOL EVOS KUKAKOU CUALEKTY OKOUTILOLWV TTOU ELVOL OF
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B¢om va aviyvevel Ko va ortder Toug KUkhoug avapopds. O ouihéktng amoppiudtwy umopel va eheyy el
xpnoLpomolmvtag To module ge.

generator

Mo GUVAPTNON TTOV ETLOTPEPEL EVOL generator iterator. MOLATEL UE O KOVOVLKY) GUVAPTNOT EKTOS 0TTtd TO
OTL TEPLEYEL EK(PPAOELS yield yio TNV Tapaywy) Wag OELPAS TLUMV TTOV WTOPOVVY VO, ¥PNOLHoTTot 0oy
o€ évav Bpdyo for M| Tov Wtopovv va. ovoKTNOoUV o T popd e TV ouvaptnon next () function.

ZVVHOWG AVaPEPETOL OE L0 GUVAPTNOT generator, GAAG (WITOPEL VoL VAPEPETOL OE £VALV generator iterator

0€ UEPLKA contexts. 2e TEPLITTMOELG OTTOV TO ETMLOLWKOUEVO VOO OEV ELvaL GAPECS, 1] XPNOT) TWV TAPWV
OPWV ATOPEVYEL TNV OLOAPELCL.

generator iterator

"Evo avTLKEIUEVO TTOU dNIOVPYELTOL ATTd (oL GUVAPTNON generator.

Ké0e yield avaotélel Tpoowpivé TV emeSepyaoia, Bupdtol Ty Kkatdotaoy ektéleong (cuusept-
LOUBOVOUEVMVY TOV TOTILKMV UETAPANTOV KOL TV dNA®oEmV dOKLUNG 08 ekKpeudTTa). Otav o generator
iterator oVVEYiOEL, oUVeEXiTEL oo kel Tov oTaUdTNOE (0€ AvTiBEoN UE TIG CUVAPTHOELS TTOV EeKLVOUV aTTd
™V apy o€ kdbe exikinon).

generator éK@poon

Mua expression wov emotpépel Evay iterator. MoLGTeL ue Kavovikn éKppaon ov akolovbeitol amd wo
npdtaon for mou opilel wa uetafint) fpoyov, £va e0pog Kol wa Tpoapetkt) tpdtaon 1. H ovv-
SVOAOUEVT EKPPOOT ONULOVPYEL TLUEG YLOL LLLOL GUVAPTNOT EYKAELOUOV:

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

YEVIKT] GUVAPTNOT)

Mo ouvdptnon mov asoteheitan amd ToMMATAEG CUVAPTHGELG TTOV VAOTTOLOUV TNV D10l Aettoupyia yio
drapopetikovg Tumovg. Tlowa vAomoinom mpémet va ypnotpomotn el Katd ) dLdpKelo wo KAHong Ka-
Bopiletan amd Tov adydplBuo amooToMC.

BA. emtiong v kataympnon tov single dispatch, Tov decorator functools.singledispatch () Ko
PEP 443.

YEVIKOG TUTOG

GIL

'Evag type Tov WTopEL Vo TopaueTpomot0el” ouvnbmg po container class, 0twg 1ist 1) dict. Xpnot-
pogtoLeiTtaL YL type hints Kou annotations.

TN eplocoTepeg Aemtopépeies, PA. generic alias types PEP 483, PEP 484, PEP 585, xou to module
typing.

BA\. global interpreter lock.

global interpreter lock

O unyoviopds mou ypnotposoteiton amd tov diepunvéa CPython o va dtaopaiioer 6t povo va viuo
extelel Python byrecode k&0e @opd. Autd amlomoiel v vhomoinon CPython dnuovpydviog to po-
VTELO OVTLKELUEVO (CUIITTEPLNOUPOVOLEVOY KPIOLW®WV EVOOUATOUEV®Y TUTTMVY OTTmg Y. dict) éuueoa
AoPalég EvaviL Tautdypovng Tpoofaonc. To kKheldwua oloxAnpov Tov dlepunveéa SLevKOAUIVEL TOV dLep-
unvéa va eivor TOAMATADY VNUATOV, €16 BAPOG TOV HEYAAOU UEPOVG TOV TTAPUANIOUOV TOV TaPEXOUV
oL Ny aveg TOAMATAWV eneEepyaoTdy.

Qo0t600, 0pLOUEVES AELTOUPYIKEG LOVADES ETEKTOONG, €ite TUTILKEG eite Tpitwv, ELouv oyedLaoTEl £TOL
wote va omehevdepdvouy to GIL dtav ektehoUv £pyaoieg EVIOTIKMV VITOLOYLOU®MY OTTMWG CUUTIETN 1)
Kotakepuotopos. Emxiong, to GIL amelevfepmvetan mavta otav exteleite 1/0.

Amtd v éxdoorn Python 3.13, o GIL umopei va amevepyorton0el ypnoomolmvtag ™ puouon
--disable-gil xoatd ™ dLoudPPWON TG Kataokevhg. Metd v Kataokeur tg Python pe avtiv
UE QUTHV TNV ETAOYY), 0 KDOOLKOG TTPETeEL Vo eKTeleitan pue v emhoyh —X gil=0 1) agov pvbuiotel
N petafint) weptBaihovtog PYTHON _GIL=0. Auth 1 duvatoTta emLTPETEL PEATLOUEVY 0TTtddOON YL
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£QPAPUOYEG TTOMOTIAMY VIUATWV KoL SLEVKOMIVEL T PN TWV ETEEEPYATTDOV TTOAATAMY TUPTHVWV LE
aodoTKo tpodmo. [N meproodTepeg hemrouépetec, deite to PEP 703.

Ze mponyovueveg ekdooelg tov C API tng Python, wa ovvdptnon pmopel vo Snhavel 6t amoLtel v -
pnomn tou GIL yua va ypnotpomonBei. Avtd avagpépetan otny VapEn wag kotaotaong attached thread
state.

hash-based pyc
'‘Evo. apygio Kpuphg wnung bytecode mtov ypnOUWOTOLEL TOV KATOKEPUOTIOUO Kot L ToV (pdvo Tpo-
TOTTOLNONG TOV OVTIOTOLYOV OPYElOV TPOEAEVONG VIOt VAL TPOTOLOPLOEL TV £YKUPOTNTO TOV. BA. pyc-
invalidation.

hashable
"Evo avtikeipevo eivan hashable v €xeL pua T Kotokeppotilopot ov dev alhdlel ToTé Katd ) dudp-
KeLo TG Comg tov (yperdleton o uéBodo __hash () ), ko uwopet va ouykplOel ue dhho ovtikeipevo
(xperdletan o uébodo __eq  ()) . Ta hashable ovTikeiievo IOV GUYKPIVOVTOL OOG TPOG TV LOOTNTO.
TOVG TTPETEL VAL £XOVV TNV OO TLUY| KATOKEPUOTIOUOV.

H YmtapEn hashable kéver éva aviikeipevo va wtopei va ypnowomoinei og khetdi AeEukot Ko wg uéhog
€vOGg GUVOLOU, ETTELDN AUTEG OL OUES DESOUEVWYV YPNOLUOTOLOVY TUUEG KOTAKEPUATIOUOV.

Ta wepLocdTEP amd Ta OUETAPANTA EVOOUATOUEVO avTLKELEVA TG Python wrtopoiuv va kortakepuott-
0ToUV” TaL HETAPANTA KoVTELvep (O0Tmg oL Moteg 1) ta AeELka) dev eivar” ta apuetdfinto Koviévep (0mTmg
mhelddeg Kou To frozesets) PITopovy Vo KATOKEPUOTLOTOVY LOVO EAV TOL OTOLYELO TOVG ELVOL KATOKEPULOL-
Tiopéva. Ta avtikeipevo ov eivar otrypdTuTa KAGoEmY Tov opilovral atd To XpNoTH WIopouv vo
KATOKEPUATLOTOUV amtd poemAoyr). Oha ouyKpivovtal dvioa ekTog amd Tov 0utd TOUG) Kat 1 T
KATOKEPUATLOUOU TOVG TPOEPYETOL atd TO 1d () .

IDLE
'Eva ohokAnpopévo meptdiiov ovamtuEng kot ndbnong yia v Python. idle eivan éva foaoikd mept-
Barhov emeEepyaoiag Kol diepunvéa. Tov cuvodevetal amd TV TumtLkT) dtovour| tng Python.

ABdavaro
Abdvata avukeiueva gival pua hemrouépeto vhomoinong g CPython mov ewonyOn otnv PEP 683.

Edv éva avtikeipevo eivor abdvato, o mAnloc avapoods Tov dev TPOTOTOLELTAL, KOl ETOUEVMG OEV
exympeitol Toté evd exteleiton o diepunvéac. Mo mapdderyua, True Kow None eivor abdvota otny
CPython.

Ta aBdvato avitkelpevo (topovv Vo ovoryvwpLoTtouy HEom TG sys._is_immortal (), N uéow g
PyUnstable_IsImmortal () oto C APL

immutable
‘Eva avtikeipevo pe otabepn) tuy. Ta ouetdfinta avitkeipeva mepthaufavouv apbuots , ouuBoro-
oelpég Kau mhelddec. ‘Eva tétoto avtikeipevo dev propel vor odAGEeL. 'Evo véo avtikeipevo mpémel vo,
dnuovpynOei v mpémer va amodnkevtel o dropopetikt) tiut). [aifovv onuovtikd poro og pépn 6o
o otabepd amarteital, yio mopdderypno wg khewdi oe éva heEuko.

e1oayouevo path
Mua Miota amd tomobeoieg (] kataywoloeis dtadpounc) mov uTopovy va avaintOovv path based finder
yio va gloayBovv modules. Katd v duadikacio etoaymyng, ovth 1 Aiota ue torobeoieg ouvnbwg ép-
yetal amd sys.path, alhd yia ta vromoakéta umopel emiong va €pBel amd T YOPAKTNPLOTIKO TOV
TOKETOV YOvVEQ __path__ .

ELGUYOYY)
H dradikaoia katd tv omoia 0 Khdikag e Python o éva module eivon dta0éoiun otov kwdiko Python
evog ddhov module.

EL00YWYEQS
‘Eva avTLKELIEVO UITTOPEL KoL var avolNTEL Ko va poptwvel éva module” kou éva finder xou loader ovti-
Kelpevo.

dadpaotikog
H Python éygt évov dLadpaotikd diepunvéa 0ov onuaivel Ot (WTOPELS VoL ELOGYELS ONAMOELG Kal EKPPUL-
OELG 0TIV ELOAYWYT) EVIOADY TOV SLEPUNVEQD, EKTEMDVTAG TG AIETO KOl EUPAVILOVTAG TA ATTOTELEGLOTAL.
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Amhdg eKKLVOTE TNV python ywpic opiopata (OaAvdg EMAEYOVTOG TO ATO TO KUPLO HEVOD TOV VITO-
Loyloth 00g). Amotelel évav ammodotikd TpoTo Yo va dokiudote véeg 1déeg 1) va eEetdote modules Ko
moxéto (BuunOeite help (x) ). o meplocodTepa oeTKd e T dLadpaoTikt| Aettovpyia, deite tut-interac.

interpreted
H Python eivouw pia interpreted yYAmooa, og aviifeon pe po LETOYAMTTLOUEVT], AV KO 1) SLAKPLOT UITOPEL
va givar kow oA Moym g apouoia tov bytecode petayhmwtTioTy). Autd onpaivel OTL To apyEio TPO-
£\evomg Wtopouv vo. ekteleoToVV amevdeiog ywpig vo dnuovpynOei pntd éva exteréolo apyeio mov
otnv ouvéyelo extereitol. Ol interpreted yAdooeg ovvnBwg éxovv WKpOTEPO KUKAO ovamTuENG/ evto-
TLOROV CPOMLATOV ATtd TLG UETAYADTTLOUEVES, OV KL TO TPOYPAUUOTA TOUG YEVIK( EKTELOVVTAL TTLO
apyd. BA. emiong interactive.

TEPUOTIOUOS AELTOUPYING diepunvia

‘Otov Tneltol Tepuationds Aettovpyiag, o diepunvéag g Python eloépyetar oe o eldik pdon dmov
amehevfepdvel 0TadLaKAE OLOVS TOUG dLaTLOEUEVOUG TTOPOUGS, OTTWG AELTOVPYLIKEG LOVADES Ko TTOMNaL-
ég kploeg eomtepikég dopéc. Emiong mpayuatomolel apketés KAMOELS 0TO GUAAER TG GKOVITLOLDV.
AVt PTopEL Vo EVEPYOTTOLYOEL TNV EKTELEDT] KWMOLKA 08 KUTAOTPOPELG TTOV 0pilovTtal amd To xprotn M
oe callbacks a.00gvoig avtamokpioels. O KMALKAG OV EKTENEITOL KATA T (AT TEPUOTLOUOD AELTOVP-
viog umopet va ouvavtioel dudpopeg eEatpéoels, kKabmg oL TOPOL 0ToVg 0Toiovg PacileTal evogyeTal
vo. unv hettovpyotv mhéov (ouvnOm mopadeiyuato eival oL Aettovpytkég novadeg PLpiodfkng M o un-
YOVLOUOG ELOOTTOLTTEMV).

O Baoikog hoyog TepuaTlopot Aettovpylog Tov depunvéa eivor 6tLto __main__ module 1) ohokAnpw-
OnKe 1 EKTELEON TOV KMOOLKO TTOV ETPEYE.

iterable
‘Eva avTtikeipevo tkavo va emioTtpéPpel to. iéAT Tov éva Kabe popd. Tapadeiypora iterables mepihoufd-
VOUV 6AOUG TOU TUTTOVS 0KOAOUBL®V (0ntwg 1ist, str, kau tuple) Kol ueptkovg THITous U akohovdiog
omwg dict, avukelusvo apyelov, KoL AVILKELLEVO 0TOLOVONTOTE KAAOEWV TTOV UTOPOUVV VO OPLOTOVV UE
o uébodo __iter_ () 1 ue wio uébodo _ getitem__ () mwov vhomolel T onuocloloyio sequence.

Ta iterables umopovv va xpnotuoson0ovv oe éva for Bpdyo Kot oe Todd dhha onueia dTov ypeLdile-
T wa akorovBia (zip (), map (), ...). Otov éva iterable avtikeipevo petafLpdletor wg OpLona oTny
EVOOUATOUEVY OUVAPTNON iter (), emOTPEPEL Evay iterator yia AVTLKELEVO. AUTOg o iterator elvol
KOAOG YLoL €va TEPaoua ard Eva GUVoLo TmV. OTav XPNOLULOTTOLELTOL ETOVOANTTTLKA, CUVNO®GS eV €l-
VO oTTapaiTTo VoL KOAESETE TO iter () 1 va aoyolnbeite udvol oag ue oviikeipeva iterator. H dnhmon
for To KAVEL AUTOUATOL YLOL EGAG, ONULOVPYMVTAG LLOL TTPOCWPLVY] UETAPANTH YWPLS dvoua yia va KpoTd
ToV iterator yio TNV dudipkela Tov Bpdyov. Bh. emiong iterator, sequence, Ko generator.

iterator
"EvOl OVTLKELIEVO TTOU OVTUTPOOWITEVEL P pot) dedouévawv. Emavaloufoavoueveg KAMOeLS Tpog T ué-
0080 __next__ () Tou iterator (1] uetafifaon TOU OTHY EVOOUATOUEVY CUVAPTNON next () ) emoTpé-

oV dLadoy Lk otoLyeia aTnVy pot). Otav oy teplocdtepo dedouéva eivar dStadéolua eyeipetal pua eEai-
peon StopIteration. Ze autd To onueio, To avtikeipevo iterator eEavtleital Kot TuyOV TEPALTEP®
KMoewg oty 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
iterator va. eivow emiong iterable Kau umopel va ypnopwomombel ota mEPLOGOTEP UEPT OOV YivovTon
omodeKktol Kot dAhol iterators. Mio, aEtoonueimtn eEaipeon eival o kddLkog wov emLyelpel TOMATAG
mepdopata iteration. 'Eva aviikeipevo Koviéivep (Ommg éva 1ist) mapdyel évav kabapd véo iterator
K&Be popd mov kAOe popd Tov peTaPLBAleTaL 0TV CUVAPTNON 1ter () N TOV XPNOLULOTOLELTAL OF VO
for Bpoyo. Edv emyeipnoete avtd ue évav iterator amhdg Oa emotpéypete To ido eEavtinuévo avri-
KELWEVO iterator sTov YPNOLOTOLONKE GTO TPONYOUUEVO TEPOOpQ iteration , KAvOvVTAG TO Vo QaiveTol
oav €va GOEL0 KOVTELVEP.

[epioodtepeg mAnpopopieg wropov va fpebolv oo typeiter.

To CPython dev eqapudCel pe ovvémelo TV amaltnon vo opilel évogiterator  iter () .Emiongon-
uewwote ot £xdoorn CPython pe eleBepn vtoot)piEN vudtwv dev eyyvdton v aopdiea vnudtwv
yio dLodLkaoieg e iterators.

ouvvaptnon key
Mo ouvaptnon Khedi 1 puo ouvapTnom TaEvounong ivar e dSuvatdTnta KAong ov emoTpéQeL UL
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T o ypnowportoteitar yio taEvounon N dudta&n. Mo wapdderyno, locale.strxfrm() xpnot-
UOTTOLELTOL YLOL TV TTOpay WY evOG KAELOL0U TaEvounong mov yvmpilet Tig ovuBaoelg ToELVOUNongG yLo.
OUYKEKPLUEVEG TOTILKEG pLOULOELG.

‘Eva. oplBudg epyodreimv omnv Python oéyetor Paolkég OuVOPTNOELS YLOL TOV €AEYYXO TOU TPOTOU
ue Tov omoio To oTouelo Tagivouovvror M opadosolovvtat. Avtd mepiéyouv min (), max (),
sorted (), list.sort (), heapg.merge (), heapg.nsmallest (), heapg. nlargest(),
Kow itertools.groupby ().

Yrdpyovv dtipopol TpdIToL Yo vor dNuovpynoeTe wa. ovvaptnor kiewdov. INa moapdderypa. 1 wé-
00d0¢ str.lower () WTOPEL VO (PNOLUEVOEL WG OLVAPTNOT KAELDL YLl TV TEPLTTWOT W dLAKPLONG
meCov-Keparaiwv. Evolhaktikd, pa cuvaptnon kiewdot pmopet vo. dnuovpynbel amd wo lambda
éxppoon 6mwg lambda r: (r[0], r[2]).Emiong operator.attrgetter (), operator.
itemgetter () ko operator.methodcaller () &lval TPELG KOTAOKEVAOTESG FOOLKMOY OUVAPTN-
oewv. BA. to TaEwvounon HOW TO yua mapadeiynata dnuovpyiag kot ypnong Paotkdv cuvapthoewmy.

opiopo keyword

BA\. argument.

lambda

Miat avd VLY EVOOUOTOUEVT] GUVAPTIOT] TTOU OTTOTEAELTOL OITO LG, WOVODLKT| expression 1) 0Ttoia aELo-
hoyeitaw Otav kahgiton 1 ovvéptnon. H odvtaEn yuo ) dnuovpyia wag ovvdptnong lambda eivon
lambda [parameters]: expression

LBYL

Look before you leap. Autd 10 0Tuk KOOLKOTOINGNG ELEYYXEL PNTA TIG TPOVTOOETELS TPLV TPOYUATOTTOL-
NoeL KA oelg 1 avalnmoels. Avtd 1o oTuk €pyeTol o€ avtifeon ue v mpooéyylon EAFP Kol yapoKT-
piteTon amd TV mopovoic ToAmV dhwoenv 1 f.

Ze éva mepLailov molhamhmv vnudtov, 1 tpoogyyion LBYL pmopel va diakivouveloeL vo. eLoAyEL
wo ouvOfKn aydva uetoll «the Looking» kol «the leaping». I tapdderyua o kddikag, if key in
mapping: return mappinglkey] WIOPEL VO OITOTUXEL €AV £va GANO VIO OpaLp€OEL TO key o
TO mapping PETA T dokut), OAG TPV aTd TV avolntot. Avtd to Tpdfinuo pmopet va hubel ue
KAELOOUOTA 1) XpMoLpoToldvTas TV pooéyyion EAFP.

AeEkog avaivTig

Mota

Emionun ovouooia yio tov tokenizer - Bh. token.

'Eva evoouotouévo Python sequence. Iapd to Ovopa tov, LoLALeL TEPLOGOTEPO (LE EVOIV TIVOKA 08 (AAES
YAWoOoES Topd e po ovvdedeuévn hota, kKabhg 1 tpocPaon oto otolyel eivar O(1).

list comprehension

'Eva. oupstaync Tpomog yo va ereSepyooteite Oho 1 LEPOG TV OTOLYEIWY 08 pLa 0KoAovBia KoL vo.
EMOTPEYETE WO MoTa ue T ommoteléopata. result = ['{:#04x}'.format (x) for x in
range (256) if x % 2 == 0] dNWOUPYEL wat AloTA CURPBOLOCELPDV TTOU TTEPLEYXOUV LUYOVG dekae-
Eadukovg apBuovg (0x..) oto evpog artd 0 £mg 255. H mpdtaom i f eivon poarpetiky). Edv maparewpOei,
O\oL TOL OTOLYELDL 0TO range (256) vmofahllovtal oe eneSepyaoiaL.

loader

‘Eva. avukeipevo mov goptmvel éva module. Tpémer va opiler tig pebddovg exec_module () Ko
create_module () ywo ™V vhomoinon g demagng Loader. ‘Evag loader ouvnOwg emotpépetan
ue éva finder. Agite emiong:

o finders-and-loaders
e importlib.abc.Loader

- PEP 302

TOTIKY] KWOKOTOiNnoM

Zto Unix, givae 1 kmdikomoinomn 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™).
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Zto Android xow to VxWorks, 1 Python ypnowormotei to "ut £-8" mwg TomKk KmdKomoino.
locale.getencoding () WIOpPEL va xpNOLUOTOLNOEL Y10 TNV AVAKT O TG TOTILKNG KMALKOTOINomg.
Bh. emtiong o filesystem encoding and error handler.

noykt uédodog
"Eva dtumo ouvdvupo yia special method.

mapping
‘Eva aviikelpevo Koviévep mov vmootnpiler avbaipeteg avalntioelg KAeWOLdV 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 Kawcollections.Counter.

meta path finder
'Evag finder mov emiotpdpnKe e avalntnon oto sys.meta_path. O finders peta-diadpour|g oyeti-
Covtat, aAld drogépouv amo ta finders entry dtadooung.

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

neta-Khdon

H kAhdom wog khaomng. Ou opiopoi Khaong dnuovpyotv éva dvoua KAAomg, évo heEtko KAAoNG Kat uLo.
Mota Baotkav kKhaoewv. H peto-khdon eivor veufuvn yio v amdKTnon outmy TV TpLmV 0pLopid-
TV Ko TNV duovpyio TG KAaomg. OL TePLO0OTEPES AVTLKELUEVOOTPEPELG YADOOES TTPOYPAUUATLOUOV
TOPEXOVV ULaL TTPOETUAEYUEVT] VXOTTOINOT. AuTtd Tou Kdével tnv Python Egymploth eivan dtL givan duvari
1 dNuLovpYio TPOGUPUOOUEVWV UeTOKAATEWDY. 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 ypnowuomown0ei yio tnv Katoypap Tpoofoong xopakTpLoTik®y, TV Tpo-
o0MKN aopdlelag vNUATY, TNV TopaKohoVON o dNULOVPYILLG AVTIKEWWEVW®Y, TNV VAoTToinoY singletons,
Ko ToAAEG GMAEG EpYaOieS.

[MepLoodtepeg mANpopopieg umopovv vo. fpedovv oto metaclasses.

uébodog
Mo cuvaptnon mov opitetal uéoa 0to omuo pag kKhaong. Edv xokeitar og yopaKTnpLotko Wog me-
picTmong avtrg g KAdong, N uéBodog O MafeL avILKeileVo TEPITTMONG WG TPWTO TG argument (To
omoio ouv)Bwg ovoudLeton self). BL. function Kau nested scope.

e avahvong nedodwv
H Zeipd Avalvong MeBodwv eival 1) o€Lpd ue TV omoia oL Baotkég KAAOELG avalnTouvTaL Yo éva LEAOG
Kot v ovalntnong. BA. python_2.3_mro yio AettopépeLeg Tov ahyopiOuou o ¥P1oLUOTOLELTOL OTTO
tov depunvéa g Python amtd v €ékdoon 2.3.

module
"EvoL OVTLKELLEVO TTOV Y PT|OLUEVEL MG OPYAVOTLKY LovAada Tov kKmdika tng Python. Ta modules éyxouv évav
YOPO ovoudTtmv TTov TepLEYEL avbaipeta avitkeipeva Python. Ta modules qpoptdvovtor otnv Python pe
™V dLodiKaoia importing.

BA. emiong package.

TEYVIKES TTPOdLaypapés module
"Evo. namespace tov JEPLEYEL TLG TIMPOPOPIES TTOV OYETICOVTOL (L€ TNV ELOAYMYT] TTOV YPTOLULOTTOLOVVTAL
Yo TV QOpTmon evog module. Mia stepintwon tov importlib.machinery.ModuleSpec.

BA. emtiong module-specs.

MRO

B\. method resolution order.

mutable
Ta eupeTAPATO OVTLKEIPEVO WTOPOUV VoL OAAAEOVV TG TLuég oG va Kportiioouy Ta 1d () . BA. emiong
immutable.

named tuple
O 6pog «named tuple» eapudletal yio. 0ToLovonmTote TOmo 1 KAAON Tov KAnpovoueital amd Ty
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TILELA L KOL TWV OTTOLWYV T GTOLYELD WITOPOVY VO EVPETHPLOTOLNO0VV €ival TPOTRATLILOL PN OLUOTOLD-
VTAG ETOVUILA YoPpaKTNPLOTIKAE. O TOTOG 1) 1) KAAOT WITopEl va €xEL Kot GAMOL {OPOKTNPLOTIKA.

Iolhol evomuotouévol timol eivor named tuples, CUUTEPIAAUPAVOUEVDV TWV TLUMV TTOV ETLOTPEPOVTOL

ond time.localtime () xou os.stat (). Eva dhho mopdderyno elvor 1o sys.float_info
>>> gys.float_info[1l] # indexed access

1024

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

1024

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

True

L

OpLopéves avayvopLouEVeg TLeLadES eival EVOMUATOUEVOL TUTTOL (OTTMG TA TAPATAVD Tapadelyuata).
Evalhoktikd, pe avayvoplopévn mhelddao puopet vo dmuovpynoet amd évav oplopd Kavovikng kid-
ong mov KAnpovouel amd tuple ko wov opilet Eykvpa medio. Mia tétola KAGOoT WITtopel va elvou ypot-
Hév 1e to yépL N wopel va dmuovpynOei kKinpovoumdviog to typing . NamedTuple, Y| ue v factory
ouvdpton collections.namedtuple (). OiteElevToieg TEYVIKEG TPOTOETOVV ETTIONG UEPLKEG ETTL-
méov uefddovg Tov umopel va unv Bpefolv og XeLPOYPOPES 1) EVOMUATOUEVEG TAELADES ue GVOLLO.

namespace
To uépog dmov arobnkeveTow o petofint. To namespaces vhomolovvrar wg AeEtkd. Ymdpyouvv ot
TOTTLKOL, OL KABOALKOL KOl OL EVOMUOTOUEVOL namespaces KoOMg KoL oL £vOEToL namespaces 0€ AVIIKEL-
ueva (oe pebddovg). o Tapdderypa oL ouvapToelgbuiltins . open KoL 0s . open () dlokpivoviol
aTto TOUG Y MPOVG OVOUAT™V Tovs. O xwpotl ovoudtwv fondolv exiong tnv avayvooludTnTa Kot T ov-
vTNpPNoLoTNTO KofLotdvtog oapés woto module vhomotel wa Aettovpyia. o mopdderyua, ypdgoviag
random.seed () itertools.islice () KaBLOTd COPEG OTL QUTEG OL CUVAPTIOELS VAOTTOLOVVTOL
artd Ta module random kow itertools, aviioTouya.

TOKETO namespace
'Eva package mwov ypnowueter udvo mg KOVTELVEP YLOL VTTOTOKETA. Ta TAKETO Y MPOV OVOUATMOV UWITOPEL
VO U1V €XOUV (PUOLKT] AVOITTOPAOTOON KoL OVYKEKPLUEVE VO unv glvar oav €va regular package emeldn
dev éxouvTo __init__ .py apyelo.

Ta okéta OPOV OVOUAT®V EMLTPETOVY 08 TOAMA TaKETA Pe dUVATOTTA EYKATAOTAUONG LEUOVMUEVQL
v €XOUV €vaL KoLV YOVIKO TaKETO. ALAOPETIKA, ovvioTaTol 1) xpNon evog regular package.

TN wepocdTepeg minpogoplies, deite to PEP 420 xou to reference-namespace-package.
B emiong module.

nested scope
H duvatdomto avapopds o o PeTaAnty og évav meptkielopevo optopnod. Ta mapdderypo uo ov-
vapTNoT Tov opiletal uéoa o8 wo GAAT CUVAPTNON WITOPEL VO OvapEpeTaL O UETAPANTEG 0TV eEw-
TEPLKT] CUVAPTNON. ZNuelmote Ot ta évOeta medio amd TPOETLOYH AELTOUPYOUV UOVO Yo avapopd
Ko oL yro ekydpnon. Ot tormkég petafAntég dtafaloviol Kot Ypapoviol 0To ECWTEPLKO TedL0 Epap-
poyns. Opoiwg, ou kaBolkéc uetafintég drofdouv Kot ypdpouv otov Kabohkod ympo ovopdtwy. To
nonlocal emTtpémeL TNV eYYPAPY 08 EEWTEPLKA TTEdIAL.

KkAdo1 vEOU oTUA
To tahd dvopa yia 10 100G TV KAAGEMY Y PNOLUOTTOLELTAL TTAEOV Y10l OMOL TAL AVTLKELUEVOL. Z€ TAMOTEPEG
ekd00eLg TG Python, O vo oL KAGOELG VEOU OTUA WITOPOVOAY VAL XPNOLULOTTOLCOUV TIG VEOTEPES, EVEALKTEG
duvatomteg tng Python émwg _ slots_ , descriptors, 1810t)teg __getattribute_ (), uébodor
KAGonG, Kou otatikég pébodot.

OVTIKEIUEVO
OmoLadNmote dedouéva e KoTaoToon (YopaKTNPLOTIKA 1) TUY) Ko KaBopLopév ovpmeptpopd (ueédo-
dov). Extiong, M telkn ookt kAo ommolacdfote new-style class.

BertioTomotuEVO TeEdio opaToTnTOS (Scope)
‘Eva mtedio opatdtnTog (scope) 0ov To ovOUATo TWV TOTKOV UETAPANTOV eival YvmoTod ue Befardtntoa
OTOV UETOYAWTTLOTH KOTA TH UETOYADTTLON TOV KOILKA, EMLTPETOVTOG T BEATLOTOTOINGT TG TPOoPa-
NG YO AVAYVOOT KoL YYpapt o€ autd ta ovopata. Ou TomKol XMPoL OVOUAT™Y YLo. GUVOPTNOELS,
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YEVVITPLESG, OLVAPTHOELG coroutine, oupTTOEELS (comprehensions) Kou EKQPACELS YEVVNTPLOV BENTLOTO-
TTOLOVVTAL UE OUTOV TOV TPOTTO. ZNUELWOT): OL TEPLOCOTEPES BEATLOTOTOLNTELG TOV SLEPUNVED EPAPUO-
Covtal og Oha Ta Tedion opaTOTNTOG WOVO eKeives Tov Bacilovral 08 YVwoTd GUVOAO TOTILKMV KoL UT|
TOTKOV HeETABANTMV TTEPLopitoviol o felTioTomotnuéva medio opaTdTNTaC.

TOKETO
"Eva Python module mov ptopei va epiéyer submodules 1) avadpoukd, vtomokéta. Texvikd, éva makéto
elvar wa hettovpyukt) povada Python pe éva __path_ yopoktnplotko.

BA. emiong regular package xou namespace package.
TUPAUETPOS
Mua £yKupn oviotnta o€ Evav optopd function () uéBodog) mov kabopilel Eva argument (1) 0€ OPLOUEVEG
TEPLITTOOELS, Opiopata) wov umopel va dexOel 1 ouvdptnomn. Yradpyovv mévte eldn mapouétpmv:
o MéEn-kAeldi 1) Oéon: kabopilel éva dpLopa Tov witopet vo petafipaotel gite Oéoews N wg dptoua

AéEng-kAetdiod. Avtd eivol To TPOoETAEYUEVO ElO0G TAPAUETPOV, VIOl TAPADELYUA foo KoL bar GTa.
akorovba:

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

o Oéoewg uévo: xaBopilel Evo OpLopa TOV PITOPEL Va TOPEYETOL LOVO artd TN B€om. OL mapdueTpot
uovo B€omg WTopovV vaL 0pLOTOVV GUUTEPLLAUBAVOVTOG EVOY XUPAKTHPO / 0TI AMOTO TAPAUETPOV
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 éva dpLopa Tov Wtopel vo mapéyetor wovo ue MEN khewdi. Ou ma-
paueTPoL wovo Yo MEN-KAEdL witopoldv va 0ploTtovv ouUTEPLAOUPBAVOVTOG UL TTOPGUETPO OF-
ong 1 ok€to * 0TI MOTA TAPAUETPWY TOU OPLOUOY GUVAPTNONG TIPLY OO AUTEG, YLOL TTOPAELYLOL
kw_onlyl xou kw_only2 oto. axdrovdao:

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

o uetafAnti Oéong: koOopilel OTL umopel va mapaoyedel wa avbaipetn akohovbio optopdtwv OEong
(emumhéov Twv oplopdtov Béong ov eivar N amodektd omd dhheg Tapouétpovs). Mia Tétola
TOPAUETPOG WITOPEL VAL OPLOTEL TTPOCUPTMVIOG TO OVOUA TNG TTOPAUETPOV UE *, YLOL TOPAIELYUOL
args oto. akolovba:

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

o uetafAntih AéEn-kAeldi: kaBopiler OTL propovv va mapéyovral avbaipeta TorG opiopota AEENG-
KAELOLOV (emuTAé0V TV 0pLopdTwv AMENG KAEWDLOU oV ivarl amodeKTd ammd dAleg TaPaUETPOUG).
Mo TétoLa TOPAUETPOS UTOPEL VO OPLOTEL TPOCOUPTWVTAS TO OVOUOL TG TOPAUETPOV UE * *, YL
mopdderyuo kwargs Ommwg TAPATAV®.

OL Tapduetpol uropovv vo, Kahopicouv T000 To TPOALPETIKA OG0 KOl TOL OTTOLTOVUUEVO OPLOUATO. , KO-
0ig KoL TPOETUAEYUEVEG TLUEG YLOL OPLOUEVE TEPOOLPETLKG OPLOUATAL.

BA. emtiong v argument KatoympLon gvpetnpiov, Ty epwtnon FAQ oyetikd we 1 diapood uetatd opt-
oudTmV Ko Tapauétowy, TNV KMAoN inspect . Parameter, v evotnta function kouw PEP 362.

path entry

Mua pepovouévy tomobeoia oto import path tTv omoto ovppovievetan o path based finder yio vo. Bpet
modules Yo EL0AYWYT.

path entry finder
'Evag finder mov emotpépetar amd évov KahoUpevo 0to sys.path_hooks (dnhadn éva path entry
hook) mov Eéper mwg va evromntiler modules pe path entry.

BL. importlib.abc.PathEntryFinder yia tig uefoddovg mov o entry finder duadpoung vhomotei.
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path entry hook

"Eva. kahoUpevo ot Mota sy s . path_hooks, To omtoto emotpépel éva. path entry finder edv Eépel mwg
va Bpioker module og po cuykekpLuévn path entry.

path based finder

‘Eva amd ta poemheyuéva meta path finders mov avolnta éva import path yio. modules.

path-like avrikeipevo

PEP

'Evo ovTLKELIEVO TTOV avTLpoommeveL éva path ovothuatog apyeiwv. ‘Eva aviikeiuevo path eivou eite
€va avTLKEipEvo str 1] bytes mov aviutpoowstevel £va path 1) €va AVTLKEIUEVO TOV VLOTIOLEL TO TTPO-
tOkoMo os . PathLike. Eva avrikeipevo mov vrootnpilel o tpwtdkolho os . PathLike umopel va
petatpamel o path cuoTHuOTog apyelwv str 1 bytes Kahwvtag Ty ovvdptnon os . £spath () ” ta
os.fsdecode () koL os.fsencode () UTOPOVV VO, XPNOLUOTOLNOOVY YLOL TV EYYINOT] EVOS OTTOTE-
Méopatog str M bytes, avtiotoryo. Ewonydn and tov PEP 519.

[pdtaorn Bektimong Python. ‘Eva PEP elval évo éyypago oxedlaouov mov mopéyel TANpopopleg oty
KowvotnTa Python 1 meprypdgper wa véa duvatdotta yio v Python 1) Tig dradikaoieg 1 o mepLfah-
Lov tng. To PEP Qo mpémet var mop€youy o GUVOTTTIKT TEYVLIKY TTPodLorypopr] Kot (o AoyLKY Yio T
TIPOTELVOUEVL Y APOKTIPLOTIKA.

Ta PEP mpoopilovror va givor oL KUPLoL ioviopol yio Ty tpotoon OUOVTLKOV VEDMV YOPOKTIPL-
OTLKMV, YO T GUMOYT] TTANPOQOPLMOV THG KOLVOTNTAG YLt £vo THTNUA KoL YLt TV TEKUNpimon tmv
ATOPAoEMV OoYEdLOOIOV TTOV £ouv eloayBel otnv Python. O ouvyypagéag tov PEP eivow veibuvog yio
TV 0LKodOUN N GUVaivEoNG eVTOG THG KOLVOTNTOG KoL TNV TEKUNPLWON AvTIOET™mVY ammdPewy.

BA. PEP 1.

THpe

‘Eva ovvolo amd apyeio og évav novo Kotdhoyo (evOeyouEvmg amoOnNKeVUEVO O apYELO Zip) TTOV OUU-
BaMovv og éva namespace TOKETO, OTWG opitetar oto PEP 420.

opwopa Ogong

BA\. argument.

provisional API

"Eva provisional API eivan avtd mov €xel eoxeppévo eEoupedel amd tig backwards eyyviioelg cuufoatdt-
TAG TG TVTTLKNG BLBAMOOTIKNG. AV Kail dEV OVOUEVOVTAL ONUOVTIKES OMAYEG OF TETOLEG DLETTAPES, EPOTOV
EMLONUOAEVOVTOL WG TPOCWPLVES, alharyég un backwards ovppatotrog (WéxpL Kot Katdpynon tng ote-
TOPNG) WITOPEL VoL TPOKMPoUV eGv KpLOel amapaitnto amd Toug Footkovg Tpoypaunatiotés. Tétoleg
alayég dev Oa yivouv dokoma - O ovpotv udvo edv ammokaivpOovy cofapd Oeuelimdr eraTTmpoTa
mou mapaleipdnkav mpiv amd ™ cuumepiinym tov APL

Axoun xow yia provisional API, ov un backwards ovufatég arhayéc Bewpovvrar «hdon €oyotng
avaykne»- Ba eEakolovdel va yivetow kdbe mpoondBeia yio va Bpedei wa Aon backwards ovufoti
O€ TUYOV EVIOTIOUEVO. TTPOPAUOTA.

Avt 1 dradikaoio emrtpémel oty Tumky BLlodNKn va cuveyioer va eEeliooetal pe v Tépodo tov
YPOVOU, YWPIG VO KAELDWVEL TPOPANUATIKG OAALOTA OYESLATUOV VL0 EKTETOUEVES YPOVIKES TEPLODOUG,.
Bi. PEP 411 yio weplocdtepeg hemTouépeLes.

provisional woxéto

BA. provisional API.

Python 3000

Weuddhvupo yo 1o ovvolo ekdocewv Python 3.x (emvonOnke mpLv 0rtd okt Kapd dtav 1 Kukhogpopio
™G €kdoong 3 ftav KATL 0T0 pokpLvd wéMov.) Autd ovoudteton emtiong wg ouvtopoypagio «Py3k».

Pythonic

Mua 1déa 1) éva Koupdt Kmdko tov okohovOel ToTd Ta o Kowvd wimpata tg YAwooog Python, avti
VO VLOTTOLEL KMALKOL PNOLUOTOLMVTOG £VVOLEG KOLVEG 0 dAleg YAwooeg. Tia mapdderypa, £va Kowvo
wWimpo otnv Python eivaw va kéver wa eavdinym mave amd oha ta otouyeio evog iterable ypnoluo-
oldvtog wo dNhmon for. [Modhég dhheg YAOOOES TOU deV €XOUV AUTOV TOV TUTTO KOTAOKEVNG, £TOL OL
avBpwrot wov dev eivan eEotkelmuévol ue v Python ypnopwomolotv uepikég @opég évav aptbuntikd

UETPNTN:
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IS N

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

L J

Avtibeta, wo mo kabapn uébodog Pythonic:

s 2}

for piece in food:
print (piece)

L J

AVOYVOPLOUEVO OVOUQL
"Eva Ovopa ue KOUKKideg mov deiyvel tn «dadpour)» amd to Kabolkod eupog evog module oe pua kKLAom,
guvaptnon 1 uEBodo mov opiletar oe avtnv TV EVOTNTA, OTtwg opiletal oto PEP 3155. T'ia ovvaptioelg
Ko KAAOELS OVATATOV EMLITEDOV, TO OVOLYVWPLOUEVO OVOUOL ELVOL I8LO [E TO GVOUX TOV OVTLKELUEVOU:

>>> class C:

class D:

def meth(self):
pass

>>> C._ _qualname
ICI
>>> C.D.__qualname_
'C.D'
>>> C.D.meth._gualname_
'C.D.meth'

‘Otav ypnopomoteiton yio ovapopa oe modules , To TAOWS AVayVOELGUEVO Svoua GNUOLVEL OLOKANPO
to drakekopuévo path tpog to module, cuuTEPIAAUPBAVOUEVWV TUYOV YOVIKMV TOKETWV .. email.
mime.text:

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

i 00c avagopag
O aptBudg TV avapopmv o éva ovikeipevo. ‘Otav 1o 00 avapopdv evOg aVTLKELUEVOY TETEL
070 UNdEY, Katovéuetat. Mepikd aviikeipeva eivan immortal Kou €xovv TAf00g avapopwv Tov dev Tpo-
JTOTTOLOVVTOL TTOTE KOIL ETTOUEVIG TA CVTLKELIEVO dev KaTtovénovtol toté. H Kotapétpnon avogpopmv
vevikd dgv glval opaty otov kmduka g Python, oddd eival faotkd atouyeio tng viomoinong CPython.
OL TTPOYPOUUOATLOTES WITOPOVV VAL KAMEGOUV TN CUVAPTNON SYS . getrefcount () Yo VoL ETLOTPEYPOVY
70 TAH00G aVapOPAG YLOL EVOL GUYKEKPLUEVO OVTLKEIUEVO.

In CPython, reference counts are not considered to be stable or well-defined values; the number of references
to an object, and how that number is affected by Python code, may be different between versions.

KOVOVIKO TTOKETO
'Eva mopadooiokd package, dnwg €vag KATAAOYOS Tov TepLéyeL éva __init . py opyelo.

Bh. emiong namespace package.

REPL
Axpoviuo tou «read-eval-print loop», GA1 ovopaoio yia to interactive epBAALOY TOU dlepunvéa.

__slots__
Mo dMdwon péoa oe wa kKhaon mov eEotkovopel uviun dnAdvovtog €K ToV TPOTEPWV MPO YLOL T
paderyua xopoKmpLotikd Ko eEaleipovrog MeEikd oTrypotimwy. Av Kot SMUOQLANG, 1 TEXVIKT| elvor
KATwg dUOKOAO vaL YivelL 0WOoTI Ko TPoopileTol KaAITEPO. YLo GIAVIEG TEPLTTWOELG OTTOV VITAPYEL UE-

YOLOG aPLOUOG OTLYIOTVTTMV OE (oL EQOPUOYT] KPLOWNG-UVIUNG.

akorovdic
'Evag iterable mov vooTnpilel TV OTOTENEOUATIKT] TPOGPACY OTO OTOLYELO YPNOLUOTOLDVTIOG OKE-
paLovg delKTEG HECW TG ELOLKT) ueBOdov __getitem () kou opiCel o uéBodo _ len_ () mov
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emoTPEPeEL To UNKOG TG akorovBias. OpLouévol evomuatmuévol Tomol akolovbmv eivor 1ist, str,
tuple, ko bytes. Enuewdote 6t to dict vmootnpilel emiong __getitem () xouw __len_ (),
odd Bewpeltor avilotoiylon Kol Oyt akolovBio emeld’) ov avalnmoelg xpnoluomotoVv avdaipeta
hashable x\eldLd TaPG OKEPOLOL.

The collections.abc.Sequence abstract base class defines a much richer interface that goes
beyond just _ getitem_ () and _ len__ (), adding count (), index (), contains__ (),
and _ reversed__ (). Types that implement this expanded interface can be registered explicitly using
register (). For more documentation on sequence methods generally, see Common Sequence Operations.

set comprehension
'Evag ovpmaymg Tpdmog yio vo eneEepyaoteite Oha 1) uEpog Twv aToLyeiwv oe éva iterable Ko vo emi-
oTpapet €vo ouvolo pe ta amoteléopata. results = {c for c in 'abracadabra' if c
not in 'abc'} dnuovpyei to ovvoro ouuBorooelpdy { 'r', 'd'}. Bl comprehensions.

novadiko dispatch
Mua popen dispatch generic function dmtov 1 vhomoinon emhéyetal pe Ao TOV TUTO EVOG LEUOVOUEVOU

oploparoc.

slice
‘Eva avtikeipevo mov ouvnOmg mepléyel £va tufua og axkorovbiag sequence. Anuovpyeiton éva slice
YPYOLLOTOLMVTAG T onueimaon subscript, [] pe dvo ko Katw teleieg uetaEi aplbudv otav divovio

molhol, Omtwg 010 variable_name[1:3:5]. H onueiwon aykvhng (subscript) xpnoLuomoLei ecwte-
plKa avtikeipeva slice.

ATOPYOLOUEVY UE 1TTLO TPOTTO
'‘Eva. amopyotmpévo pe o tpodmo API dev Oo pémel va ypnolpomoteitanl og véo kKmdLka, oAld eivar
aoparéc og NON vrtdpyovro kmdika va to ypnotporotel. To API mapouével tekunpLouévo Kot doxkiuo-
ouévo, oAlG dev Oa evioyvBel TepalTépw.

H xatdpynon pe o tpdmo, o€ avtibeon pe v Kovoviky Katdpynon, dev oyedldlel Ty KaTtdpynon
tov API xou dev 0o eKTTEUITEL ELOOTTOLYOELG

Agite PEP 387: Soft Deprecation.

181k uédodog
Mo ué00dog ov Kaheital olwmnpd amtd Ty Python yia vo eKTEAEOEL (L0l CUYKEKPLUEVT AELTOVPYIA OE
gvav tOmo, dmwg 1 TPoodNk. Tétoleg uéBodol £xouve ovopata Tov EEKLVOUV Kol TEAELMVOUV e SUTAEG
Kétm movkeg. OL eldLkég néBodoL TekunpLvovTaL 0To specialnames.

standard library
The collection of packages, modules and extension modules distributed as a part of the official Python interpreter
package. The exact membership of the collection may vary based on platform, available system libraries, or
other criteria. Documentation can be found at library-index.

See also sys.stdlib_module_names for alist of all possible standard library module names.

dMlwon
Mo TpdTaom eivor pépog oG oovitag (§va «umhok» kKmdika). Mo tpdtaom eivou gite évag expression
elte wa oo Todhég doudg ue o AEEN-KAewdi émtwg i f, while 1 for.

ELEYKTIS OTATIKOV TUTOV
"Eva eEmtepukd epyaieio dmmov dafdlel tov Python kmdika Kot tov avalvel, avalntmviog Tpopfiiuoto
omwg havBaopévol tomot. Bh. emiong rype hints ko to module t yping.

stdlib
An abbreviation of standard library.

strong reference
Zto C API g Python, pua 1oyupn ovopopd eivat e ovapopd 0g Vo AVTIKELIEVO TTOU AVIKEL OTOV
KmdLKa tov mepLéyel v avagpopd. H toyvpn avagopd happdvetal kahoviog 1o Py INCREF () Otav
1 avopopd duovpyeitol Kou amehevbepmvetal e Py _DECREF () OTOV SLOYPAPEL 1] AVA(pOpd.

H ouvdptnon Py_NewRef () umopei va ypnotpomotn0etl yio tn dnuovpyia Loyupmhg avapopdig oe éva
oavikeipevo. Zuvnbwe, N ouvaptnon Py _DECREF () mpémel vo KAAELTOL 0TV LoYvpy ovopopd oLy
ByeL amd to VPOG TG LOYVPNG AVAPOPAG, VLo VO, ATtoevy el 1) dLopPoT] oG AvopopPAags.
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BA. ertiong borrowed reference.

t-string
t-strings
String literals prefixed with t or T are commonly called «t-strings» which is short for template string literals.

KWOKOTOIN01 KENEVOU
Mua oupporooelpd otnv Python eivon wo axorouBia onueimv kodika Unicode (oto eVpog U+0000-
U+10FFFFE). ['lo va amobnkedoete 1) va UETAPEPETE (0. OUUPBOLOTELPD, TIPETEL VAL GELPLOTTOLNOEL ™G
duadiki axolovdia.

H oeipromoinon pog oupfolooelpds oe o dSuadikt| akohovbio elval yvwoTy g «KmLKOTOLnon» , Kot
1 avodnuovpyia g oupporooelpdc amd v dvadiki| akohovdia eivol YvmoT Mg «AToKmOLKoTOol-
non».

Ymdpyer pia Totkihio SLopopeTIKNG GELPLOTOLNOTG KELWEVOU codecs, oL 0TTolol CUANOYLKA avapEépovTal
WG «KMOUKOTOLNOELG KEWUEVOU».

OPYEL0 KELUEVOY
'Eva file object tkavd va SLafBael Ko vo YpagpeL avitkeipeva str. Zuyvd, Evo apyeio KELWEVOL AToKTa
TPOYUOTLK A TTPOOPaoT 08 wo. por) duadik] pot] dedopuévarv Kat xelpiletar avtduota TV text encoding.
TMopadelypata apyeiwv KEWEVOU ElVOL OPYELD TOV avoiyovy o€ Aettovpylo keyévou ("r' M 'w'), sys.
stdin, sys.stdout, Kot oTyudTUITO. TOV 0. StringIO.

B\. emiong binary file yio éva avitkeipevo apygiov pe duvatdtnta aviryvoong Kat eyypapng dvadikd
avukeiueva.

KOTAOTAOT VI|UOTOS
OL TANPOPOPIES TOV Y PNOLUOTTOLOVVTOL OTTO T poN) EKTENEONG THG CPython Yo TV eKTELEDT O€ VOl VUL
LertovpyLkoy ovotiuotog. o mapdaderyuo, avtd mepthoppdvel Ty Tpéxovoa eEaipeon, eGv VTapPyEL,
Ko TV Katdotaon Tov diepunvéa bytecode.

Ké&be xotdotaon vipatog eivor ovvdedeuévn e €va udvo vipa AeLTovpyLtkov GUOTHUOTOS, AALG T
viuorta Wtopel vo €xovv mohhég dabéoiueg KataoTdoels vijuotog. To moly, pia ammd autég Wtopel vo
elvau attached tovtOyPOVAL.

Amauteitan éva attached thread state Yo Ty KA\on Tov peyolivtepov pépovg tov C API tng Python, ektog
€qv Lo OVVAPTNOT TEKUNPLOVETOL PNTA 07td To aviifeto. O diepunvéag bytecode exteleitan povo vd
KATOOTOO GUVNUULEVOU VIILALTOG.

K& katdotaon vipotog ovikel og Evav wovo diepunvéa, allhd ka0 diepunvéo uopel va el ToAAEG
KATOOTAOELG VIILOLTOG, CUUTTEPLACUBOAVOUEVDV TTOAATADY Yol TO {010 VAU AELTOVPYLKOU GUOTAUOTOG.
O Kotaotdoelg viuatog atd Tolamholg diepunvelc Wtopet va eivor ouvoedeuévog ue To idto viua,
odAG udvo pia uwopel va elvan attached o€ 0wtd TO VIO OE OTTOLAONTOTE SEOOUEVY TTLYUT).

Aeite to Thread State and the Global Interpreter Lock yio meplocdtepeg mAnpopopies.

AekTiko ovpforo (token)
Mo pkpt) povada myoiov Kodika, mov wopdyetol amtd tov lexical analyzer (Yvowotd Ko og avalvty
(tokenizer)). Ovopata, oplOuol, CUUPOLOCELPES, TEMEOTEG OAMAYES YPAUUNG KOL TTALPOLOLOL OTOLYELL Vel
sTopiotavtol og Aektikd ovufora (tokens).

To module tokenize ekbétel tov heEikd avalvuti) tng Python. To module t oken mepiéyel TAnpopopieg
Y10l TOUG dLAPOPOUS THITOVG AEKTIKMV ouufOAmv (tokens).

ounfolocEPE TPUTAMY ELCAYMYIKAV
Mo ouufiohooelpd Tov deapeveTal amd TPELG TEPUTTMOELS ELTE EVOG ELOAYMYLKOV (») 1] WOG ATOTTPO-
pov (). Av Kot dev TapEéYouv Kouia AeLTovpyLtKOTNTO TTov OeV eivar dtaféoun pe ouuPolooelpég (e
LOVG ELOAYWYLKA, ELVOL XPNOLUES VLA dLALPOPOVG AOYOUC. ZaG EMLTPETOVV VO, CUUTTEPLLAPETE UOVA KO
AUTAG ELOOYWYLKG XWPig dLopuyn] € o CUUBOAOTELPG KO ITOPOUV VO EKTEIVOVTAL OF TOMES Ypou-
UEG xwpig TN XPNHON TOV YOPOKTHPA CUVEXELD, KaOlothvtag To Wiaitepa ypnotua Katd t ouviagn
eYYPAPOV ue ovuporooelpés.

TVMOC
O timog evog Python avtikeyévou kabopilet T eidovg avtikeipevo eivals KaOe avrikeipuevo €xel évay
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TU70. O TUIT0G EVOG OVTLKELWEVOU EiVOL TTPOORAOLILOG WG TO YOPAKTNPLOTIKO __class___ 1 WIopEL va
avoktnOei pe type (obj) .

type alias

‘Eva ouvavupo yua €vov TOmmo, Tou dSNULOVPYELTOL UE TNV ovaBean THTToU O€ €va avaryvmpLoTLKO.

Ta type aliases gival xpnowua yio v amhomoinon rype alias. To wapaderypa:

def remove_gray_shades (
colors: list[tuple[int, int, int]]) —-> list[tuplel[int, int,.
—~int]]:
pass

WITOPEL VoL YIVEL TTL0 eVavAyvmoTo dmtwg:

Color = tuple[int, int, int]
def remove_gray_shades (colors: list[Color]) —-> list[Color]:
pass

BML. typing kou PEP 484, mov meprypdper outiv tv AELToupyLtkoOTTo.

type hint

"Evag annotation wov KaOopilel Tov avapevouevo THITo Lo (ol UETAfANT, £V XopaKTNpLoTKo KAGong
1] WL TAPAUETPO CUVAPTNONG 1) TLUT) ETLOTPOPNG.

O vtodeikelg Tummy (type hints) eivar poorpetikéc Kal dev emBdilovran amd v Python, alld eivon
YPNOLWES YI0L static type checkers. Mmtopolv emiong va fondnoouvv tovg IDEs pe tn ovpthpmwon Kot thy
AVOSLAUOPPWOT KMOLKAL.

YmodeiEeig timov (type hints) yio koBohkég UeTOPINTEG, XOPAKTNPLOTIKE KAAONG KoL OUVAPTY)-
oelg , oOMG Oyl Tomukég uetafAnTég, Wmopolv Vo TPOOTEAACTOUV YPNOLULOTOLMVTAG TO typing.
get_type_hints ().

B\ typing ko PEP 484, mov mepuypdeper outhv Tnv hettovpytkdtnta.

KoboMxés véeg ypaupésg

"Eva. 1pdmog epunveiag pomv Kelnévou otov omoto dha to akdrovBa avayvwpilovtar mg MEeLg wag
ypauung: 1 ovufoon téhovg ypapung tov Unix '\n', 1 ovufaon tov Windows '\r\n', koL v mo-
Mé ovuPfaon Macintosh "\ r'. Br. PEP 278 xou PEP 3116, xa6d¢ Kot bytes.splitlines () ywo
pdodetn ypfom.

annotation petafinrig

'Evag annotation wo. petoFANe 1 evog XopaKT)pLoTiKoy KAGonG.

‘Otav annotating (o peta AN 1) £va XapaKTnPLoTko KAAONG, 1) 0vaOeo) ELVOL TTPOALPETLKT):

class C:
field: 'annotation'

Ta annotations PETAPANTOV XPNOLUOTOLOVVTAL CUVABWGS YLQL fype hints: Y10, TOPAdELYU auTh M LeTaPANTY
avouéverar vo el Tiwég int:

[count: int = 0 }

H o¥vta&n annotation petafing meprypdpetal oty evOTI T annassign.

BA\. function annotation, PEP 484 wouw PEP 526, mov mepuypdgovy aut ) Aettovpyia. Aeite emiong
annotations-howto yia BELTLOTES TPAKTIKEG OYETIKA Ue TNV EpYaTia (e oy oMaouove.

virtual environment

"Evo. ouvepyatikd ommouovouévo mepBAAlov xpdvou eKTELEOTG TOV ETLTPETEL OTOVG YPNOTEG KOL TLG
epapuoyég g Python va gykataomoouv kou vo avafaduicovv makéta diavoung Python ywpig va
mopeufaivouv ot ovumepLpopd dAAwV epapuoymv Python o ektehovviol 0to idto cuoThua.
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BA. emtiong venv.

virtual machine
"Evag vitohoylotig opiletor €€ ohokApov astd to Aoyioukd. H eucovikr| unyoavn tng Python extelei to
bytecode oV eXTEUTETOL ALTTO TOV PUeTAYAWTTLOTY bytecode.

walrus operator
A light-hearted way to refer to the assignment expression operator := because it looks a bit like a walrus if
you turn your head.

Zen g Python
Katdhoyog oyedLA0TIKOV apy DV KoL (LAOGO@LOV TOU ELVOL YPTOLUEG YLOL TV KATAVONOT KL T (P10
™g Yhwooog. O Katdhoyog umopet vo Bpedel minktporoydviog «import this» oty dLodpaoTiky
KOVOOAQ.
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nAPAPTHMA B’

2 XETLKA PE TNV TEKUNPlwon

H texunpiwon g Python €xel dnuovpynOei amd ta reStructured Text sources Tov Sphinx, évav eneSepyaot
EYYPAPMV oV £xeL dnuovpynOel eldLkd Yo Ta £yypapa tg Python.

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:

o Fred L. Drake, Jr., Tov dnpuovpyd tov apytkmv epyoleimv g tekunpinong mg Python kot ouvtditn
OPKETOV TEPLEYOUEVOL

« 1o Docutils tpdtlekt yia Tqv dnuovpyio tov epapuoywv reStructuredText kow Docutils-

o Fredrik Lundh yio to 81x6 tou Alternative Python Reference mpotlext amd 1o omoio to Sphinx mjpe woht
KaAég 10éec.

B'.1 ZuvteAeoTEQ OTN TEKUNPiwon tTng Python
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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4
NAPAPTHMA [

lotopla kat Adela

.1 Hotopia Tou AoyLoHLKOU

H Python dnuovpyndnke otig apyés tov 1990 amd tov Guido van Rossum oto Stichting Mathematisch Centrum
(CWI, BA. https://www.cwi.nl) omnv OdMavdio wg duddoyog wa yhwooog tov ovopdaietan ABC. O Guido mo-
pauével o KUpLog ouyypapéag tng Python, tapdia ovtd mephoufdver ouvelopopés Kat amd dilo dropo.

To 1995, o Guido ouvéyioe to €pyo tov yio TV Python oto Corporation for National Research Initiatives (CNRI,
BA. https://www.cnri.reston.va.us) 6to Reston tg Virginia, 07t0v kukho@opnoe ToAES EKOOOELG TOV AOYLOULKOV.

Tov Mdéuwo tov 2000, o Guido ko 1 Baoikn} oudda avdmtuEng tng Python petokduoay oto BeOpen.com yuo.
va oynuatiocovv v oudda BeOpen PythonLabs. Tov Oktwfpro tov idtov €tovg, | ouddo tov PythonLabs
uetokouoe otnv Digital Creations, 1 omoia petatpannke oe Zope Corporation. To 2001, to Python Software
Foundation (PSF, BA. https://www.python.org/psf) dnutovpyhOnke wg évag un KepOOTKOTLKOG 0pYOVIOUOG UE
0TOY0 VO KOTEXEL TNV TTVELUOTLKY) LOLOKTNOL0 Tov oyetiletan pe thv Python. H Zope Corporation tov uéhog-
yopnydg tov PSF.

‘Oleg oL exdO0eLS TG Python eivar Avorytov Kmduka (BA. https://opensource.org yio Tov oplopd tov Avolytov
Kodika). Iotopikd ou meploodtepeg, arhd Oyl Oheg, exddoeLg TG Python fitay emiong ovufotéc ue mv ddea
GPL: 0 mopokdtm mivakag ouvopilet tig dudpopeg ekdOOELS.

‘Ekdoon Mpoepxduevn ard  ‘Etoq [dloktnoia  ZupPatotnta GPL; (1)
09.0émwg 1.2 &/v 1991-1995 CWI VoL
1.3éwg1.52 1.2 1995-1999 CNRI VoL
1.6 1.5.2 2000 CNRI oL
2.0 1.6 2000 BeOpen.com Oy
1.6.1 1.6 2001 CNRI va (2)
2.1 2.0+1.6.1 2001 PSF oYL
2.0.1 2.0+1.6.1 2001 PSF VoL
2.1.1 2.1+2.0.1 2001 PSF vou
2.1.2 2.1.1 2002 PSF vou
2.1.3 2.1.2 2002 PSF vou
2.2 xou whvew  2.1.1 2001-onuepa.  PSF vou
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O Ihusioon

(1) H ovppatotra ue GPL dev onuaiver 6t dravépetor 1 Python kdtw amd v ddewor GPL. ‘Oleg ot
adeieg g Python, oe avtifeon pe tv GPL, cog emttpémouy vo. SLOVELIETE ULd TPOTTOTTOLNUEVT EK-
doon ywpig vo KaveTe Tig ahhayég oag, ovolytov kmdika. Ot adeteg ue ovppatotnta GPL xabiotoiy
duvatd Tov ovvdvaoud g Python pe dilo Aoyioukd mov kukhogpopet ue pdoel tg GPL, evad ou G-
Leg OyL.

(2) ZOupwva pe tov Richard Stallman, 1.6.1 dgv eivar ouufoty) pue tnv GPL, emedn 1 ddera tng €xeL vo-
wKh prTpa emAoyns, Zoppwva ue to CNRI, wot600, 0 d1knyopog tov Stallman &ime otov dtkNyopo
™G CNRI 6t 1 1.6.1 «dev eivar ovufaty» pe v GPL.

Xéapn, otovg mohhotg eEmTeptkolg 0elovTég mov epydotnkav Katw amtd g 0dnyieg tov Guido, autég ot
EKOO0ELG EYLVALY EPLKTEC.

.2 Opol kal nipoUmnoBEoceLg yLa TNV Mpéopaocn 1} TNV XPrion tTng
Python pe aAAoug tpoémoug

To Moywopko tg Python ko 1 tekunpiworn adetodotovvion ovppmva we v adewa ypnong Python Software

Foundation 'Exdoon 2.

Eekivaovtag amxd v Python 3.8.6, mapadeiyuata, ovvtayég kol 0 GAOG KOdIKAG 0TV TEKUNPlwa Exouv
St ddela xpNomg, ovpupwva pe v Adewa PSF 'Exdoon 2 kaw tg Zero-Clause BSD doeia.

Kdémolo hoyoukd mou givar evowuatmuévo otny Python eivoar vd dragpopetikég adeteg ypnons. OL adeteg
ToPOTIOEVTOL LE KMOLKO TOV EUTTLTTTEL 08 AUTHV TNV adera. Agite Adeies ko Evyapioties yio Evewuatwuévo
Aoyiourd o oL EMITT AMoTo QuTdv TV adeLdv.

".2.1 PYTHON SOFTWARE FOUNDATION LICENSE VERSION 2

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

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

software ("Python") 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 alone or in any derivative

version, provided, however, that PSF's License Agreement and PSF's.
—notice of

copyright, i.e., "Copyright © 2001 Python Software Foundation; All.
—Rights

Reserved" are retained in Python 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 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.

(ouvéyela oty emtduevn oehida)
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—~to Python.

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

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

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

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

USE OF PYTHON WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON
FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A._
—RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON, 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, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

2.2 ZYMoQNIA AAEIAZ BEOPEN.COM I'l|A PYTHON 2.0
SYM®QONIA 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

(ouvéyela oty eV oehida)
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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 THEREOEF.

5. This License Agreement will automatically terminate upon a material.
—breach of

its terms and conditions.

6. This License Agreement shall be governed by and interpreted in all.
—respects

by the law of the State of California, excluding conflict of law.
—provisions.

Nothing in this License Agreement shall be deemed to create any.
—relationship of

agency, partnership, or joint venture between BeOpen and Licensee.
—This License

Agreement does not grant permission to use BeOpen trademarks or trade.
—names 1in a

trademark sense to endorse or promote products or services of Licensee, .
—0r 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

(ouvéyela otV oV 0ehid)
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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.

(ouvéyela otV entopevn oehida)
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—copyright

law, and, to the extent such U.S. federal law does not apply, by the.
—~law of the

Commonwealth of Virginia, excluding Virginia's conflict of law.
—provisions.

Notwithstanding the foregoing, with regard to derivative works based on.
—~Python

1.6.1 that incorporate non-separable material that was previously.
—distributed

under the GNU General Public License (GPL), the law of the Commonwealth..
—of

Virginia shall govern this License Agreement only as to issues arising.
—under or

with respect to Paragraphs 4, 5, and 7 of this License Agreement. .
—Nothing in

this License Agreement shall be deemed to create any relationship of.
—agency,

partnership, or joint venture between CNRI and Licensee. This License.
—Agreement

does not grant permission to use CNRI trademarks or trade name in a.
—trademark

sense to endorse or promote products or services of Licensee, or any..
—third

party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, .
—~installing

or otherwise using Python 1.6.1, Licensee agrees to be bound by the.
—~terms and

conditions of this License Agreement.

r.2.4 ZYMoOQNIA 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.

(ouvéyela otV oV 0ehid)
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—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.

".2.5 ZERO-CLAUSE BSD AAEIA I' A TON KQAIKA ZTHN TEKMHPIQZH THZ
PYTHON

Permission to use, copy, modify, and/or distribute this software for any
purpose with or without fee is hereby granted.

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES.
WITH

REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL,.
DIRECT,

INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE.
—OR

OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

.3 Adeleg katL Euxapiotieg yia Evowpatwpévo AOYLOULKO

Avti M evotita givor o nutelic, odd avEavouevn Moto adewmv KoL EVyapLoTImV Yo, AOYLoWKOS Tpitmv,
IOV EVOOROTOVETAL 0TV dtavour| g Python.

".3.1 Mersenne Twister

H enéxtaon _random C mov Bpioketor KAtw omd v evoTto random TePLauPAVEL VOV KMOOLKO |Ie
Baon wa AYn amd http://www.math.sci.hiroshima-u.ac. jp/~m-mat/MT/MT2002/emt19937ar.html. Axohov-
Bouv Katd MEN ta oy dha amtd To apyLKO KhdLKaL:

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.

(ouvéyea otV exopEVn oehid)
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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)

M.3.2 Sockets

H evdtnta socket xpnowwomoLel Tig ouvaptoels, getaddrinfo (), KoLgetnameinfo (), To omoio £xouv
viomoBei 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.

110 Mapaptnua I'. lotopia kat Adsla



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

Python Frequently Asked Questions, Anpoocicuon 3.14.0rc3

M.3.3 Aouyxpoveg socket unnpeoieq

Ouevomteg test . support .asynchat koL test . support .asyncore mePLEXOUV TV TAPAKAT® E100-
moinon:

Copyright 1996 by Sam Rushing
All Rights Reserved

Permission to use, copy, modify, and distribute this software and
its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of Sam
Rushing not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior
permission.

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

M.3.4 Awaxeipion Cookie

H evomto http.cookies mepéyeL TV mopaKdT® £100TOINON:

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 trace mepLéxel v TapokdTm eL80ToINoN

portions copyright 2001, Autonomous Zones Industries, Inc., all rights...

err... reserved and offered to the public under the terms of the
(ouvéyela oty eV oehida)
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Python 2.2 license.
Author: Zooko O'Whielacronx
http://zooko.com/
mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.

M".3.6 Zuvaptioeig UUencode kat UUdecode

O uu KWOLKOTONTNG TEPLEYEL TV TOPAKATMD ELOOTOIMON:

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
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M.3.7 KAnfoeig Antopakpuopgvng Atadikaciag XML

H evomto xmlrpc. client mepiéyel v mopakdtw €100moinon:

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

Permission to use, copy, modify, and distribute this software and
its associated documentation for any purpose and without fee is
hereby granted, provided that the above copyright notice appears in
all copies, and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written
prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

M.3.8 test_epoll

Hevomto test.test_epoll mepLéyel TV TOPAKATO ELOOTOINON

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.
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r.3.9 Eruioyn kqueue

H evomta select mepiéyel v Tapakdtm eldomoinon yio v kqueue diemopi):

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

.3.10 SipHash24

To apyelo Python/pyhash.c mepiéxer v vhomoinon tov Marek Majkowski tov olyopiBuov tov Dan
Bernstein, SipHash24. Autd mepléyel v mapakatm onueinon:

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a.

—COopy
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/little)
djb (supercop/crypto_auth/siphash24/little?2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)
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M.3.11 strtod kaw dtoa

To apyelo Python/dtoa. ¢, mov mapéyel g ovvapthoelg dtoa ko strtod tng C yio petatporm twv C doubles
7TPOG Ko atd strings, poépyetat amd to oumdvupo apyeto tov David M. Gay, mtpog to mopdv diabéoiuo amd
https://web.archive.org/web/20220517033456/http://www.netlib.org/fp/dtoa.c. To apyikd apyeto, dmwg avokt-
Onke otig 16 Maptiov, 2009, epiéyel Ta axOAOVO TVEVUATIKG SLKOLDUOTA KOL TV ELO0TOIN0N 0dEL0dOTN-

ong:

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

The author of this software is David M. Gay.
Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

*
*
*
*
* Permission to use, copy, modify, and distribute this software for any

* purpose without fee is hereby granted, provided that this entire notice
* is included in all copies of any software which is or includes a copy

* or modification of this software and in all copies of the supporting

* documentation for such software.

*

*

*

*

*

*

*

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.

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

M.3.12 OpenSSL

Ot pwovddeg hashlib, posix koL ssl xpnotuomoovv v Bifrodfkn OpenSSL yio emuthéov amoddoon,
eqv dratiBevton amd to hettovpykd ovotnua. Emumhéov, ta mpoypduuota eykoatdotaong yio v Python yio
Windows ka macOS, evdéyeton vo mepthapfavovy éva avitypagpo tmv Bihobnkmv OpenSSL, emouévmg ov-
urephappdvovue éva avtiypogo g dderag OpenSSL edw. Ta tv £kdoon OpenSSL 3.0 ko yio vedtepeg
€KOO0ELS TTOV TTPOEPYOVTOL atd 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
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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

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
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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
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
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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

r.3.13 expat

H enéxtaon pyexpat MUOUPYELTOL XPNOLUOTOLMVTAS £VO CUUWTEPINOUBOVOUEVO OVTLYPAPO TV TIYMV
expat, eKtOg Qv 1) €kdoom £xeL Ty 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
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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

H enéxtaon g C _ctypes mov PBpioketor KATW 0O TNV €VOTNTO ctypes dNUWOUPYELTOL XPNOLUO-
oLdvTog €va ovumepthappavouevo avtiypago twv mnyov libfli, extdg edv 1 ékdoon €xer v pubuom
——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.

r.3.15 zlib

H eméxtaon z1ib dnuLovpyeital p1oLLOTOLMVTAS EVO CUUTEPLAAUBAVOUEVOL avTiypapo TV Tnyov zlib,
eqv 1 €xd00m Tov zlib tov BpiokeTol 6To CVOTNUO ELVOL TTOA) TTOALA YLOL VAL X PN OLULOTTOLNOEL YL TNV KATOOKEVY):

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:
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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 mivako KatoKepUoTLopnoy Tov ¥ pNnoLuomoLeital amd to tracemal loc faciletol 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
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.
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M.3.17 libmpdec

H enéxtaon _decimal mov Bpioketor KGtw omd v evotnta decimal €lvol QTIOYUEVY YPVOLUOTOLD-
vtag éva ovumepthapufavopevo avtiypogo g PprodNkng libmpdec, extdg av 1 €kdoon €xer pubuLom
—--with-system-1libmpdec

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 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.

M.3.18 W3C C14N oouita doKLHiQ

H covita dokuung C14N 2.0 oto makéto test (Lib/test/xmltestdata/cl14n-20/) avokmOnke amd
tov Lotdtomo tov W3C https://www.w3.org/TR/xml-c14n2-testcases/ Kot dtovépetar pue v ddewa 3 pitpov
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
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,
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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.3.19 mimalloc
MIT Adero.:

Copyright (c) 2018-2021 Microsoft Corporation, Daan Leijen

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.3.20 asyncio

Mépn g evOTNTOG asyncio evoouatmvovtat amd to uvloop 0.16, 1) omola dravéuetan pe adera 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.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
(ouvéyela oty eV oehida)
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MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

M.3.21 KaBoAikeég AntepLopioteg AKoAouBieg (KAA)

To apyeio Python/gsbr. c givol Tpocapuoouévo atd 1o GVOTNUO AopPAroVg ovaKTnong wnung «Global
Unbounded Sequences» tou FreeBSD, tov vhomoteitor oto subr_smr.c. To apyeio diavéueton vmd v Adela
2-Clause BSD:

Copyright (c) 2019,2020 Jeffrey Roberson <jeff@FreeBSD.org>

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 unmodified, 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 "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 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.3.22 Aecpeuoelg Zstandard

O deopevioelg Zstandard ota Modules/_zstd kow Lib/compression/zstd facifoviol o KOdLKo od
™ BLproOkn pyzstd library, mvevpotikng woktnotoag Tov Ma Lin xow tov ouvepyotdv tov. O K®dLKaG TG
pyzstd dravéuetan vird v ddeta 3-Clause BSD.

Copyright (c) 2020-present, Ma Lin and contributors.
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.
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3. Neither the name of the copyright holder 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 HOLDER 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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Copyright

H Python ko vt 1) Tekunpiwon eivod:

Copyright © 2001 Python Software Foundation. All rights reserved.

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-
THOELG.
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