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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.

2.2. Baown Mwooca 13



Python Frequently Asked Questions, Anpoocicuon 3.13.7

Metd v kAjon oto append () , TO TEPLEXOUEVO TOV UETAPANTOV avTikeluévou €xel oAhGEeL amtd [] og [10].
Eme1dn ko ot 900 petaffANTég ovapépovtol 0To L0 AVILKELLEVO, YPNOLUOTTOLM VTS OTTOLOdNTOTE OVOULOL OITO-
KTd tpOofaor otV Tpostosotnuévn i [10].

Av avtioTtolyioovue €vo OUETAPAMTO AVTLKELUEVO OE X:

>>> = 5 # ints are immutable

>>> = X

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

XXX

>>>

6
>>> vy

WTopovpe va dovue OTL 08 QUTHV TNV TEPLTTWON X KoL y Ogv glval mAéov ioa. Autd ovufaivel emeldn ol
axépatot apLOpot eivar immutable, Kow OTav KAVOUUE X = x + 1 88V UETOAMAOOETAL TO int 5 AVEAVOVTOG TV
TUY) TOV avTiOETOL, SNULOVPYOULLE £Va VEO OVTLKELEVO (TO int 6) Ko TO EKYWPOVUE 0TO X (dNAadY), alACovTag
TO OQLVTLKELUEVO OTO OTTOLO AVOPEPETAL TO X). MeTd amd avtiv Tv avabeon éxovue dvo ovtikeipeva (Ta ints
6 and 5) Ko 900 LETUPANTEG TTOU AVAPEPOVTAL O QUTA (X TOPO. AVOPEPETOL OF 6 OMG v OKOUO AvopépPeTOL
oTo 5).

Oplopuéveg hettovpyieg (Yo mapdderypa v . append (10) Kol y.sort ()) UetoAAooouy To OVTIKEiEVO,
EVA ETPAVELOKE TTOpOHOLES TTPGEeLS (Yo mopdderynoy = y + [10] kou sorted (y)) dnuovpyouv éva
véo avtikeipevo. Fevikd otnv Python (ko o€ Oheg Tig TEPLTTOOELS OTHV TUTTLKY BLfioO1kn) wo nébodog mov
uetodrdooel éva avtikeipevo Ba emotpéPel None yio vo. aouyeL T cUyyvon Tmv 800 THmmV TpaSemy.
Emopévwg, edv ypdpete kotd Mdbog v . sort () vopifovrag ot Ba oag dmoeL £va TaEvounuévo avtiypogo
ToU vy, 00 katoAEete pe None, to omoio mbovotata 8o Tpokaléoel To TPOYPAUUE GO.G VO SNULOUPYTOEL £V,
L400¢ TO 0Ol0 dLayLYVDOKETOL EVKONO.

Qo1600, VTdpyel pio Katyopia hettoupyumv 6mov 1 idia TpdEn €xel uepLikés popég dLapopeTikés ouumepL-
POPEG e dLoPOPETLKOVG THTTOVG: oL eovENUévoL Teheotég avabeong. Ta mopdderypo, += HeTAAAGOOEL TIG
Moteg ol Oy TG helddeg 1 tovgints (a_list += [1, 2, 3] eivanicopea_list.extend([1, 2,
31) Kou petaAhGooeL a_list, evd 10 some_tuple += (1, 2, 3) Kouwsome_int += 1 dnuovpyei
VEQL AVTLKELUEVQL).

Me &iha hoyo:

o Edv éyovue éva petafinto avukeipevo (List, dict, set, KAw.), Wropovue va xp1OLULOTOLI|COVUE OPL-
OUEVEG OUYKEKPLUEVEG AELTOUPYIEG YL VO TO UETAMAEOVUE KOl OAEG TIG UETAPANTEG TTOV OVALPEPOVTOL
og¢ avutd 0o douv TV odhay).

o Edv éxovue éva auetdfinto avtikeinevo (str, int, tuple, KAT.), OAeg OL UETAPANTES TTOV OVOIPEPO-
vtot o€ auto Oo fAETovY tdvta TV 1dLa Ty, OAA oL AeLToupyieg oV o PETATPETOVY OUTHV THV TLUN
0€ (oL VEQL TLUT) ETTLOTPEPOVY TTAVTA £VAL VEO AVTIKELUEVO.

Edv 0éhete va yvopilete edv 600 pnetafANTég avapépoviol 0To 910 avItkeluevo 1 0yL, WITOPELTE VA XPNOLUO-
TTOOETE TOV 1S operator, 1] THV EVOOUATOUEVT] CUVAPTNON 1d ().

2.2.10 MNwg pMopw va ypayw Hia cuvaptnon He napapetpousg €E630u (KARON
HE avagopq);

Na Buudiote 6t ta opiopato petofLatovrar pe avabeon oty Python. Egpdoov 1 exympnon dnovpyet amhmg

OVOPOPEG OE AVTLKELUEVA, OEV VITAPYEL PEVOMVUUO UETAED EVOG OVOUOTOG OPIoIOTOG 08 0uTd TOV KAAEL Ko

o€ ovTd OV KOAETOL, KOl ETOUEVWG OEV VITAPYEL KATON TTPOG avapopd autd ndvn te. Mitopeite va emitiygete
10 EOVUNTO ATOTEAEOUO. LE DLAPOPOUG TPOTOVG.

1) Emotpépovtag o mhelddo Twv amoTeLeouaTov:

>>> def funcl (a, b):

a = 'nmew-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)

Avti| givor oyedov avta 1 mo Sexdbapn Ao,
2) Xpnowpomornvrag KaBohkég uetafAnTtéc. Avtd dev eivar aopaléc Yo vijua KoL dev ouvioTaToL.

3) Tepvwvtag éva netafinto (ue duvatdtnta odhayhg el TOTOV) AVTLKEIUEVO:

>>> def func2(a):

al[0] = '"new-value' # 'a' references a mutable 1ist
a[l] = af1] + 1 # changes a shared object
>>> args = ['old-value', 99]

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

.

4) Tlepvvrag oe éva AeEikd mov petadddoostal:

-

>>> 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': '"nmew-value', 'b': 100}

5) 'H opadomoote TLEG O WL Tapouoia KAdong:

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

>>> def func4d (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)

>>> func4 (args)
>>> vars (args)
{'a': '"new-value', 'b': 100}

Agv umdpyel oxedov moté Kahdg AOYOG va Yivel auTd mepimhoko.

H xodUtepn emhoyn oag eivol vou ETLOTPEPETE (oL TAELADA TTOV TTEPLEYEL TTOMOITTANL ALTTOTEAETLOLTAL.

2.2.11 Nwg dnuoupyeite Yyua cuvaptTnon uynAotepng Tagng otnv Python;

"Eyete 000 emihoyég: wtopeite va ypnotpomorfjoete évieta media 1) umopeite vo ypnolpomotnoete callable avri-
kelpeva. Ta mopdderyua, ag vrobécovue dtL Béhete va opioete To linear (a,b) OV EMOTPEPEL ULOL OU-
vaptnon £ (x) mov vrohoyilel TV Ty a*x+b. Xpnotpomowwvtog évieta media:
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def linear(a, b):

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

return result

'H ypnowomoimvtog éva callable avtikeipevo:

class linear:

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

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

Ko otig 80 mepLntmoels:

[taxes = linear (0.3, 2) }

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

H mpooéyyion tov callable aviikelévou €yl To petovéktnua ot eivor Myo o apyn Kaw 0dnyel og eappmg
ueyahitepo kmdika. Qotdoo, onuelwote T (o culhoyn oo callables wtopet va LOLPOAOTEL TNV VITOYPOPY
TOUG LETW KAMPOVOULKOTNTOG:

class exponential (linear) :
# __1init__ inherited
def _ call_(self, x):
return self.a * (x ** self.b)

To avukelpevo utopet vo evOuLaKOOoEL TV Katdotaon yia Todés uebddovg:

class counter:

value = 0

def set (self, x):

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

J

Edw inc (), dec () koL reset () AELTOUPYOUV GOV CUVAPTHOELS TTOV LOLPATOVTOL TNV (OLat LETOPANTY Ué-
TPNoNG.

2.2.12 Nwg pnopw va avilypayw €va avrikeipevo otnv Python;

[evikd, dokiudiote copy . copy () M copy .deepcopy () YO TN YEVLKT TEPLTTOON. AEV WITOPOVV VA AVTL-
vpapouv dha ta avTiKeipeva, OAAG Ta TEPLOTOTEPO UITOPOVV.

OpLopéva avTLKeineva umopotv va, aviypagotv o evkola. Ta heEukd éxovv pio uébodo copy () :

[newdict = olddict.copy () }
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Ot akohoubieg PITOPOUV VAL AVTLYPOPOVY LE TEUAYLOUO:

[new_l = 1[:] }

2.2.13 Nwg propw va Bpw TLG HEBOdOUG 1| TA XAPAKTNPELOTLKA EVOG AVTLKEL-
HEVou;
INo wopdderypo wa kKAAom x mov opiletol amd to YPNoT, dir (x) emoTpépel o ahpafnTiky Mota e

TOL OVOULOLTOL TTOU TTEPLEYEL TOL YUPOKTIPLOTIKA THG OVIOTNTAG Kot TG UeBOSOVG KaL TAL YOPAKTPLOTIKA TTOU
opifovton ard TV KAAOT TO.

2.2.14 MNwg pnopei 0 KWSLKAG HOU va avaKkaAUWeL TO OVOUa EVOG AQVTLKELHMEVOU;

Cevikd uAmvtac, dev UTopPEL, EmELdN TO AvILKelLEVO deV €XOUVE TPAYUATIKA ovouato. OUoLAoTIKG, 1) EKY M-
pnon deouevel TAVTO £va Gvoua o€ WLoL Tt To (Lo LoyveL yia Tig dnhwoelg de f koL class, ald o€ auTh
TNV TEPLTTWON 1 TLu) eivan callable. Adfete vtdoym tov akdlovBo KOdKA:

>>> class A:

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

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

Avapgopnmta 1 kKAdon xet éva dvouo: TapoOho Tov eival deCUEVUEVY 08 dV0 OVOUATO Kol KOAelTan Lo
TOV 0VOpOTOg B 1 dnovpynuév ovedtnto eEakohoubel va avagépeton mg ovtdtnta e khdong A. Qotdoo,
elva adUvaTo va olue elte To Ovoua TG ovtoTTag eivat a M b, kKabmg Kat Ta dVo ovouata ouvoLovToL Ue
™V idto T,

Cevikd whdvtog, dev Oa mpémel va elvol omapaiTnTo 0 KOOLKOG 00G VO «YVOPLZEL TA OVOUOTO» CUYKEKPL-
UEVOV TLmV. Av OeV yplupeTe eoKkeupuéva evoooKomikd (introspective) Tpoypapuuota, autod eivar ouviimg wua
évoelEn Ot o ahhoryh) TPOOGEYYLONG UITOPEL VaL ELvol ETWEPEANG.

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

Me to 610 TpOmO OV TOLPVETE TO OVOpO QVTNG TNG YATOg Tov BpnKate ot Bepdvia oag: 1)
1dLaL yéTo (avTLKELEVo) deV UTopEl var 0O TTEL TO OVOUK TG KO OEV TNV EVOLAPEPEL TTPALYLOTLKE
- €101 0 UOVog TPOTOG YL va. udibete Twg AEYeTOL ElvaL VO pWTHOETE OLOVG TOVUG YELTOVESG OO
(namespaces) ov givat 1 YATo Toug (AVILKELUEVO). ..

....KOL UMV EKTTAOLYELTE OV DLOTTLOTMOETE OTL Eival YVwoTo pe ToAd ovouata, 1 kovéva dvoua!

2.2.15 TL oupBaivel Je TNV NPOTEPALOTNTA TOU TEAEOTI KOUHATOG;

To xoéupa dev eivor teheothg otnv Python. Ekegreite avtiv v ouvedpio:

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

Agdopévou 0T To KOppa dev eival Teeothg, aAld SLoywpLoTikd HETOED TwV EKPPACEMV, TA TAPATAVYD 0510~
LOYOUVTOL OOV VO ELYOLTE ELOOYAYEL:

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

dev:
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["all in (an, "a")

To 810 LoYVEL YL TOVG dLAPOPOVS TENEDTEG eKYWPNONG (=, += KAT). Aev eivor TPayuatikd TeleoTég AAAG
ovvtaktikol delimiters o dSNLMOOELS EKYDPNONG.

2.2.16 Yrniapxetl Looduvapo Tou TpLadkou teAeoTtn «?:» tng C;
Nauw vrapyet, H oUuvtogn éxel og eEng:

[on_true] if [expression] else [on_false]

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

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

[[éKIpp0.0I]] and [aAnbéc] or [Yeudécg]

Qot600, aVTd TO Wimpa dev givar aoparéc, Kabmg wropel va dhoel AavOaouéva amoteAéouato OTav To
on_true €yeL Pevdi) dvadikn . Emouévmg, elval mdvio KaAUTePO Vo Xp1OLLOTOMOETE T QOpua. . . . 1if
else

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

Nat. ZuvnBwg ovtd yivetow ue €vBeon tov lambda €viog tov lambda. Agite 1o akohovba tpia mapadely-
nota, eEhappmg Tpocapuoouéva amxd tov Ulf Bartelt:

from functools import reduce

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

# First 10 Fibonacci numbers
print (list (map (lambda x, f=lambda x,f: (f(x-1,f)+f(x-2,f)) if x>1 else 1:
f(x,f), range(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,v,k, f=lambda xc,yc,x,y,k, f: (k<=0)or (x*x+ty*y
>=4.0) or 1+f(xc,yc,x*x-y*y+xc,2.0*x*y+yc,k-1,f) :f(xc,yc,x,v,k,f):chr(

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

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

# 74 174 / / columns on screen

# / / / maximum of "iterations"

# / / range on y axis

# / range on X axis

Mnv to dOKIUAOETE 0TO OTLTL, TOLILKL!

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

Mo kG0eTog 0T MOTA OPLOUATMVY (OGS CUVEPTNONG VITOIMAMDVEL OTL OL TTOPAUETPOL TPLV OITTO QUTHY Elvol
wovo Béong. Ou mapduetpor pdvo BEamng eivar exeiveg ywpig eEwtepicd xpnouomorioo ovoua. Kotd tnv
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KAMAO1 (OG GUVAPTNONG TTOU dEXETAL TOPAUETPOVG WOVO BEOMNG, TO OPLOUATO AVTLOTOLYILOVTAL OE TOPOUE-
TPOVG 7OV Pacifovrol amokAelotikd ot 0¢om tove. Ta mapdderyna 1 divmod () €ival pua GuvapTnon Tov
déyetar udvo mopapétpovg Béone. H tekunpinon tovg poldtel pe ovtd:

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

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

H xd0gTt0¢ 070 TéMOG TG MOoTOg Tapauétpwy onuaivel ot kot oL dvo opduetpot eival wovo Béong. Eropévag,
1 KMo g divmod () pe opiopata AEEewv Kheldihv Oa 0dnyotoe oe 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 katL CUPBOAOCELPEG

2.3.1 Nwg npoodLopilw dekacEadlkougq 1} OKTAdLKOUG aKEPALoug apLlbpoug;

T va koBopioete Evov oKTadLKO PNeio, Tponyeital Ty OKTadKNG TLUNG UE Evo undév, “KoL LeTd Eval TTelo
1 KePaAaio «o». ['a TopddeLyua, Yo va. oploete T eTafANTY) «a» otV oKTadik Ty «10» (8 og dexadikod),
TMKTPONOYNOTE:

>>> a = 0010
>>> a
8

To dexaeEadikd eivar eSioou evkoho. Athmg mponyeital Tov dekaeEadikon aptBuo pe éva undév, Ko uetd
éva, telo 1 kepahoio «x». Ta dekaeEadikd Ympio pmopotv va kaboplotovv e meld M keparaia. o mapd-
devypna, otov diepunvéa Python:

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

0XB2

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

OgeileTor Kupiwg oty embupio Tov to i % J va €xeL to 1dLo pdonuo pe to j. Edv 1o HBéhete auto, xou
Oéhete emiong:

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

TOTE M dLaipeon axepaiov apbuov mpémer va emotpéPet To vitorowo. H C amautei emiong va dtotnpeiton
Ut 1) TOVTOTNTA KOlL, 0T OUVEYELQ, OL UETAYAMTTILOTEG TTOV TTEPLKOTTOUV TO 1 // J TtpémeL va Kdvouy 1o 1
% J va €yeL to 1dLo Tpdono ue to 1.

Yapyouv Ayeg TPayUATIKEG TEPUTTMOELS PNONG YLt TO 1 % J Otowv To 7 eivar apvntikd. ‘Otov 1o J eivor
BeTiKd, VTdpyoVV TOMEG, Kan oYedOV OAEG eival TTLo xpNoueg Yot i % J va eivaw >= 0. EQv to pohdu Aéer 10
T éheve mpv amd 200 wpeg; —190 % 12 == 2 eivaw ypfowos 10 —190 % 12 == -10 givor évo opdlua
TTOV TIEPLUEVEL VO, AYKMOEL.
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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.
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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']

T va deite yatli ovppaiver autd, mpémel vo yvwpilete OTL (o) Qv €vo AVTIKELUEVO VAOTTOLEL ULl LWOYLKT
wébodo ___iadd__ (), mov kahleitar dtov exteheitan 1 eovENUEVT avAOEON += KoL 1] T ETLOTPOPHG ElvaL
ot OV Xpnoluoroteltal oty dNhwon ekydpnong: kau () yra Moteg,  iadd_ () wooduvapei ue v Khon
tov extend () ot Alota Kot emotpépel T Moto. [io autd Aépe OTL Lo MOTES += Elvall (oL «TUVTOUOYPOLpLO»
yio list.extend():

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

[1]

Avtd 100duvaEL UE:

>>> result = a_list._ _iadd__ ([11])
>>> a_list = result

To aviikeipevo oto omoio vmodetkvuetan amd to a_list €xel uetodhay el KoL o delKTnG 0TO UETAMOYUEVO
avTikeipevo €xel ekywpnOel miow oto a_list. To tehkd amotéheona g avébeong eival £va no-op, Kabmg
etvau évag delkTng 0To 1810 avTiKeipEevo mov To a__11i st €delyve mponyouuévwg, alkd 1 avdbeon eEakorovbel
VoL YLVETOL.

"Et01, 070 mopddeLyid fog, autd ov ouUBaiver Eival LGodUVOO (LE:

>>> 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__ () metuyaivel, kou £tol 1 Moto emekTeivetol, alld Topdlo Tov To anoTéAeopa delyvel 0To
810 avrtikeipevo mou deiyvel NdN To a_tuple [0], avth 1 tehkr) avdBeon eEakorovbel va €xel wg amotéhe-
ouo €vo AMaBog, yoti ou mhelddeg eival apetdfintes.

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

H teyvik, mov amodidetan otov Randal Schwartz tng kowvotntog Perl, ta&wvouel ta otouygia wag Motag ue
Bdomn o pétpnomn ov avriotoryilel KGOe otolyeio otV « Ty Ta§ivounone» tov. v Python, ypnoiomor-
Note 1o OpLoua key yio ™ uéBodo 1ist.sort ():

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

2.5.11 Nwg pnopw va Ta§lvopRow Hia Aiota Pe BAon TLQ TLHEG ATO pia aAAn
Alota;

ZuyyxwvedoTe ta og £vav iterator TAeLddwWV, TAEIVOUNOTE TH MOTO TTOV TPOKVITTEL KalL, 0TV OVVEYELD ETAEETE
TO OTOLYELO TTOV OéheTE.

>>> 1listl = ["T1", "xdvw", "taivéunon", "pe"]
>>> 1list2 ["xaT1", "OrawopeTikd", "tou", "TaZivopw"]
>>> pairs = zip(listl, list2)

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

>>> pairs = sorted(pairs)

>>> pairs

[ ("Eyw", 'Srapopetixd'), ('and', 'tafivopw'), ('ta&ivépunon', 'ce'), ('Tro',
S'kati') ]

>>> result = [x[1] for x in pairs]

>>> result

['SrapopeTikd', 'Taiivoupw', '

pe', 'kati']

2.6 AvTtiKeipeva

2.6.1 T eival pua KAaon;

Mua KAGoN €lvor 0 OUYKEKPLUEVOG TUTOG OVTLKELUEVOD TTOU ONUWOVPYELTOL UE TNV EKTENEON piag dNAWONG
KAdone. Ta avrikeipevo KAAoNG XPNOLUOTOLOVVTAL WG TTPOTUITO YL0L T SNULOVPYIO AVTIKELUEVOV TOPOVOILOG,
TOL OTTOL0L EVOMUATDOVOUY TOGO TaL dESOUEVA (X APAKTNPLOTIKG) 000 KoL TOV KDdLka (LeBOd0vG) e1dLKA YLoL vay
TUTTO OEQOUEVQV.

Mo kKMGom uropel vo faociCetar og pia 1 meploodtepeg diheg KAGoELS, Tov ovoudovial Baotkés KAdoelg
TNG. TN CUVEYELD KANPOVOLEL TO YOPAKTNPLOTIKA Ko Tig uebddovg tmv faotkav Khdoewv. Auto emitpé-
TTEL 0€ VO, LOVTELO AVTIKELUEVOL Va FehTibel dLodoyikd ne kKAnpovoukoTto. Mopet va €ete P YEVIKT
KAGon Mailbox mov mapéyel faotkég uebddovg Tpdofaong yia EVo YPOULOTOKLBMTLO Kt VITOKAAOELS OTtmg
MboxMailbox,MaildirMailbox, OutlookMailbox ov Xelpiloviol dLGpopeg OUYKEKPLUEVES LOPPES
YPOUUOTOKLBMTIOV.

2.6.2 T eival pua peBodog;

Mo 1é00d0g givar wo. ouvapTNon o€ KAToLo avItkeipevo x mov ouvnBwg Koleite g x . name (op Ltopata.
.. ). OLuébodot 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 ovuPatikd dvoua yio To TPdTo OpLopa (og webddov. Mia uédodog ov opiletan wg
meth (self, a, b, c¢) npémervoovoudletorx.meth (a, b, c) ywoKdmolo Tapdderyua x TG kKAdong
OTNV 0TToLeL EUPAVILETAL 0 0pLOROGe 1 Kohovuevn uéBodog o ovopdetan meth (x, a, b, c).

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

2.6.4 MNwg pnopw va eA€yEw €Aav €va avtiKELPEVO ival pua ovtotnta piag de-
Sopévng KAaong 1} Hlag unmokAdaong tng;

Xpnowomotote TV evompuatowuévny ovvéptnon isinstance (obj, cls). Mmopeite va ehéyEete edv
€VOL AVTIKELUEVO ElVOIL ULOL TOPOVOLE OTTOLOOONTTOTE atd évav aplBud KAAoemV TapéyovTag Wo. Thelddo
ovti Yo wa puepovouévn kidon, my. isinstance (obj, (classl, class2, ...)), KOl Wxo-
pel emiong vo ehéyEel Gy €va avTIKEIIEVO glval £vag outd TOVG EVomUATWUEVOUS TUovg g Python, ..
isinstance (obj, str) fjisinstance(obj, (int, float, complex)).

Adfete vdyn 6T 10 isinstance () eléyyel emiong Yo ELKOVIKY KAPOVOULKOTNTO 0td Wa abstract base
class. "Etoi, ) doxiun| Oa emotpépel True yia (ol eyyeypoupnévn kKAGon axopo KL av dev €xel KAnpovouroet
aueoa M épueoa amd auto. Ta va ehéyEete o «oAnBuvi) KAnpovoukdtnto», capwate to MRO g KAAoNG:

from collections.abc import Mapping

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

class C(P) :
pass

Mapping.register (P)

>>> ¢ = C()

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

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

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

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

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

Adfete voYn OTL TAL TEPLOTOTEPT TPOYPAUUOTO OEV XPNOLUOTOLOUV TO 1sinstance () o KMAOELG TOV
opifovtar ard T PNoTN oA ovyvd. Edv avamtiooete povol oog tig KAAGELS, VO TTLO 0WOTO OVILKELUEVO-
oTpePNG oTUA elvon vo opilete uebddoug 0TLG KAAOELS TTOU EVOMUOTOVOUV ULC CUYKEKPLUEVT] GUUTEPLPOPAL,
OVTL VO EAEYYETE TNV KAAGT TOU OVTLKELUEVOD KOL VO KAVETE KATL dLOLPOPETIKO pe Bdor tv KAdon mov eival,
VLol TOPAIELYUX, EGV EYETE ULAL GUVAPTON TTOV KAVEL KATL:

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

Mua kodvTepn TPooéyyLon etvar vo opioete wo 1EO0do search () o€ OAeg TG KAAOELG KOL ATAMG VAL TNV
KaAEOETE:

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 ivou po OVILKELLEVOOTPOPNG TEYXVLKY (0voudaletol emtiong notifo oxediaong). Ag vrobéoovpe
ot éyete éva avtikeinevo x Kau Oéhete va alhdEete T ovumepupopd wag povo oo g uedddovg Tov. Mrmo-
pelTe va dMuovpyNoeTe e vEo KAAOT TTOU TTAPEYEL L VEQ VAOTTOLNON TG HeEBODOV TOU 0ag EVOLAPEPEL VO
aANGEeTE Kou eKympel Oheg TIg Ghheg uebddovg oty avtiotoryn uébodo tov x.

Ou wpoypaupatiotég Python puopotv evkola va vhomorjoovy v avadeot). [ mapdderypa, 1 axoiouom
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KAGon vhomolel pa KAAoN Tov ouptepLpépeTal oav apyeio old petatpémer oo To Yposttd dedouéva o€
Kegolaia:

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)

Edw 1 khdon UpperOut emavampoodiopilel T né€Oodo write () yio vo peTATPEPEL TN OCVUPBOAOGELPA OPL-
OUOITOG 08 Keaaia mpLv Kahéoet Ty vokeipnevn uébodo self._outfile.write (). Okeg oL Ghheg ué-
0001 EKYWPOVVTOL 0TO VITOKELUEVO OvTIKEievo self. _outfile. To delegation ohoxAnpmvetar uéow tng
uebddov ___getattr__ ().Zuvufovievteite To the language reference yia meplocdtepes TANPopoOpieg OYeTIKA
ue Tov €leyyo g mpdoBaone.

AdGBeTE VITOYN OTL YLAL TILO YEVIKEG TEPLITTMOELS 1] OVAOEON UTTOPEL vaL YiveL 7TLo dUaKoLY. Otav ta XopakTnpL-
OTUKG TTPETTEL VO 0pLoToVV KaB g kot va avakthBovv, 1) khdon mpémer va opioet o péhodo __setattr_ ()
emiong, Ko TPEmeL va To Kavel mpooektikd. H faoikn vhomoinon tov __setattr_ () eivou mepimov 1oo-
dvvapo pe to eENg:

class X:
def _ setattr_ (self, name, value):
self. dict [name] = value
IMoAég viomomoelg __setattr_ () koholv Ty :object.__setattr__ () yw vo Bécouvv o peta-

BANTH 0TOV EQVTO TOVG XWPIG VO TPOKAAOUV ATTELPT) ALvOLdpOUT).

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

Evolhoktikd, eivar duvatd vo oploete XopOKTNPLOTIKA ELOGYOVTOG KOTAXWPNOELS 010 self.  dict
amevOeiog.

2.6.6 Nwg propw va KaAEow pLa PHEBOS0 Tou opiletal oe pla Baotkn KAaon
ano pia nmapaywyn KAAon mou Tnv ENeEKTELVEL,

XPNOLWOTTOLHOTE TV EVOOUATWIEVY GUVAPTNON super () :

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

Zto mopdderyua, To super () Oa TPoodlopicel ovVTOUATO TO OTLYWOTUTO 0td TO 0molo KANONKeE (1 TLus
self), avalnthote ™) method resolution order (MRO) pe type (self) .___mro___, KOl ETOTPEYTE TO ETVOUEVO
071 0eLpd uetd to Derived oto MRO: Base.
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2.6.7 MNwg PMopw va opyavwow TOV KWdLKA HOU TIPOKELHEVOU Va SLEUKOAUVW
TNV aAAayn TG Baolknig KAaong;

B0, LTOPOVOOTE VO, AVTLOTOLYLOETE T PALOLKY KAAGT O€ £VaL PEVMVUUO KO VO TPOKVPEL TO YPEVDDMVUUO. ZTHV
OVVEYELD, TO MOVO OV TTpémel va aldEete eivan 1) Ty mov €xe ekympnOel Pevddvupo. Mapepmmtdviwg,
avtd 10 KOO glvan emTiong xpNowo edv Bélete va amogaocioete duvaukd (7T.y. avaroya pe v dladeotuo-
™To TV TOpwV) ot factkn kKhGon va xpnowpomorfjoete Mapdderypor:

class Base:

BaseAlias = Base

class Derived (BaseAlias):

2.6.8 MNwg dnuLoupyw dedopEva OTATIKAG KAAONG Kal HEBOSOUG OTATLKNG KAQ-
ongG;

Tdo0 to oToTLoTikd dedopéva 6o Kat ot ototikés uébodot (e tnv évvora g C++ 1) tng Java) virootnpitovion
otnv Python.

T otatikd dedopéva, amhidg opiote £va xopakTPLoTiKd KAGonG. Tio vo ekywphoeTe o véa Ty oTo Yo-
POKTNPLOTLKO, TIPETEL VAL Y PT|OLUOTTOOETE PNTA TO dvoua KAAOTG 0TV EKYDPNON:

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

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

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

To c. count avagépetal eniong 0to C . count YL 0TOLOONTOTE ¢, £TOL MOTE VO LOYVELTO isinstance (¢,
C), eKt0g edv mapokappdel amd to 1dLo To ¢ 1 amd Kdmolo KAGon ot dtadpoun avaliTnong g Paotkng
KAdong amoé to ¢.___class___ miow oto C.

IMpoooyn: oe wa uéBodo tou C, wa avdbeon 6mwg self.count = 42 dNWOUPYEL W vEQ Ko GOYETH
mopovoio (e To dvoua «count» 0to dLKO Tov dict Tov self. Emavaoivdeon woag kAdons-ototikng dvoua
dedOUEVMV TTPETEL TTAVTOL VO, TTPOTDLOPILEL TNV KAAOT it BpiokeTol péoa o po uéfodo eite OyL:

[C.count = 314 J

O ototikég puébodot eivar duvatéc:

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

Qot600, £vag oD o ahdg TPOTOG Yo Vo AGBETE TO TOTEAEOUO (OG OTATIKNG 1eBOdOV elvan HEow oG
NG oVvApTNONG O€ emimedo povadog:

def getcount () :
return C.count

Edv 0 khdikag oog eivor dopunuévog £tolL mote va opitet i kKAGon (1] oteva cuvoedeuév) Lepapyiag kKAAoewv)
ova module, auto mapéyel Ty embuunTy eVOUAAKW®OT).
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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 () :
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p
_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
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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:

44 Kegahawo 3. Design and History FAQ



Python Frequently Asked Questions, Anpocicsuon 3.13.7

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\\"

3.23. Why is there no goto? 49



Python Frequently Asked Questions, Anpoocicuon 3.13.7

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.
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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, args=(str (i), 1i))
T.start ()

time.sleep(10) # <-——————————————————————————— §
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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))
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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 ().
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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:
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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;

There are a number of alternatives to writing your own C extensions, depending on what you’re trying to do.
Recommended third party tools offer both simpler and more sophisticated approaches to creating C and C++
extensions for Python.

5.4 Nwg pnopw va ekteAéow aubaipeteq dnAwoelg Python ané
To C;

H ouvaptnon vymidtepou emmédov yia va yiver avtd eivar  PyRun_SimpleString () W omoio exte-
Let éva Opopo ovuforooelpds oto mhaiolo TG evoTnTag _ main_ Ko emoTpépel 0 yia emituyio
Kaw —1 otav cupfaiver o eEaipeon (ovumephapfavopuévov tov SyntaxError). Edv Bélete meplood-
TEPO ENEYYO, APNOWOTOOTE PyRun_String () deite Tov mnyaio kwdiko 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 ﬂﬂOTUYXdVSl- 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).

76 Kegahawo 7. Graphic User Interface FAQ



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 H evoouatouévn otabepd E11ipsis.

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.

annotation
Mia eTikéTa ToU OYeTIleETOL UE PLaL UETABANTY, £VOL YOPOKTNPLOTIKO KAAONG 1) L0 TTOPAUETPOG OUVAP-
TNONG 1) TULY TTOU ETLOTPEPETAL, TTOV YPNOLUOTOLEITAL KATG oVUPBaon wg fype hint.

Aev givol duvati M TpooPaon oto annotations TwV TOTKMV UETAPANTDOV KATA TO POVO EKTELETNG, AAAG
Ta annotations TV global ueTafANTOV, TV XAPUKTNPLOTIKOV KAAONG KAL TOV GUVOPTHOEMY 0rtodnkev-
ovTaL 0TO ELOLKO XOPOKTNPLOTIKO _ annotations_  twv modules, Twv KAAGEWV KOL TOV OUVAPTY-
OEWV, AVTIOTOLYOL.

BA\. variable annotation, function annotation, PEP 484 kaw PEP 526, ta omoio mweplypdpouv v Aettovp-
yikdtnto. Exiong BA. annotations-howto yia tig BéATLOTEG TPOKTIKEG dovAeVOVTAG e annotations.

opopa
Mo tpy| petafpdletal oe wio function () method) xotd v kAo TG OUVAPTNONG. YITAp)ouv d10
£idn opLopdtov:
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o keyword argument: £vo. OpLOUOL TTPLV ATTO €VOL OVOLYVIPLOTLKO (TT.%. name=) O€ o, KAon ouvapT-
oNG 1 TEPVADVTAG TO WG TUUT| 08 £va heELko mtpLv amd * *. Tia TapddeLyua, To 3 KoL To 5 amotehovv
optopata AEEewv-kheldLhv otig akolovbeg KA oELS Tpog complex () :

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

complex (real=3, imag=>5) J

o positional argument: £€va. dpopa Tov dev givan dpopa keyword. Ta opiouata 0€omg umopovv va eu-
pavitoviow oty apyns wog AMotog optopdtmy n/xol va uetapLpatovral wg otolyeto evog iterable
mpwv amd *. o mapdderypa, to 3 Kot to 5 amotelovv opiopota 0E0mg 0TLG TOPOKATMD KA OELS:

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

Ta oplopato eKywPoVVIOL 0TS OVOUAOUEVESG TOTILKES UETAPANTEG OTO Cwuo wo. cuvdptnong. Bi. v
evotnTa calls yio Toug KavOveg Tov SLETOUV QUTNV THV EKYMPNOT. ZUVTOKTIKY, 0OTTOL0dNTOTE EKPPOTT
WITOPEL VaL PN OLIOTTOIN Ol Y10 VO AvOaITopaoTOEL £va OpLopd.” 1) AELOAOYOUUEVT) TUUT) EKYWPELTAL OF ULO.
TOTTLKT| UETABANTY.

B\ emiong v eyypapy| Tov YAwooapiov yia to parameter, Tv FAQ epmton oto n diapopd ueta&d
optoudtwv kot mapouétowv, kou PEP 362.

aoVYYPOVOS drayelpLoTiis context
‘Eva avtikeipevo mov ehéyyel to opatd meptfdilov oe o dShwon async with opilovrag tig uebo-
doug __aenter_ () kau__aexit__ ().ITov ewonydn and PEP 492.

aovyypovog generator
Mo ouvapTNoN TOV EMLOTPEPEL EVO asynchronous generator iterator. MoldeL pe ot ouvapTnon coroutine
mov opiletan ue async def ektdg amd OTL mePLEXEL EKPPATELS yield yLo TNV TApoywy WOG OELPAS
TLLOV TTOV WTOPOVV va. ypnotuormomboiv og évav async for Bpdyo.

ZVVHOOG OVOPEPETOL OE LLO. GUVAPTNOY CLOVYYPOVOU generator, oAAG WTOPEL VO AVAPEPETOL O EVOY
acvyypovo generator iterator 0€ OPLOUEVO contexts. Ze TEPLTTMOELS OOV TO EmILWKOUEVO vonua dev
elval oapéc, e TNV XPNOoN TV TANPOV OpWV OTTOPEVYETAL 1] ATAPELD.

Mo ouvapTnon 0oUYYPOVOU generator (WTOPel Vo TEPLEYEL EKPPAoELS await , KaOMdg Ko dNhmoeLg
async for,xaLasync with.

00Uy povog generator iterator
An object created by an asynchronous generator function.

Avtdg eivon évog asynchronous iterator Tov 6tav Koleltow YpNOLUOTOLMOVTAG TNV €000 __anext ()
ETLOTPEPEL EVOL AVOUEVOLLEVO OVTLKELUEVO TTOV OaL EKTEAEDEL OTO TMUN TNG CUVAPTONG TOV ALoVYYPOVOU
generator UypL TV enouevy yield ékppoon.

Kdé&be yield avoaotéher mpoowpivd v emeEepyaoia, Buudtor v Katdotaon ektéheong (ovure-
PLLOUBOVOUEVOY TWV TOTLKMV UETARANTOV KoL TV dAdoewy try oe ekkpepdtta). Otav o acty-
XOOVOG generator iterator OUVEYIOEL OTOTENEOUATIKA UE GALO OVOUEVOUEVO TTOU ETMOTPEPETOL OTTO
:pep: 492 () xouw PEP 525.

aoUyypovog iterable
'Evo avTIKeipevo, ov wtopet va ypnoworoindei oe o dMhwon async for. [pémel va emotpépel
éva asynchronous iterator amd v nébodo __aiter_ (). IMov etonyOm amd PEP 492.

aovyypovog iterator
‘Eva avtikeigevo mov vhomolel TG uebddovg aiter_ () wou __anext_ (). H pébodog
__anext__ () mpémeL va emotpepel Eva awaitable aviikeipevo. To async for emlel To ovole-
voueva mov emoTpépovrol oo ) wébodo __anext_ () &vog aovyypovov iterator £mg OTOU eYEipeL
wo eEaipeon StopAsyncIteration. EwofyOn ané PEP 492.

YOPUKTIPLOTIKO
Mo Ty ToU OyeTICETOL UE £VOL AVTLKEIEVO TTOU CUVNOMG AVAPEPETOL [LE GVOUD YPTOLULOTTOLMVTAG EK-
Ppaoelg ue Kovkkides. o mopdderypa, eGv €vo avILKeEILEVO 0 €xeL £Va YOPUKTNPLOTIKO a o avapeé-
PETAL WG 0.d.
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Eivai duvatd va dmooupe o€ £va aVILKEIUEVO EVOL XOPAKTNPLOTIKO TTOU TO OVOULO TOU OEV ELVOL AvaryVo-
pLoTikd 6mtmg opitetar amd identifiers, yio TopddeLywo XPNOWOTOLMVTOG setattr (), oV ETTPETETOL
arto To avtikeipevo. ‘Eva tétolo yopaktnplotiko dev Oa eival tpooaoiio xpnoLuoToLdVvTog TG TELELES,
Ko vt avtov Oa mpémel va avokTnOEl ypnopomolmvtas getattr ().

awaitable
"Evol 0VTUKEIEVO TTOU UTTOPEL VaL X PN OoLoto0el oty EKppaon awa i t. Mmopei va eivon coroutine 1y éva.
ovTikeigevo pe po__await_ () uébodo. Bh. emiong PEP 492.

BDFL

Axpwviuo tov Benevolent Dictator For Life, kahokdyaBog duxtdropag g Twne, dnhadn Guido van
Rossum, o dnuovpydg g Python.

dvadiko apyeio
'Eva. file object tkovd va. SLaatel ko va YpagpeL dvadikot timov aviikeliueva. apadelyuato dvadikmy
apyelwv eivar apyelor Tov avolyovv oe dvadikn Aettovpyio ("rb', '"wb' 1 'rb+'), sys.stdin.
buffer, sys.stdout .buffer, Kol oOTLypoTUTOV TV 10.BytesIO koL gzip.GzipFile.

BA. emtiong zext file yio €va avTiKELUEVO TUTTOU OPYELO LKAVO VO SLaFAOEL Ko vaL YPAPEL ST T AVIIKELUEVO.

daverkn avagopd
Zto C API g Python, po daverkr ovogpopd elval o avogopd og €vo. OVILKEIUEVO, OTTOV 0 KMALKAG
TTOV Y PT|OLUOTTOLEL TO aVTLKELUEVO dEV KaTEXEL TNV avapopd. ['ivetan évag aypnotpuomointog deiktng edv
To avtikeipevo Kataotpopei. ['a mapdderypa, o diadikaoio garbage collection pwopei vo apatpéoet
TO TENEVTOUO strong reference amd TO AVTIKELUEVO KO £TOL VAL TO KOTAOTPEYEL.

Zuviotatol 1 KMo tov Py_INCREF () 0T0 daveiki] avagood (e 0Komd vo. LETATPATEL 08 £val Loy voT)
ava@opd eMTOTOV, EKTOG OTAV TO CVILKELUEVO OEV UITOPEL VO KATAOTPOPEL TPLY 0Td TNV TELEVTAiN
xpNom TG davelkng avagopds. H cuvdpton Py_NewRef () umopel va xpnotpomondel dote vo. om-
wovpynOel Eva Loy vo1 avapood.

bytes-like avrikeipeva,
"Evo. avTiKeipevo mov vitootnpilel o bufferobjects ko pwopei va eEayer éva C-contiguous buffer. Avtd
mepthappdver Oha ta aviikelpevo bytes, bytearray, Kow array . array, Kafmg Kot ToAE Kowva
memoryview oavikeipeva. Ta dvadikov tomov (bytes-like) avitkeipevo propotv vo xpnotuootnovy
yio dLdipopeg hettovpyieg Tou dtoyepitoviot duadikd dedouéva” avtd TePAAUPAvVOUV CUNTTIEDT OITO-
OnKevon oe duadikd apyeio kol amooTol uéow socket.

Oplouéveg hettovpyieg yperdlovrol tor duadikd dedouéva va eivor uetofintd. H texunpioon ovyva
OVOPEPETOL 08 AUTE MG «dVAdLKA avTiKelpueva avayvoons-eyypogrg» (read-write bytes-like objects).
Mapoadelynato UeTAPANTOV OVILKEWEVMVY TPOCWPLVTG 000N KEVOTG TTEPLEYXOUV bytearray KoL éva
memoryview gvOg bytearray. AAMEG MeLTOVPYIEG OITTOLTOUV TNV OTTOONKEVONG TV dVOSIKMOV de-
dopéva oe auetdfinta avitkeipevo («duadikd ovtikeipeva wovo avayvwang»” (read-only bytes-like
objects) mopadeiyuoTto oVTAV TEPLEXOVY bytes Kot éva memoryview evog bytes avitkeluévou.

bytecode

O myaiog kwdika g Python petoylwttileton oe byfecode, 1| E0MTEPLKY] AVOTAPAOTAON €VOG TPO-
vpduuatog Python otov diepunvéa CPython. To byfecode amoBnkevetal emiong TPOoWPIVE WG .pyC
apyelor moTe M eKTELEON TOV D10V aPYELOV Va. givan YpNyopdTEPN TNV deVTEPT] POPA eKTENEONG (UITO-
pel vo amopevy el 1) €K VEOU UETOYADTTLON Ot TOV TTNyolo KOdika oe bytcode). Avti 1 «evaldpeon
YADOOoO» Aéyetal OTL Tpéxel o€ Wwo virtual machine mov €KTeLel TOV KMOLKO UNYOUVAG TOV OVTLOTOLYEL
og KG0Oe bytecode. AGfete vroOY O6TL Tl bytecode dev OVOUEVETAL VO AELTOVPYOVY UETAED SLOLPOPETLKMV
ELKOVIKMV pyovarv Python, ovte va gival otabepd petalt tov ekddoewv g Python.

Mo Alota oo 0dnyieg oxetikd ue ta bytecode wtopei 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), A€ TNV TOPAKATO OVVTAEY:

[callable(argumentl, argument?2, argumentN) }

Mua function, ko Kat” enéktaon wa method givau callable. 'Eva otypdtumo po kAdong mov vhomolel
™ uébodo __call__ () elvou emiong callable.
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callback
Mo subroutine cuvaptnon 1 omoia petafLBateTor wg OpLoua Tov Oo EKTENEOTEL KATOLXL OTLYUT OTO
UMV

KAdon
‘Eva TpdTumo yLo T SMUovpylor avILKELUEVWY Tov 0pllovial atd 1o xpnoty. Ou opLopoi KAAoEmV ov-
vNOWG TePLEYOUV 0pLopovg HeBOdWV oV AeLTOVPYOUV 08 OTLYIOTUTTO TG KAGOoNG.

petafinti kAdong
Mua petafinti) wov opiletal o pua kKAAom Ko tpoopiletol vo tpomomolnel uovo oe enimedo kAdong
(. OyL o€ €va OTLYOTUTIO (LaG KAAONG).

uetafinTi KAeloipatog
'Evog free variable mov ovagpépetal amd éva nested scope Kou 0pileTol og (o eEEWTEPLKT) TEPLOYN, avTi
vo emAvETOL QUVOULKG KaTd TNV eKTéAeoN amd T KoOoMKE 1) evompoatouéva namespaces. Mmtopei vo
dAwBei pntd e ) deopevuévn AEN-Khewdi nonlocal dote vo emTpastel 1 eyypagn, 1 va BewpnOei
OTL opileTan Euueca OTav 1 UETOPANTY] XPNOLULOTTIOLELTAL LOVO VL0 ALVOLYVOOY).

TNo wapdaderypa, 1 ovvapton inner Tov mTopaKdTw KmdiKa, Tdoo 1 x 660 KoL 1 print eivow free
variables, aMQ LOVO 1 x VO WO ueTaSANTI KAgLGluaTog:

-

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

L

Adyo tov xapakTPLoTikoy codeobject .co_freevars (To 0moio, TOPA TNV OVOUAGLO TOV, TTEPL-
rappdver udvo ta ovopato Tov petafANTav Khelolpatog Kot oL Oheg TG avapepoueves Elevbepeg Leta-
BANTéQ), xpnoluoToLelTaL HEPLKES POPEG O TTLO YEVIKOG OpOG free variable akOun Kow OTOV YiveToL ELOLKY
avapopd og uetafAnNtég Kheloluatog.

uryedukog apdpog
Mo ETEKTO0T TOV YVIMOTOU GUOTHUOTOS TTPOYUATIKDV aptOumy 6To 0roio dhot ot aptboi kgppdtovon
wg dbpolopa evog TPAYUOTIKOY HEPOUG KoL EVOG pavtaoTikoy uépovg. OL gpavtootikol aplbuol eivor
TPAYUOTLKG TOAMOTAAOLA TNG PAVTOOTIKTG Lovada (1 TeTpaymvikn pilo Tov —1), Tov ovyvd ypdigpo-
vratr 1 oto podnuatikd M § ot unyoviky. H Python éyel evowpatmpévn vtootpiEn yio pryadikote
aptBuovg, oL 0ToioL YPAPOVTOL (e AuTdV TOV TELELTOL0 CUUBOMOUO” TO PAvTOoTIKO uépog ypdpeTon
ue 1o emibnua J, Y., 3+13. o va amokthoete mpoofaon oe ovvOeta Looduvapo to module math,
ypnopomoote to cmath. H xpnon wyadikov aptOumv eivor éva apKeTd Tponyuévo wodmuotko yo-
POKTNPLOTLKO. €4V dEV YVWPITETE TNV OVAYKT) TOVUG, ELVaL OYEDOV GLYOUPO OTL UTOPELTE VOL TO. OLYVOT|OETE
E ALOPANELXL.

context
Auto 0 6pog £xEL DLOPOPETIKEG ONUOLOLEG OLVALOYOL UE TO TTOV KO TTMG Y PTOLUOTOLELTOL. MeEPIKES KOLVEG
évvoleg:

o H mpoompivi) katdotaon 1) 1o meptBarllov mov dnuovpyeitol oo évav context manager UEGmW PLAG
dMhwong with.

o To oU¥voho TV deopevuévav KAeLOLOV-TIUNG TTOV OYETILOVTOL HE VO CUYKEKPLUEVO AVTIIKELUEVO
contextvars.Context kol poomeldfovtol péow avitkewévov ContextVar. B, emiong
context variable.

¢ 'Eva aviikeigevo contextvars.Context. BA. emiong current context.

TPWTOKOAAO Srayeipiong mepfaiiovog
OuuébodoL __enter_ () xou__exit__ () xohoVvrow amd ) dNhwon with. BA. PEP 343.

Swayeprotiic context
'Eva aVTLKELIEVO TTOV VAOTIOLEL TO context management protocol Kouw ENEYYEL TO TEPLBAALOV TOV EloaL 0POTO
péoa og o dMhwon with. Bi. PEP 343.
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context petafinTi
Mo peto ANt TG omoiag 1 T eEapTATOL ATTo TO TTOLO Elval To current context. Ou Tég Tpoomeldo-
VTOL PECM TV AVTIKEWWEVOV contextvars . ContextVar. O petafAntég cuuppalouevwy xpnoLuo-
TOLOVVTAL KUPLMG YLOL VO OTTOUOVDTOUY TV KOTAOTAO0N UETAED TAVTOYPOVOY 00VYYPOVWYV EPYOOLMV.

contiguous
"Eva buffer Bewpeital contiguous akplBae edv eivou eite C-contiguous eite Fortran contriguous. To buffer
undevikv draotdoemv eivor C xow Fortran contiguous. Ze (lOVOSLAGTATOVG TTLVOKES, T OTOLYELL TTPE-
7eL vo. TorofeTovvTal ot pviun To éva distha 0to GAAo, ue OELPG aOENONG TWV SELKTHOV EEKLVAOVTAG
artd to undév. Ze mohvdidotatovg C-contiguous Tivakes, 0 tehevtalog deikTng petofdiletan TayvTePa
OTOY EMLOKETTOVTIOL TOL OTOLYELDL O oeLpd drevBuvong uviung. Qotdoo, oe Fortran contiguous mivokeg, o
TPADTOG OEIKTNG HETABAMLETAL TTLO YPTYOPOL.

coroutine
OL coroutines €ival (Lol Lo YEVIKEUUEVT Lop@n subroutines. Ot subroutines £L.0&yovToL 08 Vo GTUELO Kot
eEdryovtal og Glho onueio. Ou coroutines pumopei va ewoayBovv, vo eEaybolv kKoL vo ovveylotovv o
oM drapopeTikd onueio. Mmopov va vhomotoovy pe v dMiwon async def. Bh. emiong PEP
492,

coroutine cuvaptnon
Mo GUVEPTNON TTOV EMLOTPEPEL £VAL coroutine AVTIKELUEVO. Mo 6uvApTnon coroutine umopel vo. opileta
omd ™ dMhwon async def, Kou umopei vo mepléyeL await, async for, kaw async with AéEeig
KAewdLd. Avtég eonyOnoov oo to PEP 492.

CPython
H xovoviky) vhostoinomn tg yAdooog tpoypoupotiouod Python, drtmwg diavéueton oo python.org. O 6pog
«CPython» ypnowpomoteitor dTav eivol omopaiT)To Yia TV dLAKPLoN ouThG THG VAOTOINoMG atd dhleg
omwg m Jython Y| | IronPython.

TpEYoV TAUICLO
To context (contextvars.Context OVILKEILEVO) TOV XPNOLUOTTOLELITOL CUTY] T OTLYUY 0ITO TOL AVTL-
Kelpevo ContextVar yua vo mpoomeldoet (va mapeL 1) vo 0pioel) TG TWESG Twv context variables. K&Oe
vijuo €xEL To kO Tov TPEYoV ovuppalouevo Ta Thaiola yio TV EKTELEDT] AoVYYPOVWV EPYOTL®V (BA.
asyncio) ovvdéouv Kdbe epyacio pe Evo cuNPPALOUEVO, TO 000 YIVETOL TO TPEYOV GUUPPITOUEVO
OmoTe N gpyaoio Eekiva 1 ovveyilel TNV eKTéleo.

decorator
Mo oUVEPTNOT TTOU ETOTPEPEL ULt GARY GUVAPTNON, CUVNOWG EQPAPUOTETAL MG UETOTYTUATIOUOS OU-
VAPTIOTNG YPNOWOTOUDVTAG THY @wrapper oUvtag. Zuvnoiouéva mapadeiynoto yio toug decorators
elvor classmethod () xow staticmethod ().

H oUvtoEn tov decorator eivol amhmg KOAM®ITLOTIKY, oL 0kdAovBoL §U0 0pLopol cuvopthoewv eivat
ONUAOLOAOYLKG LoodUvauoL:

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

@staticmethod
def f (arqg):

L J

H 810 évvora vitdpyer yia tig Khaoelg, adhd ypnowwomoteitar Myotepo ouyva ekel. Bh. tv texunpiwon
yio. function definitions kou class definitions yia epLoodtepa oyeTikd pe Toug decorators.

descriptor
Kd&0e avrikeipevo mov opilel tig peodovg __get_ (), __set_ (), M __delete__ (). Otav éva
YOPAKTNPLOTLKO KAGOoNG eivon descriptor, 1) eldKT] dEOUEVTIKY TOV CUUITEPLPOPE EVEPYOTOLELTOL KOTA
TV avalNTnon XopoKTNPLoTiKdv. Kovovikd, ypnouomoimvtag a.b yio va AMfete, va opioete 1) va dia-
YPAPETE VA XOPAKTIPLOTIKO avalnTd TO AVTIKELUEVO UE TO OVopa b 0To AeELKO TNG KAGONG Yo @, CANG.
€dv to b elvon descriptor, kaettor 1 aviiotoyn nébodog descriptor. H xatavonon twv descriptors eivol
To KAewdl Yo TV kKohitepn Katavonor tg Python yioti avtd amotelel v fAon yio ToAE xapokTn-
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PLOTIKG OIS OVVAPTHOELS, UeBOdoVG, 1dLOTNTES, nEBOdOL KAGONG oTaTiKEG néBodOL, KoL avagopd oe
oovmep KAAOELS.

I tepLoodTepeg TANpopopieg avapoptka ue tig uebddovg twv descriptors, BA. see descriptors 1) to [Tpa-
KTLKOG 00706 Yo T xpron Tov Descriptor.

AeEiko
"Evol TpOooeTOLPLOTIKOG TTivaka, 0mmov avbaipeta khewdid avtiotoryilovtat og Twég. Ta kheldid wopei
VoL glva 0TtoL0d1IToTE avTLKelpevo ue uefddovg _hash_ () xou__eq (). OvoudZetar wg hash oto
Perl.

Kotavonon AeEikov
"‘Evo oupstoyng tpomog yio va emeEepyaoteite Oha 1 u€Pog TV OTOLXEIWV 0 VO EMAVOATTTIKO KOl
vo emotpagel Eva pe AeElkd pe ta amoteléopoto. results = {n: n ** 2 for n in
range (10) } dnuovpyei éva AeELKO Tou mepLeyeL To KAWL n 7TOV avTLOTOLYILETOL UE TV T n * *
2. BA. comprehensions.

oyn AeEkov
Ta avukeipeva wov emotpépovral amd dict .keys (), dict .values (), Kardict.items () Ko-
rovvtar 0elg AeEkov. AuTég Tapéouy wa duvoauky dym Twv Tmv eyypap®v tou AeELkov, Tov o)-
naiver ot dtov to heEukd petafddietal, 1 6Py avitkatomtpilel avtég Tig odayés. Na va avoykdoete
v 0y AeEkov va yivel pa mhfpng Mota ypnowwomowmote to 1ist (dictview) . BL. dict-views.

docstring
Mua literal oupfohooelpd Tou eupaviCeTor mg 1 TPMOTN EKPPaoy o€ wia KAaom, ouvaptnon 1 module.
Evo ayvoeital Kotd tnv eKTéLeon TG GOViTaS, avaryvwpileTol amd TOV UETOYAWTTLOTH KoL TOTTo0eTEITOL
07O YOPAKTNPLOTLKO __doc__ g KAMAONG, TG cuvapTnong 1 Tov module ov mepikheiel. Agdouévou
oL glvan dLabéoLo PEom eVOOOKOTNONG, TO KAVOVLKO UEPOGS YLOL TNV TEKUNPLIOTN TOU AVILKELUEVOU.

duck-typing
"Eva. 6Tul Tpoypopuotiopot sov dev eEetdlel Tov THTO eVOG AVTLKELUEVOD YLOL VO TTPOOSLOPIoEL v £XEL
T 0ot dLemagn” avtifeTa, 1 uEB0SOG N TO XOPAKTNPLOTIKO KaAeiTOoL amhmg 1 xpnowwomoteitan («If
it looks like a duck and quacks like a duck, it must be a duck.») Aivovtog éugpaon otig diemapés Kan oyt
0€ OUYKEKPLUEVOUG TUTTOVG, 0 KOAG OxedLaouévog KHdiKag Bertiddvel TV eveMEia Tou emitpémovtag
™V TOAVHOPPLKT) VITokatdotaot). O timog duck-typing amogelyel dokiég ypnoluomolmvtog type ()
1 isinstance (). (Enueiwon, wotd00, OTL 0 TUTOG TATLOG duck-typing WTopel va. CUUTANPWOEL pe
abstract base classes.) Avti avtol, cuvnOmg ypnowomolel dokuwég hasattr () fapoypauuatiopnd FEAFP.

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

EAFP
ITwo e0K0AO VO TNTNOELG OLVYYDPEDT TTapd AdELD. AVTd TO KOLvd 0TV Tpoypauuatiopnoy og Python tpois-
o0éTeL TNV VtapEN YKupmv KAELDLMV 1] APOKTHPLOTIKOV Kot culhaufdver eEanpéoelg edv 1) videon
arodey el eoaluév. Avtd to Kabapo KoL ypNyopo OTVA XopaKTNPILETAL ATTO THY TAPOVGLO TTOMMY
dMhwoewv try Kauw except. H teyvik épyetol og avtibeon e to otuk mov eivan LBYL kowvd o€ moAhég
aeg yhnooeg, dmtmg 1 C.

EK@ppoon
"Eva. Koppdtt oUuvtaEng mov propei va agtohoyn el oe kdmoro tur). Me dhho Aoy, o €K@paat eiva
WoL CVOOMPEVOT oTotyelmv EéKppaong dmwg kuploreEia, ovopata, TpoOaBaon YapaKTPLOTIKOVY, Tehe-
OTEG 1] KMOELG OUVAPTIOEWV TOV OAEG EMOTPEPOVY [1aL TUY). Ze avtifeon pe mohhég dhheg Yhwooeg,
dev eivar Oheg oL YAwooukég douég exppdoets. Ymapyovve emiong statements ov deV ItopovV vo. XpnotL-
poomBouv mg ekpPATELS, OTtmg To while. O avabéoelg Tudv eival emiong dnhboelg oyl ekppdoeLc.

module exékTO0NG
‘Eva module ypaupévo og C 1) C++, mov ypnotpomoteiton amd to C API g Python yua vo odAnhemidpd-
COUV L€ TOV TTUPNVOL KOl L€ TOV KWOLKA TOV YPNOTH).

f-string
Ou xvpLokektikég oupporooelpésg ypnowwomoloty pe pdheua "£' M "F' ovoudtovior ouvnOwg «f-
strings» ov eivor ouvtopoypapia tov formatted string literals. BA. eiong PEP 498.

84 Mapaptnua A'. NMwooapt


https://peps.python.org/pep-0498/

Python Frequently Asked Questions, Anpocicsuon 3.13.7

OVTIKEILEVO UPYEIOV
‘Eva avtikeipevo mov ekBétel évo API mpooavatolouévo oe apyeio (e uedddovg dmwg read () M
write ()) og évav VTOKEIUEVO TTOPO. AVAAOYO UE TOV TPOTO TTOUV dNULOVPYNONKE, £VO OVTLKEIUEVO
apyelov UITOPEL VO UECOLOPNOEL OTHY TPOGPOCT OE £VOL TPAYUATIKO ApyELO0 0TO dioko 1) og dAlo TUITO
ovokeung amobfKevong 1 emkotvoviag (Yo mopdderypo Tumiky eicodog/ €50dog, in-memory buffers,
sockets, pipes, KA.). Avtikeipevo apyeiov ovoudtovron emiong file-like objects 1| streams.

2TV TPOAYUOTIKOTITA VTTAPYOUV TPELS KATNYOPLES aVTLKEWWEVOVY apyelov raw dvadikd apyela, buffered
dvadikd apyelo xon apyelo keyévov. O dLemapeg Toug opilovtal oty evotnta 1o. O Kavovikdg Tpdmog
YLOL VO S1ULOVPYNOETE €VOL OVTLKELLEVO 0Py ElOU ELVAL XPNOLUOTOLDVTOG TV OCUVAPTNON open () .

OVTIKEIUEVO TTOU HOLATEL UE OPYELD
"Evo. ouvavupo pe to file object.

KWOLKOTTO11)01] CUGTIUATOS UPYELWY KO YELPLOTHS CPUAUATOV
H xwdikomoinom Kat o xelplothg opoipdtov ypnowomoteitar amd v Python yio tv amokmdiko-
moinon twv bytes amd 1o Aettovpylkod cuoTnua Kou TNy Kmdikomoinon oe Unicode yio 1o Aettovpylko
avoTNUO.

H xmd1K0moinon ovothuatog apyeimv Wropel vo eyyundel v emtuynuév] amokwdlkomoinon Ohmy
TV bytes kKatw artd 128. EAv 1) KodLKOTOiN01 CUOTHUATOS APy ELDV SEV TOPEYEL ALUTIHV TNV EYYUNOT, OL
ouvoptnoelg API umopovv va eyeipovy éva UnicodeError.

Ovovvaptioelgsys.getfilesystemencoding () kot sys.getfilesystemencodeerrors ()
Wtopouv va xpnowostotnfotv yior vo AMABETE TV KmALKOTO0iNoT TOU CUOTHUATOS CPYELMY KoL TOU
YELPLOTH OPOALATWV.

O filesystem encoding and error handler duopopemvoviol Katd v ekkivnon tg Python amd ™ ov-
vaptnon PyConfig_Read () PA. filesystem_encoding kou filesystem_errors uéln tou
PyConfig.

BA. emtiong to locale encoding.

finder
‘Eva aviikeipevo mov mpoomadei va Bpel to loader yio €va, module stov elony 0.

Ynrdpyovv dvo tumol finder: finders ueta dStadpourns yio ypNon ue sys .meta_path, Ko finders e.6édov
dtadpouns ywo. xpnon we sys .path_hooks.

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

aképora Sraipeon
H pabnuotikn dtaipeon mov oTpoyyULoTOLEL TPOG TAL KATW 0TOV KOVTLVOTEPO akéPaLo. O TeEheoTNg okcé-
patog dwaipeong eivan / /. T mapdderyua, ) ékppaon 11 // 4 aEoloyeital og 2 og oviiOeon pe v
T 2 . 75 7OV EMOTPEPETAL OTTO TNV LAUPEDN e VITOdLOOTOM). Znueiwon otL (-11) // 4 xaver -3
€7TELON QUTN ELVOL 1] OTPOYYVAOTTOINOY TPOg Ta KdTw tov —2 . 75. BL. PEP 238.

Swpeav vijna
‘Eva povtého vrudtov 0mmov molha vijuato propotv va ektehovv Python bytecode tautdypova péco
oToV 810 diepunvéa. Avtod Epyeton oe avtifeon e to global interpreter lock, 1o omoio emitpémel o€ éva
uoévo viuo va ektelel Python bytecode ka0e popd. Aeite to PEP 703.

Swpeav petafinei
Tumikd, 0mwg opitetar oto language execution model, po ehevBepn petafAnTy elvor omoladnmoTe ue-
TOANTY XPNOLUOTTOLELTOL O £va namespace Tov eV ELVOL TOTLKY| LETAPANTY) O€ eKelvo TO namespace.
Agite 10 closure variable yio mopdderyno. TIpaktikd, AMOYw TOU OVOUOTOG TOU YOPOKTNPLOTIKOV
codeobject.co_freevars, 0 0pog PNOLUOTOLEITOL ETTLONG UEPLKES POPES G CUVADVUNO TNG closure
variable.

ouvaptnon
Mo oelpd amd dNMOOELG TTOV EMLOTPEPOVY KATOLA TUU] G QUTOV TTOV TV KAAEDE. 2 QUTEG UTOPOVV
VO TTEPALOTOUV KOVEVOQL 1] TTEPLOCOTEPO. 0PlOUaT TTOV UITOPEL VoL ypnouuorton0ei yio v ektéheon. BA.
emiong TG evotteg parameter, method, kou the function.

oUVAPTIGY annotation
'Evag annotation puog TapoU€TPOy GUVAPTIONG 1] OGS TG ETLOTPOPNGC.
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Ou ouvapTNoELG annotations Guy VA PNOLULOTTOLOVVTOL Yiot vrodelEels TOTOV: YIoL TOPAdELYUQ, VT 1
OUVAPTNON OVOUEVETAL VO TTAPEL HVO OPLOUATO 1nt Ko ETLONG AVAUEVETOL VO EXEL WO ETLOTPEPOUEVT|
T int:

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

H oVvtoEn ouvdptnong annotation avolvetar oty evotnto function.

B\ variable annotation xou PEP 484, tov mepLypaeper ovty) tnv Aertovpyikotnta. Emxiong BA. annotations-
howto yio Tig KaAUTEPES TPAKTIKEG HOUAEVOVTOG (e annotations.

__future__

‘Eva. future statement, from ___future_  import <feature>, ka0odNyel TOV ueETAYAWTTIOT VO
uetayhmtrioet to Tpéyxov module yPNOLUOTOLHOVTOG GUVTOEY 1) ONuactoloyia tov Ba Yiver 1) TumtLKY og
pelhovtiky) ékdoom tng Python. To module __ future_  tekunpuwvel tig mbove TWES Tov feature. Me
TV ELOAYWYY] OQUTNG TNG AeLTOVPYIKTG LOVADOG KoL TNV aELOAOYNOT TwV UETABATOV TNG, UWTOPELTE VO
deite moTE o vEa duvatdTNTO TPOOTEONKE YL TPWTN POPd 0TV 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] ATTOPPLUATOV

H dwadikaoio amehevfépwong g uviung otav dev ypnowpomoteitar ahho. H Python extelel ovihoyn
ATOPPLUATOV HECH KATOUETPNONG AVAPOPMV Kot EVOG KUKMKOU GUALEKTH OKOVTULOLMV TTOV EivOL O€
0¢om va aviyvevel ko va ortdel Toug KUkhoug avapopds. O ouiéktng amoppludtwy umopel va eheyy el
ypnopomolmvtag to module ge.

generator

Mo GUVAPTNOT TTOV ETLOTPEPEL EVQL generator iterator. MOLATEL e [LaL KAVOVLKT] GUVAPTNOT) EKTOG 0td TO
OTL TTEPLEYEL EKPPAOELS v i e 1d Yia TNV TOPAYWYTH oG OELPAS TUULMV TTOV UITOPOVV VO XPNOLUOTTOL 000V
o€ évav Bpoyo for Y| Tov Wtopovv va ovokTNOoUV o T popd e TV ouvaptnon next () function.

ZVVHOOG AVaQEPETOL OE L0 GUVAPTNOT generator, GAAG (LITOPEL VoL VAPEPETOL OE EVaV generator iterator
0€ UEPLKA contexts. 2e TEPLTTMOELG OTTOV TO ETLOLWKOUEVO VOO OEV ELVAL OAPECS, 1] (P01 TWV TAPWV
OPWV ATOPEVYEL TNV OLOAPELCL.

generator iterator

'Evo avILKeipevo mov dnuovpyeitol amd o ouvapTnon generator.

Ké0e yield avaotélel tpoowpivé Ty emeSepyaoia, Bupdtor Ty Katdotaoy ektéleong (cuusept-
AOUPAVOUEVOV TMV TOTTLKMOV LETAPANTOV KoL TOV dNAmoEmY doKLUNG 0€ eKKpepotnTa). Otav o generator
iterator oOUVEYIOEL, GUVEYITEL A KEL TOV OTAUATNOE (0€ AVTiBEON UE TIG CLVAPTHOELS TTOV EeKLVOUV aTTd
™V apyn o€ kdbe exikinon).

generator £K@poon

Mua expression Tov emoTpEpeL Evav iterator. MowdZer ue Kavovikt €k@paon ov akolovdeitan amd wo
npoToon for mov opilel po petafAnTy) fpoyou, Eva eVpog KoL ULoL TPOLPETLKY Tpodtaon 1 f. H ouv-
duaouévn EKpPaoT dNUWOVPYEL TLUES YLO. 0L CUVAPTNGT EYKAELOUOV:

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

YEVIKT] GUVAPTIOT)

Mo ouvdptnon mov asoteheitan amd ToMMATAEG CUVAPTHOELG TTOV VAOTTOLOUV TNV idLol Aettoupyia yio
dapopeTkovg Tumovg. Tlowa vhomoinom mpémet va ypnotpomotn el Katd ) dLapKeLo wa KAong Ko-
BopiCetar amd Tov adyopLOUo amooToryc.

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

GIL

'Evog type Tov WtopEl vo Topaetpomot0el” ouvnbmg o container class, 0twg 1ist 1 dict. Xpnot-
LOTTOLELTAL Y10 Type hints KOL annotations.

TN meploodTepeg hemtouépetes, PA. generic alias types PEP 483, PEP 484, PEP 585, xou to module
typing.

BA\. global interpreter lock.

global interpreter lock

O unyoviopdg mov xpnotiomoLeitat amd Tov diepunvea CPython yio. va, dLoopalioel dtL povo Eva vipa
extelel Python bytecode kb @opd. Avtd amhomoiel v vhomoinon CPython dnuovpydvrog to po-
VTELO OVTLKELUEVOD (CUIITTEPLANOUBOVOLEVOY KPIOL®WY EVOOUATOUEVMY TUTTMVY OTTwg TT.Y. dict) éuueoa
aoparéc évavt tautdypovng Tpoofaons. To kheidwua oAdkAnpov tov diepunvéa dlevkorivel Tov diep-
unvéa va eival TOAATADY VNUATOV, €16 FAPO0G TOU UeYAAOU UEPOUG TOV TTAPOUAAAOUOV TOV TAPEYOUV
oL punyavég ToAaTAmV eneEepyaoTmy.

Qot600, 0pLOUEVES AELTOUPYLKEG LOVADEG EMEKTAONG, EiTE TUTILKEG eite Tpitwv, EYOUV OYEdLAOTEL £TOL
wote va oehevdepdvouy to GIL 6tav ekteMoUV EpYOOieg EVIOTIKMV VITOLOYLOUMY OTTMWG GUUTTiETN 1)
katokeppotionds. Emiong, to GIL anelevbepwvetal mdvto otav extereite 1/0.

Amd v €xdoon Python 3.13, o GIL wmopei vo amevepyomonBel ypnopwomolmvtag T pviulon
-—disable-gil katd TN dloudPP®ON TG Kataokevns. Metd v kotaokeun tg Python pe avtyv
Ue QUTHY TV ETAOYY), 0 KOOLKOG TTPETmEL va eKTeleitan pue v emhoyh —X gil=0 1 agol pvbuiotel
1 petafinty) weptBaiovtog PYTHON_GIL=0. Auth 1 duvatotita emTpémel PEATIOUEVY amddoon yio
EQAPUOYEG TOMOATTAMV VNUATWV KoL SIEVKOMIVEL T (P11 TWV ETEEEPYATTMV TTOMATAMV TUPTVOV UE
aodotko tpomo. [N mepLocdTepeg hemrouépelec, deite to PEP 703.

hash-based pyc

'Evo apyelo Kpupng wnung bytecode Tov ypnOLUOTTOLEL TOV KATOKEPLOTIONO Kot L ToV Ypdvo TPo-
TTOTTOLNONG TOV OVTIOTOLYOV OPYELOV TPOEAEVONG VIO VAL TTPOCGOLOPLOEL TV EYKUPOTNTO TOV. BA. pyc-
invalidation.

hashable

IDLE

‘Eva ovtikeipevo eivan hashable v €xel pua Ty KATtokepUotlopoV o dev aAldlel moté kotd ) dudp-
KELoL TG ComMg tov (xperdeton o uéBodo __hash__ () ), ko uwopet va ouykplOei ue Ao ovtikeipevo
(xperaCetan o uébodo __eq  ()) . Ta hashable ovTIKEIUEVO TTOV GUYKPIVOVTOL G TTPOG TNV LOOTNTO.
TOVG TTPETEL VAL £XOVV TNV idL0L TLUT|] KATUKEPUOTIOUOV.

H Yrtap&n hashable kéiver éva aviikeipevo va topei va ypnowomoinei og khetdi AeEukot Ko wg uéhog
€vOGg GUVOLOU, ETTELDT QUTEG OL SOUEG DESOUEVYV YPNOLUOTOLOVY TUUEG KOTAKEPUATIOUOV.

Ta epLocdTEPQ ATd TO QUETAPANTA EVOOUATOWUEVO OvTLKELIEVA TN Python witopouv va kortakepuott-
0ToUV” TaL UETAPBANTA KOVTELVEP (OTTWG OL MoTeG 1) Tt AeELK @) dev elvan” ta apetdfAnto Koviévep (OTTmg
mhelddeg ko ta frozesets) LITOPOUV VoL KOTAKEPUATLOTOVY UOVO €AV TO. OTOLYELD TOVG ElVOL KATAKEPUO-
twouéva. Ta aviikeipeva mov eivar oTyumoTumo KAMLoewy ov opifovtal amd To ¥protTn UTopouv vo.
KAToKePUOTLOTOUV amtd mpoemAoyy). Oha ouyKpivovtal dvioa ekTog amd Tov e0utd TOUG) Kot 1 TUus
KATOKEPUOATLOUOU TOVG TTPOEPYETOL Atd TO id () .

"Eva. ohokAnpouévo meptBdhlov avamtuEng Ko udbnong yia thv Python. idle givoun éva fooukd mept-
Barov emeEepyaoiag Kat diepunvéon ov guvodeveton ord TV Ttk diavour| g Python.

Abavoro

AbOdvata avukeiueva givol o Aemrtopuépela vhiomoinong tg CPython tov oy 0n oty PEP 683.

Edv éva aviikeipevo givar abdvoto, o mAnbos avagopds Tov 8eV TPOTOTOLELTOL, KOL ETOUEVG OEV
exympeltal Toté evo extereiton o diepunvéac. o mapdderypa, True kow None elvor abdvota otny
CPython.

immutable

‘Eva avtikeipevo pe otabepn tuy. Ta ouetdpfinta avitkeipeva tepthaufavouyv apbuots , ouuforo-
oelpég Kau mhelddec. ‘Eva tétoto avtikeipevo dev pmopei vor odhGEeL. 'Eva véo avtikeipevo mpémel vo.
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dnuovpynOei edrv pémer vo omodnkeuTel o drapopetiky| tu). Maifouv onuavtikd pdro oe pépn 6o
wo otabepd amarteital, yio mopdderypno wg kheldi oe éva heEuLko.

£Loayouevo path
Mua Alota oo Tomobeoieg () kataywolioes diadpouns) Tov uropovv vo avalnmOouv path based finder
v va eloay0ovv modules. Kotd tv dradikacia eloorymyrg, avt 1 Aoto ue tomobeoieg ovvnlmg €p-
yetal amd sys.path, alhd yio ta vromoakéta pmopel emiong va £pOeL amd To YOPAKTNPLOTIKO TOV
mokétou yovéa __path_ .

£1oaywy)
H dradikacio katd v omoia 0 kmdukag g Python og éva module eivar dtofgoiun otov kmduka Python
evOg dAlov module.

EI0UYOYENS
‘Evo avtikeipevo ptopet ko va avalntel kou vo poptavel £va module” ko éva finder ko loader avi-
Keipevo.

dadpaoctikog
H Python éyet évov dLadpaotikd diepunvéa 6o onuaivel Ot WTOPELS VoL ELOGYELG ONMDOELG KAl EKPPU-
OELG 0TIV ELOAYWYT) EVIOLDY TOV SLEPUNVEQD, EKTEMDVTAG TEG AUETO KL EUPAVILOVTAG TA ATTOTEAECULOLTAL.
Amhidg ekKIVOTE TNV python ywpic opiouata (Oavdg emAEYOVTAG TO 0O TO KUPLO LEVOU TOV VITO-
Loyoth 00g). Amotelel évav amodotikd Tpomo yia va dokiudote véeg 1déeg 1) va eEetdote modules Ko
moakéto (OuunOeite help (x) ). o wepLocodTepa oyeTiKd (e T dLadpaoTikt| Aettovpyia, deite tut-interac.

interpreted
H Python eivau pia interpreted yYAdooa, o€ avtiBeon pe (o HETOYAWTTIOUEVT], 0V KoL 1) SLAKPLOT Umopel
va givat kow B0 Aoym tng apovoia tov bytecode uetayhmtTioty). Autd onpaivel 0tL To apyelo Tpo-
£\EVOTG WITOPOUV VO eKTEAEOTOVV autevdelog ywpig vo dnuovpyndel pntd évo exteréoo apyelo mov
omv ovvéyela exteleitar. O interpreted yYAdooeg ouvnOmg £xovv wkpdTEPo KUKAO avATuEN S/ evto-
TLOUOV CPOAUATMV ATtd TLG UETAYAWTTLOUEVES, OV KL TOL TTPOYPAUUOATA TOUG YEVIKA EKTELOVVTAL TTLO
apyd. B, emiong interactive.

TEPUOTIOUOS AELTOUPYINS diepunvia

‘Otov Tnreltol Tepuationds Aettovpyiag, o diepunvéas g Python eloépyetar oe pa eldikn pdon dmov
amelevbepDVEL 0TOALAKA OLOVG TOVG dLOTLOEUEVOUG TTOPOVG, OTTWG AELTOVPYLKEG LOVAOESG KoL TTOMOL-
mMég Kkpioeg eomtepikég dopéc. Emiong mpayuatomolel apketéc KMOELG 0TO GUALEK TS OKOVTLOLDV.
Avuto pmopel va evepyomomoeL TV eKTELECT] KMOLKA 08 KOTAOTPOPELG TTOV 0pllovTaL oo To xpNot 1
o¢ callbacks aoOevoig avtamokpioels. O KMALKAG TOV EKTELELTOL KATH T (AT TEPUATLOUOV AELTOVP-
viog umopei va ouvavtioer dudpopeg eEatpéoels, kabmg oL TOPOL 0Tovg 0Toiovs BacileTol evogyeTal
va unv Aettovpyovv whéov (Guvn o mapadeiynoto eivar or AettoupyLkég novadeg PLpAoONKng 1 o un-
YOVIOUOG ELOOTOOEMV).

O Baotkdg MOYog TepUATIONOU AeLTovpyiog Tou diepunvéa eivar 6t to __main__ module 1 ohokAnpo-
OnKe 1 eKTELETT TOV KMALKA TTOV ETPEYE.

iterable
‘Eva avuikeipevo tkavo va emioTpéPel to. LEAT Tov eva Kabe popd. TTapadelypota iterables mepihoufd-
vouv 6HLoVG Tov TUITOVG akohovOLMY (0mtig 11 st, st r, Kau tuple) Kat uepLtkovg THIovg U akorovdiag
omwe dict, avukeuevo apyelov, KoL OVTIKELEVO OTTOLOVONTTOTE KAAGEMY TOV UITOPOVV VO OPLOTOVY e
o uébodo __iter_ () M ue pulo uébodo ___getitem__ () mwou vhomoLel T onuoolohoyio sequence.

Ta iterables umwopovv va xpnotnosomnBovv oe éva for pdyo Kot og Todd dhha onueio dmov ypeLdiCe-
Tow et akohovdio (zip (), map (), ...). Otav éva iterable aviikeipevo uetafiLpaletor wg dpLopo oty
EVOOUATOUEVY OVVAPTNOT iter (), emoTpépel Evav iterator yio aVTIKEIEVO. Autdg o iterator eivon
KAAOG Yol €VOL TEPAOUA OO £VaL GUVOLO TLUWV. ‘OTaV X PNOLUOTTOLEITOL ETOVOANTTTIKA, oVVHOWG deV &i-
VO ATTapoiTTO VoL KOAESETE TO 1ter () 1 va aoyolndeite udovol cog ue ovitkeipeva iterator. H dnhwon
for 10 KAVEL QUTOUATO YLOL EGAG, ONULOVPYMVTAG LLOL TTPOCWPLVY] LETOLANTH XWPLS dvoua yia va KpoTd
Tov iterator yio TV dudpkela tov fpdyov. Bh. emiong iterator, sequence, Kow generator.

iterator
'Evol OVTLKELIEVO TTOU OVTLITPOomITEVEL uuat pot) dedouévawv. Emavaloufovoueves KAOoeLg Tpog T ué-
00d0 __next__ () tou iterator (1] uetaSiPon TOU OTHV EVOOUATOUEVY CUVAPTNON next () ) emoTpé-

povv dLadoytka otoryeia oty pot). Otav oyt teproodtepa dedouéva eivan dtoOéotpa eyeipetor o eEai-
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peon StopIteration. Ze autd To onuelo, TO OVTLKEiUEVO iterator eEavTieiton Kou TuyOV TEPALTEP®
KMoelg ot uéBodo _ next_ () amhdg amhd eyeipovv Eavd to Stoplteration. Ouiterators mpé-
TTEL VO, EXOUV WoL ueEBodo __iter_ () mov emOTPEPEL TO D10 TO aVTLKELUEVO iterator, £TOL WOTE KAOE
iterator va. eival emiong iterable ko umopel va ypnopomonbel oto mePLocdTEP NPT OOV Yivovion
amodektol koL Ghol iterators. Mo aStoonueintn eEaipeon eivar 0 KOOLKOG OV emLyeLpel TOMAITAG
mepdoparta iteration. 'Eva aviikeipevo koviévep (0w éva 1ist) mapdyer évav kabapd véo iterator
K&Oe popd mov kA0 popd Tov pueTaPLBAlEToL 0TV CUVAPTNON 1ter () 1) TOV XPNOLUOTOLELTAL OF VO
for Bpodyo. Edv emyeipnoete outd pe évav iterator amhdg Oa emotpéete To idLo eEaviAnuévo ovi-
Kelpevo iterator ov ypNoLLOTOONKE 0TO TPONYOVUEVO TEPOOLLO iteration , KAVOVTOG TO VA (POALVETOL
ooV €vo AOEL0 KOVTELVEP.

Meproodtepeg mAnpopopieg wropov va fpebovv oo typeiter.

To CPython dev eapudlel pe ouvémelo TV amaitnon vo opilet évagiterator __iter_ () .Emiong on-
uewote ot £xdoor CPython pe ehelBepn vtoot)piEn vudtwv dev eyyvdton v aopdieo vnudtwv
yLo dLodLKaoteg (e iterators.

ouvaptnon key
Mo ovvapTnom KAEWSE 1] o cuvapTon TaELVOUNong eivorl uio SuvaTdTHTO KAHONG TOU EMLOTPEPEL (L0,
Ty Tou ypnotpomoteitar yio toEvounon 1 dudtokn. o mapddeyna, locale.strxfrm() ypnot-
LLOTTOLELTOL YLOL TV TTOPpay WYY VoG KAELOLOU TaEivounong mov yvmpilet Tig ovuBaoelg ToaEvounong yLo.
OUYKEKPLUEVEG TOTILKEG pUOULOELG.

‘Eva aplBudg epyodleimv oty Python &éyetar Paotkég ouvvaptoelg yio Tov €Aeyyo Tou TPOmov
ue Tov omoio Tt otouyeia Tavouovvior 1 ouadomoloUviol. Avtd mepéyovv min (), max (),
sorted(), list.sort (), heapg.merge (), heapg.nsmallest (), heapg. nlargest(),
KoL itertools.groupby ().

Yrdpyouvv dLdpopol TPOTOoL Yol v dNUovpyNoete wo. ouvaptnon khewdov. To mapdderypo. n wé-
0080¢ str.lower () WTOPEL VO YPNOLUEVOEL WG OLVAPTNGT KAELDL YLOL TV TEPITTWOT WY dLAKPLONG
meCmv-Keparainv. Evallaktikd, o ovvdptnor khetdiov umopet va dnuovpyndel amd wa lambda
éxppaon 0mwg lambda r: (r[0], r[2]).Emiong operator.attrgetter (), operator.
itemgetter () Ko operator.methodcaller () &lvol TPELS KOTAOKEVAOTES FOOLKMOV OUVAPTN-
oewv. BA. to TaEwvounon HOW TO yua mapadeiypata dnuovpyiag kon pnong Pactkdy cuvapthoemy.

oprona keyword
BA. argument.

lambda
Mo 0vOVUIY] EVOOUOTWIEVY GUVEPTION TTOV OTTOTEAEITOL 0T IO LOVADLKT) expression M ogtoio aELo-
loyeiton 6tav koaheitanw 11 ouvaptnon. H ovvtoEn yio ™ dnuovpyia wog ovvdptnong lambda eivon
lambda [parameters]: expression

LBYL
Look before you leap. Avtd 10 oTvh KOdLKOTOINONG EMEYYEL PNTA TIG TTPOVTOOETELS TPLV TPOYUATOTOL-
No€L KA 0oeLg 1] avalnToels. Autd To OTul €pYETOL OE aVTIOEDN Ue TNV TPOGEYYLoN EAFP KoL YapoKT-
piteTon amd v mopovoia ToAmvV dnhwoewv 1 f.

Ze éva mepPdAlov TOAATAMY vNuaTwV, N tpocéyylon LBYL wropsi vo diakivduvevoel vo elodyet
wo ovvOfKn aydva uetall «the Looking» kol «the leaping». ['o tapdderyua o khdikag, 1f key in
mapping: return mappinglkey] WTOPEL Vo 0TOTUXEL €AV £va GANO VIO OlpaLp€oEL TO key o
TO mapping PETA T dokiut), OAG TPV mTd TV avolnmor. Avtd to mpdfinuo pmopetl va Aubel pe
KAeldwuorta 1 xpnopnomolmwvtag Ty tpooéyyion EAFP.

AeEkog avaiutig
Emionun ovouaoio ywo tov tokenizer - ). token.

AMoto
‘Eva evoopoatouévo Python sequence. Tlapd to Ovopo Tov, LWOLALEL TTEPLOGOTEPO LE EVaY VoK 08 GAAEG
YA®Oooeg Topd ue o ovvdedeuévn AMota, kabhg 1 TpodoPaon ota otouyel eivar O(1).

list comprehension
'Eva. oupstayng Tpodmog yio va eneEepyooteite Oha 1| LEPOG TV OTOLYEIWY 08 pLa 0KoAovbia KoL vo
EMLOTPEYETE WO MoTa ue To ommotedéopata. result = ['{:#04x}'.format (x) for x in
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range (256) if x % 2 == 0] dMWOUPYEL wa AMoTa CUUPBOLOCELPDV TTOU TTEPLEXOUV TVYOVG deKae-
Eadikotg aptBuovg (0x..) oto eVpog amtd 0 £mwg 255. H wpdtaon i £ eivol mpoarpetikt|. Edv mapaieipOsi,
oo TOL oToLYEleL 0TO range (256) vofarlovtal oe eneSepyaoiaL.

loader
‘Eva. avtikeipevo mov qoptwver éva module. TIpémer va opiler tig nuebodovg exec_module () Kau
create_module () yio ™V vhomoinon g demagng Loader. 'Evag loader ouvBwg emotpépetan
ue éva finder. Agite emiong:

o finders-and-loaders

e importlib.abc.Loader
« PEP 302

TOTKY] KWOKOTOIN oM
2o Unix, givat 1 kodikomoinomn g tomiky pubuong LC_CTYPE. Mropei va pubuiotei ue locale.
setlocale(locale.LC_CTYPE, new_locale).

Zta Windows, eivou 1) code page ANSI (;t.y. "cpl1252™).

Zto Android xow to VxWorks, 1 Python ypnouwtomotei to "ut £-8" g TomK KmdKomoino.
locale.getencoding () WITopEL va xpNOLUOTOLNOEL YLO TNV AVAKTI O TG TOTILKNG KMALKOTOINoNG.
B emiong to filesystem encoding and error handler.

noykt) uédodog
"Eva dtumo ouvadvuuo ya special method.

mapping
‘Eva. avtikeipevo Kovtéwvep mov vmootnpiler ovbaipeteg avolntoelg KAewdudv Kou VAOTOLEL
T uebddovg mov kabopifovior 0to collections.abc.Mapping W collections.abc.
MutableMapping abstract base classes. Ta mapodeiypota mepthapufdvovy dict, collections.
defaultdict, collections.OrderedDict kaiLcollections.Counter.

meta path finder
'‘Evag finder mov emotpdgnke e avalnmon oto sys.meta_path. Ou finders peta-diadpoung oyeti-
Covtat, aAAG dLapépovv amtd ta finders entry diadpoun.

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

ueTo-kKAaon

H xhdon wag khéong. O opiopoi kKAGomg dnurovpyotv éva dvouro KAGong, éva AeEtkd Khaong Ko o
Mota Baotkdv kKhGoewv. H peto-khaon givor vetfuvn yio Ty ardKTon outdv Tov TpLdv opLtopd-
TOV Kot TV dnuovpyia tg kAdone. Ot meplocoTepPeg OVILKELUEVOOTPEPELS YMDOOES TPOYPOUUUATLOUOV
TTOPEXOUV ULaL TTPOETUAEYEVT] VXOTTOINOT. AuTtd TTou Kdével tnv Python Egymploti eivan dtu givan duvari
1 duLovpYlo TPOGUPUOOUEVWV UETOKAAOEWMY. OL TEPLOGOTEPOL YPNOTES OEV Ypetdlovtal ToTté ovtd To
gpyoheto, ahhG OTOV TOPAOTEL OVAYKT), AUTO TO EPYOLELD, OL LETA-KAAOELS WITOPOUV VAL TTOPEYOVV LOY V-
péc, kKoupeg Moels. 'Exouv ypnoyomomOet yio thv Katoypogy Tpoooong xapaKTNPLOTIKMV, TV TPOo-
0ONKN AoPALELOG VNUATWOV, TNV TOPAKOAOVONON dnuovpyiag ovTLkKelévmy, Ty vhomoinom singletons,
Ko ToAAEG GMAEG epyaTies.

[eploodtepeg mAnpopopieg wropotv va fpefolv oto metaclasses.

uébodog
Mo ouvépTnon mov opiteton uésa 0to omua wag kKhaong. Edv kaleital og yopaKTnpLotiko (og e-
pirttwong avtg g KAGoNg, 1 uéBodog Ba MaPer avitkeipevo mepimtmong wg TpdTo TG argument (To
omoio ouvBwg ovoudteton self). BL. function Ko nested scope.

oepd avalvons uebodwv
H Zeipd Avahvong Mefodwv eivar 1 oelpd ue tnv omoia ot faotké KAAoELS avalntoUvTo Yo Eva LEAOG
Katd v ovolntnone. BA. python_2.3_mro yio AemTouépeleg Tov alyopifuou mov X pNoLUOTTOLEITOL ATd
Tov depunvéa tg Python amwd v €kdoon 2.3.

module
"Evol OVTLKELLEVO TTOV Y PTOLUEVEL DG OPYAVOTLKY LoVAda Tov kKmdLka tng Python. Ta modules éxouv évav
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YWOPO OVOUATMV TToU TTEPLEXEL avbaipeto aviikeipevo Python. To modules goptmvovtor oty Python pe
™V dradikaoio importing.

Bh. emtiong package.

TEYVIKES TTPOdLaypapés module
"Eva. namespace Tou JTEPLEYEL TIG TANPOPOPIES TTOV OYETITOVTOL UE TNV ELGOYMYY] TTOV Y PTOLLOTTOLOVVTCL
Yo TV @OpT™won evog module. Mia stepisttwon tov importlib.machinery.ModuleSpec.

BA. eziong module-specs.

MRO

BM\. method resolution order.

mutable
Ta evuetaAnTo aviikeipeva uropotv vo alAEouv Tig Tuég oG va Kpatioovy ta id () . Bh. extiong
immutable.

named tuple
O 6pog «named tuple» epapudletal yio 0molovonmote THmo 1 KAAGH oV KAnpovoueitar omd Ty
TILELAD L KOL TWV OTTOLWYV T GTOLYELC WTTOPOVY VO EVPETHPLOTTOLNOO0VV Elval TPOGRATLILL PN OLUOTOLMD-
VTAG ETOVUIA YoPpaKTNPLOTIKA. O TOTOog 1) 1) KAAOT WTopel va €yl Kot GAMOL Y OPAKTNPLOTIKA.

Io\hoi evompatwpévol tomot eivor named tuples, GUUTEPLOUBAVOUEVOV TOV TLUODV TTOV ETLOTPEPOVTAL

amd time.localtime () koL os.stat (). Eva ahho mapaderyna eivar 1o sys. float_info
>>> sys.float_info[1l] # indexed access

1024

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

1024

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

True

OpLopEVeES avayvoPLoUEVES TTLELADEG elval EVOMUATOUEVOL TUTTOL (OTTMG T TAPATAVD Tapadelyuato).
EvolLoKTIKA, (o avayvoplopévn TAetado uropet vo dnuovpynbel amd £vov oplopd Kavovikng KAG-
o1g OV KAnpovouei amd tuple ko wov opilel ykupa medio. Mo tétoto KAAom umopel va ivan ypou-
pév ne to yépL N uopel va dmuovpyndei Kinpovoumvrog 1o typing . NamedTuple, 1 pe Ty factory
ouvapton collections.namedtuple (). Oitelevtaieg TeyVikég TPOTOETOVV ETTIONG UEPLKEG ETTL-
héov uefddovg ov umopel va unv Bpefolv og XeLPOYPOPES 1) EVOMUATWUEVEG TAELADES Ue OVOLLO.

namespace
To uépog dmov amodnkevetar wo petafinty. To namespaces VAOTOLOUVTOL WG AEELKA. YTAPYOUV OL
TOTLKOL, OL KAOOALKOL KoL 0L EVOMUOTOUEVOL namespaces KoOMg KoL oL £vOeToL namespaces 0€ AVIIKEL-
ueva (oe nebddovg). o Tapdderyua oL ouvaptoelgbuiltins . open KoL os . open () dlokpivoviol
aTtd TOUG YWPOVG OVOUAT™V Tovs. O xmwpot ovoudtwv fonbolv exiong tnv avayvooludtnTa KoL T ov-
vInpnowoTTa Kabotmvtag oapég toro module viomotel o Aettovpyio. I'ia mapdderypa, ypdpovtog
random.seed () Nitertools.islice () xkaBLotd capéc OTL AUVTEG OL GCUVOPTIOELG VAOTOLOVVTOL
artd To module random kow itertools, aviioTtouya.

TOKETO Namespace
'Eva package mwov ypnoueter uOvo mg KOVTELVEP YLOL VTTOTOKETA. Ta TAKETO Y MPOV OVOUATMOV UITOPEL
VO UTY €XOUV (PUOLKT] AVOITTOPAOTOON KoL OVYKEKPLUEVA VO unv glvar oav éva regular package emeidn
dev éyovvTo __init___ .py apygio.

To TaKéTo XOPOV OVOUATOV EMLTPETOUV 08 TOAAG TTAKETA Ue dUVATOTITO EYKATAOTAONG LELOVOUEVDL
VoL €XOUV €VOL KOLVO YOVIKO TTaKETO. ALAOPETIKA, OVVIOTATOL 1) XPNON EVOG regular package.

TN tepLocdTepeg mAnpogopies, deite to PEP 420 xou to reference-namespace-package.
BA. emtiong module.

nested scope
H duvotdmto avagopds oe wa uetafint) oe évav meptkhetdpevo optopd. Ta mapdderypo uo ov-
vapTnom mov opiletal péoa og wo GAA ouVAPTNOY WiTtopel Vo avagpépetal o LeTaAnTtég oty eEw-
TEPLKT] CUVAPTNON. ZNuelmote Ot to évOeta medio amd TPOETLOYTH AELTOUPYOUV UOVO YLoL Avapopd
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Kaw oL yo ekympnon. Ou tomikég petafAntég duaffaovral KoL ypagovTaL 0To E0MTEPLKO TEDIO EPap-
poyns. Ouoiwg, ou kaBolkéc uetafintég drofdtovv Kot ypdpouv otov Kabohkod ympo ovopdtwy. To
nonlocal smTpémel TNV eyypopn oe eEnteptkd mediol.

KkAdo1 vEOU oTUA
To tahd dvopa Y 10 €100 TV KAAGEMY Y PN OLUOTTOLELTAL TTAEOV Y10l OMOL TAL AVTLKELUEVOL. Z€ TAMOTEPEG
exdo6oeLg TG Python, povo oL KAAGELG VEOU OTUA WITOPOVOOY VO Y PTOLULOTTOLT|GOUV TIG VEOTEPES, EVEMKTEG
duvatotteg g Python émwg _ slots_ , descriptors, 1010t)teg _ _getattribute_ (), uébodor
KAGong, Kou otatikég uébodot.

OVTIKEIUEVO
OmoLadNmote dedouéva e KaTaoToon (YOPaKTNPLOTIKA 1) TUY) Kot KaBopLopévn ovpmepLpopd (ueédo-
dov). Emtiong, M telkn ookt kAo omolacdfmote new-style class.

BertioTomotuUEVO TTEdIO 0pATOTNTOS (SCOpPE)

'Eva mtedio opatdtnTog (scope) 0ov To ovOUATO TOV TOTKOV UETOPANTOV eival YvmoTo ue Befardtnta
OTOV UETOYAWTTLOTH KOTA TH UETOYADTTLON TOV KOILKA, EMLTPETOVTOG T BEATLOTOTOINGT TG TPOoPa-
ONG VL0 AVAYVOOT KoL EYYPap o€ autd ta ovopata. OL TomKol XMPOoL OVOUAT™Y YLo. GUVOPTNOELS,
YEVVITPLEG, GUVAPTNOELS coroutine, oUUTTUEELS (comprehensions) Ko eKpPAOELS YEVVIITPLOY BEATLOTO-
TTOLOVVTAL PUE OUTOV TOV TPOTTO. ZNUELWOT: OL TEPLOCOTEPES BEATLOTOTOLNOELG TOV BLEPUNVED EPAPUO-
Covtal og Oha To medio opaTOTNTOG WOVO eKEIVES TOV BacilovTal 08 YVWoTO GUVOAO TOTILKMV KoL Ut
TOTKMV HeETaBANTMV TTEpLopitovion o felTioTomotnuéva medio opaTdTNTaC.

TOKETO
"Eva. Python module mov ptopei va wepiéyel submodules 1) avadpoukd, vtomokéta. Texvikd, éva makéto
elvar pa hettovpyukt) povado Python pe éva _ _path_ yopoktnplotko.

Bh. emtiong regular package xou namespace package.
TUPAUETPOS
Mua £yKupn oviotnta o€ Evav oplopd function (| uéBodog) mov kabopilel Eva argument (1) 0€ OPLOUEVEG
TEPLITTOOELS, Opiopata) wov umopel va dexOel 1 ouvaptnomn. Yradpyovv mévte eldn mapouétpmv:
o MéEn-kAeldi 1) Oéon: kabopilel éva dpLopa Tov witopet vo petafipaotel gite Odoews N wg dptoua
AéEnG-kAetdiov. Avtd eivol To TPOoETAEYUEVO El00G TAPAUETPOV, VLol TAPAdELYUA foo KoL bar GTa.
akorovba:

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

o Oéoewe udvo: Kabopilel £va dpLopa mov uopel va mapéyetor uovo amd ) Béon. Ou mapduetpot
uovo B€omg WTopovV va, 0pLOTOVV CUUTEPLAAUBAVOVTOG EVOY XAPAKTHPO / 0T AMOTO TAPAUETPOV
TOV OPLOPOY GUVAPTNONG UETE OTTO AUTES, Yo Tapaderyua posonlyl xou posonly2 ota eENG:

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

o AéEnc-kAeldi udvo: kaBopilel évo OpLopa ov popel vo mopéyxetor udvo ue MEN Khewdi. Ou ma-
pauetpor povo yro AMEEN-KAedi Wtopotv va. 0pLoTolV ouUITEPILAUBAVOVTAG WL TTAPAUETPO OF-
ong 1 ok€To * 0TI MOTa TAPAUETPWY TOU OPLOUOY GUVAPTNONG TIPLY OITO QLUTEG, VLA TTOPASELY L
kw_onlyl xou kw_only2 ota axohovOa:

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

o uetafAinti Oéong: kabopilel OTL pumopel va mapaoyedel wo avbaipetn akohovdio optoudtmy O€ong
(emumhéov Twv oplopdtav Bong ov eivor 1N arodektd amd dhheg Tapouétpovs). Mia tétola
TOPAUETPOS WTOPEL VO OPLOTEL TPOCAPTDVTOG TO OVOULL TNG TTAPAUETPOV UE *, YLO. TTOPAELY L
args oto. akohovba:

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

o uetaPinth AéEn-kAeldi: kabopilel OTL umopovv vo apéyovrar cvdaipeto ToAG opiopata AEENG-
KAeLdLov (emuthéov Twv opropdtwv MENG KAEWdL00 Tov givan 0rodektd 0td dleg apauétpoug).
Mo tétole TOPAUETPOS UTOPEL VO OPLOTEL TPOCUPTMVTAS TO OVOUD TNG TOPAUETPOV UE * *, YLl
mopdderyuo kwargs OTmG TAPATAV®.
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O opdpeTpol wropotv va Kabopicouvy TO00 Ta TPOALPETLIKA OG0 KL T OITOLTOVUEVO OPIOUOTO. , KO-
OMG Ko TPOETUAEYUEVES TUIEG VLA OPLOUEVA TTPOOLPETLKG OPLOUALTAL.

BA. emtiong v argument KatoympLon evpetnpiov, Ty epwtnon FAQ oyetikd e 7 dtapood uetatd opt-
GUATOV Ko TapauéTow, TNV KAMAoN inspect .Parameter, v evotnta function ko PEP 362.

path entry
Mo pepovmuévny tomobeaio oto import path v omoio. oupfovieveton o path based finder yio va. Bpet
modules yia eLo0yYN.

path entry finder
‘Evag finder mov emotpépetat amd évav Kohovuevo oto sys.path_hooks (dnhadn éva path entry
hook) mov Eépel g va evtomiler modules e path entry.

B\ importlib.abc.PathEntryFinder yia tig uebddovg mov o entry finder dtadpoung viomotei.

path entry hook
"‘Eva kahovuevo ot Mota sys . path_hooks, To omoio emotpépel éva path entry finder eGv Eéper Twg
va Bpioker module o€ o cuykekpLuévn path entry.

path based finder
'‘Eva oo to mpoemmheyuéva meta path finders mov oavolntd évo. import path yuo modules.

path-like avrikeipevo
‘Eva aVTLKELIEVO TTOV avTLITpoomteveL €va path ovotiuatog apyeiov. ‘Eva avtikeipevo path givau gite
éva avTIKEipEVo str 1] bytes mov aviurpoowstevel £va path 1 £va AVTLKEIUEVO TTOV VLOTTOLEL TO TTPW-
tOKoMO os . PathLike. Eva avtikeigevo mov vtootnpilel o tpwtdkolro os . PathLike umopei va
petotpostel og path cvotpatog apyeimv str 1 bytes Kahdvrog thv ouvdptnon os . £spath () ” 1o
os.fsdecode () koL os.fsencode () UTOPOVV VO XPNOLWOTOLNOOVY YO TV EYYUNOT] EVOS OTTOTE-
Mouatog str M bytes, aviiotorya. EwlonyOn and tov PEP 519.

PEP
[Mpotaon Bedtiwong Python. ‘Eva PEP sivan évo €yypago oyedlacpot mov mapéyel IANpoQopieg oTny
Kowvotnta Python 1) mepuypdper wa véa duvatdtnta yio v Python 1 tig dradikaocieg 1 to mepiih-
Lov . To PEP Ba mtpémel va mop€youv (o GUVOTTTLKT) TEYVLKT TPOdLOYPOpY] KOl (Lot AOYLKY] YLt TO
TPOTELVOUEVOL Y OPOKTNPLOTLKAL.

Ta PEP mpoopiCovror va givar oL KUpLot unyaviopuol yior v pdtaot uovVILK®V VE®V XopoKTPL-
OTIKAV, Lo T OVAMOYT TANPOQOPLAV TNG KOLVOTITAS Yot Vo TNTNUOL KO YLoL TNV TEKUNPLDOoT TV
ATOPAoEMV OYEDLOOUOV TTOV €Youv eloay el otnv Python. O ouyypagéag tov PEP eival viteubuvog yio
TV 0LKodOUN 0N CUVaLVETNS eVTOG THG KOLVOTNTAG KOL TNV TEKUNPLDON AVTIOET™V OTOPewWV.

BL. PEP 1.

i
'‘Eva 0volo amtd apyeto o€ évav wovo Kotdhoyo (evOexouévmg amobNKeVUEVO OE APYELO Zip) TTOV GUW-
Baiovv og évo namespace TOKETO, OTWG opiletar oto PEP 420.

opopa O¢omng
BA. argument.

provisional API
"Eva. provisional API givar autd mmov éyer eokeupéva eEonpebdei oo tig backwards eyyunoelg cuppatoTn-
TAG TNG TUTILKNG BLBAOOTIKNG. AV KoL OEV OVOUEVOVTOL ONUAVTLKES OMLAYEG OF TETOLEG DLETAUPES, EPOTOV
ETLONUOLVOVTOL WG TTPOCWPLVES, alhayég un backwards cuufatotntog (LEypL KoL Katdpynon g ote-
TOPNG) WITOPEL VAL TPOKMPoUV eGv KpLbel amapaitnto amd Toug faotkovg Tpoypounatiotés. Tétoleg
odhayég dev Ba yivouv Gokoma - 0o cupfotv udvo edv amokoluOouv cofapd Oepelmon eraTTmuoTo
7OV FTOPOLELPONKAY TPV 0TTo T cuuTtepiinyn tov APL

Axoun xou yuo provisional API, ou pun backwards ouvpfoatég odhayés Bempouvvtar «hiom €oyatng
avaykne»- Ba eEakolovbei va yivetar kbOe mpoomdBera yio va Bpebel wa Aon backwards cupfoti
0€ TUYOV EVIOTILOUEVO. TTPOBANUOITOL.

Avti ) dradikooio emrtpémerl oty Turtikt BulodnKn va ovveyioel va eEeliooeTal pe TV Tapodo Tou
YPOVOU, YWPIG VO KAELOMVEL TPOPANUATIKG OAALOTA OYESLAOUOV VL0 EKTETAUEVES YPOVIKES TTEPLODOUG,.
BML. PEP 411 yio meploodtepeg AemTOUEPELES,
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provisional Tokéro
BA\. provisional API.

Python 3000
Wevdmvupo yia to ovvolo ekdooewv Python 3.x (emvonOnke spuv amd okt koupd dtav 1 kKukhogopio
™G €kd0oong 3 NTav KATL 0TO HOKPLVO PéEMLOV.) Autd ovoudleton emiong mg cuvtopoypapio «Py3k».

Pythonic
Mo 1déa 1) £va Koupdtt KOdLKa Tov akohoVOEL TTLoTA T 7TL0 KoLV tdudpota g yAwooog Python, avi
Vo VLOTTOLEL KMALKOL YPNOLUOTOLMVTOG £VVOLES KOLVEG ot dAheg YAmooes. Ta mapdderypa, £va Kowvo
wimuo otnv Python eivar va kéver wo emavéinym cave amd oha to otouyeio £vog iterable ypnoiuo-
mowwvtag wo dMiwon for. TTodég dhheg YADOOES TOV HEV £YOUV OVTOV TOV TUTO KOTAOKEVNG, £TOL OL
avBpwmol ov dev eivan eEotketmwuévol ue v Python ypnowwomolotv ueptkég @opég évav aptduntikd
peTpNTA:

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

Avtibeta, wo mo kabapn uébodog Pythonic:

for piece in food:
print (piece)

AVOYVOPLOUEVO OVOUQL
"Eva Ovopa ue KoUuKKideg mov deiyvel tn «dadpoun)» amd to Kabolkod eupog evog module oe pua kKAAoT,
ouvaptnon 1 uébodo mov opiletar oe avtnVv TV EVOTNTA, OTtwg opiletal oto PEP 3155. T'ia ouvaptioelg
Ko KAAOELS OVATATOV ETLITEDOV, TO OVOLYVWPLOUEVO OVOUOL ELVOL I8LO LIE TO OVOUA TOV OVTLKELUEVOU:

>>> class C:

class D:

def meth(self):
pass

>>> C._ _qualname
lcl
>>> C.D._ qualname_
'C.D'
>>> C.D.meth._qualname_
'C.D.meth'

‘Otav ypnoLpomoLeitol yio ovapopa oe modules , To TAOWS aVayvwELGUEVO dvoua ONUOLVEL OLOKANPO
To drakekoupévo path pog to module, cuvumephauBavouévav ToyxOV YOVIK®OV TOKETWVY T.Y. email.
mime.text:

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

i 00c avagopas
O aptBudg TV avapopmv o éva oviikeipevo. Otav 1o 00 avapopdv evOg aVTLKELUEVOY TETEL
070 UNdEV, Katovéuetat. Mepikd aviikeipeva eivan immortal Ko €xouvv TAf00g avapopwv Tov dev Tpo-
TTOTOLOVVTOL TTOTE KL ETOUEVIG TO. AVILKELIEVO deV Kotavépovtor oté. H xatauétpnon avoapopmv
vevikd dgv elval opaty otov kmduka tng Python, odAd eival faotkd atouyeio tng viomoinong CPython.
OL TTPOYPOUUOTLOTES WITOPOVV VAL KAMEGOUV T CUVAPTNON SYS . getrefcount () Yo VoL ETLOTPEYPOVY
70 TAH00G aVaPOPAG YLOL EVOL CUYKEKPLUEVO 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 KATGLOYOS Tov TepLéyeL éva __init_ . py opyelo.
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BA. emtiong namespace package.

REPL
Axpwviuo tov «read-eval-print loop», GAkn ovouaoio yio to interactive TepOALOV TOU dLepUnveQ.

__slots__
Mo dHhwon péoo o€ pLa KhAom Tov eE0LKOVOUEL uviun SNAMVOVTOG €K TWV TPOTEPWV XDPO YLCL T
PASELYUO XOPAKTNPLOTIKG Kol eEaleipovTog MeELkd oTLyoTimtmy. Av Kou SNUOQIAAG, 1) TEXVLKT eival
KATwg dUOKOAO VoL Yivel 6mOTI Ko TPoopileTol KaAITEPO. VLo GIIAVIEG TEPLTTWOELG OTTOV VITAPYEL UE-

YOLOG aPLOUOS OTLYIOTUTTMOV GE (0L EQOPUOYT KPLOWNG-UVIUNG.

akolovbic
'Evog iterable wov vtooTnpilel TV TOTENECUATIKT] TPOOPOAOY OTO GTOLEID YPNOLUOTOLDVTOG OKE-
porovg deikteg uéow tng eLdLKN neboddov _ getitem () xou opiler uo uéBodo _ len_ () mou
emOTPEPEL TO UNKOG TG akolovdiag. OpLouévol evomuatouévol Tomol akorlovbdv eivor 1ist, str,
tuple, kou bytes. Enuewnote 6t to dict vmootnpilel emiong _ getitem () kouw __ len_ (),
alG Bewpeital aviioTolylon Kol Oyl akolovbic emeldn oL avalntioelg xpnotpuoToovy avbaipeta
hashable x\eldLd TAPA OKEPOLOL.

H agnpnuévn paoikn khdon collections.abc.Sequence opilel o oA mo mhovoto die-
o) mov Eemepvd tor amhd __getitem_ () kow __len__ (), adding count (), index(),
__contains__ (),xo___reversed__ ().Ott0moL wov vhomolotv authy TV dtevpupévn diemop
uopovv va kKatoympnBovv pntd ypnopnoroiwvtag register () . [N meplocdTepn tekunplmon oye-
TKG pe TG uefddovg axorouvdiag yevikd, avatpéEte oto Common Sequence Operations.

set comprehension
"Evog ouumayng Tpomog yio va eneEepyaoteite Oho 1) BEPOg TV oToLyelmv e éva iterable Ko vo emi-
oTpapel €vo oUvolo e to ototeléopata. results = {c for c¢ in 'abracadabra' if ¢
not in 'abc'} dnwovpyei to ovvoro ovpporocelpwv {'r', 'd'}. BL. comprehensions.

pnovadiko dispatch
Mua popen dispatch generic function 6mtov 1) vhomoinon emAéyetal ue fAomn Tov THTo EVOG LELOVOUEVOU

oplouortoc.

slice
‘Eva aviikeipevo mov ouvi|fmg mepLéyel £vo tunpua tag akohovdiog sequence. Anpovpyeiton éva slice
YPNOLUOTOLMVTAG T onueimaon subscript, [] pe dvo kot KGtw teleieg ueto€l apbudv otav divovio

toAhol, OTwg 0to variable_name[1:3:5]. H onueiwon aykiing (subscript) xpnOLUOTOLEL EGWTE-
pLKG avtikeipeva slice.

OTOPYOLOUEVY UE 1)TTL0 TPOTO
'‘Eva astapyotwuévo e 1o tpdmo API dev Ba pémer vo pnoLomoLeitol og vEo Khdtka, alld eivar
aoparéc ag NON vtdpyovro kmdika va to xpnoposotel. To API mapopével TekunpLmuévo Ko doKLua-
ouévo, ol dev Ba evioyviel mepartépw.

H xatdpynon pue no 1pdmo, oe aviifeon pue v Kavovikn Katdpynot, dev oyxedidlel Tnv Katdpynon
tov API xou dev Oa exmépmeL ELOOTOL|OELG

Agite PEP 387: Soft Deprecation.

€191k pédodog
Mo uéfodog mov Kaheitol olmmnpd amd v Python yia vo ekTeAEoEL (o oLYKEKPLUEVT) hettoupyia oe
évav timo, dmwg 1 Tpoodnk. Tétoleg péBodol £xouve ovopata Tov EeKLvoUv Kol TELELMVOUV e SLTAEG
Kdtw mavkec. Ou eldikég uéBodol TEKUNPLOVOVTOL 0TO0 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 a list of all possible standard library module names.

dMlwon
Mua tpdTaon eivar uépog uag oovitag (§va «umhok» Kodika). Mo tpdtao eival eite évag expression
elte wa oo wodhég douég e o AEEN-Khewdi 6mwg i £, while 1) for.
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EAEYK TG OTATIKOV TUTOV
"Eva eEmtepukd epyaieto dmmov dafdlel Tov Python kddika KoL Tov avalvel, avalntmviog Tpopfiiuoto.
omwg havbaouévol Tomol. BA. extiong rype hints ko to module typing.

stdlib
An abbreviation of standard library.

strong reference
Zto C API g Python, po woyvph avagopd eivol pa avogopd oe £va OVTLKEILEVO TOU OVIKEL OTOV
KddLKo Tov mepLéxel v avagopd. H woyvpn avagopd hopfdveton kohdviog to Py INCREF () Otav
1 avapopd dnuovpyeitol Kou aehevbepmvetol e Py DECREF () OTOV SLOYPAPEL 1] Ava(popd.

H ouvaptnon Py_NewRef () Wropei vo xpnouootn0el yia T dSnuovpyia loyuphg avapopag oe va
avtikeipevo. Zuvnbwg, N ouvapton Py _DECREF () mpémel vo KAAEITOL 0TV LoYvpy avopopd pLy
ByeL amd o €VPOG TG LOYVPNG AVOPOPAGS, VLo VO OTTOPEVYOEL 1] dLOPPON ULOG AVAPOPAGS.

Bh. emiong borrowed reference.

KWOKOTOIN01 KENEVOY
Mo ovpBorooelpd otnv Python eivan o axohovBio onueiwv kmdika Unicode (oto eVpog U+0000-
U+10FFFF). [No va amobnkedoete 1 va UeTapEPeTe (o OUUPBOLOTELPA, TPETEL VO OELPLOTTONOEL ™G
duadikn axolovbia.

H oepromoinom wog ovpporooelpdc oe pua Suadikt| akorovdio eivol Yvwot) mg «KmdLKomToinon» , Kat
1 avodnuovpyia g oupporooelpdc amd ™V dvadiki akohovbia eival YvmoT mg «amoKmdLKoToi-

nom».

Yrdpyel o wolkihicn SLapopeTikg OELPLOTTOinong KeLévou codecs, oL 0TToioL CUALOYLKG avapEéPOovTaL
WG «KMOLKOTOLNOELG KEWUEVOU».

OPYELD KEWWEVOU
'Eva file object tkavd va. SafBael Ko vor YpAgpeL aviiKeipeva str. Zuyvd, Evo apyeio KELWEVOL AoKTa
TPAYUOTLKG TPOOBO0T OE (o por) duadikt) por) dedouévmv Kal XeLpIleTol autopata TV fext encoding.
TMopadeliyuatao apyeiwv KEWEVOU Elval apyela Tov avoiyovy o€ Aettovpylo kewwévou ("r' M "w'), sys.
stdin, sys.stdout, kot oTLyWwoTUTO TOV 10. StringIO.

B\. emiong binary file yia éva ovTiKeiuevo opyeiov pe duvatdtnta avayvmong Kot eyypapng dvaducd
avTKelueva.

AekTiko ovpforo (token)
Mo pkpn) povado nyaiov Kmdika, wov mapdyetar amd tov lexical analyzer (Yvwotd koL g avalvtr)
(tokenizer)). Ovouata, opLtOuot, CVUBOAOCELPES, TELEOTEG OMMAYES YPOUUNG KOL TTOPOUOLOL OTOLYELOL OLVOL-
mopiotavtol og AekTikd ovufoia (tokens).

To module t okenize ekBétel Tov heEukd avaluti tng Python. To module t oken mepiéyel TAnpogopieg
YOl TOVG dLAPOPOUS THITOVG AEKTIKDV GuUBOAmV (tokens).

oUUPOAOGELPE TPUTAMY ELCAYWMYIKOV
Miat oupBoROCELPG TTOU HECUEVETOL OITO TPELG TIEPLITTWOELG ELTE EVOG ELTUYMYLKOD (») 1] LAG ALTTOOTPO-
@ov (). Av Kai dev mapéyouv Kauia Aettovpytkotta mov dev eivar diabéoun pe ovppfolooelpés e
ROV ELOAYWYLKA, €ivol YXPTOLIES Yo dLapdpoug AMOYOUS. Zog EMTPETOUV VO, CUMITTEPIAAPETE LOVA Ko
AUTAG ELOAYYLKA X WpPig dLopuyn) 0€ o CUUBOAOTELPA KoL UWITOPOUV VoL EKTEIVOVTAL OF TTOMES VPO~
HEG xwpig TN XPNHOTN TOV YAPOKTHPA CUVEXELD, Kablothvtag To Wiaitepa yprotua Katd t ouvian
eYYPAPWV e CUUPBOLOOELPEG.

TOMOC
O timog evog Python avtikewévou kabopilet T eidovg avrikeipevo eivale KaOe avikeiuevo €xel évay
T070. O TUTOG EVOG OVTIKEWEVOU ELVOL TTPOOBACLILOG WG TO YOPAKTNPLOTIKO _ class_ 1) WIopEl va
avaktnOel pe type (obj).

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

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

WITOPEL VL YIVEL TTLO EVAVAYVOOTO OTTWG:

Color = tuple[int, int, int]

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

L J

B\. typing xouw PEP 484, mou mepuypdgper autiv Ty AeLToupytkotnTa.

type hint

'Evag annotation wov KaBopilel Tov avapevouevo THIo yLo. (ol LETABANTY), £va X opaKTnpLoTko KAdong
1 WOl TTOPAUETPO OVVAPTNONG 1] TULY] ETTLOTPOPNG.
O vitodei&elg TOmwv (type hints) eivar Tpoarpetikég ko dev emBdihovton omd v Python, odAd eivon

YPNOLWES YL static type checkers. Mmopotv emiong va fondnoouvv tovg IDEs pe t ovumipwon Kot thy
AvVadLOUOPPWOTN KMALKA.

YnodeiEeig tomov (type hints) yio KaBohkég peTafANTEG, YOPAKTNPLOTIKE KAAONG KOL OUVOPTY-
oelg , OMG Oyl ToTkég petafAnTég, WITopovV VA TPOOTEAACTOUV YPNOLUOTOLWVTAG TO typing.
get_type_hints ().

B\ typing kauw PEP 484, mov meprypdper autv Ty AeLToupyLkoTnTa.

Kofohkég véeg ypauués

"Evo tpOmog epunveiag pomv KeWWEVOU aTov 0mtoio OAa T akOhouba avayvwpiloviol wg MEeLG oG
ypouung: 1 ovppaon téhovg ypapuhg tov Unix '"\n', 1 oVupaon tov Windows '\r\n', Kou v ma-
Mé ovufoon Macintosh "\r'. Br. PEP 278 xou PEP 3116, xa0d¢ KoL bytes.splitlines () ywo
tpdobeTy ypnHon.

annotation petafinrig

'Evag annotation o, PETOPANTNG 1] EVOG YOPOKTNPLOTLKOU KAAOTG.

‘Otov annotating puo LETOBANTY 1 va xopakTnpLotikod KAGong, 1 avabeon eivol TpoapeTikn:

class C:
field: 'annotation'

Ta annotations HETAPANTOV XPNOLUOTOLOVVTAL CUVIOWGS YLOL 1ype hints: Y10 TOPAdeLYUa auTh M LeTaPAnNT
avouévetal vo el Tiég int:

[count: int = 0 }

H ovvta&n annotation petaAnTig meprypdpetal oty evoTnTo annassign.

BA. function annotation, PEP 484 xouw PEP 526, mov meprypdpouv avuty| T Aertovpyia. Agite emiong
annotations-howto yia BENTLOTEG TPAKTIKEG OYETLKA UE TNV EPYOOLO LE OYOMACUOVG.

virtual environment

"Evo. ouveEPYOTUKA OTTOUOVOUEVO TTEPLBAALOV YPOVOU EKTELEDTG TTOV ETLTPETEL OTOVG YPNOTEG KOL TLG
epapuoyég g Python va eykataomoouv kou vo avafaduicovv makéto davoung Python ywpig va
mapeuPaivouv oty ovuePLpopd GAmY epapuoydv Python mov extehotvial 0To idLo cvoThua.

B\ emiong venv.

virtual machine

"Evag vitohoylotig opiletor €€ ohokApou artd To Aoyiopukd. H eukovike| unyoavn tng Python extehei To
bytecode OV EXTEUTETOL ALTTO TOV PeTAYAWTTLOTY bytecode.
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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 (PLAOGO@LMV TOU ELVOL YPTOLUES YLOL TV KATAVONOT KL T (P10
™g Yhwooog. O Katdhoyog umopet vo Bpedel minktporoydviog «import this» otnv 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 © 2001-2024 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
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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.
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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.
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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

The uu codec contains the following notice:

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)

112 Mapaptnua I'. lotopia kat Adsla



Python Frequently Asked Questions, Anpocicsuon 3.13.7

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

The modules hashlib, posix and ss1 use the OpenSSL library for added performance if made available by the
operating system. Additionally, the Windows and macOS installers for Python may include a copy of the OpenSSL
libraries, so we include a copy of the OpenSSL license here. For the OpenSSL 3.0 release, and later releases derived
from that, the Apache License v2 applies:

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

TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION
1. Definitions.

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

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

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

"You" (or "Your") shall mean an individual or Legal Entity
exercising permissions granted by this License.
(ouvéyela oty eV oehida)
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"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
Contribution(s) alone or by combination of their Contribution (s)
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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
with Licensor regarding such Contributions.
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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 i1if 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

.3.13 expat

H enéxtaon pyexpat dMUWOUPYELTOL XPNOLUOTOLMVTAG £VO CUUWTEPINOUBOVOUEVO OVTLYPAPO TMWV TTIYMV
expat, ektog edv 1 €kdoom £xeL TNy pUOULON ——with-system-expat:

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:
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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 Bpioketor KATW o6 TNV €VOTNTO ctypes dNWOUPYELTOL XPNOLUO-
moLdvTog €va ovumepthapupavouevo avtiypago twv mnydv 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 ¥p1oLULOTOLMVTAS VO CUUTEPLAAUBAVOUEVOL avTiypapo TV Tnydv zlib,
eqv 1 £xdoom Tov zlib tov BpiokeTol 0To CVOTNUO ELVOL TTOA) TTOALA YLOL VAL X PN OLULOTTOLNOEL YL TNV KATOOKEVT):

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
(ouvéyela oty eV oehida)
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claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be
appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean—-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

M.3.16 cfuhash

H vhomoinom tov mivaKo KatoKepUOTLoNoy JTov ¥PNoLUoToLeiTan artd 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.

M.3.17 libmpdec

H enéxrtaon _decimal mov Bpioketar KGtw omd Vv evotnta decimal €lvol (QTIOYUEVY YPVOLUOTOLD-

vtag éva ovumepthapufavopevo avtiypogo g BprodNkng libmpdec, extdg av 1 €kdoon éxer pubuLom
—--with-system-1libmpdec
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Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

M.3.18 W3C C14N ocouita doKLHuNiQ

H covita doxiurig C14N 2.0 oto mokéto test (Lib/test/xmltestdata/cl14n-20/) avaktibnke amxd
tov totdtomo tov W3C https://www.w3.0org/TR/xml-c14n2-testcases/ ko drovéuetar pe thv adewa 3 pNTpwv
BSD:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All Rights Reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of works must retain the original copyright notice,
this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the original copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
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
(ouvéyela oty eV oehida)
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{OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

.3.19 mimalloc
MIT License:

Copyright (c) 2018-2021 Microsoft Corporation, Daan Leijen

Permission is hereby granted, free of charge, to any person obtaining a.
—COpYy

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 SHALIL 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 evotntag asyncio evomuatmvoviol axd to uvloop 0.16, 1) omoia dtavéuetan ue ddewor 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
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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M.3.21 Global Unbounded Sequences (GUS)

The file Python/gsbr. c is adapted from FreeBSD’s «Global Unbounded Sequences» safe memory reclamation
scheme in subr_smr.c. The file is distributed under the 2-Clause BSD License:

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.
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