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KEDAAAIO 1

General Python FAQ

1.1 General Information

1.1.1 What is Python?

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

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

1.1.2 What is the Python Software Foundation?

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

Donations to the PSF are tax-exempt in the US. If you use Python and find it helpful, please contribute via the PSF
donation page.
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1.1.3 Are there copyright restrictions on the use of Python?

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

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

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

1.1.4 Why was Python created in the first place?

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

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

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

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

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

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

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

1.1.5 What is Python good for?

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

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

Python versions are numbered «A.B.C» or «A.B»:
» A is the major version number - it is only incremented for really major changes in the language.
B is the minor version number - it is incremented for less earth-shattering changes.
« C is the micro version number - it is incremented for each bugfix release.

See PEP 6 for more information about bugfix releases.

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

Alpha, beta and release candidate versions have an additional suffix:
« The suffix for an alpha version is «aN» for some small number N.
« The suffix for a beta version is «bN» for some small number N.
o The suffix for a release candidate version is «rcN» for some small number N.

In other words, all versions labeled 2.0aN precede the versions labeled 2.0bN, which precede versions labeled 2.0rcN,
and those precede 2.0.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

4 Kegalato 1. General Python FAQ


https://wiki.python.org/moin/BeginnersGuide
https://mail.python.org/mailman/listinfo/python-list
https://mail.python.org/mailman/listinfo/python-announce-list
https://www.python.org/community/lists/
https://www.python.org/downloads/
https://www.python.org/
https://devguide.python.org/
https://bugs.python.org/
https://bugs.python.org/user?@template=forgotten
https://devguide.python.org/
https://ir.cwi.nl/pub/18204

Python Frequently Asked Questions, Anpocicuon 3.10.19

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 major new release every 12 months (PEP 602).

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

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

1.2.2 How many people are using Python?

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

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

The comp.lang.python newsgroup is very active, but not all Python users post to the group or even read it.
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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://www.python.org/dev/peps/ for the Python Enhancement Proposals (PEPs). PEPs are design documents
describing a suggested new feature for Python, providing a concise technical specification and a rationale. Look for a
PEP titled «Python X.Y Release Schedule», where X.Y is a version that hasn’t been publicly released yet.

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

1.2.5 Is it reasonable to propose incompatible changes to Python?

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

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

1.2.6 Is Python a good language for beginning programmers?

Yes.

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

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

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

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

>>> dir (L)

['_add__', '__class__', '__ _contains_ ', '_ _delattr__ ', '_ delitem__ ',
' dir_ ', '_doc__', '_eq ', '__format__', '__ge_ "',

' __getattribute__', '__getitem__', '__gt__ ', '__hash_ ', '__iadd__"',
' dimuwl_ ', ' init_ ', '__diter_ ', '_le_ ', ' _len_ ', '__1t_ "',

' mul_ ', '_ne_ ', '_new__', '_ _reduce_ ', '_ reduce_ex_ ',

' _repr_ ', '__reversed_ ', '__rmul_ ', '__setattr__', '__setitem__',
' sizeof_ ', '__str__ ', '__subclasshook__', 'append', 'clear',

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

'reverse', 'sort']

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

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

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

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

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

[1]

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

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

If you want to discuss Python’s use in education, you may be interested in joining the edu-sig mailing list.
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KEDAAAIO 2

FAQ lNMpoypappatiopou

2.1 N'evikég EpwtnosLg

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

Noau.

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

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

To duadpaotikd mepifdrrov avimtuEng IDLE, to omoio amwotehel pépog g Tumikng diavouric Python (ouviBwg
drabéapo g Tools/scripts/idle3), mov mepthapufaver éva ypagpiko pdypauu EVIOTLOUOU OQIMATOY.

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

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

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

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

e Wing IDE
« Komodo IDE



https://github.com/python/cpython/blob/main/Tools/scripts/idle3
https://github.com/mhammond/pywin32
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e PyCharm

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

Nouw.
Pylint ko Pyflakes kévouv fooikd éheyyo mov Oa cog fonbNoeL va evtomioete To oQALLOTA VOPLTEPQ.

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

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

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

To éva elvol va Yp1OLULOTOLOETE TO EPYAAELD TOYMUATOS, TO 0TOl0 TEPIAAUPAVETAL 0TO OEVIPO TNYALOV TNG
Python wg Tools/freeze. Metatpémel dvadikd kwduka Python oe C mivakegs pe évav C petayhottioti wropeite va
evowpatwoete OAa To. modules oag og £va vEo Tpdypaua, TO 0TTOL0 0T GUVEYELD OVVEETOL Pe TOL TuTtLkd Python
modules.

AELTOVPYEL CAPDVOVTOG TOV 1YL KOOIKA AvadpouLkd yio SNAmOeLg eLooymyNs (Kat 0TLg dU0 LoPRES) KoL OVOL-
Intwvtag to modules otnv Tumiky dtadpoun) Python kabmg kol 0Ttov Katdhoyo mpoghevong (VLo EVOOUOTOUEVOL
modules). Ztnv cuvéyela yupilel Ta bytecode yia modules wov eivon ypapuéveg oe Python og kduka C (initializers
TEVOKE TTOU PITOPOVY VA, UETATPOITOUV OE AVTIKELUEVA KMOLKO XPNOLLooLdvtag To marshal module) ko dnpovp-
Vel VoL TPOGOPLOOUEVO APYELD LAUOPPWOTG TTOU TTEPLEYEL LOVO EKELVa TO Evomportopuéva modules Tov xpnoLuo-
TTOLOVVTAL TTPAYUOTUKG OTO TTPOYPOUUA KOl TO OUVOEEL e Tov vtdlowto depunvéa Python yio vo oynpotioet éva
AUTOVOUO dUAdLKO OPYELD TTOV eLTovpYEl OKPLBMDG OTMG TO GEVAPLO OOG.

Ta Tapakdto TokETo uropovv va oog fondnoovy yua v dnuovpyio ekteléotumv Kovoohag kol GUI:
 Nuitka (Cross-platform)
 Pylnstaller (Cross-platform)
» PyOxidizer (Cross-platform)
o cx_Freeze (Cross-platform)
o py2app (macOS uoévo)
o py2exe (Windows uovo)

2.1.4 Ynapyxouv mpotuna kKwdilkoroinong n odnyog OTUA yla mpoypdappata
Python;

Nat. To 6TVA K®OLKOTOINONG TOV ataLTelToL Yo ta Tumtikd modules BupiioOnkng texunprovetan wg PEP 8.
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2.2 Baown Nwooa

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

Miropei va givar EktAnEn va Mfiete To UnboundLocalError o€ KOSIKA TTOU AELTOVPYOUTE PO YOUUEVIIG OTAY
TPOTTOTOLETOL TPOOHETOVTAG (o SNAWOT EKYDPNOTG KATOU OTO GMUC OGS CUVAPTNONG.

Avtd 0 KwdiKac:

>>> x = 10

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

>>> bar ()

10

douvlevel, oG aVTOG 0 KOdLKAGC:

>>> x = 10

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

KatolyeL o€ éva UnboundLocalError:

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

UnboundLocalError: local variable 'x' referenced before assignment

Avutd ovufaivel emteldn o0tav kdvete o ovabeon oe wa uetafAnty oe éva €0pog, auty 1 UeEToPANT YiveTa
TOTKY) 0€ QUTO TO VP0G Ko 0KLALEL omtoLadnote peTa ANty pe mapopoto dvouo oto eEmtepikd evpog. Egpdoov n
televtaia TPdTaon 0to f0o EKYWPEL PLaL VEQ TLUY OTO X, O UETAYAMTTLOTG TNV AVAyVOPILEL WG TOTTLKY] UETAPANTY.
Katd ovvémeia dtav 1 mponyoluevn print (x) emuyelpet vo eKTummoeL TV uninitialized tomuky| petafinty Ko
TPOKVITTEL GPAUOL.

210 TOPATAVOD TOPASELYILA, WTOPELTE VO ATTOKTHOETE TPOOPaat 0Ty petafinty eEwtepikov ebpoug dnhdvovtog
™V WG KaBoMK):

>>> x = 10

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

>>> foobar ()
10

Avti m pnti) OMhwon astonteiton Yo vo oo vteviuuioel Ot (o€ avtifeat) pe v emLpavelakd avahoyn kKotdotaon
UE TG UETAPANTEG KAAONG KoL OTLYWOTUTTOU) OTNV TPAYUOTIKOTNTO TPOTTOTOLETE TNV TULY TNG UETAPANTNG OTO
eSwtepkd medio:

>>> print (x)
11

Mitopeite va kavete KATL mapouoto og éva évBeto medio ypnowuoroldvtag T AEEN Khewdi nonlocal:
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>>> def fool():

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

2.2.2 Mool eival oL Kavoveg yLa TLG TOTILKEG Kal TLG KABOALKEG HeTABANTEG oTNV
Python;

Ztnv Python, ou petafintég mov avapépovral Lovo Héco o€ (o ouvapTnon eivan épueco Kabohkég. Edv oe pua
uetofANT exywpnOel P Tt 0TOVdNTOTE UECO OTO OMUO TG OVVAPTNONG, Bewpeital OTL elvorl TOmIKT, EKTOG
av dNhwOel pnTd wg KoBOAK.

Av xou givan Aiyo €kmAngn oty apyt, ovtd to eENYel o oty Amd T pla mhevpd 1 amaitnon global yia
EKYWPNUEVEG UETAPANTEG TOPEYEL ULt YPOUUT] EVOVTL AVETTLOVUNTOV TTOPEVEPYELMV. ATtO TNV AAAY, GV OTTOLTELTOL
global yio Oheg Tig KaBoMKES avapopéc, Oa ypnopwomotovoate global Ohn Ty dpa. Oa énpeme vo dNhdoeTe
g KooK KAOe avapopd o€ uLa evomuatmuévn Aettovpyia 1) oe éva otouyelo evog eloaryduevov module. Avty
1 OKOTAOTAGL0 B0 VIKNOEL TNV %PNOLUOTNTO TS ONAwoNng global yio TOV EVIOTLOUO TUPEVEPYELDV.

2.2.3 lNuarti ta lambdas mou opifovtal o€ €vav BpOX0 HE SLAPOPETIKEG TLHEQG ETIL-
OTPEPOUV OAa TO iBLO ATIOTEAECUAQ;

Ag vrtobéoouue bt ypnopomoreite évav Bpoyo for yia va opioete pepikd duapopetikd lambdas (1 axodpo Ko
ATAEG OUVOPTNOELS), TT.Y.:

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

Avtd oag divel e Alota mov mepteyel 5 lambdas wov vwohoyilovv Tto x* * 2. Mmopel vo mepiuévete otL, dtav
KaAéoeTe, Oa eméotpepay, avtiotowya, 0, 1, 4, 9 ko 16. Qotdoo, 6Tov dokiudoete mpaynotikd Oo deite OTL OAL
eMOTPEQPOLY 16:

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

Avtd ovpfaiver emeldr) To x dev gival Tomkod Yo ta lambdas, alhd opifeTor oto eEwTepikd gVpog Ko eival Ttpo-
opdowo dtav to lambda xokeitar — oy dtav opiletat. Zto TEA0Gg TOU BPOYOU, 1) TLUT TOV X elvol 4, ETOUEVIG OEG
Ol GUVOPTNOELG ETLOTPEPOVY TP 4 * * 2, dnhadn 1 6. Mmopeite entiong va to emoinBevoete alhdlovtag TV T
OV X Kou OelTe Twg aAAACovy ta amoteléopata Tov lambda:

>>> x = 8
>>> squares|[2] ()
64
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To va To amopiyeTe autd, Tpémer vo atobnKevoete TG TWéG oe uetafAntég Tomkég oto lambda, €tolL wote va
unv paciZovrol oty Tur| Tov KoBoMKov x:

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

Edw, 10 n=x dnuovpyet po véa petofinti) n tomikn oto lambda kow vtohoyiCetan dtav to lambda opileta €Tol
MOTE Vo €xEL TNV idLaL TLUY| TTOV Elye TO x O eKElvo TO onueio Ppoyov. Avtd anuaiver 6tL 1 Ty Tov n Ho eivon 0
oto pwto lambda, 1 oto deltepo , 2 0TO TPiTO Ko oUTw KaBeE . Emouévimg ka0e lambda o emiotpéyel Twpa
TO OWOTO ATOTELECUAL:

>>> squares[2] ()
4

>>> squares[4] ()
16

ZNUELDOTE OTL AUTN 1) CUUITTEPLPOPQ dEV elval LOLOUOPEY Yo to lambdas, aAld LoYVEL KOl YL0L KAVOVIKEG AELTOUP-
vlec.

2.2.4 MNwg porpalopal KABOAKEG peTABANTEG o€ modules;

O Kavovikdg TPOTTOG Yo Vo LoLPALEDTE TIANPOPOPIEG LETAEY TOV AELTOVPYLKMV LOVASWVY UEse. og £va, udvo Ttpod-
ypauua givor 1 dnuovpylo evog eldikov module (ouyvd ovoudteton config 1) cfg). Amhwg eloorydyete to module
dLaudppmong oe dieg ta modules TG epapuoyns oage to module 6TV cuvéyELa YiveTan SLaBEoLuo mg ToyKOoULo
ovoua. Emedn vtdpyer povo éva mopdderypa yio kdbe module , ou odhary€g wov yivovtal 6TO aVTIKEIUEVO TOU
module avtikatostpiovtor wavtov. o mapdderyuo:

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 vroYPn 6tL M yp1on evog module eivar extiong 1 PAon Yo TV e@apuoyy Tov potifov oyediaouo singleton,
YLoL TOV 1810 AdYO.
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2.2.5 Moleg eival oL «BEATLOTEG NMPAKTLKEG» yLa TN XPNHoN import oe €va module;

TCevikd, unv xpnowomoteite from modulename import *. K&t tétolo dnuovpysl wa okatootocic 6To
importer’s namespace, koL KaOLotd o d0okoro Yo Ta linters vo, evTomicouv ampoadidpLoto ovOouaTa.

Ewoaywryn modules otnv Kopugt evog apyelov. Me autdv tov tpomo kadiotd oapéc oo diha modules amaitel
0 KMOLKOG 00.G KOL ITOPEVYOVTOL EPWTNOELG OYETIKA Ue TO av To dvoua TG wovadag eivar eviog mediov. Xpn-
OLUOTTOLMVTOG €vo import ava ypouuf Kadlotd evkoln tv mpoodfKkn Kot T diaypogpr module imports, aAlG
YPNOLUOTTOLMVTAG TTOMATAG iImports avd ypapung Katovolmvetal Myotepog xmpog otny 00dv.

Eival kol mpaxtik edv eiodryete module pe tv axdlovdn oepd:
1. tumkd module BiproONKNg - m.%. sys, os, argparse, re

2. module BifloBfKNG TPiTwVY (0, TL €ivar eykateoTnuévo oto Katdhoyo site-packages tng Python) - m.y.
dateutil, requests,PIL.Image

3. tomkd avorttuypéva modules

MepLiég (popEG ELVOL ATTOPALTNTO VO LETAKLVNO0VV 0L ELOAYWYEG O€ (e GUVAPTNON 1 KAGoN yia vo amogevyHotv
spofiuarta pe TG Kukhkég etoaymyés. O Gordon McMillan Aéel:

Ou kukAkég eloaywyég elvor kKahég dtav kot ta dvo modules ¥PNOLULOTOLOVV T1 LOPPY) ELOAYWYNG
«import <module>». Astotuyydvouv dtav 1o 20 module BéheL va dpel £vo dvopa atd to TpwTo («from
module import name») KoL 1] EL0AYWYN EVOL 0TO KOPUQAL0 emimedo. AvTtd CUUPOiVEL ETELDT| TO TPWTO
module gival omaoyo UEVO UE THV ELOAYWYH TOU 20U.

Ze quThV TNV TEPLTTMON, £dv To devTEPO module ¥PNOLUOTOLEITOL UOVO TE ULOL GUVAPTI O, TOTE 1] ELOOYWYT) WTOPEL
evkoha va petapepOel uéoa o autiv Ty ovvapTnor. Amd ™) oTiypn Tov Koheitan 1) eLooywyn, To tpdto module
Oa €xeL OAOKANPOOEL TV 0Py LKOTOIN 0T, Kot To devtepo module puwopei vo K&vel Ty eLoaywyn Tov.

Mropei emiong va eival amopaitTo Vo LETOKLVIOETE TLG ELCAYWYES AT TO AVITEPO ETLTEOO KWOLKA, EAV OPL-
ouéva artd To. module eivol GUYKEKPLUEVOL VLo TV TAATPOPUOL. ZE QUTHY TV TEPLITTOON, EVOEYETOL VO UMV ELvaL
Kav duvatih 1 eloaywyr OMmV Tov modules 0To ETAVM UEPOG TOV OPYELOV. ZE AUTNV TNV TEPLTTWOT), 1] ELOOYWYN
TV owot®v modules 0TOV AVTIOTOLYO0 KMOLKO Y10, CUYKEKPLUEVT TAATPOPUA ELVOL ULat KO ETTLNOYT).

MEeTOKLVI|OTE TIG ELOOYWYES O€ TOTLKO TTEDL0, OTTWG UECO O EVOLV OPLOUO CUVAPTNONG, UOVO EQV ELVOL OTTOPALTNTO
va huBel éva PPN OTOG M ATOPUYY WLag KUKAKYG ELoaywyng 1 edv mpoomadeite va Heunoete Tov ypdvo
TIPOETOLUAOLOG PLaG LOVADOG. AUt 1) TEXVIKT givar wdaitepa xpnowun edv TolEg amd Tig eLoaywyEG Oev eivai
amopaitnTeg avadioyo (e Tov TPOTO EKTELETNG TOU TPOYPAULOTOS. Miopeite emiong vo OéheTe vo ueTaKIvnoeTe
TG ELOAYWYEG O€ (Lo ouvapTno edv ta modules xpnoLpoTolovvTaL HOVo 08 AVTV T CUVAPTHON. AdBeTe VITOYN
oTL M POpToN evog module TNV TPOTY POPA UITopPEL vaL elval damavnpn AOYm TNG WAG POPAS TNG UPYLKOTOINONG
tov module, alké M POpTWON £VOg module TOAES (opég eival axedOV dwPedv, KOOTILOVTOG LOVO UEPLKES OVALT)-
thoelg oe AeELkd. Axdua xau av to dvopa tov module €xel Eegpiiyer amd To medio eqpapuoyig tov, To module giva
mBavag dabéouo oto sys.modules.

2.2.6 MNnarti porpalovral oL MPOETIAEYHUEVEG TLHEG HETAEU TWV QVTLKELHEVWYV;

Autdg 0 TUTOG GPAALOTOG CUVNOMG dUYKMVEL VEOPUELG TIPOYPUUUOTIOTES. ZKEPTELTE AVTNV TN CUVAPTNON:

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

return mydict

Tnv TPt POPA TOV KAAELTE AUTHV THY GUVAPTH O, TOo mydict mepléyel Eva uepovouévo ototyeio. Ty devtepn
@opa, To mydict mepiéyer dvo otoyeia yrorti dtav to foo () Eekiva tnv ektéheot), To mydict Eekwvd pe éva
avTikeipevo oM péoa.
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Zuyvh ovopévetar Ot o KAon ouvaptnong dNUWOUPYEL VEQ AVTUKEIIEVA YLOL TTPOETUAEYUEVEG TWUES. AeV cuufai-
ver qutod. OL TPOETLEYUEVES TYES dNUOUPYOUVTOL KPLBMDS Uiat Qopd, 0Tav opieTal 1 cuvaptnon. Eqv ovtd to
avtikeipevo aldEel, 6mwg to heELkd og outd To Tapdderyna, enOUEVES KAOELS 0TV GUVAPTNOY Ba avapépovTal
0€ aVTO TO AAAAYUEVO OVTLIKELUEVO.

EE oplopo, auetdfinta aviikeipeva 6mwg apbuoi, ovpforooeipéc, Theldde Kar None , eivor ao@oly oo oh-
hayéc. Ou odhayég oe petafintd avikeipevo omwg AeEkd, Moteg Kau mapovoieg kKAGoewv umopet va odnynoouvv
o€ oUYyyLoN.

Adyw ovtg TG duvATOHTNTAC, ELVOL KOAT) TPOKTIKY| TPOYPAUUATIONOU VO UMV YP10LLoToLelte uetafintd avt-
Keluevo og mpoemiheyuéveg Téc. Aviibeta, ypnoLomoleiote None mg TPOETAEYUEVY TLUT KoL LEGO OTNV OU-
vapTom, eLEYETe edv 1 TOPAUETPOG eivar None Kat dnuovpyhote o véo Moto/heEikd/d, L kal av eivar. T
TOPAdELYLOL UV YPOETE:

def foo (mydict={}):

oG

def foo (mydict=None) :
if mydict is None:

mydict = {} # create a new dict for local namespace

Avti 1 duvatdTnTa uropel va givan gpnouy. Otav €xete uua ouvapTnon Tov gival Ypovopopa Yol TOV VITOAO-
YLOWUO, UL0L KOLVY) TEXVLKT) Elval Vo artoOnKeVoeTe TPOswPLVA TIG TOPAUETPOUS KOL TV ETLOTPEPOUEVT] TLUT) KAOE
KAMONG 0T GUVAPTNON KoL VO ETLOTPEPETE TNV TPOoWPLVA artoBnkevuévn Ty edv TnnOei Eavd m idia T,
Avtd ovopdleton «memoizing», Kol (WTOPEL VO EQAPUOOTEL G EENG:

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

# Calculate the value

result = ... expensive computation ...

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

B0, WTOPOVOATE VO PN OLUOTOOETE o KADOAKY LETABANTY TTov mepLéyel éva AeELKo avi yio TV TPoemley-
uévn tpre Eivouw O¢ua yovotov.

2.2.7 Nwg propw va HETABLBACW TIPOALPETIKEG TIAPAMETPOUG 1} TIAPAMETPOUG
AEEEWV-KAELOLWYV ATd TN Hla ouvapTnon otnV aAAn;

SUMEETE TOL OpLOHOITOL AP OLULOTTOLOVTOG TOVG specifiers * Kai * * 0T Mot TapauéTpmy TG GuVApTNoNG: Auto
oag divel ta opiopato 0¢omg mg mAelddo Kat ta opiouoto MEewv-kAedidv wg AeELkd. 2T CUVEYELD, UTOPELTE
VoL LETOPLBACETE QUTA TOL OPLoUATO KOTA TV KAOT GAANG GUVAPTNONG UE TN XPTION TOV * Kol * *:

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

g(x, *args, **kwargs)
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2.2.8 Moua eival n dtapopad PeTaEU OPLOPATWY Kal TIAPAHETPWV;

Topduetoor 0pitoviol amd To OVOROTA TOV EUPAVITOVTOL OTOV OPLOUS OGS CVVAPTNOTNG, EVA TO 0QIGUATA ELVAL
Ol TLWEG TTOV TTPAYUOTLKG HETAPLBATOVTAL 08 pa ouvAapTon KoTd TV KAon . O mapduetpol opitovv T kind
of arguments pwopet vo. deytel o ouvaptnom. o mopdderypo dedouévou Tou 0pLOUOY TG CUVAPTNONG:

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

Joo, bar xou kwargs givon tapauetpol g func. Qotdoo, 6tav Kakeital ) func, Yo TopAdELyIL:

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

oL Twég 42, 314, Ko somevar gival opiopota.

[13 ”

2.2.9 lNartin aAAayn ™ng Aiotag “y” aAAalel eniong Kaw tn Aiota “x”;

Av ypdapate kddLko OmTwg:

>>>

=[]
>>> = x

>>> .append (10)

MKOKRRX

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

wwopel va avapwtiéote yiati 1 TpoodKn evog oToLygiov 0Tto v dAhoEe emtiong To X.
Yndpyouv &0 mapdyovieg mov opdyouv ovtd To ommotéheopa:

1) Ou petapintég eivar amhd ovopata Tov avagépovtal oe avitkeipeva. Kavovagy = x dev dnuovpyeitol
avTiypapo g Motog — dNovpyel uua vEo UETAPANT ¥ TTOU OVOQPEPETAL OTO (D10 AVTLKELUEVO TTOV OVOL(pPE-
PETOL TO X. AUTO ONUALVEL OTL VITAPYEL WOVO £VAL OVTLKEUEVO (1] AMOTA), KOL TO X KOL TO ¥ QVOPEPOVTOL OE
otd.

2) O Moteg eivou mutable, wov onuaiver 6t prrtopeite vo aAMAGEETE TO TEPLEXOUEVO TOUG.

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

Av aviiotoryloovue €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
>>> y

WITOPOVUE VoL BOVUE OTL OE AUTHV TNV TEPLTTWON X KOL y OV gival TAEOV {00 AVTO CUUPALVEL ETTELDT| OL OKEPOLOL
apuol elvow immutable, ko Otav kévovue x = x + 1 dgv uetodhdooeton To int 5 ovEGvovtag TV T
Tov. avtifeta, dnuiovpyolue Eva véo ovTikeipevo (to int 6) KoL To eKywpovue 0to x (dNhadi), alldlovtag 1o
OVTLKELIEVO GTO 0TTOL0 AVOPEPETAL TO X). META atd auTnv ™V avdbeon éxovue dVo ovtikeipeva (ta ints 6 and 5)
Ko 9V0 UETABANTEG TTOU AVOPEPOVTOL OF QUTA (X TOPO. AVAPEPETOL 0 6 0OAMG v akdua avapépetal oTo 5).
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Oplopéveg hettovpyieg (Yoo tapaderypa v . append (10) Kot y.sort ()) HETAAALOOOUV TO OVTLKEILEVO, EVD
eMUPaveLakd Ttapdpoteg Tpakelg (Yo mapddetypa y = y + [10] Kau sorted (y)) dnuovpyouv éva véo
avikeipevo. Fevikd otnv Python (Kau og Oheg TIg mepLT®oelg oty Tummiky BLiiodnim) wa pébodog mov uetoh-
Maooel éva avtikeipevo Bo emotpépel None yio vo, amo@UyeL T oVyyuon twv dvo tirwv mpdEewv. Etopévag,
eav ypaete Katd Mabog v . sort () vouiLovrag ot Ba oog dwael £va TaEvounuévo avtiypopo tov y, Oa Kato-
MEete ue None, to omoio mbavotato Oa TPoKaAéoeL To TPOYPAUUd 0ac vo dnuovpynoet évo Mabog to omoio
SLOYLYVOOKETOL EVKOAAL.

Qo1000, VITAPYEL Ui Kot yopio Aettovpyldv dmov 1) idLa TpaEn €xel nepLKES PopEg BLAPOPETIKEG CULITEPLPOPES
e dLapopeTikovg THTOVG: oL etavEnuévol teheotéc avdbeong. Na mopdderypa, += uetodhdooel Tig hMoteg oAAG
Oy tg mhelddeg M tovg ints (a_list += [1, 2, 3] eivowico ue a_list.extend([1, 2, 3]) Ko
uetodhdooera_list,evoto some_tuple += (1, 2, 3) Kowsome_int += 1 dNWOUPYEL vEQ AVTILKEIUEVAL).

Me Mo Moyua:

o Edv éyoupe éva petofinto avikeipevo (List, dict, set, KAm.), WTOPOUUE VO XPNOLUOTTOL|COVLLE OPLOUE-
VEG OUYKEKPLUEVES AELTOVPYIES VIO VO TO HeTOAMGEOUNE Kot ONEG TLG HETABANTES TTOV AVAPEPOVTOL OE QUTO
Oa douv TV aihaym).

o Edv éyovue éva apetapinto avitkeipevo (str, int, tuple, KAT.), OAEG OL UETAPANTES TOV OVOPEPOVTOLL
og ovtd Oa Prémouv hvTo TV (0L T, aAhG oL hetTovpyleg TOU B0 LETATPETOVY QUTHV TNV TLUT| OE ULaL
VEQL TLUTY) ETLOTPEPOUV TTAVTA EVOL VEO AVTLKELUEVO.

Edv 0éhete vo yvowpilete edv 800 UETAPANTES AVAPEPOVTAL OTO (OLO OVTLKELUEVO 1| OYL, LWTTOPELTE VOL XPNOLLOTTOL-
1|0€TE TOV is operator, 1] TNV EVOOUATOUEVH ouvipThon id () .

2.2.10 MNwg pnopw va ypayw pLa ouvaptnon He napapetpoug e£0d0u (KARON HE
avagopa);

Na vudote 0tL ta opiouato uetapiBacovral ue avadeon oty Python. Epdcov 1 exympnon dnpuovpyel amhog
AVAQOPEG O€ OVTLKELIEVQ, dEV VITAPYEL PEVOIDVLLO UETAED EVOG 0VOIOTOG 0plopNaTog 08 auTd OV KAAEl Ko o€
OVTO TTOV KOAELTOL, KOL ETOUEVIG DEV VITAPYEL KANOT TTPOG avoupopd amtd ndvn te. Mmopeite vo. emttiyete 1o
emBuuntd amotéleopa ue SLipopovg TPOTOVG.

1) Emotpépovtag (o Thetdda TV otoTeEAEoUATMV:

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

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

>>> funcl (x, V)

("new-value', 100)

Avti| givor oyedov avta 1 mo Sexdbopn Ao,
2) Xpnowpomounvrag KabBohkég uetafAntéc. Avtd dev eivar aopaléc Yo vijua KoL dev ouvioTaToL.

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

>>> def func?2(a):

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

>>> func?2 (args)

(ouvéyeLa 0TV ETOUEVT] GEMDQL)
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(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)

>>> args
["new-value', 100]

4) Tepvovrag oe évo AeELkd mov petaAhdooeToL:

>>> def func3(args):

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

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

5) 'H opadomolote TlEG 08 WoL Tapouoia KAGong:

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

>>> def func4 (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': "mew-value', 'b': 100}

Aev vtdipyer oyedOv moTé Kohdg MOYOG va yivel outd TepihoKo.

H xoltepn emhoyr) oog eivol vo. EmLOTPEPETE PLaL TAELADO. TTOU TTEPLEYEL TTOMATAL QTOTELETUALTAL.

2.2.11 NMwg dnuloupyeite pLa ocuvaptnon uyniAdétepng tagng otnv Python;

"Eyete d00 emA0YEG: WTOPELTE VAL Y p1oLomooete EvOeta media 1 umopeite va ypnowuomoufjoete callable aviikei-
ueva. T mopdderyua, ag vrobéoovue ot Oéhete vo oploete To linear (a, b) mov emMOTPEPEL ULaL OUVAPTNOT
f (x) mov voloyilel TNV TN a* x+b. Xpnowomolwvtag évieta medio:

def linear(a, b):

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

return result

'H ypnowomoimvtog éva callable avrtikeipevo:

class linear:

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

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

Kau otig 800 mepLntioels:
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taxes

linear (0.3, 2)

divel éva callable avtikeipevo 0mov taxes (10e6) == 0.3 * 10e6 + 2.

H mpooéyyion tov callable avitkeluévou €x€L TO UELOVEKTNLOL OTL Elva ALyo TTLo opyT| Ko 0dnyel oe ehagppmg ueyo-
Mtepo kwdika. Qotdoo, onuelmote ot po. ovAhoyn amd callables pwopel vo LOLPAOTEL TV VITOYPAPT) TOUG UECW
KAnpovowkottac:

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

To avtiKeipevo Wrtopet vo evOulaKdoeL Ty Katdotaon yia ToAéc 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

Edw inc (),dec () kowreset () AeLTOUPYOUV OOV CUVOPTNOELG TTOV LOLPATOVTOL TNV 1dLa peTtafSAn T pétpnone.

2.2.12 MNwg pmopw va avilypayw €va avtikeipgevo otnv Python;

TCevikd, doxiudote copy . copy () N copy .deepcopy () Yo T YEVIKY] TEPLTTWOT. AEV UTOPOVV VO OVTLYPOL-
oUV Ol TOL avTLKeluEVa, O TO TEPLOGOTEPOL UWITOPOUV.

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

’newdict = olddict.copy ()

O axolovbieg LITOPOVY VO OVTLYPAPOVY UE TEUAYLOUO:

’new_l = 1[:]
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2.2.13 MNwg pmopw va Bpw TLG HEBGDOUG 1 TA XAPAKTNPLOTLKA EVOG AVTLKELHUEVOU;

TNo Topdderypa o KAGomM x tov opileTor omd To YpNotTn, dir (x) emoTpépel o ohpafnTiks AMota pe to
OVOLLOTA TTOV TTEPLEYEL TOL X APUKTNPLOTIK TNG OVTOTNTAGS KO TLG eBODOVS KL TOL XOPUKTNPLOTIKA TTOV 0pifovTol
o7to ™V KAAo Tov.

2.2.14 MNwg priopei 0 KWSLKAG HOU Va avakKaAUyeL TO OVOUa EVOG QVTLKELHEVOU;

Cevikd AmVTOG, OV WTOPEL, ETTELON T OVTIKELLEVO dEV £X0VVE TPAYUATIKA ovopata. OUoLaoTIKA, 1] EKYXMOPNON
deopevel Thvta éva Ovoua o€ P Tiute To 1010 LoyvEL Yo Tig dhwoelg def Ko class, oAd o vty TV mepi-
stwon 1 T eivou callable. AdBete vrdyn Tov akdlovbo KHdLK:

>>> class A:

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

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

Avougiopnmta 1 kKhdon éxel éva dvoua: mapodho Tou eival deopevpévy og V0 ovOUOTA Kol KOAEITOL LEGW TOU
ovopatog B 1 dnuoupynuévy ovtdtnto eEakolovdel va avapépetor wg ovrdtnta g KAdong A. Qotdoo, eival
adOvaTo va ovue gite To Gvoua ™G ovtoOTITAG Elval a 1 b, Kabdg Kot To. dU0 ovouaTo cuvOLoVTaL UE TNV 1dLaL
).

Cevikd uhavtac, dev 0o TPETEL VoL ELvaL OTTOPALTNTO 0 KMILKOG GOG VO «YVOPILEL TOL OVOUOTA» GUYKEKPLUEVOY
Tiwav. Av dev ypapete eokepuéva evdooKomKa (introspective) poyppuata, avto givar cuvnBog wa évoelEn ot
uot oMY TTPOGEYYLONG UITOPEL VAL EIVOL ETTWPEINC.

Zto comp.lang.python, o Fredrik Lundh é8woe pio eEaupetikt] avaloyio og amdyvtnon og qutiv TV pwTnom:

Me 10 1810 TpOTTO TOV TAPVETE TO HVOUO QVTHG TG YATAS TTOV BpTjKote 0T fepdvTa 0ag: 1) idLa yata
(avTiKeipevo) dev umopel va 060G TTeL TO OVOUA TNG Kal OEV TNV EVOLAMEPEL TPAYUOATLKA - £TAL O WOVOG
TPOTOG Yo Vo uAOETE TG AEYETOL ELVAL VO PMTNOETE OLOVG TOVG YEITOVEG 0ag (namespaces) oV Eivol
1 Yata Toug (AVTLKEIUEVO). ..

....KOL NV EKTTAOLYELTE OV DLOTTLOTMOETE OTL Elval YVwOoTO te ToAA ovouata, 1 kKovéva dvoua!

2.2.15 T ouppaivel e TNV MPOTEPALOTNTA TOU TEAECTH KOMUATOG;

To koppa dev eivan teheotng oty Python. Ekegteite avtiv v ouvedpia:

>>> "a" in llb"’ "a"
(False, 'a')

Agdopévou dtL 1o KOpua dev eivan TeeoThg, OAG SLOYWPLOTIKO LETAED TWV EKPPAGEWY, TO TOPATAVW CGELONO-
YOUVTOL OOV VO ELYOITE ELOOYAYEL:

("a" in "b"), ngw

dev:
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"a" in ("b", llalv)

To 810 Loy VEL Lo TOVG BLAPOPOVGS TENEDTES EKYWPNONG (=, += KAT). Aev eival TPayuaTikd TeleoTég aAhd ovvTO-
Kktikol delimiters o dNADOELS EKYDPTONG.

2.2.16 YmapxelL LoodUvapo Tou TPpLadlkou TeAEOTH «?:» TNG C;

Now vrdpyet, H ouvtogn 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) oVvToEn oty Python 2.5, éva kowvd 1diwpa ftay 1 xp1on AoyKdV TELECTMV:

[expression] and [on_true] or [on_false]

Qot600, avTd TO WL deV elval aopaléc, Kabwg wropet vo dmoel Aavhaouéva amoTeLEoUOTo 0TV TO on_true
€yl Pevdn dvadikn| tur). Emouévmg, eivor mdvto Kahitepo v xpNOLUOTOLOETE T popUe. . .. if ... else

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

Nauw. ZuvhBwg auto yivetow ue évBeon tov 1ambda evidg Tov 1ambda. Agite o akdlovba Tpia Tapadeiyuara,
ehappwg pocappoouéva amd tov Ul 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 Fibonaccil numbers
print (list (map (lambda x, f=lambda x,f: (f(x-1,f)+f(x-2,f)) if x>1 else 1:
f(x,£f), range(10))))

# Mandelbrot set

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

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

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

# v v / / columns on screen

# / / / maximum of "iterations"
# /
# /

/ range on y axis

range on x axis

Mnv T0 dOKLUAOETE GTO OTTLTL, TALLOLA!
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2.2.18 Tionpaivel n KABeTOG(/) OTN AloTA MAPAMETPWYV HLAG OUVAPTNONG;

Mo kd0eT0g 0TN MOTO OPLOUATMOV ULOG OVVAPTNONG VTTOINAMVEL OTL OL TTAPAUETPOL TTPLY ATtd AuThV givar udvo
Béong. O mapauetpor udvo Bomng eivan ekeives ywpig eEmTepLkd xpnotuomorioluo dvoua. Katd tv kifon uog
OUVAPTNONG TTOV dEYETOL TAPAUETPOVS UOVO BEOMG, Ta oplopata avTotoLyilovtal og ToPaUéTpoug tov Bacito-
vta oTtoKAELOTIKA 0T 001 Tovg. TNa mopdderypa 1 divmod () elvor (o cuvapTnon OV dEXETOL LOVO TTALPOL-
uétpoug Béone. H tekunpimot tovg potdlel pe ovtd:

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

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

H xd&0etog 070 Téh0og TG MoTOg TOpAUETpmMV onuaivel 0TL Ko ot dvo mapduetpot ivar povo Béong. Emopuévmg, 0
KAMon g divmod () pe opiopata AéEewv Kheldidv Oa 0dnyotoe og opidua:

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

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

2.3 ApLOpoi KalL CUNBOAOCELPEQG

2.3.1 Nwg npoodLopilw dekacEadlkoug 1| OKTAdLKOUG aKEpaLloug apLlbuoug;

To va xoBopioete Evav okTadKO YPnplo, TPONYELTOL TV OKTAOIKNG TWUNG UE £va undEv, “Kou HeTd éva melo
N Kepahaio «o». ['a Tapdderyua, yio vo, opioete T LETAPANTY «a» oty oktadikn T «10» (8 oe dekadLko),
TMKTPOAOYNOTE:

>>> a = 0010
>>> a
8

To dexaeEadikd eivar eEicov evkolo. ATthawg mponyeital Tov dekaeEadikov aptBuov ue éva undév, Kai uetd éva
n1eCo 1 kepolaio «x». Ta dexoeEadukd Ynpio propov va kaboplotovv ue meld M Keparaio. Ta wopdderyua,
otov diepunvea Python:

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

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

OgeileTol Kupimg oty embupia tov 1o 1 % J va €xeL 1o 1dLo pdonuo ue 1o j. Edv to Béhete autd, kol Oéhete
emiong:

i==(1//3) * 3+ (153

toTE 1 dLaipeon axepaiov aplBpov mpémel vo emotpéPet To vtolowto. H C amartel emiong va diatnpeitan av
1) TAUTOTNTO KOL, 0TI OUVEYELQ, OL UETAYAWMTTLOTES TOV TEPLKOTTOVY TO 1 // J mpémeL vo Kdvouvto 1 % J va
€YEL TO (010 TTPOOMUO pE TO 1.

Yrdpyouv Myeg TpoyuoTikéG TEPLUITTWOELG XPNONG Y TO 1 % J dtav 1o j eivow apvntkd. ‘Otav 1o j eivor
OeTKd, VITdpyouv TOMES, Kau oyeddV Oheg elval o xpnoweg Yyt 1 % J v eivon >= 0. EGv 1o poldu Aéer 10 T
éheye mpwv amtd 200 wpeg; —190 & 12 == 2 elvow xpfHowwos 10 —190 % 12 == -10 eivou éva opdiua Tov
TEPLUEVEL VO, DAYKMDOEL.

2.3.3 MNwg pmopw va napw to literal xapaktnplotiko int avti yua to SyntaxError;

H mtpoomaBeto avalntmong evdg literal yopakmplotikol int pe Tov Kovoviko tpodmo divel éva SyntaxError
emeldn 1 mepiodog Bewpeltor wg VITOdLAOTOM:

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

S

SyntaxError: invalid decimal literal

H Mon eivaw va duaywprotet to literal amd tv teleia eite pe Kevo eite pe mopévoeon.

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

<class 'int'>

2.3.4 Nwg HETATPENW HLa CUPBOAOCELPA OE Evav apLlOuo;

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

And mpoemhoyi), ovtd epunvevouv Tov opliud wg dekadLkd, £ToLdote int (10144 ') == 144 vaelivol olnoég,
KouLTo int ('0x144"') va eyeipet ValueError. To int (string, base) maipvel ™) fAon yio peTaTpom
WG dEVTEPO TPOULPETLKO OPLOUa, OTTOTE TO int ( '0x144', 16) == 324.Ed&vn pdon éxel kaboprotei wg 0, o
apLBpdg epunvevetal ypnopomounvrag Kavoveg g Python: éva apyikd “00” vtodnidver oktadiko , kot 1o “0x”
deiyvel évav dexaegoadiko apdud.

MnV xpNOWOTTOLELTE TNV EVOOUATOUEVT] CUVAPTNON eval () €0V To LOVO TV XPELALEDTE ElVOL VO LETUTPEYPETE
ovpforooelpég oe aplBuovg. eval () Oa elvor oNUAVIIKA TTLo apYT) Kot Tapovotdlel kKivouvo aopaieiog: KAmTolog
Ba pwopovoe va cog petafipdoel wa £kgpaon Python mov umopei va éxel avemBuunteg mapevépyetes. o mwo-
paderypa K4molog Oa uopovoe va TepdoeL To __import_ ('os') .system("rm —-rf S$SHOME") 7O 0moio
0o duaypdpet to home dxeho.

eval () éxeL emiong MG AMOTEAEOUO TV EPUNVELD TV aplBumv mg ekgpdoelg Python, étol wote m.y. to
eval ('09'") divel éva ovvtaktkd opdaiuo emeld] 1 Python dev emitpémel v ewoaywyn tov “0” og évav de-
KadLKo opLbud (extodg “07).
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2.3.5 Nwg peTaTpenw gvav aplBud oe cUpBoAOOELPQ;

T va petatpéyete, Ty tov apdud 144 ot ovpBorooelpd ' 144", yp1OLULOTTOLELDTE TOV EVOMUOTOUEVO TUTTO
Kataokeung str () . Eav 0éhete puo dekaeEadiki 1) oktadiky] avamapdotaot), Yp1OUOTOW|0TE TG EVOWUUTMUE-
veg ovvapThoelg hex () M oct (). ['a pavroytepn wopgpomoinom, Bi. Tig evotnteg f-strings ko formatstrings .y,
"{:04d}".format (144) amodider '0144" ko "{:.3f}".format (1.0/3.0) amodider '0.333".

2.3.6 Nwg pMopw va TPOTOTIOL{oW HLa CUMBOAOOCELPA OTN B€0N TNG;

Aev umopeite, yiati oL oupPBorooeLpEg elvol oUeTABANTES. ZTIG TEPLOTOTEPES TEPLTTWOELG O TTPETEL OTTAMG VOL OM-
UWOVPYNOETE ULOL VEQ OUUPBOAOCELPE Ot TOL HLapopa UEPT atd Ta oTtoia BELeTE va 1) ouvapuoloyfoete. QoTod00,
€AV YPELALEOTE EVOL AVILKELUEVO [LE dUVOTOTNTO TPOTOTOiNoNG dedouévwy unicode, SOKLUATTE VO X PNOLUOTTOLT]-
O€TE £vaL oVTIKELIEVO i0.StringTO 1) 1o module array:

>>> import io

>>> g = "Hello, world"
>>> sio = i1i0.StringIO(s)
>>> sio.getvalue ()
'Hello, world'

>>> sio.seek (7)

7

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

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

>>> import array

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

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

>>> print (a)

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

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

2.3.7 Nwg pmopw va XPnOoLHOTIOCW CUMBOAOCELPEG Yla va KAAECW ouvapTn-
OELQ/HEBOBOUG;

Ymapyouv dLapopeg TEYVIKEC.

o To xolUtepo givar va ypnolpomoloete éva AeElkd ov avtiotoryitel ovpBorooelpég oe ovvaptioels. To
KUPLO TAEOVEKTNUO QUTAG TNG TEXVLKNG €ival OTL oL oUUBONOCELPEG DEV YPELATETAL VA TALPLATOVV LE TOL
0OVOUOTO TWV OVVOPTHoEMV. AVTH glval emTiong 1) KUpLa TEXVIKT TOU Yp1oLuomoLeital yio TNy eEopoimaon
LLOLG KOTAOKELTG TTECMV-KEPOAaLwV:

def a():
pass

def b():
pass

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

(ouvéyela otV emtoUeV oerida)
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(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)

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

o XPNOLWOTTOLEIOTE TNV EVOMUATOUEVT CUVAPTNON getattr () :

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

Znuewdote OTL To getattr () AELTOUPYEL OE OTOLOONTOTE OVILKEIUEVO, GUUTEPIAAUPBAVOUEVWV KLAOEWVY,
ovtot)twv KAGoewv, modules, koL oUTm KabeENc.

Avto ypnolpomoleitol o TOAG oNuELa TS TUTTLkNG PLAAoOT KNG, OTWg aTo:

class Foo:
def do_foo(self):

def do_bar(self):

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

o Xpnowuomorjote To Locals () Yo vo eTAVOETE TO OVoUd THG OVVAPTNONG:

def myFunc () :
print ("hello")

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

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

Mrmopeite va (pNoLUOTONOeTE T0 S. rstrip ("\r\n") Y0 Vo AQaLpEoeTe OAEG TIG EUPAVIOELS OTOLOVONTTOTE
terminator ypouung amd To TEA0g TG ouuBorooelpdg S ywpig va agparpéoete diha kevd. H ovppolooelpd S avi-
TPOOWITEVEL TTEPLOGOTEPES ATTO Wit YPOUUESG 0TO TEAOG, OL terminators Ypauung yio OAeg TLg KeVEG Ypoupés Oa
opotpefovv:

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

- "\r\n")

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

'line 1 '

Agdouévou 0tL autd elvarl ouvnBmg emtBuunTd LOVO KATA THY avAyVEWOoT) KELWEVOU Ui YPAUUY TN Qopa, 1 XPNom
Tov S.rstrip () A&rtovpyel KOAA.
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2.3.9 Is there a scanf() or sscanf() equivalent?

'Oy wg tétolo.

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

Io o wepimhokn avdivon e100dov, ta regular expressions eivat 7o oXUPE 0o TG sscant g C Kau giva o
KOATOMNAES YL TV €PYAOLQL.

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

B\ 1o unicode-howto.

2.3.11 Mrmnopw va TEPHATIOW HLa aKATEPYAOTN CUMBOAOCELPA HE TIEPLTTO APLOUO
backslashes;

Mo oKatépyaotn ouuolooelpd Tov TeheLmVEL Le TtepLTtd aptBud backslashes Oa Eepiyel amd to amdomacua g
ovpporooelpdc:

>>> 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)

Yndpyouv apketég Moelg yio ovtd. O €vag elval va YP1NOLULOTTOLOETE KOVOVIKEG GUUBOAOOELPEG KoL VO, OLTTACL-
oltd.oete to backslashes:

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

"‘Eva G0 eivan va ouvOEoeTe uuo. Kavoviky) oupBolooelpd mov mepiéyel éva escaped backslash otnv axatépyaotn
ovpforooelpd:

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

Eivau emtiong duvatd va xpnowpomorjoete to os .path. join () yua va mpoobéaete éva backslash oto Windows:

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

Adpete vroym Ot eva €va backslash Oa «escape» amd €va eLOAYWYLKO Y10, TOV TPOGOLOPLOUO TOU ONUELOV TTOU
TELELWVEL 1] AKATEPYOOTY GUUPBOROOELPA, dEV VTTAPYEL DLAPUYT KATA THY EPUVELD TNG TG TNG AKATEPYAOTNG
ovpporooelpdic. Anhadi, to backslash mapapéver Tapdv oTNV T TG AKATEPYAOTNG OVUBOLOOELPAG:

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

Acgite emiong v mpodiaypopt) oty language reference.

26 Kegahaio 2. FAQ Mpoypappatiopou




Python Frequently Asked Questions, Anpocicuon 3.10.19

2.4 Anédoon

2.4.1 To npoypappa pou eivat oAU apyd. Mwg pnopw va to emrayxuvw;

Avt6 gival dvokoho, yevikda. Ipwtov, edd eivar ua Aota pue Ttpdynoto wov mpénel va Oupdaote pwv fovtnEete
TEPAULTEP®:

o Ta yapoaktnplotikd amddoong diagpépouv petal twv vhomomoewv Python. Avti 1 FAQ eotidler oto
CPython.

o H ovumepipopd wropei var duagpépel PeTaED TV AELTOUPYLKMV oVoTNUAT®Y, edLKE dtov whdue yio /O 1
multi-threading.

o Oa mpémel mAvta vo Bpiokete To hot spot 610 TPOYPAUUE OAG TELV ETLYELPTOETE VA BELTLOTOTOLNOETE
omotovdNTote kKwdika (BA. To module profile).

o H oUvtakn oevapiov cuykprtikic aElohdynong Oa oag emitpéel vo KAvete iterate ypfiyopa Katd tv ava-
tNon pedtivoewv (BA. to module t imeit).

o ZVVIOTATOL OVETILPVAOKTO VO EXETE KOAY KOAUYY KDOOLka (UECW unit testing 1) ortoLaodnmote dAANG TEYVL-
KNG) TPy amd v mboavi eLooymyr Kpupuuévov todvdpoufoemy (regressions) oe eEehyuéves BENTLOTOTOL-
1oELC.

Toutov Aey0évtog, VITdPyYoUV TOAAGE KOLTOL YL0L TNV ETLTAYVVOY TOU KOdLKa Python. AkohovBovv opLlopéveg yevi-
KéG 0pyEg TTov fondovv okl 0TV ENITEVEN ATTOdEKTMOV EMITESWV 0TTOSOONG:

o To va kdvete Tovg akyopibuovg oog mo ypiyopous (1 vo adlhdEete o€ TaydTeEPOVS) WITOPEL VO ITOPEPEL
oA peyahitepa oéLN atd To vo TPooTadEiTe Vo oKopTtioete KOO (ukpd BeNTLoTOmoinong oe OAo Tov
KOOLKA 00G.

o XpnoLuomotote TG omoTég dopés dedopuévav. Mehetnote v TeKunplwon yio to bltin-types kow to module
collections.

o 'Otav 1 Tumkn BLPModNKN Tapéyer Eva TPOTOYOVO YO VO KAVETE KATL, lval Thavo (av Ko dev eivol ey-
YUNUEVO) VA ELVOL TTLO YPNYOPO atd 0TToLaditote eVOALAKTIKY AMoN TTov witopeite va Bpeite. Avtd LoyveL
TG yio tpwtdyova ypapuéva o C, Omwg EVOMUATOUEVO KAL OPLOUEVOVS TUTTOVG entekTdoemy. Lo ma-
PAdELYUX, PPOVTLOTE VO YPTOLULOTTOOETE ELTE TNV EVOMUOTOUEVT UEB0OO List . sort () eite TN OYETIKN
ouvvdptnon sorted () yua va kévete ta&wvounon (kou deite to sortinghowto yia moapadeiypota PETPLog
TPONYUEVNG XPTONG).

o O apanpéoeLg Telvouv va dNULovpyolv EpUecesg KOTeVOUVOELG KAl avayKAZovY TOV dLepunvEa v, EpYOOTEL
meploootepo. Edv ta enimedo g éuueong Katevhuvong vmepTePOUV ToOU OYKOU TNG XPNOoLUNG EpYaoiog
7ov yivetal, To Tpdypauua oag Oa eival o apyd. Oo TPETEL VO ATOQPUYETE TV VITEPPOMKY apaipeon,
€LOLKA UE T1) LOPYPT) WKPOOKOTILKMV GUVAPTHOE®V 1) HeBOdmV (FTou elval emioNg oUyva emTHULe YLoL TV
AVOAYVOOLUOTITA).

Edv éyete @tdoer oto 6pLo Tov T umopel va emitpémnel 1) koOapt) Python, vdpyouv epyaieia mov Oa oag omopo-
Kkpvvouv. INa wopdderyua, to Cython umopel vo ETAYAMTTIOEL (oL ELAPPDG TPOTTOTOLNUEVT £KOOGT TOU KMOLKAL
Python oe o entéktaon C, ko wropei va ypnotpomon el oe molhég duapopetikég mhatgopuec. H Cython popei
VO EKUETAAAEVTEL TNV PUETAYADTTLON (KL TOUG TTPOALPETLKOUG OYOMAOUOVS) VL0 VO KAVEL TOV KMALKA oG TTOAY
L0 Yp1NYopo astd otav epunvevetor. EGv eiote oiyovpol yia tig deE1otntég oag otov mpoypaupotiopd C, uropeite
emiong va write a C extension module povol cog,.

Agite gmiong:

H oehida wiki mov eivar agrepmuévn oe cupfoviéc amddoomc.
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2.4.2 Molog eivatl o 1o AnMoTEAEOHATIKOG TPOTIOG YLa va OUVOECETE TIOAAEG OUM-
BoAooelpEg peTagu TOUG;

Ta avuikeipeva str koL bytes givalr auetdpinta, emopévmg 1 oVvEesT TOAMY GUUPOLOCELPMV UETAED TOUG
elval avomoteheouatiky Ka0me KAOe CLVEVWOT dNULOVPYEL £Val VEO AVTLIKELUEVO. ZT1) YEVIKT) TEPLTTOON, TO GU-
VOMKO KOOTOG XPOVOU EKTELEONG ELVAL TETPAYWVIKO GTO GUVOALKS UfKog oupBorooelpdc.

I va ovyKevtpmoete TOMG AVIIKEIUEVA ST T, TO TPOTELVOUEVO LOLMUN ELVAL VO TAL TOTTODETNOETE OF (L Alota
Ko vo. KAAEOETE TO 0T0 str.join () téhog:

chunks = []

for s in my_strings:
chunks.append (s)

result = ''.join (chunks)

(¢va G0 Moykd atoTeEAEOUOTLKO LOLMLLOL ELVOL VAL XPT|OLUOTTOOETE TO 10 . StringIO)

To ™) oVYKEVTPMON TOAMDY AVTLKELWEVOV Dyt es, TO CUVIOTOUEVO LOIMUOL EiVOL 1 ETEKTOON EVOG AVTIKELUEVOU
bytearray ypNOWOTOLMVTOS ETLTOMLO. OUVEVWOT| (0 TELEOTNG +=):

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

2.5 AKoAouBieg (MAewadeg/AloteQ)

2.5.1 Nwg pnmopw va Kavw petatpomnn HETAgu MAELAdwV Katl ALoTWYV;

O KOTOOKEVAOTAG TUTTOU tuple (seq) UETATPETEL 0TTOLUdNTOTE AKOAOVOLA (OTNV TPAYUATIKOTNTO OTTOLOOTTTOTE
iterable) o mhelddo e ta idLa aToLyElD OTNV LdL0L OELPAL.

INo wapdderypa, to tuple ([1, 2, 3]1) amwodidel (1, 2, 3) koirtotuple ('abc') amodidel ('a', 'b',
'c'). Edv to opiopa eivor mherdda, dev dmuiovpyel oviiypapo alld emLOTPEPEL TO (010 AVTLKELUEVO, ETOUEVMG
etvar pTNvo va Kahéoete to tuple () dtav dev elote oiyoupol OTL Eva avitkeipevo eivar 1O mhelddo.

O KOTOOKEVAOTNG TUTWY 1list (seq) petatpémel omoladnmote akohoudia 1 iterable oe o Aiota pe to idua
otouyeia otV dLa oepd. Mo mapdderyua, to 1ist ((1, 2, 3)) amodider [1, 2, 3] kou list ('abc')
amodideL ['a', 'b', 'c'l.Av o opopa eivar Mota, dNuovpyel amhadg éva avilypapo 0mwg Oa £Kave To
seql:].

2.5.2 T eival apvnTikOg deikTng;

O axolovbieg Python indexed pe Ogtikotc aplBpovg kol apvntikovg aptbuotc. Tua Oetikots aptbpoig to 0 giva
o tpwtog deiktng 1 eivar o devtepog deiktng Kaw ovtw kabeErg. o apvnrikovs deikteg to -1 givar o Televtaiog
deikng ko 1o -2 eivon o potereutaiog (dimha 0To TeElevtaio) deiktng Kow ovTw KabeErg. Zkepteite To seq[-n]
G 70 (010 ue 10 seqg[len (seq) -n].

H yphon apvnukdv detktmv umopel va eivan wod Boiuk). Tio mapdderypa S[:—11] eivow 6 1 ovuporooelpd

EKTOG OTTO TOV TELEVTAULO YAPOAKTNPOL TNG, O OTOLOG ELVAL YPTIOLUOG YLO TNV OLPALPEDT THG VEAS YPAUUNG TTOV 0KO-
LovBel uia cuuorooeLpd.
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2.5.3 Nwg pnopw va enavalapw pua akoAoubia pHe avtioTpoPpn OELPQ;

XP1OLULOTTOLELOTE TNV EVOWUATOUEVY CUVAPTNON reversed () :

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

Avuto dev Ba emnpedoel TNV apyLkn oog akolovdio, alld dNULOVPYNOTE £Vl VEO AVTIYPOPO UE AVTIOTPOPY OELPd
YLOL ETTOVOANY).

2.5.4 MNwg agatpeite duMAOTUNA Ao pua Aiota;

Agite To Python Cookbook yio o pokpd oulnmon oyxetikd pue morhoig TpOmovs YLoL VoL To KaveTe ovtd:
https://code.activestate.com/recipes/52560/

Edv dev oag mepdlel va avadiatdEete T MoTa, TOELVOUNOTE TV KAl UETG 0OPDOTE 0T TO TEAOG THG AMOTaG,
dLaypapovTtag To. HLTAOTUTTO 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 to otouyelo TG AoTtag umopovv va xpnotuootn 0oy og khetdid ovvorov (dnhadn eivar Oha to hashable)
oVTO ELVAL OUYVA TTLO YPYYOPO:

mylist = list (set(mylist))

Avuto petatpémel T Mota o8 £va UVOAO, 0paLp®VTAG £T0L T SLTAOTUITA Kol 0T OVVEXELD Eava og MaoTta.

2.5.5 MNwg agaipeite nMoAAanAa octolxeia ano pia Aicta

‘Omtmg KoL (e TV KOTAPYNOoT TOV SUTAOTUTTMV, TO pNTO iterating ovtioTpoga Ue (o ouvONKy dLaypophg ivar puo
mOavoTnTa. QoT000, Eival EVKOAOTEPO KOl TTLO YPYOPO VO XPNOLLOTTOLCETE TNV OVTLKATAOTOON TUNUATOVY ue
€va EUIEDO 1) PNTOG TTPOG TOL EUTTPAG iteration. AKorovBovV tpelg Taporharyés:

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

To comprehension T Motag Umwopel va. eivar tayVTepo.
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2.5.6 MNwg pnopeite va ptiagete €vav nivaka otnyv Python;

Xpnowpomorote pa Moto:

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

O Moteg elvan Looduvaueg ue Toug mivakeg g C 1) Pascal oty xpovik1| Toug mohmAokoTnToe 1) KUpLo dtopopd
ebvan OTL e Aiota Python propel vor wepLéyel ovTkeiuevo ToAdV SLOPOPETIKMV THTTMYV.

To module array mopéyel exiong uebodoug yia Tt dMuovpyia TVAK®V 0To0ep®V THTWV UE CUUTTAYELS OVOL-
TOPAOTAOELS, GAMG Elval TTLO apYEG OTNY EVUPETNPLOOT 0ITd TIg MoTeg. Znuewmote emiong T to NumPy ko diho
mokéta Tpitv, opifouv douég THTOVG array ue dLipopa XoPUKTNPLOTIKA ETLONG.

[ vo MaBete ovvdedeuéveg Aioteg Timov Lisp, wwopeite vo eEouowdhoeTe cons keAid Yp1OLUOTOLMVTOG TAELADES:

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

Edv eival emBuunti 1 petofintomto, umopeite va xpnotuomotoete Moteg avii yio mheiddec. Edd to avdhoyo
evog Lisp car elvon 1isp_list[0] Kau to avéhoyo tov cdr eivor 1isp list [1]. Movo xdvte to av elote
BéParol ot TpaywoTikd ypetdletat, Yot eivor ouvnmg o apyd Kot amd ) xpNnon Motov Python.

2.5.7 Nwg pTLAXVW Hia oAudldaoctatn Alota;

Md&hov poomadfoate va @TidEete £vav TOASLAOTATO TVAKO 0OV oUTdV:

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

Avtd gaivetolr 0moTo OV TO EKTUTTMOETE:

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

AMG OTav exywpelte o Ty, EPpaviCetal oe ToAd onueio:

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

O AOyog eivar OTL 1 avastapoywyn wag Moto ue * dev dnuovpyet aviiypapa, dnuovpyel WOvo avagpopés ota
vrtdpyovra avikeipeva. To *3 dnwovpyel wa Aota mov mepiéyel 3 avapopés otnv da Moto ukovg dvo. Ou
olayég og pia oelpd Oa eugpaviCovtal oe OAeg TIG OELPES, KATL TOV 0%eAOV Oiyoupa dev eival autd mov OéheTe.

H mtpotetvouevn pooéyyLon eivor vo dnuovpynoete TpmTo pue Alota pe to embuuntd uiKog Kot 0T CUVEXELL
Vo oVt pwoeTe KAOe otolyeio ne pa véa Moto:

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

Avtd dnuovpyei o Mota ov mepéxel 3 drapopeTikég MoTeg ue unkog d0o. Mitopeite emiong va XpMOLUOTToL |-
oete £va comprehension Alotog:

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

EvolhoKTikd, WTopeite vo Xp1oLULOTOLOETE oL ETEKTAON TTOV TapEYEL EVay TUTO dedOUEVOV UTPaG (matrix)e.
To NumPy givor to 7o yvmoto.
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2.5.8 How do | apply a method to a sequence of objects?

Use a list comprehension:

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

2.5.9 lNuarti to a_tuple[i] += [“item”] dnuloupyei HLa eEaipeon 6tav AELTOUPYEL N
TPOOONKN;

Avtd ogeileTol og Evav guvOVaoNO ToV YeYovdTog OTL oL eTaVENUEVOL TEAEOTEG EKYDPNONG Elval TEAEOTEG exy -
onong KoL g dLagopdc netagy uetafintov Ko auetdpfintov avukewévov oty Python.

Avti 1 ouZNTNON LoYVEL YEVIKA OTOV OL ETOVENUEVOL TELEOTEG EKYDPNONG EPUPUOTOVTOL OE OTOLYELC ULAG TIAEL]L-
dag mov delyyvouv o€ HETAPANTAE ovTLKEinEVa, aAhG o xpNoLoToIooUpE 11 st Kot += g vmodderyudt nog.

Edv ypdapere:

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

TypeError: 'tuple' object does not support item assignment

O Mdyog yio T eEaipeon Ba mpémel va eival apuéoms cogng: To 1 TpooTibeTol 0To aviikeinevo a_tuple[0]
deiyver oto (1), TaPEYOVTOG TO OVTLKELUEVO OTTOTENEOUATOS, 2, OAMG dTav TPOCTOOOVUE VO OVTLOTOLIOOUIE TO
OTTOTELEGILOL TOU VTTOLOYLOWUOV, 2, 0TO atotyeio 0 TG Thetddag, Aapupdvovpe éva opdiuo emeldn dev wropovue vo
aAhGEoupe outd ou deiyvel £va ototyeio uog Theladags.

Kdétw 0o to koddppata, autd mov Kaver auth 1) emovEnuévn dnhwon avabeong eivou mepimov to eENg:

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

TypeError: 'tuple' object does not support item assignment

Eivol to tpupa avadeong g AeLtoupyiog mov mopdyel To opalua, ool wia hetddo eivor auetdfin.

‘Otav yplgpeTe KATL OaLV:

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

TypeError: 'tuple' object does not support item assignment

H eEaipeon eivor Aiyo mmo ekmAnKTiKY], KoL akout) o eKTANKTIKO gival To yeyovog OTL Tapdho Tov VIthpye éva
OPAAUQL, TO TTAPAPTNUC AELTOVPYNOE:

>>> a_tuple[0]

['foo', 'item']
To see why this happens, you need to know that (a) if an object implements an __iadd__ () magic method, it gets
called when the += augmented assignment is executed, and its return value is what gets used in the assignment statement;

and (b) for lists, iadd__ () is equivalent to calling extend () on the list and returning the list. That’s why we say
that for lists, += is a «shorthand» for 1ist .extend ():
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>>> a_list = []
>>> a_list += [1]
>>> g list

[1]

Avtd 100dUvaEL UE:

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

To avtikeipevo 0To omolo vrodelkvieTol amd to a_list £xel petolhayOel Kan o deiKTNG 0TO UETAMOYUEVO AVTLKEL-
uevo €yel exywpnOel miow oto a_list. To telkd amotéleoua g avadeong eival Eva no-op, Kabwg eival Evag
deixng oto i8Lo avtikeipevo mov To a_11ist édeuyve mponyovuivmg, odhd 1 avéBeon eEakolovdel va yivetal.

"Et01, 070 mopddeLyid fog, autd Tov GUUBOivEL Eival LGOOUVOO (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__ () metvyaivel, Kou €tol | Mota emekteivetal, adld mapdlo mov 1o anotéAeoua delyveL 0To idLo
aVTLKEIUEVO TTOV delyveL O To a_tuple [0], avt) 1 teMkn avdBeon eEakolovbel va €xel wg amotéheouo éva
MaBog, yiati o TAeLddES eivan apeTdpAnTES.

2.5.10 ©OéAw va KAvw HLa TEPILMAOKN TAELVOMNON: MTMOPELTE va KAVETE €va
Schwartzian Transform otnv Python;

H teyvikt), mov amodideton otov Randal Schwartz thg kowvotntoag Perl, ta&wvopuei o otouyeia wog Motag pe féon
(o LETPMoT Tov avtiotoyilel kKabe atotyeio oty » T taSvounong» tov. v Python, xpnowomouiote to
oplopa key yio T uéBodo list.sort ():

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

2.5.11 MNwg pnopw va Ta&lvounow pia Aiota pe BAon TLQ TIHEG amo pua aAAn Ai-
oTaQ;

Suyyxwvedote To. o8 £vay iterator TAELASWV, TaEIvounoTe T MoTo oV TPOKVITTEL KO, 0TV OUVEYELX ETAEETE TO
otouyelo mov Oélete.

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

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

>>> pairs = zip(listl, list2)

>>> pairs = sorted(pairs)

>>> pairs

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

>>> result

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

2.6.1 T eival pua KAaon;

Mo KAAOT Elvan 0 OVYKEKPLUEVOG TUTTOG OVTLKELUEVOU TTOU dNULOVPYELTOL e TNV EKTEAEON wag dNAwoNG KAGoNG.
Ta avikeipevo KAAOoNG XPNOUOTOLOVVTAL MG TIPOTUTTOL YLOL T1) SNULOVPYIC OVTLKELLEVOV TOPOVGLOG, TO OTTOLaL
EVOMUOTMVOUV TOOO TO SEQOUEVA (OPAKTNPLOTIKA) 000 Ka Tov Kmdika (uefddoug) eldikd yia évav T0mo dedo-
UEVOV.

Mua khdom wopei va faociletar oe pia M meplocdTepeg dhheg KAMAOELS, TOV ovoualovral Baotkég kKAAoELS Te.
211 OUVEYELO KAPOVOLLEL TOL XOLPOKTNPLOTIKA Kot TG ueBdd0ug TV Bactkdv KAAGEMVY. AUTO EMITPETEL OE £VOL LO-
VTELO ovTLKeELWEVOU va FehTtwbel dtadoyLkd pe kKinpovoukdtntoa. Mopel va €xete o yeviky khdon Mailbox
mov mapéyer pootkég uefddovg TPOoRAONG YIaL EVa YPOUUATOKIBMTIO Kot VTOKAAOELS Otmwg MboxMailbox,
MaildirMailbox, OutlookMailbox Tov XelPiLovTon SLEPOPES OUYKEKPLUEVEG LOPPES YPOLUUATOKLBOTIOV.

2.6.2 T eival gua peodog;

Mua uéfodog eivar o ouvapTnon oe KAToLo avitkeipevo x mov ouvnBwg Kaheite wg x . name (op lonpata. . .).
O uéBodoL 0pilovtol Mg CUVAPTIOELG EVIOS TOU OPLOUOY KAGONG:

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

2.6.3 Tieival to self;

To self eivor amhmg éva ovppatikd dvouo Yo To TPMTO OpLopa ag neBddov. Mo néBodog mov opiletar wg
meth (self, a, b, c) mpémel vo ovoudletor x.meth(a, b, c) yuo KAITOLO TOPASELYUA X TNG KAAGNG
otV omoia epupaviletal o optopocs 1 kahovuevn uébodog Ba ovopdletor meth (x, a, b, c).

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

2.6.4 MNwg pnopw va eAEYEwW €Aav €va avtiKeigevo ival pua ovrotnta puag dedo-
H€vVNG KAAoNng 1} HLag UTtoKAAong tng;

XpPNOLWOTOLAOTE TNV EVOWUATOUEV] OVVAPTNOT isinstance (obj, cls). Mmopeite va eléyEete eGv éva
OVTLKELUEVO EIVOL ULaL TTAPOVGLOL OTTOLOLOONTTOTE ATTO £VOV 0PLOUO KAAGEMV TAPEYOVTOG ULOL TTAELAOM CLVTL YLOL Lot
nepovouévn khdomn, . isinstance (obj, (classl, class2, ...)), ko uwopei exiong va eréyEel
€QV €VOL OVTLKELUEVO ElVaL £VAG OITO TOVUG EVOWUATWUEVOUS TUTTOVS TG Python, .. isinstance (obj, str)
N isinstance (obj, (int, float, complex)).

Adfete vtoyn 6TLTo isinstance () ehéyyeL ETONG YLOL ELKOVLKY KANPOVOLKOTNTO 0T0 Wat abstract base class.
‘Etot, M dokiut| Oa emiotpéer True Yo (oL eYYEYPouuevn Ko akdua KL av dev €xel kKAnpovounoet dueca 1
guueoa artd ovtd. o var ehéyEete o «oAn0uwvn kKAnpovoukdtnToy, capwote 1o MRO g KAAONG:

from collections.abc import Mapping

class P:
pass

class C(P):

(ouvéyela 0TV eOUEVT OENIDOL)
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(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)

pass

Mapping.register (P)

>>> ¢ = C()

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

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

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

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

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

AdPeTe VoY OTL TO TEPLOGOTEPX TPOYPAUUOTA OEV YPTOLUOTOLOVV TO isinstance () og KAAOELS OV OpiLo-
vtow amd ™) xpnotn modd ovyva. Edv avamtiooete udvor 0og tig KAMAGELS, £VAL TTLO OMOTO OVTLKELLEVOOTPEPNG
otul elvon va opitete pefddoVG 0TIG KAAOELS TTOU EVOMUATMVOUY O, CUYKEKPLUEVT] CUUTTEPLPOPQ, AVTL VAL ELEY-
¥eTE TNV KAGON TOU OVTLKELUEVOD KO Vo KAveTe KATL dLopopeTikd e Baon v kAGon movu givau, yio mopdderyua,
€AV €YETE LA OVVAPTNON TTOU KAVEL KATL:

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

Mo kahOtepn mpooéyylon eival vo oploete pa 10080 search () o€ Oheg TIG KAAOELS KOl OTTAMG VAL TV KOAE-
O€TE:

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

class Document:
def search(self):

# code to search a document

obj.search()

34 Kegahaio 2. FAQ Mpoypappatiopou




Python Frequently Asked Questions, Anpocicuon 3.10.19

2.6.5 Tw eival To delegation;

To delegation eivol pLo AVILKELUEVOOTPAPG TEXVIKY (ovopdletal emiong potifo oxediaong). Ag vrobéoovue OtTL
éyete eva avtikeinevo x ko 0éhete vo alhdEete T cuptepLpopd wag novo amd tig uedoddovg tov. Mropeite va
dMuovpyNoeTe o véa KAGOT TTOU TTapEYEL P vEO VAOTTOLN 0T TG nueBddov mov oag evdlagépel vo adhdEete Kau
ekywpel Oheg Tig dhheg neBodovg otnv aviiotoryn wEOodo tou x.

O wpoypaupatiotég Python puwopotv elikola vo vhomomoouy v avdbeon. Tia mapdderyna, n akdlovdn khdon
vhomotel pLa KAGonN mov ouptepLpépeTal oav apyeio oG neTaTpémel OAa Ta YpartTd dedouéva oe kepalaio:

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)

Ed®m 1 k¥Adon UpperOut emavampoodiopilet T uébodo write () yio vo ueTatpépel T ouuBorooeLpd opioo-

Tog 0¢ Kepahaio mpLy kKohéoel Ty vokeipuevn uébodo self. outfile.write (). ‘Okeg ou dhheg uébodol
EKYWPOVVTAL 0TO VITOKeIUEVO aviikeinevo self._outfile. To delegation olokknpovetol péow g uebddou
__getattr__ ().ZvuBouvlevteite To the language reference yio tepLoodtepeg TANpogopieg oyeTikd ne tov Eheyyo
™g mtpdoPaongc.
Adfete vTdYN OTL VLA TTLO YEVIKES TEPLTTMOELG 1) AVAOETT WITOPEL VAL YiveL TiLo dVOKOAN. ‘Ota Ta XopoKTNPLOTIKA
TIPETEL VO OPLOTOVV KOODGS Kot Vo avaktnovv, 1 kLo mtpémel va opioel wua uébodo _ setattr_ () emiong,
KoL TPETEL Va To KAveL tpooeKTikd. H faoikt) vhomoinon tov __setattr__ () eival mepimov .oodvouo e to
eng:
class X:

def _ setattr_ (self, name, value):

self. dict_  [name] = value

Most __setattr__ () implementations must modify self.__dict__ to store local state for self without causing

an infinite recursion.

2.6.6 Nwg pnopw va KaAEow pLa pEBodo mou opileTal oe Ya Bacilkni KAaon anoé
Hla mapaywyn KAAon 1ou TNV eNeKTELVEL;

XPNOLOTOLOTE TV EVOOUOTOUEVT OUVAPTNON super () :

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

210 mapdderyua, To super () 0o mpoodlopicel ovtduaTo To oTLYULOTUTO amtd To omolo KANONnKe () T self),
ovalntiote ) method resolution order (MRO) pe type (self) . _mro__, KO ETLOTPEYTE TO ETOUEVO OTI| OELPA
uetd to Derived oto MRO: Base.
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2.6.7 MNwg unopw va opyavwow ToV KWdLKA HOoU TIPOKELUEVOU va SLEUKOAUV® TNV
aAAayn Tng Baoclkng KAaong;

B0, UTOPOVOOTE VO OVTLOTOLYIOETE TN PAOLKT) KAAOT 0€ £vaL PEUSDVUIO KL VO, TTPOKVPEL TO PEVIMVVUO. ZTNV
OVVEYELD, TO UOVO TTOV TTPETEL Vo aAMGEETE elvan 1) Ty sTov €yl ekywpn el Yevdwvupo. Mapepumurtdviwg, autd
T0 KOATTO elvon emiong xpnowwo edv BéleTe va omopaoioete duvaulkd (mt.y. avdhioya pue v diabectudTTo TV
TOPWV) oL, faotkn KAAon va ypnotuomowoete [apdderypo:

class Base:

BaseAlias = Base

class Derived (BaseAlias) :

2.6.8 NMwg dnuoupyw dedopEva oTATIKAG KAAong Kal HEOOSoUG OTATLKNG KAQG-
oneG;

Tboo Ta oToToTKG dedopéva 6oo Ko oL otatikés uébodol (e v évvora g C++ 1 g Java) vrtootnpilovra

otnv Python.

T ototikd dedouéva, amhmg opiote va xapakELoTikd Khdong. Tia va ekywpfoete wua véo T 0To Yopo.-
KTNPLOTLKO, TTPETEL VO (PNOLULOTTOLOETE PNTA TO OVoua KAAONG TNV EKYXDPNON:

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 avagépetat exiong oto C . count Yo 0TTOLOdNTOTE C, ETOL MOTE VO LOYVELTO i sinstance (¢, C),
eKTOG Qv apakoupOel 0o o idLo To ¢ N amd Kdmora kKAdon ot dadpour| avalntmong g Paotkhg KAGoNG
andto c.__class__ miow oto C.

[Tpocoyn: og wo uéBodo tou C, pua avdbeon 6mwg self.count = 42 dNUOVPYEL UaL VEO Kal AOYETY TAPOVGiaL

e To Ovopa «count» 0to ko tov dict Tov sel f. Emavooivdeon pog KAAoNG-0TaTikNg OVOUo. SEdOUEVWV TTPETEL
TAVTA Vo TPOodLopiLeL TV KAGoM eite Bploketan uéoo oe wa pébodo eite oy

C.count = 314

Ot otatikég uébodot eivar duvatéc:

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

Q01000, £vag ToLV TTLo ATTAOG TPOTOG Y10 VO AMABETE TO OITOTENETUA (OG OTATIKNG UEBOSOU elval LEow pag aring
OUVAPTNONG OF EMLTEDO LOVADAG:
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def getcount () :
return C.count

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

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

Avti 1 advinon Vel oty TPAYUOTIKOTITA YioL Oheg TIg neBddove, ald 1 epdTNON cUVNOWG eppovileTa
TPOTI 0TO TAALOLO TWV KOTAOKEVOOTHDV.

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

}

Zv Python mipémel va ypdpete Evav povadilkd KATooKeEVaoTY) IOV VAL TTLAVEL OLEG TIG TTEPLITTMOELS Y PTOLULOTTOLM-
vtag poemheyuéva opiopata. o mapdderypor:

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

Avuto dev eivarl evieAdg 100dVvapo, OAG apKeTd KOVIA oty TPAE.

B0 WTopoVoaTE EMLONG VA SOKLUAOETE (0L ALOTA OPLOUATOV UETABANTOV UAKOUG, TT.X.

def _ init_ (self, *args):

H {81 tpooéyyiomn Aettoupyel yio GAOUG TOVg 0pLopovg nebodwv.

2.6.10 Mpoomnabw va XPNOoLUOTIOoW __spam Kat AapBavw £va PpAaApa oXeTIKA
pe To _SomeClassName__spam.

Ta ovoporta petafAtav pe duwAi) voypdpion oty apyn eivow «mangled» yio vo tapéyouv évav amhd odld
OTTOTELECUATLKO TPOTTO OPLOUOY TV OWTIKMV UETOPIMTOV KAA0TG. OmoL0dftoTte avaryvwpLotikod TG QOPUAG
___spam (TouléyLotov dV0 TPOTOPEVOUEVEG KATW TAVAES, TO TTOM) €va TELOG VIOYPAUWLONS) avTikadiotatol
uéom KeWwévou 1o _classname__ spam, OOV TO classname €ival To TPEXOV OVoua KAAONG UE ATOYVUVMUEVES
TUYOV TPONYOUUEVES TTOVAEC.

This doesn’t guarantee privacy: an outside user can still deliberately access the «_classname__spam» attribute, and private
values are visible in the object’s __dict__ . Many Python programmers never bother to use private variable names at
all.
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2.6.11 H kAdaon pou opilel __del__ aAAa dev KaAeital 6tav dlaypadw TO AVTLKEL-
HEevo.

Yndpyovv dibgpopot mbavoi Adyot yio autd.

H ntpdtaon del dev Kahel amapottHtogto _del () — amAdG UELMVEL TOV 0PLOUO OVOPOPAS TOU OVILKEWWEVOU,
KoL av autd pTaoeL 0To undév Kaheitawto __del ().

Edv oL dopég dedouévarv oag mepLEXovy KUKMKOUg ouVOESUOVS (T1.Y. £val OEVTPO 0o KAOE mTandl el uoL ovo-
@opa yovéa Kai KdBe yovéag €xel ma Mota moududv), ou uetproelg dev Bo emavélBovv moté oto undév. Kabe
1600 1 Python extedel Evav adydplOuo yio vo aviyveloel TETolovg KUKAoUS, odhd 0 GUMEKTNG OKOUTLOLMDY (WTOPEL
VO, EKTENEOTEL KATTOLOL OTLYUT| META TV eEapdvion Tng teheuTtaiog avapopdc ot dour) dedouévav 0ag, ETOUEVRG
N uébodog _ del () umopel va kKAnOel og por Ao ko Tuyaia otiyur). Autd dev eivar folkd edv mpooma-
Beite va avortapdEete éva mpofAnua. Axoun yepotepa, 1 oeLpd pe TV omoia ektehovvral uébodor __del ()
TOV AVTIKELUEVOV eivan avbaipetn. Mmtopeite va ekteléoete To gc. collect () yio va avayKdoete o ovhhoyn,
OAG vdpyouv TaBoMOYLKES TEPLTTMOELG OTTOV TO. avTtKeiueva dev Ba culdexOovv moTE.

[Mopd tov ouliéktn KOkhov, eEakolovBel va eival Kokt 1déa vo opioete wa prth uébodo close () og avtikei-
ueva wov Ba Kahouvtol Kabe popd mov tekelmvete pue oavtd. H uébodog close () umopel 0t GuvEKEL Vo apoLpé-
OEL Y OPOKTNPLOTLKA TTOU 0VOLPEPOVTOL OE VITOAVTLKELUEVO. MV Kaheite to __del_ () amevbeiag-__ del_ ()
Ba pémer vo kKaheite To close () koL to close () Oa mpémet va Peforwbel dtL umopel va kKAnOel meploodtepeg
aTrd pia Qopég Yo To idLo avItkeiuevo.

'Evol dAAOG TPOTTOG YLOL VO OTTOQPUYETE TLG KUKALKEG OVOIpOPES Elval va. yprotpomotoete to module weakref, 10
07010 00G ETLTPETEL VO AVEAVETE TOV apLBrd TV avapopdv toug. O doués dedouévmv dEVTpwY, Yo TopadeLyua,
Oa TPEmeL VO Y PNOLUOTOLOVV OOVVAES OVOPOPES YLOL TLG OVOLPOPES YOVEWV KAl dEMPMV ( AV T XPELAOTOVV!).

Téhog, eGv 1 uebodog __del () eyeipel o eEaipeon, ektumdvetol £va TPoeldomromTikd ufvoua ot diev-
Ouvon sys.stderr.

2.6.12 MNwg propw va AGBw pia Alota e OAEQ TLG OVTOTNTEG HLag SedOMEVNG
KAAaong;

H Python dev mapakorovBei Oheg Tig Tapovoieg uog kKhaong (1) evog evomuatouévou tomov). Mmopeite vo po-
YPOUUATIOETE TOV KATOOKEVOOTY TG KAAONG Vo TapaKoAovBel OAeG TIG ovTOTNTES SLaTnp®VTAG Uit AloTto adv-
VOUWOV OVOPOPmV 08 KAOE TapousiaL.

2.6.13 MNarti To anotéAecpa Tou id () ¢aiveral va unv eivat povadiko;

To evowuatmuévo 1d () emoTpEpel Evav aKEPOLo OV elval eyyunuévo OtL elvol Lovadikog Katd T dLapKeLa
Cong tov avrikelpévov. Epocov ato CPython, owt) givor d1eBuven uviung tov avitkelnévov, ovupaiver ovyva
OTL HETA T dLarypapt] EVOG OVTLKELUEVOU QITO T VLY, TO ETTOUEVO TTPOTPOTA SNULOVPYNUEVO OVTLKEIUEVO EKYW-
peitow otV 1dLar Bom ot uvnun. Autd gaivetan amrd auTtod To TAPAdeLyua:

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

Ta 00 OVOYVWPLOTLKG OVKOUV O€ SLAPOPETIKA OKEPALEL ALVTIKELUEVE TTOV dNULOVPYOVVTOL TTPLV KoL dLoypipo-
VTl apéomg uetd v extéheon g kAong 1d () . o va fePormbeite OTL TaL AvILKELUEVO TOV OTOLMV TO OVOL-
yVopLotiko Bélete va eEetdoete eival akdua Tmvravd, Snuovpynote pe AN avogopd 0To OVTLIKEIIEVO:
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>>> a = 1000; b = 2000
>>> id(a)
13901272
>>> id(b)
13891296

2.6.14 MNoTe propw va BacLoTw o€ SOKLUEG TAUTOTNTAG HE TOV TEAEDTN iS;

O teheotig 15 eMéyyeL TNV TaUTOTNTO TOV avtikelnévoy. H ok a is b wooduvauei pe id (a) == id(b).

H 110 onuaveik| 1dLdtn o evOg TETT TOVTOTNTAG EivaL OTL £VOL AVTUKEUEVO ELVOL TTAVTA TAVOUOLOTUTTO (LE TOV EQUVTO
TOU, T0 a 1s a emotpéel mdvta True. Ta Te0T TOLVTOTHTAG Elval oUVNOWG TayUTEPO 0TTd TO TETT LOOTNTAC.
Ko og avtifeon pe to teoT LodTTaC, TO TECT TAVTOTNTOG Elvar eyyunuéva 6T Ba emotpépouv évo boolean True
NFalse.

Q0T000, TO. TEOT TAVTOTNTAG WTOPOVY UOVO VO, AVTLKOTOOTHOOUY TO TEOT L0OTNTAG OTavY elval eEaopatiopévn 1
TAUTOTNTO AVTIKELUEVOV. TEVIKA, VITAPYOVY TPELG TTEPLITTMOELG OOV 1] TOUTOTNTO ELVOL EYYVNUEVN:

1) Assignments create new names but do not change object identity. After the assignment new = o1d, it is guaranteed
that new is old.

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

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

211G TEPLOOOTEPEG AMAEG TIEPLITTWOELG, TOL TEOT TOVTOTNTOG OEV EVOELKVUVTAL KL TIPOTULMVTOL T TEOT LOOTNTAC.
Ewdikdtepa, T0 TEOT TAUTOTNTOG deV OOl TTPETEL VO, Y PN OLUOTTOLOVVTOL L0 TOV EAEYY0 0TaBEPDV OTWG int Kaw str
mou dev eival eyyunuéva singletons:

>>> a = 1000

>>> b = 500

>>> ¢ = b + 500
>>> a 1s cC

False

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

>>> ¢ = b + 'thon'
>>> a is c

False

Ouolmg, Tol VEO OTLYILOTUTTO. LETOPANTOV KOVTELVEP OEV ELVOL TTOTE TAVOUOLOTUTTOL:

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

210V Tummko Kmdtka fpiodnkng, o deite TOAG KOLVA HOTIBO Yo T OWOTY P01 TOV SOKLUMV TAUTOTNTAG:

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

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

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

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

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

return True
return False

2.6.15 Mwg propei pua urtokAdaon va eAey&el nmowa dedopgva anodnkevovtal o€
HLa apeTABANTN Mapoucoia;

Katd v vmokhdon evdg auetdfintov timov, mopokdppete ™ pnébodo _ new_ () avel yia ™ pébodo
__init__ (). H tehevtaia ekteheiton povo apov dnuovpynoel po apovoia, 1 ool eivar oA apyd yo
vo aAMGTEL dedopéva o€ P aueTdfAnTn sepimtmon.

‘Oleg auTég oL aueTdfAnteg KAAOELS £X0UV SLOPOPETLKY VIToYpapt) ard T UNTPLKY Toug KAAOoN:

from datetime import date

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

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

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

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

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

O K¥AGogLg Wtopouv va xpnoLuomotovv Etot:

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

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

>>> NamedInt ('ten')

10

>>> NamedInt (20)

20

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

2.6.16 Mwg pmopw va anodnKeuow TLG KAROELG HEOODOU OTNV KPUPN MV HN;

Ta &Vo Paowkd epyareia Yoo TG peBoddovg amobdnkevong oTnv TPOowWPLVY uviun eivor to. functools.
cached_property () kou functools.lru_cache (). To mpdto amodnkeveL To amoteLEoUATO OE ETITEDO
TOPOVOLOG KOL TO SEVTEPO O€ EMimedo KAAONG.

H npooéyyion cached_property hettovpyet udvo e nebddovg mov dev haufavouv opiouato. Aev dnuovpyei ovo-
@opd oto otrypodturo. To amotéleoua tg cached pneboddovg O dratnpnel wdHvo 600 TO CTLYLOTUTTO Elvol Tw-
VTavo.

To mheovéxTnua eivan 0Tl OTAV £vol OTLYULOTUITO SEV YPNOLUOTTOLELTAL TTAEOV, TO ATTOTELECUA TNG OTTOONKEVUEVTG
uefodov Ba amerevBepwbel auéoms. To pelovEKTNUO Eivar OTL €4V OVOCWPEVTOVY GTLYILOTVTTA, OOl Elval KL TO
ATOTELEGULALTA TG CVOCWPEVUEVNS UeBGOV. MItopouv va avasttuy0ovv ywpig mepLoplopog.

H mpooéyyion lru_cache hertoupyel pe pneboddovg mov €xouv opilopota hashable. Anuovpyel wa avagopd oTo
OTLYILOTUTTO, EKTOG GV KaTaPANO0UV eldLKES TPOOTADELES VL0 VO TTEPAOEL OE AOVVOLLEG AVAPOPEC.

To mheovékTnua Tov adyopifuov ov xpnopnooOnke Aydtepo mpdopata givar OTL 1 Kpuen uviun opLode-
telton amd to Kaboplopévo maxsize. To LELOVEKTNUO EIVOL OTL TAL OTLYILOTUITO dLOTNPOVVTAL COVIOVE £wg OTOV
TOAOLMOOOVY OTTO TV KPUET UVHUN 1] UEXPL VO SLOYPAPEL 1) KPUET) uvhu.

Aut to Tapdaderypa deiyvel TLg dLAPOPES TEYVIKES:

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 moapamave Tapdderypa wpotmobétel dti to station_id dev alAleL ToTé. EQv T OYeTIKA YOpaKTNPLOTIKA TT0-
pouoiag eivat petafAntd, 1 Tpooéyyion cached_property eV WITOPEL VO LELTOVPYNOEL ETTELDT OEV UITOPEL VO. EVTO-
mtioeL 0AAOLYEG OTA Y OPOKTHPLOTLKA.
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The lru_cache approach can be made to work, but the class needs to define the __eq__ and __hash__ methods so the
cache can detect relevant attribute updates:

class Weather:
"Example with a mutable station identifier"

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

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

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

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

@lru_cache (maxsize=20)

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

2.7 Modules

2.7.1 MNwg dnuLoupyw €va .pyc apxeio;

‘Otav évo. module eladryetol yio Tpmtn @opd (1) 6tav To apyeio tpothevong éxel aAhGEel 0td T dnuLovpyic Tov
TPEYOVTOG UETAYAMTTLOUEVOV CPYELOV), EVOL OPYELD . Py C TTOV TOPEYEL TOV UETAYAMTTLONEVO KMOLKO B0l TpEmel
vo. dnuovpynOei oe évav vtokatdhoyo _ pycache 0 KoTtGhoyog mov mepLéyel to . py. To apyeio . pyc Oa
éyeL éva dvoua apyeiov ou EEKLva e To {810 OVOLOL UE TO OPYELD . Py KOl TELELDVEL O . pyC, UE EVO UECALO
oToLyelo Tov eEapTATOL OITO TO CUYKEKPLUEVO duadlkd apyelo python mou to dnuovpynoe. (BA. PEP 3147 yia
LETTTOUEPELEG.)

"Evog MOyog yLo tov omoio evogyetan va unv dnuovpyn0ei éva apyeto . pyc elvor éva mpofinuo dikomudtoy
OTOV KATALOYO TTOU TTEPLEYEL TO OPYELO TTPOENEVONG, TTOV ONUAVEL OTL dEV LTopel vo. dnutovpynOel 0 vToKaTdhoyog
__pycache___. Autd umopei va ouuBel, Yo mopdderyua, eav oavamtuy0el wg évag xpnotng alld exteleitol mg
dAhog, drtmg eGv dokUALETE pe Evav SLOKOWOTY LoTOU.

Extog xou av €xel oplotel 1 petafinty meptpddhoviog PYTHONDONTWRITEBYTECODE, 1 dnwovpyio evog ap-
yetov .pyc givar avtopotn edv elodyete ¢éva module kau 1 Python éyer tn duvatdmta (dikaidparto, erevdepog
YWPOG, KAT...) va dnuovpynoeL évo. _ pycache_ vmoKatdAoyo Kot ypdpte to petayhwtiiopévo module o
OVTOV TOV VTOKOTAAOYO.

H extéheon g Python og éva oevaplo avatatov emtédov dev Bempeitan eloaywyn kow dev Ba dnuovpyndei .
pyc. a mopdderyua, edv éxete éva module avotdtov eniédov foo . py mov elodyel €vo Ao module xyz . py,
otav ekteleite 10 £oo (MMMKTPOAOYDVTAG python foo.py wg eviol KeAigpoug), Oa dnuovpynOei éva .pyc
YLOL TO Xy Z TELON TO xyz €XEL eloayDel, adlhd dev o dnuovpynOel apyeio . pyc yua to £oo Kabwg 10 £oo . py
dev eLodLyETOU.

Edv yperdletor vo dnuovpynoete £va apyelo . pyc yio to £oo — dnhadt, va duovpyhoete €va apyeio . pyc
vio éva module wov dev €xel eloayDel — umopeite, ypnolpomoldvtog to modules py__compile Kaoi compileall.

To module py_ compile umopei va uetayhmtrioet xewpokivnto omoradnmote module. ‘Evog tpdmog eival va xpn-
OLULOTTOL|OETE T1) CUVAPTNON compile () 0 QUTHV TNV EVOTNTA SLAOPAOTIKA:
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>>> import py_compile
>>> py_compile.compile('foo.py")

Avutd Ba ypdapel To . pyc og évav vokotdhoyo  pycache  otnv ido 0éom ue to £oo . py (1] umopelte vo 1o
TOPOKAUPETE UE TNV TTPOLPETLKY TApaUeTpo cfile).

Mitopeite emiong va PeTayAMTTIOETE QUTOUOTO OMOL TOL APYELD OE EVaV KOTAAOYO 1] KOTAAOYOUS YPNOLLOTOLM-
vtag 1o module compileall. Mmopeite va Kdvete amtd to shell prompt exteldvtog to compileall.py Kot
moapéyovtag T dradpoun evog Katahdyov ov mepLéyel apyeia Python yia puetaryddttion:

python -m compileall .

2.7.2 MNwg pmopw va Bpw TO Ovoua Tou TPpEXovTog module;

"Eva module pmopet va fpet to dikd tov dvopa module kottaloviag v mpokabopiopévn kobohky petafint
__name__. E&v avti éxet v tiun __main__, to mpdypapua ektereiton mg oevaplo. [ToAld modules wov ypnot-
LOTTOLOVVTOL GUVIHOMG UE TV ELOAYWYT TOUG TOPEYOVY ETLONG ULOL DLETTALPT] YPOUUNG EVTOLDV 1] £VAV AUTOEAEYYO
Ko eKTEMEOTE QUTOV TOV KWMLK LOVo apov ehéyEete To ___name__:

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

if name == '_ main__ ':

main ()

2.7.3 MNwg pnopw va €Xw modules rou eLocayouyv apolpaia To €va To AAAo;

YmoOéote 6t €xete ta axoiovba modules:

foo.py:

from bar import bar_var
foo_var =1

bar.py:

from foo import foo_var
bar_var = 2

To mpoPAnua eivan 6tL 0 dtepunvéag Oa exteléoel Ta akdlovOa Bruato:
» main elodyeL £oo
o Anuovpyovvtot Keva KabBolkd yia to £oo
o To foo petayhwtriletol kol EeKiva 1 ektéleon
o foo ewoGyeL bar
o Anuovpyouvtor Kevd Kabohkd yia bar
o To bar petoylottileTon Kou opyilel vo ekteleiton

o To bar eodyelL 1o £oo (1o omoio eival amoyopevtikd, kabmg vrtdpyel HOM éva module pe o dvopa £00o)
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o O umyaviopuds elooywyng mpoomadei va duafdoel to foo_var amd ta moykdowo £oo, yio va opioeL To
bar.foo_var = foo.foo_var

To tehevtaio Brua amotuyydvel, emeldn 1 Python dev €xel teleumoel axopo pe Ty eppnveio tov £oo Kat to global
LeEukd ovufohwv yia to £oo eivan akdua Kevo.

To idto ouppaiver dTav xPNOLWOTOLEITE TO import foo Kal, 0T CUVEXELX, TPOOTOOEITE VO OToKTHoETE TTPO-
opaon oto foo. foo_var og KaBOMKO KMHOLKA.

Yndpyovv (tovhdylotov) Tpelg mhovol TpOToL AVTLUETMITLONG AUTOV TOU TPOPRAHUATOC.

O Guido van Rossum ouvviotd v amopuyr) OAwv TV xpNnoewv tov from <module> import ... KoL Tnv
tomobéTnon 6hov tov kwdKa péoa og ovvoptnoels. Ta initializations kaOohKk®V petafANTdv Kot uetafintav
KAdong Ba mpémer va xpnoworotnfotv novo otabepés 1 EVOMUOTOUEVES CUVAPTHOELS. AVTO ONUALVEL OTL €val
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 kKAGoeLS)
o dMlwoelg import
o eVEPYOS KDOLKOG (OVUITEPLAUPBAVOUEVMVY TOV KAOOAKMV TTOU 0PYLKOTOLOUVTOL OTTO ELTOYOUEVES TUEG).

O Van Rossum dev apéoel wohd vty 1 Tpocéyylon emeldn ot eLoaymyég eppoviCovtal og €va meplepyo Hépog,
oMLG Aettovpye.

O Matthias Urlichs ouviotd tv ovadidpOpwaon tov KmdLKE oag £ToL DOTE 1 AVAIPOULKT] ELOAYWYT VO UMV ELvaLL
amapaitn eEapyhs.
Avtég oL Mioglg dev ailnroasokheiovial.

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

ZKEPTELTE VO (PNOLUOTTOLYOETE T CUVAPTNON EVKOhiog import_module () amd to importlib avri:

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

2.7.5 Otav ene&epyalopal €va module rou €xeL eLoaxOei kal Tnv enavelcayw, ot
aAlayEg dev epgavifovral. Nati cuppaivel auto;

T Adyovg amoteheopatikdTnTag Kabmg Ko cuvémelog, | Python duafdler to apyeio g evotntog wovo v
TPOT POPA TTOU ELOAYETOL (Lt AELTOVPYLKY povada. EGv dev To ékove, 08 Eva TpOYPOUIE TTOV ATOTENELTOL 0TTO
TTOAEG eVOTNTEG OOV 1) KaBepia eLodyeL To 1dLo Baoctkd module, to ooikd module Oa avarvbel ko o avaivbel
Eavd modég popés. Ta va avayKAoETE T €K VEOU OVAYVIOT LG OAAayuévng evothnTag , Kvte To eENg:

import importlib
import modname
importlib.reload (modname)

[pogwdomoinon: avtn N tex vk dev eivar 100% aogoing. Ewdikdtepa, modules mov meptéyovv dnhmwoelg 0mwg

from modname import some_objects

Ba ovveyioer va Aertovpyel pe v Told £€K8001 TV ELCAYOUEVWV OVTLKELUEVOY. Edv 1 Aettovpytkn wovada
TEPLEYEL OPLOUOVS KAAOEMV, OL VITAPYOVOES TOPOVOieg KAATEWV dev Ba evuep®OOVV yLaL VO YPNOLUOTOLOVV TOV
opLopd ™G vEag KAAoNG. Autd utopei vo 0dnynoeL oty akorovom mopddoEn ovumepLpopd:
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>>> 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 tpofinuotog kabiotatol cagphg 4V EKTUTMOETE TNV «TAUTOTNTO» TOV OVTLKELWEVOY 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 <= vy)
X++5;
Yy-—i
z++;

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

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

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

See the next question.

3.3 Why are floating-point calculations so inaccurate?

Users are often surprised by results like this:

>> 1.2 - 1.0
0.1999999999999999¢6

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

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

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

>>> x = 1.2

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

’1.00l1001100110011001100110011001100110011001100110011 (binary)

which is exactly:

’1.1999999999999999555910790149937383830547332763671875 (decimal)

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

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

3.4 Why are Python strings immutable?

There are several advantages.

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

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

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

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

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

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

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

Starting in Python 3.8, you can!

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

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

See PEP 572 for more information.

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

As Guido said:

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

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

3.5. Why must “self” be used explicitly in method definitions and calls? 49



https://www.python.org/dev/peps/pep-0572

Python Frequently Asked Questions, Anpocicuon 3.10.19

---https://mail.python.org/pipermail/python-3000/2006-November/004643.html

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

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

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

which gives the result:

’"1, 2, 4, 8, 1e"

There are two common arguments against this usage.

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

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

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

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

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

3.9 How fast are exceptions?

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

try:
value = mydict [key]

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

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

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

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

You can do this easily enough with asequenceof 1f... elif... elif... else. For literal values, or constants
within a namespace, you can also use amatch ... case statement.

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

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

func = functions[value]
func ()

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

class MyVisitor:
def visit_a(self):

def dispatch(self, value):

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

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

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

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

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

3.12 Why can’t lambda expressions contain statements?

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

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

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

3.14 How does Python manage memory?

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

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

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

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

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

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

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

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

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

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

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

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

3.17 Why are there separate tuple and list data types?

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

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

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

3.18 How are lists implemented in CPython?

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

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

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

3.19 How are dictionaries implemented in CPython?

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

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

3.16. Why isn’t all memory freed when CPython exits? 53



Python Frequently Asked Questions, Anpocicuon 3.10.19

3.20 Why must dictionary keys be immutable?

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

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

Some unacceptable solutions that have been proposed:

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

except label: # where to goto
pass

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

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

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

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

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

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

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

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

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

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

In Python, such a construct would be ambiguous.

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

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

For instance, take the following incomplete snippet:

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

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

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

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

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

ref.b = 42

ref.c = 63

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

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

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

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

if a ==
print (a)

Versus

if a ==
print (a)

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

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

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

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

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

There are several reasons to allow this.

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

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

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

]

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

Library and Extension FAQ

4.1 General Library Questions

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

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

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

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

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

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

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

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

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

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

#!/usr/local/bin/python

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

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

#!/usr/bin/env python

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

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

#! /bin/sh

nww.n

exec python $0 1+"s@"

nwn

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

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

4.1.4 Is there a curses/termcap package for Python?

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

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

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

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

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

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

handler (signum, frame)

so it should be declared with two parameters:

def handler (signum, frame):

4.2 Common tasks

4.2.1 How do | test a Python program or component?

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

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

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

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

if name_ == "_ _main_ ":

main_logic ()

at the bottom of the main module of your program.

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

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

if name == " _ main_ ":

self _test ()

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

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

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

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

4.3 Threads

4.3.1 How do | program using threads?

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

4.3.2 None of my threads seem to run: why?

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

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

import threading, time

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

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

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

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

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

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

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

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

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

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

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

Here’s a trivial example:

import threading, queue, time

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

# Create queue
d = queue.Queue ()

# Start a pool of 5 workers

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

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

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

When run, this will produce the following output:

Running worker
Running worker
Running worker
Running worker

(ouvéyela otV emtduevn oehida)
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Running worker
Main thread sleeping

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

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

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

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

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

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

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

x = L[1]

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

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

These aren’t:

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

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

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

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

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

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

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

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

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

4.4 Input and Output

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

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

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

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

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

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

The shut i1 module containsa copyfile () function. Note that on Windows NTFES 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, y, z = struct.unpack(">hhl", s)

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

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

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

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

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

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

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

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

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

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

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

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

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

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

4.5 Network/Internet Programming

4.5.1 What WWW tools are there for Python?

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

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

Cameron Laird maintains a useful set of pages about Python web technologies at https://web.archive.org/web/
20210224183619/http://phaseit.net/claird/comp.lang.python/web_python.

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

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

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

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

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

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

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

Agite griong:

urllib-howto for extensive examples.

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

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

4.5.4 How do | send mail from a Python script?

Use the standard library module smtplib.

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

import sys, smtplib

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

line = sys.stdin.readline ()

if not line:

break
msg += line

# The actual mail send

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

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

import os

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

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

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

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

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

4.6 Databases

4.6.1 Are there any interfaces to database packages in Python?

Yes.

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

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

4.6.2 How do you implement persistent objects in Python?

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

4.7 Mathematics and Numerics

4.7.1 How do | generate random numbers in Python?

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

import random
random.random ()

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

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

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

2 UXVEQ EPWTNOELG ETIEKTAONG/EVOWNATWONG

5.1 Mnopw va dnULoUpYROoW TLG BLKEG HOoU ocuvapTtioelg otn C;

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Agev umopeic. Xpnowomowote 1o PyTuple Pack ().

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

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

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

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

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

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

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

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

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

>>> import io, sys

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

>>> print ('foo')

>>> print ('hello world!")

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

hello world!

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

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

>>> import sys

>>> sys.stdout = StdoutCatcher ()

>>> print ('foo')

>>> print ('hello world!")

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

hello world!

5.9. Nwg pnopw va Kkavw catch tnv €§0d0 ano tnv PyErr_Print() (1} otdnrnote ektunwvetal oe75
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5.10 NMwg pmopw va anoktRow npdéopaon oc €va module ypappevo
oe Python anoé t™n C;

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

module = PyImport_ImportModule ("<modulename>");

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

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

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

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

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

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

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

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

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

5.13 Nwg Kavw debug pLa enteKtaon;

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

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

br _PyImport_LoadDynamicModule

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

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

gdb) br myfunction.c:50

gdb) continue

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

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

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

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

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

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

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

tov parser. To IDLE ypnowomotel ovto, Yo mopdderyuo.

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

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

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

5.14. ©¢Aw va kavw compile €va Python module oto ocuotnua Linux pou, aAAa Aeinouv 77
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5.17 Mmnopw va dnULOUPYNROW HLa KAAOT QVTLKELHEVOU HE OPLOUE-
veQ HEBABouUG Tou ulotowouvtal otn C Kal aAAeg otn Python
(T.X. MEOW KANPOVOHLKOTNTAR);

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

H Biprod1kn Boost Python Library (BPL, https://www.boost.org/libs/python/doc/index.html) mwapéyer éva tpdmTO Yo
vo. yiver ovtd amd v C++ (dnhadn) umopeite vo KAnpovounoete omd o KOO eméktaong ypouuévn oe C++
ypnoyomoumviog to BPL).
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KE®GANAIO O

Python ota Windows FAQ

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

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

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

’C:\>

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

’D:\YourName\Projects\Python>

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

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

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

C:\Users\YourName> py

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

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

>>>

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

>>> print ("Hello")

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

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

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

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

C:\Users\YourName>

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

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

6.2 NMwg Kavw ta Python scripts ekTteAEoLUQ;

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

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

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

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

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

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

Nau, ta apyeio .pyd eivon dll, oddd vidpyouv pepikég dwapopés. Eav éxete éva DLL ue to dvopa foo.pyd, toTE
mpémeL vau €yl e ouvapTnon PyInit_foo (). 2 ovvéyelo wropeite va ypaypete Python «import foo», Ko
1 Python 6o avaintoel to foo.pyd (kabwg kol to foo.py, foo.pyc) koL va to Bpel, Oa mpoomadfoel vo Kaléoel
T0 PyInit_foo () Y0 Vo TO apyLKOTOOEL. Agv ouvdéeTe To .exe oog e To foo.lib, Kabwg avtd Oa ékava ta
Windows va astaitioovy v opovoia DLL.

Adpete vroym 6tL 1 dradpour) avalntnong yia to foo.pyd eivar to PYTHONPATH, dev eivar idia pue ) drodpoun
7oV YpMotpnootovv to. Windows yio thv avalntmon tov foo.dll. Estiong, to foo.pyd dev xpeldletol va vidpyeL yio
TNV EKTELEDT] TOV TTPOYPAUUATOG OAG, EVD QY oVVOETETE TO TPOYpapud oag ne éva dll, amarteiton to dil. Puvokd,
amarteiton to foo.pyd edv Béhete va melte import foo. Ze éva DLL, ) ouvdeon dnhwvetal 6Tov mnyoaio Khdka
ue to _ declspec (dllexport). Ze éva .pyd, 1 ovvdeon opiletar oe o Aot SLabEoLumv GUVaPTNOEMV.

6.6 NMwg propw va svowpatwow tnv Python oe pua spappoyn
Windows;

H evooudtwon tov Python interpreter oe o Windows e@appoyr wwopei vo ouvvoyiotet wg eENg:

1. Na pnv dnwovpyeite amevdelog v Python oto apyeio oag .exe. Zto Windows, 1 Python mpémel va eiva
DLL yio vo. xelpiCetor v eloaymyf Aertovpytkdv povadwv mtov eivar ta idia DLL. (Avutd eivor To mpwto
KAEWOL wov dev TekunpLdvetar.) Avtibeta, ouvdéote To pythonNN.d11” gival ouvvnOmg eYKATETTNUEVO
010 C: \Windows\System. NN eivow n £€xdoor Python, évag aptBuog 6mmg «33» yia Python 3.3.

Mropeite va ouvdedeite pe tnv Python ue 0o duapopetikoig tpdmous. ZUvdean xpovou (pdPTwong ONUALVEL
oUvdeon evavTia 010 pythonNN. 1ib, evd 1) oUvdeon xpOvoy eKTELEONG ONUOLVEL GUVIEDT EVAVTLLL OTO
pythonNN.d11. (Tevikn onueiwon: pythonNN. 1ib eival to Aeyduevo «import lib» mov avtiotolyel 0To
pythonNN.d11. Anhwg opilel cuuBora Yo To CUVOETUO.)
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H otvdeon yxpdvov ektéheong amhomotel onuavitkd TG emioyég ouvdéopwyv. Ola oupfaivovv Katd
v ektédeon. O KOdka oog TPEmeL va QopTdoel pythonNN.d1ll ypNOUOTOLDVING TNV POVTivVOL
LoadLibraryEx () twv Windows. O k®dLkog mpémel eniong va ypNouomoLel poutiveg Tpdofaong Kot
dedopéva 010 pythonNN.d11 (dniadm, to C API thg Python) ypnoipomoidvrog deikteg wov Aappdvovo
artd ™) poutiva twv Windows GetProcAddress (). Ot poKpOeVTOAEG UTOPOVV VO KAVOUV Y PNOLULOTTOLM-
VTaG auTovg Tovg deikTeg duapaveic oe omotovdnmote kmdiko C ov kahel povtiveg oto C API tng Python.

. Edv ypnowomoteite SWIG, givau evxolo va dnuovpynoete éva Python «extension module» mov 0a kéiver to

dedopéva ko Tig uebddoug g epapuoyng dtadéowwo otnv Python. To SWIG Oa yeiplotel oyeddv Oheg Tig
grungy Aemtopépeteg yio €00g. To amotédeoua ivar o kmdikag C mov ouvdéeote oto apyelo oag .exe (1) Agv
ypeLateTon va dnuovpynoete éva apyeio DLL ko ovtd aurhomotel emiong t) ovvoeon).

. To SWIG 6a dnuovpynoet wio. ouvaptnon init (ua cuvéptnon C) g omoia To dvopa eEaptdtal amd to

ovopa g wovadag eméktaons. o mopdderyua, edv to dvoud tov module gival leo, | cuvapIong init
0o ovopdieton initleo(). Eav ypnowpomoteite ) okt SWIG xhdoeie, dmmg Oa émperne, | ouvaptnon init
Ba ovoudCeton initleoc(). Autd ekkivel o Kupimg Kpupn Bondntkn KAGon Tov ¥p1oLUOTOLELTOL OO TV
KAGOT OKLAL.

O Adyog vy Tov omtoio umopeite va ovvdéoete tov kmdika C oto frua 2 0To apyeio oag .exe eival 0TL 1
KAOT) TG OUVAPTNONG 0pYLKOTTOiNoNG Looduvauel pe tv eloorywyn tov module otnv Python! (Avtd eivau
70 deVTEPO KAELDL TTOV BEV TEKUNPLDVETAL.)

. Me Aiyo Moywa, Wtopeite vo. P1OLUOTOLNOETE TOV aKOAOUOO KmALKa yia v apyLkomotoete tov Python

interpreter pe to module exéxtaonc.

#include "python.h"

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

. Yrdpyouvv dvo mpopriuata ue o C API tng Python, ta omoio Oa yivouv gugovi edv xpnoLUOTOL | oETE

évav compiler diapopetikd amd tov MSVC, tov compiler mov yxpnotuomonke yio t) dnuovpyio tov
pythonNN.dIL

Mpopinua 1: O Aeydueveg ovvapthoelg «[Iold Yyniot Emuédou» mov Aaupdvouy opiopata FILE * dev
Oa Aettoupyouv o multi-compiler weptfddiov, emeldn 1 Evvora KaOe petayhoTtiot) yio éva struct FILE
O eivar dropopeTiky. Ao TV AITOYN TNG EPAPUOYNG, TPOKELTAL VL0 AeLToVpYieg TOAD XaunAov emLmtédov.

Mpopinua 2: To SWIG dnpovpyel tov akdrovBo kddiko dtav dnuiovpyel wrappers o€ void cuvopTioeLs:

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

Avotuywg, tTo Py_None givol o poKpogvIoM) OV ETEKTEIVETOL G ULOL AVAPOPA OF (o cUuvOeT) doun
dedopévarv wov ovoudCetar Py NoneStruct uéoa oto pythonNN.dIL Ko swéit, 0vtdg 0 Kdhdikog Bo arwotiyeL
oe éva mult-compiler wepBAALOV. AVTIKOTOOTIOTE QUTOV TOV KMALKA, [IE:

return Py_BuildvValue("");

Mamopetl va eivan duvarti) 1 xpnon g eviong $typemap ™ SWIG yia va yiver avtéporta  adiay, av
Ko 9ev Katdpepa vo. To KAvm autd vo Aettoupynoet (eipot eviehdg apydplog te SWIG).

. Hypnon evdg Python shell script yia va dnuovpyfioete £va Python interpreter mopdfvpo uéoo amd v eqop-

woyn oag Windows dev eival kKaky 1déa” To mapdbupo mov Oa mpoktyper Ba givar aveEdptnto 0md to 0v-
otquo Tapadvpov g epapuroyng oac. Avtibeta, eoeig (1) 1 kKAGon wxPythonWindow) 0o mpémer va om-
LWLOVPYNOETE £vaL «eYYEVES» (native) interpreter opdBupo. Eival evkoho va cuvdéoete ovtd to mapdbupo ue
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tov Python interpreter. Mmopeite vo avakatevfuvete 1o i/o tng Python oto _any_ avtikeiyevo mov vitootpi-
Cer avaryvawor Ko eyypopt), ETouEvmg To UOVo TTou ypeldleote elval éva avtikeipevo Python (tov opiletau
oto module emékTaong) wov mePLEYEL TG ueBddovg read() ko write().

6.7 Nwg pnopw va epnodiocw toug editors va elcayouyv tabs otov
nnyaio t™ng Python pou;

To FAQ dgv ouviotovv v %pfon Koptelmv Kat 0 0d1y0g otuh Python, PEP 8, cuviotd 4 kevd yio Tov Kotave-
unuévo kmdika Python” avt elval emiong 1 poemheyuévn hettovpyio python tov Emacs.

e omolovdnmote editor, 1 Wik tabs kou spaces givar Kok 1d€a. To MSVC dev dtogpéper amd avti) Ty Gmoyn Ko
puBuitetar gvkola yio va ypnotpomotel kKeva: Ilapte Tools » Options » Tabs, xou yio. tov TOmo apyetov «Default»
opiote 1o «Tab size» ko to «Indent size» 0to 4, Kou emAéETe TO Kovumi emhoyng «Insert spaces».

H Python eyeipetto IndentationError j TabError €Gv ta (UKTA tabs Kot spaces tpokalovy TpoAfuato 6To
leading whitespace. Mmtopeite emiong va ekteléoete To module tabnanny yia va ehéyEete v 8évtpo koTahdyou
oe Aertovpyia batch.

6.8 Mwg HIopw va eAEYEW yLa €va natnua NARKTPpwyv Xwpig aro-
KAELOUO;

Xpnowomoteiote to module msvert. Avti eival éva Tumkd module eméktaong eldukd yio to. Windows. Opilet
wo. ouvapTnon kbhit () m omoia eléyyel eqv vdpyeL éva xTimnua TANKTpoloyiov, Kot To getch () maipvel
EVaV YOPOKTIPO Y WPLG VO TOV ETAVOLOUPAVEL.

6.9 Nwg propw va dLopOwow TO CPAAHA TIOU AELTIEL TO api-ms-win-
crt-runtime-I11-1-0.dll;

Avto umopei va ouufei oe Python 3.5 ko vedtepeg ekdooelg dtav ypnowpomoteite Windows 8.1 1) vedtepn ékdoon
YWPLG va €xouv eyKataotadel Oheg oL evuepmoels. [lpmta BePfarmbeite OTL To AELTOUPYLKO 0OG GVOTNUO VITOOTN-
piletal Kal eivar evnuepmuévo Kol edv outd dev emloel To TPOPANU, ETLOKEQOELTE TN GO0 VITOOTHPLENS TG
Microsoft yio kaBodfynon oyetikd pe ™ un avtdpat eykatdotaon g evnuépmong C Runtime.
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KEDAAAIO 7

Graphic User Interface FAQ

7.1 General GUI Questions

7.2 What GUI toolkits exist for Python?

Standard builds of Python include an object-oriented interface to the Tcl/Tk widget set, called tkinter. This is probably
the easiest to install (since it comes included with most binary distributions of Python) and use. For more info about Tk,
including pointers to the source, see the Tcl/Tk home page. Tcl/Tk is fully portable to the macOS, Windows, and Unix
platforms.

Depending on what platform(s) you are aiming at, there are also several alternatives. A list of cross-platform and platform-
specific GUI frameworks can be found on the python wiki.

7.3 Tkinter questions

7.3.1 How do | freeze Tkinter applications?
Freeze is a tool to create stand-alone applications. When freezing Tkinter applications, the applications will not be truly
stand-alone, as the application will still need the Tcl and Tk libraries.

One solution is to ship the application with the Tcl and Tk libraries, and point to them at run-time using the
TCL_LIBRARY and TK_LIBRARY environment variables.

To get truly stand-alone applications, the Tcl scripts that form the library have to be integrated into the application as well.
One tool supporting that is SAM (stand-alone modules), which is part of the Tix distribution (https://tix.sourceforge.net/).

Build Tix with SAM enabled, perform the appropriate call to Tclsam_init (), etc. inside Python’s Modules/
tkappinit.c, and link with libtclsam and libtksam (you might include the Tix libraries as well).
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7.3.2 Can | have Tk events handled while waiting for 1/0?

On platforms other than Windows, yes, and you don’t even need threads! But you’ll have to restructure your I/O code a
bit. Tk has the equivalent of Xt's Xt AddInput () call, which allows you to register a callback function which will be
called from the Tk mainloop when I/O is possible on a file descriptor. See tkinter-file-handlers.

7.3.3 | can’t get key bindings to work in Tkinter: why?

An often-heard complaint is that event handlers bound to events with the bind () method don’t get handled even when
the appropriate key is pressed.

The most common cause is that the widget to which the binding applies doesn’t have «keyboard focus». Check out the Tk
documentation for the focus command. Usually a widget is given the keyboard focus by clicking in it (but not for labels;
see the takefocus option).
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KEGANAIO 8

«["lati elval eykateotnuevn n Python otov urtoAoyloth pou;» FAQ

8.1 Tueival n Python;

H Python eivar pia yYAdooa mpoypoupotiopot. XpnoLuomoLleitol Yo ToMEG dLopopeTIKES EQaPUOYES. XPNOLUO-
moLelTOL 08 OPLOUEVOL MIKELDL KOl KOAEYLOL DG ELOAYMYLKT] YAMOOO TPOYPOUUaTtlopov emteldn n Python eivol evkoln
otV ekpdOnon, aArd ypnowomoLeital eniong amd emoyyYEMLOTIES TPOYPAUUATIOTEG LOYLOWKOV 08 HEPN OTMG
otV Google, otnv NASA kau otnv Lucasfilm Ltd.

Av Bélete va pdibete meprooodTepa yio tv Python, Eexiviote pe tov Od6my6 vy apydpovg oty Python.

8.2 lNuarti eival eykateotnuevn n Python otov urtoAoyLoTi Hou;

Av Bpeite v Python gykateotnuévn oto oVoTNUA 00G, aMG dev OUUAOTE Va TV €XETE EYKATAOTIOEL VITAPYOVY
dLdpopol havol TpoToL e ToVg 0Tolovg Bol Itopovoe va. £xEL QTdoel eXel.

« 'Towg K&molog GALOG (P1OTNG TOV VITOAOYLOTY 10ehe Vo LAOEL TPOYPAUUOTIONO KAl TO eYKOTEOTNOE. O
TPETTEL VO BPELTE TTOLOG XPNOLUOTTOLOVGE TOV VITOAOYLOTY] KL LWTOPEL VOL TO EYKOTEOTIOE.

o Mo eqpappoyi) Tpitov uépovug ou €xeL EYKATOOTOOEL 0TOV VITOLOYLOTY) WTtopEl va. el ypaptel og Python ko
va eptedppave wo eykoatdotaon g Python. Yrdpyovv moldég T€Toleg eapUoYES, OO TPOYPAUUATOL
GUI péypt dSLaKopoTég SIKTUOU Kot SLOLYELPLOTLKG SCripts.

o Oplopéveg ovokevég pe Windows €xouv emiong eykateotnuévn v Python. Auti ) otrypr| yvwpifovue vio-
Moyotég g Hewlett-Packard ko tng Compaq tov mepthaufiavouy tnv Python. Ilpogavig opiopévo amd ta
epyodeto drayeiprong tg HP/Compaq eivon ypauuéva oe Python.

o IToAAG Aettoupylkd cvotpota ovppatd pe Unix, 0twg to macOS kot oplopéveg diavoués Linux, €éxovv oo
mpoemhoyT) eykateotnuévr v Python, 1) omoia epthappdvetor ot fooLKr) eYKATAoTOON.
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8.3 Mmnopw va diaypayw tnv Python;

Avtd eEaptdrar 0o to mov tponiBe M Python.

Av KAQITTOLOG TO EYKOTEOTNOE OKOTLUOL, WTTOPELTE VO TO APALPETETE YwPig vo PAaeTe Timota. Zta Windows, xpn-
owomolnate to etkovidlo Ilpoonxn/Agaipeon tpoypoupdtov otov Mivakoa Eréyyou.

Av 1 Python eyKatootdOnKe amd uia epapuoyn TpLtov UEPOUGS, WTOPELTE ETLONG VAL TNV OpaLpEoeTe, OAAA 1) eap-
uoyn avtr) dev Oo Aettovpyel TAEov. Oa TPETEL VaL YPNOLUOTOLYOETE TO TPOYPAULO OTTEYKOTAOTOONG QUTNG TNG
eOpUoYNG avti va agparpéoete amevbeiag v Python.

Edv 1 Python mepthauBAVETOL 0TO AELTOUPYLKO 0OG GUGTNUOL, OEV GUVLOTATOL 1) APOLPEDT] TNG. AV TNV APOLPETETE,
omora epyaieio NTav ypouuéva oe Python dev Oa Aettovpyouv mhéov, Kal Kémola amd avtd wropel va eival on-
HOVTLKG YL €0AG. 2T CUVEYELD, B0l amtantnOel EmaveYKATAOTOO OAOKANPOU TOU GUOTHOTOS YLl VO dlopBmoeTe
Eavd ta Tpdyuata.
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nAPAPTHMA A’

Mwoodpl

>>> To mpoemheyuévo Python prompt tov dtadpootiko shell. Zuyvd epgpaviletal yio mapadeiyioto KmdLKa Tou
uITopoVV va, EKTEAETTOUV dLAdPAOTIKA OTOV interpreter.

. Mmnopei va avagépetan o€:

o To mpoemiheyuévo Python prompt tou dtadpaotikov shell katd v eLooymyn Tou KOdIKa Yo £va Whok
KddiKa pe gooyn, otav Bpioketol péoa oe éva Levyog Taplaouévmv aplotepmv Ko deEudv delimiters
(mapevOéoelg, ayKULeg, AYKLOTPO 1) TPLITAN ELOAYMYLKA), ) LETA TOV KoBopLond evog decorator.

o H evowpatmuévn otabepd E11ipsis.

2to3 'Eva epyaleio mov mpoomadel vo uetatpépel tov Kodika Python 2.x oe kwduka Python 3.x duayelpilovrog
TLG TTEPLOTOTEPES ALTVUPATOTITES TOU UTOPOVYV VO EVTOTLOTOVV OVOADOVTOG TNV TNy Ko diaoyilovtag to
dévTpo avdivong.

2t03 eival drabéoipo oty atdvtap BirodNKn wg 1ib2t o3, mapéyetar éva onueio e.0ddov mwg Tools/
scripts/2to3. Bh. 2to3-reference.

agnpnuévy fackn) kAaon Ou agnpnuéveg Paotkéc KAAOELSG cuumthnpwvouy To duck-typing mapéyoviag évav
tpoOTo opLopov interfaces dtov dhheg texvikég 6mwg N hasattr () Bo Nrav adéEieg 1 avemaiodnta Aav-
Oaopéveg (Yo topdderypna pe magic methods). Tao ABC (abstract base class) eLodyovv elKOVIKEG VTOKAAOELS,
oL omoieg eivar KAGoeLg Tov dev Khnpovouovvran ard o kKAGon, odhd eEakolovbotv va avayvopiloval
amd to isinstance () kow amd 10 issubclass () ” BA. v teKunpimwon tov module abe. H Python dia-
0éteL moAG evowpatwpuéva ABC yia dopég dedopévmv (oto module collections. abe), apOuovg (oto
module numbers), poég (o010 module povada io), eloarywyn finders kou loaders (0to module importlib.
abc). Mmopeite va dnuovpynoete ta dukd oag ABC pe to module abe.

annotation Mo etikéto Tov oyeTIeTan Ue po UETARANTH, £va YopaKTNPELOTIKO KAGONG 1| WOl TTOPAUETPOG GU-
VAPTNONG 1] TLUN TTOV ETLOTPEPETAL, TTOV XPT|OLUOTTOLELTOL KOTd avufacn wg type hint.

Aegv givar duvati) 1) TPoOoPaon oTo annotations TWV TOTLKMOV UETABANTOV KT TO (pdvo eKTéheons, alld
Ta annotations tov global petafANTmv, TOV YoPAKTNPLOTLKOV KAAONG KoL TOV CUVOPTHOE®MY 0rtodnKkevo-
VTOL 0TO ELOLKO YOpOoKTNPLOTIKO __annotations__ twv modules, Twv KAACEMV KOL TV OUVAPTNOEWY,
avtioToya.

B\. variable annotation, function annotation, PEP 484 kaw PEP 526, to omtoia tepLypdepouv tnv AeLtovpytkd-
tnta. Estiong BA. annotations-howto yia tig BELTLOTEG TTPOaKTIKEG dOVAEVOVTOG e annotations.
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opwopo. Mot puetafiatetal oe pio function () method) xotd Ty kAo g ouvaptnong. Yrdpyouv dvo eidn

0PLOUATOV:

o keyword argument: ¢évo. dpLopa. TPLY amd Evo avayvopLoTiko (.. name=) o€ Ui KAMon ovvaptongm
TEPVAVTAG TO WG TY) 0€ éva AeEkd mpy amd * *. T'o mopdderyna, To 3 KoL to 5 0ToTeAoUV opiopata,
MEewv-KheldLmv otig akdrovbeg KM oeLS Tpog complex () :

complex (real=3, imag=b5)
complex (**{'real': 3, 'imag': 5})

o positional argument: £vo. 6pLopa. Tov dev givan OpLopa keyword. To opiopato O£0Mg LTopPovV VoL EUpOL-
viCovtar otnv apyng wag hMotog optopdtmv /Kot va petofipalovrar wg otouyelo evog iterable mpiv
o6 *. ['o wopdderyua, To 3 kow 1o 5 amotehoVv oplopata OE0NG OTLS TOPAKATO KA OELS:

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

Ta opiopota EKYWPOUVTOL OTIG OVOUOUEVES TOTILKEG UETOBANTEG 0TO OO pLe ouvapTnong. BA. v evo-
Tita calls yia Tovug Kavoveg o SLETOUV auThHv TNV EKYMPNOT. ZUVTAKTIKA, 0TTOL0ONTOTE £KQPOON UITOPEL
va ypnouortoBel yia va avarapaotioel £va oproua’” 1 oELohoyoUHEVT) TIUT EKYMPEITOL OE LLC. TOTILKY)
ueTapAnT.

B emiong v eyypoap Tov YAwooapiov yia to parameter, tv FAQ gpadytnom oto 7 Stapopd uetaEt ooioud-
Vv Kal Tapouétowv, Kou PEP 362.

aoUyypovos duayeiproTi)g context An object which controls the environment seen in an async with statement by

defining __aenter_ () and __aexit__ () methods. Introduced by PEP 492.

0oUyypovog generator Mio. ouvAEPTNON TOU eMLOTPEQEL Eva asynchronous generator iterator. MoldZelL pe puo. ov-

vapTNom coroutine Tov opileToL ue async def eKTOG atd OTL TEPLEYEL EKPPAOELS yield Yo TNV Tapoywyn
HLOLG OELPAG TUUDV TTOV UIT0PoVY va. xpnoworoboiv oe évav async for Bpdyo.

ZuviHBmg avopépeTal oe o CUVAPTNOY 0oUYXPOVoU generator, 0AAG umopel va avapépetal oe Evav acdy-
XOOVO generator iterator Gg OPLOUEVA contexts. Ze TEPLITTMOELG OTTOV TO ETMLOLWKOUEVO VOTUL OEV ELVOL OOPES,
UE TNV XPNOT TOV TPV OPMV OITOQEVYETOL 1] ALTAPELAL.

Mo ovvapTnom achyypovou generator WITOPEel va. TEPLEYEL EKPPAOELS await , Kabmg kol dNAdoeLg async
for, KoL async with.

aovyypovog generator iterator 'Evo avtikeipevo mouv dnuovpyndnke amd wa ouvaptnon asynchronous generator.

This is an asynchronous iterator which when called using the __anext___ () method returns an awaitable object
which will execute the body of the asynchronous generator function until the next yield expression.

Each yield temporarily suspends processing, remembering the location execution state (including local variables
and pending try-statements). When the asynchronous generator iterator effectively resumes with another awaitable

returned by __anext__ (), it picks up where it left off. See PEP 492 and PEP 525.

aovyypovog iterable An object, that can be used in an async for statement. Must return an asynchronous iterator
fromits __aiter__ () method. Introduced by PEP 492.

aovyypovog iterator An object that implements the __aiter_ () and __anext__ () methods. __anext_

must return an awaitable object. async for resolves the awaitables returned by an asynchronous iterator’s
__anext__ () method until it raises a StopAsyncIteration exception. Introduced by PEP 492.

XOPOKTNPLOTIKO Mia TLut| Tou OyeTileTal Le £va OVILKEIUEVO TTOU CUVIHOMG AVOQEPETAL LE OVOLLO, YPTOLLOTTOLMD-

VTAG EKPPAOELG e KOUKKIOES. TLa mapddeLyna, Qv €vo aVILKELUEVO 0 €xeL EVa YopaKTNPLOTIKO a Oa ava-
PEPETAL WG 0.4

Eilvouw duvatd vo dmooupe 0g €va aVILKELIEVO £VOL YOPOUKTNPLOTLIKO TOV TO OVOUX TOU OEV ELVAL AVOLYVIPL-
0Tk Omtwg opiletan oo identifiers, Yo TAPAdELYLLOL XPNOLULOTOLDVTAG sSetattr (), AV EMLTPETETOL ALTTO TO
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avtikeipevo. 'Eva TTolo xopaktnplotikd dev 0a eival TpooBAoLo ¥p1oLomoumnvTas TG TELEIES, KoL ovTi
avtov Oa mpémel va ovoKTNOel ypnolwomolmvtag getattr ().

awaitable An object that can be used in an await expression. Can be a coroutine or an object withan __await__ ()
method. See also PEP 492.

BDFL Axpwviuo tov Benevolent Dictator For Life, kohokdyo0og diktdtopag g Lomg, dnhadn Guido van Rossum,
0 dnuovpyodg g Python.

dvadiko apyelo A file object able to read and write bytes-like objects. Examples of binary files are files opened in
binarymode ('rb', 'wb' or 'rb+'),sys.stdin.buffer,sys.stdout .buffer,andinstancesof io.
BytesIOand gzip.GzipFile.

BA. emtiong rext file yio évo ovTIKELUEVO TUTTOU 0pYELo LKOVO Vo, dtofdoet Kaw va ypdper st r avItkeipeva.

daverkn avagopa Zto C API g Python, o daverk avagopd eivar o avagpopd og évo aviikeiuevo, érov o
KOOLKOG TTOV Y P OLULOTTOLEL TO arvTLKeinevo dev Katéyel Ty avagopd. ['ivetal évog aypnoluomointog deiktg
edv 1o aviikeipevo kotaotpapel. o tapdderypa, po diadikaoio garbage collection wwopel vo aporpéoet
TO TELEVTOUO Strong reference amd TO AVILKELUEVO KOL ETOL VO TO KATOOTPEPEL.

Zuviotatol 1 KAHon tov Py _INCREF () 0TO daVvelkn) ava@ood Ue 0KOmO Vo UETOTPOTIEL O €Va Loy voT]
avagopd emLTOTOV, EKTOG OTAV TO OVTLKEIUEVO OEV WTOPEL VO KATOOTPOAPEL TPLV atd TV TELevTALL Y PNOoN
g davelkng avagopds. H ouvaptnon Py_NewRef () umopei va ypnotpomowndel wote va dnuovpynOet
EVOL Lo VOT) aVapopd.

bytes-like avtikeipeve Eva avrikeipevo ov vrrootnpilel to bufferobjects kol umopet va eEdyel éva C-contiguous
buffer. Autd mepihaufaver dha to avtikelpeva bytes, bytearray, katarray . array, KoOdg Ko wodAd
Kowd memoryview ovuikeipeva. Ta dvadikot timov (bytes-like) avrtikeipevo Pmopovv vo. P CLULOTTOL-
NOoVV yia dudipopeg Aettovpyieg mov dayelpilovtar dvadikd dedouéva” avtd mepthapufavouv ovusieon
amo01Kevon o duadLKO apyelo kKol aTtooToA nécw socket.

Oplouéveg hettoupyieg yperafovran To duadikd dedouéva va eivor uetafintd. H texunpioon ouyvd ovo-
(PEPETOL 0€ AUTA WG «dVADIKA avTLKelUEVO avayvmong-eyypapnc» (read-write bytes-like objects). [Tapadeiy-
poTe LETABANTOV AVTIKELUEVOV TPOCWPLVTG aobfKevong mepLéyovy bytearray Kot éva memoryview
evog bytearray. AMEG AELTOUPYIES OTTOLTOVY TNV TTOBNKEVONG TWV dVAdLKDV dedouéva o€ aUeTAPANTL
avtikeipevo («dvadikd avrikeipeva povo avayvwong»” (read-only bytes-like objects) mapadeiypoato avtdv
mepléyouv bytes KoL évo memoryview evog bytes avIKelévou.

bytecode O mnyaiog kddka T Python petaryhottiCeton og bytecode, 1| e0WTEPLKY) AVATAPAOTOON EVOG TPOYPALL-
patog Python otov dtepunvéa CPython. To bytecode omoOnKeveTaL TLONG TPOCWPLVA OOG . PY C APYELL DOTE
1 eKTELEDT) TOV (OLOV apyelov va elval Yp1yopoTePT TNV deUTEPT POoPa eKTENEONG (UTTopEl Vo oTopevyOel )
€K VEOU UETAYANDTTLON OTTO TOV TINYOio KMOLKA o€ byfcode). Auti 1] «evOLAuean YAwooo» LEyeToL OTL TPEYEL
oe wa virtual machine oV €KTENEL TOV KMALKOL UNavNG TOV avtLoTolyel o€ Kabe bytecode. Adfete vdym
Ot ta bytecode 8gv aVOUEVETOL VO, AELTOUPYOUV UETAED SLAPOPETIKMV ELKOVIKMV Uy avdv Python, ovte va
glvon 0tafepd petagy twv ekddoewv g Python.

Mua Mota amd 0d1yleg oyetikd ue to bytecode umopel va Bpebei oty tekunpimon yio to module dis.

callable 'Eva callable eivar éva avrikeipevo mov wopei va Kaheotel, mbavd pue éva ovvolo opiopudtwv (BA.
argument), Ug TV TOPAKATO OVVTOEN:

callable (argumentl, argument2, ...)

Mua function, xou xot” eméktaon wa method eivou callable. 'Eva otuyiidtumo wo KhAomg mov VAOTTOLEL T
uébodo __call () eivow emiong callable.

callback Mua subroutine ouvéptnon 1 omoia petafipdletor wg dplona mov Ba eKTELETTEL KATOLOL OTLYUT OTO
HEAMLOV.

kAdon 'Evo mpdtumo yio ) dSnuovpyia aviikeluévov ov opifovrat omd 1o xpnoty. Ot oplopol KAAoEWY Guvi)-
Owg mepLéyouv opLopovg uebOdWV oV AeLTOUPYOUV OE OTLYWOTUTTO TG KAGONC.
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uetafinti kAdons Mo petofinti) wov opiletor ot pa kKAGom Kat tpoopiletar vo tpomortownOet udvo oe enimedo
KAGonNG (dN. Oyl o€ €va OTIYILOTUTTO (oG KAAOTG).

coercion The implicit conversion of an instance of one type to another during an operation which involves two arguments
of the same type. For example, int (3.15) converts the floating point number to the integer 3, but in 3+4. 5,
each argument is of a different type (one int, one float), and both must be converted to the same type before they
can be added or it will raise a TypeError. Without coercion, all arguments of even compatible types would have
to be normalized to the same value by the programmer, e.g., f1oat (3) +4 .5 rather than just 3+4.5.

myadikog appos Mio e€KTO0N TOU YVOOTOY GUOTAROATOG TPOYUOTIKMOV aptBudv 6To 0mtoio 6hot oL aplbuol
exppatovral mg aBpoLouo vOg TPAYUOTLKOU LEPOVGS KOl EVOG POVTAOTIKOY UéPovg. OL pavTaoTikol opLd-
pol eivat TPoyHottkd TOMOATAGOLO TG PAVICOTIKNG Lovada (1] TETpaywVviky pila tov —1), Tov ouyva
vpGovTol i ota podnuatikd 1 3 otn unyoavikr. H Python £xel evoopatmuévi vitootiptEn yio puyadikoig
apLOUovg, oL 0ToioL YPAPOVTOL UE AUTOV TOV TEAEUTALO GUUBOMOUO” TO POVTAOTIKO UEPOG YPAPETAL UE TO
emibnua 3, 7w.y., 3+173. To va amoktoete Tpoofaon o ovvOeTa looduvaa to module math, ypropormor-
Note to cmath. H ypnon wyadikdv aplbpmv eivol éva apketd mponyuévo nodnuotiko yapoKkTnpLotkd.

edv dev yvopilete TV avayKr Tovg, eival oedOV Giyoupo OTL WTOPELTE VAL TAL AYVOTOETE UE AOPAAELQ.

draeproTiic context An object which controls the environment seen in a with statement by defining__enter_ ()
and __exit__ () methods. See PEP 343.

context petafine Mo petafinth mov umopel va £yl TorEG SLaopeTikeg THEG Avaloya Pe To context. Autd
eival kowvd oto Thread-Local Storage 0mwov kG0e eKTELEGT TOV VIULALTOG WITOPEL VAL EXEL DLOPOPETLKT] TLUN YLOL
o petofanty). Hapodia avtd, ue Tig context PETAPANTES, WTOPEL VO VITAPYOVY TTOAG TTEPLBGAlovTa e éva
VIO EKTELEDTG KO 1] KUPLOL (PNOT YLat TLG context PeTaANTég elvan 1) TapakohoONoN TwV UETOPANTOVY O
TavTtdypoveg diepyaoiec. BL. contextvars.

contiguous 'Eva buffer Oewpeiton contiguous axpi3ng edv eivau eite C-contiguous eite Fortran contriguous. To buffer
undevikmv draotdoewv eivar C kow Fortran contiguous. Z& (tovodLAOTATOVG TTIVOKES, TOL OTOLYELOL TTPETEL VOL
torofetovvtaL 0T uviun to éva disha 0to GAlo, ue oelpd avENONG TV deLkTMV EgKivdvtag amd To undév.
Ze molvdidototovg C-contiguous mivaKes, 0 TeEAevTAlog delKTNG petafdhletal TaxvTepa 0TV EMOKETTO-
vTaL To otolyeia og oelpd devbuvong uvnune. Qotdoo, oe Fortran contiguous mivaKes, 0 TPOTOS OEIKTHG
peTafalleTol Lo ypryopa.

coroutine Ou coroutines €lvou (Lo 7TLO YEVIKEVUEVT] Lop1| subroutines. Ot subroutines eL.odyoviol o€ £vo. oNueLo Kal
eEdryovtal g Gho onueio. Ot coroutines wropei va eLooy0ovv, va eEayBov Kot vo ouveyLoTovv o€ oA
drapopetikd onueio. Mmopovv va vhomotjoovy pe v dMlwon async def. Bh. exniong PEP 492.

coroutine cuvapTNon Mo ouVAPTNON TOV EMLOTPEPEL £VOL coroutine AVTIKELIEVO. Mo GUVAPTNOY coroutine Wio-
pel vo opiCetal amd ) dhwon async def, kou umopel va mepiéyel await, async for, KoL async
with AEeig Khewdid. Avtég elonydnoav oo to PEP 492,

CPython H xavoviki vhosmoinomn tg yAdooag tpoypapuotiopnov Python, dmwg dravépetal oto python.org. O épog
«CPython» ypnoiuomoteitat OTov eivol amapaiTnTo Yo Ty SLAKPLoT AuTG TG VAOTTOINoNG 0rtd dAleG OTTMG
1 Jython | m IronPython.

decorator Mio. GuvAPTNON TOV EMOTPEQPEL Wiat OAAY oVVAPTNOY, CVVNOWGS EPAPUOTETAL WG UETAOYNUATIONOG
OUVAPTNONG XPNOLUOTOLDVTOG TNV @wrapper oUvtagy. ZuvnOiopéva moapadeiyuorta yio Toug decorators
elvar classmethod () kxou staticmethod ().

H oVvtoEn tov decorator givan amhmg KOAM®ITLOTIKY, oL akdrovBotl dvo oplopoi ovvaptioewv eivan onua-
OLOAOYLKA LoOdVVOUOL:

def f (arqg):

f = staticmethod (f)

@staticmethod

(ouvéygLa TNV ETOUEVT] GEMDQL)
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(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)

def f (arqg):

H idua évvola vtdpyer yio tig kAGoeLs, alhd xpnowpostoteiton Aydtepo ouyva ekel. BA. v tekunpimon yio
function definitions kou class definitions yio epLocdTEPQ OYETLKG Ue TOVG decorators.

descriptor Any object which defines the methods __get__ (), __set__ (), or __delete__ (). When a class
attribute is a descriptor, its special binding behavior is triggered upon attribute lookup. Normally, using a.b to
get, set or delete an attribute looks up the object named b in the class dictionary for a, but if b is a descriptor,
the respective descriptor method gets called. Understanding descriptors is a key to a deep understanding of Python
because they are the basis for many features including functions, methods, properties, class methods, static methods,
and reference to super classes.

TN wepLocdtepes TANPOPopieg avapopLkd (e Tig uedddovg tv descriptors, BA. see descriptors 1) to [lpakti-
KOG 0O YOG Yo T X pNom Tov Descriptor.

AeBiko An associative array, where arbitrary keys are mapped to values. The keys can be any object with __hash__ ()
and __eq__ () methods. Called a hash in Perl.

Katavonen AeEukov 'Eva cupmayfg Tpomog yio va eeEepyaoteite Oha M) uépog Twv oot einv oe £vo emavoin-
TTTLKO KO VoL ETLOTPApEL éva pe heEikd ue ta amotedéopata. results = {n: n ** 2 for n in
range (10) } dnuovpyel éva AeEtkd mou mepiéyel To Kheldl n Tou avTLOTOLILETOL UE TV Ti . ** 2,
BA. comprehensions.

oyn AeEikov Ta ovtikeipeva ov emotpépoviol amd dict . keys (), dict.values (), koudict.items ()
Kahovvtan peig AeEKoV. AUTEG Tap€youv (o SuvauLKT) Oy TOV TOV EYYPAPOVY TOU AeELKOV, TTou onuaivel
otL 6tav To AeEkd petafarletar, n Oy aviikatomtpiler avtég tig alhoyés. o va avoykdoete v oy
AeELkov va yiver pa tipng AMota xpnotnoorjote to 1ist (dictview) . B, dict-views.

docstring A string literal which appears as the first expression in a class, function or module. While ignored when the
suite is executed, it is recognized by the compiler and put into the _ doc___ attribute of the enclosing class,
function or module. Since it is available via introspection, it is the canonical place for documentation of the object.

duck-typing 'Evo otul poypoupatiopoty wov dev eEetdlel Tov THTO €VOG OVTLKELUEVOU YLO. VO TTPOOOLOPLOEL
av el T owoti diemoph” avtifeta, N 1EO0dOG 1 TO XAPUKTNPLOTIKO KAAEITOL ATTADG 1 XPVOWUOTTOLEL-
tau («If it looks like a duck and quacks like a duck, it must be a duck.») Aivovtag éupoon ot diemapég Kot
OYL 08 OVYKEKPLUEVOUG TOTTOVG, 0 KaAG oyediaouévog Khdikag Bertidvel tnv eveMEia Tou emitpémovtag
™V ToAVHOPQLKY vtokatdotao. O timog duck-typing amogetyel dokLuEG XPNOLUOTOLOVTOG type () N
isinstance (). (Enueimon, wotdoo, 0Tl 0 TVTOG Ttdmiog duck-typing umopei va ovurhnpwOel pe abstract
base classes.) Avti autov, cuvnBmg xpnoworotel dokiuég hasattr () N wpoypapuotiond EAFP.

EAFP Ilwo egVkolo vo INTNOELS oVuyydpeon tapd ddeta. Autd 1o Kowvd oTtulk poypauuatiopoy o Python stpo-
rwoBétel TNV VapEn £yKupmv KAEWBUOV 1] YOPAKTNPLOTIKOV Kot oudhaufavel eEaipéoelg edv 1 vitdBeon
amodey el eopaluév. Avtd to Kabapd Kot YpYyopo OTUA XapoKTNPLLETOL OO TNV TAPOVGio TTOAMDV d1)-
Mooewv try Ko except. H teyvikn épyetat og avtifeon ue 1o 6tuk mov eivar LBYL xowvo o€ molhég dhheg
yAwooeg, omwg 1 C.

ékppaon Eva xoppdt ovvta&ng mov wopel va aEtohoynei oe kdsmoro tuur). Me diha Moyia, pa ékgppaon eiva
WO GUOCMPEVOT OTOLYELWV EKPPaoTg dmwg KuploreEia, ovopata, Tpdopaon xopaKTNPLOTIK®V, TENEOTEG
1 KA OELG OUVAPTIOEMV TTOV OAEG ETLOTPEPOVV LaL TUY). e avtifeon ue mohhég dhdheg YAwooeg, dev eiva
Oheg oL YAWOOLKEG douég eKPPAOELS. YTTAPYOUVE ETLONG statements TOV dEV WITOPOVV Va. xpNoLpototnfov
g eKppaoeis, 6mtwg to while. Ot avabéoelg Tumv eiva emiong dNAWOELg oYL EKPPAOELS.

module exéktaong 'Evo module ypauuévo oe C 1) C++, mou ypnowomoteitan 0td 1o C API g Python yia va
AMNAETLOPACOUY UE TOV TUPTVA KO UE TOV KMILKO TOV YPTOTH.

f-string Ou Kuprolektikég ouufolooelpéc ypnotpomoloVv pe mpdlepa '£' N 'F' ovondlovtar cuvnbwg «f-
strings» wov eivon cuvtopoypagpia tov formatted string literals. BL. extiong PEP 498.
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OVTIKEINEVO apyeiov An object exposing a file-oriented API (with methods such as read () or write ()) to an
underlying resource. Depending on the way it was created, a file object can mediate access to a real on-disk file
or to another type of storage or communication device (for example standard input/output, in-memory buffers,
sockets, pipes, etc.). File objects are also called file-like objects or streams.

ZTNV TPAYUATIKOTNTO VTTAPYOUV TPELG KATIYOPLES AVTLKELUEVV apyElOV raw dvadikd apyela, buffered Sva-
Oukd apyela xou apyela kewuévov. OL dlemapég Tovg opitovral oty evotnta io. O Kovovikog TPOTOG Yo
VO SNULOVPYTOETE EVOL AVTIKELUEVO OPYELOV ELVAL YPNOLUOTOUDVTAG TV OVVAPTNOT open () .

OVTIKEIUEVO TTOV poLaler pe apyeio 'Evo ouvavuuo ue To file object.

KWOKOTOI101] CUGTINUATOS UpYEIWY Kot XELPLOTHS opoindtov H kodikomoinon kol o yeplotg opaiudtov
ypnowpomoteital amd v Python yia tv artokmdikomoinon twv bytes amd To A&LTovpylkd cUOTNUO KOl
™V Kodikormoinon og Unicode yia to Aettovpytkd ovothua.

H xodikomoinon cvotuartog apyelwv umopel vo eyyun0el v emituynuévn amokwdikomoinon Ghmy twv
bytes kdtw amd 128. Edv 1 kwdLKomoino cuoTiuatog apy elmv deV TapEYEL QUTNY TV EYYUNOT), OL CUVOP-
woelg API pmopovv va eyeipovy éva UnicodeError.

O ovvaptioelg sys.getfilesystemencoding () Kot sys.getfilesystemencodeerrors ()
WITOPOUV VOl YPNOLULOTTONO0UV Yo Vo MABETE TNV KMALKOTOINOT TOV GUOTNUOTOG OPYELWV KoL TOU YELPL-
0T1) OPAMLATOV.

O filesystem encoding and error handler dLapopemvovtal Katd v ekkivnon tng Python amd ™ ouvaptnon
PyConfig_Read () B\ filesystem_encoding kol filesystem_errors uéhn tov PyConfig.

BA\. extiong to locale encoding.
finder 'Eva aviikeipevo mov mpoomadel va Bpet to loader yio éva module wov 101y 0.

Since Python 3.3, there are two types of finder: meta path finders for use with sys .meta_path, and path entry
finders for use with sys .path_hooks.

See PEP 302, PEP 420 and PEP 451 for much more detail.

aképora Swaipeon H pabnpotikh Siaipeon ov otpoyyvhomolel Tpog To KUTw 6Tov Koviivdtepo aképato. O te-
Leothg aképarog draipeong eivar / /. T mapdderypa, 1 ékppaon 11 // 4 aElohoyeitol oe 2 oe avtifeon
UE TNV TLuT) 2 . 75 OV ETLOTPEPETAL ATTO TNV SLALPEOT] e VITOdLALOTOM. Znuetwon 6t (-11) // 4 xdvel
-3 gmeldn aut eival 1 oTpoyyvhoToinon moog o kdTw Tov -2 . 75. Bh. PEP 238.

ouvaptnon Mia oelpd amd SNADOELS TOU EMLOTPEPOVY KATTOLO TULY) OF GUTOV TTOU TV KAAEDE. Ze auTég Umopovv
VO TTEPALOTOVV KAVEVQL 1] TTEPLOTOTEPX 0OLGUATA TTOV UWITOPEL VO PN OLULoTOL Ol yia TNV ektéheon. BA. extiong
TG evOTNTEG parameter, method, Ko the function.

ouvaptnon annotation 'Evog annotation oG TapoueTpov GuvapTiong 1 Wog TG ETLOTPOQTGS.

Ou ouvaptoeLg annotations ouyvA YPNOWOTOLOVVTAL Y0 UTOOE(SELS TUTOV: VIO TAPADELYUA, QUTH 1 GU-
vapTNON ovouéveTal va Tépel S0 oplouaTo 1nt Kol ETONG AVAUEVETOL VO €XEL UL ETLOTPEPOUEVT] TLUY
int:

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

H oUvto&n ouvdptnong annotation avolvetar oty evotnto. function.

BA\. variable annotation kon PEP 484, mwov meprypdipel avty) tnv Aettovpyrkotnto. Emiong PA. annotations-
howto yio Tig KoAUTEPES TPAKTIKEG HOULEVOVTOG (L€ annotations.

_ future__ 'Eva future statement, from __ future_ import <feature>, KaB0odNYEL TOV HETOYAOTTLOTY
va petayhottioelr to tpéyxov module xpnouomotdvTag oUVTaEn 1 GNUacLoAoyYio Tou Ba YiveL 1) TUTTLKY O
uedhoviikt) ékdoon tng Python. To module _ future_  tekunpuivel tig mbavég Tiuég tov feature. Me tnv

94 Mapdptnua A’. NMwooapt


https://www.python.org/dev/peps/pep-0302
https://www.python.org/dev/peps/pep-0420
https://www.python.org/dev/peps/pep-0451
https://www.python.org/dev/peps/pep-0238
https://www.python.org/dev/peps/pep-0484

Python Frequently Asked Questions, Anpocicuon 3.10.19

ELOOYWYT AUTNG TNG AELTOUPYLKNG LOVADAG KO TV AELOLOYNOT) TV UETABANTMV TNGS, WTOPELTE VO dElTE TOTE
poL vEa duvaTOTNTO TPOOTEONKE YL TPDTN POPA OTHY YADOoO Ko ToTe O yiver (1] £yuve) N TpoemAoy):

>>> import _ future_
>>> _ future__.division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

ouvAloyn amoppudtov H dtodikacio amelevfépmong g uviung Otav dev xpnolpomoteitor diho. H Python ekte-
Ael ouMLOYT QTTOPPLUATOV UECWH KOTOUETPNONG OVOPOPHDV KAl EVOG KUKAMKOUD CUAAEKTY OKOVTILOLMY TTOV
elval g B¢om va aviyvevel Kou va omdel Tovg KUKAoVg avapopds. O culhéKTNG amoppludTmy Wopel va
eheyy el ypnopomolmvtag to module ge.

generator Mo oUVAPTNOT TTOV ETLOTPEPEL Eval generator iterator. MOLATEL (LE LLOL KAVOVLKT] OUVAPTNON EKTOG 0TTO
TO OTL TEPLEYEL EKPPATELG yield Yio THV Tapoymyr Wag 0eLpds TUMV TTOU (WTOPOUV VoL ¥P1oLuomot ot
o€ évav Bpoyo for Y| Tou Wtopovv va ovokTNOoUV o T popd e TV ovvaptnon next () function.

ZuvHBwg avagépeTal o€ o OUVAPTNOT generator, OAAG UTopEl va avopépetal Oe Evav generator iterator €
nepLKd contexts. 2e TEPLTTOOELS OTTOU TO EMLOLWKOUEVO VONUOL OEV ELVaL TAPES, 1) YPNOT TWV TANPWV OpwV
ATOPEVYEL TNV OLOAPELQL.

generator iterator 'Eva avtikeigevo mov dnuovpyeiton oo wua GuvapTnon generator.

Each yield temporarily suspends processing, remembering the location execution state (including local variables
and pending try-statements). When the generator iterator resumes, it picks up where it left off (in contrast to
functions which start fresh on every invocation).

generator £k@paon Mua £k@paon Tov emLoTpEPeL Evay iterator. Moldlel pe Kavovikr) £k@paon Tov akolovdeitan
and o tpdtaon for mov opilet wo UeTaBANT Ppoyov, £va gVpog Kol Wo. TPOaLPETIKY Ttpodtaon 1 f. H
oUVOUAOUEVT EKPPAOT ONULOVPYEL TLUES YLOL (O OLVAPTNOT EYKAELOUOV:

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

YEVIKT] oUvapTNe] Mo ovvapTnon mov amotereiton amd TOMATAEG GUVAPTNOELG TTOV VAOTOLOVY TV 181 AeL-
Tovpyia yio draopetikog Thmove. oo vhomoinomn mpémer va ypnolpnomonOel Katd T SLEpKeLo wioL KA1-
omg kabopiletar amd Tov akyopLlOuo arooTorys.

BA. emiong v xataydpnon tov single dispatch, tov decorator functools.singledispatch () ko PEP
443.

vevikog tomog 'Evog rype mov uopel va mapoapetpomomel” ouvnbwg wo container class, émwg 1ist 1 dict.
Xpnowuosoteiton yia type hints Kow annotations.

T teploodtepeg hemtouépelec, PA. generic alias types PEP 483, PEP 484, PEP 585, kau to module t yping.
GIL BM\. global interpreter lock.

global interpreter lock O unyaviopdg mov ypnotpomoteitan amtd tov diepunveéa CPython Yo v, SLaopaiioel Ot
uovo évo vijua extelel Python bytecode k4Be popd. Avtd amhomorel tv viomoinon CPython dnuovpywm-
VTAG TO LOVTENO OVTLKELWEVOU (CUUTEPLAAUPBAVOUEVWV KPIOWWWY EVOOUATWUEVWV TOTOV 0w TT.). dict)
£UUESA 0OPANEG EVOVTL TOVTOYPOVNG TTPOORaomS. To KAeldmuo oldKANPOL TOU dLepunvéa dLEVKoLUVEL TOV
dLepUNVEQ VO ELvaL TOMOTADY VNULATOV, ELG BAPOG TOU UeYAhOU UEPOUG TOV TTAPOAANALOUOV TOV TOPEYOVY
oL UNYOVEG TTOMOTIAMV ETTEEEPYATTDV.
Qo0tH00, OPLOPEVEG AELTOUPYIKEG LOVADEG EMEKTAONG, EiTE TUTTLKEG €lTE TPiTWYV, £XOVV OYESLAOTEL £TOL DOTE

va aserevfepmvouy 1o GIL dtav ektehoVv epyaoieg EVIOTIKMY VITOMOYLOUDV OTTMG CUUTTLEDT] 1) KATOKEP-
natopuds. Emiong, to GIL amehevbepmveton méva dtav extereite 1/0.

Iponyovueveg mpoomadeieg va dnuovpyn0ei évag diepunvéag «ehevBepwv-vnuatwv» (avtdg Tov Kheldm-
VEL TOL KOWvOypnoto dedopéva ue oA Tlo Aemtopep] evancnoia) dev frav emituyeis emeld 1 artddoon
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VITOYMPTOE TNV KOLVT| TTEPLTTWOoT evog emeSepyaoti). [Tioteveton dtL M vitépPaon avtol Tov TPoPANUATOG
06d00MG B KAVoLUY 7oA TTL0 TTEPLTAOKT KOl ETOUEVIG TTLO SATTAVIIPY) GTHY GUVTHPNON.

hash-based pyc 'Eva apyelo kpugpng uvnung byfecode mov yp1OLUOTOLEL TOV KOTAKEPUATIONO KoL O%L ToV XpdVo
TPOTOTTOINONG TOU CAVILOTOLXOU OPYELOV TPOELEVONG YLOL VO TPOOALOPLOEL TNV €YKUPOTNTO TOU. BA. pyc-
invalidation.

hashable An object is hashable if it has a hash value which never changes during its lifetime (it needsa __hash__ ()
method), and can be compared to other objects (itneedsan __eqg__ () method). Hashable objects which compare
equal must have the same hash value.

H YmapEn hashable xbver éva aviikeipevo va pwopel vo ypnotposown el mg khewdi AeEukot Kot wg uéhog
€vOg GUVOLOU, ETTELDN QUTEG OL SOUEG DESOUEVYV YPNOLUOTOLOVY TUUES KOTAKEPUATIOUOV.

Ta mepLoodTepa 0md T aueTdfinto evoouatwuévo avitkeipevo g Python umopoiv vo Katokepuott-
otovv” ta petafntd Kovtéivep (Ommg ou Moteg 1) ta AeEikd) dev elvan” T apetafinTo Kovrévep (0mmg
mheladeg Kan to frozesets) UTOPOVV VoL KATUKEPUOTIOTOUV UOVO EGV TCL OTOLYELD TOVG ELVOL KOTAKEPUATL-
ouéva. Ta ovTiKeLpeva OV glval OTLYIOTUTTO. KAAGEMY TTOV 0pilovIaL amtd TO ¥PNOTH WIOPOVV VO KOTO-
KEPUATLOTOUV TTO TTPOoemihoyr). ‘Ol ouyKpivovToL GAvioa €KTOG 0TO TOV EAUTO TOUG) KL 1) TUY KOTAKEP-
HOTLOUOV TOVG TTPOEPYETOL atd To id () .

IDLE 'Eva ohokinpopévo mepidirov avamtugng ko pdbnong yo v Python. idle givau éva fooikd mepiBadiov
eneEepyaoiag Ko diepunvéa mov cuvodevetar amd Ty Tumikr) drovout| tng Python.

immutable 'Eva avtikeipevo ue otabepn tur. Ta opetdfinta ovikeipeva mepthapufavouv apbuots , ovppo-
hooepég koL mhelddec. ‘Eva tétoto aviikeipevo dev umopetl vo alldEel. ‘Evo véo aviikeiyevo mpémel va
dnuovpynOei edv mpémer vo amobnkevtel wa drapopetiky| Ty Iailovv onuaviikd pého og uépmn 6mov
wo otabepd amarteital, yio wopdderypo wg khewdi oe éva heEuko.

ewoayouevo path Mo Mot amd tomobeoieg (] katoywoices Siadpouric) mov umopovv va avalntnboldv path
based finder yio. va. elooy0ovv modules. Kotd v dadikacio eloaywyng, avty M AMota ue tomodeoieg ouvii-
Bwg épyetar amd sys . path, aAhd YLO TO VITOTAKETO, WTOPEL ETLONG VO £POEL AT TO YOPAKTHPLOTIKO TOV
TTOKETOV YovEo ___path__.

awoaywyn Hdwadikaoio katd v omola o khdikag g Python oe éva module eivon Stabéoun otov kmddika Python
evog dAlov module.

aoayoyéas Eva aviikeipevo umopel kou vo avalntel kol vo goptdver £va module” kol éva. finder xon loader
OVTUKELUEVO.

Stadpaotikog H Python éyel évav dtadpaotikd diepunvéo 6mmov onuaiver 6Tt umopeic vo elodyelg SMAMOoeLg Kot
EKPPAOELG OTHY ELOAYWYY EVIOAMV TOU SLEPUNVEX, EKTEAMVTAG TEG AUEC KoL ELPOVILOVTOG TO OVTLKEL-
ueva. Amhng eKKLvinoTe TV python ywpig opiopato (bavidg emiéyovtog To amd T0 KUPLO HEVOU TOV
VITOAOYLOTY) 00G). ATtotehel Evav amodoTiko Tpdmo Yo va dokiudote véeg 1dEeg 1) va eEetdote AelToVPYIKEG
povadeg Ko moakéta (Buunbeite help (x)).

interpreted H Python elvau puo interpreted yYA®ooa, og aviifeon ue o LETAYAMTILOUEVT], AV KOL 1) SLAKPLOY WITOPEL
va givar kow 0ol Loyw g mopovoia tou bytecode petoryhmttioTt). Autd onuaivel 6t Ta apyeia Tpoghevong
WITOPOUV VoL EKTELEGTOVV QITEVOELOG YWPIg VO dNULOVPYNOEL PTG £Va EKTEAECLILO CLPYELO TTOU OTNY OUVEYELDL
ekteheitar. Ou interpreted yAdooeg ovviiBmg £xouv WKkpOTEPO KUKAO avAmTuEng/ eviomiopoy opoiudtmy
aTT0 TLG UETAYAMTTIOUEVES, 0LV KOIL TOL TTPOYPAUUATA TOVG YEVIKA eKTELOVVTOL TTL0 0pydL. BA. emtiong inferactive.

TEPUATIONOS hertovpyiag diepunvéa ‘Otav Inteiton teppotionds Aettovpyiag, o diepunvéag g Python ewoépye-
TOL O UL ELOLKT) pAor OTTov amtelevdepdvel 0TadLokd OLovg Tovg dLaTlOEUEVOUS TOPOUG, OTTMG AELTOVPYL-
Kég novadeg Kau morhamhéc kpioueg eontepiké doués. Emiong mpayuatomolel apketés KAMOELS 0TO GUA-
Aéxtne orovmdidy. Autd WITOPEL VO EVEPYOTTOLTEL TV EKTELEDT] KMOLKO 0 KATAOTPOPELG TTOU 0piovTal
antd 1o pNnotn 1 ot callbacks aobevoig aviamokpiosis. O KOdLKOG OV ekTEAETOL KOTA TN PAOT TEPLLOL-
TLOROU AELTOVPYIOG WTOPEL Vo GUVOVTIOEL SLAQOpPES EEALPETELS, KOOMG oL TOPOL 0Toug oToiovg faoiletal
evdéyetal vo unv Aettovpyovv mhéov (ouvnOm mapadelypota eivar oL AetToupyLkeg novadeg Ppiodnkng 1
0 UNYXOVLOROG ELOOTTOLNOEWV).

96 Mapdptnua A’. NMwooapt



Python Frequently Asked Questions, Anpocicuon 3.10.19

O Baotkdg MOYos TepuaTiopoy hettovpyiog tov diepunvéa eivon éti to __main__ module 1) ohokAnpmOnke
1 EKTELEDT TOV KMOLKA TTOV ETPEYE.

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

Iterables can be used in a for loop and in many other places where a sequence is needed (zip (), map (), ...).
When an iterable object is passed as an argument to the built-in function iter (), it returns an iterator for the
object. This iterator is good for one pass over the set of values. When using iterables, it is usually not necessary to
call iter () or deal with iterator objects yourself. The for statement does that automatically for you, creating
a temporary unnamed variable to hold the iterator for the duration of the loop. See also iterator, sequence, and
generator.

iterator An object representing a stream of data. Repeated calls to the iterator's ___next__ () method (or passing
it to the built-in function next () ) return successive items in the stream. When no more data are available a
StopIteration exception is raised instead. At this point, the iterator object is exhausted and any further calls
toits___next__ () method justraise StopIteration again. Iterators are required tohavean ___iter_ ()
method that returns the iterator object itself so every iterator is also iterable and may be used in most places where
other iterables are accepted. One notable exception is code which attempts multiple iteration passes. A container
object (such as a 1ist) produces a fresh new iterator each time you pass it to the iter () function or use itin a
for loop. Attempting this with an iterator will just return the same exhausted iterator object used in the previous
iteration pass, making it appear like an empty container.

Mepioodtepeg mAnpopopieg wropotv va Bpebovv oto typeiter.

Agnropépera vhioroinong CPython: CPython does not consistently apply the requirement that an iterator define
__iter__ ().

ouvvaptnon key Mo ouvdptnon khedi 1 wo ouvaptnon taEvounong sivar wo. Suvotdtta KAong Tov emt-
OTPEPEL O, T TTOV ypnotpomoteiton yio ToEvounomn 1 Suéitokn. o mapdderypa, locale.strxfrm()
YPYOLUOTTOLELTAL YLOL TV TTOPaywyn eVOg KAELSLOU TaELVOUNONG TToV YVmpilet Tig ouufdoetg Tagvounong
YLOL OLYKEKPLUEVEG TOTILKEG puOuioeLs.

‘Eva. aplBudg epyaleiov oty Python déyetor Baoikég ouvaptnoels ylo Tov €heyyo Tou TPOTOu Ue
ToV omoio ta otoryeio taEvopovvtor 1| ouadomotovvrar. Avtd mepiéyxouv min (), max (), sorted (),
list.sort (), heapg.merge (), heapg.nsmallest (), heapg. nlargest (),Koa itertools.
groupby ().

There are several ways to create a key function. For example. the str.lower () method can serve as a key
function for case insensitive sorts. Alternatively, a key function can be built from a lambda expression such
as lambda r: (r[0], r[2]). Also, the operator module provides three key function constructors:
attrgetter (), itemgetter (), and methodcaller (). See the Sorting HOW TO for examples of how
to create and use key functions.

opiwopo keyword B\. argument.

lambda Muo ovayvoun evOmUATmUEVY GUVAPTNOT) TTOU OITOTEAEITOL ATt Lo LOVOSLKT| expression 1) 0mtoia. aELOLO-
veltaw Otav kodeitol 1 ovvdptnon. H ouvioEn yia t dnuovpyia wog ouvaptnong lambda eivon 1ambda
[parameters]: expression

LBYL Look before you leap. Autd 1o otuk KwdLkomoinong eLEyyeL pnTd Tig TPoUTOOE0ELS TPLY TPOYUCTOTTOLYOEL
KAoelg M ovalnthoelg. Autd 1o oTuk €pyetol o€ avtifeor ne Ty Tpooéyyion EAFP Ko xopoKtnpiCeTol
artd ™V Tepovoio ToAdV dnhwoemy if.

Ze évaL tepLBAMOVY TTOAATAMY VNUdTwV, 1 Tpooéyyon LBYL umopel vo diakivouvevoet va eLoGYEL (o Guv-
oNxm aydva petakd «the Looking» ko «the leaping». Twa tapdderypa o kddikag, 1 £ key in mapping:
return mappingl[key] umopel va amotiyel edv éva aAho v apapéoel To key amd To mapping UETG
™ dokuy), ahhG TPy astd TV avalitnon. Avtd to Tpofinua wropel va Abel pue KAeldouato 1 xpnotuo-
Tolwvtag TV tpooéyyLon EAFP.
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Tomk1] Kwdukortoinon On Unix, it is the encoding of the LC_CTYPE locale. It can be set with locale.
setlocale(locale.LC_CTYPE, new_locale).

On Windows, it is the ANSI code page (ex: cp1252).
locale.getpreferredencoding (False) can be used to get the locale encoding.
Python uses the filesystem encoding and error handler to convert between Unicode filenames and bytes filenames.

Moto A built-in Python sequence. Despite its name it is more akin to an array in other languages than to a linked list
since access to elements is O(1).

list comprehension 'Evo cupmayfg tpdmog yia va eneEepyaoteite OMa 1) UEPOG TV OTOLYELWV O UL, akohouBia
Ko vo emoTpéPpete wua Moto pe ta oatotehéopato. result = ['{:#04x}'.format (x) for x in
range (256) if x % 2 == 0] dnwovpyei wa Aloto ovuforocelpmv mov mepéyovv Luyotg dekaeEa-
dukovg apuovg (0x..) oto evpog amd 0 €mg 255. H mpdtoom 1 £ eivan mpooupetiky). Eqv mapaleipOei, dha
Ta oToLyelo 0To range (256) vmofailovion oe eneSepyaciaL.

loader An object that loads a module. It must define a method named 1oad_module (). A loader is typically returned
by a finder. See PEP 302 for details and importlib.abc.Loader for an abstract base class.

naykt uédodog 'Eva drumo ovvdvupo yia special method.

mapping A container object that supports arbitrary key lookups and implements the methods specified in the Mapping
or MutableMapping abstract base classes. Examples include dict, collections.defaultdict,
collections.OrderedDict and collections.Counter.

meta path finder 'Evog finder mov emiotplepnie pe avalntnon oto sys .meta_path. O finders ueta-diadpoung
oyetiCovral, ol dapépovv amd ta finders entry dtadpour.

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

ueta-khdon H khdon wag khdong. Ou opropol kKhaong dnuovpyotv éva dvoua. kKAdong, éva AeElkd khdong Kat
o Aloto footkmv kKhaoewv. H peto-khdon givar veifuvn yia v artdKTon auTtdv TV TPLOV 0pLoUATmy
Ko TNV dnuovpyia g kKAAong. O eplocOTEPES AVILKELUEVOOTPEPEIS YADOOES TPOYPAUUATIONOV TTOPE-
YOUV ULOL TTPOETUAEYUEVT] VAOTTOIN 0. AT TTov Kvel Ty Python Egywproth eivor L givan duvorh m dnuovp-
vio Tpooapuoouévav petokidoemyv. O meplocdTePOL XPNOTES OEV XPELALOVTOL TOTE 0UTO TO EPYOlelD, OAAGL
OTOV TOPOOTEL AVAYKT), OUTO TO EPYONELD, OL UETA-KAAOELG WTOPOVYV VAL TTAPEYOVV LOYUPES, KOUPEG MIOELS.
"Ex0ouv %p1noLomombel Yo tnv Kotoypagr| TpooBoong XopoKTNPLoTIKOV, TNV TPoafK acpalelog vnud-
TOV, TNV TOPAKOA0VON0N SNULOVPYIAS AVILKEWUEVWV, TNV VAOTTOINOT| singletons, Ko mtolég dhheg epyaoiec.

[eploodtepeg mAnpopopieg wropotv va Bpebolv oto metaclasses.

uébodog Mia ouvdpnon o opiletal péoa 0to omua wag kKhaone. Eqv koleitol wg yopakmplotikd wog mepi-
TTOONG AVTNG TG KAAONG, 1) 1EB0d0G B MAPEL AVTIKEIUEVO TEPLTTWONG WG TPWDTO TG argument (TO OTOLO
ovvihiBwg ovoudtetan self). Bh. function xou nested scope.

oepd avaivons nedodwv Method Resolution Order is the order in which base classes are searched for a member during
lookup. See The Python 2.3 Method Resolution Order for details of the algorithm used by the Python interpreter
since the 2.3 release.

module 'Eva aviikeipevo mov ypnouedel mg opyovmtik povada tov kmdika tng Python. Ta modules éxouv évav
YDOPO OVOUATOV TTOU TTEPLEEL avbaipeta aviikelipeva Python. Ta modules poptwvovtoal otnv Python ue tv
dwadikooio importing.

B emiong package.

TeYVIKES TPodrarypoupés module 'Evo namespace mov TEPLEXEL TG TAPOQOPLES TTOV TYETICOVTOL LE TV ELOOYWYT
IOV YPNOLOTOLOVVTOL Yiet TNV POPT®ON €vog module. Mo mepimtworn tov importlib.machinery.
ModuleSpec.

MRO Bh. method resolution order.
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mutable To svuetdpfinto avikeipevo propovv va oAGEoUV Tig Tuég 0AAG va. kpoathoouv ta 1d () . BA. emtiong
immutable.

named tuple O 0pog «named tuple» epappoCeTol yio 0ToLovONtoTe THTTO 1) KAAON o KAnpovoueital amd v
TLELADC KOL TWV OTTOLWV T GTOLYELD WTOPOUV VAL EVPETNPLOTTOLNOOUV elval TPOoaPAoLua YP1OLULOTOLDVTOG
ETOVLLLA YOPAKTNPLOTLKA. O TOTOg 1) 1) KAAOT UTOPEL VaL el Kol GALA X OpOKTHPLOTLKA.

oMol evowpatmuévor Tomol eivon named tuples, CUUTEPLIAAUBAVOUEVDV TV TLULDV TTOV ETLOTPEPOVTOL OITTO
time.localtime () kawos.stat (). Eva ahho mopdderypa eivan to sys . float_info:

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

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

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

True

Some named tuples are built-in types (such as the above examples). Alternatively, a named tuple can be created
from a regular class definition that inherits from tuple and that defines named fields. Such a class can be written
by hand or it can be created with the factory function collections.namedtuple (). The latter technique
also adds some extra methods that may not be found in hand-written or built-in named tuples.

namespace To uépog dmov amoOnrevetar wa petafinty. Ta namespaces vhomolovvror wg heEikd. Ymdapyovv ot
TOTTLKOL, OL KAOOALKOL KOl OL EVOMUOTOUEVOL namespaces KoOMG KoL oL £vOETOL namespaces 0€ VILKELLEVOL
(0e ueBddoVg). o mapddeLyna oL ovvapTHoelgbuiltins . open KoL os . open () dLOKPIVOVTAL 0TTO TOUG
Y WPOVG ovoudtwv Toug. OL xmwpot ovopdtwv Fondov emtiong TV ovoyvmoLdT)TO KOt T CUVTNPNoWOT T
Kablotmvtag oapéc wolo module viomolel o Aettovpyia. Tia wapdderypa, ypdgpovtag random. seed ()
Nitertools.islice () kaOLOTA COPES OTL AUTEG OL CUVOPTNOELG VAOTTOLOUVTOL artd To. module random
Kol itertools, aviiotouyo.

mokéto namespace A PEP 420 package which serves only as a container for subpackages. Namespace packages may
have no physical representation, and specifically are not like a regular package because they haveno __init_ .
py file.

BA. emtiong module.

nested scope H duvatdmta avagpopdg oe wa petafint oe évav mepikherduevo opopd. Tia mapdderypo puo
oUVAPTNOT TTOU OPITETAL UECA OE (oL (AT GUVAPTNOT WTOPEL VO AVOaQEPETOL OE UETAPBANTEG 0TIV EEWTEPLKT
oUVAPTNOY. ZNUELMOTE OTL TO EvOeTo TEdia amd TPoemAOY AELTOUPYOVV UOVO YLOL OVOLPOPd Kal 0L Yol
ekypnomn. O Tomikég uetafAnTtég SLABATOVTOL KoL YPAPOVIOL 0TO E0MTEPLKO TedLo epapuoyns. Ouoimg,
oL KaBoMKEG puetafANTég daffaCouvv Kot ypdgovy atov Kabohkd ympo ovoudtwv. To nonlocal emitpénel
™V eyypapn oe eEmteplkd media.

KkAdon véov otvh Old name for the flavor of classes now used for all class objects. In earlier Python versions,
only new-style classes could use Python’s newer, versatile features like _ slots__, descriptors, properties,
__getattribute__ (), class methods, and static methods.

ovukeipevo Omoladnmote dedouévo (e KaTdoTaon (XapaKTNPELoTKE 1 i) Ko Kaboplopuévn ouumeptpopd.
(uéBodor). Emiong, N telkn ookt kKhAom ommolaodftote new-style class.

maxéto 'Eva Python module mov umopei vo epiéyel submodules 1) avadpopukd, vtomakéta. Teyvikd, £va Takéto
elval pa kettovpyLkr povéado Python e éva _ path_ yopokmplotko.

BA. emtiong regular package xou namespace package.

TUPAUETPOS Mia £ykupn ovtdTnTo 08 évav oplopnd function () uéBodog) mov kabopilel éva argument (| og opi-
OUEVEG TIEPLITTAOELS, OPLOUATA) TTOV Wtopel vo. dex el 1 ouvaptnon. Yrdapyovv mévte eidn mopauéTpmy:

o AéEn-xdeldi 1) Oéon: xabopilel Eva dpLopo Tov uropel va petoPifaotel eite Oéoews M| wg dptoua AéEng-

kAetdiov. Autd gival To TPOETAeYUEVO ELDOG TOPAUETPOV, VL0 TAPAdELYUa foo Ko bar ota akdlovba:
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def func(foo, bar=None):

o Oéoewe udvo: kabopilel éva OpLona wov umopel va mopéyxetanr udvo amd ™ 0€om. OL mapdueTpol Lovo
0£0mMG WITopPoUV va. 0pLoTOUV GUUTEPLAAUBAVOVTOG Evay YopaKTHpad / 0T AMoTa TopauéTpmy ToU opL-
ooy oVVAPTNONG HETd 0TTd AUTEG, Yo tapdderyua posonlyl kon posonly2 oto eENg:

def func(posonlyl, posonly2, /, positional_or_keyword) :

o AéEng-kAeldi udvo: xaBopilel Eva OPLoUO TOV WITOPEL va. Tapéyeton wovo ue AEEN Kheldi. Ou mapduetpol
HOVO Yo MEEN-KAELDL WITOPOVV VO 0PLOTOVV GUITTEPLAAUBAVOVTOG [La TOPAUETPO BEONG 1) OKETO * 0T
MoTa TApaUETPWY TOU 0PLOUOY CUVAPTNONG TTPLV Atd OUTES, Yo Tapaderyua kw_onlyl Kou kw_only2
ot aKOAovOL:

def func(arg, *, kw_onlyl, kw_only2):

o uetafAnti Oéong: xabopilel OTL umopei va mapaoyedel wa avbaipetn axorovdia oploudtov 0¢ong
(emumhéov TV oplopdtov BEong Tov givar 1191 amodeKTd 0td dAleg mapauéTpovg). Mia tétola ma-
PAUETPOG WWITOPEL VO OPLOTEL TPOCAPTDVTOG TO OVOLLO TNG TAPAUETPOU UE *, VL0 TAPASELYUA args 0T
akorovba:

def func(*args, **kwargs):

o uetafAnth AéEn-kAeldi: Kabopiler oL pwwopovv va mapéyxovror avbaipeta ToAG opiouato AEENG-
KAELOL0D (eTLITAEOV TV 0pLopdTtmy AENG KAELOLOV Ttov eival omodektd amd dhheg Tapauétpovg). Mo
TETOLAL TTOPAUETPOG WTOPEL VO OPLOTEL TTPOCUPTWVTAG TO OVOUC TNG TOPAUETPOU UE * *, Y0 TP~
devypa kwargs OTMS TOPATAVO.

O mopdpeTpot Wtopov va Kahopicouv TOo ta TPOUPETIKA 00 KOl TAL AoLTOVUEVO Opiopata , Kabwg
KOL TIPOETUAEYUEVES TLES YLOL OPLOUEVOL TIPOALPETIKG OPIOLLOLTOL.

B. exiong v argument KatoympLon gvpetnpiov, v epwtnon FAQ oyetkd ue 1 dtapood ueta&t opioud-
TV KOl TOpauUéTomv, TNV KMGON inspect . Parameter, v evotnta function kouw PEP 362.

path entry Mua pepovouévn tomobeoia oto import path tv omoio cupBovieveton o path based finder yio va BpeL
modules yio eLoorymy).

path entry finder 'Evog finder mov emotpépetal amd évav KahoOuevo 0to sys . path_hooks (dnhadi éva parh
entry hook) ov Eépel mwg va. evromtiCelr modules e path entry.

Bih. importlib.abc.PathEntryFinder yio tig uefddovg mov o entry finder dtadpoung vhomotei.

path entry hook A callable on the sys.path_hook list which returns a path entry finder if it knows how to find
modules on a specific path entry.

path based finder 'Eva amtd ta mpoemiheyuéva meta path finders wov avalntd €va import path yio. modules.

path-like avrikeipevo 'Eva aviikeipevo mov avumtpoowmevel éva path cvotfiuotog apyeiwv. ‘Eva aviikeipevo
path givau gite éva aviikeipevo st r 1 bytes mov aviutpoommevel éva path 1) £va OVTLKELLEVO TTOV VAOTTOLEL
TO TPWTOKOAMO 0s . PathLike. Eva aviikeipevo wov vrootnpilel To mpwtdKorlo os . PathLike umopel
vo petatpamel og path ovothuatog apyelwv str M| bytes Kahdvtag Ty ouvapton os . £spath () ” ta
os.fsdecode () KoL os.fsencode () WIopovV va PNOLUOTONOOVV Lo TNV €yyUmon evdg amotehs-
ouatog str 1 bytes, avtiotoyya. Ewonydn amd tov PEP 519.

PEP Ilpotaon Behtiwong Python. ‘Eva PEP givaw évo €yypopo oyedlaopuol Tov Tapeéyet TANPOoQopies 0TV KoL-
votnto Python 1) mepuypdper o véo duvatdtta yia v Python 1) tig dadikaoieg 1 o mepifallov g,
Ta PEP Oa mpérmet vo mopéyouv Wio. GUVOITTLKY TEXVIKT] TPOSLOYPagpT] KO (Lot LOYLKY] YLOL TOL TTPOTELVOUEVOL
YOPOKTNPLOTLKA.
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Ta PEP mipoopiCovtal va eivar oL KOpLoL iiyoviouot Lo Ty IpoTtoot] ONUOVTLKOV VEOV YOP0KTIPLOTIKMOV,
YLOL TN GUALOYY] TANPOPOPLMV TNG KOLVOTNTOG Yo Vo THTNUOL KoL Y10 TV TEKUNPLmON TOV 0Topaoeny
oyedLaopov o £xouv ewoay el oty Python. O cuyypagéag tov PEP gival vrelBuvog yio thv otkodounon
ouvaiveong evtog Thg KoLvOTNTag KoL TNV TeEKuNpimon aviibetmy amdpewy.

B)L. PEP 1.

tuiuoe. ‘Eva ovvoho amd apyeia og Evav povo katdhoyo (evoeyouévmg amofnKevuévo og apyelo zip) Tou GuUBEL-
Lovv og évo namespace TOKETO, OTwg opiletar oto PEP 420.

opwopa 0¢ong BA. argument.

provisional API 'Eva provisional API eival avtd mmov €xel eokepuéva eEarpebei amd Tig backwards eyyunoeig ovp-
Batdtnrag g Tumkng PBAMOOKNG. AV KoL eV avapévovTal CHUAVTIKEG AMOYEG O TETOLEG SLETOEG,
€POCOV EMONUOIVOVTAL WG TPOoWPLVES, alharyég un backwards cuufoatdomrog (UéxpL KoL KOTapynon e
dLemapng) UIopel va TPoKLPouv edv KpLbel amopaitto amd Toug factkols Tpoypaunatiotés. Tétoleg
odhayég dev Ba yivouv dokoma — Ba ouuBouv wovo edv amokalupOovv cofapd Beueliddn eraTTOUOT
7oV TOPoreipONKay TpLv oo T cuumepiinyn tov APL

Axoun kou yo provisional API, ou un backwards ouppatéc alaryég Bewpoivtar «hion Eoyatng avaykne»- Oa
eEaxohovBei vo. yivetan kdBe tpoomdOero yio va Bpedei pua AMbom backwards cupBati| og TuyOV EVIOTLOUEVAL
TPOPfAUaTO.

Avth 1 dtadikaoia emitpémer oty TustkT) BBALOON KT va ouveyioel va eSeliooetan ue Ty Tdpodo Tov xpo-
VOU, YWPIg va KAEWOMVEL TPOPANUATIKE OQALLOTO OYESLAOUOD VL0 EKTETAUEVES YPOVIKES TTEPLOdOVG. BA.
PEP 411 yio tepLoodTtepeg AeTTOUEPELES,

provisional wakéto BA. provisional API.

Python 3000 Wevdwvuuo yio to ovvoro ekdooewv Python 3.x (emvonOnke mpLv amd mwodd koupd 0Tav 1 Kukho-
popia g €xdoong 3 NTav KATL 010 PaKpLvo EALoV.) Avtd ovoudletol emiong wg ovviopoypapia «Py3k».

Pythonic Mua 1déa 1) €vo Kopupdtt KddLKa Tou akohovbel ot taL 710 Kowvd Wumwuato ™G Yhwooag Python, avti
VO VAOTTOLEL KDOLKOL Y PTOLUOTTOLMVTAG EVVOLES KOLVEG 0€ AMAEG YADOOES. Tla mapdderypa, v Kowvo wWimuo
otmv Python ivan va xdvet wo eavanym tdvo amd oha ta otolyelo evag iterable ypNOLLOTOLMVTOG ULOL
dMhwon £or. [Todrég dhheg YADOOEG TTOV dEV EYOUV CUTOV TOV TUTTO KATAOKEUNG, £T0L 0L AvOpwIToL Tov dev
eivar eEotkelmpévor pe v Python ypnowwomototv peptkéc popég Evav aptbuntko uetpn):

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

Avtibeta, wo mo kabapn uébodog Pythonic:

for piece in food:
print (piece)

avayvoplopévo ovoue ‘Eva dvopa pe kovkkideg mov deiyvel T «diadpout)» amd 1o kabokd evpog evog module
oe wo Khdon, ovvdptnon 1 uébodo mov opiletar o ovt)v ™V evotnta, Omtwg opiletal oto PEP 3155.
TN ovvapthoelg Ko KAAGELG OVAOTOTOU ETLITEDOV, TO OVOYVOPLOUEVO dvoua glval idlo pe to dvoua Tou
OVTLKELWEVOU:

>>> class C:
class D:
def meth (self):
pass

>>> C._ _qualname
IC’
>>> C.D.__gualname

(ouvéyela otV emoueV oerida)
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(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)

'C.D'
>>> C.D.meth. qualname
'C.D.meth'

‘Otav ypnowomoteitar yia avapopd o¢ modules , 1o TAowWS avayvwoLleuévo évoua oNUaivel oLOKAPO To
duaxekopuévo path pog to module, cupTePLOUBOVOUEVOY TUYXOV YOVIK®V TAKETWV TT.). email .mime.
text:

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

) 00g avaopac The number of references to an object. When the reference count of an object drops to zero, it is
deallocated. Reference counting is generally not visible to Python code, but it is a key element of the CPython
implementation. The sy s module defines a get refcount () function that programmers can call to return the
reference count for a particular object.

Kovoviko mok€ro 'Eva mapadooiako package, Onmg £vag Katdhoyog o mepléyeL éva __init_ . py apyeio.
BA. emtiong namespace package.

__slots__ Mua dHhwon péoa oe pua, KAGoM stov eEotKovopel pviun SNADVOVTOG £K TV TTPOTEPMY XDPO YL TUPG-
deLypaL YopaKTNPLOTIKA Ko eEakeipovtag AeELkd oTyotimmy. Av Ko SNUo@IAAG, 1 TEXVIKN gival Kamwg
dVOKOMO VO YiveL OWOTI Kot TTPOOPLLETL KOAUTEPQ VL0 OTTAVIES TTEPLITTMOELS OTTOV VTTAPYEL LEYAAOG 0pLO-
HOG OTLYILOTVTTOV O€ ULOL EPOAPUOYT KPLoWUNS-UviunG.

okoAlovlia. An iterable which supports efficient element access using integer indices via the __getitem__ () special
method and definesa ___len__ () method that returns the length of the sequence. Some built-in sequence types
are list, str, tuple,and bytes. Note that dict alsosupports ___getitem__ () and__len__ (),butis

considered a mapping rather than a sequence because the lookups use arbitrary immutable keys rather than integers.

The collections.abc.Sequence abstract base class defines a much richer interface that goes

beyond just _ getitem_ () and __ len_ (), adding count (), index(), contains__ (),
and _ _reversed__ (). Types that implement this expanded interface can be registered explicitly using
register().

set comprehension 'Evog ovumayhg tpdmog yio. vo eneEepyaoteite 6ha 1) pépog Twv atolyeimv oe éva iterable ko
VO ETLOTPAPEL VO OVVOAO Le Ta amoTteréopnota. results = {c for ¢ in 'abracadabra' if c
not in 'abc'} dnuovpyel To oUvoro ovuPorooelpdv { 'r', 'd'}. Bl comprehensions.

novadiko dispatch Muo popgny dispatch generic function dmov M vhomoinon emhéyetar pe PAon Tov THTO VoG
UEUOVOUEVOV OPLOUOTOG,

slice "Evo avtikeipevo mov ouvnbmg mepLéyet Eva tunuo uog akorovbiag sequence. Anuovpyeitan éva slice xpn-
OLUOTTOLDVTAG T1) oneiman subscript, [] pe avw Kol Kdtw teheieg peta&l aplbudv otav divovol wolhoi,
Omwg 010 variable_name[1:3:5]. H onueiwon aykilng (subscript) xpnOLLOTOLEL EGMTEPLKA OVTLKEL-
ueva slice.

€191k péBodog Mia uéBodog mov Kaheitar orwsnpd omrd Ty Python yia va ekteléoel pua ouyKekpLuév Aertoup-
via og évav tOmo, dmwg M TpoodfKn. Tétoeg uéBodol éxovve ovopata Tov Eekvolv KoL TEAELDVOUV e
dumhéc KbTw movheg. Ou edLkég néBodol TekunpLvovTaL 0To specialnames.

dMlwon Mo pdTaon eivar uépog wog covitag (£va «umhok» KOdka). Mia tpdtaon eival gite Evag expression
elte wa oo wodhég doudg ue o AEEN-KAewdt émtwg i f, while i for.
strong reference =to C API g Python, pia toyvph avogopd eivol o ovopopd og Evo oVTLKEILEVO TOU OVIKEL

OTOV KMOLKA TTOV TEPLEYEL TNV avapopd. H toyvpn avagpopd haufdvetan Kahmvtag to Py INCREF () otav
1 avagopd dnuiovpyeiton ko aehevfepmvetal e Py DECREF () Otav dloypopet 1 avopopd.
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H ovvéptnon Py_NewRef () Wropel va xpnotuomotnei yio ) dnuouvpyio Loyvpng avopopdic o€ Vo, ovTL-
Kelpevo. Zuvnbwe, 1 ouvapTNoN Py_DECREF () mpémel vo KOAELTOL 0TV LoYVPY avapopd Ly Byet oo
TO €VPOG TNG LOYVPNG OVOPOPAS, YLa Vo artopevyOel 1 dLappon Wog avopopdic.

B emtiong borrowed reference.

Kwdkomoinon kewpévov Mia ovuforooelpd otnv Python ivol wa akolovbio onueiwv kddika Unicode (oTo £v-
poc U+0000-U+10FFFF). ['la var artoONKeVOETE 1] VO UETAPEPETE UL CUUPBOLOCELPAL, TIPETTEL VOL GELPLOTTOL-
N0l wg dvadikn akorovbia.

H oewpromoinon wog ouuBorooelpds o€ (o duadiky akohovbic eival YVOoT wg «KOALKOTOINoT» , KoL 1
avadnuovpyia tng ovuforooelpds amd Ty duadikr| okohovBio eival YVmOoT MG «OTOKMALKOTOINo1)».

Yrdpyer pio Torkihion SLapopeTikig oeLpLoToinong Kewévou codecs, oL 0TT0ioL GUALOYLKG OVOPEPOVTOL WG
«KWOLKOTTOLNOELG KELUEVOU».

apyeio kewévov 'Eva file object ixovd vo SlaBatel kau va ypdeper aviikeipeva str. Zuyvd, évo apyeio kewué-
VOU QTTOKTA TPAYUATIKG TTPOOP0on O€ pa pon duadikt) por) dedoUEVMV Kat YeLPLLETOL QUTONATO TNV fext
encoding. Tlopodelypota opyelmv KELWEVOU lvaL apy Lol TTOV avoiyouy o€ Aettovpyia Kewévou ("r' M 'w'),
sys.stdin, sys.stdout, Kot otrypdtume tov io. StringIO.

B\ extiong binary file yuon €vo AVTUKELUEVO apyELOV e duVATOHTITA OVAYVIONG KAt EYYPOPNg Svadikd avit-
Kelueva.

oupforocelpd TPUTA®Y ELCaYMYIKOV Mo GUIBOAOCELPE TTOV SECUEVETOL AT TPELG TEPUTTWOELG ELTE EVOG ELOQL-
yoyrkoU (») 1 pag arrootpdpov (). Av ko dev Tapéyouv Kouia Aettovpytkdtnta ov dev eivar dtabéoiun
1e OVUPBOLOCELPEG UE LOVAL ELOAYWYLKA, ELVOL XPHOLUES YLOL BLapOPOVg AOYOUGS. Zag EMLTPETOUV VO GUUTTE-
pLaPeTE LOVA Kat SAd eLoaymyLkd xwpig dtopuyn o€ uLa GUUBOAOOELPG KOl UTOPOVY VO EKTELVOVTOL
og TOMEG YPOUUES XWPLG TN YPTON TOV XOPAUKTNPO CUVEYELDL, KADLOTMVTAS TO LOLAULTEPO. YPNOLLO KATA TN
oUVTOEN eYYPAPWV He CUUPBOLOCELPES.

timog The type of a Python object determines what kind of object it is; every object has a type. An object’s type is
accessible asits ___class___ attribute or can be retrieved with type (ob7j).

type alias 'Evo ouvadvupo yua évay thmo, mov dnuiovpyeitor ue ty ovadeor TOmov o€ £va avayvopLoTiko.

Ta type aliases eival ypnowua yio tnv osthomoinom type alias. Tia wapddevypor:

def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuplelint, int, int]]:
pass

WITOPEL VL YIVEL TTL0 eVavAyvVmoTo OTtmg:

Color = tuple[int, int, int]

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

Bi. typing kou PEP 484, movu mepuypdepel outiv TNV AeLtovpytkdTnTa.

type hint 'Evag annotation wov KaOopileL TOV avapuevopevo TOo yio. (ot LETOPANTY), EVO X apaKTNPLOTIKO KAGOoNg
1] WL TOLPAUETPO CUVAPTNONG 1) TLUT ETLOTPOPNG.
Type hints are optional and are not enforced by Python but they are useful to static type analysis tools, and aid
IDEs with code completion and refactoring.

YnodeiEeig timou (type hints) yio KaBoMkég UeTOPANTEG, YOPOKTNPLOTIKA KAAONG KoL OUVOPTH-
oelg , OMG Oyl TOTKEG UETAPANTEG, WITOPOUV VA JTPOOTELAOTOVV YPNOLUOTOLMVTAG TO typing.
get_type_hints ().

BML. typing kol PEP 484, mov meprypdgpel ovtiv v AELToupyLtKkOTTO.
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koBohxég véeg ypauués Eva tpdmog epunveiog pomv Keywévou otov oroio dia ta akdhovbo avayvmpifovran
wg MEeig wag ypauune:  ovufaon téhovg ypauung tov Unix '\n', 1 ovupfoon twv Windows '\r\n"',
Kaw TV ol ovppaon Macintosh '\ r'. BA. PEP 278 kau PEP 3116, kabmg koL bytes.splitlines ()
v TpoodeTr P oM.

annotation perapiyeig ‘Evag annotation o, puetafAntg 1 evog yopaktnpLlotikot KAGong.

‘Otov annotating puo eToBANT 1 va xopakTnpLotikod KAGong, 1 avabeon eivol TpoatpeTikn:

class C:
field: 'annotation'

Ta annotations PETOPANTOV YPNOWOTOLOVVTOL GUVNOWMG Yo fype hints: Yio. TAPAIELYUA OUTH 1) LETOPANTY
ovouévetal vo Mafel Tiég int:

count: int = 0

H o¥vta&n annotation petafAnNTig meptypdpetal 0Ty evOTITa. annassign.

BA. function annotation, PEP 484 xav PEP 526, mov meprypdgpouv avti) ™ Aertovpyio. Agite emiong
annotations-howto yia. BELTLOTES TPAKTIKEG OYETIKA Ue TNV EpYOTia e oXoMaouove.

virtual environment 'Evo cuvepyoatikd amopovmuévo eptBallov xpovoy eKTELEONG TOV EMULTPETEL OTOVG YPT1)-
0TEG Kau TIG eapuoyés tg Python va eyxotaotioovy kot vo avopaduicovv tokéta diovoung Python ympig
va tapeuaivouy oty ovutepLpopd AoV epapuroymv Python mov extelovivtar 0Tto idLo ovoThua.

Bi. emiong venv.

virtual machine 'Evog vroloyiotic opileton €€ ohokipov amd to hoyiowkd. H eucovikhy unyavi tng Python
ektelel To bytecode oV eKTTEUTETAL ALTTO TOV UETAYAWTTLOTY bytecode.

Zen 1 Python Kotdhoyog oyedlaotikmy apymv KoL (LAOGOMLMY TOV ELVOL YPT|OLUES YLOL TV KATOVONOT KoL TN
xPNOoM ™G YAdooag. O kotdhoyog witopel va fpedel mhnktporoydviag «import this» otnv dladpaoTiky
KovaoLa.
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nAPAPTHMA B’

About these documents

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

H avamtuEn tov eyypleov Kol Tov gpyoleiwv toug eivar eE” ohokhnpov edehovtiky mpoomddera, dmwg Ko 1)
idua 1 Python. EGv Béhete va. ouvelopépete, piEte wo. potid ot oghida reporting-bugs yio, TANPOQOPLES OYETIKEG
e To Twg vo. 1o Kavete. Kawvouplol e0ehoviég eival mdvta evmpdodektol!

[ToAAég vy OpLOTiES TTNYALVOUY OTOVG:
« Fred L. Drake, Jr., the creator of the original Python documentation toolset and writer of much of the content;
« 7o Docutils tpdtlekt yio v dnuovpyio tmv epapuoydv reStructured Text ko Docutils:

o Fredrik Lundh yua to 816 tov Alternative Python Reference mpdtlekt amd to omoio to Sphinx mpe ol
KoAég LOgec.

B'.1 Contributors to the Python Documentation

IoAhol avBpwrtoL éxouv ouvela@épel ot Yhwooo Python, thv BiioOnin tng Python, ko ta €yypagpa tng Python.
Agite Misc/ACKS otig minyég dravoung g Python yia pa Moto twv ouvieheotdv.

Moévo ue tn ouufol) Kot Tig OUVELGPOPES TG Kotvotntag tg Python, 1) Python €yel tétola vitépoya éyypapo -
Zag evyoaploTovpe!
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4
NAPAPTHMA [

loTopla kat Adela

.1 Hotopia Tou AoyLoHLKOU

Python was created in the early 1990s by Guido van Rossum at Stichting Mathematisch Centrum (CWI, see https://www.
cwi.nl/) in the Netherlands as a successor of a language called ABC. Guido remains Python’s principal author, although
it includes many contributions from others.

In 1995, Guido continued his work on Python at the Corporation for National Research Initiatives (CNRI, see https:
/Iwww.cnri.reston.va.us/) in Reston, Virginia where he released several versions of the software.

In May 2000, Guido and the Python core development team moved to BeOpen.com to form the BeOpen PythonLabs
team. In October of the same year, the PythonLabs team moved to Digital Creations (now Zope Corporation; see https:
/Iwww.zope.org/). In 2001, the Python Software Foundation (PSF, see https://www.python.org/psf/) was formed, a non-
profit organization created specifically to own Python-related Intellectual Property. Zope Corporation is a sponsoring
member of the PSF.

All Python releases are Open Source (see https://opensource.org/ for the Open Source Definition). Historically, most, but
not all, Python releases have also been GPL-compatible; the table below summarizes the various releases.

‘Ekdoon Mpoepxduevn ard | ‘Etoq Idloktnoia | GPL compatible?
0.9.0éwg 1.2 | &/v 1991-1995 CWI v
13¢émg1.52 | 1.2 1995-1999 CNRI VoL
1.6 1.5.2 2000 CNRI oxL
2.0 1.6 2000 BeOpen.com | oyt
1.6.1 1.6 2001 CNRI oyl
2.1 2.0+1.6.1 2001 PSF oYL
2.0.1 2.0+1.6.1 2001 PSF v
2.1.1 2.142.0.1 2001 PSF VoL
2.1.2 2.1.1 2002 PSF VoL
2.1.3 2.1.2 2002 PSF VoL
2.2 kou whve | 2.1.1 2001-ofuepo. | PSF VoL
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Inueiwon: GPL-compatible doesn’t mean that we're distributing Python under the GPL. All Python licenses, unlike
the GPL, let you distribute a modified version without making your changes open source. The GPL-compatible licenses
make it possible to combine Python with other software that is released under the GPL; the others don’t.

X&p1, 0toug ToAovg eEmTepLkovg e0eLOVTEG TTOV EpYAOTKAY KUTW 07TO TG 081 Yieg Tov Guido, avtég oL ekddoelg
EyLVay EQLKTEG.

.2 OpolL Kat npoUmnoBeocelg ywa tnv npoéocpacn | tTnv Xpnon tneg
Python pe aAAoug Tpomoug

Python software and documentation are licensed under the PSF License Agreement.

Starting with Python 3.8.6, examples, recipes, and other code in the documentation are dual licensed under the PSF
License Agreement and the Zero-Clause BSD license.

Kdamoro Aoyioukd mov eival evomupotouévo otnv Python givan vitd duagpopetikég ddeteg ypnone. O adeleg mapal-
TOEVTAL PE KDOOLKO TOV EUTTLITTEL 0€ QUTNV TNV AdeLaL. Agite Adeies kau Evyaototies yra Evoouatwuévo Aoyiouxd
yLoL uLoL EAMLTTN ALOTaL ATV TV OdELMDV.

".2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.10.19

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

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

3.10.19 software in source or binary form and its associated documentation.

2. Subject to the terms and conditions of this License Agreement, PSF hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 3.10.19 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice.
—of
copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All._
—~Rights
Reserved" are retained in Python 3.10.19 alone or in any derivative version
prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.10.19 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

—hereby
agrees to include in any such work a brief summary of the changes made to.

—Python
3.10.19.

4. PSF is making Python 3.10.19 available to Licensee on an "AS IS" basis.
PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
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EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY REPRESENTATION..
—OR

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

USE OF PYTHON 3.10.19 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.10.19

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

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.10.19, OR ANY.
—~DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material breach.
—~of
its terms and conditions.

7. Nothing in this License Agreement shall be deemed to create any.
—relationship

of agency, partnership, or joint venture between PSF and Licensee. This.
—~License

Agreement does not grant permission to use PSF trademarks or trade name in.
—a

trademark sense to endorse or promote products or services of Licensee, or.
—any

third party.

8. By copying, installing or otherwise using Python 3.10.19, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

r22 YMoQNIA AAEIAZ BEOPEN.COM I'lA PYTHON 2.0

ZYM®ONIA AAEIAZ ANOIXTOY KQAIKA BEOPEN PYTHON EKAOZH 1

1. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary
form and its associated documentation ("the Software").

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the
Software, alone or in any derivative version prepared by Licensee.

3. BeOpen is making the Software available to Licensee on an "AS IS" basis.
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,

(ouvéyela otV emtduevn oehida)
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MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOF.

5. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

7. By copying, installing or otherwise using the software, Licensee agrees to be
bound by the terms and conditions of this License Agreement.

r.2.3 ZYM®QNIA AAEIAZ CNRI I'lA PYTHON 1.6.1

1. This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
internet using the following URL: http://hdl.handle.net/1895.22/1013."

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to
include in any such work a brief summary of the changes made to Python 1.6.1.

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR

(ouvéyela otV emtduevn oehida)
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ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

r2.4 XYMoOQNIA AAEIAZ CWII'IA PYTHON 0.9.0 EQx 1.2

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted, provided that
the above copyright notice appear in all copies and that both that copyright
notice and this permission notice appear in supporting documentation, and that
the name of Stichting Mathematisch Centrum or CWI not be used in advertising or
publicity pertaining to distribution of the software without specific, written
prior permission.

STICHTING MATHEMATISCH CENTRUM DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO
EVENT SHALL STICHTING MATHEMATISCH CENTRUM BE LIABLE FOR ANY SPECIAL, INDIRECT
OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE,
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE.
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M.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.10.19
DOCUMENTATION

Permission to use, copy, modify, and/or distribute this software for any
purpose with or without fee is hereby granted.

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

.3 Adeleg katL Euxaplotieq yia Evowpatwpévo AOYLOULKO

Avt) 1 evoémto eivan o nutedfic, aAhd avEavopevn Mota adeldv Kot EuyaplotidV YioL AOYLOWKOS TPiTwYV, ToU
EVOWUOTMOVETOL 0TNV dtavou g Python.

M.3.1 Mersenne Twister

The _random module includes code based on a download from http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/
MT2002/emt19937ar.html. The following are the verbatim comments from the original code:

A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand(seed)
or init_by_array(init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
All rights reserved.

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

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

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

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written
permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS

"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT

LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR

A PARTICULAR PURPOSE ARE DISCLAIMED. 1IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,

(ouvéyela otV emtduevn oehida)

112 Mapdaptnua . lotopia kat Adsla



http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html

Python Frequently Asked Questions, Anpocicuon 3.10.19

(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)

EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)

M.3.2 Sockets

The socket module uses the functions, getaddrinfo (), and getnameinfo (), which are coded in separate
source files from the WIDE Project, 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

The asynchat and asyncore modules contain the following notice:

Copyright 1996 by Sam Rushing
All Rights Reserved

Permission to use, copy, modify, and distribute this software and
its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of Sam
Rushing not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior
permission.

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

M.3.4 Awaxeipion Cookie

H evémto http.cookies mepéyel TV TOpAKAT® E1O0TOINON:

Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>
All Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy O'Malley not be used in advertising or publicity

pertaining to distribution of the software without specific, written
prior permission.

Timothy O'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy O'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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M.3.5 Avixveuon eKTéAeong

H evomto t race mepLéyel v TapokdTm eLd0TOiNo:

portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.

M.3.6 Zuvaptnoelg UUencode kat UUdecode

H evomto uu mepiéyet v mapakdtm edomoinon:

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:
— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C

(ouvéyela otV eOUEVT OENIDOL)

M.3. Adeleq kal Euxaplotieg yia Evowpatwpeévo AOYLOULKO 115




Python Frequently Asked Questions, Anpocicuon 3.10.19

(ouveyiletar 0mwd TNV PO YoUIEVT OeNdQ)

version is still 5 times faster, though.
— Arguments more compliant with Python standard

M.3.7 KAjoelg Anopakpuopevng Aladikaciag XML

H evomto xmlrpc. client mepiéyel v mopakdtw e100moinon:

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

Permission to use, copy, modify, and distribute this software and
its associated documentation for any purpose and without fee is
hereby granted, provided that the above copyright notice appears in
all copies, and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written
prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

M.3.8 test_epoll

The test_epoll module contains the following notice:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF

(ouvéyela otV emtouevVn oehida)
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MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION

WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

M.3.9 EruAoyn kqueue

H evomta select mepiéyel v mapokdtm ewdomoinon yio v kqueue diemopi):

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

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

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

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

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

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

".3.10 SipHash24

To apyelo Python/pyhash. c mepiéyel v vhomoinon tov Marek Majkowski tou alyopiBuov tov Dan Bernstein,
SipHash24. Autd mepléyeL tnv mopaKatom oNueinon:

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
all copies or substantial portions of the Software.
</MIT License>

(ouvéyela otV emtduevn oehida)
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Original location:
https://github.com/majek/csiphash/

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

M.3.11 strtod kaw dtoa

To apyelo Python/dtoa. c, mov mapéyet TG ouvaptnoelg dtoa ko strtod g C yia uetatpomt) twv C doubles
7POG KoL artd strings, poépyetan atd To oudvupo apyeio tov David M. Gay, mpog to mapdv dtadéoipo amo https:
/Iweb.archive.org/web/20220517033456/http://www.netlib.org/fp/dtoa.c. To apyikd apyeio, OTWG avakTHONKe 0TIG
16 Maptiov, 2009, epLéyet Ta akOLOUO0 TVEUROTIKE SUKOLMUATO KoL TV ELO0TOIN0T atdELOdOTNONG:

/*~k***********~k***********~k~k*************************************
*

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

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

*
*

*

Permission to use, copy, modify, and distribute this software for any
purpose without fee is hereby granted, provided that this entire notice
is included in all copies of any software which is or includes a copy
or modification of this software and in all copies of the supporting
documentation for such software.

L

*

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, ssl, crypt use the OpenSSL library for added performance if made available by
the operating system. Additionally, the Windows and macOS installers for Python may include a copy of the OpenSSL
libraries, so we include a copy of the OpenSSL license here:

LICENSE ISSUES

The OpenSSL toolkit stays under a dual license, i.e. both the conditions of
the OpenSSL License and the original SSLeay license apply to the toolkit.
See below for the actual license texts. Actually both licenses are BSD-style
Open Source licenses. In case of any license issues related to OpenSSL
please contact openssl-core@openssl.org.

OpenSSL License

(ouvéyela otV emtduevn oehida)
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Copyright (c) 1998-2008 The OpenSSL 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. All advertising materials mentioning features or use of this
software must display the following acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit. (http://www.openssl.org/)"

4. The names "OpenSSL Toolkit" and "OpenSSL Project" must not be used to
endorse or promote products derived from this software without
prior written permission. For written permission, please contact
openssl-corelopenssl.org.

5. Products derived from this software may not be called "OpenSSL"
nor may "OpenSSL" appear in their names without prior written
permission of the OpenSSL Project.

6. Redistributions of any form whatsoever must retain the following
acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit (http://www.openssl.org/)"

THIS SOFTWARE IS PROVIDED BY THE OpenSSL PROJECT "“AS IS'' AND ANY
EXPRESSED OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE OpenSSL PROJECT OR
ITS CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT

NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;

LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)

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

This product includes cryptographic software written by Eric Young
(eay@cryptsoft.com). This product includes software written by Tim
Hudson (tjh@cryptsoft.com).

L S S A R N S N S N N S S e R S S N S N S S S T S S N NS S S S SN S S S N NS S S R T S

Original SSLeay License
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Copyright (C) 1995-1998 Eric Young (eay@cryptsoft.com)
All rights reserved.

This package is an SSL implementation written
by Eric Young (eaylcryptsoft.com).
The implementation was written so as to conform with Netscapes SSL.

This library is free for commercial and non-commercial use as long as
the following conditions are aheared to. The following conditions
apply to all code found in this distribution, be it the RC4, RSA,
lhash, DES, etc., code; not just the SSL code. The SSL documentation
included with this distribution is covered by the same copyright terms
except that the holder is Tim Hudson (tjh@cryptsoft.com).

Copyright remains Eric Young's, and as such any Copyright notices in

the code are not to be removed.

If this package is used in a product, Eric Young should be given attribution
as the author of the parts of the library used.

This can be in the form of a textual message at program startup or

in documentation (online or textual) provided with the package.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:
1. Redistributions of source code must retain the copyright
notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.
3. All advertising materials mentioning features or use of this software
must display the following acknowledgement:
"This product includes cryptographic software written by
Eric Young (eay@cryptsoft.com)"
The word 'cryptographic' can be left out if the rouines from the library
being used are not cryptographic related :-).
4. If you include any Windows specific code (or a derivative thereof) from
the apps directory (application code) you must include an acknowledgement:
"This product includes software written by Tim Hudson (tjh@cryptsoft.com)"

THIS SOFTWARE IS PROVIDED BY ERIC YOUNG ' "AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 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.

The licence and distribution terms for any publically available version or
derivative of this code cannot be changed. i.e. this code cannot simply be
copied and put under another distribution licence

[including the GNU Public Licence.]
/
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.3.13 expat

The pyexpat extension is built using an included copy of the expat sources unless the build is configured ——with-
system—expat:

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

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

r.3.14 libffi

The _ctypes extension is built using an included copy of the libffi sources unless the build is configured —~with-
system—1ibffi:

Copyright (c) 1996-2008 Red Hat, Inc and others.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
‘*Software''), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED " "AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.
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r.3.15 zlib

H eméktaon z1ib dnuovpyeiton xpnoLoToLmVTOS £VO CUUTEPIAAUBAVOUEVOL OVTLYPAPO TOV TTNYWV Zlib, edv 1)
€kd0o0m Tov zlib ov Bpioketal 0To CVOTNUA ElVOL TTOAD TTOAMA YLoL VAL, XPNOLULOTTOLNOEL YLoL TV KOTAOKEVY:

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

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

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

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

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

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

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

M.3.16 cfuhash

H vhomoinom tov mivoka KoTaKepUATIONoU OV XPNOUOTToLEITOL 0td To tracemalloc facileTon 010 £€pYyo
cfuhash:

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

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

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

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

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived
from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT

(ouvéyela otV emtduevn oehida)
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LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

M.3.17 libmpdec

The _decimal module is built using an included copy of the libmpdec library unless the build is configured ——with-
system—-1libmpdec

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

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

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

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

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

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

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

M.3.18 W3C C14N ocouita SoKLUNiQ

H covita doxiufig C14N 2.0 oto mokéto test (Lib/test/xmltestdata/cl14n-20/) avaktOnke amd tov
tototoro tov W3C https://www.w3.org/TR/xml-c14n2-testcases/ Ko dtavépeton e v adewa 3 pntpwv BSD:

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

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

(ouvéyela otV emtduevn oehida)
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* Redistributions of works must retain the original copyright notice,
this list of conditions and the following disclaimer.

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

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

r".3.19 Audioop

To module audioop ypnowomotel wg Paon kKmdKa tov apyetov g771.c tov €pyov Sox. https://sourceforge.net/
projects/sox/files/sox/12.17.7/sox-12.17.7 .tar.gz

Avtd o mnyoiog kmdikag eivar mpoldv g Sun Microsystems, Inc. Ko TOpEYXETAL VIO ATTEPLOPLOTY|
xpNHo1. OL xpNOTES WITOPOVY VAL AVTLYPEPOUV 1] VO, TPOTTOTOLYTOUV GUTOV TOV TTHYOL0 KMALKA Kmpig

YPEWOT).

O ITHI'AIOZ KQAIKAZX TOY SUN ITAPEXETAI OITQZ EXEI XQPIZ KANENOZ EIAOYZ EITYH-
2EIZ ZYMIIEPIAAMBANOMENQN EITYHZEQN ZXEAIAXMOY, EMIIOPEYZIMOTHTAX KAI
KATAAAHAOTHTAZ I'TA 2YTKEKPIMENO ZKOIIO 'H ITOY IMPOKYTIITEI AITO KAIIOIA IIO-
PEIA 2XYNAAAATHZ, XPHZHZ 'H EMITIOPIKHZ ITPAKTIKHZ.

O mtyaiog KmdLKOG ToL Sun JTaPEYETOL YWPIG TNV VITOOTHPLET Kot wpig Kauio vtoypemwon ek Hépovg
g Sun Microsystems, Inc. va fon0noer oty %p1 o1, otn dLopOwon, Tpomomoinon 1 fertiwon Tov.
SUN MICROSYSTEMS, INC. SHALL HAVE NO LIABILITY WITH RESPECT TO THE

INFRINGEMENT OF COPYRIGHTS, TRADE SECRETS OR ANY PATENTS BY THIS SOFTWARE
OR ANY PART THEREOF.

e kot epimtrwon 1 Sun Microsystems, Inc. dev @péper uBUVN Yo TUXOV aATTWAELD E0OdWV 1| KEP-
SV 1) dhheg edLkég, Euueoeg Kat emokolovbeg Tnuleg, axoun kou ov 1 Sun €yl evnuepwOel yo Tnv
TOOVOTNTA TETOLWV TNULOV.

Sun Microsystems, Inc. 2550 Garcia Avenue Mountain View, Kolgpdopvia 94043
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NAPAPTHMA £\’

Copyright

H Python ko vt 1) Tekunpiwon eivod:

Copyright © 2001-2023 Python Software Foundation. ‘Ol To. StkodUoTo SLOTPOUVTAL.

Copyright © 2000 BeOpen.com. OLa T SUKOLMOUOTA SLATNPOVVTOL.

Copyright © 1995-2000 Corporation for National Research Initiatives. Olo. To. StKaLOUATO SLATNPOVVTAL.

Copyright © 1991-1995 Stichting Mathematisch Centrum. ‘Ola Tal SLKOLOUOTA SLATPOVVTOL.

AvatpéEte oto lotopla kar Adewa Yo, TA PN G TANPOQOPN oY OYeTLKd pe TV ddera yprong Ko TG eEouoLodoThHoELC.
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