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General Python FAQ

1.1 General Information

1.1.1 What is Python?

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

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

1.1.2 What is the Python Software Foundation?

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

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

1.1.3 Are there copyright restrictions on the use of Python?

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

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

The Python logo is trademarked, and in certain cases permission is required to use it. Consult the Trademark Usage
Policy for more information.
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1.1.4 Why was Python created in the first place?

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

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

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

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

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

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

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

1.1.5 What is Python good for?

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

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

1.1.6 How does the Python version numbering scheme work?

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

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

Alpha, beta and release candidate versions have an additional suffix:

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

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

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

See the Developer’s Guide for more information about the development cycle, and PEP 387 to learn more about
Python’s backward compatibility policy. See also the documentation for sys.version, sys.hexversion, and
sys.version_info.

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

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

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

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

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

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

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

Consult the Beginner’s Guide to find information for beginning Python programmers, including lists of tutorials.

1.1.10 Is there a newsgroup or mailing list devoted to Python?

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

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

More info about other mailing lists and newsgroups can be found at https://www.python.org/community/lists/.
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1.1.11 How do | get a beta test version of Python?

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

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

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

To report a bug or submit a patch, use the issue tracker at https://github.com/python/cpython/issues.

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

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

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

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

1.1.14 Are there any books on Python?

Yes, there are many, and more are being published. See the python.org wiki at https://wiki.python.org/moin/
PythonBooks for a list.

You can also search online bookstores for «Python» and filter out the Monty Python references; or perhaps search
for «Python» and «language».

1.1.15 Where in the world is www.python.org located?

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

1.1.16 Why is it called Python?
When he began implementing Python, Guido van Rossum was also reading the published scripts from «Monty

Python’s Flying Circus», a BBC comedy series from the 1970s. Van Rossum thought he needed a name that was
short, unique, and slightly mysterious, so he decided to call the language Python.

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

No, but it helps. :)
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1.2 Python in the real world

1.2.1 How stable is Python?

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

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

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

1.2.2 How many people are using Python?

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

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

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

1.2.3 Have any significant projects been done in Python?

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

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

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

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

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

1.2.5 Is it reasonable to propose incompatible changes to Python?

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

Providing a gradual upgrade path is necessary if a feature has to be changed. PEP 5 describes the procedure followed
for introducing backward-incompatible changes while minimizing disruption for users.
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1.2.6 Is Python a good language for beginning programmers?

Yes.

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

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

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

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

>>> L = []

>>> dir (L)

['_add__', '__class__', '__contains_ ', '_ _delattr__ ', '_ delitem__ ',
' _dir__ ', '__doc__', '_eq ', '__format__', '_ge_ "',

' __getattribute__ ', '_ _getitem_ ', '__gt_ ', '__hash_ ', '__iadd__"',
' dimul_ ', ' dinit_ ', '__diter_ ', '__le ', '__1len o' 1t Y,

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

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

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

'reverse', 'sort']

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

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

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

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

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

[1]

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

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

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

FAQ lMpoypaupatiopou

2.1 N'evikég EpwtnosLg

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

Noau.

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

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

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

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

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

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

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

e Wing IDE
« Komodo IDE

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

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

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

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

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

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

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

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

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

Naut. To otv)h K0dLKOTOINoNG TTOV artarteltol yio tor Tumttkd modules BifiioOnkng texunplwvetor wg PEP 8.
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2.2 Baown Nwooa

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

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

Avtd 0 KwdiKac:

>>> x = 10

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

>>> bar ()

10

douvlevel, oG aVTOG 0 KOdLKAGC:

>>> x = 10

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

KatolyeL o€ éva UnboundLocalError:

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

UnboundLocalError: local variable 'x' referenced before assignment

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

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

>>> x = 10

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

>>> foobar ()
10

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

>>> print (x)
11

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

2.2.4 Nwg porpalopal KABOALKEG petapBAnteEg o modules;

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

config.py:

[x =0 # Default value of the 'x' configuration setting

mod.py:

import config
config.x = 1
main.py:

import config
import mod
print (config.x)

J

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

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

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

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

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

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

3. tomukd ovosttuyuéva modules

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

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

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

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

2.2.6 MNarti porpalovrat oL MPOETIMAEYHUEVEG TIHEG HETAEU TWV QVTLKELHEVWYV;

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

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

return mydict

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

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

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

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

def foo (mydict={}):

oA

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

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

# Calculate the value

result = ... expensive computation ...

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

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

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

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

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

g(x, *args, **kwargs)

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

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

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

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

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

oL TWéG 42, 314, Kau somevar gival opiopata.

[13 ”

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

Av yppote Khdika dmwg:

>>>
>>>

=[]
= x

>>> y.append(10)

KKK X

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

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

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

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

Av avtiotolyioovue Evo ApETAPMITO OVTLKELUEVO OF X:

>>> = 5 # ints are immutable

>>> = X

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

HKoX X

>>>
6
>>> y

J

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

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

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

Me Mo Moya:

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

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

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

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

1) Emotpégovtag pa mhelddo Twv amoTeleouaTmv:

>>> def funcl(a, b):
a = 'new-value' # a and b are local names
b=Db+ 1 # assigned to new objects
return a, b # return new values
>>> x, y = 'old-value', 99
>>> funcl (x, V)
("new-value', 100)
. J

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

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

>>> def func2(a):

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

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

['new-value', 100]
. J

4) Tlepvdvrag ot éva AeEkd mov petadhdoostol:

-
>>> def func3(args):

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

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

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

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

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

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

>>> vars (args)

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

Agv umapyeL oyedov moté Kahdg AOYOS va Yivel auTd mepimhoko.

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

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

def linear(a, b):

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

return result

'H ypnowomoimvtog éva callable avtikeipevo:

class linear:

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

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

Kau otig 800 mepLntioels:

[taxes = linear (0.3, 2) }

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

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

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

To avtKeipevo utopet vo evOulaKdoeL Ty Katdotaon yia todés uebddovg:

class counter:

value = 0

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

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

def down (self):

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

J

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

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

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

[newdict = olddict.copy () }

O axolovbieg LITOPOVY VO OVTLYPAPOVY UE TEUAYLOUO:

[new_l = L8] }

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

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

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

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

>>> class A:

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

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

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

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

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

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

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

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

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

|

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

[(nan in llbll)’ ngn

dev:

[navv in ("b", nan)

)

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

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

Nauw vrapyet, H oUuvtokn éxel og eEne:

[on_true] if [expression] else [on_false]

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

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

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

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

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

Noat. Zvvn0mg autod yivetar pe €vheon tov lambda &vidg tov lambda. Agite ta akdhovOa tpio Tapadeiy-
nota, ehappmg Tpocaproouéva amxd tov Ulf Bartelt:

from functools import reduce

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

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

# Mandelbrot set

print ( (lambda Ru,Ro, Iu, Io, IM, Sx,Sy:reduce (lambda x,y:x+'\n'+y,map (lambda vy,
Iu=Iu, Io=Io,Ru=Ru, Ro=Ro, Sy=Sy,L=lambda yc, Iu=Iu, Io=Io,Ru=Ru,Ro=Ro, i=IM,
Sx=8x, Sy=Sy:reduce (lambda x,y:x+y,map (lambda x,xc=Ru,yc=yc,Ru=Ru, Ro=Ro,
i=i, Sx=Sx,F=lambda xc,yc,x,vy,k, f=lambda xc,yc,x,v,k,f: (k<=0)or (x*xt+ty*y
>=4.0) or 1+f(xc,yc,x*x-y*y+xc,2.0*x*y+yc,k-1,f):f(xc,yc,x,v,k,f):chr(

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

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

lines on screen

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

range on x axis

Mnv T0 dOKLUAOETE OTO OTTLTL, TALLOLA!

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

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

>>> help (divmod)

Help on built-in function divmod in module builtins:

divmod (x, v,

Return the tuple

(x//y, x%Y).

Invariant:

div*y + mod == x.

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

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

Traceback
File
TypeError:

in <module>
takes no keyword arguments

2.3 ApLOpoi kaL CUPBOAOCELPEQG

2.3.1 Nwg npoodLopilw dekacEadlkoug 1 OKTAdLKOUG aKEpaLloug apLlbuoug;

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

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

8

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

deryua, otov diepunvéa Python:

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

a
a

b
b

Oxab

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

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

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

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

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

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

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

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

S

SyntaxError: invalid decimal literal

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

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

<class 'int'>

2.3.4 Nwg HETATPENW HLa CUPBOAOCELPA OE Evav apLlOuo;

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

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

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

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

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

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

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

>>> import io

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

>>> sio.seek (7)

5

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

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

>>> import array

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

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

>>> print (a)

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

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

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

Yrdpyouv dLapopeg TEYVIKES.

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

def a():
pass

def b():
pass

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

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

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

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

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

s 7
class Foo:

def do_foo(self):

def do_bar (self):

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

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

def myFunc () :
print ("hello")

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

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

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

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

C "\r\n")

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

'line 1 '

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

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

'Oy wg Tétolo.

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

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

BA 1o unicode-howto.

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

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

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

A

SyntaxError: unterminated string literal (detected at line 1)

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

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

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

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

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

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

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

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

Agite emiong v mpodiaypopt) oty language reference.

2.4 Andédoon

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

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

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

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

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

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

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

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

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

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

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

Agite gmiong:

H oelida wiki mwov eivar agiepopévn oe ouuoulég amddoong.

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

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

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

chunks = []

for s in my_strings:
chunks.append (s)

result = ''.join (chunks)

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

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

2.5 AKoAouBieg (MAewadeg/AloteQ)

2.5.1 Nwg pnopw va Kavw HETATPOTN HETAEU MAELASWYV Kal ALOTWYV;

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

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

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

2.5.2 T eivalL apvnTikOg deikTng;

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

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

2.5.3 Nwg pnopw va enavalapw pua akoAoudia pe avtioTpogpn oeLpPq;

XPNOLWOTTOLEIOTE TNV EVOMUOTOUEVT] OVVAPTNOT reversed () :

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

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

2.5.4 Nwg agpaipeite diNMAGTUNA aAnod pia Alota;

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

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

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

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

[mylist = list (set (mylist)) ]

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

2.5.5 Nwg agpaipeite MOAAANAAG otolxeia anod pia Aiota

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

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

To comprehension T MoTtag Uwopel va. eivar tayvTepo.

2.5.6 Nwg pnopeite va ptiagete €vav nivaka otnv Python;

Xprnowpomoote pia Atota:

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

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

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

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

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

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

2.5.7 Nwg pTLIAXVW Hia oAudlaoctatn Alota;

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

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

Autd @aivetal cwoTd OV TO EKTUTMOETE:

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

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

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

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

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

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

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

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

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

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

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

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

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

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

for obj in mylist:
obj.method ()

for obj in mylist:
function (ob7j)

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

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

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

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

TypeError: 'tuple' object does not support item assignment

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

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

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

TypeError: 'tuple' object does not support item assignment

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

‘Otav yplgpete KATL O0LV:

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

TypeError: 'tuple' object does not support item assignment

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

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

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

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

[11]

Avtd 100dUvaLEL LE:

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

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

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

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

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

TypeError: 'tuple' object does not support item assignment

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

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

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

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

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

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

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

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

>>> pairs = zip(listl, list2)

>>> pairs = sorted(pairs)

>>> pairs

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

>>> result

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

2.6 AvTtiKeipeva

2.6.1 T eival pua KAaon;

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

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

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

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

2.6.3 Tweival to self;

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

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

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

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

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

from collections.abc import Mapping

class P:
pass

class C(P):
pass

Mapping.register (P)

>>> ¢ = C{()

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

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

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

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

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

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

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

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

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

class Document:
def search(self):

# code to search a document

obj.search ()

2.6.5 T eival To delegation;

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

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

class UpperOut:

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

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

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

J

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

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

class X:

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

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

XPNOWOTTOLNOTE TV EVOMUATWUEVY CUVAPTNON super () :

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

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

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

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

class Base:

BaseAlias = Base

class Derived (BaseAlias) :

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

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

otnv Python.

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

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

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

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

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

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

O ototikég pébodot eivar duvatéc:

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

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

def getcount () :
return C.count

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

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

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

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

}

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

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

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

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

def _ init__ (self, *args):

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

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

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

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

Yndpyouv didpopot mbavoi Aoyor yio ovtd.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

>>> a = 1000

>>> b = 500

>>> ¢ = Db + 500
>>> a is c

False

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

>>> ¢ = b + 'thon'
>>> a 1s c

False

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

2.6. Avtikeipeva 35




Python Frequently Asked Questions, Anpoocicuon 3.11.14

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

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

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

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

_sentinel = object ()

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

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

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

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

return True
return False

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

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

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

from datetime import date

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

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

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

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

def _ new_ (cls, s):
s = s.lower () .replace(' ', '-")
s = ''".join([c for c in s if c.isalnum() or c == '-'])
return super()._ new__ (cls, s)

O K¥AdogLg ptopouv va xpnotpuomotn0ovv étot:

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

>>> NamedInt ('ten')

10

>>> NamedInt (20)

20

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

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

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

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

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

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

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

Autd to Tapaderypa deiyver TLg dLAPOPES TEXVIKES:

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

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

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

@cached_property

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

@lru_cache (maxsize=20)

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

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

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

class Weather:
"Example with a mutable station identifier"

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

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

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

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

@lru_cache (maxsize=20)

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

2.7 Modules

2.7.1 Nwg dnuoupyw €va .pyc apxeio;

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

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

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

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

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

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

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

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

[python -m compileall . J

2.7.2 MNwg pmopw va Bpw TO Ovoua Tou TPpEXovTog module;

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

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

if name == '__main_ ':

main ()

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

YmoO£ote ot €xete ta axoiovba modules:

foo.py:

from bar import bar_var
foo_var = 1

bar.py:

from foo import foo_var
bar_var = 2

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

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

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

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

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

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

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

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

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

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

AvTtég oL Mioglg dev ailnroastokheiovial.

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

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

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

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

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

to e&Ag:

import importlib
import modname
importlib.reload (modname)

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

[from modname import some_objects ]

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

>>> import importlib

>>> import cls

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

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

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

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

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

2.7. Modules 4
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Design and History FAQ

3.1 Why does Python use indentation for grouping of statements?

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

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

if (x <= vy)
X++;
Y-
Zrar 3

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

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

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

See the next question.

3.3 Why are floating-point calculations so inaccurate?

Users are often surprised by results like this:

>> 1.2 - 1.0
0.19999999999999996

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

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

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

[>>> Xx = 1.2 }

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

[1.00110011001100110011001100l1001100110011001100110011 (binary) }

which is exactly:

[1.1999999999999999555910790149937383830547332763671875 (decimal) }

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

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

3.4 Why are Python strings immutable?

There are several advantages.

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

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

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

First, it’s more obvious that you are using a method or instance attribute instead of a local variable. Reading se1f.x
or self.meth () makes it absolutely clear that an instance variable or method is used even if you don’t know the
class definition by heart. In C++, you can sort of tell by the lack of a local variable declaration (assuming globals
are rare or easily recognizable) — but in Python, there are no local variable declarations, so you'd have to look up the
class definition to be sure. Some C++ and Java coding standards call for instance attributes to have an m__ prefix, so
this explicitness is still useful in those languages, too.

Second, it means that no special syntax is necessary if you want to explicitly reference or call the method from
a particular class. In C++, if you want to use a method from a base class which is overridden in a derived class,
you have to use the : : operator — in Python you can write baseclass.methodname (self, <argument
1list>).Thisis particularly useful for__init__ () methods, and in general in cases where a derived class method
wants to extend the base class method of the same name and thus has to call the base class method somehow.

Finally, for instance variables it solves a syntactic problem with assignment: since local variables in Python are (by
definition!) those variables to which a value is assigned in a function body (and that aren’t explicitly declared global),
there has to be some way to tell the interpreter that an assignment was meant to assign to an instance variable instead
of to alocal variable, and it should preferably be syntactic (for efficiency reasons). C++ does this through declarations,
but Python doesn’t have declarations and it would be a pity having to introduce them just for this purpose. Using the
explicit self . var solves this nicely. Similarly, for using instance variables, having to write sel1f . var means that
references to unqualified names inside a method don’t have to search the instance’s directories. To put it another way,
local variables and instance variables live in two different namespaces, and you need to tell Python which namespace
to use.

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

Starting in Python 3.8, you can!

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

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

See PEP 572 for more information.

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

As Guido said:

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

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

---https://mail.python.org/pipermail/python-3000/2006-November/004643.html
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3.8 Why is join() a string method instead of a list or tuple method?

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

[n, ".jOiI’l(['l', |2v, 141, '8', '16']) }

which gives the result:

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

There are two common arguments against this usage.

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

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

["1, 2, 4, 8, 16".split (", ") }

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

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

3.9 How fast are exceptions?

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

try:
value = mydict [key]

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

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

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

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

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

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

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

func = functions[value]
func ()

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

class MyVisitor:
def visit_a(self):

def dispatch(self, wvalue):

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

J

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

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

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

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

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

3.12 Why can’t lambda expressions contain statements?

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

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

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

3.14 How does Python manage memory?

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

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

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

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

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

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

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

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

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

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

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

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

3.17 Why are there separate tuple and list data types?

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

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

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

3.18 How are lists implemented in CPython?

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

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

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

3.19 How are dictionaries implemented in CPython?

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

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

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

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

Some unacceptable solutions that have been proposed:

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

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

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

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

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

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

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

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

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

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

Note that the hash computation is complicated by the possibility that some members of the list may be unhashable
and also by the possibility of arithmetic overflow.

Furthermore it must always be the case thatif o1 == 02 (ieol.__eg (02) is True)thenhash (ol) ==
hash (o2) (ie,0l.__hash_ () == o02._ _hash__ ()), regardless of whether the object is in a dictionary
or not. If you fail to meet these restrictions dictionaries and other hash based structures will misbehave.
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In the case of ListWrapper, whenever the wrapper object is in a dictionary the wrapped list must not change to avoid
anomalies. Don’t do this unless you are prepared to think hard about the requirements and the consequences of not
meeting them correctly. Consider yourself warned.

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

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

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

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

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

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

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

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

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

An appropriate testing discipline can help build large complex applications in Python as well as having interface
specifications would. In fact, it can be better because an interface specification cannot test certain properties of a
program. For example, the 1ist . append () method is expected to add new elements to the end of some internal
list; an interface specification cannot test that your 1ist . append () implementation will actually do this correctly,
but it’s trivial to check this property in a test suite.

Writing test suites is very helpful, and you might want to design your code to make it easily tested. One increasingly
popular technique, test-driven development, calls for writing parts of the test suite first, before you write any of the
actual code. Of course Python allows you to be sloppy and not write test cases at all.

3.21. Why doesn't list.sort() return the sorted list? 51



Python Frequently Asked Questions, Anpoocicuon 3.11.14

3.23 Why is there no goto?

In the 1970s people realized that unrestricted goto could lead to messy «spaghetti» code that was hard to understand
and revise. In a high-level language, it is also unneeded as long as there are ways to branch (in Python, with if
statements and or, and, and i f—e1se expressions) and loop (with while and for statements, possibly containing
continue and break).

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

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

except label: # where to goto
pass

J

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

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

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

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

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

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

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

dir = r"\this\is\my\dos\dir" "\\"
dir = r"\this\is\my\dos\dir\ "[:-1]
dir = "\\this\\is\\my\\dos\\dir\\"

3.25 Why doesn’t Python have a «with» statement for attribute
assignments?

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

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

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

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

For instance, take the following incomplete snippet:

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

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

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

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

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

ref.b = 42

ref.c = 63

This also has the side-effect of increasing execution speed because name bindings are resolved at run-time in Python,
and the second version only needs to perform the resolution once.

3.26 Why don’t generators support the with statement?

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

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

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

if a == b
print (a)

versus

if a ==
print (a)

J

Notice how the second one is slightly easier to read. Notice further how a colon sets off the example in this FAQ
answer; it’s a standard usage in English.
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Another minor reason is that the colon makes it easier for editors with syntax highlighting; they can look for colons
to decide when indentation needs to be increased instead of having to do a more elaborate parsing of the program
text.

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

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

# last trailing comma is optional but good style

There are several reasons to allow this.

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

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

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

]

This list looks like it has four elements, but it actually contains three: «fee», «fiefoo» and «fum». Always adding the
comma avoids this source of error.

Allowing the trailing comma may also make programmatic code generation easier.
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Library and Extension FAQ

4.1 General Library Questions

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

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

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

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

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

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

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

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

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

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

[#l/usr/local/bin/python }

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

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

[#J/usr/bin/enV'python }

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

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

#! /bin/sh

nww.n

exec python $0 1+"s@"

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

[77doc77 = """ . .Whatever...""" }

4.1.4 Is there a curses/termcap package for Python?

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

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

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

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

4.1.6 Why don’t my signal handlers work?

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

[handler(siqnum, frame) }

so it should be declared with two parameters:

def handler (signum, frame): J
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4.2 Common tasks

4.2.1 How do | test a Python program or component?

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

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

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

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

if name == "_main_":

main_logic ()

at the bottom of the main module of your program.

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

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

if name == "__main_ ":

self _test ()

Even programs that interact with complex external interfaces may be tested when the external interfaces are
unavailable by using «fake» interfaces implemented in Python.

4.2.2 How do | create documentation from doc strings?

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

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

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

4.3 Threads

4.3.1 How do | program using threads?

Be sure to use the threading module and not the _thread module. The threading module builds convenient
abstractions on top of the low-level primitives provided by the _thread module.
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4.3.2 None of my threads seem to run: why?

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

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

import threading, time

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

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

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

J

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

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

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

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

time.sleep(10)

J

Instead of trying to guess a good delay value for time.sleep (), it’s better to use some kind of semaphore
mechanism. One idea is to use the queue module to create a queue object, let each thread append a token to
the queue when it finishes, and let the main thread read as many tokens from the queue as there are threads.

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

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

Or, if you want fine control over the dispatching algorithm, you can write your own logic manually. Use the queue
module to create a queue containing a list of jobs. The Queue class maintains a list of objects and has a . put (ob3j)
method that adds items to the queue and a . get () method to return them. The class will take care of the locking
necessary to ensure that each job is handed out exactly once.

Here’s a trivial example:

import threading, queue, time

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

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

# Create queue
g = queue.Queue ()

# Start a pool of 5 workers

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

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

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

When run, this will produce the following output:

Running worker
Running worker
Running worker
Running worker
Running worker
Main thread sleeping

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

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

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

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

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

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

L.append (x)
L1.extend (L2)
x = L[1]
x = L.pop ()
(ouvéyela oty eV oehida)
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Li[i:j] = L2
L.sort ()
X =Y
x.field =y
D[x] =y
D1.update (D2)
D.keys ()

These aren’t:

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

Operations that replace other objects may invoke those other objects” __del__ () method when their reference
count reaches zero, and that can affect things. This is especially true for the mass updates to dictionaries and lists.
When in doubt, use a mutex!

4.3.5 Can’t we get rid of the Global Interpreter Lock?

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

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

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

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

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

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

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

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

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

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

To rename a file, use os . rename (old_path, new_path).

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

The shut il module also contains a number of functions to work on files including copyfile (), copytree (),
and rmtree ().

4.4.2 How do | copy a file?

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

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

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

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

import struct

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

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

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

Enueiwon: To read and write binary data, it is mandatory to open the file in binary mode (here, passing "rb" to
open ()). If you use "r" instead (the default), the file will be open in text mode and f . read () will return str
objects rather than bytes objects.
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4.4.4 | can’t seem to use os.read() on a pipe created with os.popen(); why?

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

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

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

https://groups.google.com/groups?selm=34A04430.CF9@ohioee.com

4.4.6 Why doesn’t closing sys.stdout (stdin, stderr) really close it?

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

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

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

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

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

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

4.5 Network/Internet Programming

4.5.1 What WWW tools are there for Python?

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

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

Cameron Laird maintains a useful set of pages about Python web technologies at https://web.archive.org/web/
202102241836 19/http://phaseit.net/claird/comp.lang.python/web_python.
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4.5.2 How can | mimic CGI form submission (METHOD=POST)?

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

Yes. Here’s a simple example that uses ur11lib. request:

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

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

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

Note that in general for percent-encoded POST operations, query strings must be quoted using urllib.parse.
urlencode (). For example, to send name=Guy Steele, Jr.:

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

Agite gmiong:
urllib-howto for extensive examples.

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

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

4.5.4 How do | send mail from a Python script?

Use the standard library module smtplib.

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

import sys, smtplib

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

line = sys.stdin.readline ()

if not line:

break

msg += line

# The actual mail send

server = smtplib.SMTP ('localhost')
server.sendmail (fromaddr, toaddrs, msg)
server.quit ()
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A Unix-only alternative uses sendmail. The location of the sendmail program varies between systems; sometimes it
is /usr/lib/sendmail, sometimes /usr/sbin/sendmail. The sendmail manual page will help you out.
Here