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See the license page to find further explanations and the full text of the PSF License.
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The language comes with a large standard library that covers areas such as string processing (regular expressions, Uni-
code, 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, filesys-
tems, TCP/IP sockets). Look at the table of contents for library-index to get an idea of what’s available. A wide variety
of third-party extensions are also available. Consult the Python Package Index to find packages of interest to you.
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Python versions are numbered “A.B.C” or “A.B”:
* A is the major version number — it is only incremented for really major changes in the language.
* B is the minor version number — it is incremented for less earth-shattering changes.
¢ ( is the micro version number — it is incremented for each bugfix release.

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

Alpha, beta and release candidate versions have an additional suffix:
¢ The suffix for an alpha version is “aN” for some small number N.
 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.
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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.
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The documentation is written in reStructuredText and processed by the Sphinx documentation tool. The reStructuredText

source for the documentation is part of the Python source distribution.
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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.
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To report a bug or submit a patch, use the issue tracker at https://github.com/python/cpython/issues.
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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 Quearterly, Volume 4, Issue 4 (December 1991), Amsterdam, pp 283-303.
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The Python project’s infrastructure is located all over the world and is managed by the Python Infrastructure Team.
Details here.
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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.
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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.
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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.
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>>> L = []

>>> dir (L)

['_add__', '__class__', '_ _contains__ ', '_ _delattr_ ', '_ delitem__ ',
' _dir_ ', '__doc__', '_eq ', '__format__', '_ge_',

' __getattribute__ ', '_ _getitem_ ', '__gt__ ', '__hash_ ', '__iadd__"',
' dmul_ ', '__init_ ', '__iter ', '_le_ ', '_len_ ', '__1t_ "',

' mul_ ', '_ne_ ', '_new__', '__reduce_ ', '_ _reduce_ex__',

' _repr_ ', '__reversed_ ', '__rmul__ "', '__setattr__', '__setitem__',
' _sizeof_ ', '__str__ ', '__ _subclasshook__', 'append', 'clear',

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

'reverse', 'sort']

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

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

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

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

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

[11]
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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 envi-
ronments 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.
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The IDLE interactive development environment, which is part of the standard Python distribution (normally available as
Tools/scripts/idle3), includes a graphical debugger.

PythonWin is a Python IDE that includes a GUI debugger based on pdb. The PythonWin debugger colors breakpoints
and has quite a few cool features such as debugging non-PythonWin programs. PythonWin is available as part of pywin32
project and as a part of the ActivePython distribution.

Eric is an IDE built on PyQt and the Scintilla editing component.
trepan3k is a gdb-like debugger.
Visual Studio Code is an IDE with debugging tools that integrates with version-control software.
8% oW A S e B A8 5ol 4 IDEZF d5 Ut e g =R UTH
* Wing IDE
* Komodo IDE
e PyCharm



https://github.com/python/cpython/blob/main/Tools/scripts/idle3
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of.
Pylint and Pyflakes do basic checking that will help you catch bugs sooner.
Static type checkers such as Mypy, Pyre, and Pytype can check type hints in Python source code.
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One is to use the freeze tool, which is included in the Python source tree as Tools/freeze. It converts Python byte code to
C arrays; with a C compiler you can embed all your modules into a new program, which is then linked with the standard
Python modules.

A2 AAALZ A import T (F B4 BF) S
S ZFFUGUFE EES A8, 139 oh
S AHE e ZE AAE AT 5 Y=g
gk 2 3ok S8 A 1 dS wE Ytk 29 o
Aejz e elef FAsto] 2T HES} HZA A5 o= AA

The following packages can help with the creation of console and GUI executables:
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* Nuitka (Cross-platform)

* Pylnstaller (Cross-platform)
» PyOxidizer (Cross-platform)
¢ cx_Freeze (Cross-platform)

* py2app (macOS only)

* py2exe (Windows only)
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It can be a surprise to get the UnboundLocalError in previously working code when it is modified by adding an
assignment statement somewhere in the body of a function.

ol T

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

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

results in an UnboundLocalError:

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

UnboundLocalError: local variable 'x' referenced before assignment
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19 oA HFE A (global) & 2 At o F AF = Ao AN T 5 JF U
>>> x = 10
>>> def foobar():

global x

print (x)

x += 1

>>> foobar ()

10
o) BAA AL (FU2 A2E A W5 BHA 0D AT B o)) AA R 95 2mmo] G
Ao) ke SRR e 4714717 A8 etk

>>> print (x)
11

nonlocal 7|9 EE AL23to] 2 HE AFZ A ¥]5=38E L 34 Q5 Th:

>>> def fool():

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

2.2. 32 <o 11
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2.2.2 shol Mol A A&7} A Mol thgt F2-& Lol 72

QUTh W57} B4 BE ) ool

ol o A, T Yol A FxE 7w ot e FAIACz A
&%W‘Q@Hﬂ, ““V*P—E Aoz AdsA e dAHe

Agolt 23 AT GA BN LE o3k BUTh FHEO R, BhYd Mol globald &7 3

o= 5hA] e RAgo et AA AL AFFUCH WEol, RE A 2ol globalo] 87Tk, G4
global& AHESHA FUTh W U YE2EF EES] 74 L2 R EE F2E Aoz dds ok
ek o] E2ke R8-S AReks] 9% global A FEHS REE Tk

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

12 xr+28 ALBE 571 YTt HE A AES ATHUL EEH W, 21710,1,4,9 2
A2 4 4 A5 U T, AR AESHE BF 162 HHUTHE A2 5 A5 Th

>>> squares[2] ()

16

>>> squares[4] ()

16

o] x7} grhell A1 (local) o] ofu] 2} 2] - A5z of] o= o] 91 7] ufj ol WA s, it S & off QA
Futh— 39 = w7} opd Uk £x9) Bol A, x9] G 40| BE, BE F4 o)A 4++2, 5 163 WBHT
Uth x9] g WA T Frie] st oA MAT A Bog N oS FAT ST J5UTh:

>>> x = 8

>>> squares[2] ()

64

o1 31 5hel W, Fehell sl A9 o Mol g2 Aol A x9) gholl I £3HA LT T B AFUTh

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

A7) M n=xe Frho] Aol Al M4 ng BET, 229 % A Qo] A x 9 2L 7S
o A 10} 1 o] 3 S o] 0, AN 1o B A 5o 55 oo 1 e
7 gy oA SulE ATE BT

>>> squares|[2] ()
4

>>> squares[4] ()
16

o 57

ol e 3he A o] e} Ak ol = A gH U Th

flo

12 Chapter 2

[k

2

o0&
-
>
[»]




Python Frequently Asked Questions, 2]~ 3.12.3

Sd 220 oA 2E ol AEE IR FHAAYHL SEA RE(FF conﬁgUr cfgehal &9
Uthe Bes A9Yth 58 22198 BE BEo|A config &S YZE 37w std Fyrh; 124
BEoldY o]gor A 7 A Uth 4 59 A" aE A shtol 7] uf 2 oll, & A o thek ¥ 7
AP BE Xl g gUth & S v d 2FUth

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)

Note that using a module is also the basis for implementing the singleton design pattern, for the same reason.

225 B0l YEES A5 B A FAYUAR

dutA © 2 from modulename import *& }\}—Q-OPZ] Al L. 28 A S 2 E 3= 329 ol & 7

A8 A a1, 9 (linter) 7} A ] = A] ob2 °l &< AR 72 o AU
i

2) 2 QEE AL, 1P/ SE BEC] LI THE BES JH3) 511 BE o] Fo)
szo] Qo] v AR AT 4 AFUth 2ol Ste QEEE A4S BE JEES A7
AW, & Foll o2 YEES LSS W BH B2 & S U Th

standard library modules — e.g. sys, os, argparse, re

2. third-party library modules (anything installed in Python’s site-packages directory) — e.g. dateutil,
requests,PIL.Image

3. locally developed modules
<3 T E B BAE Aol A JEEES A5} 2o 22 o) Ea) oF a1= 4-$7} 2155 U T}, Gordon McMillan
< O 2ol %?ESHD}-
F 2E &5 “import <module>” 33*—191 AXEZALIE S AZEEAIZFUL FHA =
Eo] A MR ZEQ o] = (name) S & ﬁ;}gﬂi{j’_ 3} 31 (“from module import name”) Y = E 7} | AF)
o Jod Ak A AR REo] F HA RES JXE S+ FoletA A HA ZEo|
St o 2L obx AT+ AV R
o] A%, F WA 5ol st FolAut ALEHTH, X EE T TR GA ol T AU dx
EEEEw, A WA BES 23 4RH YT, T A BES QRES 2T 5 A5 U
AR REo] EPE EHoW JEES T=2) H YY) 2N B ROE o FF b T £ ALtk o
A%, 5 W oA RE RES YZE = Ao M5 42 4+ daUrth o] AL, T ZANE =4
o)A SUlE HES YRE S Aol F YA
T AXEE I AU BEY 273 A1 Eoldle T 2AE A Zst=d 22 afvh T g
Holge Ao Anzg QEES GIAAL. o] /e 2 ad A% byl vl Be JEEs D
2w 53 G AU BE AY FrANT A W JEES F4E S/ AL S5 dHU
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BEI I3 273U R RES XS 2= d v Rl HolE T AL EES Y H 2= 72
A FE A FHAIL, F i gAY 23 AT BE ool AFZE Hojd F o5,
REL olUIE sys.modulesol] 9L AUth

226 2| 7bell 7] R gto] BHE= o

%
l‘li‘

£
2,

e

L

3

ol Py Ws T AF zrIdwES AFUTh o] TS A EAAA L

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

=

ol € Aw TE8HY, mydicto] ©d FFo] 2@ Pt F AAE, foo () 7F AFH 7 A FE w)

£5 G5 520 JRgoR Al AME BE Aow AUk 294 H7 @y 8471 429 ),

R AEe o wso AUt of dlAle] YAV e} 2ol Al F AM L WA Y, Fol T3

sZ2 o WA AR e 22T

Bolo] wel, ), EA4Y, B2 D None} 22 2 A4 A0 FATUT GA e, PAE B Fo
9} =

ol 7|5 o & ddl, 7hd AAE 7R E AHESHA e Aol FF Ut A, NoneZ 7|2 H o2 AL
e 5ol A v ) 2 7 None Q1A] 218 T Al Bl 2E/g MY 2]/ ol A2 =P L. o & &9,
=

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

o 75 R8T 4 YEUTh ALSE B Aol Aet BT 9w, QA 7]
w0 A gk AN B, 2 gro] thA] L W W A A B g M
oleba shei, the 3} 2ol FAE 4 &k

2}
] 21 & “memoizing”

# 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

ARG GAUE 2R Ao WEE ST 4 ATh A EAIYT
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227 & F5ol A T P52 A Aot s MAESE Adsteld o9 A ok &
Y72

gol S S5 5} A ARE g ool AAE SATIN L oA A AAE FER, S
AXE YAV AFFU 18 b <5} 8 ALg 3ol e §4E 52T 0 o YA AAE ALY
S g%y

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

g(x, *args, **kwargs)

228 Azhe} iAW So] Aol FL FoIGUA2

Parameters are defined by the names that appear in a function definition, whereas arguments are the values actually passed
to a function when calling it. Parameters define what kind of arguments a function can accept. For example, given the
function definition:

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

o,

il

foo, bar B kwargs+= func®] WZ/HAF YU T2 L funcE ST ], &

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

42,314 9 somevar 2 AAY Yt

9 Y2E YyEHFT T JAE W E HPHE o] fE FAYU7R?

= 1 0O
>>> x = []
>>> y = x
>>> y.append(10)
>>> y
[10]
>>> x
[10]
yol 828 F718hd x= WS € 0§71t FFE AAU
o] ATg W= F /A 247 AUtk
) Wi des AAE 77l olEdUth v = xE TR 2 AE AR S BEA Ut -x
7FazstE A% 2L AAE Fxote A Wi yE DR U ol sty AA(ElaE) v A, x 9
y BT 3 ANE 32T v
/\

Ath= AU Th

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

Al =9 AR E xoll thdshd:

22, I 2o 15
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>>> x =5 # ints are immutable

>>> y = x

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

>>> x

6

>>> y

5

o) A xshy7l e 24 ke A2 G4 AGUEh ol AT Sl A Mgl x = x ¢ 18 5YY
) = S7HNAX B 58 WA ske Zo] obduth; tiAl A AA (B4 6) & el xol iU (5, x
7} %}26}% AAE vHEYTh. ol the] Foll= F 78 AA (B 634 5) 9 o] & Fxote 7 712 WS 2

FUth(x= oAl 6 F2SAR y= A3 58 FEFUh.

Some operations (for example vy . append (10) and y.sort ()) mutate the object, whereas superficially similar op-
erations (forexampley = y + [10] and sorted (y) ) create a new object. In general in Python (and in all cases in
the standard library) a method that mutates an object will return None to help avoid getting the two types of operations
confused. So if you mistakenly write v . sort () thinking it will give you a sorted copy of y, you’ll instead end up with
None, which will likely cause your program to generate an easily diagnosed error.

I8y, 22 dato]l juf 2 Fof whel o F3E 2 $ 7HA] A4k :ﬂiﬂ' AsuUth: SE Y ALt
Zb A& 0, +=t B 2EE AASA N FEolY A= HANA G5yt (a_list += [1, 2, 3
L a_list.extend([1, 2, 3 5531 a_listE HAFA T, some_tuple += (1, 2, 3)3F
some_int += 12 A AAE A5 .
ge x98H:
o 7} AA(1ist, dict, set ) 7F oW, dF 5 AAES AE-3to] AN E HA A sl AA &
A= RE g7t AAE A g Yth

ul

= 7"Xll(str int,tuple )7} o™, o] & F=xst=
Fe MEZL oz dastes A0S G AR A

ol oA A=t Yo E AEH S 71 L. 2> DA Ao thgt T2 & w7 w7, &2t
o 5152 75| <A o1 % ol oA Lelel A7} g, o] % B2 U Ich, o12] A BHOE Ao
e dg % gleeh
1) 238 FE& vhshsto]:
'd
>>> 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)

oA A G Y
2) Ao W4E Al o

3) 7HA (Al AR oA W E S

il
rlo
[>
=
2
3
o
N
5
K
=
o)
o
=,
5§
)
v
o
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-
>>> def func?2(a):

al0] = '"new-value' # 'a' references a mutable 1list
al[l] = a[l1] + 1 # changes a shared object
>>> args = ['old-value', 99]

>>> func?2 (args)
>>> args
["new-value', 100]

4) WATE YA APt

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

.

5 Ex ZHa Aadao e FolA:

(>>> 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)
>>> func4 (args)
>>> vars (args)

{'a': 'new-value', 'b': 100}

o] FA HAFsHA b0l & F2 o= AL flEsUTh
1

o] Ao ol Avrt 2FE FES WA AU

B
N

2.2.11 u}o]|Kof| 4 122} 4= (higher order function) & o|4d A vl=
T}

A }%0}74‘% Ha AAE S 5 AsUnh dE S0, &
=

: =l L=
*x+b S A AHSHE B £ (x)  WEEHE linear ( £ Aostya dta 7Hg s Al . SHE &

def linear(a, b):

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

return result

Tt FYE AAE AHESIAL:

class linear:

def _ init_ (self, a, b):
(th= =l o] A ell Al<)

22, 94 2ol 17
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self.a, self.b = a, b

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

(o] A sl o] Ao A A<)

F A RE

[taxes = linear (0.3, 2)

taxes (10e6) == 0.3 * 10e6 + 27} S 52 3= Za)8 A= A2}
A )3

ZelE A4 B2 PAL okt mel T BES} 7 Boj Ak Bl dgUth Lei), 2el AHALe

-
J&52 B AP S TR S ASUT

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

AA L ole WA S FElE A€ T 5 dEh

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

o]7]A inc(),dec() W reset () 2 ZL A+ AL E FHotE= d-AE F5 Ut

A o7, AnkA e‘ ol copy . copy () U copy . deepcopy () & A=A 2. &
u

QR AR L o AA BAE 5 9EUh GAUE ol copy O A=} A5 U T

)
i_r“
il
e
>,

+
rr

[newdict = olddict.copy ()
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2213 AA o WA S o B RES o)A 2E 5 AHUR

For an instance x of a user-defined class, dir (x) returns an alphabetized list of the names containing the instance
attributes and methods and attributes defined by its class.

2214 TEoA A o] 5L o WA 2L 4 YU

Qubx 0 2 WY, AR AAL o] Fol ¢/ WEe] 18 & fEUh AR, Y Gy o
22 gol AF U def % class £ FSE WA o] A, o] A9 ghe BHEAUL he HES
TP A A L

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

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

Arguably the class has a name: even though it is bound to two names and invoked through the name B the created instance
is still reported as an instance of class A. However, it is impossible to say whether the instance’s name is a or b, since
both names are bound to the same value.

dutA o g wa T=7t 5 3] “o] F& Gotop F d e+ gsyth =2 o g U4 A <l (introspective)
Z209e A G @, ot A AT 42 B9 WAel £8ol B 4 ok A
comp.lang.python ©f| 4], Fredrik Lundh= A A 7} o] A& o] 3l £F 3 v]-75 A5 YT}

ol g2 o] @A AT L Fo) 9 o] 55 FE AH L2 W LY (AA) AHAl € o 2 ol Al
X 1=

Aol ol 5= T 4 jlaL, A AT LA o] o gA B =4 Lot =
AT Y2 A E o)X EF(O)F

Dol Al ARl o] Akl (AAD AA 25 AP T
= ¢ HH e EehA Al L

HixE gol oA A4A7E obd Utk o] NS st Al L

>>> "a" in llb", "a"
(False, 'a')

EE AR} obl e ERA Ao] o] T Aol 7] whiel 91 The 3} 2ol AHA A FAAE ek

[(nan in "b"), LIPR ]

the 3t 2ol F7ks A &

{"a" in ("b", nan) ]

o}
U

FE Y AAAH (=, 4= 5)E B YU T o] 5L WA AT oh e oY £ B TEAY
o},

22, 4] o] 19
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2216 Co] “2:” AIY A4kA1} 553 A o] A5U7?

T

o, A5 UTh ¥ e e 2H U

[on_true] if [expression] else [on_false]

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

ol & o] stoly 2.500 A £70F 7] Hofl, kA QA FE T+ =l RS AR St Aol s yTh:

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

T, of BETE AT FHUTh on_muert AR BelA g A W] 2RE AHH e 5 Yy
o B e e e A Ao e

2217 shol AN FESH B 2 =S AYT 5 ASUR

Yes. Usually this is done by nesting 1ambda within 1ambda. See the following three examples, slightly adapted from
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=Sx, Sy=Sy:reduce (lambda x,y:x+y,map (lambda x,xc=Ru, yc=yc, Ru=Ru, Ro=Ro,
i=1i, Sx=Sx,F=lambda xc,yc,x,vy,k, f=lambda xc,yc,x,vy,k, f: (k<=0)or (x*x+y*y
>=4.0) or 1+f(xc,yc,x*x-y*yt+xc,2.0*x*y+yc,k-1,f) :f(xc,yc,x,y,k,f):chr(

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

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

# v 74 / / columns on screen

# / / / maximum of "iterations"

# / / range on y axis

# / range on X axis

20 Chapter 2
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2218 §4-2] A MS: B2 oA L2 Al ()= AL o mFLi

A slash in the argument list of a function denotes that the parameters prior to it are positional-only. Positional-only pa-
rameters are the ones without an externally usable name. Upon calling a function that accepts positional-only parameters,
arguments are mapped to parameters based solely on their position. For example, divmod () is a function that accepts
positional-only parameters. Its documentation looks like this:

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

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

WS R 2 S F AN 92 A9 o gtk BekA, A9 E AAE divmod () &
E&3Hd ol /b ey I ch

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

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

2.3 S:7}e} EAHo

2.3.1 163172183 H o= WA AT 72

8+ zlﬂo}am, A4 3 @l 0 o3, aF AN} gEA 0”5 EYUTE o] & o], M5 2”5 835
1071075 8) o 7 AR stei, ol FA A

>>> a = 0010
>>> a
8

164 = syt 16305 ool 02 €013, 2FAY 22 X’ 2071 shd Utk 163 A4+
2FAG HEAE AQ S = AUt A S S0, dhol i AB =] B0l A:

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

0XB2

2.3.2 9 -22// 10 o] -3 ul3ts 7|2

F21 %5 722 RIS EZAEE el AYgUth oy ol o] AL Pk, v 22 2= At
[l:<l//j>*j+<l%3> ]
A4 7] floor & gl of U th C 8 o] F54& WFHEE 87313, 1 // & A2 (truncate)
AFdE =i ¢ 7M1 2SR EREE S IS5 UL

2.3. &A1} E214 21
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7 A A1 s joll tig AA AR At A flEUTh 37 oW, B2 A 7F Qlom, AR Y
BEASNL & 37F>= 0 ﬁ ol o F&Futh Alﬂlﬂﬂlm" 7he] 71k, 200 4] 7 X_oﬂ% oy
A 71 AEUZR? -190 $ 12 == 27FF8FUTH -190 $ 12 == -102 E7]E 7Iggl= WYYk

2.3.3 How do | get int literal attribute instead of SyntaxError?

Trying to lookup an int literal attribute in the normal manner gives a SyntaxError because the period is seen as a
decimal point:

>>> 1. class___
File "<stdin>", line 1
1.__class___

A

SyntaxError: invalid decimal literal

The solution is to separate the literal from the period with either a space or parentheses.

>>> 1 ._ class__
<class 'int'>
>>> (1)._ _class_

<class 'int'>

N
w
=S
Md
X
ue
tlo
M
N
fu
_%
g

M 7R

t() ¥ 2 AL AL, B Eo]int ('144") == 144. npRATFA R, float ()
2 W3} o8 S0] float ('144') == 144.0.

rlr oX
i
Lo
oM,
o
o £

o
b
s

AUty 28 A int ('0144') == 144+= Zo]T int ('0x144")
(strlng, base) = F WH| /dE—“'Zi A2 W o] A8 T 4= (base)
oF=9{ A, int ' ) == 324%JYrh base7}0—°—i AQE ™, A= sFol ] A A= A
sto] s g U th: A3 ‘00°= 8+ ‘/}E}‘Hﬂ, ‘0x’E 16145 YERY U Th
AHE S AR HEet= AR olgtd WA T eval () 2 AHSSHA] PR A L. eval (
L& < -1y FUth: #2793k = —‘T‘—Z‘i’“ﬂ A gpol W S AZT
th & 5o, F27t Y EY T UAHEE A+ __import_ ('os').system("rm -rf
< U

2 M)
z
et
o
)
&
& :.L

[e]
‘E‘ = -
ValueErrors
nl
=

’_l.
-
+ &
rlo
o

by
£
o
+
97

eval () L ET AE glo|H FHA 07 A= EH7F QoA o %%o]eval '09') & Ipo] R o] (‘0
Al Z é%

32517 0b7] W Eol L& of &7} Al e o,

235 5218 EAA 2 oA MBI

To convert, e.g., the number 144 to the string '144 "', use the built-in type constructor str (). If you want a hex-
adecimal or octal representation, use the built-in functions hex () or oct (). For fancy formatting, see the f-strings
and formatstrings sections, e.g. "{:04d}".format (144) yields '0144"' and "{:.3f}".format (1.0/3.0)
yields '0.333".

[k
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2.3.6

ox, il

1
T

27

AR A A EADE WA B

T sy "“Z}ax_itﬂolﬂwﬂqur/} EEY Af 2 FRoZ A A4
af oF ok lﬁi‘)rzﬂx}ﬂ‘ﬂ]/ﬂ FTUIZEHolHE 488 5 A+ AA7F 2 R5HH, io.String
array BES AFSSIEAA L

IO

>>>

import io

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

'Hello, world'

>>>
7
>>>
6
>>>

sio.seek (7)

sio.write ("there!")

sio.getvalue ()

'Hello, there!'’

>>>
>>>
>>>

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

array('u', 'Hello, world')

>>>
>>>

a[o] = Yyl
print (a)

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

>>>

a.tounicode ()

'yvello, world'

- BADL 52 RS GV E A8 Aol AP EEUT o 1Y F2 3R e EAL o]
T o5 EAF o7t gl AP Uth o] 212 Edtcase S FUW He vl AHEH = 712 71
AU}

-
def al():
pass
def b():
pass
dispatch = {'go': a, 'stop': b} # Note lack of parens for funcs
dispatch[get_input ()] () # Note trailing parens to call function
* W & getattr () & AR SHAIALL
import foo
getattr (foo, 'bar') ()
.
getattr () = ZH L, FHLJALEN, BE 55 2F5te BE QA oA 25 3ol 7ol st Al 2
o] 21 thZ I 2ol E ghol B 2o oY oA AHEH YT
2.3. &2 #1149 23
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-
class Foo:

def do_foo(self):

def do_bar (self):

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

T o] 52 3l A (resolve) 312 A locals () & ARSI Al 2

def myFunc () :
print ("hello")

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

2.3.8 F2tgellA 3 & nlg& Al Asl= Perl 2] chomp() ¢ 553 o] Y5472
S.rstrip("\r\n") S AE3H O & Z8 IS A AR F1 FAE s Lo Y= BEE FEAE
AA % Qg UTh TAL 571 2ol W Fol o] A Ro] @ F o1 4E e E, wE W B2 & F A}

Zﬂﬂ%‘%i}.

>>> lines = ("line 1 \r\n"
ll\r\nll
. TO\=\@ " )
>>> lines.rstrip("\n\zr")
'line 1 '
QAo & o] B EH BAES AL wlw DL wlFol, 5. rstrip ()& o @ A O% g
3}

2.3.9 scanf() 1} sscanf() ol] 3] ¢ 35}= A o] Q&5 7)?

ddHezEglsyth

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.

For more complicated input parsing, regular expressions are more powerful than C’s sscanf and better suited for the
task.

[k
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2.3.10 ‘UnicodeDecodeError’1} ‘UnicodeEncodeError’ o 2] = F31-& o]n]| g 7}?

1

unicode-howto & Z=Z A A L.

2.3.11 Can | end a raw string with an odd number of backslashes?

A raw string ending with an odd number of backslashes will escape the string’s quote:

>>> 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)

There are several workarounds for this. One is to use regular strings and double the backslashes:

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

Another is to concatenate a regular string containing an escaped backslash to the raw string:

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

It is also possible to use os.path.join () to append a backslash on Windows:

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

Note that while a backslash will “escape” a quote for the purposes of determining where the raw string ends, no escaping
occurs when interpreting the value of the raw string. That is, the backslash remains present in the value of the raw string:

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

Also see the specification in the language reference.
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A& AAZ, oMl TE SEE ¥ = B E20] dxth e $8 5B A a0l =2l
A WAL 2l £gol H ¥ A AnbA AT
cATEe H e BE (R uE 2uEoR WS nE Aol uA A5 22
BoEART PN 2 o WE A 4 Azt
o ZHLE glolE £ ZE AFR S Al L. bltin-types T} collections REC| st A YA E ALTHAL
o XF POl EH YT FAVIE S A 2| E RS AFE o, o] o] HE Y thE g E T wE
7hsd ol ERUTH(EAH A= d5Uth. o] 22 WS 47 S8} 2o Cr A4 d 2| n e H
Arole Fule 285Utk A& S0], A€ste W list.sort () W& WA= &™ sorted()
B2 AFL A @ (28] A F7F 1 AR 9 o &= sortinghowto S R S A Q)
« 235} 718 (indirections) & == A o] Q3 B ZelE] e B A4S BEE R ) 2hge
SEol $43 A FE 2T Y, 2219 SEsh =P FE 2AsE salok gt
53] FL gef A=l defol A 15T (EE S AN o B4 oh.

If you have reached the limit of what pure Python can allow, there are tools to take you further away. For example,
Cython can compile a slightly modified version of Python code into a C extension, and can be used on many different
platforms. Cython can take advantage of compilation (and optional type annotations) to make your code significantly
faster than when interpreted. If you are confident in your C programming skills, you can also write a C extension module
yourself.

o ®17):

s Heoll 23 97 sl o)A

24.2 WL FALE A ool 7 EEH A WS FAY U

[ex]
Be str AAE R A7 A, AFHE BEFE ANE P 2E) WA vbA %] str.join() L
EE5H A4

chunks = []

for s in my_strings:
chunks.append (s)

result = ''.join (chunks)

(Eoe dedez a84<

r

| 7= i0.StringIloE AFRS= AJYThH
B hytes AAE FA317] 98, AFE = FEFE A A o] o] o] 7] (+= A2kAP) & AFR 3ol bytearray
AAE F3ste= A :

2o r

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

v
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2.5.1 EZ3 2| A EE oW A HIZ 7|2

g A4 A} tuple (seq) £ YA A AN(HAZE, EEOHYEHE)E LS TAHE L2 ES /I RFEE
W2y o

o & 5o, tuple([1, 2, 31)2 (1, 2, 3)S A=Edl T tuple('abc') = ('a', 'b', '¢")E A&
§W4ﬂﬂﬂe“ﬂﬁﬁ%%@%ﬂ%ﬂé%%ﬂ%%%??iﬁﬂﬂﬂﬂ%%%ﬂ@@?ﬂ%%

o tuple () S TE3F+=

g AR list (seq) & CMQ ANDay oHHES 22 A2 22 5o
o & E0f,1ist ((1, 2, 3))2I[1, = i [
Uth AA7E 2l AE o, seql ] 9 2o Akt WU T
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253 A|FLE Aoz ofEjE o] & st oW A 72

reversed () W& T4+E AFRIAIA| L

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

°| A

rlo
i

H A2 E G MAA GAE olHH ol E & H AT Ao A A S TR YT

25.4 2 AEA FEL oA AT

o] Z& Tt o ZHA W ol th gk 1 =9 = FholH 2 2 A S FR YAl L
https://code.activestate.com/recipes/52560/

PAE £AE N E BT, JAEE AL D ThS PAE Zo A AU 55 322 A A
o .

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

grEe) RE 247 AT A2 AH8E 5 UAThE (B, BT 54 b ol ) ol 2ol $3% o mhE
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[mylist = list (set (mylist))

JAL UAEES PPOE W], RS AAW TS, YAER HEPULh

l

255 2] AEol A ol2] 5 oA AAGU

A AL v IR =2, AA 2 & AHE st BAH o o olH Y ol gt A

ﬂﬂﬂ:ﬁ$%#ﬂﬁﬂw BA 4 5 o) ] 4.0 4 ohol s ABE AL ] 4

< Al 7HA M8 J Yy o

3l 712 7hsA

A3 W o,

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

g 2E Fmel Aol obul 7bg whg ok,

25.6 shol Aol A o] @A g B} 82

P AEg AHEIHIAS

[["this", 1, "isll, "an", "array"]

)

BlAaE = A7 533 Woll A Cut sk (Pascal) ¥ D3 55 U T 718 2 Aol 2 gfo

B9 A7t £3E 4 Arke Aok

2

A

g 2B o}

The array module also provides methods for creating arrays of fixed types with compact representations, but they are
slower to index than lists. Also note that NumPy and other third party packages define array-like structures with various

characteristics as well.

To get Lisp-style linked lists, you can emulate cons cells using tuples:

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

]

If mutability is desired, you could use lists instead of tuples. Here the analogue of a Lisp caris 1isp_list [0] and
the analogue of c¢dris 1isp_list [1]. Only do this if you’re sure you really need to, because it’s usually a lot slower

than using Python lists.

257 thatg) B A EE ojwW A WS U7
o3 2o oAk vl d e whe e fle 2

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

Qs ent2 A By

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

e e ek, o2 920l e o

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

28 Chapter 2

[k

2

o0&


https://numpy.org/

Python Frequently Asked Questions, 2]~ 3.12.3

o S 7] .
iE% ‘?}%QD}. Tk 3ol theh WA AFE2 2 ol

2| &
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rEfLbE], A 9] 8H43) of 2l o] Fdte AL obyy
AR e Pt dolg] PAES WA VE UGS AR WE PJAER 2 24E AL AYUT
A = [None] * 3
for i in range(3):

A[i] = [None] * 2

a9 Ao 7b29 3749 the PAES TP el2E AT U P FEYdAE ST 5
AUt
w, h =2, 3
A = [[None] * w for i in range (h)]

Or, you can use an extension that provides a matrix datatype; NumPy is the best known.

2.5.8 How do | apply a method or function to a sequence of objects?

To call a method or function and accumulate the return values is a list, a list comprehension is an elegant solution:

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

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

To just run the method or function without saving the return values, a plain for loop will suffice:

for obj in mylist:
obj.method ()

for obj in mylist:
function (ob7j)

n

N
o

9 G2 25T, 9 a_tuple[i] += [‘item’]o] o] 9] & U o 77}
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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] 9] 2] o] &= Watat}: 10] a_tuple[0] ]7}317]L A (1)l Hsl
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>>> result = a_tuple[0] + 1
>>> a_tuple[0] = result
Traceback (most recent call last):

TypeError: 'tuple' object does not support item assignment

2 2WolBR, Ao tf ] F2 o] ol e & A AU T
Ko z

A
che 3 2ol A FH:

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

TypeError: 'tuple' object does not support item assignment

o9 23 EgEU H Eeke 22 ezt A9Aw Us Atk AU

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

To see why this happens, you need to know that (a) if an object implements an ___iadd__ () magic method, it gets
called when the += augmented assignment is executed, and its return value is what gets used