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The Python interpreter and the extensive standard library are freely available in source or binary form for all major
platforms from the Python web site, https://www.python.org/, and may be freely distributed. The same site also contains
distributions of and pointers to many free third party Python modules, programs and tools, and additional documentation.
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CHAPTER 1
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You could write a Unix shell script or Windows batch files for some of these tasks, but shell scripts are best at moving
around files and changing text data, not well-suited for GUI applications or games. You could write a C/C++/Java program,
but it can take a lot of development time to get even a first-draft program. Python is simpler to use, available on Windows,
macOS, and Unix operating systems, and will help you get the job done more quickly.
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CHAPTER 2

sho] 4 Q1E) = 2] B AL-§-317]

2.1 Qle| = 2] E] A 33}

The Python interpreter is usually installed as /usr/local/bin/python3. 12 on those machines where it is avail-
able; putting /usr/local/bin in your Unix shell’s search path makes it possible to start it by typing the command:

[python} 12

2 Ao 4FHN YT 5 A5k Az AR S DAE o Ade 23§07 B,
OE A4% b FhUTh F 9] shol i AR Ap A28 Bel Aol A ST Bt Ysich (15 Fol,

/usr/local/python & G& A4 &5 =YX dYh)

On Windows machines where you have installed Python from the Microsoft Store, the python3. 12 command will be
available. If you have the py.exe launcher installed, you can use the py command. See setting-envvars for other ways to
launch Python.

7]E = E 3= E 9| A EOF(end-of-file) = AFH (-9 20 A= Control-D, Y=o A= Control-2) & ¢ E3ld
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A second way of starting the interpreter is python -c command [arg] ..., which executes the statement(s) in
command, analogous to the shell’s —c option. Since Python statements often contain spaces or other characters that are
special to the shell, it is usually advised to quote command in its entirety.

2 oW BREEL A2TYEZE L2V JHFYTh python -m module [arg] ...E AP 9]
o], U} 2] module 25 22~ 5149 A2 WS HH3Po JH AXH A3l A Huyh

~3YE o) A4Y ), w2 ~AYES 8 S Fol )3y RER Soj7hs o] AelB w7} 4Tk
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$ python3.12

Python 3.12 (default, April 4 2022, 09:25:04)

[GCC 10.2.0] on linux

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

oAt Ee ole 22 THE TEEL YT wl BLFUTh o) B E4, oA 9] i Fo] AP

>>> the_world_is_flat = True
>>> if the_world_is_flat:
print ("Be careful not to fall off!")

Be careful not to fall off!

3l Reof tiel B & Aok, Tty R = & HAL.
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[# —*— coding: encoding —*-

encoding - 3to] K o] A Y dt= T (codecs) F BfLto] of Pt
o & S0, Windows-1252 A1 T Y& AFRSIEE MAdste|d, A A T & 39

(

R Z L o9 = ofof Y}

[# —*— coding: cpl252 —*-

HNE FH 0] A7HA o 9= £ FETF {2 MY (shebang)” = 2 N & ehe YUt o] Bl 927
AL F A Sl Sl A& S01:

#!/usr/bin/env python3
# —*— coding: cpl252 —*-—
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CHAPTER 3
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# this is the first comment
spam = 1 # and this is the second comment
# ... and now a third!
text = "# This is not a comment because it's inside quotes."
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3.1 glo] & A7 2 483517

W 7h2) 2heka ol el A8l BAITh AHZEHE AW R ZERE, >>>, & 7Tkl A L.
(2u} Ae)A] gkofof Tt
3.1.1 57

The interpreter acts as a simple calculator: you can type an expression at it and it will write the value. Expression syntax
is straightforward: the operators +, —, * and / can be used to perform arithmetic; parentheses ( () ) can be used for
grouping. For example:

>>> 2 + 2

4

>>> 50 - 5*6

20

>>> (50 - 5*6) / 4

5.0

>>> 8 / 5 # division always returns a floating point number

1.6

A (G5 £012,4,200€ int FPUTh 2577 A= AS (1€ 51 5.0,1.6)2 float YU ]

AFA Fol A A Pl s 8 AA8] g A Tk

Division (/) always returns a float. To do floor division and get an integer result you can use the // operator; to calculate
the remainder you can use %

>>> 17 / 3 # classic division returns a float

5.666666666666667

>>>

>>> 17 // 3 # floor division discards the fractional part

5

>>> 17 % 3 # the % operator returns the remainder of the division
2

>>> 5 * 3 + 2 # floored quotient * divisor + remainder

17

gtolRol| A= AFA TS ALT o ** AXAE AHS T TH:

>>> 5 ** 2 # 5 squared

25

>>> 2 *x 7 # 2 to the power of 7
128

Heo S YT u= T2 (=) EAFTEULE o] A9 U3 U3y =25 2E Ao A= S8 ¢glsul
t}:

>>> width = 20

>>> height = 5 * 9
>>> width * height
900

H7h A= o) A k= Wl (Fh= 4 3HA] ebgk=wl) Ag-ahef L Al =8k 212 oll#E 42y
b BB RAEA EORR, 32 £ - (3002) 2 HAS oI A3ke o 7bEY T 0 § AN O™ (-3) 2
4 A5
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>>> n # try to access an undefined variable
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
NameError: name 'n' is not defined

A2 RAR R AATUT A2 O 89 HAARE 2= A0AE B4 H A4S A5 2 AasH
t}:

>>> 4 * 3,75 - 1

14.0

B3 oA, vk Hol 4]
ﬁ]

=l AF U o] A2 Fol i S G448 A7 2 AL
g uf, Axke o] 7H717E H A9 AS g dUth A& =

>>> tax = 12.5 / 100
>>> price = 100.50
>>> price * tax
12.5625

>>> price +
113.0625
>>> round(_, 2)
113.06

o] M= AHSAZAE 7]
JohE 2o o g AN Mg AR e

Fauh

int &} float o B3, Tto] M -& Decimal ©]} Fraction 59 e F o A E At o] A
o g AdE WAsta e, s5RE 771 5 U g JrARE AR U TH(AE 9] 3+59).

re
N
S
off
r
pas
N

% 2155 o of Fuith. g2 27 Y 5HA vhAl L — wreF 13
= g W5 v 22 FAL AW 20E

3.1.2 Text

Python can manipulate text (represented by type st r, so-called “strings”) as well as numbers. This includes characters
“1”, words “rabbit”, names “Paris”, sentences “Got your back.” etc. “Yay! :)”. They can be enclosed in
single quotes (' . . . ') or double quotes (" . . . ") with the same result’.

>>> 'spam eggs' # single quotes

'spam eggs'

>>> "Paris rabbit got your back :)! Yay!" # double quotes

'Paris rabbit got your back :)! Yay!'

>>> '1975' # digits and numerals enclosed in quotes are also strings

'1975"

To quote a quote, we need to “escape” it, by preceding it with \. Alternatively, we can use the other type of quotation
marks:

>>> 'doesn\'t' # use \' to escape the single quote...
"doesn't"

>>> "doesn't" # ...or use double quotes instead
"doesn't"

>>> '"Yes," they said.'

'"Yes," they said.'
>>> "\"Yes, \" they said."

(TH& sl o] A ol A1)

2 ETEAES AL R(C .. )G THIE(C. ..M 2L g u Tt AFUTE B 2] §
Lo A v & o] 270 T Bk G (SRA T\ 1 = o] 27 0] Al Aok T Th, 1 % AR eThe AU

229
o
=
o r[r
i
x

3

i)
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(o] A H o] A | A AL
'"Yes," they said.'
>>> '""Isn\'t," they said.'
'"Isn\'t," they said.'

In the Python shell, the string definition and output string can look different. The print () function produces a more
readable output, by omitting the enclosing quotes and by printing escaped and special characters:

>>> s = 'First line.\nSecond line.' # \n means newline

>>> s # without print (), special characters are included in the string

'First line.\nSecond line.'

>>> print (s) # with print (), special characters are interpreted, so \n produces new.
—line

First line.

Second line.

\ ol ‘/}3% A S5 AR AFHA AL A A ook, A mEE ol £ & 294 2 EAE (raw

Ea
string) & TS = YH U

>>> print ('C:\some\name') # here \n means newline!
C:\some

ame

>>> print (r'C:\some\name"') # note the r before the quote

C:\some\name

There is one subtle aspect to raw strings: a raw string may not end in an odd number of \ characters; see the FAQ entry
for more information and workarounds.

A9 PP old 22 339 5 AFUth B4 PR BF USRS ASHE AT
\

T EL 0 27 BAb A4S 02 BAG] 2R UL AR E 2o
S5 Utk ok o
print (n " n\
Usage: thingy [OPTIONS]
=ln Display this usage message
—-H hostname Hostname to connect to

nn ll)

tol® AE FUFUT G A AR RAZ EFH A e Aol FEA L)

Usage: thingy [OPTIONS]
-h Display this usage message
—H hostname Hostname to connect to

EADE + AR o]0 o] T, * AAAE WEA D 5 & Th

r

>>> # 3 times 'un', followed by 'ium
>>> 3 * 'un' + 'ium'
'unununium’

TN ol FAE BlE R (5, 2R E SN AS) 7 AdSA YEtgE A5 S 2 o]of oYt

>>> 'Py' 'thon'
'Python'

ol 7ls& WAL= 2N LA

ek

o

A
i1
o
3
td
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>>> text = ('Put several strings within parentheses '
c 'to have them joined together.')

>>> text
'Put several strings within parentheses to have them joined together.'

o] 21 4 F o] g devt 82 ¥ A BH A= Gt FEyTh

>>> prefix = 'Py'
>>> prefix 'thon' # can't concatenate a variable and a string literal
File "<stdin>", line 1

prefix 'thon'

AAAAAN

SyntaxError: invalid syntax

>>> ('un' * 3) 'ium'
File "<stdin>", line 1
('un' * 3) 'ium'

AAAAA

SyntaxError: invalid syntax

M4 5712 S 5o 22D BlE DL ool olel + B A8l ok T

>>> prefix + 'thon'

'Python'

FAge dda (M ~aYE) D 5 gtk 3 WA 2A47 A2 00] S HUth BAE 98 U RS
3L glauh Bes] Zel7h 1A AU
>>> word = 'Python'

>>> word[0] # character in position 0

lPl

>>> word[5] # character in position 5

'nl

Aert 2471 E £ 5 g, ZAARE AUt
>>> word[-1] # last character

lnl

>>> word[-2] # second-last character

'ol

>>> word[-6]

'Pl

0203 2ong, 2o dle At |04 ATt Ao FEaHA K.

In addition to indexing, slicing is also supported. While indexing is used to obtain individual characters, slicing allows you
to obtain a substring:

>>> word[0:2] # characters from position 0 (included) to 2 (excluded)

le'

>>> word[2:5] # characters from position 2 (included) to 5 (excluded)

'tho'

Sepol s dlEl At W B ARG 23 YEUTH R WA A2 ALESY 7] 87H0 o A T, T AR
Qe 27} ek w s B ghow Sebol 4 Bt EAAY Pol 7t AL H Uk,

>>> word[:2] # character from the beginning to position 2 (excluded)

'Py'
(Thx sl o] Aol Al

3.1, sho]g A X7 2 AH&-3}7) 13
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(o] A sl o] Ao A A<)

>>> word[4:] # characters from position 4 (included) to the end

lonl

>>> word[-2:] # characters from the second-last (included) to the end
lonl

(

Azt 2] BAE B 2 YE 0, ER A A9 BARE B EVEA e A FTAL. o] w2l

>>> word[:2] + word[2:]

'Python'

>>> word[:4] + word[4:]

'Python'

Sohol 27k BB YU S 71 08hE @ A4 WS A2 BAS Aold 9AE el vk A7
AQUTE R A L2 9= AA0AUTh n A EASE TAY EALY QX AAL A an
ol FUt} o1& Sol:

fo—— b —t—————————+
Pl yl t |l h|]oln|
e e At S
0 1 2 3 4 5 6

>>> word[42] # the word only has 6 characters
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
IndexError: string index out of range

A, W Aol ke Lol s AP Ak Setol 4T W FEA AP

>>> word[4:42]
'On'

>>> word[42:]
T

shol Wl FAH & WA 4 Qlok— 29 olekw ik T A BApde) A AR B2 9 Aol Y she w
el el g Jo ok
>>> word[0] = 'J'
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: 'str' object does not support item assignment
>>> word[2:] = 'py'
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: 'str' object does not support item assignment

che EApdo] e sk, A2 WEolof gt

14 Chapter 3. z}o] % o] 7hekst 27
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>>> 'J' + word[1l:]
'Jython'’

>>> word[:2] + 'py'
'"Pypy’

g & len() & 24 dolE =2 F U

>>> g 'supercalifragilisticexpialidocious'
>>> len(s)
34

o B

textseq

AL A AL Y o dF o, A AL A DS 35 dAibEo] AYFE YT
string-methods

TAEL 71 2A A ST HAS 93 oY 7HA] Ml EES A AT

f-strings

formatstrings
str.format () 28 FAE-S 2 W3t Wol o sk FH.
old-string-formatting
o] oA EAE S & AAAL A F o] ARG SH= o A A o] | of Fef & o] Al SHAl A sk Al

g},

313 grE

o2 e gEs Bolg &2 Fetl AHEE = o8 7HA] H 3 E (compound) A5 B & 4L Y5 TH 7}
FEedo) de AL H2ERY, I Atolo 28 FRA N (FHEY FFo2 28E 5 s UTh
GAEE AR OE 9] FEES TRE 4 YA, FEEC| BE 28 A2l 497 BT

>>> squares = [1, 4, 9, 16, 25]

>>> squares

(1, 4, 9, 16, 25]

PAL (18, 02 REWFADL FB)AY Paet dddsn Setol 4T 5

>>> squares[0] # indexing returns the item

1

>>> squares[—1]

25

>>> squares|[—3:] # slicing returns a new list

[9, 16, 25]

HaEE ojojo]7] 2L AAE AT

>>> squares + [36, 49, 64, 81, 100]
(1, 4, 9, 16, 25, 36, 49, 64, 81, 100]

2 9 BT

i
iV

2, elass b Ut & W8S WAT S Axth

3.1. so| S AT = AH83}7) 15
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>>> cubes = [1, 8, 27, 65, 125] # something's wrong here
>>> 4 ** 3  # the cube of 4 is 64, not 65!

64

>>> cubes[3] = 64 # replace the wrong value

>>> cubes
[1, 8, 27, 64, 125]

You can also add new items at the end of the list, by using the 1ist.append () method (we will see more about
methods later):

>>> cubes.append (216) # add the cube of 6
>>> cubes.append (7 ** 3) # and the cube of 7
>>> cubes

[1, 8, 27, 64, 125, 216, 343]

Simple assignment in Python never copies data. When you assign a list to a variable, the variable refers to the existing list.
Any changes you make to the list through one variable will be seen through all other variables that refer to it.:

>>> rgb = ["Red", "Green", "Blue"]
>>> rgba = rgb

>>> id(rgb) == id(rgba) # they reference the same object
True

>>> rgba.append("Alph")

>>> rgb

["Red", "Greel’l", "Blue", "Alph"]

>>> correct_rgba = rgbal:]

>>> correct_rgba[-1] = "Alpha"
>>> correct_rgba

["Red", "Green", "Blue", "Alpha"]
>>> rgba

["RedH’ llGreen", "BlueH, "Alph"]

Sepolzo st A% 7], BlaES do]E fAgT AL 2

i
ot
A
tlo
it
X,
st
>
BN
>
X0,
o[>
<
Iy

>>> letters = ['a', 'b', 'c', 'd', 'e', 'f', 'g'l
>>> letters

["a', 'b', 'c', 'd', 'e', 'f', 'g']

>>> # replace some values

>>> letters[2:5] = ['C', 'D', 'E']

>>> letters

['a', 'b', 'C', 'D', 'E', '"f', 'g'l]

>>> # now remove them

>>> letters[2:5] = []

>>> letters

[*a', 'b', '£', 'g']

>>> # clear the list by replacing all the elements with an empty list
>>> letters([:] = []

>>> Jletters

16 Chapter 3. z}o] % o] 7hekst 27
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>>> letters = ['a', 'b', 'c', 'd']
>>> len(letters)

4

JAEE FHTSE JGUTH (G2 I AES EFHE P22 BEU. 2 Sof:
>> a = ['a', 'b', 'c']

>> n = [1, 2, 3]

>>> x = [a, n]

>>> x

[['a', 'b', 'c']l, [1, 2, 3]]

>>> x[0]

['a', 'b', 'c']

>>> x[0][1]

b

32 gy oge AL

Of course, we can use Python for more complicated tasks than adding two and two together. For instance, we can write

an initial sub-sequence of the Fibonacci series as follows:

>>> # Fibonaccl series:
# the sum of two elements defines the next

.. a, b=20, 1
>>> while a < 10:
print (a)
a, b =Db, atb
é..
1
1
2
3
5
8
o] & @ A 2L )5S £MFT AHUTH

s AE2 T Y & 2F6tL 5T W a 2o ol FAlol g0 o] thYFH Ut npA = ol A
TA] AFEE =], Y o] o= sputets o] F o)X 7] Ao Rl @A Eo] BF ALg Ut £
EHAL AZRE LBEF O 7HHA SAHE ALbE YT

- while Fxt 27 (714 E: a < 10)0] F F AW UTh C wpRAAE o] Ao A 0 o]
obd RE A5E Fol:,02 ARYYTh 2L EADo| g AE (AU RE FRe) AA2) 7LD
4= gl Bol7h0 o] obd AL BF Folx, Wl At ARYUTh of ool A g3 A
Zrekel mw T 2 03 AAAE Co e 0 ERAF UL <(Fth), > (ATh, — (B,
<= (FAY Zh, >= (A AL 2rh), 1= (D=,

o 29 vt (body) + 427 HUth 927+ FolHoA s o2 Fe P dUh
3y =52 EoA Ztzt o] 2 S04 | (tab) o] v} 3 (space) = Y H 3l oF FUth AAH o=+
dAE A7 E ARSI A F o B stold I =EE Ev)sHA FUth Avkgt gAE AR 7|52 A
T EA27 7l ATE UL EFES U F o R ¥ ul= S FE7] A W &S gl ok
Uk GIA 717 QA mA 2 25 4938 A4S ¢ 7 EdUnh) 22 E5 28 = BE
E2 2 FUF o927 Holof Foll FY kA 8.

32, Yoz ALS 17
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e print () @ FAA JAAEY S dAF U thF AxL A+ g FALE S T Aol A
(AAE7] A A A A 7 A3} o)) 283t A} o AL 1F JE3tE AT Ut 2L
W8 E glo] 28 I, ARE grolt Wzkol FABUTH TeA oA Aoz B FA EHLT 5
gk
>>> i = 256*256
>>> print ('The value of i is', i)

The value of i is 65536

ZINE AAtend = 29 ol LFH = MNP FAE AAFAUZEH S HE TALEE VA st 42
o AHE-H U T

>>> a, b =0, 1

>>> while a < 1000:
print (a, end=',")
a, b ="Db, atb

0,1,1,2,3,5,8,13,21,34,55,89,144,233,377,610,987,

18
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As well as the while statement just introduced, Python uses a few more that we will encounter in this chapter.

41 if &+

ohvhE 14 F G A £ YL if B Y AGYT o8 Sol:

>>> x = int (input ("Please enter an integer: "))
Please enter an integer: 42
>>> if x < 0:

x =0

print ('Negative changed to zero')
elif x ==

print ('Zero'")
elif x ==

print ('Single')
else:
print ('More')

More

AAL AH M elif F7F Y& 4 A, else = AHF YU 7|19 = A E
Addl, = EA2TE 9= ol FEFUTE if - elif -+ elif -« Al AL TE doj S04 ¢S
switch Y case &2 thAI g o}

If you’re comparing the same value to several constants, or checking for specific types or attributes, you may also find
the mat ch statement useful. For more details see match Statements.

19
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42 for ¥+

shol ol Al for £ C U FaZo A A58 AT 3 R (SraA D) T4 2 Ao AEA A
A2 =3 o g a0 A 5L}, (CAR) ARAT} ol Ejell o] d WAt 54 2 AL Ao 4 YES 5= T4,
sho 9] for £& 9] NP2 (2B £A4) ) FEEL T A A2 S0l w2 o] gl o] 4

FUTh o2 o (Tl ohueh:

>>> # Measure some strings:
. words = ['cat', 'window', 'defenestrate']
>>> for w in words:
print (w, len(w))

AAAL ol E o) E S 5 2L AAML £ A TEL v FAFES BE7) FEUT U4,
HE A BAROR 228 BEAL A 4L BEE o] o degh

# Create a sample collection
users = {'Hans': 'active', 'Eléonore': 'inactive', '®AK[]': 'active'}

# Strategy: Iterate over a copy
for user, status in users.copy () .items{() :
if status == 'inactive':
del users[user]

# Strategy: Create a new collection
active_users = {}
for user, status in users.items () :
if status == 'active':
active_users[user] = status

4.3 range () &5

SAEY NALE ol Bl =T B2/ 9o, WF B4 range () 7 Bl Fuith 9L BEUh

>>> for i in range(5):

print (i)
é..
1
2
3
4
22 HEoAE sl 2FH A 5 YT range (10) 2 10719 g& W=, 2] 1090 Al A9
FEES sbel 7l gt Qg AS YTk WA} O AR ALSAL, O RS (852 Ths
Fuoh 2 0] 1L 28 (step)’ o] 2k RFUTH A= A= A5 T Th

>>> list (range (5, 10))
[5, 6, 7, 8, 9]

>>> list (range (0, 10, 3))
(th sl o] A o] A<)

20 Chapter 4. 7|E} Alo] 35 =F
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(o] A sl o] Ao A A<)

>>> list (range(-10, -100, -30))
[-10, -40, -70]

ANB29 AEAEz olE e olE 38 W, th-S 2 & range () @ len () € A3 4= Y5tk

>>> a = ['Mary', 'had', 'a', 'little', 'lamb']
>>> for i in range(len(a)):
print (i, afli])
0 Mary
1 had
2 a

3 little
4 lamb

A 28 u] i 22, enumerate () F5E 2= Ao HYFdYth Tz HIY & BAL.

WS 1 A 5HE o] 4R Lol Yol itk

>>> range (10)
range (0, 10)

B 9ol range () 7t EEE AA & Bl 2B AN Y AT W, A 27} obd Utk ol H A o] EF
W A5 AL FBES AR BAFE AA AW, AAE B AES WHEA SFobd] T2 Ao

Ut

o] & A& o] e] £ olekn HgUTH FFol 21D WrtA A FREL AL 5 Yt FAUIE V)
Wt ot T2ESY Bl AFgAYth St for Bol 19 TEERS BAFUT olH Y B L
H ot T o= sum () YU TH:

>>> sum (range (4)) # 0+ 1 + 2 + 3

6

Later we will see more functions that return iterables and take iterables as arguments. In chapter A} & <=, we will
discuss in more detail about 1ist ().

44 53 0] break ¢} continue &, 18] else A

The break statement breaks out of the innermost enclosing for or while loop.

A for or while loop can include an else clause.

In a for loop, the else clause is executed after the loop reaches its final iteration.

Ina while loop, it’s executed after the loop’s condition becomes false.

In either kind of loop, the e1se clause is not executed if the loop was terminated by a break.

This is exemplified in the following for loop, which searches for prime numbers:

>>> for n in range (2, 10):
for x in range (2, n):
if n $ x ==
print (n, 'equals', x, '*', n//x)

(Th= S o] Aol Al

4.4. Fx 9 break 9} continue &, 718]7 else A 21
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(o] A sl o] Ao A A<)

break
else:
# loop fell through without finding a factor
print(n, 'is a prime number')

is a prime number
is a prime number
equals 2 * 2
is a prime number
equals 2 * 3
is a prime number
equals 2 * 4
equals 3 * 3

O 00 J o U WIN .

(AL utE ZEYUTh A8 S0t Wi else AL if Eo] olg} for T2 o] £3Yth)

T2} BA AHEE wl, else AL if T HTE try E—J else A} v|=st Ho]l WU try B9 else
HL o7 §‘6}Z] S u) Al 1, T2 else B2 break’F EASHA S w) AAH YTt try 3
of| &] of &3k 2pA| 3 ‘4130 o £] A 2lst7] & HA L.

continue B2, A Coll A W& Uh 29 g ol g @ o] Aol A A% S vt

>>> for num in range (2, 10):

[}

if num % ==

print ("Found an even number", num)
continue
print ("Found an odd number", num)

Found an even number 2
Found an odd number 3
Found an even number 4
Found an odd number 5
Found an even number 6
Found an odd number 7
Found an even number 8
Found an odd number 9

>>> while True:
pass # Busy-wait for keyboard interrupt (Ctrl+C)

2439 248 BE W 3] AgH U

>>> class MyEmptyClass:

pass
pass7} AH8E 4 9l e Aot Al ZEE Qe o] g4 245 virle] A2 8 A e A, o
ﬂﬁ%%ﬁﬂ#%ﬂﬁ%ﬁ%#%ﬂ@ﬂﬂpws%é%ﬂ%ﬂ%qq
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>>> def initlog(*args):
pass # Remember to implement this!

4.6 match Statements

A match statement takes an expression and compares its value to successive patterns given as one or more case blocks.
This is superficially similar to a switch statement in C, Java or JavaScript (and many other languages), but it’s more similar
to pattern matching in languages like Rust or Haskell. Only the first pattern that matches gets executed and it can also
extract components (sequence elements or object attributes) from the value into variables.

The simplest form compares a subject value against one or more literals:

def http_error (status):
match status:

case 400:

return "Bad request"
case 404:

return "Not found"
case 418:

return "I'm a teapot”
case _

return "Something's wrong with the internet"

Note the last block: the “variable name” _ acts as a wildcard and never fails to match. If no case matches, none of the
branches is executed.

You can combine several literals in a single pattern using | (“or”):

case 401 | 403 | 404:
return "Not allowed"

Patterns can look like unpacking assignments, and can be used to bind variables:

# point is an (x, y) tuple
match point:
case (0, 0):
print ("Origin")
case (0, vy):
print (£"Y={y}")
case (x, 0):
print (£"X={x}")
case (x, Vy):
print (f"X={x}, Y={y}")
case _
raise ValueError ("Not a point")

Study that one carefully! The first pattern has two literals, and can be thought of as an extension of the literal pattern
shown above. But the next two patterns combine a literal and a variable, and the variable binds a value from the subject
(point). The fourth pattern captures two values, which makes it conceptually similar to the unpacking assignment (x,
y) = point.

If you are using classes to structure your data you can use the class name followed by an argument list resembling a
constructor, but with the ability to capture attributes into variables:

4.6. match Statements 23
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class Point:
def _ init_ (self, x, vy):
self.x = x
self.y =y

def where_is (point) :
match point:

case Point (x=0, y=0):
print ("Origin")

case Point (x=0, y=y):
print (£"Y={y}")

case Point (x=x, y=0):
print (£f"X={x}")

case Point () :
print ("Somewhere else")

case _
print ("Not a point")

You can use positional parameters with some builtin classes that provide an ordering for their attributes (e.g. dataclasses).
You can also define a specific position for attributes in patterns by setting the __match_args___ special attribute in
your classes. If it’s set to (“x”, “y”), the following patterns are all equivalent (and all bind the y attribute to the var
variable):

Point

(1, wvar)
Point (

(

(

1

1, y=var)
x=1, y=var)
y=var, x=1)

Point
Point

A recommended way to read patterns is to look at them as an extended form of what you would put on the left of
an assignment, to understand which variables would be set to what. Only the standalone names (like var above) are
assigned to by a match statement. Dotted names (like foo . bar), attribute names (the x= and y= above) or class names
(recognized by the “(---)” next to them like Point above) are never assigned to.

Patterns can be arbitrarily nested. For example, if we have a short list of Points, with __match_args___ added, we
could match it like this:

class Point:

__match_args__ = ('x', 'y'")
def _ init__ (self, x, vy):
self.x = x
self.y =y

match points:
case []:
print ("No points")
case [Point (0, 0)]:
print ("The origin")
case [Point(x, y)]:
print (f"Single point {x}, {y/}")
case [Point (0, yl), Point (0, y2)]:
print (f"Two on the Y axis at {yl}, {y2}")
case _
print ("Something else")

We can add an if clause to a pattern, known as a “guard”. If the guard is false, match goes on to try the next case
block. Note that value capture happens before the guard is evaluated:

24 Chapter 4. 7|E} Alo] 35 =F
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match point:
case Point(x, y) if x
print (£"Y=X at {x
case Point (x, Vy):
print (f"Not on the diagonal")

== vy:
vl)

Several other key features of this statement:

* Like unpacking assignments, tuple and list patterns have exactly the same meaning and actually match arbitrary
sequences. An important exception is that they don’t match iterators or strings.

* Sequence patterns support extended unpacking: [x, vy,
packing assignments. The name after * may also be _, so
without binding the remaining items.

e Mapping patterns: { "bandwidth": b,

*rest] and (x,

(%, ¥y

y, *rest) work similar to un-
*__) matches a sequence of at least two items

"latency": 1} capturesthe "bandwidth" and "latency"

values from a dictionary. Unlike sequence patterns, extra keys are ignored. An unpacking like **rest is also
supported. (But **_ would be redundant, so it is not allowed.)

* Subpatterns may be captured using the as keyword:

[case (Point (x1, yl), Point(x2, y2) as p2):

will capture the second element of the input as p2 (as long as the input is a sequence of two points)

* Most literals are compared by equality, however the singletons True, False and None are compared by identity.

* Patterns may use named constants. These must be dotted names to prevent them from being interpreted as capture

variable:

p
from enum import Enum

class Color (Enum) :

RED = 'red'
GREEN = 'green'
BLUE = 'blue'
color = Color (input ("Enter your choice of

match color:
case Color.RED:
print ("I see red!")
case Color.GREEN:
print ("Grass is green")
case Color.BLUE:

print ("I'm feeling the blues : (")

L

'red',

'blue' or 'green':

ll))

For a more detailed explanation and additional examples, you can look into PEP 636 which is written in a tutorial format.

4.6. match Statements
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47 ¥4 A8}

R 9L 99 FEAA 2YSHE B4 BE S YUt

>>> def fib(n): # write Fibonacci series up to n
"""Print a Fibonacci series up to n."""
a, b =0, 1
while a < n:
print (a, end="' ")
a, b = Db, atb
print ()

>>> # Now call the function we just defined:
£ib (2000)
0112358 13 21 34 55 89 144 233 377 610 987 1597

AYE deft G5 4B ALGUTH B4 o] BF BHE A YA ARSEY B5o] HupF U
g9l vhel 2 94 ofo

=
st= 235 0] tha S0l A& L, REEA] S0 227] 5

P4 b A WA e He Ao s B A go] B 4 du Utk o £A4Y AHEe g5 =
W old EAE, & FAET (doostring) AU (FEEH Ol th g A - W82 =5 ul e o] d A< o
BUTh) SRS ALgHA Lebololut A4 E A BAE A% AAHAL, ASAE] BGoR 1
EE YT 5 YEE St w7 Bl st olelo] AL Ao SAEDG FRAE AL FL
AU 2o WRe Solt Aol T UL
Posl AR Fo) A W4ES AT A QB Hoj R BEUL £ TAHLR, Fol Y BE
He e #e A9 A2 HolEo Ay whdel i FxE WA AQ A2 HolEs & v,
A AR H oL B F, AT g ol 52 B0 B2 ARV TehA, B2 5= ek Hr ey,
Aol BrET Bel AT Bool WeEL o UolA A gtol BhUE - fwu o (8% M5 global
2o 2 YASHAY A= k2] H4E nonlocal £ o2 HA|SHA] k= o4

TEZAEHE AA MR FE (IS =2 0 He a9 A9 A8 HolEo el A

3=
= 3t B Z (call by value) 2 A2 H Utk (= T4
Frte drE o, 2 AN AAALE 2T 0, 23S AT A AT HE

w0 T no
o
s
)
>
o,
>
e

i
o

B o] Eo] g o] Ut}
B4 AL P4 0B AR AL BB F4 A AAFY T AEz el = oG ol Fo] A7
AAE 8RR Bz QAFUTE THE o B 2L B4 AME 1D 5 o] Pl M A5k
A8 2= 95Uk

>>> fib

<function fib at 10042ed0>
>>> f = fib

>>> £(100)

0112 358 13 21 34 55 89

£ Q152 A AT, £ib 7} ghS BT A 9] W) F47t obleh R A AT 24T 5 A
th. A4, return 2o] G F4E F SUF UL 1S 028 ghol /)= ARk o] k2 Noneo| gl
]

HUthH (W o] 54U th. None o] 283 A3 groletd, A Z 8|8+ B 5 None g 28-S A
B4 43 print () EAREE 5 A5 UTH

>>> fib (0)

>>> print (£ib(0))

None

'V AA 2, AA Fzol 93 3% (call by object reference) ©] T £ ERA |, 7k AA 7} AL=H, &A= T 227 HE A A S
5% S ME AU (715 ol <ol §5% F g Th.
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Aaels 4, HH LR 29 £AE BAEE SHFE BT Ao AR HuET
>>> def fib2(n): # return Fibonacci series up to n
"""Return a list containing the Fibonacci series up to n."""
result = []
a, b=20, 1
while a < n:
result.append(a) # see below

a, b = b, atb
return result

>>> f100 = £ib2(100) # call it
>>> £100 # write the result
o, 1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89]

o=wl A, o] dl= R 7HA A st 7] s & HolFth:

* return 22 FFERE g2 23 EA A v th 84 A4 §l= return 2 Noneg EHF
Utk &2 202 Hojx ¥ I A Noned Ee|FUTH

» The statement result.append (a) calls a method of the list object result. A method is a function that
‘belongs’ to an object and is named obJj .methodname, where ob7j is some object (this may be an expression),
and methodname is the name of a method that is defined by the object’s type. Different types define different
methods. Methods of different types may have the same name without causing ambiguity. (It is possible to define
your own object types and methods, using classes, see =- 2] 2~) The method append () shown in the example is
defined for list objects; it adds a new element at the end of the list. In this example it is equivalent to result =
result + [a], but more efficient.

4.8 T4 Aot w7
A e A0l AAER F4E B AT A Th Al A4 FAlo] e, 2% 5 YU

4.8.1 7|8 <z} 7

LR E WAL S o ARES A Eghe AAsE AYUth AE AnchE 4L A5
AAER2 529 4 & F4E WU 8 So:

def ask_ok (prompt, retries=4, reminder='Please try again!'):
while True:
reply = input (prompt)
if reply in {'y', 'ye', 'yes'}:
return True

if reply in {'n', 'no', 'nop', 'nope'}:
return False
retries = retries - 1

if retries < O0:
raise ValueError ('invalid user response')
print (reminder)

=
c oA BT AN ADAA: ask_ok (' AL T A 2?)
- A A} SHE AT A ask_ok (' HL S DR E FHUAN, 2)

48. g4 Aol ¢ B 27
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P EERE AAE AFHA: ask ok ('HAS DoINE FHUA, 2, 12 vk o] R B F A

ol A& in 7| EE 27 s Uth AlAA7F oW Zhe 7= 4] obd A€ AAM Y o
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def f(arg=i):
print (arg)
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def f (a, L=None):
if L is None:
L =TI
L.append(a)
return L

4.8.2 7)1 & 2=}

T kwarg=value P49 7|9 = QA & AHBA 25 5 AsUTh A& 5o, ths T

def parrot (voltage, state='a stiff', action='voom', type='Norwegian Blue'):

print ("-- This parrot wouldn't", action, end=' ')
print ("if you put", voltage, "volts through it.")
print ("-- Lovely plumage, the", type)
print ("-- It's", state, "!")

3hite} 2

T AR (voltage) ok Al 7He A=A QA% (state, action, type) & Wols YUtk o] &+
S F ARG IEE 5 AsUTh

=
S
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parrot (1000)

parrot (voltage=1000)

parrot (voltage=1000000, action='VOOOOOM'")

parrot (action="'VOOOOOM', voltage=1000000)

parrot ('a million', 'bereft of life', 'jump')

parrot ('a thousand', state='pushing up the daisies')

positional argument
keyword argument
keyword arguments
keyword arguments
positional arguments

FH FH R R H K
R W NN R R

positional, 1 keyword

A e 2 TEEL BT eules) g4tk

parrot () # required argument missing

parrot (voltage=5.0, 'dead'") # non-keyword argument after a keyword argument
#
#

parrot (110, voltage=220) duplicate value for the same argument
parrot (actor="'John Cleese') unknown keyword argument

84 BEA, 7912 A 912 A4 Aol Yolol Bt AR R E AAE WAL G RokElE
17} 5 ShISY Solof sl (1§ §0], actort parror §4-51 $HIE AT ohIED, T EHE F 28
AEUL ol AEE AL AAEE TIH YT (9 & E9], parrot (voltage=1000) & 85 Y.
o1 A T A ol ] G2 BE 4 LTk o171, o] A uh Bol A ol 7 eIk

>>> def function(a):
pass

>>> function (0, a=0)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: function() got multiple values for argument 'a'

“*name ZA19] vk GA ARSI EAFE, B HAASE S 3A P BE A AHES
£ £ 41 ] (iypesmapping & B4 £) & Wy Utk ol 2L name (S A E A4 0] 4 AR gITh 249
BAARAES 08 5 Ao T AL B A A AASE FE FES LU (name

=

=

-
_]
=

**name ghol vbghot FLiTh) o g Bo, o F Y42 HI3HH:
def cheeseshop (kind, *arguments, **keywords):

print ("-- Do you have any", kind, "?")

print ("-- I'm sorry, we're all out of", kind)

for arg in arguments:
print (arg)
print ("-" * 40)
for kw in keywords:
print (kw, ":", keywords[kw])

old Ao g 3&5F 4 5T

cheeseshop ("Limburger", "It's very runny, sir.",
"It's really very, VERY runny, sir.",
shopkeeper="Michael Palin",
client="John Cleese",
sketch="Cheese Shop Sketch")

223 FAs) o] FA A g

—-— Do you have any Limburger ?

—-— I'm sorry, we're all out of Limburger
It's very runny, sir.

It's really very, VERY runny, sir.

shopkeeper : Michael Palin
(Chg sl o) A o] A<)
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(o1 s o] A ol A A <)
client : John Cleese
sketch : Cheese Shop Sketch
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483 S 7 W

NEAOR, AL AX G FAH A GE sho] A Fro] ALY £ AFUTh 5T A5 A,
ALA ) 5ol 92, ARG AAE B AN ER ADH LS BUT W) P AU Bu =S,

ARt Add e AR E5Uh
4 Aol et 2E U

def f (posl, pos2, /, pos_or_kwd, *, kwdl, kwd2):

| Positional or keyword
| - Keyword only
—— Positional only

G714 /9 w2 ABA YT AL, o] 7B E AR To] AE & Ao WE v Wee) F7E
e UTh 93 A8, A-71 95 8 A9E 28 A9 vl 95E B9 (named) i) A5 e
Fuch

2]x]-7]¢) = (Positional-or-Keyword) 21z}

5 Aelol /g7t Yow, ARE AN AP =R G40l AT 5 A5

917 A% WA WS

oh. 913 Agold, v Wae)
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o AASA AR E, 55wl H5E 9% A
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Hoz Beste o AP UL B4 39 /7
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S ol A

/ &} * A o & Vg ol v A F Ao E LY YA L

>>> def standard_arg(arg) :
print (arg)

>>> def pos_only_arg(arg, /):
print (arg)

>>> def kwd_only_arg(*, arg):
print (arg)

>>> def combined_example (pos_only, /, standard, *, kwd_only):
print (pos_only, standard, kwd_only)

2 A7 4 A9 standard_argt 7PE 448 YAOR, 5F F Ao R A AR T4 ghon A
AN AYER 428 5 dHTh

>>> standard_arg(2)
2

>>> standard_arg (arg=2)
2

ol
it
<
v

F WA §4 pos_only_argt @4 Aol /7 OB 94X vl W5 ALSFHES A

>>> pos_only_arg (1)
1

>>> pos_only_arg(arg=1)
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
TypeError: pos_only_arg() got some positional-only arguments passed as keyword.
—arguments: 'arg'

A AR ¢ kwd_only_argse @5 Ao olA +2 BAE 7|9 = AAE & &t

)

>>> kwd_only_arg(3)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: kwd_only_arg() takes 0 positional arguments but 1 was given

>>> kwd_only_arg (arg=3)
3

nhA e e B4 Aol A Al HA) BE A S BE AL T

>>> combined_example (1, 2, 3)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: combined_example () takes 2 positional arguments but 3 were given

>>> combined_example (1, 2, kwd_only=3)
12 3

>>> combined_example (1, standard=2, kwd_only=3)
(ThS sl o] A o] A%)
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>>> combined_example (pos_only=1, standard=2, kwd_only=3)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>

—arguments: 'pos_only'

QEEBEER

TypeError: combined_example () got some positional-only arguments passed as keyword.

A%)

2 ero 2 9 x| A} name I} nameS 7| B 7FA = **kwds Ao o] A Aol E o] Qi o] T4 Ao E
T IAAA L
def foo (name, **kwds):
return 'name' in kwds
‘name' 71 =& 4 3 AA o) Aol ARFEE True S WBHT 5 gt TEL BASHUL S
% .
>>> foo(l, **{'name': 2})
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: foo() got multiple values for argument 'name'
>>>
e /(X A§ QA E A, name e 92 A4, S0l 'nane' & 7Y E AR A2 AGT 5

Ao BE 7t

>>> def foo(name, /, **kwds):
return 'name' in kwds

>>> foo(l, **{'name': 21})

=, A2 AE i A o] 52 **kwdsoll A R Qlo] AR 4 s U Th

g AL 5 oA o ul ) S S BA 2Tk

[def f (posl, pos2, /, pos_or_kwd, *, kwdl, kwd2):

AHOEA:
s U WS o] B2 AHAT AT S YES W AN AL A AL, 1)
AR o7t gl w, B4t T2 W Axe] ¢S ZASE D S, E AR 9w
Qele] | Y=g ol ol a4 w F8 gtk
» ool gnl7t 9 B A7t ol ES WAHOE AF PO EA T
A & Qlahe] 92090 o €5 KA F Hold 91 482 S

o33k 7] 419 A AL}, AL A}
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484 Qelo) A} 2=

o £ AL BF7 A NG A2 T2 4SS AR A o
AREL FER BYUDHF S} A A2 & BAR). /1A Zo] A 2ol (LA of 2] 9] Ank A-E o]

def write_multiple_items (file, separator, *args):
file.write (separator.join (args))

Normally, these variadic arguments will be last in the list of formal parameters, because they scoop up all remaining
input arguments that are passed to the function. Any formal parameters which occur after the *args parameter are
‘keyword-only’ arguments, meaning that they can only be used as keywords rather than positional arguments.

>>> def concat (*args, sep="/"):
return sep.join (args)

>>> concat ("earth", "mars", "venus")

'earth/mars/venus'
>>> concat ("earth", "mars", "venus", sep=".")

'earth.mars.venus'

4.8.5 oz} 22 o] 9|7

AAE o] ofn] Bl AEL} FEo] YA E BB X A4S S LTFHE B4 522 A3 A 97 ok sk
A5 Aol oYt o & Eo, W& range () 5= XY start} stop AAHE 71EH Fuch 24
ol mz A oW, Bl AEG FERRE AAE A AP 3] A3 - ANKE AN G5 E EE
gtk

>>> list (range (3, 6)) # normal call with separate arguments

[3, 4, 5]

>>> args = [3, 6]

>>> list (range (*args)) # call with arguments unpacked from a 1ist

[3, 4, 5]

T o g - AdaE HA 719 ARE AR S e th

>>> def parrot (voltage, state='a stiff', action='voom') :
print ("-- This parrot wouldn't", action, end=' ")
print ("if you put", voltage, "volts through it.", end=' ')
print ("E's", state, "!")

>>> d = {"voltage": "four million", "state": "bleedin' demised", "action": "VOOM"}
>>> parrot (**d)

—— This parrot wouldn't VOOM if you put four million volts through it. E's bleedin'.
—demised !

48. 3= Aol o 17| 33
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4.8.6 Ht}
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lambda 7| Y =& AL L8 A] 211 o
lambda a, b: a+b. & AA7 o
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>>> def make_incrementor (n) :
return lambda x: x + n

>>> f = make_incrementor (42)

>>> £ (0)

42

>>> f (1)

43

e ol B8 BAF/ A AT EANLS AFFUT E U2 SEE AL F4E AR ALHE

APt

>>> pairs = [(1, 'one'), (2, 'two'), (3, 'three'), (4, 'four')]
>>> pairs.sort (key=lambda pair: pair([1])

>>> pairs

[(4, 'four'), (1, 'one'), (3, 'three'), (2, 'two')]

RS B AN BAS 3, 1A Lo GUTE 1BFL A3, AR o Fol} FL WA HO
2 797 ol sht], ol A5 ThE Yo w ATH ) WE AT (o] o] Fael A4S AWale
Sated o 9 JUTh. o] 2L hEAR A &5T AR il gk,

e ol BRG] e Zo] AT, T Al 2 uloloiA, AZAA e 2ok YA AW B
slok FUTh Am2s 258 s} 1 o4 2o w, Ao 5 ok £48 52 AWs) ok gt
shold A ol el & ¥R Dol SA27) 2 AASA @7l Wrol, AFHE At 2TEL
astd Soj27 8 AARUT o AL e 2L Bel S AL FUTH £ALe] AZ F o) L& 3 WA
Hjo] 9] ok Zol AR ERWEH o] EADY Sojnr] 2ES ARFYL (AL A 2L AET S
gt ANA 0T B AP A HohE ol ol 9ol T2/ EAD B AL I 5HA 7]
WU Th) o A7 FEH B o] FAAY BE 9 AL FEAA AATYCE @ Fojz)
g Zo] UehhA) & Wobof 317 g, Uhehdthel mE ohuo] gujo] Al AP U Fuo 554 9 87

(B35 879 27 o)) ol AAHH

A7) o & F2EF 73

>>> def my_function() :
"""Do nothing, but document it.

No, really, it doesn't do anything.
mrirn

pass

>>> print (my_function.__doc_ )
Do nothing, but document it.

No, really, it doesn't do anything.
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4.8.8 T o] =Hlo]A
B4 ol o 4 & AL B of F47} Aok WSl T g e e A EA <l v ehe o B] B R U (A
5t |22 PEP 3107 3} PEP 484 & H A 2).

Annotations are storedinthe __annotations___ attribute of the function as a dictionary and have no effect on any other
part of the function. Parameter annotations are defined by a colon after the parameter name, followed by an expression
evaluating to the value of the annotation. Return annotations are defined by a literal —>, followed by an expression,
between the parameter list and the colon denoting the end of the de f statement. The following example has a required
argument, an optional argument, and the return value annotated:

>>> def f(ham: str, eggs: str = 'eggs') -> str:
print ("Annotations:", f.__annotations_ )
print ("Arguments:", ham, eggs)
return ham + ' and ' + eggs

>>> f ('spam')

Annotations: {'ham': <class 'str'>, 'return': <class 'str'>, 'eggs': <class 'str'>}
Arguments: spam eggs

'spam and eggs'

&
({e]
1=
o
K
Ry
ol
[»
o
1

M

Hr &

4o ML O
N oo rE
o 0 1o
o,

)

k-

R £
oft fz &
2 S
hloﬂ,éé Run)
—z

]y

oft rf (Y 24
oy 10 g

ne
o

5]
Fru
3
_|\l_‘
k]
= )
b o

o
T m
ie)
L
v

i

E%r{m

1

o 8 e > o
L2 9o
=
o fo
=2
'S
[»
=,
©
>

ol
N
dﬂﬁr
ofy re o
ko K
i g

tlo wjo

4Wo¥
M
3L
>
A
v

i
v
[%
N,
>
oo I
o
K
A1)
[o
S
>
ofo
o
XN
o
5,
>
ko

N
=
Lo

[>
=,
o
[
rlr
DL
lo

e

offN
flo

o
o ©
i)

0% o

oy

o o ¥
e
o
N
_lzJ
ze,
2
rr
pAY
o
e
r>~
o
<
v

~J

O

X
ot g
PLogg of

B

N rlor

o

)

rlo
o

N
Y
S~
>
ofo
X

_?1_:
)
I\
[>
o
>
=
lo
rlu
Ry
|
M o

N
off
o
v
[E
N
=
rlo
i
Frl
1o
N
u
o
o
X
ko

f
5
m

AHE-SHA S
o Zoh ol 20 28 Y, BT vhE ABo|E 250l 2E YA AR 4 - (1,
4.

FEo dAAG A= oS BoML; HHE=F
lowercase_with_underscores¢ut} A

(ZeA e} vl A =of tf & AR S Y §-2 22
£ %479 B30I A A5 1 2t
7] 8, UTE-8, == th<= ASCIIZ &}, o] & 4

T2 9108 MG S Aol =S AAL AT el
o BA-8 AHEHA vhA 8.

I
I

+
o Qo o
@y e
rE

Sre J
2
Y

2 UpperCamelCase, &2} H|
E A o] F o B Y self
TS EAR).

A8 5A) ThAl £, o] @ 5ol

2y
lo
2 o,

!

> [
Lo [

o F
fﬂm oo
(¥, 1
o Hy

= ot

M fo

fo
ol o,
o
Lo
U
o =
d

b2 o >y

.
o
-
2

F7} R

fu
N

b5 u e, A8 A

>
»n
Q
—
9
i)

4.9.

=)
o
4
=
ol
[
o
e

35



https://peps.python.org/pep-3107/
https://peps.python.org/pep-0484/
https://peps.python.org/pep-0008/

Python Tutorial, ¥2] £ 3.12.3

36

Chapter 4. 7€} Alo] 5§ =7



CHAPTER D

o] FollAl= ol de] oln] w2 AES F 1 AAS] AWstal, B 7HA AR AsS HEd Utk

5.1 g]|2~E t©| B7]

UoE AR e RN HASEL ¥ 20 A% ol A Eel Bl AE AR RE WAE SYh

fu.

list.append (x)
2Bl o FES Ol allen(a):] = [x] & F55IYTh
list.extend (iterable)
PrEe] Tol ol Be) RE F2
Y,
list.insert (i,

X)
FolA A FES ALTUG A AR A= A= 847 2A 2 Jdaguy i A
0 =Y 2rEQ AL A4Ydt, a.insert (len(a), x) =a.append(x) =5

:] = iterable & =53

o
pan
i
s
>,
for
o
%
<
v
3]
=
D
o]
3

a.insert ( X)

U,
list.remove (Xx)
gl aEol A ghol x 9 2 3 WAl FBL AAFUTE 12 F2o] 90¥ valueErrors do

list.pop ([i])
Remove the item at the given position in the list, and return it. If no index is specified, a . pop () removes and
returns the last item in the list. It raises an IndexError if the list is empty or the index is outside the list range.

list.clear ()
YAEY BEFES AU del al:] &5sdYTh
list.index ( [start[, end]])
P2Eo Qe B8 F ol x g 22 A AA 219 05 F A Zske Jd A8 EHFUTH 278 50
gl valueError & 4o 7Yrth
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A A9 AR start 9 end £ erol 2 EAYAT AN T, GAG Pame) BY NH ABLE
Agshe o A8 B U th BFE AUAL sar AA7F b2} A4 A B0 e Aoz gt

list.count (x)
ZrEA x 7t A= AT E sHF U
list.sort (*, key=None, reverse=False)

grEd FEEL AN ARGUH(IAES 48 ALEvto] A o] Ao] A58 4 Y&

AW sorted() S HAH L)
list.reverse ()

BlaEL 2 ag S AR A AR ST
list.copy ()

grEe) Fe RS EHFY al:) FFFFCh

lAE WA= 7 EE ARS8k o

>>> fruits = ['orange', 'apple', 'pear', 'banana', 'kiwi', 'apple', 'banana']
>>> fruits.count ('apple')

2

>>> fruits.count ('tangerine')

0

>>> fruits.index('banana')

3

>>> fruits.index ('banana', 4) # Find next banana starting at position 4

6

>>> fruits.reverse ()

>>> fruits

['"banana', 'apple', 'kiwi', 'banana', 'pear', 'apple', 'orange']

>>> fruits.append('grape')

>>> fruits

['banana', 'apple', 'kiwi', 'banana', 'pear', 'apple', 'orange', 'grape']
>>> fruits.sort ()

>>> fruits

["apple', 'apple', 'banana', 'banana', 'grape', 'kiwi', 'orange', 'pear']
>>> fruits.pop ()

'pear’

You might have noticed that methods like insert, remove or sort that only modify the list have no return value
printed — they return the default None.' This is a design principle for all mutable data structures in Python.

Another thing you might notice is that not all data can be sorted or compared. For instance, [None, 'hello', 10]
doesn’t sort because integers can’t be compared to strings and None can’t be compared to other types. Also, there are
some types that don’t have a defined ordering relation. For example, 3+4j < 5+77 isn’ta valid comparison.

g2 dojEolME 7b AAE E8F 7| % k=], d->insert ("a") ->remove ("b") ->sort () ; 2+ 22 WA= AHE 32t
.
H
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511 gPAEE 2802 A}83}7]

The list methods make it very easy to use a list as a stack, where the last element added is the first element retrieved
(“last-in, first-out™). To add an item to the top of the stack, use append (). To retrieve an item from the top of the
stack, use pop () without an explicit index. For example:

>>> stack = [3, 4, 5]
>>> stack.append(6)
>>> stack.append(7)
>>> stack

[3, 4, 5, 6, 7]

>>> stack.pop ()

5

>>> stack

[3, 4, 5, 6]

>>> stack.pop ()

6

>>> stack.pop ()

>>> stack
[3, 4]

B AES FE ARG AR 7Fedtd], AZe® 942 847 AL 02 AWA = 24 YU o} (“first-in, first-
out”); SHAI ¥, B|AEE= O]% Joll= E& A oA Utk Bl2ES 2o S22 A, 2olA A& 22w
A, glaEl] Mo gZ o] Av w oA Adls AL =HUTHTE 8452 EF T 1 o] 5 A Ak
sh7] o= Y eh.

FE TS, FEAAL QEON G AW 7 EF MEEE A H collections.deque £ A3}
AL, & E99:

rlr

>>> from collections import deque

>>> queue = deque (["Eric", "John", "Michael"])

>>> queue.append ("Terry") # Terry arrives

>>> queue.append ("Graham") # Graham arrives

>>> queue.popleft () # The first to arrive now leaves
'Eric'

>>> queue.popleft () # The second to arrive now leaves
'John'

>>> queue # Remaining queue in order of arrival
deque ([ 'Michael', 'Terry', 'Graham'])

AEQZHAAL PAES BEE AT PHS ATHUL. TF SEL, 4 247 e DAY
o o] W ol o A4HS A g3 Aol PAES WEAL, oWl AL WHFE 825 R PAHE
NE AAAE BEE AYY

>>> squares = []
>>> for x in range (10):
squares.append (x**2)

(Th= sl ol Aol Al%)
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Python Tutorial, ¥2] £ 3.12.3

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

>>> squares
[o, 1, 4, 9, 16, 25, 36, 49, 64, 81]

)7 x The 0] 29 WA E WEIL (B Yoj 1) F2t FRH T ol A HETHE Ao] §913
AL oE RS E glol, AFrd A2 oA Aow ANT S YUt

[squares = list (map(lambda x: x**2, range(10))) ]

[squares = [x**2 for x in range(10)] J
o] Aol ¥ Zrdstal ¢j7] 45Utk

grE Pz BAAD 1 HE was for 33 AL oY A for hif BEL AR U BEE
TR U 2 A= A B 2ERIY], for & if E ‘““—‘,‘oiw ﬁwu #He A UL A&
Eol, ol gPrE AL F B 2EY Q4AES AME A 32 A7 8 2P h
>>> [(x, y) for x in [1,2,3] for y in [3,1,4] if x != y]

[, 3), (1, 4), (2, 3), 2, 1), (2, 4), (3, 1), ( 4) 1]

a2, o] AL v T 5

>>> combs = []

>>> for x in [1,2,3]:

for vy in [3,1,4]:
if x = y:
combs.append ( (x, y))

>>> combs

[, 3, 1, 4), 2, 3), 2, 1), (2, 4), (3, 1), (3, 4)]

% 3 27 M for it o] £A7F 2ol RelFA 2.

FAA o] FFoIH (5 &9 ool A « ), BEEA] 25 2 ERoF gt

>>> vec = [-4, -2, 0, 2, 4]

>>> # create a new list with the values doubled

>>> [x*2 for x in vec]

[_81 _41 OI 4/ 8]

>>> # filter the list to exclude negative numbers

>>> [x for x in vec if x >= 0]

[0, 2, 4]

>>> # apply a function to all the elements

>>> [abs(x) for x in vec]

[4, 2, 0, 2, 4]

>>> # call a method on each element

>>> freshfruit = [' Dbanana', ' loganberry ', 'passion fruit "]

>>> [weapon.strip() for weapon in freshfruit]

['"banana', 'loganberry', 'passion fruit']

>>> # create a list of 2-tuples like (number, square)

>>> [(x, x**2) for x in range (6) ]

[, 0), (1, 1), (2, 4), (3, 9), (4, 16), (5, 25)]

>>> # the tuple must be parenthesized, otherwise an error is raised
>>> [x, x**2 for x in range (6)]
File "<stdin>", line 1

(H& sl o] Al ol Al )
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(o1 s o] A ol A A <)
[x, x**2 for x in range (6)]
SyntaxError: did you forget parentheses around the comprehension target?
>>> # flatten a list using a listcomp with two 'for'
>>> vec = [[1,2,3], [4,5,6], [7,8,9]]
>>> [num for elem in vec for num in elem]
(1, 2, 3, 4, 5, 6, 7, 8, 9]
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>>> from math import pi
>>> [str(round(pi, 1)) for i in range(l, 6)]
['3.1', '3.14', '3.142', '3.1416', '3.14159']

OF g2E Fugdde 3 de A2 Ay

>>> [[row[i] for row in matrix] for i in range (4)]
(r1, 5, 91, 2, 6, 101, [3, 7, 111, [4, 8, 12]]

As we saw in the previous section, the inner list comprehension is evaluated in the context of the for that follows it, so
this example is equivalent to:

>>> transposed = []
>>> for i in range(4):
transposed.append([row[i] for row in matrix])

>>> transposed
(rs, s, 91, (2, e, 101, (3, 7, 11], [4, 8, 12]]

ol AL thAl T} 24y Th:

>>> transposed = []
>>> for i in range(4):
# the following 3 lines implement the nested listcomp
transposed_row = []
for row in matrix:
transposed_row.append (row([i])
transposed.append (transposed_row)

>>> transposed
tr1, s, 91, (2, o6, 101, [3, 7, 111, [4, 8, 12]]

AA Al A=,
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>>> list (zip (*matrix))

[(1, 5 9, (2, 6 10), (3, 7, 11), (4, 8, 12)]
o] 2o he = o 2aH el ol th g AAI T -2 1A} 55 <1 3 7] S HAL.
5.2 del +

There is a way to remove an item from a list given its index instead of its value: the de 1 statement. This differs from the
pop () method which returns a value. The de1 statement can also be used to remove slices from a list or clear the entire
list (which we did earlier by assignment of an empty list to the slice). For example:

1

>>> a = [-1, 1, 66.25, 333, 333, 1234.5]

>>> del a[0]

>>> 3

[1, 66.25, 333, 333, 1234.5]

>>> del af[2:4]

>>> 3

[1, 66.25, 1234.5]

>>> del al:]

>>> 3

[]

del & W AAE AA Sl = A8 5 AUt
[>>> del a

o] o] o] F a & FXs= A2 B PUth(H o= b2 Fhol A2 HYH 7] A7HA). Hol A del o th
|EE HA Y

53 FEHAEx

rES EAGo] A} Lol A4k 2L WS AL FRHIL HAGU o AEL AAL AR
B 717 o Lok (typesseq & HA|£). 3ol A2 A F 3 Qlofo] 7] who], hE Al A2 A5 o] F7hE
2= Qxch 0 BE A D2 AR Fol vtk 5 Auth
FES dRE FEH = o8 gez FAFE YU A& S

>>> t = 12345, 54321, 'hello!'

>>> t[0]

12345

>>> t

(12345, 54321, 'hello!'")

>>> # Tuples may be nested:

u=¢t, (1, 2, 3, 4, 5)

>>> u

((12345, 54321, 'hello!'), (1, 2, 3, 4, 5))

>>> # Tuples are immutable:

t[0] = 88888
Traceback (most recent call last):
File "<stdin>", line 1, in <module>

TypeError: 'tuple' object does not support item assignment
>>> # but they can contain mutable objects:

(TH& sl o] Aol A1)
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13} 22

0,
H

s o] Aol A

guTh 7|5
A3

=]

S 2 W set ()
(th

1O o
=

H

Rl 3
'banana'}

'orange',

7 o o duth: g 12345, 54321, 'hello!' =
'pear’',

# show that duplicates have been removed

# fast membership testing

'apple',

# <-— note trailing comma
'apple'}

'hello!'
i
'orange',

'pear’',

'hello',
54321,
=,
SER
{'apple',
basket
in basket

Eal

in

O

>>> singleton
>>> len (empty)

0

'banana’',

8 445

o) ol A7

[¢

= 12345,
'orange'
'crabgrass'

g

>>> len (singleton)

1
>>> print (basket)

{'orange',

>>> singleton
>>>

>>> empty
('hello',)
>>> basket

True
>>>
5.4.

[>>> X, ¥y, z = t
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(o] A sl o] Ao A A<)

>>> # Demonstrate set operations on unique letters from two words

>>> a = set ('abracadabra')

>>> b = set('alacazam')

>>> a # unique letters in a

{'a’ el Vo', "g", Vell}p

>>> a - b # letters in a but not in b
{'r"' 'd', 'b'}

>>> a letters in a or b or both

letters in both a and b

{'a’ c'}
>>> a ~ b # letters in a or b but not both
{lrl le, lbl, lml, 'Z', lll}

glaE el B gAY, A Azl A= Adg Yt

>>> a = {x for x in 'abracadabra' if x not in 'abc'}
>>> a
{lrl, ldl}

5.5 €A

Another useful data type built into Python is the dictionary (see typesmapping). Dictionaries are sometimes found in
other languages as “associative memories” or “associative arrays”. Unlike sequences, which are indexed by a range of
numbers, dictionaries are indexed by keys, which can be any immutable type; strings and numbers can always be keys.
Tuples can be used as keys if they contain only strings, numbers, or tuples; if a tuple contains any mutable object either
directly or indirectly, it cannot be used as a key. You can’t use lists as keys, since lists can be modified in place using
index assignments, slice assignments, or methods like append () and extend ().

gAY E (39U Qe A) 717 S A btk A% 20 AR A g Y AFos A4she
Aol AAYUTE 25 4L W 9AUI S HEUTH (). FRE oo FER B 7 g AT 522
gom, gavelel 27 71: 3k AS S ABTUTH o Aol A7 Z e & B4 o = gt
gAY F AL G A9 WA AFFT Fol7 A% G FEE AUTE del & g AL
SABE AR FF5 U olv] BB AL A2 A G, 272 ALE A %S AR U 245
Ae e gk

Saste GVl N A8H T g BE 79 PAEE 49 A E S EY

(982 A3HE thAl sorted(d) T AEFHE BUTH. st 77 G o] deA AASEE, in
(BEERTTYES

o 7o G4V e & ALgStE 2amke ol 7} 95U o

>>> tel {'jack': 4098, 'sape': 4139}
>>> tel['guido'] = 4127
>>> tel

{'jack': 4098, 'sape': 4139, 'guido': 4127}
>>> tel['jack']

4098
>>> del tel['sape']
>>> tel['irv'] = 4127

(k= sl o] Aol Al%)
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(oA s o] A e A A)
>>> tel
{"jack': 4098, 'guido': 4127, 'irv': 4127}
>>> list (tel)
["jack', 'guido', 'irv']
>>> sorted(tel)
['guido', 'irv', 'Jack']
>>> 'guido' in tel
True
>>> 'jack' not in tel
False

dict () AAAE A g AE) AA2E RE 44 94U E TR

>>> dict ([ ('sape', 4139), ('guido', 4127), ('jack', 4098)1)
{'sape': 4139, 'guido': 4127, 'jack': 4098}

olof T, YM el A=A AL oo 7| g RFAEE FEH gHUE & desd AHE s yH

>>> {x: x**2 for x in (2, 4, 6)}
{2: 4, 4: 16, 6: 36}

717h 2 A A o), Wl 2 71 = A AHS A S A S 7 d syt

>>> dict (sape=4139, guido=4127, jack=4098)
{'sape': 4139, 'guido': 4127, 'jack': 4098}

56 FZ a3y

‘When looping through dictionaries, the key and corresponding value can be retrieved at the same time using the i tems ()
method.

>>> knights = {'gallahad': 'the pure', 'robin': 'the brave'}
>>> for k, v in knights.items():
print (k, wv)

gallahad the pure
robin the brave

AR2E TR W, enumerate () F5E AHEFHE A2 A0 23 S FAN 2L 5 AUk

>>> for i, v in enumerate(['tic', 'tac', 'toe']):
print (i, wv)

0 tic

1 tac
2 toe
Folu} 1 o) 4o AR~E FA ) £, zip () FH2 A= B L WE F AU
>>> questions = ['name', 'quest', 'favorite color']
>>> answers = ['lancelot', 'the holy grail', 'blue']
>>> for g, a in zip(questions, answers):
print ('What is your {0}? It is {1}.'.format(qg, a))

(H& sl o] Al ol Al )
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What is your name? It is lancelot.
What is your quest? It is the holy grail.
What is your favorite color? It is blue.

AFE2E ARRE F35teH, UA AWFo g Al F2E AR thg ol reversed() FTE TZ3H4 2.

>>> for i in reversed(range(l, 10, 2)):
print (1)

P w o J w0 -

BEH CAZ A ALE T35, sorted () FFTEAMGMA 225 WA F1E FHA N 2 2ES
WL S U Th
>>> basket = ['apple', 'orange', 'apple', 'pear', 'orange', 'banana']
>>> for i in sorted (basket):
print (1)
apple
apple
banana
orange
orange
pear

Al 2o i3l set () = AMSBHH T8 QA A AT U A2 th3) set () I sorted () & A AHE
St A2 A2 1/ T 45 FAEH A2 5= F&4 g U

>>> basket = ['apple', 'orange', 'apple', 'pear', 'orange', 'banana']
>>> for f in sorted(set (basket)):
print (f)
apple
banana
orange
pear

WEELEEV L LES WARVE R5E AU AT, 35, JAM J2ES BEL Aol o
et o A g

>>> import math
>>> raw_data = [56.2, float('NaN'), 51.7, 55.3, 52.5, float('NaN'), 47.8]
>>> filtered_data = []
>>> for value in raw_data:
if not math.isnan (value) :
filtered_data.append(value)

>>> filtered_data
[56.2, 51.7, 55.3, 52.5, 47.8]
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5.7 XA t] 17|

while 7} if BoA AFRE = 270 = Hl Bt ol g} R E AALE AR 8 4 gl U Th

The comparison operators in and not in are membership tests that determine whether a value is in (or not in) a
container. The operators is and is not compare whether two objects are really the same object. All comparison
operators have the same priority, which is lower than that of all numerical operators.

M AN TS LU B Sol,a < b == ci,a7bb BT} AT, BA 6] b 7he 9 2R AAY T

HlaE =2 942k and $tor S ARG AR 5 9L, Mo A= (e T W BE =] 23842)

not £2 34 Iy eh ol 5L . AT R AL E AL ol 2 ol ot © 44
=0 QXL E 2, or 7F 7 Y5 Ytk 284 A and not B or CE= (A and (not B)) or C%
FEFUT e 4, A5k 29 BRI 9 TEE ST S Ik

=8 942 and ¢} or & &9 @3] & (short-circuit) ?ﬂ&x}‘ﬂ‘/lﬂr AAE2 AZFNA L EZ O F Flo]
T3 A AL, é#ﬂé@ﬂﬂﬂ}x}ﬁﬂiﬁ}ﬂ SEHUTh & S, A% cCc Tt 7“"]7 B7FAZlol®, A and
B and Ct E@4 C o g P32 @ik =2l ghe) obd Auk gho 2 AH8F ), wheh-3] 2 oAt
wh e mpA o 2 gho] 3Rl 1Akl ok

Al Azt ohe e BdAe) 23E Mol YT S dsUTh oS 5

>>> stringl, string2, string3 = '', 'Trondheim', 'Hammer Dance'

>>> non_null = stringl or string2 or string3

>>> non_null
'Trondheim'

sho] Mol A, Cobe e, A4 skl o] T Q)L mitkm el A4kA =2
Fuch C Z2adolA 23 BEAE FR BASS 34T Pt
Qe A4,

NA2 AN S HE T P2 Fo e AAEF 12 £ AFUTh vl aE 484 €S AT
HA A F FES a2 o] Aol v 235 ZAFUTH 2o, vy F 52 vlw sk, o)
Ao ol AAAT 2D uj7hA] AL vk vl a s = F 38 2 7L 2L geo] Al AA, A4
Nat AR e £APYTE FAD2Y RE G0 Prpu naHH, AAASL 2 Ao2 AFHY
o & A Farh e s me] RE AR A AaY, Fe Adart A AUt Exde) A vde
N BEAEY S Aot FUIE ZE ZUE S ALY 28 Fo AFAE 7+ vl 9
2 7HA] o= o] EH YTt

(1, 2, 3) < (1, 2, 4)

(1, 2, 3] < [1, 2, 4]

'ABC' < 'C' < 'Pascal' < 'Python'

(1, 2, 3, 4) < (1, 2, 4)

(1, 2) < (1, 2, -1)

(1, 2, 3) == (1.0, 2.0, 3.0)

(1, 2, ('aa', 'ab')) < (1, 2, ('abc', 'a'"), 4)

Az e 3 AAEE <> 2ulase AL, T ANEC AT R =SS 20 2w A
HAtes Ao FostH L. o & Eof, AR o= x}fﬂ‘:—%l-‘éfﬂ XA} gholl mhek vl g Yok 22 A 0-2 0.0
I 2,55 28R ko, Ao FAE AFstE tAl, JE ZEE = TypeError & €23 Ut
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G Fdzrado] o) & BAeA ik ARR St AS 5 s E}

ol A= AUt A6, sl AFolES sdol L 2aHEUJIHZH O 3y = ‘:01]/‘1 A
T A= P AFEUY 29 LS BE ol P}%\JD}-; RERRE AYEc e EECU I R
EEYXEH AU A ZRES IS TR AYTH = 2aHEY AL B Eoﬂ*‘] N A 28k
Haeso Zddnh

EEe dtold oo EF e HL A FEAUH 9td 9 o] 52 EF o] 5ol & .py E =T
25 UoA, BEY o5& AY ®5 _name_ S E AFHUTLH o & 59, A Eo] Eotete= AR 7=
fibo.py 2= o159 94 S A B o Rt o34 22 W8 o2 Az yth

# Fibonacci numbers module

def fib(n): # write Fibonacci series up to n
a, b=20, 1
while a < n:
print (a, end=' ")
a, b =Db, atb
print ()

def fib2 (n): # return Fibonacci series up to n
result = []
a, b =20, 1
while a < n:
result.append(a)
a, b =Db, atb
return result

flo
ol
o
|o
U
jule
F
(m
s
<
v

o)A shol A Qe =2 Elo] SoI 1A o] BES The T} 2
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[>>> import fibo ]

This does not add the names of the functions defined in fibo directly to the current namespace (see 3} % 2~ 51 32 9}

o] & &7} for more details); it only adds the module name fibo there. Using the module name you can access the

functions:

>>> fibo.fib (1000)

0112358 13 21 34 55 89 144 233 377 610 987
>>> fibo.fib2 (100)

(o, 12, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89]

>>> fibo._ name_
'fibo'
BT AT ASY AStE A ooz AT 5 Yt

>>> fib = fibo.fib
>>> fib (500)
0112 358 13 21 34 55 89 144 233 377

BEL 34 ARyl ohyek A 1A BAEE £3Y 5 ASUTh ol BAES RES 27851 1)
AEE U o AES YEE Rl A BE o[ Fol AL SHT AR ARFUCE (I AES o] 2AYE
ERLEE LIS

Each module has its own private namespace, which is used as the global namespace by all functions defined in the module.
Thus, the author of a module can use global variables in the module without worrying about accidental clashes with a
user’s global variables. On the other hand, if you know what you are doing you can touch a module’s global variables
with the same notation used to refer to its functions, modname . itemname.

Modules can import other modules. It is customary but not required to place all import statements at the beginning
of a module (or script, for that matter). The imported module names, if placed at the top level of a module (outside any
functions or classes), are added to the module’s global namespace.

There is a variant of the import statement that imports names from a module directly into the importing module’s
namespace. For example:

>>> from fibo import fib, fib2
>>> fib (500)
0112358 13 21 34 55 89 144 233 377

This does not introduce the module name from which the imports are taken in the local namespace (so in the example,
fibo is not defined).

BEo] s BE 052 9

2

e

rlr

WEE Yyt

>>> from fibo import *
>>> fib (500)
0112 358 13 21 34 55 89 144 233 377

AL WE () 2 AT AES AV RE o TL JEE FUTh thPE st 2 IYWEL o
528 g, AEZelE e GeiAA e o] BEY FFL =5
2 7beA B 5 7l MRk

! In fact function definitions are also ‘statements’ that are ‘executed’; the execution of a module-level function definition adds the function name to
the module’s global namespace.
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ko

QEESE AL w42 AF YA Brre Aol AL, FF U7
A e, h 31 Aol Qe Boluat AL FHE RS

>>> import fibo as fib
>>> fib.fib (500)
0112358 13 21 34 55 89 144 233 377

o] A€ import fibo 7St A AL PAOT HES JEE S, FUB AL T BES £ib e
g% AT 5 drke AUt

from& WA HRE ERE o= AL S = Y5 U

>>> from fibo import fib as fibonacci
>>> fibonacci (500)
0112358 13 21 34 55 89 144 233 377

3 BEAY O FE, 4 REL AdHz g At st vt Az EF Ut 2 A, AR RES TF
3t A E Z BB & A Al ZIA Aok Ut — =, 313 0 2 AP 3t EE o] sl ol g, importlib.
reload () & AR 3IA L. o| & 59, import importlib; importlib.reload (modulename).

[python fibo.py <arguments> ]

dzed oy AYPPUrh AW __name_ 2" main_ " 2 AAFFYrh

if name_ == "_ _main_ ":
import sys
fib(int (sys.argv([1l])

-

g JEET 5 Qe BERD oot 2AYERE AJY + YRS UE S 922 s, 27
BEo| QU2 YD ww P YL Yt D= A A 2Tk

$ python fibo.py 50
0112 358 13 21 34

>>>
o] & 5% EE vt A AL AL AEH o] A5 AFIFAVEHAE EH O ALHUH(RES A~
EZ AP HAE 2 ES HA3P3}7))
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6.1.2 X5 AN A=

When a module named spam is imported, the interpreter first searches for a built-in module with that name. These module
names are listed in sys.builtin_module_names. If not found, it then searches for a file named spam.py in a
list of directories given by the variable sys .path. sys.path is initialized from these locations:

c JY 23 HEE 2T U E P (Ev stdo] AR A ks wl& A v H ).
« PYTHONPATH (Y& E] 2] o] 5] 55, 4 W PATH 9} Z-2 7H).

¢ The installation-dependent default (by convention including a site-packages directory, handled by the site
module).

More details are at sys-path-init.

F3m: ARY JAE ANFE Y A2o|A], 9 2TYES EF e vl deels 4B IS AT
o] AP hE B, A2 Ja8 2P Ut 2E 44 J2o) 2¥H A AU
%718} Fo), ho] M =2 YL sys.path B £ AT 5 AHUh 2TYEE EFeE e 44
A2 Agol, B2 erolneie J29 o] £ AUTh o] AL 2L oY 4% el n e e
= At A3YES £3heke D Hele Ao] EdThe $AUTh o] A$ko] 9 =H Alo] ohleu
oAUt o AN AR BE PEE S HAR

6.1.3 “HstdA” vfo

5
°
12,

2 29 mEA sk, sto] W2 __pycache_ T HE ] Zt RE AudHE HA .
version.pyc 2= o522 AT YT version = AL H Lo FAS A AU dutd oz s}
Hol WA S E =) & £, CPython vl 3 3.3 o] A] spam.py ©] A 3} 2 _ pyc _

c® 2 M=z g2 gl izt WA AsdE REE]

spam.cpython-33.py ANA Huyt} o] W
FEE S IAESE T
ol M-S Ao £ A S ALY E WA v A Al 27 A} thA] A upd ) oF k=2 FAME Y T
o] L &A% AF3E FAYYLE =3 AL EH BRE2S SRE SHZ o7 w72, T2 geolBHYE
ANE TE oZ|HAE ZE= A2"HEANA /78 5 A5y
spol W2 F 7HA] FF A INAIE AASEA] 5 UTh ARE, E P A 2EHE REES T
AMALst 2 AIHE AGA FsUth EAZE, A2 BEo] glow /A E AASHA] g5 ULtk &ax
S HIdE R o) iz E A, AadE BEo] A g E o lojokdtal, A BE0]
lofoF Tt
AE7HE st 717 |
AuYE g9 37|& ol gto]H o -0 U -00 29 A& AL £ F YT -0 2 A=
assert =& A AdtA, -00 A9 X =assert =3 _doc. EAEE BE A ATUL oWl 2 1P EL
o] AL o Eat7] Wl Eoll, FAE 3t A=A of= AT o] FAE AR oF FuTh “H A 35tE”
BEEZopt- H12E 23, B3 o 5 Uth v o vz M= H A3t a7t HAE 5 dsUTh
o .py F¥olA Q& Wit} .pyc T A Q& ul) T2 Yol ] k] AP A= FFUY; .pyc
LA o w2 = e 2EHE SERY YT
« 25 compileall 2 &g o] & BE ZEQ pyc L ES WHE 5 J5UTh
o o] Ao 3 o AAMTH AR, AAHEY AT E 2T YT, & PEP 3147 o] U5t}
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o4
N
ki
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i

oM xF REEY golBe g7 A L, HE £A4 Fho| A golHE g HFH AL (o] FE2E “B
olrg g g B Ea”) oA AHgch o]l REEL A= Ho| WAHE UL o] A5 L 2ojo] A A<l
FEZ oAt 2AUE W AiEo s ANAE AFeted, €U AE &7} 22 9
AA 712 a5 st ANAE A7 AgdUch 28 ZEEY JT2 A4 F4AAd 7 23 F
g&=AJUrth o & 5], winreg EEL A= A 2EH A AZH YL 583 2E e 5S¢
87 AdFUTH sys. BE ol Az g ol WAFEYTH M4 sys.psl @ sys.ps2 & 7|2 BX
ZESEZ ANLHE EAES Fonh:

>>> import sys
>>> sys.psl
>>> !

>>> sys.ps2

] ]

>>> sys.psl = 'C> '
C> print ('Yuck!")
Yuck!

Cc>

ol F /e Mes2 JAB 2Bt o3y e ugk o
h

)
=)

W4 sys.path & EHZEHY B A4 42 & 2dA 3

PYTHONPATH | A 3t 7| & 7 2 1}, PYTHONPATH J

EF PHAE A4S ARRSIA SAHE F 5 YT

>>> import sys
>>> sys.path.append('/ufs/guido/lib/python')

6.3 dir () g

WEdrdir() 2 2E)Aste clgES A v AHEUY AL AL B2 EHFYh

>>> import fibo, sys
>>> dir (fibo)

['__name_ ', 'fib', 'fib2']

>>> dir (sys)

['__breakpointhook__', '__displayhook__', '__doc__', '__excepthook__',
' __interactivehook__ ', '_ _loader__ ', '__name__ ', '_ _package__ ', '_ _spec_ ',
' stderr_ ', '__stdin__ ', '_ stdout__', '_ unraisablehook_ ',
' _clear_type_cache', '_current_frames', '_debugmallocstats', '_framework',
' _getframe', '_git', '_home', '_xoptions', 'abiflags', 'addaudithook',
'api_version', 'argv', 'audit', 'base_exec_prefix', 'base_prefix',
'breakpointhook', 'builtin_module_names', 'byteorder', 'call_tracing',
'callstats', 'copyright', 'displayhook', 'dont_write_bytecode', 'exc_info',
'excepthook', 'exec_prefix', 'executable', 'exit', 'flags', 'float_info',
'float_repr_style', 'get_asyncgen_hooks', 'get_coroutine_origin_tracking_depth',
'getallocatedblocks', 'getdefaultencoding', 'getdlopenflags',
'getfilesystemencodeerrors', 'getfilesystemencoding', 'getprofile',
'getrecursionlimit', 'getrefcount', 'getsizeof', 'getswitchinterval',
'gettrace', 'hash_info', 'hexversion', 'implementation', 'int_info',
'intern', 'is_finalizing', 'last_traceback', 'last_type', 'last_value',
'maxsize', 'maxunicode', 'meta_path', 'modules', 'path', 'path_hooks',
'path_importer_cache', 'platform', 'prefix', 'psl', 'ps2', 'pycache_prefix',

(H& sl o] Al ol Al )
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(o] A s o] A el A Al)

'set_asyncgen_hooks', 'set_coroutine_origin_tracking_depth', 'setdlopenflags'
'setprofile', 'setrecursionlimit', 'setswitchinterval', 'settrace', 'stderr'
'stdin', 'stdout', 'thread_info', 'unraisablehook', 'version', 'version_info',
'warnoptions']

o

AR 7 o™, dir () & A

o

ek

DEREE

>>> a = [1, 2, 3, 4, 5]

>>> import fibo

>>> fib = fibo.fib

>>> dir ()

['__builtins__', '__name__', 'a', 'fib', 'fibo', 'sys'l]

ol

=
O -

BE @ olF= vtk Aol wolsioF itk W, B, I
=z =29
o a2

dir () &% % s gtk 1459 252 9
o o= o] Y% rh:

r$£
i)
EEL
==
N

>>> import builtins

>>> dir (builtins)

["ArithmeticError', 'AssertionError', 'AttributeError', 'BaseException',
'BlockingIOError', 'BrokenPipeError', 'BufferError', 'BytesWarning',
'ChildProcessError', 'ConnectionAbortedError', 'ConnectionError'
'ConnectionRefusedError', 'ConnectionResetError', 'DeprecationWarning'
'EOFError', 'Ellipsis', 'EnvironmentError', 'Exception', 'False'
'FileExistsError', 'FileNotFoundError', 'FloatingPointError'
'FutureWarning', 'GeneratorExit', 'IOError', 'ImportError',
'ImportWarning', 'IndentationError', 'IndexError', 'InterruptedError',
'IsADirectoryError', 'KeyError', 'KeyboardInterrupt', 'LookupError',
'MemoryError', 'NameError', 'None', 'NotADirectoryError', 'NotImplemented',
'NotImplementedError', 'OSError', 'OverflowError',
'PendingDeprecationWarning', 'PermissionError', 'ProcessLookupError',
'ReferenceError', 'ResourceWarning', 'RuntimeError', 'RuntimeWarning',
'StopIteration', 'SyntaxError', 'SyntaxWarning', 'SystemError',
'SystemExit', 'TabError', 'TimeoutError', 'True', 'TypeError'
'UnboundLocalError', 'UnicodeDecodeError', 'UnicodeEncodeError',
'UnicodeError', 'UnicodeTranslateError', 'UnicodeWarning', 'UserWarning',

'ValueError', 'Warning', 'ZeroDivisionError', '_', '__build_class__"',

' _debug__', '__doc__', '__import__', '__name__', '__ _package__', 'abs',
'all', 'any', 'ascii', 'bin', 'bool', 'bytearray', 'bytes', 'callable',
'chr', 'classmethod', 'compile', 'complex', 'copyright', 'credits',

'delattr', 'dict', 'dir', 'divmod', 'enumerate', 'eval', 'exec',6 'exit',
'filter', 'float', 'format', 'frozenset', 'getattr', 'globals', 'hasattr',
'hash', 'help', 'hex', 'id', 'input', 'int', 'isinstance', 'issubclass',
'iter', 'len', 'license', 'list', 'locals', 'map', 'max', 'memoryview',
'min', 'next', 'object', 'oct', 'open', 'ord', 'pow', 'print', 'property'
'quit', 'range', 'repr', 'reversed', 'round', 'set', 'setattr', 'slice',
'sorted', 'staticmethod', 'str', 'sum', 'super', 'tuple', 'type', 'vars',
'zip']

25 builtins
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6.4 37| A]

Packages are a way of structuring Python’s module namespace by using “dotted module names”. For example, the module
name A . B designates a submodule named B in a package named A. Just like the use of modules saves the authors of
different modules from having to worry about each other’s global variable names, the use of dotted module names saves
the authors of multi-module packages like NumPy or Pillow from having to worry about each other’s module names.
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sound/ Top—level package
__init__ .py Initialize the sound package
formats/ Subpackage for file format conversions
__init__ .py

wavread.py
wavwrite.py
aiffread.py
aiffwrite.py
auread.py
auwrite.py

effects/ Subpackage for sound effects
__init___.py
echo.py
surround.py
reverse.py

filters/ Subpackage for filters
__init__.py
equalizer.py
vocoder.py
karaoke.py

N7 A5 QEED o, 5ol W2 sys.path ol le HHAH &S AA AN 7|2 A2 e H2E 25

The __init__ .py files are required to make Python treat directories containing the file as packages (unless using a
namespace package, a relatively advanced feature). This prevents directories with a common name, such as string,
from unintentionally hiding valid modules that occur later on the module search path. In the simplest case, __init___
py can just be an empty file, but it can also execute initialization code for the package or set the __all__ variable,
described later.

A7 A ARG A WA ZRH NE RES JZET F Jd5UTh A€ =of:

[import sound.effects.echo ]

This loads the submodule sound.effects.echo. It must be referenced with its full name.

[sound.effects.echo.echofilter(input, output, delay=0.7, atten=4) ]

NHEES JEEFE T2 P ojRs Ut
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[from sound.effects import echo

This also loads the submodule echo, and makes it available without its package prefix, so it can be used as follows:

[echo.echofilter(input, output, delay=0.7, atten=4)

wohE g e Aokt B UsE AY dEESE Atk

[from sound.effects.echo import echofilter

Again, this loads the submodule echo, but this makes its function echofilter () directly available:

[echofilter(input, output, delay=0.7, atten=4)
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[ all = ["echo", "surround", "reverse"]

This would mean that from sound.effects import * would import the three named submodules of the
sound.effects package.

Be aware that submodules might become shadowed by locally defined names. For example, if you added a reverse
function to the sound/effects/__init__ .py file, the from sound.effects import * would only im-
port the two submodules echo and surround, but not the reverse submodule, because it is shadowed by the locally
defined reverse function:

_all = [
"echo", # refers to the 'echo.py' file
"surround", # refers to the 'surround.py' file
"reverse", # !l! refers to the 'reverse' function now !!!
]
def reverse(msg: str): # <-— this name shadows the 'reverse.py' submodule
return msg[::-1] # in the case of a 'from sound.effects import *'
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If __all__ isnotdefined, the statement from sound.effects import * doesnotimport all submodules from
the package sound. e f fect s into the current namespace; it only ensures that the package sound.effects has been
imported (possibly running any initialization code in __init__ .py) and then imports whatever names are defined in
the package. This includes any names defined (and submodules explicitly loaded) by __init__ .py. It also includes
any submodules of the package that were explicitly loaded by previous import statements. Consider this code:

import sound.effects.echo
import sound.effects.surround
from sound.effects import *

In this example, the echo and surround modules are imported in the current namespace because they are defined in
the sound.effects package when the from. . . import statement is executed. (This also works when __all_
is defined.)
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When packages are structured into subpackages (as with the sound package in the example), you can use absolute
imports to refer to submodules of siblings packages. For example, if the module sound.filters.vocoder needs
to use the echo module in the sound.effects package, it can use from sound.effects import echo.

You can also write relative imports, with the from module import name form of import statement. These imports
use leading dots to indicate the current and parent packages involved in the relative import. From the surround module
for example, you might use:

from . import echo
from .. import formats
from ..filters import equalizer
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So far we’ve encountered two ways of writing values: expression statements and the print () function. (A third way is
using the write () method of file objects; the standard output file can be referenced as sy s . stdout. See the Library
Reference for more information on this.)

£5 dedl 2a0 22 229 08 Ao AuchEd Y48 8 wol Aoisok s 397 sl

222 Tt olg 7 ol Utk

1A S E e AW, AR g RS EE A
I,

A 2. o] EAD SrolA, (B} £ Abo
A42 442+ ABUTh

>>> year = 2016

>>> event = 'Referendum'

>>> f'Results of the {year event
'Results of the 2016 Referendum'

v

e The str.format () method of strings requires more manual effort. You’ll still use { and } to mark where
a variable will be substituted and can provide detailed formatting directives, but you’ll also need to provide the
information to be formatted. In the following code block there are two examples of how to format variables:

>>> yes_votes = 42_572_654

>>> total_votes = 85_705_149

>>> percentage = yes_votes / total_votes

>>> ! YES votes '.format (yes_votes, percentage)
' 42572654 YES votes 49.67%'

59



Python Tutorial, ¥2] £ 3.12.3

Notice how the yes_votes are padded with spaces and a negative sign only for negative numbers. The example
also prints percentage multiplied by 100, with 2 decimal places and followed by a percent sign (see formatspec

for details).
s vhARhe R, B AR Sebol 4 Bl ool g ol ) AE g 4TS AL BENAL BFORM,
REEAD S 2AR AT 5 QFUL BALGF L Fold I u2 BALS AL o
o}
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2 OJEiﬁﬁlEMl A’BH A e FHE USA FHANSUT (e 294 28T 5 e £l el
SyntaxError £ %_‘27155 TAEUTH. Abge] 4nlstr] fst 585 28 o] gl AAY A-F, str()
Etrepr() 3} 2L #e BAUFUTH B2 gh AT aEg gA e ge P25, 2 F A4S S
A 0o HAE PU Sue, EAUE § oA HHE U

2 7HA] o & FU

>>> s = 'Hello, world.'

>>> str(s)

'Hello, world.'

>>> repr(s)

"'Hello, world.'"

>>> str(1/7)

'0.14285714285714285"

>>> x = 10 * 3.25

>>> y = 200 * 200

>>> s = 'The value of x is ' + repr(x) + ', and y is ' + repr(y) + '...'

>>> print (s)

The value of x is 32.5, and y is 40000...

>>> # The repr() of a string adds string quotes and backslashes:
.. hello = 'hello, world\n'

>>> hellos = repr (hello)

>>> print (hellos)

'hello, world\n'

>>> # The argument to repr () may be any Python object:

repr((x, y, ('spam', 'eggs')))
"(32.5, 40000, ('spam', 'eggs'))"
string REolE EA o] ke X &5k E TFE S Al T8 HE Template 2|27t Z 3= of U Th
s T2 Ate] FAIAE AFSSLAL o] ZES AW EAdA &= e A etA uk, e o th 3 Al E

20 2 AT

A A £ AFA BB Fol & 5 YLUth o] A0 R o] T & B4 B HusA A >
guth he ot AF &S 254 ol A A2 2 M APtk

>>> import math
>>> print (f'The value of pi is approximately {math.pi:.3f}.")
The value of pi is approximately 3.142.
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>>> table = {'Sjoerd': 4127, 'Jack': 4098, 'Dcab': 7678}
>>> for name, phone in table.items() :

print (f'{name:10} ==> {phone:10d}")
Sjoerd ==> 4127
Jack ==> 4098
Dcab ==> 7678

2 425 AHEE 2 UE ] Ao e AT 5 dF YTk 'la'Eascii (0, "ls'Estr() g,
"Ir'Erepr ()€ FEFYTh:

>>> animals = 'eels'

>>> print (£'My hovercraft is full of {animals}.'")
My hovercraft is full of eels.

>>> print (f'My hovercraft is full of {animals/r}."')

My hovercraft is full of 'eels'

The = specifier can be used to expand an expression to the text of the expression, an equal sign, then the representation
of the evaluated expression:

>>> bugs = 'roaches'

>>> count = 13

>>> area = 'living room'

>>> print (f'Debugging {bugs=} {count=} {area=}")

Debugging bugs='roaches' count=13 area='living room'

See self-documenting expressions for more information on the = specifier. For a reference on these format specifications,
see the reference guide for the formatspec.

7.1.2 Ex}14 format() WA =

str.format () WA ES] 7] RA ) A8 -L oA AUk

>>> print ('We are the {} who say "{}!"'.format ('knights', 'Ni'))
We are the knights who say "Ni!"

FEZTo I Y= RAE (EH Bt FETH & str.format () A ER AEH AA =2 X SF
Uth 235 9] £Al+=str. format () HAEZ ALH AA 59 .,4;(]‘2 7he]) 7l =4 AFLE 2 5T}
>>> print ('{0} and {1}'.format ('spam', 'eggs'))

spam and eggs

>>> print ('{1} and {0}'.format ('spam', 'eggs'))

eggs and spam

str.format () WA Ze] AYE A A, T GHES AR 0| T2 AN AAE 5 AUk

>>> print ('This {food} is adjective}.'.format (
food="'spam', adjective='absolutely horrible'))
ThlS spam is absolutely horrible.

AR} 7| E AAE A 294D A5

>>> print ('The story of {0}, {1}, and {other}.'.format ('Bill', 'Manfred',
C . other="'Georg'))
The story of Bill, Manfred, and Georg.
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>>> table = {'Sjoerd': 4127, 'Jack': 4098, 'Dcab': 8637678}
>>> print ('Jack: ; Sjoerd: g Vv
'Dcab: '.format (table))

Jack: 4098; Sjoerd: 4127; Dcab: 8637678

This could also be done by passing the t able dictionary as keyword arguments with the * * notation.

>>> table = {'Sjoerd': 4127, 'Jack': 4098, 'Dcab': 8637678}
>>> print ('Jack: ; Sjoerd: ; Dcab: '.format (**table))
Jack: 4098; Sjoerd: 4127; Dcab: 8637678

This is particularly useful in combination with the built-in function vars (), which returns a dictionary containing all
local variables:

>>> table = {k: str(v) for k, v in vars().items ()}

>>> message = " ".join([f'{k}: ' + "{'" + k +'};" for k in table.keys()])
>>> print (message.format (**table))

__name__: __main__; _ _doc__: None; _ package__: None; __ loader_

As an example, the following lines produce a tidily aligned set of columns giving integers and their squares and cubes:

>>> for x in range (1, 11):

print (' '.format (x, x*x, xX*xX*Xx))
1 1 1
2 4 8
3 9 27
4 16 64
5 25 125
6 36 216
7 49 343
8 64 512
9 81 729
10 100 1000

str.format () & A& S EX4Y 2 g o] A3t 7l & = formatstrings & W A 2.

743 5% £Ad 20lY

7] 22 AlFrd A 25 T2 =g s Uh

>>> for x in range (1, 11):
print (repr (x) .rjust (2), repr (x*x).rjust(3), end=' ")
# Note use of 'end' on previous line
print (repr (x*x*x) .rjust (4))

1 1 1
2 4 8
3 9 27
4 16 64
5 25 125
6 36 216
7 49 343

(tH& slo] Aol Al<)
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(o] A sl o] Ao A A<)

8 64 512
9 81 729
10 100 1000
(print () & $2 YA 02 Q8] 2 2 Aole] Asol 2 szt 715 g 2ol RAHAR: T4 IS

Kol 2ol 8 278tk
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>>> '12'.z£fill (5)
'00012"
>>> '-3.14"'.z£fi11(7)
-003.14"

>>> '3.14159265359"'.z£1i11 (5)
'3.14159265359"

7.1.4 AH e FAE 2™

% AN A EER)E FAE 25T A2 4 dFYTh 'string' % valuesZ} £ XM, stringd
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Ut o & &9

>>> import math
>>> print ('The value of pi is approximately .' % math.pi)
The value of pi is approximately 3.142.

] 2}A 3F W] 82 old-string-formatting A A o] U3t}
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open () retur