Python Tutorial
%7 3.6.13

Guido van Rossum
and the Python development team

— A 26, 2021

Python Software Foundation
Email: docs@python.org






Contents

1 DRASHEL

2 {§i}] Python fi#REZS

2.1
2.2
3 Python [FHEIE A4
3.1 Python {E AR AR
3.2
4 IAbmrPEn T
4.1
4.2
4.3
4.4
4.5
4.6
47 HREUE XM 2R
4.8
5 Bdinshi
5.1
5.2
5.3
5.4
55 =
5.6
5.7
5.8 WA H A A
6 Bk
6.1
6.2
6.3
6.4

PWMRRESR o o o o
MEREGRIIBATIREE . . o o

EMMBENE L

if Statements . . . .. .. ...
forStatements . . . . . ... ... .. ... ... ...
range () BREL . . . ...
break and continue Statements, and e 1se Clauses on Loops
passStatements . . . . .. .. ... ...

ESCRREN . o

AN GRS RAG L

PURMBEZHEE .. oo

The delstatement . . . . . . ... .. .........
JCHFFA) .o
R

TEERIOEETS oo
WASUEES .o

WA IBERMER ..
FRIERRHR . oL

7 EWAKil

........................ 20




10

11

12

13

70 BEESERIETASEL
T2 BEBTIUH .

AR

8.1 BRI R
8.2
8.3  ARFHLEEET L e
8.4  PHHISEE . .
85 T HENL EE .« o e
8.6 ESUEHENE . . . .
8.7 TR MIHEEME . . .

xR

9.1  BFRFINTE .
9.2 Python fEJHIRFIMIZZSIE] . . o o o
03  WIHRZE e,
9.4 ANTEVEHH . . o
0.5  ZEIK . .
9.6  FAEZSEL . .
0.7  ZRIVEHH . . e
0.8  IE B
9.9  EREE
9.10 AERBEFEIRT

bl PE A

101 BAVERGED . .
102 SCEETBRIZE -« o o e e e e e
103 BIMTBEL o o o
104 BEREHFEIFIETELIL
105 FAERBERUCHD . . . o
10.6 BEFE © o
107 FEERIIT .« oo o e e e
108 HIIFIFAL « o o o e e e e e
10.9 BUAEIEG « « o o o e e e e e
1000 PEREIIEE © o o
1011 JREFEH . o o e
1002 FAFHIHL .« o e e e

bW A ——55

111 KECARET S . .
11.2 BEHL . o
11.3 (i o RIBARIC RS -
114 ZERRE . . s,
115 HIEIETFE .« o o o e
116 BB .« o o
117 FITFEAETIEII T E
11.8 HHEHNZEIBE .

JEIAEE I
120 HER o

122 BIBERIREE . .
123 R pip BHIAL . . .

BTk ?

59
59
59
60
62
63
64
65

67
67
68
70
73
74
75
76
77
78
78

81
81
82
82
82
82
83
83
84
84
85
85
86

87
87
88
89
89
90
91
91
92

95
95
95
96

99




14 22 1 X s R hidi Do S 101

14.1 Tab #MEFIGETT . « . o o 101
142 B ASZ BB HIEACID - o o o 101
15 JFXAR: A BURPBI ] 103
15.1 PRI e, 106
16 BfFsk 109
16.1 BRI o 109
A ARiExRK 111
B SRy 123
B.1  Python SCESIUTTERE . . . . . o o e 123
C PRI nliE 125
Cl RIS o o 125
C2  FHHEGAHAB T ] Python AUSERFISREE - . o o o 126
C3 PRV T UE SN . . o 129
D Copyright 143
#5l 145







Python Tutorial, %4 %5 3.6.13

Python J&—Fit o T2 ) UIREIR KR ARiE 5 . EAROL T A s IR R A RAIa 4ty A 1 BT 8 T o X
G4ifE. Python (UHERYIRAMIZIASRAL, PAKMFRALE S HAS, eV ERZOSZECr-6 L5 AN
PRI A1 B BRATE

ZHT- & LY Python fif R DA K = 5 14 A M 2 9 5 T AR AT BT SCAF, B AT PAYE Python ‘B I htps:/www.

python.org/ 9% [ ty s R8I0 520 X ARG Bt — L5k, AR5 =77 Python fib. FEfF. THEE,
LA AN SRS

Python fifEREdS 7 T4 &, ATLAGEH C = C+ (B(F HABT AN C MRS ) ¥ B o e A 28 2.
Python tR] /] & Hil AL B9 TR PR =

XAEAEIRIE /41 Python 55 ARG EAMESHIINGE . F I AE P BER I 54—~ Python fEREARE—
Be255], AT R BI TS RAH EARAL R, B DA BRI AT DA Bk P

B KAFHERI RS G AL, 25 library-index. reference-index {1t T IEAIEF & L. BE C 8 C++ ¥ E,
%7 extending-index I c-api-index. WA A/DFEEEAJH# Python,

XABREH AR E RSN IhRE, L2 NIRE R BA 2w K. XA R4 Python Hiiy
EARERIIEE, M RIESBIXANE S W ISR . 23] X DR, R RERS P3R4 5 Python 55k
FIREFF, WATPATF AR~ B2 1 Python RS, 1L library-index.

ATE AT I MARMEAR—%.

Contents 1


https://www.python.org/
https://www.python.org/

Python Tutorial, 445 3.6.13

2 Contents



CHAPTER 1

IRBTE =

IR EAE RN L TAE, BaFEsafibeasitt. i, XN —RHESORIPFETER I, XHRZ
N8 SO IR LU RS R R ML B iy 2 HE TN [ ) SO o ] REARAR S — A/ N BRI, — e
WP I, B — AR B AR X o

MR LA R AT, R BERR B S — L C/Cr+/Java i, HESAFEH RS . Wik, Wik,
W IFMAERNE T o TREIXARR RS — 41, w2 ARRRB TAE T . SRS A, ATRASCREE
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R, —ATE Python PRI
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CHAPTER 2

{&£ F Python f##%=5

2.1 RS

The Python interpreter is usually installed as /usr/local/bin/python3. 6 onthose machines where it is available;
putting /usr/local/bin in your Unix shell’ s search path makes it possible to start it by typing the command:

’python3.6

SRAEIZAT T o ZREI AT DA ZCRE F SR, BT ARG 0 T REAE SR ML Ty 5 T DA I 4% 5 322114 Python K4,
REVRI RGP . (i /usr/local/python i U I F kA2
On Windows machines, the Python installation is usually placed in C: \Python36, though you can change this when

you’ re running the installer. To add this directory to your path, you can type the following command into the command
prompt in a DOS box:

set path=%path%;C:\python36

TE FHERAF i ASCHFE R 4F (78 Unix RGEH2 Control-D, Windows RETHIE Control-2) iR
RS IR LR HURA 00 AREAEAEH , (R AGX 4B quit ().

The interpreter’ s line-editing features include interactive editing, history substitution and code completion on systems that
support readline. Perhaps the quickest check to see whether command line editing is supported is typing Control-P
to the first Python prompt you get. If it beeps, you have command line editing; see Appendix %X Z X % 4% Fo 25 45 )7 .
for an introduction to the keys. If nothing appears to happen, or if ~P is echoed, command line editing isn’ t available;
you’ 1l only be able to use backspace to remove characters from the current line.

R IZ AT OGS A5 Unix @y 47 FE—hrUER A tty B8 DI, Eiesc BB d a2 W
FWHEME SO A 280, s A SO EE PR ER ARG, Bl S BUR AT SCH R Y R A

F— R E s R A 202 python —c command [arg] ..., HH command B EEHITHIFES, B
B 4T —c Y. T Python AURS H 2805 & f S W i SR Ut U RSB BRI 24, S T 0 AR SO 955
BAF 'S4 command FEHL K .

" 7E Unix ZZ¢H, Python 3.x MERERFEIRIA LR S M PATSCHFH AR AE python, SXFEA R 2 5 I 221 Python 2.x phZE.
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A28 Python BB AT AN IAGE AT . ATVAXFERIA : python —m module [arg] ..., XX IAT module
MO, SERRAE ar AT IR R H 4 T —HEs

TEIZATRIAS G, A ] BB 7 BAEIB AT I U A BB XA HRAE SO ST, i Eemil -1 stnl
PAT

KT I G475, #§27% using-on-general.,

211 EASH

QUERATRERYTE , MRRERR UM 21T 4L, AN TR RIEA sys B argy R . ST
import sys #RAJAF A ARG F X R XAV ERDWEF LR, WREBAEWAS
0, sys.argv[0] MRDEFAE . WRGENMALRE ' - GRORIRERA), sys.argv[0] 2 '-'.
{$ifl —c command B}, sys.argv[0] Fi&i '-c'. WHRAHEI —m module, sys.argv[0] ¥ &H
SKIBIR A4 o TE —c command B —m module Z J5 WIEWA X RREAR AL, T2 E A sys.argv P14
A IR AL AL

212 FHER

FEL G (tty) BIAFHPATIROmS, FATUMRERZ17HE L EZARX (interactive mode) . AEXFEEAF, B
BoR ZRFAF (primary prompt) , $EIREIN TG4, WEH=ARTS (>>>) FoR; L ALTHIN
i, BEam k2RFHF, BAR=An (Lo 0) BEARRESI, EaBavalFR. RAMEE. BGE
B, SRIE 2 BG4 -

$ python3.6

Python 3.6 (default, Sep 16 2015, 09:25:04)

[GCC 4.8.2] on linux

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

ZATIRA T EAEELE Z TR A . e, DA i Bl

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

Be careful not to fall off!

ARZHEBKIELZ A, HI LA

2.2 fRRESRIETTIME

2.2.1 FEXHEYF TS

BOAKEOLT , Python YRR SCLA UTE-8 iy sUAREE . X Fdhd 77 aCrfr, 5 B R M0 = 1 AFHR AT A
[ IS P T 5 E T 28 R A PR A B TR RV AR P v U R ASCIT " A4 S A8 e o b
Kegn, T EAT AT AT AR R AR ER R %S L2 E o BRI WX LA AT, AR S 4R AR A AE R 1 UTF-8 4
A5, i L2 (8 Y RE SERFF TIF IR SCHE R B A I 7

WA BN, ZAEWISCPE T RS, SCPFR % — AT 25 AR TR . TR R PR

# —*- coding: encoding —*-

6 Chapter 2. {EF Python %28
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o encoding ] PASZ Python SZEFAT B —Fh codecs.,
Foan, ZEFSEIER Windows-1252 g, RIS SO 25 A :

# —*— coding: cpl252 —*-

KT F— AT — RIS I, IRRBVAUNIX “shebang” 47 F¥3ko XAMELLT, ShD s B 28 S HE SO
fEE 47, pimn:

#!/usr/bin/env python3
# —*— coding: cpl252 —*-

&ix

2.2. FRRBANIBITIMG 7
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CHAPTER 3

Python BYEIER /48

NI E T, Gl R RAT 0> 5 KBS TR K d AR L AR B U 1, RN AT
WIS, PR AHESER AT A BT R — A RLASRAFIT SRR T @ R e it th . TER B 1
FAT B AR ERE LA — AT R RETR AT 0.

AT PV Z B TR SR, PR A& AT . Python HHIIERELAIS # JF3k, JF H—H I
BRSO TEE AN 1k FERENT DA B ATk B 2 28 A ACRS 5 ads, (H2 AN RE B 4 HR e ]
iﬁ%ig@%ﬁ%ﬁ%oﬁﬁﬁﬁ%%*@%ﬁ@%,K%Wﬂmm%ﬁ,%%E%Aﬁ%%?ﬁ,ﬁﬁ
72 Nl VAR 1 o

JLA

# 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."

3.1 Python {E4itH &R
U124 SR L) Python 74 RIZVIRERR, SRFREPIORAAE, >>> GREIAIER T2 ).

3.1.1 H=

RS IR — R RS — AR DME R A — N REA R ES BN ER. RAWEENRE
e B L L/ BRI M E S — A (Hf Pascal 303 C B ); 155 (0) R4, HAn

>>> 2 + 2

4

>>> 50 - 5*6

20

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

(N IUERED)
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[CAWY)
5.0
>>> 8 / 5 # division always returns a floating point number
1.6

BHC (a2, 4, 20) A int KA, A/NEEMY (HINS.0. 1.6) A float KA. FEXNFHHYIEF
AN BRI L B

BRIRIz B (/) KR [ i BRI . SRS floor division 155 — N EEELER (220 /INER A ) AR VT DAGE
/IBFAT; WRET R AR, WRAGA ¢

>>> 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 # result * divisor + remainder

17

A Python v, W] DA ] ** iS4 kTR 7!

>>> 5 ** 2 # 5 squared

25

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

F5 ) MTH—MERBE. RSTE T DN HIRTZAIA G ER TR R

>>> width = 20

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

SRR E S CRIBRE) , B B B & i s iz

>>> n # try to access an undefined variable
Traceback (most recent call last):

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

Python HE2 Ity MBI e B SR B 2R G R AL BB B S BB IF S
>>> 4 * 3,75 - 1
14.0

HERZ R, BT AR FaR SRS A B . X RS SR Python FE S VIR, 4ks:
TR SHIX R R, e

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

>>> price +

(QEA)

VIR e L - RIS, FTDA -3 2 SBURREAL - (3% *2) |, PIILARRIE - 9. O Tl S FLASEI AR o, AR DAJHIAS X
T (=3) **2.

10 Chapter 3. Python B93EIEX /48




Python Tutorial, %4 %5 3.6.13

(£ LT
113.0625
>>> round(_, 2)
113.06

XN AR B AP A S e A, A e B HURE RS AN RIE 2 AR R ST R AR AR
i, BRI RN A R

7T int 1 float, Python tH 3 AMZRAIAET, B Decimal Bi# Fraction. Python th N &EXT &
B SRy, (ERESE 5 503 0 i AR A (4N 3+575 ).

3.1.2 RS

Bk T, Python Wl DMBMETF AR . FAFERAZMIEA, WA RSS (...0), MG (n...") #
W ASRASRIRERSE R o SR \ AT RA ISR 3L

>>> 'spam eggs' # single quotes

'spam eggs'

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

>>> '""Isn\'t," they said.'
'""Isn\'t," they said.'

R ARG, AT SN S BG5S, FRR AT S BN PR . BN AER S S
AN ONEFTMET SRS %), EPN TR . WERTF R P BE S a NG5,
FHFFHINEIAE SR FER, BWGAIEAE] 5. print () BREEE BT EeE SR H i, B K pih )
15, I BAT B 2 5 SCRY RS IR 54

>>> '""Isn\'t," they said.’

'""Isn\'t," they said.'

>>> print (""Isn\'t," they said.')

"Isn't," they said.

>>> s = 'First line.\nSecond line.' # \n means newline
>>> s # without print(), \n is included in the output
'First line.\nSecond line.'

>>> print (s) # with print (), \n produces a new line
First line.

Second line.

WERARARERE T \ BFRHRSORERIR AT, ATLAGEA e 45 0730, eSS RTEIm « BT

>>> 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

2 FHABIE S AR, FR AT LI \n FEBA5 5 (L) ARSI (7o) AT RRR R KRS S X, R
At BALEG |5 B SOWE 15 " (BRI AUE G 'S4 SOR ), RZIMA.

3.1. Python {E4itE2&EH 11
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?ﬁ%?ﬁﬁ?%%ﬁLﬁ%A #ﬁﬁﬁmm GG o SRR R ] G g
2 U ERIFA R, WRAEAES, fFEATREm—A \ BIR. B
print ("""\
Usage: thingy [OPTIONS]
-h Display this usage message
—-H hostname Hostname to connect to

nn ll)

RNl CERRIT IR EA T SRR ) -

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

FREERTTUANY + BETHERE ORI ), HATRU » HEF AL

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

R ZA F44 FF @A (SI57ERMTH) Ko A ahEEs—ik.

>>> 'Py' 'thon'
'Python'’

BRI FAFERFIT 3 Bl A B A

>>> text = ('Put several strings within parentheses '
c 'to have them joined together.')

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

HAE AT MR, AR sk U T

>>> prefix = 'Py'
>>> prefix 'thon' # can't concatenate a variable and a string literal

SyntaxError: invalid syntax
>>> ('un' * 3) 'ium'

SyntaxError: invalid syntax

IR AR AR R, B R AR BRI, PTRA + 5

>>> prefix + 'thon'
'Python'

PR 71 (PRI 89, SRR 0. MASAIRLARIES, SRR
— 1A

>>> word = 'Python'

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

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

R AL, X P MA LT R R

12 Chapter 3. Python FJIEIER N+48
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>>> word[-1] # last character

lnl

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

>>> word[-6]

IPI

TR -0 AN 02 —HEr, FTLATECRTG I -1 IF .
B TRE], FAFRIR SR A o RGITAMREI A TAF, 10 2 i AR AT

>>> word[0:2] # characters from position 0 (included) to 2 (excluded)
le'
>>> word[2:5] # characters from position 2 (included) to 5 (excluded)
'tho'

ERVIA IR S RPESRTESER T, MRS XERFs[:1) + s[i:] BR%T s

>>> word[:2] + word[2:]
'Python'
>>> word[:4] + word[4:]
'Python'

DIRIRGIABOAME: AWITIRRGINEIAN 0, AL RGN EA N FAF R I 4

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

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

lon'

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

B A 2B @) FRGIER AT 20, S PARRAENASN 0, f)m— DA B A AR n
, Hofn BEAFERREE. i

fom—m o ————— 4
[P ly |l t 1l h|oln]|
e T S S
0 1 2 3 4 5 6

-6 -5 -4 -3 -2 -1

B ATRRE TR 06 IRBIMALE, 20 AT TR RS IR i 2 j IR e 1 AR
A i EZ B P

N?gﬁ%ﬁ?%%ﬂﬁ,W%%ﬁﬁﬁﬁ7%Z%ﬂ%ﬂﬁﬁgﬁ%EE?%Z%o%w,mnﬂhﬂ
MR EEN 2.

WHE AR RG &4 R

>>> 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

B, IR iR RS Sk B sh b

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

(Rt

3.1. Python {E4itE2&EH 13
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(£ 50

>>> word[42:]

[}

Python H I FARFERANRERIZ L, EATimmutable ). NIE, 1 FAFERRRARG GBI 27 E— R

>>> word[0] = 'J'

TypeError: 'str' object does not support item assignment
>>> word[2:] = 'py'

TypeError: 'str' object does not support item assignment

WERTFFE AR FATH, B2

>>> 'J' + word[1l:]
'Jython'

>>> word[:2] + 'py'
'"Pypy’

N 1en () RSP

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

S
textseq FAFHE M FFI KA, I SR A BB A PP
string-methods 153 SCRFF 2 A8 A A R v

f-strings RFKIB A F AP FHI{E.

formatstrings i [] str.format () FfTFEFEHEAL.
old-string-formatting X HLI¥A T ] & @HAFIATFAF R Ag 1L

3.1.3 %K

Python Al DA 1 20 A —SL(H A8 2 Fh B & B R A, Hrp iRm0 20k, WLAEE T 545, 12570
B —4E OoR) B8, —A ZLRAT VLS AR A TTR , (HIEH N A Te R AR

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

Like strings (and all other built-in sequence type), lists can be indexed and sliced:

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

1

>>> squares|[-1]

25

>>> squares[—3:] # slicing returns a new 1ist
[9, 16, 25]

BrA )R B R [l — B2, XSRS Irf 2 r iR .. U2, W F PR SR ISR —4
By () #5 0L

14 Chapter 3. Python BJIEIER 48
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>>> squares|:]
[1, 4, 9, 16, 25]

SRR PR

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

Simmutable B FFFERRIR], 53— Pmutable 288, 2V, B H ORI DAMCE:

>>> 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]

PR ATES FAR R I append () Z B REMBICR (FAPHAEFH AN A XITEHER) ¢

>>> 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]

UV ER R AT PARY, AR R AT ABASIR A, S 180 R A

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

['a', 'b', 'c', 'd', 'e', 'f', 'g'l

>>> # replace some values

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

>>> letters

(‘a', 'b', 'C', 'D', 'E', 'f', 'g']

>>> # now remove them

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

>>> letters

[('a', 'b', 'f', 'g']

>>> # clear the list by replacing all the elements with an empty 1list
>>> letters[:] = []

>>> letters

L]

WEPREL Llen () AT AEH RN I

>>> letters = ['a', 'b', 'c', 'd']
>>> len(letters)
4

WATPARESN R (A & HAS R A 51120), HLanis:

>>> a = ['a', 'b', 'c']
>>>n = [1, 2, 3]

>>> x = [a, n]

>>> x

[('a', "', 'c'l, [1, 2, 3]]
>>> x[0]

[vav, vbv, 'C']

@3

3.1. Python {E4itE2&EH 15
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(£ 50

>>> x[0][1]
lbl

3.2 EMmENE—F

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:

>>> # Fibonacci series:
. # the sum of two elements defines the next
. a, b=20, 1
>>> while b < 10:
print (b)
a, b =b, atb

QO U1 W NP e

AT EIA T ILAH s

* BATEA A S EWUA: AR a Al b FREE] THE 0 A L 54T XN T — IR IR, XN
T HFRRFEX, FEAT PRI A A2 BRI T . AT AR AR MR A BORIER .

* The while loop executes as long as the condition (here: b < 10) remains true. In Python, like in C, any non-zero
integer value is true; zero is false. The condition may also be a string or list value, in fact any sequence; anything
with a non-zero length is true, empty sequences are false. The test used in the example is a simple comparison.
The standard comparison operators are written the same as in C: < (less than), > (greater than), == (equal to), <=
(less than or equal to), >= (greater than or equal to) and ! = (not equal to).

« PAIRAROE g itay . 4Pt Python UK . R HEAMAITR, RS DHVERNATET Tab
B (24) ARG, SR B SORGIHAR I, VRBHE s AR AT 5 PR R I SCA B
HAA B ahgiiticE . RENa S TR, AP AIERIE AR, & EFERE R M A TR
S (OB DT E A R AR TR B B —47) . TR, AfE[R—BER R —1T,
AR A B

* print () BKECH A RIERISBUEST BN R, B E RS AR A 2k (AN A1 Z BiAE T

AR BT B A, print() REAMBEZANBHR, WHFE AR, T FATHRSITHAN SIS
WA, I BAES RN Z B A A D23, AR ] MR AR PR 2, R0

>>> i = 256*256
>>> print ('The value of i is', 1)
The value of 1 is 65536

KEETZHL end TN IO S THHAT, B0 75 b — A R g 2

>>> a, b =20, 1

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

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

16 Chapter 3. Python B93EIEX /48
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cHAPTER 4

Hittimtzi=H TR

Besides the while statement just introduced, Python knows the usual control flow statements known from other lan-
guages, with some twists.

4.1 if Statements

A RERCH AT AR e 15 iR T . Bl

>>> 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

There can be zero or more e 11 f parts, and the e1 se part is optional. The keyword ‘elif’ isshortfor ‘elseif’ ,and
is useful to avoid excessive indentation. An if ---elif ---elif ---sequence is a substitute for the switch or case
statements found in other languages.

19
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4.2 for Statements

The for statement in Python differs a bit from what you may be used to in C or Pascal. Rather than always iterating over
an arithmetic progression of numbers (like in Pascal), or giving the user the ability to define both the iteration step and
halting condition (as C), Python’ s for statement iterates over the items of any sequence (a list or a string), in the order
that they appear in the sequence. For example (no pun intended):

>>> # Measure some strings:
. words = ['cat', 'window', 'defenestrate']
>>> for w in words:
print (w, len(w))
cat 3
window 6
defenestrate 12

WERAEARAR N AR BB PO (. (LN S AL gk iy TR ), JERE IR DL Bl As . 7 S AT A e
AMCEEHNE T — A EIATEATERAE . VIR SR R AR i

>>> for w in words([:]: # Loop over a slice copy of the entire 1list.
if len(w) > 6:
words.insert (0, w)
>>> words
['defenestrate', 'cat', 'window', 'defenestrate']

WRE for w in words:, EXANRHBIBLSCIETREKNYE, R L-—IRELHIE A defenestrate,

4.3 range () HE

UNRAREA S5 208 T — U 78, WEREL range () 2R EMY. EEMEARIEC

>>> for i in range(5):
print (i)

S W N e O

e A IR B AERE S P SI B range (10) &40 10 AME, I H2 PAEIAR RS A — KN
10 107751, range (AT DALATS—ANHCTTT 3k, SR DASRE MR R (L3R 0080 Akt 53 )

range (5, 10)
5, 6, 7, 8, 9

range (0, 10, 3)
0, 3, 6, 9

range (=10, -100, -30)
-10, -40, -70

LAFFNRTIREN, EAIAKF range () il Len () HEWT:

20 Chapter 4. HipARIZH TR
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>>> a = ['Mary', 'had', 'a', 'little', 'lamb']
>>> for i1 in range(len(a)):
print (i, afli])
0 Mary
1 had
2 a

3 little
4 lamb

SR, TERZEOX LB T, M enumerate () KA HE, S WEFRNIELT
QARAR HATED range, 2% H AT R 45 24

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

range () Bl [l RIEVFZ T5 R BUS B — 1%, (A EADEAR . WG RTEARECE T B
A B HIR ] HELE R I @E‘i&éﬁﬁfti%ﬁiﬂ%% XFERERE T & 2508 .

FATIXHRX G2 Tk Ray, WeBl, BEENRBRSTH RIS, XL RS 0 B AE R A4S
W] A IRBGELE I JUER - %ﬂama%%ﬂ for AR FE— RN AR AL 1ist O ZHA—1
EMNAE R A1

>>> list (range (5))
[0, 1, 2, 3, 4]

JETH, FATREFE LR A R RE, AT IR R AE A S E R L

4.4 break and continue Statements, and else Clauses on Loops

break 4], Ml CHHIZEMLL, AT BB &K for o while fEH.

Loop statements may have an e1se clause; it is executed when the loop terminates through exhaustion of the list (with
for) or when the condition becomes false (with while), but not when the loop is terminated by a break statement.
This is exemplified by the following 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)
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 W N .

G2/, XEIEHMPRI. F40F: else TAHET for MG, ABT if iHH.)

4.4. break and continue Statements, and else Clauses on Loops 21
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When used with a loop, the else clause has more in common with the e1se clause of a t ry statement than it does
that of if statements: a t ry statement’ s else clause runs when no exception occurs, and a loop’ s el se clause runs
when no break occurs. For more on the t ry statement and exceptions, see 472 .

continue IBHJWRMEEH CIET, FRBEIERFH T —RaEMR:

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

if num % == 0:
print ("Found an even number", num)
continue

print ("Found a number", num)

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

4.5 pass Statements

pass AP AWM. MIHE EHE—NER, HREFGEA2SERAMIN, TAEHE. fian:

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

Sk iR Rolyess NP

>>> class MyEmptyClass:
pass

Another place pass can be used is as a place-holder for a function or conditional body when you are working on new
code, allowing you to keep thinking at a more abstract level. The pass is silently ignored:

>>> def initlog(*args):
pass # Remember to implement this!

4.6 ENEH

FATTAT AG A 4 AR TG R ) Fibonacci 081 1) s %K

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

(FItgkss)

22 Chapter 4. HipFEZHTH
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>>> # Now call the function we just defined:
. £ib(2000)
0112 358 13 21 34 55 89 144 233 377 610 987 1597

KT def FIA—DRRE Lo BEMAEIREA TN S X SHIN R e B R RTE R T —
F1IThG, IF Habdigs it

BREAR S — IR AT DA (ATRERY ) RFAFER SCT 5 XA A H 372 B B SCRY 745 H3 5L docstring o« (7%
SR FAFERIE SRR, WSS T 45 30 ) AL TR SRS A Ef A S 2R e R BRI SoRy, s
M P AR AR AR AR s FEARGS 5 AU & SOR P A @ — PR AP0 . T AR AT 157

The execution of a function introduces a new symbol table used for the local variables of the function. More precisely, all
variable assignments in a function store the value in the local symbol table; whereas variable references first look in the
local symbol table, then in the local symbol tables of enclosing functions, then in the global symbol table, and finally in
the table of built-in names. Thus, global variables cannot be directly assigned a value within a function (unless named in
a global statement), although they may be referenced.

TERREWA L, KRS (582) UG AP R SRT; Hit, K22 i m Lk
¥ i AIRZOR AR FURTAZATRIE) | 24— ek 0 1 53 Sh— A~ ek, Fr 2 i F eg— A3
A HIAT 53K

PRAUE LB T AU TR AT SR . BRI PRIV A RS HAR B P SO B 262 . XA
{ERT AR 75— 0K, AR T DA — e8I o S A — B EE A4 ML

>>> fib

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

>>> f£(100)

0112358 13 21 34 55 89

AR AR, RATRESIACY £ib AR e — e, ROy EHFAREIE. $5% 5, BERA
return AR REE SRR —ME, REER— IS EMME. XMEMN None (BRNEATR). —
FEOR UL MERE 2 AN AT IV BRI [l {H None , WISRAREAEARFIE, ARATLAMEH print ()

>>> fib (0)
>>> print (£ib(0))
None

H—ANRE R RES N FN R (MAZIEEITEHR) msE,

>>> 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 =Db, atb
return result

>>> f£100 = £ib2 (100) # call it
>>> £100 # write the result
(¢, 12, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89]

BORBI, BAER—HF, s T L83 Python J)fiE:

VSpr b, sRadat 7RI 2R AN EIFINRIE, ARG R TR G, U P R B A A T S (4
AFIIFRAHITCR) -

4.6. EMHH 23
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4.7

The return statement returns with a value from a function. return without an expression argument returns
None. Falling off the end of a function also returns None.

result.append (a) 1EMTEH THIEMNS result 1Y F7ix. HER ‘BT — MWK, B
fir# 4 obj.methodname , HH1 obj BHEANXG (HAhERE—NFikX) , methodname J&HXf4
BB LT BRI R . AR BT DARE USRI T ¥ AN R 2B 73 ] DA A1 [F] i 44 BRI AS
SR G (TRAMEH &8 XA QX REBRI %, HSHE ) mBEIRE T append () & 451
%Xﬁ%fillﬁ@QQE%EEU%E@%E%ﬁU*/ﬁ%ﬁE‘Jﬁ?D FEXPROITEM ST result = result +
lal , HEERL

REELHESHER

2 RBOE SCH TSR H S BB R WT AT . X B = A, RTA A .

4.71 SHEAME
A HRE X — A SR E — N EOAME. XREQR IR, AT A HEE SO SR VR S /D i 2450

H,

Lt

def

ask_ok (prompt, retries=4, reminder='Please try again!'):
while True:
ok = input (prompt)

if ok in ('y', 'ye', 'yes'):
return True

if ok in ('n', 'no', 'nop', 'nope'):
return False

retries = retries - 1

if retries < 0:
raise ValueError ('invalid user response')
print (reminder)

XA R EICAT PASE L LA 5 =GR

HARWERSE: ask_ok('Do you really want to quit?')
B —NAERI S S ask_ok ('OK to overwrite the file?', 2)

BELH BT AEZSE: ask_ok ('OK to overwrite the file?', 2, 'Come on, only yes
or no!'")

RARBEENZT in KRET . B AL NI 25 o M.
BOMERAE Uit Az e B0E S TTE Y, BreA

i =

def

5

f(arg=1i) :
print (arg)

ZFTH 5.
FRES: BONMERSRIT I XATEBOAE A AR 5 (515, FDA R RS HRILH]) AR 2

et

» T R B A A S5 SR AR A B I S AL

24

Chapter 4. HihiGEEH TR




Python Tutorial, %4 %5 3.6.13

def f(a, L=[]):
L.append(a)
return L

print (£(1))
print (£(2))
print (£(3))

TR

[1]
(1, 2]
(1, 2, 3]

URRARAN AR A I B2 T 2 TE) BRI, AR AT AR 5 X A~ e 4

def f (a, L=None):
if L is None:
L =11
L.append (a)
return L

4.7.2 XRFBH
W ATDABE B kwarg=value 15 5L 44 SRV A, HIA0F I 9 4L

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, "!")

B — P ERNSE (voltage) FI=ANA[EHIZEL (state, action, fl type). XANEREA] DAE S A
HAEART—Fh o =

parrot (1000)

parrot (voltage=1000)

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

parrot (action="'VOOOOOM', wvoltage=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
positional, 1 keyword

HHoHH R H W H
~ W NN R R

AELT T ) o5 AR S e TE R

parrot ()

parrot (voltage=5.0, 'dead")
parrot (110, voltage=220)
parrot (actor="John Cleese')

required argument missing

non—-keyword argument after a keyword argument
duplicate value for the same argument

unknown keyword argument

#
#
#
#

TERRBOH M, RS EIIRBETE N B S B G T « &I A K S5 5 g 2 i Hop—4>
SHUCH (Kl actor NER# parrot WARSE) , BT IHFAELR. XEFIETESE, (I
il parrot (voltage=1000) @GR ). ANEEXTF—ANSEEWIRIE . T2 — P A e B il 1 2 )
filf-

4.7. ABENHESHA 25
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>>> 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 keyword argument 'a'

When a final formal parameter of the form * *name is present, it receives a dictionary (see typesmapping) containing all
keyword arguments except for those corresponding to a formal parameter. This may be combined with a formal parameter
of the form *name (described in the next subsection) which receives a tuple containing the positional arguments beyond
the formal parameter list. (* name must occur before * *name.) For example, if we define a function like this:

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])
B PMER X

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

BREXITH:

—-— 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

client : John Cleese

sketch : Cheese Shop Sketch

TERAT B 5 B 7 2 R0 U7 ORAE-5 1 eR BSOS e AT TR0 P 2 A P RC Y

4.7.3 EEHISHIIR

e, ANE T i AT SRR SRR R 8. XSSP S cdl (B W uate
750 ) o TERRBESEC A, RS EIEZNEESL.

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

— MR, X RS IR AS RO ERRR R, PO ENTIEEL S R B P R R A SR B
*args S JEMALMEAS R (O TSEC, b2 B e RGN X F S A e i 5 S
.

26 Chapter 4. HipARIZH TR




Python Tutorial, %4 %5 3.6.13

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

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

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

4.7.4 BBSRIIR

The reverse situation occurs when the arguments are already in a list or tuple but need to be unpacked for a function
call requiring separate positional arguments. For instance, the built-in range () function expects separate start and stop
arguments. If they are not available separately, write the function call with the *-operator to unpack the arguments out
of a list or tuple:

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

[3, 4, 5]

>>> args = [3, 6]

>>> list (range (*args)) # call with arguments unpacked from a 1list
[3, 4, 5]

In the same fashion, dictionaries can deliver keyword arguments with the * *-operator:

>>> 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 !

4.7.5 Lambda FixxX

A lambda S8 7R AR A/ A B8 XA RBOR B S A lambda a, b: a+b
Lambda p 0 n] PATE 55 5 R KO0 R BOAEAT T (1 . ENETRE ERRT BRIk, IR SCERUE, BATH
e I PR AUE SCHITETENE . SHE BRBUE L, lambda sRECRT AT | BT A0 85 e AL it

>>> def make_incrementor (n) :
return lambda x: x + n

>>> f = make_incrementor (42)
>>> £ (0)

42

>>> £ (1)

43

_ET )T — A~ lambda FAFORR [ — %L 75— DRSNS

>>> 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')]

4.7. ABENHESHA 27
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4.7.6 XHEFHFER

PATR A KSR A7 ) A A AR X — 2525

F—ATNAZRRR G H R A MR . N RIS W, EARLR AR G A AR, Py i e n i H At
7 G (BRAEA PRI R R R BRI ER ZR]) o X AT ARG FRIT, DA SEER .

WERSCRY FAFER A 24T, SR AT a5 E, AR SE_ERHE S S AR T . SR LAT R % e —
NREANEIE, AR Z5E, ERRIERSE.

Python fiffr i A~ 23 M Python H il AT 57 53 SO R4k, PR IAL BSOS Y T Hb 25T 7 SN R ik o X
S PA R AE FE M . SO FAFER SR —AT 2 B S — DRI E B SO P AT i gt i . (FRATARE
47, PUAE@EE 5P I LG58, HIER A E PR SO AR, ) RGN
WIBTAATHIIT KRB Szt 630 Mt MitE DR AR ZI L, (2R EATH B, W% e
ENRFTA N2 BAERA IR 2% G IR SAR SR GRS 8 D=tk

RSSO AT T

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

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

pass

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

No, really, it doesn't do anything.

4.7.7 BEERFE

@ﬁﬁ&%%?mﬁE%X@ﬁ*ﬁm%%ﬂ%%éﬂﬁﬁﬁ%ﬁﬁ(ﬁ%ﬁ%ﬁ%%memHmmy
484),

Annotations are stored in the __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 positional argument, a keyword 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'

28 Chapter 4. HipARIZH TR
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4.8

IMEHE . ZREDRLEE

PAEARRF SR, LAY Python fURS, JIMEIHE—T RARAE T REBIEFHRHE A [ B XS

5

(BCEMERI YL, eksal) ; A L8 AR B HAT W] k. RELE FA AR I SR AR B2 —

TR, ORI A g KUk XA AR CHR )

Xt Python, PEP 8 CL2 o KB H BT (g Mtk 18 s B et T —FhAEH i HA AU H 9B
A% o 34> Python JT R N BRIV ARTERA R EEE s PATR 2 Ut B fi s 2 J LA 2

o fEH 4 ARt A AT

AR EE (ORI ETRE ) ARGt (B 5 ) m— M REFRIIT I . i
FRXTIARAL, BFAZMEHE.

o WAy, H—AT A 79 N FAF.

XA BT RN R g T, HLAT AR ROR I Rt B B AU S

o BEAAT o R RR ORI, DAL e A R R IR A QR

WERTTRE, JEFERCE] A —T

o SRR
s EIBFAHEANZ SIS M=K, EAREERERSNMEN: a = £(1, 2) + g(3, 4).

Name your classes and functions consistently; the convention is to use CamelCase for classes and
lower_case_with_underscores for functions and methods. Always use self as the name for the first
method argument (see #74% % for more on classes and methods).

o ARARA RS S 7E M T EBREAEE, WAL NSRS . Python BRIAR) UTF-8 B4l ASCIL 7EALAiT

&ix

T 0L TR REA SRR L
IR, R A AR/ AT RE , BB BT 5 BN R e 4P A0S, AN AR AR IRAF 11 IF ASCIT

=

FAE o
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HRLET

RERRA NGO L TN, T A

5.1 JIRIIES L

TIRBAREAE AR Tk X B SRR IR
list.append (x)

TR RKEBRIM—NI0EK. 4T allen(a):] = [x] .
list.extend (iterable)
R AT ERRT R I T TR RY AR, HH4T allen(a):] = iterable,

list.insert (i, x)
ELHEMMEFA—INILR. F—NSEREMANITTENEG], Pl a.insert (0, x) fHAFIFE
J.H, a.insert (len(a), x) Z£[T a.append(x) .

list.remove (Xx)
Remove the first item from the list whose value is x. It is an error if there is no such item.

list.pop([i])
RS2 45 2 AL E TR IR I E . WRBEA R ENE, a.pop O KRR RIZZR PR RS —
AILER. (FEEA W i AR S 3R X N SRR TR, A 255 A D 155 . YR&AE Python
S P AR B MR TR .

list.clear ()

BRI R PRI PTG ICR . 40T “delal:]

list.index (x[, start[, end] ] )
Return zero-based index in the list of the first item whose value is x. Raises a ValueError if there is no such
item.

R[S start il end RV R AFS, AT RHERESI I RN E TR REIRKRS A TEANF
SIFETTER, WA start 50,

31
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list.count (x)

REITCE x FEFN IR AL
list.sort (key=None, reverse=False)

XFNEHRICR AT (SECTHT A U7, MRES I sorted () ).

list.reverse ()

TS R HICR .

list.copy ()
REF R — NN, ST al:].

EZ By RN K

>>> 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 a 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’

RATREE L], & insert , remove B sort Jrik, RBUSIK, BCATTEHIHRR{E—ET&RH
BRIAME None ! X/ Python BT ] AR B £ # ) e v I o

5.1.1 JIR{EHERAEH

PN RITIEERINENE AT R T, G— DA, Soelul (GBI ) . BEm— I uR B
Wisy, ] append () o BEMMERIREUE —ICE, M pop () , AHIEERSTI. HilN

>>> 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 ()

CFITgkED)

RN E T RE LIRSS, MRV EIESEAT, B d->insert ("a") ~>remove ("b") ~>sort () ;.
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>>> stack
[3, 4]

5.1.2 FIREABAFIER

FUFA AT DARAERS, o e e s luty ( “Jedbseth™ )5 SR AR XA H A AR
%Eﬂﬁ%*%%ﬁﬂﬁ&ﬁ%%ﬁﬁ,@%Eﬂ%%ﬁ%ﬁAﬁﬁ&ﬁ%ﬂﬁ@@ﬁ%ﬁ%ﬁ@ﬁ%ﬁ
WIFRGBl—1D)

HESLI—ABAI], P[] collections.deque, EREIT T ABRH M B umas in sl i o . filan

>>> 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'])

5.1.3 JIREST

IE S i vt o e N NN ell Ve SIS oy R e NI DR (R S L (VA i S I A BYS AW S DR S
JER b, RGO ARG, B i R AR AT R R A TR

B, R ATEAIE PP, Bk

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

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

ERE R (B ES) K40 x BAERAE for TR S UIRAAAE. FRATAT LATTEE 5 SR A 27728
LAT A

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

g

squares = [x**2 for x in range (10)]

X A Y T R
A list comprehension consists of brackets containing an expression followed by a for clause, then zero or more for or

if clauses. The result will be a new list resulting from evaluating the expression in the context of the for and i f clauses
which follow it. For example, this listcomp combines the elements of two lists if they are not equal:

>>> [(x, y) for x in [1,2,3] for y in [3,1,4] if x != y]
[, 3y, (1, 4), (2, 3), (2, 1), (2, 4), (3, 1), (3, 4)]
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>>> combs = []
>>> for x in [1,2,3]:
for vy in [3,1,4]:
if x != y:
combs.append ((x, Vy))
>>> combs
[, 3), (1, 4), (2, 3), (2, 1), (2, 4), (3, 1), (3, 4)]

A LW ARG R Beb, for R BT AR Y .
WRFA R — el (Bl ER (x, v)), IAmheiitm EiES

>>> vec = [-4, -2, 0, 2, 4]
>>> # create a new list with the values doubled
>>> [x*2 for x in vec]
[-8, -4, 0, 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)]
[(o, 0), (1, Ly, (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, in <module>
[x, x**2 for x in range(6)]
SyntaxError: invalid syntax
>>> # flatten a list using a listcomp with two 'for'
>>> vec = [[1,2,3]1, [4,5,61, [7,8,9]]
>>> [num for elem in vec for num in elem]
[1, 2, 3, 4, 5, 6, 7, 8, 9]

F) el nT DA A2 2y 2 8 s ORI R

>>> from math import pi
>>> [str(round(pi, 1)) for i in range(l, 6)]
['3.1', '3.14', '3.142', '3.1416', '3.14159']
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5.1.4 BEMIIRESK

H TP BRI IR R IE AT AR FGR, w0 — okl
N AS 3x4 BUAERE, B 3 MR 4 181 R4

>>> matrix = |
1, 2, 3, 41,
[5, 6, 7, 81,
[9, 10, 11, 121,
]

NS FedE T R A AT RS

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

W EATFR, BRI FEME TR E TR AR for BATRIAR, FrRAX A6 1454

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

>>> transposed
tey, 5, 91, 12, e, 101, (3, 7, 111, [4, 8, 12]]

Bdokye, AT

>>> 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
tts, s, 91, (2, 6, 101, (3, 7, 111, [4, 8, 12]]

BRI, AR % 2 BB AL R R U Z R AR TR ) . z1ip () RREICR AR AT A PR Aol 0

>>> list (zip(*matrix))
[, 5, 99, (2, 6, 10), (3, 7, 11), (4, 8, 12)]

KTAFTH B SHHEAH] R e 533 K

5.2 The del statement

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 de 1 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:

>>> a = [-1, 1, 66.25, 333, 333, 1234.5]
>>> del a[0]
>>> a

(FTgkEh)
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[1, 66.25, 333, 333, 1234.5]
>>> del a[2:4]

>>> a

[1, 66.25, 1234.5]

>>> del af:]

>>> a

L]

del tin] DAMHERHEAAE &

’>>> del a

WEHS I a s (2R —MEPIRS ) . BATSTESH THE del AHANE.

5.3 JTHFIFS

FAVERPIRAFAERA R IR, IR IRV R #E. Bi12 72 8dRkA (20 typesseq) HHY
PRl B Python i F B A, HABMF AR BB A I . XA T —FinifEFrs 2688 L.,

— M ICH L BEE SRR, BN

>>> t = 12345, 54321, 'hello!'
>>> t[0]

12345

>>> t

(12345, 54321, 'hello!")

>>> # Tuples may be nested:

.u=+%tt, (L, 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:

.vo= ([, 2, 31, [3, 2, 11)
>>> v
(rx, 2, 31, [3, 2, 11)

WARAT L, JCEAE S TN B R RE S R, PAEIER RN RETH. AN RS ST T, Al
WA (AR TTAR— DRI R —F) o STC P i — A B ) SRR PR iR
L IRARAT AR AL & AT RGO, BN .

FARJCHBEA R 5 A SRR, BEN@E R RS RPN, FHAERRG NS, ol
sgimmutable , JCFFAEHE QG ALK IR, HFHELHE (X—TFHSM@RE) S8 RIRUIF
(2 namedtuples WIGHE EE AT AES EIEVTF ) o S mutable | I BANFRHH) TER— o2 R e a
i, I HEL R AT

— AR BRI 5 0 B L ASICERAYICAL: N TN APE O, TR LM AR . A oedln]
PAEHRE X GBI, &A — IR TCA ] B TEX DN TCRGH I — A2 5k (Bl4ES A
H—MERTEAREII) . TR, (HRA%. B
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>>> empty = ()

>>> singleton = 'hello', # <-— note trailing comma
>>> len (empty)

0

>>> len(singleton)

1

>>> singleton

("hello',)

WAt = 12345, 54321, 'hello!' jg TAAATER— T {H 12345,54321 fll 'hello! "' #if]H
HECH . AR

>>> x, y, z = t

RBHRA A2 A ARG YR, OB S5 5 AT DARAL R F S 9 i e R 5 Ze M A
RS AN BT SR CR B . R 2 B S RC AT U F A A

54 £8§

Python AL & A7 &R, LHEZMARLITTRAMP LT IE. EREA R ARNAERER
TR REMRUSHFFRIR G, L, 2H, MIRESFLsR.

S set () WETLAREIAEES . WA A NSEGHRARRM set O WAREM (1, BHE
HROE AT, EFEIREMEN ST T — T The.

PATR & — e A 7

>>> basket = {'apple', 'orange', 'apple', 'pear', 'orange', 'banana'}

>>> print (basket) # show that duplicates have been removed
{'orange', 'banana', 'pear',K 'apple'}

>>> 'orange' in basket # fast membership testing

True

>>> 'crabgrass' in basket
False

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

>>> a = set ('abracadabra')

>>> b = set('alacazam')

>>> 3 # unique letters in a

{'a', 'r', 'b', 'c', 'd'}

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

>>> a | b l