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Python 135/ T. HZPRTWIRI I I VI EFETT, MBNLREL LT —2fEr, ¥ ¥ TV THRN
BATI o MEM TR TS IV IR MA TWE T, Python &, JEMS L7230 « B 7 — 2 BUAS
FAVER=TVRTHE2ILREPL, AP VST 4 VIREKET 7V 7 — a V% (Rapid Application
Development: RAD) IZHBNZ 7075 IV VS RoTVWET,

Python Web # A b (https://www.python.org) i&. Python £ ¥ X =7V X e fEHES L 757V DY —Ra—
Fe, FETF79 b 74— T8V RANVELDNAF VT 7 A VR TRMLTVET, £,
Python ¥ = 7% 4 MZlE, EHEOY—F =T 4 ET 2Bl T4, V=), FFaXYIRELHE
MLTVET,

Python 4 ¥ & 7V Zi&, ffific C/C++ SR ¥ TEEINLBEHCT7T — 482 HlAAA, IHETEET,
Fh. 77V =2 a DARRIA X &TH, RREFEE LTHHELTVWET,

This tutorial introduces the reader informally to the basic concepts and features of the Python language
and system. It helps to have a Python interpreter handy for hands-on experience, but all examples are

self-contained, so the tutorial can be read off-line as well.

EHEF 7Y 2 7 FREY 2 — L DFMIE library-index 22 LT3V, £/, ERRSHELR
¥, reference-index IZHH 3, C FiB C++ SHETHIREY 2 — 12 FH RS, extending-index <
c-api-index ZZH L TL 7Z &\, Python OfEHE s I TWET,

ZDF 2—F Y 7ME Python 2Kz MR L L, ciENRMEHBFTIEIDD FHA. Kb dEEEIC
[RoTd, 2TEEALTVERA, 2ORDD, ZOF a2— 1tV 7L T, Python ®d - & bR
BREZ DTN LT, ZOZHEOFEHRP, RXANVEELLNZ2 LI LTVET, ZOFa—b+U 7
NEFGAKZ B2, Python DED 2 =R 0TI L%EHAEETEL LI CHR>TWVWABTL XD, i
library-index @ X ¥ X E7 Python 74 77 VEY a =%, FLAFARNSGNE ISR ->TVWBIETTY,

FAEBE KB HZHELTBLEERWTL & D,



https://www.python.org




ONE

PRI EERHES

AV 2—REHoTVWAVWALRIEEZLTWVWS e, HELLZWEENIETLBETL x5, AR &<
TADTHFAL T 7 A VTHRRBR-BEIREZITVIW, REDBEHE7 7 A VERABASZR D PzTT 7400
BB LUTEELED, RETT, biobt LAEHDT —&ZR—X%2, [MrHEHO GUI 77V 75— a
V. Y UTINBT =L ERED VDD LILER A

HilnTuDy 7 MHFEZE L LT, C/CH+/Java 54 75 V2 WS BERDH TS, BHORE/a >
NANWST AN [FAVRANDYEA IV EBTELLELETWE2S LNERA, LELIA 77V DRDDT
AP EFELILIRIAZIHDLTVEDD LOERA, FE RSHEERFHO7 TV r—yaryizHEVTNS
B, ZOLDIH LVWEE —ROKFEELZ LS RVWTL xS,

Python 32 AL D1RT=DIzDDEFETT,

Z oWV o X, Unix =2V A 27U 7+ Windows Ny F 7 7 AL TELZLDTEET, L2L, =
NRAZ )T MET 7 ANMRERT XA P F—ZOBFICRAVTWETHA, GUL 7 TV r—va s —2a
WKW TWVWERA, C/C++/Java BT I 6 %2FEL D TEETH, RAORLFZXLZITH2RDOD
Rif D322 o T L EWVWE T, Python 13% - & fliHICHIHTZ. Windows, macOS, % LT Unix XL —
TAYITIATLATHEL, HR-OAEZTIERATIIPIFICRETL x5,

Python XfiBICHIHATEZ I, AYDO T 0S5 I LV FEEBETHD, P2 VATV TN FI7 741 &
DHZL DN DD, RELTB T LADOMABICBELTVWET, —/7 Tl Python & C kb k< XA
DIZ—F z=v 7 ZFTRIAToTE D, FLAIEREYRHE L Y Oz AA TR BakEEE
(very-high-level language) T, Python i& Awk < Perl 2 ¥ X D dPHMNLR T — 282 HZTEDH. &b
ZL OHEBMTHATEE T, 7. Python 3NS5 DFFELHARTEH, PRCEBFETCCHWVICIIHHETT,

Python Tid, B2 7 L% EY 2 —MIZHEHIL T, fhd Python v 27 A THAMHTE %3, Python IZ
KB 2 —UBATELTWT, 70l 023 LTOREYL LT, 50 Python 7u 25 3
YU RERDDF TN LTHHTEES, FEEY 21121 7740 1/0, YRATLa—b, Y
Ty b WVoEEER, Tk DESBRTFI T4 INAI—HF A VR —Tz2—AV—LFy bEES72DDA >
R—T7 2 A RAREDFHLELTVET,

Python 134 Y X 7V XRFEETT, VARV VI OREDRRNDT, FulJ rz2FRETIBIChriRD
DR ZFHHITEE T, 41 Y X TV XIMFEMNCDEZ 2 DT, SHEORRA BIEREICOWTEBR L TARLD,
HEBEToTu I 0k LD, RELAT7y TR I 02T 2B, BEET AN LD vl
ZeHMEICTEE T, EAREREICDRD 5,

Python Tl&. & THav 7 FTHARTVWI BT 7 L E2FEHITE T, Python TELNZ T 17T MIKIK,
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FUHAED C S5, C++ S Java DB 7 4 KD 13202 F3, TARKEBUTO XS 2w
KOPOHEPHH £5:

o HLARNDTF =N X 5T, BEELBIEEZ —DDFEITXTRIHTEZ T,
o EIIXDIN—TtE, JL—TOREPK T OFEINMTIER A YT P TITAE T,
o ZHRTBOESHARETT,

Python 121X $3RM 25H D %3 C FRETTI v 722 H L FIEEH > TV B 5, HHICHT 727 H AIA A
B EY 2 — L%, fBICA YA TY XTEMTEET, ZAUTXo T, WHIRARB O 2 LEH % &
B LIzD, RUYEFFEDT 774 7 RFA 77V RED, N FIUVERTLLFIRALRVWIATI V%
Python IV 27 L7=DTE ¥ T, Z2OXUCKEIUL, Python 1 ¥ X TV X% C TEINLZT TV r—>ay
WV Y2 LT, 77V 7= a iy 2R EFEPM D6 LTHHRAET,

LZAT. ZOFFEIE BBC OY a—%HMH. 7" EVT 4 %4 Y YOZERRIY —H A (Monty Python’s Flying
Circus)” 226M 572 DT, EHH L ZBEGRD D A, TORFaX Y PTIE EVT 484 Y Y OTEIN
DBEOPFHFAI SN TV EREIT TR, LAHERTATHE T !

XT, HEAWRDS Python iV 27727 LT, 3535 ro b HLLKARTAZL BoREI TS, Turo 32
VIO ERERHBTARROAEIMF o TABL I TINE, ZOFa— b 7ATRABRIADGRATLNE R
Python £ Y27V X THL TAZZEZBITTHLET,

ROFETE, FTAYXTYROMNAEHALET. ThUTbo D & o WAL S LLEEAD, HICHI
THHEEH L TAHZ ETAAREZETT,

Fa— b U TADERD DFERITITIE. Python 71275 AFELEITS AT L DEk A IR HEEEZ BIE %2 22 2 THIN
LEd, iR, ETX 7-2Ur6mD T, BB EY 2 — V2T, RIRIEHISMLEES 2 —FER
7 7RV ol mERRIc bl £ T,

4 E1EPR3RZERDES



TWO

PYTHON 4> 27U & %ES

21 122 T)R%Z2EET S

The Python interpreter is usually installed as /usr/local/bin/python3.11 on those 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:

[pythonB 11

L YDF 4127 MVUIZ Python 4 Y X TV X %A VA N=LTE30EA YA —ARHGEIRTE 20T, A
VERTVRIMDOT 4 L7 MVIZHZ 0D LNFERA; Fii4 Python IZFEL WAL, AT LAEEEICHL
TAHTLIZE W, (FIZX, ZofthiogAie LTI /usr/local/python A —MRITT, )

On Windows machines where you have installed Python from the Microsoft Store, the python3.11
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 7 A WG F (Unix Tl Control-D . DOS % Windows Tld Control-z) Z—X7u >y 7 kb (GRH:
WS D) ICANTRE, AVRTYRPETRAT—RRA 0 THRTLET, dLIOEENS L @hk
W B, awY P quit() EANTHUIA VXY X2 TTEET,

GNU Readline 24 75 V&% K-+ LTWB T A7 4 LT, MEETHRES L 2 U EK, a— FlisED
4 Y RTY ZROITHREMREDFIHCTEE T, a~vy KT 4 VREHKRED T R— I T0 2202 RDF oD
BB FIEZ. BZF S S BANCFEREN Python 71> 7 MZ Control-P # AN L TASZ 2 TL &
S, E—TEDRZRE, avy FI4 VIRERELD D T, MEF —IC OV TOMFIITER WHEASR
SELEREBR 2ZRLTIZE W, MHREISRVEIICRZIZD, PRI —Ny 7EINERE, avY
F o4 VIREMBREIAHTE EEA, ZOHE. BERETOITH O XFRHIFRS 2123y 7 A= %2 {#
SLDHHEEA

A YR 7Y R1F Unix ¥ 2V AU KSR T, FEANDIHRICH S NIRETIE, 3~ N2
HNCFHAAATEITLE T, 7 7 A AHZFIEUCIEE S 52>, python3 < filename O X S ITHFHEATS 7 7
ANVELTHEETR L, AVETVRIET7AAD0 RV TE 2HAAATEITLET,

*1 Unix Tld. Python 3.x 4 ¥ &—7 1 XDEFT7 7 4 MEF 7 4L F Tl python £ W3 AHITEA YR h—AENEXA, [
B2 A > 2 b= &R7z Python 2.x FT7 7 4 L L LSRR VDT,


https://tiswww.case.edu/php/chet/readline/rltop.html

Python Tutorial, J1J—2X 3.11.14

A4 ¥R 7Y X% python -c command [arg]l ... DXSIWEEITE2HEDHDET, ZOBATIE. Y=L
D -cF 7T areRU &I, command IZHE LT EFEITLE T, Python XUZiE, AR—ZAREDY =
MIZE > TR ERZ D OXFR LIELIEEEN S DT, command &% 27 +—+ (R ') THl->TH
WZIEFIDBRWTL & 9,

Python DEY 2 —Licid, X7V e LTHHERICHEZ 2HDHH D £9, python -m module [arg]
L DESTEET B L. module DY —RAT7 7 ANVE, TANRAZIEEL TR LD LS THITTE
S

ATV T T 7 ANEMERTIHE. A7) T MOETHET L7z, ZOFFNEEE— FIZAN S & FEF4
ZEeMBHHET, T -1 AT Y ST MEADORNTEML £3,

2TDa~vy FI4 vF 7 a vid using-on-general THIHX N TWE T,

2.1.1 5|&D=IFEL

27V T MEEBIERELTA VX TV XRERE LGS, A7V T &R 7 MEDIRICHRE L5
Bk, XFHNDY 2 MERENT sys TY 2 —1D argy BEIHEM XN E T, import sys ¥ T3 & T
ZOVAMITIZERATEET, sys.argv KPR H—DHEENA-TVET, A7 VT MEH515D
FBELRFIUR, sys.argv[0] XZEDOXFEINCHRD EFT, X7V T rEHDORbDIC - (IFEEANTERKL
F) BIEET D L., sys.argv[0] 1 '-' WD FT, -c command ZfES &, sys.argv[0] & '-c' Tk
D FF, -m module Z{H 572355, sys.argv[0] IEEY 2 — LD 7N RIZHZ D £F, Python £ ¥ X —71
&%, -c command X -m module DEAIIEE LTzA 7> a NIEHR L ET, BHINZFIEIL, sys.argv
ZAf5 T command X° module > HZIRTEE I,

2.1.2 WEE—F

A4V RT) ZPWMAEHA (tty) A=Y R Ta Yy T2 oiisllo TWRIGEE, 4 V27 ) X WEE—F
(interactive mode) TEMEL TR EWVWWET, ZDE—-FTIE. 4 &2 7Y Xd —xFOA>F b (primary
prompt) ZFRR LT, 2—HFIRaAvY FEANTR L3R LET, — R vy A MEEE, =20 R
51 (>>>) TY, MBATTIE. A X TV XE ZRFAV T (secondary prompt) ZFRRLEF, K71
YTME TI7ANMPTE=ED2D Ry b (L) T, A VX FVRE, BHIOTa 7 el Tiic -y a
VEB BRI OIE ZEHX v -2 ML E T

$ python3.11

Python 3.11 (default, April 4 2021, 09:25:04)

[GCC 10.2.0] on linux

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

>>>

MAATIZ. EBRATOMX 2 A5 2 & 2i2fivEd, B, if 3T 2 AL 3

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

6 % 2 E Python 1 RSV R%FES
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(RIDR=I D5 DR E)

Be careful not to fall off!

MEEE— FIZOWTORMNE HEE—F 2L TSV,

22 1R TR EFDIRIE
221 YV—Xd—FOXFI—K

77 4L b Tid. Python ®Y —2a—FiZ UTF-8 Tzrya—RFEIhTW3bDr LTHFbhEd, UTF-8
T, MAFDIZL AL DEFEOLF R, FRHCIFHN) 70, #@AllF. aX Y b RECHETET, — 27
L. BHES 4 7' VIE#HIFI2 ASCII XFDAZFALTNT, ZOMDKR—2 T Nka— Kb ZoEEFIC
WEOINETT, TNODOXLFEIELLRRT RO, TT74 XR—=1FZD 7 7 A2 UTF-8 Th % FHxilk
LT, ZO7 7 A NZEENTVWEXFEETHR— L7+ b2EbRIFNIED £HA,

FIZxNrbIva—FT4 NI a—FT 4 I EFERATRIE. 7 74D FEE OITICRRlRa Xy
FEBMLZTAERZD RA, ERELTOED T

[# —-*— coding: encoding —*-—

encoding 2%, Python 2% codecs THR—F L TWAAMBR LY a—T 4 VI RIEELE T,

iz, Windows-1252 > a—75 4 Y 7R EHT 2123, Y —Ra—F 7 7 A VOEETIETRLDOESICL
ERCRE

[# —*— coding: cpl252 —*-

Y —RZa— R UNIX “shebang” 1T T E B5EI2IE, KHEIT OL— 3T A, ZDEEI
X, Za—FT4 YIOEFE 7 A VD2TEHICEMLET, FIZIEUTDOIS k) £

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

21D

22, 12TV REEDRR 7






THREE

FZhE 5L PYTHON D#E7

DRy Irtid. ANetihdErery 7 (> % ) OAETXHILET: fleERicalsmad. 7
Y P IREREINTVWE X, YU Fo7ary s roB20RNEETCEANTLE D,

OX=aT7NVEHZY Y TLDELIE, MEETR Y TP TANENEHDTHAXY P EEATVET,
Python 2B 22X Y FE Ny ¥ aXXF ¢ THED, WHITOKDD ETHREES, aX ¥ MIfTOE
BHICH., ZZHRA—FORICHELL LD TEE T, XFHNV T I LONEICEL LI TEERA, XF
FI) T INHDNY & aXFEEDNY T aXFTT, XY MIa—-FEHRIITZ22HDDDTHD,
Python 32X > F 2R L EH A, BOT, > FNa— FEEBICAHLTRL TR X3, axv b
EHOVTHALRTT,

WL DDBITS:

# this ts 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 ZEE LTES

ZRTE, il Python 3% KEWCODPRLTAZL 5, A Y XSV XERBLT, —KFa> 7
b>>> BB DEFEET, (25 REHHERVETTT)

3.1.1 &

A RFTY R, HELESDLICHELET: X2 ANT 2L, ZOMRBEREINT T, KOSGEIFR
EZSDTT: HEF +. - . / KXo TEMERZITI 2 TE, AN (O) 27 r—Auicfis 2
ENTEET, HIRIL:

>>> 2 + 2
4
>>> 50 - b*6
20
>>> (50 - 5%6) / 4
(RDR—T12Hi )
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(RIDR=I D5 DR E)
5.0

>>> 8 / 5 # division always returns a floating point number
1.6

B (BRI, 2. 4. 20) i int BITH D, /IMEEEREOR (B2, 5.0, 1.6) I float BTF, BfEH
WOWTEEDF 2a— I 7L TELIKETWEE S,

BREL (/) 13 CRE/ MR R L 5, // HETIE BHERE 217V, BEEZELE3; BRI % TK
@ibﬁ—o .

>>> 17 / 3 # classic division returns a float
5.666666666666667

>>>

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

5

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

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

17

Python T, HEREEFHHET 2012 +* HEFHEZ 3

>>> 5 xx 2 # 5 squared

25

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

FES (=) BEBEZRAT 2 e 220 E s, KAZT-oTH, FREHEASHT. ROAS T T b
FKREINET, -

>>> width = 20
>>> height = 5 * 9
>>> width * height
900

ZRAH 7 ER SNTORY (DF HEBPRAZINTVRY) BE, TOEHEHES L5527 —2¥A
LEJ:

>>> n # try to access an undefined wvariable
Traceback (most recent call last):
File "<stdin>", line 1, in <module>

NameError: name 'n' is not defined

FHPMREERCY R P LTVWET, HENRDE (AT ¥ F) KEBOMBADEL > TV I HA,
HE IO A RS ¥ P28 NIRRT R L 5

ok 1 - KD BRIEMDENDT, -3%x2 1% -(3%xx2) RSN, FHERBRIE -9 K2V ET, ThZBIIT 9 2187203,
(=3)**2 P HXET

10 £ 3 & EXIELS5H L Python OFBN
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>>> 4 x 3.75 - 1
14.0

HREE— R Tl RBICFERSNAEREER _ KRAShET, ZOZezAMT 5L, Python ZFEH L
LTS & 22, FHRZENE L TIT O MEENZ DI D £9, UITIHZRLET:

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

>>> price + _
113.0625

>>> round(_, 2)
113.06

ZDOERIIHTWD 2T 2170, HRHRRAZIT o TRWITERA — ZARZ 2 FHUE. RUARTTHI
DO —HNVEBDBERS . TTORHGENEE T o HAAAZER B VR L TLTEL LRI TR >TLE
I LNEH A,

int & float IZMIZ. Python !X Decimal % Fraction % & DMOEMEM b I K- L TVWET, HEHK
HAHAABRE LTHR—-FLTED, j LR I EEFZE > TEHMZRLES (Bl: 3+55),

3.1.2 7% X+

Python (3BEZ T TR 7F AT (WbW2 XFH]) TH S str ML o TRISNET) 2|5 2eh
TEXT, | DEDRFR rabbit D K5 RHEE, Paris O X 5 244l Got your back. k57 H TN
TFINCF, LFINES Y I 5= (1. ) FREETAZ 54— b ("...0) THA, Y5 oEMoT
DEVEDHD EFEAT

>>> '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"

ZF—FDHTT +— b ZFENZWEE \ ZRICHITIMNZ 28T 25 —7) 25308 3HDET,
H LI, XFHTHERHLEZWZ +— 23O FD7 — FTHLZI LD TEE T,

>>> 'doesn\'t' # use \' to escape the single quote...
"doesn't"
>>> "doesn't" # ...or use double quotes instead
"doesn't"
>>> '"Yes," they said.'
(RDR=T12HiL)

2 MOEELEST, \n O &SRB, B (1...) L @B (... v) TRUERERS 2T, MEOK—0k
Wik, BE|HFCHLALZENTIE " 2 X7 =7 T 208NV (7220 \' BT A5 —FT208EPH5) 28T, ¥dbFE/
T

3.1. Python ZE5HC LTHES 11
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(RIDR=I D5 DR E)
'"Yes," they said.'
>>> "\"Yes,\" they said."
'"Yes," they said.'
>>> '"Isn\'t," they said.'
""Isn\'t," they said.'

Python ¥ = VT, XFHN2ERT D ZTEXFHNHNEIND L ETRAATTVELRLZZeBHD £T,
print ) BIEMES &, MilmD 2 + — b2 %D TR Y =T ENLEXFRRRLTHE RSN 2, &
DIARTWETHNITEET,

>>> 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.

\ I KRR L TR N RWVIEEIR. &IOS RFORNC ¢ )72 raw strings H3MHEZ
9

>>> 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

raw XFHNEHID L ED D D £3: raw XFHNIARMED “¢ XFTIIHR T TE I H A, bl & RIRITIEIC
DWTIE the FAQ entry 2L TL 2 & W,

String literals can span multiple lines. One way is using triple-quotes: """..."""or '*'. .. """ End of
lines are automatically included in the string, but it’s possible to prevent this by adding a \ at the end

of the line. The following example:

print("""\
Usage: thingy [OPTIONS]
-h Display this usage message
-H hostname Hostname to connect to
ey

produces the following output (note that the initial newline is not included):

Usage: thingy [OPTIONS]
-h Display this usage message

-H hostname Hostname to connect to

XFHNE + HEFTHEMEZES ({ 223 T—2IF%) ZENTE, x HEFTRESELILPTEET:

12 £ 3 & EXIELS5H L Python OBN
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>>> # 3 times 'un', followed by 'ium'
>>> 3 % 'un' + 'ium'

'unununium'

HE L THA TV EED XFHVTIIL (%D, sIAfFCHbNLXTS) 3, BEMCEE SN E T,

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

OB, ROFINZSEAT LW E FIC THRICLDB XT:

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

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

ZHE 2 DDV TIAEDS LISHLTOAE E, 23 s 28 A:

>>> prefix = 'Py'
>>> prefix 'thon' # can't concatenate a variable and a string literal
File "<stdin>", line 1
prefix 'thon'
SyntaxError: invalid syntax
>>> ('un' * 3) 'ium'
File "<stdin>", line 1
('un' * 3) 'ium'

SyntaxError: invalid syntax

ZRE S LRERE Y 7T IN2#iE L2 EIR, + 2o TS

>>> prefix + 'thon'
'Python'

XFINE ATV IR (RF) RIBELTXFRIETEZ T, BYIOLFDOA VT v 7 RAF 017D ¥,
XFEEERT, EHOF—RAZHABRINTVERA; XFLIT, BIZEXD 1 OXFFHITT:

>>> word = 'Python'

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

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

'n!'

ATy 72 ZE, ADEBIETEEET, ZOHE. ArOBATVEXT:

>>> word[-1] # last character

’nl

>>> word[-2] # second-last character
’0|

(RDOR=V1Fil)
3.1. Python ZE5H LTHES 13
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(RIDR=I D5 DR E)
>>> word[-6]
IPI

010 ERAITERVDT, BADAL Y Fy 7 RF -1 BoRED £,

In addition to indexing, slicing is also supported. While indexing is used to obtain individual characters,

slicing allows you to obtain substring:

>>> word[0:2] # characters from position O (included) to 2 (exzcluded)
lel
>>> word[2:5] # characters from position 2 (included) to 5 (excluded)
'tho’

AT AADA VT 7 A& BT 7 4V MERD D ET; MDA VT v 2 A EWETZe, 0 L R
INFET, —HFD DA VT IREERTEIE, ATARTEIXFHNDH A X ARINFET,

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

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

lonl

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

'on'

BIAMEIXE ICE TN, RTHEIZFECEENRVWIEICHERELTLEE WY, ZOT s[:i] + sli:] 3HEIZ s
PELL DY ET:

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

ATAZRDFENAEBIEZZROVAER. A VT v VAR F L XFD HWIE (between) ZIELTED., &
WO FDIND 0 127820 TWVWIEEZDIETT, 25T 5L, n XFPBIRIZXFINTDOREDOFDH
WEA YTy 7 A n 2D ET, HIZIEZS5TY

e
[ Plyltlhl|olmn|l
NI
0 1 2 3 4 5 6

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

LITHORFISLFID 0 26 6 FTDA v F v 7 2ADMBERLTVWET; 2THREMET 28D4 VF v
IRAERLTOVET, i 256 j FTORIA RE, T2 i 2fTVEER»S j e fTwiBREFTtoe2TD
XFEPHR>TVET,

EDAVF v 2 ADEE, AFA4 RN —Fr Y ADEZIF. XA F74 ZADWIHDA > F v 7 ZAp3EiFHMNIZH
ZRED, ATy 7 ABOECKED 5, HlZIZE, word[1:3] OEXIE 21k D ET,

REBMEDA VT 7 AL T L7 —0RELET:

14 £ 3 & EXIES5H L Python OBN
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>>> 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

LoL. A4 ATHFANDA > F v 7 2% fiolzb X, EFLSWIELTH-> TS NET:

>>> word[4:42]
lonl
>>> word[42:]

Python OXFHNIEETEEHEA - 2% D FE TY, oT. XFHNDA T v 7 ATHE LD 55T
WRAZITO =D REL T

>>> 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

TLDXFHN & B D FHNDEIZHE R, H L K FHNZER L TS W:

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

>>> word[:2] + 'py'
'Pypy’

HIAABIE Len () 13 FHNDEE (length) 2R L £73:

>>> s = 'supercalifragilisticexpialidocious'
>>> len(s)
34
2E:
textseq <
FHIRENZ =T R8T, =7 AT K-SR TW R HBEOHREZ T R—F LTV
£,
string-methods X

FHNE, HEANBEROMRBREZIT O TDDBZLDXY v FEHR—FLTVWE T,

f-strings =
DOMDIAABE T K — b LI2XXFEH 71

formatstrings

=3

z 1 ==y MZOWTDIEHD
3.1. Python ZE5HC LTHES 15
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old-string-formatting X
FHND ) HREFOEART Y FTHIGEXHIHEINIH VT + —< vy MEEIZOWT, FELSE
BERTVET,

3.1.3 U R M (list)

Python 3% < @ 8 (compound) 7— X2 B & HZ TE D, HHROHEEZ T D 2DIfEbRE T, RDIVHME
EwoE VRS (list) T, ary<XUbh off (ER) oMz MiElcHAZ D LTEELRIIET,
VA MIRLLZBMOERZBLI DD E I, BHEFRILLMOEROA LT,

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

XFF (MO ETOMAAABD =72 Z ) DXSI1Z, VAMNIA VT v IARRIA AN TEET:

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

1

>>> squares[-1]

25

>>> squares[-3:] # slicing returns a new list
[9, 16, 25]

VRN, VRAMOEEREDTR—-FLTVWET:

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

RE BXFHCIFE ST, VAMNIAZEBTTOT, BEREANGTIONET:

>>> cubes = [1, 8, 27, 65, 125] # something's wrong here
>>> 4 xx 3 # the cube of 4 is 64, not 65!

64

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

>>> cubes

[1, 8, 27, 64, 125]

list.append() ZffioT. VA FOREBIZH LWERZBMTEXT (ZDXY Y FIZOWTIFHETIFLL
HTuwEEd):

>>> 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]

BHI7Z2fCA T Python 3R L CF—&ZZ2ab—LE¥A, VAN Z2ZHICRAT S . ZOZEHI BFED
DXk 2BHLET, DEA3ZEHEBE LTIV R MNIHEEDLEEEZIT >, ZOVRFNE2BRBLETRTOMD
ER AL CHERTEET, ¢

16 £ 3 & EXIES5H L Python OBN
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>>> rgb = ["Red", "Green", "Blue"]

>>> rgba = rgb

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

>>> rgba.append("Alph")

>>> rgb

["Red", "Green", "Blue", "Alph"]

ETDRAT A AEZ. FBESNLZEZZEUHLVWI A MERLET, HlZiE, KROS54 RE, VA RD
‘2%‘4\:[ EO‘_ ’Ei@l/ij—o :

>>> correct_rgba = rgbal:]

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

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

["Red", "Green", "Blue", "Alph"]

274221, RADBTEET, R4 ZADRAT, VALDODHAXEEBELED, £2TRHEIRLEZDDTE
¥

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

[ta', 'b', 'c', 'd', 'e', 'f', 'g']

>>> # replace some wvalues

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

>>> Jletters

[ta', 'b', 'C', 'D', 'E', 'f', 'g']

>>> # mow remove them

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

>>> Jletters

[ta', 'b', 'f', 'g']

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

>>> letters

[

HUAABIRL 1len ) BV A MZHMHR F T

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

VA ZANF (IZDPOVAM2EOV R M2ES) ICTEET, flRid:

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

[[*a', 'b', 'c'], [1, 2, 3]]
(RDR—=V1HiL)
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(FiDR— 25 D %)

>>> x[0]

['a',

Ibl, Icl]

>>> x[0][1]

'p!

3.2 7OV 520N\ DE—4%

bHEAA. 27232 XD b b o LEMLREICSH Python 2 X £3, #ilx1Z. Fibonacci series DIEFHDEL
DHNEIRD L5 CEFET:

>>> # Fibonacci series:

. # the sum of two elements defines the next
.a, b=0, 1

>>> while a < 10:

0w 00w N = = O -

print(a)
a, b = b, atb

EofITIE, W orFHLWEEEZEH L TVWE T,

o BAIDITITIE BBERORA (multiple assignment) A ->TWET: Z¥ a & b id. ZhZhFEKF

WHLWEO & 112> TWVWET, ZORAER. REDITTHIHEDLRTVWET, RAXTIE, 34
HADOEPTARTHEMME I, KERADTObNET, GHORIX. ErSHAEANLHEFEFICFHiEX N E T,

o while &, &M (22T “a <104 WETHLIMHFET2#HEDIEL (W—7L) £F, Python T

F. C SRBLHABIC, ErThVEREEZEL 2D, Yuidbtd, £ SCFFIERe Y X ME
REBMRET, FhAHOT—Fr o 2b, FEKXe LTHEATEES, RS 1 oy —r R
BT, ZOY—r Yy R3MBIRDET, 3+ IV THELNTVEEMET X MY v IR TT, &
R IEBTEE T C S RMRTT: T42bb, < (XD/hXWV) > (XD KEWV), == (FLWV), <=
(ED/DPZVHFELWV), >= (KD KZFVHLFELWV), BXUY 1= (FLLAKRW), TT,

N—TD KE (body) ¥, A>Tk (indent, FFIF) SHTVWET: £ 7 ME Python iZHW
T FIXE /N =TI eDZTETT, Malfi7a s 7Tk 4 7 FENLB T2 AT 2
KR 7R (BBED) AR—ZAZHRFIUIRD $E A, FHINTE, o L EHERUHZ AT
PGB TIFAINLT A XS ZITREBTLED BLAYDTXFA T 4 XiE, HEA VT
MEREZ R o TV E T, HAELEMEERNICANI T2 212k, ANWZETOL S LE LTRIRICZETZ A
NLET, TR =P R ENDBEEZRDITZ AN LD, HMITERNWED TS, ERNRTay 2
AT, 2ETOFEEILETA YTV FENTORITNUIRSRVDTHEEL T ZE W,

o The print () function writes the value of the argument(s) it is given. It differs from just writing

18
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filE

the expression you want to write (as we did earlier in the calculator examples) in the way it handles
multiple arguments, floating point quantities, and strings. Strings are printed without quotes, and

a space is inserted between items, so you can format things nicely, like this:

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

F—U— P58 end 215 . HOHOREBZETXFEZHA LWL ST LD, HlOoX Tz RE
WAL TERT:

>>>a, b=0, 1

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

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

3.2. 707

JADE—% 19

Al
n
\l







FOUR

FOMoOFHIO—Y—IL

HIFE TN L7z wvhile XOMICH, Python iIZidWL ol 7o —y —iadb b, AZETHHEL T,

4.1 if X

BEZELRDBBALADUZ if XTL x5, HIZI:

>>> x = int(input("Please enter an integer: "))
Please enter an integer: 42
>>> if x < 0:
x=0
print('Negative changed to zero')
. elif x == 0:
print('Zero')
. elif x == 1:
print('Single')
. else:

print('More')

More

Yol LD elif HZEMS Z L TE, else HEMIFZZLDTEZTT, F—U—F 'elif’ I ’else if’ %
WL L72bDT, BFEIRA VTV MBI 20IHIHET, —HOD if ... elif ... elif ... &, MO FFEI
BlF 2 switch X case XDORHE %D £3,

W ODDERE R CELZ IR T 23560, FEDTISEE» 2R T 258 121d. match X2EFTT,
FEHINE match X 2SR L TL7ZE W0,

21
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4.2 for X

Python @ for 3iX. @& C FFEX Pascal i THWARNTWVWE 2 H LKW for XEIFPLEVWET,
(Pascal @ & 512) BICEMUDBINC DT 5 RIEZITo7D. (C DX IIZ) BEL AT v e ARk 2 1
HFedbI—PPERTESXHICT2DLITEN, Python D for i, EEDOY—F7 M (YR M EF
XFH) Wbz o TRIEZITVWE T, RIEDIEFRIZS — 7 ¥ AFICEBZ BTN B IEHF TS, Hlzi:

>>> # Measure some sStrings:
. words = ['cat', 'window', 'defenestrate']
>>> for w in words:

print(w, len(w))

cat 3
window 6

defenestrate 12

ALy arA 7Yl FOEERENEE L TWEEEIZ, 20aL 72 ard 7 P27 VeEETLZa—
RIXHR T 200 HENICKRDFET, 2555 LDd, aLryaryAr7y=7 b@av—iax LT RIGNHE
FEAh fLwalrryari sV MRERT 2 A0EEITEBELLTVWTT:

# Create a sample collection

users = {'Hans': 'active', 'Eléonore': 'inactive', ' =AHBE': 'active'}

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

del users[user]

# Strategy: Create a nmew collection

active_users = {}

for user, status in users.items():
if status == 'active':

active_users[user] = status

4.3 range() B

BANZ DTz > TRIEET S BDEDD 255, HAAABEE range ) BEFITT, Z OBEBUIEME DK%
ERRLFET:

>>> for i in range(5):

print (i)

> W N, O -
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FEE L7 AR I N2 > — 5 Y RIIEA D £¥ A, range(10) & 10 HOEEAERL, X 10 D> —
FYRACBILZEEEDA YT R D £T, range ZHIOB SR LD, hOBEME (BTH; ¥
BIZMIC 25 v 7 (step) LIEZNS L bB D ET) 2IETH L bTEFT:

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

>>> list(range(0, 10, 3))
[0, 3, 6, 9]

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

HBY—TYRIDoTA YT 7 ATRIEZITS T, range() & len() ZXD L5 IHAGDLELN
9

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

3 little
4 lamb

LaL., ZL DFEIX enumerate () BEEE S HEMNTT, L—TDFI=v o 2SRLTLEE W,

range FEHZEHE N TR AR IR ET:

>>> range(10)

range (0, 10)

range() 2R T ATV 227 NI, WAWARRETY A M THI0DEIIRABOETH, ALEYR T
EHHFHA, ZHEX ATV — b LERICEATREIOMERG U EBERIRT AT 27 b TF, L LERK
YR FRIEDZ DT TIERVD T, AR—ZADHIFNITHED 3,

CDEIRATI2MEATTTIL eMENE T, TASEBBEEEEOZ -7y r e LT, H5707
DEHEBRXEZZ2DICHELTWET, for XBZFDXIRBEMTHZ2 I LIZTTICRTETEY, 4177
TN EZ TR A OFNCE sum() 3H D F 5

>>> sum(range(4)) # 0 + 1 +2 + 3
6

DRI, AT TNEBIRLEDA T I 25 TRV OhOBBLAHTEE T, T—HEE T
1Z. 1ist ) WICOWTEDEELL L £ 7,

4.3. range() B#X 23
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4.4 break and continue Statements, and else Clauses on Loops

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.

wvhile XDHEWX, V—T&EMAL 7B IZFETEINET,

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

Zople LT, BHEHEET S for XELIMITRLET:

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

for x in range(2, n):

if n % x ==

print(n, 'equals', x,

break

else:

© 0 N O O P> W N

# 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

(Yes, this is the correct code. Look closely: the else clause belongs to the for loop, not the if

statement.)

When used with a loop, the else clause has more in common with the else clause of a try statement

than it does with that of if statements: a try statement’s else clause runs when no exception occurs,

and a loop’s else clause runs when no break occurs. For more on the try statement and exceptions,

see BINZILIET B.

The continue statement, also borrowed from C, continues with the next iteration of the loop:

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

print("Found an odd number", num)

if num J 2 ==

print(”Found an even number", num)

continue

Found an even number 2
Found an odd number 3
Found an even number 4
Found an odd number 5
(RDOR=V1Fil)
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(RIDR=I D5 DR E)
Found an even number 6
Found an odd number 7
Found an even number 8

Found an odd number 9

4.5 pass X

pass XIIfH LEH A, pass 1. X2EF L ML LERINTWED, 0l J A LOBEES T 546
BRI ED N E T

>>> while True:

pass # Busy-wait for keyboard interrupt (Ctrl+C)

CHERND Y T A%ED L B K fEDNZTTETT:

>>> class MyEmptyClass:

pass

pass Dd S 1 DDFVEEZ, HLLa—FE2ELTWVWS L XOBEBPLEEXDREZDOAEYL LTTY, Z
ST T. KDHBMRLALTEZRITONET, pass IMHFSWBHINE T

>>> def initlog(*args):

pass # Remember to implement this!

4.6 match X

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.

D HHLIERE, HROEINLT1I O EDY 77 1T

def http_error(status):
match status:
case 400:
return "Bad request"
case 404:
return "Not found"
case 418:
return "I'm a teapot"
(RDOR=V1Fil)
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case _

return "Something's wrong with the internet"

(RIDR=I D5 DR E)

|

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.

ROV 7 I0% “|“ (Por”) ZEHL THAGDET 1 DD X—-VICTEET,

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

NRE=VET7 vy TRADTE, ZEIHUTDT 6N ET:

# point is an (z, y) tuple
match point:
case (0, 0):
print ("Origin")
case (0, y):
print(£"Y={y}")
case (x, 0):
print (£"X={x}")
case (x, y):
print (£"X={x}, Y={y}")

case _

raise ValueError("Not a point")

ZDaA— RFIEFFEELTRTLLEIW!

BHIDORR =220 FIAHHY, ETRLEY T I8

R—Y DR Y EZ B2 TEET, LALRD 20D K =13 T e ZBHOMAESDOED=H, %t
R (point) 2 OMEZED L TEHBIC FEUDIT £5, AFHDO KX —=VIF 2 oDEEIDAAE T, ZHUL,

7y 7R (x, y) = point EHERAICITVE T,

T—REMET 270127 7 Ao TWE LG, 77 RAHDRAICAVA I 7 EZ—D LS IEIHDY

AMEIEECTEET, BHEOMHEEZEBICHDIAEFNET,

class Point:
def __init__(self, x, y):
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 (£"X={x}")

case Point():

print("Somewhere else")

(RDR—T12HE L)

26
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(RIDR=I D5 DR E)
case _

print("Not a point")

W O DHAAA Y 7 ATIIMES I BBHEATE, BUHEOEFELZRELEST (B: 7—227FR) Z7I7AD
__match_args__ FiEMHTICX > T, X =Y OHTREDOHMERNELZ ERXTHZdTEET, ("X,
"y MREZI NG A LROITRTOARE = FFEMTT (TXTEME y 25 var ZEUCEES T SN ET):

Point (1, var)
Point (1, y=var)
Point (x=1, y=var)

Point (y=var, x=1)

BT TODARX =V DFAHE. 2=, RAXOELCHET 2 bDEIRLIZEATH e ARTZ
ETT, ZAUTX D, COERICRICHRAZINZ 000D 3, HoAE] (LFEED var 2y 72008
<y FXTEBPRAZINE T, Py MIZDOART (foo.bar ), EHH (LFELD x=, y=2¥ ). 77 A
% (BHTDBAD () ko THEIZN S, LED Point 72Y) IKIHMERRAZI T E A,

RE=NEVLBTHANT (FAPMN) IKTBHZEMNTEET, FlRIE. __match_args__ ZEML 7z Point
JIADYAMIHMLTRDESI Ty FRITO LD TEET:

class Point:
__match_args__ = ('x', 'y')
def __init__(self, x, y):
self.x = x

self.y =y

match points:
case []:
print("No points")
case [Point(0, 0)]:
print("The origin")
case [Point(x, y)]:
print(£"Single point {x}, {y}")
case [Point(0, y1), Point(0, y2)]:
print(f"Two on the Y axis at {yl}, {y2}")
case

print ("Something else")

NRR = if HiZBINTEE T, ZHUT " H— K" 2RENE T, F— KD false DIFE. match IZRKRD
case 70y 7 DI EIL 3, H— FEFMEST2NMENE D HE N2 Z 2 IERLTL Z&E W

match point:
case Point(x, y) if x == y:
print(£"Y=X at {x}")
case Point(x, y):

print (f"Not on the diagonal")

Z DD FDBD N D BB AR
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LEd, BEZASE LT, A 7L —Z—XFHTREIYFLEE A

o V=T VARR=VIIIIRT Vv PP R—b: [x, y, *rest] ¥ (x, y, *rest) 7 Vv
RAELTHRILESICEMELE S, * DH L DEHKHAIE _ TH XL, 208D (x, vy, *_) FHRIKT
b 2D0DT7ATLEROY =T YRIZYyF L, BRDDT7 A 7 LEERHESD 5N ER A

o ¥y ¥y KX —: {"bandwidth": b, "latency": 1} {IEfFE DS "bandwidth" & "latency"
DEZMDIABE T, ¥ —F Y AAR—V 3R RD, ZNLSOF -3 EREN T, 7o vy
ZDES7% kkrest YR — FENTVET (LaL, #+_ 3ARGBEDE LN TVET),

o I NRKX—VTldas F—V—FEMFEHLTHEELZEDIAAZT:

[case (Point(x1, y1), Point(x2, y2) as p2): ...

ZOFITIEATIPS 2 BHHOERY p2 L LTHDIABLET (AP 220DRAL Y PO =7 VA TH

5 58)

e EFXAYDY T INMIR—MEIE L 32, > 7 k2D True, False. None TIXiliAlfE % L

LT,

o NE—VZRAHTZMNIE-RPHEHTEET, E2IRDADERE LTS 2 2li<kd

2. Py MIZOERHITT 208D D £,

from enum import Enum
class Color(Enum):
RED = 'red'
GREEN = 'green'
BLUE = 'blue'

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 : (")

color = Color(input("Enter your choice of 'red', 'blue' or 'green': "))

X a7z @A LB OflE PEP 636 I2F 22— MU 7ABKTHALTH D 5,

4.7 BB ZEERT S

7 4 RF v FEF (Fibonacci series) ZEED FREE TEX T X5 BB EERTE XTI

>>> def fib(n): # write Fibonacct series up to n

"""Prent a Fibonacci series up to n."""
a, b =0, 1
while a < n:

(RD<—J12Hi <)
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(FiDR— 25 D %)
print(a, end=' ')
a, b = b, atb
print()

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

def ZRAED E&E (definition) B ¥ =7 — FTF, def DRITIE, BIESH ARG B2 AFEIMTHA LY
A M BT RITAUIRD TR A, BEOFEREZMELT 2 FITUIRDITH LMD, 4 V7Y PEhTwiRiTh
372D FE A

B OARARDFIRT B2 XORAIIDITEXFHNI T IMUCTEI e b TEET, 208G, TOXTFINIEKD
F¥ 2 XY 7—2a 54 (documentation string). ¥ 7213 docstring £ WHENF F, (docstring 12DV T
F RFAXAYT—2aVXFF TEHRF->TVET, ) FFaXrF—va rXFEEfio ey —izid,
F VT4 ERHRINEZ BEIINCAER LD, =PRI — R EEMETE2X5129753
OWBHYET, HADPELI—FRFFa X0 7—2aryIFNEANZDEFIVEIETT, EELHEOITIT
{7ZEW,

BI%Z 1T (execution) 325 & %, OO —WNVEH DD b 27272 KT —7 0 (symbol
table) SHEINE T, d o LIEfEICWVS &, BN TEBANDRAEZITI &, ZOHEEXTRTIOR—HIL
B VRN T =TGRS NE T, —H. ZROSHRETI . TR —INRI VY RLT — T UHIRRZ
N, KX SIHMIDBEB DO —hLiesy Y RAT =TV ERZE L, ZOHBI7A— LR VRLT— T %
AN, RBICHAAADHET T — TV ERANE T, (6o T, BEOHFTIX (0 — LB global X T
EINTOWD ., SMIDBIE DZEED nonlocal X THEZINTWARWVIRD) 7'a— LAl DBIE D
ZEIWCEBEEZRATEZEAN, BZRITZZETEET,

Bz RN SRR O FERR D 5 1R (25150 &, BRSO HE N5 & ZICHBon —Anizy YR T—T 0
MIZIDAENET, £5 55 28T, E518UL EEL (call by value) TRRICEEINZ ZLITRD ET
(ZZTO fE (value) LI EHITH TV =27 v AD B (reference) Z W\, A7V =7 FDEZDHDTIED
DEVA) . HIZEBPFOBBEMOHT L &, BHZHBIICPEOH T 2 212d, Filz ool L
DDA —=TNIZS Y RNT = TN E N E T,

BHMOERZITO . BEBIEEEA 7Y 2 7 P e 2D RBEDS VR T =T A D ARG NE T, 4
YR—=TYRIZDHHPHET AT = 7 b2 —FERBE (user-defined function) & U TEML 9
ORISR CEBA 7S =227 P 2IGT N TE, FRZOBBICT 7R T 27DIMEHT 2N TE

S

>>> fib

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

>>> £(100)
0112358 13 21 34 55 89

1 EZQr A, AT CADBRBIEL (call by object reference) L \WVWS3Fo7IE5 X DIEMET T, W5 DI, EHEAIGER
AT bPEENDL e, MOHINOBEBDA 7Y 27 MTo72EE (FIZIEY X MHASINAER) 33T, M
FOPERNH LRSS KX N 2 9086 TF
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OEFEEE DA SIE, £ib BEZES LWV OTHEETIZR S FHE (procedure) 72 BiHH 500 % L
NEVFAR, FEMINCE 21E, EBRICIE return XEFLROWEE DR OELRWETIMEZRLTVE
Fo ZDfEI None EFHINE T (ZAUIHAAADHARITTT ), None ZII2HZHZS 328, A & TV
KFBEELNZIHIL E T, ARECHA L0 RS, LTFO XS print() 2S5 A2 2N TEET:

>>> £ib(0)
>>> print(£ib(0))

None

74 R Fy FRINOBIr S5 V) X e i TR0 DIC, H2IET &5 % EE DIREHTT:

>>> def fib2(n): # return Fibonacci series up to n
"""Return a list containing the Fibonacci series up to n."""
result = []
a, b=0, 1
while a < n:
result.append(a) # see below
a, b = b, atb

return result

>>> £100 = £ib2(100) # call 4t
>>> £100 # write the result
[o, 1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89]

Z DHE Python O L WHEREEZ R L TWET:

e return X TIX. BEH»S—2OfEZIRL £3, return O5|# L 2 2 X237 WI55. None 2R D £3,
BT L= Z12% None 2SR D £3,

o result.append(a) ¥WH X T, result A7V z27 bD XYy R BPPEFHENET, XV v Frid,
A7V M BT 2 B OZ2THD, obj.methodname ¥ RENE T, I I T, obj 5
DATY 27 (ROBEDHHET) THY., methodname ZZDA TV =7 FORITERI NIz A
Yy FHTT, BARBBZEAZHHBEOXY v FZERLTVWET, BRLIMUAFECHAFDOAY v
ZROZELHARETHD, EbHDHDDBDTH 0 VISBRIBEFNELEA, (F7 7R %2 fio
THEDOER XY vy REESTERT DI TEET, B: V5 R) flicH % append() XV v R
F VA MAT Y27 ML TERZINTVEHDT, VA MNORBZHLVWERTEMLET, Z
DHITIE result = result + [a]l EFEMTTH, FREIED ETEIRX—TT,
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4.8 BAHERICOVWTHSIIL

AZADGEHSBEREERT S LB TEXRT, FIBODERTECE 3 20EXAH D, 2hozillas
bDEBZENTEET,

4.8.1 77 #)L b D5I¥E

bo L HEMLDIE. — O EDFIEICHLTT 7 4V bOMEERIEE S 2 TF, ZoBEef> . E&R
ENTVL 5 E D DI NERR D5 BT 2 B R L £ 9

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', 'mop', 'nope'):
return False
retries = retries - 1
if retries < O:

raise ValueError('invalid user response')

print (reminder)

Z OBEBUI WL DD HIETHUHE £ T
o WHODGIBDAE Z %: ask_ok('Do you really want to quit?')
o —ODF T ariliE52%: ask_ ok('0K to overwrite the file?', 2)

e RTD5¥%52%: ask_ok('0K to overwrite the file?', 2, 'Come on, only yes or no!
")

COPITIE in F—7— FHABAZINTVET, ZOF—TV— NI —F Y APREDEEZEZGATVWENE D
DR B Db ET,

77 40 MEZ, BBOVERSINAREAT, BE ERLTWDS llo X2 —7 (scope) THidt s DT

i=5

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

i=6
£0

X5 Z2HALET,

EERES: 774V MEZ 1 ERT LAFBS N ERA. 77 40 MES Y R M OREED & 5 RAHARER
F7Y 27 b ORHTIZZ D ENTE T, HIAILNOBRE, BTkt < IR L cRIBuciE s h T b
I8z REL T
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def f(a, L=[]):
L.append(a)
return L

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

Zoa— Rk, UTFEHAOLET

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

BAEOBITFOH L TT 7 4L MEZHEA L2 2T S KO DU TO XS ez ES ZehTEHT:

def f(a, L=Nomne):
if L is None:
L=1]
L.append(a)

return L

4.8.2 ¥—7J—F5|#

B % kwarg=value L WHERD F—T—F5|H 2o TSI T I b TEET, HIRIF. UTOREE:

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, "!")

. BEBIE (voltage) &4 72 a VEI¥ (state. action. type) ZRUITIFE T, ZOREEIUL TV
FTHHLOIETHUIER £

parrot (1000)

parrot (voltage=1000)

parrot (voltage=1000000, action='V0000OM')
parrot (action='V00000M', voltage=1000000)

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

1 positional argument
1 keyword argument

2 keyword arguments

2 keyword arguments

3 positional arguments

parrot('a thousand', state='pushing up the daisies') 1 positional, 1 keyword

23, LU OREOH LIdAEYI T3

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

32 %45 zotoRErO—v—IL
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BBOMUOHLIZBWT, F—v— FIEIIMNES IBOBZTRIIIRD FRA, EXNsF—v— F5lHuZ
2T, B TZINI o2 5OV T AL ITHIG L TWaRITFHUIR 53 (Bl 21, actor 12 @ parrot B4
Bo518r LTHYITIEZD D FRA). IHFEEETED D FH A, ZHUEF TS a Y TRV THFEEET
3 (FlR1E. parrot(voltage=1000) HHYITT ), W2 258D EEZERENIZITINEL A, ZOHIER
W& D RBCS 2603

>>> 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'

5 DTS **name DIERD b DA H 2 . ZHETORGIBUTIEL72b DERLE TRXTOF—T —F
SIS A - F2EEE (typesmapping ZSH8) #ZIJHD £3, **name |& *name O %E & 2, WEIEDO VU R
N EBRINBIBDOA T BTV BZITIS 58 (RONHITHRNET) LHAGDESNE T, (*name
¥ **name X DHENCRIFIUIRD FHA), HIZIE. HIFEBOERZUTDLISICT S L

def cheeseshop(kind, *arguments, **keywords):
print("-- Do you have any", kind, "7")
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])

PR LIZBAR D X 5127 D

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

BHEALAMTD I T ENF T

-- 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

BB, BROX—7— N5z 525812, ThohthIhsEFE. BB LTS Z o k)EF &
FRCIZZD %9,
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4.8.3 FHBINFAX—%

F7 4L T FIBEMIE 213 F — 7 — FIC X BBH/RT Python BN E T, AlFltke 7+ —~
VADEDIZ, FORIBMBME, MBEELEF—V—F, F—T7—FOLrNTHEINSPEZHEFEEHET 2
DICHBERZIEZRAUT IV ESIZ, 5IBOBINT2HRET 2 2 2 ICI3EWRSH D 7,

BIBUERIIRD X 51272 h %3

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

|
| Positional or keyword |
|

- Keyword only

-- Positional only

TIT. /e *xB AT aryTd, HHINLGE. o0l 5d, sIBMPBEBICEEI NS TIE bbb,
MEHH, MEFZEF—V—F F—U—FHH, tvoksloEZRLEd, F—v—F5lEd 4
Hift Z 518 XN £,

UBXIFF—7— F5I¥

BIRUERIC / b *» BRVEER, FIBUIME £ 23F -7 — FCEBICEEZ X T,

fIEER5 |

IhEd 5P LHELIRTAZ L, FEDIFIHE NEER tHzMIonEd, NEER OLG. 5IHDIE
FREETHD, F—U—-F Tz ItA, MEBHEHAIBZ / (RF vy a) ORIICKBESNE T, /
. MESEHTEERD 0518 ORI BES 2 DI SR T, BIRUERIC / 27WGE, EE
Hslizdh $€8 A,

/ DREDFIRZ, IBEEF—T—F ., LA F—7—FEAH T,

F—U—FEHSIH

518 ¥ —U — FEIRTHETRENRD 2 2R T F—T—FERA L LT E~—27F512i1d 5180 R
FORGID F—T7—FEA FIBDERNC « ZEEL X7,

5k (0t
/ BEO* Vol = —IZERZIA> T, ROBBIERDOHIZ AT ZE W

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

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

(RDOR=V1Fil)
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>>> def kwd_only_arg(*, arg):
print (arg)

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

print(pos_only, standard, kwd_only)

(FiDR— 25 D %)

ROBIRALD D 2 ERDENOABUESR standard_arg &, FOH LHMICHIRZRIITE 53, 51803107

BELEF—TU—FTHEINET:

>>> standard_arg(2)
2

>>> standard_arg(arg=2)
2

2 FHDOBED pos_only_arg &, / DEABERICH 2 DT, GIEIIMEHEHICRD $3:

>>> 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'

The third function kwd_only_args only allows keyword arguments as indicated by a * in the function

definition:

>>> kwd_only_arg(3)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>

TypeError: kwd_only_arg() takes O positional arguments but 1 was given

>>> kwd_only_arg(arg=3)
3

Z L THREZROBIZ 3 D510 EZ — D DBRERDT THP L TVET:

>>> 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(1l, 2, kwd_only=3)
123

>>> combined_example(l, standard=2, kwd_only=3)
123

>>> combined_example (pos_only=1, standard=2, kwd_only=3)

(RDOR=VIFil)

4.8. BABERICOVWTHSDL

35




Python Tutorial, J1J—2X 3.11.14

(RIDR=I D5 DR E)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: combined_example() got some positional-only arguments passed as keyword arguments:

— 'pos_only'

Bi£IC, MESI# name ¥ name ¥ — ¥ L THD #*xkwds ORICBEMNLRE LN D 2B EREEZITAE
Lx9o,

def foo(name, **kwds):

return 'name' in kwds

*—7— R{Z 'name' ZANTD, LHOFIHEFECICHR>TLED 20, ZOBED True ZiIRT X 5 20
CHLOAERDD A IR RDXSICHR->TLEVET:

>>> foo(1l, **x{'name': 2})
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: foo() got multiple values for argument 'name'
>>>

Lo LI EFEHZRS / 2 TUIATREICL D £F, name I3AEFHE LT, ZL T 'name' 3F—7—
FElOF—7—Fe LTEMINI205TT:

>>> def foo(name, /, **kwds):

return 'name' in kwds

>>> foo(1l, *x{'name': 2})

True

EWZ 5. MEHEHFIBTHIUI. ZOHHETZ *+kuds DFTHAL TS, BIKICLESRWVWEWS Tt
‘/C“‘j—o

HAGIT, BEBERTE DHEEDT Bz S D REPDDH L EBVET:

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

A Re LT

o B LEIRDAHTE 21—V —ICHISB 2RBEN TN, MEFHIBEEHALEL x5, ZHUI5IED
HHIB =P =T o TEKRIZ L, BEDMHEIN L 205 BOIEFARETH D, T3, (ZE5]
BEEBOXF—U—F2HHT 20ENDH 555 1HN T,

o FIBOHENIERD DD, TR X DEBOERN I VALRIIA S, i3, 22—V =235 [ BONEE
KOS ZEZBITZIEI PV EEZLZDRL, F—V—FEHIBEHHLEL & 5,
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o API DGE. FERSIBOUHIDEE S NGEIC API OEENTERLR 2 Z e 2l oic. fiE
HHTEEEHLEL x5,

4.8.4 EE5I1HI Xk

RERIC, RBED Z 0P nviERE e LT, BBPMEREOEROT TR 2 X 5E8ET 2 5ENH D
X5, INHDFHEFRTIN (BTN —=T 2R 25W) KM E T, AIZEO5IRDORNS, ¥ afid
ZHLL LGB D > THNEEA,

def write_multiple_items(file, separator, *args):

file.write(separator.join(args))

BHE DX 57 AIE 5IEuE. BBUCEEN 2 ANGIBORERD 22 THWELS 729012, REIEY R b om&ic
BOrNE T, *args 5IBORICH 2RIIEE " F—v— FERA 518 T, MEFIETIIRF—U—F 5%t
LTOAHZS L ZERL X,

>>> 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 5|V DTNV

FIEDITTITY A PR X TN o TOT, ERIZRAES B2 ZRK§ 2B LI T 720ic 7 Ry &
T BMEND LA, HORWATEZ D 3, FIRIE, HARAHBEE range O 13518 start & stop =7
WWHZ20ERHD 5, FHNCEIEESGZ 2 e TERVES, BEMCHLE « HEFE2-> TH X,
VRAMNRRTIADLEET7 vy 7 LET:

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

[3, 4, 5]

>>> args = [3, 6]

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

RO /=T, % ARV —ZEHo THETHF—V— N5 |HEEIT A TEET:

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

J
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4.8.6 LA

F¥—7—F lambda Zffi5 &, AFTORVWNEIZRBEMZERTEE T, HlZIF lambda a, b: at+b &, =D
DO ERTEETT, 72XRDOBEL. BABA T =7 " RERINTWREMICELEZTHHS
e TEET, 78 RNF B EE—oRCHIBRINTOE T, BRI, 74 XEAIGEICE ST
DEIBTERITHEINZHER DR D DI T FEA, ANFHBEICR > BEBIER L FK. 7208Kb 2
NEWOFHOR AT oEREBHMT LN TEET:

>>> def make_incrementor(n):

return lambda x: x + n

>>> f = make_incrementor(42)
>>> £(0)

42

>>> £(1)

43

J

The above example uses a lambda expression to return a function. Another use is to pass a small function

as an argument:

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

>>> pairs

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

4.8.7 FF¥xaX>T7—23 > XF5|

FFaxXyi—yarXFIconTid, ZONBEERICET2EE 2V 20FITET,

BAIDITIE, WICHRMOHNZE HRICE Db D TR TRERD A, BRICEL DT, NRY
DHHIRUZIHRT 26ZIDH D A, HHTPHIIMOTGIETHH/ONLE ST (A7 k7 FEHD
HANEZRLR ST 28FTH 25830 TT ). RADITIIRLFTHED, BV A FTRboTWRITR
D FHA.

FFaXr7r—2a YFHRICE ISR ITXRETEDH 256, ATHIRZETICL, 2eDD{TLERD DR
A ZREANCBEL £5, DO ATIE— D F B ZALL LORIE T, NERYOREOH LK EIEH IO
WTRLR L 5

Python O 8—FIIEEKITICHIz % Python XFHIV T I7A0 64 7Y P EHEWSLRVDT, FFaXy
MRS 5 Y — L TRBBEZECTA 7Y F2REWMS 2T UIRD F¥ A, ZOMUHILITOHMNIC
WoTITVWE T, RAIDITO BICH D FATTHRVERHDITHE. FFaX Y b2EOAL T bOREZRD F
T, (BRAOITIZEE., XFHNZ2HBT 274 - PCBEDEoTWADT, 4 Y7 ¥ bXXFHNY 7 7 A1
N W TY, ) 204 7y vEe 7 EffilR” a0, XFHNDTRTOITEIOHEMSbNE T, 4
VTV PORPDRVTEEHENTIERLBRVDTTH, BLZIWVWITHDZ L, FLEHDEHTNTHHEHE
BNET, A VFY FORADKEEINHEL VALY I 2IE, X7 F%R (BHIE 8 XFDAR—RAL LT) &
B L7z fRICEARNS N E T,
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MRCEBITO P a X o7 —2 a YFH DR ZRL £

>>> def my_function():

"""Do mothing, but document %t.

No, really, it doesn't do anything.

mwmn

pass

>>> print(my_function._ _doc__)

Do nothing, but document it.

No, really, it doesn't do anything.

4.8.8 DT/ T—>3ar

B 7 /77—y a2y Ba—VPERBRTHAINZBNIOVWTORRIA TV a v R A X T -2 IEHRTT (¥
flix PEP 3107 ¥ PEP 484 2L TLFX W),

7/ T7—>av id B8O __annotations__ EBMICEEHE L L TN N, BROMOFTSIITHEL EE
Ao WIRX=RT7 )T —=Yalid, NIXA=—2HDHrDanyrRXNTERIN. ZOARDOFHEFERN 7 /
T—>avehhDET, ROET /77— avid, NIAXA—=XYRA b def XOKEDYERT v DT,
> DBEARXAZEFES I TERSINE T, XROFITIE, HHSIBEEEIIE. EVEICT /) 7= a vt
BahTtngd:

>>> 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'

4.9 fFEph: J—To VI XE21I)L

Ihds EhEL XDEML Python Da— F2EVWTW DT, £25%2% A—=F 4 YT ZXZALIL 12O\ T
o THRWVWHETT, IFLAYDOSHEIEIEARAZANLTET (o bBBICSAE 74—I Y FTE), 2
RANZ Ko THADGEDPRBDET, AL > THABVI—FIZLELI ETIDEEARLEZTHRL
BEZTHH, Roa—7 4 Y IRAXANVERAT 2 2 e 0IEFITHALRYPNTICTRD £5,

Python 1213, L AYDTaY 27 b0 TWERAXANLHEA R LT PEP 8 3% b %3, ZHIIIEH
WKHAGBIBLVLWI—T 4 Y ITRAXANEHEREL TVET, 2T Python BIREF XD 2R TZENEH
PRETT, ZIRDEERAZKEH L TEEET:

o /YT Y MTRBEA 4 OEMV, XTRFELRVI L,

4.9. MEMh: 2—-Fr IR E1) 39
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1D

BH 4 DX (B ARITED) NIWAUFUhE (ABHV) KEWA VY FY OB &5 CHEIIC
YihEd, RTFRIAZEZDT, FHLTIKBLOBRVWTT,

Y —2a— NOWED 79 XFEBZIZNESIT2MDET I L,

IIHOTEHEZETPNEINWT 4 AT LA ZHoTWEL—FhFmAZ LD, KERF4AT LA TIEY —
22— RI7 7 A NBHRBILDHBTEBZ LR ET,

BB 7 7 ARHBNOREDDa— K T7ry ZORXYI D ICZTE2ES Z &,
AMREZR . a X ¥ MIfTITHhITEL 2 &,
docstring # 5 Z &,

HAET ORI 2y ~DRIIFZEAZ AN, FHIEHO T CHNCIEZEAIZ ARV : a = £(1, 2)
+ g3, 4).

77 ARHEBIC—EBMEDO D B4R TS Z 2, BE TIX UpperCamelCase % 7 7 AT,
lowercase_with_underscores ZBIEH A YV v FHIMHFEVWE T, HIZ self XYV v FDHE 1 5]
BOBRT (79292 v FIeonwTid 252418 #RE) L LTS 2 b,

HRIDA—FEHFFTHE-THH520 D46, BEDV BTy a—T 4 Y TR DRV L, YA
BHETH, Python D7 7 40+ UTF-8 %7213 7L — > ASCII Aid EFLWEE T,

FERIC, IZADDP L THMDEREZFET AP I - FEHRALD X TFH Y AT 20[RM1BH D THN
E. JE ASCI XXFH#BIFIMES RETIED D £ Ao

40
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FIVE
T—HIEE
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ZDETIE, TTIRFEAZEZLIZOWTIDFLLFHHAT A2 231, WO H LW ZBMLET,

5.1

JZXREIZOVWTHSDL

VR F=RIENZE, DN OPAV Yy RRBEDET, VAIA TP 27 bPDFTRTDOXY v FEDTRIZ
~LET:

list.

list.

list.

list

list

list.

list.

append ()

Add an item to the end of the list. Equivalent to a[len(a):] = [x].

extend (iterable)

Extend the list by appending all the items from the iterable. Equivalent to a[len(a):] =

iterable.

insert (7, )
BELMEBICEREZHALE T, B 15183 VALNDAL VYT IRT, 204 VT RAFKOE

ROBEFICTHAITONE T, - T, a.insert(0, x) VU A FDEBHICHAZITVE T, £/
a.insert(len(a), x) % a.append(x) ¥ ZHiiTF,

.remove (z)
VAMRT 2 ELWVEEZEORVIOBREZHIRL 3, YT 2EBRIRIFIUL ValueError H33%
HXh g3,

.pop([i])

BEINLNMEOELZLZ VA MNP OWMDRE, ZNERLET, A VT v ZAPEEINTVRVWE
A, a.popO) VR MREOBEZEEZWMORVTRELET, VAMPETH I, A VT v 7 ANBY A b
DOHIFAMN DAL, IndexError ZEH L 3,

clear()

Remove all items from the list. Equivalent to del a[:].

index(m[,sturtL end]])

VAMPT 2 EFELWVEERFORVOBEZRDOMNEZ YR OMRFERRTTRLE T, YT 2EENR
J4UX ValueError DEH ENE 3,
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FEDSITH S start £ end 3R T A AGLEL LTHREN., VA MNOBEREHEZIEETEE T, K
ENBHFE. start 518D S DHEMMETIER L, VA MEEKDOLE»SDMBEICKRD 3,

list.count (x)

YA MTO ¢ OHBEEEEZRL £ 3,

list.sort (*, key=None, reverse=False)

VR MDHBEZ, 4 7L —RHE (in place, JLO T — X ZHFEMAERTESMZ 50D i) TY— b
LEd, 51Y — M TED AR R A4 ZIfEZE T, sorted() DFHIZZRL T ZE W,

list.reverse()

VA MNOERE, 4L —REETHIEICLET,

list.copy()

Return a shallow copy of the list. Equivalent to a[:].

MRV RATFDORXY y FRIFZETH B2 R L 5

>>> fruits = ['orange', 'apple', 'pear', 'banana', 'kiwi', 'apple', 'banana'l]
>>> 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’

insert, remove, sort RED VY XA M EZEETE XY v ROEDEIRREIN TRV Z 2 IZKB Wb b
L ERA, TNEDRXY v Kid None #IRLTWVWET, ' 24X Python OZHERIRER 7 — X G2 TIC
DWTORGHEDFEAIE > TWET,

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+7j isn’t a valid comparison.

1L MO EECIILEARERA 7Y 27 F 2B LT, d->insert("a")->remove ("b")->sort(); DL SB RV v RF = 4 Y REFFL
TWAREEDHDFT
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511 VA bZ2RRYy I LTES

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()

>>> stack
[3, 4, 5, 6]
>>> stack.pop()

>>> stack.pop()

>>> stack
[3, 4]

512 VX bZFa—LTES

YZAb%EFa— (queue) LTS 2 AJEET T, ZDHE. BANCEM L ERERZRYNCO ML ET
("first-in, first-out”)s L2 L. VR FTEZNRMNCZOHMNEZERT 2 Z e BHKRER AL, B (append)
SHDHL (pop) 2V X FDOKREBIHLTITS RO TEA, FA (nsert) LEDHL (pop) 2V Xk
DT LTITS LB Lo TLEVWET (MOERZVEDTOTLIREDRDH L5 TT),

¥ 2 —DHEIEIZIX, collections.deque ZHS L BWVWTL x5, ZD7 7 RFRLFIFINTVT, EiER
BN (append) EXHHL (pop) ZMMHIIH L TERLTVE T, HIZIEUTOLSICLFT:

>>> 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'])
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5.1.3 UR FOREREC

VR PAEKRELEY R P 2AERT 2R FR2REHE L TS, TRMAGHE, 52— 2% iterable
(AT7V—LFAEEA 7Y 27 b) DERZNDERICHN L TH 2 BMERITo AR EZERICLEY X M 21Eo
7D, BRI TERILI NSRS —r Y AT 528 TT,

BRI RDES VDYV AP 2ED e LET:

>>> squares = []
>>> for x in range(10):

squares . append (x**2)

>>> squares
[0, 1, 4, 9, 16, 25, 36, 49, 64, 81]

AU — T BRT LIS B HET 5 x LWL S BRIOZERES ($7-3 EBET3) L IcEELTL R
X0, RO XS LTEHDY R R ROk 3RS 4 T 2 2 L S TEE T

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

LI URFTRHELCTY:

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

TR LD BRTHARTWTT,

VR FAEREEZ, fERoFD K| for A, ZLTOMEUED for 7 if AITHKREINE T, VR FMANERK
FLOFEITHERIZ, for & if AID > 7 F X MR THZRHE L FER2 L 2H LWY X M T, HIZIE X
DY RATMANEERLIE 20DV X FDOEE,S, ESBDRALEZRTIILET,

>>> [(x, y) for x in [1,2,3] for y in [3,1,4] if x != y]
[, 3, 1, 49, @2, 3), (2, 1, (2, 4, 3, 1), (3, 4]

ZAUIRDa— F L EMTT:

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

>>> combs
(1, 3, (1, 4, 2, 3), 2, 1, (2, 4, @, 1), @, D]

for & if XM Da— FTHEUIEFICHE > TWa Z EIEH LT ZE W,

KX T NDGE (Bl: LOPITHDL (x, y) OBFE) & X I MICFHEIISHETT,

>>> vec = [-4, -2, 0, 2, 4]
>>> # create a new list with the wvalues doubled
(RDOR=V1Fil)
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(RIDR=I D5 DR E)
>>> [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 = [' banana', ' 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, 0y, (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
[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]

VR MAERGEORIIE, EHELZACEBFSH LD R P TEET:

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

5.1.4 X FL7Y X FORATRE

VA PNERELEF ORI DONIMEEDORLDT, 2 MOV A PREKRGLZHE L TEXT,

RD, EX4DYVRF 300545, 3x4 @ matrix KOWTEZLE T

>>> matrix = [

[1, 2, 3, 4],
[5, 6, 7, 8],
[9, 10, 11, 12],

ROV A PNEREEE. matrix DT B ANFZET

>>> [[row[i] for row in matrix] for i in range(4)]
(s, 5, 91, [2, 6, 101, [3, 7, 111, [4, 8, 12]]
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BIOETRZ X212, RHHAloY X FRNERTIE, $i for DayFTF A MOPTIMEEINE T, 20D, 2
DHNFZRD a2 — F & HHTT:

>>> transposed = []
>>> for i in range(4):

transposed.append([row[i] for row in matrix])

>>> transposed
(ft, 5, 91, [2, 6, 101, [3, 7, 111, [4, 8, 12]]

Thedd>—BEMRT 2, ROa— FeHEMcLh £9:

>>> 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
(f1, 5, 91, [2, 6, 101, [3, 7, 11], [4, 8, 12]]

EERIITEHELRRNOR L D DHAAABEREMES HFPRWTT, ZOHAE zip() BEEDBRWTEEZ L TL
NBTL & D:

>>> list(zip(*matrix))
(1, 5, 99, (2, 6, 10), (3, 7, 11), (4, 8, 12)]

ZDfFCH BT ARV RZDFEMNCOWTIE FIBI A DTNy T 2BBLTLEX W,

5.2 del X

There is a way to remove an item from a list given its index instead of its value: the del statement. This
differs from the pop() method which returns a value. The del 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 al0]

>>> a

[1, 66.25, 333, 333, 1234.5]

>>> del al[2:4]

>>> a

[1, 66.25, 1234.5]

>>> del al:]

>>> a

1
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del IZZEBEERDHIFRICHHEZ £ T

[>>> del a

COXOBTHE a BT L. (BIOME a KRAFTZET) 5124 D 5, del ORDARICOW
TEE BT FIF T,

53 27N> —T R

VR MR FINZ, A VT IARRAIA R oADK 512, BELoHBEONELH L 2 RTE
FlL7, Wb =T VR (sequence) 7— X (typesseq ZZBM) D _DOHITT, Python 13 F /S
DWRICH 2 FFERDT, MO —r Y AF—XRpBMEN2Hd LhERA, FEDY—F > 28EH 5
—DOHHET: FFIL (tuple) BTT,

RIWFar< TRYIGNTNL ODE2 2D £F, HIZEUTOLSICEEXT:

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

12345

>>> ¢

(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:

. v=([1, 2, 3], [3, 2, 1)
>>> v
(1, 2, 31, [3, 2, 1)

TEDOLBH., ZINVOERIZEICATEMAEOVTNT, ZFILDFRAIHBELLRRENS X512k ->T
WET, N EELZEATULHBMTMATHERS THOVWTTH, (RIADPRKERKXDO—EE 7215
A1) AFEMBRBERIGED DD ET, XTVOERERAT LI TEERA, LAL, XY R b
DEIBREFEAREMZEDZ ZLIXTEET,

ZTNVZV A EPTVETE, LWTWRZGHE B2 HYTHHEIh S, 2703 FE T, B
OHOBREIPLRDZZdHD, BRET7T Vv 7 (ZOFHOBRPICHTEZT) BERPA VT Yy 7R (HD W
|3 namedtuples DHEWFEN) T7 7R FT2 2 epZWVWTT, —77, VA ME AIZE T, HRIWTWHE
CEIOA T 27 b THD, 20TOATL =P Lo TT77EALET,

M OMEERZT 1 HOEELS R X TILVOHEETT, TASDEERITS 2O, B3Rl Th
ENTVET, ZOXIVIFZEOAFEMR 7 THETEE T, —DOEREFFOXILIL, HokAIcar~
RS (B—0EZAFMCTHEZ I TERTOTY) Je THETE 3T, ZLAFRVWIhY S, ME
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BTy, FIZIETDESICLET:

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

>>> len(singleton)
1

>>> singleton
('hello',)

Xt = 12345, 54321, 'hello!' & RFIDINY D (tuple packing) DFITF & 12345, 54321, 'hello!"
M—DDR TRy 7ENFET, FOHEAEBDARETT:

[>>> X, y,2z=t

ZOEEE, =T ADTVINY Y (sequence unpacking) ¥ THFERNZE S DT, GHIELTOY -7
VABRMES I TEET, =T YRDOT YRy I TR, FEOEDIHNIEI N TV S ERD,. HLD
V=T VRADREILE LB TH B I e NEREINE T, EHARORADEIX I ALD Ry 72— VR
DT vy 7 EHABDOEDDITGEER N LIFERL T ZE W,

54 £8%

Python 12ld, && (set) W5 7DD 7 —2MbHH %5, LKHLF, EEITERZ LV, JHFOT
LBNTVWRWERDEED TT, Set A7 =2 MA. Ml (union). # (intersection). 7 (difference). XfF5
7 (symmetric difference) ¥\ o 72HEERREE S I R— F LTV E T,

FEEIL. F720% set () BIEIE set ZERT 27D WHHT 22 TE % T, I BEREZERT 272012
Fset) ZEALRTERD ERA {3 TlER), BFIIZEOFHELENLET, HFEIXDELIYa v
THmT 27— ZEETT,

L FEA ML —aryZRLUET:

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

>>> print(basket) # show that duplicates have been Temoved
{'orange', 'banana', 'pear', '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')

>>> a # unique letters in a
{Ial’ 'I", 'b', 'C', 'd'}
>>>a-b # letters in a but not in b

(RDR=V ki)
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(RIDR=I D5 DR E)

{Irl’ Idl, |b|}

>>>a | b # letters im a or b or both
{Ial’ ICI, |r|, Id', Ib', |m|’ IZI’ lll}

>>> a &b # letters in both a and b

{Ial Icl}

>>>a " b # letters in a or b but not both
{Irl Idl Ibl Iml Izl Ill}

JZ RS R, set NEDHAR— SR TVET:

>>> a = {x for x in 'abracadabra' if x not in 'abc'}
>>> a
|r| 'd'}

5.5 #EE (dictionary)

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().

R F— (key): 1B (value) DRT7DEETH D, F—h (FHHFOHT) ~BETRINILRLZW, tEZXD
EEXWTL &9, BAEIN (brace) OR7: {} 3ZEOHEZENRL T, I~ TRYUIHNT key: value DX
7 B PRI 7 ORI AN S &, SEZEOWIAM L 72 2 key: value BN N F T, 2 ORE A HRIIHARRCE
ErnZEHINZDEUCAHETT,

HETOERBIEIZ. H2HEEMOIOF—2MITEHETEIIL e, F—ZHELTHEZTIMDIBT ZE T
3, del T key: value DR7ZHIFRT 22 dTEET, T TRFEDLATVEF—2 Mo THEEZEET S L.
DEGZ D& —12B#E DT N TOWEIENE SN TLEVE T, FELRVWF 2o THEHEZIRDIEZS &
THLILT—ITRDET,

BEF T2 ML 1list(d) 2735, H#ETHEDLNLTVALETOXF—25R2 YR N eF -0
AZNLZIEFTRLET (Y — b ENTY R PP LWIESIE. RO DIC sorted(d) Z-oTLEEW),
LE—DFXF —PHECIHZNE I DFANBZIIE, in F—V—FEHFVE T,

IR, HEefiofiHnple L £3:

>>> tel = {'jack': 4098, 'sape': 4139}

>>> tel['guido']l = 4127

>>> tel

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

4098

(RDR—=D12Hi )
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(RIDR=I D5 DR E)
>>> del tell['sape'l]
>>> tel['irv'] = 4127
>>> 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() AYAPI7RE, F—LEDORTDORXRINZELV R M HREERZERL 7

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

X B, HENEERBZMH > T, EEOF - HORT 2 HHERENET:

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

F—PERLSCTHNDG G, -7 — Follefio TERT 2 TPEMREEbH D £3:

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

56 W\ —TDTo=wo

HEEIN L TA—T 21T, items() XY v F&EMS &, - ZRUIHICT 2 HEZ FIKHICHD HE %7,

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

gallahad the pure

robin the brave

=T VRO BEN—TEITOEE, enumerate() BRI S ¥, BREOA VT v 7 A BEERRICELD
HIzehTtEET,

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

0 tic

1 tac

2 toe

50 58 T-FBE




Python Tutorial, J1J—2X 3.11.14

ZoFERRZEAMED Y — 7 2 2B ERRL— 7T 572912, B zip() 2o TEERE O LMHALT
5ZEMTEET,

>>> questions = ['name', 'quest', 'favorite color']
>>> answers = ['lancelot', 'the holy grail', 'blue'l]
>>> for q, a in zip(questions, answers):
print('What is your {0}? It is {1}.'.format(q, a))

What is your name? It is lancelot.
What is your quest? It is the holy grail.

What is your favorite color? It is blue.

=TV AEHWHMIZE S TV =513 £ -7 Y RAOHEHMZIEAAICEE L. X\ TEK
reversed() ZMUHL 3,

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

print (i)

= W o N O -

J

SR %EYV— FEINEIEFTAL— 7T 31213, sorted() B ZHFVWET, ZOBBIITTOEN 2L HE
T,V — FEADF - REA R L ET,

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

orange

orange

pear

=T VAT set() S ¥, BEHEEZRIBREINE T, >—F Y RAIT set() EfFo7/2 LT, sorted() %
o L WHHASDLEFIZ, EEPEH XA TWEY —F VAT, RA—EHEII1EDAL—FT7 7T 3
ERM R AIETT,

>>> basket = ['apple', 'orange', 'apple', 'pear', 'orange', 'banana'l
>>> for f in sorted(set(basket)):
print (f)
apple
banana
orange
pear
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EEEZIN—THNTYVRINZEELLEWFRIZHOSNLETL x50, RODITHLWI R M 2EoTLESIE
IVEDHHTLERIRI D, FEHHET

>>> 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
[66.2, 51.7, 55.3, 52.5, 47.8]

5.7 £HFICOVWTHSDL

while X if X T o 725&fF (condition) 121X, HOLELZ I TR L, MOBEEF L[S B TEXT,

HGEE T in BX U not in &k, HEMELH 23> T F—OHIFET 20 (FLIIFELRVD) & HHh
EPHERTEAN=Yy T AMTY, HATF is BX Y is not &, Z2oDA 7T =7 " BEBFICFE T A 7
Tz PTHIDESIPERANET, RTOHBEE T IR CELIECZF > TED., L HITBHEEETFLD
HIRNERNAGL 72D £3,

BT ERE S 2 2 TEET, PRI a<b==cld. adb ID/PhEL Db & c BFELLRY
SHhETAMLET,

T —)LVHEHEF and X or THREE ZHAADEZ Z e TEET, £ LT, HEBHEE (H2 052D
7 —NH) OFRDOEEE not TENF T, INHDEAETIIRT, HKHEET X D S ERNERIEMICZ - T
WE 9, A and not B or C ¥ (A and (not B)) or C DFEffiici 2 L5112, 77— EETFDOH T, not D
BERIEMA RS FE L. or BRDBMBMLIBRoTWVET, bbHA. MIENZHERAITLADHAGDOEEZRITE
7,

7 —I)UHET and ¥ or &, WhW B & (short-circuit) HE T TT, ThdDHEETOFIEILEDL AN
CNECFHE S . RERPTEE LR CaMiiz b %3, BIZIX. A 2 CIZETB2BODL %, A and B and
CRX Cc ZiHliL ¥ A, —fRIC, FRRHEETORDEZ 7 — METIZR S TRNZEE LTHWS &, fE
BRRICFHIi S Nz g1 Buck b £9,

Heethd 77— N ROFEREZZEBITRATZ2 e dTEE T, HIRI

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

'Trondheim'

Python Tix. C 2I3BR2D., ROFTORAE A VFEET = AL CTHRINMATODERHZ Z L
WHEBELTLEEY, ZACED, == 2PENEINTWE2 A =2ANJLTLE I VWS, CTurso A4
THET 3 RN 7 5 XADOMER BT X F9,

52 58 T-FBE
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5.8 =T VR EDMDEDLEE

LT, =7 247227 MNE, RLy—rY2R8ofioir 77 beltigcE s, M &
B2 (lexicographical) JEFFBRVWONE T, £5. RO OOERZ L. ZOEIEL L RIFNEZD
R CHIBRERIRED £9, FLIFWUIRDOZODDERZB L., MUEY —7 Y AOERHMNRE 2 £ THY
T3, HRL LS T2 D0EBENVTABRAL S —F R THIUE, 2D —F7 v A ToORELE%
HIRFINCATVWE T, 203 —r Y ADRTOERDODHERRMNEL S 7. =7 Y RIFFLVEARE
NET, FADY =TV ADD 5 —HDOEEHNC D505 —r VAR OIIE, BOFDY—F7 Y AP /NE
W= VR ARENET, XFHNINT 2FFNRIEFO N, L2 D0F 2 iz ASCIT EF % v
T3, MFRIC. AUEOA T 22 oy — 4 v R TOE R To 7-H% T LE T

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

ESMOA T =27 MALZE < > THET2I b, ZN6DAT T 27 FAEYIZHEA Y v F 22t
LTV DTHIUIFFA SN E T, BRI, B2 BEFE OB TR, Z0BEIC X > THEMTb X
T BRI 0 & 0.0 13T, —77, WYIRHBIEFA 2 WEEE. 4 ¥ X —7 VU Z—I3 TypeError i
NeREIEET,

1D

58. =T YR EDMDEDLLE 53







)
SIX
T a—-I

Python 4 ¥ &2 7)) X227 3¢, BUOEHTZ L., ZHETIATo TELER (BIRSCER) 3kbhtn
¥9, TI2o6. XDRVWIO IS L2EERLVEL, TFRAMLT 4 X 2ffioTA V2TV ZANDATTZH
HLTBE, FEEORDDICT7 7 AN EANCH o TEEIRZ2 2 XV TL xS, ZOME¥EE RTUTH
(script) DIERRE B VWE T, TR T LANRIKRIICON, AV TFYRAERICT 501, A7V T ME0N
KOPDT 7 ANZHENL K BB LNFERA, Ty WD Tar T L TEWTELMEMNLEEIC
DVWTC, ZOEHRE AV -T2 h{Ml4AD7T0 77 A THVVWEES S LLEEA,

2OV REREYR— T 5701, Python TIHERE 7 7 A MITHEWTBE, X7 VT POHFRAL V&
TN RDWNGEA VAR VA LTS FERHDET, D7 740% £V a—Ib (module) LW ET, E
Va—ZHBERI. MDED 2—0R main TY 2 - (EFTO Ly TLANALRERE—RTT7 7€ AT
XLZLMOEED R LUET) I import (BDIAA) T2 ZEDBTEET,

EY 2 —lE Python DERP UM A07T7 7 AV TT, 77 ANKIFEY 2 —VAERER .py OV
BOWED T, EY2a—ADOHFTIE, (XFHND) £ a—NH% 70— \VER __name__ THIFTE X
T BlZIE, BRIADDTFRAMNLT 4 XE[foT, HEDT 4 L2 FVIKLIRONED 7 7 4 )L fibo.py
ZERLTAHEL & 5:

# Fibonacci numbers module

def fib(n): # write Fibonacct sertes up to n
a, b =0, 1
while a < n:
print(a, end=' ')
a, b = b, atb

print ()

def fib2(n): # return Fibonacct series up to n
result = []
a, b=0, 1

while a < n:
result.append(a)
a, b = b, atb

return result

I Python 4 Y &2 7Y RIZAD, FEY2a— %D RDa~<> KT import LEL & 5:
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[>>> import fibo }

ZOERIETIE. fibo TEEINBEBOAHIZ BEIHIRIED namespace (FHE Python MR 11— 7 L 4FIZE
f Z2ZRLTIRZIV)ITEMT2Z8i3HD A, HITEY 2— % fibo 2 2 A4ATZEMICEM L %
T BBICIZEY 2 — A ZHoTT7 7 BAL XS

>>> fibo.fib(1000)

01123658 13 21 34 55 89 144 233 377 610 987
>>> fibo.£fib2(100)

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

>>> fibo.__name__

'fibo'

Bz EA#S D6, n—ANBAENICRATE LT

>>> fib = fibo.fib
>>> £ib(500)
0112358 13 21 34 55 89 144 233 377

6.1 E2a—JLICOVWTHSICL

EY 2 —ZiE. BEERICMATETXEZANL N TEE T, TNHDETIIEY 2 — L2
270D DTT, TNHDETIE. £ VR— IXOHFT RBRYIZC T 2 —LEZBRRONP o728 BITFITE
TERET, L (F7AABRZ )T LTHITINBHEDEFTENET, )

BRDEY 2—=F,. BODT 74 R—FRAHIEBZF>TVWT, Y2 — L TERIN TV ST
DT =T NEZA—UREHZERE LTEWE T, Lo T, BV 2L OfEHEIER. 2—FDrm—
PNOVZERL e BRI B2 AR Z 2D EE TS, R —ANAREHEES 2 — LTS e ATEET,
—F. BHAPToT02EEZEEALEBL TR, Y 2 - LVNOBEKESIT 20 L [FH U RiLE
modname . itemname T, EX 2 —1D7O— LB REVWLELAILHTEET,

bl

ED 2= NMIIDED 2 =% A4 VKR—FTEFE T, import XFEI 2—L (XIHWKXFAEAIZ VT MTYH)
DEHICEZFTH, ZHIBEETH-o TRATIED D FHA, 1 Y KR—PEINZET 2 —NHIE, TV 2—
LD by TLL (B 7 208 ZENTHIE, TY 2— 1D v — L RGRTZEEICELNE T,

import X2, HBEY 2 — LV ADHAEI%Z. import ZEITLTWVWSEY 2 — )L OAHTZEMPNCESEE D A
LEWVWHIERRH D FF, FHlZIR:

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

Z OEEE. import DR LB EY 2 — A% B —FLRARTERANCED AN Zidd b 28A (Eo
T LOFITIE, fibo EERINEEA)

*OEEE, BIBERD T ET INB O T, V2L LNLOBBEREET TS, BAEEY 2a—1D 2 m -0
_ rAEiZERlcEiX A E T

56 F6E EZ -




Python Tutorial, J1J—2X 3.11.14

EY 2= L TERINTVWAHAHETZET import $22WSEMEH D £

>>> from fibo import *
>>> £ib(500)
0112358 13 21 34 55 89 144 233 377

COFENTR7 X —Ra7 (_) THESZBDZRWTINRTOARIZA Y AR—FLET, FAEDBMHT,
Python 7075 -3 Z0HEEH2MHVEEA. RMOELHINA ¥ X =TV Z—IZHAATN. ERFAD
i EEZLCLES AL D 255 TT,

—RANTIE, BV 2— ARy F—I 05 * & import TAEWVWHRH HIZERTEEFEA. WIS DIE.
COEERATS E LB LIERFHICZ L VwWa—Rich3 256 TY, LiL, XMty saryTx—&4 708
ZROTEOICHES DD NTL & 5,

Y 2 - AFDRIC as BN TWEEER, as DRASDAHTZERL, 1 Y A—FENZEY 2 — AR L
R

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

CHUFFEERNCIZ import fibo Y[R UHETEY 2 — %A Y R—FLTWT, ME—DEWIA v E—FL
72T 2 —H £ib EWOSHHTTID KA 2 X512k >TWVWBZ LT,

ZDA4 VR—=FMFER from B VWTWTHH R, FCHIRPELNET:

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

AR ETHELOBEET, FEV2-N3A V2=V ED 1ty a>rZ iz 1 [E7ZT import &
NEF, oT. EV2—AZBIELLBEIRIE, A Y2 —7VX2HEHIERINILD FEA - B
LR, ZOBTFELLTTRAMLIZVEY 2= 1 D7 o 25E12iE, #H21E import importlib;
importlib.reload(modulename) @ X 51T importlib.reload() ZfHo T 72X\,

6.1.1 E2a2—II%ZXRIVTFELTEITITS

Python € 2 —n1%

[python fibo.py <arguments>

YFEITIBY. __name__ IZ __main__ DPREZNTVBZEZFRWT import L7z ZL R LS ICEY 2 —
ANDI— IPETENET, DEDEY 2 - LDRREI:

6.1. EZa—J)LICOVWTHSFCL 57
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if __name__ == "__main__":

import sys
fib(int(sys.argv[1]))

ZDaA—FEBMTZIELT, ZD7 744D import TEBZEY 22—V ThHBEHERHIZRAZVTRELTDH
H22E5CHDET, BERLEY 2 —h "main” 77 ALk LTREI SN EET, avr R4 >
RS 23— RBETSNE0HTT:

$ python fibo.py 50
01123581321 34

EY 2=/ import SNFHEE. TDa— FIEETINFRA:

>>> import fibo
>>>

COHFERZEY 2a—VICHARLI—F A VR -T2 — 2R LD, TRAIDEDIC (R2ZV T 2E
Va—nb L TEHLTA AL —FEETLT) ibh 3,

6.1.2 EZa—JLIBRE/INR

spam EWVWIHFDEY 2 =LA VR=bFTHLE AV EX—=—TVRIETZOHADOMAAAEY 22—
NERLET, TV 2—N1ED—EIX sys.builtin_module_names IZH D FF, Ao bkKd oG53,
spam.py E WO HHIDT7 7 f L% sys.path IZHZT 4L 27 PYVDYRMHHELET, sys.path AT
DL LS E 7

e ANMENTAZ VT MDBHEZT 4L I MY (HBEZWVIET 7 AADBEEEINRP T2 ZEAL Y M T4
L7 V)

e PYTHONPATH (74 L2 bUHADY R b, ¥ 2 VAR D PATH ¥ [A LX),

o AVATP—NHEMIFELT 740 (1BHIE LT site-packages 74 L7 MU —HEEN, site
EY 2 Mk o TREENS),

FFEMIE sys-path-init ZZB L TLZ&E W,

FHR: SRV VYRR TR T rANTRATALETE. ANSKERZ )V OHET 4 L7
PRI YRY) 7)Y 5 RBICGEEINE T, VBRIV RYV w2V 72887417 b
VIZEY 2 —ARBARTEN ShEtA,

It 2 /=%, Python 7027 J Al sys.path ZBIET 2B TEET, A7V SV 77408
T4 L7 MUDRBEASRRADOKEH, BEHET A T F YRR XD SANGEMEINE T, RDT, 94 77VDT 1L
JMVZHBEZT7A4NVEDD, ZDOT 4L MIRXHAFECHRDORZ ) T EPEELEL TS VR—-PEINE
T, ZhUE, FEES A TSV EBRKLTEESMITVEDOTRWVED ZMEVNDD 2 TF, X DFELWERIT
BEED 2L ZBRLTIEI W,
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6.1.3 " a2 /X1IJL” iz Python 771l

TV 2 — N DieAHAAEEFRILT 5729, Python 132 Y %4 VFADEEY 2 —)L% __pycache__ T4 L
7 VYD module.version.pyc 77 AN LTHFr v alFxd, TIT version Far A rEnlz7y
ANDT =<y F2RTDHDT, —FKAICIZ Python DN—T a Y F ST, HlZE, CPython DY Y —
Z 3.3 D, AV A NFEAD spam.py 1 __pycache__/spam.cpython-33.pyc £ L TF v v > a2 &3 T
Lo, ZOMADEEFITED, Python DEZZEBDV )V —APN=T a3 DAy A IVFEAEY 2 —)b
HHEFETEET,

Python (&Y —RDZEHEHRE 2> A AFADDD LKL, oY L AFEADDDOPRIT TR LD EHa
URANDBREIZIR > TWROWHIZHRLET, ZAITERICHHTUHEINE T, £/, 2 VM LEAE
Ta—WI T Ty b7 4 —LIMKERTD, T—FT I/ F Yy DERZIRTLABTH—DIA 75V BT
5ZHTEET,

Python 32 DDHARXF ¥ v 2 DF 2 v 7 RITVERA, D& av Y FIAL VP HEEEY 22—
ADBTHAIAENTGET, BICHa Yy I LEh, MBREMRETL2IE3HD EFEA, 220D V—X+E
Va2 LORWEET, ¥y vy aDWRETVERA, Y —RADRW (YA EAHDSDDAD) Lt
EPYR—PFTIIE, AV A NBEAEI 2 —NMEY R+ T4 L7 MBS TE LRSS, Y- T4
ZRVIZY =R - EI2—DBHoTIWVITERA,

I 28— MMANF D Tips:

o AVNANBEAEY 2 —LDY A X%/NELT57DIZ, Python a2~ FiZ -0 721 -00 XA v F
ZES ZEDTEET, -0 XA v FiF assert A7 — M XY FEREL. -00 A A v F1F assert A7 —
FX>bE  doc.  XFHNERELET, W 2D TRIILEIINLDREZNS D DITKE
LTWAHARENED D 5720, BOBPMEZ LTV E2EERLTWE L ERZR-oTIhosDA T av%
HONETT, "L INEY 2— LXK opt- X7 %FH, BEEDOI VR NFEAEY 2—L &
DI A ZDNEIL D ET, FEROV Y — R TIIEEILDOEENL L 2 REELD D 5,

o .pyc 77 AN .pyo 77 AN oHmALENLL LTS, BT LE .py 77 AADSHANE
N7z TXDMSEHRICENET 2D TEDHY FRA, .pyc 7 7 AV TEHILEINE DX, FiAAA
W2 BRI TE,

e compileall EV a2 —%ffioTT4 L7 PYADETDEY 2 — M LT .pyc 77 A NVEES Z
EBTEET,

o ZOMFICET ZEMIX. HIEDO TR —F v — b EED T, PEP 3147 IZii#lEhTWE T,

6.2 IFEET 21—

Python 3T 2 -1 I 4 75V ZFEMLTVT, 5D Python 74 77V V7 7L YRS F¥aX
YITHHLTOET, BOPDEY 2 —LEFHEDATIKE T 7 LALRNSDD, FHEP, AT La—
N OS OWBEZRA T 27012, 4 Y EZ =TV XL M Y ERTVET, 250V okET 2—
Nty MIELTTY b7 — DKL IERE 7> a T3, iR, winreg €Y 2 —/LiZ Windows
VAT LATOAREINTVE T, 1 DFEHRMET2EY 22— 2 LT, sys Y 2—iE, £TD Python
AV E=TYVR=IZEN I VENTVET, sys.psl & sys.ps2 EWVWIEHKIE—KTar e X7

6.2. BEEETa-IL 59
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VT MIRRTAXFHNEER L TOVET:

>>> import sys
>>> sys.psi
'>>> !

>>> sys.ps2

>>> sgys.psl = 'C> !
C> print('Yuck!')
Yuck!

c>

INEDODERIZ. A VR TY EPIMFEE—NICH DL ERTIERSNTVET,

Z¥ sys.path 3EXFHDPSHRBVAIT, A VX TVEPES 2 - VBRI I ZDORRAZRELET,
sys.path (JIRBEIZAHL PYTHONPATH 7> 518727 7 4L b2 Z1Z, PYTHONPATH A3 E X AL TV T AURFHAA
HDT T AN MECRESINE T, HFENRY X MMECTEE T2 N TE X

>>> import sys
>>> sys.path.append('/ufs/guido/1lib/python')

6.3 dir() FA#

HUAABIE dirO) 13, HDEY a—ADBEARAEZERL TV E0HANS Db ET, dir() &
V= FENXFHDOY A P2 ELET:

>>> 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',6 'getsizeof', 'getswitchinterval',
'gettrace', 'hash_info', 'hexversion', 'implementation', 'int_info',

'intern', 'is_finalizing',6 'last_traceback', 'last_type', 'last_value',
'maxsize', 'maxunicode', 'meta_path', 'modules', 'path', 'path_hooks',
'path_importer_cache', 'platform', 'prefix', 'psl', 'ps2', 'pycache_prefix',
'set_asyncgen_hooks', 'set_coroutine_origin_tracking depth', 'setdlopenflags',
'setprofile', 'setrecursionlimit', 'setswitchinterval', 'settrace', 'stderr',

(KDR=V1ZHiEL)
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(RIDR=I D5 DR E)
'stdin', 'stdout', 'thread_info', 'unraisablehook', 'version', 'version_info',

'warnoptions']

SRR, dirQ BBIEERL TV ARTESIEL 7

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

>>> fib = fibo.fib

>>> dir()

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

EH, BV a—, B 20O, TRTOFBEOLFIZ VA MNTEZEIERLTLEX WY,

dir() &, HAADOBEBSEBOHETITIV AN LEY A, TNOHDOHEAFTL ORIV R NN ER S, [EiEE
Y a2 —)l builtins TEERSINTVET:

>>> 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',
'StopIlteration', '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',6 'exec', 'exit',

'filter', 'float', 'format', 'frozemnset', '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']

6.3. dir() R 61
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6.4 N\vir—2>

Ry — (package) &, Python ®EY 2 —VAHIZEREZ 7 Ky MIEED 2 — %" 2 THELT 2
FETT, R, EV2— LA ABIE ALWVWIRyF—YDYTEI2a— LB ERLET, Bro¥Y, £
Ta—AEHHTEE, MEADEY 2 —LDEERH VDI O — NAVEHLIZOWTOE LR THHER LS
WRBDEFAU LI, Fy MIEEY2—-NHZFHAT 2L, NumPy ® Pillow D X5 ITEHEY 2 -1
MEREZNRY T =V DEEDN, AODEY 2 —LZIZDOVWTLEL L THFL L IITRD ET,

BE 77 ANRHEET =X HRRS 2DDET 2 —1DaLrsay (" Ry r—o7") 2FELEVER
ELELX D, BEZ7ANMCIIEZ L DB RS BRI DH 2 (BEIFIET. Hl2iE .wav, .aiff, .au QY
RSN ET) DT, WAKIT 2RkA R T7 7 A VB EHELEW T 28 2 - % E LD XV TF >
ALTeD T 2REND 20 LNLERA, £ BRET =X L TEITLVERA R EHOHRE (I F> >
7, Ta—0BEM, 4274 FEBOEH, ATHRZATLVAMBOERLZY) B0 LhELEA, £5
BBE, ZOULBERFETTE2EY a2 RTLBRLIFLZLITRBTL x5, LITNC (FEENZRZ 74
NS AT LATRBL) Sy r—YOERERLET:

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

Ny —I% import 35, Python I¥ sys.path LOT7 4 L 27 PUEBRKRLT, by LDy F—
ORI T4 LI MU ERLET,

T7ANEELT 4 L7 MY BNy —Y 2 LT Python Zfb®212i&, 77 AL __init__.py BRET
T (& D EERIERE namespace package ZESHEZRL ), TAUTE D, string DL I 7R &< HBHHTD
TAVLZ VKD, BV 2 BRARRADBRD T TROPBIELVEY 2 — AP ENE SRS TLES
DESTDTT, DEHEL I — A TIX __init__.py @& DLET » A L THOWERAD, __init__.py
TRy =Y 0D — F2ETLED, BRAD __all _ ZRBERELTHILIVEEA,

62 FO6EESa-I



Python Tutorial, J1J—2X 3.11.14

[import sound.effects.echo

ZDEEEY 7 EY 2 — )L sound.effects.echo U —RLE3, ZOEI2—lE. UFRD LS ICRELER
FEITSR L RTER D T8 A,

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

PT7EI 2 =A% import T2 —DDHEERLET:

[from sound.effects import echo

INBYTEYa—lecho BE—FL, N Fr—SERLUTHHTEEICLES, ROTIHHZ £

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

EHRBI—DDNY T -2 arr LT, DEREBRPERZER import T2 HEXHD 9

[from sound.effects.echo import echofilter

Fh, INDBYTEI 2—JL echo R — FLETH, echofilter() BHECE EHEAHREEICL 3

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

from package import item Z{# 5I5E. item X8y I — package DY TEY 2 —)b (EF7FH T8y
=) THDEVERAL, BT 7R, BHD X 572, package TEBRIN TV BHIOHARIT T ED
BN EIWIHERLTLZE W, import SUTE T, item D%y F—INTERBINTVE 0L S L#FENET,
ERSNTORINUL, item IZFT 2 —AHTHLLEL T, EVa—Lz2u—FLES kA ET, b
LEY 2 —AHEO2 521U, ImportError 2SR ENE T,

KT, import item.subitem.subsubitem @ & 5 B 2o 723586, RED subsubitem ZFR { AEH
RNy r—ITRITNERD FHA, REROERIIED 22—y F—JICTEETH, —DOHIOHEET
ERINTVWE 2 7 ZAPEBPERTIITE XL A

6.4.1 Ny 7—H5 * %Z import %

ZH T, 22— from sound.effects import * X EFE WD, ¥HRZDTL & 52?7 HARIZIE, ]
ERDHETT 7 A NS AT AHFARLN, ZD Ry F—JICEARY TEY 2 —ABDH 202X EIF, 2
T% import 35, CWHOSMEEZELZIETL k5, ZARKEBEVRHEE»P-oTLES ZdHDET L.
HBYTEY 2—L% import $3I LT, ZDOEY 12— AHBIRINC import TNz EDAFELTHRL
VWEWEADPEEZTLESI 2D LNER A

HE—DIRIRIZ. v T =Y DIEEI Ry =Y DRG|ZHRINCIRMEEE 2 LW B DTT, import XD
5 HRNE. Sy =D __init__.py I—FIZ __all__ EWHHZHEIDY X M ER XN TWIUL, from
package import * 2SHN/z¥ ZIZ import TNREEI 2 —LHDV AP LTS, 2WVWI3HDTT, <y
TF=YDOHN=TarPY Y —REINDZE XV R NEERFORBICENT 2DIF Xy 7r—IDIEEDEME
YRDET, BODRy =I5 ¥ & import T3 EWHHWITBEZ SRR VWRSIE, v r—YDEE
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FZDFENHFEZFR-—P LBV 2IZLTHIDTEVERA, HlZIX, 7 7 AL sound/effects/__init__

Ik, RO &5 a—F2ART  Xnhd LOLEEA:

-Py

[__all__ = ["echo", "surround", "reverse"]

INDEKRT 5 DiE. from sound.effects import * &35 &, HARIDEN /2 3 DDF TEY 2 —LH

sound.effects Xy 7 —I 256 import N5, EWVWH LTI,

FEERCLT, ¥ 72— Eu— BV RARTREINDZ Ze8HD 3, fle LT, reverse B %
sound/effects/__init__.py W F &. from sound.effects import * TI!d echo ¥ surround @ 2
B 7EY 2=V import ENFE T, reverse ¥ 7 EY 2 —UiX import TNEHA . FhIe—BLiC

EFEINT- reverse TR I NI-DT:

all__ = [

"echo", # refers to the 'echo.py' file

"surround",

"reverse",

def reverse(msg:

return msgl[::-1] #

# refers to the 'surround.py' file

# 11l refers to the 'reverse' function now !!!

str): # <-- this name shadows the 'reverse.py' submodule

in the case of a 'from sound.effects import *'

H LD __all__ PERINTOVARIFIUL, FEIT from sound.effects import * i&., »Sv & —3 sound.
effects DETOY 7T EY 2 — AN ZBHEDLATZEB OHN import LEEA . ZOIHIZ (HEICE - TR
Wt 2 —F __init__.py #5ITLT) v 7 —2 sound.effects 3 import TNz \WVWH 2 ZHEE L.

FORy =Y TERBINTWVWELHTEET import 32713 T9, import X2 HR1ICIE.

_init__

-Py

TEHRSNLLH (L. BRI — RENEH TEY 2—A) BATHET, Kvr—VOFTET 2 —1

T. AT import X CHRMIICR— RENLD DB EAET, UTOa—-FE2EZ T ZE W

import sound.effects.echo
import sound.effects.surround

from sound.effects import *

LoH T, echo ¥ surround Y 2 — LHAIEDHZFIZEMIC import ENET, TALDEY 2 — LT
from. . .import X2VEITEN/FRIC sound.effects NTERINTWVENH T, (ZOHEMIE __all__

HERSINTVWDIZIIHBEET, )

FEDEY 2 —/L Tl import * 2o/ 21T, FED K — VI o AT D A% N (export) § 2 K

SWCRFIENTIEVWETH, ZATHIREIVEFDa— FTREWI 2 TERVWEEZ ET,

from package import specific_submodule % {fio CTHA[HHFIIR NI LICHEL T ZE W] EE
ZDFEFEEX. import BT BT 2 —ABMMD Ry =P LR ULHTIZRHOY 7Y 2 — A2 HbRITT

BoIWGE RN THERE SN 2 7T T,
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6.4.2 Nvir—JRERE

Ny =P (ARDFID sound Sy =T D X SIZ) 78y F—YDEF D ITHELIh TV A 5E,
Xt import 2o THEBERICH 20y 7=V Z B TEE T, HlZIX £ 2 —)b sound. filters.vocoder
T sound.effects »Sv 7 — YD echo Y 2 — BN ERIEGE, from sound.effects import echo 7%

HR x5,

F 72, HRIZHR import % from module import name DR D import XTHHATE 3, Z DR
B2 A8%) import Tld, SEBHD Ky P THES LBy F —I2HEE L £3, surround £ 2 — L OfIT
. UFo ko icididce s

from . import echo
from .. import formats

from ..filters import equalizer

X import IZIREDEY 2 —AZEZR—AZTEIEWXHERLTLAEEI N, AL VEY 12— LOLANTHEIC
" _main__" 72DT, Python 77V 75— a DR VEI2a— L LTHHINE Z L 2ERLTWSE
Y2 — )L TS import ZF|HT 2 NETT,

6.43 BT LI MIRONYT—2

Packages support one more special attribute, __path__. This is initialized to be a list containing the
name of the directory holding the package’s __init__.py before the code in that file is executed. This
variable can be modified; doing so affects future searches for modules and subpackages contained in the

package.

ZOMEEIIZ L AYRDEIZII ROV DTEN, Ry F—PHEETIEY 2 —AHE2IRT2-DI1I2f>5 &
EHRTEET,

31D
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SEVEN

ABetA

70277 AOHNGEIZNL O0OBENRD D ET, T—X 2 ANEP@EDFETHNIT bR, F
KFES DT 7 ANREL 3DV ET, ZOETWE. T LEEOPOHENTOFECOVWTHELET,

7.1 HHERPI<T+—IvbT3B

INETI, EHEMNT 2 2D WX (expression statement) ¥ print () BB CTE L L, (BB=
B77ANF T2 D urite() XY v R 5 HETT, HEERNEZRT 7 7 4/ LIE sys.stdout TS
MTEEd, 5o A 79V V77 LU RZZBLTIEZN, )

BICEEARYID TEENAREZITOHAIED D, 7r—<v F2HIELEZVWEES 223 EL DB TLE
S5, HNhE 7+ —<vy b TEHEFINLO0HH T,

o 74— MNBEAXFHITFZIL 25121, BHESIHMP=EDME5|HITONNIC f DIV F &
M TXFHN b E T, ZOXFHOAMTIE, XF { ¥ XF } DM Python ORMBELF, 20D
ROV T I NVERSIRTEE T,

>>> year = 2016

>>> event = 'Referendum'

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

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.

>>> yes_votes = 42_572_654

>>> no_votes = 43_132_495

>>> percentage = yes_votes / (yes_votes + no_votes)

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

o BRRIT, XFHIDR T A ABERFEEREZ V. ETOXFIZHDTAHL, Bw@boL 47y
FEERRT & 5, XFHIRNCIE, XTI DRIIRZFEE L TIEE SN A 7 LIRIHTZ 2 DI 7%
ERITOI XY v RHBWLOH D %7,

67



Python Tutorial, J1J—2X 3.11.14

BolBNTHEZHBIZENTNY, TRy ZTHNTERHEZ TIERLBRLEVE Eid, reprO BH#D
str() BT YARMED XFINCEBRTEE T,

str) BIBIIMED NRICHD 2 REAZIRT72DDH DT, repr() BIEIIA > 2 =TV XZFHD S (H 50
[FIfE ¥ 72 2 XX A2 WG &3S SyntaxError 12745 X5 72) RIAZIRT-0DbDTT, AMHMHLDIZ
BLURERPEDERB 2 F 20t T7Y 227 MzBW T, str() & repr() EFACHEZIRL £9, B, VX
FRHFELIRO LT 5T — 2 MERYE. ZLDEXPEE SDOBBUCH L TR EHZELE S, —hH. XF
N, 2 DDRLRZRBEF o TVET,

WL O2DHITT:

>>> s = 'Hello, world.'

>>> str(s)

'Hello, world.'

>>> repr(s)

"'Hello, world.'"

>>> str(1/7)

'0.14285714285714285"

>>> x = 10 * 3.25

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:

>>> y

. repr((x, y, ('spam', 'eggs')))
"(32.5, 40000, ('spam', 'eggs'))"

string €Y 2 —/L® Template 7 7 A%, XFHTDEZEHRT 2O EZREL TVWET, $x DX S
BRIV —RARNR—Zffiv, ZOEREHFHFICHIELZESIRAEIN, HA27+r—<y bR EeTHD
ZWTT,

711 74—y bEHXFIIVFTIII

74— MEAXFEY 77V (B LT fstring £ P FET) Tld, XFFIOTEIC £ 2 F 2. X%
{expression} &< Z 2T, Python ORDEE XFFHNDOHIZAILAD T,

F T ard7r—<y MEETFEROBRAMNITIONET, ZO75—~<y MEETFICE > THED 7 +—
< v FARERIEITE £, ROHITE. MHERT 2/MUSR 3O T7+—~<y FLTWET:

>>> import math
>>> print(f'The value of pi is approximately {math.pi:.3f}.')
The value of pi is approximately 3.142.

i DRAZEREOTRE, FDT7 4 — LV FORNONFIBEIBETEE T, ZOMEEIIMERIZX 2 DI
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T3,

>>> 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

HDBHIFIZ. 74—~y P TARNMEZEIRT 202 FT, "1a' X ascii() &, '"Is' X str() %,
"I 1 repr() WAL XS

>>> animals = 'eels'

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

>>> print(f'My hovercraft is full of {animals/7}.')

My hovercraft is full of 'eels'.

=fHEFeMlTs e XeEHAL T, K. 4 a—nid, XeaHliL 2XFHRB, O TEREINT T,

>>> bugs = 'roaches'

>>> count = 13

>>> area = 'living room'

>>> print (f 'Debugging {bugs=} {count=} {area=}')
Debugging bugs='roaches' count=13 area='living room'

= F5E T DOV T self-documenting expressions 2L TL Z&E W, 7 —< v MIOWTOMAER
1% formatspec DV 7 7 LY AH A REZRLTL X0,

7.1.2 XF5 D format() XV v R

str.format() XYV v FOHEARMRFENHFEIRD LS5 DTT:

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

fFMe Z2OHOXF (ZhE T+ —~<y 74—V FEMUET)Id str.format() XY v FIZEIhiA
TV MCEBEINE T, EMOFOBTIE str.format() XV vy FIZEXNLA TV =27 FOMEE R
FTOIMRET,

>>> print('{0} and {1}'.format('spam', 'eggs'))
spam and eggs
>>> print('{7} and {0}'.format('spam', 'eggs'))

eggs and spam

str.format() XY v FIZF—7 — R5IEBDBEINIGE. ZOMHEIEF—7 — F5IBOELFNIC L > TSI N
£7,
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>>> print('This {food} is {adjective}.'.format(
food='spam', adjective='absolutely horrible'))

This spam is absolutely horrible.

518 e % —7 — P51 ZHAGDETHES b TEXT:

>>> print('The story of {0}, {1}, and {othert.'.format('Bill', 'Manfred',
0% other="'Georg'))
The story of Bill, Manfred, and Georg.

H LBRVWERANTFINND D, ZNEDE L2 RWEEIE, ZBRESIBONMETIZZ  ZBHOALATTSIR
TER2IWVWTL XD, X, HFEEZSIBNCELT, AFN '[1 2o THEOF—2SWIT S 2 TH
BT,

>>> table = {'Sjoerd': 4127, 'Jack': 4098, 'Dcab': 8637678}
>>> print('Jack: {0[Jack]:d}; Sjoerd: {0[Sjoerd]:d}; '

. 'Dcab: {0/[Dcab]:d}'.format(table))
Jack: 4098; Sjoerd: 4127; Dcab: 8637678

GEE table & #* fLIEERloTHF—U— Nl LTHEITHELDD £7,

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

Bl LT, FOa—FMMTRERAONLBEEZD 2R 3RV ELA LHio N ZAERL $3:

>>> for x in range(l, 11):
print('{0:2d} {1:3d} {2:4d}'.format(x, X*X, X*X*X))

9 27
16 64
256 125
36 216
49 343
64 512
9 81 729
10 100 1000

0 N O g W N e

str.format () 12 & 32 XFHEAREDTLLMAHIL. formatstrings ZZM L TLZE W,
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713 XFINDFEEXETDT+—< v +

RiZ2H:E 3FDEIPORBEUCREFMEET I+ —~<y PLAEBDTT:

>>> for x in range(1l, 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))

4
9 27
16 64
25 125
36 216
49 343
64 512
9 81 729
10 100 1000

© N O T W N e

(BT LDOBDAR—=ZA—H571F print ) OEETEMEZNTVS Z L ITERLTLZE W, print () 1
I EaZEBM LT, )

XFHNATY 27 bD str.rjust() XYV v P& HEESNLIED 7 4 — N FRRXFIIBERTFETAS LS
WEMCZAZBMLE T, FHEDOXY v R LT, str.ljust() ¥ str.center() ’HH T, ThoHdD
XYy FEAPEI 2T DI TERL, REHLOXFIZRLET, ANXFIDNRTELZ5E. X5
ZYIDFED L3 T, HEZOEFRLET, COHRDLDITH T LDV A 7Y b HRERETRICIL D H
S LNFERAD, BOBEIRODICHEXTHINZ IDIEELTT, (BRYUHFEDEITVZVWDRS, £T
DA T2 x.1just (@) [:n] DEXIRKATAAKRLEMZZ D TEET, )

HH—DODAXY v K, str.zfill) &, BEXFHOLEMZXYaiHEd LET, ZDOX Y v RIZIEL ADFE
PIELLFVET:

>>> '12'.2£fil11(5)

'00012'

>>> '-3.14"'.z£fil1(7)
'-003.14"

>>> '3.14159265359"' .z£fil1(5)
'3.14159265359'

7.1.4 HLWXFINERRESE

The % operator (modulo) can also be used for string formatting. Given 'string' % values, instances
of % in string are replaced with zero or more elements of values. This operation is commonly known

as string interpolation. For example:

>>> import math
>>> print('The value of pi is approximately .'" % math.pi)
(RDR=V ki)

7.1. HHNZERPI<T+—IvbT3B 71
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(FiDR— 25 D %)

{The value of pi is approximately 3.142.

X D E L WERIZ old-string-formatting 12 D 3,

7172 7271\ z5mHEZTTS

open() & file object IR L %3, KK, open(filename, mode, encoding=None) D & 31 2 DDAIESF|
B l1o0F%F—7—F5lzfo THUIHEINET,

{>>> f = open('workfile', 'w', encoding="utf-8")

BAIDOFIEUE 7 7 A VZD A5 12 XFHNTT, ZODDEIBMHLFHNIT, 774V EEDXSIMES pERT
BEDOLFBA>TVET, mode ¥, 7 7 A VDA HLERLS 'v' | HEXAAHEH (A%OBEFED 7 7
ANADBHIIHESNET) &S 'w' LLET, 'a' 37 7 AV EBERACHEES, 77 A LIEZAEN
7HNRZEBINC 7 7 A VORINSBIMENE T, 'r+' 137 7 A VA EMAICHE 23, mode 5150%
HREATHET, B I NG EITE 'r THAEREL T,

WHE. 7 74 METF A PE—F (text mode) THAIN, FED T>A—Ta4>J Tzra—rFEhk7 >y
AMIN LTI e RAEELET, IYA—T 4 27 BMHEESNRTNUL, 7740 3T Ty b7+ —
LMEAFTT (open() ZSHL TL 72X W), UTF-8 3WHEDEE LOFED D, iz rva—T4 V7
ZHEE L2 WA LIMNI encoding="utf-8" DIENBTITH TS, E—FNIZ 'b' DI 32774 1%
binary mode THZEE 3, NAFV—FE—FTDT7T—XId bytes 7P =7 P THRAZFEZLET, 7741
ENAF)—F—FRCH &I I>A—FToJ BIEETEEHA,

TX¥AME— FOGAMD TR 77 v b7+ —LEAFDITARLS (Unix T \n. Windows Tl \r\n) %
727D \n KEMT 200877+ LV bOEETT, 7F A ME—FOHFZAATIE, \n PHTL 2% 7
79 b7 3 —LEHEDITREFBICERTONT 7 4L b OEFETT, ZOETITONS 7 7 4 VT —XRDEHIL
TEAN 7 7 ANMTEEFLBEEITD, JPEG 77 A LR EXE 7 7 A VD XS AL F VU TF—REWFET
BNDBDET, ZOIOIBRT 7 AN EHRABTETEHEICIERLT. N FUVE—FEfFS X51LTK
VAR-SAN

T7ANE T2 bEFD & EFIZ with F—V—F2f5DIFRVEETT, ZoF AWK, QEHZFIS D
HRELTHOBTRRICI 7ANVEEL2ALALA2Z8TY, with 252, AL Z &% try-finally 70 v
IR oTEL XD T o e lRICE T T

>>> with open('workfile', encoding="utf-8") as f:
read_data = f.read()

>>> # We can check that the file has been automatically closed.
>>> f.closed

True

HL with F—UV—FEFHLZWESIE. 7740, 207 7 A LDDIFHEINTZ AT LD
V—ZAREBICIRIT 272812 £.close() ZIEFH L TL X W,
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=
&rL

f.write() % with ¥F—V—FX f.close() 2 OITWKMMIH LSS, 7077 ARIEFEIC
75ETH, fourite() OEFIEDBT 4 A7 IREIC EFAFhEVIERHDET .,

with X f.close() DMPUHLICE o THLONZRICT 7 ANFATI 2T b EFBS 2352 % 2T
HNERLUET,

>>> f.close()

>>> f.read()

Traceback (most recent call last):

File "<stdin>", line 1, in <module>

ValueError: I/0 operation on closed file.

721 7AW FTST I RDRAY Y R

ZOHDOLEDHNZ, £ WS T77ANF TS 27 PHBBECERINTVWBEHDEREL 3,
77 A IVDONE%E

AT, foread(size) ZFFOHLE T, ZOXA VY FIHBZEDT—XEFAMHL
T, XFH (TFAPE=RDOHA) » bytes 7Pz F (XA FV—F—FDHFH) L LTRLET, size

5
A7 a YOBIES BT, size BEREI NV A TH 156, 77 ANVOABRET2HAH L TR

LET, 2720, 77 AN YDRAEYDMEOREZIDDHIIGEEE DI R2000D FH8 AL size B3
BTRVEEBIE, BAT (FER FE— FOBA) size XF. (R4 FVE— FOBA) size A4 b EFHAH
LTRLET, 77 A LOKENI T TITEL TWHE, £.read() 13ZZEDXXFH (1) ZIBL T,
>>> f.read()

'This is the entire file.\n'

>>> f.read()

f.readline() X7 7 A A5 5 1 TR ZHAMD £3, ITXF (\n) 1FFiAH E N7 CFHN DORETIR D
9, ZATHERINZDIE. 7 7 A ADBATTHED o TORWEEDORKITOATT, Zhd. ROEID

WEWTHRWESIZT 572D TT; f.readline() NEDOXFHNER LS, 77 A VDOKEIGELZZ A
BV ET, —H. T '\n'. IROBBIT 1 XFELTIDPOREZLFIITRHEINE T,
>>> f.readline()

'This is the first line of the file.\n'
>>> f.readline()

'Second line of the file\n'

>>> f.readline()
L}

>>> for line in f:

T2 AN SERBITRHANBICIE, 77ANMF TV 27 PR LTAL—F2EL FERHY T, ZOHE
BEXEY ZRINCHEZ, EET, fijBa— Rickd 3.

print(line, end='")

7.2. 7710\ EHHESTTS

(RDR—=T12HiL)
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(RIDR=I D5 DR E)

This is the first line of the file.
Second line of the file

T35 ANDITRTOFTEIVRAMERTHEARD W5, list(f) ® f.readlines() 252 TX
£,

f.write(string) &, string DNE%E 7 7 A MITEEAA, BEEZAENLXTFHERL T,

>>> f.write('This is a test\n')
15

ATV 27 bOMOENE, HEXADINIAERLRTIUIRD FRA - XFH) (TFAPE—-F) & bytes #7
YxZ bt (A FY—E—F) OLuThALTT:

>>> value = ('the answer', 42)

>>> s = str(value) # convert the tuple to string
>>> f.urite(s)

18

f.tellO X 77 ANFA T2 DT 7 ANLFHIBITIHREDNBELZ RITEBHEPZELET, 774 LHD
HEDNMEEZ. N FUE—RTET7 7 A VDL DANL MT, TF A ME— FTCIEFHBRETRX
NExJ,

T7ANVE T 27 bPOMEREET 5121E, f.seek(offset, whence) ZfiVE T, 7 7 4 AEIFH
#E5T (reference point) 24 7t v MH offset Z B L TR I N E T, Z2HAIT whence 51 TEIE T,
whence DED 0 R HIET7 7 ALD HELSHD, 1 BOBBED 7 7 A VMUBEZV, 2 R5IE7 741D
iz SR LTHEOWE S, whence IZAR T2 TE, 774 FDMEIZ 0, $RHRODLESBHEL LT
7 7 ANVOFEEEHNET,

>>> f = open('workfile', 'rb+')

>>> f.write(b'0123456789abcdef ')

16

>>> f.seek(5) # Go to the 6th byte in the file
5

>>> f.read(1)

b'5'

>>> f.seek(-3, 2) # Go to the 3rd byte before the end
s

>>> f.read(1)

b'd'

TX¥A M7 7 4L (mode XFHNT b TR0 75E) TiE. 7 7 A VOFEHED S DM EICHT 2
Y= RIDEHR IR TVET (Flste LT, seek(0, 2) T7 7 A VDKEBADY —ZIFA[HETT ), Fo.
Me—DERNIR offset HIX £.tell() 2 HIRENTAED, 0 DWTIADTT, ZHLIHND offset EHITKREFED
LY AR ]R3 N DR S g

T 7 AN T 27 MiZiE, D isatty() X truncate() W ol HEDMFDINRVAY v FHHD
FF, T ANFA T2 7 MZOWTDFERBHAL R G4 TV V772 Y REHBBLTLEX W,
74 FTE ANCHA
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7.2.2 json ICLBBELETNIcT—HDIFRTF

NFHNIFHRIC T 7 A VICHABFETEE T, BMHHOGEICED LENDPHBETT, 2WVID b, read() X
Yy FIEFA L IR E 0720, int () O X 5 LBABUC Z DX FHNZE LT, =& ZIEFH] 123" O X
X FHN . BUE 123 ICEIR L2 TRAELBRVLLTT, bo ik T — &AL Iz ZANTICHE-T
) 2 FROEEEDES. FEETDOASA—Z2I Y 754 ATREEICED 5,

ZI—FPEOa— REHEND TN F L) LTEMER T —28% 7 7 A VITRTF ST 2000 D iZ, Python
TR T — XWX TH % JSON (JavaScript Object Notation) Z{HS5 Z & B TEEF, T DM
EY 22—/l json &, Python &7 —& FEEZID ., XFHRBUCERMLE T, ZOUEIE V754X
(serializing) ¥ MINE T, XFINRBN ST —X2BHMET 23, TPVT 35X (deserializing) &
MINET, VT I7ARENTOLTIV 774 XREINBETO/-IC, A7V 27 FOXFHRBIT 7 4
NRT—=ZDBETHRELLD, 2y P =20 ZB U TN~ > VI DTH e TEET,

AER: JSON BREHAM LT TV r—>a v TTF—220h e DI 2BICE{fibhEd, Z<Dsmr
7= —HBZ JSON IZFF LWz, JSON 137 — X DA E T 258D RWVERK T,

A7Tx27 b xDHH, £D JSON BEROXFHNIRBZ R 5121d, Bz 1{Toa— F2EIRZITTY:

>>> import json

>>> x = [1, 'simple', 'list']
>>> json.dumps (x)

'[1, "simple", "list"]"

dumps O ITBIZBIEIC, dump ) 23H D, THELIEHMICA TS =7 M teat file TSV T IAXLET, £
PEZABRICHDP NI texl file 722 T2, ROXSIKHEL Z BN TEET:

[json.dump(x, f) }

WIZT V)T 74 XF5120E. £ DHRAABRICED N binary file B> text file 778552, RD X527k
DE73:

[x = json.load(f) }

FMR: JSON 7 7 A MEST UTF-8 T a— KL EF, JSON 7 7 A V% tlext file ¥ L TitArA, &H
XIAATH K ¥ ZI1Tid. encoding="utf-8" Z{EEL £ 7,

DX RBHRI VT IA X% T E5FEEF. VA IRPHEZRS ZL 3 TEETH, FEOIFR - 4 VR
XY A% JSON LV 774 XF 223 5P LB LR TERD EHEA, json EV2a—LDV 7 7LV
2 2T DN T DR H D 3,

BE:

pickle - pickle €Y 2 —/b

7.2. 7710\ ZHHEETTS 75
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JSON ¥ ZFHBINC, pickle \ZMEE DKM Python A 79 =227 + 22V 7 54 XAlER 7 baL Ty,
L L. Python IZFHED 71 b 2T, MOBETRHRBEINT TV Fr—2ay @ET 50132 £
Ao EBIT, T7 4N P TELRTRL, BETERVEEILIOEONTEL, AFLDDHIBEEZEICE-
THEBENTz pickle T—X %2 T2V 774 X35, KEFEIZIDVEEDa - RPFETEINTLEVET,
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77

EIGHT

IS—rH5

INETLT =Xy =IOV TIRHRICN 272 TLED, Fa— b 7AFOflZ B THL TV
By FRICWKDDPDLT =X v =Y ZRTVWEILTLES, T7—1EF (Dktd) Z0oDlF-%D
B 2MENH Y £F, ZHUI XTI F— (syntaz error) & IS (exception) TF,

8.1 BXI>—

WX T 7 —I13IMRT— Z — (parsing error) £ LTHHHNTE D, Python Z#R L TWaRICHES K<
BT AMED—D2TL x5

>>> while True print('Hello world')
File "<stdin>", line 1
while True print('Hello world')

SyntaxError: invalid syntax

The parser repeats the offending line and displays little ’arrow’s pointing at the token in the line where
the error was detected. The error may be caused by the absence of a token before the indicated token.
In the example, the error is detected at the function print (), since a colon (':') is missing before it.

File name and line number are printed so you know where to look in case the input came from a script.

8.2 fist

T2 AXRAPEXNCIEL S TH, ETLED LA BRI T —PRET I LNEEA, EfTHICH
HEhiex s =& FIN (exception) EFHIN, HIZHE@GHIEIZRD FEA., Thdps,. Python v 25 AT
BN EEDE IR I P EFEATVEET, IFLALOHSNEI T v Z 2T ERT, INTRENS X5
S A R 35

>>> 10 * (1/0)

Traceback (most recent call last):
File "<stdin>", line 1, in <module>

ZeroDivisionError: division by zero

>>> 4 + spam#*3

Traceback (most recent call last):
(RDR=V1ki <)
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(FiDR— 25 D %)
File "<stdin>", line 1, in <module>
NameError: name 'spam' is not defined
>>> '2' + 2
Traceback (most recent call last):
File "<stdin>", line 1, in <module>

TypeError: can only concatenate str (not "int") to str

LTI =Xy t—YOEMTIIMIEI o2 Z2RLTVET, BIFMNIHEL 2 (type) THERIZI D, ZORIMHT
T—Xv—vD—Hr L TtHIzhET, LOFITDORIL ZeroDivisionError, NameError, TypeError
TS, P LT SR XFHIE, FE L BN OMAABZLTT, TR TOMBAAFIIIION
TRD B FETH, T—FEROFHNTIE (KD VDEIRTI2DIAEERELBEETTD) BT LB LD
FHA, BEFSNDHINIHEAAALDFBINFTY (PRETIEDD EEA),

RO DATIIBINDFEM T, 2 DBIHN DR L M3 & 722 ITRIF L £5

I35 —Xyt—YDEHEARTTIE, PISHFEELEITa T HF AT (context) 2. ARy 7D ML —ZANy
7 (stack traceback) DJERTRLTVWET, —fMICE. ZOEFICIEY —RA 3= T2 VA MLEFL—2R
Ny IRFREINE T, LarLl, FEEA»oHANSON T — FIRRINEE A

bltin-exceptions (2l HHAAARFIIN L ZDEEKHV A PN TVWET,

8.3 BIS 2B T B

BN 2 BER L TS 2 X5 8707 0 52BL e TEZ T, LTz RTLEZXV, Zofltixk. &
NESCFHNBATIEND EFTL—FICANZIRLE TP, 2—FH T 17 F AT (Control-C A, Fild AR
L—=T 4 YT YRTABIR=PLTORAL2DFX—%foT) EIDiABEP I TTR TS 22X E 5
TENTEZLITLTVET, Z—VIERLEIDIAAIL, KeyboardInterrupt fSfEHI IS Z &
THAENZ LN ZEIKHERLTLEX N,

>>> while True:
try:
x = int(input("Please enter a number: "))
break
except ValueError:

print("Oops! That was no valid number. Try again...")

try I PO LS CEMEL £9,
o X9 try 8 (try clause) (¥ —7—F try & except DHODOX) HFETEINET,
o D FISNDFEA LIRIT UL, except B ZAF v T LT try XOETEHRZET,

o try BINOEITHICHIADRREET 2. ZOHIOKE Y IS E T, K2, HISED except *—

7 — FORIFEESIN TV BHM—ET 325G, except BINETEINL. try/except TR Y 7D
TANFETOM I N E T

o H LD except B THEINLAINE —BLRWHIANFET 2. ZOHIANE try XDIMAICE X H

78 F8EIS>—rHN




Python Tutorial, J1J—2X 3.11.14

5, HAMCHT B2 B S (handler, JLEER) 238 Zi2d 2R, IBShBWEISN (unhandled
exception) 78D, T7—RX vt —YEHLTETEZELELET,

—D0D try XIIIEHD except B MHT S Bllx DRSNS T E2 N FIRIEETEET, ZLd—
DDONY FIULDPETEINERTA NV FZREMIET S try 8 WTIHAELZHINZTZILEL, FU try #i
WO DEISANY K Z TREZFIINILIHE L ¥ A, except B TIEASEINTH 572X TL 2 WS FETERD
Pt EEETE RS, BIZIERDESICLET:

. except (RuntimeError, TypeError, NameError):

pass

A class in an except clause is compatible with an exception if it is the same class or a base class thereof
(but not the other way around --- an ezcept clause listing a derived class is not compatible with a base

class). For example, the following code will print B, C, D in that order:

class B(Exception):

pass

class C(B):

pass

class D(C):

pass

for cls in [B, C, D]:
try:
raise cls()
except D:
print("D")
except C:
print("C")
except B:
print ("B")

except B DI A TWHE (except B BRANCL B5E). B, B, B e H & 3372 -72 2 2
BLTLIEEW — BN L7z except E SRBIX N2 DTT,

BIsk A 2 L & FISNIBEN T o l@r ol e TExd, ZOMEIRHISD 518 (arguments) &
BIHINE T, SIOAEHES LU0, FINDRIKEFEL £5,

except HiEBINGL DRICEMZIEETE X T, ZOEBUIBIINA ¥ X 22 ZHHTT i, —RINICIE5 1
ZRAES 5 args BYWZFRD 3, AEMHEDD, HARABBINEIE __str__() WERSINATED., PR
HNZ .args ZZWET D TRTOFEERRTEET,

>>> try:
raise Exception('spam', 'eggs')

. except Exception as inst:

print (type(inst)) # the exzception type
print(inst.args) # arguments stored in .args
print(inst) # __str__ allows args to be printed directly,

(RDR=D12HiL)
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(RIDR=I D5 DR E)
# but may be overridden in exception subclasses
X, y = inst.args # unpack args
print('x =', x)

print('y =', y)

<class 'Exception'>
('spam', 'eggs')
('spam', 'eggs')

X = spam

y = eggs

BISD __str__O HE, WS AAEWHSO R v & — DK (3H) £ LTRRINET,

BaseException 3 I NTOISMCHET 2 EIK S 7 X TF, 2DV 727 57 AD—DTH 5 Exception I3,
AN TRWHIN TN TORIEZ 5 A TF, Exception DY 77 7 A TIEAHRWHIIMNE, — T a 2z 5 4
BT T2IeR2RTEDIMMONTVE DU EINERA, HIZIZ sys.exit() Ko TEHEIN S
SystemExit %, L—F =707 L EXEne 2IZEN &5 KeyboardInterrupt 2% H £35,

Exception {JFIFT R TORINEZHIET 274V I— R LTHRZET, Lo LEWIBMLEOTFIEE X,
WER OB OB 2 TE ZROFEICEE. PHILARWISNIZDOE EIED2 L5155 T,

Exception (ZXf 3 % &% & —fRIZRBISMLIED & — > Tld, P ERRD 2 0WiEw Z7HH LT o HEXT
LES (MOHLATHESZUBTE 2 X 51ICLET):

import sys

try:
f = open('myfile.txt')

s = f.readline()

i = int(s.strip())
except OSError as err:

print("0S error:", err)
except ValueError:

print("Could not convert data to an integer.")
except Exception as err:

print (£"Unexpected {err=}, {type(err)=}")

raise

try ... except XIZlX, A 7> 3 ¥ T else Hi (else clause) #F\F 5 Z e BN TEXE T, else Hikikld 254,
2TD except Hik D BERAIITEDIRITIUIIRD £V A, else Hild try & TR PEHZI NIRRTz
FWFEITEINZa—F2ELQRKRIBET, PIZERDXSICLET:

for arg in sys.argv[1:]:

try:
f = open(arg, 'r')

except OSError:
print('cannot open', arg)

else:
print(arg, 'has', len(f.readlines()), 'lines')
f.close()

J
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BMOa—F2NIMA2DE try HiL D b else HIDTHBIVTL &9, BERS, 2535 LT try
. except X THR#EINa—FhroEHIN25 DL OHIE B> THIELTLE S 25 HEL T
LB 5HTT,

BN B 2R, try B OEEARTRE L ZBISN 2 LIS 27203 TR ZD try B 225 (72 AR
IZTH) MU SN B OWE THRAE L MM BB L £3, fIZE:

>>> def this_fails():
x = 1/0

>>> try:
this_fails()
. except ZeroDivisionError as err:

print('Handling run-time error:', err)

Handling run-time error: division by zero

8.4 fIS\zxhd B

raise XM - T, FFEDHNEREXEZ e TEZ T, Hlz:

>>> raise NameError ('HiThere')
Traceback (most recent call last):
File "<stdin>", line 1, in <module>

NameError: HiThere

raise OME— DG BB EH I LBHZIELRLET., ZhEHHNA 2222004527 5 R
(BaseException Z kA& L7227 7 R, 7zt 21X Exception R Z DY 77 7 R) TRINERD £X A,
BIsL 2 5 AHEESNTGE R, SIBIELDa Y X s 7 7 XA Eh, BB, Y 2& vy 2fbsh s

[raise ValueError # shorthand for 'raise ValueError()'

BINDBFEE L 7 8 2 E LW T, Z0fS2I0ES 203 D3k diud, BfzEXo raise
Xefo ThINZHANSEL e TEET:

>>> try:
raise NameError('HiThere')
. except NameError:
print('An exception flew by!')

raise

An exception flew by!
Traceback (most recent call last):
File "<stdin>", line 2, in <module>

NameError: HiThere

8.4. AN =ExHTS 81
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8.5 IS DEH

except HiOH CRUHDOFISNHIFEA L35G, ZDORUHOFSINILE S W FIND LT — X v & —IITE

EX -3 2

>>> try:
open("database.sqlite")
. except OSError:
raise RuntimeError("unable to handle error")

Traceback (most recent call last):
File "<stdin>", line 2, in <module>

FileNotFoundError: [Errno 2] No such file or directory: 'database.sqlite’
During handling of the above exception, another exception occurred:
Traceback (most recent call last):

File "<stdin>", line 4, in <module>

RuntimeError: unable to handle error

D BEINDPMUDOFIN D SEREEEINTVWB I L ZRT DT, raise ICAH T a

%9

> @D from A]EFEE L

# exc must be exzception instance or None.

raise RuntimeError from exc

Nl =X 1 ) R A < Y= S G I Pl o &

>>> def func():

raise ConnectionError

>>> try:
func()
. except ConnectionError as exc:

raise RuntimeError('Failed to open database') from exc

Traceback (most recent call last):
File "<stdin>", line 2, in <module>
File "<stdin>", line 2, in func

ConnectionError
The above exception was the direct cause of the following exception:
Traceback (most recent call last):

File "<stdin>", line 4, in <module>

RuntimeError: Failed to open database

F7o. HEIRHIA OEHZ I3 51213 from None Z45E L £7,

>>> try:
open('database.sqlite')

(RDOR=V1Fil)
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(RIDR=I D5 DR E)
. except OSError:

raise RuntimeError from None

Traceback (most recent call last):
File "<stdin>", line 4, in <module>

RuntimeError

HIA D HFHD A B LT, FEL < IX bltin-exceptions S L TL X W,

8.6 21— —E&HH

775 A ETHLWESN Y 2 22ERT 22T MEOHISZIEET 2 Z A TEET (Python D7 7
ZWZOWTIE 752 ), sk, MBI Exception 27 7 A0 6, EEE IEMEMICIRELZD D
T7,

BIst 2 2 TIE, EEDZ FANTEL L ROMTOERT 2B TEEIH, AHEIZHEMA D DIILT
BEET, KE, WL O0DEMZTZRMEEL, BINDNRELZE EXAY FIDBT T —ITBT 5 1H#RZH
DHEZXSICTIREICL YD T,

FE AL DRISNE, FEDHIS DA & FABIC, "Error” TROZHRTERSNTVET,

ZLOEHES 2 — L TIE, BV 12— L TEESINTVAEBANTRET AN O 2 LS — 2GS L3
7=z, HEOHINEERL TWET,

8.7 V=7 TEEEERT D

try XIWZEd 5 =24 T a v Ofindbh T, TOHIKI V-7 v TEERERTH720DHDT, YA
BRIRMTHBTEITEINET, fIZRLET:

>>> try:
raise KeyboardInterrupt
. finally:
print ('Goodbye, world!')

Goodbye, world!

Traceback (most recent call last):
File "<stdin>", line 2, in <module>

KeyboardInterrupt

b L finally Hi23H 2356, try X0 2R1ORBEOWIE L | finally HiNSEITL T, try XHEIAN %
FAEXEZ0EPIED ST, finally HildFEITEINET, U TR, FISDLFEEST 2 205 HIZEHR S —
ArHmLET:

o B L try XOFEFTHIHANFREEL S, ZDHISMNE except HilZ Ko TUBENETL x5, B L
Z DAY except HilC & o TAUR X RIFIUL, finally EiINETEINBIT. ZOHIAEEH
ThET,
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o except HiE7/21% else BIOETHICHINDPRET 22D IEET, ZOHED. finally HidHE
ITEINRIHIAIEEL SN E T,

o If the finally clause executes a break, continue or return statement, exceptions are not

re-raised.

e B L try X2 break . continue X E7zi& return XOWFTNNITET % &, ZD break X,
continue X E7213 return XDEITDERNIC finally HiDEITINFE T,

o If a finally clause includes a return statement, the returned value will be the one from the

finally clause’s return statement, not the value from the try clause’s return statement.

Il Z 4

>>> def bool_return():
try:
return True
finally:
return False

>>> bool_return()

False

& D B

>>> def divide(x, y):
try:
result = x / y
except ZeroDivisionError:
print("division by zero!")
else:
print("result is", result)
finally:

print("executing finally clause")

>>> divide(2, 1)

result is 2.0

executing finally clause

>>> divide(2, 0)

division by zero!

executing finally clause

>>> divide("2", "1")

executing finally clause

Traceback (most recent call last):
File "<stdin>", line 1, in <module>
File "<stdin>", line 3, in divide

TypeError: unsupported operand type(s) for /: 'str' and 'str'

HTbh»2 B, finally HilZ X OLARDIETINTVE T, XFFTHOEEZT 2 TRELE
TypeError (% except Hi T XN TWRWAD T, finally HIETRICHERLINTVET,

FWMHRO7 7V r—> a2 > Tld, finally fild (7 7 A ARy b7 =28tk D) AR Y — 2%, FIH
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DN LTin &5 I h b & RIS % 7= IR T,

8.8 ERAAV -7y THIE

FT7Y 27 bDEPITIE, FORADOHEE D5, REICK - EBICETINBEENZ V-0 Ty
THERERZRZINTVWEHDHDET, LITD, 774 %4 —7 Y L THAREZBEEICERT 26% ATL
7ZEW,

for line in open("myfile.txt"):

print(line, end="")

Zoa— FOMEFRIIE, a— FOFETHED o RICTPEDORE 7 7 A LV EBWEZEEZTWEZ 2T, Z
MBI 27 ) T TR D SEADN, RELRT7 SV r—2a TRBEICRD 23, with XiE
T7ANDESIRITI 27 FHIZ, HBIZIELL ZY) =7y FENB I e R RIELET,

with open("myfile.txt") as f:
for line in f:

print(line, end="")

CDXDFEITEINTZH LT, 722 ZITONEAICHER D722 LTH, 7741 fIHFIC close TNFET,
T7ANRED, BERBAZ V=7 v TPHEFEOF T 27 MZOVWTIE, FNFADFF 2 XY M TR
ENFET,

8.9 REDEE L B LWHINDEE & E

WL ODFEE L BN DOMEDDE RIS D T3, WHNBD 71— 207 — 7 Tld, BED X X7 PFLT
LTERMT 22072072050 5, MICHRIOFINEEZHT S LD &, MEEKE L TEEOHIN 25
WLEAPEF LWL 75 —23HDFET,

AR A D ExceptionGroup ZHIMNA v 2 XY 2DV R b2 F o, FAMKICERTEZ X5 CLET,
ExceptionGroup b #I5DT, MOFIALFEIL XS i TcEE T,

>>> def £(0):
excs = [0SError('error 1'), SystemError('error 2')]
raise ExceptionGroup('there were problems', excs)
>>> £()
+ Exception Group Traceback (most recent call last):
| File "<stdin>", line 1, in <module>
| File "<stdin>", line 3, in f
| ExceptionGroup: there were problems
e 1 ———mmmmmm

| OSError: error 1

(RD<—J12Hi <)
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(RIDR=I D5 DR E)
>>> try:
£0
. except Exception as e:

print (f'caught {type(e)t: e')

caught <class 'ExceptionGroup'>: e
>>>

except DO DI except* ZHHT 2., Z NV —TOHICH BFEDENC—I L 7=H15 210 &R L TR
HTEFET, UTOFITIE, F A MLEFIHNZ A —TITH L TH except* HiTREEDTDOFIAZHLD H L.
ZNLIANDFISIMOEN R R S, RAEMICHI D ER TN E T, -

>>> def £():
raise ExceptionGroup(
"groupl",
[
0SError(1),
SystemError(2),
ExceptionGroup (
"group2",
[
0SError(3),
RecursionError (4)
]
)
]
)
>>> try:
£0O

. except* OSError as e:
print("There were OSErrors")
. except* SystemError as e:

print ("There were SystemErrors")

There were OSErrors
There were SystemErrors
+ Exception Group Traceback (most recent call last):
| File "<stdin>", line 2, in <module>
| File "<stdin>", line 2, in f
| ExceptionGroup: groupl
e e e A e e e e
| ExceptionGroup: group?2
Fefpmm=m=sc=s=sc==== | s===ces==scs====
| RecursionError: 4
T e

>>>

J

BN — FDOHICED BRI, BITEBRLAA VARV ATHEIDERDHE L IZHFERELTLEEWL, Zh
FE—ENC, LT =2 X510 7T A TENINEROFNE/HIET 2 Z B2 W=D TT,
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>>> excs = []
. for test in tests:
try:
test.run()
except Exception as e:

excs.append(e)

>>> if excs:

raise ExceptionGroup("Test Failures", excs)

8.10 /—FIC&L>THIANZREESES

BN R T 272 DICAERT % & =i, @HEEFEEL 7 —2@HT 2m o eh E 3, Fistez
o7 \ZEHREZEMT 2 e FHRGERHY T, ZOHMNDDIZ, HlFE add_note(note) XV v
F2HRbEET, TOXYy FIEFAZZITIWD. IS0/ —tD VX MTEMLET, FED ML —2ANy
7 TIEHSt ORI, 2 TD/ — bEMUERICHIINE T, -

>>> try:
raise TypeError('bad type')
. except Exception as e:
e.add_note('Add some information')
e.add_note('Add some more information')

raise

Traceback (most recent call last):
File "<stdin>", line 2, in <module>

TypeError: bad type

Add some information

Add some more information

>>>

et 213, HBOHINE 1 DD N —TITEe DD FIL, BLI7—Dar T F X MERZEML WS
BHHET, UFOITNV—THOZBIINDFED ) — ME. 7 —D0ORELDLZRLTVWET,

>>> def £(Q):

raise OSError('operation failed')

>>> excs = []
>>> for i in range(3):
try:
:40)
except Exception as e:
e.add_note(f 'Happened in Iteration {i+1}')

excs.append(e)

>>> raise ExceptionGroup('We have some problems', excs)

+ Exception Group Traceback (most recent call last):
(RDX— 12k <)
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| File "<stdin>", line 1, in <module>
| ExceptionGroup: We have some problems (3 sub-exceptions)
e 1 ———— e
Traceback (most recent call last):
File "<stdin>", line 3, in <module>
File "<stdin>", line 2, in f

0SError: operation failed

Happened in Iteration 1

| Traceback (most recent call last):

| File "<stdin>", line 3, in <module>
| File "<stdin>", line 2, in f

| OSError: operation failed

|

Happened in Iteration 2

| Traceback (most recent call last):

| File "<stdin>", line 3, in <module>
| File "<stdin>", line 2, in f

| OSError: operation failed

|

Happened in Iteration 3

e e

>>>

(RIDR=I D5 DR E)
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7 I RIT =R R AT DE S HIELRBE LT, FHCI RN T2 T, HiLtvwtrry =2
PO B ORER L. ZOREROH LWV AVYRAEVX PMENET, 7 7RADENENDA VARV RAZEY
DREEZMRET2BUEEZR/HTE T, 77 RADA VARV RIFZ, ZOREEZLEET 27200 (Z2D7 7 ADER
T2) AV Y RHETET,

Python &, o 7w 7 I v 7EE LKL T, BNROMLEBERMN I 2T 7 22 FFEITEML T
WEF, Python @27 7 &, C++ & Modula-3 D7 7 AX I =X L%REEZDDTT, Python DI 7 R
HMEEA 7Y 27 MERIT R 75 IV VOBERN L 2 TRIELTVE T, 77 ROMEX =X 413,
BRORIE S 72 FOZ e N TE, JREVZ FATRIEY JADEEDRAY v RKEF—NFAL RTEI DT
EFET, XAV Y FTIR, EEZFRADAY v FEFEICARTHOHT I EBNTEET, A7V =7 MRER
D BDOT —REBNT 2N TEET, EVa— A eRLL. 772D Python O MHEIC
PES XOWEFTENTVET, 77 RIETRICER I, ERRICEETSZ P TEET,

C++ DRHFETEZR, BEDI IRAX YN (F=RZRX NS EL) 1 (FFAR—EH 2E»rATH B
HzFRNT) public THH . X AT RT REEE (virtual) TS, Modula-3 IZH 2 & 5%, A7V =
T IDAYNERXY Y BB T 27-DDFM LB REAEFEA: XYy FEABOES TR, A7V
7 FEREZERTE GBI RLRTNERD S8 A, 58O A 727 MEXY v FIEUH L ORI
O #r LTEINFE T, Smalltalk Il T, 77 REEFNBENL TP 27 FTT, 2D/, import %
PRIAETE L Vo JBENARET T, C++ % Modula-3 £3E» T, 2—¥—3MHAARIEEIEK S 7 212 LTk
RBEITAET, £/, C++ IEFA LT Modula-3 2i3#E S Rz LT, R EHS 1T A ¥ D AAA
AT (BMEAET (arithmetic operator) RIRFRAL) 37 7 AL VARV ATHES -DICHERTE LT,

(7 7 AL THENRHEERSZVOT, Smalltalk & C++ OHGEEZHEICLETHE->TWL Z 2
LEd, C++ £Dd Modula-3 DFHF 7Y = 7 MEMDEKA Python IZEWDT, Modula-3 O HFE
EHEOVZWOTTA, 1FL ALY DOHHEIE Modula-3 IZOWTLLRWTL X ID 5, )
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9.1 HFIEATDT I MMIOWT

ATI 2 MIQIARELR DD A—DA TV 27 M2 (BRORa—770) HRoOA4HEE DY TE L
HTEET, ZOWARBIMLOZEETIINNADT (alias) & LTHISATWE S, Python Z—R L7 F Tl
MAHDTDEEIEI D 570 2 EMRE L BREARREAR (BUE, 75, X 70) 25 & 23 MWL
TELXADD ERA. LLREMS, HIBMHE VR MRRERMDOZ OB Y, ZHEARERIM 2R S
Python 22— K ETELIRENEDRH D T3, HAMFHEOL DD0DETRAL VXD &S REW, 2ok
FEER 0TS LT R Lo fbhEd, fIRIE A 7227 PORIFE LI, FEERIRA Y E20HE
ENBZLTHRDTIARFDRVIRIFICRD £, S/, B2 A7V =7 P25l LTEILL &,
B DO LIRS A 7Y =7 M 2 EEZ R TEET — ZHUTK D, Pascal IZH2 k57
TODFIRIE LML OB EER LTVWET,

9.2 Python DX J— L ARE1ZER

7 I RS BHNC, Python DRI =7 DAL —MZONWTH B L 2 LTEPRITNUIRD FEA, 7
FRAERIITIAZ MY v 7R AFZEREICHEST OT, MR > TW2 022 REICEET 2I121F, Aa—-7
CONIZEMBED XS ICEET 20 R T I2LEN DD T, bRAIC, ZOMBEICET 2HFERIEETO
Python a2 5=t > TEHTT,

FTEREDPOLMOEL & 9o

%B1ZM (namespace) LiF. BRHIPHF TV = 7 P ADKEATT (mapping) T3, ¥ A ¥ DOLHITZERIE,
BIETIE Python OFFS Y LTEREINTWETH, 202 LIHENIE (7 +—~ ¥ 2BUFCI) Hiro o
LRZVL. FERBEEINS 2D LU ER A, ARTZEEOFNTIE, #HIABHOES (abs(O FOBBRH
ABHINA). Y 2 —VNDZa— V4L BT L 2ou -V RA4HINH D £5, +7
P ORISR ZEED T HIERTIILATEM T, LHTZEBICOWTH o THBINEHER D
Y3, B o AEIZERNC D 2 AHTOMICIE R BERBZNE WS 2T, HIZIEX ZOoDHADEY 2 —
DM TR maximize Y WHOBABZER TSN TE, ERARTEFRZINZ DD ERA — £
V2=l OI—FRAFDFNCEY 2 —LZEDITRITIUIRD HA,

LZAT. BY VI FEIZ Fy MIHRABFITIARNTIHLTHE>TWET — Hl 212K z.real T,
real 347V =2 b z DBRETT, BMEICWZIE, Y 2 — L HNOARNICKN T 2 SREEEOSETT, K
modname . funcname TlX, modname (ZH B EP 22—/l 7P =7 hT, funcname X ZDEMTT, ZDH
Bl EV 2 NOBEMEEY 2 - LOFTERIN TV S 70— VA DITE, EERRAIGT A E
NET, ThooHpNEFELARIZERzRAFLTw 0T | !

JEPEEHE D EHICH, FAAARRICLTEET, HFAAARTHNI. BHICRATZZ N TEEXT,
EY 2 — VEMIZEIAAFBET, modname.the_answer = 42 ¥ EL 22BN TEET, TAAARER B,
del XTHIFfT 222 dTEZEF, HlZiE. del modname.the answer X, modname TIEEI NI4TV =
7 b5 JEM the_answer FREL 7,

*1 Except for one thing. Module objects have a secret read-only attribute called __dict__ which returns the dictionary
_dict_
using this violates the abstraction of namespace implementation, and should be restricted to things like post-mortem

used to implement the module’s namespace; the name is an attribute but not a global name. Obviously,

debuggers
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HRIZE IR 4 BRI R TR S L, £ 0Fmb kL TY, MAAARDHARIDA o - AEIZERIE Python £ > &

TV XDEENT S L BRI, IRUTHIRENZ Z2EH D A, BV 2 —1DFa— UL ARTZEH
. EY 2 - VEBRDPHRAAENTzE TIMERENE T, #FE. Y 2 LOAFZEMIZ. 4 &7 X%
TIT2ETEDET, A VETVEXDMy FLRVTETFTENLE A7V 7 7 A bHA NN
HDTHMFEMCHAHNENZDBD TS, __main__ EWVWIELRTDED 2 — N D—H 3 TH 2L ARINED
T, MEOHZRIZEREZROZ LI D T, HAAADAFNIERIIEEY 2 —VHNRFELET, TDE
Y a2 —/U& builtins EMEINTVET, )

BB D 1 — A A ZERNE, BB O S & ZiTfEllEh, B bR o7z & 2%, BB THISS
B I, POBBATUHE SN h o GEICHIBRE N E T, (BRI Bhohd, tEokIZI M
TWB I 2 LR LTVWET, ) $52A, HEMHELOL 2, F4AOHCHLTEHDOO - LBH
HIZEHHD D D 57,

AO—7 (scope) ¥i¥. b 2HHIEMPERE 7 72X TE 5 L 5%, Python 7’0277 LD 7 F A b _LOMHEE
TY, " EHET 7 AARE” &, Bffize Lic (GRIE: spam.egg Tld K HIC egg D X5 12) ARl SR L 72
Bz, Z0ARIZEM» S4FERDT LS eikA2 e ZEKLE T,

A2 a—FIEINCIREXINE T, BRI E T, EITHRVwoTh. BEARIZEEEICT 7 & ARRE
. 3D0FREFAODANTIC R oA a—=THRH Y F3:

o BRHNCEEENG, RBIAMDORa—T1F, B—HLBLHTZFH>TVWET,

o HMHlD (enclosing) BIEID R a2 —F1E, IEWVIEI 2 SIEICEREI N, =1 TH 7 a— L THRVEG
ﬁﬁ%*%ofb\ij_o

o XDAA—FX, BEOEI a— 1D ra— L FiER > TWET,
o —FIMUD (RIBITHREINZ) Ra—FWEENL M Y EEF>TVET,

#HiDY global L EFEXNTVWAEHE. ZOAFNINT 2ZRPRAEIET, Y 2 — 1D 7 — LR 4H]
DA TmEh D 2/BEDR A —FITH L TEZTONE T, RNAa—TDIMINCDH 2 ZBUTHRM T 512
¥, nonlocal XHMF X 3, nonlocal L EF TN oEEIE. 2 THABLEHLLRDET (20 LS
BERIINT 2FZIAAE, BITHLW o= 28z d o L bNHlO R a—FTHER L. o Ra—7
DEZFZEILL FEA),

WHE, 0—HLRa—F (Fur7467% AN ED) BEOHBOu -V R4 ESRL 3, BB
fIciE. B—=ANRa =7 a— LR AHTZER & R CARTZER. EY 2 - VORI ESRLET, 7
T RAERTIX, B—ANRa—=TDOHIZH 5 —OLHIEMPEILNE T,

2a—=FRETFA P ETREINTVR L HFET e PEETT, TV 2 — LNTERINZHBD 70—
PUBRZA—=TE, BRSO EINTH, PARIGAE DT THOHEATYH, ZOEI 2—10D
ZHTZERNCI2 D £ 5, RN, EEOAHIOMBIIETRICERNTONET — IdVR, SHEOERI.
a VR4V R DERR AR O ENSHEL LTV 3 O T, BIRARIIRIICE > TV A | (FE
0 — A VR ZERIIBCHINCIRE S N TVE T, )

Python DR Y LT, global X nonlocal XMW EIMTHRWVWIEEIX, ZANCHT 2 SMITE IR D Ao 2
I L TEMIRDET, RAFT—2Z2a—-LEVA, A7V 27 F2HAFNCHET 2720 TT,
HIBR S FEIBE T, del x l&, B—HNRA—TOHHTZEMD S x [T 2HREZWMDREET, 2FdL I A,
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HBLWARTZ S22 X5 BT RTORER,. a—hr2a—F %o TTbRET, import X, BBOEH
1. EY 2B E T —H N A a—TOLENCHERL £9,

global X %5 &, FEDERBMN 70— NV RAa—FITHFHEL, ZITHRMSNDS I 2ERTEET,
nonlocal X, FEDEHAIMUD R 2 —FITFEEL. Z I THEMINS Z e 2IERLET,

9.2.1 XRJ—TFr&rZEEDH

B3 2a2—-T ARIZERBED X5 ISR EN 50, £z global B XU nonlocal BWEMDEMIZEY S
WET I, ZOFITHERELET:

def scope_test():
def do_local():
spam = "local spam"

def do_nonlocal():
nonlocal spam

spam = "nonlocal spam"

def do_global():
global spam
spam = "global spam"

spam = "test spam"
do_local()
print ("After local assignment:", spam)

do_nonlocal()

print ("After nonlocal assignment:", spam)
do_global()
print("After global assignment:", spam)

scope_test ()
print("In global scope:", spam)

ZDa— FEoHI:

After local assignment: test spam

After nonlocal assignment: nonlocal spam
After global assignment: nonlocal spam
In global scope: global spam

OB, (F74b0) A—AILE KA scope_test LD spam ~NOFRFEZEE L EFHATL 7,
nonlocal fXAIX scope test LD spam ~OFRMELEE L, global RAWKEI 2 — L LV OREE L H
Li Lf:o

722226, global RADENZIE spam IZASFMENTWRE oI DD 5,
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9.3 V5 RHR

AT, FILWEXED LY, Z00HkhA 7 27 M ZLUTHREZERMTZWLDO2ED AN
TVWET,

9.3.1 V5 AEREDEX

2 AERDOERS BMBERIZ. XD LT T

class ClassName:
<statement-1>

<statement-N>

BEUER (def X) LFME. 7 7 REBPMRZ D DT ETETLARTNUIRD £/ A, (F 7 RAEFEE if
X DR BRNERNICELS 28 b, BEXAHELTREDY AT, )

EBRIX, 77 REZROAENCD 2300F, EEIZEBUERICRD £330, oXEFEL b TE, 2D E
WD ZedHDET —— ZHIZOVWTEBRTHERET, 77 ANOBEBERITEE. XV vy NORUHLKR
TS SN HEFDOIER DI A M 2B E T - 2OV THRTHRNE T,

7T RERICAD & il RAHIEEBMER SN, v — A RARZER e LTEDRET — o T, m—2
NIRRT 2 2 TORANZ Z D72 AEIZERICA D £3. KFHS, BRBERZITS &, FikBoamH
B ZOHAIEMICHE T o E T,

75 AERDHEEIC (EROKIMCEGELC) RII2 . IFRFTI LU b (class object) BER S %
T VIAFTY 2 ME EARNICIE Y 7 RAERTIER S N LHTEBONE % 287 v 8— (wrapper)
TS, VIRATI 27 PIZOWTEROHTHLLFERNILIILE T, (77 RAERICASHNCHNE o 72)
TEDR—ANAA=TBEIFL, EWENI FAA TV =27 VRETR LR —ANV R =TT 57 RERD
ANy XTHEE L7401 (LofITiE ClassName) THRUMIT N E T,

9.3.2 VSRATTxV b+

IIRFAT 27 bTR2EBHEOEE, BUESHE A VA XV 2AERETR—FLTVWET,

BB (attribute reference) 1&. Python 2B} 323X TORBMESTH LI TV 2 EHERT RS, obj.
name ZHWVWET, 7 I RFA T 27 bHPERINBNCT 5 ADAFIZERNC D o 14T T X TOENRIENME
HTT, WoT, UTD &SI 7 REFETI:

class MyClass:

"""y simple example class
i = 12345

def f(self):
return 'hello world'
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then MyClass.i and MyClass.f are valid attribute references, returning an integer and a function object,
respectively. Class attributes can also be assigned to, so you can change the value of MyClass.i by
assignment. __doc__ is also a valid attribute, returning the docstring belonging to the class: "A simple

example class".

27AD A YA (instantiation) [ZEBEEEZEVWE T, 77 AA T2 DI, 7 TAD
LA YRR ZAZRT, 5HBOROEBD X5 1cifkoTLEZ W, L7 7 ATHIRT S L:

{x = MyClass() J

B 77 RADFH LW A VARV R (instance) ZHER L. ZOF 7 =7 Fea—AVER x ~NMUALF T,

A VAR ZBE (V7 AF TV 27 b T LY) TR, ZOA TV 27 bMELNET, 2L DY
T AT, FFEOHHIIRBICH R Z A XENEA T 27 v EED 20T T, 207D, 77 RITiE
__init__ () LWOARIORRXY v REERTEZ T, HIZIEROESCLET

def __init__(self):
self.data = []

ZIAD __dnit__ () XYV U FEERLTWEEE, 77 A% 4 AR 2T B, #iLifEonizr o
ZA VAR UTHEINC __init__ ) ZMUHLET, o T ZOHITIX, #Hizt#iEs A > R

RUABRDESICLTELRET:

[x = MyClass() }

&b AA, IO KERFUERE-E 27012, __init__ () XYy FIZEBOS 2822 N TEE
T FOBE, ROMDESIZ, 7 F5ADA Y AZ Y Z{UREICEE N5 150F __init O WKEINET,
Bl 212,

>>> class Complex:
def __init__(self, realpart, imagpart):
self.r = realpart

self.i = imagpart

>>> x = Complex (3.0, -4.5)
>>> x.r, x.1
(3.0, -4.5)

933 1YRAVRAFTTxV bk

YIAT AVARYAA T 27 b RS AN TELZDTLEIN? A VARV ARFT T I 27+ HHf#E
TX2M—DEEZ. BEOSIETT, AMRBEL I (F—2BUEBIUX Yy FO) ZEEDD £,

data attributes correspond to ”instance variables” in Smalltalk, and to "data members” in C++. Data
attributes need not be declared; like local variables, they spring into existence when they are first assigned
to. For example, if x is the instance of MyClass created above, the following piece of code will print the

value 16, without leaving a trace:
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x.counter = 1

while x.counter < 10:
x.counter = x.counter * 2

print(x.counter)

del x.counter

The other kind of instance attribute reference is a method. A method is a function that "belongs to”
an object. (In Python, the term method is not unique to class instances: other object types can have
methods as well. For example, list objects have methods called append, insert, remove, sort, and so on.
However, in the following discussion, we’ll use the term method exclusively to mean methods of class

instance objects, unless explicitly stated otherwise.)

AVARYRAATY =27 VTHMBRAY v PR, 20277 22EDEF, ERITEID, 77202 TOH
ATz b THIBUEDA VARV AA T =27 bOZYBRAY v FRICRED 3. 6o T, HITIE,
MyClass.f [ZBABUZ DT, x.£ 13X Yy FOBHE LTHEMTT, LA L, MyClass.i IZBTIZRNDT,
x. i EXVy FOSRE LTAMTIEDD £ A, x.f 1d MyClass.f AL HDTIEH D A — BEA
7Y 27 PTIREL XAV YRATI LI b (method object) TF,

9.3.4 XYy RFTZzU+

UiF, AV vy FlidnAg v FERERICHOHEENET:

(0 1

Z D MyClass OfITIE, SXFF 'hello world' 2RI NE T, Lo L. AT LHTIAY v REMUHX
RINERORODITEDD F¥A, x. £ FXAY Yy RATI 27 b THDH, EIHLPRZANTBOTHRTHY
H3 e TEET, fIRIERDa— Fid:

xf = x.f
while True:
print(xf())

hello world ZWHDH 2 EFTHIFLEIFISTL &£ 5,

XYy RDBFEFHENS & FIEERICEMPIEETHNEDTL 2 52°? £ ODBBERTIES B E—>of
ELTWRIZH2rbET., EOFITIE x.£O PR LTHIHINATVET, 518IZES5R->%DT
Lxo07? 72U, 5180 ERBEECES B L TS 2. Python 23St 26T 2133 TF — 72k
ZZ DI BBEBFIIXEDLRR L TH

HIHIOBFRFBBTETCVWEILDLNEEAR: XAV Y FROWTRAIRIE LT, A VARV AA TS 2T b
DR OE 155 LTEaINE T, fiTiE, x.£O EWSIEUH Lid, MyClass.f(x) ¥ BIEICEMid D
TY, — M n HDFIEV A+ o7 XYy FOMH LI, ZOXY Y FOA VARV AT TS =27 F 2K
YIOGIFDOBNTIEA L7258 R R T, XY v RISHET 2B8ENUHT Z & 2 H T,

—RENZ, XYy FRUTOESKEMELET, 4 VARV RADIEF—REMERBRIN-L 213, 204 >V
ARVADY FADBBMBREINE T, ZOXBDPENR I FABEEZRL TV IERA TV =7 Mo, A VR
RUAFX T2 7 b BRI T 2 7 bOTANDBEYBIRAY v ATV 27 P2 7 ENFET, XV R
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A7 27 PHFIV AP HIIPIHENDZ & A VRAZVRF T 227 b eESNIG Y X o8

LW Y R M2 LT, EOBBA 7Y =27 F2HILVWIIEBY X P TR L £,

9.35 VSREAVAR Y AER

— AN, 4 YRR Y RAERIIEFNEFNDA VARV RIZOWTEHED T —ZD=dDH DT, 75 AL

FDITIFIADTNRTDA VARV AL Lo THBINZBHERAY Y ROTHDHDTT:

class Dog:

kind = 'canine' # class vartable shared by all instances

def __init__(self, name):

self .name = name # instance variable unique to each instance
>>> d = Dog('Fido')
>>> e = Dog('Buddy')
>>> d.kind # shared by all dogs
'canine’
>>> e.kind # shared by all dogs
'canine’
>>> d.name # unique to d
'Fido'
>>> e.name # unique to e
'Buddy'

BEEAT OV MZIOVWT T Lo L&D, HET—XF Y R MRFFED X 57 mutable ¥ 7Y = 7 b
PGS 2 LI REHREFHEHET, PRI UTFDa— D tricks YV A Md7 7 AZEK e LTEDHI
ERETEDHDERA. BELRSLoT—DD VXA MRTRTD Dog 4 VARV AL THFEZXN B Z L
kD815 TT:

class Dog:

>>>
>>>
>>>
>>>
>>>

tricks = [] # mistaken use of a class wariable

def __init__(self, name):

self .name = name

def add_trick(self, trick):

d
e
d
e

self.tricks.append(trick)

= Dog('Fido')
= Dog('Buddy"')

.add_trick('roll over')
.add_trick('play dead')
d.

tricks # unexpectedly shared by all dogs

['roll over', 'play dead'l

D75 ADIE LWEETTIEA VAR VAT EZROY ICHHT A3RETT:
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class Dog:

def __init__(self, name):
self .name = name

self.tricks = [] # creates a new empty list for each dog

def add_trick(self, trick):
self.tricks.append(trick)

>>> d = Dog('Fido')
>>> e = Dog('Buddy')
>>> d.add_trick('roll over')
>>> e.add_trick('play dead')

>>> d.tricks
['roll over']
>>> e.tricks
['play dead']

9.4 WALWALIEER

A YRR YR 7 AOM T TRICEBHEABHEH S ATV G, BUEBREREA Y AL A08BkEshE T,

>>> class Warehouse:
purpose = 'storage'

region = 'west'

>>> wl = Warehouse()

>>> print(wl.purpose, wl.region)
storage west

>>> w2 = Warehouse()

>>> w2.region = 'east'

>>> print(w2.purpose, w2.region)

storage east

T=REMHZ. XYy F2roZRTESZLFERC, @HEOF T2 vD2—Y (" I754AT7V ) HdS
WMTEET, Wz 2L. 7R HMRT LB LTHES 2 BN TEEREA, FEFE Python T,
7= XEME RS 5D OBEMBIRICEDH D FEA - T—XORERMIZ TN THRCE SV TWE T, (¥
12, C BB TH,1 N Python DEETIIEERDOFMZERICE ML, BEZBLTAT I 27 ADT Y
L AZHIETE XS, ZOMMIE C FiETEr N Python RTHS Ze N TEEXT, )

7547 ETF—REURERFELEORNETT - 25472 MEI. AV y RERLTwWa 57— 2 g
DAEREZHEAICL D, BELICTI2DLNEVTA, 727472 MI. ARHIOHEHENREREXNTWBERED .,
XYy FOEMMEICHELZRIFT IR VARV RAIHBDOBEEZ BT A28 TEXS, 2S5 22
HEELTLEZY - 22 TH, BT ORMITHFEOREEH LTINET,

Ay ROHFNE, F—REEE (FREFOXY v Fd ) SBRT2-008MINT0EEH D FEA,

. ZOMEREDX Y v ROAJHHEEFEDTVWB LK TWET, BB AV Yy RERFOD TR EIZun—
BRERE A VARV AER R Z->E DX TEZNHTT,
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XL XYy FORYIDOGIHE self LU ET, COLFTTIZHELZZEETLLID D A, self £ 5
#HiE, Python TIHMA SRHLEHREZR L FH A, I3V A. ZOBETIEDR VWL, 2 — Fiflio Python
TR IR o TRPHAILS VWD DERDE T, ¥/ IFRTZIY (class browser) 7075 L3 Z
DETEDH T LTEIATVE2S LOLEE A,

77 2ABUTHIZBMA T 27 P Ihd, T ITADA VARV ADEDDAY v FEERLTVE
T, EBERIZ. TFRAPETIZIREROFTICASTWAREIH D FRA, AT 2275 2D
O—HINBEBOFIRATZ2DD OK T3, FlIZIEULTOa—Fok31cLET:

# Function defined outside the class
def fi(self, x, y):

return min(x, x+y)

class C:
f = f1

def g(self):

return 'hello world'

h=g

INT f.g. BEUPhE IRNTCOBEBUETHIEBA 7 227 F2BHMLTVWET, iE-T. 25
B, TRTCDAVRARYADAY vy FeDET —hid g b &LFEMTY, TAZERLTDH, KKIZH
X705 AOFFEICRIEZ DO TRIBRDOTERLTILZI W,

XYV v Fid, self 51 DX Yy FEMEZffoT, ioxyy FEMIHET A TEET:

class Bag:
def __init__(self):
self.data = []

def add(self, x):
self .data.append(x)

def addtwice(self, x):
self.add(x)
self.add(x)

J

XYy R, @EOBEBEFAIL IS5 LTZe— LA SR LET, 2 XYy RT3 70—
2a—=TF, TOEREEFLEI 2—LTT, (Z7RF7u—ruthra—-7e LTHWLNEZ2EHD
FHA, ) AV Y FT/R— LR T—XEHES RBOEHIXIZLA YD D FRAN, Zu—rLigxa—-7%
EONEFMIZADDET, —D2FITD2L, XV y FALS, 7B — VLR A3 — 1T import E72B%
REV2—AR, ZOEY 2 — VP TERINLEHL I FRAZMS e B TEXT, @HE. XYy FOA-
TW57 7 AAKE 78— LR A —-THNTERINTVET, ROHITIEZ, XYy RBREHTDY 7 A %%
2L LTEYRDOZRTAEL £ 9,

Bz DEEFA TS v RDT, 27X (B ebFVET) ZHE-oTWVWET, 23U object.__class__ I
REFxhTwET,
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9.5

EOETHRL, MROMRZ Y R—FLARWVWEERAERT ” 7 7R EPNICELERA, IREZ TR
(derived class) Z/EFRT 2MUIRD X H5122D 3

class DerivedClassName (BaseClassName) :

<statement-1>

<statement-N>

J

The name BaseClassName must be defined in a scope containing the derived class definition. In place of
a base class name, other arbitrary expressions are also allowed. This can be useful, for example, when

the base class is defined in another module:

{class DerivedClassName (modname.BaseClassName) : }

RAEZ 7 ZAEROFITE, REZ 7 ADBELRILEIKEDLNE T, 7RI TV 27 M DHEINS
e, BIKZ 5 A RENT T, il EEY 5%, BUESRERIRT 27-01ffbh s, BRXh
BN 5 AR LR o T GE, BIKZ 7 ATREIEAZ T, ZOMANZ. REZ 5 2 Mo 5
MPDZZAPBIRELTDDTH-> 156, HRINCER ST E T,

IREZ FADA v A2y AT, Kl Z 2 i3fid H D £2 A, DerivedClassName () &7 7 A DH7272
A VARV AERERLET, XYy ROBRIIRD LS LTHRRINE T, II0T 27 7 A BIEIMRER
INFET, BMRIZ, BDEIGL, REZ 5 HEE R Tiibh, REDERL LT S20BBE 7Y =2
FRB 7L EINHE XYy FBRITENRD DL RD F3,

RES T RAIRIET T ADXY v R EEE (override) $2Z DB TEET, AV y NERLATY =2 b
DDA Y v FRBECHTEICM SRR RMERZ L EH A, 20D, HEEEIFTADRXY v FH, FAL
HIKZ FATERINTVWEH 520X Yy FRUHLZ2{T>TWwWa 55, REZ 7 AT LEHE I
LRDRXY y FHRMIHEINE Z 2R3 0d LIMLERA, (C++ B T < Python Tld, TRTDAR
Vv FIFHEEL virtual T, )

REZ SATEBEELTVE XY v FTIE, HEZ FRDRADRY v FEBEIRZ 32D T3, HRL:
VOIS LNERA, HEIZFADRAY v FREHEFCHSTHEZGIENDHD £3, HIZ BaseClassName.
methodname (self, arguments) ZFFUNMH T/ TY, ZOMHRE. BECL-TIEI 747 Y PTHRIZ
NHET, (ZOMUHLADEIET 201, BEY 722370 — LA 32— 7D BaseClassName &\ 5%
HT7 7R ATEZ L 2T, )

Python 1ZIdMARICEERT 2 2 DOMAAABEELH D 3

o isinstance() S5 2 4 VR XV ADE PN S FF, isinstance(obj, int) & obj.
__class__ % int % int OIRET 7 ADIHFEITR D True 12D F3,

e issubclass() #H5 & 7 7 X DOBABEBRBPARSNF T, bool & int OV TV 7 XKD
T issubclass(bool, int) (& True T3, LA L., float & int OV 77 5 X TER VDT
issubclass(float, int) (X False TJ,
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9.5.1 ZEHkK

Python Ti&, ZH#K (multiple inheritance) DER S I R—F L TVWE T, BROEKS S X2bD7 7
REFIIRD X512 D £

class DerivedClassName(Basel, Base2, Base3):
<statement-1>

<statement-N>

BEAEDY Y INBZEMWKICBWT, B2 7 A ofiRSh s BEOREKRIZ, RSBELT, EroHIC,
ZLUTHADEEOHTHEL 7 7 ANEBETL 2 GRIE: &4 782 FRER I ET) HEIC 2 EE
Ke LBV, LERDZIEHNTEET, ROT, H5JENED DerivedClassName THON SR WVWHE, £3
Basel »»HME X4, Z LT (HIFMIZ) Basel DRES T A LMEKRI N, ZNTDRO0 SR> 5E
¥ Base2 »HMKRIND, LWL oBEHITRD 7,

EBIZIE, 20L& Db 5D LRIEMTT, iR super O OMFEFH L DZDIZX Y v R OFRIEFIZE)
MICEBEXNREST, 207 7 —F I 3MOZLERADH 2 S5 T call-next-method ¥ LTHISGNTED, B
—HEE L DIRNEFED super MU L & D AT,

Dynamic ordering is necessary because all cases of multiple inheritance exhibit one or more diamond
relationships (where at least one of the parent classes can be accessed through multiple paths from the
bottommost class). For example, all classes inherit from object, so any case of multiple inheritance
provides more than one path to reach object. To keep the base classes from being accessed more than
once, the dynamic algorithm linearizes the search order in a way that preserves the left-to-right ordering
specified in each class, that calls each parent only once, and that is monotonic (meaning that a class can
be subclassed without affecting the precedence order of its parents). Taken together, these properties
make it possible to design reliable and extensible classes with multiple inheritance. For more detail, see

https://www.python.org/download /releases/2.3 /mro/.

9.6 751 X—FE#K

FTI 27 bOHFRL AT 7R AMEKZ N Y T4 R— N 4 YRR ZAERIE, Python IZ13dh £
Ao LU, IFEAYD Python 23— F - TWBBEDBHD £3, 7V X—Ra7 TiH% 2401 (FlzF
_spam) 13, (BETHNARXY v RTHNF— XA ¥ ATHA) IF public 7% API £ LTHVET, Zhsid.
TEBRLKEEZINZ 2D LARVWEEDFHE L THRbNAEZRETT,

JIADT T A NR= bR UANZOWTHEY)RL—R T =2 (FHZH 77 7 ATERSI M40 L OEZLE B
B58) BdBDT, HHi~v > 7V ¥ 7 (name mangling) £ WHEN S, BRE X N2HE— MEHERD D 75,
__spam (FEBEIC AL ED FECFE REIC—EALFO MREXF) 2 W TERO#AIFIE. _classname__spam
AN THFRMEBEINDE X SICR D F L/, Z I T classname (&, BIED T T XG0 HIEHD R F R
FYLoARNCRD T, 2O &S RES{E (mangle) &, @& T OSEN BB I DD 5 TITHNLED
T, 277 AEBRMNTEN @ T 2T L TERITSNE T,
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HHI Y 7V NE, YT TADBAEDR Y v RIEUH L EZBITIIXY v Rt —N=5 4 RFTLDIZfE
FTd, HlziE:

class Mapping:
def __init__(self, iterable):
self.items_list = []
self.__update(iterable)
def update(self, iterable):
for item in iterable:

self.items_list.append(item)

__update = update # private copy of original update() method

class MappingSubclass(Mapping) :

def update(self, keys, values):
# provides new signature for update()
# but does mot break __init__ ()
for item in zip(keys, values):

self.items_list.append(item)

Loflix, b LIKIZ MappingSubclass IC __update Al FEEE L LTHEBALHZE T, £
DI HIZ, Mapping 7 7 A TIE % D #JF% _Mapping__update IZ. MappingSubclass 2 7 XTIl
_MappingSubclass__update {CZNZENE XX 20 5TT,

HEOHANZ T REOERE DD BDELWND T L IER L TL IV, BEILNRTIET, 77
AR=PESNTVRIERIIT VAL DEET 5 2 LIIMEAL LTAIRER DTS, TNy H D X 5 Lok
BIRITIE, COARIMEN TS S5HD 7,

exec() ® eval() NEENa—FTRE MHLITOZ FAZZHED I F AL RSB WI IHEREL
TLEEWV, ZOHEE global XOZREMUTEL., ZORED FFAMKIC, N4 bay s ranik
a— RIZHIBREhTWE T, FAUHIKID getattr() ¥ setattr() ¥ delattr() IHEHINE T, Fi=.
__dict__ *EESRT I b EAINE T,

9.7 b oIFLIEL

Pascal @ 7 L a—F (record)” ®. C Sib®D " WIEK (struct)” D LS5 7%, HHi>Z07F—XEERe—% ¢
DT 27— 2N H 2 e @RI enHD £, HANZFEL LT, ZOHMDAHIZ dataclasses &
AL %9,

from dataclasses import dataclass

@dataclass

class Employee:
name: str
dept: str

salary: int
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>>> john = Employee('john', 'computer lab', 1000)
>>> john.dept

'computer lab'

>>> john.salary

1000

HBREEDMGBR T — X EE KT 5 Python 2— ROWIFIZ, ZOT—XBDRXY v FELIal—ya vy
577 ARODICETIENTEET, FIZIE. 77404727 b2 oMLLDT—X 2T 2%
DD 556, read() & readline() ZFDO 7 FAZEREL T, 77 A LVTELRIXLFIINY 77 b7 =&
ZHIGT A EIICLTEE, 51 LTHETIENTEET,

Instance method objects IZHEMEDH D F T, m.__self__EAYV Y Fm() DELTWVWEAL VYRRV AAT
P27 MT, m.__func__ 1ZZFD XY v RIZXIHT % function object T,

9.8 7L —% (iterator)

FTTIRODOVWTWBTL & I, for XS LIFLAYDaAYTFA TV MZblzoTIL—7%2{T5 2
EMTEET:

for element in [1, 2, 3]:
print (element)
for element in (1, 2, 3):
print (element)
for key in {'one':1, 'two':2}:
print (key)
for char in "123":
print(char)
for line in open("myfile.txt"):

print(line, end='")

IOV HEHBANDT 7 AHFEFZHMEETHEBETHVG WS DTT, 1 7L —XDiEMIE Python NALATE
Eh, Mi—EEF-ETVET, BT for XiFary7F+A79 =227 ML T iter() BEZEMFATHE
T, B, 2T FOFDOHERIC1I DT O7 72 AT S __next__ () XYy FRERINTVWEATL—
RATIO2 7 bVERLET, A EERPEVIGEIEX, __next__() XYV v FiX Stoplteration filf} %%

HL., ZO@RA%EZT for =13 T LET, HAAAD next() BIEEM#->T __next__ () XY v %
EEERZEDTEZT; ZOFNZBEENE SEL DrERLTVWET:

>>> g = 'abc'
>>> it = iter(s)
>>> it

<str_iterator object at 0x10c90e650>
>>> next (it)

lal

>>> next(it)

lbl

>>> next(it)

e

(RDR=V1ZHiL)
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(RIDR=I D5 DR E)
>>> next(it)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
next(it)
StopIteration

471 —278 baLORIZHZMEMAEBEL THIUR, BIEDZ 72124 7L —X & L TOREVZIBM
FTE2DEMHETT, _next__ ) XY v FEEOATI 27 b2iRT __iter__ () XV Y FEERTBEDT
To ZIAM __next__() XY v FEERLTWVWBEHE, __iter__() XV v FIZHIZ self I BT Z L A
RETT:

class Reverse:
"""Tterator for looping over a sequence backwards."""
def __init__(self, data):
self.data = data
self .index = len(data)

def __iter__(self):

return self

def __next__(self):
if self.index == 0:
raise Stoplteration
self.index = self.index - 1

return self.data[self.index]

>>> rev = Reverse('spam')

>>> iter(rev)

<__main__.Reverse object at 0x00A1DB50>
>>> for char in rev:

print(char)

n " B

9.9 U x L —% (generator)

PIFL—F B ATV —REENT 2DDOMERTHENIBRY LT, Pz —XLEEOEHD XS
WKEDPNETH, MorDT—XEIRT & 22T yield XEffVET, 20OV 3L —XIIW LT next ()
IS ENZ 72T, P21 L —KIFLANCHM L7 2HALE S (YL =& 2TOT— XA
ERBICEDXDBFITSNIPZRRLTVWET), UToflz AU, ¥ =L —20e THHEIC/ERT
XpIehbrhET:

def reverse(data):

for index in range(len(data)-1, -1, -1):
(RDOR=V1Fil)
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(RIDR=I D5 DR E)

yield datal[index]

>>> for char in reverse('golf'):

print(char)

M O H H -

VAL —RTTELI L HIOHITHH LI R 2Ho724A T L —XRTHEHTEZT, Vo FrL—X&
DEBMN AT MZRBDIE __diter__ () XY v F& __next__ () XYV vy FREHITIEREI N5 TT,

VR L —ZDDH I ODEELIKEER. MUOHL Zicn — A Z e ZPRENBENCEEI RS W
528 TF, ZHITED., self.index % self.data W oloAf VARV AZEHZ o7 u—FLkb
B2 EL DB TEZ LI D ET,

XYy R2HBER LD 0l A0ETREZ BEIRFET 513012, ¥ = 2L — XK TRICHBINII
StopIteration ZXH L £9, ThoHDfELHAGDOE S L. @HOMBEESDLRILIINT, I
ATV —REERTEET,

9.10 oz xL—4x

By 2 2L — 26 LTHiRICa—T 4 7 TEET, 20RF Y X P NARGUSUI A% ffin
FI2, AFEMTIER S IFEMTEHVEST, Y232 L=, BEBOF T 2 2L =R 2T IMENTZN
FOBRRDTDIZHEENTVET, Ve pr L —ZRITRRY 2 AV —XDERID 227 M TTH,
b x o LAADNDIRNE ZADHD ET, FALNEZET VR MNERLIDEXEVIBLLZ EHZV
EVWSHEDDD FT,

l:

>>> sum(i*i for i in range(10)) # sum of squares
285

>>> xvec = [10, 20, 30]

>>> yvec = [7, 5, 3]

>>> sum(x*y for x,y in zip(xvec, yvec)) # dot product
260

>>> unique_words = set(word for line in page for word in line.split())
>>> valedictorian = max((student.gpa, student.name) for student in graduates)
>>> data = 'golf'

>>> list(data[i] for i in range(len(data)-1, -1, -1))
[Ifl, 'l', 'O', |g|]
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TEN

BESATSVIZVUT—

10.1 OSADAI>H—Tx—2R

08 EVa—UE, ARL—T 4 VTP ATAEMETE-0DEL OMBEIESEL TR T

>>> import os

>>> os.getcwd() # Return the current working directory
'C:\\Python311"'

>>> os.chdir('/server/accesslogs') # Change current working directory
>>> os.system('mkdir today') # Run the command mkdir in the system shell
0

from os import * T <. import os JERZMS X5ICLTL L&V, 2535 2T, BEBKREL
72 2 AAABIE open() 2% os.open() Tk N2 D& ITFoNE T,

FHAAABE dir O BE UK help() 1F. os DX I BRKHBREY 2 — L TEEL T 5 & ZUIT, MEEIRIEE
LoiFiziab £

>>> import os

>>> dir(os)

<returns a list of all module functions>

>>> help(os)

<returns an extensive manual page created from the module's docstrings>

T7ANRTF4 L7 FVVOHBNLZEMEEXD-DI1IC, EOHBEICHZ3EKEDLS VX —T 2 — AN
shutil £ 2 — L TCEEXATVWET:

>>> import shutil

>>> shutil.copyfile('data.db', 'archive.db')
'archive.db'

>>> shutil.move('/build/executables', 'installdir')

'installdir'
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10.2 Z71ILDT1IL kHh— KR

glob EYa— TR TALZ MIDUALFA—FRBEPSLT7 74 VDY R M RERT 27D OBEEE R
HLTVET:

>>> import glob
>>> glob.glob('*.py')
['primes.py', 'random.py', 'quote.py']

10.3 OV K51 V5|8

Common utility scripts often need to process command line arguments. These arguments are stored in
the sys module’s argv attribute as a list. For instance the following output results from running python

demo.py one two three at the command line:

>>> import sys
>>> print(sys.argv)

['demo.py', 'one', 'two', 'three']

argparse EY a2 —/Ud, a~v Y P74 V5IBENHET 27D DEICHERE W ALMHAZIREL 3, XD
ZV7MELOUEDT 7 A VBZ ML, 7Y 2 Y TITBRERRL LT,

import argparse

parser = argparse.ArgumentParser (

prog='top',

description='Show top lines from each file')
parser.add_argument('filenames', nargs='+")
parser.add_argument('-1', '--lines', type=int, default=10)
args = parser.parse_args()

print (args)

2= FZ 4 T python top.py --lines=5 alpha.txt beta.txt #FE{T3 2. LORZ VU 7 M
args.lines % 5. args.filenames % ['alpha.txt', 'beta.txt'] IKHEL X,

104 T5—HADVHEAL I beTO75LDIKRY

sys £ 2 =, stdin, stdout, stderr ZRTBHEDFEL FT, stderr &, BERPZI— X vt—V%
HIJILU T, stdout XV XA L7 NENTIGETHHD D LT 2 7DIFEFTT:

>>> sys.stderr.write('Warning, log file not found starting a new one\n')

Warning, log file not found starting a new one

sys.exit() &, RZ VMR TIE LS o L HEENLITETT,
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10.5 XFHNDONR—2IyF2T

re EYa—Tid, XD EELRXFIINHD /D DIERKRB 2R L TV, IERRBUIEM L —BR
REIEITN L TR TREL S N IRR 2 1Rt L 5

>>> import re

>>> re.findall(xr'\bf[a-z]*', 'which foot or hand fell fastest')
['foot', 'fell', 'fastest']

>>> re.sub(r'(\b[a-z]+) \1', r'\1', 'cat in the the hat')

'cat in the hat'

BNROERERZ I DREIZ S, GART TNy T LR TWIFINAY v FOTHRBEDTT:

>>> 'tea for too'.replace('too', 'two')

'tea for two'

10.6 #ZF

The math module gives access to the underlying C library functions for floating point math:

>>> import math

>>> math.cos(math.pi / 4)
0.70710678118654757

>>> math.log(1024, 2)
10.0

random EY 2 —Lid, ELEICEOWEERFIRO-HDOY —LEEREHL TV T

>>> import random

>>> random.choice(['apple', 'pear', 'banana'l)

'apple’

>>> random.sample (range (100), 10) # sampling without replacement
[30, 83, 16, 4, 8, 81, 41, 50, 18, 33]

>>> random.random() # random float

0.17970987693706186

>>> random.randrange (6) # random integer chosen from range(6)
4

statistics € 2 —/MIBIET — X OEBERZHEHRE G, hRE, 28 Z3tRL 3!

>>> import statistics

>>> data = [2.75, 1.75, 1.25, 0.25, 0.5, 1.25, 3.5]
>>> statistics.mean(data)

1.6071428571428572

>>> statistics.median(data)

1.25

>>> statistics.variance(data)

1.3720238095238095
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SciPy 7m > =27 b <https://scipy.org> ZBIELAH D70 DZ DEY 2 —LZ2REAEL TV ET,

10.7 1 22—y bADT IR

AR =3 M7 7EALZDA Y EZ =2y b TR FaVZUB LD T 272DDZLDET 2 —L2H D
¥9, ROHEMMAR 2 D0DEY 2 — U, URL 2267 =& 2§53 5729D urllib.request &, X —/L% ik
5790 smtplib TF:

>>> from urllib.request import urlopen
>>> with urlopen('http://worldtimeapi.org/api/timezone/etc/UTC.txt') as response:
for line in response:
line = line.decode() # Convert bytes to a str
if line.startswith('datetime'):

print(line.rstrip()) # Remove trailing newline
datetime: 2022-01-01T01:36:47.689215+00:00

>>> import smtplib

>>> server = smtplib.SMTP('localhost')

>>> server.sendmail ('soothsayer@example.org', 'jcaesar@example.org',
"""To: jcaesar@example.org

. From: soothsayer@exzample.org

. Beware the Ides of March.
" u)

>>> server.quit()

(2 DHO®HIE localhost TR — A4 —N—BENTVWBBREHH 2 Z L IHEELTLEE W, )

10.8 Bt K|

datetime EY 2 — Lid. AR EZRET 27007 5 2%, Bl )5k 82 7EOm TR LT
WET, HERRZNCR T 2 BB R—r I Tnwd—F, RETEHNID 7 +—< v bBRED DD
R T — R A AAHBICEAZBEVTOVET, ZOEV2—ATRE, XA LY —VIHIGLEF T 227 b
Y R-—PLTVET,

>>> # dates are easily constructed and formatted

>>> from datetime import date

>>> now = date.today()

>>> now

datetime.date (2003, 12, 2)

>>> now.strftime("/m-/d-%y. %d %b %Y is a %A on the /d day of %B.")
'12-02-03. 02 Dec 2003 is a Tuesday on the 02 day of December.'

>>> # dates support calendar arithmetic
>>> birthday = date(1964, 7, 31)
>>> age = now - birthday

(RDR—Ih<)
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(RIDR=I D5 DR E)
>>> age.days
14368

10.9 7—H £

— T =2 7 =4 T ERERIE. LRO XS REY 2 — W ko TEEMICH K- XN E T z1ib,
gzip, bz2, 1zma, zipfile, tarfile,

>>> import zlib

>>> s = b'witch which has which witches wrist watch'
>>> len(s)

41

>>> t = z1ib.compress(s)

>>> len(t)

37

>>> z1ib.decompress(t)

b'witch which has which witches wrist watch'
>>> zlib.crc32(s)

226805979

10.10 X7 #—< > ADEHA

Python 2 —H#0HIZIX, RUMEER R -77=7 o —F TROWTBOHENE R T + —< > 222V THID
72V WS RV - TV 3 ADWE T, Python (&, Z 5\ o ZEERNCEIEEICE 2 2 5HH1Y — 0 % £ 48
LTWET,

Bl Z X, BIBDANZEZBIEIH LT, BHRNR 7 70 —FDRODICX TIAD Ry 707 2%y 7 %{fio5T
AW By LAFER A, timeit TV 2 — L EBH XX, ST 53—V ABFZADDP LBV BT
b -3

>>> from timeit import Timer

>>> Timer('t=a; a=b; b=t', 'a=1; b=2').timeit ()
0.57535828626024577

>>> Timer('a,b = b,a', 'a=1; b=2"').timeit()
0.54962537085770791

timeit TIF/NEWVHEZIRMEEL TV B DI L, profile X pstats EY 2 — LTI D KRELRaA—-FT
0y ZIZBWTHE R 202 HET 270D Y — L2t L TV E T,
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10.11 REEE

BVWREDY 7 Y 27 BT EEOO—0D 7 Fu—FiF, BB L THEELRIBICTF X M REX,
BIROBBETHEICT A I 2ELELZ LW HDTT,

doctest EY 2 — L TlE, BV a— L EBBMRL T 025 40D docstring ICHBDIAE -7 Z b OFHEI & 1T
570D — LR L THEST, 7 A MOED FITHMT, IARNRERH LHlE 2 D#iR% docstring 12
Ay F&ER=ZAMT BT TT, ZOFEZF. 2—FIHRBIZE5Z 2 WS EKT ¥ 2 X bOFREZHE
TR, FFa XY MZEIMNLTVWEa—RFRPELWERHRTES L5 1T D ET:

def average(values):

"""Computes the arithmetic mean of a list of numbers.

>>> print (average ([20, 30, 70]))
40.0

mwmn

return sum(values) / len(values)

import doctest
doctest.testmod()  # automatically validate the embedded tests

unittest EY 2 — U doctest EY 2 — LFERIICHEZ 2D TIEDH Y FEAN, X OMENLZ T X b
oy b RO s ANTERTZZIENTEE T

import unittest
class TestStatisticalFunctions(unittest.TestCase):

def test_average(self):
self .assertEqual (average([20, 30, 70]), 40.0)
self .assertEqual (round(average([1, 5, 71), 1), 4.3)
with self.assertRaises(ZeroDivisionError) :
average([]1)
with self.assertRaises(TypeError):
average (20, 30, 70)

unittest.main() # Calling from the command line invokes all tests

10.12 Ny 7Y —[EHR

Python 12i& 7 Ny 7 U —[FIfl (batteries included)” H¥A3H D 5, ZOEHFII. v, ZEL &
HBEZ RO Python O KAy 7 —JBHCHIE RN TV E T, HlZIE:

e xmlrpc.client B XU xmlrpc.server £ 2 —/Lid, @EFH ZMFEOH L (remote procedure call)
ZEARLEZEDRWMERICZZTLEVWE S, EY 2 — AL I3EN, XML 2% 5 720 OB
BHGRIIDED D T Ao

e email Xy 7 —JiF. MIME RZDfhd RFC 2822 IZHOL X v b —IXERGOBFA—ILA Y

- L5 - > = S [==¢ z W —3 FA=Z ~ N (= -
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poplib Lo T, email Xy 7 —JIld (MIXEFEZ L) BHRA v -V BEOHESLTa -V %
fTo7zb, 4V &X =2y MEEQDZ Y a— FPAv X TB b aVDHEERTTo12DTEDDTEER
Y=ty b EHEZTVET,

o json Ny Fr—YRB OB T - XD =22 B ANZ MIHFR—=FLTVET, csv E
V2= NVET = ER=ZAPKFHET RN K- P ENTWS CSV 7 7 A VEEEHAEEZT 20
ZHYR—PLTVWET, xml.etree.ElementTree. xml.dom 7% 5 KIZ xml.sax Sy 7 —ld XML
DU EIR—PLTVWET, BETRL, INSDEY 2— ML > T Python 7 7V r—>yare
fhd > — L ORT L THHHICT — X 22T Z e Atk E T,

e sqlited3 EY 2 —LX SQLite T— X R—ZAF A4 75 VDT v —TF, HTIEEED SQL > > & v
7 2% W TEFPERHR 2 KR T — 2 XN— 22U E7,

o FEBMLICRE T 2H56EIE. gettext, locale, codecs Xy 7 —I LWV EY 2 — L THR—-FZh
TL\ij—o
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%

ELEVEN

BESATZVIZYT— - FD 2

V7—DE2FWTIE, 72w a Ul oIV eI o0 EEREIS 22— LEIN-LET,
CITRIFZ2EY 2N, NERRAZ VT OB TIRIZLAEHEVER A,

11.1 HADT7#—< v k

reprlib E¥ a2 —lid, KERavy7F+e, AR M LA VYT HFE2EBLTERRTEZ A=Y aro
repr() ZMHL TV T

>>> import reprlib
>>> reprlib.repr(set('supercalifragilisticexpialidocious'))
Il{lal 'c! rq! iy 1f |g| ._.}n

pprint Y 2 —lid, HARAARDPLI - ERUZ O DT ERT 57200 S Nl FE % 1t
LTWET, RRERPIEBITICO 28581, "pretty printer” 2 FEIN 2 b DHBWRITRA > 7 > b 2B
LT, 7F—2En K DSR2 K5 ICHIF L £T:

>>> import pprint
>>> t = [[[['black', 'cyan'], 'white', ['green', 'red']l], [['magenta’,
'yellow']l, 'blue'll]

>>> pprint.pprint(t, width=30)
[[[['black', 'cyan'l,
'white',
['green', 'red'l],
[['magenta', 'yellow'],
'blue']]]

textwrap EY 2 —ld, BETHRINLXELZ, IBELLRAZ Y —VIBIZF-7DINE S L5 IHFHEL
£

>>> import textwrap
>>> doc = """The wrap() method is just like £ill() except that it returns
. a list of strings instead of one big string with newlines to separate

nnn

. the wrapped lines.

(RDR=D12HiL)
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(RIDR=I D5 DR E)
>>> print(textwrap.fill(doc, width=40))
The wrap() method is just like £ill()
except that it returns a list of strings
instead of one big string with newlines

to separate the wrapped lines.

locale EY a— L, XLICE W ELZZT—REBFEADT —ZR—-—RWZ 77X LT, locale D
format () BAED grouping B2 21X, BUEZ BEYI LM XY D XFI2 & b Zv— A B L#c
EREEH

>>> import locale
>>> locale.setlocale(locale.LC_ALL, 'English _United States.1252')
'English_United States.1252'

>>> conv = locale.localeconv() # get a mapping of conventions
>>> x = 1234567.8

>>> locale.format("/d", x, grouping=True)

'1,234,567"

>>> locale.format_string(" ", (conv['currency_symbol'],

- conv['frac_digits'], x), grouping=True)
'$1,234,567.80"'

11.2 XFH7>TL—+

string €Y 2 —/WZIE, FRT, =¥ F2—IDHBICHETZ 2 H LB 2 A /2 Template 7 7 AM3
Ao TVWET, ZOIZFREMES b, 2—FWRT7 TV r—>a 2 BIETLILRLICT TV r—va ol
NEBARRAXTEBZXIITRKDET,

7Y 7L —bTiE $ AR Python @#AlF8 (RBEFEL 7 VX —Ra7) bRk 3 T —RAFRVEGEE
WEF, TL—ZAFRALRDOEAD%E {} THZXIE TL—ARLEDHBRAICAR-AEHE T, BECCEERT
BIEMTEET, $$D0k51T sk, $ BRZZ A —STEET:

>>> from string import Template

>>> t = Template('$ folk send $$10 to $cause.')

>>> t.substitute(village='Nottingham', cause='the ditch fund')
'Nottinghamfolk send $10 to the ditch fund.'

substitute() XY v Flid, L =X KRV XICHY T 2EIFHFELF —V — FeIEUCKRWEAEIZ KeyError
EREBLET, X— AR —UBEDISRT7 IV —2a vDIFaE, T—FBPANT 27— XEFELRT
EBHBDT, RIELIT—EDBHB2 T L —AFRNVEEZZDEFICLTHIIT S safe_substitute() X
Vo RS TiHEyrd L kEA:

>>> t = Template('Return the $item to $owner.')
>>> d = dict(item='unladen swallow')
>>> t.substitute(d)

Traceback (most recent call last):

(RDR—=V ki)
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(RIDR=I D5 DR E)

KeyError: 'owner'
>>> t.safe_substitute(d)

'Return the unladen swallow to $owner.'

REYIDXFET 74N ME $ TTH, Template DV TV I RERETILEETII N TEFE T, filx
R, BB TS OIS TR EEE T3 2—T 4 U T 4 2fEo Tz LT, BEDHMNPHEGED S — 7
VABE., 77 ANVERE Vo T L —RRARIC A=Y FIERFES 2L, KD EDITHRD £

N

>>> import time, os.path
>>> photofiles = ['img_1074.jpg', 'img_1076.jpg', 'img_1077.jpg']
>>> class BatchRename (Template) :

delimiter = 'J'

>>> fmt = input('Enter rename style (/d-date Yn-seqnum /f-format): ')

Enter rename style (/d-date %n-seqnum %f-format): Ashley_Yn’%f

>>> t = BatchRename (fmt)

>>> date = time.strftime('/d)bly"')

>>> for i, filename in enumerate(photofiles):
base, ext = os.path.splitext(filename)
newname = t.substitute(d=date, n=i, f=ext)

print (' -—> ' . format(filename, newname))

img_1074.jpg --> Ashley_O.jpg
img_1076.jpg --> Ashley_1.jpg

img_1077.jpg --> Ashley_2.jpg

FUTL—1rDH S —DODHRZ, BEDHIH N 7r—~y bbb Turssudy Z7ORMTY, ZhiC
O, XML 774V, 7L—o7F XA DL AR—MH, HTML ® web L R—FHDOFT 7L — M2, [H
Conrosady 2 bEERHOALI N TEE T,

11.3 N1 FUTFT—2L 01— FDIEE

struct Y 2 — L TlE, BRARBREZDOANA F Y La— FEXZHEET S pack() % unpack() &\ o 7%
ERELTVE T, UROHITIE, zipfile TV a— %2 #H I, ZIP 7 7 A LDy XIGHRE KB T 2/
HEEZRLTVET, "H' & "I" EWVWS Ry IR, ZREN2 314 b 4 N1 FOFFEL BHERLT
WET, "<"E, 2Dy ZRED standard ¥4 X THD, N bA—X—D) MLV T4 7V THDBZ
LRRLTVET:

import struct

with open('myfile.zip', 'rb') as f:
data = f.read()

start = 0
for i in range(3): # show the first 3 file headers
start += 14

(RoR=D1kiL)
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(RIDR=I D5 DR E)
fields = struct.unpack('<IITHH', datal[start:start+16])

crc32, comp_size, uncomp_size, filenamesize, extra_size = fields

start += 16

filename = datal[start:start+filenamesize]
start += filenamesize

extra = data[start:start+extra_size]

print(filename, hex(crc32), comp_size, uncomp_size)

start += extra_size + comp_size # skip to the next header

11.4 RIWFRALY T 27

ALy FAFE (threading) & &, MEFNREFREBRICRWVERO XA 7 258132577 =v 7 T3, AL v K
F 2=V DOANERIFTFO0, BRTHDXRAZZ28»T L5577V r—ravotEle@md 9,
FU &S RERBIE LT, I/O ZHlOoAR Ly FOFELHEAH L TEFEZE2 L0 HDHHD 17,

UTDa—FTid, SKEDEY 2 —) threading TAA > D70l I LB LRV LBEETIHOX R Y
ZEFSEOLNDE K5I THHERZRLTVET:

import threading, zipfile

class AsyncZip(threading.Thread) :
def __init__(self, infile, outfile):
threading.Thread.__init__(self)
self.infile = infile

self.outfile = outfile

def run(self):
f = zipfile.ZipFile(self.outfile, 'w', zipfile.ZIP_DEFLATED)
f.write(self.infile)
f.close()
print('Finished background zip of:', self.infile)

background = AsyncZip('mydata.txt', 'myarchive.zip')
background.start ()

print ('The main program continues to run in foreground.')

background. join() # Wait for the background task to finish

print('Main program waited until background was done.')

RVFALY R7 75— a v iE2 FTRABELVEER, 7220 Y —R2HEEG5 23210y FHEOH
#% (coordination) T3, ZDOREZMEINT 5729, threading Y 2 — /LTI v 7R A4 XY b, KREEK.
LT Vo BADFEMITY I 74 TRBEHL TV T,

ZOLEY—NEBNB—7. bikokt Lt LORMTHERNEZMELZ ISR I ePZHDET, L
7235 T, XA VAR TIE queue TV 2 — L Z2fio THOBEHDAL v FRLDY I T A M2 —DDA
Ly FIZEDIAAR, —DDVY —RANDT7 VLR ETELZELIT—DODAL y RIZEFIHZIESINVRVWTL &
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5o ALy FRIDEEPHFHEEIC Quene A 7 =227 b 25 &, REIDEZITHD, AmtrEmx b, Sk
DL ET,

11.5 O

logging €Y 2 — LT, BEL OKERZZRALFENOD 20 7ilixs A7 2B L TVWE T, &b
HHEZHENATIE, B XA v =% 7 7 4 L% sys.stderr ITEELET:

import logging

logging.debug('Debugging information')

logging.info('Informational message')
logging.warning('Warning:config file not found', 'server.conf')

logging.error('Error occurred')

logging.critical('Critical error -- shutting down')

TR NOHNZAERL %5

WARNING:root:Warning:config file server.conf not found
ERROR:root:Error occurred

CRITICAL:root:Critical error -- shutting down

77 4L F TR, info() & debug() IZ X2 MMM, HAIEEL S IR EEINE T, B#IRATEE
RIEERICE, email, T—&X 754, Vv b, HITP Y —ANANDEERXREDRD D ET, izl 74102 %
fERX§ % & . DEBUG, INFO., WARNING, ERROR. CRITICAL ¥*Wo7:X vt —IDTI7A4 X )T 4I1Ck->TH
RBEEHEERTZ N TEET,

0 JEEERk S 27 2% Python 5 BEHERET DI TEFIL, 77V —2a v 2ER LR THHIAR
YARTEL LD, TP PREARERRET7 7 AN Lo TRETHI D TEET,

11.6 55&ER

Python ZHEMIZXEV ZEHLET (IZLALDA T =7 VEZRAY VM AATEEL, AXN—20
Looay TIERSREBELE D), 77927 VT AREBEOBRVBRAB T LIS TEEXEY
BRI NE T,

CDEIRT7TE—FRIELALDT TV r—2a v TOELEELETA, FlRIEA TV =7 2 2hHl
DOEFTTHHAL TWAMZFER L TBEWEEDH D FT, B S5, A7V =7 VBT 2729 T
F TP 2 M T REANLRSBEIES Z 212> TLEVWE T, weakref TV 2 —LTlE, A7V =7
FADBIEEES TIBYT 27200V —LERHELTVWET, FBWA T =27 bR EICHRZ 2, BT
(weakref) 77— 726 HEIMICRREI N, a— Ny ZJEBAR Y AINE T, §9SHE M S AN REH
ik, EaAPOREVWE T I 27 bDF v v addbh 3

>>> import weakref, gc
>>> class A:
def __init__(self, value):
(RDR— 12k <)
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self.value = value
def __repr__(self):

return str(self.value)

>>> a = A(10) # create a reference

>>> d = weakref.WeakValueDictionary()

>>> d['primary'] = a # does not create a reference

>>> d['primary'] # fetch the object 4if @t s stell alive
10

>>> del a # remove the one reference

>>> gc.collect() # run garbage collection right away

0

>>> d['primary'] # entry was automatically removed

Traceback (most recent call last):
File "<stdin>", line 1, in <module>
d['primary'] # entry was automatically Temoved
File "C:/python311/lib/weakref.py", line 46, in __getitem__
o = self.datalkey] ()

KeyError: 'primary'

11.7 Y X MEEDTzH DY =)L

Z D7 — 2GR, HARAARY A MURHoFERTHEHED £9, 23V A, FHIIHARAAY X b Ei3E
INRT A= VALED P L= FA T 2O XS RFENPBEIRIE DD FT,

The array module provides an array() object that is like a list that stores only homogeneous data and
stores it more compactly. The following example shows an array of numbers stored as two byte unsigned
binary numbers (typecode "H") rather than the usual 16 bytes per entry for regular lists of Python int

objects:

>>> from array import array

>>> a = array('H', [4000, 10, 700, 22222])
>>> sum(a)

26932

>>> af[1:3]

array('H', [10, 700])

The collections module provides a deque () object that is like a list with faster appends and pops from
the left side but slower lookups in the middle. These objects are well suited for implementing queues

and breadth first tree searches:

>>> from collections import deque

>>> d = deque(["taskl", "task2", "task3"])
>>> d.append("task4")

>>> print("Handling", d.popleft())
Handling taskl
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unsearched = deque([starting_node])
def breadth_first_search(unsearched):
node = unsearched.popleft()
for m in gen_moves(node) :
if is_goal(m):
return m

unsearched. append (m)

V2 PDRODDFEEDINICH, BHES L TS50V — MNEADY A NEEBIET 2 -00BEE KA -
bisect DX 5y —L ML TVWE T

>>> import bisect

>>> scores = [(100, 'perl'), (200, 'tcl'), (400, 'lua'), (500, 'python')]
>>> bisect.insort(scores, (300, 'ruby'))

>>> scores

[(100, 'perl'), (200, 'tcl'), (300, 'ruby'), (400, 'lua'), (500, 'python')]

heapq £ 2 —/lid, BHEDV AT -T2 HET DO ERELTVET, -7 Tk, &HDHEVL
fEzd oy b BORIELEDNBIEEZNES, =& BRIV M2V —-135 %<, &hD
6% b OERIEDIRL T 78 RT 2 K57 TV r—> a Vo CEFTT:

>>> from heapq import heapify, heappop, heappush

>>> data = [1, 3, 5, 7, 9, 2, 4, 6, 8, 0]

>>> heapify(data) # rearrange the list into heap order
>>> heappush(data, -5) # add a new entry

>>> [heappop(data) for i in range(3)] # fetch the three smallest entries
[-5, 0, 1]

11.8 Decimal Floating Point Arithmetic

The decimal module offers a Decimal datatype for decimal floating point arithmetic. Compared to the

built-in float implementation of binary floating point, the class is especially helpful for
o« MBT 7V r—a v DOMDOIERER 10 ERFLBDERT TV r—a v,
o FEEE Ol
o TEMYE 723 HIH Lo BN B S < fEHLD o filfE,
o AN DB RENCT 258
o I—FVFHEDOKRLALHAEMRERTZL5R 7TV r—>ar,

Bz, 70 £ b OEEEUSH DB 5% OBEEFARL LS &35 L. 10 EOFE/NMNUIEE 2 EDOEFEEIN
BRETIES R o TLEVE S, sEMRZMELAL TRy PEMILES T2, UFD XS
WEWIZoE BN E T

>>> from decimal import *

>>> round(Decimal('0.70') * Decimal('1.05'), 2)
(RDR=V1FiL)
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(RIDR=I D5 DR E)
Decimal('0.74')
>>> round (.70 * 1.05, 2)
0.73

L DFIT, Decimal Zffio /3 ETIX. REMOLuMRFEEINTE D, AMET 2 HTOHELL & BENN
WCHMNE T2 4 MWL TWE 9, Decimal 3 FEIHE L FUGETIHREZITV, 2 EFEV/NEA 10 /)
Bl 2 EMECRBITERNWZ LI Ko TREZ 2MEZ L TV,

Decimal 27 7 RIIMFELMEZRITE 70, 2 EFEF/ NIRRT MIRHE D IR TE RV L S RRERD
AHHPEET A FDEJTEET:

>>> Decimal('1.00') % Decimal('.10')
Decimal('0.00")

>>> 1.00 % 0.10

0.09999999999999995

>>> sum([Decimal ('0.1')]*10) == Decimal('1.0")
True
>>> sum([0.1]*10) == 1.0

False

decimal EY 2 — L& {H5 &, LELIFITORBETHMEEEZITAET:

>>> getcontext() .prec = 36
>>> Decimal(1l) / Decimal(7)
Decimal ('0.142857142857142857142857142857142857 ")
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12.1 XL ®IC

Python 7 7V 7 —> a YiZ XK BEES A TV D Ay =IO 22— EFALEST, 77V
T—=aVPHEINTEEERELY L TWED, BEON—Ia D[ VR —T7 24 AIHEIFLTNWS 72D
2. ATV EDON—Ya v EREL TR dHD E9,

ZFDlDH, 12ODA YA b —LENI Python BETDT IV 7 — a YOERICHIET 5 Z L IZARAJEET
T, DLT7 TV —2ay ARBHEZEI2a—DA—TYar 1.0 ZERLTWC, Hlo7 Vs —2 a2~ B
BRICEY 2—DNN=Tay 2.0 ZERLTVWEHE, 2 00ZRIIHERLTVT, 1.0 2.0 DELR
DN=Ta VA VA=V LTORIDT SV r—a VHBHEEE A,

COMEOMREIT RIBIRE 22 Z T3, (RERTE L 1E. FEDNN—Y 3 » D Python &EOHDIENM
Ry r—I%E&ATY Python 4 YA+ — L Z2HRT 274127 FUTY,

M7 FVr—2a B ERFARORBEREZH S Z e B TEE T, LDBNTDH - F-ERDE EZ RS 2
BE, 770 5= ary ADPEEORBEREERH > TEFIRIATIVDON=Ya > 1.0 L YA =L,
7TV =2 ay BARORDIRBIRIBICIA T2 VDAN—Vay 20 24 YA M—LTRIENTEZT,
FLTT7 IV —2ayBRIAT5VDN—Yar% 3.0 CEHTAIL2ERTZGEES. 77V r—
Yarv AICEELIEEA

12.2 {RABIRIZDIERL

The module used to create and manage virtual environments is called venv. venv will usually install the
most recent version of Python that you have available. If you have multiple versions of Python on your

system, you can select a specific Python version by running python3 or whichever version you want.

B 2 E 2 1CiE, ERFZELS T4 L2 PV ZRDT, ZOT 4 L7 Y DARRZIEEL T, venv %
A7V TP LTHEITLET:

[python -m venv tutorial-env

ZHUZ tutorial-env 7 4 L2 M UMNRIFIUIIER LT, ZOHIZ Python £ > &7V X, ZOMifS# T 2
77 ANDAC—2EOY TT 4 L7 MU ERED ET,
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RIEEIRD— RN T 4 L7 2 VDA .venv TF . ZDHAENE, BHIZS 2V TRENTWE =D, T4
L2 NURTHFEETIHEBEHHT 2L TH, HEICE D FEA, £ —HOY— L THR—F X
NTW3 env BELHER 7 7 ANMCEBR 275y adfiIELE 9,

FREERE R o6, ZR2GLT 2 0ENHD £3,

Windows D&

[tutorial—env\Scripts\activate.bat }

Unix % Mac OS D5&E:

[source tutorial-env/bin/activate }

(ZDRZZ Y 7 ik bash shell TEPNTWVWE T, csh X fish ZAHL TV 2HE, RO ICHHTE 2
activate.csh ¥ activate.fish RZ V7 HDET, )

REEREFEZENET 28, >0 ay 7 MCHATOREBERENR RSN S X 51274 D, python ZHE(T
35 ZOREERED Python 2735 X512 h £79:

$ source ~/envs/tutorial-env/bin/activate
(tutorial-env) $ python
Python 3.5.1 (default, May 6 2016, 10:59:36)

>>> import sys

>>> sys.path

['', '/usr/local/lib/python35.zip', ...,
'~/envs/tutorial-env/1lib/python3.5/site-packages']
>>>

ARG 2 s 2123, & — 3

[deact ivate

EANLET,

12.3 pip ZE> TNV T—C IR

pip LN B 70 I LA TRy =% A YA =L, 7y 7L —F, HIRTZ2Z P TEET,
7 7 4V FTIE pip 1& Python Package Index 226y =% A4 YA =V 1LE T, 77VHZHoT
Python Package Index Z#% 32 Z & B TEX £ 3,

pip & Vinstall” . “uninstall” | "freeze” R E, WL DHhDY T aAw Y KER->TWVWET, (pip DTBEK K
¥ 2 X ¥ M3 installing-index 74 FZZRL T I W, )

Ny —IHBEELTED Ny F =Y DRHMEA YA P—LTEIeNTEXT:

Cm
i
Sl
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(tutorial-env) $ python -m pip install novas
Collecting novas

Downloading novas-3.1.1.3.tar.gz (136kB)
Installing collected packages: novas

Running setup.py install for novas

Successfully installed novas-3.1.1.3

ROTF—SZDHYLIT == L N—VavBEEEMITBILT, FEDN—JaryORvr—V% 4 VA =)L
THIEDBTEET:

(tutorial-env) $ python -m pip install requests==2.6.0
Collecting requests==2.6.0

Using cached requests-2.6.0-py2.py3-none-any.whl
Installing collected packages: requests

Successfully installed requests-2.6.0

FLa<y FEHEETLESEES, pip BERINZA-—Ja VP A YA FEARERRLTAS LE
VAo MON=Y a VFEERIETIUIZEDON=Ya %4 YA b—=)LLEF L., python -m pip install
-—upgrade ZETTIUIZ Dy r =V R BFIRICEHLET:

(tutorial-env) $ python -m pip install --upgrade requests
Collecting requests
Installing collected packages: requests
Found existing installation: requests 2.6.0
Uninstalling requests-2.6.0:

Successfully uninstalled requests-2.6.0

Successfully installed requests-2.7.0

python -m pip uninstall a~= Y FICHIBRT 58y r—o %% 1 DL EIEEL 5,

python -m pip show IFEEI NIty Fr =P DHEHRER R L ET:

(tutorial-env) $ python -m pip show requests
Metadata-Version: 2.0

Name: requests

Version: 2.7.0

Summary: Python HTTP for Humans.

Home-page: http://python-requests.org
Author: Kenneth Reitz

Author-email: me@kennethreitz.com

License: Apache 2.0

Location: /Users/akuchling/envs/tutorial-env/lib/python3.4/site-packages

Requires:

python -m pip list IXMRAERBEICA VA M=V ENLRTOy =V % FRLET:

(tutorial-env) $ python -m pip list
novas (3.1.1.3)
numpy (1.9.2)
(RDR=V 18 <)
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(FiDR— 25 D %)

pip (7.0.3)
requests (2.7.0)
setuptools (16.0)

python -m pip freeze (¥4 YA b —A &Nty —2—8 %, python -m pip install D3ERT 2
T =~y FCHEKRLET, —BRAUREEE LT, 2OV X M% requirements.txt £\ 5 7 7 £ JVIZIRTE
LEJ:

(tutorial-env) $ python -m pip freeze > requirements.txt
(tutorial-env) $ cat requirements.txt

novas==3.1.1.3

numpy==1.9.2

requests==2.7.0

requirements.txt ZNN—Y a VEHI AT LAZAIYv LT, TV aro—fe LTEMT S Z
EDTEET, 2—F—13MNE Ry 7 —I % install -r T YA =L TEET:

(tutorial-env) $ python -m pip install -r requirements.txt

Collecting novas==3.1.1.3 (from -r requirements.txt (line 1))
Collecting numpy==1.9.2 (from -r requirements.txt (line 2))
Collecting requests==2.7.0 (from -r requirements.txt (line 3))
Installing collected packages: novas, numpy, requests

Running setup.py install for novas

Successfully installed novas-3.1.1.3 numpy-1.9.2 requests-2.7.0

pip WK EADKA T a vyHHD %9, pip DIERR F ¥ 2 X ¥ M3 installing-index ZZH L TL2&
W, RNy —IEIER L TZN% Python Package Index TZ2NBH L 72W5E . Python packaging user guide
PSR TLIEE N,
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%

THIRTEEN

SHhaz ?

ZDFa—bITNEHAZIE T, BZ5L Python 2> TAHEI L VIELIFETETHI Lo/ L
TL &I — HEMROMEZFERT 272512, Python ZHEAL TARZL Ro2 33 TY, ¥T. ZhTE
YITHEELESXVWDTLE DD ?

ZDFa2—bVU7UE Python D RFaXy5F—2arey hO—TT, £y FOHFOMD FFa x> 5—
TarEWL oML ET:

e library-index:

IO a7 EE o kD TEL LEHTY, 2D~ a7 38, B EH#ES 4 75V DEY 2 —
N DWTDFEEZY 77 L Y AT, {EHE[)7Z Python BLANE 7oK TAD Bila— FE2&EATYL
%9, Unix X —L ARy 7 2DFHAAA, HTTPIZX % F¥ 2 X > MRS, GLBOEMR, a~> FIo4
VA TY a r OEN. T REFERZ DM RADERAT DIDDET 2 —ADBHYET, 74
TIVV I 7 VLY A%BEo A28 T, MPRHTEZ0DAX=I %00l e B TEET,

o installing-index &, fi® Python 2 —¥IZ K o> TEPNZBIES 2 —LE2EYS5RoTA YA b—JL
TEEHALTVET,

o reference-index: Python OXEr £~ > 74 ZAZFH LLFHLTOVE T, HODIIRKETIT, §
FBOTEERAA R LTEHTT,

X 57 % Python BT 2V YV —2A:

e https://www.python.org: B 7% Python ® Web %4 +, 2—FSL FF 2 X b, Python B3 %
Web R=IADKRA VR —ZEATVET,

e https://docs.python.org: Python RF 2 X ¥ bADHERWT 7 A2 L 3,

o https://pypi.org: Python »$v 7 —24 7 v 7 2, L& Cheese Shop™ &\ 5 BT HIEIZNT
WE L7z, Zhud, 2—PEROX Y e — R T&2 Python €Y 2 — L DORF|TF, a—FDVY Y —
A LTb, TIWERT LI THOADBROF ST T,

« https://code.activestate.com/recipes/langs/python/: Python 27 v 7 7w ZiZa— Ffl, €Y a2 —
v, BEANRAZYV T VOEKRRaL 2> aryTF, EERZSDIZFAA DA Python Cookbook
(O'Reilly & Associates, ISBN 0-596-00797-3) IR XN TV E T,

*1 »Cheese Shop” 1& Monty Python D27 v FTF: BEIANF —XBICA-7FNRY, BARDEF—RI R ENL
clerk 238 - 7z,
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e https://pyvideo.org X FRRLI—H IV —TORED S Python BHEOELTADY V7 2HEDHTW
3

e https://scipy.org: Scientific Python v = 7 MIEH| O EHREE - #BIEEY 2 —WITMA. #E
REL 77—V =, JRRIE Y Aon— BB, MEtAaREDZL Dy r =Y 2R LTV E T,

Python BIEOEMSPLHBEOMEICOWVWTIE, =2 —RFV—7 comp. lang.python T 20, F721
X =1 ¥ 7Y A b python-list@python.org IZHEBZZ B TEET, =2 —ATNL—TX—-Y 7Y XM
F=rvzAENET, LEDoT, FAREREIN X yE—JiF b5 A ANEENICEEAZINET, B
M (2EE). FIUVEREORRE, FiLVEY 2 - LORRLRET, 1 HIHEEORRAHD EFT, X—V >
Z VA MDT —HA 7 https:/ /mail.python.org/pipermail/ THIHFEET 3,

BAROENZ, 83 X< HZEM (FAQ & dMEINET) DYR 2T =y 7 LTS W, FAQ 3# DKL
Wh EFohsZ OEMIIEZTWET, HRLOFEINT ZMRBBCEITN TV E0E LAFTEA,

D=3
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%

FOURTEEN

MEANRE L EEER

WL OPDNN—=Y 2 »D Python 4 ¥ &7V X Tid, Korn ¥ =% GNU Bash ¥ = JUIZH &1 3 85REIC
Too BUED ATATITN T 2 fREHRECBIREIEEZ P R— P L T0E T, ZOMBEIIMN A RIFEA XA L E
PAR=F LTS, GNU Readline 74 77V 2o THEINTVET, DI T7IVIIIHED F¥ 2
AYEHRBHY, ZITENEEDIETOSDIEHD FEA,

14.1 2 Jfh5E L BEERE

EREEY 2= NVADOHTIEA &2 7Y ZOEHRIC BEIICEMLEINET . /o T Tab F—IIHH5E
HAREZ O L. Python OX D4, BIEO O —ANVER, BLXUHNHITREREY 2 — LB E2RKRLF T,
string.a DX 5K Fy b TRYISAZRICoVTIE, BED ') FTORXREZFEL. FBRr LTESAL
F7T 27 VOEMED LW ERLE T, __getattr__() XV v FE2FRokAT7I 27 bRTEEN
TWaHA. __getattr__ O 77V —2a VERDA—FE2FTT 205 LARVOTHERELTLLES
W, 774NV MORETIEDHRZDL—F—FT 4 L7 MV D .python_history & WIHFID 7 7 A MIZEE
ZRRFL RS, BEIEREONGENZA > X TV XDy > a Y THUMMAT S Z B TEXT,

14.2 WENAT > 2—TI2ORE

This facility is an enormous step forward compared to earlier versions of the interpreter; however, some
wishes are left: It would be nice if the proper indentation were suggested on continuation lines (the
parser knows if an indent token is required next). The completion mechanism might use the interpreter’s
symbol table. A command to check (or even suggest) matching parentheses, quotes, etc., would also be

useful.

X O ENHERA VX — T ZORED—2IZ IPython BB ET, ZDA X —FYRIF, e
ATHEOLNTWT, X7, A7V =7 MERSLENRIBEER  Wo 2o T0E 3, o7 7
Vr—2a Y iZHARARZRAREND, #HAFh s ET, JloEh/-4 27774 TEBREY LT
bpython 23% b £,
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FIFTEEN

FLOATING POINT ARITHMETIC: ISSUES AND LIMITATIONS

Floating-point numbers are represented in computer hardware as base 2 (binary) fractions. For example,
the decimal fraction 0.125 has value 1/10 4+ 2/100 + 5/1000, and in the same way the binary fraction
0.001 has value 0/2 + 0/4 + 1/8. These two fractions have identical values, the only real difference

being that the first is written in base 10 fractional notation, and the second in base 2.

DRI, IFEACD/NMNIE 2 EEDO Y LTIEHICERDT Z e A TEETHA, ZOMR. —Ic. A
F1U 72 10 EOFF/ NIREUL. 2 EIRDO R/ MR T blE ik, R ic<s VicidlES iz 3,

RONIFEL 10 25 HEZHREICHERTE XS, 7 1/3 2EATAEL x5, 78 1/3 & #E 10 D
LT, MFO LM T 22N TEET:

& |

& BT IEREZR IR,

o |

& BT IEREZR IR,

o |

i b, DIBERRRT T, MEHEEEP L TEZ A, MRIIRLTHER 1/3 13k bERA, LoL, &
LoD IEMERELICIE R > TWL TL & 9,

FRfc, HEE 2 & LARBITANIES S £ . 10 0 0.1 3R 2 ¥ L/ MICTERICRIT 22 b
BTEFEA, HE 2 Tld. 1/10 3FEBR/IEL (repeating fraction) &7 D £5

[0.0001100110011001100110011001100110011001100110011. 2 c J

EINAROMTIED S &, HPEZES2 Z 2D 5, BEDFRED AL ¥ a—&XTid float ld, &
ey PHROHATRAD 53 ¥y b2nT. 2 DFER2 L Lz, ENMNCERShE T, 1/10 D5HE
&, /NI 3602879701896397 / 2 xx 55 XA D XF, AU, 1/10 ITEWTE A, EEICH CMET
EHD FEA.

Many users are not aware of the approximation because of the way values are displayed. Python only

prints a decimal approximation to the true decimal value of the binary approximation stored by the
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machine. On most machines, if Python were to print the true decimal value of the binary approximation

stored for 0.1, it would have to display

>>> 0.1
0.1000000000000000055511151231257827021181583404541015625

That is more digits than most people find useful, so Python keeps the number of digits manageable by

displaying a rounded value instead

>>> 1/ 10
0.1

FRENTAERDIEHEC 1/10 TH B X IICRZIZE LTH, ERIHHIN TV AHEITRSILRHETES
THNMNETH B 0D ZERFEREATBLTLEZ W,

BRODPOEKR D 10 EHROMEMS, MU 2 EFHHEOEMEZEXEAELTVWE T, HlxiX 0.1 & 0.
10000000000000001 ¥ 0.1000000000000000055511151231257827021181583404541015625 X ¥ 1 3
3602879701896397 / 2 *x 55 IEMENE T, MUBAMEEZHEAELTVWE2DT, £D 10 EHOED
eval (repr(x)) == x EWIHFMZMLLALEERL XS CEREINTET,

HO Python &, B> 7 b repr() BV M YEIIZ 17 OB MEF ZF:> 0.10000000000000001
DEI7 10 EROMEEEATRRLTWE L7z, Python 3.1 22513, IZLAYDBPHET 0.1 DESRERED
FLONTE D 10 EBOMEZERL 512D % L,

Note that this is in the very nature of binary floating-point: this is not a bug in Python, and it is not a
bug in your code either. You’ll see the same kind of thing in all languages that support your hardware’s
floating-point arithmetic (although some languages may not display the difference by default, or in all

output modes).

For more pleasant output, you may wish to use string formatting to produce a limited number of signif-

icant digits:

>>> format(math.pi, '.12g') # give 12 significant digits
'3.14159265359'

>>> format(math.pi, '.2f') # give 2 digits after the point
'3.14"

>>> repr(math.pi)
'3.141592653589793"

AR, BEEOa P a—&—LEOHED RER ZADTVWAEITO, WHIFHEEZ WS 2 28R LTBW
TLEEW,

One illusion may beget another. For example, since 0.1 is not exactly 1/10, summing three values of 0.1

may not yield exactly 0.3, either:

>>> .1+ .1 + .1 == .3

False
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Also, since the 0.1 cannot get any closer to the exact value of 1/10 and 0.3 cannot get any closer to the

exact value of 3/10, then pre-rounding with round() function cannot help:

>>> round(.1, 1) + round(.1, 1) + round(.1, 1) == round(.3, 1)

False

Though the numbers cannot be made closer to their intended exact values, the round () function can be

useful for post-rounding so that results with inexact values become comparable to one another:

>>> round(.1 + .1 + .1, 10) == round(.3, 10)

True

Binary floating-point arithmetic holds many surprises like this. The problem with ”0.1” is explained in
precise detail below, in the "Representation Error” section. See Examples of Floating Point Problems for
a pleasant summary of how binary floating-point works and the kinds of problems commonly encountered

in practice. Also see The Perils of Floating Point for a more complete account of other common surprises.

As that says near the end, "there are no easy answers.” Still, don’t be unduly wary of floating-point! The
errors in Python float operations are inherited from the floating-point hardware, and on most machines
are on the order of no more than 1 part in 2**53 per operation. That’s more than adequate for most
tasks, but you do need to keep in mind that it’s not decimal arithmetic and that every float operation

can suffer a new rounding error.

BER T —ADIET 52—/ C. BEROFH/NGTHEOFATIE, BICRENREROEZ LER 10 #o
MIBUCHDO TRRT 2D% 5, REAMNIIHIMGED OFRRZE2ZLITRE3TL x5, 2WVWTIE str() TF
DTTH, ZDHMHREIE%E LU, formatstrings (25 % str.format() XV v FD 7 x—< v ML
PSR TLIEE N,

EREZ 10 EBERBLIDEY 122 X5 25 E1CE. decimal Y a2 — A Z2FHLTATLEE WV, TDE
Va— VBRI T V=S a VREBEOHENIRDONDZ T SV —a VITHE LT, 10 EROFEE
EIELTWET,

BIDIEMEZREHETEL LT, fractions EY a — A FHEICESCFHEZEELTVWET (1/3 D &5 R
ZIEMEICRT D TEXT),

Bl FE NS EBEDOAE —2—% —% 5, SciPy 7uY =27 FHRMAEL TWE NumPy Sy 7 —I%
ZOMDEFR Ny =Y FBFNTABNETT, <https://scipy.org> ZHEL T X,

Python provides tools that may help on those rare occasions when you really do want to know the exact

value of a float. The float.as_integer_ratio() method expresses the value of a float as a fraction:

>>> x = 3.14159
>>> x.as_integer_ratio()
(3537115888337719, 1125899906842624)

Since the ratio is exact, it can be used to losslessly recreate the original value:

>>> x == 3537115888337719 / 1125899906842624

True
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The float.hex() method expresses a float in hexadecimal (base 16), again giving the exact value stored

by your computer:

>>> x.hex()
'0x1.921£9f01b866ep+1"

This precise hexadecimal representation can be used to reconstruct the float value exactly:

>>> x == float.fromhex('0x1.921f9f01b866ep+1"')
True

2D 16 EBERINIIEMHROT, H%Z (F7 v M7+ —L2HKEET) N—V a3 VORI S Python HTS
DD L7z, D Z D7 =<y bEHKR—=F LTI (Java 2 C99 2 LIEMEICRDELD 32 DITH|
HT2ZeTEET,

Another helpful tool is the math.fsum() function which helps mitigate loss-of-precision during summa-
tion. It tracks ”lost digits” as values are added onto a running total. That can make a difference in

overall accuracy so that the errors do not accumulate to the point where they affect the final total:

>>> sum([0.1] * 10) == 1.0
False
>>> math.fsum([0.1] * 10) == 1.0

True

15.1 RI[RIT>—

ZOETIE. 20.17 OFNTOWTEICHAL, 2O X587 —AZHRLTED X S5 F I IEELR S 2 H
DTITRZDERLET, 2Tk, 2 EERFOFH/NIGEEIZOWTOREMIZHFERZ D 2D LTEE
PHEDFET,

KRBT Z — (Representation error) &, WL D00 (EFRIZIXEZL AL D) 10 EO/NEDS 2 L (B 2)
DN LTRBTERVE VWIS HFIHEBRLTOVET, Z4ud Python (% W& Perl, C, C++, Java,
Fortran. 3 X U0Z DM <) 2 HIFFHE D OIEER 10 #EREZ R R TERVEELEHTT,

BEZIKRBZDTL &S ? 1/10 1 2 #EED/MITHEICRITE E A, 272 < &b 2000 LR, 1EIXTAR
ToO~ > iZ IEEE 754 2 ¥ OFE/ NMIGHEEZFHWTE D, 1ZEITRTDF 5 v b 7+ — A4 Tid Python
DOEFH/NER % TEEE 754 binary64 ” 58§ (double precision)” fEIZXEAHT £ 9. IEEE 754 binary64
il 53 ¥y FOMERFOLD., FTHEBICANZITBS 32, ATRERIRD 0.1 2&SIEVEO D EBICE
fal., J/2MN O LIS BNLET, JIdb x5 53 By FOKEDOERKTT,

[1 /10 ~= 3 / (2%%N)

EEHEEET

[J ~= 2%*xN / 10

and recalling that J has exactly 53 bits (is >= 2**52 but < 2#*53), the best value for N is 56:
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>>> 2xx52 <= 2**56 // 10 < 2%*53

True

That is, 56 is the only value for N that leaves J with exactly 53 bits. The best possible value for J is
then that quotient rounded:

>>> q, r = divmod(2**56, 10)
>>> r
6

Since the remainder is more than half of 10, the best approximation is obtained by rounding up:

>>> g+l
7205759403792794

- T, IEEE 754 OfSFEEICBY 5 1/10 OHLD % % B O

[7205759403792794 / 2 x*x 56

DFeaBE 2 THo Tz hE LS

[3602879701896397 / 2 x% 55

I ZTHI D EFF0T, ZOMZERICIE 1/10 EDHALASV I 2IEHLTLEE W, LYIDE
TELESEE. M3 1/10 XD b FhIIISRD T, YH5ICL 5 BEE 1/10 TEHD EHA |

DD, FHEMKIZ 1/10 2 " HET 2 ZLIIRLTHD FR A, sl BEPEMETEZ 201, LD X 528
B2 TH D, IEEE 754 OEREFE/NUTETRLONS D - 2 & SWVIERUILIMCZ D 3

>>> 0.1 * 2 x*x 55
3602879701896397.0

If we multiply that fraction by 10*¥*55, we can see the value out to 55 decimal digits:

>>> 3602879701896397 * 10 *x 55 // 2 ** 55
1000000000000000055511151231257827021181583404541015625

meaning that the exact number stored in the computer is equal to the decimal value
0.1000000000000000055511151231257827021181583404541015625. Instead of displaying the full decimal

value, many languages (including older versions of Python), round the result to 17 significant digits:

>>> format(0.1, '.17f')
'0.10000000000000001 "

The fractions and decimal modules make these calculations easy:

>>> from decimal import Decimal

>>> from fractions import Fraction

(RDX— D12k <)
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(RIDR=I D5 DR E)

>>> Fraction.from_float(0.1)
Fraction(3602879701896397, 36028797018963968)

>>> (0.1) .as_integer_ratio()
(3602879701896397, 36028797018963968)

>>> Decimal.from_float(0.1)
Decimal ('0.1000000000000000055511151231257827021181583404541015625")

>>> format (Decimal.from_float(0.1), '.17')
'0.10000000000000001 "
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SIXTEEN

X

16.1 XfZFEE—F
16.1.1 T5—0IE

IS5 —DHETIL, A VR—TVREFLST—A vt -V ARy 7 L —REBFRRLET, WHEEE—FT
. 2SO TR Y T MRV ET; Ty AP ET LGSR ARy 7 L —RERRLTERDL
NOT AT —RATHTLET (try XD except BT NLAIME, T2 TVWI I —ZEH7h E
HAo) —HOL I —IZHEMHFCHMNTH D, YO TRAT—XATHRT LET; ZUUINETORES
RHLEOAETVAROESWHEAINE T, 27— A vb—YR3EeTEE S —HHIEXATAE T, 2
AU LT, lERFT L@ me M 2 NEEELNICE AT T T,

H D IABF (interrupt character. ¥#ifld Control-C %* Delete) Z—RE /I X1 > 7 MR LTX
47T, ANPWMODBEEINT—XTR YT MR 3, ! ax Y FOFETHIE DAALFE X4 T
3% ¥ KeyboardInterrupt BIAAA XM EINE T, ZDHISHE try X TUHTE X3,

16.1.2 E{78ge% Python X2 1) 7+

BSD A® Unix ¥ X275 A4 Tid. Python 227V 7 rES 2227 Y P DX S ICEEFITAIEICTEE T,
NEITIE. LUROAT

{#!/usr/bm/emz python3.5 }

(ZZTRAYRTYEXDPL—HD PATH LIZHZ2ERELTVWET) ZRAZ Y T FORHICEEZ, A7V T
7 7 ANICEITAREE— FEHRELE T, #! X7 7 A NVOBRPD2XFTHRINERD ERA, Ty
P74 =2 Ko TE ZORMIIDITZ T 2 BATXFH Windows BN ('\r\n') Tl <. Unix &
("\n'") TRTFNUIRZRLBVZEDVDHDET, Ny P2 FRIEIRY FXXF, $48b5 '#' X, Python TlE2
XY M REZHRDL7DIHONTNE ZEIERLTLEI W,

chmod I Y FEEZIX, A7V MNICETE— FREITHREZE5Z 522 TEE T,

*1 GNU Readline v 7 —J I T 2BEOBNTH TN e 2HH £T,
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[$ chmod +x myscript.py

Windows Ti&, 7 ETE—F” O X5 BBEREH D £¥ A, Python DA VX +—F5—1ZHEMNC .py 7 7
A L% python.exe IZBHENI} 2 DT, Python 77 A VEXITNVI Vv 7T ZNE A7) T b LTHE
TLEJ, .pyw IR F D (GRIE: pythonw.exe I2) B I o, EHar Y -1 v 4 v FUZ2HI L THE
TLE 9.

16.1.3 XEE— FRHDEBRETI 71l

Python ZXFEANCAES ¥ Ei2iE. 4 X2 7V XDEET 2 BICETEN M50 DEEN o~y FH 3
CERR e ELS DY FF, 2hEIT511%, PYTHONSTARTUP & FHIN BB E. 4 & 7)) XiELH)
FHCFITESN2aX Y PR AT 7 A NVAICREL $T, ZDHAEIX Unix > =L@ .profile I TW
%9,

D77 ANENEELYy Y a v D ERFANINE T, Python 252~ FE2RZ ) P bHiAH LT
W5 Y ER /dev/tty Aav Y FOANILE LTHRINICIEESI ATV S (ZoGa#Elty > aryo X
SIKEELET) BDIFTRBWVWHIIIZD7 » A VIdFALSINEREA, 77 A VAD I~ Y Fld, MEEH
Ay RHPETINZHATZEM & [ CAAIZEHEANTETEINE T, 20k, 77 A VATERINTVRED
import EN/A TV =27 NI, ZOFEEMNGELYy > a VATHS 2B TEXES, £/, 2774 LAT
sys.psl ® sys.ps2 ZZLBEL T, R eLHEITZIHTEETD,

BLEEDT A L7 FUDBEMTAR— 7 v T 7 74 VE2FHAHLIZVDORL, 70— 2NLDRAX— |
7w 777 AVDOHIZ if os.path.isfile('.pythonrc.py'): exec(open('.pythonrc.py').read())
DESRTATFTLEZELIEDPTEERT, A7V T MTRR= 7 v T 7 A V200w Dizs, BT
DESRXLTRAZ Y T MR THRINCETLRTIUIRD FEA:

import os
filename = os.environ.get('PYTHONSTARTUP')
if filename and os.path.isfile(filename):
with open(filename) as fobj:
startup_file = fobj.read()

exec(startup_file)

16.1.4 AXE2IAXAEa—I)

Python {2 —4%—72% Python Z AR Z< A XF 570D 2DD7 v 7, sitecustomize & usercustomize %z
BELTOVET, ZOHBED LI CEEL TV A2 %2R 5121, £T1E 22— —D site-packages 74 L 27 b
VOB E RO 20 EBH D £F, Python ZREEI L TRODa— FEFTLTLZE W

>>> import site
>>> site.getusersitepackages()
'/home/user/.local/lib/python3.5/site-packages'

usercustomize.py ZZ D7 4 L7 F VIR LT, ZZTRD VI ZITRTEL LD TEET, 2
D7 7 ANVIHBIA VR— FE2ENCTZ -s 7> a VEFDRVRD, £TOD Python OEBIRFIZHESTX
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nxEg,

sitecustomize €Y 2 — VSR U XD WCEMEL ETH, —NICarPa—X—DEHEIZL > T, Fr—A
LD site-packages 7 4 L2 b VITAERK E 4L, usercustomize & DA Y R— I F T, FMllE site €
Va—IlDERF XY FESRLTLEX W,

21D
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>>>
The default Python prompt of the interactive shell. Often seen for code examples which can be
executed interactively in the interpreter.
/N

DHLDPEZONET:

e The default Python prompt of the interactive shell when entering the code for an indented
code block, when within a pair of matching left and right delimiters (parentheses, square
brackets, curly braces or triple quotes), or after specifying a decorator.

o HHAAADER Ellipsis

2to3

A tool that tries to convert Python 2.x code to Python 3.x code by handling most of the

incompatibilities which can be detected by parsing the source and traversing the parse tree.

2to3 is available in the standard library as 1ib2to3; a standalone entry point is provided as

Tools/scripts/2to3. See 2to3-reference.

abstract base class

(HIREE S 5 R) HIREE Y 7 21 duck-typing Zf5EF 5 S DT, hasattr() REDHDT 7 =
I TEMNBHFTH o 72 D Wb izii 2 (1213 magic methods DEHE) HEICA Y X —7 2 — A% ER
THHEZRMEL £, ABC 1K (virtual) 727 S RZEALE T, ZHIFE T 7206/ kK L
FHAN, ZNTH isinstance() X issubclass() IKFRMINFET; abc EP a2 —1D KF 2 X
Y FEZLUTLEZE W, Python 123, £ OflAIAA ABC RRIME A TWE T, ORI,
(collections.abc EY 2 —)LT) 7— X HMi&E, (numbers €3 2 —/LT) #. (io €Y 2—/LT) X}
U —2A, (importlib.abc EY¥ a2 —T) A Y K- 774 Y E/FET—K—T7F, abc EZ 2 —)L%
FIHLTHBED ABC Z/ERTZ %7,

annotation
(77 7—=2ay) BB 77 R BEDNRTX—-22RDEIEGFRT 2 7L TT, BlickD
type hint £ L THEDONTWET,

Annotations of local variables cannot be accessed at runtime, but annotations of global variables,

class attributes, and functions are stored in the __annotations__ special attribute of modules,
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classes, and functions, respectively.

See variable annotation, function annotation, PEP 484 and PEP 526, which describe this func-

tionality. Also see annotations-howto for best practices on working with annotations.

5% (argument)
(FEB18) BIRCERF O FRIC, BAE (F/20d AV Y F) ICETHETT, ECEX 288D D $3:

o F—TU—F5I¥: BEIFOH L OB IBORNEHA T O WD D (Fl: name=) Ko, ** IZHEF
TiFEOROEE LTHEINLIE, HIZIE. KD complex() DMFUIHI LTI, 3 & 5 2% —

v — R5I¥TT:
complex(real=3, imag=5)
complex (**{'real': 3, 'imag': 53})

o MUESIE: F—v— F5IBLUANDTIE, MEFIEIX5IEY A FDETHICEL Z8 BN TE, F2 %12
eI 7z iterable DERL LTET I TEE T, HlZIE. XROFITIX 3 & 5 &M /5H0ES 4
T3

complex(3, 5)
complex(*(3, 5))

FH BB DORKIC B W THEMT E D — A AVZHICHID HTon T g, &#DHTZTSHANTOW
Tid calls ZBRLTLEE WV, VX Z7RARZBVWTEGFEERTLDIZHo0 225 Z el
KEd, MBI — AV ERCEH D Y THRE T,

&51% . FAQ @ FEFIERGIEDENIATTT2? . PEP 362 2B L TS,

asynchronous context manager
GEFfa >y 7F A b= %) __aenter__() & __aexit__() XY v REEHRTS I LT async
with XAOEREZEH T 2479 =2 FTF, PEP 492 THAIRE L,

asynchronous generator
GERIMIY = % L — &) asynchronous generator iterator % iR 3BT T, async def TEFEI N/
N—F VEIBUZBI TV E A, yield XeHORTRLD £, yield i async for /— 7 TEH
TELHDW S ZAERLT 2DIFHEINET,

HEFIERIAY = 2 L — 2R L £ 30, WRICK - TE IEREAS T RL—2 1T L—% 25T
Gandh £, BRSNLERPIHS 2 THRWGE, RO een iz AL £,

FEMBAY = 2 L — ZBEICTIE, async for XX async with X2 TR await RdDHB2Z 2D
h%d,

asynchronous generator iterator
CGEFRIIY = 1L —& A4 7L — &) asynchronous generator B THERENZ AT 27 M TT,

Z X asynchronous iterator T, __anext__() XYV v FE#H o THEIN 2 & awaitable 7Y = 7
FERIRLET, 2D awaitable 7 7Y =27 NI, KD yield RETIFAMAY = + L —XEKOARK %
FEITLET,
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https://peps.python.org/pep-0526/
https://peps.python.org/pep-0362/
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Each yield temporarily suspends processing, remembering the location execution state (including
local variables and pending try-statements). When the asynchronous generator iterator effectively
resumes with another awaitable returned by __anext__(), it picks up where it left off. See PEP
492 and PEP 525.

asynchronous iterable
(JEFEAA 77 7)) async for XOHTHATES A7V 27 M TT, HED __aiter__() XV v
B2 & asynchronous iterator ZRERITIUL7Z D $¥ A, PEP 492 TEAINE L7,

asynchronous iterator
GERIA 7L — &) __aiter__() & __anext__ () XY v RERELLATI I +T
9, __anext__() & awaitable & 7Y =7 PRI RITINIERD £ A, async for &
StopAsynclteration B4t Z XM F 2 £ T, JFEFRMA 7L —FD __anext__() XYV v PR
3 awaitable ZfER L 5, PEP 492 TEAINF L/,

M
[

(B) A7y McBEfMfF o, Fy PRERICE > THATTHEEZSHRINAETT, FlRIX +
T2 b o DEMN 0 BEoTWR 2 E, ZOEMIE 0.a THHINE T,

F 7Y 7 MiZid, identifiers TER XN ZMAlFTCREBRVWARTOBEEER2 5 X2 Z B TEET, 128
ZIE setattr() 2V, ATV 27 M ZENEFAIL TV AEEIITAE T, 0L EMEF Y
FRERTRE 72722 TEF, Kb HIC getattr() 2> THALELRH D T3,

awaitable
(1FH%PTEE) avait R THAHT 2 2Bk E2 A 72 =2 S TH, coroutine 2>, __await__() XV v
RBH2Z2ATI 27 FTT, PEP 492 2L TL ZX W,

BDFL %=

R E B MHEE (Benevolent Dictator For Life) OIE T3, Python OfF#. Guido van Rossum D
Z&T9,

binary file
(NAF VT 7 AN) byles-like ZT TV b OFRARAABIVEZIAANTES J7MILATox
Ik TFe XA FVT7 74 0DFNE N4 FVUE—TF ('rb', 'wb' or 'rb+') THINT 7 1L,
sys.stdin.buffer. sys.stdout.buffer. io.BytesIO *® gzip.GzipFile. DA Y A XY XA TY,

Str ATV FORMAEFEENTEZ 774 NF TV 27 MZOWTIU, text file BBRMLUTLIIEE W,

borrowed reference In
Python’s C API, a borrowed reference is a reference to an object, where the code using the object
does not own the reference. It becomes a dangling pointer if the object is destroyed. For example,

a garbage collection can remove the last strong reference to the object and so destroy it.

Calling Py_INCREF() on the borrowed reference is recommended to convert it to a strong refer-
ence in-place, except when the object cannot be destroyed before the last usage of the borrowed

reference. The Py_NewRef () function can be used to create a new strong reference.

bytes-like object
bufferobjects 4K — b LTWT, C FBOEKT EfiLit Ny 7 7 —ZRHAGER L TP 27 b,
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bytes, bytearray, array.array . %< O—f&HJ7% memoryview * 7Y =7 B THICHD X
T, bytes-like 7Y =7 M, T—XEHM. NAFV T 7 ANANDIRTE. Vv FEREHLUEER
AL FVTF=RBERTZ0VAVARBECHHAT S22 TEE T,

BODPDRETREINAF VT —R2EETIHENDD ET, ZOREOFF 2 X FTIREL 7 H
AHEEAEER bytes-like 77V =227 " KERLTWET, BHEAGERANAY 77 —F TP =7 MZIE,
bytearray ¢ bytearray @ memoryview REDEFENF T, F/. MDD OBRIETIIANELA
TV VDAL F ) F—& (7 HAHLEHD bytes-like £ 7Y =27 b)) ZRELE T, U
bytes ¥ bytes D memoryview A 7Y =7 MOEFENE T,

bytecode

callable

callback

U932

("4 Fa—F) Python ®Y —2a— & Python 70235 4® CPython £ ¥ &7 ) X DNEERH
THBINA FPA— ANy RANVEINET, N Fa—Fid .pyc 774 VIF vy adh, AL
77 AN ERHRETINZ L 2R EDERCRDET (V—RI=F2H N, ba— FANOHED
aYARAOVFEEEINET), 20 7 HEEEE (intermediate language)” (&, % & D N4 ka2 — Rkt
6T SHEMEEEFETT 2 REYS Y TEMET 2 VWA E T, HEERERLE LT, N ba— FIERER
% Python {RI~> Y BITHIEST 2 Z &%, Python VY —XBTRHRETH 2 Z 3TV
H A

NA ra—Foma—ElX dis EV2—1 ZHHET,

A
callable is an object that can be called, possibly with a set of arguments (see argument), with the

following syntax:

[callable (argumentl, argument2, argumentN) }

A function, and by extension a method, is a callable. An instance of a class that implements the

__call__() method is also a callable.

(TN y 2) RO B BREMCIIT SN2 DI IR Y LT 2 B

(VFR) =P —ERA TV bRERT 272007 L —bTT, V7 RERIIEHE, 2DV 7
ADA VAR ALOBERETEIRXY v FOEREEAET,

class variable

(75 2AZH) 77 A LICEREIN, Z7FALRLT (DFD, Z753ADA VAR YA ETRERLIR) &
BHXN3ZeZHME LTVWREKTT,

complex number

(EEH) EHLN TV R ERREIE LD DT, TRTOMIER L EHOM L LTHRINE T,
ERE RGN (-1 OFHR) KEBEHTZ 0T, —RICEFETIZ i b Erh, T¥TIR j v &
PRET, Python IZEERHIARAATHIEL, BEOKLEZM->TVWET, EHIIZREIC j 20U
TEZFF, fl21Z 3+1) TF, math EY 2 — LOEZEHIE AT 21213, cmath ZFVWEF, &
FEROEHED R D BEREEOMIETT, DEERZEUATIUE, RSHEVAREHLTLE ST
FWwTL x5,
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context manager
An object which controls the environment seen in a with statement by defining __enter__() and
__exit__() methods. See PEP 343.

context variable A
variable which can have different values depending on its context. This is similar to Thread-Local
Storage in which each execution thread may have a different value for a variable. However, with
context variables, there may be several contexts in one execution thread and the main usage for

context variables is to keep track of variables in concurrent asynchronous tasks. See contextvars.

contiguous
(B, 8f) Ny 7 7 DI C8Bft $£721% Fortran #Bf: THREAIIC, TONy 7 7 EEKE LT
WBEAREET, LuXRe Ny 7 71k C #HiThHD Fortran #iE T3, —RLOESITIX, ZDHE
RN TREY LTHET 2 L5 CREIN, RFEPLRrOHE DI T EF T E S, 2X
TLOD C-H#i Rl TId, XEV 7 F L RAMICERZ K 5 BRIIRER DI A FHRANTLED 5 DITH L,
Fortran @i R CIIEA OB A FORRINCE 2 F 5,

JL—=F>
(A=) ar—F 37N —F DL RNZIEXTT, 71 —F I RD SRR
PHAD. Blokd s S, o HE T, aL—F L ICFZ L OfkL RHIEPH A, 1B, HIT
B2IEMTEET, TN —F I3 async def XTEETEFT, PEP 492 2ZHL T ZE W,

coroutine function
(AN—F VB coroutine A 7Y =7 b RIRTEAKTT, 21— VBRI async def X THEX
., await, async for. BLY async with ¥F—TV—F2FOZ PR ET, Zh il PEP 492
TEAINE L,

CPython
python.org THIAF XN TWA, Python R 7 F 3 ¥ 7 SiEOEERNLEETT, "CPython” W5
HEEIX, ZDFEE® Jython % IronPython ¥\ o =Ml ¥ XFI§ 2 HEHE LS ICHH I
S

decorator
(Fav—=x) HloBEK IR TS T, @E, ewrapper M CHIBEH L L CGHEHAINE T, 7aL—
2 DO—RH 72 M ARFNZ. classmethod() ¥ staticmethod() TI,

TAL—RONIRET YRy 7 A2 aH—TF, RD 2 OOBBERIFRMICFATL DT

def f(arg):
f = staticmethod(f)

@staticmethod
def f(arg):

FICHERD 7 7 ACDFEELETH, HENFONEFRA, TaAL—XITOWTFHLL X BEBRER B
B 75 RERDORFaX U F2BRLTLIEZI N,

145


https://peps.python.org/pep-0343/
https://peps.python.org/pep-0492/
https://peps.python.org/pep-0492/
https://www.python.org

Python Tutorial, J1J—2X 3.11.14

descriptor

Any object which defines the methods __get__() set__(), or __delete__(). When a class

attribute is a descriptor, its special binding behavior is triggered upon attribute lookup. Normally,
using a.b to get, set or delete an attribute looks up the object named b in the class dictionary for
a, but if b is a descriptor, the respective descriptor method gets called. Understanding descriptors
is a key to a deep understanding of Python because they are the basis for many features including

functions, methods, properties, class methods, static methods, and reference to super classes.

FRZ7YFEDRY v FIZB L TOFEMIZ. descriptors % Descriptor How To Guide &ML TL 72
W,

dictionary
An associative array, where arbitrary keys are mapped to values. The keys can be any object

with __hash__() and __eq__() methods. Called a hash in Perl.

dictionary comprehension
(FFEMNTIKRED) iterable NORTH 2 WE—HBOERZMMH L T, ZORRP 52 2FELIR ST 3 > %
7 N3EEZH TS, results = {n: n ** 2 for n in range(10)} £ T3¢, F—n Zflin *x 2
XM B EFE R AR L 3, comprehensions 2SR L TL 72X W,

dictionary view
(fFE L 2 —) dict.keys(). dict.values(), dict.items() 2HRTA TP =7 b TT, FEHDIHHE
DERE 2 — 2L FT, TbbE, HEILEINLI L a— 322 KML $7, &L 2—
ZIRHIFNICSER Y 2 M 311E list (dictview) ZHHA L TL 72XV, dict-views 2ZE L TL
7EE W,

docstring A
string literal which appears as the first expression in a class, function or module. While ignored
when the suite is executed, it is recognized by the compiler and put into the __doc__ attribute of
the enclosing class, function or module. Since it is available via introspection, it is the canonical

place for documentation of the object.

duck-typing )
23727 IPELWVWA YR =T 2= 2o TWEPERETIDICA TV =7 FORMERZNT
077 IVIRARANLTT, bbbz, Bt 7Y =227 b XY v RRBEEDMENZ D Hbhizh
LET, (FELDEIIKAZT, 7EADEIRKEITIE, FHUIT L THB,)) A VYR —Tx—2R
FRIIDEHTZ T, EFELFTHA v Ehza—RiE RVE—T7 4 v 7 BREERFF L CHRIMEE
MLXEET, Xy 7 XLV 7E type() X isinstance() WKL AHEZBITE T, (2L, XV
IRAVY 7% HREEV SR THETA2IdTEET, ) 2ofb b, MAMIC hasattr O
Ee BAFP 7u27 oI v 7% FHALET,

EAFP
MERA % L 2 X DEFL%ZF 5 DA (easier to ask for forgiveness than permission, ~—7 4 — Dk
AN DIETF, Z® Python TIAL b TWwda—74 Y FRAXAL LTI, BEFTENRF—E
WDTEET 2D EREL. ZDRED > TORGE N ERHIEL £ T, ZOMBRTFRIFI3
=T 4 YT RARA MR, try XB XL except XD TADHZDOPRHTS, 2077 =v 7
. CDEIREHETILLMMORTNS LBYL ZAX AN EXRINIZ S DT,
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expression
(R) 2O FHiicn s, —FLFH ORI (a piece of syntax) TF, Sz 2L, AWV 7
Fo, Al BT 2R HETFREBTCH LAY, HZRTROEROBAENRTT, Ho%<
SiErE WV, Python TREEDOETOHMBRERNIA L WVWI DI TIEHD FHA, while D & 512,
RELTRERARW X DD FT, RKABATIERLIXTT,

extension module
(EREY 2—1) C R C++ TEIPNZEY 2—L T, Python ® C API %F|f L T Python 227
PL—HF—a—-—FeLhrHLET,

f-string
YRR F AVEBEICI WA T T Lk Pfostring” EIEHEN. ZHUE 74—~ v MEAXFYY
77V ODEMEHOZFFTT, PEP 498 3B L TL 23\,

file object
An object exposing a file-oriented API (with methods such as read() or write()) to an
underlying resource. Depending on the way it was created, a file object can mediate access to
a real on-disk file or to another type of storage or communication device (for example standard
input/output, in-memory buffers, sockets, pipes, etc.). File objects are also called file-like objects

or streams.

T7ANATY =27 MICRERCE 3 EEDDET: A0 N1 F V=T 710, Ny T 7Shi NA
FUV=T74I. ZLTC TFALT 7ML T, A VX =T 24 RiF io EY a— LV TERINATY
XY, 77ANATY 27 +RAESEHENLTTIRIE open () BABZfES 2 & T,

file-like object
file object E[EF"TT,

filesystem encoding and error handler
Encoding and error handler used by Python to decode bytes from the operating system and

encode Unicode to the operating system.

T7ANYATLADIYA—T 4 Y7 TE, TRTH 128 N4 PYUTREFIZTa—- I3 e
RAEFXNBLTWEBDERA Z77ANVATLDIY A—F 4 VP TIOABRIEI N - - 5E
1Z. API BH%¢%% UnicodeError 2T 22 23HH £9,

The sys.getfilesystemencoding() and sys.getfilesystemencodeerrors() functions can be

used to get the filesystem encoding and error handler.

The filesystem encoding and error handler are configured at Python startup by the
PyConfig_Read() function: see filesystem_encoding and filesystem_errors members of

PyConfig.
See also the locale encoding.

finder
(774 YR) A VR=PZNTVEBEY 2—1ND loader DFERZRTT 247227 bTT,

Since Python 3.3, there are two types of finder: meta path finders for use with sys.meta_path,
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and path entry finders for use with sys.path_hooks.
See PEP 302, PEP 420 and PEP 451 for much more detail.

floor division
(TID B THRE) —FL VBRI D T 2 BAIRE, U THREHEEFIE // T3, flRIX 11
/] 40F 22D TR EINFMNCFE NI OBEDORETIX 2.75 BV IR-oTE T, (-11) // 4
& -2.75 Z INEWAIC D B GRITFE: BOERARADADZITS) DT -3 12745 e IFERELTK
72&W, PEP 238 2L TL 72X\,

5k
(BEE) MM LANCEZIR S —EHDO XD Z & T, BRUCIZ 0 LD R 25 Z e HikE g,
FEEDEITRH T Bz RS2 Z e R E 5, R5IE. AV v F. function ZBML TLZE W,

function annotation
(BB 7 ) 7—>ay) DT X —=ZRVED annotation TF,

BT 7 7—>avid, @HEZEEYF oo d: fIZE. ZoEE 2 2D int BD5|
Bz e fifrs i, £7 int BoRDEZFHO L fFchTux s,

def sum_two_numbers(a: int, b: int) -> int:

return a + b

BT /) 7—3 a OXEE function O TR INATVWE T,

WREDFAD D % variable annotation, PEP 484, #ZM LT 7Z& W, ¥/, 7/ 7= a v &F|
A3 2R 75277 4 A& LT annotations-howto S L TL 12X W,

future
from __future__ import <feature> ¥\ future X &, 2> % 7 —IZFRD Python V1) —2
THEHE L R AR EEREFH L THREDES 2 — A2 a4 LT3 X545 RLEF, _ future
EY 22—V T, feature DD I ZEE RFF a2 XY MELTVWET, ZOEIT2—A%EAf VKR-FL,
T OERETMET 2 Z 2T, FEEDSRINCSHEISEMENZDE0DO2R, WOF T 4L MR 550
(FFeld e o7h) #HAH L ATEET

>>> import __future__
>>> __future__.division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection
(AR=yarryay) ThBEEONSE 2 DRV EY 2T 20 T3, Python X, &%
vy b, ERSHEEBE UBES 2R IRy aL 7o ThHR=—YaL s> aryz2ifug
Fo AN=VaL 7 &Egc B a—NEHoTHRIETEE T,

JIxrlb—%&
(¥ =H L —2&) generator iterator ZiRTBITT, @H OB TNE T, yield REHFOHT
B D ¥T, yield R, for b—FTHATERD, next() BIMTMEE 1 >FOMD LAY TE
5, EHOWM O ZERT 2 DITHEHENET,
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BHEEY AV —FBEBZHRLET. Rk T P RL—R1TL—F 2T HEVHD X
T BRISNLEE®RSHS L TRVWEGE, FHBRLO DI BEE2 AL 5,

generator iterator
(YzxV—=&ATL—25) generator B THEKRZINZ A T =7 M T,

Each yield temporarily suspends processing, remembering the location execution state (including
local variables and pending try-statements). When the generator iterator resumes, it picks up

where it left off (in contrast to functions which start fresh on every invocation).

generator expression
An expression that returns an iterator. It looks like a normal expression followed by a for clause
defining a loop variable, range, and an optional if clause. The combined expression generates

values for an enclosing function:

>>> sum(i*i for i in range(10)) # sum of squares 0, 1, 4, ... 81
285

generic function
(=3 V vy 7B Rz 280 LECREEZ T 2 B> SR XN 28T, MO LKIICY
DEEEZHANDEPET 4 ANy FT7AITVXLCEDPIESINET,

single dispatch, functools.singledispatch() 7L —x, PEP 443 ZZML T 72X W,

generic type A
type that can be parameterized; typically a container class such as 1ist or dict. Used for type

hints and annotations.
For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the typing module.

GIL
global interpreter lock 2B L T IZ&E W,

global interpreter lock
(ZFa—=2A & FY &y ) CPython £ ¥ X7V XBFHLTWS, —EIZ Python @ /N1
FO—F 2ET32ALy RIZ—27F0TH2 2 RAETH2HMHATT, ZUTKD (dict &Y
DEELMAAAREZEL) 7Y 27 N EFADFEKET 71 2120 U THRBRIICERITHKR 5 DT,
CPython OFEENS Y VIRV ET, A VX TVEL2KERY 7T BT, ?AF7aty ¥~
UL BMIULD TR T R EHRIT, 4 Y X TV XEMBICTLF ALy FETES L51272D
3

27 BEHED 2 VIO WL D DIRRE Y 2 — i, BNy & 2582 Y OFH O E WL
32 EICGIL ZERT 2 X KIS TOET, /2. 1/0 W %E 3 254 GIL &# IR
ENET,

Past efforts to create a "free-threaded” interpreter (one which locks shared data at a much finer
granularity) have not been successful because performance suffered in the common single-processor
case. It is believed that overcoming this performance issue would make the implementation much

more complicated and therefore costlier to maintain.
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hash-based pyc
(Ny¥anr—Zpyc 77 A) IESWERHEIT 27012, MIGT DY —RT7 7 4 VOB EFRLIT
BNy Y2 fli2EHT 2L Fa—-FDF vy v a7 741 T, pycinvalidation ZZHE L TK
72EW,

hashable
An object is hashable if it has a hash value which never changes during its lifetime (it needs a
__hash__() method), and can be compared to other objects (it needs an __eq__() method).

Hashable objects which compare equal must have the same hash value.

Ny AR A T 27 PEHEDF —REEDA AN L TR ST, HEPEEGD T — X MG
BEHNETA Y > afizfl>Tn2256TT,

Python D4 I 2 — X ZTARMAABA TV 227 ME AZL ALY ¥ 20[RETH, (VA FREED
EO5R) I2—&TNRAVTFENY T2 FARET T, (X T NAR frozenset DEIR) £ I2—%&7
NRaAYTHE BRPINY Y aFRETH L L EDANY Y aA[RETT, I—F—FRDI TADA ¥
ARVATHDBEIRATI 27 METFT 74V M TAY Y al[ETT, TAHIEET (HHEZRVT)
PEBSEEFIIEFMTH D, Ny > afliF idO) LhFen T,

IDLE
Python Ofit&EHFEEREE (Integrated DeveLopment Environment) & U E 558 (Learning Environ-
ment) T3, idle & Python OEHERNREAMICFEMI N T2 EANLEEDO LT 1 X L 2TV
BT,

immutable
(A32—2T7N) BEDEER->TA T2 bTF A 32 —RTNRA T 7 MTIE, BiE. X
FH, BERORXRTAREDRHYET, ThoDF 727 MIMEREZONER A, HlOEEESE
BHIIE, FiBA T2 7 PV ERER L RTNERD ERA, A I 2—FT7ARIT T 7 NI BEIE
DAY Y 2 @R 72 2 RN CTEHERFE 2R LT, HEOXF—BZOHITT,

import path
path based finder 3 import %€ 2 —VEMBRT 25T (X721& path entry) DV X T, import
. ZOVU R MIEE sys.path D ORETH, 37 v F—IDFEFHE Y 7 —ID __path__
JEHED S R ET,

importing H
%5%EY 2—1® Python 23— RPFIDEY 2 —LD Python a— FTHEZX 2 X5 T 2UHETT,

importer €
Ja—VERLTR—-FTEE TV b, finder ¥ loader DEBLLTHHEA T =7 b,

interactive
Python has an interactive interpreter which means you can enter statements and expressions at
the interpreter prompt, immediately execute them and see their results. Just launch python with
no arguments (possibly by selecting it from your computer’s main menu). It is a very powerful

way to test out new ideas or inspect modules and packages (remember help(x)).

interpreted
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Python 134 ¥ & 7V XERDOEFETH D, a2 84 FEFHEOMMMEL 5, (N4 ba—Fars
AIDBBH B2, ZOXKFNIEBHETTH, ) TITOA YRV REFiELIZ, V—Ra—FD7 74
N, FFEAUEFERICL T LETIE I L Vo BER LIS, BEETTEL2Z22EKLE
T A VX TVRXERDFEIETE. 2281 FBAOFFEID ST TNy 7OV 4 7 V30D
DD, F0Z 5 ADFITIEF—MITEBENTT, WEH BBWL T IV,

interpreter shutdown

iterable

iterator

Python £ Y& =7V X —d> v v P XU VY REFEINLFHI, EY 2T XRXTOI VT 4 AR
NEREZ 2 8D, TRTOMRLIY Y — R BFEINCHEKT 2. FilR 7 2 —XICAD &5, 20
7= AR=J ALV F 2HEBEMFCHLEST, CTARREDZI—F—ERDT AT 7 X —%
weakref 2 — LNy IBIEUHEINZZeBHDET, v v FEU Y7 2 —XHIZEfTENEa—F
F ENPMEETZ VY — AP TTIHERE LR (KL< DB 2RI T A 75V —FY 2 — /L% warning 1
HTT) 2ok & 2 fIAMCER L £ 3,

AVER—TVERRT vy PR T2 ERERIE  main | BV a2 —AREfTEINTWSEZAZ U T
DFEATHET LIz 2T,

An object capable of returning its members one at a time. Examples of iterables include all
sequence types (such as list, str, and tuple) and some non-sequence types like dict, file objects,

and objects of any classes you define with an __iter__() method or with a __getitem__()

method that implements sequence semantics.

Iterables can be used in a for loop and in many other places where a sequence is needed (zip(),
map(), ...). When an iterable object is passed as an argument to the built-in function iter (), it
returns an iterator for the object. This iterator is good for one pass over the set of values. When
using iterables, it is usually not necessary to call iter() or deal with iterator objects yourself.
The for statement does that automatically for you, creating a temporary unnamed variable to

hold the iterator for the duration of the loop. See also iterator, sequence, and generator.

T=ROMNERBTEATI2 I P T, ATV =KD __next__() XV v FEHEDRLFFEUHT
(£7213HAAABIE next ) 1ITHET) &, MWOFTDERZ —DFTDORLET, 7—X»0 KDL,
Kb DIZ StopIteration fISNZEH L E T, FORET, /1 TL—XATV =27 VIRETEY, *
NLEE __next__() ZAJEMATD StopIteration ZEH L ET, /1 7L —XiEX, 2471 —
EAT7Y =27 PARZIET __iter__O) XYy F2EELLTNUILSLVDT, 4 7L —XEMoD
iterable ZZM T 21Z L AL OHFITHHTE R T, 3o & D & LABINZEROREZITS 5%
A—=FTF, List D&kS5R) ary7FA7Y =27 ME BEZ iter(Q BABUCA T Y =7 MITE L L
D for V=TS T, B REHDA TL -2 2ERLET, ThiedA 7L —XTITES
E55e, HiEDA TV —2a Y THERFEADRICA 7L -4 7Y 27 b ZHMISRS 720, ZEDa
VTFTDESITHHoTLELET,

FE 7 BRI typeiter I2H D T,

CPython I D& #: CPython does not consistently apply the requirement that an iterator
define __iter__(Q).

151



Python Tutorial, J1J—2X 3.11.14

key function

keyword

lambda

LBYL

list

(F—BI%) *—BI%L H2VIIREREEIE. YV — PRIEFLED 7D OEZ RSO LATREL 7
¥ =7 b (callable) T9, B2, locale.strxfrm() & F—BRICHZIE. v —UKFDY — b D
BEICDo oY —FF—ZIELET,

Python DZ < OV — M3 F —BHEZIIM D ZZOWM SIER 7V — A2 EH L £ 3, min(), max(),
sorted(), list.sort(), heapq.merge(), heapq.nsmallest(), heapq.nlargest(), itertools.
groupby ) FE2H D £7,

F—BEEZ HIEEVL 2D H D £3, Bl str.lower() XY v RERFE/NLFERXHIL
WY — 75X B LTS ZepikEd, »5WE lambda r: (r[0], r[2]) O X
5 7% lambda HH 6 ¥ —PBABZIES Z LA TE %9, K7, operator.attrgetter(), operator.
itemgetter(), operator.methodcaller() @ 3 DOF—Fa > A 57 23Hh £3, F—BIK
DIED 77 2 0T OfE Sorting HOW TO S L TL 72X W,

argument =4
58 2SR T &,

(Z %) H{LDA V54 VBT, BBDUOHShize 2iICiHiicns 1 20 I 284F7, 74
X EEBUE E B #1E lambda [parameters]: expression T3,

FZ21305EDH (look before you leap)) DMFTE, ZDaA—7F 1 Y7 AXANVLTIE, FFOHLPBRRK
2475 RN, BRINCHTIRZAMF (pre-condition) HIEZ1TWE F, EAFP 770 —F L 0l T, if
MWK X AMDIN DS DA T T,

<ILF ALy FMEEhZBRE T, LBYL 7 7 —F13 7 37 @fE e " Ry @BREOBAREELS &
BZTVRIBDHD ET, HlZIX, if key in mapping: return mappinglkeyl ¥\ 5 22— FiZ,
HEDE, HlDRL v RHBERDEIC mapping 705 key ZFEDR ML T, ZOMEEZ, v
73 2%h EAFP 7 7a—F %5 Z L THIRTZ £73,

A
built-in Python sequence. Despite its name it is more akin to an array in other languages than to

a linked list since access to elements is O(1).

list comprehension

loader

(VA MANEER) =7 Y 2AFDETH VR —HMOERZUEL T, ZORR,26L2 V) R P2k
T, AV T PRAFETT, result = ['{:#04x}' .format(x) for x in range(256) if x % 2
== 0] £35¥.0H5 255 FTOMBE 16 EHEERL (0x..) LEXXFI»HL2 YA MRERL %
To if HildA T a2 T, if @i WEA, range(256) DR TOERPUH SN E T,

An object that loads a module. It must define a method named load_module(). A loader is
typically returned by a finder. See PEP 302 for details and importlib.abc.Loader for an

abstract base class.

Oy—ILT>a—-51 >4
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On Unix, it is the encoding of the LC_CTYPE locale. It can be set with locale.
setlocale(locale.LC_CTYPE, new_locale).

On Windows, it is the ANSI code page (ex: "cp1252").

On Android and VxWorks, Python uses "utf-8" as the locale encoding.
locale.getencoding() can be used to get the locale encoding.

See also the filesystem encoding and error handler.

magic method
special method D < 721} 7z[AFKEET T

mapping
(YY) FREOF—HEKEZ Y R—F L TWT, collections.abc.Mapping #* collections.
abc.MutableMapping @ HRHEIE I 7 X THEINLAY v FEFEELTWEary7F 4
7Yz FT9, Bl 11X, dict, collections.defaultdict, collections.OrderedDict,
collections.Counter % ¥ T3,

meta path finder
sys.meta_path ZMEK L TE SNz finder. meta path finder & path entry finder & BRIZH D F
o AT,

meta path finder 255255 % XV v FIZDOWTIX importlib.abc.MetaPathFinder 2SR L T 7
ISAAN

metaclass

(RRTFGR) VTADI FATT, VIRAERIEF, 7I7RA%, 77ADFHEL, HEIFADYV R+ %
EDET, XX 7 I7RE, £ 30%51 8 LTRIIMD, 27 AREZ2EMLEZEVET, IZLAY
DATY =7 MEAIGEE GRIE: X X7 7 AD) 77 4L b OERERFRMEL TV E T, Python 23KE5
BROWFHAARZLDART FRAEERTEBRTT, FEAEDI—F—IZWo T, X X7 F7RIELL
BEORWHDTT, L2L. —EDBETIE, XX 7 7RFBEHTZVLA Y " RAEZRELES,
YZEBET 7200 2 BN o720, ALy Re—ZWERBMLED, A7V 22 OEREBIL
Tebh, SN URRETRRY, ZLoBETHAINE T,

FEANE metaclasses ZZR L TL &0,

XYy R
(XY R) ZIAKRKDHTERINIEE, 207 F7ADA VAR ADREELE L TR EN5
B AV Y PBA VAR YZAATY 27 bE— 58 L LTRIMD £F (Z0HE—58IIEH self
CIENET ), BE ¥ RA SN —T 3B LTLIEZE W,

method resolution order
Method Resolution Order is the order in which base classes are searched for a member during
lookup. See The Python 2.3 Method Resolution Order for details of the algorithm used by the

Python interpreter since the 2.3 release.

module

(£ 2—l) Python 2— FOMBEM Y LTEEL ATV 22 b TF, BV 2 —LIEEED
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Python * 7Y =7 b 2 EOHFEBMEZRD £ 3, €Y 2 —LId importing OUEIZ X - T Python
Wi AAENE T,

NYT—=2 ZBRLTLIEZZWY,

module spec £
Ya—nEu—F330fbhi AR —- FHEOEHRE ZLHLATZEMTT, importlib.
machinery.ModuleSpec D14 Y AKX Y A TT,

MRO
method resolution order ML TL 72 & W,

mutable
(32—FTN) 32— TARBF TV 7 ME, id) 2ER B R HEEETEE T, 1Sa—
2T7)) BBELTLEE W,

»

named tuple
ZHITE RS L WS HEEE. R TABRELTWT, 4V Fy Z AN BEREIIH LB 2T
D7 7R TELAEREOIPL Y S RIEHEINTVWET, ZOHPr 5 IMOMEED > TW\Wa &
EHHHET,

time.localtime() % os.stat() DRV EZZLWV L O DIHAAARNIHAFIfT E X LT, fill
D% sys.float_info TI:

>>> sys.float_info[1] # indezed access
1024

>>> sys.float_info.max_exp # named field access
1024

>>> isinstance(sys.float_info, tuple) # kind of tuple
True

Some named tuples are built-in types (such as the above examples). Alternatively, a named tuple
can be created from a regular class definition that inherits from tuple and that defines named
fields. Such a class can be written by hand, or it can be created by inheriting typing.NamedTuple,
or with the factory function collections.namedtuple(). The latter techniques also add some

extra methods that may not be found in hand-written or built-in named tuples.

namespace
(FATZEM) BB E N 25T, ARIZEEITEFHEr L TEEINE T, LiZEMIcEA 7Y 22
FD (XYY FD) ANFICHEo7b DT TR, RFRS O, KENZ D, 2L THAAALD
SONRHH FT, AREMIZATOERE S ZLICE > TEY 2 — RS R— T3, HlZIZBEE
builtins.open & os.open() IFHHATEMTXAMEINTVET, Flo. EDOEY 2 —HEE R FE
LTWR2IRT 2 Z 8 ic ko THAMZEMIZATZE L RTEZ T L E3, flZIE. random.seed()
X itertools.islice() ¢FE L v, ZAFNEY 2 —)l random X itertools THEEINTWVWS Z
LD S TF,

namespace package A
PEP 420 package which serves only as a container for subpackages. Namespace packages may

have no physical representation, and specifically are not like a regular package because they have
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no __init__.py file.
module SR L TLFE W,

nested scope
(AR PSR T=T) SMUTERSN TV E LR SRS SAET T, BRI, D 2 BEEDRIDBEI%
DHRTERINTWLHE. NOBEBIIMIOBEBT OZE 2SR TEET, A A PSR a—7
377 4V b TRERDBRIEZTINTE, ZHORANRTERVDOTERLTLEZS W, B— VAR
F ROWRDR a—FTERZHAEE L XS, RIS, 70— VEREMES & 7o — ILHETZE
RIDOEZRFIAEE L ET, nonlocal THMIUDERICEZIADF T,

new-style class
Old name for the flavor of classes now used for all class objects. In earlier Python versions,

only new-style classes could use Python’s newer, versatile features like __slots descriptors,

—_)

properties, __getattribute__(), class methods, and static methods.

object
(A7 =7 b)) RE (BESLHE) LERINLRLZFE N (XYY F) 228 TDT—%, b LI
ETD FAEZAINI FR OFRMOEKS 72D L,

package
(R Fr =) FTEY 2= VPLHRFNH TRy r =280 L OHEKS module DZ & TT, &
FIRICIZ, Sy o —2% __path__ @M% D Python # 7Y =2 T,
reqular package £ mnamespace package B L TL 72 &0,

parameter

(R51%) AT ORIET B (2 XV Y F ) OERCBWTHEART 2 R318H 2HHEL %7, K
FlENCIZ S MEED D 5

o MWEFRLIFF—T—F: {UE THLIWIE F—T—F5|IH L LTET L TEL5EEELE
o T ZIBLIRD foo R bar DL I, T 7+~ DIRGIEOEETS:

{def func(foo, bar=None): ... J

MESH: fEICX-oTOAGZONIEIMEEEL 3, MEBHFHOL T BEERDFIBOV
AMDHTEZENSLDHRAI / ZEDDEI L TERTEET, BIZIXTELD posonlyl ¥ posonly2
A EHEHT IR D £3:

[def func(posonlyl, posonly2, /, positional_or_keyword): ...

o F—U—FER: F—U-FRIoTOAGEZLNZ5HEIRELET, F—V—FEHDFIEE
EFRTE L5, BIZIELLRD kw_onlyl ° kw_only2 @ X 512, BBUERDIRGIEY X M2
B ERMES B EZIETHD x B TT:

[def func(arg, *, kw_onlyl, kw_only2): ... ]

o AERME: (hORGIATEICRT SNAERDOMES IR Z T) EEOEBOMES G Z
LNB I BEELE T, OIS RRGIEIZ. LUTD args D X 5 ZRGIEAH DRI * 201F 5
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Y TERTEET:

[def func(*args, **kwargs): ...

o AIERF—7—F: (fOR5IBTHCRZI SNLERD X —V — F5IEICMA ) EEOEKD
F—U—F5BBE5Z5N2 e REELET, 2D X5 RE5IEE. LOBID kwargs DX 51
BB DRI ** 2235 Z e TERTEE T,

REIEIEA 7> a Ve HDGIBOEDL HBIEETE, 47> a yOglIET 7 4V MEBDIEETZ
£75,

RE1% . FAQ @ E5 8 KG B DEWIZMTFT? . inspect.Parameter 7 7 A, function 2
va¥, PEP 362 #ZRL T ZX W,

path entry
path based finder 73 import § 2 €Y 2 —)VE2IET import path LD 1 DDEFITT,

path entry finder
sys.path_hooks IZ®H % callable (D% D path entry hook) 23R L7z finder TS, 5 A BTz path
entry IWHBEI 2 —NE BT B HEEH>TVWET,

NRAZY P =T 74 YEPRETZ XY v FIZOWTIE importlib.abc.PathEntryFinder %%
LTS W,

path entry hook A
callable on the sys.path_hooks list which returns a path entry finder if it knows how to find

modules on a specific path entry.

path based finder VA
7 4V D meta path finder @ 1 2%, €Y 2—IvD import path ZREL F 3,

path-like object
(path-like #7227 b)) 77 A NS AT LRRA%ZRKLF T, pathlike 72 =7 Mid, %2R
T str A7 Y27 MR bytes A 7Y = b, 713 os.PathLike YR P AN ZRHE LA TV =
ZbDENDTT, os.Pathlike YR Fa %P K- L TWVWELF TP =7 M os.fspath() %
MUOHST 2T str £7213F bytes D7 7 A VT AT ARRICEBTEE9, os.fsdecode() &
os.fsencode() IZFNFN str H2WVII bytes KRDZDEHRAT 2DIMEZ LT, PEP 519 T&E
ASNFE L7,

PEP
Python Enhancement Proposal, PEP &, Python 2 I 2 =7 4 18 L THERZREET 2. H 2V
Python OHFHERER Z DBERLIRIFICOW TN T 23ELFHT T, PEP &, HEEICOWTOER
Btk L 1R85 3 2 RE Dl (Biam) ZBZ 2 NE T,

PEP &, #EREDIREIC»H 5, 23 2 =7 1 I X ZMEREDHEME Python 1272 SN 28GR
DXENDTD DR LM OMIKE 22t ZBKLTWE S, PEP OFZHICEII 2 =T+ NDEE
Bl ziT5 2. RNEREXELT 2 DEBERDD £5,

PEP 1 Z2ZRL T ZEW,
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portion
PEP 420 TEF XN TV, namespace package IZJBT 5. D7 7 4 VH (zip 7 7 4 VK&
TNTVEHEDDHZ) 1 D2DT 4 L7 MV ITHNE b D,

{iIB5 % (positional argument) S

I8 ZZML T EW,

provisional API
(E7E API) Y5 4 75V 0% HIREREED O FHHENCERAA SN D DTS, 20X 5% 4 v X —
T —ANDOKEREHEZ, ETHALINTVAMBPFIRTOERAN., a7HEECE-T
ME Y AU, BAIEERREE (L X —7 2 —ADHIRETEEN D) MTbIZET, Z
D ESBEFRRIFOLRAITONEDDTIED D FHA - ZHUX API ZHHAALENCIEREZ  STw»
J2ERKBRMMPBRE L2 Z2ICOBATONET,

PE APT IZOWThH, BAAHM DR WER R REFER LARINTHET, MERHIL L
Ga TR AR R T RETT,

o7tk EES A TSVEIMEr R TFYEAL VLT —ICRVWEH LA NS Z L,
FRRZEX CELER SN FE T, 5l PEP 411 2R LT EEW,

provisional package
provisional API Z#ZRLTLEE W,

Python 3000
Python 3.x VUV —ZX74 D=y 73— LT3, (Python 3 BEWRRDFER o LHIESNT-F
T3, ) "Py3k” x5 ddHh x7,

Pythonic fth

ST MR E 2 THErNIza— F TR, Python DRHT IR A 74 2o & 2

Fea— KRk, #HlziX. Python O— kA4 7 4 F LTk for XEH>TA T 7 7NLDITRNRTOER

WRKE-oTL—=7LET, DZLDFFEBICIZOMHMEAITRND T, Python IZEHRTWZRWARAD
DICBIED A Y > R—2 5 0d L ERA:

for i in range(len(food)):
print (food[i])

ZAUTH L. Ehwiz Pythonic 72 41K

for piece in food:

print(piece)

qualified name
(EBffi%h) €Y 2 =N DI B—NVRAA=TD0, ZOEI 2—LVTERINLZ TR, B XY v F
AD, T RRT BRT Ky PAKGLTT, PEP 3155 TERINTVET, by TLLOBEKR Y Z
AT, BHi%EA T2 POARIEEL TS

>>> class C:

class D:

(RDR—IHi<)
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(FiDR— 25 D %)
def meth(self):

pass

>>> C.__qualname__

o
>>> C.D.__qualname__
'C.D'

>>> C.D.meth.__qualname__
'C.D.meth’

BV 2 AANOBRTHDLNZ 2, TREM® (fully qualified name) IZTXRTOE Y =% BT
2RO Ky AR, HlZ1T email.mime.text ZEMKL F 3

>>> import email.mime.text
>>> email .mime.text._ _name _

'email .mime.text'

reference count
The number of references to an object. When the reference count of an object drops to zero, it is
deallocated. Reference counting is generally not visible to Python code, but it is a key element of
the CPython implementation. Programmers can call the sys.getrefcount() function to return

the reference count for a particular object.

regular package =
M, __init__.py 7 7 ANVEELT 4 L7 MY 2 LTD packages,

namespace package BZHLTL 72X,

slots 4
FANTODEET, A YAXVABUOHEBEDH LN UDERLTEBE, 4 VARV AFELHIRT 2
ZrT, ABVZEHNLES, 2T L HELNET 7=y 7 TIH, ELLFESIRKEFHPLIY v F—
BROT, Mk —A, BIZIZXEYDHERELRE7 TV —2a Y TA VAR Y ANKEICTHET
5, LWVokt FRIRE. FDLLRVDIBRZ FTT,

sequence
An iterable which supports efficient element access using integer indices via the __getitem__()
special method and defines a __len__() method that returns the length of the sequence.
Some built-in sequence types are list, str, tuple, and bytes. Note that dict also supports
__getitem__Q) and __len__(), but is considered a mapping rather than a sequence because the

lookups use arbitrary immutable keys rather than integers.

The collections.abc.Sequence abstract base class defines a much richer interface that goes

beyond just __getitem__() and __len__(), adding count(), index() contains__(), and

__reversed__(). Types that implement this expanded interface can be registered explicitly using
register (). For more documentation on sequence methods generally, see Common Sequence

Operations.

set comprehension
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(BEAMNTIEKED) iterable NOLTH 2 WVWIE—HOBERZMUHE L T, ZORErOLRIZEETRTa Y
XY M EEZ T, results = {c for c in 'abracadabra' if c not in 'abc'} ¥ 33 &,
{'r', 'd'} WS XFHNOFELAEM L £F, comprehensions ZZHE L TL 72X W0,

single dispatch
generic function D—FETRIEITZ—DOD5IBOENT X DFEIRINE T,

slice
(R4 R) I =T VR D—FWEELATI 22 b, RA54 A, TFEER [ Tz ohE
BoFoicaareEL e TELNE T, BHlZIX, variable_name[1:3:5] T3, AN ((R"F)
SEE slice A 7Y =27 b ENERTHHL TVWE T,

special method
(RHEX Y » F) & 28N2REO#HE. BIZIXMEZ T 272912 Python 7 SBFEICIF O H S5 X
Yy Fo TOBEDXY v Fid, XYy FEORHIERRIZT VX =237 2 008200 TWET, Kk
XV v FIZOWTIX specialnames TSN TWE T,

statement
(X) XEAA =k (A= RFD” 70y 27 TRARKEHETT, X R rF—v—Froflshs
HDODEH LT, %BEICIE if. while, for 23HH 7,

static type checker
An external tool that reads Python code and analyzes it, looking for issues such as incorrect

types. See also type hints and the typing module.

strong reference In
Python’s C API, a strong reference is a reference to an object which is owned by the code holding
the reference. The strong reference is taken by calling Py_INCREF () when the reference is created

and released with Py_DECREF () when the reference is deleted.

The Py_NewRef () function can be used to create a strong reference to an object. Usually, the
Py_DECREF() function must be called on the strong reference before exiting the scope of the

strong reference, to avoid leaking one reference.
See also borrowed reference.

text encoding A
string in Python is a sequence of Unicode code points (in range U+0000--U+10FFFF). To store or

transfer a string, it needs to be serialized as a sequence of bytes.

Serializing a string into a sequence of bytes is known as ”encoding”, and recreating the string from

the sequence of bytes is known as “decoding”.

There are a variety of different text serialization codecs, which are collectively referred to as "text

encodings”.

text file
(THFRAPI7A4N) str AT 27 VeF@iAEEXTES file object TT, LIFLIEX, 7FA M7 74
JFEBITAAL MEAIOF—ZZA M) — A7 78R L, TEAMIYO—FT 4 >4 ZHHNITV
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3, 7¥A L7 74 VDA, sys.stdin, sys.stdout, io.Stringl0 4 Y AKX Y AR EE T ¥ A
FE—F (Ir| or 'W') THHWZ7 74 LT,

bytes-like 7T TV b BRAZEETEBZ 77 ANVF T2 MZOWTIE, NAMFUT 71l 35
JRL T,

triple-quoted string
(ZHEZ7 4+ — MXF) 300fE Lz 2 +—Piads () 27 KA a7 4 — () THENL T, @
WD (—H) 74— FXFINIARTRIT Z 3 XFINTENID D FHAN, ZOorOMBITHAT
T 1002008 L7l 4+ — bMIBEELT IR —TMLICEL N TEET L, TiCE () &
HHORLS THEBITICE D2 28D TELZDT, FFa Xy T — a rXFH% S RHCRICEF]
T,

type
The type of a Python object determines what kind of object it is; every object has a type. An

object’s type is accessible as its __class__ attribute or can be retrieved with type(obj).

type alias
(B4 ) 7R) BORIAT, BE2#FICRALTERL £5,

B4y 7R3 Ber b 2HEMLT2DICHHTY, flZI:

def remove_gray_shades(
colors: list([tuple[int, int, int]]) -> list[tuplel[int, int, int]]:

pass

CHEBRDESITEDFHHARTSTEET:

Color = tuplelint, int, int]

def remove_gray_shades(colors: list[Color]) -> list[Color]:

pass

FEEEDFIHD H % typing ¥ PEP 484 2L T 7F X\,

type hint
(Ble b)) 28, 77 RElE BRD RS X -2 E D EOMRF SN2 B2 H8ET % annotation TS,

Type hints are optional and are not enforced by Python but they are useful to static type checkers.

They can also aid IDEs with code completion and refactoring.

T —NLVEHR 7I7REMN BAET, - AZHTRVDIODOE L ¥ M typing.
get_type_hints() THUFTZ %7,

FEEEDFIHD D % typing ¥ PEP 484 2B L TL 72X\,

universal newlines a
FRAPRAPY —LOFFRED—D2T, UTFOITRTEZITREFH#L £F: Unix OITARBE '"\n'\
Windows OFUE '\r\n'. &\ Macintosh OFE '\r's FIHEICOWTFL IE. PEP 278 &
PEP 3116 , X 51T bytes.splitlines() HSMRL T Z W,
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variable annotation
(BBT7 ) T—>ay) ZRDH0NEZ 7 RBEED annotation .

BB B WNE 7 7 ZABMITERZ NI 72 & 21k, KA IMERTT:

class C: }

field: 'annotation'

BT/ 7—a @B BEEY L odifibiET: flZIE. ZOEEII int DEZINSLZ
PRI TVE T

{cou.nt: int = 0 J

BT 7T — a YOI DOWTIE annassign i CHH L TWE T,

KEEEDFBADS D B function annotation, PEP 484 | PEP 526 ML T &\, £/, 7./ 7 —
avEFHTAEINR N SF 277 4 A LT annotations-howto SR L TL 2 &,

virtual environment
(IRARERES) Wi Y D B X - EATEECF . SAUCE D Python 2—¥ 2 771 7 —2 2 VI3
UL AT 5 ETEHHWTWAMO Python 7 7V 7 —> 2 YOBEENCFH T2 Z 242 < Python Sy
T=YDA YA —IVEERHEITI I ENTEXT,

venv ZZIRL TL ZX W,

virtual machine
(R~ ) BRIIY 7Py = 7K DERS N3 VB a—&, Python DM~ »id, N4 b

aA—Far A4 IHBMN L N FO—F 2ETLET,

Zen of Python
(Python @1&D ) Python ZEEfELFIHS 2 LTOEZ Y725, Python OFEHRRIE E¥%2 VA MZ
L72dDTT, Wi 7m > 7 MT 7import this” ¥ $22 2DV R MEFRDE T,
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ABOUT THESE DOCUMENTS

These documents are generated from reStructured Text sources by Sphinx, a document processor specif-

ically written for the Python documentation.

FFaxXx>beZzoy — L #HoOBRIZ, Python B L FRRIZEEICRI VT4 7TOEHNTT, b LHREN
BEALZWAES, PO L3I FTHUT X WAIZDOWT reporting-bugs R—I % ZE RE W, HTLWLWEKRT VT 4
FIEWOTHENTY! GRIF: HAFEROBEIZOWTIX, GitHub F o Issue Tracker TG Z BEWL
i‘j—o)

EFNAYT ko

e Fred L. Drake, Jr., the creator of the original Python documentation toolset and writer of much

of the content;
e Docutils B Y =2 M, reStructuredText ¥ Docutils WV —1t v b ZEMRL E L=,

e Fredrik Lundh @ Alternative Python Reference 7R x 7 + 55 Sphinx 32 D74 F7 %218%F
L7z,

B.1 Contributors to the Python Documentation

%< DF 4 M Python §if. Python H#Z 4 751U Z LT Python F¥axX>7—a YIZHBLTL
NTVET, V—REMYD Misc/ACKS 12, ZRHEBML TSN AL ZEANCTIEH D ETHBVY X b
7y 7L THHET,

Python a3 2 =7 4 26 OFRIZM  EEALTUIZORBEL LV R F 2 X Y MVIEEFNEFHEATLE -
HHrtsl
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BRr>1t>2X

C.1 Python DFESE

Python was created in the early 1990s by Guido van Rossum at Stichting Mathematisch Centrum (CWI,
see https://www.cwinl/) in the Netherlands as a successor of a language called ABC. Guido remains

Python’s principal author, although it includes many contributions from others.

In 1995, Guido continued his work on Python at the Corporation for National Research Initiatives
(CNRI, see https://www.cnri.reston.va.us/) in Reston, Virginia where he released several versions of the

software.

In May 2000, Guido and the Python core development team moved to BeOpen.com to form the BeOpen
PythonLabs team. In October of the same year, the PythonLabs team moved to Digital Creations
(now Zope Corporation; see https://www.zope.org/). In 2001, the Python Software Foundation (PSF,
see https://www.python.org/psf/) was formed, a non-profit organization created specifically to own

Python-related Intellectual Property. Zope Corporation is a sponsoring member of the PSF.

All Python releases are Open Source (see https://opensource.org/ for the Open Source Definition). His-
torically, most, but not all, Python releases have also been GPL-compatible; the table below summarizes

the various releases.

Jy—2 R=2 i) 232 MR GPL compatible?
09.0-1.2 n/a 1991-1995 CWI yes
1.3-152 1.2 1995-1999 CNRI yes
1.6 1.5.2 2000 CNRI no
2.0 1.6 2000 BeOpen.com no
1.6.1 1.6 2001 CNRI no
2.1 2.0+1.6.1 2001 PSF no
2.0.1 2.0+1.6.1 2001 PSF yes
2.1.1 2.1+2.0.1 2001 PSF yes
2.1.2 2.1.1 2002 PSF yes
2.1.3 2.1.2 2002 PSF yes

2.2 LIk 2.1.1 2001-3ifE PSF yes
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AMR: GPL-compatible doesn’t mean that we're distributing Python under the GPL. All Python licenses,
unlike the GPL, let you distribute a modified version without making your changes open source. The
GPL-compatible licenses make it possible to combine Python with other software that is released under
the GPL; the others don’t.

Guido RO T, TNHDV V—RZARICL T L E 0B DRI VT 4 TDARIATEHL F75,

C.2 Terms and conditions for accessing or otherwise using Python

Python software and documentation are licensed under the PSF License Agreement.

Starting with Python 3.8.6, examples, recipes, and other code in the documentation are dual licensed

under the PSF License Agreement and the Zero-Clause BSD license.

Some software incorporated into Python is under different licenses. The licenses are listed with code
falling under that license. See Licenses and Acknowledgements for Incorporated Software for an incom-

plete list of these licenses.

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.11.14

1. This LICENSE AGREEMENT is between the Python Software Foundation ("PSF"), and
the Individual or Organization ("Licensee") accessing and otherwise using Python

3.11.14 software in source or binary form and its associated documentation.

2. Subject to the terms and conditions of this License Agreement, PSF hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 3.11.14 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice of
copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All Rights
Reserved" are retained in Python 3.11.14 alone or in any derivative version

prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.11.14 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee hereby
agrees to include in any such work a brief summary of the changes made to Python

3.11.14.

4. PSF is making Python 3.11.14 available to Licensee on an "AS IS" basis.
PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
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WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF PYTHON 3.11.14 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.11.14

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.11.14, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

. This License Agreement will automatically terminate upon a material breach of

its terms and conditions.

Nothing in this License Agreement shall be deemed to create any relationship

of agency, partnership, or joint venture between PSF and Licensee. This License
Agreement does not grant permission to use PSF trademarks or trade name in a
trademark sense to endorse or promote products or services of Licensee, or any

third party.

. By copying, installing or otherwise using Python 3.11.14, Licensee agrees

to be bound by the terms and conditions of this License Agreement.

C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0

BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary

form and its associated documentation ("the Software").

. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the

Software, alone or in any derivative version prepared by Licensee.

. BeOpen is making the Software available to Licensee on an "AS IS" basis.

BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR

ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOF.
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5. This License Agreement will automatically terminate upon a material breach of
its terms and conditioms.

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

7. By copying, installing or otherwise using the software, Licensee agrees to be
bound by the terms and conditions of this License Agreement.

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

1. This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
internet using the following URL: http://hdl.handle.net/1895.22/1013."

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to

include in any such work a brief summary of the changes made to Python 1.6.1.

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.
(RDR—=V ki)
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5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material breach of

its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third

party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and

conditions of this License Agreement.

C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted, provided that
the above copyright notice appear in all copies and that both that copyright
notice and this permission notice appear in supporting documentation, and that
the name of Stichting Mathematisch Centrum or CWI not be used in advertising or
publicity pertaining to distribution of the software without specific, written

prior permission.

STICHTING MATHEMATISCH CENTRUM DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO
EVENT SHALL STICHTING MATHEMATISCH CENTRUM BE LIABLE FOR ANY SPECIAL, INDIRECT
OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE,
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE.
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C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.11.14 DOC-
UMENTATION

Permission to use, copy, modify, and/or distribute this software for any

purpose with or without fee is hereby granted.

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

C.3 Licenses and Acknowledgements for Incorporated Software

This section is an incomplete, but growing list of licenses and acknowledgements for third-party software

incorporated in the Python distribution.

C.3.1 Mersenne Twister

The _random module includes code based on a download from http://www.math.sci.hiroshima-u.ac.jp/
~m-mat/MT/MT2002/emt19937ar.html. The following are the verbatim comments from the original

code:

A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand(seed)

or init_by_array(init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
A1l rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright

notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the

documentation and/or other materials provided with the distribution.

3. The names of its contributors may not be used to endorse or promote

products derived from this software without specific prior written
(RDR=V ki)
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permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.

http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html

email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)

C32 VYT7wvhk

The socket module uses the functions, getaddrinfo (), and getnameinfo (), which are coded in separate

source files from the WIDE Project, https://www.wide.ad.jp/.

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
A1l rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software

without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS ~“AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
0UT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF

(RDR=V 1K)
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SUCH DAMAGE.

C.3.3 Asynchronous socket services

The asynchat and asyncore modules contain the following notice:

Copyright 1996 by Sam Rushing

A1l Rights Reserved

Permission to use, copy, modify, and distribute this software and
its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of Sam
Rushing not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior

permission.

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

C.3.4 Cookie management

The http.cookies module contains the following notice:

Copyright 2000 by Timothy 0'Malley <timo@alum.mit.edu>

A1l Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy 0'Malley not be used in advertising or publicity
pertaining to distribution of the software without specific, written

prior permission.

Timothy 0'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy 0'Malley BE LIABLE FOR

(RDR—=V1Hi <)
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ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

C.3.5 Execution tracing

The trace module contains the following notice:

portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko 0'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.

Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to

distribution of the software without specific, written prior permission.

C.3.6 UUencode and UUdecode functions

The uu module contains the following notice:

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.
A1l Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
(RDR=12Hi)
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both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.

LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO

THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE

FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:

- Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

- Arguments more compliant with Python standard

C.3.7 XML Remote Procedure Calls

The xmlrpc.client module contains the following notice:

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,

and will comply with the following terms and conditions:

Permission to use, copy, modify, and distribute this software and
its associated documentation for any purpose and without fee is
hereby granted, provided that the above copyright notice appears in
all copies, and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written

prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOQUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.
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C.3.8 test_epoll

The test.test_epoll module contains the following notice:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to

the following conditions:

The above copyright notice and this permission notice shall be

included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select Y 2 —E kqueue f Y Z— 7 2 — ROV TDROEHNEEATOET:

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
A1l rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the

documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ~“AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE

IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE

FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)

HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY

(RDR—T12HE L)
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OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.10 SipHash24

The file Python/pyhash.c contains Marek Majkowski’ implementation of Dan Bernstein’s SipHash24

algorithm. It contains the following note:

<MIT License>

Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is

furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
all copies or substantial portions of the Software.
</MIT License>

Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/little)
djb (supercop/crypto_auth/siphash24/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod & dtoa

The file Python/dtoa.c, which supplies C functions dtoa and strtod for conversion of C doubles to and
from strings, is derived from the file of the same name by David M. Gay, currently available from https:
//web.archive.org/web/20220517033456 /http: / /www.netlib.org/fp/dtoa.c. The original file, as retrieved

on March 16, 2009, contains the following copyright and licensing notice:

/3K 3Kk ok ok ok ok ok ok ok K o ok ok ok K ok ok ok K ok ok ok K K ok ok oK K K 3 ok ok K K 3 oK oK K K ok ok ok K ok ok ok K ok ok ok K ok ok oK K
*

The author of this software is David M. Gay.
Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

*
*
*
*
* Permission to use, copy, modify, and distribute this software for any
* purpose without fee is hereby granted, provided that this entire notice
* is included in all copies of any software which is or includes a copy

(RDR=V ki)
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or modification of this software and in all copies of the supporting

documentation for such software.

THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY
REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY
OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

E I S S L I

***************************************************************/

C.3.12 OpenSSL

The modules hashlib, posix, ssl, crypt use the OpenSSL library for added performance if made
available by the operating system. Additionally, the Windows and macOS installers for Python may
include a copy of the OpenSSL libraries, so we include a copy of the OpenSSL license here. For the
OpenSSL 3.0 release, and later releases derived from that, the Apache License v2 applies:

Apache License
Version 2.0, January 2004
https://www.apache.org/licenses/

TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

1. Definitions.

"License" shall mean the terms and conditions for use, reproduction,

and distribution as defined by Sections 1 through 9 of this document.

"Licensor" shall mean the copyright owner or entity authorized by

the copyright owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all
other entities that control, are controlled by, or are under common
control with that entity. For the purposes of this definition,
"control" means (i) the power, direct or indirect, to cause the
direction or management of such entity, whether by contract or
otherwise, or (ii) ownership of fifty percent (50%) or more of the

outstanding shares, or (iii) beneficial ownership of such entity.

"You" (or "Your") shall mean an individual or Legal Entity

exercising permissions granted by this License.

"Source" form shall mean the preferred form for making modificationms,
including but not limited to software source code, documentation

source, and configuration files.

"Object" form shall mean any form resulting from mechanical
transformation or translation of a Source form, including but

not limited to compiled object code, generated documentation,
(RDOR=V ki)
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and conversions to other media types.

"Work" shall mean the work of authorship, whether in Source or
Object form, made available under the License, as indicated by a
copyright notice that is included in or attached to the work

(an example is provided in the Appendix below) .

"Derivative Works" shall mean any work, whether in Source or Object
form, that is based on (or derived from) the Work and for which the
editorial revisions, annotations, elaborations, or other modifications
represent, as a whole, an original work of authorship. For the purposes
of this License, Derivative Works shall not include works that remain
separable from, or merely link (or bind by name) to the interfaces of,

the Work and Derivative Works thereof.

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

to that Work or Derivative Works thereof, that is intentionally
submitted to Licensor for inclusion in the Work by the copyright owner
or by an individual or Legal Entity authorized to submit on behalf of
the copyright owner. For the purposes of this definition, "submitted"
means any form of electronic, verbal, or written communication sent

to the Licensor or its representatives, including but not limited to
communication on electronic mailing lists, source code control systems,
and issue tracking systems that are managed by, or on behalf of, the
Licensor for the purpose of discussing and improving the Work, but
excluding communication that is conspicuously marked or otherwise

designated in writing by the copyright owner as "Not a Contribution."

"Contributor" shall mean Licensor and any individual or Legal Entity
on behalf of whom a Contribution has been received by Licensor and

subsequently incorporated within the Work.

2. Grant of Copyright License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
copyright license to reproduce, prepare Derivative Works of,
publicly display, publicly perform, sublicense, and distribute the

Work and such Derivative Works in Source or Object form.

3. Grant of Patent License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
(except as stated in this section) patent license to make, have made,
use, offer to sell, sell, import, and otherwise transfer the Work,
where such license applies only to those patent claims licensable
by such Contributor that are necessarily infringed by their
Contribution(s) alone or by combination of their Contribution(s)
with the Work to which such Contribution(s) was submitted. If You
institute patent litigation against any entity (including a

cross—-claim or counterclaim in a lawsuit) alleging that the Work

(RDOR=VIFiL)
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or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate

as of the date such litigation is filed.

4. Redistribution. You may reproduce and distribute copies of the
Work or Derivative Works thereof in any medium, with or without
modifications, and in Source or Object form, provided that You

meet the following conditionms:

(a) You must give any other recipients of the Work or

Derivative Works a copy of this License; and

(b) You must cause any modified files to carry prominent notices
stating that You changed the files; and

(c) You must retain, in the Source form of any Derivative Works
that You distribute, all copyright, patent, trademark, and
attribution notices from the Source form of the Work,
excluding those notices that do not pertain to any part of

the Derivative Works; and

(d) If the Work includes a "NOTICE" text file as part of its
distribution, then any Derivative Works that You distribute must
include a readable copy of the attribution notices contained
within such NOTICE file, excluding those notices that do not
pertain to any part of the Derivative Works, in at least one
of the following places: within a NOTICE text file distributed
as part of the Derivative Works; within the Source form or
documentation, if provided along with the Derivative Works; or,
within a display generated by the Derivative Works, if and
wherever such third-party notices normally appear. The contents
of the NOTICE file are for informational purposes only and
do not modify the License. You may add Your own attribution
notices within Derivative Works that You distribute, alongside
or as an addendum to the NOTICE text from the Work, provided
that such additional attribution notices cannot be construed

as modifying the License.

You may add Your own copyright statement to Your modifications and
may provide additional or different license terms and conditions
for use, reproduction, or distribution of Your modifications, or
for any such Derivative Works as a whole, provided Your use,
reproduction, and distribution of the Work otherwise complies with

the conditions stated in this License.

5. Submission of Contributions. Unless You explicitly state otherwise,
any Contribution intentionally submitted for inclusion in the Work
by You to the Licensor shall be under the terms and conditions of
this License, without any additional terms or conditions.

Notwithstanding the above, nothing herein shall supersede or modify
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the terms of any separate license agreement you may have executed
with Licensor regarding such Contributions.

6. Trademarks. This License does not grant permission to use the trade
names, trademarks, service marks, or product names of the Licensor,
except as required for reasonable and customary use in describing the
origin of the Work and reproducing the content of the NOTICE file.

7. Disclaimer of Warranty. Unless required by applicable law or
agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any

risks associated with Your exercise of permissions under this License.

8. Limitation of Liability. In no event and under no legal theory,
whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even if such Contributor

has been advised of the possibility of such damages.

9. Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,
and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this
License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason

of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS
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C.3.13 expat

The pyexpat extension is built using an included copy of the expat sources unless the build is configured

--with-system-expat:

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to

the following conditions:

The above copyright notice and this permission notice shall be included

in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.14 libffi

The _ctypes extension is built using an included copy of the libffi sources unless the build is configured

--with-system-1libffi

Copyright (c) 1996-2008 Red Hat, Inc and others.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
““Software''), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to

the following conditions:

The above copyright notice and this permission notice shall be included

in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED ""AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. 1IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT

HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
(RDOR=V1Fil)
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WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.

C.3.15 zlib

The z1ib extension is built using an included copy of the zlib sources if the zlib version found on the

system is too old to be used for the build:

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages

arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it

freely, subject to the following restrictionms:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be

appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be

misrepresented as being the original software.
3. This notice may not be removed or altered from any source distribution.

Jean-loup Gailly Mark Adler

jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash

The implementation of the hash table used by the tracemalloc THH L TW3 Ny ¥ aF— 7L DELE
%, cfuhash 7Ry =7 bDBHDICHDOETF T

Copyright (c) 2005 Don Owens
A1l rights reserved.

This code is released under the BSD license:

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of source code must retain the above copyright
(RDOR=V1FiL)
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notice, this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above
copyright notice, this list of conditions and the following
disclaimer in the documentation and/or other materials provided

with the distribution.

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived

from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.17 libmpdec

The _decimal module is built using an included copy of the libmpdec library unless the build is configured

--with-system-libmpdec:

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright

notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the

documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS
OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
(RDR=V 1K)
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HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.18 W3C C14N test suite

The C14N 2.0 test suite in the test package (Lib/test/xmltestdata/c14n-20/) was retrieved from
the W3C website at https://www.w3.org/TR/xml-c14n2-testcases/ and is distributed under the 3-clause
BSD license:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
A1l Rights Reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions

are met:

* Redistributions of works must retain the original copyright notice,
this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the original copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without

specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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C.3.19 Audioop

The audioop module uses the code base in g771.c file of the SoX project.

projects/sox/files/sox/12.17.7 /sox-12.17.7 tar.gz

https://sourceforge.net/

This source code is a product of Sun Microsystems, Inc. and is provided for unrestricted use.

Users may copy or modify this source code without charge.

SUN SOURCE CODE IS PROVIDED AS IS WITH NO WARRANTIES OF ANY KIND IN-
CLUDING THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A
PARTICULAR PURPOSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR

TRADE PRACTICE.

Sun source code is provided with no support and without any obligation on the part of Sun

Microsystems, Inc. to assist in its use, correction, modification or enhancement.

SUN MICROSYSTEMS, INC. SHALL HAVE NO LIABILITY WITH RESPECT TO THE IN-
FRINGEMENT OF COPYRIGHTS, TRADE SECRETS OR ANY PATENTS BY THIS SOFT-

WARE OR ANY PART THEREOF.

In no event will Sun Microsystems, Inc. be liable for any lost revenue or profits or other special,

indirect and consequential damages, even if Sun has been advised of the possibility of such damages.

Sun Microsystems, Inc. 2550 Garcia Avenue Mountain View, California 94043

C.3.20 asyncio

Parts of the asyncio module are incorporated from uvloop 0.16, which is distributed under the MIT

license:

Copyright (c) 2015-2021 MagicStack Inc. http://magic.io

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to

the following conditions:

The above copyright notice and this permission notice shall be

included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION

(RDR—IHi<)
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OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.
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