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Python J&—7#E 5 £, IIREEIRIARAHE T . TA mARER S I ORISR, A S vk B
Py Rkt . Python EFEIRRAMEI AT, &5a HERRE, (e RDEZ ERMAL #or2
b BRI B 5 AR BEAR R
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R A, TR A S I BT, [, AT DA B i (E). 34, Python BB LR
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] C 8 C++ (BH AT C P AEARE S ) , W DAMRA ST Python B RaREIH ) BE ek =X X B R
R[E]. [A)IRE, ST R B ETh e e AR CR(E], Python 3 & fE )48 72 F LI 55 5 (extension
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A HCHE /41 Python "R AR5 —HEAGARLET AR, B BT % Python 55 5 WA (A B RS . SCBUERAR, &8
A BE S [E) A% 8 Python ARAHERRE S, AUt B2 library-index "1 454874/ Python pR xR A
AR o

738 2 HEAS A

Contents 1


https://www.python.org/

Python Tutorial, $[F] 3.9.21

2 Contents



CHAPTER 1

2Bk

RS AE RN EAE, AR BA L TR M A8k, BOPRE, REBERES CEHE
(EVHORH [ 48 2 A, sl T (R (e R e i 4 SO B — IR R WA T REAR AT I8 H /N
FheE, —MEE P GUI AR, si—E/NEk.

MR TRBSE T B a2, K] AR Ml C/C+/Tava FEAU R, [P S RRCAG . A%, W
il PRI AR . A REIRIEE) T AR gy — B R, (R B W 2k dAw
REVRIEFE B8 — M RE LT s F e, AEAHEE TR DRt — i i eih = .

1E_ R BIFH, Python IE 2R AEIFES

W AR AT DAE) T 546475 177 %5 Unix shell (285 % Windows 1t UCHE AR, {H. shell [E1A #1825 i P )
TR SCE S, AR E AR e E s . AR aT DAL ES ] C/C++/Java X, (HARLE R 58 AL
R R AR A P EERE R . AN, Python 5 A A, [EJAEFE Windows, macOS. Unix {E3 %
i EAT, HRERpE I E B R oE i T AR .

Python RJI# 7 it 2 (A B LA S iR Rl = . EARALLE shell (ER . VR S 2 kAR X AL L B 2 1) 5
& . 3—J71i, Python $i{itLt C B Iy EiREMR AL . AHEIL C, Python fEE—fA [4R# & P FEGE S 1,
B [ v B ) R B E 8 v i s e i R (B3 2 2 3 ORHALE], Python i3 RV HL Awk
(B3 Perl) RRIEBIHEZ M L. BAMEFFZSHE, (1 Python ERIEACHILA R 52 FIHA S 1) -

Python Fe AR DI HILFF 2 A454H (module) [EV " 5 758 1] 22 HoAth Python R2{rr. Python H 4 T —
AR AT ERERTAL, B M REMIE Rt s B M3 1 — PR R 457 Python B2 HEf. A
LORLA Pt T AR SR VO RPN . socket AYENRE, ELAEARML T Tk 55 £ 71 TR J#E (GUI toolkit) 1
IR

Python 2 il ELEARR S, WEVRT A s amgs, AEERTERIEEBAL A Nl Bl ] . B EL AR BE
HEHGE, FICREAy (R ECBR A RE S 1T aE . By LU S BNEIR AR 2. IRt — LA AR B 4 B
B, BWR ML AR
Python i :UE fHRS M) S . ] Python BRI R ALE L C. Co+. Java EAERAL. EAH A
S GUGSE

» Python = B (1) EORHREIREAE—BIUASK (statement) SRR EAE 4%

o Bl 2 R DA A HECED Dot o 1 35 58 5

o AFERE AT
Python J& +T #%& 749 - QIRARE Ry C REsX, TBIEZ (5 iy [ ok A SO B e v R A S Y. I
st (B 17 P e PR 01 738 3 56 i — S B SR Y 4341, 2 3 Python 45 1) —SEE DL — (7B 5 (binary
form) F O RE BT (A4 E (BT 0 A48 B AR ) o AN SRARABE 2 B RO A /5, AR TT T DASEL Python
HApm AR C MR, EERZ MRt B Python B FE sl MR E] MR O 1URH S -
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EA—4E, BEES 204 BBC (5 #] (Monty Python’s Flying Circus) 44, Bl€#kase&FH#E. 15
EH S s A S BN EE R, &5 2 s E 7!

WRARBIAE C ARG, R e AR T % Python W2 AE, MEAERES WG Ut 5NN E. &1
SRS R BRI AR, B EE, 8T L HIAE Python BL3#4% P ILTEL.

g;gﬁ%ﬁﬁqﬂ, - Er R ET A 5 ) % B . B R SR RS R, (AR R R TR R ]

I

PR BCERE], MG ER T2 #0 N 4 Python 5EF B R 240, — iR 2 i B0 8 5
(expression)., PR (statement) FIEAI(E] (data type); %2 K= (function) B4 (module); fxi% &
fil— L P11 T2 AN 5 A1 (exception) B 5 H i FESH(E] (class).

4 Chapter 1. #E 5k



CHAPTER 2

£ A} Python &8

21 FEEER

Python B i#48 — W& 3EAE /usr/local/bin/python3.9 & T 4% /usr/local/bin Jji A Unix
shell (I8 ZRBXFES, A LN 548l LAEIE) Python:

’python3.9

AEENEY Python' . [HIEVERE & A7y H ER 2 46800, HAbR B R4 T RERY; SATRTEHLEY Python
EANHE RFEHA. (BlW: /usr/local/python fRARH RS IEEAL.)

Windows Z &5, 1€ Microsoft Store %% Python &, W] PAEF] python3. 9 fid T . WIRZHE T py.exe
launcher , HIWDAfEH py 652, FH2(EMIE): setting-envvars, | f#HAth[EFE) Python ¥ 5=,

T EH R A —1f end-of-file 7T (f£ Unix F[F] Control-D; #£ Windows F[E] control-z) & {fif5
HAE AR HRIE] (zero exit status) BERT . WR_FRAOMEEEAA R, BT AATES quit () BEPIE
o

HiR 2P YRR 2, 7534 GNU Readline PRI R4 LS BB . LB, 18
SN BPRAAT ISR 525 St IEE]: 7255 Python /5% #l A Control-P,
R EHEEE, siFh L8 RHEZ 8 X 8 % 88408 & 2FR N 4R B ag bk s . a0 A1)
SAREASE, SHBL M E, LRI I TSI GE: M HLREGE backspace 24710
FTTo

S B T AT 2 Ui shell: VT BEP MBS ty 3, & BT 45
A1 AP Y R4 5 1 4 ()5 | el () stdin AR REZ, B E FE R EIEARE .

H—Ee EEer ([ python —¢ command [arg] ..., BEHITHE command Eff354 (1),
FHEVAN [ shell ) —c JIH. Python 11455400 5 %5 1155 shell [ ZIYFRRIAT T, 105 E kN #5984
command FIFEHK.

A7 2& Python FLAH i L ANEIAM —H+E 7 . iEi# python -m module [arg] ... W PASAAT module
BT SR A, AN ) e AT MRS ARL I 52 B B AR — BRI AT .

BT HEARE R, AR A B EAR A AR A B, R AT EAR R A -1
FT A 184 7T 10 2 SRR #FRCAE using-on-general .
U 7E Unix H1, Python 3.x B EasTHR 24 A€ DA python VEEATHEZ R, VARG BLBIA 1Y Python 2.x $IATHR 4 R 28
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2.1.1 {HESI®

AR EA Y 2 B AN RSN 5 | %, b e EE B - HR BT AL List (F2%1)) [EHEURAS sys B4l
) argv B#. RO ABIAT import sys BUSEMEES] . BB E 2 /DE— ®ERHTMER
HREFNG | #F, sys.argv[0] [EIEFH, EERZE - (FEHEEA) BF, sys.argv([0] =
WAEH —c command W, sys.argv([0] Vo', A —mmodule B, sys.argv[0] [EREZRAFAEN
SEREPEAR . HARAE —c command B —m module (V)3 AN & 9% Python ELREARWi, M2 BFE sys.argv
st P 4544 851 command 5% module {5 f .

21.2 RN

TERei (tty) BOATERUITHE O, BB 5 948K, (interactive mode) "EAT. {ERMRELR T, @HUR 2
WA, TR TT WS SRR SRR (>>>) %7 BAGHATTH, SRk 2in
B, BRI (... ). MEALEIRE, EUCEURBGIAE . RUAHE . SHERN, REA IR

$ python3.9

Python 3.9 (default, June 4 2019, 09:25:04)

[GCC 4.8.2] on linux

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

ERZ AT BERE ST R SR O . BOPRE), 1502 if [Eik:

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

Be careful not to fall off!

WA B EBRAMEA, 729X

2.2 HERHEECHIEER

2.2.1 R TIREE (encoding)

% Python J5THA R 26 0 T4 A 00 1) UTP-8. e 3 (1 SEelr, (L3R b 2 Mo o 19 S0 55T DA B o
FITESFEREVA . AEVK (dentifier) S FIfRA —— BESKTERfE B 2 st HL T ASCI 5L (RIS, Jath
JE (B portable R HE A RESFAOIEOT. WIS B IE MEOSUR A 0, A ii i ot 2 LR ()
UTF-8, (B % AR A AT S o 2

USROG TR A G, S IR R A S, AR % — TR Rk . RRA T

’# —*— coding: encoding —*- ‘

Hrr, encoding 7] PASZ Python S #Z (/& —7E codecs.
e, BEHAGEH Windows-1252 %, VRARAE 22215

’# —*— coding: cpl252 —*-— ‘

G — IR B SMEE), FEUREEVAUNIX “shebang” line 17 BAUEING . LI, 45l A BB 1ERE SR 1)
H AT, sl

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

6 Chapter 2. {#F Python EHiE32%
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CHAPTER 3

—{E3F1E=XRY Python & 4r

TE NG, AL Y TG S5 R4T (prompt, »> A1) WIRSTEAMEHG], Vb HTERE
AR B, ST R T AEZ; ISR A BRGSO T2 ELRe e i . VEREFITE
HEHI, A DB A WSR R, RRATRL BRI T S HAEZ AT 45 AU AR
TEAFERWFF 2o, MEMMDEEhmA, 780 SE#. Python Hi)E# (comments)
hash SF7C # BRGG— B BIRZATA R . EMRTDAMERZATZ B SR, SN2 R BG, (B e BiET
HASCA (string literal) 2 1. hash - ICHEFH SCA Z R E]— hash 750, RIEIENE 2 1 AREI R
i AN € Python M, FEARE B A— 2 ZA

— BRI :

# this is the first comment
spam = 1 # and this is the second comment
# ... and now a third!
text = "# This is not a comment because it's inside quotes."

3.1 i€ Python E{EFtE % EH
AR LT HLAY Python 54, [DBVELASEAFEA —MEAURAT >>> L. (ERR k)

3.1.1 &5 (Number)

B F— & A FH A ARPT A A 18 expression (GER ), B &5 hi%X{i. Expression [
FEEARMN EE T+ - < A/ WA E R Z H AR REE S (B Pascal B C); #55E O WA
RAOEE, flan:

>>> 2 + 2

4

>>> 50 - 5*%6

20

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

5.0

>>> 8 / 5 # division always returns a floating point number
1.6
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Rl (P2, 4. 20) [Hint 2988, BFA/NEESRGE (R 5.0. 1.6) () float ZUfE. FAHE
TEZ RIBE PR B 2 M B R 2L RE

B3 (/) sk el f—1 float, WIAREE floor division [FlE S| B AE R (EIERRFTA /NI TG ) , ARAT
PAGEH] /7 ST RHEERBOT AR &

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

5.666666666666667

>>>

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

5

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

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

17

& Python 1, FHEIENK (powers) T A ] ** EE 1

>>> 5 ** 2 # 5 squared

25

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

SERAFER (=) FTA TS EVS OB IR 582 4%, 76 AR R AT ER G SUR AR 4528 -

>>> width = 20

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

AR — RS BORYE [ £ 5% (defined) | (RPEEMORBURNL) , Sl G & W & B gk

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

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

V7 B E SR SERR Y SR, TEFLT (operator) i _RIR-AHIERIT (operand) Ik & LR B HE T E)E)
PR

>>> 4 * 3,75 - 1
14.0

FE B AR, fRdR—(E E R G R G R IR 22 W _ . BFOREIRIE Python s LRt
AR, ERERTEENES L

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

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

i {1 5 SO % e ) AL E) L BB R S I % I RSB (B & IR - R T AR 11 80 7 L% AR ] 17 A
S WA T 25 o TER S ORI E P o A A T D

BT int fll float, Python &% T HABM U FALAE, {17 Decimal Fl Fraction. Python JREIZ
% [EJ# (complex numbers), [EMfif] 5 FI 7 B AH @ EHBG (R 3+55).

: o PEFI - mIERNT, -3 2 iEREE - (3v+2) EME -9, WURTEEGERRNEEIET AR 9, JRATDARE
M (=3)**2,

10 Chapter 3. —{E3EIER A Python &4
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3.1.2 =& (String)

%T%%Z% Python t A AR5, T RIET A . e U S ERE 98 (... 1) B
LI 2, WEEERIHEE R A\ BHE S BUR T 5 5E:

>>> 'spam eggs' # single quotes

'spam eggs'

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

"doesn't"

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

"doesn't"

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

'"Yes, " they said.'

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

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

1EH B Ee g T Eﬁ&ﬂﬁ%%'@%ﬁﬁlﬂ‘é@lﬁlﬁ%% R E R RORE () BEE). MEAE A e
AR AR AR (GRS 58T RE ), AR W R BRI —BoRE, S

L S SR EA E5 | 58, @ NESSRaETH. KX print O GEAESEWEL, EGER
il E 1%, [ H AR B BEr 7 ook o

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

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

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

"Isn't," they said.

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

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

Second line.

WERARAA B Iunl B\ s Rk 7 oekE , ATDARCRE I raw string, AE25—RGEG 58RI L « -

>>> 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

FERSUART DABS AT . Hoh— AR M = Mg 5% Lo E o MCHRFEA T S
HEMAFHBE S, 1E|’fETU\TI B\ A i A T . TMFE’JW?#J
print ("""\
Usage: thingy [OPTIONS]
-h Display this usage message
—-H hostname Hostname to connect to

nn ")

gEAE TS GERSE—EEFEEE e ST BE )

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

FHA[ DA + fEE 7% (concatenate), [EIf] * A TFHRMEIL:

PRGHABRE S, RRRAFSRAT \n FERL (L) 0 (L) ISR AR AR . RTRES SRR 22, e G B SERy,
ANELBE  (ERZBREI ), AR .

3.1. {E Python E{EstH#ER 1
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>>> # 3 times 'un', followed by 'ium'
>>> 3 * 'un' + '"ium'
'unununium’

I DA_EARARE e SCA (string literal, BRES |9 R FH3 ) b B oK

>>> 'Py' 'thon'
'Python'’

WA B B AR AR R T ERIRE MO AR R (6 B By B R+ A 1 -

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

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

(EIE AR RS AR AR EG) 7 AR LR, 1 A A A el e e o

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

A

SyntaxError: invalid syntax

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

A

SyntaxError: invalid syntax

UnAR B A (R A e, R+

>>> prefix + 'thon'
'Python'

FERUILAYYE [585] indexed ] (AR, B subscripted), 35— F 055 HE 0, [E #2378 7o AL
— A7 ITH R —R/NE 1T

>>> word = 'Python'

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

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

ROMET AR AR, BLRFSOAE A B aa s

>>> word[-1] # last character

lnl

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

>>> word[-6]

'Pl

HERHIAE -0 % FR 0, ARRTMEH -1 Bilf.

BT RGN, FENR [V slicing] o 5| FACE S BB AT, W) I n] DLGEAR & 3] 7 5
(substring) :

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

12 Chapter 3. —{E3EIER A Python &4
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YIR 3R] (slice indices) A7 1R H A TERCA, & WGEBIRS EFTHRE 0, 10742 W 55— &R 5 | (IR T
1B F-ER B 6057 slice H:

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

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

lon'

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

HEIEMAGEWAE, MERAGENES . SR T s + s[i:] KEFH s

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

e (B (R BELRC AT slice S ANTEE PR 7. AR slice E’J%‘?@Iﬁi‘a%?ETFHZFﬂ Horpsl — (oo 2l
B 0t J o ooy 7l iR — P oo A LR A R ME 2, B0

ot —————+

[Pyl t | h | ol n|
e i s e
0 1 2 3 4 5 6
-6 -5 -4 -3 -2 -1

B ATHTF R ETHRRIIMEE 0.6 WALE; B ATREUR T ARSMENNME. Hi % j iy slice & 712
ANECINE T A

%%%%{E’J??]ﬁﬁ'ﬁi, —1 slice (= &R HREIMHZ 22, WRRFMEEAEFZHEARAE. F,
word[1:3] HIRER 2.

B Rl —MH KA 25 | {E s R

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

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

IR, SR 1) RS | {ELAE slice Hh @2 35 14 i L

>>> word[4:42]
lonl

>>> word[42:]
T

Python “FER VAW I8 - B MR immutable, I, Bt 8RS |0 B G R

>>> 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

WERARTTE A — BRI H AR ST — (T -

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

>>> word[:2] + 'py'
'"Pypy’

3.1. {E Python E{EstH#ER 13
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[El e Len () ME—EFH R R

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

W%

textseq FHijE sequence REIHiGI 2 —, [EZIZ BB I #AE.
string-methods =t SO % Yk 2 T AL A EI A1 5 1) method (57%) .

f-strings £ 5 U0 T HRSOR.

formatstrings B it % str. format () FEAEIH AL (string formatting) HJ & .

old-string-formatting 7t H(E] & TR AERICHE, MR 10 T AU IRAE, B2 MR
G

3.1.3 List (&%)

Python MR SCEEI A7 R AUE], HIARALA R IF AU, T iR bR ey BUEIE) list, WT ARSI — 25
PAIESR RIS (R e, Wl item), ®ETE IR . List IABAARHMEKITR, (HEFE
SETTR A A AR R

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

A Es (PAR AL EI Y sequence ZUE) , list WTLARERS [ FIT) )1 Glice):

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

1

>>> squares|[—1]

25

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

F‘?ﬁﬂﬁﬁéf’ﬁ%ﬁ@ﬁl%#@%ﬁ% list , B EZORMITER. SREMFE AR EMEYA EE T A list (1) #(E)
[F]:

>>> squares|:]
[1, 4, 9, 16, 25]

List 3 4 41354 (concatenation) ZEPE{E:

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

AREAFER R immutable, list 2mutable BIF), B list (FEIZ 2 0] G -

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

64

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

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

URHLFTALE list (O3 S ABTTE 2, BB append () 7 i (method) (FeFIRYH &7 51 £ JyH0E
i) :

14 Chapter 3. —{E3EIER A Python &4
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>>> 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]

AT LY slice BRAE, S REMCE list (YA, HFE IR IEZS—H list:

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

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

>>> # replace some values

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

>>> letters

[‘a', 'b', 'c', 'n', 'B', 'f', 'g'l

>>> # now remove them

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

>>> letters

[*a', 'b', '£', 'g']

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

>>> letters

[]

[l e Len () JRATDAE FIAE list |

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

WA PARE L JE list (7 list 4087 HiAth list) , il :

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

>>> x = [a, ]

>>> x

[[ta', '"b', 'c¢']l, [1, 2, 31]
>>> x[0]

[lal’ lbl, VCI]
>>> x[0][1]
'bl

3.2 MREXRETHIR#E

4%, BRI A Python ZREEFR LY 2 i 2 SEIERMERY TAFE. it FATar DAED 20 [ i) 1 T 51 -

B

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

0 0w NN PO

3.2. MFEXRHYESE 15
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BT FIA T # 2R
o HATHB T ZEME: S8 a B b [FRHSE] TROE 0 B 1o FEfRAR AT RIBRIIE P T

—IK, RHL AR SER A IHESY (expression) FLHEIG (evaluate), WR{EFFEEA: . ATHRY R A A
BHWFBE -

o while [FIEHZEHGEAEE (EM: a < 10), & EEENIT. 1 Python il CHEF,

EATAEZ AR BE T (rue); F(EUR (false). MMFATLART R, list, $L2Z2ALMF A H(E; (LA
FBREMFAIEE, 2507 s) BER. A7 A0 2 (0 i LY L. BRMERY Lo 3
(comparison operators) ff i #ll[a] C 55 —BRAOATHE: < (UNR) . > (KIR) . == (BFY). <= (Uit
)L >= ORIASER) PAK 1= ORSER).

o [ERE F M ar s HE: AHECE Python o i AR B —#E MRS 7EE B IR, AR EAEEE ()

R —FT— IR A tab B (BfH) = FOARMERR A HE. OB L, AR SEAE SO Sl E R i LL
ERER A M A B B Thae. W —MEEBAX AT B XA, WAL
WO I —A T AT AR (AR AT e A B A T ep i A E S oA i i iz —17) « R
TE— i i HE B A Ay =B R A R S — 2

« print () EUAEHACEI M (1) A, KRR EER IR FIRBER (RU2er 71

SEpEEED) BN DA BEEI SR S | S RO E A T BV TR A S 88, [EEARRIA
HHEEmA—M=E, FIARIRA S, Blin:

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

PR T5 |9 end W] DA ASRE S B AN EV TR IS it o, s AR T 87 £ SRl 1

>>> a, b =20, 1

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

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

16

Chapter 3. —{E3EIER A Python &4




cHAPTER 4

RN T fRR IR

B THIA N4 while, Python A TEHAREEEF o MM HIRRE, B — SR —RRi

4.1 if iR

SR ORISR 15 7. SOKE):

>>> 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

TEWA T ATARE SR EH LM elif [FIR, H else FIRFEIRELEN ., BT e1if & [elseif] 1y
MiEy, HREREZWAEHE. M if .. elif .. elif .. JPHIW A AREBAILAMFEATE S W switch
B¢ case PiAR,

4.2 for BRiAX

7E Python H1¥) for BUARA BRI AE C 5 Pascal Ty, AHECHA HAEEMR (iterate) — (4725
51 (4 Pascal), s T ¥ € LA BRELA LR (40 C), Python [y £or BUAKEMATAT)FH (list
B TER) WICR, EFEEM R BAERF S PR . filan (e ) -

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

QS
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(R L —5)

cat 3
window 6
defenestrate 12

FEER—EEGIHRBEREZEANER, REEIGHENEIR. HEEBEAT, REREES
AR, SO — TR

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

# Strategy: Create a new collection

active_users = {}
for user, status in users.items () :
if status == 'active':
active_users[user] = status

4.3 range () EHRX

IR FEOR—EEIEE, SHE>R range O BRI . BEAIAE RS2 851

>>> for i in range(5):
print (1)

Sw N e O

RS RAEAGEA & BB AE Y 7P s range (10) AERGAY 10 (H8(E, RIS A= EE 10
#) 7 S EV —EIE H AR 5.t nT AR range f HABB(E BRAART L, SELEAFMAZE (HEDE;
HHfE 2 [E step) :

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

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

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

ORI RGME, RATLAERCHIN range O Ml len () QIF:

>>> a = ['Mary', 'had', 'a', 'little', 'lamb']
>>> for i1 in range(len(a)):
print (i, ali])

Mary
had

a
little
lamb

S w N e O

IR, TEZBIWIEE), i enumerate () WA EELE, FEREBET.
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AR E B — 1 range HI &t B AT A0 -

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

TERZEETR, di range O WIEMPIERBGGE M st (f5]) —8k, HEEELEELIZ. B2—
(EAEEVA R REE I B 2R 790 h BT A T H S 1, (BB @B IEA R E )y o0H0 list, DARiIA 25 .

A E ko (4 Eicerable (ATEVYILE) 2RI REVEE) R 5 B M b n] DA— FBE IR H 2 ki i)
%o BMOKTF for BUAM IR 2R, J3—MA{E A iterable Bk xEEHIZ sum O

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

Rper A 7T DAF 3 55 £ [a] 49 iterable F1{di [ iterable [F15 | #ftypR X, FE & HH e, RMesmEs
B 1ist () ROANES.

4.4 FB[FfY) break 1 continue FIRKX K else F4)

break BRI, fF C 35, KIS ERRERS for 5 while [E[E.

IR B AT A A — M else Fh). HERE HEFTA R iterable (78 for W) sM&AEME (£F while
H) E%%ﬁl?’ﬂ@?ﬁﬁﬁ; {HERE#; break BEARZK LRI G T, K NS5R S EIE RS # T
&

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

if n % x == 0:
print (n, 'equals', x, '*', n//x)
break
else:
# loop fell through without finding a factor
print(n, 'is a prime number')

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

O 00 ~J Oy U i W N« ¢« o o o« o o

(Egs, &R e, AT else THEIN for A, [EHE 1 £ BAs.)

B else A FIREIENE, AR i BIAMEH , ETEE cry BOAsN i else A EHILL:
try BARA else FHIFEEIA A5 (exception) RifT, MEREN else FHIFEEE LA break 3§
AT, EEAHM try BUARMGISMINEE, B2 e sk,

continue BARZY, JRREN CHESE, HAE M EIEZ ST FMEER:

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

if num % 2 == 0:
print ("Found an even number", num)
continue

print ("Found an odd number", num)

Found an even number 2
Found an odd number 3
Found an even number 4
Found an odd number 5

QS

4.4. FIE[HY break 1 continue BRIRRX K else F4) 19
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(R L —5)

Found an even number 6
Found an odd number 7
Found an even number 8
Found an odd number 9

4.5 pass BRiRz

pass PR MATATMEIME. &0 FAEREE DA 2 Bk A AR OR 35 B T B MR R e . 31
i

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

TEACH TR AL M LAY class (FHED) -

>>> class MyEmptyClass:
pass

pass JNA]VEE-—{ o sl £ 0 i 4 R B 08, (e VRIS R T P RS IR R PR S 5 1) S
JER. pass @ EILYZNE:

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

4.6 FFwEFH (function)

FA T DA S ok A AR 2 s B — i

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

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

BT def NMAH—MRAR T £ EZRUAEZEZ RN ERIFRZ TR —h28. AT 47
&, A AR A OR ERZ R

{1t B = ) B B AR 3R] DA B R SO i R SO R B R R X A D SRR, B doc-
string, (BJR docstring [ 40 i 55 2 WEIPA ST 5 % (Documentation Strings) B &, ) 45 46 T. 2. AT PA{#
docstring < [ B [EJA:[F)_F 5 nT 41 B SO, il (6 25 66 DA B 1)y 78 R AR A P BV S o 78 B IR Al
HIA docstring A& (R GFHE G, IR A BGE BRIV 1

PR X AT IR ST — (BT A 95 3 (symbol table) i fik 77-3% bR X EI A [ 48k 58 5 (local variable) . S0RS ffEblE],
JIT A A bR 2B i) S SR (PR 4 R (R B AT — (W A 95 26 . SR, 765 | — M s e, & ot I AF
ERBMAE S, HR(EANE A REsr e, Hak B985 (global symbol table), #ef& ([T A [z
480, L, e, Stsss L oM ok U SR T DARES |, (Rpl B (e (BRaE4ikss
WIEAE global Bkl gE s, SNE MU 37E nonlocal FIAX P ESR).
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FE—fH B A g, BRI 28 (5100 SP0mA = m A Bk, Wik, 5/8mA
(¥75 SEMRALF ] (call by value) (iE[EVHGRRI ALK & — AP FFE 588 (reference), TARZYIFFIIE) .
{7 2 (T R X EGIR EIRF I  F CIRF, e i o o e e 7 — (R P I A A 5 2

BRAE S, RS IMAZE R, BRI A RE, s
JH# 2 B5X (user-defined function) . RZAEAT ARG E AR EIRO S5 M08 | (T2 8 B4 0 mT AR A e SR
R AR E R a4 0y

>>> fib

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

>>> £(100)

0112 358 13 21 34 55 89

IR R AR B EWEE S, IRFPTREARE £10 2, M2 )T (procedure), PRIEIE [EIEIA [l (AH.
P L, BIAE—E e sk —fH return BOARX, TING M E R R E . 50 EREE None (B2
—MAEEA ) . TR HUB T None By, AW AEYPHUR. IRATAEH print () 2REFE:

>>> fib (0)
>>> print (£ib(0))
None

SR By o 2 R S List A R RN, B HRAS:

>>> def fib2 (n): # return Fibonacci series up to n
"""Return a list containing the Fibonacci series up to n."""
result = []
a, b=20, 1
while a < n:
result.append(a) # see below
a, b ="D0b, atb
return result

>>> f100 = f£ib2 (100) # call it
>>> £100 # write the result
o, 12, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89]

TE BT — RN T — LY Python K¢k :

o return BOAK G R X A {E. BBEH return RAMI—RIER AL | #oks €l 4
None, —ff B=CEIATEI AR AR & Ml None.,

e result.append(a) BRI T — @ list ¥ result 11 method (7 %) . method [ & i
—(EY R, SAHAIE obj.methodname, Ht oby EREMEYM (JRATE—EFX),
methodname [EJ7% method ()44 4%, [EIfH YA RER €. AEBEEEFAR A method, A
] Z4[EIf¥ method W] ATER — Bk 1T 4 R AS €7 Python JVE . (RW DA class (BIE]) E®HACD
F) 9 F ZUETRN method, W Class (#[E]) ) #ifil+ () append () method &7 list Y4 B &1E
iZ list AR MA—MHITER. BMFTER result = result + [a], HEAHE.

VR I, AR nke | (call by object reference) WENE T RERCEIRN ) . (HIE), 35 MO0 — (8T S PRI, WEIU AT 1S AT &
ML AT (BB A list Er#iEH ) .

4.6. F&FHI (function) 21
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7 FEAT BRI TEH

5 5% bR 2 IRF 8 ) 5 | B (argument) SR TR0 . AR =R 0] AR & GE T A9 TE K

4.7.1 HESI8E

(] =k 2211 5 | ofs e TR AR R A . RN &, v DA b e SR s /D i 5 | BORe nl 5% e X
4n:

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

if ok in ('n', 'no', 'nop', 'nope'):
return False
retries = retries - 1

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

5% PRI DA DA #8787 X glngny -
o H#VTET 8. ask_ok('Do you really want to quit?')
o T (HEEIEM S| #: ask_ok ('OK to overwrite the file?', 2)

o B TITEY|#: ask_ok ('OK to overwrite the file?', 2, 'Come on, only yes or
no!'")

BEBIHB A TR in, FRNHRUT S FoR i SR fE
HRMEAERAERE T, A & BRI RS, BreA:

i =25

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

i=e0
£0)
A EHI 5.

FREES A ORME R WEBEE S {F, Fa0list, dictionary (F8t) w2 HEI G,
FEAEARRERER . B, DN &R R I IRy SR A BRI 5

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

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

A e

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

QRN ABTEAR AP 2 Ty 36 TR (R, MERAGITT J7 3 5 R X
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def f (a, L=None):
if L is None:
L =11
L.append(a)
return L

4.7.2 FARFSI®
BRI A 48 5 71 8, DA kwarg=value TEAFM] . BHEIRE), DA

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, "!™)

ez — B [ # (voltage) FI=fM# 5| 8L (state, action, Ml type). Rz \nl I FIUE—T7
FCEnY :

parrot (1000) # 1 positional argument
parrot (voltage=1000) # 1 keyword argument
parrot (voltage=1000000, action='VOOOOOM") # 2 keyword arguments
parrot (action='VOOOOOM', wvoltage=1000000) # 2 keyword arguments
parrot ('a million', 'bereft of life', 'jump') # 3 positional arguments
parrot ('a thousand', state='pushing up the daisies') # 1 positional, 1 keyword

(HRATT b 75 R e

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

PR U IR, B S5 | 8 (keyword argument) 0 ZE 7 {3 5 | B (positional argument) £ TH . JIT 250 () )
5| AR ZH VT E — {0 v 9 R X 2 15 |8 (actor AJé parrot MMARG I H) , BT 5] 8w
JEFPEIANEE, A aFELEE#, (parrot (voltage=1000) WARL) . — 5[ #OAR AT 2 Ui
B, TR R R il 1 485 451 7 -

>>> 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'

W2 ~*name UK;, BRI dictionary (78, #£ 7 typesmapping), #%FHASFrAg
W EE X2 HOAIMIBE TS 3. **name IJDABE *name 28 (F—/MiiM4H) #AAHH, *name #
We—filuple, 7% tuple A& HMUAIMAOIES [ #L (*name WA BIAE **name HITH ). B0, M
EFE AR R

def cheeseshop(kind, *arguments, **keywords):

print ("-- Do you have any", kind, "?")
print ("-- I'm sorry, we're all out of", kind)
for arg in arguments:
print (arg)
print ("-" * 40)
for kw in keywords:
print (kw, ":", keywords[kw])

4.7. RNTREXTEE 23
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AT AR AR B -

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

o AR AN

—-— 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

TERL, BRI | Sy i £ M B ] g IR AR B A NE e e s — 2

4.7.3 BHEE

FEFEREE, 51 8RE AL E 5 I R DA BH 8 - EHIE 45 Python pR=X . [B) T REA ) ml b S siche, BRI5 9
W EE T 0SB, sk, PEEE AR AERRAER, e = H 2% 0E, A EEE Y, 2
e 0 B P

PR 3UE FE T RE MDA T R

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

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

/A SRR . LU B, R RS MR R KU S R (BRI R
T BT . B8 2 H REI 4 28 (named parameters)

(B R =5|8 (Positional-or-Keyword Arguments)

AR CGEFRPORBENT /A~ R, 5O A (o7 ] o A A i

PRI E 28 (Positional-Only Parameters)

WO R RER—LE A, e 2O MR IR & . S HEE R IR, EMIEPREZ, HiE
SESUORNRE T B R . (RO B2 M TE / (RHE)) 2. / FVRTE SR b4 B (3 PR AL S 2
B AR R ERPES /, WREG SR E S

/ BRSO AR B KM 55 BUE R M 42 F S 8L
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RS 5| 8 (Keyword-Only Arguments)

FHEZ WA EME R M 58 T, KIS B AR 75 | R, e [ R P SR — R IR M 58 5 2
Gl

R EH
A A A e E SRR, TR /M - RTER:

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

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

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

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

MK EF standard_arg R MBATIIE, BTy XEAEATRRE, A7 DARE (7 2ol B g
TEET |

>>> standard_arg(2)
2

>>> standard_arg(arg=2)
2

5 AR pos_only_arg WRUESRTA /, HNILEREEHNAESH:

>>> 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'

Bl kwd_only_args WRzUESRER * FIHEIREHE T 5%

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

>>> kwd_only_arg(arg=3)
3

R e AAE ] —H s A S, i T A =y 2

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

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

Q)
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(R L —5)

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

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

s, WREMEAEIE, W *rkuds [ name HEE, THESERIE S name [ [FI7EM:

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

W2 R AR T RERE True, WEB#T 'name' JKig @A TEAH—MS 8. Hln:

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

(] 7 (EERAESIH) 42, SATPAT . RsUESRE FLEF name FARGESI L, M 'name ' ] DL
ik SEeelE  GRibE X

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

return 'name' in kwds
>>> foo(l, **{'name': 2})
True

[EVIRRE], (ERRAL B2 M A R ALE **kwds R, MIAEILEBSE.

[E1EA
0 091 AR 8 22 T DA % e X 9 -

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

(I -

o WERAEEGE AN SRS, SR ERAIE . 32 WA REA FE R sy, A A hls 5
ARk I A HES N, 55 IR 1) (o 2 O R B iy, s Al U

s W2WATAER, DVIRENL R #RUE ST S B, SO IRA A R 2 MO | S (R ey
A OLELE, A 1 R B

o BN (AP, (EHERRAIE, DART LRSS A R8s o Rr i A APT g v B A T
4.7.4 EE5|81%53 (Arbitrary Argument Lists)

AR, A REA TR, 2 HE R ARy, T AGE AT o 5 3. B85 [ Hea gt i —
fiil tuple F (%% 5 Tuples 4=/3- 7\ (Sequences)) . TERTSEMET | B2 1, W REA ZH B2 (M50 5 | 90

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

variadic ZHN T RIELIBL KB IFAFIRSE, Wik, EATEFEESIIRNAKE. *args BZ)5
MAEFTEASECARER R K7 24, RUAREME RTS8, AR E SR

” Chapter 4. FAT RRREIEH!
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>>> def concat (*args, sep="/"):
return sep.join (args)

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

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

4.7.5 FEES| 85K (Unpacking Argument Lists)

W | M L A AE— 1 List 2 tuple (], (ELE) 5385 2 — (1 RIS 5 | iy sy, 25 gt 2
THEGEREIGAE . B, [E@ range () p&sCESRAN BN start Rl stop 5190 2RIE 265 | O 243 B
RUBAERF e R, )~ S8R5 [ MG list 5 tuple FRyRff i 2K

>>> 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]

[ bicHlL, dictionary (57f) FTRAM ** M1 AR B o 55 | 4

>>> def parrot (voltage, state='a stiff', action='voom'):

print ("-- This parrot wouldn't", action, end=' ")
print ("if you put", voltage, "volts through it.", end=' ")
print ("E's", state, "!")
>>> d = {"voltage": "four million", "state": "bleedin' demised", "action": "VOOM"}

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

4.7.6 Lambda i EE

lambda B8R @S /NIHE4 KT, lambda a, b: a+b pREIR[EIWES | &, Lambda pg=
Al MEA TR s e R Ty . FEsEE L, B E R —EE . R L, Ete
18 pR X E FEAYFEIEBE (syntactic sugar), SR pRUEFR—Hk, lambda pR =0 R] DAGEE & B WIVE I 5] H
B

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

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

42

>>> f (1)

43

T B lambda SR T — K. 53 AN AR AR /e R T |

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

>>> pairs

[(4, '"four'), (1, 'one'), (3, 'three'), (2, 'two')]
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4.7.7 A {45 & (Documentation Strings)

PATF 72 B A R SBR[ A R i

S ATHEb R BB W B i R . [EVRRRREIR, N MEAE S5 [E W] b i oy 17 i1 22 A g 24 [,
ﬁ,ﬁ\ﬁlﬁ“ﬁﬁf PARERIRAE H i (B AER% 24 AR G2 — A s GE R Ba ) . & AT AR ik
Bﬁaﬁ ) [/y\/ﬂ%ﬁmﬂ% °

AT EREIZATRE, S T ATIEEZE 17, TERRE DR R B AR S Bl . R T AT & — 2 B
%, TR PER RIS BV AR

Python FI#f#% (parser) /N %k Python H 2475 A3 A fE, Ak, HEPREIN OO A9 T RETEAA IG5
e SEIEERE R DA NS AR AT S AT TR R SO R R
CRRESE—ATRAHE, RIEVE @ B ep i BB | SRR, AR E 7 SO ELR BTSSR 4%,
AT BRI AR [ ] MEATIne kbR, AEER B bR A B AR T Etr,
HHBL T, BT MEIE A T OUA R AR . SRR b SR (ERE AR, BHREAT

JCRER A

R 2 ATEI T Y — (R -

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

No, really, it doesn't do anything.
mrrnn
pass

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

No, really, it doesn't do anything.

4.7.8 FHX([F)38 (Function Annotations)

PR CEIE 2R O R (metadata) &M, SR MEH 2 @ ek U 0r il A BLUE] (0 2 & HiGE R PEP
3107 1 PEP 484) .

[EJ# DA dictionary (FHt) MBAAFHMAERATY __annotations_ J@tkrdr, HA @M EfHAD
. SWEREN &S 2ORTES WA R —AE 5%, B 9RRm i — S ERRER ER . Wl
[EVRERY E 767 5 CRTES IR def BUAXS R B SEH M, H—M —> SCrEZE—MER. T
BIERE T — 285 | S, — R, ARl A -

>>> 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'

” Chapter 4. FAT RRREIEH!
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4.8 [iZ=dh: ZXIEEHE (Coding Style)

BACARRII 2R 4= . S EIRERY Python 25X, SRR T a— T % 451k KT o REUGE S AR A 19 ¢
ABER (SR HELE), s Xw), ma L rksC A s BT, A AR E S R X
M7k a2 — MG 205, Tl 4 IR A i A e 23 A R K P B B

#J74 Python, RZ WA S RHIE PEP 8 RIRUIERE: TR HEURE TEHHLER . &M
Python Gt H A IERZ AL B S IR BT 8 M2 A% R B i O B -

o A AHE, AEH tab 8

4 RSk /NGEHE (B RIEETREE) ARaHE (RS ERE) ZMEPTE TSR, Tab @ik
TRAL, sl EH .

o [Ef7, AT R 79 5.
ﬁ‘ﬁ‘%%ﬁﬂ%d\%ﬁﬂ‘%&ﬂ’]@ﬁi%ﬁ@lm, AT DATEBK T o EHE ) 2 (A U A 2
« TR m R class (JEE)) , Bk R EMR AR FE A .
. ﬁn%TU\, HEE R 1T
o fHEH .
« SEETEIR. ERERENEE, (AAEEEMEREEMN: a = £(1, 2) + g(3, 4).

o Class FlpR W24 b 250 #18 B, 4 class A UpperCamelCase (BElEXI/NE), @i
PR HE method | lowercase_with_underscores (/NENKRED). jkiEH self YEE method 45
—{H5 | 4 FE (B class Fl method, #: /.47 7, class).

o ARG RE T R BRI, RE IR AAS. Python FHE¢I UTF-8 i # %@ 1y ASCIL,
AT AR L& RS .

. I_H‘%‘%ﬂﬁ N [l o 0 3 (e A RS T RE M BT HA, 3N A 44 IR B Il ASCIL 5

4.8. MZ&=: 12X EE (Coding Style) 29
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EREE

A B SR AR N SR E AR R SR P AN L, (L EUI A — SRR [ e i ik -«

51 E—LTHE List (R31)

List (4351) S GpiAfe, BAEZRERIIE. NS T I Bk list 9517 method:

list.append (x)
AF— MR R E N E] list iR oo S¥[FIR allen(a) ] = [x],

list .extend (iterable)

4 iterable (AJ[EIFCHIE) 453 list fo . %RA allen(a):] = iterable,

list.insert (i, x)
HE—EIE H B AR list P ERNE . 5 [ #EHE AERT TR RSIME, FrPAa.insert (0,
x) EAHALE list 5\, T a.insert (len(a), x) HIFHER a.append (x) .

list.remove (Xx)

[EJ list Haf—E(E S x (TCE . 75 list TR I % valueError.

list.pop([i])
FoR list e EMIEE , BEREE. GREGIEEME, a.pop () &R st PRz H
B e, (7 FEAFIERRREMSHEERAN, ERRRREZIEZ O EMA TR, K
& 7E Python pR=U)E 2% 58 R B F0RE)

list.clear ()

I list HRTATEH . BERN del al:].

list.index (x[, start[, end] ])

] {5 List P — MR ELSF A x I H 2 RGIME (BRI RT]) o # list P E, JE S

ValueError $3%.

51 % start I end 1) 5 FRERAE slice Frn kAR [A], 18 =90 B0 110005 W0 5 | R E 7 list s E Y 1
JP5 . (BB, MRS E R OE list (9 BIEBIART, AR RAE start BRIATE.

list.count (x)

[l {5 x 7 List i Hh B UK B

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

6 tist PRGIEEHDT . (TR B O TR EMe by, #52% sorted () T4 MIMRRE)

31
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list.reverse ()

st list R I H AR )Y S AR

list.copy ()
Il {3 RE(EIE] (shallow copy) ) list. [ al:].

PATR & — R G I 7 2 list Y07k 1

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

2

>>> fruits.count ('tangerine')

0

>>> fruits.index ('banana')

3

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

6

>>> fruits.reverse ()

>>> fruits

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

>>> fruits.append('grape')

>>> fruits

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

>>> fruits

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

'pear’

ROl eyt s — 2 ik, 1252 insert, remove {2 sort, [FIEHAG EIH [nlE(E, FE L, M
HFEE None' o 3521 F % Python Hp iir 5 vl 88 B0 RHGE M s Al

FHMETTREWR B, AR PTA SRR T ARHEF B . B, [None, 'hello', 10] miAHIHE
7, PIERMOAN GBS R LU, 1T None ASBREEH A ZUEI e . A7 Se B EURASHREVG #i e Fetitt 2 ik
ANIEFF, BN, 3+43 < 5+73 iR MR .

5.1.1 §% List {g[I') Stack (¥[I]) {EFH

List Ry 0777 5 G A5 & fl 5 £ BT DA RELAT stack (fEE]) o Stack [Fl—fR T 5 42 A TCH B S gl ul
(FHESEH, last-in, first-out”) B EORHE . ARATDAGE I J5 %% append () i — 181 3H H 2 EE Y T
J& o MR T pop O HAARERT A LIS HEE R B E . $40m 5

>>> 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]

U HoAh 7 T DA ] (348 B AR (), B MK AL T method FYE35E, B4 d->insert ("a") —>remove ("b") —>sort () ;.
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5.1.2 ¥ List {[F] Queue ([E)%]) &

FA LT DA list # 1 queve ([E151)) @A), BPiRSem ATCRESEHI (e, “first-in, first-out”)
MRORLGERE. R, list fESE TR G 7 X R AR 2 . (] append Fl pop A AFIEH i U R
P, M insert il pop AAHAFBL BHGHTREN (HEHATRAFLIMRE —15) .

R EFAE queve, R collections. deque, HAGEHTMUAEPUHEAY(ETH R A s AFIECH . B0

>>> from collections import deque

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

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

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

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

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

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

5.1.3 List Comprehensions (HFiFSEH)

List comprehension (#3815 £ 1853 ) SR T DA i R J5 3 A 222 Listo o LAY ) S B — {41 5 iterable
(PTEWCIIE) , A — RO R A SR 1 4 R P AR IR tist, sUR Al —@TFs), Hig—
M TCER B9 2 — AR 1Rl

O], B F MBI [P list]:

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

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

HEESAE (RER) —mEs <, HERRSSREIRLE. RO UEREA:F 75 5 m A G
JRATA side effects (FIFEH]) -

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

i B AR S Y -

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

T B R 5

—{i Tist comprehension FIALAL, J27E— ¥R, HOA—(H expression (). M for Th. P
BERMR LM for 8 i FA). AR PN list, FARICHERI for I i€ FAMET, HH
B SOR (HAG4 . B4, 31 list comprehension 44 T WA list P AN E)G 722 :

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

T E LA A -

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

(T IHED

5.1. E&—%T#E List (7)) 33
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(e )

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

TER for A1 i £ 5T W BARA BN IE T 2 AHIF Y .
2R expression Jg—fli tple (FlAN_LWGITHE (x, v) ), EAEMERHR:

>>> vec = [-4, -2, 0, 2, 4]
>>> # create a new list with the values doubled
>>> [x*2 for x in vec]
[-8, -4, 0, 4, 8]
>>> # filter the list to exclude negative numbers
>>> [x for x in vec if x >= 0]
[0, 2, 4]
>>> # apply a function to all the elements
>>> [abs(x) for x in vec]
(4, 2, 0, 2, 4]
>>> # call a method on each element
>>> freshfruit = [' Dbanana', ' loganberry ', 'passion fruit ']
>>> [weapon.strip() for weapon in freshfruit]
['"banana', 'loganberry', 'passion fruit']
>>> # create a list of 2-tuples like (number, square)
>>> [(x, x**2) for x in range (6)]
[0, 0), (1, 1), (2, 4), (3, 9), (4, 16), (5, 25)]
>>> # the tuple must be parenthesized, otherwise an error is raised
>>> [x, x**2 for x in range (6)]

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

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

SyntaxError: invalid syntax
>>> # flatten a list using a listcomp with two 'for'
>>> vec = [[1,2,3], [4,5,61, [7,8,9]]
>>> [num for elem in vec for num in elem]
(1, 2, 3, 4, 5, 6, 7, 8, 9]

List comprehensions A] PA2; A [EI3 (1) expression FIELR AR, :

>>> from math import pi
>>> [str(round(pi, 1)) for i in range(l, 6)]
[*z.1', '3.14', '3.142', '3.1416', '3.14159"']

5.1.4 H}XAY List Comprehensions

1 list comprehesion H BHYEF) expression B DAL TE AT expression, 1035 -2 —1H list comprehension.
FIEVAN Fon 3x4 FEERHG], M list 277 3 MR EEE] 4 /) list

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

PATF#) list comprehesion €5 iR [ () 47 .57 1 e 1

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

WA b — i SR, BEHARAY list comprehension SRR AN for FEETHORIE, FrAE 613k
SFHA:
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>>> transposed = []
>>> for i in range(4):
transposed.append([row[i] for row in matrix])

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

111 B AE — B ) -

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

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

AEBT IR L, PR A A A () 05 X (built-in functions) T AN [EVE ) AR il A =X . A= 6+
Hi, [ zip O RAGIEFEAREE:

>>> list (zip(*matrix))
[, 5, 9, (2, 6, 10), (3, 7, 11), (4, 8, 12)]

BB Z A, 52T %8 & (Unpacking Argument Lists)

5.2 del BRAR

AT AR R 5 A2 (EAREIRR list P IEHE - del BIASL, &/ pop () method [l —fE{E A
6], del BUAZTT A ACEI Tist vy Fr Bral s i 2 e list (FRAM.Z Bi#s i #5 IR —(H 2311 list 4348 [ER
T BORSEGE ) o il -

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

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

>>> a

[1, 66.25, 1234.5]

>>> del al:]

>>> a

L]

del L A] DA SRIEIbR e i 5 8

>>> del a

Elfg2 1%, ¥ a 2 WS meh R (20— X HRIRE e 20l ) « TS5 1 A 2 0 2 B i
del At .

5.2. del Bk 35
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5.3 Tuples F0/F%1 (Sequences)

A 2 list A1 HR (string) A2 ILREMFENE, RI2FRT 41 (indexing) LA KA 7 #:4f: (slicing) . 52
3 ERDRE P M B T (752 7% typesseq) . M1 Python EFFESEE PR, RACT RER & A L
MR FIVERIUMA . BB BN T — AR 5 R muple,

— 1 tuple J& i E{ECHS S BE I i AL, (-

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

12345

>>> t

(12345, 54321, 'hello!")

>>> # Tuples may be nested:

.u=1%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:

.ovo= ([1, 2, 31, [3, 2, 11)
>>> v
(ry, 2z, 31, (3, 2, 1])

WFEFRAME B0, P i tuple 42 AR, WIILELIRGY tuple 7 REWE IE A9 Bl (interpret); fti{
AU AR RG SR A SRR L iy sUEA R, MESRIE SRR A B 2 ) (B tuple &—
Tﬁliﬁj)ilﬁ@ifii%ﬁ%*%ﬁ%)o FRURH VG4 tuple 1 () EE H 2 AT, (HR2 oA sSc Ay (58
4 list) ) tuple.

i S% tuple Al list i ARARAEALL, (EL2 A" 38 % FIAE A IR I (BSOS /) H A9 o tuple J&immutable (8] %
(), WHEFHEEENITCEFS, B (unpacking) (FE2%AMi%E) % 5| (indexing) HAFHL
(BEAEMH namedtuples WREEHE H & % (attribute) SAFHL) o List f@mutable (1Y), HITE@H
S AR L AT 5 ph [ 4R Tist AAFHL

— AR EIR R, BRI S O sk 1 {HIEH ) wple: FEYE L& EIR— e B . W
tuple & — ¥ S TEYERAIE; S —HIEH /Y tuple £8 i — (B _E—{HZ B oA 2 (JHE e — 1% 5
—HEAFRADN) . B, (EERCER. Fl:

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

0

>>> len(singleton)

1

>>> singleton

('hello',)

BoAst = 12345, 54321, 'hello!' 21 mple packing Fil1-: 12345, 54321 fl 'hello!"
—iE o tuple (. 2 fEHL AT DA

>>> x, y, z = t

a2 F AT ENF SRR (sequence unpacking) , WIS FITEAE AT AAAE S DA B TH o JFHIFIREOR SF5R
ZE 5 R O R RIS SR AT B PP R O R MR AN R . TR, 2 EAR IR 2 tple packing 1171
PG A -
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5.4 4 (Sets)

Python #0408 T —FEHIFE ser (45A) MIEREEL. — set 2— MMy HEFEERITE. FEAMLH
LS T BRI EECR . Set W SOR IS . AcME . M E R AFHURE

KIEHREL set () pRERTT DA A AN A set, YR ZAIE AW set, RUEMH set () MAZE {1}
&35 e Al @M 251 dictionary, —FEFRAIEAE T —Hi S i GRS

i (i 5 L Fr) 3 -

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

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

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

True

>>> 'crabgrass' in basket

False

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

= set ('abracadabra')
>>> b = set('alacazam')
>>> a # unique letters in a
{'a', 'r', 'b', 'c', 'd':};
>>> a - b # letters in a but not in b
{'r', 'd', 'b'}
>>> a | b # letters in a or b or both
{ta', 'c¢', 'r', '4d', 'b', 'm', 'z', '1'}
>>> a & b # letters in both a and b
{'a', 'c'}
~ b # letters in a or b but not both
v

Flist comprehensions %8, WA set comprehensions (£E&4EEIEA):

>>> a = {x for x in 'abracadabra' if x not in 'abc'}
>>> a
{Vrl, le}

5.5 =8 (Dictionary)

N 1Y Python [Flg & RPHALE] dictionary (5527 typesmapping) . Dictionary 75 i FEE] [ BT
{E B | (associative memories) BY [ BAWH[E%1 | (associative arrays), A5 %52 m— 11 &6 B B 2w AE R
5], dictionary ;&4 (key) &S], STLUSAEMUR T 8 A RAL; FERAIBEEA T DAH fESE . Tuple th
ATPAE VRS, QA S A BB tuple; #5F—{R tuple B EEE R B2 S A AR AT M, B
WANREE VRS . AR list VRS, list AT A% fy & 51 57K (index assignment), ] 5 $8Jk (slice
assignment) 5{ 214 append () Fll extend () % method #EEL .

S8 dictionary #5411 7 R LB A UE — M 82183 (key: value pair) [ set, H 1 §FE W] —1f dictionary
R8T T B RIE SR T A 25 1 dictionary: { o A% A543 B 4 SR (RSB E A K
TSR TR R A ML S ) . 3 ()t 2 S Ll R A =

Dictionary = % {1 45 VE[EJHE ph S8 A Gt A7— M (e () EL T 5 Pl s B AR % (. BT DA de 1 RIEG: SR
ﬁ: QORI F AR ) S AR AT, RZ ST B R (L R RS . (AN 1 S 2 e 1
i o

¥t dictionary i fl 1ist (d) €53 M5 F A S list, HHEE 7 ERE AR IR . (3785
HEF, HIBEH sorted (d) fRBRRITT) . WRARFERS — 2GR EAER Ty, AT HBET in.

o W Fl—1# dictionary F) fii B8 4] :
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>>> tel = {'jack': 4098, 'sape': 4139}

>>> tel['guido'] = 4127

>>> tel

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

4098

>>> del tel['sape']
>>> 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

PR dict () AR — S 3 51 AR 2 dictionary:

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

IAb, dict comprehensions 9, R DA 3751 AT & 4 BEL( ) 808 = AR I 2 dictionary :

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

R R T, (T B 55 (keyword arguments) A7 IHF G EIf R -

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

5.6 [F/E#I5

¥} dictionary {EEIREIKE , S DA K H B EAGE AT AFEH {1 1items () method A [A] REHS :

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

gallahad the pure
robin the brave

WP IIEERE R, (ERT) S HEEAE T AR enumerate () pURIREHS :

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

0 tic

1 tac

2 toe

A A DA_E R PRI, AT AR ARG O SR zip () iR

>>> questions = ['name', 'quest', 'favorite color']
>>> answers = ['lancelot', 'the holy grail', 'blue']
>>> for g, a in zip(questions, answers):

QS
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(R L —5)

print ('What is your ? It is .'.format (g, 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.

TP ERE, EeR I IEm RS, FEHMA reversed () MR

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

= w 0 J w0 -

LOAEIE IR, ST sorted () G52 —EFTHYSEHE IR AY list , (EUR Gk s A 51 -

>>> basket = ['apple', 'orange', 'apple', 'pear', 'orange', 'banana']
>>> for i in sorted(basket):
print (1)
apple
apple
banana
orange
orange
pear

%?ﬁu@ﬂa set () ﬂ%%iﬁ%o ihﬂ?ﬁ'ﬂﬁﬁﬂ sorted() j]l]J: set () , EU%%%gﬁﬁF?féﬂqui
0 2% i E R ) 1 s

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

A7 RF A AR B AR Aele s g — M1 list, fELR, @RI B Y st € sl B H. 22 4

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

>>> filtered_data
[56.2, 51.7, 55.3, 52.5, 47.8]
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5.7 R®RAT #R{& ¥ (Condition)

(EAE while FI i £ BROGAKAYGECE AT A SAEATER T, A HA HBGESE T (comparisons) .

HEGER T in fll not in A EEEAAE ML) R—MFIH . HE T is fnot is KW
TE A e A R A IR 11 45 5 BEAAH 1] HAR R B e 3T

HBGEFE W DA A8 . B, a < b == c Pt a ZE/MR b Ml b ZHAER c.

FL I A ] DASE A AGE A T and fil or, H—8 FUBGEBA G EE R (BT A ARGER ) nrpiin L
not AT . Jo Ll T e e b LR A%, Hoh, not MEIEERS, or MMEBJLERAL,
It A and not B or CZ[[|jt (A and (not B)) or C. —UNHH, FEPEATDAFAERALAAE 2
HIAL Y -

MMIER T and fl or WARENE 3 (short-circuir) ST G HG B /2 BAEA ST, FASHLE B
RFRNAEAGEE. pln, #aflcEEMEBEMR, A and B and CEREANGHITE C. HERLS
SR — AR AE TT AR TAELIRY , AR i1 Il A E e 4 R R 5

o1 L B A A AR S S S R R IR AR — (S O T ARG . B

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

>>> non_null

'Trondheim’

V£, Python 8 C 3 HA—HE, MEEFAEMEATIRIRL NI ELER T =, BERMGES 77 C
A N R — AR AT == e ERATmA =,

5.8 FIIFIEMBELRRB ZLLE

J 5 423 T DASE AR AR R BZA  (E H e o i R U i ) 591 3 X, (lexicographical) JE )Y - #5E
PR E R ETI IR, AR, R e R AR, AT —IH, DA, B8 H
JF A5 A 5 . ARG A LB W JECAS B SO A ] P 518, SR sk e R (E g A 7. 2R
WA 2 BT A T8 A 2, B e i i e 5 i B R A 5 1 o SR i — (20 2 5 — M T4, il
RIS 91 e /N PP 9] o < ER iy St X 61 Unicode ({0 (code point) A A HESF AIE) T T
PATR & LA [R] A 2 A U -

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

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

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

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

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

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

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

R, A < B> ARICBOR RSP P2 AR, FORYI A 5 10 LB k. B, IR AR
(AR AR E MR R E, FTLA 0 4678 0.0, 4%, GHIE MG GBI —H TypeError £
A e P e — BT R HEY o
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=48 (Module)

WAL Python BLREARBEFHZ MAHVUGEA, 2] (FWekUEdd ) M Esem e k. Hit, Hes—Lu
PR RS IRE , AR iR I A AOME AT S A e s B, [DH R RAE T . e —
TAELA (scripr). HEZARREAGBASER , (R0T R G AR B 40 B MU AR 22, W LUl 4 . AT e

AR m e A AR S i s, (B B s A 5 56 8 i A 8 & R,

[E7 S 9%iE &, Python f—ME L UM E SO AEE T, EEEBBATERG T EM. &
TEAR SEABEIR 4 (module); B H ) TE S 1T AR import B FAUREAL Y, BUR Y import 3 £ (main) KA (15
BRIEEAATHIEA, AR EEBECT, Fr s sk a) .

AR A L 7 Python /ESERIRFAINAE S, MBS T RBHATM L oy, 7ERAT, BN ARE (FFE
TFH) GRS name_ BUE. BN, HEE B SCT MRS GRHCP Al —E AL £ibo. py
g%, BT

# Fibonacci numbers module

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

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

BAEHEA Python BRI AT 454 import J& A4 :

>>> import fibo

BERGH fibo PR R4 EEWAE MR E D B HE8A fibo WAL, A
B4, AT AFEICRR X

>>> fibo.fib (1000)
0112358 13 21 34 55 89 144 233 377 610 987

Q)
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(R L —5)

>>> fibo.fib2 (100)

(o, 1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89]
>>> fibo. name

'fibo'

UR BT IR G AP AR R 2, T DA HA G 28 e 0

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

6.1 FRANTRHR

BT AL S AT BRSO SR A e 5. E e BOA U EIEBH IR L, EM R E% — k9
import 4 € AT, (AR R EARAT, HaBiTem).

TABAAE B C R AR, B E 0y ok X e s AL AL A AR B IR A AT BRI -
PR, ASSARL Y T DATEARREAEL Fp (o ) ot B, T A A0 988 R 25 ) 2 T 58 B A T D) 44 AT 5%
J3 5, ARARHGE B CAEMCHE, AT DA E (7 BT R A Al sd e, DARIS T R X BRI 5

7%, modname.itemname,

FE— RS AT DA import HAWRAL . JEFTA R import BOAKMAERAM (g KD, EAdR—HK)
(i FBE R EE B, (REEA TN . import [RRAL 4 AR EAE JFAEAL I I e

import BOAIUH 7 ML RIL, WA E G2 M IERK import (AL, EHE import 2 JFBLALAYFTHER
SRR

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

& import Z M ARG G WA, HE 385% oR X AL AR EDR Sl | A Aot (I,
B fibo RBESE).

VEEAA R RIA AR, WD import HIALE S0 A 4

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

S BT import BIALTH A4 HR, 15 T HUIRE () BSR4, KZUIEEF, Python Fxk i
ﬁﬁxk@mﬁ@m%,ﬁﬂ@@ﬁ%ﬁ¢mAT~@$ﬂ%zﬁ,Eaﬂ%%%T%%@a@%%m
Fl%.

AR, A IR s (A s A b import * UMY, PV i3 G B BT 22 A R 2T
(B2 6 P A A TR AT, U T A2

WA AR I B as, I as Z A4 A ELEE AN import LA EAE L.

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

iE il import 773 (Ml import fibo PR LR—HEi, ME—mZEERBIAEE M £1b MIHRAL.
AEME ] £ rom Rt AT DA IR BRAY 7 SRS RAROCR |

VR R, RAUERMBR THEAT] 0 TRGR L e TR R Y R SRR, S A R A R AR AR IR R
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>>> from fibo import fib as fibonacci
>>> fibonacci (500)
0112358 13 21 34 55 89 144 233 377

iE): AR N, B AR AL A B LAY session W import — K. UL, A0SR A B TR
41, HEEEEES g, R HE A L N R AL, FTDAMEH importlib.

reload (). ffllil: import importlib; importlib.reload(modulename).

6.1.1 IEEHE EEDARBIT

H I AR [E)73#4 T Python FUAH IR :

’python fibo.py <arguments>

A import $54, B PR E S WEAT, (B __name_ #FEKE"_ _main_ ", 3
TERLAH P A RS n AR AUl -

i
2l
=*
S
[
==

if name == "__main__ "
import sys
fib(int (sys.argv[1]))

R AT DA AR S VEEIE At [7] 1R ] AFEE Y import fiSEAH,  PRIEIRAT (parse) iy 51 AR SCH @ 7 3 LA

i (3] WERE, AT
$
0

python fibo.py 50
11235813 21 34

SR SRR 24 import 1, JI % BORE U AN S BpLA T :

>>> import fibo
>>>

‘%Eﬁ%ﬂ%%*ﬁ%ﬂﬁsﬁ%ﬁ@%ﬁﬂ%%ﬂ@, s HRHECH B AT E R, PAEAR Y 7 A7
).

g

6.1.2 {RIEMBFIEE

WA h spam WIRLHLA AR, MRS G R B R AR N B, X SRR ) 4 D HE
sys.builtin_module_names . QUREHLE], EfEAE sys.path HHAHRI R P EER—
M40 spam.py B, sys.path MiXLE; EA IR0

o B AEAFT AR GRS (INARTE ER SRR, B HTE R )
* PYTHONPATH (—Hfil shell S84 PATH AR FIR PR AR
o BLZFSEFHRAMTER(E (FRBH & E 5 —M site-packages EhIK, B EH site HALTEI).

fi(E): TESTIRATIRELS (symlink) PR ARG, W ALIA) Fre B IOR 1R BERT BRIl AS 2 = A a5
W [EHZ, OarrsRlng grl s EIEAT 8 n 2B SR

Vi %, Python X W DMEI sys . path. AT HIEAH FTE ORI G 7E 8 BB AS I BHEH, EASE
PRURIRAL 2 i AR BRI EIA G B e A, A2 B 2B ORI AR Rl A AR AL R
RAREMERNED, THER M. §2 AR AR 2 g
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6.1.3 [#E:E | Python &3

(BT i e ABLAL A E , Python 544 (AR AL I A s A B 774 __pycache_ &R, Em4E
module.version.pyc, g EIff version J& 4w 1% MR L A% 44 F% , HL44 I & & 1 & Python [ U4 4
9%, B, ¥£ CPython 3.3 1, spam.py i 4 s A K 8 77 [E] __pycache_ /spam.cpython-33.pyc.
Wi 24 T R AT DAGEE SIE [ S [R) AR B S s AR AEL R Python AN [ B[] IRE LA
Python MR JF IR G ) H I, AR s A4S 2 i 0 T 75 B . Ba e A e,
TIAk, SR A G, IR RZERER1ESE R S [ ] DAL (] — PR =R
Python 7E W5 [E] N AR (cache). W50, B4R B0 i LA AT ELIEAE iy S 9 A R AL G 45
o B, WREGE A, AR Eaa P, S RAREARAL ((E4eE) AOETH, SR mABal |
o E AR gk e, [EH R REA R4
— BB A BT B
o FDATE Python #8541 fiff FHl BB 2 8 (switch) -0 5 —00 AKIEVINE Ss st K. BIRIZ 8 -0
B assert (BiF) B, 1M —00 [AIFEIN: assert BRI __doc_ FFHR . AT e X n] REAKHE
i bikiE R, R A EEAE B OAEMU BN, A S b2 . [CEk] HA4LH opt-
R, HAFEs/N. RAH AT R uos @b ROER .
o FHHL .pyc MEERE, XA THEEEAN G I oy RN, M B O SR SR
o P4 compileall WJPAEIEARIAR o i) B AT LA A 2 pyc AR
o WZHAIE, WIRESRRER, W2 %PEP 3147,

6.2 R4

Python Pt T —(HAZMERIAL B, SEAHM N 4HAE 5 — 10 SCi, FEE) [Python pxX)HE2% F(E | (fREE [
RESHEFE]) . LR H s P EER; B8 8 R eE S A% O ER SR B A 55 AR,
HAMRE TEEMCE, SHRMEERGEARRE (PIMAGITNY). BB SEE 2 A0SR,
EMREREE TG, 0 winreg B4 AL Windows (. (HfFHEEMBALRE sys, EEERAES
fil Python E . &# sys.psl fl sys.ps2 AIFACEFR L. RN FITHFH:

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

>>> sys.ps2
Al Al

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

C>

FA B e By, A 28 SE W A

B sys.path B — 75 list, ‘BEEHEM B ALE S, By iAEER % 8 PYTHONPATH
H PR E Y TR A%, k2% PYTHONPATH Kk EWF, (EEVETEREIRE . RmT DARZHER) list BRAE B

CTe

>>> import sys
>>> gys.path.append('/ufs/guido/lib/python'")
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6.3 dir() BX

ElE R dir () AR BAE R FTA 2. B W — e 2R 7 list:

>>> import fibo, sys

>>> dir (fibo)

['_name ', 'fib', 'fib2']
>>> dir (sys)

['"__Dbreakpointhook__ ', '_ _displayhook__', '__doc__', '__excepthook_ ',

' __interactivehook_ ', '__loader__ ', '__name__ ', '__package__', '_ _spec_',
' stderr__ ', '__stdin__ ', '_ _stdout__', '_ unraisablehook_ ',

' _clear_type_cache', '_current_frames', '_debugmallocstats', '_framework',
' _getframe', '_git', '_home', '_xoptions', 'abiflags', 'addaudithook',

'api_version', 'argv', 'audit', 'base_exec_prefix', 'base_prefix',
'breakpointhook', 'builtin_module_names', 'byteorder', 'call tracing',
'callstats', 'copyright', 'displayhook', 'dont_write_bytecode', 'exc_info',
'excepthook', 'exec_prefix', 'executable', 'exit', 'flags', 'float_info',
'float_repr_style', 'get_asyncgen_hooks', 'get_coroutine_origin_tracking_depth',
'getallocatedblocks', 'getdefaultencoding', 'getdlopenflags',
'getfilesystemencodeerrors', 'getfilesystemencoding', 'getprofile',
'getrecursionlimit', 'getrefcount', 'getsizeof', 'getswitchinterval',
'gettrace', 'hash_info', 'hexversion', 'implementation', 'int_info',

'intern', 'is_finalizing', 'last_traceback', 'last_type', 'last_value',
'maxsize', 'maxunicode', 'meta_path', 'modules', 'path', 'path_hooks',
'path_importer_cache', 'platform', 'prefix', 'psl', 'ps2', 'pycache_prefix',
'set_asyncgen_hooks', 'set_coroutine_origin_tracking_depth', 'setdlopenflags',
'setprofile', 'setrecursionlimit', 'setswitchinterval', 'settrace', 'stderr',
'stdin', 'stdout', 'thread_info', 'unraisablehook', 'version', 'version_info',
'warnoptions']

EE 45180, dir O S HETE €54

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

>>> import fibo

>>> fib = fibo.fib

>>> dir ()

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

AEE, ESIMPrA B AAG: a. B. RiasE.
dir () AEF)BEERAFE B S, GRAREZIIL e, M0 FERER builtins [

>>> import builtins

>>> dir (builtins)

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

(FOAkED)
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(R L —5)

'__debug ', '__doc ', '__dimport__ ', '__name__ ', '_ package ', 'abs',
'all', 'any', 'ascii', 'bin', 'bool', 'bytearray', 'bytes', 'callable',
'chr', 'classmethod', 'compile', 'complex', 'copyright', 'credits',
'delattr', 'dict', 'dir', 'divmod', 'enumerate', 'eval', 'exec',6K 'exit',
'filter', 'float', 'format', 'frozenset', 'getattr', 'globals', 'hasattr',
'hash', 'help', 'hex', 'id', 'input', 'int', 'isinstance', 'issubclass',
'iter', 'len', 'license', 'list', 'locals', 'map', 'max', 'memoryview',
'min', 'next', 'object', 'oct', 'open', 'ord', 'pow', 'print', 'property',
'quit', 'range', 'repr', 'reversed', 'round', 'set', 'setattr', 'slice',
'sorted', 'staticmethod', 'str', 'sum', 'super', 'tuple', 'type', 'vars',
'zip']

6.4 E{4 (Package)

BT TR R 418K Python Bif g s IR vk, BN, BUHAHE A.B KRB A
A E] B TR, IE QARG S, R IRASTAH A (2 AN TG O LA AR ) S ol e A B ), B0
PR A RO (T, AR AL () NumPy 5 Pillow) FFFEE MRS A (RO RIAL 24 75 .

B IR Rt — M Al e — PR P OB 3 M Al S (T &) IEE R S W2 AR R 1A%
X CEF VAT MBI A Kk, filn: .wav, .aiff, .au), Kk, BT RFEREEKRZ BT,
VR T B At R B RGBS & . [T 202 U5 BRI R 2 A RS (B, &R
B HmmE, B EARTIRE. Al A TSR0, R — RS L SRR T iE A
PATRRARBIE AT BERI 2 (ARSI AR R A 07 (30K ) -

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

Import {4, Python {8 sys.path FHE, SHkEMHWTFHIE.

HEHSHESH __init__.py 5, A @ Pyhon FBUELE: BT DAL —LEUAR T M4 (B4
string) fHIE, M5 B R I BT I SRS P G R . e B (E), __init .
py AIAR R —A= AfRE: BE R AT iR (R U, BGRE 211 8%, 2R

N

&

BRI AT AR+ import AL, 40

’import sound.effects.echo
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B T FA4] sound.effects.echo. 5|fRAEM BN :

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

7y — 1 import T A2

’from sound.effects import echo

T B A — BT AR TR echo, [EHAMEHISE AT AN, FIRELAIN R 55U -

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

W AL 2 4 import T2 17 o =X Ek s

’from sound.effects.echo import echofilter

[, EHEEA THAL echo, HERK echofilter () BRI LAE M :

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

AR, i from package import item My, item WDUREMFH TR (TEM), WAIARE
e S 2R, B2, class (JHE]) S8 8. import BRIl E M A EA & 23 item;
WARE, A efae b, EEEA. MR 2 HAT item, H]@75[¥ InportError 4,

R, (] import item.subitem.subsubitem sfikIRF, BT RE—HZAL, H—HHLHZLE
s RAR—IA] AR BB, (ORBER BT — TP EFEHY class. pR(EEA .

6.4.1 #*:E#d import *

WHNER T from sound.effects import * I, F#R/EfHEGr? MAMEET, HMnraeam B
Mg REEARS, SWEMTAER TR, el import. BRI, H import 1
BB AL AT RE & A AL ERTRIE , ELEREE N A e MR import TASALING A4 & EE AL

ME— R B EEEE RN RG] import BRIAX M A A NIEG: WRENR
_ init_ .py BERXEHEHR —MAE __all_ [#list, #i8F] from package import * [HIEHE, B
S 2 EYY import [BHA R . BB BIRA KR, BER W HATEE 27 BB list, QEREAE
HREEA NG/ AR import *, fibth W] AE G [EIE A IR 5 M list. S2BI2K[E], sound/effects/
__init__ .py BEWAE LIRS

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

XEWZH from sound.effects import * JfF5A sound.effects WA E=THHe,

N a1l [FIE#ESE, from sound.effects import * AR €I sound.effects &
T FAHAR import EHERIN 4 S M B R sound. effects BG4, import (1] {E & T
__init_ .py PTRPIIGAECHS ), SA4% import BRI E R ETARE. BAE _init_ .py TF
(%ﬁﬁ?%f@jﬁé\%?ﬁ%ﬁ) AR 2R B AR M2 B8 import BRI BHMER A MEM T4 .
i A AR :

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

WElH, & from. . .import BRI TIE, echo Fl surround AP import i ¥ w1 dy 24 25 ],
HEEMZTE sound. effects BIFEERM. (B __all  HHERR, EHIHTAERL.)

BESR, SRR A BEEE, SRR import * RE, RZARAH N e R e a4 R, HAEIES
ZE1% (production) 2R AR ERE A B E1E .

FE, il from package import specific_submodule NEHEME! HE L, &2MEH
¥, AR import AORRAH 75 5 2 A0 TR AN H AL B R TR A R 44 .
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6.4.2 E#I5IH

HEANSHEZM T EMNAGR (RSP sound B4:), WTPAMEH [[E# (absolute) import |,
S HE AP T4, B, B9 sound. filters.vocoder B F{#i ] sound.effects H11
echo #E4HI, WPAM] from sound.effects import echo,

PATATPAA] from module import name [ import AT, 4% [HH¥ (relative) import], = £ import
i A 98 8 A 5 import TR ERTEAFITEEM. Bl4n, 7E surround BT, VRATDAfEA -

from . import echo
from .. import formats
from ..filters import equalizer

FEVERE, A import YR A2 DA H BT RS IR . I RBAM A ARG "__main__", JTPA
QSR — A BTAL NI T £F Python AR A FAAL, B & b ZH0K 3 6 [EJ¥f import.,

6.4.3 ZHEPHEH

B SR—RREYE __path__. BYERIRERE M list, W3 EMFm __init . py HEEE
W HES A, IR IR R AEE (AR R R NI BT 2 1. B A T DARIE B, (FLE R i 58 2l
A BRI BRI T B

HERE R (N R BHR 2, (e RSB P B

I3
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i N\ K

AWy T ABURRECR s L DR T ARAEIS s L, B0 S AR S AR B . 3
o e AN [ ) 7 2K

71 FEENEHEN

HalEL R MO S Em RS TR & A X RE (expression statements) Bl print () R, (B=FFF
R EYER weite () ¥k SERH R ZMH sys . stdout HGEMM. FEMMEMGES

T A/ R Sy A U T M, AN 2D B DA AR R BRI . PATE A2 A A Ak Y
o
. %ﬁ@iﬂﬂ 1 XALF B K (formatted string literals), T5AEF-5 BRAAHTAS | SE S =05 951 m_L £
o WA LATEB M P { 81 } 3k Python (B 5K, 5| H s sl HAth 71 {E (literal values)

>>> year = 2016

>>> event = 'Referendum'

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

« THHY str. format () method FFE B P B, IREZFTLAM ( M} BURBEUE B A
Hul g Prefliis g4, (BRI HIRIE AR Eal.

>>> 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 f%, YREV DA CHFEF VI (slicing) FTER % (concatenatlon) B, SERUTH R ER, #E
IR REAR A HERURE . PR BUEAT — 28 method, REDAKA B B 7 Fp , B e B A H .

WERRA T EEERE A i, HA PRI BUR B MOAETTIREE, WA repr O Bl str () saCIEATAT ) fELH
EEF .

str () BRI R R AL SINFORE, 1 repr () BH R R EA B TR FoR k. (I
%lﬁéxﬁzéﬁ i, WM syntaxError). ﬁn%%ﬁﬁlﬁk*ﬁ%*ﬁéﬁ%miﬁﬁ str () f[n]{EE

51
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repr () MIFMME. AFFZHME, QRETF, B list [ dictionary ZE4iHE, 1 3E MR ok 2 A A il 1y 22
I TR, HIERRE], A WA 2R .

—Lu -

>>> s = 'Hello, world.'
>>> str(s)
'Hello, world.'
>>> repr(s)
"'Hello, world.'"
>>> str(1/7)
'0.14285714285714285"
>>> x = 10 * 3.25
>>> y = 200 * 200
>>> s = 'The value of x is ' + repr(x) + ', and y is
>>> print (s)
The value of x is 32.5, and y is 40000...
>>> # The repr () of a string adds string quotes and backslashes:
. hello = 'hello, world\n'
>>> hellos = repr (hello)
>>> print (hellos)
'hello, world\n'
>>> # The argument to repr () may be any Python object:
. repr((x, y, ('spam', 'eggs')))
"(32.5, 40000, ('spam', 'eggs'))"

+ repr(y) + '...'

string B HE—M Template class (HE), 20 TIHEERETHR D k. ZOrEE sx
[E4F5%, [EIRA dictionary FOMEIEATIUA, HEE RS SRl W B D

7.1.1 BRI ILA (Formatted String Literals)
FERAE T SO (RRE -8, BMEFREMANE £ K F, EERFAHHE {expression},
AR AFEFHRE A Python 8 XA (H .

e IEA/F (format specifier) RESHFHEN) , F{EMETAVRIH, AT DL APHLEBIGRO N E 7. DA T b
3 pi 4 A B/ G5 =

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

FE " BREGE— R, WTDARE s AL DR T, WO — R

>>> 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

A L AT ] DAFEAS A m e .t B ascii (), "ls' FEH str(), '!r!
GEH repr ()

>>> animals = 'eels'

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

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

RS EEAR L TR, #F 5 formatspec 2% 15H .
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7.1.2 =&#) format() method

str.format () method A FVEUTT

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

KAFE BT IC (REROL) e REELES str. format () method AP, KAFIE T
W LIRS str. format () method IKFFTTERIfLE .

>>> print (' and '.format ('spam', 'eggs'))
spam and eggs
>>> print (' and '.format ('spam', 'eggs'))

eggs and spam

WIRAE str. format () method A BSE75 8, RTLAGE IS8 M55 T EMAME.

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

7 5 [ O B s 7 5 | O DME AL

>>> print ('The story of , , and .'.format ('Bill', 'Manfred',
other='Georg'))
The story of Bill, Manfred, and Georg.

R — AR RN RAR A T o, H A7 SO 2 R AN 24 LB RS | S . B E T
PAIZB G 70 (dico), [EVHI5HE5E ' 11 M (key) AR E I

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

Ce. 'Dcab: '.format (table))

Jack: 4098; Sjoerd: 4127; Dcab: 8637678

F** 558, 48 table FARRIHE TS MORMEE, A —BRAOER .

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

BE X vars () HAEMRE, S8 R E R M. 328 0T DAl — (860 5 BT A [ 4ol 52 Y

dictionary.,

B, Fu RS E A — A HE B AR AR, 5 R T BT T

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

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

BIAMEH str. format () EATFEREAH ERMA, 5 W formatstrings.
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7.1.3 FEEXItFEH
T AT B A A 58 Y [l — 8P B Sr T R

>>> for x in range(l, 11):
print (repr (x) .rjust (2), repr(x*x).rjust(3), end="' ")
# Note use of 'end' on previous line
print (repr (x*x*x) .rjust (4))
1 1 1
2 4 8
3 9 27
4 16 64
5 25 125
6 36 216
7 49 343
8 64 512
9 81 729
10 100 1000

(FAER, (M print O FREMZ HIMA—@ZSHEE T EREER ARG [ BRI AT )

F RPN str.rjust () method 375 76 Zc I SEAH 2548, 2 B DAAG O DO MR B0 AT S A . AL
) method 34 str.ljust () fl str.center (). =% method A& AMEEIZS, HalE—{EHFE,
e AR, bﬁﬁf‘%ﬁﬁlﬁﬁ?$ T e AT A e s b [l e BESR BBk & %ﬁLTEﬁE’J%ﬁﬂF H
1_1_:%15%%&[37:7‘ MG Ey, AREEE e @A S R ER. (DR RENEEE TS, T A AR
x.1just (n) [:n] BV ER.)

%#@mwmw%mrzfuln,ﬂﬁﬁﬁ?%%&%ﬁﬁg,ﬂﬁﬁﬂﬁﬁ%:

>>> '"12'.zfill (5)

'00012"

>>> '-3.14".z£i11(7)
'-003.14"

>>> '3.14159265359'.2£111(5)
'3.14159265359"

7.1.4 B FRMERHZE

% JEHT (modulo, Hill) WAl AT HMfb. 7E 'string' % values ', string HTAR & &
B values B EMETCR IR IE R DAREl 7 H i fE (string interpolation). {341

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

L2 % EE /A old-string-formatting /M

7.2 BRIEX

open () IR [E|l—A>file object , T # MM BRI ESHHM— KB TFSH: open (filename, mode,

encoding=None)

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

M5 | o — R B S AR TR ”““ﬁl%l%tm%#ﬁl%% BT AR R AU 7 SR R
JG. mode [F] "' I, %%FM”’E%*%T%.T% ;B w Ry, FORVAMERBSURHERER (CAERN R4
HEEYIRRR); [E rar I, %Mﬁﬁu@ﬁﬂ@%%%, FEATE AR R & H B A RIS
iR, "o+ W RARAENE ZEEA TR A . mode 5| BUZRIRIEN), MR ERE "o
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WEE IR, SCHEE A text mode FTIFH), WatiRUL, RM SIS FAFE, X2 DA ERY
encoding JRf5HY . WIRBEAGIEE encoding , BRAMIRZ S5 F-EH XK (W open() ). KA UTF-8 @M H
S ERARHE, BRARVRAIE R T B N AR R B gAS, S IEUE ] encoding="utf-8" , YEMG
i E—A "o, ATPA binary mode $THF 0. —dEdIBER A BHE 2 DA bytes M HIEILE . 15
T HERISE AT SO, RORBESS AE encoding .

FESCFRE (text mode) T, IR & FRAE-F G4 E M7 RAF9E (Unix E[E) \n, Windows E[F] \r\n)
EEE \n. 7ESCFRIN AR, FRCEIE \n B REEIRP SR E T RATIE. SRR BN
FER B EOr B SCTFE AR A B, EgEBRG 2 orec 8 EXe FRE D kG k. 7EE
IR S8, E R — e B st

TEVEPIAE Y PERE, (] with BISET R MEGEE. @R, FEMEMSIR, BT RZ5] 3%
TOISL, WSO E IR . 1 with WHESHN try-finally B, RAGMEHZ:

>>> 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

WRAREAA M with BT, RIEREN £.close () BIPARESE, W RAS RIEEBOREE B mo R S .

el MY fowrite () WE, FFARMH with BEEFEENY £.close (), B SILES, Wl
fieBE £.owrite () A5 HEEAG BloE 428 ATERE,

Kﬁﬁ%éﬁ with BUA, B £.close () BM—EREYMEZEK, Bl HERY IS A8

>>> f.close()
>>> f.read()
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
ValueError: I/0 operation on closed file.

7.2.1 {EEWHHY method

AHEHAR ] B4 £ R REY IO

SUHBUE R EZE, AN £ read (size) , BRHEBHAHER, EATE Crmiat) sifiocsl
I (aEdI) B, size RESRIEMERY TS 8. B size A WS e [E BB, A R4
ey BE e ;AL S R A B M, SRR, ), &2 HE%R R
size BRI FI0 (SCFRIR) B size WURAGALCALEE (T HERIARER) Erbafiio R n . Qi ni e 85 E
REZRM, £.read () FHEEZSFER (1),

>>> f.read()
'This is the entire file.\n'

>>> f.read()

f.readline () MR THFIREM 1T EMT77C (\n) GWEETRMER, LAHHERLAZE
ATl EA G R AR AT g . a2 R A AR A% £ readline () [EIf—
Az Fef, AR CRSENE TSR, M TMERER \n', Wit A& —MEfTFIum 8.

>>> f.readline ()

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

'Second line of the file\n'

(T IHZD
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(R L —5)

>>> f.readline ()
T

AR PRI ST, PTDASME R A TR . SR VA RE A RO B RO . Pt AR U
R

>>> for line in f:
print (line, end='")

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

WRARAEIE — R R0 B AT a1 list [E], WTPAMH list (£) B £.readlines ().
f.write (string) fI string (B ARE, [ER{EE AR FICH.

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

HAHMBA Y2, 2t eMEEETe CrrEist) siocfsyer (k)

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

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

18

£.otell () MRS, BAMEEYIERZTNETIGE, £ ERRTRREEERG RS
WAL, eSO R R B B R T

ffiffl £.seek (offset, whence) W PAMUEEAE ZWIFRINLE . 7B T RE— 2% BN offser
w22 B 5 |80 whence G . 5 whence (E[F 0 By, Fn (i ISR BAEE, 1 FR 0 HE I
RERAE, 2 Fnfli A ZREE 2 8. whence W40, HIERMEE 0, BIDARERBTE/EE2 %5,

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

>>> f.write(b'012345678%abcdef")

16

>>> f.seek (D) # 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
13

>>> f.read (1)

b'd!’

TEXCTRSE (FERRL TR AR A b BES) t, A ARFAMHEHEEZ S EHETEE (H seek (0,
2) FEEERRA GBS, HIVER £.eell O REMHE, 5020, AZGRH ofser (6. HAWIEA
offset {HAS €V A & 21 7 E,

HERYIFEA LMY method, BZ2BAFMAN isatty O M truncate (); HWERYFM R
B R EUE 2% T,
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7.2.2 f£/ json REFHBLEH

7 T DA B G S R AR ey HU R R H read () method R, jELL 7 H
WEBLEAR int O EREX, BHEZ 1123 Bk, BRI EEE 123, FRE R AR HER
list I dictionary (F°4tt) SEEVHMYERFALIR, FEIRINT (parsing) FTFHIL (serializing) AtAE1HEIRE .

AF A 0 (5 FH 3 S B b A 2 R AR S A B R A i R (A7 2R ZE, Python SZ 38— M K A&
B2 EIRE L, FHE] JISON (JavaScript Object Notation). HE#ifE4H json A[H2UL Python &R E, [E4E M
EE 7SR BRI serializing (FF3)40) . T8 FRE B ERBIARE deserializing ([
r?;ﬂﬂc%oTg?@]%*ﬂfiﬁﬂ%Zfﬁﬂ, FONYIER R T AR R TEAR R B R, Sl i A s e
B3 v RS o

fii(E): JSON A CACH Hu 6 i BUAURE RS R 2B R A7 St C S e HAARERE, (B
[ T+ H AR (interoperability) fr) 18845 .

WA — R <, HHE—A7 RAR A R T A e i JSON TR IRIA:

>>> import Jjson

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

'[1, "simple"™, "list"]'

dumps () BRxH—HE#, FE dunp O, BHREAMEYIET I E e file. HitL, W05 £ 2—@ET
FATMBAErext file P, FATAT DATE BEML:

’json.dump(x, f)

BRI S, Wik £ 2T FTIF . MU binary file Btext file X5 :

’x = json.load(f)

ffi[El:  JSON ¢ 675 LA UTF-8 45 i%. 2447 FF JSON SC{:AE K — Atext file i 125w, (A

encoding="utf-8",

e B ] BEL 1) 7 8 A B AR AT LABE R List il dictionary , {HEAE ISON /S LALRENY class (JHED) EE6, HI
FESEESMO TAE. Json KA 2% EORH & Bt mE.

W%
pickle - pickle 4l

H1JSON K[a], pickle &7 3 BT 2 O EV 3 Python ¥114347 9Lt 2. Rk, EI[E Python IFk:
A, ASHEF B H A E = anw n M A R . TR, BHRAZ e R gk e T B
FY B EANG DR, S B A A 25T SR IR Y pickle ERHRFHIAL, T LABATAT 2 i A =S

72. BRIEE 57
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gHERFABISN

3 H aiE R EE S 2 SR, HARRERE T Hs], R RE e Bl L RaE .. R (24
WA ] ) s i M8 EIE] . 35514432 (syntax error) F9) 9] (exception).

8.1 F&/&# R (Syntax Error)

FAR R SURE T8 5% (parsing error), B B2 54 Python [ A% 5 i HE IO EA% -

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

A

SyntaxError: invalid syntax

Fres (parser) ErEELETIS—47, [EH—ME/D [HFE F5 1m0 AR B2 A0 58— ME S el . B2 il i
P2 AT AT (token) BB (A2 RAEEEMMEIRY) - Jepilh, SH@7E print O BT el
2, RAEREEHm D 7 —EE% (). MEAWAITRGUENLZE, FroAn R a2 s | B4R,
T DA 2 R E G

8.2 fil5h (Exception)

B — BepoA X sloE U T IEREIRES B RUBUTIR U AT RSB BUTIRAAR I E] 1 8 AR ) )
b, BISMA—EHRARE L RAR PR AE S e Python AR e s BRI B . AN K 2 i) B SN fr e
A, [EH G EURIR RS -

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

NameError: name 'spam' is not defined

>>> '2' + 2

(PR
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(R L —5)

Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: can only concatenate str (not "int") to str

SRR M IR — AT R R B TAFE . BIAME R TR AL, AR A4 R e VR RUE G — FB O i B
FR P FISNERE): ZeroDivisionError, NameError il TypeError., {EEIFIAMERIY: ELH )+
. BL2 95 O 1Ah (built-in exception) 196 B FOIEVAE G151 R IR, FLSEHR B8 T 2 1
MBI MR — 2 T (MR — A R . BEEGIAM 2 AR D s[E)F (dentifier), A2
555 B B~ (reserved keyword) .

WATHAER Y . ARG SMETA R S S R, [EH 9] S 4 66

DAL BREE, T HEEIMT ] (stack traceback) MTEABUR LGSR . —BORE, E&%A @51
JEREUHSAT (source line) (W HEEIMIM; (H B & BURREEERA P Uy R =0 .

bltin-exceptions & fifi 51 tH [E1 2 fr) 1 50 B &AM ) 7 5.«

8.3 mIEHISp

a2 P R P R B AN PIATIY . AT S0 & 2R i A B, BB Egim AL, A
TAFMAE TEREX (] control-c fERRBIBMIRS): LR, hHMHE LN
5| % KeyboardInterrupt FlAMEHE.

>>> while True:
try:
x = int (input ("Please enter a number: "))
break
except ValueError:
print ("Oops! That was no valid number. Try again...")

try BOASRGEME U .
s HoE, BTy T4 (try fl except BISFZ BMBUA).
o WIREIGEEBISN, HI except F &1 Gk, try BoREATo0 5,

o AREAT try TRIRFEEAE THISN, HIRE TR R R @ ki . AR BRI except B
TR BISNZRENAT, I except THIBHT, RIR, BEIT try PuAXZ BIFEHT.

o GNAREEE DB SRS except TR GBI SN TG, R ELE B SMNE R toy BOAZ an R 4k
HHEME H B2 K EIZH) 9 (unhandled exception), FTHHEIE, [EEE R0 EFRFHE .

try PR PAE AR H—f# except ), BRI FIAMEERIE , M2 A — MBI E GHHT.
JEIRE N IR try TR EE A GIAh, TR G R EE I — try BOAXEH AR E E s, —MH
except FAJ AT LA — 41L& SEEN tuple 52 GISh, FI4n:

. except (RuntimeError, TypeError, NameError):
pass

—fH7E except FAYHI class (FHE]) F—@EGISNE AW, HEE 1? 9[\mlﬁ~fﬁl class B2 [FIH:
base class (ELJFEHEE]) ; F2 A dm N N YA i (mélgﬁﬁ.) 4] except T-A)[E) A fEHH base
class FHZ%. fldn, PATREMS ey El 4 B, C. D:

class B (Exception):
pass

class C(B):
pass

Q¥ #3)
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(R L —5)

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")

AL, AR except TAIHIEFFHU I (f except BILEISE—fH), HI@EIH B, B, B—5—fAff
1Y except A1 G

Bt —1H except TR ARSI ANE TR, PABE— BEFRFTA HABGIAh . (A6 R/, EE R
iﬁ@%i&ﬁ’i’iﬁfb%@iﬁiﬁﬁﬁ%ﬂd EAAT A B AR, ARAR TS BRI (i mT DASE HE
ZBish) :

import sys

try:
il
s
i

open ('myfile.txt")
f.readline ()
int (s.strip())
except OSError as err:
print ("OS error: ".format (err))
except ValueError:
print ("Could not convert data to an integer.")
except:
print ("Unexpected error:", sys.exc_info () [0])
raise

try .. except BUAIUH —HBRIEN else T o1, N, % THLHAENTA except TAIZ1%. W
— B RS BT, E try TR SUE G ISR, SR T ARE . Bl

for arg in sys.argv([l:]:

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

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

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

i else TAJILI tey TAUSIMA S AL A2 4y, H(E)E W] DAE S RSPl R 2y ey
except BUALR#ERFEAXMEITT] EHIBIS

E’Wﬂﬁl\iéééﬁ%, EATREA A B, BB 7] B 5 | SN B e B, R IUE R
BISMRHEAL.

except T4 DATEBI F 4% FAZ THI 5 78— 5 8. 33 {1 588 Bl 400 o 3] — {1 51 Z1 B 91) (instance), Ho5 |45k
f74E instance.args W, [T HE, BISNEBIEEFR __str_ (), KILE 3T AR B A H i 78
51/ .args. VRUATPALES [EE B AmTsk S — B AN B, [ERE O T BB e I AAT A Ja 1 «

>>> try:
raise Exception('spam', 'eggs')
. except Exception as inst:
print (type (inst)) # the exception instance
print (inst.args) # arguments stored in .args

Q3
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(R L —5)

print (inst) # __str___ allows args to be printed directly,

# 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 = €ggs

BRSNS |, R E A Er g ETTE R BB SRR Y de i2 — B (T4 )

BIAMY JEBE AR oy TESL RIEE AR BilSh, 2P oy TA)E] (B2 E) W nu ) e sCETS
LGS, B

>>> 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 5| BI5b

raise BOAK AR SEHIBEH 5 818 E R BIsh. Bl

>>> raise NameError ('HiThere')
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
NameError: HiThere

raise WE—{93  BLRREIBIOPIS. #3IR0LAUL MO SERISISH class (A7) Exception Y
class). GISE-—MEBFISL class BEHE , T & N5 EHUIEI T @K (constructor) , {HE 9 H B &L H
% (implicitly instantiated) :

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

WRAR AR AR 755 |8 T BIAh, (BEATRES S, WA AR Y raise BUASURE M #3401
b

>>> 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
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8.5 fl4h&E%E (Exception Chaining)

raise BIAAR BT —HBIEMEN from, EEBWSIEGIINFR __cause_ J@MEMEE, KREHHIA
GligE, -

# exc must be exception instance or None.
raise RuntimeError from exc

LB, B ARA . Bl

>>> def func():

raise IOError
>>> try:

func ()

. except IOError 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

OSError

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

B OIIMNEAE—MH except B finally BeySMIERBYG 85y, BIoNERE & B 5k . 5125 LG4z, T
DA FIE HEE from None:

>>> try:
open ('database.sglite')
. except OSError:
raise RuntimeError from None

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

B2 B A B M I AL, R 5L bltin-exceptions .

8.6 EFM&EBERBIS

AT PATE I BT BRI BIS1 class 2R H SIS (TEA T Python class, 3 R.Class (F2[E]) ). A
e FLIGR R M, BISNE R EZIE Exception class 2L HIZK.

SRR DAGOE SO BEMUL M S P RO AL (3, (HIEH B PREF IR B, B RRIt—2emit, v
FHRL 14 S 8 AL B PR BOA R R BRI R -

K s bilshese, #eA [Brorl EELATS R, BUUUREEGISMI6S .

ArE A g E T M B CrBIsh, DA TE e R R B R SR . 2 W class IOERL, R
R.Class (#a[F)) Z=fi.
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8.7 ERFEEE

try BURSA 5 — BRI R, e SAE T A B N A TR BB (. pian:

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

Goodbye, world!

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

KeyboardInterrupt

2R finally FAQMHAE, I finally FAIEE try BOAXGTRAIATA R —BULH . A try B
B REEEGIS, HEMAT finally TH). PAFREHRSBISME LR, HEIAE R

o HTBISNEER toy TRIHATIERE, RRZHISM B except FHIEM . AR HISMNEA
W except THIEEHM, EGTE finally THMATRBERGIE.

o —fEBISPATREEE LN except B else TN . Ak, BZHBIAMITE finally FHJFAT
TN EIE S

o N finally F4A)#IfT break. continue B return iRz, HIFIAMNSE W BT 4.

o WA try BiAIES| break. continue 5f return BiiAzL, Bl finally THAIEERFT break.
continue B return BRI HiLHAT .

o QR finally FAIHAE return PO, APEEEEREHE finally THIH return KA
AR, MARAE try TAJH return POz [l (.

Bilan:

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

>>> bool_return ()
False

I3 {1 LR A 1 4 19

>>> def divide(x, y):
try:
result = x / vy
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):

Qs
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R E—F)
File "<stdin>", line 1, in <module>
File "<stdin>", line 3, in divide
TypeError: unsupported operand type(s) for /: 'str' and 'str'

WARFT AL, £inally TATEARMIIEE NS G oo AT, WIE PR AR BTS 1 851 TypeError M # except
TAJEEEL, MCEHE finally FRIBATIRGCERT] 4

TEREEMAET, finally TABARESNEEI (FIEREAEEGEE) AN, e iR
R

8.8 TAEBRAIFEBE

FLCM PR R T AR AN P SR A ARE T BB A S O R VRS R B . SR AT
#H, EEMHE AR, EEmERES .

for line in open("myfile.txt"):
print (line, end="")

ia BRI BUETER , AT 58 s R, Rl S8 AE — Bl Y IR PR (E B R DR A8 o e i )
AHEAE R, (HEREBOR R AR AR E AT RE 2 18 B . with BOAXGRYME (GIAESR) TERL
JHE, REPRREE AR SRy . IE s B

with open("myfile.txt") as f:
for line in f:
print (line, end="")

BRA TSR, SRR PIEIAR B R M, S f RS S BIP. FIE R, RO E R
BRG] SO R E — B
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CHAPTER 9

Class (#a[F))

Class $24t 7 — &5 & SR BTN RENY T Be . 37— class A5 Ergib— a9 2 [E] (type), [EJH ARFFEST
ZBUEIH B ) (instance). B—1# class BB T DABEAT — Lol k5 5% B 9IR REAY B 14 (attribute) ., Class B 3]
WATPAA —28 (FH: class AT EFEAY) method (5¥E), FIMEMGEE BIRIIRGE .

HH A FEZCHE S A, Python () class #H1[E] class 381 Tt /D RO FraiiE IRsE 2 . iR & T C++ fil Modula-3

1Y class #§%], Python [ class $24L T FrG My {2 F2 2 i 51 (Object Oriented Programming) Fit) 2 i 47 (1 -

class 4R H /077 22 base class (FLJFEHEE]), —1{# derived class ({742 4HE]) W DAZEES (override) H: base

class [J4T-4f method, H.—{F method W] DA AH 7] #) 24 R 1Y L base class ) method . )4 W] DAL AT K

i AT BRSOk anfm BT K, class L HA Python (B RBRHME: M MAESATI (runtime) BT,
HAT DAE N 2 BRI A

TE C++ BIATEEF, class A (EEERME) WEAZAM (BTAREZ: 248 %3%), Mram
mﬁﬁﬁﬁmlﬁm 4n[F#E Modula-3 H1— ﬁ Python [EI[EIA H (L 25 7T ATE Y 441 method [E)22 i H:
A method pFCEL—{H SN (explicit) . 55— RY A0 5 1 BUg S Ay, 1 005 | SO AR 0 Ry BE
(implicitly) ##fit . 41RIAE Smalltak Hr, m%%m%@ 1B (E) import J E i A IRAL TREE . B C++
il Modula-3, Pyhon [El 7 ZU[ETa] DA% f# F 2 DA base class A H A% 7T (extension). 55 4b, UNFEFE C++
e kgﬁﬁ%%l PR E AR (BARER . ) AT PAE T class B4 I 9 5T E %

( H A B = 30 BE #2252 H) ARTRE 2SS i class, FRAHH & (1] Smalltalk 1 C++ f91A75E. F & ] Modula-3 )
ik I. E l:lﬁ C++ BT Python EI’J%FF%[’?.:H B, (HIRTHI LAY E%‘%ﬁ’ﬁj_ E.)

9.1 FARaREEYHFI—EEE

YrEA (R84 (individuality), H%@%%(T%@Wmﬁ@wmﬂiﬁ%Wﬁ%QMW%%#eEﬁﬂm
FEE HREIE4 (aliasing) . FIUKIZME Python Rl # N GBS A8, MHE B HLN T4 () HAZIE] (¥
. 7. wple) K, WAL Z0E. SR, I%TaﬁTﬁ%#(mmM$ﬂ)(mme
() . AR Z#H AL BIE]) ) Python X AGRE R, FIRE G A BAMARER . BlEA AR, H
(BB 4% 7 260 T R BUAS M3 4512 (pointer). ZR(5I2R(E), EEVERFEE MM R EA, WERA T
PR ERAnE B T — VRS | S e A, PR R (caller) REE] REESEME— EIHIR T
AE Pascal H i {1 AHETS | #5 B A% 0 55K
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9.2 Python {Ef1E (Scope) K &&= (Namespace)

TEAN4R class Z 1, FRWME S 5RVR—LL B Python fE FHISAYEA . Class definition (JHEISESR) DA S
L T —SC R 42T, TARTS 2 T AR I S A i 4 2 [T A A RE e B IR A S g7
—3E, BRI E 0 3R FI T T B Y Python R ETHRTAT 2 RA I .

AR — L PG -

2 MR R B Y R jtil%‘é’]ﬁ% S [ B AE#D A2 PA Python [¥) dictionary ¢ B AE, {HiE A
GUMEM g (BT keE), HETTREEFER R E . M SHMe 74 ERsmrEs (B8
il abs () ER, %ﬂl@é’]fﬂ%@%ﬁ) FEAH 1) 43, (global) 4478 FITE bR 2 I v i ek (local)/%
it o %@iii Y B A E I N — M 2 25 . B a4 28 F'EJE’JE%F%E NG EAe
4 s FEEEE BEE; SRERE], WA —ERrRALHE T PAEFE— M maximize BHIAEIE
i BALR B 2 L ZEE e N B RT4R (prefix) AR A% 7

NG —42 , FRAd B b (antribute) 5@ AT, FEARR)SE (dot) AR THIHYAEAT 4 M—Biln, SRR 2. real,
real I z I — R ek KE, BT AR 2 IE e B2 I 85 nodname . funcname
1, modname JEBHYIFIN funcname R ERE M. 7EEREWET, AR E MRS T & F 4l
AREBRETS A B ML TR R Y fir 4 2s [H]

B AR MEE S T . EREWEET, BB L TN, SAEE R TR R
T PAE modname.the_answer = 42, A& B AH del BiAREIRE, B4, del modname.
the_answer ¥4 [F modname [P EIE B the_answer,

fin 4 25 MILEAR IR 20 ey, [ A RIFY F . 4 Python HARAREEIRE, A IR MR iy 44 25
i, EIH KRR GBI, SRATE s AR, B a2 = M g godsr: —REE TR, £
AELF) iy 24 25 1]t B R A ) LR A R . B B Y TEE A ) (top-level invocation) FUATHIBIA L, A
HEEAEE I o2 BB, G E—ERE __main_ B —S, BHEMASH
Ol aili M. (@A e s —mgdr, el builtins.)

PR Y IR iy 44 25 TR R AT Y el xR IR ST 1, T R =R B, 505 188 1 AR AE R U P BEH Y B A0,
Za e ER. (FBL, B nﬂnz?* WEBRE AN FENEG s ER, BEEE (recursive
invocation) #{A H C.HY &I dy 44 ==

1 A 382 Python FEaXH il — {EUCZIKEEE (textual region), 7EULIE, v 232 vl EEAF Y. EE
[l EHEAAR A ) BIRE, H— AR ERE 2 ] (unqualified reference) AJ DAYE fiy 44 2= [H] [E) B Rl 3 4k
EAR

BV e ERe e, (HEMeB i ng . T B TR e, #ef 3 54 [
ORIV, Hoa 42 25 B2 T AR B A7 B -

o REEENR, GREPRS, MEQE TR

« AEAT4M i 5% (enclosing function) {38k, fr 3l 51 BB JF BB (R A, 085 7 Rk
(non-local) F14E-4:18; (non-global) 144 F%

o RIS ARAE I, B A RBAL B A A
o BOMRIMIEEL (REERS), 2OSE@RAmraHs 2w

w% {84 s 2 E A, LA 110 22 MR RIAR (06 P 500 o A AL 4004 AR P R . S
GRS E OS5 8, 7T DL T nonlocal Bkt A1 HRSEEsMEA e 25 nonlocal,

WgﬁZT%E?( BB A S b S G 7 A R B 1 BT sy — 97 4 L0, 1) 4 91
[ Ao

s A ek 2 1 (SCAREY ) B ml ek i a4 1. 7 pR AN, Eﬁﬁﬂ%iﬁﬁﬁéﬁ?ﬁﬂﬁﬁ%,ﬁﬁ
*HI_JE’MB% ST AR i 2 ] %ﬁﬁ Class definition 75 [ {1 Ik PlcE ) — v 4a 5

a’%‘)é BT, E R AR E e R EAL T e AR, /ﬁ\éﬁm/ﬁ)ﬁiﬁﬁﬁmﬁﬁﬁzﬂm/ﬁ% S,

l%l—txzﬁéﬁfg'j[//\ﬁ..%ﬁ?”?”q F—J7 T, %@*ﬁmEWﬁﬁETﬁﬁﬁfﬁﬁ (run time) B B8 5¢ 1Y
Hi2, SRS ERMEE R, IESHILE [ 402 | B (compile time) [7)(FI8E 44 Ff# AT (static name resolution),
JIT AN B A A Bl 8 4 R f#ATT (dynamic name resolution)! (6 I, }%iﬁ A e A2 ERE B E E . )

VE B4k, B — A R v, MBI __dict_, ERER RS A4 25 B dictionary; _ dict_ jE
{1 2 il — B P BN R A I g R BEAR, R LB I S i 4 &S R EE VRN R AL, T T RZ AR KR A A S A R E5 4% (post-mortem
debugger) Z JAIH Y .
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— il Python fFFIRIEL 2 RINEIH global 5 nonlocal BASKAIRUR — Z I (assign-
ment) G4 o) e E g A . BUEA @ EER—— e g i =0k, ERti@—i: Bk
X del x FfEEEAE S M ar a4 S BIRER < A . S99 L, 51ACHTA MY B A S S 6 s A
R FFER import BOAXFIRACESE, Sl sl (BRI A ul ok 4% i

global Bid =Nl DA AR E /R ER & 8 O I e S A, % bl B 48 1 FIFRE]; nonlocal BRiREC
FORFRE SIS SNE VE IR, MRz bl F 0 e BIFRE

9.2.1 {EABf&E=FHAIEH

B, A2 RO RV R R dr 22 251, PAK global fil nonlocal Wil 55 258 B 45
E:

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)

PR RS i 1 2

After local assignment: test spam

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

R, BEREYE (FERIEE) Sels scope_test ¥} spam 845 . nonlocal BR{EMEE T scope_test ¥}
spam WAL | T global BR{E MU 1AL R A, o

AT LABE L, 7F global B 1T, [EVE % spam )4k,

9.3 ¥R class

Class [EIH— 888 0RR:, MBI IFRE], PAR—LSRiiei.

9.3. # A class 69




Python Tutorial, $[F] 3.9.21

9.3.1 Class definition (3E[EFE$E) =Tk

Class definition 5 & BLAG AR :

class ClassName:
<statement-1>

<statement-N>

Class definition, #N[FAKAEFE (def BRiANX) , WHIEEMAEMBCRAISEHIIT. (FRATAEIRIL class
definition {7 —M# 1 £ BOAK5 3, SR AE.)

TEFLAERE, class definition [E) BOAE # € kiaUE 58, (HHADBOA X MR AFrly, ARRAH-— 3%
R Gl E)EE . Class o) ok U SOE @A —RE R 5| Mo FPX, IET method fIFNY 1 1
— UM, BRI AR

A class definition, — {14 25 M e, [ BARE I/ s Bk, B b deiss #or)
RRELHAE AGE AT i 2. ASIERE , oot o6 G e D 45 Rk 0 4 T

IEHH (145 0E) BERY class definition W, —1{l class 4 - Erpliidar . A Fg 254 (wrapper),
#2% class definition F37 44 25 FIEIZS s FRAMGREAE R — 8 S0 1 fi# class 0. JEART) BRI AE 4 (76
i A class definition 22 {j CAE SR IVE I & R1E, eI class P14 &g 8 45 3 class definition FZHE HP 45 HY
f class 27 (ZE#E%PE className).,

9.3.2 Class ¥

Class ¥{F 1B Wit EE : & 22 18 (attribute reference) F1E {54k (instantiation),

B 1t % B2 fifi ] Python T LS BIMARMEREYS . obJ .name. HRUWEMELA TR class P14 @ AL IRF
class (124 S A 124 f. ITPA, A0 class definition 7 AR M4 15 bk :

class MyClass:
""nA simple example class"""
i = 12345

def f(self):
return 'hello world'

HREIMyClass.i fll MyClass. £ # & 3AE iﬁﬂﬁ, 4 (B ] e R R — W R X . Class J&
PEH A AR R IR (assign), FrPASRAT DAERI(E 58 MyClass . 1 {H. __doc__ @ —HA M E I,
& o] {388 12 3% class BEIH]Z 5 (docstring): "A simple example class",

Class K #1817 K35t (function notation) . i#4 class ¥ 2—MEA 2B R, © {3
i class BB, BN (2 kA class) :

x = MyClass ()

7. class (R B ), [EG YR IRAR W 0 x .

BEHIACEE ([PEny ] —f# class #914) € — WS, Q'Fﬁ class B ST YR 2 H 7T R0
EEGIRIMIREE. FIL, class AR —MAE __init () BYFFE method, BiEkE:

def _ init_ (self):
self.data = []

H class EFE T __init_ () method, class B HIALEEHEN class BB HEFHM __init_ (). FFLME
EEE G, R AR AR BB AT AN RS

x = MyClass ()
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WA, __init_ () method WREE] T E L MMM AT ¥, EEMEIEET, B4 class BHILEE T
Bl Eerm gL init_ (). Billn:

>>> 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)

9.3.3 EflMt

BUAE, AT AU ] PR B G F 7 B Re B AR M R R 2 M . A R R A
LB (data attribute) Fl method ,

ia?%ﬂr%ri?ﬁﬁ’% Smalltalk iy [ECHIEEE, PAK C++ Hiy RSB ], SRV IEATR P Al

Sk, EMTES—RPIRER G L . BN, R x Jg MyClass 1 Bk 1 @SR LB,
Tﬁlﬂﬁ?&iﬁﬁ%ﬂ%ﬁfﬂﬂfﬁ 16, MAE FEE:

x.counter = 1
while x.counter < 10:
x.counter = x.counter * 2

print (x.counter)
del x.counter

EWJE’J% — T L2 B2 method . Method 22— [J&H ] #Fr k=X, (7€ Python 1, #73E method [FIR
12 class B BT A 1 - /ﬁ\ﬂf_ﬂ‘%ﬁ:ﬁg.ﬂ{—f DA method, 0, list ¥4 H A #EE] append. insert. remove.,
sort & method. {HJ2&, £ FIIAETER T, TR A #75E method ARELFRIR class B 441 method, [
JE 55 A I HEEIRA . )

B 976 2L method & FREUETA I class. #RIEEFE, —MH class F AR RE1E, steseTH
) ¥ E method. FIrAEFRMAGBI T, x. £ &AL method 2 I, MyClass.f &K
A, Hx.1i R, WEIMyClass.i g, {H x.f Bl MyClass.f B A—EH—8 210 method 4
B, MR

9.3.4 Method ¥4

W, — i method YEE A bE HI Y :

x.f()

fEMyClass MBI 7, B RIEFR * hello world’. SR, [EIEMGAZSLRINEI—{# method: x. £
&1 method Py, [EVH. AT DABERERUEE, Z AR g . S 2K (E):

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

MG EEE I hello world HE|KycH#,

# — il method %ﬁ”‘a’“Wﬁ%%@%éﬁ%‘? PRATRECASERF] x . £ () PR (EVA AR B, A
£0) BRRE AR E A5 8. S8 005 | e A T AHEIEE? (A 75 5 B ek s 1 (B 4 £ )
5| %y, Python %%@%‘I%%ﬁﬂ%*ﬂﬂ@%ﬁ%l%ﬁ%%@iﬁ?ﬁ@ﬁﬁ...

FHE, %EIQEE'%@FJ@JT % method E’J%%ZFETBG, O AT o X i 20— (5 | Bl (AR
TERMEBI T, = £ O BEREFMERR MyClass. £ (x) o —HREl, FEM—(EA n {f5] %) method,
%WEGH¥HQ~{E%EE?T, HEG 8535 (argument list) %}i@iﬁt EAEEE— (5 | BT A% method F
Bl
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WRARAIIRAR T i method /EEENE, H—IREMEWREGERE L, B MEMHKIEERE 2 1
e, SZ BB class G . WA R 2 — (AR class J&{PE, M H2— MK, Bl—1# method
YIS sr, B R ATE (FEm) sZE G g 2 i ek =, TR
: iE w2 method P4, & method {3 MR 5| BF) FepnFnd , Rl — (B30 5 | B R e i B ol 1
FIZ5 | Lo, MaZ ek =X & DA (B B 0 5 | 85 e gl

9.3.5 Class R Eff|E &)

— AR, 9 5 O A — U B R R, T class S8 UM IR B class BT A B8 1) 3L =211 o 1

method :

class Dog:

kind = 'canine' # class variable 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’

QFILE Bl 7% 4 s o — 35 B SH, SESERORORI R Bomuable Wi, 4 Tist 1 dictionary, 7] fig & [F)
AN R A, BOIRE], FHFERHEH tricks list ARERZVEE—{H class 528 A, HELS M list J&erk
FAT 1) Dog LI 45

class Dog:
tricks = [] # mistaken use of a class variable

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

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 # unexpectedly shared by all dogs
['roll over', 'play dead']

IETRERY class it e o 1 B 7 5 B

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)

Q)
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(R L —5)

>>> 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 FEEMMHL

PR R P 4% A ) e A — (8 2 A — {0 class v, R kP 4R g AL IV o -

>>> 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

RORE 1 AT RERE method BLR BN — G ([F(E5E]) M. dugel, class Anf AR E1E
Aopr S R ], F9 b, A Python PEVA LM AT BRI 7 vk, T EIHIBEHUE R — S #e R i
Ble (5—T5T, A C #5514 Python A1 T DASE 4 B8 1 15 A 6 () FL7E A0 SERF #2240 PR A A7 IR 3 WT DA
BEPA C #iF5 1) Python SEFETHEM - )

e VM /IO B R 2 V3 i IV 9 P R B, TR 798 method 2456199
REEVE. VER, AT AR Y O SRR LB B G, (FUR IS 2 method ROATREME, HUEEREGG
BRI T —— BV, 2 1 T DA T A R

1 method 1 2R EOREE (S AL method! ) RV MRS, FeBEBLEBEIE N T method (AT
P+ EIFVEE method W, (FR frifbis st s A B0 (152 8.

W, ITENE G EAEE self. EEEMEIUE MR self 55184 T ¥ Python A(E)5E &(FHHE
M. (TR, WRRERIEG], frrfe=NasnT ae s Kot Python Pt A EI v R PEELAR, LT,
LRl DAREAR— {1 R] BE A5 AT A B M A 55 1) class [EJ5E 25 (browser) F23X.

AT — M AEE] class J& 1) ok s EEBENRZ class BB EFE T — A ERY method, HRzUERA—E LA
FrFE class definition B SCAH s pR W48 E 4 class H ) [ A B 2 T ARG . il :

# Function defined outside the class
def fl(self, x, y):
return min(x, x+y)

class C:
f = f1

def g(self):
return 'hello world'

h =g

BIAE £. g Ml h # 52 class ¢ (@M, EHEHERE, FreAERZ class C B %) method —h Hi g &
SEAE—RR . FETER, BRI e e R i R TR K
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Method A] DAFEH(# [ self 5|8 method J&#:, WEIYHEAth method:

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)

Method 7] DA F S — i o 20 ] () X 2 I8 3k 44 A6 . B method AH B A0 38 4E I, st & HE &=
P4 . (class 7 AN G g FHVE A IRAE HI. ) BESR AR 7B 7 method HH (i FH 3 & kBHY 780 Bl , (A4
WAE G 7 2 Gl - Fer(E), ¥ import 2483V FH I8 sk S RIEA, AT DARE method DA S AE#%
VR R b 2 3R R U class R . 3%, 07 method /Y class, B Bt 2 Wi e 715 1 43 A A 3k,
TE 1, FMKA ] method FHE S H L) class fY—LE 1T A

AR — W, FIHEEA W cass, WATDMEEER npe (R(E)). EPAobject. _class__
Behibfs

9.5 #&% (Inheritance)

WK, WREE SRR, [class | G5 SFF QA EAPAEE class, —{f derived class (74 HF]) &
TR AT -

class DerivedClassName (BaseClassName) :
<statement-1>

<statement-N>

4 BaseClassName # 5 FiVE B ZH 27 derived class [ FRIUVE . ZEEE base class ()iE
HIE) R, AHATEER MR . EeRAH, Flan, % base class JE7E 7 —HHH
Al e

’class DerivedClassName (modname.BaseClassName) :

|

AT derived class jE FHiEAE, HLHAT base class #H[F]. 5 class Y){FPHMERF, base class G#tfl. B
FR BT S B SR SR ) JB 1 S YA AR % class W3R F, R Er 4 417 base class 83, [RUN#%
base class A< 512774 1 Hofth class,  HI 30k B € & [EIHb 9k HE A

B8 7~ derived class 1) BB AL EIE A i [F]2 jE: DerivedClassName () € @37 3% class 19— {57 B 4 .
Method 2 FRPAATANS © SBHIERY class B Eralid¥as, AR, 3% base class FIMK(EIE T, W
WEEA T —HE P E, JI3% method ()2 RA RN .-

Derived class ] DA %8 %5 base class [} method., method £ 1 7] — 8 47 4 1) HAth. method IR¢[E)A5 4(E)
HIAE, Fr DAY base class ) —1{f method FERFRY AH [ base class H1 i€ FE1 55— method ¢, & E&r
WY 21— 78 55 B 11 derived class #1[1) method. (4% C++ F2=UstElfi: Python H' i method B X [#k2

virtual,)

—{li £ derived class 7 %5 [ method W] GBS B & AH 4K 7e 1 31 B AR AR base class HAH ] 44 F§ 1) method..
B PPN base class [1) method A —{Ffij B 5 HEEIFIY BaseClassName .methodname (self,
arguments) . o A MHEEWBRE M. GEERE, HAFE base class 7 4 3k 1 A 5 7T DA A
BaseClassName #{fEBURE, B HEAHFRL.)

Python 7 i V2 b 28, 1T DA JH 7K -
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o fiif] isinstance () HE—@EFIFAIE): isinstance (obj, int) HAFE obj._ class__
& int BT int R, 45RA @2 True.

o f#iff] issubclass () H|class #E/K: issubclass (bool, int) i True, bool J& int
14 subclass (THEE]), {HiE, issubclass (float, int) J&False, float EIAE int 1Y
subclass.,

9.5.1 ZEHI*X
Python 1,37 4% £ B4R IEE . —1{4 1 base class [ class definition & KBk T

class DerivedClassName (Basel, Base2, Base3):
<statement-1>

<statement-N>

ERZHEET, wEEAETFE, R LEHEE%, $id4K H parent class (HEE]) MoEE, Hig
SEAE: WL, 284, EREEREEWMIE class FANEEE S, Hik, g g e
DerivedClassName [EJE ¥ E|, HITE Basel |, % (GEEM) 7F Basel ¥ base class Fi# 7
BntEARE L EH R BI5E, &7F Base2 #a, KILEIHE.

P b, TR 2 method HUMEHTIEF R IIEMEL, DAKIBE super () HIAENEI. EMH)y
ATEH A 2 AR h, FEIEN] (7% (call-next-method), FLHC7E HL— 47K 3 = i) super call
(Bguen]) AT EEK.

BReHE 2, HIEZ BRI W EE R - 2 2E R R (E (Hd %20 parent class 7]
PATE IR0 class 3251 22 (M B ASAE ) o N, Frfg Ry class #4EK H object, [FILATAT & B4R 1
[EVERHR ML T 2 (M 3)3% object RYIAR. [E) T k4 base class #f 2R AFHL, By A A LB L g8 =
JEFEIEAL (linearize): 4 B 4E class B E AL 2 B4 O NIE)T . H4F A parent H Iy —yk . i ] B
ARy (monotonic) 2 (BEZ, —1MH class I PA# subclassed (FAHEIL) , TWiAS € i 2L parent (118 5
BIET) . 2, a2t aist st Bl S T 7e . B Z HEAKAY class lUEIfE. HLE2EH, R

https://www.python.org/download/releases/2.3/mro/ ,

9.6 FAREH

(R (private) BEGIEE S, FR10R A EIRE MEAF U B, JE1E Python F@ANFFAEN . (HZ,
K2 Python (¥REs AR REy — MG WisRE—IREN AR (W0 _spam) BEHHIE APL (fEHRE
XA HIEAF (non-public) #B45r (MEH T 2R, HIESURERRE) . EHHE—MEEME, o
A, IRASATER.

BESK class FAA R E B A — AR A F] (RBP4 FEEE subclass 72 381044 Bl 28 ), B MM HI A7 e 7
—{AAG FREISZ 3%, FEE] name mangling (& FiA&H) . ATATkEXE __spam (ZDWifHETE FEE, &E—
fH K FIKED) BP14:4 %% (identifier) G9 CAR M EEIE _classname_spam, £t classname jf
SR PEIE N EERE ED class Z85. HIELSE B M2 TE class FEFRZ B84, Et @R LBt
AR FEEAL B IR E R 52 A

# R 15 i3 8 subclass 7 method T/ FI R class [EJERAY method MENY , 2 B . 2245 2k (E):

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)

9.6. FAEEE 75
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(R L —5)

__update = update # private copy of original update () method
class MappingSubclass (Mapping) :

def update(self, keys, values):
# provides new signature for update ()
# but does not break __init__ ()
for item in zip (keys, values):
self.items_list.append(item)

¥E LB, E5AE MappingSubclass #HIA __update sEIFF, tEEIEFESE, HEE Mapping
class #1, B &9 2 ([E[E _Mapping_ update, i £ MappingSubclass class B, ‘B € gk & [E[E
_MappingSubclass__update,

AR, BRI R R GRS AN B T BRI B — R DAL A . ETERRR IS IE T
BENRERA N, BIATERR#5AS (debugger).

FHMBHEE, ELE exec () Bl eval () RIS S class 14 FEGIUEH B class; 55/ global
B ZC I RCRBEARL, 2R R R R A L Bl (57 JC A A i 7% (byte-compiled) MARZCAG . [RGB ) 15
J getattr (), setattr() fldelattr (), PAREHESIE _ dict__ i,

9.7 #7(L88

WA — @éﬂﬁl KL Pascal ) [record] = C {1 [struct), W] DAS—2645 4 R0 RHE H 1040 7E
—i, AREEGRA M. HE M2 EM class definition B AT ABHTE :

class Employee:
pass

john = Employee () # Create an empty employee record

# Fill the fields of the record
john.name = 'John Doe'
john.dept = 'computer lab'
john.salary = 1000

TR s AR R A 4 R EN) — B Python R, 89 BEAEEIE — {1 class 2Rt I class BifkE % G R}
A £ T method. FlAN, WA R, b’@ﬁé R S SRR AL SR B ekl R AT DAE 38
—ff# read () fl readline () method [ class fEEE A a0, WFH &G ak, EHE/ERS
BRI

EWJE’J method A EAEM: m.__self 2 methodm () WEGIM:, 1 m.__func__ HI
s&i% method Jir %} JE 1) & 2 o

9.8 [Fl{t2E (Iterator)

FIHAIELL, FRATREC AR R 3R 2 MU 75 4% (container) IFHR AT DAGEH £or BOAR A TEIRE -

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":

(F a0
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(R L —5)

print (char)
for line in open("myfile.txt"):
print (line, end='")

B ARSI R E . [EURERAY 6 FIAE Python i JE ] B H Y80, 7E4#EM%, for BuA
ETERAY: EIEN iter () o R EE—EEREYE, WYHEFRT __next__ () method, it
method & — AR TITE. HIIUE MR, __next_ () f§5[# stopIteration fl4h, il
M for K LEIRE . AR AR HIE K X next () 3RIENY __next__ () method; &6 F /R T ERYiHE
Y

>>> s = 'abc'
>>> it = iter(s)
>>> 1t

<str_iterator object at 0x10c90e650>

>>> next (it)

lal

>>> next (it)

lbl

>>> next (it)

'CI

>>> next (it)

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

next (it)
StopIlteration

F i ECE 10 E R A H1 18, FERIG class I AERESSATEMRES 7. €58 _iter_ ()
method 2R H—H#E __next_ () method B4 K class EFE T __next_ (), Al __iter_ ()
ATPAH EfE sel£:

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 StopIteration
self.index = self.index - 1

return self.data[self.index]

>>> rev = Reverse('spam')
>>> iter (rev)
<__main__ .Reverse object at 0xO0A1DB50>
>>> for char in rev:
print (char)

w T o8 .
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9.9 [[J428 (Generator)

[l 25— A i g r B il B R TR B M s i a B s X — b, (E e 2l i
FHEF, Bl yield oA, MRAEEARR EIFI next () W, E@4E LRBERR M ERERLT (E®
FOFF AT EORME LA K E— A T BRiR =) . AR EEGIEUR, B [EV A28 v A 2R 5 -

def reverse (data) :
for index in range(len(data)-1, -1, -1):
yield datalindex]

>>> for char in reverse('golf'):
print (char)

Q O H tHh o+ -

FEAT Ry DA BV g8 s s i g5, tHAE JH DA class (EIEEBEIENR SRS 1, Rl i —HifHid . g EA: 2%
R A EEPRE RN 2, _ iter_ () Ml __next () method & [ Bj#l 7.

I3 —fE BR SRR R PEAE R, D S ORI LA TR BB AR R ROV Y 2 T B B AR 8 A R R X L A
self.index fll self.data ja/fEE Y =& 5 4 R EIE M

% 7 & BB 7 method FIGEFAEAURAE , HEVESSA LI, EME €& HE)5]% StopIteration, Hk
PRk gE aAE e, T EUCES e g B E R A S

9.10 [Fl42REHR

i S i B 0 [E)2E 25 0] DAES BG4 5 — e A iR AR XA, i ) 9 w9 J0L), list comprehension (53371 %5 A7
A, (HANEEE S AR 1695 . 8 A S at R BV 2548 57 B9l 4M# 262X (enclosing function)
JIr A (B (B A 25 5 43 X B 5 4 i) (B AR 2% 8 g A b, R s RS il (EL h BB 20, o B 45380 list
comprehension F[FIfi 408 ,

Biltn:

>>> 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))

[va’ 'l', 'O', qu]
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[FI#2

9.10. F4REER
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cHaPTER 10

Python 14 if X =T &

101 fERZHHE

os BALFRHL 7 B SRS R B Ay R 2

>>> import os

>>> os.getcwd () # Return the current working directory

'C:\\Python39'

>>> os.chdir ('/server/accesslogs') # Change current working directory
>>> os.system('mkdir today') # Run the command mkdir in the system shell
0

B import os MMidFE from os import *. igiffE R RS A E/EZER os . open ()
BEFE M open (),

FEME os AR BUSTHREETCE 6 0 dir O Rl help () RIEHA M-

>>> import os

>>> dir (os)

<returns a list of all module functions>

>>> help (os)

<returns an extensive manual page created from the module's docstrings>

E H A H DB, shutil SR TS5 (M i wi S i -

>>> import shutil

>>> shutil.copyfile('data.db', 'archive.db'")
'archive.db'

>>> shutil.move ('/build/executables', 'installdir')
'installdir'

81
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10.2 {EX 2B Bt (File Wildcards)

glob FAHERME T — =T DA H & 7 oo h i REE AR RS

>>> import glob
>>> glob.glob ('*.py")
['primes.py', 'random.py', 'quote.py']

10.3 &/ IS8

A TREAE H R a55 8. E2es g A list (8p31) JBRFHAE sys B argy BIET . Fi
WHEAN 4 3|#4T python demo.py one two three #4 LANHIH &4

>>> import sys
>>> print (sys.argv)
['demo.py', 'one', 'two', 'three']

argparse B 7R B ETE BRI RO B Ay 2515 1 8. AR EAR AT [ — (A s 2 A 5 44 7
[E-=203 VNIV ‘€

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)

Hpython top.py ——lines=5 alpha.txt beta.txt fFEAOFIHITEH, ZEIA G args. lines
#([E 5, ¥ args.filenames #([F] ['alpha.txt', 'beta.txt'],

104 ERBHEHNTREENRLE

sys B WA stdin, stdout, F stderr ZEJE 1L, BIE stdout B BB MY, 1B3F stderr A W H 25 F0 65

221 21

aeatUE :

>>> sys.stderr.write('Warning, log file not found starting a new one\n')
Warning, log file not found starting a new one

# R EA RN R R sys . exit ().

10.5 R LH

re BUAFRALERIFR A (regular expression) MU Y 57 P R B 5 22 R 3 (EVIE 1) HL 3B DA S B AR IR, TERY
Fora R R H AR R fRE )y %

>>> import re

>>> re.findall (r'\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'
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AT R TR AR, IR A By (RS, T H AR B method J2 LU -

>>> 'tea for too'.replace('too', 'two')
'tea for two'

10.6 Ey=24HRH

math BAHRAE T C b R i i S vy e o

>>> import math

>>> math.cos (math.pi / 4)
0.70710678118654757

>>> math.log (1024, 2)
10.0

random BEAER AL T REMEIR TH

>>> 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 BALSRML TR R R A SRt (AR, il SEREEEE) molbe:

>>> 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

SciPy BL2 <https:/scipy.org> A 7 2 HUH T A BRI .

10.7 #HEETFH

Python A7 i 25 77 HRAH i DA L s BRAR B 1 7 o s T BELAK 48 81 7 €45 ur1lib. request BEA1N] DATEAY
HEIUIBCEAIA S, smtplib W] AR E

>>> 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')
>>> gerver.sendmail ('soothsayer@example.org', 'jcaesar@example.org',

(FWAkRED)
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(R L —5)

"""To: jcaesar@example.org
From: soothsayer(@example.org

Beware the Ides of March.
mn ”)

>>> server.quit ()

(HERER R )1 rh 75 A A7 — (R T 0 Al - )

10.8 HEAELEFfE]

datetime BARPLFFE class W] LASRAE FIDA K Rp ], 408 i BLAR (E) AR AT . ASEAH SO I J00 BELIGS ) i
B, TRV R A R R ER AR F i AR A DA S . ARt B S e [ (EV B

>>> # dates are easily constructed and formatted
>>> from datetime import date
>>> now = date.today ()

>>> now
datetime.date (2003, 12, 2)
>>> now.strftime ("$m-2¢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

>>> age.days

14368

10.9 FHEH

LI AR RS A A S B A s A BB SR AL .t z1ib. gzip. bz2. lzma. zipfile PAK

tarfile,

>>> import zlib
>>> s = b'witch which has which witches wrist watch'
>>> len(s)

41

>>> t = zlib.compress(s)
>>> len(t)

37

>>> zlib.decompress (t)

b'witch which has which witches wrist watch'
>>> z1lib.crc32(s)

226805979
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10.10 4 EEE A

ﬁ‘_‘
He.
RORE), HATTREGHE M wple AFT B AAES [ S 3. timeit BT DURHE R
ANELHERAIE A -

L Python {ff J1J 2 R AL 1 Ak ] 1 ) R A AN 7] B 4 ¥R R RE 22, Python 42488 T 37 AL RE2E[ERY T

>>> 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

A timeit BIAHIRALEEIAMARLE, profile MIAHPANK pstats HIAH AR ML T SerE KA R X
T 5% (F) Ve 1 P 8 S 1 153, (time critical section) [ T.H.,

10.11 REEE

FER e RO A — Rk, R B BN B IR R AU Bt DAHE B R A rh R B i B i L5

doctest FALFRML T M T H., I alEARIE R rp R A0 SO HR AT . 15 st 4 ) £ B b
e BRI K AR s R EIRG BB e e . SR At s e, e TE ok, B
doctest FAL e s FE AR 1 45 S B [E) P Sc4—2:

def average (values):
"""Computes the arithmetic mean of a list of numbers.

>>> print (average ([20, 30, 70]))
40.0

mn

return sum(values) / len(values)

import doctest
doctest.testmod () # automatically validate the embedded tests

unittest BAANE doctest BHLBEMAS) , (H2 AR ATE ) Sh—(fAR 2 M5 57 o 5o e iy Bl 42 -

import unittest
class TestStatisticalFunctions (unittest.TestCase) :

def test_average(self):
self.assertEqual (average ([20, 30, 70]1), 40.0)
self.assertEqual (round(average([1, 5, 71), 1), 4.3)
with self.assertRaises (ZeroDivisionError) :
average ([])
with self.assertRaises (TypeError) :
average (20, 30, 70)

unittest.main () # Calling from the command line invokes all tests
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1012 {R4EHEE

"Batteries included” J& Python {3k 57 5L, 1o 1 i LA 0 1L KA AS P, kI s o0
fig, AEIAIE. (I

« xmlrpc.client fil xmlrpc.server MBS BLERE S REVA 2L W T/ — k. RUEHAAET

B FR, E AT EE R e E XML,

o PRUH email B A MIME FlHAth RFC 2822 #H B & T CFUE R SCF . AHER smtplib

M poplib JELE B AL S GBI ARAL , email EFHEA S SE R T AR, Wl LA S B
AT IR AR (R A ARER) AR VE A i SR B I

« json E{1# JSON BRI Z IR A RMEHT, SROLEIRM SR . cov SRR E G CSV (LAE

SRR AR A% X, TN EORLBEAI R AR A 3R ) xml.etree.ElementTree, xml.dom
Bl xml. sax BFAISR XML g H . £ABITG , ELoRAIE(FRE L T Python JE i A 2L
b TR 2 [ 2 (E]

« sqllite3 fiffl e SQLite LORME Rz — e, Fefit— MR Fr AR ZORHE, AT DABE ARGk

TEERMERY SQL FEIAZCE B AT 3B A7 I

o YRR BELAEAL, {15 gettext, locale fil codecs &M,

86
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cHAPTER 11

Python 1R/ iR =X BT E—F — &R

5 R R S 2 SR AR R T R A A . R SR AR A B/ NE A

11.1 HHER {1t (Output Formatting)

reprlib BAHRML 7 repr O MIMA, HFTHPRARRE R A BRI Bl I 1) SR A -

>>> import reprlib
>>> reprlib.repr(set ('supercalifragilisticexpialidocious'))
"{lal, 'C', ldl, 'e|, 'fl, 'g" ‘..}"

pprint WA REEEEAGE & B & i e g E ER s B, [ H 2 DA S T . 4
FEGE—ATIRE, [ESer IR S A TR, DAV R TR BB g -

>>> import pprint
>>> t = [[[['black', 'cyan'], 'white', ['green', 'red']], [['magenta',
'vellow'], 'blue']l]l]

>>> pprint.pprint (t, width=30)

[[[['black', 'cyan'],
'white',
['green', 'red']l],
[['magenta', 'yellow'],
'blue']]]

textwrap BAHREEMEA M SCARMBE , PARFOFE 2 I AR R -

>>> import textwrap

>>> doc = """The wrap() method is just like fill() except that it returns
. a list of strings instead of one big string with newlines to separate
. the wrapped lines."""

>>> print (textwrap.fill (doc, width=40))
The wrap () method is just like f£ill()
except that it returns a list of strings
instead of one big string with newlines
to separate the wrapped lines.
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locale WAL REAFHL—M8 & A H5 & SO A B EoRME U BORHEE . locale R4 1K) format pF 204 —1 grouping
JEE, T EB A BEAT (group separator) % B 4% k. -

>>> 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 ("2d", x, grouping=True)

'1,234,567"

>>> locale.format_string("%s%.*f", (conv|['currency_symbol'],

R conv|['frac digits'], x), grouping=True)
'$1,234,567.80"

11.2 {#&E#R{t (Templating)

string HAE S HZ LN Template class, S HIILERRIE & 0 B AT MR . EAHT
HMEFERA ORI, (B R 8
w7 R f ES AT 5844 A (placeholder name), ‘B2 $ II_EAr¥ARY Python R(EIRF (F-Rk. #erAi

TIRE]) W, fH OSSR EENAFSE AR REAE AR b S 2 0 7 R T T e A S . B 59
e EE 5T $:

>>> from string import Template

>>> t = Template('S${village}folk send $$10 to S$cause.')

>>> t.substitute(village="'Nottingham', cause='the ditch fund')
'Nottinghamfolk send $10 to the ditch fund.'

R AE dictionary B B 8 7 5 | #50dh  FE AL I B 45 98 01, FR[E] substitute () method j§ 5| %
KeyError. ¥ AE{E4[E (mail-merge) JEZ A HE AR, M Z IR B G RIA WTRER A 52 1, 1t
(i ff] safe_substitute () method ¥ @& — WRERA B>, ©aREENAFSEALE:

>>> t = Template ('Return the $item to Sowner.')
>>> d = dict(item='unladen swallow')

>>> t.substitute (d)

Traceback (most recent call last):

KeyError: 'owner'
>>> t.safe_substitute (d)
'Return the unladen swallow to S$Sowner.'

Template [ subclass (FHEE]) 1 PAFEE H 5T FAT9E (delimiter)., Bil4n, —(HAH H[EVER 2% A9t U B
A TIAE, ATDASESS I 0 S EEEAE B . W s o Ak N B4 5% -

>>> import time, os.path
>>> photofiles = ['img_1074.7jpg', 'img _1076.7jpg', 'img_1077.3pg'l]
>>> class BatchRename (Template) :

delimiter = 'S$'
>>> fmt = input ('Enter rename style (%d-date %n-segnum $f-format) : ")
Enter rename style (%d-date %n-segnum $f-format): Ashley_3%nS%f
>>> t = BatchRename (fmt)
>>> date = time.strftime (' 2d%b%y")
>>> for i, filename in enumerate (photofiles):
base, ext = os.path.splitext (filename)
newname = t.substitute (d=date, n=i, f=ext)
print ('{0} ——=> {1}'.format (filename, newname))

img_1074.jpg —--> Ashley_0.jpg

Qs
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img_1076.jpg ——-> Ashley_1.7pg
img_1077.jpg ——> Ashley_2.7jpg

SRR 75— (R, A 2 B g i A 6 A B R . S g T ATE) XML 5 L AlSC
TR HTML SRR B E B RTIRR .

11.3 = iE#Z £ 4 HE (Binary Data Record Layouts)

struct BAHIHE T pack () Ml unpack () pEz, AR ERE AT 8RR i HlRRERE 0. DAUT#FIE
B, Qe ARG zipfile BUAMTEER, 6 E)RE )5 — 8 ZIP A5 58 (1) £528H 3 (header information) .
JEE A R mE A T A TEDR 3 A AN U 37 TG ALY EAF S5 MK (unsigned number) ., " <" FOREAM 2 AZUE
FUN, [EMHE /N (little-endian) v 50 AHIE ) -

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
fields = struct.unpack ('<IIIHH', datal[start:start+16])
crc32, comp_size, uncomp_size, filenamesize, extra_size = fields

start += 16

filename = data[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 Z#77# (Multi-threading)

PUATHE )& 1 AR B A K (sequentially dependent) )25 AT 5 AT f# A (decoupling) FRI$¢ 7. HiH
MAEBAETT ST, A THE T LA 2R TH I AR s i ol 2 i A RS 1) S B RE 7 —MRAHBA R
B, AT VO WK, TE7— A4 Pt it 3

PATT RS HUR 1R BF Y threading BAALAMAAES SOE TS, i AR R AR A AT -

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 ()

QS
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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.')

ZWATHEIE AR R RS, S 2 M R s PR A AT 4% . [E, threading AR
HET Z A 5] 26 B PR 5 1A W) (synchronization primitive), fU3548H (lock). ZE{: (event). {&{4:5##, (condition
variable) FI5E[E] (semaphore) .

B E L THARES, (AR/NAREEHE R T fe s s e D VB A . BrDA, AR i i 1 3 ¥
&, EITE B EIRNAAIEE S B BB T4, SRR queue WA IR RZ A TG A 16 5K B HAELA T4
RUFEK . R Queue WA TRATAE I EAEAI AR, S 5 Reat. . EalgE,

11.5 HIFE2[I (Logging)

logging BALSR LD AEAR 4> H st Wik H BB R 5. fERMEOHEE T, HERME Guarsg g

sys.stderr:

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')

EgEA AT

WARNING:root:Warning:config file server.conf not found
ERROR:root:Error occurred
CRITICAL:root:Critical error -- shutting down

HEFEEE, GRS A G aiUR , i Erpl gt 3IETESN AR (standard error). HoA H 38 TE G
5, AR RS TR, EORHE (datagram). AHPEAE)RE (socket) B HTTP falfls. Hiiit 845 ol AR
BB ERET, AR M H (routing) 77,: DEBUG, INFO, WARNING, ERROR, } CRITICAL,

PV E R AT A ECBE G Python FRE, T ARSI AP T A4 O E LA 26 DA 7 ok 1
(), AT B S

11.6 555|F (Weak References)

Python € [ B /7RO B A4S HE (¥R W (41T 2 BB 5L (reference counting) (Bl F garbage collection
KBRS R) . & WS BRETEESEEREAA, &Sl el .

I 2R 2 ) AR A OREIARE B R, (ELE ATt 55 e W (AT SR Al g 428 e P e R e B e A .
A, B HEZBEEM, e — @4 e Mk A L (permanent) ()2 M. weakref HIALHRALK
THA AR HES 2 kBB, HaZ P AR, B H B — 595 2 (weakref table)
?J%MZI}% EEN555 | 44 fif 8 — {1 [ 1F: (callback). HLZL i 8 ] 035 B 77 (cache) HREE A AL 53 & 14
L

>>> import weakref, gc
>>> class A:
def _ init_ (self, wvalue):
self.value = value
def _ _repr__ (self):
return str(self.value)

Q)
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>>> a = A(10) # create a reference

>>> d = weakref.WeakValueDictionary ()

>>> d['primary'] = a # does not create a reference

>>> d['primary'] # fetch the object if it is still 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 removed
File "C:/python39/1lib/weakref.py", line 46, in _ getitem_
o = self.datalkey] ()
KeyError: 'primary'

11.7 {EHMN List Y TH

FFE BN ERHE RO TR, T DAZBEN Y lise (H351]) ZUERGNE . (H2, AW e i e &R
, H LR E AR
array BARML T8 array O #fF, EBE list, (HRERAFFIHN EOR HAE ST . "F i

s — R B (F 551 (array), DA A7 TCAL Y SEFF5E itk B (unsigned binary numbers) [Elfi#i A7 8L (2
fSE] "H" ), WITE Python Re#yy (i) IER list v, A (RIE F G 5 6T 16 1 f2 oAl -

>>> from array import array

>>> a = array('H', [4000, 10, 700, 22222])
>>> sum(a)

26932

>>> all:3]

array ('H', [10, 7007)

collections BAIRML T —1H deque () WfF, BE1g5E list, (HAEEZMHINNIA (append) FI58 H (pop) [
JFEEHEEL, TR A R e RS . R R B VEE)S (queue) A AR S 18 5592 (breadith first

tree search):

>>> from collections import deque

>>> d = deque(["taskl", "task2", "task3"])
>>> d.append("task4")

>>> print ("Handling", d.popleft())
Handling taskl

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)

B TR list BEAEDASE , e URBAR ML T HAB T A, N bisect B, HATREEERAE sorted list (2
Herpas) ekt

>>> import bisect

>>> scores = [(100, 'perl'), (200, 'tcl'), (400, 'lua'), (500, 'python')]
>>> pbisect.insort (scores, (300, 'ruby'))

>>> scores

[(100, 'perl'), (200, 'tcl'), (300, 'ruby'), (400, '"lua'), (500, 'python')]
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heapq BIALFLHE T—L8pR 30, REEEHA IR list REAEHERT (heap). f/IMELAYIE H EKE PRIFIE R E S . ¥
ﬁ/‘*ﬁbmgﬁ{)\ﬁﬁlwd\ﬁ:?, {ER AR R Tist 347 HE P 1 R ORI, s el -

>>> 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 +i¢Fl (Decimal) ZE8EH

decimal BEAFEME T —1H Decimal BORMEAL, A i il 7 B MOE R . Al EVE A i il 7 2k
float BAE, #% class FFkE MR T4 5

o <ol R P A R HLA 5 B a6 R SRR VR E A
o FRKGHERE (precision) Al

o FEHIDUSIIA, DA R VA B LA,

o JBEG R/ N3 (decimal place), B

o [ S R AR T LR A AT RO T R

BN, ZEE 70 0 FATE N b 5% ElG o, COH -kl B o kiR, aRh AR
MBS, WRIEFELIRU G AR RGNS, mEmEE g EHE:

>>> from decimal import *

>>> round(Decimal ('0.70") * Decimal('1.05"), 2)
Decimal ('0.74")

>>> round (.70 * 1.05, 2)

0.73

Decimal WESEAS R @R EEMIE, 0 EHIRAT (A 007 B e e 1 ) H B b A D 28 o7 B
E;?ZE‘E Decimal T AT T 3F 3 MRS, DA 90 EV — it v S ME 2 1 B 2
O E

WERRENY F /R VL5 Decimal class AEEIRAATEE A 3 i B SO 88 Y AR s T30 A 25 -

>>> Decimal ('1.00") % Decimal('.10")
Decimal ('0.00")

>>> 1.00 % 0.10

0.09999999999999995

>>> sum([Decimal ('0.1')]1*10) == Decimal('1.0")
True

>>> sum([0.1]*10) == 1.0

False

decimal FEAH T HHLE R o 521 R (EDR e e -

>>> getcontext () .prec = 36
>>> Decimal (1) / Decimal (7)
Decimal ('0.142857142857142857142857142857142857")
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P RigREH

12.1 &4y

Python [ FH e i 5 2 AN TE AT R OB A B AIASEAR o 88 P e A R A% 95 R 5 WA ) e 2
Joi, PRI {1 P AR ] RE RS R R R B B IE, BS2 5 1 1 T R R AR o B R AR 7
[t

18 SR EE AN K] fiE 22 %% —7 Python it ] DA 2 BTy JiE AR SUAG 200K AR AR X A F5 20— (R4 E Y
B 1.0 B, (B354 REMAREA B F52 2.0 i, AREHE B TR AR 2246 1.0 52 2.0 #RErffse, DA
O R R

Ry 2 A — M [EHR 32355 (viral environment), & f&—E ST A&, [ HEI RS 47 745 & AR Y
Python, PAK— RSB EN.

AT F R P A X AT AR A [ Y [EeBdss . DARA PR @B ol b, BN A eEER EH T
wyEEERS, [F 2480 1.0 iR, AR REN AR B AT AR 55 Sh—Mf 2.0 iy (EER . e e e
A B LA R T AR 3.0 i, SEEA s S AR A BB

12.2 B FRBR

A2 S B PR EME BB B venv. venvy Sl # & 24 IRREEIUS I OB SUAR ¥ Python., ZLZAR
9 B B AN FRRCAE) Python, /KA PAIZEH python3 {45884 E BUR AL AR Python.,

e USRI I IRe 0, EARIE)E i DB A Bl e 2 4%, PALEJAR (seript) 14T venv BLUAHEIH 4
S BRI -

python3 -m venv tutorial-env

R tutorial-env NIFERIES, 8 & H# V. tutorial-env ¥R, [ H & 78 Ew &3y — /4
Python P asEIAS . AR R . DASCR ] S 3R A R A ke

[EHBERSE R 3 H ORI B2« venv, SEMR A AE H € (R OB ICHE PRI shell T BRIFRERL, HIE bRy
2 BE ] AR RE EORL IATAE R IR A, AR s AT AT (9 . B AR 1L SRS TR SZR Y . env B354
WUE AR AER

— B ARES T - ERERSE, R AEE T .
1£ Windows 24, flif:
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’tutorialfenv\Scripts\activate.bat

7 Unix 8 MacOS #%t, {fi/:

source tutorial-env/bin/activate

(35 Br A2 =058 7 bash shell, WIERAR 2 esh 5% £ish shell, & # AN activate.csh B
activate.fish Z'Kc)

(EV88) () g5 Bt oy ol 8 AR ) shell $i2 78 S0 SRBEUR AR IEAE G iy [EV e B35, () FLAB WSO I DAGRARAE 047
python RFHEE I ATSEIHFE 1) Python A, il 4n:

$ 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/lib/python3.5/site-packages']
>>>

123 H pip EBEH

AR PAGE B — Ry i pip MORE R, THEFIREFRE/E. pip TR @ ¢ Python Package Index <https:
//pypi.org> A, ARA] DB AR 49 B (F)E 25 F)E Python Package Index.

pip A% 1454 “install”, “uninstall”, “freeze” 2545, (TJPAZ2 % installing-index 355, RHUS pip )
SEHE[EIH S )

VRATLAZ I 4 5 B R4 7 AR e Rop AR R 1

(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

VRULAT VA I TR B4 2 A4 B == R A E e A -

(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

SR AREFHATIAG S, pip WAREHIRAC AL, REAEHARM, IR DR R R 5T
HHBUFZIRA, SUE AT pip install —upgrade AR PEFHEEHRF N

(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

pip uninstall MR 2 A4 5] AR EHEEB R RSB E 1
pip show n PABUR—fFFE B &R
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(tutorial-env) $ 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:

pip list SrHUREMREERE TG O8N EMS:

(tutorial-env) $ pip list
novas (3.1.1.3)

numpy (1.9.2)

pip (7.0.3)

requests (2.7.0)
setuptools (16.0)

pip freeze ] AIRE A CALLHMBLHEH, (L2 MM pip install WASERIHA. —
Al SR AL Bl T R A B ) — R MU requirements . txt HYRESE:

(tutorial-env) $ pip freeze > requirements.txt
(tutorial-env) $ cat requirements.txt

requirements. txt ] PABEARZ Al , (B ELAEETRE i FH AR X —34000 o i & T DA install
—r BRI BN

(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 A HLYIRE. AIPAZ % installing-index $55g, HHURTEEN pip FEIWISCIE. HiRiEs T—HEEM
[[) HAE %3 B2 4F Python Package Index R DABUBAYEE, AJLAZ % distributing-index 555 .

12.3. F pip ¥BEH 95
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R I RBE L) 7

[EVA S0 T g HED 38 64 Python i) SIGAR

B, ZREERE T2 R?

AR Python SR —F4) o i SR HAB S 75
o library-index:

Wi B S iy T, et T (EER) M2HZ M52 RE., ok B E = E)
FIRIAH . BEMEY Python BT HRAS €6 & K = MR MG, A LeBigH vl DAGEER Unix {545, i
HTTP At Scft. EAERLE. DMrar 2 FRIE, 4%y CGLRER . MRAER . ML HftT#s. [
5 0 X [ 22 2 (BT DAGRAR T R A W LA A T DA

« installing-index: [FIHF B fiF fs Qi) 22 HoAth, Python {1 35 i 4 25 BOABEAH

» reference-index: Python DA ME R AFFAEI . S0 SO AR G L0z 7, (A/EE—RRE S
A B R R e AR A Y .

5% Python [ & :

» https://www.python.org: Python ] = BL445G . B LSRR . SO DA S 4k £ Python AH BRI 148 B
Ak EIER 0 [ElR B e R b, B2 WM . H AR DA RGO R EE s S 15 A vl o 5 & b S 4 ol 2R A T
R, AN a0 L ) B A AR BT B P A

« https://docs.python.org: f#i 35 i Python fy3C{4:.

« https://pypi.org: Python £{4:235]| (Python Package Index), 2 Hith#:EIFEE] Cheese Shop', [EJ44 T fi

JA# B %% Python BEAHAY RG], [EHEMEBIAHREEIR M. — BLRRAREEEIRIBIRECAS , AT DAY BH B2
A i B3 & [ B Al A3

« https://code.activestate.com/recipes/langs/python/: Python Cookbook J&—1#AH & KAAE a4, A&
A AGHEB . R ABAL A KA A o R EVEAS 1 2 1) B R B g I S 4 — A< 4 [E) Python Cookbook
(O’ Reilly & Associates, ISBN 0-596-00797-3.) )£ £E

o http://www.pyvideo.org fERF i &y BLAL T 2 A AH 2R ErEMCHE B Python AH I 32 Jr i o

« https:/scipy.org: The Scientific Python $ 58 & — (it 5 I 4 e ok [ 91 S B R4 B, DA KT
[EWE. EAZERE JEERES . B E. SRt igE—RmE .

#H7% Python AH B 1Y %€ [ S B4 R [l 4, 85T PASR U 28T Bl #F AL comp. lang. python, BUMEMH 2
python-list@python.org [T &7 L (mailing list). S B LM TS 25 1 B2 (0 G, AT 05 81 JHG rp O TR 28

! [Cheese Shop (#Z)E) ] /& Monty Python (¥)— {58 : —(EFEA—SGRE)N, BERLEHERLE, \EsEEs 4.

MR AR 18 B 6T Python AUREITEBU AL I B
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oM E B A — . BREAMCAERES, M (FIEE) ME. 2 ae s gt ERmsil.
T 2595 B A A7 AE https://mail.python.org/pipermail/,

TEIRMG 2 1, g MR R A L HE (ER(E] FAQ) g #E]. FAQ #r[nl 2 h SR 2 i 1]
RS, ARZMELEC e mERMEN .

[EIf
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cHAPTER 14

BN\ AREE A1 s AT D& (L

7 S AR Y Python B R 2% 7 3% 5 B i A EI 2 ) s A EE S 5t [E)i 2R (B (history substitution), 4H{LI7E Korn
shell il GNU Bash shell 13158 . EMEPHEEH GNU Readline pgxQBEAREAE, T 1% 2 4 5 1Y) JEURS -
EMEXEA T H OB S, EEERMMAEET .

14.1 Tab #BE 525, (Tab Completion) 0 sh i2[[1#F 8 (History Edit-
ing)

TEH R DB IR, SRR MR B B2 W RE o HBIEVT, BrRAWT DA Tab SN H B 5E
JRRREC; B @A Python X BUAR ARG . i sk W AN T FBEAL 44 R . BH/ME 2 string. a (R
7y B (dotted expression), B BRAR—M ' . 1 ZHTAGERAORIE, RERBEORER R FRE I,
MY ABSERIER. RER, WR—EYIFA __getattr_ () method (J53K), [k e i%iER X
0y, Bk RE G AT AR B e SR . TR e R AR g 2 e E R e AR
%%%ﬂ%g,—@%E.mﬂwmhmvxy%%%¢eET—&E@E@ﬁE%ﬁ%,%%ﬁiﬁﬂ
IR PT AR -

14.2 EENEHEXNERF=E

SRR A O B g b, AR RER B — M B KA (e — B [E Wi e sl o
RBETER K BT IR 4G T O A HE sk GRIMTR% (parser) HITE N —4T 275 75 Z 4 HEERC (indent token)) |
ACHRERE T H B S T RE € 6 BRI E R . A e R d (SR ) 9%, 51
SERHABST SRR LA, AL RA

A ReEE BB X B RO R, CATAE— BN, B IPython, ‘& HAT Tab # H 5% L.
PR TR o e E A B S (. B AT ASE 2 R EURE e i A S HoAt e AR o 55— (R
WEA BB, FE] bpython.
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cHAPTER 15

FROSUER . AR

TERT MR T, 7788 (floating-point number) 2 DAKEM(E) 2 (—iefir) i/ R. BTN, 7E+igfr
/N

’0.125 ‘

APAHE 1710 +2/100 + 5/1000, [RIEEHIIERE, /N

’0.00i ‘

AP E] 072 + 074 + 178, 3 Wi /INECA AH R A BLAE, 1M il — ELIE AU IR R BT DA R, 1R3& DA
THERIEIR

KM, R 1A/ N PR DA 30N R . — IG5 SR E], AR A - (7 B U
AE BB B AEAE R B P ) e 5 7 B s o

EAEA T, B EE R SRR DA 13 (B, AR DA A3 {7 /N

’0.3 ‘

S, EAILLL:

’0.33 ‘

e B S IbpUR S

’0.333 ‘

USSR 2 A AEE NI, R SRR EL AR 1/3, (AR 2 AR HOR, 1
= 13,

FIRRITERE, A IRIBUE AL DA BeRs RN, /N 0.1 Rl 3 O/ MO HE b 0
FE IR/ NI, 1/10 G PR /N

0.0001100110011001100110011001100110011001100110011...

HBAREAT A RO, Rt R eS8 UE . 1 BALE R 2B, 1R B R 3 i
HER IR, Hh PR R A S e, 53 MAcER, ARHIE A FRAF8 ¥, 7E 1/10 )
B, THEAAE] 3602879701896397 / 2 ** 55, [MimkERIE R T, BASES%R
i 1710 R ELIE A .
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HUR BEBUR X, AR 6 A 8 B2 L WU {E . Python I B — M T LT ME, H
LT AR S ) LU R BRI A BUE . AR 2 B E A, AR Python LA €1 EI
H e I LB, HFOR AR g 0.1 B e AT UE, e EURED:

>>> 0.1
0.1000000000000000055511151231257827021181583404541015625

ig BB A MOE 2, LA Python (7 U PREFAE AT VA SZ RO HER , L BUR 8 AR 1 (e :

>>> 1 / 10
0.1

— BB, HEIR B B AR AR ER 1710, (BEIEREF R BB a8, feds
TR HE SR B

H W E A FFZ2Z AWM T oM ¥ LR — M &R
3 O 4y #. B oW E: # 5% 0.1 F  0.10000000000000001 Al 0.
1000000000000000055511151231257827021181583404541015625,#H 3602879701896397
/2 xx 55 3 Rle HAE AR T A B A R RO, AR — R e T AR, IRl

eval (repr(x)) == X
JEs |, Python f42/R 5 IC (prompt) HLEHEHY repr () MU L EBEW A 17 184 R

0.10000000000000001. ¢ Python 3.1 itfd4fs, Python (FE R/ MIRS L) BiAe e IR H A
O E B RE 0.1,

VERE, RGP AOR T ARRORFE, R Python (R (bug), SR RMERESROGE R, HER
A A RO, N & BRI 00 B R (HEAAAT SR o 2 TR @ B
WiEE, R R DA B S e AR B )

(EIR S 1, PR 7T REAE A S Hs (¥R 5L (string formatting) (AR FRLE 14 21 3 :

>>> 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"

WTMR—REENE, ERIEERL, PHERr e L5 (R FAE S AFIE RS ME T &
Lok

BHELIEREGELE N L8, S K[, 0.1 N2EIERY 1710, =8 0.1 BYMEH N, A E(E
HEREER 0.3:

>> 1 4+ .1 + .1 == .3
False

[A] IR 0.1 AREFFEIRATRSHERY 1710, 34 0.3 ABEF ISR 3/10, FHSEM round O sl
AERgHE):

>>> round(.1, 1) + round(.1, 1) + round(.1, 1) == round(.3, 1)
False

BESR S P R MM RS E S, (H round O BRI ABFR BRI AE By, —2, K
TR 14 S gl 528 A T DA ELAH e -

>>> round(.1 + .1 + .1, 10) == round(.3, 10)
True

TR B AR VS XA RSN A 7017 B RIS AE NN R PR R — T RS A
Wik WS TS TR KA WA R E SN A
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Al SRR B aA T3 R E A R B . | AN, R b3 B 450 | Python 11 float (3
B EE AR, RIGT BRI, MR RS BRI L, B UGERE R) BE HE N g R
2#%53 4y 2 1. E SRS MR AREC M E 2B, (ERFERE, EEdETEaER, Hi—K foat
TR AT RE B R Z B B A B

SR 17 B S B A LE P, (R IREET, ﬁﬂ?ﬁ@ﬂ%?ﬁ%ﬁgﬁ%%?ﬁ%ﬁa PAF AL
ANZTER 8, AEWL e A ERTEINAIES R . str O EHELARN 2 2R, M sEwmEr s,
2[F] formatstrings 1B J® str. format () method (ﬁ%) ARG E &

HINEENEUE TN R BRG], AR decimal #i41, &R EHIEE H N e 5 E A E S
il B FH R S i 5

F3— RS RAEHEE A A% E fractions B, RARALEOAA FRBUREMER (H LT ARSHER R 1B
173 SERRA T ) -

ﬂﬂ%ﬁ\m{%gﬁﬁﬁﬂ’ﬁifﬁﬂﬁﬁ R IER%E—F NumPy £, PASH SciPy SZEEALRFF 2 R SR
FrtEE R M. 5 2[E <hups://scipy.org>.

HEFERWEET, #ARE a9 B8 — M foat fYRS #E {5, Python $24tfy T H vl 1% B i i, float.
as_integer_ratio () method 7] ¥§—1f float [F){H £ RE4H

>>> x = 3.14159
>>> x.as_integer_ratio()
(3537115888337719, 1125899906842624)

HIA % AR Y, BT IR P B G (-

>>> x == 3537115888337719 / 1125899906842624
True

float.hex () method PAT/SHE(L (FEK(E) 16) I float, —HEATDAKS Hh VR &6 1 I ok 77 R 1A -

>>> x.hex ()
'0x1.921£f9f01b866ep+1"'

TE A R 7N HE LR TR AT A HE L E 2 float {5 :

>>> x == float.fromhex ('0x1.921f9f01b866ep+1")
True

HI A RZ BN VA RS HERYT TR G0 A AE S RIS ) Python 2 [ rI S BLA BUE (B R RSP 6)
B S R M RS A AR (W0 JAVA AT C99) =2 [E1g k.

F—A M TRZ math. fsum () X, BETERHELAMIRFEICE S REREROIR . BB BB B 7
EP AARRHERE, EEBE (KA 14%( (lost digits) Jo & AT AR BHUSGE AR B HEREFE (overall accuracy), {15
R e 2 BB EI Y B AR R HE R R -

>>> sum([0.1] * 10) == 1.0

False

>>> math.fsum([0.1] * 10) == 1.0
True
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15.1 RREIRZE (Representation Error)

A e AR [0.1) mol T, [EEWIRE O SR R O TRER . DA IR SRS it
(LiF BN RO BT

Representation error (FRikinzs) RIEEEENEEY, Hi (HEBLEEKZH) A/ NIERGER I
HipA =y (R 2) /NEERER. 3842 Python (8f Perl. C. C++. JAVA. Fortran AR %) @wH A
G R RIS R HE TS B ) R A .

[EHHEIE? 1/10 RS L A—M8 — 30/ NECRFEIR . 24 (2000 4F 11 1) #FFrA i s s
{1l IEEE-754 J7 Mo FARE, [FLHA&T T 197 G #8A IEEE-754 #5404 vty [ 65 (double precision) |
HARIE] Python (1) float. 754 double {05 53 (ICHYKGIE, BroATEMIARE, FENGE %5 14 0.1 #EIF] i
W8, VAJI2**N RSN, JE J IR 53 ATy RS, wl DAY :

’1 /10 ~= 3/ (2%*N) ‘
FERE:
’J ~= 2%*N / 10 ‘

A2 E] J AAEHER) 53 o0 (B >= 2%*52 fH < 2%*53), FrbA N B)RAEHEZ 56:

>>> 2*%*52 <= 2%**56 // 10 < 2**53
True

HHY, BV IEEA 53 A, I S56 e N ME—{H. T J fef TR BE R KGR i AR BT

>>> g, r = divmod(2**56, 10)
>>> 1
6

HRA AR O 10 fBY—2F, BT DASREER 1 (oM e i i (o2 i 45«

>>> g+l
7205759403792794

FEPA, TE 754 K5 RER ) 1710 A ME 2 -

’7205759403792794 / 2 ** 56 ‘

A5 TRV RERIBR DA, &0

’3602879701896397 / 2 ** 55 ‘

AEERE, HURFRIMA G, PTOAE BB BIC 1710 07 —86 WUREME AL, ROk &A BNk 1710,
(EFEALAT S E NN AT RE 2 4% 249 1/10!

AR ISR SREV TEF]] 1/10: BRI LIRAREHE 8, tonl 2 & RIS 2114 754 double fr T (M :

>>> 0.1 * 2 ** 55
3602879701896397.0

U % 70 WA 10%%55, MW AR BIRZAELA S5 R it o 87 B -

>>> 3602879701896397 * 10 ** 55 // 2 ** 55
1000000000000000055511151231257827021181583404541015625

T8 R AT AE 55 IS v kS VR S0 2 A 1157 4 0.1000000000000000055511151231257827021181583404541015625,
B BURSERE ) T, B2 EE S ({335 Python [EE IR A ) S4B 45 & A S 17 (R4 308

>>> format (0.1, '.17f")
'0.10000000000000001"
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fractions fl decimal BiMIREMIE LRI AT A S :

>>> from decimal import Decimal
>>> from fractions import Fraction

>>> 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"

15.1. FTRiERZE (Representation Error)
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cHAPTER 16

Bt [

16.1 EEiER

16.1.1 SERRETE

TSR A, BB A A RS R A HEE . A H BT, BRI FHRUR T W
B A AR SR, EAEE HHEE R 2 AR Bk AR . (1 except FAIHE try BIAZ A g PEIK)
BIAMEBTERE N AR5, ) ALt 2R En, SBEEZRY ; &S RERA—Z A —ik
IR IEE] . A R SRR AU AR B AU SR 5 AT TR A 1E W AR
] E R FIOCE R R FOCM A R B o0 (B 2 Control-C ok Delete ) & HUH#iAEIR [0 3] 342
%j{;l:' TEFRLSMATHE A — P, ©5]% KeyboardInterrupt B4, {HAIDLEBE try PRk
RRBEHE

16.1.2 T[#{T8Y Python [FlZ

TE4H BSD /) Unix %t 1, Python [EIA W DAEHANTT, M4 shell EIA—FE, @@ HCE A FiEST:

’#//usr/bin/env python3.5

(e P paTa 1) (EEAN DR — T THEN. +1 LU A=
TERICPE |-, 5P Unix HESUEAT O \n” ) 8, TS Windows O \r\n’ ) [T ek
B k0 JHIRAE Python th B HEVAR.

AP chmod 45 4 EIEIAH T PT A TR ERERR .

’$ chmod +x myscript.py

1E Windows £ 45 I, [ A4 A&, Python 2R @ HE)I .py #§%E 8 python . exe
BHELER 2R, EHEeE 12 Python H it & /EEEAEST. BIMA WAL .pyw, EEFENEET, @HEEH
BLIE ) & 1 7 G gt b -

! GNU Readline 24—t [ 7 7 f €rBH k35— 2.
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16.1.3 EEIR[FEHIESE

FARH B A U Python R, AFR (B H B ae Wedh AT — SO EDEHE 2 ARE 09 . ARmT DA I i B —
#[F] PYTHONSTARTUP FERIE S BURE B, 2R MESEHHELSMNEESL . ERIHRERILL Unix
shell ffj .profile .

1B A2 A BRSO P, & Python #REIAR i HHE &5, BURS AN Erplafilin, & file: /dev/ity 1E
[El54 I AR RN G (35 R R BAHE BB ) o e T I B I5 20 Al 4 25 ) oA T
BB i F68Y import [ {44 0] DAYE B B A ORI BR g s o ARt ] DATE S A E i3 sys . psl
Fl sys.ps2 SFHIRFIC.

IR AR T H B s A BB AR %, AR DAYE 2 IE B A% 48 i os.path.
isfile( ‘.pythonrc.py’ ): exec(open( ‘.pythonrc.py °‘).read() HFE=CHERR EEBEIT

Ee QAR E—E A b N B, IRl HTEEAR i e b 3 R

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 E[F1LiEH

Python #2447 WiME)] T (hook) EARFI DA EXENL: sitecustomize fl usercustomize ., BWHEE
UWATEVER), R /e TR Z BRI site-packages [ & . [E)H) Python [FiE 4 135 Brfe Al :

>>> import site
>>> site.getusersitepackages ()
'/home/user/.local/lib/python3.5/site-packages'

BAE, AT ATER% HE b Ald— 4 usercustomize . py BIM %, EUGEAEMATMEABAFL D .
B 5 8 Python [fYAERIFI, BRAFEDA —s BIHEE) AZE ] B E) import .

sitecustomize WIE/E XM, (HIE 2 &S0 S P BYE 415 site-packages H (B N Al g, [E7E
usercustomize ZJj import . BEEZAATH2(E site BN M.

I3
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APPENDIX A

>>> HH)3 shell FYTHE Python $&/RFoC. 5 I BEAE B s o AL B 07 sUes AT i AR A 191
o ATDARIR:

o e AR RIS IR . B ICRCR ZeA g A (delimiter, BIANSESR. J5fE9%. E45
SRk =515%) [EIR, sURTERRE —(R$HMids (decorator) 2 4%, Zi AREsUAGIE, H.B)5K shell
HURIYTHREL Python 42/RFJC.

o FZFE# Ellipsis,

2to3 —{H# 34 Python 2.x s TEHEIE) Python 3.x B MGAY THL, & 3 BB KA1 AL ZEHE A
BB 10, T 32 L R AT DS T S 3 T BT B )t

2t03 7E A MEHER X FE DA Lib2to3 Bl A s B3t 7B 1 i A8, 7F Tools/scripts/
2to3. #E2[F] 2to3-reference.

abstract base class (%K) g EEE (XEE ABC) #4t T —MER N ITE, 1F
Elduck-typing (WFRIE]) MG7E. HABSERI AN, B2 hasattr (), HIBEAER A A5
(PR (151N s i 8 A7 5 ¥ (magic method)) . ABC [EJHI[EWEEfY subclass (FHAE)) , B MEIR4K
H % —1{# class (FHE]), HA5A 4% isinstance () K& issubclass () #i; sH2E abc BALRY
[EIHASC 4. Python A5 ¥ 2 [EIE ) ABC, HNERIEEM (F£ collections.abe i) . #F (£
numbers ) . H (FF io B4L) K import FAFZR AL (7F importlib.abe ). &
ATPAE ] abc B4 AT 3 O ABC,

annotation ([EJFE) —HEZSA8L. class BME. pRCAY 2k ml EEOEAH BB O EEE) . FRAELG, &0 FARAE
[Eltype hint (BIERER) .

FEIEA IR (runtime), (S S8 BO EVRE VA BEAF I, (RIS . class JBMEAN R U0 DR, 0%k
FEAETERRA . class FIEKZCAY __annotations_ SF5RE T,

#52(Flvariable annotation., function annotation, PEP 484 F1 PEP 526, izt g theh e (EI .
argument (518() PP R IR ELR SR funcrion (Bimethod) (B, 5 9CH FWifE :

o B4 7| B (keyword argument): FERFANEIY F1 ) DLEKEIT (identifier, 14 name=) BISEIS 3L,
o2 PA ** K dictionary (L) [EIR{EW RS ¥, Billn, 3 Al 5 #J2PAR complex ()
WY H ) ) g o [

complex (real=3, imag=>5)
complex (**{'real': 3, 'imag': 5})
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o 15 E 51 ¥ (positional argument): NJe BT 5T B L8 T | BOTHE— {5 B LA E IR
B, A () fEE) * 2 & iierable (PEWCHIFE) PTHOTCHEPER. G0, 3 F S HRLAT
R NCIVATCIE &

complex (3, 5)
complex (* (3, 5))

5| BB s A0 e R B PR [ oS B, B SCILIE R i i AR A R, 5 () calls Bifi . 72
g b, ARAE S AR T AT ARG R — A5 18 HRPAS (i o i [ s 0

Sy 2 ORI parameer (Z80) WH . % LHEET 58282 B 2EE, YAk PEP 362,

asynchronous context manager (JEFRIZBRSBIEBIR) —H T PAEH asyne with Bzl d ir REEEEK)
Yk, MERBRER __aenter () Ml _aexit__ () method (J7¥%) A4z, H PEP 492
FIA.

asynchronous generator (JEFIZBEI:ZS)  — W & [\ {Easynchronous generator iterator (3E[R] 2 E1AE $EEM
) R, BEREREKRG ML asyne def ERMIHFEMR (coroutine function), {HA 124
HT yield #ERX, fEEM RS HL asyne for [FIREMH.

5 (AT REAE 7 A RS — AR A EA 28R, (AE S5, Bl ae R FRER FEA BEIK
%% (asynchronous generator iterator)., —FHFIEN B EARENERE, A0k s BAHHE, DAREGLL
Fé.

— M AE[E S EAE 2 R R AT fE 4 await B, DL asynce for fl async with k=,

asynchronous generator iterator (JE[FRIZBE:ZREURCES)  — W Hasynchronous generator (E 7] 25 F 4 #8)
PRI N R

& & —Masynchronous iterator (FEFIEENLEE), BB LA __anext_ () method gIFNY K, &[] {H—
E W% R 14 (awaitable object), %) TAER S E A2 R 88, HEBE N yield
i yield ErEg (R mife )y, Rt BHATRE (O s 8O M E 1Y ry PR . BaE
R FEA BERE LS P __anext_ () EMHF ] EFY A RO IR, & e 5 ki
FREAT. 52 (E PEP 492 1 PEP 525,

asynchronous iterable (ENIZn[[EMCHPE) —HP1:, ERILATE async for PR PRl . 2ZEE
B __aiter_ () method [B|fH—{E asynchronous iterator (FE[EIZENLEE). B PEP 492 5] A,

asynchronous iterator (JEFIZBEMRES) — M E/E __aiter_ () H __anext__ () method [¥ 4 {4.
__anext__ MR [0l 8 — fHlawaitable (V] %R {F) . async for & f@HT Ik [ 2 1L 4% 1)
__anext__ () method FrE[H ] SR, EHEITE 5% stopAsyncIteration fiil4h, Hi PEP
492 5| A

attribute (J§M:) —(HSLIEY PR BB (B, 5% (0 AE 58 (8T 70 W JE 375X (dotted expression) (1444 Fi 94
ZH. B, WRYICE o H—HEE o, MIRZEERENL 0.0 2 1.

awaitable (WZ5FFPIME)  — (T DAKE await SEE PR 4. ©r A2 —Wcoroutine (H#R) |
W27 __await__ () method [¥{t. Yi35%([F PEP 492,

BDFL Benevolent Dictator For Life (%S {-2&### ), X4 Guido van Rossum, Python fY Rl .

binary file (_iEHIRER) — M BEESFEURIE A byres-like objects RO TCALE YIEF ) 1) file object (K& ZE W)
THERIAE R T A HERIEER ("rb ., "wb ' 5 'rb+ ') BIEAE S, sys.stdin.buffer,
sys.stdout .buffer, PAM io0.BytesIO fl gzip.GzipFile .

Syt Eext file (CFAHR), ER—MEREZEARA st WIRRERY .

bytes-like object (A4l E) —1H 3% bufferobjects HAEEIRE ) C-contiguous S WA, B
AW bytes., bytearray fll array.array ¥, PANFHZH RE) memoryview Y. %H
ALTCAR FR P4 AT R i R e ) R A5 I AR T S A AR IR A . A T AR R A
socket (L) #Eik,

A UGER TR R R W . B SCUREE EE e R TR R AT R .
]S AR P 4% bytearray, VAR bytearray i memoryview. HAK) #5200 i
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HEORE R AAAE A T S (TMERE AT R D) s e 0dE bytes, PAK bytes
YA memoryview,

bytecode (fiyC#Hi) Python {15 AR T € P4 AL TCAHNS, © 2 Python #2:U7E CPython B i)
MR AT IS E P AAAE oy BT, PAESE T BT R — A R R R k. ()
PAAS A 5 A5 3 A s (L C AL ) o Sl [P A (intermediate language) | R [E)@ 584 74E —
ffvirmal machine ([EWEERERS) b, SZEVEEME S G puA T HL45 10 (L CALAG E IE R IERS A5 (machine code).
TR, NOTHESIL LR METE R Python [EEME 2 MIHEAEN, WA REFEANIF LA (1)
Python 2 M fRHFHEE -

(L TCAL S 212 F] DATE dis BEAHAY R SCAF 43 o
callback ([IWF:)  E[E) | St R A — R IR (subroutine) BRI, e A A S AR RS A B HEHUAT -

cass (BiE]) — 8 a7 & E RYFH. Class () 5 3818 % & {2 & method 1Y &3, =L
method FJ PATE class [ BB LA 7445

class variable (Ei[E888) —{H7E class PEsR, HERZ HGETE class IR (B RIRNZFE class B ECBIH)
BB RIS B

coercion ([ENRIHIZY)  7E¥5 K Wi A [ ZU[E]S | i BV E AR o, A —FR U [E) B ) [EIE) ) — TR 24 (T
b&=X##(E) (implicit conversion) A2, B, int (3.15) G5B P 3, (HAE 3+4.5 1,
RS | O AR R BIE] (—f# int, —f float) , 15 Wi 5 | B ZE e EIER R ) BUE 2 1% 4 8
I, HRIEEES 4 TypeError. WIREIGEIRER, BTG 5 #HEER L, BIMEWH
S AR R IE Bi4L (normalize) [EIM[RIA(E, BI4N, ZLA £loat (3)+4.5 MiAfEHE 3+4.5,

complex number ([E#() —EFMPABME BRGNS, 1EHTA BTG o2 [E— 0 5
EER A, [EgogeEEEEA (-1 B P i) ey, BB ERRPEE 1, T
FREipas (L 5. Python [FVE 1 HEIMAY IR, ERNRE MR AGIRES: [ERE g —iz
B 3 WEES, BN 3+17. A math BUATRIR THASEO0 M RER, #FMEM cnath 4.
ia{g{;ﬂ%{@m%ﬁ@%m%@ma WARAREA G E S e MR, ARERCT- REREE IR T DA%

A e,

context manager ({§BI¥ARAY) M T DAl with BRIA S b ir RERSE M P 1, 6 2 35 38
__enter_ () fil _exit__ () method ZR¥HIM . #E2[E PEP 343,

context variable (%§5i88%) sl HALT DAREE BN SCAOESE A BRI . 8 SIS A T 44 [ 3,
fi# 17 @ (Thread-Local Storage), £ A1, —{f 8 #AEGHMBMATH T RE LA A ME. A, R
sy, £ TR TRE G A S M Ee, Mg EEM g, REETWIERSAES
(concurrent asynchronous task) i1, ¥As##URAEIBE]. 52 contextvars.,

contiguous (HEZMY) R —HEEEE C-contiguous B Fortran contiguous, HI|'t €] Hig iR [E) 258
HEH) . 4 (zero-dimensional) ) %18 [ & /& C J Fortran contiguous., 7£—#E (one-dimensional) [Hi%1] 77,
2 TH H WA RCR B A AR RS, TR S I EF A T B LA RN « 752 #E1Y (multidimensional)
C-contiguous [HiF Hr,  F e (R HE A2 0k (4 NE 37 ) 4% T H Iy, e —H RS I Sl . JRTT, 78
Fortran contiguous [#51]rfr, 55 —{fl 25 | )52 e e -

coroutine (Fjfe) AR EIFE (subroutine) ) —Ff B [EEE A BIRE RIS AE 5 el i 26k i ALE)
TE 5 — R R . AR T DATE SR 2 A e i e i B ekt AL B A EIE . B AEEIDA async
def BARWEME. Hi52[F PEP 492,

coroutine function (FERAR) — M=l Hcoroutine (1HFR) PFRIE. —MiHERXFE asyne def
AR Ess, Enfeefl2 await, async for fl async with B8, S5 H PEP
492 5| A

CPython Python F£53E 5 I B /F (canonical implementation), #{%$fi{E python.org -, [CPython]| 18
IR R0, DA SILBE S E A L, AN Tython 3§ TronPython.

decorator (Z:ffigy) M, EE&RES —MEX, BHEE G H ewrapper 5%, #iEHE-—fHK
F [ 52[F] (function transformation), ffigs ) M2 classmethod () fl staticmethod ().

Fetfian ik LU RRRRE . DA W ek o SRR 3R R SRR

def f (arqg):

(N 4kZE)
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(R L —5)

f = staticmethod (f)

@staticmethod
def f (arqg):

Class tLAFAEFARI M &, (HAERREI LA H . B R s fiins i o 2%, w52 Em R EFA class
FEFEIEIE S

descriptor (FiA%y) (FIEFET _get_ (). __set_ () B{ __delete__ () method HJ¥{4:.
18 class J& 12— IR ZRIE , MR 451 T (E) € e 8 1 A Pk R Bl Al L% i/ ab KEN
e B EISR B B RS, & 7E a (1) class FILR AR A RRE) b (9415, (HANE b 22— iR,
HHEE HER A 2% method €y . ARSI BLARE A HLAE Python fYBASE, HWEIEMEH£LT)
BEmy T, SHThAE IR E= . method. J&VE (property). class method. [EJfE method, DA 3% super
class (SCHIE]) Wz,

B A A 2 method B2 451, 752 (E descriptors o iR 2 15 -

dictionary (‘724t) —fF BH Y [#51 (associative array), JH (%25 04 S & gl e S BIH . S mT DU ATMAE A
__hash__ () fil_eq__ () method fJ4{4:. #E Perl *HifBEIEE] (hash).

dictionary comprehension (‘pUL&iARERY) - REBEN) YA, FIAQEEE-— (@ AT [EUCH 2 1) AR e R 4
T, FH A RA—MFHEE, results = {n: n ** 2 for n in range (10)} &
EA:— i, EaE TH# n BEE n »* 2. 5 2[E comprehensions.

dictionary view (FZMLEE#) 7 dict.keys (). dict.values () M dict.items () [E{EHY1 0T
St . B3 TR I H ) B RE AR ﬁ?@%ﬁ?ﬁﬁ@@ﬂﬂ%, 2L S i e A
). 2 BEIH I A El e 8 List (FB%1)), ZHMEA list (dictview) . #H2[E dict-views,

docstring ([EIW*yH)  —{H¥E class. R ERAL b, VRIS — S A B 7B SR . R EEEN
WATHE G 2, (e avignEasial, EWOA TS class. pRaCEEALNY _ doc_ EIEH.
JAEIRA -5 ] DI (E)4 (introspection) ZE[FIEE ,  [R It & J W4 A ETRH SCHAA7 BT HE L B .

duck-typing (W5FMI[E]) —MEREGEENERS, ©ARHERGE Y BUE R 2 © e w2 IE
(AT B AR Z (42, method Bk J& 4 € B A b gl p U sl 4 . (TR e Bl Ak g — I 1 if
Ak —EET, BEE—E2—EE1. ) HEEFNENIESEEME, KR
A5 RE £ L (polymorphic substitution) S & (K 88 G M. 16T ZUEI R type () BF
isinstance () EETHIE. ((BREHEE, WFREIT DAHIS 2 A & 28(E (abstract base class) HEAl
7o) SR, EEEEGEM hasattr () PEt, SUREAFP BEAGERTEWE .

EAFP Easier to ask for forgiveness than permission. (55K A LFE KA AL ) B LAY Python 4§
AR G e AR A R S S R A TE (BT % (R o s A1 T e TR B 91 b o 3 el () LR 1 A
HAFF O RIFETT 2 try fl except BRI, SR ATEEF 2 HABSES (Flan C) # WIMLBYL J&A%
TERLT ¥

expression (FEFIX) B DAREREAGER(ERFEE . EA)EEE, —MER Gt . 48, BT
B, Aol R R S5 O B R, TTE LT AR BE [ fE — R . ﬁi#%ﬁﬁﬂmmTHB’J
52, [EHEFTA Y Python 555 M #l S A . 7 AN —Bsiatement (BAZR) RAEP A VEER S,
BN while. BR{E (assignment) #0 2 BA, WA EE .

extension module (#%FEki4l) —fH DA C 5 C++ S B (WAL, B[ Python 1) C API ACEEAZ. 0 K (i H &
eSS T B .

fstring (F5788) DL £' ok 'F EVRIARIO TR SORBHMBORRE [f 6B ], BRI T HR SOAR K4
. A2 L PEP 498,

file object (REWik) — 0 58 i ] 3% 3% B #% 22 & i) (file-oriented) API (1l read () B{ write () %
method) MRIEVEICE EIRA P15 AR Z W ApE i =X, eE 7 3 B R R 2 ok
R HAER W e ool RS B (BIanEDES A / . SOl R4 . socket (JFiJEE) . E(E)
(pipe) %) HYTEHL. HEBWBWREEI 348 Z 0t (file-like object) B % 7. (stream).,

TEE, A =RERWIE: JFARE =& R4 5 SRR =& Sl RIS A . BEMRTIRAE Lo
BAL P BE SR @jﬁiﬁé%#lﬁ@%?ﬁﬁﬁmﬁﬂﬂ open () Mz,
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file-like object (KH§RMIME) file object (REREYIMF) HIFIFET .

finder (=hBBay) —MWF, ©&EREELED import B‘J*ﬁzﬁﬁ?ﬁlﬂadﬂ VN IR
¢ Python 3.3 F';:ﬁﬁ ARSI Y SRAR RS TUIAAE F 4 B (meta path finder) € {#i ] sys.meta_path,
Mi¥44& 78 B F 4 22 (path entry finder) €ffiff sys. path hooks.,
#2[F) PEP 302, PEP 420 1 PEP 451 DL TR Z A0 .

floor division ([a] FHUIERRE:) 18] N SEARF 4 25 B dne e U S M B B2 [ vk o i) S BBORE R Y 1 B T 2
//o n, A 1L /7 4 WEHEESRE 2, 8 float (FRENED) ERIEFIRIMER 2,75 RE. &
HE, (-11) // 4pEERRE -3, HER -2.75 #ié T EEA4E%. #H2([E PEP 238,

function (PAsR) —ARWHOAN, EREEIIFI L, THABERB ML M7 &, &
ka%l%t"f%ﬁﬁﬂ%ﬁ"@leﬁ MHAAT . ShiE 2 Eparameter (280 . method (J7i%), PAJ function
i o

function annotation (pf=X[EIRE ) 5] ”E?Q%[% [EMEAG () — B annotation ([EIFE) .

Fg;ﬁclﬁl_.%%ﬁﬁ)ﬂ RREGR T g, EEEEY a2 WA int 518, Elgf M int [

def sum_two_numbers(a: int, b: int) -> int:
return a + b

bR 2 E R REVATE function T2 i REANARRE .
st [Flvariable annotation 1 PEP 484, Y45 W IhRE iR .

_ future__ future [fiiA=: from __future__ import <feature>, €5/ & iEasd FHTLEAE Python
*Klﬁ’ﬁﬁ?ﬁﬂﬁﬁ-‘*ﬂ%ﬁi.ﬁ{ﬁﬂﬁ EYREEEER, ROEERIREAL. 1 __future_ MRALAIGEE T
feature (Fh#%) TTRERIMA. it import PUATAH FIS A BORAE, IRV DAE BT B T e /2 (TR 1
W\W%ﬁiJ?[JEE%%% . PAEEMR e (e ss) mlETEZrIhhE:

>>> import _ future_
>>> _ future_ .division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection (bLi¥ellly) HErCIEBE AP AR, M HBA AR . Python $UATHIIR Rk, 2&
it 22 B8 514 (reference counting), DA K — 1 AE [E g I A1 Hh 7 22 BE A 3R (reference cycle) [ 76 B 57 3% 1]
Wi #% (cyclic garbage collector) AC5E . B [nl s o] DA gc #R4H S Ha T8

generator ([E1/:%%) — (A& nl{Hgenerator iterator ([EVERFEMCES) MR . EHEEFRGE —HIEFHHRR,
EARFRKZEEET vield #EAN, fEAE—RFGME, S2E R for [EE, /2P next ()
R, BRI — R

B ARTRE T AR R —EEE SRR, (AR, TR RnE e SERE. B—H%
FEMREAERE R, R e e iras, DA 36
generator iterator ([FJZEZSENCES) —(fthigeneratror (E1AERS) pRAFTESLYIE.

W yield GEERMAR)Y, EIRCEMEIITRE (8 BB M E A uy BAsC) . (D
)lﬁ IEH’EH% G L A AR AT (BRI VA I IR B T B A 14 R 5 P
Ifl) .

generator expression ([EVEZHERR) — e nEERRERN. EEERG —MEFERTRX, %
WM for T4), w e T EIBSE M. &E AL — M BHN 1£ Fh). ZAeEE g
(150 e i E A 22 {4

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285

generic function (JZRIPAX) Al LA R, 5% 820G BN R ZUEVECAEAE ] S I
L3012 e PR OR R B4, 2 e A BE US54 (dlispateh algorithm) ZE(EE

W52 [Elsingle dispatch (B—3F ) #isE5R{%&H . functools.singledispatch () Hffizefl PEP
443,
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generic type (JZZIMIE]) W BHALIpe; WH AN List B dict AR 24828 IR 2= ALz,
LTS Z B4 258, PEP 483, PEP 484, PEP 585 fl typing b,
GIL #2[Flglobal interpreter lock (438222 81) .

global interpreter lock (ZIPLFFaTS) CPython BLaan Ui MM S|, JH DAREPRERER UG — (B T 45
RELTT Python [)byrecode ({iICHLAS). FEMMEYLBA (RIEMEMERAE, Wdict) HEH
G [EIf A7 (concurrent access) /&Ry, A% AT PAfE {k CPython W EF{F . SH B ELa%as, rfi
B AL NEIZ 744 (multi-threaded) , {HACE & G4 b £ JE PR AR A0S REEIRR ALY — G
447 (parallelism)

SR, A Lo AL, a2 EEM SRS = n, B st e AT R Ay ol e (B 25 51 A 4
(computationally-intensive) [AfE#E, 7] DAMER: GIL. %4k, fEAT VO W, GIL 482 erokfiis .

WFER A [ AT 4] ERRg (DAE R RS A BUE L2 R B ) 1055 I ER
Iy, PEE—fry i — BT T, BAREEra gk, R, FEoTE e, &6
TR EIMRTZ , AT S S A A

hash-based pyc (HHEZURE) pye) — A TCALAG (bytecode) BIFHE, T AREMEIN A2 B EEUATH
(iR B ORI, e HoAT Rk 552 [E] pyc-invalidation..

hashable (n[ZE[EINg) WR— YA — W EEE, ZEELEGE PR wE (BFE M
__hash__ () method) , HA[ELHABY M HEA LK (BEFEZE M __eq () method) , HREE
e — =T EE. i I 20 T3 E 1, e ZE A A I i e M

AL HEEINE (hashability) i —{fP{F Al HIAF: dictionary (F°3) B8Rl set (S£6) HE, HEELE
R BT T A ENE.

KZ ¥ Python An]s(E ) (H#E v MBI Wag e (B4 list 5F dictionary) [EIAE; A
AR AR (540 tuple (JC4H) F frozenset) , HAEEMM TR MER, M4 S A4 20 5
By, AR HE AE class FEB, HlE Sy e piEL B ER . ©M7E A g R
AR (BRAFEME A O ), e M EE R AE BB M id ) .

IDLE Python f¥] Integrated Development Environment (% & 5088815 ) . IDLE 2 —1{f A1) 4 i 28 1 2L 2
ARIREE, BEA Python RYEEHEEAT IR OA — PP it

immutable (An[8EW0E) — WA B EEAIDE. S Y T . Al wple (Jo4l). SHEY
PHRARER R o QR —E A [ (B A R AT, R ST —RBr A P o B e TR B e
EMER R, I EER MG, FI0 dictionary (i) HHfg—fH.

import path (FEAWKFE) —E6E (54228 B ) pF)2, MARLL S 27 import FLAHNE , & #liparh
based finder (EEABACHITAGAY) BSBAAOE . 7F import [, MALESEEH EHKH sys.
path, {H¥AFE{f (subpackage) M5, BEWWREEKELEMMN __path_ B

importing (FEA) —ffiffE. —EBALH ) Python RexURE AT DAZE B M AR, W5 —MBALF 1) Python

FEAHE A -
importer (FEAZY) —MREESH LBMABMNIE; B2 finder (Fhgds) Widloader (BALR) P
.

interactive (ZLEhI¥)) Python A7 B E i as, & Fm AT DATE B i B 7 0l A BR R sORE
H, SCHATEMEHERI MR . REES) python, RTEALMEIH (ATHERE b 7R IRIY
RN s R ) . B R MIRUHTANE SR ERIR A G ERE TR % (GERUE help(x)) o

interpreted (Vii#ff)) Python @—FEERERE T, M AR S, ANBiEME D 1 REA LoRil], WEA
(EICALM (bytecode) Mk HIAFAE . TG F/ AR S W] DAL REEAT, AN WI Rt 57 ) — il
AR, SRRTIEIATE . LWRh T M LA SRR A AR R/ BRI, R e MR
TG . A2 Eineracive (HEIHY).

interpreter shutdown (Fii¥ZBPH) 3 Python EFRLfgi SR IAPHIRE, B & i A —HFIRFEEL, fEHE
TR T AT WG B R, O A AL AN 4% T B R (R A M . BB 2R IFE Y 32 S Dl 2 (garbage
collector), & REFEIMBEEME % A @R X (destructor) 38552 A 1) [ 1 (weakref callback), [
P RS . e B P Bopcl A7 i R XS il B 5 AR 41, PR E)E BT AR i V5 v] RE AN A AR
T O B2 bR 2 AR B 2 5 1 )

HEG R F2AR, 2 __main B BEPOEFTHEIA O AHATIE
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iterable (WECHIME) R REE— R (ol (8 H b sl B8 . nTEMCY {0 345 e 1 3 51 24 [E)
(%2 1list. strfll tuple) FIFLLLIEFEH A, B2 dict. #EM 4, UJU T SE FEAUATA class
Y, HERE class 5 __iter_ () method BY 2 B {ESequence (J¥4) 3B _ _getitem__ ()
method, %14 AT EUCH

AIE ] iR for BRI Z HA TR 2 — M5 (zip O « map () ..). &M ATERY
AR [ R AT K iter O B, BEEZY AR E—FERL. ﬁt.ﬁ%ﬁ@ﬂ?ﬁ"ﬁlﬁ
—AAfE ATk (one pass) SR . HTAEMRERE, WHEA—CEIFNY iter () SHTEMERIEY
. for BdEr B EHEWREBLE LR, B erdy YRR Ay 4% 2, A EE R 0 R A
HaEEIR . Higzliterator (EULES). sequence (JFH) Fgenerator ([EVESE).

iterator ([EMCZY) —MWFERERRNYE. EEHPEEREN __next_ () method (B2 T EIE
KR next () ) ERFREERNR P AISIEE & AT ERFE, 1§54 stopIteration
Bilah. BEiE, ZEMCZIVECHH T, MET3HE _ next_ () method [ifE—2 N, #F €
PR % StopIteration, [EURERNZEA M __iter_ () method, ¥ & [mHEMCEYIIFA L,
Fr PARE M E R 2 B 2 v [EM HTMH%ﬁAkﬁﬁLﬁﬁ,ﬁJ{ﬁTlﬁ%#B’ﬂ%/ﬁ‘o — 1t BF S 151
Gb, 2B ZmEM (multiple iteration passes) (IR . —HARSPF (B2 List) FERFRIRIE
BEIEL iter ( Lfﬂzf for [EE A ER, #WEE4: —MEmrEReE. FHERZSER
il (%J&lﬁ) e, gl A — B EC e . e SR ER sk, A
ARG — 0 S 27 -

£ typeiter SCH R DAFRE B 2 .

key function (Zex) S BT KR (collation function) & — 1 A FENY (callable) pE =, ‘& & [a]{E—
T8 A HEF (sorting) 5K & ¥ (ordering) f{E . B, locale.strxfrm () P AREIE — {0 T ff [k
R HE AR B 0 HE o

Python W12 T A, {32 DAGE s LRI H e R e 7 sl 8 =0 BMAFE nin () L max () .
sorted (). list.sort (). heapg.merge (). heapg.nsmallest (). heapg.nlargest ()
Ml itertools.groupby () .

&R DA, — B Rt BIltN, str.lower () method A DAVEEIA 43 K/ INEE HE T 1) o R
o B, — g RKW AT AR 1ambda @SR AP, Bl lanbda r: (r[0], r[2]). 74k,
operator BAHFEAL T = (8 pR 2 BERE R 2 (constructor): attrgetter (). itemgetter ()
methodcaller (). BFAUIMATE A R0 H, w2 EmmHET .

keyword argument (B3 518) #H2Eargument (3]30).

lambda 8 —expression (GEE ) B —H B4 TEIE = (inline function), 5% ok =X 9T MY I SRAH
## 57 lambda pRICHYEEVE R lambda [parameters]: expression,

LBYL Look before you leap. (=R {=47.) J& M4 /% G 7EEA TP sl te 4k 2 /i, W eI ek
. EHEEWEEAFP 0L, HERNROREARTL 1 £ A,

fE— L3 TaE S P, LBYL A 7E [ =8 f1 [E47] Z M5 AT BENEF (race condition) 1
JEBg . BIAIPA FAEHS 1f key in mapping: return mappinglkeyl, @R —(HBITHTE
W Z B BAEE R, 1€ mapping WRERR T key, RIFZAE=CHGHE & 4K JJEI [ R ] DA 8 (lock)
s fifi il EAFP 455 sC AR ARIE] .

list (351) i Python [l fsequence (J751). [EREERIA T2 list, B HECERUDLHAMNRE = P —1
(51 (array) MG —A5E45H3 5 (linked list), R EFIBOTER IR HEVE 2 O(1).

list comprehension (HBFI&FAIETY) M H AR P75 h A &8 e R, B En A, SR A — 1
list A 27 ¥k, result = ['{:#04x}'.format (x) for x in range (256) if x %

2 == 0] FEHE—MFH list, Heo@d 03 255 @EE, Fra e/ e 0x.). 1f 74
AEREIRIENY . WPRAEMEE, I range (256) HRYITAICERER G HER .

loader (H{AZY) —MAEERABANYIM. BUHEEFR MAE Load_module () [¥) method (%),
AW B finder (FAHES) ., W2 M2 PEP 302, Eﬁﬁ/\abstmct base class (fh%H
Fﬁﬁ), %%% importlib.abc.Loader,

magic method (BEWTJ71:)  special method (BFEHT¥E) mI—MMIEIE X F 355 .

mapping ($H) — {781, Eﬁi%{fﬁﬁ%ﬂﬁéﬁ H.BE L 1F abstract base classes (#ifi 5 £ IE 81
[F]) #, Mapping 8{ MutableMapping Jif #§ & 1) method. #if{fJ$E dict. collections.
defaultdict. collections.OrderedDict il collections.Counter,
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meta path finder (Eﬁﬁﬁﬁfﬁf ) —FELKHEE sys.meta_path [Mj[B{EP finder (F458%). TLERKE S
M pesigk 4258 B F4 %2 (path entry finder) FE{HZEARE .

B A TCER R A P BAE N method, F52([F] importlib.abc.MetaPathFinder.,

metaclass (JCRE]) —7f class [ class, Class E 2B FE & 7 —1{f class 4%, —1f class dictionary (¢
), PAK—1H baseclaSS(ﬁf” HAE) 19913 . Metaclass 135123208 =05 85, [EI#57 3% class. K8
E’J%#@ﬁ?ﬁx E T SR TER B ME. Python AYARE e AT REEIE ST H 7T metaclass.
KB B R TFEIL T H, (28 TEERE, metaclass 7] DARALEIR AEMEMMRE 2. &M
%Tﬁ@?&;ﬂ;l% PEREEL. s iTas et BEY L R AR (singleton), DA K #FZ
HABFIAERS .

T £ AT DAYE metaclasses Z i F1 R F) .

method (J53:) —fHIE class ABEEWE E 60 K. 105 method YEEIH: class B 51— &8 iy, |l
EH e SRR BT E e 1S — W argument (5]3%) (65| UGB EWREE self). 52 [Efunciion
(eR) Flnested scope (FARNEFHIER) o

method resolution order (jj“}é}ﬁ@*}ﬂl[ﬁif‘ ) RN AR SR S B AR, base class (FLRAH
E]) $HEFRNET. BRE 2.3 lLES, Python H R A B YA, #52([E Python 2.3 fif
Ty YEFRATIE Y o

module (Bi%l) —fE#E(E: Python F2 A5 4H 4% BA7 (organizational unit) () (4. HLgHA —MH a4 25 [,
B AR Python ¥y{f. BIHZFE fimporting 8 FE, PHAZE Python,
Sit%(Elpackage (£44F).

module spec (BS&BIRG) — a2 H, EEEHREAMALR import A B & # 5 importlib.
machinery.ModuleSpec —1{HE M.

MRO #2:[Elmethod resolution order (J7¥EfRATIET) -

mutable)(m%%ﬁﬁ) AR DA EMIOE, EARFEMN id O o BFESEimmuable (T84
).

named tuple (Fff#7C4H) 755 [named tuple (P44 7C41) ] 24514¢ tuple R AT FUEIEY class, HEHY
A[25| (indexable) JCZE AT DAFI P 44 8 P AR A7 HL . 35 2L AU[FISK class 1] DALA HABRERE

5 87 AI[F /2 named tuple, fU35H time.localtime () fil os.stat () [FENMAE. H—MHFT

B sys.float_info:

>>> sys.float_info[l] # indexed access
1024

>>> sys.float_info.max_exp # named field access
1024

>>> isinstance(sys.float_info, tuple) # kind of tuple

True

£ %% named tuple JZ[FIZEA(E (1 E6). 503, —1# named tuple 45, 7] DA —fi IE XL class & 362K
A, HELGE class @2#K H tuple, HEFR TIHAMHAL (named field) BIRT . 5Z%H1Y class i AT T
e AT PAE H TR =X (factory function) collections .namedtuple () AL, BFH it
T —LE%ESME) method, 15 4% method W] B2 E T ol [EJ2 1) named tuple H1, JEEFRE

namespace (¥ fA%3M]) SBEPHEAFIHTT . G4 2 HE DA dictionary (ML) BEEVE. AR, A
E’J&.@E’Jﬂﬂ% S, mEYT (FF method 1) ﬁﬁ%ﬂkﬁ@%@ FEJ /“B@ S [ #E fh Bi7 1k 44
g, B . B, K3l builtins.open fll os.open() & BAM I A 24 23 R AR [
AR, A4 AS S e IH AR 1 40 2 MR R AR A A BV E— (R ek X ﬂ{i‘@—ﬁ%@&—ﬁ'ﬁ . B
4, B4 random.seed () B{ itertools.islice () BREHIE R, 824 ENEH random
Fl itertools FIAHIEEAE.

namespace package (fiy ﬁ??ﬁ%ﬁﬁ) —{f PEP 420 package (E{F), B HAEVEETE: (subpackage) f
— . s MEA T REEE B F R TE, M R R(E e M AMG S — W regular package (IE
MEM), NEeMEIES __init_ .py SMHEZE.

Rk Flmodule (F54H) .
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nested scope (HUIRTEII) REEIZ: B AN 5% (enclosing definition) A S BT RE Ty . S0I2RIE], —1i e
K MAREAE S — MR e s, WEERE2 Mg mhmas. @i, EHREET, &
RATE PRI PP 2 T S P TP o [t S A B A (R A Pl U R A TRV, 4
IR U TR A 4 25 W U BT A . nonlocal AFFESNEMEMIEHETEA .

new-style class (HiAKIE) — M4, ©RIGHAEIA K class Y04 FT 6 Y class 1. 78531
Python fitAxrfr, WA class 74 GEff ] Python BGHTIY) . ZHkIIEE, B2 _ slots__ . fiikdy
(descriptor). J& ' (property). __getattribute_ (). class method (¥H[EI}53%) Fil static method ([E]
B .

object (¥ufk) FAMRAE (EEs(E) MpiERMATE (method) BEMERL. EWRAEInew-style class
(B AE)) A5 base class. (FEIRAHED) .

package (£5fF) —1# Python fjmodule (BE41) , ‘BRI PAGLE T4 (submodule) B /2 i FIf) 14 4
(subpackage). #7 LM E, EMste Al __path_ MR —{H Python £4H .

Wk Flregular package (IEFIEAE) Hinamespace package (4423 BB .

parameter (Z¥) 7t funcrion (P3X) = method 7= ) —{H v 44 T (named entity), "B $5W]5% ek
[El 2 —Wargument (5190), BAEFLLFE TR 20518 A TR 12 MR -

« positional-or-keyword ({7 BEa{ BT ) FEIH—( Al A4 e 4 B sl 2 AVEEIR 42 7 5| S g
518, BT BEE, BlPl R foo Al bar:

’def func (foo, bar=None): ... ‘

« positional-only ({EFROZE) : $&H]—MH A BEHL I OL BAHR BT | B, 7E ek S8 2 80 R
W/ FI0, W DATERE P OCHT I E SRR 28, BIUNLAR Y posonlyl FI posonly2:

’def func (posonlyl, posonly2, /, positional_or_keyword): ... ‘

« keyword-only (fEFSBHEES:): $501— [ FAE DA B SRR Bt 7 [ B TER St e 2R 2051 2,
o 47— FE 25 0B 2 8 (var-positional parameter) 52 SLAGNG * 770, #hAT DATE HL 2 7 i
SOEIRBA T 20, HIIILL R kw_onlyl il kw_onh2:

def func(arg, *, kw_onlyl, kw_only2): ...

« var-positional ({EREHEAIE) : JEU]—HRELMER IR Bt i 5 | 3 (TEC B2 2
LT | M2 AN . B2 ERERE 2 MM E L~ AGEFRR, Bl

args:

def func(*args, **kwargs): ...

o var-keyword ({EEBCRBGET ) FEA P RHRHL LS BRI S [ (FEC Lt 2 HiE2
HATA B 5 | 32 4h) . BB E M LS MAT T E i b > AEsR0y, Bl L
By kwargs .

SYAT DS | Mo S R B TR A, R] DAE—SE RSP ) 5 | R S TR

75 75 S BV 55 £ Wargument (51 #%) W H . & WEE 5] #8002 82 M) 2:[F, inspect.
Parameter class, function Z i, PAK PEP 362,

path entry (fSHH) FEimport path (BEAREER) HH—ENE, Wipath based finder (L AR A5
) TS H AL E RS import (WAL .

path entry finder (P&7EIHH =-5i%%) #f sys.path_hooks H1 g — 1 0] BF Y 4 {4 (callable) (7 B —
\Epath entry hook) J Wl {HLf—F& finder , "BHNIE A DA—Wpath entryiE (VH54H .

BT IR AR TE H SRS EAE ) method, 352 ([F) importlib.abe.PathEntryFinder,

path entry hook (PRRIHHE]) F£ sys.path_hook #I| A f— BT FERY Y4 (callable), #8158 4 a]
TE—BEFE Bpath entry " BIAEA, HI € Bl E-— @ parh entry finder (FEASIEH TR o

path based finder (JLIRPKIRIISMERS)  THIRIN TILIE F 48 22 (meta path finder) 7 —, & FE—{fimport
path 1A
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path-like object (FBfEWtE) —HFRREREARFBEEHYT. BEEDEITDUR W FE R SRR st
5 bytes P, B —MEAE os.PathLike W EMPWHF. EEIFIY os. fspath () R, —ff
718 os.PathLike WM LETT DAk iEEIE] str 8% bytes R RSIELE; 1M os. fsdecode ()
I os.fsencode () HI4HER] A str & bytes %S . B PEP 519 3] A

PEP Python Enhancement Proposal (Python }4([El#24¢). PEP J2— skt s, ‘& fiEll) Python #H R
LB, BUEHEIA Python () —HF U GRS 3% DI e M AR 7 FIREE . PEP M % BLEL L R i B¢ 7 R i
PASAE R ST R A S P

PEP (WAFAEH Y, @B E R AR o R HR 58 . At ahe o BH P S B R0 B4R, PARE A
Python (R FHEISRIMFCE], 35 2Ll AR i =2kl . PEP MO 2 & i et it B i B Re ) 3
.

#=2([E PEP 1,

portion (¥#B4y) FEH —-HEFM—AESR (WABERIEAE—M zip B ), ELEREYE —FHH4
£A{f (namespace package) 7 FrE Bk, ul[E PEP 420 ) EFR.

positional argument (L ¥ 515 2 Eargument (5]#%).,

provisional API (‘47 API) 47 API 238, FEAEE k=B M A A M (backwards compatibility) {73
R REHERR K APL, BESR LAV E, R B e MR REE T, B EEREE ERRE T,
B Z O AN BRRER LT, e g BB &g A AR EE (B2 aHERs m). SE
sEEEIR e g EI A — G APLAE A L B 258 10 i AR B G B aR R, A &84 .

ISR AT APL, T A2 58 S8 Gl ) [ R MRy %2 ) — S TRl B
ATB9R € 2 ] REH 1 — 1 1) AT AR A AR E )y 52

e IR A8 A (S A A 4 B X B RE B IR PN BT, T B SR AR B R 1 Ry ] 25 B A I REL Y et Bt
2L PEP 411 T Z A1 .

provisional package (¥[{7E11) #E&Eprovisional API (4T API).

Python 3000 Python 3.x R ¥ A ERE (R ACARTRITER), B 3 A m 2 e B AR, ) tnl
PA%EESE) [Py3k].

Pythonic (Python Jald%rf)) —(EAEAD—BARAM, MM T Python 55 et ST ARG, A28
JHHCAbE 5 A S A ERE A . BN, Python R WAy REE WA, 2 for B
B, HEAERY T TR TEE . 32 HAsh S DEH SRR A, T AR AT
Python ) AAT IRy (8 11— (0 B e et A AU -

¥

fi]

for i in range(len(food)):
print (food[i])

M2, DA AR R . 5AA Python Jalks :

for piece in food:
print (piece)

qualified name (MU #A%) —M [B50FA RG], & BURE— 08B AY St A T8 R AR b o 5810
class. PR3\E method ff) [B#1E], 41 PEP 3155 @S, B TEE 1Y R UA class T 5, FRIE 44 7
SLHA 2 R A [ -

>>> class C:
class D:
def meth (self):
pass

>>> C._ qgualname_

YC’

>>> C.D.__ _gualname_
'C.D'

>>> C.D.meth. gualname
'C.D.meth'
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G RSN, ©ATRE & & (fully qualified name) j2 RNz H E BB 73 PR BR AR, ALFEATA]
MAZEM, Bl email .mime. text:

>>> import email.mime.text
>>> email.mime.text. name
'email.mime.text'

reference count (SWiEHe) ¥R —EY RS UL W — WY 2 BEHECT BRI ZRE, © e
PRECHE (deallocated). 2 JHFHHUE # 1E Python FEsUaGh A R E|, (HE[ENCPython BN — 18 B #
JER. sys BALEFR T —Mf getrefcount () BN, /7 ialHlAT DAY % R A ] o — {6 K i
I 2 IR

regular package (\EBUEME) —MEE &M package (B1F), Hla—M@EE __init_ .py HEEMWHIE.
ek s Elnamespace package (423 L) .

__slots__ 7E class [FRHrg— (& 45, B T E S H OB 2, AIE IR EH] dictionary (FHL)
A TR R . BEARRE BRI , (e B LAEFEM A, o0 O P A IR — {0 i e B
(memory-critical) 1) i F R =X i fEAE A RE B 1 2 A ).

sequence (J3:41) —ffiterable (R[[EMCH{:), BB __getitem__ () special method (45K 7¥:), i
BRG | HCS R R AR TR, EEFR T M __len_ () method ZR[0I 3% FHI L. —L&
Flry B EfFE 1ist. str, tuple flbytes, TR, MR dict WFE _ getitem ()
Ml __len_ (), {HEWAHEIE M (mapping) A7, FIEHA R X026 AT & B immutable
g, AR

4 2 CHA(E] (abstract base class) collections.abe. Sequence EF% T — 3 hn & i/ 18 ,
AEIEF _ getitem () FI__len_ (), MM T count (). index (). _ _contains__ ()
Ml __reversed_ (). EfEMIEFRMERYEE], WA register () ML,

set comprehension (SEALAIER) —FEZH N, I ACE B8 wT EC ) 14 Hh i) 42 3 5 4 o
Z, FYEr4E L A—1 set A, results = {c for c in 'abracadabra' if c not
in 'abc'} GEAE—MFEH set: {'r', 'd'}. #52[F) comprehensions.

single dispatch (¥L—J))  generic function (ZZLRX) PRI, TR, FAEM SRS ER
— | 2 (E].

slice (VJ)) — MWW, B#E QS — Bsequence (JF5)) WH—ER5y. B —BY R 072 8
F R BE4F 9% (subscript notation) “[1“, #5445 Z M #w, MIFE#F 2 MM E 9%, Bl in
variable_name[1:3:5]. fE¥E9E (M) £F5EMENR, & slice Yit.

special method (¥§5kJjik) —FEE W Python HEJIFIY[Y method, FIFA SR Y (FI 47 B RE T, filan
Ty . 87 method 444 B8 & 7E B UEAN 45 )2 45 Wi FIR[E). Special method 7E specialnames H145 4
[ElmH.

statement (PiAR) BAXZ —HEMH (suite, —FEFEXAE TEIE]) Pr—8B50. BB PLE—
fllexpression (FEFEZ), SUESH BT (FlUNif, while o§ for) WEMELML —.

text encoding (SC#if%) A Python w1, — PNF£Fd 2 —H Unicode L% 5 (8 B 2 U+0000--
U+10FFFF). N TAEEUEE — DT, EREGIT I —B .

P FRR IR — DR “Gaid”, AN 75 SR Q@ A A R e <
6%770
HEMARFERSCARIT I Hlidds, EAEENA” XA GRS,

text file (SCRER) —MHREEFBNE A st WA file object (FEEWIM) . W, LFHEE
BE b R AR EUA A E [ 1 & R (byte-oriented datastream) [F)€r [ & i Flirext encoding (SCF 4fl) .
CFBRMETA: ACFRR ('r 2k 'w') BAEMREE. sys.stdin, sys.stdout PAK
io.StringIO IEH.

w2 Elbinary file (—IEHIRES), TR —WEEERBUN R A1 T4 & 4 1 (bytes-like object) IS

Y.

triple-quoted string (=5[9E[ElIyHY) o =558 ( ) 8G9 O) WEELS R —MF7 8. #ER T
[EIEA R ALE A S5 | 58 B il N o BE, (HERFFZER, eI Ra . eMERn]
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PATE 75 A8 R BEE (unescaped) Ay B BEAI&E 5] 58, i H & MK 754 J# 447 JC (continuation
character) J ] DABSERZ2 4T, 35 645 & 194 4 55 [EIH 2 R e AR E A T

type (¥[E]) —1# Python Yy EE e T &2 EREE Y B s — R, — @Yk
FIZETT DA ERY __class__ BHARAFEL, #iPA type (obj) HAGR.

type alias (BEE4) —ERENFEZER, FiEs2E 4 — M (EFF (dentifier) ACH ..
HFE % # a2 [E3E = (type hint) 1R W . Bil4n:

def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuplel[int, int, int]]:
pass

ALARTRGERK, SR T

Color = tuple[int, int, int]

def remove_gray_shades(colors: list[Color]) -> list[Color]:
pass

#H2[0 typing fl PEP 484, 4 I HERHIIA .

type hint (BIEWR) —Fannowasion (ERE), EHeE A, —1 class J& s —H K= 2 Bk o]
AR I ALE.

R 2SRRI, A28 Python [EHIAY, (HEMB(EREAE S THMRA M, [EfER D) IDE
S AR A4 (completion) A EE## (refactoring).

4 3 5 L. class JB MR ORI R X O & I s ) B EHR R, A8 W A typing.
get_type_hints () RIEHL.

#2([F typing Al PEP 484, 4 ILTHREMHEA

universal newlines (GEJHEf7'7I0) — MM SCF T (text stream) 952, &% DA Brf 5945 [E 5L EE)
—ATHIEE R Unix 72 H ' \n'. Windows 1] '\r\n"' FI##) Macintosh 1% '\r'. #H2([E
PEP 278 il PEP 3116, DA /A bytes.splitlines () WP

variable annotation (S28{(EIF%) —{E8EL class JB i annotation ([F1F2).
(EVRE 5 k. class JB PRI, BRIEEIEMEN:

class C:
field: 'annotation'

SYEREE R AR L ERRT (ype hin): B0, EWSEEY GG int CBE) H:

count: int = 0

S EIRE YR AAE annassign B A F A 1 AR RE .
%%@ﬁmcti(m annotation (IZIEE;I%) . PEP 484 1 PEP 526, &4 WYIREMHEA .

virtual environment ([EERES) —[ % /EEE (cooperatively isolated) [ f7BREE, fiEi# Python [¥){Hi /]
HAE RIS DAL S RN TH4) Python BE[EIE M, 1HIAS € 38 ] —fH 2 45 _L AT A9 HoAth Python JfE I 72
KT EEATE.

HEa(F venv,

virtual machine ([E15EBEET) — 8 5¢ 4 BOBS BT 2 S84 B I (computer). Python ) [EJ 358 1% 25 €7 0 17
Hibytecode (LTCHLAG) Hias B % Hh B RLCALAS

Zen of Python (Python Z[F]) Python St /si I ST EL R 51 3, HIEIA AT B i BRI G0 ILRE= . La)
FA AR AT IORMA [import this| AHRIE,
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APPENDIX B

BARELEFIRA S 14

i SEEI] SO 7 Sphinx  (—fE (E) Python [EIW SCIFFTERES O SCIFEERS ) 6T reStructured Text 45
TR R AR R i

Uil Python B 5, i B 1155 1 T EIH SCAFBLE AR BB BT TR, AR ERIHR R, 7 57
reporting-bugs F{IfT, [EVEAH B, FAM A BGaHi B EE A

B
» Fred L. Drake, Jr., J§i4f Python SC{ T R AW A DA — K B H1EH .
« A3 reStructuredText 1 Docutils T E.4H Y Docutils BL2% ;
o Fredrik Lundh f] Alternative Python Reference 3l [ , >}y Sphinx 244 L M) 5T

B.1 Python {895 Bk 1

#r 2 NF#R G [E] Python i3 M3E T . Python 422 p% 2 )5 Al Python [FIR S E ki . Python B S (EIR R 4G
AT ERRE W, §5 R Misc/ACKS

TEFAE] Python A7 14458 g B Bk A 35 3 3 (AR 1 (BT SO - IRl BT B IR A 1y AL AP !
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appeENDIX G

i E IR

C.1 &icio

Python 2 1 7 B S22 A0 51 AR RL 2T 9T By (CWI, R, https://www.cwinl/) [ Guido van Rossum Jji# 1990
EREBFEALE, i fEE—FRE ABC 3% 4% . (D Python (0 TR ACH HiAb M ETRL,
Guido /52 HFZMEH .

1995 4E, Guido {54 JE 5i N 55 i i B F A9 A 5] (CNRI, 5, https://www.cnri.reston.va.us/) #4548
e Python [ TAE, [EEARETEEE] T340l i 22l AR 4% o

2000 4£ . H , Guido Al Python A%.0» B % H B i 51| BeOpen.com [EJj{57. T BeOpen PythonLabs . [f]
4+ H , PythonLabs [# X% % Digital Creations (FBi[E] Zope Corporation; 5, https://www.zope.org/), 2001
4E, Python BBl 4 6r (PSF, H https://www.python.org/psf/) 37, g —{HEEHEA Python FH 2
EEIRE A7 69 A48 R AL4% . Zope Corporation J2& PSF iy—1fi & B & & .

Jir A7 1 Python AR ZBHIRAY (A BHIBRURAIEFE, (0 hups//opensource.org/) . FEM b, KEH{HAE4
By Python JiAS, o2 GPLAHZHY; DATR A4 G 25 M A 1 22 [E.

FERA | BB FHh HBEE GPL &%
090 1.2 | AEH 1991-1995 | CWI =
132152 |12 1995-1999 | CNRI 2
1.6 1.5.2 2000 CNRI =
2.0 1.6 2000 BeOpen.com | {5
1.6.1 1.6 2001 CNRI %
2.1 2.0+1.6.1 | 2001 PSF 5
2.0.1 2.0+1.6.1 | 2001 PSF =S
2.1.1 2.142.0.1 | 2001 PSF 2=
2.1.2 2.1.1 2002 PSF =
2.13 2.1.2 2002 PSF 2=
22 PAE 2.1.1 2001 4 | PSF 7

fiiE): GPL MIAREIAZ RN 21E GPL RN #[E Python, A4 GPL, 1) Python FZAEHS AT DA 55 (1)
BRI, (AR B 5 o IR . GPL AHZR 1) $2 HE( 15 Python W] PA%S & A/ GPL R
SE R HH B ERRERIARTT.
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IR Z I AMEE T, A£E Guido 8 NIUATH, fifHE Le A iy B [ER(E AT fig.

C.2 FANREMHLEMFGXER Python SR

Python KBS E SOOI B HE R FL R PSF 224 6 4.

¢ Python 3.8.6 Bith, [ERASCOFR RG], FEaC A AR S, 29 B 524E (dual licensed) i PSF 4%
REA #1VA K Zero-Clause BSD 1% 4% ,

A LERANA Python SRR BLAR R 2R S5 SEAZRER @ BB RE 2 XA — s . B E 2
FHERI A SERET L, 2 EOK T 3R 09 34 SR ECGH

C.2.1 1 PYTHON 3.9.21 fy PSF 1% &1

1. This LICENSE AGREEMENT is between the Python Software Foundation.
— ("PSEF"), and

the Individual or Organization ("Licensee") accessing and otherwise.
—using Python

3.9.21 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 3.9.21 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 3.9.21 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 3.9.21 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
3.9.21.

4. PSF is making Python 3.9.21 available to Licensee on an "AS IS" basis.

PSEF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY.
—OF

EXAMPLE, BUT NOT LIMITATION, PSEF MAKES NO AND DISCLAIMS ANY.
—REPRESENTATION OR

WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR.
—THAT THE

USE OF PYTHON 3.9.21 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.9.21
FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A.
—RESULT OF
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MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.9.21, 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. 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.

8. By copying, installing or otherwise using Python 3.9.21, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 A1 PYTHON 2.0 Y BEOPEN.COM #Z## &%)

BEOPEN PYTHON BB FZHES 455 1 I

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").

2. 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.

3. 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.

4. 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.

5. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

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

(R
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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 Hj® PYTHON 1.6.1 B4 CNRI 1R &

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.

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 THEREOEF.

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
[QiE3)
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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 ¥ PYTHON 0.9.0 £ 1.2 g CWI RS

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.

C.2.5 F}* PYTHON 3.9.21 [FEA #FI#2X#E#Y ZERO-CLAUSE BSD %%

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.
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C.3 #usr(F#kRany iR 8 MBI

AT A SRR R ORI Y R SR G B, B2 AE Python BEEICAS H BTl [E)i 25 =ik i -

C.3.1 Mersenne Twister

_random BAH S T LA hitp://www.math.sci.hiroshima-u.ac. jp/~m-mat/MT/MT2002/emt19937ar.html ] N
EZFIRE RS . AT 2R AR U Y 52 8 i -

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,
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.

3. The names of its contributors may not 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. 1IN 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)
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C.3.2 Sockets

socket A ] getaddrinfo () fll getnameinfo () R, B7E WIDE EHZ (http:/www.wide.ad.
ip/) [El, AT R A 28 rh i Al -

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
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.

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. IN 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
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.3 FERF#¥ socket fRFE

asynchat fll asyncore fAL A& DA R AERA :

Copyright 1996 by Sam Rushing
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 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. #ugFIakienyIR{E BB 129



http://www.wide.ad.jp/
http://www.wide.ad.jp/

Python Tutorial, $[F] 3.9.21

C.3.4 Cookie &8

http.cookies HiZH L& DA A :

Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>
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
Timothy O'Malley not be used in advertising or publicity

pertaining to distribution of the software without specific, written
prior permission.

Timothy O'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy O'Malley 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.3.5 #{TIEN

trace B W& PAT I
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 O'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.
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C.3.6 UUencode £ UUdecode F=,

uu AL DA :

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

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 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 ZEimf2 ey

xmlrpc.client PEAHALE DA R B :

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 TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.
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C.3.8 test_epoll

test_epoll HIgL{1 A FH2H:

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 B kqueue il & LA HEHH -

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
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)
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.3.10 SipHash24

Python/pyhash. c f§Z 6% Marek Majkowski’ %5 j* Dan Bernstein ] SipHash24 B VERIEE. B0
Nk

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a copy

of
in
to

this software and associated documentation files (the "Software"), to deal
the Software without restriction, including without limitation the rights
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/siphash24/1little)
djb (supercop/crypto_auth/siphash24/1ittle2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod Ed dtoa

Python/dtoa.c BEHML T C Y dtoa Al strtod s, MK C A BERS i B BOR 7 Hf TLAHIEE. %A%
FefTA4E H David M. Gay @S2I RI B SE, 125 BIAE AT AGE http://www .netlib.org/fp/ "N#. /A 2009 4F 3
H 16 H s R0 Ui 22 65 DA HURE B 2 e v -

/****************************************************************

* % ok X

*

*

*

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
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.

***************************************************************/
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C.3.12 OpenSSL

A2 OpenSSL pRsU R YEAE3E R AL, Ml hashlib, posix. ssl. crypt BLALE M EAIETIL
fiE. BLAP, Windows il macOS [ Python 224 F2 ] fE 4L OpenSSL eI RIIAS, B AR M HAE
IHEHK(E] OpenSSL HZHEM Rl A -

LICENSE ISSUES

The OpenSSL toolkit stays under a dual license, i.e. both the conditions of
the OpenSSL License and the original SSLeay license apply to the toolkit.
See below for the actual license texts. Actually both licenses are BSD-style
Open Source licenses. In case of any license issues related to OpenSSL
please contact openssl-core@openssl.org.

OpenSSL License

Copyright (c) 1998-2008 The OpenSSL Project. 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.

3. All advertising materials mentioning features or use of this
software must display the following acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit. (http://www.openssl.org/)"

4. The names "OpenSSL Toolkit" and "OpenSSL Project" must not be used to
endorse or promote products derived from this software without
prior written permission. For written permission, please contact
openssl-core@openssl.org.

5. Products derived from this software may not be called "OpenSSL"
nor may "OpenSSL" appear in their names without prior written
permission of the OpenSSL Project.

6. Redistributions of any form whatsoever must retain the following
acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit (http://www.openssl.org/)"

THIS SOFTWARE IS PROVIDED BY THE OpenSSL PROJECT " "AS IS'' AND ANY
EXPRESSED 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 OpenSSL PROJECT OR
ITS 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)

L S S I S ST N S N S N S N S T N S N S e S N S N IS S N T N S

CFgkzs)

134 Appendix C. ;B BB




Python Tutorial, £[F] 3.9.21

(R L —5)

% ok X ok X % ok X

ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

This product includes cryptographic software written by Eric Young
(eayl@cryptsoft.com). This product includes software written by Tim
Hudson (tjh@cryptsoft.com).

Original SSLeay License

Lo R S A S N S N S N S S SIS S S S S S N S S T T I S S N S T S . N S S

Copyright (C) 1995-1998 Eric Young (eay@cryptsoft.com)
All rights reserved.

This package is an SSL implementation written
by Eric Young (eay@cryptsoft.com).
The implementation was written so as to conform with Netscapes SSL.

This library is free for commercial and non-commercial use as long as
the following conditions are aheared to. The following conditions
apply to all code found in this distribution, be it the RC4, RSA,
lhash, DES, etc., code; not just the SSL code. The SSL documentation
included with this distribution is covered by the same copyright terms
except that the holder is Tim Hudson (tjh@cryptsoft.com).

Copyright remains Eric Young's, and as such any Copyright notices in

the code are not to be removed.

If this package is used in a product, Eric Young should be given attribution
as the author of the parts of the library used.

This can be in the form of a textual message at program startup or

in documentation (online or textual) provided with the package.

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 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. All advertising materials mentioning features or use of this software
must display the following acknowledgement:
"This product includes cryptographic software written by
Eric Young (eay@cryptsoft.com)"
The word 'cryptographic' can be left out if the rouines from the library
being used are not cryptographic related :-).
4. If you include any Windows specific code (or a derivative thereof) from
the apps directory (application code) you must include an acknowledgement:
"This product includes software written by Tim Hudson (tjh@cryptsoft.com)"

THIS SOFTWARE IS PROVIDED BY ERIC YOUNG " "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 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

Q)
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* QUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
* SUCH DAMAGE.
*
* The licence and distribution terms for any publically available version or
* derivative of this code cannot be changed. 1i.e. this code cannot simply be
* copied and put under another distribution licence
* [including the GNU Public Licence.]
*/

C.3.13 expat

KrdEfE# B pyexpat IR ER] ——with-system-expat, %R & H—MES expat JFAATE
B B AR AR

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

WRAEfE#E _ctypes fE M REE ——with-system-1ibffi, HHIRZE G H —MES libf A6
B ) A A 7

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

(N gkse)
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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.3.15 zlib

UPRAE R S EAR BN 2lib BUA KB ABOR Sk R 2110 BE5E, RlRzdse g M — M EE 2ib JFIGHS
(R R A P

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 restrictions:

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

tracemalloc {#H¥4E[EIZE (hash table) E/E, DA cfuhash BLZE (IR

Copyright (c) 2005 Don Owens
All 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
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

(F D
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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

MAETEEE _decimal B4 EE) ——with-system-1libmpdec, 7 Il #% R 41 € H —1F(E & libmpdec
PR X JBE A ) A A

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)
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 H|:XEH

test XA CI4N 2.0 HIFLEM (Lib/test/xmltestdata/c14n-20/) &4 W3C #gu} https:
/lwww.w3.org/TR/xml-c14n2-testcases/ #ehgEL, H A2 ER 3-clause BSD ZRER; #5(E:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All Rights Reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:
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* 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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Python F13 {73 [ HH SO0 HUHE -

Copyright © 2001-2023 Python Software Foundation. All rights reserved.

Copyright © 2000 BeOpen.com {4 F—4JHEF] .

Copyright © 1995-2000 Corporation for National Research Initiatives { fF —JHEF] .
Copyright © 1991-1995 Stichting Mathematisch Centrum {4 & —JJ#E#8].
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