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&4
A. M. Kuchling

FAA
0.32
A SCRYFE LA 24 1) Python pRE G ETE B, TERRECNMAERI N2 )G, R EES 43 Python H1 & T 1R
B AR 4R E N iterator A1 generator DA M AH 5 ERSIRAN itertools fll functools %,

1 #hk

AT GRS AMEE . ANEAUE: 2] Python 1 F 1R, Mk AT AR & K5,
SRR SRR AR LA 2O AL FL A s -

o« REFWMMIEEF A E RN, NSy e -ERSIF T EVERA R M AR TE 4. C.
Pascal £ % Unix shells #{ 2 I BERIES

o A8 HWIRIET , ARES I RIEA R R BE], F FX NG S A R RSB & 1 R
FR AT . SQL W] RE AR B AE I IAATE S T —4 SQL iR iR TR B R 1
B, I H SQL 5IEELpE e KRR R M RG], WARSCRATIRLE TH%R45

o WD RAETF SBAE— AR MRIENTIRE, FHREE AR X SRR AN X A A iR
AW . Smalltalk I Java F H AN AIE T . C++ Fl Python SCRFTH X G4, (HIF AR5k
o P T T 0 G

o BB IRFRNPRE— AN R — R Y . BARE T, B2 A TR, X—1%
FE R AW 2 S N ERIRGS . E 4R EEUEF A ML K% (Standard ML, Ocaml PA K
HAbASFR) F1 Haskell,

— BB BB R — AR E R A 7 2 XAl 2 AR IR O SR g SR P AL R ME . oAt
2T F WS R LA R 4 A 7750, Lisp, C++ Fll Python A2 ZYEATET . MUNXLIEF, /RATLA
5 T2 R, T G R EGRAR M eR % . TER AR, TR AR 23 W] BE 2 R AN []
77 G5 5 HA GUI A BE e 11 [ 0 G i A B2 A @ g A el R

ERBGUERF L, WALV ROIA A BB ATE G AR BB U SN T4 47 )
PRRIBRAL, BOSSl i SR P RS, sk 3 R — B TR A B BB RS L S
PO BRBCHFR “S0RREC . IR P TR 267 RE R B P TS AT A B B
{8 LA AT
AT A SR AR, BEENAT a=3 e = a + b 2RI, (MR BT AR
B, AT BB B s BB 0 PF2 SR . 55— TR prine O 5 tine. sleep ()
R, B I — A RO bR LR T ORI D i i — e
ARG
BB U ) Python TEFF IS & IR BLIRBTR VO SR ERIE: MK, M2 IRptgmsat—F
{3 1, LB TR G RN B, B SIS BT R A, (R Sl e 2
s A LA
B T DA A ST SRR AT S T . XEUBR R RN, LBt MRS AR T
AL Bk RSB — 4L T, DLk EBREOIRAS S P O R . oM A R T
AEHLIBIR S M, PRI R BT 5030 . Python HL(r LT TRV sUE8 (i, AEMRIN
BER O PHBPHEE, P ALEL) o445 BE SRR IR 55 1 B
BB B A T PR AR 2. 4 MRS R SRR P o ML A S
RIS LA

. TR

« BiE.

- LA

o ST,



1.1 i
NG EIILA , AERCA U I A B R G AR Py IR AT R B ) 2

TR, BF7E8 TIX T R HEDRS I B A . SRR AW, I 18
PR HUEAE R, s R F U IS4 5 T R R s AR, i L0 A
—APERSHIEN] , RIS T A0 AR REL: th 558

SRR P AL LT A B 0SRS5S, HUBLRN T4 ARV o1 02 A TS EE . 24
AP AU, (T AT RO XY DAJIT SR R R A X R Y I,
Mo PLAIRRIFAA, IR L, R 2 SRS L

BB G 2 T DA B BRI, DA 70 B AR AR . G 22 BB R £ 2
it AR AT DA T BT

AL, VIR ARIE LRI bERR, T ELRI Python SRPTES. . EDGERBOR EiMA0E
ST SLTCR IOUE: — i R 00 IR PEREBI ok, L, 10 0 s H
W OFLT (Python MFERE, XML ARUFRE, DYGEE) MOIEHPEAEREREIENT. BGE(Ath oot —
O, RAEMEWI 2 R— R R TR TIEHE, (R H R GRUED T RFA R

1.2 =ML

PR AR 1 — SR A2 BSRFARIE B B N D T o PR PP 2 SR AL . AT T
AT VIR KRB, AN RBCERE, 5T RS, WS T A A AT IR

1.3 SFEARR
DA R B PP A AR R )

AR 7 B2 PR DAy R R AR AR /NI ELIF IR o 4R ok TARR IS, A~ s A 2 — W] PAKG A2
B2 B IEA R EA R o AT DA A r ] i AR i s 3 1 1 R A

M 7 5 2 TR A R B 2 BRGNP E H AR FEDATIN AT, s BT A RO T 2B R 4
R MR, IRATERG IR A, SRR H 2 B AR 45— 2

1.4 AEH

YRGS K BRI RRF I, RSB ARG A R A i ek . JHerp— BN ] G b 2 Jey R
THREERNYH , FHAR) AR A Z B TERR e 280R UL, — M2 SO H SR m] Ay S e v
(1 XML PR R 0@ — MR 304, RERIBISCIF N R &L, #RAT AR IFER 2 A F &
AMAZAIRSIE I — DA NT R @R AR AL A R BOR A BR85S 24 B T
TS — SRR Y R AL

2 EHREE

F M Python f)—MEFFHE, Hi5 RGO P 0 B 2RO IR TR - IR0

AR — R BIRR N R XN RAESIR P —SICE . Python IEAUEAHF __next_ )
Tk EATEAEZ SR, FHERIR IR T T — iR MRERR P EAICR, _next_
2 stopTteration . RMERARLZAIRNT; 5844 Bt — N ) JC FRE R 1 LA

WER iter () MRAEESZATE X R R R 0] — B AR A S R AFBOCR, A RA S
BB TypeError S0 Python A JUM NE BRI SRRE, W WAL SIZRAF L. 41
RAXRAEEMENE, WA EMSPIFRAE iterable.

PRAT A SRS R AR e 1

>> L = [1, 2, 3]

>>> it = iter (L)

>>> it

<...ilterator object at ...>

(ZF 30



(750
>>> it._ next_ () # same as next (it)
1
>>> next (it)

2

>>> next (it)

3

>>> next (it)

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

StopIteration

>>>

Python A7 AP BRI ATEA AU R AT, Hoh B A e for Rk, fERIA for X in v, Y
BoH SR ERE, BEABEWH iter O A EREE. AFPIRELRZEN:

for i in iter (obj):

print (1)

for i in obj:
print (1)

HIPAM 1ist O 2 tuple () BXARAYAAIE B AGE R A AL 81 B TA

>> L = [1, 2, 3]

>>> iterator = iter (L)
>>> t = tuple(iterator)
>>> t

(1, 2, 3)

79 B AR B R SRR AR . WHRAREE — B AER ENE R 0] N A0, ARAT DA TARIE S N A4
JLERMICA:

>> L = [1, 2, 3]

>>> jterator = iter (L)
>>> a, b, ¢ = iterator
>>> a, b, c

(1, 2, 3)

8 max () Al min () KAERY P B BGRORT DA 2 AN IR AUER 28 AR5 3R (o) s R B e /MY L &R
"in" fll "not in" BAEESHFRIANLS: WIRAEMEAEIL AR iterator 1R W] YRR AR E] X B35, W % in
iterator NH. R, WIREICAHETCRAT, X AMARK SBR[V max O Mlmin () KIEEAIER
s ARICE X WA IR, "in" Al "not in" FEAERIFERAKIEA SR W]

HREAR R REER B PP AT e B R — o Rk, BRAREERAE, S ERE S 0.
IEACAR X R] AL LN g, (ER AR 7 next_ O J5ik. BRECTREIN BLIMFER
IEACAR I, ARAR BN R A RS PO R A, Rl s ) — kAU

2.1 TEENRBMHIESER

HATC ZRESRAMICA SRR ds . SEPs b, Python HEAEATFAI2ER, HANF A5, HLH 2 SR dl
IR

XFF SR iter () ZiR (Al — Nk Py 7 UL B ) R A 2

>>m = {'Jan': 1, 'Feb': 2, 'Mar': 3, 'Apr': 4, 'May': 5, 'Jun': 6,
'Jul': 7, 'Aug': 8, 'Sep': 9, 'Oct': 10, 'Nov': 11, 'Dec': 12}
>>> for key in m:
print (key, ml[key])
Jan 1
Feb 2
Mar 3

(T




(% L 50)
Apr
May
Jun
Jul
Aug

0 ~J o U b

Sep 9
Oct 10
Nov 11
Dec 12

R Python 3.7 JFUfy, =7 ML Fy i I WP — & Al A WUFF— . SE i A I B0 X — 5, BITAR
[F] By S B AT BEA — 2L

FFHAH iter () M2 Sm P, (AW R B HARE A YA R AR Hk P ol & ST
PRAT PARHAf R values () B items () FYESE| A £ .

dict () MIERET A2 —EAUAR, RFRIE—DMER (key, value) JLAREREI:

>>> L = [('Italy', 'Rome'), ('France', 'Paris'), ('US', 'Washington DC') ]
>>> dict (iter (L))

{'Italy': 'Rome', 'France': 'Paris', 'US': 'Washington DC'}

SCPF AT AL ] readline O iy, HEIGFRICIFHFTAIIAT. XERE R AT AR EEHOCH
A7

for line in file:

#RE TR LR

S5 T AMAT 38 T RN 2, ] DALE ARl Ty 46 A DG 3R

>>> s = {2, 3, 5, 7, 11, 13}
>>> for i in S:

print (i)

B R 0w N

w

3 ERBRIEAXTIIIREST

P (BRI AT PIASR A RO BTy, 1) A TERITIRAE, 2) S MREA A PRI TER T4
WA, S5 — TR AR, URTT AR AR TR AR 1 T, SURVBHE PP (A 4 T e
T

FIFHE G AL MR AR (75 istcomp” Fl"genexp”) LA S MY, O/ i 11 o Bk
R Haskell (hitps://www haskell.org/). AT AR DA R Si— A5 ER s A BT A 25 LA

>>> line_list = [' 1line 1\n', 'line 2 \n', ' \n', '']

>>> # AR BRER - BEXRE

>>> stripped_iter = (line.strip() for line in line_list)
>> # FlREFA - BEFI R
>>> stripped_list = [line.strip() for line in line_list]

PRAT AT L2 PFTE A e RIEURFE I 0 R


https://www.haskell.org/

>>> stripped_list = [line.strip() for line in line_list
if line != ""]

TIRAESFR, (RAFEH - Python 9 scripped 1ist B AUATASIMTINIE, HAR
BACA RS 2RI RS, EAEL TR, P ITA . B
VA, USRI PR P — TR # K RORCR, SISO T . SR g
RN AL .

RSP B S CO7) | TR SR 5 CI0). AR AR T

( expression for expr in sequencel

if conditionl
for expr2 in sequence2
if condition2

for expr3 in sequence3

if condition3
for exprN in sequenceN
if conditionN )

FRACHI, DI St AR IOE B B OrE S TR D).
XA T W L E S N expression WG 4E(E. Ho if BA)E0 %K WHRA EHIG
expression FEERF A A PPN HEEFHI A4

A s AR R BERAEZ HUE, Sl DASE B RO 3RS AR AR AE RV B — e 8
HRBIEAES, TAXAS:

[obj_total = sum(obj.count for obj in list_all_objects()) ]

Hrp for. .. in ifMAE TREEIITY] . XLEFHHADHFEFEL, FAENSNZEAH I ik
J7, T ASERI AT . X4 sequencel HIITE, sequence2 2 MLIFIRMET . sequence3 XA
sequencel ﬂ:‘l] sequence? E@ﬁ%ﬂﬁ%ﬁﬁﬁ)ﬁo

Borpihul, ST EH R AN ) Python AT4EHr:

for exprl in sequencel:
if not (conditionl):
continue # Bkt T &
for expr2 in sequence2:
if not (condition2):
continue # Bkt ot &

for exprN in sequenceN:
if not (conditionN):
continue # Bkt b on &

R REREE,

XU, WA ZA for. . in IRAIMTBCA 1 iEA), A ARG R Bra P o KR BER R SRR
WIPANR A 3, A2 5 i R K B 9:

>>> segl = 'abc'
>>> seqg2 = (1, 2, 3)
>>> [(x, y) for x in seql for y in seqg2?]
[(ta', 1), ('a', 2), ('a', 3),
('b"', 1), ('b', 2), ('b', 3),
('e'y 1), ('c'y 2), ('c', 3)]

HT AL Python IHRAERF M, UK expression RAEMUTH, X ANICALMEFHSHHER . TiH
SIS AOER R, B AR IR




# IR
[x, v for x in seql for y in seqg2]
+ E#

[(x, y) for x in segl for y in seqg2?]

4 HpizE

A — AR IR S R s TARR R IR R S iE 1) e RO S A [l M, AR B a [ — A~
AE IR [ B A A ALl o

ZIHEN, ARE LN UATLE Python I C i F 518 pR B A T, IX I R B 2 A5 — DR 8 Jey AL
WFLA a2 2518 MR ENIR return FRANY, JRilA B S PSR G IER P4 . 25T [F
BRI B RN 2 B — BT AL fi 4 22 () M — A SRl A & . (HU2, RAEIR — 4~ s BN A 9 4
JRIFRAS B S AR R 5 R BEAS AR H R Ry BB RS ST ? Skt A i T hE Y 5 Atk
AITRT AR AT PRI R K

X HLA fA] B A 2B Bt R 80 BB

>>> def generate_ints (N):
for i in range(N):
yield i

LA T vield ST IR ECAR 2 A iidR B Python ) bytecode 2 i3 & 7 2 1 A I (A I £ 3 P
BETIRF IR AL P .

ARV — A E AR AL, BN IR B R A(E, iR [a] A SCRPAE AR A AR AR X 5. 3R
17 yield Rk, At 1 BH, MR return FkX—H. yield Ml return fARMXHITE
T, Bk vield BB PAPIRES SHEE AR B Rl . 78N — IR ZEMAS __next_ () 7
TR, BRI AT -

X B — generate_ints () AR AR

>>> gen = generate_ints (3)
>>> gen
<generator object generate_ints at ...>

>>> next (gen)

0

>>> next (gen)

1

>>> next (gen)

2

>>> next (gen)

Traceback (most recent call last):
File "stdin", line 1, in <module>
File "stdin", line 2, in generate_ints

StopIteration

[FRE, YRATPABH, for i in generate_ints(5), B a, b, ¢ = generate_ints (3),

TEA A R B, return value &AM _ next_ () HFEWH StopIteration (value) Hif. —
B XA, s RS, AR I R el AR AR AN S A OB
PRATAF3h 40 5 B C 2R R B AR AR iR, FE2E Bas 10 A SRl A8 A Ry S ) 1l B2 A8 B AP R
Foan, ATRAX Ak [ — N EEE R self. count WA 0, RJFiHIT count® () o SRIM, XFT—ArpéE
SRR RS, Bl — N RS AT B Y Bk

F1 & 7E Python PEH I Lib/test/test_generators.py BAGRZ IEH ARG . X B2 — AN
SR A e R .

# = AMNEAFFAER Tree T TH AW EHAEKE.

def inorder(t):

Cawy



https://github.com/python/cpython/tree/3.13/Lib/test/test_generators.py

(750
if t:
for x in inorder (t.left):
yield x

yield t.label

for x in inorder (t.right):

yield x

7N test_generators.py HIIGI T T N 25 M (76 NxN (OB FiE N DM R)5, ALA7—
4?$%Lﬁ%wﬁ,%&%%ﬁﬁ%%(EMW%ﬁﬁtﬁ%ﬁ&~%$i§%iﬁﬁﬁ%?%%
%) W

4.1 4R EEE

£ Python 2.4 Je Z Wit Ay, AR plade P 2R it . — BV AR U i AR B — SRS, s
AR R BORE PATHY I ) E AL BB E R . AR 0] PABGRSEBUX AN IIRE, 1RE 5 — 4 RA B ul
HATAME W MBS I AR R, (R ST AR 2

f£ Python 2.5 HUf —Afij BURFHE AL 45 A N I T 1A . vield 2GR T —ANRIASC, R[] —A~] PANRKS:
AR A TR A (L

[val = (yield i)

FBUAFAEAL B vield FRsURIERI R, SEPTIAE LS, B&R ERET—F. fH5iFAeER
WA, R HGEICEf ARMETR 25T, SHRESERS— .

(PEP 342 fiffe 7 FARBI N, e vield R IHFEER , FrF@ h IR G p IR 1500
Z?%ﬁo REWERITAE val = yield i, HR2UAFEBIERINEBEN RS, BB val = (vield i) +
12

AT send (value) () <generator.send> Jy A [l A4 i KA . XD IIESWE AT AE AR AT, &
Ja vield FaRF R IIFFEME. WRFAMEEA _next_ ik, yield () &iR[1] None.

XA A BRI 1 TR AR N R

def counter (maximum) :
i=0
while i < maximum:
val = (yield i)
M RRETMHE, WhZiHEE
if val is not None:
i = val

else:

i+=1

R AR Bl

>>> it = counter (10)

>>> next (it)

0

>>> next (it)

1

>>> it.send(8)

8

>>> next (it)

9

>>> next (it)

Traceback (most recent call last):

File "t.py", line 15, in <module>

it.next ()

StopIteration



https://peps.python.org/pep-0342/

P vield fRE IR None, FTPAMRNI%ERIAX NGOl AN EAEFRIRAXFFI vield BIMH, B

TEARBAE send () JeME— B HIAMI AR Az s bR B 7 34
BT send () ZAh, AINEREA W HALRY T vk

e throw (value) fl FHEA ML NI E 7 XMF
.

s close () X EMAFKIE A GeneratorExit FHIRALELEN . LI BMRHR, A MaRrMR
Th25i5| % GeneratorExit B\ # stopIteration; fHARILFHIFAEALMHAMEAEAR 2 AEER I

AR NN E A BLIR [YSCR} y Python (YL (ISR -
WRAREAE GeneratorExit KALMIMMRIE AU, FEWM coy: ...

GeneratorExit,

XL AR BN, LR e A BRI (Y (e AR 7 A TR, SRR

ﬁ_[EZ{ RuntimeError, close()

A IRA T DA B, — R S T AR B IR DA IEA, RS AR
AR TR PEA, M return IRAIR ), MHARERT DAREA, GBHY, ARIGTEMRZ A R R HIT KL

(yield iEH]).,

5 NEERH

AT AR B BT 5 2 R B s 2407 .
Python P B I EREL map () Fl £ilter () B #l T A W as 3652 AR
map (£, iterA, iterB, ...) ]Bﬁ-‘ﬁ‘iﬁ]ﬁf?ﬁﬂﬂ‘]]%f{%%

f(iterA[0], iterB[0]), f(iterA[l1l], iterB[1]), f(iterA[2], iterB[2]), ....

AL A TR vield ks

finally: 2ﬁé‘5f€fﬁ’i§

>>> def upper(s):

return s.upper ()
.

>>> list (map (upper, ['sentence', 'fragment']))
['"SENTENCE', 'FRAGMENT']

>>> [upper(s) for s in ['sentence', 'fragment']]
['SENTENCE', 'FRAGMENT']

PR ERAB AT LA 1) e S 3R B R R R RO o
filter (predicate, iter) iR [u|— il [ 341 fp i R 1€ AR C R IR ACHAS . Aot Xy T e

L. predicate (i) 22— DTEREE 0T R EER KA T REL filter O, T REULATA

fEEZ 2.

>>> def is_even(x):

return (x % 2) == 0

>>> list (filter (is_even,
[0, 2, 4, 6, 8]

range (10)))

X H] PAE A e X

>>> list (x for x in range (10)
o, 2, 4, 6, 8]

if is_even (x))

J

enumerate (iter, start=0) WEAERXSRPRITCE, RFREMEESANTTEC (M start TG ) Focs

PIAME T -

>>> for item in enumerate(['subject', 'verb', 'object']):
print (item)

(0, 'subject')

(1, 'verb')

(2, 'object')




enumerate () F 7 M Tl P9 FF 0 s B 2 26 RIS B TR e

f = open('data.txt', 'r'")
for i, line in enumerate (f):
if line.strip() == "'
print ('Blank line at line #%i' % i)

sorted (iterable, key=None, reverse=False) &} iterable P ILZWER — P FEd, RIGHHF
FHaRMIGER . Tt key il reverse S4B 245 T @4 R sort O k.

>>> import random

>>> # Generate 8 random numbers between [0, 10000)
>>> rand_list = random.sample (range (10000), 8)

>>> rand_list

[769, 7953, 9828, 6431, 8442, 9878, 6213, 2207]
>>> sorted(rand_list)

[769, 2207, 6213, 6431, 7953, 8442, 9828, 9878]
>>> sorted(rand_list, reverse=True)

[9878, 9828, 8442, 7953, 6431, 6213, 2207, 769]

(S HEF S 4N 7T 2 L sortinghowto., )

WEKEL any (iter) Fl all (iter) AR — DA RNAEMEZEE. any O AR RHER
—AICEAHEMRE] True, W all O EFTAICENEMRE True:

>>> any ([0, 1, 0])
True

>>> any ([0, 0, 0])
False

>>> any ([1, 1, 1])
True

>>> all ([0, 1, 0])
False

>>> all([0, 0, 0])
False

>>> all([1, 1, 11)
True

zip(iterd, iterB, ...) MWEPANEARGAPEBRATTRAMSIFRI R

zip(['a', 'b', 'c']l, (1, 2, 3)) =>
(ta', 1), ('b', 2), ('c', 3)

EIFANSTE WA A I PR AR IR o] i iR R Ak e s AR, R TR Ry i ol A
A1 RM . XA AMEARAREWYEETTE, 20, lazy evaluation. )

XA BB TR BRI R PR G AR AR SR AR —E, IR MR B H K S A
A T R AT G A ]

zip(['a', 'b'I, (1, 2, 3)) =>
(ta', 1), ('b', 2)

IR, VRMOZBEGX ARG OL, RN A MR AR A PR I CR IS R T X RS Z 5 Rt
VR E B BRI FE IR A WU R GREE G XA R S -

6 itertools ik

itertools BARUERE T MMIERGALN TAGZ MRS RE AWML/ TR GX
MR NS

XML B R R BT LAY R LK
o NEA BRI AR R AR I R

10


https://en.wikipedia.org/wiki/Lazy_evaluation

o BRIBARTCREA NS R AL
o TR R A S )RR KL
o kATt o 4L R AL

6.1 SIEHRYENEE

itertools.count (start, step) JB

ek T DA SRR (L8] -

] — A2 W TEBRE L . WIAR{ELRRIAH O, [IFRERIACH 1, fxt

itertools.count ()

=>

o, 1, 2, 3, 4, 5, 6, 7, 8, 9, ...
itertools.count (10) =>

10, 11, 12, 13, 14, 15, 16, 17, 18, 19, ...
itertools.count (10, 5) =>

10, 15, 20, 25, 30, 35, 40, 45, 50, 55,

itertools.cycle (iter) fffF—

7 e it EI’JT ﬁXT%lB’Jm'JZ!K Hik

FIRTEEACAS . B s S ORI S IE K

A 4 TR R

itertools.cycle([1, 2, 3, 4, 51) =>
1, 2, 3, 4, 5, 1, 2, 3, 4, 5, ...
itertools.repeat (elem, ) IR n WHHRHERITTER, 24 n AFELER, IR BB TR .
itertools.repeat ('abc') =>
abc, abc, abc, abc, abc, abc, abc, abc, abc, abc,
itertools.repeat ('abc', 5) =>

abc, abc, abc, abc, abc

) BRAT BRI IR R A, ek [l 5 — AL

itertools.chain(iterA, iterB,

R T IR, /ﬁ‘FZEM‘#/\E{/JFﬁﬁj}Z?, m—EHAT T, EENEFEE A S AR AT %JEXT%

itertools.chain(['a

ay,

o, ©p

1,

2,

3

9, Y@P

itertools.islice (iter, [start], stop, [stepl) IR[E—ANEr# ARELY R, W
HEPhZE 7 stop ZHU0)E, B 2R MIMERIGHEE stop NMERIIITE . WRARTRHE TR T3 starr, IRy

P35 stop-start PTCE s WRARGE T step 50, B &2k T?FHT” HITTE .
@]H?ﬁ[ﬁj VRASBERE start, stop B jﬁ% step X B SE A 718

itertools.islice(range(10), 8)

F1 Python EB‘J??@%@?J%

0, 1, 2, 3, 4, 5, 6, 7
itertools.islice(range(10), 2, 8) =>
2, 3, 4, 5, 6, 7
itertools.islice(range(10), 2, 8, 2) =>
2, 4, 6
itertools.tee(iter, ) A PASZ il —AN AR BaRIE n A REGE IR LR AU N A M SE kA .

WERAFAR IS n, E)WME)%J 2, E’Fﬁh%ﬁ%% T AR IRE AR I — T A, PR BEAE PR ACAR LK
e B S NAE s RS, FERTA RS, A& A AR 5 E 2 1 AT

=>

itertools.tee( itertools.count () )
iterA, iterB

where iterA -—>

OI 1’ 2/ 3’ 4/ 5’ 6/ 7’ 8/ 9’
and iterB ->

OI 1’ 2/ 3’ 4/ 5’ 6/ 7’ 8/ 9’

11




6.2 X THEEARL

operator MR & —41XF BT Python #AEFFAYER%L. H I operator.add(a, b) (EFIAMEUNER),
operator.ne(a, b) (ﬂ:‘l]a I= b?[‘Hla), l/)(&operator.attrgetter('id') (ﬁ@ﬁﬁlld}%‘%ﬂ@ﬁf
LIRS

itertools.starmap (func, iter) @iﬁgﬁ]ﬁ§¢ﬁxigzﬁﬁﬂzﬂ2[]*44\5ﬁﬁﬁﬂﬁﬁﬁ, ??Ei%ﬂfﬁiiEEjﬁéﬁfFﬁbéi
BRI func:

itertools.starmap (os.path.join,
[("/bin', 'python'), ('/usr', 'bin', 'java'),
('/usr', 'bin', 'perl'), ('/usr', 'bin', 'ruby')])
=>

/bin/python, /usr/bin/java, /usr/bin/perl, /usr/bin/ruby

6.3 EEXE
T3 b Z 5 R BRI T B — AR A TR 1Ak
itertools.filterfalse (predicate, iter) Ml filter () *Hﬁi, ﬂg[]ﬁﬁ%iit;nedka&:ﬁg[]ﬁﬂﬁ:B@fﬁ

%=

itertools.filterfalse(is_even, itertools.count()) =>
1, 3, 5, 7, 9, 11, 13, 15,

itertools.takewhile (predicate, iter) iR[H|—H il predicate 3% 7] true [ JGE . — H. predicate 1% [H]

false, BRAUHHMS KA IEEERIIES .

def less_than_10 (x):
return x < 10

itertools.takewhile (less_than_10, itertools.count()) =>
o, 1, 2, 3, 4, 5, 6, 7, 8, 9

itertools.takewhile (is_even, itertools.count()) =>
0

itertools.dropwhile (predicate, iter) ¥F predicate 1% [A] true fRIFMEEFICE, I IR [ AT E A%
ZIFIRGER.

itertools.dropwhile (less_than_ 10, itertools.count()) =>
10, 11, 12, 13, 14, 15, 16, 17, 18, 19,

itertools.dropwhile (is_even, itertools.count()) =>
1, 2, 3, 4, 5, 6, 7, 8, 9, 10,

itertools.compress (data, selectors){%%%ﬁﬁﬁ‘ﬁgfﬁ%%, ﬁ&ﬁ%ﬁi[]danlqjﬁﬁ*ﬁﬁyﬂﬁsekcﬂW[FE@jﬁ
FHNEMITE: BRTEAE— RS i e 1k

itertools.compress([1, 2, 3, 4, 5], [True, True, False, False, True]) =>
i, 2, 5

6.4 HAFEH

itertools.combinations (iterable, r) iRE|—/EUHE, THEA H
HATREMW) r LU A G . -

pa)Y
b

NGBS BT L5 B T Y i

|

=

itertools.combinations([1, 2, 3, 4, 5], 2) =>
(1, 2), (1, 3), (1, 4), (1, 5),
(2, 3y, (2, 4), (2, 5),

(3, 4), (3, 5),

12




(B L)
(4, 5)

itertools.combinations([1, 2, 3, 4, 5], 3) =>
(1, 2, 3), (1, 2, 4), (1, 2, 5), (1, 3, 4), (1, 3, 5), (1, 4, 5),
(2, 3, 4), (2, 3, 5), (2, 4, 5,
(3, 4, 5)

BATCHTRICRORFFE TE R Z R BIMATANF . B, e EmAE T HEer 1 B2 aTE 2, 3,4 5
5HIE. —PRIAEEL, itertools.permutations (iterable, r=None), HUJH T 4RF5 AR H
AR [ A T REM A r 9 HES:

itertools.permutations([1, 2, 3, 4, 5], 2) =>
(1, 2y, (1, 3), (1, 4), (1, 5),
(2, 1), (2, 3), (2, 4), (2, 5),
(3, 1), (3, 2), (3, 4), (3, 5),
(4, 1), (4, 2), (4, 3), (4, 5),
(5, 1)y, (5, 2), (5, 3), (5, 4)
itertools.permutations([1, 2, 3, 4, 51) =>

(1, 2, 3, 4, 5, (1, 2, 3, 5 4), (1, 2, 4, 3, 5),

WERARASRBE r SR, BRI RIKE, Bl arocE.
TR LR B it T ATRER AL B A, FRAEOR Tk KAt 2N AN E R

itertools.permutations('aba', 3) =>
(|al’ va, lav), (Val, VaV, lbv), (Vbl, laV, la|),
(|b|, laY, laY), (|a|, laY, lbY), (|aY, lbY’ la|)

Fl—Aocdl (rar, var, o) MBTWK, HEWA FAREARBAE.

itertools.combinations_with_replacement (iterable, r) @ﬁéﬁﬁﬁ$ﬁj’*¥4‘ﬂ<ﬁﬂﬂ@ﬂ§%ﬂ3 jﬁﬁﬁqﬂﬁﬁ
JTCRAAES . MIEETE, HE N THE BRI ITR, AR AT E AR E.

itertools.combinations_with_replacement ({1, 2, 3, 4, 5], 2) =>

(L, 1)y, (1, 2), (1, 3), (1, 4), (1, 35),
(2, 2y, (2, 3), (2, 4), (2, 5),

(3, 3y, (3, 4), (3, 5),

(4, 4), (4, 5),

(5, 5)

6.5 ATESH

?{Z % H‘ i/t\, EI/\J :9?4 }ﬁ —_ /l\ LI_] %ﬂ[, itertools.groupby (iter, key_func=None) ,
key_func (elem) J&—> 1] DAXF & A8 0] 9 4N Je R T R E ) pR 2. A SRR A R A AN B
B, eafsENTEA 5.

groupby () MBI AT AR AP IELEHICR A A A ER TR, AR I — MR 2 MTC4L 4L
AL, B IO AL SR DA SO I XA A A T 3R T 4L s g

i
o
il
S5
=
=
I

city_list = [('Decatur', 'AL'), ('Huntsville', 'AL'), ('Selma', 'AL'),
('Anchorage', 'AK'), ('Nome', 'AK'),
('Flagstaff', 'AZ'), ('Phoenix', 'AZ'), ('Tucson', 'AZ'),

def get_state(city_state):
return city_state[l]

(T
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(#2 E50)
itertools.groupby (city_list, get_state) =>
('"AL', iterator-1),
("AK', iterator-2),
('"AZ', iterator-3),

where
iterator-1 =>
('Decatur', 'AL'), ('Huntsville', 'AL'), ('Selma', 'AL')
iterator-2 =>
('Anchorage', 'AK'), ('Nome', 'AK')
iterator-3 =>
('Flagstaff', 'AZ'), ('Phoenix', 'AZ'), ('Tucson', 'AZ')

groupby () BUE T FHRIERIATIE AR RN AC SR REHF . R, R RR RS2 6 ikl
ATRTIE RN R, BT DATETE SRIE AT 2 FIRH B B 2 RTARL A FEIR U2 | RYEER

7 functools &R
functools FBHAL & — LU S R, MRy BRBIESZ — B BV E i AT IR Bl — AN B ek gl XA
ﬁi}&ﬂlﬂ%ﬁ}ﬂﬁﬁiﬁ% functools.partial () [Zlﬁlo

T R EE S B IR, AR A Bl 45 e B S8, R CA R B A TEAR R kg, %
J&—> Python (% £ (a, b, o) MRAHELIE D £, b, o) FMMHEL g, o WHLUR
BET £0 W—DSEINE. XU ITEN a0 RE 7.

partial()%&%%é%éﬁ(function, argl, arg2, ..., kwargl=valuel, kwarg2=value2)., ?Zééﬂi[]

— ARG, BT AR BERS B XS5 R AR 45 %€ 28000 function,
XA — MR IMEAR B SR )1

import functools

def log(message, subsystem):
minds imessage’ WK BAEERE Tl FAL., "
print (' 8 ' % (subsystem, message))

server_log = functools.partial (log, subsystem='server')
server_log('Unable to open socket')

J

functools.reduce (func, iter, [initial_value]) T%ﬁiﬂ?fﬂl%{t%‘%E@%ﬁﬁ%‘fiﬁﬁ?ﬁ%f@,
WA REAE TITETC IR T EAR S b func AR — AN EZ I TCE IR Bl —MER L. functools.
reduce () #EZIENR AR B HIHAICR A F B HHH func (2, B) « RAFELXHERE=AITR, C, it
8 func(func(a, B), C), RGN RBMEBLATCRHAGHRE, WL T A EHBTHFEREA
ATEARRT S WA B PR R R 2 AR EHEf{E, TypeError Sl WERIEHE THIME
(initial value), ‘B <o HVERIGE, W2 SCITHE func (initial_value, A) , :

>>> import operator, functools

>>> functools.reduce (operator.concat, ['A', 'BB', 'C'])
'ABBC'

>>> functools.reduce (operator.concat, [])

Traceback (most recent call last):

TypeError: reduce() of empty sequence with no initial value

>>> functools.reduce (operator.mul, [1, 2, 31, 1)
6

>>> functools.reduce (operator.mul, [], 1)

1

J

AARARTE functools. reduce () il operator.add (), fRELEEATEAXT R PRI FIA TR MER. X
e 00 A 3 UL, BT LA Python A5 —AMREIRAY I B BRAL sum () :
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>>> import functools, operator

>>> functools.reduce (operator.add, [1, 2, 3, 4], 0)
10

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

10

>>> sum([])

S, XFFRZ{# ] functools.reduce () G, [Fi RN for TS EM:

import functools
#EAUTIEABER:

product = functools.reduce (operator.mul, [1, 2, 3], 1)

# AR L FEE

product = 1

for i in [1, 2, 3]:
product *= i

*4/\$E3§EGLJ§Qﬂ31tertools accumulate(lterable, func=operator.add) bfﬂ'Tr]$fBﬁTf§§ H
accumulate () NEAVAGRBIFALER, MR B —Nared A0 45800 %Ttgg-

itertools.accumulate([1, 2, 3, 4, 5]) =>
1, 3, 6, 10, 15

itertools.accumulate([1, 2, 3, 4, 5], operator.mul) =>
1, 2, 6, 24, 120

7.1 operator iR

RITAIC 2252 3 1 operator b, B4 — RIUXS R Python SRR BB, Aok BEURA I AU T,
LR ECEFRA M, ATRAEARE AR, 55— LEBAE Y ST — AT B R AP R A

A B — S A

o BB add (), sub(), mul(), floordiv(), abs(), ..
. ﬁgial_fi not_ (), truth(),
o (Viz%: and_(), or_(), invert (),

o B eq(), ne(), 1t (), le(), gt(), flgeO),
o HHIARTE: is_(), is_not ().
AP B ] AS: 2% operator AR SCEY .

8 /MF ¥ Fn lambda FKikxxX

i 5 PR BGUAAR RPN, AR5 AN RR B, A i 1] e el AR O AL AT R
UnSRAag ) Python ALY i HAMASE Rty eR 88, AR — S AN TS B SR R AL

stripped_lines = [line.strip() for line in lines]
existing files = filter (os.path.exists, file_list)

MRAREAEAREEI RS, B CRE . — MRS/ RS 7R MY Lanbda ik, Lanbda
B2 SO A SRk, A AR I Fk s 0 4% B

adder = lambda x, y: x+y

print_assign = lambda name, value: name + '=' + str(value)

15




H— R BRI R R det AR E SCRREL:

def adder (x, y):
return x + y

def print_assign(name, value):
return name + '=' + str(value)

WR— RS2 BRIE? X — XA D Bl A BA 2l S E H Lambda.

X AR, 1ambda SR E AR EAER 2R BRECK S5 R BB 1 BRI Y ik 50k
WE, XEWERAEENLH 1£... elif... else B, B¥ try... except iffhi). WIRIRZZIA
£ lanbda WA FPMURZHE, RERAXERANS TERART AR 2. ARAEPREE A T i A X
8T 27

import functools
total = functools.reduce (lambda a, b: (0, a[l] + b[1l]), items) [1]

YRATASERIE a2 AE B R B 2k AR R AL T A4 —ANMRIFERRE Y det IERIT]
PALEAR DL A5 B A

import functools

def combine(a, b):
return 0, a[l] + b[1]

total = functools.reduce (combine, items) [1]

AERFAULE ] —A~ for THI S HHF:

total = 0
for a, b in items:
total += b

B sum (0 Fl— AR AR IR

[total = sum(b for a, b in items)

WZ MM functools.reduce () WHIEA] AEIEMIIE 1 for fEIAITE.
Fredrik Lundh ?4 28 DA R — 2N R E 44 1ambda 16 :
1. H5—~> lambda pB%5.
AR ULIX A lambda 5838 T T4
R — X R, R — MR 4 5
X445, H3XAS lambda 25 Y def 1547
ABEREA A
AR FHGX LERIN , AR SE A ARG+ REX A B Tambda (1 XU AN 2 AT

9 f&iTicRINBM

VR SR AR N SO A SOR Rl B R 45 T RO 2, SEIEFIHM) - Tan Bicking,Nick Coghlan, Nick Efford,
Raymond Hettinger, Jim Jewett, Mike Krell,Leandro Lameiro, Jussi Salmela, Collin Winter, Blake Winton.,

0.1 fiit: 2006 4F 6 H 30 H %A,

0.11 it: 2006 4F 7 H 1 H %A BIEPFEHHR.

0.2 it: 2006 4F 7 H 10 H %&7fi. ¥ genexp 5 listcomp Wi & —H—. BIEHIEEAR,

0.21 Jit: AT tutor HRFEZ 2 h I B 2 275 30

IS
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0.30 il: W T A K functional BEHAY/NTT, i Collin Winter $5; 5l T 47 5 operator #EHLi i K/ )s
T HA b REE .

10 23308
10.1 &Mk

Structure and Interpretation of Computer Programs, Harold Abelson #1 Gerald Jay Sussman 5 Julie Sussman
% . ASIAE htps:/mitpress.mit.edu/sicp FREL. FEX TRV BRI L IBORHIT, 25 2 F1%6 3 Tihig
T P A FIROR R P N R B 1% . B R R BIE T Scheme 155, (HiXSEAT A Z R
Z BT SRR T eR RS ) Python AU

https://defmacro.org/2006/06/19/fp.html: —M F Java 7 13 H A R0 7 S 08 B B o8 B gm AR 1 A
N4

https://en.wikipedia.org/wiki/Functional_programming: —#&4: i) e B 4w 2 A0 Wikipedia 5 H .
https://en.wikipedia.org/wiki/Coroutine: ¥pES<H »
https://en.wikipedia.org/wiki/Partial_application: 5434k R FAH MRS R0 4H .
https://en.wikipedia.org/wiki/Currying: EREH B AL H .

10.2 Python 3%

https://gnosis.cx/TPiP/: David Mertz 45 1 [{) 55— Text Processing in Python WAk Utilizing Higher-Order
Functions in Text Processing” f/N{T1518 T £ X SCAR AL PR sR A S AR

Mertz A 7E IBM [ DeveloperWorks 3 i 1% B gnfe it s 7 — R 513k 3 fF3CF: S0 part 1, part 2
F part 3,

10.3 Python 34

itertools *ﬁﬁ%jﬂ‘ﬁo

functools *ﬁﬁ%j(%io

operator *ﬁi}%j{%ﬁ °
PEP 289: "Generator Expressions”

PEP 342: ”Coroutines via Enhanced Generators™ {f§iR T~ Python 2.5 W81 A= il g4
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https://mitpress.mit.edu/sicp
https://defmacro.org/2006/06/19/fp.html
https://en.wikipedia.org/wiki/Functional_programming
https://en.wikipedia.org/wiki/Coroutine
https://en.wikipedia.org/wiki/Partial_application
https://en.wikipedia.org/wiki/Currying
https://gnosis.cx/TPiP/
https://developer.ibm.com/articles/l-prog/
https://developer.ibm.com/tutorials/l-prog2/
https://developer.ibm.com/tutorials/l-prog3/
https://peps.python.org/pep-0289/
https://peps.python.org/pep-0342/

#5l
P

Python ¥ BEZ I ; PEP 289, 17
Python ¥ EEZE P ; PEP 342,8,17
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