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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 YR AR R E U iterator 1 generator DA M AH ¢ JFEARIRAN itertools fil functools £,

1 @A

BRI GRS . (U] Python 153 IFFHE, AT Bhick A PLBE AR 24 % 55,
SRR SRR DA T LRIy SRR EL P

o REFMMIEE TS ARAW, Ny ie —ERSIF AR M AN TE 4. C.
Pascal £ % Unix shells 2 R IES .

o A8 AHWIRIEF P, RS R R B, X ANE S I R RSB fe R
A AT . SQL W] RE R AR AE AR T T —4 SQL A ifif iR TR B R 1Y
Bilnte, FFH SQL 5 E L duE IR IRRIB R N RG], AR ATIRLE T H) %45

o WD RAEF SBAE— AR MRIA WIS, FHREWE AR S ECHRE R AME X A iR
BRI k. Smalltalk I Java FJ AR AT - C++ Al Python SCRFTH XS G 4fe, (HIFA5E ]
(EENTImPS St sy

o BB IRFE PR —AN ) R — 29 e L. BARE LT, R Z M AT R, X—1%
FE Wi AW s R RIS . B REEUES A ML K% (Standard ML, Ocaml DA K&
HAhASFH) F1 Haskell,

— BB BB B PR — AR E R A T 2 XAl 2 AR IR Oy R S SR AL A ME . oAt
A5 WS R LM A R 4afe 7750, Lisp, C++ Al Python A2 ZYETEF . MU LIEF, /-7 LA
S5 T2 R, W G e EGRRRR ML eR % . FERBAE T, AN TRIA TR 23 W] BE 2 R AN ]
77 g5 5 HAn GUI Al g i [ o G i A B2 4 )2 g AR el R X

AERBRERF L, M AL RO 5 BB A AR, BRI S b A7)
TERIIBRRC, SRR 2 BN, s R ECuk R s BRI (R 52 2 A
P B BB LB R0 2 7 R P B P2 7T SR Bt s 3
1085 S AR A
AT BT R AR AR A, VAN a=3 SR o = a + b 2 KHIRLIA, (LIRS T
O, 0T BVE A oS B B PR 2 H M . 5— ) TR print O 5 tine.
sleep () bk, ‘EATANATIRI— A IO, SRR BRI SR T MIRORIAER, B R %
eSS B
B PG Python FI7IF R S BUMBIIIRIFAT VO SUEIRITAIELEE: MHUT, M2 ARBHRRIHLL
WA, (DEAE TSR BGUIO R, O, H S IA 2 BT R B, R 2
ol AT SRR
G LA LT X AR ST RESURR QI ECHE, L3 DR AR Tk )
AL IS i AR AP, DA E R ORA S L BT R Y . B g U o]
AEADIPIRR A (. PRI B M BT SR, 75 Python {5 DU PIRIAEL )y JA8 £k, TEMAN
B (R FHREF(EEL, oo Aba) oA 2 IR X 5 S o
B R E A R AR AR 200 o A IR AR PR A B 47
IR F A

- TSI

- BELL.

AT

« SFRARR.



1.1 F23CiEeA

—AER LA, HRRCRTEDR B BB R TR 7 5
IR, BP0 X S EWIRFS I B A . SO AR AR, I
PR AR, s A RIS I (ORI A I, A0 H R
S APERSEN], TR T AR TR

SRR AE B A O3 AR 5 0y A, HUBLRL A0 AR o1 0 B A WELHORSHE . 24
JEAMHT O, RUEWIRCHT (R TRIA R X ALY ASCRFTRRA AR AR X Y 2L
I E TR N (T L N RS TaP S LTS R 8

BRSOV BT DR, PLOAMRAE O SR AR (LT 2 SRy 0 2
ik, HEAR AT DM R AT RS

SR, IR0 AR FARRIPEIR, i ELRI Python SRPFIES . EMERMOR RN
FESTEUSTRUED] . — A G B R I IE PR AEW] 2o e, L, 43D 3047 5
[EELT (Python RS, XML ARUESE, WIGLHR) 69 EOGTERRASREIENT. BDOEAS ok 2 N
0, SAEEWT 2 R U BLATREI TIERE, I RERAR I (RUE] T PR

1.2 1311t

PRAGU AL — NS AP B SR HARIE R A N DT o PR P S AT ERAL o AR T
AT TR BB R, AR ECE R, 5 TS, (RS T AR A A R

1.3 ZF iRl

IR X e B AR AR X R A 5

AR B DR Dy R G AR /i ELSS T . AR JCIk TARM I, B s AR e — vl DAKE A
iR W IR R E A S . ARAT AT AL 2 7 v [l AR i R S 5 1 e K

ISR 75 2 s D 1 e G 2 BT KA E F AR . AESATINART,  eREOF A HOB T T3 2 B R 4L
A MR, IRATFEAHIERAE A, RIaEAh h 2B A 4R — 2

1.4 Aok

RGeS R ARG IR P, AR5 AR Z G A A K A R . o — SRl et 2 Jey R
THRPERI N, ABHARR AR AT Z B FIAERE e P o 28 BRI, — M52 SCPFIC H Sl ] ey SR
) XML PR R B0@— MRS, RJERIBISCIF N R gL, #RAT AR IIFER Z A R
AMAZAREIE AN TREE . @ F R AR A A Bk BORAUSAIRR R, SR 4 BT T
TS — SRR 1Y R AL

2 ERZE

Fe M Python f)—MEFHEE, 5 R B AMERR P I B RE AT IR RS - 11U

AR NN BN R XX RAERR AT . Python iAfUARIAIHF __next_ ()
T BATEAEZ SR, RPN — iR . WREIRR A LR, __next_ ()
2 stopIteration i, IRfUASARMIRAIRAY: T84 BT R — N Hh o BREC R A 25 A0S -
WEM iter () BTN R KR B — MRS BRI AFSOCR, HRAER A ST
BAH MM ) TypeError F9 . Python A LA A BRI SR, SR LAY 51 20 7 4t
R AN SR AEA MR A, A TS ARAE iterable.,

ARAT AT SRS R RS H e 1



>> L = [1, 2, 3]

>>> it = iter (L)

>>> it

<...iterator object at ...>

>>> 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 A /DER A AR ACRIXT St Ty, Hp iR EE A e for Fiha, #EFA for X in ¥
Y B | BN, BEAREE iter O QIE—MNERRR. UFBIFSRERENH:

N
for i in iter (obj):
print (i)

for i in obj:
print (i)

HPAM 1ist () 2 tuple () XFEHIHIE R BT AU B AR BB R B0

>> L = [1, 2, 3]

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

(i, 2, 3)

AN E BB SRR AR . SRARE — B ER BB R 1] N AT, JRAT AEMA T ER A N >
JLERIMICH:

>> L = [1, 2, 3]

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

(1, 2, 3)

8 max () Al min () DAY P E R BT DASR 32 iR AR RR 240, R aR [m] e b 5 K el e /NI JE 3R
"in" Ml "not in" BAEHSCRRENS: WEPRAESTEE AT iterator 1R [m] YRR THHE] X AYEE, ) x
in iterator NH. A, WRERIZHRE, XAMIKHSBE] M max () M min () Kigth
AR ARICER X WA BAEEIERE, "in" Al "not in" BAERFEIHKA SR

HERAR R BEAE A PP ATk B R — e RN TIE, BRAREER A, SCE B S0
AR G AR X LEBANY TR, (HRACRR SO BARG T __next__ () Jrik. eRBCWTRERBLINAER
AR, WRAREOG FIAE R BAR PO R 0, b2l s G — 2k AR



2.1 ZHFEHENFMEIESEE

HATC L MBS RMICH B NG . Ebr b, Python AT ATFAZEAL, LAy 45 5, & A 313 HFE)
LA -

FF I dter () SR P S B 2 P

>> 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:
C. . print (key, m[key])
Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep 9
Oct 10
Nov 11
Dec 12

QO J o Ul WD

J

=M Python 3.7 JT4R, 5 BRIy I — & FHA AY —HF.  SERT B RAS I B0 I X — 5L, BrAR
[7] Py S5 B T EAS — 2L

XFIE iter () BURRim i, (BB ARIBHALE ARSIk ARAR Hok (i s AT
PRATART AR ] values () B items () {AAEIGIERIEN LS.

dict () MBI AR — A EA0AS, ARSI — A IRE (key, value) JUAREIRER

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

SRR LA A readline () Ry, EEIGFRCEPIIA AT X EWRE IR AT MR RO T
AR

for line in file:
#HE—ATHRATELE A

AT AT T AR GRAREUN 2, AR AT PALE ARl P 4 A Y 0 3%

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

P BP0 W

w =




3 BT ANTIIIRETN

VEAC BB AT R LR 73, ) WA TR, 2) B M AR PR TR T
L, SE TR, (ROTIEA N PRI, SR R PR
TR

P B GV AR FIAR (55 “listcomp” Fl"zenexp”) LS 505 DT, Sk AMERC (4 1 o X
4RI 25 Haskell (https://www.haskellorg/). (T DL AR R b N e RO BT 25 LA

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

>>> # Generator expression —— returns iterator
>>> stripped_iter = (line.strip() for line in line_list)

>>> # List comprehension —- returns list
>>> stripped_list = [line.strip() for line in line_list]

PRATEAIN B2 PR "L £ SRR E R IR

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

WP FAMETA, R FAG—A Python 4135 stripped list @MU ERITHSIR, JEA
. B RIE A SR AR, B BTSSR, R A A (. X
EWE, ARAEACAR R ol — N JC PR AR R sE KRR, SRS K 7 XA LR A
R IE AW 2T

A AR AP B RS C07) , A FEAESKIWEE 155 C07). LR E 0

( expression for expr in sequencel
if conditionl
for expr2 in sequence?2
if condition2
for expr3 in sequence3

if condition3
for exprN in sequenceN
if conditionN )

FRRUE, SRS AR S A—F (SR RS ).

X LA R T T R 2 expression WY AE(H. Hor i f EAR AR A02R 4 E 1
expression HATERFE MBI AR Z2R

Ak AR B R FRS I, A id tn] AR EVR eR B YRS o A R R AR B B — i3
R IR, TAX A%

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

Hp for. . . in 1BAEE TS J 7)o XA AR, B BTSN ARG T ihk
1M ANERIB AT . XA sequencel FIEE, sequence2 M KIF IR . sequence3 X4
sequencel fll sequence?2 [HILEMFF UG o

Bl SIFME A2 N Y Python {UH 4R

for exprl in sequencel:
if not (conditionl):
continue # Skip this element
for expr2 in sequence?2:
if not (condition2):
continue # Skip this element



https://www.haskell.org/

(B L)
for exprN in sequenceN:
if not (conditionN) :
continue # Skip this element

# Output the value of
# the expression.

XYL, WERAZA for. . in IBAIMBCA 1€ 1A, fHERI K0S A P o R ARl ang
VRIS FN R 3, IR 20 52K R 9:

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

KT AL Python (A5, AR expression £AEMITH, WX TCHMLMEMIESFEERK. T
T — PR AR, BN IERAY:
# Syntax error

[x, v for x in seqgl for y in seqg2]
# Correct

[(x, y) for x in seqgl for y in seqg2]

4 HpizE

A e — MR g B R A TARR AR R S iE 1) s B S A o] —ME, 2R B i [ — A~
AEIR [ B A A ALl o

ZZICEEI, AREZXTANAIAE Python I C H i 10 pR AR BAGE T, XM R B PA5— B R s
WFLA v 25 A) . 4R EENIE return FakAHE, oA S BN S TR M R/ . 2 R A
B0 BRSO 2 B SBT BALA i 22 (A M A SRl A B, (H2, WRAEIR 4~ s BN A 3 4
JRITRARS B AR RN 5 AR BEAS AR o Bl My SRS SRR ? okt A I d i B A Y 5 At
AITRT AR BT PRI R K

X HLA 1] B A plls e K0 1)

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

(LA T yield 54510 B AR L AL BAC Python (1) bytecode 245 4 L2 i (M (o3 U 51
PR R AL S

SRR A A, IR AR RO, TR AR /N SRR S S A R . %488
17 yield RN, A MALH L AOME, MR return Kk —BE. yield Al return FARK HI7E
T, Bk yield MG MBI PIRS SRR B R, 76 F— YRR _ next__ ()
IR, BHARPILNGT

JKHUA /N generate_ints () A MR fl:

>>> gen = generate_ints(3)

>>> gen

<generator object generate_ints at ...>
>>> next (gen)

0

>>> next (gen)

1

(T




(750
>>> next (gen)
2
>>> next (gen)
Traceback (most recent call last):

File "stdin", line 1, in <module>
File "stdin", line 2, in generate_ints
Stoplteration

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

TEA e R T, return value &AM _ next_ () FEWHE StopIteration (value) F7
o —HAHIXA TR, B RS, PR AR 1k, AR BRI AN 2 TR ORI .

RAT AT 5 1 OIS RS AR, UL ML T i A S 90 L s R AR R
Wi, WIDUX 2SRRI %: JE self.count B 0, SKJEI count (). AT, T
ST AR S, 5 AR T AT .

A1&1E Python g FR IR EE {4 Lib/test/test_generators.py AR ZIEHAWHIHTF. X B2 D4 LS
SRR 0 v s s

# A recursive generator that generates Tree leaves in in-order.
def inorder(t):
if t:
for x in inorder (t.left):
yield x

yield t.label

for x in inorder (t.right):
yield x

JI5MPIAS test_generators.py HHIBITL4E I T N RS (76 NxN AL FiCE N A EJS, AR
%¢%X%Lﬁ%wﬁ,M&%%ﬁﬁ%%(ENW%ﬁﬁi%gﬁﬂﬂ%ﬁﬁﬁmiﬁ%ﬁ%?%
&) 1.

4.1 4R REE

£ Python 2.4 Je Z Wil A v, A plds Ho ARt . — B AR s i ACRD Bl — R 88, sl 2
TRAE PR BRI AT R ) E AL 1R B AR DABIA S BN I RE, RAE AR5 | 1 — 4R Bk
H— W E T MBS T AR R, (R X AR Bk

F£ Python 2.5 U —ANa] BARRFELAL BB 45 AR AR 1 Tk . yield 28R T — Ak, R [ul—A~n] ANRZ:
AR R A TR AR O (H:

[val = (yield i) }

FAHWARTEAL I vield FRIkAGRIEMEREHE, SREWAS FiES, MG EHoF—F. FH5EA0E
WA, B IEICHA 2 RHMREFR EE S, Sk TEAS R
(PEP 342 it 7 HLUAM I, i vield RBAX MG K, BRIFE B IER IR IR E Rk =
Hofri, SEEIRAHRIIIG val = yiold & FRLAUERIFHNIIN LS, i val = (vied
i) + 12
A[PA ] send (value) () <generator.send> J5 ¥k ] Ak il AR . XA B AT A AR i ARG TS
WG vield FikzRMIFEEMME. AR PHEER __next_ " Jr#k, " yield’ () £i&[] None.
R —ANEERA RO 1 THEES , I RIS TR A
def counter (maximum) :

i=20

while i < maximum:

(BT 10


https://github.com/python/cpython/tree/main/Lib/test/test_generators.py
https://peps.python.org/pep-0342/

(B L)
val = (yield i)
# If value provided, change counter
if val is not None:
i = val
else:
i+=1

RS G AR € IR AN ]

>>> 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 ()
Stoplteration

J

P2 yield (REMHMES IR None, FrMRMZE A MTIL . ANEAERBX PR vield IMH,
BRARREAE send () @ME— 0 RV ARAY A et o8 B0 535 o

BT send () ZAh, ARNAREA WA HARR T 4

e throw (value) HITHEALMARNEHL L 5 XA FH LA A TR Rl yield Rk
A

» generator.close () SFEAEMARN TR GeneratorExit i RAHEN . HEIX A 5F
W, ERESIE &SI GeneratorExit (¥ StopIlteration; fFHEXAN S VEH AL
BIEVEN, H4&H A RuntimeError. close () tH&FE Python 3573% [ g [l e AR B g 4 A ]
Mo

WRAVREAE GeneratorExit &AM ER MM, AWM try: ... finally: &K
L% GeneratorExit,

AR R BB , LhAE ae BRI (5 A - A TR, ORI I

A R DS MR, — R U A AR . TR DA — R, RIS — T B
H ORI TR IEA, M return iEAEE) , MHEITPABEA, B, RIGTER 2 AR %2
(vield i&f]).

5 NEERE

FATAT AR B B 5 H 20 0 ek £ S 2 4077 .
Python P4 &P % map () Fl filter () &l T4 R Ik A H R
map (£, iterA, iterB, ...) BRM—ANWPIFEFHIRENRE

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

>>> def upper(s):
return s.upper ()




>>> list (map (upper, ['sentence',

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

'fragment'

'fragment']))

1]

PR ERAR T A 9 e T 3 B R R ROR

filter (predicate, iter) IR[l—/ 3 A i 28 E

SRPFRCR BN, Mo T )

REAHML. predicate (i5iH]) /& PTEREE S0 T 3 [0 FLAE Y bR éﬂz PR filter O, HIEREW
MR — S8
>>> def is_even (x):
return (x % 2) == 0
>>> list (filter (is_even, range(10)))
[0, 2, 4, 6, 8]
XA AT A 5 e
>>> list (x for x in range (10) if is_even(x))
[0, 2, 4, 6, 8]

enumerate (iter,

start=0) WHAERXIRPRICR, RIGR N W&

A8 (M start FTF4G)

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

(0, 'subject')

(1, 'verb')

(2, 'object')

enumerate () T80 751 I 0 Rk B E S AR IR T b

f = open('data.txt', 'r'")

for i, line in enumerate (f):

if line.strip()
print ('Blank line at line #%i'

o
)

i)

sorted(iterable, key=None, reverse=False) & iterable FHITTRHIESR—FFRF, KRG

HEP IR [nl

ZESL . Hit key Fll reverse ZEL AL T RIS R sort ()

Tk

>>> import random

>>>

>>> rand_list
>>> rand_list
[769, 7953, 9828, 6431,
>>> sorted(rand_list)

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

[9878, 9828, 8442, 7953, 6431, 6213,

8442, 9878,

6213,

9828,

2207,

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

10000)
8)

2207]

98781

769]

(CRFHHER B340 143318 W] 2 I, sortinghowto., )

WHERH any (iter) flall (iter) S H— ALK I ZHEA
) TEFTA JCR N EM IR [E] True:

) AEAL B G P AT

any (

B—TI0E NENIRE True, Tfjall(
>>> any ([0, 1, O0])

True

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

False

>>> any ([1, 1, 11)

10

(BF )




(750

True

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

False

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

False

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

True

zip (iterd, iterB, ...) MEAAEFONGAPEBERATCRAMSIRI R 1)

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

EHARAENAF BN — I N IR 0w AR AR AUt AR, AR sk s g o2l A4
IR E . (R AREAREMEETE, 20 lazy evaluation. )
XASEAEF B TR B R TR G AR AR SR AR —E, iR B R BRR K S A
R TR AR G AR [+

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

IR, AR %X AR OL PN T A K B iR AU U RS ST . REWREZ JFRtL T
R B B I FE IR A MU R AREE G X AR S -

6 itertools &R

itertools MRGEME W MAEAG AL THEZ BN GRHREL. Aol —&/MI RN 4
XA A

XML B R RO BT LAY R L2
o NEA B EIEDH Y AR I R %L
o BRIBARTCEA A S R AL
o TR RE A S A RR KL
o ATt o ALY R AR

6.1 SIEHRYENEE

itertools.count (start, step) R[E—NESHTLREGET. ¥IIEEEAN O, [HIFEGAH 1, 7
LT AT PASE & ) i (B (1) i

itertools.count () =>

0, 1, 2, 3, 4, 5, 6, 7, 8, 9y coo
itertools.count (10) =>

109, 41, 412, 413, 414, 15, 416, 417, 468, 19, .-
itertools.count (10, 5) =>

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

itertools.cycle (iter) fRAF—(3 PR B AT RIGEIA, Fak [l —AHE7= A BEA A IR A5
FEARHE g Bs A S EIRER X ITER.

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

itertools.repeat (elem, [n]) iR n WHHRMLAIICE, Y4 n NELER, R IEITCEGR TR B TE

11


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

itertools.repeat ('abc') =>

abc, abc, abc, abc, abc, abc, abc, abc, abc, abc,
itertools.repeat ('abc', 5) =>

abc, abc, abc, abc, abc

itertools.chain (iterA, iterB, . f§11£i§51597—f ERXSEAE A, EeR
R ICE, ?.f.if:z%’%:/\ﬂ@@?ﬁm?ﬁ, — BT, BERNERE AR AR AT %ﬁﬁ%
itertools.chain(['a', 'b', 'c'l, (1, 2, 3)) =>

a, o, e, 1, 2, 3

itertools.islice(iter, [start], stop, [stepl) iRM—AFrim A S 05T R.
A BRI ZG E stop ZEUWE, B 2R FI LG E stop 4‘@(%9’]713% AR ARPEAL T AL UG R start,
PRA5E stop-start AE? WERAVRZGE T step Z80, BBt AHNV. I cEE . F1 Python B 4552 Al
IRV R A, ARA start, stop B step X EESHP A 5k -

itertools.islice(range (10), 8) =>
o, 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, ) FIRASE il — AN B AR B E n ASRBAS IR [ AR A T 5 AR

e ARARARMES Y 0, gj@)\fﬁjﬂ 2. SRR E O IR A — i A, AR IRE AU EE
?kﬂ’]ﬂﬂiéiﬁiﬂﬁﬂﬁ AT IR, FERTARE A, AR o AR AR 2 A
o

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

where iterA —>
o, 1, 2, 3, 4, 5, 6, 7, 8, 9,

and iterB —>
o, 1, 2, 3, 4, 5, 6, 7, 8, 9,

6.2 MITRERARLN

operator B —4XF T Python HAEFFH %L, AN operator.add(a, b) (EFHAEE
3k), operator.ne(a, b) (fla '= b#H[E), PAK operator.attrgetter ('id') (IR[EFKEL
Cid B RTREEXS) .

itertools.starmap (func, iter) {REREMRITEREENE IR B —DICHM G, FHF XL ITHE
RSBV 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
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6.3 EETER
5350 F 9 bR KA I — AR AR B TR T2

itertools.filterfalse (predicate, iter) fl filter () FHJZ, iR AL predicate 1z [A] false

HIICER:

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

itertools.takewhile (predicate, iter) iR[W—Hil predicate 3% [H] true KJICE . — H predicate

R false, BEAARIES KA IEERNES .

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) fF predicate iR [7] true (B EFFEICE, I HIR [P A]
AT 1) ) x4

itertools.dropwhile (less_than_10, itertools.count()) =>
10, 11, 12, 13, 14, 15, 16, 17, 18, 19,

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

itertools.compress (data, selectors) IEZWHIEREE, RIGIRIE] data HFHH R selector T
IR NEIICE B — RS g 1

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

6.4 tHEERH

itertools.combinations (iterable, r) iR[El—/#EMREE, BiEAEWAERBTIIASHITE
BT I RER) r LA AL .
itertools.combinations ([1, 2, 3, 4, 5], 2) =>

(L, 23, (1, 3), (1, 4), (1, 5),
( 3, (2, &), (2, 5),

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

(4, 5)

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

A TCHPHITTERRRE T & AR ZaREABATRITY . Filan, 7€ L e 5 1 BESHE 2, 3,4 5
SHIM. —PBLIAYEKSEL, itertools.permutations (iterable, r=None) , BUH TA%FH )T 7 FR
i, R E A AT RER A r B HES:

itertools.permutations([1, 2, 3, 4, 5], 2) =>
(L, 23, (L, 3), (1, 4), (1, 5),
(2, 1)y, (2, 3), (2, 4, (2, 95),

(T
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(B L)
(3, L), (3, 2), (3, 4), (3, 5),
(4, 1), (4, 2),
(5, 1), (5, 2), (5, 3)

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

WA TR r ZH(E, ESBTEA R RE, WS A A o .
TR LR B i T AT BB AL A, FRAEOR T ik KAt RN AR ER:

itertools.permutations ('aba', 3) =>
(lal, Ybl, lal), (Val, Ya', ’bV), (Vbl, ’aY, ’aV),
('bl, 'al’ Va'), ('a" Va', lb'), (Va', lb', la')

[F—Aocdl (ra', 'a', b)) M TR, EEWAT TR B AL E .
itertools.combinations_with_replacement (iterable, r) ERETIN T —NARBIPRE : JC
PR AESR . MRS, A TTHE MU E RN T R, AR Ao
HE. :

itertools.combinations_with_replacement ([1, 2, 3, 4, 5], 2) =>
ik, 1), (G 2 Gy Sy @y ), (G, 8) g
2[ 2)' (21 3)[ (21 4)/ (21 5)'
¢+ 3), (3, 4), (3, 5),
+ 4), (4, 5),
¢ 5)

6.5 ANESE

RETIEW R IG — 1D HEE, itertools.groupby (iter,key func=None), 2 E 221 K 5.
key_func (elem) @—T] RAX K AR IR 0] 19 & S Jo R 0T BB (A Y R 4. USRI $R X A B
AL, ettt ITEE S .

groupby () MBTHRE I TR RSl S LA MRME R TR, ARG R — B 2 o4l
BRI, B TOLH AL B DA BRI X A SR A 70 2 BT ZH B 15 A

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]

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'")
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groupby () RE T Fr il RN A C SR E AT . R, R RS 2600 BF K
PEATATIE AR, B ALETE SKIEACAS 2 FIRH BLR B 2 B AR A SRR s 1 9SSR

7 functools &R

functools PSR AL BRI — D 2 R B E R AT IR B —ASHT B R . 3%
M A ) THZ functools.partial () PR

T A RBE A M E RRT , ARRSHm B A ER S8, FHEH RS EFR R %
J&—/> Python (4K £ (a, b, c); MRAEQIE—IMH (1, b, o) HMIHEL g (o, o) WUl
REGET £0 B—DSEE. X2 IrEm <m0y 7.

partial () ¥:3% %4 (function, argl, arg2, ..., kwargl=valuel, kwarg2=value2),
IR AT, FRULSGEAS EE % R A 472 S8 funct don,

XA MU MEARBL S B BT

import functools

def log(message, subsystem) :
"""Write the contents of 'message' to the specified subsystem."""
print (' 3 ' % (subsystem, message))

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

functools.reduce (func, iter, [initial_valuel]) ¥FZHiAE T LR ITE ICE AT
BE, HICERNBEW TR ERIT SR L. fune AR — 422 AN TCE IR Bl —ME W R AL
functools.reduce () #ZZERELR B HIFHAICE A Fl B HITH func (2, B) . RIFESIEKE
—“AIEE, C, iH func (func(d, B), C), AFEXNERFMENNTTRERHAGIHRE, NILgks:
TEEBEFEREA A ERRS . R AR ERXT R T ERNREAEE, TypeError il .
QR T HIMA (initial value), B 2BHMERIGE, W21 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 wvalue

>>> functools.reduce (operator.mul, [1, 2, 3], 1)
6

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

1

WARARAE functools.reduce () Hffiff] operator.add (), FRELSIEAERXT R F A TTEINE
k. PP OLAEE & L, B PA Python A5 —NMRRIR I P B PR AL sum () :

>>> import functools, operator

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

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

10

>>> sum([])

0

A, S FARZMH functools. reduce () WIHE, MHBHEN for THFR2 WG
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import functools
# Instead of:
product = functools.reduce (operator.mul, [1, 2, 3], 1)

# You can write:

product = 1

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

— A F R EEE itertools. accumulate(iterable, func=operator.add). BEHITRIFEH
T8, fH accumulate () AN@AULGRFEALER, iR E— D= w504 %E’J ERAR:

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
HTC 4423 T operator Bk, B & —RIIXS T Python #EAERFIY KA. 1ER R KA,
XSERFCEFRA N, WTARRE T AT, 3l b0 5 — e ) (A RAT— A AT BB R AR
KB HL ) — 2B R

o B2piz® add (), sub(), mul(), floordiv(), abs(), ..

o WHIIZ®E: not_ (), truth(),

o iiz%: and_(), or_(), invert ().

o W eq(), ne(), 1t (), le(), gt (), Flge()

o HRIAXTS: is_(), is_not ().
AT ALY KT AZ 7% operator FEIHLK SRS .

8 /NF#FF0 lambda FKixxX

i 5 R BGUAAR AR I, RS T5 2R NY R B, 3 1] e el DA A ORI
AR AE Y Python ARG HAMASI I i B eR AR, ARAE— A AN TR B SR R4

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

WERATFAEARTT R R, AR H C S . — M5/ DR 202 ] Lambda ik, lambda
EZ—USHA LN GRS AN, B BIE R 2k A B4 R A

adder = lambda x, y: x+ty

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

H— AT AU A F R def EAIRE LR KL

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

def print_assign(name, value):
return name + '=' + str(value)
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Wb — e 2 T BRIE? A AR AT FRIE A A A e i ] Lambda.

Fix 2 mbr i — AR E, lambda RESE W BREAET 2R BRERI 45 R T RBIE 1R A FRph iy F2 ik =X
ST, XEREWRABEMHEZ 1f. .. elif... else W, BiF try... except iEh]. WFEMR
S2FE lambda HAJHIRZ Foih, IRERASER S TEAAZ T AR L. RBeBEsr il T i
AL T A2 ST

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

VRATLASF I, AN I A8 b ) o B 2k ORG-S 2k T4 B — AN E Y de £ i)W
PALEAR DL B B

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

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

BERBALHE ] —A for HHRS L

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

s E S NER sum O FI— M E R RIA

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

VLAl functools.reduce () WYIEEAT A GG W for TEIAYTE.
Fredrik Lundh {28 # I DA — UK ) Lambda A :
1. 55—~ lambda K%k
AR UEX A lambda 585 T T4 .
WF9E— X MRS, REARH — IR BT 44 7
XA, XA lambda 2 5 Y, def 1574] .
CfEEREARL
FARFE EHOX LERIN, AT IRGE A ARG BEX R B lambda [ K% 2 AN 2 BEAF

TIIE S

9 f&ITiCRINE B

PR BB AR N RO AS SO Rl B 47 TR B, BRI Tan Bicking Nick Coghlan, Nick Efford,

Raymond Hettinger, Jim Jewett, Mike Krell,Leandro Lameiro, Jussi Salmela, Collin Winter, Blake Winton.,
0.1 fiZ: 2006 4F 6 J 30 H %A

0.11 ft: 2006 4F 7 H 1 H & A BIEPFEHHR.

0.2 fii: 2006 4E 7 A 10 H % 7. ¥ genexp 5 listcomp B4 & —H—. BIFPEEER,

0.21 Jiit: IATT tutor W51t @AY BE £ 225 30 A

0.30 Jit: ¥ T X functional BN, Hi Collin Winter #8755 ; ¥§ll T7F 5% operator 13 ) faj 45
JNTT s HAt DB

17



10 S3%30HK
10.1 58RI 3CRR

Structure and Interpretation of Computer Programs, Harold Abelson £ Gerald Jay Sussman 5 Julie Sussman
¥ ZAYAIAE https:/mitpress.mit.edu/sicp FRHL. FEX ARV EALFLFA L IEFR B, 55 2 FsE 3 Tihie
T AR R R T IR B 238 . B R BIET T Scheme 155, EX LEETT AR VR
Z BTSRRI T R BGEUXAS  Python AT

https://www.defmacro.org/ramblings/fp.html: —AMi F Java 7~ 05 H A FELH 14 7 5 U8 BH 19 R 5 g AR
SR

https://en.wikipedia.org/wiki/Functional _programming: —#& 1% s 5= g A2 11 Wikipedia £ H .
https://en.wikipedia.org/wiki/Coroutine: ¥pFE4cH .
https://en.wikipedia.org/wiki/Partial_application: F5434¥ R E0 T AH XM &m0 45 H -
https://en.wikipedia.org/wiki/Currying: PR BEALZEH .

10.2 Python #%
https://gnosis.cx/TPiP/: David Mertz 5 H ] 55— & Text Processing in Python H x5 A Utilizing Higher-Order
Functions in Text Processing” /N8 T 816 SCAS A PRI R B 2 A

Mertz i&~7E IBM [1] DeveloperWorks 3 i _F#15%f e E N gmFE i S T — & 438 3 F3CE; S0 part 1, part 2
Fl part 3,

10.3 Python 35

itertools B3Ry,
functools B3Ry,

operator B Y,
PEP 289: "Generator Expressions”

PEP 342: ”Coroutines via Enhanced Generators” f{§ji2 T Python 2.5 HUHT R AR g bt .
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https://en.wikipedia.org/wiki/Functional_programming
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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 #IEZY; PEP 289, 18
Python HEEZ I ; PEP 342,8,18
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