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Some languages are very strict about purity and don’ t even have assignment statements such as a=3 orc = a + b,
but it s difficult to avoid all side effects, such as printing to the screen or writing to a disk file. Another example is a call
to the print () or time.sleep () function, neither of which returns a useful value. Both are called only for their
side effects of sending some text to the screen or pausing execution for a second.
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3 = 2ot TR ET 7L & Fho] A o9 7leS AFEASUTH o g o H.
olEl g o] B & ] o] E H= Uet= AA d Ytk o] AR 3 ¥l 3 2 44 t o] B & REskt T 3o
A olElHo]H = REEA] __next__ () 2h= WA EE APl oF Pt o Uﬂ/ﬂ‘: = °]Z}—ﬂ4ﬁw oL
2EH 02 945 WSS Uty B A2EFH = 947 YUY, __next_ () = Stoplteration
oA ] & LA Aok . olE# o] E 7} & B2+ sy Th Fas vl ol H CE%% 2738k o5 d)
olE] & A et= Ax e A ¢l v Ut
W B4 iter () & 999 AAE At A Yo} R4 WEsE o o]
AR 7} ol Bl #l o] A& A D3] ¢k S W TypeError 5 HAA| ?“41:}- gho] W & W7 d o]
olEl gl o] d& X]"E]._‘ﬂ"ft'ﬂ; 7Hg¢ ARl AL gAE HM e Y Uth olEHolHE A
olH# & o]zt Bt

TELE oJH ol Aol AE AR E 5 AU Th

i
[
)
M o
J

l

=
=

>> L = [1, 2, 3]

>>> it = iter (L)

>>> it

<...lterator 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>
StopIlteration
>>>




Shol e ele) he AHAES A o) el AR & s, 7 589 Ale for FSIUT for X in ¥
ToAlA Y& =X olHH ol &2 iter () 7L olEHHoJHE AT & A= AA olofof FUT T F
e 2 = L AR
for i in iter(obj):

print (i)

for i in obj:

print (i)
olElel ol Bl List () Et tuple ) A2 F5E AHE3] PAEY FE2 ehd £ g5
>> L = [1, 2, 3]
>>> iterator = iter (L)
>>> t = tuple(iterator)
>>> t
(1, 2, 3)
N%éﬂﬂﬂE_ﬂHllHENtQHWOWHMHﬂNﬂﬂ AE WHEsitE A ¢ I,
IAESN-FER AT 5 AUk
>>> L = [1, 2, 3]
>>> iterator = iter (L)
>>> a, b, c = iterator
>>> a, b, c
(1, 2, 3)
max () Hmin () I 22 WFETE st olHeolH AAREHAT T Ao MG E FL P A2 8485
L%ﬂﬂﬂ"hﬂﬁﬁwtnﬂﬁ“ﬂEﬂﬂHﬂﬂﬂiﬂﬂlwq ol El gl o] E] 7} uk 3t A E J o A X
FAFEX in icerator i AT oleelolesl RAAA FAD FA) $ 2T  dhimax ) o
min () £ G918 A}E WA ghov], 84 X7 2EPol A YEREA 08 "in" I ot in" A}
A 48] A7HE WA 2L AU
o] B g] o] B of & &% 2y yotz 4 gtk Holl FYatAL; ol 845 7HA L AW, o|HE o HE
ﬂ”ﬂﬂﬁ%ﬁ s e st Mﬂﬂﬂﬂﬂtﬁ%ﬁ 2ol s ATE
“ﬂﬂﬂﬁﬂﬂﬂiiia%_mwt O A=A FASUS T BE olHE 0B 282
AHFg Fong 2 AEH AN OE FYS F3 ﬂ%&—ﬁoﬁi%ﬂ%llﬁéﬁcﬂﬁﬁww

2.1 O|E{2I0|E{E XI¥/5H= CIOIE S

ZAES FZo] o]EHHoHE oY A A Ysl=A oln| A K kS UTh AAE BAG ) 2L slo] A A
2F L olg ol H B S AFo AP

iter () & AV o AL gL 7] & vE st o] B g o] €l & wrEah o}

>>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, mlkey])
Jan

Mar
Apr
May
Jun
Jul

oUW N
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Aug 8
Sep 9
Oct 10
Nov 11
Dec 12

gpol A 3.7 7Bl =, GM U E olB ol £AM7L A A% =S EAFUH ol d HAdM =, T3]
A Q= A &k A HE < AT U

iter() & 9AVElo] 483 AL B4 7B WEIAAW, GV o]k ThE o) H o] E B M
WA =7} 5T gholu AR A RS Aol BAACR values() & itens() WAEES
g3t A ol H Ao EE AL S

dict () A= (31, &) F22 7343 2EHS W3el= o] HEF o HE HS 5 A5 Uth

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

) 744 readline () WM EE T&38te] oJH o] A& AFdUH 5,

for line in file:
# do something for each line

A2 ol £l W& 7HA A Ao d4aE T 5 Jlsyth

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

R0 W N

w =

o el ol Elo] Z ol j ek T 714 QubA ol A4HE 1) HE 240 e of H A4k AL, 2) oW 2 AL
gEs 940 F2 AP AUSs AYUTE o & So] A4 e 227} oW 7 Fol A u] 3L
AARAY, Fold RE 2L ZRE RLE 2ALL 252 4 5T

ZAE Az AT A olH 232 (& Y “listcomps” L “genexps”) = Shrd =20 Qo] FF~A
(https://www.haskell.org/) ol A D& o] 2 &k 25 93t THE et 71 JUth th ZEE AHE3to] £+
AEHNA RE UL AAY S Y]

>>> line_list = [' line 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]



https://www.haskell.org/

vifn 27S F18ke] 54 220 AE Y S5 ek
>>> stripped_list = [line.strip() for line in line_list

if line != ""]
giE A de AHgaE shold Bl AES 92 4 %Y Th stripped_list = o @ o] 8 7} obu e}
A 3PS G e H2EYUnh A olH x84 d 8 of whel g2 ALsHe ol E o] H & Wiy
HE S o AT Zart glsUth &, Ft 2Edo|y w9 B2 &9 o] H E REEel= o H
golH® AYgste 4-F B2E Hugd a2 F-85HA dsuth Avdeld A2 o]y gk Aol A
$83hTh
Aoy 2342 25 (“0") &2 Fo doem gaE Hugdde hZE (‘172 7o dsUth A
o8] ¥ A2 thg 3 22 F A Yt}

( 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 )

O A, el aE Fn e de A AL R BE o
AAE =89 J_Lexpre551on/] ALH A Frol 2 2
3T}, expression 2 condition ©] F Y wfj vk 3 7lE 1 AT}l 271
A oIE FHAL P4 BE Aol Aok AT B T Lot BEE TR Foo] ZA
ﬂ%ﬂ%ﬂﬁﬂﬂﬁ%&% Athd o33 2ol A4 = sy th

obj_total = sum(obj.count for obj in list_all objects())

for...in 2 WMEZAAAE TIAFULL AlD2 = AFA LEF 02 NtEE v Y E 2 A 25X ¢7]
2o 22 Zojd 3 += g5 Ut sequencel & Z ]
sequence3 2 sequencel ¥} sequence2 & ZtZF L E

geAos Bdsh, Pas Azedd S Ao B8 4L 0L shol W TES} BHUTh

for exprl in sequencel:
if not (conditionl):
continue # Skip this element
for expr2 in sequence2:
if not (condition2):
continue # Skip this element

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

# Output the value of
# the expression.

o] 22 e 79 for...in Fo] YA eif A
o m g Aol 7139 5 7o) A7} gl

Jo 2
o
=2
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e
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>>> seql = 'abc'

>>> seq2 = (1, 2, 3)
>>> [(x, y) for x in segl for y in seqg2?]
[(ta', 1), ('a', 2), ('a', 3),
('b', 1), ('b', 2), ('b', 3),
('c', 1), ('c', 2), ('c', 3)]
st £9 9] B 5L 3814, expression o] FEL AT rhd, B5 2 Folof gtk otel9
AR g 2E HugddE T8 /o)y, F HA& kg Ut

# Syntax error

[x, v for x in seqgl for y in seq2]

# Correct

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

4 M|L{zio]E

sho] @ o] Lk Coll A BT F5 LB
o e Mg A% 500 A B rerurs Eoll wesiel 45 6
T E Ao A WP YT 2 4% gl £ 22w g o2 S
B uth 2y A g At e w2 o AR Fod ofg A E7t87 yFol
Soll A TS ThA A 2 = Qlekd o8 7k2? o] Aol Al o] B 7 Al g skE AYUth 12
ﬂﬁﬂlﬁﬂﬂﬁmAqq

w2 Al ol g go) ZH e o ok

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

vield 7| EE £338t= I AVl olg -yt o] A2 stoj o vielE = Hatd e o s
AU ARHA o Andel s SHaA F2 oA T

Avdely & sE&std 4 %}%‘iﬂ 2l 5 Uth tiAl olE g ol E 22 EE-S AU 5= AV # ol H
A2 W) yield EAALS AR AL Aol B L return E7 v 55 1 o g 2AF T
vield &} return & 2 X}o]AL yiel Oﬂ 2l A v F o) o] Als) AME| 7]— 1| }\] oE 7 A o)
BELTe AQuch AUAolEe] next () WAEAchgol AaE w, ¢rsk ohal g .

S8 generate_ints () Al d o] E ] AF ol J Yt}

>>> 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>

(THE seTATol A1)
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File "stdin", line 2, in generate_ints
Stoplteration
AHEL EZ¢o] for i in generate_ints(5) £+ a, b, c = generate_ints(3) B & 5 3
S,
A& ol g 4 Yol A, return value+_ next_ () WA Eo|A StopIteration (value) & TR A]

0ieh, o181 o] AT AL} e 1 oTelo] & <t el B Bk A Al AL O 2 A E D
S gk

AH ZPE AL AU olE 2 RE XY HTE A2 Hpe 2 X 745}o] Zﬂﬂﬁﬂ °o|H 9] EIE 5
o072 AL FAFYLE dE 5], AT B 2EEWEEE A2 self.count 2022 AAHFL next_ ()
HYAEZ self.count & F7HAA B&st= Aoz #3885 HUth 28, oha B33 Alv g o] g 9
Ao g ZHPasE FAAsE Aol A ¢ B 4 ds5 Yt
rER

y}o] 4 2] 2fo] B 2] 2] 9l Lib/test/test_generators.py ol ZZ ¥ H] Sol=g we Zn gL dAEo] P&y
th A g el Bl E AT A L2 ALl BT S F9] 3] ok 22 F @ ok st Al ol B 7t syt
# 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
test_generators.py & T2 F 7}A] o &, N-oJ G EA (NN A2 Fo| AZ THE | E YIS s U= =
N7 ] Gul S vl A 8t= A o 71 k2] of 3 (7] AF7F NxN A 288 BE Tha H8s] g 4 2+ Qe =

sh= e e 2A) U

4.1 M| 0|E{of ZF 57|

she] 4 2.4 8 1 o] WANA AV elolEt Eu AARF U Al olEe S} olg o) g 2
o 2

:H;_IE
n

w5 7] 98] 529 ol 2 AMo] ThAl AlAE ) ol Ame AR E A ol LUt Ay
HolE 7 Ao MAE HAY TE AT AT 5 Al WA hsd ANE AD oM o] 752 HAE 4
AW, ol el gk AL A AR A AU

stol g 2.50 A& Al # el Bl gr& At e o] JFUth yield & 84 o] Hol W
ddstAY e Hor 2348 ¢ e e g yth

val = (yield 1)
A AAAY B GOR FAAIE Fuf yield BAA T ol P4 BEE ¥ Aol FHUch TuE
P I3 o gdsuch

(
Ay
pr=
>

#2 send (value) HIAEE TE39] Al olHZ B Yth o] A =& AY# el Z=E thA
A &3l yield E A2 A FE g2 Ut BeF AF _ next_ () WA=V SEF W yield &
None & WH&HgU ot

e 14 Z7hE R AL E e MAT 5 g deka AHeE gy,



https://github.com/python/cpython/tree/3.10/Lib/test/test_generators.py
https://www.python.org/dev/peps/pep-0342

def counter (maximum) :

i=20
while i < maximum:
val = (yield 1)

# If value provided, change counter
if val is not None:

i = val
else:

a2 7h2E M A Ayt

o

>>> it = counter (10)
>>> next (it)

>>> next (it)
>>> it.send(8)

>>> next (it)
9
>>> next (it)
Traceback (most recent call last):
File "t.py", line 15, in <module>
it.next ()
StopIlteration

yield 7} 5% None & W@ Aolng, B4 o] 492 I o} send() WIAIE 7 AV ol B
58 T AR SHEE] ALEE & R QA WA} ok ehi, B4 ARZES B Qlo] AHgEHA ThA 2.

send () 2= Avig o] g ol h st F 7HA] th-2 WA =7 A5 Ut

e throw (value) is used to raise an exception inside the generator; the exception is raised by the yield expres-
sion where the generator’ s execution is paused.

« close () £ A WA GeneratorExit 2] E HAYA A o|HH oS TEFTh o o7}
WA S AU o] 19 iE% GeneratorExit T+ StopIteratlon S HYAAF UL o2 &
W% T 2P L 3= AL FAH o] 9 om RuntimeError & &W3YtT) close () &= AU 9]
B2} A = 2 A ) sho] 9] sul A Aol S5 £2E A e,

GeneratorExit o] HAT ] A ZTJL 3 T & A3Psfof st} GeneratorExit & F=
Al try: ... finally: & AF3tE 2o E5Uh
o3 WY 2 Eohe AV o HE APH A B AN P £ul 4 BER ABSHE A Y
U,
Xﬂbﬂﬁﬂolﬂ% FEY o] Fo] B A JEf o] A EFR o] HUTh ABFHLE 3 XA Hoj A A ZHE
o2 3 A - (FrY WAL return —“%)Oﬂﬁ WA U3 U T 28 o B T A H oA IR E S A ZHe}
WA U 31 ThA] A1 A = Qs U T (yield #).
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5 |__|.|7§>|- 3

ok

A
T

ol el o e o A Ap5 AR = Ul T8 A48 e B AL o,
shol o) £ 4R U7 B4 map () 9 filter () = A olE B4 752 BA T}

map (£, iterA, iterB, ...) 2TthS3 22 Aol gt o]El# o] E HEEgT). £ (iterA[0],
iterB[0]), f(iterA[1l], iterB[1l]), f(iterA[2], iterB[2]),

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

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

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

= faE Fueddoer 2L AR5 S A5 U

filter (predicate, iter) £ 54 X7& WEHo= BE AJE2 840 st o] o] E & ¥H&si,
7R 2 g~ E Az el Ao & 54 Ut predicate H 2 A9 A2 S vEstE Syt

= o
filter () 2} A AF&3h= 4%, predicate= T S Wrols o of gt}

) :

>>> def is_even(

X
return (x

o

2) == 0

>>> list(filter (is_even, range(10)))
[0, 2, 4, 6, 8]

EG o) AL Y AE A Ao 4y

i)

oy

Ytk

P
%9

>>> list(x for x in range(10) if is_even (x))
[Ol 2/ 4/ 6’ 8]

enumerate (iter, start=0) = 7} 2E(start FE)} ZF L 45 £33 =2-FZ 5 HI351 = o|EH#HE9
[A4E ALY
>>> for item in enumerate(['subject', 'verb', 'object']):

. print (item)
(0, 'subject')

(1, 'verb')

(2, 'object')

enumerate () ¥ B|2EE WM 54 2 o] 55 Y25 75 o A5 AREH U th

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

print ('Blank line at line # % 1)
sorted(iterable, key=None, reverse=False) =O0JHZHE REQAEFHAEZ T O, FYAE
£ A, AP H 25 NS Th key 9 reverse A= AR H B|2E Y sort () INER AEF YT

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

(TH= sTel Aol A%)

11
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>>> 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]

(73 B gl sk M| g+ A ¥ -2 sortinghowto

e
L
=2
z
ko

any (iter) % all (iter) WA &

s} ol HES] AEAFES FUTh ) = °lEHHEY ofH 847}
ol True & WF3Sl1L, 211 () & Z :

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

True

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

False

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

True

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

False

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

False

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

True

zip(iterd, iterB, ...) & 7FolElgEoA 81L19) R 4 F H oo BE 2 wakgh )
zip(['a', 'b' 'c'l, (1, 2, 3)) =>

o] G4t ANE WHH3Y] Ao v 2 o] el AES THHAL RE 42 o alol8E M el s g
ool R 238 3ol A4 skel WU Th (o] B2 AR ol w2 F ) U

o] ol o] Bl BT e dolo] o]Ee] A58 1% AU olE e B Pol 7k the P S
A% 2EQE AR FE o H B 2L o7k gyt
zip(['a' 'b'] (1, 2, 3)) =>

o 20 o E el ol B A el A 8 2k WA 4 97 wEol o] @ AL Sa)of Gtk &, AHA
AUE 9 do) glome o B o E A% AT 2 Y5

rﬂ
ko
P
i

6 itertools 2 &

The itertools module contains a number of commonly used iterators as well as functions for combining several
iterators. This section will introduce the module’ s contents by showing small examples.

wEe] /)5 R PER S aw 2RY Uk
. 71E o HeAHE /o s Mz o He o HE REL T,
e REBEESS
. olElglolEle] Y &

EEREEES

12



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

6.1 MZ=2 O|E{2|0]E 2HE7|

itertools.count (start, step) € @53 EES € #E FI A2EHS MG Yh A" F o
2 7] 8 gol 09 A2 WG e} 7] B ko] 19 A} Abo] ] THA S Al e 4= 5t

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) 2 A|FH o|HHE9 Y& AHE S A A5t S EE uAW71A] QA5 wsh
Sk A 22 ol Bl o] H & ‘:‘J%‘ri}‘%r/}- A2 olE g o] H = o] Y3 4 E F3H5] REE T

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

itertools.repeat (elem, [n]) =AFH LAEnH WSS A no] A|FEHA o Zglo] 24
Ll =
itertools.repeat ('abc') =>
abc, abc, abc, abc, abc, abc, abc, abc, abc, abc,
itertools.repeat ('abc', 5) =>

abc, abc, abc, abc, abc

itertools.chain (iterd, iterB, ...) 2 999 49 oJHFHELS Yo Z 3o, A HAA o] &
B RE QAN TS F A 849 BE Q48 WSS, BE oJHEEo] th &R E uf7bA] o]
42 ey
itertools.chain(['a', 'b', 'c'l, (1, 2, 3)) =>

a, b, ¢, 1, 2, 3
itertools.islice(iter, [start], stop, [step]) = °oJEd]go 274 A2EHL ¥t}
G stop AAE AHESHH A5 stop 7l 8.4 7F WESHE U T ’\V—.‘ JANEYXE 2] 74 8+ stop-start 2 47F A7) 31
step ol FH& A A H 24 T upet AP ULt Ftol M FAE 9 B2 E LEfo| A3 B, start, stop,
step ol S5 S A8 5 Rl T
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, [n ] ) £ olH#H o HE FEAFUTH 9 oJHE oE o Y& BT Rkt n

7o) =R A2 ol el o €] 5 MAT T n ol 2 LS AFHA o A Rghe 29Utk ol el ol e &
BA S A o] 5 o] 6 o] A )52 A g ok HEE ol Ed 0|87t A1 A= L o] B el o] F B}
e Anc) o] ¥ BT o] 4L Age v Ee) S 4nT 4 A5

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

where iterA —>
OI ll 2[ 3’ 4’ 5’ 6[ 7’ 8’ 9’

(TF= sTeTAT ol A1)

13
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and iterB —>
O! ll 2/ 3/ 4! 5’ 6/ 7/ 8! 9’

QLA CHEt &4 B &

operator R E-L Fto]| 9] iAo tf S5t T4 A S 233 T) o & E0] operator.add(a, b)
F N9 #= E4517D,0perator ne(a, b) (a != b9 59) Yoperator.attrgetter('id") (.id
JEFHEEZ /AL ZHES v3h 9} 7o 47} g4t
itertools.starmap (func, iter) 2 oJEjE|Eo] FZo ~

1AL Z AL 5] func & &3 T}

EdS T Aot 7MY S, o] FEe

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 24 MEHS

——

7|

T OE g5 Be2 AeAel 7|25t olE B8 249 B JS Aot
itertools.filterfalse (predicate, iter) = filter () ¢ ¥t o]H, predicate 7} 7 3 & WHEsl+=
BE 245 W th

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

itertools.takewhile (predicate, iter) 2 predicate 7} 3 WtEsle= 3, 2 25 WS o). predi-

cate 7} 7 31 = k&St olH o H = 2] FRE dHUT

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) 2 predicate7} 22 W& sl= S 2 4AE ¥ 1, YW XA

o[Ele &9 AE WHEgh T

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,

e
1

itertools.compress (data, selectors) & F 719 olE @ ol & F 3} 1L selectors &) 3| T 2 47}
data &) £ 2 ¥ty 3t o] 1729 ujjult) Zwsy o)

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




b 5t

64 =

ok
ok

A
T

= iterable o) T SH &

i

itertools.combinations (iterable,

3 o] H &l o] Bl & wrake o)

r)

itertools.combinations([1, 2, 3, 4, 51, 2) =>

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

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

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

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

(1! 2’ 3)! (11 2! 4)/ (ll 2’ 5)’ (11 3! 4)/ (ll 3/ 5)’ (1! 4’ 5)/

(2, 3, 4y, (2, 3, 5), (2, 4, 5),

(3, 4, 5)
7 7 W S iterable o] RFEHSE A3 2 A E FAF UL A& S0l Y A A A 212 3
Ab2,3,4 =5 o FUTh B8 &4l itertools.permutations (iterable, r=None) 2 A|<F
22 AABC 2ol o) Fs BE £9L NEFUL
itertools.permutations([1, 2, 3, 4, 5], 2) =>

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

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

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

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

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

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

(5, 4, 3, 2, 1)
roll & A AshA Qo w o el Ao} ARF UL &, BE 247 3 UTh
ol v AANYE 753 BE 2= A5 iterable & W-&-o] o & B2+ Y5 Th
itertools.permutations ('aba', 3) =>

(la|, Vbl, Yal), (Vall Yal, YbV)’ (’bl, YaV, Ya’ ,

(‘bl, ’al, ’a|), (’al, ’a|, ’bV), (’a| ’bV, Ya’)
TS RE ('a', 'a, 'bY) A WASAWL A @ BALL 2 AN FHTh
itertools.combinations_with_replacement (iterable, r) &= & A %2 43lstyrct: &

LJ&av ol A g = JdFUth NE@ACE 94+ 4 K& A WA )Xo s 8= F
WA @ 47F e 7] Aol Al Yt
itertools.combinations_with_replacement ([1, 2, 3, 4, 51, 2) =>

(1, 1)y, (1, 20, (1, 3), (1, 4), (1, 5),

(2, 2), ( ), (2, 4), (2, 5),

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

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

(5, 5)

15




6.5 LA EF

M

e o g A 7E itertools.groupby(iter, key_func=None) &+ 713 B
key_func(elem) & OB e o] 93] WaE 2 840l 0@ g ALE & 9t FH AU
D58 Ao o d 7t dedl 2 24 AR

groupby () = o[ FlE 2 el A 73lo] 2L A% H BE 228 2450 7 1D 718 74 840
HHES TP 2R EY 2EYS VA Th

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'")

groupby () = °|E & W52 Y§o] 7ol we} ojv] FL vt 7H . vESkE o] B | o] A
jiﬂ% WHE At R ol B ol H-22t sl 7€ 23 317] Aol olH el o H-18] Z3E &7 s oF g

7 functools 2 =

SolM259] functools REL WA B4-E FHRT Y5 UTH 23 B4 £ shtol e B4E Aes
AEHT AL BE MBI of LEAA 71F § 88 FLE functools.partial () B4 AUT
Grg o 448 xeade) 4%, A% ) AR AN A E Gael WG] B A9 U]
Oh SR8 U4 £ (a, b, o) & AN HAL; oA B £ (1L, b, o) o AP ARE B (b,
©) & WE % A5Hth o2 “REA B4 48" ook Gt

partial () ¢ A A= (function, argl, arg2, , kwargl=valuel, kwarg2=value2) %}
22 AAE HAFULE 23 AA= S EolBE, A3 AAE function & A3t HsiA= 234
AAE T2 FUG

BL)
X,
)
rel
>
&
ro
2
N
30,
ofy
<
v

import functools

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

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

(0]

functools.reduce (func, iter, [initial_wvalu = oAl

Yohu s 23k ol e Bl A4+ AFUTh fine = F 228 AL Sto] St g MaHE Fol

gt} functools.reduce () = o]EHd o E 7} vIE3s S F 24 A

51'\/]1’/} ok A A °/\°]C HA3l func (func(a, B), C) &
29 A olElg o] 23 E wj7bA] ALFUTh ]HH%O] A5 3 vhEketA 0}0‘1‘ TypeError

dﬂg 7} AU Tk % 7] 71—o] xﬂ+grq AN o2 AH4E ™ func (initial_value, A) 7} 3 WA=

A Utk

=

>>> 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, 3], 1)
6

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

1

operator.add() € functools.reduce () &} A ALE3HE o|HHES] RE Q48 T3t} o] A%
= W g o] o] A o] & A 4bEt7] A8l sum () olghe S WA E ot AlFH Yth

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

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

>>> sum([])

Ut functools.reduce () & A}t W AL o] WA for F2u AAs= Ao ¢ &

import functools
# Instead of:
product = functools.reduce (operator.mul, [1, 2, 31, 1)

# You can write:

product = 1

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

2 sk %itertools.accumulate(iterable, func=operator.add) YUt} 22 A4S 534
ok H & A3 ukst= thAl accumulate () & ZF 2 A3E HESEel= o] E @l o] B & wEERU T

i

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

17




7.1 operator 2 &

o 8 A add (), sub (), mul (), floordiv (), abs (), **
=

nd_(),or_(),invert ().

e HlX:eq(),ne(),1t(),le(),gt(),ge().
(e}

o AA ofol”EE: is_(), is_not ().
A 552 A4z REY A4S FsA R

i U.?l_:
+
oflt
)
>
1o
[l
fru
[
i)
tjo
L)
oX
ok
£
>
DS
R
fru
oft
0y
ok
A
T
2
g
z
O
fru
rln
ko
[
f
iy,
%
o
rlr
L)
rlo
%
+
N
i)
ko

stol W W e At BE 7 o, M2 48 T o7 A8 stk
stripped_lines = [line.strip() for line in lines]

existing_files = filter(os.path.exists, file_1list)

223 7150 ArkA Ao oF Gtk A2 IS FABE & 742 YL Lanbda BB S g3
AUt lambda & o 2] wi7} We) o] 5 i/l 4E Ao A S F 2949 7S vhskel+=
Mﬂgﬂﬂéﬂcqq

=1 o =R

print_assign = lambda name, value: name + '=' + str(value)
O S def B ASFT Ak B 02 F5E Fo s AU

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

def print_assign(name, value):

return name + '=' + str(value)
of T oko] Wl B7hR7 o] AL AEfelol] thak A I T BA7E W o] A8 SHE WS lambda AE
2 33k A
A7 Z 8k WA of] th 3t o] F Sh b lambda 7P 7‘4«]%‘-’? UAe 7338 Al g4 o] 7] wf E Y Y T
A= d 207 AAS 4 glojok gt = elif... else¥]l E=try... except
< 7H 4 955U th lambda ZolA Y7 B2 513 ‘6}34 SH, g7l ol BT 2o 23 A Y
o

7} F S =] w2 A QolH A L.

import functools
total = functools.reduce (lambda a, b: (0, a[l] + b[1l]), items) [1]
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Zat=2] o8| 5l 7] Yol AL Zoll=dl A 7ko] Z2H Ut &A
s =

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

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

T w4 for £2E ST 7P 29 A YUtk

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

52 sun() W F5et Aol e BN ol glol = Fe APk

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

functools.reduce () S A{3l= W2 F S

Fredrik Lundh= 3] 1ambda AH& ) B2 2L 94 27 2¢ 72 AL A dHAS U T
I @ @4s AL

o
(@]

[n}

ol
[
fu
£
oX,
3
o
R
i)
ol
ok
ie)
W
v

2. Grish she do] Bef AP etE 2 248
3. A7 A9 AEsha 4We] BAL £ o] 2L AAHHA L
4. 3G 0B MG 3ol YTIE def RO 2 MBFH
5. A8 A AL
DA o] 22 AW FohSHA T, o B o)A Yk gl WA o] o e Aol sl B2 5HA) ke 4
9%t

9 JHEUY X ZAS] =

LA o] 29 thgFs 2ehS At A5 EokF thy AbEE Ol Al ZHAFSHAL 41554 o} Tan Bicking,
Nick Coghlan, Nick Efford, Raymond Hettinger, Jim Jewett, Mike Krell, Leandro Lameiro, Jussi Salmela, Collin Winter,
Blake Winton.

W 0.1: 20061 62 30L Al Al

WA 0.11: 200611 74 1 L AA]. LEF 4.

#710.2: 20061 79 10 AL Aol e A4 A Ao ALE Uz B Qe A,
HA021: FE Mg rEc N FH1E Fu AL 7).

H A 0.30: Collin Winter 7} 24 3t functional &9l gt AA 7} A4} gl Uit g2 A =7}
2 b4 0e B,
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Harold Abelson3} Gerald Jay Sussman, Julie Sussman 2] Structure and Interpretation of Computer Programs. 7 |
£ 4] & https: //mltpress mlt edu/sicp/ o YH5UtTh o] m AR AFE et A oA 28R} 3FL =7
I Yo A Hlo]g & FA 5] -,4'5]] /\]fﬂﬁg} AEZE AL S Ay3yL) o] AL A7)
(Scheme) & of Al A1-&-31A] B, o] ZHoll A A8 2k T Ael W4 % AR el WA sol W =ol 4w

S gtk

https://www.defmacro.org/ramblings/fp.html: A general introduction to functional programming that uses Java ex-
amples and has a lengthy historical introduction.

fl

https://en.wikipedia.org/wiki/Functional_programming: &3 Z 2 28| Y AW sl= A9k 9 7] 9 tj o} 5.
https://en.wikipedia.org/wiki/Coroutine: 25 ¥l ojl tj &+ &=,
https://en.wikipedia.org/wiki/Currying: A 3 7§d ol off 3} &=,

10.2 njo|M EH

https://gnosis.cx/TPiP/: The first chapter of David Mertz’ s book Text Processing in Python discusses functional pro-
gramming for text processing, in the section titled “Utilizing Higher-Order Functions in Text Processing” .

Mertz = =3 IBM 2] DeveloperWorks Aol EO A St =2 T3 7| A} Al 8] = 3822 24 95 U o part
1, part 2, part 3,

10.3 I}O|/M AHA

itertools B2Eo] tfst A ™A

functools 2E] tfdF A A

E

operator EEo tf3l dHA
PEP 289: “A| & o] E] & A”
PEP 342: “7§d 8 AVl o8] & S8 ZFE” 2 sho] A 2,59 Af =& Al ol E 7]

tjo
i
ol
1
°
O
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https://mitpress.mit.edu/sicp/
https://www.defmacro.org/ramblings/fp.html
https://en.wikipedia.org/wiki/Functional_programming
https://en.wikipedia.org/wiki/Coroutine
https://en.wikipedia.org/wiki/Currying
https://gnosis.cx/TPiP/
https://developer.ibm.com/articles/l-prog/
https://developer.ibm.com/articles/l-prog/
https://developer.ibm.com/tutorials/l-prog2/
https://developer.ibm.com/tutorials/l-prog3/
https://www.python.org/dev/peps/pep-0289
https://www.python.org/dev/peps/pep-0342

AHO|

= -
reln gy S
PEP 289,20

PEP 342,9,20
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