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222 vrEol ) 7] w 3], 303 ol thal A Z 2ol FaF2 7 Dure oW B A2 AEfE
7177 25Utk 2 227 48 0l 2 ML 4] 2 (Standard ML, OCaml % T}2 9 8) 3} 5j22 o
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A AGA 5L GrPow 2P|t eto| el 2 AYT & dF U A =2 A, 2
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445 9 W, GUIE AR AFH oz 448 + & th
B4y Z2ageld, deL e F50) AES B8 T8 thUth 4 4t Yoz R Y S49 A 2
2 W AU Th B4 8 AL R JHE SR AAL B4 W gol A Kol A oh TE MANGES
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et AL ze e 9Pl £48 5 9t AR FEE ASHA ke o u gy th BE F5e
Ze8e ol ut o) Eafof Ptk

Some languages are very strict about purity and don’t even have assignment statements suchas a=3orc = 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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# olE g o]El= REEA] __next_ () Bh= WA EE Aok Utk o] =& AAE A SHA] kol 4
2EZO t}2 84 E uisstytth ek ~E T ¢ 27} ¢ltbd, _ next_ () & StopIteration

=2 9
of| 2] & WA Ak FUTh olH o] H7F 3t B2+ gl Fagt vl olB 2E RS A5k olH 8|
=2 z X

g 5 iter () & 99 ARNE Aol AR ol L4 V3L o] el o] & MBATY T
AA 7} o] el o] A2 A A3k7) 4O W TypeError & WA YU shol Ao v Hlo|H B & & 7pA 7}
e o] 42 A D=, b A A AL el i G AU ol HE AL At AAE

ole & olFtal =H U

FTEoz olH e ol d AHI o]~ E AP E + s

>> 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
>>>




o] L ol th2 A s A o He 2 AxE Aad, 1 28 AL for EYTE for X in ¥
oA Y= WEA] o EH e oE TL iter() 7} o E A OB & AT 5 Y& AR o] oloF FITh TS F
2o 22 ou gk

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

for i in obj:

print (i)
SJEld OBl & List () B tuple ) B4R B5E g3l el2EU FE2 Uehd 5 st
>> L = [1, 2, 3]
>>> iterator = iter (L)
>>> t = tuple(iterator)
>>> t
(1, 2, 3)
NA A7 S o B o HE AAFUT: o Hel ol B /N 248 wEdthE 22 du Yoy,
AASSN-FER ARAT S d5Unh
>>> L = [1, 2, 3]
>>> iterator = iter (L)
>>> a, b, c = iterator
>>> a, b, c
(1, 2, 3)
max () Pmin() L WG FHE she olejelolE AAE AT F o G E T AT AL 22 E
U "in" 3 "not in" AARAFES o] H H o] HE AL TE: o] B # o B 7} ke A E jof| A X
ZFEAFEEX in iterator & FYUrth olHd o]H 7} FEstrtH Wl g FA o] £ Y TH max () £}
min () & 993 234& ‘%ﬂﬂ%ﬁﬁﬁéxﬂéE%ﬂHWQQN%Eﬁ'm"ﬂWM:m"ﬂ&ﬂ
A U3 ARE AR 2 AUk
olEE o] M= 27 rozul ifolzh 4= k= Holl F M L o)A 8 AE THA A, o HE o HE
ALRAAY, A BE B g Urh o eaolg AAE daR o2 o)elt 27} e AT 5
FAT olH A olH ZE2EFL_ next_ () WAETHABFAFULT T BE olHE oJB o 8=
2uF 5 Qlong 2o ~EY|A b2 YL S @ ok 3 A AR ol ol B & wEolof gt
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B A~ EQ EZo] o o] E 2 o] @A A A3t=x] ojn] AH B S Ut AA 2 £x1d3 2L sho]® A
2F L olgdHolH e S AFor AP

iter () & dAYE o] AL DAl 7] & ¥lE sl o] & o] E] & ¥tEs Ut}

>>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

Mar
Apr
May
Jun
Jul
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Aug 8
Sep 9
Oct 10
Nov 11
Dec 12
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iter() & GVl A8 E
Uﬂﬁ‘:ﬂ AUtk goluh 71738 S dtE s o= BAI A SR values () S items () HIAEE
A3l A4 ol Bl o] Bl § AL gl Th

dict () A= (7], g FEY Fast 2E-Z NESetE o] HeE ol HE W 5 dF Ut

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

>>> dict (iter (L))

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

3 YL HE NEL Zo] 912 W 71A] readline () HIAEE T&310] o]H o] AL A ATt =,
et 2ol shdel 2t B L S+ drdnt

for line in file:
# do something for each line

A2 ol B ENAM WSS A ] A28 i ES 5 syt

>> S = {2, 3, 5, 7, 11, 13}
>>> for i in S:
print (1)
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olE gl ol B & S ol th 3t 7 7HA] dREAQl A4k 1) BE 840 thaf o A ek, 2) ol 24 S
RS 240 BE AT AWGE AU dE Sof 2AD JAEA oW 2 FolA Fu] L
AASALL, Fol 2 8 BALL EPHE RE EADL $2F 5 U

ZAE Az A A g ole EFA(EYE: “listcomps” D “genexps”) < 43 2 1) W o] 3tAA
(https://www.haskell.org/) o A} 2 & o] 8] st 2 & 3 7H4s 71 H AU T2 T =& Ag3to] EA1dG
SEYelA E FHL AAL 5 Y5t

>>> 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/

"ifn 2AS F7h50l B4 840 4T 4R dFUn

>>> stripped_list = [line.strip() for line in line_list

if line != ""]
PAE Hme) i de A8t vl dl B AES Qg % Qlrvith stripped list & olelel o€l 7k ohe}
A 3PS G e H2EYUnh A olH x84 d 8 of whel g2 ALsHe ol E o] H & Wiy
BE S @ Mol TASY Bt Utk Z R AEF ot vl B o ol B E MasHs ol
golH® AYgste 4-F B2E Hugd a2 F-85HA dsuth Avdeld A2 o]y gk Aol A
#&3yo
Addeld 2842 230N E Fo Jdoen g2E eI b ZZ ") 2 79 dsUth Al
ole] R4S th23 2L FA YUt

( 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 )

ThAl Do, e~ E Az g dd S SsiA = i % 2aw
A= =8 J_Lexpre551on./] A=Al gto]l & AQUTh if &
7+

o mE AEA YUtk if o] 7
3T}, expression 2 condition ¢ % 74'01 o 9 1 Atof 271 Uk

AV g ole 2842 FAF 5 ol AAsof AT S &S EElv 235 23 UTh 5ol A
ALE = olH g olE & RFE 1 A THA th3 2 Zo] AR 5 s UTh:

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

for...in WL WHT NULE EDFPYTE A AL E Aol 22502 s v] JY2 A2l¥ 4 9]

3l sequence2 & A S5 vtEH Ut}

wZol 22 dold 8+ 5 ULt sequencel & 7
sequence3 2 sequencel ¥} sequence2 & Z+Z B E
ol

o2 2oz Y, glaE Az £ AV

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.

AL o2l 719 for...in Aol YA if Aol G2 w] A} 2] Ao} BE AW ojo] B} 2L
SIS, o1 38 5 e E A e Ao 2 o] el o et




>>> seql = 'abc'

>>> seq2 = (1, 2, 3)
>>> [(x, y) for x in segl for y in seqg2?]
[(ra', 1), ('a', 2), ('a', 3),
('b', 1), ('b', 2), ('b', 3),
('ec', 1), ('c'y, 2), ('c', 3)]
gtolH £ R E 3L T8t A} expression 0] EEZ2L WAL QviH, 2T 2 ook 3hth otz Y
A WA 2B A2gAd2 & /7oy, 7+ AR = S0t Y th

# Syntax error

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

# Correct

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

4 A& ol

A del el o B o H & A A2 FeIotE SUF Fejoe FRAUD A FEE A
A 4Fstol WhghalA g, Al 8o el grel A=Y & wekste o e el o] & Warghth

shol ol Col 4 A B4 TEe] oW AFFEA & 1 e AYYTE Y48 T2 A W
S7F AT ME) 01 B1kel AAYTh §47) return Fol YA A9 Wt £¥ el 1 kol
SEANA BT 22 B4 4S5 T2E 2L 0T o/ F NI AL A W5 Aol
Sl Utk 1} A W G4 w2 U MelA A GO ol g A B718? hFe] R
Fol 4 T2 TPA] A28 5 glehd o W12 o Aol Al el o8l 7} Al 2 el A UTh 258 A 715 @

2~
B
61/‘E+31}g7}61‘k 01"L}E}

e Aeole B9 747 2k o Aok

>>> def generate_ints(N):

for i in range(N):
yield i

yield 7| EE 2¥ste e AlYd ol H e dUt; o] 21L& sheja ] ulo| E = Hutd el o] 3)
AAG UL 20 02 Aot el S0 G485 Ao Gk

Addeld s sEstd o %}%“ 2ebA] s UTH thAl olH el ol =22 EES A ¥sth= Alv el ol ¥
AAE &Y} yield #3 A# ety AU E o) 8= return B3} |28 1 4
vield & return & £ AFo] AL yield o] &3 Al ol g9 AP A7} LA St
Hedots A9tk AlddlelBle] __next () WIAE=7Fohgoll A A P2 o, g7k

& generate_ints () A1 e o] E9) A& o T

dl o
JZ
m

>>> 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>

(TH& ST Aol A1)
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File "stdin", line 2, in generate_ints
StopIlteration
o] B2 E£7Z+o] for i in generate_ints(5) =+ a, b, ¢ = generate_ints(3) Bt & 4
St
A& o8 &< Woll A, return value =__next__ () WA E|A] StopIteration (value) & T4

LTk 018 Qo] WA A} 156 M ohef ol A gte] Ao Buf Aol L Bl e A B
s 5T

A3 %\’JV\E Zhgskal Al v g o REEAGHFE AT M2 A st AV olE &35 5

o2 ASFAFULE dE S0, A B rEENTT= AL s elf. count €002 A3t _ next__ ()

YA =2 self. count% ZEA A HEgels A 02 £ 4 JF U Th e, tha B33 Al v o] B
o= dld ZHUas &

2,
1o

ol o e Fr2g Aol A5

AVAIEE AT A S E A S B E B9 £ AL TR Sorel A Ao D o

# 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 9 Th2 F 7}A] o=, N-o{ G ZA (NxN A Ao A2 Th2 G E PSS U=
N7Ho] B & w2 Sf= = Al 2F 71 Ake] of 3 (7] AF7F NxN Al 230 B hES % zla SERA T QRS

shepEe 2E A

4.1 Al d ole o ZF A3l

shold 2.4 8 1 o] A WA A Ao E = 2w A ASUTE AV olE o] T=} ol E o] E &
WS 913 528 Folt 1 Ao oA A4E mf grol AR HHE ADE Pel GdFUTh A
HAolEl AY WAE HAY BEAN 2 AT 5 Ut W A5 AAE ADFO2H o] 7|58 HAT 5
QA e, o] e 7 A A A B ek A o,

oo 250 A= Al e o Bl ol ghS AR ek AR E Yol Ytk yield & EAA 0] 5o Wl
YA e Ao g 2848 4 9lE g iE T

val = (yield i)

e L XA Gt HA4A BANNN A 502
Ao T yield BHA S G 2 Foordttt= AYUrLh val = yield i 8l & % AT val

_4

ZrS send (value) HIAEE S5 Alvd o8& U A Yt} o] Uﬂ/ﬂ = Avdeolge Z=E A
A5 yield RUAS AAE g2 MHGLULL Wt ATF _next_ () MAEA 52 E yicld
None & ®WhH3Hgh ).

e 18 F7hse YR AL E RS WAE & e 0ud e E U

L.
T



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 i)

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

i = val
else:

T2 7h2H MY A gyt

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 ()
Stoplteration

yield 7} 5% None & W#T Aolmg, 4 o] 392 o} send() WA= AV ol H
B8 ThA Aot AL8E £ 528w A =7 ohuehe, BB A0 A35e el glol AEaA) nhAl 2.

send () &= Ay ol ol th & F 74A k& mA =7} 5yt

* throw (value) isused toraise an exception inside the generator; the exception is raised by the y i e 1d expression
where the generator’s execution is paused.

e close () = AR} Wol| A GeneratorExit o] & WA A o] d o] AL &3t} o] o7}
WA S A g o) B 9 iE»‘f GeneratorExit T+ StopIteration S YA A FUTL o 2] &
T o2 A4S ke A2 FAH 3o RuntlmeError 23Ut} close () £ AV dl o]
E{ 7} 7He) A 2 Tﬂ% wf o] %l 9 7]"1]7\] FA7 o) s &2 /\?:}‘/]D]'-

GeneratorExit o] YT uwfj Fg AYP& A% Z=E AP oF BTh¥ GeneratorExit & &
Al try: ... finally: & AF3tE 2o E5Uh
ol H gt Wizt F& ay= A olHE A QA FHE Ao A A AL} An| A BREE HAEetE A Y
e,

El>
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5 & 3k

ol el o e o A Ap5 AR = Ul T8 A48 e B AL o,
shol o) £ AR U4 B4 map () 9 Filter () = A olE B4 752 Ba )

map (£, iterA, iterB, ...) 2 T}hF3 22 Ao gt o]g# o] & WEEgT). £ (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 23 WHste EE Al AL 840 U T o]y e o] B & Whehsin,
A 2 A el Aol o s HAIF Ut predicate = o 27 9] J kS vEAshe S AU Th
filter () < A AHE St ¢, predicate+= Y 32 o5 o oF Fhth

>>> def is_even(
return (

) :

X
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 1 E) 2} ZF R 45 2 351= 2-F =23 HH33l &= o|EH B E 9

24E A4skgyrt.

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

(0, 'subject')

(1, 'verb')

(2, 'object')

enumerate () © B|AEE RHESL 54 2ol 55 925 752 o A5 ARSEH U

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) =9°JHZHE REQAEFHAEZ T O, FYAE
2 Adsta, 489 272 NEATUTE key & reverse QA= A Bl AE] sort () HIAER AP Yth

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

(THE sTolAToll A1)

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]

(A E ol o 3k LA 3 A -2 sortinghowto

et
i
S
I
o

any (iter) % all (iter) WA &

] o] AZFS BUTLE any () & olH#HE oJH 247}
ol True & WF33}1, 211 () & :

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

True

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

False

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

True

>>> all ([0, 1, 01])

False

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

False

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

True

zip (iterA, iterB, ...) & ZtolHEENA st R4 E ot FEE W&

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

2 = £ 99 clgdo|e 2
oh o4 F 8 247 290l T A ste] AT (o] 2] AE Bol 2 A7l YuTh)
223} 3

o] olEj#o] B B 2o gol9 o5 B AHg37] A% AYUrh olHe el Aol ke 4
v 2ERE M HE ol HHEH 2L Aol Ut
zip(['a', 'D'], (1, 2, 3)) =>

(ta', 1), ('b', 2)

rﬂ
ko
[
i

o 71 ol Bl ol Elel A 1] ) £ weld 5 9] Wl o d AL Fsi o ghth 5, AHA
AUE Aol Yonz ol e o EE A% 8T 5 &Y

6 itertools = &

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.

RE 75 R b U S22 2RP U
- 71 clE A B2 o 2 ol dlo]EE EL
L BEE RS 25
« e ol E Y 29 HES Auss d4

282 2R

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

6.1 A& o]e]#|o]E] WHE7]

itertools.count (start, step) € @53 EES £ #E Fd A~2EHS MISFYh A" 5o
2 7] 8 Zol 09 AlZF WG o} 7] B 7ho] 19 A} Alol o] A S Alwd 4= Ut

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|HHEY Y& AHE S A A5t AL EE vAW71R] 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 ¥2/9 49 o]HHELS YO Z H 3}, A WHA| o]E 7
B RE 248 MBS T WA 240 BE R4 N, E olHeiBol o 228 w7iA] o
42 ey
itertools.chain(['a', 'b', 'c'l, (1, 2, 3)) =>

a, b, ¢, 1, 2, 3
itertools.islice(iter, [start], stop, [stepl) = olE#olE o 2Z ~2EF S W}
W stop IAVE ALE SR A G stop7] 247 W UTh A% SIE| 2 F A SR stop-start 247} 7] 3L
step ol Fh& A A3 24 T upet AP YTt Iho] K 9 rx}"é El g~ E &eto] 3} 2, sart, stop,
step 3—’?—%%‘3 AHEE 4 gl dth
itertools.islice(range (10), 8) =>

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, [n ] ) = olE g olHE EAT UL €& o5 olEHY Y&E BT vEsE=n

el A o el o] e MAgT n ol B2t L AlEeA Lew AR 29Tk o] e ol S
A5 e A o o] B o] AF 1S A g3 S ol elel o] B 7p A 2L o e o] 6] F Bt
2 ART) ool Al ATH o A2 AR VRS 20T 5 A5 Th

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

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

(TF= SolATell A%
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operator BE-E vlo]# o] Aatzte tl-g3l= T4 A S =TT ol & £9] operator. add(a, b)
= 709 3+ t5t7]), operator.ne(a, b) (a '= b2} 5 Y)W operator.attrgetter (" ) (.id
AETHET A et BB e B S 2 47t Ag Lt
itertools.starmap (func, iter) L olH#Eo FZ9 ~EHZ UIES Aolgty 71A S, o] =&
AALE ARE-SFY fune & SE U Th:
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

O B B2 Aertol 250l ol e aao) S AEe Ad g
itertools.filterfalse (predicate, iter) = filter () 2 Wt} o]H, predicate 7} A A& wHEksl=
EE 24 WY h

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

ol
}:o
Mm
r&

itertools.takewhile (predicate, iter) < predicate 7} -2 WI3st=

cate 7} A 312 k&St ol B ol B = 2432 FERE LYY

2yt predi-

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) < predicate 7} 3 Wasl= S 24 E ¥l 1, YW XA

NEEECEEE SN

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) = F 719 olE @ o6& 3] 3} 1L selectors & 3| L 47}
data & £ 4 ¥rEsly, st o] 1249 wjult) =gy o)

e
ro

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




6.4 23

ok

A
T

3

itertools.combinations (iterable, r) Eiterable o] TE BE Q49 753 -5 242 AlF

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

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

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

Z FE WY dAaEL iterable o] WS 213 22 A E FAF YL A& E0] HY A =212 7
Ab2,3,4 =5 o FUTh B8 &4l itertools.permutations (iterable, r=None) 2 A|<F
A& AAB A Dol r Y 7hest BE ES gt

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

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

roll B A8 eHA oW o|HHE Zol7F AFEHUTE &, BE 247 A2 g Yt
o] Pt AXWE b5 BE 2 S WA B ierable o] 0] TRk T B2+ Yt
itertools.permutations ('aba', 3) =>
(lal, Vbl, Yal), (Val, Yal, YbV)’ lbl, YaV, Ya’)’
(‘bl, ’al, ’a|), (lal, ’a|, ’bV), (’a| ’bY, Ya’)
ZERE (ra', 'a', 'b") ZHF WA DASAN F Y @ FAE S thE A oA ghFUTH

't tools.combinations_with_replacement (iterable, r) T+ 2 At ﬂ@ii}b]l’/}: i
= ‘I:’rav ol A g 4 dFUth NE@ACE 94+ 74 K& 3 WA Al CHUH el e 3
‘?i“ﬂ LA47FAEE 7] Ao EHZJ]%‘%D}-

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), ( 5)
(5, 5)

14 ’
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6.5 34 ¥

e o g 4A7& itertools.groupby(iter, key_func=None) &+ 713 B
key_func (elem) & OB e o] 93] WaE 7 840l 0@ g ALE & 9t FH AU
5B Ao o d 7t dedl 2 24 AR

groupby () + o|El2] ¥ o4 7lghe] 2E A4 H BE 248 £A5] A5 AP 718 7H 240
EEES Y 2 FE 2EYS BAIY L

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[1]

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 () &= o[l 2] & v 3e] v 0] 7] whe} o] u] HAE girkw AP g Wk o] Bl a0l E] oA
Ol ElEE YRS AFE SR R ol el o] E]-29} 3% 71 R F5H7] Aol ol el @l E-19] ATE 2 A3 oF 7
g},

7 functools 2 &

Sol 412,59 functools REL WA B4E FAHT ALtk DA B4 £ oht o4 B4E YYes
AHE 8L A 28 E kY th o] R EOA M &8t =+ functools.partial () YUY Th
Bru YA 0w A4E Ze e 49, QR o) M A9 AE Bael 4Ro] B A9 A5
th kol A B4 £ (a, b, <) B WA HAL; A B £(1, b, o) o AL AZE S g (b,
c) EWE T dsUTh ol & R4 T A8 o2t Ptk

partial() 9 A A= (function, argl, arg2, ., kwargl=valuel, kwarg2=value2) 2}
22 AAE AT 23 A= ZHECEE, YA AAE function = A7 WA= 2

e
ook
o (2
£ o
N
o &
o)
iy
Iy

import functools

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

o

print (' : ' % (subsystem, message))

(TH& ST Aol A1)
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(o] A sl o] A A M A%)

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

functools.reduce (func, iter, [initial value]) = R E o]lE#HE Q4o sl 4 A4S 4
Ptz Tt olHH B 83 5 J5UTh func £ F 848 ALY 3] 7S wistelE gharolofof
AS}BE # 3l func(a, B) £ A4t

g th functools.reduce () = o|E g o]g 7} vid3 A2 F 8 4~
6‘\44 a3 Al AR 849 CE A8 func (func(a, B), C) & =,

2o} A olH e Eo] &3F wj7A] ALt ol e Eo] A 3hE wrEetA ¢grod
‘ﬂlﬂ ZF AU T 27 gko] AlgEH A& H o2 AFEE 1 func (initial_value, A
A4t Ut

>>> 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

mlru
d
d
A
v
o
o,
o

operator.add() & functools.reduce () 2 7| ALE51H oJE|HEL RE
= % dRkFo]oj A o] & A4S Y8l sum() olEhs S5 W 571 Zﬂ%%qr/]‘

>>> import functools, operator

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

>>> sum([1, 2, 3, 41)
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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 84 = itertools.accumulate (iterable, func=operator.add) YUtk Z2 ALS 4
o H = @.»]—U} HkEkslE= Al accumulate () + 24 F8 A3E HH&3h= o] H & o] H & ¥t&3y o}

Xl

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
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7.1 operator 2. &

o 38 A add (), sub (), mul (), floordiv (), abs (), =
=

nd_(),or_(), invert ().
e HlX:eq(),ne(),1t (),le(),gt(),ge().
o Az ololEEIE: is_(),is_not ().

tolH W v Agst B 7 ok, M2 S AT 2871 A9 glsyth:
stripped_lines = [line.strip() for line in lines]

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

a3 750 ke A oF FUth AL F52 A FE B 7hA BHL lanbda EAA LS AHEFHE
AUt lambda & o 2] wi7} We) o] 5 i/l 4E Ao A S F 2949 7S vhskel+=
5o g4 vELth

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

CHE P L def B AT YA YA 2 F4E AT AAUT

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

def print_assign (name, value):

return name + '=' + str(value)
o1 torol HpR B/ R? ol A ~Ehdel the AEYUTh BA7E B 40 ALSFHE L Lambda A8
2 5el= AU
D47} 45 B WA o) T8 0§ 3 Shbs Lanbda 7 A9 84 S B4R A8 ol /] B U .
A= x40 Z A 5 Qoo Yt &, if. elif... elseH|W E+=try... except

%%ﬂ@#ﬁﬁwﬂimmmfﬂﬁﬂuﬁeﬁiﬁﬁ e, 97] ojel e B Bdow B A
=

import functools
total = functools.reduce (lambda a, b: (0, a[l] + b[1l]), items) [1]
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A2 ol & o AT A DA FZT=A] o] et7] A5 FHA S Fol & Hl Alke] 2P Utk #HA
FHHD def TZAFESH & O U2 A2 s 5 AFUth
import functools
def combine(a, b):
return 0, all] + b[l]
total = functools.reduce (combine, items) [1]

29 w4 for 228 AT 7Y 29 AYUh

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

52 sun() W @59 Ao e BAA ol glol = £9he APt

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

functools.reduce () € A&t B2 4%, for F22 A4Sl o Bt}
Fredrik Lundh+= 3] 1ambda AF&-
1. g} & A3 8

i)
o
)
)
i
ol
o

O
o
i)
o
i)
iy
rlo
44
i
b2y
%
o
)
rO
e
oy
A
v

2. Grish she do] Bef AP etE 2 248
3R ABS ST 4Ye] BAS TR o FS AAHBAL
4. G o) 2L AHE Tl YTHE def BOZ ABFU T
5. A8 A AL
DA o] 22 AW FohSHAT, o 2 o)A G gl WA o] o e Aol sl B2 5A) ke 5
1<yt

9 Aguied 9 Aol 2

A} o] 29 e 2 A AL E94E T AR5 ol A 74151 A% T Tan Bicking,
Nick Coghlan, Nick Efford, Raymond Hettinger, Jim Jewett, Mike Krell, Leandro Lameiro, Jussi Salmela, Collin Winter,
Blake Winton.

H A 0.1: 20061 69 30 A Al

HA0.11: 20061 7€ 1L AN 2EF 4.
W2 0.2: 200610 79 104 AAlL Al olB] 2@ A 2|2 Hugdd AdS stvz 53 QB4
WA 021 FE LY 2EA FHA FL S

A 0.30: Collin Winter 7} 24 3} functional 259
8 b4 Be B,
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10.1 2t

Harold Abelson 3} 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) & oAl & AL8-31 A1 2, o] ol A A2 Ol ARl WAl AR T U4 ol 3= o) A g a

S Utk

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 284S A 3l= vk 9 7] v t) 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 s}o]d 57
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 AFo] Eof| A =3 sz 2 T8 W 7| AF Al 8] = 35218 2] 9l 5 U o} ; part
1, part 2, part 3,

10.3 o] 4 A

itertools & tfd A A

functools BEO o3 A

operator EEof thdl A A

PEP 289: “A| U &l o] E] & & 4]”

PEP 342: “7§ A E Al o8& 53 ZFE” 2 sto] M 259 A2 Alv el o]y 7|5 AE I ch
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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
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PEP 289,20
PEP 342,9,20
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