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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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QiAo 2 P57k 3 RYSA PAIE 7] W R B Go] Bk 22 o] S48 Thy,
2 35 vl o B 7 SHHEA S8 5 Qe A0l AUk S0 A AR EGL 90 E W1} e
Fremad 229 5 gyt

2t AAA 02 B9 Bl ase) 4kl 7] mlgel HlAES B 4t B4t HAEES Qe Wol
A of b= A2 W FElo] 92 3A] GrUTh SHE 4L WS B9t ol 43 A A Folw
shel gy,

14 294

G5B P 2 TIPS BE ), B A} EP 02 0¥ A G5B A FULh o BB TS
% QRE B 54 S8 2210 538 5 QA AR I 22 IR N {85 A5
S &tk o2 5o e e 428 Wobx 1 e o] BE XML )& MBS E G}, 52
S-S WobA 1 g2 MAFE G I 4B A8T 5 A5y

AZre] B2W, o R e AQNH fdelE eholnefe S P P AU HE, A2 PO E
52 AT AR Aol S3hE B AR FrUe AN Az e Z2IBe FASA Btk

o] &l & o] ¥

P53 Bae) 22192 AP 328 X7 E L vl A Aoje] 715e A AL U th: o] e e o],
E

B8 U AT, o) A% 9 % 2 oIUE B 3
| _next__() obe WA =E A9 ok AT o WA= AAE A oA 1 ZA
Elx=igBh=y u].ok 2EZH = Q47 QUTHYH, _ next_ () = StopIteration
of| 9] & WAl Aok FUTE olH e o] H 7L 8T 8 &= flssuth Fatst ol e 2EH S A8t o] H
LA oA .

WA g iter () & 499 AAE At AAY HEolv 84 E wHEat= o] & o]
AR 7} o\ Bl # o] AL A Q57| 940 W TypeError & 4N AU shol 42| 3 o]
ole o] A Wst=tl, 7H LutA < A2 g2 ELL g duth o]HH o HE &
olH & & ozt EF YTt

TEo 2 oJH o] dE o] AE AP E F AFUTh:

l

=
=

>> 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
>>>




shol M £ of2) hE A AE0|A o) B2 2 AA & Aehelo], 1% F LW AL for BYY T for X in ¥
2ol Y whEa] o HalolE B& iter () 7} ol Bl ol HE A4 T Lk A ol olok FuTh The
2o ge gnguh:

for i in obj:

print (i)
olEl@lo Bl List ) Et tuple ) AR F5E AHg3to] el2E U FE2 Uehd 5 st
>> L = [1, 2, 3]
>>> iterator = iter (L)
>>> t = tuple(iterator)
>>> t
(1, 2, 3)
AlAE A 33 =3 olH g o] B & A AT oH e olE 7k N/ Y] 245 Whshsith= Ze & oy,
IASSN-FER A HAT 5 d5ych
>> L = [1, 2, 3]
>>> iterator = iter (L)
>>> a, b, c = iterator
>>> a, b, c
(1, 2, 3)
max () Hmin () # 22 W T ot B ol AAE AT+ e /Mg E 52 7P e 848
HHERMUTE "int F 'not in" 9A4EAFEFE o] o] H & Al A T} o] B g o] B 7} HEgh et A E R ol A4 X
AR A dn iterator & FYMTh oI IE R AT Bl EA0] R QDU chimax () oF
min() £ U3 AoE WA ghov], 4 X7F AEF o)A FehA] o B "in" T "ot in" A4}
oA 3] AaHE MAAA BE AT
olEl o] E o A= 2 & eko B ul tpobt 4=tk Aol o3I 8; o] S AE TFH L AL, o HEH o HE
24 A 3 A, /\}Ho S e gl Th o H ol H AAlE AE AR o3 27} 7| 5S AT S5
SIAT ol E| o] B ZEE B nexc_ () MAET BANEAF UL Bt ZE olalolE o] 2ol
2R S Yone e AegdA ohe AL S Aokt A AR e ol H A o|E & wEojok T Th

2.1 o|Elel| o] €] & A ol vl o E] Y

B A~ EQ EZo] o o] E 2 o] @A A A3t=x] ojn] AH B S Ut AA 2 £x1d3 2L sho]® A
LY olE g olE o A& AHE L ATk

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, m[key])

Jan
Feb
Mar
Apr
May
Jun
Jul

~N o O W N

(Th= S o] Aol Al




(oA s o] A e A A)
Aug 8
Sep 9
Oct 10
Nov 11
Dec 12

gpold 3.7 HE =, MU E o B oA £A7E Y =A% 252 EAEUH ol d HAdAME, T3]

A4 A ekgkm FAviehOE £ AAF U
iter () S gAY L= AL FA 7)1 E wtESA W A o= thE o] E d o] EH & w3st=
LA 2o oIV /3 S WS Aol B0 values () HE Lroms () WS
AFg-8to] AR olEE OB & 22 4 AF YT

dict () A= (7], %) F29 33t 2EH S WEel= o|HE o HE BE = A5 Uth:

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

>>> dict (iter (L))

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

E Y o MEE 0] 912 W7HA readline () WA EE S&3te] o|HE o] d S AAF YT 5,
o3t 2ol shdel 7§ ¢S 5 gLtk

for line in file:
# do something for each line

A2 olHENAM WSS 7HA A o] 928 5T 5 s Uth:

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

P BP0 wWN e

w =

o] El gl o] Eﬂ«] 290 g3t F 7FA] gubFQl A2 1) ZE 240 ti5l] oj ™ A4S #3311, 2) o 2 S
BEole 240 B2 A% Austs AU 68 5ol A AT} gow 7 2olA] S 3L
ARG, Fold R EAAE ERAE RS EAUE FET A DG

g2E Az AT A olE A (EYE: “listcomps” I “genexps”) 2 - Z2 Y o] st
(pswaskellore) o4 0 o121 A& AT HAL YU the A= g stel 242
SEolA BE FUS A AG S g

>>> 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]



https://www.haskell.org/

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

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

if line != ""]
aE Az A AR To] 8 P AEE A2 4 YTk stripped_list & o 82087} o}
A3 S G JdE H2EYUTE AlvidE oy 3842 F 8o upel ghs Al4bste o] H ¥ o] EH & vhEkely
BE S @ o] TAST Bast gt 3, P& A=Y vl 9 BE oo v o[ B & whakali o]
golHE AYgste 4-F B2E Hugd a2 F85HA syt ZﬂLﬂEﬂ olE A AL o] T 7ol A
F8gur
Avdols A ZS(OMNE Fo don g2E Hugdd2 23 (‘M) E Fo dsUth Ay
ole) ERA L the T 2L FA AUk

( 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, 2|2~ E He e ddS i e ‘ﬂ} i3
AdE &8 94+ expression 9l A&
3T}, expression 2 condition ©] % sz ﬂ1_
Aol BHAL G4 BE o] AT F AAT e TEE Vele BEE EFH U Baol ZA
ALH = olH ol E & RF= 1 A THA o3 Zo] AT 5 sy Th:

nd
Tey R
ol o,
N
i,
o
i
o
2
o

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

for...in AL MEYAALE TFTUG AULE AR LEZ 02 WES v Fd 2 42154 7]
ol 22 dold B+ flsUth sequencel 8 ZF 8 40 3l sequence2 + A FE ¥HEH Ut
sequence3 2 sequencel ¥ sequence2 o] Z+Z 2

te Aos TUSY, A A=A FE AV e AL the vhol 4 TES 2% th

rIn
i)
k)
o
Ruii)
:o|1=:
rz
Iz
it
i
i)

for exprl in sequencel:
if not (conditionl):
continue # Skip this element
for expr2 in sequence?2:
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] AL olel A9 for...in Ao] YA Wi o] ge ) AT 29 Wolh mE AU Polo] FH R ELL
U FUT Be]7H39 F A Bl AES Yt B 2 BEe] Aol oAU



>>> seql = 'abc'

>>> seqg2 = (1, 2, 3)
>>> [(x, y) for x in segl for y in seqg2?]
[(ta', 1), ('a', 2), ('a', 3),
(AR (M) o (M e
('ec', 1), ('¢', 2), ('c', 3)]
stol W 9 9] B 5L 3814, expression o] FEL AT rkd, B5 2 Folof gtk otel 9
AR g 2E HugddS T8 /oy, F HAE ks UTH

# 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 ole

Aol el &= olEl gl o] H & &4 8t
ﬂ&ﬁﬂ%&%ﬁﬂqhﬂqap]ﬂf

stol ol Co N A7 G4 T&ol A 45 5HA & L1 92 AU 328 &
£7h AR BB ol 2ol AQUTL B retarn Bol =REE 49 W} 4
B2 A FRH YT L FLE YFol E2AW A2 L ¥ ol F 3 s
whE ol gy ok et A9 WG g whA 2 ol vel A1) e dl o9 B7he7 Bl S
FoIH B8 A A2 5 ST o] W7h22 o o] Al el ol el 7l Al ok AUtk 25 AN s
Freta A4S 5 ek

=< Ay oy o) 7H e oA

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

yield 7|9 =& 23
A" U 2342
Ad o8 48 S5t T g2 ket A] g5 Ut thAl o] H#l ol H Z 2 EF-E AWk Al # o]

It o,

G AN O)E BT oA e stel ] shel = 3= Yshee] o)
gl .

A S WAL vield R4S AFSH AU o & recurn £3 % 3pl 1 9] g £
yield o recurn o @ Al 48 yield of £ @Y AT cIEl 43 Jels} N Fa=7 A 8}
=Rtk AQUth A8 _next__ () WAE/ gl A w, §47} ohal AgE ek

T}S2 generate_ints () AL d o] g9 A& 01] QU

>>> 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>

(H& sl o] Al ol Al )




(o] A sl o] Ao A A<)

File "stdin", line 2, in generate_ints
StopIlteration
AHEL EZo] for i in generate_ints(5) £+ a, b, c = generate_ints(3) 81 & F
S,
A d ol g &4 Yol A, return value & next ) WA Eo| A StopIteration (value) S WAJA|
AUth o] d o] WSt AL o W offjol] =t %}\—"] o] EUn Aol HeHe g2 2T
S aade.
A FeaE A et Ay d o] B 9 A HPE JAA"HA AP R A Fsto] AU o8 23E TF

|
l

mE

CZ A FAFYULL A E 50, AT H2EE NI = A2 self.count 022 AA3L_ next_ ()

HAER self.count & F7HAA WHEst= A 02 £33 5 QlFUth 2L, tha B33t Alv gl o] g 9

Afoledgd FHaE AYstE ol X o B3 5 JdF UL
rER

I

° =
o] # 9] glo] B 2] 8 ¢l Lib/test/test gcncrator@ py ol 234 H) o= o g2 IuEL JAE] A5
th Ad ol B E A7 A o2 AHEsto] ERE F9 <3 sk A= F@5ke shute] Alv ol 8 7t s Ut
# 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. pyJ & F 7}A] o &=, N-o] & 2 4] (NxN Zﬂ T AZGE N EAZTT T IS
N7 ] Gul & vl A ot= &A1) 2k 71 AFe] of 3 (7] AL 7F NxN Al 2 2he] BE b2 A &s] 3 WA 2+ Qe =

st S 2 A 9 Utk

41 A ol o] 3t A5}

ol m 24 8 1 o] A MAGIA Ao EE 2w AR ASUTE AV olE ] TEF ol # o] H B
vHE) 918 529 Folt 3 Aol oAl AFE o] el A2 e Ane AL Pl gtk A
ol Ao B A TEA SR S 90 AT ANE ARTLzA IS AR S
AW, o] e 3 A& A 423 A Yo,

stold 250 A= AU e ol ol ghe At Td Wi o] lF Ut vield & A4 0] Hof Wil
dgstAL e oz 2 4% 5 gle S HagYth

[*]

[val = (yield i)

o AAE WS o g FVE ol yield B4 T A ZETE Y= Aol EH5 YUY 3=
P4 Ao e AL oA AR A AAE 75 ekw I F7kebo) o A5t

(PEP 342 = A28t 742 A9tk o 2L Y9 LEZ0] Yt H A9 =

Aot Fdyield RS B2 Fojokath= AdYth val = yield il
= (yield i) + 12 A dAAlo] A& ufj= Z5E Aok th)

2 send (value) WM EE T &35t Alvdolgz HWH UL o] A== AlYdolHe ZEE tHA
A A3 yield B AL 2 AE kS w3y oy WeF A F  next_ () Uﬂ/“]Eﬂ- $29H yield =
None & WHHgH o}

e 14 S48 R AL E e WA Y 5 g e heE Gy,


https://github.com/python/cpython/tree/3.12/Lib/test/test_generators.py
https://peps.python.org/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

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

o

>>> 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#T Aolmg, 4 o] 392 o} send() WA S AV ol B
58 T AR SHEE] ALEE & R QA WA} ok ehi, B4 ARZES B Qlo] AHgEHA ThA 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.

* close () & QA HollA GeneratorExit o9& LA A oJElH ]S FEFUTE o] 997}
WA S A g o) B 9 iE»‘f GeneratorExit T+ StopIteration S YA A FUTL o 2] &
T ThE 2P S 5= AL ZAHo] 9o RuntlmeError Zd93lUt) close () = Al @ 9]
7} 7 A 2 Tﬂ% o 3}o] 2 ] 7PH]Z1 FTA7ZI g8 ==2 A%MDP.

GeneratorExit o] YT uwfj Fg AYP& A% Z=E AP oF BTh¥ GeneratorExit & &
hAl try: ... finally: S A}&3t= Aol 54t
o] e Walel 4 A AV el ol B S A ol AR A AN ARG} 20 A BE R QBT A Y
U,
A ele s 7Y o] Hof ¢ du-AQ FJejo] JEFdHo] FuUrh AHFEL 3 A H oA A 25
o2 @ AR (I W A5k return B) ol A MALE T el o2 BE Aol A 1R 8L A 23}
WA 9. 31 oA A A 5 U thyield B).

)

10




5 g o

o el ol ol A A5 A8 H = A 42 A4S A R AS Y T
shol el 5 744 W B4 A map () 9 £ilter () & AV olE £HA Y 7152 BAFUTH

map (£, iterA, iterB, ...) 2 U3} T2 A d2o| gt o]E Ho]E]E W3
f(iterA[0], iterB[0]), f(iterA[1], iterB[1]), 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']

filter (predicate, iter) & 54 XL U&= ZE AAL 840 th3h o]E & o] E & vtgtsiH,
e & FHe wEshe gy

S

filter () & 7 A&3F= 3%, predicate =

>>> def is_even (x):
return (x

>>> list(filter (is_even, range(10)))
[Or 2/ 4/ 6! 8]

Egol AL PlaE Ao 34T 5 9

. — — -

oy

Ytk

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

i
12
%
ok
rlr
N
n
K
filo
r]I
o
ok
rlr
o
a,
B

s
o

enumerate (iter, start=0) = 7}2E (start FE)} 2+ 84

24 & A4kgrt.

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

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

(1, 'verb')

(2, 'object')

enumerate () € FA2EE NS 5 20| TE5H = JdHAE 75T uf AF A E U

f = open('data.txt', 'r'")
for i, line in enumerate (f):
if line.strip() == '':
print ('Blank line at line #%i' % 1i)

sorted(iterable, key=None, reverse=False) =O°|E#HEL REQLEFHAERZ RO FYAE
S A5, 42 2HE ST key O reverse A A= A H B]AE Q] sort () HIANEE AEH U

>>> import random

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

>>> rand_list

(H& sl o] Al ol Al )
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(o] A H o] A | A AL
[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]

(3 ol o 3 A §F A -2 sortinghowto

any (iter) ‘%]all iter) U S4= olH gy E9 A2AZFS BUTh any () = olEHZHEL o]jH 247}
ol True € W31, a1l () & BE 247} o] ¥ True & ¥HaHgyth:

]
e
k]
ol
ok
=
ko

>>> any ([0, 1, 01)

True

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

>>> any ([1, 1, 17])
True

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

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

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

2ip(iterd, iterB, ...) &7olHZBoIA s} 248 Hsie FE2 HBFUT
zip(['a', 'b', 'c'l, (1, 2, 3)) =>
('‘a', , ('b', 2), ('c', 3)

Ao 2EPL Y HE o
zip(['a', 'b'], (1, 2, 3)) =>
(ta', 1), ('b', 2)

A QASAAAN oA 2 e L MAY 4 AL |2 AL Aok T 29 208
o2

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.

2Ee) /)5S A PEAD B e BRI

« 71E oJHEHCIHE Ve E 2L o|HE ol E TEE T

» oHEClE Y] 248 T4 AR AT B4
- ool E Y 28RBS A FhE T4
- oHeolEe 28 e BRahE B

12



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

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

itertools.count (start, step) = dS3HA AL F P59 FISt~EHS

27188l 0 A iz et 72 gkl 1% A Abole] A S Aled 4 syt

itertools.count () =>

0, 1, 2, 3, 4, 5, 6, 1, 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] H B E Y& AMHEES A A5t A
o

RE A ) 248 W

st M 22 olHeEolHE ‘:‘J%@‘%D}. M2 ol e ol H & o] ¥ &Lif‘——‘:;& 8] WhE gy o

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 9929 49 olHFHES Yo Z 3o, A HAA o] 7

2O RE R2F MBS T WA R4 BE R4F WAL, LE o] H e o

A iR gyt

itertools.chain(['a', 'b', 'c'l, (1, 2, 3)) =>
gy, b, e 1, 2, 3

itertools.islice(iter, [start], stop, [stepl) = o]E|# o]E 27 ~2EHE v3syc}
G stop AAE AFREHH X2 stop/l] 47 wrEFH Uk A F QA AE X A S stop-start L2 7F A7) 11
step ol gk= A oHH Q4% T et AP Ut sho] K 9 TZ}%‘ El Y XE geto] it 2, sart, stop,
step o S5 TS AHET 5 G T
itertools.islice(range (10), 8) =>

0, 1, 2, 3, 4, 5, 6, 1
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
A %A o el o] €18 MG TH n ol I8 22 AF5A oW 7 RgES 2Tk, o] el o] 6] 2
EAstelH Y o]lg gl o] 5 o] dF &2 A g3l oF 5}2 ol B &l o] B} 7} 21 A =& o] H &l o] §] F stk
O ZET wo] Av]ETHY o] A2 st v R e & An T 55Ut
itertools.tee( itertools.count () ) =>

iterA, iterB

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

13
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(o] A H o] A | A AL
and iterB —>
o, 1, 2, 3, 4, 5, 6, 7, 8, 9,

6.2 2 2o Ui F T2

operator BE-2 Fto| 9 AR o tf §3t= T A YT o & £ operator. add(a, b)

(5 N9 kS ©35}17)), operator.ne(a, b) (a '= b & 5Y) D operator.attrgetter ('id') (.id
AEYREE AL = ZHES EH S 22 7 syt
itertools starmap (func, iter) <ol Eo] FZo 2EYZ RS Zo|etal /M3, o] FES

AR 2 A5 fune B 5% T oh:

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

T OE g B2 AeAtel 7|25t olE B E 249 B S A9
itertools.filterfalse (predicate, iter) & filter () 2 Wt} o]H, predicate 7} A A& wHEksl=
wE a4l D

itertools.filterfalse(is_even, itertools.count()) =>

i, 3, 5, 7, 9, 11, 13, 15,

itertools.takewhile (predicate, iter) - predicate 7} 32 WI3st= o, Q 45 whahghy o} predi-
cate7} 7171 € WHeksiel ol el ol & @3Sl $EE STk

def less_than_10(x):
return x < 10

itertools.takewhile (less_than_10, itertools.count()) =>
o, 1, 2, 3, 4, 5, o6, 7, 8, 9

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

itertools.dropwhile (predicate, iter) & predicate 7} 32 W3stE 59 Q45 H 1, Yy A

olH el £l 43S ey

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 o]lE g o|El & 3 3} 1L selectors & 3| T 2 A7}
data ©] 8 48 ¥i3lsl ) 32 o] 12 wjultl =3y o)

e
o

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




6.4 %3}

ok

A
T

3

itertools.combinations (iterable, r) Eiterable o TTH LE 49 7153 52 238 Al F

3 o] H #l o] Bl & ke gy o

itertools.combinations([1, 2, 3, 4, 51, 2) =>
(1, 2y, (1, 3), (1, 4), (1, 5),
( 3y, (2, 4), (2, 5),
(3, 4), (3, 9),
(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),

(SIAATENS)
Zt 72 W HAE 2 iterable ©] WEESH A3 22 A Z FAF YT A& 50 A9 AA A A1 F
Ab2,3,4 =5 o FUth B8 &4l itertools.permutations (iterable, r=None) -2 A|oF
272 A 7B Aol r o] 5T LE 2L WA o

1, 2),
1)y

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

(

4

3), (2, 4

), (3, 4

1)y ) 3
1)y ) 3

. (4
r (5

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

roll B A8 eHA oW o|HHE Zol7F AFEHUTE &, BE 247 A2 g Yt
o) Bt AN PR b5 RE 2T AT iterable o] o) BHHLF BRE Yt
itertools.permutations ('aba', 3) =>
('a', Vbl, ’a'), ('al, la', Yb'), Vb', Ya', laV)’
(lbl, Yal, ’al), (Val, ’a', ’bV), (lal ’bV YaY)
ZERE (ra', 'a', 'b") ZHF WA DASAN F Y @ FAE S thE A oA ghFUTH

itertools.combinations_with_replacement (iterable, r) &4+ 2 A IS 334t &
L‘I:’rav oA vHEg 4 JdFUth NEHoE 94+ 4 /&Y qt’”‘ﬂﬁx]"ﬂﬁﬂﬁﬂx_ HaF
HA Q47 A e s 7] el A gyt

itertools.combinations_with_replacement ([1, 2, 3, 4, 5], 2) =>
(r, 1), (1, 2), (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 &+

R Eto 2 A7) & itertools.groupby (iter, key_func=None) &4+ 7} B33yt
key_func (elem) & °|HZE °ﬂ A;H Wk 7 g Aof gig 7G-S AN = dE FedUnh A
F5E ABHA FOW A Bed 2 24 AN
groupby () &£ °JEl#] & WHA 7]gto] 22 AdLH BE 845 4319 7|gF 3 71 & 713 849
olHHE= E?:?f}— 2-FE9 2EYZ RS
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 () = °|E & W72 W8 o] 7ol we} oju] FES At 7H o). vEskE o] B | o] A
:liﬁi WHE At R ol B o] H-22t sl 7€ 2 317] Aol olH el o H-18] A& a8 oF g

7 functools 2 &

The functools module contains some higher-order functions. A higher-order function takes one or more functions
as input and returns a new function. The most useful tool in this module is the functools.partial () function.

BER gaon 19932099 90 AR ) AU S P WY G2 T B 51T
b SFO 8 B4 £ (2, b, o) £ RANLAR; HOIH FLI £ (L, b, o) o AP AH?LL A4 g (b,
) & W dsuHs 0]%“—‘7‘——3—7&1 o A8 ol2kal gy
partial() ¢ 44 A= (function, argl, arg2, ..., kwargl=valuel, kwarg2=value2) %}
2o AAE AU A AxL FHBolng, YA AAE function & AP 37 P = A}
AAE T &otd Huth

3

AR g AAA Q) o) 7} T

Q

import functools

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

[}

print (' 3 ' % (subsystem, message))

(Th= S o] Aol Al
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(o] A sl o] Ao A A<)

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

functools.reduce (func, iter, [initial_value]) = H AL
Yol w2 3 ol He) Bol 48T 5 QS UL func = F 248 AFE310] s1te] e MBS B0l
Yt} functools.reduce () & ©|E| & o] 7} HI&3sl A& F 24 A

Furch 2okE Al HA 24 CE #38) func (func(a, B), C) & =Rl
a0 A3ts] ol el Bo] &% E uj7kA] ALd Uk olHHEo] AE g WA 94 oW TypeError
AL 7F HAF U 27| Fko] AFHE A ZAH O Z AHEH M func (initial_value, A) 7} 3 WA Z
A 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

ne)
o
i)
)
A

(]
Cul
rn
ko
B
]
i)
i)
<
v
o
o,
o

operator.add() & functools.reduce () 2} 7 A3}
= W7 L o] o} A o] & A 4EEE7] A8l sum () olghe S WA vt AlFE YT

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

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

>>> sum([])

o,
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c
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ok
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)
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)
_l G
ik

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 related function is itertools.accumulate (iterable, func=operator.add). It performs the same
calculation, but instead of returning only the final result, accumulate () returns an iterator that also yields each partial
result:

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

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

« 538 A4k add (), sub (), mul (), floordiv (), abs (),
=

o =2 A4k not_ (), truth()

e H|E AAF: and_(),or_ (), invert ().

* Hli:ieq(),ne(),1t (), le(), gt (), ge().
o A olo]dlE]E]:is_(),is_not ().

A B2 AN RE Q%HEﬂLdW

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)

22 7)%0] ek A oF FUTh AL F5E FHE & 744 PUL lanbda EHH S AHGHE
AUtk lambda & ol2] W7} W59} o5 i) M4 E AP AL A BAAY ghe waE
Mﬂgﬂﬁéﬂcqq

=1 o =B

print_assign = lambda name, value: name + '=' + str(value)
e L def B2 AESIT AuA A P40 2 P48 Fel ke AU

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

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

o1 T oto] HpR A B/ Q? ol A ~Thdel the AE YU Th BA7E B 40 ASFHE L Lambda A8

2 33k A

LA} A T8k WA ol T 3 o] 5 SFbe lambda 7} 7‘4«]%‘—? RE 7S] Al gHA o] 7] wff Y U Th

A= d A 07 AAS 4 glojok st = elif... else¥]d E=try... except

£2 718 4 DAL Lanbda £oA R BE AL 510 A7, 87 o1 & HAH EHOE Bet A
o

7} S =] w2 A QolH A L.

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

18




A2 ol & o AR DA FZT=A] o5 et7] A5 FHA S Fol & Hl Albe] 2P Utk #A
FA9 det B AHEFE 2 0 e 2L BE 5 Utk
import functools
def combine(a, b):
return 0, af[l] + b[1l]
total = functools.reduce (combine, items) [1]

29 w4 for 228 AT 7Y 29 AYUh

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

%2 cun() WA oo Ao 8 BH Aol ol E $3ke Atk
[total = sum(b for a, b in items)

functools.reduce () S A_3 = B FP, for FZ2 AL uf t] &3t

Fredrik Lundh+= 3t lambda AHE 9] S HEJ S A8l tha2 22 3 A<= AP Th

L gt g5E AL

2. YT she Yol Be) AHHE 2L 2AL

3 A ABS AEST AYe] BAS RS o] B2 A A HA L,

4. G o) 2L AHE Tl YTHE def BOZ ABFU T

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%yt

9 Aguied 9 Aol 2

LA o] 29 thFs 2 S At A8 =9k th AFE ol Al ZHAFsEaL A5 Yt Tan Bicking,
Nick Coghlan, Nick Efford, Raymond Hettinger, Jim Jewett, Mike Krell, Leandro Lameiro, Jussi Salmela, Collin Winter,
Blake Winton.

H A 0.1: 20063 64 304 A Al

WA 0.11: 2006 79 12 AA. L& 4.
W7 0.2: 20061 79 102 AL Al ole) BAAT 2]~ Fzedd A4S stz 53 06 4.
WA020: 5 VI g|lAEo M 2HE #7123

A 0.30: Collin Winter 7} 24 3} functional 259
8 b4 0e B,

mlo
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10.1 2t

Structure and Interpretation of Computer Programs, by Harold Abelson and Gerald Jay Sussman with Julie Sussman.
The book can be found at https://mitpress.mit.edu/sicp. In this classic textbook of computer science, chapters 2 and 3
discuss the use of sequences and streams to organize the data flow inside a program. The book uses Scheme for its
examples, but many of the design approaches described in these chapters are applicable to functional-style Python code.

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

anl]

e Ye AYshe A 97t} 35,

https://en.wikipedia.org/wiki/Coroutine: €l of o] g &=

https://en.wikipedia.org/wiki/Functional_programming: ¥H<=3

https://en.wikipedia.org/wiki/Partial_application: Entry for the concept of partial function application.
https://en.wikipedia.org/wiki/Currying: # & 7] 3 of tj 3+ &5

10.2 slo]¥ 54
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= T3+ IBM 2] DeveloperWorks AFo] Eof| A =3 & T8 7| AF Al 8] = 35218 2] 9l 5 U o} ; part
1, part 2, part 3,

10.3 s}o|3d g A

itertools EEof o3t A A

functools EEof o 3+ A A

operator EE U] A E A

PEP 289: “z| ] & o] E] & 4]”

PEP 342: “/| A E Ao B & 5o T E” & sho] 259 2& AU# olH 715& A8 Pt
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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/Partial_application
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://peps.python.org/pep-0289/
https://peps.python.org/pep-0342/
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