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Some languages are very strict about purity and don’ t even have assignment statements such as 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
acall tothe 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.

F5g A0z A4E shold 2L BE FVHOZ BEYO FL YRS e B0
elrhA £ erE ek Al B4 3 Holk Qe ol A8 ATs YR Ao 2§52 ofyl 7]
SES ST A2 So] §40) TAL o3 A Wpo] g BB FAlo] A4S A w A
W52 SASAY e RA8S YA A L 5y

F5g zeadge A AFze a9 w448 5 A5 AAE HE JUSE 2
or o] AHES FAL ¢ Ar WAL T2 B0l EFH AL Adolv], T2 YL SulE o
W7 AR TARYT $4Y ZRaAP L b5 e & AH B2 3 5aA) s @4 209 vlol ¢
552 A EYTh shol Aol At S8 =2 T e] AR S e A2 A (AR 9B WAA, A RA
)8 AAGA HBFE G4 E A FORA TN A2 AL AT 5 A5



YT O ~ TN T
www SET L hE o o wes ol Jp 4z PE R
iy U TR o %O _ o TR o Y
Wy el Bm WA e o - e e
= pMn  waT D T ﬂiﬂ&ﬂo ,mio_.ch X5 BE
Belp (2P my zHSIq o T UK
2wk ERNE vk spXoF il XTop Hl e
R EEN TTUD br wEg ER A )
— 2| o
I TR LE E@ﬂ%ﬂ R oy R
T Moy MEED bz GEAs Tk R
@ o e 5 ERLTE % o He  w
o mH P o 1 TR G fedit an
T ELE TN Bl i gl Ao BT
T Pao L mReM p® I EEL M R o ST,
™ e 2y o T 3o NAR N (b ARAS
it o N oo il {7 ~ ~ U
TR RNy ﬂﬁvzwﬂ@: ~ o8 o 58 T o oy M en " R A_uwr‘_
P LT g g ® px L ames o gl wo
D O T e G gy RN T o O B T
LAY o,lu._M [y Na]lkﬁa_u 4”ﬂ.£ﬂ7 oy ATTDI JEIE_.
o Wy M A TICI B G- B o T W =
BO A.A_II*‘DI,ZX ﬂﬂﬂ_MOﬂA OM ‘OIE_E Ao _n__ U. O.._ L_L ‘__L A_n_H \I‘Hﬂ :—H_ E_L
o AT sor T xR W R =
o e X2 W 0 M o o] 2 4 w N A2
ST werW ww Do = B g e
FEGRE GEeT i REedkl 4 o ST T
G g B e pE oy <] P o ° =N 4
2o & Jplor AW L X o) = ol oty X =Ty BT
% H%&% NN oF b A &ﬂu : g P B
T oSy 5o o o PCE - S B LoE LW R
o B T K e L_lwﬂ - © 7% iy iy oy ]ATU| ——
oHm T e o wa BEE gy < A N Nl Son
B oo T Rw v o %o
R oMl £k g BT 0N T B E 29
= _u:mnéza ﬂqﬁrn@ T2 z_oc,_ﬂAuT__Mum o) o Y-
T o gIBW oo ATy @Mﬁr 0 2 a ﬂmﬂ gl
- —n — o ) CS l s
% ol SEWT oM PRy 2 my = b oaus ﬁw
T M RS T R F Vs o) L o M E=l =
. I ol e BN ) <n A 4 o o N o 4| o T Of T KO
7o A or w Jp R T R N 0f0 o
;i b M D Eel mroT BeX wnexgn eET T HlT Ew
° | N op MI Nop ity T " & < p X I BN T/
£ 4 m S gENE pien Tow pARRTs chn A B RIE oaw
_ =0 i <YK — ) - )
o T owo o 2B Py Payg gnbw e el RN - N )
T w.o o ThET RREE MO RO 4 o7 RO RK 1 T 5] _ﬁl_ ol X
T mE T CCsm T BB i < p&mn%i <0 ; iy G St
o %e - m.mo,o o 2Oy M mWIT T ﬂﬂhﬁﬁﬁ\uz_ow 1] Eﬂ? £ MM M g UA_mmem
.. e wonHA fTex et g Py Mo opuw T o w¥e oo
r B EIdE uTEL faw beteE o (M9F o (2PN Pry
ko) 2] = ! o-
- HopHE RENX WWHET T BN - TR KT - s Rk ﬂ_;\._._AH:mM_-



-k
=N
Y
o
0x

FEY NS 2eade uEd, Ban Y3 Feow el A Bog 49000 Ut AT
P45 AW B3G5 4 ¢ 2o 5318 5 AT oA 2 Ok T2 Aol N §85
A AT 5 5 ol 2 So] UeE e FRE Wold 1t WSl BE XML 5t st
il 52 3PS Wobd 1 L NEeke Pt thge 4R 488 4+ davt

AZrel B2, lH R AAHA fPE ol uH B LA B AAUTh BE, A2 PYOR
EFHE WAL A AGo] 52T B A FL o2 AYHA A2 Z2 TS T FUh

2 O|E{3I0lE

n
Sl

TP A 22aS At TR ECULEE gold A9 Ve A EY sk ol H
1E1.

olF g olEl & HlolH ~ERS YEh = 7“11]?3‘4[‘4' o] 7“21]% g ol 3 a4
th stold olE o] B RE=EAl __next_ () 2= WA =S Adsfiof Futh o mlA
oA G FAF A2EZ TS 24 S H]-i}zgq/]r;]. u].ol:/\Ea = 7}
T StopIteration o9& WA Ak AUtk olH o]H 7} 73 AR+ glsyth 78 vl o] E
SES AT ol Ao HE AASE A Tl A PR
WA 8% irer () £ 99 AAE Aol AA Ygolt} 84T T
ﬂﬂﬂ]aﬂqﬁ%]JdﬂJQﬁTkamrEm@M%QHmA]WAW”QMH
Zbolg e o]l A sk, 7 dubA A AL glaEL Yy el £
AA = olBH 2 okl 2 H U th

AR

FEFoE olH e o)A A o]~ E AFHE 5 5 UTh

O

NUO

ll

O

>> 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
>>>

2 o2 e AEAEN A O|E2 2 AA & Al 3n, /14 $ 28 AL for #YUTh for ¥ in
Y Eol A Y& WA o e o8 L iter () 7ol EEoEE AT 4 9l A o] ofof FuiTh ThE

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

for i in obj:
print (i)

ol olH & 1ist () T tuple () B4R FE AHESH] BlAEY FE22 Uehd = s yth

>>> L = [1, 2, 3]

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

(1, 2, 3)
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>> L = [1, 2, 3]

>>> iterator = iter (L)

>>> a, b, c = iterator

>>> a, b, ¢

(1, 2, 3)
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>> 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
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct 10
Nov 11
Dec 12
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>>> L = [('Italy', 'Rome'), ('France', 'Paris'), ('US', 'Washington DC'")]
>>> dict (iter (L))
{'"Italy': 'Rome', 'France': 'Paris', 'US': 'Washington DC'}
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for line in file:
# do something for each line

AEe ol e e Bol ) hg- /A A3 A4S NEY 5 YTt

>> S = {2, 3, 5, 7, 11, 13}
>>> for i in S:
print (i)
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>>> 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]
e 21 Fbse] 54 240 49T S5 gy
>>> stripped_list = [line.strip() for line in line_list

if line != ""]
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( 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 )
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[obj_total = sum(obj.count for obj in list_all_objects()) }
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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.

J

o] 22 o 9] for...in Aol YA W if o] Y A3} 2P Aol BE A2 Pol o F}
2L u gk Fol 7439 F Ae] el 2B} Yt A4S 28 B2e] Aol oAUk
>>> seql = 'abc'
>>> seq2 = (1, 2, 3)
>>> [(x, y) for x in seqgl for y in seqg2]
[(ta', 1), ('a', 2), ('a', 3),
('p', 1), ('b', 2), ('b', 3),
('e', 1), ('c'y 2), ('c', 3)]
sto] A FH 9 RS 3 T 8taLAL expression o] FE& A5t JthdH, Z5 2 Fojof Pt of
A WA PAE A &7 /o, F HAl= SHE Y th

# Syntax error

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

# Correct

[(x, y) for x in seqgl for y in seqg2]
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>>> def generate_ints(N):
for i in range(N) :
yield i
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>>> gen = generate_ints (3)

>>> gen

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

0

>>> next (gen)

1

>>> next (gen)

2

>>> next (gen)

Traceback (most recent call last):

File "stdin", line 1, in <module>
File "stdin", line 2, in generate_ints
StopIteration
o B2 EZo] for i in generate_ints(5) =¥ a, b, ¢ = generate_ints(3) Bt & F
.
A @ olg &4 oA, return value & _ _next_ () WA =9 A StopIteration(value) &
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# 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 o THE F 7}k o=, N-o] & EA] (NxN A 2 o]l A 2 o} 2 g & 978 5
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ZX& send (value) WA EE TZ&31] A
ChAl Al ZHSEaL yield A A2 A1 89 3k
vield &= None < wh&shch
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def counter (maximum) :

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

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

i = val
else:

the-e e WA o Ay

>>> 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

yield 7} &% None & WHeHg Ao , gyt send() 15 7 A g o]
B g A A A B § O WA ol e, £ 40 A ARGl A5 A
uhA| 8.

send () 29 A&l ol & o]l T3t 5 74X ThE WA =7} AU o)

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

e close () & WA A} Yol A GeneratorExit o2& TAAA o]ElH o] S £ 5T} o] 99
7} A S AU # o] B] 9] T E &= GeneratorExit & StopIteration < WA Al A oF shuth
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T/}%f?}ﬂ@(' ﬂ‘%ﬂ-‘ﬂg}return%’:)cﬂ]/ﬂ wEA UF Ut 2L o D‘rf Aol ZFEHZ A2
SFal mhA U2 31 ThA] A& = 95U tH(yield ).

rlr

5 LHQ‘ F

ok
1

ol ell ol Hol A A5 AL H & W BT AAS) A BAS T
shol W8] 742 g B4 map () 9 £ilter () & AV ol @A %2 BAFI T}

map (£, iterA, iterB, ...) 2033 2 A2 gt ol & o e & uhHg ).
f(iterA[0], iterB[0]), f(iterA[l1l], 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']

EffaEfdzydidor 2 s 4 5 dFYch
filter (predicate, iter) £ 5 = WEs EE AIES 840 tig olH e ol H E Rhgt
Bho, vpA7hA| 2 22 A m e A Aol ©)5) 2215 L Th predicate £ ol W x719] A gre WEaE
FdUrh filter () & @7 ARS-8h= 4%, predicate= T g WopE o] of Pt

_IN

) 3

>>> def is_even(x
return (x

o\

2) == 0

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

Ytk

i)

fy

AL PrE AuAdos 44 5 9

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

i
B
ok
ok
rlr
N
B
K
o
rn‘.
riot
ok
rir
o
a,
v

enumerate (iter, start=0) &= 7} E (start FE])} Z+ 8.4

2o 848 AT

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

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

(1, 'verb')

(2, 'object')

enumerate () £ AAEE MRS T 54 240 2EH = AYAE A28 o) A3 AFEFUh




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|EH#E9 & %J‘i EgrEZ ROT, P
2EE Adsta, 429 245 WU TH key 9F reverse A= A H 2| AE S sort () HIAER

A,

>>> import random

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

>>> rand_list

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

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

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

(A E o o sk x}A| SF A L sortinghowto & 11 3}A] 2..)

any (iter) all (iter) W3 g4 o6 229 WAZE BUTh any () & ol El2] 8] o] H 247}
ol True & W31, a1l () 2 BE 247F o] ¥ True £ WHHghth

>>> 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, 1])

True

zip (iterd, iterB, ...) < 7ZFolElglEolA lL1e] 845 Hslo] BZ 2 Wag o)

|

O EE BAE WA A0 A2 ) AREE LY A RE A oS ol E A2 2
SUth Al &2 2 38 A-Follwt B4 sto] RS T (o] 529 A& &olv= =3rehF 7 dYth)
ol olHH o] H & EF &2 Zol9 o|HHE A Aot A AdUth olHHES Zol7t thE
A% A3 22 A1G gL olel B 2 Dol Fdh

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

B 71 ol el o Elo] A vl Al £ w2l 5 9171 o) A2 ok g Th =, A
e

AvE Aol leuz ofHeoHE A& A
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https://en.wikipedia.org/wiki/Lazy_evaluation

6 itertools B &

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.

2] /)5S B PEAD Fh ez RRY UL
L 1E IOl EE o R AR S ol H OB E BEL Fg

. oEHoH 828 T4 AR A she T4
. olEjElolEo] 29 RS Austi B4
A EEBEEEE T .

6.1 Al22 O|E{|0|E{ TH= 7|

itertools.count (start, step) & ¢S 2 S & =9 Fast 28 S HEs Y} A=
M0 2 78 gko] 091 A% W&} 71 Bgkol 1] 524 Abol9] 7HA 2 A%

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) < Zﬂ%’—,_ olHHEY Y& ANEL AFST 2 HE ulR iz 94 E
WHghshe A28 ol B el ol Bl & WA oh A2 olH ol EE o2 3 2 48 T ake] MR T

l

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

o

itertools.repeat (elem, [n]) = AZH LA2EnH IEA AL, n o] AlFFHA Lo ZQlo

SRt N S

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, L) 299 o olHBFHES YHE o7 HFho], A WA o ¥
HEY REQAENET S FHA 849 BE Q48 WE ey, ZE oJHEHEo] Tt &R E w717
o] A& e}

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

itertools.islice(iter, [start], stop, [step]l) = °o]EHH ol 274 ~EZH S ¥IE3HY
o} & stop AAFE AR SHE A2 stop 7] LAZFEIEE UTH A F A A S 7\]756}111 stop-start S 47}
287131, step o k2 A SHH A& Lol et A g Y th 3ho] % 9 *X}Q g ZAE "B} R U=

start, stop, step °ll &= AHEE  JF U

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 ) = olHd olE & HAZYth & o5 d o] B Y& BT wrEst=
n S EAAQ o)l el ol B2 MEE T n ol that g2 AT HA oW 7 Eghe 29Tk o] el o]

12



EE 2 A5 W A2 o] Bl a0 ¥ o] AR U§-2 A Ashof S 2 o] e e o] ¥ 7} 23 A= L o] E el o] E]
% 37} ohe AnT Eo] 2 HThE o) A R

rlo
>
>,
ofl
ok
é

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,

b}

QA CHet &4 =

t}. o & £9¢] operator.add(a,

operator BE-L uto] 11 o] ¢l skatol| )5 s}bw A%e 23
) Y operator.attrgetter ('id")

q
b) (79 3 B3}7]), operator.ne(a, b) (a !'= b& 5L
(idoEd BES ARG L Bel 8 nah el 2o 847 Darleh

itertools.starmap (func, iter) & °|HeE°] T2 2EYS Wk 2ol gbal 7H45tal, of
FE 28 AAE AR func & TEF T}

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 & B2 AeAted 7128t olHEE 240 FE S A dyrh

itertools fll rfalse(predicate, iter) & filter () & ¥k o] i, predicate 7} A A< Wk3+

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

1, 3, 5, 7, 9, 11, 13, 15,

itertools.takewhile (predicate, iter) < predicate 7} Z& W33t 3, 2 45 WFEgy o)

predicate 7} 7} 212 ®kglsld ol Bl gl ol Bl= Ao SRS - YT

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 predicate”7} 2 HIStslE S QA4S W21, Un

2] ol e e} o] A3hE Wakghch

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|E & ol ¥ & F 3} 1L selectors & HF 247}
79l data ©] Q@ AWHS WHEHELAL, SHE o] 1 Z2E wjulo) S kg ok
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itertools.compress([1, 2, 3, 4, 5], [True, True, False, False, True]) =>
i, 2, 5
—— -— A
6.4 Zg e
itertools.combinations (iterable, r) ©iterable o TTH BE Q49 7153 52 X3S
A& sk o] B &l o] Bl & ¥H- Y Tth
itertools.combinations ([1, 2, 3, 4, 5], 2) =>
(L, 23, (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) =>
(L, 2, 3), (L, 2, 4), (1, 2, 5, (1, 3, 4), (1, 3, 5, (L, 4, 5),
(2, 3, 4), (2, 3, 5, (2, 4, 5),
(3, 4, 5)
7z 7E W AAaELiterable ©) WHEHSE A} 22 AR FAFH UL A& S0 9 A A A A1
FAF2,3,4 =5 <o S th H]%?‘i &9l itertools.permutations (iterable, r=None) &
Ak xS AASA Dol ro 7hed BE &85 vy
itertools.permutations([1, 2, 3, 4, 5], 2) => )
(1, 2), (1, 3), (1, 4, (1, 5),
(2, 1), (2, 3), (2, 4), (2, 5),
(3, 1), (3, 2), (3, 4), (3, 5),
(4, 1), (4, 2), (4, 3), (4, 95),
(5, 1), (5, 2), (5, 3), (5, 4)
itertools.permutations([1, 2, 3, 4, 5]) =>
(1, 2, 3, 4, 5), (1, 2, 3, 5, 4), (1, 2, 4, 3, 5),
(51 4’ 3/ 2’ 1)
rol gk= A sHA koW olH e B9 o7t AR EHUTE &, BE 847 X &g YT
o] Gt A EE TP BE 2T B ierable 9] g o] LHHF T DL L gt
itertools.permutations ('aba', ) =>
('a', 'b" Va'), ('a" Va', lb'), (Vb', la', laV),
('bl, Val’ ’a'), ('al’ Va" b') (Va" Yb', laV)
TSRS ('a', 'a’, 'bY) AF WM BASAL FAY @ BALL OHE QXN A Fhruich

r) @5 e A 92 SR ok
L EEEEEEREEE!

itertools combinations _with_replacement (iterable,

24E BY FE YA B8 S Utk AdHoR 8 a4 R

T A Q47 A E 7] dofl thAH Ut
itertools.combinations_with_replacement ([1, 2, 3, 4, 5], 2) =>
(x, 1)y, 1, 2), (1, 3), (1, 4), (1, 5),
(2, 2), ( Y, (2, 4), (2, 5),
(3, 3y (3, 4)p (3, By
(4, 4), (4, 5),
(5, 5)

14



6.5 24

=
T

M

R o g A7) itertools.groupby (iter, key_func=None) &4+ 717 & .
key_func (elem) = o] B & &0 o & vtst=® 7+ Q 40 th3F 7132 A4S 5 9= T th 7]
S5 Al 3HA o 7= ©ed] 74 84 AA Y YT

groupby () = o|EHEHE UH A 7|go] 22 ALEH BE Q48 319 7| F 71 & 71 &
9] olHHEL XTSI =2-5Z9 ~2E S vEg ]

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[ Ell & v-o] Vg0 710 e} ol ] A= rka A e, vk olEl ol
A ST R E Aot el 529 Y 1% 235 Aol el Al 19 29 E 2

7 functools 2 =

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

ey PAoz B 22 39, A WA W5 AR AE Beo Aol BT A7}
AsUth ol & f(a, b, c) & T ’5115/‘1]3; sto]l M &4 £(1, b, c) o AFsHE= AHEZE
5 a(b, ) T WE S Y5VITh o8 “FRE G4 48 olghn Tk

partial () & A A= (function, argl, arg2, ..., kwargl=valuel, kwarg2=value2)
9} 22 AAE A3k A AAE FHEonE, YA AAZ function & A7) YA =
A3 AAE TE&5Hd FHYoh

S0 B2H o7 gtk

import functools

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

)

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

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

15



functools.reduce (func, iter, [initial value]) = EE oJHTE 240 ] +& AALE
Sy ste g 731 ol e g Bo xwug¢ AFUT func = F 845 AHEsto] stue] g2 WhashE ko]
o]oF Ut} functools.reduce () = olEd o7} W3l A& F 24 A} BE 3l func (A, B)
E AU S 22 Al A 0/\01 ce A3 func (func (A, B), C) & A, o] 23S uists
ul A 848t Al olH ey E o] A%E wj7hA] 74]—‘““413} ol Eo] A3 FE HtEsiA kow
TypeError 9] 7} Wb s ). 27| 7ko] A2 dH Al ZHH 2 7 A} 5 1 func (initial_value, A)

7R WA = A g U,

>>> 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 () & &7 AFL31H o]HHEL] BE 24 & T3y} o
AL e AukA ojof A o] 2 A4S 93 sum() o] ehe B4 U BTk AR U

>>> import functools, operator

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

10

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

10

>>> sum([])

0

2% A9 functools.reduce () & AFE 3 B2 4ol WA for F Y 23 Zlo] o] ¥

24
¥+ d&drh

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

J

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]) =>
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 &

operator &2 o]l AFHIJF U 7]l sto] 2 ALk}l s Dot T F ol 3E o
AUt B ALS YT AL T B A A ol JBE o] Pt B4 P4 TE
NA F-&Fth
o] WEe] PP Pt ohe T} 2tk

o 58 A4k add (), sub (), mul (), floordiv (), abs (), =

o =2 A4k not_ (), truth().

e HE AAF: and_(),or_(),invert ().

« HlX:eq(),ne(),1t(),le(),gt(),ge().

o A oko]dEE: is_(),is_not ().
AR B2 AN 2ES BAS FuHAL

O SEA 1L S
8 &2 T2} BTt HBA
B4y Ao 22 AL AT U, AEAE SAFAL ol 4 o2 E 228 AFTE B2 B4
28T AYYrh
gho] H W T A3t 8 -7 U0, 2R 45 39T 2871 A9 glsyth
stripped_lines = [line.strip() for line in lines]
existing_files = filter(os.path.exists, file_1list)
D28 7150l ok A As ok Gtk 2 48 AT D71 BY e Lanbda EAA L A3
AYJUth lambda += o 2] wj7] W48} o] 5 w7 W& Aot A S F 8] 349 32 WHEsh+
o] g8 BEYTh
adder = lambda x, y: xty
print_assign = lambda name, value: name + '=' + str(value)
e L der B AHSST AuA A P 02 $5E Folshe APtk
def adder (x, y):
return x + y
def print_assign (name, value):
return name + '=' + str(value)

J

ol®

e 35

© thoko] HhE 4 B2 ol A& 2Ere] thek AR AU th BA7 Baol AH§SHE B lanbda

A,

o) % 4 9 BT AYE A TA ol 7] w2

A
Ut} A5 99 8402 A2et 2 glojof T =, 1f... elif... else ] d Eitry,
except F& 714 5 ST Larbda oM VT Be AL T oW, 87 ol e BB EAOR
29 AU O 57 RS oA whe A oA e

import functools

total = functools.reduce (lambda a, b: (0, a[l] + b[1l]), items) [1]
A2 ol & = AA T AGA FZst=A o]l et7] fe 2HA S ZolWll= Hl Alzte]l A- Ut
BA FHH def £ AMSSHE F ol 2 AS WE F AdsUth
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import functools
def combine(a, b):
return 0, afll] + b[l]

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

T 943 for FEE AT 1 ERE AUk

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

52 sun() W F5et Aol e BAA ol glol = Fhe APk

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

functools.reduce () € A&t B2 4%, for F22 A4Sl o Bt}
Fredrik Lundh+= 3] lambda A}

L @0 #4828

o
i)
o
L)
1
il
ot
filo

(o}
S
v
o
i)
L
rlo
el
)
-
i)
o
N
rO
&
of>
T
v

YT st Aol wa AEshe 2 248
4o BAL EA5E o2 A RA L

DAL o] 2o ThoFe 2913 A 9h8ha £33 £ 94E T AFFE ol A ZHAFSET A% ok Lan Bicking,
Nick Coghlan, Nick Efford, Raymond Hettinger, Jim Jewett, Mike Krell, Leandro Lameiro, Jussi Salmela, Collin
Winter, Blake Winton.

W72 0.1: 2006d 69 30Q AlAl.
WA 0.11: 20061 7€ 1L AlA]. LB,

w A 0.2: 2006 79 102 AA. Al dole] 234 g~ Azl AAS
WA 021 FE WY glaEdA 2HH F IS F7)

B A 0.30: Collin Winter 7} 24 8t functional EEo st AA F7}; A4} 2Eof st &
F7h 2 7HA o H A,

<
f
of
L
fo
o
4>
o,

rlo
3
r

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.
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https://mitpress.mit.edu/sicp

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

https://en.wikipedia.org/wiki/Functional_programming: 3 Z 2 T2 WS AW 3f= duk 9] 7|3 t] o} &=

[k

https://en.wikipedia.org/wiki/Coroutine: % &l of tj 3l &=,
https://en.wikipedia.org/wiki/Currying: A3 7§ ol o 3} &=

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

Mertz= T3+ IBM 2] DeveloperWorks Afo] E oA &8 = 2 T8 W 7| A Al 2] = 38228 A5
part 1, part 2, part 3,

10.3 mO|M MHNM

itertools BEEof thst AP A

functools BEof th st AP A

operator EE | T3k A A

PEP 289: “A|d o] g & A

PEP 342: “7| A8 A dlo|HE 53 7 E” 2 gto]d 259 2 Adolt 75& A Fch

19


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/tutorials/l-prog2/
https://developer.ibm.com/tutorials/l-prog3/
https://peps.python.org/pep-0289/
https://peps.python.org/pep-0342/

v Iz
e

Python
PEP
PEP

SFAF = o
289,19
342,9,19
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