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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
acall 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.

10w > e ik
o L tlo ok
4z
2
o
ftlo
L)

=)
°
1
rln

-,

49 PR A4 ol TEIWL HE IVHOE BEYOZL YYEL st FAow
el hA s kU Th U4l B4R A % Rol ks Qe s o] A8 Al Feku Y EA 0= 4] opy 7]
FES ST o8 So] §40) TAL o3 Ao Mol g thASHE FAlo] A A v A
WS E SASAL THE R8-S WAL YT

g5y z2adge A AF 22 a9 wety 448 5 dSUth AAE R 4HEL 2
ov o] JHEL FRT 4 dr HMES] 55 B0 EFE AL Agoln, me 1YL SulE A
WA AR PARIT ¥4% 229 e b e o AT WAL 7 sax ke ¢4 2k vlelE B
2 ASIYTh Tl Mol At S8 Z2 a0 A E et s (aA 3 W AIA, EA A
5)8 /A9 A G458 A TORA F A A2 AL 2T 5 A5



70

Jo

o
Ko
"
<
e

X0

JJo

‘.mo
Njo
x
=T
B

o

Hojgk
= A

o

=
1o

pal

°

-

7Fs

=

E

=)

‘gl_.

22
273 4 A

F1 1= dlo] e}
A =] 7]
HolE
2 g3l=

o

Ut} of
o

o
2

PET 2
Pp=ra
N

RTIN
%ﬂwg
ot o
= N <X
=1 KB
%M%%
k>3 ey
Wﬁ%ﬂ
o PR
50.1@;1& ~
= oo
yp X7 0
ﬂ,mléa__o_f.m_n
o K B W
,ol\mm..:n_moﬁﬁ
=n R T
HMox
N R
H o M B

3
ol

—
Ea

45

a

290

218, XML 314, 4

s, 1
. AnHo

2 593}

3+7]

|

2O A
A
H

()

) o] 2} & & o]

H

E
45
E}__

iz
X
=

-
’

sl 7
Al

°

e
U,

Fay

=
=]

=

o %zt gl ol

PR R
1 el o 4

WE L {a
A s

552
_/;\_

A& Lo

o_EmW‘maqc

o

=

o

=3

o}

o

EaRYA g

RS EIERE Ty

3]

P
T

1

°
=1

g FUEY 4 ggyth
1.3 U A HAE o)A

T T2 T T Ko ZO



-k
»
.
%
oX,

FE e 2eade usd, an g3 Feow el A Bk 49000 Ut oY
5 A¥e B 54 $8 2o 598 & AW A2 TP =2 R4 §-83
A S 4 Q5T o & So] HHH A E WA 1 laam4 BE XML 792 s
il 52 3PS Wobd 1 L NEeke Pt thge 4R 488 4+ davt

A7ko) B, oS AAHA LU E eholnef e & TAHA B AUk HE A PHOE
EFHE WAL A AGo] 52 B A G5 o2 AYHA A2 e Z2 TS T FUh
2 o]el g o]E]

PP Ao 22 IWS AT S8 W Eh/hE L sl A doje] 152 BB AL U o H Y
ol 8.

AL AoE SEYE e AN o AAE T A @

o F
Sl (&
o
ok
o
ob
o
i)
=

|

rlr

rO
B

of. stol A ol E ol H & WEA] __next__ () = HIMEE A4
ﬁﬁ}zl A1 FF2EH thE 24 s JER,;ME} uWAanﬂ tﬂ% 247} %iv}ta,_next 0
€ StopIteration o2& WA A F FgUth o E # o7} 3

~EAg AASE ol Eelole g B ek A Tl Ao AU

T

WA iter () & 4ol AAE Fsto] AA 2] W&ol 2F WHEHsl= o] B ¥ o] B & HE g T
A A 7} 13?«1]0]/@% A Q3}A] O™ TypeError & ‘:‘“ﬁ*V‘W‘% shol ) U2 bl ol El 8 5 2 74|
ZbelgE ol d S A st 7 AR A2 El"EE‘rD‘/#HEI AUtk olHHIHE €& 5 Ae

A7 o e &8 olgta BT
A

Sz 02 olE g olA AEH o AE AFFE 4 Q5 YT

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

>>> 1t = 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>
StopIlteration
>>>
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for i in iter(obj):
print (i)

for i in obj:

print (i)
oJHdolBE 1ist () Bt tuple ) AR B4 E Ag 3ol JAEL FEE Ve 4 Ut
>>> 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, ¢ = iterator

>>> a, b, c

(1, 2, 3)

max () R min () 4 22 W& TF4E sty olH ol AAE AT+ low 7HE & &2 7P e
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iter () & 9M el A-&3td g v 2] 71 & WHEShE o H e o] B & whaeyth:

>> 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

1
Feb 2
Mar 3
Apr 4
May 5
Jun 6
Jul 7
Aug 8
Sep 9
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

AL olH e Bl A e A A A4E WEY S 9

)y
A
ik

>> S = {2, 3, 5, 7, 11, 13}
>>> for i in S:
print (i)
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>>> 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]
ViEn 2L R7e] S 24t AT 25 Jah:
>>> stripped_list = [line.strip() for line in line_list

if line != ""]

PAE Az AL A5 Thol W P AES L 4 YUt stripped_list & o H# o] E 7}
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dlolE £HAL the ) 2L GG

( 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 )

ThA b, B~ E P edld e A il S 2 oYt (ZE A g 29)
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obj_total = sum(obj.count for obj in list_all_objects())

for...in 3L uiE ?EL/\]%&%E?}‘ Utk Ald e 94501]/‘1 LEZoRE NHEH HHEE 25 A
7| u Bl 22 Zojd A= ¢gF5 Yt sequencel 9 ZF 8 4 of T3 sequencez R E-R-Ra R NN
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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.

o] 32 ol2] 7|9 for...in @ol YA Wit Aol YL wl AT HY 2| Dok BE ANV~ Dol 9 F}
222 vt 2ol 7439 F Al PAEA It A 2Y B2 Dol 9P Th
>>> seql = 'abc'
>>> seq2 = (1, 2, 3)
>>> [(x, y) for x in seqgl for y in seqg2]
[(ta', 1), (a', 2), ('a', 3),
('b', 1), ('b', 2), ('b', 3),
('‘e', 1), ('c'y 2), ('c', 3)]
gpol W o] L39S 3 8lalA}, expression o] FE& AL JThY, o 2 Fojof . ot
g A WA PAE A dS - /o, F HAl= %HP—‘JD}

# Syntax error

[x, v for x in seqgl 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

yield7|9IEE 23 st e AU o 8 - Aduth o] A2 sfo] o) vio| E I = ot d 2o &3]
AU, 2340w Aapde e 535 g AL gtk

Aoy S 25 = REshA] gk U th tiAl ol Hdl ol H 22 EZ S A Wt Al 8l
o8] AA =2 wataUrt yield EAA S A5 H A @ o Bl return B3 v]£EA 1 9 e &9
FUth yield & return o 2 2ol AL yield o TE3hd Al ol 62 A3 Ae) 7t dA FE 1
A Wit Hedns A9Uth AlW#lol8 e _next_ () A=} ool A3 o], 7} oA
Ak

T}22 generate_ints () AV o] g ARE o Jyt}:

O

>>> 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]y B2 EZo] for i in generate_ints(5) =¥ a, b, ¢ = generate_ints(3) Bt & F
gt
A g eole g4 Yol A], return value ¥ _ _next_ () WA E A Stoplteration(value) &
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TEOR AL F AFULE dE 50, A5 H2EE WS 22 self.count £00E HA 3L
_next__() WINER self.count & T7FA1A QI8 Ao g 88 4 QlHyth 22, tha
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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 71X ol &, N-oJ & BA (NxN A 20 A2 O & 4H| &
NEF NS Fu] & vl X &F= A1) & 71 AFS] of 3 (7] AF7F NxN Al A 2e] B & HS 4 23]
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BT Al £28 Fole I Ao g AFE wf o A2 AEE AEE o] ldlsyth
Adolgrt A AeE EAU S SAI AT ¢ e i 7t AAE 22N o] 752
S YA, o] H T IR AA T WA YU

gho]l @ 2.5 A= Al gl ol H ol gha A she st o] 5 UTh vield & @4 o] Hol 5ol
At AY e Aoz 2248 5 e %k:%‘i;émﬂk

val = (yield i)

S elAAE oz FAANE T yield BAA FHA A ZFE Y= Ao E5 Uk 23 =
g dad AL ot AT AR AHE 71 8HA] ekal 3 F7eH71 7o 54

(PEP 342 = A3t F 22 AUt o] A2 v Yol 2250l 9= 49 24N Tst= 4 ¢E
Aot F4yield REAE FFTZ Folok dhtk= AYYrth val = yield i 2tal & 5 AT,
val = (yield i) + 12 ¥ A4kl Jl& h= BEE Aokttt

2 send(value) HIANEE &3] Ald ol E R YT o] ¥iX=+ AV olee 2=
Al Al 28t yield 2842 A4 E ghe wa3dUth B A _next_ () MINEZFTEHY

vield &= None < wh&Eshc}h
Bee 14 S R ALE RS WA 5 UE DT AL AU

def counter (maximum) :

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

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

i =vwval
else:

LR EEE RIS

>>> 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 Zl o , gyt send() 15 7 A g o]
5 g o A A B § O WA ol e, £ 40 A ARGl A5 A
uhA| 8.

send () 99 A& ol g o]l T3t 5 74x] T WA =7} AUt

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 () © A A Yol A GeneratorExit o2& WA A o]HH o] S FE T ©] o &)
7} A S Al @ o] Bl 9] T E = GeneratorExit B StopIteration & WA Aok YT},
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& Wty ofE 2P L = AL FAH ] Yo RuntimeError % i%@‘% t} close ()
=AY olEH 7L 7 A =2 = AE o 34'01 %12 7]'3111 FA7 o8 =22 AP
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map (£, iterA, iterB, ...) 2ThF3 T2 A2 Uil ol & o]EE WHEHgYch
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']

< UE3E BE AA2x 840 S olHE o HE
=AYt predicate = o] = 79| X8 g wH3kst

filter (predicate, iter) £ %
5t 7%, predicate = T 7S HholE of of gt}

e, WA AA 2 Bl 2= G d
FEAUTh filter O 9B AHE

)2

>>> def is_even(x
return (x

o\

2) == 0

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

Ytk

i)
Iy

S
T A

AL PYAE AmelAHOT A

>>> list(x for x in range(10) if is_even(x))
[0, 2, 4, 6, 8]

enumerate (iter, start=0) = 7} E(start ) Z R A E T 35=2-F=8 v3lst= o]H g

£ 24 F AT

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

(0, 'subject')

(1, 'verb')

(2, 'object')

enumerate () + FAEE RHESI £ 0] FFH = AU E 7|52 of A5 ARSH U T




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) = o|EH#E9 & % A2EFYAER RO, F
A~EE AEsta, AEd 245 U Th key & reverse QA= A H B AE 9 sort () HIAER
gy

>>> 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]

(B E o) ot AFA| $F A -2 sortinghowto &

al )
any (iter) Hall (iter) WZ & olHH B9 AZES HUTh any () = olHHEY ojH 247}
Fold True & W31, a1l () & BE 24 7F o] True £ ¥HH3HY u}:

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

True
>>> any ([0, O, 0])
False
>>> any ([1, 1, 1])
True
>>> all ([0, 1, 01])
False
>>> all ([0, 0, 01])
False
>>> all([1, 1, 11)
True
zip(iterd, iterB, ...) 2 ZIolHEEA s Q4 Holo] FZ22 ¥k}
zip(['a', 'B', 'c'l, (1, 2, 3)) =>
(ta'y 1), ('b', 2), ('c¢', 3)
o] = AHE Nhghely] ol vl Yo glAEE FAGAUY RE 4 olH A o B E A estA] ¢
FUHUA T2 239 9ol v A4 ste] MU T (o] $2] AR §oj =23 W7 YUt
ol olH o] H &= BEF &2 Zol9 o|HHE A A5t A Ad Ut ol HES Zol7t thE
B AR 2E-2 P B olHE B 22 Dol H YT
zip(['a', 'b']l, (1, 2, 3)) =>
(‘a', 1), ('b", 2)
B 71 o B # o Eel A U] 2 w22 4 Q7] o] o] & WAL FaloF itk X, A E 245
AUE 9@l onE o He ol HE A% AT 5 YU Th
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https://en.wikipedia.org/wiki/Lazy_evaluation

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.

25 /)52 R PUNG Fh2R BRFh
» AE olH B E Ao s e o E o] EE BEL B,
R EEEC RS
L REEETE]
EEE

EEBEE

o =
LS = )

AAL=

N

(
=

3
<~
-

Mro ook
S

)

ok

/)

rlr
1%
4

“

}

(

2~
T
o
=
=
T

=
=]
EE]I s

6.1 A Z-& o]e]#o]g] BHE7]

itertools.count (start, step) & #SoHA 2 S & =9 Fast 28 S HE Y} A=
M0 2 78 gko] 091 A% W a9} 1 Bgkol 1] 524 Abol9] 7HA L 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
Hhgkah s A28 o B @l o] B 2 Wk Th A28 ol Eldlo] B o) e] 8 848 Faks] wE T,

l

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

o

itertools.repeat (elem, [n]) = AZ2H 225 n A WA, n o] A|ZHA o™l Z99

248 vk

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

th T srop Q1A AFR S AL stop7 L4 7F HFEHE UTh A2 QI E A %) %E}m o
A 7] 21, step ©l| %k" ]7(4{5}111 Q4= 0 wel A U o) gho] %o Tx}g W g ~E Zabo
start, stop, step | S5 AL 4 PS5 T

itertools.islice(iter, [start], stop, [step]l) = °o]EHH ol 24 ~EZH S ¥IESHY
op-sta t
17

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]) & OIE{doIElE ¥AT I, A2 B oIrl) Yg& i wBoh:
n 7ol SRl ol elel ol B 2 g T n ol U8 kS AT HA o 7 Bzke

12




ofr

E1E 25 R ool 5ol AR )8 ARG} 2 o E 0|8} 23 A2 & o] el ¥ o] el
% S ohe Znch wo] AUl AT o] A AP MR B £ T 5 AFUTH

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,

62 22l UG ¥4 55
operator 252 sto] 9 Ak} tf-& 3}b T S 2FFUh o & 59] operator.add(a,
(5719 32 ©3}17)), ope rator ne(a, )(a '= b5 Y)Hoperator.attrgetter ('id")
(-ldoi—ﬂv—g 7ML= 31—51-)3}71'0 47 95U

itertools.starmap (func, iter) 2 olE|gEo] EZ9 A~EZ S IS Aol 71 A s, 9]
F22 AAZ A func & BEFT:

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.filterfalse (predicate, iter) = filter () & Wttjo|H, predicate 7} A A& w3k
S RE 24T REFULE

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

itertools.takewhile (predicate, iter) < predicate 7} #& ¥I&3t= gt 2 A5 ¥isgy o}

predicate 7} A A& Qkgtald o|E#E olE = 2] T2 E EH U

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 HI3tsl= S 2 A4S W21, Un

2] ol e e} el 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 79 o|E & ol ¥ & F 3} 1L selectors &) HF 247}
Bl data o) 847 MBS, BEo| 12 Wotr T

13




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

6.4 2% A4

o

itertools.combinations (iterable, r) = iterable o] T3qH BE 249 7153 -5 X3

A3 5He ol B @l o 6 & WHEg T

itertools.combinations([1, 2, 3, 4, 5], 2) =>
(x, 2y, (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 WY AAaELiterable 0] WHEHSE A 22 AR FAFH UL A& S0 919 AA A A1
FAF2,3,4 =5 <o S th H]f?‘i &9l itertools.permutations (iterable, r=None) &
Ak xS A A Dol r o 73 B £ES vk
itertools.permutations([1, 2, 3, 4, 5], 2) =>

(L, 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, 5),

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

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

rofl kg AgstA oW olH B9 o7t AHEEUTHE &, BE 247 XS YT
o BHt AAEE M5 BE 2L AR ierable o] g o] LT B2 gyt
itertools.permutations('aba', ) =>
('aI’ Vbl’ ’a'), (Va|’ ’a" lb'), (’b" Ya', laV),
('bl, Vall Yal), (Vall Yal, bV) (’al, YbV, Ya’)
CLRE ('ar, 'ar, 'bY) ZHE W WASAT, F ALY @ BADE THE A A4 fEuh

itertools combinations_with_replacement (iterable, r) &4+ U A FS &35
At U FE YA D £ ATk AYHOT 94t 2 FE] A 0A A Ao o) 4
T A Q47 A E 7] dofl thAH Ut

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

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

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

(5, 5)

14




6.5 34 &+

2o 2 4 7]E itertools.groupby (iter, key_func=None) T+ 7173 &
key_func (elem) & o|H &l o3 wtetd 7+ @ 4o 3t 7|3k ANT 5 = Fr-dnt
FrE ATHA Fod 7l Ee] 24 24 AA YT

groupby () & °|H & WHolA 7]3ko] 22 AHKHE BE 845 F6t 7R 7 71 & 71 84
o olHE B e P 2-FE 2EPS BB
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] g0 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 &

g}o] ¥ 2.59 functools REL I .
Qo A8ohu A e Y4B BB o] wEIAA 1F 8
BN

59 PAeR 18 222U A8 Y2 o U A 212 ) Yol AL
AsUTh olH &4 f(a, b, %iﬂﬂwﬂﬁ;ﬂoléﬂﬂ*olf(i o

T g(b, c) & }‘:’\ﬁlg‘%r/}, o] & “FiEA 4 AL olgtal Py th
partial () & A A= (function, argl, arg2, ..., kwargl=valuel, kwarg2=value2)
o 2 AAE AU AT AA = ZHECIER, A AAE function & AY3L7] A=

import functools

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

mmn

)

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 24 th
TP otE R 735k o] B 2 5l Zﬂ*"k%‘—? RAFUh func = F L4 E A 5

ojoF YT} functools.reduce () = ol d o g 7} ¥IE3lE A2 F

S A4 YUY 203 A 1A 8 ?JCEHOH func (func (A, B),

ul A 848t sl olHyEo] A%E wj7hA] AL T olH Y
Typesrror 919 7H G T 2 7)3t0] Al FE W A H L2 AL8H
7F A A= AL Yo

>>> 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 AI&3lH o]EHHEL] ZE 2 g}, o]

Oi%
A9t v AukA oo A o] & AE7] A3 sum() olehe B4 P 47 AFH Uk

>>> import functools, operator

>>> functools.reduce (operator.add, [1, 2, 3, 41, 0)
10
>>> sum([1, 2, 3, 4])
10
>>> sum([])
0
23 A7 functools.reduce () & AHESHE W2 Aol oA for FZ T A 5h= 2o o B
2 % glguth
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
#3 g4+ itertools.accumulate (iterable, func=operator.add) YUt 22 AXE
Yot A| vk 25 ARk vkt Al accumulate () & ZF & 245 Whebse= o] H & o] H & wHehet
Yok
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

16




7.1 operator 2. &

operator BES o Aol AFH Y& ITh o 7lol s o] al A aApel S Fsh W4 A Fol £ of
Sleiek B Aake S AT BHE YA gohe H R o] 8 BHE BHY P4 2=

o 5238} A4k add (), sub (), mul (), floordiv (), abs (),
=g A4k not_ (), truth().
E A4k and_(),or_(),invert ().
* Hli:ieq(),ne(),1t (), le(), gt (), ge().
Fol®ElEl: is_ (), is_not ().

AA 552 A ZEe £A4E FastA e

[ ]
=)
)

(o]

B4 YA 22 YL YD W, AEAZ FAFAL oW HORE Q48 AT AL T4}
22 AUt

grolH W Fr v A9 BE F47 A, M2 -5 FT 27 A8 st
stripped_lines = [line.strip() for line in lines]

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

223 750l Yrhd sl oF Fuith L FHE AYSHE & 744 WS lambda EAN LS AHG
AU} lambda & ol B} W49k o) 5 WA WSS AT AN 3 BAAY g wakate
o5 g4 BEth

adder = lambda x, y: xty

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

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

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

o @ Teto] uhg A W18 o] AL 2Ehelo] e AE AU TH DAL B0l ALgShE HE L Lambda
g2 8t A YTk

B8 ol 5 SHC lanbda 7421 8 4 9l W47 4F9 A4 017 ol
Z AR 4 Qlojor syt &, if. .. elif... elseHA EEtry...
t}. lambda 2ol Al Y7 B2 14% ﬁfﬂi 5td, ¢l7] o ERst R o=
g st=A w2 OLO}E/\ﬂﬁ

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

AR L )T = YA T, oA FAFEA o] 3k7] A1) FBAL Foluf v Alzbe] AFU Tk,
HA 509 det F& ASE E 0 UL A2 BE S dFTh
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import functools
def combine(a, b):
return 0, af[l] + b[l]

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

T w4 for £2E A HTHA 7P 2R AYUh

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

52 sun() W F5et Ao e BAA ol gloj = F9he AYUth:

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

functools.reduce () & AFS3= W2 AP, for FEZ2 ZARL ] o §&3 ).
Fredrik Lundh= 3t lambda AFEH 9 2| E G S A8 o3 22 73 ATS Al G5 )
1. g} & A3 8

2. g7t sk Aol ds) A ske 28 248

3. A ARE AR AR RS 22 o5& A HA

4. 3 ol 5= Aol FTHS def w o= AT

5. A& AAsHA 8.
i‘éﬁéﬂfﬁ% AL FoFstAI R, o 222 ol FA Frrk gle A o B w2 Aol Hisl T 3hA] =
T |

B o] 29 Thaket 2 S A el T £ 53 £ OE THS A @S0l A 7A181a 44U T Tan 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.
W 0.11: 20061 79 19 AA]. 2 BF 7.

W 0.2: 20061 79 102 AAL AVl B E@A 2l 2E Az AN AL Stz 5. ek
M 021 RE WA PaEdn S48 Fu EAL F7T

8] A 0.30: Collin Winter 7} 2FA 8} functional & tf3t AlA 27}, AAZ} R Eo o3 =& A4
271 8 7H) e B AL

ox,

Fd

10 3t

.
=3

10.1 nl

Harold Abelson 3} Gerald Jay Sussman, Julie Sussman 2] Structure and Interpretation of Computer Programs.
AA F A= https://mitpress.mit.edu/sicp/ o] YFUTH o] 2 AZ A AFE A8 WA A 2733
e m2e ol A HoE 5EL TAT] A5 AALY 2EDL BT PHE AF U o]
B2 27) (Scheme) & o Al = ALG A B, o] ol A AH G TIAQ B4 F AP E F4F B4 shol A
Eo] 448 5 A5
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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
examples and has a lengthy historical introduction.

https://en.wikipedia.org/wiki/Functional_programming: 3 Z 2 T WS AW 3}= 4wk 9] 7| F 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 sjo]# 54

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+= & §F IBM 2] DeveloperWorks AFo] Eo|A] &3] 2 T2 7| AF Al 8] =2 38-2HS 24 5 Ut
part 1, part 2, part 3,

10.3 s}o|X Hrg A

itertools BEo] tfat A ™A

X
>

functools & o gt A A
operator 2E] thd A A
PEP 289: “A| & o] €] £3 A
PEP 342: “/N A9 AV o]HE 53 7”2 vho]l 259 2L A& o8] 7]5& APt

—_
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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://www.python.org/dev/peps/pep-0289
https://www.python.org/dev/peps/pep-0342

X o
b B 4

Y

aho] A Al b
PEP 289, 19
PEP 342,9, 19
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