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A AEE ofd WAL 2 AR LAY AL WA EE ATTUT. 2BEI Ak AR AT
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CHEY eI YLEY AER FAE BT o gHos BatY, Y5 98e
wholN £92 BhEolul 7w sul, S0l 9 eo] thisl AAE E ol IS 7 ket ofw ot o
52 AEE 742 A ek Th & el A 349 9ol =+ ML 7] 9 (Standard ML, OCaml % T-2
Wa) 7 sha Aol Y& th
QR AFH o) AAAEL eI Y] et B A SR A2 P4 B2 P o] AL
S5 OE AT AR 2R IR A4S A2 o3 BEUTh O dojse takd g B e
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AL AR, AR AFA e Pryow zeadolt olnee) s 44T 5 STk AN
m2 IR, 7 P A2 THE A2 P S 5] 448 & dSUTh o8 Sof A 240
AA S grdor A4H U 0, GUIE A4 AFH o2 448 5 d5Ut
P53 Z2aPAA, YL ol e B4 AEE B9 9 thduth 4 g5t dHon e SHHA
282 wEol WU Th §4 8 B4 B AEE SR AAL T4 M ghol A BolA g thE WA
AGEL VEL BAgo] gt 22 ASHA GHUTh Rago] A8 g Y4 E 25 B4
U $A482 FATE AL Z2 o) AW v £4° 5 & A8 P2E ASIA FErhe
oJulduth BE F4el E8S Qo w9 £l ok g ok

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
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.
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. ol olEl |8 = WS A xS HAEE A HoeF ATk o] MASE SAE A
¢ﬂ%ﬂﬂﬂﬂea4q%aiaﬂwwuu—wMAE%ﬂﬂ%aa} ATHH, _next () &
stopIteration 9| & WAIA Aok Gtk ol ElolE 7} 22 Dot gk Raa loje AE
Y2 Ashe oA ol HE AYsHe A= Fel Ao g gtk

A e icer ) = ASI9) AR E Aslel A2 oI} S0 F NS AL B E B,
A 7} o B o] 42 A 1847 4.0 W Typerrror & WA YU shol el U vl o 6B 5 B 747
ol o] 8e A A, A1 ABA AL F A0k BT ol E Ao EE AL & e
A & ol e} & ol ek B YL,

502 ogeol 4 AEH o 25 AP E 5 AUtk

>>> 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>

Stoplteration

>>>

J

gto] 2 of ] thg AEH2E A olHH & A E 7|hstn], 7 S 2% A
y Bl A YE WHEA] o] o]H Z2 iter () 7} ol CIHE AT 5 )
F 232 22 ou gk

{j—;for E—?jl/]l;]— for X in
R

A o] o] of g th. ThE

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

for i in obj:
print (i)
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oJE gl o] EJ= 1ist () T+ tuple

>>> L = [1, 2, 3]
>>> iterator = iter (L)
>>> t = tuple(iterator)

>> L = [1, 2, 3]

>>> iterator = iter (L)
>>> a, b, c¢c = iterator
>>> a, b, c

(1, 2, 3)
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248 WAL vin® 3 oot int AL L ol Efel o] 8 A AThk: o]l ol L Ak o

oA X7} AEE X in iterator — YUt o] g o] E] 7} F3tstrid Bl sl Bxjo] B2 ,:}1/]1‘/_]—:
nax () Shmin() £ GU ABE WIS OB, 84 X7 25 Dol A LhehEA] GFOH minn 3 wnot
or QA 9 5| A E whekelA) 2 A Sl

1w =2
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845 7AW, o g ]

HE QAN RS UE BEE QU olHdolE AdE ddAoz oY 2}/ g
AZE 4 IATh A H ZREBL next 0 WNEW AR IS FEE BE ofEf
OS] FHEL 4N 5 YonE TS AEYA L BRI L A oF o A AR ol Elelo]El S
gH5 o of g ek,

2.1 O[E{2[0|E{ & K| ¥ SH= CIOIEE

grEg} FEo] o HeoHE o @A A A=A o] u] AW GHUTh A% EALTH S o] A
AR~ L oleeoE o AEe AEoE AU

iter() B 9AVE0] 4830 91 78 wEstE o el o HE Mtk

>>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

O J o O b W N -

O

Sep
Oct 10
Nov 11
Dec 12

SHol 3T REIE, S e SIS A A SIS 2R B o4 A B
%

iter () & }\:]L‘]ﬂoﬂ Z‘]_Q_ ]__“_:_Z—]\_%ﬁo]_/g_?]%]?l_
WA At ghel U A B 3
A8te] A 0T o]l ol 12 2L 4 YTk

dict ) 42 (71, & T2 FAT 2EYS WS olHE o HE Te 5 A5 Uth

AU el ThE o B dl o] & ukaka

A A O Z values () L items () HIAEE

o
)

d

)
R

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

>>> dict (iter (L))

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

w3 oL B A2 Fo) Yg WA readline () WA EE TE3] o] el el o] dE AT &,
3} 2ol ol 2 L 8¢ 5 ik

for line in file:
# do something for each line

AL ol g Bo A YES 7HA A I 942 vtEe 4 9ok

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

(TH5 sl el Aol A<)




(o] A | o] A oA A A %)
print (i)

P P g 0w N
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3 M2|o|e] ESiAlnl E|AE H=2|SIM
s

olE# o] Elo] S thst F 7HA] dREAQ A4t 1) BE 840 tfs] o E A4S 338t 2) ofF
2AS WESE 229 B2 YFL ADsE AUt S Sol AL PAET o H 7} FoA
Fol AL AANAY, Fol 2 HE EALEL LRoE LE EALL 22T 5 A5k
gaE Az st Aol e 84 (E YL “listcomps” B “genexps”) & TP 2218 ol
sk (hitps://www.haskell.org/) o A & o] 28 22 A2 2 d e 27 AU U= =S AR
dto] £AL ~EYo| A RE FuE A AT 5 JrIh
>>> 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]
i 2R F7h5 B4 24w 48F 25 Jguth
>>> stripped_list = [line.strip() for line in line_list

if line != ""]
g AE Az AAE AHE S Stol W B AES A5 & 5 UTE stripped_list & ©]E & o] ¥ 7} of
Uzt 23 35 31 e g2EQUth Al el 342 3 e o et g2 AlLtshe olH e o HE
Hhehstn] RE g2 o Hol AT 2oVt stk &, 7 2EFo vl W o HoHE
HHehshE o]E ol HE Aste A B AE e H S 854 dsuth Alvd oy 342
o] 2 gt Aol A & th
A alelE EA L BE (<07 R Fol glom el2E AzeAA L dBE ()M Rl AFU T Al
el o8] L E A4S Tt 2 WA U ok

( expression for expr in sequencel
if conditionl
for expr2 in sequence2
if condition2
for expr3 in sequence3

if condition3
for exprN in sequenceN

if conditionN )

oA B3, gl 2E Pz d A s E ntg
AAE 289 24 E expression & A& F Q] glo
Z A3}, expression < condition O] - wj gk g 7}= 21 A ol
A eoly @A F4 %i kol s of shAI Rt e TE 2 Le
SA AEE = olH ol B g

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

mr.mg%ﬂééli S EXTHULE Al A= AFA 2 %éii%gﬂﬁﬁéiﬂﬂﬂﬂ
7l ol 22 2ol B8+ YF YT sequencel 9] ZF 3 49 EH‘(SH uence2 = XS HE BlE =

Ut} sequence3 2 sequencel ¥ sequence2 & Z+ZF R E A3}of tf3
él

tt2 Ao g 53¥5tH, gl2E Augdd L Ay oy 23

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] Z1Z o] 2] 7§9] for...in Fo] YA if o] glauf 2 29 o7l BE Al o] 13}
2 u gk 2ol 7139 FAY HAEs QE A EY B2 QoL oMYtk

>>> seql = 'abc'

>>> seq2 = (1, 2, 3)

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

[(ta', 1), ('a', 2), ('a', 3),

('v', 1), ('b', 2), ('b', 3),

('‘e'y 1), ('c'y 2), ('c¢', 3)]

shol 4l £49) 5532 354314, expression o] FEL YA HT Arhe, B2 Folok gtk ol
R WA PAE FzelAALS T L Folr, F WAl E 2uE YT

# Syntax error

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

# Correct

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

4 AN 0|E]

i)
rc)
o
i)
uli
™
it
i)
<
kv

Aol g g A o1 L ghs) e e s A o

shol Aol vk Col A A 5 EF0] o BA AB5=A T 23 9 AYUT

F7H AR B 018 F7ko] BAUTH $5 7} return Fol E25E A
ghol B2 Aol A MU 22 B4 2 Uael B2 ok0 A= vl 3 ol 5 B2
Aol S AUtk 1o A W57k B2 E whA U o) Wel A7) oW o) B7he? e
D99 2ol A F5E A AT 5 AThE o B2 o S0l AV o 7 Al e AUk 18
AN A5 Feta A2 5 YU

a2 Al ol g ko] 7Hg e ol Y ok

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




yield 1958 s Bt AV E o H B ALtk o] 22 shol A wpo = 3= Pk el 93]
FAR U AR Aoz AvdelE SEaA B4e AohAT o,

AV ol 48 TE e 9 ghe BasA g Uth o4l o HedolE Z2E 2L A At A
ol 8] 271 & WU Th yield £ AW A 8 o] Bl return £3} vl 23 1 o] ke
EAHUT yieldshreruen ol 2 ol g & yietaof R A oIH2] 49 Ae)7k AN FEH2
A9 Wesk mEATHE AdUeh AddolBe nexe () HMAS/ kel 4 W, §45 7 chA
A v,

€ generate_ints () AlYd o] AL o JUTh:

vl
do o2

>>> 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
OZ]H‘E“RO? 5—,‘5%}0] for i in generate_ints(5) T+ a, b, ¢ = generate_ints(3) E}-_J_’_ < 5,\— 2}\—;—\-
U,
A ol e &4 WoAl, return value = _ next_ () WA E oA StopIteration(value) S A
Quich ol @ Aol WATAL Bool W otehol = 2ohE o] o] Trbu AV dolEE e e
FEg  sdTh
AR ZF2E AL AvdEolEY BE A H4E A2t HEE A Fsto] Alv g ol B o] 23
EF5oz ds A5 UL dE %Oﬂ A Y AEE UESIE 22 self.count E0°0F ”7‘45}1
__next__ () Uﬂ/ﬂEE self.count § %7“]74 HEghsh= Al o

Rt v Be B8 oA 5o
1ot A elol ] & AR A0 = NS oA EelE F9) 5o A S T o] Aol e}
Uk

# 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 TF2 T 747 o] &, N-o] & £A| (NxN H| 2 o] A2 th2 9uj 2 93 4 9
=% N Gl E ol A3k BA) S 7 Ake] o (1 AZFNGN A 2o RE 2he AR @ Nl 25

YT SRS B BA) AU



https://github.com/python/cpython/tree/3.13/Lib/test/test_generators.py

4.1 NHo|E{ol g MESt7|

Jpold 2.4 9l 11 o] A WA A AU ol B = S BT U Al olH o I =T} olHE olH £
BT Al £28 Fole I Ao g AFE wf o Az AEE AEE o] s yth
o©

AYeelB7t A9 W4E HAUYZSA AT + e 1A 7T AAE ALT 2N o] 7s=
A AR o2l g H W2 AAE T A AT

sho] A 2.59) Al Al & ol Bl ol gk Akt 7hekak W o] YU Th vield & EAA 0] 5 of Wof
gdetAy the Ao e 24 S gl gk Hagh

[val = (yield i) ]
R AAAY W GO g BAAANE T yierd BAA F90] FY BT E Y Aol FHULL B
Fded AL ohIAN AR AHE 7] 3 5774 v o,

(PEP 342 + 7 &3t 4 2 & A ¥ U th o] A Yo LBl =3 2 NA A= A5
5 o = yield i 2t & % YA T val

AL BT A yield R4S 52 £l of Aok AUk val
: 1S Wt 25 E Aokghch)
sho] AU el ol B 2 WUl AU Th o] WA =& AV o]E o] ZEE T
=]

Zr2 send (value) H A
2] CRFF A _next_ () MIANEVFSEH W yield &

Al &3 yield 3 A
None < ¥F3Hghu o},

e 14 S7heh R AL E e MAT 5 g ke A2 gy,

r |
Eﬂ
o

def counter (maximum) :

i=0

while i < maximum:
val = (yield i)
# If value provided, change counter
if val is not None:

i = wval

else:

e 7heE WAL oA YUk

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

0

>>> next (it)

1

>>> 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} &% None & W&t Aojnz, 4 o] F¢-& As|oF U th send () HA =7} AL o] E
58 oA AR ASE & G 4B WA S} ok ehe, EAA ] RS el glo] A§ A T
Als.
send () 2] o= Al ol H ol th &t 7 74A] th& WA =7} sy th
e throw (value) is used to raise an exception inside the generator; the exception is raised by the yield ex-
pression where the generator’ s execution is paused.
Ag FRFULh o] 97
=]

e close () = AR} Yo A GeneratorExit ol 2] & WA A] A o] & ] 9]
LA A @ o] E] 9] T E = GeneratorExit BB+ StopIteration = WAIA| Aok g o9 &



https://peps.python.org/pep-0342/

AT o2 Y-S ke A2 FAH ] 3121 RuntimeError & SR UYTH close () & AV |
OB 7} 7RI A 2 = AE ulf spo] o] ZHu R =4 7] of oF T&E AdYTh
3T} GeneratorExit & =

Generatorixit o WA ) el AL % TES A of
1:H/:]try: ... finally: =

o]y g Ws}e] A Tt AH olHE YAl
AdUch

AV ole = 22E o] wo] § AutA 9l Fejo] AHRE o] YUtk AHEES 8 A HolA A 2H 3
oh2 8 A A (B0 W 919} recurn B) ol A WA Y-S U T 22U of & ThE A ol A TR 8L A2

5 LY Bt

olel g o] Bl | Al 25 A H = W e E ApA S A B AS U T
gto] o] 7 7FA] WA FQlmap ) & filter ) & Al EolH 23849 7] 5S HAFth

map (£, iterd, iterB, ...) & TUhg3 T2 A|@2of gt olEj o] & vk}
f(iterA[0], iterB[0]), f(iterA[l1l], iterB[1]), f(iterA[2], iterB[2]),

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

e N

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

['SENTENCE', 'FRAGMENT']

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

['SENTENCE', 'FRAGMENT']
EE2YrE Aoz 22 g9E AL A5t
filter (predicate, iter) © 54 XL WUHs= B AA2 840 t3t o]H# o] & wE&si,
n 7R 2 gl aE AL Ao 9§ A FH U th predicate = o] Z 79 A B S Wkt g4
Utk filter () 2F @7 AG8h= 4%, predicate = &2 g2 oS o of utt
>>> def is_even (x):

return (x % 2) == 0

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

Eg oL PrE FuAdoR 448 5 9

fy

Yk

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

enumerate (iter, start=0) = 7} E (start HE]) 2} Z+ QA& TT51=2-5EZ 8 vl3hsl = o] E 8] £9)

24 E A4akgyrt.

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

(0, 'subject')

(1, 'verb')

(2, 'object')

enumerate () © Y LEE WESIL 54 270 FEH = dULE 7|5 o A A F Ut

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

(TH5 sl el Aol A)

10



(o] sl o] A ol A AI)

if line.strip() ==
print ('Blank line at line #%i' % 1)

sorted (iterable, key=None, reverse=False) =O|E|HEL REQAEFYAEZ RO A
8%

AEeta, A€ AIE YT key 2Freverse A= A/ H Bl AE ] sort () M ER AEH W‘/}.

N
>>> 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 Eof o3k AFA 8F A ¥ -2 sortinghowto S 1 3HA| L))

h=
any (iter) W all(iter) W& FE olHeES J2HS wUTh any () € oJH &9 ofE 247}
ol True & REGIL, 211 () 2 BE 847} o™ True X :

>>> any ([0, 1, O0])
True
>>> any ([0, 0, O0])
False
>>> any ([1, 1, 11)

True

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

False

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

False

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

True

zip (iterh, iterB, ...) & ZF oJElBoA stte] 245 F5te] FE= WA

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

o] fot ATE NBH] Aol W o] YAES TAHAY RE 9 olg el HE H A o
SUTH A FE2 898 4ol v A4 ste] BT (o] 549 AR §olt =58 3/t Utk
o o el ol Bt B 2o Folo ole e B3} G AHE 37l A% ALtk olH el Pol s} e
A% A A=Y g A ol H e B 22 Dol 7k Utk
zip(['a', 'b'l, (1, 2, 3)) =>

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

AL ssok gy 5, A48 24

it

o 2 olH el H oA U A 2as WA 5 317 w2l o]
AvE Aol sleng olHH ol HE A% A E &+ §l

6 itertools 2 &

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

B /)5 WA PUAG BN LR ERA U
. 7% oHE OB g Ao s AR o H o] E g BEL §4.
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https://en.wikipedia.org/wiki/Lazy_evaluation

. g HolE o) 848 B4 AR A 2T T4
R EREEEL E R e
B EEEEPECERET B2

6.1 |22 O|E{|0|E{ TI= 7|

J

itertools.count (start, step) = @50 HEE FHEY F Ytk Aga o
= 7120l 09 A2k WB9h 7] R gho] 191 524 Aol o] 22 &
itertools.count () =>

OI 1I 27 3’ 4/ 5/ 67 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 Al FH o]HHEL Y& AIES A A5 B g nlx 97k 2 A4S 8ks)
S MZ L o Hel ol Bl & ukahg Utk A2 o] B el o] El & o] ] T 3ks WE g o
itertools.cycle([1, 2, 3, 4, 5]) =>

1, 2, 3, 4, 5, 1, 2, 3, 4, 5,
itertools.repeat (elem, [n]) = A|ZH 25 nH WSS A L n o] Al FHA YoWH Eglo]l R4S
Llaaiaii=g
itertools.repeat ('abc') =>

abc, abc, abc, abc, abc, abc, abc, abc, abc, abc,
itertools.repeat ('abc', 5) =>
abc, abc, abc, abc, abc

itertools.chain (iterdA, iterB, ...) = ¥2]o] 9] olEHE
o BE 24T MBRTE F U 249 BE 24T BB,
=
[s)

AA ol H &

2 ufj 74A] o]

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

itertools.islice (iter, [start], stop, [step]) = o|Ed ol X7~
A stop AAS AHE- S A stop 7 8. A7 R Uth Al 2 QI A E 2 A 81 stop-start

2l
step ol Ft= ABTHH 4+ Tof et A=k Utk 3o 2l 9 tﬂ(’é 4 2 1733 22, start,
stop, step | 3= AHEE S s U Th
itertools.islice(range (10), 8) =>

0o, 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]) & °|H#HJHE EAFUTH A& oJE o] H 9 Y& EF W3et=n
Mo S A ol e o] Bl & WhUTh noll 3k gt AlFskA] Fo™ 7] =gk 2 Utk o E o]
£ BAsted Y& olH e o]H Y] dF Y& glole &

AR

7k T A BT} Bro] vl E A o

S A op st R o] & o] E 7} A3 A 2 o] ]
A v Eel g 2u P 5 ok

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

where iterA —>

12
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(o] sl o] A ol A AI)

and iterB —>
OI :LI 2/ 3/ 4! 5’ 6/ 7/ 8! 9’

2 gto] o Aitztel| gt T JAE= 2T JW"/P g = operator add (a,

) (F 7He %}C‘% 3} ]),operator ne(a, b) (a '= b TY) Y operator.attrgetter('id') (.id
AEUREE AL HHEE BB ZE B4 DG

itertools.starmap (func, iter) 2= O|E|#E0o] FZ9 2EYSHIFS Zolgtn 7S, o] F &S

A2 AR 3ho] fune & 55 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

EOHE §4 B2 Ag el 125 olH g a4 R QS AH T,

itertools.filterfalse (predicate, iter) += filter () & Wht]o] ], predicate 7} A Z S WHEsl= 2
£ 84S gtk

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

itertools.takewhile (predicate, iter) < predicate 7} ZH-& ¥I3+3}= 3, @ A5 wkEHgh th predi-

cate7} AR L vk 3l o|EHFolElE= A £ E dHUt}.

def less_than_10(x):
return x < 10

itertools.takewhile (less_than_10, itertools.count()) =>
o, 1, 2, 3, 4, 5, 6, 7, 8, 9

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

itertools.dropwhile (predicate, iter) 2 predicate 7} ZE v elE 29 R 45 v 1, v A 9]

Helgol 272 watgu.

itertools.dropwhile (less_than_10, itertools.count()) =>
10, 11, 12, 13, 14, 15, 16, 17, 18, 19,

itertools.dropwhile (is_even, itertools.count()) =>
i, 2, 3, 4, 5, 6, 7, 8, 9, 10,

itertools.compress (data, selectors) « & 719 o] g & o] E] & F 5} selectors & 3 L. 47} 22
data ®| £ 2 7HE W32, B5o] 12T Yuiet Fehgh ok
itertools.compress([1, 2, 3, 4, 5], [True, True, False, False, True]) =>

1, 2, 5

13



6.4 X3 B4

itertools.combinations (iterable, r) « iterable o] TH BE 249 7153 52 23S A&

3} o] gl gl o] B & w3 o},

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

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

7zt /& WY AAELiterable ©) W2 A & AR FAFH UL A& S0 919 AA A A1
eFAF2 3,4 IEE=5 9Fof 2Tk H]%?ﬂ' &40l itertools.permutations (iterable, r=None) < A <F
272 A7 e ol r o] 5 LE €IS WAL
itertools.permutations([1, 2, 3, 4, 5], 2) =>

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

(2 1), (2 o &y GO (Zn 9)g

(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]) =>
(1! 2’ 3/ 4/ 5)/ (1! 2’ 3/ 5/ 4)/ (1I 2’ 4/ 3! 5)/

rofl g2 AR sHA Fow olHHES] Aot AHEH U F, EE 847t AFE Ut
gox

o) Bt AR e B E 2L AT ierable 9 B TR oL T LR PiT
itertools.permutations ('aba', 3) =>

('a', 'b" ’a'), ('a|’ Va" Yb'), (Vb" ’a" 'av),

('b" Va', ’a'), (Va', ’a', Yb')’ (’a', Yb', Yav)
22 RHE (ra', 'a', 'b") 7FF A BASAT F Y @’ FALE-2 E A XA gF Ut
itertools combinations_with_replacement (iterable, r) o= CFE A2k &3lstych: 4=
G FE oA HEE S dFUth MEHCE 84+ 2 FE9 3 1A Aol s A= 1 F i)

ﬁiﬂﬁa—ilﬂ 7] Aol thAE Yot

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

’

4
5

mpAR o2 A7) itertools.groupby(iter, key_func=None) & F sk 1] t}.
key_func(elem) = o B2 o] oJs] WA 2 Lol e A ge AN 5 dx FEIUh
I BEEASIA Gt e B 4 e AA Y ek,

= A5 EE 248 A% 7 sE 7S 7H 2409




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'")

grousby () £ S| E 2 & Yo} v &0 7] o] e} ol v F D Yty AT L) MEE ol el @ o] oA
Ol E B U E AFEetE R o) B &l o E-29} sl @ 712 2 4 5)7] Aol o Elelol8-19 ATE 4 el of
.

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.

Foy Aoz FHY Z2 Y 3, A8 A WEA A2 1 Fae) Myl Des B9t
Ayt FFolH g £(a, b, o) B ALHNEAL; sto]d T4 £(1, b, o) o HFo= MEL
A5 oo, o) B TEF AUtk ol “RRA P4 487 olgky Fhch
partial () & A A= (function, argl, arg2, ..., kwargl=valuel, kwarg2=value2) &} Z<&
AALE AU A3 AA &= ZejEol2E, A Z AAR function S A7) Yl H = 2 AAE
SE5td gUoh
A9 A ol 7} e

N
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')

J
functools.reduce (func, iter, [initial_value]) + BE oJHFHE Q4 3] +& AL 43
stmz Tt olEe o] 488 5 AHUTh func £ F 248F ALE 3] 1Y ghe wHEshE F4olof o
Ut} functools.reduce () + OB @ o] 7} HF&3l A2 F 24 A9FBE 3| func(a, B) & ALt
Uk 2ohE Al iR 249 CE 8 func (func(a, B), C) & A4, o] 235 WHEHE U] A
249 A% o HgBo] 221" w7t AL U T o Ee Bo] A3 32 wEe A ¢ho W Typerrror
o7 AU TH 273k AlFHH A ZH O E AFEE W func(initial_value, A) 7} A HAE

A Yo
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>>> 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 wvalue

>>> functools.reduce (operator.mul, [1, 2, 3], 1)

6

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

1

operator.add() & functools.reduce () & 7 ALR3}H o]E]HEQ R E 2 A& 3Uth o] A=

-7 kA o] o] A o] & AtEt7] A3l sun() ol2kE S R S Al T E U Th

>>> import functools, operator

>>> functools.reduce (operator.add, [1, 2, 3, 4], 0)
10
>>> sum([1, 2, 3, 41)
10
>>> sum([])
0
)
%A% functools. reduce () & AHGFHE B A9l BHSHA cor TR A4 FHE Zlo] o WET

EORAS|ER

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 cal-
culation, 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

7.1 operator 2 &

operator BES ol Aol AFH & UITh ol 7o) shol @ ababel Sl Gsh 4 A gl E 3 of
Sl e B A4k SAshe AT BHE YA ol HRE o) T BHE BHY P 2=

oA &8t

o] BE W Pt ket Bavth

N RN
o 8 QAL add (), sub (), mul (), floordiv (), abs (),
o =8 AAk: not_ (), truth().
o« H|E A} and_ (), or_ (), invert ().

eq(),ne(),lt(),le(),gt(),ge().
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o A ofo]HEIE]: is_(), is_not ().

AA B2 AR RE EAE 2T L.

o — A — —
8 A2 &2} Tt H T4
F5Y Ao 22 AL AT U, AEAZ SAFAL o OB E 248 AFHE B T4
22 Aok
sholl g Bt AT BE 57k Ak, N2 F5E 4T FRoH A g
stripped_lines = [line.strip() for line in lines]
existing_files = filter(os.path.exists, file_1list)
2ot 7]sol givkd sl o Ptk A2 pE A4 ke 3 7 W2 lambda 8 A S AR S
AU T lanbda & o 2 B/} Mok o 5 vl WSS AR BANL A3 BB e wEHE
o2} %42 wEU

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

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

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

r°l'

ol thebo] uhgra] Y7h87 o) AL ek ol B AL AUTH BAS ol AHEIHE BHL Lanbda
A

N m{o
_‘vL‘
off
ok
r[r
MY
o |
o
XL

P A% sk Aol g o] f F ShibE lambda 7H A& $ = A 7H A A @A 0] 7]
QU Ao 9L BAY 02 ANT 5 dolob T F, ir... elif... o tr
except £& 714 5 QU Th Lanbda Bl 4 U F B AL 3121 11, 217 ojel & By £
FEZF RS SR WA dolE AL

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

o2 ol ¢ AT, o)A FAst=A osfstr] 3 A= Sl Tl Alzke] 2- Ytk
A T4 det T2 MG F 8 U2 e e dsUth

import functools
def combine(a, b):
return 0, a[l] + b[1]

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

I8 YU 33 for FZE AL YUE 7 S Atk

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

52 sun() WA B9 AV ol 8 BB Aol glol = F g AUk

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

17



functools.reduce () & AR 3lE B2 A9, for FZZ A IS vl o H&E3HY
Fredrik Lundh & 3 lambda A ¥ 9] 2l A ER S A6l tha 22 2 AFS A A5 U th
I g Eeg A2
e} s ol el A ek 22 2412,
B AYe PEST AHe) BAS
% o] 88 A8 Bho] YTIE def o2 WA
49 AR A L.

= AT FortA R, o 222 o] A Hrhrk /Rl @A o] B Y2 A ol i3l s sHA] ek

wooA »N

5Y
I

oy’
iy

4

U

> e

o
AR

9 JHHHY X ZtAte 2

@Al o] F9| Chefst Qb A5k 5451 %9 TS AFE ol A ZHAFSE T 4% o Lan Bicking,
Nick Coghlan, Nick Efford, Raymond Hettinger, Jim Jewett, Mike Krell, Leandro Lameiro, Jussi Salmela, Collin
Winter, Blake Winton.

WA 0.1: 20061 6L 302 A Al
H A 0.11: 20060 79 1Y A, LEFFA.

12 0.2: 20060 7€ 10 AAL ATl o8 @A g|2E Heedd Ade stue 58 L8 4.
WHA021: FE WIHY glaEA 248 2 2HS F7)

¥ A 0.30: Collin Winter 7} 243 8F functional EE o th 3F A A 27} AARF R Eof T3 &2 AA 27}

@ 7} ohe A
10 20 23

10.1 gt

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 ex-
amples and has a lengthy historical introduction.

https://en.wikipedia.org/wiki/Functional_programming: 348 Z 2 71|43 AW 5t vk 9 7] 9 g o} &=,
https://en.wikipedia.org/wiki/ Coroutine: Z¥lof tj 31 =,
https://en.wikipedia.org/wiki/Partial_application: Entry for the concept of partial function application.

https://en.wikipedia.org/wiki/Currying: # & 7] d ol off 3} &5,

10.2 THO|M E X

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 = 5= 3 IBM 9] DeveloperWorks AFo] E oA S8 2 T38| 7| AF Al 8] 2 352 2HAA g5 YTt
part 1, part 2, part 3,
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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/tutorials/l-prog2/
https://developer.ibm.com/tutorials/l-prog3/

10.3 I}O|M AT A]

itertools EE | tfgt A A

functools 2E O] T3 A A

operator EE ol tf g A A

PEP 289: “| & o] E] & 4]”

PEP 342: “7/§ 49 A&l o] E| & B3 ZFE” & glo| W 259 2L A Y ol 7|52 A ch
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https://peps.python.org/pep-0289/
https://peps.python.org/pep-0342/
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PEP 289,19
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