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« A dofol e s dsfoF & RAIE st WAAE A, Aol FHEL ANE BRHoR
B WS s Th SQL2 7S s e A A A Aol th; SQL Aol & A ek 412 vl o) E
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Aol JUth C+ 9} stol W2 ARAAF 22 g& A Adte dojol Ak, AX A FAQ 545
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=8S whsoluy 7|k o, Fol X g ol tis) A E Yol IF2 71 A o 3 Y RH 2 FEj =
74A A kT 2 el R §43 o] 2 ML A J (Standard ML, OCaml 2 th2 W1 %) 3} 322 o]
A5t
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1.3 C|H{Z 1} HIAE 20|M

P53 4 2218 e gaEsy U gshs Zo] § 44U,

Quba 0 2 G457} A3 R FA PAE 7] w2l U P o] Bedlg Utk 2 ado] $43A g,
2G5 o8 b SHHEA FAF 5t HAol BUTh 2 AHY A} EHLS AR W17} Qe
FrEmed 208 5 5y

7t AAA 02 B9 Bl Ase) Akl 7] mlgel HlAEA B F5Uth 5t HAEES Qe Wol
A5 of 3k Al 2| Felol] o 234 GbHUTH 2UHE A8S BED Bt o 43 A sk A Folu
ahe g ek

14 28t

BEA Ao 2o ade us o, GIY Je Felo2 ofel ) G 44 . o2l e g
LA B P S A e A (A2 e 22 2ol 5P e
S dsUth o 5 5ol Uelele) AR E wol A 1 T elE 2 vg BE XML 39S s g, 2
AW Wol A 1 U §-& WL Tk theba Aol AT 5 AT

AZre] B2H, o R e AN fdelE eholnefe S P P AU HE, A2 FHOR E
FrE A st A Aol 538 B/ FHwS AR A Z2 e 2 B

2 O|E{3I0lE

drd A 2O At T2 EUVLE E Fold Ao Ve AT EYSF U ol HH ol H.
~EY

olg] & o] ¥ = dl o] ¥ %QQW%ﬂﬂQQWWUMW‘L@ﬂ F 8 A4 o] B & 7E&ghy T}, 3}o]
# olE# o] E= 9t EA] __next_ () B WA E ﬂqﬂﬁﬁﬂQ:]WﬂtLﬂﬂ—ﬁﬂﬂﬂj@”
2EF9 t}L 84 E ukstsh o) U]—Ot 2E o Eﬂ—: S47FQUTHAE, _ next_ () &= StopIteration
of| 2] & WP Al AoF Tt ol H ol EH 7L 73t B 8= Ut Fets dl ol CE%L%@"J:O‘}% ol el
o2 A A% el A A,

Wd g iter ) = 929 AAE A skl AA L W-§ o] &g Whehst= ol ol B & Ma Y o
AA 7} o] e 2 Vr‘l; A A3HA ¢f & ™ TypeError £ EAA 7]‘4‘3]' Fpol @] W tlolH ¥y F & kA7
olgl o] A& A dst=t, 7 AWl AL BlaEL AV JUTh o HECIHE d& 5 = AA=

olg & olFtal =H U

TEL 2 oJH o] dE ol AE AR E 5 AU Th:

>> L = [1, 2, 3]

>>> it = iter (L)

>>> it

<...lterator object at ...>

>>> it._ next_ () # same as next (it)

1

>>> next (it)

2

>>> next (it)

3

>>> next (it)

Traceback (most recent call last):

File "<stdin>", line 1, in <module>
StopIlteration
>>>




ol e el & ABAE A ol elEl % AAE JIchshel, /1% 58T AL or EYYE. for X in ¥
Foll A Y& v=A] ool 8 S iter () 7holE @l H & AT 5 gl AAolofof FUTh ThE F
A2 A2 gk

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

for i in obj:

print (i)
olEl o] El= 1ist () = tuple () A F+E AHE st Hl2EVY FEE Uehd £ dsUth
>>> L = [1, 2, 3]
>>> iterator = iter (L)
>>> t = tuple(iterator)
>>> t
(1, 2, 3)
Al A7 =3 OlEi gl olHE A ATt olEl ol EZFN| Y 2 45 Witk 22 ¢ ok,
AAESN-RER A AT 5 ddch
>>> L = [1, 2, 3]
>>> iterator = iter (L)
>>> a, b, c¢c = iterator
>>> a, b, c
(1, 2, 3)
max () Dmin () B 2L WA e shte] o HelolE ARE AT ¢ Jom AR 2 EL AR AL 248
WU "in" 3 "not in" AARA}ES o] H E o] H £ A °4?J\4D‘r o] Bl #| o] E} 7} WkE sl A E o A X
7V AE A X in iterator & FY Ut o] d o] E 7} F3tathd W sl B Ao 2 YT max () 2
min () + Q93] A5 WA o, Q4 X7 AEH A UrE‘rUrX] o min" 3 "not in" AR}

AN 393 ATE WA S AU}

o el o] Bl o & 2% o 2B Lob 4+ Tk Aol ) 5HAL; o)W 848 AL AL, o] EeloE 2
AR A, AL TS e T olEH olE] AA L HE A o= o

QA o) Ejeo] B ZREZL next_ () A=W HART AL Bt
S @5 fong g ~edelA BhE 49 Rl e A AT e ol E] ool 8 B Bl of Tl

2.1 O|E{2I0|E{E XI¥/5H= CIOIE S

g 2Eg BEo| o Hd o HE of B/ A AL ofn] AT HGHUTH AAZ BALTH 2L o] A
ARG E ool HY AL A5 0w A APk

iter() & Aol B850 DA el ol /1§ MBS olEl e o E 8 ATtk

>>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

oUW N

(TF= ol ATl A%)




(o] A sl o] A A M A%)

Aug 8
Sep 9
Oct 10
Nov 11
Dec 12

vpol A 3.7 HE =, 9 M1 A A7 €A% 2SS BFd YU oA WA A E, F3e]

A A= A kgl + 3 uic) o}
iter () E UMY A= AL
W=7} 15U ghol v A/zk S e 3
AHg-stod A A ol Bl #l o E) + 9%
B A

=
=2
A (71, o) FEY AT AEYHS

e 2

AE g glol & thE ol B ¥ o] H £ Rb&kst

WA A O Z values () ZL items () HAEE

o,
—o
=2
fr N

dict () A4 ) HHghsl= o Bl ol Bl & WS 4 5y T

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

>>> dict (iter (L))

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

E3 e He MER E0] §l2 W7HA readline () A EE &5 olH o] S A AT 5,
3} 2ol sl 2 g g 5 s

for line in file:
# do something for each line

AL olE g BN WS /AN A 945 S 4 5y

s = {2, 3, 5, 7, 11, 13}
for i in S:
print (1)

3 Mu{zlole EgiAll 2|AE HIE[SIM
°l geo] e o] ol thalt F 7k AubA ¢l A4S 1) BE 240 tisf ofd A4ks 35k, 2) ol x2S
Sohe ga0] BB QRS A8sE AU o8 S0l 24D PAET g0 72} ZolH Ful UL
AR, o0 n A8 F R R EAE AAE A AE T
g2 AxgAXAG Aol TAA(EYD: (listcomps) F (genexps)) < T4 g g™ o]
St~ A (https://www.haskell.org/) o] A & o] &3t ZFY S Yot 7ZHAS 7| AU T TS ZEE AR5}
BAY 2EYOIA BE WL AAR F ek
line_list = [' 1line 1\n', 'line 2 \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]
"ifn 2AL 375 54 AR NG FE Y%t
stripped_list = [line.strip() for line in line_list
if line != ""]



https://www.haskell.org/

PAE Azl WL ALS S sl Wl P AEES 92 4 95U th stripped_list & o B o[ E 7} ohe}
27 AL P g el AUk AV o B 842 B ol we} ke A 4hshe o el ol B 2 wiakein)
BE ke o vlo] PASY Bt Gt 3, T AEY L vl 9 e ) o[ B E MaH: o]
dolE 2 Aot A9 e AE Az AL F85174 ehaUth AV dolE BHAL o2l 8 4] A
S

Avdold BEA LS BE((())E Fo] dom PiE AmeAAL hBE (1)) 2 Fol AUt AV
dolel B4 L thest 2L A A YUtk

( 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 )

oAl ot d, 2|2 E Az d A2 A= s 2wt ey th(Z S o4l i 23).

AAE S Q4 expression & <A kol @ AYYrLh if d& 25F A AJ U} if dol
ZA 3T, expression 2 condition o] F Y wf vt FH 7bE 1 Ao 27 Ut

A o1 E] A4 G4k BE o] Aok AT P4 BEL el BEE BFFUL Baol 3
A oleldl o]l S E L Arhe 083 o] 44T 4+ st

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

for...in 2 MEFAAAE UL AAAE B LE2F o2 viEEw JHE X 25 A ¢
2ol Z& Zo]d A+ H YT sequencel 9] ZF 49
sequence3 2 sequencel ¥} sequence2 9| 217+ 2 & AT}

gedon mdsiy, das Azl Al L AV olE BRAL L sho| 8 2E9) 24

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] Z1& o2l /| for...in Fo] YATif Ho] glew A =9 o7t REANAL ol ¥} 2=
gt 2ol7439l F A g AET g 4 2 BE dol oYUt
>>> seql = 'abc'
>>> seq2 = (1, 2, 3)
>>> [(x, y) for x in segl for y in seqg2?]
[(ta', 1), ('a'y, 2), ('a', 3),
('b', 1), ('b', 2), ('b', 3),
('e', 1), ('c'y 2), ('c'y, 3)]




ol £ R F 3L 18l A} expression o] EEZ2L AAST QviH, 2T 2 Eolof 3 th ol Y
AN J2E Az edde 8 L/o)d, 7 HAl= 25Ut

# 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|{z|0|E]

A elelel e ol Haol e A4 e FUS BB S0 Fehag FeAUnh DA FEE 4L
A 4¥sto] whEkshA v, AU ol Bl ghel AR

shol el vk Col A At F4 E&0] o8 e S EEE
F7H A £ W3 0 F7kel AU U Bt return Bol RRFE A9 WSk 285k 1 ghol
EEA) A FH U 22§42 U] TE5A A2 HF) o5 FHF AL A WS RG]
FEol AUk 1} A M5 g8 wA2 U A AR o ol B A BA8? UFel S
FoA FFE TA A AT 5 ek o B7ER7 o) R0l AU dl o el 7H Al F o AUtk 1E2 A b5 3

s2gba A 2Hs 4 9l T
w2 Al ol g g 7Hg kst oy

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

233l g e ﬂdeﬂolﬁ%‘% AUt o] AL Ffol Ao niol E I & st o 9 5
AAFUC A9 0z Astdel s SRsh G2 AnA e o,
Ad olE TrE &5t T S HhEekA] kU Th 4l o B # o) 22 EZ-E& X W3k Alv E ol H
AAE U th yield Eﬁd*—‘]% AstE A g o] Bl &= return &3 B XA 1 9 G
yield & return & £ x}o] AL yield o] TE5HA Al d o] E o A3 A7 A = Q—l—l
weRthe AU AVACIHe] _ next. () WAL} chgol A% ], Fr} ha] A

T}S2 generate_ints () AV @ o8] AHE o QU t}:

>>> 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
StopIlteration
o] H B L EZ+o] for i in generate_ints(5) =+ a, b, ¢ = generate_ints(3) Bt & $
S
A @ ol g &4 WollA], return value = _ next_ () WA EoA] StopIteration (value) S WA A]

AUtk o) Qo MAHAL ) W olelo] R grel Bedol Eh AU ol E B gE A4S
25Ut




A FW2E FAA3 T A 13«] 2EAY E‘i—?% A2rEx HEZ A Fato] Al o E e &3}
EFELR IS F ASFYLE dE 0], AF H2EE W= A2 self.count E022 A3t

__next__ () WINNE&E self.count & 57} #A _Lpgr‘}% Aoz :‘,:%g%_l—z,: ol Utk 28}, tha Bast
Aelolelel Aol g Felag A e 20l A o BT 5 s

slo]xl o] gtol Hefe] ¢l le/test/test_generdtors -py o Z3H HAE B2 Bl Tu|z L dA S 95y
th Ay olBl & A7 A o' ALgsto] ERE 9 <3 ot Ae TP eke ke Al ol B 7k syt

# 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 ¥ 7}%] o] &=, N-o] & B4l (NxN Al & o] A2 THE 212 AP L 5 Jes
N7l G 8 A5 A 971 Ae] o 1A NN Al ko) E g ASE B A 2 4 glw R

St e Fe 2A) YUt

4.1 HM|A2l|olE{ol gt ST

Fpo] 2 2.4 8 11 o] M Ao A A olH & S H U AL AT UL AlY e o8] ZETL o]E o] H £ RHE7]
ol& 2 A& o] thA] Alzhe

R s o) Foll A2E AR E AT ol Y5 uTh Al olEl 7}
AL 52 RANLS2A AL 5 e 0G5 ANE ARROEA o] 152 AT+ QA W,
olelg HIW e AR LA AUk,

ko)1 2.5 A = AL e o] Elof kg A s e
BG40 24T 5 It ¢ Wt

val = (yield i)

A AAAY W gow FAAIE B yie
P42 A

Ao
(PEP 342 = A &3}

St 122 At o] A2 U] LEZ = HAS A NA A= S-S
A et G4 yield A S FF 2 Fojof itk AYYrth val = yield i &2 & $% YA, val
= (yield i) + 12 A ¥ Axko] 9l

2 g yrch o vﬂ/\i = AddelHe ZEE A
Al 1*6}1 yield #8442 A4 49 g t&%w th RFOF A __next__ ( 1/\157} TEHH Yleld =
None % ‘ﬂ'@'@"’] 1’/}

e 14 Z7bsH R AL EH RS WA T S Gt 4ud e E U

def counter (maximum) :

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

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

i = wval
else:



https://github.com/python/cpython/tree/3.8/Lib/test/test_generators.py
https://www.python.org/dev/peps/pep-0342

e 712 E WA oAU

o

>>> 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 ()

StopIlteration

yield 7} 2% None & W38 Aojm =g 3A o] 42 E 9]
$48 Al A2 et AFEE = 528 H A =7 ol ehE, B84
o

send () &= A ol H ol th g F 74A] th& WA =7} 5t

e throw (type, value=None, traceback=None) & AU o]E oA o2& LAA 7]+ d A
SR Uh ool = Ay olHY Ago] A FAH yield A o o AT ch
s close () & BAA Woll Al GeneratorExit o] S WA A A o] E g O]"q S TEFYH o] &7}
A SHH Al o] E]9] ¥ == GeneratorExit = StopIteratlon S YA A FUT Sl 9] &
BNy s o8 AP S 5= AL ZX o 9o RuntlmeError Z93U T close () = Al o]
E{7]—7]—H]Z]E—’,‘—74%EEH.4—O]@/] 7T—H]Z]—r747]°ﬂ-/]*ﬂ§ Adrt.
GeneratorExit o] A w] A g AJL Y Z=E (—‘:lf%iéﬁ oF 3t} GeneratorExit & J=
Al try: ... finally: & AF3tE 2o E5UTh
olg] gt M3l A A= Ay olEHE A FHE AP A AAkA e} 4AnjAF RFEE HEshe A Y
Utk
Ao+ I o A PO ABFHo] Fuh ABEEL G X Fol| A A ZHH
e @ A H (345 cturn )0l WAL UTE Te} ol e BhE A Aol Al 1288 Al 4s
whA L@ 3L ThA] Al = 5 U TH(yield #).

Yt} send () #A =7} A el o] E
A FARL0) A-L5A vlA L

l&mﬂ

-
AU
o
)
i

ol dl o Bl o] A A5 A2 = U4 B42 A &) e B A% U Tk
shol o] T 74A) W B4 map () 9 £ilter () = A dlolE EAAY] 758 BA G T

map (£, iterA, iterB, ...) 2 UF3 T2 A2 gt olg & o8& ¥HgY). £ (iterA[0],
iterB[0]), f(iterA[l], 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']

10



=
fllter O < %‘71] /\}%ﬁ}t 7§% predlcat e Y S dhol S ojoF gy

>>> def is_even/(
return (

)t

X
X

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

Moz 24

i}

+ g4

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

enumerate (iter, start=0) = 7} E(start 3 ) Zt R4 &5 35 =2-FZ2 vdstE= o] B &9

248 AN Th

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

(0, 'subject')

(1, 'verb')

(2, 'object')

enumerate () = PAEZ RS EA 2 A0 FE2HE QUAE 7230 A3F AP YT

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°|HZE REQAEFHAERZ H O, BAE
£ AP3a, AEHE A5 w3 key & reverse QA= A E BlAEQ] sort () HAEZ AEE U]

>>> 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]

(ol o 3 A 3t A -2 sortinghowto

any (iter) W all (iter) W = olHHE A FUT any () = olHEHELY ojH 247}
ol True & WH8H3l3, all () 2 2E 847} #o]W True & WHaE Yt}

et
o
El
ot
ok
=
ko

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

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

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

(TH& ST Aol A1)
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False
>>> all ([0, 0, 01])
False
>>> all([1, 1, 11)
True
zip(iterd, iterB, ...) & 2z} olH#Bo|A st} 842 Aol FE= W TH:
zip(['a', 'b', 'c'], (1, 2, 3)) =>
(ta'y, 1), ('b', 2), ('c¢', 3)
o) ot AFE WA Aol W Y PAES TAFAL BE 4 o ed o8 S X 5hA) Uk
WA FE 2 38 4eolu AAstel AT h (o] F2e] AF ol w39 %7k dunh)
o] o]E{ | o] Bl = EF 22 Zdolo o|HHEF A AHESH7] A AP Uth olHHEL Zol7t & F
A} 2EHL M A2 olH e ER 22 Aok gtk
zip(['a', 'b'], (1, 2, 3)) =>
(ta', 1), ('b", 2)

o 71 olE o ol A A 2 4t vl d 5 A7) dEol] o) d WAL salof G &, A H 248
A 9 el domg o B ol B A% AT 5 gl

6 itertools B &

&
i)
g
_VE
it
iy
%
o
N,
do
<
ot
-
et
&
ot

itertools EE2 FE5XHOZ AEEH = T2 olE P olE e EY
- AEHAZOZN REY UHES L HEJ"/]r/]r-
259 72 2 /A FHAsS FH a2 BERE Y
e 7]E o] olHE &
« oJHHEHY 84 E
« oJEjEolH Y &8 &
g2

* olHEolE e &

6.1 {22 O|E{&|0|E{ BHE 7|

itertools.count (start, step) = dSIA TELE F P59 Fast A2EdS vEg Yttt AERA o
271830l 0 A= T 9} 7] 2 ghe] 191 R2; Abol o] THA S Al A5yt

itertools.count () =>

o, 1, 2, 3, 4, 5, 6, 7, 8, 9,
itertools.count (10) =>

10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
itertools.count (10, 5) =>

10, 15, 20, 25, 30, 35, 40, 45, 50, 55,

itertools.cycle (iter) 2 A|FH o|HEHE9 Y& AHES A &3 A<
st A E2 o] HE o HE ‘?}?}ﬂ‘% th A 22 olEl o E = O]Hfﬁﬁi% 3Hs] REE g T

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

12
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i

itertools.repeat (elem, [n]) =AFH 25 nHHESA Y, no] AlZ2H A Fod Eglol &4

B2

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 o9 9 oJgHELS e o= FH3lod, A HA o] & 7
E REQAENETS S FHA 849 B E QS48 W83ta, BRE oJHEHE T "\1-3—5] ] 7}2] o]
%%Z}SLH}EiﬁlL}E}

- = R I S .

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

itertools.islice(iter, [start], stop, [step]) = olHdolHY 27 ~2EHE vIgshr}
R stop ARV ALE T A sop7) 247k MR U T A% Q28 A F S siopstart 247471 7
step Ol & A QA 84+ 2o wet A YT Fol ] FA1E 9 2|2 E &efo] 3} &, start, stop,

step ol ST H= AT 5 gl UTh

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.teeliter, [n)) & olElolEl® %ATY L) A ool ele] U &2 w5 MBSy
Me] SR A ol e el o] B & wkag U th n o] thE G AT A oW )Rk 2Tk o H el o &
2R W A8 o B @ o] B o] YR &S A sl of s o el o] B 7} 21 A 22 o Bl & ol §] % s} 7}

e ART) go] Al HTH o] AL AR MRS 208 5 A5 Th

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,

6.2 240 CHet St S &

+

operator BE-E o] o] A4zt gt T A Fe TFFUTE ol & 59] operator. add(a, b)
(5 M9 k2 93}7]), operator.ne(a, b) (a ! = 9 operator.attrgetter (' ) (.id
AELREER AL el BE NS T B4 A1)

itertools.starmap (func, iter) & ol Eo FZ9

QIALZ AFE 3] func & T T}

2EPL ukste ol A s, o) FES

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

13




o g B2 AeAtd 7128t olHHE 849 F 2 A

<A
ilterfalse (predicate, iter) = filter() 9 ¥

3o,
ko)) o] 1, predicate 7} A A & WSSl =

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

itertools.takewhile (predicate, iter) edicate 7} 22 WF3HstE o, @ 45 wW3gh T} predi-

<= pr
cate 7} A AL w13k o) Bl olEl= Ao 2= &k

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} 32 WF&3dl= S 245 ¥ 1, YW A

oleelEe] A7E wa).

itertools.dropwhile (less_than_10, itertools.count()) =>
i0, 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) = F 719 o|E & o6& F 3} 2L selectors & 3| L 47}
data 9] .4 RVE WD, 5o 128 Wubny F U o

e
o

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

I &)

6.4 =

ok
[oh

A
T

itertools.combinations (iterable, r) =iferable o] ZTH BE Q49 7153 r-EZ 23S AlF

sh= oJH gl o] B & vh eyt

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

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

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

(3, 4), (3, 5),

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

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

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

(3, 4, 5)
ZF 7 W 9AE 2 iterable o] WFESE AT 22 A E FAFH UL o & 5o 919 oAA oA A}
A2, 3 4 =5 kol S Ut} B]<e3l 49l itertools.permutations (iterable, r=None) 2 A<k
Z2AS AAG A Dol ro 7hss RE QS YT




itertools.permutations (
(1, 2y, (1, 3), (1, 4
(2, 1), Q 3), (2, 4
(3, 1)y, (3, 2), (3, 4
(4, 1)y, (4, 2), (4, 3
(5, 1), (5, 2), (5, 3

(1,

~
(€}

—

~

g w NN
~ 0~
o »
— —
~ 0~

~

~
i
—

itertools.permutations([1, 2, 3, 4, 5]) =>
(11 2/ 3I 4’ 5)/ (11 2/ 3l 5! 4)/ (11 2/ 4’ 3[ 5)[

roll & AAQSHA o olHE 8 ol AR H YT F, 2E 847 Adg Y
ol FFEAANLE The T BE TS A S iterable & W] &) ALl oFE R+ eyt

itertools.permutations ('aba', 3) =>
(‘al, ’bl, ’a|), (Val, ’a|, ’bV), (’b‘, ’aY, Ya
('bl, Val’ ’a'), (Val’ la" YbV), (’a" Yb" laV)

ZERE (ra', 'a', 'b") b F H DAL F AY (a) EAEL TOHE A NA g5 T

itertools. comblnatlons _with_replacement (iterable, r) &= o2 A FS g313yrct: &
d FZ UHolA vbEE = A5Uth NEHSE 4= 7 JFEY 3 HA X o ths) 8= 1+

&7 P/‘*Euﬂﬂ Aol gjA g Ytk

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

’

R et o 7 A 7] T itertools.groupby (iter, key_func=None) & = 7}& B 23y o}
key func (elem) = ol & Lo ] ¥IsE 72 Q4o 3t 7| S ANT 5 = dAdyet 71 &
T E A FTHA ol 7= wed] 7 2.4 AA YU Th

groupby () £ °|HHE WHANA 7] Fke] T2 ALKH BE 248 4319 7|13 sl G 71 & 7173 849

BA
O|EHES 233 2-5 29 AEYL uEFh

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),

(TH& STToTAT ol A1)
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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 B2 & vj5-o] vj-go] 7] we} o] ul AL Qirka 7 U T vk ol Ejg ol B oA
OJE P E YEE AR o a ol H-29 Y 715 2 W8] Aol o E ol E-19] AHE 413 of
gk,

7 functools 2 =

Fho] A 2.59] functools &2 A 45 235k JFUTh LA 5 & st o] 3] 4 PR
ABHI A2 BLE VBRI ol ZEOIA /1§88 7 funcrools. partial () B4 9Tk
5 ggow 4 e ade) 49, AR Ul B AN 7 E Bel Mol AR A U5y
ok ol 9 £ (a, b, c) T ALHSEAS; el @ A £(L, b, o) o MFE=MELR FFg (b,
c) EWE T UFUH ol & (24 T4 F8) olgta Futh

partial() ¢ A A= (function, argl, arg2, ..., kwargl=valuel, kwarg2=value2) %}
22 AAE HAFULE 23 AAl= FHEo]BE, A Z AAE function = AP3H7] A= 234
AANE sEstd Yot

A © A9 o7} e eh

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')

functools.reduce (func, iter, [initial_valuel])
W 78 ol ez Bl 48T 5 AT finc & F 2 o
gl functools.reduce () & o] olE 7 WIE3 A& F 84 A
Utk 23 Al AR 842 CE 3l func (func(a, B) ) E A )
240 Y o B2l o] £ A8 WA AL o] el Bo] A5 ghe WiatA) 90 W TypeError
o9 74 AT 271 gtol AEH W A4 A L2 ASE B func (initial_value, A) 7} 3 MAZ
A 4hg Uk,

B>
i e
>
P

>>> 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

(THS SOl AT ol A1)
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>>> functools.reduce (operator.mul, [], 1)
1
operator.add() & functools.reduce () 2} 7| ALE31H ol HES BE 245 Yt o] A%

of

£ U dubE oloj A o] & A4Es7] Adl sum () o)k S5 W FL Al

quth:

>>> import functools, operator

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

>>> sum([1, 2, 3, 41)

10

>>> sum([])

I AW functools.reduce () & AH§dhs B2 9ol Bl SHA for F2ut A st= Zlo] B B

+ A%

o

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 *= 1

#E St =itertools.accumulate (iterable, func=operator.add) YUt} 22 A 335}
Ak, HZ AP uEEelE Al accumulate ()  ZH BB Z0E v st o] d o] E & ¥IEshU T}
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 &

SUTh 9 A4S s AL

8+ Ak add (), sub (), mul (), floordiv (), abs (),
2] A4k not_ (), truth().

E A4 and_(),or_ (), invert ().

* Hlil:eq(),ne(),1t(),le(),gt (), ge().

o A o}o]dlE]E]:is_(),is_not ().

AA B2 AN BEY RS FuFAL
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FY ) 22 YL AT, HEAE FARAL O H JoRE 248 AW AL Y4 DR Y
A,

stol W B4t AGE BE 471 Johd, A2 B8 T sk A8 duvn
stripped_lines = [line.strip() for line in lines]

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

283750 itk A8 of Futh 22 F4E 2 ske o 7HA W2 lambda 8 A2 AHE-Sh=
ﬁﬂﬂﬂlm@btﬂﬂ”ﬁ%&%ﬂ%&“ﬂ%?%@@?%%@&%%éE@Qﬂ‘%i%ﬂ%
owe] F52 wE U

adder = lambda x, y: xty

print_assign = lambda name, value: name + '=' + str(value)
o2 B2 def & AHE3I dbE QA WA o2 FE Ao ok A YU Th:

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

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

o th¢to] HpF 78?2 o] A2 2] st AE Pl BATE P Aol AS s B2 lambda
AHgg Feke A

A7F Ao Aol @ o)f 5 Shbt Lambda 7H 39 W 5 9t B57H 4T A @A)/ BEL U
AdE=dd @207 A4 = QJojor gyt &, if. .. elif... elseH|A EEtry... except
< 7H + @ %qqlmmmf%HW$%8Aadﬁ7dﬁ%ﬂﬂﬁ st xdor 29
AJUTh g FE7 £AL SR A gopr A 2.

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

o L oSN T 5 YA W, o BA FATH=A o337 A5 FAAL Fof vl vl kel YU Th FA
: J e Ag BE 4 dsuth

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

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

S 9] for LS ASATHE 1Y FRE AU

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

52 sun() W oA d e BRI golE R Ak

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




Fredrik Lundh = 8] Lambda A-8 30 219 =92 98] T3} 22 74 A3 Adgzvch
L gt a5e A4 L.

. B e dof B AW ets F2 24 8.
J Kol

FHE AD FolohA T, ol B L2 o FA Frhrh Sl B0l o b2 Ao 3] T oA 2L 5

Iy N v AL
e
: o
tlo
1=
2
ofr
o
=
ko

30, i

DAL o] 39 PG &AL AT £ 5T R E g AFE o)A AT A% Th: Tan Bicking,
Nick Coghlan, Nick Efford, Raymond Hettinger, Jim Jewett, Mike Krell, Leandro Lameiro, Jussi Salmela, Collin Winter,
Blake Winton.

WA 0.1: 2006d 64 30 Al Al

WA 0.11: 2006011 79 1L AA. LEFSFH.

W4 0.2: 2006 79 10 AN, Aol E] ERAT} 2 ~E Al A4 sz 55 28 4.
WA 021 FE WA Pasc] A A9 Fu 2HL
H 7 0.30: Collin Winter 7} Z+A] 3} functional EE 9l

@ 7h7) ohe W A,

Harold Abelson 3} Gerald Jay Sussman, Julie Sussman 2] Structure and Interpretation of Computer Programs. 3 |
A1+ https://mitpress.mit.edu/sicp/ ol JAFY T} o] 2 A=A #HF¥ 7}t 7J,]./q o 2AT}3IFL =g
29 WA o e 588 FAB] A AU AEDL AL UL AU o] AL 27

= o H=E
(Scheme) & ol A| 2 AFFAI B, o] Fol A AW A TIAL] WA B A4 B4 Y P4 ol T A8
% Q% th
]

http://www.defmacro.org/ramblings/fp.html: 2 2 G AL 4 7] 9} A 2pa} o A S A& 3 343
ol th gk dukA Ql A&

r{r rl

[kl

217

Al

https://en.wikipedia.org/wiki/Functional_programming: &43d 2 7| WS A 93ts 49§79 ¢ o}
3=,

https://en.wikipedia.org/wiki/Coroutine: €l of off 3 &=,

T

https://en.wikipedia.org/wiki/Currying: # & 7§3 ol| th 3t &
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10.2 mjOo|M EH
http://gnosis.cx/TPiP/: David Mertz 2] 2 Text Processing in Python 2] 2 WA ol 4= (Utilizing Higher-Order
Functions in Text Processing) A oA HAE X8 & 3t g8 T2 T o &3 45yt

Mertz+= 5= 3+ IBM 2] DeveloperWorks AFo] Eol| A Sh4d =2 T2 7] A} Al 8] & 3528 24 g5 U T} part
1, part 2, part 3,

10.3 mO|M MHA

itertools BEO o H A
functools EEof s+ A ™ A
q
PEP 289: (Alv&lole 23 4])

PEP 342: (A E AU cl8 & 53 ZFH) 2 vbo] @259 Az Addeld 715& g gch

>~

operator & o3t 44
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https://www.python.org/dev/peps/pep-0289
https://www.python.org/dev/peps/pep-0342
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reln gy S
PEP 289,20
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