2024/10/25 13:37 4.2 X751

# CS Five

we

4.2 [R5

» INFO

—1F5 (sequence) T—EEIESTTREXNFMEITENNAES., ROIER, HAITURE
V=R (object), BRMNENFIIRILE, MAFTBELTESTITRNE. BMZ, &
MNARAEERENNRETITETE,

REMEN—MIFRESE 2 EMMNEBM range BE: (container) XA, range FREL.
SEENEBHES, Am, ZFINBTTEATEERAMEFEANFTN. BR, HM range
HRIEDNTERE, ZSHTITERKREEE. Att, EMAIUEFRTERZNERZRIEFEATE

IR, REMRSEETR range WRI—EH.

python
>>> r = range(10000,1000000000)

>>> r[45006230]
45016230

XA, SHel# range LR, HIRBEFMHELTEERR 999,990,000 BH. k2,
range XHMERFE—1ITE 10,000 7HMNEIZES| 45,006,230 KEH TR 45,016,230, #RFKFKIT
BE, MARMRBENRTRERRMI], XZ2HEMITE (Lazy computation) BI—EHI, £
ENRZS, BETEETEERITE, BRFEXENER.

BEE BIETERX—EENER

4.213%K23

Python i 2 B miziE S &R MM T —MA—RDERERIFFHAIERFIANTE, RAER
#& (iterators) ERB[ME MR, RUMEZR—INFIHRININEE, ERFJMREM AN

o MERT—TTRERANH
o HEFIAREBHEKBRRTER, REESHINF

MNFEAER, FIal list 3¢ range , #AIMNBIBEAAEN iter RERIREUENEE, EH
RNER next RECKIHENERB[IHAR,

python
>>> primes = [2, 3, 5, 7]

>>> type(primes)
<class 'list'>
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>>> iterator = iter(primes)
>>> type(iterator)
<class 'list-iterator's>
>>> next(iterator)
2
>>> next(iterator)
3
>>> next(iterator)
5

£ Python FRTEBEZHENAXEEAA next BI5[& StopIteration FE, BJAE

F

try IEGRGELTEIR,

python
>>> next(iterator)

7

>>> next(iterator)

Traceback (most recent call las):
File "<stdin>", line 1, in <module>

StopIteration

>>> try:
next(iterator)
except StopIteration:
print('No more values"')
No more values

EESRARIGTARIRS (local state) KERTEARIIFNMUE, BREM next B, ZUEH=
AI#t. WTRMNERSFTUREE—FIFNRTIARMVE. B, MTESURERE—&
25, ENSH=ZHENIE.

python

>>> r = range(3, 13)
iter(r) # r MBE—]ERER

>>> next(s)

>>> §

>>> next(s)

>>> t = iter(r) # r B9 MRS
>>> next(t)

>>> next(t)

>>> y = t # u BER r NEZTERES
>>> next(u)

>>> next(u)
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WHEZTEASBAEREME—TERSE. ATE - TENERERONER 4, T—XRME 5,
B—FHHE, ETERBSNLEST—RERE 7,

python
>>> next(s)

5
>>> next(t)
7

EENSLER iter RREZENLE, MAZEEAR, Python REIEIITH, MERFGF
MEMEREA iter FIREENRSE, MADELERERBFIEETER.

FEE M list AE!

python
>>> v = iter(t) # v 4iER r WEZTTERR
>>> next(v) #u, v, t #R r E-_TERSS
8
>>> next(u)
9
>>> next(t)
10

ERHENERERTERBNEMBEFITENZEAFFUERN SRS,
ERSRM T —ME, JUETER—RIINE, ETLRNFEMEXLETE.
Bk, SMERSFIBERT—TRRN, ZRRARERITE, MAZMAEHNAEFERRE,

SEE (range) BEBBMIBHITEFIINTR, RNMKEKRNFIIZRE M, FEEQTRETUM
SERMERNERIEREMITESE . ESRPNEN ZNEMESSIRSE#TRIBER, &
NENPBERHIEMARTINER TR,

Bk, ERBRFERINFHTERIINT TR, 8RS —TTRTHTIHE. 24T
BEFRIINEETER FRARENIALE) RE, ENTHEGENBRERFRR, XEEBENINF
[EEEZ B,

4.2.2 AR

R AP iR 2R EERFR A A& E (iterable value) . 7£ Python F1, E&REZ(EAIAI N
BIBANE iter REEVE.

AR RELE:

o FHME: FIANFRFE (string) FtéH (tuples)
o B BIUNES (sets) FIF#H (dictionaries)

Bt ERIER, RNENTRINMESRS iter REL
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EMERETFES (flal=FHs),

42 k075

FERERBTEOTEXERENINT. FHIKSETF,

ENERF R FTEEHENIRE, {8 Python HSEEEASEHRRIE T BXEINFHELREM,

FEE: UE Python 3.6+ hk A, FHE|RREBEN (key-value pair) AIAFERRAING
% 7£ Python 3.5 Ml ZBIAIkRAS, FEAZFIMFHY

>>> d = {'one': 1, 'two': 2, 'three':
>>> d
{'one': 1, 'three': 3, 'two': 2}

>>> k = iter(d)
>>> next (k)

one
>>> next (k)

'three'

>>> v = iter(d.values())
>>> next(v)

1

>>> next(v)

3

python

3}

MRFHEBTRMNAMRRMSHMELSMREEN, WAEEHFTZRE, FEREENS
ARESNERBIRFHTERESR, »—HH, EIERNEFNSENATNIRFREERSIT

o

4.2.3 NEIE 23

BNTAEREE A CEERNSE, HRENEAEE.

map EREZEMR: BRENHASHITITE,

RERHZATIEEFIILE

REIFGE M next A

R, SOIB—MERBRNR, WRER next &, ZERBIRALUREIER, HiITUE
THENREIFMRRX—EL, HPX print BIERHKIEIR, BHEIM doubled &M 2ZRIERIEN
RN,
python
>>> def double_and_print(x):
print(‘'sekx', x, '=>"', 2xkx, "skk')

return 2xkx

>>> s = range(3, 7)
>>> doubled = map(double_and_print, s)
next (doubled)

*kk 3 => 6 kkxk

>>>

next(doubled)
xkk 4 => 8 sk

8

>>> list(doubled)

>>>

https://composingprograms.netlify.app/4/2

# double_and_print R#EEMR
# double_and_print #HA—

# double_and_print B/XiER

# double_and_print BEXIABMX

4/15



2024/10/25 13:37 4.2 X751

sk 5 => 10 kkk # list() SERRNEHITELRAFER—TFIER
xkk 6 => 12 sk
[10, 12]

filter RBURE—MENEE, zip M reversed HEHIRENEUEE.

4.2.4 For iE4G)

Python Ry for IERZIENFHITIRE. URNREBRMENSEN _iter__ K&
(method), MFRRIIERZFIERA.

AERKRAUZ for BOIRBAP <expression> BIE:

python
for <name> in <expression>:

<suite>

1T for 1&M), Python &1FHGinsk (header) <expression> , BAGUNRLEKNE. RE,
SHZAEER __iter_ Ak,

Eft&Z StopIteration FHEZAI, Python REERMAIZERE LN _ next_ FHik, HIEE
RAEZ] for IBEEPM <name> ., AF, HIT <suite> .

python
>>> counts = [1, 2, 3]

>>> for item in counts:

print(item)

ELENGFH, counts FIRFENEBPA _ iter_ () AEZEREI—MEREZE, for 150
REEEMARERIZN _next__() AiE, HEEERM item HE, XTIEEERENRES
fii’k StopIteration , LEAY for iIBORIHITEEER,

BT ERERSFROEIR, MERNMAILAR while | WE. try IBERIWM for BHIHIT
A,

python
>>> items = counts. _iter_ ()

>>> try:
while True:
item = items.__next_ ()
print(item)
except StopIteration:
pass
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MEFF, BIEA counts By __iter_ FHHREIFNENSZHMER — TR ( items ),
UERTAMOREWE N TR, Stoplteration FEAMEFOINNITIEMIRE, BLERER
H7IRE while fBIFRIIZHIHLE

B2 for BEHPEMIENE, ENEELTEE _iter__ HiA.

EN23KE Python Xt B8R, BIGERBZAE—TREENRSBZAFHN __iter__ 75iA, BHEM
BRER SR AR,

4.2.5 2370 Yield i59

FHER Letters I Positives (FEFIEEL) NRERBNISIA—THHNFE (field)
self.current RN RP, MIREIFIINHE., NTHEELEAROEEFES, XA
RESMTM. AM, WTFELNFEIIFKGE, _next_ AEEITERREEMETERLSR
M., E£RES (Generators) {FEA18EW@EIFIA Python fEH2s (Interpreter) MITHRESRENE
B RIIEA,

A RRER R —FSIRERIRT R EN R BRI AN IREIAIERES. B RAE BMRBAAE 2 4E
F, ENEEFERNAEE return 1840, MEFER yield BEFRE—RIITE,

ERBMERNRNBEERIRFENEFSITOEE. R, SIEHEMRSRRBORT, &
RBBAMIN _next_ FERHAT, HET— yield BOHITHIE. EREMIZRE
FIAE B EMISEIN Letters EER,

python
>>> def letters_generator():

current = 'a'
while current <= 'd':
yield current
current = chr(ord(current) + 1)

>>> for letter in letters_generator():
print(letter)

o 0o T 9

EMERAAIMABBEENIT __iter_ 8 __next__ A%, yield BORBPEINEEEX—TE
FiEsRER., HIAAR, £RESERBMAREYFENREIE, MaRE—"TEmzs (—MiER23E
), ZEREASIBUREIFF™E (yields) RIE.
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ARENRER _iter_ fl _next__ AE, ®XRER _next__ HEEHESMZBIE M
FREITERMRERRE, HRS— yield BOHEMITHIE,

HERARA _next__ B, EFERMIT letters_generator RERANIEE, BEEEE yield
B4, 2AE, BEEHRE current BE. yield BOASHEELINENIME MEBERZBEH
UE{ER,

HEXAEAR _next_ B, BUITEMLEXRBAFOESE, current BMEPAK
letters_generator {EFRIANEMEMHEBZMNEEZ AR _next_ ZTEHSRE.

o BATRIABE FhAMR __next__() RiBHEMES:

python
>>> letters = letters_generator()

>>> type(letters)

<class 'generator's>

>>> letters.__next__()

.

>>> letters.__next__ ()

iy

>>> letters.__next__()

e

>>> letters._ next_ ()

g

>>> letters.__next__ ()

Traceback (most recent call last):
File "<stdin>", line 1, in <module>

StopIteration

AREBRESERER _next__ ZBI, ASPITEREERSRRBAMNIET., HEMSRREIMIT
SEEEREIRSft& StopIteration FE.

4.2.6 A& O

AR —PHRFAE _iter__ HERRE—MiERES, WHARNERR (iterable), FIENR
ERTHENES, BlefT Mo ES T ENSNEERT.

flgn, TERY Letters ENIPIRTELEFBIFT, SXER _iter__ BN, #HIWIS
—THEY LetterIter SEf, ZEBIAFIRFIARIFIINAR.

FEE: XBIZHE LetterIter RIS, RIEAhHIERIEAAE.

python
>>> class Letters:

def __init__ (self, start='a', end='e'):
self.start = start
self.end = end
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def __iter_ (self):
return LetterIter(self.start, self.end)

RNE iter RBEESHEREA _iter_ HiE. & FEHNKRERFIG, MNE—mERFFIAR
ITENRNERSRIRINE A FE,

python
>>> b_to_k = Letters('b', 'k')

>>> first_iterator = b_to_k.__iter_ ()
>>> next(first_iterator)

!

>>> next(first_iterator)

o

>>> second_iterator = iter(b_to_k)
>>> second_iterator.__next__ ()

b

>>> first_iterator._ next__ ()

g

>>> first_iterator.__next__ ()

a

>>> second_iterator.__next__ ()

>>> second_iterator._ _next_ ()
Idl

e Letters 3L b_to_k

e LetterIter EfCESLf| first_iterator H secondary_iterator

N AR ZAETF, Letters THPIRESER, MERBIHISEEERAA next (FHEW
#h, SR __next_ ) MEXR, ER[MEIINFEIRRIEE, MaIERNKRBIBERS,

Python FRIVIFZ AN ERHERARIENSHFHRENEREE. Bla0, BIXATRENIMN map REUE
SZ—PTREMN—PERANR, BRE—MEREE, ZERSBRYESHNATIERSHFNE
TTENGER,

python
>>> caps = map(lambda x: x.upper(), b_to_k)

>>> next(caps)
IBI
>>> next(caps)
ICI

4.2.7 {£F Yield SIZ A& &

£ Python A1, ERB[RANKEREERTHITRER, TBH—RZE, SHBA _next__()
i, EMERESIKR Stoplteration BE., FENARFFEZRYTRHTIEN. Fla0, (]
WZRIBHGIR, UINEMB TR,
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python
>>> def all_pairs(s):

for iteml in s:
for item2 in s:
yield (iteml, item2)
>>> list(all_pairs(I[1, 2, 31))
[(1, 1), (1, 2), (1, 3), (2, 1), (2, 2), (2, 3), (3, 1), (3, 2), ( 3, 3)]

FIEEHARERSS, MEAECHNR. & Python 1, AIAAMROBR—TRMTS A
_iter__ 4R, &FFERE—MEREE. Python FHIRNEFIIRBERAENIN _iter
HERZREFEECERLE] . WRTERNREXFA _iter__ FHREI—TFRIENERT
B, BRAERIAEZIRENR.

A GBS SE M AERIR O R E XFR AR, fIgl, TEMANEC Letterswithvield 2§, H
BRIEA __iter__ B, #ERE—NEAIFEIENER.

python
>>> class LettersWithYield:

def __init_ (self, start='a', end='e'):
self.start = start
self.end = end
def __iter__ (self):
next_letter = self.start
while next_letter < self.end:
yield next_letter
next_letter = chr(ord(next_letter) + 1)

_iter__ AER—TEMSRRE ERE-TERSYR, ZEERFE@"Ed”, REE
1k, SRBAVERLTGERN, MHERSIBETIREERDINFEE.

python
>>> letters = LettersWithYield()

>>> list(all_pairs(letters))[:5]
[(‘a', 'a'), ('a', 'b"'), ('a', 'c"), ('a', 'd"), ('b', 'a') ]

FEE: 7 Python 3.3 #1, IIAT yield from i&4), PJLATE Lecture 22 Python 3.3 &
X AE BSE ZEX SN,

4.2.8 ER2EEO

Python BRI IZORBER—TRBRN _next__ NAERENXNN, ZHEREENKREELF
N T—PmR. A _next__ B, EXSFEAIURITHRRHITE T —1 xR, X
_next__ MAASNERB[BHAITTEM (mutating) B BNISHEHERBOME. AL,
N next_ WZREASREIKREBFRIINEZE TR, HEREA _ next_ B3|k
StopIteration J®&, RACEIARTHFIINFKRGR,
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TEH LetterIter ZE, BIIUM start FHFERZE end (FE8FF end ).

Hrh, self.next_letter f&FE F—1FR, TAA __next__ WRRIREIFHITEFN

next_letter ,

python
>>> class LetterIter:

"UUMRER ASCII RBEIRE AR FERIREARE,
def __init_ (self, start='a'
self.next_letter = start

, end="' e'):

self.end = end
def __next_ (self):
if self.next_letter == self.end:
raise StopIteration
letter = self.next_letter
self.next_letter = chr(ord(letter)+1)
return letter

HATEIAFIAEX D LetterIter 22, ATEMMA R KREEFRIIFHNFR.

e __next__ A&
e next() WERH (EXHZAA __next__ )

python
>>> letter_iter = LetterIter()

>>> letter_iter.__next_ ()

gt

>>> letter_iter._ next_ ()

'y

>>> next(letter_iter)

et

>>> letter_iter.__next_ ()

d

>>> letter_iter.__next_ ()

Traceback (most recent call last):
File "<stdin>", line 1, in <module>
File "<stdin>", line 12, in next

StopIteration

ERBEVLTEN: BNEMENLSEFIFNNUE, HBHERE, XTMERBMETT. 5
W:  LetterIter ELHIREEER—K, HE __next_ () AiEflK StopIteration BE.,

BE, EREBAZREE; MM, FRIE—THSLEISRITIEFEIEN.

ERBOATFENBIZIKITASHAL StopIteration FHEHY __next_ HERKRTILRE
., fla, TEAY Positives FEERTIRIEEEN,

python
>>> class Positives:

def __init_ (self):
self.next_positive = 1;
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def __next_ (self):
result = self.next_positive
self.next_positive += 1
return result
>>> p = Positives()
>>> next(p)

>>> next(p)

>>> next(p)

4.2.9 Streams
TODO

FEE: RSCRTEA

4.2.10 Python i

it (Streams) R T S —MRARTELIUENSG R, Stream E—MEMITENER
(linked-list) , FEMFEHE 2 BHRY Link 2, Stream LHFSWEHFE—PTENESR (rest)
o ENERMENIN, F1& Link —#¥, Stream MEREIBHOAEFHE— Stream . BE5
Link REHIZE, Stream HNEFRILBONEEKRINITE, MAZIRAIFE, UHE1R, Stream
MERE D = IEHEITER,

N7 EIXAPEEE,  Stream FHE T —MITEERMHNREN., SXEAZRHN, HiRO
BEREEFAN Stream HI—HD, FHE—TRA _rest NEMTF, ZRMEMNRES R, &
TEARNEZAE,

AER rest BER—TRIELE, ESRERNERRS . BEXMIKIT, Stream FET
METEERPOMSE, MARERFMEERARIE.

python
>>> class Stream:

nE TR gER
class empty:
def __repr__(self):
return 'Stream.empty’
empty = empty()
def __init_ (self, first, compute_rest=lambda: empty):
assert callable(compute_rest), 'compute_rest W AAER"'
self.first = first
self._compute_rest = compute_rest
@property
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def rest(self):
""ORE Stream WIEMES (EFED), NRFETE, Mt
if self._compute_rest is not None:
self._rest = self._compute_rest()
self._compute_rest = None
return self._rest
def __repr__(self):
return 'Stream({0}, <...>)'.format(repr(self.first))

BREEARERAAEXHN, Hla, FHANTUEIE—MRTR1AE S5HY Link , WFER

e
python
>>> r = Link(1, Link(2 + 3, Link(9)))
B, BHATRIUBIE—MCRE—ZRIIA Stream , EIER Stream WERERD ZHI,
Stream LR EASITEEZTITE 5. HVTEIEIE lambda HRECREHIXFMRR.
python

= Stream(1, lambda: Stream(2 + 3, lambda: Stream(9)))

Ei, 12 Stream HE—1ER, FEMN lanbda REANRE—THATITE Stream HHER
HIRRER

ThE)EER r F1 Stream s IFTTRAIFZRM, A, 5 BEMEr P, MEsH, EREFE—
BRI RIBEE KRBT INEITERN,

python
>>> r.first

>>> s, first
>>> r.rest.first

>>> s,rest.first
5

>>> r.rest
Link(5, Link(9))
>>> s.rest
Stream(5, <...>)

riRRTDR—TATRER, s NRARTLES—MTERRBONRE; EERETR
(empty stream) BIRTEEMEEIARBELIN

HEUE Stream SLHIRY, FER self._rest 7 None , &R/ Stream WERHHEHRITE.,

HBETRRARIBEKR rest BHYE, BEAB rest BYAE, ZHEEMA self._rest =
self._compute_rest() BIITE., HTF Stream HHIEFHHI, compute_rest REVXIKIAR
—R, RERER.
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compute_rest HHHWERBEEIRTCATSE, FHHIRE Stream I Stream.empty ,

TEMETHEATANNRM TER Stream RRTRELIIESREES. BIa, BATFIURTMNERE
REFHRRNSIEEEFS,

python
>>> def integer_stream(first):

def compute_rest():
return integer_stream(first+1)
return Stream(first, compute_rest)
>>> positives = integer_stream(1)
>>> positives
Stream(1l, <...>)
>>> positives.first
1

HE—XEAR integer_stream B, EIREI— Stream , HE—TEFIIFHIFE—TEEH,
#AM, integer_stream SEfR EEiEUIARY, EAiZ Stream B compute_rest HBXIEH
integer_stream , HHEHIFBIENSE., (1R integer_stream Z1BMEH, EARBEIE

integer_stream MY rest B BIA S integer_stream H1TE/IAEHA,

python
>>> positives.first

1

>>> positives.rest.first
2

>>> positives.rest.rest
Stream(3, <...>)

EHES NSMREEIRIERETINRE map M filter , tHiEATF Stream , REE{ IR
TERLIER (1B) NEESHREN,

map_stream BREF—PDEEE|—D Stream b, XESFAE—DH Stream , BEFENXH
compute_rest HREAREHITEHSFR (rest) ZoHS, ZRIBEEREIE] Stream HIHEHR
(rest) &9

python
>>> def map_stream(fn, s):

if s is Stream.empty:
return s
def compute_rest():
return map_stream(fn, s.rest)
return Stream(fn(s,first), compute_rest)

AUBEIEEN — compute_rest EREIRITIE Stream , ZEFGTIEIZREL (filter function)
BRTF Stream BIEFR (rest) E. MPLIEI|REIEL Stream WIE—TtR, MWIZENE
HRTR, BT filter_stream @&HJ)IN, ELATUZRITEERED, BRERIBERNE—

i
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python
>>> def filter_stream(fn, s);

if s is Stream.empty:
return s
def compute_rest():
return filter_stream(fn, s.rest)
if fn(s.first):
return Stream(s.first, compute_rest)
else:
return compute_rest()

LEARRY map_stream F1 filter_stream EREUEBRT Stream MEAHMERER: SHITEH
BN (rest) Mo, FBEPEXR compute_rest BREEPTIBAMIGSIRRENN AT Stream HY
H

EHE Stream KIAT, FAVALURKATE k TxREE#RA Python Ik,

python
>>> def first_k_as_list(s, k):

fist_k = []

while s is not Stream.empty and k > 0:
first_k.append(s.first)
s, kK =s.rest, k -1

return first_k

XN E R AR E AT DAL ERATIIERA I map_stream LI, A—1EHEFF: B3 E 7BES

python
>>> s = integer_stream(3) # BIEREEHR

>>> S

Stream(3, <...>)

>>> m = map_stream(lambda x: xkx, s) # i fn, s fEXN\ map_stream EEZIFHAR
>>> M

Stream(9, <...>)

>>> first_k_as_list(m, 5) # WMBERIAIN
[9, 16, 25, 36, 49]
>>> S

Stream(3, <...>)

>>> m = map_stream(lambda x: x*x, S)
>>> M

Stream(9, <...>)

>>> first_k_as_list(m, 5)

[9, 16, 25, 36, 49]

BT LMERIEAIN filter_stream RER, {FH i’i?ﬁﬁﬂﬁﬁh‘é-’fﬁiﬁ (sieve of Eratosthenes)
%EX—AE*&iﬁlﬁu X AERTIE—TRBER, BREREE— Nt E2NEHRNERR.
B ESFERESNRECRTE, MENSEIESMNRTERE B%O
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python
>>> def primes(pos_stream):
def not_divible(x):
return x % pos_stream.first != 0
def compute_rest():
primes(filter_stream(not_divible, pos_stream.rest))
return Stream(pos_stream.first, compute_rest)
BII{ER first_k_as_list &EZE primes stream B8] 7 TTE
python

>>> prime_numbers = primes(integer_stream(2))
>>> first_k_as_list(prime_numbers, 7)
[2, 3, 5, 7, 11, 13, 17]

MG ERBIZANLE, ARNEMNAUZREBAERBHBREHENER. BIKE (R)
BRERNIIR, EASHK THA%1. BIRNRIREHRANIIRE, prime_numbers MIE—ITE
HAZ 2,

python

>>> prime_numbers.first
2

EMERNFIIMRREMR T BRNLI—, RRE T —TEEN. R8RS, B
ERSEM RECRZIIFERE,

£ GitHub L4R%EIbTIE BEEHTF: 2024/2/2100:55:09
- T—m
415|8 4.3 ER R

91 RIE

@ &4 &2 91 #2

2 KiFie - 1 KMOE - A giscus 1@H%HF RBE | B
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