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CHAPTER 1

(Avoiding)Flow Control

TE A Python i & FURAE(E TG R a7 @ N FER TR M7 E)F, RESEE S —EPEIF (for or
while), REZERME, dict, list, set, XAFEFER B TIRNEESE =81 BIREHELR, 5
X HEEAE(Lfleliflelse, trylexcept/finally). I RLXLLERE BORAY, TRORFEREMGIRMERE . SRR
WHE IR, 1Rk B TSRS DZ R, nlBEOREMW T REIER; MR RER A
AL, A AVERR AR T e R IR SRR

— MERGREABLRET W IHEEIER S, MEEABIEESHES T4 . SAATREBI: X
BA R, BHEMTRET AN, @FENMARAREHES, mARE SRR . &/ —BFr#
HREA LA REELHIRT “How”, TAGE “What”, A AT A HAEIX W # HETHA -

E

— MRER N BE “how” TIAE “what” R R, FEIRNE MHE— MERFRE R,
QR TTHENTR - 2501, B EAR N XA v & SRR A B

# configure the data to start with
collection = get_initial_state()
state_var = None
for datum in data_set:
if condition(state_var):
state_var = calculate_from(datum)
new = modify (datum, state_var)
collection.add_to (new)
else:
new = modify_differently (datum)
collection.add_to (new)

# Now actually work with the data
for thing in collection
process (thing)
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FAT AT DATE B N 5 Fi A VR 38 D B BREE A (“how™), SRS REMLATT5T 8 — A~ AT LUJHSE 2% JR ) e
(HETFEDHIMER) - Bl

# tuck away construction of data
def make_collection(data_set):
collection = get_initial_state()
state_var = None
for datum in data_set:
if condition(state_var):
state_var = calculate_from(datum, state_var)
new = modify (datum, state_var)
collection.add_to (new)
else:
new = modify_differently (datum)
collection.add_to (new)
return collection
# Now actually work with the data
for thing in make_collection (data_set) :
process (thing)

BATREREREFIZH, HERINEEHESNWFAEE collection ¥ %| make_collection () Bl
B4

S
P Sl o — D ERREGE U R, HRER BN AR SN “how” ¥558)] “what” HU 3 . HESRE—PE
FIRIEEA S 50 SCRIEM F R T SRR, BREEN M REBE] THIEAS - @8 s KA R

— IR R TR R LU SRR A SRR AR AR - = ALEAT (if-else FAF) A T AF T
WRBE T, BRI TR T RIERER . BORENAREE:

collection = 1list ()
for datum in data_set:
if condition (datum) :
collection.append (datum)
else:
new = modify (datum)
collection.append (new)

AR U R K= R L

collection = [d if condition(d) else modify (d)
for d in data_set]

POAL T B R A7 T L F AT B AR B BT collection P RADOIREEAS | BER L B
i collection ZEJEMA A F—A AR -

5| FAES & Python F &K (longest???), FEFLLTTTHIZ T M) . Python IMAEH T HRFAEREES, £EHE
SMFHESIEE . EN—1ESE, BARRTLBES ATEREENRE, HETENRRE, £ES
FHIAIER - X TEESRPEIRE SE, EMACHKE, iEaER -

RS

RS Y RS BRNEERLMIEEERSR N T ESEE, AR E NP REFHEES
H), [HAEMZEEERN . 2w, ZFREEBENSRE next() 1%, EADUNEN T a0 R EEGE i — R
ik . HEEIEHWEFER, T T KFIIFRERITEMANG - Flan:
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log_lines = (line for line in read_line (huge_log_file)
if complex_condition(line))

EREHE S W RESIES R, (HIB TR EINALS - ERlERTES 0 EE < UHIRRA:

def get_log_lines(log_file):
line = read_line(log_file)
while True:
try:
if complex_condition(line) :
yield line
line = read_line(log_file)
except Stoplteration:
raise

log_lines = get_log_lines (huge_log_file)

AR T AT ML, (BRI AR N T 25600538 for THEMER—DRIERIT R ZiEilHE, 0
LEIRATMAEE RIS H P E LT . BE L, FH yield 2 —MX TEEZE £ R2Z5 % (terator protocol)
e o BATHEEMFHEIL . next_ () Ml .__iter_ () FIERIFEIAAERY:

class GetLogLines (object) :

def _ _init__ (self, log_file):
self.log_file = log_file
self.line = None

def _ iter_ (self):
return self

def _ next_ (self):
if self.line is None:

self.line = read_line(log_file)
while not complex_condition(self.line):
self.line = read_line(self.log_file)

return self.line

log_lines = GetLogLines (huge_log_file)

WIT AR AR R AR AIIEIE R 2, A NS B FESRER N ELZ W EFE] “Wha”, < 2RARE
HIRAERE AT, BARRAEREE “How” -

FHMES

FIRF U ERAERES AT AR L EE —P=5R, Nl EAESHA . append (); KL, Fil
MESEREY— KA, MAREEATESRM update () Bl .add (), Bilan:

>>> {i:chr(65+i) for i in range(6)}

{0: 'aA', 1: 'B', 2: 'C', 3: 'D', 4: 'E', 5: 'F'}
>>> {chr (65+i) for i in range(6)}

{VA', YB', YCY, YDY, YEY, lFY}

XU G ) i FOURCAR SR 2 il B s B 511 AR LA -

1.2, R 3
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el

ST R BGURAR AORR P B2 5 3B VAR R IR TG ER o X REML, T T m] LASRE 60 76 BTA PN O3S A1) 25 2 gk
ELER RS, FEENEEY TSN TR “What” - SRTIZEZ B8RV RBGE . A TROZ X 405X i fiE
o DBVAOGRERAE — A BFR; 2)i8 VT AR 53 b =R EE /N 0]

BN R EFE AR 2 76X B FOX N X A

D5 F5 U3 B AR AT BE & — R s T 1E SR T R 8 R e — 10 &, HERAS “Pythonic” - 3XJ& HALTE S K
A&, H4A Lisp, 7€ Python 1 RS ERIEE -

2)Python 7EZBYTF AN 18, B ERIFERH - BIRRAT LB sys.setrecursionlimit () RfFH
T BRIAE 1000 (FEETF 2.x 9 1000; 3.x 4 2000) - (EIXFEML, FIRES & MEEIRARAE - Python %8 BV
TEBR, EFLES R R OSSOt R R VAT B - W EATE — T B A — R
NHIFIF, AIEESH LI

def running_sum(numbers, start=0):

if len (numbers) == 0:
print ()
return

total = numbers[0] + start

print (total, end=" ")
running_sum (numbers([1:], total)

R, ROENEFRXIFM AL, HEZT, WEEEMEICREEEMARTRESE S, iy
numbers KERT 1000 B, XD eRECR RO RRERRHR H 52 SRR B - HAEEAMFIT, #IEKE, AR
PRI, hEEE EMMFEIAE L, H HREU—FEA SRR T2 . LRz

R YRR

def factorialR(N):
"Recursive factorial function"
assert isinstance (N, int) and N >= 1
return 1 if N <= 1 else N * factorialR(N-1)

AR

def factorialI (N):
"Iterative factorial function"
assert isinstance (N, int) and N >= 1
product = 1
while N >= 1:
product *= N
N —= 1
return product

BIRX N EIEMEH product ZEMBEB WA SR, ([EHFEIAFRFH R T HEIERK “What” A2
“How” o EfUMAH KB product FI N HI{E, EEBRAILIK, AR FRITREMARAEER
R R, F BBCR R -

ZU— ., BPTHLER) Python H factorial () HIRIRIARE MBS N, HHREH Rk T HIX
[ “What”, AN ERGE— LR R

from functools import reduce
from operator import mul
def factorialHOF (n) :
return reduce (mul, range(l, n+l), 1)

4 Chapter 1. (Avoiding)Flow Control
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REGRT, BAAEAEH R - Ff T8 E R RA MR T REME— 8530, a0 — Rt
T R ECRENER . DIREATERBR B — D RE SR EE, TLD R NIB) T IR
o FEXMBERT, BIAEREAZKK, 08 0logN), N AFFFIRKE . 21007, PEHFEE T
i, AREEMREZREIIES, TeilidElIREzEA:

def quicksort (lst):
"Quicksort over a list-like sequence"
if len(lst) == 0:
return lst
pivot = 1lst[0]

pivots = [x for x in lst if x == pivot]
small = quicksort ([x for x in 1lst if x < pivot])
large = quicksort([x for x in 1lst if x > pivot])

return small + pivots + large

BRI R I — L B R TR RSER, TR A ZRE R 02tz m, RRTELHE
A, (HAREEE E— PR ERTE) - ARFAVEM, 7T LLRE LG R HIRIAS, BIRFN AT
o BHELE, FEZM—MEAREZEENERAR T LNMER), 7 BB -

PE—MEEI, H— P RIRUE R AT Ao § ROy BN TRIEIRS | 2905 408 VA 5808 1 AT RETE & — MR AT Y
Wk, R — D RERE GRS AL B AT AT R AR HORRA - [ERZ IS %, 7E Python 1, {UIUEH 2T 58K
BCIIEE HAR— M FER -

Just for fun, iEFATEFB WM Python &5 FMERFTETEES . KEZEEHE, Tob X T AL & PR
Kewi, XEDMIREE, butit is worth looking at how simple it is to do in a systematic fashion as background to
contemplate those cases where it is actually a good idea. (FENAIT=: (HEH/—FNE, ERGILE R NHR
TEEAE— NN TR EZESHREE — L R)

WERBATHE for TEIANERRH — 1 eREL, P2 EFEI KA map () AT AL FHATH B

for e in it: # statement-based loop
func (e)

TEHARBIEREN, RTITFEEEMHHELRE o, FIXHERE:

map (func, it) # map () -based "loop"

SRALL AR AT T 08 o8 B A0 7 R R SEBIF R it - R R & SRR P B A s X, AT
ARG EME AL R X FERE AT R . AN FX R E R TE] T AP, AR map () BUATLUEFA X
i

# let f1, f2, f3 (etc) be functions that perform actions
# an execution utility function

do_it = lambda f, =*args: f(xargs)

# map () -based action sequence

map (do_it, [f1, f2, £31)

FA AT LUK s B FIRNAE 20 B S BB QR AT A

>>> hello = lambda first, last: print ("Hello", first, last)
>>> bye = lambda first, last: print ("Bye", first, last)

>>> _ = list(map(do_it, [hello, byel],

>>> ['David', 'Jane'], ['Mertz',6 'Doe'l))

1.4. JHBRTEER 5
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Hello David Mertz
Bye Jane Doe

=R, BRXNBIT, ANRRERZEFIE NS A — PRI AR NG — P IIRR— ST A
PREC. ESEHLEERARTL, AR SRR AR RN XER:

>>> do_all_funcs = lambda fns, =*args: [

list (map (fn, =xargs)) for fn in fns]
>>> _ = do_all_funcs([hello, byel],
['David', 'Jane'], ['Mertz',6 'Doe'])

Hello David Mertz
Hello Jane Doe
Bye David Mertz
Bye Jane Doe

— R, A TAVEEAD ERER N _E AT DU — & E R SE AR 7 B A R BUE ) map () Rk . #oH
BRFEME R —L, (EA] LU

# statement-based while loop
while <cond>:
<pre-suite>
if <break_condition>:
break
else:
<suite>

# FP-style recursive while loop
def while_block () :
<pre-suite>
if <break_condition>:
return 1
else:
<suite>
return 0

while_FP = lambda: (<cond> and while_block()) or while_FP()
while_FP ()

AT T while FIEFHIRTRZE —1> while_block () M, ERENMUNEEREREX, SiF 24 HIE
A) o BATRT LUGEA _EHREIN) map () Rt — P RAF AR TS« WRFATXREM, L w] LOR[E—4
W= TCRIAR . FRX D — PR EE N — PRI A 1 - BRI, HFEAAESE
I, [ERIRI D

FERE R MK T B, <cond> IRMEEFMAME, WA while myvar==7, BFOATEIMEEEIZIT) NEEEE

AR R AIE - —FARINER ARSI 71221k while_block () IBEI—1MHEAEBME, HHEREE
B NE SN IS —DMHBRIE A 8 B AR Bi:

# imperative version of "echo()"
def echo_IMP () :
while 1:
x = input ("IMP -- ")
if x == 'quit':
break
else:
print (x)
echo_IMP ()

BUAELEBA TAMIBR while FEER:

6 Chapter 1. (Avoiding)Flow Control
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# FP version of "echo()"

def identity_print (x): # "identity with side-effect"”

print (x)

return x
echo_FP = lambda: identity_print (input ("FP —-- "))=="'quit' or echo_FP ()
echo_FP ()

BAEE TR, BERFR— MR 10, TEARSHE R R/ NEFRIE N8I3 RIA X EEFR L, 1
F — A LR BRI F AR BT 5 o FATIIR R TEEE identity_print (), X T HREETEEH
B, BEEREAREB T RECEFFRAXFER - HER, B8 identity_print (x) FIEFRIAZ
B TR RAE R E S < HE; © AR S TEIMN V0 #1E.

TH BRI

A _E T R TR AL, BREATRI LLUE T functools. reduce () B HAHAY fold #EAECE A folds
NTE Python FRIEFERT, (E AT DURE 55 = J7 FEMEE) R SCIIREZCA T - 3 )E H HoR R — L & ) 4551 5
SRR RMEE S E, XIER reduce () NERFTMAT - KT functools.reduce () FIE LS
EREF REET -

1.4. JHBRTEER 7
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CHAPTER 2

Callables

callables $8FIHEAT I —IAR Y, B R B AN WA
BB IR AR B S A TR OL N AESEGE R, A K ECk 215 2IHH R 945 2R (tautologously) - - Python 5
b EFEft T LRI T SN EIE R AL, B— AR BUE IR R B (He an v AR ) - X777 R

o A def FREEFOIGEAEEKEL

o fHH lambda K55 018 1) B4 bR £X

o BT __call()__ JTIERIZERISH]

o PRECT IREIEA AL

o 43¢ @staticmethod ZEMHEI _ dict_ WHIEFS AL

o AR REL
XPFNRATREARIRIFER, B NS H R E A F R T EROE—LErT DI ARG - R, — DR
B — M7 A2 AT AR A A, (ELE G AT, B S T (M AME IR L T 2R IR
Python 2 — "X ZMRELXANE S, EEMESBED RN RRE L EX—1K, EEZENTHER
WE, WG — DM EIEES, AT LUEE AR TR B A AEEE o X XU AR S LT T b 5 TR R4 R
AT KB IRAEAE R -
FRART U 1] SR ZS R 1R A8 B R B 45 SR T IR AN R BH R B - FRATFT e A Ho A rT i F R Rt s & 5l /D L
AR AR TR - XRIREEE K LR —EE R, ZE 0 LIE Python H i A — L8 B BE VA R AR 1
A B — > SEpREY - B A — BB RYEETES epurefunction I, UNSRIZ RS T A BIVE A I H
SR, IR LI EIERTE Python NERIIEE— 1A FHIB I -
25 ok B T B VE A ARG B P SR IR 20 VRN it o KR 3R (31 45 SR AR TR S callables AREHAT
AL B R SCHIRR MR B M TR R - A EF, BITIR(#EH doctest Bl unittest, B —iEM
py . test nose M =T MIRMEZE) ATRESTERA R ICP AT, (BE—SIEERIT REIRESEF P #T
FFARE 2R 9%, MR DSH MR (T - S0 - BdaE - M Hr), Bril
BIVERFFABER e 2 RTHER - UEEE BRI AER, AT LU B —i2 -
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HL42 R U B 4% BRI %X

2% WH, 7€ Python FOI# callables HIHRMZHTIER R L REMES KA - FN L, % ZH
HIME—XBRMATRE ST a.__qualname_ B, BIEHRERHE BIZ M ZES L. ERZEIR
H1, lambda FIAFAE Python H1 A FSRAEDS IV R BELAE Ty a7 B8 AR ER N B = R EOR A A - (Ht R 18
BB R AR, SRR FATAEEL, PEflifiad & vl LA & H B B A KAz - 25F I T

>>> def hellol (name) :

..... print ("Hello", name)

>>> hello2 = lambda name: print ("Hello", name)
>>> hellol ('David")

Hello David

>>> hello2 ('David")

Hello David

>>> hellol._qgqualname_
'hellol'

>>> hello2. qualname_
'<lambda>"

>>> hello3 = hello2
# can bind func to other names

>>> hello3._ qgualname_

'<lambda>"

>>> hello3._ qualname_ = 'hello3'
>>> hello3._ gualname_

'hello3'

AR F IR R R 2 — BT AIRE ERRAE TR, BT an Q2 mG I o JX R —FE IR A AN AT 22 77
X, BRREREP 2FRE, RRGE T REBOMNTRPRSZ /(R B - L5, XMRIEHEIEEER
), B2 global #1 nonlocal &A1 SVFRPRS AL B MR 28— 1%L AN, YR EERRIA S Z 2R,
FE AR E AL BB AP AT RE S SR EAE - thAh, VO AT AR, DT 2R BR 5 ) 45 SR G B
'E BTISHR B SO B A RN

RUETEAE LR A A E R FWURIBR ), (EAE R IET R B KAS 0RE Fr B 7] LUE R 2 S
R4l R RFATECAFITE AL AZ o In most cases, one only leaks state intentionally, and creating a certain

subset of all your functionality as pure functions allows for cleaner code. They might perhaps be broken up by “pure”
modules, or annotated in the function names or docstrings.

PH 0 AT 3 FH S5 )

THENR 2 —FA] 4 5 class is data with operations attached while a closure is operations with data attached” (3
SEM R EREEE, AR I RIRABRAE) . AREME S L, AR T RS, KRR
TER =X . HETEEREERFE, KiRFATBHEERHERE, AR ZMERE - =
/DFE Python /7, X4 LRI MIH — N 2EXTHY, (EHAFEE 8 CHISE -

RN —DIRE, HREILX PR KA

# A class that creates callable adder instances
class Adder (object) :
def _ init_ (self, n):
self.n = n
def _ call_ (self, m):
return self.n + m
add5_1i = Adder (5) # "instance" or "imperative"

10 Chapter 2. Callables
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FATHE T — P REV ORISR, HFASREANSES s . LIFEaBEs T, FRIEH R
AR

def make_adder (n) :
def adder (m) :
return m + n
return adder
add5_f = make_adder (5) # "functional

B HET I, EAIERRMAR, B3 a0 2R SRS T —> attractive nuisance:

>>>add5_1 (10)

15

>>>add5_f (10) # only argument affects result

15

>>>add5_1i.n = 10 # state is readily changeable
>>>add5_1(10) # result is dependent on prior flow
20

Adder () " F  make_adder () FTOIER “adder” MIIT HIBH BB 2T A SHHE - H—BEX %
(add5_1 ~ add5_f)# AN, [ﬂ@ﬁ%ﬁﬁﬁﬂﬁﬁézﬁmﬁ R RELFIIRKFE RS - AMTATHE &

JE I B AN B AR RS R R R (A, A SR RERICN S E A TR NS AHERH TR
1 Ay, AR Sl FH SR AR XS 2 B I B S48
Python 46 2 &8 EH — S0l . Tild name M2 value 2, X A[RES5ERE, (HHE—1 HH

HIRRERTT 5 - IEN, Hil3E JL A 2R B A B AN ] R

# almost surely not the behavior we intended!
>>> adders = []
>>> for n in range(5):
adders.append (lambda m: m+n)
>>> [adder (10) for adder in adders]
[14, 14, 14, 14, 14]
>>> n = 10
>>> [adder (10) for adder in adders]
[20, 20, 20, 20, 20]

EBAE, —MIVINISEEERE AT AT A T

>>> adders = []
>>> for n in range(5):
adders.append (lambda m, n=n: m+n)

>>> [adder (10) for adder in adders]

[10, 11, 12, 13, 14]

>>> n = 10

>>> [adder (10) for adder in adders]

(10, 11, 12, 13, 14]

>>> add4 = adders[4]

>>> add4 (10, 100) # Can override the bound value
110

Notice that using the keyword argument scope-binding trick allows you to change the closed-over value; but this poses
much less of a danger for confusion than in the class instance. The overriding value for the named variable must be
passed explictly in the call itself, not rebound somewhere remote in the program flow. Yes, the name add4 is no longer
accurately descriptive for “add any two numbers,” but at least the change in result is syntactically local.

2. PHELFI A E L4 11
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RITTE

FrE IR ERE R AAR - R, FEREZEFNT, WHSSEITEES T RECURER R - @5
FERTTE, RENTATES | A E A Bt f T 25 E , BRI 7 V5 i B O A BT B8 A2 S50 R 45
RAFRIEB DL -

Vi [n] 2§ FNHRAERF

PFZR(EH eproperty BLHAD T EEFT Q=) 2 vl A - RE U527 8 L2 E RSO R 47
BEAE), ENENR getter HSEL, setter 31 E/{H:

class Car (object) :

def _ init_ (self):
self._speed = 100

@property

def speed(self):
print ("Speed is", self._speed)
return self._speed

@speed.setter

def speed(self, value):
print ("Setting to", wvalue)
self._speed = wvalue

# >> car = Car/()

# >>> car.speed = 80 # O0dd syntax to pass one argument
# Setting to 80

# >>> x = car.speed

# Speed is 80

HATET Python IR (HIEHR VT RHE NS SKHSRIER T Python H % 25:

>>> class TalkativeInt (int) :
def _ 1shift__ (self, other):
print ("Shift", self, "by", other)
return int._ 1shift_ (self, other)

>>> t = TalkativelInt (8)
>>> t << 3

Shift 8 by 3

64

Python /& — MRIEFFN RE — NMRE T - BARM/RARER LM E RN DSL, EEHERFE L
FER BT A ISR B R R 2 B B AR 5T

LA R AT IR
5 e B KRS B AL ) — R SR AT VR 68 R O VR o2 T B LR B AT TP R i 48 25 (R R A LA MR 5K B TH R

import math
class RightTriangle (object) :
"Class used solely as namespace for related functions"

@staticmethod
def hypotenuse (a, b):
return math.sqgrt (a*x*2 + bxx2)

12 Chapter 2. Callables
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@staticmethod
def sin(a, b):
return a / RightTriangle.hypotenuse (a, b)

@staticmethod
def cos(a, b):
return b / RightTriangle.hypotenuse (a, b)

IXFESOBE SR 15 e R (BRI fiv 4 25 (A, ST LU 2842 s L A S 9] 42 A R 46 R L

>>> RightTriangle.hypotenuse (3, 4)
5.0

>>> rt = RightTriangle()

>>> rt.sin(3,4)

0.6

>>> rt.cos(3,4)

0.8

HEihik, & XESTENREREF AT HREIMES - (52, 7E Python 3.x /R AT LAANH FH &7
2%, “unbound method” FIHE & BB HESR T -

>>> import functools, operator
>>> class Math (object) :
def product (*nums) :
return functools.reduce (operator.mul, nums)
def power_chain (xnums) :
return functools.reduce (operator.pow, nums)

>>> Math.product (3, 4,5)

60

>>> Math.power_chain(3,4,5)
3486784401

AT, HEAVEH @staticmethod, MITCIEMEHIARFRSTTE, BEAMAITTIASIEEA sel £:

>>> m = Math ()

>>> m.product (3,4, 5)

TypeError

Traceback (most recent call last)
<ipython-input-5-elde62cf88af> in <module> ()
———-> 1 m.product (3,4,5)

<ipython-input-2-535194f57a64> in product (xnums)
2 class Math (object) :

3 def product (xnums) :

————> 4 return functools.reduce (operator.mul, nums)
5 def power_chain (*¥nums) :
6 return functools.reduce (operator.pow, nums)

TypeError: unsupported operand type(s) for x: 'Math' and 'int'

WSRO il 4 23 A U R AR B, AR 2 B AN T SRR - (B a0 SRARAE R 48 ek K0P — L2 4
TG ATARRAS KR A ATIR G, ABAIRRB M fEH estaticmethod XA «

&H yield WBAIFRIEN LM HIRKECE Python FF—RAEFIRAVREL . W EIR B A AR — Gl ) (8,
TMRE—MEEBH next () MEE AR E—FIERDENES . XRAEBERERETHTEETR.

2.3. BHE 13
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AR Python HJHABNT R —HE, FEAEE VL VAR LURRIRASSIA B A Aas o, BN A Al ol LU 46
K, BURARBIIE . R —FIHEFIRELR), MARBE—H—ME, EEMHRETEANSL. N
THER, AERSSREEENIPRE, ERAEMMAEA (call signature) MR EIMERA R, ENTHT G —
M BIEREBE T — DR T

>>> def get_primes():
"Simple lazy Sieve of Eratosthenes”

candidate = 2
found = T[]
while True:
if all(candidate % prime != 0 for prime in found) :

yield candidate
found. append (candidate)
candidate += 1

>>> primes = get_primes|()

>>> next (primes), next (primes), next (primes)
(2, 3, 95)
>>> for _, prime in zip(range(10), primes):

print (prime, end=" ")

7 11 13 17 19 23 29 31 37 41

BIRRIET get_primes () SIEHN G, BCSHAGR M R TRIGIEFS)—F — Bl AT iE & E A —L&
LS REER T O ——EXNRA S ZHIREN, EE AW EIHIE 5 (consume) -

% 43Uk (Multiple Dispatch)

95 2 BT RS A — R H B /7281 44 4 “multiple dispatch”(“multimethods™) R < SXFIEOR
NENREFEREZNES, RS SEE R s E A ICE AR EL - X FREORE H 3] 2 D a
BERD AR, S E B ZEREHA R E A

RAZHI, FEE T —14M multimethods KR, EREMELETOR R FEHIAETEED &, HE R
AEIZATLE Python 2.x b, Ff H/Z&7E Python $& Hi FEVHaRX MUFEME & Z B S5 /) - Matthew Rocklin’s more recent
multipledispatch is a modern approach for recent Python versions, albeit it lacks some of the theoretical arcana
I explored in my ancient module. FHAEFEIL T, EIEEF R, KHKH Python N 4 6 & BEFHAT 2 IR HIPRIEIE A
5 API(E R AT REX MESS & 1 5 = R 5ERL)

T BEREZ IR AR AT R (A CRS 2R A FTIE B OF HAD R AR ER AR 3ATTR =7 ZORSEINEY T/ Sk /AT il
Mo TFHMFERE = MAREER:

class Thing(object): pass
class Rock (Thing) : pass
class Paper (Thing) : pass
class Scissors (Thing): pass

EZ 5
ERRAGAWA, IERLZEHEEN, HER, KHFR, 4 AHE:

def beats(x, y):
if isinstance (x, Rock):
if isinstance(y, Rock):
return None # No winner
elif isinstance(y, Paper):
return y

14 Chapter 2. Callables
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elif isinstance(y, Scissors):
return x
else:
raise TypeError ("Unknown second thing")
elif isinstance(x, Paper):
if isinstance(y, Rock):

return x
elif isinstance(y, Paper):

return None # No winner
elif isinstance(y, Scissors):

return y
else:

raise TypeError ("Unknown second thing")
elif isinstance(x, Scissors):
if isinstance(y, Rock):

return y
elif isinstance(y, Paper):

return x
elif isinstance(y, Scissors):

return None # No winner
else:

raise TypeError ("Unknown second thing")
else:
raise TypeError ("Unknown first thing")

rock, paper, scissors = Rock(), Paper(), Scissors()
# >>> beats (paper, rock)

# < __main__ .Paper at 0x103b96b00>

# >>> beats (paper, 3)

# TypeError: Unknown second thing

ZHRENGR

YERE 2, FATS M H Python Y “duck typing” JBIHER—LNLEREE, “duck typing” FEFA A
RAUFERFEEFF BN, SEMRIRIERAT LEAE, RECTRRE T EEAF:

class DuckRock (Rock) :
def beats(self, other):

if isinstance (other, Rock):
return None # No winner

elif isinstance (other, Paper):
return other

elif isinstance (other, Scissors):
return self

else:
raise TypeError ("Unknown second thing")

class DuckPaper (Paper) :
def beats(self, other):

if isinstance (other, Rock):
return self

elif isinstance (other, Paper):
return None # No winner

elif isinstance (other, Scissors):
return other

else:
raise TypeError ("Unknown second thing")

2.4. Z£43Jk(Multiple Dispatch) 15
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class DuckScissors (Scissors) :
def beats(self, other):

if isinstance (other, Rock):
return other

elif isinstance (other, Paper):
return self

elif isinstance (other, Scissors):
return None # No winner

else:
raise TypeError ("Unknown second thing")

def beats2(x, Vy):
if hasattr(x, 'beats'):
return x.beats (y)
else:
raise TypeError ("Unknown first thing")

rock, paper, scissors = DuckRock (), DuckPaper (), DuckScissors()
# >>> beats2(rock, paper)

# <__main__ .DuckPaper at 0x103b894a8>

# >>> beats2 (3, rock)

# TypeError: Unknown first thing

HATEPR EHEHEDREE, HRX DA T E callable FIEZRME, HED T HIFEANRER
Do REFHDZEVPTIAMIZAIES, MARERZBIRN D ERENRFEF, A7 L2 IREFE
F[%F4¢ (but only to the one controlling object) -

R ILAD

EREERIZ, FATAT LUE A 2 43R (multiple dispatch)> R B B FIAFTH 025 . X2FMMHE, RE
TINE—E BRI

from multipledispatch import dispatch

@dispatch (Rock, Rock)
def beats3(x, y): return None

@dispatch (Rock, Paper)
def beats3(x, y): return y

@dispatch (Rock, Scissors)
def beats3(x, y): return x

@dispatch (Paper, Rock)
def beats3(x, y): return x

@dispatch (Paper, Paper)
def beats3(x, y): return None

@dispatch (Paper, Scissors)
def beats3(x, y): return x

@dispatch(Scissors, Rock)
def beats3(x, y): return y

@dispatch(Scissors, Paper)
def beats3(x, y): return x
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@dispatch(Scissors, Scissors)
def beats3(x, y): return None

@dispatch (object, object)
def beats3(x, y):
if not isinstance(x, (Rock, Paper, Scissors)):
raise TypeError ("Unknown first thing")
else:
raise TypeError ("Unknown second thing")

# >>> beats3(rock, paper)

# <__main__ .DuckPaper at 0x103b894a8>
# >>> beats3(rock, 3)

# TypeError: Unknown second thing

FHTB1H UK (Predicate-Based Dispatch)

FHSIRRERIEFHF BN —MHETXEEREEREE LT E S IEHGECE N RTINS, &
multipledispatch). FHAIANEIEA X FER] Python JFE, Bk TE — MBUE A ZE R T8 B AU B IX > 1%
o X MBAEZEI predicative_dispatch:

from predicative_dispatch import predicate

@predicate (lambda x: x < 0, lambda y: True)
def sign(x, vy):
print ("x is negative; y is", vy)

@predicate (lambda x: x == 0, lambda y: True)
def sign(x, y):
print ("x is zero; y is", vy)

@predicate (lambda x: x > 0, lambda y: True)
def sign(x, vy):
print ("x is positive; y is", vy)

BIXNPMITF RIRAR— DB, HEE R B BA TR AEE B 2 2% 5 A 2 A0
MERT, X2FEE/D, HESHEBEAEKIREL

BEE, AR A LU if-else IIRE RN

2.4. %4rJk(Multiple Dispatch) 17




FP-in-Python Documentation, % #ii

18 Chapter 2. Callables



CHAPTER 3

il

PEIESRIE

Python H— 158 KINAEE B FRERIS LGN TRIES TR - X IR AR E X BB R,
KA Python 3 /N4 Haskell i:X 18 5 1AL T 1B IR LS4 (lazy data structures) - X1, FIE S TFD
Python A— L) B By bR 22 a0 ] 2% R A n] LUK S8 MR R A5 A AR R RORICR. -

LB TGO R T T HOXT L o 1R Haskell iIXHEABURPEIERERIE S, BT LR HHX R E X
—PMEEITERINSIR:

—— Define a list of ALL the prime numbers
primes = sieve [2 ..]
where sieve (p:xs) = p : sieve [x | x <- xs, (x “rem p)/=0]

XS SCEAZE R Haskell B, ERRAT LA —PMES S, SEFR_EXIER Python 51 AT AET -
XL HERREEA, GXAE Python FHANEZERL -

brTiEEER, BERSHITIEWERESEREE I, B0 EEERMEE Haskell IRA I EECL PR L2 —
D (TERRENFF], AR BER T 42 BT 2 HIX B (Callables Z TR - FeilHh, &0 DIARYE FHRIR
B Haskell TLRRFFEHRIEEITLE(GFE T primes ! n), WEHNFE B S 1B EEMAIFE, FEMESTE N
BERAE R, -

RREE—T, IRATLURX E R RA Python F, HEARIES HEMEHIEE, FEEZNFINE. FHL
I Wi ) get_primes () EMEFEEL, AT LIRS B VAT MMERER, Fian:

from collections.abc import Sequence
class ExpandingSequence (Sequence) :
def _ init_ (self, it):
self.it = it
self._cache = []
def _ _getitem__ (self, index):
while len(self._cache) <= index:
self._cache.append(next (self.it))
return self._cache[index]
def  len_ (self):
return len(self._cache)

R R B TR RG] At
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>>> primes = ExpandingSequence (get_primes())
>>> for _, p in zip(range(10), primes):
print (p, end=" ")

2 357 11 13 17 19 23 29
>>> primes[10]
31

>>> primes|[5]
13

>>> len (primes)
11

>>> primes[100]
547

>>> len (primes)
101

L%, FATAIREE S MHE PRI — L H A ThEE, FRNEHEIRLEMAE Python BHERY - WIFHA TR XA
FEER WF 9T U R #R4E - ﬁﬁn{kﬂ]?ﬁ%fﬂwETEHf@i@Ti’T% WHFRNBOZIEKERE S inf, W@
RBAT GELLEM T SIEHE R LRA . X —UIEETBER), EEFENG—MIT RN —2H,
ANETHF Python FIERIAIT N

IR BN

7£ Python H Al — MEREH(EE i —MEE T IS 8 B T HE R E L — M ERES R EL, W Callables” —
BEITSEIIRE - R AE R BRI 75 B4 AUE RO B GRE G yield WEAIEIH] -

By B A B A T VAR A builtin BUARMEZER T Z AERN SR, MAEHCHAARE — A5 - EER K
B2 L — IR EE RIS ) R IE VAR -

WENZEHHRREREREN .__iter () A, XN EEEHEHNERE iter () BEETEXA X
% (e.g., for item in collection: ...)FT & -

EREEHE T iter (something) @TF%E’]TT% EEEMES .__iter_ () HIE, X HESIR
FEARE. BREBEGHNS—IMTER . next_ (). BRBEEPESR . iter () ﬁ/iéﬁ)?lmjj

Tik iter () #% - Thatis, this identity should always hold (or raise TypeError(“object is not iterable™) ):

iter_seq = iter (sequence)
iter (iter_seq) == iter_seq

LEWRE RS, BTLEARE LB AR mE T

>>> lazy = open('0O6-laziness.md') # iterate over lines of file
>>> ' dter_ ' in dir(lazy) and '__next__ ' in dir(lazy)

True

>>> plusl = map (lambda x: x+1, range(1l0))

>>> plusl # iterate over deferred computations
<map at 0x103b002b0>

>>> ' diter_ ' in dir(plusl) and '__next_ ' in dir(plusl)

True

>>> def tolO():
for i in range (10):

yield i
>>> ' dJter ' in dir (tol0)
False
>>> ' diter ' in dir(tol0()) and '_ next_ ' in dir(tol0())
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True

>> 1 = [1,2,3]

>>> ' iter_ ' in dir(1l)

True

>>> ' next_ ' in dir(1l)

False

>>> 11 = iter (1) # iterate over concrete collection
>>> 11

<list_iterator at 0x103b11278>
>>> 11 == iter(li)

True

FERBGRET, BBy TIERAT M, RS REORRE B GERBEFERATIHET - A
i, FALE AT AEEETE IS, EFE EIHETEMRT ..., methods), (HARZHULRIT HIKIHT
BIRSFEIER - fFiLn:

from collections.abc import Iterable
class Fibonacci (Iterable) :
def  init__ (self):
self.a, self.b =0, 1
self.total = 0
def @ iter_ (self):
return self
def _ next_ (self):
self.a, self.b = self.b, self.a + self.b
self.total += self.a
return self.a
def running_sum(self):
return self.total

>>> fib = Fibonacci ()
>>> fib.running_sum/()

>>> for _, 1 in zip(range(10), fib):
print (i, end=" ")

112 35 8 13 21 34 55
>>> fib.running_sum/()
143

>>> next (fib)

89

S o H R W HH HR R R R

XM AME—R, BERR T —DERIECEFMIL, 3 BR Rt 7RSOOI IERR E PR AE -
TR R A AR B H ), ARG RS A, BTl 2 XK -

itertools iR

itertools fREHE—IEHIRAI ARG OIRITHIA T iterator algebra FURENNE G - HAIEUE, XLEARTF
REA RN T REH GRS, MEREBEEOEM L BRTRENEZRRE . B TERAS 1)
FAR RIS, B TCRY provides a number of short, but easy to get subtly wrong, recipes for additional functions
that each utilize two or three of the basic functions in combination. B 5 2|5 = more_itertools

Bt TRONOREL, [FIRE BB T W RIRE B AR SR -

fEM itertools MEAKHMRBRAEFELZAATHE, BERKBESLFNIFENANT, BE
REIEERRZAATRESAREMI/ 0, F% . BNHEEBEEFIMAZCEERNES, FHFEIEH

3.2. itertools iR 21
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itertools MEMAEEMAN, ©NTHIAGRRE

XEEHGW— A E RN T - WEERER Fibonacci KRR BN, 1EFATOIE— M EIEEES
KA A BT O(E AL S AN:

>>> def fibonacci():
a, b=1, 1
while True:
yield a
a, b = Db, atb

>>> from itertools import tee, accumulate

>>> s, t = tee(fibonacci())
>>> pairs = zip(t, accumulate(s))
>>> for _, (fib, total) in zip(range(7), pairs):

print (fib, total)

SN e

7
12
20
3 33

= oo oW N R

BHREWMIER, HAEMMEN itertools HRPHIREUEFFEETEHENES, H—-ERT), ATLIRE
BEWREN RN TEH AR RS R AR EETFH HEE -

itertools BURFISUEEE T HEEMIEME B LU THE BN ZRIEREG . R ERETTE
FXRESXUHR, LU RESRRILA - EEEMRLE, zip(), map(), filter() frange() (&
FENY FERRE—NEIER itertools. count () )M ETE itertools B, EAMTAZE builtins. PTH
(Y3 6 R ST 2 P 1 A BT B IR 43 2 T IE 1035 AR), MG EERFS] . all (), any (), sum(),
min (), max () A1 functools.reduce () HEEFATE iterables |, EM(1HFEFERIRTEER, LEBR
BHEM T - B itertools.product () ARELANE Y BUER A BT, HATTORABNERF
F, FHTCEETS EAEE LRE

Chaining Iterables

itertools.chain() f itertools.chain.from iterable() REBEWBH L MEMR ™ HIT H
4 - Built-in zip () and itertools.zip_longest () also do this, of course, but in manners that allow in-

cremental advancement through the iterables. iXFEMUAYT 4552, ERLTCS iterables ZEIEVEFNTE X 2H R,
A LR REB R R SE AR AR . il

from itertools import chain, count
thrice_to_inf = chain(count (), count (), count())

Wi & b thrice_to_inf £ =IRITHE RS, HEFR E—XELE W T (in practice once would always be
enough) - JAT, X TRHK A iterables (FETCFT), #H chain S JEHH FHFEZIH:

def from_logs (fnames) :
yield from (open(file) for file in fnames)
lines = chain.from_iterable (from_logs (
["huge.log', 'gigantic.log']))

BER, EEHR RIS, RONERATELR B BRI R—X IR AT LUETEE APL FI1E T
ERES . BT itertools #HATERZEZ AN, TATIENZ— R X collections.ChainMap () o F
H %@(ﬁﬁﬁﬁ% collections.abc.Mapping %ﬂ)ﬁ:ﬂ%ﬁ% ° ?JM%%I]*E%%E?%%’I\%TW%
F1] B iterables —FF, FATE I A B B £ 1 BLH (mappings), 1175 2 B Q& — 1 3 R B ARBLU
ChainMap () /718, I BI%HEBELHIE T RERZE BT -
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nﬂf
g
i
jecs

HEE—Fd, FANEE THEILKE itertools BRAPENINE . AFRELTTH, SMEBCEFEE N
“HOFs”)if i 4 & 18] s AT 0 R BORIR Bt T RPIFFRA B RS r) 720 —Bokid, mfeREcg— 1k
5 —NEE A R E N S BECE T AR R B O A R AR X AR M TR SR EBRSR . ENERA]
B 1tertools AR HAITIERMA S S L -

functools MHEPFEE - LEHMEMEE, »—ENCENE. BHEINHN, map(), filter (), M
functools.reduce () &M KA B A BB, j(%ﬁﬂl?ﬁT%*}%?H%ﬂTVEﬁF‘?‘%ﬂ%/J\ i
FEAB )2 ) - 15 map/filter/reduce 1F Jy#4 E 3 i 5 it A & 2 AT BLAL o 7€ Python /1, ] AL #% 1Y fik
partial (), Eff functools BEERF . XKL, E%W&*’l‘@iﬁ%&?’l‘ﬂi%ﬁ%%& IRIE AT TR
7, RE—MEDSEEIRE. AR, ESRERESET T .

NEERE map () fl filter () FFETHESERIRIER UEAERZRES), MHRKEZEL Python 27 A #T
U\ﬂﬂﬁﬁﬁﬁﬂhﬁ’lﬁ}iﬁﬁ%?lﬂ% BT T X L EE R H G

# Classic "FP-style"

transformed = map (tranformation, iterator)

# Comprehension

transformed = (transformation(x) for x in iterator)

# Classic "FP-style"

filtered = filter (predicate, iterator)

# Comprehension

filtered = (x for x in iterator if predicate(x))

functools.reduce () REFEFEEH, JEWEKR, HHEEIEFEIUAIEE2IINEE . ©M—" iterable
HFIRIREBRHEETTE, ﬁu%ﬁﬁ_ﬁﬁﬁfﬂ/\ - reduce () MIEH WE AR T WLE’] sum(), PHE—
MRS S

from functools import reduce
total = reduce (operator.add, it, 0)
# total = sum(it)

map () M filter () WAILIBIANZ reduce () KIFFAIE L

23
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>>> add5 = lambda n: n+5

>>> reduce (lambda 1, x: l+[add5(x)], range(10), [])

[5, 6, 7, 8, 9, 10, 11, 12, 13, 14]

>>> # simpler: map (add5, range(10))

>>> is0Odd = lambda n: n%2

>>> reduce (lambda 1, x: 1+[x] if is0dd(x) else 1, range(10),
[1)

[1,3, 5, 7, 9]

>>> # simpler: filter (isOdd, range (10))

XL reduce () RIAFURMGAY, (EENTHU T IZRECEHE AT SR AREE : EMFFEMFI B
HESLITTRATT B ARV EHRL AT LIRS reduction -

HILAE W= &G H B Python FTELE, BIRA Z1E0 TR RECRAIRGF BB SETFE 5 =77 it
G THE ST . ARESEMREESATREHENS ik TRRBETARIA, HEUNIIEERTZ
T (BRI A PRR L) -

e T B A o 3
S = B B AL

utility function ¥ Z HiENERL T TEEEL, HARZETTVRE wility higher-order functions WA X FRENIFEA KIE
., B PAOCGEIRG T 52 A

— IR TR compose () « X —MEZ—FFIREGF LIRE—PRE, CHI—RIRE, HiRE
— P EREC XD REEER A A NI SRR BUR IR TRAE S5

def compose (xfuncs) :

"""Return a new function s.t.
compose (f,g,...) (x) == f(g(...(x)))"""
def inner (data, funcs=funcs):

result = data

for f in reversed(funcs):

result = f(result)

return result

return inner

>>> times2 = lambda x: x*2
>>> minus3 = lambda x: x-3

>>> mod6 = lambda x: x%6

>>> f = compose (mod6, times2, minus3)

>>> all(f(i)==((i-3)*2)%6 for i in range (1000000))

True

HH W H H H

WX R T AT HE A2 (times2, minus355), FATAT LURE S T BRI A # A k st Bk
W, T, BEREHNESITE, XINREMN.

IERREL a1l () M any () 7EHIMT iterable FTCEZHXTTIEF ML LIREH; Hf@ED HEaRHMTER
R TFIEAE AL, BATAT LA T X L

all_pred = lambda item, *tests: all(p(item) for p in tests)
any_pred = lambda item, *tests: any(p(item) for p in tests)

T RRIE, Bl 1A LE !

>>> is_1t100 = partial (operator.ge, 100) # less than 100?
>>> is_gtl0 = partial (operator.le, 10) # greater than 107?
>>> from nums import is_prime # implemented elsewhere
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>>> all_pred(71, is_1t100, is_gtl0, is_prime)
True

>>> predicates = (is_1t100, is_gtl0, is_prime)
>>> all_pred (107, <*predicates)

False

toolz EH—MEEMAKIMAMMB juxt (), ERRE—MERMARZEANZ R EFFRE— 558 TH
WL - 40 P

>>> from toolz.functoolz import juxt

>>> juxt ([is_1t100, is_gtl0, is_prime]) (71)
(True, True, True)

>>> all (juxt ([is_1t100, is_gtl0, is_prime]) (71))
True

>>> juxt ([is_1t100, is_gtl0, is_prime]) (107)
(False, True, True)

T R SE R R e BOUR A B AT SRR BIT - B — MR R EEU R RSO, filn,
Haskell prelude RIR1GH KL H S AT 2%

operator BEER

BIEHIL T TR HAREE , B Python FFERANRIZ0S BATAFE AR EAAE operator IR F4E
o L FA BRI S« oF T 7 B2 ] e R R A S T IR B R s B E N S H )T, M operator fIR
WIBRECE TR, F BB R HOAE R A B 2 e B ALRE, 7l 4n:

# Compare ad hoc lambda with ‘operator’ function
suml = reduce (lambda a, b: atb, iterable, 0)
sum2 reduce (operator.add, iterable, 0)

sum3 sum(iterable) # The actual Pythonic way

functools *ﬁﬂ%

Python — /M3 & & B bR B TR EA B A0 77 2 functools BEHR, SEFR EAUIRE —H7EXE . Af, @A
AR, BRI Z DB R - FEEFAL A, ELMI T — Al mE, B
O FENRHRERHZR N TEL2ARAREES - H— 0, EuRiE LS LA RETHES
K, % AR AT EILTENEEE—T)RMERS -

BR T ARZEHLIIE reduce () Z4h, RPN FETBMEREGIRINTH partial () - XFERIE BT EIE
PR AL, 2RI — 2 partial () BIFIF - functools RBREERAVE R B4R H HHIRE I
i, XN R

eI

BINEIT LR HEIC, 1 Python H ¢ WS MY R AU VA TT RERL 22T EY - RIMas Ho 2 — M — 1 %L
VER SEWNEENE, WRREIEW, WS RE—FEEEL, B LIREM G SRR 6 MG R - 21
B, XM A BE LY some__func Al other func =M A
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@enhanced
def some_func(xargs) :
pass
def other_func(xargs):
pass
other_func = enhanced(other_func)

fEFRIERETL, S, S REL A T REGE U - T IREITER Y, Xl F 2 RTFHINA -
BRI b [RIRE A 2 v 2 o B8 T DAZE AR e i) Eo i b 75 (6 A {91 4 LABE B35 /9 77 (e g., mapping a decorator

function across a runtime-generated collection of other functions) - X1}, XJ&—1~ ANE F I+ -

WA es WA FHAEAMEEFE W E =T ETNTFEZ S E R - ARLTE, B115 LLAi bR R @ ) @
RIRE 3T RIREVEESE & - a0, 2ETes B EL asyncio.coroutine H TR EEARIC N INEE - 7F
functools H, =N EERZEIMEKEE functools.lru_cache, functools.total_ordering
Ml functools.wraps. functools.lru_cache gEi0 3 ”“—/I\@ﬁ(%ﬁﬁ:)\ﬂ/‘]%%ﬁ, IR B 7Y
B, MAEEFHITITEZS®E /O). functools.total_ordering Rilk B E X RSLH B2 E Fin
%% - functools.wraps WG HEALRME RIS - rEXEHMSEEMGMERER, HE mild
R#E 14 Python % H Al LHIME M, MARERTAREE S RIERATAH S K= K%L -

PN o I H /R A ZE poke into the guts of a function B FEAR DR E 1y s B BLE H & A B AT 0 HIFRF R
HH, EEH FHRRCHE R AU H EIhEE -

X CE H R AREHE T Python BREEUZRAEFIME L H R FI some suggestions as to the advantages one often finds
in aspiring in that direction. %5 J5/H BIVEF AR £ T LB e B IR IIB 2 A0 — REREME, 1M HRE HES)
PR AT FTSEMNA A/ N T 8 # T AT LURE 96 B8 22 BB IR -

A rich literature on functional programming as a general technique often in particular languages which are not
Python—is available and well respected. Studying one of many such classic books, some published by O’Reilly
(including very nice video training on functional programming in Python), can give readers further insight into the
nitty-gritty of functional programming techniques. Almost everything one might do in a more purely functional lan-
guage can be done with very little adjustment in Python as well.
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