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QX F B 2T KRBV, BT BT Z M AR S ATH0 N 7E 8 148

FNZ EEIN 4 RS

Q e iy R g 528 Z BRIz AN S TR T -

Q 7ER—A2d, &HEZmE iz H— 2 TRIT.

Q =M TR RITTE . 8RB R F S BORE R R, A=W

FUSINZH5
Q KA RRE A B, WREFS B AMMAMNZE HE E—125t%, mMHRE
— L

54 : PEP 8 #{BR AR M2 K& K4 E Python {LAS &4, DMELER
BEAR A AT AT DAAR AR X 26 2 F1 & AT 17E Python i& & M A

O w¥. ZREEMENZR/NG FERHE, &HRiEZ 0T RELAmHE, Fln,

lowercase underscore.
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Q Z AP BB, ROIZLAEAFRIZIFk, #lin, leading underscore.

QA MEBEME, NIZRIBA TFRIZI L, #F40,  double_leading underscore.

QX5R%, T“I?"Uﬁ/\fﬁﬂﬁ%ﬁi@jt"_ﬁ'ﬁﬁﬁ/fﬁﬂé w4, 14N, CapitalizedWord.

QBB E R, NIZEBRAKREFEENE, &2l FRIZLHE,
ffil4n, ALL _CAPS.

Q K isEfirE (instance method), NZILE NSEmA A self, LIFRIZNR A S .

Q 27k (class method) WENSEL, NZmE R cls, UFRRIZEAS.

FixRXFNiEA]: ( The Zen of Python ) (Python Z#f) Hhift. “FFFENN %A B H A

%, WHE RA—F." PEP 8 1EHlERIAFAIE A KIS I, BEaE A XA

Q RHANBKIE WA iR, A E A @ e A RIA S ET i, i, W%
5 ifaisnot b M A ifnotais b,

O A 225 o K I BE A9 Fp 3 (A0 if len(somelist) == 0 ) 3 ¥ W somelist J& 7 4 []
By " AESS(H, Wi Z K if not somelist X FPE R AW, ELBUE: SE¥
H 314G A False.

Q &M somelist 27K [1] 2% 'hi' FEZS(ERES, WA, if somelist if ) BRIASHE
362 E AW A True.

O AN E 45 PATH if 155] . for #§FR . while P35 & except & & iB4], 1M f& N iZ i
KRR IEATR T, LIRTEW .

Q import T/) % S B Sk o

Q 51 ABHR A I, B2 P48 0 24 BR, T AS IO 122 HR 4l > iR B A A ok
il AR 228K, Bilan, 51 bar fH i foo BEERE, MiZSERM S i} from bar
import foo, A% S A import foo,

Q R —E LA ZFRRSS import 154], AFFER IS from.import foo.

Q SCH A2 import 154 R G Ul 73 B =AY, o3 SR s A o E AR B
SRR L K B R, FER Ry 2, 45 import 18] I % AR R i) R
N SR HEF

Q% Pylint ( http://www.pylint.org/) & — K # 1T #y Python B&E B AT TRE, €7 X
Bt %MD RE S PEP 8 AUME 15, T AR M4k Y Python £F 2 %
o LR
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Q 44%i5 Python fCHBI}, &R RZE1G PEP 8 XU&HEM
Q 577K Python 1 & # K H A — &S XUAE, o LU#ED H EF T2 APME.
Q B GE RS, U RSN THEEEEAES .

# 3 %%: [ f# bytes. str '3 unicode X5

Python 3 A MR # R FAFFHI R . bytes Fl str. AT AYSCHIEL & RER Y 8 HifH;
Ja # L HILS Unicode “F4F.

Python 2 A IR RRFAFFFIAIZERY, 435 {8 str A1 unicode. 5 Python 3 KAl
(0, str BB S HARE) 8 (L{E; 1 unicode FYSEH, WILA Unicode F4F-

8 Unicode F4F 2 A bl 8 (HRUEIRLG 8 Aifl) AVF2Rnik. & Wi
%89 7 Bk & UTF-8. {HJ: KFEZEid(E, Python 3 ) str 5 i #1 Python 2 i unicode 5
RIS AT AR 19— 2kl A T A DG K . B2 AR Unicode A4 Al — i Bcdle ,
WAL FH encode J7 . AR i i B0 HE % 45 B Unicode 4, 422451 {8 A1 decode
Tk

4 5 Python 2 /5 (9 B, — 5 2 U8 2 B5) 01 A% A% 45 1 e 7 1T B A0 LR Al AR
¥ B B 0 3 43 17 12 {f FH Unicode £ 28 8 (th 5 J& Python 3 #1 /Y str. Python 2 1/
unicode ), 1 HANE X FAF G i AT AT {5z X Rh i B AT A4 PP 43652 22 Fh 8 U 1) 3C
ARYikY (UN Latin-1., Shift JIS F1 Big5), X ] LA uES: th 09 XAF B R R —f b3 iE
A (Fhf/E UTF-8).

i TEAF2EMAA 5], FrLd Python {URS H 2% 22 Hh BB A g UL A IS 5% -

QR ETERL 8 fifH, X4k 8 fi{HR/RLL UTF-8 #:X (S HMamiSIER) Fiw

CTUE

O A # 75 SRR A Fe e HitSTE N Unicode “F4F .

FrLA, BATFHERE PN M) (helper) BR¥, PMEFEXBAMEN Z A5, (7
e s R AR RE BB AT & T A RO TI]

1E Python 3 W, RN 17 B4 E 2 str 58 bytes, Ff BRI str #9751k -

© RIS, T T 8T R, BTLURIIR A 8 ffi. dun iR 8 fifE . 4i8
fifl. —iFHE
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def to_str(bytes_or_str):
if disinstance(bytes_or_str, bytes):
value = bytes_or_str.decode('utf-8")
else:
value = bytes_or_str
return value # Instance of str

BN, BFHEIRE BT str B bytes, J AR [ bytes (1771

def to_bytes(bytes_or_str):
if isinstance(bytes_or_str, str):
value = bytes_or_str.encode('utf-8')
else:
value = bytes_or_str
return value # Instance of bytes

7E Python 2 ¥, 5 E445 % str 5 unicode, FfA &K [A] unicode AY 7 B :

# Python 2
def to_unicode(unicode_or_str):
if disinstance(unicode_or_str, str):
value = unicode_or_str.decode('utf-8"')
else:
value = unicode_or_str
return value # Instance of unicode

Fhh, BFEREEZ str 5% unicode, I EIEIR M str {1

# Python 2
def to_str(unicode_or_str):
if isinstance(unicode_or_str, unicode):
value = unicode_or_str.encode('utf-8')
else:
value = unicode_or_str
return value # Instance of str

1E Python H{fi 546G 8 {5 Unicode F4FHT, A P~ n) I &,

S —> A AT B2t BUAE Python 2 MLHT. 4R str 40 & 7 f ASCIL F4F, JF4
unicode FI str SEHIRLF B T [F —FH AL,

Q ATLAA + #AERF X R str 5 unicode 3 H2 ¥ .

Q ATLARSEM SAREMERIERF, ZEXF str 54115 unicode S B2 [B]EFT HUAR .

Q RN FRF R, AT '%s' SR unicode SEH,

XEAT RN ERE, 7E A0 70 ASCII WIESE T, W SRAERBHEZ str, ARAHLA

‘EfE A unicode ; NS ¥ 4% unicode, ARA T LI B4 A str, T £E Python 3
EP bytes 5 str SLHIM LT R ESEM, B RS FRFBEBAIT LA, FEEATFRF
AR i 701 B T LA
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5 AR AT B 22t BRAE Python 3 HiTH . 4N 5R3E o 4 B Y open eR BRI T SC{4/4)
W, MAEEE, ZOWBRIAS R A UTF-8 4SR5 3CfF, Mi7E Python 2 1,
SCPFERAE A BRIA 2 i U2 i RE . X AT RES S BUREF tH IR AT BRI AE IR, X ST
T Python 2 HYFEF 51 e B2 itk

B, PAEZE W AP LS A — e — JE IR . T T X RR FH L 7E Python 2 HRA]
PLE#E1E, {H7E Python 3 AT,

with open('/tmp/random.bin', 'w') as f:
f.write(os.urandom(10))

>>>
TypeError: must be str, not bytes

Ao AR TR BRETE T, Python 3 45 open BREAIN T 4 4 encoding RIS, 1M
XAHS B RONEAE utf-8' . XFELE U AR _ L 1T read £ write $21ERT, REME
SKIF B W55 AL Unicode P str 3B, WA A& —BEHI5EE) bytes 3L,

AT EYGX A, BATLAHE —#HE AR ('wb') SRITBFFRIER ST,
AREBIFEARIH:, RAFHBEAL (‘W) &I T X A7 20k 6 open A%k, BpA]
[ iE Ae Python 2 45 Python 3:

with open('/tmp/random.bin', 'wb') as f:
f.write(os.urandom(10))

AT A R O ) AR A R R R AR INE S B AWML b X (e
#E T HERIN) FTOT M, AR EAE A v A,

2R

Q 7& Python 3 H1, bytes &—F 7 8 f{HKIFF, str f&—Fhfd & Unicode FAFHY
o], FFREARELL > 5 + FEAEFRIR R bytes Fl str L6,

Q 7E Python 2 1, str 2—F & 8 A {HMFF, unicode f2—FH L% Unicode F4F
HIFFF. SR str REA 7 (L ASCI F4F, HRA T LAE b AR 5 i) B AR A7 R [6] it (i
M str 5 unicode.

Q 7 A B BER AT IRAEZ 6, A B R BORPRIEZ A RS R B 5 FF R &
A EEAAT (AR R, JF R AHRAE L UTF-8 & 2R 4RiS iy 8 ({8, A AT
f&, MAEHEAE Unicode F4F) o

© X4 (file handle) H ISR —FbRIAFFaAEEr, T DIRMY SCAHRGRT, FRIERIFRFHEE
PRAER SO AN B S ARDT , 4% handle —iR) PR AIAN . BRAERRINBINRRF . ——FH
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O MR i s, sl b B A e B, SRGZEL b B wh' 4
il S SR e

04 JURBH pR BOR AR S 2 i 48 38 X

Python [ iF AR W E LR, WRAZMEEM —17RAFORLHIFZ 2. B, =M
URL A 74 R . 7 PRI AT AT 8 f, S SEER T IR R— B AU :

from urllib.parse import parse_gs

my_values = parse_qs('red=5&bTue=0&green=",
keep_blank_values=True)

print(repr(my_values))

>>>
{'red': ['5'], 'green': ['"], 'blue': ['0']}

AR SR REA 2 ME, RS —ME, RS
AEZZ5H (blank) A, BALESHIUBEA H BT ZH. W get JrikfE my_
values TP AR [R S H0rE, B4 AT REARAT A [R] AR 114

print('Red: ', my_values.get('red'))
print('Green: ', my_values.get('green'))
print('Opacity: ', my_values.get('opacity'))
>>>

Red: ['5"]

Green: ['']

Opacity: None

WERFH A SBORA HBTE TR B b, BCHIZSBIE N = A B IR IEI%MME
0, %B?JEE!HLT XANEEE ERANTIAER 521 if 154 sl B sR BOR 2,

, R fiE2% [ Boolean ik,

H1F Python LA EHE LR, FrLATRATIRES 5 (iR 3) X Rk 27478
FIRKFEAE, A False, B, 7ETFHEXBITH, Q2R or #RAERFZEN E‘J?%%
IRAAGE N False, HB2%ANFXAXBEAKRE or BAERFA MR T2RA KA.

# For query string 'red=5&blue=0&green='

red = my_values.get('red", [''])[0] or O

green = my_values.get('green', ['']1)[0] or O
opacity = my_values.get('opacity', ["'1)[0] or O
print('Red: %r' % red)

print('Green:  %r' % green)

print('Opacity: %r' % opacity)

Il
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>>>

Red: '5!
Green: 0
Opacity: 0

red IB—FTACHS 2 EHH, BN my values 5 8L B A S04 red X M E. %58 I %
MHERNIIR, SIRPHRE-ANLE, EHEFFR S XPTFHBHIMNER
True, LA, or FRikzUH— o FIER 2 KA red.

green IF—47 (A UL /2 IE B A9, RR get J7 i AN my_values 7 i Hp 4R B e 22 1 71
x, BIEKEA TR, XN ERNEFHH. ATEFAH S ASMEES False,
B LA or RAXMER T 0.

opacity Af — 1T fCHS L B A #5 . my_values 7 Bl [ ¥ A 44 4 'opacity' B8, 114
FHOP A AR R BT, get LIRS ZASHAE, FrLL, fEARGIN, get Jr
ERSRP AT - IEENIIR, BPTERNE TR, N7 RA AN
i 'opacity' S, XATCAMIITRCR S green AR TACASAH ] .

PR R R ARE L IERS, BRI, mHEARBRLESMFEGER, h
FRAVEER TR P X ESHUE, FTUAERRENSHERERE. T
JIIX— i, FRATF IR RO EEN B int BRECH, DB AT R
bk 8

red = int(my_values.get('red', ['']1)[0] or 0)

XA G LR REAE, M HE L RRAL. XFEMANMAES B, IRERXF
RN, TR EAL ST RILREXIFRIT, ARAREHHEREM. AMEEEA
MERRE L, WA LER SNBSS E—1T8,

Python 2.5 ¥R I T if/else xRk (PR =JeAERF), [EIRNTATLIE Lk S
THEMW—LL, RA R R i o

red = my_values.get('red', [''])
red = int(red[0]) if red[0] else 0

R T —28, W FARERMWHEIRE, iffelse A& 1FREATT LIS
PRI M (EX T LA UE, B WTRR R R A BT i e i/
else i), MR LR BN T mXFMIBA, MRITAESEIEE] . KA IBFE S
5 SR A

green = my_values.get('green', [''])
if green[0]:
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green = int(green[0])
else:
green = 0

BAENZAL B EAS U B eR B 1, IR IR AL FE AR R XA

def get_first_int(values, key, default=0):
found = values.get(key, [''])
if found[0]:
found = int(found[0])
else:
found = default
return found

8 P XA B e O BT A AR, B R or BAE A RA A, IR
i iffelse ik zXRIPIATRRAS B A0 BHF

green = get_first_int(my_values, 'green')

FR A MNPARTG OB 2%, IRBLN %5 IR i /R, FFEIX LB A Al
BipRgch . XeSRSEMS L, EHERIMEENELEELY. 45 Python FIFHT,
AE KBRS TREENG L, IS HAEEZRr31EH.

B

Q FRERE S EEZEFH Python WIEREARME, WIS HARF 45 5 24 % ELE LB
fr AT RIE R,

QiFERMNREIXB AP RSP, WREREFE MR ZE, IRERN
ZIX A

Q i iffelse &iA, ZH A or 5 and XA 1) Boolean #AFEAF 5 MUY FR A H M
T b

B 5% TUIRIFSIE Irik

Python &4t T —FHEF IV R/ MR B, XA R (slice) “H#efE, HEHAH
REAE 0 5 b 7 0] e 7 0 o A R ST BT R T4 . R SRR AR, SRR PN LAY dist,
str 1 bytes HEATYIE] . VIBHRVEL T LAREMBSCIL T getitem  Fl _ setitem X F4>
YER AR Python 2K | (B AR 28 &%),

© AEARSIRIREN, ABUo A ONI#E, .

EHEE
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VI HEIBAE (3 A 5 3k /& somelist[start:end], For start (RRIART|) Frig =S
HEVIRIERITERN, 1Ml end (5REKS]) AR TENA GBS R h,

a=['a', ‘b', "c', "d', ‘e', “F', "g", 'h"]
print(‘First four:', a[:4])

print('Last four: ', a[-4:1)

print('Middle two:', a[3:-3])

>>>

First four: ['a', 'b', 'c¢', 'd']
Last four: ['e', 'f', 'g', 'h']
Middle two: ['d', 'e']

RN RIS Fr, IBRAELE start IPHEE b 0, MRNMIZIEEES, Xk
(MEEp b S S

assert a[:5] == a[0:5]

R — HERFIGIRARE, A% end B2, FANEMES T, HEEA.

assert a[5:] == a[5:1en(a)]

fEfR eV R IERT N, A ENSIREMEFGH, W] AR RR WS
o WRRAT T X ST ROk IIRIZIR, 82 BV R R A AR i A A RE S 0B (9
FRIERE. fTRXEGERASLSAERT, FrAEEHERFAERD P ROHER.

a[:] # ['a', 'b', 'c', 'd', 'e', 'f', 'g", 'h']
al:51  #['a', 'b', 'c', 'd', 'e']

af1d  # ['a’y "B, "', "0, 'l PN Yo'
al4:]  # ['e', 'f', 'g', 'h"]
a[-3:] # ['f', 'g', 'h']
a[2:5]1  # [*c*, W, "e']

a[2:-1]  # ['e', "d*, "', 'f', "g']
a[-3:-1] # ['f, 'g']

DIEIZIRNS, RE start 3¢ end R WA Ll m 8, FIHX—FE0E, RATATIA
PR A AT S B B K BES

first_twenty_items = a[:20]
last_twenty_items = a[-20:]

RZ, ViFFIRPHEBENTERE, FRARBR, GNSFHRH.
a[20]

>>>
IndexError: 1list index out of range

© bR REGZFFITT ki o MESCR R A n M. —F#H
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’ﬁ WEE, WREH AL BN start K5 RWEFI K, BLERAHNERLT, T
B HABEHER, Ao, somelistfn] XMFAER, ZnAFIHTUEH
EES, Yn k30, somelist[-3:] W EFREH M., AT, UnH 0w, %
7k X somelist[-0:] | B& T J& 7| & 0§ — fr ¥ L .

XFEFRBFTNEIZ G, KFERI—M2FNPIR . RERRYE B 1517 RS
PEAXRIGI M FEVIFEERIH R Bt rigd, AeiEnilEslZk.

b = al4:]

print('Before: ', b)

b[1] = 99

print('After: ', b)

print('No change:', a)

E:;ore: ['e', 'f', 'g', 'h']

After: ['e', 'g', 'h']

No change: ['a', 'b' ety Md®; Ye¥; "', "g'y, "BV

TETRAFL ST X 2003 2R Al FH VI B4, S0 3 v A A 45 5 0 TRl P 1) %o G 8 48
fl. S7c4 (tuple) AIIR(E (U0 a, b=c[:2]) ANA], WU R B CFR BT A A EORSE . (7
FYI R B2 AT B2 5 AR AR R B ANAE . § e AR T BT B BRI b Tk sl

print('Before ', a)

af[2:7] = [99, 22, 14]

print('After ', a)

>>>

Before [la'll lb‘, IC', ldl, .el, lf:l, Igl' Ihl]
After ['a', 'b", 99, 22, 14, 'h']

AR REERA A MBS R IV, WSV A R IR RS #R =, st —
B JE SR AIFE DL

b =al:]
assert b == a and b is not a

QAR XTI ERRAE A S RAE Y )y, AR R LR, ARG SAAM
MRHEE 0, IFAXOE VORB S A MF RN 2, TIASTR MO 5%

b =a
print('Before', a)
a[:] = [101, 102, 103]

© Yn%T 18, WATLLEREE, —FHE
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assert a is b # Still the same 1ist object
print('After ', a) # Now has different contents

>>>
Before ['a', 'b', 99, 22, 14, 'h']
After [101, 102, 103]

2R

O AEGZRIAIS: 24 start K518 0, Bend REUAFINKER, NiZRHA

Q AR AEA T start 15 end RGBS, X IRATIRE S BURE ¥ 51 (4
Hil i B S e, X TS R R0 8RR (AN a[:20] BR a[-20:]) .

O Xt list BRELE I, QnSRATAIDIF#fl, SIS0 2 b A AE A S FE N (R
B E, BIEEA] A BEAR AR IR AT AR

$ 6 5: FENRYIEEN, AEIHSE start. end F1 stride

B TRAPYI FE (WA 5 4&) 25, Python 424 T somelist[start:end:stride]
AN EE, VSIS HATH, WENE n MuRBEER 1 k. #lin, TLiHs
SEAHHA (stride), EFIFRPALTEEET A ERT I ALHTTE S R4

a = ['red', 'orange', 'yellow', 'green', 'blue', 'purple']
odds = a[::2]

evens = a[l::2]

print(odds)

print(evens)

T_'>'|>“ed', 'yvellow', 'blue']

['orange', 'green', 'purple']

[ REAE T, KM stride BTV A}, @FHAAFS ISR B,
Python 1 —Ri ¥ WWHIE TS, REMSHE LLFHWIB XAFMEA 4T 8 R et ke, XNt 2
K -1 eE .

X = b'mongoose'

y = x[::-1]
print(y)

>>>
b'esoognom'’

X P IGXHE AT R ASCH #4554 H L, HEXE 245 UTF-8 75 8 A Unicode
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FRORUL, M2

w = "dHH"
X = w.encode('utf-8")
y = x[::-1]

z = y.decode('utf-8")

>>>
UnicodeDecodeError: 'utf-8' codec can’t decode byte 0x9d 1in
wposition 0: invalid start byte

BT -1 Z4h, HAR) 3 EA A B W7 & N s T,

a=/['a', 'b', 'c', 'd', 'e', 'f', 'g', 'h']

a[::2] # ['a', 'c', 'e', 'g']

al::-2] # ['h', 'f', 'd', 'b']

Ef, 22 FoRMKEIFLR, BHDILEER 1, -2 WFRRNBEITSE, [
AR, M ITRBiE—1

22 BHABER? —2:-2, -2:2:-2 F12:2:-2 XEHAEB? EE T RBHEF.

af2::2] # [

a[-2::-2] # [

al[-2:2:-2] # ['

af[2:2:-2] # []

W EwEJLAMEF T AE . UIEIFIRA, WRIEE T stride, AFACHS AT GBS AR
BA Y S fE—XP PSS BE |3 N B IS, Wi SBUCEELIbE, X
FRE P15 start Al end K51 A9 SCEISEM, Y stride R TAERT, JOH A,

T R A R, FRATTAS N % 4 stride 5 start Al end B 7 —ig, @R AEEH
stride, BRWLR B R FE(E, [F0F4 0 start Al end R5|. R —EERL S start 3 end R
SR stride, ARAEHEAMAEHAD R, EUI#SRRATENZR, REERD
Ar i bR W) E

b=a[::2] # ['a', 'c', "e', "g"]
c =b[1l:-1] # ['c', 'e']

XA, FAGEE DB RIS, SRRl — 0 R R DL,
PATEE— R UIHEIRAERT, NOZR BRI EE P RR T . WRAR T & 0088 3 AT
i ) B P9 A7 R A BEOR AR H 4%, ABCRRER MY Be D, ARshi# 2% I8 Python A
BHR itertools Bk, A A islide Fik, X NHEARIFN start, end 5L stride $5
ERE (SNARE 46 &),

© WATLUEHISE IR, FEebEIEl. flin, b=a[2:6];c=b[:2], —F&IE

y €
l’ lel
Ll le

C
g,

'y 'g']
ICI’ lal]




%1% M Pythonic HKBE ++ 15

ER

Q BEA start il end, XA stride VIEHRME, FTRESS AN TE#

Q K& stride AIE%, HANH start 5§ end 5| A UIEIERME. &6k % H g
ftf stride..

Q 7ER—M R #EREN, AEERHE start, end i stride. W15 S0 75 AT
FhidE, IREEE ok HARfd o MBS ), Hrp—&KE0ERIE, 5—%M
A UIEl, s BN E itertools B Y islice.

£ 7 7%k HHRHAE S R IUAC map Fil filter

Python ffit T — Rk ki B3k, nT LLHLAE — 03 5 FER W45 55 Sh— 0y . X FhaRik s
P& A list comprehension (3)FRHMET) . fltn, ERIRPEIITRI VI EBES — 5
I WURSRHIFURMET AL, AL [R]85 1l V58 51 e e B Bk AR A5, 1A
Fat B P aA JT R BE BT 9 2k 2.

a=1[1, 2, 3, 4, 5, 6, 7, 8 9, 10]
squares = [x**2 for x in a]
print(squares)

>>>

[1, 4, 9, 16, 25, 36, 49, 64, 81, 100]

BrRAEZ IR RA — S8R sk, SN, XFRRAFERRDR, JIREFELANE
) map PRECHE 1 BT . NS map, ARELEQIE lambda pR%L, DAEIHEFFIEP LA
TUEMME, XA AL,

squares = map(lambda x: x ** 2, a)

P FRHEF AL map AR A J%, LI EHESIEFESIRBMITR, @154 RAE
SIRAZALER B RER . B, EtE-FrERy, 3R0TRETHEARETT LR 2 fF
HERAVE AR AIPIRME SR, B4 R EIRIR G A A& Rk BT .

even_squares = [x**2 for x in a if x % 2 == 0]
print(even_squares)

>>>
[4, 16, 36, 64, 100]

HENER filter AT map 456K, MEBRRFAFNZR, ERBEERIER
XA <
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alt = map(lambda x: x**2, filter(lambda x: x % 2 == 0, a))
assert even_squares == list(alt)

F (dict) S8 (set), WAFPIFLELIAMERILS] . 5i5REN, o]LLETXE
e S HIL A G AT AR AR A 4

chile_ranks = {'ghost': 1, 'habanero': 2, 'cayenne': 3}
rank_dict = {rank: name for name, rank in chile_ranks.items()}
chile_len_set = {len(name) for name in rank_dict.values(Q}
print(rank_dict)

print(chile_len_set)

;Z? 'ghost', 2: 'habanero', 3: 'cayenne'}
{8, 5, 7}
T
Q 5l i 5 2 N B A map A filter sREUTE M, B hE LTSS lambda £
ﬁito
Q FFHE T T LAk i A SR P A e n 2, SRS map Sk, ABHE LA LA
filter /7 RESCI

Q TSR SR R E

B8 5k AN FAMAUL B ] R HE S

B T HEAM A (SRAAEE 7 4&) 25, SIRMESWSFFZEMIF. filin, Zi
MR (W REETIRNIIR, M L4E5IR) MAR—4E51R, fFHRA R BITHEE
BCAFTFI R REETCR . XD IIRER A S for RILA S RMEFRIATLI, X
8 for Tk otk M ZE A A PFAS o

matrix = [[1, 2, 3]! [4! Sr 6]1 [7| 87 9]]
flat = [x for row in matrix for x in row]
print(flat)

>>>
(1, 2, 3, 4, 5,6, 7, 8, 9]

FEXAEF R, R BRI SN, B M B EFBIRNE
B, IRERAR SR A R QA MR R HSIR. Blin, FATZXN et
BN BT IO T, ARG XS A AR M . o TR X s S, BT
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VASEILZ TN RE RS 2 b B BIFS TR 2 — o1, (H 2R AHERRAR .
squared = [[x**2 for x in row] for row in matrix]
print(squared)

>>>

[f1, 4, 9], [16, 25, 361, [49, 64, 81]]
IRFA X BILA — 2063, RSN FMERR SRR, KRB E TR T
*E, ARRBEHEE L&,
my_Tlists = [
(f1, 2, 31, [4, 5, 611,

# ..

]

flat = [x for sublistl in my_lists
for sublist2 in sublistl
for x in sublist2]

ATLAE Y, B B9 R A I 8 Ol A B E E . TR, EEUEER
TEFRE AR BRI RBOR . B TIERINERFAE SN, S L REHIIRES
PR/

flat = []
for sublistl in my_lists:
for sublist2 in sublistl:
flat.extend(sublist2)

S Fe e Tt SCRF A if 28 F . ALTE R — RGN i) ISR A, At 2 1] BRIATE
W and RikxCo BN, EMNBFFIRPEN AT 4 KEE, BT X PRI RAES 7
FRFR

[1, 2; 35 4; 55 64 7y 8; 95 20]
[x for x ina ifx >4 1fx % 2 == 0]
[

a
b
c x for x in a if x > 4 and x % 2 == 0]

AR for TR S5 HHS AT LA E 2. Biln, %Mﬁﬁ%*%%“$%%
A3 ER, HEFTETMS TR ZAM XK T T 10 Moo ki, AT T %
R ER AR, ST HPRESRCBLIIRE, HR, SRR AR# XERE .

matrix = [[1, 2, 3], [4, 5, 6], [7, 8, 9]]
filtered = [[x for x in row if x % 3 == 0]

for row in matrix if sum(row) >= 10]
print(filtered)

>>>

(re1, roll
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REZXNOIFHMAE AR, BELRHES, Lo hAXME LEYUPES
ISR TR EIMIE L . BHBINEWRFR B A5 X & =T 1R
o PR AN AR AX BN . XA BARAES FILATZR, (A SARIAM
BEARHS B A H AR K s

TEFNRMET P, BEAZEHMALL ERREA . wTEAERPIA 20 P EIF R
— AR AR . IREG RS X R R, ARSI 8 i if A1 for i
], HFGEHRIBI R (S WA 16 ).

B

Q FIRHER SHF LRI, GRS R B TR
O M A~k R TR AR R Y, P2 G

B9 2% MR AR AL AR S Bk R K Sk

FIRHMES (BUARE TH) MR EESIES, NTHAFI TR IME
HUl, TIREAREAIE(E —TUT R RHIIR. A BIBE LD, AL HihE,
(HAREA RBAEAR R 2, AR ENT, I SBHEF il .

BN, FEER G SRR A TIO P AT R AR SRR, TS
—ATHIR BEHRAFENA T . ARSI R, BORE id oAK LR network socket
(PIZBERET) RIZH, ABAXFIIFRME TR A, P HE X BRME T, HiE
EALERD B A

value = [len(x) for x in open('/tmp/my_file.txt')]
print(value)

>>>
(100, 57, 15, 1, 12, 75, 5, 86, 89, 11]

N T R a8, Python HRAIL T A i g8 F AR ( generator expression), BN
HES A A —FPiZ 4k (generalization) . 4 ligs A AE B TR, FEASHEREA
iy P ANAR R I R, W RAAERIEREE (iterator), X ANEMARERR AT AARHE A= 2%
FoR = — TR

L BB e T BT H BIRANE B E— X RS, SR T A g RiA . T
T2 B A AR RA A G WA PSSR . W XAAE T, XA as Rk s ORIE A
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i, e ZLRE AL, MASTEALLBESF BN A .

it = (len(x) for x in open('/tmp/my_file.txt'))
print(it)

>>>
<generator object <genexpr> at 0x101b81480>

PRI A 35 1] @0 A A 88 0 S50, ORI PN B next pRER, RV ol G4 AR A A
arp RO T —ME. ATRURYE A QW 2, 2 WA A UamR I AL s 2k =0k
HERGETE, AN ARG A7 AR

print(next(it))
print(next(it))

>>>
100
57

i A AR RSB ZGE AN UFAL, BERPTAEARA G . FERA TS 2HERIA A4
i ae kAR (B 3% ARSI 575 b — A e ek XA R A

roots = ((x, x**0.5) for x 1in it)

A1 B AR EACAS B AT E I, AR HEBD AR SR AR, XAk 1B, 5
PUTIERR . PG AR Xt AFe th SF 2 AR S T —il,

print(next(roots))

>>>

(15, 3.872983346207417)

T AR B A AR AR A, AT LARGETE Python AT, WAREIEZFFEAS
Bk, DABRAEAHL R ALEE , IR AR A AR A0k i, REEHE: miE
B 2R T IR [ AR AR B AR, AR5, MARREFEAT (2R
AFE 17 5).

B

Q % AR BEE B BORIT, FI3E S AT B2 A o AR Z P AE T H AR

O dE s FR MIREE AR, WTLABYG= AR (i, MIMiEESe T NFE TR 1.

Q R A AR FRIASITR R AR, HHES — A AR R for TRk
T, B HAEER,

O B 7E— R A AR A FR A AT AR R .
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310 %% : S HH enumerate X range
1E— Z A kAT, NE M range BREURA .

random_bits = 0
for i in range(64):
if randint(0, 1):

random_bits |= 1 << i
Xt F AT R B X R A R A5, AT DL A Bkt
flavor_list = ['vanilla', 'chocolate', 'pecan', 'strawberry']

for flavor in flavor_Tlist:
print('%s is delicious' % flavor)

YEAFIRMIEHE, 8 W ERE SROTRAESIRP ARG filln, BREEEE
BESTENH A C 202 KK iR, —FpIn 2 A range A8

for i in range(len(flavor_list)):
flavor = flavor_list[i]
print('%d: %s' % (i + 1, flavor))

5 i %4 flavor list 2 J& 40 {8 FH range RCHSAH L, b BeA UG A se A 6
RATABARBIN RS, FHEE TR, XFCRAE TR

Python #2437 4 & i enumerate F%L, DAY, enumerate A LA & Fh kA
RO R A A, DMERIE A . AR AR X A, o, BTE R
REARThR, J58&Fm WA PRI B T —NFFI0 R . RS R 2k %
(ORCE

for i, flavor in enumerate(flavor_list):
print("%d: %s' % (i + 1, flavor))

>>>

1: vanilla

2: chocolate

3: pecan

4: strawberry

AT LA B 4548 % enumerate PREOT LR THEUN BT AL (AN 1 JFERTHED, XFERE
M EREE.

for i, flavor in enumerate(flavor_list, 1):
print('%d: %s' % (i, flavor))

© XEABEURE—FZAR, FUR T LA 6 G S BOECT AR ok U () T 3 0 B 25 b 8 A 1 R
PHBCR, FFA—E LKL array, T, HEE
© WAREEFFEIULREMFECARE, i, AFFE flavor_list. —iF&E
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R

O enumerate PREFREME T —FKERIAIE L, T LAZER SRR3R e R RS .
O J3 & enumerate U E ARFKE range 5 T AR RIAESS & 67518 T A5 .
Q "7 PAZS enumerate $E{LSE A28, DS & TR RTHEOR Y FHAOME (BRIAR 0)

8511 2% zip PR 8] i6F ik Dy W A4S i 4GSR

T4 Python fURGAY, FRATHE W X IR LZH|3, Mixses|REM XIS, THEMHR
FEAHEORHRAY . P RS, TRE 5 B AEAR IS R Rk NSRS ) — (IR A= 2K
£ (BWAHETH).

names = ['Cecilia', 'Lise', 'Marie']

letters = [len(n) for n in names]

Xt A R AR R ARSI R, MFER TS e R Z A F K.
RCFAT R AU PR 53R, IR A W] DURYE names JRFZR MK BERIATIEHR

Jongest_name = None
max_Tletters = 0

for i in range(len(names)):
count = letters[i]
if count > max_letters:
Tongest_name = names[i]
max_letters = count

print(longest_name)

>>>
Cecilia

e s B AR Y [n] BAE T, BANESEME EEREL. H AR ViR names Fl
letters 2> A5 A 5 B i, JHAE A FAni Ui 2SS ik — 2 B 7wk, i
enumerate i (S AR 10 &) TTLUARREMIX A EE, (HR AR,

for i, name in enumerate(names):
count = Tetters[i]
if count > max_Tletters:
Tongest_name = name
max_letters = count

{ii /] Python PI'EH zip PR, REHS LIRCASERE LRI, . 78 Python 3 Y zip
PREL, AT s DL AR AR B A R As , LU RS 5 SR AE. XAl zip A= B



22 +«)» Effective Python: f5=/EE Python i3/ 59 MEXUT %

o, SAEAERESPIRPOZGEAS BT —ME, AR EEICR SOt (tuple) .
il T ik vila 205 RIBF T IEALL, XA zip 5 Hi A9 SR VI o .

for name, count in zip(names, Tletters):
if count > max_letters:
Tongest_name = name
max_letters = count

NI zip BRECA M)A

F— A, Python 2 Hiy zip JEAS R A AT, TSI &3 e (i i st
R8%, #OFATHhaE P —K, TEMGE R, TR AR AR ER T A (B R el
FEHEHR 6 T AL BT B A 5 2 57 4k bR [ 25 8 P . X Rl RS o5 R R N O S BT
Bto WHEAE Python 2 HLFH zip Sl 7 B0 SRR KR 2%, IR %06 itertools
B R Y izip BREL (B IR 46 %%).

WA, R AR RS ART], IS4 zip R AT . B
n, FRATLEY names HEIN T — 25, (HHE T X84 F 0 FEE0E EH F] letters
ZH, BAE, SR zip [ DX B 5138, AREkos A BAM a4 R .

names.append('Rosalind')

for name, count in zip(names, Tetters):
print(name)

>>>

Cecilia

Lise

Marie

M JCH Rosalind' I A AR Py 45 8K b X IER zip fyis 7. S22 a8
e ARAR T, B B, zip SEAFE =AU T . QR AR 7 AR AR AR AR
A, ARAXREAE XA IR, 90 R AHE T TR0 1 i YR A ) 3R — AR AR 51 3R 5
Ko SRR AERAS K EARR, A zip SHRATE L, OB & SEEIMILHE. #
ANBEHRE zip PR BB PI R BB ER, A% ] itertools PN E AR (1) zip_longest
PR (I PREXAE Python 2 HLIY L izip longest) .

2R
Q WER zip sRECAT LA Jy 2258
Q Python 3 WY zip A T4 MiAs, 2xEl Jhid #e rp g U™ 404, 1 Python 2
B zip M2 B AR LU SR U, I — IR MR [T R 28145
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Q GR R ER K EASE, IBA zip i B RATA L.
Q itertools P EAIH A1 zip_longest PRECH] A7 bk By 24240 8%, WA HETF
TR ERERHE (B0ARE 46 5K).

012 2% A EAE for fil while 550 )G i 75 else Bt

Python #2141t T —FP 1R 2 40 #2158 5 BB A LT EE, ARWLE VT ATEE A PN 5B i35 )
G HIERS else B,

for i in range(3):
print('Loop %d" % i)
else:
print('Else block!"')

>>>

Loop O
Loop 1
Loop 2
Else block!

AR, XA else RETEANEN AT R Z G 2217, BRsRantk, e Rt4A
Ml else WE? A4 and ? 7E iffelse i), else YRR : WRAPATRTE AR
if B, AREEHAT else B, 7E try/except ifi4] 1, except i ML : WRATHE AR try
HO&A I PAT, ABEEAT except B,

[R1Ff, try/except/else HiRANME (S WA 13 5K), LG else B 2. WE
H T 1) try BRPEAT R, IBBEMAT else . try/finally [FAEEH B, X H A finally #)

& PATIEATEM try S22 )5, SUEIAT finally 3.

I H T else. except Ml finally i) & X Z J5, Wit Python #Y#2 ¥ 5t vl B 224t for/
else 25K 1) else HRIEAR Ay . GARIEFR WA IEH PATE, IRBLPAT else B, SEFR_ LRI
R —EPEH B break i RHERTEEY , & FBEF AT else H.

for i in range(3):

print('Loop %d"' % i)
if 4 == 1:
break

else:
print('Else block!")

>>>
Loop O
Loop 1
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A — AR IR for 3 B8 [ 1 )79 )2 S 1, IR 48t & 2 AT
else H,

for x in []:

print('Never runs')
else:

print('For Else block!")

>>>
For Else block!

PIERTEIR S5 false 119 while fE3F, WURIGTHERE else $t, EWB L ZINTT.

while False:
print('Never runs')
else:
print('While Else block!")

>>>
While Else block!

HEE TG else TR TN Z G, BITSEAN: EHREDSFYH
A, XA A B flan, ZERHWRABOE S B (W2 AW ERR T 12
b, ST BA HABMALEO, W LA AT ARk 2 2950 AR D — 5, B A
WP B B BELLRME A B E R REREZ )G, TERAas ol 1. andm4
s a i, IBAEPATIEA ST, BFA S break iHAIMBEL, T2, 17
TEAG, BFSRIEEIT else B,

a=4

b =29

for i in range(2, min(a, b) + 1):

print('Testing', 1)

ifa%i==0andb %i==
print('Not coprime')
break

else:
print('Coprime')

>>>
Testing 2
Testing 3
Testing 4
Coprime

b b, BAIASXFES RS, 22 A B ek Bk SEGT3E. XAF A4 B R B
A PR WS
BB, RERAZMNSHMAE A CHER IR, mRRRR, IR
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MEAERFE R INAT T —, IEMULAZ IS BT AR, TREFEBIAE.

def coprime(a, b):
for i in range(2, min(a, b) + 1):
ifa%i=0andb%i==
return False
return True

BoMERE, HERERERZNSHESHASHOBERIFNENE. —BRE,
#H break kG .

def coprime2(a, b):
is_coprime = True
for i in range(2, min(a, b) + 1):
ifa%i==0andb%i-==
is_coprime = False
break
return is_coprime

XFF AR for/else I AT, X MRS 4R L RATIRF S LS MR 2 . for/else
5 Y else SESRALAEISSCIUAH R B9 D BE , (ERHF (R BlX B AR Py (i, 0254 1)
AU (ERE C ) BB Y 5, RGP X FP A A9TH S 454, 7€ Python F2JF
HREZEEERE AR BT, RAVESAROLAETEA G A else B,

D Python 47 #0145 5% if5 #, 7 7£ for & while 11§ B ) P 38 % 4 S 22 J5 % B — A4
else .

Q HA YRR FAER B B break BN, TAIETE M else A SHAT,

O NEAEGEH G HE else $k, R AXFMEERBEAEW, NE5T| iR,

5 13 45 OYERFIH try/except/else/finally 4544 il AR g3k

Python F2 % 1) 7 4 4b B AT B 2225 J& DA Rl (RS Lo X LeRFHLRT LLA try . except.,
else Fl finally Bk ik . & G150 PN HEA & M A&, e LA AR 2R
A (BUARE 515%).

1. finally R
WRBEEA SR B, NEERERAENPATER T, 0T A try/
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finally 4544 . XFWESHOA — T8 TR, w200 ORAE AP AEAE vT 52 b DG PA SCIF 40N (i
AR —MGE, ZUABE 43 %)

handle = open('/tmp/random_data.txt') # May raise IOError

trys:

data = handle.read() # May raise UnicodeDecodeError
finally:

handle.close() # Always runs after try:

T L X BACH S, read et H 1 75 2 ) _AEAE LS VA 7, 1 finally Herb
handle.close 70— REEAT . open Jride 20 CAE try BRANE , TRk an SR 4T ¥ SC {4t
AR (B, BTRARRZF b 10Eror), AF4FEFRNZ%Bk finally £,

2.else

try/except/else Z5H4) AT LT BT st Rt WP L6 S 2 bl B O RIS R b B, IR S
AR L —%, W wy A KR, IBAIIT else B B T 3XFf else He,
1T LU B 4a 0 try SRy 94000 &, [HE S . flin, ZEMNFAF g gk ISON #

SRR, ORJF IR 17T 4 RN T X O (1

def Toad_json_key(data, key):
try:
result_dict = json.loads(data) # May raise ValueError
except ValueError as e:
raise KeyError from e
else:
return result_dict[key] # May raise KeyError

an S EE A A R JSON #% 3, HE4 H json.loads f# g i, 2574k ValueError,
XA H 2 except BORFHHOIFALH ., R REHEMEIS, R4 else B M ARIBEMAHS
AT, ERIEERALAMCHE. ARNEARY, WixRESm EE%, Bk
TR AIEATERI A IR try SRETEFE N . X Fh else 5], 238 try/except Ji i (1 N 25 F1
except A G XG0 FF, (555 (A4 A T A A5 45 58 0 37 0

3. \RAEA

AR EAEE A ) AR L EYLABL S 2D, T8k 4 S 58 1 try/except/else/
finally 4514, Ban, MO R BRI 55 (0HRE B, ARBIZE %, SR ol Hh TR
. 7 SEBThE, FRATAT LA try HORREBOC IR B N 2, FH except Bk
WX try Bl BB A ARG SR, FH else B S st b B SO I 40 S 3 o ] R o LA S
W EHRA A, SRIGH finally HReyE BSCHFAIAA .
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UNDEFINED = object()

def divide_json(path):
handle = open(path, 'r+') # May raise IOError

try:
data = handle.read() # May raise UnicodeDecodeError
op = json.loads(data) # May raise ValueError
value = (

op['numerator'] /
op['denominator']) # May raise ZeroDivisionError
except ZeroDivisionError as e:
return UNDEFINED
else:
op['result'] = value
result = json.dumps(op)
handle.seek(0)

handle.write(result) # May raise IOError
return value

finally:
handle.close() # Always runs

RAPEERA M, FAZMRAE AR SFEREINL. B, B else SRET A
result KA AR5, finally S SCHSCOFRIRRIAR TACRS, tRARBEIAT

B

O Kit try BER &A%, #ATFIH try/finally 2 4154 69 finally ek H17i%
T A,

Q else Henl UASRAE L try B 0GR, 408 A K4 R E I R E R iE a5
try/except fCASHRFRIF .

Q FEFT try B)F, #ARMESEIREGEAE finally HRAOTEBRCAD Z R HAT, WD
XEHEAE G F) else b,

© XL LAIEA except B, P TE



Cluyxnes 2 : H2E

Python F2/7 51 & o4l AR T B, s REL (function) , 5 HABSFEE S
1, Python HYpREHL AT LA — KB F 43 BULAS/INER 4, BN/ N BB AT e — 28, X
FEASRT LIRS S B i, T . pREOA & A S A 424 T 52401,

Python ' () R ECH TR VLR, REOETILAR Y 02 A4 e L0E . BEubd Bt 5 HoAh g 72
EE R, 52N E Python JHA 1Y, XU R ABGS R W R B ZhRE . WD 2L
VAT B B R T B, e nT DUA g By kA e B S T A R bug.,

W14 5 JREOHNSRORBE RPN OL, i A 25K 1] None

a5 T H %k (utility function) B, Python F&F¥ it 53X 45 None iX /™ iR [FI{E I T 45
R o X AMA R REHA ., Blin, EREHRBIRE, THRMEHBRAR . ERRECH
0 HITEGL T, THAESS R BA S XA (undefined, A& XH), B PAMELF R %R (0]
None,

def divide(a, b):
try:
return a / b
except ZeroDivisionError:
return None

P PRSI, T LR T AR AR AR 14 2% [ A 7 1 i 135
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result = divide(x, y)
if result 1is None:
print('Invalid inputs"')

TAIE0, REARER? AT, MRS, BATHEERIR 0.
e if SRR A R X R A R, S BRI, FATATREA S L TR
PRECHIR [BIE 754 None, MHRSERE: HELR[E] 75 False FFRMI2 545 R, HiM
RRECEEE T CRRIBRIE, BERARSE 4 %)

Xy y=045
result = divide(x, y)
if not result:
print('Invalid inputs') # This is wrong!

An2R None X MR EME, XfeRECAREHRE X, IATEGS Python AN TE FHiZ e %
W, BARES L EmxFh R, Bkel W, 2 R%0R [l None, AIRESH R EMAS
SRS . A PR INE T A X R R

F—Fhanik, RHR EMESFS RS, IR oo (two-tuple) H. o4l
HAPILER, RRBRERENY), ETRMNIBNILE, AREEMNZRESE.

def divide(a, b):
try:
return True, a / b
except ZeroDivisionError:
return False, None

VA % PR N5 ZEARATIX AN 0 o L8 (A T AR IE ST A P Rz HAR S Y
ARASTCE AR, 1A RERMBTIRAE ,  ELHARYRATBR 45 R A W7 o

success, result = divide(x, y)
if not success:
print('Invalid inputs"')

[RLEAE T, 8 AT DA LR RO 2 PR A, B2 5 Bt Jo L 2R — i
( Python F2J¥ 5t A R A E R F R AR R ) . BHEE HORIA, & LT
B, (ASEPR b, HUFE$ER [P None FYBRFMESLA & AH RIS R .

_, result = divide(x, y)
if not result:
print('Invalid inputs')

BRIk — AR R AR [B] None, 2B RS —2%, (H154
HE DB E . AFH, 8 ZeroDivisionError # 4L ValueError, VA& B
25 B B A B TCAAA
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def divide(a, b):
try:
return a / b
except ZeroDivisionError as e:
raise ValueError('Invalid inputs') from e

BAE, VAHE T EAH RS A GRS UL 55 T XA R H T,
EEAIRICH, SHAE 49 4%) . HE LT R AE RPN R B iR BE, B

U R eREEA M R, R IAME AR ER A . XS R A AT,
BT

Xy Y= 5; 2

try:

result = divide(x, y)
except ValueError:
print('Invalid inputs')
else:
print('Result is %.1f" % result)

>>>
Result is 2.5

B

O A None iX 4™ [BME R Rm Frok BRI R 8, RE S @ AMF LS, FN None
O RZEFREBRZRIE, ERAFAIEEZIFE N False,

O RBTEBBIRFRN oL, ROzl 75, MAZR[E None, 1 2% R 5L
HISCES TR 50 0 205, B2 2 4 5 AR L AU R AL B EA T T .

15 25 1 PR A P AL LA T S ERL A Tl v £ A8

B — 63k, HARTRMRET, B, i, 2
HABHNBCF, MAERASMOTRLER T Z /T XA AL b P A s ol &
BE, FATAT LA A IME B0 T R SO S A SO S s A A A A AT

SCBIZINRER—Fhd WAL, JETEVAHFIFRAY sort Trikint, JERERD AL 4 key 2
Boo DAMHBYRBORIR RME, K2 R E S R b TR BB . 4l B ek 80T LUK 52
MICR R A TR P, IR AR HER 87 (sort key) o

def sort_priority(values, group):
def helper(x):



ToE R O e AN

if x in group:
return (0, x)
return (1, x)
values.sort(key=helper)

XA PR ERREAS E X g B AL

numbers = [8, 3, 1, 2, 5, 4, 7, 6]
group = {2, 3, 5, 7}
sort_priority(numbers, group)
print(numbers)

>>>
(2, 3, 5,7, 1, 4, 6, 8]

XA REZ I LARES IR s e, 2EET O = EA

Q Python SZHFFHIL (closure) ; ML JE—FhsE SCIESEAME B b Ay s g, X F ek &
ST ABAE R di 1978 i . helper PRECZ BT LARERS 1717 sort_priority ¥ group
S8, TRHAE T 22 M.

Q Python ) BREUE — AT 4 (first-class object), k2 UL, FRATATLLEEES| oA
B ERBURAS R JERECY RS Bl s HoAb R, IRl Rk R if 1R )
XFILHEAT LA AN BT, 595, T, FRATATEUE helper XML REL, 154 sort
Ty key 280,

Q Python fiff FAEZR B LK HeAL PN TCAL™ . B8 S B S el FAR R 0 AR
JLE, WRME, BB TR XN TR, WREEME, IRk i
THRA 2 XTI

X/~ sort_priority PRELHIR B —TF, #UELF 1, ENZRR—ME, HXRFER

R P i RS R TR B R T, AR IR, AT AR X R [I{E

AR AL, ARIXAERITIRE, BREEF R, BRI eRBOE A ek %, REEEF

W 2 M TR ANFERF LN, IR AR WE R BRI e B R e E, DA PH L R h Bl

WAPREA R, SRI54 sort_priority PREGEEZE A AUBEIB A PREAE &, RIS TR .
FATHERT m X R AR ik

def sort_priority2(numbers, group):
found = False
def helper(x):
if x in group:
found = True # Seems simple

6 XFMMLIEHFRASIRZ A . —FF
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return (0, x)
return (1, x)
numbers.sort(key=helper)
return found

FHRIA DR Ledm ARt , iz f ik~ sk

found = sort_priority2(numbers, group)
print('Found:', found)
print(numbers)

>>>
Found: False
[2, 3, 5, 7,1, 4, 6, 8]

HEFP 25 B2 XA, {H2 found (EANXS . numbers HL ] ) 3 26 85 7 i 5240 & 7E group
W, AR RER [ T Falseo, X A4 WE?

TERIA b5 | A REAT, Python ff BEARIEFi an U ki 1 &5 AE IR, LAS# AT 5 |

1) TR BRI

2) HEAT S EE TR (o0, 05 S i pR AR B At RS o

3) ALE YA AR IR B VE S (o] & JRPE IR, global scope) .

4) NEMEHE (RS len B str 25 B IRANE L) .

AR b T 3k e )y FR A T Sk B FRARAT AR R, IRt NameError 54 .

s AR, A FTARE, Y RIEREIN O & SCTxAER, IR A%7E
RS BARE. A YATE A A X A28 R, Python WU 24 vk kB 40 2 1% 748
BRIYRE o T E X Ae i, HAE PR 60 & A R AR 13 1 R 8K

T U A X AP RAEL AT R, P DA B sort_priority2 pRER R [FI{E A RO R A, K
found 5 5 RAE A True, J2AE helper AL HEHFATHY. T2, PPk RERRVE, B
4 THE helper PIE X T 444 found [RFIASEL, AL, sort_priority2 HHAYHRA found WEEL

def sort_priority2(numbers, group):
found = False # Scope: 'sort_priority2'
def helper(x):
if x in group:
found = True # Scope: 'helper' -- Bad!
return (0, x)
return (1, x)
numbers. sort(key=helper)
return found

K o ] RELAT s B APR38R bug © (scoping bug), B AT fE£:{fi Python 7851 H 2K

© RIYERE bug, —FHTE
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HAEZ, Python i FH RS EX ALY . IXHEMAT LIRS (- sl b 64 ey A2 Bt T5 e sR B A b
T AR AR o MR ANAN I A, IR 2 o B N IR AR AT, AR 2l S R R ) 4 )
YERI . IRREA BAHREL, 1 H i T2 a8 i id 2 5 A ™ 432 HAE M, BT LAw]
BT | A XELATR A (9 bug.

1. IREVAE ARYEEE

Python 3 A5 —FFFR A0S s, BEMEARIBCPA G N A% . F-ATT7T LA nonlocal 4]
KRR, Wit AR BIE R, NIZE FEERShARZE R,
nonlocal fAME—FREIZE T, ERBEREMBIBIERGE S, 20N T Bi kBT 34 /eI

i ] nonlocal e SEHX A pREL -

def sort_priority3(numbers, group):
found = False
def helper(x):
nonlocal found
if x in group:
found = True
return (0, x)
return (1, x)
numbers.sort(key=helper)
return found

nonlocal 5 /AJ75 AR A0 SRAE A AL N 45327 BE AR, 005 2 46l i) HE S 2 AT . b
ABASE RS b R . X5 global I HONAMSE, global FHR/R XHZAE it AR (E4RAF:
2 HARAE SO HAE RS (R 6

SR1MT, nonlocal 23R4 RAERAREE, MR, Tl BEUORFE RAEHRH R H A
PR L X AL . nonlocal Y RIVE IR MEIEER , JUHORTE UK BR8P, B
A5t nonlocal 1/6) AT fEAME %28 BE MY IRAEHR A B 15 Lo Ascim, AT S A A B it A
il i

AR {8 nonlocal IR, CABGEBORMEZ:, IERLZRAHICHRE R
i B2 (helper class) . T i X AI3X N2, 5 nonlocal firik LAY SHREAEE]. B B R
AR, HEMFERMAYNES GIhaE MM call  WRHINE, HEESAES
23 %)

class Sorter(object):
def __init__(self, group):
self.group = group
self.found = False
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def _ call__(self, x):
if x in self.group:
self.found = True
return (0, x)
return (1, x)

sorter = Sorter(group)
numbers.sort(key=sorter)
assert sorter.found is True

2. Python 2 HFEYE

AL, Python 2 A 32 ¥F nonlocal X8, A T LR MMINEE, FRATFHEH
H Python B9 1E FHISHL IR il . X AMBGE BARAS K OUUHE, (HEZL M T —FF Python %2
E‘Iﬁo

# Python 2
def sort_priority(numbers, group):
found = [False]
def helper(x):
if x in group:
found[0] = True
return (0, x)
return (1, x)
numbers.sort(key=helper)
return found[0]

BT L BRI B, Python BEf# #r found A8 B 19 M AT(E, T2, B ENIA
PRk B SN, 7 ERERBIP AR AR R, EYEREUR Y found 2F &R
SR, HTFHRASGETTIE R (mutable, AJ7ZEH), FrLAZKELE]X A found 51|35,
FATBL ] LIZE A 40 B il found[0] = True i&%], FAEM found AR . XL ZH Ty
) B

A AR AR BRI (dictionary). 4 (set) SRS SLHINT, X ALY
Rl AEE F

2o
Q X T SCAEREAE FHI A B P Ak e, B AT LA | X s sl i AR i
Q s A BRIA T A% P P9 AR BERAEL, A5 o LA RS ep 9 [) 42 728
Q 7£ Python 3 H, F&JF o] LATE 424 H nonlocal i) KB 2 FK, iz a
RESE A o BEIAE R R i [R] 24 A8 i
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Q 7E Python 2 1, FEFAILAMEFIIZE(E (Fltn, EE&BANTEMINR) RLHE
nonlocal 15 /A]#H {5 I HLH]
Q B T AR e i 4 i pR &, REAZEH nonlocal i57] .

016 2% 5B A R AR e ELAER ) 5] o i v B

YR eR BB 7 e — R BN GE IR, R o A R A Ak 40 X B 45 R A — 13 51 %
B, IPRHEESEAE. flm, RONEENFRHPPENANE TR, ERN TS
BRAE. THXBAAT, M append 77 KX 261 A9 & F B R 5 HRINE result 51 FH,
F A PRECES R K HoR [ 45 18 I

def index_words(text):

result = []

if text:
result.append(0)

for index, letter in enumerate(text):
if letter == ' ':

result.append(index + 1)
return result

ARG, LR R RS IR B 1

address = 'Four score and seven years ago...'
result = index_words(address)
print(result[:3])

>>>

[0, 5, Xl]

index_words PRECA PN

B AR, XBABE A M. BRREFNEE, A append J7
o ERATEENZREN, FFARRIT resultappend J7 LA, R EATIE
R EARAME, BB index + 1. 7H4F, REEHEBEEA 17U AR 2 KR [F
result 513, T2, 7ERBCEMEIIIL 130 MR (RitEBFEM) B, FEARER
154

XA RBE A A% (generator) RH XEHf, A AR yield Fik=Un) sRi%h
PR AR R, B ASEMIETT, TSR PR, SRAEXERLS EimiE
R E 9 next BB, BEAUAR A ARARHERER] T — 1 yield Rk UIRE , A RAHER
yield % —/ME, #REHERIRELTEHE .
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THEAEX AR R, 7 AEFRA R R B R BOR -

def index_words_iter(text):
if text:
yield 0
for index, letter in enumerate(text)
if letter == ' '
yield 1ndex + 1

RN RBATERET S result IR TS, BTiH &R LRIAIFE ik
HMWIFS. IR result FIRFPHTR, RAERDHEL yield RIEXT . WHIZAE
AR BT AR [ RS, FTLMES IR list BREL, LUK IFEEATIR (KK IR
ZRAEPHEIF).

result = Tist(index_words_iter(address))

index_words 58 — IR, EEREIR, BAEMALERERESIRER. W
REARAEN K, BLARTFHA TREINFIAB. Mk, FERBE GG,
TWIAT LA R A€ B A 4 A 88

THE XXM ERS, SAXFRRRKEAZTHE, REEMEEETH
HIBLIR], FFPe A MR G R . KRBT BT RER NFE, R SRAT A M ) B K AT B0k
REo

def index_file(handle):
offset = 0
for 1ine in handle:
if line:
yield offset
for letter in Tine:
offset += 1
if letter == ' ":
yield offset

BT AR R, L AE A AUFOR AR AR

with open('/tmp/address.txt', 'r') as f:
it = index_file(f)
results = islice(it, 0, 3)
print(list(results))

>>>
(o, 5, 11]

B SCX AR AR R B, ME—FEEERE: REEROIRNERE, BE
REH, FAERNZREZERAE (BREHE 175).
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ER

O {6 A A A HEAE AR B B9 45 R332 BLIR (0145 9 FH 2 SE s o o

O by A i 25 oK BOITIR [ AR AR AR, AT LUE A iR sRBUA T, 1243 yield Rk
AOARLEAE ,, U= ok

QiR ARA LK, LR E— R, Fohx ARG HE,
AR EAEPAT IR BTRER A FE -

BT % AESH EmERR, "B

WRRFEZ N SHENNRYIR, BARETRBEEXFIER L EERER. F
, BHrHTREE Texas Helif I AR, BRIZEERESERE S MRT A ESERMRN (f
CRBEAEAN) . MEEG I REMBEATRIEM AL, S5EFEHHNE S .

Ak, FEGERMELRE (normalization function) ©, EAIEHTA M AENE,
LK BRI B8 ARG, AN i Z BER LSS, LK i B & /Y
He Al

def normalize(numbers):
total = sum(numbers)
result = []
for value in numbers:
percent = 100 * value / total
result.append(percent)
return result

AT BRI —RPIRE, R4 Rs, WLMERIEMER,

visits = [15, 35, 80]
percentages = normalize(visits)
print(percentages)

>>>
[11.538461538461538, 26.923076923076923, 61.53846153846154]

AT RAEHI N AT, BAEIE Texas B30T HIUWF 2 HUBE — i SO B i, AR
JE MZ SR B . T X E WL AR A it F e R MR, ITAEEEXT

A AR REORSE B ThiE, DAERY G R B F B R BRE Fi (S 0AH
$F16%),

© WHARIEMAA R B — R, —FE T
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def read_visits(data_path):
with open(data_path) as f:
for Tine in f:
yield int(line)

FAPEERE, DA RCARPTIR B AR AR AR A S8, >k FH normalize, H1EA =4
(ERCIELE N

it = read_visits('/tmp/my_numbers.txt')
percentages = normalize(it)
print(percentages)

>>>

[l
HBX A OLRI R TE T, AU R ek —5e 4R . 74l Stoplteration 54
AU B A LTSt U — 5, RASALIRE.

it = read_visits('/tmp/my_numbers.txt')
print(list(it))
print(list(it)) # Already exhausted

>>>
[15, 35, 80]
(1

it X B, RATEAT A B — TR, . EE2M%EN°%
RS L4k Sk AR, ERA S for fEFF. list #9154 DL S Python FrfE A B (1) 3L
fliF 2 %k, #OANTEIER MEtEd #5224 n] 6B H B Stoplteration F %, XL K%K
BIMNER XA AR B A W E, EEASkERNE, ARECEHET.

MG R) L, FRATAT LA o ARG RAE— 513, W E R 2N A ERE
—k, HFEWMBXMIIRE, RiE, SHoTUERHHORMBIESIR EmEZRENRT .
XA REATIEE, SRIA#) normalize pRECHIE, FUE'E S 306 & A X B~
ERER, /Ol —5

def normalize_copy(numbers):

numbers = Tist(numbers) # Copy the iterator

total = sum(numbers)

result = []

for value in numbers:
percent = 100 * value / total
result.append(percent)

return result

XU A FH Az A IR [ (26 1R #R 4% 45 normalize _copy, BURE/™ A IEWAZ5HE T .
© exhausted, HWFRHEFERM., —FFHE
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it = read_visits('/tmp/my_numbers.txt')
percentages = normalize_copy(it)
print(percentages)

>>>
[11.538461538461538, 26.923076923076923, 61.53846153846154]

XM EEREET, RIS ERS, TRESA KRR AR, MiTE
PP S A CAR A B R PR S N A7 I A B . — Pl e ik Rl i S HORHEERZ 73— 1R
B, BA-RBEYGRME, #PEER EETAEE .

def normalize_func(get_iter):
total = sum(get_iter()) # New 1iterator
result = []
for value in get_iter(): # New iterator
percent = 100 * value / total
result.append(percent)
return result

{#FH normalize_func pR ¥ IF 4%, 7T LIME A lambda ik, ZFAA2VH A4 M
fiw, LACEERHEREE ™ A B R AR

percentages = normalize_func(lambda: read_visits(path))

XFPINE AR BHE, (B2 B X L% lambda BREL, HRERBAAE. LANE
I, WREA MR ROROR, AR g — Rl S B AR UM (irerator protocol)
IUESS 128

Python #£ for i K AHSG RN i I P 4R B A, U EAREER Nk AUAR B
W FEITIEML for x in foo X AFEAIER]ET, Python J2PR L2 ¥ iter(foo). PI'E AY iter
PRBOL 2R ] foo. iter  IXDFBRJTIE . BT AR [MEARAR M &, AR R AAAR
AL, WSEB T AN __next_ MIFFFRIT L. BU)E, for FAMMSTEZEANAR XA 18 2 & A
FAPE ) next pRE, B ZHFE/RI=4: Stoplteration 5 .

XUTER R A, HEP L, ARESHCHMEE _iter kLB A liAr,
SRR 2 FREOR . FHE LT LB A28, AR A SO o IR 2 03 -

class ReadVisits(object):
def __init_ (self, data_path):
self.data_path = data_path

def __iter_ (self):
with open(self.data_path) as f:
for line in f:
yield int(line)
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XA RIS, AL EEESF IR normalize pR%L, T FEMES, Bl IE%
iEfT .
visits = ReadVisits(path)

percentages = normalize(visits)
print(percentages)

>>>
[11.538461538461538, 26.923076923076923, 61.53846153846154]

normalize PR ¥¥ H H9 sum 75 152> 8 i ReadVisits. _iter , AT 75 21587 49 2% 40 88 %f
%, TR BUE BT AR for 7838, ST iter  , MR 2] 54— 87 AR
AR, BTXWTEASSE BRI ERT 8%, FLIEiIE LA £ A
Bl . XFTRBME—BRETET, TEZWERGALEE.

BIH T ReadVisits XA TAEREZ 5, A1 LUESFER 45 #) normalize
BREL, DAWRRIA B EHERNSE, HARENBNRA S, AR HIEXHERY
S QSRAEAAT N RAT AN E R iter REL, FAMRBSIZGER IR, K2, QR
154 iter BREUHIRANBEIRBINT S, HBA iter BREN B UL I ROER A2, T
5, TATATLARYE iter BREAIXFRAT AR HI i AE R A R RA S, WRE,
i it TypeError £5i%.

def normalize_defensive(numbers):

if iter(numbers) is iter(numbers): # An iterator -- bad!
raise TypeError('Must supply a container')

total = sum(numbers)

result = []

for value in numbers:
percent = 100 * value / total
result.append(percent)

return result

WR AT IR BRI normalize copy ARFE, LA H i A B 52 8 & Hl—
3, (BEIAEZUGEAGXLEBEE, A b EXFE K B . X R SRE AL 28 list
Al ReadVisits XA ZSE, EABNEMERES. FLZ2BHMEARFTLH A RRE,
#5 XA RPHEA S

visits = [15, 35, 80]
normalize_defensive(visits) # No error
visits = ReadVisits(path)
normalize_defensive(visits) # No error

© ¥ETZ K Python FF & L#4: docs.python.org/3/library/stdtypes.html#typeiter. BEE
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WA AN SHERERIFMARERS, RAtRBEtMH 7% .

it = iter(visits)
normalize_defensive(it)

>>>
TypeError: Must supply a container

B

O RBAEMANSH EASRERNE YL WRSHERENRSE, BATHLS
BArBERIAT A IFEE R L L ME

QO Python BIEARAR MY, 3R T 2 48 Fik AUARBLZ AN &5 iter 71 next P9 B BR %K
for TEFF AR RIAXMER S .

Qi _iter JPEEBUMAEMRAR, HIAIE X HC AL,

Q ABHWEMERERFERES, TUEZENSE, PRI iter KM, #45
AR, MRERS, VN B next R, BIAT 4 kU AT —4

018 k. BRI AR O B S Bk DR 2 R

SRBEZVENVESE (A TFXMSHEIMEE N *args, 7L XFRA star
args, BESH), REBMAREMEN, HEWMMELIR (visual noise) ©,

Blan, FE X log A%, DUELFLINAFEBATEN R, Bz ok 8 S50 5 &
EAZE, REMBHEEZE—BR B X— R EATHTEMENIER.

def log(message, values):
if not values:
print(message)
else:
values_str = ', '.join(str(x) for x in values)
print('%s: %s' % (message, values_str))

Tog('My numbers are', [1, 2])
Tog('Hi there', []1)

>>>
My numbers are: 1, 2
Hi there

© XRE—Fhe, HEREABEERAERSLA, RELPHEEAS, —iFEE
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BME R A HEEATED, RABFTEI—KHE, HAAFERLIER s, FLEA—G

=N K, XFEEBKS, XRBEREL. RIFRESHAELE ISR T LB,
A HTE Python HSCHLTNAE, W LMERGEIAMLESEETRMA *, TR, WNTFREMN
log PRECKUL, HAZH S8 message £ A LB ER, ZS850, 7T LR
REAE EAER AL B S8 REUAAT EB ek, RFBS0E R Z R RS,

def Tog(message, *values): # The only difference
if not values:
print(message)
else:
values_str = ', '.join(str(x) for x in values)
print('%s: %s' % (message, values_str))

Tog('My numbers are', 1, 2)
Tog('Hi there') # Much better

>>>
My numbers are: 1, 2
Hi there

IREEC A MR, EH1R log IFTAHERSEMREL, MAFMRRE, &1
%W%%EML*@W%Oﬁ#mmmﬁ%mﬁﬁﬂii%ﬁ§Mﬁ&§§ﬁo

favorites = [7, 33, 99]
Tog('Favorite colors', *favorites)

>>>
Favorite colors: 7, 33, .99

BEMETANMESH, SR,

AR, ERKSEAES R, BRESREMMITA (tuple). XFEK
&, WORARA * BAERFR A AR 28, RV FX T ek 8L, 84 Python BRLAZTSEHE
A A R HIA—5E, R AR T A A R —MEL, %‘BMU\JD,_BZ* XA RES
HFERENAE, HFBARF .

def my_generator():
for i in range(10):
yield i

def my_func(*args):
print(args)

it = my_generator()
my_func(*it)

>>>

0, 1, 2, 3, 4, 5,6, 7, 8 9
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HA SRAVEBH EMAGS BN BB R, A D2 RS2 *arg AWEK
SR EREEREZTHRSVE RS R BERET BB TS, FHXMERSH,
RN . RSB EERN T R RERETIE, HERAREmS .

i *arg SRR AR, WRLJEESRBBMFTNALESE, LM
B SUFR A HZ R AR L IH AR . 35 R RASEFIRAT R IF L E S8, MAE
HEA B9 S, 2 A e LRI A B R

def log(sequence, message, *values):
if not values:
print('%s: %s' % (sequence, message))

else:
values_str = ', '.join(str(x) for x in values)
print('%s: %s: %s' % (sequence, message, values_str))
log(1l, 'Favorites', 7, 33) # New usage is OK

Tog('Favorite numbers', 7, 33) # 01d usage breaks

>>>
1: Favorites: 7, 33
Favorite numbers: 7: 33

A EAE T LA 5K log IR R AR B I, XA log PREGE A sequence
28, BEZ TENSE, (E15 7 M values (HH—F4>, ZE T message ZHAIE. X
Fh bug MRMEBEE, FOVIEX BACIBAR AT LUETT, AR RE . BT HRE G
KAEH, AR A GBI 48 E 2% (keyword-only argument), X4 @
XFPEAZ *args BUBREL (A B 21 &),

B
Q 7 def i5H)H{HH *args, RIAT4 eRBCHEZBOR AT AZR (L B SHL
Qi ek s, AT LR A * BER, EFIITR TR YRV ESH, FHX
PRI% .
O XA AR * BRERF, FTRESERFRER NI o
QEC&HEZ *args ZHM KRB L HMLER ML E S, ATRES A MELIHFE R
bug.

B9 5 MR T B EORRE W ENTT A
LM S —FE, I Python FRECHT, ATILERT B 6B SR
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def remainder(number, divisor):
return number % divisor

assert remainder(20, 7) ==

Python s Y BT A (L B 24, #A LI CEF LS., RAXBFEAKEES
BUE T, FATSTERR BB A BRERIR—XEESH, UREMKR, ESREK
MSEBUE N BAEFES LGP KBFSHEFAR, R ZH R 2R A28
BESPEIEE IRl A LUR ARG TS BN ESBORTERI R B T X L
H, RS

remainder (20, 7)

remainder (20, divisor=7)
remainder(number=20, divisor=7)
remainder(divisor=7, number=20)

11 B SHLIUH e A F S E 0 .

remainder (number=20, 7)

>>>
SyntaxError: non-keyword arg after keyword arg

/SRR E—K.
remainder(20, number=7)

>>>

TypeError: remainder() got multiple values for argument
= 'number’

RGBT, R =AEENIFL.

A, UXRBFSEOREARE, BRI TRMMAEESHEMHE X, W
REF| T remainder(20, 7) XAEM A, WA LTEE T IEHZRARE, A REEH
HXFASHEE, B R, B— R & RYUH T r =0k
F, W57 Z 5 REAR 8 number=20 Fl divisor=7 %5 # IR MEB NS & Lo

KEBFSEHE AR, BATLAERECE P IREERRIAME. ERHMELT,
PREE I N X Lo BRI E R E T, 2 FE LM Thag, AT LATE & AH L
BESE . XM LIEBREENN, IHELA T,

Blan, BEiERIARRALSSRER, WIRAMSHE AR, AR LARIEH AT E &
Y R 2 Je B[R] 22 R T R

def flow_rate(weight_diff, time_diff):
return weight_diff / time_diff
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weight_diff = 0.5

time_diff = 3

flow = flow_rate(weight_diff, time_diff)
print('%.3f kg per second' % flow)

>>>
0.167 kg per second

EEFOLT, KSR H T BT LA T o AT LEE %, 7T REARAR IR 15 B
o E— IR, FEEARAINTEEE FEAERE, WL/NERORMEHE ., RFA R
WIN—A-S%, FRFoRFRE B L BE F°, BIvTRELXFT A,

def flow_rate(weight_diff, time_diff, period):
return (weight_diff / time_diff) * period

XHETHBRTRE, B R, #ESEE period B8, HMERITEITHERY
R BWR, WKREIE | 124 period 2%,

flow_per_second = flow_rate(weight_diff, time_diff, 1)
H T R B AR A B — | RATAT I period 280 LIRIAA.

def flow_rate(weight_diff, time_diff, period=1):
return (weight_diff / time_diff) * period

IAERY period 28, MR T LS.

flow_per_second = flow_rate(weight_diff, time_diff)
flow_per_hour = flow_rate(weight_diff, time_diff, period=3600)

XFPIMEER T IR A BAE. MRBINELBESR, IRFEERAKG T, B
FEL AT LASE AR5 20 &,

ERXBTFSHIBE =4, B LR —FY RRBSBWAS X, #HE
RZJ5 R EAKAR BB 5 IR IR L FASAE RS . BRITAREIBAERG, BTs
PRI INET BITHRE, XMW T 5IA bug HIHEER,

wlin, Zy 5 ERE flow_rate BR%K, (B REBMRIET R ZIMOHMER BARIT
BWE, A, RITBIM—ADTEMNSE, AURSTRERMHERAMZENRE
K&

def flow_rate(weight_diff, time_diff,
period=1, units_per_kg=1):
return ((weight_diff * units_per_kg) / time_diff) * period

units_per_kg ZEATERINER 1, R, MR ESHEBRIAE, B4 flow_rate
© scaling factor, WINHE REEBEFEE ., —FHE
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PRI AR & AT S A F B ORI T3 . 33X AT RAPRIE SRR 2 55 8 6 pR 508 FH A1
HATHERRFFAZ . MIAETE flow rate BN, U AT LU 1 33X A~ 35 49 6t o S 50k (i
FHZ R B BT DI RE o

pounds_per_hour = flow_rate(weight_diff, time_diff,
period=3600, units_per_kg=2.2)

XAE R R —A8EE, ABHERE1E period 1 units_per kg X Fh Al VLAY B F S5,
3R] LAE e B S B e kAR 2

pounds_per_hour = f'low_rate(weight_diff,‘ time_diff, 3600, 2.2)

LI B SR ARIGE TS, BEHSARRR, FEH 3600 F12.2 XK
8, HESOFRER . RENME, B—HURETREREEXLSH, TRAR
MBS HokiEE BN,

@%% tFEL *args WEH (ZFAAFE 18 %), wEEAY xS HE, 52
AWML A RDRERE, PLREZEF SR EXANTEN KRBT S
o EEAA-—MEFHNAZE, RERAAGEIX BRIV AR ENSH (B
RARHE 21 %),

Q RS BT LU B SO R E

O REFIRCESHORTE RS, AL S BOX S B & ORI, 64
B BN R W 545 et R

Q 25 sRECR BT B T 0 d, AT LA R BOME M SR 28, DU 5 J50A R R
PR R A

O AlER T 28, BRMZVCRFEARIEE, WARIZ A BESHTE
HORHERE -

%20 % JH None FISCHS T 4F HORANIE AT 2 &S BRI 5 8
ARATIER AR 2, MR S HINBAE, B, 2470 H &



HE AR, ZHEMSCH A R B REER FHE T AT, HE BT
BRI, RZOR VA log PREOIR—ZI Rt ] . WSRFEATLU A S B BOMES K
PAT R BHRRIEAY , IR RERL &S T X AR

def Tog(message, when=datetime.now()):

print('%s: %s' % (when, message))

Tog('Hi there!')
sleep(0.1)
Tog('Hi again!')

>>>
2014-11-15 21:10:10.371432: Hi there!
2014-11-15 21:10:10.371432: Hi again!

A1 S A B A L ( timestamp) & —#ERY, X ZF N datetime.now HIFT T —IK,
Wl e R AE REUE ORI IRIAT T —IR . SEBOAE, 21 EE#E ok
feesk i, AR A AR SR S gk . A X B A — Bk, 2
HOBOAE B EAZ T, BFASHRINT datetime.now.

£ Python H#7 A IEM L LS S EIAE, 8 L EERBINMER K None, FF7E IS F
F7H (docstring) HLAHE None BTN B SEPRIT AR K (B AHE 49 %K), HEH
BUCASES, QiR & IZSEE L None,  ABSEKE HA5 Ry SEPR A BRIAE

def log(message, when=None):
"""Log a message with a timestamp.

Args:
message: Message to print.
when: datetime of when the message occurred.
Defaults to the present time.

when = datetime.now() if when is None else when
print('%s: %s' % (when, message))

BUAE, 2RI B A TR B AN ] 1

Tog('Hi there!")
sleep(0.1)
Tog('Hi again!')

>>>
2014-11-15 21:10:10.472303: Hi there!
2014-11-15 21:10:10.573395: Hi again!

QRSB L PR BRIAE R AT KA ( mutable), AR#E— & Zic 45 A None fEATE K
ERYBGAE. Blhn, M5 JSON He =M%l h B ARAME. A EdRe kM, 0
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BRIR 128 i, FRATTAT BB S 2R AT WX i SR SE BRI Zh B -

def decode(data, default={}):
try:
return json.loads(data)
except ValueError:
return default

X FE R ER AN A B datetime.now 258, HI T default Z2E I BIAEH RS FEHE
PomER R —, BT LA LR LABRIATE 2R I decode RREXHUARAS, #RRFILZF—14r
F#, XE5|ZEFTFENITH,

foo = decode('bad data')
foo['stuff'] = 5

bar = decode('also bad')
bar['meep'] = 1
print('Foo:"', foo)
print('Bar:"', bar)

>>>

Foo: {'stuff': 5, 'meep': 1}
Bar: {'stuff': 5, 'meep': 1}

FAALL K foo Fl bar &R ARG AR T, FHFHRBEIMA—EAE, |
Lhr b, BRTHP—ANZE, H—TUFRSZERWE, XFERORAEFEE:
foo #l bar HL#E R TEFE default ZEINE P HINFH, ENMEHRRHRF—
FHIE

assert foo is bar

Rk, RIEXBEFSEMBIAEIR N None, FFEREM TR FA B PHAE
HIERRT AN

def decode(data, default=None):
"""Load JSON data from a string.

Args:
data: JSON data to decode.
default: Value to return if decoding fails.
Defaults to an empty dictionary.
if default is None:
default = {}
try:
return json.loads(data)
except ValueError:
return default
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BUE, FRs T AR R AR, BAE = AT S USSR T o

foo = decode('bad data')
foo['stuff'] = 5

bar = decode('also bad')
bar['meep'] = 1
print('Foo:', foo)
print('Bar:', bar)

>>>
Foo: {'stuff': 5}
Bar: {'meep': 1}

L3

O SHAMEIME, RETERR P mERBH I3 34 iR B E TR — Ko 3T ()
2 [] FFEBHME, XTRESREEENT R,

Q X F ASHSEAE N L PRBOAME R SR F S HOR UL, MIZIEE A ERBAMES N
None, -7 bR SCRS 747 55 BL 1 #3812 BRI EL P Xob oz ) SE BRAT A

o 21 7% JHRRERASCHE 7B S 5 1 2 BOR a0 PR ATHS ] B

RS, & Python RELH—ITR KA (B WAHE 19 %), HFX
BESHIRRNG, FrUAERS ST, AT R R A A 3R A 15 S A

Biltn, FERBAABRASE R, R ZX R R R LT/ N ORI, B
A4 Z 8% ZeroDivisionError 7% & R J55 . A Af XAH Z % OverflowError 7 % 3R
[l 0,

def safe_division(number, divisor, ignore_overflow,
ignore_zero_division):
try:
return number / divisor
except OverflowError:
if ignore_overflow:
return 0
else;
raise
except ZeroDivisionError:
if dignore_zero_division:
return float('inf"')
else:
raise



50 +;* Effective Python: #5=/&E Python (LB 59 MERTTi%

XA REHERBEM, FTrXFrEA T, 7T ZEEBR SR A Y float i i,
FFz [E 0,

result = safe_division(1.0, 10**500, True, False)
print(result)

>>>

0.0
TEOX A, TR 0 IR B R, JRRIEIESS

result = safe_division(1l, 0, False, True)
print(result)

>>>
inf

KPR T P Boolean S8, e/l B i e A5 I i Bk ad B i 50 b P i e
e EETE T, JAHE SIS AR, RATREDAEXPINSH, N EBofE LU HRE Y
bug, ALK —FAngk, ERAXBTFSH. ERAELT, ZRESER
NOHIPETIHE, I H RS E I B A AR R IR

def safe_division_b(number, divisor,
ignore_overflow=False,
ignore_zero_division=False):
#

BAE, ﬂﬁﬁ%_fu*ﬁiﬁﬁaﬁﬁﬁﬁiﬁﬁ% T2 HORME 7 Boolean Hrak YERIA
B, PMEBLIARRAIR,

safe_division_b(1l, 10**500, ignore_overflow=True)
safe_division_b(1, 0, ignore_zero_division=True)

TR R A GG . TS S T S AR AT e, BT AR R R R
BV — R S R TR I 1 e X S S RO (B BB FR B LY safe_division_
b BREL, AR LURIFORAREE, LI ESHHIEXHAE.

safe_division_b(1, 10**500, True, False)

XTI A RO UL, R R ARG CRUE TR 20 LATE I A VR FHARAS , ke o]
T AZ AR . 7E Python 3 1, AT LUE X—Fl ARELICFEARIEE NS, N
T PRV 2 PR B ARSI R 2 LU . X SESH I A 7 i B Bl A
REfRA B4R

T E X XA safe_division c pREL, WA IS RBELLCHE TR A 0RIE E I 2%
ZHONRER * 5, IR EEMESEIAL, 2RSS, #ARLUCRTERX
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HAERE

def safe_division_c(number, divisor, *,
ignore_overflow=False,
ignore_zero_division=False):
#

BAE, HATRARRAMESEIIE ARG ERRTSHT .

safe_division_c(1, 10**500, True, False)

>>>
TypeError: safe_division_c() takes 2 positional arguments but
=4 were given

KT SRR LR TR0k E, MRARE, WKRSRABIME.

safe_division_c(1, 0, ignore_zero_division=True) # OK

try:
safe_division_c(1, 0)
except ZeroDivisionError:
pass # Expected

£ Python 2 RECHI REELLKEFRIEENSH

AREH)Z, 5 Python 3 AA], Python 2 FF¥A B IIE K & SGXFh HBELIC T
BRI ENSE Ak, BATATLAESEINR SR ** 2406455, 3 HA kBB 2L
R B TypeErrors, XHEREATLASEEL Y Python 3 AHFIAYZHAE T ** #AER S *
BAER AL (S RABE 18 4), HXBIET, AR REEZYE WA ESE,
R AR EREN R TSR IMERE SR SR A & LR, EdiK
B

# Python 2

def print_args(*args, **kwargs):
print 'Positional:', args
print 'Keyword: ', kwargs

print_args(1l, 2, foo='bar', stuff="meep')

55>
Positional: (1, 2)
Keyword: {'foo': 'bar', 'stuff': 'meep'}

i T Python 2 WA safe_division pRECE & HEELICHT I8 2 IS4, AT
A LASE 4% R R 32 **kwargs B8, SRJ5, FH pop kBB L7 SN kwargs
FHERGE, WRFHRAEE AN CET, A pop HikE AN SE SN
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RIME. &5, AT P ETARFE RTINS, F0HZEMRIA kwargs 7 it B i &
ZEHKRTSHT

# Python 2
def safe_division_d(number, divisor, **kwargs):
ignore_overflow = kwargs.pop('ignore_overflow', False)
ignore_zero_div = kwargs.pop('ignore_zero_division', False)
if kwargs:
raise TypeError('Unexpected **kwargs: %r' % kwargs)
# ...

BAE, BET DA B FE 2B Ok safe_division d pR%, tn] DAFHA R
T SECRAHE .

safe_division_d(1, 10)
safe_division_d(1, 0, ignore_zero_division=True)
safe_division_d(1, 10**500, ignore_overflow=True)

55 Python 3 JRAS [ pRAL—HF, FATHARELUN BESEIE k4R & X TS H(HE.

safe_division_d(1, 0, False, True)

>>>
TypeError: safe_division_d() takes 2 positional arguments but 4
=were given

N A, EREEARREEAARTE BUN SR TS

safe_division_d(0, 0, unexpected=True)

>>>
TypeError: Unexpected **kwargs: {'unexpected': True}

R

Q S 7S BRE 5 (o R 50U P A 7 P S8 fn i e

QX FESHZRIMBESIRBERRE, 7L RGO T IE € S5,
LB f 8 & s S008I R R A8 E B il X T 52 24> Boolean Fr i i R %L,
S A

Q 7E4 5 BR¥LAT, Python 3 A FAAAYE 2R & SGXF HEELUCHE T IR 48 2 S 4L

O Python 2 (Y pREY AT LA4ESZ **kwargs 28, H-FTHbil TypeError 7%, LAEB
HEELA R FIE 2R IEE NS



BIE  Clyons

R 5 4K

YRR —I T X R E) G R 7, Python $2EE T YK, 22748 BPHAFK M 0] X 2
FiPE. ] Python i e, FMTAH T EAEEHMIE, I HF EAE X LEH A M
I i fuf 3 i 4 11 S AR AR R A2 AR L

Python [ A4k 7R (15 A VIRA 2 (A2 P h Rk X R T R R A 591708, s
FATRERE BRSSP T4 ST LTI RE,  LAGE S35 N AW AR (MoK . 38 S Fndk
K, BEATLAS H 5 THEP AR o

A 22 ks JRENRIBIIORAED R P RPRAS, A B P RDCAL

Python A B 17 SiL A 7 ] ARG st (77 56 G 7 HE A i ol 30 B i 8 25 A R 2
Pl shds (dynamic), JEARXERFRAFIEE, HARRATRRAEATIRA . Flin, ZHEH
ZEEAERRSHE R TR, (HiXs g2, RIOTFEHFAME, TR, aTLEL—D
K, CAEL TR TG, IRERARICEN AR R T, Ew
TER R R AP P — M E RO PR P

class SimpleGradebook(object):
def __1dinit_ (self):
self._grades = {}

def add_student(self, name):
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self._grades[name] = []

def report_grade(self, name, score):
self._grades[name].append(score)

def average_grade(self, name):
grades = self._grades[name]
return sum(grades) / len(grades)

BN AR A o

book = SimpleGradebook()
book.add_student('Isaac Newton')

book. report_grade('Isaac Newton', 90)
#oias

print(book.average_grade('Isaac Newton'))

>>>

90.0

TS AR RAR 8, T LA o] RE IR S D RB Ik 40 B M T = SO/ UR% o [ .,
B35 SimpleGradebook 2, i T REMEH ARl HACMRAF ST, TIARARIFAIHEE, Lo
BFERH SRR, TR, AT LMBE _grades FFILIY LAY, I
24 B TFE R ISR, R A T BN _grades FHUP AR H
i, 5 MR IO B T R A . ARG, FE R SMIR Gy -, s REE
LPEGE, HOZFHE RS TURSUSEEM, BB C R

class BySubjectGradebook(object):
def __init__(self):
self._grades = {}
def add_student(self, name):
self._grades[name] = {}

A X A N A GRS AR (R B, {HJE report_grade il average grade 77k BE LR R %
T, ARNEMNEEAMEE THZEN T, REiEHIIERARLERE, (HEFEEA
LAY

def report_grade(self, name, subject, grade):
by_subject = self._grades[name]
grade_Tlist = by_subject.setdefault(subject, [])
grade_list.append(grade)

def average_grade(self, name):
by_subject = self._grades[name]
total, count =0, 0
for grades in by_subject.values():
total += sum(grades)
count += len(grades)
return total / count
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AN AT AR HL A B

book = BySubjectGradebook()
book.add_student('Albert Einstein')
book.report_grade('Albert Einstein', 'Math', 75)
book.report_grade('Albert Einstein', 'Math', 65)
book.report_grade('Albert Einstein', 'Gym', 90)
book.report_grade('Albert Einstein', 'Gym', 95)

BRI R AT, B FEC R BRH MRS, BRI sst dizd B Bl
SRE, Flan, BRI AR SR S o, EHREEIRR, LX)
HZ—, REBRANTHHFI, FORRITEIER H GfE8, LiF B &R 8041E
6, WIE, WSH—RITAENE, BN ICHERRSS (score, weight) (4341, FLE)
.

class WeightedGradebook(object):
# ...
def report_grade(self, name, subject, score, weight):
by_subject = self._grades[name]
grade_list = by_subject.setdefault(subject, [1)
grade_list.append((score, weight))

report_grade /i BEGEFIBA KM, HFFEHMA grade_list 17T E Ml 1 AL
SIMCH T BIAT . SR 1T average grade Fikik LLEIMERE T, N B B7E KIE P Bk —
Z/NMER.

def average_grade(self, name):
by_subject = self._grades[name]
score_sum, score_count = 0, 0
for subject, scores in by_subject.items():
subject_avg, total _weight = 0, 0
for score, weight in scores:
# ...
return score_sum / score_count

XA AT AL R A BRI FRATTARME AT AR i o 53 S 58 X4 0 B S B BT
FETLRAT R Lo

book.report_grade('Albert Einstein', 'Math', 80, 0.10)

IR E LB A, ABARMTHZN FRACHTBRIRERT

W, BAFARGEG K7 E LI RE MG, FrLURE i 6 = 2% Bk
F, BALRREHAE. RIRES PN Python P E 97 I 5ILH KR H
R EdRa e, WA N EIRE . (B, MREZ T Zank, BNIZEE %
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AL T (B, AEMEAOS P XFZRinEm e, i nR
MeE i, mH A C 4R bR R

FHRARERR P RS B S50 — BAER TAR 4, S0 SEPR i 28, DA
PETE R I AR, T b R RE . X BB TERE 1 5 BRI  Z [R] B i A
=3

IBERELSWEE

FRATAT AMARHE 5 RAN IR IR Z PR d A, il 2 N 1 G IR ke . X
LARRRER, UPFRAVLELTE 1%, | ToBERERAHZL, FriARbcd
WiFEt e T, T, 1A (score, weight) JGALN IO ERH DTk % ik 41

grades = []
grades.append((95, 0.45))
# ...

total = sum(score * weight for score, weight in grades)
total_weight = sum(weight for _, weight in grades)
average_grade = total / total_weight

VAT, il Y O RO B A e i A OB . SRR B R B I
& FEIF I —LefE R, b, SRR SRR S B, I B U
KA FH o4l R AR A, DR BRAE AN Jud A =, AR, R i B
M5 kFR B nd S =, JREHBE (Python 27 U N RIZFoR LI
ARHL):

grades = []

grades.append((95, 0.45, 'Great job'))

# ...

total = sum(score * weight for score, weight, _ in grades)

total_weight = sum(weight for _, weight,
average_grade = total / total_weight

7R E R RG W R, TTHKEELY K, wEwEAEaE e, ool
HAILE— EABE I, SN ARSI T .

collections A H H Y namedtuple (4 04]) KAER E AL BRXFT K. BRE
Bk A SCHRE 87 T SOAS AT A5 (B3 2

import collections
Grade = collections.namedtuple('Grade’, ('score', 'weight'))

WX s B e, BERT AR AL E R b & 0T, Wl R JTOCH TR E . X
S B R AT LASE AL B M BT IR) . H T O B R MR A AR, BT R R AR AR,

in grades)

o}
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VA SO 203 1) B ) R A A S R 94T ik, AR %% 55 S BE A namedtuple IERS ) A L E X
HI2

namedtuple &5 R

R namedtuple £k $ oA EFAMA, EXEX—Z 2N G, ALatEHER
namedtuple & f R~4F

namedtuple % & ik 45 & & A3 0 BIRAE, AT T T4 B ML 4R $ o9 2038 ki,
namedtuple A A2 KRR R TR, o RXLEHEHF REZ—ZF| M EL69 B, FERE L
A Toh E T

namedtuple % #] 49 &R &b, WA TAAE FARENRRFTF, XTHRFHL
RA AR A0 H B 6 XAk A X 02, ik il G fRxEdfe € i 45 2 Ak
%k, T ARFP A LI FAL R 6 APL ki, ZBEEXANAFME, WREAIETLE
#) namedtuple E#l 6 Ak, BARFRZZLHTHE,

H TP ARMEIAPHBSE, ZRAE—RINE LS.

class Subject(object):
def __init_ (self):
self._grades = []

def report_grade(self, score, weight):
self._grades.append(Grade(score, weight))

def average_grade(self):
total, total_weight = 0, 0
for grade in self._grades:
total += grade.score * grade.weight
total_weight += grade.weight
return total / total_weight

R, USRS FRRFERNZSE, SR T HA B B TRE .

class Student(object):
def __init__(self):
self._subjects = {}

def subject(self, name):
if name not in self._subjects:
self._subjects[name] = Subject()
return self._subjects[name]
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def average_grade(self):
total, count = 0, 0
for subject in self._subjects.values():
total += subject.average_grade()
count += 1
return total / count

e, WEUEIAFEBRNSIHIAEMRSE, AR RS T 0, I HATLL
B HININ A

class Gradebook(object):
def __init__(self):
self._students = {}

def student(self, name):
if name not in self._students:
self._students[name] = Student()
return self._students[name]

XL U R, A ERRIA RSB T s PIE o (EX R AR i B AR AR OR B2 L I
KA Z V2, T EAEH XS E I U SRR L FORE M . ES Y .

book = Gradebook()

albert = book.student('Albert Einstein')
math = albert.subject('Math")

math. report_grade (80, 0.10)

# ...

print(albert.average_grade())

>>>
81.5

WRAVE, & LIRES HEIHRAE T (backwards-compatible method), EAfEHE
fEHIHZC APT AR BT B RAE R Z

BN

O REM RS AT 7 I, tAREM R KK o .

Q4 SR A 4% b f 2 A7 BRI SO AT S B RO, IR 4 W1 LASE (8 ) namedtuple K 3R 7R
IR AN, FMBUCh RN,

Q RAF AR 7 JLUNSRARTR U 2%, RN 2T X S U i o 2B .

W23 7% WM R Z R B, AR R S
Python #¥F B APL, HSAVEIRIIFEA MRS, LUERIATH. APLEEHATH
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WP, 22l ixsed: 4y (hook) pREL, [E1YpRECARIACES . G140, list FERUA sort J5 ¥k 1%
Z AR key 280, HILMEE BRI 060E _EMEZ FRZ A HER . T X B,
i lambda FikFEY key £H:5, DMERIE A2 T A BRHET -

names = ['Socrates', 'Archimedes', 'Plato’, 'Aristotle']
names.sort(key=lambda x: Ten(x))

print(names)

>>>

['Plato', 'Socrates', 'Aristotle', 'Archimedes']

HoAty 4 #2755 0T fE 2 IR IR E SCHER . SRTITE Python 1, R ZHHy RETR
AN REL, X R B TS BPGR EE . RS R LU A E R, BOAENTR
R fA X R T RE, T H HE L— PR H. Python FHE)RECZ BT LIRE
oM, EEBET, BR—% (first-class) X%, Mg, RECS kel LURE
B AR EDAR AL 2 A5 o

filhn, EEHl defaultdict 2 (S WA 46 &) MFTH . XFEERLEH R HE
Rt R %, DURFEARATFIES, R BEBA AR, IS KB %R
QU LTI BTSN, R BUAUR BRI AT LR & IROAME. T
T 7E SCR XA HE 4 R R e - i R A B R A A BT ED— &5 8, JFREl 0, LIE
R BT R O EL o

def log_missing():
print('Key added')
return 0

—Jtih, WAOTETHRERA—RIIREXT, IHaHELEEREE, K5, SATLL
PUCfi A log_missing PREL, JF7EREH 6 EATENFRIHE (—YORIEA I 'red' AR,
A —UCRAE AT ‘orange' B A %) .

current = {'green': 12, 'blue': 3}
increments = [

('red', 5),
("blue', 17),
('orange', 9),

1
result = defaultdict(log_missing, current)
print('Before:', dict(result))
for key, amount in increments:
result[key] += amount
print('After: ', dict(result))

>>>
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Before: {'green': 12, 'blue': 3}

Key added

Key added

After: {'orange': 9, 'green': 12, 'blue': 20, 'red': 5}

A log_missing BCFERT PR, 7T LA API TE ShAt s, i 5k, K b & Remgde
Bt AR St AT AR T Bilhn, BRAEZEZS defaultdict {4 A —A~™ A BRIAME 1 HE
By, FFASHG RS R T 2R R sty 2Rl AR Y ]
1 (SBUABE 15 4) . T S5 Bh ek B0k 8 FH X F AT 615 A= A RO 1 1
AP

def increment_with_report(current, increments):
added_count = 0

def missing():
nonlocal added_count # Stateful closure
added_count += 1
return 0

result = defaultdict(missing, current)
for key, amount in increments:
result[key] += amount

return result, added_count
JR defaultdict J- A FIiEH missing FE8) RECE (RAF TR, (HRE1T LfX A s Ak
ZJE, WAL AU MR, WRUR UL, count AR 23R 2. IXHLRE A1 1 321
BRI A Ab o SRS B PA A B, A FRAT T8 T LAAR T (58 it Ay P, R BSOS
I I IRE

result, count = increment_with_report(current, increments)
assert count ==

AR 10 P 6 R I A — Nl R B R 32 L RS 1 e ROt —
B, AN RRESE I FIRTIRE, BBLRE LA/ NEIE, T EA ER RS R
EH

class CountMissing(object):
def __init_ (self):
self.added = 0

def missing(self):
self.added += 1
return 0
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TEHAL G FE T P, N TiER CountMissing (4% 11, F A7 AT HEE & 2 defaultdict
2, i Python ) ek B0 & — 2% sR %L, T LA AT DL B $ 7E CountMissing 35 ] I 11 5|
CountMissing. missing /7, ¥ HAZ 4, defaultdict, DIEHEENBINEHES ., S
WERHED, RHYASN.

counter = CountMissing()
result = defaultdict(counter.missing, current) # Method ref

for key, amount in increments:
result[key] += amount
assert counter.added == 2

i E kA Bh 2ok B H RS AP A, 5 35 HE increment_with_report b& %83 M
B, MARFXANAE, RIMRAAKE S CountMissing U E & . CountMissing X
FMHERME? missing Fik R %LU R BT EIRIET A ke X
), #RUAER L T defaultdict (ATEZSE, AREHH.

o T JE g X el i, FATT O] LAFE Python fRAS H iE LA N call  AUAESE 7 EE,
T AR DG X B RE SR R BSOS REAS B8 FH . R Ah, O SR 3 B B S A5 48 PN B Y
callable PR %, HFA callable PRA%(2 IR 7] True.

class BetterCountMissing(object):
def __init_ _(self):
self.added = 0

def _ _call__(self):
self.added += 1
return 0

counter = BetterCountMissing()
counter()
assert callable(counter)

T X B fUiY, fE BetterCountMissing SE ] F{E defaultdict FERINEHES, PAEIC
SR FIAEA W R rp — LTSN T 2 A ROk i A Y

counter = BetterCountMissing()
result = defaultdict(counter, current) # Relies on _ call__
for key, amount in increments:
result[key] += amount
assert counter.added == 2

X BEACSE e CountMissing.missing 1EMIFZL .  call AW . BetterCount-
Missing & ) 52 i o 2> 1% of BOIB#E, 7853 A9 i 43¢ 52 Y 32 APL I S (B, %2
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MAPII ). T2, W3 a3 B R a9 N 8k ol DL X A4~ 36 JF iR, ok B2 i
BetterCountMissing 9 F B IhE. _ call  HiEREZUMIE R TIZEH AR, E5FR
i1, XAEMTHRERLAR 2 T — A RS A .,

B X P SZ )R, defaultdict f38R8 TEFE G call 7 49 31 8 FH B A RCR
1M HBESR A I 1 A —A Rk A R IA B A HE 0 R BRI AT . 72 Python B2 7, R AT
AT DLGE I 45 Fh T B i R X R AZ R SRR B R 1, DISER A ARSI DIRE .

BR

Q X F A Fh Python 2 {49 ff] BLHE MR UE, 38 W %4 H EIRME AR, A
SRR SO, KA BAE A% mSE .

Q Python H Y PRECHT T VAR AT LAMR—ZISBRES LT, HtG, BA]49 HoA 2 2 4 X
F—HF, RBR AR RA LT .

QuEH R call  BIFRERITIE, AT LA 55 6 fE % 15538 (1) Python pREUIRKE
HEE

Q WRZH R BORRAFRA, ARBLRLZE LI, HSHIH _ call ik,
MAZE SCHFRERAE (S AR 15 %),

# 24 7%: UL @classmethod JE 1 25 &5 20 M p dlt %) ¢

fE Python 1, AMUMERZREE, KB LRLE, Ba, KNZETRMAL2EE?
EXA AR AL

2%, ERRRERDRIZALEEELIS A ITA K7 SOREBBEA ik, Xt
K, AW EHIR R O SRR AR RRE, BHAESAANFRNIIGE CCTEZER
W, HS WA 28 %),

fldn, ST 58 —% MapReduce "2, TR E & LA LI R R A M
Yo THXBACHRE T IXAFHIEES, B/ read Jr Al T2k -

class InputData(object):
def read(self):
raise NotImplementedError

© PR BRSBTS . —FEE
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MAESS InputData JEAYEARTF2E, LI PARE 28 S B3R BURHE «

class PathInputData(InputData):
def _ init_ (self, path):
super().__init__Q
self.path = path

def read(self):
return open(self.path).read()

AT AT fE 7 Z AR £ 14 PathInputData iX # 1] 26 3K 7& *4 InputData ) 26, & F
T FE L PR MERE O P (4 read J5 i, IF LA MO 2R 0] 1 A0 1 A B4R . R A e
InputData 2 A fE2 1 i 0 268 152 O e e 40 20408 -

UeAh, FATATE E N MapReduce TEL R E L —ER LIRS O, DUEHRE
1) 77 R A 3 A O H5HE

class Worker(object):
def __init_ (self, input_data):
self.input_data = input_data
self.result = None

def map(self):
raise NotImplementedError

def reduce(self, other):
raise NotImplementedError

N E CEAKY Worker T2, LASBFRATTAH 2 ) MapReduce Zhfit. A BT Sc 8L
RE, BB ABAT AR -

class LineCountWorker(Worker):
def map(self):
data = self.input_dat...read()
self.result = data.count('\n")

def reduce(self, other):
self.result += other.result

Wi 73X % MapReduce 32 X, F L EMRE, BETRASER —AKRE, A
S AT e (PR R . RIS AR, RS EMMED 5iE Mz, |
AT A EE Sk A R AR LI () 5 S BUAE, -l iR 0 ST N 0T B
MapReduce i f2WE?

B RAINE R T TR TR, It e h B sRBCH X Sext R Rk . T
R BACHD AT LAB H FEA H SRS, HERZ H SR T 844618 — PathInputData SE6:
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def generate_inputs(data_dir):
for name in os.listdir(data_dir):
yield PathInputData(os.path.join(data_dir, name))

SRJ5, H generate_inputs 773 ITiR [ InputData SE3R A% LineCountWorker S24

def create_workers(input_Tist):
workers = []
for input_data in input_list:
workers.append(LineCountWorker(input_data))
return workers

ILAE AT IX 2 Worker SE451], DAME ¥ MapReduce i 2 H A9 map A4 B IR & 5 £ 146

Bz (ZWARE 37 5%). # Kk, REMH reduce J5i%, H map L BRIEERGIF
B RAAH

def execute(workers):
threads = [Thread(target=w.map) for w in workers]
for thread in threads: thread.start()
for thread in threads: thread.join()

first, rest = workers[0], workers[1l:]

for worker in rest:
first.reduce(worker)

return first.result

el , 8 Fr e i BEER PER E pa BCL ,  LAE PG T MapReduce iR TR

def mapreduce(data_dir):
inputs = generate_inputs(data_dir)
workers = create_workers(inputs)
return execute(workers)

FH— Z 5 A SO mapreduce pREL, 7T LLIAS B IE 5 AI45 5
from tempfile import TemporaryDirectory

def write_test_files(tmpdir):
# ...

with TemporaryDirectory() as tmpdir:
write_test_files(tmpdir)
result = mapreduce(tmpdir)

print('There are', result, 'lines')

>>>
There are 4360 lines

B, XAEEA KRS, AR Z MapReduce BRECRU5E . IR B4 E HAh

i InputData 5% Worker 338, AR5 # S generate inputs, create workers Fll mapreduce
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MR, DA ZITRC,

A B R YA [, AT LA —FhoE P 7 SO R fE b SRR S P,
A LLIE I A 1 A 2 Ak R, 24 1 InputData T2 #P 42 ALARSR MY 1E 4%, fH
5115 MapReduce 3 B AYAR ™ Bh 77 32 0] DL & 2838 F i #4 i& InputData XF 4. {HZ,
Python H R iF &0  init  AURIRE &R Ak, ATLAFRATAHE Z R B84 InputData F 2R 42
TR 25 P A 3 0 -

R gexX A B BAE TR, R @classmethod EAME S . XFZEEA, H
5.5 InputData.read AREEAY SEBI T ik 2 BAEH AL, RAS B AT REANAE, AR
MAZRAE DRI XT A

BAERATH X E BBk LA 5 MapReduce i fE A L0922, B, B InputData
2, RE N Y generate_inputs 38 Jy ik, 1%y i 2 MR SE A HE OOk B AR
InputData S,

class GenericInputData(object):
def read(self):
raise NotImplementedError

@classmethod
def generate_inputs(cls, config):
raise NotImplementedError

BN generate_inputs J7¥k, A2 & ABCE ST, 1 BAKH Generic-
InputData 2SI o] DA ff 3230 s 250, i X Bof UM i config 7 MLk 2% 16 i A SCH4- B
TER H % -

class PathInputData(GenericInputData):
# ...
def read(self):
return open(self.path).read()

@classmethod
def generate_inputs(cls, config):
data_dir = config['data_dir']
for name in os.listdir(data_dir):
yield cls(os.path.join(data_dir, name))

BTk, #2035 B GenericWorker 28/ create workers il ik, R T4
REAA B A KIS, VR & 443 GenericlnputData 12844 251% 77111 input_class 2
¥ %A clsQ A B MRS, Rt HAR A GenericWorker F283L 4],
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class GenericWorker(object):
# ...
def map(self):
raise NotImplementedError

def reduce(self, other):
raise NotImplementedError

@classmethod
def create_workers(cls, input_class, config):
workers = []
for input_data in 1input_class.generate_inputs(config):
workers.append(cls(input_data))
return workers

Em B AT S R /R E a2 input_class.generate inputs, ‘B REGIHL
AHtk. WA, EANALFS: create workers J5 1 H 55 #h—Fh 5 sNHI 15 T GenericWorker
X, BRI cls FEAORMGER, MARARLIRTARRE, BRI init ik,

% FBAKH GenericWorker F25, M| H &MU B4k & il SC BT AT

class LineCountWorker(GenericWorker):
# ...

)i, BE mapreduce FR%L, AT AL

def mapreduce(worker_class, input_class, config):
workers = worker_class.create_workers(input_class, config)
return execute(workers)

AE SO B AT B U B MapReduce #2177, Frfs g R 5 HORIBESL B L&
MFE . XANFETF, BFER) mapreduce PRELTT 20 2280, LA FH B i A i 7 =0k
PRVEAE XA .

with TemporaryDirectory() as tmpdir:
write_test_files(tmpdir)
config = {'data_dir"': tmpdir}
result = mapreduce(LineCountWorker, PathInputData, config)

FATAT LAk S 4 5 HAR ) GenericInputData il GenericWorker 128, 1 HLA H F&
BRIA 5 4 AR DFHEARAS T

Q 7 Python B/F 1, WAL HEEA —MEE, Wil init ¥k,
Q it @classmethod ML, 7T LA FH—Fp S 44 18 85 AH 0 19 7 2R 8 280X 42
QR AUE, FRATREHS LA Il A 6 7 SO M I PR AR 125
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325 4 : M super #IRRIE R K
IR MIE G 7, BAETFRBEHFREF EE AN init k.

class MyBaseClass(object):
def __init__(self, value):
self.value = value

class MyChildClass(MyBaseClass):
def __init_ (self):
MyBaseClass.__init__(self, 5)

BRI TR B kR IR R R TTATIY, ERAEF N 2R,

WRFERZH 7 ZHEMPRMOE W GEF N IZE X, ESRABE 26 &),
W2 HIEHEERRN _init_ ¥, "WTRESTETTERBUAINIT R

EFRBERMA it MREZ —, R2EMEBIITIEAES. #lan, FmeE XM
S, BIEERES R value I HIFE

class TimesTwo(object):
def __init_ (self):
self.value *= 2

class PlusFive(object):
def __init_ (self):
self.value += 5

XA A A — U 2R 2 B Brdf R 19452

class OneWay(MyBaseClass, TimesTwo, PlusFive):
def _ init_ (self, value):
MyBaseClass.__init_ (self, value)
TimesTwo.__init_ (self)
PlusFive.__1init_ (self)

WEZRLHIZ G, AL, EFAEREER S RN R B2EIF AR .

foo = OnewWay(5) )
print('First ordering is (5 * 2) + 5 =", foo.value)

>>>
First ordering is (5 * 2) + 5 = 15

THEEEAE, FIT SRR E S BT R i 45K -

class AnotherWay(MyBaseClass, PlusFive, TimesTwo):
def __init_ (self, value):
MyBaseClass.__init_ (self, value)
TimesTwo._ _init__(self)
PlusFive.__init__(self)
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(B2, EixBAUHIF A B U R AR IR , e MmPLET—+E, Jeid
Ffl TimesTwo. init , $RJ5A P PlusFive. init , Xt SEZL AR R S H
A E SUNF AHAF o

bar = AnotherWay(5)
print('Second ordering still is', bar.value)

>>>
Second ordering still is 15

A — R AETER AT R Z P, GRF2E0R 3 PSSR 2SI
FBA AR W — AR, IR AR AL T 45 A T4k RAR R, X Rl kR 2 4l 41 T
FRRIBA AR ZRPUTH _init J7¥k, WMZAEREABIT . B, e
LR PRASF25, #ldk7& H MyBaseClass.

class TimesFive(MyBaseClass):
def _ init__(self, value):
MyBaseClass._ _init__ (self, value)
self.value *= 5

class PlusTwo(MyBaseClass):
def __init__(self, value):
MyBaseClass.__init__(self, value)
self.value += 2

RIGE X —AF2, [FBTgkA F X2, X MyBaseClass SE 8% 14 A TEB Y
AR,

class ThisWay(TimesFive, PlusTwo):
def __init__(self, value):
TimesFive.__init__(self, value)
PlusTwo.__init_ (self, value)

foo = ThisWay(5)
print('Should be (5 * 5) + 2 = 27 but is', foo.value)

>>>

Should be (5 * 5) + 2 = 27 but 1is 7

AT AR AN SR 2R 27, WA (5%5) +2=27, {H%EFF BEIR 7,
NIEV S A A G A, gt JE PlusTwo._init AR, & & B A
MyBaseClass. _init _, M FE self.value T, 5.

Python 2.2 ¥4I T P9 B 4 super BE, I+ HE X T HEMATIUFE (method resolution

© XFURER, BEREIMER (O), WK, —FEE,
© X Fh R AT LR A C3 linearization, AL AR 414512 % en.wikipedia.org/wiki/C3_linearization Fl
www.python.org/download/releases/2.3/mro/, ——PF&
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order, MRO), LAf#PX—[AlRE. MRO LAFR ) S ok e HEdE 28 2 (8] 8 46 A7 (fﬁ'J
n, WEMRE. NEREL), EWRIESATEIES AR _ init_ Fik Rz
_‘{kc

TR AR AT A RIA R, BREX K, RATH super MIHLHESE GEHIR
4 LA Python 2 (9 XU i FH super):

# Python 2
class TimesFiveCorrect(MyBaseClass):
def __init__(self, value):
super(TimesFiveCorrect, self).__init__(value)
self.value *= 5

class PlusTwoCorrect(MyBaseClass):
def __init_ (self, value):
super(PlusTwoCorrect, self)._ init__ (value)
self.value += 2

PRAE, XTAbTER: A TR AR MyBaseClass 283816, 'R _ init Hik H4&a]
— W A AR SRR IR, T 55X SRS TE class 1A H BLAYIT AR TR .

# Python 2
class GoodWay(TimesFiveCorrect, PlusTwoCorrect):
def __init_ (self, value):
super(GoodwWay, self).__init__(value)

foo = GoodWay(5)
print 'Should be 5 * (5 + 2) = 35 and is', foo.value

>>>

Should be 5 * (5 + 2) = 35 and is 35

B BT AR, AT AR AR 89 HHRI0UFF A S B AR A K4 AR
JZ. Ii%%ciz 1T TimesFiveCorrect. init , #RJFiZfT PlusTwoCorrect. init , Fff3HH
(5%5) +2 =27 A XM, (HSZFR EHARXFER. BFNZETINFEZS GoodWay 1)
MRO ¥ —5, XA MRO JBUF Al LAl 4 4 mro #2875 1K A i)

from pprint import pprint
pprint(Goodway.mro())

>>>

[<class '__main__.Goodway's>,

<class '"__main__.TimesFiveCorrect'>,
<class "__main__.PlusTwoCorrect's,
<class '__main__.MyBaseClass'>,

<class 'object'>]

78 F GoodWay(5) i) i 5, ‘& 2 # H] TimesFiveCorrect. _init__, il TimesFive-
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Correct._init X 4= ¥ FH PlusTwoCorrect. _init__, PlusTwoCorrect. _init 4% i H]
MyBaseClass. _init , A TEAERRNTIZE, FiA WG ISR B SNIA
BRLE  init MR AFEHKIZENE. T, MyBaseClass. init 25640 value 50 5, &
J& PlusTwoCorrect. init 2% & B N 2, f# value 2 A 7, # J5, TimesFiveCorrect.
init 226 value LA 5, fiEARR 35,

PE Y super BRERERSCA] LUEH IS4, {HAE Python 2 "1 WA ] @ {ELAE &«

Q super iIBA) R A SR, FRATLHE & 1T T 7E RSN self X4, T Hid %
TREMER T AR GAF IR init ) DUSIRDNFENSE. % T Python 4if:
B, XA T A L9

Q A super BF, S5 H MATRMAR. HTRMVGIRATREESBREMAE R, r
DA Rt T RE A8k, RS, WZE s — 2% super P8 HITEA AT,

Python 3 WA XS], B EARME T —F A S8 super WA, %5

IR S5 H  class Al self i super #H[F]. Python 3 &J& AT LA L super 5 T M .
¥ 2 SRR B AR .

class Explicit(MyBaseClass):
def __init__(self, value):
super(__class self).__init__(value * 2)

class Implicit(MyBaseClass):
def __init__(self, value):
super().__init__(value * 2)

assert Explicit(10).value == Implicit(10).value

i T Python 3 F2/% 0] LAZE ik rhillad  class A EMERRHLS | F YA, FrRL LB
R E B REE IE B iz /E, 1 Python 2 W45 & X class , BRIIASRE SR X #h S ¥
HRV] BEARL 2 F self. class (S HOKIMA super, (HEPR X AM8CATT, [H24 Python
2 R T RSB super 197,

B
0 Python SR FRIEA 7 Y& AR U A9 DR SR i P B A 7R T AL

© PR AZ M stackoverflow.com/questions/18208683/when-calling-super-in-a-derived-class-can-i-pass-
in-self-class. ——iFHTE
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Q EJRNZAE A B 8 super BRBCERIIRILACZ .

o 26 % . SUENEH Mix-in 411 T H RIETT 2 EEKK

Python JE 1 [l M R HIRIE =, ERM T S EMHREILS], EH/IFRETL
S SC B EYR (S AR 25 4). R, RAMRILZERIT L EYRK,

7 — R B 2 WYk I R B R R e v, I B9 S mix-in 5%, mix-in
E—FUNRIAGS, B R T AR T RE T B AR AR —EE M ik, MAE L H 2 HSE
PllEtE, soh, ERAESREAFERAACH _init 5.

Hi T Python & FF ] LUJr it & & S RS AR, FrASRS mix-in WEE S o
FATAT LALE mix-in L0038 i ShAS I ALE e g S — il S REACAS, FSJS FRKE 0
FRHAMAREH L, /5 EHA A mix-in 2807 LA/ B2 ARSI FE .

Biln, EAEAAFHE Python X REHON T HILA, LUERILFFIL (serialization),
HRBEATEAGHE XA AES BGE A, DI M2 .

THMISE SCT L IIZ N RE AT Y mix-in 28, IHAEH I T —F 9 public 77
, AHABZE AT LAE 1 9k AKX A mix-in 25k B4 I RE -

class ToDictMixin(object):
def to_dict(self):
return self._traverse_dict(self.__dict_ )

AR UB SRR MR EW: FATRT L hasattr BB SMUTRIEE.
isinstance PREBH MK RAERY, FFH _ dict SRV SEH] A ER A ST

def _traverse_dict(self, instance_dict):
output = {}
for key, value in instance_dict.items():
output[key] = self._traverse(key, value)
return output

def _traverse(self, key, value):
if isinstance(value, ToDictMixin):
return value.to_dict()
elif isinstance(value, dict):
return self._traverse_dict(value)

© PXHHARAE. RHEKRIERAE, A4 H mix-in A PFEE, BEAT AR LIRS RER /A
PEACEr, T LR T X8/ NAPFRGAR N . 0 TRERIRIR , 3 SO 8 mix-in 211 RFRITHT
#Ho —HHE
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elif isinstance(value, 1list):

return [self._traverse(key, i) for i in value]
elif hasattr(value, ' dict_ '):

return self._traverse_dict(value._ dict_ )
else:

return value

T E SR AN ZEER T AT A mix-in A8 SRR O

class BinaryTree(ToDictMixin):
def __init__(self, value, left=None, right=None):
self.value = value
self.left = left
self.right = right

BAE, FATAT A — R EAIORHRE) Python X G Al HA Hi % 46 i 7 L.

tree = BinaryTree(10,
left=BinaryTree(7, right=BinaryTree(9)),
right=BinaryTree(13, Tleft=BinaryTree(11)))
print(tree.to_dict())

>>>
{"left': {'Teft': None,
'right': {'left': None, 'right': None, 'value': 9},
'value': 73},
'right': {'left': {'left': None, 'right': None, 'value': 11},
'right': None,
'value': 13},
'value': 10}
mix-in )i KAOCHAE T, & AT LLBE R 424 X 2638 9 Dh e, Jf BB 42 i
e S e 1. Flan, FeE XX 4 BinaryTree 125, 285445 10 54 & 1951 .
{B 40 % A KA 1Y) ToDictMixin.to_dict FeAb¥E T, B2 #2178 2 B A 16 55 5 | H ifii B A B
0
class BinaryTreeWithParent(BinaryTree):
def __init_ (self, value, left=None,
right=None, parent=None):

super().__init__(value, left=left, right=right)
self.parent = parent

fiff eI 1 J2 7F BinaryTreeWithParent 2 Bl [l #f 5 ToDictMixin._traverse Jj 1%, % i%
ik FACBR S R kA G OfE, MT(E mix-in (9 SE BRSNS B ASEIE 3R . F i8S
AIXAS _traverse 7 ¥k, AP ACH AL, TR R AEACTHT SR X I A0 BUE A A fe 284 1
A5 4 B

def _traverse(self, key, value):
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if (isinstance(value, BinaryTreeWithParent) and
key == 'parent'):
return value.value # Prevent cycles

else:
return super()._traverse(key, value)

FL7E VA FH Binary TreeWithParent.to_dict A 2A ME), FARFCEAHBELE S
FAEFF 5| AR parent JBYET o

root = BinaryTreeWithParent(10)
root.left = BinaryTreeWithParent(7, parent=root)
root.left.right = BinaryTreeWithParent(9, parent=root.left)

print(root.to_dict())

>>>
{'"left': {'left': None,
'parent': 10,
'right': {'Teft': None,
'parent': 7,
"right': None,
'value': 93},
‘value': 7},
'parent': None,
'right': None,
'value': 10}

% X T BinaryTreeWithParent. traverse J7 ¥ 2 J&, 0 5 H il 258 i) 3 A & o4 th 2
BinaryTreeWithParent 25%!, 74 ToDictMixin £ H 2l Ab FH G s @ P

class NamedSubTree(ToDictMixin):
def __init_ (self, name, tree_with_parent):
self.name = name
self.tree_with_parent = tree_with_parent

my_tree = NamedSubTree('foobar', root.left.right)
print(my_tree.to_dict()) # No infinite loop

>>>

{'name': 'foobar',

"tree_with_parent': {'left': None,
‘parent': 7,
'right': None,
'value': 9}}

ZA> mix-in Z AW IAHEHE . #lan, 77 A4S XAHE— mix-in, EREW NIT
R MEE ) JSON FRFILIhak, FRATATLMBSE : 467K T mix-in (AR, 244
H to_dict B (M7 iRA v RER AR 25 i 2 4k 7K ToDictMixin i B& 1), tha Al
AEAZE) .
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class JsonMixin(object):
@classmethod
def from_json(cls, data):
kwargs = json.loads(data)
return cls(**kwargs)

def to_json(self):
return json.dumps(self.to_dict())

HIERE, JsonMixin B BEE LT Ll ik, e THEFE, XBEFMITRHERH LU
it mix-in L, EAFIF, FLREELEK JsonMixin 1926, HEFEBEFE P KR
A, B—, AN o dict kL, B, init FIREZXBTFSH (SUARSE
19 %)

AT XM mix-in ZJ5, IR TREHROREAGFTE, sl Dol gkRik R,
RAAHE) ARG A TS, DU SCELF FIL B L B JSON s s i DB . il
n, FRATH R X4 T mix-in 2004 B9800 28R 2 Bl Hho O R RS R -

class DatacenterRack(ToDictMixin, JsonMixin):
def __init__(self, switch=None, machines=None):
self.switch = Switch(**switch)
self.machines = [
Machine(**kwargs) for kwargs in machines]

class Switch(ToDictMixin, JsonMixin):
F oins

class Machine(ToDictMixin, JsonMixin):
#

XXFRHIGEATIFSIME, LAKA JSON sk e, #P=2 R, T mmxBR
B, SERPITHFIMCER IR, DIRIEX D REA SR M SEBl i k.

serialized = """{
"switch": {"ports": 5, "speed": 1e9},
"machines": [
{"cores": 8, "ram": 32e9, "disk": 5el2},
{"cores": 4, "ram": 16e9, "disk": lel2},
{"cores": 2, "ram": 4e9, "disk": 500e9}

}Illlll

deserialized = DatacenterRack.from_json(serialized)
roundtrip = deserialized.to_json()
assert json.loads(serialized) == json.loads(roundtrip)

(o FH X A mix-in AOIHAGE, ERT DLEABIRCRE, B4R £ A mix-in 41, darLi
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S Ak AR K 2 b i HA 2 4K AR AH 56 19 mix-in 41, RG-S ARKYRARLIE, LIAT
[RIFE RO

2R

Q AEH mix-in IR, MAZ RS EYPFRM

O K25 e SE B AT B9 mix-in 0F, SRIG-SMRAIFAK A O T ZA LA
P, BT R il iR L B R4 AT A

O 2R R AT B F] mix-in HOEE, REEEAT LA 24 mix-in HE HE AT
HNT .

o 27 %% : Z M public JgPE, /P private JE Yk

%t Python &K1k, HBMEMT ULEE RA MR, Wl public (ATFEI. A3LH)
private (FAFH) . RAHY) .

class MyObject(object):
def __init_ (self):
self.public_field = 5
self.__private_field = 10

def get_private_field(self):
return self.__private_field

AEAT AR AT ATEXS B Fidiad dot BRAEART (RP . #RAEARF, mRAERY) il public JR Y.

foo = MyObject()
assert foo.public_field ==

APIAS T RIZEIF Sk @, J2 private B, AZAOEE T ABEEEI R 0T,
assert foo.get_private_field() == 10
TEZRA S B ViR private FE251 K 7H o

foo.__private_field

>>>
AttributeError: 'MyObject' object has no attribute
='_ private_field'

B PG AR S B FEA R Y class fRIGIRZ Y, FTLA, X ikt R AEGS

© TEHEEUL, private BRI LELHMATRUL, HSRELEH P TRLMENE. —FE&E
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Vila] private J&PERY .

class MyOtherObject(object):
def __init_ (self):
self._ private_field = 71

@classmethod
def get_private_field_of_instance(cls, instance):
return instance._ private_field

bar = MyOtherObject()
assert MyOtherObject.get_private_field_of_instance(bar) == 71

IEQR I BURHAREE . F2RICEVI I ALK private 7B,

class MyParentObject(object):
def __init_ (self):
self._private_field =

class MyChildObject(MyParentObject):
def get_private_field(self):
return self._ private_field

baz = MyChildObject()
baz.get_private_field()

>>>
AttributeError: 'MyChildObject' object has no attribute
= ' MyChildObject__private_field'

Python 2> Xt R A7 J& 4 ) 44 PRS0 — LE ] LA 28 8, LARIIE private 7 B B9 AL S E.
24 %i 1 #% A& Tl MyChildObject.get private field 77 % Z i [al A A J& YR, © &5k
private_field 7% #2 4 MyChildObject private field, #R J5 # ¥t 17 Vi [a]. 7 {5 o,
private_field 7Bt 2 7F MyParentObject. _init  HUEIf T X, H, XDFAFH EHE E’J
BLSEAFR, S2PR EJ& MyParentObject private field. 262 Fr UG/ 0] QK B FAA
B, R R S f R A S R ) R A AR E .

THEXENSZ I, BATEAT AMMERZE P UIRAHSCEMRARYE T . LigRMiX
KTV, ERMINEYIR, FATERASZE T private J& ¥ 8 Ui AR .

assert baz._MyParentObject__private_field == 71

EEAZAM R BT L, ROTRAER D], FAAJRPESERS FR R MU 2 R .

print(baz.__dict_)

>>>
{'_MyParentObject__private_field': 71}
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Python {12 AN MiE 2 b 7™ # G UE private 7 BE A9 RN PEWE?  FH 95 a7 B0 A0 36 e 13t
#lJ&: We are all consenting adults here (FRATEBZMAEN) . X HFfeltc s, Fik
TARZ Python By BB, REHIN K I HCE LB A4S

AI—RHEFET . Python if S AH SO 4R T — 2@ 4 (S AR 32
%), [ERIF R H S I B O T ZORBEXT 2 R BcE . BESR ik, AR M AHAR
FFH (E1)7 10 private J& MW7

R TR R b I 8] 5 ] A R A i R O B Ah, Python £ 61 2% B8 ( Python
WARFE RS ) (Z A5 2 4%) m9dh, FH—Fph I 2 r SO m X M B .tk
Bl LIRS T RIZRIF LM FB, BOZN protected (SZARI ) FBt, AKZHMYAB
SEAR AL AE i X A BB R EL /s o

BUA T XM, B8R RZE Python 4 T2 i FIAAA F B F R IR Fh AR
% FRESNEATI R ) APL,

class MyClass(object):
def __init_ (self, value):
self.__value = value

def get_value(self):
return str(self._ value)

foo = MyClass(5)
assert foo.get _value() == '5'

XFEIEAM . BRERA CAENTFEZIT A, UG TRER XK
MR, HETRBEBIMBAT N, SURBOEIA Ik R AR AR ()
an, EmARSZERI MyClass.get_value 75 SR FIF A8, X T RESE R 2o ) . RN
R T private Wik, IBATRAEES Y RIGME, HIBBIRBIMEE R, 46K
BRI TK, TENAFE IR, IREEL 5 private FB .

class MyIntegerSubclass(MyClass):
def get_value(self):
return int(self._MyClass_ value)

foo = MyIntegerSubclass(5)
assert foo.get value() == 5

g, —BFREHMIBERRERZAAML, XX private 7B 5| LS
KA, MM S FEHIE R, SHABKIE, MylntegerSubclass 25 i H #4825 MyClass
AR R H UK H object 1Y, {HREBULE, FRATMA H4EK [ 4 57 MyBaseClass FJ2 :
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class MyBaseClass(object):
def __init_ (self, value):
self.__value = value
# ...

class MyClass(MyBaseClass):
# ...

class MyIntegerSubclass(MyClass):
def get_value(self):
return int(self._MyClass_ value)

JF 2 B value J& Tk /& 7€ MylntegerSubclass [ H 4% #8 2% MyClass H 1 Wit {8 19,
BEMAE, RINEE LB, ik 7E MyClass i # 25 MyBaseClass H [ & W {H. T &,
MyIntegerSubclass 2 B [ 15 [7] FAA ZE & self. MyClass__ value F) 5| FIEERZL T o

foo = MyIntegerSubclass(5)
foo.get_value()

>>>
AttributeError: 'MyIntegerSubclass' object has no attribute
w' MyClass__value'

— MR, M ABOERZSE TR M F A b A U [ 2SI protected R,
FHEX LR PRI private. FRATINIZAE SCRY I BAEA™ protected FBEEI & X, fl MR
BOR ATt 25 IR N H8 APL. BRLLFBURSE AN ARl B . XFEBUER, AT
AR HABRE P R, T HALRETERORY AR R E O, ROZ AT PRIERE % 4.

class MyClass(object):
def _ init_ (self, value):
# This stores the user-supplied value for the object.
# It should be coercible to a string. Once assigned for
# the object it should be treated as immutable.
self._value = value

HA—ME LR T L& B8 private JBYER), IRst2H Bkt FRNWEES S
HIAHMR . IRFRLREPE LT SHlER L RN, IR 36 H R,

class ApiClass(object):
def __init_ (self):
self._value = 5

def get(self):
return self._value

class Child(ApiClass):
def __init_ _(self):
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super().__init__ QO
self._value = '"hello' # Conflicts

a = ChildQ
print(a.get(), 'and', a._value, 'should be different')

>>>

hello and hello should be different

HERE NI APT 9—3f iy, ATRERIT Z %8 LEX M 1. BT FRAE
TFRZEERERZA, B3RO A G TR R R PoE . QR P4 R MR
WHE L (AP value), IBATE RS GIKERIAG . J T AR, FA17T L
TE#SE P i A private J@tE, ISR FREEA A SZEE,

class ApiClass(object):
def __init_ (self):
self. value = 5

def get(self):
return self.__value

class Child(ApiClass):
def __1init__(self):
super().__init__Q
self. _value = 'hello' # OK!

a = ChildQ
print(a.get(), 'and', a._value, 'are different')

>>>
5 and hello are different

Q Python %1% 4% oI ™ H8{RIIE private “F B R .

O RAEH H ks BYER A private, 2N %M — G SEF LRI, JFRiIFFERE
Z M i R SIS S APL

Q % £ M protected J@ME, FF7E SR ik S B i & B S IF AR T A,
AR A private J& Pk BRIl 72515 X 27 Bt .

O BAYFERAZ AR, AT LA S private J& Pkl 22 #Rvb 2

28 2% : KK collections.abe VASEHL [ 5 XM 2528 Kk
KA Python dafe TAE, HAEERRAE LI, BT LA &EE, I H e
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H SRR X R 2 (B 3E H. 7. Python "RRE— A28, MIEFREREE FORUEER 2548,
EATHRESE TR S D06 . Python th B #EER At T — S HIEHE T AU N B AR AL, 6
an, list (313). tuple (JC#). set (£). dictionary (5F8) 5.

WARE T LR AR, IBFAT A A AR ] B4k Python B AY list
KA, BN, EEE—FAE XAFIFRER, HHRASGETT & oo R B BR .

class FrequencyList(list):
def __init_ (self, members):
super().__init__(members)

def frequency(self):
counts = {}
for item in self:
counts.setdefault(item, 0)
counts[item] += 1
return counts

LTI~ FrequencyList 284K7K T list, J3K15 T i list PR ity 2 rbruEDIfE, i
13 i A Python #2 )% 61 # o] LA BT AT AR 95 R X AN 6. eah, A TEARHE
SR, FEFEREM T HABA T, DUEHIHAT R

foo = FrequencyList(['a', 'b', 'a', 'c', 'b", 'a', 'd'])
print('Length is', len(foo))

foo.pop()

print('After pop:', repr(foo))

print('Frequency:', foo.frequency())

>>>

Length 1is 7

After pop: ['a', 'b', 'a', 'c', 'b', 'a']
Frequency: {'a': 3, 'c': 1, 'b': 2}

BT, RIXERGEA MR EARGEANRT list 72, {HEHERDH
list —#f, ol LU PP TR, Flin, FRATES TR A RR R S
(2, WRBHEIR list B tuple S5 FF FUARFER Vi ln]

class BinaryNode(object):
def __init_ (self, value, left=None, right=None):
self.value = value
self.left = left
self.right = right

EEGXANZE, WA RE RIS AFFIE R — e 7 FATTAT LU L RR5K 7 1 58 stk
if. Python £ —26 4B HLBHRBR Y SCB vk, RSB G20 884 KT M. A TR
A 3 B JC I
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bar = [1, 2, 3]
bar[0]

Python &4 i M fCAS 180 -
bar._ getitem__ (0)

T, ARG A CEMAY __getitem  J7#k, 4 BinaryNode 287] LA R HAFHITF 31
—FE o I AR R BEOL S MU A U ) 3R AR R

class IndexableNode(BinaryNode):
def _search(self, count, index):
# aes
# Returns (found, count)

def _ getitem_ (self, index):
found, _ = self._search(0, index)
if not found:
raise IndexError('Index out of range')

return found.value
HE RS, RS —FE

tree = IndexableNode(
10,
Teft=IndexableNode(
5'
left=IndexableNode(2),
right=IndexableNode (
6, right=IndexableNode(7))),
right=IndexableNode (
15, left=IndexableNode(11)))

(B Vi) E R aHE, BR T A ARS8 6 — SURARBEEA T3l DT Z 4, i n] LAGE
list AH R 895 EE R VTR B9 C 3

print('LRR =", tree.left.right.right.value)
print('Index 0 =', tree[0])
print('Index 1 ="', tree[l])

print('11l in the tree?', 11 in tree)
print('17 in the tree?', 17 in tree)
print('Tree is', list(tree))

>>>

LRR = 7
Index 0 = 2
Index 1 =5

11 in the tree? True
17 in the tree? False
Tree is [2, 5, 6, 7, 10, 11, 15]
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SRR SEBL __ getitem_ RSN, BIFARBMIZ IS LHRRATARZE G —Fh
A

len(tree)

>>>

TypeError: object of type 'IndexableNode' has no len()

AR B Ten BRI HEME, RRALAITE 1 C R 0 SR STELSS Ah— A4,
ny  len  MIRFEE L.

class SequenceNode(IndexableNode) :
def __len_ (self):
_, count = self._search(0, None)
return count

tree = SequenceNode(
# ...

)
print('Tree has %d nodes' % len(tree))

>>>
Tree has 7 nodes

ST len  AEZE, XANEMIGEMRARAEE, HAb Python FEFF 5 i 75 B2

XN FF RESAR list 5 tuple ARAE, 424 count Al index Jrik, XHEFEK, EXHOHE
AR, MIFE IS PR S .

i TTE4iE Python T2 J¥- B B8 R i 28 RJGT, FRATT AT LA FH 9 & 19 collections.abe f5E

B, ZAEHOE LT —RIVMG R, TR T 8 —Fh S 88388 fr b B4 090 .
M FER R rp kR T TR 2ZE, WMRSRICEFIEAN T, B4 collections.abe 45 He 5l
S XM IR

from collections.abc import Sequence

class BadType(Sequence):
pass

foo = BadType()

>5>
TypeError: Can’t instantiate abstract class BadType with
=abstract methods _ getitem_ , _ Tlen__

mRTFRELLH T%’Hﬂ%ﬁ%%%?iﬁ@ﬁﬁ‘ﬁ& AR 2 FeZemh 2> B BhH AL MR

ek, N, KA # SequenceNode ZEuti X — s, T, B2 H3NES index I



FEIE KS5HE o 83

count Z ¥,

class BetterNode(SequenceNode, Sequence):
pass

tree = BetterNode(
# ...
)

print('Index of 7 is', tree.index(7))
print('Count of 10 1is', tree.count(10))

>>>
Index of 7 is 3
Count of 10 1is 1

X} F Set #ll MutableMapping 55 B A & Z2 M A8 av R AUk, A A4 RS EA, N
PASEBAR R Z RS, AL B C e fil K55G Python Zfe . 7EiXF
WHOUT , Gk S PTH R I Ab 2T e .

B

Q 40 SR 2 il i 26 L BT B, IS ) DA B4 M Python Y 25 28 28 8 (40 list BF
dict) HR4kK,

Q MIEF LI A E XN ERER, "TRTFERS KENRRT .

Q%5 A Hl AR AAET, ATLLM collections.abe FEER i G LA h gk Ak, ARLLSE
KEEBH RN FRBAE LB RIT R,



L

ﬂ%@w?qgigg4ﬁi

TCRN BN

R Python 1 FH FFIERT, S@F SRBITCE, HEERDAE N E K LR &,
metaclass (JGH) XAV, REEBIHAR T —FE T2, MGEFEOMS". fHk
Ui, BRI LIE Python Y class i M55 A 0K, I HAEF U E LA RIZER,
HRPR L AERIAT N

Python 4 75 Sh— A7 W0 R, AR BEAZ AT LA Zh 25 e SO @ Pk i s ) 4. 482
XFP BB AL S Python AY I ) XS ALEIAHSS &, SURT LA A ks faf 2 A0 28 8

H2, XERRMIhREHA MG A BHERTRESE X R L T, i 4:
SNBEINIRIER . TR BT RES A AR BT, 3R Python AR ¥
RIS PR, BEEAE B/ MEA IRN (rule of least surprise, fix/VJE5b
JEI), dsti, XL RiE G FR SEBUIRLE ) AFIEY Python i,

oA 29 k. WAl EPEEAR get il set Jy ik

M ABIE T ¥ A Python BIFF & &, 1] B2 7E2E o B i b SC 3 getter (FRINER) i
setter (X EAR) Tk

© ALFTLAERGR . ARESE RSN, MO . — R
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class OldResistor(object):
def __init_ (self, ohms):
self._ohms = ohms

def get_ohms(self):
return self._ohms

def set _ohms(self, ohms):
self._ohms = ohms

X F setter F1 getter FE R MART #L, {HHIAME Python (4R KA .

r0 = O1dResistor(50e3)
print('Before: %5r"' % r0.get_ohms())
r0.set_ohms(10e3)

print('After: %5r' % r0.get_ohms(Q))

>>>
Before: 50000.0
After: 10000.0

Xt F i B AR R, X R AU B AR .
r0.set_ohms(r0.get_ohms() + 5e3)

setter il getter % T HJy ik, #is3cA B T CEMHE D, BRI A& G 5
FEMERINAE . B IE IR I . 7R A CEZERT, RORIA R RIX AL
i, oA CRZELUR AT RES B #TIEIL , 11X 2L wT AR DR o R AN 2= Sl AT R
VR RIACHS o

&, %TF Python ifi 5 KU, FEA EAT BT T setter 5 getter J5 ik, ML
AT public BHEIFREE.

class Resistor(object):
def __dinit_ (self, ohms):
self.ohms = ohms
self.voltage = 0
self.current 0

rl = Resistor(50e3)
rl.ohms = 10e3

o T B SR Sl S PR Resistor K2 )5, JRHD B IGERVESUAEIEMIM A AR T

rl.ohms += 5e3
VLG A8 75 15 8 M (0 I S BEE R AT A, B A BT LA @property & i 4 il
setter J7 M., T ALXAS T4k K [ Resistor, T TEL voltage (HLE) J& P WUE 4%,
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B2 FIFHE R current (FE ) JRYE, TEER: setter Al getter ik & PR S5H % B H:
HHRF, FREM X EHLEE H sk,

class VoltageResistance(Resistor):
def __init__(self, ohms):
super()._ init__ (ohms)
self._voltage = 0

@property
def voltage(self):
return self._voltage

@voltage.setter
def voltage(self, voltage):
self._voltage = voltage
self.current = self._voltage / self.ohms

BUTE, &8 voltage RIERT, B AT M voltage [ setter Ji, kS HHA
XA current JEM:, 4 H 5 HL AL BHARVCREC

r2 = VoltageResistance(le3)
print('Before: %5r amps' % r2.current)
r2.voltage = 10

print('After: %5r amps' % r2.current)

>>>
Before: 0 amps
After: 0.01 amps

FRHARAE setter Tkt oA LATE Ty ik B R B S0 MBI IE . T i SE LAY
XA, AT LAGRIERE A B BRSO T 0 B

class BoundedResistance(Resistor):
def __init__(self, ohms):
super().__init__(ohms)

@property
def ohms(self):
return self._ohms

@ohms.setter
def ohms(self, ohms):
if ohms <= 0:
raise ValueError('%f ohms must be > 0' % ohms)
self._ohms = ohms

WREATHERIEE, BFERSMHRFE.

r3 = BoundedResistance(le3)
r3.ohms = 0
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>>>

ValueError: 0.000000 ohms must be > 0
AHERMEATREE, FESE|ER% .

BoundedResistance(-5)
>>>
ValueError: -5.000000 ohms must be > 0

Z A& 58, & BoundedResistance. init 4% F Resistor. _init
ifii Resistor. _init X £:4i47 self.ohms = -5, X Z&M{E 15 7 {15 BoundedResistance )
@ohms.setter fF 2| $AT, T, EXNRMETEZH, BFSLET setter B K KIE
R85,

FATHZ 0] LA @property KB 1E I HJE MM BE .

class FixedResistance(Resistor):
# ...

@property

def ohms(self):
return self._ohms

@ohms.setter
def ohms(self, ohms):
if hasattr(self, '_ohms'):
raise AttributeError("Can’t set attribute")
self._ohms = ohms

IR 2Z NG, WRKEE S ohms JEYE, IS5 ERH .

r4 = FixedResistance(le3)
r4.ohms = 2e3

>>>
AttributeError: Can’'t set attribute

@property FIRCKBUSTET: FUBTEMDCH T, REBEFRBEmEILE, ME5ZEX
RO HEABZE, WIOCEE HR—HEBRIS. Aid, Python tifflk THIAFFILE] (S WA
31 %%), JFFEREM RN TRE S EYA QK ZE, 1o, MRFHEA H M —L Ak,

BJa, BEiEEH @property J7 K LB setter Ml getter i, AELBEFHITAHER
Kidaree. Blan, ATAREAERIBYER getter 771k B EME SO b & P HIE

class MysteriousResistor(Resistor):
@property
def ohms(self):
self.voltage = self._ohms * self.current
return self._ohms
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bR, 2SEEREE RN,

r7 = MysteriousResistor(10)
r7.current = 0.01

print('Before: %5r' % r7.voltage)
r7 .ohms

print('After: %5r' % r7.voltage)

>>>
Before: 0
After: 0.1

B Y LS. R AE @property.setter BL G SO 5C O3 GOR S, 1 BB B 1R %
&AM AE AR EAPRIEN . Blan, AROZshA e A AN %t &
(R B PR, AN ROZ AT B FU B I B PR A A . IRITTIT AR S 1028, Balas
D9 PR [ B R, WX AR, RO Python X% —FE, dEW 5 T .
2 TR LA AT R B BT AN AR, AR I 2 A 1 LT

B
Q a5 BT, NIZ A public JR Mk & SCHBE T, WA EF T AC 8 set Al
get Tk
Q R Ui R A B R, FHERRBERNIT A, I8 @property 3 5E X
XFET R

O @property J7 &N %8 MG/ M EF IR, WA AR AR B R EIVE
O @property Fik T E AT — 20 SR ek & 4200 TAE, RS 1 5 ik
B,

30 &%: %80 @property HACE; B YE Rl

Python [N & 1) @property &M a8, i FF & & o] LB HS 4 o R Ty, Wi 4
FHFE BRI R AA T 0% 2K W LB @ (S A5 29 5% ) . bAh, @property B4 —Ff
O R, SR AT DA R B A B B M SRS M SERT A (on-the-fly calculation, %
Wt ) MR, XA R R WL . SR @property XTS5 R 1
if, FOTHTFESRLBMFINGE, A ML M E AT 2B, FHik, &
—MEHEE AR TF L, MEERS SO NSRS, B —FEE NS
E
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foltn, 4k Python X4 LI A RLAAOIRNE". T HEXBRAD, 484704 MR
WAL HEACHA Y, MAE T Bucket JE B -

class Bucket(object):
def __init__(self, period):
self.period_delta = timedelta(seconds=period)
self.reset_time = datetime.now()
self.quota = 0

def _ _repr_ (self):
return 'Bucket(quota=%d)' % self.quota

IR EAE W AElE, B AURIIE: gmlmE K, EOHAEHENT —1
Jal R o =

def fi11(bucket, amount):
now = datetime.now()
if now - bucket.reset_time > bucket.period_delta:
bucket.quota = 0
bucket.reset_time = now
bucket.quota += amount

BUAEPATIHFEECH ARIEZ AT, AU AE A 2B R ECHTT AL

def deduct(bucket, amount):

now = datetime.now()

if now - bucket.reset_time > bucket.period_delta:
return False

if bucket.quota - amount < 0:
return False

bucket.quota -= amount

return True

XA R ZHT, BRI,

bucket = Bucket(60)
fi11(bucket, 100)
print(bucket)

>>>
Bucket(quota=100)

SRJE, THFEH C AT R ECHT

if deduct(bucket, 99):
print('Had 99 quota')
else:

O WMEZE-FESEHE. MEAKTERHENEE. EEASKIERTARFAMA (leaky
bucket), MEEH (quota) HAERIKT HIIAK, —FEE
© R MUKZEIRBN RIEA KB &, IRk EE, REFm. —FFE
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print('Not enough for 99 quota')
print(bucket)

>>>
Had 99 quota
Bucket(quota=1)

XEEQRLEHFE T £, RASFEFFHENBRS LR RMOESEL. B TR,
Bucket X Sl 2 BH 11X —#RAE, MU b R4 A EC R R R A

if deduct(bucket, 3):

print('Had 3 quota')
else:

print('Not enough for 3 quota')
print(bucket)

>>>
Not enough for 3 quota
Bucket(quota=1)

XA LB R B R DUE A MR MR RO . ECESEREA RSN
Freedise, WRER 0, HBA deduct H M2 223K [F] False, BLRT, K deduct AR L4
Y&, MBI, H2, RONTDITEAWH . XFTFERH T Bucket B A FTH 5 HLH
AR, BT Bucket HIFF 4RI B AR AR 50 B A B o

N T X — R, FA17EZEH {8 max_quota 0 A BV IA RS, I EH
quota_consumed it %A JR1 3 P BT {4 #E A4 LA

class Bucket(object):
def __init__(self, period):
self.period_delta = timedelta(seconds=period)
self.reset_time = datetime.now()
self.max_quota = 0
self.quota_consumed = 0

def __repr__(self):
return ('Bucket(max_quota=%d, quota_consumed=%d)' %
(self.max_quota, self.quota_consumed))

A TAT ARSI BB L, 72 @property 7k B 7 St 8t 24 A 7 700 A AT

@property
def quota(self):
return self.max_quota - self.quota_consumed

TR E quota BIERIEFE, setter Ak Nz R B —E4E7t, PARIE quota BES 5% 2k
O HRAY fill #1 deduct AHPTHEL,
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@quota.setter
def quota(self, amount):
delta = self.max_quota - amount
if amount ==
# Quota being reset for a new period
self.quota_consumed = 0
self.max_quota = 0
elif delta < 0:
# Quota being filled for the new period
assert self.quota_consumed ==
self.max_quota = amount
else:
# Quota being consumed during the period
assert self.max_quota >= self.quota_consumed
self.quota_consumed += delta

BATIAARSZ S5, TR A S RIA AR AP S B 07 AR R 45 R

bucket = Bucket(60)
print('Initial', bucket)
fi11 (bucket, 100)
print('Filled', bucket)

if deduct(bucket, 99):
print('Had 99 quota')
else:
print('Not enough for 99 quota')

print('Now', bucket)

if deduct(bucket, 3):
print('Had 3 quota')
else:
print('Not enough for 3 quota')

print('Still', bucket)

>>>

Initial Bucket(max_quota=0, quota_consumed=0)
Filled Bucket(max_guota=100, quota_consumed=0)
Had 99 quota

Now Bucket(max_quota=100, quota_consumed=99)
Not enough for 3 quota

Sti11 Bucket(max_guota=100, quota_consumed=99)

FHXFMEY, BAFH T TET . ARTAER Bucket.quota FYARLEIHAAS, BEATE
BB, AT EH.OBLER Bucket 2SN SCELAY, 1K ok 2 {8 A Bucket AYFR
SRS, WAL B4R max_quota Al quota_consumed, PATAATIE#AAGHRIE.
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SEF RN B AE F @property, Kb E Rl LARE BT & & Bl e BRI, BT
XA Bucket EHZ 5, ARATREAEAR : A A —FF R4 fill 1 deduct BLEEIR 11K
Bucket AL 7 1, TE AR E A THE Bucket S HIWE? X FEAEHG LA IEB (B WA
8522 %%), BELIR TAES, WATLH MBS, HIE XA O3S
RS, BUUNRERS FE M BR A AR AT R . A RABEBEBE . UItkBEK, 255
1 H 9 ANFRAE BG4, ARUE 255 B Fh R T

TEAL RS BR TAEH RS ET, @property BEISR & —TAE W A% T, HEMARE
MW WRARZ B A CIEEAN RS 25 @property J7 1%, AR R K A 4 A X
MRS LR, W, ROZWIREMIZIE, AN IZ kL B4 X B R AL 1)

it

2R

Q @property 7] LA Ay BIAT 952 5] J& P8 B i) D e
Q 7T LA @property iz AL 5¢ 5 Bdas
Q W @property A AGIANEE, AR 1275 MY I EEAIZ S B SO G FARAS .

o 31 2% AR R s T %5 M I @property Ji ik

Python P4 & 1] @property &1fig% (S WA 29 20F155 30 45), AW MBLe,
BRAMETEM . ZEBWRXL ), JoikRF— 2 i @ =, i,
HZ IR, WIkE XSk,

fln, THG—RK, RITEFEA N RN SR E 0 ~ 100,

class Homework(object):
def __init__(self):
self._grade = 0

@property
def grade(self):
return self._grade

@grade.setter
def grade(self, value):
if not (0 <= value <= 100):
raise ValueError('Grade must be between 0 and 100')
self._grade = value
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M TH T @property, FTLAEHIX A28 AT RAE I #.

galileo = Homework()
galileo.grade = 95

BAE, BREEXERIEZE RS RS L, W5 MaiUEH 2 MFE #/
AR, BRI

class Exam(object):
def __init_ (self):
self._writing_grade = 0
self._math_grade = 0

@staticmethod
def _check_grade(value):
if not (0 <= value <= 100):
raise ValueError('Grade must be between 0 and 100')

Exam KM ERAEFHE, HAuGRn—mHH, MEEEHRE K@
property J7%, i HLid BEHOAR 5 A4 56 Uk 2 45t 5 il — ki .

@property
def writing_grade(self):
return self._writing_grade

@writing_grade.setter

def writing_grade(self, value):
self._check_grade(value)
self._writing_grade = value

@property
def math_grade(self):
return self._math_grade

@math_grade.setter

def math_grade(self, value):
self._check_grade(value)
self._math_grade = value

AN, XFGRMAEEH, WREXE T o6 6502 A R BELE e A%
255G, IR E R B ME BI1TH @property {CASF1 _check grade 7%,

A — P A RE S B A S B Bk Thfie, ARELRE KM Python MHIASF ( descriptor)
Ketlf. Python 23X} U5 Al #AE AT — & G 1, TIX AR Jr =, DRt R A P Uk
WER . AT LIREE  get 1 set ik, M AKE LT HES AT,
BV A B e . B TR R et — &2 Bz e P AR @Y B, fr
LI EEER, iR e mix-in iF—28 (B RABHE 26 &)
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THE X T 258 Exam BT, Z2% JLAS Grade LB HI/E B C KR E. Grade
B T WA UMY . TEFERE Grade M TYEJFHEZ BT, KX ELEHAKE: Y4BEF
Vila) 8] Exam SEB AR AT B YERT, Python XX Fhijifal R VEMEFTHE P,

class Grade(object):
def __get__(*args, **kwargs):
# ...

def __set__ (*args, **kwargs):
# ...

class Exam(object):
# Class attributes
math_grade = Grade()
writing_grade = Grade()
science_grade = Grade()

MR VERRAEL R -

exam = Exam()
exam.writing_grade = 40

Python £ ¥R HE 1A .

Exam.__dict__['writing_grade'].__set__(exam, 40)

TR H PR -

print(exam.writing_grade)

Python 2 HA% %N .

print(Exam.__dict__['writing_grade'].__get_ (exam, Exam))

ZHTUAS AR EERRE, SCHBE T object K getattribute  J7ik (S WA
32 45) . fRTHARA, ISR BExam SCHVEA 458 writing grade @, B4 Python sS4
6] Exam 28, H7ERKHPARFZERE XPEEME, WREFTHT _get M __
set  JIEHIXIS, IE4 Python gkl HxT£8 HR B o

E TR ZE, AT UGN mX S, 5 Homework 28 H
[ Y @property 8 IEZ 5, MH Grade iR RERL

class Grade(object):
def __init__(self):
self._value = 0

def __get_ (self, instance, instance_type):
return self._value
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def __set_ (self, instance, value):
if not (0 <= value <= 100):
raise ValueError('Grade must be between 0 and 100')
self._value = value

AEME, ErX AL SRR, E2RBAFE BN T R £R—1
Exam L) b 2 K EE @R, W EBEA RS IR.

first_exam = Exam()
first_exam.writing_grade = 82
first_exam.science_grade = 99
print('Writing', first_exam.writing_grade)
print('Science', first_exam.science_grade)

>>>
Writing 82
Science 99

{2, WRAELA Exam S6 LR vER — R, TRsta SEERIE R

second_exam = Exam(Q)

second_exam.writing_grade = 75

print('Second', second_exam.writing_grade, 'is right')
print("First ', first_exam.writing_grade, 'is wrong')

>>>
Second 75 1is right
First 75 1is wrong

P AR S R A G SR . X writing_grade X NS E MER UL, FTA ) Exam SEB#R
B [E— 1 Grade LB, &~ ZKBHEAIBA Grade L6, HE7EREF M4
B, et MfFE L Exam BWKE, B4 Grade LIRS, LIEAIE
Exam LI, BEAFFE Grade T .

N T R ), IR B Exam SE B TR A IC % F] Grade . R EIX
BeACRY, MR A A LB RS

class Grade(object):
def __init_ (self):
self._values = {}

def __get__(self, instance, instance_type):
if instance is None: return self
return self._values.get(instance, 0)

def _ set_ (self, instance, value):
if not (0 <= value <= 100):
raise ValueError('Grade must be between 0 and 100')
self._values[instance] = value
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XA B AR, 0 ELRBSS IERRIEAE, (HEsRE N mE, BRst Rt
WA o T*ET“H‘JE AN, XFAEE _ set kBB Exam SEBEBE, values F i
R RAE AR 2L B 8 — 035 | o B S BOZ L OIS | OO0 0, {513
WA % T g L [l
i Python PN B 1 weakref #iH, BIAT ok bb[m] B, ZAE 4R 4L T 44 & WeakKey-
Dictionary [J4F5K 78, & 0T LAY values JFR BT FH (% 3% 38 5 #t . WeakKeyDictionary
AARIR ZALTE T WARAETT I R G R B P BT R 51, AR L1 48 1)
Exam SLBI0EG — 051 7, 84, REHS A XGNPI PR, Python
SR A G B TAE, DARIE 472 5 A Bl AT (] Exam SEBIEY,  value 7 #i4s 2
s

class Grade(object):
def __init_ (self):
self._values = WeakKeyDictionary()
# ...

U WeakKeyDictionary kL8 Grade #iiA7F, BRI A FEFH1T A AN K .

class Exam(object):
math_grade = Grade()
writing_grade = Grade()
science_grade = Grade()

H

first_exam = Exam()

first_exam.writing_grade = 82

second_exam = Exam()

second_exam.writing_grade = 75

print('First ', first_exam.writing_grade, 'is right')
print('Second', second_exam.writing_grade, 'is right')

>>>
First 82 is right
Second 75 is right

Q 4R A ] @property 7k BB UENLE, ARARTLLA B @ BT,

Q WeakKeyDictionary 1] ASRUERGRFFIA SR N A7 -

Q3 il R A P SO S LR A AR B B R AR, AEALE T getattribute
77 2 BARIE VR4 .

© AATRIEEY . WREATHI R A B R T I 2 B A HE 15 Exam SCOIRSESIH T, —— %8
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¥ 32%: J __getattr . _ getattribute_ Fll _ setattr__ SCHL
el T i i Jeg e

Python ifi 75 $2 it T —S6dEdy, A AERAESMAERS iR, DIER
ENRGFGERFK. G, FROTELEEIEFERTT (row) FRHN Python X4, TR
PEA A OB —EE454 (schema) ©, FTLAZERRVE SATHIX R XTSRS, FRATLLAURIE XA
Bl FE 45 H . SR, 4B Python X4 5 BHie PEAR 45 )X 2401, 2T ERETTIY
gk, PrLA, XEBAMCR LS 58—t

AR 2., G far sz B A FH A9 ARIS W 538 (9 35 /@ 2 . @property 77 15 R IRTE,
HARESE L EE, PN ET#RL AR e X, Mg perysh&17 4, AT LLid i
Python f] _ getattr  $¥FK i kMi. WIRFENKE LT _ getattr , [FIf RGIEZLERT
G SR A BRI R, B4, REMSTHAXA .

class LazyDB(object):
def __init_ (self):
self.exists = 5

def _ getattr__(self, name):
value = 'Value for %s' % name
setattr(self, name, value)
return value

T, Vi) data X5 T Gk 2 1) foo JB . X 2 5 3 Python I FH NI A4 & X
getattr_ Jrii, MIMESEEFIRY _ diet  FHt.

data = LazyDB(Q)
print('Before:', data.__dict_ )

print('foo: ', data.foo)
print('After: ', data._ dict_ )
>>>

Before: {'exists': 5}

foo: Value for foo

After: {'exists': 5, 'foo': 'Value for foo'}

SRIG, %5 LazyDB WNNCRINGE, ERFEXT  getattr  WIRAMHATHICR Fk. HHE
H, NTRRIRE, AT EAE LogginglazyDB T2 H! [fififi if super(). getattr ()
RAR UL IE (4 o PEARL

class LogginglLazyDB(LazyDB):
def _ getattr_ (self, name):

e WEREH., B, W, MR, KW, —FHE
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print('Called _ _getattr_ (%s)' % name)
return super().__getattr__(name)

data = LogginglLazyDB()
print('exists:', data.exists)
print('foo: ', data.foo)
print('foo: ', data.foo)

>>>

exists: S

Called _ _getattr__(foo)
foo: Value for foo
foo: Value for foo

HiF exists JRIEA SBEAESCHIFHE T, LA ENEE, 4RSME  getattr
i foo JRYENIFF U IFALESL B FH0rh, FrARIR VIR RH Rl % getattr . HF
getattr X2 VHH setattr A, FHAE foo BAESLE)F L, BFLASE — WK iJiI) foo A,
MASTA A  getattr T,

AT AR H S A LTS BHE (schemaless data, JoREZUEAE) MY i,
MWIMAT __getattr AYIMEIEAT— L4805, $EARSCRYR PEINEGHR, LS HURZ R
if, REEMIA LR Z RN

BAERRRNELEABIEERK P LIMFF (transaction, 25) AFE, FHF FK
Vilal S @, FRATTE BB P X AT R AR R, DL AT SRR
FHERE. XEEMTR, T getattr  HHT LI E R, KR Python &
o BN SO F A A7 R h s A R, R ISR

R TP ThEE, FATATLAE R Python HHiy 54— 145, WEEZE _ getattribute_ .
BRFEKVIRX AR ERT, Python REGTARS:IA X Mssk ek, BIfEM T BT
8 T%EM, WEKREMA  getattribute . SXRERE AT LAAE R A B 5 A J@
B, ffreRmIFSRE. TwE LX) ValidatingDB 38, &7 getattribute ik
R O S A A FH A ]

class ValidatingDB(object):
def __init__(self):
self.exists = 5

def __ getattribute__(self, name):
print('Called __getattribute__(%s)' % name)
try:

© WHAREETIR. AAPHEEER “HFE" — AR BE lazy F lazily, ——FFE
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return super().__getattribute__(name)
except AttributeError:

value = 'Value for %s' % name

setattr(self, name, value)

return value

data = ValidatingDB(Q)

print('exists:', data.exists)
print(' foo: ', data.foo)
print('foo: ', data.foo)

>>>

Called __getattribute__(exists)
exists: 5

Called _ getattribute__(foo)
foo: Value for foo

Called __getattribute__(foo)
foo: Value for foo

$4 iR Python Zb PRIk B YERIARETRR , W RFE P sh M UTIR] T — D ANLZA 1R
t, IRAVLATE  getattr  Fl  getattribute  FAIHIY AttributeError F% .

class MissingPropertyDB(object):
def _ getattr__ (self, name):
if name == 'bad_name’:
raise AttributeError('%s is missing' % name)
# ...

data = MissingPropertyDB()
data.bad_name

>>>
AttributeError: bad_name is missing

SEEE B RERT, TR % £ 7E Python 14AD B {8 1 P9 B 1) hasattr R 58 ) b %o
% REC LA THXHEY, IFFHNER getattr RECRIKBUB M. XSRS T
SO SRR A R, RS FEA _ getattr

data = LogginglazyDB()

print('Before: ', data._ dict_)
print('foo exists: ', hasattr(data, 'foo'))
print('After: ', data.__dict_ )
print('foo exists: ', hasattr(data, 'foo'))
>>>

Before: {'exists': 5}

Called _ getattr__(foo)

foo exists: True

After: {'exists': 5, 'foo': 'Value for foo'}
foo exists: True
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fE LBirh, _getattr FEHEMAT W, K22, WRARLIAMIE  getattri-

bute ik, ARABRAEXTS EHE A hasattr 3% getatte PRECHT, T LA T .

JE

data = ValidatingDBQ)

print('foo exists: ', hasattr(data, 'foo'))
print('foo exists: ', hasattr(data, 'foo'))
>>>

Called __getattribute__(foo)
foo exists: True
Called _ getattribute__(foo)
foo exists: True

PAE, R YRR RS, Python XTI, FRATE LAE M9 5 0K L HE [l Bl
IR LU Python FT4RAER)  setattr  FERSRSCIEL, & 50w BT EAUAR B~ HE

B, T AR R AR B, (B2  getattr I getattribute A [n] b
HAET, BAIATEED AT AAN B, RE XS J8 PR, e H W,

i 2

i,

W N B setattr PREURAE, #SMA  setattr ik

class SavingDB(object):
def _ setattr_ (self, name, value):
# Save some data to the DB log
# s
super().__setattr__(name, value)

T E XX LoggingSavingDB 28, /& SavingDB 72, ARUO & B J& PR (E
ok setattr  Fik.

class LoggingSavingDB(SavingDB):
def _ setattr__(self, name, value):
print('Called __setattr__(%s, %r)' % (name, value))
super().__setattr__(name, value)

data = LoggingSavingDB(Q)
print('Before: ', data.__dict_)
data.foo = 5

print('After: ', data._ dict_)
data.foo = 7

print('Finally:', data.__dict_)

>>>

Before: {}

Called _ _setattr__ (foo, 5)
After: {'foo': 5}

Called __setattr__(foo, 7)
Finally: {'foo': 7}

i ffl _ getattribute  Fl _ setattr  FEF AT EIE R BRI RIRER, B
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I#R 2, X AT REFF A RARAR R AOROR . B, FATEAE AR REEYERS, MXT
ZNTRE— 0y 7 M LR, S SR PR SCIBRAY JR P

class BrokenDictionaryDB(object):
def __init__(self, data):
self. _data = data

def _ getattribute__ (self, name):
print('Called __getattribute__ (%s)' % name)
return self._data[name]

Lrix BEACAY, 2FE  getattribute  Jy BT [0] self. data. iXFZEIT—F, I
PR X BACEDKE 33 Python F2 7 ORI, AT A 2805 fe K AR TR BE I AR B

data = BrokenDictionaryDB({'foo': 3})
data.foo

>>>

Called __getattribute__ (foo)
Called _ getattribute_ (_data)
Called __getattribute__ (_data)

Traceback ...
RuntimeError: maximum recursion depth exceeded

o] L 7E -,  getattribute 2> ijj [0l self. data, MiX @i EKEWT EHXIEH
getattribute , R J5 T X £ 4k 5 7 0] self._data, I CRIE S, Mk 2 RH
super(). _getattribute  Jy ik, M S JE P o 0 HL T B R AR _data JEPE(E, DLk T
PRI

class DictionaryDB(object):
def __init_ (self, data):
self._data = data

def _ getattribute_ (self, name):
data_dict = super().__getattribute__ ('_data')
return data_dict[name]

H52ZEM, MBEAE  setattr  HFIEP BN R EME, 40T EET
super(). setattr  R5ER.

BN

Qi getattr Al setattr , FRATOTLARETEA 2SR INBI R AT S0 B 1.
O ZEHff _ getattr 5 getattribute_ X HI|: [ E R S AERF U R] A9 8 P kK i
il %, 2 W 2 e A U e J PR i %
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QB EFE  getattribute  Fl _ setattr  FyEEHifal LGl @4, B4 N % HE#H
it super() (HLELE object 2[R k) e, LIk TCRRIEH

o 33 % MICRREE TR

TOHS IR AT LAY —Fh g, W BE RN S AR B, M R IA R,
RATATRETE ZEA AR A RS I — 30, B fRILEETVEMR S THE, SUEMIRERIEZ A
BARMTRSIER, TR T~ SR R, 84T R H & Ok, &
HoBATIAEARED, DA IR ASBERAF & BUE AL .

R H— SRR e AR init | JTEBEEAT, KRR TR ERE
ZRXTRES (S WARE 28 &%), SWHARRE _ init 5k, HIRSUHICEK
BEATIAIE, FATIE R LIAIE A LA AT HE — 2, DUER R RIS

FEVHAR AT FHOCSR BT T2 0, & SR 20T e g — et s G e SOt & X
TR RIRHE, B type H kAR, TN T FHIZOCIE I HABZER L, Python BRIA TR
B [ class IEAMRH BT & UMD A, BIEGICRMN _ new k. Th&, HATA
DATE RGAN BRI ARF AL 2 JT, SEBEOR I RNER

class Meta(type):
def _ _new__(meta, name, bases, class_dict):
print((meta, name, bases, class_dict))
return type._ _new__(meta, name, bases, class_dict)

class MyClass(object, metaclass=Meta):
stuff = 123

def foo(self):

pass
JERF LURAIRAN R 2 FR, HETORR AL, LURE LT class i AR A 278
K@k
>>>
(<class '__main__.Meta's,
'MyClass',
(<class 'object's,),
{'_module__': '__main__",
'__qualname__': 'MyClass',

'foo': <function MyClass.foo at 0x102c7dd08>,
'stuff': 123})
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Python 2 I EZfA AR, ERELA A  metaclass ISR M RIS E LB,
i Meta.__new & 1] —%L .

# Python 2
class Meta(type):
def _ new__ (meta, name, bases, class_dict):
# ...

class MyClassInPython2(object):
__metaclass__ = Meta
3

AT e LA FHIHE, WIRZRRITA SHEA R, FATRT LA A KIS
H|RINE] Meta.__new_ Jrikth. Hilin, BERZORFINEEZHIE. ik, RATTLIE
X —FREBR I RUES, R ZNBARR PR, BRI YR A CHITE. &
EEMRE, TERPHHRENEIESHE, 3 RZEEN TR, MARRREAS,

class ValidatePolygon(type):
def _ new__ (meta, name, bases, class_dict):
# Don’t validate the abstract Polygon class
if bases != (object,):
if class_dict['sides'] < 3:
raise ValueError('Polygons need 3+ sides')
return type._ _new__(meta, name, bases, class_dict)

class Polygon(object, metaclass=ValidatePolygon):
sides = None # Specified by subclasses

@cTassmethod
def interior_angles(cls):
return (cls.sides - 2) * 180

class Triangle(Polygon):
sides = 3

BN 2= E L—Fh B0 F 3 MENF T, A class IEAERI 455, JT
F P BB UEAR S SL 2 s S FE 483X A class, tHERSRE, WNIRTF & #H i SGXHE—F 3,
AR AR PR AL ELIETT .
print('Before class')
class Line(Polygon):
print('Before sides')

sides = 1
print('After sides"')

e  EEEES ) Polygon, R
© RS P A Triangle (=), —F#FE
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print('After class')

>>>

Before class

Before sides

After sides

Traceback ...

ValueError: Polygons need 3+ sides

e
QuE e, WATAIAFEA BTN R 20T, SRl 7 U A& TR,
Q Python 2 Fl Python 3 §§ 2 L MIE G A A
Q Python R G TR MBS class iE AR TR Z f5, i HTkn
new__ Jiik.

o 34 4 HOCIOREEM K

TLREAH —HiE, REAERTE T AT LR, X T 7 A (reverse
lookup, fAIFRSA) MGG, XA EMRIERRA K, BT LITER FAARRAT
XN RZEZN], BB OC AR

Biltn, T4 A RSB0, #F Python X 42378 A JSON 4% 311 Jr 41 fL %K
W, B4, R EH—FFB, HHEENX R ISON FAFeh, Fimx B, &
SCT —ANE RS, BRI RAE SRR V8 AR S M ik AR i BT I S8, OFR HAE ok
JSON -4t .

class Serializable(object):
def _ init_ (self, *args):
self.args = args

def serialize(self):
return json.dumps({'args': self.args})

AT XA, S —Se i AP AR BARAS BN AR T o Bl
n, FEEXA Point2D 25, RE S LA AFRTH .
class Point2D(Serializable):
def __init__(self, x, y):
super().__init__(x, y)

self.x X
self.y =y

o
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def _ repr_ (self):
return 'Point2D(%d, %d)' % (self.x, self.y)

point = Point2D(5, 3)

print('Object: ', point)
print('Serialized:"', point.serialize())
>>>

Object: Point2D(5, 3)

Serialized: {"args": [5, 3]}

BAE, FRATTH EEX XA ISON FRF R PUTUFSIE (deserialize) #4F, IFHEEH %
FAF T RAR I Point2D X4, FHEIZE X 93X Deserializable 3¢, 47K H Serializable,
© Al LI Serializable fIrF=4: ) JSON F4F 838 5k Python X4 .

class Deserializable(Serializable):
@classmethod
def deserialize(cls, json_data):
params = json.loads(json_data)
return cls(*params['args'])

£ 1 Deserializable, Ff1atn] LLH—F @A, XA AR XS04 TF
SRR TSR -

class BetterPoint2D(Deserializable):

# wen
point = BetterPoint2D(5, 3)
print('Before: ', point)

data = point.serialize()
print('Serialized:"', data)

after = BetterPoint2D.deserialize(data)
print('After: ', after)

>>>

Before: BetterPoint2D(5, 3)
Serialized: {"args": [5, 3]}
After: BetterPoint2D(5, 3)

X RR BT R AR R, FRATTLAZR B A0 A8 5 1 i B R A A 8 (Biln, 2
Point2D 5%, BetterPoint2D %), $AJG A REXS H AR FFIMLEAE. MMM RINZZE: A
TR AT LIEAR LN R 445k ISON #8 XM FFILF R, HERTE AR
FSIA AR, SETT LORHE R JSON 45 8 i JEURU AR B Y Python X 42,

R, FRATATLHEF S R 245 B ISON 4 H i

class BetterSerializable(object):
def _ init_ (self, *args):
self.args = args
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def serialize(self):
return json.dumps({
'class': self.__class_ ._ _name_ ,
'args': self.args,

1)

def __repr__(self):
#

WG, BB HZAEMNEMERZEMRE ER, 43— B, XN
Z8H register_class VEMFAOE, BRARTT LAZ@ A deserialize PREUMEUR ¥ FIMLERE

registry = {}

def register_class(target_class):
registry[target_class.__name__] = target_class

def deserialize(data):
params = json.loads(data)
name = params['class']
target_class = registry[name]
return target_class(*params['args'])

KT Halk deserialize PREE 2 1E, FRATLHH register class 4K AT EE AT
FEFACERAERAR S, AR — i -

class EvenBetterPoint2D(BetterSerializable):
def __1dinit_ (self, x, y):
super().__init__(x, y)
self.x = x
self.y = y

register_class(EvenBetterPoint2D)
Tk, BUATLAXHMER R ISON FAF R HUATRIFILERIE T , SATHRIERT, RATA
T B RUE L AT HR 3R (0 2 TR A 2 28 Y 50

point = EvenBetterPoint2D(5, 3)
print('Before: ', point)
data = point.serialize()
print('Serialized:', data)
after = deserialize(data)

print('After: ', after)

>>>

Before: EvenBetterPoint2D(5, 3)

Serialized: {"class": "EvenBetterPoint2D", "args": [5, 3]}
After: EvenBetterPoint2D(5, 3)

PRI SAAT BT, ARBURTT R E AT RE S IR register_class BR%
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class Point3D(BetterSerializable):
def __init_ (self, x, y, 2):
super().__init_(x, y, 2)

self.x

self.y

self.z

X
y
z

# Forgot to call register_class! Whoops!

AR B S BT R RS, TIT 38 OB PR AT IR P e 92 T
i, IRAFEIF WS TEIBAT IR A B o

point = Point3D(5, 9, -4)
data = point.serialize()
deserialize(data)

>>>
KeyError: 'Point3D'

WS 58 class IBAEZ 5, SiC P register class, HF4E[{# M BetterSerializable
kR T2, WIKIATCIEFI A deserialize bR Z HANAT SUFFI M #RAE BTDL, XFh
BE¥RRES M, mEX TN TFIUHMGERK, 7£ Python 3 H{E KB a8 (class
decorator) B, 23 B[R RERY A] B,

BATR I I, PRIETF & & 7E4% 7K BetterSerializable HBHE, 7252 B3hAH
register_class BRE, JFREHTOFAREME . XATIRETT LU TR IH, € X5EFH
i class A Z 5, JCEAUEEX W FE (SRARE B F). TR, i
ABEAE T2 class IR AR RIMIEZ 5, SERITEM X —HiKH,

class Meta(type):
def _ _new__(meta, name, bases, class_dict):

cls = type.__new__(meta, name, bases, class_dict)
register_class(cls)
return cls

class RegisteredSerializable(BetterSerializable,

metaclass=Meta):
pass

B7E, € X 5E RegisteredSerializable (K25, HAEMILUHGE:. ZXEECL
il register class PREGEMEF T, T4 deserialize PRELE AT LIEHE/E T .

class Vector3D(RegisteredSerializable):
def __init__(self, x, y, 2):
super().__init_ (x, y, 2)
self.x, self.y, self.z = x, y, z
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v3 = Vector3D(10, -7, 3)
print('Before: ', v3)
data = v3.serialize()
print('Serialized:', data)

print('After: ', deserialize(data))

>>>

Before: Vector3D(10, -7, 3)

Serialized: {"class": "Vector3D", "args": [10, -7, 31}
After: Vector3D(10, -7, 3)

HERMMRIR R IER JCIR, AT ATk SCB M, LARR IR —AF
KA LN WA NIA R AT LAE . XA, TR P A
A, ERIE TR X 406 R LT ( object-relationship mapping, ORM), ffiff %
B ARG .

2R

Q fEA ALY Python BEFFIN, SRR —FRA HIREC.
Q A& BRI h bR 72800, SR TIAR T LA H shis 7 i .
Q OO SCBERTENE, AT AR R A TR 220t . AITTRE S S22

8 35 F: OCHORTEME RN Jai Pk

TCRIEA — D EA AR IR, AR B AT LTRSS S WIS SChF(HS i A feE A g
5, SRATIESEE R TIZ R R XS G 4 SHATE (descripror) FETURK (B
WAARE 31 %), A X SEJR AT LA e 7 A 1 CAESP IS i O =K

pian, BRESGHIIZE, RRERE PR RN —1T. R, FRf e Bk
BRI M SRR PE R B — 3 2 8], X G R, TR, R EXMRGAATE,
JRPESF 21K FR Lk

class Field(object):
def __init__(self, name):
self.name = name

self.internal_name = ' ' + self.name

© annotate, 0] LLEEAR A RE. fRRE. TEMEALASEATE M, UMY T % B ME L BRI — e (5
B, M HZER, BARRAGAD, #E% Customer 25 IBLE Field 258 1 JE2E#R N | name FI
internal_name {5 &, (X8 @ MY BB EE MG, —— %0k
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def _ _get_ (self, instance, instance type):
if instance is None: return self
return getattr(instance, self.internal_name, '')

def _ set_ (self, instance, value):
setattr(instance, self.internal_name, value)

M T A AR E S RAFE] T Field A A b, T LFATT AT UdE o N B (1 setattr H]
getattr PR, A SEHI I T A IRZSHAE N protected 7Bz, 7 TE T SE B fY 7 S L AT
TEARATHTH BB 7 oh=, B TR AR, FAT] S 2R weakref LR K R AT,
MRA A ARBACES, ARIER, LI weakref Jr REHER X .

T AGE LR R EAEATHY Customer 38, 3 SGZAEMIHE, FAT1Z H 4K m 1L
TE RIS 4

class Customer(object):
# Class attributes
first_name = Field('first_name')
last_name = Field('last_name")
prefix = Field('prefix")
suffix = Field('suffix")

Customer 28 Tk He &S 9. @A T X Be s (RS T LA, Field $liiR 7 GES
MY, Bk dict  Sp .

foo = Customer()

print('Before:', repr(foo.first_name), foo._ dict )
foo.first_name = 'Euclid'

print('After: ', repr(foo.first_name), foo. dict )
>>>

Before: "' {}

After: 'Euclid' {'_first_name': 'Euclid'}

FUEAE T, XAk B LLdEE . 7F Customer 11 class i, FRATRE
IREEAY AT (Y Field SR ML, Customer.first name, A M AR B XN FEB (A6
thR first name') 545 Field MUA1E 7R WE 7

Z TV B T B A% 45 Field #tE g%, 2 AE X Customer FEfF 5, Python 23
VAMAT (o) 22 B PP fife e MRS 1], X 5 A B A BT 47 AR . H %6, Python 22
L) Field('first_name') (BRI Field Mis sy, A5, BTG4 T 78091 [B1{H,
25 Customer.field name, MIX/MIITF R, Field XA IMERETHIEAE H 2 &%

e ZWARE I K, —iFHE
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Customer J& B #H— M@ 1

AT HBRXFEERG, RIMEMHTCIRKEE. HHATE, Y THEE
class i54A) FHHCE 4, R class iBRARLGH R, XNTERMS L AL T2,
FATAT LAE B, b Field #iA%F A 2hi% B H Field.name #1 Field.internal_name, ffiA
FFEBRRIAIRRE, 85045 F T4 Field MiEes.

class Meta(type):
def _ _new_ (meta, name, bases, class_dict):
for key, value in class_dict.items():
if isinstance(value, Field):

value.name = key
value.internal_name = + key

cls = type.__new__(meta, name, bases, class_dict)

return cls

FHE L —AEE, HIEAEFINIA E LEF I Meta fF 0 HoTSE . FURAREER
BEE—ATHE, BAGZM XA P gkR, LR E RS A o ik At ey Thie .

class DatabaseRow(object, metaclass=Meta):
pass

RHTTRKLIXETT KA, Field MRFFREA FREFBUHN . HE—ZHEN
W MAET: AEATERAMWEREASET, FANIASHE B Meta.__new__ 714
2 B E A R P BB T

class Field(object):
def __init_ (self):
# These will be assigned by the metaclass.
self.name = None
self.internal_name = None

#

A TI63K . i DatabaseRow H:IE L K& H i Field fiA T 2 )5, HATER B TE
X DatabaseRow T30}, A FHFRERIBEE, wEEZMMAI T,

class BetterCustomer(DatabaseRow) :
first_name = Field()
last_name = Field()
prefix = Field()
suffix = FieldQ

BT BetterCustomer 25947 A5 1HEY Customer Z54H[E]

foo = BetterCustomer()

print('Before:', repr(foo.first_name), foo.__dict_)
foo.first_name = 'Euler'

print("After: ', repr(foo.first_name), foo._ dict_)
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>>>

Before: '' {}
After: 'Euler' {'_first_name': 'Euler'}

BR

O fEEITER, RfTAT e R K 2 2 3T, A aek R
O MR 5 TR A RO AL A, DUET SR M, e

IR AR A (s B,
Q R SHARFFHLE S, AP T IEA ] weakref HEH (Y AT 42 F Bt N AF
T

© JF3CH runtime introspection, FHEEEZZITH B . —F&FE



Clacyers . BHE

HENFT

J£% (concurrency) MIE UL, THHEILT (seemingly) JETER—f [ fERZ
AR E, flm, EEamiinE A —4 CPU L, IRARERGMESESTTZ
Mgy, FHEAAVSSITEX —MEHEE L. X ITERFN R, ERT
—FEg, EIRATLA N X S AT DA R s T

J#47 (parallelism) AYREI 2L, TRV (acutally) J1E [R]— i [ & R 2
AFEEFT, Bg 24 CPU BL I L, REMREIRTEZ R, £BRF P s,
B RNETTERA CPU WA LT, T2, XUEFE T shaB a7 (Rl — i 2 1) At .

FER—ANFEF TR, Aot —Fh TR, B R 5L AT LS AN 5 il fife e e S R
)@, fEIFRRRF R, AR TR AR AE 08 LR K m gk, mix#hral, (A
TR IR S 42 W] ATE [R]— o [R) 3 57 32 47

AT S IR ARG, $AE TREA GRS (speedup). HRFH I TR, H
A W 2R AN [ A B T B AR AR AE AT b o) B4R E , TS 55 R PA T (] 20 fe . BRAT R
R RIS . RZ, BANER I AR, IR BME aT LUH AT
T T 2 B8 AR, ARSR AN S0l AT 55 (3R T 2k FE A9 B4 T

A Python ifs 545 3 AR, =L ERW. B ARG, THEMCIESY
JEEEHLEI, dun] LI Python AT HBAb PR — L85 % {HR, AR AU Python A%

O TEAGIRE AR T, AAEEERADHTESCFORBIRX S, —iR &
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PARIEPATA l2RIEAT, ARSI FrLd, O1—EZWH . WA e e &
b2 B2, R oe A AT Python FITiRAEARFIE .

% 36 %% : JH subprocess BiYUORAT BE 1 IEFE

Python $#&{t 77— SedE F O AT P, RS IFE B iR, iXfli75 Python i
T AR AR ks i 1T ALY ( command-line utility) 55 T BB S ¥, BA Y shell
AR — AR 2 AR AR A, fESXRRIEIL T, b TR RIS B B e T S e, kAT
AR 2% ] Python (5 .

i Python Frji s i) 24~ , BT LUEATiafER, X 15IRATEE4E7E Python £2
JF BL 7543 A B o ) 438 CPU Bls, MR 2 THER P A9 AL BERE ST ( throughput, 7
i) . HER Python M BERR A S AT RESZ IR T CPU (WA 37 &), HEFAEK
SRAT LM Python il b 3K 3l I Wr R AR LEHE 2R CPU Y TAEAT 55

EZF A REER T, Python Lk T ZFEiT FHREM A, HhaE
popen. popen2 Fll os.exec* %5, SR, X1 244HY Python ik, il F Ho i ¥ A0 1
PR HUEEL, RIZ &N B Y subprocess FRHL

H subprocess BiHia T i, 2 HERIRM . FElx B, HI Popen #1E#i K
Jeishidt e, SRJ5 M communicate Jy i R E R, JFSRFHZA L,

proc = subprocess.Popen(
['echo', 'Hello from the child!"'],
stdout=subprocess.PIPE)
out, err = proc.communicate()
print(out.decode('utf-8'))

>>>
Hello from the child!

TR 2L TR MEST, X RA LR, fEAYJE Python RS . 7E T I
EANEFRE R, A E A TR AR, — AP A S .

proc = subprocess.Popen(['sleep', '0.3'1)
while proc.pol1() is None:
print('"Working...")
# Some time-consuming work here
# ...

print('Exit status', proc.poll1())

>>>
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Working...
Working...
Exit status 0

T HBRMCHFEHRIE (decouple, fiFHE), FIRAE LA LM EIEFTREZ KXV
T THR. BT LBX—aL, AT LUERATA K7 AR R Sk .

def run_sleep(period):
proc = subprocess.Popen(['sleep', str(period)])
return proc

start. = time()
procs [1
for _ in range(10):

proc = run_sleep(0.1)
procs.append(proc)

K5, i) communicate Jiik, SERFXLL TR SE R VO TAEI &S,

for proc in procs:
proc.communicate()
end = time(Q)
print('Finished in %.3f seconds' % (end - start))

>>>
Finished in 0.117 seconds

@I& X b FHRENEAT, TAREFTEAT, B

LwRWIERM B LA E 1P
#, MARRAFAXHE, RAT 0L PEARETREE.

TF R E AT LA Python 2 7 [a] F i BR AR H0HE , ARV IRICF 22 (04 A5 Bl X
fEARIRATAT LAFI FH AR R AT U ATAE 55 . BN, ZAH&4473X60 openssl T E A
TR . THEXBAUS, RBEELIAHKMMSITSE V0 i, bl g 52 mk
I REPTG ) FiERE

def run_openssl1(data):

env = os.environ.copy()

env['password'] = b'\xe24U\n\xd0Q13S\x11"'

proc = subprocess.Popen(
['openss1', 'enc', '-des3', '-pass', 'env:password'],
env=env,
stdin=subprocess.PIPE,
stdout=subprocess.PIPE)

proc.stdin.write(data)

proc.stdin.flush() # Ensure the child gets input

return proc
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WG, LR 78, o me. WER, EERTAES, FA
WIROZAR P RAGR . U, MBEETENA:

procs = []

for _ in range(3):
data = os.urandom(10)
proc = run_openss](data)

procs.append(proc)
ok, XUt r] DTS B EAN TR AGE T tet, FRFn
PSR S Fit s Toe ke, TR EMTEA R &5 R .

for proc 1in procs:
out, err = proc.communicate()
print(out[-10:])
>>>
b'o4,G\x91\x95\xfe\xa0\xaa\xb7'
b'"\x0b\x01\\\xb1\xb7\xfb\xb2C\xelb"
b'ds\xc5\xf4;j\x1f\xd0c-"

Wb, FWALERTLUR UNIX BEAREE, AT BRI A B %, Frig
#EER (chain), MR THBOML, S8 A THBROMABKRER, JFLL
WGP T X FTHXARE, TRURZ— TR, miz#RaMaSirm
md5 T HAAb P4 A A i) i «

def run_md5(Cinput_stdin):
proc = subprocess.Popen(
['md5'],
stdin=input_stdin,
stdout=subprocess.PIPE)
return proc

@? B F Python N & # hashlib # B A & # Rt 7T mdS & %, FrUAE LR IEF,
KCERAPIRE, FNEFTFHE. EFWAZHUZIEE, REHNTEF
WmEEATFHENBHEE, YRE - NTFHENRANEE,

BAE, J3h—% openssl #FFE, DAE M EEEE, FAE 5 —%& mds #t82, LA
FEARAE % % AR T R G A (hash, Z%1E69),

input_procs = []
hash_procs = []
for _ in range(3):
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data = os.urandom(10)

proc = run_openss1(data)
input_procs.append(proc)
hash_proc = run_md5(proc.stdout)
hash_procs.append(hash_proc)

JRaERZE, MK TRz 2 A shi T V0 4B, TR LR

PEREATIE RS, JFATENRZR ke th a2 B el

for proc 1in input_procs:
proc.communicate()

for proc in hash_procs:
out, err = proc.communicate()
print(out.strip())

>>>

b'7a1822875dcf9650a5a7le5e41e77bf3"
b'd41d8cd98f00b204e9800998ecf8427e"'
b'1720f581cfdc448b6273048d42621100"

-

WRARHLL R —EAZL, s O e 6% 58 S A 18 e R R A
TPHZE, AR LY communicate J5 514 A timeout S8, 1% R4 7646 i i+ [A] B N
WA 4 RN, communicate J7 24l S8, AT 0T LAZE AL B S R (i, 20k

RSN AR,
proc = run_sleep(10)
try:

proc.communicate(timeout=0.1)
except subprocess.TimeoutExpired:

proc.terminate()

proc.wait()

print('Exit status', proc.pol1(Q)

>>>
Exit status -15

AFER R, timeout ZE{UFE Python 3.3 JJFZE AT AR X T FATHY Python it
AU, FATT ZEAEFH N E Y select #5 Bk Ab # proc.stdin, proc.stdout il proc.stderr,

AR 1/O #At i i i HIL R REAS A 2

Q "T LI subprocess BiiadT b, JFEELHA A5 %0 A

Q Python fFFESRRERE AT HLIZAT 2 & THERE, X MARIT 2 T AFE /A CPU 1Y

AhEERETT o
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Q 1] L) %5 communicate J7 #: 1% A timeout Z 4, LAk A+ i7F £ FE 8l 58 2% 25 ) B
(hanging, fEilg).

W37 & wDUHERFDRBITRLZE R VO, (HAZEAEMCETil3T

PRfE R Python 52311 f CPython., CPython 43 Wi 247 Python ¥ . B %, €
AL K P IRACTD BT I i 1%, RJE, H—FEE TR MR KT X F
W%, BUAT Python FEIFET, 517 A ff e &5 A AR K5 DM I — B AR A . Python SRH] GIL
(global interpreter lock, 4= JRffRRARH) DL AHH PR R,

GIL 3Ebr k2 —4E B 54 ( mutual-exclusion lock, X FRA mutex, HJF{&), H
LLB 1. CPython 52 ¥| 5 X 24 #2 V1% ( preemptive multithreading) #:/ER T, FriF
e LRI, SRR AR AT LGE AT 5 Ah— AR 2, SRR R R
B B AT ERAEA AT Y, IR SBIRRSSRIRE . WA T GIL Z
G, XETHREMERASKRA T, GIL A RIEE A7 12 6% IE#iii 5 CPython
TR CIBEFY A iz .

GIL A —FpaE 5 i W AR . ] C++ 5 Java S61R 5 H P, AT LA fR] i 77
ZERAR, URSFITEIURE&Z 1 CPU &>, Python BRI REWSIFFLLAEE,
B F2Z 5] GIL {4, FrLAF—mtZl, BA—RE&BLARFTPIT. XEWE, i
R ATTAEF FH Z LR MOE1TH% (parallel computation), -7 {1t A Python F2 /7,
MBAGER AT S NKHE,

i, #H] Python $AAT—WiiF R KMAES . A THEIILIES, ZERE T —
P T A6 4 PR B i S

def factorize(number):
for i in range(1l, number + 1):
if number % i ==
yield i

R BN IR ZRT, MR FET LB A [E].

numbers = [2139079, 1214759, 1516637, 1852285]
start = time()

© MIBESEFAPEYE (coherence), AR A—BtE. ERYE. FrigsRihmeE, ABEERENR: FIE
AR R nl AN 25 (A I o a]— oy B, JF B AR aE e A 1 7E [a] — ik 20 B & B a0 B (., AR
) - PEE
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for number in numbers:
Tist(factorize(number))

end = time()

print('Took %.3f seconds' % (end - start))

>>>
Took 1.040 seconds

{ERANEE I EABIE F G AT, ARFRATE AT LR 2R IEA 10, R IRREAiE
A T BC & 4238 CPU B.Lr, {HZXT Python K3, ARtk TATAYISE
WiAE . T LAX4> Python Z2, A] LAAAT S5 RIA IR BE G CHSAH [R] A2 55«

from threading import Thread

class FactorizeThread(Thread):

def __init_ (self, number):

super().__init_ QO
self.number = number

def run(self):
self.factors = list(factorize(self.number))

RIG, NTEMEATHHRE, BATHA numbers ¥ RPN T, #Es—FLR.

start = time()

threads = []

for number in numbers:
thread = FactorizeThread(number)
thread.start()
threads.append(thread)

G, FRragRiiTEte.

for thread in threads:
thread.join()
end = time()
print('Took %.3f seconds' % (end - start))

>>>
Took 1.061 seconds

S NEERE, XEEMTFESRAETE], SRR LB MAT factorize ITFEMIIREK . H
FEMUFHA LITNRBR AT, BB SR HADGRAR 8 = R se 8, IR a4nbRa)
BEBRMPMALRE RO HZE, BFNRITEEAEMIS E IR 4 f%, %
F BT BRI AT R BB, AT CPU R, BT AT AT B RO AR A Rk
2 £, BATAKATRFIHZA CPU B R IBTHRF R, HARA R ZLR N
Python F2FF #7415 LL AR FRIR B8 . IXAFAULE UG, #RUE CPython fRBEES TP I ZLE
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RPN T GIL B,

ik ol — 22, FRATTH0 52 AT L4 CPython f# RS A CPU AWK, BE
AR J7 X {9 I F A AR HERY Thread 28 (S WA 41 %), MHAETEHARKERE
BEWA., WA TXEREZE, RaTaESR: ARBER I, Python Rt AR T 3 HF
ZLBW? T A MBI

B, ZAREREFE LEFREBER—MEEF2FE. REQ LI
R, IFF T BTS2 R, A5t RA8 LR X (S W A435E 40 4%) . i By
L&, WHEHE S Python BF A A—FEMFATH X, RPUTIXEEE ZFTLL
e, JZH R CPython 7E484T Python ZkFERUETfE, PILAMRIE—EBRENAF. A,
M1 33 GIL BRiil, FrLAR—m 205205 E HEEH — M EREA BT

Python X {F LA —S&H, AL 2N 10 4, Python 7EHATHR LR
GeyE R, SR ICEENE. PATRGEA, JE48 Python BT IER AN ARIERS
ESNAAAAC ., IR R. 53X, FENGREE, URS BREFR
M ES, #E THEXR Vo #84E. X 7 mRxX R ZEXKER, BRIERGELMIE
—SERFlE], A AT LAME BIZRER , 4 Python BRI 55X SERERT Y 1/O HAERREIIT .

Biltn, FATEE LB TG (serial port, fIFREE D) ZikfES, LUMELREEH—48
B CHL. EHFRA - NEERRAOREMA (R select) RALIXITIES) . %6
BOSRARIE RGEPELIE 0.1 B, SRIGHBAGE AR, SRR 585 A4 8 0k & 3%
ERcp==30L0

import select

def slow_systemcall():
select.select([], [], [], 0.1

WRBANPAT EEGX ARGV, IBAR T ke St a], w4 bl v A AR Bom
Hehm.

start = time()

for _ 1in range(5):
slow_systemcall()

end = time()

print('Took %.3f seconds' % (end - start))

>>>
Took 0.503 seconds

PN RS T FRFAEEAT slow_systemcall pREAAT R, ARE4kZE
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R IET, BRI AR R select RYGCIMAIICHL, SORhBLGAE IR MR T R
ERTTHIAY . (R0 %k A5 BRI, RPN AT BT KL F R BRI 3 bt 7
WAL AT A A A R A TR, VO B SRR, IR R
GEi R M R L

FHKBACHS, 1% slow_systemeall VA 43 I HCE) 2 2 R h AT, X HETS,
(R RS 5 2 R LUEA (BUREIE AR FR R S T L), LA
B e AT T

start = time()

threads = []

for _ in range(5):
thread = Thread(target=slow_systemcall)
thread.start()
threads.append(thread)

KBRS ZIR, AR N ETHUE TR ER B, RIFER T RG0H
MR 5EE

def compute_helicopter_location(index):
F i

for i in range(5):
compute_helicopter_location(i)

for thread in threads:
thread.join(Q

end = time()

print('Took %.3f seconds' % (end - start))

>>>
Took 0.102 seconds

5 RFTIRFGE A AT REE WA R I R, X FEAT 7 RS R, BT
Al 5 M. XU, JRAEZHIT GIL, {HEHIZ> Python ZE Rk AT AR 48 4 F A il 4,
X R G0 AT LA T AT . GIL BURES Python AURSTICIEIF 47, HEX REEIHAH
HVBA AR N, T Python LR AEHAT RGN MR B GIL, JfH—H
TR PATRREA SEHRE, FTLL GIL A0 R IR .

B T 2R, A H AL —27r 50, AR AL # H % 0 VO i AE, Bilan, NE W
asyncio B S, BARIRL ) XA & AEH W E A, (HENTERIT K E LA
K, BRI FA RS S —FhPATHR (S WA 40 45),  WAR BEAAER KR B2 b 2 vl
., MESEITHIBITZ A% VO #4E, IR AL, 22 e f—LL,
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BN

Q B3 2R R8s (GIL) MBRE, FTLAZ 4 Python KA REAEZ A CPU
ol b AT AT .

QR 32T GIL, {HJE Python (LA IIREMKIRIRA FH, & 1T AR BT
[l — It 2 AT ZIE 55 B BOR -

Qifiid Python £k, RATATLLFATHIITZ ARG, X R EFRESTEIIT
PHZE VO BAERIFIME, PAT—Sbim B HRAE.

o 38 A% fEZRFEp i Lock KRG 1F Bl e

WA T 2R (GIL, ZWABE 37 &) HLKZ)5, 17£ Python 4ifeHi T
ATRESIAN R HETES S Python fCHSAY, AT EHMHE RS (RN mutex, HJF
) 7. flfi15Ed5: BESR GIL flif$ Python & F2 Kk FATHIZ4TIE 24 CPU #.0 L1,
BAEBIARB X PR SAE B SUEEA, A7 53R SR /) BiE
PR — 2 )5, IRATEZE S0 E X Ak R A B,

(B EER, BEMIFEm. R, GIL HFASHRPHAE HA RS R,
] — i 2 [ 9% HGEA — 1 Python KB 1H LT, HZ, MXNEBIEAERELEE
fikant, HAWKRATRESITHIE, ARV, Python MR SSTEDNAT I MESEM) ¥ 11548
A0, AR AT RE S A ik S SR HESR . WERTF & 24 22 o [R] i 7 ) A
M, Mo ERWEM TR GRS R, XA b R ER TR & A, — B R E,
WA R AR, DT A G A9 B8 454 JC i g H—BudE™

fn, RITERE DT, FTSEiHr 25y . SERDZETFEN—BERL
JERAR R PXDOC I SIHEATRAE, IR AREBIMREAR BB, HERE T ST AR
%, TH&, 4K Counter MK, L THPRRAHEARE .

class Counter(object):
def __init_ (self):
self.count = 0

def increment(self, offset):
self.count += offset

O BUCHBEER: SBAREGTHBAESRM (invariant) WEIHT . —FHE
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A WG REHER  FRh, SR ER V0 B4E, FrLd, RATELE/ME RS
SBUE HE W TAELRFE (worker thread) . HREF|—IRIEH, TIELEH 4 Counter
FTERAY value (BN 1, SRIGHSERE, HETCMESTRRFERE.

def worker(sensor_index, how_many, counter):
for _ in range(how_many):

# Read from the sensor
# ...
counter.increment(l)

T HISE XX A run_threads PREL, 25 MERERARR B — R TARLARR, RIEFH
EMNZEmA B RRAE T

def run_threads(func, how_many, counter):
threads = []
for i in range(5):
args = (i, how_many, counter)
thread = Thread(target=func, args=args)
threads.append(thread)
thread.start(Q
for thread in threads:
thread.join()

RIG, FATHATIX 5 AR&fE. A0S XMRIFINER, NOZEAEE AR

how_many = 10%*5

counter = Counter()

run_threads (worker, how_many, counter)

print('Counter should be %d, found %d' %
(5 * how_many, counter.count))

>>>
Counter should be 500000, found 278328

B, BIMEEZE, RIMAMEM, EHERMNSRMEERT, X AR LN
F, BASHXAKRKFER? BT Python fif B4R E M — it %] REg iz T — A 4A2, Frld
XFPEE IR E S AT T o

h T RUERTA R AR BRI A AT, Python fEREAF A BN AR KBS
ML FRERI ], A T IR AE 4T BL g, Python 4% Al AE YA LAR IEFESTHY Y
i, B HEE (suspend), SRJGH 7N —DLRRBGKSEA T AT, REMET, FEREKL
TEMER HIAR A Python RAESTEMTHT R (F X Se2k e, A —SL#fE, FH L XIFBRER T
f (atomic operation) °, {H Python ZZAKIRAT Al REAELRAR BT B — 2 A0 B R L/ 15

©  RABMLZNEN— MR TIERAE . o, A6l B IMRIEIRIE (self.count += offset) , ——i%
#Hik
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TR, BEAT EmmARRELL
Counter X121 increment 77 & L R %,

counter.count += offset
H, EXREYBIE LA += #B4ERF, SEPR B 24 Python TR BT =50l
Fo#tE, LRIIRARIER), ATLAR Y BT X = 218 4] .

value = getattr(counter, 'count')
result = value + offset
setattr(counter, 'count', result)

J TS A RS, Python ZEH2 AR IK $AT bk =AM 4E, MEEBEMANBRIEZ
], &G ATREA ALY, XFREMATH X, TERSLSLEIEIHE value i E
45 Counter, MM{EREFHEfT45 R BLEIE . KATH A #1 B XWAZA2, SRR X F
1oL

# Running in Thread A

value_a = getattr(counter, 'count')
# Context switch to Thread B
value_b = getattr(counter, 'count')
result_ b = value_b + 1
setattr(counter, 'count', result_b)
# Context switch back to Thread A
result_a = value_a + 1
setattr(counter, 'count', result_a)

L, LR AT R, KB T X, FLEBITEES
WHIREZ G, AFE A XHREAT, TR, 4fE A SHELARE B RIAXT T 8088 BT i i
BROR, e E T, GEESRHERF TG B MR BB Z BT &t e, [EREXA
JFH .

KT B Ak Gt 26 B Bl 35 4+ (data race, ##E4H) 178, Python 7E N B
threading L5 LAt T — @0 TR, I A E o] IR B C WEHE S5 A2 %
W Hep, Efi, SAHMTHE, 32 Lock 28, ZHY THFS (e ME k).

FATAT LA B FF BORIR 7 Counter X%, {15 2422 [RI A3 15 (1] value (B fY A 45,
Aoz Em IR, F—mzl, RAE-TREREREXIENS. FToxBaEes, M
with IBARRIRBOF B T8, XHS, BRI ANEASE N KEERA
HRHIR, $ATRS RIS (PRES WA 43 &),

© EBEXFER MR A BRBE (stomp) &2 B. — &
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class LockingCounter(object):
def __dinit_ (self):
self.lock = Lock()
self.count = 0

def increment(self, offset):
with self.lock:
self.count += offset

Rk, mEMAR—F, A TEZLR, RAT X KM LockingCounter 2K i
TR

counter = LockingCounter()

run_threads (worker, how_many, counter)

print('Counter should be %d, found %d' %
(5 * how_many, counter.count))

>>>
Counter should be 500000, found 500000

RFERIZ AR, A RBATRERE S hnl UL, Lock XF Ao 18U 58 4R,

B
Q Python 55 A @R B B, (HRTESS A CMERIFRF, MROAEBOERT 21
e IR — Bt .
Q MERTFEAMBIAHTEE F, AFZRERBURFE—IXER, AR L
e E MR
Q 1£ Python P4 E ) threading B, A4 1 Lock 26, & HIARHER 5 U5
THFH

9% 39 7% : I Queue B 2R Z [ TAE:

42k Python B f7 IR BT A2 H 55, IBATT LB LT RN LEF 5, MifE
SR EME TR, ORI —Fh, SR R R BT

BRI TAEREL, SHE PR32 (assembly line) AL, HLD NiFZ
HRAHEMBBE (phase, A7), ANM B b —Fp AR sREOR LS. 7 BURIER
Kb B F A IS N B A LR I i e — o RV RS AT DAL B S ST IR AR BE N, A

© pipeline. A Tl pipe (i) —JaAHE M, 3 3CHYERHELAXTF pipeline, ——F#1E
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AbERA T Br B . SF ST B BOIRA s, BRI IRAF 2SS,
PAERFIEL PR T B, LAUEHE, BB SH BB —# . ¥ &% 1/0
B TR TAEMES, JUHIE G LI B, RO RERAT 55, IRAS IS £
/> Python KB SHRZ H (S WABE 37 %).

filtn, EME— ARG, ZARGNEEAYLUE MRS U AR
oF, JRRILEINBI M AT . XFERIRRIT, ATLUCRH =B B Ok 8. B — BBk
WORTPE R 55 B Bt T 800 B (4 i R g . 58 = I BB AR BUS R 3845 Btk
(upload, [#%) PREL,

R FATT 22 H Python AXAY, 671 513X = 4~ Bt A download . resize Fil upload B
G T . WA, Qe PR — 28T LT A Ab 51 B R (A 2R 8 2

HAEEME, R —RT 5L, DMEEEL A FE R B afg % T4
%o BRI, AT LA A 00 A 7 1Y 2 BAA TR AR (LR A A i T I
BREAFE 38 &, deque KMFHEBESRA B 46 %),

class MyQueue(object):
def __dinit_ (self):
self.items = deque()
self.lock = Lock()

B ANLER T P A = F A, ©atH e E R 3 E] items 31 2 9 A i,
XA~ items I, FRAFIFFALPEA 25 H .

def put(self, item):
with self.Tlock:
self.items.append(item)

R A AT LR AR — I B, FERE I B A A A, B MR AL 2R H
TR BRI A .

def get(self):
with self.Tlock:
return self.items.popleft()

FeA'1H Python LR R R FLR M & PrBe, XFh Worker ZkF2, 22 M MyQueue iX
FERIBA S U FFAL BB AT 55, D XHZAE S 2 TG R B, RSB AT 45 R 81 o) —
> MyQueue BAFIHL . 1b4h, Worker ZRFEIEN 25 ic A HHTE 55 MU, DA B AL BRSE AT
SRR

& producer-consumer queue, 0] i FROA P — B . ——F &



&

126 +,» Effective Python: ®EEREE Python X8RI 59 MERGIE

class Worker(Thread):
def __init__(self, func, in_queue, out_queue):

super(Q).__init_Q
self.func = func
self.in_queue = in_queue
self.out_queue = out_queue
self.polled_count = 0
self.work_done = 0

X F Worker SRARNEUL, SHBRT-HRSY, WU U REXT i A BABI N 2 R Ol AR
A B K AT A O S5 AL B 5E, RS R IR e m R g
FeA 138 3% IndexError 5 AL B ACRIL o PR AT LUK HARG 2k 72 b iy 3EA~3R Y
KA T B o

def run(self):
while True:
self.polled_count += 1
try:
item = self.in_queue.get()
except IndexError:
sleep(0.01) # No work to do
else:
result = self.func(item)
self.out_queue.put(result)
self.work_done += 1

BAE, BUEAHSCHIBAS], RIGARIEAS S TARRRZ X NICER, LERELRN
= BBt .

downTload_queue = MyQueue()

resize_queue = MyQueue()

upload_queue = MyQueue()

done_queue = MyQueue()

threads = [
Worker(download, download_queue, resize_queue),
Worker(resize, resize_queue, upload_queue),
Worker(upload, upload_gueue, done_queue),

]

JABX YRR, I RRAESIIMBER NS DB LU, EFH R
BA Y object X154, KA download PREITT T 2k AY LS4 -

for thread in threads:
thread.start()

for _ in range(1000):
download_queue.put(object())

BJE, SRESK A & BAALBESE R, SE 2 b AR BT 55, & BLAE done_
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queue PAFI B .

while len(done_queue.items) < 1000:
# Do something useful while waiting
# ...

XA AR P AT LUE S 247, (HJRRARTE A0 ifl Hoa A BAS I AR BUST B £ 95 1, T
RES A —FEIER], X REARIMEEN. un J7khA — Bl e RS, Fkim ik
IndexError 574 (19, WML T mrAYH H S, ATRMSR. XBAUSE T TIRZ K.

processed = len(done_queue.items)

polled = sum(t.polled_count for t in threads)

print('Processed', processed, 'items after polling',
polled, 'times')

>>>
Processed 1000 items after polling 3030 times

EEL, BB TIERE, HITs BT RES A r e, XS aT—pr B
RSN SE — BB, TR RELIRN ., F— RS EHEHREaT, K’
HAWEAS], LSRIKBUR LS, fai—A B BOGRIB R REIES52e 0k ok, Tt
LRR—ABBEEA TYVE (starve) . XPEMIIEE 2 TELRESH IR CPU A
6], RPAT %A F e, WL, E01aREubd 4K IndexError 54 .

ARSI AR HEE, WA BLAIRAS ] R i — /N 2 o BRitk
ZHh, A EABRME, Wi ik, B, b T HIWTE A5 R S ER R
AbHSEEE BT mME — U558, FFEEHIWT done queue PAFI RS EE . HIK,
Worker &F2( run J73%, S—HPATHIERA . BIEE] T ROZR H R, RATHBES D
HEIE N Worker 225 11X —1E 3.

S =AY SRR A B B R AR IR, IS4 B B AT R T B Y
Wt #5—PrB M FEAR PR, T5E B B A b PR R, W X A B B A IR
NSRS AR, B BIRARA ER B S, XMIRER
g Bt Z ), RS B O i A A BAE AR R N AE, BRI T

XL FIE AR UE L — PR T, BT RRAERBERR. HEAD
I RO A = E—IH 2B AT, kW R .

FA Queue SRR EIRBATIAITRRE
&Y queue BEER P, AW Queue I, ZISREG TR P b IR i ATk L
[ R
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Queue JE AT TARLARICT 0 S A U A BAFIBPIRZS, PURER get ST
ZEPHZE, HIABMBIEINA . B, FAVAE—RAR, IS ZLBRERF Queue BAY
FH R AR -

from queue import Queue
queue = Queue()

def consumer():
print('Consumer waiting')
queue.get() # Runs after put() below
print('Consumer done')

thread = Thread(target=consumer)
thread.start()

gBBRRCLIR T, BEHIIFAS L ZBATERE, MREeKLE queue.get() FF
B RAT008 H Queue SEBIHT put 73, A AP A—TTE 5%, FREME queue.get()
JrAF LUR ]

print('Producer putting')

queue.put(object()) # Runs before get() above

thread.join()
print('Producer done')

>>>

Consumer waiting
Producer putting
Consumer done
Producer done

N T RS LR R TR R, FA ) Queue 23k FR s DA S 4 b B A 55 AT 55 Bt
(EAFARSR AW B B, AT LAGE oL i AS - s e K . #93E Queue B, BT LUFEEZE vh
XEIz5 &, MBEATICH, MAFLEN put FESHZE. B, & XKL/, 2%
LB ERRZ, RIG MR queue AT HI(TS

gueue = Queue(l) # Buffer size of 1

def consumer():

time.sleep(0.1) # Wait
queue.get() # Runs second
print('Consumer got 1')

queue.get() # Runs fourth

print('Consumer got 2')

thread = Thread(target=consumer)
thread.start()
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ZHTUESHRABRER 2], RS EmAREE N —EnNntE, (FELI#E
consumer() 77 ¥ fH get Z A, RAeiE it put Ak, A XL A H R, SR,
RATRIA AT Queue AYRTEE, PP IX A K/ T 1, XELEWE, ARk
AB—IXMRZIE, S RES A put FERE, ELAERFHAARE get kK
BRI, RIEA A A4,

queue.put(object()) # Runs first
print('Producer put 1')
queue.put(object()) # Runs third

print('Producer put 2')
thread.join(Q)
print('Producer done')

>>>

Producer put 1
Consumer got 1
Producer put 2
Consumer got 2
Producer done

FATL AT LA# i Queue K[ task_done A RiBEE TAESRE . A TR, KA
A PR EORARKE, 7E 2R A0 done queue AbHEATHEIA, 17 AL AT LA ELHE S 7. 4
LB EABE, AR ARIITRES, SARSEEE.

in_queue = Queue()

def consumer():

print('Consumer waiting"')

work = in_queue.get() # Done second
print('Consumer working")

# Doing work

# ...

print('Consumer done')
in_queue.task_done() # Done third

Thread(target=consumer).start()

BAE, AL, AT RN a2 LA join ik, WMATER
WIHRAELR . 478 LW 7E Queue S| EiE A join, JF5FF in_queue &5 HEI W], H]
fEUE ] in_queue.join() BfBASI 25, join WA 2357 2R 1], WA 2555 0 2 & LR A A B v
B RS 25 HABVA FH task_done() ZJ5, AEF=FHLRFEA T LI join Ab4kLE TR F 07T .

in_queue.put(object()) # Done first
print('Producer waiting')
in_queue.join() # Done fourth
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print('Producer done')

>>>

Consumer waiting
Producer waiting
Consumer working
Consumer done
Producer done

AT 3 26 17 O #5253 Queue B TR L, JF H A T AEZH AT LU o X A4
ClosableQueue 2, HIWit A S A R A BE, XA TFIRE LT close Fids, Mok
LA BAFI VR I — AR B XT S, AR 4 2 5 P A AT 55 7 B A 3 T

class ClosableQueue(Queue):
SENTINEL = object(

def close(self):
self.put(self.SENTINEL)

WRIG, e SGEAEE, Mk AR TE R BURFIR X e, S Ibis e iter T
A TEE BT LIA ] task_done, IR A AT LAGEER FAS 00 T AL .

def __iter_ (self):
while True:

item = self.get()

try:
if ditem is self.SENTINEL:

return # Cause the thread to exit

yield item

finally:
self.task_done()

HAE, H4E ClosableQueue (4T Hy, HEFE L TELRE., X—IKk, H%E for i
WRER, LfEmaR.

class StoppableWorker(Thread):
def _ init_ (self, func, in_queue, out_queue):
# ...

def run(self):
for item in self.in_queue:
result = self.func(item)
self.out_queue.put(result)

Tk, MR TSR, REHARLRSIE,

download_queue = ClosableQueue()
# ...
threads = [
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StoppableWorker(download, download_queue, resize_queue),
# s

]
WG, ERGETRE:, BT AL, LrATREENES, MBnBELE—
MBI ABIIZ G, WAZASI & M IEE S

for thread in threads:
thread.start()

for _ in range(1000):
downTload_queue.put(object())

download_queue.close()

Bl , BAVEERHEL DA Br BOEHEAL A ARLEAS , 75 join Tk HuBk
R, HEMFTHBALEISEE, BATHE T— A BrE i A SR AL ILES . %
BTN RS T2 )5, BrA A7 #2451 done_queue Z 1.

download_queue.join()

resize_queue.close()

resize_queue.join()

upload_queue.close()

upload_queue.join()
print(done_queue.qgsize(), 'items finished')

>>>
1000 items finished

B

QEFLXE-MEFHEFAETX, BT DHEARRARR 2 A T B, HEA
% 7k Python LK Rl AT IXLE(ES5

Q W R ELN, BRI, HrPadf. Wy k5o BiE AR
SEERFRPRSZ R s R TAREAR, LR AT By 1k AR AR S o

0 Queue K Fr 2 AEAIHLHEI, AT LABI IR MR LR M, &R & FH 2 AT AR
REAEHE & Z P X R, Tl LB 3R join ik, X A5 I A58 FT LA 2 i (Rt Y
B

%40 2% BIBMMFORIFR g1 B4R B

Python #2)3 51 Al LA I FE KB 1T 21 s, XL ek 0E b U8 2 7E [R] — i (8]
BRPATH (SRAAE 37 %K) R, LA =TBEFAE
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Q ok TR BEE L4, RATLABUE R A T HR Ppi X S22 (2 WA 5 38
AN 39 4%) . XSRS ERARAD, BT Rk R A AR A T o . X
FhE 2 Z RS, BTSRRI T AMYE

QARTESHKENFE, BN EERITHLARE, K445 8MB HfF. WRA
FHILAERE, SHATRVERTLUURZ M. (B2, WREERFhETRT
FAA RS, I HAE AR R FR ST AR, IR B . fEiX
e e R, A RECS I P R E  IR 55 AR SR AR X N, A Y RS R A I
MG ZAHXT R, A B RS O AP R AR A R . S 8 H — ek B,
MEF—PERE, BATEILERLEREZ.

Q 225 ST B RS LR . SRR P A5 b AR 5 B B R4 B R R T 21 8
B, HErx e Be ), WAL EMITE, Mg g i mrn
I,

Python HJHME (coroutine) W] LAkEGR FIRFE, EffF Python FEFFH b LU R RETE
21724 sl PR, ShR R A R (S WA 16 &) 1—Fy
J&. JAsh A AR MR ETRE JTES, SR BRI . A TR A P, fEH
FERZHT, Hah A 1KB KN,

PR TAE R BRI B 2 A s R T 2 yield ik Ao, THFEA- L
AR BLARAT , WhiE A send J7ILEA A AR ML —AMH. AR AR ZENCE] T 281 send PR
BT ERMNXMEZIG, ¥R yield RAXWATEIR

def my_coroutine():

while True:
received = yield
print('Received:"', received)

it = my_coroutine()

next(it) # Prime the coroutine
it.send('First')

it.send('Second')

>>>
Received: First
Received: Second

fEA A B WA send A ZRT, FRATESEFH—IK next pR%L, LKA AR

O FHTESATIXA yield #iARZ I, A RAHE SYRSEHEER] T 1> yield KiLAIFH, TFHEIEA yield
KEFHMEBINE, 2R send JIEHLEEE, RIEHIR, —FHTE
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PEFN S — 4% yield kXA H . )5, FRATATLIIE yield #:1ES send #AEL G &K, &
A AR RS AR IS D AT A BOBAE ,  H—E R v A IR = A Xof L P L

fltn, IROTERES LN R, PR ERRERFZE8UE, xR ERE—
ANEUE, SRS YRR g B iR ME . AR T X BB, 5 — 4% yield 4]
WY yield EHET, J5 MR BRBEHALN S, XRENMEER, IR E
{8, AT E/ME. s, A& B IRAT while fEIF IR yield 1547, LA
(R T TS B/ ME S IR, RN IR AT — R B 8

def minimize():
current = yield
while True:
value = yield current
current = min(value, current)

SR TE T FEZ AL AR, AT LVRRUOR A — 40, Tl AR AR 7E OB SR A ad
KRIEHZIG, Bess i YRR gE T2 i/ IME .

it = minimize(Q)

next(it) # Prime the generator
print(it.send(10))

print(it.send(4))

print(it.send(22))

print(it.send(-1))

>>>
10
4

4
=1

s PREL - 22— BT B &, BUAEE LHEEA send Z /5, #EARHI{HE.
SERREL, PIERAEIRSIA BRE, €T LATHFE Fh AN IR T A R i AR, R
FEARDE A5 R EE R HSRBAFRIE, PR e s R EP A9 B yield 2K 50R
P, FRSMEERIAM send EZIG, EASYEDITEIT —4 yield Rk, X
SRR AT b 2 At _

X RRAr b AL, A I REAE AR A AR BACHS, T LA AT o bR R B — 5%
yield &k Z )7, WEHATAHN AR BE ., Ean, AR BARHS wT LA A nead BT 7 Az iy s th (L
A AL R, JFEHTRY RS . O EEAR, BRI RUE XM, oK
HEE A ) A A PR, FEARIIRSE AR i PR AT B BN 148 A I R — 2% yield ik
b B BE 2 A A A AR, EDRTBLIELHY Python ZRBRIN I RAT N, SHIFHE L X
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SEREAE RIRHETT 21 R

1. £

BAER—ABF, RERDEARZEESCR . RATHEEEZIHER (John Horton
Conway) M4 #rliF*% (The Game of Life). WExRHINIRM M. 7E(EERFH —4ERifg o,
B MCERATEAEAE (alive) 525 1 (empty) “IRE.

ALIVE = '*'
EMPTY = '-'

Wt ehiE—2, AamiERRiATHE — . AT, FRATEE A A A0 A
AT, BREZAMMMHES 20N AE R A0 . A< 20 i 75 ZE AR 45 AH 20 40 ML A 7776
B, RAWBCE N R EMEMFIE. L1, BRF4A (regenerate) . FHEIMAE 45
HFTK 5 x 5 B4R Mg, B8R T X 240 7 28 U148 ( generation) 97
2ZiE, FEINEN. EERE SRR B,

o | 1 | 2 | 3 | 4

----- | momm | 2o || i [ =mmm
W s I g, J I o L e I —— P | _____
i T s I T L I e s | I I = R g

AT AR B, AR I — R, JF2 Xt 8 —38
i [ B4 .

AT EBXEBR, RATE B E L, SRIRBAHSAM A PRE . 28
Fi44 4 count_neighbors A FFEHIVEZINEE, XIS ™4 Query XFR, TMiiiX 4> Query
kK, WEREEACE XK, ZEIEM, Rt st —rFE, 5 0ReEs
i s 1) S0 R PRI AR AR SC (5 B o

Query = namedtuple('Query', ('y', 'x"'))

THEX AR, SRS A AR AR, SRR A S 2Z XY Query XTE.
B yield AL R, AR ALIVE, AR EMPTY. XEtEHESHBABEZ
[E] #4482 11 3224 (interface contract) . L5, count_neighbors 4 il #5234 4 AH 41 41 g A4 bR
A, SRk 1A 2 0 Je] 20 A A 4

S cell, Mhbtyn] IFEGE N HICKE, —iFETE
O WHHIET: (dead) W&, —FHE
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def count_neighbors(y, x):
n_ = yield Query(y + 1, x + 0) # North
ne = yield Query(y + 1, x + 1) # Northeast
# Define e_, se, s_, sw, w_, nw ...
# ...
neighbor_states = [n_, ne, e_, se, s_, sw, w_, nw]
count = 0
for state in neighbor_states:
if state == ALIVE:
count += 1
return count

BTk, A A A B 5L X 4 count_neighbors T . F X B, &4
XA AL A B S AH SR AN, 1728 AR R —> Query X4, FFMRIEZN R, 4 AR
A M FATERAE . AR5, Eid send FFEEHRE LS, F count_neighbors P2 AJ
PAYCE] E— Query SR RLARE . &5, B T MR E) return i5A) 404 A7
Wy, FrUARERE DRl Stoplteration %, MR LAZEAL I IZ 7% Mt B2, 185
2 240 0 A 30 PO A A

it = count_neighbors(10, 5)
gl = next(it) # Get the first query
print("First yield: ', ql)
q2 = it.send(ALIVE) # Send ql state, get g2
print('Second yield:', q2)
g3 = it.send(ALIVE) # Send g2 state, get g3
# ...
try:

count = it.send(EMPTY) # Send g8 state, retrieve count
except StopIteration as e:

print('Count: ', e.value) # Value from return statement
>>>

First yield: Query(y=11, x=5)
Second yield: Query(y=11, x=6)

Count: 2

count_neighbors TMEHIAH SR AT A ECR SR Z )G, TSR IE X R
KEFMAMBAPRE, TR, ATREA-FIT2RRRIREN IR, Ak, BELEX
TH—1 %M step_cell B X4 AR 274 Transition %5, FRARRAGH M fY
KRBT . XA Transition 2, 5 Query —#f, HEEHEHCE XM,

Transition = namedtuple('Transition', ('y', 'x', 'state'))

step_cell PR 223 i S BOR WY AT ML R A bR . B 2 B0 AR BR ™ A2 Query
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X4, DA PIEIRES . # Fk, Ei817T count neighbors e, LU A4
JRI R HABLNML . /5, ‘EiafT game logic BREL, DLAIRIASYGN AL T —48 0 iZ Ak Ty Fh
KA. 5, B Transition XF 5, HEAYIMILE F—4CFTRA AR, HIRINTARES .

def game_logic(state, neighbors):
# ...

def step_cell(y, x):
state = yield Query(y, x)
neighbors = yield from count_neighbors(y, x)
next_state = game_logic(state, neighbors)
yield Transition(y, x, next_state)

TR, step_cell M2 yield from FiAF R IHH] count neighbors. 7E Python /7
o, XA RGRRCAT LU A iEas MR Aok, (T 3 RS S N 0 (5 1 52 1/ N Be i T g
S, I8 PR AR R B E A4 PR . count neighbors PMEFEMR 2 T, HIRZM
R PME (WEER return JH AR EIE) 221EH yield from Rk WL, 45 step_cell,

BAE, VAT AT LORE W) BB ek 5 1, FRECE frilfe R AR R o, Hof
T =4

def game_logic(state, neighbors):
if state == ALIVE:
if neighbors < 2:

return EMPTY # Die: Too few
elif neighbors > 3:
return EMPTY # Die: Too many
else:
if neighbors == 3:
return ALIVE # Regenerate

return state

FATEAE FH 0L B e SR R step_cell PR

it = step_cell1(10, 5)

g0 = next(it) # Initial Tocation query

print('Me: ', q0)

gl = it.send(ALIVE) # Send my status, get neighbor query
print('Ql: ', ql)

# ...

tl = it.send(EMPTY) # Send for g8, get game decision
print('Outcome: ', tl)

© HMRERESE. OEAMMAE, HRBERFEEALPA, WA T T QFE A4
A%, HRABMFEELZT 34, WA T 451, OEAMMIET, HFERRAAEHENA 3
A, WIALMT 4 HE. —FHIE
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>>>

Me: Query(y=10, x=5)

Q13 Query(y=11, x=5)

Qutcome: Transition(y=10, x=5, state='-")

At liEk i bR, ZZ RN AERAE S L, ES1TRIA S IR k2
B, ORI, FRAE step_cell MR A RHTHY simulate ThFEZ W, FOEME, 2 UGET
yield from F&iA30, e RS b (R — A, A AR A P AR AR AL B e 2 )
simulate PM& 2774k TICK X4, HLAZF RS SR fCH4I e &2 as e,

TICK = object()

def simulate(height, width):
while True:
for y in range(height):
for x in range(width):
yield from step_cell(y, x)
yield TICK

simulate FI4FAE T, BRSPS RS 1 OCHK. FRATTH Fid B & ST A
Python X 42k LR A%, tikA & LAMPACAE R 1% tn o &b 3 Query . Transition, TICK
(EIFR EHEAR AR RS . Ak, WAk AR AR R Y . N AR T LA i
1547 step_cell RILFEE T —RE. FrAMMEAMTRE )G, WU mHshgt2s maiE
—#. HUE simulate MEAAEHEDE, XA BRKE—HIFE T &,

MR SIEE T, &4 T & & T LR U S aT e se sl 28 Lim . P
SEREF X FREE AT B4R S, 5 I T R SRS LR RE . X iR RE 8
VAiTia T 2R, WS A E R AE BRI R T, BESGH KA 18 42 it
JIt FE 4 S BRARAS

BAE, FRN1EA ELABEPIE T simulate, MU, FRAT ZEHE WM 48440 i i HR
Sk, THE XA Grid 26, (CRBEIKMAE

class Grid(object):
def __init__(self, height, width):
self.height = height
self.width = width
self.rows = []
for _ 1in range(self.height):
self.rows.append([EMPTY] * self.width)

def _ str_ (self):
# ...
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FEA BB B A% N, TR T LB B A AR . AnRAE AR AL AR
(ERA, TRk A s, XEGEMEE EEIFRE—FTRERR 2,

def query(self, y, x):
return self.rows[y % self.height][x % self.width]

def assign(self, y, x, state):
self.rows[y % self.height][x % self.width] = state

BJ5, & SCT XA eRE, B LAXE simulate B P94 MBS BT 7= 26 1 45 R (ELEA T
k. ZRBICIMERT - ENTE S, BN SNBSS H R . XA 2
LIRS PTR AUARAR (M RTHERE — 2, R AR RESEBHRETRZ )G, XL
PR T — kBT MI4G , 1M live_a_generation BRI 233K 5T A& 3R [ 45 18 FH &

def 1ive_a_generation(grid, sim):
progeny = Grid(grid.height, grid.width)
item = next(sim)
while item is not TICK:
if isinstance(item, Query):
state = grid.query(item.y, item.x)
item = sim.send(state)
else: # Must be a Transition
progeny.assign(item.y, item.x, item.state)
item = next(sim)
return progeny

AT B X A R EBUIRCR, BRANTTZAEMIE I E o iRE. T mxX B,
ZHE—Fh Y glider (FEFIHL) ROZHIEAR .

grid = Grid(5, 9)
grid.assign(0, 3, ALIVE)
# ...

print(grid)

BUAE, AT AZRACHESE X TR M4, B —W, EMZETE TR NALH
HARATFAIPUEAR, B @ R E A T s, MiXFMBaIEOR, IER M game_logic
PR 50 LR 4 B ) LU T80 S Y

class ColumnPrinter(object):
# ...
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columns = ColumnPrinter()
sim = simulate(grid.height, grid.width)
for i 1in range(5):
columns.append(str(grid))
grid = 1ive_a_generation(grid, sim)

print(columns)
>>>

0 | 1 | 2 | 3 | 4
S | e | e i -
prves by fom. . | _——T B | IS | SENEEY . S | Ry L
—_——TR | e T HC . o e o I —_—— I ————t ' _____ B i

EHEXELEH TR, HERKWAAET: FRERBEREN game_logic PREH
AR, SRTZ R BB AR LS . FRATAT AFEBLA 9 Query. Transition F1 TICK
BIL A Bl 2 O S R R, Bt 0 B e Y R BE R I B RCR . BT X E AR
%, WOR T A RS BB FE A SR A, TTEEE A4 ( the separation of
concerns), 1EfE—ZRE MR,

2. Python 2 R9Hi2

Python 3 MIBMEGEAEH LHE, SORFE N ERUE T HEIF L& RS RISRIEEET,
Ifil Python 2 WJEZ X FERI AL . T EIRATHR U PHFELE Python 2 Hr i BIIH R H1

B, Python 2 A yield from ik, XFMEKE, WRZETE Python 2 F2FF B
ERAE A RA SRR, BRTEAERIRG S —MHIEAE, 25 —2|EH.

# Python 2

def delegated():
yield 1
yield 2

def composed():
yield 'A'
for value in delegated(): # yield from in Python 3
yield value
yield 'B'

print 1list(composed())

© syntactical sugar, HFRAMAKIEL, & —FAEWEFIIRE, (507 AR FHCHS o] 32 0 A (E 5818
%, — &
© delegation point, ZIR, %M S AT Python 3 #Y yield from FAXTTERIHE S . —F &
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>>>
['A*, 1, 2, 'B']

B TABREIE: Python 2 (94 iR AS & 4F return i) 7. b Tl try/except/finally
R ERR 2B 5 Python 3 MIFIAYAT R, IRATHZE LA CHFH AR, HAET R
[ EEAE R IR, i

# Python 2
class MyReturn(Exception):
def _ init_ (self, value):
self.value = value

def delegated():
yield 1
raise MyReturn(2) # return 2 in Python 3
yield 'Not reached'’

def composed():
try:
for value in delegated():
yield value
except MyReturn as e:
output = e.value
yield output * 4
print list(composed())

>>>

[1, 8]

C-I2]

Q Rt M T, SRR LRGBS R a1 T AR R L

QX T2 AR I ) yield ik =0k BE, AMACHDIE i send J7 2515 45 A2 BLAR B9 R4
6, WExRAX € Em(E.

Q R — Rk KA T H., Enl DHERIF 2L, 51 [ AN IR 2 1 i

JIT AR AR 23
Q Python 2 A4 yield from A, WA S A KRS Nl ) return 747 [a] S0 5
iR MIHEAME

© fEEZAERN, Python 2 ASCHRFLEA R P45 iR MMELAY return i), ZIMBHYTEANI G, W2
|5 : https://github.com/bslatkin/effectivepython/issues/3. ——iF# {1
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941 5. 2 1E M concurrent.futures AL FLE ) F1ril

%i'5 Python BRIy, FATrIGEHBEPEREMIEL, BMEPLAL TCHS (S WA 58
%), RIFUARKSRA W REEA TR, M IC R R IR AT f 2ok . H ATy
B, }i CPU BB %, T, A0 A% i FA711% (parallelism) 48
THERE. BEARBIRICD A S TR R AR B Z S T 552 b, JFfE£ZA4 CPU Bl I
T [ B 3 1 7 3 T 55 W7

R4, Python )4 RfiR FEAR BT ( GIL) A5 IRATHA Ip ik AL S B HIE 1 AT
HHE (ZWARS 37 %), Wik, EEIBAMEEITAE. 5 —fE L, &M CiE
F BRSO REEOR B R IR /A, S A R, | T CIiE S B IRRE
FrLLE4T13 HE Python tR, — HIZFTEEREIRBIER, AT A KA % BT T

WS T AR SO FA7 217 2 R J5U/EZKAE (native thread), MITTFE4rFIH CPU
MZ M. Python i) CiEFH T APL, A75C#& M SCRYnl b, BXlifs & ik
PERE M) — DIz

B, HCiig®ESAM, 2AMRKMI. HANMS % Python Y, 2748
JUKTT 2f ) C RS . FEEA TIXFERRS RIS , AT T AR A, ARSI Z Je 1
C ¥, TEYfE L5 M Python F2)F 454, 11 HA A B P& AT 5| A bug.
ARt Xeest RS, G, Python JF AKX KRN CIEFY B, Wity
T —ERRWESRG, XUtid, BROEHTI SCARMNT . EIRE ORI e 5 5 A
MPATHEEE . HAh, 845 40 Cython ( http://cython.org/) il Numba ( http://numba.pydata.
org/) FIFIE TH, vJLLTE B & & IE Python {CHS 5 iz HuxE £ 3 C 1B 5 -

R FEE T RIERFPH—/NEr T8I C, B EAEN. —BKD,
Python B2 F¥ Z T LATRATAH et , JFARIEA F R F M BE R, mEZANERKS
SEA ., BT, SRR CIEE WA, S AR RS RS
2 C, MX A, SORIERm e xS, T2, RINOZEE—T: A %A —
ME sy, A48 Python U5, BIW A SERI AT, il iR
A& YR

F AT AT Bk & Gl A B # concurrent. futures B B, 3k A FT 53 b — A~ &
multiprocessing Y P B, ML FIF R, ZMESUFHRNIERX, FiTiE
T2, 4> Python B2)F BESE A FH 2440 CPU RIRFHPATERIE . thFF iR
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5EMBRSHDE, FTUEl 2R Bt B . B0 Fomar st
WHHA—1~ CPU N, 1 HXEFilE, B EHBRZMAERR, EdXFKRE
i, FRER AT LA AR A R E A, IR SRR Bl 45 i

B, RATRAEERS — Mz RER KA Python B, IF H B LB FH FEHF
M CPU I ZA N EFHRHAERNEER K AABNE L, RBERXMHETR., £
SPRTAES, XHMBFTRESTERET NEKOEE, v, EriEEmdmn
4 - WrFCe i 2 (Navier-Stokes equation) AR IARZ ).,

def gcd(pair):
a, b = pair
Tow = min(a, b)
for i in range(low, 0, -1):
ifa%i==0andb%i==
return i

BT RATEA HOFATIHR, BrURF 2K ged R EORKR S A BT B KA
B, KT B I8 TN 5] Bl A O Bk i 1 T AR K

numbers = [(1963309, 2265973), (2030677, 3814172),
(1551645, 2229620), (2039045, 2020802)]

start = time()

results = Tist(map(gcd, numbers))

end = time()

print('Took %.3f seconds' % (end - start))

>>>
Took 1.170 seconds

FAZ % Python KB KBk # LR FF, BRBEAXBERMN, HALRMBEHRM (GIL)
{#45 Python B¥#:7E £/~ CPU .0 F W FAT iz fTiX S48 A8. Tl XM EF,
concurrent. futures B AT SR A AR 925, & ffi ] ThreadPoolExecutor 2 & ¥4~
TAELAER LI (max_workers Forn TYERBRAVER, WSEUVIZS CPU BIRLLER):

start = time(Q)

pool = ThreadPoolExecutor(max_workers=2)
results = list(pool.map(gcd, numbers))
end = time(Q)

print('Took %.3f seconds' % (end - start))

>>>

Took 1.199 seconds
SRR BIMEHE, BA @R, SREMITER, Baf IR, BT X
MEF BT LR L S
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RTTAAF A BRI AT sh—7RE, st UEABRNEFREE. HEH
ThreadPoolExecutor 4 i{, concurrent.futures #2 3k B [) ProcessPoolExecutor, #2 ¥ Y B &
MEET,

start = time()

pool = ProcessPoolExecutor(max_workers=2) # The one change
results = list(pool.map(gcd, numbers))

end = time()

print('Took %.3f seconds' % (end - start))

>>>
Took 0.663 seconds

EEMEHCHRERR FEfTXBRF, KRR RAREZ , X2
ZJREHWE? XK ProcessPoolExecutor 252 I 1 multiprocessing ik Fr 2 {it YK )2
PLH, AZE 20 58 i F P41 -

1) % numbers 1|3 (1 B — T 5 A BHEHERE 45 map.

2) M pickle Bith (Z WA 44 55) XEHRHITIEIME, FHAE R #EHIE A,

3) Ml AERETF (local socket), ¥ IFFIL2Z J5 1 XHE N 3 % BE RS T E A E 2,
KL B F R I e AR

4) #TK, fEFRET, H pickle %t i W AR ST SUFIIMEERE, HHE RN
Python X% .

5) 5IABLE ged BRI Python Rk,

6 ) K& T HEFATHA X & B REALEE, RIZTT ged A%

7) AHE TR AT ICIRAE, IR

8 ) WL AT socket & B FdEFEZ H .

9) PRI FAT AT ST IS, ¥ IR R Python X4,

10) fie)5, 08 AFHBRICRHOTHRSEREGIHB —MyIRZ Y, &0 LS HE
M.

MamBEEMMAER, LRGP, TR IR Rm, H%kE, AT EHF
17115, multiprocessing #Ht Fl ProcessPoolExecutor 257E 5 J5 i 7 KB TYE. WSR2
MHAGRBRE T RE , 2T EE R —BE DS — T84, BT e&iEz
V] B3 {5 s FRUMRIAS, TIAE Python i 5 oh, FRATTAN LA/ {58 HIHF 858 W i multiprocessing
#iHk, multiprocessing FUFFESZ T LA LK, JRESEE T EHBEMFHERZE, WM
AT S ST I IRAE, AR A KT EY, (R B X e E s | R 1.
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X TR R IS, H AR A R R AT 55 k0, XERIEW GG, FriFim
S, SRR BT PR EOR T S SR P A A R A . PRI RS, B A
T RS TR Z EME S — /N R, RESE SRR B . AR B R A
YPBGE, WA R, Al — SR U BCeE R, LT DUl X RO T
HHE.

WARRFHATIE BTG FIREHIE, 84 multiprocessing F = A= (74, nIHEMd T
1K E17fk (parallelization, JEf74b) KARTFHFEFHEE . EACAPEOL T, AlLAK
i multiprocessing Tt i — 2L S ALK, WIEEHNAF ( shared memory ), #5 iR 8
( cross-process lock). BA%1 ( queue) FCHR (proxy) %. Auk, ARLefEtk HE XAEW &2
2. MUE IR T B4 £ & Python KL= Al — BRI NFEE ], ASFEZSM 4N
ME, #BAEZEH socket U1 FHBAB SR, ]2 A CHSAETS 50 MERE .

SEH KK L FI R #1049 concurrent.futures 28, I H /S &tk multiprocessing
FAYARLE ST etk . X TR B A R m ek ROk, Tl 1 — IR ae T L&
222 1) ThreadPoolExecutor iz 1. /5, AT LLKHEFE 3 ProcessPoolExecutor
X, BAEUBARBREARTFOMATER. QAR r&MEE, BEIERRIEE N IIT
R, BRFRATIE R ELREAH FH multiprocessing AR H AR LE AT A

R

Q 85| % CPU HEREMIAIRE /01, M CIEFY ok, WnlfEREk
# Python FFPEMIATHE T, ARERABFRPATEE, (H2, XM TR
BR, i HATREZTIA bug,

Q multiprocessing B R AL T —2L5 K TR, X R B WIS RK UL, HFEH
HWmE DS, Rpalseibirita.

O AR FHa98 K09 multiprocessing Bibkt, Feth 409602, S8 B 1 concurrent.
futures #5i5 }2 H ProcessPoolExecutor 25 {fi & .

O multiprocessing FH T HE LA AR LE TR DI RE, #RFEHIE 2, PP E#H R A E
B EN.



%6 = (/zu//{m ;

AEER

Python ¥ i batteries included & 8 R prifEFE . HAb A 24t s, RAW T
DRAMBRTA, WRIFAEELHIEL T EI6E, IME T 0% = NWEF4a.
Python #t DX i ffy St 3 T AR ZARHRE A6, (B2 Python T 5 5 HALIE S AW, B/
F 2 B, HORAELRET BOAG Bk, JFA# R AX e, saescilir
Z 5 WHITIRE

FRFREIWE, A5 TR IE I R A bR IR 2R UF—l . (FX Ay — 22 & 3R
fil, 5 Python By 2B HIELE G HEH B8, XML, Lhs LE&M TEF RGN
— R AT R IR LA LA B R R Aok, X SEOCHR A Y B AR AR R
WHE,

%5 42 % : JH functools.wraps & S PR B 2%

Python 4 BR A 18 Bk Bt ( decorator), X SeAB 448 ] LA FH 346 1 R %L
X 32 B B8 ) IR BOR UL, 1B M8 BEIS TEARAS sR BT Z BT DA R BAT e e 2 )5,
FE T — LB ARRS . AT A T LAE B i B 17 1 [ -4 o5 ol B8 ) S 450 B [l
B, PLSEIMZ5iE X (enforce semantics ). JEIRFE . EM R B Hbr.

©  XFPEERAT AR AERRIERE IR 2 RO, —RRE
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BN, FATEFTENSEA BRETE 2 BIVA Ao BT B S BN SO R AR Rl . T
BE—RFI KRB ARSI ROk, XAFMESIIRER A M. T ke Xz
(Ui

def trace(func):
def wrapper(*args, **kwargs):
result = func(*args, **kwargs)
print('%s(%r, %r) -> %r' %
(func.__name__, args, kwargs, result))
return result
return wrapper

AT LU @ FFSAERIA IRMEM g B R s

@trace
def fibonacci(n):
"""Return the n-th Fibonacci number"""
if ndin (0, 1):
return n
return (fibonacci(n - 2) + fibonacci(n - 1))

T H @ o kBmikid, HABCRMS TARLIZRECHSE, MBS, R5HE
A PR [ A4 R, AR TR]— I P S A5 ek ) 42 O IR i

fibonacci = trace(fibonacci)

G SRR R X ANME M 2 )5 Y fibonacei BR¥, IR AEMESERITIRRBZ AT R Z )G,
43 AE4T wrapper H IR INARAES, % H BEEE IR fibonacci PREFE T RERY B —1~
B b B iS5 .

fibonacci(3)

>>>

fibonacci((1,), {}) > 1
fibonacci((0,), {}) -> 0
fibonacci((1,), {}) > 1
fibonacci((2,), {}) - 1
fibonacci((3,), {}) —> 2

E X AMB A BAR T LAE R a8/, EA2E —FRNIAFEEDWEIEN. &
BRI, BMiaS PR AR ME, HAFRSER M RECRR, BB fibonacei T .

print(fibonacci)
>>>
<function trace.<locals>.wrapper at 0x107f7ed08>

X RRCR B 7 AR R LB PR b trace BRIECPTIR BIRY(E, 2 & W& E XA Ap4
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wrapper. TM# A7 X f#H trace RABHilFA Y fibonacci BR¥(, T/&, Python SE&ITBMHigE
WEREIARA™ wrapper BREL, R4 ATEER D 57 R4 [F] 4 (Y fibonacci A8 &, X FiRIAAR
(B AT 57 %) XTI (S WARE 44 &) FHEMAHNA (introspection)
PLHI AR LE T BRUE, XEEMITAS TR ENMIERZE.

filan, 1&MifS R fibonacei PREL, 24 WE MY help pRECRRL

help(fibonacci)
>>>
Help on function wrapper in module _ main__:

wrapper(*args, *¥*kwargs)

XA, AT LA N functools #1Hk 44 4 wraps 5l Bl pREICK il . wraps 4%
BRI, T AR A E RS HALBIeS . % wraps B1fi 2512 H1 %] wrapper pfi
W25, Bt 5 PN R B G A0 B 22 o B 2 & i 2 2 R %R .

def trace(func):
@wraps (func)
def wrapper(*args, **kwargs):
# ...
return wrapper

@trace
def fibonacci(n):
#

WTE, Bk B, 1247 help WAKSRABITED A& BEAYEE SR

help(fibonacci)
>>>
Help on function fibonacci in module _ main__:

fibonacci(n)
Return the n-th Fibonacci number

MIARANTED: REEBIHSNOEE, %A H wraps AN 4B, BHE4
help BREUR A . BR T help pR%L, BHidsd 2 FHEOLMh— 2o THEA R BL, N T 4Ed
PREC R T, B S I R, AL Z0T IR B R oR R SE BRHE Python JE PR, Bil4n,
name__ Al __module_ . M, FRATFEM wraps K8 (RAEM /5 9 R B & ERATT R .

B

Q Python B Hfiiak $2 4t T L TTHIIE., BB EEITHN IR, EWH—1
BOREU S — 1R %
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O X TR X PR SE N EILHI TR, EEmnEBMmasSs | Larmirh.
Q A E 1Y functools BEE IR L T 44 8 wraps (B Mg, TFAETEE X H O B2
ff, W% wraps X AR —S0Ab B, DLkE G — e fa] E1,

8 43 %% : % B LA contextlib Fil with i 1] K &% 5 o 5 ) try/
finally fCA%

A LEfURD, FEBATTERRIRE T Z T, JF & AT LA Python i 5 Y with i /a) 2
REXLEARH BT L Flm, WRIEEF (S WA 38 &) MHE with )2
W, RERR: RA SRR IZ A, with B 5 R AR, A 23 8hE1T.

Tock = Lock()
with lock:
print('Lock is held')

T Lock 26X} with i A #4136 2 A2 RF, FrLd LR Fh Sk, nTLLAE] try/
finally Z548AH{TT IR

Tock.acquire()
try:

print('Lock is held")
finally:

Jock.release()

fE L EPR S LT, [ with RIS RA B —2, POVERE THYE try/
finally 2549 Fr i OB R AU . JF & # v LN B 1) contextlib BEHOE AN BE B C TR S ()
X FREL, BN ZHF with 5] ZBIHHR L T 44 contextmanager (£ .
— MR RE, R4 1d contextmanager 15141, Bl n] FHAE with iAW, X FEEML,
T ARER S IS, an SR bRy SOk, IR SO RS, JRRIEE
enter Al exit  A4FBR G .

Bilan, HRFB TR, AR XX MCES, ST B TR
RER . THE XA RE, TLTERR R EHF2E (severity level) A HIfE & -

def my_function():
logging.debug('Some debug data')
Togging.error('Error log here')
logging.debug('More debug data')

IR F BB E BN 2 WARNING (B4, IBAZfrizek$nt, #tH24TE
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i ERROR (4i%) ZlA0iH ",

my_function()
>>>
Error log here

AT LAE R B FA T, el E FHZ R B0 1E B 9n (log level, HE%
). FlX A HEBheRE, S7EIEFT with RN RIS Z A0, IGRHEFHE B 5], 1F with
HWngToce, HWEIRA %S,

@contextmanager
def debug_Tlogging(level):
logger = logging.getLogger()
old_level = logger.getEffectivelLevel ()
logger.setLevel(level)
try:
yield
finally:
Togger.setLevel(old_Tlevel)

yield RN FTAEMHLJT, B2 with b i iE ) T S R IF PAT I b7 . with SRFT il
AR S5, 2 yield RAXFEHHM N, X R & 0T LIS BY ek %50 mH 4K ©
(R ﬁﬂiﬁi%gﬁ 40 %)

BUAE HB 2 173X > my_function PR%L, {HJE X —W, FATHEE A debug logging
fHEZ T j(%'”TU?@J: with B 7> my function %Y, S4EFTA DEBUG (i)
PO fE BATER R, 1T with JRZMYAR my_function pREL, WA2FTEI DEBUG 4
HIfEE .

with debug_logging(logging.DEBUG):
print('Inside:")
my_function()

print('After:")

my_function()

>>>

Inside:

Some debug data
Error log here

More debug data
After:

Error log here

©  logging FiH FUAFTEN N M E R K Tl T A B9l E., Blan, Y98 5451 DEBUG i, &
Al LLTED DEBUG, WARNING Fl ERROR 5| i1 8., i B &40 WARNING B, ) H 24T
[l WARNING F1 ERROR & HIi4 8. —iF#%E

© context manager, WLFK I F UG HEEEE. —FEDT
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EHHE B with 1549

&4 with IBE AR B E RS, RS ATLUR xR, A& # AT Lt
with & SiER A as KRBT, KI5E DR AEE, Python ZEARMAFE, WX
JRRAR R, XA with e g f0RS, o] LI E R S AN SR ARAS L,

filan, FA1E MRS AL, I HEHERIZ S SRR G . X NTh
e, WTLLHEST with IEA)EHL, T open 1245 with 141, IR as LTRSS E— 1 Hix
ik, FLMEW open BRI B SCEFATAR, 583 with it BGB 1, A2 A 3l CH .

with open('/tmp/my_output.txt', 'w') as handle:
handle.write('This is some data!')

SERFTIVRIF A SRR G IR, L5k ey —k, glmitk
HHREMBHALS: HEARRFEIT with i, SOMFRl—E 2 KM, bAh, BWfEfirraE
AT MR Z e, RS — 20U, Sl 5 — P R i i~ 15

HATABAEMNEE G, @i yield iFHR BI—AME, RIS HC 8 REGEEIZE
POt as KBTI E M BARAE R, filin, TFoE RS EE Hdr, REUEIRIR
Logger L6, BEHEIN, IHdid yield #H A HARHELS d1 as KHEF IR E Y B AR

@contextmanager
def log_level(level, name):
logger = logging.getlLogger (name)
old_level = logger.getEffectivelLevel()
logger.setlLevel (Tevel)
try:
yield Togger
finally:
Togger.setLevel (o1d_level)

T with IBA)E AT DAFE =B PG, FrLA7E as HARAS & EiE H debug & 7k
W, AT LATED ) DEBUG AR IIAE R . S22, & EHAE logging BB I [fi I A
debug, N ALITENHAEA] DEBUG 2l 7.8, 4 Python B AR logger, #Rik
£bHE WARNING 251

with Tog_Tlevel(logging.DEBUG, 'my-Tog') as Tlogger:
Togger.debug('This is my message!"')
logging.debug('This will not print')

>>>
This is my message!

B H with IBARZ ), FANIIES N 'my-log' i) Logger L1 ¥ F debug 7k, 247
ENR I B, A% Logger MR 45, B 41K E 2 2L WARNING 1. HRE,



FeE HNBEHR o 151

i ERROR %5/ T WARNING 25|, FrLAFEIX A~ Logger LA error i, {35R
RESEATED M B .

Togger = Tlogging.getLogger('my-Tlog")
Togger.debug('Debug will not print')
Togger.error('Error will print")

>>>
Error will print

R

Q " LU with B ME try/finally Herb 848, LIGERFAR R, JFEREE
Ik ST

QO A& 1Y contextlib BLHAEML T £ 0l contextmanager (1&g, JF A& AT HER
i A C AR S, BDRT 4% R ECCRF with i4]

O HEEIHES Al LU yield 3185 1] with iIB4]R Bl —ME, HE S H as X
FRTHE E WA, AL R T X MR TE R AR S AL, T4 with S R9iE
RS B RS B R R,

3 44 2%: W copyreg SEHLn[ §E1F) pickle #pfE

N B 1Y pickle B FEASHS Python X B FIML 71T, HEBIEXLF T RIFSIME A
Python X} . £ pickle AbHREYF, AROIETEARZ(GIEMERTF ZEfEHE. pickle it
bR —Fp I, MR A O Tl &AL Z [B]f£i% Python X¥52.

@%EE_ Hl pickle E 5k fr = £ W P T (W8 4E, RAMNE —HALZLHBA. XHFFA
B, SRERE-NEF, CHRAT L RMAE L E Python X K, XE%®
#: #ifpickle LB Z F i, wRBATEERE L, 4 Python /77 3t
H#TRFF M, XBTER LT AR FERRE.
5 pickle 1%, W json KT EMKE, RANZ LB, Frlt
ZJEH JSON ##, REGGHEMHMHLEE, REREEMARHR bt RETH
BB KR, xt JSON $#HAT R F 7L tE, I 7T 2% Python B F # KA H
S RK, A EENASREFZE, WREM#TARRS, WHALZEA JISON
AKX
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B, FATE Python X RE/RBUAK WU ARIEE . T HIX 1 GameState 2, f1&
TR SHIEON, LARFIA WA EL.

class GameState(object):
def __init_ (self):
self.level = 0
self.lives = 4

7 ek o 2 P B M GameState X4 .

state = GameState()
state.level += 1 # Player beat a level
state.lives -= 1 # Player had to try again

UK HlE xR, R AT DA OR S R RSO, DMERE R . (] pickle
BHOREHXATIGE, ZAEF RN, FrXBtih, 2 GameState Xf R HES #|—

state_path = '/tmp/game_state.bin'
with open(state_path, 'wb') as f:
pickle.dump(state, f)

P, T LLH load PRECE N EX A~ M, JF4E GameState X 528 Ji [0 . i J5ibf
i GameState X%, S¥A L FIMLEAERNEEX 2 —F, BAH KKK,

with open(state_path, 'rb') as f:
state_after = pickle.load(f)
print(state_after.__dict_ )

>>>
{'"lives': 3, 'level': 1}

TEUFR DR WY e b, B E  SRmI —Le @, flan, K1 s
g K & oy, WAVELHARB T DIEE. T2, 4 GameState FE7 M points FEL,
AR BRI 5340

class GameState(object):
def __init_ (self):

# s
self.points = 0

Bt X BT W) GameState 2K F pickle b, HACR S5 a0AHE . T X BfUid,
JeH dumps BRECEXTRFFIRFRF R, SRIG ) loads Jrik i AF ef iR AT 4, X
FEM, Sl SO R R IR XS 4, AL

state = GameState()
serialized = pickle.dumps(state)
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state_after = pickle.loads(serialized)
print(state_after.__dict_ )

>>>
{'1ives': 4, 'level': 0, 'points': 0}

H2, WA AR, 2HIHRAE GameState 4R FR, MATEBIF L EHX
INAFRS R Ak S liE Ak, IR B AMEBLWE? F X Bu B s, 45 GameState
% SL, XS TH AU ARAF RS E ST unpickle 547 «

with open(state_path, 'rb') as f:
state_after = pickle.load(f)
print(state_after._ dict_ )

>>>
{'Tives': 3, 'level': 1}

IR R BIXT S, FEAREA points JEYE! M pickle.load Bk [ml T4, EANET RV
GameState S0, AEXASERR G, EASEA points JEBMEWE? XAEH 4 AHER",

assert isinstance(state_after, GameState)

XFAT O, 2 pickle B TAEALG Fr R BLH B9 BIMEH . pickle FEHk i) 3 %2 A,
et B IF A AR HAE XS B AT ISR . AR XT pickle AR )3 FHAHAR 13X 4
T, IS AZA N DR H P AT B A [ R,

R X s R, W ARR T, HA AR BN E ) copyreg BEHEIT , JF A AL
JH copyreg BEHLEN—2LpR %L, Python XFZMFFIML, Wi XEL R BORTIXT . XHF5TR
fITT AR pickle $4EMTT R, A HASGHE I 4,

1. RKRIBMHRALEOAE

TEfFTREIRE B0 T, FRATaT LA BRIAME R E RS (S WAFE 19 %), Kbk
GameState Xf R 7EZ: 1 unpickle #{EZ )G, BB EALITAMEM. THEd ke L
GameState JS (415 25 :

class GameState(object):
def __init__(self, level=0, Tives=4, points=0):
self.level = level
self.lives = lives
self.points = points

T X AN 4% 2E AT pickle B, EF 2 T FHEX B R, B2

© pickle.load FREAEIL i GameState XF 82, FEARL I GameState 25 UMIE RS, T LA S B0A FUF 1
W WA points FBE, ——FH 7
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GameState X152, FW SN — M E S, DIESRMEL copyreg fibk, k[l
XATCHL, &4 unpickle $RVEFTE AT RR%L, LU REALLAIRA unpickle BRELHISHLC.

def pickle_game_state(game_state):
kwargs = game_state.__dict__
return unpickle_game_state, (kwargs,)

FiAE, 7€ unpickle game state X MliBIRREL. % pR%ESZ H pickle game state fif
&3 1Y e S AL B S S8, R 10 1 () GameState %42, X HALHR X # i a4 T /1
NI E

def unpickle_game_state(kwargs):
return GameState(**kwargs)

N N B A copyreg BEHUR M pickle_game state ER%

copyreg.pickle(GameState, pickle_game_state)

FPOIES PR, ER AT LR EORIRAE, R 24T .

state = GameState()

state.points += 1000

serialized = pickle.dumps(state)
state_after = pickle.loads(serialized)
print(state_after.__dict_)

>>>
{'"1ives': 4, 'level': 0, 'points': 1000}

At & pickle game state PA¥LZ J5, A1 0T LAE B GameState BIE X, HHiK—
ERENELEM. XRBHS P14 GameState ZEU8 I points S B BT B U 2K
Ll .

class GameState(object):
def _ init__(self, level=0, lives=4, points=0, magic=5):
# ...

{H2X—W, XIHRRA GameState Xf R AT RFFIEERIE, BT LATS 2 EH MK
BT, MASEGRFORIRE, ERFLEM:. fT unpickle_game_state £ FL #:98 F
GameState f3E 2%, FTLARIFHIMLZ G 9 GameState Xf %, HEHER &I HWIESFH
KHTFBH, AR, MR SRGK, IRAR R AR M2 1 3B 4& HRL
BIME. TR, [HERATRAARTE S BT REZ G, $iaA B magic FE,

© A ICEMIEAE X, ilZ K https:/docs.python.org/3.5/library/pickle. html#object. reduce . ——
EE



E6E ABEHR o+ 155

MHZTBEHIE, IERAG AR B KT S RO R BN E .

state_after = pickle.loads(serialized)
print(state_after.__dict__

;?:eve1‘: 0, 'points': 1000, 'magic': 5, 'Tives': 4}

2. FEIRASHEETES

A AR, AT NIA [ Python KPR BRI T B, MRXFERME, 2L
TS IHEMARE . BIA IR E LA BRIMEN SBORHET P ITR, TorE Rt

g, FATIRAERT, WERAROZRBI B AL, TR, RATSHAEEA M
Bix—#E, MUk &R, T HE LCHIX T GameState #EAS, A lives FE:

class GameState(object):
def __init__(self, Tevel=0,. points=0, magic=5):
# .

B TSRS, BTSSR H U R B R AT ST I ERAE T BERIERR
WA B B 7 BE, #B4iiad unpickle_game state A%, 5% GameState 141 2%,
B R F BB L MHTH GameState X B REFR, B HAKIREIE A GameState RS .

pick]e.}oads(seria]ized)

>>>
TypeError: __init__ () got an unexpected keyword argument
w'Tives'

oIk 2 B FRAT 17 copyreg B i M AR pickle_game state PR¥L, 7Ei%
PRECHE IS IN— N RIARA S S5, 76087 IR B GameState X 5 3 17 pickle [ B %,
pickle_game_state PRECETEIF I BB UEHE B, WINESH 2 B9 version S5,

def pickle_game_state(game_state):
kwargs = game_state._ dict__
kwargs['version'] = 2
return unpickle_game_state, (kwargs,)

17 [ R U R e BT, I X 4> version B8, FTLA, FEHESHUE 4 GameState
FiE AR AR, FRATTAT URSEROE R B version 28, SRMAHM AYALHE

def unpickle_game_state(kwargs):
version = kwargs.pop('version', 1)
if version == 1:
kwargs.pop('Tives')
return GameState(**kwargs)
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BRAE, AT AT LA SR X THRR T AT R 26T SO S AR A T

copyreg.pickle(GameState, pickle_game_state)
state_after = pickle.loads(serialized)
print(state_after.__dict_ )

>>>
{'magic': 5, 'level': 0, 'points': 1000}

PhJG A GA A I 26 b Ak s s e, ARFRATTAC SR AT LA i 45 0 4 00 i B AR [+]
AIRAS o HEIHMASIE BCRR AR AT, T B S — S ChY, X LefCas, &6 nT Ll E)
unpickle game state PRECHLIA .

3. EERISIAEER

{#i F pickle f5Hemt, A& HBI—AN R, ARELR:: MRMAHRUEZIE, BA R
W EH PITRIFIVERE . ERF AN, IROTBER SEM A SR, B
HERH AR, JHEENBsh B X EMat, S22/, &4
P T I 1E W pickle #RBR

T EE GameState 281 % FXEH BetterGameState, F-H{L 5k 9 28 R T Hh 80K Al 4.«

class BetterGameState(object):
def __init__(self, level=0, points=0, magic=5):
# ...

R X HAREY GameState XFRIEFT R IFSILERAE, IR PR 2HES, FEAERA
XA,

pickle.loads(serialized)

>>>
AttributeError: Can’t get attribute 'GameState' on <module
=' main__' from 'my_code.py'>

KAERNFHEWRNET: PGB, EIZRIRIEN T AR, HiE
HEE T H,

print(serialized[:25])
>>>
b'\x80\x03c__main__\nGameState\nq\x00) '

XA~ [a] @l AT LU 3 copyreg BEHOR Ak . FRATTAT UL pRBCHR R — 4~ [ E A pRiN
15, 2 ERMXAPRRAF A BAEBET unpickle B, BAEASINTFE R T I AL A 5,
RBASH IR ) BR824 B [W] 19 LA 2 biim AT T DA FHIX PRI AL, b
B 4478 T [m]
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copyreg.pickle(BetterGameState, pickle_game_state)
T copyreg ZJ&, EATATLIFER]: BASFILEIEZ P H5IAME, REH M
BetterGameState iX 545 T, TM/&2375 1 unpickle_game state PR%{.

state = BetterGameState()
serialized = pickle.dumps(state)
print(serialized[:35])

>>>
b'\x80\x03c__main__\nunpickle_game_state\ng\x00}"'

ME—ZFEE AL &, BB unpickle game state BREUIT7E B BB AR . FRIFHE
XA RS B TR e EE BRI, BTRA, CBRPT RO AR E R B, R
WA REHR XA BRECA T .

B

O 8 Y pickle BB, U 4 FHAAE G 15 4F AR FF 22 161, AR 6 X 5T P 5
LR F AR

Q WA E 2, B4 pickle B T BE LRt 2t ) A5

Q AT AT LAE P B Y copyreg HEHIA] pickle 45 A AT, LA My IH B A ik
HYRPE . BEATMOREAAT Y, AP L2 5 B B 11 15 A 42

85 45 5% : BiiZ M datetime PEHURACPRACH I R], M AR time
ﬁﬂ&

P JE AR ( Coordinated Universal Time, UTC) &R vk i it ] 2654 77 =X,

5 X Ik, AL, R 2015 UNIX 8] 55 "2 646 22 (R EL, %i%?ﬁ%ﬁ
AN I 220 X L RN E] kT SRR U, UTC & —FpaR R aF iy i had Jr X, fH X
T AR, ] UTC SRR E], HAKAIE, ?U?ﬂl‘]iﬁ"%"%ﬁ%*ﬁﬁ%ﬁﬁ@?ﬁ
b SORFART Y . FRATSBE “IET” (noon) o “FL/RE 8 5" (8am), MALYL “B
UTC Wf[a] 15 giih 22 7 ~/Nif” (UTC 15:00 minus 7 hours) ﬁn%&m%f@“ LEyipsz]
IfE], BRAFl e & —F o, DMEE UTC 5 b rsf (o] Z [al b4 7564, FFLAFH
B PR, KRR Ok

© UNIX epoch, A LAFRff#EY UTC MHHAE] 1970 4E 1 A 1 H 0 B 043 0 #b, —— %
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Python &4 [ WA [ #5407 . IHA =, SR AN Y time BB, SO —Fh
5 e . mER T, NUZ RN ER datetime B 2RI BORAEH 4F,
‘BE1828 T Python JF & &+t X FITAy &Y pytz F{F4.

KT VR4 T 1% datetime BEH AL A time BEHLAG B, TR AT X P LR
A9

1. time &R

FENER time BEH T, A4 0 localtime YRR, T 7T LAE UNIX AffE]# (UNIX
timestamp, tHELRERA UTC WHZIPEES UNIX i S AFE0) #8516 AL a
X AEAFAY 24 bt 1] (2E3E i s iR A s X R B A F, Pacific Daylight Time, PDT).

from time import localtime, strftime

now = 1407694710

lTocal_tuple = localtime(now)

time_format = '%Y-%m-%d %H:%M:%S'

time_str = strftime(time_format, local_tuple)
print(time_str)

>>>
2014-08-10 11:18:30

TPl A T AR A, R, EARAH AR H S ], Bk UTC
Bt fE] . FRATAT LA strptime pRBOR AT & B3 B B AVFAFH, SRJ5 VA mktime pREK,
H A b s ] 4k UNIX s i) 38

from time import mktime, strptime

time_tuple = strptime(time_str, time_format)

utc_now = mktime(time_tuple)
print(utc_now)

>>>
1407694710.0

AT HE A B DX B 25 b B (] e 8 0 g — B DX A Y st ] e fildn, Ar KHLAIH S
WWBAAAZ G, RAEFERIERZIBE LA JLSs,

AEGE T H BERAE time . localtime Fl strptime PR IR [RIHE SR FEF T X b4, AN JE—
NIk, BT X SRE bk A, BrUlF TE R K E 4, EA# 4Bk
BT B R R, AL

WERIERGARA T XACE S, RN XEREAEZ, EflsashE
#io AR LAZE Python 27 i Bl time AEHOR A Al epd X {5 B Fldn, T Bt
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W2 AR B4R (PDT) b, SEATHEMIE £ Ll it 6 ] fged b ke

parse_format = '%Y-%m-%d %H:%M:%S %Z'
depart_sfo = '2014-05-01 15:45:16 PDT'
time_tuple = strptime(depart_sfo, parse_format)
time_str = strftime(time_format, time_tuple)
print(time_str)

>>>
2014-05-01 15:45:16

FAIFES, strptime pRELW] LUE# 74T PDT WHE], BBA, B4 2t GEff b d i
It A5 A A X WE? S2PR b RATTH . BATHALZ e f 36 E 43 At (Eastern
Daylight Time, EDT) R5— T, #&&H, strptime BREHHE T 7% .

arrival_nyc = '2014-05-01 23:33:24 EDT'
time_tuple = strptime(arrival_nyc, time_format)

>>>
ValueError: unconverted data remains: EDT

Z Ul HBUX A R, R time BEER T EARBRIE R EIE. A Her 5
PrAT, BORTIRIZH C REWFT 516 ERAE REMLE ., XM TN, [E75 time
BBREIREANERRRE . BT MR AL B R I X, R, FRATINGZOT R XA
B MR —E B time #E, RmE RRLZ I EAE UTC 516 F LAY 2 X 2
BIEAT R . X T HADAR S ok Ul , B datetime 5EHR FLEHF .

2. datetime &t

E B A datetime L, 5445 1 datetime (923, B ULREAR I A BT UFAY time 45
BUIREE, HIRAE Python F /7 iR IS ] . 5 time B34, datetime AT LU UTC #§=X
fO S RTRS (], et g AR M ]

P X BAURS, 248 UTC %A RTS8 h LB R B A syt ] (2535
BN, RIUATPHER L)

from datetime import datetime, timezone

now = datetime(2014, 8, 10, 18, 18, 30)

now_utc = now.replace(tzinfo=timezone.utc)

now_local = now_utc.astimezone()
print(now_local)

O R THRINARCR, #E T RET RIS 2 1769 PDT BURCYHTERE RS AT IX, 0 CST, —
FHEE
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>>>
2014-08-10 11:18:30-07:00

datetime FRBRIE AT DLEAS B (0] 42 A i 4 il UTC #& 3K 11 UNIX B[]

time_str = '2014-08-10 11:18:30"

now = datetime.strptime(time_str, time_format)
time_tuple = now.timetuple()

utc_now = mktime(time_tuple)

print(utc_now)

>>>

1407694710.0

5 time BRI AR, datetime FRERARHE T — B, RROSHESE—Fi > b if (] AT 5
HEE R A —Fp 2 M ] SR, AERRIATE ST, FRATT R AEE L datetime Y tzinfo
RRMKTTE, KX ER XEEILH, FhEIFA R4t UTC Z M IX5E .

TS Python JF & #H +E XML T pytz Bibk, HAb 17X —2s ik, B A LI Python
Package Index T %% ( https://pypi.python.org/pypi/pytz/) . pytz BHAT A 5¢ 8 BRI 14
Hp & T IR # T RES B B — R X SUF R

AT AR pytz ik, FRATEIENIZ G Y ol [ 554y UTC, #RASE4E%F UTC
{EUEAT datetime #20E (BN, AT 50 XRAE A CHAE), /o HHE UTC &% [F) Y]

i, FRATAT LA R d X BACAS, PR R A e, B UTC R CH)
datetime Xf 5. FHRFPOAMIER, & L EMFREEZA, HER E, K7 RS
pytz Bk, FRATAMI T X LA

arrival_nyc = '2014-05-01 23:33:24'

nyc_dt_naive = datetime.strptime(arrival_nyc, time_format)
eastern = pytz.timezone('US/Eastern')

nyc_dt = eastern.localize(nyc_dt_naive)

utc_dt = pytz.utc.normalize(nyc_dt.astimezone(pytz.utc))
print(utc_dt)

>>>
2014-05-02 03:33:24+00:00

58] UTC ¥ A9 datetime 2 )5, L E R H S L2 A ]

pacific = pytz.timezone('US/Pacific')
sf_dt = pacific.normalize(utc_dt.astimezone(pacific))
print(sf_dt)

>>>

2014-05-01 20:33:24-07:00

© BHRITXBNARLE 48 k. —FHIE
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FA 1 T LUK E], R RA ML U IA/K (Nepal) 22 ],

nepal = pytz.timezone('Asia/Katmandu')
nepal_dt = nepal.normalize(utc_dt.astimezone(nepal))
print(nepal_dt)

>>>
2014-05-02 09:18:24+05:45

TieE Vs T A ER/E R e, FRATERAT LU i datetime #5EH Fl pytz B bk,
TEARPIAREE T P — 0t 52 hU X 5 e .

T
Q AZEH] time FEHAEA R X2 [B] #E4 T 46
Q R EEARE X 2ZE, 0] 5EmRITH e, IR IZ N & 1Y datetime FE
B 57 & #H A KRR pytz BEHE LR R
Q & & B EROZ SR ) 2R i UTC #8638, ARG HIIT & RS RE, &5
PO e 4 st (8]

046 - NN ESLE S BAR ST

A Python 2 7 22 A0 PR RO LLBEAT W, B AFCHS A0 BT 2R 2 2 B B 0 R Y
#i R RMXIFAREUEW] Python J2— [ THATHUERKAIE S (SWAAE 41 &), WH
AR DL AR ] A Sk AR 235 g e AN i S B o

SEIE [ JE Python FIPRIERR P IE BT, AE 7 &MEIESBIRSH, DIHIT &M
Flo oot WIS S8R A , AT e Hee e, i ELiR T DA (4B A 3
RS TR, RARMER T &4 A CIERR SR, FrEL, FRATINIZ B Rl X ot
Python F 47 HYLNAE, A ZHH LLBEN], LATTE I R 1.

1. WEPAFY

collections FEH 1) deque &, & —FWE BAF] ( double-ended queue, AWiiBAF ).
MIZ BRI 1) Sk 3 o R B AT A BB B — A oe R, R IHFE R BB A i )=, X —45
i AR S A R &R et e (first-in-first-out, FIFO) AYRASI .

© BEEN, FEFFERNEEEESEELEA, ASHEBIEG AL BEREmEL. X1
. SEEEE RGN o) MR R, ——RHEE
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fifo = deque()
fifo.append(1) # Producer
x = fifo.popleft() # Consumer

PR list 2880, tun] DURBASUIRRE, 5 08— B RAFHOTE . M list 24
ABBERITR, WA BB B E . (HR, M list kEHHARBERITR, Ha
FERR ML AN E], X5 deque RIWRLKLIT AL, 18154,

2. BFFH

PRUER) TR TEF . B R UL, 7S AR A i B4 dict Eimakft, Wk
BRI EEAUBUF . SRl 32 T LA 2t BUX R AT R A B e, 2 ph HLPRR A 7 &
(fast hash table) A9SCEL 5 21 20

a = {}
a['foo'] =1
a['bar'] = 2

# Randomly populate 'b' to cause hash conflicts
while True:
z = randint(99, 1013)

b={}
for i in range(z):
b[i] = 1
b['foo'] =1
b['bar'] = 2
for i in range(z):
del b[i]
if str(b) != str(a):
break
print(a)
print(b)

print('Equal?', a == b)

>>>

{*foo": 1, 'bar": 2}

{'bar': 2, 'foo': 1}

Equal? True

collections #3 F1f#¥) OrderedDict 25, & —FhEruk 0780, & RE % 44 MR A (19 36 A
FF, KA EE X P R T . 7F OrderedDict | ARG (L, HAT MR E

B XBHERERIFT A, AT A i T

© BREER, BTN ES 8RN NRIE. X —#&, SHEEREESE On) HIX,
—i®HE
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a = OrderedDict()
a['foo'] =1
a['bar'] = 2

b = OrderedDict()
b['foo'] = 'red’
b['bar'] = 'blue’

for valuel, value2 in zip(a.values(), b.values():
print(valuel, value2)

1 red

2 blue

3. HHRRIAMERF

FH O] R RAF I — S Ge i s . (B2, o TR B R U A RATE AR AR
A, T LA T SR RS B, b Z BT R ORI — 2L 5, A RES K
X T HL A T BE

stats = {}

key = 'my_counter'

if key not 1in stats:
stats[key] = 0

stats[key] += 1

BATAT LA collections #EH HH ] defaultdict 283 i fb_FIRCHS ., Gk o 8t B iy A
FEUImEEE, BAEMSAEENRANE S M AZCBGER. TR, RITAFRELR
IR AEL A R BRI AT, B2 A RO 5 — BN E E BIAE . 7EA B, AT
(EFANER int REORBIE T, XEHZTFRAEBLL 0 BBME (SRAHE 23 &),
BAE, RSB AR R R T .

stats = defaultdict(int)

stats['my_counter'] += 1

4. BABY ({L5ERPAF)

HE (heap) JE—FhEHE 45, RIE 5 JHR IR LRSI, heapq BEHRFEHE T
heappush, heappop #l nsmallest % —$EpR %, REFSTEARMERY list 2870 h I EEHELEH .

FR R HITER, #AT LA ARG A

a =[]

heappush(a, 5)
heappush(a, 3)
heappush(a, 7)
heappush(a, 4)
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REIT R B S IR e N R BB, MRS CRUEB/NoTR, Lt
P o

print(heappop(a), heappop(a), heappop(a), heappop(a))
>>>

3457
JH heapq X ALY list HIFESF 25, FRATAT LAIZEHMBA SR E . REG R T
bk 0 AR IOUER , LB JERER A R /IMEL

a =[]

heappush(a, 5)

heappush(a, 3)

heappush(a, 7)

heappush(a, 4)

assert a[0] == nsmallest(1l, a)[0] ==

FERCR list LIRTAL sort Jyik-2 IR, % list HRARREGS AR AT 1

print('Before:', a)
a.sort()
print('After: ', a)

>>>
Before: [3, 4, 7, 5]
After: [3, 4, 5, 7]

X 2 heapq BRVEFFAE SR IIT ], 551 RK M X RORIE L. W01 58 /Y Python
HIFR L THHATHICHERAE , IR AN SRR SR PR 20 B s fi]

5 —oHEK
7E list FHIfEHA index TR ERIEANTCR, FrAbamt Al 51K KB LM L.

X = list(range(10%%6))
i = x.index(991234)

bisect BLE 1) bisect_left % bR, $RAL T RN o ir-F Rk, BBE R
FIHEGFIUT (e 2 P48 F5AME. i bisect_left IEUITR RG], Fonfril I A9HE
TERE 5 R B A8

i = bisect_left(x, 991234)

TN RFRNE AR, RPN XERE, H bisect RIERUT-H A

O MPEAMRYEMME, BENTESETHT SN, Tl ey s, AR FIANT
FrAy B 2k+1 5 2442, PEHTE
© WZEIRTELAL, BE(EFIIKRIARE A Y. —FHTE
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PMIERMIIE, S5H index RIERME 14 MU RMFIER, FFEmImEIZEAZ . dika]
DL, SRR, E AU RE RS

6.

SEEERNIA

P 1 itertools FREH T, AU S AHEAYREL, AT LARDRALG L ARR% (AHOCHY A
W, IS AR 16 FME 17 &, BEARXE T B RNERREDS B HE4E Python 2 H{#i [,
{RORAHR Y SORY LR (It T — SL A SR A BT, PR AT MRS X L6 #(#2, 7E Python 2
rhEAs bR S 2 AR R TR T 7E 3 E KAy Python I 4 A help(itertools), LA#r
FIHEAER.

itertools BREL ST A =K%

O REREIE LA RS B R 1Y R L

a

Q

o chain: ¥ 2 EACEHEIF & N — %A

o cycle: TRHTRE EMERIFPHEITE.

o tee: U—EUERIFT B FATHYEACAS .

e zip longest: 5PN E M zip PRECHAL, {EUR T AT AR X BEAS R 4085

AR MIEAUAS i BEOT R Y pR 8L

o islice: TEARMATEHIMETE T, MRIERTHERDIFIEL

o takewhile : £ X5 pRi %k ( predicate function, HIAIPFE%L) K True YA, Mi%k
R ZE M RFEITTE.

o dropwhile: MFIE AWK N False Bt IFG, B4R ERECER P TR,

o filterfalse : MiEfCERPZER 01 RESHE R ECH False MFTA LR . HACRS
N B/ filter pRECHH 2 .

REAEHE LA CAR TP R JC R A AR Y pR 3L

o product: ARHEEICEFPIITRE IS K ILB (Cartesian product), FH4§ R ¥l
1] A product e ol 5 R BE Ik I 91 4k 484 .

o permutations : FHIECEF P ITCEMWEKE R N & FA FFHER, JE4 B f HF
FIEAGR [ 25

e combination : FERAF P T ZMEKE R N W& T XIFA S, I A A
A IEAGR BISRHE -

XTI (recipe), J&—SEim CAT sl i i o R () S A CRT, R 2503 T LABIE e 4 5 S BEAR 075
AEFfCPRs. — R TE
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B TEF L HRBIAXLE, itertools FIHR HL A A HAl —SL R B R R . IRARE
WEHOBEHS —BARF R AR, RN 12 e /L LE I 8] 3 B 1 itertools A9 SCHY,
BE BA BA I TR A .

R

O FRATRLZ A Python P B A BEHROR AN IR 2 F 5515 PR 4544 .
Q FFRERNNIZ A CLEH LI, FOVERNRMHEEE

347 % AERPRTERS G, PLiZMiH decimal

Python if 5 & & FR 405 5 BUE R EAEAT 3 A0S . Python AYREEEAY, W] LU
FRXE BRI, HOUORE 27 i 6 Y, %75 IEEE 754 fRifE. 14k, Python iS4l
HETARAER R BEEAY, ADRFR BEUE .. SRS BUE A, A AR o6 B — R o o

flan, FEARPLEEEHC MR, SR HE R P RAT E R B S T S A S . B
WRAFTT 34 4280, NEEITHmBMARIE, F048h 145 %50, B4, XKEGE
B R 22 g7

WATATREIN by, R PR S8, BRER A EAE R,

rate = 1.45

seconds = 3*60 + 42

cost = rate * seconds / 60
print(cost)

>>>

5.364999999999999

ER, AR AMIBOE 2T, %3, round sREHESM A7 IR AR LR 758
EEET Thrb, AR 1ERIFRST, ZNIZE | EBORE, T4 2 round BE%K
fEZAE A 537, WAE FFEHR 536,

print(round(cost, 2))

>>>

5.36
B BERRA T ZE XS AR TR AR, 17 EL 9% AR AR A e T P Y AT 9% . T Tk B
S, A 0.05 RITHITEAR, KitERE N 5 FPEIE T .

© WHENWINBRZES 2 . —F&E
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rate = 0.05
seconds = §
cost = rate * seconds / 60
print(cost)

>>>

0.004166666666666667
M TR R BEAR DN, FTLL round sRESHEE TR 0, M YARERATAR
LR

print(round(cost, 2))
>>>
0.0

B 1 decimal #58RH1, H> Decimal 28, A LAYk b ARLL(A) 8, i ZBRINFR L
28 /N, PAREATE A (fixed point) BUFIZ R, WRATTE, B ] LAHNEHH G
W E—2, Decimal Jff0 1 IEEE 754 ¥F s B0 7= A ARG FE )@, 1 ELJF & #38 v LA SR
Ik o A S & AT R .

it FATAT AR R A 55 58 1 5 rE R A i FR s SR AR R, A Decimal 2821
H. WEZE, BB IEWNER, MASBEXRIH, HRKHEeE.

rate = Decimal('1.45")

seconds = Decimal('222') # 3*60 + 42
cost = rate * seconds / Decimal('60")
print(cost)

>>>
5.365

 Decimal £24t T — NN ER KRB, B AT LR BRIF &8 Fr 2R iR B R & A=,
R M s B R

rounded = cost.quantize(Decimal('0.01'), rounding=ROUND_UP)
print(rounded)

>>>
5.37

XA quantize 7785, WAEXSARFRIHCARK . $RARMRAMI LSS, IEMHE T2, A
H Decimal 2% 5 ZRIARBAS . MEZE, HRERKNEERM, ERARE 1 24:

rate = Decimal('0.05"')

seconds = Decimal('5"')

cost = rate * seconds / Decimal('60')
print(cost)

>>>
0.004166666666666666666666666667
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(B, FRATATLAZESR A quantize J5ikmf, 48 E& BRA & A, DAITAR 1207 2 ik
BB 1 R, B0 1704k

rounded = cost.quantize(Decimal('0.01'), rounding=ROUND_UP)
print(rounded)

>>>
0.01

B4R Decimal ZE7R 38 & $AT & A BB B, (A& 7eXG o B 7 mAn A s BR, i,
13 AN, BERARE T RUE SRR R . A2 RS BE AN A2 R i ) e 2k A g, TR
AR LA B AH ] Fraction 28, 860 & 78N B 1Y fractions A b HL

B
Q X T4 A AT BE A 30 A0 B —Fh R, FRATTER AT LA N 1Y Python P& MY, 5]
W BB R
O Decimal Z253E 4318 A AR Fp X RG EZERAR R, ELXF & AFT R ERIR™ M54,
e, #REMITENSE.

A48 5% Forieh Python JF 4 &+ DX T 4 £l 1y S e

Python A7 > €5 )% (https://pypi.python.org), ML HI{F MU % FscHe, LIALRER )y
FEAR B LRI M, X LB Python #F X M EEIF4E P 1), FREEE 5 KK —
B, #BJE Python BJ¥ G, WIRARAEE] T H A KA P, AP i 2
Python Package Index ({&jfK PyPl) B H . PyPI HLiE 1A%, 1RAT v] fig 25 5 R T4k 3)
ER.

R ¥ 2% h Package Index A2 B, FRATHF ZMH 2 b pip M S 17 T H.
£ Python 3.4 M JFZEpRAH, pip BN IFHY, A FH WA LU python -m pip fiy
SRMEHIZ T H, X FRF0 Python IRANL, FRATATLATE Python Packaging (1) ¥ i
(https://packaging.python.org) [ H#k%! pip T HMZ% ",

AT pip TR, AR LAAER Jr (b bt 17 Biln, AFpims 248 7
pytz B (S AL 45 %), BRI MR

© WAl LS https:/pip.pypa.io/en/latest/installing. html, ——iF& 1
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$ pip3 install pytz

Downloading/unpacking pytz
Downloading pytz-2014.4.tar.bz2 (159kB): 159kB downloaded
Running setup.py (...) egg_info for package pytz

Installing collected packages: pytz
Running setup.py install for pytz

Successfully installed pytz
Cleaning up...

fE L ASfEfl b, 25 M pip3 4 %% T Python 3 MiA (Y pytz F 4 42. WR
fH A 3 19 pip 2, BBEE2 % %% Python 2 WA pytz K461, K HAT Y B
1, ZRRIAFHEME T Python 2 BRASH Python 3 WA (Z WA 1 %), pip T HAMA LI
pyvenv T HEEA R, PAE e AR E R, D23 (A
553 %).

PyPI W B, B P Al M. RER A 8RR 62, U AT B9 R4,
#BRH A A s IR AP (PE1E 2 UL http:/opensource.org) . KBEHEH T, XLeppl
AV REE B CHRBRFY, AR —0E N (LR, HEEEAL).

B

Q Python Package Index ( PyPI) £ & T 2% HM MG, BEN1#ZH Python JF
RFA ORI L

Q pip AT LR, ATEL PyPI HR 2 B4 .

O Python 3.4 JJREEfiA, BRINZEA pip, (AT Python MIAMIFK#E, WATH
1743 pip.

Q K PyPl B, #RE A A SOT IRER



W

(ﬁ@#???%?ﬁi

i A FF &

Python iff & BYFE 20451k, REOEHS BY T R M st 4 Ui T . 34 AR {55 APL,
Python JF & & Z AW T —E B EMMOE, REBTERTF M B L & /S R R U Y
AT4Edr P, S, Python if HA T —2eAriEM TR, R MGTEARIFRELZ i) KETF
KHABA, WTLRLAE B s T Bk TUME .

SR EAG AN —E P A& Python #2)7, HRFLLMF 4% IEIUSM S L, RIMERF R
HAR—ARIF &, RBARIR 2 B LR AR e P SO IR AR (A, AR LB iy 4
W, WRERMEMARS K, FTEL, RATSH T X ELZ ANUMEDLER], LUEE L5
ftl. Python & ¥ 52 A1E -

049 % HEAMEBL RAEERG S SOR AT

BT Python B—[ 181 &iET, LIS BSHILEE, Python X CHERHAL TN E
MISZHRE, A& AT LAESCR S HORHGEk . HHAMRIF 2 4ETE S AR, Python
FEFFAEBATHORME , REAE E HEUT RIVRA RS Hh A SRS 5 8 o

flan, fEARBARE T def iBRAIZ )G, BATATLLEEERL docstring, LIMEH— B
TF RS 5 i R BRI K -

def palindrome(word):
"""Return True if the given word is a palindrome."""
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return word == word[::-1]
& Python F2/Frf, FATTnTLLEEZ N doc  AUNFERIEME, SRUGTIZpREH SCAY

print(repr(palindrome.__doc_))

>>>
'Return True if the given word is a palindrome.’

PRAL . FEABIH, #A LIS ORI AR R A OCHK . RS TEHIEFZTT Python F2JF
it fRrh, gk R, Bk Python AARS SZRF SR FAFER AT __doc_ JBHE, BTLA™
AT R = ANAL

Q 1 TREB VTR A SR, LIS E TR BREMAET . RATTLUHAN
B help PRECR A8 B SR, ZEFBIH A SRy, o T LUSE in 75 {8 b 5% A . 3l =X
Python ff#FE 2% (tgh /& Python shell, Python “7&” ) & IPython Notebook ( http://
ipython.org) Z M T HATF A5 . ik API 4S5 AU0S A B .

O X FARAER SO E X sk, AT AERESMEMEL —SLTH, B4k
¥ # HTML %6 55 R 4 i 3. 40, Python JF &R #F 4t X A4 # T Sphinx
( http://sphinx-doc.org/) “FHE 75 A CRY4E K T H. #h4h, &4 14 Read the Docs
( https://readthedocs.org/) iXH#f, Hi Python JF & F4L X H#EE A MY, RERE RN
FFIREY Python J5 H 4 56 VLAY STRY K o 2R M AF =S 18]

Q T Python ¥ U4 R 55—k (first-class) X4, Wi H AL I R EERT
Vilig X RIS E R, FTUATRNTR AR B4 S 28930 . Python 41X )71 &
HARAE: SCPPRIEWEER, CRIEA SE&MSCR, AR R,
HTA T—FEE, TG ITURIN Python A, R 2y A PUHERY ST .

BT RGP R SOR IR E U, BATE ST SO T AT R, DR — 2
Y. XA AR A FEAN e, W] LS R PEP 257 (http://www.python.org/dev/peps/pep-
0257/) s FHBXJLARNE, ERFENIZETH

1. FIERGRS 3

A BEHE N XA TR docstring. XA FAFR FH &, NMiZ/ERNECARE—
Fig4), JFRENIZEZRF B PN, H=EN5S (") ek, ZFLUERS
docstring, 24 T4 4 MR, DARABHRZ PN

docsting )k —47XF, NiZE—4E, HUMAARBESGHZE. BT ik,
ROZAF— g E R, IS ARRIRER CMNE, SV AE . RILER
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PATERLER (Y docstring HY, 56 I8 A5 B L 1A bY A o S2 09 E M pRER,  fiE48 I R & RESE 40 1t
KT AR )
TS AR DL docstring :

# words.py
#!/usr/bin/env python3
"""Library for testing words for various linguistic patterns.

Testing how words relate to each other can be tricky sometimes!
This module provides easy ways to determine when words you’ve
found have special properties.

Available functions:
- palindrome: Determine if a word is a palindrome.
- check_anagram: Determine if two words are anagrams.

#

Qﬂﬁfffﬁﬂ%%/\ﬁ/«\ TR, BRIRATAI LA EAE T Ak, SEARBESW
docstring By, LA SR P ROGZ A Ar 4T RiZf X 4~ TH.,

2. IERE

B REN 1ZA BRI doestring, B 15 2 SHHRK 1) docstring KB ] . 3k
—17, R AR A i . BTk, H—BORTERIZEMEAE

e e E L1 public JEME KO, tHRGIZAEIX A docstring HL N LASRIE . HEAb,
BIZEFFRMSEIE, WA EIE# HL S protected JR1E (S WA B 27 %) &
KITEMZH..

T HEAE 25 docstring::

class Player(object):
"""Represents a player of the game.

Subclasses may override the 'tick' method to provide
custom animations for the player’s movement depending
on their power Tevel, etc.

Public attributes:
- power: Unused power-ups (float between 0 and 1).
- coins: Coins found during the level (integer).

wanan
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3. NRERE Y

B34 public BREU K Jr ik, #NIIZA docstring, HEWH:, SHEAIZE A docstring
L, 17, B —AERR R R TIGE. BTk, H—BU&HR BN IT A
FIeRE S 8. & RB R FIE, W IZAE docstring 15 B, 4 5 ol BOn] fE il i S ue
6 1B AT AL B ) S8, T X 4 SR SO R8O 1 —3 4>, BIBA docstring B 1% X H:
i e

T THE S R BRI Y docstring :

def find_anagrams(word, dictionary):
"""Find all anagrams for a word.

This function only runs as fast as the test for
membership in the 'dictionary' container. It will
be slow if the dictionary is a list and fast if
it's a set.

Args:
word: String of the target word.
dictionary: Container with all strings that
are known to be actual words.

Returns:
List of anagrams that were found. Empty if
none were found.

# ...

N RS docstring B, A —SEREE], REROZT -

Q WR R ERASE, B — A RRrR FE, B4, KMk RZ
PR, NOZELE T .

Q QiR R BOR A B A R BE, B A& AE docstring IR E)E, HEtEik,
ANEAE docstring BT BL “returns None” IXAEY L .

Q 4n 2R pRAEE B (0 I R P AN 2 8, IRSEASEELE docestring B IR S R4

Q Q0 R oR B SZ BB AT AR O B S (S WA 18 %) s I AR () et 7 5
(AR 19 %), IBHIOZECRISHII RS, [#H] *args F1 **kwargs
FA R BT

Q R RSB BIAE, B ARGZIE X LeBOAME (S AR 20 %),

O SRR E RS (S WARE 16 %), IARZIRIZA AR FE LA BT =
HEBINE
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Q WUR KGR (S ILA 155 40 &%), TR A NLZA R DM T = A (e, DA S
AR A BE T yield FIKFORFEIAI(E, TR ik ZE UL 2 P 22 T (T4 1
75 A8

@5_% A4 E docstring Z J, — & ERIE XA S KB EH, @it A EH doctest
Wik, BONRE S % #E 4T docstring F B SE A KDL, UHRERD T XL L
EFAARFFEFE,

B2

Q AT Z# T doestring, AEAEHL . KMREgG S Y. EBSCH RS,
N T2 BT ok L 30

Q WEHURE SO, ROZA AR NS, I BB P NZ T # A E
Je FE R K .

Q NG SRy, ROIZAE class 158 F 1Y docstring 1, MMEAARLKRFT R, HE
JBYE, DARAHFRRNE BT A

Q R B R 7 RS SRR, RZAE def i) N 1 AY docstring 7, 428 eREL A 15
SR, RERIRIEE, PREEEPT R AT RES B B SR, DLROAAT R

50 % AR LHEBR, JFRLEaIE Y APT

BFMAEREERZE, RATARNGEZERHRBESH. AT K R HK
AN, RS BER G E I I (S A 22 45), WaLhRETHE 24
FEARB AR R Z 1.

BT —EMprE, BN, BRMERLAEREZ T, T2, RINTEAERF
ZHg R E, EEAURSENE TEE% . Python AL (package) W] LAFE Sk Hf
MMRZE. 1, B—aaHsREaiR.

TERZEERT, MG BERFHRALR _init__py B2 300, FFLAORE X
fl, REHFEA _init__py, RATEATLERAARX T2 H A2, KIIAHZRFH
HAt Python 3. B, FAREFHHREHGUT .
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main.py
mypackage/__init__.py
mypackage/models.py
mypackage/utils.py

T VAR B9 TT T IA utils BB, AR ZHE EFARRM B A5, SETIAE

WY from Fsr 2, R, RATELE from XEEFA M, 55 mypackage fA1%T
REAY H SR

# main.py
from mypackage import utils

R A H Rl EA HABA AL (U0 mypackage.foo.bar), AFAHFEERH L

WA KSE import 14 ,

@§ Python 3.4 4£ it 7 4 #f =% |8 4. ( namespace package) X —#L#|, & & A1HE4% L FE

MREETRAREXG. AREEGTHHESR, TURKEZLTRMNEX., zip
JE 45 X A%, H E it % 4. PEP 420 ( http://www.python.org/dev/peps/pep-0420/)
WANBT IR N R 4 A B R

Xt F Python BFFRUL, WATRMEMIGET, FEAPIAHE.

1. BR=N8)
BE MR, RIEERRSRIARMZRERZ . XEEFEENUREZL

IR RERER, FHHEENTRERRRENRRZ T fln, TrXEF, (ES
MPIAFI 44 04 utils.py SR, Zp515 AR, T X WIS AT LE of 46 % B Ak X

ar,

I

FrliX#s ] AJr U217

# main.py
from analysis.utils import log_base2 bucket
from frontend.utils import stringify

bucket = stringify(log_base2_bucket(33))

B2, dnSRascstfy B SCAYpRE, KakFRIBUH EE 4, A4 b i ot ok
Blhn, FA1E M analysis.utils Fl frontend.utils £ 5, 55051 A 24 4 inspect A bR £,

AR REMS ERIIREE, BREESIAXMAE e R, FOB5E 4 import 4], 2R

O AR (attribute) —i7], ZRIZHR, FLUSBARABIRE L AR b &, R, —
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HVE R ) inspect {H 78 wid4i .

# main2.py
from analysis.utils import inspect
from frontend.utils import inspect # Overwrites!

fRYLINEES : 7E import iR, AL as TA), 4551 A ET/E AR R A R
T o

# main3.py
from analysis.utils import inspect as analysis_inspect
from frontend.utils import inspect as frontend_inspect

value = 33
if analysis_inspect(value) == frontend_inspect(value):
print('Inspection equal!')

Nl i import iG5| AR Z, #RATLLFH as FAkeli s, BIfd 5] ARk,
FATEAMIRBEF as ek 2 . X5 T & & AR M b (o) (52 T AN [W) 24 R 25 8] 2Z H Y
RA5, FFFESI AZBACIS A, BB S0

@% AA—FhE, WTUBRINTHPRG LR, Wk E: §FREFH KR,
AR B RNBEAETT M, TEHE EBERN L,
At F &, AT P44 5 import analysis.utils #7 import frontend.utils i&
4], #kJE, % %3 it analysis.utils.inspect 7 frontend.utils.inspect iX #¥ #7 7% ¥ #
2, FiFE A FEAES E B inspect 3 .
BHAETLATFEE A as T4, MAR Tk RERARENEZTE, ©
DA R o A s A inspect BR AR EXEBAEREH,

2. IRER API

Python /955 — Rz, & A AMRME HIF SR ™ MR Y APL

ISR GG ARG/ APL, NGRS HFRE (S RAEE 48 &%), M4, et
SRR E R DIRE, FHPIEETIASE AR S22, A, FATAAHE S
[ EBES XTSRSt ,  LAMBTEASREMSLA P (AT T, S8t SRS s,

1€ Python F2JFHh, TATATLUAEESRRGE 28 all  AYFesREME, DA/ Hig
BRHNE APLEHEMFE R, _all JREME, B—H3%, HPHE I A, #F
WA A AR — /AL APL, RIRGINPARS . WRANEA A LA from foo import * )
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2R foo B, B4 RA foo._all  Hhulth ABLL/EYE, A &M foo FEIA. &
2 foo B AHRAE  all |, W H 25| A public JEME, tEbEit, REgl AR TR
Tk ARLE IR (S WA 27 5%).

fln, FEHRAE—N, IR G (projectile) Z [BIfRERE. T Hw XM
X~ models i, i T mypackage fuH, ZHE R R SHA .

# models.py
_all__ = ['Projectile']

class Projectile(object):
def __init__(self, mass, velocity):
self.mass = mass
self.velocity = velocity

WRIG, FRATFEIX A mypackage £, i X —~ utils i, FXT Projectile S5
PATRLEERAE, BN, 4L Projectile 2 [B] i Ml .

# utils.py
from . models import Projectile

_all__ = ["simulate_collision']

def _dot_product(a, b):
# 5 s

def simulate_collision(a, b):
#

BiAe, ATEMIXE APIHHFTA ) public #84), #BYE A mypakcage fSE A JEE, #
(Eeh SRR P, (] R R RENS B 85| A mypackage, 1A H AR fT mypackage.models
il mypackage.utils S5 ABEME, BFE—, RIME mypackage £ (1 A FRZH#E) & A= 75
b (fltn, MH4ET models.py BiH), fifHixst API fSMBICED, KIRREIRHIZTT.

4 1 #E Python f P LN RE, FRATTHE A5 L mypackage H & FHY __init__.py X
o A8 AACHE 5] A mypackage #5e (R g, 12 SCHF 32 PR B 2 0 mypackage 19—
N, Hik, AOTTLARE  init py CHFRTSIABIZFR, LLR$EHH mypackage
PR R R A5 AN P 1 APL. T mypackage B OARLERIER, #E 2424t T
all__JEYE, Frid, IATHGEHOAN TS iy A N AT AR, JFEERT  init_ .
py i all  Ja@tE, BEPATHE mypackage (1 public 43 17138 24 AN 48 S0 AL

# __dnit__.py
_all_ =[]
from . models import *
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_all__ += models.__all__
from . utils import *
all__ += utils.__all__

2oyt FaRALEEZ J, APT (& AT DA E#E5 | A mypackage, i A FH B ) BLAA
(PR ARER T

# api_consumer.py
from mypackage import *

a = Projectile(1.5, 3)
b = Projectile(4, 1.7)
after_a, after_b = simulate_collision(a, b)

WHERE, R mypackage.utils. dot_product X #£, % [T7EN IR A RE, EAS
YE 4 mypackage ffiY) API f2ULA (0 &MY, P A%, WA HMAE all FERZ
i, 75 all BEBENSZFR, HEREINESA 28 from mypackage import *
WAIREAZARR, XEFR EAY THEA L M2 RS REE K 1 .

FELALE AP R M E AR [ Y APL I, FEXEFEHYEE. B2, WEK
TR ARTE B O A I & B Z R M N TR0 APL, TR SEHAS] _ all FrEdfiti
TRE T, MREERZGRE R T . X T KBS P AR B UME R g e A AR, A B
FriR i fr 22 23 ML, EERUL, MMOSLEWH T, BRI R HF X 4
PR RS, ORAF-E IR DA

EEE A import * EXRIBINIER
1% from x import y X A% 5| NiE &), RILEFEWE, BARMNTANAA L y &
BT x X x ARk, 0,48 EAFE from foo import * FiE4), AR A, CHFF
EA A HATR X Python A2 BER A, 122, BRALARGLAA LR,
o TRk 2] R AAMA KRB, 1L Ei@id from foo import * #54), 45
XA BARGRR, R ZEA £ 4 import * i56), ARHA LA FiX 2
EE) Pl M ey o3k, FRks 2 AN SRR R SUAMAMEIRZ P,
® import * i34 de st E AR PR L AEE ZH . RAVEAA 1k A 5 64 4
$euf, THAEZMAEL %4 import * 54, FIANT —REHL ) L4k, miXF
ME, 23| &4 bug.
REAMKER. RELREZANKD T4 A import * 5 4], M A B % vA from x
import y % X 6935 4) , AAtsh § THEZFIANGG LA
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R

Q Python £ 2 — 0 & A A, FATAT A AR ] 40 54 B 257 B
BRI ZRZS ], 5 EIACERRE R &M A 4 X B 2 PR .

Q HEH init py SCOFRCA S A HABIE SO H S, BErT LRKRZ H 3 SO,
Hogrh iy sctE, #0KaCh a5, e H 3 T, del A .
QSRR AT L SRR, FIFES N all  (FFERIEPER, BRI b fit—E i wh

API.,

Q QR AH BRGNS, IR ARATAT AR initpy SCfF, Hitsh
Fn] UL RS ARG I ASER , BORA R A T AR e 2 PR in T RIZR AT
Q AR S AETE & A BA SRS PR NI, AR T BBV A 28l all OB

fiff 5 1 APT

851 4% AN EIYE USRS, DR A S APLA
R 25
e AR HE CH APLIE, ZARH ATl il () 3, S R A RO 2R —FE,
R ) —EB5r (S IUABH 14 %),
Python W8 T —ERF ¥R, UMLES A G RFREREMGH. TR&, RO mE
FHIX SN B S SRR AVE R, A A O 2w G 2EA . Flan, Y40A45 R
AT TR SAS, RATITARAL ValueError S, LAJS xR,

def determine_weight(volume, density):
if density <= 0:
raise ValueError('Density must be positive')
# ...

FERSEEN T, R ValueError tUi/FJ2& LA AE M, (BB API I, RN IZ
AO¥E X —~EHNAEEAR, LSS AP E MR, FoATA] LAESLE B Rt —F
5% (root Exception), SRJ5, 2 iZH Tl o HAbRH, #YKAXMMRREHE .

# my_module.py
class Error(Exception):
"'""Base-class for all exceptions raised by this module."""

class InvalidDensityError(Error):
"""There was a problem with a provided density value."""
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BB TX AR H 205, APT A 2 0 nT AR A il 32 A P 4 115 9 25 b
S BN, APL A e F AR B v B B R R, AT RERL 22l try/except i)
A BRI AR S

try:
weight = my_module.determine_weight(1l, -1)
except my_module.Error as e:
Togging.error('Unexpected error: %s', e)

API firitt A9 S, ke EEREE K, saSBFME, Ml try/except i
), WETRARG IR X AMESL, oV ESIEAAASS APLRRT . XRhkReE, A =14,

B, MORRR TR, W E R LR AT R APT I, Frde™s 1938 1
RS R A . QS8 & LA B 7 2Okl X APL, IR 2Tz iz 24l AR e
Fr i SR S . AR A EAL A, A% W SRR try/except ift
) v £ T AL B AR 75 A9 ABA except BRHLIAT, AR except B, M SHEIZ R H A
API (I, $RERALATTN 2R X Rh ST B S VS A > ) b 3L A

try:

weight = my_module.determine_weight(1l, -1)
except my_module.InvalidDensityError:

weight = 0
except my_module.Error as e:

Togging.error('Bug in the calling code: %s', e)

(TR ST 6 58 N p Ak, J2 T LA BB JT R 4R 5 APT LAY bug.  WIRAES
RIS, FUl AR i S R R b S RS SR, B A, A E R Y S
W, BN XA . A RBARI Y  T AR A, WA APT AR
A bug,

Aik, EHHARFR try/except iE4], HAREH API A 5 AP BLHACHS Y bug 4H
PR, MR ERE, IBATHHETZHEM—1 except H¢, LIli3k Python ) Exception
B, XPETREE A . APT AE A SRS B TR AN & B A B 1 bug.

try:
weight = my_module.determine_weight(l, -1)
except my_module.InvalidDensityError:
weight = 0
except my_module.Error as e:
Togging.error('Bug in the calling code: %s', e)
except Exception as e:
Togging.error('Bug in the API code: %s', e)
raise
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RS E R = irab, BT APL WG EEEfk. BRRITTRESTE API B
PALT S BARM RH, DMEER S ES TS . fldn, BT RAES I fTiX 4> Exception
T2, HiRMERMYE T R®EER, SRR

# my_module.py
class NegativeDensityError(InvalidDensityError):
"""A provided density value was negative."""

def determine_weight(volume, density):
if density < 0:
raise NegativeDensityError

USIN T 3X 458 1 NegativeDensityError 574 Z J5 , JEA B AR RE w4k 2k
f, PR ERTiRE InvalidDensityError 5#4 , IERX #7590, I AT#E LUG T
PLUEE A X FORT O S 3 2538, OB A ERIALEE, FFHE BB T TR .

try:

weight = my_module.determine_weight(1l, -1)
except my_module.NegativeDensityError as e:

raise ValueError('Must supply non-negative density') from e
except my_module.InvalidDensityError:

weight = 0
except my_module.Error as e:

logging.error('Bug in the calling code: %s', e)
except Exception as e:

logging.error('Bug in the API code: %s', e)

raise

WABETT AR RHEZ T, HEEX—EERZHRHE, LEN APLE
Je SEE AR N B . BN, FRATAT LIE TR S R A A BRI B — R R
W, TR AR R AR IRID B — 2 R B, FHETH R R R R R A AR IR
IS =2 W LI

# my_module.py
class WeightError(Error):
"""Base-class for weight calculation errors.

W

class VolumeError(Error):
"""Base-class for volume calculation errors."""

class DensityError(Error):
"""Base-class for density calculation errors.

FATAT A X =Ml i EZ P, MoRERNRER T T, EIxX =4
SEH, A TR R R BT e 2 ], AR IR BT DR A TR

meeas
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FH . BEHRAMEAE, oTUREX =K1K, EREERE S APT AR A PR B
JF, WA EARERIRRE, $5 TTK R catch B, 845 —Fh B{KAY Exception ¥ IS AR
IR—i o

C:3]

O AfEsE AR, W LA APL 9 FH & S APT AR 25

O VB APTEY, AT LUE R PR 0, R B AU R BRsErY bug.

QO 94 FH % 1T LA 3 4 4K Python (¥ Exception JE2, Sk # B BB i #F %2 # 48 - API
I Y bug.

O AT EAMBEHR AR S LT, kR —2Erh (] S0, JIF4% APT I8 il Rk e
() 5 KRR HT & 3 ke it A A A BRI FRACAS R R, S ix sk
[ 5 44 5 R R S 1K

o 52 2% G Y 14y S ATREDG IR OB G &

FEA AMERS, FRAIMERSS hAH IR AR e, A s, B C—1A
FEERET, AR S AR B CR

filtn, GUI (EIEH P Sm) 22 Bon— P XEHE, 35 F P R 88 SOR i DR A
B B IESEALBEES (event handler) H, U7 B B RTEX TEHE A8, Wil S
Bofhsbid 2, MXHEMEIRD, WFEER—LLRRA, i, S2AEH P B E
B, (user preferences, HIFREF) AP anfafft [ B IEAHHTE G4 ik

I SCHX A dialog #5443 M app BEHR A4 JRAC EAR B P, JRIBGRRIA R SCRY £
ﬁﬂﬁaﬁ:

# dialog.py
import app

class Dialog(object):
def _ init_ (self, save_dir):
self.save_dir = save_dir
# ...

save_dialog = Dialog(app.prefs.get('save_dir'))

def show():
# i
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[FREAE T . AL prefs X RAYHRAS app BLHR, MFTEGIA dialog Bk, XHABELE
FEFF R shim %, XA B3 ik

# app.py
import dialog

class Prefs(object):
# ...
def get(self, name):
# ...

prefs = Prefs(Q
dialog.show()

XL T IRFMRHEOC R . WURABUN A% Py HL T app #6E3R, B4 5| AZHEER
i, S B,

Traceback (most recent call Tast):
File "main.py", line 4, in <module>
import app
File "app.py", 1line 4, in <module>
import dialog
File "dialog.py", line 16, in <module>
save_dialog = Dialog(app.prefs.get('save dir'))
AttributeError: 'module' object has no attribute 'prefs’

AT AR AR AR R, IRATL AT EAIE Python REEAEPIAT import 15
AR TEARALE] . 5 ABH GRS, Python 23 R R S {E S RO P AT F 548 4E .

1) 7EH sys.path iTf5E By gfe, 18I R0 AMie,

2) MBS INEACES, IFORibx Be URD RS (E 0 i

3) Al 5 IA R X 28 X4

4) XA E MBS, BINE] sys.modules .

5) Bsfi g g gD, Ll L% .

18 B ARl 7= 2 g (] R . B J 1 WA T B 55 Python & Ge 4% W i ARAS P04 T 52 B8
ZJE (W dT585 5 B2 05), ARG ENE L. B2, SFzmiErsis, &
HEEZE Python REHITSESRS 4 4, #n] LAH import #48] 5] AFFE N2 sys.modules H
[N

fE B, app BEHRAE i R & AT A Z 0T, #UESIA T dialog B3R, RJF,
dialog B G| AT app ik, WX ~MHEE, app BB M RN TIA LR, BEibkt
FIETES| A dialog HPRAEZ S, M B 4 LR, FRATATLAUE, BAT i app 1
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Be, HEAZSFRME. BT app A 5 LB BASEM, FTLALE app BB, 52 X
prefs Xf 52 f IR B ACHS , Bh i ARG 24T, Wi dialog BLHLAEE 520, HITE X
A~ prefs, &, SUPLH T AttributeError 54 .

fR Uz e B BT S, W TEAACAS, F prefs HACHE 45 H4 B ORI 1Y 521K )2
KI5, 2 app 5 dialog BEHLER S| AR5 prefs A9 T HAR B, DUk G S BLAE IR G
o HE, BATARY EREE LI FEM AR 2, 0 EA B, R E AR TR
ORGSR KT .

N AN, T DU SRR I R

1. VRS NIERR

B BWEE A, RIETIAT . B, AT LHES A dialog BLETH
BT 4% import i#4), FSENE) app MIHURHS, WabRi, %% app Bib0 LB N FIET5E
B, RIS A dialog fHk, X#E AttributeError Hi R ELZTH K .

# app.py
class Prefs(object):
# ...

prefs = Prefs()

import dialog # Moved
dialog.show()

XA I EIE R AT . T app AL HRAE AR 24 0% A9 B A S A dialog L8, FIF LY
dialog b 52 (15| F app i}, app AI%E 5 L ILFELMAT5E T, Hik, dialog fEAEEHR
| app.prefs HIE X o

XA I SR BRI AttributeError #5152, {HJ241 5 PEP 8 KUsHEM (S WA 2
%) ¥, PEP 8 i T & & BRAE Python SUHFTRHE | A MR R . SRERT LIS 55 —IK
BRI RSN, R AR S K LA IR LSk, 17T Lt RIS ORAET | A BUBEERER (L T
ASAEH AR, DA TS AR P i) A ARG AR R A DI S

BARYJE 5 ISR, 25 ECRS B A s, 1 HL & 3O SR 0T A2 A 0 F
ARF, WXFAES), ATREAS BRI EIE, B, AN % i 8 B 5 | A
JF R A AT AR ] R

2. 555N BEE. REET
FEOIE RS | ABSE —Fhdnik, SRR B SR 5] AR B P AR BRI AR . ke
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Ui, HEEARHchan 8. BSRE BIE X, MAZEET| AR EIE a2 R
Bl BAEYERE R configure PREL, FHMAARIGIAREZE, RITEA LB
LT FH—¥K configure, TiiiX > configure pR%L, NSRS ENE, DERKFA
PR HERS I o SFRN ARG I AR (WSS 5 BPUT5E), IRLEATER i &
PR E Q& i 1, TR AT LUBLO AT configure T .

FHEHE X dialog ik, %M H SR configure REUKIATE, A%
Vila) prefs X4 .

# dialog.py
import app

class Dialog(object):
# ...

save_dialog = Dialog()

def show():
# ...

def configure():
save_dialog.save_dir = app.prefs.get('save_dir')

[l it FB A S app BB, S EAELET | ABIRHRHATIEM 304 o

# app.py
import dialog

class Prefs(object):
# s

prefs = Prefs()

def configure():
#

BAE, FAE main 5, 2 =B BORSATHIS . HESIAFrABRY, SRR
BHEN, BREMTERFREE—1 a1,

# main.py
import app
import dialog

app.configure()
dialog.configure()

dialog.show()
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AT RAERZ GO0 FEART Sk, 00 L5 IR A& L BUKHE A (dependency
injection) SR fEIRE, A I FRATARMEMACHD i B I configure 53R, 5341,
FERBR NS AR BT B, e AU ARG By B, DR i REdl, S4B 5 L
SXFRAELE DI

3. ;&5

i PRAIR 5 | A S = Fh i, 278 pRBER )y 1 AR A import 15:41), BXRRINE
BN . PP 2R B IER Ea T AR, A LA A B 5 ARRE, A
SSAEWIT 868 BT R A LAy, 58 225 | AJIBMBEEe, FTLL, SXFoh B XUFR b ah 4
I\ (dynamic import) .,

T, WATRHSSTIAFTE, KEHE X dialog Bikk, X—IK, dialog.show b
P52t i, A 29I app BB, A RBIFERIEE, ARG 1L MRS | A
app Pk,

# dialog.py
class Dialog(object):
#F owan

save_dialog = DialogQ)

def show():
import app # Dynamic import
save_dialog.save_dir = app.prefs.get('save_dir')
#

app BERI B, HRFMIBGEFIRIHE—F, WREFLKEIA dialog, IH1ELE
FEVEH dialog.show,

# app.py
import dialog

class Prefs(object):
# ...

prefs = Prefs()
dialog.show()

BITRIERRRCR, SRIARBIETIA . HEE . BRBiTmiBETSR, 24
B KHITET, ATr RATTENGHY i st g Lr=CRg I A=, RATHEE
T3R5 | AHER S 1R HE G E) R AR A8 — 21 WIAEARN ] b, A0 mT
LA, HAUBIRER C MR R er 1 (B R MRS 5 B BE LT ).



EBTE MEF KR -+ 187

— R UL, FATERRBAZMEAXFMEHETI AT R B import iff 5] (04T I
i, WBA /NI ZRE AT, T EAEEER b S I AR, TR — R 1 i
fera. meAh, XFPEEHERABPATRILB SIS ATTR, BTSRRI a it
e, SFEARWFRAAR, G, BFSEET TRAZE, KA SyntaxError 5+
W (S WABE 56 Fo4h MR RBAIINEG) o

B2R

O AR R BB L AU B XS T5, A RESE I AERAE, IREE 2 th BRAR E M B
%, ] RE BRI 3h AR A Bt o

O FTRER R OHIC R M ey 3, R S BN B B A AR AR U, &
Fy o AR B, S BRI

O FTREAREROMIOE AR () B i) J7 38, RATBhAS ARG | ASRAE, XRERERT 46
R FTAERR )1, dn] U SRR AR E A0 .

o 53 7k NDBSIASBIRG Y H , I ILKEUC &

WURFR P A RS LR R . R 4, B4 Bl H S K Python #E X P (1)1 £
B (WA BE 48 %) RATATRBEAEIF L ®h, #d pipansd, %% pytz,
numpy A HAh—SE B4,

[T, il pip s AR, RAERMER, WlED, KRR
B, AIRESm RS HAYFTA Python 27 . MINE BF ., HHRR N SEX Fha) &
IR T FAL, (HAPEAGIAE, IBA RS AN A CRFEFR?

SR, ELIERRIGY M 5 HAE T %38 (transitive dependency), g2, K
T, nlfeiR S Hofth—2ua . Bilhn, FE4358 Sphinx 2 )5, AT LL#E
pip T2 KAEF - LALLM H A BF e AR 4

$ pip3 show Sphinx

Name: Sphinx

Version: 1.2.2

Location: /usr/local/1ib/python3.4/site-packages
Requires: docutils, Jinja2, Pygments

WARBZARE T flask F6L, AAWLATLAH pip & AW ERKBECR. RITEFR,
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‘B Sphinx —#F, #RMKA Jinja2 £l
$ pip3 show flask

Name: Flask

Version: 0.10.1

Location: /usr/local/1ib/python3.4/site-packages
Requires: Werkzeug, Jinja2, itsdangerous

Sphinx 3.5 flask fLA 5 AT fiE2x 4 A Bifk, X WiFia RE0h%E., XM, H
B ER 7 A AR R RS 14 Jinja2, FF LA AHZE o3, (HE4E—4E 2 )5, Jinja2 7]
BB AT IAS , ARASH A, TIRef s —Lb @ K284k, MIMXHEH Jinja2 )
HABABHR TS B . ARIRA T8 L pip install --upgrade 174>k BB 8 RGEHY Jinja2 €2,
HB-2 AT GERL 2> tH BE Sphinx AL JCILE, 17 flask G Hfin] LLRE & 6 H A0 A PR 42 .

XA AR . 7ElA]—Mf %], Python HLREFEAIHRE —IRAS, 2o HEBAF
G ERRAS . SRR O AR, A A, TR b= 8%k
PP, SOBAUE IR SR, B A RGEMIRINE IEH 2/ T .

RV PR ) 40 S 0 ORFERTIH A Z [ APLARAE (S DA 50 %), X
Pl S IR A AT RE R Az RUA ST RS R e AR AT O LT AT RE & AR 1 ALl i) 224k,
Mt X2 APL 9 JEAAES, SR T 2eq 18 . P AT BE SR 1 R G e — R
1, BEIEAA ER AR AL, AT OO ¢ R RIRIR . FrRASE, Bl 2 () X
Fhid U G 2R, B KU Y

MIATS HADTF 2 # A EUME, MiBRE T & & o e B B i b dgm P, ix
AN E RN T A ARG T3 #Y Python MUAS A4 Ry 1A R RRAR
Al RES R FT 258 I RROAS IS A DX ) St 25 A — R e i) e i, st it [A)— 1R
W, FERCOIARF BRI b nT ARG HIE T T, WifE s —fiRe iy B Ui b, A sE e ek
=1k,

3 4 ) B AR AT LA 3t 44 R pyvenv 1) T HOR M, T HAEHE T —E R A5
(virtual environment), M Python 3.4 Hlf, XA~ T HZB# Python, #RINZEREH|HL i,
R E W LAEAT AT i B, i pyvenv RIS HIE, Wl LAt python -m venv 74>
KViaE . XFFRATH Python iitAc, FRAT1LA%0H pip install virtualenv iy 2> B % 35X
AT HAL, e 417 Bl virtualenv SR E

pyvenv [ A5FR AT AT LG 2E A 5 A AH R Python 735, il it pyvenv, FRATAT PAAE
[F—FRG L, [FEHLREE R 2 A, JF B SRR A Z AR KA e, X
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FERLRETER — G U LI, HZFARK T AT EZ N ARRRKTA

fi By pyvenv, FRATTAT AEAS [A] RRAS (9 BRAFfL A SCHAR I SE 2, 7 il 2 AE R e
“af H G2, X EARIRATT AT LR B4 E 1 Python JFRPREE, AR R F A0
HECISE E R 7E X BN FIEW a1, TR, BUAT LA 2okt G PR B 1 i 4k it
K AT B 45 Ty PR )

1.pyvenv we

TR Y pyveny Ar 2 M Dy a0, FEMEANZ T HZ0T, e Bie fr
247 python3 fin4, FERGHME L. FEEA NI I, python3 {7 T /usr/local/bin H
R E, JFEEHEN 342 A (ZWARE 1 4).

$ which python3
/usr/Tocal/bin/python3
$ python3 --version
Python 3.4.2

KA LLEFT— 575 A pytz L Python 74>, BESASHE, DU KX
EFLAABEESERIER. HTEACEI pytz R MR, Rl sk
Python fii 4> BES#S IE# 11T .

$ python3 -c 'import pytz'
$

PAE, H pyvenv A8 B 44 8 myproject HIMEIIAGE . BF—EBIIIREE, #LF]
FTHEAMSI A HRZ, XEMSPITRER, 1ZH S F 2R A B 35 S0

$ pyvenv /tmp/myproject

$ cd /tmp/myproject

$ 1s

bin include Tib pyvenv.cfg

AT RRMHXERBAE, RAOTEMSTT A m P, ] source fir 2 3K iz 7 bin/
activate JIA< . activate JIA B ST A FIEAR R, M2 5EMASEMILE. EdaE
a2 PR, BRI M A (AREF, 2 'myproject’) & #EK, A& AL
Wt E 2 O YR T AL B TR .

$ source bin/activate
(myproject)$

MG XERMAEZ G, FTLAFER, @417 python3, B &AM HIEE R B
ZG ) Python #5741, MMi/2448 ) g LA 5E H % h 93E1> Python #74>.
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(myproject)$ which python3

/tmp/myproject/bin/python3

(myproject)$ 1s -1 /tmp/myproject/bin/python3
.. —> /tmp/myproject/bin/python3.4

(myproject)$ 1s -1 /tmp/myproject/bin/python3.4
. -> /usr/local/bin/python3.4

XL AE WS B DR AP RGEA X E B IIIAEE . RIMESME RS 9 python3 fr 4 C
LHHF] 3.5 WL, HEMFREEHAY python3 fp KSR 24511 3.4 fiL.

H pyvenv FT 622 (93X £ B IIFAE, B T pip 5 setuptools, JEi%A LA 1F 40
B SPERGEIR T R4 pytz %5 N4 i, (HUE BRI A HIE A X A,
FREA, GRIRAER A BT, M.

(myproject)$ python3 -c 'import pytz'

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

ImportError: No module named 'pytz'

FATAT LA pip fiv 248 pytz #EEL 2255 51 401 A5 L,
(myproject)$ pip3 install pytz
BRAFZ I, vTLAHRIA R &2 Bk

(myproject)$ python3 -c "import pytz'
(myproject)$

fF 5 ERIAEE 2 )5, AT DL deactivate Ay 23R M1 ERIA MY B2 55 BB & 3R ES
WE R ZGBRIAE, Hrh, python3 frd47 TH, HufeHs i Bk (i & .

(myproject)$ deactivate
$ which python3
/usr/local/bin/python3

AR AR T 1 5 myproject Bh8%, ARELANEIK—FE, J source bin/activate AT 4157
myproject H g1 activate A,

2. EEMBERKEKER

AT RBUREEZ )G, FATHAT LA pip fir KL% A R a7, s, &
1T REARIE B X E MR BB H At Jr o A0, SEHXE T & PR 37 5 IR 55 7
W, BCEER AT R A R R B A i, DLstr R RS .

pyvenv i IR bR EIRTE R . FRATH pip freeze fir s>, EIF R IR X KAL)
KHECR, UIHM AR RIS 2 b #], 3XA4N SCfF R i 5 requirements. txt ..
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(myproject)$ pip3 freeze > requirements.txt
(myproject)$ cat requirements.txt
numpy==1.8.2

pytz==2014.4

requests==2.3.0

BAE, A —2 5 myproject AT HEIIAEL, R4, W42 0] LURIF AR
£, H pyvenv 2 B A EE H %, I HH activate JIAS e 805 Br A5

$ pyvenv /tmp/otherproject
$ cd /tmp/otherproject

$ source bin/activate
(otherproject)$

REPEITRINGE, R A

(otherproject)$ pip3 Tist
pip (1.5.6)
setuptools (2.1)

WIA AR —E R IUAEE R, 5 pip freeze fir 2 £ T requirements.txt ({4,
MERAE, AT LURRHEZ S, F pip install iy 44014 MG R R AR 2 3158 — B R
AL Z

(otherproject)$ pip3 install -r /tmp/myproject/requirements.txt

LS4, WAES—E RN R A RRE T e, BB BT A3 40 3
LS| HATIFAEE b, SR BRI, AT FmeE, R0
o B PR TR A, KRETLUAES, XHKBOCRR, 58 —-EREd
fRFFIEARTR] 1

(otherproject)$ pip Tlist
numpy (1.8.2)

pip (1.5.6)

pytz (2014.4)

requests (2.3.0)
setuptools (2.1)

WA T E A8 B TTHE I R 48 (revision control system) = S AUME, AFAfA]
requirements.txt LSRR IKHOCR , E—FH Y LF I, ERARBARE, A
A L] i ST i 0 F R AR A AR DG R 91 3, (P = AR F R] 25

i IR AT, A A B, SR B, Bohira e (A
1% python3 4 BT ] B4 ), #LAMERIBMIEEE T LR ER2ZH, WEBIT,

O WHRmAERRE. —F&E
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B AEE R SR IFAS RS R, A A i &, Wi T k& & e
e HEm S ARG ECE . ITRL, AT MAA 255 30 B LR i 7 1)
Hsk, TMi&SH pip freeze fp L IHMFEEMRIGOCR S b, SR IR ERES, T AR
requirements.txt SCIF, FUIHIAREE B30 ST LR BB AR Z .

Q &5 B LIRS , FRATAT LATE [R]— & e i b e [ Bof 22 B S AR L i 2 WA, 1
HEEEEN A2,

Q pyvenv fir 4 0] LB & M LA BE, source bin/activate fiy 4> 1] LA i I i $UL 35 B,
deactivate 74> 1] LA{S FH B HUAFRES

Q pip freeze fir 2> 7] LAFE S FRBE AIr (OB A0 K 116, A3 — 03 S T . AT 14
XA requirements.txt SCAFEEAEES pip install -r 74>, Bin] S @25 F A AT
R R

Q 40 2R fdi FH Python 3.4 Z il (1 MUAS 80 &, I8 2 o 250 B0 00 48 0F 42 % XU 1Y
pyvenv T.E.. 844471 T EHAM pyvenv, &MY virtualenv,



$BE  Cluyers

.

£ R0 Python FRFFATIE I ], AL E NTF R IREEE BB = sz . 48
TS LA AL & T R A Lol . AR IR R P AE A5 RS 35 T AR RE T 52
e, X S5EMEFMPIIGE, R—HETEN,

Fi LA, FRATEANG Python BRI F=didl (productionize), 4> H-BEMEFEE Hiz 17 7F L PRI
eeb o PR # 0T DU ok FE86 P 1 Python BB, JEFRFT 1S B, X SeBIH T
LRI AR AIIEThEE, AT USSR AR (6 R B s 1 T R

0 54 7% BB VBI04 ATHS R AC EA ] i 350 % PR B

FIr B E i 45% ( deployment environment) it J& R 7632 17 (1 B e BT FH A — S i
BARF 2 0ESA — MBS, XA S EE ( production environment, 7= ¥
). BRAMMWERFAOEEER, SRR MRBEATIRTZITE, MR

{H2, TE4E FIEBR A M e, FRATHLLATE AL I L FEF i F TR 15 F i
FHiEfTE. X EFAREWEE T, TR SRR, filhn, FA4TA]
ABSTE Linux TAESG Lm, AHEZGHENRERTF .

pyvenv 5 T H (Z WA 53 &), (H15IF &K & RBBHIEITA MRS A [ —
£ Python i fFfu. (HEEAE T, A r=¥EEE 7 E 2 HER 2 SN ek 2% (external
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assumption), MiARLLSEYIRM:, RMEATT AT LB,

flan, FATESE Web IR 5 av B dn s T AR, JFE %R P78z, A8
2, BRESGERR T AR, FROTAREALAR 55 #F A s Tl ok, B e B Ar, T
AT VB i s i s, FRATTAT RE R ok TR F R A — AT AU, (HEE Rk
SRR A IR, R 2RI 4 KAHG T

DS [ B E 8, BERT A sh it i, 85 P iy Reeedsr, PMEAR 4
B, REBMARIMIIGE. Flan, RAITATRESHS PO ARM _ main_ S0, —
MR TAEREE, H—HHATIF AR,

# dev_main.py

TESTING = True

import db_connection

db = db_connection.Database()

# prod_main.py

TESTING = False

import db_connection

db = db_connection.Database()

X P SCME—(F X 9], HEAET TESTING W BUE ., T2, 7 P HAb R b
AT IS main_ #HL, JfiEit TESTING MR DE G & S H S i@k

# db_connection.py
import _ main__

class TestingDatabase(object):
# ...

class RealDatabase(object):
# ...

if __main__ .TESTING:

Database = TestingDatabase
else:

Database = RealDatabase

ARG AE T HITER B Z N, (H O 7R BR BT 1A 2 1R
Lo, SEbr BRI ER Python fURS. T, BATA LIERX ML A, H
if PRI R SE AR DR 2 A i 1 SCRHDC I AR Bt X (AT 2 2 T AAR 05 2% A [ £ 78 2
PRGERE X LA . AT BEAC B A PR Y e, FRAT TR mT LA L KA e, A it
G A AOTTE, Ry, FRATAT LU — 26 e b it sy i 0 Bt R SEBLR G i i2 4, AT 4k
AR LIRS (2 WA 56 ).
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@% WMRBEFRERFITTE S, RN M A ZE K TESTING X # # Python

FE, ARDEHE, FRCNAZNENTHEEXHET. FAFTUAL
configparser F W E M, 4 REFHEFNREGLESFRRBHELE, £
HRESEHBARMEMERE, EREERX— A

X T RALA] AR FE LS R Se ke 264, T LIS AR ik . fln, A

PP AL ZBURR G 16 EARAE R GERPE BT, Bent, FATTwlnT AFERE (TR IS5

Hil,

et sys BEHORHIBT AT R R SE .

# db_connection.py
import sys

class Win32Database(object):
# ...

class PosixDatabase(object):
# i

if sys.platform.startswith('win32'):
Database = Win32Database

else:
Database = PosixDatabase

[, AT nT L@ os.environ SRA WG A&, HEokE LB E .

O 7l # F Za T e R MR R AR E B 2, T S PREE AT 75 i Se p 2R 1F %
MBS, WAREL AR

O AT AAEBHGE B N, 45 558 69 Python 1541),  LU{E MRS AN ] i35 8 R 8%,
HE AT N

Q FATA] URE SN 2 A R P E BRI N 2, 4N, J@ad sys F os BB AL A%
FHRERFEFEE, I LUK E AR b AR G S5

o455 2% it repr ARV HOR S H LG B

81 Python #2JF i}, print PREL (DAK N B Y logging Ab v iy AR Sy ) pR %) 7T LA

IRFNTCR IR . T Python B9 PYHBME R, —BCH AT LAIE 15 38 69 J PR ARER (S 0L
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A4 27 7%), BTLARA A TAERRF BT MR, F print STEDH RS, JFAR AR
AR FHRAH S A B R B AT

print pRESARIETF A E LA ERSH, FTENH —FRMETINER TR Flan,
RAOHAT P FAF B L4 print, IBEMSATERH RSNG| 5B TR N R

print('foo bar')
>>>
foo bar

PR, AR T %s' s AL FAF R, IFH % BRAERTRATED *foo bar'.
print('%s' % 'foo bar')

>>>
foo bar

SR IRIEELE T, XAME T RIRI AT, JFARETE M R ZE AL flin, f
BN T, FRATIEREARYE print BT ITENI NS, R BUERE) 5 5745 K8
E/‘] '5'0

print(5)
print('5")

>>>
5
5

eI 3 print PRFCE AT P, SRR ] Y 22 A S A, BTLL, R4
FEVRIRIE A RT R0, NOZFTER repr WA B FAFE3 o MBI repr BREL, SSARPERETXT4,
R[] a] A TENR FnIE X ( printable representation), TiXMIE, WL EHC AT H
N 5y TR — A B R E . X T E AR UL, repr bR BUIT IR [B] ) 4T
Hi, & —AA%0 Python Kk,

a = "\x07'
print(repr(a))

>>>
"\x07'

I repr PREUITIR B AOME, A4 N ER eval BREL, FZSES15 305 5k AR R A
Python X R T (FHEIMXFMEE, 20N THR. LGRS, RITYREAREE

ELHb i FH eval pE%%) .

b = eval(repr(a))
assert a ==

VAR AR, FRATTNE R SAE R IR A ELL 45 repr BRE, SRJS PEAT print HF AT
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B, 1ORE AT LABR 6 A B H 2 Y 2 [ ) 22 531

print(repr(5))
print(repr('5'))

5
g
AR, SH Yer' kAL AR, I % BRAERTRATENZ (ER ARG .

print('%r' % 5)
print('%r' % '5")

?>
5
X Fah &Y Python X4k Ui, BRINBY S EFARFER, 5 repr sREUITIR [0 (1) “F4F H3 2
FAMRI . O BE, Tl R IEEhAX G B4 print BR%C, BIOTHTER Y repr 47
BINEE, AT ZH TITEPRTSC IR repr pR%. AIJE, object SEHIERIALS HEIABAS repr
i, XPECkE, HARRERA M. FEeE LR, HTE N Z T LA

class OpaqueClass(object):
def __init__(self, x, y):
self.x = x
self.y =y

obj = OpaqueClass(1l, 2)
print(obj)

>>>

<__main__.0OpaqueClass object at 0x107880ba8>

print Frfii th 2T, JEAREIZ S eval REL, 1 HN PP A HZ o 4 45 55 61 7 B
I HRE

fifp e o (o) A T e i, R FRATT T AR R EARES, IR AE X BN
repr__ MRFBK I, JF4% 0 0R Bl — M1 Python KA FAFH, B4 Python %
B, TPARPREEIZN R . T ESRARIAIRAIEE X repr FEk:

class BetterClass(object):
def __init_ (self, x, y):
# ...

def __repr__ (self):
return 'BetterClass(%d, %d)' % (self.x, self.y)

BAE, repr FATEHRMIME, SRS EAEXT.,
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obj = BetterClass(1l, 2)
print(obj)

>5>
BetterClass(1l, 2)

FoRIEB YL E X, IRRATATLAE X RA  dict  JEMR AR E ) ST
. R B, n]RUTERH OpaqueClass SE 111 45 :

obj = OpaqueClass(4, 5)
print(obj.__dict_)

>>>
{'y': 5, 'x': 4}

B

Q $1XF N B Python SRR print pR&L, ZARPEZIETTEN H— 455 T I 7
FrEs, AT B T RRfE R .

Q &FXF P B Y Python 2EAU TR repr ek, 23R4I AEIR o] — % Al 41T B i 4+
B, XA repr FAFERAE LR NE R eval BREL, BLAT LA ILE T A HIAG AR EL

Q FERR AL FAT B L] %s, RERS ™ 415 str ok BUA IR [MH{E A5 B9 5 B2 7 AT e
T7ERS A ALTFAT B AL H] %or, WIREGE™ LS repr pR B [ AR 1) AT T EN S
i

Q ATLATERTPHE _ repr Jrik, HIAE AT 2ORSEHE—Fra] BEITENEO 745 £,
HAEH s O AR R

Q AT AFEAE RN R LA diet JEYE, DIOWEHAHER.

W 56 2%: JH unittest Jeil ik 4> A A

Python B¢ A S RIG &ML . i AR A REORIEAR P — E R I2 17 1Y IR 1A
AT o Python FFAE REFE 7 HLTHT I H RO AR SE pR %, FEiaAT R 2 R IER 9 E X,
HI{E R E MBI A I T LE B 5E 3, Python AKARATEREIX — o LA, X
FBIASRAT R, JEREA A A e

2 Python F2JF GUARIA ., BXFEMURMERAY, g R LIRSS/ . SE
fégvd, MR RAERCR . (HE, WA S HIT AR : Python FfFA il RELE
IBAT IR SR H BRTE R B R
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EEATAAHEGD, RN —fERE: X1 ER/AZER Python BF,
FEOMER T 8851 (2 WA 52 4%), 153 SyntaxError 5% . X258 H B HE
iR, BT GTRIA T, At AR F Python 4R T .

A, EERBINGEGE, BMRFORE, IaBBEL2iK, mEES
FR A TR AR KB L 2HE], RATBARRRLUR.O . T HIRFES
e, FRATERRZINK A TS RAURS . Python iff 5 S A AT S AHLL, B B¥E
BB, AR : RAELHENE, RAOTA GRS RF S T A A 2 a8,
FATA BEIE A R SR AR ARG 2R

Python i# 5 HUBh A HEYE, — I THIBERG T B AR, 5 — EH LI & H
REREAE ¥ 2 5 o US4 5 K. FRATFI A Python MBI SRR S HICMAT R, LA
SR, I O AR AR BUN A9 =B 1

AT LSS MHAE B BT ARSI SRR . RAF M R A TR aafs . R
A LAEIE T R R I OER AT R . By 8205, T LG IR AR R
{5 1t P W AR AT AT I R A . AP, SEPR b2 i FF & & 7E48 2L Python
P PP I RE SN (8, AR BN, SRR A AR B,

EHmEME, RERINE, PURMEHNE R unittest BEHL, FI0, 7E utils.py X4
HOE SCT R RNX A TE R

# utils.py
def to_str(data):
if isinstance(data, str):
return data
elif isinstance(data, bytes):
return data.decode('utf-8')
else:
raise TypeError('Must supply str or bytes, '
'found: %r' % data)

RIG, BIE—1 test utils.py X utils_test.py U4, FAEiz Kb @ B i K
T,
# utils_test.py

from unittest import TestCase, main
from utils import to_str

class UtilsTestCase(TestCase):
def test_to_str_bytes(self):
self.assertEqual('hello', to_str(b'hello'))
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def test_to_str_str(self):
self.assertEqual('hello', to_str('hello'))

def test_to_str_bad(self):
self.assertRaises(TypeError, to_str, object())

if __name_ == '__main__':
main()

M LA TestCase RIIERRALUN . LA test TPk iy ik, ARE M. W
ROk e T i, BEBCA I AR 2R Exception, tHIZA K assert 141
3 AssertionError, 823200 i L35 A 8 1

TestCase ZS$2 it | — SR B ik, DUAE I & 38 76 4 75 005k 0% B o A0 4% e b7 35
(assertion), 4N, assertEqual 7] LY Wi (/& 75 40 %5, assertTrue 1] L% {E Boolean &
KRR NE, assertRaises A] LAKHIEFR T B 7638 2 A0 AP LA LB AE OC S8 (VR4 AT
Z:[%) help(TestCase)) . fE TestCase F-IH, FRATHATLLA O X —2eRiBh ik, 40K
RO e Tz, HREERE, XUHB AR test I3k,

@Ij&l G5 MR B, AA—FE A& EOE, #E# T mock # % H mock £ 7K H #
Z W A2 J7 o B 3 AT . Python 3 & By unittest.mock £ 3t T DL 52 H o 34
Python 2 ' #4 JF IR 3% 4 ¥ B A o

AR, RATEBFTIR T 200, 75 2 e TestCase 28 HL 1 I i A S i 7
i, T2, BANTAEE setUp Fl tearDown k. RGEAEPATENIIZ 0T, AP0 H
—K setUp ik, TEPSTRB MK ZSE, WS —IK tearDown Jrig, Xulflifs
FMGAZ ], AT LA ek Sy s AT (AR AR P, — i S s il 2 1] A e AH
H4E). #ildn, FiieE XS TestCase F25, SfEtATARmiml L ar, Sotladinn 5
%, HEPITR B, MR ERENE.

class MyTest(TestCase):
def setUp(self):
self.test_dir = TemporaryDirectory()
def tearDown(self):
self.test_dir.cleanup()
# Test methods follow
# ...

© mock —ir], HOCHRAERGEL, iy Ol —FEIE
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XA SRR, BA—A TestCase T2, A AR, UK eREL
HRZF N TR (edge case) " ZMIRA, ARELEN XX A sREL 1905 —4> TestCase ¥
%, HABES T, EHTRESEE MM AT A R, 2AE R —1 TestCase B
ik, o, EHOESEHIENIORGE TestCase, PUEMIRIZE Kb B TA ik,

MEBFERERZE, RITTEEAERS 7 /h—2Lilif, IRFIEL, FFARIGH
RS AR, il BRI e 2 (] B TEAf L B8l . X B ITINA (unit test) 5%
W (integration test) BIX 3], X F Python B AL, X IR #PAR B2, FRAT
WO 1 HE B RORIE B B R 2 (1 SE R S R s A, B, BRI E R PEREA
BRI

@g AT E AT EE X B S MR (data-driven test), B & T 8 M K W
BBy X 22 £ Bl o4 (suite) 20, XTREAZE, UEWREZE
i %4 (code coverage report) Fu i fi — ¥ & & A %, & & N nose (http://nose.
readthedocs.org/) 2 pytest (http://pytest.org/) % 7 &3k tF4.,

B

O ZAHH{E Python BIFREBIEH 21T, ME—AIMERUESS Wi,

Q P E A unittest AR T I0E BT s (R 2068, FRATAT LA Bhix L pLH S
B A i

Q AT LATE TestCase T, R ZMKMAT A, & R AT .
TestCase T2 LAY ik, HAFRLATLL test T3k,

Q AT/ R 4 S B oI A O, A R ST A e AR Y b ) DT RE
111 Je& 2 W PR A B B R 22 [E] i 32 BLAT R o

557 &% %ZJEN pdb LM H K

MG R, RATESBAMCHEPA bug, print AT LAFEFRAT 116 A IR £ 0]
BRI (S WA 55 4) . Erxt BRI B4 5 L, o —Fh b g ol 8610 JF 4%

© RAEHEIE b e, H%h EREERNR. —FEE
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BRI INE

{H R S F Bkt SR RE A 3 (A AR DR . A SR {elf FH BB s Rl T, ARsR
&R Ik Python P& 1932 BRI ES (interactive debugger) . X Fh iR £5 BE 85 K W2 55k
. TERAAE R, JFaeas UL I 2ORBATR T i — 2B 1) .

EHAM KT awERE S b, RAVELHEVRR S NOZE RS I —FT15 Tk,
RIGHIIAFERF . {H Python WIAZIXAE, MK TFL, MEBUREEF, JE]
BEMACHES |7 B shiRiAAs, DURAE A8, 28 k21T Python 27,
HIEH 81T Python /¥, REEAXHIM,

EATHTETIAHNER pdb Bk, IFZ4TH set_trace pREL, HPATfil & A48 XM
MRE, BEAREER Tz, XEEITEFEEAT MRS, BEH 14
5, TR R,

def complex_func(a, b, c):
# ...
import pdb; pdb.set_trace()

REE(T I, BT, BT I IR b, 2 A H
;K:H'(J Python %ﬁ_\‘ﬁ:ﬁ‘ﬁc

-> import pdb; pdb.set_trace()
(Pdb)

7 (Pdb) RS b, Fe 18T LA A R A i A9 2 FR, DUTER AR, tur]
LAVEFH 48 69 locals R, HeH B4 MRS B, BT RAB| A BB, K4 Rk,
WEFATSR , SEITNE N help A, B EBUEITF PSS, FURA BT
HRAE, HRATLAEIA S B P AT AN, TR BRI T =AM, AL RATE AN
DA T AR AR
Qbt : 4FXYRTHAT A ETE AR, FTENIE M (raceback) 158, T LA MLHIbr i
B M RTAATE) T8, Al n) LU R 2 A ] B 332 47 5 fh & pdb.
set_trace PRELAYIX— Y o

Oup : YR T RV SRR JH R LR — 2, I 300 24 7 ok 5 P R L
A AT TAT UKL FER 2 0 o s i,

O down: UL Bl 2 SRBOR IR TR — 2.

© XFRME, FROVBCENG, —iFEE
© AR A BRATI NS S USRI ATE 2 Ik I ta, ——
© WTEALEAWN |, S LATE pdb A S S WIMER . —iF&E
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Rt M aT R & Z G, AT LU F m LA 5 2 R s i F , (HH:
HkSEfE F AT -

Qstep : PATYFXATING, HEBRFREZTH TR RITHREDIFL, K5
R B RLE PR o WR R X AT AR A R B0 FHERAE, IR A4
S ASZIR AT ARAS R g, D45 B AR R BOT Sk .

Q next : I YATXATINED, JFEBFALEZTE F—RTBATHRIEA L, RE
A TIAGS R 45 AR . AR AT AT RS A R B0 FHRE, IR 4R ER
AN A RBCR TSR R, SRR [E]

Qreturn: HELEFTRIT, HZEFA YATRE return i5 7%, RFHEEHRIPEE
LIRS

O continue: ZLEFTHET, HEFIA F—WSs T —4 set_trace A .

C:3]

Q AT LAUE 24 Python F2 )7, #E A A A ACFS - E 8N A import pdb; pdb.
set_trace() 4], LAA B ZRIASS

Q Python A #F L & — 52 #E (1 Python $2/R4F AT, FRATAT LAKE A FH- & o3z 7
FrEPRAS

Q AT LAFE pdb $2/RFFhdi A fins, DU(ERE o Mo il 72 )7 a0 PAT AR, X ey
ERIRATRENS SR A B R AT ke ) F iz 7Y .

& 58 % JLarbrtkRE, Rl

i1 Python J&2—[12h751E75 , BTl Python F2/F iz F78CF vl flE 5T IR A 25
AIRREM, A2 E, RATANPOZPATE L, HER EXRMR, flin, X
e & e, DL NARSS; M2 FHeE, AT ANOZ AT LBk,
{HSEPR E2piR1E, BN, JEYEVim K eR B0 S E. BrEA, F3( Python & FRURAK
TFREIEERE, AT RESRARMER kM.

R XS PERE [ RE Y el X, RAEALRE P Z A vk g, AR B LK
Wr. Python 24t T N B MM GEHT T B (profiler) ©, ] LAHE H AR th A4

©  WFREERE/ PR . RCRENLTRS, A BRI RENLRANIECS % —FFE
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BOPRAT R ], 6 AT B [0 o JUF 7 4 B ek 3 SR, T AR B Ok W
REMS, S B B A3 AR b T, TG AS S A AN 532 i 3 %) IS 4 7y VR 9
Kiti.

flhn, FATEAARRF R EANTIE N ABITS S . e SRRk,
K AHEF% (insertion sort) HES — 2 5l -

def insertion_sort(data):
result = []
for value in data:
insert_value(result, value)
return result

HAHEF A OHLE, B insert_value PREI, 12 pRBITI R A $8 B I0UBUE A4 A

A FE LHX A insert value PR, ZEXFAN A4 A B array FEAIUEFTERPERHN, DIt
EFEAL, HIL, BRRCREERIKM:

def insert_value(array, value):
for i, existing in enumerate(array):
if existing > value:
array.insert(i, value)
return
array.append(value)

AT /M insertion_sort il insert_value FUELE", EH B T —HHPLECT, JFEX
T test BREL, LAMENWF i pREUE LS profiler,

from random import randint

max_size = 10%%4

data = [randint(0, max_size) for _ in range(max_size)]
test = lambda: insertion_sort(data)

Python #2437 BF 1B Y profiler, —F /&4l Python /) profiler (#4FMHfi profile),
FA—FE CIE ST AR (474 cProfile) . fEXBIEF, HNEE cProfile FidH
&, B EAEMPERE TS, XFSZ IR P M RCR R AR R/ S, T4E Python hit
[ profiler, W/ A R R IFEY, MM 4 R AR AU 1R -

@jf% 4 H7 Python 2 5 Myt fb i, HATE QAo ZREFRG ARG WML, WA
Ao, BE, HTH NS SR RRNALBIORMN, X—FF

© TR RN BCR B RE, R AT I R B profile. ——iF&TE
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ZwmER. BTRERNERGIMERTNRE KR, FUAIERLE,
BMNEF2RAADLEREET AENHTHE, BREFRAZFRBEK
WRFRWERE B, BLETFHEPHTMRZIN, EELAEEFRER.

T SEA7E cProfile B H # Profile X4, Jfilid runcall 774Kz 17 M A4 & i

test PRI«

profiler = Profile()

profiler.runcall(test)

test PREZTTSEE R 25, FRATTRHNEHY pstats BEH A Y Stats 28, RFIFTH
Profile %f % A it 4E B (0 1 RESE 3505 . Stats XFQ4R4E T & Fh ik, FoATAT LA X 8 )y
P RE A T BRI A T R SRR, DUEIE [ O BTG IR ER A1 B sk ] ok

stats = Stats(profiler)

stats.strip_dirs()

stats.sort_stats('cumulative')

stats.print_stats()

L mAR B U 2 bt — ok Rk, PO (E BRAR M ROk M 4L . s h R B,
JETE profiler 4b THOFARA IR REGET R, QLR E, XSO R, R AET
WA B4 runcall J5 ik i B Ge it ke i

>>>

20003 function calls in 1.812 seconds

Ordered by: cumulative time

ncalls tottime

1 0.000
1 0.003
10000 1.797
9992 0.013
8 0.000
1 0.000

percall cumtime

0.000
0.003
0.000
0.000
0.000
0.000

1.812
1.812
1.810
0.013
0.000
0.000

percall filename:Tineno(function)
1.812 main.py:34(<lambda>)
1.812 main.py:10(insertion_sort)
0.000 main.py:20(insert_value)
0.000 {method 'insert' of 'list' objects}
0.000 {method 'append' of 'Tist' objects}
0.000 {method 'disable' of '_Tsprof.Profiler' objects}

TR YERELE T R RS L
Q ncalls: ZeREAEERE 7T I 8] )9 R
O tottime : FAATIZPREFIAER) SRR AR R A T A pREFIFE SR O], ANic

ATEN

Q tottime percall : BRI HIZ sREUITAE R T IFPE . A< oR B0 I8 FH G At oR BRI #E 2%
FIEFE, AICATEN . HAESET tottime 55 ncalls FHERRT .
Q cumtime: $ATI% PR B P 4 TR R B A, e ERP R
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O cumtime percall: R I TIZ R EU H B 2 R BOR FHIRAE, Frib i FIRb4L.
HAESE T cumtime 5 ncalls AHBRAYR .

i i profiler 45 i M &t i+ 2% vl UL A F|, 7E cumulative time ( B BLEf 0] ) — £,
insert_value FRELHT i HIAY CPU @R K. T2, FRATEUH M B bisect FLl (Z
AT 46 57) KHHrE I REL:

from bisect import bisect_left

def insert_value(array, value):
i = bisect_left(array, value)
array.insert(i, value)

FRIETT profiler. MRHEFT A BLATX SKPEREG TR AT LA, B R BUE o FOR RS
%, insert_value PREUITFE e BENE], JLFREFERAATZ—-

>>>
30003 function calls in 0.028 seconds

Ordered by: cumulative time

ncalls tottime percall cumtime percall filename:lineno(function)
1 0.000 0.000 0.028 0.028 main.py:34(<lambda>)
1 0.002 0.002 0.028 0.028 main.py:10(insertion_sort)
10000 0.005 0.000 0.026 0.000 main.py:112(insert_value)
10000 0.014 0.000 0.014 0.000 {method 'insert' of 'list' objects}
10000 0.007 0.000 0.007 0.000 {built-in method bisect_left}
1 0.000 0.000 0.000 0.000 {method 'disable' of '_lsprof.Profiler' objects}

AS, FEPTREATEIFIOPERERS, IRES KB, R TH %, S 7 A
SHATEE] . TN profiler B4 th R BOAGE I HEEE B, FATAN TE s Bl . Y
PEOAREIRR Y, FE TR e i P s A T H R B

Flan, BEFFARAARIREL, AB2BER TR X440 my_utility )T HpR%EL:

def my_utility(a, b):
# ...

def first_funcQ:
for _ in range(1000):

my_utility(4, 5)

def second_func():
for _ in range(10):
my_utility(l, 3)

def my_program():
for _ in range(20):

first_func(
second_func(Q)
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FEr P e Y B AS A PERE, 3 FH print_stats T HBUAMSE R Z G, HATMS LA
i g R RS AR

>>>
20242 function calls in 0.208 seconds

Ordered by: cumulative time

ncalls tottime percall cumtime percall filename:lineno(function)
1 0.000 0.000 0.208 0.208 main.py:176(my_program)
20 0.005 0.000 0.206 0.010 main.py:168(first_func)
20200 0.203 0.000 0.203 0.000 main.py:161(my_utility)
20 0.000 0.000 0.002 0.000 main.py:172(second_func)
1 0.000 0.000 0.000 0.000 {method 'disable' of ' _lsprof.Profiler' objects}

ZZCEEM, my utility BB S IRATI R Z R R, (B2, RIDFREERT
TR A EAZRBO IR 2 2k . e B A AU A R b, T LIE SR Z VA H
my utility B#877, FrPL, X FRECAOTERESEITA R, A THMA .

Python ) profiler #2441 T —F 752, AT LA ME AR 2 B Bdis b 51 H3 f5:1> ok B0 18
#, AEFAT AT LAHE A 2 ek BT FE 2 A DR AT I ), 5 3 R ol IR L 8 A S 43 i 5 1
K.

stats.print_callers()

FEXUCATEN A A PERESE TR b, Zeih 3 i RS20 pR %, A7 30810 HE R 2 i pR
R . PR nT LA, R my utility o080 509 /2 first func BEEL, my utility A9
RARST AT BRI ER S 1 first_func 75| &Y«

>>>
Ordered by: cumulative time

Function was called by...
ncalls tottime cumtime
main.py:176(my_program) <=
main.py:168(first_func) <- 20 0.005 0.206 main.py:176(my_program)
main.py:161(my_utility) <- 20000 0.202 0.202 main.py:168(first_func)
200 0.002 0.002 main.py:172(second_func)
main.py:172(second_func) <- 20 0.000 0.002 main.py:176(my_program)

Q i fk Python FRIF 2Z i, — Bt HAERE, oA Python F2 57 HME: RENR 29058 &
R B ok

Q M RE BB, R iZfd FH cProfile AL ER, i AS Bl ] profile #5iHk, R R Ai# fiE
g2 R RS A RO RE AT B
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Q FRATTAT LU Profile X 42K runcall 75 BT e - BOPERE, 1K 7 IAREAS SR AOLTE
REFBT NG M AT B, BT IMRPR A s BOR T C R, R A ST 1 e
B PERE .

O FAT AT LA Stats X G et R B Bt , JFATER IR BT & a9 —& 4, LA
R I TR Ry (Ve RE

# 59 % : H tracemalloc A58 A7 M 45k FH A2 Ttk 45 0L

1t Python HYBRIASCEL 20, Wah/E CPython 1, P B o 5 | T HEOK 4b 1
e DXAEMOAT RLGRAIE : Y48 ) 5E ARG iy 480 5 | HER R e, 325 | TR0 5 gl
AERS RIS 2B, %54, CPython BN B T IEEAEINIES (cycle detector), fiff f47 3% ]
WAL BE AL AR AR L [ 35 ARG (self-referencing) X4 1% Hilfsi,

IS B, X EERE K4 Python P25 (R ZRAS FHH.C AR FE B9 PAF 23 B AT 7R
IR, R Python i 5 M CPython iz 47} RS 4x [ ahftlix e [n] @i kb B 4S . H PR |,
BFRRESHEE T 25 N SBONFFER . Z4HAE Python F2)IF ik i IHFEN
PSR NAE I, LS PO R HERY

PR N A APR DL EE —Fh Ik, R mN B go BEREATA, 3/ B3 H BB
B8R AT I A A R XT R . SRR AR TR, (SR i i S R G AT IR AT TR
SRAS AR 7 £ A A7 Al FHAR DL

FHEET T, BRF SRR AT MG, #EmR 2N
ff. R, FTERM P PAT N Fr e X RECE, FFAERRT B L i X S X R 22
B — /DR, R

# using_gc.py

import gc

found_objects = gc.get_objects()

print('%d objects before' % len(found objects))

import waste_memory
X = waste_memory.run()
found_objects = gc.get_objects()
print('%d objects after' % len(found_objects))
for obj in found_objects[:3]:
print(repr(obj) [:100])

>>>
4756 objects before
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14873 objects after

<waste_memory.MyObject object at 0x1063f6940>
<waste_memory.MyObject object at 0x1063f6978>
<waste_memory.MyObject object at 0x1063f69b0>

ge.get_objects PRALHY B AUR , B ABREUFFRATIX SE X G BR R Al 23 B R Y . 76
BRE MR, AU SLZFARI A, KBRS EIER, FTRL, FRITAR
SHGEN G BB, 1 E O AR, BEE S g 5T T e R — AR A
R, THFBEX {8, A AT LA G A Wy £ i e i B A

Python 3.4 #f i T — i i 4 BB, 44 1Y tracemalloc, ‘& AJ LA fif pe 33 A ] R
tracemalloc AT LAFELREANGF G 5% %4 G (4 N A7 0 e b A5 Rl ok . T 1 FH tracemalloc T
B BN A R R AT =X %

# top_n.py
import tracemalloc
tracemalloc.start(10) # Save up to 10 stack frames

timel = tracemallec.take_snapshot()
import waste_memory

x = waste_memory.run()

time2 = tracemalloc.take_snapshot()

stats = time2.compare_to(timel, 'Tineno')
for stat in stats[:3]:

print(stat)
>>>
waste_memory.py:6: size=2235 KiB (+2235 KiB), count=29981 (+29981), average=76 B
waste_memory.py:7: size=869 KiB (+869 KiB), count=10000 (+10000), average=89 B
waste_memory.py:12: size=547 KiB (+547 KiB), count=10000 (+10000), average=56 B

it AR, A2 BN RN FERE, PSRBT
B TERIUS R L&

tracemalloc A Al Af AFTENH Python RGEAEHATR — N BCNAFRRAERT, FrB& R
SERMERR (R B, (full stack trace), FTENAYRAERMIER, HIE4 start AN SHORULE .
R EI T P EOEFE AR IR AR BB, TR R R MERR [ B TEN R .

# with_trace.py

# i

stats = time2.compare_to(timel, 'traceback')
top = stats[0]
print('\n'.join(top.traceback.format()))

>>>
File "waste_memory.py", line 6
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self.x = os.urandom(100)
File "waste_memory.py", Tine 12
obj = MyObject(Q
File "waste_memory.py", line 19
deep_values.append(get_data())
File "with_trace.py", line 10
x = waste_memory.run()

IR A 2SR TR — AR, AR i bR Oy R RT DA A
R R AT AR S BUN A S TR KA

Python 2 SR N B iX 1~ tracemalloc #H, (H 24 15 2 I (40 heapy
%) el LLEEENAF R, AR ENI7EYIRE L, 5 tracemalloc H A2 5¢ 2[R

2R

Q Python 25 ) PR A7 7 0 1A A3t O 15 00 S AR AEEFI T
Q RATESRATLLE N go BEHR T R R I XT R, (EURIFARREH L Hx Sexf 4

I S nfn] 43 HH R Y
Q W&/ tracemalloc BEERAE TR L08R T B, HAEIRATAT AR BN A4l
FHARSE AR U

Q HA Python 3.4 RJSEEIRA, A FF tracemalloc ik,

© %A i F U pypi.python.org/pypi/guppy/. ——RH T
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