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Xf Python #2 /¥ Bi ki, BEBMEZ WK XA THERE str, RNIBRILISH, FrME
FEVRSRAE T KB HALE) TR, 7T AR B /RN Hh 52 B R R SUAR AL L

BFLI#H string. Template /b —Fp @ R str XS5 T+ E
K7, 518 Web HE22F LAY 5K Python Package Index {2{iLAY Y A, R
& string.Template A A EE KRR, B EFLEEMREF# 3R P AME SR,
X R T B S AR A B E S AR,

textwrap Btk & AL B V& SCA B T B, mTLAPR il oh B0 SEBE . B4k, UK
ABATRF T RE— B B sh 4T .

BT A R TN EHASEEMEEF LR Z A, mEELAERHAS S AE
ARIER, re 2t T — B IENFRERXE, XMEMAH C EIRMBIEEE ., ENR
PRIEFESFERRKAOBEE P AR TR, BRI LE 2 FA R E R ROk LR T
e, AT LA — e TR R AR o

H—HE, difflib WAAR, BRI\, MERUE S ER 2 kA R A
A Z B bR . difflib A b sk Bnd e i mT LR R o i P SR AL S TE A S i3, 4
HEAN AR BB AR LA T, SCRYBERT [R] A MR e AE, 4%,

1.1 string: XAEEMNER

string BRTER R H) Python IRAHME LR T LIATXMEH hRALHR Z KB E
ZBHN str W REITE, AERXMRRDRE TREAHAFERMERLHE str iR,
X EGE AOHE X RN,

1.1.1 BH
A% capwords () 2 TFRABHHAERIATFHRE,

R#EH 1-1: string_capwords.py

import string

s = 'The quick brown fox jumped over the lazy dog.'
print(s)
print(string.capwords(s))
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EAME B Z AR SR R Tl split (), BERFIRPRRIAEFHRE, KREHM
join() REIH4ER.
$ python3 string capwords.py

The quick brown fox jumped over the lazy dog.
The Quick Brown Fox Jumped Over The Lazy Dog.

1.1.2 iR

TR JE PEP 29270 10 E0 4y, HifE N B DAL MRk . ) string.
Template B}, BFEL FRIMATE $ RbnilZE R (FlW, $var), HF, WREGLE
X 437 B AR IR SOAR, ATV KIE S EEAER (Fla, ${var}).

T AT AT BT . T % BRAERT L EAF R PHE LA RS str. format()
Ho B AL AT R B A T H A

R#3;%EH 1-2: string_template.py

import string
values = {'var': 'foo'}

t = string.Template("""
Variable : $var

Escape H T

Variable in text: ${var}iable

)
print('TEMPLATE:', t.substitute(values))

S = nmnn

Variable i %(var)s
Escape 1 %%

Variable in text: %(var)siable

wuun

print('INTERPOLATION:', s % values)

g = nmun
Variable : {var}
Escape {1}
Variable in text: {var}iable

print('FORMAT:', s.format(xxvalues))

FERIPIFPIEOLH, AT ($ 2k %) BEEMIOREITH L, Mgkt %
B { M} oR¥

$ python3 string template.py

TEMPLATE:
Variable : foo
Escape .

Variable in text: fooiable

© www.python.org/dev/peps/pep-0292
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INTERPOLATION:
Variable : foo
Escape : %

Variable in text: fooiable

FORMAT :

Variable : foo
Escape : {}
Variable in text: fooiable

B S AR R P L — N B X TR, EAFESHIER, H2ERIF
e, BHFRREASR. XERARMESE AT, Fln, B6hRERERLLA
MBEFRFR—MFRE

A, XA —Airat, @il safe substitute() J#k, AT LR A BE
MR B AL I 7 B BT A S BUE RS AT BB AR R

R H 1-3: string_template_missing.py

import string
values = {'var': 'foo'}
t = string.Template("$var is here but $missing is not provided")
try:
print('substitute() :', t.substitute(values))
except KeyError as err:

print('ERROR:', str(err))

print('safe_substitute():', t.safe_substitute(values))

i T values FHLH%H missing B, fTLA substitute() &/=4—4> KeyError,
safe_substitute() WARF, EASIHXMEIR, TRESMKXERFRE A S
B978 B FRkK

$ python3 string_template_missing.py

ERROR: 'missing'
safe_substitute(): foo is here but $missing is not provided

1.1.3 BRER

AfLLJE% string. Template 7EAR AR 2 #8748 8 4 B 6 B i IE ) 3k UK, LAk
BEHBRINERE. Ak, —FRAKN T EREBN delimiter f1 idpattern KEH.

&% 1-4: string_template_advanced.py

import string

class MyTemplate(string.Template):
delimiter = '%'
idpattern = '[a-2]+_[a-z]+'

template_text = '"'
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Delimiter : %%
Replaced : %with_underscore

Ignored : %notunderscored
d={
'with_underscore': 'replaced’,
'notunderscored': 'not replaced',
}

t = MyTemplate(template_ text)
print('Modified ID pattern:')
print(t.safe_substitute(d))

ERXNBFH, FRANESEEE, ERMFESTIAR$, MHZERS PR
BEUWHAE—-NTRHZL. #XA snotunderscored R M EMFRE, BIEARH
& FRIKTFHF .

$ python3 string template advanced.py

Modified ID pattern:
Delimiter : %

Replaced : replaced
Ignored : %notunderscored

UM ER RGN, TLIEE pattern BHEIE X — M 2HHIENREN, Friget
HRADAEE 4 Bd, PHMERESCERF, MAER, MESHERLZNAGE
5 AR

L&A 1-5: string_template_defaultpattern.py

import string

t = string.Template('$var')
print(t.pattern.pattern)

t.pattern M{ER—IE4FENRERX, AArTLGELER pattern BHEEEE
FKHIFRFE
\$(?:

(?P<escaped>\$) | # Two delimiters
(?P<named>[_a-z][_a-z0-9]x) | # Identifier
{(?P<braced>[ _a-z][ a-z0-9]x)} | # Braced identifier
(?P<invalid>) # Ill-formed delimiter exprs

)

FERXAIFE LT —F R UGIE — BRI, XBMEA {{var}} fENE
Bifk.

R#;ER 1.6: string_template_newsyntax.py

import re
import string

class MyTemplate(string.Template):
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delimiter = '{{'

pattern = r'"’
MA{(2:
(?P<escaped>\{\{) |

(?P<named>[_a-z][_a-z0-9]%)\}\}|
(?P<braced>[_a-z][_a-z0-9]x)\}\}|
(?P<invalid>)

)

t = MyTemplate('"'
{{{{

{{var}}

lll)

print('MATCHES:', t.pattern.findall(t.template))
print('SUBSTITUTED:', t.safe substitute(var='replacement’))

W7 R 3EAE named Al braced #38, REENERF ER—HN. STX 1 AEEF
SR LA T .

$ python3 string_template_newsyntax.py
MATCHES: [(*{{', ', '*, '*), (**, 'var', '*, '")]

SUBSTITUTED: '
18

replacement

1.1.4 Formatter

Formatter B T 5 str i format () FEREMARAEES. ENEER
FERARGREN S . X 57, BYEFBEIA . firds AL BB S HL B RURR E A% 1k %
RESHER T format () J7 2 E&BRETE 68 A H 7 [ iX 2454, At thnl LLF|A] Formatter
MR, DETFEYIEDR.

115 BE
string BREFHE KRS ASCI MEUEFAFEMHEH & .

REFH 1.7. string_constants.py

import inspect
import string

def is_str(value):
return isinstance(value, str)

for name, value in inspect.getmembers(string, is_str):
if name.startswith('_'):
continue
print('%s=%r\n' % (name, value))

XS BTEALTE ASCH BiERRA H, Akt T RAEM Unicode AIFE ASCII SCA K
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HALH I, kL H B A N AR RA IR

$ python3 string_constants.py

ascii letters='abcdefghijklmnopqrstuvwxyzABCDEFGHIJKLMNOPQRSTUVW
XYZ'

ascii_lowercase='abcdefghijklmnopgrstuvwxyz'
ascii_uppercase='ABCDEFGHIJKLMNOPQRSTUVWXYZ'
digits='0123456789"'
hexdigits='0123456789abcdefABCDEF'
octdigits='01234567"'

printable='0123456789abcdefghijklmnopqrstuvwxyzABCDEFGHIJKLMNOPQ
RSTUVWXYZ ! "#$%&\ ' () x+,-./:;<=>2@[\\]"_"{]|}~ \t\n\r\x@b\x0c'

punctuation="!"#$%8&\" ()*+,-./:;<=>7@[\\]"_"{|}~'
whitespace="' \t\n\r\x@b\xéc'

®BoR: BXRER R

string #94m:f & C#°,

FHEFE: stra-fegik, BRK string P 2R F6 %,

PEP 292°: &M &6 FH $H#%,

#XALFH B15:E": Formatter #= str.format() ¥ AT AAH BMIEE S 69H XALZE L,

1.2 textwrap: B XEEHF

T B MFTER (pretty-printing) AIEH T, "TLAH A textwrap B fb 25 B

3O . EARAE T AR 2 SCAR G B AR A A BRAR R B9 BT B Sh AT BB
1.2.1 TEIHE

AFi o Bl F 24 R textwrap_example.py, Hf &~ FFFH sample_

text.

%L 1.8: textwrap_example.py

sample_text = '"'
The textwrap module can be used to format text for output in
situations where pretty-printing is desired. It offers
programmatic functionality similar to the paragraph wrapping
or filling features found in many text editors.

https://docs.python.org/3.5/library/string.html
https://docs.python.org/3/library/stdtypes.html#string-methods
www.python.org/dev/peps/pep-0292
https://docs.python.org/3.5/library/string.html#format-string-syntax

@ODOO
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1.2.2 HERE%
Fill() BRBUBSCAE R, A s b SCARE R .

fREiEH 1.9: textwrap_fill.py

import textwrap
from textwrap example import sample_text

print(textwrap.fill(sample_text, width=50))

ERARKIEAWE . XAREERLENTF, AL RARITRETHHE, FEET
TR ) 25 A Ui 7E B o

$ python3 textwrap fill.py

The textwrap module can be used to format
text for output in situations where pretty-
printing is desired. It offers programmatic
functionality similar to the paragraph wrapping
or filling features found in many text editors.

123 EBRAFNHEH

KTFRIHEIGIF, Hhh PRERA T HRAMBOMIZH, PrEMEAARER. H
dedent () AT RAZEBRGICA B ATHIENZ AFF, XSEREFRNSR, HARKFE
Python {UH% i ELIEME A docstring SN ZATFAFER, RRFLBRABA S KR, =EIF
TR ITIMA T — R A8 R e XM

fREE 2 1-10: textwrap_dedent.py

import textwrap
from textwrap example import sample text

dedented text = textwrap.dedent(sample_ text)
print('Dedented: ")
print(dedented text)

RESREELT .

$ python3 textwrap_dedent.py
Dedented:

The textwrap module can be used to format text for output in
situations where pretty-printing is desired. It offers
programmatic functionality similar to the paragraph wrapping
or filling features found in many text editors.

BT “dedent” (ZER4EHE) 5 “indent” (483E) IEHAMI, FrRAGSREHRE AR,
Hoy@—-THmENZAfFELMER. WR—-1THS —THEEL, AESAFURA2#®
B -

LAFHIA -
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_Line_one.
sooline _two.
_Line_three.

A R«
Line_one.

_.Line_two.
Line_three.

1.2.4 %4 dedent 0 fill
Rk, TR B R CEEA FLI1L(), HiEFE—H AR A width {4,

KREFE 1-11: textwrap_fill_width.py

import textwrap
from textwrap example import sample text

dedented_text = textwrap.dedent(sample_ text).strip()
for width in [45, 60]:
print(*{} Columns:\n'.format(width))
print(textwrap.fill(dedented text, width=width))
print()

IX 2 A B S DB ) R i

$ python3 textwrap fill width.py
45 Columns:

The textwrap module can be used to format
text for output in situations where pretty-
printing is desired. It offers programmatic
functionality similar to the paragraph
wrapping or filling features found in many
text editors.

60 Columns:

The textwrap module can be used to format text for output in
situations where pretty-printing is desired. It offers
programmatic functionality similar to the paragraph wrapping
or filling features found in many text editors.

1.2.5 HRifiR

A[LAER indent () BREBCH— 4T P H A TN —BE TS0k . XM T2
X FERE B R FISCA, BUF R R B2 BRAF o B s | R email B9—#84r, X EEH >
Ve B —ATRIRT S o

K ADFES 1-12: textwrap_indent.py

import textwrap
from textwrap_example import sample text

dedented_text = textwrap.dedent(sample_text)
wrapped = textwrap.fill(dedented_text, width=50)
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wrapped += '\n\nSecond paragraph after a blank line.'
final = textwrap.indent(wrapped, '> ')

print('Quoted block:\n')
print(final)

ARG BATRE MR, NS IAMBSITMETR, R EHEXETEIHFA—1 8
FAFEIRE

$ python3 textwrap_indent.py

Quoted block:

> The textwrap module can be used to format text
for output in situations where pretty-printing is
desired. It offers programmatic functionality
similar to the paragraph wrapping or filling
features found in many text editors.

VVvVVvVy

v

Second paragraph after a blank line.

BT IR T BRI RT 2R, AT A& A —> callable XF 24~ indent () i predi-
cate B4, SR ABAT LA XA callable, I iR F{EH true BIFTIRINETE .

KEEH 1-13: textwrap_indent_predicate.py

import textwrap
from textwrap_example import sample text

def should_indent(line):
print('Indent {!r}?'.format(line))
return len(line.strip()) % 2 ==

dedented text = textwrap.dedent(sample text)

wrapped = textwrap.fill(dedented text, width=50)

final = textwrap.indent(wrapped, 'EVEN ',
predicate=should_indent)

print('\nQuoted block:\n')
print(final)

A2 00 F (BB F A AT BN ATSE EVEN,

$ python3 textwrap indent predicate.py

Indent ' The textwrap module can be used to format text\n'?
Indent 'for output in situations where pretty-printing is\n'?
Indent 'desired. It offers programmatic functionality\n'?
Indent 'similar to the paragraph wrapping or filling\n'?
Indent 'features found in many text editors.'?

Quoted block:

EVEN The textwrap module can be used to format text
for output in situations where pretty-printing is
EVEN desired. It offers programmatic functionality
EVEN similar to the paragraph wrapping or filling
EVEN features found in many text editors.
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1.2.6 BEHH

AR LA B A SERE, R AT UK AR U R B AT RO 4R, R ATROSR
HEARTIRLEREAT.

f£785E % 1-14; textwrap_hanging_indent.py

import textwrap
from textwrap example import sample text

dedented text = textwrap.dedent(sample text).strip()
print(textwrap.fill(dedented text,
initial indent='",
subsequent_indent=" "' x 4,
width=50,
))

BORE feiF A R SR, B E AT 4Rt/ T HARAT 48 2
$ python3 textwrap_hanging_indent.py
The textwrap module can be used to format text for
output in situations where pretty-printing is
desired. It offers programmatic functionality

similar to the paragraph wrapping or filling
features found in many text editors.

FHEWAT R EES AT, i, SE4EHEAT LUMATER * k4R E ST B S .

1.2.7 #ETKE

AT LA shorten () #B CARAIE —NMNGERBIW. FAIAKZE AR (Nl
. BATRL R ZAN AR TS AP — 2. R A EEET /N T
HETIREMKE, THSTERADRZ SR, 8% A8 ain.

REEE 1-15: textwrap_shorten.py

import textwrap
from textwrap_example import sample_text

dedented text = textwrap.dedent(sample_ text)
original = textwrap.fill(dedented text, width=50)

print('Original:\n"')
print(original)

shortened = textwrap.shorten(original, 100)
shortened wrapped = textwrap.fill(shortened, width=50)

print('\nShortened:\n")
print(shortened wrapped)

TR M AR 3R 2 I SCARYE R R BR , IRAE LB —AEAE. AT
4 shorten() #£{t2% placeholder KB EAE[... 1.



$ python3 textwrap shorten.py
Original:

The textwrap module can be used to format text
for output in situations where pretty-printing is
desired. It offers programmatic functionality
similar to the paragraph wrapping or filling
features found in many text editors.

Shortened:

The textwrap module can be used to format text for
output in situations where pretty-printing [...]

RN HXEEME
o textwrap #9474 E L5,

1.3 re: EMFRZERX

JE W] &K X (regular expression) J&FH—FIE R GIBERIA M AL RE . BXSwR
BAh—H154, REPITXEELSIHRE—FRBERRA, BER IR FEEEE
IR FAF R —DMERRA . “TENFRER EIHePEERERN “regex” B “regexp” . &
BT UAEFERE AL, 5. BX4A46. A mEZ2R08n. 58— e
F& BEE T e AR BT A AH e, FIRIENRIASC, 1R ZMtTia) BIn] AT 25 5 A5 B o

IENREREF AT EIRE AL A, Flan, 7 &N RS R
B, ¥ vi. emacs MIHALIA IDE, @ % FHEMNREXEAERERX, ENREAK
R UNIX fr 447 TRA— AR R4S, 0 sed, grep Ml awk. REGEIE
ERIBEPEAE T ENFRAXMZRF (4 Perl, Ruby. Awk 1 Tel); 54b—26iEF (W
C. C++ Fil Python) W34 & FEok L #F IE MR,

CEARZAEMEMREIRXELHR, EMNA-THEBNZLEE, NIRE T AR
VRSB T REE RS, Python B9 re Bk o {d F &1 B: LA Perl 8 A B9 1E | kX
AR, AMEH —LL Python FFE BB .

W, A% “ENAAX" HEXZELNRTFHAEENETHEEZAX, Fit re L #H6—
B RERAZGRBEENEST, XEEAM “ENEAXX" FE—HH4L, ZHTAA
Python #) re #33+ H ey Br A &L X,

1.3.1 EHRXAPER

re & WA HERE R AR PR search () sREHVEAFZE LR SCAEE A,
RELXAEKREF, BB El—4 Match 8. WREEFEHRBER, search() ¥4&[F None.
B Match MRAEAEXCEERNELR, AFREEAFZFHS. I HNENRER

© https://docs.python.org/3.5/library/textwrap.html
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DA A S 4 o b i BN B

fX#3;5% 1-16: re_simple_match.py

import re

pattern = 'this’
text = 'Does this text match the pattern?'

match = re.search(pattern, text)

s = match.start()
e = match.end()

print('Found "{}"\nin "{}"\nfrom {} to {} ("{}")'.format(
match.re.pattern, match.string, s, e, text[s:e]))

start() flend() HEATUREFFREHHMEMRG], HrG5BEKXICEN CAESF
FrEp R BR A

$ python3 re_simple match.py
Found "this"

in "Does this text match the pattern?"
from 5 to 9 ("this")

1.3.2 HIEFREX

RE re IR GRE, FTLUCEE R CAFAF B IENRIA, HEX FRFME
ERMFEXNE, HFENESENER. compile() KBS RAEAXNFEFRHERN
—4~ RegexObject.

R#;EH 1-17: re_simple_compiled.py

import re

# Precompile the patterns.
regexes = [
re.compile(p)
for p in ['this', 'that’']
]
text = 'Does this text match the pattern?'

print('Text: {!r}\n'.format(text))

for regex in regexes:
print('Seeking "{}" ->'.format(regex.pattern),
end="' ')

if regex.search(text):
print(‘match!")
else:
print(‘no match')

BRERB P — T EEFEREREANESF, AEXTEFHRDEFRE, A
SNEEM A C g RIAKX AT LU 5 R F A RMXHITH. FHEHEREAN S -1 1F
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Kb, E e BRSPS TR Rak, AT LUES& IR TR B BN AT AR, mAR
YRR — P SRR i

$ python3 re_simple compiled.py
Text: 'Does this text match the pattern?'

Seeking "this" -> match!
Seeking "that" -> no match

1.3.3 ZEIE

#HATRIE, AEBAERRMEH search () 2 #F & XA F4F 8 AL,
findall() RE&R A P SRA TR EAERKFATFH.

K#3i¥HE 1-18: re_findall.py

import re
text = 'abbaaabbbbaaaaa’
pattern = 'ab’

for match in re.findall(pattern, text):
print('Found {!r}'.format(match))

XA FF B A ab BPAEH .

$ python3 re_ findall.py

Found 'ab'
Found 'ab’

finditer() Bl —/ &R, B4 M Match 324], MARMR findall() AR
iR B R e

REFH 1.19: re_finditer.py

import re
text = 'abbaaabbbbaaaaa'
pattern = 'ab’

for match in re.finditer(pattern, text):
s = match.start()
e = match.end()
print('Found {!r} at {:d}:{:d}'.format(
text[s:e]l, s, e))

XA FRIFESRE] ab MR I, Match LF R T EMERS AT &5 H 3
HfE .

$ python3 re_finditer.py

Found 'ab' at ©:2
Found 'ab' at 5:7
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1.3.4 #&XiFE

B TR R R A FAT R, ENREAGE R ER KRR, ST UEE, o
DA E B A P AR 2 E A E, WA RRENEARRMATZEERX SR E 17
R AT LSS &5 1 8 SO E R F AR A X 2o etE, STFAF R re SCELEIEN
FRABAEEHN —

R HQEE 1.20: re_test_patterns.py

import re

def test_patterns(text, patterns):
"""Given source text and a list of patterns, look for
matches for each pattern within the text and print
them to stdout.

# Look for each pattern in the text and print the results.
for pattern, desc in patterns:
print("‘{}' ({})\n".format(pattern, desc))
print(" '{}'".format(text))
for match in re,finditer(pattern, text):
s = match.start()
e = match.end()
substr = text[s:e]
n_backslashes = text[:s].count('\\")

prefix = '.' x (s + n_backslashes)
print(" {}'{}'".format(prefix, substr))
print()
return
if name_ == ' main__':

test patterns('abbaaabbbbaaaaa’,
[(‘ab', "'a' followed by 'b'"),
1

THEEFFEA test_patterns () SOFFERAE RS 0T %08 54 Rl A ST 1)
PERCEE R . i B T8 ASCA LA B A A ST g i) 25-41~30 20 19 5B X TR

$ python3 re_test patterns.py
‘ab' ('a' followed by 'b')

‘abbaaabbbbaaaaa’
Iabl

1.3.41 EE

b s MFRREEN I E. BUEEIRATTR *, WFRARER 0 KR (R2F
— MR ER 0 R XA EMEAR B AT LICRED) o ARSRAE « Bl +, AR AR
ZAMB 1 KA REICAL, A ? RN B 0 Rl 1 Ik, ASREHE E HBREL, B
AEEMEM {m}, XEmEREANEE WK &5, WREARLHF AT EEARMHEZR
8, BBAFTLAGER {m,n}, XEmBRAERERH, n BEAEIZRHE. WREHn{m,}),
MR ELMZEDSH m IR, BEHRKRE.



R#BEH 1-21: re_repetition.py

from re_test patterns import test_patterns

test_patterns(

‘abbaabbba’,

[('abx', 'a followed by zero or more b'),
('ab+', 'a followed by one or more b'),
(‘ab?', 'a followed by zero or one b'),
(*ab{3}', 'a followed by three b'),
(‘ab{2,3}', 'a followed by two to three b')],

X FH, abx fil ab? WICEE LT ab+ HIVCHEL,
$ python3 re_repetition.py
'abx' (a followed by zero or more b)

'abbaabbba’

‘abb’
—_——1

‘ab+' (a followed by one or more b)
'abbaabbba“

'abb’
....'abbb'

'ab?' (a followed by zero or one b)

'abbaabbba’
Iabl

'ab{3}' (a followed by three b)

'abbaabbba’
....'abbb"

‘ab{2,3}' (a followed by two to three b)
'abbaabbba’

‘abb’
....'abbb'

WEEEEAM, re EREEXRHEF 2R TRESHBHREA . XFEHN 20"
fih e R ERSIUELRE D, BE PLACSS R T RE A& L R E B WA SCA . AT R
AL RN ? KRR XFPOAT R

fK73;E % 1-22: re_repetition_non_greedy.py

from re test patterns import test patterns

test patterns(
'abbaabbba’,
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[('abx?', 'a followed by zero or more b'),
(‘ab+?', 'a followed by one or more b'),
('‘ab??', 'a followed by zero or one b'),
('ab{3}?', 'a followed by three b'),
('ab{2,3}?', 'a followed by two to three b')],

XFF b A 0 WX, WRE/MANBERT O, BAXBERELRMN T
BAZEEEM b FH.

$ python3 re_repetition_non_greedy.py

‘abs?' (a followed by zero or more b)

'abbaabbba’
lal

'ab+?' (a followed by one or more b)
'abbaabbba’
labl
.. 'ab'

'ab??' (a followed by zero or one b)

'abbaabbba’
lal

'ab{3}?' (a followed by three b)

‘abbaabbba’
....'abbb'

‘ab{2,3}?' (a followed by two to three b)
‘abbaabbba’

‘abb’
..., 'abb’

1.3.4.2 =FHEHE
FH % (character set) B—HFRF, WELUSERX P Y/ BICE KA FZ/HF. #
fn, [ab] AILICRE a 5% b,

fR#%i% R 1-23: re_charset.py

from re_test_patterns import test_patterns

test_patterns(
'abbaabbba’,
[(‘[ab]', 'either a or b'),
(‘alab]+', 'a followed by 1 or more a or b'),
(‘a[ab]+?', 'a followed by 1 or more a or b, not greedy')],
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OB MERER (alabl+) KHRENFHE, BAB—IFHE a, MHELZEH
BN FHELR aELRED,
$ python3 re_charset.py

‘[ab]"' (either a or b)

'abbaabbba’

‘alabl+' (a followed by 1 or more a or b)

‘abbaabbba’
‘abbaabbba’

‘alab]+?' (a followed by 1 or more a or b, not greedy)
'abbaabbba’
'ab'
...'aa'
FREERT] LKA P E M FER . RFH (°) ERFEERAEINMRFEFEEH
FEETHFR.

R15;E% 1-24: re_charset_exclude.py

from re test patterns import test patterns

test patterns(
'This is some text -- with punctuation.',
[('[*-. 1+', 'sequences without -, ., or space')],

XTEASERALETH - . REBHTATH.

$ python3 re_charset _exclude.py
"[*-. ]+' (sequences without -, ., or space)

'This is some text -- with punctuation.'
‘This'

..................... 'with'
.......................... ‘punctuation'

BEEFAETHER, BAE—MY (AMNY) RENFAFSZEBEMRE. oTLIHE
H—fERIER#ES, FIHAFHEE (character range) ¥ & X —1"F/HE, AEHEENE
B S 2 BT A ELENFR
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KR#HEH 1-25: re_charset_ranges.py

from re test patterns import test patterns

test patterns(
'This is some text -- with punctuation.',
[('[a-z]+', 'sequences of lowercase letters'),
("[A-Z]+', 'sequences of uppercase letters'),
('[a-zA-Z]+', 'sequences of lower- or uppercase letters'),
('[A-Z][a-z]+', 'one uppercase followed by lowercase')],

XHEXE a-zwE/NE ASCII F#, XA A-Z & KE ASCI FH&, A0 PLX L
X (Bl 45 & 8] — N FAEP

$ python3 re charset ranges.py
‘[a-z]+' (sequences of lowercase letters)

'This is some text -- with punctuation.’
.'his'

..................... 'with'
.......................... 'punctuation’

"[A-Z]+' (sequences of uppercase letters)

'This is some text -- with punctuation.'
ITI

'[a-zA-Z]+' (sequences of lower- or uppercase letters)

'This is some text -- with punctuation.’
'This'

'[A-Z][a-z]+' (one uppercase followed by lowercase)

'This is some text -- with punctuation.'
'This'

YERFREN—FFBRENL, TFRRS () FEa 2 T B AL B Y A T4F

fR#L;HFH 1-26: re_charset_dot.py

from re_test patterns import test_patterns

test patterns(
'abbaabbba’,
[('a.', 'a followed by any one character'),
(*b."', 'b followed by any one character'),
(‘a.xb', 'a followed by anything, ending in b'),
('a.x?b', 'a followed by anything, ending in b')],




e R SMEZ A EIIEE KT,

$ python3 re_charset_dot.py

‘a.’

(a followed by any one character)
'abbaabbba’

Iabt
...'aa’

' (b followed by any one character)

‘abbaabbba’
.'bb’

.xb' (a followed by anything, ending in b)

‘abbaabbba*
'abbaabbb’

.+x?7b" (a followed by anything, ending in b)

BRAEGEA TIESTOIER

'abbaabbba’
Iabl
...'aab'
1.3.4.3 N
— o BB R i B RR X — BB XA FAF SRR X, re AlRAI A S NE 1-1
FF7R o
F1-1 EMNREXHENS
= 3VE & X
\d B
\D JERF
\s AN (RlRMF. . 817%)
\S k= AR
\w FAERF
\W EFHEF

BE: TRAAFHAm—AREE (\) RBEFHL, AROR, AHEAFEETH
Python F4# $ PAL LM, Xk LT RRAEEGRZX, B3k AR (raw) FHET
AHBRIEANFIAE, BAFRETRE, TAEFOEN 0 r TEARZREFHF.

fR75% % 1-27: re_escape_codes.py

from re_test patterns import test_patterns

test_patterns(

‘A prime #1 example!',
[(r'\d+', 'sequence of digits'),
(r'\D+', 'sequence of non-digits'),



20  Python 3 #7 B &

(r'\s+', 'sequence of whitespace'),
(r'\S+', 'sequence of non-whitespace'),
(r‘\w+', 'alphanumeric characters'),
(r'\W+', 'non-alphanumeric')],

)

XA B FR G & T H B MEERERBA TR S PRELFRFIF.

$ python3 re_escape_codes.py
'\d+' (sequence of digits)

'A prime #1 example!’

‘\D+' (sequence of non-digits)
'A prime #1 example!'

'A prime #'
.......... ' example!'

'\s+' (sequence of whitespace)

‘A prime #1 example!'’

'\S+' (sequence of non-whitespace)

‘A prime #1 example!'’

"\w+' (alphanumeric characters)

'A prime #1 example!'’

........... 'example’
"\W+' (non-alphanumeric)

'A prime #1 example!'

----------

..................

K EHH 1-28: re_escape_escapes.py

from re_test patterns import test patterns

test_patterns(
r'\d+ \D+ \s+',
[(r*\\.\+', ‘'escape code')],
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AT P B O BORHR RN S A AP AT e L, BRI I F R EIT T4, fEIE
| ek AP A FFER AT S Lo

$ python3 re_escape escapes.py
"\\.\+' (escape code)

'\d+ \D+ \s+'
‘\d+'

1.344 $H7E

B T iR ZE ICECA B A Z S, BT LAfE 48 2 15 48 @ A AE S A SCER P A
MALE . % 1-2 5 T SERREN .

fE;E & 1-29: re_anchoring.py

from re_test patterns import test_patterns

test _patterns(
'This is some text -- with punctuation.',
[(r'"\w+', 'word at start of string'),
(r'\A\w+', 'word at start of string'),
(r'\w+\Sx$', 'word near end of string'),
(r'\w+\Sx\Z', 'word near end of string'),
(r'\wxt\wx', 'word containing t'),
(r'\bt\w+', 't at start of word'),
(r'‘\w+t\b', 't at end of word'),
(r*\Bt\B', 't, not start or end of word')],

)

XA, PR AR 8 T Sk MR R iR R R AR, o074 d oK R Y i 5

A G5 T RURR AT S . IR \w+$ REEITEE, B . REEROANR M FREFFE.
#&1-2 ENRZEIAHEERD
WEM & N
~ FRBEATI Ik
$ FRHPRATERE
\A FrE BRIk
\Z FrEEKRE
\b BiE ks K R s &
\B e SR I 3k sl R B %S &

$ python3 re_anchoring.py
"\w+' (word at start of string)

'This is some text -- with punctuation.'
'This'

"\A\w+' (word at start of string)
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'This is some text -- with punctuation.'
‘This'

‘\w+\Sx$' (word near end of string)

'This is some text -- with punctuation.'
.......................... 'punctuation.’

"“\w+\Sx\Z' (word near end of string)

‘This is some text -- with punctuation.’
.......................... ‘punctuation.’

“\wxt\wx' (word containing t)
'This is some text -- with punctuation.'
............. "text'
..................... ‘'with'
.......................... 'punctuation’
"\bt\w+' (t at start of word)

'This is some text -- with punctuation.'
............. 'text!’

"\w+t\b' (t at end of word)

'This is some text -- with punctuation.'
............. "text'

'"\Bt\B' (t, not start or end of word)

'This is some text -- with punctuation.'

1.3.5 MREER

FEFELT, TURMIEAFTERREMIAN—NTE, EXEFELT, AT
VF re R RGBT AFENRKERICE ., B, BR800 BFEH A JT
%, 4@ match() MAR search() &HERE, MALEXMAEREETEE
_'/l\%o

X7Li%H 2 1-30: re_match.py

import re

text = 'This is some text -- with punctuation.’
pattern = ‘'is'

print('Text 1, text)
print('Pattern:', pattern)

m = re.match(pattern, text)
print('Match :', m)
s = re.search(pattern, text)
print('Search :', s)
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T FHEEIA is RHAEMACANIF L, HEEEM match() BEARIE, A,
EAFIIESCA R AR B T PR, Frld search() AEHRE].

$ python3 re_match.py

Text : This is some text -- with punctuation.

Pattern: is

Match : None

Search : <_sre.SRE_Match object; span=(2, 4), match='is'>

fullmatch () FEERENEA TR S SEAITR,
RAFHE 1-31: re_fullmatch.py

import re

text = 'This is some text -- with punctuation.'
pattern = 'is’

print('Text 1!, text)
print('Pattern :', pattern)

m = re.search(pattern, text)

print('Search ', m)
s = re,fullmatch(pattern, text)
print('Full match :', s)

XH search() BB wL HIMERAS, HRECEREBHAFTAE@MA, L full-
match () A& ICR,
$ python3 re_fullmatch.py

Text : This is some text -- with punctuation.
Pattern 1 is
Search : < sre.SRE_Match object; span=(2, 4), match='is'>

Full match : None

B4R IEN #ARX M search () FELREZEN start Mend N ESH, BHER
71 Bl PR ) 2% A B — T a8,

{8735 % 1-32: re_search_substring.py

import re

text = 'This is some text -- with punctuation.'
pattern = re.compile(r'\b\wsis\wx\b"')

print('Text:', text)
print()

pos = 0
while True:
match = pattern.search(text, pos)
if not match:
break
s = match.start()
e = match.end()
print(' {:>2d} : {:»2d} = "{}"'.format(
s, e - 1, text[s:e]))
# Move forward in text for the next search.
pos = e
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EXANBIFEH T iterall() H—FAKBBEENK. BRIKE—4ILEK, XL
RERERVEBRHAT T TR

$ python3 re_search_substring.py
Text: This is some text -- with punctuation.

0: 3
5: 6

“This"
" iS "

1.3.6 FAMRHTLE

18 AR DT I R 1 U 3R 5k R R BB T i R o S SR At £ T LA R S DG R SCAS 1 %
iRy, LIRS R AR — MR . T LUR/INME SR Bk E 4 .

fREZFH 1-33: re_groups.py

from re test patterns import test patterns

test_patterns(

'abbaaabbbbaaaaa’,

[(‘a(ab)', 'a followed by literal ab'),
(‘a(axbx)', 'a followed by ©6-n a and 0-n b'),
(‘a(ab)+', 'a followed by 0-n ab'),
(*a(ab)+', 'a followed by 1-n ab')],

)

A AR B IE N RE oA — M, FFRAB— I ERMRE P, FIAEEE
Wi ERal AN BB A, BRI EEAES,

$ python3 re_groups.py

'a(ab)' (a followed by literal ab)

'abbaaabbbbaaaaa’
.... aab’

‘a(axbx)' (a followed by 0-n a and 0-n b)
‘abbaaabbbbaaaaa’
‘abb'
...'aaabbbb'
.......... 'aaaaa’
‘a(ab)+' (a followed by @-n ab)

'abbaaabbbbaaaaa’

‘a(ab)+' (a followed by 1-n ab)

‘abbaaabbbbaaaaa’
... '@ab’
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i SEA P& LR A 78, aTLIEH match XF£8 groups () k.

fX73;E % 1-34: re_groups_match.py

import re
text = 'This is some text -- with punctuation.'

print(text)
print()

patterns = [
(r'~(\w+)', 'word at start of string'),
(r' (\w+)\S+$', 'word at end, with optional punctuation'),
(r' (\bt\w+)\W+(\w+)', 'word starting with t, another word'),
(r' (\w+t)\b', 'word ending with t'),

for pattern, desc in patterns:
regex = re,compile(pattern)
match = regex.search(text)
print("'{}' ({})\n".format(pattern, desc))
print(' ', match.groups())
print()

match.groups () #&ICHE A& 494 7R A B FFR Bl — N FFF 8 751 .

$ python3 re_groups_match.py

This is some text -- with punctuation.

‘~(\w+)' (word at start of string)
('This',)

" (\w+)\Sx$"' (word at end, with optional punctuation)
('punctuation',)

" (\bt\w+)\W+(\w+)"' (word starting with t, another word)
('text', 'with')

'(\w+t)\b"' (word ending with t)
("text',)

B BEAHEICES, AL group () Fik. HERAHERTRHHE I,
HURNRESHLREEAESRFIHATE, WA group () FFERBAM.

R#L;%¥HE 1-35: re_groups_individual.py

import re
text = 'This is some text -- with punctuation.'
print('Input text it text)

# Word starting with 't' then another word
regex = re.compile(r' (\bt\w+)\W+(\w+)")
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print('Pattern 1!, regex.pattern)
match = regex.search(text)

print('Entire match :', match.group(0))
print('Word starting with "t":', match.group(1))
print('Word after "t" word :', match.group(2))

HOFRRGTBNIRAXNEM TS, FTHRRAFSEREPHAMIRNTHRS,
M 1T

$ python3 re_groups individual.py

Input text : This is some text -- with punctuation.
Pattern 0 (\bt\w+)\W+(\w+)

Entire match text -- with

Word starting with “t" text

Word after "t" word : with

Python ¥ B T HAH B, BMMT e 24, BdFHABAFRERAVUERS H
BuX, mALREBEREH TICRERNRTE, BERE -1 HNET, TLMERER
(?P<name>pattern).

7B H 1-36: re_groups_named.py

import re
text = 'This is some text -- with punctuation.'

print(text)
print()

patterns = [
r'~(7P<first_word>\w+) ',
r'(?P<last_word>\w+)\Sx$',
r' (?P<t_word>\bt\w+)\W+(?P<other word>\w+)',
r'(?P<ends with t>\w+t)\b',

for pattern in patterns:
regex = re.compile(pattern)
match = regex.search(text)
print("'{}'".format(pattern))
print(' ', match.groups())
print(' ', match.groupdict())
print()

A[LA#FH groupdict () FREL—/Fi, ©RALME HIERNTH, GLEtba
F7E groups () REAFFES T .

$ python3 re _groups named.py
This is some text -- with punctuation.
"~(?P<first_word>\w+)'

('This"',)

{'first_word': 'This'}

' (7P<last_word>\w+)\Sx$'
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('punctuation’,)
{'last _word': 'punctuation'}

' (?P<t_word>\bt\w+)\W+(?P<other_word>\w+) '
(‘text', ‘'with')
{'t_word': 'text', 'other_word': 'with'}
'(?P<ends_with_t>\w+t)\b'

("text',)
{'ends_with_t': ‘text'}

FHi) test_patterns() &BA—MMEXILEK RS HMmAH, FEEAHTFHE
755 Pl

HK#Bi%EHE 1-37: re_test_patterns_groups.py

import re

def test patterns(text, patterns):
““"“Given source text and a list of patterns, look for

matches for each pattern within the text and print
them to stdout.

# Look for each pattern in the text and print the results.
for pattern, desc in patterns:
print('{!r} ({})\n'.format(pattern, desc))
print(' {!r}'.format(text))
for match in re.finditer(pattern, text):
s = match.start()
e = match.end()

prefix = ' ' x (s)
print(
YO r}{} '.format(prefix,
text[s:e],
' x (len(text) - e)),
end=' ',

)
print(match.groups())
if match.groupdict():
print('{}{}'.format(
' ' % (len(text) - s),
match.groupdict()),
)
print()
return

AR RMIEMFRER, TLHRESE A R E R A p Rk .

K755 % 1-38: re_groups_nested.py

from re_test patterns groups import test patterns

test patterns(
'abbaabbba’,
[(rta((ax)(bx))', 'a followed by ©€-n a and @-n b')],

fExH, 4 (ax) ILE—1EH, Frll groups () BREME &2 BIERAICEE.
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$ python3 re_groups nested.py
‘a((ax)(bx))"' (a followed by ©-n a and 0-n b)

‘abbaabbba

‘abb’ ('bb", "', 'bb")
'aabbb’ ('abbb', 'a', 'bbb')
lal (II L) |I)

HAT LA FHEE A TUEREERS () fHmpSriit— M. A,
B AEEBEENSHMEME. FEXHTHE - TRAKXILE -1 a 3, &F
PV RE — 1 ehE—1F8 (adlb) HlKF. B _1REKXICE a, H/5HER
H—-ATTREA S a Wb KFF]. MARMAL, ERFEIRLEELAFR.

K F0HE 1-39: re_groups_alternative.py

from re_test patterns_groups import test patterns

test patterns(
‘abbaabbba’,
[(r‘a((a+)](b+))', 'a then seq. of a or seq. of b'),
(r'a((alb)+)', 'a then seq. of [ab]')],

)

MR —-ANFREATCE, HE2EMIATELLE, 4 groups() R EHESTEFF
rAR R B R B B & —> None {H.

$ python3 re groups alternative.py
‘a((a+)|(b+))' (a then seq. of a or seq. of b)

'abbaabbba’

‘abb' ('bb', None, 'bb')

'aa’ ('‘a', 'a', None)

‘a((a|b)+)" (a then seq. of [ab])

'abbaabbba’
‘abbaabbba' ('bbaabbba', 'a')

AR ICE FES M A B AL A SCAR PR Sk, IRATEXFER T, & XaH
TFHERXMABBRAE N, XUHPEFRAEHZE L (non-capturing) ., AEMIRA 0] LA AR E
EEAXLFHR, MASRERFERFFFROILEHS . o] MEHERE (7:pattern) 4]
R IR A .

R#3;&#$ 1-40: re_groups_noncapturing.py

from re_test patterns_groups import test_patterns

test _patterns(
‘abbaabbba’,
[(r'‘a((a+)|(b+))', 'capturing form'),
(r‘a((?:a+)|(?:b+))"', "noncapturing')],

)

RE—TERARMHEMIEMRE AR RERHRMNER, HEiSREARFGH,
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$ python3 re groups_noncapturing.py
'a((a+)|(b+))"' (capturing form)
‘abbaabbba’
‘abb’ ('bb', None, 'bb')
'‘aa’ (‘a', 'a', None)

‘a((?:a+)|(?:b+))" (noncapturing)

‘abbaabbba’
‘abb’ ('bb',)
|aa| (Ial')
1.3.7 #BREM

I AR R AR AR T 5 | b R A R A . ATLA s (OR) #AELS A X b7
i, RIGE#%% compile(). search(). match() A flie 748 R AR %L,

1.3.7.1 XKNWEXXHETE

IGNORECASE i ti=X b 19 7 T B F 7 LA R FRF X (8] 5 KNG FRFERIC AL

R#;EH 1-41: re_flags_ignorecase.py

import re

text = 'This is some text -- with punctuation.'
pattern = r'\bT\w+'

with_case = re.compile(pattern)

without_case = re.compile(pattern, re.IGNORECASE)

print('Text:\n {!r}'.format(text))

print('Pattern:\n {}'.format(pattern))

print('Case-sensitive:')

for match in with case.findall(text):
print(* {!r}'.format(match))

print('Case-insensitive:')

for match in without case.findall(text):
print(* {!r}'.format(match))

BT MEREETFER T, FEBRABRE IGNORECASE, W|HE—HILHE i This,
ZHER/NE R, text W&,

$ python3 re_flags_ignorecase.py

Text:
'This is some text -- with punctuation.'
Pattern:
\bT\w+
Case-sensitive:
'This'
Case-insensitive:
'This'
'text’

1.3.7.2 ZBITEA
AW RES I AT 52 2T A #9#8 %K : MULTILINE 1 DOTALL. MULTILINE
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A s 4 A I P AR A T X B AT AR I SCAR A BB RE 1R S o TR B AT, X~
$ B E AR T R TR FRABZIN, BESESTHIF LKL

RuGEFE 1-42: re_flags_multiline.py

import re

text = 'This is some text -- with punctuation.\nA second line.'
pattern = r' (™\w+) | (\w+\S%$) '

single line = re.compile(pattern)

multiline = re.compile(pattern, re.MULTILINE)

print('Text:\n {fr}'.format(text))

print('Pattern:\n {}'.format(pattern))

print('Single Line :')

for match in single_line.findall(text):
print(' {!r}'.format(match))

print('Multline Ty

for match in multiline.findall(text):
print(' {!r}'.format(match))

XA o AR AT DA DC Bl A B 58— SRl s s — N A . BRI T R RE
B line., REXBEARITH.

$ python3 re flags multiline.py

Text:

'This is some text -- with punctuation.\nA second line.'
Pattern:

(M\w+) | (\w+\Sx$)
Single Line :

{ “This*, )

('', '"line."')
Multline .

('‘This', ")

(''", 'punctuation.')

("A', ')

(*', 'line."')

DOTALL 25— 15X XAAFXMIrE. EFHEL T, RFFF (L) o] LIC Ak A SC
AR BRBATR LMY TR A . XMp i R R FARE AT LA EEBeAT 4 o

REDHE 1-43: re_flags_dotall.py

import re

text = 'This is some text -- with punctuation.\nA second line.'
pattern = r'.+'

no_newlines = re.compile(pattern)

dotall = re.compile(pattern, re.DOTALL)

print('Text:\n {!r}'.format(text))

print('Pattern:\n {}'.format(pattern))

print('No newlines :')

for match in no_newlines.findall(text):
print(' {!r}'.format(match))

print('Dotall (R ]

for match in dotall.findall(text):
print(' {!r}'.format(match))
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WRBEH XD, WAXEAHSITSRMTERRR, 8T XMl & g4
FRH,
$ python3 re_flags dotall.py

Text:
'This is some text -- with punctuation.\nA second line.'
Pattern:
PC -
No newlines :
'This is some text -- with punctuation.'
'A second line.'
Dotall
'This is some text -- with punctuation.\nA second line.'

1.3.7.3 Unicode

fE Python 3 H1, str Xt F5E# K Unicode FF4E, str BYIEM AR kb L EE
FEL A A SCARER R Unicode. Z AT AYEE BB R+% Unicode & X . XUB{REE
BEE R \w+ X837 “ French” # “ Francais™ #BEEVCHC. EA& Python 2 (BRI BRI IR
RER B SCRSRR %1 5] ASCIT #4748, g =N ek 8 AR L L R % search () Fimatch()
WFE(d A ASCIT AR,

RABFER 1-44: re_flags_ascii.py

import re

text = u'Francais tzoty Osterreich’

pattern = r'\w+'

ascii_pattern = re.compile(pattern, re.ASCII)
unicode pattern = re.compile(pattern)

print('Text 1!, text)

print('Pattern :', pattern)

print('ASCII  :', list(ascii pattern.findall(text)))
print('Unicode :', list(unicode pattern.findall(text)))

HAth# X F5] (\W, \b, \B, \d., \D. \s #1\S) %t ASCII 37t £ F A 7] i) &b
MK, re NS A H Unicode B FER A RZANFRF B, WG UFHHRR
HIFAFER ASCIT E X,

$ python3 re_flags_ascii.py

Text : Francais tzoty Osterreich
Pattern : \w+
ASCII : ['Fran', 'ais', 'z', 'oty', 'sterreich']

Unicode : ['Francais', 'Xzoty', 'Osterreich']

1.3.7.4 FHFRERXIFE

PEERAAERBEARBESR, BERAMENREIBETTRES T RRER. HMEX
A PABAE N, FEBEZW TIERARITATESN TR, UEEERXNEST S
FRIEAIZEE , i i 24 40 7T LLRY BY B Aok S [ R, A 5 W O ik ol J S8 2 1 P o dm AR X,
(verbose mode) TR, B ARFAEEA Pk AEBABINZ AT,

A LA — B email Hihk ORI R RN S EN R AR WA BEEMAES . 8
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—PMEASRFLL 3 MR/ Z —FBMHaE: .com, .org 5k .edu,

RAHE 1-45: re_email_compact.py

import re

address = re.compile(' [\w\d.+-]+@([\w\d.]+\.)+(com|org|edu)"')
candidates = [
u'first.last@example.com',
u'first.last+category@gmail.com',
u'valid-address@mail.example.com’,
u'not-valid@example.foo',

for candidate in candidates:
match = address.search(candidate)
print('{:<30} {}'.format(
candidate, 'Matches' if match else ‘No match')
)

BRI RBEACERERT . HPAZITFHE, AMERREL,

$ python3 re_email_compact.py
first.last@example.com Matches
first.last+category@gmail.com Matches

valid-address@mail.example.com Matches
not-valid@example.foo No match

KX REA KA —FERANKRN, FEEFHT R

RHHSE 1-46: re_email_verbose.py

import re

address = re.compile(

[N

[\w\d.+-]+ # Username

@
([\w\d.]+\.)+ # Domain name prefix
(com|org|edu) # TODO: support more top-level domains

re.QERBOSE)

candidates = [
u'first.last@example.com’',
u'first.last+category@gmail.com’,
u'valid-address@mail.example.com’,
u'not-valid@example.foo',

for candidate in candidates:
match = address.search(candidate)
print('{:<30} {}'.format(
candidate, 'Matches' if match else 'No match'),
)

XA RAXSICEFFERRA, ERERAXMT BEXESE. EROA TR
KRR, MTiaET RUICEKEZ A



®
W
X,
P
e

$ python3 re email verbose.py

first.last@example.com Matches
first.last+category@gmail.com Matches
valid-address@mail.example.com Matches

not-

valid@example. foo No match

XY R AR A S AT A S — D A 4 Hl email Hohk %5 A (PTBEZE email B &FH BL) .
ZFFERT, G email Hudk, HFHRIES (< f1>) .

RHELFEE 1-47: re_email_with_name.py

import re

address = re.compile(

# A name is made up of letters, and may include "."
# for title abbreviations and middle initials.
( (?P<name>

([\w., JH\s+)*[\w.,]+)

\Sx*

# Email addresses are wrapped in angle

# brackets < >, but only if a name is

# found, so keep the start bracket in this

# group.

<
)7 # The entire name is optional.

# The address itself: username@domain.tld
(?P<email>
[\w\d.+-1+ # Username

@
([\w\d.]+\.)+ # Domain name prefix
(com|org|edu) # Limit the allowed top-level domains.

>? # Optional closing angle bracket.

re.VERBOSE)

candidates = [

for

u'first,last@example.com',
u'first.last+category@gmail.com',
u'valid-address@mail.example.com',
u'not-valid@example.foo',

u'First Last <first.last@example.com>',

u'No Brackets first.last@example.com',

u'First Last',

u’'First Middle Last <first.last@example.com>",
u'First M. Last <first.last@example.com>",
u'<first.last@example.com>"',

candidate in candidates:
print('Candidate:', candidate)
match = address.search(candidate)

if match:
print(' Name :', match.groupdict()['name'])
print(' Email:', match.groupdict()['email'])
else:

print(' No match')
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HSHMHREST B, EHRAENREAXPHRAERAB TRAHEN T4 &5
A A& T Rk i g R A SE B, S AME RS — S AT AE S N T
H R BRIRERRK.

$ python3 re email with_name.py

Candidate: first.last@example.com
Name : None
Email: first.last@example.com
Candidate: first.last+category@gmail.com
Name : None
Email: first.last+category@gmail.com
Candidate: valid-address@mail.example.com
Name : None
Email: valid-address@mail.example.com
Candidate: not-valid@example.foo
No match
Candidate: First Last <first.last@example.com>
Name : First Last
Email: first.last@example.com
Candidate: No Brackets first.last@example.com
Name : None
Email: first.last@example.com
Candidate: First Last
No match
Candidate: First Middle Last <first.last@example.com>
Name : First Middle Last
Email: first.last@example.com
Candidate: First M. Last <first.last@example.com>
Name : First M. Last
Email: first.last@example.com
Candidate: <first.last@example.com>
Name : None
Email: first.last@example.com

1.3.7.5 ERAPBRNGRE

FHERT, HiFRBNEFAEEIARE, W —MEXEDSEEA— R,
A FE R BORAE LR SRR, ERXFMIER T, i HRARIREAF T HA L,
g, ZITIFRANETRILE, T LIERRAI LM (?1).

RAFEHA 1-48: re_flags_embedded.py

import re

text = 'This is some text -- with punctuation.'
pattern = r'(?i)\bT\w+'
regex = re.compile(pattern)

print('Text i, text)
print('Pattern :', pattern)
print('Matches :', regex.findall(text))

H X e S H AT S B A e RiAs, BV BN R IR A R AT

$ python3 re flags_embedded.py

Text : This is some text -- with punctuation.
Pattern : (71)\bT\w+
Matches : ['This', '"text']



FrAR SR E Ik 1-3 3.
AFRE AT LURFER — AR E A Flm, (7im) 2ATHFMNZTFHEH KNG
JKITRL

®1-3 ENREXBFRERS

& ®E
ASCII a
IGNORECASE i
MULTILINE m
DOTALL S
VERBOSE X

1.3.8 HIEE/FME

REMBT, A SRR IR A A SRR AR, B, 2
email BT FI P, JRIE SHARE N T, IR, RIFSRLRRAH, FTLLRA Y
P A A AR S Ak A FRVC AL, MBI R s A — A
## (positive look-ahead) Wi % HILRAIESXT . HIMWTHHEY (7=pattern),

RHLEFHE 1-49: re_look_ahead.py

import re

address = re.compile(
# A name is made up of letters, and may include "."
# for title abbreviations and middle initials.
((?P<name>
(I\w., 148\s+)«[\w. , ]+

)

\s+

) # The name is no longer optional.

# LOOKAHEAD

# Email addresses are wrapped in angle brackets, but only
# if both are present or neither is.

(7= (<.%>$) # Remainder wrapped in angle brackets

([*<].x[">]$) # Remainder xnotx wrapped in angle brackets
)

<? # Optional opening angle bracket
# The address itself: username@domain.tld
(?P<email>

[\w\d.+-]+ # Username

@

([\wA\d. ]+\.)+ # Domain name prefix

(com|org|edu) # Limit the allowed top-level domains.

>? # Optional closing angle bracket

'
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re.VERBOSE)

candidates = [
u'First Last <first.last@example.com>',
u'No Brackets first.last@example.com',
u'Open Bracket <first,last@example.com',
u'Close Bracket first.last@example.com>',

for candidate in candidates:

print('Candidate:', candidate)

match = address.search(candidate)

if match:
print(' Name :', match.groupdict()['name'])
print(' Email:', match.groupdict()['email’])

else:
print(' No match')

EMEAMREXPAREZEEMNE. H5E, name HAHREATERN. X, £
Th K A REUC AL, T Hib Skt e DT ECHR AR A IEBARY “& / #udik” 4G, “ name” 4
J& T B RE R[] AL W S AT B R AR TR ABEE—-XRIESH, BAAFEASLA
HRFES, WHRRIESE AN, BAMAHI, XOATEMURRI—1H, A
T 18] 2 £ DC BE 3 AN T SRAE TR A SCAS, B LA AN A AR R4 2 DRI 1) PR 2 5 # ] —
fr BBFAE

$ python3 re look_ahead.py

Candidate: First Last <first.last@example.com>
Name : First Last
Email: first.last@example.com

Candidate: No Brackets first.last@example.com
Name : No Brackets
Email: first.last@example.com

Candidate: Open Bracket <first.last@example.com
No match

Candidate: Close Bracket first.last@example.com>
No match

% Z 47 % (negative look-ahead) W5 ( (?!pattern)) B R AILE Y a7 &5
B93CA . Filan, email IRFIARATMEHC I Z IS BB RS ¥ K noreply B4k .

RHLEFE 1-50: re_negative_look_ahead.py

import re

address = re.compile(

[

~

# An address: username@domain.tld

# Ignore noreply addresses.
(?!noreply@. «$)
[\w\d.+-]+ # Username

(T\w\d. ]+\.)+ # Domain name prefix
(com|org|edu) # Limit the allowed top-level domains.
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re.VERBOSE)

candidates = [
u'first.last@example.com',
u'noreply@example.com',

]

for candidate in candidates:
print('Candidate:', candidate)
match = address.search(candidate)
if match:
print(' Match:', candidate[match.start():match.end()])
else:
print(' No match')

A noreply JFkpulit 5 X AMEARICES, BROA AT B S K I

$ python3 re_negative_look_ahead.py

Candidate: first.last@example.com
Match: first.last@example.com
Candidate: noreply@example.com
No match

AHIRT A2 email Hidik username ¥4 noreply, #JLUMEBNIEY: (?<!pattern)
FEVCRL username Z J5{# Fl—/~ % £ /6 © (negative look-behind) W5 R E X MER,

fR#7@;%E$ 1-51: re_negative_look_behind.py

import re

address = re.compile(

e

A~

# An address: username@domain.tld
[\w\d.+-]+ # Username

# Ignore noreply addresses.
(?<!noreply)

@
([\w\d. ]+\. )+ # Domain name prefix
(com|org|edu) # Limit the allowed top-level domains.

$

e

re.VERBOSE)

candidates = [
u'first.last@example.com',
u'noreply@example.com',

]

for candidate in candidates:
print('Candidate:', candidate)
match = address.search(candidate)
if match:
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print(' Match:', candidate[match.start():match.end()])
else:

print(* No match')

J& 1] DE i 5 i [e] DE B OB A A R), SRR SU A — R KA. REFN
BoEE (WAEBASXE), FEticth iR,

$ python3 re_negative_look_behind.py

Candidate: first.last@example.com
Match: first.last@example.com
Candidate: noreply@example.com
No match

ol L BhiEE: (?<=pattern) {# ¥ £/5 @ (positive look-behind) K5 B RS K
AR CAR, Flan, DI R UARERHP 2

f70EE 1-52: re_look_behind.py

import re
twitter = re.compile(
UL ]

# A twitter handle: @username
(7<=@)
([\w\d_1+) # Username

re.VERBOSE)

text = '''This text includes two Twitter handles.
One for @ThePSF, and one for the author, @doughellmann.

109

print(text)
for match in twitter.findall(text):
print('Handle:', match)

AR ST RCRER B — MR P 2 F RS, REFHFIREA—1 Q.

$ python3 re_look behind.py

This text includes two Twitter handles.
One for @ThePSF, and one for the author, @doughellmann.

Handle: ThePSF
Handle: doughellmann

1.3.9 H5IAFEX

W A] AR R SR UG T AR ICBC (B, Blan, AU email 7T LUSE R4 RIT
o i A2 Ak R R bk, At E XM E G . BRBXNEK, BRESHH
IEERUEE A \num % ID 4355 | F SEATICAC Y 24H

REG%EH 1-53: re_refer_to_group.py

import re

address = re.compile(
rlll
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# The regular name

(\w+) # First name

\s+

(([\W.]+)\s+)? # Optional middle name or initial
(\w+) # Last name

\s+

<

# The address: first name.last name@domain.tld

(?7P<email>
\1 # First name
\.
\4 # Last name
@

([\w\d.]+\.)+  # Domain name prefix
(com|org|edu) # Limit the allowed top-level domains.

)

>

re.VERBOSE | re.IGNORECASE)

candidates = [
u'First Last <first.last@example.com>',
u'Different Name <first.last@example.com>',
u'First Middle Last <first.last@example.com>',
u'First M. Last <first.last@example.com>',

for candidate in candidates:

print('Candidate:', candidate)

match = address.search(candidate)

if match:
print(' Match name :', match.group(1l), match.group(4))
print(' Match email:', match.group(5))

else:
print(' No match')

RAEXMEERE S, #5807 D IR E5 RBRIBA LS. NSRAEN, &
AR, XEHROLAEHRRS, BIIIHATEBTEEN. H—T8AR, RAR
HER [ 5| FvEEE \n REERIRR 99 151, B AR ID RSA 3 4L, MAHESBMBEN—
A 8 Ml FAHEMA RN AHGI . SR, MR -ARELAET 99 14, WA RERR
R EESIRFEXPHAL, KRR E— L E 4,

$ python3 re_refer to_group.py

Candidate: First Last <first.last@example.com>
Match name : First Last
Match email: first.last@example.com

Candidate: Different Name <first.last@example.com>
No match

Candidate: First Middle Last <first.last@example.com>
Match name : First Last
Match email: first.last@example.com

Candidate: First M. Last <first.last@example.com>
Match name : First Last
Match email: first.last@example.com
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Python ) RIX A B FEFE 1V &, TLHMEH (?P=name) 45 FiLX H AT
i ) — > 2 L (L

K735 1-54: re_refer_to_named_group.py

import re

address = re.compile(

# The regular name

(?P<first_name>\w+)

\s+

(([\w.]+)\s+)7 # Optional middle name or initial
(?P<last_name>\w+)

\s+

<

# The address: first_name.last_name@domain.tld
(7P<email>

(?7P=first_name)

s
(7P=1last_name)

@
([\w\d.]+\.)+ # Domain name prefix
(com|org|edu) # Limit the allowed top-level domains.

>

P

re.QERBOSE | re.IGNORECASE)

candidates = [
u'First Last <first.last@example.com>',
u'Different Name <first,last@example,com>',
u'First Middle Last <first.last@example.com>',
u'First M. Last <first.last@example.com>',

1

for candidate in candidates:
print('Candidate:', candidate)
match = address.search(candidate)
if match:
print(' Match name :', match.groupdict()['first _name'],
end=" ')
print(match.groupdict()['last _name'])

print(* Match email:', match.groupdict()['email'])
else:

print(' No match')

ik ik kU $THF T IGNORECASE #rids, HAEMMZFEAF HFEHSKRE, M
email it EHEASKE T FH,

$ python3 re_refer_to_named_group.py

Candidate: First Last <first.last@example.com>
Match name : First Last
Match email: first.last@example.com
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Candidate: Different Name <first.last@example.com>
No match

Candidate: First Middle Last <first.last@example.com>
Match name : First Last
Match email: first.last@example.com

Candidate: First M, Last <first.last@example.com>
Match name : First Last
Match email: first.last@example.com

AP A R A 5 | R A —FLE, BIARBERT— MR B LAk EFE AR M, 7]
PMEIEX A email B, FRURHAZFRTFEARES, MMERFA email Hbk4 A
TERES., AF T4 ERILAEEMNIEER (7(id)yes-expression|no-expression),
XH id BAASSHS, yes-expression 2HAEMNEHMNE, no-expression
A ERHE A A,

RE;HFH 1-55: re_id.py

import re

address = re.compile(

~

# A name is made up of letters, and may include "."
# for title abbreviations and middle initials.
(?P<name>
([\w. ]+\s+) = [\w. ]+
)7
\S*

# Email addresses are wrapped in angle brackets, but
# only if a name is found.
(?(name)
# Remainder wrapped in angle brackets because
# there is a name
(?P<brackets>(?=(<.%>%$)))
I
# Remainder does not include angle brackets without name

)(?=([‘<]-*[‘>l$))

# Look for a bracket only if the look-ahead assertion
# found both of them.
(?(brackets)<|\sx)

# The address itself: username@domain.tld
(?P<email>
[\w\d.+-]+ # Username

@
([\w\d.]+\.)+ # Domain name prefix
(com|org|edu) # Limit the allowed top-level domains.

# Look for a bracket only if the look-ahead assertion
# found both of them.
(?(brackets)>|\sx)

$

Ly

re.VERBOSE)
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candidates = [
u'First Last <first.last@example.com>',
u'No Brackets first,last@example.com',
u'Open Bracket <first.last@example.com',
u'Close Bracket first.last@example.com>',
u'no.brackets@example.com’',

for candidate in candidates:

print('Candidate:', candidate)

match = address.search(candidate)

if match:
print(' Match name :', match.groupdict()['name'])
print(' Match email:', match.groupdict()['email’])

else:
print(' No match')

XA email MHEEATRSEE R TR, 405 name ZHPCEC, WG 9] B S EoRK P
MRIESERH B, 85T brackets 4. MR name RULED, WX AW 5 KRR T XAAR
BEFRIES ., BTk, REE T brackets 4, 4 BEMERILRABESERNT
mEEAHE AT ORIES; BN, ESHERIATK.

$ python3 re_id.py

Candidate: First Last <first.last@example.com>
Match name : First Last
Match email: first.last@example.com

Candidate: No Brackets first.last@example.com
No match

Candidate: Open Bracket <first.last@example.com
No match

Candidate: Close Bracket first.last@example.com>
No match

Candidate: no.brackets@example.com
Match name : None
Match email: no.brackets@example.com

1.3.10 A& IEFH S

B THER A Z S, re if SR A EM ZFE XA R R VUG RGBSOCA, mHE# (repla-
cement) AJ LS| FIARA B LB PR N BAUSCR B —3B5r . A sub () AT LUK — MR A
B B 57— T

REFH 1-56: re_sub.py

import re
bold = re.compile(r'\*{2}(.x?)\*{2}")
text = 'Make this xxboldxx. This sxtooxx.'

print('Text:', text)
print('Bold:', bold.sub(r'<b>\1</b>', text))

AT LAGE A A58 \num 18 ¥E4E A S IT B SCA 51



$ python3 re sub.py

Text: Make this xxboldxx. This xxtoo*x.
Bold: Make this <b>bold</b>. This <b>too</b>.

TSR PEHmAY, i EHIEE \g<name>,
73 H8 1-57: re_sub_named_groups.py

import re
bold = re.compile(r'\*{2}(?P<bold_text>.x?)\x{2}')
text = 'Make this xxboldxx. This xxtooxx.'

print('Text:"', text)
print('Bold:', bold.sub(r'<b>\g<bold text></b>', text))

\g<name> i&EiE M THRS5IH, EAXAEE A LUKBRAE S S Mo B 7 i T
Z [6] FRASOR 1

$ python3 re sub named_groups.py

Text: Make this xxboldxx. This xxtooxx.
Bold: Make this <b>bold</b>. This <b>too</b>.

1 count f& A—A~{EA] LABR i 52 s B8 8.
#3558 1-58: re_sub_count.py

import re

bold

re.compile(r'\*{2} (.x7)\x{2}")
text = 'Make this sxboldsx. This %%too*.'

print('Text:', text)
print(‘Bold:', bold.sub(r'<b>\1</b>', text, count=1))

1T count N 1, FRUAHZER THE— 1k,

$ python3 re_sub_count.py

Text: Make this xxboldxx. This xxtooxx.
Bold: Make this <b>bold</b>. This *xtooxx.

subn() M TAES sub() RAMM, REEEFIRREESUE BFRF M5B A

K EE 1-59: re_subn.py

import re
bold = re.compile(r'\*{2}(?P<bold_text>.x?)\x{2}"')
text = 'Make this sxboldx*. This xxtoo*x.'

print(‘'Text:', text)
print('Bold:', bold.sub(r'<b>\g<bold text></b>', text))

AT R R A BRI AL,
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$ python3 re_subn.py

Text: Make this xxbold+x. This **to0o*x.
Bold: ('Make this <b>bold</b>. This <b>too</b>.', 2)

1.3.11 FAEKFS

str.split() a7 RE MM REFE AN TEZ — A, ERXHFER
FHEREFEI R AR, mRWMARE -BEEKR, MARTER - ENREKX.
plan, 1RZACARRICIE S #RILEE R AT E SOV SE M RATRF (\n), ZEXFEH
T, BIAREMEA str.osplit(), BFAXAEXFRET “WBA"

it findall() vl Bk —FORIE RN (. +7)\n{2, } B8,

7% % 1-60: re_paragraphs_findall.py

import re

text = '''Paragraph one
on two lines.

Paragraph two.

Paragraph three.'"’

for num, para in enumerate(re.findall(r'(.+?)\n{2,}',
text,
flags=re.DOTALL)
):
print(num, repr(para))
print()

MFMAXARBRERE, XMEAXSKM, HHEAFET “ Paragraph three.” A &4
B —&R 43 o

$ python3 re_paragraphs_findall.py
0 'Paragraph one\non two lines.'

1 'Paragraph two.'

A R AMER, fEHBEURARE N RATRE RS E DM A KBS R, XatigiBiE
XAMEE, EhSARRERENE S TR re.split() miE re. findall(),
X ERE A ShH b BN R R, R R

KHGEH 1-61: re_split.py

import re
text = '''Paragraph one

on two lines.
Paragraph two.

Paragraph three.'''
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print('With findall:"')
for num, para in enumerate(re.findall(r'(.+?)(\n{2,}|$)',
text,
flags=re.DOTALL)):
print(num, repr(para))
print()

print()

print('With split:')

for num, para in enumerate(re.split(r'\n{2,}', text)):
print(num, repr(para))
print()

split() MEXSHERFBLRR TIRCAE, BRI RITHRCHA TS
Hh Bt 2 T B B L

$ python3 re split.py

With findall:
® ('Paragraph one\non two lines.', ‘\n\n')

1 ('Paragraph two.', '\n\n\n')

2 ('Paragraph three.', '')

With split:

0 'Paragraph one\non two lines.'
1 'Paragraph two.'

2 'Paragraph three.'

AUHREAXCBEERS BEREL -4, XHEH split() MIIEELELT str.
partition(), BEE 2K ESFEAFE LS 45 8 B HAE .

R#;HE 1-62: re_split_groups.py

import re

text = '''Paragraph one
on two lines.
Paragraph two.

Paragraph three.'''

print('With split:')

for num, para in enumerate(re.split(r'(\n{2,})"', text)):
print(num, repr(para))
print()

e ARSI BOE, LR RRIXL B MBRATAFS.

$ python3 re _split_groups.py

With split:
0 'Paragraph one\non two lines.'

1 '\n\n'
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2 'Paragraph two.'
3 '\n\n\n'

4 'Paragraph three.’

"’ BXAEME

re &7 A AT,

Regular Expression HOWTO®: Andrew Kuchling 4 Python % A R #2444 W) & A XA,
Kodos®: xR —AXEX M EMN KK XKLL, o Phil Schwartz £]3%,

pythex®: iX % —A A k@] X E 0] & & X 494 T Web 69 = 2, & Gabriel Rodriguez £] &,
% %] Rubular #1 8 %_.,

Wikipedia: Regular expression®: #tiE 0] & ik XA FH Ko — B4 .

e locale: 4 # Unicode L A8 7T vA4% A locale Bk EiEZALE .
e unicodedata: ifif#2 /575 IF] Unicode F #F B L 35 & .

1

4 difflib: LL&F3
difflib Bishe & —seit B MU BFSI 2 E2 S TR EXFHEBSCARIA A,

e F ) BRCRT LU T 2 ol 9 22 S e A i A

AN FESEA LT AMEEAE (£ difflib_data.py k).

REDi#EH 1-63; difflib_data.py

textl = """Lorem ipsum dolor sit amet, consectetuer adipiscing
elit. Integer eu lacus accumsan arcu fermentum euismod. Donec
pulvinar porttitor tellus. Aliquam venenatis. Donec facilisis
pharetra tortor. In nec mauris eget magna consequat

convalis. Nam sed sem vitae odio pellentesque interdum. Sed
consequat viverra nisl. Suspendisse arcu metus, blandit quis,
rhoncus ac, pharetra eget, velit. Mauris urna. Morbi nonummy
molestie orci. Praesent nisi elit, fringilla ac, suscipit non,
tristique vel, mauris. Curabitur vel lorem id nisl porta
adipiscing. Suspendisse eu lectus. In nunc. Duis vulputate
tristique enim. Donec quis lectus a justo imperdiet tempus."""

textl lines = textl.splitlines()

text2 = """Lorem ipsum dolor sit amet, consectetuer adipiscing
elit. Integer eu lacus accumsan arcu fermentum euismod. Donec
pulvinar, porttitor tellus. Aliquam venenatis. Donec facilisis
pharetra tortor. In nec mauris eget magna consequat

convalis. Nam cras vitae mi vitae odio pellentesque interdum. Sed

https://docs.python.org/3.5/library/re.html
https://docs.python.org/3.5/howto/regex.html
http://kodos.sourceforge.net
http://pythex.org

®e 000

https://en.wikipedia.org/wiki/Regular_expression
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consequat viverra nisl. Suspendisse arcu metus, blandit quis,
rhoncus ac, pharetra eget, velit. Mauris urna. Morbi nonummy
molestie orci. Praesent nisi elit, fringilla ac, suscipit non,
tristique vel, mauris. Curabitur vel lorem id nisl porta
adipiscing. Duis vulputate tristique enim. Donec quis lectus a
justo imperdiet tempus. Suspendisse eu lectus. In nunc."""

text2_lines = text2.splitlines()

1.41 EEBSCAEK

Differ KA TAMIXAITFS, HAERARAEERN L7 (deltas) SEHIRS, HHE
HirhmZESR. Differ AMMBRINRIE S UNIX T# diff T THEAERL, aaEm5
RFERAE (AEFILFEEE), LRI WL sk f A ic 8 .

o i - MIAMTESR—DFFIF, WMIER .

o A + RIRMATIES —MFIIH, WS —1TF.

o MARR—THEAFMAZEFEMREESR, Ba@H— 0 ? AT BIMT KR

VB A P AR
o WMR—ATRYE, WSITE S, WHRAIH - RS, EE5HAMTRE
A 225 IR X 5F

e XAAE A compare () Z AT H N B B IARITH R FS, 58 AT

ERAH L, SCRERT LAA: S AT 2 A i o

KREEH 1-64: difflib_differ.py

import difflib
from difflib_data import *

d = difflib.Differ()
diff = d.compare(textl lines, text2 lines)
print('\n'.join(diff))

AR T PN SO B T RRER 3 R —FERY, BTLASE 1 474 ELEEAT EN T I A (E o] &4t
Wik o

Lorem ipsum dolor sit amet, consectetuer adipiscing

elit. Integer eu lacus accumsan arcu fermentum euismod. Donec

BHEWNE 3 TAEL, BEENXATEEE—TES. XREANBETEHT
B, WiHS 57T EEBIME B2 BRIl —sl A B Y, XBEEREMT , FR.

- pulvipar porttitor tellus. Aliquam venenatis. Donec facilisis
+ pulvinar, porttitor tellus. Aliquam venenatis. Donec facilisis
? +

Bt P T R ILAT BRI ER T — D BRI EHE

- pharetra tortor. 1In nec mauris eget magna consequat
? -

+ pharetra tortor. In nec mauris eget magna consequat

ETRA-NEERONRZE, HEFR T - MEEPHZSAHIE,
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- convalis. Nam sed sem vitae odio pellentesque interdum. Sed
? -

+ convalis. Nam cras vitae mi vitae odio pellentesque interdum. Sed
? L e

Bk P — R K, FrUARAEFNEEMER T A, W T HRA .

consequat viverra nisl. Suspendisse arcu metus, blandit quis,
rhoncus ac, pharetra eget, velit. Mauris urna. Morbi nonummy
molestie orci. Praesent nisi elit, fringilla ac, suscipit non,
tristique vel, mauris. Curabitur vel lorem id nisl porta

- adipiscing. Suspendisse eu lectus. In nunc. Duis vulputate

- tristique enim. Donec quis lectus a justo imperdiet tempus.

+ adipiscing. Duis vulputate tristique enim. Donec quis lectus a

+ justo imperdiet tempus. Suspendisse eu lectus. In nunc.

ndiff () sR¥E R EA AR, @R T SRACER SCAREE, HMBR
A “BRFET

Hitbi HAER

Differ K& BRIAMALT, %— 244X (unified diff) MAR, EREEHEBN
B XCAITM—L EF3C, unified diff() eR¥ed BOXFida o

L% 1-65: difflib_unified.py

import difflib
from difflib_data import *

diff = difflib.unified diff(
textl _lines,
text2 lines,
lineterm="",

)

print('\n'.join(list(diff)))

lineterm AR EVF unified diff() A kEiR E Y FITEMBITRE, H
NEATAEIEXERATR . TR AT RS i, ST RE%EARAEH TR
B PR, #HE RN IZRRE.

$ python3 difflib_unified.py

e+t
@@ -1,11 +1,11 @@
Lorem ipsum dolor sit amet, consectetuer adipiscing
elit. Integer eu lacus accumsan arcu fermentum euismod. Donec
-pulvinar porttitor tellus. Aliquam venenatis. Donec facilisis
-pharetra tortor. In nec mauris eget magna consequat
-convalis. Nam sed sem vitae odio pellentesque interdum. Sed
+pulvinar, porttitor tellus. Aliquam venenatis. Donec facilisis
+pharetra tortor. In nec mauris eget magna consequat
+convalis. Nam cras vitae mi vitae odio pellentesque interdum. S
ed
consequat viverra nisl. Suspendisse arcu metus, blandit quis,
rhoncus ac, pharetra eget, velit. Mauris urna. Morbi nonummy
molestie orci. Praesent nisi elit, fringilla ac, suscipit non,
tristique vel, mauris. Curabitur vel lorem id nisl porta
-adipiscing. Suspendisse eu lectus. In nunc. Duis vulputate



-tristique enim. Donec quis lectus a justo imperdiet tempus.
+adipiscing. Duis vulputate tristique enim. Donec quis lectus a
+justo imperdiet tempus. Suspendisse eu lectus. In nunc.

i H] context_diff () &= AR TSk H .

1.4.2 ZR%¥E
BT H B 2E 57 7 57 B pR BSCER 2x 4 532 — S0 S BOR$E 7R B 24 Z i R L AT, DL R B B Bg— 14T
R A BN, XLEBBOAT R T Bk SO AN A TP AR e B B R .

HRALHEL 1-66: difflib_junk.py

# This example is adapted from the source for difflib.py.

from difflib import SequenceMatcher

def show_results(match):
print(' a = {}'.format(match.a))
print(' b = {}'.format(match.b))
print(' size = {}'.format(match.size))
i, j, k = match
print(' A[a:a+size]
print(' B[b:b+size]

{!r}' . format(A[i:1i + k]))
{!r}' . format(B[j:j + k1))

A
B

" abcd"”
"abcd abcd”

print('A
print('B

{!r}"'.format(A))
{!r}'.format(B))

print('\nWithout junk detection:')

sl = SequenceMatcher(None, A, B)

matchl = sl1.find longest match(©, len(A), 0, len(B))
show_results(matchl)

print('\nTreat spaces as junk:')

s2 = SequenceMatcher(lambda x: x == " ", A, B)
match2 = s2.find longest match(@, len(A), 0, len(B))
show_results(match2)

RN Differ A& B A ZAEMITHFRF, (HEHKHE SequenceMatcher fBEH
MR . ndiff () BBRIATT R R Z B2 A8 TR AT .

$ python3 difflib_junk.py

A ' abcd'
B ‘abcd abcd'

Without junk detection:
a 0
b 4
size = 5
Ala:a+size] ' abcd’
B[b:b+size] ' abcd'’

wun

Treat spaces as junk:
a =1
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b =0
size = 4
Ala:a+size] = 'abcd'
B[b:b+size] = 'abcd'

1.4.3 LEBREEHRD

SequenceMatcher 260 L LLEAE BRI MBS FH], REEMIMERTEIIN, X
AR —ANEEEARRF PR B EELE TR, M PR X S PR BRI A Tk A4 TG F (A .

K%l get_opcodes () & FEl—MELTIREBHE —1TFH, FES5HE_AFHIT
Al. XEIELSPHMIGA S TRILA, BF-IFHEHES (BIED") RFS BTG
RERRET (Fakil, 12, j1F1j2), WFE 1-4 i,

#1-4 difflib.get_opcodes() 4

BIERD EX
‘replace’ ¥alil:i2] HHHb(jl:j2]
'delete’ oM alil:i2]
‘insert' ¥ bljl:j2] A alil:il]
'equal’ FANFH 2%

RFEH 1-67: difflib_seq.py

import difflib

sl
s2

([

—
=
~

N
w
w
(=2

print('Initial data:')
print('sl =', sl)

print('s2 ="', s2)
print('sl == s2:', sl == s2)
print()

matcher = difflib.SequenceMatcher(None, sl1, s2)
for tag, il, i2, j1, j2 in reversed(matcher.get _opcodes()):

if tag == 'delete':
print('Remove {} from positions [{}:{}]'.format(
s1[il:i2], i1, i2))
print(' before =', sl)
del s1[il:i2]

elif tag == 'equal':
print('s1[{}:{}] and s2[{}:{}] are the same'.format(
i1, i2, j1i, j2))

elif tag == 'insert':
print('Insert {} from s2[{}:{}] into sl at {}'.format(
s2[jl:j21, j1, j2, il1))
print(' before =', sl)
s1[i1:1i2] = s2[j1:j2]

elif tag == 'replace’:
print(('Replace {} from s1[{}:{}] '
‘with {} from s2[{}:{}]").format(
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s1[il:i2], i1, 12, s2[jl:j2], j1, j2))
print(' before =', sl)
s1[il:i2] = s2[jl:j2]
print(' after =', s1, '\n')

print('sl == s2:', sl == s2)

XA T B T AN S, JHE ) get_opcodes () 15 VKR F i 8 R E v 3%
BIFE4 . X B DA I A i e vk, LAERS AT BR TR Z R SR RS R IEME .

$ python3 difflib_seq.py

Initial data:

sl =1[1, 2, 3, 5, 6, 4]
s2 =[2, 3,5, 4, 6, 1]
sl == s2: False

Replace [4] from s1[5:6] with [1] from s2[5:6]
before = [1, 2, 3, 5, 6, 4]
after = [1, 2, 3, 5, 6, 1]

nn

s1[4:5] and s2[4:5] are the same
after = [1, 2, 3, 5, 6, 1]

Insert [4] from s2[3:4] into sl at 4
before = [1, 2, 3, 5, 6, 1]
after = [1, 2, 3, 5, 4, 6, 1]

s1[1:4] and s2[0:3] are the same
after = [1, 2, 3, 5, 4, 6, 1]

Remove [1] from positions [0:1]
before = [1, 2, 3, 5, 4, 6, 1]
after = [2, 3, 5, 4, 6, 1]

sl == s2: True

SequenceMatcher FTFAEERIZELA LN ERR, AEEENLIRETHIIN.

#R: HEXEEAE

o difflib #9474 & X4,

e “Pattern Matching: The Gestalt Approach” : % John W. Ratcliff #= D. E. Metzener % t #)
— AR MHEEM Tk, KT 1988 7 A4 “Dr. Dobb’s Journal” .

©  https://docs.python.org/3.5/library/difflib.html
© www.drdobbs.com/database/pattern-matching-the-gestalt-approach/184407970



Python fl &R EHrEmBEIES W, WHIFE (list), ;L4 (tuple), Fi (dict)
MES (set), XEHRE THANERRA, MBEMHARNXELEWELLEYE, AEHEHL
g T, Ait, WRHLTFEHMEHB R, mEEREATIER A B2 0
W 54

enum HEHUR ML T — MR KRR SCEL, HAFA S i hfE. o7 AR B A {E
GIEEA R E TS, AR 7 i R e R

collections B F ZREIREM AL, XEGEMY B T H B b I AH N 45
. #itn, Deque &—XUPASI, AWFMER —miEmMSMBRTcE. defaultdict &
— A, MR E, WSiR B BRIAEAE AW A . OrderedDict & id 4%
fHAJFFIE & . namedtuple ¥ @B T —MM tuple, BT AEDRATTREELE
HE5 5, ARt EHES.

MFRAKENEIE, array & list EE¥UbFIHNGF. BT array {URT—F%
XA, FrLlSiEAA List Mk, ELUCRA—MERENNfFFRR . MU, array
SE AT LA TRl s A List MR B sk Ab B, FrLASE2nl LB —A R 9 ) 1ist #ik
h array MM KEBR.

Xt 51 o ) T R HEF R BE AL B ) — IS AS N 25 . Python A9 list & —4 sort()
F, RdANER —FFFRSE SR, SRR ICH 7 8k A 31 2 8 2 o AR T B HE
J¥. heapq FHIRE AT LMERFIRMNE, [FIRTEAE AR A FF 85 4E 575 R ISR AU

WA YRR B —Fhk#E, B bisect, B —F _rERBE kA RY
TEBFHAL, WREREN A ERAE TR, WA LUK SR — iRt ik .

RENER List WA insert () # pop() HEBHBASY], HXARLE L2
1, BSEMARARMEASEFESE, 7 LM#EA Queue fi3k, multiprocessing {27 Queue
B — A, B R RIAYETE, I REE 2 5 % 0 2 20 F2 18 F A3 E /e 1 A 2
5

Sk H B —A AR BERER (TEER A —4 3 SCH SR BIE R ), struct &RA
., AT LLE X S B4R i TS A Python AYJRAERYDI(E FAbHE .

X—EESNAFWANSNEETEA LR, M TEELEORESHE, mEmR,
DA weakref 4475  FH, 1 24 A P75 22 50 S0 0F R o473 Fe e b 3% Rl 88 AT IE 2. copy
o R B T B I B AS A A HNEE, w15 deepcopy () FERGE I E .

P BIE vl RE AR RE B sk (8], HESREF KPS F M ITER S th o o] LA A
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pprint 12 ZEMER R, NMEEFTERRIER S8R5 Z— H &30 LME TR,
BiG—m, MERAMARARERETR, WA LAJREFEAFEA LB H#HITES, K&
i collections HE X FEMMR RN N SR B — DN ETI AT,

2.1 enum: #HEREE

enum BEHRGE LT —MEEGEARM LB RER AR 2R . W] LUK MR SO B 6122 B i
E XS, TMAREAFIEERSEFHSH.

211 IR
A class i&IRA: Enum 38 #8598 @ 1 g L — b .

7% £ 2-1: enum_create.py

import enum

class BugStatus(enum.Enum):

new = 7
incomplete = 6
invalid = 5
wont_fix = 4

in _progress = 3
fix_committed = 2
fix_released = 1

print('\nMember name: {}'.format(BugStatus.wont_fix.name))
print('Member value: {}'.format(BugStatus.wont_fix.value))

fEATIX 20, Enum BIBUR SBFEBON ] BB — X R R 4 89 name JB
Y, HSME—A value @Yk, XRAARE SCHE 4 BT E .

$ python3 enum_create.py

Member name: wont_fix
Member value: 4

2.1.2 &R
AL EE enum K24 SR BB .

RELHH 2-2: enum_iterate.py

import enum

class BugStatus(enum.Enum):

new = 7
incomplete = 6
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invalid = 5

wont_fix = 4
in_progress =
fix_committed
fix_released = 1

3
=2

for status in BugStatus:
print('{:15} = {}'.format(status.name, status.value))

XA E N E LA AR A A2 2 FERX ETHET -

$ python3 enum_iterate.py

new
incomplete
invalid
wont_fix
in_progress
fix_committed
fix_released

(LI [ | | F 1 A1
=NWREUO N

2.1.3 % Enum
BT R RTTFH, BFLLEN] R SRR R — A ST

7% ¥ 2-3: enum_comparison.py

import enum

class BugStatus(enum.Enum):

new = 7
incomplete = 6
invalid = 5
wont_fix = 4
in_progress = 3
fix_committed = 2
fix_released = 1

actual_state = BugStatus.wont_fix
desired state = BugStatus.fix_released

print('Equality:"’,
actual_state == desired state,
actual_state == BugStatus.wont_fix)
print('Identity:’',
actual_state is desired_state,
actual_state is BugStatus.wont_fix)
print('Ordered by value:"')
try:
print('\n'.join(' ' + s.name for s in sorted(BugStatus)))
except TypeError as err:
print(' Cannot sort: {}'.format(err))

RFAUNTF BT E™4 TypeError % .
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$ python3 enum_comparison.py

Equality: False True
Identity: False True
Ordered by value:
Cannot sort: unorderable types: BugStatus() < BugStatus()

AUEEPHRRELZNEERETE, P, EEF0E, XS EMdH Int-
Enum 2§,

R #Q;EE 2-4: enum_intenum.py

import enum

class BugStatus(enum.IntEnum):

new = 7
incomplete = 6
invalid = 5
wont_fix = 4
in_progress = 3
fix_committed =
fix released = 1

print('Ordered by value:')

print('\n'.join(' ' + s.name for s in sorted(BugStatus)))

2

$ python3 enum_intenum.py

Ordered by value:
fix_released
fix_committed
in_progress
wont_fix
invalid
incomplete
new

214 ME—H%E

A FFME A Enum A% 5 28402 05 7 — 4~ SR X R A5 4 51 54 AT LAEE % Enum
A XSS EEME.

REFH 2-5: enum_aliases.py

import enum

class BugStatus(enum.Enum):

new = 7
incomplete = 6
invalid = 5
wont_fix = 4
in_progress = 3
fix committed = 2
fix_released = 1

by design = 4
closed = 1
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for status in BugStatus:
print('{:15} = {}'.format(status.name, status.value))

print('\nSame: by design is wont_fix: ',
BugStatus.by design is BugStatus.wont_fix)

print('Same: closed is fix_released: ',
BugStatus.closed is BugStatus.fix_ released)

BT by design 1 closed 2 HMmR G A4, ERLE Enum B ETTAS Bl H
Mk b, — 1 RRMHEL RS X MEXBENE—EF

$ python3 enum_aliases.py

new
incomplete
invalid
wont_fix

in _progress
fix committed
fix_released

LI | [ [
HNWARUO N

Same: by design is wont fix: True
Same: closed is fix released: True

ISR BRI S R A ME—R(E, JZESH Enum $h0 @unique B4fifF .
R #Gi%#A 2-6: enum_unique_enforce.py

import enum

@enum.unique
class BugStatus(enum.Enum):

new = 7
incomplete = 6
invalid = 5
wont_fix = 4
in progress =
fix_committed
fix_released = 1

3
=2

# This will trigger an error with unique applied.
by design = 4
closed = 1

%R Enum 60, HFEEEMNR R &SMA —1 ValueError %,

$ python3 enum_unique_enforce.py

Traceback (most recent call last):
File "enum_unique_enforce.py", line 11, in <module>
class BugStatus(enum.Enum):
File ".../lib/python3.5/enum.py", line 573, in unique
(enumeration, alias_details))
ValueError: duplicate values found in <enum 'BugStatus's:
by design -> wont_fix, closed -> fix_released

215 BEUmBELIEME
AEELT, Bl RBECIBBELETE, MARERE L FBEHHE L. X
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SEREBL T, Enum b SCHF SR pR B i a5 48 AEL

#3;F 8 2-7: enum_programmatic_create.py

import enum

BugStatus = enum.Enum(
value='BugStatus',
names=('fix_released fix_committed in_progress '
'wont_fix invalid incomplete new'),
)

print('Member: {}'.format(BugStatus.new))

print('\nAll members:"')
for status in BugStatus:
print('{:15} = {}'.format(status.name, status.value))

value ZECRHMZE 4, HTHEMAKNER, names SHEFHMBEARG . 55
MFAEBRN, 2% AfMEZSis, FraEln oken XPHAEMA L, XM A L2 H D)
WAME, M 1JFHR.

$ python3 enum programmatic create.py

Member: BugStatus.new

ALl members:
fix_released
fix_committed
in_progress
wont_fix
invalid
incomplete
new

BT s 5 RR EHKAE, T LAE names FERF SRR — A B PR A o 4L A AR
R 3 B — 14 4 RS B (A S

K5 & 2-8: enum_programmatic_mapping.py

LI Y | | I 1 1}
NoOoudsWN=

import enum

BugStatus = enum.Enum(
value='BugStatus',
names=|[

(‘new', 7),
("incomplete', 6),
(‘invalid', 5),
(‘wont_fix', 4),
(‘in_progress', 3),
("fix_committed', 2),
('fix_released', 1),

)

print('All members:"')
for status in BugStatus:
print('{:15} = {}'.format(status.name, status.value))
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EXNHIFH, FHET PR THMFIRTARZ - REERRAANFERH, X
FEBUAT L% enum_create. py A 5E SCiY [RIRE BN A FH A 53 EFT#93& BugStatus #2,

$ python3 enum programmatic_mapping.py

A1l members:
new
incomplete
invalid

wont fix

in _progress
fix_committed
fix_released

21.6 FEEBYAHRE

Enum A% 5 (6 AR TR, AL 282U i X AR AT LS A R OSCHK . SR (A2 —>JT
H, PARAXAERENSHPEBET __init ().

R#ELF L 2-9: enum_tuple_values.py

L LI | [ [ [ B 1}
HNWRUO N

import enum

class BugStatus(enum.Enum):

new = (7, ['incomplete’,
'invalid’,
‘'wont_fix',
'in_progress'])
incomplete = (6, ['new', 'wont_fix'])
invalid = (5, ['new'])
wont_fix = (4, ['new'])
in_progress = (3, ['new', 'fix_committed'])
fix_committed = (2, ['in_progress', 'fix_ released'])
fix_released = (1, ['new'])

def __init__(self, num, transitions):
self.num = num
self.transitions = transitions

def can_transition(self, new state):
return new_state.name in self.transitions

print(‘Name:', BugStatus.in_progress)

print('Value:', BugStatus.in_progress.value)

print('Custom attribute:', BugStatus.in_progress.transitions)

print('Using attribute:',
BugStatus.in_progress.can_transition(BugStatus.new))

e Mo Fof, A RAE S RN nd, IR EE ID (A nT BEAF A AE — 1 BHE
FH) ID) FAHAPREEB R — TSR TIE.

$ python3 enum_tuple values.py

Name: BugStatus.in progress

Value: (3, ['new', 'fix committed'])
Custom attribute: ['new', 'fix committed']
Using attribute: True
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MFEERNEN, TATREZERER. FARAETUREERANNSR, R
Xt A enum {HERTE B BRI KB A B, ABAXLIEN T Al A FH AL, B Z=A9{E AT LA
HEENE—SHE®EE]  init () AR self.

K7LE L 2-10: enum_complex_values.py

import enum

class BugStatus(enum.Enum):

new = {
"num': 7,
"transitions': [
"incomplete’,
'invalid',
‘wont_fix',
'in_progress',
frs
J;
incomplete = {
‘num': 6,
‘transitions': ['new', ‘'wont fix'],

invalid = {
‘num': 5,
'transitions': ['new'],

wont fix = {
‘num': 4,
"transitions': ['new'],

}
in progress = {
‘num': 3,
"transitions': ['new', 'fix_committed'],
}
fix_committed = {
‘num': 2,
"transitions': ['in progress', 'fix released'],
}
fix released = {
‘num': 1,
"transitions': ['new'],
}

def init_ (self, vals):
self.num = vals['num']
self.transitions = vals['transitions']

def can_transition(self, new state):
return new state.name in self.transitions

print('Name:', BugStatus.in_progress)

print('Value:', BugStatus.in progress.value)

print('Custom attribute:', BugStatus.in_progress.transitions)

print('Using attribute:',
BugStatus.in_progress.can_transition(BugStatus.new))

XA TR T SETEHE R B8R, AR R T .
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$ python3 enum_complex_values.py

Name: BugStatus.in_progress

Value: {'transitions': ['new', 'fix committed'], ‘num': 3}
Custom attribute: ['new', 'fix committed']

Using attribute: True

R : HEXENEME

o enum & ARof A SCASC,

e PEP435°. & Python #74 F 3% /7 — A~ Enum £ #

e flufl.enum®: enum % -F3t % B 4%, & Barry Warsaw #13%,

2.2 collections: FI{FHIEAR
collections HH A FFRANERR Llist . dict il tuple LISMYH M ARS8 4R

2.21 ChainMap: # & &/ Fi

ChainMap & —FHFFEH], FHRH H BRI F8 R A 3R S5 B AE . Chain-
Map T —MREFH “ LT X" &85, HARLBERE—-TK, RMKEAELE,
R ga T X AR R E T

2.21.1 ipiEE

ChainMap 25 % #l SLAH R 19 APT K5 [REA BI{E .

REDEH 2-11: collections_chainmap_read.py

import collections

a={'al: IAI’ ICI: lc'}
b={lbl: IBI' ICI: IDI}
m = collections.ChainMap(a, b)

print('Individual Values')

print('a = {}'.format(m['a']))
print('b = {}'.format(m['b']))
print('c = {}'.format(m['c']))
print()

print('Keys = {}'.format(list(m.keys())))
print('Values = {}'.format(list(m.values())))
print()

print('Items:')
for k, v in m.items():
print('{} = {}'.format(k, v))

© https://docs.python.org/3.5/library/enum.html
© www.python.org/dev/peps/pep-0435
© http://pythonhosted.org/flufl.enum/
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print()

print('"d" in m: {}'.format(('d' in m)))

T RS B E BRAITUT SRR A ST, FTLAXTRIEE ‘¢! IERIEDRE a T,

$ python3 collections_chainmap_read.py

Individual Values

a=A

b=8

c=C

Keys = ['c b', 'a'l
Values = ['C', 'B', 'A']
Items:

c=C

b=B8B

a=A

"d" in m: False
2212 EHE

ChainMap = EHI maps REEFFHEEE R BGFIR, XPFIREAER, L
AT LAE BT ST, Sk SO TTR T LAE I E R AERAT R .

X8iF %8 2-12: collections_chainmap_reorder.py

import collections

a {IaI: IA.; Icl: lcl}
b={'b': 'B', 'c': 'D'}
m = collections.ChainMap(a, b)

print(m.maps)
print('c = {}\n'.format(m['c"']))

# Reverse the list.
m.maps = list(reversed(m.maps))

print(m.maps)
print('c = {}'.format(m['c']))

WEBRBFIERN, 5 'c' RKKHESHRE.

$ python3 collections_chainmap_reorder.py

[{Icl: lcl, vgta 'AI}, {lcl: |D', |b|: |B|}]

c=2C

[{'c': 'D*, 'D': 'B'}, {'c': 'C', 'a': 'A'}]
c=D

2213 EHE

ChainMap N&Z&FFHLHAME. Hit, MR EMNMRNERBR, WiiE ChainMap
Bt 2 R BB 4 Rrp
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{£78F % 2-13: collections_chainmap_update_behind.py

import collections

a={'a.: -Au' ncu: IC.}
b={'bv: IBI' sEts IDI}
m = collections.ChainMap(a, b)

print('Before: {}'.format(m['c']))
al'c'] = 'E'
print('After : {}'.format(m['c"']))

S 5 B B SR I B (55 38 s oo 3R A B0 —

$ python3 collections chainmap_update behind.py

Before: C
After : E

ol A3 ChainMap & H, Aidsihe B RAHEF RS — S 28BY.

fLR37E ¥ 2-14: collections_chainmap_update_directly.py

import collections

{'a's ‘A, %' 'G'}
{'b': 'B', 'c': 'D'}

a
b
m = collections.ChainMap(a, b)
print(‘'Before:', m)

mi'c'] = "E'

print('After :', m)
print('a:', a)

(A m AR (e, a BRAGT ST .

$ python3 collections chainmap update directly.py

Before: ChainMap({'c': 'C', 'a': 'A'}, {'c': 'D', 'b': 'B'})

After : ChainMap({'c': 'E', 'a': 'A'}, {'c': 'D', 'b': 'B'})

ay f"c™s "B, "a'y A}

ChainMap #4t T —FpER ik, TLUH—DESMIBLE ZE maps 51 2 i 5 A 4 2
—ANBRSE, XRE A AR A kSR 0B SO IR E RS .

X F0E & 2-15: collections_chainmap_new_child.py

import collections

a = {uaa: IA', vct: vcn}
b = {Ibl: lBl, ncu: .DI]’

ml = collections.ChainMap(a, b)
= ml.new_child()

print('ml before:', ml)
print('m2 before:', m2)

mz[vcnl = lEi

print(‘ml after:', ml)
print('m2 after:', m2)
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IERETXFMERRFT R, AT LAR Y E A ChainMap SEFI/E AR B A T 3C.
ELHy, WTLATRA S M7E — R NSk BB E, SRIGTE T — KSR ZF X LU

$ python3 collections_chainmap_new_child.py

ml before: ChainMap({‘c': 'C', 'a': 'A'}, {'c': 'D', 'b': 'B'})

m2 before: ChainMap({}, {'c': 'C', 'a': 'A'}, {'c': 'D', 'b":

!BI})

ml after: ChainMap({'c': 'C', 'a': "A'}, {'c': 'D', 'b': 'B'})

m2 after: ChainMap({'c': 'E'}, {'c': 'C', 'a': 'A'}, {'c': 'D',

Ibl: IBI})

GOARFT BT S MR AT R, AT LAE new_child () £ — BT,

fX70% % 2-16: collections_chainmap_new_child_explicit.py

import collections

a={'a: 'A', 'c': 'C'}
b={lbl. IBI, Icl: IDI}
C={¢cl. lEi}

ml = collections.ChainMap(a, b)
m2 = ml.new_child(c)

print('ml["c"] = {}'.format(ml['c']))
print('m2["c"] = {}'.format(m2['c']))

XAHY T

m2 = collections.ChainMap(c, *ml.maps)

I HRLT=

$ python3 collections_chainmap_new child_explicit.py

ml[ucu]
mz["C"]

2.2.2 Counter: ZitAI#IIHITSH

Counter —A-24%, AT LABREE S RUER N AR X AFAT LR LI HALE S
4 (bag) ML ES (multiset) BB LA E B

2.2.21 WL

Counter 3#F 3 MR ¥ M4k, A Counter B s %At o] AR — TR P
FIERE — U SR AT L, AT LU SR T S R0k R A S B

fHL;%E & 2-17: collections_counter_init.py

import collections

C
E

print(collections.Counter(['a', 'b', 'c', 'a', 'b', 'b']))
print(collections.Counter({'a': 2, 'b': 3, 'c': 1}))
print(collections.Counter(a=2, b=3, c=1))

X 3 Y B S RAR R — R
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$ python3 collections_counter_init.py
Counter({'b': 3, 'a': 2, 'c': 1})
Counter({'b': 3, 'a': 2, 'c': 1})
Counter({'b': 3, 'a': 2, 'c': 1})

BRI 2%, e IME—% Counter, RJ5i#d update() FEHE K.

7% $ 2-18: collections_counter_update.py

import collections

c = collections.Counter()
print('Initial :', c)

c.update('abcdaab')
print('Sequence:', c)

c.update({'a': 1, 'd': 5})
print('Dict 'y )

HBUE REREFREIEE N, BRBEF ALY, ETEMFTFH, a it
2M 33 mEl 4,

$ python3 collections_counter_update.py

Initial : Counter()

Sequence: Counter({'a': 3, 'b': 2, 'c': 1, 'd': 1})

Dict : Counter({'d': 6, 'a': 4, 'b': 2, 'c': 1})

2.22.2 HEitE

—H3JER T Counter, ERLIERFH API SREE HIME,

RMiBH 2-19: collections_counter_get_values.py

import collections
¢ = collections.Counter('abcdaab')

for letter in 'abcde':
print('{} : {}'.format(letter, c[letter]))

MFRMGITE, Counter A4 KeyError, WURTER A FEAERBIEAE (0
W e), METHH 0,

$ python3 collections_counter_get_values.py

oo oTw
O FPFNW

elements () HFEREI—/ 8%, ZEREPR AR Counter AEMIE TR,

fLH8;8 8 2-20: collections_counter_elements.py

import collections
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¢ = collections.Counter('extremely')
c['z'] =0

print(c)

print(list(c.elements()))

AREIETCR MITUFAZE, HANTEUNTRET 0 KR AL EEN.

$ python3 collections counter elements.py

Counter({'e': 3, 'x': 1, 'm': 1, 't': 1, 'y': 1, 'l': 1, 'r': 1,
'z': 0})
[|x|' lmI’ ltl' Iel' Oel’ lel' IyI’ IlI' IrI]

fH most_common () AT LAARR—NFFI, HAEE n MEE 82 5 AJE AR 4.

R85 % 2-21: collections_counter_most_common.py

import collections

¢ = collections.Counter()
with open('/usr/share/dict/words', 'rt') as f:
for line in f:
c.update(line.rstrip().lower())

print('Most common:"')
for letter, count in c.most_common(3):
print('{}: {:>7}'.format(letter, count))

XA FEGE T RGN BT A BT, DU — MR, SRJSITED 3
AECHE B F . WRAE most_common () #ESH, W24 i BT A oo R A — 1
S, HBUEHET

$ python3 collections_counter_most_common.py

Most common:

e: 235331
i: 201032
a: 199554
2223 BEBAREBE

Counter SO FFABARMESBRIEREMERIRE . T X1 RER T e=H
Counter SLBIMARHERIERF, AL hSTHF +=, -=, &= M | = FEHPATHHBRIER

R#EH 2-22: collections_counter_arithmetic.py

import collections

cl
c2

i

collections.Counter(['a', 'b', 'c', 'a', 'b', 'b'])
collections.Counter('alphabet')

print('C1l:', cl)
print('C2:*, c2)

print('\nCombined counts:"')
print(cl + c2)

print('\nSubtraction:")
print(cl - c2)

print('\nIntersection (taking positive minimums):')
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print(cl & c2)

print('\nUnion (taking maximums):")
print(cl | c2)

G YGE o — N EREA R — N Counter B, %0 0 58 50K 7T 462 9 % .
£ c1 1 c2 W a MBI, B LU #AE R B R ECh 0,

$ python3 collections counter_arithmetic.py

C1l: Counter({'b': 3, 'a': 2, 'c': 1})

c !
C2: Counter({'a': 2, 'b*: 1, 'p': 1, 't': 1, 'l': 1, 'e':t 1, 'h': 1})

Combined counts:
Counter({'b': 4, 'a': 4, 'p': 1, 't'; 1, 'c':+ 1, 'e': 1, 'L':1, 'h': 1})

Subtraction:
Counter({'b': 2, 'c': 1})

Intersection (taking positive minimums):
Counter({'a': 2, 'b': 1})

Union (taking maximums):
Counter({'b': 3, 'a': 2, 'p':+ 1, 't': 1, 'c': 1, 'e': 1, 'L': 1, 'h': 1})

2.2.3 defaultdict: S/ HEIRE—MEIAE

P IEE—1 setdefault () 77k, M EGARIRI—ME, IR MEAF
TEMER S —MRIAME. 52, FiRERA defaultdict ibEAERATRE ERIME.

fRADE R 2-23; collections_defaultdict.py

import collections

def default_ factory():
return 'default value'

d = collections.defaultdict(default_factory, foo='bar')
print('d:", d)

print('foo =>', d['foo'])

print('bar =>', d['bar'])

RErA A MRORIAME, IB2XDHERT IR H., mERAMER—
P TRERBMEMER, 0 list, set &F int, FAXMHENLHAH., FrfEEX
AR TR EZ I PR defaultdict BB+,

$ python3 collections defaultdict.py

d: defaultdict(<function default factory at 0x101921950>,
{'foo': 'bar'})

foo => bar

bar => default value

R MRS
o defaultdict examples”: 47 X#+4& M defaultdict &4 F,

© https://docs.python.org/3.5/library/collections. html#defaultdict-examples
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e Evolution of Default Dictionaries in Python®: James Tauber #F defaultdict 5#44LF
oy Hfo sy XAAX X R PTG,
2.2.4 deque: MNimBEAF

A BAFI X deque STHRFMERE — s i AMBR TR . oM H R BIPIF S (BIARABA
F0) B XU BASI HRAETZ S, BT A e AR o 4 48 BR TR 72 25—

R#G;F % 2-24: collections_deque.py

import collections

d = collections.deque('abcdefg’)
print('Deque:*', d)
print('Length:', len(d))
print('Left end:', d[0])
print('Right end:', d[-1])

d.remove('c')
print('remove(c):', d)

BT deque B—FiFHIZA%, BEILFEREHF list f)—2e4824E, A getitem ()
BENE, BEKE, AGEZICEAR IR HEERTE .

$ python3 collections deque.py

Deque: deque(['a‘', 'b', 'c', 'd', 'e', 'f', 'g'])
Length: 7

Left end: a

Right end: g

remove(c): deque(['a', 'b', 'd', 'e', 'f', 'g'])

2241 HFE
Al LMER —Im e deque, HAE Python SEBUHBEFRA “Zovm” M “A¥” o

{70%%8 2-25: collections_deque_populating.py

import collections

# Add to the right.
dl = collections.deque()
dl.extend('abcdefg')

print(‘'extend s, d1)
dl.append('h")
print('append R 1) |

# Add to the left.

d2 = collections.deque()
d2.extendleft(range(6))
print('extendleft:', d2)
d2.appendleft(6)
print('appendleft:', d2)

extendleft () sRECERALBEHE A, XENTELEMRS appendleft () R

©  http://jtauber.com/blog/2008/02/27/evolution_of default dictionaries_in python/
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. RALRRE deque KL EEFHEATFS.

$ python3 collections_deque_populating.py

extend : deque(['a', 'b*, 'c', 'd*, 'e', 'f', 'g'])
append : deque(['a', 'b', 'c¢', 'd', 'e', 'f', 'g', 'h'])
extendleft: deque([5, 4, 3, 2, 1, 0])

appendleft: deque([6, 5, 4, 3, 2, 1, 0])

2242 H#E
Kl TLAM PSR AE B — SR H 2% deque HUTUR, X T AL %

7% H 2-26: collections_deque_consuming.py

import collections

print('From the right:')
d = collections.deque('abcdefg')
while True:
try:
print(d.pop(), end="")
except IndexError:
break
print

print('\nFrom the left:')
d = collections.deque(range(6))
while True:
try:
print(d.popleft(), end="")
except IndexError:
break
print

{# /8 pop () AT LAM deque A vl —JT &, L popleft () ATLIMNZA dE—
IR,
$ python3 collections_deque_ consuming.py

From the right:
gfedcba
From the left:
012345

HI FXUmBA I R LR % 20, B AR ZE AT DAFEA [RIZR 2 A [R] ik A 9 i 7 2% BA S B N A

fHLiE$ 2-27: collections_deque_both_ends.py

import collections
import threading
import time

candle = collections.deque(range(5))

def burn(direction, nextSource):
while True:
try:
next = nextSource()
except IndexError:
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break
else:
print('{:>8}: {}'.format(direction, next))
time.sleep(0.1)
print('{:>8} done'.format(direction))
return

left = threading.Thread(target=burn,

args=('Left', candle.popleft))
right = threading.Thread(target=burn,

args=('Right', candle.pop))

left.start()
right.start()

left.join()
right.join()

XA T PR R AL B, MBRTH, EEXA deque A%,

$ python3 collections_deque_both_ends.py

Left:
Right:
Right:

Left:
Right:

Left done
Right done

2243 ek
deque M5 — AR F B I 2 o] IREE M iess, Mmiska —2%oE.

N Wk

K% H 2-28: collections_deque_rotate.py

import collections

d = collections.deque(range(10))
print('Normal ', d)

d = collections.deque(range(10))
d.rotate(2)
print('Right rotation:', d)

d = collections.deque(range(10))
d.rotate(-2)
print('Left rotation :', d)

¥ deque [ A lieke (fEH—MIERKE) aMAmRTER, HFELEENBR L. M
e (EH—AAME) MR LRBEA Y. 7 LUERHIE deque FRITTRE R
ZITER S8 B, XX T ERAR XU BA S AR A 5 B

$ python3 collections _deque rotate.py

Normal : deque([0, 1, 2, 3, 4,
Right rotation: deque([8, 9, 0, 1, 2,
Left rotation : deque([2, 3, 4, 5, 6

-

~N ww»;
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2.2.4.4 RHIBAFIK /AN

ELE deque AR ATLATE E— M RAKE, EASBERXNKAD. BIEBEER
KER, FEEFTKAEMSMBRAARITR . MRBER T RKEAHE T OFRSE
IR, BAXMITARBRAR.

R#8;EH 2-29: collections_deque_maxlen.py

import collections
import random

# Set the random seed so we see the same output each time
# the script is run.
random.seed(1)

dl
d2

collections.deque(maxlen=3)
collections.deque(maxlen=3)

for i in range(5):
n = random.randint(0, 100)
print('n ="', n)
dl.append(n)
d2.appendleft(n)
print('D1:', dl)
print('D2:', d2)

ARTUEIE B —dw, BASK BERRIRIF AL o

$ python3 collections_deque maxlen.py

n=17

D1: deque([17], maxlen=3)

D2: deque([17], maxlen=3)

n=72

D1: deque([17, 72], maxlen=3)

D2: deque([72, 17], maxlen=3)

n =97

D1: deque([17, 72, 97], maxlen=3)
D2: deque([97, 72, 17], maxlen=3)
n=28

D1: deque([72, 97, 8], maxlen=3)

D2: deque([8, 97, 721, maxlen=3)

n =32

D1: deque([97, 8, 32], maxlen=3)

D2: deque([32, 8, 97], maxlen=3)

’R: HEXRIEA R
e Wikipedia: Deque®: *F 3k A 5] £ 38 4 My 693 6,
e deque Recipes®: 7/ & #5849 5k 48 A S AT 644 F

2.2.5 namedtuple: FTHEFRATAHTFE
i tuple [ FISE RS DRI 5 .

©  https://en.wikipedia.org/wiki/Deque
© https://docs.python.org/3.5/library/collections.html#deque-recipes
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&% #¥ 2-30: collections_tuple.py

bob = ('Bob', 30, 'male')
print('Representation:', bob)

jane = ('Jane', 29, 'female’)
print('\nField by index:', jane[®])

print('\nFields by index:')
for p in [bob, jane]:
print('{} is a {} year old {}'.format(xp))

X R, tuple IR A EHRIERS
$ python3 collections_tuple.py
Representation: ('Bob', 30, 'male')

Field by index: Jane

Fields by index:
Bob is a 30 year old male
Jane is a 29 year old female

H—JE, A tuple B Eid X A MEEFEABITRT, XATESFBEIR,
AR tuple A KEFE, M HWETHMEH A A E HIERZAE . namedtuple
BT BN R A EBUERTIN, BAHEELT .

2251 EX

H5EMMITH—F, namedtuple EHEANFMHEH T HFEERES, BAENEREE
— A EEHI T, & Fh namedtuple #i A S KFER, XK MH namedtuple() T
" RECkAIE ., SEMEREZ M — TR TRANFERS,

R73;%% 2-31: collections_namedtuple_person.py

import collections
Person = collections.namedtuple('Person', ‘'name age')

bob = Person(name='Bob', age=30)
print('\nRepresentation:', bob)

jane = Person(name='Jane', age=29)
print('\nField by name:', jane.name)

print('\nFields by index:')
for p in [bob, jane]:
print('{} is {} years old'.format(xp))

WX A F R, BT ERARECH MO B RS 4, &R ME A &g (obj.attr)
4 5i)iln namedtuple HIFEL.

$ python3 collections_namedtuple person.py

Representation: Person(name='Bob', age=30)
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Field by name: Jane
Fields by index:

Bob is 30 years old
Jane is 29 years old

5%# tuple Z{l, namedtuple b B A EKA . XAFRHI T tuple 3EH HA
—HAEME, XEER LT ENTAEFRPRRIFESEEATP,

A% H$ 2-32: collections_namedtuple_immutable.py

import collections
Person = collections.namedtuple('Person', 'name age')

pat = Person(name='Pat', age=12)
print('\nRepresentation:', pat)

pat.age = 21

R EE S 2 BRI E, BAXEFH—1 AttributeError.

$ python3 collections _namedtuple immutable.py

Representation: Person(name='Pat', age=12)
Traceback (most recent call last):
File "collections_namedtuple immutable.py”, line 17, in
<module>
pat.age = 21
AttributeError: can't set attribute

2252 FEFERE
INRTFBAEEWES Python REBF R, M2HMBIEFEA.

A3 $ 2-33: collections_namedtuple_bad_fields.py

import collections

try:

collections.namedtuple('Person', 'name class age')
except ValueError as err:

print(err)

try:

collections.namedtuple('Person', 'name age age')
except ValueError as err:

print(err)

it Bant, ERESF3 ValueError 5% .

$ python3 collections_namedtuple bad fields.py

Type names and field names cannot be a keyword: ‘class'
Encountered duplicate field name: ‘'age’

MEEETEFEHZIMIELIE— named tup le( IR — ¥ FE 2 iR [ 4910
AT, MFLIHFAMEFEEER), BAXFHHER TN rename &% E A True, LU
SHHER FBREMA .
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R#GFEE 2-34: collections_namedtuple_rename.py

import collections

with class = collections.namedtuple(
'Person', 'name class age',
rename=True)

print(with class. fields)

two_ages = collections.namedtuple(
'Person', 'name age age',
rename=True)

print(two_ages. fields)

i 4 7 B R 4 TR T EfE A P &R S|, Bl h class WFBRESEM _1,

BEE N age FENAK 2,

$ python3 collections namedtuple rename.py

(‘name', ' 1', 'age')

('‘name', 'age', '_2')

2253 EERY

namedtuple $24t T IRZH A EERT HORAL B -F RG], P X e 88 4
#HA—NTRL () B, HBBIEKEZH Python BFF, XESER—IMREREME. A
i, XF namedtuple, XMRTSEN T Py ILX %75 M PR AR RS 5.

& A namedtuple K& LFHEMFEASHRFAAE fields B,

R#GiFE 2-35: collections_namedtuple_fields.py

import collections

Person = collections.namedtuple('Person', 'name age')

bob = Person(name='Bob', age=30)
print('Representation:', bob)
print(‘Fields:', bob. fields)

RESERE— AR TR S, EFHEEER R &8 TR — 5

$ python3 collections namedtuple fields.py

Representation: Person(name='Bob', age=30)
Fields: ('name', 'age')

A LUE A asdict() ¥ namedtuple SEf##: 5 OrderedDict 524,

R#9;EH# 2-36: collections_namedtuple_asdict.py

import collections

Person = collections.namedtuple(‘'Person', 'name age')

bob = Person(name='Bob', age=30)
print('Representation:', bob)
print('As Dictionary:', bob. asdict())
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OrderedDict M54 namedtuple &) BT HF .

$ python3 collections namedtuple asdict.py

Representation: Person(name='Bob', age=30)
As Dictionary: OrderedDict([('name’, 'Bob'), ('age', 30)])

_replace() HEME ML, EXPMIBRPLER - LFENE.
{¢Fi%F 8 2-37: collections_namedtuple_replace.py

import collections
Person = collections.namedtuple(’'Person', ‘name age')

bob = Person(name='Bob', age=30)
print('\nBefore:', bob)

bob2 = bob. replace(name='Robert"’)
print('After:', bob2)
print('Same?:', bob is bob2)

REMNEF FEUTFLSESRRARMNER, HHET namedtuple SEFRARIAER), ATLL
SEhR XA AR Bl — AR

$ python3 collections_namedtuple replace.py

Before: Person(name='Bob', age=30)
After: Person(name='Robert', age=30)
Same?: False

2.2.6 OrderedDict: id{Em@=FhiEmEBHIRF
OrderedDict B—~F80-F2, AL AT

A% 2-38: collections_ordereddict_iter.py

import collections

print('Regular dictionary:')

d={}

d[lall = 'A'
d[abll = 'B'
d[lcl] = 'C'

for k, v in d.items():
print(k, v)

print('\nOrderedDict:")
d = collections.OrderedDict()

di'a'] = ‘A"
d['b'] = 'B"
df'c'] = 'C’

for k, v in d.items():
print(k, v)

WA dict FFARERIE AR, 2Ok B2 1R 45 5 2 b 4n o] 774 58 ok 22001 e A= A
{E, THFIRPROTFESZ - HEIERZWE, LB W%E, OrderedDict HIAHR,
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BT EBAMIGUY, JFAEQ B AR R XA .

$ python3 collections ordereddict_iter.py

Regular dictionary:
cC
b B
aA

OrderedDict:
a A

b B
¢ C

2.2.6.1 HEH
WL dict ERAEMSEHN SR HANA . OrderedDict &% BT RN aIF .

RELFH 2-39: collections_ordereddict_equality.py

import collections

print('dict ', end=' ")
dl = {}

dl[lavl = IA'

dl[lbl] = IBI

dl[ch] = lcl

dz = {}

d2['c'] = 'C'

dz[lbl] - IBI

dz[!al] = lAl

print(dl == d2)
print('OrderedDict:', end=' ')

dl = collections.OrderedDict()

di['a'] = 'A
di['b‘'] = '8’
dl['c'] = 'C'
d2 = collections.OrderedDict()
dz[lcul = lcl
d2['b'] = '8!
dz[lall = IAI

print(dl == d2)

EXAEFh, B FRNEFFRAARFHEE, LA XEAEFFHaR
AR

$ python3 collections_ordereddict equality.py

dict : True
OrderedDict: False
2262 EH

7t OrderedDict A LAf# FH move to end() ¥5# ZFFI MR AR BALE Kk
A5 B B ITLFF



76  Python 3 7 /A

fR73;% % 2-40: collections_ordereddict_move_to_end.py

import collections

d = collections.OrderedDict(

[(‘a', 'A"), ('D', 'B"), ('c', 'C')]
)
print('Before:"')

for k, v in d.items():
print(k, v)

d.move_to_end('b")
print('\nmove_to_end():")
for k, v in d.items():

print(k, v)
d.move_to end('b', last=False)
print('\nmove_to _end(last=False):')

for k, v in d.items():
print(k, v)

last 2%(&4F move_to_end() B CEB I HEFIMEGE— LR (SEUEHR
True) sEE—1TLE (¥ N False),

$ python3 collections ordereddict move to_end.py

Before:
aA
b B
cC

move _to end():
aA
cC
b B

move to end(last=False):
b B
a A
ccC

R MERBEMR
e PYTHONHASHSEED®: &AL E F TR M Fik (ARAEF R PRGEE) Hho
& RALAY F1A

2.2.7 collections.abc: BEMNMKESE

collections.abc &SR EA, HHF Python WEEHEIRSHLIK coll-
ections fEHE XA BHELEME X T APL. # 2-1 Al TXEERRHARN—IFIE.

© https://docs.python.org/3.5/using/cmdline.html#envvar-PYTHONHASHSEED
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F2-1 HFESL
ES E-% 3 AP| Fi&
Container HABIEE, W in BAER
Hashable BN T RPN SRR, AT LA 2 A S $R K
FI{E
Iterable A LAERRNE LRlg— kRS
Iterator Iterable XEFWHE ER—1 %R
Generator Iterator JERARY B T PEP 342 fyA: A MY
Sized SRENE B C R/ Z R I i
Callable AT RAME S s BOR 8 B 27 2%
Sequence Sized, Iterable, Container | X#RBURANIGRUSGERFIMAETEINT
MutableSequence Sequence RO — NI JE I A T &
ByteString Sequence 43f bytes 1 bytearray i API
Set Sized, Iterable, Container | HpEAHME, MZEMIHE
MutableSet Set BT REESFEHESNEN L
Mapping Sized, Iterable, Container | & dict K AL API
MutableMapping Mapping B SCB RS e TR N A I s
MappingView Sized 5 SCMEAR B8 1 IRl e i A R B APT
ItemsView MappingView, Set & APT 99—
KeysView MappingView, Set A API y—3B4>
ValuesView MappingView E API f—F 53
Awaitable await FRiE= P XS APT, Nt
Coroutine Awaitable LI ZEHR) API
Asynelterable ite;’ﬁ;b?:;gniplfor (PEP 492 H15%E X ) A
AsyncIterator AsyncIterable Sk AUER Y API

B 7 BT b E SUR R 4589 APL, X Sl G B 2AA n] IAE R FIXTRATH isinstance()
MR — X REE L — 1 AP, FHREEMT HELH, BN ERS “BAR"
(mix-in) HiEERARER, MADMLERE T,

RoR: HXFEAE

e collections #9474 & L #5°,

e % T collections # Python 2 %] Python 3 # 4L #L% .
o PEP 342°. @it At A X8 ZAHIHAE,

PEP 492°. %/ async # await &4,

© https://docs.python.org/3.5/library/collections.html
© www.python.org/dev/peps/pep-0342
® www.python.org/dev/peps/pep-0492
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2.3 HA: BEXBHEFT

array BREE X T —PMFSIBESH, FRES List WML, RAL A W5
WNIFE AR R B A S RY . STHRF 928 U AL 4 P A BUE S B SOH b B R/ RE A 26 (i
FA) o

F 22 TR — 28R array MARHERE SCRI R T RTA KRR A E R8I« .

#2-2 array BRRMEIKRE

R#5 e 3] RAOKA (F75)
b Int 1
B Int 1
h Signed short 2
H Unsigned short 2
i Signed int 2
I Unsigned int 2
1 Signed long 4
L Unsigned long 4
q Signed long long 8
Q Unsigned long long 8
f Float 4
d Double float 8

2.3.1 #taik

array L F A T PR f— S HORH IR R AR EHR KR, &7 LA — M EETE
B Hh 891 b BAE R 31
70E L 2-41. array_string.py

import array
import binascii

S
a

b'This is the array.'
array.array('b', s)

print('As byte string:', s)
print('As array :', a)
print('As hex :', binascii.hexlify(a))

EXABIFH, BABRENEE— AW, R0 R T R R R

$ python3 array string.py

As byte string: b'This is the array.'

As array : array('b', [84, 104, 105, 115, 32, 105, 115, 32,
116, 104, 101, 32, 97, 114, 114, 97, 121, 46])

As hex : b'54686973206973207468652061727261792e"
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2.3.2 ApIE¥AE
5 Ath Python FEFI2EML, ATLARARBEN XY BMALIE array.

#5758 2-42; array_sequence.py

import array
import pprint

a = array.array('i', range(3))
print('Initial :', a)

a.extend(range(3))
print('Extended:', a)

print('Slice :', al[2:5])

print('Iterator:')
print(list(enumerate(a)))

H A SCRRIEEE D F . SR RTERBINITER .

$ python3 array sequence.py

Initial : array('i', [0, 1, 2])

Extended: array('i', [0, 1, 2, 0, 1, 2])

Slice : array('i', [2, @, 1])

Iterator: )

[(e, 0), (1, 1), (2, 2), (3, ), (4, 1), (5, 2)]

2.3.3 HAMTH
AT LM & T 10 B RO S SO 8 B R R 0 WA B A U S SCAEE HH A
558 2-43;: array_file.py

import array
import binascii
import tempfile

a = array.array('i', range(5))
print('Al:', a)

# Write the array of numbers to a temporary file.
output = tempfile.NamedTemporaryFile()
a.tofile(output.file) # Must pass an xactualx file
output. flush()

# Read the raw data.
with open(output.name, 'rb') as input:
raw data = input.read()
print('Raw Contents:', binascii.hexlify(raw data))

# Read the data into an array.
input.seek(0)

a2 = array.array('i')
a2.fromfile(input, len(a))
print('A2:', a2)

XTI T BN SO R BERURE, R T R A — A
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#H, IFFVRERNE LR,
$ python3 array file.py
Al: array('i', [0, 1, 2, 3, 4])

Raw Contents: b'0000000001000000020000000300000004000000'
A2: array('i', [0, 1, 2, 3, 4])

tofile() f# A tobytes() # 1L % #E, fromfile() i H frombytes() it
"B B ¥ m] — A 2 S

RKRuLFER 2-44; array_tobytes.py

import array
import binascii

a = array.array('i', range(5))
print('Al:', a)

as_bytes = a.tobytes()
print('Bytes:', binascii.hexlify(as_bytes))

a2 = array.array('i")
a2.frombytes(as_bytes)
print('A2:', a2)

tobytes() fl frombytes () #ALFEF TR, MARE Unicode FAFH

$ python3 array tobytes.py
Al: array('i', [0, 1, 2, 3, 4])

Bytes: b'0000000001000000020000000300000004000000'
A2: array('i', [0, 1, 2, 3, 4])

2.3.4 fRIEFTIRF

A0SR B T B BE B R AR AE T, S8 76 &R B — AR AR [ 515 0
R4 (RAEMS EAX) ZHTHER ERHRINT, AB27T LA Python % e 3 > BUH A 44
AR EE IR,

K5 R 2-45: array_byteswap.py

import array
import binascii

def to hex(a):
chars_per_item = a.itemsize x 2 # 2 hex digits
hex version = binascii.hexlify(a)
num_chunks = len(hex_version) // chars_per_item
for i in range(num_chunks):
start = 1 x chars_per_item
end = start + chars_per_item
yield hex_version[start:end]

start = int('0x12345678', 16)
end = start + 5
al = array.array('i', range(start, end))
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a2 = array.array('i', range(start, end))
a2.byteswap()

fmt = '{:>12} {:>12} {:>12} {:>12}'

print(fmt.format('Al hex', 'Al', 'A2 hex', 'A2'))

print(fmt.format('-' % 12, '-' % 12, '-' % 12, '-' % 12))

fmt = '{!r:>12} {:12} {!r:>12} {:12}'

for values in zip(to_hex(al), al, to_hex(a2), a2):
print(fmt.format(*values))

byteswap() FELSH C ZHEAF LR FWIF, X HH Python 13 4b ¥ 4 4
=1

$ python3 array byteswap.py

b'78563412' 305419896 b'12345678' 2018915346
b'79563412"' 305419897 b'12345679' 2035692562
b'7a563412" 305419898 b'l1234567a' 2052469778
b'7b563412" 305419899 b'1234567b' 2069246994
b'7c563412' 305419900 b'1234567c' 2086024210

' HXFEES

array # ok & A5,

struct: struct &%,

Numerical Python®: NumPy £ — A>3 & 4L 2 X # 3% % &) Python &,
% F array & Python 2 %| Python 3 #H#.% .

2.4 heapq: HHFEZ®

3 (heap) R—THERELH, HPFFWAESXWEA -MEFLRFE. =%
( binary heap) AJLAM#H—NEHAMTIREFARR, HPILE NHFILELT 2*N+1 #
2*N+2 (R5|IN 0 FFih) . XFpf /R iF R ERr A S, M A 7658 sl M BR oT E af &
FiamKENE

B RKHE (max-heap) BATRCT A KFHREFTFTHMANFW . B/ (min-heap) ZRAL
W E/NF B FHFY 4. Python i heapq BRI T — AN/

241 REIEHE
X—4 R R F¥E R heapq_heapdata. py FHIFUEE.
{735 % 2-46: heapq_heapdata.py

# This data was generated with the random module.

data = [19, 9, 4, 10, 11]

©  https://docs.python.org/3.5/library/array.html
© www.scipy.org
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i 5 F heapg_showtree. py $TER,

{08 2-47: heapq_showtree.py

import math
from io import StringIO

def show_tree(tree, total width=36, fill=' '):
"""Pretty-print a tree."""
output = StringIO()
last_row = -1
for i, n in enumerate(tree):
if i:
row = int(math.floor(math.log(i + 1, 2)))
else:
row = 0
if row != last_row:
output.write('\n')
columns = 2 x* row
col_width = int(math.floor(total_width / columns))
output.write(str(n).center(col_width, fill))
last_row = row
print(output.getvalue())
print('-' x total_width)
print()

242 flEH
BIEHEA PIRhIEA 7. heappush() #l heapify().
L% 2-48: heapq_heappush.py

import heapq
from heapg_showtree import show_tree
from heapg_heapdata import data

heap = [1]
print('random :', data)
print()

for n in data:
print(‘'add {:>3}:'.format(n))
heapq.heappush(heap, n)
show_tree(heap)

£/ heappush (), MEEREIRE TR SRFFITR BMEHF BT o

$ python3 heapg_heappush.py
random : [19, 9, 4, 10, 11]

add 19:
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19
add 4
4
19 9
add 10
4
10 9
19
add 11
4
10 9
19 11

IRBIRC ZENFF, WA heapify () FHIEFHALATIRPH TR L ER .
fR73;F & 2-49: heapq_heapify.py

import heapq
from heapq_showtree import show tree
from heapq_heapdata import data

print (' random :', data)
heapq.heapify(data)
print(‘'heapified :')
show_tree(data)

IFIEIF— K — TR AETIR, PSR SHE—TRFSIEAAA heapify()
E—#B"Jo

$ python3 heapq_heapify.py

random : [19, 9, 4, 10, 11]
heapified :
4
9 19
10 11

2.4.3 FEHENRE
— B LW IETRAL, el LIEH heappop () MERE R/IMERTE .

7% % 2-50: heapq_heappop.py

import heapq
from heapq_showtree import show tree
from heapq heapdata import data

print('random :', data)
heapq.heapify(data)
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print('heapified :')
show tree(data)
print

for i in range(2):
smallest = heapq.heappop(data)
print('pop {:>3}:"'.format(smallest))
show_tree(data)

XA F R REE SR, HPEH heapify() fl heappop() X — 1%
IR IATHERF o

$ python3 heapg_heappop.py

random : [19, 9, 4, 10, 11]
heapified :
4
9 19
10 11
pop 4
)
10 19
11
pop 9
10
11 19

IR BAE— R P ER B TR I E R N E, AT LI heapreplace().

f£7;E % 2-51: heapq_heapreplace.py

import heapq
from heapq_showtree import show_tree
from heapq heapdata import data

heapq.heapify(data)
print(‘'start:')
show_tree(data)

for n in [0, 13]:
smallest = heapq.heapreplace(data, n)
print('replace {:>2} with {:>2}:'.format(smallest, n))
show_tree(data)

B R OT R, XA AR R — AN E /N HE, A pE e e HE Mk BAS

$ python3 heapg_heapreplace.py

start:
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244 HREIERE

heapq it EFEF A AT EXT R (iterable) HIREL, W] AR P& AR KR
/MERITER -

KRER 2-52 heapq_extremes.py

import heapq
from heapg_heapdata import data

print('all :', data)

print('3 largest :', heapg.nlargest(3, data))
print('from sort :', list(reversed(sorted(data)[-3:])))
print('3 smallest:', heapq.nsmallest(3, data))
print('from sort :', sorted(data)[:3])

HAEY n{H (n>1) XN nlargest () #l nsmallest () AB®EH, AH
SefF L T XA R B TR .
$ python3 heapq_extremes.py

all : [19, 9, 4, 10, 11]
3 largest : [19, 11, 10]

from sort ; [19, 11, 10]

3 smallest: [4, 9, 10]

from sort : [4, 9, 10]

245 BYREHBEFFY
ST /NBORSE, BENEFRRISHB—ANFRINBRES .

list(sorted(itertools.chain(xdata)))

STERIEESE, X MERARES SHARAE. merge() ARMEBENEIHFFEKIFIIHE
¥, MRER—HE—-R— TR BER—FFH, FIRBEERDIAFEHE T — oK.

5% %8 2-53: heapq_merge.py

import heapq
import random
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random.seed(2016)

data = []

for i in range(4):
new _data = list(random.sample(range(1l, 101), 5))
new_data.sort()
data.append(new_data)

for i, d in enumerate(data):
print('{}: {}'.format(i, d))

print('\nMerged:"')

for i in heapq.merge(xdata):
print(i, end=' ')

print()

HF merge() WSEBEEH T — 1, FILVESRIENRAIFHFIIANEIHBANT, A
RARE X 75 th TR

$ python3 heapq merge.py

0: [33, 58, 71, 88, 95]

1: [1e, 11, 17, 38, 91]

2: [13, 18, 39, 61, 63]
3: [20, 27, 31, 42, 45]

Merged:
10 11 13 17 18 20 27 31 33 38 39 42 45 58 61 63 71 88 91 95

®’R: HXEEME

e heapq #9474 & X4,

e Wikipedia: Heap (data structure)®: #3825 M — A4k

® 263 % “fEaF]”: ATAAEEF Queue #)—AMESLAF] LA,

2.5 bisect: #IPHFFEIIR
bisect BIHSIH T —AMEERMFIFPIHATLE, FNTHREIREF.

251 BFBEA
T4 H— N E AR F, SXEMEH insort () &4 JRIF H— Aol R P iFATE,

fR78;F 8 2-54: bisect_example.py

import bisect

# A series of random numbers
values = [14, 85, 77, 26, 50, 45, 66, 79, 10, 3, 84, 77, 1]

print('New Pos Contents')
print('--- " ---  ca----a- )

© https://docs.python.org/3.5/library/heapq.html
© https://en.wikipedia.org/wiki/Heap (data_structure)
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1 =11

for i in values:
position = bisect.bisect(l, i)
bisect.insort(1l, i)
print('{:3} {:3}'.format(i, position), 1)

W A3 BR THBEILE 5 3 Bm T XM ECKm A RIP RO E. 5—
TR T BRI R B9 A P51 3R

$ python3 bisect example.py

New Pos Contents

14 0 [14]
85 1 [14, 85]
77 1 [14, 77, 85]
26 1 [14, 26, 77, 85]
50 2 [14, 26, 50, 77, 85]
45 2 [14, 26, 45, 50, 77, 85]
66 4 [14, 26, 45, 50, 66, 77, 85]
79 6 [14, 26, 45, 50, 66, 77, 79, 85]
10 e [10, 14, 26, 45, 50, 66, 77, 79, 85]
3 e [3, 10, 14, 26, 45, 50, 66, 77, 79, 85]
84 9 [3, 10, 14, 26, 45, 50, 66, 77, 79, 84, 85]
8

[3, 10, 14, 26, 45, 50, 66, 77, 77, 79, 84, 85]
1 e [1, 3, 16, 14, 26, 45, 506, 66, 77, 77, 79, 84, 85]

XR—TRE R, Lk, T AR ERR, MREENEIIRA
Jase i —WHERF, WTREEEE R, AdXFRIIRMS, EARMXEN—HAHFE
WERT LA A B I AN AF, JUHR OB A3 R Al 5 IR Ve T BT B AR R T 3R

252 AHEES

ZHI B RS RENTE N EENE 77, bisect B THA T RARES .
BFET LG AR RER A DS AR. insort () RESERR LR insort_right() B4,
XN EBEEREZEHASE. MM insort left () sREUNLEEMEZ Al ASE.

Rmi%F$ 2-55 bisect_example2.py

import bisect

# A series of random numbers
values = [14, 85, 77, 26, 50, 45, 66, 79, 10, 3, 84, 77, 1]

print(‘'New Pos Contents')
print(’- mew s ‘)

# Use bisect left and insort left.

1=1]

for i in values:
position = bisect.bisect left(l, i)
bisect.insort_left(1l, i)
print('{:3} {:3}'.format(i, position), 1)

f# F bisect_leff() flinsort left() Ab¥FEIF MBI, SREMFNEF
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S, AdEEEHANCVEARFAR.

$ python3 bisect_example2.py

New Pos Contents

14 0 [14]
85 1 [14, 85]
77 1 [14, 77, 85]
26 1 [14, 26, 77, 85]
50 2 [14, 26, 50, 77, 85]
45 2 [14, 26, 45, 50, 77, 85]
66 4 [14, 26, 45, 50, 66, 77, 85]
79 6 [14, 26, 45, 508, 66, 77, 79, 85]
10 0 [10, 14, 26, 45, 50, 66, 77, 79, 85]
3 e [3, 10, 14, 26, 45, 50, 66, 77, 79, 85]
84 9 [3, 1e, 14, 26, 45, 50, 66, 77, 79, 84, 85]
77 7 [3, 10, 14, 26, 45, 50, 66, 77, 77, 79, 84, 85]
1 e [1, 3, 10, 14, 26, 45, 50, 66, 77, 77, 79, 84, 85]

Rx: MBXFEEME
e bisect #4745,
e Wikipedia: Insertion Sort™: #AHE5F ka9,

2.6 queue: Z£ELZLH FIFO £

queue HEHEM T —MEHATELBHBEMNSH L (FIFO, first-in, first-out) ¥4
g5k, ATLARREA T E MR ELRBZ N L 23 E RSOt EEE . e AEL
HPE, FENLEILUEZLME SR —1 Queue LB, Queue R/ CHHEE
BITCE B FTRESZPR, LABR I P78 Pl sliab 78

PR X2 RBERCE TR —RER. »REERKFE, R2AEFITE
B AZZA TREZLAE—EAFXG5F TH,

2.6.1 EZ FIFO BAZI

Queue KL T — AR LI H AL, /A put () K oTE XA F 51—
i, A get () M7 —imMikx.

RLEH 2-56: queue_fifo.py

import queue
q = queue.Queue()

for i in range(5):
q.put(i)

© https://docs.python.org/3.5/library/bisect.html
@ https://en.wikipedia.org/wiki/Inseruon_sort
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while not q.empty():
print(q.get(), end="' ")
print()

AT T — AN ERAR R R s Hedl A T R BUARRNUT A BAZ I BR TR
$ python3 queue fifo.py

01234

2.6.2 LIFOBAF

5 Queue H¥RME FIFO SEBIAR, LifoQueue T GEF SHEIBLSWECEKE) &
#4e (LIFO, last-in, first-out) JHFF .

KAEEHR 2-57: queue_lifo.py

import queue
q = queue.LifoQueue()

for i in range(5):
g.put(i)

while not q.empty():
print(qg.get(), end=' ')
print()

get KBRS A put FHAZIBAFIRGE .

$ python3 queue lifo.py

43210

2.6.3 5T

FHELT, TEREASIF TR MFFE SRR E XU R A BRI, A 25 5 H
S HZEAF PR B EE AT ERIBUY . Blhn, T UM $T ERME L 7T R R AR 56 F AT &
ARAEEITHRARESR, PriorityQueue ff FBAF P 25 B9 1 I i v s 3R U — 1
j—ﬁﬁo

fR#0;& % 2-58: queue_priority.py

import functools
import queue
import threading

@functools.total_ordering
class Job:

def __init__(self, priority, description):
self.priority = priority
self.description = description
print('New job:', description)
return
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def eq (self, other):
try:
return self.priority == other.priority
except AttributeError:
return NotImplemented

def __1t__(self, other):
try:
return self.priority < other.priority
except AttributeError:
return NotImplemented

q = queue.PriorityQueue()

q.put(Job(3, 'Mid-level job'))
q.put(Job(10, 'Low-level job'))
q.put(Job(1l, 'Important job'))

def process_job(q):
while True:
next_job = qg.get()
print('Processing job:', next job.description)
q.task done()

workers = [
threading.Thread(target=process_job, args=(q,)),
threading.Thread(target=process _job, args=(q,)),
|
for w in workers:
w.setDaemon(True)
w.start()

g.join()

XA FA S LRI, ZRIEREM get () WS HITRMLIH R,
BATIH A SRR, BB BASY TR AL BN Bk T4 82 B T SO

$ python3 queue_priority.py

New job: Mid-level job
New job: Low-level job
New job: Important job
Processing job: Important job
Processing job: Mid-level job
Processing job: Low-level job

264 ME—ITSEBRBREERER

X E—-EEE P EF, BRREARERER T mEF A2 L EE M Queue
Ko ITMBRFERZA-NHELA RSSRE, WEMEEMTHEA, Brsore gt
THE, HEALBEITHAEE AT, XERARMEENEREH, BT UAAREEL RN
A =R G, AN M HE SR SE B AT AR D — R b B 49 1 ke Ul BA Ao 8 A queue
Bk

HREE - SRESHE, BELT, XESHRAMSWA (BN, HEM, &
W) o AATEXABIFrh, KERBANEARIE URL 5 LA 1 BE S 1E .
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KFiE & 2-59: fetch_podcasts.py

from queue import Queue

import threading

import time

import urllib

from urllib.parse import urlparse

import feedparser

# Set up some global variables.

num_fetch threads = 2

enclosure queue = Queue()

# A real app wouldn't use hard-coded data.

feed urls = [ )
"http://talkpython.fm/episodes/rss',

1

def message(s):
print('{}: {}'.format(threading.current thread().name, s))

pRi%k download enclosures() 7E T{ELBEH iz T, F/H urllib AT,

def download enclosures(q):

""“This is the worker thread function.

It processes items in the queue one after

another. These daemon threads go into an

infinite loop, and exit only when

the main thread ends.

while True:
message('locking for the next enclosure')
url = g.get()
filename = url.rpartition('/')[-1]
message('downloading {}'.format(filename))
response = urllib.request.urlopen(url)
data = response.read()
# Save the downloaded file to the current directory.
message('writing to {}'.format(filename))
with open(filename, 'wb') as outfile:

outfile.write(data)

q.task_done()

—HE LT ERE HirR¥, TR LIS 3 TIEZFE . download_enclosures()
WFER url = q.get () B, SFEZEIFER, HFIBAITLEREIFEALGER ., XU, BIERS
IS (AT N AT DL 22 b s ZhER 7R

# Set up some threads to fetch the enclosures.
for i in range(num_fetch_threads):
worker = threading.Thread(
target=download_enclosures,
args=(enclosure_queue, ),
name='worker-{}'.format(i),
)
worker.setDaemon (True)
worker.start()

T—#fdH feedparser HBKBUREANZ, XL HEA) URL AR, —HE—
A~ URL #nEIA%, $toH EATAELKBEBGXA URL, FHFHE TR XMMEH S8k
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HinotR, HAX M RECPEEHYE, THELKRESMHKUOKE URL HBALISER T .

# Download the feed(s) and put the enclosure URLs into
# the queue.
for url in feed_urls:
response = feedparser.parse(url, agent='fetch_podcasts.py')
for entry in response['entries'][:5]:
for enclosure in entry.get('enclosures', []):
parsed url = urlparse(enclosure['url'])
message( 'queuing {}'.format(
parsed_url.path.rpartition('/')[-1]))
enclosure _queue.put(enclosure['url'])

A — PR, BEM join() ARFFAIIEZ.

# Now wait for the queue to be empty, indicating that we have
# processed all of the downloads.

message('*x+ main thread waiting')

enclosure queue.join()

message( ' xxx done')

BTN BB AS AT LA pSSEARL T T Al i o

$ python3 fetch podcasts.py

worker-0: looking for the next enclosure

worker-1: looking for the next enclosure

MainThread: queuing turbogears-and-the-future-of-python-web-framework
s.mp3

MainThread: queuing continuum-scientific-python-and-the-business-of-o
pen-source.mp3

MainThread: queuing openstack-cloud-computing-built-on-python.mp3
MainThread: queuing pypy.js-pypy-python-in-your-browser.mp3
MainThread: queuing machine-learning-with-python-and-scikit-learn.mp3
MainThread: =+* main thread waiting

worker-0: downloading turbogears-and-the-future-of-python-web-framewo
rks.mp3

worker-1: downloading continuum-scientific-python-and-the-business-of
-open-source.mp3

worker-0: looking for the next enclosure

worker-0: downloading openstack-cloud-computing-built-on-python.mp3
worker-1: looking for the next enclosure

worker-1: downloading pypy.js-pypy-python-in-your-browser.mp3
worker-0: looking for the next enclosure

worker-0: downloading machine-learning-with-python-and-scikit-learn.m
p3

worker-1: looking for the next enclosure

worker-0: looking for the next enclosure

MainThread: =+ done

FLOR R i BT i I 69 RSS REHIHNA

R HEXEETE

e queue # R E LA,

e deque: collections &4 WK,

e Queue data structures™: BHERFH—BELTHLFE,

© https://docs.python.org/3.5/library/queue.html
© https://en.wikipedia.org/wiki/Queue_(abstract_data_type)
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e FIFO": #ATHE, MET Lt HBLEH,
e feedparser #3°. — A4 RSS #= Atom 226943k, & Mark Pilgrim 4/ & 5 & Kurt
McKee 447 .

2.7 struct: —HEHIELEN

struct B dF— Lo %y, XL %Al LSS LT 9 58 5 5U4E Python HE SR (4%
FHRIFAR) Z R,

271 HE¥S5 Struct 3

struct 4t T —HA M EMER S KB, BIMNEA —1 Struct 2, #HHER
P R FARB RN —FMaRiERR, XSABEENREXHT LM, XHERSHE
P—SRIR, FrLABIE—A Struct SEEIFEAE XA SE 6 b8 Jr Bt (O 26 F BB 4% o
¥ RS —KEHR, XE2FEE#. TEAFFEHT Struct 24,

2.7.2 FTEfEE

Struct XFeE A AIE R EHE 4T & (packing) AFHH, AN FRHBRE
(unpacking) ¥, #FERAFH TR BRI AT BRI BE X FHF (endianness)
TRARFF R B2 T B AT SUE R AT, WS H IR R .

£ FTHEBFTH, HAFERA - BURKEEE, —HFTFRFBUL—F
REG HBATE RS A& AR RIS RAE, I EAER AR U 2 5 2%

R#ER 2-60: struct_pack.py

import struct
import binascii

values = (1, 'ab'.encode('utf-8'), 2.7)
s = struct.Struct('I 2s f')
packed data = s.pack(xvalues)

print('Original values:', values)

print('Format string :', s.format)
print('Uses :', s.size, 'bytes')
print('Packed Value :', binascii.hexlify(packed data))

XA FRAT R M E R D — TR F 75, LMER binascii.hexlify()
TED, BERAEERZ null,

$ python3 struct pack.py

Original values: (1, b'ab', 2.7)

Format string : b'I 2s f'

Uses : 12 bytes

Packed Value : b'0100000061620000cdcc2c40’

@ https://en.wikipedia.org/wiki/FIFO_(computing and_electronics)
© https://pypi.python.org/pypi/feedparser
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i unpack () 7T LAMFTF2 A s b BOE R
REDF P 2-61: struct_unpack.py

import struct
import binascii

packed data = binascii.unhexlify(b'0100000061620000cdcc2c4@')

s = struct.Struct('I 2s f')
unpacked_data = s.unpack(packed data)
print('Unpacked Values:', unpacked_data)

KATEEE A unpack (), #A F2BRMARE (ETFASEFOE/NER).

$ python3 struct_unpack.py

Unpacked Values: (1, b'ab', 2.700000047683716)

273 FTF

BiAH, HSEHEA CERNSF Y A (endianness) F 4. HFEEAR S PR
BROFNHFIES, Ml URE S E 5 X BRIAEEE

RELH & 2-62: struct_endianness.py

import struct
import binascii

values = (1, 'ab'.encode('utf-8'), 2.7)
print('Original values:', values)

endianness = [

('@', 'native, native'),
‘=', 'native, standard'),

('<', 'little-endian'),
('>', 'big-endian'),
(*1', 'network'),

for code, name in endianness:
s = struct.Struct(code + ' I 2s f')
packed data = s.pack(xvalues)

print()
print('Format string :', s.format, 'for', name)

print('Packed Value :', binascii.hexlify(packed data))

print('Uses :', s.size, 'bytes')
print('Unpacked Value :', s.unpack(packed data))

235 T Struct FHBFENFIRA.

£ 2-3 Struct NEFFIERHT
R '
JR AR
T AE bR e
/Nty
K3
P 4% JIi

8

I
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$ python3 struct endianness.py

Original values: (1, b'ab', 2.7)

Format string
Uses
Packed Value

Format string
Uses
Packed Value

Format string
Uses
Packed Value

Format string
Uses
Packed Value

Format string
Uses
Packed Value

: b'@ I 2s f' for native, native
: 12 bytes

: b'0100000061620000cdcc2c40’
Unpacked Value :

(1, b'ab', 2.700000047683716)

: b'=1 2s f' for native, standard
1 10 bytes

: b'010000006162cdcc2c40’

Unpacked Value :

(1, b'ab', 2.700000047683716)

: b'< I 2s f' for little-endian
: 10 bytes

: b'010000006162cdcc2c40!
Unpacked Value :

(1, b'ab', 2.700000047683716)

: b'>1I2s f' for big-endian
: 10 bytes

: b'0000P0O16162402ccced!
Unpacked Value :

(1, b'ab', 2.700000047683716)

:b'! I 2s f' for network
: 10 bytes

: b'000000016162402ccccd’
Unpacked Value :

(1, b'ab', 2.700000047683716)

274 ZHER

A A 56 R P RE B 1 O B T R AR AL A BAE M B A 2 b PR 4T R
o 3 I S AT G5 0 B — N R b X Bt R B R4, X e AF UL AT LAAR B AL
pack_into() #l unpack_from() 77T HIEEE AT B ZEMIX o

R70&E % 2-63 struct_buffers.py

import array
import binascii
import ctypes
import struct

s = struct.Struct('I 2s f')
values = (1, 'ab'.encode('utf-8'), 2.7)
print('Original:', values)

print()
print(‘'ctypes string buffer')

b = ctypes.create string buffer(s.size)

print('Before ', binascii.hexlify(b.raw))
s.pack_into(b, @, xvalues)
print('After +', bipascii.hexlify(b.raw))

print('Unpacked:', s.unpack_from(b, 0))

print()
print('array')

a = array.array('b', b'\@' x s.size)
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print('Before :', binascii.hexlify(a))
s.pack into(a, 0, xvalues)
print(‘'After :', bipascii.hexlify(a))

print('Unpacked:', s.unpack from(a, 0))

Struct f) size BHIHENMRFERA LK,

$ python3 struct_buffers.py
Original: (1, b'ab', 2.7)

ctypes string buffer

Before : b'000000000000000000000000'
After : b'0100000061620000cdcc2c40’
Unpacked: (1, b'ab', 2.700000047683716)

array

Before : b'000000000000000000000000'
After : b'0100000061620000cdcc2c40’
Unpacked: (1, b'ab', 2.700000047683716)

R MXPFEME

struct & 4r:f & 4%,

struct # Python 2 %] Python 3 #445L9 .

array: array Bk, ATaAEEAZEYUMEET],

binascii: binascii #3k, A T4 & =it #)#IEe9 ASCI £+,

WikiPedia: Endianness®: 44 FHXF, BT FHAFAALL D F 55 oo E,

2.8 weakref: XHREIIEXRASIH

weakref B TR RBHE . EHENE| AWM 205 B, H8a e sk
Ff, HERFALRBMBERRHIREE, LA MTESHEIR—NERSIH, K&EFNE
BN REEM R R EL ., 555]H ( weak reference) f&2— A RERERXT 28 H 3hiF
FR AT S AR
2.8.1 5|H

MRAF5|HEET ref 2008 H . ERBURX S, ATLAEASI FXTE.

R AES 2-64: weakref_ref.py

import weakref

class ExpensiveObject:

def __del__(self):
print('(Deleting {})'.format(self))

© https://docs.python.org/3.5/library/struct.html
© https://en.wikipedia.org/wiki/Endianness



9

FE2F HEHYH 97

obj = ExpensiveObject()
r = weakref.ref(obj)

print(‘obj:', obj)
print(‘'ref:', r)
print('r():", r())

print('deleting obj"')
del obj
print('r():", r())

X E, BT obj S _WAHSI HZAIE £8MER, Frid ref i&[E None.

$ python3 weakref_ref.py

obj: < main__.ExpensiveObject object at ©x1007bla58>

ref: <weakref at 0x1007a92c8; to ‘ExpensivelObject' at
0x1007b1a58>

r(): < main__.ExpensiveObject object at 0x1007bla58>
deleting obj

(Deleting <__main__.ExpensiveObject object at 8x1007bla58>)
r(): None

2.8.2 5|HAMEA
ref 5 sRBCESZ — AT BE i B R R,  MHBR TS | R B S 22 R XA eR R

R EH & 2-65: weakref_ref_callback.py

import weakref

class ExpensiveObject:

def __del (self):
print('(Deleting {})'.format(self))

def callback(reference):
"""Invoked when referenced object is deleted"""
print('callback({!r})'.format(reference))

obj = ExpensiveObject()
r = weakref.ref(obj, callback)

print('obj:', obj)
print(‘ref:', r)
print('r():", r())

print('deleting obj"')
del obj
print(‘r():*, r())

Y5 Hes " mEAET HEMRE, XA FERESEZXN T M RIERSE.
XA A — R R BUR N RAF P IR 55 5| X R

$ python3 weakref ref callback.py

obj: < main__.ExpensiveObject object at 0x1010b1978>



98  Python 3 #7 8/

ref: <weakref at 0x1010a92c8; to 'ExpensiveObject' at
0x1016b1978>

r(): < _main__.ExpensiveObject object at 0x1010b1978>
deleting obj

(Deleting < _main__.ExpensiveObject object at ©x1010b1978>)
callback(<weakref at 0x1010a92c8; dead>)

r(): None

2.8.3 RZUIR

HELS 5| R X B IR E R @A E 3, o LIGEA finalize #f [B1A 5% &ORHK
finalize SLfile—ERE (HEIFORAIXTRBMER), BMERFHFEA R B RZATRE05 .

fRi3% % 2-66 weakref_finalize.py

import weakref

class ExpensiveObject:

def __del__(self):
print('(Deleting {})'.format(self))

def on_finalize(xargs):
print('on_finalize({!r})"'.format(args))

obj = ExpensiveObject()
weakref.finalize(obj, on finalize, 'extra argument')

del obj

finalize W B AIEERERXTR, gL B Z 9 F ) callable, PAKAEA
XA callable B BT A (L B Eifr & S5,

$ python3 weakref finalize.py

(Deleting < main__.ExpensiveObject object at 0x1019b10fe>)
on_finalize(('extra argument',))

XA finalize SEFIA — PRI EJRM: atexit, FIRIEHITRF IR H B2 & 08 A X A [a]
A (ARERFA)

REHE 2-67: weakref_finalize_atexit.py

import sys
import weakref
class ExpensiveObject:
def _del__(self):
print('(Deleting {})'.format(self))

def on_finalize(xargs):
print('on_finalize({!r})"'.format(args))
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obj = ExpensiveObject()
f = weakref.finalize(obj, on_finalize, 'extra argument')
f.atexit = bool(int(sys.argv([1]))

BN ERFALGX A FEE . ¥ atexit BN false SEEHXMITH.

$ python3 weakref finalize atexit.py 1

on_finalize(('extra argument',))
(Deleting < _main__.ExpensiveObject object at 0x1007b10f0>)

$ python3 weakref finalize atexit.py ©

iR finalize SEFIRALATIRESX RE—1 51 M, XELRH—F|IRHBRE, B
AKX BRI AN 2 BB 3% [

K#F$ 2-68: weakref_finalize_reference.py

import gc
import weakref

class ExpensiveObject:

def del (self):
print('(Deleting {})'.format(self))

def on_finalize(xargs):
print('on finalize({!r})'.format(args))

obj = ExpensiveObject()
obj id = id(obj)

f = weakref.finalize(obj, on finalize, obj)
f.atexit = False

del obj
for o in gc.get objects():

if id(o) == obj_id:
print('found uncollected object in gc')

w EFEAR, R obj MEXTIHELMER, ERXMWRIRE, @i f 0k E
W AR AT I

$ python3 weakref_finalize_reference.py

found uncollected object in gc

i F BT BRER X G 1 — 4B J7 1R AE A callable 7] L35 24 ik S o 2 e A4k

fX#0;&E % 2-69: weakref_finalize_reference_method.py

import gc
import weakref
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class ExpensiveObject:

def _del (self):
print('(Deleting {})'.format(self))

def do_finalize(self):
print('do_finalize')
obj = ExpensiveObject()
obj_id = id(obj)

f = weakref.finalize(obj, obj.do finalize)
f.atexit = False

del obj
for o in gc.get _objects():

if id(o) == obj_id:
print('found uncollected object in gc')

TR finalize #£4tHY callable 23EH obj M—A88E ik, BRI B4 8
T obj B9—A5IH, EAREHMH R A 3% [k .

$ python3 weakref finalize reference_method.py

found uncollected object in gc

284 K

AR LSS T AR, MERARE AT MR R R R —, T HAZKTE
VIR SR Z A e VR AU, XU, AT LORHAERAZ S B — AN, TR A RE B
R — 5 AR EIERX SR

R EiF#H 2-70: weakref_proxy.py

import weakref

class ExpensiveObject:

def __init__(self, name):
self.name = name

def del (self):
print('(Deleting {})'.format(self))

obj = ExpensiveObject('My Object')
r = weakref.ref(obj)
p = weakref.proxy(obj)

print('via obj:', obj.name)

print('via ref:', r().name)
print('via proxy:', p.name)
del obj

print('via proxy:', p.name)
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R 5| FHA RS iR, 274 —4 ReferenceError #%.

$ python3 weakref proxy.py

via obj: My Object
via ref: My Object
via proxy: My Object
(Deleting < main__.ExpensiveObject object at 0x1007aa7b8>)
Traceback (most recent call last):

File "weakref proxy.py", line 30, in <module>

print('via proxy:', p.name)

ReferenceError: weakly-referenced object no longer exists

285 ZBHEXWNH

ref # proxy XHANE KE" . REENNTHPEIHROFHIIAREM, I

HA ST H X E 3RS | 6 B 52 e, 1H WeakKeyDictionary #i WeakValueDictionary
FKABNBEZNNRNEFRME T - NEEEH APL

WeakValueDictionary R ERFMEMNSESIH, HHAAAREAHFEEMSFXLE

R ALiEE 2-71: weakref_valuedict.py

(R, AR iFsr sk md, AR EREEMBRAH, THEER T R FIFH Weak-
ValueDictionary 52N 7EAb B A X 51 .

import gc
from pprint import pprint
import weakref

gc.set_debug(gc.DEBUG_UNCOLLECTABLE)
class ExpensiveObject:

def __init__(self, name):
self.name = name

def __repr__(self):
return 'ExpensiveObject({})'.format(self.name)

def del (self):
print(’ (Deleting {})'.format(self))

def demo(cache factory):
# Hold objects so any weak references
# are not removed immediately.
all refs = {}
# Create the cache using the factory.
print('CACHE TYPE:', cache_factory)
cache = cache_factory()
for name in ['one', 'two', 'three']:
o = ExpensiveObject(name)
cache[name] = o
all_refs[name] = o
del o # decref

print(' all_refs =', end=' ')
pprint(all_refs)
print('\n Before, cache contains:', list(cache.keys()))
for name, value in cache.items():
print(’ {} = {}'.format(name, value))
del value # decref
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# Remove all references to the objects except the cache.
print(‘\n Cleanup:"')

del all_refs

gc.collect()

print('\n After, cache contains:', list(cache.keys()))
for name, value in cache.items():

print("’ {} = {}'.format(name, value))
print(' demo returning')
return
demo(dict)

print()

demo (weakref.WeakValueDictionary)

WMREAERIE R EARE, BaXSEAEELMEBAER, UENRA5IH
Bogi b, BN, Sk ESRA SRR R, ENMIASRBERGE . K0, all_
refs ZRRFRAFSI M, LABT L BT 5 b7 5 Rl

$ python3 weakref valuedict.py

CACHE TYPE: <class 'dict's>
all refs = {'one': ExpensiveObject(one),
‘three': ExpensiveObject(three),
"two': ExpensiveObject(two)}

Before, cache contains: [‘one', 'three', 'two']
one = ExpensiveObject(one)
three = ExpensiveObject(three)
two = ExpensiveObject(two)

Cleanup:

After, cache contains: ['one', 'three', 'two']
one = ExpensiveObject(one)
three = ExpensiveObject(three)
two = ExpensiveObject(two)
demo returning
(Deleting ExpensiveObject(one))
(Deleting ExpensiveObject(three))
(Deleting ExpensiveObject(two))

CACHE TYPE: <class 'weakref.WeakValueDictionary'>
all_refs = {'one': ExpensiveObject(one),
‘three': ExpensiveObject(three),

'two': ExpensiveObject(two)}

Before, cache contains: ['one', 'three', 'two'l]
one = ExpensiveObject(one)
three = ExpensiveObject(three)
two = ExpensiveObject(two)

Cleanup:
(Deleting ExpensiveObject(one))
(Deleting ExpensiveObject(three))
(Deleting ExpensiveObject(two))

After, cache contains: []
demo returning
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WeakKeyDictionary W TAESZ 8, A T 78 e 555 ] FhA = {E K55
51 M.

&: weakref 4 E XA AT £ 4.
¥ T WeakValueDictionary # i /£ Python F 3t 2 b, #% R 4 2 86 Rk s & X .
WeakValueDictionary THERApEiRiEX — 5, BABFEARFZRGFETRES S
HFRPHR R HEk (ARG EER).

’R: HXRIEA R

e weakref ¢9ir g A #, ©

e gC: gCRRAMBELB KU ENEO,
e PEP 205°: 33| A¥ERE,

2.9 copy: EfIx&
copy BB fIER N E %L copy () F1 deepcopy (), HTEHIHAKITER,
2.9.1 XREl&

copy () BIERZE & A (shallow copy) B— /M4y, HPHA THENENENSIH, &
3F list X&RE—MREIARR, SHE— 4 list, FRBEN R ITEEMEXS list,

RE;EE 2-72: copy_shallow.py

import copy
import functools

@functools.total_ordering
class MyClass:

def __init__(self, name):
self.name = name

def __eq__(self, other):
return self.name == other.name

def gt (self, other):
return self.name > other.name

a = MyClass('a')
my list = [a]
dup = copy.copy(my list)

print(’ my list:', my_list)

© https://docs.python.org/3.5/library/weakref.html
© www.python.org/dev/peps/pep-0205
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print("’ dup:', dup)
print("' dup is my list:', (dup is my list))
print("' dup == my list:', (dup == my list))

print(‘'dup[®0] is my list[@]:', (dup[®] is my list[@]))
print('dup[@] == my list[@]:', (dup[@] == my list[0]))

BRI —EEIA, HFASEH MyClass S£6], BrLd dup 51 RS M5 S my_
list FAMIRIKIRT R

$ python3 copy_shallow.py

my list: [<_main__.MyClass object at 0x1007a87b8>]
dup: [<__main__.MyClass object at ©x1007a87b8>]
dup is my list: False
dup == my list: True
dup[@] is my list[O]: True
dup[@] == my list[@]: True
292 FaX
deepcopy () QMRS AR HES, HPEETEMNZASTHEIA, BT —
A~ list WEREIA, SME— N list, EHEFIRMITE, RIEHEXERAE IBH
FE.

BRIBI I copy () VEfHEZE N deepcopy (), FILIERME 14 L AR,

RE#F# 2-73: copy_deep.py

import copy
import functools

@functools.total_ordering
class MyClass:

def __init__(self, name):
self.name = name

def eq (self, other):
return self.name == other.name

def gt _ (self, other):
return self.name > other.name

a = MyClass('a')
my list = [a]
dup = copy.deepcopy(my list)

print('dup[0@] is my list[0]:’
print('dup[@] == my list[0]:'

(dup[@] is my list[0]))
(dup[0] == my list[0]))

print(’ my list:', my list)

print(’ dup:', dup)

print(' dup is my list:', (dup is my_list))
print(’ dup == my_list:', (dup == my list))

FIRKE— N ILRAFRMF O REIAH, A BRI ERE, TR ERME
HH o
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$ python3 copy deep.py

my_list: [<__main__.MyClass object at 0x1018a87b8>]

dup: [<__main__.MyClass object at 0x1018b1lb70>]
dup is my list: False
dup == my_list: True
dup[0] is my list[@]: False
dup[0] == my list[0@]: True

293 EHEHITA

AIAE SR T copy_ () A1 __deepcopy () SR¥EEHIanfa g @4,

o M __copy__ () MARMEEMSE, XSBEEXRK—NERAIAE,

e I deepcopy (), HEMH#—-IEETFH, XLREXREHG—DERIA, B
AT ERE H 0 A R E % R & 5T %% 5] copy . deepcopy () LAFEHEH
(BFEFIEEEEE AR,

T XA TR A T ande] 8 A X T k.

R#3;F % 2-74: copy_hooks.py

import copy
import functools

@functools.total ordering
class MyClass:

def __ipit__(self, name):
self.name = name

def __eq__(self, other):
return self.name == other.name

def gt (self, other):
return self.name > other.name

def __copy__(self):
print('__copy ()")
return MyClass(self.name)

def __deepcopy__(self, memo):
print('__deepcopy__({})'.format(memo))
return MyClass(copy.deepcopy(self.name, memo))
a = MyClass('a')

sC
dc

copy.copy(a)
copy.deepcopy(a)

HELFIATRECZHAE, LR TREE.

$ python3 copy_hooks.py

__copy__()
__deepcopy__ ({})
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29.4 REIEPHES
AT S S 3 S BOR S5 T AR ORI (R RE, deepcopy () A T — ARk IREFE
EHEX R, KXAFHEAN _ deepcopy () Frik, SREFEIZ Y ¥t vl LUK £ 3X 4

?E‘O

TEKETFRRTESEB__deepcopy__ () 75k Al LIH B — A ¥ 0 20HE 45 1
Coan i (&) s Ssd I

K #LiE % 2-75: copy_recursion.py

import copy

class Graph:

def

def

def

def

__init (self, name, connections):

self.name = name
self.connections = connections

add connection(self, other):
self.connections.append(other)

__repr__(self):
return 'Graph(name={}, id={})"'.format(
self.name, id(self))

__deepcopy__ (self, memo):
print('\nCalling __deepcopy _ for {!r}'.format(self))
if self in memo:
existing = memo.get(self)
print(' Already copied to {!r}'.format(existing))
return existing
print(' Memo dictionary:"')
if memo:
for k, v in memo.items():
print(" {}: {}'.format(k, v))
else:
print(’ (empty) ')
dup = Graph(copy.deepcopy(self.name, memo), [])
print(' Copying to new object {}'.format(dup))
memo[self] = dup
for ¢ in self.connections:
dup.add connection(copy.deepcopy(c, memo))
return dup

root = Graph('root', [])
a = Graph('a', [root])
b = Graph('b', [a, root])
root.add_connection(a)
root.add_connection(b)

dup = copy.deepcopy(root)

Graph K& —SEA A [ BTk, oTUMHA—-ZM—13% (B2 EEHR
AR Witk —1 Graph SEf. add_connection() J7rikH TR ERE . EEH
BAEFF AR T XA
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__deepcopy__ () FERITENEER BRI ERMTEME, JFRESZEH

HLTHRAR, EAREFRBNEESR, MEEIE—1#H
®, HESMEERRAEMBIX AR, LHERT LB ORE
FAFT R S ER AT I, Tk I () S 2 R R
RIA ., SHim—, 58208 EE B RTER .

B 2-1 g A LR, A ) 4 T o Ak B3 U2 gf vl
LAE G I S BOR i AR IR . B IR A root B, 24EME
T

$ python3 copy_recursion.py

2-1

Calling _ deepcopy _ for Graph(name=root, id=4314569528)
Memo dictionary:
(empty)
Copying to new object Graph(name=root, id=4315093592)

Calling __deepcopy__ for Graph(name=a, id=4314569584)
Memo dictionary:
Graph(name=root, 1d=4314569528): Graph(name=root,
1d=4315093592)
Copying to new object Graph(name=a, id=4315094208)

Calling  deepcopy _ for Graph(name=root, id=4314569528)
Already copied to Graph(name=root, i1d=4315093592)

Calling _ deepcopy _ for Graph(name=b, id=4315092248)
Memo dictionary:
4314569528: Graph(name=root, id=4315093592)
4315692808: [Graph(name=root, i1d=4314569528), Graph(name=a,
1d=4314569584) |
Graph(name=root, 1d=4314569528): Graph(name=root,
1d=4315093592)
4314569584: Graph(name=a, id=4315094208)
Graph(name=a, 1d=4314569584): Graph(name=a, i1d=4315094208)
Copying to new object Graph(name=b, id=4315177536)

o

PRt 4 P ) TR I A

Wi E root AR, EAEEN a A, _deepcopy () KMBIEIE, &

AT rh A fE, TARAE— R,

"R X FIEM R
o copy #ARE B AT,

210 pprint: EMITENEIELS S

pprint BHEE—A “EMITERNL", M TERBESHE— WA, #k
TRSERBIRG BN —ERIR, AU RS IESR AT, CET AWM. fiite

RTREHE—1T £, 7N ZITR 2488t

© https://docs.python.org/3.5/library/copy.html
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X—H G FEHE T pprint_data.py, Hia& AT .
358 2-76: pprint_data.py

data = [
(1' {lak: IAI, Ibl' QBﬂ' ICI: lcl' |dk: lDl})'
(2, {'e': 'E*, 'f': 'F', 'g': 'G', 'h':; 'H',

lil: III‘ I]'l IJI' lki: IKI' I'LI: ILI}),

(3, ['m', 'n']),
(4, ['o", 'p", "a'l),
{5, ['F", "s*, *EN, e, ¥, MW, W24,

1

2.10.1 #TEp

B XA, EERKN S ERERH pprint () K5,
REZFEH 2-77: pprint_pprint.py

from pprint import pprint
from pprint data import data

print('PRINT:')
print(data)
print()
print('PPRINT:")
pprint(data)

pprint() #A—1XE, HEEEZEISHEEAR—DEER (FEFZRAW

sys.stdout).
$ python3 pprint pprint.py

PRINT:
(11, ("' 'C' 'B': "B, "d%F D%, “a'y ‘A"3), (2. £°K': "K's ‘1%
'I', 'ghr 'GY, “F'r 'FY, te't UEY, Chi W, ‘L' 'L, ‘1% '3'D),
3, ', 'n'1), (4, [0, 'p', ‘@', (5, ['r', sty ttu', v, U
lyl' lzl])]

PPRINT:

[(1’ {lal: IAI, Ibl: |BI' IC|: ICI' Idl: IDI})]

(21

(

-~

I: iEI'

: lFi,

: 'GY,

: 'H',

I: III’

: IJI’

: IK!,

S 3 )

‘'m', 'n'l),
o'y, 'p'y 'q'l),
r', 's', 'tu', v, o 'xt, 'yt 'z'])]

~ X e T@Q -

——
uUbs w
—_——— - = =

2.10.2 #®X4

BT BIESHT AR EEESZ— R (BATHEHR), "TLMEM pformat()

RN FREERR .
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Q% E 2-78: pprint_pformat.py

import logging
from pprint import pformat
from pprint_data import data

logging.basicConfig(
level=1logging.DEBUG,
format="'%(levelname)-8s %(message)s',
)

logging.debug('Logging pformatted data')

formatted = pformat(data)

for line in formatted.splitlines():
logging.debug(line.rstrip())

SRJE AT LA AT Ep XM AU FAF B REICA B &,

$ python3 pprint_pformat.py

DEBUG Logging pformatted data
DEBUG [, {"a's 'A",; "b': "B*; '¢*: "C*', ‘d*: "D"}),

DEBUG (2,

DEBUG {'e': '"E";
DEBUG upE VRS,
DEBUG ‘g': 'G'",
DEBUG ‘h': 'H',
DEBUG ‘it I},
DEBUG '3V '3Y,
DEBUG k' 'K,
DEBUG TV LR

DEBUG (3, [:m', 'n'1l),
DEBUG (4, ['o', 'p", 'q'1),
DEBUG (5’ [IrI, ISI' ltul' lvl' lxl' Iyl. lzl])]

2.10.3 EE3*

MRE—AEFIEKELT A _repr_ () i, 4 pprint() K PrettyPrinter
ST LA B X AR Y S 2K

X735 % 2-79: pprint_arbitrary_object.py

from pprint import pprint

class node:

def __init__(self, name, contents=[]):
self.name = name
self.contents = contents[:]

def __repr__(self):
return (
'node(' + repr(self.name) + ', ' +
repr(self.contents) + ')'

trees = [
node( '‘node-1'),
node( 'node-2', [node('node-2-1')]),
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node('node-3', [node('node-3-1')]),
]
pprint(trees)

HMHH PrettyPrinter 4 & RHREXN RAIFR KR [ M FRFBHRR .

$ python3 pprint_arbitrary object.py

[node('node-1', [1),
node('node-2', [node('node-2-1', [
node('node-3', [node('node-3-1', [

2104 &A

18 A BAE G5A th 38 e R BER IR 5| R R, XA <Recursion on typename with
id=number>.

f{73;5 % 2-80: pprint_recursion.py

from pprint import pprint

local _data = ['a', 'b', 1, 2]
local data.append(local data)

print('id(local_data) =>', id(local _data))
pprint(local_data)

fEX 4B FH, %13 local datatmal e &, X&tl@E—1EH51H.

$ python3 pprint_recursion.py

id(local data) => 4324368136
['a', 'b', 1, 2, <Recursion on list with id=4324368136>]

2.10.5 IREHESHH

MTARFROBESH, TRAZRE L PRI AAHTY . BEA ] REBA & s
Ko, WrTREMA AT KTEEEM, SEAEBIETREZRE,

{735 % 2-81: pprint_depth.py

from pprint import pprint

from pprint_data import data

pprint(data, depth=1)
pprint(data, depth=2)

f#i FHl depth Z%FT LA Hil SERFTEPALE A AL B R E RIR SRR E . PR &8
EXHA SRR
$ python3 pprint_depth.py

[(. de (o) ) )1
[(1, { }). (2, {.. }), (3, [ 1), 4, [ D), (5, L. DD
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2106 #EHIEHEE

R SCA R BRI TN 80 %], EHRBXATE, WLIE pprint() hEMZ
¥ width,

R7E# 2-82; pprint_width.py

from pprint import pprint

from pprint data import data

for width in [80, 5]:
print('WIDTH =', width)
pprint(data, width=width)
print()

458 B R/ A BERS R AR R BIRG, fia BT 2 SRRk EE, BAME
AT .

$ python3 pprint_width.py

WIDTH = 80
[(1' {Ial: IAI' Ibi: IBI' lCI: lcl' ldl: IDI})'

(2,

{lel: IEI'
lfl: IFI'
Igl: IG|'
lhl: IHI'
|il: lI{,
l]'l: lJl'
iy A,
l'll: ILI})'

(3, I'm", 'n']1),
(4, ['o', 'p', 'q']),
(5' [lr.v' ISI' 'tu', Ivl' le' |y|, Izl])]

WIDTH = 5
[,
{!al: lAl,
Ib|: IB',
Icl: Icl'
'dr: ‘D*});
(2,
{'e': 'E',
"Foy Y,
gy "G,
Ihl: |HI.
Ii{: 'Il’
ljl: IJI,
lkl: IKI'
I'Ll: ILI})’
(3,
['m",
o\ [
(4,
['o*,
|pl’
'q'1);
(5,
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compact fr & if pprint () ZHAESE 1T LM EFTLHEE, MAREE KBRS
W RREAT.

{78 $ 2-83: pprint_compact.py

from pprint import pprint

from pprint_data import data

print('DEFAULT:")
pprint(data, compact=False)
print('\nCOMPACT: ")
pprint(data, compact=True)

EAIF R T — M BHRGHTE—1T LR TR, B2 (BdEFIR 5 it
1), MREANTTRALLEE—FTE QEBE=AFENARR), BAESICENTBIER 7 L.

$ python3 pprint_compact.py

[(1, {'a': 'A', 'b*: 'B*, 'c': 'C', 'd': 'D'}),

(2,

{lel: |E|'

Ifl; IFI'

'‘g': 'G',

Ihl: IHI'

IiI: III'

J‘I: lJI'

lkl: lK

4 L),

(3, ['m', "'n']),

(4, ['o', 'p', 'q']).
(5, ["r, 's', "tu*, "V, "x', *y", *2']}1
[(1‘ {lal: IAI' Ibl: IBI, lcl: ICI ldl: IDI})'
(2,

{'e': 'E',

Ifl: lFi'

lgl: IG',

Ihl: IHl'

lil: III'

e i [

k'y "K'

Ill: ULO})'

(3, ['m", 'n']), (4, ['0', 'Pp', 'q'1),
(5' [nr|' ‘5', 'tu', lvr’ 'X', .y.' 'Z'])]

#oR: MEXRIEME
o pprint #9474 & L 45°,

© https://docs.python.org/3.5/library/pprint.html
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Python Bl FRZHI, 7] LR FIBE GAESF M S RKE T 1M R S LM B . B X FF
AR wEETX, BFadEX. mmXEAMEH. X3IMTFRXEEER —-IBFH
AEFTREME.

functools W& M EEH FRIEREE WA . J5 A A M (aspect-oriented) FifE LA
BAegm X R EA SRR ER . BT — KRB LLEHA— e X
FLPTA & A APL, HAMEMT partial MEckfIE R (AE5HS5) W5H.

itertools AiH4 & Y ok BOF -6/ 8 A Ak 2 ok 30X e il Ak AR AR AN A LA .
I PR AR T R B N B R R O (B AR EES T E A HR), operator A 7E A pR X
AR A E R ERZHREE Llambda K¥L.

Ao —FafE X, contextlib Lt WHREHERS . Fal g HE /.
ghb EFSCEBESMwith B A, WA try: finally BN BAFT S B4 B K,
R BB AR SO . RS . B S 55 AL A B UR AR 38 X4 A sl i S P R

3.1 functools: BERHHITE

functools it 7 —4b T HRAEE Y R A H A callable Xf %, MM ASTE
£EE,

3.1.1 B

functools Rt T T HEE partial 25, ALIA¥ “AX” —IMHERIAS
$HY callable X8R, 55| AIX R A G # 2 callable, "I EHERFRAKE., ©5FEK
WS HELME, WARERT DRESIMIG E S a S8 TLMER partial AR
lambda R BREEBINS B, AESHATLIATEE .

3.1.1.1 oK

FH—FRBAT R myfunc() P4 # partial % 4. show details()
%6 P A A X N4 44 (partial object) 9 func. args #l keywords Ef.

K738 % 3-1: functools_partial.py

import functools

def myfunc(a, b=2):
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"Docstring for myfunc()."
print(' called myfunc with:', (a, b))

def show details(name, f, is partial=False):
"Show details of a callable object."
print('{}:"'.format(name))
print(' object:', f)
if not is_partial:

print(' __name__:', f.__name__)
if is_partial:
print(' func:', f.func)

print(' args:', f.args)
print(' keywords:', f.keywords)
return

show details('myfunc', myfunc)
myfunc('a', 3)
print()

# Set a different default value for 'b', but require
# the caller to provide 'a'.

pl = functools.partial(myfunc, b=4)

show details('partial with named default', pl, True)
pl('passing a')

pl('override b', b=5)

print()

# Set default values for both 'a' and 'b'.
p2 = functools.partial(myfunc, ‘'default a', b=99)
show_details('partial with defaults', p2, True)

p2()
p2(b='override b')
print()

print('Insufficient arguments:"')
pl()

XTI EE, AT ZARIRKNS—1 partial, HEAN a ffA—1ME, X
BEFBE 1R

$ python3 functools_partial.py

myfunc:
object: <function myfunc at 0x1007a6a60>
_name__: myfunc

called myfunc with: (‘'a‘, 3)

partial with named default:
object: functools.partial(<function myfunc at 0x1007a6a60>,

b=4)
func: <function myfunc at 0x1007a6a60>
args: ()

keywords: {'b': 4}
called myfunc with: ('passing a', 4)
called myfunc with: ('override b', 5)

partial with defaults:
object: functools.partial(<function myfunc at 0x1007a6a60>,
'default a', b=99)
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func: <function myfunc at 0x1007a6a60>

args: ('default a',)

keywords: {'b': 99}

called myfunc with: ('default a', 99)

called myfunc with: ('default a', 'override b')

Insufficient arguments:
Traceback (most recent call last):
File "functools partial.py", line 51, in <module>
pl()
TypeError: myfunc() missing 1 required positional argument: 'a‘'

3.1.1.2 HEEREREM

Bildh, partial X R %A __name_ m __doc_ EiE., WIRBAEXLEME, B
165 4 10 BB BB e R . {8 update wrapper () AT LA JE iR ¥ & v 5 H 31 m )
partial %%,

{855 3-2: functools_update_wrapper.py

import functools

def myfunc(a, b=2):
"Docstring for myfunc()."
print(' called myfunc with:', (a, b))
def show_details(name, f):
"Show details of a callable object."
print('{}:'.format(name))
print(' object:', f)
print(' _ name__:', end=' ')
try:
print(f. name )
except AttributeError:
print('(no __name__)"')
print(' __doc__', repr(f.__doc_))
print()

show_details('myfunc', myfunc)

pl = functools.partial (myfunc, b=4)
show_details('raw wrapper', pl)

print('Updating wrapper:')

print(' assign:', functools.WRAPPER ASSIGNMENTS)
print(' update:', functools.WRAPPER _UPDATES)
print()

functools.update wrapper(pl, myfunc)
show_details(‘updated wrapper', pl)

34 o0 €0 % 4% 1 & 4 7E WRAPPER_ASSIGNMENTS 5 X, 4t WRAPPER_UPDATES
B T BB E,

$ python3 functools update wrapper.py

myfunc:
object: <function myfunc at 0x1018a6a60>
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__name__: myfunc
__doc__ 'Docstring for myfunc().'

raw wrapper:

object: functools.partial(<function myfunc at 0x1018a6a60>,
b=4)

__name__: (no __name__)

__doc__ 'partial(func, xargs, sxxkeywords) - new function with
partial application\n of the given arguments and keywords.\n'

Updating wrapper:

assign: ('__module_ ', '__name__', '__qualname__', '__doc__',
' _annotations_ ')

update: (' _dict__',)
updated wrapper:

object: functools.partial(<function myfunc at 0x1018a6a60>,
b=4)

__name__: myfunc

__doc__ 'Docstring for myfunc().'

3.1.1.3 Efik callable
partial i& M FAEAT callable XF 5, A 2L H R%,

g% % 3-3: functools_callable.py

import functools

class MyClass:
"Demonstration class for functools"

def __call__(self, e, f=6):

"Docstring for MyClass.__call__"
print(' called object with:', (self, e, f))

def show_details(name, f):
"Show details of a callable object."
print('{}:"'.format(name))
print(' object:', f)
print(' __name__:', end=' ')
try:
print(f.__name__)
except AttributeError:
print('(no __name__)"')
print(' __doc__', repr(f.__doc__))
return

o = MyClass()

show_details('instance', o)
o('e goes here')
print()

p = functools.partial(o, e='default for e', f=8)
functools.update _wrapper(p, 0)
show_details('instance wrapper', p)

p()

EAFIFA—MEE __call__ () FEkiEEE e #M xR,
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$ python3 functools_callable.py

instance:
object: < main__.MyClass object at 0x1011blcf8>
_name__: (no _ _name__ )

__doc__ 'Demonstration class for functools'
called object with: (<_main__.MyClass object at ©x1011blcf8>,
'e goes here', 6)

instance wrapper:

object: functools.partial(<__main__.MyClass object at
0x1011blcf8>, f=8, e='default for e')

__name__: (no __name__)

__doc__ 'Demonstration class for functools'

called object with: (<__main__.MyClass object at 0x1011blcf8>,

‘default for e', 8)

3.1.1.4 FEMEH

partial() i&[E—/ A] LA B3 FAY callable, partialmethod () i&[E ] callable M AT
LARPEX R AESR e Ik, 2 T miIBl 7, XA R ks iy MyClass HIR .
—¥{di ] partialmethod() fE5 methodl(), HB—WfEM partial() #E4 method2().

%% 3-4. functools_partialmethod.py

import functools

def standalone(self, a=1, b=2):
"Standalone function"
print(' called standalone with:', (self, a, b))
if self is not None:
print(' self.attr =', self.attr)

class MyClass:
"Demonstration class for functools"

def __init__(self):
self.attr = 'instance attribute’

methodl
method2

functools.partialmethod(standalone)
functools.partial(standalone)

0 = MyClass()
print('standalone')
standalone(None)
print()

print('methodl as partialmethod')
o.methodl()
print()

print('method2 as partial')

try:
o.method2()

except TypeError as err:
print('ERROR: {}'.format(err))

methodl() ATEAM MyClass — LB EA, XTMEFERE—-ISBEA, X
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53R T RE X T ERE—HER . method2() REUE X HHENE, FrLlom e g
i self 28, &, XPRAHSFE TypeError.
$ python3 functools_partialmethod.py

standalone
called standalone with: (None, 1, 2)

methodl as partialmethod

called standalone with: (<__main__.MyClass object at
0x1007b1d30>, 1, 2)

self.attr = instance attribute

method2 as partial

ERROR: standalone() missing 1 required positional argument:
'self’

3.1.1.5 FKEUSHFHREEY

ERT BT callable (IR PR BMIAT LA, EOVFHRE KRG 2B R “R”
PRELHY IR

H#;E % 3-5: functools_wraps.py

import functools

def show_details(name, f):
"Show details of a callable object.”
print('{}:'.format(name))
print(' object:', f)
print(' _ name__:', end=' ')
try:
print(f.__name_ )
except AttributeError:
print('(no __name__)")
print(' __doc__', repr(f._ _doc__))
print()

def simple decorator(f):
@functools.wraps(f)
def decorated(a='decorated defaults', b=1):
print(' decorated:', (a, b))
print(* ', end=' ')
return f(a, b=b)
return decorated '

def myfunc(a, b=2):
"myfunc() is not complicated"
print(' myfunc:', (a, b))
return

# The raw function

show details('myfunc', myfunc)
myfunc('unwrapped, default b')
myfunc('unwrapped, passing b', 3)
print()

# Wrap explicitly.
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wrapped_myfunc = simple_decorator(myfunc)
show_details('wrapped_myfunc', wrapped_myfunc)
wrapped_myfunc()

wrapped_myfunc('args to wrapped', 4)

print()

# Wrap with decorator syntax.
@simple_decorator
def decorated myfunc(a, b):
myfunc(a, b)
return

show_details('decorated myfunc', decorated_myfunc)
decorated_myfunc()
decorated myfunc('args to decorated', 4)

functools $#4 T —MEMIFF wraps (), E2% iR %0 ] update_wrapper ().

$ python3 functools wraps.py

myfunc:
object: <function myfunc at 0x101241b70>
__name__: myfunc

__doc__ 'myfunc() is not complicated'

myfunc: ('unwrapped, default b', 2)
myfunc: ('unwrapped, passing b', 3)

wrapped_myfunc:
object: <function myfunc at 0x1012e62f0>
__name__: myfunc
__doc__ ‘'myfunc() is not complicated'

decorated: ('decorated defaults', 1)
myfunc: ('decorated defaults', 1)

decorated: ('args to wrapped', 4)
myfunc: ('args to wrapped', 4)

decorated myfunc:
object: <function decorated myfunc at 0x1012e6400>
__name__: decorated myfunc
__doc__ None

decorated: ('decorated defaults', 1)
myfunc: ('decorated defaults', 1)

decorated: ('args to decorated', 4)
myfunc: ('args to decorated', 4)

3.1.2 Lt#&

fE Python 2 i, KA LIE X —1 __cmp__ () HiE, ESRB\ERAIXRNTF. FFR
BERTHEBEHTEMmMD5RE -1, 08 1, Python 2.1 5| AT & 4k (rich comparison)
FEAPL(__1t__().__le__().__eq__().__ne__().__gt _()#__ge (),
Al P58 i — 1> LB AR AE I 3R [l — MR /R{E. Python 3 JRFF T __cmp__ () MAUZ LA 263
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¥k, 54 functools et T —&TH, NMEEAGHEREFEHERMNIE, IS
Python 3 HHTHY HLARTE K .

3.1.21 EkE®

BT E LB APT B8 T X Fr M E i, DiEEAR T LRSI, A,
MR A R A2, RBEAVEF MBS BEHEFE T, total_ordering()
KA MRF AT LA — R4 T80 I i R BN HR i O ik .

7% ® 3-6: functools_total_ordering.py

import functools
import inspect
from pprint import pprint

@functools.total_ordering
class MyObject:

def init__(self, val):
self.val = val

def _eq_ (self, other):
print(' testing _eq_ ({}, {})'.format(
self.val, other.val))
return self.val == other.val

def __gt__(self, other):
print(' testing __gt__({}, {})'.format(
self.val, other.val))
return self.val > other.val

print('Methods:\n"')
pprint(inspect.getmembers(MyObject, inspect.isfunction))

a = MyObject(1)
b = MyObject(2)

print('\nComparisons:")

for expr in ['a < b', 'a<=b', 'a=b', 'a>=Db', 'a>b']:
print('\n{:<6}:'.format(expr))
result = eval(expr)
print(' vresult of {}: {}'.format(expr, result))

XARLTRME  eq__ () MAI—DEHEFENLR, XMEMHFLS MR
HEREH, BN RERNE, MREETR—HE, XN EMN %R E Not -
Implemented, MFER —Ni5 bW R SR R, MRNEELE, #E4
TERM.

$ python3 functools total ordering.py
Methods:

('__eq__', <function MyObject.__eq__ at 0x10139a488>),
('__ge_ ', <function _ge from gt at 0x1012e2516>),
('__gt ', <function MyObject. gt _ at 0x10139a510>),
('__init__', <function MyObject._ _init__ at 0x10139a400>),
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(' le ', <function _le_from gt at ©x1012e2598>),
('__1t__', <function _1t_from gt at ©x1012e2488>)]
Comparisons:

a<b:
testing __gt_ (1, 2)
testing __eq (1, 2)
result of a < b: True

a<=b:
testing _ gt (1, 2)
result of a <= b: True

a == 3
testing __eq_ (1, 2)
result of a == b: False

a >= b:
testing _ gt (1, 2)
testing __eq_ (1, 2)
result of a >= b: False

a>b:
testing __gt__ (1, 2)
result of a > b: False

3.1.22 LkxF

T Python 3 K FH T ZRX W LK K%L, sort() 2N EEPHATE L cmp 2%,
ST T R 2R, TR cmp_to_key () K H & ks N — R [E] b
st4t (collation key) HIEH, X MRATHETEERELFIIFHAE.

1% % 3-7: functools_cmp_to_key.py

import functools

class MyObject:

def ipit_ (self, val):
self.val = val

def __str__(self):
return ‘MyObject({})'.format(self.val)
def compare obj(a, b):
"""0ld-style comparison function,
print(‘'comparing {} and {}'.format(a, b))
if a.val < b.val:
return -1
elif a.val > b.val:
return 1
return ©

# Make a key function using cmp_to_key().
get_key = functools.cmp_to_key(compare_obj)

def get key wrapper(o):
"Wrapper function for get key to allow for print statements."
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new_key = get key(o)
print('key wrapper({}) -> {!r}'.format(o, new_key))
return new key

objs = [MyObject(x) for x in range(5, 0, -1)]

for o in sorted(objs, key=get key wrapper):
print(o)

EHHERT, ATUEEMSEH cmp_to_key (), AdXMilFH5IA T —NEsM0 23
PR, XFEVE AR B T LUTENE 2 H(F B -

i R, sorted() HAEXMFIIPME - ITRIHA get_key wrapper() DI
B—-8#. cmp_to_key() igEIFE#ZE functools & LA — 2L, XM
AR ER LB R BOECIE i APL, FrASERGIE 5, @il B Sk ) 51 HEF -

$ python3 functools cmp to key.py

key _wrapper(MyObject(5)) -> <functools.KeyWrapper object at
0x1011c5530>

key wrapper(MyObject(4)) -> <functools.KeyWrapper object at
0x1011c5510>

key wrapper(MyObject(3)) -> <functools.KeyWrapper object at
0x1011c5410>

key wrapper(MyObject(2)) -> <functools.KeyWrapper object at
0x1011c5390>

key wrapper(MyObject(1l)) -> <functools.KeyWrapper object at
0x1011c5710>

comparing MyObject(4) and MyObject(5)

comparing MyObject(3) and MyObject(4)

comparing MyObject(2) and MyObject(3)

comparing MyObject(1l) and MyObject(2)

MyObject (1)

MyObject(2)

MyObject(3)

MyObject(4)

MyObject(5)

3.1.3 £%F

Lru_cache() BHiff# — R RE - "B EPDHERR” ZFH. B8
SHAREYY IR, RAEHBER. FENEARNRAMERMSE, X
NEAF R BUE T A2 KU R X AMEMRF R 2 0 o BO% I 75 2R A R AT RPR S
(cache_info()) FiiE=24F (cache_clear()).

70§ &% 3-8: functools_lru_cache.py

import functools

@functools.lru_cache()

def expensive(a, b):
print('expensive({}, {})'.format(a, b))
return a » b

MAX = 2
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print('First set of calls:')
for i in range(MAX):
for j in range(MAX):
expensive(i, j)
print(expensive.cache info())

print('\nSecond set of calls:"')
for i in range(MAX + 1)
for j in range(MAX + 1):
expensive(i, j)
print(expensive.cache_info())

print('\nClearing cache:')
expensive.cache clear()
print(expensive.cache info())

print('\nThird set of calls:')
for i in range(MAX):
for j in range(MAX):
expensive(i, j)
print (expensive.cache info())

XA F1E— BRI P AT T 21 expensive () V. 55— Ui A oA 4 R
SHUE, SRIEEA D EE B HVUGEITIRART, S {E A B3
$ python3 functools lru_cache.py

First set of calls:

expensive(0, 0)

expensive(0, 1)

expensive(l, 0)

expensive(l, 1)

CacheInfo(hits=0, misses=4, maxsize=128, currsize=4)

Second set of calls:

expensive(0, 2)

expensive(l, 2)

expensive(2, 0)

expensive(2, 1)

expensive(2, 2)

CacheInfo(hits=4, misses=9, maxsize=128, currsize=9)

Clearing cache:
CacheInfo(hits=0, misses=0, maxsize=128, currsize=0)

Third set of calls:

expensive(0, 0)

expensive(0, 1)

expensive(l, 0)

expensive(l, 1)

CacheInfo(hits=0, misses=4, maxsize=128, currsize=4)

R T EER— N RETH RSB EF LR MY K, BEEE—-TRAK/D, BiA
J 128 MR, AdxtFEANEA LI maxsize 2B XA KN,

K52 3-9: functools_lru_cache_expire.py

import functools

@functools.lru_cache(maxsize=2)
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def expensive(a, b):
print('called expensive({}, {})'.format(a, b))
return a « b

def make call(a, b):
print('({}, {})'.format(a, b), end=' ')
pre_hits = expensive.cache info().hits
expensive(a, b)
post_hits = expensive.cache info().hits
if post_hits > pre hits:
print('cache hit')

print('Establish the cache')
make call(l, 2)
make call(2, 3)

print('\nUse cached items')
make call(l, 2)
make_call(2, 3)

print('\nCompute a new value, triggering cache expiration')
make call(3, 4)

print('\nCache still contains one old item')
make call(2, 3)

print('\nOldest item needs to be recomputed')
make call(l, 2)

EXNBITFh, BENEERN 2 TR, EHE3HARNSE (3,4) B, EfFET
REMITTRERSPER, NZX LR,
$ python3 functools lru cache expire.py

Establish the cache
(1, 2) called expensive(1l, 2)
(2, 3) called expensive(2, 3)

Use cached items
(1, 2) cache hit
(2, 3) cache hit

Compute a new value, triggering cache expiration
(3, 4) called expensive(3, 4)

Cache still contains one old item
(2, 3) cache hit

Oldest item needs to be recomputed
(1, 2) called expensive(l, 2)

lru_cache() BERZFHRBOMEATBINE, LU THEFERGEN R,
ERITASEE LR AT B8 .

X705 % 3-10: functools_lru_cache_arguments.py

import functools

@functools.lru cache(maxsize=2)
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def expensive(a, b):
print('called expensive({}, {})'.format(a, b))
return a * b

def make call(a, b):
print('({}, {})'.format(a, b), end="' ")
pre_hits = expensive.cache_info().hits
expensive(a, b)
post_hits = expensive.cache_info().hits
if post hits > pre_hits:
print('cache hit')

make call(l, 2)

try:

make call([1], 2)

except TypeError as err:
print('ERROR: {}'.format(err))

try:

make call(l, {'2': 'two'})

except TypeError as err:
print('ERROR: {}'.format(err))

TR — DA BRI X AL A XA s, &4 —A TypeError,

$ python3 functools_lru_cache_arguments.py
(1, 2) called expensive(l, 2)

([1], 2) ERROR: unhashable type: 'list'
(1, {'2': '"two'}) ERROR: unhashable type: ‘dict’

3.1.4 BREESE

reduce () ¥R — callable F1— NI FFFIENTA . B2 XTI EIEF
FA3X A callable, Ff R HNA5 3] A% H ok A4 BB MEFE i o

{7552 3-11: functools_reduce.py

import functools

def do_reduce(a, b):
print('do_reduce({}, {})'.format(a, b))
return a + b

data = range(1l, 5)

print(data)

result = functools.reduce(do_reduce, data)
print(‘'result: {}'.format(result))

XA T2 RINEA T 8

$ python3 functools reduce.py

range(l, 5)
do_reduce(l, 2)
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do_reduce(3, 3)
do_reduce(6, 4)
result: 10

ATER initializer ZYUKTEFFIEAETE, RHEAMITTR 4B, ATLFHX S
B LA A SRR TR A

R D%E# 3-12. functools_reduce_initializer.py

import functools

def do_reduce(a, b):
print('do_reduce({}, {})'.format(a, b))
return a + b

data = range(l, 5)

print(data)

result = functools.reduce(do reduce, data, 99)
print('result: {}'.format(result))

FEXANBIFH, 8 AR TE .80 99 k1AL reduce () THREAIME.

$ python3 functools reduce initializer.py

range(1l, 5)
do_reduce(99, 1)
do_reduce(1060, 2)
do reduce(102, 3)
do_reduce(105, 4)
result: 109

WREA initializer 38, WA RA AL RNFIIE A GBI AN X ME. =5
RER—MHR, BRIFRME T -4 initializer 2%

ffLiE % 3-13: functools_reduce_short_sequences.py

import functools

def do_reduce(a, b):
print(‘do_reduce({}, {})'.format(a, b))
return a + b

print('Single item in sequence:',
functools. reduce(do_reduce, [1]))

print('Single item in sequence with initializer:',
functools.reduce(do reduce, [1], 99))

print('Empty sequence with initializer:',
functools.reduce(do reduce, [], 99))

try:

print('Empty sequence:', functools.reduce(do_reduce, []))
except TypeError as err:

print('ERROR: {}'.format(err))
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BT initializer ZH MY F—IBIME, BHESHELSS (WREAFIIA R
75), AL IFAEZE BN SR FEREREY, XREZE., WRRMESHESEEGER
B, iRk TypeError MiAREA—A initializer 2%,

$ python3 functools_reduce short_sequences.py

Single item in sequence: 1

do_reduce(99, 1)

Single item in sequence with initializer: 100

Empty sequence with initializer: 99

ERROR: reduce() of empty sequence with no initial value

3.1.5 ZBIERY

T2 Python MBI AR MIE ST, BHTEE TS MR MM A A R B #RIE,
FRARTELETRINRERAN TENESN, BEEREEESHORRERBRE L, HEAR
WAFEHL T, TAEZRTRBUREIN R REP, X TXEFL, functools 24t T
singledispatch () BHifFREFEM —H 2 A F4 ( generic function), B LAAR #% PRECEE —
NSRRI AR B BT

K F37E 8 3-14: functools_singledispatch.py

import functools

@functools.singledispatch
def myfunc(arg):
print('default myfunc({!r})"'.format(arg))

@myfunc.register(int)
def myfunc_int(arg):
print('myfunc_int({})'.format(arg))

@myfunc.register(list)
def myfunc_list(arg):
print('myfunc_list()')
for item in arg:
print(' {}'.format(item))

myfunc('string argument')
myfunc(l)

myfunc(2.3)

myfunc(['a', 'b', 'c'])

BRI register () BHAYTH— MM, ATEMEAREM. M singledis-
patch () M — M REURINEL I, 7ERHE & H th 8 A KR oh B £ i i A BRIA 52
B, FEXNMF e KB E float,

$ python3 functools_singledispatch.py

default myfunc('string argument')
myfunc_int(1)
default myfunc(2.3)
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myfunc_list()
a
b
C

BA RPN KB e 2ICACH, 2R SRINY, I R i IC AR

{#3;% % 3-15: functools_singledispatch_mro.py

import functools

class A:
pass

class B(A):
pass

class C(A):
pass

class D(B):
pass

class E(C, D):
pass

@functools.singledispatch
def myfunc(arg):
print('default myfunc({})'.format(arg.__class__.__name__))

@myfunc.register(A)
def myfunc_A(arg):
print('myfunc_A({})'.format(arg.__class__._ _name_))

@myfunc.register(B)
def myfunc_B(arg):
print('myfunc_B({})'.format(arg.__class__.

__name__))

@myfunc.register(C)
def myfunc_C(arg):
print('myfunc_C({})'.format(arg.__class__.__name__))

myfunc(A())
myfunc(B())
myfunc(C())
myfunc(D())
myfunc(E())

FEXA T, DM E SCEMBMEMZE R AT EICE, Pk RBer
TREKEM.
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$ python3 functools_singledispatch_mro.py

myfunc_A(A)
myfunc B(B)
myfunc_C(C)
myfunc_B(D)
myfunc_C(E)

R HXEEAR

e functools #9474 & 447,

o FILEF L. Python AF s dy Pt F e F ek,

e Isolated @memoize®: Ned Batchelder #1— & X%, NB4fT4] & A T 47X 69 memoi-
zing 545 44 .

e PEP 443®. single-dispatch ;%% & # .

e inspect: EZT R4 84 APL,

3.2 itertools: &/ FHY

itertools WifF—4HH FA I EIRAE A PRE . XA H R AL Y pR U 32 R B 4
157 (W Clojure, Haskell, APL #1 SML) USRS K. HEH KR ZERHRELTE,
A RCE SR FNAE, AT ABRGSE —REAEE RN T ERNE L,

SRy RAOREMEE, ETFERIFSOAEAT AREETMNFHE SR, AEEFR
BERIEZET, AN E RS, B TXNEHE, A% EEHARIE R FEEN
AP XFP “f” AbBEARE AT DA S #e DL B KBRS M A RITER, Mimek EHEaE.

BT itertools HE X ipa%L, X —5+H6F& 2 F H— N &R B k.

3.21 AHMEMENRE
chain() REBMENMERBFEANSE, BRIFEE—ENREE, E24BTA ALK
aHINE, BEFBUX A ER A — A

& & 3-16: itertools_chain.py

from itertools import *

for i in chain([1, 2, 3], ['a', 'b', 'c']):
print(i, end=' ')
print()

FM chain(), TR HMALIREAFII A LHE —MRRHFIER.

$ python3 itertools_chain.py

l23abec

@ https://docs.python.org/3.5/library/functools.html

© https://docs.python.org/reference/datamodel. html#object. It
© http://nedbatchelder.com/blog/201601/isolated_memoize.html

® www.python.org/dev/peps/pep-0443
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TR RESE AT AIE T A B A (0 RAs (PTAAXTR), 3038 MR FESR A it 5,
A2 LA chain. from iterable() JRAgrExX 4.

KL% 3-17; itertools_chain_from_iterable.py

from itertools import x

def make iterables to chain():
yield [1, 2, 3]
yield ['a', 'b', 'c']

for i in chain.from iterable(make iterables to chain()):
print(i, end=' ')
print()

$ python3 itertools chain_from iterable.py

l123abc
WEEE zip() B EI—-TERE, ESESNERBOTES B —1ImHT.

R F0EH 3-18; itertools_zip.py

for i in zip([1, 2, 31, ['a', 'b', 'c']):
print(i)

XA A AL R, REMER A AEAXR, &—WRAER—ME.
$ python3 itertools zip.py
(1, 'a')
(2, 'b")
(3, 'c")
B MRALRIBLHE TN zip() S E L, BABETARMA (RIEEAHSERKE
ANEORFE), WZE[H zip_longest().

fLEQiE A 3-19: itertools_zip_longest.py

from itertools import x*

ri
r2

range(3)
range(2)

print('zip stops early:')
print(list(zip(rl, r2)))

rl
r2

range(3)<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>