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B—E: WREMHE

Python It T REMARERIELEN, BEIIR, FEULFH, RSHBIBFRATE
AXLEHIELEMZRE RN, B2, BINESZEHIEZIENE R, HIFITESFSFI
LEBFAEMEE, FHit, I—FHNEMNMETNEXLLRE NMRIBAMEE, B,
BIMEREHESESIEIR collections HHREIXEHIBLEMITIE,

1.1 #EEFIRELESITE

o] &%

HEBE—1EE N M aRENTHERERFY, EFEFEERNERTERENRE

BNITE?

fRIRTFIZ

EAEFEY (HERFNANNR ) A B — NMERENREEDREHRESRS
NEE, BE—HRIRMEEZEENHNELIIRFIITENHRER — 1.

REB R

>>> p = (4, 5)

>>> x, y =p

>>> x

4

>>> y

5

>>>

>>> data = [ 'ACME', 50, 91.1, (2012, 12, 21) ]
>>> name, shares, price, date = data
>>> name

"ACME'

>>> date

(2012, 12, 21)

>>> name, shares, price, (year, mon, day) = data
>>> name

"ACME'

>>> year

2012

>>> mon

12

>>> day

21

>>>

MRTSENBFFITEZNNEALE, SFE—1MNEE,
REB R




>>>p = (4, 5)

>>> X, y, Z2=0p

Traceback (most recent call last):

File "<stdin>", line 1, in <module>
ValueError: need more than 2 values to unpack
>>>

wie

KPR £, SM@EERERUAEEFANEARNR EE, MANXEINREETH.
BEFA R, XHWER, ERB[NEMES.

KGR A:

>>> s = 'Hello'

>>> a, b, c, d, e =8
>>> a

IHI

>>> b

lel

>>> e

>>>

BE, (Re]ge RBREE—8), EFEMEE, WTXMIER Python HigHR
BASTHINES, BREGFINEHEIESESESM, IR BEEEXETRRTT.

REB R

>>> data = [ '"ACME', 50, 91.1, (2012, 12, 21) ]

>>> _, shares, price, _ = data
>>> shares

50

>>> price

91.1

>>>

{RISFURUERIERRARE ST EREE MM TR BERE,

1.2 BEMEARNRBELSNEE
5128

MNR—ANEERWN R TENBEI TSN, S —1 ValueError , 334
BHEAEMNINERNRABEL N NMTEHXK?




fRIRTI

Python FIESRIAIN ] A ARMBAINa)H, tEW, REFS]—iRE, £FH
REgEHE, (RBZHET FREFUBTIINS, BEHREE —MRE—1 728, MR
RBEMANSE, (FrIEMEREZERENFIME, BURE 24 ME ? IRRESRA
ik LR T

def drop_first_last(grades):
first, *middle, last = grades
return avg(middle)

HI—MER, BRRIEREET-LEAFLPMIERIIR, BRIEREES—IMRFE W
, BEMRTHENRENBIESH, (FAIMRTFEXFD FIXEICR:

>>> record = ('Dave', 'dave@example.com', '773-555-1212', '847-555-1212')
>>> name, email, *phone_numbers = record

>>> name

'Dave'’

>>> email

'dave@example.com'

>>> phone_numbers

['773-555-1212', '847-555-1212"']

>>>

BEEFENI LEMAELA phone numbers WEIKIZEZFIRER, RNEMEH
HIESEHAERZL (B4 0 1), FtA, {EF{FERZ phone numbers T=EAVIBFAAR
EEMBSRIVFLERNEETHIINERERBIIRERT,

ESRIANMERAEIIRNARERD. L, MBE—12F5 8 MAHEERIEN
P35, ERFEE TRE— A RIEMEIE 7 MANEENITEE, ReTBUXFFE:

*trailing_qtrs, current_qtr = sales_record
trailing_avg = sum(trailing_qtrs) / len(trailing_qtrs)
return avg_comparison(trailing_avg, current_qtr)

TEE7E Python MRERSEHMMITHILE

>>> xtrailing, current = [10, 8, 7, 1, 9, 5, 10, 3]
>>> trailing

[10, 8, 7, 1, 9, 5, 10]

>>> current

3

g

T RIENBEEER T NRBRETHE N HBER N B TR AT RMIR
iTH, BE, JETMANHRNTREMBERENINN (LLWME 1 MrREEERE
ESH), ESRANILARARFAIUNEEZNANAXLEMNREELTER, A2
B — R E R FER AR E REXR TR E,




BERISNRE, ESRANEERNTERAISKITANFIINZRERA, L,
THER-IMHEETRENTARFT:

records = [
('foo', 1, 2),
('bar', 'hello'),
('foo', 3, 4),

]

def do_foo(x, y):
print('foo', x, y)

def do_bar(s):
print('bar', s)

for tag, *args in records:

if tag == 'foo':
do_foo(*args)
elif tag == 'bar':

do_bar (*xargs)

ESHEEEFEFTRBFNHMRESRER, LLNFFHSEL
AEZRNE

>>> line = 'nobody:*:-2:-2:Unprivileged User:/var/empty:/usr/bin/false'
>>> uname, *fields, homedir, sh = line.split(':')

>>> uname

'nobody'

>>> homedir

'/var/empty'

>>> sh

'/usr/bin/false’

>>>

BE, FEBE—ELTREEFEAN], FAEERMER « , ER2IREIUER—
NEBIEFRAMR, b9l 3¢&E ign (ignore ),

AEZPNE

>>> record = ('ACME', 50, 123.45, (12, 18, 2012))
>>> name, *_, (*_, year) = record

>>> name

"ACME'

>>> year

2012

>>>

ERSEHIEST, ESBREEZRIIRCEGTITFSHUZL, bW, NRIEFEE
— IR, (RRIAREZRG 9 EIMEIEMERS :



>>> items = [1, 10, 7, 4, 5, 9]
>>> head, *tail = items

>>> head

1

>>> tail

[10, 7, 4, 5, 9]

>>>

NR(RGZEEERRYIE, L EERAXM A ENEEZEDPRIEIE IS A, tLal:

>>> def sum(items):
head, *tail = items
return head + sum(tail) if tail else head

>>> sum(items)
36
>>>

A, BTESEENRE, EIFHARRZ Python EKH, Fit, REIWMRITE
RMINBAIFEHFHRERT, WXPMNRBKRKINET,

1.3 RE&G N NT=
o] &

EARRFREEMRENRE, EXERREBERBR/LNTRNALEICE?

fRIRTFIZ

REBBERALEICRIER collections.deque KEBFHIRR, Lbal, FTEAIHS
2T LIEAMERENXALE, FROLEMRETHRES N 17!

from collections import deque

def search(lines, pattern, history=5):
previous_lines = deque(maxlen=history)
for line in lines:
if pattern in line:
yield line, previous_lines
previous_lines.append(line)

# Ezample use on a file
if name_ == '_main__':
with open(r'../../cookbook/somefile.txt') as f:
for line, prevlines in search(f, 'python', 5):
for pline in prevlines:

print(pline, end='"')




print(line, end='")
print('-' * 20)

e

BANESERTENNEEN, BESERES yield RIANMEMZIRL, thit
A EERGE AR, 5‘U|‘$_ILM-HQ%%:JIE{’CE%D{EFHEE RERNIDRER, W
RIFERNBER(TLRERMSE, BSE 43 1,

€M deque (maxlen=N) HISEWZIHE—PMEIEK/NIBAGI, SFHITRIMAF
BEXARAIIEHIEHR, RENTERBINRBIRE,

AR EHNVIE

>>> q = deque(maxlen=3)
>>> q.append (1)

>>> q.append(2)

>>> q.append(3)

>>> q

deque([1, 2, 3], maxlen=3)
>>> q.append(4)

>>> q

deque([2, 3, 4], maxlen=3)
>>> q.append(5)

>>> q

deque([3, 4, 5], maxlen=3)

RE(RBAIAFENE— MR ELIMIX—HRIF (LLINEI. #kRES ). BRI
BRI REEMAIEFF B TEERLE,

E—fREY, deque RAICAAEEFFRFZ—NERMIIBIBEMRIZS, R
RRRERAATIKN, BLRAZEE—NERKNBAGY, {ReTCATERAZIBI P ST
ANF05E TR RIIRIF,

RIS RHE:

>>> q = deque()

>>> qg.append (1)

>>> q.append(2)

>>> q.append(3)

>>> q

deque([1, 2, 3])
>>> q.appendleft (4)
>>> q

deque([4, 1, 2, 3])
>>> q.popQ)

3

>>> q

deque([4, 1, 2])




>>> q.popleft()
4

RN A imiA A SR T RET B S R AR 0(1) , TETIRIIFLIEASMIERT
RMRSEIEZRE R 0D

1.4 EEmEASE/T N NTE
BE

EHMN—NESTRERADER/IN N MTHRIIER?
R

heapq HIRBHNEEL: nlargest() Fl nsmallest () B] BATESEMRRIXANE]H,

import heapq

nums = [1, 8, 2, 23, 7, -4, 18, 23, 42, 37, 2]

print (heapq.nlargest (3, nums)) # Prints [42, 37, 23]
print (heapq.nsmallest(3, nums)) # Prints [—4, 1, 2]

PR REEE — R BFEN, BTEERNBUIREWH:

portfolio = [
{'name': 'IBM', 'shares': 100, 'price': 91.1},
{'name': 'AAPL', 'shares': 50, 'price': 543.22},
{'name': 'FB', 'shares': 200, 'price': 21.09},
{'name': 'HPQ', 'shares': 35, 'price': 31.75},
{'name': 'YHOO', 'shares': 45, 'price': 16.35},
{'name': 'ACME', 'shares': 75, 'price': 115.65}
]
cheap = heapq.nsmallest(3, portfolio, key=lambda s: s['price'])
expensive = heapq.nlargest(3, portfolio, key=lambda s: s['price'])

FEE: FERBENSANTHRHRITIEAAER, R price FIERTTEEL,

e

MBMABE—NESHFEHR/NUEAN N AR, FEH N NFEESTRHE,
ML IR T RIFVMERE, BAERESRNER, BEITHESRIRRITHR
FRBA—1FIRS:

>>> nums = [1, 8, 2, 23, 7, -4, 18, 23, 42, 37, 2]
>>> import heapq

>>> heap = list(nums)

>>> heapq.heapify(heap)

>>> heap




-4, 2, 1, 23, 7, 2, 18, 23, 42, 37, 8]
>>>

IR EMREZ IR heap (0] KIZR&R/NHITTR, FHRRMITREAILUE
BS5RBIL I heapq.heappop() FHIEHE, ZHESERBE—NTREHEK, AR
AT — &/ ERERHERETE (XMIRERBEZENNRZ Olog N), N 2
XNV, tedl, MNRBEERRZR/IR 3 PNTER, (REJLXFEME:

>>> heapq.heappop (heap)
-4
>>> heapq.heappop (heap)
1
>>> heapq.heappop (heap)
2

SEESRRTR N HAENEERNBIBHR, K%L nlargest O F nsmallest() 21R
B1ER, WRFENREEXME—ER/SEAR (N=1) BTENIE, IBAEH nin()
max () RSFERLE, LR, R N HRNEER/NEEMNERE, BEEHIFZA
EEREBERIFIRMESEMRS (sorted(items) [:N] &R sorted(items) [-N:]
) BEXIEWIZSERRE nlargest ) # nsmallest () ABEAREFEENIMIME (WR
N REIEEEXR/NT, BALERHIFRIESETLE),

REMEEVE—EFAXBNFE, ERENEEMNINE—MREEBHE
ERERANZINER, EX ERERBBEEHHEEHEEEHRIERREE. heapg
BRI E 7 SR E i AN N A T IR SR BT A T,

1.5 KB — ML EHREAS
2128

BRI — MR ERAFRIBAG ? F BEX NS EEEIX pop BIFEZIRME
RERESHBINTTER

fRIRTIZ
FEBIER A heapq FRIRSLI T —ME BRI FTTHKBAT :

import heapq

class PriorityQueue:
def __init__(self):
self._queue = []
self._index 0

def push(self, item, priority):
heapq.heappush(self._queue, (-priority, self._index, item))
self._index += 1




def pop(self):
return heapq.heappop(self._queue) [-1]

THEENERRLI:

>>> class Item:
def __init__(self, name):
self .name = name
def __repr__(self):
return 'Item({!r})'.format(self.name)

>>> q = PriorityQueue()

>>> q.push(Item('foo'), 1)
>>> q.push(Item('bar'), 5)
>>> q.push(Item('spam'), 4)
>>> q.push(Item('grok'), 1)
>>> q.pop()

Item('bar')

>>> q.pop()

Item('spam')

>>> q.pop()

Item('foo')

>>> q.pop()

Item('grok')

>>>

FAMEAI LRI, F—1 popO) BIEREMARRSHITER, BINEREAMER
AN BEEHREMERIITTE (foo M grok ), pop BRIFZEBENMBARIATIBIRF
R @A,

e

X—/INTHEATEZEXIE heapq 1EIRAVFER, K%L heapq.heappush() F heapqg.
heappop() 7 AITEBATI _queue EIEAFMERE —NcEx, HEBAY _queue RIEE—
NTERERSHER (1.4 PERITRITIXMEZ ), heappop() BFERZIRE" &/
1”7 BITE, XFRRIEBAT pop BIEREIEMITENXE, S, BT push # pop
IRERBIEZXE R O(log N), HAA N 2K/, ELEFMER N BEXMRHMRE(EIT
HEHAKIBRE R,

EEEREAR, BAFIBE T —1 (-priority, index, item) RYTTZH, AR A K
HHENMRESTERBMESINS R, INBEEBNRMLESANRISHF
BEHEF TR ToE .,

index TEMNERARRIEBDFMERTRENIEHHIF., BT EREFE—ANNETEIN
index FHRTE, PJUBERITEREBEINEANINFHF, ME, index TEHAEMEE
RERTEILIRMREE I EEIER,

AT ERIXLE, S%RE Item SLOIRASIFHEFRY:




>>> a = Item('foo')

>>> b = Item('bar')

>>> a < b

Traceback (most recent call last):

File "<stdin>", line 1, in <module>
TypeError: unorderable types: Item() < Item()
>>>

INRIFERTTA (priority, item) , SBMNTENMATRAREMELLE, BER
MEFEANTRMAR—HFME, B BIREMRRZAI—HFHTSE:

>>> a = (1, Item('foo'))

>>> b = (5, Item('bar'))
>> a < b

True

>>> ¢ = (1, Item('grok'))
>>> a < c

Traceback (most recent call last):

File "<stdin>", line 1, in <module>
TypeError: unorderable types: Item() < Item()
>>>

BIE5| A BIMY index TELEM =TT (priority, index, item) , FLBETRYFHY
w5 EEVEIR, EAARTEEMNTREEMEER index {H, Python fEMITAHELRAY
&, MRAEMILLREZFIMBESERT, FEHMLERIBFAARNSRET:

>>> a = (1, 0, Item('foo'))
>>> b = (5, 1, Item('bar'))

>>> ¢ = (1, 2, Item('grok'))
>>> a <b

True

>>> a < c

True

>>>

NRIFBES N EIERERR—NAT, BARFEZRBINE S MBS SENH,
AEE 12.3 /N\THEFEREEFMED.

heapq IEIRINE 75 SIS E EIMHIGI FIZF UK FHEIZIC R E ST MIIE MU0,
1.6 FHANERFTZME
2128

BRI —MENNZ /MERFEH (I nultidict )?




fRIRTI

— AN FHEE —MEW N — N RERREY, MRFEE—MERIFIZSME, BAMR
MBEFXZ MERBIBIMBES, LLIFIRSEESER., LW, FATUETEX
RIS AR F B

d = {
ta' : [1, 2, 3],
'p' : [4, 5]

}

e = {
'a' @ {1, 2, 33},
'v' : {4, 5}

}

EFEERAYRERESBURTIRIISEPRE R, MRIFBRET TTHEIVEAINF N
ZEARYR, IRBEZEEETEZMERES (FEAXROTENIGRFE ),

fRET AR 5 I collections MHRFEY defaultdict MR AT I,
defaultdict H—MFERERENIBELEN key MFBIEHE, FAFRES
XERMTRIRIET, tal:

from collections import defaultdict

d = defaultdict(list)
d['a'].append (1)
d['a'].append(2)
d['b'] .append(4)

d = defaultdict(set)
d['a'].add(1)
d['a']l.add(2)
d['b'].add(4)

FTEITEMR, defaultdict SEMAFEEZHLNE (MEBFIFHRPHAEFE
XHEEREE ) SIRBBREGTSIIR, NRFHAEEZXHENF N, (RoJUE— NS BRFHE EE
F setdefault() 7&K, ttul:

d = {} # 4 regular dictionary

d.setdefault('a', []).append(1)
d.setdefault('a', []).append(2)
d.setdefault('b', []).append(4)

BRRSIEFRRR setdefault ) AERBRHIE, Eh8XAREFLIE—
eV ERSE (FIFREFPHZEIIR O )

BES

—RRR, IR PSERFNFHIERERN, BR, WRMFEFECKUMNIE,
BAFENWRLTESE R, RAIESE T EXHFREN:




d = {3
for key, value in pairs:
if key not in 4d:
d[key] = []
d[key] .append(value)

WNR(ER defaultdict RYIEMRAIFEINEE T :

d = defaultdict(list)
for key, value in pairs:
d[key] . append(value)

X —/\TETTTE Y B B IR AR AL I PRI R AL R BB KR KER, FTAE%E 1.15
INTEIBIF,

1.7 FHHF
BE

FEEIE— 1 FH, FEEANSFINEZNFRIFHRERZEHITRIIF.

fRIRTIZ

ANTERER —AFHAPTEMINE, RATAER collections IR A Y
OrderedDict 3£, fEANRFHRHMRERERIFTRWIBARBINF, =OZITF:

from collections import OrderedDict

d = OrderedDict()
d['foo'] =1
d['bar'] = 2
d['spam'] = 3
d['grok'] = 4
# Outputs "foo 1", "bar 2", "spam 3", '"grok 4"
for key in d:
print (key, d[key])

SIREEME - MEREZRIC R E MAETURIBRET AR, OrderedDict
RIFEBEHEMN, tbin, MEBHIESILL JSON RIBEFERMIRRE, R7] U %L#ER
OrderedDict M EIXFERVEIE

>>> import json

>>> json.dumps (d)

"{"foo": 1, "bar": 2, "spam": 3, "grok": 4}'
>>>




e
OrderedDict AERLEIFE —PMRBEIBAINFRHFHN @R, XS — MR

TRBAERMIHE, ESBRBRBIBRNES. NT—1TEEFENRNEERERS
resgsc3: 0] 7058

FEEIBMRE, — Ordereddict WRNE—NMEBFHIFE, ERNERIRLE
PERII TR, ATUANRIFEME—NEEKRE Ordereddict KAIRIBIEESMEY
B & ( EERMER 100,000 17 CSV #UHEEI— Ordereddict FIRHZE ), HAMRMST
X E— N REER Ordereddict HRAVIFAZ XTI ATFEFERIRZM,

1.8 FHIIEE
] &L
ERERBEFHPRIT ST ERF (LIX&ME. &RKE. HIFES)?
fRRTFIZ
EETHEHMRERFM SRS 8

prices = {
"ACME': 45.23,
'AAPL': 612.78,
'"IBM': 205.55,
'HPQ': 37.20,
'FB': 10.75

ATHFHRENTIHEIRE, BEFTEMER zipO) RECHEMERZIR, Lt
o, THRERR/N\NRXKIREMEHMREENIRE:

min_price = min(zip(prices.values(), prices.keys()))
# min_price is (10.75, 'FB')

max_price = max(zip(prices.values(), prices.keys()))
# maz_price ts (612.78, 'AAPL')

ZEURY, FICAER zip () # sorted () ERENRHEYIFELENIE:

prices_sorted = sorted(zip(prices.values(), prices.keys()))
# prices_sorted is [(10.75, 'FB'), (37.2, 'HPQ'),

# (45.23, 'ACME'), (205.55, 'IBM'),

# (612.78, 'AAPL')]

PITXLEHEMNER, FEEFEMNE zipO) RPEIENE — N REETHD—RENE
25, ttal, FTEHNAEmME~ERER:




prices_and_names = zip(prices.values(), prices.keys())
print (min(prices_and_names)) # 0K
print (max (prices_and_names)) # ValueError: maz() arg is an empty sequence

Wi

MRFE—NFHERTEENRFEE, REIRPE(UUERTE, AR
B, ten:

min(prices) # Returns 'AAPL'
max(prices) # Returns 'IBM'

ENERANZFEBEN, BAMEEEFHESRS EMITXETE, HFR
X EEAFHE values O FiERBRRIX AN E)H :

min(prices.values()) # Returns 10.75
max(prices.values()) # Returns 612.78

AENE, BERXNMEREFHAZIFEREN, FATETBZEN MRIESR
( EEanABFREMN R EREE ),

fREJCATE min O # max () BREHFRMH key RS BRKNR/IMEREKEN T XY
BIES. tea:

min(prices, key=lambda k: prices[k]) # Returns 'FB'
max (prices, key=lambda k: prices[k]) # Returns 'AAPL’

B, IRTBERIR/IME, RXBAITREHIRE, tLIl:

min_value = prices[min(prices, key=lambda k: prices[k])]

RIERY zipO) RBARBIGFH" R¥E" A (1E, B#) THFIIRBERT ik
A, StERmANTENHE, ERTHEITIER, ARTRR, IHMIRFRMEEET —5
BB REZMISIMAETFTHE LR KSEFNHFIRET,

FEIBNRETERFPERRT (E, #) . SSAMEMAEHEERERR

&, BRRTRELR, tbil, EHIT ninO M nax() BRIEMRHE, WIRIGIIR/NNEL
RXNEBEEN, BAHBER/NFEKEILAZIRME:

>>> prices = { 'AAA' : 45.23, 'ZZZ': 45.23 }
>>> min(zip(prices.values(), prices.keys()))
(45.23, 'AAAY)

>>> max(zip(prices.values(), prices.keys()))
(45.23, '727Z')

>>>

1.9 EXRFHAIMEE R




o] &

ERERNFHEPIIHERR (LLNHERNE, HERMNMESS)?

fRIRF =
EETEHATH:

a=A9
el 1,
Iyl 2,
'z' 3

}

b = {
'w' : 10,
'x' o 11,
Iyl 2

}

AT IVHANFHIER R, TERMNERFHEE keys O BE itens) FiER
EER EMITRSIRE, tea:

# Find keys in common

a.keys() & b.keysO) # { 'z', 'y' }
# Find keys in a that are not in b
a.keys() - b.keys(O) # { 'z' }

# Find (key,value) pairs in common
a.items() & b.items() # { ('y', 2) }

LR AT ELRFETER. (LW, RIFEUREFHEMEE—
HEBRILMEEROFFHE, TEANAFHEESRSIXFNTEK:

# Make a new dictionary with certain keys removed
¢ = {key:alkey] for key in a.keys() - {'z', 'w'}}
#cis {'z': 1, 'y': 2}

e

— N FHHRE - MERSSEESHME X R, FH keysO FiFRE—MEIH
RESHBUENSR, BUEN—MROBRTENESMME2CIEITESEE, il
57, R ZizHE, FiA, NRMGENESHEIIT - LEEENESERIE, PINERE
(EARMAENRM AR TRHEN LR — set,

FHE itens ) FFREA—1EE (#, B MHOTEREXTR, XPTHREHFD
IEGIRME, FEUTUKARERBNFHBHEHEEMREN.

REFHE values ) F37AHREREM, EREANIHIENANESRME, Eif
BEEELREAMNEMERERIEMENEERTHEE, IHSERELEESEFESLINE




A, AT, MRFEEEE LERITXERSRIFNE, (RRCABIFESESHEIRM sct,
AREBNITESEEMITT.

1.10 MikRFFFIAER TTRFHRFINF
o) &

EFE— TR LERRETERIFRERERESRE ?

IS

INRFFY LRIEERRE hashable 328, FARICARE BN AESHELEMERE
RIXANE)E, L

def dedupe(items):
seen = set()
for item in items:
if item not in seen:
yield item
seen.add(item)

THERER LRI F:

>>a=1[1, 5,2, 1,9, 1, 5, 10]
>>> list(dedupe(a))

[1, 5, 2, 9, 10]

>>>

EXANFEURTEFRYHITE S hashable MFHEAE A, MRREERTEATR
75 (L0 dict 28 WFENHFEETENIE, MEER LARBHEMNE—T, K&
X

def dedupe(items, key=None):
seen = set()
for item in items:
val = item if key is None else key(item)
if val not in seen:
yield item
seen.add(val)

XER key SBIBET — MR, 1FFIITTHRIZIRM hashable KB, TEHREEHRY
RiERA:

>>>a = [ {'x':1, 'y':2}, {'x":1, 'y':3}, {'x':1, 'y':2}, {'x'":2, 'y':4}]
>>> list(dedupe(a, key=lambda d: (d['x'],d['y'1)))

({'x': 1, 'y': 2}, {'x': 1, 'y': 3}, {'x': 2, 'y': 4}]

>>> list(dedupe(a, key=lambda d: d['x']))

({'x': 1, 'y': 2}, {'x': 2, 'y': 4}]

>>>




|

MRFBETREANFER, BESFEBRENEANWBESHREFEETS, FMH
RE) ] ABEE,

e

MRFNXARBEREETR, BEFJUEBHNME—IES, tLl:

>>> a

[1, 5, 2, 1, 9, 1, 5, 10]
>>> set(a)

{1, 2, 10, 5, 9}

>>>

SR, XM IANREEIP TTEREMIAE, £RMIERPITEMUEWRITEL, M EmY
F3iERI AR X FE L.

EARTHRBAMER T EMB[RIBLTANNRLEINEAR, NMUNERRTIIRL
H, tewn, SRMRMEBIZE -G, BRESETT, (Re]ARESBXHE:

with open(somefile,'r') as f:
for line in dedupe(f):

LR key RESHIRIG T sorted) , min() Fl max() FRNERLAIEMUINEE, 7]
MEE 18 LI3 WP THRES,

1.11 &3 &t A
o] &

REFEEEM —KEELTEZEMERLII A TR, ARMREEE B,

RRRFIZ

BREMBE-—BRBEA-—MEXFHFERLIEEMERNLHEENRIEFER
( EEanSZ A eSS MAE )

HAHH#HH 0123456789012345678901234567890123456789012345678901234567890 '

cost = int(record[20:23]) * float(record[31:37])

S5HBES, mftafBXFaatlHE:

SHARES = slice(20, 23)
PRICE = slice(31, 37)
cost = int(record[SHARES]) * float(record[PRICE])




FMhRAH, FiE%R T KELFIZMEAVERD TI%, EHMRANHEEINEM %
T

i

— iR, NBEPMREMAERERE T IMERERF AR T 4P XK E
k. tLal, MRFETREE—FaRERINE, {/J\K?EEHLI“‘*E%BE‘HIﬁ@EEUF*E':F
MR, X EBRIRERTRE —MRE R FIEILIFREIEMRIRARBE I REMT 4,

REM slice() RPBIBT —MIANR, =JUAHBETMAR RIFERMH T,
teun:

>>> items = [0, 1, 2, 3, 4, 5, 6]
>>> a = slice(2, 4)

>>> items[2:4]

[2, 3]

>>> items[a]

[2, 3]

>>> items[a] = [10,11]
>>> items

[0, 1, 10, 11, 4, 5, 6]
>>> del items[a]

>>> items

(0, 1, 4, 5, 6]

MRFE—MIANR a, REJLADBIEAEER a.start , a.stop , a.step Bl
KIXHNEZSNES, thal:

>>> a = slice(5, 50, 2)
>>> a.start

5

>>> a.stop

50

>>> a.step

2

>>>

7::9|* {RiEgeiE ARt/ R indices(size) FAiEBEMETE— MNAE KN F
7k, XNFGFRE—N=ITH (start, stop, step) , FTEEESSWESERILGE /LA
BN 57 BE%U MNim{ERREHEE % HIE IndexError &, ELUl:

>>> s = 'HelloWorld'

>>> a.indices(len(s))

(5, 10, 2

>>> for i in range(*a.indices(len(s))):
print(s[i])




>>>

Al

1.12 FYPHIRABHES TR
BEi

EERE—NFIRE IR BRSITERE ?

fRIRF =
collections.Counter EFE2EITAXELOBMIRiTH, EEZE—1NEHN
most_common() FiEEZL TIRER,

ATER, EERFEE—NEIENRABEK WM PEIEHITRES, (R X
ELE

words = [
'look', 'into', 'my', 'eyes', 'look', 'into', 'my', 'eyes',
'the', 'eyes', 'the', 'eyes', 'the', 'eyes', 'not', 'around', 'the',
'eyes', "don't", 'look', 'around', 'the', 'eyes', 'look', 'into',
'my', 'eyes', "you're", 'under'

]

from collections import Counter

word_counts = Counter(words)

# BIBIERSN 3 1NEiE

top_three = word_counts.most_common(3)

print (top_three)

# Outputs [('eyes', 8), ('the', 5), ('look’', 4)]

e

E R4, Counter WEP]LAIES fiz\E’JEHTuA?’E ( hashable ) JTT= LAY F S
WHR, EERESZIMLE, —1 Counter WRFHME—NFH, FTRMEEEHIARE
. Eean:

>>> word_counts['not']
1

>>> word_counts['eyes']
8

>>>

NRAFAEFNBAOTTEL, =ICAR R ANE:

>>> morewords = ['why','are','you','not','looking','in','my', 'eyes']

>>> for word in morewords:




word_counts[word] += 1
>>> word_counts['eyes']

>>>

SERFICAER update ) 737

>>> word_counts.update (morewords)
>>>

Counter SEffl—NEE A AZIAVFERENIAMBERZNBEHNFEEIRIEELES, tTt
i

>>> a = Counter (words)
>>> b = Counter (morewords)
>>> a

Counter({'eyes': 8, 'the': 5, 'look': 4, 'into': 3, 'my': 3, 'around': 2,
"you're": 1, "don't": 1, 'under': 1, 'nmot': 1})

>>> b

Counter({'eyes': 1, 'looking': 1, 'are': 1, 'in': 1, 'mot': 1, 'you': 1,
'my': 1, 'why': 13})

>>> # Combine counts

>>>c=a+b

>>> ¢

Counter({'eyes': 9, 'the': 5, 'look': 4, 'my': 4, 'into': 3, 'mot': 2,
'around': 2, "you're": 1, "don't": 1, 'in': 1, 'why': 1,

'looking': 1, 'are': 1, 'under': 1, 'you': 1})

>>> # Subtract counts

>>d=a-b

>>> d

Counter({'eyes': 7, 'the': 5, 'look': 4, 'into': 3, 'my': 2, 'around': 2,
"you're": 1, "don't": 1, 'under': 1})

>>>

ELEER], Counter WMREJLFAMBEFTERRAE HHBENIZERIEETEAN
TH, AfRXERENRRNZATERE, MARFNNIAFHRESI,

1.13 BT ENKBFHIF — 1 FHIIFER
o) &

ME—NFHIR, FERBENIELNFEFERHIFXIIR,

PSS

B ER operator fRIRKY itemgetter RN, FINIFEBZAVHIF XIFRVERELS
M, FRIRIFABRIEEFRRLRMIEZRERIIR, FEUTIIMRIEERD:




rows = [
{'fname': 'Brian', 'lname': 'Jones', 'uid': 1003},
{'fname': 'David', 'lname': 'Beazley', 'uid': 1002},
{'fname': 'John', 'lname': 'Cleese', 'uid': 1001},
{'fname': 'Big', 'lname': 'Jones', 'uid': 1004}

]

REEENFHFERAIIFAAGRITR2REZSZMULN, KERAE:

from operator import itemgetter

rows_by_fname = sorted(rows, key=itemgetter('fname'))
rows_by_uid = sorted(rows, key=itemgetter('uid'))
print (rows_by_fname)

print (rows_by_uid)

KRR N T -

[{'fname': 'Big', 'uid': 1004, 'lname': 'Jones'},
{'fname': 'Brian', 'uid': 1003, 'lname': 'Jones'},
{'fname': 'David', 'uid': 1002, 'lname': 'Beazley'},
{'fname': 'John', 'uid': 1001, 'lname': 'Cleese'}]
[{'fname': 'John', 'uid': 1001, 'lname': 'Cleese'},
{'fname': 'David', 'uid': 1002, 'lname': 'Beazley'},
{'fname': 'Brian', 'uid': 1003, 'lname': 'Jones'},
{'fname': 'Big', 'uid': 1004, 'lname': 'Jones'}]

itemgetter ) ERIIISZIFZ A keys, LLUNTFEAINES

rows_by_lfname = sorted(rows, key=itemgetter('lname','fname'))
print (rows_by_lfname)

SFEEWTRIHINL
[{'fname': 'David', 'uid': 1002, 'lname': 'Beazley'},
{'fname': 'John', 'uid': 1001, 'lname': 'Cleese'},
{'fname': 'Big', 'uid': 1004, 'lname': 'Jones'},
{'fname': 'Brian', 'uid': 1003, 'lname': 'Jones'}]
g

FELEOIFR, rovs WEBLEEZ PN REFSEH sorted) RER, XN
SR callable £, HHM rovs FER—NME—TH, ARREWAXRAIFNE,
itemgetter ) BRFFEZNREIEIX A callable WA,

operator.itemgetter ) EREHE —ME rovs FRIICRARERENSRS IS, 7]
UR—NFHERM, —PBEAENEEMEBEA—INREN __getitem__ () HiE
FME, MNRFEASINRSISELE itemgetter ) , BEMB callable WRAIR[E—
MESMBTHEENTAH, FH sorted) RBSBRBEXNTHPTEINFZHEF. B
REZERNE/LNFER EEHITHER (tbilEI SR KEE, a6 FPaEHE)
RIERHME XM A2 RE AR,



itemgetter ) BEMEHFIUAMA lambda FRIANNE, LEUN:

rows_by_fname = sorted(rows, key=lambda r: r['fname'])
rows_by_lfname = sorted(rows, key=lambda r: (r['lname'],r['fname']))

XMATRBAE, B2, FH itengetter ) ARKIBITHEMR S, Eit, WME
R MEBEE R LR S HNIERER itemgetter O HI,

&la, PMEETETHERIBEAEEFERT nin( F nax() FEH, LLu:

>>> min(rows, key=itemgetter('uid'))

{'fname': 'John', 'lname': 'Cleese', 'uid': 1001}
>>> max(rows, key=itemgetter('uid'))

{'fname': 'Big', 'lname': 'Jones', 'uid': 1004}
>>>

1.14 HIFASZHRELRIINR
[a) &

FAEHIR XBERNNER, BRI AXFREMLRIEE,

IS

AER sorted) BPE— N REBFSH key , FJMEAN— callable WHRES
B, X callable WRNEBMEARNNRIREI—ME, XMESW sorted FKRHEF
XL, tbul, MRFENAREFREEE —1 User KOIFSI, FBEREEBEIM]
BY user_id BME#HITHER, (ReICARRE—/NEA User SEAIE R AHBIH IR user_id
B callable Y&, LEuM:

class User:
def __init__(self, user_id):
self .user_id = user_id

def __repr__(self):
return 'User({})'.format(self.user_id)

def sort_notcompare():
users = [User(23), User(3), User(99)]
print (users)
print(sorted(users, key=lambda u: u.user_id))

FIh—MABNRER operator.attrgetter () RE lambda EREN:

>>> from operator import attrgetter

>>> sorted(users, key=attrgetter('user_id'))
[User(3), User(23), User(99)]

>>>




e

EREA lambda FHEE R attrgetter() FIEEBRFAIMAEE, ER,
attrgetter() RMBERGITHRS, HELERN AR IFSNFEH#HITEER, X
AN operator.itemgetter ) EREMEFRAFTFHAERIMBEM (&F 1.13 1), 4,
UNR User KRB — first_name Fll last_name B, BABATILALE FENIXIFHEEF:

by_name = sorted(users, key=attrgetter('last_name', 'first_name'))

EMNEEIENE, I—/I\THIANEARHFERATER ninO M nax() Z3EHER
#, ttun:

>>> min(users, key=attrgetter('user_id'))
User(3)

>>> max(users, key=attrgetter('user_id'))
User(99)

>>>

1.15 B ENFEF IR N4
o] &
(RE—NFHFEELFNFT, REFERIEEMITNFZERL date KA
KA,
RRAE

itertools.groupby () BREN FiXFHME N BRIRMFIEESH. ATETR, BRIRR
B28 7T FINFHIIR:

rows = [
{'address': '5412
{'address': '5148
{'address': '5800
{'address': '2122
{'address': '5645
{'address': '1060
{'address': '4801
{'address': '1039

CLARK', 'date': '07/01/2012'},
CLARK', 'date': '07/04/2012'},
58TH', 'date': '07/02/2012'},
CLARK', 'date': '07/03/2012'},
RAVENSWOOD', 'date': '07/02/2012'},
ADDISON', 'date': '07/02/2012'},
BROADWAY', 'date': '07/01/2012'},
GRANVILLE', 'date': '07/04/2012'},

- -

MERIZIFEETR date DEFRIEIR LFHITIENR, ATEHM, FEEEER
BEENTE (XEME date ) HiF, AFIAA itertools.groupby () BR%N:



from operator import itemgetter
from itertools import groupby

# Sort by the desired field first

rows.sort (key=itemgetter('date'))

# Iterate in groups

for date, items in groupby(rows, key=itemgetter('date')):
print(date)
for i in items:

print(' ', i)

BITER:

07/01/2012
{'date': '07/01/2012', 'address': '5412 N CLARK'}
{'date': '07/01/2012', 'address': '4801 N BROADWAY'}
07/02/2012
{'date': '07/02/2012', 'address': '5800 E 58TH'}
{'date': '07/02/2012', 'address': '5645 N RAVENSWOOD'}
{'date': '07/02/2012', 'address': '1060 W ADDISON'}
07/03/2012
{'date': '07/03/2012', 'address': '2122 N CLARK'}
07/04/2012
{'date': '07/04/2012', 'address': '5148 N CLARK'}
{'date': '07/04/2012', 'address': '1039 W GRANVILLE'}

g

groupby O ERFPAEBENFINHBEHKELEHERE (HERIBIBTE key RFUR[O]
EME ) BTEFRY, E8OEKNEE, ESRE—MEFM—MEREENSR, XNE
RN R UEM TR ELESE T LEIBMENEFFRENR,

—NMNEREEMNESTBRERIBRRENFERBEIEHERFE, Bl groupby O XX
MEELZMITTE, NMRBLRFHLEHIFTME, DEARBUSSAINEENLEER,

MNRIRNX R Z2AEIRIE date FERBEURNHR —MNRIVEIELEMPE, HEARWT
FEMLIAIE], BRAMRERIF(ER defaultdict() RMB—INSEFH, XFSEFHEL
£ 1.6 NDHEITIEMINA, teal:

from collections import defaultdict

rows_by_date = defaultdict(list)

for row in rows:
rows_by_date[row['date']].append(row)

XFEFFNE(RE] LAREZ MBI BEXS BB E B HA UG B] XY R AYiC R :

>>> for r in rows_by_date['07/01/2012']:
. print(r)

{'date': '07/01/2012', 'address': '5412 N CLARK'}




{'date': '07/01/2012', 'address': '4801 N BROADWAY'}
>>>

ELEEZXAMIFR, BASBRERRICRAF. B, MIRNAFSARERX
i, BMARNEEEHIFARBEBET groupby O RHBIENHNANBITHRR—L,

1.16 TERYTTE
|o) 25

RE—NURFY, BRBE—LEHMNATRBEEZNESNERIGEEFT
RIRAR

EEENTERITENAEMRERYIRES, Ll

>>> mylist = [1, 4, -5, 10, -7, 2, 3, -1]
>>> [n for n in mylist if n > 0]

[1, 4, 10, 2, 3]

>>> [n for n in mylist if n < 0]

[-5, -7, -1]

>>>

ERIRESH—NEEREMRIMNRGAEE RN ES~E—NMEEANE
RE, GAXERT., NRMEWAFLLREZ, BAMRe]UEREMBIRANENTE
WIERITTR, tbal:

>>> pos = (n for n in mylist if n > 0)

>>> pos

<generator object <genexpr> at 0x1006a0eb0>
>>> for x in pos:

. print(x)

>>>

B, SRR ER, NEEBENEIRESHEEMBRIANPRIAL
R, LW, RiTEHHRFEAE-LEEREREREME RGN, XERFE] TR
RRME] — R, PAIRERRNER filter O BE. RAEIWTF:

values = [Ills 'QI’ '_Sl: I_', I4I: 'N/AI: '5l]
def is_int(val):
try:

x = int(val)




return True
except ValueError:
return False
ivals = list(filter(is_int, values))
print(ivals)
# Outputs ['1', '2', '=3', '4', '56']

filter O BRENBIET —Mi&NE:, FEUMRFEBER—1IIRIE, MSEHERM
ABHEMER 1ist (O REEHR,

i

JIRMESMEMBRANEERATRITRBFERELWAN., HXENTaE
WIRRIRHR SR IR, EEUn:

>>> mylist = [1, 4, -5, 10, -7, 2, 3, -1]

>>> import math

>>> [math.sqrt(n) for n in mylist if n > 0]

[1.0, 2.0, 3.1622776601683795, 1.4142135623730951, 1.7320508075688772]
>>>

WIREEN— N EMMERATERGFNERFNERE, MAREFEN] Lt
o, E-HBEPEATEMUBILEIERR, MALEFANBEMNBRBERMIEENL,
BT LEFREIFAERANRE, AIAREZMBRZI NI, MEIXE:

>>> clip_neg = [n if n > 0 else O for n in mylist]
>>> clip_neg

(1, 4, o, 10, 0, 2, 3, 0]

>>> clip_pos = [n if n < 0 else O for n in mylist]
>>> clip_pos

(o, o, -5, o, -7, 0, 0, -1]

>>>

FH—MEBRKIEFTETEFR itertools.compress() , ELA— iterable
R — MEW AT Boolean iEIFZRFIE NIMASE, ABHH iterable WHRHY
NOEEEE R True MITR, HEFEHAZ I —MEXBBFIIRKTEEANFIBIRHER,
XNRHAZRIEEEAR, bW, BRMMEIRE TEMIILBIE:

addresses = [
'5412 N CLARK',
'5148 N CLARK',
'5800 E 58TH',
'2122 N CLARK',
'5645 N RAVENSWOOD',
'1060 W ADDISON',
'4801 N BROADWAY',
'1039 W GRANVILLE',
]

counts = [ 0, 3, 10, 4, 1, 7, 6, 1]




IMTERAEEABLEXS N count {ERT 5 BUUE £ ERME, ABAMRAT DA A

>>> from itertools import compress

>>> more5 = [n > 5 for n in counts]

>>> moreb

[False, False, True, False, False, True, True, False]
>>> list(compress(addresses, more5))

['5800 E 58TH', '1060 W ADDISON', '4801 N BROADWAY']
>>>

XEMKRBAETHEE 1 Boolean R, ERMLETEFERGE. RS
compress () ERBURIEXNFIFEFMENNAIER True BITTER.

F filter O ERELEMA, compress() tHRIREIRI—/MENKEE, Blt, MRFFES
B—NAR, BBAMBEER 1ist O RIGLERERPTIRER,

]

1.17 NFHEPRETFE

[a] &

RiEBHNHANSERFHRES, tLl:

prices = {
"ACME': 45.23,
"AAPL': 612.78,
'"IBM': 205.55,
'"HPQ': 37.20,
'FB': 10.75

b

# Make a dictionary of all prices over 200

pl = {key: value for key, value in prices.items() if value > 200}

# Make a dictionary of tech stocks

tech_names = {'AAPL', 'IBM', 'HPQ', 'MSFT'}

p2 = {key: value for key, value in prices.items() if key in tech_names}

e

REBBEATFHRESEMER, BTEE— N TAHFRINABEERS dictO &
#atRESKIN, tbun:

pl = dict((key, value) for key, value in prices.items() if value > 200)

BE, FRESHAREEEW, FEXMLBISITHERE (EZMIFH,
SEFRMRLFEE deit O BRBIATVIREE—(F ),




BRETME—HERBEZMAI. W, B NMIFREFBITUGEIEES:

# Make a dictionary of tech stocks
tech_names = { 'AAPL', 'IBM', 'HPQ', 'MSFT' }
p2 = { key:prices[key] for key in prices.keys() & tech_names }

BR, BITHEMRERERIMARAMLLE—MARIE 1.6 &, RNEFiE
ITHREERILESMIE, BEX S EHMITENIR, T8 S irRFEgEmHL, =T
SE 14.13 IV,

1.18 BREF 2GR F TR
o] &l

RE—EBE FARiARFIRHE THAP TZNNE, ERIFEBHER(ESFIRR
RIEMELAREIE, FRAABBIERMEKIARITER,
RRE

collections.namedtuple () BRFUEIT(ER —MEBEIVTTAMN SR E(RAERIX AN a]
A, XNEREEFR ER—MR[E Python FIRETHERRFEN—ANT Hik. MEE

RE—MRBBNFFEBZNFTERAE, RREMRZRO—E, RATUYIRAXE,
PIREXWFEREBES, NGRA:

>>> from collections import namedtuple

>>> Subscriber = namedtuple('Subscriber', ['addr', 'joined'])
>>> sub = Subscriber('jonesy@example.com', '2012-10-19")
>>> sub

Subscriber (addr="'jonesyQexample.com', joined='2012-10-19')
>>> sub.addr

' jonesy@example.com'

>>> sub.joined

'2012-10-19"

>>>

RE namedtuple BISEHIBLERG— M ZBRIESLS, (ERCRITHRE R R
By, ZFEMANEETARE, tLNRSIFEE, tLal:

>>> len(sub)

2

>>> addr, joined = sub
>>> addr

' jonesyQ@example.com'
>>> joined
'2012-10-19"

>>>




HETAN— M EBEBREFHRDA FIRREFRBER, B, MBI
BEBMEE T — MRARTABIR, il PR RERTOTER, YIRS
THEBIEHRITRIBAI ER R T, BRNRGERTHETE, BABFRE
BRI,

ATHAEE, TERERAZEITAHNN:

def compute_cost(records):
total = 0.0
for rec in records:
total += rec[1] * rec[2]
return total

TIRMRMPBEERLRBRERNEM, FRIEBRBICRMEN, THREAGRT
(IR A :

from collections import namedtuple

Stock = namedtuple('Stock', ['name', 'shares', 'price'])
def compute_cost(records):
total = 0.0
for rec in records:
s = Stock(*rec)
total += s.shares * s.price
return total

e

BRITTEA T AEMREAFHRINEN, BEhFRFEIEESHATFZE.,
RIFFEME- N EEANESFHRNBIESH, BLERAGRTHSENSN. BR
FERIBNE, MEFHEE, —PasBTAR IR, i

>>> s = Stock('ACME', 100, 123.45)

>>> s

Stock(name='ACME', shares=100, price=123.45)
>>> s.shares = 75

Traceback (most recent call last):

File "<stdin>", line 1, in <module>
AttributeError: can't set attribute

>>>

MRMPENTFZRREEMENE, BARIAERGERATALAIR replaceO 73i%,
EREE— N2 HNGRITAARNY NNFERAMEER, tEal:

>>> s = s._replace(shares=75)

>>> s

Stock(name='ACME', shares=75, price=123.45)
>>>

_replace) HiFEBE—NMREANFHMER S RNGRITARBIERERLF




ERftx, ER— N ERHENIEARLIENTE, (RRIEEIE—ME SRS ENRET
H, SRIRER _replace O FiACIEMBVEWREINIAISEAE, LLI0:

from collections import namedtuple
Stock = namedtuple('Stock', ['name', 'shares', 'price', 'date', 'time'])

# Create a prototype instance
stock_prototype = Stock('', 0, 0.0, None, None)

# Function to convert a dictionary to a Stock
def dict_to_stock(s):
return stock_prototype._replace(¥*s)

EREMERTE:

>>> a = {'name': 'ACME', 'shares': 100, 'price': 123.45}

>>> dict_to_stock(a)

Stock(name='ACME', shares=100, price=123.45, date=None, time=None)

>>> b = {'name': 'ACME', 'shares': 100, 'price': 123.45, 'date': '12/17/2012'}
>>> dict_to_stock(b)

Stock(name='ACME', shares=100, price=123.45, date='12/17/2012', time=None)

>>>

REZEHNZ, NRFHNERREX —NEEEHMESLAIBHNSEBIELENM,
BAGBTERAANRHIRELRE, INRMEENZEREX—TEE __slots__ ik
FIE (&L 4 /T )

1.19 A ER i+ ERIE
o) ;2

REBEIUERY ERITERREREL (W sun() |, min() , max() ), EREHLIRE
B E LI RUE

fRIRTI

— PN EERENAANZESBBEUTESERRARERA— N ERRIRIAASH,
o, MRMFBHEESH, PIRME N EIXAFE:

nums = [1, 2, 3, 4, 5]
s = sum(x * x for x in nums)

THEESMFEF:

# Determine if any .py files exist in a directory
import os
files = os.listdir('dirname')




if any(name.endswith('.py') for name in files):
print('There be python!')
else:
print('Sorry, no python.')
# Output a tuple as CSV
s = ('ACME', 50, 123.45)
print(',"'.join(str(x) for x in s))
# Data reduction across fields of a data structure
portfolio = [
{'name':'GO0G', 'shares': 50},
{'name':'YHOO', 'shares': 75},
{'name':'AOL', 'shares': 20},
{'name':'SCOX', 'shares': 65}
]

min_shares = min(s['shares'] for s in portfolio)

i

EEBREIEIRERT SEMBRRIAIVE 0 — P B S WE % 5 R AR I
EE (FATEESN—1MES ). i, TEXEERIEFRL:

sum((x * x for x in nums)) # BREIVEE—NEMBEFRIANTR
sum(x * x for x in nums) # EIIAHNI AN, R TES

EA—NEMRRAENSHSLALE - MaR I RENMSHIAOMHME, Lo,
NRIRRNEREMBRIANMIE, RIS BRER TEMSIAGN:

nums = [1, 2, 3, 4, 5]
s = sum([x * x for x in nums])

XA AEHFTAARBEZNNR, BERERZS MR, KLIE— TIN5
&, WFNRIRA[GEZTALARR, ERMIRTREHNEFEANHE, EZEIE—IE
RV ER — R EFT R IGE RS, MEMRHRFNER T VLR
&, ELtEERE,

AEERA—LERERMEW nin (O F max (O AYBHEARF] B2 E AR T A LRk 23

A, EIiHEZHN— key XBFSHUTHIRREEE. LW, £ LENESHFH,
{RE]BERE B FEAVSIARE

# Original: Returns 20

min_shares = min(s['shares'] for s in portfolio)

# Alternative: Returns {'name': 'AOL', 'shares': 20}
min_shares = min(portfolio, key=lambda s: s['shares'])

1.20 §H 2/ Faial gy




o] &

MERSNFHREMS, FERKENNEE ESHH— B R ERIT
LRF, LLEHEFENERERRESHFE.

BRRAER
BRUNFBW T E

a =1 1, 'z': }

b =A 2, 'z': }

MARZIRDIRER N FHPMITERERIE (LEWNEM a Tk, QU%?X;FEUﬁ?:E b
P ). — N ERERENRRLEMEER collections HEIRAMY ChainMap 2K, LEUN:

from collections import ChainMap

¢ = ChainMap(a,b)

print(c['x']) # Outputs 1 (from a)
print(c['y']) # Outputs 2 (from b)
print(c['z']) # Outputs 3 (from a)

Wi

— ChainMap ERSNFRAKENEZE LT H—IFH, RE, XLEFHA
RAREMEHE—ET, ChainMap XRRERIBIET — A@*NL&%&EWU?&#E
MEXT —EE NN FHZEREBHIXNIIR, KabsH FHIEFEHIIUEEERLN,
tean:

>>> len(c)
3
>>> list(c.keys())

'X', lyl’ Izl]
>>> list(c.values())
[1’ 2) 3]

>>>

MRHMESR, BAFE—REMPIRIHMESWIRE, Ft, FlFEFHE c['2']
RRIREFH a FWNNEE, TAZ b AXTNEYE,

5 FF R E BRI SRR MK ZIIRPE —IFH, bl

>>> ¢c['z'] = 10
>>> c['w'] = 40
>>> del c['x"']
>>> a

{'w': 40, 'z': 10}
>>> del c['y']
Traceback (most recent call last):




KeyError: "Key not found in the first mapping: 'y'"
>>>

ChainMap ¥ T4mi2iE= PHIFREEIEZE (LEW globals |, locals &) RIFHEH
R, B3XE, B—ENERIAMECEFES:

>>> values = ChainMap()

>>> values['x'] = 1

>>> # Add a new mapping

>>> values = values.new_child()
>>> values['x'] = 2

>>> # Add a new mapping

>>> values = values.new_child()
>>> values['x'] = 3

>>> values

ChainMap({'x': 3}, {'x': 2}, {'x': 1})
>>> values['x"']

3

>>> # Discard last mapping

>>> values = values.parents

>>> values['x']

2

>>> # Discard last mapping

>>> values = values.parents

>>> values['x']

1

>>> values

ChainMap({'x': 1})

>>>

YEJ9 ChainMap BYEE(Y, 1RPJBESEE(ER update ) HIEEANFHEF, Lbul:

>>>a={'x": 1, 'z': 3%}
>>>b={'y': 2, 'z': 4}
>>> merged = dict(b)

>>> merged.update (a)

>>> merged['x']

>>> merged['y']
>>> merged['z']

>>>

XHEHEETEE, EREEEMREUB—NTEAENFHITR (ﬁ%%ﬁﬁiﬂﬂﬁ
FHENM), B, NREFHRMTEH, IMRESAESRNMIFHEHFEPE, Lt
n:

>>> a['x'] = 13
>>> merged['x']
1




|

ChainMap ERRRIIFE, EEHCTEIEMNFH, MNEAAZE LET

HIZESR, tean:

>>>
>>>
>>>
>>>
1
>>>
>>>
42
>>>

a={'x':1, 'z': 3%}
b=A'y': 2, 'z': 4}
merged = ChainMap(a, b)
merged['x'

al'x'] = 42
merged['x'] # Notice change to merged dicts




FE: FHBRMXYE

NFREERANEFRFRIIRIAREYSLIE, FERRBMKIELR-EEL. X
—EBRERXEXAMRFELE, LINRNFNE, B8, BRURBNS, Kaboiy
[e) AR BB BEVIAAF A R NETT AT, BR, —EERERHRFAIEFERLEN
RIATNEE R ARIMEN S, FTBEXEEABAMFIFMAHRE, FEEERIF Unicode BY
Al 2 B — LR F R R X B R WIR R E.

MEEZH —NFERNEDERNSANFE, BRPBN (TERABNER) ATAR2EE

string W& split() HERENTIEEEEMNFRFENEER, EFARTFE
SRS ERS RARABRAAENTIE, SREEEMRIENNEFFHEIEE,
ERIFER re.split () FHik:

>>> line = 'asdf fjdk; afed, fjek,asdf, foo'
>>> import re

>>> re.split(r'[;,\s]\s*', line)

['asdf', 'fjdk', 'afed', 'fjek', 'asdf', 'foo'l

BES

s re. split() RIFHEAN, ENTAHRNHBAIEES M ENES, o,
ALEOHITR, SRFTURIES, HSUELEH, FAAIBEABINE
i, QEXMERXWKE, BALENS BHHNNRE DL SMRERPNTITRE
@, EEERH—NFERIIE, XAR strosplit() REMEERE —HK,

MR re.split() FMAHE, BEBIIBNRENTARPREES—ME
SHFESE, MRERTHRENE, BARLENIS LS ENEERIIRR, i,
MEm— TR BB TRIER:

>>> fields = re.split(r'(;|,[\s)\s*x', line)

>>> fields

['anf', 1 1, lfjdkl’ l;l’ ‘afed', |,|’ 'fjek', I,l, 'anf', I,I’ lfool]
>>>

4y
5
Sa
i)
)
Tt
A
e
g
H
H#
o

RN EIFHEREE AT HEEAN, b, fre]sed
[EEEMRME— ML FN S




>>> values = fields[::2]

>>> delimiters = fields[1::2] + ['']

>>> values

['asdf', 'fjdk', 'afed', 'fjek', 'asdf', 'foo']

>>> delimiters

>>> # Reform the line using the same delimiters
>>> ' join(v+d for v,d in zip(values, delimiters))
'asdf fjdk;afed,fjek,asdf,foo'’

>>>

MRIFABREBAEFHRINLERIRPE, BNHAFTEERIESRSALEN
RANME, WBIRIBDARIERIRSH, B0 (7:...) . tLal:

>>> re.split(r'(7:,];[\s)\s*', line)
['asdf', 'fjdk', 'afed', 'fjek', 'asdf', 'foo'l
>>>

2.2 FrREBRALSGEELE
2] &}

MEEBEITREENNSIEANEZREFTRNALNELE, LLIIXHEFRFE, URL

PaZaslo’axd

Scheme &3,

fRIRTI

CEFHEALDEEN — N EREHERER str.startswith() HE R str.
endswith() F3i%, Lbid:

>>> filename = 'spam.txt'

>>> filename.endswith('.txt')
True

>>> filename.startswith('file:')
False

>>> url = 'http://www.python.org'
>>> url.startswith('http:')

True

>>>

MRMFEREZSMILEgE, REEXFMBENNEINMAZI—1NlPE, AEE
48 startswith() B3 endswith() Hi&:

>>> import os

>>> filenames = os.listdir('."')

>>> filenames

[ 'Makefile', 'foo.c', 'bar.py', 'spam.c', 'spam.h' ]




>>> [name for name in filenames if name.endswith(('.c', '.h')) ]

['foo.c', 'spam.c', 'spam.h'

>>> any(name.endswith('.py') for name in filenames)
True

>>>

TEES—MIF:

from urllib.request import urlopen

def read_data(name):
if name.startswith(('http:', 'https:', 'ftp:')):
return urlopen(name) .read()
else:
with open(name) as f:
return f.read()

FENR, INHEPYVABBA—NTEERSH. MRMFEBIGE— list 5
& set REMEEN, EWMFREESHAITIERA tuple O HFHEHRIITHZEE, LLIN:

>>> choices = ['http:', 'ftp:']

>>> url = 'http://www.python.org'

>>> url.startswith(choices)

Traceback (most recent call last):

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

TypeError: startswith first arg must be str or a tuple of str, not list
>>> url.startswith(tuple(choices))

True

>>>

e

startswith() # endswith() F/ARMHE T —NMEEHEHNANEMFRTSE LM
HERMEE, RURIREHRRIAMERIAREN, BERABEEREEMLMHE, LLI:

>>> filename = 'spam.txt'

>>> filename[-4:] == ' txt'

True

>>> url = 'http://www.python.org'

>>> url[:5] == 'http:' or url[:6] == 'https:' or url[:4] == 'ftp:'
True

>>>

fRe] ABEIR B E A IEMRIAN AL, teun:

>>> import re
>>> url = 'http://www.python.org'
>>> re.match('http: |https: |[ftp:', url)




<_sre.SRE_Match object at 0x101253098>
>>>

XMHABITEE, ERNTRENLESSERERIMKAT, ATHNGEE
MERHFRBiTRERE

mERER—T, %*D-ﬂ:ﬁﬂ? ELENE BRIBERSHESHIR startswith()
endswith() F3/ERRAEN. tbil, TEXMEAKRERNXGXPEBFEREN

MFZEE:

if any(name.endswith(('.c', '.h')) for name in listdir(dirname)):

2.3 3 Shell BEESFLEESFH
BE

W:E\fﬁﬁﬁ Unix Shell PFERRBEEA (Eb9l *.py , Dat [0-91*.csv F) HLEEX

fRRFIZ

fomatch FRIRIBM T ML ——~Fnmatch() F fnmatchcase() , ®JLAFRILIR
XMEMILEE, BEWTF:

>>> from fnmatch import fmmatch, fnmatchcase
>>> fnmatch('foo.txt', '*x.txt')

True

>>> fnmatch('foo.txt', '7oo.txt')
True

>>> fnmatch('Dat45.csv', 'Dat[0-9]*')
True

>>> names = ['Datl.csv', 'Dat2.csv', 'config.ini', 'foo.py']
>>> [name for name in names if fnmatch(name, 'Dat*.csv')]
['Datl.csv', 'Dat2.csv']

>>>

fomatch ) BRERKRRIFFRARZHX/NEHZAN (REIMNRFERN—HFH) K
iRz, tean:

>>> # 0On 0S X (Mac)

>>> fnmatch('foo.txt', '*.TXT')
False

>>> # 0On Windows

>>> famatch('foo.txt', '*.TXT')
True

>>>




MBARIXMXBIRER, PJLAEA fnmatchcase() KR E, EREERIRIVE
NK/NELES, tban:

>>> fnmatchcase('foo.txt', '"*.TXT')
False
>>>

XA RBER W BN — MR ECEENHBNFFHEMREITHRER
BAM, LW, ERRFE—NMinath ity 7IREE

addresses = [
'5412 N CLARK ST',
'1060 W ADDISON ST',
'1039 W GRANVILLE AVE',
'2122 N CLARK ST',
'4802 N BROADWAY',

Re] MBI B IRES:

>>> from fnmatch import fmnmatchcase

>>> [addr for addr in addresses if fmnmatchcase(addr, '* ST')]

['5412 N CLARK ST', '1060 W ADDISON ST', '2122 N CLARK ST']

>>> [addr for addr in addresses if fnmatchcase(addr, '54[0-9][0-9] *CLARK*')]
['5412 N CLARK ST']

>>>

e

fomatch () BREXILECEE NN TR BRIF A BB KR ENRIAN 2 (6], INRE
HECBIRMEP A FEZE RRBREA TR R, XEER—MERSENER,

MRMAIRKBEEMXEHRINE, RIFER glob Bk, &%E 5.13 I\,
2.4 FRFALEMER
|o) 25

RELENEERFERIIXA

RRRFIZ

MRMGELRENEFEFNSR, BLAMREEREZRAERFHELIEMIT, il
str.find() , str.endswith() , str.startswith() BXE XU E:

>>> text = 'yeah, but no, but yeah, but no, but yeah'
>>> # Exzact match
>>> text == 'yeah'




False

>>> # Match at start or end

>>> text.startswith('yeah')

True

>>> text.endswith('no')

False

>>> # Search for the location of the first occurrence
>>> text.find('no')

10

>>>

WFEZMLEEEEFRAEMNRAN re R, AHTHEBRENRAXNEXRFRIE,

Rig(FELEAF RN BEFAFHLCW 11/27/2012 , {RE]BAXAF

>>>
>>>
>>>
>>>
>>>
>>>

'11/27/2012"
'"Nov 27, 2012

textl
text2

import re
# Simple matching: \d+ means match one or more digits
if re.match(r'\d+/\d+/\d+', textl):

. print('yes')
. else:
. print('no')

yes
>>>

if re.match(r'\d+/\d+/\d+', text2):

. print('yes"')
. else:
. print('no')

no
>>>

NRFBERBR—MRNE MBS XLE, (R IZTHEENFA BN IFE R
tean:

>>>
>>>

datepat = re.compile(r'\d+/\d+/\d+")
if datepat.match(textl):

. print('yes')
. else:
. print('no"')

yes
>>>

if datepat.match(text2):

. print('yes"')
. else:

. print('no')

no
>>>




match() SRNFHEARENE, IRGEERFHFHIEESEHIERHINA
B, /A findall ) FEERE, tbul:

>>> text = 'Today is 11/27/2012. PyCon starts 3/13/2013.'
>>> datepat.findall (text)

['11/27/2012', '3/13/2013']

>>>

EEXENANERER, BESFRAESEHIKSHE, thl:

>>> datepat = re.compile(r'(\d+)/(\d+)/(\d+)")
>>>

WESERTUFESEENLIEENEE, EATUSFEESENMENATIRENL K,
ttdn:

>>> m = datepat.match('11/27/2012")

>>> m

<_sre.SRE_Match object at 0x1005d2750>

>>> # Extract the contents of each group

>>> m.group(0)

'11/27/2012"

>>> m.group (1)

111"

>>> m.group(2)

l27|

>>> m.group(3)

'2012"

>>> m.groups()

("1, 27+, '2012')

>>> month, day, year = m.groups()

>>>

>>> # Find all matches (notice splitting into tuples)

>>> text

'Today is 11/27/2012. PyCon starts 3/13/2013.'

>>> datepat.findall(text)

(Cra1r, ‘274, '2012'), ('3', '13', '2013"')]

>>> for month, day, year in datepat.findall(text):
. print (' {}-{}-{}'.format(year, month, day))

2012-11-27
2013-3-13
>>>

findall ) FARERNAFUIIRENREIFFEHLE, WMRFELAATT R
L2, RICAERR finditer O FiERME, tban:

>>> for m in datepat.finditer(text):
. print(m.groups())

('11, 27", '2012")




('3', '13', '2013")
>>>

e

XFENRARNIBICHHECLKBHTAPIERE, AT, X—TERTEA re
EWIRHEHITLREIERERNANRERGE ZOTBMRLER re. compile) YRIFIEN
RAXFFHR, ABREA natch() |, findall() F finditer () HHi%,

SEENAFFENRE, ENEENMERERRBFASBLEI v (\d+)/
(\d+)/(\aH) ' , IMFHFBREAETHERRFL, IEENRAAPZREAN, MR
ANXEEEE, (FOFUERABENRFL, &M \\d+)/(\\d+)/(\\d+H) ',

FEEBHIR natch) HENNREFHFRNARES, EHLEEERERIGEFHF
N2 (REAEERIARTE, LEul:

>>> m = datepat.match('11/27/2012abcdef"')
>>> m

<_sre.SRE_Match object at 0x1005d27e8>
>>> m.group()

'11/27/2012"

>>>

INRIFERFALE, WRIFEENREZNAL $ 5, MBI LXF:

>>> datepat = re.compile(r'(\d+)/(\d+)/(\d+)$")
>>> datepat.match('11/27/2012abcdef ')

>>> datepat.match('11/27/2012")

<_sre.SRE_Match object at 0x1005d2750>

>>>

&fE, MRMENNEM—RERHNALE/EREFE, TUBTRIFIRD,
E#ER re RIRKHIHVERLL, LLIN:

>>> re.findall(r' (\d+)/(\d+)/(\d+) "', text)
(¢raer, 27, '2012'), ('3, '13', '2013')]
>>>

BERFEIENRE, MRFITEMARENLEFNERIZFINE, RIFLRILENR
A, AEBEEFATE, RREFNEYFREMFLIRANEFER, BLHAHR
SEFEAZ MR, BRMREAMBIFRININE, MESELERI— LI IE
mFE.

2.5 FRRERME MR
o] &

FEEFNRPERMLEREENAELN




fRIRTI
WNFERENFEER, BEER str.replace() F5i&BIE, LtEaN:

>>> text = 'yeah, but no, but yeah, but no, but yeah'
>>> text.replace('yeah', 'yep')

'yep, but no, but yep, but no, but yep'

>>>

W FEZaER, BEA re MR sub() B, FTIHEIXA, BIZREEH
N 11/27/2012 BIHEAFRFAR LAY 2012-11-27 , RGO :

>>> text = 'Today is 11/27/2012. PyCon starts 3/13/2013."
>>> import re

>>> re.sub(r' (\d+)/(\d+)/(\d+) ', r'\3-\1-\2', text)
'Today is 2012-11-27. PyCon starts 2013-3-13.'

>>>

sub() ERHAME—PMSHRRBRILENERN, FNSHREZRRN, REFIHF
EEg0 \3 B ERIERNBIHEIRAE S,

NRIFITERBEREINEZ X Bk, BREREFEREIEE, LI:

>>> import re

>>> datepat = re.compile(r' (\d+)/(\d+)/(\d+)")
>>> datepat.sub(r'\3-\1-\2', text)

'Today is 2012-11-27. PyCon starts 2013-3-13.'
>>>

SFEMERMER, AJUEE—NERLEBRBRNAE, tLu:

>>> from calendar import month_abbr
>>> def change_date(m):
. mon_name = month_abbr [int (m.group(1))]
. return '{} {} {}'.format(m.group(2), mon_name, m.group(3))

>>> datepat.sub(change_date, text)
'Today is 27 Nov 2012. PyCon starts 13 Mar 2013.'
>>>

—NERENAR IS HRE — natch R, HBHZE natch(O BFE £find (O IR
FIN R, A group) FHERREUSERLEES, ERRBEREREZRTFITH,

MRIRTEBRBENERI, (REBNEBSLERELET, AJLAMER re.subn(
RAE, LLyl:

>>> newtext, n = datepat.subn(r'\3-\1-\2', text)
>>> newtext

'Today is 2012-11-27. PyCon starts 2013-3-13.'
>>> n

2

>>>




e

RTENRIADNERER, LE/AH?E’J sub() HEEAEZREZ A, HX
RIEMENMERS ENRIANVELN, INMRERBRIEZEBCETEHIT,

2.6 FRHRBZBX/NEWERER
o) &L

MEEZUNZBRKNENANERSERX AT

fRIRTFIZ

ATEXNFRENZERNG, (REEEFERH re EIRMRLL X LIREFRME
re.IGNORECASE In&S84, tbl:

>>> text = 'UPPER PYTHON, lower python, Mixed Python'
>>> re.findall('python', text, flags=re.IGNORECASE)
['PYTHON', 'python', 'Python']

>>> re.sub('python', 'snake', text, flags=re.IGNORECASE)
'UPPER snake, lower snake, Mixed snake'

>>>

REMBNMIFIRRT —NNiRE, BRFHFEACBNRBRLCEFFHRIKN
NEFRF—H. ATEEXD, FoJeFE—MEBIR, MG T EAXE:

def matchcase(word):
def replace(m):
text = m.group()
if text.isupper():
return word.upper()
elif text.islower():
return word.lower()
elif text[0].isupper():
return word.capitalize()
else:
return word
return replace

TERER LRRHISE:

>>> re.sub('python', matchcase('snake'), text, flags=re.IGNORECASE)
'UPPER SNAKE, lower snake, Mixed Snake'
>>>

1##& /¥ matchcase('snake') IR[E] T — A@lﬂl_l;& (BEUNTRE match WR), &l
H—TRENE, sub() RERTEIBRFNABRIN, TaeEZ— /I\Iillﬂ .




e
o F—RREV B KNSR ILECIRME, EHAYEE— re. IGNORECASE ARE S EH

B2EBT, BEREFEIENR, IMNTFRELEEEX/NELEHA) Unicode ILAZ 0] EE
ARG, & 210 NP THERESHET,

2.7 xR
Bk

REARERENRAALERENAER, EREHRENRRAMRKATE
g, MRBIEIRETMERRERTEELE,

fRIRTIR

XA e — AR B AT ZLE — 2R B AR (L5 S8 8MFN
), ATUBRFE, BEMTFHIGIF:

>>> str_pat = re.compile(r'\"(.*)\""')

>>> textl = 'Computer says "no."'

>>> str_pat.findall(textl)

['no.']

>>> text2 = 'Computer says "no." Phone says "yes."'

>>> str_pat.findall(text2)
['no." Phone says "yes.']
>>>

EXAMFH, B o\ o\ HERRLEHRNEISEIZNXE, BRELE
MFRANAF * BEFRAZN, BtRERFESERKRKMATELE, TREF-1
PIFHRER text2 HIIHRREERATEHAEER,

ATRIEXAN R, o] AERIVRRY * REMFEEMNL? BI67F, miiXsF:

>>> str_pat = re.compile(r'\"(.*7)\"")
>>> str_pat.findall (text2)

['no.', 'yes.']

>>>

XEERLEEMIFREEN, MNMBRIREMLE, tHMERNEENSGR.

it
X—TRRTHESEESR () FANENRADNNRSEEN—LE I @, £—
MEANFAER, R () RERTRITHNERTN, A, NRIFES () SREAFSR

S54RA (LEW515) 2B, BBALERIFRERNTESRIAMWRKAIGELE, X
HEBRZSRESHENBRARSERTESNNARBERE, ARELWNESELE
SERFHAHEFIRE, BIE « E + XFNRMEFEERIN— 7 ATBAaG LEEE
cA P IR R AT EILEC,




2.8 Z1TILECHET
[a] &

REARESERAENRANEZLRE—RRIXAE, MEFEBRSITELE,

fRIRTI
XN RRBBPNHIMESFAR () ZREEEFHFME, TIETR () 76

LECHRITAHIESL, i, RiFRINEELE C ES988ER:

>>> comment = re.compile(r'/\*(.*7)\*/")
>>> textl = '/* this is a comment */'
>>> text2 = '''/* this is a
. multiline comment */
.. e
>>>
>>> comment.findall(text1)
[' this is a comment ']
>>> comment.findall(text?2)

(]
>>>

ATERIEZANE, (RRICMEIRINFATER, BN RITRIS S, tLal:

>>> comment = re.compile(r'/\*((7:.[\n)*7)\*/")
>>> comment.findall(text?2)

[' this is a\n multiline comment ']

>>>

FEXAMEINH, (7:.1\n) BET —MEHIKRE (HMBEEXT —MUXARME
ILES, MAREEN RMHIRNERSHIA).

e

re.compile ) RHIEZ —MFESEI re.DOTALL , FEXRBIEEEH. ©AIMIE
ENRARFIS () CESERITHERNNERFR. tb:

>>> comment = re.compile(r'/\*(.*7)\*/', re.DOTALL)
>>> comment.findall (text2)
[' this is a\n multiline comment ']

S FRIRAIIBAER re. DOTALL FMCSH TIFMIRYF, ERWMRRINIFES
BERNTMEFHBRSHMES MENGHIER (2.18 THEIFAMIR), XHRERX
MRCSHETRE LN — L El, MRILMEREE, RIFERE X B SHIEMRA
BRI, IHFEUEAFTEHIMNIIRCS I T e TR,




2.9 ¥4 Unicode X ZA&MREL
] &3

{RIEFESLIE Unicode F¥ &, FSEMRMBEFNEEREEEENRT.

PSS

£ Unicode 7, REFFEBAS NS ENRBRT, BT IHE, SETEAX
B+
>>> s1 = 'Spicy Jalape\uOOfio'

>>> 82 = 'Spicy Jalapen\u03030'

>>> si

'Spicy Jalapefio'
>>> 82

'Spicy Jalapefio'
>>> g1 == 82
False

>>> len(sl)

14

>>> len(s2)

15

>>>

XERIA” Spicy Jalapeiio” AT AMAZNRRTR, F—MERBAKEFRF 17
(U+00F1), SE-_FMERAITFH” n” FEE—F" ~" E"Jfﬂﬁ?ﬁ (U+0303),

AEEERFFENEFPERAFFNSHRRISTERIB, HTEEX G,
{REJLAfE A unicodedata HRIRFEIF X AFRAENL :

>>> import unicodedata

>>> t1 = unicodedata.normalize('NFC', s1)
>>> t2 = unicodedata.normalize('NFC', s2)
>>> t1 == t2

True

>>> print(ascii(tl))

'Spicy Jalape\xflo'

>>> t3 = unicodedata.normalize('NFD', s1)
>>> t4 = unicodedata.normalize('NFD', s2)
>>> t3 == t4

True

>>> print(ascii(t3))

'Spicy Jalapen\u03030'

>>>

normalize ) B—NSVIBEFHRINELKI AN, NFC RRFHNIZESEARA
Ry (ELUNmI8ERYERER R —4wt5), ™ NFD RIAFANZDB NS MASFHRT.




Python B BIRELR NFKC 1 NFKD, EfELIER LFFrIRT
(R0 T ERSMAV RS, ERbun:

>>> s = '\ufb0l' # 4 single character
>>> s

>>> unicodedata.normalize('NFD', s)

] ]

# Notice how the combined letters are broken apart here
>>> unicodedata.normalize('NFKD', s)

lfil

>>> unicodedata.normalize('NFKC', s)

lfil

>>>

i
R FEMEENL—RIOBHAIE Unicode XANRFHREEESM, 4
QEIESR R FB o4 NP T R TR T 25 R R B RS 272 ELANIE,

EREMTRXANRFFIIEC B RRERM, L, Rg(REEMRE L
XA LERNTERFHEHE (ATEER N TIEERFLE):

>>> t1 = unicodedata.normalize('NFD', s1)

>>> '' . join(c for ¢ in t1 if not unicodedata.combining(c))
'Spicy Jalapeno'
>>>

RE—MIFRB/RT unicodedata MR BF—NMNEEH @I, BIMEMIAFRHFERN
THEE, combining() RBILLMIX— PN FRHEB AT EN, EXMERPEEH
ftERMATERFFERN, NMAREAVFFHES

Unicode EAR—MEAMER, MREERANTHEXFINEXHTERINES, &
FZE Unicode EMHP X TFiX &P HT17%BH Ned Batchelder £ IR Z5 EXF Python B
Unicode &I [a)@tEE —MEIFHIN A,

2.10 EIEMZXFEEA Unicode
o] &5

RIEAEFERENRATNGIEN S, BREXENR Unicode FAFAIE,

IS

ZKINEA T re IRIREZ¥—LE Unicode ZERFEE TEARMEZIE, thdl, \\d EZ
ILEC(EERY unicode MEFEF T :



http://www.unicode.org/faq/normalization.html
http://nedbatchelder.com/text/unipain.html

>>> import re

>>> num = re.compile('\d+"')

>>> # ASCII dzgits

>>> num.match('123")

<_sre.SRE_Match object at 0x1007d9ed0>
>>> # Arabic digits

>>> num.match('\u0661\u0662\u0663"')
<_sre.SRE_Match object at 0x101234030>
>>>

MRRBERAPESIEER Unicode F&F, {ReILAER Unicode FHF3 R AI%%E
X% (Eb¥0 \uFFF & \UFFFFFFF ), tt9l, TER—NMLEJLANREFHI{EY%E 51
HPFBFHFIIENRIAN:

>>> arabic = re.compile(' [\u0600-\u06f£f\u0750-\u077£\u08a0-\u08ff]+")
>>>

HATLREMERIFFNRER, RIFREFECHBBEMBEXENIRELEI
(8% 2.9 Ih©3), BEREHFENIZEE—ERNFIER, LEZBRXNSLEFK/NS
IR HITT 70,

>>> pat = re.compile('stra\u0OOdfe', re.IGNORECASE)
>>> s = 'straBe'

>>> pat.match(s) # Matches

<_sre.SRE_Match object at 0x10069d370>

>>> pat.match(s.upper()) # Doesn't match

>>> s.upper() # Case folds

'STRASSE'

>>>

iFie

BEEA Unicode IEMRARBERLFIUE, MRIFENITEXAMIE, 8
FEETRRE=FENRE, ENIRHN Unicode WANSHEIRME A RGBS
RIELEHZ, SIEEHILE,
2.11 HFRFRBEPAFTENFH
228

MEEEXSFHFEL, EEXEFEINEENFN, L=

PSS

strip() F/EBERTHBRARILEENFR, 1stripO) M rstripO) HAIAEF
MERITHIFRIEE, BIABRAT, XEFESEZRTEFR, ERIFtAIUIEEEHMT




. tLun:

>>> # Whitespace stripping
>>> s = ' hello world \n'
>>> s.strip(Q)

'hello world'

>>> g.1strip()

'hello world \n'

>>> g.rstrip()

' hello world'

>>>

>>> # Character stripping
>>> ¢t = '-———- hello=====

>>> t.strip('-="')
'hello’
>>>

e

XL strip() FAEIZERSIERAIRE U Z 5 A BN ERREE AR, T
o, REIAARENIREREZR, 5ISMTMEMIES,

BREZIENRFMRBEAINFFHENP RIS A =LA, tEa:

>>> s = ' hello world \n'
>>> 8 = s.strip()

>>> s

'hello world'

>>>

NRRELIEPEIRIZHE, BLAMMFERBPEMBIA, LLIER replaceO ik
ERAENRANEKR, RONTF:

>>> s.replace(' ', '')
'helloworld'

>>> import re

>>> re.sub('\s+', ' ', 8)
'hello world'

>>>

BEBEEL MBS FNS strip BIEMEMXNRERES, tLAASIHEFFIZE
ZITHIR, MRBIHME, BLAENBRRANMFAINAESFT, tLil:

with open(filename) as f:
lines = (line.strip() for line in f)
for line in lines:
print(line)




EXEB, ®AI lines = (line.strip() for line in f) HITHURIEIRIEIE, X
HAXIEESN, BAEAREENLIZEAMBHRIERE —MEREIFITRFE, ERXNR
el — 1NERMEE, HESXOROITZEIRAMIT strip B{F.

YWFESMAY strip, {ReJEEEEFEM translate() A%, BER T T THRES
XFFEABRBENAR,

2.12 HEFIENAFHE

[B] &

ay

— LTI R ZEMRIMIETTERERIMANA" python”, ABMRBFXL
FITEEE,

o
+¥d

RT3

At

XABELBRTRIBENABITSHIELIEE— R EE, TEFEHENE
BT, (ReJRESIERERFATBERL (EbI str.upper O F str.lower () ) X A% R
FRERR, {EF str.replace() B{# re.sub() ME P B IRIRIFAENIASBRTIETE
HFHFFI, REMFERTCAER 2.9 V198 unicodedata.normalize () BREIF unicode
N AR,

Ala, BRHERMRe]sE R BE/RIRIRF LBt —2, i, ReTeeBRREMX (8] £
MWFHREEREEN. B 7TXFEE, RIAERZE BB str.translate )
Hik. ATER, BRFNAEE TEXNREAFFS:

>>> s = 'pythéfi\fis\tawesome\r\n'
>>> s

'pythéfi\xOcis\tawesome\r\n'

>>>

F—TERBETHFN. BT XHEM, ZtIB— MW EBRREBAGER
translate() Ai%:

>>> remap = {

ord('\t') : ' ',
ord('\f') : ' ',
.. ord('\r') : None # Deleted
.t
>>> a = s.translate(remap)
>>> a

'pythéfi is awesome\n'
>>>

H

IFAMRERAEE, SEFA \t fl \t EEWEHRMRFE -1, OFEFHFr B
R MR,

fRE] AAX N RAE A B E — P WEERNIRME, L, iEHRANBRFAENE

I

1% .




>>> import unicodedata

>>> import sys

>>> cmb_chrs = dict.fromkeys(c for c in range(sys.maxunicode)
if unicodedata.combining(chr(c)))

>>> b = unicodedata.normalize('NFD', a)
>>> b

'pythéfi is awesome\n'

>>> b.translate(cmb_chrs)

'python is awesome\n'

>>>

LEEHIFH, BEIEA dict. fromkeys O F3EME—NFH, B4 Unicode 1T
fHERE, WHKESERH None

SAIGfEH unicodedata.normalize ) FRBMAIMENX DD B ERN. AEH
BF translate REMIRFIEES . R ] A ARBRE MERFR
(ELONIEHIFFE),

ERB—MIF, XEME—MEFE Unicode FFRFIREIZIITRAY ASCIT F
F ERIRAS:

>>> digitmap = { c: ord('0') + unicodedata.digit(chr(c))
for ¢ in range(sys.maxunicode)
if unicodedata.category(chr(c)) == 'Nd' }

>>> len(digitmap)

460

>>> # Arabic digits

>>> x = '\u0661\u0662\u0663'
>>> x.translate(digitmap)
'123"

>>>

AH—MBEXAHRARPRE 1/0 BE5REERY, XEMBEBR LN XA M—
LEHTHEE, ABBLES encode) BE decode O IRMFRIBIRENIERE, LLIM:

>>> a

'pythéfi is awesome\n'

>>> b = unicodedata.normalize('NFD', a)

>>> b.encode('ascii', 'ignore').decode('ascii')
'python is awesome\n'

>>>

X BRI ECIREBE RN A DB R RMFIS A, BETRE ASCIH 415 /##15
AREBRN—TFEFEPLER, HA, IMHAEUXRERGEHEIRIEKENEIX
AN ACSII RRAIBHMEERL,




e

XAFFBE-—IREBMRIANZZIEITHERE, —MRH, KBREREITR
R, W FERRIZFIRIRIE, str.replace) HFETERRIRN, EEEFFESXIHA
RURH R, EEEN, A TEBZERFR, (REIROXFFE:

def clean_spaces(s):

s = s.replace('\r', '")
s = s.replace('\t', ' ')
s = s.replace('\f', ' ')
return s

NRMREMIAENE, FMELRIWXFMAANRLER translate ) HEENRIARN
ZRRZ,

H—HHE, NREFEATEMERFAXNF TR EMNIRET=E BERRIENE,
tanslate ) FiARIEERIR,

MREIFLER W, 3 FIRRIN AR F R EEE
MRE, BAIARTRRAMREN - MIENRAR, FE

FEFECERRANENGEHEE,

REX—TEFTEHNENE, BREMUNKABAINERTFT, BERENE

], HIFENRIAL,

N EAEBCHARNEFA, 1%
BEMSE N PTRRIE . ELESKERER

2.13 FRFENTF
BE

{REBET XM T A IURIBIVEF R &

WFEARWFIFENTFERIE, ATAMERFAHN 1justO |, rjust O F center )
F3ik. EEYM:

>>> text = 'Hello World'
>>> text.ljust(20)
'Hello World !
>>> text.rjust(20)

! Hello World'
>>> text.center (20)

! Hello World !
>>>

PREXLETFEREE R — N AIERIEAF A, tLal:

>>> text.rjust(20,'=")
'=========He110 world'




>>> text.center (20, '*"')
"s)xxkHello Worldkskkskk!'
>>>

BRIEY format O BEIFA]ARRBEZIINTFTFH, (FEMPIMZER <,> & °
FREEER - MEENEE, tLil:

>>> format (text, '>20')
! Hello World'
>>> format (text, '<20')
'Hello World !
>>> format(text, '~20')
! Hello World !
>>>

NRMFBEE-—TEZRIERFN, BESRINFFARIFImEEN:

>>> format(text, '=>20s')
'=========Hello World'
>>> format(text, '*720s')
"skxkHello Worldkskkskk!'
>>>

STV S MEMRHER, XLERDABE R AWATE format O F5iEH, ELil:

>>> '{:>10s} {:>10s}'.format('Hello', 'World')
! Hello World'
>>>

format () BB —NMFRRBENMNERTFFEH, ErIUARBIVLEME,
SEIREMEA, b, Fe]UAERBIVMEEF:

>>> x = 1.2345
>>> format(x, '>10')

! 1.2345"
>>> format(x, '~10.2f')
! 1.23 !
>>>
e
EENRBER, MEESBEWARSEINANIARR J #1EMF. tbin:
>>> ! "% text
'Hello World !
>>> ! "9 text

! Hello World'
>>>




B, EHRAEE, RRIZMELIERE fornat () BEEHE, format() Ett
% BRERITHEEE 5@ K, HH format O HEEEA 1just () , rjust() BX center() /5
EEERA, ARETUARBICEENSR, MANNXERFFE.

MNREETLTHE format ) RPHVBEREE, B5E T4 Python X4
2.14 aHHIEFERF
2] &R

RN NIFEFEEF A PR FF B

fRIRTFIZ

NRIGEESHNFHFERE—1FIEHE iterable F, BMLRRIIAXFEME
B join(O) Fik. tbud:

>>> parts = ['Is', 'Chicago', 'Not', 'Chicago?']

>>> ' ' join(parts)

'Is Chicago Not Chicago?'
>>> ', ' join(parts)
'Is,Chicago,Not,Chicago?'
>>> ' join(parts)
'IsChicagoNotChicago?'
>>>

VIBER, IMBZFFLESURE, BR joinO BEEAFHHEN—IHE
XM D FEZREEERNTRATERESMARNEIERFS (LMK, T
(H, FH, X, EENEMRTF), WREMBEXLENR EHEX— join() F3iEHA
ERTTAN., BERRAFEREMEENSEFHFHEABAME join) HEFEXE
REEEEIER,

MRIFXIXAREH LB FRNE, ERNS (+) BEEEZRB T :

>>> a = 'Is Chicago'

>>> b = 'Not Chicago?'
>>a + ' ' +b

'Is Chicago Not Chicago?'
>>>

NS (+) BEFEFI-LEEAFHFERIACHNBRLTRMRERE b TIFIIR
¥, tban:

>>> print('{} {}'.format(a,b))
Is Chicago Not Chicago?

>>> print(a + ' ' + b)

Is Chicago Not Chicago?

>>>



https://docs.python.org/3/library/string.html#formatspec

MRMGBRERBPEFRNFEFHRESHER, MRAFTEEHRUHFENKE -,
AFZRMS (+). teun:

>>> a = 'Hello' 'World'
>>> a

'HelloWorld'
>>>

g

FHBEAUEE LEAANTFZA-BTRITE, BREANMZ/NEXNEE, 2F
RBEEEFFEBIVCHIHMRE RS MANREFFREEMEEER K.

REZMNFESRIZNE, SBNERANS (+) BEFEERXRENFHHER
R ZIEFRNEN, FEANSERRSIERTFERI AL EWIRE, 5518, fRX
IEERA N AR N XS F AT BB IE R :

s ="
for p in parts:
s +=p

EMEZERLLER join() HEBITHER—LE, AE—XKMIT += HFIFMHE
REEBE-—IMINFHENR, FREFRTEREMENFHFRARARBREIERE
;EO

— AN EEARERBRRRID BRI AEMRRIAN (B8 1.19 ) BRBIEAFHEH
MR SHF &, tLu:

>>> data = ['ACME', 50, 91.1]

>>> ', ' join(str(d) for d in data)
"ACME,50,91.1"
>>>

EMFEFEE TNV ENTN R ERERF, BRRERFRTLHELEMERIRFD
EHRADAS HE—%8, EEANTEFTENRYRT f :

print(a + ':' + b + ':' + ¢c) # Ugly
print(':'.join([a, b, c])) # Still ugly
print(a, b, c, sep=':') # Better

HREER [/0 RENFAHERBRIFNIHE, BIERFSEFAAFRIMRIIES. LL
o, EBETEMIAEIRAEHE:

# Version 1 (string concatenation)
f.write(chunkl + chunk2)

# Version 2 (separate I/0 operations)
f.write(chunkl)
f . write(chunk2)




MBFAANFHFRRN, BLB-NREEESEFLE, Bl 1/0 REBAXEM
18, RI—T5HE, WRBNFHFHRK, BLAEZ MRFATEIENSN, BheEk

TRIE—NMRANIENERFH BZEFIRENAFREIE, T2BAE, BIHE

WRIBCRE N FATE 745 R SRR TE N ZE AR 75 3.

B s=dh
AETmZ=Z

REK—T, IRMFESREMERE/NFHRNELNAE, FREFSEBNERE

PR E3ERIEY, FA yield ERIF=EHLH A ER, ELU0:

def sample():
yield 'Is'
yield 'Chicago'
yield 'Not'
yield 'Chicago?'

XM EF-— BB AEEEH BN EL A REIREZEFARAMLERL, 19,

{REJCABTERRIER joinO) HiERHXEREREFHENR:

text = ''.join(sample())

REME I FERBEHREREERE 1/0:

for part in sample():
f.write(part)

BEEMErFIUEH—LEE 1/0 BENREH

W

def combine(source, maxsize):
parts = []
size = 0
for part in source:
parts.append(part)
size += len(part)
if size > maxsize:
yield ''.join(parts)
parts = []
size = 0
yield ''.join(parts)

# EEXMHIRE
with open('filename', 'w') as f:
for part in combine(sample(), 32768):
f.write(part)

XEMXBRETRIEBNEMRBRBANFTEZNEEAAET,

B ERRIITT

2.15 FIFBEHFHBALE




o] &

FEEE— T ARTENFNH, TERCNERRTHNFTEERE,

LIS S

Python FRENEFHRPEPERTEERMERNSZ, EREIERAFN
FRfY format O F3/ARMRIXNEA, tLun:

>>> s = '{name} has {n} messages.'

>>> s.format(name='Guido', n=37)
'Guido has 37 messages.'
>>>

BE, MIREWBRNTEETETEIFPIXE, BAIRRILALEFERA format_map()
M varsO) ., PG FEIXFH:

>>> name = 'Guido'

>>> n = 37

>>> s.format_map(vars())
'Guido has 37 messages.'
>>>

vars ) BE— P EEBMWHFMEMEEHERTRREA, tLu:

>>> class Info:
def __init__(self, name, n):
self .name = name
self.n = n

>>> a = Info('Guido',37)

>>> g.format_map(vars(a))
'Guido has 37 messages.'

>>>

format ¥ format map() HI—NERFEFLREAIHNEERIFIIET STRENE,
ttdn:

>>> g.format (name='Guido"')

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

KeyError: 'n'

>>>

— M R XMEBIRNAERFINIEX —NEE __nissing__ O FHENFHIE,
PR T HEX

class safesub(dict):

mmn I}B_lt k:ey j;sz(Eu mmn




def __missing__(self, key):
return '{' + key + '}'

MR AR AX MR BRBAGEES fornat_map() :

>>> del n # Make sure n is undefined
>>> s.format_map(safesub(vars()))
'Guido has {n} messages.'

>>>

MRMRRME CENRBFMBEHIRITIESR, FAIUNEEEERTSEA—1T
EREIETARAD SR, PR N EIX

import sys

def sub(text):
return text.format_map(safesub(sys._getframe(1l).f_locals))

MR MR T EIXEFES T :

>>> name = 'Guido'

>>>n = 37

>>> print(sub('Hello {name}'))

Hello Guido

>>> print(sub('You have {n} messages.'))

You have 37 messages.

>>> print(sub('Your favorite color is {color}'))
Your favorite color is {color}

>>>

e

ZEURBTF Python REFWEEZRMWANEZFMER T EMAEMIBRT .
EARTHRRN— ARG R, FeINEHEZBRBR TEIFNFAFHE
VLR

>>> name = 'Guido'

>>> n = 37

>>> 'Y, (name) has %(n) messages.' % vars(Q)
'Guido has 37 messages.'

>>>

fRe]BEIL BRI F AT R IRREIER :

>>> import string

>>> s = string.Template('$name has $n messages.')
>>> s.substitute(vars())

'Guido has 37 messages.'

>>>




JAM, format() F format_map() AALELR FEIXLEFHZERMEE ML, EULLN %
WILTEIER, R format O 73iEEE —MFAMRRFI LRGN FRF BB IVLRIRE
X (W5F, HE, BFEBRIAMES), MXEFMRERGRIRFEF R ENHTREAR]
BEIR1SHY,

AVEFHRNABT — SR, REFNEFHERE I AL __nissing O
FiER BAERE X UNA IR EREBVIE, 7E SafeSub A, XNFEWE X AHIERER
BERE—NEAR, RAIRAMREANESENAEERFFER (FIFIRAHETEER
BH), MARTEE—" KeyError F&,

sub() EEEEM sys. getframe(1) BB BIM M. BT LA M o 150 BB
f_locals RIXBEHLR, BLRLIEABHER TERBREEFIRFEEMN
ZRAHEN, B2, NTRFHEERTAIBMSCRIELEAN., B, EEE
BHIR £_locals E— M EHIERRMN AT RIFH, REMRT UKL £_locals
AR, BRXMERNTEEANTRINEIREEMMM. U, UE—MEE
EERBE, ERNEHEMREASESNNZERESTRIE,

2.16 AIBEIIZEME L F T

o] &

BE—LERFHH, BUEENIEEElERSIL.

fRRTFIZ
£ texturap RERBIMFFHMBE. LI, BRIMFEE FIIRIKFFH:

s = "Look into my eyes, look into my eyes, the eyes, the eyes, \
the eyes, not around the eyes, don't look around the eyes, \
look into my eyes, you're under."

NEERER texturap HBIVLFRFRISHAI:

>>> import textwrap

>>> print(textwrap.fill(s, 70))

Look into my eyes, look into my eyes, the eyes, the eyes, the eyes,
not around the eyes, don't look around the eyes, look into my eyes,
you're under.

>>> print(textwrap.fill(s, 40))

Look into my eyes, look into my eyes,
the eyes, the eyes, the eyes, not around
the eyes, don't look around the eyes,
look into my eyes, you're under.

>>> print(textwrap.fill(s, 40, initial_indent=' "))
Look into my eyes, look into my

eyes, the eyes, the eyes, the eyes, not

around the eyes, don't look around the




eyes, look into my eyes, you're under.

>>> print(textwrap.fill(s, 40, subsequent_indent=' "))
Look into my eyes, look into my eyes,

the eyes, the eyes, the eyes, not

around the eyes, don't look around

the eyes, look into my eyes, you're

under.

textwrap IRRWFFHFRITENRIEEBAN, 1R IFEER T BN LIR
RINHIBHE, {REJLAfEF os.get_terminal_size() F3iERIKENZLIREIKR/NRT, tEUl:

>>> import os

>>> os.get_terminal_size().columns
80

>>>

£i110) HEER L HMm ATk
twrap. Text Wrapper M4 FKEBNEZAA,

W

HRER tab, BRALEESF, 1 tex

2.17 EFRAFERLIE html F1 xml
BE

{FA84% HTML B{#& XML A0 &entity; BX &#code; BTN A, B,
REEEHRXAPRENFR (LW <, >, 3% &),

PSS

NRMMBBMNAFHHEPR ‘< ;E >, £ html.escape) EREFILATR
BZH5EM, LLU:

>>> s = 'Elements are written as "<tag>text</tag>".'

>>> import html

>>> print(s)

Elements are written as "<tag>text</tag>".

>>> print (html.escape(s))

Elements are written as &quot;&lt;taglgt;text&lt;/taglgt;&quot;.

>>> # Disable escaping of quotes

>>> print(html.escape(s, quote=False))

Elements are written as "&1t;tag&gt;text&lt;/tagkgt;".
>>>



https://docs.python.org/3.3/library/textwrap.html#textwrap.TextWrapper
https://docs.python.org/3.3/library/textwrap.html#textwrap.TextWrapper

WMRFIEELIERR ASCI &, FHEBEIEIE ASCI XA [ 4w AL SEIRER A\ 3
%, ATUALATRLE 1/0 BREE RS E errors="xmlcharrefreplace' RAZX/MNEH, tt
u:

>>> s = 'Spicy Jalapefio'

>>> s.encode('ascii', errors='xmlcharrefreplace')
b'Spicy Jalape&#241;0'

>>>

AT BRNAEPR RIS LAR, (RFEER BN —M7E, NRIREALIE HTML
& XML X&, AELEER—INSIEN HTML & XML f#ss. BEEAT, X
LETASAMNBEHRILREE, FERED.

AR, MRMFEWET -—LESERDENRIBNES, FEEFNEMEBR, BEMR
RFZEM HTML 5#& XML fEiTasa— X TRRE/757A800], tEal:

>>> s = 'Spicy &quot;Jalape&#241;o&quot."
>>> from html.parser import HTMLParser
>>> p = HIMLParser()

>>> p.unescape(s)

'Spicy "Jalapefio".'

>>>

>>> t = 'The prompt is &gt;&gt;&gt;'

>>> from xml.sax.saxutils import unescape
>>> unescape(t)

'The prompt is >>>!

>>>

DS

FEAR HTML & XML XAREHME, NRIEMIVEIRISFINCERNE—NMESR
SHAZMBPIET, FRRHMRER print) BRHEBEMFEFBRACKFEHEN
A%, {EFI%R html.escape () M T BEE ] AR E SRR RIX 3 o),

NRMFBUEM A NIEX R, £ —LHMB T HRENEEUN xml . sax . saxutils.
unescapge () B] CAESEN{R, #AM, RN ZGIAHEREHFER—ISENENEE. tt
i, WRFEAIE HTML 3 XML X&, FERAENEMERLEY htnl . parse 3% xml.
etree.ElementTree B IFEMNIE THXIERMAT,

2.18 FRTRThAMEMT
[B) &

ME—NFHHE, BANEEGHEERBIT I — SR,

{BRENIFE FTEXFE— N XAEFFH:




text = 'foo = 23 + 42 x 10'

AT LR FNE, MANFERERN, TEEERIAIELR, i, (Frged
BF ARG T EX RN FIIT

tokens = [('NAME', 'foo'), ('EQ','='), ('NUM', '23'), ('PLUS','+'),
('nuM', '42'), ('TIMES', 'x'), ('NUM', '10"')]

ATHITEEWNS, F—CHMRETEIHFN AR HRAEMENRAINRE
X BRI RERIShE, @?ﬁ:*’é.

import re

NAME = r'(7P<NAME>[a-zA-Z_][a-zA-Z_0-9]%)"
NUM = r' (7P<NUM>\d+)'

PLUS = r' (7P<PLUS>\+)'

TIMES = r'(7P<TIMES>\*)'

EQ = r' (?P<EQ>=)'

WS = r' (7P<WS>\s+)'

master_pat = re.compile('|'.join([NAME, NUM, PLUS, TIMES, EQ, WS]))

£ EERIRILH, ?P<TOKENNAME> BBF4E—MEXGR, HEEER,

T—%, ATSHEY, EFRABRANRELBAIIER scanner ) Fik, XNFAiE
SEIE— scanner WHR, EXMTREREAIIBA natch() HFiEE— JJ:JJ:E’JE?EE
MXAE, 85— NMLEE, TERXER— scanner WRINA TIEAIZ _E__U?U

>>> scanner = master_pat.scanner('foo = 42')
>>> scanner.match()

<_sre.SRE_Match object at 0x100677738>
>>> _.lastgroup, _.group()

('NAME', 'foo')

>>> gcanner.match()

<_sre.SRE_Match object at 0x100677738>
>>> _.lastgroup, _.group()

cws', ")

>>> scanner.match()

<_sre.SRE_Match object at 0x100677738>
>>> _.lastgroup, _.group()

("EQ', '=")

>>> scanner.match()

<_sre.SRE_Match object at 0x100677738>
>>> _.lastgroup, _.group()

cws', ")

>>> scanner .match()

<_sre.SRE_Match object at 0x100677738>
>>> _.lastgroup, _.group()

('NUM', '42')

>>> scanner.match()

>>>




SEPRMERAX XA R, FINREZHVEG T EIXFE DIRCHEITEE —MER
2R

def generate_tokens(pat, text):
Token = namedtuple('Token', ['type', 'value'l])
scanner = pat.scanner(text)
for m in iter(scanner.match, None):
yield Token(m.lastgroup, m.group())

# Example use

for tok in generate_tokens(master_pat, 'foo = 42'):
print (tok)

Produces output

Token (type='NAME', wvalue='foo')

Token(type='WS', wvalue=' ')

Token (type='EQ', value='=")

Token(type='WS', value=' ')

Token (type='NUM', value='42")

HOWH R W™ R R

INRARABLIB LI, (RA]PATE B S B LR 2R R E A — N EMBERIAT,
teal, FTEHEREFTRAMBHNZEESME:

tokens = (tok for tok in generate_tokens(master_pat, text)
if tok.type != 'WS')
for tok in tokens:
print (tok)

e

BERHSHELE ﬂyﬁ%ﬁ$mﬁ%iﬁm%—$obTﬁmtEMEhﬁﬁ
TMHEBEICEXE-LEEEN/L S, R RO AN ERENRANIEE T
BRIARrIBEHIMHIX AT, W%ﬁEH$TEEm2$ﬁﬂT AEMSERF
Ik, ZthERAMT A LEFHRUIHEEZBFHFLHENIRE.

SRENINFHEEEZMN., re RRSFXBIBEFNINFEMILE, FHit, MR-
MEAEHRA N EREBEANFFNH, BLAGFEERERENSENE. tLi:

LT = r' (?P<LT><)"'
LE = r' (?P<LE><=)"
EQ = r' (7P<EQ>=)"

master_pat = re.compile('|'.join([LE, LT, EQ])) # Correct
# master_pat = re.compile('/'.join([LT, LE, EQ])) # Incorrect

ETAMERZREN, EAERBYNAR <= MRS LT KBS EQ, MAZSE
Sk LE, INMNHARHIBENLE

&la, MEBEBE T FFAHEAMNEN, LW, RRFEENTHEMRN:




PRINT = r'(?P<PRINT>print)'
NAME = r' (?P<NAME>[a-zA-Z_][a-zA-Z_0-9]%)'

master_pat = re.compile('|'.join([PRINT, NAME]))

for tok in generate_tokens(master_pat, 'printer'):
print (tok)

# Outputs :
# Token(type='PRINT', value='print')
# Token(type='NAME', value='er')

ZFESMHSRUEA, REEREEE PyPasing H#E PLY 8, —MAA
PLY BBl FE T —HREER.
2.19 LM —NE BRI TR IR
2128

RAERE—BEZMVWBAIXAHANITHS, HEWE—MRBANHBRIEE
., MREBZFIFEEER, FJUBCEXIHITE, MAREA—LEES,

fRIRTI

EXANE| R, FHAIERTHERIBIEFIE ST AR, 77 XM, fE
E )\ BNF 5% EBNF o8 — MrEIEZ, tEdll, — MEBRMFEREARIE AP 6L
SR HEX

expr ::= expr + term
|  expr - term
| term

term ::= term * factor
| term / factor
| factor

factor ::= ( expr )
| NUM

%, A EBNF = :

expr ::= term { (+|-) term }x
term ::= factor { (*|/) factor }x
factor ::= ( expr )

| NUM



http://pyparsing.wikispaces.com/
http://www.dabeaz.com/ply/index.html

£ EBNF /1, #EISTE {.. .2+ RPHMNEFNEN, *KR 0 XHBRXEE (BRIE
MFRANRENZ M),

e, WRMR¥ BNF B TEVGIEARRIBANE, MEEIME—HERANS
IREERIIN, —AERE, BTRREZ(RF A BNF TS SR RCAL
AN AMEENN, A TER, RRIFREEBEAEN 3 + 4 + 5 BRIAN, N
RANSBEETER 2.18 THRHNMBWRAR D BH—HSHER, ERUTERBTIIXE
HI<LhEFF:

NUM + NUM * NUM

EUEEA E, BNEFRINEZETERIEFLEEZDMASHE:

expr

expr ::= term { (+|-) term }*

expr ::= factor { (x|/) factor }* { (+|-) term }*

expr ::= NUM { (x[/) factor }* { (+|-) term }x

expr ::= NUM { (+[-) term }*

expr ::= NUM + term { (+[-) term }*

expr ::= NUM + factor { (*|/) factor }* { (+[-) term }x
expr ::= NUM + NUM { (*|/) factor}* { (+|-) term }*

expr ::= NUM + NUM * factor { (x[/) factor }* { (+|-) term }x
expr ::= NUM + NUM * NUM { (*|/) factor }* { (+|-) term }*
expr ::= NUM + NUM * NUM { (+|-) term }*

expr ::= NUM + NUM * NUM

THRBMWET SR EFEESNEFER, ERE(IRESEEHRBAFIL
EXLEEENMM, E—MEASHER NUM, HAEHREEKLERNEBS. —BEI
TN, MEEANT - +, CAESEH, SEZMENELRL T — <R,
FinIERsy (EE80 { (x/) factor }x ) BIRH/FIEE, E—TMIINIMENRS, B4NE
BEHD REERFRILECEMA L T,

BTHENARESR, TERNE-—NERRFRBRUOAHE—MRITITER
RIURIEREF:

#!1/usr/bin/env python

# —-*- encoding: utf-8 —*-
nimnn

Topic: TPEREMTES

Desc :

nmnn

import re

import collections

# Token specification

NUM = r' (?P<NUM>\d+) '

PLUS = r'(?P<PLUS>\+)'
MINUS = r'(?P<MINUS>-)'
TIMES = r'(7P<TIMES>\*)'
DIVIDE = r' (?P<DIVIDE>/)'
LPAREN = r' (?P<LPAREN>\()'
RPAREN = r' (?P<RPAREN>\))'




WS = r' (7P<WS>\s+)'

master_pat = re.compile('|'.join([NUM, PLUS, MINUS, TIMES,
DIVIDE, LPAREN, RPAREN, WS]))

# Tokenizer

Token = collections.namedtuple('Token', ['type', 'value'l])

def generate_tokens(text):
scanner = master_pat.scanner (text)
for m in iter(scanner.match, None):
tok = Token(m.lastgroup, m.group())
if tok.type != 'WS':
yield tok

# Parser

class ExpressionEvaluator:
Implementation of a recursive descent parser. Each method
implements a single grammar rule. Use the ._accept() method
to test and accept the current lookahead token. Use the ._expect()
method to exzactly match and discard the next token on on the input

(or raise a SyntazError if it doesn't match).

def parse(self, text):
self.tokens = generate_tokens(text)
self.tok = None # Last symbol consumed
self .nexttok = None # Next symbol tokenized
self._advance() # Load first lookahead token
return self.expr()

def _advance(self):
'Advance one token ahead'
self.tok, self.nexttok = self.nexttok, next(self.tokens, None)

def _accept(self, toktype):
'Test and consume the next token if it matches toktype'
if self.nexttok and self.nexttok.type == toktype:
self._advance()
return True
else:
return False

def _expect(self, toktype):
'Consume next token if it matches toktype or raise SyntaxError'
if not self._accept(toktype):
raise SyntaxError('Expected ' + toktype)




# Grammar rules follow
def expr(self):
"expression ::= term { ('+'|'-') term }x*"
exprval = self.term()
while self._accept('PLUS') or self._accept('MINUS'):
op = self.tok.type
right = self.term()

if op == 'PLUS':
exprval += right
elif op == 'MINUS':

exprval -= right
return exprval

def term(self):
"term ::= factor { ('*'|'/') factor }x"
termval = self.factor()
while self._accept('TIMES') or self._accept('DIVIDE'):
op = self.tok.type
right = self.factor()

if op == 'TIMES':
termval *= right
elif op == 'DIVIDE':

termval /= right
return termval

def factor(self):
"factor ::= NUM | ( expr )"
if self._accept('NUM'):
return int(self.tok.value)
elif self._accept('LPAREN'):
exprval = self.expr()
self._expect ('RPAREN')
return exprval
else:
raise SyntaxError('Expected NUMBER or LPAREN')

def descent_parser():

e = ExpressionEvaluator ()

print(e.parse('2'))

print(e.parse('2 + 3'))

print(e.parse('2 + 3 * 4'))

print(e.parse('2 + (3 + 4) * 5'))

# print(e.parse('2 + (3 + * 4)'))

# Traceback (most recent call last):

# File "<stdin>", line 1, in <module>
File "exprparse.py", line 40, in parse
return self.ezxpr()

File "exprparse.py", line 67, in expr
right = self.term()

H*H R B W




File "exzprparse.py", line 77, in term
termval = self.factor()

File "exprparse.py", line 93, in factor
exprval = self.ezpr()

File "exprparse.py", line 67, in expr
right = self.term()

File "exprparse.py"”, line 77, in term
termval = self.factor()

File "exprparse.py”, line 97, in factor
raise SyntazError("Expected NUMBER or LPAREN")
SyntazError: Ezrpected NUMBER or LPAREN

HOH R OH R OB W W R HRR

[} LI

if name_ _ ==
descent_parser()

__main__

i

NABITR—MERMNED, —iReSBEFEF ) RIFRENNIFABN=EE,
MRMEKI T TIEE, BINEEZSHEANESMINNIE, RNIZEE— THIZED
£, REA, XTFXAEMNARBTAS, FoJEEXELIRHA,

REWLL, RE— MBI T EMETSEMNEBARBRILLRE RN, FIRMRHE, R
REMEMNEENN, ARBEERI—NRPHEHE BLWNRMRAEELEMNX
=

expr ::= term { ('+'|'-') term }*
term ::= factor { ('x'['/') factor }*
factor ::= '(' expr ')'

| NUM

RRZE A e 14E R — AR T EXFRTTE:

class ExpressionEvaluator:
def expr(self):
def term(self):

def factor(self):

BOHAFERANESRER - ECOMNEZREHEZNNNE—&857, &IE
B, NEMEX LH, BHENEMNHMRZALETEZNN, BEAr-E—MEE
HiR, AT, ERATEHOXLESIGE:

o MEMUWPRTANFSEHIN—MEEMVEIRF (ELU0 term 3% factor), FiiEE
FIBARBMFGEN], XMIBIZEEP" TR BIBK - Z6 TR S —ME




EMNRE, BRHMEMNSIERABEMITITGE (EEW, £ factor ::= ' ('expr
DS expr B9IEMA), XMEEER” BI1T7 AIEAXK,

o MRMUPAT—AHFSEMIANS (LW (), FEERT —NLEARAIE—
MEHALE), MRALE, H=E—MEFHEIR, X—THH _expect O F3iEFL
= RRIX— 1Y,

o MNRMMAT—ANFFShH—LLolEEMNEEDT (BN + 2K -), RAOTNZF—F7A]
BEEARET 1<, RBEIERRE—MHIEA ML, XthEFRTREH
_accept ) AENIBR., ERITF expect() HiERIGELRE, BRIMR—AT
XE TESHE:, BRNERIKE, ERKFERRERMELR (RITRLEME
EREEHIT),

« WFBEEEHTHIAMM (LLMEMMRIARN ::= term { ('+'['-") term }x H),
S8 MFEI— while fBIAREI, BISAEFRSWESIEFRMENEETRE
S BHEMmITERRTATKE,

o —BHEMEENMNIETN, SMNHEROEMERESERE, HEERENR
AEFMERSEHRMMWEE, i, ARAIVKEREFP, REERRRAIRE
MENHNER. REMBESERINENEZMNGEFEHIER,

RERFRERMWEZ—NEEMGF, BITTEMENTSE] CABRIMIEE S Zh#
1. EE30, Python IEEABFRIE T — MBI TFEREMNTES LR, WREIT IR
B, {REJLAEE EE Python BB Grammar/Grammar KR FEREIE VI, B
TR, BEFNAAEEU—MENSBEISBRSIERMNRTEZA,

HER—/ERMBENINERATESEMERIFEEZANH, e, MARE
ZENF T EXE— A

items ::= items ',' item
| item

AT ZFEE, RSB TEXEER itensO F3ik:

def items(self):
itemsval = self.items()
if itemsval and self._accept(','):
itemsval.append(self.item())
else:
itemsval = [ self.item() ]

ME—HEARXNTERERELF, FXLE, ESFE—NLREIFHER,

RTPEEMNABRe]Eth 2R R — LmFAiE-, tean, ReraeBzne T mx 4
BRIEIEERARDGE:

expr ::= factor { ('+'['="['x"|'/") factor }*

factor ::= '(' expression ')'
| NUM

XMEZELFEER#, BEREAMNEREINENNZEHIEERFLER,
tban, |IAN "3 + 4 + 5" 2RFFH 35 MARHAER 23. DFAEA" expr” M7 term”




HL =] BALE E 1IE AT 1%,

WFERMIEE, RERFISERENENTLELLW PyParsing 3(&RE PLY, FMH
(£ PLY REERIAAKREREREFHING:

from ply.lex import lex
from ply.yacc import yacc

# Token list

tokens = [ 'NUM', 'PLUS', 'MINUS', 'TIMES', 'DIVIDE', 'LPAREN', 'RPAREN' ]
# Ignored characters

t_ignore = ' \t\n'

# Token specifications (as regezs)
t_PLUS = r'\+'

t_MINUS = r'-'

t_TIMES = r'\*'

t_DIVIDE = r'/'

t_LPAREN = r'\('

t_RPAREN = r'\)"

# Token processing functions
def t_NUM(t):
r'\d+'
t.value = int(t.value)
return t

# Error handler

def t_error(t):
print('Bad character: {!r}'.format(t.valuel[0]))
t.skip(1)

# Build the lezer
lexer = lex()

# Grammar rules and handler functions
def p_expr(p):
expr : expr PLUS term
| expr MINUS term

rr

if pl2] == "+':
plo]l = pl1] + p[3]
elif p[2] == '-':

plo]l = pl1] - p[3]

def p_expr_term(p):

rr

expr : term

rr

plo]l = pl1]




def p_term(p):
term : term TIMES factor
| term DIVIDE factor

rr

if p[2] == '*':
plo]l = pl[1] * p[3]
elif p[2] == '/':

plo]l = pl1] / pl3]

def p_term_factor(p):

rr

term : factor
P

plo] = pl1]

def p_factor(p):

rr

factor : NUM

rr

pl0] = pl1]

def p_factor_group(p):

rr

factor : LPAREN expr RPAREN

rr

plo]l = pl2]

def p_error(p):
print('Syntax error')

parser = yacc()

XANEFRH, RERBESLUT—IMERENEX, MRFBERNSEEIEMNRAN
AL L ECHY RS B AR B ER MBI R, MSKAREYZITREMES, R SMESREINFEZR

FeeRERIL T,
TEHR—NEFERGENEITRIGF:

>>> parser.parse('2')

2

>>> parser.parse('2+3')

5

>>> parser.parse('2+(3+4)*5")
37

>>>

NRIFBAMRIRIBIL IR RRIREEFIR R, WEBITRNRIFBENTENE
%, BX, —2AHmEBNPEFEIRSEEMRLCHIN, TIRSEFHIFIRE AT




W E#ZEl, Python BHCH ast IRRBEBFTEE—T,

2.20 FRFER B LHIFRFRIRF
[B] &

FEEFHFABR LNITEENXARE (tLBkk, BRNEBR).
fRIRTI

TFFRRFEZFHABANXAFFE—FHIRERFE. tEU:

>>> data = b'Hello World'

>>> datal0:5]

b'Hello'

>>> data.startswith(b'Hello')

True

>>> data.split()

[b'Hello', b'World'l]

>>> data.replace(b'Hello', b'Hello Cruel')
b'Hello Cruel World'

>>>

XERFRIFHMERTFTAHE, thil:

>>> data = bytearray(b'Hello World')

>>> datal0:5]

bytearray(b'Hello')

>>> data.startswith(b'Hello')

True

>>> data.split()

[bytearray(b'Hello'), bytearray(b'World')]
>>> data.replace(b'Hello', b'Hello Cruel')
bytearray(b'Hello Cruel World')

>>>

Rl AMERENRARNLEFTENS, BERENRAXEXESUNIHE
i

.—-|-|+

7

. tE

>>>

>>> data = b'F00:BAR,SPAM'

>>> import re

>>> re.split('[:,]',data)

Traceback (most recent call last):

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

File "/usr/local/lib/python3.3/re.py", line 191, in split
return _compile(pattern, flags).split(string, maxsplit)
TypeError: can't use a string pattern on a bytes-like object
>>> re.split(b'[:,]"',data) # Notice: pattern as bytes




[b'FOO', b'BAR', b'SPAM']
>>>

wie

RBBEAT, EXAFFE LRFYTRTFELFENSH, Am, IEBEF L
FTEIBNTER, BE, FOFHFBENRSIBFREAZBKUMAZRMFN. tLu:

>>> a = 'Hello World' # Text string
>>> al0]

Ty

>>> al1]

!

>>> b = b'Hello World' # Byte string
>>> b[0]

72

>>> b[1]

101

>>>

XFIE X EMX B2 FARE R F W F RS,

FR, FOFNBEAFREMA—PENMNFNFERR, BAERIFVITEILR, IR
FEEANTWBEG N — XA FFHE, L

>>> s = b'Hello World'

>>> print(s)

b'Hello World' # Observe b'...'
>>> print(s.decode('ascii'))
Hello World

>>>

EE), BAFEEMAERTFTFNRIBIVLIEE:

>>> b' " % (b'ACME', 100, 490.1)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: unsupported operand type(s) for %: 'bytes' and 'tuple'
>>> b'{} {} {}'.format(b'ACME', 100, 490.1)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
AttributeError: 'bytes' object has no attribute 'format'
>>>

MRFBBINEFTFN B, REEERNENNEIFENS, ARKERLEAFD
FATE, tbal:

>>> '{:10s} {:10d} {:10.2f}'.format('ACME', 100, 490.1).encode('ascii')
b'ACME 100 490.10'
>>>




|

REBEIENRE, EAFHFAREIRINE—EIRMEMEX, FHilEILERY
HREBRIIRIE, LW, MRFGER—NMREAFTHINGER, MAR—MEIEBENX
AFNH, SEAXAHRNRIGE/ ML, thl:

>>> # Write a UTF-8 filename
>>> with open('jalape\xflo.txt', 'w') as f:
f.write('spicy')

>>> # Get a directory listing

>>> import os

>>> os.listdir('.') # Text string (names are decoded)
['jalapefio.txt']

>>> os.listdir(b'.') # Byte string (names left as bytes)
[b'jalapen\xcc\x83o0.txt']

>>>

ERAFPNREMBDEERBEE N FOFHEREFRSHERPXMGRALU
REWF RO, HFEHRPHIXGREIFEEN UTF-8 4Rid, 2% 5.15 \TIREVE
SNHFBRERBIRE,

RER—R, " EEFAATRERARFATHEESNEATEAFDFASHM
ARXNAF i, REBEFUFNEBIFUNEAEMNSN (RO EXEEEN
Unicode X H). ZIFHBEERSBIFERELNNE, FEEELMUFTFEFEAR
BEF Python BYEfthEl sy TAEHIRE, FEMAEFIFINNIEMBRIGR/MEIDRIE, 1B
BHif, MRMELEXAWIE, MEEEEFFERAZTENNAFFEMARFNFN
R, MMETEARRRTE !



FB=F: HFHHEAFAT (8]

£ Python RFITERIZABMBFcERRERN, REWLE, MREFER
2. BHER B ERIEEME, REMESHNIET., 2EEFITRHM
e

17
XL

3.1 HFHNNEAA
o] 23
RENZRBRITHEERENEAEE,
BRFE
WFEREHNEANEE, FARER round(value, ndigits) REENR], Eb40:

>>> round(1.23, 1)
1.2

>>> round(1.27, 1)
1.3

>>> round(-1.27, 1)
-1.3

>>> round(1.25361,3)
1.254

>>>

H—MENIFERANARPEFAE, round RFREBERENBEL, i
i, ﬁ15ﬁ%25M§A£%ﬂ =2 2

%45 round ) BRAEAHY ndigits SWAIAR R, IMEAT, SACZERFRE
T, Bz, TFLm, tka:

>>> a = 1627731
>>> round(a, -1)
1627730

>>> round(a, -2)
1627700

>>> round(a, -3)
1628000

>>>

i

$uh§Aﬂ$ﬁ%%ﬁhm%ToW%{ME%R%%EWﬁﬁ—EEE%@,
RAFZEMERA round O R, MIIXRABEERIVCHBHRIEERE ], tELl:




>>> x = 1.23456

>>> format(x, '0.2f')

'1.23"

>>> format(x, '0.3f')

'1.235"

>>> 'value is {:0.3f}'.format(x)
'value is 1.235'

>>>

A, AEBEEESNLAER" EE RALBRREROEE, i, (ReT8e
ElLES e

>>> a = 2.1
>>> b = 4.2
>>>c=a+b
>>> ¢

6.300000000000001

>>> ¢ = round(c, 2) # "Fiz" result (22%2)
>>> C

6.3

>>>

WFRSBEAZZERIEF, RELEHAEEFIEFME, RETHTENES
—RR/NIRE, ERXENWREREKIERSEZN, NRTEATFIFNNMRE
(LIS B R Gs), BLAMGERIER decimal RIRT, FT—HHAISFHMITE,

3.2 MITHRIANZERZE
o] &

FMBENZRENITHRRNTERE, AEFTFEREM/IMRENLIL,

fRIRTF

A

FRB—NEBRIAMR A NERBIRR TR, F8, BEERERN
HWFEEHRE/NIRE, L

>>> a = 4.2
>>> b = 2.1
>>> a + b

6.300000000000001
>>> (a + b) == 6.3
False

>>>

XERIRZHIEE CPU # IEEE 754 fEB1d B 2MZ R BAUEMITEARRN RS
ff. HF Python BUZ R EIBLRERAKERRIEMEEIE, BLREDEEBFZIXHEN
RE,




NRIFBENIEM FFEeBL—ERMEEIRE), RATCAER decimal fRIR:

>>> from decimal import Decimal
>>> a = Decimal('4.2')

>>> b = Decimal('2.1")

>>> a+ b

Decimal('6.3")

>>> print(a + b)

6.3
>>> (a + b) == Decimal('6.3")
True
HIBEXR, LEMNAEBFERESFIE, LLUNBINTAFFERRRENF, AT, Decimal

WREBGEBZSB—HNIE (HMENERRFIEHE), MREITMNE(]NERE
FRBBRACERERERE], BERREBAFRT AR

decimal BRI —NMEBFHAERAVHREG T ENE—FHE, BEKFAUKAMN
TAANEBE, ATXEM, REFRIE— IS ETXAERERRE, thil:

>>> from decimal import localcontext
>>> a = Decimal('1.3")
>>> b = Decimal('1.7")
>>> print(a / b)
0.7647058823529411764705882353
>>> with localcontext() as ctx:
ctx.prec = 3
print(a / b)
0.765
>>> with localcontext() as ctx:
ctx.prec = 50
print(a / b)

0.76470588235294117647058823529411764705882352941176
>>>

g

decimal HERTILT IBM 89" BRNGSENTE . TAY, BRSMEEIERTIHX
AHRLBRE

Python FIFSRMAE TR decimal HHRREIFZ QBB WEE, A, TIEMRE
MINAREFENRIFTERN, MRFEEEMMATER TIETURITE,. Bk
B, EEMNFIRNASHEE, B ERAZENZERERZRILRERNNE, EH
—PNRER, AEXHRPRLUSEREHEZEIR/BERMN 17 RE, FHit,

Z-BHRAERITAECENMMREEHRIFEEEN.

BIEYOLE, REINEETERRIRE., BFERE T RENEAEMAZIEE R, LR
BIREQLEMITEREL, RBFEETRIERERARKEFNEMNT EEMHER




RoSZhm, tean:

>>> nums = [1.23e+18, 1, -1.23e+18]

>>> sum(nums) # Notice how 1 disappears
0.0

>>>

FEAERFTARIA nath. fsun O FrIRHERIESHATHEREIRER

>>> import math
>>> math.fsum(nums)
1.0

>>>

AW, WFEMNEE, FRZFARRCHERCIHIREEXR

BHEIRGL, decimal IREBMEDRIISRMME, EXLRFD, WHE— =
AVNGREFEH EN R R B R R R AL, B, decimal BHRANMRIXLEMITH
T75i%. 4 Python FIEUIEEETBHIRME DERE RIBE) Decinal WK, A, BEHth
RELBERBIBORE,
3.3 ZFarE L

o] &

MEBERFRFHRIVEEEL, FEGRFME X35 FuDRAHEMRA T,

fRIRTI
BV L RN EFER, FTCAMERRER format () BREY, LLU:

>>> x = 1234.56789

>>> # Two decimal places of accuracy
>>> format(x, '0.2f")
'1234.57"

>>> # Right justified in 10 chars, one-digit accuracy
>>> format(x, '>10.1f"')
' 1234.6"

>>> # Left justiftied
>>> format(x, '<10.1f"')
'1234.6 !

>>> # Centered
>>> format(x, '~10.1f"')
' 1234.6 !




>>> # Inclusion of thousands separator
>>> format(x, ',')

'1,234.56789"

>>> format(x, '0O,.1f")

'1,234.6"

>>>

MNRAFBERBRICIE, 15 f X e HNE EEUVATREMEBHIRNERN), tL:

>>> format(x, 'e')
'1.234568e+03"'

>>> format(x, '0.2E')
'1.23E+03"

>>>

EIREE FEEMBERN —MRIZNE ' [<>"17width[,17(.digits)?' , HM width
M digits NEE, ? KRANERST. EHFNBINBRAEFIER format O F3EH,
tean:

>>> 'The value is {:0,.2f}'.format(x)
'The value is 1,234.57'
>>>

e
HERACHHEREREERE RN, EFEERNEABNERFZSEF decinal
FRIRAAY Decimal FFEMNR,

HEERFHMAURE, ERESIRIE round ) BHREHMAMNFTHEAANGR
@, ten:

>>> %

1234.56789

>>> format(x, '0.1f')
'1234.6"'

>>> format(-x, '0.1f')
'-1234.6'

>>>

BETUAORIRALEE LR, IRFEEREMRRERTAM,
BEACEWET locale BRPFMEM T, FRFHTUERTSEN translate)
FERIBT A, b

>>> swap_separators = { ord('.'):',"', ord(',"):"." }
>>> format(x, ',').translate(swap_separators)
'1.234,56789'

>>>

E1RZ Python KBRS BRER% REVELHRFRY, tEa:




>>> ! "% ox
'1234.57"

>>> ! "% ox
! 1234.6"

>>> ! A
'1234.6 !

>>>

XMIBIVL AR ERIITRY, NI LEEMEHER format ) BE—R, tLil, &EE
A% BIEFBIVERFRIRR, —E55E (RIITAe) AR .

3.4 )\ T\ BIEELY
o) 2R

BB E R ER TS, /T HE I RREIEL,

fRRTFIZ

A TIBBEFER D THG, \HBIH T ASHEBIBIX AR, U BIER bin0 |
oct() 8% hex() BR%EN:

>>> x = 1234
>>> bin(x)
'0b10011010010"
>>> oct (x)
'002322"'

>>> hex(x)
'0x4d2'

>>>

S+, INRREAEHE 0b |, 0o TE 0x BIFILRAYIE, RJLUAEA format () REY, Lt
i

>>> format(x, 'b')
'10011010010"

>>> format(x, 'o')
12322

>>> format(x, 'x')
'442"

>>>

BURENSH, FUNRGELERNKIE, BHERSESZ 115, til:

>>> x = -1234
>>> format(x, 'b')
'-10011010010"
>>> format(x, 'x')




'-442"
>>>

MRFBFE—NLNSE, FREEBN—MEREAMUKENE. LLNATER
32 fIfYME, AR TEXES:

>>> x = -1234

>>> format(2**32 + x, 'b')
'11111111111111111111101100101110"
>>> format (2**32 + x, 'x')
'fffffb2e’

>>>

AT URRMAFRIEHRBHFH, FRNEAFTEERD int O REENR]:

>>> int('4d2', 16)

1234

>>> int('10011010010', 2)
1234

>>>

it
RBHBEATAETH#G, N\EHFTNAGBEREREREN, JABICEXLEIER
BT ERMEN NI X ARRZBIFEEIRENE], KIZRB—MEHEER,

&a, ERANEFHNEFRE—RFTEEIE T, Python IE/\HHIEMIEERE
fESHBEARE, bW, MRMETEXEFEE/\i#H, SHIEFER:

>>> import os
>>> os.chmod('script.py', 0755)
File "<stdin>", line 1
os.chmod('script.py', 0755)
SyntaxError: invalid token
>>>

FIRR/\EHBRVRIRRZ 0o , MK FEXF:

>>> os.chmod('script.py', 00755)
>>>

3.5 FLERBYWITESHEE

MBI FUFFEABEEEEM —MEBY, NE, FEERH —IKBHEERS
TFFE




fRIRTI

RIRIFIZEFFELIE—NMAE 128 I KH 16 MTENFHFRFH, Lbu:

data = b'\x00\x124V\x00x\x90\xab\x00\xcd\xef\x01\x00#\x004"'

B THE bytes BEMT MEEL, FF int.from bytes() 7%, HE TEHXMEEFT
53 /=

>>> len(data)

16

>>> int.from_bytes(data, 'little')
69120565665751139577663547927094891008
>>> int.from_bytes(data, 'big')
94522842520747284487117727783387188
>>>

ATHF—NRBEE RN —NFHFNH, £ int.to_bytesO) F3iE, FETEH
XFREFTERMFTINF:

>>> x = 94522842520747284487117727783387188

>>> x.to_bytes(16, 'big')
b'\x00\x124V\x00x\x90\xab\x00\xcd\xef\x01\x00#\x004 '
>>> x.to_bytes(16, 'little')
b'4\x00#\x00\x01\xef\xcd\x00\xab\x90x\x00V4\x12\x00"'
>>>

i

REBMFDFTHRZERNERIEFEAANEL, Am, £-ENAMEERRBS
I, LEINZRRDFEE ML, B0, IPve MEZHutER—/ 128 IMBHRT. WNR
R —NMIECR PR FIERRMR, (REISENX R AR,

ER—MEBRAR, FET88ER 6.11 N THRANEN struct BIREKBEF T,
XHEFHLITHE, PERA struct RRRBEEW FRBUWKX/NZ BRI, FLL, FE]
RERESINFHEAREREANRENER, RETEXHE:

>>> data
b'\x00\x124V\x00x\x90\xab\x00\xcd\xef\x01\x00#\x004"
>>> import struct

>>> hi, lo = struct.unpack('>QQ', data)

>>> (hi << 64) + lo
94522842520747284487117727783387188

>>>

FRIBFM (little 3 big) UXIBE THEBHURIFHERAUSMATI G
HBAVATEBOHIERN 16 #HIHBRTHTUAREZIELR:

>>> x = 0x01020304
>>> x.to_bytes(4, 'big')




b'\x01\x02\x03\x04"
>>> x.to_bytes(4, 'little')
b'\x04\x03\x02\x01"

>>>
MRFREBF —ANBBUTEIFTFNR, BAEMASTET, FEIFE—1H
R, WRFEME, (FOJLAER int.bit_length() FIEARREFES VD F NIRRT

XME,

>>> x = 523 *% 23
>>> x
335381300113661875107536852714019056160355655333978849017944067
>>> x.to_bytes(16, 'little')
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
OverflowError: int too big to convert
>>> x.bit_length()
208
>>> nbytes, rem = divmod(x.bit_length(), 8)
>>> if rem:

. nbytes += 1
>>>
>>> x.to_bytes(nbytes, 'little')

b'\x03X\xf1\x82iT\x96\xac\xc7c\x16\xf3\xb9\xcf...\xd0'
>>>

3.6 EHIRFEEEE
|o) 25

MEMNRFHPIMBINETT RNADER T — MR, 7 BEIRE—BIBRDZREE
REH=E, BRERMNXFEZEASLRNIT - ETHERFE,

fRIRTFIZ

SHETLAAERHEL complex(real, imag) ERTBREE | IZREKRIETE,
tban:

>>> a = complex(2, 4)
>>>b =3 - 5]

>>> a

(2+43)

>>> Db

(3-5j)

>>>




SR ESEER, REEBFIHIEE HKFIARE ZAVIREN, MR TEIXAF:

>>> a.real

2.0

>>> a.imag

4.0

>>> a.conjugate()
(2-471)

>>>

R, ABEENNEFEEE T TIF:

>>> a + b

(5-17)

>>> a * b

(26+23)

>>>a / b
(-0.4117647058823529+0.64705882352941187)
>>> abs(a)

4.47213595499958

>>>

MREBFITEMEVE WRECWNIEZL, RZHFEHR, A cnath 1RIR:

>>> import cmath

>>> cmath.sin(a)
(24.83130584894638-11.3566127112181747)
>>> cmath.cos(a)
(-11.36423470640106-24.814651485634187j)
>>> cmath.exp(a)
(-4.829809383269385-5.59205609364098163)
>>>

i

Python RAED S HFRRIEREELIEZE N, CLANWMRIRER numpy , FIBA
REZMIE— N E BB N E ERITEMRE:

>>> import numpy as np

>>> a = np.array([2+3j, 4+5j, 6-7j, 8+9j])

>>> a

array([ 2.+3.j, 4.+5.j, 6.-7.j, 8.49.31)

>>> a + 2

array([ 4.+3.j, 6.+5.j, 8.-7.j, 10.+9.3j1)

>>> np.sin(a)

array([ 9.15449915 -4.16890696j, -56.16227422 -48.502455247,
-153.20827755-526.476849267, 4008.42651446-589.499483737])

>>>




Python KIMFERFRBMALBA TANEFTESERE, FILRERNAEHARAIES
HIMEHOROME, LEal:

>>> import math
>>> math.sqrt(-1)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
ValueError: math domain error
>>>

MBARBEM— N ERRBIER, MO EB/RIIER cnath RIR, HBEEED
RERNEPFRSHEEMER,

>>> import cmath
>>> cmath.sqrt(-1)
1

>>>

3.7 TS A5 NaN
o] &

FELIEEMNIELS. HLFH NaN(FERF) BFERE.

PSS

Python FRBIFIRIIE ARV RIILEAFIRIVERE, BR2TLUER float O KeEl
Z2EM. tbal:

>>>
>>>
>>>
>>>
inf
>>> b
—-inf
>>> ¢
nan
>>>

float('inf")
float('-inf"')
float('nan')

P O T P
I

J T MHIX LB TETE, (£ nath.isinf () F] math.isnan() %L, EbU0:

>>> math.isinf(a)
True
>>> math.isnan(c)
True
>>>




e

BTRESXERKEIRENES, JE3 IEEE 754 H5E, AT, thE it
FEMFRFTAER, HrI2RECRFIRIEFTE XA,

EHRBERITHRATENIHMER(ERE, tEil:

>>> a = float('inf')
>>> a + 45

inf

>>> a * 10

inf

>>> 10 / a

0.0

>>>

(BERBLEFRREXMHARIRE— NaN 558, tLul:

>>> a = float('inf')
>>> a/a

nan

>>> b = float('-inf')
>>> a + b

nan

>>>

NaN BEREMBIREPERE, MASTERE, Ll:

>>> ¢ = float('nan')
>>> ¢ + 23

nan

>>> ¢ / 2

nan

>>> ¢ * 2

nan

>>> math.sqrt(c)
nan

>>>

NaN {E#—MFaIRt B e Z B LR RIE S 2IR(E] False, ELU0:

>>> ¢ = float('nan')
>>> d = float('nan')
>>> ¢ ==

False

>>> c is d

False

>>>

BTFXNRE, MiR— NaN BEEE—L27EMEEA nath. isnan() , B
2 LEERIIARE,




BEHRTZF S8R E Python FINTH, HEIREIFTFT AL NaN FERIYRIERM L
FE. fpectl FIREI AR RN E X MITH, (EREEFER Python MERFSER
BER, ERFEAMEXE, ARHNHWRERRIEFA, JUASBELE Python X535k
ENEZHIET,

-~

EE

boX:
&

3.8 7%
o] &5

ffﬁa_#)\H‘IIEWl’E RARIMIFEAEMNEREEW, FERIDBITERID, NE

RAJREFESNBETHTEEMFNALIIN RHNEE,
fRIRTFIZ
fractions fRIRAICAARAITE SN RN FizE, tLul:

>>> from fractions import Fraction
>>> a = Fraction(5, 4)

>>> b = Fraction(7, 16)

>>> print(a + b)

27/16

>>> print(a * b)

35/64

>>> # Getting numerator/denominator
>>>c=a*b

>>> c.numerator

35

>>> c.denominator

64

>>> # Converting to a float
>>> float(c)
0.546875

>>> # Limiting the denominator of a value
>>> print(c.limit_denominator(8))

4/7

>>> # Converting a float to a fraction
>>> x = 3.75

>>> y = Fraction(*x.as_integer_ratio())
>>> y

Fraction(15, 4)
>>>




R
ERSHEFT—BASHUABNITE NS, ERERELIESEEMARN, T

i, E—MNRIFESHEENNT R US B NITEENREFET, HEERS

EUBT BB D F i i o/ Bk E S SR T4,

3.9 KBIFHIZE

BE

MBEEARBIES (CLalfA=smME) EERITIHHE,

fRIRTI

BRBBAMEE Rz HFIRME, FICAMER NunPy FE, NumPy H—PMEEHILERE
244 Python Rt —MUAN SR, MBLLIRER Python FIRME FEE ARMBFEE,
TEHE—MERN/NMIF, ERBRIFETIRITRI NunPy AR ZERIZER]:

>>> # Python lists

>>> x = [1, 2, 3, 4]

>>>y =[5, 6, 7, 8]

>>> x *x 2

(1, 2, 3, 4, 1, 2, 3, 4]

>>> x + 10

Traceback (most recent call last):

File "<stdin>", 1line 1, in <module>
TypeError: can only concatenate list (mot "int") to list
>>> x +y
(1, 2, 3, 4, 5, 6, 7, 8]

>>> # Numpy arrays

>>> import numpy as np

>>> ax = np.array([1l, 2, 3, 41)
>>> ay = np.array([5, 6, 7, 8])
>>> ax * 2

array([2, 4, 6, 8])

>>> ax + 10

array([11, 12, 13, 14])

>>> ax + ay

array([ 6, 8, 10, 12])

>>> ax * ay

array([ 5, 12, 21, 32])

>>>

IESNRR L, MM RPIENERARFEEERANEE, 55189, NunPy HREIFR
EE8 (tkWl ax x 2 ax + 10 ) RKIFREB—NTR L, B, SHNMEFLERE
FAMBHERITTENFUETE, ARELEM—MHIEAE,




WENMUEEFMETRERMITRFCE I U ESFREZRN A LNRBEE
BIERMX PR, e, MRFEBTESMNAIE, TR

>>> def f(x):
. return 3*x**2 - 2%x + 7
>>> f(ax)
array([ 8, 15, 28, 47])
>>>

NumPy & AR T RENERRL, XLERIATUERN nath RRAZEANL
CREBIE, e

>>> np.sqrt(ax)

array([ 1. , 1.41421356, 1.73205081, 2. ])

>>> np.cos(ax)

array([ 0.54030231, -0.41614684, -0.9899925 , -0.65364362])
>>>

{EFIX 8 A R M E L TBIA B FHER math RRPIRHHITHEEZ RS, B
I, REBETEMEREERE NunPy FIATE.

JERESLILP, NumPy FAR{ERA T C ZFE Fortran IBSHINGEI D EEANTF. HEIZRL,
TR — N EBRIESNH BB ERIIBAEMMAEFXE, BT, REJUMIE—/ L
8 Python FIFRAKIISHIENLE, tbuD, WNRMREME—1 10,000%¥10,000 BIZF S —
HEWAE, 1BERM:

>>> grid = np.zeros(shape=(10000,10000), dtype=float)

>>> grid
array([[ 0., 0., 0., ..., 0., 0., O0.],
[0., 0., 0., ..., 0., 0., 0.1,
[ 0., 0., 0., ..., 0., 0., 0.7,
[ 0., 0., 0., ..., 0., 0., 0.7,
[ 0., 0., 0., ..., 0., 0., 0.1,
[ 0., 0., 0., ..., 0., 0., 0.11)
>>>

BN BRMFTRERENFREMBETERL:

>>> grid += 10

>>> grid
array([[ 10., 10., 10., ..., 10., 10., 10.],
[ 10., 10., 10., ..., 10., 10., 10.1,
[ 10., 10., 10., ..., 10., 10., 10.],
[ 10., 10., 10., ..., 10., 10., 10.],
[ 10., 10., 10., ..., 10., 10., 10.],
[ 10., 10., 10., ..., 10., 10., 10.11)

>>> np.sin(grid)

array([[-0.54402111, -0.54402111, -0.54402111, ..., -0.54402111,




-0.54402111, -0.54402111],

[-0.54402111, -0.54402111, -0.54402111, ..., -0.54402111,
-0.54402111, -0.54402111],
[-0.54402111, -0.54402111, -0.54402111, ..., -0.54402111,

-0.54402111, -0.54402111],

b

[-0.54402111, -0.54402111, -0.54402111,
-0.54402111, -0.544021117,

., -0.54402111,

[-0.54402111, -0.54402111, -0.54402111, ..., -0.54402111,
-0.54402111, -0.54402111],
[-0.54402111, -0.54402111, -0.54402111, ..., -0.54402111,

-0.54402111, -0.54402111]11)
>>>

XT VunPy BE—RFBEFAINER, BHMIBEY B Python FIRIIRS|INEE - 55!
N TSHEHHE, AT HIAEE, SWiE— N EBMN T ERAA N EMEIRR:

>>> a = np.array([[1, 2, 3, 4], [5, 6, 7, 8], [9, 10, 11, 12]11)
>>> a

array([[ 1, 2, 3, 4],

[ 5, 6, 7, 8],

[ 9, 10, 11, 12]11)

>>> # Select row 1
>>> al1]
array([5, 6, 7, 8])

>>> # Select column 1
>>> al:,1]
array([ 2, 6, 10]1)

>>> # Select a subregion and change <t
>>> af1:3, 1:3]
array([[ 6, 7],
(10, 1111)
>>> af[1:3, 1:3] += 10
>>> a
array([[ 1, 2, 3, 4],
[ 5, 16, 17, 8],
[ 9, 20, 21, 1211)

>>> # Broadcast a row vector across an operation on all Tows
>>> a + [100, 101, 102, 103]
array([[101, 103, 105, 1071,
(105, 117, 119, 111],
(109, 121, 123, 115]1)
>>> a
array([[ 1, 2, 3, 4],
[ 5, 16, 17, 8],
[ 9, 20, 21, 12]1)




>>> # Conditional assignment on an array
>>> np.where(a < 10, a, 10)
array([[ 1, 2, 3, 4],
[ 5, 10, 10, 8],
[ 9, 10, 10, 1011)
>>>

e

NumPy & Python YU RSMFEETIEEMNEM, FRBER ZEANKZKER
ZREUIRIR, BMEGNLE, 7ERIFFIRRaHEEE — L E R f F IR iE R thaERE T
P —EBBHEIR,

BEHNSA NunPy FRIRIEHRS(EMAIES inport numpy as np , XHFAJIE(R
MARBMRIRESEE —BENRA nunpy , IFEWA np #ITT, TE T ALEE,

MBEFKNESHEE, FYREE vy EFMEET, FMEE: hitp://www.
numpy.org

3.10 sEfE S &R E

BE

| EERTEMASERKEE, WIERTE, SRR, RELIESTRAS
BRSE

NumPy EH —MHERE X 5R °] BA R SR AR IR IX A o) &L,

FEREEMT 3.9 NTHRRAERR, EREREEAENHMMNTTENN, TEI—MIF
R T RN — R RS

>>> import numpy as np
>>> m = np.matrix([[1,-2,3],[0,4,5],[7,8,-911)

>>> m

matrix([[ 1, -2, 3],
[ 0, 4, 5],
[ 7,8, -911)

>>> # Return transpose
>>> m.T
matrix([[ 1, O, 7],
(-2, 4, 8],
[ 3,5, -911)



http://www.numpy.org
http://www.numpy.org

>>> # Return tnverse

>>> m. I

matrix([[ 0.33043478, -0.02608696, 0.09565217],
[-0.15217391, 0.13043478, 0.02173913],
[ 0.12173913, 0.09565217, -0.0173913 11)

>>> # Create a vector and multiply
>>> v = np.matrix([[2], [3], [4]])

>>> v

matrix ([[2],
31,
[411)

S>> m o * v

matrix([[ 8],
(321,
[ 21D)

>>>

BJBA7E numpy . linalg FEFIREIE S HRIFRER, tLu:

>>> import numpy.linalg

>>> # Determinant
>>> numpy.linalg.det (m)
-229.99999999999983

>>> # Eigenvalues
>>> numpy.linalg.eigvals(m)
array([-13.11474312, 2.75956154, 6.35518158])

>>> # Solve for z in mr = v
>>> x = numpy.linalg.solve(m, V)
>>> x
matrix([[ 0.96521739],
[ 0.17391304],
[ 0.46086957]11)
>>> m % x
matrix([[ 2.1,

[ 3.1,
[ 4.1
>>> v
matrix([[2],
(31,
[411)

>>>




ig

REAZERBENEEANETE, ELBETAPBETEHER, B2, W
RIFFEEBRFEHRENOQENIE, NunPy 2 — M ABHUAORK, FTB5E NunPy B K
http://www.numpy.org FKENEZEE,
3.11 BEVLIESE
o] 73

RN — PRI PRENHENE TR, HEBEM/LREVIE.

fRIRTI

random HRIRE K EMR AR EREVIIFNFEV LR TR, tbwl, BERAN—1NF
HRRENIEVHEY— N, BJLAfEA random.choice() :

>>> import random

>>> values = [1, 2, 3, 4, 5, 6]
>>> random.choice(values)
2

>>> random.choice(values)
3

>>> random.choice(values)
1

>>> random.choice(values)
4

>>> random.choice(values)
6

>>>

77T R N NRETTRERIFA R MHE — S HYR(F, sJBAEA random. sample O

>>> random.sample(values, 2)
[6, 2]

>>> random.sample(values, 2)
(4, 3]

>>> random.sample(values, 3)
[4, 3, 1]

>>> random.sample(values, 3)
(5, 4, 1]

>>>

MRAFNNRAREBITELFR I RTEMIRF, =JPAER random.shuffle() :

>>> random.shuffle(values)
>>> values



http://www.numpy.org

[2, 4, 6, 5, 3, 1]

>>> random.shuffle(values)
>>> values

[3, 5, 2, 1, 6, 4]

>>>

SR FEN RS, 1E{EM random.randint () :

>>> random.randint (0, 10)
>>> random.randint (0,10)
>>> random.randint (0,10)
>>> random.randint (0,10)
>>> random.randint (0,10)
10

>>> random.randint (0, 10)

>>>

RITER 0 E 1 SEERBYSDHEFSE, {FH random.random() :

>>> random.random()
0.9406677561675867
>>> random.random()
0.133129581343897
>>> random.random()
0.4144991136919316
>>>

WREIREN N UGN (ZFHl) BVEEEY, £ random.getrandbits() :

>>> random.getrandbits(200)
3356837000776573622800628485064121869519521710558559406913275
>>>

wie

random HEIR{EFE Mersenne Twister BEiERITTEENFEVIE, IR— MREMHE
i%, BR{ReJLAEIT random.seed () RFUERVIWB LT F, tbul:

random.seed() # Seed based on system time or os.urandom()
random.seed(12345) # Seed based on integer given
random.seed(b'bytedata') # Seed based on byte data

BRT ERNBRITNEE, random RRIZBEETFIHIRH. SHHHHEMSHR
PEAERE LRI, tEYN, random.uniform() TTEM SN MFENIEL, random.gauss() it




HESHMRENS. N TFEMNSHBERABESEELXE,

£ random HRIRFPAVR AN ZAEMBRFHEXAIERF R, NRIFFHEFEEN
HITOBE, BICAER ssl HRIRAPENAIREY, LEU0, ss1.RAND bytes() BJBARIREM—
NMREHRENFTFY.

3.12 BEAXRIHEI ST 8451
[B] &

RREBERITE RIS E)4EHR, LEANREIRD, BRI HHEFRIAEIR,

IS

?JTﬁtﬁ;ﬁﬂH‘II‘E?ETIE’JE?I%%DWLWW, 15 datetime IR, LEUN, BHTRETR—
ANBTIEIER, FIBABIE— timedelta SEfI, FAMRFMEIXHE:

>>> from datetime import timedelta
>>> a = timedelta(days=2, hours=6)
>>> b = timedelta(hours=4.5)
>>>c=a+b

>>> c.days

2

>>> c.seconds

37800

>>> c.seconds / 3600

10.5

>>> c.total_seconds() / 3600

58.5

>>>

NRIFBRRIBER BEAFIAS (8], SEEIE— datetime SKPIZAISERINERIEEF
EEREEEA] L

>>> from datetime import datetime
>>> a = datetime(2012, 9, 23)

>>> print(a + timedelta(days=10))
2012-10-03 00:00:00

>>>

>>> b datetime (2012, 12, 21)
>>>d=Db - a

>>> d.days

89

>>> now = datetime.today()

>>> print(now)

2012-12-21 14:54:43.094063

>>> print(now + timedelta(minutes=10))
2012-12-21 15:04:43.094063

>>>




FEHENER, FEEENR datetine KEMNCIEESE, LEN:

>>> a = datetime(2012, 3, 1)
>>> b = datetime (2012, 2, 28)
>>> a - b

datetime.timedelta(2)

>>> (a - b).days

2

>>> ¢ = datetime(2013, 3, 1)
>>> d = datetime (2013, 2, 28)
>>> (c - d).days

1

>>>

e

3R ZEEAR B EAFNAT E) AL IR 0] 8, datetime HRIREZEWB T, MRGFEEH
ITEMS ZZFIHERIE, tLUAIER X, R ESEE, HRETTESES, sIUEERE
B dateutil &R

1FZ K IETE] 1T E R LAEFH dateutil.relativedelta() EEE, BE2E, B—
REEIENIE, ERELERN (EBENIMXRMERR) MM RIEREIRR, BHF

I=RN=F 7
BX/BxE -

>>> a = datetime (2012, 9, 23)

>>> a + timedelta(months=1)

Traceback (most recent call last):

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

TypeError: 'months' is an invalid keyword argument for this function
>>>

>>> from dateutil.relativedelta import relativedelta
>>> a + relativedelta(months=+1)
datetime.datetime (2012, 10, 23, 0, 0)

>>> a + relativedelta(months=+4)
datetime.datetime (2013, 1, 23, 0, 0)

>>>

>>> # Time between two dates
>>> b = datetime (2012, 12, 21)
>>d=b - a

>>> d

datetime.timedelta(89)

>>> d = relativedelta(b, a)

>>> d

relativedelta(months=+2, days=+28)
>>> d.months

2

>>> d.days

28

>>>



http://pypi.python.org/pypi/python-dateutil

3.13 tE&EE— 1T EAARMBEER
BE

MEEEHREMPE-XEREHIMWBE, LNEHA,

fRIRTI

Python BJ datetime RIRFPAB T HRKHAELIUBEHAITIHNTE, TEHE
W SEUX R B A — B R RRR T R

#1/usr/bin/env python

# —*x— encoding: utf-8 —*-
Topic: slaHIEAA

Desc :

nmnn

from datetime import datetime, timedelta

weekdays = ['Monday', 'Tuesday', 'Wednesday', 'Thursday',
'Friday', 'Saturday', 'Sunday']

def get_previous_byday(dayname, start_date=None):
if start_date is None:
start_date = datetime.today()
day_num = start_date.weekday()
day_num_target = weekdays.index(dayname)
days_ago = (7 + day_num - day_num_target) 7 7
if days_ago ==
days_ago = 7
target_date = start_date - timedelta(days=days_ago)
return target_date

EREAEREPERNT:

>>> datetime.today() # For reference

datetime.datetime (2012, 8, 28, 22, 4, 30, 263076)

>>> get_previous_byday('Monday')

datetime.datetime (2012, 8, 27, 22, 3, 57, 29045)

>>> get_previous_byday('Tuesday') # Previous week, not today
datetime.datetime (2012, 8, 21, 22, 4, 12, 629771)

>>> get_previous_byday('Friday')

datetime.datetime (2012, 8, 24, 22, 5, 9, 911393)

>>>

1ERY start_date SEEJLAH FIh— datetime SEIKIEML, EE40:




>>> get_previous_byday('Sunday', datetime(2012, 12, 21))
datetime.datetime (2012, 12, 16, 0, 0)
>>>

Wi

LFENSEEFRERZXFR: 45718 HEAF1 B x B HiRRS 2 2B E £ (2
H—%35|m0), ARBIRcETELEMHBRZZUT S PXRFEREA LB, A
fERF%E B IR AR EZEEF ISR B,

MRFERIFERITREMHETEME, (IRTFEXRFE=7E python-dateutil

RAE, tbil, TEREFEH dateutil WP relativedelta() REMITRIFERITT
&

>>> from datetime import datetime

>>> from dateutil.relativedelta import relativedelta
>>> from dateutil.rrule import *

>>> d = datetime.now()

>>> print(d)

2012-12-23 16:31:52.718111

>>> # Next Friday

>>> print(d + relativedelta(weekday=FR))
2012-12-28 16:31:52.718111

>>>

>>> # Last Friday

>>> print(d + relativedelta(weekday=FR(-1)))
2012-12-21 16:31:52.718111

>>>

3.14 TESRIA MK HEEE
(8] 7R
5 MURBFERESMAMFERE—X, B - MTrEXNHECENSENT
fRIRTIZ

EXHFNBB ELEAAZTEZZEME—NESMBERHNYIR, FRIUETEL
ggggﬁﬁf‘*ﬁﬁﬁﬂ, RIEEMRTHMIMEFER datetime. timedelta WHRIEIBIXMNH

TEE—MESEE datetine WRFHEE—NHYFEHFHEM T AEFARE
AR TR,




from datetime import datetime, date, timedelta
import calendar

def get_month_range(start_date=None):
if start_date is None:
start_date = date.today() .replace(day=1)
_, days_in_month = calendar.monthrange(start_date.year, start_date.month)
end_date = start_date + timedelta(days=days_in_month)
return (start_date, end_date)

BTN AMRE SR B8 B EFSCE EmESEARIE T !

>>> a_day = timedelta(days=1)
>>> first_day, last_day = get_month_range ()
>>> while first_day < last_day:

print (first_day)

first_day += a_day

2012-08-01
2012-08-02
2012-08-03
2012-08-04
2012-08-05
2012-08-06
2012-08-07
2012-08-08
2012-08-09
#... and so on...

e

FERELETEE —IMNNAMNE—RBBE, — MRIERFIEMZER date
8% datetime WA replace () FIAERIIF days BHIRERL 1 BIF], replace() Tj'
BN RERBIBFRAREANSEREEMNNSR, T, NRBASHE
A date SEfl, ﬁﬁ/éxétﬁﬁjm—/\ date SLffl, EIF$RY, NRMAR— datetime 3K
fl, BLIRSEIFIFLR — datetime SEf,

JXf5, {£F calendar.monthrange () KKK L ZANSEXRE, EAIAHERZR
?ﬂ%Eﬂ_Tnu, BB calendar HRIRFLIEE B T, monthrange() RMIREEBE
Eﬂﬂ*ﬂlﬁﬁ KEBITTA,

—BiZAMXHBENT, BLLERBEATAILUET TS HE EEN LXK
5. BIEEIENRERAPHANEIEXNBEEERN (FEXLERTMNANFA
$aHHA), XANF Python BY slice 5 range BIEITARE—H, EIFBABILEE.

ATEBHEEELEWN, ZEEBIFENKZMEICRENF, b, TR A
timedelta SEIREIERAH, NFS < AREE—IHHREEERBIAZAL

EEBAT, MRENBHEREIZ—ITRERER range ) R — IR LT
T, FolIE, FJER—NMEMEREEZHISTIMXE R




def date_range(start, stop, step):
while start < stop:
yield start
start += step

TERERXNEMENGIF:

>>> for d in date_range(datetime(2012, 9, 1), datetime(2012,10,1),
timedelta (hours=6)):
print (d)

2012-09-01 00:00:00
2012-09-01 06:00:00
2012-09-01 12:00:00
2012-09-01 18:00:00
2012-09-02 00:00:00
2012-09-02 06:00:00

>>>

XML Z FTAIX AR, EF)3TNTF Python F8Y B HAFNET (8] GETS 5 FA AR AERTEY
FHELBRIREFRFITEE,
3.15 FRFEREEHR A HEA
] &

MANAREFEIFHRBRIANEA, BB ENERA datetine FWHRUE
£ EERITIEF T ARIRME,

fRIRTFIZ
{E£F Python RIFRAEIRIR datetime BJLARB SRR RIX MBI, Ltba0:

>>> from datetime import datetime

>>> text = '2012-09-20'

>>> y = datetime.strptime(text, '/Y-Jm-/d"')
>>> z = datetime.now()

>>> diff =z - y

>>> diff

datetime.timedelta(3, 77824, 177393)

>>>

i

datetime.strptime () F3/AZIFRBMIMMIVLIED, LU0 %y KR 4 UEBED, o
KRBAUHAN, TE—REFSIENEXLERICSMUMFHBTURIERER, FEH




M RIEENBAFFEEI,

tean, RIZIREIRBAHRER T —1 datetime WK, R ERNIL R ERSIER
NEREBENEMBEHFSE R SHITNEE

>>> z
datetime.datetime (2012, 9, 23, 21, 37, 4, 177393)
>>> nice_z = datetime.strftime(z, '%A %B Zd, %Y')

>>> nice_z
'Sunday September 23, 2012'
>>>

EE—RBBEIEMRE, strptine() MHEREBILFBRINERS, AHERE
FA4E Python K30, FHEMIIZMBEMARAAMIZE, NRIFEZEANRBREZHTA
ENHEFECEZMNE T HHFHFRNBLIEI, FIMNB K —ERITE ERIKE
BIFRIMERE, tEWN, WMRIFEEFFEFCABEMRIVZE YYYY-MM-DD , {REJCAMR FEXHF
SKE—NREATRRIZK

from datetime import datetime
def parse_ymd(s):
year_s, mon_s, day_s = s.split('-')
return datetime(int(year_s), int(mon_s), int(day_s))

SEERMNA AR, XANEREEE datetime.strptime () 1R 7 B2, MRMBELIEREN
B RE|HEBIERE, BLARFERTEIANAR!
3.16 SR XAV H HBRIE
(o] &

RE—NEHFE 2012 5§ 12 A 21 BR £ 9:30 WEBRIERIY, wKEZME, MR
MAAREENEMIINS R, BBAthRAZE S )RS XN IRE ?

fRRTFIZ

SILFRES R XAYE), (RERNIZEERA pytz iR, XNMEEMET Olson Y
X#EE, ERMXERNESLLNINE, ERSESHEFERAEEETUIKEL

pytz WIR—ANEEAERNE datetine FECIERE R BEAN RAM(L, tEW, T
E A RR— N Z I EHAT E]H R B :

>>> from datetime import datetime

>>> from pytz import timezone

>>> d = datetime(2012, 12, 21, 9, 30, 0)
>>> print(d)

2012-12-21 09:30:00

>>>

>>> # Localize the date for Chicago




>>> central = timezone('US/Central')
>>> loc_d = central.localize(d)

>>> print(loc_d)

2012-12-21 09:30:00-06:00

>>>

—BHEAMAT, EMET AR AEMNXERET, BT H/EVIINES RN
FOR[E], fRETBAXAEA

>>> # Convert to Bangalore time

>>> bang_d = loc_d.astimezone(timezone('Asia/Kolkata'))
>>> print(bang_d)

2012-12-21 21:00:00+05:30

>>>

NRIFITEEAMMEBE ERITHE, (REERSHEEE SHERFEMA T, Lt
g, £ 2013 &, XEEESHEEFRTAEE 3 B 13 Bi&ER 2:00(7EHBr, A
B EFIEE — /Y, MRFEERITAMTE, (FRFH—1 iR, tLil:

>>> d = datetime(2013, 3, 10, 1, 45)

>>> loc_d = central.localize(d)

>>> print(loc_d)

2013-03-10 01:45:00-06:00

>>> later = loc_d + timedelta(minutes=30)
>>> print(later)

2013-03-10 02:15:00-06:00 # WRONG! WRONG!
>>>

ZRBREEANEFSEEEERMEEFRE—/NNREKEK, A TEIEXITHEIR,
B AEAR X IR normalize() F5i%, EEA0:

>>> from datetime import timedelta

>>> later = central.normalize(loc_d + timedelta(minutes=30))
>>> print(later)

2013-03-10 03:15:00-05:00

>>>

e

AT NMERBPREREFFNRLED, LSEAMEHBNEENRECIEMER
Hi%eion UTC BYiE], FARERMITABRFEFEMNERESE, tLl:

>>> print(loc_d)

2013-03-10 01:45:00-06:00

>>> utc_d = loc_d.astimezone(pytz.utc)
>>> print(utc_d)

2013-03-10 07:45:00+00:00

>>>




—HB#gi#h UTC, (FMARFELBRESHMEXMNE@ T, FLE, fRe]URZa)
—HFROERITE A BETTE, SRS E T AR ERRER, ERSEMEKX
ERBRTMITT. e

>>> later_utc = utc_d + timedelta(minutes=30)
>>> print(later_utc.astimezone(central))
2013-03-10 03:15:00-05:00

>>>

S REIN XIRMEMRER, B RMHMERANESERXERR, kW, EX4
BlFH, FANGNEIEE “Asia/Kolkata” FARENENMANKEZNE ? B TEK, sILAE
F ISO 3166 ERNABIEAXBFEEHFH pytz. country_timezones , tbYll:

>>> pytz.country_timezones['IN']
['Asia/Kolkata']
>>>

i HRAERXERER, BRIEE pytz WRREZABEWEART, B PEP431
R T ERHMN X, BERXBREINERS BT 2ESEMNEN (EEAER UTC
HERRVERINE).




BE: A BFEEMES

ECE Python RBAMINEEZ —, ¥IBER, (RAIEEREREMAMENRITTR
SIEFRPIRT R —MT5E. A, ®IENNHZNLE, EBRSFETERERN, Lt
MEIRIMRE CRBEEEN R, 7 itertools MIRAERBAMNENRIERER, MIEEMEEE
HEFEE, I—FENARRMTERRRIENE XN SWE o),
4.1 FoiEFENR 2R
o] &

FRBH—NMIEAWRPIRETR, BRNAEER for B,

IS

AT FNBHEHARY R, £ next O REBFAENIG IR StopIteration F
®. b, FEOIFFEMER—DNXERIRETT:

def manual_iter():
with open('/etc/passwd') as f:
try:
while True:
line = next(f)
print(line, end='")
except Stoplteration:
pass

Eﬁ%w,&@naumnm%hﬁ%ﬁmﬂ%o%W,W%Wiﬂﬁmtﬁﬁﬁ
B next () BRERAVIE, (RERILUBEEIR[E—NMEEERIFCERE, LWl None , THEHZ
il

with open('/etc/passwd') as f:
while True:
line = next(f, None)
if line is None:
break
print(line, end='"')

i

ARBBIERT, BAIRER for EMBRARARER—IMIIERNR, ERE, BRE
FEMANMEINFRES], XRETREEEANHRESLAIEET.,

THNRERFEHENER TIANHEM L ENESHAT:




>>> items = [1, 2, 3]

>>> # Get the tterator

>>> it = iter(items) # Invokes items.__iter__ ()
>>> # Run the <tterator

>>> next(it) # Invokes it.__next__ ()

>>> next(it)
2
>>> next(it)
3
>>> next(it)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
StopIteration
>>>

AEFRFRIVNTRERAWHBERERZK, AIREFRLZEEESINAN
X HLEl, FTARRRIRERIEXBEHATEFICELH,

4.2 XIEEA
(o] &

MHEET—NMEEXERNER, EEESEIIR, THKEMAIARNR, (78
BEMINXMIEENR EMITIEAREE.

fRRTFIZ

IR EMMARFEEX— __iter_ O Fi%, BERBEREBISSERNIHONSR L
%=, tbal:

class Node:
def __init__(self, value):
self._value = value
self._children = []

def __repr__(self):
return 'Node({!r})'.format(self._value)

def add_child(self, node):
self._children.append(node)

def __iter_ _(self):
return iter(self._children)

# Exzample
if name _ == '__main__

root = Node(0)




childl Node (1)
child2 = Node(2)
root.add_child(childl)
root.add_child(child2)
# Outputs Node(1), Node(2)
for ch in root:

print (ch)

ELEEEH, __iter__ O HARRERIFERBEREELEANEL _children
E'rio
e

Python FBERZBWMNFEE __iter__ O FERRE—DKIT __next__ () FiERY
ERSRR, NRMERAREANEHEMBRNAE, MEIFHELRER2EHTI, R
FTE2 M R 2 1EBIAIEREEA,

XEBR iter() BRAWHIEREML TR, iter(s) IR EEMNEILIFA s.
_iter__ O AERRLOIWNNANENRENTR, FE len(s) RiIE s.__len_ O RIE
put =3 1N
4.3 EREMECIBIINERIR
o) &

RESII—NEESGERIR, BT @BIIANERBEEY range ) , reversed()
—1%,

S

INRAFABSI —FIBNA RN, EA— M EMERRPREXE, FTHE—NEF
RACEIRFE = BBV ERE:

def frange(start, stop, increment):

X = start
while x < stop:
yield x

X += increment

ATERXNERL, REJUAR for BIMEREDEFERAEMEZ — P rIEATTRE
BREY (EEW0 sum() | 1ist () F), REIGNTF:

>>> for n in frange(0, 4, 0.5):
print (n)




W wWwWNNND - -
o O o1 © 01 O

>>> list(frange(0, 1, 0.125))
[0, 0.125, 0.25, 0.375, 0.5, 0.625, 0.75, 0.875]
>>>

i

—PEBPFEE " yield BAIMAMFHIER AN — N EME, IREZERHAE
MR, £MBERERATERERIE, THE KL, PRRRXFREEETTENG:

>>> def countdown(n):
print('Starting to count from', n)
while n > O:
yield n
n-=1
print('Done!")

>>> # Create the generator, motice no output appears
>>> ¢ = countdown(3)

>>> ¢

<generator object countdown at 0x1006a0af0>

>>> # Run to first yield and emit a value
>>> next(c)

Starting to count from 3

3

>>> # Run to the next yield
>>> next(c)

>>> # Run to next yield
>>> next(c)

>>> # Run to next yield (iteration stops)
>>> next(c)
Done!
Traceback (most recent call last):

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




— AN BRERNTERTRC RSB NEEXTERSIN next 1BE, —B4ERE
BHORENRY, &L, BAESERPBEERN for BASBEMGIEXLMT, BT
AR B,

4.4 SEIERERIN
BE:

(REMB—MEZIFERBENBENN S, HEEHRE— NI AN

BB,
RS
Baihl, E—AINKRESINEREEENARBER —MNERBERLR, 7 4.2 /)

T, M Node ERFVRMIFLLIREM, Re]geBSKM — PN UREM T VEH B
T REERMEE. FTEHIMRBERG:

class Node:
def __init__(self, value):
self. _value = value
self._children = []

def __repr__(self):
return 'Node({!r})'.format(self. value)

def add_child(self, node):
self._children.append(node)

def __iter_ (self):
return iter(self._children)

def depth_first(self):
yield self
for c in self:
yield from c.depth_first()

# Example

if _name__ == '__main__':
root = Node(0)
childl = Node(1)
child2 = Node(2)
root.add_child(childil)
root.add_child(child2)
childl.add_child(Node(3))
childl.add_child(Node(4))

child2.add_child(Node(5))

for ch in root.depth_first():




print(ch)
# Outputs Node(0), Node(1), Node(3), Node(4), Node(2), Node(5)

EIXER{CREH, depth_first() FABEEN, EEXROBCAESHFERE—
FHRABTIERFT =M depth_first() FiE (B yield from iB8)) IREIWNITT
%O

e

Python FIIACHMNER—A __iter__ O FHiRRE—MIHRIEAAR[H R, X4
ERBWRIMT __next__() FiEFIBI StopIlteration REIRIDERMITMR, B
=, SUXEEEXERED, TEBATERFTXMAN, MEFER—REGEEER
EHSCM depth_first() FHik:

class Node2:
def __init__(self, value):
self._value = value
self. children = []

def __repr__(self):
return 'Node({!r})'.format(self._value)

def add_child(self, node):
self._children.append(node)

def __iter__(self):
return iter(self. children)

def depth_first(self):
return DepthFirstIterator(self)

class DepthFirstIterator(object):

rr

Depth-first traversal

rr

def __init__(self, start_node):
self. _node = start_node
self. _children_iter = None
self._child_iter = None

def _iter_ (self):
return self

def _ _next__(self):
# Return myself <1f just started; create an iterator for children
if self._children_iter is None:
self. children iter = iter(self._node)




return self._node
# If processing a child, return its next item
elif self. _child_iter:
try:
nextchild = next(self._child_iter)
return nextchild
except Stoplteration:
self. child_iter = None
return next(self)
# Advance to the mext child and start i1ts <teration
else:
self._child_iter = next(self._children_iter) .depth_first()
return next (self)

DepthFirstIterator HI FEIEMERMBMIMRA TERIZLM, BRTSERR
5B, ERiSRRUTEERMIBTIEREPAZIIRSESR, BEXMH, BAESS
AR, SRS R E X h— MNER R E— D T,

4.5 [z [EE
BE

R R AR — 1R

RRASR
EFARER reversed() K%, tcul:

>>> a = [1, 2, 3, 4]
>>> for x in reversed(a):
print (x)

=N W

REBERMUR ST REGKNAT AT ERBETNREIM T __reversed__ () BIFFIHK
AR AL, MRABEMLANS, BEOITEHRIERD—ANFIRATT, LLI0:

# Print a file backwards

f = open('somefile')

for line in reversed(list(f)):
print(line, end='")

ZIEMNRNRTERTRTRRSWIE, BHIMAERI-—NINREEEAE
HRTE.




e

’
-

RZBEFRAFAMER]
mi&, teal:

DA

FEEEXE LR __

reversed__

class Countdown:
def __ (self,
self.start =

start):
start

init__

# Forward iterator

def __ (self):

n = self.start
while n > O:
yield n

iter__

n-—=1

# Reverse tterator

def __reversed__(self):
n=1
while n <= self.start:
yield n
n +=1

rr in reversed(Countdown(30)):
print(rr)

rr in Countdown(30):

print(rr)

for

for

— M REAREF T UESREBIEENSI,
Aﬂ§¢ REBEREERXNIR,

A INERARZSHY L RY 23 RRIEY

AR ETBFERRIEERS—

[B] &

FEEX —1MNEMRERLN, EREREREMIERELAPERNINPRTIE.
P YRES

NRARABILIRAE LR REBINBINSL AP, IS TIRAI AR R ESTM A —

AN

NE, ARREMBRBME __iter__O FiEPEZE, tEW:
from collections import deque
class linehistory:

def __init__(self, lines, histlen=3):

self.lines = lines

self.history = deque(maxlen=histlen)

O HERFZRKR




def __iter__(self):
for lineno, line in enumerate(self.lines, 1):
self .history.append((lineno, line))
yield line

def clear(self):
self .history.clear()

ATERZANE, RA]MFESME—MEEREMRRER, AT, BTIMUEIE
— ALK, FROFFILAARANEREMEE, LIl history BIEER clear O Hik.
R RAIENT

with open('somefile.txt') as f:
lines = linehistory(f)
for line in lines:
if 'python' in line:
for lineno, hline in lines.history:
print('{}:{}'.format(lineno, hline), end='")

e

RTEME, REZEERBTPIEERIMAEM. NREMBZRUNFERFIEFE
BRI 1TREME (LLMRERME, RIPETHFERAXRENSES), AIRESHMR
MABFENES, WREXMERIE, FJNERER LENENENENGN, &
__iter__ () FIiAREXMEMBARARMEMNEREE, BHTERERN—ER7,
FTCASS IR E X S MBI AR A P ER.

—NEEIFENNMEAR, NRFEENIRENANER for BIFER), BBALRSE
1A iter O A%, Eba0:

>>> f = open('somefile.txt')
>>> lines = linehistory(f)
>>> next(lines)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: 'linehistory' object is not an iterator

>>> # Call iter() first, then start iterating
>>> it = iter(lines)

>>> next (it)

'hello world\n'

>>> next(it)

'this is a test\n'

>>>

4.7 X KEEtIR




RS —MEENB[ERMIANR, ERNERRIEFGEME,

BRIEY itertools.islice ) IEFFERAFHIZNIBRMERM ST LM A RME, tLa:

>>> def count(n):
while True:
yield n
n += 1

>>> ¢ = count (0)
>>> ¢[10:20]
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: 'generator' object is not subscriptable

>>> # Now using islice()

>>> import itertools

>>> for x in itertools.islice(c, 10, 20):
print (x)

10

11

12

13

14

15

16

17

18

19
>>>

i

AR FIER BN EEEAMERNIFRIE, EReElNRKERERITARE (F
BHgBRMES]), B isliceO RE—NMAIUEMBETHIANR, SBLE
MAEFEINRARRSIMNENMBETR. ARAFIR— M RETR, FEEI]
RERRSIE,

XEEEZREN—RE islice) REFRREARANRBZPRINIE. DREEE
ERBEATERIZIANESK, AMUINRGREREZEBEXBEIZNENRIE, BIFRE
TR EEEMBIEBRA—NIIRA,




4.8 BT AHANRIT R IEERS
[a] &

FEBH— N IAAHER, EREARNELETHRFEANRNE, BT e .

fRRTFIZ

itertools MRIRHE —LF KT AT X MES., BENHAMNR itertools.
dropwhile() A%, RN, RLEEEE— /|\|_|aﬂlﬁ$fi$l] N ERTR, ESIR
BE—MERBNR, EFREEFRIPEZREBORME Flase ZRIMFIETTR, AGROE
HFI BT,

ATER, BREMEIZR— DRSS 2T ERIRX M.

>>> with open('/etc/passwd') as f:

. for line in f:

print(line, end='")

##
# User Database
#
# Note that this file is consulted directly only when the system is running
# in single-user mode. At other times, this information is provided by
# Open Directory.
##
nobody:*:-2:-2:Unprivileged User:/var/empty:/usr/bin/false
root:*:0:0:System Administrator:/var/root:/bin/sh

>>>

NR(FEPLT RS0 T FERITHIE, BT B

>>> from itertools import dropwhile
>>> with open('/etc/passwd') as f:
for line in dropwhile(lambda line: line.startswith('#'), f):
print(line, end='")

nobody:*:-2:-2:Unprivileged User:/var/empty:/usr/bin/false
root:*:0:0:System Administrator:/var/root:/bin/sh

>>>

XM F R ETRIEE NN R FRMIT R, MRS ZPHAE 7 Z Bk
WHTTERNIENE, FBAFIBAER itertools.islice() RKE, “tan:

>>> from itertools import islice
>>> items = ['a', 'b', 'c', 1, 4, 10, 15]
>>> for x in islice(items, 3, None):




print(x)

10
15
>>>

FEREXNMFH, islice) REEGHA None SEIRE TIREFREME 3 1MEIR
BEHFBETE, MR None 1 3 WAUENIEH, ERMEBMNIEKEEI =N THGEER,
(ZMIRUIARIMERIRIE (3:1 #0 [:3] [RIEER—HHY).

i

ERIE dropwhile) ] islice() EXHMEMNHEIEL, AMHMEBREE L FE
XMTTRNAR:

with open('/etc/passwd') as f:
# Skip over initial comments
while True:
line = next(f, '')
if not line.startswith('#'):
break

# Process remaining lines

while line:
# Replace with useful processing
print(line, end='")
line = next(f, None)

g — N EIAR N R FRB R REEFNLIRENE, b, DR BEHE—1
BRI RESXFES:

with open('/etc/passwd') as f:
lines = (line for line in f if not line.startswith('#'))
for line in limnes:
print(line, end='"')

XFS @S] CABE F 9a 28 0 B ERR 1T, (BRRF BT XFHE M ELE
BT, #anE, FAERASRZ2MNOGHITFRER7 R EMNRFEHIT, EIE,
FRBNTEABEITIAFLLIRT.

REREEEREN—RE, ATHWARERTHEITAANER, BFEMRLESELR
BERRE R/, EEINERLRE, XHFREEMAINR,

4.9 HEYBEENER




o] &

FEREH — P REH TR B EERHITISAS

LIS S

itertools RIRIBH T=ZNRERKMBAXIERQB, HAF— MR itertools.
permutations() , EEZ—IMNEESHFE— I BEFY, BN THBESHFRE
TTER—EIEEHESIARL, R IHBITITEALES P EZHEIINF £ — 1N, Lt
n:

>>> items = ['a', 'b', 'c']

>>> from itertools import permutations

>>> for p in permutations(items):
print (p)

NRAFABSRIEERENFAEH, Re]EE—MENKESH, MEXF:

>>> for p in permutations(items, 2):
print (p)

{EF itertools.combinations() FJIFZIMAESHITEMFAENES, tLil:

>>> from itertools import combinations
>>> for c¢ in combinations(items, 3):
print(c)

(lal, lbl’ ICI)

>>> for ¢ in combinations(items, 2):
print (c)




(lbl’ 'C')

>>> for ¢ in combinations(items, 1):
print (c)

W F combinations() Ki#t, TENINFELALEET, U2EiH, HE ('a',
'p) IR ('b', 'a') HNZ—#M (RERSBHEF—),

AHEHEHNNE, —BExZHENMSNEEPIFRE CLEWWMRT
= J BEHENT, MLETRKMASBEEET), MEEL itertools.
combinations_with_replacement () RIFRE—MTTEREFES IR, Ll

>>> for ¢ in combinations_with_replacement(items, 3):
print(c)

0O 0 o0 oo o oo o

A S i A N T N A

, 'a',

[} !
b a b

, 'a',
, 'b',
, 'b',
, 'c'y
, 'b',
, 'b',
, 'c',

CC oo P P -

, 'c',

V N~ A"~ "~ "~ "~ "~ "~~~ -

\4
\4

e
X—NHEATERRRIUNZE itertools HRI—EHINEE, REMRLEIUE
CFIEMAGIESEL, BERIFMESERRM], SR(THEIE EEXFLEE R

RELER, RIFFIUEEEE itertools iRIR, MRXANEAREE, BARBAIESE
BEKEIERTR

4.10 F3 ERSEEN
2128

RBEER — N FIRIE R RER EE R AL IERI TR RS,




fRIRTI

RNEH enumerate () BREN AT LATRIFHIRE RIX AN [o) el :

>>> my_list = ['a', 'b', 'c']
>>> for idx, val in enumerate(my_list):
print(idx, val)

N = O -
0o o e

ATEREFTSHE TS 1 7)), ReIUFE—NFESH:

>>> my_list = ['a', 'b', 'c']

>>> for idx, val in enumerate(my_list, 1):
print (idx, val)

1 a

2 b

3 c

EMERAEMED X4 EESERERPERITS EUMRIEEEA:

def parse_data(filename):
with open(filename, 'rt') as f:
for lineno, line in enumerate(f, 1):
fields = line.split()
try:
count = int(fields[1])

except ValueError as e:
print('Line {}: Parse error: {}'.format(lineno, e))

enumerate () WFIRIFRLEEEIIRPEHIMIMUESEEHL, FTCA, MNRFEAEEF
— AN EFPRHIREIFGMRSE EHINITS £EX, SJUESSMFA enumerate() K
SERY:

word_summary = defaultdict(list)

with open('myfile.txt', 'r') as f:
lines = f.readlines()

for idx, line in enumerate(lines):
# Create a list of words im current line
words = [w.strip().lower() for w in line.split()]
for word in words:
word_summary [word] . append (idx)

MRARAEIBTE X FEFTED word_summary , RRIPEZ—NFH (EWRIBFZE—1
defaultdict ), WFEMRIEE— key , B key WNIER—PTHXRIALHMN




MITSHEMMIIR, MRENREE—ITRHIALHR, BLAXMTSHIEIRX,
[ERY th v A I X AR —ME R R

g

SHIRBEINEX — M BLZERINHR, £ enumerate ) BWZEME L, {R7]
BB TEXFSENE:

lineno = 1
for line in f:
# Process line

lineno += 1

BRINREA enumerate ) RERNEMNESEMMLIET :

for lineno, line in enumerate(f):
# Process line

enumerate () BREUREIIE— enumerate WEHRLH, ER—1ENEE, REE
SR — MMTEFI—MERITA, TAPMEBRIERARY LA next O 1R[E,

EE—SriEANEREE, ERBESIE, BNERIRE—INEBEELEEEMITA
F5 E{EF enumerate () R BRBEZ AN, (MG TEEHNAIIMNE:

data = [ (1, 2), (3, 4), (5, 6), (7, 8) ]

# Correct!

for n, (x, y) in enumerate(data):
# Error!

for n, x, y in enumerate(data):

4.11 EHE XS FT
o] &

FERENZIFY, 8RAFIN—ITFIFER—ITE
RRRFIZ

ATERHEARZANFY, £ zipO &, LLI0:

>>> xpts [1, 5, 4, 2, 10, 7]
>>> ypts = [101, 78, 37, 15, 62, 99]
>>> for x, y in zip(xpts, ypts):




print(x,y)
1 101
5 78
4 37
2 15
10 62

7 99
>>>

zip(a, b) REM—NRETTA (x, y) BIEANREE, EF x KRB a, y KRB b, —
BERENFIZIREGE, ENEEER, AR KERSHPREFIKE—K,

>>> a = [1, 2, 3]

>>> b [le’ IXI’ |y|’ IZ']

>>> for i in zip(a,b):
print(i)

(1, 'w")
(2, 'x")
3, 'y"
>>>

MEZINNZBMEEZRINR, IALPTAER itertools.zip_longest () ERERK
K&, ttan:

>>> from itertools import zip_longest
>>> for i in zip_longest(a,b):

print (i)
1, 'w')
(2, Tx!
@3, 'y"

(None, 'z")

>>> for i in zip_longest(a, b, fillvalue=0):
print (i)

a,

2,

@, !

(0,
>>>

i

S RABRLIT AL IBRIERIRT R zip O RERREAMN, LW, FRIRIRKIIRF—
BYR, METEXHE:




headers = ['name', 'shares', 'price']
values = ['ACME', 100, 490.1]

€A zip() ATBAMLRIEENHTEHEM —NFH:

s = dict(zip(headers,values))

AR AT CAMR T XA~

for name, val in zip(headers, values):
print(name, '=', val)

SRANEN, BR zipO AIMEZSTRIMNFINSE, IEHRATEMER
TTAHEPTRNMIRBAF IR —, e,

>>> a = [1, 2, 3]

>>> b = [10, 11, 12]

>>>c = ['x','y','z"']

>>> for i in zip(a, b, c):
print (i)

(1, 10, 'x")

(2, 11, 'y")

(3, 12, 'z")

>>>

RiEBE—RIME, zipO FEIB—MENBERIENERRE, MRIFFERHEN
WETFEESIRSP, ZEM 1ist O R, tLu:

>>> zip(a, b)

<zip object at 0x1007001b8>
>>> list(zip(a, b))

[(1, 10), (2, 11), (3, 12)]
>>>

4.12 NEISRE ETRREN
o128

FEES M RAITHEERE, ERZIEWREANBWERF, (REENBER
Ku[EMERER T B REE S B,

fRIRTI

itertools.chain() J3;AF] ARREMLXMES, EEZ—MrIEAARRIIRIE
@A, FRE-MENZE, BRNEREESNIERTEINAT, B TEREE, &
R EX M




>>> from itertools import chain
>>> a = [1, 2, 3, 4]
>>>b = ['x', 'y', 'z']
>>> for x in chain(a, b):
. print(x)

N< X & wN - -

>>>

€A chain(O) BI—NERIZFRESMFENAENESHAMBETENITREERIFR
A&, EEn:

# Various working sets of ttems
active items = set()
inactive_items = set()

# Iterate over all items
for item in chain(active_items, inactive_items):
# Process item

XMERGRZBLLG TEXMFERAA RREEIAENNRE,

for item in active_items:
# Process ttem

for item in inactive_items:
# Process item

wie

itertools.chain() EE—NMHSNATERNWNRELNBASH. ABCIE—ME
2, OXESMREIESNTENTRPHITER, IMAAELTEFINEHBARE
SEVEEN g I

# Inefficent
for x in a + b:

# Better
for x in chain(a, b):




—MARP, a + b BEFEUNE—ANEHNFIHEK a F b BIRE -,
chian() REERX—F, AUMRBAFIIEEAXNWERREANT, FEIENH
REBAR— IR chain () FEHEETLATRIFRI TAE,

4.13 RIEREAIREE
2128

MuuﬂﬁELfﬂummEhJMHT ZCARLIZRIE, LU, BN KENKIE
FEAIE, BEREAEFEN—RIEBRARER,

fRIRFIZ

EMRRHR—NEMEENFINGFDE B TER, BREMELE-NEEXRDN
BEX R x:

foo/
access-1log-012007.gz
access—1log-022007.gz
access—-1log-032007.gz

access—-1log-012008
bar/
access—1log-092007.bz2

access—1log-022008

RigB N AEXAEBEXFREIE:

124.115.6.12 - - [10/Jul/2012:00:18:50 -0500] "GET /robots.txt ..." 200 71
210.212.209.67 - - [10/Jul/2012:00:18:51 -0500] "GET /ply/ ..." 200 11875
210.212.209.67 - - [10/Jul/2012:00:18:51 -0500] "GET /favicon.ico ..." 404 369
61.135.216.105 - - [10/Jul/2012:00:20:04 -0500] "GET /blog/atom.xml ..." 304 -

AT RERXE S, FREAIREX —TMESMITHEESMIESHE R EME
ERENARL I 2R, FALRIXAE:

import os
import fnmatch
import gzip
import bz2
import re

def gen_find(filepat, top):

rr

Find all filenames in a directory tree that match a shell wildcard pattern




for path, dirlist, filelist in os.walk(top):
for name in fnmatch.filter(filelist, filepat):
yield os.path.join(path,name)

def gen_opener(filenames):
Open a sequence of filenames one at a time producing a file object.
The file ts closed immediately when proceeding to the next iteration.
for filename in filenames:
if filename.endswith('.gz'):
= gzip.open(filename, 'rt')
elif filename.endswith('.bz2'):
f = bz2.open(filename, 'rt')
else:
f
yield £
f.close()

open(filename, 'rt')

def gen_concatenate(iterators):

1

Chain a sequence of iterators together into a single sequence.
rr
for it in iterators:

yield from it

def gen_grep(pattern, lines):

rr

Look for a regex pattern in a sequence of lines
rr
pat = re.compile(pattern)
for line in lines:
if pat.search(line):
yield line

MEMRRI A REZIS X LR PELREE—MEIEEE, L, hTEXREIE
a8 python KIFFBHEIT, RAJCAXAF:

lognames = gen_find('access-log*', 'www')
files = gen_opener(lognames)
lines = gen_concatenate(files)
pylines = gen_grep('(7i)python', lines)
for line in pylines:

print(line)

MR RAFHRFBY REE, (REEUAEEMBRANFEREEE, tbw, T
XM ELERNF TR TERELSN,

lognames = gen_find('access-log*', 'www')
files = gen_opener(lognames)




lines = gen_concatenate(files)

pylines = gen_grep(' (?i)python', lines)

bytecolumn = (line.rsplit(None,1)[1] for line in pylines)
bytes = (int(x) for x in bytecolumn if x != '-')
print('Total', sum(bytes))

e

DAEE SN IREIE T CA AR R S L Hthio) &, BIEMEANT, ZESERERE, Y

wiHE,

FTERE EARE, ESREMRA yield BAEARIBNEFEM for BIFER
EREIENHEES, SXEERBREE—ER, B yiecld RF—MRRIBIET
REBARANGEEEN T M, E0FREES, sunO RBERELNEFRI
&, BXNERREEFRRE - TR

XMAN— N EBFNS[REE N EMRERBIR/N A BERIMIIE, XIFRIEM
RESREMEIFEN T, RSAE, XERZMRLRERNEINEEMZIRES
(£, FERLFIEEFASERMNRNBELEZEEEE, BREZER,

FERAXMARNNAFNEEAEARE, ERXBHERE—MEAEXHBRRH
WEETIFRRYF, 3L, HTERTERAIAE, RBEETIERAFTZRR/IMEN
HIRTE,

7£18F gen_concatenate() BRIRIARHME{RR]GESBLAKEH, XA RMFIEHY
M AFIHHER —NMERKBIITFI, itertools.chain() EREXEIMHBELMABITNEE,
ERERZRMERIANNRENSEEAN. ELEAZINMIFH, (FRIGESEEXF
BU1EA] lines = itertools.chain(*files) , IXYG 5 gen_opener () AR IZAT
LB, [BMT gen opener () EFBERER—MTFTHLE, SEITF— Ak
;‘i:ﬁ%ﬁ?f{#ﬁﬁ?&fﬂ?, ELt chain() EXEREEXMFEA, LERYF R EZIX
Bt

gen_concatenate() EREHHIIT yield from iBA], BEIF yield BIERIERIR
4R EAE, 1B yield from it EERAVREIARNEE it A BEE, XFXNFE
i1E 4.14 I HRBEH -—THHER,

RELTE—REEIENRE, SEEAXNFAIERHEN., BRHMEREIIENAIEFIB
1’ A, BMERXMIER, FRAEMEEE NI XE)FMZIE ET T IERN
RIBA,

David Beazley EftBAY Generator Tricks for Systems Programmers ZFER N FiX
RABIEEFANMHE, FJUSEXNMRERINESHER.

4.14 RARERIFY!

FEE— N ZERENFIIRAR—TRETIR



http://www.dabeaz.com/generators/

fRIRTI

AUE—MEE yield from IBAHYEITERM I REMERRX )=, ELu:

from collections import Iterable

def flatten(items, ignore_types=(str, bytes)):
for x in items:
if isinstance(x, Iterable) and not isinstance(x, ignore_types):
yield from flatten(x)
else:
yield x

items = [1, 2, [3, 4, [5, 6], 71, 8]
# Produces 1 2 3 4 56 738
for x in flatten(items):

print(x)

£ LEIBH, isinstance(x, Iterable) MEBENTEEREFNENH, IRZ
HJiE, yield from BIRIREIFFBEFHIFEMIE. RZLROERUR—MIBRENE R
F3T,

KIMNISE ignore_types FHEMIBA] isinstance(x, ignore_types) FARIGF
FRMFTHRERNEAW RIS, BHIERENBRARBMNFN, ZHFNEFHFHE
(HFLEERR IR M TFTHAEEMEER T, ELdl:

>>> items = ['Dave', 'Paula', ['Thomas', 'Lewis']]
>>> for x in flatten(items):
print (x)

Dave
Paula
Thomas
Lewis
>>>

e

&) yield from FE{RBELEMZPIHRAEMEMBIFAFHRENIHMRIEERTH.
MBAFNMERERNE, BLMBASEIMY for BIF T, LLUN:

def flatten(items, ignore_types=(str, bytes)):
for x in items:
if isinstance(x, Iterable) and not isinstance(x, ignore_types):
for i in flatten(x):
yield i
else:
yield x




_ RERWT—RR, BE yield fron BABLERKEY, HHBRENBES

RIREIMIN FF A SRMNFTHEIMEER 1 THIEEENBRAMENFH, W
REBEMRAERANEER, 2082 E ignore_types BT,

REEFEN—RE, yield from FEH REIEFIHIEFNEMEZNNF R RIZPINE
EFENEEMNAE, AJUSE 12.12 Z\HEEBIN—FF,

4.15 IF A EFHBHIHIFIEAITR
[a) 72

MBE—RIHFFY, BEelIESHEEE— M HIFFIHE LEARER.
PSS

heapq.merge () BRI P AFS {RfERIX M o), EEaN:

>>> import heapq

>>> a = [1, 4, 7, 10]

>>> b = [2, 5, 6, 11]

>>> for c¢ in heapq.merge(a, b):
print (c)

= = N0 o N

= O

Wi

heapq.merge FIIANAFIEEREBEEANR M DiBMBERFI, XMEWRERTTAE
FEERNFIFERE, MARBAKRWAHE, i, TEE—MIFRERIMNFASH
PN HERR X

with open('sorted_file_1', 'rt') as filel, \
open('sorted_file 2', 'rt') as file2, \
open('merged_file', 'wt') as outf:

for line in heapq.merge(filel, file2):
outf.write(line)




E— 2 ZE®iAMR heapg.merge) EEFMBWARI W IEHIT R, 55189,
EHARSTEIEEEHIREZIEKR PSR ELHIE, BARSXN A\ BIERIBVHEFR M,
EXNXEREFMBRINARBE D HIREZNIEN, IMERE—ESIFEERE
WMAFRY R TTRE RN .

4.16 1EXEEE while LPRIEMS

o] &5

{RERAHERR while BIRRANRLIERE, RACEZRAR T RBEN—
ROA RN AR ERINR R, BEREERAIRANBERET X/ MEIIE ?

fRIRTFIZ

— B 10 EEEFJESE TEXHF:

CHUNKSIZE = 8192

def reader(s):
while True:
data = s.recv(CHUNKSIZE)
if data == b'"':
break
process_data(data)

EMAHEBEERUEA iter O RAE, TR

def reader2(s):
for chunk in iter(lambda: s.recv(CHUNKSIZE), b''):
pass
# process_data(data)

NRIFMERERRBEANGELEE T, "IN T — 1M EBMFF, tEal:

>>> import sys

>>> f = open('/etc/passwd')

>>> for chunk in iter(lambda: f.read(10), ''):
n = sys.stdout.write(chunk)

nobody:*:-2:-2:Unprivileged User:/var/empty:/usr/bin/false
root:*:0:0:System Administrator:/var/root:/bin/sh

daemon:*:1:1:System Services:/var/root:/usr/bin/false

_uucp:*:4:4:Unix to Unix Copy Protocol:/var/spool/uucp:/usr/sbin/uucico

>>>




e

iter BRI — MNP AMBVFER ERERZ — 1 FIER callable WRI—MFIC (45
E) EfFREASH, SUXMANERMRE, EREE—MENEE, INENBES
ABTIAA callable WRERREEFRCERF ML

XIS HN A EN F—EEENSWES ARANRBEERR, tkWPRE 1/0
BARARERE, ZFORiH, MRMFENERFAXXEPURBRIANIZERIE, 85
RIFEARMESIMIT read) K recv() , HAEEEER — M XHLEREMNILRKATE R
BRI, ITHHNARFEHE—NEEN iter ) BARRATUNERELESERT, HP
lambda ERESRHB N T EIE—NTLTESM callable WHR, FHA recv B read() Fi&iE

7T size S,



FHE: XHF5 10

PrERFHEZELAEBAMGL, X—EFRSZCEAERRENXG, BEXANT
BRI, XEREFEMEXNAT, WXERFEREOIRMF 2P LE,

5.1 iZEXAEIE
o) &8

MEZIEEZMAERIBIIXAEIE, Ll ASCII, UTF-8 8¢ UTF-16 4Ri3 3,
fRIRT =

FERATAE rt IR open () RENEEN A E, W FETR:

# Read the entire file as a single string
with open('somefile.txt', 'rt') as f:
data = f.read()

# Iterate over the lines of the file
with open('somefile.txt', 'rt') as f:
for line in f:
# process line

LB, ATBEAN—INXEXHE, ERFEE vt RIVEY openO) R, WWRZAIN
FATHFENBRAESR. WTATR:

# Write chunks of text data

with open('somefile.txt', 'wt') as f:
f.write(textl)
f.write(text2)

# Redirected print statement

with open('somefile.txt', 'wt') as f:
print(linel, file=f)
print(line2, file=f)

MRBEEFEXGRRIMAE, EAEINA at #Y open() EREL,

NHEHIEBEIRERINMER R ARG, L@ T A sys.getdefaultencoding () K
172, AXSHV R LEEBI ui-8 wi8, NRMMELINEFREIEZENNARE MG
AN, BBARILAETEE—NA]IERY encoding SIS open() RE, WTFFIR:

with open('somefile.txt', 'rt', encoding='latin-1') as f:




Python X3FIERBSHINAELRLE, JLNERBIGRIERE ascii, latin-1, utf-8 F1 utf-16,
£ web NABEFPEEEERANR UTF-8, ascii IR U+0000 2] U+007F SEEIRN
B 7 fIFR, latin-1 F T 0-255 2l U+0000 & U+00FF SEEIAN Unicode FHFHE
e, ZZEN—PNRENGRIDAISI AR ER latin-1 fiEKERSF-EMEILEIR, FH
latin-1 ZRABiEE — N XEFMEBIEFREFAE T L ERIOIX A BBRE, ERTHEE
MHIREIH BB 2 MERLIE, B, MNMRMFZEHFHIERNBRZE, RAEMNBIBILIRES
REBHY,

i

EEXAXGF—RRARLERE RN, BERE/IRRFEIEMN. B, &EflF
EFAHE with BRISERERZIMNXXALIE T —4 L TF3OME, B vith IFHIRERAY,
XH=BMXA, FER]UANER vith iE8), ERXMEFIMOINCIEFIARA G :

f = open('somefile.txt', 'rt')
data = f.read()
f.close()

A= el E R TIRITARYIRAIEIA, £ Unix # Windows 2R —HHY (575
2 \n M \r\n ), KIANERT, Python RLASZ—ERXEIRRITH, XMHIEXT, FEi
EN AR, Python JCARBIFABRIE EIRITAH G HIER A B \n FF, £
B, AR SIFRITA \n FRARFEEARIRITH, NREBAEEIMENARILIE
7370, PIBALE open() BRENEASE newline=""' , WK TFEIXMH:

# Read with disabled newline translation
with open('somefile.txt', 'rt', newline='') as f:

ATIHBEREZENESR, FTEHKTAE Unix #1885 EmEiEZE— Windows EHERIN
AXE, BEEMNABTRE hello world!\r\n :

>>> # Newline translation enabled (the default)
>>> f = open('hello.txt', 'rt')

>>> f.read()

'hello world!\n'

>>> # Newline translation disabled

>>> g = open('hello.txt', 'rt', newline='")
>>> g.read()

'hello world!\r\n'

>>>

fa—NEEMENX AN G AR H IR HRIR, BRIZNEREBEA—IMXS
XERS, {RRIBERIBR—migEE MEIEtRIR, LLUl:

>>> f = open('sample.txt', 'rt', encoding='ascii')
>>> f.read()
Traceback (most recent call last):

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




File "/usr/local/lib/python3.3/encodings/ascii.py", line 26, in decode
return codecs.ascii_decode(input, self.errors) [0]
UnicodeDecodeError: 'ascii' codec can't decode byte 0Oxc3 in position
12: ordinal not in range(128)
>>>

MRHIX MR, BERRMRZEANIEENRBRIER, RRFFHEFEIER
BAFIIARRIN - ZmtE 2 1IERARY (ELU0ER UTF-8 MAR Latin-1 fmigsiE ), R
MG THIRIERTFENIE, (RAJLBALS open() BRIEN(EIE —NATIERY errors SERAIEX
LR, THE—EAEERERNAE:

>>> # Replace bad chars with Unicode U+fffd replacement char

>>> f = open('sample.txt', 'rt', encoding='ascii', errors='replace')
>>> f.read()

'Spicy JalapeZo!'

>>> # Ignore bad chars entirely

>>> g = open('sample.txt', 'rt', encoding='ascii', errors='ignore')
>>> g.read()

'Spicy Jalapeo!'

>>>

WMRREEER errors SERLIBRIZIERIR, vJERILMRNEETDEEERE, W
FXALEBENEERNZHRFLSEANRIEMRD, HIRERE]IRE, FEMREK
NI E (BEEE UTF-8),

5.2 }TENSIH EX G
BE

{F384% print O RBHIHHETE @R —NXHEFE,
RRS R

£ print ) RFPIETE file XEFSH, R TEHXHE:

with open('d:/work/test.txt', 'wt') as f:
print('Hello World!', file=f)

wie

ARTFHMEEECRXHEFMZILT, ERE—REIENAEX MU ARUXE
RIVTH, MRXERTHGIRINEE, FTEIMEEHE,

5.3 (EREM PRI T LERFHTE]




o] &

{RA8fERA print O RWALHIE, ERENZEAIANDRAREITEN.

P YRES

B]AfERRTE print() BREREA sep A end XEFSH, URBEENH AL,
tean:

>>> print ('ACME', 50, 91.5)

ACME 50 91.5

>>> print('ACME', 50, 91.5, sep=',')
ACME,50,91.5

>>> print ('ACME', 50, 91.5, sep=',', end='!!\n")
ACME,50,91.5!!

>>>

{£A end SEBATCATE I PEEIEIRTT, EEY:

>>> for i in range(5):
print (i)

D W NN - O

>>> for i in range(5):
print(i, end=' ')

012 34 >>

BES

SRR ERIEZ M IRAT R L BB RIAHR, 28 print () RBUZE— sep B
EREBENHR. BNREZEE —EEFRE ﬁ%suij)%nﬁHHMEﬁo
tean:

>>> print(','.join(('ACME','50','91.5')))
ACME,50,91.5
>>>

str.join() NEJAETERNERTFHFHR, IEREFEEFTEN TR L
KA gL eEE TE, tban:

>>> row = ('ACME', 50, 91.5)
>>> print(',"'.join(row))
Traceback (most recent call last):
File "<stdin>", 1line 1, in <module>




TypeError: sequence item 1: expected str instance, int found

>>> print(','.join(str(x) for x in row))
ACME,50,91.5
>>>

REARARABLH0, AFZETEIES:

>>> print(*row, sep=',')
ACME,50,91.5
>>>

IMBIRS RIS, LNES, FEXHES,

fRIRTIZE
{EFAMRIVA rb X wb BY open() BREURIZENENE N @I, tLal:

# Read the entire file as a single byte string
with open('somefile.bin', 'rb') as f:
data = f.read()

# Write binary data to a file
with open('somefile.bin', 'wb') as f:
f.write(b'Hello World')

I T HEER, FERPNEMEREIMNBFEEHRF N FAHBIL, MR
RMXABFIFEH, KB, EEANRHME, DIFRIESHEUNF IR IMRELIRLIXY
R (LENFRHFHR, FHENRE).

i

EIZM T HFIBIENAE, FOFFEMNEAFFENEXERITERSER—1
BENREM. HFIFEEIENE, R3IMEARHNFRENEFTHNEMART TFN
#, Lbal:

>>> # Text stiring

>>> t = 'Hello World'

>>> £[0]

H

>>> for ¢ in t:
print(c)




o H - 0o =

>>> # Byte string

>>> b = b'Hello World'

>>> b[0]

72

>>> for ¢ in b:
print(c)

72

101

108

108
111

>>>

NRARAB N TR BIRIVHI S FIZEN N B AN A RIE, DIRRERITHEEIYR
WoR(E, LEyn:

with open('somefile.bin', 'rb') as f:
data = f.read(16)
text = data.decode('utf-8')

with open('somefile.bin', 'wb') as f:
text = 'Hello World'
f.write(text.encode('utf-8"))

Tl /0 BE—ANE R ARSI NAE C SMREREEREEA, ™
AEBHEERAE DS, LH:

import array

nums = array.array('i', [1, 2, 3, 4])

with open('data.bin','wb') as f:
f.write(nums)

XABATEMMSIIA THIZ R ZpE0" HINR, SMRSEER
HRFEAXAEAETERIRE, THFIBENSAMBIXERMEZ—

BEWREARITFBELFERAXENRE readinto ) HIEEFIZN ZHEIBIEZER
EHREFRZE, Eu:

nnﬂl

HEE

>>> import array

>>> a = array.array('i', [0, O, O, O, O, O, 0, 0])

>>> with open('data.bin', 'rb') as f:
f.readinto(a)




16
>>> a

array('i', [1, 2, 3, 4, 0, 0, 0, 01)
>>>

ERERAIMBEARNEZFZBIINMNG, AAEBERERTEMRXMYE, AEES
EF RKANFDIFE (SAURTFEAURT), TUEE 5.9 /NTHBIM—MEEN ]
HIRE AMZ R E A X B F,

5.0 XHFARFEABEEA
EE:

FEG—AINEPRBEARE, ERMEVARINXEEXGFRE LAFE, B
R ESEFENNHRE,

PSS
BJBATE open ) ERFHER x RIVKRNAE v RN FFIERBRZA ), tLal:
>>> with open('somefile', 'wt') as f:

f.write('Hello\n')

>>> with open('somefile', 'xt') as f:
f.write('Hello\n')

Traceback (most recent call last):

File "<stdin>", line 1, in <module>
FileExistsError: [Errno 17] File exists: 'somefile'
>>>

MR AR HBIRY, A xb RIAEF xt

i

X—/N\TERTESXGREE BRI — Mol TR RAR (NNOEE—
MEFENXH), —MERAREXRMNARINMNEGREEFE, B TEXF:

>>> import os
>>> if not os.path.exists('somefile'):
with open('somefile', 'wt') as f:
f.write('Hello\n")
. else:
print('File already exists!')

File already exists!
>>>




RSN, A x XEEXENELR, BFEMR x 8RR~ Python3 ¥t open()
EHAFEHH R, 7 Python MIIARAER Python STMMKEE C RHEEZR
XAMERE,

5.6 F{TEAY 1/0 1RIE

Bk

{RABE P IR A S8 ST I RAVFE 7 SRIR(E XA BN 3l 7 15 &R,

IS

{5 io.StringI0() # io.BytesI0() EREBIEBENXEWNRIRIEFFTREIUE, L
i

>>> s = io.StringI0()

>>> s.write('Hello World\n')

12

>>> print('This is a test', file=s)

15

>>> # Get all of the data written so far
>>> s.getvalue()

'Hello World\nThis is a test\n'

>>>

>>> # Wrap a file interface around an existing string
>>> s = io.StringI0('Hello\nWorld\n')

>>> s.read(4)

'Hell'

>>> s.read()

'o\nWorld\n'

>>>

io.StringT0 REEAT XA, MBIREIREHEIMRIE, SHEM 1o BytesTo XK
R, tea:

>>> s = io.BytesI0O(Q)

>>> s.write(b'binary data')
>>> s.getvalue()

b'binary data'

>>>

BES

HRIBIE — N E BRI AIBHE StringI0 #l BytesI0 R2EHEAM, tbu, 7
BT, {REICAER Stringl0 REIZ—NEISMIXIIBERIESIANR, XMITR
AR EAEN SN E B AT RIIE,




FEIEMR, Stringl0 F BytesI0 SLPIF R E IEMMAYE KL R S HHEIRTT,
Fit, ENFEERLEFTEERAEXLNAREGNNGE, EENERERFIEFF
{EH.,

5.7 ixE M
o] &

{RABIEE — 4 gzip 3K bz2 FETUHIE4E XM,

IS

gzip Fl bz2 HEIRET AR B SHIAIEX LS, T MEIRER ] open() RBURIL T
SINFISCELR BRI AN a) @, EEan, BT UANXARNIRENELEE, BT BUXFEH

# gzip compression

import gzip

with gzip.open('somefile.gz', 'rt') as f:
text = f.read()

# bz2 compression

import bz2

with bz2.open('somefile.bz2', 'rt') as f:
text = f.read()

LAY, ATBEANEFREHE, BTCAXHEE:

# gzip compression

import gzip

with gzip.open('somefile.gz', 'wt') as f:
f.write(text)

# bz2 compression

import bz2

with bz2.open('somefile.bz2', 'wt') as f:
f.write(text)

NE, FTER I/0 BEEFERXARIAFANIT Unicode HI4RIL /ARG, EEY, W0
ROFBIRE AR, £ rb 3FE wb XEFRIVENAL,

Wi

A EANEEEHENIEHLE2EERN, EREEIENZEE —NMERNIXHG
BAZIEEEEN, NRMEAIEEEN, BLARKIANME ZHHIEIN, NRXEHERE
FREEEINEXEHIE, BLEsHEE, gzip.open() # bz2.0pen() ERIEANER
open() IZIH—1‘$E’\J’2‘§$I, "EHE encoding, errors, newline %%o




HEANEGHER, FTUAEA compresslevel XN ENXBFSHRIEE—1
E4%nl, tLa:

with gzip.open('somefile.gz', 'wt', compresslevel=5) as f:
f.write(text)

MANERR 9, BEREERSNESRSFTER, Shilt{ftEaEir, ERKEEREEED
A,

BRE—m, gzip.open() 1 bz2.open() BB —MRIHEAERISE, ©ATICAE
BE—INEEEHUTHFRITANXE £, b, TERBIEET1TH:

ot

import gzip

f = open('somefile.gz', 'rb')

with gzip.open(f, 'rt') as g:
text = g.read()

SRR gzip Fl ba2 MMEIA TR S RXHNE L, LLNERT, SEf
MRS,

5.8 EEX/NMERHINEFIENK
o] &

FEE—MEEREBICRAEDRRWES LIAX, MARE—IXHEF—1T—
1THIIEA,

IS

BT FEIXANNEIFER iter # functools.partial () EREX:

from functools import partial
RECORD_SIZE = 32
with open('somefile.data', 'rb') as f:

records = iter(partial(f.read, RECORD_SIZE), b'')
for r in records:

XM FHRY records WREZ—NIERNTER, ESNMI=ERBEEK/NEIEE
R, EEIXHRE. BEFENRIRSBICRANNBRANWBAEE, RE—TR
ETRNFTRALEEED,

i

iter ) BRWBB—NMEHENAMWEERE, WRIFLEZE—NTEAXNRIN—
tRclE, ESRIE—MEARRE, IMENBES—HIRREANTEANRER EREIR




iCfERLE, XEHRIARLILE,

EHIFH, functools.partial FARBIE— &R MIEAR AXHFIZEEER
BFWHIRIAANSR, tRcE b MRHRAN ML ERIIREE,

REBEIE—&, FEEIFPIISIER U T #EIERI TR, MR 2iEEEE A/
MIDR, XEEERTBRNIER, MNFXEE, —T—THIEE (ZHAKERITH)
FLRS,

5.9 1ZEN _#H IR R v T PX A
BE

R EZIEZE AR — NI SRR X H, MAFEMEF 6 S HIRIE,
S E RS FEEIRIEF I EE R — XA,

P YRES
AT REEHER — o] ERAF, FERAXEHNRE readinto() 737k, EEIN:

import os.path

def read_into_buffer(filename) :
buf = bytearray(os.path.getsize(filename))
with open(filename, 'rb') as f:
f.readinto (buf)
return buf

TEE—NERXNREER AN F:

>>> # Write a sample file
>>> with open('sample.bin', 'wb') as f:
f.write(b'Hello World')

>>> buf = read_into_buffer('sample.bin')

>>> buf

bytearray(b'Hello World')

>>> buf[0:5] = b'Hallo'

>>> buf

bytearray(b'Hallo World')

>>> with open('newsample.bin', 'wb') as f:
f.write(buf)

11

>>>




e

XITRI readinto ) FHiEREHWARATESEAFTMHRAERKE, EEBE
H array tR3R8k numpy FERIEERIENE, FEH B read() HiERERIZE, readinto() 1B
AEFENEAXMARAINREFHDENFTEREE], FHLt, {Re]UERERE
RRENREFIEIRE, tbl, MBRMFEIZE—ANHBRER/NDEIEFKER I ZFHHISZ 4
B, fRefAE TEXMHE:

record_size = 32 # Size of each record (adjust wvalue)

buf = bytearray(record_size)
with open('somefile', 'rb') as f:
while True:
n = f.readinto(buf)
if n < record_size:
break
# Use the contents of buf

AIME—NEBFMUHMZE nenoryviev , ERNBELFEHIMA NN EFERE A
XTI RE, EEXEENENRE, L

>>> buf
bytearray(b'Hello World')
>>> ml = memoryview(buf)
>>> m2 = m1[-5:]

>>> m2

<memory at 0x100681390>
>>> m2[:] = b'WORLD'

>>> buf
bytearray(b'Hello WORLD')
>>>

M f.readinto() WEEIEME, MLTEECHIROME, W SFMEEL
FR

MRFF[HRNTEFXKND, RIPLIERBBIEE RN T (ELAIIREIE X 12E
BEBENFT).

e, BIOWMREMEZENERPH into HRAIEE (ELI recv_into() ,
pack_into() %), Python BIRZHMEFD BLREEXFFEERN 1/0 SEHRILEIRIF, X
B F I A RIE R B BTN R A X AR,

K FREMT ZHFIEF] memoryviews ERAFENESRAF, BEE 6.12 I\,

5.10 ATFRRETHY IS




o] &

{RABATFIRES — N #BIGFR — N EFTREF, BHIRIEER R T HEVLUIlE
EE@W@X%EEWM%{%&O

fRRTIZ

{EF mmap BRHRAFIRET X, TERR—TTEREN, RFERTNFTH—
XAFF A —MERE T VA TFIRETX AN,

import os
import mmap

def memory_map(filename, access=mmap.ACCESS_WRITE):
size = os.path.getsize(filename)
fd = os.open(filename, os.0_RDWR)
return mmap.mmap(fd, size, access=access)

ATEAXITRY, FFEEE—IMELIEFERENAZNXMGE, TER M
T, BIREFVNREZE- I XEARERET REFEEKR/N:

>>> gize = 1000000

>>> with open('data', 'wb') as f:
f.seek(size-1)
f.write(b'\x00")

>>>

TER—"H A nemory_map() ERIFNERFIREIHREHIFF

>>> m = memory_map('data')

>>> len(m)

1000000

>>> m[0:10]
b'\x00\x00\x00\x00\x00\x00\x00\x00\x00\x00"
>>> m[0]

0

>>> # Reasstign a slice

>>> m[0:11] = b'Hello World'

>>> m.close()

>>> # Verify that changes were made
>>> with open('data', 'rb') as f:
. print(f.read(11))

b'Hello World'
>>>

mmap () JR[EK) mmap WEREF L AIUER—P LT XEERRER, XHRKE
MXGWEDIXA, tLal:




>>> with memory_map('data') as m:
print(len(m))
print(m[0:10])

1000000

b'Hello World'

>>> m.closed

True
>>>

FIABERF, memeory map() BREGTARIXGRENZFHHEMEEBE, ERIBIEN
ABEEFIOERIXXER, MRFERIEMIHOIER, FJLAESE access THER
mmap . ACCESS_READ , tb4M:

m = memory_map(filename, mmap.ACCESS_READ)

INRRBERHIZ LR, ERNANERERELQRIFREXXAEH, ATEAER mmap.
ACCESS_COPY :

m = memory_map(filename, mmap.ACCESS_COPY)

e

B TEENARIXERNAS, A map FXEMRSEIAEFERE — PSR AEN S
%, BIEN, (REEITA—MNXEHMITARER seek() , read() , write() A, RE
BB RS S FE R R E A RN ],

— &K, mmap() FTREBEFNIATFE LEZME— N THGBERR, ER, R
EA— AT ERETERRERE. tba:

>>> m = memory_map('data')

>>> # Memoryview of unsigned integers
>>> v = memoryview(m).cast('I"')

>>> v[0] =7

>>> m[0:4]

b'\x07\x00\x00\x00"

>>> m[0:4] = b'\x07\x01\x00\x00"

>>> v[0]

263

>>>

FERFN—RE, AFRFE— I NXEANZERBINAFRZIEAEFR, B
B, XEHLSBEHEFINEFEEFHMAR., HR, BERANNIXERERE
—EEIN AT, SRURIXENARXERN, XEXIEHAT T RIEFZZWIZEFRET
A AFEXER, MABLENLEIBRIZIMEIEREEEE £, FEXLETERIERN,
E=E5h !

RS Python BRFERIATFIRETE— XXM, F2IRY mmap I SREET IR FARARE
RBEHERRWIE, WME, FEMRREESERMEENE, FEEP—/MEREAm




WEEEMEMEEMBERRET, RIFE, IEFEZRESHIEIM, BRXMHT
ERHERR] AARAEEERERF TR HIE,

X—/N\THRYRESFREA, BERERT Unix M Windows &, BEER
EEA map ) BRHNSEREE—LEEENERYE, BI, THE LRI ARRE!
BERIATFIRE X, NRIFIHXNENE, BRIFFHATIET Python XA X735
HHAE .

5.11 XHEZ1ZBRHVRIF
2128

MEBREABRFERRRAXGR, BRR, EWEESES.

P YRES

€M os.path RIRPEVRBRIFFHEZFR. TEHE—IRENFIFRER—LEX
fidipkS e

>>> import os
>>> path = '/Users/beazley/Data/data.csv'

>>> # Get the last component of the path
>>> os.path.basename (path)
'data.csv'

>>> # Get the directory mame
>>> os.path.dirname(path)
'/Users/beazley/Data’

>>> # Join path components together
>>> os.path.join('tmp', 'data', os.path.basename(path))
'tmp/data/data.csv'

>>> # Ezpand the user's home directory
>>> path = '~/Data/data.csv'

>>> os.path.expanduser (path)
'/Users/beazley/Data/data.csv'

>>> # Split the file extension
>>> os.path.splitext(path)
('~/Data/data', '.csv')

>>>



http://docs.python.org/3/library/mmap.html
http://docs.python.org/3/library/mmap.html

it

W F R G RBVIRIE, (RESNZ{ER os.path RIR, MARERINEFFEH
IBREREB CHRE, 1AM TR EMEERRMREMNIOLE, ER os.path &
BRE01E Unix #1 Windows R Z [B)HIEFRFH B eS8 n] EHALIESE(L Data/data. csv F

Data\data.csv XFFHIXHR, HX, MENFANIZREEREEZEEEL T BERYT
EEHEEREZNRESIFIIIIRE,

BEEMR os.path TEESHINEREXEHLBIELR, FJUEREHXHE
RIAE S EXFMNE, FSHEHESHERIRLRLA,

5.12 MiAXHFREFE
o) &
(RN — B RS FE.
fRRTFIZ
€A os.path RRRKMIX—PXFHBEFRELSFE. LLU:

>>> import os

>>> os.path.exists('/etc/passwd')
True

>>> os.path.exists('/tmp/spam')
False

>>>

fRiEgedt — H MR AN SAFRHT A KB, £ FEXEMRF, MEMREIER
FEMHMR, SREZIRM False:

>>> # Is a regular file
>>> os.path.isfile('/etc/passwd')
True

>>> # Is a directory
>>> os.path.isdir('/etc/passwd')
False

>>> # Is a symbolic link
>>> os.path.islink('/usr/local/bin/python3"')
True

>>> # Get the file linked to

>>> os.path.realpath('/usr/local/bin/python3")
'/usr/local/bin/python3.3'

>>>




WRIRIEEKETHIRE (Ebax R /NaE 21EcqBHEE), thelAER os.path &
KRR

>>> os.path.getsize('/etc/passwd')

3669

>>> os.path.getmtime('/etc/passwd')
1272478234 .0

>>> import time

>>> time.ctime(os.path.getmtime('/etc/passwd'))
'Wed Apr 28 13:10:34 2010

>>>

e

{£F os.path RATHMIAZRE LR, AEXLEMAR, FJEE—FZIE
MAMRIFFEZZRXAENREEIE, 5rlRERECTAERR, tEil:

>>> os.path.getsize('/Users/guido/Desktop/foo.txt')
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
File "/usr/local/lib/python3.3/genericpath.py", line 49, in getsize
return os.stat(filename).st_size
PermissionError: [Errno 13] Permission denied: '/Users/guido/Desktop/foo.txt'
>>>

5.13 FRENfFRAPHI IR
228

(FEIREN 4 R AP RN B R T B X HTIR,
BRI

fEF os.listdir O ERBRIRENEAN B RPHIXHFIR:

import os
names = os.listdir('somedir')

ZRSREBRPAEXNHIIR, BEMEXH, FER, AEIHESEE, RF
FTEBIEMARILELRUE, CTUEBEES os.path EFI—LEERIBRERTIRES,
ttdn:

import os.path

# Get all regular files
names = [name for name in os.listdir('somedir')
if os.path.isfile(os.path.join('somedir', name))]




# Get all dirs
dirnames = [name for name in os.listdir('somedir')
if os.path.isdir(os.path.join('somedir', name))]

FIATEBRRY startswith() Fl endswith() FEWN TR —MEZHIAFTERREH
. Ebal:

pyfiles = [name for name in os.listdir('somedir')
if name.endswith('.py')]

N FXHRMILE, RelgExEEER glob 3}, fnmatch f&2IR, LEL4M:

import glob
pyfiles = glob.glob('somedir/*.py"')

from fnmatch import fnmatch
pyfiles = [name for name in os.listdir('somedir')
if fonmatch(name, '*.py')]

e

REERPHIRZREZN, ERHROFLSRIARERPLAFRIIRME,
RFEERNEMATESR, LLWXHRN, 1I“ESIE‘IIE1—_r—_r, MEIFEFEEAE
os.path RIRAMRIEE os.stat O REBRIREEIE. tLal:

# Ezample of getting a directory listing

import os
import os.path
import glob

pyfiles = glob.glob('*.py')

# Get file sizes and modification dates
name_sz_date = [(name, os.path.getsize(name), os.path.getmtime(name))
for name in pyfiles]
for name, size, mtime in name_sz_date:
print (name, size, mtime)

# Alternative: Get file metadata
file_metadata = [(name, os.stat(name)) for name in pyfiles]
for name, meta in file_metadata:

print (name, meta.st_size, meta.st_mtime)

REEE— z/I BENME, EEELIEXXGRRD0) AR e T — L
3] &, L%ﬂa#, # 0s.1istdir O IREIMSEARTIRSBRIBRREIANIXE R IRIGFR
BRI, @%ﬁﬁa‘ﬂiﬂz%ﬁjﬁﬁu—%T\’QEIE%*%EEE’\JS‘UCF%O RFXHRMAIE R, £
5.14 ¥ 5.15 INTTBEEIFMAV IR,




5.14 B 24wt
2128

RABEARIRX AR AT 1/0 8, EHMRRXGRALELZIRAIIA
fmiD A MRS e R D I,

fRIRTIZ

FANBAT, MBEMXHBESIEIE sys.getfilesystemencoding () IREIRIX A
YRhDSRYmAOER AR, tbun:

>>> sys.getfilesystemencoding()
'utf-8'
>>>

NRE R EMRE RSB MHED, FIMMER—NMRRFTFAEREE—
XAF&EIe], tban:

>>> # Wrte a file using a unicode filename
>>> with open('jalape\xflo.txt', 'w') as f:
f.write('Spicy!")

6

>>> # Directory listing (decoded)
>>> import os

>>> os.listdir('.")
['jalapefio.txt']

>>> # Directory listing (raw)
>>> os.listdir(b'.') # Note: byte string
[b'jalapen\xcc\x830.txt"']

>>> # Open file with raw filename

>>> with open(b'jalapen\xcc\x830.txt') as f:
print(f.read())

Spicy!

>>>

IESNORFR L, B MEER, SIRGIVEHEREEI open() F os.1istdir )
REFTFNFEN, XEBRNLEAASHENE.

g

BERWH, (IAFBRHONAERHIRDAMED, ZEEX AR RFNIZM R
T, BR, L& 1?%2%&1?%)*‘3_:&1%9*‘2,1,\J‘i‘t%ﬁUL%%?ﬁ FTERIAGRIGHI
. XL 4 BT B P AR TR AL B A BT A Python 2%,




1ZENE R BN RIG AR 7 VB A B R AR AE X iER e, REX
HETR—ENRIDEER.

EFITENREIBRBAIN 4R, BSE 5.15 VT,
5.15 FTENAREERIX G R

o] &

RREFRKE T —PMEFRFPHIXEGRIIER, BERICHEFITEIXGARIBTE
fEFEE/&%, LI T UnicodeEncodeError R EFM—FZFIEMER surrogates not
allowed

fRIRTI
SHITENARABPI RS, (EATFETIER] A RIXFRITEIR:

def bad_filename(filename) :
return repr(filename) [1:-1]

try:
print (filename)

except UnicodeEncodeError:
print(bad_filename(filename))

e

EX—/I\HITEHNRERS W INIEXGFRANERN — M AXEREXERFHN
8], BKIABAL T, Python (REFTE X BREEEIEHE sys . getfilesystemencoding ()
FEREE T, B, E—EXHRGH SEREHIENZFH, BLairelEXEFaE
BIEARmBIXYE. IMBEAFARNEN, ERESEBLEAFERIMNMIERLEZ
XY ( FTEERTE—MNERERIKIEHL open () RBUEE T — NS HERIX G
B)o

HITEM os. listdir ) XHFIRE, XLERSHBHIXGFRIASIE Python
FBAREE, —FAHE, ERENNXRARERILEARAERNETF, MB—FHHE, EXREEE
XL Z 5 R I IFRI XA FER R, Python WHXANa) SRR A RENEZ IR
EVARBEISEIF T ALY \xhh FEEMEIFL Unicode F&F \udchh RRHIFTIER" KIB
HmE", TE—MIFERTEH N AERERIRPEE—NXXER R bid.txt(EH
Latin-1 TIANR UTF-8 4wh3) RAHEF:

>>> import os

>>> files = os.listdir('.")

>>> files

['spam.py', 'b\udcedd.txt', 'foo.txt']
>>>




MRFERBFERENHFBRERXMHREZIBLE open () XKLL, —t]EREE
IEET, RESHFRREMEXGRE TR (ENFTENaHEIFRSHEEX
%), falry, SREITEN EEMXGRIIREN, REEFMIER:

>>> for name in files:
print (name)
spam.py
Traceback (most recent call last):
File "<stdin>", line 2, in <module>
UnicodeEncodeError: 'utf-8' codec can't encode character '\udced' in

position 1: surrogates not allowed
>>>

BEFERNREREMAZFH \udced B —NMEERT Unicode Ff, EELR— MK
MAREBFAROINFFESHEFBD. BTRLY THFES, BIEERNIEEN
Unicode, FCA, ME—BERINM AT /EME HBRIARNSIEX M AR REVE N A
F. ECLUNETCA%RE B RBIECRIN T -

>>> for name in files:
. try:
print (name)
. except UnicodeEncodeError:
print (bad_filename (name))
Spam.py
b\udce4d.txt

foo.txt
>>>

£ bad_filename() R EHLERATIFEC, I —MERMBELREMT
NEFmY, REIWNT:

def bad_filename(filename):

temp = filename.encode(sys.getfilesystemencoding(), errors=
—'surrogateescape')

return temp.decode('latin-1")

FEE

surrogateescape:

X#HZE Python ERKRIHDEE 0S #9 APT HFT{EAMEIRIESE,

E A — M NI RIRE R AR B AV RIE A RD ],

ERBLER B HEF T EMER - MO RERZIE Unicode HWISTEIA,
TE4mAD A 13 AR LE R RUE S IA R B[R 75 AR AD SR B = T3 R 91,

ERMXNTF 0S API FEEH, tHEREZNGERMBTLTHRDER.

(ERX AR = E RS AT

>>> for name in files:
try:




print(name)
except UnicodeEncodeError:
print (bad_filename (name))
spam.py
bad.txt

foo.txt
>>>

EX— I\ IR WA IEEFFZIE, BEMNRIRERS KREBSXEHZFIG
REMKBESIERN, MNNESEEZIXN, BURTESEENMNEAREIWEDHAE
HiFi— S A BRIVEIR,

5.16 &N AT EFT AR RIS
|o) 25

{FEEARRA— P EFTARIX A RTIE FEINECIEER Unicode 45,

fRRTFIZ

WRIRRBLE — DA ZFBIETNFT RIS RIN Unicode 4m3/fERE T, FILAER
io.TextIOWrapper ) WREXTE, LLi0:

import urllib.request
import io

u = urllib.request.urlopen('http://www.python.org")
f = io.TextIOWrapper(u, encoding='utf-8")
text = f.read()

MRFBER—NEZITANX BRI AFRI RGN, PJASER detach()
RiEBREEFENXAHRLE, FAERMIREHVKE, TER— 1M sys.stdout
L1k 4mpg 75 BB F

>>> import sys

>>> gys.stdout.encoding

'UTF-8'

>>> gys.stdout = io.TextIOWrapper (sys.stdout.detach(), encoding='latin-1")
>>> sys.stdout.encoding

'latin-1'

>>>

XA AT R PR RRV LR, XEMNNER TETRME,




e

I/0 RAR—RIINFRWETM. Re]IAFITIT FEXMRIF— 3R
PlIFREBIMEX:

>>> f = open('sample.txt','w')

>>> f

<_io.TextIOWrapper name='sample.txt' mode='w' encoding='UTF-8'>
>>> f .buffer

<_io.BufferedWriter name='sample.txt'>

>>> f .buffer.raw

<_i0.FileIO0 name='sample.txt' mode='wb'>

>>>

EXNMIFH, io.TextI0OWrapper & —MmiBFIAERS Unicode FINX AR, io.
BufferedWriter —PMLIE T HFIFIBITFRIFAY I/0 |E, io.FileI0 B—/MRNIE
ERAREXH AR X H, 1B EX AR RE RS RIEMERE R EEAY
io.TextIOWrapper /=,

—iR, & EEflFXMFEL LB ERERIEFAENERRIAZEN, £
o, MRMFAEER TEIFNRARNEREBEEIRET 4!

>>> f
<_io.TextIOWrapper name='sample.txt' mode='w' encoding='UTF-8'>
>>> f = io.TextIOWrapper(f.buffer, encoding='latin-1')
>>> f
<_io.TextIOWrapper name='sample.txt' encoding='latin-1'>
>>> f.write('Hello')
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
ValueError: I/0 operation on closed file.

>>>
SGREET, AR MRRESEWEIN T H XA T IRERXHE,
detach() HESMIANGNRINEFROEEZE, 2ERIEMEZTLEBT. 4
un:
>>> f = open('sample.txt', 'w')
>>> f

<_io.TextIOWrapper name='sample.txt' mode='w' encoding='UTF-8'>
>>> b = f.detach()
>>> b
<_io.BufferedWriter name='sample.txt'>
>>> f.write('hello")
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
ValueError: underlying buffer has been detached
>>>

—BirARINER, RHMFIASREERAFI—MWRTNE, tLa:




>>> f = io.TextIOWrapper(b, encoding='latin-1')

>>> f

<_io.TextIOWrapper name='sample.txt' encoding='latin-1'>
>>>

REBZ[FER T IRBwmIBITTE, BERIRIER AR A XM ARIEXMHT
AeIE. FRIRALEI AR SRR Bt 75T, 140

>>> sys.stdout = io.TextIOWrapper (sys.stdout.detach(), encoding='ascii',
ce errors='xmlcharrefreplace')

>>> print('Jalape\u0Ofio')
Jalape&#241;0

>>>

EETREHETRIIE ASCI FF 1 SUEIH a#241; BUUHY,

517 FFHEAXERXHF
2128
(FBTE AR T X 4 RSN RIAHF T 5E,
P YES
BFPRIBEES B R XENE, Fin:

>>> import sys
>>> gys.stdout.write(b'Hello\n')
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
TypeError: must be str, not bytes
>>> gys.stdout.buffer.write(b'Hello\n"')
Hello
5
>>>

KR, BETSEITIREI A HHY buffer BHERIZEN I 8,

i

1/0 RFEANBRREMHRENEEM, XAXAERELE—MAFE SN T HHIR
U 18I0 — A Unicode 4mig/fERIEREIE, buffer BHIREINNAIREX M,
RIFEZ VD EMEMSRIT XA RD /fEFEE,

RINTHIFFEREY sys . stdout PIBEBEREB RIFK. FAINBA T, sys.stdout &
RUNXARRIVITAN, BERMRFRAES —NFEEITEN TSI R R fr s A AR
&, {Re]CAEA LEERIIRARRGT X AL /E,




5.18 IR BLIRAU X FIT R
[a] &

ME—ANWNTFRERAEL—AVBITAN /O BiE (tLUIXHEF. EE. EEFSE)
BB H#HAST, MEEEEKRM—1MESER Python XK,

fRIRTIZ

— PN XHERFFH—NMTANEEX AR —FH, XEFHERFNE -1 HiE
ERARIEENELY, ARERENRAN 1/0 BE, MRMFEHITEXA—NXEHER
7, {RP] LA ERA open ) ERFBRIGHE BRI — Python BIXHITR, (RXIXRAFE
REAXNMBRENXFHEATEAE - NMSERNBEXEGRER, Fli0:

# OUpen a low-level file descriptor
import os
fd = os.open('somefile.txt', os.0_WRONLY | os.0_CREAT)

# Turn into a proper file
f = open(fd, 'wt')
f.write('hello world\n')
f.close()

HEERXANRERAXES IR, EENXGRATFHEH XA, WRX
NHALRZRHREEMER, RoJBALE open() EREEIE —NP]IERY colsefd=False , Lt
i

# Create a file object, but don't close underlying fd when done
f = open(fd, 'wt', closefd=False)

wie

£ Unix RER, EMERXGFHEBFIIRAR AR EIE— NS EOER
F—AUREHBITAN I/0 @EL, MEE. EEFS. #FIRH, TER2—ME
EEERPIF:

from socket import socket, AF_INET, SOCK_STREAM

def echo_client(client_sock, addr):
print ('Got connection from', addr)

# Make text-mode file wrappers for socket reading/writing
client_in = open(client_sock.fileno(), 'rt', encoding='latin-1',
closefd=False)

client_out = open(client_sock.fileno(), 'wt', encoding='latin-1',
closefd=False)




# Echo lines back to the client using file I/0
for line in client_in:

client_out.write(line)

client_out.flush()

client_sock.close()

def echo_server(address):
sock = socket(AF_INET, SOCK_STREAM)
sock.bind(address)
sock.listen(1)
while True:
client, addr = sock.accept()
echo_client(client, addr)

FTEERREN—RE, LENGIFRINEANTETRAER open() BEHI— M
t, AEHBREATET Unix WRA, WRFEF—DPEXGEDERE-—INEETF
HELEMRONERIETS, BERAEREFRE nakefile) ik, ERMRAERE
AIRBIEMRE, BLEMBRSRSILMER nakefile O MEEF—=.

R ] CAMEAXMRAREE— 5B, RFUARETE—RITAXER G IE
Ae. figl, FTEERNEMEIZE—IMXANWNR, ERVFREL TG SRR R ER L
(BEUXARRIITH):

import sys

# Create a binary-mode file for stdout

bstdout = open(sys.stdout.fileno(), 'wb', closefd=False)
bstdout.write(b'Hello World\n')

bstdout.flush()

RERUE - EFENXAHHAFERM — M EBHNXANR, EREETEHN
RANRAENXARAESR SRS, FERERRNXAmANIRESBEIER (Fl
ESRAERCGE, XGEEFMSSNHE), ERENRIERELIMITHEER
—#, 15508, EEMGIFEBAREEEIE Unix R LT, HiRTXA2, BRMREIL
7NN B CHSINE, WRCEEREBEETF,

5.19 S ImAT STAFISTIAFR

[B] &

MEZEEFATHEIB - NMaRXEHSE R, FEEFERTZERIUBEMNHER
=

PSS

tempfile IRFABRSHRWAIUATMIXES. BT EIE—MERRIGE X ME,
B]BAf§EFE tempfile.TemporaryFile :




from tempfile import TemporaryFile

with TemporaryFile('w+t') as f:
# Read/write to the file
f.write('Hello World\n')
f.write('Testing\n')

# Seek back to beginning and read the data
f.seek(0)
data = f.read()

# Temporary file ts destroyed

}E, WRIFEIR, (RIER]CMGIXEER GRS X4

f = TemporaryFile('w+t')
# Use the temporary file
f.close()

# File 1s destroyed

TemporaryFile() IS —MNSHENHRI, EBERAXSIEINER vt , ZiF
HIRIVER wib . XMRENEINZFENERF, EXERREAN, ERIERXA
XHENSRIAMIHE, SXHLIF EBEEARFE T, TemporaryFile() HIMNEZFFIRA
B open () BE—1FHISE. LLU0:

with TemporaryFile('w+t', encoding='utf-8', errors='ignore') as f:

ERZ# Unix R4 L, @1T TemporaryFile() SIEBMINGEIEERN, EEEB
KEDRB, MRIRBITIRX/NPEFI, BILAEF NamedTemporaryFile() RK{AE, tbul:

from tempfile import NamedTemporaryFile

with NamedTemporaryFile('w+t') as f:
print('filename is:', f.name)

# File automatically destroyed

XE, WITAXHR f.nane BHES TZIGERN XEHNXEHR, SREEHEXHE
BEBAEMERITAXINXEFNR, XMMEBE T, #l TemporaryFile() —
M, ERXGRANZBENNRE, REAEXLMH, FJAMEE—INKBFSH
delete=False BO®], tba0:

with NamedTemporaryFile('w+t', delete=False) as f:
print('filename is:', f.name)

RATEIE—MERTE R, PJLAER tempfile.TemporaryDirectory() , tt¥d:




from tempfile import TemporaryDirectory
with TemporaryDirectory() as dirname:
print('dirname is:', dirname)

# Use the directory

# Directory and all contents destroyed

e

TemporaryFile() . NamedTemporaryFile() # TemporaryDirectory() BRIENNI1%
EREIRNXGERNRERENARNT, BRE(SBMNAEMBHEIZTEEL R,
E—NERNER, (ReJLAER nkstemp() # mkdtemp () REZIGIIXEFBE R, tt
n:

>>> import tempfile

>>> tempfile.mkstemp()

(3, '/var/folders/7W/7WZ15sfZEFOpljrEB1UMWE+++TI/~Tmp-/tmp7fefhv')
>>> tempfile.mkdtemp()

'/var/folders/7W/7WZ15sfZEFOpl jrEB1UMWE+++TI/-Tmp-/tmp5wvcv6'

>>>

BR, FLERYHAANZMHE-—THEET, HII, R nkstemp O (XFHIR[E]—
PMRIGH OS XA, (MFEBCRKER RN —TEENXHNR, EHFFLEFE
B oiEEX LG,

BEXRE, IRNXHERAEANAEREIE, b0 /var/tmp RIS, B
THRENESHIE, PJLAEFR tempfile.gettempdir ) BREY, ELU0:

>>> tempfile.gettempdir ()
'/var/folders/7W/7WZ15sfZEFOpl jrEB1UMWE+++TI/~Tmp-"
>>>

PREMIEAY S X BVREER VR B (ERA R B F S prefix | suffix Fl dir
REEXBRULaGRMM, e

>>> f = NamedTemporaryFile(prefix='mytemp', suffix='.txt', dir='/tmp')
>>> f .name

'/tmp/mytemp8ee899.txt'

>>>

RETE—R, RAUBUREZEEMNIVER tenpfile RRREIZIRITX T, B
LSRR P ERLE U REXFRIBTEFREERE 2R 5% G, ZEENER
ERFEERIEER A —F, BEILRRFHAE E75XE RTEESHAT,

5.20 55 1Tim QREIEE(E



https://docs.python.org/3/library/tempfile.html

o] &

rEE & 1TiR xS HAE, HEGRHMEN —LEFREITRE (tEl— V18
ABEREER ),

fRRTIZ

REMRFIAEIER Python RER) I/0 HRRRKRFTEMXMES, BN FHITERE
RIFENERRER pySerial B , INERERIFER SR, TR IRK pySerial, EAEMT
EX IR R BRI T A — 1 B TIm O -

import serial
ser = serial.Serial('/dev/tty.usbmodem641', # Device name varies
baudrate=9600,
bytesize=8,
parity='N",
stopbits=1)

BEBNFARNREZNIRERARAN—#/Y, Lbdl, & Windows RE L, {Re]
BAMERA 0, 1 FRR—MESFKITAEEFEIRO” CcCOM0” #1” coM1”, —BimO¥TH,
BBFA ] AMEF read (), readline() # write() REFNIZEEIE T, FU0:

ser.write(b'Gl X50 Y50\r\n')
resp = ser.readline()

ARBHEAT, BRENHEOBEENLEESFTHEER,

i

REXRALBEXREETR, HXEMNBEEMNMELEEMON, HEEFRERE=
HBY pySerial M—NRERERM TNSRIFHIIZITF (LB, =HIR, &F
XRlH, EFDINES), 2N00F, NRMEEBH RTS-CTS EFHIN, MREELS
Serial() &1 — rtscts=True MEHEIE], HEAXHEIEERE, ALFHEXEN
NHEEFXNEL,

RZEEFE S REIEOM /0 2T i#siEte, Eit, REEIARBERY
EFTMASXNA (KERBERITSIARNGRG/RBIRE), BN EERIR T HEI%R
BRSO REIEAMRME, struct MERtLRIESE AN,

5.21 F5{t, Python &

BE:

RBEERF— Python WRFEFEA—NFTR, UMERERTE -, FE
B WIE A BT BRI E,



http://pyserial.sourceforge.net/

fRIRTI

WF R REBIMIEFARER pickle IR, ATHE - IWRREFE—NXXE
B, ATBAIXAFM

import pickle

data = ... # Some Python object
f = open('somefile', 'wb')
pickle.dump(data, f)

ATHE—IWREE N —NFAFH, FICAMEA pickle.dumps () :

s = pickle.dumps(data)

ATINEDRFPME — IR, £ picle.load() 3% pickle.loads () K%Y, Lt

n:
# Restore from a file
f = open('somefile', 'rb')

data = pickle.load(f)

# Restore from a string
data = pickle.loads(s)

wie

WFRSHRBAERRKH, dunpO) F load ) FREBHIEARZIFEER pickle
BIRFIFBNEE T, EFIEARTRKAERD Python BIFEXRETAF BE XEMITRE
B, GNSRREE S F AN BT AL IR IR PR 77/ E Python IWREE BilEid MEE
MWRNE, BLARBEIEINTENKREMERT pickle RIR,

pickle & —f Python BB HANHIERL. BIBER, WHEILEHN
FESBIMNRABMERURENERER, Elt, MEFEONRICRNEN, E
SRETHE, #4007, IREBLESAIIR, (R OXHEFM:

>>> import pickle

>>> f = open('somedata', 'wb')

>>> pickle.dump([1, 2, 3, 4], £)

>>> pickle.dump('hello', f)

>>> pickle.dump({'Apple', 'Pear', 'Banana'}, f)
>>> f.close()

>>> f = open('somedata', 'rb')

>>> pickle.load(f)

(1, 2, 3, 4]
>>> pickle.load(f)
'hello’

>>> pickle.load(f)
{'Apple', 'Pear', 'Banana'}
>>>




RERERFTILEREL, £, BHEEO, BRERMUBNMURENIRBIFRIEMIT R
RETER, Flg0:

>>> import math

>>> import pickle.

>>> pickle.dumps (math.cos)
b'\x80\x03cmath\ncos\ng\x00. "'
>>>

HEERFICEREE, REBREMBRIRIIERIAN, RIR, EMREZ
BEfEFESAER, WF Python BIEW ARV E MR FBEMESHNAREFMES,
BENRFAIEIBIER, ERABHIYEERU VI EE—NRICHE,

ix

FRAENMEENRIRER pickle.load (),

pickle ZEMHNE—NEIFAMEESENMNEAENRRFAMNSLEITTR,
BEREMIAMRIE pickle BITIFRIE,

T eI AL —NEERRIESE Python HITHEREENRAG L.

Et, —EZEMRIE pickle RAEMBE ZER]CAAIEN 3 RIREITERHIAERER.

BLELRAPNREBNEHFICH, XILBEEZHBEXRBINSIRBIRSHINR,
EEANFT A BRI, MLZEE, 12, #1Z, BMESE, BRETEXETNE T ZH
__getstate__() F __setstate__() FiERGTXERF], NMREX TERNFIE,
pickle.dump() FARIAR __getstate__ ) FKENUFILHAIN R FELUBY,  setstate__ O
ERFICRRIER, B TERINIERIE, TAR—MNMEREEX T —NEIRED
Re] AR LTI R R LR

# countdown.py
import time
import threading

class Countdown:
def __init__(self, n):
self.n = n
self.thr = threading.Thread(target=self.run)
self.thr.daemon = True
self.thr.start()

def run(self):
while self.n > O:
print('T-minus', self.n)
self.n =1
time.sleep(5)

def __getstate__(self):
return self.n

def __setstate__(self, n):
self. _init__(m)




WEET TEMFIMCILEE:

>>> import countdown

>>> ¢ = countdown.Countdown(30)
>>> T-minus 30

T-minus 29

T-minus 28

>>> # After a few moments

>>> f = open('cstate.p', 'wb')
>>> import pickle

>>> pickle.dump(c, f)

>>> f.close()

AR Python TR AEREHINET:

>>> f = open('cstate.p', 'rb')

>>> pickle.load(f)

countdown.Countdown object at 0x10069e2d0>
T-minus 19

T-minus 18

R ABRARENFTRMWEET, MEFE—XFILENEXRETRK,

pickle WFREAIEIBLM L INER array 3K numpy IR EIERA) i HIELEE
ARR— I ERMEE L. MRFEZBRNKENBELE, FERFRLE—TX
HHREEREF HBARERSERESKIINERLHI NN HDFS (FER=FHENX

).

BT pickle & Python BN ABMEBERILE L, FIENRFEZRBEFELIEL
FHERARRIZERTE, Fl, MRFEBENT, (RABENEFERIETESWRITAESE
AL, BERW, W FEREEMNTFEXAEPFERIERN, REiFERE MR ERN
FHRMADAZTVAN XML, CSV BY JSON, XLELRIGIENEIRE, PIUBARERIES 2,
FHBERIFFIENMREEE,

Ria—REIEHRE pickle BRENRE RN —LBRFEE, NTF&EEIL
ERIAR, (FAFEXHRLZN, ERNRMGEE—NEEMREFPER pickle ZH
FIERE, REFEER—T BEANE,



https://docs.python.org/3/library/pickle.html

BARE: BIEGRAALIE

X—EFEEXETRER Python LB FMHARHNREBIVEIE, LW CSV X,
JSON, XML MZ#HIEIRICR, MBREMB—ERENR, IENFTHERHENE
AEA, MEXETEFREAFEXERIAEIE,

6.1 15 CSV #iE
BE

RABIEE —4 CSV A,

PSS

WFARKZEE CSV HEXMIBURIEE 08, EeIUMERA csv B, BlU0: BRIZ{RE—
ANBIY stocks.csv X E—LRETIZHIE, FGXE:

Symbol,Price,Date,Time,Change,Volume
"AA",39.48,"6/11/2007","9:36am",-0.18,181800
"AIG",71.38,"6/11/2007","9:36am",-0.15,195500
"AXP",62.58,"6/11/2007","9:36am",-0.46,935000
"BA",98.31,"6/11/2007","9:36am" ,+0.12,104800
"c",53.08,"6/11/2007","9:36am",-0.25,360900
"CAT",78.29,"6/11/2007","9:36am",-0.23,225400

N E MR RIS X L R B 0 — N T ER RS

import csv
with open('stocks.csv') as f:
f csv = csv.reader(f)
headers = next(f_csv)
for row in f_csv:
# Process Tow

FELEEMNRBEER, rov 2f— MR, B, B TIHLRIENFER, (REEFER TR,
0 row[0] 13i9) Symbol row[4] i4[8] Change,

AT XM RLEER5IERE, (RRIABEBERFRITH, Flu:

from collections import namedtuple
with open('stock.csv') as f:
f csv = csv.reader(f)
headings = next(f_csv)
Row = namedtuple('Row', headings)
for r in f_csv:
row = Row(*r)




# Process row

ERIFIRERIIB rov. Symbol # row.Change XE FHRiAlLl, FEEEIEMNRX
NIABEEINBREIER Python FFRFFHIRHMRA £3%, WRAZHE, (RelEEEBY
TIRIArIFE (ZZIIIJ—JElH‘FL\ﬁ—?ﬁEET?&ESZ-F*ZIJZJ,%Z"'E’J)o

A= MERF R IR IZEE — FoIHRE, BIBAXFEE:

import csv
with open('stocks.csv') as f:
f _csv = csv.DictReader(f)
for row in f_csv:
# process row

MR, (AT AERTIRE SIS —THRIET, thil, roul'Synbol'] 5
# row['Change']

BTEAN CSV 8IE, (RINIARILAER csv i8R, RNLXBHREECIE —/ writer
W&, Flan:

headers = ['Symbol','Price','Date','Time', 'Change', 'Volume']

rows = [('AA', 39.48, '6/11/2007', '9:36am', -0.18, 181800),
('AIG', 71.38, '6/11/2007', '9:36am', -0.15, 195500),
('AXP', 62.58, '6/11/2007', '9:36am', -0.46, 935000),

with open('stocks.csv','w') as f:
f_csv = csv.writer(f)
f csv.writerow(headers)
f_csv.writerows(rows)

MRIFE—NFHRFIIRVERIE, BTCAMGXEHE:

headers = ['Symbol', 'Price', 'Date', 'Time', 'Change', 'Volume']

rows = [{'Symbol':'AA', 'Price':39.48, 'Date':'6/11/2007",
'Time':'9:36am', 'Change':-0.18, 'Volume':181800},
{'Symbol':'AIG', 'Price': 71.38, 'Date':'6/11/2007',
'"Time':'9:36am', 'Change':-0.15, 'Volume': 195500},
{'Symbol':'AXP', 'Price': 62.58, 'Date':'6/11/2007',
'Time':'9:36am', 'Change':-0.46, 'Volume': 935000},
]

with open('stocks.csv','w') as f:
f_csv = csv.DictWriter(f, headers)
f csv.writeheader()
f_csv.writerows (rows)




e

RRZERMITIERE csv RIRD BERAT CSV iR, FIU, (RFJEERBRRE L1
FEXFRE:

with open('stocks.csv') as f:
for line in f:

row = line.split(',")

# process row

ERXMA NN —NMRRMEBIRNATERCIE—LERFHOMTIEIM, b, WNR
REFEREWRSISEE, MASAERIESIS, Bib, MR- K5I SEEFER
IDEE—MES, BLEFAZANFTE—NBERAXNITMHE.

FINBRA T, csv EERTIRAI Microsoft Excel FT{ERBRY CSV 4miZiNl, XskiFth2
REILNERX, HFBNSKLMFRTEREFNIESE, A, NRFEEE v IXHE, s
RUEBRSMHAZIEENAIEMHEEEN L (WEMRDEIF/FE), w0, tNERMRE
1ZEYLA tab 2 EIRVEUE, BT LOXAEM:

# Ezample of reading tab-separated values
with open('stock.tsv') as f:
f tsv = csv.reader(f, delimiter='\t"')
for row in f_tsv:
# Process Tow

NRIRIETEIREY CSV BBHAREN KR NGmRTH, FEIENIRHITS AN
NI, 70, —4 CSV BAXGBE —NMERIEEMRAFHITKIT, KT F:

Street Address,Num-Premises,Latitude,Longitude 5412 N CLARK,10,41.980262,-87.
668452

XHRASERECIE—NmRBITAN =L —1 ValueError FEMEM, BT HE
FOX BB, {RE]BERBALFIEIETIFRB, B0, =G N EXMFEIEZNRAFT E{ER
— MNEMFRAXNE R

import re
with open('stock.csv') as f:
f_csv = csv.reader(f)
headers = [ re.sub('[Ta-zA-Z ]', ' ', h) for h in next(f_csv) ]
Row = namedtuple('Row', headers)
for r in f_csv:
row = Row(*r)
# Process row

EBREEZEN—R[RFBRIAMIZ, v FENBIEHRFFHRLY, EARMEM
HhXRREEHR, MRMFEMXFMRELEHR, MBS FNESTW. TEE—1
£ CSV #iE EMITE ML RS R GF




col_types = [str, float, str, str, float, int]
with open('stocks.csv') as f:
f csv = csv.reader(f)
headers = next(f_csv)
for row in f_csv:
# Apply converstions to the row items
row = tuple(convert(value) for convert, value in zip(col_types, row))

R, FTEHR—MEHRFHEPEEF R T

print ('Reading as dicts with type conversion')
field_types = [ ('Price', float),

('Change', float),

('Volume', int) ]

with open('stocks.csv') as f:
for row in csv.DictReader(f):
row.update((key, conversion(rowl[key]))
for key, conversion in field_types)
print (row)

BEXRH, (ReIgEAANBU S EZZRXLIEREIA, ERFREAR, CSV XAFER
B SV BLERANEE, WKIANEIENREE -SSR AMAEEE, Eit, BRIE
RPRIBE RSB RERERT IR, S RUHEEIXLERE (Re]EeFEZIBMSEN
HIRALIENLH),

fa, WRIRIZE CSV HIEMENRMEIBE IR TTRVE, (RREEEE—F
Pandas B, Pandas B18 7 — 1M IEE H{EMIREL pandas.read csv() , BEBJLAINEL
CSV BUREZ|— DataFrame WERHZE, ABFEXNMNRIRFA I AL SIS
T, TERBBBURNITEMSRIRIET., £ 6.13 N THRSEXFE—MITF,

6.2 15 JSON #4iE
[B) &R

{R28i%E JSON(JavaScript Object Notation) 4mh3I8 TV HIENIE,

fRIRTI

json MRIRIBM T —FR B RS N RRLFIAERD JSON HUE, HAPAANETEME
#2 json.dumps() # json.loads() , BELLEMFEILERLEEUD pickle BIEOVES,
THERWENE — Python FUELEME#HR A JSON:

import json

data = {
'name' : 'ACME',




'shares' : 100,
'price' : 542.23
}

json_str = json.dumps(data)

FEERIATE —A JSON ZRESHIF 1 HB4EHRE — > Python $iELEM:

data = json.loads(json_str)

MRMFBLAEHRXAEMARFNEH, (RA]LER json.dump() FlI json.load()
RmIBFNARTS JSON £4E, HIun:

# Writing JSON data
with open('data.json', 'w') as f:
json.dump(data, f)

# Reading data back
with open('data.json', 'r') as f:
data = json.load(f)

e

JSON 4mi3Z 3R EARLIELEL S None , bool , int , float Fll str , LAKRELS
IXLESERVEHERY lists, tuples F dictionaries, ¥F dictionaries, keys EEEFMTHEE
B (FHAERIFEFFHRELRD key ERIEN S EERADFRFE), B TEE JSON
B, RMiZR YRS Python BY lists #0 dictionaries, MH, £ web NMARERH, NEW
KWL A — N FHE —MREME,

JSON fRiZ3EIHE AN F Python BZEMEB/LFRTE—H#M, RT —L/I\WERZ
Gh, EEON, True XMBRET A true, False #EPREYH false, MM None #EPREYH null, F
HR—NMIF, BERTHRIBENFATEYNR:

>>> json.dumps(False)
'false'
>>>d = {'a': True,
'p': 'Hello',
.. 'c': None}
>>> json.dumps (d)
"{"b": "Hello", "c": null, "a": truel}'
>>>

MRMFEIREZKE JSON BIBENNIE, MBEREETEENITEIRBEE
EM, Rl REMIBMNRELEHMEXRRXEEIRENFERN, I THERX/ 0
A, FJAZBE(ER pprint f23REY pprint ) RFCRAB LB print () B, ESK
B key WFBIFEHU—MEMENMN AN G LE. TEE —MNERWNEERRIFTEN
i Twitter L8 ZRERBIGF:




>>> from urllib.request import urlopen
>>> import json
>>> u = urlopen('http://search.twitter.com/search. json?q=python&rpp=5')
>>> resp = json.loads(u.read().decode('utf-8'))
>>> from pprint import pprint
>>> pprint (resp)
{'completed_in': 0.074,
'max_id': 264043230692245504,
'max_id_str': '264043230692245504"',
'next_page': '7page=2&max_1id=264043230692245504&q=python&rpp=5"',
'page': 1,
'query': 'python',
'refresh_url': '7?since_id=264043230692245504&q=python',
'results': [{'created_at': 'Thu, 01 Nov 2012 16:36:26 +0000',
'from_user':
1,
{'created_at': 'Thu, 01 Nov 2012 16:36:14 +0000',
'from_user':
1,
{'created_at': 'Thu, 01 Nov 2012 16:36:13 +0000',
'from_user':
1,
{'created_at': 'Thu, 01 Nov 2012 16:36:07 +0000',
'from_user':
+
{'created_at': 'Thu, 01 Nov 2012 16:36:04 +0000',
'from_user':
H,
'results_per_page': 5,
'since_id': O,
'since_id_str': '0'}
>>>

—R%RiH, JSON MRIBXIRIEREMBURCIE dicts 3% lists, WNRFEECIEEM
ERIFIITER, BILALE json.loads() &1 object pairs hook % object hook %%, 4l
W, TEHRKERWNEHFED JSON BIEFHE— OrderedDict FIREBHIFHYEF:

>>> s = '{"name": "ACME", "shares": 50, "price": 490.1}'

>>> from collections import OrderedDict

>>> data = json.loads(s, object_pairs_hook=0OrderedDict)

>>> data

OrderedDict ([('name', 'ACME'), ('shares', 50), ('price', 490.1)])
>>>

TEEWNERF—1 JSON FHEE#HRA— Python F&REIF:

>>> class JSONObject:
def __init__(self, d):
self. dict__ =d




>>>

>>> data = json.loads(s, object_hook=JSONObject)
>>> data.name

"ACME'

>>> data.shares

50

>>> data.price

490.1

>>>

&a—MIFH, JSON BHEENFEFA—NBENSHEELS __init__0 . A
&, {RARICAREILFIERIVERTE T, tLIfEA— PR FHERERERE,

E4m15 JSON IR {E, AE—LEMEBEBEA, NRMFMERSERMNBACFFE
E#it, PJUAER json.dumps() BY indent &%, ESFESH LT pprint() RERR
LA, tEbun:

>>> print(json.dumps(data))
{"price": 542.23, "name": "ACME", "shares": 100}
>>> print(json.dumps(data, indent=4))

{
"price": 542.23,
"name": "ACME",
"shares": 100

}

>>>

WRELFIEBEHARZ JSON a]FFI{LRY, FlUN:

>>> class Point:
def __init__(self, x, y):
self.x

X

self.y =y

>>> p = Point(2, 3)
>>> json.dumps (p)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
File "/usr/local/lib/python3.3/json/__init__.py", line 226, in dumps
return _default_encoder.encode(obj)
File "/usr/local/lib/python3.3/json/encoder.py", line 187, in encode
chunks = self.iterencode(o, _one_shot=True)
File "/usr/local/lib/python3.3/json/encoder.py", line 245, in iterencode
return _iterencode(o, 0)
File "/usr/local/lib/python3.3/json/encoder.py", line 169, in default
raise TypeError(repr(o) + " is not JSON serializable")
TypeError: <__main__.Point object at 0x1006£2650> is not JSON serializable
>>>

INRIFBFIME T RER, RE] AR — MR, ENBAR—ASEA, RE—4
Q271 04: 08 2:: 0




def serialize_instance(obj):
d ={ '__classname__' : type(obj)._ _name _ }
d.update(vars(obj))
return d

INRAFAB ST RIRENZ ALY, BT BAIXAFA -

# Dictionary mapping names to known classes
classes = {
'Point' : Point

def unserialize_object(d):

clsname = d.pop('__classname__', None)

if clsname:
cls = classes[clsname]
obj = cls.__new__(cls) # Make instance without calling __init__
for key, value in d.itemsQ):

setattr(obj, key, value)

return obj

else:
return d

TERIAER X LRI F

>>> p = Point(2,3)

>>> s = json.dumps(p, default=serialize_instance)
>>> s

'{"__classname__": "Point", "y": 3, "x": 2}'

>>> a = json.loads(s, object_hook=unserialize_object)
>>> a

<__main__.Point object at 0x1017577d0>

>>> a.x

2

>>> a.y

3

>>>

json BHEBRS EETRIZGEIEEKHIVET. FKIKEI NaN FHIREMNT, 7]
MESEBEHRXIERBMES AT,

6.3 RETEIERY XML #U3E
BE

{RAE M — N EIERRY XML SR BNEUE,




fRIRTI

BJBAfEA xml.etree.ElementTree FRIRMNEIER) XML XHEFIREEIRE, LT E
~, BRiIZFAEEEM Planet Python EAY RSS iR, TEEMEMAINRE:

from urllib.request import urlopen
from xml.etree.ElementTree import parse

# Download the RSS feed and parse it
u = urlopen('http://planet.python.org/rss20.xml"')
doc = parse(u)

# Extract and output tags of interest
for item in doc.iterfind('channel/item'):
title = item.findtext('title')
date = item.findtext('pubDate')
link = item.findtext('link')

print(title)
print(date)
print (link)
print ()

BT LERRD, WHEREMXME:

Steve Holden: Python for Data Analysis
Mon, 19 Nov 2012 02:13:51 +0000
http://holdenweb.blogspot.com/2012/11/python-for-data-analysis.html

Vasudev Ram: The Python Data model (for v2 and v3)
Sun, 18 Nov 2012 22:06:47 +0000
http://jugad2.blogspot.com/2012/11/the-python-data-model.html

Python Diary: Been playing around with Object Databases
Sun, 18 Nov 2012 20:40:29 +0000
http://www.pythondiary.com/blog/Nov.18,2012/been-. ..-object-databases.html

Vasudev Ram: Wakari, Scientific Python in the cloud
Sun, 18 Nov 2012 20:19:41 +0000
http://jugad2.blogspot.com/2012/11/wakari-scientific-python-in-cloud.html

Jesse Jiryu Davis: Toro: synchronization primitives for Tornado coroutines
Sun, 18 Nov 2012 20:17:49 +0000
http://feedproxy.google.com/~r/EmptysquarePython/~3/_DOZT2KdOhQ/

<

REA, MRFEEAMHE—THNIE, (FEEEMR printO BEEIRTAEMBEER
EO




e

ERSNAERFRFLIE XML FEBIANREZRE LN, NMXEAR XML &£
Internet LEIBEW ZNMATHIER MR, FEHE—MFMENERERSIENEBE
Il (EEINFRIE, ERES), B FROUTTERAREIZEEEN XML ERbitERAE T,

ERSBERAT, SEA XML R{UXFMERTERAR, WRFXAEEMIER R+
BEM, i, EEGFRE RSS ITHRIREM T TEAVE:

<?7xml version="1.0"7>
<rss version="2.0" xmlns:dc="http://purl.org/dc/elements/1.1/">
<channel>

<title>Planet Python</title>

<link>http://planet.python.org/</link>

<language>en</language>

<description>Planet Python - http://planet.python.org/</description>

<item>
<title>Steve Holden: Python for Data Analysis</title>
<guid>http://holdenweb.blogspot.com/...-data-analysis.html</guid>
<link>http://holdenweb.blogspot.com/...-data-analysis.html</1ink>
<description>...</description>
<pubDate>Mon, 19 Nov 2012 02:13:51 +0000</pubDate>

</item>

<item>
<title>Vasudev Ram: The Python Data model (for v2 and v3)</title>
<guid>http://jugad2.blogspot.com/...-data-model.html</guid>
<link>http://jugad2.blogspot.com/...-data-model.html</link>
<description>...</description>
<pubDate>Sun, 18 Nov 2012 22:06:47 +0000</pubDate>

</item>
<item>
<title>Python Diary: Been playing around with Object Databases</
—title>
<guid>http://www.pythondiary.com/...-object-databases.html</guid>
<link>http://www.pythondiary.com/...-object-databases.html</1link>
<description>...</description>
<pubDate>Sun, 18 Nov 2012 20:40:29 +0000</pubDate>
</item>
</channel>
</rss>

xml .etree.ElementTree.parse() BREREITEN XML XHEHIGEHIERMN — 1Y
B R, KRG, REEEMERA find() . iterfind() F findtext ) HFERIEREEN
XML JTER T, SERBNSHARENEENIRESR, PIU channel/item B% title,

BREEENMNMIEN, REEBBHENNXHEEN., BRAEREEN—NERT
EHRHIT. BN, BERREREENRERUEEBITTEOENERR, f190, T
doc.iterfind('channel/item') RIEZFTBTE channel = FMHHBY item L=, doc
RBXHEHIRINE (BMEFE — L rss TTER)., AEETRIIBAA iten. findtext ()
SNEREN iten TTEMNEBFFIRIEE,




ElementTree MIRPK BN THE —LEEZNEMNGE, ARAHNHEIEES
. tag BMBEETIRENRT, text BHEESTAIRINE, M get O FiEHEIREX
BiEE, Fgn:

>>> doc
<xml.etree.ElementTree.ElementTree object at 0x101339510>
>>> e = doc.find('channel/title"')
>>> e

<Element 'title' at 0x10135b310>
>>> e.tag

'title'

>>> e.text

'Planet Python'

>>> e.get('some_attribute')

>>>

BE—E®mIAMR xnl.etree.ElementTree FAE XML EMTHIME—Ti%, WTF
BERRMNRER, (FEEEEMEA 1xnl ., EFEATH ElementTree BRI
O, Eit EEEFFRFBERT Ixml, FRFZFRIFIREY import iBEIIRA from
1xml.etree import parse FA{T [, lxml SELIEME XML #hE, HEEREHIERIR, E
BHESZHFIGIE, XSLT, F1 XPath 45,

6.4 IEEXHERT AR XML &
BE

RAEERARTELIIAFA—NEBAE XML XEHH R EEIE,

IS

EEEHR RZ(RBEEE N EIELIER, 55— ERAZEEA R ERME.
TEE—MRERENERY, RERRIVOAFHMEEEINNLE —NKE XML XF:

from xml.etree.ElementTree import iterparse

def parse_and_remove(filename, path):
path_parts = path.split('/"')
doc = iterparse(filename, ('start', 'end'))
# Skip the root element
next (doc)

tag_stack = []
elem_stack = []
for event, elem in doc:
if event == 'start':
tag_stack.append(elem.tag)
elem_stack.append(elem)
elif event == 'end':




if tag_stack == path_parts:
yield elem
elem_stack[-2] .remove(elem)
try:
tag_stack.pop()
elem_stack.pop()
except IndexError:
pass

AT MAZXNEE, FRERE AR XML X4, BERR ATEIRAF MiLEL
NHBIEM L CIRBNXAFASE, B30, RETCATRE XML MR Z INSHE 8 & i iE
HiEE, EEXAPHRR, THXEGESEEZEBIT 100,000 1TEHE, RIEBIVEMUT

T HEXAE:

<response>
<row>

<row ...

—request>

—action>

>

<creation_date>2012-11-18T00:00:00</creation_date>
<status>Completed</status>
<completion_date>2012-11-18T00:00:00</completion_date>
<service_request_number>12-01906549</service_request_number>
<type_of_service_request>Pot Hole in Street</type_of_service_

<current_activity>Final Outcome</current_activity>
<most_recent_action>CDOT Street Cut ... Outcome</most_recent_

<street_address>4714 S TALMAN AVE</street_address>
<zip>60632</zip>
<x_coordinate>1159494.68618856</x_coordinate>
<y_coordinate>1873313.83503384</y_coordinate>
<ward>14</ward>
<police_district>9</police_district>
<community_area>58</community_area>
<latitude>41.808090232127896</latitude>
<longitude>-87.69053684711305</1longitude>
<location latitude="41.808090232127896"
longitude="-87.69053684711305" />

</row>

<row ...

—request>

—action>

>

<creation_date>2012-11-18T00:00:00</creation_date>
<status>Completed</status>
<completion_date>2012-11-18T00:00:00</completion_date>
<service_request_number>12-01906695</service_request_number>
<type_of_service_request>Pot Hole in Street</type_of_service_

<current_activity>Final Outcome</current_activity>
<most_recent_action>CDOT Street Cut ... Outcome</most_recent_

<street_address>3510 W NORTH AVE</street_address>
<zip>60647</zip>




<x_coordinate>1152732.14127696</x_coordinate>
<y_coordinate>1910409.38979075</y_coordinate>
<ward>26</ward>
<police_district>14</police_district>
<community_area>23</community_area>
<latitude>41.91002084292946</latitude>
<longitude>-87.71435952353961</longitude>
<location latitude="41.91002084292946"
longitude="-87.71435952353961" />
</row>
</row>
</response>

BRI IFEE — NS RZBIUERSHEHIIBHESE, (R MR

from xml.etree.ElementTree import parse
from collections import Counter

potholes_by_zip = Counter()

doc = parse('potholes.xml')

for pothole in doc.iterfind('row/row'):
potholes_by_zip[pothole.findtext('zip')] += 1

for zipcode, num in potholes_by_zip.most_common() :
print(zipcode, num)

XANHARE—E R ERTIFEAN XML XEMEZIAFFREMENT. EHON
2ZLE, BTEBITX /\EFFE% 2 450MB EHEHAFZE, WMRERIW TR, 2F

/D\ %%1'2 EQ_ A YAN) :

from collections import Counter
potholes_by_zip = Counter()

data = parse_and_remove('potholes.xml', 'row/row')

for pothole in data:
potholes_by_zip[pothole.findtext('zip')] += 1

for zipcode, num in potholes_by_zip.most_common() :
print(zipcode, num)

HZRZ: IMRANKEEITRIAFE TMB IRF AXTHATRFHRR.

X— TR ASAKE ElementTree IRRAFIFMZIDINEE, 55—, iterparse() /5
BN XML XHE#HTIESRE, FAN, MEERUXEGBN—1MNEETE —FEK
SHERRPEHYIFR: start , end, start-ns F end-ns , H iterparse() ﬁULE’\Jiﬁ
REESF=ERU (event, elem) BITTLH, HFP event B LIRAFHINRPHIE -, M
elem 2N XML 7T, FlU0:




>>> data = iterparse('potholes.xml',('start','end'))
>>> next(data)

('start', <Element 'response' at 0x100771d60>)

>>> next(data)

('start', <Element 'row' at 0x100771e68>)

>>> next(data)

('start', <Element 'row' at 0x100771fc8>)

>>> next(data)

('start', <Element 'creation_date' at 0x100771£f18>)
>>> next(data)

('end', <Element 'creation_date' at 0x100771£f18>)
>>> next(data)

('start', <Element 'status' at 0x1006a7f18>)

>>> next(data)

('end', <Element 'status' at 0x1006a7f18>)

>>>

start BHEENTEE —RWEIBHF AL SEHIBEBAEMBIE WFx) BH
BIE, M end EHAER N TEZECLETHNEEIE, REZEEHFHIER, start-ns
# end-ns FEEARAIE XML Xi4ap &= 8)A9FERA,

XATHIFH, start Fl end EEWAREIETEZRER., RARTXEHERE
MERER G, TRARFMEN TEZRE LR (ZLLRE parse_and_remove () HYEE
12, WMRILE, FRA yield BaIE@IAAEREXN TR,

£ yield ZFM TEXMEAA BEFER SRV ATER ElementTree FFZI0
EAE

elem_stack[-2] .remove(elem)

XMEAMESZEIA yield FENTENENRT SR HilRE, RIREZEEH
ERHASIAXNTRT, BLXPTTEMRHERALDRRE,

W R ANERNERFR RN RLARRAR —NMEXE ESRANEE R BT,
NHENEMMNBBE LR TENEIEE, REWLL, dEEEE T EiRE Ry URAE
XN XML 3R,

XMARNEZREMEERIEITIHEE T, RBCMAMERE, ZBBANNIEE
RERIRFEITEEEN S ZIEENAIBRANFER, EREIMERTEIE
& 60 BHATE, Alt, MRMFEXROAFERAENE, BABENRIRAETH,

6.5 JGFELEH Ty XML
) &}

{RAEER— Python FHEIFELIE, FIFEHIRM XML 183,




fRIRTI

RE xml.etree.ElementTree FEIBE FARMEENT T{E, HEXEHaILAGIE XML
N, B0, EBEIDT XA EE:

from xml.etree.ElementTree import Element

def dict_to_xml(tag, d4):

rr

Turn a simple dict of key/value pairs into XML
elem = Element (tag)
for key, val in d.items():
child = Element (key)
child.text = str(val)
elem.append(child)
return elem

TER—MERAF:

>>> s = { 'name': 'GOOG', 'shares': 100, 'price':490.1 }
>>> e = dict_to_xml('stock', s)

>>> e

<Element 'stock' at 0x1004b64c8>

>>>

HRIRERE — 1 Element 3L, XTF I/0 #824E, £ xml.etree.ElementTree
B tostring() B zﬂlﬁé%&'ﬂf,% FEERN— 1N FTUFAH, fl:

>>> from xml.etree.ElementTree import tostring

>>> tostring(e)
b'<stock><price>490.1</price><shares>100</shares><name>G00G</name></stock>"'
>>>

MRIFBAERANTRERMBMEE, JUAER set O Fik:

>>> e.set('_id','1234")

>>> tostring(e)

b'<stock _id="1234"><price>490.1</price><shares>100</shares><name>G00G</name>
</stock>'

>>>

NRIREBRIFTRENIAGF, JABEMIE— Ordereddict REF—PEHIERY
FH, BF5E 1.7 /15,

~

\

e

el XML BAHR, {RIEFRHGIREEMEFrFsRam{E, Fla0:




def dict_to_xml_str(tag, d):

rr

Turn a simple dict of key/value pairs into XML

parts = ['<{}>'.format(tag)]

for key, val in d.items():
parts.append('<{0}>{1}</{0}>"'.format (key,val))

parts.append('</{}>'.format(tag))

return ''.join(parts)

B R N RIFF NI E ISR ] e M| — LR, F190, SFHMYEPRES
— LR F FRIIHME S ERFIE ?

»

>>> d = { 'name' : '<spam>' }

>>> # String creation
>>> dict_to_xml str('item',d)
'<item><name><spam></name></item>'

>>> # Proper XML creation

>>> e = dict_to_xml('item',d)

>>> tostring(e)
b'<item><name>&lt;spam&gt;</name></item>'
>>>

IRRNEFNEERMNMIFFR, FE < M ST WEMAT &lt; # gt;

TEHNXHSE, NRFEFZ2FNEZRIRXLEFR, FILAERA xnl.sax.saxutils B
B escape() # unescape() BR%I, HI40:

>>> from xml.sax.saxutils import escape, unescape
>>> escape('<spam>')

'&1t ;spam&gt; '

>>> unescape(_)

'<spam>'

>>>

FRT BERIZEMRmL S, BB —NREEZF(REIZE Elenent SLAIMARF
8, PBRRERAFHFHRAESHE—INERNXEARNRHLES., M Element LI
AILARREEEENT XML XANEL T ELSMARAE, t#2iR, FaUE—
SRBIEEN LSRR BMNERSE, FERBUFNENEIFEEAL,

6.6 FRATFIIECN XML

2] &

(RAIZE — XML X1, WER—EENR, ARFEREM XML X,




fRIRTI

£/ xml.etree.ElementTree HRIRTJUBBTZIIIEXLES, F—TEUEE
FIA REBTIX AN, A0, BRIRIFBE— 1R pred.xml I, I FHEIXH:

<?zml wversion="1.0"2?>
<stop>
<id>14791</id>
<nm>Clark &amp; Balmoral</nm>
<sri>
<rt>22</rt>
<d>North Bound</d>
<dd>North Bound</dd>
</sri>
<cr>22</cr>
<pre>
<pt>5 MIN</pt>
<fd>Howard</fd>
<v>1378</v>
<rn>22</rn>
</pre>
<pre>
<pt>15 MIN</pt>
<fd>Howard</fd>
<v>1867</v>
<rn>22</rn>
</pre>
</stop>

FHEE A ElementTree RIZENX N IHFH I EM—LEAZIRAIFF

>>> from xml.etree.ElementTree import parse, Element
>>> doc = parse('pred.xml')

>>> root = doc.getroot()

>>> root

<Element 'stop' at 0x100770cb0>

>>> # Remove a few elements

>>> root.remove(root.find('sri'))

>>> root.remove(root.find('cr'))

>>> # Insert a new element after <mm>...</nm>
>>> root.getchildren() .index(root.find('nm'))

1
>>> e = Element('spam')
>>> e.text = 'This is a test'

>>> root.insert(2, e)

>>> # Write back to a file
>>> doc.write('newpred.xml', xml_declaration=True)
>>>




RIZERZ— MG T EX Y XML X4

<?zml wverston='1.0' encoding='us-ascii'?>
<stop>
<id>14791</id>
<nm>Clark &amp; Balmoral</nm>
<spam>This is a test</spam>
<pre>
<pt>5 MIN</pt>
<fd>Howard</fd>
<v>1378</v>
<rn>22</rn>
</pre>
<pre>
<pt>15 MIN</pt>
<fd>Howard</fd>
<v>1867</v>
<rn>22</rn>
</pre>
</stop>

i

EB—1 XML XREHERESN, BRIFUAFIENEMENERBR TN
REATE, WEMFH—MIIRRLE, O, MBEMREANTE, BTEELY
B renove () SAMENERR T STHIR, MRIBAEIFOTE, (HEHE

FAXRTAITER insert O # append() F3i&. BEENTTREARSIFIFR/E, tLal
element [i] X element[i:j]

MRIFFZCIBMBITER, FICMEASRT I RFIETRN Elenent 38, FA1FE 6.5 /)
TEZIFMETIRET,

6.7 XA BZEFENT XML X4
BE

{RABRRATEA XML 328, SASHPERT XML HEEE,
RS2

EZETEHXMER T HETENIHY:

<?zml wversion="1.0" encoding="utf-8"?>
<top>
<author>David Beazley</author>
<content>
<html xmlns="http://www.w3.org/1999/xhtml">




<head>
<title>Hello World</title>
</head>
<body>
<h1>Hello World!</hi1>
</body>
</html>
</content>
</top>

NRREATZANAEARITEBENE R, (FERAZXNMANERLES, BRFE
TIREEISHESRVEDL,

>>> # Some queries that work

>>> doc.findtext ('author')

'David Beazley'

>>> doc.find('content')

<Element 'content' at 0x100776ec0>

>>> # A query involving a namespace (doesn't work)

>>> doc.find('content/html")

>>> # Works 1if fully qualified

>>> doc.find('content/{http://www.w3.0rg/1999/xhtml}thtml"')

<Element '{http://www.w3.org/1999/xhtml}html' at 0x1007767e0>

>>> # Doesn't work

>>> doc.findtext ('content/{http://www.w3.0rg/1999/xhtml}html/head/title"')
>>> # Fully qualified

>>> doc.findtext('content/{http://wuw.w3.0rg/1999/xhtml}thtml/"

... '"{http://www.w3.0rg/1999/xhtml}head/{http://www.w3.0rg/1999/xhtml}title")
'Hello World'

>>>

fre] BT F R EEEEE RN — N TREERE X MTE:

class XMLNamespaces:

def __init__(self, *xkwargs):
self .namespaces = {}
for name, uri in kwargs.items():

self.register(name, uri)

def register(self, name, uri):
self .namespaces[name] = '{'+uri+'}'

def __call__(self, path):
return path.format_map(self.namespaces)

@Y FER U ERIXANE:

>>> ns = XMLNamespaces(html='http://www.w3.0org/1999/xhtml")

>>> doc.find(ns('content/{html}html"'))

<Element '{http://www.w3.org/1999/xhtml}thtml' at 0x1007767e0>
>>> doc.findtext(ns('content/{html}thtml/{html}thead/{html}title"'))
'Hello World'

>>>




g

BITS B S RTEA XML XHESEEiREY, LMEAY XMLNamespaces XX 2 A1F
RER% R EBNRETEMN URI BETESHEMEE— =,

BAENR, EEAXRH ElenentTree SMTHEE TR ZFEGEEEVEE, B
=, NRIRER iterparse() BB UKINE Z X TR BT ELGIESTEMER,
a0 -

>>> from xml.etree.ElementTree import iterparse
>>> for evt, elem in iterparse('ns2.xml', ('end', 'start-ns', 'end-ns')):
. print(evt, elem)

end <Element 'author' at 0x10110del0>

start-ns ('', 'http://www.w3.org/1999/xhtml")

end <Element '{http://www.w3.org/1999/xhtml}title' at 0x1011131b0>
end <Element '{http://www.w3.org/1999/xhtml}head’' at 0x1011130a8>
end <Element '{http://www.w3.org/1999/xhtml}hl' at 0x101113310>
end <Element '{http://www.w3.org/1999/xhtml}body' at 0x101113260>
end <Element '{http://www.w3.org/1999/xhtml}html' at 0x10110df70>
end-ns None

end <Element 'content' at 0x10110de68>

end <Element 'top' at 0x10110dd60>

>>> elem # This 1s the topmost element

<Element 'top' at 0x10110dd60>

>>>

RE—5, NRFELIERN XML XAKRTZEREEHMSR XML 5149, £F
FERAGREE, BIVMFRTFREER 1xnl BENRNKE ElenentTree , HI80, 1xml
AR DTD RUEX S, FIFHY XPath ZHEHF—LEMSR XML FHSFEREHTE
WIS, X—/\TESLRZARRIFENE XML EBfEME R — =,

6.8 SXRBHBIEENRE

o] &

MEEXRBREERER., EN=MFRiCR.

fRIRTFIZ
Python FFRRZ{TEIRMINES NV — N ETAMMBIFS], FI90:

stocks = [
('G0OG', 100, 490.1),
('"AAPL', 50, 545.75),
('FB', 150, 7.45),




('HPQ', 75, 33.2),

kg PEP249, @XM INIRMHEIE, PTUEBESHIER Python fRERIERE
APl M ABRIBEFHITRE, FIBHIEE LMREEEE SQL EifiEAIRTM. &
— 1T AR LSRR — N ThRRT.

A TERER, {REJCAER Python #R/EREFRY sqlite3 1RIR, NRIFEANZE—
DN RERIBIEE (EE30 MySql, Postgresql 20& ODBC), MELFENIIE = FIRRFK
R, MIENREZEZEOLFEE—#0, BT —SE8mMEal.,

F—TRERINIEE, BEMFREMNIT connect () R, LERM —LHIRER.
EH. AFP&. BREMNEMNEN—LSK, FIu:

>>> import sqlite3
>>> db = sqlite3.connect('database.db')
>>>

AT REBYE, T T RFELIE—Dir. —BIRE TR, AR ARIT
SQL EiliER T, bl

>>> ¢ = db.cursor()

>>> c.execute('create table portfolio (symbol text, shares integer, pricey
—real) ')

<sqlite3.Cursor object at 0x10067a730>

>>> db.commit ()

>>>

AT EBBERPIBEASFICR, ERAEMNTEXFNIERD:

>>> c.executemany('insert into portfolio values (7,7,7)', stocks)
<sqlite3.Cursor object at 0x10067a730>

>>> db.commit ()

>>>

ATHRITREAENR, ERBTEXHFRES:

>>> for row in db.execute('select * from portfolio'):
print (row)

('GDOG', 100, 490.1)
('"AAPL', 50, 545.75)
('FB', 150, 7.45)
('HPQ', 75, 33.2)
>>>

NRFBEZAFRAEASERNITERRE, DIRRIGERTFTEXFNS
i <7 R#ITSIASE:

>>> min_price = 100
>>> for row in db.execute('select * from portfolio where price >= 7',




(min_price,)):
print (row)

('G0OG', 100, 490.1)
('AAPL', 50, 545.75)
>>>

wie

ELERIRRI LRI ENBIEERERIEE FRMN, FAFRM SQL EDHEAMEN
HORRIRFA ] A I aiR XA 7. RifAALE, T RHE — LR FAIA T o AFZIRZE
M EER,

— R REIEETRILBGEF Python REVEEMRES, WFHERER, @E7ILA
f5F datetime HRIRAAY datetime K7, TNEPIRER time IRRHPBIAR AT BB, ¥
FHFEE, 53R ERN/NREREIE, FJUAA decimal #RIRARY Decimal SLAF]
KEKR. MENR, WTFARNBIEEMS EAMEMNRAR—#8Y, (MUNSEHEMN
B,

AI—PENEZMOBFAZ SQL BAFFENMIS, (RTAAREER Python
FRHBRVMBRER (%) E format ) HEREIBXHMNFRE, NRFBHLHLX
ERRINCIRERINERBETHEFIEA, BAGNREFRMREEITEEES SQL FAKE
(8% http://xked.com /327 ), BEBRAPRIBERS » B REEREEFEREEHCEHNF
FTERERILE, IHEEMNES,

AENR, TEANBIEEREN T EREMFNEREAN—H#/, KEOERER 7
B %s , ABEEM—LLEFEATARNMGS, b0 3:1 KBRS, B, RERE
EZSEBRERNMIBERRENIIXE, —MNMUBEIRIRE) paranstyle BHBR TS
eI AXIERER.

WFEREMNMIEELBENIZS 0, FRMERE APl BEEEEHER, NRMEEL
EEMEZMEE, BIVMFEREMSRED, tkil— M NRXZAME ORM Frigf
BUEEA, KA SQLALlchemy IXFFRIEE SBIFIR{EA Python ERRIR—IMBIBER, HE
BETERRERIE SQL RYfER N SEIR S Fh AR EERVIRE,

6.9 ZmiLF0AERD T/ N HIEN
[a) 22
R — N T AR FFREEA— PN F N FHRAEE N F N F T RREMN
— MR FA .
RRIRTFIZE

NRIFR R BB BEERRE — DT HHIRIR TS, FIBAEA  binascii
RER, N



http://xkcd.com/327

>>> # Inittal byte string
>>> s = b'hello’

>>> # Encode as hezx

>>> import binascii

>>> h = binascii.b2a_hex(s)
>>> h

b'68656c6c6f!’

>>> # Decode back to bytes
>>> binascii.a2b_hex(h)
b'hello'

>>>

EABYINBERIIF R BATE base64 HRIRAELE], f140:

>>> import base64

>>> h = base64.bl6encode(s)
>>> h

b'68656C6CEF "

>>> base64.bl6decode (h)
b'hello’

>>>

e

REAERT, BdFEA LDRRRECRERT/NHBIREE RN, EEAMHREARR
FEARFEFRKNERIAIE, K baseb4.bl6decode() Fl base64.bi6encode () REE
BRERBERAMT/NEGIFE, M binascii RIRAAPIRIIK/NEEREEALIE,

BB —RBEIEMNRRGRMM=ENREER— N FNFAHR, NRBEH
BA Unicode FERHIL, (RFEEM— MR ESIR, HI40:

>>> h = base64.bl6encode(s)
>>> print (h)

b'68656CE6C6F'

>>> print(h.decode('ascii'))
68656C6C6F

>>>

TERRRD /X3 B LAY, BEY b16decode ) Fll a2b_hex () BJLAEFFTI T unicode
FHE, BR, unicode FREEBAMINIXIBE ASCII fHIBEI+7XFHIEL,

6.10 ZRhSf#RD Baseb4 IR
|2 &%

{REE(ER Base64 18RI ERGRED it Hll Z0HE,




fRIRTI

base64 FRIRPBE T MNEEL b64encode () and b64decode () B] CABS{RERIRIX /o] RH,
54N,

>>> # Some byte data
>>> s = b'hello’
>>> import base64

>>> # Encode as Baseb6

>>> a = base64.b64encode(s)
>>> a

b'aGVsbG8="

>>> # Decode from Base64
>>> base64.b64decode(a)
b'hello’

>>>

BES

Base64 RGN IXATFEHEF HWHBELLNF T FHRMFHRAE, I, wELt
ENHHERER— I FUFNH, MRMEESER Base64 JRIGAIEIEF] Unicode
XK, {RUFRIN—NERIMORED IR, Flg0:

>>> a = base64.b6dencode(s) .decode('ascii')
>>> a

'aGVsbG3="

>>>

L fERD Base64 FIBHE , FHFFEF Unicode XAEZ ] LAYE BEE. (B, Unicode
FEHEEEEE ASCII F1,

$}

6.11 15 " iHGIFBEUE

RIBIRE — A TG BUEER SR L EEREE] Python JTER,

fRIRTI

BJAMEA struct fRIRALIE —#GHIENIE, TER —ERRAMKIERE —/ Python oA
DIRBAN—DTHEISE, FHER struct BN TTARE Jo—NEMIR,

from struct import Struct
def write_records(records, format, f):

rr




Write a sequence of tuples to a binary file of structures.
rr
record_struct = Struct(format)
for r in records:
f.write(record_struct.pack(*r))

# Example
if __name__ == '__main__':
records = [ (1, 2.3, 4.5),
(6, 7.8, 9.0),
(12, 13.4, 56.7) ]
with open('data.b', 'wb') as f:

write_records(records, '<idd', f)

BIRSMERIZENINXAEFRE—NTHEIIR, BE, NRIFFTECARIIFEZN
HEEIREI M, (RAT B

from struct import Struct

def read _records(format, f):
record_struct = Struct(format)
chunks = iter(lambda: f.read(record_struct.size), b'')
return (record_struct.unpack(chunk) for chunk in chunks)

# Ezample
if __name__ == '__main__"':
with open('data.b','rb') as f:
for rec in read_records('<idd', f):
# Process rec

NRIFBFEANXMG—REZNE N FOFAER, ABED BN, BAIRR]
PRI AEAE -

from struct import Struct

def unpack_records(format, data):
record_struct = Struct(format)
return (record_struct.unpack_from(data, offset)
for offset in range(0, len(data), record_struct.size))

# Exzample
if name__ == '__main__':
with open('data.b', 'rb') as f:
data = f.read()
for rec in unpack_records('<idd', data):
# Process rec

FFME R FRERE R — R B ARSI IZ X HHIRIA TR FIARIT R,




e

T HEEmGAM AL R BIENEFMS, BE REMA struct 1RR, ATFH
— PGSR, RFBRXFEIE— Struct KAIENET:

# Little endian 32-bit integer, two double precision floats
record_struct = Struct('<idd')

HEMPBEERERA—EEMEE I, d, { F [B%F Python X5 |, XERBD R
RAMSER ZHGBISEE RN 32 IR, 64 (LFRE, 32 iLEREF. F—1NFH<
BETFRFE, EXMIFP, ERRT RUEHN, ERXNFRHR > KRESMUE
Al, BER | RRMEFDINF,

FRER struct SKOIBRZ BT FRARBIEHENEREMNEN, size BEES
TEMNFTH, XE 1/O BERNIEEBRA, pack(O) Fl unpack() FiEHARITEA
fReElgdE. tbal:

>>> from struct import Struct

>>> record_struct = Struct('<idd')

>>> record_struct.size

20

>>> record_struct.pack(l, 2.0, 3.0)
b'\x01\x00\x00\x00\x00\x00\x00\x00\x00\x00\x00@\x00\x00\x00\x00\x00\x00\x08Q"
>>> record_struct.unpack(_)

(1, 2.0, 3.0)

>>>

BERHRIFESEE pack() FlI unpack () HEREAMERE SR EMIAA, FUTEX
ES

>>> import struct

>>> struct.pack('<idd', 1, 2.0, 3.0)
b'\x01\x00\x00\x00\x00\x00\x00\x00\x00\x00\x00@\x00\x00\x00\x00\x00\x00\x08Q"
>>> struct.unpack('<idd', _)

(1, 2.0, 3.0)

>>>

XER]ALME, BRRERESEOTEMBAMNE, HrlRERNEFEFNEH L
MES M FHRIRHE, BEIEE— Struct K, BARBRIJI\E RFHEFREN
BRIFREPLE, IHE—RABEFMEFENER T (AAFRFEERE— LA
),

BN HGEHNNKBERI —LEEEEMMAENEERDD., TRK
read_records A, iter() #WAREIE—MNMREIETE R/NHIBERIVENREE, &8
58 N1, INERBEAKIVNIBAR—NMNEFREEOPTARANSR (bW 1ambda: f.
read(record_struct.size) ), BEIEREI—MEHIME (F0 b’ ), XEHMRERELE,
140 :

>>> f = open('data.b', 'rb')
>>> chunks = iter(lambda: f.read(20), b'")
>>> chunks



https://docs.python.org/3/library/struct.html

<callable_iterator object at 0x10069e6d0>
>>> for chk in chunks:
. print(chk)

b'\x01\x00\x00\x00f ff£ff\x020\x00\x00\x00\x00\x00\x00\x12Q"
b'\x06\x00\x00\x00333333\x1f0\x00\x00\x00\x00\x00\x00"Q"
b'\x0c\x00\x00\x00\xcd\xcc\xcc\xcc\xcc\xcc*x0\x9a\x99\x99\x99\x99YLQ"'
>>>

NMRFRIL, BIB—ArIIANHRIW—IMRER EREAVFER — M EMEESRE!
ZBicxk, MRIFNERXFEA, BANEATERG TEXF:

def read_records(format, f):
record_struct = Struct(format)
while True:
chk = f.read(record_struct.size)
if chk == Db'":
break
yield record_struct.unpack(chk)

7f of # unpack_records() R {E B 7 5 90 — # 75 /% unpack_from()
unpack_from() WFMN—NMRE _H#HGIHAEAPRIN_HBIBIEEEZEH, BAER
SFEEEANIERNNRIBHITREFEEFIRE, FREZELT—INFHFHEH (AW
H) M—MFEPRBE, ENBMIBEHBEEESRUE

INRAR(ER unpack ) RAE unpack_from() , MRBEBEENRBRMEREN N
Mt A AR TR ERTTE, tLal:

def unpack_records(format, data):
record_struct = Struct(format)
return (record_struct.unpack(datal[offset:offset + record_struct.size])
for offset in range(0, len(data), record_struct.size))

XMARRTREBELEZERERI, TEMESTIINIITIE, ARENITTREN
REETE, SERIEBIEURMEENIIFNR, NRFESANERNZI—NMREEFEDLF
FEFEEKENLEWIREYIE, unpack from() SRIMHEHE,

EMRERIRR, collections IEIRAMEGRITANRHIFEMBEREIRI, EFILA
iLREGREITTHIRERMERMR, FIE0:

from collections import namedtuple
Record = namedtuple('Record', ['kind','x','y'])

with open('data.p', 'rb') as f:
records = (Record(*r) for r in read_records('<idd', £f))

for r in records:
print(r.kind, r.x, r.y)

MRFNEFFBELIEREN IR, REFER nunpy RIR, FI1890, {RE]




PAHF — A T HlER IR B — N EM BRI AR — N TSR, MU T EXEF:

>>> import numpy as np

>>> f = open('data.b', 'rb')

>>> records = np.fromfile(f, dtype='<i,<d,<d')

>>> records

array([(1, 2.3, 4.5), (6, 7.8, 9.0), (12, 13.4, 56.7)],
dtype=[('f0', '<i4'), ('f1', '<f8'), ('f2', '<£f8')])
>>> records[0]

(1, 2.3, 4.5)

>>> records[1]

(6, 7.8, 9.0)

>>>

REE—5, NRHRESNEMXHERS EREX, BRXH, HDFS %)
EPuH)l ﬁfﬁum&m KB EE Python BRRERIRE THEMER, BRREH
] NWELBESEL T,

6.12 1ZENEREFN ] T 3 HIE0E
=] &

MEZZNESRENE T ERICRESHE R TEGIBIUMBIE, XERIER]
BREZER. M. BFHEXHGE

|m

fRIRTI

struct ARIRPIHE ARG /RIS B RBMN ZHEIBIESEN., A THRIES
BIiXMEE, BRIZIRA THEA Python BIRGEHRTBR—MAM— R I ZBAFR =S

A
[=T
polys = [
[ (1.0, 2.5), (3.5, 4.0), (2.5, 1.5) 1,
[ (7.0, 1.2), (6.1, 3.0), (0.5, 7.5), (0.8, 9.0) 1,
[ (3.4, 6.3), (1.2, 0.5), (4.6, 9.2) 1,
]
MA RSN IEHRRBE — DA T SLERA IR TGP ET
S Fmmm o +
IByte | Type | Description
+ + + +
[0 | int | XHFRS (0x1234, M) I
R Fm————— e e +
|4 | double | x HIR/IME (/Nig) |
S Fm————— e +
|12 | double | y HIR/IME (/NiF) I
Fm——— fmm e +




|20 | double | x HIRAKIE (/M) I

o o e ettt L ettt +
|28 | double | y HIRAME (/i) I
te———— to—————— e ettt Tt +
|36 | int | =REHE (M) I
Fm———— Fm——————— e et et L L Lttt +

K|REIMR—RINSARICEK, wEBNUT:

e e o +
IByte | Type | Description |
t====== + : :
10 | int | BRKE (N F1) |
R e o +
[4-N | Points | (X,Y) %45, ERERT I

R e o +

AT EXEHIXE, (RE]AERIITFEY Python X5 :

import struct
import itertools

def write_polys(filename, polys):

# Determine bounding bozx

flattened = list(itertools.chain(*polys))

min_x = min(x for x, y in flattened)

max_x = max(x for x, y in flattened)

min_y = min(y for x, y in flattened)

max_y = max(y for x, y in flattened)

with open(filename, 'wb') as f:
f.write(struct.pack('<iddddi', 0x1234,

min_x, min_y,

max_x, max_y,
len(polys)))
for poly in polys:
size = len(poly) * struct.calcsize('<dd')
f.write(struct.pack('<i', size + 4))
for pt in poly:
f.write(struct.pack('<dd', *pt))

B 1ZEN B SRAAHE, BTCAKIFHEREY struct.unpack() , XEBIRMEML, BEXEL
= LrHERFNTER, WF:

def read_polys(filename):
with open(filename, 'rb') as f:
# Read the header
header = f.read(40)
file_code, min_x, min_y, max_x, max_y, num_polys = \
struct.unpack('<iddddi', header)

polys = []
for n in range(num_polys):




pbytes, = struct.unpack('<i', f.read(4))
poly = []
for m in range(pbytes // 16):
pt = struct.unpack('<dd', f.read(16))
poly.append(pt)
polys.append (poly)
return polys

REXMUERIUTE, EREmERTRSIZE MEBuREMIEMmATRIN
. W%mLH%ﬁﬂ$kﬂE+%ﬂﬁ¥# BARARBKRKERT R, FILREANIZ
BA MR ETUEAILESRE, LBEFRRXIEREENER,

ERNTIRTROED, BRRBFLER—ANENABHBRFDRIRNG R, BIF
e UEEFRE‘E—ISROXERBICTE, FECIEZEABRSLENAT, BR
BELREMR, MNTETITRNLINBNZRESBHRELAESENMF, FAT
REMHEHRNRRIEMTRIZRA, —EZFERIAZIATIIHESRS, BIMLESE
THAUETAR,

B, HiERFTHHRENNE, @EEXGHRINTZE S X LMEMIBIES
M, RE struct *Eiﬂﬁfl«‘lﬁg’@izgiiﬁﬁu—/|\T_GQH'=F'£ A —HRRIMERNT
R ER -1, METEHXE:

import struct

class StructField:

o

Descriptor representing a simple structure field
def __init_ (self, format, offset):
self.format = format
self.offset = offset
def __get__(self, instance, cls):
if instance is None:
return self
else:
r = struct.unpack_from(self.format, instance._buffer, self.offset)
return r[0] if len(r) == 1 else r

class Structure:
def __init__(self, bytedata):
self._buffer = memoryview(bytedata)

XEREAT —MERRIRRRBINEMFE, SMERBRES—INEHRE
BAORBUR - AT HRER, FRENDUATEND, £ gt O ST,
struct.unpack_from() REEARMNE PHEE—ME, éf?zﬁy}\m \H'_Y.Efﬁﬂ
B4R,

Structure KB —MEME, BRFTHEAFHEERASNREFE TP, FK
StructField ¥IRZFEA, XEBEAT memoryview() , HEKESEHIFHIHRER
SRFBREY,




ERAXMUE, (RIAEMEEX —IPMEEXNEMNRRR R LEREESFTE
L FEl, flan:

class PolyHeader(Structure):
file code = StructField('<i', 0)
min_x = StructField('<d', 4)
min_y = StructField('<d', 12)
max_x = StructField('<d', 20)
max_y = StructField('<d', 28)
num_polys = StructField('<i', 36)

TEEGIFR AIXANERIZEZ IS A S 1A R 8RR Sk aR e -

>>> f = open('polys.bin', 'rb')
>>> phead = PolyHeader (f.read(40))
>>> phead.file_code == 0x1234
True

>>> phead.min_x

0.5

>>> phead.min_y

0.5

>>> phead.max_x

7.0

>>> phead.max_y

9.2

>>> phead.num_polys

3

>>>

XNMREE, AERXMAIVERE —EMART, §%, REMRF T —1EE
OMER, ERXMBIREREN, TEEEAERERSKENAT ((LNEE
{€F StructField , IHEMRBES), B, ROBGERERHFHE—LERIBITER
TEEMNE,

EAEHER RZ(RIBE T RXFTURIIRE X, RN ZER M EAKRRIMREINITE.
TRE-—NMHERRCEBRARBEATFSRENLNAT, NMEREAENRIE,
TEBREANF, (EATEBMIGE THAN Structure 2£:

class StructureMeta(type):

1

Metaclass that automatically creates StructField descriptors

o

def __init_ _(self, clsname, bases, clsdict):

fields = getattr(self, '_fields_', [1)
byte_order = ''
offset = 0
for format, fieldname in fields:
if format.startswith(('<','>','1' '@')):

byte_order = format [0]
format = format[1:]
format = byte_order + format




setattr(self, fieldname, StructField(format, offset))
offset += struct.calcsize(format)
setattr(self, 'struct_size', offset)

class Structure(metaclass=StructureMeta):
def __init__(self, bytedata):
self._buffer = bytedata

@classmethod
def from_file(cls, f):
return cls(f.read(cls.struct_size))

{EHFIEY Structure 25, {ReJBME TFEIXME X — N :

class PolyHeader (Structure):

_fields_ = [
('<i', 'file_code'),
('d', 'min_x'),
('d', 'min_y'),
('d', 'max_x'),

(Idl , 'max_y'),
('i', 'num_polys')

IESNMRFR L, XFEMERZ T, FATRIMBIZETE fron_fileO) iERAERTE
ZHNE AR KNS BB TR R A SRR, tean:

>>> f = open('polys.bin', 'rb')
>>> phead = PolyHeader.from_file(f)
>>> phead.file_code == 0x1234
True

>>> phead.min_x

0.5

>>> phead.min_y

0.5

>>> phead.max_x

7.0

>>> phead.max_y

9.2

>>> phead.num_polys

3

>>>

—BrARER TR, MAFIALETSEMEE, Fli, 1E§'ax{ﬁ'<1£,.,§} HRE
WFTEH, TEENBIETERN— Mo, AT — MBI RIAZE
ZHR:

class NestedStruct:
1

Descriptor representing a nested structure
rr




def __init__(self, name, struct_type, offset):
self .name = name
self.struct_type = struct_type
self.offset = offset

def __get__(self, instance, cls):

if instance is None:
return self

else:
data = instance. buffer[self.offset:

self.offset+self.struct_type.struct_size]

result = self.struct_type(data)
# Save resulting structure back on instance to avoid
# further recomputation of this step
setattr(instance, self.name, result)
return result

class StructureMeta(type):

rr

Metaclass that automatically creates StructField descriptors

1

def __init__(self, clsname, bases, clsdict):

fields = getattr(self, '_fields_', [1)
byte_order = ''
offset = 0

for format, fieldname in fields:
if isinstance(format, StructureMeta):
setattr(self, fieldname,
NestedStruct (fieldname, format, offset))
offset += format.struct_size
else:
if format.startswith(('<','>', "1, '@")):
byte_order = format [0]
format = format[1:]
format = byte_order + format
setattr(self, fieldname, StructField(format, offset))
offset += struct.calcsize(format)
setattr(self, 'struct_size', offset)

EXERCED A, NestedStruct HIREBRMAREMAI—PMNEXERENAFXE L
MM, EETERIBAEEPETRBFESOLAENLEMELE, BTRENRA
FEAXZEL - PMAFREVIGLE, XM RERRSI R EMAMIEIIMIRA
ZEH. Hk, ENNMERZEANREN—IEINME, B9, ATEHLEESESAL,
BT ERAM 8.10 NHEHMEA, HRFRTE T IZEAPRIAREREHITR,

ERIX/NHTBVMEIERR, (FIAF]AMR T EIXERS

class Point(Structure):
_fields_ = [
('<d', IXI)’
(ldl, lyl)




class PolyHeader(Structure):
_fields_ = [
('<i', 'file_code'),
(Point, 'min'), # nested struct
(Point, 'max'), # nested struct
('i', 'num_polys')

SAFRANZE, EWEERBIANERE T, FAISKIMEET:

>>> f = open('polys.bin', 'rb')

>>> phead = PolyHeader.from_file(f)
>>> phead.file_code == 0x1234

True

>>> phead.min # Nested structure
<__main__.Point object at 0x1006a48d0>
>>> phead.min.x

0.5

>>> phead.min.y

0.5

>>> phead.max.x

7.0

>>> phead.max.y

9.2

>>> phead.num_polys

>>>

FEIRLE, —PMMEEERICRIWEREEET 7. ERIMREMHICREETKN
e ? tbal, ZMEXHEETRIIERS.

—HMARRE N ERRRFTYE, ANE—1TRRERELS D VER
RE, R 6.11 NTIRICRSIRZEM :

class SizedRecord:
def __init__(self, bytedata):
self._buffer = memoryview(bytedata)

Q@classmethod

def from file(cls, f, size fmt, includes_size=True):
sz_nbytes = struct.calcsize(size_fmt)
sz_bytes = f.read(sz_nbytes)
sz, = struct.unpack(size_fmt, sz_bytes)
buf = f.read(sz - includes_size * sz_nbytes)
return cls(buf)

def iter as(self, code):
if isinstance(code, str):
s = struct.Struct(code)




for off in range(0, len(self._buffer), s.size):
yield s.unpack_from(self._buffer, off)
elif isinstance(code, StructureMeta):
size = code.struct_size
for off in range(O, len(self._buffer), size):
data = self. buffer[off:off+size]
yield code(data)

K 75i% SizedRecord.from_file() @ — 1M LE, ARMK—PXXEFiEET K/al
ZRBUER, SHERBESHFEAEANA . EFRBA, EEZ—INEEK/NREH
ZMrENmiE, FEtBEZBCH I, FIIERY includes_size SHIBE T FDHEERE
BLEKRN, THR—NMIFRIFEMHERMNZ B AFFIZE BRI Z 1D REE

>>> f = open('polys.bin', 'rb')

>>> phead = PolyHeader.from_file(f)

>>> phead.num_polys

3

>>> polydata = [ SizedRecord.from_file(f, '<i')
.. for n in range(phead.num_polys) ]
>>> polydata
[<__main__.SizedRecord object at 0x1006a4d50>,
<__main__.SizedRecord object at 0x1006a4f50>,
<__main__.SizedRecord object at 0x10070da90>]
>>>

LA, SizedRecord KAIFIRBLRBWMEITLR, PILAER iter_as(O 73
ERIAR B, INHEERER - NEMRIVEREHRER Structure RIFHBEIA, X
HFRI AR RIEMIEBAEE, F150:

>>> for n, poly in enumerate(polydata):
print ('Polygon', n)
for p in poly.iter_as('<dd'):

print(p)

Polygon O
(1.0, 2.5)
(3.5, 4.0)
(2.5, 1.5)
Polygon 1
(7.0, 1.2)
(5.1, 3.0)
(0.5, 7.5)
(0.8, 9.0)
Polygon 2
(3.4, 6.3)
(1.2, 0.5)
(4.6, 9.2)
>>>

>>> for n, poly in enumerate(polydata):




print('Polygon', n)
for p in poly.iter_as(Point):
print(p.x, p.y)

Polygon O

1.0 2.5

3.5 4.0

2.5 1.5

Polygon 1

7.0 1.2

5.1 3.0

0.5 7.5

0.8 9.0

Polygon 2

3.4 6.3

1.2 0.5

4.6 9.2
>>>

B BEIXLESIER, THRE— read_polys() RIS —MEIERR:

class Point(Structure):

_fields_ = [
('<d', 'X'),
(Idl’ |y|)

]

class PolyHeader (Structure):
_fields_ = [
('<i', 'file_code'),
(Point, 'min'),
(Point, 'max'),
('i', 'num_polys')

def read_polys(filename):
polys = []
with open(filename, 'rb') as f:
phead = PolyHeader.from_file(f)
for n in range(phead.num_polys):
rec = SizedRecord.from file(f, '<i')

poly = [ (p.x, p.y) for p in rec.iter_as(Point) ]

polys.append (poly)
return polys

i

X—TERRR T SRRNRERA, BIEHARE, TR

RAFRE. A, ENES8ITE—MSENBIRRS,
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LFENSHHN— N EBRIERCRETHMEEMNEBE, S—1 Structure LI
BIRRY, __init__O XRAREEZE-AFTHRENRAFNE, EHEMEFNSE.
AR, XEHEF S EEFANREEEEMSEMBXIRELE, IEMI—I TR
RATEEMNIN AN — PN F IR E —/NSB o BxiB, BATRFEEZRERFEZVIRIE
77, MAREINXMG,

ATERMEGRBINITE, EEFEA StructField A28, AP fields H7
HERHENBUEEWIELA — StructField HiREE, TIFHEFXLEMERIDIRE
(ERFREMEEEFT, TTE StructureMeta TESMEM LI TE XA BTN EIE T X LEH
R2E, BMNERAREN— M EEREREFEERFPEEHENETE - SEER 88
BEELMIE, MEARSERIEEIVHET O,

StructureMeta FI—MEMPRNIB A MR ERBIE F T EIEINF, thEZiL, R
EENBMREET —NMFNIF (< RRBAMENE > RRSMME), BEEHAE
FEREVI &R LA MIRF Jo e, X AMET AR BB REMIMEAN, (BRIEE XHIH E)FA]
AR BEtNRIAFRY, EEON, {RPTEER —LELLREZARVEH, PR THEXF:

class ShapeFile(Structure):
_fields_ = [ ('>i', 'file_code'), # Big endian

('20s', 'unused'),

'i', 'file_length'),

', 'version'), # Little endian

'shape_type'),

'min_x'),

'min_y'),

'max_x'),

'max_y'),

'max_z'),
'min m'),

AN AN AN A~ AAAAANA A A
QQJQ-'QJQ-'Q'Q-‘Q-}—"L\

)
)
)
'min_z'),
)
)
)

]

'max_m'

ZEIHANREIE, nemoryview() FIEMRRIAFBIFNEERFHNES., SE5MTF
TEERERIBHR, memoryviews B] CABINRE—ATF X1 EE XBIWMBIARREER D, XMF
MM, BEREXINEAFIESZEF N AN EETH, WRIFE—
FRFNHERFTHIEERITUREE, MEERFE—NRIENEI, mMAFREL]
EARZEHN, EXXEREERFENARFLEZMNME, Eit, IMAAENSH.

TEESEXNEDITUBBAIT BRBXETENARE. &8 8.13 IZWTH{EH
BABHWE-—NEERA, 10 /W PEESXTERITEEMHENTTE, AR
NestedStruct #IRZEHISLIMBER, 9.19 INPE—MERATIRVIGELER ZRIFIF,
# StructureMeta EIEFEM L, Python BY ctypes IEBEMFHEGE, SRRETHNE
XEURLEN, BIREMBREIXLARUIIEER Sz,

6.13 BRI RN SR ITRIF
2] &

FEEZLE - NMRAWBEEHFZHERR SN XE MR E,




fRIRTIZE

N FEFLE R EIG T, B (el F I LA R BB R B AR BV E IR S 4 o)), &R eI LB [EfE
B Pandas & .

ATILREERERT, TER—/MER Pandas ROMTZNSTIHTHRY 2 BN G2

NEIEE BfF, AREXRNENRE, XMUEER—MBBE XM 74,000 17
B9 CSV X,

>>> import pandas

>>> # Read a CSV file, skipping last line

>>> rats = pandas.read_csv('rats.csv', skip_footer=1)
>>> rats

<class 'pandas.core.frame.DataFrame'>

Int64Index: 74055 entries, O to 74054

Data columns:

Creation Date 74055 non-null values

Status 74055 non-null values

Completion Date 72154 non-null values

Service Request Number 74055 non-null values

Type of Service Request 74055 non-null values
Number of Premises Baited 65804 non-null values
Number of Premises with Garbage 65600 non-null values
Number of Premises with Rats 65752 non-null values
Current Activity 66041 non-null values

Most Recent Action 66023 non-null values

Street Address 74055 non-null values

ZIP Code 73584 non-null values

X Coordinate 74043 non-null values

Y Coordinate 74043 non-null values

Ward 74044 non-null values

Police District 74044 non-null values

Community Area 74044 non-null values

Latitude 74043 non-null values

Longitude 74043 non-null values

Location 74043 non-null values

dtypes: float64(11), object(9)

>>> # Investigate range of wvalues for a certain field

>>> rats['Current Activity'].unique()

array([nan, Dispatch Crew, Request Sanitation Inspector], dtype=object)
>>> # Filter the data

>>> crew_dispatched = rats[rats['Current Activity'] == 'Dispatch Crew']
>>> len(crew_dispatched)

65676

>>>

>>> # Find 10 most rat-infested ZIP codes in Chicago
>>> crew_dispatched['ZIP Code'] .value_counts() [:10]
60647 3837



http://pandas.pydata.org/
https://data.cityofchicago.org/Service-Requests/311-Service-Requests-Rodent-Baiting/97t6-zrhs
https://data.cityofchicago.org/Service-Requests/311-Service-Requests-Rodent-Baiting/97t6-zrhs

60618 3530
60614 3284
60629 3251
60636 2801
60657 2465
60641 2238
60609 2206
60651 2152
60632 2071
>>>

>>> # Group by completion date

>>> dates
<pandas.co
>>> len(da
472

>>>

>>> # Dete
>>> date_c
>>> date_c
Completion
01/03/2011
01/03/2012
01/04/2011
01/04/2012
01/05/2011
01/05/2012
01/06/2011
01/06/2012
01/07/2011
01/09/2012
>>>

>>> # Sort
>>> date_c
>>> date_c
Completion
10/12/2012
10/21/2011
09/20/2011
10/26/2011
02/22/2011
10/26/2012
03/17/2011
10/13/2011
10/14/2011
10/07/2011
>>>

= crew_dispatched.groupby('Completion Date')
re.groupby.DataFrameGroupBy object at 0x10d0a2al0>
tes)

rmine counts on each day
ounts = dates.size()
ounts[0:10]

Date

4

125

54

38

78

100

100

58

12

the counts
ounts.sort ()
ounts[-10:]
Date

313

314

316

319

325

333

336

378

391

457




B, E#F 2011 & 10 B 7 BYEBRIIREEMEICRIBE FW ! — ~

e

Pandas @ —MABRSEMNABERNE, REIERJEN AT, BRRE(R
FEENIMARBBIEES. WHIESAE, TESMETEREMEOESZIIE, XNEH
HEENERFREE &



Z3E3

{EF def IBAIEXRWEMBEFWEIN, SENBIREHBE-LEENSHKRNRN
ERRRHEX SERRN, PRIANATEERNSH. EERESH BHXEF
S, ERNAE, B, —ESRVIEGRFIR B EERBUE BB AREXE D
ZUHAEE,

7.1 [ RZEEHESHRIERN

o] &

REMIE— N RZETBES IR,

IS
ATERIULE—TRBEZERRENUESH, FIMMER—1 * S8, Flu:

def avg(first, *rest):
return (first + sum(rest)) / (1 + len(rest))

# Sample use
avg(l, 2) # 1.5
avg(l, 2, 3, 4) # 2.5

EXANMFR, rest RHEFMEEMAESHAEMITTH, AERHMNERBRIEES
By T — NFIIREITIRERTTE,

ATERRETVHENREFSH, EA—IMU = FXHNSH. tbu:

import html

def make element(name, value, **attrs):

keyvals = [' /s="/s"' % item for item in attrs.items()]
attr_str = ''.join(keyvals)
element = '<{name}{attrs}>{value}</{name}>'.format (

name=name,
attrs=attr_str,
value=html .escape(value))
return element

# Example
# Creates '<item size="large" quantity="6">Albatross</item>'
make_element('item', 'Albatross', size='large', quantity=6)

# Creates '<p>8Lt;spamégt;</p>'
make_element('p', '<spam>')

EXE, attrs E—PMESMBREAERNKBFSHNFEH,




MBAEFRERNRBEFRNEZEITHENUES BN RBEFSE, FIUER
£/ * F0 **, ttan:

def anyargs(xargs, **kwargs):
print(args) # A tuple
print (kwargs) # A dict

FERAXNERNE, MEUESHSWME args TTHEP, FIBXBFSHRIEHKE
FH kwargs AR,

e

— * SRABEMERBEXPRE—MIESHEE, MHSRRAELME
Ra— 128, FREIENE, & * SBEENATUE XEMSE,

def a(x, *args, y):
pass

def b(x, *args, y, **kwargs):
pass

XMS WM FRAFTREG X BFSE, TaE 7.2 N TR FAHEER,

fRRTFIZ
FEH XBF SRR EN * SHHERA * FEMEARIXMR, thi:

def recv(maxsize, *, block):
'Receives a message'
pass

recv(1024, True) # TypeError
recv(1024, block=True) # Ok

FEAXMEAR, BITEEESIEESMIESHIRHNPIEERBFSE, Tt
i

def mininum(*values, clip=None):
m = min(values)
if clip is not None:
m = clip if clip > m else m
return m




minimum(1, 5, 2, -5, 10) # Returns -5
minimum(1l, 5, 2, -5, 10, clip=0) # Returns 0O

Wi

RBELT, ERENXBFSURULERMUESHREENEMW, EFHEME
Breigtt, f10, ERTFUMT— M ERBKER:

msg = recv(1024, False)

NRBAEN recv BBRARRRAE, BthEENBER False SHEIRKT
AR, BF, MRMNBEM TEXMFFHERERS T :

msg = recv(1024, block=False)

9, FERBFIXBFSHESLER “hwargs SHEF, EAHEEREL help
MEHRG Lt R E R SRR

>>> help(recv)
Help on function recv in module __main__:
recv(maxsize, *, block)

Receives a message

BHXBFSHRE-LESRISEFBRER. W, NI UBKAREER
*args Al **kwargs SREAMARNRBTBEASE, 9.11 M IBE—PEXEFNGF,
7.3 L[ERESHIBNTER
(o] &

BT — R, AREBAXMREHSEBN—LEIMMIER, X IEEt
(EAEMEEBBIAEX RN ZEAER.

fRRTFIZ

ERRBS IR —MRIFWIDE, ERRETREF RN ZEFERERXE
8, BN, FTEE—MRERET R

def add(x:int, y:int) -> int:
return x + y

python BB AR XL EMRIMEMIIIEN, ENASWEERE, BITHIR
RENNERZBNNRBSBEMERE, A, N FRLEFZRBIARBMBETRE
Wi, F=ATEMERFIEIIXLEEAIMNEN, BREISERENXER,




>>> help(add)

Help on function add in module __main__:
add(x: int, y: int) -> int

>>>

RERTAERERRNNRARBRNINER (TINRTF, FHH, WREAF
%), NTEERAERARIEFTER LR R,

e

REUEME RTFAEER LY __annotations__ B, HIa0:

>>> add.__annotations__
{'y': <class 'int'>, 'return': <class 'int'>, 'x': <class 'int'>}

REZFENERGZEEBREZM, ERENNEEZERELEXHE, EJH python
FRBRAER, BERMGETFIZRERENENZEBTAHNSHREIN
BRE, XAHMREREMMEELTEFRAE SRR, L]0 CAIERREIER R,

2% 9.20 INHH—ANEMNSRIOIF, ER TR REBEREMS 57k (L3
EHERL),

7.4 1RO ZMERVRIEL

BE
(REEBMIE— N AT LR Bl 2 MERIE L

BRARAE
RTEREZ/ME, BB retun —NTAMITT. FAl40:

>>> def myfun():
. return 1, 2, 3

>>> a, b, ¢ = myfun()
>>> a

>>> b

>>> C




e

RE myfun() EEFRETZME, KR ERECIET —MNoARGIRER, X
MEBEBE LELERFTR, KR EFIERNRIESRKEN —1NTH, MARRHIES, Lt
T HE:

>>> a = (1, 2) # With parentheses
>>> a

1, 2)

>>> b =1, 2 # Without parentheses
>>> b

1, 2)

>>>

HIANEAIRE - TEMRHMHR, BERMNSBERMELSIEE, Mk
LERVARFE, EXXHME 1.1 /NTHRBAIFMLZTARE, REERBTURESR SN
TE, IMRIXNTEERZRBRLONEBNTARS T

>>> x = myfun()
>>> x

(1, 2, 3

>>>

7.5 EXBEIASHEIRL
2] 2R

FEEX —PMEREHETE, EN—IPTRSISBEITENHEE-—ITEINE.

EX—NERIESHNRVZEEEEN, ERERBREXPLESREE R
NME, AREIZRIIRERMITT. FIU0:

def spam(a, b=42):
print(a, b)

spam(1) # Ok. a=1, b=42
spam(l, 2) # Ok. a=1, b=2

MREKNSHR— P rIERNE R LM — MR, &S
ERENME, UG TEIXF:

35':

EHFH, oTBA{EH None

# Using a list as a default value
def spam(a, b=None):
if b is None:

b = []




MBARAABRE—ARINME, MERRRXNIATENRUNSBERNZEZEEH
R, AJMBTEEMFS:

_no_value = object()

def spam(a, b=_no_value):
if b is _no_value:
print('No b value supplied')

FATML T X ANERER

>>> spam(l)

No b value supplied

>>> gpam(1l, 2) #b = 2

>>> spam(1l, None) # b = None
>>>

FHMEFT AL T E(EIE— None BFANMEEFRMIBERZEE5I/,

Wi

EXFRNMESBHRBZRE RN, BLFARARZA, EF —LERAEXE
HRATIE T,

B, RASBEVEXERHE XIBRHEIE—IR, XEEIT FEXMIF:

>>> x = 42

>>> def spam(a, b=x):
print(a, b)

>>> spam(1)

1 42

>>> x = 23 # Has no effect

>>> gpam(1)

1 42
>>>

ERR S HBANE x WENRERWNEIASBEFZERMN, XRENERBEX
HIRHMRFEZME T ERRINMET.

HX, BASHEIENZERNP]ZHINTER, LI None, True, False, EFEFAT
R, Falfy, TATERTEXFESNN:

def spam(a, b=[]): # NO!

MRIFIAMT, SEAMEEEMBSRENSFRHERER SMRM, XEERS
M2 TR R FIEINME, EEan:




>>> def spam(a, b=[]):
print (b)
return b

>>>

>>> x

(]

>>>

™

= spam(1)

"

.append (99)

>>> x.append('Yow!")

>>> X

[99, 'Yow!']

>>> gpam(1) # Modified list gets returned!
[99, 'Yow!']

>>>

XMERNZARMBEN, ATEEIMBEANLEE, RFRBHKIAMERR
None, ZARERBEEREE, AIEAFFMIXFMED,

£ None {ERER is RENRRERN, URXMARMNRESR, BHEX
KL T TEZXFRITEIR:

def spam(a, b=None):
if not b: # NO! Use 'b i2s None' instead
b = []

XA EMEIMETRE None [HIMEZW AL False, (EREHHMAIITR (LE
KER 0 FFFHE, JIR, Th FHS) HIWSM False, FIE, CEHRBRRE
—LEHfbm AL ERERA. tLil:

>>> spam(1) # OK

>>> x = []

>>> gpam(1l, x) # Silent error. z value overwritten by default
>>> gpam(1, 0) # Silent error. 0 ignored

>>> gpam(1l, '') # Silent error. '' ignored

>>>

RE—NEELERMY, BRAR—ITRRFENAENAIESRESRERERL
R, XEERFZ/NOBIZRAGERENRIAELLI None, 0 3k#& False BRI
FPRENE (AAXEEHREEME, BrEKA,PZEERE), BLL, (RFEEEM
HIRERFIRT .

ATBRZAEE, Re]UEIZ— MR- MM BENREM, MEEEH
_no_value ZEHH, FRYER, Fr]NBIRERETESHERINTEOZRE—H#F
KFBT, XENBREAFANATEEREEXD _no value SKEEREA, ELL, XE
BEEEXMEMERER NS UREREEERT,

XY object ) MIERBLEFZBRAKNEMN, object @ python FRFFBEMEE,
{REJLABIEE object FEAYSLAI, (BRIXLELFEHAKRAL, BAEHEEERER
7%, B EFASIAINE (BEAERBEMFMISIGIFE, (REEEEAREEIRETME
H1E), RME—EEMBEENIXE— M, XMNFHFEHNER, BABEERYFRE




ERE—NE—MHRMNRmE,

7.6 TE X EREAERERLL
2] &

R8H sort O BRIFEIEZ—NMREMDOERL, EXAEA def ZE—MERITH
#, MEAEETEMREF IV CAREBT TUREIZX R,

IS S

H—ERHERER, MNRARUTE—PRIANMERINME, METCAERA lambda ]
RIURE T, teun:

>>> add = lambda x, y: X + ¥y
>>> add(2,3)

5

>>> add('hello', 'world")
'helloworld’

>>>

XEERAR lambda RIATUR FEBBIRE —H09:

>>> def add(x, y):
return x + y

>>> add(2,3)

5
>>>

lambda RIATNHAMERIHREHEFEEHE reduce F:
>>> names = ['David Beazley', 'Brian Jones',

o 'Raymond Hettinger', 'Ned Batchelder']

>>> sorted(names, key=lambda name: name.split() [-1].lower())

['Ned Batchelder', 'David Beazley', 'Raymond Hettinger', 'Brian Jones']
>>>

i

RE lambda RAXNAIFFREXERERKE, ERENERARERHIN, {RREEHEE
BARAR, ENEMERREBIREIE, HRIZAEESEMIESIHNT, BIES
MBA), FHREDN. ERUREELIBES,

{RE] AR{ER lambda RIADNFLEERE KEF7 python (X823, ER, HEAHRE
ARETERANENE/NRYSEZTZRFRELOERZIEFER, (FEER
lambda RIARISE2




7.7 ERQRIBIERT=E
BE

{RF lambda EX T —MNEGERL, HEEENEHRIIELTEME,
RRS=R

EET TERBINE:

>>>
>>>
>>>
>>>
>>>

10
lambda y: x + y
20
lambda y: x + y

[o 2T I

WAERKEIMRE, a(10) #0 b(10) IREIMZER B4 ? ARIRIARLERZE 20 F1 30, FB
IAREREE T :

>>> a(10)
30

>>> b(10)
30

>>>

XEPREWET lambda RIATVHFK x E—1MEHRATE, EE{THHEE, mMA
REXMAE, XREAKHEINMESHEXZEANREN, ELt, FIEAXA lambda &
AR, x BFERRITIIAE, Fla0:

>>> x = 15

>>> a(10)
25
>>> x = 3
>>> a(10)
13
>>>

NRFBIUER N ERRBEE X piiHKEIE, A EBNSBIEE XHRERINS
ZENR], FARTFEIXAE:

>>> x =10

>>> a = lambda y, x=x: X + Yy
>>> x = 20

>>> b = lambda y, x=x: X + ¥y
>>> a(10)

20

>>> b(10)

30

>>>




e

EXBEINERNEEARHFREZDILHHEIR, BEHFAIERSAEHNER
lambda RiAT, LLUN, @IE—MEMABIIRES P EIE— lambda RIATNIIR, FF
HAER R ZURETE E XIS IS E BRI RE, fFIaD:

>>> funcs = [lambda x: x+n for n in range(5)]
>>> for f in funcs:

. print (£(0))

4..

4

4

4

4

>>>

EREFHURZIEITRE n WEAERNER—ME. RERNAZ—MHIVUEN

—F:

>>> funcs = [lambda x, n=n: x+n for n in range(5)]
>>> for f in funcs:
. print(£(0))

v P WONPRL O -

B EARBENAMES RN, lambda RETEE XA FLEESIE BIME,

7.8 B/LolARAN RSN
2] &}

RE— 1 EM python KIBEFAR callable W&, vJgER—NMENARPMHER —
MBS, BERENSHAZ T, SRR T,

fRIRTI

MRBJBERDENRBIS AN, RATCAER functools.partial () ;partial ()
R AVHFE — MRS N SHIRERENE, BVETREBARNSHIE, BTE
i, RFE FEX RN

def spam(a, b, c, d):
print(a, b, c, d)




WMEFKNMER partial O REKREERLESHE:

>>> from functools import partial

>>> sl = partial(spam, 1) # a = 1

>>> s1(2, 3, 4)

1234

>>> s1(4, 5, 6)

1456

>>> §2 = partial(spam, d=42) # d = 42
>>> s2(1, 2, 3)

12 3 42

>>> s2(4, 5, 5)

4 5 5 42

>>> §3 = partial(spam, 1, 2, d=42) # a = 1, b =2, d = 42
>>> 83(3)

12 3 42

>>> s3(4)

12 4 42

>>> 83(5)

125 42

>>>

BJAEH partial O BEERLLESEFIRE—NFHY callable IR, iIXANHTHY callable
EIRBENSH, ARRZEIELBEINSHEHER, REREBABESHEELIR
YREREL,

e

ATERBRACEARIERATNREWNRE I U—ETIE, FTERIIE—RIIE
(17

F—MIFR, BRMFE-—ITRVIIRRERTR (xy) Li57TH, (R AER T ER
BRRRITER R ZEIHEEE:

points = [ (1, 2), (3, 4), (5, 6), (7, 8) 1]

import math
def distance(pl, p2):
xl, yl1 = p1
x2, y2 = p2
return math.hypot(x2 - x1, y2 - y1)

MERZTFEURENINSIES, BESMESZENEBEXRAIFAAENXLS, 51
R sort ) AEEBRZ—IMXBEFSHKEEXHIFZE, BEREREEZ—1MENS
EIEREY (distance() {RBARBRARFERHED), WA TFILABIL(ER partial () Ki#
RIX AN o)

>>> pt = (4, 3)
>>> points.sort(key=partial(distance,pt))
>>> points




(@, 4, 1, 2), 6, 6), (7, 8)]
>>>

BE#—2, partial O BEBERARMIBEMERLNFTERRLERKEISE, F
i, TER—ERE, £ multiprocessing RKETHE—NERE, AEXMER
RIBL—MER— result EI—NENE logging SEAYEIEREL:

def output_result(result, log=None):
if log is not None:
log.debug('Got: ', result)

# A sample function
def add(x, y):
return x + y

if name _ == '__main__
import logging
from multiprocessing import Pool

from functools import partial

logging.basicConfig(level=logging.DEBUG)
log = logging.getLogger('test')

p = Pool(Q)

p-apply_async(add, (3, 4), callback=partial(output_result, log=log))
p-close()

p-join()

=48 apply_async() REEIFRELEY, BLER partial O EBEIIMY logging
=%, M multiprocessing WiXt—FT—TEXNR2EREMERIEALFE

W

o

fER— N RIUBBIT, EETHEMNERSBIEE, socketserver BIRILES
BEES, FESMEBH ccho FREEE:

from socketserver import StreamRequestHandler, TCPServer

class EchoHandler(StreamRequestHandler):
def handle(self):
for line in self.rfile:
self .wfile.write(b'GOT:"' + line)

serv = TCPServer(('', 15000), EchoHandler)
serv.serve_forever()

i, RiZIRIELE EchoHandler Bl — AN r] NI HMEEE XD/ __init__ A
5. tbun:

class EchoHandler(StreamRequestHandler):
# ack is added keyword-only argument. *args, **kwargs are
# any nmormal parameters supplied (which are passed on)




def __init__(self, xargs, ack, *xkwargs):
self.ack = ack
super() .__init__(*args, **kwargs)

def handle(self):
for line in self.rfile:
self.wfile.write(self.ack + line)

XAEE, BIMAZTEE R MAE TCPServer EFRMBIR T, ERIRBEXE
TREFESIRENUTENER:

Exception happened during processing of request from ('127.0.0.1', 59834)
Traceback (most recent call last):

TypeError: __init__() missing 1 required keyword-only argument: 'ack'

VB RRIFEEBEEXMER, B TIEY socketserver HEHRBABHREFERE
LRI EZ N, B2, MEER partial O FHEERZMIRR—ATER ack
SHHESRYILALENET, T

from functools import partial
serv = TCPServer(('', 15000), partial(EchoHandler, ack=b'RECEIVED:'))
serv.serve_forever()

FEXAMIFAR, __init__ () FHiEPH ack SHEPEARBE LEZREE, HILHMRE
AR ack —MEHIXKBFSH, RTEGXBFSREOBBAE 7.2 M HRANEZEH
BET, EEJUBEER—T,

RS AR partial ) BESCEIRIRIR, lambda RIANWEESCHL, tbal, ZEipvLA
BIF o] AER T EIXFHRIAN:

points.sort(key=lambda p: distance(pt, p))
p-apply_async(add, (3, 4), callback=lambda result: output_result(result,log))
serv = TCPServer(('', 15000),

lambda *args, **kwargs: EchoHandler(*args, ack=b'RECEIVED:',
—*xkwargs))

XS HEESHEFINR, NMIELEMERZSILMRBER, 3T iR AR
ABEIMEE, XAHRER partial O FJUENEMPIRAFHER (GRESHML
MAE).

7.9 BT ENI LR IR
] &

RBE—NER __init__ O FEMREXT —NHERNE, BTECRE, FEFE
IR — R,




fRIRTI

RBBERAT, sJAERABRREGBANTIERREIRMER. #4000+, TERA
PRIZARIHERERER MR RKIRENE] URL fEEtbit,

from urllib.request import urlopen

class UrlTemplate:
def __init__(self, template):
self .template = template

def open(self, *xkwargs):
return urlopen(self.template.format_map(kwargs))

# Example use. Download stock data from yahoo

yahoo = UrlTemplate('http://finance.yahoo.com/d/quotes.csv?s={names}&f=

—~{fields}")

for line in yahoo.open(names='IBM,AAPL,FB', fields='sliclv'):
print(line.decode('utf-8'))

XA CA — B BRIRBERAE

def urltemplate(template):
def opener (*xkwargs) :
return urlopen(template.format_map(kwargs))
return opener

# Ezample use

yahoo = urltemplate('http://finance.yahoo.com/d/quotes.csv?s={names}&f=

—~{fields}")

for line in yahoo(names='IBM,AAPL,FB', fields='sliclv'):
print(line.decode('utf-8'))

Wi

AEAERAT, MAE—1TREAEEZENEREREEFMHELRINVRSRKRE R A
5, tEdl, E X UrlTemplate KEIME— BT EERE M A FEERE, MERE
BJLATE open() F3iEFRER,

EA—ITRAMRANEACNHREEIEME L, HERH, —THAERZE
— PR, INTERRATE LT —MUIMNBERE, AEXBRSIMRERIC
EECHREXREIME, ELL, ERINWBRTIERS, opener O RIICET template
SRE, FAEETRERARERTE,

ERRHE RSB RRE R FE2L RN R BB EIMIRSE BRI, HR R AE B 1E
RFE, B RRIRBEEIRA—NEME, AEEE R —MENESMAENER.

7.10 FENIMIRZSAS BR[O 1 R 2K




o] &

RPRBEREZRMZIEHRRER (NS FAIERE. SHEEaESTMER
M%), FEMFTFEZILOFRIABEIMIIMNURSE, UWEEEHAEMERE

fRRTIZ

X— /NP EETFCH AL HINER 2 R EEFIESR AR /Y [0 18 . £ By A —4F
AERIRFCAEE XN, A TERSMNR, HMNEEXW T —INEZRALOERLEIER
.

def apply_async(func, args, *, callback):
# Compute the result
result = func(*args)

# Invoke the callback with the result
callback(result)

SEPR £, XERRRR] MMM E SRR, BlE4FE. #EERE, BRXE
HAZRHMNERON, BAMUXRAFTEZXEEERERIEAR, TER—MEREFER
LR £

>>> def print_result(result):
print('Got:', result)

>>> def add(x, y):
return x + y

>>> apply_async(add, (2, 3), callback=print_result)

Got: 5

>>> apply_async(add, ('hello', 'world'), callback=print_result)
Got: helloworld

>>>

EBR print_result() RBUNX R BT — NS result , FEEBEAERMER,
mERAEILEAR LA Eftt T EHEF T EMEN T E BRI SIBE R,

ATIEEHAREBRIINBER, —MAERERA—IMMIERERRNEBE—INEERER
#, ttwl, TEAXNESREF-ARBFRINS, BREVE— result HHEFRIIS
o 1:

class ResultHandler:

def __init__(self):
self.sequence = 0

def handler(self, result):
self.sequence += 1
print (' [{}] Got: {}'.format(self.sequence, result))




ERX N ERIA R, (RBEIE—EMKA, ARAEN handler O HEFER
0 ElEER £ :

>>> r = ResultHandler()

>>> apply_async(add, (2, 3), callback=r.handler)

[1] Got: 5

>>> apply_async(add, ('hello', 'world'), callback=r.handler)
[2] Got: helloworld

>>>

FBMAI, FREMNEN, FIMER—MAEMRATME, F0:

def make_handler():
sequence = 0
def handler(result):
nonlocal sequence
sequence += 1
print (' [{}] Got: {}'.format(sequence, result))
return handler

TEHEERARZN—MF:

>>> handler = make_handler()

>>> apply_async(add, (2, 3), callback=handler)

[1] Got: 5

>>> apply_async(add, ('hello', 'world'), callback=handler)
[2] Got: helloworld

>>>

BB RN ESRNTIE, RICMERDIERTMERFNISE:

def make handler():
sequence = 0
while True:
result = yield
sequence += 1
print (' [{}] Got: {}'.format(sequence, result))

WFDIE, (RFEEERAER send FHEFAHRIEERE, S FFAR:

>>> handler = make_handler ()

>>> next(handler) # Advance to the yield

>>> apply_async(add, (2, 3), callback=handler.send)

[1] Got: b5

>>> apply_async(add, ('hello', 'world'), callback=handler.send)
[2] Got: helloworld

>>>




e

ETEARSHIRGTESHBEIRESIEEER, —anREELERBEE S
IREKPITICBER A, FELE, BEXRPITHNEBEERZEWMITIMELIR EEZEKXRT,
NRARABILENAREELNITS TRIE, BMRMUAE BRNERFFRE B RXAIR

s
?C‘F\1E I%\ To

EVERMEBRAIVRBRMARERESER, RATUE—DREA (@I —40
EFE) REE—NTABFREFE, BMHAIEL, A8SFEENEERMBEA—R,
ERENIURERMETRERBIE, EMNEEENFERMERERINEE,
e, FEFHFBOUMAXEFEIIINVRSER (RBFESFIE),

WRERAR, MEEFENBLLERTEIRIE, ELEAVSERP, nonlocal
FEIRERAXRERE P RIS EXELOER N PHENR, NREEX/NEH, KBSk
".Ejéto

MER—MMERFEI—NEHARMREETE T, EEABRHEZBIEX, EMHE
X EXRif, EREENESE, AASHM—1MRHZME. FH, /ReAEEHENRST
EMAEEEM nonlocal B, XM AXE—REFEENFEM Python FIAMS
SIFLLARIELAIRRE, FIME B —LELLIRIEIERIES S, LEERZBIEEIEA next() ,
EPRMERARNXINMN T BETEZHETIC. REWLL, tihiZtBE MmAA, EEafER— 1P HNEX
EHARBMIENX (F—TH=HE),

MR REZ L MR LB ENINERIE, BB —MER partial O KI5

NREA, AR BERA partial O KIIHE, {RAIEEEEER FEHXMER lambda &
N DR A T F

>>> apply_async(add, (2, 3), callback=lambda r: handler(r, seq))
[1] Got: 5
>>>

BIUSE 7.8 INHHILAN R, BIRMAER partial ) RENSHEGREIK
iR,
7.11 RBX[EEE %L
BE

SRS EREIAR R ABNAE, BORSNRBYT KeJERFILIEFE
filifit. RAEEFBENTTERIENBE LEZEGR— M EEIRITFY.

P YRES

I 5 A A 2R A0 VA AE BT LAE IR EIARR A BXE R N REL ., A TERUA, BRig
RBEWM TR — M HITEMTTEES AR BER— M EIARHRE (2% 7.10 /h):

def apply_async(func, args, *, callback):
# Compute the result
result = func(*args)




# Invoke the callback with the result
callback(result)

BEIRILERNE-—TTEMNNKE, EEBE7T —1 Async EFM—" inlined_async
xAMES:

from queue import Queue
from functools import wraps

class Async:
def __init__(self, func, args):
self.func = func
self.args = args

def inlined_async(func):
Qwraps (func)
def wrapper (*xargs) :
f = func(*args)
result_queue = Queue()
result_queue.put (None)
while True:
result = result_queue.get()
try:
a = f.send(result)
apply_async(a.func, a.args, callback=result_queue.put)
except Stoplteration:
break
return wrapper

XFAMUIB A ERAVFIRER yield BRREXEIEZ IR, tLU:

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

@inlined_async

def test():
r = yield Async(add, (2, 3))
print (r)
r = yield Async(add, ('hello', 'world'))
print (r)

for n in range(10):
r = yield Async(add, (n, n))
print (r)

print ('Goodbye')

NRIFBA test O , FREREMIM TRV :

5
helloworld
0




MKW, RTIMFRIRIRINEM yield B, Hfttth73H2H HIMEIRY
[EEEE (ELREREEX),

e

RNTRFSEEERMRIR R T EIERLL. R ERRRIFIR,

B%, EFEEAINEREANNAESR, XBSETINUHELFSIEEFERR
MEANHREES (LR SNIT), SUTEEER, BRI IEARESELIELER,
apply_async() BREUER T HITEIANSLINEZHE, RESLMBEAFETEZEME S
(BLELTE. iR, BHRIERSS),

TENZESERRBREMBRRBMPITRENEMS. BIARH, yield BIF
FE—DNEMBERYTE—MEFAEZE. B TFREBEMZER __next__( B send()
HENXZLEENE FERBERIT,

BRIBXANBEE, X—/NPHZOFE inline_async() FRIMERPAP T, xR
ME, RMBIFETBAEMBRPHIAE yield iBA, B—R—1. A TIXHEM,
NI FF AR EHE B T — A result PASIFEEEBA— None B, ARHKR—1E
WRIE, NAAIIREREEREARZIEEMRE, ESFHERE T —1 yield 1BR), EX
B — Async FKAIRERE, AREAARKRERBNSE, AARHATRELITE
apply_async() ., A, ENHTEEITRIERDBNDEREFSEEA N HBEREER
£, MEMAAFIR put O FiERERAE,

XA, BRHERIFABRETEIRERE T4 T, EEMIELRENEPFHET] LR
1T get O BME, MRBIFEFE, E—ER put O ERFRIER, IREGEEHIE, B4
FTEFREASHFERMIR, XINMEEEFSLIZR apply_async() EBRREHN.
MBETEERBXLAMENFRS, (FRIAER multiprocessing FERi—TF, S
RIHEEFMITRLUTEERE, WFAR:

if name == '_main__':
import multiprocessing
pool = multiprocessing.Pool()

apply_async = pool.apply_async

# Run the test function
test ()




KPR MRS LRI EMNMEXFN, ERERBEFREANEFRSEERN
87,

138 ZeRiEHIRPS R 4 R SRR N E BB FIEMEEME = H el P EEER R, tt
U, 7£ contextlib FIRY @contextmanager Z=ifzZfERA T — NS ABRBIVIRIT, BiL
— yield BAKHANBEA L TXEESBMEE—#, HINEERITH Tuisted B
FEE TIERLELRRELEE,

7.12 R BEHREXNEE

o] &

TREY REHTHENAE, RIFERIHRIFTENRBHINIEE,

fRIRTI

BEXR, AENASETENTIHIRIFZT2REE, B, FATNEBELRS
[E] R ER A EAE MR B A E R A B EREMX BRI, FIg0:

def sample():

n=20

# Closure function

def func():
print('n="', n)

# Accessor methods for n
def get_n(Q):
return n

def set _n(value):
nonlocal n
n = value

# Attach as function attridbutes
func.get_n = get_n

func.set_n = set_n

return func

TEEEREF

>>> f = sample()
>>> ()

n= 0

>>> f.set_n(10)
>>> £()

n= 10

>>> f.get_n()

10

>>>




e

ATHBBEEWR ILER, BERaSEMRE—T., 8%, nonlocal BEBEEIILE
BANwmERBRENAABEENE, HRX, BYEELFHNA—MEBRERG NG
B ESERN AR L, INMRLAFERG (REFLSEENEME),

ER] A — S W R, iEFERINERSEA, (REMAYNIRZE S LERI AR
B —ANFHGIPFHREIERIA, F90:

import sys
class Closurelnstance:
def __init__(self, locals=None):
if locals is None:
locals = sys._getframe(1l).f_locals

# Update instance dictionary with callables
self. _dict__.update((key,value) for key, value in locals.items()
if callable(value) )
# Redirect spectal methods
def __len__(self):
return self. dict__['__len__']JQ

# Ezample use
def Stack():
items = []
def push(item):
items.append(item)

def pop(Q):
return items.pop()

def _len_ ():
return len(items)

return ClosureInstance()

THEIREAZERERERIAITIEN:

>>> s = Stack()

>>> s
<__main__.Closurelnstance object at 0x10069ed10>
>>> g.push(10)

>>> s.push(20)

>>> g.push('Hello")
>>> len(s)

3

>>> s.pop()

'Hello'

>>> s.popQ)

20

>>> s.popQ)




10
>>>

BilE, IMBBITERSLE—ITHFENREXZRRS, (FAIERKETEX
MR E IR — N ERIMERERT L :

class Stack2:
def __init__(self):
self.items = []

def push(self, item):
self.items.append(item)

def pop(self):
return self.items.pop()

def __len_ (self):
return len(self.items)

INRIZAFM, (RRFRIERMAMTFRILER:

>>> from timeit import timeit

>>> # Test involving closures

>>> s = Stack()

>>> timeit('s.push(1);s.pop()', 'from __main__ import s')
0.9874754269840196

>>> # Test involving a class

>>> s = Stack2()

>>> timeit('s.push(1);s.pop()', 'from __main__ import s')
1.0707052160287276

>>>

HRER, ABNHRBITERERAM 8%, KREBHEREEZE I3 LT ERIE
tinie], ABERERATRDREIEAIMI sclf BE,

Raymond Hettinger ¥ FiXAMol@i&THHE TEMNMELAIRZRISUHA R, T, RE
ZETEAENFTERMABRXEY, MEERZEXEN—NFENERME, F
W, EMEEFFHEUAR. Bl MRS E B EMENEAN, FEREM—LHMD
T EA eI — L4308 A5 (EE9N M Closurelnstance FEEIIH __len__()
LI, )

R, ReIEEE R IEEMEIZRCBIARIED, MTAEBERIER—IMEE
RIZEEXIE ? (H2A, BB IERTLAEGITERERER), REWL, XN FEH
WO ABNASBEEL AL I —NEEBIVEF,

BIRLH, AERENMREARRNG EZ2EESHEAIEE, (LIFFEEEENA
BRI, RIFTESX, BMREFSRE MR IRVLERIAHE,




FNE: EEWR

AETEXTAMEMEE X ERXMWE NRZRIL, SIFILNRZHE WA Python
Bk, BRENER. REREAR. #iR AFEERULBRIZITER,

8.1 NEWRMNFFERER
|o) 25

R TN REFIRFTENSR B REE, ILE(1ER g,

fRRFIZ

BRE—IEANFAFHERER, FIEMEXERN __str__O M __repr__ 0 Hi%
fFign:

class Pair:
def __init__(self, x, y):
self.x = x
self.y =y

def __repr__(self):
return 'Pair({0.x!r}, {0.y!r})'.format(self)

def __str__(self):
return ' ({0.x!s}, {0.y!s})'.format(self)

__repr__O) FEREA—AEFAMRBRREN, B8EAREHMISIX LA,
REN reprO RPREAXINFAH, BRBANEARENBERRERIER —FH,
__str__O FEEFROERA—ADFNEH, EA strO 3 print ) BRSWHINF
fFER, LLUl:

>>> p = Pair(3, 4)

>>> p

Pair(3, 4) # __repr__() output
>>> print(p)

(3, 4) # __str__() output

>>>

BNEXBETER T EBIVEHRREFERARNFAERMAEN, FrlRH,
lr FRVEACIEIERRMIEER __repr__ O RAEBEAR __str__O ., {REICARRIEAY
ERIAEMATF:

>>> p = Pair(3, 4)

>>> print('p is {0!r}'.format(p))
p is Pair(3, 4)

>>> print('p is {0}'.format(p))




p is (3, 4)
>>>

Wi

BEX __repr__O M __str__ O BERREFNIIR, A cEELIEIRFSA
fdi. a0, MRMRARBTENE L ASEHENKA, BLAEFRAFERKAIEM
FHREBERANGER.

__repr__() RN AEFFRINVEMEREZRIL eval(repr(x)) == x E, W
RELEREXMEFM, NZEIE—NMERANXAERER, HEA < M > Fek, th:

>>> f = open('file.dat')

>>> f

<_io.TextIOWrapper name='file.dat' mode='r' encoding='UTF-8'>
>>>

R __str__ O RBWEX, WBLMRRER __repr__O RN B,

LE#Y format () 77iAMERE LEREE, MIVEAW {0.x3 MMHZEE 1 H
SR x B, B, £ TEEEF, 0 EFFLIBHRE self K5

def __repr__(self):
return 'Pair({0.x!r}, {0.y!r})'.format(self)

ERXMIIMB—NEN, (RBRTCAEER % RIFF, METmXE:

def __repr__(self):
return 'Pair (/r, )" % (self.x, self.y)

8.2 BEXFAT BB
[B) &R

(FIE format O RBMFHHETEES —IMIREZFHEE XL,
fRIRTIZ

ATEEXFRHEIEIE, BNFEERLEEX __format__() 73i&, fla0:

_formats = {

'ymd' : '{d.year}-{d.month}-{d.day}',
'mdy' : '{d.month}/{d.day}/{d.year}"',
"dmy' : '{d.day}/{d.month}/{d.year}’
}

class Date:




def __init__(self, year, month, day):
self.year = year
self .month = month
self.day = day

def __format__(self, code):
if code == '':
code = 'ymd'
fmt = _formats[codel
return fmt.format(d=self)

HL7E Date ZRRYSEABIRTCASZFFAETVILIRIE T, SR FEXH:

>>> d = Date(2012, 12, 21)

>>> format (d)

'2012-12-21"

>>> format(d, 'mdy')

'12/21/2012"

>>> 'The date is {:ymd}'.format(d)
'The date is 2012-12-21"

>>> 'The date is {:mdy}'.format(d)
'The date is 12/21/2012'

>>>

wie

__format__() J3i&%8 Python FIFAFRMILINERHI T -7, XBEFE
ERiENEEINCAENETIETEHEECRE, AL, BIVCRERIU2EM
B, g0, SETHERE datetine RIRPHIKE:

>>> from datetime import date

>>> d = date(2012, 12, 21)

>>> format (d)

'2012-12-21"

>>> format(d,'%A, %B , hY')

'Friday, December 21, 2012'

>>> 'The end is {:7d %b %Y}. Goodbye'.format(d)
'The end is 21 Dec 2012. Goodbye'

>>>

WFARAERMBRANE —EINENNE, PIMUEE string 1RRIZHE 15BH,

8.3 iEM &R 5 £ FXEERIN
o128

(RAILIRBVNT RS2 #5 E FCER N (with 1BA),



https://docs.python.org/3/library/string.html

fRIRTI

ATUE—NMNRES vith 1BA), (REEFLIW _ _enter O M __exit_ O Hik
N, EBEIMTH—1NE, BeERFIIeIB—INMNBERE:

from socket import socket, AF_INET, SOCK_STREAM

class LazyConnection:
def __init__(self, address, family=AF_INET, type=SOCK_STREAM):
self.address = address
self.family = family
self.type = type
self.sock None

def __enter (self):
if self.sock is not None:
raise RuntimeError('Already connected')
self.sock = socket(self.family, self.type)
self.sock.connect(self.address)
return self.sock

def __exit__(self, exc_ty, exc_val, tb):
self.sock.close()
self.sock = None

ENMNEMNKXBEISETERR T — MWL ERE, EEVBCHHRFRSMIEM
EiE (LLWMEHEBEN —MNERE), EEMNEMSNMXARER vith BABIITHY,
140 :

from functools import partial

conn = LazyConnection(('www.python.org', 80))

# Connection closed

with conn as s:
# conn.__enter__ () ezxzecutes: connection open
s.send(b'GET /index.html HTTP/1.0\r\n')
s.send(b'Host: www.python.org\r\n')
s.send(b'\r\n')
resp = b''.join(iter(partial(s.recv, 8192), b''))
# conn._ _exit_ () executes: commection closed

e

w5 L T XEERNERRBEEMOINBEIME vith IBERPMIT, HHI with
BRRIAHE, SREY __enter__ () FIiEWAMA, BREIRE (WNRERE) SBMES
as FIAMBE, AlG, vith BAREBEAMNKBEABNIT. &E, __exit__ O FiEHKAH
RFETEETLF,

AE with RBRALREMF4, LENEGRBSATE, MEABRPLEETR
BHE—HH, FXL, _exit__ O BENFE=ASRESTRERXI. REEME




HWER (WREB/IE), __exit O AZEEBCRAEENIAZXNEERER, D& B
EFIRE— None B, MR exit__ O RE True , BLARESHEST, IFERMT
LEERE—H, with IBRAEHENERSESEIEERIT,

BB —MAT OB LazyConnection KRB ALIFS A with 1BRIKIREFERE
., BEA, FENEXPRAERIF— socket &R, MRIEFEFERH— socket
MR X EEFER vith 189, MEFE—1TNEE T, PRI UETEXHFERT £
TH B9 SEE SR R R0 4 0] 33 :

from socket import socket, AF_INET, SOCK_STREAM

class LazyConnection:
def __init__(self, address, family=AF_INET, type=SOCK_STREAM):
self.address = address
self.family = family
self.type = type
self.connections = []

def __enter__(self):
sock = socket(self.family, self.type)
sock.connect (self.address)
self.connections.append(sock)
return sock

def __exit__(self, exc_ty, exc_val, tb):
self.connections.pop().close()

# Exzample use
from functools import partial

conn = LazyConnection(('www.python.org', 80))
with conn as si:
pass
with conn as s2:
pass
# s1 and s2 are independent sockets

EEZ/NRAR, LazyConnection XFJLAMEEMEBRMEREILI . EREE, —H
FIRBARME— ML, BIR __enter__() HEPITHRHME, EEHICIE—MEE
BHARBEMAZRER, __exit__ (O HEEEMAMPRERRFE—MERAXATE,

XEHME SRR, NI ERAVTIREMEA vith BRIGIESMER, MU LEEER
HIARHE,

EEESE—LRELLIXXYE. MEERMBINEEMER, FRLTXEIESRRE
BE BN, XEFEHN—NEEFELRENVDIRFNI R AFEBRBERIZFIIE
Hiz1T, B0, WNRMRIBKRT —N8i, BLAMDIRRZEEMRTE, BNFMAIEE~E
TEH, WBIISEI  enter O M _exit () AEFER wvith 1IBAIJAEETSRE R
XL, Bl __exit__ O AETUILREFHOXLET,

£ contextmanager {RIRFAB—MUEN L TXEIERAZRER, v[&E 9.22 I\,
ERE 12.6 NHHREE M ERTRAEFHEIEL EHERR,




8.4 RIBKRENKNNEREFRLZ
[a] &

MREFZCIRXE (FTELEA) MR, ERHARKIIAE.

fRIRTI

WFEZRRARIMBRNBIEEMAIEMES, RAIRLETLAERI __slots__
BRI A B SLOIRT SHIATE. ELal:

class Date:
__slots__ = ['year', 'month', 'day'l]
def __init__(self, year, month, day):
self.year = year
self .month = month
self.day = day

SHIRENX __slots__ Ja, Python iR RNEFIER—MEMEZZNALRTR. =
FliEE — MR EERNIBEERME, MARHBNEFEX —NFH, XRT
AHIIRREM, & __slots__ FIHAIEMRERSBEIRGTZX AN BUEBRVFEE R
L. £R slots — M REFRM G AR HANNEBAXLORMFFHIBME T, ReeERE
__slots__ FEXMIBBLEMHE,

DS

M slots B ENAFSBEEFMEEMMNBMENREIG X, NdE, —8Ki#, FH
HPAFESENERBEEE—ANTHPERS, I THIE—NEMINR, RIZIEAE
H slots BfEFE— Date 324, 7£ 64 {ufY Python FEE LA 428 F11, MUR(E
BT slots, NEFGA TR 156 1, IRIEFPEZERNEIEZAREIBEASEA, FB
LI RBER KRR/ NATEERE T,

RE slots B LEZR—MEEAWEME, BRSRRIFERFELT EHERFE,
Python F1R S 45MEEMKEN T EBNET TSI, B, EXT slots RHIEARER
F-LEmERSNT, LS8R, XKSBBERT, MENEIERLELEEREAZIFA
ERURLEMIRIE ETE X slots (EEIERFHREZCRBENLNLEANELITR),

KT __slots__ BI—NMERRXEZERIMER— MR T AR LILRA P A 501E
INFEIEM, REMEH slots JLAAZIXFER, BERZNMATZENWIR, __slots__
ESHMERARIFA—ITAFRLEIEA

8.5 ERHIHREMR
o] &

(RABITREMLE EER “FAE" I8, ER Python IESFHEBEIES,




fRIRTI

Python 2F RAXMKENESIHUEEZIREIE, MBELEE —ENBEIM TG A
BHIRIABZNER, F—IMAEREFUNRETRIZL AR FENIZEAEBE
. teun:

class A:
def __init__(self):
self._internal = 0 # An internal attribute
self .public = 1 # 4 public attribute

def public_method(self):

rr

A public method

rr

pass

def _internal_method(self):
pass

Python FARBERFEIERALRIAEE, BRMRMFEIAMEER NI, 7]
REXSRESEMCHE, RINAEIEE, EAFIEALNYERMERTIRRANR
REHIEER, B0, MRIFBRR MERBZ AR T RIZEAK (EEW _socket), IBE#MZ
NERSCHL, BMURY, MERFFRIBELYN sys. _getframe ) EEAMIEHEFLSZINGE VD
T

FErPIRE BRI ERE X PERAMNTIL () FRpaER, thal:

class B:
def __init__(self):
self.__private = 0

def __private_method(self):
pass

def public_method(self):
pass
self.__private_method()

FERANTINE&AGESEHIA 0BT EMA I, tEl, ERIEEIE B B, 4B
BHESWIHEFRN B private M _B__private method , XBHE{RA]BES[0)iX

HEGRMNENRMt2, EXRMESR—IMEMHEIHRR T EWESH. tLl:

class C(B):
def __init__(self):
super () . __init__Q
self.__private = 1 # Does not override B.__private

# Does not override B.__private_method()
def __private_method(self):
pass




XEB, FAER __private 0 __private_method WEGTERN _C__private 0
_C__private_method , XM IRERZE B FHBEMETERER,

i

LHRIEFMAENRILAE (BTSN T X%) ReasBINBEBEYE, A
AFAR T BRI ? KSHMES, MR ZILRIELAHL BB TR
k. B, NRMFBBENRBILIREFE, FEBEERIBIENZEFERPRERL
R, BLAEBRERANTIIESE,

EE—REZIENE, BHERMFEXN—IMEENEMREXBF AR, XREF]
PAER SR T XIEAF nEER, FI1a0:

lambda_ = 2.0 # Trailing _ to avoid clash with lambda keyword

XEHNHAERSE TULENBNRERCTRERBTHERYR WNEAETL
LARNBNRA THILES B HRMARERX N EEEIEN). BiERRT %
JEERT AR A a)

8.6 Bl EENEM
(e

{FBLARASER attribute IEINBRIARI S B Z MO EALIBBEE, LLINLRIEE
HETEMRIE
P YES

BEXENBHR—MEREREETE X I9— property, Flal, FTEHEMCEE
XY =4 property, BN —NEMREBMRAEE:

class Person:
def __init__(self, first_name):
self.first_name = first_name

# Getter function

@property

def first name(self):
return self._first_name

# Setter function
@first_name.setter
def first_name(self, value):
if not isinstance(value, str):
raise TypeError('Expected a string')
self._first_name = value




# Deleter function (optional)
@first_name.deleter
def first _name(self):
raise AttributeError("Can't delete attribute")

EFRREBRE=MEXBNAGE, Z=NFENBFHBOIN—H, E—NHER—
A getter REY, EFER first_name A—NEM, HEMMEANFIEL first_name B
MERIIT setter Fll deleter RN, FERIAMRRBE first_name BHWEIET,
EEHAZEINES efirst_name.setter Fl @first_name.deleter A BEWIE Yo

property — PN RBEHEREE LXB LB attribute 2T AT, BERiAGE
MRS Bt & getter . setter Fll deleter F3ik, HlYl:

>>> a = Person('Guido')
>>> a.first_name # Calls the getter
'Guido’
>>> a.first_name = 42 # Calls the setter
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
File "prop.py", line 14, in first_name
raise TypeError('Expected a string')
TypeError: Expected a string
>>> del a.first_name
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
AttributeError: can't delete attribute
>>>

AL — property FIBHE, KELIE (MNREMIE) MAEEFHEERE A,
EE, 7E get # set FiEA, REBEIN first name BMAIEIE, Xt ESEFREUIE
REWH S, B9, (ReTEERLE R4 init O AiEFIRET self.first name
MARE self. first_name , FEXANMIFAH, FANEIE—1 property EMIREIRE
attribute FIRHRH#ITICE, FIb, RelEBEVIRECHRER#HITXMERNSE, B
IR E self.first name , BN setter 5i%, XNAEZE@MEHITSHIINE,
BNFRE AN self. first_name [,

TEETECFER get 1 set F5iEEAM EE X property, 5I80:

class Person:
def __init__(self, first_name):
self.set_first_name(first_name)

# Getter function
def get_first_name(self):
return self._first_name

# Setter function
def set_first_name(self, value):
if not isinstance(value, str):
raise TypeError('Expected a string')
self. first_name = value




# Deleter function (optional)
def del_first_name(self):
raise AttributeError("Can't delete attribute")

# Make a property from existing get/set methods
name = property(get_first_name, set_first_name, del_first_name)

e

— property BHELMEZ—RIIEXAEREZNES, NMRMGEZEEFHE
property B3, FAE&I property KB R fget, fset F fdel BHMEBXERMITZES
5. tbdn:

>>> Person.first_name.fget

<function Person.first_name at 0x1006a60e0>
>>> Person.first_name.fset

<function Person.first_name at 0x1006a6170>
>>> Person.first_name.fdel

<function Person.first_name at 0x1006a62e0>
>>>

BEXRE, (FASEEEUAR fget k& fset, BA1STEIAIG) property RIBHRE LN
A,

RBESFAEFEX attribute AITEMENIMVRIERIIHET RZEAZ] property,
B E—LNEMRIZIES (L Java) WIRAIEF GISIA J9 AT B V5[0 &8 N %8 T
getter F setter, FRBABAHARNBRZG TEXHES:

class Person:
def __init__(self, first_name):
self .first_name = first_name

@property
def first_name(self):
return self._first_name

@first_name.setter
def first_name(self, value):
self._first_name = value

AEEXMSEMIT I EENIMEIERY property, B5E, ESILRIIKIBTEERE
i, FEHEASERXFIEE, HX, EXSILRNEEFETERTERS., &E, XHEMNIR
TTHEETRIEMIVFLA, 153 HRUEELERE attribute 15[R1RINZNIMIALIEZ
BEAVEHE, {RRJLAGET R — property MA BT ERKIINEL, EJiAlE] attribute
FREIE B IRIFEN,

Properties W —ME XA ITE attribute B9757%, XFERELAY attributes HFAS
HSCFRRYTESE, MEESENMEITELR, Lkl




import math
class Circle:
def __init__(self, radius):
self .radius = radius

@property
def area(self):
return math.pi * self.radius *x* 2

@property
def diameter(self):
return self.radius * 2

@property
def perimeter(self):
return 2 * math.pi * self.radius

EXE, FATEL(ER properties, EFABMALZEORIE K, WHZE B
2. BKF@EAIALERELEHEIGE), FMEU5RIEEM attribute 2 —#H9, NR
RNZHEEMEE, B2oMEBEERBRESERGREEMIARF G EAR, TEIERSE
{1 :

>>> ¢ = Circle(4.0)

>>> c.radius

4.0

>>> c.area # Notice lack of ()
50.26548245743669

>>> c.perimeter # Notice lack of ()
25.132741228718345

>>>

RE properties B]JASCHMA TR RIZIED, BEEEMERLER B ERZER getter
0 setter RIEY, 5140:

>>> p = Person('Guido"')

>>> p.get_first_name()
'Guido'

>>> p.set_first_name('Larry')
>>>

EMIEANEHINBEEZREA Python NEBHEMD — P REEMTERMIEF
. fIun, BEIEER— Python HEZFMAZ —NMEFEEIRIFRNAESHRR
@R, XMIBRT, BEERER get/set Bk (BiBAERA) MAR property iIFEE
BERE,

RE—R, TERTEXHFESEEREESE B property E X :

class Person:
def __init__(self, first_name, last_name):
self.first_name = first_name
self.last_name = last_name




@property
def first _name(self):
return self._first_name

@first_name.setter
def first_name(self, value):
if not isinstance(value, str):
raise TypeError('Expected a string')
self. first_name = value

# Repeated property code, but for a different name (bad!)
@property
def last _name(self):

return self._last_name

@last_name.setter
def last_name(self, value):
if not isinstance(value, str):
raise TypeError('Expected a string')
self. last_name = value

EENEISKEN. ZHEMAMNER. FHRER, BdERARITRENAE,
BRSMEBEFNGERTARENSR, FISE 89 # 9.21 N HHRA.

8.7 THRAXRERE
o) 25
FREEFEPIFARENENCEHEBEEZMTGIE,
R
ATIAARSE (BFX) W—1NFi%, PJUAERH super O RE, tbin:

class A:
def spam(self):
print('A.spam')

class B(A):
def spam(self):
print('B.spam')
super() .spam() # Call parent spam()

super ) BB —NERRZERE __init__ O AEPHREREHIEHBIVIBIL
T




class A:
def __init__(self):
self.x = 0

class B(A):
def __init__(self):
super () .__init__Q
self.y = 1

super ) HBIN—PENRZHMEESE Python F55RTTERCEHR, LN

class Proxy:
def __init__(self, obj):
self._obj = obj

# Delegate attribute lookup to internal obj
def __getattr__(self, name):
return getattr(self._obj, name)

# Delegate attribute assignment
def __setattr__(self, name, value):
if name.startswith(' '):
super () .__setattr__(name, value) # Call original __setattr _
else:
setattr(self._obj, name, value)

FELEENRBEH, __setattr__ O HNEMBE—IBFHEE, NRENTBHEBU T
#% (L) 3k, FBE super O BRARIBAY __setattr__O , BMWANEMEIRESAZBRY
RIEWR self. obj ZRIE, XBELFERER, AAMELBEEAMNEREANEN
R, super) AR ABMAITAE,

i

SEFR £, REIFE Python FIMAIEMER super O BRBEEMZEL, (RERY
RSB TEHIFERIERAREN—1NTGE:

class Base:
def __init__(self):
print('Base.__init__")

class A(Base):
def __init__(self):
Base.__init__(self)
print('A.__init__")

REWFREBIREMS X AMLT ARM, BREES#IELE 2 HERNN
BHRREFESBIRSENREAE. i, BRI TS




class Base:
def __init__(self):
print('Base.__init__"')

class A(Base):
def __init__(self):
Base.__init__(self)
print('A.__init__"')

class B(Base):
def __init__(self):
Base. _init__(self)
print('B.__init__"')

class C(A,B):
def __init__(self):
A. init_ (self)
B.__init__(self)
print('C.__init__")

MRIRBITIRERRBIAR LI Base. __init__ () WIAAFR, MTAR:

>>> ¢ = C(O)
Base.__init__
A.__init__
Base.__init__

B._ _init__
C.__init__
>>>

A EEMRIEA Base. __init__ (O RITAIRA, BERRAAZR. 5—7HHE, KRR
{RERBHIRMER super ) , ERMBTET:

class Base:
def __init__(self):
print('Base.__init__"')

class A(Base):
def __init__(self):
super () .__init__Q
print('A.__init__")

class B(Base):
def __init__(self):
super () .__init__Q
print('B.__init__"')

class C(A,B):
def __init__(self):
super () .__init__() # Only one call to super() here
print('C.__init__")




BITENMMRAE, (FREIEN __init__ O HERSWEA—KXT:

>>> ¢ = CQO
Base.__init__

B._ _init__
A.__init__
C.__init__
>>>

ATFBENRIE, BIIEZES0TE)HEFET Python SaEISLIRLR AR, N TR
EXHIE—1E, Python RITEH—ANETBIAEEMRIRE (MRO) FIR, X4 MRO
JRMR— NIRRT EELEMNEEINFR, Fla0:

>>> C.__mro

(<class '__main__.C'>, <class '__main__.A'>, <class '__main__.B'>,
<class '__main__.Base'>, <class 'object'>)
>>>

7T FEMYERK, Python RE MRO FIR ENERAHRERESE, EEIHKEIFE—
ML BRI A LE,

MiX MRO FIRIMERE T —/ C3 KIECEERIWM, FIIARAFRTRIN
%EE’J;&%FIE EXfRLEME #Fﬁﬁ""‘ﬂ’] MRO FIRFEEINT =52 :

RETRERNE
. ’4‘5&;‘;%1‘&?&b1|]T‘§Ui€EIJE’JJIIJﬁF%E 8E
o MEBWF—NREFEBNGEMESE, BEF—IPRE

EL, (RAAEE E’J?TL/—E MRO F&RFPHIENAF S ILFREXNERELRER X R

é’ffﬁﬁﬁﬁ super () EREIAY, Python &7 MRO JIREHEERT—NE, RE
BNEEXNAESR—(EA super O FH R iﬂﬁﬁb R, BLEFIRRESBHTEN
MRO 3I&, BN A EHREBIAA—R, IR AT AEEZNMIFREARIERHR
/R Base. _init__ () BIREEA,

super ) BN ARZIFENHMGREAN—EZEKRENELE MRO T —1E#E
RE, MEEFUE—NMREERERXENERERE, FlW, BRI TEANE:

hoi

class A:
def spam(self):
print('A.spam')
super () . spam()

MRIFNEERFERX N EMSHE:

>>> a = AQ)

>>> a.spam()

A.spam

Traceback (most recent call last):




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

File "<stdin>", line 4, in spam
AttributeError: 'super' object has no attribute 'spam'
>>>

BE, NRFEASHRMNEEESIREMT4:

>>> class B:
def spam(self):
print('B.spam')

>>> class C(A,B):
pass

>>> ¢ = CQO

>>> c.spam()

A.spam

B.spam
>>>

{REIABEIEZE A BfEMA super ) .span() LR LIAARNZRE A EXLXRIE
B HHY spam() FiF. XML C B MRO FIRMFINTT2MHERFERT !

>>> C.__mro

(<class '__main__.C'>, <class '__main__.A'>, <class '__main__.B'>,
<class 'object'>)
>>>

FEESGRAEMRHEZFER super O RIREIEN, FIASE 8.13 M 8.18 /i3,

PAT, BT super ) PIBERBAARERMBENTE, (M ZERE—LEARN, &
7%, MEREAREATAEERRFNLEFRBRAIRENSHER (LLIHERNSED
HHSHBM), ZHFTLARR super O BA—NMEEBRRERDENASHE, HX,
RIFREREIENREHR TXANGENKN, IHMIEE MRO EENEXRBEE]
MBI RN WETTE,

£ Python #tX YT super O HEABIHERSIR—LEFRIN, REULL, MR-
tIRKIEVIE, REOZERRIMCBHRERAE. Raymond Hettinger AT T —RIERLF
BIXE “Python’ s super() Considered Super!” , BT XEHPIFEFHIERT At
2\ super () BREFHY,
8.8 FEHY FE property

o] &

EFER, FEEFRENXERIER property BITNEE,



http://rhettinger.wordpress.com/2011/05/26/super-considered-super

fRIRTIZ

EEIWMTRE, EEXT— property:

class Person:
def __init__(self, name):
self .name = name

# Getter function

@property

def name(self):
return self._name

# Setter function
@name.setter
def name(self, value):
if not isinstance(value, str):
raise TypeError('Expected a string')
self. _name = value

# Deleter function
Oname.deleter
def name(self):
raise AttributeError("Can't delete attribute")

TEHR—1NRAZE, EHEEB Person F¥ BT nane BHERIINEE:

class SubPerson(Person):
@property
def name(self):
print('Getting name')
return super() .name

O@name.setter
def name(self, value):
print('Setting name to', value)
super (SubPerson, SubPerson) .name.__
Oname.deleter
def name(self):
print('Deleting name')
super (SubPerson, SubPerson) .name.__delete__(self)

BRERXAME:

>>> g = SubPerson('Guido"')
Setting name to Guido

>>> s.name

Getting name

'Guido'

>>> s.name = 'Larry'

set__(self, value)




Setting name to Larry
>>> s.name = 42
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
File "example.py", line 16, in name
raise TypeError('Expected a string')
TypeError: Expected a string
>>>

RN R R property BIE—/1NAi%E, BAFTUGTEXIMNS:

class SubPerson(Person):
QPerson.name.getter
def name(self):
print ('Getting name')
return super() .name

E, RREEY setter HiE, MXALE:

class SubPerson(Person) :
@Person.name.setter
def name(self, value):
print ('Setting name to', value)
super (SubPerson, SubPerson).name.__set__(self, value)

HEFEPY B—1 property AIEERXSIEBESAZERAE)M, EJ— property
HIZ getter, setter M deleter HiEMES, MARENSE, AL, HGEYE—

4~ property HIFHE, (FREEXWEMERESEEMEXFMENAFERHIAEBREHRRE
— N

7o

EE—NMEFH, FTBH property FiEEHEME N, EE—1NAER, EHT
super () RIFFAR LRSI, 7 setter BRAENF{EF super (SubPerson, SubPerson).
name.__set__(self, value) HIBRIREZBHN, AT ERITLZHITE XK setter J5
%, BERBEHINEBRLZEIE XL name BEHM _ _set_ O Ak, A, FHFEUXAN
RiENE—ZZREALXTEMARLATEXRIFNE, IHWENTLAKNEFLH
super (SubPerson, SubPerson) RY[RE,

NRERBETEXER—IFGE, BREA Qproperty KB EBABHY, tEdl, FE
BRI iE TIE:

class SubPerson(Person) :
@property # Doesn't work
def name(self):
print('Getting name')
return super() .name

MRAFABBITREM setter REENEKXT :




>>> s = SubPerson('Guido')
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
File "example.py", line 5, in __init__
self .name = name
AttributeError: can't set attribute
>>>

{RRZR Z BT IS R BRAF TR

class SubPerson(Person):
QPerson.name.getter
def name(self):
print('Getting name')
return super () .name

XALERE, property ZBIEZENXEH G ESWESITR, M getter LREIRE R,
AR EMBEIRIBEIERN TIE T

>>> s = SubPerson('Guido')

>>> s.name

Getting name

'Guido'

>>> s.name = 'Larry'

>>> s.name

Getting name

'Larry’

>>> s.name = 42

Traceback (most recent call last):
File "<stdin>", line 1, in <module>
File "example.py", line 16, in name

raise TypeError('Expected a string')
TypeError: Expected a string
>>>

7('_5; BRAlRRERARP, RIEDEEREMBE ﬁﬁﬂﬁﬁ‘tféiﬁeﬁﬁfﬁﬁﬁﬁ
Person £8B, MNRMEAFBEEKEMNELRTENXT property, HIRREEBIENTE X
Fi& property F{ER super ) KIFIEHIIE B LA RIHEHBISLIA,

EFEEMR CEERIE —MERARE ] UARY B— MRS (£ 8.9 M5H
MNBEENNEAE). tun:

# A descriptor
class String:
def __init__(self, name):
self .name = name

def __get__(self, instance, cls):
if instance is None:
return self
return instance. dict [self.name]




def __set__(self, instance, value):
if not isinstance(value, str):
raise TypeError('Expected a string')

instance. _dict__[self.name] = value

# A class with a descriptor
class Person:
name = String('name')

def __init__(self, name):
self .name = name

# Extending a descriptor with a property
class SubPerson(Person):
Q@property
def name(self):
print('Getting name')
return super() .name

Oname.setter
def name(self, value):
print('Setting name to', value)
super (SubPerson, SubPerson).name.__set__(self, value)

Oname.deleter
def name(self):
print('Deleting name')
super (SubPerson, SubPerson).name.__delete__(self)

RIGENITENR, Z2XEMN, RMIZSRITFEN setter F deleter F5ikH
SERREEN., XBEROBRSREHER, BRLE Pyihon BY issue TIHE REH—
A bug, SIFRESIERN Python AR LI — N EMEERITTE.

8.9 BIEFAYSESLHIEME
2128

(RABRIE— RIS — LA NRERYSE I B SR, LEANRBIRE,

fRIRTI

NRFBEIZ—NEFHISLOIBME, PJIEE —MER R EMAINRE X ERII)
gE. FTEHIR—MIF:

# Descriptor attribute for an integer type-checked attridbute
class Integer:
def __init_(self, name):



http://bugs.python.org/issue14965

self .name = name

def __get__(self, instance, cls):
if instance is None:
return self
else:
return instance. dict_ [self.name]

def __set__(self, instance, value):
if not isinstance(value, int):
raise TypeError('Expected an int')

instance. dict [self.name] = value

def __delete__(self, instance):
del instance. dict [self.name]

—MERFMER— NS T = MO EMELIEHRIE (get, set, delete) BIZE, 733)
7 __get__O . __set__(O M __delete__ O X=/MFWIIFE, XEFFEZ -
BIfERIEA, ZEHEREIRIESBIR RN,

AT ER—EREE, T MERRBISEAE HEBMERE—NEREXH, 7

class Point:
x = Integer('x')
y = Integer('y')

def __init__(self, x, y):
self.x
self.y

X
y

SR MG, FFENERZEEM (Ebdl x 2k y) BVIARISH __get_ O . __set__(O
M delete_ O H/f?ﬁﬂ I, 540

>>> p = Point(2, 3)
>>> p.x # Calls Point.xz.__get
2
>>> p.y =5 # Calls Point.y.__set__(p, 5)
>>> p.x = 2.3 # Calls Point.z.__set__(p, 2.3)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
File "descrip.py", line 12, in __set

(p,Point)

raise TypeError('Expected an int')
TypeError: Expected an int
>>>

ERBA, BIRBHNE—NRHESES —MEESLH, BTRIMIBEKREE, BN
FIRESCHIRERIFE ( dict BY), #HR23HY self.name BHFME TESLAIF
B4 SCRRERRIRY key,




e

AL K& Python XIFHHRBIKEEE, B oclassmethod .
@staticmethod . @property , BEEZR __slots__ SR

BT E X —MEREE, (Fo] AERERRIZODBISEOHRIE (get, set, delete), FH
AREBEEXENNTA. ZR—1MEANIR, BTEMIUULRESSRINGE,
BetRREZSRENMERFHNEEZTRZ—,

RS — N EREZRM ST RERBEREIREN, MAGERFNLMHRM
EX, BEIE, FERREETETIE:

# Does NOT work
class Point:
def __init__(self, x, y):
self.x = Integer('x') # No! Must be a class variable
self.y = Integer('y")
self.x X
y

self.y

Ef, __get__O HEFMERILBLEEERES:

# Descriptor attribute for an integer type-checked attridbute
class Integer:

def __get__(self, instance, cls):
if instance is None:
return self
else:
return instance. dict [self.name]

__get__ O BERAREZNERPETEOTEMERTENANE, WR—ED
B LM —NEZEXRIAR], B4 instance SEMIRERL None . XMIFER T, tREM
AR E R ANREXNMEARER A FENE] (RE(FETURINE M B E XIRME), Fla:

>>> p = Point(2,3)

>>> p.x # Calls Point.z.__get__(p, Point)

2

>>> Point.x # Calls Point.xz.__get__ (None, Point)
<__main__.Integer object at 0x100671890>

>>>

R EREE R BLEE AR RIMFI TR RBER P — N EG, B ENIRIE
RtwREERE, #0MMF, TaR-EESRNETHERENNE, FPLE—1

H AT hrog .
RRIDES:

# Descriptor for a type-checked attridbute
class Typed:
def __init__(self, name, expected_type):
self .name = name
self .expected_type = expected_type
def __get__(self, instance, cls):




if instance is None:
return self
else:
return instance. dict [self.name]

def __set_ (self, instance, value):
if not isinstance(value, self.expected_type):
raise TypeError('Expected ' + str(self.expected_type))
instance. dict [self.name] = value
def __delete__(self, instance):

del instance. dict [self.name]

# Class decorator that applies it to selected attridbutes
def typeassert (*xkwargs):
def decorate(cls):
for name, expected_type in kwargs.items(Q):
# Attach a Typed descriptor to the class
setattr(cls, name, Typed(name, expected_type))
return cls
return decorate

# Example use
Q@typeassert(name=str, shares=int, price=float)
class Stock:
def __init__(self, name, shares, price):
self .name = name
self.shares = shares
self .price = price

REEEHN—RE, NIRMFARBEENEEXENTENBENEMEUIRIEIEM
AREBEHERRT, XMEBERLTER 8.6 NTINER property RRSREMNES., SiE
FHERSESENBENMRERRMRBERT (LLRBEMRAEERS T ERER
BRIRHINEERE R EF I —MREENY),

8.10 ERITRITEEM

(o] &

RBF— N RIZBMHEE X — property, FEREARBIMEA RITTELER, B
=—B#®iskE, RAEEEREWRETER, THBREETE

IS

EX—NEREMN—MENHEREIER —MEREE, WTAR:

class lazyproperty:
def __init__(self, func):
self.func = func




def __get__(self, instance, cls):
if instance is None:
return self
else:
value = self.func(instance)
setattr(instance, self.func. name , value)
return value

MEERTEIFE—TEFERE

import math

class Circle:

def __init_ (self, radius):
self.radius = radius

Q@lazyproperty
def area(self):
print ('Computing area')
return math.pi * self.radius ** 2

Q@lazyproperty

def perimeter(self):
print ('Computing perimeter')
return 2 * math.pi * self.radius

TEHE - IREWMRHERENER:

>>> ¢ =

>>>

4.0
>>>

Circle(4.0)
c.radius

c.area

Computing area
50.26548245743669

>>>

c.area

50.26548245743669

>>>

c.perimeter

Computing perimeter
25.132741228718345

>>>

c.perimeter

25.132741228718345

>>>

FHAMBRIRRAIMEE Computing area F Computing perimeter {X{XHIL—

e

RSAE, Wis—MLETERENERZENE N TR ERE, flill, FelbliE%

HEXEEMEE, RIEFENSFEE]. XEERNARERAZARELINXFINRD,




ARG ERET NI SWAV A TVER R 2R — M RIA R X MR,

IEGNEE /T (90 8.9 /NFY) FRHEIARHE, H—MERBZHAMN— 1 EHE XA,
FRIGRIBHNTER __get O __set__O Fl __delete__() Hlf?ﬁ%?ﬁﬁﬂko ZSu
MR —MERBXNREX T —N __get__ O FHiEME, ELLEERNEBEHERISE,
Yalit, /\ﬁél?}filﬁlﬂ):T$Z§T}1§UTE'€J=E’J%QQ¢ET __get__ () FiEA=HML,

lazyproperty EFAX—=, A __get_ O H/$T+1§U¢ﬁﬁﬁﬂ-%dﬂ€ﬁ’]1§

ANSEBIEFREREBFIE T property, XEE—R, HRERFMESLGIFEHH
AR R EE R B property T (RETAEETRA MBI FRMELR

>>> ¢ = Circle(4.0)

>>> # Get instance wvariables
>>> vars(c)

{'radius': 4.0}

>>> # Compute area and observe wvariables afterward
>>> c.area

Computing area

50.26548245743669

>>> vars(c)

{'area': 50.26548245743669, 'radius': 4.0}

>>> # Notice access doesn't invoke property anymore
>>> c.area
50.26548245743669

>>> # Delete the wvariable and see property trigger again
>>> del c.area

>>> vars(c)

{'radius': 4.0}

>>> c.area

Computing area

50.26548245743669

>>>

EMHBRE—NNREME T E LA EREIE R R ARIECLHY, FI50:

>>> c.area
Computing area
50.26548245743669
>>> c.area = 25
>>> c.area

25

>>>

NRAFIBDZX AR, FBAEICAER —FIERULIB A EAISEI, &R T EXE:

def lazyproperty(func):
name = '_lazy_' + func.__name__
@property
def lazy(self):




if hasattr(self, name):
return getattr(self, name)
else:
value = func(self)
setattr(self, name, value)
return value
return lazy

MBAMERAXNRE, RELRIMIRERVURFEEN KT T

>>> ¢ = Circle(4.0)

>>> c.area

Computing area

50.26548245743669

>>> c.area

50.26548245743669

>>> c.area = 25

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

AttributeError: can't set attribute

>>>

EMHERE—NRRMEAE get BIFEHDIRE RZIBMER getter REL
t% B2 B S MBI T B S B S R LR B — Ro WIRIBIRENE
95E:.F property MeIEEBEHEMNER, FTUEE 8.6 /T, MERSZEXRETL
£ 8.9 MNT3RE.

8.11 EI{LEIELEMAIFIRIL
|o) 25

RETRZBNXABEHIBEMIZE, FEBEARSMARN __init_ O R
RIRAR

AAE—NEEPRE—NRFR __init__ O RE:

import math

class Structurel:
# Class wvartable that specifies expected fields
_fields = []

def __init__(self, *args):
if len(args) !'= len(self._fields):
raise TypeError('Expected {} arguments'.format(len(self._fields)))
# Set the arguments




for name, value in zip(self._fields, args):
setattr(self, name, value)

RIRIEMRRIR SR B IX MR

# Ezample class definitions
class Stock(Structurel):
_fields = ['name', 'shares', 'price']

class Point(Structurel):
_fields = ['x', 'y']

class Circle(Structurel):
_fields = ['radius']

def area(self):
return math.pi * self.radius ** 2

{E XA RA

>>> s = Stock('ACME', 50, 91.1)
>>> p = Point(2, 3)
>>> ¢ = Circle(4.5)

>>> 82 = Stock('ACME', 50)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
File "structure.py", line 6, in __init__
raise TypeError('Expected {} arguments'.format(len(self._fields)))
TypeError: Expected 3 arguments

MREEZFHRBFSN, TUERBEFSBIRERTOIEM:

class Structure2:
_fields = []

def __init__(self, *args, *xkwargs):
if len(args) > len(self._fields):
raise TypeError('Expected {} arguments'.format(len(self._fields)))

# Set all of the postitional arguments
for name, value in zip(self._fields, args):
setattr(self, name, value)

# Set the remaining keyword arguments
for name in self._fields[len(args):]:
setattr(self, name, kwargs.pop(name))

# Check for any rematining unknown arguments
if kwargs:
raise TypeError('Invalid argument(s): {}'.format(','.
—join(kwargs)))

-




# Example use

if name_ == '_main__':
class Stock(Structure2):
_fields = ['name', 'shares', 'price']
sl = Stock('ACME', 50, 91.1)
s2 = Stock('ACME', 50, price=91.1)
s3 = Stock('ACME', shares=50, price=91.1)

# s3 = Stock('ACME', shares=50, price=91.1, aa=1)

REBEFANTE _fields PHIBMHIMARBHERE:

class Structured:
# Class wvariable that specifies expected fields
_fields = []

def __init__(self, *xargs, *xkwargs):
if len(args) != len(self._fields):
raise TypeError('Expected {} arguments'.format(len(self._fields)))

# Set the arguments
for name, value in zip(self._fields, args):
setattr(self, name, value)

# Set the additional arguments (if any)
extra_args = kwargs.keys() - self._fields
for name in extra_args:

setattr(self, name, kwargs.pop(name))

if kwargs:
raise TypeError('Duplicate values for {}'.format(','.

—join(kwargs)))

# Ezample use

if name__ == '__main__':
class Stock(Structure3):
_fields = ['name', 'shares', 'price']
s1 = Stock('ACME', 50, 91.1)
s2 = Stock('ACME', 50, 91.1, date='8/2/2012")
e

SRFEEEARERNOBIBEMERMEER, HEFT—MEX __init__ O FH
EME, ERXMAIVAIUXKELRE,

EEEBSSIAFANERT setattr O RMKIREBMIE, FAIEANEAXMMS
I, MEEEERENRLGIFEH, HETEXE:




class Structure:
# Class wvartable that specifies expected fields
_fields= []
def __init__(self, *args):
if len(args) != len(self._fields):
raise TypeError('Expected {} arguments'.format(len(self._fields)))

# Set the arguments (alternate)
self. _dict__.update(zip(self._fields,args))

XWACAIEE THF, (BRIEXFERMIREEMRKR T, S—PFREXT
_ slots & BT property (XA 28 )%@é’é%ﬁ\fﬁ, i N REn L NI ¥
FEEAT. BILEEA setattr) SRETBAL, BATHERFFLEE

XM EE—RFRMARENTEL IDE M5, EEREMRHETERAKNRIT,
tean:

>>> help(Stock)

Help on class Stock in module __main__
class Stock(Structure)

Methods inherited from Structure:
__init__(self, xargs, **xkwargs)

>>>

BJAEE 9.16 INTIREHITE __init__ () FHEPEESHILEEE,

8.12 EXEANEMRER
5128

REEX —MEOSMRE, AEBITRITRERERBRFESN TELERE
WIF3i%

fRRTFIZ
R abc HIRA] AR FARIE XREE:

from abc import ABCMeta, abstractmethod

class IStream(metaclass=ABCMeta):
@abstractmethod
def read(self, maxbytes=-1):
pass




@abstractmethod
def write(self, data):
pass

MREMN—MIRBETERERWSAME, LEWNFEKTEXFMEARNITH:

a = IStream() # TypeError: Can't instantiate abstract class
# IStream with abstract methods read, write

MEER BRI AL SR EH LIS ENHRTTE:

class SocketStream(IStream):
def read(self, maxbytes=-1):
pass

def write(self, data):
pass

MRELN—NETEAERAENBIRERLELART M ERE, XU THER
O:

def serialize(obj, stream):
if not isinstance(stream, IStream):
raise TypeError('Expected an IStream')
pass

PRT R MA I, BRI OB EM A TURIERE AN LI MR EE:

import io

# Register the built-in I/0 classes as supporting our interface
IStream.register(io.I0Base)

# Open a normal file and type check
f = open('foo.txt')
isinstance(f, IStream) # Returns True

@abstractmethod MBEEREFRS A, H£FHEM properties , RRFBHFRIEIXAN
R E TR EE M AIENE] :

class A(metaclass=ABCMeta):
@property
@abstractmethod
def name(self):
pass

Oname.setter

@abstractmethod

def name(self, value):
pass




@classmethod

@abstractmethod

def methodi(cls):
pass

@staticmethod

@abstractmethod

def method2():
pass

i

WMEEPBRZAEMRELIMT, collections HMIRE X TRZSIRERIL
R2; (F7. BREY, £EF) BRIVMRESRL, nunbers BEEX TIREFWR (B, ZF
A BEYE) BXRMEL, ic EEXTRSZIIR [/0 BFEXNEX,

{RE] DAE R FIE M AVMR ZERMITEERAMEERE, Fli0:

import collections
# Check if = 1s a sequence

if isinstance(x, collections.Sequence):

# Check if = is iterable
if isinstance(x, collections.Iterable):

# Check if = has a size
if isinstance(x, collections.Sized):

# Check if = is a mapping
if isinstance(x, collections.Mapping):

RE ABCs FJBLEBARAEMNMEELE, BREBINEABIERFAEISH
EAE, AR Python WAGRE—aSHRwIZIES, EEMNMEAMES RGN, @l
RUMENILMABELEESE SR, IFMERTELKRK.

8.13 SEILUREIRBUMSE UL R
E

{RIBE X R L B MR E L E B RHIEIELEM,




fRIRTI

EXAN AR, (FBREENRLESAIEEREREITEE, AAMREBRE X B

BEREL, XMIER T RIFERERE.
TEHNRBERERESIT — MR ARBMNMEIRIEESR:

# Base class. Uses a descriptor to set a value
class Descriptor:
def __init__(self, name=None, **opts):
self .name = name
for key, value in opts.items():
setattr(self, key, value)

def __set__(self, instance, value):
instance. dict [self.name] = value

# Descriptor for enforcing types
class Typed(Descriptor):
expected_type = type(None)

def __set__(self, instance, value):
if not isinstance(value, self.expected_type):
raise TypeError('expected ' + str(self.expected_type))

super () .__set__(instance, value)

# Descriptor for enforcing values
class Unsigned(Descriptor):
def __set__(self, instance, value):
if value < O:
raise ValueError('Expected >= 0')

super() .__set__(instance, value)

class MaxSized(Descriptor):
def __init__(self, name=None, **opts):
if 'size' not in opts:
raise TypeError('missing size option')
super () .__init__(name, **opts)

def __set__(self, instance, value):
if len(value) >= self.size:
raise ValueError('size must be < ' + str(self.size))

super() .__set__(instance, value)

XM EME B AIERASERB A FMWEMMBERIR, TEARZHATEIR

E X B E A ERIERHESEAL :



class Integer(Typed):
expected_type = int

class UnsignedInteger(Integer, Unsigned):
pass

class Float(Typed):
expected_type = float

class UnsignedFloat(Float, Unsigned):
pass

class String(Typed) :
expected_type = str

class SizedString(String, MaxSized):
pass

S ERIX LS MARIRAR, BAITE XY — ANk

class Stock:
# Specify constraints
name = SizedString('name', size=8)
shares = UnsignedInteger('shares')
price = UnsignedFloat('price')

def __init__(self, name, shares, price):
self .name = name
self.shares = shares
self .price = price

REMEXINENEBERMELIER, JTRIINELEEHNBEEREZTHAREASE
;0

>>> s.name
"ACME'
>>> s.shares = 75
>>> s.shares -10
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
File "example.py", line 17, in __set
super() .__set__(instance, value)
File "example.py", line 23, in __set__
raise ValueError('Expected >= 0')
ValueError: Expected >= 0
>>> s.price = 'a lot'
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
File "example.py", line 16, in __set__
raise TypeError('expected ' + str(self.expected_type))
TypeError: expected <class 'float'>




>>> s.name = 'ABRACADABRA'
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
File "example.py", line 17, in __set
super () .__set__(instance, value)
File "example.py", line 35, in __set__
raise ValueError('size must be < ' + str(self.size))
ValueError: size must be < 8
>>>

EB— AT Ut EEmEE, ER—M2ERREKRINE:

# Class decorator to apply constraints
def check_attributes (**kwargs) :
def decorate(cls):
for key, value in kwargs.items():
if isinstance(value, Descriptor):
value.name = key
setattr(cls, key, value)
else:
setattr(cls, key, value(key))
return cls

return decorate

# Example
@check_attributes(name=SizedString(size=8),
shares=UnsignedInteger,
price=UnsignedFloat)
class Stock:
def __init__(self, name, shares, price):
self .name = name
self.shares = shares
self .price = price

A —MHNEERTE:

# A metaclass that applies checking
class checkedmeta(type):
def __new__(cls, clsname, bases, methods):
# Attach attribute names to the descriptors
for key, value in methods.items():
if isinstance(value, Descriptor):
value.name = key
return type.__new__(cls, clsname, bases, methods)

# Exzample

class Stock2(metaclass=checkedmeta):
name = SizedString(size=8)
shares = UnsignedInteger ()
price = UnsignedFloat()




def __init__(self, name, shares, price):
self .name = name
self.shares = shares
self.price = price

i

ATNERTERESESRITAR, BiEmARE. BAZE. superO BIER. LRIHZEFIT
%, T\Tﬁbrﬁi——#ﬁw%ﬁﬂ%iﬁ BEZ —IU\T:E 8.9, 8.18, 9.19 I\HKAEZHF,
BR, HEX ER—TIANEETENS,

B %%, 7E Descriptor E?ﬁéﬁlﬂﬁﬂ%ﬁﬂﬁﬁ\ __set__O &, FARBEN
__get__O ik, MR—AMERUNENEELGIZEPRIMENEHENIE,
LRWBEBEENX __get__O Fik,

Fﬁﬁ?mﬁ%ﬁiﬁﬂmga:;w}\**iﬂ,m EE40 Unsigned # MaxSized E IR H {th 4k
B Typed KB, XERN RS HARITIMABNAIINEE,

BARH— AR ﬂEEE#E’JiHJTiE, WA super O BEY, (RATMEREZEA
RN BRE, (FREERAMKESETEIERNER, WMRUNSFEAE=EN

%O

(EARKRINBMITERBEE U CNRE, LEBENMFRESLKMIEIFTERBA
—XEMRER T,

# Normal

class Point:
x = Integer('x')
y = Integer('y')

# Metaclass

class Point(metaclass=checkedmeta) :
Integer ()

Integer ()

X

y

FMBERER, ERIMBARNZERRENESA, B%, EF MBI H
9K, tl:!llhlsxo HX, Rif2Ee] ARE S HIRINMIFR,

&fa, RifFLEFBAZNEBRNRARLNEHFRINE;

# Decorator for applying type checking
def Typed(expected_type, cls=None):
if cls is None:
return lambda cls: Typed(expected_type, cls)
super_set = cls.__set__

def __set__(self, instance, value):
if not isinstance(value, expected_type):
raise TypeError('expected ' + str(expected_type))

super_set(self, instance, value)




cls.__set = set

return cls

# Decorator for unsigned values
def Unsigned(cls):
super_set = cls.__set__

def __set__(self, instance, value):
if value < O:
raise ValueError('Expected >= 0')

super_set(self, instance, value)

cls. _set = set

return cls

# Decorator for allowing sized values
def MaxSized(cls):
super_init = cls.__init__

def __init__(self, name=None, **opts):
if 'size' not in opts:
raise TypeError('missing size option')
super_init(self, name, **opts)

cls.__init__ = __init__
super_set = cls.__set__

def __set__(self, instance, value):
if len(value) >= self.size:
raise ValueError('size must be < ' + str(self.size))

super_set(self, instance, value)

cls. _set = set

return cls

# Spectalized descriptors

@Typed (int)

class Integer(Descriptor):
pass

QUnsigned
class UnsignedInteger(Integer):
pass




@Typed(float)
class Float(Descriptor):
pass

QUnsigned
class UnsignedFloat(Float):
pass

@Typed(str)
class String(Descriptor):
pass

@MaxSized
class SizedString(String):
pass

LWHmem*m2mmm% ¥, MENITEELSER, B M EBEER
BirE, BinRARELLZEIREAENARLER 100%, MEMRMZKEZEDE
RTAPRMASTTIE? ™ ~
8.14 SLIMEHTE X B2
o] &%

R — B EXERENA BRI ETRIELINEE, LLNFIRNFH, B2
E B R ESLIMBLE TS5,

fRIRTI

collections EX TRESMKREL, HEEEAEXETRZRENMEENRIEEEHR,
EEUN{RABILARRIE ST FRER, BBFAIL(R "J SY¥7K collections.Iterable EIA]:

import collections
class A(collections.Iterable):
pass

AIIREELI collections.Iterable FAEHIMFR %5, BNSRE

>>> a = AQ
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: Can't instantiate abstract class A with abstract methods __iter__
>>>




RRBEFXWM __iter__ O FHFEMASIMET (B8 4.2 # 4.7 /©1),
RE] AR B EZLAIE — IR, EHIRERPTUAKEFESLIMLETS %

>>> import collections
>>> collections.Sequence()
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
TypeError: Can't instantiate abstract class Sequence with abstract methods \
__getitem__, __len
>>>

TEE—/EaNRA, %&ELEHE Sequence HMFRE, FHEXLMTHEIREBIRFTE
fi#:

class SortedItems(collections.Sequence):
def __init__(self, initial=None):
self. items = sorted(initial) if initial is not None else []

# Required sequence methods
def __getitem__(self, index):
return self. items[index]

def _len_ (self):
return len(self._items)

# Method for adding an item in the right location
def add(self, item):
bisect.insort(self. items, item)

items = SortedItems([5, 1, 3])
print(list(items))

print (items[0], items[-1])
items.add(2)

print (list(items))

AJAEE], Sortedltems IREBEHIFIGT AW, ZHAMEEREE, 8BRS
KR, e8¥lEr, EERRHERE

XEEERET bisect IR, ER—MEHIFIIRFBATRENISNN. I
RIETRIBAREFRIFIIF.

wie

{£F collections FRMYIHRELFIARBRIRE E X B R[LI TABERVENTE,
FEHRTEELERERE, (FEBEXEREHERIMIRUNETE, WMTAR:

>>> items = SortedItems()
>>> import collections
>>> isinstance(items, collections.Iterable)




True

>>> isinstance(items, collections.Sequence)
True

>>> isinstance(items, collections.Container)
True

>>> isinstance(items, collections.Sized)
True

>>> isinstance(items, collections.Mapping)
False

>>>

collections EP?E%THE?R?E%\ —%ﬁm%%ﬁ 5%1?%19%%‘1‘»AE’9$IE, X F—
%{mﬁéﬁﬁimﬁﬁﬁé{m%@%‘é@mﬁ%EIJFL, 1E§i§1ﬂﬁ’93'§g|i7¥‘(§ collections.
MutableSequence , 41K :

class Items(collections.MutableSequence) :
def __init__(self, initial=None):
self. items = list(initial) if initial is not None else []

# Required sequence methods

def __getitem__(self, index):
print('Getting:', index)
return self._items[index]

def _ setitem__ (self, index, value):
print('Setting:', index, value)
self. items[index] = value

def __delitem__(self, index):
print('Deleting:', index)
del self. items[index]

def insert(self, index, value):
print('Inserting:', index, value)
self._items.insert(index, value)

def __len__(self):
print('Len')
return len(self._items)

NRIRBIE Itens HISEHI, (REEMEXIF/LFRBIIZOIIRTZE (90 append().
remove(), count() &), FHEERER:

>>> a = Items([1, 2, 31)
>>> len(a)

Len

3

>>> a.append(4)

Len

Inserting: 3 4




>>> a.append(2)
Len

Inserting: 4 2
>>> a.count(2)

Getting: O
Getting: 1
Getting: 2
Getting: 3
Getting: 4
Getting: 5
2

>>> a.remove(3)
Getting: O
Getting: 1
Getting: 2
Deleting: 2
>>>

RINFRIEN Python MR EINEEAIMIFES| E, numbers HEHRIZ(H T —MNEUIEVIR
BHERELNMRERES, TUSE 812 NPRMEESETENIMRESE,
8.15 EHRICIE1A(D)
BE

REFEAN LA B RINERAEAR —MEOIFE, BRI DR
— M ERGENESLINIEEL,

fRRTFIZ

BRI, NEBER—MRERD, EREMRFEBAR I IWRRKLIN., &iE
BRI TRER T EXF:

class A:
def spam(self, x):
pass

def foo(self):

pass

class B1:

nmn ﬁﬁﬁ{]{%f@ nmn

def __init__(self):
self._a = AQ

def spam(self, x):




# Delegate to the internal self._a instance
return self._a.spam(x)

def foo(self):
# Delegate to the internal self._a instance
return self._a.foo()

def bar(self):
pass

WRNXFANFERENIE, BLRIMHEMER T, B2, MREXENHE
TENIE, BAFER __getattr__ () FHIAIFHEIFL:

class B2:
" fEF__getattr__ BIRIZ, RIBFALLRSEE "

def __init__(self):
self. a = AQ)

def bar(self):
pass

# Ezpose all of the methods defined on class A

def __getattr__(self, name):
nn IANFEERIR attribute REFERRIEEIAR
the __getattr__ () method is actually a fallback method
that only gets called when an attribute is not found"""
return getattr(self._a, name)

__getattr__ FiAREIAIL attribute AEFEMMRIRIARE, FERER:

b = BO
b.bar() # Calls B.bar() (exists on B)
b.spam(42) # Calls B.__getattr__('spam') and delegates to A.spam

AI—MCROFRSLIRRIBRI, Flan:

# A proxzy class that wraps around another object, but
# exposes its public attridbutes
class Proxy:
def __init__(self, obj):
self._obj = obj

# Delegate attribute lookup to internal obj
def __getattr__(self, name):
print('getattr:', name)
return getattr(self._obj, name)

# Delegate attribute assignment
def __setattr__(self, name, value):
if name.startswith(' '):




super () .__setattr__(name, value)
else:

print('setattr:', name, value)

setattr(self._obj, name, value)

# Delegate atiribute deletion
def __delattr__(self, name):
if name.startswith(' '):
super () .__delattr__(name)
else:
print('delattr:', name)
delattr(self._obj, name)

EAXMIERN, (MRAFERAERER TEMEE:

class Spam:
def __init__(self, x):
self.x = x

def bar(self, y):
print('Spam.bar:', self.x, y)

# Create an instance

= Spam(2)
# Create a proxzy around <t
p = Proxy(s)

# Access the prozy

print(p.x) # Outputs 2

p.bar(3) # Outputs "Spam.bar: 2 3"
p-x = 37 # Changes s.z to 37

ELQEX?E%@H& REJCARARBEANBEXEETH (EEWMABEI

RIEEBIHMERA]AMEABRIENTSR, FlI, —DEREVLRINT

class A:
def spam(self, x):
print('A.spam', x)
def foo(self):
print('A.foo")

class B(A):
def spam(self, x):
print('B.spam')
super () . spam(x)
def bar(self):
print('B.bar')




EANIENE, #E TEXF:

class A:
def spam(self, x):
print('A.spam', x)
def foo(self):
print('A.foo"')

class B:

def __init__(self):
self._a = AQ

def spam(self, x):
print('B.spam', x)
self._a.spam(x)

def bar(self):
print('B.bar')

def __getattr__(self, name):
return getattr(self._a, name)

SRR, TEEATFEIEIE. 8L, __getattr__(O KRR—1Na&
7k, REERUAEFERTRIEA, Alit, MRAEESFAESEXI EMNIE, B
AREBMEXNFGEN, B, __setattr__() Fl __delattr__() FEENINIEIEK
X RIESLOIFEAIELA _obj BB, —MEENNERRNIEMLEARA T _
FEN (REXRARERNERNAHEN),

FE—SEETENR, getattr O WFABHUNTRIZ () FaMLERE
MEMHRNER, ki, EEWMTH%:

class ListLike:

__getattr__ WFWFRILFRNLERENTEZRTERN, FE—MNEEEX """

nnn

def __init__(self):
self. items = []

def __getattr__(self, name):
return getattr(self._items, name)

MRZEIE— ListLike WHR, 2AMEXFHEENIRE, W append() #
insert(), BRI AZFH len(). TREHKF. fFl0:

>>>
>>>

= ListLike()

.append(2)

>>> a.insert (0, 1)

>>> a.sort()

>>> len(a)

Traceback (most recent call last):

File "<stdin>", line 1, in <module>
TypeError: object of type 'ListLike' has no len()
>>> al0]

Traceback (most recent call last):

a
a
a
a




File "<stdin>", line 1, in <module>
TypeError: 'ListLike' object does not support indexing
>>>

ATILERFHIETE, RUBFNRISEIIXLETENRE:

class ListLike:

nnn

getattr__ SFWNFRILFAWRMLERENHERAERN, FE—MNEFEEX """

def __init__(self):
self._items = []

def __getattr__(self, name):
return getattr(self._items, name)

# Added special methods to support certain list operations
def __len__(self):
return len(self._items)

def __getitem__(self, index):
return self. items[index]

def __setitem__(self, index, value):
self._items[index] = value

def __delitem__(self, index):
del self._items[index]

1.8 INT R B —NMEIZE ARG ERNREN F,
8.16 TEXHE X SN HISEE
] &
R —E, BRTER __init__0O 7iE%, TEEMANAIYIBILTE,

fRIRTFIZ

ATSEMS ISR, REBERRIETE, F190:

import time

class Date:
e Fik— ERETE
# Primary constructor
def __init__(self, year, month, day):
self.year = year
self .month = month




self.day = day

# Alternate constructor
@classmethod
def today(cls):
t = time.localtime()
return cls(t.tm_year, t.tm_mon, t.tm_mday)

ERARTENT, TERERRA:

a = Date(2012, 12, 21) # Primary
b = Date.today() # Alternate
it

KHFEN—NEERABMBEXZMIER, EEZ— class FAE—1MBSH
(cls)e fRRIZERE T XA KM ARCIEF R O R LLHISEA, T‘ 2R th BE TAFRVTRYF :

class NewDate(Date):

pass
c = Date.today() # Creates an instance of Date (cls=Date)
d = NewDate.today() # Creates an instance of NewDate (cls=NewDate)

8.17 GIEARNAR init F3iERISLF
|o) 25
RRERIER—LH, BREBLHKINIT __init__ O Hik.
BRRAR
BJLAEIE _ new__ () AACIE—NRYIGAMLEISLA, FIUNEEINTX4NE:

class Date:
def __init__(self, year, month, day):
self.year = year
self .month = month
self.day = day

THEHERWEANER __init () FHEREIEXA Date 3E:

>>> d = Date.__new__(Date)

>>> d

<__main__.Date object at 0x1006716d40>
>>> d.year




Traceback (most recent call last):

File "<stdin>", line 1, in <module>
AttributeError: 'Date' object has no attribute 'year'
>>>

LROTLAEER|, XA Date EHIFIBHE year BARFE, FIUMREZFohVIAL:

>>> data = {'year':2012, 'month':8, 'day':29}

>>> for key, value in data.items():
setattr(d, key, value)

>>> d.year

2012

>>> d.month

8
>>>

wie

SBENERFIINRAETIMR N RGEMSREANFELL __init__ O AR

SIS, U0, 3F LERY Date Kiff, BRHRIREIEER G T EIRXHFE X — NI
BKE today () :

from time import localtime

class Date:
def __init__(self, year, month, day):
self.year = year
self .month = month
self.day = day

@classmethod
def today(cls):

d = cls._ new__(cls)
= localtime()
.year = t.tm_year
.month = t.tm_mon
.day = t.tm_mday
return d

Q Q Qo

B, EIRRFIIE JSON BIER=E— MO TFRFHRR:

data = { 'year': 2012, 'month': 8, 'day': 29 }

MRRBIT ERIR — Date KEILA, PJCAEA _EEAIFRA,

HIFELXMIEE MG UREESLAIR, REAZERFZNRIRESAF
H, FRIFMFENERBEHAT, SMEYE, WMRXNEFERT __slots__ . properties |
descriptors B E S RZARMIIHRABHA IR, MXAHRER setattr ) FHiERIE
RPRBEREEMERA




8.18 A Mixins ¥ RZEINEE
2] &5

/J\ﬁﬁyﬁﬁﬁﬂ’ﬂ‘i/%, BEATIBERT BEMEMNINEE, BRXLERFALEEML4H
REIXFR, BLLIRANEERE BAFXLETTERA—NESE, ARREMEHRE,

fRRTFIZ
BE 8B E MRS DX, TR ERM T LB, K
A AR A ENREIERE SHIE
BRiRIRIEHT RIRGII R, LENRMNBAE, M

E%“EEE%)\;E.

class LoggedMappingMixin:

nnn

Add logging to get/set/delete operations for debugging.

nnn

__slots__ = O # BAXELBEXHATE, AREELACEBAZRIEEAZX

def __getitem__(self, key):
print('Getting ' + str(key))
return super().__getitem__ (key)

def __setitem__(self, key, value):
print('Setting {} = {!r}'.format(key, value))
return super().__setitem__(key, value)

def __delitem__(self, key):
print('Deleting ' + str(key))
return super().__delitem__(key)

class SetOnceMappingMixin:

Only allow a key to be set once.

~slots. = Q)

def __setitem__(self, key, value):
if key in self:
raise KeyError(str(key) + ' already set')
return super().__setitem__(key, value)

class StringKeysMappingMixin:

rr

Restrict keys to strings only
rr




_slots. = QO

def __setitem__(self, key, value):
if not isinstance(key, str):
raise TypeError('keys must be strings')
return super().__setitem__(key, value)

XL PIMFERERLBEMEN, BXLELMRBMREFLGULEMN—NE, BRT=E
FEINSEEER, ENRRAREL S S RKINE MR SEAERR, Fu0:

class LoggedDict(LoggedMappingMixin, dict):
pass

d = LoggedDict()
dl'x'] = 23
print(d['x'])
del d['x']

from collections import defaultdict

class SetOnceDefaultDict(SetOnceMappingMixin, defaultdict):
pass

d = SetOnceDefaultDict(list)
d['x'].append(2)

d['x'] .append(3)

# d['z'] = 23 # KeyError: 'z already set'

XM FH, TABREARBREMEFERNSE (LW dict, defaultdict F Or-
deredDict) FHEIERER, —ME—1, FERMERFELERIINT.

wie

BAXENEERRSHAHDING, BEEHIARG LEIBH#T BELENI
g, ENTBERSUERMN—NEZAR, ki, SHEESNENXBE, FELEEH
socketserver f2IRFARY ThreadingMixIn KL E ML X EIBINSZ L2 H. U0,
TEHR—12Z 412 XML-RPC RS

from xmlrpc.server import SimpleXMLRPCServer

from socketserver import ThreadingMixIn

class ThreadedXMLRPCServer (ThreadingMixIn, SimpleXMLRPCServer):
pass

ERAE-LXREEMERPESLIVEANLNER, RERFRIEEEFENE
RITHRER] — L RTIRYFHE,

WFREAE, BILRFEILE. BER, BAXRNEREERBEOILER, HX, B
AZEEEHCHRBER, BMRRENFRBEX __init__0 737&, AEHEEEM
Btt, IR LABATELERMENT __slots__ = O,




EB—MSIBA RGN B EALRIGE, WTATR:

def LoggedMapping(cls):
wmn Eﬁ:*qu‘j—ft: 1%}5@70—4:!:,‘[3'45;% mimn
cls_getitem = cls.__getitem__
cls_setitem = cls.__setitem__

cls_delitem cls.__delitem__

def __getitem__(self, key):
print('Getting ' + str(key))
return cls_getitem(self, key)

def __setitem__(self, key, value):
print('Setting {} = {!r}'.format(key, value))
return cls_setitem(self, key, value)

def __delitem__(self, key):
print ('Deleting ' + str(key))
return cls_delitem(self, key)

cls.__getitem__ = __getitem__
cls.__setitem__ = __setitem__
__delitem__

cls.__delitem__
return cls

@LoggedMapping
class LoggedDict(dict):
pass

XNMURBZAINER—HE, MEANBEZEASHRT, S5 9.12 I\TKREE
ZERRIMBIER, %8 8. 13 N\ NEBESZBARMEXKIHRHNFF

8.19 LIRS RELE RSN
o) &

RAESKI —NMREN B EREANFRES FTRITIRENN R, EEXAEBENREH
HIMA S HIFRAFFIRTER,

fRIRTIZ

ERSEFTR, BENRSBRBPRSHAERAITRRIIRIE, LLNBEIMTEI—
MEEWR:

class Connection:

o WERE, BEMMNED, BERT--




def __init__(self):
self.state = 'CLOSED'

def read(self):
if self.state != 'OPEN':
raise RuntimeError('Not open')
print('reading')

def write(self, data):
if self.state != 'OPEN':
raise RuntimeError('Not open')
print('writing')

def open(self):
if self.state == 'OPEN':
raise RuntimeError('Already open')
self.state = 'OPEN'

def close(self):
if self.state == 'CLOSED':
raise RuntimeError('Already closed')
self.state = 'CLOSED'

XFERRSMRR, EAENHAERT, FSHRGFFIE, EXERITHERE
£, ER—LEILRIFLEI read(). write() BXMITRIEFZZMITRE,

—NEHFHDERABINRETEX MR

class Connectionl:
R E N

def __init__(self):
self.new_state(ClosedConnectionState)

def new_state(self, newstate):
self._state = newstate
# Delegate to the state class

def read(self):
return self. state.read(self)

def write(self, data):
return self._state.write(self, data)

def open(self):
return self._state.open(self)

def close(self):
return self._state.close(self)




# Connection state base class
class ConnectionState:
@staticmethod
def read(conn):
raise NotImplementedError()

@staticmethod
def write(conn, data):
raise NotImplementedError()

@staticmethod
def open(conn):
raise NotImplementedError ()

@staticmethod
def close(conn):
raise NotImplementedError()

# Implementation of different states
class ClosedConnectionState(ConnectionState):
@staticmethod
def read(conn):
raise RuntimeError('Not open')

@staticmethod
def write(conn, data):
raise RuntimeError('Not open')

@staticmethod
def open(conn):
conn.new_state(OpenConnectionState)

@staticmethod
def close(conn):
raise RuntimeError('Already closed')

class OpenConnectionState(ConnectionState):
@staticmethod
def read(conn):
print('reading')

@staticmethod
def write(conn, data):
print('writing')

@staticmethod
def open(conn):
raise RuntimeError('Already open')




@staticmethod
def close(conn):
conn.new_state(ClosedConnectionState)

THEERER:

>>> ¢ = Connection()
>>> c._state
<class '__main__.ClosedConnectionState'>
>>> c.read()
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
File "example.py", line 10, in read
return self. state.read(self)
File "example.py", line 43, in read
raise RuntimeError('Not open')
RuntimeError: Not open
>>> c.open()
>>> c._state

<class '__main__.0OpenConnectionState'>
>>> c.read()

reading

>>> c.write('hello")

writing

>>> c.close()

>>> c._state

<class '__main__.ClosedConnectionState'>
>>>

e
NRREREIR KRS FAEFIEMEDNNE, NS TEEUAEPFIEIR, XER
R RBR/ B MINSHENERE XA — 1L,

XEEFELEEAFE, BIMMENKREBREFHRSHE, HEBEHFMEERSAE
BHHIE, Efrt, FIEBRSESEHIAFAME Connection SLAIR, EEELPTE XN
NotImplementedError B T MR FESLI THNMNTE, XEMREITEEFEA 8.12
INTTIHERIHMREE AR,

RITRARE —MRIVIPRSEDN, I—/\TER—IMIZ A !
8.20 B FNHIBANRALE
[B) &R

MBE— N FABEEANGERR, BELCIERENRONNTGA.




fRIRTI
REHIMER, PIMAER getattr() :

import math

class Point:
def __init__(self, x, y):
self.x = x
self.y =y

def __repr__(self):
return 'Point({!'r:},{!r:})"'.format(self.x, self.y)

def distance(self, x, y):

return math.hypot(self.x - x, self.y - y)

Point (2, 3)
getattr(p, 'distance')(0, 0) # Calls p.distance(0, 0)

[ePse]
nu

FIh—MTFEREA operator.methodcaller() , lY0:

import operator
operator .methodcaller('distance', 0, 0)(p)

SMEEBEIEENSHS XIAREANTER, (£ operator.methodcaller Fi
BAET. (LMFFEEHF—RINS, FTBUXAFE:

points = [
Point (1, 2),
Point (3, 0),
Point (10, -3),
Point (-5, -7),
Point(-1, 8),
Point (3, 2)

]

# Sort by distance from origin (0, 0)

points.sort(key=operator.methodcaller('distance', 0, 0))

e

WA—NHEERR LRAEPMIIRE, BT REHEN, F_SRRMIAA,
e, ATEBEANRE, MOIUEEET getattr O REFKIXNEN, REHEMU
RSN IERERT],

operator.methodcaller ) BIEZ—NF[IBANSR, FENRMUMBVESH, A
[EiERREHE BB/ SO REERL TR, teul:

\




>>> p = Point(3, 4)

>>> d = operator.methodcaller('distance', 0, 0)
>>> d(p)

5.0

>>>

B A EMEERKIBASEEE L NEEEREN case BRI AT EER
fEHE, SET—/I\BRIEZSREF,
8.21 LIPH O] EH IR
=] &
RENERASRELENNRAEMPE ZIBELEN, §S— I ANSBEETE#

TARERIIE, tEW, BH—IHEER, RAERESHTRIBERRSHITAERE
k.

fRRTFIZ

X BB M RIZTHP R REEN, BRRSMWE—IBHAERENRA
REEIRE N, RIRFEE - RAYEFRIAANERF, BAMAIEFEEEXNTH
K.

o

class Node:
pass

class UnaryOperator(Node) :
def __init__(self, operand):
self.operand = operand

class BinaryOperator(Node) :
def __init__(self, left, right):
self.left = left
self.right = right

class Add(BinaryOperator):
pass

class Sub(BinaryOperator):
pass

class Mul(BinaryOperator):
pass

class Div(BinaryOperator):
pass

class Negate(UnaryOperator):




pass

class Number (Node) :
def __init_ _(self, value):
self.value = value

RIEN AL ERRERIESM, WTATR:

# Representation of 1 + 2 * (3 - 4) / 5
t1 = Sub(Number(3), Number(4))

t2 = Mul (Number (2), t1)
t3 = Div(t2, Number(5))
t4 = Add(Number (1), t3)

XFHMEAEN THNRAN, BABZEREX —&E, B85 —MEERNT
NLEXFHMBNHRFMRENE. XERNERRERI T LAZXHFMBRY:

class NodeVisitor:
def visit(self, node):
methname = 'visit_' + type(node). _name _
meth = getattr(self, methname, None)
if meth is None:
meth = self.generic_visit
return meth(node)

def generic_visit(self, node):
raise RuntimeError('No {} method'.format('visit_' + type(node).__name_

~_))

ATERINE, JUEX —MNEMBREHFBFETMEM visit Name ) F5i%, HMA
Name 2 node 8, 40, ZZI]%T:JmX% ARHE, TUXHS:

class Evaluator(NodeVisitor):
def visit_Number(self, node):
return node.value

def visit_Add(self, node):
return self.visit(node.left)

+

self .visit(node.right)

def visit_Sub(self, node):
return self.visit(node.left)

self.visit(node.right)

def visit_Mul(self, node):
return self.visit(node.left)

*

self.visit(node.right)

def visit_Div(self, node):
return self.visit(node.left) / self.visit(node.right)

def visit_Negate(self, node):
return -node.operand




{ERRA:

>>> e = Evaluator()
>>> e.visit(t4)

0.6

>>>

EA—ANARENGF, THEX —PEE—MELEE —PMRIAVIERM S ME
=27 F

class StackCode(NodeVisitor):
def generate_code(self, node):
self.instructions = []
self.visit(node)
return self.instructions

def visit_Number (self, node):
self.instructions.append(('PUSH', node.value))

def binop(self, node, instruction):
self.visit(node.left)
self .visit(node.right)
self.instructions.append((instruction,))

def visit Add(self, node):
self .binop(node, 'ADD')

def visit_Sub(self, node):
self .binop(node, 'SUB')

def visit_Mul(self, node):
self .binop(node, 'MUL')

def visit Div(self, node):
self .binop(node, 'DIV')

def unaryop(self, node, instruction):
self .visit(node.operand)
self.instructions.append((instruction,))

def visit_Negate(self, node):
self.unaryop(node, 'NEG')

fERRA:

>>> s = StackCode ()

>>> s.generate_code(t4)

[('PUSH', 1), ('PUSH', 2), ('PUSH', 3), ('PUSH', 4), ('SUB',),
(‘MuL',), ('PUSH', 5), ('DIV',), ('ADD',)]

>>>




e

MIFFIRRIEHR (R BE R B R ERY if/clse IBRIRIEIM, XEBiARIERENAITFLMZ
B getattr O RIKEVENEIFTE, AFRABIFREHMBHTR:

def binop(self, node, instruction):
self.visit(node.left)
self .visit(node.right)
self.instructions.append((instruction,))

EE—REEEENE, IMBIALEIMEMIBSH switch X case IBRIFIFF R,
tean, MRIREES— HTTP EE, (Re]ge2BEXHE—MERD RBVIEH2E:

class HTTPHandler:

def handle(self, request):
methname = 'do_' + request.request_method
getattr(self, methname) (request)

def do_GET(self, request):
pass

def do_POST(self, request):
pass

def do_HEAD(self, request):
pass

HOERA—NMRERBETEREIRD, NRBIBEMBRERANARTERE
o), BEERSEBIE Python FIBIBREFRS] (5% sys.getrecursionlimit() ),

AJASHR 8.22 /5, FIAAEREIANEERELMAREIFBHEE.
TEIRAEAMRIFE XA RIZRER DO EEAZIEEE U, Python KEH ast

BRERNXET, FILEEEIRE, 9.24 NERT —MRIA ast HEIRFLIE Python
R EIBF

8.22 AAEBEIALIN A ) E R
BE

RER R ERNBI —MURNBRERERIESN, FERANBIREZHR
HimRM, RAEHERRE)T, FRBREGVIDEREED.

fRIRTFIZE

BT IS HIE R L 23 0] AERB S REAFERRE ), 7 8.21 1A,
MNBET—MioEER, FTERAFNA—MEFEMSIER LMWL

import types

class Node:
pass




class NodeVisitor:
def visit(self, node):
stack = [node]
last_result = Nomne
while stack:
try:
last = stack[-1]
if isinstance(last, types.GeneratorType):
stack.append(last.send(last_result))
last_result = None
elif isinstance(last, Node):
stack.append(self._visit(stack.pop()))
else:
last_result = stack.pop()
except StopIlteration:
stack.pop(

return last_result

def _visit(self, node):
methname = 'visit_' + type(node)._ _name _
meth = getattr(self, methname, None)
if meth is Nomne:
meth = self.generic_visit
return meth(node)

def generic_visit(self, node):
raise RuntimeError('No {} method'.format('visit_' + type(node).__name_

—~_))

INRRERXANE, HEEARMERMNNER. FXLATEAIUEEF I E—THhH
VIR ERANNENIIM, BEWTRBE, BH—PRIAAIR:

class UnaryOperator (Node) :
def __init__(self, operand):
self.operand = operand

class BinaryOperator(Node) :
def __init__(self, left, right):
self.left = left
self.right = right

class Add(BinaryOperator):
pass

class Sub(BinaryOperator):
pass

class Mul(BinaryOperator):




pass

class Div(BinaryOperator):
pass

class Negate(UnaryOperator) :
pass

class Number (Node) :
def __init__(self, value):
self.value = value

# A sample visitor class that evaluates expressions
class Evaluator(NodeVisitor):
def visit_Number(self, node):
return node.value

def visit_Add(self, node):
return self.visit(node.left)

+

self .visit(node.right)

def visit_Sub(self, node):
return self.visit(node.left)

self.visit(node.right)

def visit_Mul(self, node):
return self.visit(node.left)

*

self .visit(node.right)

def visit_Div(self, node):
return self.visit(node.left) / self.visit(node.right)

def visit_Negate(self, node):
return -self.visit(node.operand)
if __name _ == '__main__
# 1 +2%(3-4) /5

t1 = Sub(Number(3), Number(4))
t2 = Mul (Number(2), t1)
t3 = Div(t2, Number(5))
t4 = Add(Number (1), t3)

# Evaluate 1t
e = Evaluator()
print(e.visit(t4)) # Outputs 0.6

MRIBERRKRIBA LR Evaluator BRI

>>> a = Number(0)
>>> for n in range(1, 100000):
. a = Add(a, Number(n))

>>> e Evaluator ()
>>> e.visit(a)




Traceback (most recent call last):

File "visitor.py", line 29, in _visit
return meth(node)
File "visitor.py", line 67, in visit_Add
return self.visit(node.left) + self.visit(node.right)
RuntimeError: maximum recursion depth exceeded
>>>

AEFMNBRIENR T EEBY Evaluator:

class Evaluator(NodeVisitor):
def visit_Number(self, node):
return node.value

def visit Add(self, node):
yield (yield node.left) + (yield node.right)

def visit_Sub(self, node):
yield (yield node.left) - (yield node.right)

def visit_Mul(self, node):
yield (yield node.left) * (yield node.right)

def visit_Div(self, node):
yield (yield node.left) / (yield node.right)

def visit_Negate(self, node):
yield - (yield node.operand)

BXis1T, MARWET

>>> a = Number(0)
>>> for n in range(1,100000):
a = Add(a, Number(n))

>>> e = Evaluator()
>>> e.visit(a)
4999950000

>>>

NRIFEBRNE At B E X2 iE g o] :

class Evaluator (NodeVisitor):

def visit_Add(self, node):
print('Add:', node)
lhs = yield node.left
print('left=', 1lhs)
rhs = yield node.right
print('right=', rhs)




yield lhs + rhs

TEER SN

>>> e = Evaluator()

>>> e.visit(t4)

Add: <__main__.Add object at 0x1006a8d90>
left= 1

right= -0.4

0.6

>>>

e

X— I\ FHAVER T £ BN IEERRFIEGR A EAEKINAE, #HRE I —
MNMEEREZRERA—MISEATI B EIREEM, HI0, REMRLMIBHEE, F—I/KRE3
— AT RMEEEAKT, SEBRGEEEMK., visitO FENZODBIEIMIIXE,

B —NEBSIEEHF I EMEED vield 1BF), HhtE vield iEAIF, £MEEEIR
B —MUEFHER L, FENOIFERIMIARRE TIEIE, Fl, 212X
HE®IT:

value = self.visit(node.left)

IMTEIRRY yield iBAD:

value = yield node.left

ESY node.left IR[MOZS visit () Fi%, ARG visitO) FEERINT =8N
visit_Name() F5ik. yield BERNGIEFITHIS i LHAIARE, HSRiTERE, GRESWE
48 value,

BERX—/\T, REIFEEIHKETIEE yidd BANAR, ERXAMEEBYVE,
{RATACIBIE BERFRYCIE, B0, B TiERRBIT, IRNMELEIF— MRS, IRA
EREMEE, NEESTEEMEM, ZAEERRIREED. EHARHE, KfMRLE, FA
vield IR ] VLR EHIEE ERMNE, EER TRIIFERELEZXEBKRIBITIL,
RHB1R EiE.

8.23 1B S | HIRGEMHINTFER
o] &

REVREfF U2 TIRS 1B S| BEURESE M (LLaind, Bl MEERNS), RHE TR
FEIEME,




fRIRTI

— PN ERENEMSI BREENGFRE—IREEN, NFETRBEHEREZT
TR, ZFPRXIRERBEAMET R, IMERT, JABEMHER veakref FEHH
5551 . fla0:

import weakref

class Node:
def __init__(self, value):
self.value = value
self._parent = None
self.children = []

def __repr__(self):
return 'Node({!r:})'.format(self.value)

# property that manages the parent as a weak-reference
@property
def parent(self):

return None if self._parent is None else self._parent()

@parent.setter
def parent(self, node):
self._parent = weakref.ref (node)

def add_child(self, child):
self.children.append(child)
child.parent = self

XMHERANARIF parent FRERZZLE, 40

>>> root = Node('parent')
>>> c1 = Node('child')
>>> root.add_child(cl)
>>> print(cl.parent)
Node('parent')

>>> del root

>>> print(cl.parent)

None

>>>

BES

1B 5| RBVEIREMTE Python AR — MRIERFRIEIA, EJIEFERINIKE LS
NEEERTXMIER., BFINEENTRE:

# Class just to illustrate when deletion occurs
class Data:
def __del__(self):




print('Data.__del__"')

# Node class involving a cycle
class Node:
def __init__(self):
self.data = Data()
self .parent = None
self.children = []

def add_child(self, child):
self.children.append(child)
child.parent = self

TEBAMERX MU RM — LRk E IR :

>>> a = Data()

>>> del a # Immediately deleted
Data.__del _

>>> a = Node()

>>> del a # Immediately deleted
Data.__del_ _

>>> a = Node()

>>> a.add_child(Node())

>>> del a # Not deleted (no message)
>>>

AJUEER, &RE—THBRETENERRBEM, RER Python KIRIKEI UL H]
RETERNSI AT, S— M ROSIAHREM 0 BEHRA 2ITENHIERE, Mm@
RS ARXNFHFKIEARMIL, B, £ EEAFHRREEHT, RKTRNZFHT=EH8
REWNHSIA, SREMNRNSI AT REARIEZA 0,

Python B 5 SMILIKEUEERZ I EIASI BB, BRIFKIZAEET 4R
RaMEk, BIMRETUFHINMELE, ERRBELERE:

>>> import gc
>>> gc.collect() # Force collection

Data.__del _
Data.__del _
>>>

MRBASIBNNRECEEX THCH __del__O A%, BALARIUEBALR
¥EXE, RIZIFETEIXFLS Node EXHCH __del__() FHik:

# Node class involving a cycle
class Node:
def __init__(self):
self.data = Data()
self .parent = None
self.children = []

def add_child(self, child):




self.children.append(child)
child.parent = self

# NEVER DEFINE LIKE THIS.
# Only here to illustrate pathological behavior
def __del (self):

del self.data

del.parent

del.children

XFMER T, MREBCKITHASEZEBX MR, T2SEBRRFHE,. WRME
MEXRIEITERAM, Data.__del__ BRKIEAZEI T, BEEE(R5E G ATFEULHT:

>>> a = Node()

>>> a.add_child(Node ()

>>> del a # No message (not collected)

>>> import gc

>>> gc.collect() # No message (not collected)
>>>

55| FABRR T 3| BB B NEE, AR, B5IAME—MREH, EAS
HENERS|I AT, RRIBAEN veakref REIESSSIH, FIU0:

>>> import weakref

>>> a = Node()

>>> a_ref = weakref.ref(a)

>>> a_ref

<weakref at 0x100581f70; to 'Node' at 0x1005c5410>
>>>

FT1AREE5 | RS AR, (RE]MRER— XA TR, NRBIITRE
FEMREE, BUWHMIRE— None, HTFRIEFWRIISIATELEEM, ML
aJCAEMIBRE T . BI90;

>>> print(a_ref())

<__main__.Node object at 0x1005c5410>
>>> del a

Data.__del__

>>> print(a_ref())

None

>>>

BT X BERISES I BRAK, MELUABEREISIREE T, — BEEMNTRTHE
EAT, KIREWERNEIEIRE, REEESE 8.25 I\ XTE5IRMBIN—MIF,

8.24 1ERSZTHELARIRIE




o] &

(RABIERE AN KRS FIRERLEREE (LB >= = <=< &), BEXATEE
SRR — KRB TRTT 5.

fRRTIZ

Python xﬁ’é/\l:t?r URMFERBE S —MER T ER ST, I T 25 >= %
fBRF, IREBEX = __ge__O F3ik. REEX—NEEMT 4R, BINRE(RS:
iﬂlﬁﬁﬁTﬁEE’JttE Hii%ﬁﬁﬁ.ﬁ,m’ﬁﬁAT

e functools.total_ordering B2 FREINIBY, ERTEREMm—N
K, MMABEX— __eq__O 7%k, MMEMFGE (1t , le , gt or
__ge ) HHI— AEU_I REXIRSAMARERE TR,

ERfIF, BMNWE-EEF, RARLE(NBN—LEE, &REETREFARNRKLE
®efl:

from functools import total_ordering

class Room:
def __init__(self, name, length, width):
self .name = name
self.length = length
self.width = width
self .square_feet = self.length * self.width

Q@total_ordering
class House:
def __init__(self, name, style):
self .name = name
self.style = style
self.rooms = list()

Q@property
def living_space_footage(self):
return sum(r.square_feet for r in self.rooms)

def add_room(self, room):
self.rooms.append(room)

def __str__(self):
return '{}: {} square foot {}'.format(self.name,
self.living_space_footage,
self.style)

def __eq__(self, other):
return self.living_space_footage == other.living_space_footage

def __1t__(self, other):




return self.living_space_footage < other.living_space_footage

XEHNIRARL House BEXTHEANAE: __eq _ OFM __1t__ 0O

FTRRILLERIRIF

, EFLEE

XS]

# Build a few houses, and add rooms to them

hi

hi.
hi.
hi.
hi.

h2

h2.
h2.
h2.
h3 =
h3.
h3.
h3.
h3.

= House('hl', 'Cape')
add_room(Room('Master Bedroom', 14, 21))
add_room(Room('Living Room', 18, 20))
add_room(Room('Kitchen', 12, 16))
add_room(Room('Office', 12, 12))

= House('h2', 'Ranch')
add_room(Room('Master Bedroom', 14, 21))
add_room(Room('Living Room', 18, 20))
add_room(Room('Kitchen', 12, 16))
House('h3', 'Split')
add_room(Room('Master Bedroom', 14, 21))
add_room(Room('Living Room', 18, 20))
add_room(Room('Office', 12, 16))
add_room(Room('Kitchen', 15, 17))

houses = [h1l, h2, h3]
print('Is hl bigger than h2?7', hl > h2) # prints True
print('Is h2 smaller than h37', h2 < h3) # prints True

print('Is h2
print ('Which

~Split’
print ('Which is smallest?', min(houses)) # Prints 'h2: 8/6-square-foot Ranch'

greater than or equal to h1?', h2 >= hl) # Prints False
one is biggest?', max(houses)) # Prints 'h3: 1101-square-foot,

)

MMARMEMBEMNFRE XML ATTiE, KIRLE

i

H3E total_ordering KIMEFHIZA AWM, EMBEX T —MNEBNLLRIFT
FRFFEREEXMEMTEN—MREME, LLIMREXT __le_

EXT —EA55K T34

O 73i&, BLE
FEERBEG T X

class House:

def __eq__(self, other):

pass
def __1t__(self, other):

pass
# Methods created by @total_ordering
__le__ = lambda self, other: self < other or self == other
__gt__ lambda self, other: not (self < other or self ==
lambda self, other: not (self < other)

__ge__
ne lambda self, other: not self == other

other)

HR, IIBCEZEMEE S, (BER(EHR etotal ordering nJ LARELACHD, {AIRm
Z;y‘ju)%o




8.25 BIELEFLAI
2128

FERIB— N EMNWRE, MRZAEARFSHEIETIXMNR, FEIREICHE
751 F,

fRRTFIZ

XMEEZEAMAERAESHEIEMN R RFIR, RS EDEE KIRIIHE
F, LEW logging 1EIR, EAMERIHIBIFEIEN logger KAHIKEZRB—1. fI40:

>>> import logging
>>> a = logging.getLogger('foo')

>>> b = logging.getLogger('bar')
>>> a is b
False

>>> ¢ = logging.getLogger('foo")
>>> a is c

True

>>>

ATRBXHFRINR, (FEEREA—IMEREAZ AL R, Fla:

# The class in question
class Spam:
def __init__(self, name):
self .name = name

# Caching support
import weakref
_spam_cache = weakref.WeakValueDictionary()
def get_spam(name):
if name not in _spam_cache:
s = Spam(name)
_spam_cache [name] = s
else:
s = _spam_cache [name]
return s

REM—NNE, FREMBZEABNBENRIELIET R —H:

>>> a = get_spam('foo')
>>> b = get_spam('bar')
>>> a is b

False

>>> ¢ = get_spam('foo')
>>> a is ¢

True

>>>




i

WE— LI RECREEBHEOICIZIT HEER — M LE

BA LD B MR RFIRIE ?

BRI E, BR

BIgn, fRETEERBEREIENERN __nev__0O 7k, PG TEXMF:

# Note: This code doesn't quite work
import weakref

class Spam:
_spam_cache = weakref.WeakValueDictionary()
def __new__(cls, name):
if name in cls._spam_cache:
return cls._spam_cache [name]
else:
self = super().__new__(cls)
cls._spam_cache[name] = self
return self
def __init__(self, name):
print('Initializing Spam')
self .name = name

VIBERFEO]UAZIMENR, BERRERZ __init__ O SXEBIWER, &

XANKAIRBWEF T, Hla:

>>> g = Spam('Dave')
Initializing Spam
>>> t = Spam('Dave')
Initializing Spam
>>> s is t

True

>>>

ENRFARIFEERINR, BLCXF7EAREIEL,

FEBAVMERE 7555 AT, WFRkBERIESEEER, XFXNHFHA
£ 823 I\ BT T, HIEAMREFEAIEER, (R REBERERPEHREIEI
F1REF. — WeakValueDictionary S| R SRFILEE S ILTEMERIISLHA,
BMNEIE, RESLFAIABRERT, EMNFRAEBR T, METTERAMNLER:

>>> a = get_spam('foo')
>>> b = get_spam('bar')
>>> ¢ = get_spam('foo')
>>> 1list(_spam_cache)
['foo', 'bar']

>>> del a

>>> del c

>>> list(_spam_cache)




['bar']

>>> del b

>>> list(_spam_cache)
(]

>>>

¥

WFXRESBHEFME, IERBEZBAT, FMITRE—LESANTIEST
T

BERXEFAR T 12BERE, AEHT] RBIRERE—IR, FATTAETIF
ZFERE - RERNEFEESET:

import weakref

class CachedSpamManager:
def __init__(self):
self._cache = weakref.WeakValueDictionary()

def get_spam(self, name):
if name not in self._cache:
= Spam(name)
self. cache[name] =
else:
s = self. cache[name]
return s

def clear(self):
self. cache.clear()

class Spam:
manager = CachedSpamManager ()
def __init__(self, name):
self .name = name

def get_spam(name) :
return Spam.manager.get_spam(name)

XFFRECIEEEM, HFEBERE, BTUENEZNEFEENG, R
4% manager BI9],

EE—SHMRE, BMNRETERWXANERF, APRESFZEEREELAMCENE,
MARRERI 5%, 0:

>>> a = Spam('foo")

>>> b = Spam('foo')
>>> a is b

False

>>>

BILMAVEI ARG LEA P, B—MRIERMBFEBONU T () 7%,
RAAFPIEREIRAE, FMUMRILXNERN __init__O HEME—IMRE, ite



ANEEW A IR ML :

class Spam:
def __init__(self, *args, *xkwargs):
raise RuntimeError("Can't instantiate directly")

# Alternate constructor
@classmethod
def _new(cls, name):
self = cls.__new__(cls)
self .name = name

RIEIEINERTFEIESEND, £/ Span. _new() REEXLA, MAZEEEA span()

=
(i
X
?%E

class CachedSpamManager2:
def __init__(self):
self._cache = weakref.WeakValueDictionary()

def get_spam(self, name):
if name not in self._cache:
temp = Spam3._new(name) # Modified creation
self._cache[name] = temp
else:
temp = self._cache[name]
return temp

def clear(self):
self._cache.clear()

class Spam3:
def __init__(self, *args, *xkwargs):
raise RuntimeError("Can't instantiate directly")

# Alternate constructor

Qclassmethod

def _new(cls, name):
self = cls.__new__(cls)
self .name = name
return self

REXENARMEZRBI T, EFMEMMISEIERTER 9.13 N HEY
TRFMNERE—R (EATESRMIZAK),




EFNE: TRE

MG LRSI RLEBIIOLEFE “don’ t repeat yourself”, tHEi21H, {EfAIRT
BREMWEFPEESEEZEES (E2ETHIEH) B9XE, BN ZEEEREEE
FHIRRRFS R, 7E Python HFP, BEEF LB STRIERBARAXEROTE, EMSZ,
TCRIEF R X T RIRIR(EIRIE (EEanfEek. EMEBRIERMNIE) BRI, E
ERASERARIME. LRIMBEBFTE, MIEE—LEHME AR, BEZEWR. EH
exec() MITRBURNASBERBMFAELNRFTHEAE, FENFEBNRBARNTAIX
LT RmIERA, FRAHIGRERENREHEEGCIRENRRBIT AN,
0.1 R LR NNBIRE3

o] &

IFBERR LRI — A BEE, ENFMRERE (LLUBE, TS,

fRIRTIZ
INRIRBEREIMINBD BR— DR, FTAEX—MRIIELL, F1a0:

import time
from functools import wraps

def timethis(func):

rr

Decorator that reports the execution time.
Qwraps (func)
def wrapper (*args, **kwargs):
start = time.time()
result = func(*args, **kwargs)
end = time.time()
print(func._ _name__, end-start)
return result
return wrapper

THEERXRIHIIGF:

>>> @timethis

. def countdown(n):

Counts down
rr

while n > O:
n-—=1

>>> countdown(100000)




countdown 0.008917808532714844
>>> countdown (10000000)
countdown 0.87188299392912

>>>

i

—ANEIMBEIIE — MR, BES—NMRBEASEFRE — MR, H7RE&
THXHS:

Q@timethis
def countdown(n):
pass

RIR FEXFEEILNRE —1+89:

def countdown(n):
pass
countdown = timethis (countdown)

IEiH—T, RERFRIHEZLEA estaticmethod, @classmethod,@property [RIE
R, fw, FTEXHmMUEHEREENEY:

class A:
@classmethod
def method(cls):

pass

class B:
# Equivalent definttion of a class method
def method(cls):
pass
method = classmethod(method)

£ LER/Y wrapper O REH, RIGBAMEX T —MEH *args Fll *xkwargs K
BEZESSHNERY, EXMRYERIBAA TRERBFHGEHLERIRE], NIRRT
ANINEL M ERSMACHS (EEANiTETY), AR MR B R B IEPERRERABR
JRERIEN,

TERIFMNERMBATCERFRBERMNSHERURIRENE, A *args
N *+kwargs BN ZWRIEFSHEEER. MELBEREESEHRIRARIRERR
func(*args, *+kwargs) HIREIZER, HA func FiERIAERE,

WIFF a5 S R IGERAIAHR, ER—LEBRMFFRIE, Ll EEEREIXA,
ANIKFRpRERN, TRE LA IAEEIEMN, LW EEmER cwraps(func) iE
BREEEN, ERREBREVERBNTHE (T—/\D2HE), FFLEIZBIN
MWy, RN LENSEINRANHERIGRR QAT O, NRIFEE
RECHIRIGERL, FRZIAEE—T,




9.2 EIERIMEMRERNTER
[a] &

5T —MNRIFMEBERITRH L, ERXMRBNEENTERLLANRF. X
ﬁ?ﬁﬁ\ihﬂéié%ﬁ%%To

fRIRTIZ

ERIEHMRIRE X = Ih 2R RIBT IR, BRI IZ{ER functools EEARY owraps FIMEIRK
ETREEERER. FI:

import time
from functools import wraps
def timethis(func):

rr

Decorator that reports the execution time.
Iy
Qwraps (func)
def wrapper(*args, *xkwargs):
start = time.time()
result = func(xargs, *xkwargs)
end = time.time()
print(func._ _name__, end-start)
return result
return wrapper

TEHRMNMEAZMEBEREHNRBALEEHTER:

>>> Q@timethis
. def countdown(n):

rr

Counts down
while n > O:
n-=1

>>> countdown (100000)
countdown 0.008917808532714844
>>> countdown. _name _
'countdown'

>>> countdown. _doc__
'"\n\tCounts down\n\t'

>>> countdown.__annotations__
{'n': <class 'int'>}

>>>




e

ERERIBHIRRSEFITEER— N EEERMIERD WMRIREIC T R curaps
, LR EMBRIGRREKRTRBEBERANESR, LLNMRZEE curaps FHNRZE
TEF:

>>> countdown. name
'wrapper'
>>> countdown. doc

>>> countdown.__annotations__

{3

>>>

Quraps B—1MEEZERF IR EEILIMEITEM __wrapped  BER1ARIHERE L,
4.

>>> countdown.__wrapped__(100000)
>>>

__wrapped__ BMTEEILHKRIRMEMREBRENSHERES. Hlu:

>>> from inspect import signature
>>> print(signature(countdown))
(n:int)

>>>

—PMREEBEH OB EHFILRIMBREZEEEHRER uﬁﬁﬁﬁﬁgﬁﬁu, LIS
BCFHIEMEZTEMAENTF, RIFNBERMIER cwraps RiMzE, BEIRER
__wrapped__ BHEIRIZERHZRER. ESXTERNAFTIUSE 9.16 /J\fﬁ°

9.3 fRFR—/NZR1M33
2] &}

—PRIMPREZFERE—TRY L, FEAREE, ERNNFRERIRERIIE

.

fRIRTI

iR 2128 B @i owraps (B 9.2 /) RSEIMM, FB4 M5a] LAET i8]
__wrapped__ BMKIA0)RIARLEY :

>>> @somedecorator
>>> def add(x, y):
return x + y

>>> orig_add = add.__wrapped__
>>> orig_add(3, 4)




>>>

e

EENEARBERMERERRBRZLERL. REMEMRBIRIFREREAN, B2
MXENHRMUNEBTERRBHIERERT ouraps SNEERIRET __vrapped__
BRI,

MRESNBIRKEE, AL __vrapped__ BHMITHRARCIMAN, RiZERE
X, £ Python3.3 B, ERIMBMERE, tLil, RIFEINTHIREG:

from functools import wraps

def decoratorl(func):
Qwraps (func)
def wrapper (*args, **kwargs):
print ('Decorator 1')
return func(*args, *xkwargs)
return wrapper

def decorator2(func):
Qwraps (func)
def wrapper(*args, *xkwargs):
print ('Decorator 2')
return func(*args, **kwargs)
return wrapper

@decoratoril

@decorator?2

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

TEFHAIE Python3.3 Tk :

>>> add(2, 3)

Decorator 1

Decorator 2

5

>>> add.__wrapped__(2, 3)
5

>>>

TEIFAITE Python3.4 FMiK:

>>> add(2, 3)
Decorator 1

Decorator 2
5




>>> add.__wrapped__(2, 3)
Decorator 2

5

>>>

REZEVNE, FARFMENRINESEERT owraps , HLEXBHARHAARE
EA, 1575189, NERIZKITEE ostaticmethod Fl @classmethod T/ BIETE] R’NZﬁIE
(EANERGERBFEERMSE __func__ ),

9.4 EX—io

W

SRR

{RAEE X — M) AR RS RIS

fRIRTI=

OB — M FiE0E R TS IRITTE, RIRIFES A“ﬁ% LERRIEY
AINEFEINEE, BN AIFEFPIEEBSENEAFIEMAER, FTERRX/MNEIMRMENX
FERRG:

from functools import wraps
import logging

def logged(level, name=None, message=None):
Add logging to a function. level s the logging
level, name ©s the logger mame, and message ts the
log message. If name and message aren't specified,
they default to the function's module and name.
def decorate(func):
logname = name if name else func._ _module__
log = logging.getLogger (logname)
logmsg = message if message else func._ _name_ _

@uraps (func)
def wrapper (xargs, **kwargs):
log.log(level, logmsg)
return func(xargs, **kwargs)
return wrapper
return decorate

# Example use
@logged(logging.DEBUG)
def add(x, y):

return x + y




Q@logged(logging.CRITICAL, 'example')
def spam():
print('Spam!"')

MEERXK, IMIME LEZRES, BER%ZODBEERER, RINZHIERL logged()
BEZRSHHBElERERSBRERINS Lliz'ﬂlJ:E NENIEE decorate () HESZ
BIERSHY, ARERHNLAKRE - ERSS. ‘EE"J%@E,F'E:E'E’_J%EE%TD)\@FH%E
28 logged ) HISEIRY,

i

— M EZSUNERBELAUREATERRNEENIBRFY. FilRY,
MRIFE FEX MO :

@decorator(x, y, z)
def func(a, b):
pass

FimFEIETIZIR T EER RSN,

def func(a, b):
pass
func = decorator(x, y, z)(func)

decorator(x, y, z) HIREIZERMIMB— Nl IAANE, EEZ—INRBERS
HHBRE, AIUNESE 9.7 NIPRBII—NEZSHBREEGF

9.5 A B E X BMHIZKIMRE
o] &

RBE—NRINBREBEER—NERY, FEARVTAPRHESBIEBITIIEHIZRIG]

fRRFIZ

SIA—MEIE]R&EY, R nonlocal RIBIARNERE, AR MUiRIEEIFH—
TRMERES B RER,

from functools import wraps, partial
import logging
# Utility decorator to attach a function as an attridbute of obj
def attach_wrapper(obj, func=None):

if func is None:

return partial(attach_wrapper, obj)
setattr(obj, func.__name__, func)
return func




def logged(level, name=None, message=None):
Add logging to a function. level is the logging
level, name is the logger mame, and message ts the
log message. If name and message aren't specified,
they default to the function's module and name.
def decorate(func):
logname = name if name else func._ _module__
log = logging.getLogger (logname)
logmsg = message if message else func._ _name__

@wraps (func)

def wrapper (xargs, **kwargs):
log.log(level, logmsg)
return func(xargs, **kwargs)

# Attach setter functions
Q@attach_wrapper (wrapper)
def set_level(newlevel):
nonlocal level
level = newlevel

Q@attach_wrapper (wrapper)
def set_message (newmsg) :
nonlocal logmsg
logmsg = newmsg

return wrapper
return decorate

# Example use
@logged(logging.DEBUG)
def add(x, y):

return x + y

@logged(logging.CRITICAL, 'example')
def spam():
print('Spam!"')

THERXEWMETHERMF:

>>> import logging

>>> logging.basicConfig(level=logging.DEBUG)
>>> add(2, 3)

DEBUG:__main__:add

5

>>> # Change the log message




>>> add.set_message('Add called')
>>> add(2, 3)

DEBUG:__main__:Add called

5

>>> # Change the log level

>>> add.set_level(logging.WARNING)
>>> add(2, 3)

WARNING: __main__:Add called

5

>>>

g

X— VORI RBELSETFIARIREL (U0 set_message() Fll set_level() ), EAIHIE
HEMRAERRE, §MANEBAIFER nonlocal RIENEFHATNTE,

EE— NS ARZIRR A B IACR BT S ERIMEE(EHE (9!]%14&’]"*”%%%5@
AT efunctools.wraps iEf), I, RIRRSIABIN—INEE, tLAD 9.2 T HEY
@timethis , & FHENIXHM:

@timethis
@logged(logging.DEBUG)
def countdown(n):
while n > O:
n-=1

R & IMIRIRLMKIBBER:

>>> countdown (10000000)

DEBUG:__main__:countdown

countdown 0.8198461532592773

>>> countdown.set_level (logging.WARNING)

>>> countdown.set_message("Counting down to zero")
>>> countdown (10000000)

WARNING: __main__:Counting down to zero

countdown 0.8225970268249512

>>>

R 2R IMENERIGER G T EXFCAER AT EHL, MRBE—1F0:

@logged(logging.DEBUG)
@timethis
def countdown(n):
while n > O:
n-=1

EEEIEIT(E A lambda FRIATVIERILTIE]RERAYREIANERIREE:




Q@attach_wrapper (wrapper)
def get_level():
return level

# Alternative
wrapper.get_level = lambda: level

— M EEEIEIR MRS F N T Uh Rl RER RIS R ER. Hl30, (RRIREEEH I —
NHEERGERRENE, W

@wraps (func)

def wrapper (*args, **kwargs):
wrapper.log.log(wrapper.level, wrapper.logmsg)
return func(xargs, **xkwargs)

# Attach adjustable attridbutes
wrapper.level = level
wrapper.logmsg = logmsg
wrapper.log = log

XMW EEIERETE, EriRREXNRRIMNENRIGEA 1T, MWREWLME
FEBIIMIRIMEE (Ebal EmIRRAIMY otinethis flF), BLERBEREEE, #EE
B EN TS BEFER. Ml (A U0 R R RX R ERE,

RER—R, X—/\VTHHARBETLUER 9.9 NHHRRIGEEN S —MEMGE

RRE—NRIMEE, BErIARNESRLLE, LUl edecorator , HAJLAEERIES
ME'E, LWl edecorator(x,y,z)

fRIRTFIZ
TEE 9.5 N PHRHERIHIFH—MECIRA:

from functools import wraps, partial
import logging

def logged(func=None, *, level=logging.DEBUG, name=None, message=None):
if func is None:
return partial(logged, level=level, name=name, message=message)

logname = name if name else func._ _module__
log = logging.getLogger (logname)
logmsg = message if message else func._ _name_ _




@wraps (func)

def wrapper(*args, *xkwargs):
log.log(level, logmsg)
return func(*args, *xkwargs)

return wrapper

# Ezample use

Q@logged

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

@logged(level=logging.CRITICAL, name='example')
def spam():
print('Spam!"')

AJAEEI, elogged KIMBZAILUR NESHEH TS,

e

XEBRBFXA ) A2 EFE iR miE — B e, S MERRIGERAA R,
REBAEFESVRTELARNEGENEREMSH, EALENERAISH, EXAK
ARLERM, BATFIREX - ESRERE ARG, MG TEXE:

@logged ()
def add(x, y):
return x+y

BR, IMEZEAFAFSHINIIIR, BHREFASICN LEENES2SKE
R, XEIANEFRRT WA — BRI RIEXNERE N HERXEESHNEESHME
1o

ATEBERBRINATEY, REZEEABRIGBI2NFAERBRR LURE
MNEERAMN, ¥F—MRTEXFERRIHE:

# Example use

Q@logged

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

XMERFIIR T ESM:

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

add = logged(add)

AR, MERIFEBBSWAME NS RERLZEL logged RIiMizE, AL,
logged ) FHE—INSRMEBRBRRNES., MEEMSEEUNEIINE,




Mt F— N T EXFESRERIGE:

@logged(level=logging.CRITICAL, name='example')
def spam():
print('Spam!')

WAFIRTESEMN:

def spam():
print('Spam!"')
spam = logged(level=logging.CRITICAL, name='example') (spam)

¥IR1HA logged O BRENRY, WMEIRBIMFARBEBEIHIR, FALERIBEAN, EO
M riEl), IPMRIRZEFEEMSBWIERARBTRIEE, #FH, EXLESHK
RiE#RE, RIFBRO - MR —PTRYUSEABRENERY (B35 9.5 \H). A
TR, BAVERT —MRI5, FRF A functools.partial , ERIRE—KTT
EVIIRENBES, RTHRERRBIMNEMMSRECERE TR T, AIUSE 7.8 TR

ENE 2 partial() FAB9FNIR,

It

9.7 M AMZ<TMhaEs5E Kl RN EAYREIG
212

B R EMRIZINLY, FEENRHRSHRHITEHLELE,

PSS

TEERSEPRMIDET, ZEiRPEFAIMBENR: AENTRR SRR ITHIS
=

, ERUTFEX

>>> @typeassert(int, int)
. def add(x, y):
return x + y

>>>
>>> add(2, 3)
5
>>> add(2, 'hello')
Traceback (most recent call last):

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

File "contract.py", line 33, in wrapper

TypeError: Argument y must be <class 'int'>
>>>

THEHREARIMERARKSLI otypeassert :

from inspect import signature
from functools import wraps




def typeassert(*ty_args, *+*ty_kwargs):
def decorate(func):
# If in optimized mode, disable type checking
if not __debug__:
return func

# Map function argument names to supplied types
sig = signature(func)
bound_types = sig.bind_partial(*ty_args, **ty_kwargs).arguments

@wraps (func)
def wrapper (xargs, **kwargs):
bound_values = sig.bind(*args, **kwargs)
# Enforce type assertions across supplied arguments
for name, value in bound_values.arguments.items():
if name in bound_types:
if not isinstance(value, bound_types[name]):
raise TypeError(
"Argument {} must be {}'.format(name, bound_
—types [name])
)
return func(*args, **kwargs)
return wrapper
return decorate

AUBHXNKIMRIFERE, BRAIAEEFMBESHEE, ha]llRBED, 7
BrIhES BN R BFRIFESHELE, TERRERRA:

>>> Q@typeassert(int, z=int)
. def spam(x, y, z=42):
print(x, y, z)

>>> spam(1, 2, 3)

123

>>> spam(l, 'hello', 3)

1 hello 3

>>> spam(1, 'hello', 'world')

Traceback (most recent call last):

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

File "contract.py", line 33, in wrapper
TypeError: Argument z must be <class 'int'>

>>>
e

XnEERRIBETL, SIANTRSEZNEE,

B, RiFIASERBE XHRIFRA—RX, BRHRIFEERITI[AVINEE, AR
AFEEERMREWRITEHREE, FTEHHAEH, IREETE  __debug__ #iR




BT False(HREA-O 2-00 ERHVAMCENRNITIEF), BLAMEEROERIENR
HHRBRS:

def decorate(func):
# If in optimized mode, disable type checking
if not __debug__:
return func

HR, ZEXANBERAYNSHEZBHITTITRE, BIEHT inspect.
signature() B, BERW, EETHREN—MJAANKRNSHERER. Fl
i

>>> from inspect import signature
>>> def spam(x, y, z=42):
pass

>>> sig = signature(spam)

>>> print(sig)

(x, y, z=42)

>>> sig.parameters

mappingproxy(OrderedDict ([('x', <Parameter at 0x10077a050 'x'>),

('y', <Parameter at 0x10077al58 'y'>), ('z', <Parameter at 0x10077alb0 'z'>
=)1))

>>> sig.parameters['z'] .name

z
>>> sig.parameters['z'].default

42

>>> sig.parameters['z'] .kind
<_ParameterKind: 'POSITIONAL_OR_KEYWORD'>
>>>

RIMBRAIFFIAER S, FAMEMA T bind_partial O FERMITAIEE LR BB
BHRHE, TEHELFER:

>>> bound_types = sig.bind_partial(int,z=int)

>>> bound_types

<inspect.BoundArguments object at 0x10069bb50>

>>> bound_types.arguments

OrderedDict([('x', <class 'int'>), ('z', <class 'int'>)])
>>>

EXNEAHER, FRelLUEERNREANSHIBRZAIE T (LWFHLEN v #1740
), MIREENREIET —1NEFFH bound_types.arguments , XNFHIFES
HWAURHZBPEEINFRSTZIEE LR E FEE, EFIIRRBEGFH, X4
M EE T HNERGIIEERLEMNS,

EXRIBLEBENLMFEBEREBBPAERE T sig.bind) FFi%K, bindO) IR
bind_partial() &, BEREANRITRBEFNSE, FALET FEER:

>>> bound_values = sig.bind(1, 2, 3)
>>> bound_values.arguments




OrderedDict ([('x', 1), ('y', 2), ('z', 3)1)
>>>

{EAIXMNRES T A TRT CATRAZ MR BOSEER T A 1B03R HI SR BUE &

>>> for name, value in bound_values.arguments.items():
if name in bound_types.arguments:
if not isinstance(value, bound_types.arguments[name]) :
raise TypeError()

>>>

AEXNMAREER/NRIE, ENTFERMENSHFHNER, LIl TECER]
MIEETHE, RE items HEBZHIRAY:

>>> @typeassert(int, list)
. def bar(x, items=None):
if items is None:
items = []
items.append(x)
. return items
>>> bar(2)
[2]
>>> bar(2,3)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
File "contract.py", line 33, in wrapper
TypeError: Argument items must be <class 'list'>
>>> bar(4, [1, 2, 3])
[1, 2, 3, 4]
>>>

Ria—REXTERXRIMRSHMABERZENFE, I, ATLNMETEX
HE—PNRIGEREIK R P RERIE ?

Q@typeassert
def spam(x:int, y, z:int = 42):
print(x,y,z)

— AN ETEEMERRINRER TR S ECER, ARSI T, MR ERREARM
AR BEAAFEBEMEMBEET., ME ctypeassert NEEBATHEREMMEMEEN
BRET, MER LEMRIBESHREMKRS T, HEMEA,

BJATE PEP 362 A% inspect IRIRAIKEE S X FRHESHIRMER, £ 9.16
INDEB B —NMIF,

o

9.8 #IKIMBIE X WM —&R 5T




o] &

{RAETERRE XK, FEEFRAEE MR L.

b

LIS S

EREEEXEINFREE, BRFEXEMANENERLI. LMBIREFEN—
MRV EERETE, TEBAABEFREREIHARE:

from functools import wraps

class A:
# Decorator as an instance method
def decoratorl(self, func):
@uraps (func)
def wrapper (xargs, **kwargs):
print ('Decorator 1')
return func(*args, **kwargs)
return wrapper

# Decorator as a class method
@classmethod
def decorator2(cls, func):
@wraps (func)
def wrapper (xargs, **kwargs):
print ('Decorator 2')
return func(xargs, **xkwargs)
return wrapper

TEE—EAGF

# As an instance method

= AQ
Q@a.decoratoril
def spam():
pass

# As a class method
@A.decorator2
def grok():

pass

=
&

FRMET UL — A REHIEA, — I RE

i

EEFEXNKINEZVE LFZFBRETR, BERENEEPERZSIHENGF. il
B, eproperty FKIMEFLFF ER—INE, EBEENX T=1MNF3iE getter O, setter(),
deleter() , B— A /FE R — 1 3<1MHEs, Flu0:




class Person:
# Create a property instance
first_name = property()

# Apply decorator methods

@first_name.getter

def first_name(self):
return self._first_name

@first_name.setter
def first_name(self, value):
if not isinstance(value, str):
raise TypeError('Expected a string')
self._first_name = value

EAMTLAERXLEXNTERERSMARMRINEHESE R property 3L
5l EIRIEERIRS, B, R IABRI B EEERIFEPICRIGIEEE, Ba
XK —FE[1THIE,

FEERTENRMBEMNMHIZREIN S IEN TEINSE self T c1s BIIEMRER,
RERINEZHIEEIHERR LU decorator1 () 8% decorator2() BERM— self 3§
cls B, BREMNEIMBRIFMWEIERN vrapper ) BRALREEGL S X self &
8, ME—FSEXNSHEREMFRBHBLES0)ERBPXPSLFIRFELEIRSRIERHR, Hith
BATEHAIABEEEE.

WFREMEXNERBET —[/ULRMIERE, MEED LB HRHE, F190,
FRIRIFBILTE A FEXBIRIGBEEREFE B B, MFERTEHRMS:

class B(A):
©@A.decorator2
def bar(self):

pass

i RiH, IR EWMENMEAEZHBMUMERNERRXEREIAAE, (IR
BE{# R ©B.decorator2 , ERNESEENXE, XML B TEEHWEIE,

9.9 FFERIMEZTE X J93E

o] &

3
3
3

XA

RBERA—MRITREERELY, BRFEREL—rTARNSEA, (REZILRN

RIM2E 0] CARIAT TAFE SR E X BIAEBFI MR,

RT3

™
A

AT IFRIMBEE XL —DKO, RFERHRESLIMT __call__O M __get__OFH
ik, flEN, TEMABENXT -1, EREMRR LLHNE - MEEMIERE:




import types
from functools import wraps

class Profiled:
def __init__(self, func):
wraps (func) (self)
self.ncalls = O

def __call__(self, *args, *xkwargs):
self.ncalls += 1
return self.__wrapped__(*args, **kwargs)

def __get__(self, instance, cls):
if instance is None:
return self
else:
return types.MethodType(self, instance)

RR] AR E S M — M EERRITRERER, EXREESSMNEETM:

@Profiled
def add(x, y):
return x +y

class Spam:
@Profiled
def bar(self, x):
print(self, x)

EREMEHRIERTRA:

>>> add(2, 3)

5

>>> add(4, 5)

9

>>> add.ncalls

2

>>> g = Spam()

>>> s.bar(1)

<__main__.Spam object at 0x10069e9d0> 1
>>> s.bar(2)

<__main__.Spam object at 0x10069e9d0> 2
>>> s.bar(3)

<__main__.Spam object at 0x10069e9d0> 3
>>> Spam.bar.ncalls

3




e
BRIV EXMXREERREREN, ERXELTEFLEATFEMEET, il
SRBRF EERESEA A ERAHE,

B5%, R functools.wraps () EREHMERARZEIER —1F, KW ERRKHITT
SR E R FIEASEAIFE,

HRX, BERESSBULERN __get__ O Hik, MRMFEARE, RIFEMNAE
AEHEXIBT, FERMIFEFRARIRIGSEGIE MBI RESTRME™, F190:

>>> g = Spam()
>>> s.bar(3)
Traceback (most recent call last):

TypeError: bar() missing 1 required positional argument: 'x'

HEBERERZRHAERBE—NERHBERE, N0 __get_ O HiEMkIERAZS
MNHRIER, 7 8.9 IZ\PHELWATHIAZSEDINT, EXE,  get_ O MENIEIE
— MIERENR (RESBXNFHEEZER self 28), THR—IMIFRERKEER
Ig:

>>> s = Spam()
>>> def grok(self, x):
pass

>>> grok.__get__(s, Spam)
<bound method Spam.grok of <__main__.Spam object at 0x100671e90>>
>>>

_get__ O AERITHERFPER EZNREWIERIIEIE, type.MethodType() F
MBI —NHEFERER, RELSLAIBMERMNMMRAE HEAWelE, R
HiErELXEEXKIASNG, B4 __get (O HHY instance SHEWIRERM None FE
IR[A] Profiled SEIARS, IXHAIEFHAIZ ] URENER ncalls BT,

INRIRATE o —LEiBEL, tha]AERHBIN—MEAFEH nonlocal TLELIAIR
ihgs, XANE 9.5 M mEHR, FHlan:

import types
from functools import wraps

def profiled(func):
ncalls = 0
@wraps (func)
def wrapper(*args, *xkwargs):
nonlocal ncalls
ncalls += 1
return func(*args, *xkwargs)
wrapper.ncalls = lambda: ncalls
return wrapper

# Ezample




@profiled
def add(x, y):
return x + y

ANHURZAIRIMRILF—#, BRTITF ncalls BYIREREREE — MESEE
HE IEE’J ORI, flEn:

>>> add(2, 3)

5

>>> add(4, 5)

9

>>> add.ncalls()
2

>>>

9.10 JEMFEFS T ERMKIME
o] &

(RBAREERSTH AR MR INE,

P YSES

LEABPBSHEIRUERMBEREEEREDN, MEEMRIRIHEZE eclassmethod Bk
O@staticmethod ZIEJUo f5lan -

import time
from functools import wraps

# A simple decorator
def timethis(func):
@wraps (func)
def wrapper (*args, **kwargs):
start = time.time()
= func(*args, *+kwargs)
end = time.time()
print(end-start)
return r
return wrapper

# Class illustrating application of the decorator to different kinds ofy
—methods
class Spam:
Q@timethis
def instance_method(self, n):
print(self, n)
while n > O:




@classmethod
@timethis
def class_method(cls, n):
print(cls, n)
while n > O:
n-=1

@staticmethod
@timethis
def static_method(n):
print (n)
while n > O:
n-=1

RIBEHIRMFFSTETERE TE, RTTEN T EMIMITEIIIEE:

>>> s = Spam()

>>> s.instance_method (1000000)
<__main__.Spam object at 0x1006a6050> 1000000
0.11817407608032227

>>> Spam.class_method(1000000)
<class '__main__.Spam'> 1000000
0.11334395408630371

>>> Spam.static_method(1000000)
1000000

0.11740279197692871

>>>

e

MRFERIMBNINFFE TR EE, A5, BREETEHXES:

class Spam:
@timethis
@staticmethod
def static_method(n):
print(n)
while n > O:
n-=1

BAARBRXAEFSTTEN RS

>>> Spam.static_method(1000000)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
File "timethis.py", line 6, in wrapper
start = time.time()




TypeError: 'staticmethod' object is not callable
>>>

o) BAETF @classmethod Fll @staticmethod LR EH AL BIETEIZIANNSR,
maEeIBIFHRINEARNR (5F 8.9 /\hH), At HFRIAEEREMFRIGZFHFENHM
RECRERARNFSHE, BERXIMRMEHNERIMRIEPINE—MIETUEBEX

)&,

HBAEMRELPEEHFNFRFSHZE (85 8.12 /%) By, XEHBIFIF0R
MIREAT,. 190, MRMFBEX —PMHRETRE, FICAEREM T EAHE:

from abc import ABCMeta, abstractmethod
class A(metaclass=ABCMeta):
@classmethod
@abstractmethod
def method(cls):
pass

EIXERXREH, @classmethod PR @abstractmethod FIEMINFE 2B i{AFHI, WNR
fRiBEN MRS S,

9.11 KIM2Z 0K BLERRRI LB N

2] &

W

£33
(RABTERIMER PLA W BIRRBUBNENIMNIS R, BERTEL XN R BN ERIE
R,

IS
AJLAERXBFSHRAW B RRLIIBIMNFIIN S, ERTEAIRIGE:

from functools import wraps

def optional_debug(func):
@wraps (func)
def wrapper(*args, debug=False, **kwargs):
if debug:
print('Calling', func._ _name__)
return func(*args, *xkwargs)

return wrapper

>>> Qoptional_debug
. def spam(a,b,c):
print(a,b,c)

>>> spam(1,2,3)




123

>>> spam(1,2,3, debug=True)
Calling spam

123

>>>

BES

BT RIMBERAW B RBIPENMSENMEARNEL, REWILL, BRERER] A
®—LESNW, HlE, MRMEE FEXFHRG:

def a(x, debug=False):
if debug:
print('Calling a')

def b(x, y, z, debug=False):
if debug:
print('Calling b')

def c(x, y, debug=False):
if debug:
print('Calling c')

A ARE] CANG HLE M R % -

from functools import wraps
import inspect

def optional_debug(func):
if 'debug' in inspect.getargspec(func) .args:
raise TypeError('debug argument already defined')

@wraps (func)
def wrapper(*args, debug=False, **kwargs):
if debug:
print('Calling', func._ _name__)
return func(*args, **kwargs)
return wrapper

Q@optional_debug
def a(x):
pass

Q@optional_debug
def b(x, y, z):
pass

Q@optional_debug
def c(x, y):




pass

XS ARZATLATEE, ATREFIXBFSHUETIRAMEIES *args
sxkwargs SERIRE P, BT EAEFIXBFESH, ERIEI —MIFRBRABIKED
X, HFEETRUXERARRNMUENXBFSHNFZEAZINRAE, IMIFRSHS
WHERRTESN, HEARR, EFASWMAR x+kvargs FE,

BB —MERMRUNFEAIEIEHMINSHSHBERRHNSHEEZNB T R, Fl
i, WNRFIMHEE Coptional_debug FFAE—NEZRHE— debug SRHIRM L=
Biold, IBEHMBEMNT —TCRFRE,

ITHMAREIIUNERE—5, EABIHENRERRAMNIZAZIL T R EFREENEIR L
ERHELEHIZM, Fl:

>>> Qoptional_debug
. def add(x,y):
return x+y

>>> import inspect
>>> print(inspect.signature(add))

(x, y)
>>>

BT I FHMECR, BTCARRRIX AN E)E:

from functools import wraps
import inspect

def optional_debug(func):
if 'debug' in inspect.getargspec(func) .args:
raise TypeError('debug argument already defined')

@wraps (func)
def wrapper(*args, debug=False, **kwargs):
if debug:
print('Calling', func._ _name__)
return func(*args, *xkwargs)

sig = inspect.signature(func)

parms = list(sig.parameters.values())

parms . append (inspect.Parameter('debug’,
inspect.Parameter .KEYWORD_ONLY,
default=False))

wrapper.__signature__ = sig.replace(parameters=parms)

return wrapper

BT XFRE, BREMNEHZERMELERMIETR debug SHHIFET, HI40:

>>> Qoptional_debug
. def add(x,y):
return x+y




>>> print(inspect.signature(add))
(x, y, *, debug=False)

>>> add(2,3)

5

>>>

2% 9.16 I\ NIRAES X TRUERMER.

9.12 {EAZKIMERY 7EXHITNEE
] &

FEET R ENEETREXMWEBDRIENRENITH, ERIEXAFEERYE
EEITRIA T,

IS

X g %%iﬁm“EﬁMEm%a T, flEn, TER—INEE TIF%AE
__getattrlbute_ SR IEImes, FICAFTENRAE:

def log_getattribute(cls):
# Get the original implementation
orig_getattribute = cls.__getattribute__

# Make a new definition

def new_getattribute(self, name):
print('getting:', name)
return orig_getattribute(self, name)

# Attach to the class and return
cls.__getattribute__ = new_getattribute
return cls

# Ezample use
Q@log_getattribute
class A:
def __init__(self,x):
self.x = x
def spam(self):
pass

THEERMR:

>>> a = A(42)
>>> a.x
getting: x
42




>>> a.spam()
getting: spam
>>>

i

ERIMFEBE R MEAEMERZARLIBARTEN—MIEEFHINENLTE.
tean, EERGIFR S I —FpSKIfE R R 4%

class LoggedGetattribute:
def __getattribute__(self, name):
print('getting:', name)
return super().__getattribute__(name)

# Exzample:
class A(LoggedGetattribute):
def __init_(self,x):
self.x = x
def spam(self):
pass

XML REITEE, BN THERE, R IFERZERIRE. super O BA
REE 8.7 INGNMRRARIIR, EMIZE LR, ERIGHRLZMEBESEMNEN, 7
BEARSSIANMNBRER, EMNSTEEHRER—LE, ElthFHFAKEH super O &
.

MRMRRBAE-—NRLEERSNERKINE, BLMBEZEZ FIFRIZA, F190,
—PRIGE A SFERIBITTEBBRNS —MKM, MB—PRIGE B A2ER
MEEKITRGERRINRENINELE, BLAXHERKIGEE A MFEMERIHE B AIAT
[,

{RERICAER—TF 8.13 I\ HI—PXRTFEKRIGRIIBRNIGIF

9.13 {ER TR EAIRIRIE
[a] &

(RS R TSEAI RIS TR B F, EFsEth U,

f&IR73

A

Python 27 R&ERANE, MRIFEX T —1E, HMEERRL—HFHIEREREIES
1, fian:

class Spam:
def __init__(self, name):
self .name = name




= Spam('Guido')
b = Spam('Diana')

)
|

MRFBEEXZNPR, FRAIAEX —NMTERABCEN __call__0O Hik
ATER, BRRIEAEEFRACIRXAEASEA:

class NoInstances(type):
def __call__(self, xargs, *xkwargs):
raise TypeError("Can't instantiate directly")

# Example
class Spam(metaclass=NoInstances):
@staticmethod
def grok(x):
print ('Spam.grok')

XFRE, AP RERRAXNRNGEESTE, MARERBEENHEREIZERE
B, fugn:

>>> Spam.grok(42)
Spam.grok
>>> g = Spam()
Traceback (most recent call last):

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

File "examplel.py", line 7, in __call__

raise TypeError("Can't instantiate directly")

TypeError: Can't instantiate directly
>>>

WE, RANFEKMBLIRI (REERIEME—SLAIRIZE ), SHIERBERER:

class Singleton(type):
def __init__(self, *args, *xkwargs):
self.__instance = None
super() .__init__(xargs, **kwargs)

def __call__(self, xargs, *xkwargs):
if self.__instance is None:
self.__instance = super().__call__(xargs, **kwargs)
return self.__instance
else:
return self.__instance

# Exzample
class Spam(metaclass=Singleton):
def __init__(self):
print('Creating Spam')

A2 Spam KFABELIEME—HILAT, ERWMTF:




>>> a = Spam()
Creating Spam
>>> b = Spam()
>>> a is b
True

>>> ¢ = Spam()
>>> a is c

True
>>>
&g, RIZIMRAECIE 8.25 INTHAFREFLA, FEFATTAEIL TTIERLI :

import weakref

class Cached(type):
def __init__(self, *args, *xkwargs):
super() .__init__(xargs, **kwargs)
self.__cache = weakref.WeakValueDictionary()

def __call__(self, *args):
if args in self.__cache:
return self.__cache[args]
else:
obj = super().__call__(*xargs)
self.__cache[args] = obj
return obj

# Exzample
class Spam(metaclass=Cached) :
def __init__(self, name):
print('Creating Spam({!r})'.format(name))
self.name = name

RRBHRMIA—T:

>>> a = Spam('Guido')

Creating Spam('Guido')

>>> b = Spam('Diana')

Creating Spam('Diana')

>>> ¢ = Spam('Guido') # Cached

>>> a is b

False

>>> a is ¢ # Cached wvalue returned
True

>>>

e

MATEIM S LA BRIV BEELENMERTRNANAERS.




BRIRIFAMERTTE, RAIEFEFRREARLET RBEHE, bl T —
B, (MEFTERRKETEHIES:

class _Spam:
def __init__(self):
print('Creating Spam')

_spam_instance = None

def Spam():
global _spam_instance

if _spam_instance is not None:
return _spam_instance
else:
_spam_instance = _Spam()
return _spam_instance

EEATRAIERSLILERERSNEAR, ERENNBEERZEMES
ﬁﬂﬁ, mEBEMEM,

BZXTEIBERFSN. [BE5IRAFAE, 55 825 M5,

9.14 3 ENE
o] &

FEBMCR—NERBHNGEEXIAF, AFRICARAERMIRSH#E (Lt
MFFHE. H%ETEU;&?EE%% Jo

fRRFIZ

AL UETZMERENENER., TAR—MIF, AT — Ordered-
Dict *lai}ﬂi nnE’JEXJ“ﬁr—.

from collections import OrderedDict

# A set of descriptors for warious types
class Typed:
_expected_type = type(None)
def __init__(self, name=None):
self. _name = name

def __set__(self, instance, value):
if not isinstance(value, self._expected_type):
raise TypeError('Expected ' + str(self._expected_type))

instance. dict__[self._name] = value

class Integer(Typed):




_expected_type = int
class Float(Typed):
_expected_type = float

class String(Typed):
_expected_type = str

# Metaclass that uses an OrderedDict for class body
class OrderedMeta(type):
def __new__(cls, clsname, bases, clsdict):
d = dict(clsdict)
order = []
for name, value in clsdict.items():
if isinstance(value, Typed):
value._name = name
order . append (name)
d['_order'] = order
return type.__new__(cls, clsname, bases, d)

@classmethod
def __prepare__(cls, clsname, bases):
return OrderedDict()

FERXANTTER, FITEREMRITHEIRZHVE XIF S — 4 OrderedDict ™ #3RE,
ERNERFEHMAFERARIERAMALEY ~ _order 1, XHFRIEERAIFIEFTAE
USMAIRERE, flE], TEE—NERE, ERXMHIFFERRSIE —
SREIREBIRF ML A —1T CSV B!

class Structure(metaclass=0rderedMeta):
def as_csv(self):
return ','.join(str(getattr(self,name)) for name in self._order)

# Ezample use

class Stock(Structure):
name = String()
shares = Integer()
price = Float()

def __init__(self, name, shares, price):
self .name = name
self.shares = shares
self .price = price

BANEREIVMERMIL —TFiXA Stock 3

>>> s = Stock('GO0G',100,490.1)
>>> s.name

'GOOG"

>>> s.as_csv()




'G00G,100,490.1"
>>> t = Stock('AAPL','a lot', 610.23)
Traceback (most recent call last):

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

File "dupmethod.py", line 34, in __init__
TypeError: shares expects <class 'int'>
>>>

e

AT —PRBESAFZE OrderedMeta JTERPTEXREY ©  prepare () ik, XN
RESEABE EMEMRENREHNIT. EVIURE — MR RAEELTE
NARRHERR, FHANXEELIRE T — OrderedDict TIAR—NZiBIFH, ATl
RE SRR E B,

NRFEMEE CHRFHNR, AJUREZNT BXIN6E, bW, TEMXA
BRI AR LEE S MIE X :

from collections import OrderedDict

class NoDupOrderedDict (OrderedDict):
def __init__(self, clsname):
self.clsname = clsname
super ) .__init__Q)
def __setitem__(self, name, value):
if name in self:
raise TypeError('{} already defined in {}'.format(name, self.
—clsname))
super() .__setitem__(name, value)

class OrderedMeta(type):
def _ _new__(cls, clsname, bases, clsdict):
d = dict(clsdict)
d['_order'] = [name for name in clsdict if name[0] != ' ']
return type.__new__(cls, clsname, bases, d)

@classmethod
def __prepare__(cls, clsname, bases):
return NoDupOrderedDict (clsname)

TEHREMINESENEX SR LE

>>> class A(metaclass=0rderedMeta):
. def spam(self):
. pass
. def spam(self):
. pass

Traceback (most recent call last):




File "<stdin>", line 1, in <module>
File "<stdin>", line 4, in A
File "dupmethod2.py", line 25, in __setitem__
(name, self.clsname))
TypeError: spam already defined in A
>>>

REEE—RREE, MEXE __nev__O HiEFNWTFLEPHERXFHERIVEIE, R
BEXFERAT A —NFHERENX, EMIERERN class WRAVEHE, HANMNAFTER
XANFHER A —NERD dict 3K, BEIIER d = dict(clsdict) RFTEMEX M
%O

WFRZENARFME, SEBHKREEXNINFE-—ITEUAERIMNEEER
FofstE. g, AENRIRBREH, HAMEESEE TEXMTIVE XAIE:

class Stock(Model):
name = String()
shares = Integer()
price = Float()

EERRE, HAIHHIRE XHIAFRIG T RIRGS B STHE IR ERPEIT (R
EMUTF L\ FPE as_csv() BITNEE ), XTERIFAREERSR, AHEERLLE
A% (BEEEEMIAREPLER — MR ) ERENS,

9.15 EXBPIESHITTR
[a] &

RAEE X —NTTEE, RIFEE X RMANESE, X AEHIsEc B LA el
RN

W

fRIRTIZ

EE XEREHER, Python RVFFAER ‘metaclass X BFSERIBERFENTTE,
PIanfERmMERES:

from abc import ABCMeta, abstractmethod
class IStream(metaclass=ABCMeta):
@abstractmethod
def read(self, maxsize=None):
pass

@abstractmethod
def write(self, data):
pass

AT, EEEXTEABAVETARMEMBIRBFSE, WFAR:




class Spam(metaclass=MyMeta, debug=True, synchronize=True):
pass

ATETEFXEXRBRFSY, RYTRIRIE __prepare__ (), __new__0 #
__init__ O FiEPEMERAEGIXBFSH, METEXE:

class MyMeta(type):
# Optional
@classmethod
def __prepare__(cls, name, bases, *, debug=False, synchronize=False):
# Custom processing
pass
return super().__prepare__(name, bases)

# Required

def __new__(cls, name, bases, ns, *, debug=False, synchronize=False):
# Custom processing
pass

return super().__new__(cls, name, bases, ns)

# Required

def __init__(self, name, bases, ns, *, debug=False, synchronize=False):
# Custom processing
pass
super().__init__(name, bases, ns)

i

BL—ATERAMNTEXRBFSUFTEMTEFERCNENAESRER, BHXES
HRWMERLEE—MAXIAE, __prepare__ () HEEMBEE XABMITRIE L
WA, AREIESRGR=(E, EERH, XNGERZEBEMRE—NFHEIKE MR
BN R. __new__ O FiEWMAREAMNELHENR, EELXNERERITREFER
17. __init__O FHE&BEWRIER, ARRITEME—EH0ETE

SEAETENE, BEREFEZEEX— __new__( 3% __init__ () A&, B
AEAMIENX, B, NMREZESIHMIXBFSHE, BN HEMERNE
i, AFEHSEZEREWNNISHER, I __prepare ) AEEIITENXRFS
M, BERESZEEN], FILAREHXLEHIIISHATEESR NI LR 81 {R

TEETENX __prepare__ () AHik,

B EAEFNXBFSH, AXMERIREFRIIVNETXRFRIEEILES

EAXBFSHEE N TRL AT UM R EEN—MEN T, Flu:

class Spam(metaclass=MylMeta) :
debug = True
synchronize = True
pass




BXEEMEX AEHNHFLAETENAR TRENBIZTE, XLEBEMHNIXR
MWEFEMEIEMEL, MAREPRBDMITMEL. HI, EAE __prepare__O A
EPRAI UKL, AREXNEESKEMBEEEERRITRIHNIT,. BERELTERER
TTER  new O F __init O FHEHAII,

3

0.16 *args F **kwargs FIIEHISIER
o] 2

RBE—NEREETTE, EFERA *args F “kwargs fF RS, XHESELLRER,

EERRFEREFBHRNSVETZREMIEERLE,

fRIRTFIZ

HELE REIEERIARZERBIOB, (RERIZ{ER inspect HRAPIE RS
t, BITREEXERNE: Signature Fll Parameter , FHE —MEIERLFIERIZ
H+F:

>>> from inspect import Signature, Parameter

>>> # Make a signature for a func(z, y=42, *, z=None)

>>> parms = [ Parameter('x', Parameter.POSITIONAL_QOR_KEYWORD),
Parameter('y', Parameter.POSITIONAL_OR_KEYWORD, default=42),

- Parameter('z', Parameter.KEYWORD ONLY, default=None) ]

>>> gig = Signature(parms)

>>> print(sig)

(x, y=42, *, z=None)

>>>

—BRET—1NEBNR, FAFUERERN vind) FEERESHNEE4IEZ
xargs Fll xxkwargs £, FHE I ERNER:

>>> def func(*args, **kwargs):
bound_values = sig.bind(*args, **kwargs)
for name, value in bound_values.arguments.items():
print (name,value)

>>> # Try various examples
>>> func(1l, 2, z=3)
x 1

y 2

z 3

>>> func(1)

x1

>>> func(l, z=3)
x1

z 3

>>> func(y=2, x=1)
x1




y 2
>>> func(l, 2, 3, 4)
Traceback (most recent call last):

File "/usr/local/lib/python3.3/inspect.py", line 1972, in _bind
raise TypeError('too many positional arguments')
TypeError: too many positional arguments
>>> func(y=2)
Traceback (most recent call last):

File "/usr/local/lib/python3.3/inspect.py", line 1961, in _bind
raise TypeError(msg) from None
TypeError: 'x' parameter lacking default value
>>> func(l, y=2, x=3)
Traceback (most recent call last):

File "/usr/local/lib/python3.3/inspect.py", line 1985, in _bind
'{arg!r}"'.format(arg=param.name))
TypeError: multiple values for argument 'x'
>>>

A AELR, ETFERIMET RS HGERR, TSR REES ERI
m, EeanwiE, JHA BEEFF

THR—MEHRREREERNG T, ERBHR, BATEERREREX T —ME
BEAM __init__O FiE, RARBITEFAENFELTRE—MIENSBRER,

from inspect import Signature, Parameter

def make_sig(*names) :
parms = [Parameter(name, Parameter.POSITIONAL_OR_KEYWORD)
for name in names]
return Signature(parms)

class Structure:
__signature__ = make_sig()
def __init__(self, *xargs, *xkwargs):
bound_values = self.__signature__.bind(*args, **kwargs)
for name, value in bound_values.arguments.items():
setattr(self, name, value)

# Example use
class Stock(Structure):
__signature__ = make_sig('name', 'shares', 'price')

class Point(Structure):
__signature__ = make_sig('x', 'y')

THEEFEAXA Stock KAIRA:




>>> import inspect

>>> print(inspect.signature(Stock))
(name, shares, price)

>>> 81 = Stock('ACME', 100, 490.1)
>>> 82 = Stock('ACME', 100)
Traceback (most recent call last):

TypeError: 'price' parameter lacking default value
>>> 83 = Stock('ACME', 100, 490.1, shares=50)
Traceback (most recent call last):

TypeError: multiple values for argument 'shares'
>>>

e

TﬁMEEWLLﬁuﬂF MERIMBIBASCIUNIENRR, WF *args F
**kwargs HERAREEIERN, B2, XHEMERHE— Aﬁ,\\\EjEIEé{lJ\:u\g;ILEEE’J
§&$49ﬁ51 ftE%Ek‘*”*ﬂﬂmuEL 7F 81 WP EEBEXHE—MIF, XEHEFATTMU
Bl — PN EBNEKRELE,

EREN—NARXAR, HANETUEIEABE X TEREIEZEZWNR, TH
I, 371N /L.\*E'é;'%*I)L.

from inspect import Signature, Parameter

def make_sig(*names) :
parms = [Parameter(name, Parameter.POSITIONAL_OR_KEYWORD)
for name in names]
return Signature(parms)

class StructureMeta(type):
def _ _new__(cls, clsname, bases, clsdict):

clsdict['__signature__']l = make_sig(*clsdict.get('_fields',[]))
return super().__new__(cls, clsname, bases, clsdict)

class Structure(metaclass=StructureMeta):
_fields = []
def __init__(self, xargs, *xkwargs):
bound_values = self.__signature__.bind(*args, **kwargs)
for name, value in bound_values.arguments.items():
setattr(self, name, value)

# Example
class Stock(Structure):
_fields = ['name', 'shares', 'price']

class Point(Structure):
_fields = ['x', 'y']




HEMNBEEXERIE, BERTFMEERENENY __signature_ FEERR
BAK, XEFRE, EER inspect MRMITREMNNBMRELNERZHFBEF R
RAE,

>>> import inspect

>>> print(inspect.signature(Stock))
(name, shares, price)

>>> print(inspect.signature(Point))
(x, v

>>>

0.17 7L EaadflE ARz LY
Bk

MWREFES—MRERMRBEER R, RAEEEFMITREREZNG (HENRD
2B ) REENIEF R RTT/EEE,

RRRFIZ

NRMFRBBIEENEN, BEIUBEEX —PE, —MNELATERBEERMHEE
type HEENXERN __nev_ (O HESHER __init__ O Hik. teud:

class MyMeta(type):
def _ _new__(self, clsname, bases, clsdict):
# clsname ts name of class being defined
# bases is tuple of base classes
# clsdict %s class dictionary

return super().__new__(cls, clsname, bases, clsdict)

A—ME, EX __init__0O FiE:

class MyMeta(type):
def __init__(self, clsname, bases, clsdict):
super () .__init__(clsname, bases, clsdict)
# clsname 1s name of class being defined
# bases is tuple of base classes
# clsdict 2s class dictionary

ATERAXNTE, (FEEERERBIR —AMIEREEXH, AREMEIZELR
EANTARRE, BIEn:

class Root(metaclass=MyMeta):
pass

class A(Root):
pass




class B(Root):
pass

TEN— T XBREREREEATHREEXNREREXNAET, EEHMEX
__init__ O FER, MEJRREMNRERFH, REEFS, AH, " BEANT
RWEERTENRK, BLAMSWBRIAEFEFE, AL, —MERNMEEMEE
EREMNBRARRPIELL N ARRERBE P TTEREZHRFAE TEHFENE X,

ER—BEEHNALF, FTHEX T —1E, EREREMNGESNNERF
EATENERENX (FIEEREARIE Java BEFHE 7

class NoMixedCaseMeta(type):
def _new__(cls, clsname, bases, clsdict):
for name in clsdict:
if name.lower() != name:
raise TypeError('Bad attribute name: ' + name)

return super().__new__(cls, clsname, bases, clsdict)

class Root(metaclass=NoMixedCaseMeta) :
pass

class A(Root):
def foo_bar(self): # Uk
pass

class B(Root):
def fooBar(self): # TypeError
pass

ERESRMEANOIF, FTEE—I XL, ERARENEHTZE, BRENER
SRR EFFRREHFZEEHRNSHER.

from inspect import signature
import logging

class MatchSignaturesMeta(type):

def __init__(self, clsname, bases, clsdict):
super() .__init__(clsname, bases, clsdict)
sup = super(self, self)
for name, value in clsdict.items():
if name.startswith('_') or not callable(value):
continue
# Get the previous definition (if any) and compare the signatures
prev_dfn = getattr(sup,name,None)
if prev_dfn:
prev_sig = signature(prev_dfn)
val_sig = signature(value)
if prev_sig != val_sig:
logging.warning('Signature mismatch in . = B
value.__qualname__, prev_sig, val_sig)




# Example
class Root(metaclass=MatchSignaturesMeta):
pass

class A(Root):
def foo(self, x, y):
pass

def spam(self, x, *, z):
pass

# Class with redefined methods, but slightly different signatures
class B(A):
def foo(self, a, b):
pass

def spam(self,x,z):
pass

MRAFZITIXERNEE, MEFR TEXHFMEHER:

WARNING:root:Signature mismatch in B.spam. (self, x, *, z) != (self, x, z)
WARNING:root:Signature mismatch in B.foo. (self, x, y) != (self, a, b)

XMEEEEN FRER - LHMIPNER bug RBERAN. £, MREMCBK
BT EBENZNRBFSH, BLIFRALSHRAFHEHRSIHALE,

e

FEARHERNRWERTR, BEFENEXBETEPEFRREAN., TTEAIU
BIEEMEX, EEREARELESHE IR gL,

BARJRERN, BXFNHERTUNETREFHST TR IDE AMSBHFLE, #HA,
XETHREER, B, NRGEME—MERSRBEREMAER, BAIRZD
EREGEREERERTATE, FAlt, WFXMERERF, NRFIUETERMHE
M BT LA SRE 7B A PR EE,

FERXRPEREREX __new__O FHiFER __init__ O FEBRTIREEREE
RERE, __new__O HEERLIEZAWIER, @8FEATEIEMAGN (tLih@Edg
LRFHIINE ) EREMNEN, M __init__ () FERERREEZERIFA, SR
FETEMERNRWHERREA, £RE—MIFH, IZ2LEN, ARNEERT
super ) BRFCRERZAIMNE X, EREAEXNEFIREIEZE, FEBNTGERER
7t EZWIRELTF T,

e — Ml F1EE/RT Python HRBERBWRIER, KbrL, THEFEAT
WAREXBE—1TER, ERA—PEX (MREMIE), AFEIER inspect.
signature ) RERMELRENMWIERER.

Rea—R, KEBPRE—1TERT super(self, self) HFAZHREE R, HEAT




',]_
4

EHRHE, RINENZLZE—SHE self LR LE—MENSK, B, XFEGHE
FRARI A TFRERERTPEE self REME X,
0.18 ARIZATNE X E
|o) 25
REE—ERE, RAZEEZECE—MENR, RERIFENTE CRKBUER

BRERNLRmEE, HEEARHLEN execO KMITE, BERMMEIH—NEMMLTE
HIRERTI 5.

P YSES

{REJCAEFAERIEY types.new_class O RYIAMLFTRIENTR, (RFEZMIIIAZRM
EMBRF, RETH, REFSH, UR—TARRTEEARZFHIEFERL, F190:

# stock.py
# Example of making a class manually from parts

# Methods
def __init__(self, name, shares, price):
self .name = name
self.shares = shares
self.price = price
def cost(self):
return self.shares * self.price

cls dict = {
' _dinit__' : __init__,
'cost' : cost,

}

# Make a class
import types

Stock = types.new_class('Stock', (), {}, lambda ns: ns.update(cls_dict))
Stock. module = _ name _

EMAASME—MEEENSR, HFEZRBIREAETE:

>>> s = Stock('ACME', 50, 91.1)

>>> 8

<stock.Stock object at 0x1006a9b10>
>>> s.cost()

4555.0

>>>

XFHEER, —NEEREIEBENM S REIAS types.new_class() ¥ Stock.
__module__ WIIH{E, BRE—IMEBENG, EN __module_ BHEESTEXEHIRR




Boe INBRFHTER __repr__ O AWML, EREMEHEATESE, LU0 pickle
. Elt, ATILFREIEMNZER “IER” 1, MEEHAXI/NNEEDRIRETLRT.,

NRMREEIRBIEFTE—IPMARIRIITE, JLAEE types.new_class() B=4S
BEHLEE, Hla:

>>> import abc
>>> Stock = types.new_class('Stock', (), {'metaclass': abc.ABCMetal,
lambda ns: ns.update(cls_dict))

>>> Stock.__module__ = __name__

>>> Stock
<class '__main__.Stock'>

>>> type(Stock)
<class 'abc.ABCMeta'>
>>>

FB=ASREUESEMBNRBFSY, LI, —MEIEXWTF:

class Spam(Base, debug=True, typecheck=False):
pass

LRI LAS EENIZRL AN T AY new_classO) ABRIN:

Spam = types.new_class('Spam', (Base,),
{'debug': True, 'typecheck': False},
lambda ns: ns.update(cls_dict))

new_class() BN SHHmMHHW, ER—IMNHAXREZ LGB EIIME W REIER
#, BEXIR—IMNEBENFH, BEREKMFRER  prepare () HFREMEENR,
BEANE 914 INPEENBE T, INRHNEZFER LHERD update() HikAwm
TEREMAE.

e

BERENREMNEFNENREZEREAN. ENRATZTNEAFEIRAA
collections.namedtuple() BREX, l0:

>>> Stock = collections.namedtuple('Stock', ['name', 'shares', 'price'])
>>> Stock

<class '__main__.Stock'>

>>>

namedtuple() f£F exec) MAR LEMNBNEZEAR, BE, TEHEI—NEEY
T, BANEEEIE—E:

import operator
import types
import sys




def named_tuple(classname, fieldnames):
# Populate a dictionary of field property accessors
cls_dict = { name: property(operator.itemgetter(n))
for n, name in enumerate(fieldnames) 1}

# Make a __new__ function and add to the class dict
def __new__(cls, *args):
if len(args) != len(fieldnames):
raise TypeError('Expected {} arguments'.format(len(fieldnames)))

return tuple.__new__(cls, args)
cls dict[' new '] = _new_

# Make the class
cls = types.new_class(classname, (tuple,), {},
lambda ns: ns.update(cls_dict))

# Set the module to that of the caller
cls. _module__ = sys._getframe(l).f_globals['_ _name__']
return cls

XERRBHNREMAERT - ABR" EREE", BTIEA sys._getframe()
RIREEAREWRIRR, B —MERBEZEOFE 2.15 N FHRENAEL,

FEAIFER T AIEA R0 TE:

>>> Point = named_tuple('Point', ['x', 'y'l)
>>> Point
<class '__main__.Point'>
>>> p = Point(4, 5)
>>> len(p)
2
>>> p.x
4
>>> p.y
5
>>> p.x = 2
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
AttributeError: can't set attribute
>>> print (' )
4 5
>>>

EORA—MREENAEREN FRENERER. Re gt BELAt
— M EREELE - E:

Stock = type('Stock', (), cls_dict)

XMFENEEETEBR T —LXBLR], LW TFITEFR __prepare__O 73
ERVIEA, @UER types.new_class() , {REIARIEFFBHILZEYIRIL S IREBRETS




ZIM1T7. tEUD, types.new_class() BIUNSEKBIEIAREIES __prepare_ () FHiE
IR EAYBRET TR,

MR RBERITEZ SR, vJLAER types.prepare_class() , FI40:

import types
metaclass, kwargs, ns = types.prepare_class('Stock', (), {'metaclass': typel})

ESBHREENTTEHIBBER __prepare__ ) Aid. RAEXNTEREFENX
BFEH, EEGRZTEIEHIRME,

BZER, H8%E PEP 3115, BAK Python documentation .

9.19 7E3E X KRR 1R L SERIRY 5
o] &

(RS EMTE I BHERA W IR L — 2B D KB 5, MARBEFEISLAIHEIESE.

fRIRT =

FEETE X ITYRMASRIRERIERTEN—NMNRBN AR, KR LW, —1
TTESTETE XA, XEHME{RE] AT —LLEIMIIRIE,

TEHER—MIF, MAXNEBEREIZBEMTF collections RIRAAARITLEHAM

x:

import operator

class StructTupleMeta(type):
def __init__(cls, *args, **kwargs):
super() .__init__(*args, *+*kwargs)
for n, name in enumerate(cls._fields):
setattr(cls, name, property(operator.itemgetter(n)))

class StructTuple(tuple, metaclass=StructTupleMeta) :
_fields = []
def __new__(cls, *args):
if len(args) != len(cls._fields):
raise ValueError('{} arguments required'.format(len(cls._fields)))
return super().__new__(cls,args)

XERCRS R] AR SRE X & B E T T BRI BIESEM, WTATR:

class Stock(StructTuple):
_fields = ['name', 'shares', 'price']

class Point(StructTuple):
_fields = ['x', 'y']



https://www.python.org/dev/peps/pep-3115/
https://docs.python.org/3/reference/datamodel.html#metaclasses

TEEREWFI IE:

>>> g = Stock('ACME', 50, 91.1)

>>> g

('ACME', 50, 91.1)

>>> s[0]

"ACME'

>>> s.name

"ACME'

>>> s.shares * s.price

4555.0

>>> s.shares = 23

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

AttributeError: can't set attribute

>>>

e

X—/\FA, 3£ StructTupleMeta SRENZIKEM _fields FRIBMHRFIIR, A
B e RBP4 045 E TTEIER 35, R4 operator.itemgetter () BIE
— MNFo]2ERE, A property() EREUGHILIRM —MNEM.

AN REENZD ZANERNENNBE S RET LMERR LR, StructTupleMeta
Ry __init__ ) HAERREBNEREXRBIFA—IX, cls S MEE XHIE,
KPR E, ERCHEERT _fields REERREFMIWEX ML, AREEHRM—
RFTHIARPE,

StructTuple E{FH—NEBRIERZE, HEMERERBRIXNEPH __new__0

FERRMEFAIEAG, XEFEA __nev_ O HAAZRREN, TERERBANEEXR
TTEMIERZER, EERAITMREERSOIERIERIZEM, & TEXHE:

Stock('ACME', 50, 91.1) # 0K
Stock(('ACME', 50, 91.1)) # Error

R __init__ O RNERIR, __new__ (O FHFEEXAIMEIBZAIWAM A, BFTAR
AEMELRRY, FRA—BENHEIZ 7T HMA R sl EMEMNE, M __init__ (O RESL
PlRIZM&REHRMA , ZHMERAIR ] AEBHANE®HI T, IBEAMTA __nev__0O
HEBEWENXT

REATRIE, TRFZB(REFATIE, RABE Python ERIMAIHE XK, 3K
PIR AN EIRRY, TBMEBTEMENZNANENHEREEMT ARREIERA.

PEP 422 Ifff 7T — MERET R BN —F7E, BR, SILEEBREXASHE
B, EXERERNFEZ, REWILL, WMRIRFERRZ Python 3.3 SRESHIAME, B
LERESEE TN,

9.20 MARBEMELI T EZEH



http://www.python.org/dev/peps/pep-0422

o] &

MEZF L ERFERRBSHER, BLIRAIESR ﬂ%?%iﬂ%?iﬂ%ﬁ
HEH, EEM$ﬁmfﬁuﬁ£+ﬂ(Y%ﬂﬁﬁ" N Do
fRRTIZ

RINTHIFRARET - EENKRA, BEE Python RIFSEERE, CIGR]AR
HXFE:

class Spam:
def bar(self, x:int, y:int):
print('Bar 1:', x, y)

def bar(self, s:str, n:int = 0):
print('Bar 2:', s, n)

= Spam()
s.bar(2, 3) # Prints Bar 1: 2 3
s.bar('hello') # Prints Bar 2: hello 0

THEHNB-—LHE, ERRT —NuRMiEREE

# multiple.py
import inspect
import types

class MultiMethod:

rr

Represents a single multimethod.
def __init__(self, name):

self. methods = {}

self. name = name

def register(self, meth):

o

Register a new method as a multimethod

1

sig = inspect.signature(meth)

# Build a type signature from the method's annotations
types = []
for name, parm in sig.parameters.items():
if name == 'self':
continue
if parm.annotation is inspect.Parameter.empty:
raise TypeError(
"Argument {} must be annotated with a type'.format(name)

)




if not isinstance(parm.annotation, type):
raise TypeError(
"Argument {} annotation must be a type'.format(name)
)
if parm.default is not inspect.Parameter.empty:
self._methods[tuple(types)] = meth
types.append(parm.annotation)

self._methods[tuple(types)] = meth

def __call__(self, *args):

1

Call a method based on type signature of the arguments
types = tuple(type(arg) for arg in args[i:])
meth = self._methods.get(types, None)
if meth:
return meth(*args)
else:
raise TypeError('No matching method for types {}'.format(types))

def __get__(self, instance, cls):

Descriptor method needed to make calls work in a class
1
if instance is not None:
return types.MethodType(self, instance)
else:
return self

class MultiDict(dict):

rr

Spectal dictionary to build multimethods in a metaclass
def __setitem__(self, key, value):
if key in self:
# If key already exists, it must be a multimethod or callable
current_value = self [key]
if isinstance(current_value, MultiMethod):
current_value.register(value)
else:
mvalue = MultiMethod (key)
mvalue.register(current_value)
mvalue.register(value)
super () . __setitem__(key, mvalue)
else:
super () . __setitem__(key, value)

class MultipleMeta(type):

rr




Metaclass that allows multiple dispatch of methods
def _ _new__(cls, clsname, bases, clsdict):
return type.__new__(cls, clsname, bases, dict(clsdict))

Qclassmethod
def __prepare__(cls, clsname, bases):
return MultiDict ()

ATERZANE, FAIMETEXHES:

class Spam(metaclass=MultipleMeta):
def bar(self, x:int, y:int):
print('Bar 1:', x, y)

def bar(self, s:str, n:int = 0):
print('Bar 2:', s, n)

# Example: overloaded __init__
import time

class Date(metaclass=MultipleMeta):
def __init__(self, year: int, month:int, day:int):
self.year = year
self .month = month
self.day = day

def __init__(self):
t = time.localtime()
self.__init__(t.tm_year, t.tm_mon, t.tm_mday)

TEHR— M RERAIKREIECREIER TF:

>>> s = Spam()

>>> s.bar(2, 3)
Bar 1: 2 3

>>> s.bar('hello')

Bar 2: hello O
>>> g.bar('hello', 5)
Bar 2: hello 5
>>> s.bar(2, 'hello')
Traceback (most recent call last):

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

File "multiple.py", line 42, in __call__

raise TypeError('No matching method for types {}'.format(types))

TypeError: No matching method for types (<class 'int'>, <class 'str'>)
>>> # Overloaded __intt__
>>> d = Date(2012, 12, 21)
>>> # Get today's date
>>> e = Date()
>>> e.year




2012

>>> e.month
12

>>> e.day

3

>>>

e

AR, BFEENAEMERATERR TREBMNEENRE, B2, ©AlgEiL
BATRNIRRRTENERBRNEELERIE, FENRNXEHSNESR, AL, M&E
MAARRUNENATTHIEAR, EN—ERERBHNSTZMIE T LEITE., i
ERFIR BUERRRIRIZIRA,

AT AHNFTEZTRESLZ R B B, MutipleMeta JTTERFEHE B
__prepare__() HiERERH —"MEN MultiDict QWJE"J 57:1?_3(?5&0 ﬁﬁﬂﬁ%ﬁ?
HA—MHIRE, MultiDict RETTEZMIRENMBREERTEEEFE, NREFEEMIE,
EEMTEEATE MultiMethod SRS I,

MultiMethod SKfiEIT MR MR E R BRI HIBRESRINE 5%, EXMHEL
B, RBEREARWEXILERARMEIANME, XMTFEHE MultiMethod.
register ) J3iAHSKM, IR —NMRBRRENWTS175E, MESHEET
WNERE, AWM,

7971k MultiMethod SEBIRIA—NMAA, EM __call__O FAEHWSEM T, XN
EMNFTBEHERR slef NBSWHPME—1EETH, TR map FERXNGE, AR
RN R, J7TBELE MultiMethod SKBITERTE XA IEMIRIF, __get__ O BW
FEEUB, EWARMBIERNAES A, LLU:

>>> b = s.bar

>>> Db

<bound method Spam.bar of <__main__.Spam object at 0x1006a46d0>>
>>> b.__self _

<__main__.Spam object at 0x1006a46d0>

>>> b._ _func__

<__main__.MultiMethod object at 0x1006a4d50>
>>> b(2, 3)

Bar 1: 2 3

>>> b('hello')

Bar 2: hello O

>>>

AEFTHSTIEE —LRE, ER—MNEENERERXEFSE, F:

>>> s.bar(x=2, y=3)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: __call__() got an unexpected keyword argument 'y'

>>> s.bar(s='hello')




Traceback (most recent call last):

File "<stdin>", line 1, in <module>
TypeError: __call__() got an unexpected keyword argument 's'
>>>

HIFE R G ZERIIXMNZT, EREFTE N TE2AENTERGF S, ([0
AETXRBFSHUOLIMZREBINFE, SERUEBSBUESERN, BENSHRS
GIEEBREL T, XRHRIFANEAE __call__ O HiEREEMIHEF.

EEN TR 2RMREIE, FIE0, FUTFTEXFCBHMAELER TIF:

class A:
pass

class B(A):
pass

class C:
pass

class Spam(metaclass=MultipleMeta):
def foo(self, x:A):
print('Foo 1:', x)

def foo(self, x:C):
print('Foo 2:', x)

[REIREN x: A EREAEERLINLES 738354 (ELa0 B #9sLfl), 20°F:

>>> g = Spam()

>>> a = AQ

>>> s.foo(a)

Foo 1: <__main__.A object at 0x1006a5310>
>>> ¢ = C(O)

>>> s.foo(c)

Foo 2: <__main__.C object at 0x1007a1910>
>>> b = B()

>>> s.foo(b)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
File "multiple.py", line 44, in __call__
raise TypeError('No matching method for types {}'.format(types))
TypeError: No matching method for types (<class '__main__.B'>,)
>>>

ERERTEMERY—MENRLR, TUETHRERRIIMEMIER, Flun:

import types

class multimethod:
def __init_(self, func):




self. methods {
self. name = func._ name _
self._default = func

def match(self, *types):
def register(func):
ndefaults = len(func. defaults ) if func. defaults _ else O
for n in range(ndefaults+1):
self._methods[types[:len(types) - n]] = func
return self
return register

def __call__(self, *args):
types = tuple(type(arg) for arg in args[i:])
meth = self._methods.get(types, None)
if meth:
return meth(*args)
else:
return self._default (*args)

def __get__(self, instance, cls):
if instance is not None:
return types.MethodType(self, instance)
else:
return self

AT ERERERE, FEEGTEXES:

class Spam:
@multimethod
def bar(self, *args):
# Default method called 2f mo match
raise TypeError('No matching method for bar')

@bar.match(int, int)
def bar(self, x, y):
print('Bar 1:', x, y)

@bar.match(str, int)
def bar(self, s, n = 0):
print('Bar 2:', s, n)

AR A REF L EEREIRIRS (NZFHRBFSEFYEE ),

FTESEVEETEN, BT, IFRIFNMNEMEESBERE PR RERTE
EH, MIBERRKEATEIEEEXY, (LNMETRALENSGZEHEFP, F#1
BlF, 8.21 INTHREYILEIERIN ] MER A —MERTEERHME, BR, FRTIXNLA
Sy, BEANZERGEER (MERNERRRRMBITTEMRITT X

£ Python XMW FEMAEZEHNITEELHRER, WFIIRXNMFEHER
, AILAZZ K Guido van Rossum BIXREIEZ: Five-Minute Multimethods in Python



http://www.artima.com/weblogs/viewpost.jsp?thread=101605

9.21 BREENREESZE
2128

MEXPEEEENEX —ERITHEEZENEMSE, LLMNHTRERE, B
HFEMLXLEE S KL ?

L VES
ERT—MERN0%E, CHELEELSEES

class Person:
def __init__(self, name ,age):
self .name = name
self.age = age

@property
def name(self):
return self._name

Oname.setter
def name(self, value):
if not isinstance(value, str):
raise TypeError('name must be a string')
self. _name = value

@property
def age(self):
return self._age

Qage.setter
def age(self, value):
if not isinstance(value, int):
raise TypeError('age must be an int')
self._age = value

AJEE], ATRMBEMENRERE ﬁM%Tﬁg%EEﬁﬂonzmuFEU
LN, REAZEINERELE, — PRI RER LI —MRBARE X
BiEFREE, FIu0:

def typed_property(name, expected_type):
storage_name = '_' + name

@property
def prop(self):
return getattr(self, storage_name)

@prop.setter
def prop(self, value):
if not isinstance(value, expected_type):




raise TypeError('{} must be a {}'.format(name, expected_type))
setattr(self, storage_name, value)

return prop

# Exzample use

class Person:
name = typed_property('name', str)
age = typed_property('age', int)

def __init__(self, name, age):
self .name = name
self.age = age

e

ALHNERABRYRERABCHN—IPEZRNE, ENRE—NE, flFHEY
ERIZ typed_property) B LEZBRIIEM, HLEMMEVXNME WIFERBMEFF
REXANBHNR, B, SE-—MEPERAENE, WRBFECERNAERE
REXHER—HM, REBMM getter M setter F7iE1AR T AL E YN nane |
expected_type BAJZ storate_name , ENMRIEE, XEBENERREFEAEIF,

BAE AT CAER functools.partial O RIHFHRE F XM+, RE®, F10, K
BT BAR T ENX ¥

from functools import partial

String = partial(typed_property, expected_type=str)
Integer = partial(typed_property, expected_type=int)

# Example:

class Person:
name = String('name')
age = Integer('age')

def __init__(self, name, age):
self .name = name
self.age = age

HAReJ BRI, XERIMCIEIR 8.13 WV RAYEER R A XI5 B LR,

0.22 EX F FXEESENEELE
BE

FEBCEFRU— M ETXEESE, BMEER with &),




fRIRTI

KU - ETXEERNEEH RN EAMRZEM contexlib R A
Q@contextmanager wifgd, TEZ KU TABIRITERINEEN L TXEEEGF:

import time
from contextlib import contextmanager

Q@contextmanager
def timethis(label):
start = time.time()
try:
yield
finally:
end = time.time()
print ('{}: {}'.format(label, end - start))

# Exzample use
with timethis('counting'):

n = 10000000
while n > O:
n-=1

ERE timethis () HF, yield ZRIMRBEELTXERZEHIEN __enter_ O
FiERIT, FTBE yield ZBERIRBEER __exit__ O HiEHIT, MRHEMTEE,
RESE yield iBRIEHIHL,

THR-IEMSH—=MLTXEEE, IMTIHRNR EWEMHES:

Q@contextmanager

def list_transaction(orig_list):
working = list(orig_list)
yield working
orig_list[:] = working

XERCRHEAR I IIRMENRBIMBENRBETEMF ENHRFER
BATT2EN., TEHRINKER—TF:

>>> items = [1, 2, 3]

>>> with list_transaction(items) as working:
working.append (4)
working.append (5)

>>> items

(1, 2, 3, 4, 5]

>>> with list_transaction(items) as working:
working.append (6)
working.append (7)
raise RuntimeError('oops')

Traceback (most recent call last):




File "<stdin>", line 4, in <module>
RuntimeError: oops
>>> items
(1, 2, 3, 4, 5]
>>>

e

BEBALT, IREE—1MNLTXEE:RE, BEFEEX—I1TZE, Emgs—
__enter__ () FI— __exit__ (O FiE, WAFFR:

import time

class timethis:
def __init__(self, label):
self.label = label

def __enter__(self):
self.start = time.time()

def __exit__(self, exc_ty, exc_val, exc_tb):
end = time.time()
print ('{}: {}'.format(self.label, end - self.start))

REZXNMAEES, EHEMELLRE —/NEERIIER ocontextmanager ;EFRIIR L
ﬁﬁl:l Z‘E?ﬁmzﬂﬂio

@contextmanager MiZIXXFAXRKEEHBEN L TXEEXRY, NRMFEE LN
R (W=, WgERESRs), FEXF vith 186, BAGREERHKIN
__enter__ () BEM __exit O Ai.

9.23 EFERREHFMITING
2128

FEEEREERMMTENMBLE, FEAREENITRMABENESREANTN

fRRTFIZ

ATEBZANE-E, Slil—1ERER. 8%, E2REGRZEARRIT MG
RER:

>>> a = 13

>>> exec('b = a + 1')
>>> print(b)

14

>>>




Rla, BE—TRHFRITEERNNRD:

>>> def test():
a =13
exec('b = a + 1')
print(b)
>>> test()
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
File "<stdin>", line 4, in test

NameError: global name 'b' is not defined
>>>

AIAVEWH, REME T —1 NameError %, FIEE exec) BRAIMEHITIE—
M, ERMEEREMNITERFERE exec) FITERMIEMSBRIA T,

FITEIESXHFENER, MEEEIER exec() ZBIERA locals() REFKEBE—4
BETEFH, ZERFEENFEFHAPFKEERTEHTEE T, Fla:

>>> def test():
a =13
loc = locals()
exec('b = a + 1')

b = loc['b']
print(b)

>>> test ()

14

>>>

e

SEFR EXFTF exec O MIIEMERRLLEIER, XS EIFR T HIREBRER execO
FIEHR, EBERIIBFIMRTLTR (LLARIAE. AR, TRFEF),

PAT, WNSRARNDAE(EA execO) , ATIH T —EINTERERAERTE. KA
BT, execO REIFAEFHMEFCERAMNITNRE, Am, FRUE@, ZiBH
execO) WEEEEZRE LI EEAHMAI—PFH, REUE, TR execO TWRM
1T TIETURME, IMEEMNERNWKIrEHREEER BT M. TEARAII—NE
REFIF:

>>> def testl1():
x =0
exec('x += 1")
print (x)

>>> test1()
0
>>>




FEARBE, SFEA localsO KNEHTER, RIRFHIRIZELE execO BY
BRTEN—MEN, BIERBRITEEEXNFHIE, FBHMERBERFNE
T, TER—MNETREF:

>>> def test2():
x =0
loc = locals()
print ('before:', loc)
exec('x += 1")
print('after:', loc)
print('x =', x)

>>> test2()

before: {'x': 0}

after: {'loc': {...}, 'x': 1}
x =0

>>>

FAMBRRE—SHEL, RIEMRIE 1oc PHRIEXEHNEFNMES x, BN x
TEERTZER,

EfER locals O MR, IFEEERFIF, SXEWIBERNAR, localsO
SRDEMREEETWEABESFRIENNEE, FEEME T TEX/MIRE
HEER

>>> def test3():
x =0
loc = locals()
print(loc)
exec('x += 1")
print(loc)
locals()
print(loc)

>>> test3()

{'x': 0}

{'"loc': {...}, 'x': 1}
{'loc': {...}, 'x': 0O}
>>>

EFBRRE—IXIEA locals O AIFHE x MIERWNFAHESEN.

ER locals ) FI—NERAR, ReIMERMBCHFH, FIEEEZBL exec()
. f5un:

>>> def test4():

a =13

loc = { 'a'" : a}
glb = { }

exec('b = a + 1', glb, loc)
b = loc['b']

print(b)




>>> testd ()
14
>>>

KB ERT, ZMANEMER exec) NREXK. (RRAFZRILZ/ENFEILF
BRTEfRE RS U50] i B AR 1t,

EB—m, EEA exec) ZAl, RAJEFE R THCELBEEMEFNENLR.
RBBIBERATFEEEMER exec) MR, BB RINEFRIRRRTIR, LLINRIMGE,
M. T, SEM—LTRERT,

9.24 #EMT 553 #7 Python JR15

o] &

(RS EMTFH I Python RBEIIFERF.
IS
REB57 12 R ANE Python BERTHEEIITF AR NBNRNHE, Fla0:

>>> x = 42

>>> eval('2 + 3%4 + x')

56

>>> exec('for i in range(10): print(i)"')

© 00 N O O WN - O

>>>

REWL, ast EREEHWAFRIG Python JBRBLRIZAL— N oI # N TR HISRAE &
(AST), fFI4n:

>>> import ast

>>> ex = ast.parse('2 + 3%4 + x', mode='eval')

>>> ex

<_ast.Expression object at 0x1007473d0>

>>> ast.dump(ex)

"Expression(body=BinOp(left=BinOp(left=Num(n=2), op=Add(),
right=BinOp(left=Num(n=3), op=Mult(), right=Num(n=4))), op=Add(),




right=Name (id='x"', ctx=Load())))"

>>> top = ast.parse('for i in range(10): print(i)', mode='exec')
>>> top

<_ast.Module object at 0x100747390>

>>> ast.dump(top)

"Module (body=[For (target=Name(id='i', ctx=Store()),

iter=Call (func=Name(id='range', ctx=Load()), args=[Num(n=10)],
keywords=[], starargs=None, kwargs=None),
body=[Expr(value=Call (func=Name (id='print', ctx=Load()),
args=[Name(id='i', ctx=Load())], keywords=[], starargs=None,
kwargs=None))], orelse=[])])"

>>>

TR EEZRE EE;E’J?—T RH—ZY AST B RHME, PITXET S
REPBNHEMZ EX MAE)E L EME!% visit_NodeName() 3;%, NodeName ()
@E%B‘tbffj\@)—‘éﬂﬁ’ﬂ TeE, FHEX 7f$ AN, IBRTWLZFHMEE. ZAEF MRy

l:lIL,\o

import ast

class CodeAnalyzer (ast.NodeVisitor):
def __init__(self):
self.loaded = set()
self.stored = set()
self.deleted = set()

def visit_Name(self, node):
if isinstance(node.ctx, ast.Load):
self.loaded.add(node.id)
elif isinstance(node.ctx, ast.Store):
self.stored.add(node.id)
elif isinstance(node.ctx, ast.Del):
self.deleted.add(node.id)

# Sample usage

if name_ _ ==
# Some Python code
code = '''

' main__':

for i in range(10):
print (i)
del 1

# Parse into an AST
top = ast.parse(code, mode='exec')

# Feed the AST to analyze mame usage
= CodeAnalyzer ()
c.visit(top)




print('Loaded:', c.loaded)
print('Stored:', c.stored)
print('Deleted:', c.deleted)

MRBIFEITXNERF, FRFE TEXFRMEL:

Loaded: {'i', 'range', 'print'}
Stored: {'i'}
Deleted: {'i'}

gfa, AST BJBLBIT compile () BRIFCRImIFFHMNIT, FU0:

>>> exec(compile(top, '<stdin>', 'exec'))

© 0 N O O W NN~ O

>>>

i

SRR TR AMNPREEENRHE, (REIEESRS B, MILIEIE
THET, flg0, HEEEMEE—ERBERERRIZEM execO REF, RAILHFER
B —~ AST, RAEUMRENATECIREEMFME, (MEIUNE—ETARESR
EA*EH&E’J%:.BEE% FEAELERM ERITRLERS S

FEIENE, MRMHMEECETE, MEEBES AST RRRMINKE, T
HE— /\**’L’ﬂigﬁﬁﬂ , AJAEN EFENTRANRLE. ES AST AEMEIRRZHE
X R RIS R 5 61T B B BURERSEE,

# mamelower.py
import ast
import inspect

# Node wvisitor that lowers globally accessed names into
# the function body as local wvariables.
class NameLower (ast.NodeVisitor):
def __init__(self, lowered_names):
self.lowered_names = lowered_names

def visit_FunctionDef (self, node):
# Compile some assignments to lower the constants
code = '__globals = globals()\n'




code += '\n'.join("{0} = __globals['{0}']".format(name)
for name in self.lowered_names)
code_ast = ast.parse(code, mode='exec')

# Inject new statements into the function body
node.body[:0] = code_ast.body

# Save the function object
self.func = node

# Decorator that turns global mames into locals

def lower_names (*namelist):
def lower (func):
srclines = inspect.getsource(func).splitlines()
# Skip source lines prior to the @lower_names decorator
for n, line in enumerate(srclines):
if '@lower_names' in line:
break
src = '\n'.join(srclines[n+1:])
# Hack to deal with tndented code
if src.startswith((' ','\t')):
src = 'if 1:\n' + src
top = ast.parse(src, mode='exec')
# Transform the AST
cl = NameLower (namelist)
cl.visit(top)
# Exzecute the modified AST
temp = {}
exec(compile(top,'"', 'exec'), temp, temp)
# Pull out the modified code object
func. _code__ = temp[func._ _name_ _]._ _code__
return func
return lower
ATERZXME, AR TEHXEFES:
INCR = 1
@lower_names('INCR')
def countdown(n):
while n > O:
n -= INCR
KiMZERNE countdown () RBEE HEMN NEIXIFEF:
def countdown(n):

__globals = globals()
INCR = __globals['INCR']




while n > O:
n —-= INCR

MNP, EXLREEITR 20%

MIE, REAEE AIRFAERRHE N XN RINERE ? HiFAR, B2, XAZE
WF—ESRIRALLI AST #1F, RIBBRIFSFN— M RIFEERUA

ATRBIN—TE ActiveState FARLIE Python FHHBHNETRIER, EM AST
EIENSASHEAR, ARBEGRE, SETEH-—DREFTHENESER.

9.25 #;f% Python FET745
o] &

BB R R FIZFNERNFHIERETEREMN TIENH,
BRRFE

dis PEIRB] A AR HAEM Python BRI miZLER, HI40:

>>> def countdown(n):
. while n > O:
print('T-minus', n)
. n—=1
. print('Blastoff!"')

>>> import dis
>>> dis.dis(countdown)

>>>

e

SHRBEAERVRERFRENSITVGIRAR, dis RIRZREA, LEWMIMRMR
BINEERMERE. W disO REBETRIRFHEIN TR

>>> countdown. _code__.co_code

b"x'\x00|\x00\x00d\x01\x00k\x04\x00r) \x00t\x00\x00d\x02\x00 | \x00\x00\x83
\x02\x00\x01 | \x00\x00d\x03\x008}\x00\x00q\x03\x00Wt\x00\x00d\x04\x00\x83
\x01\x00\x01d\x00\x00S"

>>>

INRIFEE CRERIXERND, REZEEA LT opcode RRFEXNEE, FI40:

>>> ¢ = countdown._ _code__.co_code
>>> import opcode




>>> opcode.opname [c[0]]
>>> opcode.opname [c[0]]
'SETUP_LOOP'

>>> opcode.opname [c[3]]
'LOAD_FAST'

>>>

FRENE, 7 dis BRPHGHERMLMURBRELAREZMRLEFTHE, R
W, FERVER R AT RIGF TR ISR opcodes FIEEK,

import opcode

def generate_opcodes(codebytes):
extended_arg = 0O
i=0
n = len(codebytes)
while i < n:
op = codebytes[i]
i+=1
if op >= opcode.HAVE_ARGUMENT:
oparg = codebytes[i] + codebytes[i+1]#256 + extended_arg
extended_arg = 0
i+=2
if op == opcode.EXTENDED_ARG:
extended_arg = oparg * 65536
continue
else:
oparg = None
yield (op, oparg)

EATENT:

>>> for op, oparg in generate_opcodes(countdown. _code__.co_code):
print (op, opcode.opname[op], oparg)

EMANRLBANE, FJURNAEZREAFREEERMNRBRNRERF T,
TEBATA—RAKRERENLIE:

>>> def add(x, y):
return x + y

>>> ¢ = add.__code__

>>> ¢

<code object add at 0x1007beed0, file "<stdin>", line 1>

>>> c.co_code

b' [\x00\x00|\x01\x00\x17S"

>>>

>>> # Make a completely new code object with bogus byte code
>>> import types

>>> newbytecode = b'xxxxxxx'

>>> nc = types.CodeType(c.co_argcount, c.co_kwonlyargcount,




c.co_nlocals, c.co_stacksize, c.co_flags, newbytecode, c.co_consts,
c.co_names, c.co_varnames, c.co_filename, c.co_name,

. c.co_firstlineno, c.co_lnotab)

>>> nc

<code object add at 0x10069fe40, file "<stdin>", line 1>
>>> add. code_ _ = nc

>>> add(2,3)
Segmentation fault

Re]AMBIXHFBEXRBILBRER R R, B2, W TREESRMILFMTHEELENE
FokKi#, I EMEZEEF T, ATRENEDER T XN EHFHEIR,
{RE R LASE BIP— PN ELABIFIF: this code on ActiveState



http://code.activestate.com/recipes/277940-decorator-for-bindingconstants-at-compile-time/

FTE: RIR5E

BRIRE BRI REIEFIZD, F&E Python ERIEFASGHE—1E., AEE
RS RBXRERNEBNERARERAK, FIWNMNEHER[AE, ERBERS IS XM,
tlZasR=EE, ER, AL TIHREEXSAEANME,

10.1 ME—MERIERE
o] &

RS RE AR AR S 7 ERIRM AR,

PSS

HEMBREEEN, EXEHRS LAELKMRIRE, HRRENEREBEX T —1
_init_.py X, 40

graphics/

__init__.py

primitive/
__init__.py
line.py
£fill.py
text.py

formats/
__init__.py
png.py
jpg-py

—B{RMEEITX—R, RNZEEBMITEM import 15E), AT :

import graphics.primitive.line
from graphics.primitive import line
import graphics.formats.jpg as jpg

BES

EMIRRBREMREEXGFRA LB BREM—HE 5, XIF  init .py
HENRZE S ANEEI TP ERRLENYIIRERRE, FN0F, NRERITTIED
import graphics, X graphics/ _init_ .py SN, B1I graphics RAZEIIAS,
& import graphics.format.jpg XS A, X graphics/ _init__.py FIXH graphics/
formats/  init_ .py ¥FEXM graphics/formats/jpg.py FAZBIF A,

HREABMRIE it py ZEME. ERBEREATIEEENE, 2400
F, __init__.py BEBSFASRBNIMNEFIRR:




# graphics/formats/__init__.py
from . import jpg
from . import png

BIXHE— N, PR BAMXGEIE import grahpics.formats 3R{XE import graph-
ics.formats.jpg BAK import graphics.formats.png,

_init  py WEMERRZEEEESIMNIXEGEHI—NMEEGRZTE, XEE
10.4 INBTHE,

BHMEFRESLI, BERE it py XEFE, python MRAESEAE,
MRMEBENX it py B, KFREEIET —FEN "HEZEE”, X[HE
105 Mg, AYMFEE, MREEFEIE—THOEME, 88— it py
XAFIE,

10.2 FHIRRBE LS ANART

(o] &

ZH{FEA’ from module import *' EEIAY, FHEWMNERFBSHITSHITIER
=,

fRRFIZ

FEMARRAEN —1MEE  all  RWMINHFEEZSHIARSR,
AT

# somemodule.py
def spam():
pass

def grok():
pass

blah = 42
# Only export 'spam' and 'grok'
_,all__ = ['spam', 'grok']

e

REBZIRNER ‘from module import *' | BREEX T AETEBIERA
MEMER, MRMETEHEANS, IFENSABIEAMBAUNTULEA RN, S—7MH,
MREXT _all | BALARBWINELHNFRAZKS L.

WRIMRIG  all EXR—ANTIR, SBRAFHEA, IR all 88X
EXBZF, EEARNG|E AttributeError,




10.3 EABNEZRSABHFFIRIR
[a] &

B ERME, BA import BANS—IMEREEEFEINENFSAFIE
1R,

fRIRTIZ

FERBMNENEA, FE—MIREAR—MNER S — MREREANMIF, RIZERE
N R % EB mypackage B, £ALRUNTF:

mypackage/

__init__.py

A/
__init__.py
spam.py
grok.py

B/
__init__.py
bar.py

WRIRIR mypackage.A.spam ZF AE B R FHIRIR grok, EMNIZEIER import
BRWTE:

# mypackage/A/spam.py
from . import grok

R ER mypackage.A.spam EEAREEH R THIER Bbar, EMZERAN
import IBAIYATF :

# mypackage/A/spam.py
from ..B import bar

A import IBRAENEESTNERR, MEER T spam.py FIENEEIZ,

g

TR, BRRTCAERMBENEIZB A CAERLIEIEZREAN, BT

# mypackage/A/spam. py

from mypackage.A import grok # UK
from . import grok # UK

import grok # Error (not found)

& mypackage A X EALEIIRZRIAT Z AR IXIENEE R E5wWD 2 (REVIR
B, MRGEEFARE, FIOREEER, RELTE, 20007, NRMFEETE
B, MM ITEEMBXMAERELRE, BiF, BREEBNBHEBNNBETEEME,




B2A0F, BIFEARTRAIARRAENRGE, JBIRMXDEN]. WRERE
WEAN, BB—IIER ok, ATIERLITIRIZRRAIGEESHIEE,

import IBAIRY . # .. BEKEEE, BEEEBERBE. BHaIEXR, .B REX../
B, X#MiEEZRIEATF import, ZEAMIIF:

from . import grok # UK
import .grok # ERRUR

REFERAENSEABERGENINEGZRSE, ERTEIEXEBNERZIN, B
=i, FRARNIMERIARZENERPEARRSIRER,

&fE, BRNSEAREATESENERMIRIR, LHEHEAETNERIMASARYE BIRR
B, EMNENEFER. MREBSBDWEANMEERRT, BElHEAEFERLN:

% python3 mypackage/A/spam.py # Relative imports fail

H—FHE, MRMFER Python BI-m EFERMITHARIMWME, BERNSEANESIIER
17, flan:

% python3 -m mypackage.A.spam # Relative imports work

BZMEMENSARNESRR, B8 PEP 328.

10.4 HARR 7 BIRY 2 XX
o] &

R — MERD BN SN XM, BERIBNERF D BHIXMAFR— i — MZEER
B E BRIRIEERIRIR,

IS
EFRRAT OB TR RS BIRL 2 NI, BB T FEE SRR

# mymodule. py
class A:
def spam(self):
print('A.spam')

class B(A):
def bar(self):
print('B.bar')

[RIZIREE mymodule.py B AN YE, BIMEXH—1ME, BEMIAIX—=, BE
F mymodule B FRERXHE mymodule.py, XXMNERT, SIETXXGE:

mymodule/
__init__.py



http://www.python.org/dev/peps/pep-0328

a.py
b.py

£ a.py XEFHRIBEAN TR:

# a.py
class A:

def spam(self):
print('A.spam')

£ b.py XHEHFBAUL T

# b.py
from .a import A

class B(A):
def bar(self):
print('B.bar')

&fE, £ _ it py B, §F2IXEHEE—E:

# __init__.py
from .a import A
from .b import B

MRILRBIXLEL R, FAIFERE MyModule BER— N B —HZEEIR

>>> import mymodule
>>> a = mymodule.A()
>>> a.spam()

A.spam

>>> b = mymodule.B()
>>> b.bar()

B.bar

>>>

e

EXPNETPHEREBZ —MRITE#, FEMREFERFEARS/VER
BRAR—MRIR, #ANMF, A—NREMNEBER, (Ra]RX—tIE D EIMIRIZY
X, iEAPERAXER import &R), FGXHF:

from mymodule.a import A
from mymodule.b import B

XL, BEXILAPAZEZSNNIE, ARPZMERNENESIUT AL, BF
BT, BXLHE—ER, ERA—F import FENES, MEXHE:




from mymodule import A, B

WEEMS, 1L mymodule A—PMAWBEXGRRENHN, B, I—ETRT
THMRIEASIXEEAM—TRE—NEEGFRZ(E, XIFMIXEREE—1E8
x, A it py XHEREFEBHOHEE—IE.

H—MEREHE, FEZEHRINEIERXFIANXGR, #24NMIF, EX—FD
B, BEFZEUIR A ZERERX, AEMNENSA from .a import A RIKEL,

BANENEHERBMNENSARKERFINEER2ZERGIRNEH, XESE
mRERNEREBNEFINMUEEETZ. (I 10.3 /1)

ERAX—ETHIEM, BNRBEREA, NEF/R, _ init_ .py XE—IREAFT
BWENAGFN, BEENTF—NMEXRIRIR, sJgefR REAHFEEEZHHINE, ZHE
X—/&,  init  .py BHAMITL:

# __init__.py

def AQ):
from .a import A
return A()

def BQO:
from .b import B
return B()

EXhRAH, £ A ME B WEBRRIEF XU I FEMERE, T
AP, SEERTZEAKXHIRE, Fa0:

>>> import mymodule
>>> a = mymodule.A()
>>> a.spam()

A.spam

>>>

ERMEFFER SRR AMELRIC E JgES MR, (Rl EESTHMINT RV,
f14n:

if isinstance(x, mymodule.A): # Error

if isinstance(x, mymodule.a.A): # Ok

FERINEHBIESLGIF, WARERE multiprocessing/  init_.py BRI,

10.5 M Aas A= B S A B RITEHIY




o] &

Re]EE B REMNE, BAREMARSEMLER, B ST RAEARAEER, W

—E, A, (REEEARENEMSEMEEFERER, TR2EE -1 a0 ER
MM BIRE R,
fRIRTFIZ

MERLEH, FREEX =R Python €, EA—NKEED LR FENG
Z[a], XNNEREE HIMERNNRESRSR, ERFLEFESAF &GN
@O

ER—ARNBREF—HREMNGRZE, EREMEARFGEMGKRSERD
__init___.py XfF, {RIR{EE Python XA AERHIE KT :

foo-package/
spam/
blah.py

bar-package/
spam/
grok.py

X 2 MBRE, HEEHEMWGREZE spam, EEMN—NMNEREELE
~init  .py X4,

EFATEE, R foo-package Fl bar-package &SINZ python IRIREIZHAEHXSF
AESREMTAL

>>> import sys

>>> gys.path.extend(['foo-package', 'bar-package'])
>>> import spam.blah

>>> import spam.grok

>>>

AP ARNE B RWEHEI—#, (REIAF A spam.blah ] spam.grok, FEHEA]
BE®S T{F,

wie

EXBTEMNHRSG D “BRa=E" W—MFHE. AERLWH, EHEZER
— MR R, AEAARNERNABRE - M ERENGRZE. T KEE
2R, XTREREAN, AREARAT—MERNESHPIML R TE, SHEANED
B0 XHRER RS B = S HTINASFE M R,

BERRZEMNXBRARMABRPTRE it py XERFAHENGRE
B, #RE it py XHFESESABNMESREEEBNER: IHEETEH
®, BRBEQET 1T HEESLEe R B RAEMNIIR, FHANERRAZEIRR
welE, RizMBERIRBIFWFMEER  path TEHR, #HA4NEF:




>>> import spam

>>> spam.__path__

_NamespacePath(['foo-package/spam', 'bar-package/spam'])
>>>

AEMBEMNTFHER, BR  path  F#HEAZE (HlW, HEA spam.grok &
spam.blah RYBT{E).

BRBZEN N EERAREMUASIIUABCHABRTEGEZE, #F4
B+, FRZIRECHRBEERGXF:

my-package/
spam/
custom.py

WRMMBIRRIREBE RMEME —ERME sys.path, XIF T 45t E FH 2 5189
spam BLE R :

>>> import spam.custom
>>> import spam.grok
>>> import spam.blah
>>>

—PMEREBREA—INEGRZENEELEZRRER  fle B, WRE
B, BERIMHEZE, ZWFIUAEFHFRIHEARHN “namespace” XMIARILH
%0

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

AttributeError: 'module' object has no attribute '__file__'
>>> spam

<module 'spam' (namespace)>

>>>

FSMEGIRAZEEETUEE PEP 420.

10.6 EFTINEIRIR
] &

(RAEEMMEF T EMEAIRIR, AR EIRRDHEIT T,
fRIRTFIZ

{3 imp.reload() REFMNELTRIMELAIIRR, 24FF:



https://www.python.org/dev/peps/pep-0420/

>>> import spam

>>> import imp

>>> imp.reload(spam)

<module 'spam' from './spam.py'>
>>>

wie

EMMHEEREALMAAIEFEEREA, EEEFMERNRBERSAR
Te, AAEANEZRREHENIHFIE,

reload() R T RRREFHIAET, FAEIERRITRRIVERXERAFE, 8
RN REASHENFRBAL, B, ZIRMEERFPAEEERSATHIHAER T
3R,

RENIL, reload() REEHFHR” from module import name” XHEFER import i
AEANEN, ENMEF:

# spam.py
def bar():

print('bar')

def grok():
print('grok"')

MERNIRENRIA:

>>> import spam

>>> from spam import grok
>>> spam.bar ()

bar

>>> grok()

grok

>>>

AR Python €28 spam.py BIERD, $F grok() BRENCRRIXHF:

def grok():
print('New grok')

HEOERENRE, EFMERR, 2AFXAKE:

>>> import imp

>>> imp.reload(spam)

<module 'spam' from './spam.py'>
>>> gpam.bar ()

bar

>>> grok() # Notice old output

grok

>>> spam.grok() # Notice new output




New grok
>>>

EXMIFH, REEIB 2 MhRAR grok() REMME, BEXRW, XRZMRE
21, MBS AKENS,

Eit, EEFNERe e EE R R EMNEER, EXEMETRR, mREFRt
HEFEE,
10.7 iz1TEBREE4HE X HEF
BE

BE—IERKIBESAIAXUNEA, EEEABRE—MERMMA, (REEH
PRt — L B R IT TIXAME R,
RRAR

MBI AEFEZEZ I, (REINEMFRNNAREFRHEEBCHERHA
ARIA—A __main__.py X, #EANIF, RATMRXFEIERR:

myapplication/
spam. py
bar.py

grok.py
__main__.py

YR main .py FE, Re]CAERMETNS B RIEIT Python fEFEES:

bash 7 python3 myapplication

fRFEERIEMIT _ main_ py XEERERER.
NRIFFRIRBITEMN zip XF, XMABRHEBER, #4000+

bash 7 1s
spam.py bar.py grok.py __main__.py
bash % zip -r myapp.zip *.py
bash 7 python3 myapp.zip
. output from __main__.py ...

g

BIE—NBE R zip XHEFHFM _ main___.py XHERE—ME KL Python N
ITERRIITH, XFMEARMEERZRE Python EMNRBERE —SX3M., HR,
XA ARITHINGEL,




HTFERM zip XESEEXHE —RARE, (ReJEEEEZEIN—1 shell FIA,
FERITEMETS. Fl, NRRBXXERE A myapp.zip, {Re]ARIRIXEF— /Hﬁé}iﬂiﬂzﬁ:

#!1/usr/bin/env python3 /usr/local/bin/myapp.zip

10.8 iZEUI T EHRBVBIEX 4+
(o] &

FWEPESNYFZZZNNRIE G, FEER e RRERNTGVRM
X,

fRRFIZ
BRI IRV B RIS BERMEN T

mypackage/
__init__.py
somedata.dat
spam. py

IMIE(RIR spam.py XHEEE1EET somedata.dat XEFHRS, FeJUAAUTRE
SRFERE:

# spam.py
import pkgutil
data = pkgutil.get_data(__package__, 'somedata.dat')

AL ENTER B ZZXHNFRIRATHF T F TR,

g

RIZEVIEX M, (RoJeEMETREEAARER 1/ O TNEERICHE, 1 open().
BRZXMEAERE—EEE

B, —4\@5@%@*%%%8’9%1%611’!55i)'LzFiiﬁEfﬁMXo R, miZAHER] 1/0 #
RO AUERALEN X HR, HTEMEREESETEEBEN _ fle TE, XFEH
ENBREAEANATE, BERKL.

£, BEERRENzip W.egg X, IENXGFANREXGRSE LHI—
BRERFRRT, AL, RIZEA open() W—1ES §Q}ES‘I1¢E’JJ31%B‘K1¢L17T*1’F
ERFAZILF,

pkeutil get_data() EHE— MINBEXHNERIE, FTRAEERMALTEL
REZEW, ERETIHEXHENEUTHEHREREAR

get_data() WE— NSRBIV RBNFNH. RoJUEREASR, tBeJUE
RYHRIBE, tEIl  package . BANSHREEARAXGHIEN M, MREVE,
BJBAERMNER Unix s RABERIARNBE R, REREHNERDAMLTER,




10.9 XX HFIMMAZ] sys.path
o] &3

{REES AR Python XIBE B EREN B RANE sys.path B, (FEFRINFE
X2 Python B&1F, {BEANEEEHER(RAYKD,

fRIRTIZ

BEWMERNA NGB RRINE sys.path, F—F, {REIUER PYTHONPATH
IMETERAM, FH30:

bash 7 env PYTHONPATH=/some/dir:/other/dir python3

Python 3.3.0 (default, Oct 4 2012, 10:17:33)

[GCC 4.2.1 (Apple Inc. build 5666) (dot 3)] on darwin

Type "help", "copyright", "credits" or "license" for more information.
>>> import sys

>>> sys.path

['', '"/some/dir', '/other/dir', ...]

>>>

FEEXNAEFT, IHEMIMEEEREREFEINRERET shell B,
FMAEREIE A pth X, FERIIELR, GXHF:

# myapplication.pth
/some/dir
/other/dir

XA pth XEFEEREED Python B9 site-packages B, BEAIF /usr/local/
lib/python3.3/site-packages 8#& ~/.local/lib/python3.3/sitepackages, = fEFE 28 BTN,
pth XHEBIIEHRMFETXERAR B RGHRIEZ] sys.path, TZR—.pth XH
FREREEIEAMNR, MREWRINIZRELKR Python MRFFES,

i

i BB iR, (RAIEER AT E—MUBFENETI sys.path BI{E, FIE0:

import sys
sys.path.insert (0, '/some/dir')
sys.path.insert (0, '/other/dir')

BIXEE “TIE”, ERESEKDN AR, NREBREER, XMAENEEL,
T EZRBERLE T IRARNKE, MNRFHREHEBE —NMNINGLE, XSSHE
PEIE, BFMHERENMEMERBIERLT, 48 path BB R EHfthith75, NRIE(E
BEREMNTEREDME—MEHMEITERZ, BRRE]LARRRIESRD B R0,
ttan  file  , EAMIF:




import sys
from os.path import abspath, join, dirname
sys.path.insert (0, join(abspath(dirname(__file__)), 'src'))

XHF sre BRIRME path B, MHITHRAZBROKBER-—1TERE,

site-packages B R HE = A BMERELRINBE R, NRIRFHLRMFENNRIE, BF
L RE site-packages B3R, BIAFATFEE path BY.pth XHFHIIETE site-packages
B, BEEREENKRREIURAL LEAMRFEENE R, ELt, ReIIE/RIVBIRE—
RIARMBE R, RERPELHREEE pth XHE,

10.10 BT FRFHEBFARIR
2128

MESA—MRR, EREBERNBFAEFHHE, FENFHHBASAGS.

4

fRIRTI

£ importlib.import module() ERERFNEGABF AFHF AR LG HIT—PMRIREL
HFEMW—ED. ENMIF:

>>> import importlib

>>> math = importlib.import_module('math')

>>> math.sin(2)

0.9092974268256817

>>> mod = importlib.import_module('urllib.request')
>>> u = mod.urlopen('http://www.python.org')

>>>

import module RZEEMMITH import FHEIT IR, BRIRE4ERLIIRRI R,
MRAFEREFME—ITE, ARBREBIER—IFER,

WNRIRIEEFERAE, import._module() He] BFHENEA, BR, (REELE—
MERIMNISER, fFlaN:

import importlib
# Same as 'from . import b'
b = importlib.import_module('.b', __package__)

wie

€A import_module() FHEARRNEEEE HIMEUEMHGARSIENHNE
SRREOAIGEH R, FI30, BIHFEERITEMEEXSANG, FEBELRBFRIMNE
— MR, @A T INER,




FIHRRE, ERMFEBIHAETEANARERS  import (), REERILE,
{B2 importlib.import_ module() BEESSHE,

BEXSATENSRELIN 10.11 M

10.11 @i t5FIimFz I EARIR
o] &

fRAEBEX Python BY import B8], {EFERNMNEIEYEE LHIERVINFHER,

IS

BRZRIRMNELZE20E, ANITEMBBMRLE —LHIMIZETIAZIN
HIBESRIER. MR, BITNEZBHERAZN Python BY import ERIVLH,
NRIFIRME T AT RERIE, R AEMEFIBIIMBEX import, B TXLE, ik
HA L orE,

ANZLDBIRTENETNT BRIV, BRSMAETURZA, Rid R TER
7318, BATFIREMETFEXA Python XL

testcode/
spam. py
fib.py
grok/
__init__.py
blah.py

XEXAFHNATHAEE, FMEBITEE N XERRAT L ENERIETNEL,
R GIA ETAER S ENRS AL, fla0:

# spam.py
print("I'm spam")

def hello(name):
print('Hello /s' % name)

# fib.py
print("I'm fib")

def fib(n):
if n < 2:
return 1
else:
return fib(n-1) + fib(n-2)

# grok/__init__.py
print("I'm grok._ _init__")




# grok/blah.py
print("I'm grok.blah")

XERENE A FXEXGERERIEZIE ], BIFREENAINMERE]
ZHE|—1 web fRZ8E LM, 7E testcode B R FHEIXFFIETT Python:

bash 7 cd testcode
bash 7 python3 -m http.server 15000
Serving HTTP on 0.0.0.0 port 15000 ...

ARS5 2R ITIEREB BN — 1 HIREY Python f#RR2E. MARIRAILAERA urllib
B BEFE S AF, FI90:

>>> from urllib.request import urlopen

>>> u = urlopen('http://localhost:15000/fib.py")
>>> data = u.read() .decode('utf-8"')

>>> print(data)

# fib.py

print("I'm fib")

def fib(n):
if n < 2:
return 1
else:
return fib(n-1) + fib(n-2)
>>>

MRS 2B MEGFRNBRE T RAETHEM, A TENRFoNHET urlopen(
REEBREX G, BATEIBEX import 1BAREREBHNFEFATMHEL

INETIEARRIIE —MTEREE— N ERBINEHRERTAE, FI50:

import imp
import urllib.request
import sys

def load_module(url):
u = urllib.request.urlopen(url)
source = u.read() .decode('utf-8')
mod = sys.modules.setdefault(url, imp.new_module(url))
code = compile(source, url, 'exec')
mod. file = url
mod.__package__ =
exec(code, mod. dict )
return mod

XANERBRTHIFENRE, FER compile) BHERIFE—MBNRF, ABE
— M EEMRRRIFERPRRNITE, TEHRERXMERKEIGN:

>>> fib = load_module('http://localhost:15000/fib.py")
I'm fib




>>> £ib.£fib(10)

89

>>> gpam = load_module('http://localhost:15000/spam.py"')

I'm spam

>>> spam.hello('Guido')

Hello Guido

>>> fib

<module 'http://localhost:15000/fib.py' from 'http://localhost:15000/fib.py'>
>>> spam

<module 'http://localhost:15000/spam.py' from 'http://localhost:15000/spam.py
o>

>>>

IESMREA L, I FEIBERMRBINZITHERN, AT EFSBEIRAZIERER import
BAR, NMREXEFESRNEMILNEMEZEZNIIET.,

—NERENMZEREIE—NBEEXEANZRE., F—MAZREE—NTRIZEALS,
Mnr:

# urlimport.py

import sys

import importlib.abc

import imp

from urllib.request import urlopen

from urllib.error import HTTPError, URLError
from html.parser import HTMLParser

# Debugging
import logging
log = logging.getLogger(__name__)

# Get links from a given URL
def _get_links(url):
class LinkParser (HTMLParser) :
def handle_starttag(self, tag, attrs):
if tag == 'a':
attrs = dict(attrs)
links.add(attrs.get('href') .rstrip('/'))
links = set()
try:
log.debug('Getting links from /s' 7 url)
u = urlopen(url)
parser = LinkParser()
parser.feed(u.read() .decode('utf-8'))
except Exception as e:
log.debug('Could not get links. ', e
log.debug('links: ', links)
return links

class UrlMetaFinder (importlib.abc.MetaPathFinder):
def __init__(self, baseurl):




self. baseurl = baseurl
self. links = { }
self. loaders = { baseurl : UrlModuleLoader (baseurl) }

def find_module(self, fullname, path=None):

log.debug('find_module: fullname=/r, path=/7', fullname, path)
if path is None:

baseurl = self._baseurl
else:

if not path[0].startswith(self._baseurl):

return None

baseurl = path[0]
parts = fullname.split('.")
basename = parts[-1]

log.debug('find_module: baseurl=)r, basename=/r', baseurl, basename)

# Check link cache
if basename not in self._links:
self._links[baseurl] = _get_links(baseurl)

# Check if i1t's a package
if basename in self._links[baseurl]:
log.debug('find_module: trying package /7', fullname)
fullurl = self._baseurl + '/' + basename
# Attempt to load the package (which accesses __init__.py)
loader = UrlPackageloader (fullurl)
try:
loader.load module(fullname)
self._links[fullurl] = _get_links(fullurl)
self. loaders[fullurl] = UrlModuleLoader (fullurl)
log.debug('find_module: package /r loaded', fullname)
except ImportError as e:
log.debug('find_module: package failed. /s', e)
loader = None
return loader
# A normal module
filename = basename + '.py'
if filename in self._links[baseurl]:
log.debug('find_module: module /r found', fullname)
return self._loaders[baseurl]
else:
log.debug('find_module: module /7 not found', fullname)
return None

def invalidate_caches(self):
log.debug('invalidating link cache')
self. links.clear()

# Module Loader for a URL
class UrlModuleLoader (importlib.abc.SourcelLoader) :




def __init__(self, baseurl):
self._baseurl = baseurl
self. source_cache = {}

def module_repr(self, module):
return '<urlmodule /r from /r>' Y (module. name , module. file )

# Required method
def load_module(self, fullname):
code = self.get_code(fullname)
mod = sys.modules.setdefault(fullname, imp.new_module(fullname))

mod. _file_ _ = self.get_filename(fullname)
mod.__loader__ = self
mod.__package__ = fullname.rpartition('.') [0]

exec(code, mod. dict )
return mod

# Optional extensions
def get_code(self, fullname):
src = self.get_source(fullname)
return compile(src, self.get_filename(fullname), 'exec')

def get_data(self, path):
pass

def get_filename(self, fullname):
return self._baseurl + '/' + fullname.split('.')[-1] + '.py'

def get_source(self, fullname):

filename = self.get_filename(fullname)

log.debug('loader: reading /7', filename)

if filename in self._source_cache:
log.debug('loader: cached /7', filename)
return self. source_cache[filename]

try:
u = urlopen(filename)
source = u.read() .decode('utf-8")
log.debug('loader: /r loaded', filename)
self. source_cache[filename] = source
return source

except (HTTPError, URLError) as e:
log.debug('loader: /r failed. /s', filename, e)
raise ImportError("Can't load /s" % filename)

def is_package(self, fullname):
return False

# Package loader for a URL
class UrlPackagelLoader (UrlModuleLoader):
def load module(self, fullname):




mod = super().load_module(fullname)
mod.__path__ = [ self._baseurl ]
mod.__package__ = fullname

def get_filename(self, fullname):
return self._baseurl + '/' + '__init__.py'

def is_package(self, fullname):
return True

# Utility functions for installing/uninstalling the loader
_installed _meta_cache = { }
def install_meta(address):
if address not in _installed_meta_cache:
finder = UrlMetaFinder (address)
_installed_meta_cache[address] = finder
sys.meta_path.append(finder)
log.debug(" installed on sys.meta_path', finder)

def remove_meta(address):
if address in _installed_meta_cache:
finder = _installed_meta_cache.pop(address)
sys.meta_path.remove(finder)
log.debug(" removed from sys.meta_path', finder)

THE—ARERE, &R 7 INEERRENRE:

>>> # importing currently fails

>>> import fib

Traceback (most recent call last):

File "<stdin>", line 1, in <module>
ImportError: No module named 'fib'

>>> # Load the importer and retry (it works)
>>> import urlimport

>>> urlimport.install_meta('http://localhost:15000')
>>> import fib

I'm £fib

>>> import spam

I'm spam

>>> import grok.blah

I'm grok.__init__

I'm grok.blah

>>> grok.blah.__file__
'http://localhost:15000/grok/blah.py’

>>>

ENMNGHENAREER MR EIEE UrlMetaFinder L, fE R sys.
meta_path FEx/GHISLIR, HIFRWE AR, SMKIE sys.meta_path FHIEHEE
fIIRR, EXANMIFH, UrlMetaFinder SLIRRE—NEXBH R, SHIRREEMAI—
MNE @M HE AR RHER MR E,




ERERREIMS R, UrlMetaFinder XERE—NHFIEER URL £, TEASEE,
EXEHEITIEGEE URL ATHES ZNEES. SANMER, BRREFEEE
FUBEIRIEXEE, MNRIBN T —LER), —NEIHEY UrlModuleloader I FARMIE
NS EMNERRREHEERALNERNR, IEEFREN—TNREERERRAVE
B HTTP BXREEEA.

BE N SANE M EREE — A FEEHRAT sys path TEHE, AFIE
LR EIEK. 7 urlinport.py RN ISR IFRL:

# urlimport.py

# ... include previous code above ...

# Path finder class for a URL

class UrlPathFinder (importlib.abc.PathEntryFinder) :

def __init__(self, baseurl):

self._links = None
self._loader = UrlModuleLoader (baseurl)
self. baseurl = baseurl

def find_loader(self, fullname):
log.debug('find_loader: ', fullname)
parts = fullname.split('.")
basename = parts[-1]
# Check link cache
if self._links is None:
self._links
self. _links

[1 # See discussion
_get_links(self._baseurl)

# Check if i1t's a package
if basename in self._links:
log.debug('find_loader: trying package ', fullname)
fullurl = self._baseurl + '/' + basename
# Attempt to load the package (which accesses __init__.py)
loader = UrlPackageloader (fullurl)
try:
loader.load module(fullname)
log.debug('find_loader: package loaded', fullname)
except ImportError as e:
log.debug('find_loader: is a namespace package', fullname)
loader = None
return (loader, [fullurl])

# A normal module

filename = basename + '.py'

if filename in self._links:
log.debug('find_loader: module found', fullname)
return (self. loader, [])

else:
log.debug('find_loader: module not found', fullname)
return (None, [])

def invalidate_caches(self):




log.debug('invalidating link cache')
self._links = None

# Check path to see if 4t looks like a URL
_url_path_cache = {}
def handle_url(path):
if path.startswith(('http://', 'https://')):
log.debug('Handle path? /s. [Yes]', path)
if path in _url_path_cache:
finder = _url_path_cache[path]
else:

finder = UrlPathFinder (path)
_url_path_cache[path] = finder
return finder
else:

log.debug('Handle path? /s. [No]', path)

def install_path_hook():
sys.path_hooks.append(handle_url)
sys.path_importer_cache.clear()
log.debug('Installing handle_url')

def remove_path_hook():
sys.path_hooks.remove (handle_url)
sys.path_importer_cache.clear()
log.debug('Removing handle_url')

BRERXMBIREK

BN

>>> # Inittal tmport fatls
>>> import fib
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
ImportError: No module named 'fib'

>>> # Install the path hook
>>> import urlimport
>>> urlimport.install_path_hook()

>>> # Imports still fatl (nmot on path)
>>> import fib
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
ImportError: No module named 'fib'

>>> # Add an entry to sys.path and watch <t work
>>> import sys

>>> sys.path.append('http://localhost:15000")
>>> import fib

I'm fib

, IRRAFTER sys.path PIIA URL Rz, flU0:




>>> import grok.blah

I'm grok.__init__

I'm grok.blah

>>> grok.blah. _file_ _
'http://localhost:15000/grok/blah.py"’
>>>

KXESFE handle_url () K, EWIRIME]T sys.path_hooks TEH, H sys.
path HISCIRHEACIERY, £iEF sys.path_hooks FHJEL, WREM—MERIURET
—NEHEBEWR, BAXNMNRIEARF sys.path SLARINEAEIR,

EFERR N EER At BN FER T EILF 2 —#r0, FI30:

>>> fib

<urlmodule 'fib' from 'http://localhost:15000/fib.py'>
>>> fib. name

'fib'

>>> fib. file _

'http://localhost:15000/fib.py"’

>>> import inspect

>>> print(inspect.getsource(fib))

# fib.py

print("I'm fib")

def fib(n):
if n < 2:
return 1
else:
return fib(n-1) + fib(n-2)
>>>

Wi

FiFEMITie 2hl, BEERIANZ, Python WIER, BIFISANGIREMESH
REZHEY, BEZRFESR Python ZFRAMELEREEN]. REXEHREF L
BERFEIZRSEFIPEE, B84F importlib module #1 PEP 302. XEHABSEXEARASRE
SiRE, MNEBRAEXERTE—EREEZENIN.

B, MRMFEEIE—MIRRITER, £ inp.new_module() BRE:

>>> import imp

>>> m = imp.new_module('spam')
>>> m

<module 'spam'>

>>> m.__name__

lspaml

>>>

BN RBEEE —LHIEEM, 85  file (BITEBRINFIZEADHXER )
__package__ (B28).
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=R, *ﬁﬂ%’\?ﬁﬁﬁ FEREFIR, *ﬁﬂ%*%r_ﬂlf_?ﬁﬂ sys.modules FP#EILE,
AETENEEVE, BErUEEFMRRPEIEBE — N T BT :

>>> import sys

>>> import imp

>>> m = sys.modules.setdefault('spam', imp.new_module('spam'))
>>>m

<module 'spam'>

>>>

MRATEBEREEZFEBLMIER RS CEWEIETAER, Fl0:

>>> import math

>>> m = sys.modules.setdefault('math', imp.new_module('math'))

>>> m

<module 'math' from '/usr/local/lib/python3.3/1lib-dynload/math.so'>
>>> m.sin(2)

0.9092974268256817

>>> m.cos(2)

-0.4161468365471424

>>>

HTRIERRRER, REZRS B RRRLINE—ER7H load module() E3p

IMHERN—NMRESZREGIEERXEALLMEBNEAN, ATRIE—1E, REEHE
IA,%J_ lmport BRNREZE (LSRR, S init_py 3‘(1¢, PITABLE
#, RERKIZEF), ITEXMURIMTLARTFERY B import IBAIMAZEE XE
HE—1NRE,

IR import FRRER, ERZBRSBNEEF, KREEL, SAREHR—IMI

F sys.meta_ path FFRAPBY “TTERIR” EIRFLIE, !ZD%M\%JH::' ENE, 258 TEHX
=R

>>> from pprint import pprint

>>> pprint(sys.meta_path)

[<class '_frozen_importlib.BuiltinImporter'>,
<class '_frozen_importlib.FrozenImporter'>,
<class '_frozen_importlib.PathFinder'>]

>>>

HMIT—MERILEUD import fib BY, FEFRZZIRIE[A sys.mata _path PRV E IR EE XY
%, AT find module() FHIEEMIEMAIERINEEES, PTLLBLLIERESE:!

>>> class Finder:
def find_module(self, fullname, path):
print('Looking for', fullname, path)
return None

>>> import sys

>>> sys.meta_path.insert(0, Finder()) # Insert as first entry
>>> import math

Looking for math None




>>> import types

Looking for types None

>>> import threading
Looking for threading None
Looking for time None
Looking for traceback None
Looking for linecache None
Looking for tokenize None
Looking for token None

>>>

7EE2%E find_module) HiERENEE— MW, XNFHIEFE path
SHRNERZLIEE, Z2NEHEAN, B — /\—H"EJ,E’J _path__ B EIRIERT
TR, EREENFAHEMEREXLIRZ, ttyﬂ/iuﬁzf xml.etree ] xml.etree.
ElementTree RUFRIZECE :

>>> import xml.etree.ElementTree

Looking for xml None

Looking for xml.etree ['/usr/local/lib/python3.3/xml']

Looking for xml.etree.ElementTree ['/usr/local/lib/python3.3/xml/etree']
Looking for warnings None

Looking for contextlib Nomne

Looking for xml.etree.ElementPath ['/usr/local/lib/python3.3/xml/etree']
Looking for _elementtree None

Looking for copy None

Looking for org None

Looking for pyexpat None

Looking for ElementC14N None

>>>

=T sys.meta_path J:E?ﬁ%%ﬂ"]ﬁ‘l%?ﬁig, 4-91'2}*5}\9:*5@]5}\%, REBRILE
AE:

>>> del sys.meta_path[0]

>>> sys.meta_path.append(Finder ())
>>> import urllib.request

>>> import datetime

MEMREBAIEMGE T, ABAEAE sys.meta path FRIEMMSSALIE, XA
%, MREESANFERERIEEA GBI EHitL :

>>> import fib
Looking for fib None
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
ImportError: No module named 'fib'
>>> import xml.superfast
Looking for xml.superfast ['/usr/local/lib/python3.3/xml']
Traceback (most recent call last):
File "<stdin>", line 1, in <module>




ImportError: No module named 'xml.superfast'
>>>

RZARRE —MERARMRIREIKZE, XNE UrlMetaFinder RHYKRE, —
4 UrlMetaFinder SRR ANE] sys.meta_path HRE, FARE—1MEHRRZAZE.
MRWERWRIRBRNEEN, ASWINEXELIERE, CEENHEREIE, &
path SRPEENEFTEHLE, BEEREUEHEFIEMEY URL A%, IRAZ,
ZFIRRUFVAE T H I EH R AR BRI,

W FEEMAIER]E UrlPackageloader KEAILE], XPMELRSEAEBR, ™
EMENNAE __init__.py X, EHKIRERRE _ path B, X—FTREE
ZE, ANENHENFRRMNIMESWELFER find module() AR, ETFIRREF
REANBTFEXLBEN—NMN R, BRRXET ZMNAE HINEEE, sys.path
= Python EIERIVE RKIIFR, Fl40:

>>> from pprint import pprint

>>> import sys

>>> pprint(sys.path)

',

'/usr/local/lib/python33.zip',
'/usr/local/lib/python3.3",
'/usr/local/lib/python3.3/plat-darwin',
'/usr/local/lib/python3.3/1lib-dynload',
'/usr/local/lib/...3.3/site-packages']
>>>

£ sys.path FRIE— MK ESWEINIGSER — N EIENR L, (ReJLA@EE
&BE sys.path_importer_cache ZEH N XLLEEHEE:

>>> pprint(sys.path_importer_cache)

{'.": FileFinder('."'),

'/usr/local/lib/python3.3"': FileFinder('/usr/local/lib/python3.3'),
'/usr/local/lib/python3.3/': FileFinder('/usr/local/lib/python3.3/"'),
'/usr/local/lib/python3.3/collections': FileFinder('...python3.3/collections
<",

'/usr/local/lib/python3.3/encodings': FileFinder('...python3.3/encodings'),
"/usr/local/lib/python3.3/1lib-dynload': FileFinder('...python3.3/lib-dynload
H'):

'/usr/local/lib/python3.3/plat-darwin': FileFinder('...python3.3/plat-darwin
%'):

'/usr/local/lib/python3.3/site-packages': FileFinder('...python3.3/site-
—packages'),

'/usr/local/lib/python33.zip': None}

>>>

sys.path_importer_cache Lt sys.path REKXKR, EAERAFRBEMEAER
BRIERENNEKESE, XEESNTFER, XEBEXE sys.path PFENFERN,

EHIT import fib , RIIFEE sys.path FHBE R, WFESNER, B8 “Aid”
SWELEMENAY sys. path_importer_cache FHYEKEE, XA FILAILMREIEZBCHE
HBHEEFPBRA—DER, Rk




>>> class Finder:
. def find_loader(self, name):
print('Looking for', name)
return (None, [])

>>> import sys

>>> # Add a "debug" entry to the importer cache
>>> sys.path_importer_cache['debug'] = Finder()
>>> # Add a "debug" directory to sys.path

>>> sys.path.insert (0, 'debug')

>>> import threading

Looking for threading

Looking for time

Looking for traceback

Looking for linecache

Looking for tokenize

Looking for token

>>>

X8, REILAARBF “debug” BIBE—NMHTHNEEXEHRBEEIREM sys.path
EME—1, ERREETRNEATR, MEBEMMNENRSB[HMEL T, NI, HTFER
[B] (None, []), FBALIBHIZSAMEELIE T —NSLIAK,

sys.path_importer_cache HI{EFI# —NFAETE sys.path_hooks FRHJERIENFIZR
=8, R FTEBEF, EREREFHL sys.path_hooks RIN— NFIRIERIZICER
34

>>> gys.path_importer_cache.clear()

>>> def check_path(path):
print('Checking', path)
raise ImportError()

>>> gys.path_hooks.insert (0, check_path)
>>> import fib
Checked debug
Checking .
Checking /usr/local/lib/python33.zip
Checking /usr/local/lib/python3.3
Checking /usr/local/lib/python3.3/plat-darwin
Checking /usr/local/lib/python3.3/lib-dynload
Checking /Users/beazley/.local/lib/python3.3/site-packages
Checking /usr/local/lib/python3.3/site-packages
Looking for fib
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
ImportError: No module named 'fib'
>>>

IESNYREA M., check_path() BREMEE S sys.path FRISKKIEA, R~E, BT
T ImportError &, BEASRET (NG EREEE] sys.path__hooks B F—
ANEREL s




8 T B sys.path REFRLIER, FHREME—MBEXBRRERRRE
BB, T~ URL, f5I40:

>>> def check_url(path):
if path.startswith('http://'):
return Finder ()
else:
raise ImportError()

>>> sys.path.append('http://localhost:15000")
>>> sys.path_hooks[0] = check_url
>>> import fib
Looking for fib # Finder output!
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
ImportError: No module named 'fib'

>>> # Notice installation of Finder in sys.path_importer_cache
>>> sys.path_importer_cache['http://localhost:15000']
<__main__.Finder object at 0x10064c850>

>>>

BEMRATREHTXES, FXE, — 4R sys.path & URL ETE

FRERREEMETE, SElREIRE, —A¥ﬁE’J UrlPathFinder SEff

?EﬁUL;F?EﬁQ)\ sys.path_importer cache. Zf5, FTBEEME sys.path IS AIB
AHSERFIEE X EEE.

ETREFEEANBAEBHEMESEZ, FHIR find loader() HEIREEB XK,
W FEIEARR, find loader ) IRE—NJT4A (loader, None), EFRY loader &—NH
FE NSRS 22T,

WF—PNEERIEL, find_loader () RE]—JT4A (loader, path), HAfY loader
—PATFEAR (FHIT __init_ py) BIMNEEFEA, path B— MR ERY
__path__ BHRBRIIE. FlN, WNMEEM URL 2 http://localhost:lSOOO HE—
FAFH4T import grok , I8/ find_loader ) iR[EMY path FAiERE [ ‘http://localhost:
15000/grok’ ]

find_loader ) X EFERIE— I HBEZEE, — B ZREFRE—INEENE
BHRA, fﬂ AEFEE  init py X, XHERE, find loader () WAHR[EI—NIT
H (None, path), path —MB R, EEI:?E*’JL’E?E’JE)‘(@ _init_.py XY

__path B, WFIXMER, SAVESKREFITERE sys. path PRIB R, W
RBATHBRZEE, AN *%E ZWINE —ERMEBRALNGRZTEE, XTHA
TRIBMEZERBESE 10.5 1,

FMIBENEESEET —REREIFIRE, PIE _ path  BHEHER, Fll:

>>> import xml.etree.ElementTree

>>> xml.__path__
['/usr/local/lib/python3.3/xml']

>>> xml.etree.__path__
['/usr/local/lib/python3.3/xml/etree']
>>>



http://localhost:15000
http://localhost:15000/grok
http://localhost:15000/grok

ZBIRE,  path HIRBEREL find loader() AiHIREEIRFIN, AL,
_ path_ ¥ERRMH sys.path_hooks FRRIRENAIE, ELt, ESRFHEGEFRMES,
fiIF  path  FIAYSLIAEHE handle url() RIS, XA S UrlPathFinder
LI I F B #IAZR] sys.path_importer_ cache Hi,

EENESRIRE handle url () REARERANIBERR _get links () BRELZIE]
MNRE, MNRFHEXB[SLUEZFEAEMARR (EEE0 urllib.request ), BB gEIX L
*Ei}&é“f_*}jz SIRERREHITE SIS AN, EFJLAZ handle url () FIEthEIK ISR

PFERAN— WLETEH*UKUO AT ERXMeIEEM, SCMPE—MEEIRINERBETR
ﬁ AN URL —1), EffAEEEIRES EIXEZMOB, HI, THEEVKEHELETLA
W%E}ﬁ%%?r\%?ﬂ}]aé{t%é%%%ﬂ’a BHEMN R RIS ABK:

# Check link cache

if self._links is None:
self. _links = [] # See discussion
self._links = _get_links(self._baseurl)

E—E L8R invalidate_caches() IR — N LERNGE, AXRBERIE
F. INAEBBHAFPUIA inportlib.invalidate caches() BIBHE#ME AL AL, WNR{RAE
ik URL SABEMEEBIEIIRMNIERICAERE,

WEE TR A E (122K sys.meta_path SRER—MERIZTF ). £ sys.meta_path
MSEAERIUREECHNEZEHIERER, i, ENRIUNBEEFREATURE
F—ARER/ B EAREAN, XMEHEHEER %%E)\%EEEEL# THERRY— L&
2, 7, BETFRENHFRI2ERATIN sys.path BIRLIE, BT ﬂl?}*@bﬂikﬂ’ﬂﬁﬂiﬂﬁ
@A VDAV R — 89,

NRBMEAIEMRERAZRIBE, 4RI AE T BN —LEHEITENRMIA T 4
T, BTFEXME:

>>> import logging

>>> logging.basicConfig(level=logging.DEBUG)

>>> import urlimport

>>> urlimport.install_path_hook()

DEBUG:urlimport:Installing handle_url

>>> import fib

DEBUG:urlimport:Handle path? /usr/local/lib/python33.zip. [No]
Traceback (most recent call last):

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

ImportError: No module named 'fib'

>>> import sys

>>> sys.path.append('http://localhost:15000"')

>>> import fib

DEBUG:urlimport:Handle path? http://localhost:15000. [Yes]
DEBUG:urlimport:Getting links from http://localhost:15000
DEBUG:urlimport:links: {'spam.py', 'fib.py', 'grok'}
DEBUG:urlimport:find_loader: 'fib'
DEBUG:urlimport:find_loader: module 'fib' found
DEBUG:urlimport:loader: reading 'http://localhost:15000/fib.py'
DEBUG:urlimport:loader: 'http://localhost:15000/fib.py' loaded
I'm fib




>>>

RE, BIYrESnEEE PEP 302 BAK importlib B,

10.12 S ARRIYEIHECIIRIR
o] &

FEARANEFERRPIRBIRINKIGE, N, fIREXMEREZWSEAHF
B#®ERT.

PSS

X B R AR G2 R B E R RN E AT MITRE A BNME, IR R IRBE —MER
WINFLAT b & A B E R BCRIE AN (R,

_ XAEEETER 1011 NEHREFRSAB TGRS, TEZE— e

# postimport.py

import importlib

import sys

from collections import defaultdict

_post_import_hooks = defaultdict(list)

class PostImportFinder:
def __init__(self):
self._skip = set()

def find_module(self, fullname, path=None):
if fullname in self._skip:
return None
self._skip.add(fullname)
return PostImportLoader(self)

class PostImportLoader:
def __init (self, finder):
self. _finder = finder

def load_module(self, fullname):
importlib.import_module(fullname)
module = sys.modules[fullname]
for func in _post_import_hooks[fullname]:
func(module)
self._finder._skip.remove(fullname)
return module



http://www.python.org/dev/peps/pep-0302

def when_imported(fullname) :
def decorate(func):
if fullname in sys.modules:
func(sys.modules[fullname])
else:
_post_import_hooks [fullname] . append(func)
return func
return decorate

sys.meta_path.insert(0, PostImportFinder())

XHE, {RFEARTUAEF when imported() 3XIMES T, fHlu0:

>>> from postimport import when_imported
>>> @when_imported('threading')
. def warn_threads (mod) :
print('Threads? Are you crazy?')
>>>
>>> import threading

Threads? Are you crazy?
>>>

o

ER—NESLFRNAIF, (RRIgEBEEFAENE X LEARINZKIGES, WTFFAR:

from functools import wraps
from postimport import when_imported

def logged(func):

@wraps (func)
def wrapper(*args, *xkwargs):
print('Calling', func.__name__, args, kwargs)

return func(*args, *xkwargs)
return wrapper

# Example
@when_imported('math')
def add_logging(mod) :
mod.cos = logged(mod.cos)
mod.sin = logged(mod.sin)

i

ATRAKE T 1011 NOHREBRIHEANSEF, FHEEK

Owhen_imported =iMBOIERAR I ITMESANB BRI IREZI R IZRINFIEE
sys.modules REBRIREBENCEMMNEL T INRZ01E, ZAIEZ W IEIAA AR,
REIRBZMRINZ _post_import_hooks FEAM—NFIFRHAZE, _post_import_hooks
HERAMRBEFRBIN AT MESIEMIVAIERSEN R, — MERETEM S AL IEES.




FiLRRE A\ L& R INEEh{E, PostImportFinder EWHIRERM sys.meta_ path
F—ITTER. ESHRABIRRENERE,

AT HH) PostImportFinder FIFRAHANZMEHER, MEEBFTEATH
G2 ENNE, SEPRIEABEBIRG LT sys.meta_path FAYHE th & X 28,
PostImportLoader ZFHY imp.import module () BREHIBIFNVIAA, BT EERBATL
2 {&3F, PostImportFinder {R¥F T —MAIBWMETIIRRES, MR —MEREF
ERSH BRI,

H—MRR imp. import module() AZELfE, FTBTE post_import hooks #iF
e IR 4R, ERMMEERIEL —ISE.

B—REEIENRAVNERTRLEY inp. reload ) HWEVINFAIER, th
MR, WMRFMH—NZAISHMNEFIIIRIR, BLEALEBRHEAZBRMEL, S
9h, BRARM sys.modules RBIFRIEIRAEBERSA, LEBENZHXMA,

BEZXTEAEHFEEIESE PEP 369.

10.13 £XIAEBHE

2] &R
FEEBELZR—IE=FE, BERLENRBELRE RS Python EHZE, HHE,
fReJEeBELTR —MEIBCERNE, MARRZ LERERAF,

Python E—1MAPZERBE R, BEEM” ~/local/lib/python3.3/site-packages” ,
EFFEXNMNERPERE, oJERALTREN “user”, FlU0:

python3 setup.py install --user

E

pip install --user packagename

7E sys.path FEAFPH) “site-packages” BRMITFTHRLEH “site-packages” B R Z8,
Ait, MEREEEMNEMLERAESLTEZNEMNERS (REHANZEREME, ZEEURT
F=FHBEIE:E, LW distribute 3k pip )

e

BEASBELRERAR site-packages BRPE, BBIZHEM “/usr/local/lib/
pythonS.?;/sii:e—packages"o ANd, IHHMEZEEERNEHBFEA sudo %, ME
RBEXENPBREERTHS, FA sudo ZRR—IHH, TJEELEHRIEIDIM BB
BhfrzL,

TREZFAFPERPEER—IMBERNAR, EAFMREIE-—ITEEXETR.
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A, ARER]ARIE—NEIIME, ZNBAET — T RHE,

10.14 €32 FiHY Python IT15

2] &

)

A

{RIBEIEE— /N HTRY Python MR, FBREREHRFE, N, {1
Python 72f&, AN AL Python FEF4 M,

A — AN HEY

Cm
Wt
%u

SN

IS S

{RE]LAE A pyvenv L BIE— N “BH IR, XML ERE Python
fERR2EE—B%, 3k Windows EMEHRY Scripts BR*, FTEIE—MIF:

bash 7 pyvenv Spam
bash %

%48 pyvenv TR FRBEWCIBMBE RRB, HWEIERE, Span BRETE
EYES

bash 7, cd Spam

bash 7 1s

bin include 1lib pyvenv.cfg
bash

£ bin BRH, RRIEI—PPICAERRY Python fE#FF2S:

bash 7, Spam/bin/python3

Python 3.3.0 (default, Oct 6 2012, 15:45:22)

[GCC 4.2.1 (Apple Inc. build 5666) (dot 3)] on darwin
Type "help", "copyright", "credits" or "license" for more information.
>>> from pprint import pprint

>>> import sys

>>> pprint(sys.path)

',

'/usr/local/lib/python33.zip',
'/usr/local/lib/python3.3",
'/usr/local/lib/python3.3/plat-darwin',
'/usr/local/lib/python3.3/1lib-dynload"',
'/Users/beazley/Spam/1ib/python3.3/site-packages']
>>>

XN ERBOESIEMAY site- packages E%%EZW%?J%@JLE’JIURO NRIRE
TRE=ZAE, BINEBERERE, MARBEERLRR site-packages B K,




e

BIEEIMEBE RN TERNEEE =18, [EWRELAFHEBERIRIFAHE, sys.
path TEBERBEF R4 Python FIEFK, M site-packages B REZWEE MU E—
B R

ET—MEMIME, T—PHMRER—1MEEIESE, Lkl distribute 3 pip.
EZRIHFNTEMBNRE, FEERFRMEEANLEIIMENRERESE. EaBEY
FREBFhBIEREY site-packages BRHPE,

RE—NMEMIMEE LER Python KRI—1EHl, FIELRLEREETLE
NAXGH—LFSHtE, MAIRERREFTMITHRERESEERBRRM Python &
R, A, SIEIFMNIMERREZN, AELFAZEFENBERR.

MANBRAT, EMIMERZN, TESEMIMMIE=TE, IRFEE—IEZ
LTRNEFERELIMEN—ES, FJTUER " system-site-packages” IR EEE EHL
iR, fla:

bash , pyvenv --system-site-packages Spam
bash %

IRZ X TF pyvenv MEHIMERIERFIASE PEP 405.

10.15 958
BE:

MELZRE T — 1M ERNE, BIEEHIZFHREMA,

fRIRTIZ

MRIFBD R IFHNE, F—HEMRAE—ITME—NRF, AHFEEHNBERE
M, FlEn, —NERRREE BT EXE:

projectname/
README. txt
Doc/
documentation.txt
projectname/
__init__.py
foo.py
bar.py
utils/
__init__.py
spam.py
grok.py
examples/
helloworld.py



https://www.python.org/dev/peps/pep-0405/

ZiLFRERINL L E, BRMERE —1 setup.py , EUTFEXHEF:

# setup.py
from distutils.core import setup

setup (name="'projectname',
version='1.0",
author='Your Name',
author_email='you@youraddress.com',
url='http://www.you.com/projectname',
packages=['projectname', 'projectname.utils'],

=2, MELIE— MANIFEST.in X, JIHAMEEFRNEFFEEIERN
FETRAE S

# MANIFEST. in

include *.txt
recursive-include examples *
recursive-include Doc *

#{R setup.py F MANIFEST.in X#HHEMRMBHNRERNLAERH, —BRELZM
TIXE, AT TEXFERITHOREIE—NRBILE T :

/» bash python3 setup.py sdist

EatlE—NsEten” projectname—l.().zip” 1 “projectname—l.O.tar.gz" , BiK
KM TFIMNRAETEES, WR—EE, INMXERFTURIZLANAERNE LEE

Python Package Index.

e

WF 4k Python fXhS, RE —PNEiBRY setup.py X BEEEREEE, — 1 0JEERYID)
AWM AFNI LB ERENFER, —MERBRRMZNXRIE—1E
MENKER, Tic7TE8NFAS. XBWERTAKE setup.py PR TEHAE
B 793 packages=['projectname', 'projectname.utils']

REB5 Python ZFREFE, BRESF=-FEEEEMIEE, BIE setuptools,
distribute &%, BER RN THBNRIRNEETRR distutils, ;EFEINRFAEIXLLR, BAFPO]
BENBEL RPN, RIEMIEREALRIFMEEMNEEIERS, [IEEWLE, REMN
ZAZ1B(F kg R RYEIE, RIFIERBICHEERIRAER Python 3 ©£3%, WNRE(M
BHEEZRE, °EE— /N EEDIR S,

WFERE CHRUIABITESNAMEERRT. F 15 ENXT C §RBIX
HEFRE —EFMiHAE, 1321 15.2 N,



http://pypi.python.org/

F+—E: NEE Web 4RI

AERXTEMEBNAMD HANATEANSMHER, /XI5 AEA Python
MEE IRt ARG EBERIRS, AREA Python SKIMBARS IRIEF. hEHT
—LEEINEAR, BTFRSSRIDESESHINAE,

11.1 FEREFIRS HTTP RBXRE
B

RBEE@E T HTTP WXAE IR AN AR SHERS, G, THBBEHESE
F REST By API #1735,

IS

WFEBEAEERA, BEMH urllib.request BIRFB T, FlEN, KiEF—NE
B HTTP GET BEXREZIEARS £, sTLOX M :

from urllib import request, parse

# Base URL being accessed
url = 'http://httpbin.org/get’

# Dictionary of query parameters (if any)
parms = {

'namel' : 'valuel',

'name2' : 'value2'

}

# Encode the query string
querystring = parse.urlencode(parms)

# Make a GET request and read the response
u = request.urlopen(url+'?' + querystring)
resp = u.read()

INRIFFZEMER POST HFERKREFPRZERSE, AJUESHRBEER
EESHIRMLS urlopen() FRER, FGXH¥:

from urllib import request, parse

# Base URL being accessed
url = 'http://httpbin.org/post'’

# Dictionary of query parameters (if any)
parms = {
'namel' : 'valuel',




'name2' : 'value2'

# Encode the query string
querystring = parse.urlencode(parms)

# Make a POST request and read the response
u = request.urlopen(url, querystring.encode('ascii'))
resp = u.read()

MRMFEZELALBERPRE—LEBE X HTTP 3k, FIUECY user-agent F
B2, FIMEIEE—MNEEFERENFH, FEIE— Request SEPIZARRFEIELE urlopen )
, AR

from urllib import request, parse

# Extra headers

headers = {
'User-agent' : 'none/ofyourbusiness',
'Spam' : 'Eggs'

req = request.Request(url, querystring.encode('ascii'), headers=headers)
# Make a request and read the response

u = request.urlopen(req)
resp = u.read()

MRFERGMRSE LEMOIFEEE 2, HITRIZEEE requests FE (https:
//pypi.python.org/pypi/requests )o FIEA, FTENIXANRGIRE requests EEFSLI T £
HERVIRME :

import requests

# Base URL being accessed
url = 'http://httpbin.org/post'’

# Dictionary of query parameters (if any)
parms = {

'namel' : 'valuel',

'name2' : 'value2'

# Extra headers

headers = {
'User-agent' : 'none/ofyourbusiness',
'Spam' : 'Eggs'



https://pypi.python.org/pypi/requests
https://pypi.python.org/pypi/requests

resp = requests.post(url, data=parms, headers=headers)

# Decoded text returned by the request
text = resp.text

KT requests B, —MEF—RIFMIMEERUZ WA IUAERFIRENDLN L5
RMRNE, NEERIRIERE, resp.text mLAFAIAIR LA Unicode FERDAINGR A,
BR, WERZEAID] resp.content , FARFRIFRIREI _#BIEIE, H—FHmE, WRIAL
resp.json , FAFMEFEI JSON XM AT,

TEXNREIFA requests BEAREL — HEAD &K, FMADMN A EEH —LE
HTTP SLEIBRIFER:

import requests
resp = requests.head('http://www.python.org/index.html')

status = resp.status_code

last_modified = resp.headers['last-modified']
content_type = resp.headers['content-type']
content_length = resp.headers['content-length']

TER—MHA requests BT EARIMEZR Pypi 0+ :

import requests

resp = requests.get('http://pypi.python.org/pypi?:action=login',
auth=('user', 'password'))

TER—FEA requests ¥ HTTP cookies M—MBEKREZIHR 5 —MRIFIF

import requests
# First request

respl = requests.get(url)

# Second requests with cookies received on first requests
resp2 = requests.get(url, cookies=respl.cookies)

KRB EHIEFAEZN—MIFZEA requests EIERA:

import requests
url = 'http://httpbin.org/post'’
files = { 'file': ('data.csv', open('data.csv', 'rb')) }

r = requests.post(url, files=files)




e

MFEMNREEE HTTP EF NS, AARERN urlliv BIRBEMEB T, B,
MNBMEMPIANMNNEREER GET 3¢ POST B3XK, BHENA BT EHIINEE
To XBHMEFLRE =FHIRREEUN requests KESFHIFET,

BIgn, WMERMFRERFERINENRREFEMASER requests XFEMNE=FF,
BAMFAREARNERRKEDN http.client RRRILIMB KK, tEAIE, TEH
KRR TWARNIT— HEAD i5X:

from http.client import HTTPConnection
from urllib import parse

¢ = HTTPConnection('www.python.org', 80)
c.request ('HEAD', '/index.html')
resp = c.getresponse()

print('Status', resp.status)
for name, value in resp.getheaders():
print(name, value)

Elt£ts, MNRBARE B RN, AL, cookies LA E M —LE T EAIKEE, BB
2 fEA urllib MEFF R RHAMSE, EFHE, FTEXNREISIIE Python B1ES|
ERYIAIE:

import urllib.request

auth = urllib.request.HTTPBasicAuthHandler ()
auth.add_password('pypi', 'http://pypi.python.org', 'username', 'password')
opener = urllib.request.build_opener (auth)

r = urllib.request.Request('http://pypi.python.org/pypi?:action=login')
opener .open(r)

resp = u.read()

u

# From here. You can access more pages usSing opener

BRI, FTBRXEIRIERE requests EREBEHBREENS,

EALITREFMNEL HTTP EFIHABEERESAERYN, BAFRMERFNMET
O EREREEZE (I cookies. INIE. HTTP k. RwBARE ), BERMXLES, &
FEfEA httpbin BRSS (http://httpbin.org )o ENMERSFEIE HEVIEK, AFLL JSON
MR BEREREERR, THR—IMNREXHEF:

>>> import requests

>>> r = requests.get('http://httpbin.org/get?name=Dave&n=37",
headers = { 'User-agent': 'goaway/1.0' })

>>> resp = r.json

>>> resp['headers']

{'User-Agent': 'goaway/1.0', 'Content-Length': '', 'Content-Type': ,



http://httpbin.org

"Accept-Encoding': 'gzip, deflate, compress', 'Connection':
'keep-alive', 'Host': 'httpbin.org', 'Accept': 'x/*x'}

>>> respl'args']

{'name': 'Dave', 'n': '37'}

>>>

HEER—NMEENMEREITRER, B httpbin.org XFRIMLL EMEEEER
ATEREY D%, LERSFATEN 3 XREFKMME XA XFRIXER L AER (&
ZRWBECRE HTTP INEE FPimRE RIFAIRITK, ).

EXTWRBIR, request EENIFZ SR/ HTTP FFImIMNIRME T2,
EE¥0 OAuth, requests fRIREISHS (http://docs.python-requests.org) FRERS (1BE
WX EEN — TR RERPMRENEFEEET ), FIUSEXXHEUREESHME

ISro

11.2 8% TCP fR%38
o] &%

(RIS —ERSS 28, BT TCP MY EFImE S,

fRIRTI

BIE— TCP BRSZBH—NERFERER socketserver &, flEl, THE—
NE RN ERS R

from socketserver import BaseRequestHandler, TCPServer

class EchoHandler(BaseRequestHandler):
def handle(self):
print('Got connection from', self.client_address)
while True:

msg = self.request.recv(8192)
if not msg:

break
self .request.send(msg)

! LI

if name_ == '__main__
serv = TCPServer(('', 20000), EchoHandler)
serv.serve_forever()

EXERIEAR, REX T — MRS, KT —/ handle() 5%, XA
B P imiEiEiRS. request EBHREFis socket, client address BEX g, B
TMHXMNRSE RS, BITEHITASIN—1 Python HIRE XN IR 5L

>>> from socket import socket, AF_INET, SOCK_STREAM
>>> g = socket(AF_INET, SOCK_STREAM)



http://docs.python-requests.org

>>> s.connect(('localhost', 20000))
>>> s.send(b'Hello')

5

>>> s.recv(8192)

b'Hello'

>>>

REZHRE, FIUBRESZNEX —TMAENLER, TER—1MMEAR
StreamRequestHandler B —PMENHIZOMEEKE socket LAIFIF:

from socketserver import StreamRequestHandler, TCPServer

class EchoHandler(StreamRequestHandler):
def handle(self):
print('Got connection from', self.client_address)
# self.rfile is a file-like object for reading
for line in self.rfile:
# self.wfile is a file-like object for writing
self .wfile.write(line)
if name_ _ == '__main__"':
serv = TCPServer(('', 20000), EchoHandler)
serv.serve_forever()

i

socketserver B ALLFAREZHIELIRE LY TCP RSB, BR, MEEEE
MR, FNER T XMIRSB[BERLIEN, —RREIN—AIEFPImERERS. NRMEE
RIBZNEFim, PJAYIIR{L— ForkingTCPServer B# & ThreadingTCPServer XY
K. ffun:

from socketserver import ThreadingTCPServer

if name == '_main__':
serv = ThreadingTCPServer (('', 20000), EchoHandler)

serv.serve_forever()

A fork BN&IERRS BENEAERIDAARENZNENEPIREZRLIE— 1Y
HIEEELTE. ATEPImERRRLERGIRY, AIE—NEENEREFIUENZEXRE
RO R ARRIARSS BT,

NRAFAB XA B, (RA]CARIE— D AN TIF4iEtadtizit, (R
BIE— PN EBIAELIEARSS 2R, RARE—NEEBHER serve_forever O FiERE
el

if __name__ == '__main__':
from threading import Thread
NWORKERS = 16




serv = TCPServer(('', 20000), EchoHandler)
for n in range (NWORKERS) :
t = Thread(target=serv.serve_forever)
t.daemon = True
t.start()
serv.serve_forever()

— R R, — A TCPServer FESKPILRIBT IR X 48 E H A /EE N AY socket
o AW, ARRMBETIREREXEMEZEER T socket’ , AJLAIRBE S
b1nd_and_act1vate—False . T

if name__ == '__main__

serv = TCPServer(('', 20000), EchoHandler, bind_and_activate=False)
# Set up wvarious socket options

serv.socket.setsockopt (socket.SOL_SOCKET, socket.SO_REUSEADDR, True)
# Bind and activate

serv.server_bind()

serv.server_activate()

serv.serve_forever()

LHEH socket MR —NMEEZBIIECED, ERITIRS[EMHE —ZrE
RAEmMmOS, EEI:F%‘&%EZ ZEERE, EWRMERXTER, FICAERAE TCPServer £
HiRE, ERALIRSR[IVHMERIRECHIE, WTFFAR:

if name _ == '_main__

TCPServer.allow_reuse_address = True
serv = TCPServer(('', 20000), EchoHandler)
serv.serve_forever()

ELERAT, BINERTRMARMNGIEREEL (BaseRequestHandler 0
StreamRequestHandler )o StreamRequestHandler Ebﬂilﬁ,m, BT EEHMAYE

ERZH M. teu:

import socket

class EchoHandler(StreamRequestHandler):
# Optional settings (defaults shown)

timeout = 5 # Timeout on all socket operations
rbufsize = -1 # Read buffer stize
wbufsize = 0 # Write buffer stize

disable_nagle_algorithm = False # Sets TCP_NODELAY socket option
def handle(self):
print ('Got connection from', self.client_address)
try:
for line in self.rfile:
# self.wfile is a file-like object for writing
self.wfile.write(line)
except socket.timeout:
print('Timed out!"')




R, ERZFIENZE KSR Python WEEMEEER (tL90 HTTP, XML-RPC

% ) BIREIITE socketserver NEEZ £, BELR, BEEFEM socket FERLIPARS

BUHARRME, TER—MEA socket HIEHMIZLIM— MRS B[BEHEMIF:

from socket import socket, AF_INET, SOCK_STREAM

def echo_handler(address, client_sock):

print('Got connection from {}'.format(address))
while True:

msg = client_sock.recv(8192)

if not msg:

break

client_sock.sendall(msg)

client_sock.close()

def echo_server(address, backlog=5):
sock = socket(AF_INET, SOCK_STREAM)
sock.bind(address)
sock.listen(backlog)
while True:
client_sock, client_addr = sock.accept()
echo_handler(client_addr, client_sock)

if name == main__

echo_server (('', 20000))

11.3 8% UDP BR532

B

] &

RAESKIM—NET UDP HiXKIARS BEREZ FinEE,

fRIRTI

BR TCP —#%, UDP BRSZ23th o] LAEILEF socketserver FEIR BRI EIZE,

g, FER—ERAERSES:

from socketserver import BaseRequestHandler, UDPServer
import time

class TimeHandler (BaseRequestHandler):
def handle(self):
print ('Got connection from', self.client_address)
# Get message and client socket
msg, sock = self.request
resp = time.ctime()
sock.sendto(resp.encode('ascii'), self.client_address)




if __name__ == '__main__':

serv = UDPServer(('', 20000), TimeHandler)
serv.serve_forever()

IRZBI—#E, REEX—EI handle ) BHAENE, AEFPIHEERS
NEM request BHER—IMNEIE T HIBIRFIEE socket WHRAITTL, cllent_address
BT EFimtit,

BATRMA T XNARS2E, BREITE, ARITABIN—1 Python #IZEARSS 2]
E%IEI%\:

>>> from socket import socket, AF_INET, SOCK_DGRAM
>>> s = socket (AF_INET, SOCK_DGRAM)

>>> g.sendto(b'', ('localhost', 20000))

0

>>> g.recvfrom(8192)

(b'Wed Aug 15 20:35:08 2012', ('127.0.0.1', 20000))
>>>

Wi

— A UDP HE%%?&UQ@J AMBUER (BR) fIEZFimtthit, tNRARSZEE
uﬁﬁl}"’ "‘"EZQ%F mElR —MNIER, WTFEIBEREVEIX, (REIZER socket BY
sendto () *D recvfrom() 7%, )3 4519 send ) F recv() ta]BAIAZIEHHIKER,
ERFEMNANGENTF UDP EEmME ELiE,

HF'SBKEMNERE, UPD ARSZEEMENF TCP Hﬁﬁnnﬂ%ﬁr;—ijﬁ_ﬂéﬁhmai ~
1T, UDP RERARIEN (Ehi@ E}ﬁﬁL_Lﬁhz, BERIEEEXK ), BELFEEZERIRE
CRREZEHLIBEELEBEEIE L, ?F?"Z!S:FJVWQTEEIV\]T ZISUBE -3
W, NRTEUNFREFEREE, R EE‘EEE{EIEJJ:.FFEJ’?\ Fil, BN —LEHMMS
BERFIUE, UDP BEHBAERLEN FrIEEMERARESHIZSE, Flal, ELMN
}ﬂiﬂl];llﬁéﬂiunl«x&/)ﬁikéﬁﬁ LTEROIMEEXRNHNES (EFRREGRNZEEH
PRLE@BNBIT o

UDPServer KEZBLRER, BB R —RRAER— I EFPREERS, XREH
R, %ﬁs%'eﬁzf UDP &2 TCP ARt A XA, WMRFBEFLEE, =0
,Hﬁl]ﬂ_’, ForklngUDPServer 3, ThreadingUDPServer ﬁ% :

from socketserver import ThreadingUDPServer

if __name__ == '_ _main__"':
serv = ThreadingUDPServer (('',20000), TimeHandler)

serv.serve_forever()

B {ER socket REIM— UDP RSFBHAIE, TEIE—MIF

from socket import socket, AF_INET, SOCK_DGRAM
import time

def time server(address):




sock = socket (AF_INET, SOCK_DGRAM)
sock.bind(address)
while True:
msg, addr = sock.recvfrom(8192)
print('Got message from', addr)
resp = time.ctime()
sock.sendto(resp.encode('ascii'), addr)
if name _ == '_main__
time_server(('', 20000))

11.4 3&@3Z CIDR HhtAERE N RZAY IP HbEEE

o] &

RE— CIDR MEHbHEEEUN “123.45.67.89/27”, {RABIGE LR ERRRIFRT
B IP (ttn, “123.45.67.647 , “123.45.67.65" , -+, “123.45.67.95" ))
P IRES

AJLAfER ipaddress IRRBE SIS HHITTE, Fl40:

>>> import ipaddress
>>> net = ipaddress.ip_network('123.45.67.64/27")
>>> net
IPv4Network('123.45.67.64/27")
>>> for a in net:
print(a)

123.45.67.64
123.45.67.65
123.45.67.66
123.45.67.67
123.45.67.68

123.45.67.95
>>>

>>> net6 = ipaddress.ip_network('12:3456:78:90ab:cd:ef01:23:30/125")
>>> net6
IPv6Network('12:3456:78:90ab:cd:ef01:23:30/125")
>>> for a in neté6:
print(a)

12:3456:78:90ab:cd:ef01:23:30
12:3456:78:90ab:cd:ef01:23:31
12:3456:78:90ab:cd:ef01:23:32




12:3456:78:90ab:cd:ef01:23:33
12:3456:78:90ab:cd:ef01:23:34
12:3456:78:90ab:cd:ef01:23:35
12:3456:78:90ab:cd:ef01:23:36
12:3456:78:90ab:cd:ef01:23:37
>>>

Network I THRENE—HFHIZSIEUE, FI0:

>>> net.num_addresses
32
>>> net [0]

IPv4Address('123.45.67.64")
>>> net[1]
IPv4Address('123.45.67.65")
>>> net[-1]
IPv4Address('123.45.67.95")
>>> net[-2]
IPv4Address('123.45.67.94"')
>>>

#Ih, ARERTARI TR AL I & 2 SERVIRIE

>>> a = ipaddress.ip_address('123.45.67.69")
>>> a in net

True

>>> b = ipaddress.ip_address('123.45.67.123")
>>> b in net

False

>>>

—A> IP HhEFNP L aE REE IS — 4 IP R OKRIEE, FIa0:

>>> inet = ipaddress.ip_interface('123.45.67.73/27")
>>> inet.network

IPv4Network('123.45.67.64/27")

>>> inet.ip

IPv4Address('123.45.67.73")

>>>

ie

ipaddress HRIRBRZSEAICARIR IP ik, WEMRO., SIEFZRIFM AL
( Cban®gsh, FTED. 3MIES) MEHRSRER.

%Ei‘\ﬁ’l%, ipaddress FRIREIRE{th —LEFNMLEHE RBIARIREL AN socket FERER
L, FTA, fRABE(EA IPv4Address RUSEAIRKE — MU FRHFR, MELESEXW
R str() 5’5}3& E. Fl40:




>>> a = ipaddress.ip_address('127.0.0.1")
>>> from socket import socket, AF_INET, SOCK_STREAM
>>> s = socket(AF_INET, SOCK_STREAM)
>>> s.connect((a, 8080))
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: Can't convert 'IPv4Address' object to str implicitly
>>> s.connect((str(a), 8080))
>>>

BZHXART, BS8FE An Introduction to the ipaddress Module

11.5 €I — 1S8R REST 0
BE

{RAB(ER—MNEEAY REST OB iE WML nizizdlgihelRrINEER, E2FR
XAEBEEELZE N TER web HEZE,

PSS

ME—4 REST RigHEOREMSMAERUR—AETF WSCI /R (PEP
3333) HOR/IOEE, TER—MIF:

# resty.py
import cgi

def notfound_404(environ, start_response):
start_response('404 Not Found', [ ('Content-type', 'text/plain') 1)
return [b'Not Found']

class PathDispatcher:
def __init__(self):
self .pathmap = { }

def __call__(self, environ, start_response):
path = environ['PATH_INFO']
params = cgi.FieldStorage(environ['wsgi.input'],
environ=environ)
method = environ['REQUEST METHOD'].lower ()
environ['params'] = { key: params.getvalue(key) for key in params }
handler = self.pathmap.get((method,path), notfound_404)
return handler(environ, start_response)

def register(self, method, path, function):
self.pathmap[method.lower(), path] = function
return function
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ATERAXMEERE, (FRAFERSAEMNLIERE, PG TEXE:

import time

_hello_resp = '''\
<html>
<head>
<title>Hello {namel}</title>
</head>
<body>
<h1>Hello {name}!</h1>
</body>
</html>'""

def hello_world(environ, start_response):
start_response('200 0K', [ ('Content-type','text/html')])
params = environ['params']
resp = _hello_resp.format(name=params.get('name'))
yield resp.encode('utf-8')

_localtime_resp = '''\

<?xml version="1.0"7>

<time>
<year>{t.tm_year}</year>
<month>{t.tm_mon}</month>
<day>{t.tm_mday}</day>
<hour>{t.tm_hour}</hour>
<minute>{t.tm_min}</minute>
<second>{t.tm_sec}</second>

</time>'""'

def localtime(environ, start_response):
start_response('200 OK', [ ('Content-type', 'application/xml') 1])
resp = _localtime_resp.format(t=time.localtime())
yield resp.encode('utf-8')

if __name__ == '__main__':

from resty import PathDispatcher
from wsgiref.simple_server import make_server

# Create the dispatcher and register functions
dispatcher = PathDispatcher ()
dispatcher.register('GET', '/hello', hello_world)
dispatcher.register('GET', '/localtime', localtime)

# Launch a basic server

httpd = make_server('', 8080, dispatcher)
print('Serving on port 8080...")
httpd.serve_forever()

ZMA T XARSS R, (Re] AER—XIBE2EER urllib AIERE, fla0:




>>> u = urlopen('http://localhost:8080/hello?name=Guido"')
>>> print(u.read() .decode('utf-8"))
<html>
<head>
<title>Hello Guido</title>
</head>
<body>
<h1>Hello Guido!</h1>
</body>
</html>

>>> u = urlopen('http://localhost:8080/localtime")
>>> print(u.read() .decode('utf-8"))
<?xml version="1.0"7>
<time>
<year>2012</year>
<month>11</month>
<day>24</day>
<hour>14</hour>
<minute>49</minute>
<second>17</second>
</time>
>>>

Wi

£4"5 REST 2O, @EEZRS THEN HTTP 5K, E2RAPLINEET
BRMISAELL, fEERIFEMIERE, XEZIEUSHIESIVRD, Ll XML,
JSON z CSV, REEFEBLEZRER, BERUAXMAIVRHEN API W FRSNATE
PR ZIEE BRI,

BN, KEIGITHIEFRIEESER — REST API RLIISITE i2Hr, KEUEMN
Bi#ZFe]LAER REST RMEZ—NMUBEBERZHIENR R, REST LEERAXRITHIESHIR
LM A. EREE. I T8, FEERMRE, REST APl EEWAEE Findwiz
IMERTSZ 45, L0 Javascript, Android, i0S &, Elt, A XMEOTUILRALEHE
e N BIERF.

AT —NEER REST #0, RRFILGOEZERNKEHE Python B WSGI
FRERNR], WSGI #dnEEXHS, ERtieE REENE=7 web R, FIb, 0
RV ERIMMVE, ERENERTRERIMSEMNRE !

7£ WSGI H1, {Re]AME TEXHELERN A A — e AN R REIMIRRIFE
F.

import cgi

def wsgi_app(environ, start_response):
pass

environ BHRE—1NFH, BT M web BB 28 Apache[&%E Internet RFC




3875 IRHY CGI O PIKERE, ENXILEARRMERELEK, Re]MRIX4XH
=

def wsgi_app(environ, start_response):
method = environ['REQUEST METHOD']
path = environ['PATH_INFO']
# Parse the query parameters
params = cgi.FieldStorage(environ['wsgi.input'], environ=environ)

BIRRT —LE IWH{E, environ['REQUEST_METHOD'] RFTIERZEAYU GET,
POST, HEAD %, environ['PATH INFO'] RANWIBEKRKZENRKR, A cgi.
FieldStorage() FJLAMBKRPRINEBHSHHBENTMA— N ELXFHERN KRR UE
faE{ER,

start_response SRE— M ATHIRIL—NE *W?ﬁﬁ'ﬁ%‘?ﬁ%ﬁiﬁﬁﬁg@%ﬁo F—
SHERMOM HTTP RAME, EENMSHER— (B, B) THIR, ARMEERED
E’J HTTP 3k, 5I40:

def wsgi_app(environ, start_response):
pass
start_response('200 OK', [('Content-type', 'text/plain')])

ATIREIEE, — WSCGI BFLFRE—NMFHFNEFI, FIAGTFEXEF
{ER—MIIRRKTTH :

def wsgi_app(environ, start_response):

pass
start_response('200 OK', [('Content-type', 'text/plain')])
resp = []

resp.append(b'Hello World\n')
resp.append(b'Goodbye!\n")
return resp

&, {REeUAfEA yield :

def wsgi_app(environ, start_response):
pass
start_response('200 0K', [('Content-type', 'text/plain')])
yield b'Hello World\n'
yield b'Goodbye!\n'

XEEF N —F %E‘-FLIEIE’JM\ﬁﬁzE'E"“**f&’ﬁo NRREFERBENEFA
B, WREBHREBRTT, YR, FREERIMEEN—EEXA, R REHI
W5 —NEMERBIERF,

RE WSCI 2R EEWE X — MR, NE(Re]CAERLESLAIRE, RE
EXMTEEN _ call () Ak, Hlu0:

class WSGIApplication:
def __init__(self):




def __call__(self, environ, start_response)

BANELE LEER XM AREIE Pathdispatcher 2, XNMNDEBFNXNAZERE
—AFH, §F (737F, BB1F) WIRGIRAIREBRR LHE, S—MEKEIRE, ERFER
BIFRRILR, AR LRINNLAIER EFEE, 7, FAERNSESWENE
BB —FHAP, BA environ['params'] INTFE, BEXNTEAEL, FAEY
MEDABE@TN, IHATUEERSESENE, AN RB[HIE, MIAFEHEHN
BlEE—Af, ARBEEEMEF WSGL ERAERR, REIXLRBNZBLREE
7, RERE{E start_response ) BHAIREMN, HERFREFTHFAFHE,

SR E X MEHAIHREF IR — R 2N T HERNER, 2ARBRES
ABHEESE print O R XML FIXERIVCIRENNAE, B LEERT =3I
SESNMEE XIFHNFAFBERWR, XMHHEARR UERIREZHEUEEiE T
B (RAFZRERRAE, MARNEFERERNT),

e, A WSGI 28— MREZENMD B R BT AMGRHITRE web IRSS
22H, FEAIRAEY THRSBF[AMERZ I, (RAIAEFIREVFE PN EMREARSS 28
R, FAMERTEAREMNLMNL AT !

if __name == !'_ main__"':

from wsgiref.simple_server import make_server

# Create the dispatcher and register functions
dispatcher = PathDispatcher()
pass

# Launch a basic server

httpd = make_server('', 8080, dispatcher)
print('Serving on port 8080...")
httpd.serve_forever()

LFERBEEIET —MERMRSE, ARRME AR FMRRSMESEELESRE
T, &fa, SRESE—TT BRIFHIEFIAHE, {RAIMEBOX MRS, iLE"TBA
BERS BRI,

WSGI AR —MR/IBIRE, B EHEBERM - SR LLIIAE
cookies, BEMAE, XERECKMERBAIE, FTNRBEESHZH, FAIME
[RE=73F, ELU webOb BL#E Paste

11.6 &id XML-RPC SCI &2 iAE
BEH

(RAEHE — NE RN A NERITBITHEIZIZN2E LERY Python 725 RIREETS
%o




fRIRTI

KU —MEEHFARNRER S NEER XML-RPC, TERHIER—TF—1
KT - ETFETI R B B AR S5 28

from xmlrpc.server import SimpleXMLRPCServer

class KeyValueServer:
_rpc_methods_ = ['get', 'set', 'delete', 'exists', 'keys']
def __init__(self, address):
self. _data = {}
self._serv = SimpleXMLRPCServer(address, allow_none=True)
for name in self._rpc_methods_:
self._serv.register_function(getattr(self, name))

def get(self, name):
return self._data[name]

def set(self, name, value):
self._datal[name] = value

def delete(self, name):
del self. datal[name]

def exists(self, name):
return name in self._data

def keys(self):
return list(self._data)

def serve_forever(self):
self. serv.serve forever()

# Exzample
if name == '__main__
kvserv = KeyValueServer(('', 15000))

kvserv.serve_forever ()

TEBAN—PEFimVEE EER DR RS 2E:

>>> from xmlrpc.client import ServerProxy

>>> s = ServerProxy('http://localhost:15000', allow_none=True)
>>> s.set('foo', 'bar')

>>> g.set('span', [1, 2, 3])

>>> s.keys()

['spam', 'foo']

>>> s.get('foo')

'bar'
>>> s.get('spam')
[1, 2, 3]

>>> s.delete('spam')




>>> s.exists('spam')
False
>>>

Wi

XML-RPC B]BLEHANEEZMIME—NMERAZZEARS., (RAAEEMEINY
N2EIE— MRS EELA, BT ERFIE register_function() FKiEMEI, REE
F73i% serve_forever ) BHIE, ELEBATHXELBRE—ESE—1EHR, R
BXANBYANI, LEINIRIER] MR T EIXFRIE — M RSS 28

from xmlrpc.server import SimpleXMLRPCServer
def add(x,y):
return x+y

serv = SimpleXMLRPCServer(('', 15000))
serv.register_function(add)
serv.serve_forever()

XML-RPC RELHRIRHB ISR THDBIEEE, tLWNFNH, B, IR
FH, WTFEMEXRRSFEEZMEIMIMIINR T, Fa, WRFEEL XML-RPC &
B— MRS, KR ERBMAISEE F R AIE:

>>> class Point:
def __init__(self, x, y):
self.x = x
self.y =y

>>> p = Point(2, 3)
>>> s.set('foo', p)
>>> g.get('foo')

'x': 2, 'y': 3%}
>>>

KUY, WFHEBIEERIE RIFBRANKN—#:

>>> s.set('foo', b'Hello World")
>>> s.get('foo')
<xmlrpc.client.Binary object at 0x10131d410>

>>> . data
b'Hello World'
>>>

—REKiH, RAMNIZRE XML-RPC BRSBUAH API AXNEFLR, WFIME
g, BESHANAREFRFSE — N EIFIERE,

XML-RPC BJ— MR B ERIMEEE, SimpleXMLRPCServer HUSKIN @B LRFERY, BT
MERESTAREER, RERINE 112 /W THERITIER BT S LIERMITH,




A9, BF XML-RPC A BHIEHFIIC I XML B3, A ESLLEMIANE
THE—L, BREMBMR, XM NAIHRD A AR LRSS Bt RmIEIES 25, &
AERAXMAN, EESHNEFIRIEFEEVIRIREIARSS,

2/ XML-RPC BRZRR, ERMRGEZREME-—NMHRIZEIFRAAR
GZiE, eNAESEFIIN, BRE, BRENARMELEBT.

A\

11.7 ZEARER Python B2 281X H
BE

REARNERIYLEE LEIZITEZ A Python MRFFEELA, AAREREBEXLRERL
[B)iE R 2RI,

fRIRTFIZE

1B multiprocessing.connection fRIRF]LARE S HISLIN fEFE RS Z (B AV @
5. FHER—NEREMNEIRSE6F:

from multiprocessing.connection import Listener
import traceback

def echo_client(conn):
try:
while True:
msg = conn.recv()
conn.send (msg)
except EOFError:
print ('Connection closed')

def echo_server(address, authkey):
serv = Listener(address, authkey=authkey)
while True:
try:
client = serv.accept()

echo_client(client)
except Exception:

traceback.print_exc()

echo_server (('', 25000), authkey=b'peekaboo')

RIRE PimE RS B H %15 R BRI E B R:

>>> from multiprocessing.connection import Client

>>> ¢ = Client(('localhost', 25000), authkey=b'peekaboo')
>>> c.send('hello")

>>> c.recv()

'hello!




>>> c.send(42)

>>> c.recv()

42

>>> c.send([1, 2, 3, 4, 5])
>>> c.recv()

(1, 2, 3, 4, 5]

>>>

IRIEIE socket AEHIR, BMNEERSRERE (BE— MBI send() ZIZFINREE
BT recv() REBIER ), B, FIBNREEIT pickle FFI{E, B, {EFIFES pickle
FIN REBBETE thik i F R EMES,

i

HeiBRSAXRLUSHESEMIOVEFBLE, il ZeroMQ, Celery &, R
EFN—MEEREHCERKE socket Bl z EXRILIM—MNMERZHE. ERMFEE
EERE—mMAER, AB4XEHE nultiprocessing. connection FIK LA T, (NIX{EH
— LR RRIBREN LI 2 MRS Z BIRYE RIE(E,

MRMMAERSRZTER—&VsE LHE, BAMFRITUAERAZIMEEVIE], Ltk
Unix HEFEFHERE Windows inBEE, BEFEA UNIX HEREFREE—MEE,
REERMEMUAE — N EFRENF]

s = Listener('/tmp/myconn', authkey=b'peekaboo')

ZER Windows arREEREEER, RAFRTEXIFEA—INXHEFZR:

s = Listener(r'\\.\pipe\myconn', authkey=b'peekaboo')

—MNEREMNR, FAEFERH nultiprocessing R —MNIF MY A H AR 53
Client() #ll Listener () AHY authkey SEARINIEREEZENLIRAF, NRZA
ANEFE—IMFRE, I, ZERFRESHAREIKEE (MARKENEERE),
flan, mMANERRZEREMABRIIEEATAEE N N BTREREe—EREE

BRI,

MRMRFENREEZRMES MG, (CNFRZHFEA, JEFEZE /0 sE s
RS, MRIFERBIMIESRERESE socket ERLIIXLESFE,

11.8 LI *z /55 1A
) &}

REE—NMBEREWEU sockets | multiprocessing connections 3¥ ZeroMQ HY
itz ELIM— N ERRNEIZIZEIEA (RPC),




fRIRTI

YFEREE R, SEAROMEER pickle fwiBfe, EARERMBREREIZEE pickle F
TFEMEH, JUREZMEM RPC, TEHR—MESE PRC A28, AICARESE—
MRS R E:

# rpcserver.py

import pickle
class RPCHandler:
def __init_(self):
self. functions = { }

def register_function(self, func):
self. functions[func. name ] = func

def handle_connection(self, connection):
try:
while True:
# Recetive a message
func_name, args, kwargs = pickle.loads(connection.recv())
# Run the RPC and send a response
try:
r = self._functions[func_name] (*args, *xkwargs)
connection.send(pickle.dumps(r))
except Exception as e:
connection.send(pickle.dumps(e))
except EOFError:
pass

BFERAXIMIERE, MEERENAZI—NERRSEFR. FEESMERE, BR
M multiprocessing FEREEEMN, FHEHE— RPC RSB EMH1F:

from multiprocessing.connection import Listener
from threading import Thread

def rpc_server(handler, address, authkey):
sock = Listener(address, authkey=authkey)
while True:
client = sock.accept()
t = Thread(target=handler.handle_connection, args=(client,))
t.daemon = True
t.start ()

# Some remote functions
def add(x, y):
return x + y

def sub(x, y):
return x -y




# Register with a handler
handler = RPCHandler ()
handler.register_function(add)
handler.register_function(sub)

# Run the server
rpc_server (handler, ('localhost', 17000), authkey=b'peekaboo')

ATI—NMEREFmUIEIRSE, (FEELIE— I MIAREEIEFERE RPC
R, fgn

import pickle

class RPCProxy:
def __init__(self, connection):
self. _connection = connection
def __getattr__(self, name):
def do_rpc(*args, **kwargs):
self._connection.send(pickle.dumps((name, args, kwargs)))
result = pickle.loads(self._connection.recv())
if isinstance(result, Exception):
raise result
return result
return do_rpc

2EAXMIEE, FEBERHERE MRS EMERE EE, FI30:

>>> from multiprocessing.connection import Client

>>> ¢ = Client(('localhost', 17000), authkey=b'peekaboo')
>>> proxy = RPCProxy(c)

>>> proxy.add(2, 3)

5
>>> proxy.sub(2, 3)
-1
>>> proxy.sub([1, 2], 4)
Traceback (most recent call last):

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

File "rpcserver.py", line 37, in do_rpc

raise result

TypeError: unsupported operand type(s) for -: 'list' and 'int'
>>>

ZIEMREBBEEE (bWl multiprocessing ) BZ{EH pickle FFIE T EMIE,
WNRBIXHERYIE, X pickle.dumps() # pickle.loads() HIIIREEE,

i

RPCHandler #1 RPCProxy MEARBEREZRLREEN, R —IMEFHEZIFAA
—MEFERE, EEUW foo(l, 2, z=3) , RKEEBE—IMNEETRHBNSHMTAH




('"foo', (1, 2), {'z': 3}) , XA ITTAM pickle FICEBETINML EREEELF,
X— 7 RPCProxy BY __getattr__() F3AIREIR do_rpc() BT, ARSZEERE
e =pE:bus plckle REILES, EREREEERTEREMT, RERMITHEMIE
B, MITER (BREE) # plckle FIMLEIR E & I1X L E F i, ?‘Zﬂ]E’J:’—WUE’EEﬁ@ﬁ
multiprocessing H{TEIE, A, EMAAFILERATHMEFLER RS, #1901, 1R
{RAETE ZeroMQ Z E323] RPC, 1212?1%?&4—: EEW R EIER ZeroMQ BY socket
WELIEIR

EE:.FTEE):'EEEEFR%! pickle, BARLEZRIMMEBEZERT (EH—PNEEIHRERZTILA
BIEBFERER, BEBILERRENET pickle RFIMEEHEMNIT )e BEULIRKIERER
iﬁEﬁZﬂ"E'ﬁiﬁ%ﬁE’]%F miy RPC, $53lRIFBIAERIFRE Internet FIER
PLEERUIGIE), XM ABEERIWRER, UTFHAEEEFBEREZNINREE,

Y879 pickle BN, RBIFRIAZBRMER JSON, XML By — L& H fth fY 4w 5 18
VRFIMCES. B, SHXLAIFTCAREZHINEMN JSON HwidHE, £FER
pickle.loads() #0 pickle.dumps() E&##AY json.loads() F Json.dumps() HIETH

# jsonrpcserver.py
import json

class RPCHandler:
def __init__(self):
self. functions = { }

def register_function(self, func):
self. functions[func. name ] = func

def handle connection(self, connection):
try:
while True:
# Recetive a message
func_name, args, kwargs = json.loads(connection.recv())
# Run the RPC and send a rTesponse
try:
r = self._functions[func_name] (*args, *+xkwargs)
connection.send(json.dumps(r))
except Exception as e:
connection.send(json.dumps(str(e)))
except EOFError:
pass

# jsonrpcclient.py
import json

class RPCProxy:
def __init__(self, connection):
self._connection = connection
def __getattr__(self, name):
def do_rpc(*args, *+kwargs):
self._connection.send(json.dumps((name, args, kwargs)))
result = json.loads(self._connection.recv())




return result
return do_rpc

SR RPC MI—MEREZANERARWNAELERE. EL, SHEFERENE
SN ZFFR, B, RELEFRNFEMARNE XMBITFFIRT T, MNRMRE
A pickle, REWRILFAEZFIRERKRFIMLH ML, MRIFEREMBIDIN, IS
BEBINTTGET, PEED, RROZEMNFIREIFREFAFR, FA1E JSON B+
PR EARIXMTIT,

SFHEMEA RPC KMAF, HEFMEEBE XML-RPC FERHB
SimpleXMLRPCServer # ServerProxy BYSCHL, tHEil 11.6 I\FHHRNE,

11.9 FEREMEFIRIALE
BE

RBESHARAPEM —NMERNE P ImERIAMEDIGE, XAEEK SSL M

g%,

fRIRTI

AR/ A hmac ARERSEM —MEREF, MMM —NEREMSKREIANELRE. T
EE R RA:

import hmac
import os

def client_authenticate(connection, secret_key):
rr
Authenticate client to a remote service.
connection represents a network connection.
secret_key ts a key known only to both client/server.
rr
message = connection.recv(32)
hash = hmac.new(secret_key, message)
digest = hash.digest()
connection.send(digest)

def server_authenticate(connection, secret_key):
rr

Request client authentication.

message = os.urandom(32)
connection.send(message)

hash = hmac.new(secret_key, message)

digest = hash.digest()

response = connection.recv(len(digest))
return hmac.compare_digest(digest,response)




BERFRIEBEZHERENG, REBAEZTPHERZ—IMEINFTER (XEHF
F{EAT os.urandom() REVE ), BEFImMARSBEEFA hmac F1—PMRENHFH
ENZARTEL - MIZBEAE, AREFIRBETELNEELRIXERSE, RS
BEILERIMENBCHENRE —HRREERNIELERE, HENILRFZRE
Fi hmac.compare_digest () K&, ERIXANERLEILAERERN @SN E, ~EH
BIERMLERBER (==). ATEAXLRY, FREREERIIEBHINEZIER
KRB, fIgN, WF sockets, ARSZBEFNIBMIZIEMATE:

from socket import socket, AF_INET, SOCK_STREAM

secret_key = b'peekaboo'
def echo_handler(client_sock):
if not server_authenticate(client_sock, secret_key):
client_sock.close()
return
while True:

msg = client_sock.recv(8192)
if not msg:

break
client_sock.sendall (msg)

def echo_server (address):
s = socket(AF_INET, SOCK_STREAM)
s.bind(address)
s.listen(5)
while True:
c,a = s.accept()
echo_handler(c)

echo_server (('', 18000))

Within a client, you would do this:

from socket import socket, AF_INET, SOCK_STREAM
secret_key = b'peekaboo'

s = socket(AF_INET, SOCK_STREAM)
s.connect (('localhost', 18000))
client_authenticate(s, secret_key)
s.send(b'Hello World')

resp = s.recv(1024)

wie

hmac INER—NE IERZREAIMERBERFNHRZEE RS, HlW, WRMR
MEWRED LB - EBEPFSANEERZEMEE, FAAMERRTARRAERR
BRAFIEREZ B A BEIRILES. F35 L, ET hmac KIIANIEH multiprocessing 18




BRERARIFAREERNERE

EE—RFERENDERMEMMNZEMESE, NERINZERIEEERZMU
AN &iEHY, B AREBRITXMERLRTEEEIHER (REWNHNEHER
ZRIEH )

hmac INEEFETFBAERLG MD5 #1 SHA-1, XFXATE IETF RFC 2104 5
BiEENE,

11.10 ZTEMLZARS HHI0A SSL

(o] &

{RAESKI —NETF sockets FIMLEARSS, FFIRMARS 2F@EL SSL HMIAEF I
ZIEHRERIE.

IS

ss1 HRRBENIKIE socket EIZFRM SSL BIZHF, ssl.wrap_socket () REIET—
MNEFER socket FEASEFFER SSL BEXRBRE, ], TEAR—MERHNSZR
528, BEERSZ|/ImANFABEEPImEREHIAIL

from socket import socket, AF_INET, SOCK_STREAM
import ssl

KEYFILE = 'server_key.pem' # Private key of the server
CERTFILE = 'server_cert.pem' # Server certificate (given to client)

def echo_client(s):

while True:

data = s.recv(8192)

if data == b'"':

break

s.send(data)
s.close()
print('Connection closed')

def echo_server(address):
s = socket (AF_INET, SOCK_STREAM)
s.bind(address)
s.listen(1)

# Wrap with an SSL layer requiring client certs
s_ssl = ssl.wrap_socket(s,
keyfile=KEYFILE,
certfile=CERTFILE,
server_side=True

)

# Watt for comnections




while True:
try:
c,a = s_ssl.accept()
print('Got connection', c, a)
echo_client(c)
except Exception as e:
print('{}: {}'.format(e.__class__._ name_ _, e))

echo_server(('', 20000))

TEHBNNER—ANEFPIMERRSBNRELF, ELRFZBERERSJ[RINEF
WiNER:

>>> from socket import socket, AF_INET, SOCK_STREAM

>>> import ssl

>>> s = socket(AF_INET, SOCK_STREAM)

>>> s_ssl = ssl.wrap_socket(s,
cert_reqs=ssl.CERT_REQUIRED,
ca_certs = 'server_cert.pem')

>>> s_ssl.connect(('localhost', 20000))

>>> s_ssl.send(b'Hello World?')

12

>>> s_ssl.recv(8192)

b'Hello World?'

>>>

XM EEGIERKE socket ARBENOBMBEANSERIFMBETEEFTESFEN
RGBS EE, i, BAMHIREBRB (HTTP, XMLRPC 2% ) ST L 2 BT
socketserver FEfY, BEFRABE—ITRESELX. BINFZAI—MHEMAREY
ARG SSL iRINEI EFERIARS

B, XMFRSREMS, PIEEER FEXFER— mixin ZERRM SSL:

import ssl

class SSLMixin:
Mizin class that adds support for SSL to existing servers based
on the socketserver module.
def __init__(self, *args,
keyfile=None, certfile=None, ca_certs=None,
cert_reqs=ssl.CERT_NONE,
*+xkwargs) :
self._keyfile = keyfile
self. certfile = certfile
self. _ca_certs = ca_certs
self._cert_reqs = cert_reqgs
super().__init__(xargs, *xkwargs)

def get_request(self):




client, addr = super().get_request()

client_ssl = ssl.wrap_socket(client,
keyfile = self._keyfile,
certfile = self._certfile,
ca_certs = self._ca_certs,
cert_reqs = self._cert_reqgs,
server_side = True)

return client_ssl, addr

R TERAXAN mixin 2, FReJVEEREMRSZRELRS, HlWl, TEREX—
EHTF SSL B9 XML-RPC R 22461+ :

# XML-RPC server with SSL
from xmlrpc.server import SimpleXMLRPCServer

class SSLSimpleXMLRPCServer (SSLMixin, SimpleXMLRPCServer):
pass

Here's the XML-RPC server from Recipe 11.6 modified only slightly to use SSL:
import ssl
from xmlrpc.server import SimpleXMLRPCServer

from sslmixin import SSLMixin

class SSLSimpleXMLRPCServer (SSLMixin, SimpleXMLRPCServer):
pass

class KeyValueServer:

_rpc_methods_ = ['get', 'set', 'delete', 'exists', 'keys']
def __init__(self, *args, *xkwargs):
self. data = {}

self._serv = SSLSimpleXMLRPCServer (*args, allow_none=True, **kwargs)
for name in self._rpc_methods_:
self._serv.register_function(getattr(self, name))

def get(self, name):
return self._data[name]

def set(self, name, value):
self._data[name] = value

def delete(self, name):
del self. datal[name]

def exists(self, name):
return name in self._data

def keys(self):
return list(self._data)




def serve_forever(self):
self. serv.serve forever()
if name_ _ == '__main__"':

KEYFILE='server_key.pem' # Private key of the server

CERTFILE='server_cert.pem' # Server certificate

kvserv = KeyValueServer(('', 15000),
keyfile=KEYFILE,
certfile=CERTFILE)

kvserv.serve_forever()

EAX MRS EEA, (REJCAEAEIERY xnlrpe. client RIRKIEEE, REEHE
URL H#87E https: BN, fI40:

>>> from xmlrpc.client import ServerProxy
>>> s = ServerProxy('https://localhost:15000', allow_none=True)
>>> s.set('foo', 'bar')

>>> g.set('spam', [1, 2, 3]1)

>>> s.keys()

['spam', 'foo'l

>>> s.get('foo'")

'bar'

>>> s.get('spam')

[1, 2, 3]

>>> s.delete('spam')

>>> g.exists('spam')

False

>>>

$$F SSL FFimRIA— ML E ZxHY e R AN RA AR SS 2E B ek A Ak 55 28R it
EPImINE (LEMNEFIRIES ) AEMRE, EILSE —MRET ERBRX 0,
FTEBCEHRR, ~E, FTEAELH—MIF, AREI—INEEH XML-RPC #E#R
WRIARRSS BREH:

from xmlrpc.client import SafeTransport, ServerProxy
import ssl

class VerifyCertSafeTransport(SafeTransport):
def __init__(self, cafile, certfile=None, keyfile=None):
SafeTransport.__init__(self)
self._ssl_context = ssl.SSLContext(ssl.PROTOCOL_TLSv1)
self._ssl_context.load_verify_locations(cafile)
if certfile:
self._ssl_context.load_cert_chain(certfile, keyfile)
self._ssl_context.verify_mode = ssl.CERT_REQUIRED

def make_connection(self, host):
# Items in the passed dictionary are passed as keyword
# arqguments to the http.client.HTTPSConnection() constructor.




# The context argument allows an ssl.SSLContext imstance to
# be passed with information about the SSL configuration
s = super() .make_connection((host, {'context': self._ssl_context}))

return s

# Create the client prozy

s = ServerProxy('https://localhost:15000",
transport=VerifyCertSafeTransport('server_cert.pem'),
allow_none=True)

RS BRIEBRIZAE PR, EPRRBINENSEYE. SMBIARTUNZ2EERN.,
NRARSBEERNEPin, "JNFRS BRMNABERINT

if __name__ == i
KEYFILE='server_key.pem' # Private key of the server
CERTFILE='server_cert.pem' # Server certificate

CA_CERTS='client_cert.pem' # Certificates of accepted clients

__main__

kvserv = KeyValueServer(('', 15000),
keyfile=KEYFILE,
certfile=CERTFILE,
ca_certs=CA_CERTS,
cert_reqs=ssl.CERT_REQUIRED,
)

kvserv.serve_forever()

ATk XML-RPC BEFIR&IZIER, EIX ServerProxy KIHIIALAIEINT :

# Create the client prozy
s = ServerProxy('https://localhost:15000",
transport=VerifyCertSafeTransport('server_cert.pem',
'client_cert.pem',
'client_key.pem'),
allow_none=True)

wie

HEZBITATHNREENEN MR RECEEIFMIERE SSL, FIEERARIPSE
WME— S CRIFREHIARE E key, IEBAEAMLFTFE AKE,

HWERTIRFER, 58— SSL EBLIE—MEBBE—IMHNAMN—IMERIE
B, IMEBEST RIAHFEE—RNERNHMRESRZAN T, WFAHRS
2, ENIERERRWNEEBVMILEI Verisign, Equifax SRELMETINME (FE
128209) ERIM, ATWINRSRHER, EFEEFEF—MHES 7T EERXVBE
IEBIIRX M, FIE0, web HsizZRrTF T EZHNANENMIIES, AERERIE—
HTTPS EZRWIAMEBHSEMN. MANTRAMS, R AT, HATTUEES
ZRMIEH, THEEESEK:




bash % openssl req -new -x509 -days 365 -nodes -out server__cert.pem
-keyout server key.pem

Generating a 1024 bit RSA private key .......................................... ++
I R A A R R

writing new private key to ‘server key.pem’

You are about to be asked to enter information that will be incorporated
into your certificate request. What you are about to enter is what is called a
Distinguished Name or a DN. There are quite a few fields but you can leave
some blank For some fields there will be a default value, If you enter ‘. |
the field will be left blank.

Country Name (2 letter code) [AUJ:US State or Province Name (full name)
[Some-State]:Illinois Locality Name (eg, city) []:Chicago Organization Name
(eg, company) [Internet Widgits Pty Ltd]:Dabeaz, LLC Organizational Unit
Name (eg, section) [J: Common Name (eg, YOUR name) [|:localhost Email
Address [|: bash %

EEIEBAYEHE, S MEMIREFIURERRY, ER" Common Name “RIEE
EEESMRSEM DNS EHNE, MRFRZAERNMIK, BARER" localhost “, &
)52 A3 Al 535 2R RO 2,

—-BEGIN RSA PRIVATE KEY — MIICXQIBAAKBgQCZrCN-
LoEyAKF+{f9UNcFaz50sa6jf7qkbUl8sibxQrY3ZYC7juu  nL1dZLn/ VbE-
FIITaUOgvBtPv1qUWTJGwga62VSG1loFEOODIx3g2Nh4sRf+rySsx2
L4442nx0z405vJQTk6eRNHAZUUnCL50+ YvjyLyt7ryLSjSuKhCcJsbZgPwIDAQAB
AoGABbevrr7eyL4160t M5rHTeAT1aLY 3UBOe5Z8XN8Z6gLiB/
ucSX9AysviVD /6F 30D6z2al.8jbeJc1vHqjt0dC2dwwm32vVI8mRdyoAsQpWmiqXrkvP4Bsl04Vp
Qt8xNSWISFhceL3LEvwIMSEIOMV39viih1ILyH8OuHdvJyFECQQDLEj12d2ppxND9
PoLqVFAirDfX2JnLTdWbc+M11a9Jdn3hKF8TexfEnFVsbGavlMusicY5KB0OylYPb
YbTvqKc7TAKEAwbnRBO2VYEZsJZp2X01ZqP9ovWokkp Yx+PE4+c6MySDgaMcigL7v
WDIHJG1CHudD09GbqENasDzyb2HAITW4CzQJBAKDdkv+xoW6gJx42Auc2WzTcUHCA
eXR/+BLpPrhKykzbvOQ8YvS5W764SUO1ul LWs3G+wnRMvrRvIMCZKgggBjkCQQCG
Jewt024+a+WkOKQXrNNScCDE5aPTmZQc5waCYq4UmCZQcOjkUOIN3ST1UbiuxRqfb
v/ yX6fw0qh+{LWtkOs/ JAkKA+0okMSxZwqRtfgOFGBfwQ8/
iKrnizeanTQ3L6scFXI CHZXdJ3XQ6qUmNxNn7iJ7S/

LDawol QfWkCfDI9FYoxBlg —END RSA PRIVATE KEY—-

AR SZBRIUEP X server cert.pem NEEAFELIXI¥:

—BEGIN CERTIFICATE— MIIC+DCCAmMmGgAwIBAglJAPMd+vi45js3MA0GCSqGSIb3DQ
BAYTAIVTMREwDwYDVQQIEwhJbGxpbm9pczEQMA4GATUEBxMHQ2hpY2FnbzEUMBIG
ATUEChMLRGFiZWF6LCBMTEMXEjAQBgNVBAMTCWxvY2FsaG9zdDAeFw0xMzAxMTEx
ODQyMjdaFwOxNDAxMTExODQyMjdaMFwxCzAJBgNVBAYTAIVTMREwDwYDVQQIEwh.
bGxpbm9pczEQMA4GATUEBxMHQ2hpY2FnbzEUMBIGA1UEChMLRGFiZWF6LCBMTEMx
EjAQBgNVBAMTCWxvY2FsaG9zdDCBnzANBgkqhkiGOwWOBAQEFAAOBjQAwgYkCgYEA
mawjS6BMgChfn/VDXBWs+TrGuo3+6pG1JfLIucUK2N2WAud 7rpy9IXWS5/1WxBSCE



21DoLwbT79alFkyRsIGutlUhtaBRNDgyMd4NjYeLEX/
q8krMdi+OONp8dM+DubyU

O50nkTRwGVF Jwi+dPmL48i8re68i000rioQnCbG2YDS8CAwEA AaOBwTCBvjAdBgNV
HQ4EFgQUrtoLHHgXiDZTr26NMmgKJLJLFtIwgY4GA1UdIwSBhjCBg4AUrtoLHHgX
iDZTr26NMmgKJLJLFtKhYKReMFwxCzAJBgNVBAYTAIVTMREwDwYDVQQIEwhJbGxp
bm9pczEQMA4GA1UEBxMHQ2hpY 2FnbzEUMBIGA 1UEChMLRGFiZWF6LCBMTEMXE]AC
BgNVBAMTCWxvY2FsaG9zdITJAPMd+vi45js3SMAwGA1UdEwQFMAMBAfwDQY JKoZI
hveNAQEFBQADgYEAFci+dqvMG4xF8UTnbGVvZIPIzJDRee6Nbt6 AHQo9pOdAIM Au
WsGCplSOaDNAKKzl+b2UT2Zp3ATW4Qd51bouSNnR4M /

gnr9ZD1ZctFd3jS+C5XRp D3vveW5IAnCCC80P6rXy7d7ThTeFubEYKtRGXNvVNA/
06NALGDfrrOwxF3Y= —END CERTIFICATE—-

ERRSS 2R IRICAD R, FATAFE B XF S ELS SSL HMRMIBIREL, IEHRET
EFim, AR ZERTFERSSET, FNUZ2EFP.

EEFPIRAEF, FEFRTF-DESFEBENEREIARSF[ER. NRMFEE
XA, REICAEE FPinE 6l — RS B[IOEBAERERAIA, EEEILE, RS
BLRMEMIER, ARIGHREEAEZFRFMIERRBIAEREER.

AR5 BRHEEERDSZMIAZTPIRIIEMN, WRBXFMENE, ERFRFEEZFEC
FIFRATAAINIES fF. BRS B[ EFERE M WEEIEBENUERBINE P ImIEH,

MBRRBAEELIMER RIRRIMZRS I E SSL B3, XNTRE—NTANN
EAMBE, MEMZSEEMPYNE, MIFEEALVHERMNAEIES TENES,
IE, #ERigEmEeE -~~~

11.11 #5285 1E Socket MXHEHIRTF
=] &3

RBEZ A Python RRBBARERNZIT, (FEFENMTHRNXEERT N — M
RBEBERIN—, LW, RIRENIRS[HRENZEREKR, ERLIRMIENZLE
BER— M ERSEPRITH,

fRIRTI

S TIES MR EE X RAT, FEABBETINERI—R, # Unix 113
b, TR BB Unix HERT, ME vindows EMESEARSEE, LT
FEANBESBIEXLRE, BEEA nultiprocessing MHIRARIXHIERS
ERH— L,

—B—"NEEWEIE, R A B multiprocessing.reduction A HY
send_handle() # recv_handle() RWEANEMNLIEREREBXXHRATT, TEH
HEIFERT REARNRE:

import multiprocessing
from multiprocessing.reduction import recv_handle, send_handle
import socket




def worker(in_p, out_p):
out_p.close()
while True:
fd = recv_handle(in_p)
print ('CHILD: GOT FD', £d)
with socket.socket(socket.AF INET, socket.SOCK_STREAM, fileno=fd) as

while True:
msg = s.recv(1024)
if not msg:
break
print ('CHILD: RECV {!r}'.format(msg))
s.send (msg)

def server(address, in_p, out_p, worker_pid):
in_p.close()
s = socket.socket(socket.AF_INET, socket.SOCK_STREAM)
s.setsockopt (socket.SOL_SOCKET, socket.SO_REUSEADDR, True)
s.bind(address)
s.listen(1)
while True:
client, addr = s.accept()
print ('SERVER: Got connection from', addr)
send_handle(out_p, client.fileno(), worker_pid)
client.close()
if name_ _ == '__main__"':
cl, c2 = multiprocessing.Pipe()
worker_p = multiprocessing.Process(target=worker, args=(cl,c2))
worker_p.start()

server_p = multiprocessing.Process(target=server,
args=(('', 15000), cl, c2, worker_p.pid))
server_p.start()

cl.close()
c2.close()

EXNMIFAR, BNEREHEIRA BT — multiprocessing BiEEREREXR, Ak
SEBBHIEITH A socket HAEFEFImERBXK, LTIEFHFZ{NXER recv_handle()
T‘EEJ:E:}'?:—'}&LIQ M HFEIRTT, HRBEFEWE—MNERE, ERFTER socket
NA4EARRTIEIT send handle() RiBLA T IE#IE, LT1Eu3t *EitthSZ | socket [REE F iR
BN EE, ARLREREXA,

INRAFER Telnet MU THEEZRZRS 2R, TEHE—NERATF

bash % python3 passfd.py SERVER: Got connection from ( ‘127.0.0.1" ,
55543) CHILD: GOT FD 7 CHILD: RECV b’ Hellorn’ CHILD: RECV b’
Worldrn’

LA REERIER S B R SS 2FEIRBIMEF P iR socket KPR L] B IN— N AREIRVEHTE




32, RSBBMNIRRAREERFARALER, ARSEHT—MNEE

i

S FREBDIEF IRAERE IR Z BRI EA I RET AL E, BR, B
RRERME— NI BRRANRBANIE, flW, £—2%V=ELEH, {RRICAE
Z4 Python BERERISLO, B XA EERLHERRIERIIM A HITE,

send_handle() 0 recv_handle() BRZIRBEFEFITF multiprocessing &, EF
ENRABEENER (&% 11.7 77 ), RERFEAMR Unix MEEF X Windows
B, 5N, fRe]AiERRSZ BN TEE S B RMIER KRB, TEHERSEZHISKIN
5+ :

# servermp.py

from multiprocessing.connection import Listener
from multiprocessing.reduction import send_handle
import socket

def server(work_address, port):
# Wait for the worker to connect
work_serv = Listener(work_address, authkey=b'peekaboo')
worker = work_serv.accept()
worker_pid = worker.recv()

# Now run a TCP/IP server and send clients to worker
s = socket.socket(socket.AF_INET, socket.SOCK_STREAM)
s .setsockopt (socket.SOL_SOCKET, socket.SO_REUSEADDR, True)
s.bind(('', port))
s.listen(1)
while True:
client, addr = s.accept()
print (' SERVER: Got connection from', addr)

send_handle(worker, client.fileno(), worker_pid)
client.close()

[} LI

if name _ == '__main__
import sys
if len(sys.argv) != 3:

print('Usage: server.py server_address port', file=sys.stderr)

raise SystemExit (1)

server(sys.argv[1], int(sys.argv[2]))

BITIXNARS RS, REZEWIT pythons servermp.py /tmp/servconn 15000 , FHEIE
TN TF&ENRRS:

# workermp.py

from multiprocessing.connection import Client




from multiprocessing.reduction import recv_handle
import os
from socket import socket, AF_INET, SOCK_STREAM

def worker(server_address):
serv = Client(server_address, authkey=b'peekaboo')
serv.send(os.getpid())
while True:
fd = recv_handle(serv)
print ('WORKER: GOT FD', f£d)
with socket (AF_INET, SOCK_STREAM, fileno=fd) as client:
while True:
msg = client.recv(1024)
if not msg:
break
print ('WORKER: RECV {!r}'.format(msg))
client.send(msg)
if __name__ == '__main__':
import sys
if len(sys.argv) != 2:
print ('Usage: worker.py server_address', file=sys.stderr)
raise SystemExit (1)

worker (sys.argv[1])

ZB1TLEE, MITMITERS pythons workermp.py /tmp/servconn . R EREF
Pipe() flFRTE— M, XHERFHEBES PRI UNIX IHERFHEIEINERE
FH sendmsg() F7ik, PEXMFBEAHAEN, THRERAEEFREEFHATHS
Hh—FhSCIN :

# server.py
import socket

import struct

def send_fd(sock, fd):

rr

Send a single file descriptor.
sock.sendmsg([b'x'],
[(socket.SOL_SOCKET, socket.SCM_RIGHTS, struct.pack('i',,
~fd)1)
ack = sock.recv(2)
assert ack == b'0K'

def server(work_address, port):
# Wait for the worker to connect
work_serv = socket.socket(socket.AF_UNIX, socket.SOCK_STREAM)
work_serv.bind(work_address)




work_serv.listen(1)
worker, addr = work_serv.accept()

# Now run a TCP/IP server and send clients to worker
s = socket.socket(socket.AF_INET, socket.SOCK_STREAM)
s .setsockopt (socket.SOL_SOCKET, socket.SO_REUSEADDR, True)
s.bind(('',port))
s.listen(1)
while True:
client, addr = s.accept()
print (' SERVER: Got connection from', addr)
send_fd(worker, client.fileno())
client.close()

if name_ == '__main__
import sys
if len(sys.argv) != 3:
print('Usage: server.py server_address port', file=sys.stderr)
raise SystemExit (1)
server(sys.argv[1], int(sys.argv[2]))
THEERAERFNIFERN:
# worker.py

import socket
import struct

def recv_fd(sock):
Receive a single file descriptor
msg, ancdata, flags, addr = sock.recvmsg(1l,
socket.CMSG_LEN(struct.calcsize('i')))
cmsg_level, cmsg_type, cmsg_data = ancdatal[0]
assert cmsg_level == socket.SOL_SOCKET and cmsg_type == socket.SCM_RIGHTS
sock.sendall(b'0OK")
return struct.unpack('i', cmsg_data) [0]
def worker(server_address):
serv = socket.socket(socket.AF_UNIX, socket.SOCK_STREAM)
serv.connect (server_address)
while True:
fd = recv_fd(serv)
print ('WORKER: GOT FD', £d)
with socket.socket(socket.AF INET, socket.SOCK_STREAM, fileno=fd) as
—client:

while True:




msg = client.recv(1024)
if not msg:
break
print ('WORKER: RECV {!r}'.format (msg))
client.send(msg)

if name _ == '__main__
import sys
if len(sys.argv) != 2:
print('Usage: worker.py server_address', file=sys.stderr)

raise SystemExit (1)

worker (sys.argv[1])

NRRBEMPIEFPEBRAFEARRT, BWESHEM-EEMNSRXAE,
EEYN Unix Network Programming by W. Richard Stevens (Prentice Hall, 1990) .
£ Windows EEEXHEIARIE Unix 27—/, BIEHAR T nultiprocessing.
reduction FHVRENRBEEHLIFRIE,

11.12 IBESEHIRENEY 10
|o) 25

R ZEZITTETEHRNHES 1/0 WE, BRIFERETLERENRE
IRREMIEN, BERNREREMNIESNRINER~EM 480N,
RRRAR

EHIRE /0 AR LERBMBIFEER 1/0 F (LLINENS ) B AFEFEE
RIBRVEMF, B0, HBUBTEEA socket LHIBER G, EEFEHM— receive FF,

PRIBRARE XHIEETT AR BR AR, (Fa—alREmEin=, — NEFIRINAESR
ARRRU—IEM T —RIESFEHLIERFTENELEFA:

class EventHandler:
def fileno(self):
'Return the associated file descriptor'
raise NotImplemented('must implement')

def wants_to_receive(self):
'Return True if receiving is allowed'

return False
def handle receive(self):
'Perform the receive operation'

pass

def wants_to_send(self):




'Return True if sending is requested'
return False

def handle send(self):
'Send outgoing data'
pass

XA SEHISEOIE S iR AE U P EX RS AR A

import select

def event_loop(handlers):
while True:
wants_recv = [h for h in handlers if h.wants_to_receive()]
wants_send = [h for h in handlers if h.wants_to_send()]
can_recv, can_send, _ = select.select(wants_recv, wants_send, [])
for h in can_recv:
h.handle receive()
for h in can_send:
h.handle send()

SHEITIRBE DR select O AR, ESAMBIANXEGEATNAMEEE. &
B select() Z7ail, BfElBIM B BIIAIERRREM — MEEZRELE, AT
TIHERTIRIEBME select ) , ARG select ) REESRZEZ R IZAINT KRBT
*®., JAJFMEMNAY handle receive() 3% handle send() FiEMEALAL,

WE N AIEFHIAE, EventHandler FHSEHISHEIZE, FlIg1, TEHEFMMERM
BT UDP MEARSHIAIEZEF]+F:

import socket
import time

class UDPServer (EventHandler):
def __init__(self, address):
self.sock = socket.socket(socket.AF_INET, socket.SOCK_DGRAM)
self.sock.bind(address)

def fileno(self):
return self.sock.fileno()

def wants_to_receive(self):
return True

class UDPTimeServer (UDPServer) :
def handle_receive(self):
msg, addr = self.sock.recvfrom(1)
self.sock.sendto(time.ctime() .encode('ascii'), addr)

class UDPEchoServer (UDPServer) :
def handle_receive(self):
msg, addr = self.sock.recvfrom(8192)




self .sock.sendto(msg, addr)

[} 1.

if __name__ == '__main__
handlers = [ UDPTimeServer(('',14000)), UDPEchoServer(('',15000)) 1]
event_loop(handlers)

MLIXEAEE, BN BN —1 Python ERENERTE:

>>> from socket import *

>>> s = socket(AF_INET, SOCK_DGRAM)

>>> s.sendto(b'',('localhost',14000))

0

>>> s.recvfrom(128)

(b'Tue Sep 18 14:29:23 2012', ('127.0.0.1', 14000))
>>> s.sendto(b'Hello', ('localhost',15000))
5

>>> g.recvfrom(128)

(b'Hello', ('127.0.0.1', 15000))

>>>

KM— TCP RBBREFMNEL—=, AAE—NMNEFIHESEVRL— NI
IBEEWSR, TEE— TCP MEEFIHEF:

class TCPServer(EventHandler) :
def __init__(self, address, client_handler, handler_list):

self.sock = socket.socket(socket.AF_INET, socket.SOCK_STREAM)
self.sock.setsockopt (socket.SOL_SOCKET, socket.SO_REUSEADDR, True)
self.sock.bind(address)
self.sock.listen(1)
self.client_handler = client_handler
self .handler_list = handler_list

def fileno(self):
return self.sock.fileno()

def wants_to_receive(self):
return True

def handle receive(self):
client, addr = self.sock.accept()
# Add the client to the event loop's handler list
self .handler_list.append(self.client_handler(client, self.handler_
~list))

class TCPClient(EventHandler) :
def __init__(self, sock, handler_list):
self.sock = sock
self . handler_list = handler_list
self.outgoing = bytearray()

def fileno(self):




return self.sock.fileno()

def close(self):
self.sock.close()
# Remove myself from the event loop's handler list
self.handler list.remove(self)

def wants_to_send(self):
return True if self.outgoing else False

def handle_send(self):
nsent = self.sock.send(self.outgoing)
self.outgoing = self.outgoing[nsent:]

class TCPEchoClient (TCPClient):
def wants_to_receive(self):
return True

def handle receive(self):
data = self.sock.recv(8192)
if not data:
self.close()
else:
self.outgoing.extend(data)

if name_ == '_main__':
handlers = []
handlers.append (TCPServer (('',16000), TCPEchoClient, handlers))
event_loop(handlers)

TCP flFHX# <2 NIRRT REINF MRS P inkRIE, WE— &R,
— MR CIE R W BIRAMEITIRSP, SEERXAE, BIEFRAFHEENTIRH
kR, MRFEITIEFAINER Telnet BERMUTHRIZER, ESRRLIEMNEREES
R, FEHERREMNTIESEFimER.

e

KPR EFRBRSHIRENERRIZR MG FEZET/L, KFRRYSSILATIF0RG
SEMETREA—1, BERERZONESD, BB —MWRBEM R EED] socket, F
PITAD R IR,

SHRE 1/0 W— N TEEIFARERAIEIEERNH R ERE, MATEERZE

RS HE, WA, select ) A (EEMEFNRY ) BEMITKER socket FMIN
EfTREA—NFEESEN, EEAP—REE—INEH, AAFTBEEMBFA LI,

SHIRE [/0 MRRRRBEENRTHSG, MREFFEFLIEETTABERR
TS, EREEMENAERE, HRBEANESHIR XIS ER LR E
AR, AFERREERNAAZMAE, BLUZSRENEHBEIMZL.

it FPEHEE AR RS 1T E AV )3 A] BUE T B &X A B IR I 17 S A2 SR IR,




AT, EEHBEUIPSIASKENSHIZRLLERRFN, TEGFER T WEER
concurrent . futures {RIRFLIN :

from concurrent.futures import ThreadPoolExecutor
import os

class ThreadPoolHandler (EventHandler):
def __init__(self, nworkers):

if os.name == 'posix':
self .signal_done_sock, self.done_sock = socket.socketpair()

else:
server = socket.socket(socket.AF_INET, socket.SOCK_STREAM)
server.bind(('127.0.0.1", 0))
server.listen(1)
self .signal_done_sock = socket.socket(socket.AF_INET,

socket .SOCK_STREAM)

self .signal_done_sock.connect (server.getsockname())
self .done_sock, _ = server.accept()
server.close()

self.pending = []
self.pool = ThreadPoolExecutor (nworkers)

def fileno(self):
return self.done_sock.fileno()

# Callback that executes when the thread is done
def _complete(self, callback, r):

self.pending.append((callback, r.result()))
self.signal_done_sock.send(b'x')

# Run a function in a thread pool

def run(self, func, args=(), kwargs={},*,callback):
r = self.pool.submit(func, *args, *xkwargs)
r.add_done_callback(lambda r: self._complete(callback, r))

def wants_to_receive(self):
return True

# Run callback functions of completed work
def handle receive(self):
# Invoke all pending callback functions
for callback, result in self.pending:
callback(result)
self.done_sock.recv(l)
self .pending = []

ERBA, run() FHEHEARE TIERZAEERIE, MIBTmMEHHE, KR
TEHRIE 3 LS ThreadPoolExecutor 3kfil, AE—MELSRINMETTESERIIEHES,
RTHRERE, FNCIET —X socket FIGEFERLEMESSENHIRER, HEEHT




IEE, ESMITERR _complete) F3iE, ENFTEBEA socket EEAFTZ
IR UHEEREER B ERBABRIIH, fileno() F3iEIREIFIMIBRA socket,
e, INFRREAR, ERBEMEER, A5 handle_receive O FAWBIEF A
PTEZRIRERZMTERITEIRERL, B, R TX42EHBCHEH=ET, TEE—T
BIERHIARSS 2R, ER T ANA{E R AR RSN AT

# A really bad Fibonacct implementation
def fib(n):
if n < 2:
return 1
else:
return fib(n - 1) + fib(n - 2)

class UDPFibServer (UDPServer) :
def handle receive(self):
msg, addr = self.sock.recvfrom(128)
n = int(msg)
pool.run(fib, (n,), callback=lambda r: self.respond(r, addr))

def respond(self, result, addr):
self.sock.sendto(str(result) .encode('ascii'), addr)
if name_ _ == '__main__"':
pool = ThreadPoolHandler(16)
handlers = [ pool, UDPFibServer(('',16000))]
event_loop(handlers)

BITENRSEE, AR XERETE Python ZFREKMAE:

from socket import *

sock = socket (AF_INET, SOCK_DGRAM)

for x in range(40):
sock.sendto(str(x) .encode('ascii'), ('localhost', 16000))
resp = sock.recvfrom(8192)
print(resp[0])

RNIZEEEARBEOFREENNITINEF, AE ST WEHtiERF, REHK
FEHRHEAXHRE ST FHREIE,

BLREIET TIX— /T, BAMRNIZERXEMNRBE ? HiFRs, RNIZIEFE—
NEJATER B ESHESRIESR, T, NRFIEMTEKRRIE, (RELEEIEMAXLEELR
FrERZOEAR, ERANEHRMEENENR, SHENREEEMNESERZIHIE,
& 12.12 N —MF,

11.13 RES5EINAKRILE
(o] &

REEE MEERRETNEZESMBOREKAE, ARERVEUBHIEFIRE.




BRRAR
TERVERLRI A memoryviews SRAZIXFNEEZ KEH

# zerocopy.py

def send_from(arr, dest):
view = memoryview(arr).cast('B')
while len(view):
nsent = dest.send(view)
view = view[nsent:]

def recv_into(arr, source):
view = memoryview(arr).cast('B')
while len(view):
nrecv = source.recv_into(view)
view = view[nrecv:]

ATMHIZRR, BEEIE MBI socket EIZENRSRNEFIRIERF:

>>> from socket import *

>>> s = socket(AF_INET, SOCK_STREAM)
>>> s.bind(('', 25000))

>>> g.listen(1)

>>> c,a = s.accept()

>>>

EE,Im ( BI—REREET )

>>> from socket import *

>>> ¢ = socket(AF_INET, SOCK_STREAM)
>>> c.connect(('localhost', 25000))
>>>

ATHE R REETEREE - MEBRYE, XMERANIE, FINEY array
FRIREY numpy FRIRFKREIZLIA:

# Server

>>> import numpy

>>> a = numpy.arange(0.0, 50000000.0)
>>> gend_from(a, c)

>>>

# Clzent

>>> import numpy

>>> a = numpy.zeros (shape=50000000, dtype=float)

>>> al[0:10]

array([ 0., 0., 0., 0., 0., 0., 0., 0., 0., 0.1
>>> recv_into(a, c)

>>> al0:10]

array([ 0., 1., 2., 3., 4., 5., 6., 7., 8., 9.1




>>>

Wi

FHREZEEESHNTENTTHERFY, BCEEFRIURE/ERAEN
BHAEIN, NT, ZERIRWSIEXFM, RoIEFE2EREBIEERNREFT, U
LA IRERIMLERINER, (Ro] X FR2RHBIRIBIRLS MR, EAKERIFMLERER
HIBREF AN BE— IR MR IX IR R B R ERER,

— AR EREMILG P I EIE—rl R HAE R — N F N FAHR, AT,
XFRELFBNBZEN -1 26, MEMRIARTENMIL, MUKBRELAERZERXR
E0NEISHIRIE,

ANETERRFRERRT —LEEREE. sRL, —TAFIERR—IER
FERENBER. MUXERE, RFEMEEEEUAREIRIT VLR R R R RN
. XTEE FTEXMERNEN:

view = memoryview(arr).cast('B')

EEZ MR ar AREERI—IPMERFSFONATRE, MM EGEREE
28 socket HHREREY, ELUN socket.send() B send.recv_into() , TENER, XLEF5i%
BEMEIBREXINEFEXE, FlU, sock.send() HEEMAGETAEHIEMAZEE
#ll, send.recv_into() ERXNMAEFEXIFIEAEZIRIENBMAZRPX,

R FHI— P YMERFZ socket BRIZNATBE RIZEZB N LI, BEER, FANSERR
ZAEM send() M recv_into ) RZMMENNA, FAEL, BXIFFE, AEXE
WRENEZFHRERNARHIAE. FHOAERFERAEESE. Alt, T2
LB RN E R,

XEENEEAMRERELNZHKNERTS VRIFEERLE, MEECEMSE—
MUERERFREEBEZINBBEBBRA—NERFENRAR, NRQDENENIE,
REEBRFRBRI\BRNRIEZTR, AEEREKFIVEELRIE,




FBTIE: HERE
X FH AR, Python BSMKAZHNITE, QESSR, BATHRE UREH

SR TEMBRARD. I—ERFEHARRESHAEOKID, BEERN
BUERARUNLFITHENSKME.

BB ESHIZFERFTMENIE, ARIBLHENEREEENRZR. ALt &
EMTERRZ— 24 EEINMSHMNSIEIKKE.
12.1 Bah5EE4FE
=] &

MBRHFZARRITHNRE LR/ HERE&E

fRIRTFIZ

threading JEP] ATE R IRRVLAZ FIMITEMAIAE Python R LA R, {R7]
BABIE — Thread WRHAFIREMITHINREA target SBPARMBLZNR, TH
A E B F:

# Code to ezxzecute in an independent thread
import time
def countdown(n):
while n > O:
print (' T-minus', n)
n-=1
time.sleep(5)

# Create and launch a thread

from threading import Thread

t = Thread(target=countdown, args=(10,))
t.start (O

HIRCIBIF — PN ERENRE, ANRAANIILMAIT, RIEFIBAEN startO
737k (SIREA start O 757508, EXERMREEBERNEN, FEEEZRHERNS
HBURBL RN ), Python AMEERE—NRMBRFERLIEPRIT (LT
POSIX 2 E — 1 Windows 412 ), XLELIFFHRFRARENEE, %iE—B
B5, BHIAITES BRREBURE, Fe]UEE—PMEENRIRE, BERELE
1T:

if t.is_alive():
print('Still running')
else:
print('Completed')

RRT AT — NERRIMA R SR 4TE, AFEEeLIL:




t.join()

Python f#¥E23 B RIPMBLIEEL ILRINRIFEIT, W THFEKRIEGITHILIZE
EFEHIBTWEEES, MNIBREREEL%IE, Fu:

t = Thread(target=countdown, args=(10,), daemon=True)
t.start ()

[REL%IELIEERT, MY, XELRESETLELIERNBINER. R 7 EATRE
FNEE, FRBASEUNLREMNER, RLTZER—1NE4IE, TEBERERE
5, THFEBENRAE, BT ERITEHMSRIEE, MIRFEZXLEE, FFEBCH
M. Eeamii, MBIRFELILLTR, BAXNEIEUIET REERMIERLERE
tH, RE]BAMR DX FFBLLTIRMA — N

class CountdownTask:
def __init__(self):
self._running = True

def terminate(self):
self._running = False

def run(self, n):
while self._running and n > O:
print('T-minus', n)
n-=1
time.sleep(5)

CountdownTask()

Thread(target=c.run, args=(10,))

.start ()

.terminate() # Signal termination

.join() # Wait for actual termination (if needed)

ct O ¢ o O

INRLLFEMIT LR 1/0 XAFRIPHEIRME, BABT I ERE LR ETLIE
ZEWIEEFEERF. b, MR—NMEE—BEHEEE—11/0 BIFL, EMX
EEFERE, BMEENEBCREEEMERT. ZIERAIEXERH, RFEEFA
BEETRAIDRIFLTE. flF0F:

class I0Task:
def terminate(self):
self._running = False

def run(self, sock):
# sock is a socket
sock.settimeout (5) # Set timeout period
while self._running:
# Perform a blocking I/0 operation w/ timeout
try:
data = sock.recv(8192)
break




except socket.timeout:
continue
# Continued processing

# Terminated
return

e

HTFLBEEREB (GIL) MIERE, Python MLIEHREFIZIE —NZ R ARTF— N
ERITXHF - ITIEEL, FTUA, Python MZIEEERTRIE I/0 MEMBZHEM
TTRIPHZRIRME (LLAERT /0. SH/NBIBERNBIESSE ), MARFTESLESRHA
T ERERIES,

BEHFREE T X MET 4R Thread FERILIMAILIE:

from threading import Thread

class CountdownThread(Thread) :
def __init__(self, n):
super () . __init__Q
self.n =0
def run(self):
while self.n > O:

print('T-minus', self.n)
self.n =1
time.sleep(5)

¢ = CountdownThread(5)
c.start()

REXFHA]ATE, EXESIRAINHEMKEIT threading B, FrEAREIIXLEAS
MAREESE L TP ER, EXENBLENE, RMERES threading FELXHY,
XEFMESXLEAL T URAEEM E T, rAlge5%iEEX, oS54 EL
Ro tean, fREICABI multiprocessing ARIRTE— > RIRATHIZ PIMATIREVHS:

import multiprocessing

¢ = CountdownTask(5)

p = multiprocessing.Process(target=c.run)
p.start()

BRER, XERB{UERT CountdownTask KRN FEFRIALFER (3B
Kiz. SHESESE) KIMBVE A

12.2 ¥ LiER B E L /250




o] &

RELZEDN T — 141z, ERMFENEERARENEZAREIT .

LIS S

HEN—NXBIHURENEREMRIMISITERESRAI TN, MREFPIE
T R2ELFIRENLREMINSRMEB C T — T HIRIF, XNEIERD RN
SEBEERTF, HTRRILR/, BANFZEEA threading FEHH Event WK,
Event WREBZ—NMATHLARIRENE SIS, EATEESFHELERANRE. &Y
BIERT, event MRPAHESHFERIRENR, MRBELIEFET— event WK, M
XA event STERIMFERR, BAZXNEER W —ERZEEZTRNENE, — MR
MR — event WRIVESHEIRENE, ERMREEFRBEFGHTEXD event IRV
2, MR—IMEBESFE—IELWRENEN event WR, WAECKBRRINEH, %
LT, TAMBRRTIMEER Event RIMELIZNIEE:

from threading import Thread, Event
import time

# Code to ezxzecute in an independent thread
def countdown(n, started_evt):
print('countdown starting')
started_evt.set()
while n > O:
print ('T-minus', n)
n-=1
time.sleep(5)

# Create the event object that will be used to signal startup
started_evt = Event()

# Launch the thread and pass the startup event
print ('Launching countdown')

t = Thread(target=countdown, args=(10,started_evt))
t.start (O

# Wait for the thread to start
started_evt.wait ()
print('countdown is running')

LRBITIXERREE, “countdown is running” BREERTE “countdown starting” Z
BER. XZHTFER event KRIDFLIE, FEFELIEEFE countdown () R L
BiERRE, AREREHIT,

wie

event WRERIFRR(ER, MRV, MEIE— event WK, ILRIMEREFEHIAN
WER, —BEZXNMNRWIRENE, FRANZEFE. REFIUNET clear) HiERE




B event WHR, BEBEMEBRLTEHIBIE event WRFNEEMEE. ReIERLER
WM, FEHEE MBI (55312, MATEFRIEEE event WRIKBIELIERX
FEEN event WRZBTHIT ) MR —NEIEFENFHEEFER cvent WK, FFR
$7{#R Condition WMHRRNE, TEACHEEER Condition MHREKM T — N EAHAE RS
22, BHEMFEBIRR, EfibZIZE8n AN :

import threading
import time

class PeriodicTimer:
def __init__(self, interval):
self._interval = interval
self._flag = 0
self._cv = threading.Condition()

def start(self):
t = threading.Thread(target=self.run)
t.daemon = True

t.start()

def run(self):

o

Run the timer and notify waiting threads after each interval
while True:
time.sleep(self._interval)
with self._cv:
self._flag "= 1
self._cv.notify_all()

def wait_for_tick(self):

rr

Wait for the mnext tick of the timer
with self._cv:
last_flag = self._flag
while last_flag == self._flag:
self. cv.wait()

# Exzample use of the timer
ptimer = PeriodicTimer(5)
ptimer.start()

# Two threads that synchronize on the timer
def countdown(nticks):
while nticks > 0:
ptimer.wait_for_tick()
print (' T-minus', nticks)
nticks —= 1




def countup(last):
n=20
while n < last:
ptimer.wait_for_tick()
print('Counting', n)
n +=1

threading. Thread(target=countdown, args=(10,)).start()
threading.Thread(target=countup, args=(5,)).start()

event WRHA—NMEERREZISERIRENENREMEFEENLIE, WRME
REREEENETE, RFEEAESE5E Condition WHRENK, BE—TFTXERIE
FRIESEKIAIKE:

# Worker thread

def worker(n, sema):
# Wait to be signaled
sema.acquire()

# Do some work
print ('Working', n)

# Create some threads

sema = threading.Semaphore(0)

nworkers = 10

for n in range(nworkers):
t = threading.Thread(target=worker, args=(n, sema,))
t.start()

BT EBRRBESEII—1MN&iEh, BERHSEFTLERRE., XRENFIEMN
KIEHETHFFRIEEE, BRESEWER, RE—NXKIESWREEHNT, =AU
T:

>>> sema.release()
Working O

>>> sema.release()
Working 1

>>>

WE LRI KRENLIEEE D D@ RBRILFBERARE, EREENHAEE
FABAFIR 1T IZ BB E N E B MELIESFE— Actor, FIA Actor fREURIZHIFH
&, F—TREINAEIAG, M Actor REFE 12.10 TNEA.

12.3 Z&iz(8)8(5
BE

MREFRES I G%IE, FREEXLELEZ BT SHRIREDHEE




fRIRTI

M—NEREE R — N ERERZBIBERLEMH NI EEMEER queue FEFKIBAT!
7o BIE— MRS NEIEHZR Queue WK, XLELIZEIEM put O T get O #BF
REBATI RN E MIFRTT R, FI50:

from queue import Queue
from threading import Thread

# A thread that produces data
def producer(out_q):
while True:
# Produce some data

out_q.put(data)

# A thread that consumes data
def consumer(in_q):
while True:
# Get some data
data = in_q.get()
# Process the data

# Create the shared queue and launch both threads
q = Queue()

tl = Thread(target=consumer, args=(q,))
t2 = Thread(target=producer, args=(q,))
tl.start()
t2.start ()

Queue WRELZBZ TWEMNH, FIAMFRINBITEES MEIER S LEMHFR
. SfERPYIE, EEFENERENXAREJESE LM, —MERNRE
RITERENTIPRE—MEAIE, HRHEERBXMERAHE, LIERTT. Fla0:

from queue import Queue
from threading import Thread

# Object that signals shutdown
_sentinel = object()

# A thread that produces data
def producer(out_q):
while running:
# Produce some data

out_q.put(data)

# Put the sentinel on the queue to indicate completion
out_q.put(_sentinel)




# A thread that consumes data
def consumer(in_q):
while True:
# Get some data
data = in_q.get ()

# Check for termination

if data is _sentinel:
in_q.put(_sentinel)
break

# Process the data

ROIRE—NMFARMT . HREE R NMEHREZE UL NIEEREEIEAT
B, HzZETE, ¥, ESRIMXNAIIEREELEMAIAEBRA T, RER
JIRRE WMLIREEEVG, ER2MAR B CENLIEB CHNBIRESMARIMAT
FHBME LI FHIREIMLIREERE, RENNTGERER Condition BEREIKRR
E’J’fﬂlﬁéﬁ:’i TiAXANMIFER TR —NMERREZEIMEREAT, E 1.5 TH
MR,

import heapq
import threading

class PriorityQueue:
def __init__(self):
self._queue = []
self. _count = 0
self._cv = threading.Condition()
def put(self, item, priority):
with self._cv:
heapq.heappush(self._queue, (-priority, self._count, item))
self._count += 1
self._cv.notify()

def get(self):
with self._cv:
while len(self._queue) ==
self. cv.wait()
return heapq.heappop(self._queue) [-1]

{EABATIRBITLIZEEE R — N RE. NMAEWTE, BERAT, MLBINE
MEFWBIRNERRER T ARREWEINEEA AR TEN, NI REMH] L
BARSTHBVEE, LN TRXMIFHEY task_done() # join() :

from queue import Queue
from threading import Thread

# A thread that produces data
def producer(out_q):




while running:
# Produce some data

out_q.put(data)

# A thread that consumes data
def consumer(in_q):
while True:
# Get some data
data = in_q.get()

# Process the data

# Indicate completion
in_q.task_done()

# Create the shared queue and launch both threads
= Queue()

t1 = Thread(target=consumer, args=(q,))
t2 = Thread(target=producer, args=(q,))
t1.start()
t2.start ()

# Wait for all produced items to be consumed
q.join(Q)

MR-—AMLRFEE—A HRE SROETRENBURTIN G 2@,
{RE] AB 2 RZR B — 1 Event MBI —EEM, X “&£/~&" MrIETXA
Event WERIEMAIEREFIE T, ~OIGNTF:

from queue import Queue
from threading import Thread, Event

# A thread that produces data
def producer(out_q):
while running:
# Produce some data

# Make an (data, event) pair and hand it to the consumer
evt = Event()
out_q.put((data, evt))

# Wait for the consumer to process the item
evt.wait ()

# A thread that consumes data
def consumer(in_q):
while True:
# Get some data
data, evt = in_q.get()




# Process the data

# Indicate completion
evt.set()

i

BETERNIRESLEEFESBBA TR - LRBAEMNERE, N&iERE
PATIRIRESRIRE, (RAFEMIAEHAERBMERKENELEG], XERIRE
RIVFEFFSEL /K&, LEIh, ERABAIIXMETEE B EVHI ] AR REIE AR
R FSERE, tEgN, fRe] MERRIEFBASMEEEZER S HARAMALELZIREN
PATIEEH, EREIEAIIBE—PEEEMEE, BEATRRINKEIE AR EHILE
BRI, i2E)BELF LRAELIZEEENREIA, NRMFEONKWHZIAZE, B
RERF REERNEMERIBIELSEM (W0 BE FHHERETH) SE M WRIVRE
D, fign:

from queue import Queue
from threading import Thread
import copy

# A thread that produces data
def producer(out_q):
while True:
# Produce some data

out_q.put (copy.deepcopy(data))

# A thread that consumes data
def consumer(in_q):
while True:
# Get some data
data = in_q.get ()
# Process the data

Queue WRFM —LEE LA L FXRBARIMIINEHE, LLAIEEIE Queue X HRAY
RMEIIER size SERMRBIFICURMEIPAGI R TTRRE. WTF “E£=&" 5§ "H&E
" EFEBEZENER, AP TRHERNLREEEXA, tbw, —4 “&F=
&' FEDEMERL THRE" THRT MERER, BACREEXNIIBATIELET A
ERNVIEABIBHREERNY, AR ARTRERRE SN Y BB MEF IS EIZF
BITXRE, HBRENEEZEBT “RERH" BR—NEERETSZMERE A
A, MRMENECEBZME@ETEFRIRNREBAR—DRIA, XEFHRIRSEIRD
BEF AT EREIRITSRER B RMRLERIA, getO M put O FHiEEZITIEFRET
AR EBE, 9.

import queue
q = queue.Queue()




try:
data = q.get(block=False)
except queue.Empty:

try:
q.put(item, block=False)
except queue.Full:

try:
data = q.get(timeout=5.0)
except queue.Empty:

X LEIRIEER B] AR SR 6 S PR 1T R LA E PA DI IR R I e - TRRFEZERIIE L, EEdl,
— A EPRZERY put O F3iEM—PEEX/NRIAII—EEER, XA mEt L= A
PITARRERIRR, bt —RABTERHER.

def producer(q):
try:
q.put(item, block=False)

except queue.Full:
log.warning('queued item discarded!', item)

MBRIXENILEBRBLIEENITR q.get O XHEMIRIER, B BNLIELAMER
BLIMTE, RNIZEA q.get ) BIFIESH timeout , WF:

_running = True

def consumer(q):
while _running:
try:
item = q.get(timeout=5.0)
# Process titem

except queue.Empty:
pass

&G, B q.q9size() , q.fullQ) , q.empty () FSLHF AR LAFKEL—/NBAGI BT H AL
KINFPRTS, BEEE, XEHEHBAREIELTEM, TR —/NAGUER empty O
FIMTHIXANBATI A S, (BEN S —NEIZR]EEC L EXMNBATIRIEA — N EBURDL, Fr
BA, RREFAZEMFRIABARERXLTE,
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o] &

BB 2 &2 PR XINH B RRF R,

P YRES

BUESGEREFPREERTENR, (REEER threading FEFFRY Lock I,
AR TN FiX 4

import threading

class SharedCounter:

rr

A counter object that can be shared by multiple threads.
def __init__(self, initial_value = 0):

self. value = initial_value

self._value_lock = threading.Lock()

def incr(self,delta=1):

rr

Increment the counter with locking

rr

with self._value_lock:
self._value += delta

def decr(self,delta=1):

rr

Decrement the counter with locking

rr

with self._value_lock:
self. _value -= delta

Lock &M with IBAR—EMEARIMREEFAT, MBREBRXRBE—I1&IET]
AT with BRI ELZRINEGIR, with {BRFEXMCERMITRIE IR, ERIT
$5 R e B TR,

i

ZIRAEARLETHWERN, AL, ES4&IERERFPERBEASVIGIFIGERSH
BEVLEUIRERIAE BRI FEITH, BIMZARSRFE G, ATHERREMSG, RFR
EIRFRX (WIEFRFZFEHITIRFEMIELHND ) EAB, £ “E8Y” Python K5

, BIVREFIRMBIRRELN, FAR—1LE—MHlFrIEM:

import threading

class SharedCounter:

o

A counter object that can be shared by multiple threads.




def __init__(self, initial_value = 0):
self. value = initial_value
self._value_lock = threading.Lock()

def incr(self,delta=1):

1

Increment the counter with locking
self._value_lock.acquire()
self._value += delta

self. value lock.release()

def decr(self,delta=1):

rr

Decrement the counter with locking
rr

self._value_lock.acquire()

self. value -= delta

self. _value_lock.release()

Attt F XM ENRRGE, with BAENAE, BERBTSZLE, FIEREFR
FJEERTICAA release() FERERRFERBIZETEFEXIRMERL (EH with
B MRIEE X AMIE R S HeEIEMRRNE ), AT EBHIMIEBAERL, ERABIN
BIRVIZ R R ZIRE R BNEE R RARVFRE— 1B, WRAEEXEFMAE, FME
EFSRMTEBHEEIE], FHIMUGE 125 TNE, & threading FERIRRM T H {thRY
B IRE, Lt RLock F Semaphore WR, ERERUEFERE, XEFEZERT &
SRR, NRMRAREZHREMN BN RHFAITUE, BRANIZERENT, —
RLock ( FJEA) sJUHE—NEIES KK, EERARSCME T NN SRIRIUAI 8
EMEL., EEAIMBELT, SU9IREEN, RE— 1% E] UER TR
NELXPIIAIE, b, {REIBASEIl—/MXAEEY SharedCounter 3£ :

import threading

class SharedCounter:

rr

A counter object that can be shared by multiple threads.
rr
_lock = threading.RLock()
def __init_(self, initial value = 0):
self._value = initial_value

def incr(self,delta=1):

M

Increment the counter with locking

rr

with SharedCounter._lock:
self. _value += delta

def decr(self,delta=1):




Decrement the counter with locking

with SharedCounter._lock:
self.incr(-delta)

FELAXANFR, ZBEWNE—PSEAIFMTER RN, MRZHE—
FTBESBIRZENRLY, INBARETEGZE, BEREME, X8R AMRIE—X
RE—NEENRARXANERLE A, 5—MRENIARENE, ELHEX M
WA IR EMERIXNHMATERN, TEBKIKEG, LM decr 578, XK
A —MERR, TRRNMERBSLVANLAFRIAR— M, AILLEFTEZEREERT
HBEMWBATATNERES, MNIZFHBERR, MRERFTERRELEAM
EEMITHERSEFAUMNOE, FESENKRE—IMEMERZTHNEEM LHE
TRIE WRTTBEEAI 0, with IBEFITERERRE 1, KEWAVFNIT, with BIRIT
gRIE, THEREEM 1, WMRITEHEHR 0, LIBFWPARE, BEREMLIELERIGTHEEIM
1, REFAINEEFFBINVEN —HERESERMLEERY, BRIXMANATK
HE, ENERESENEFBINNERAMESMIZFEEE, BN T ESMHEHBE
A, FEERERATHRLEFERELIZZE5|IANESHEMRGIMERF. L, (RFEZMR
—ERRERIFA R IRIE, (REIRICME FEXFHERESESTM:

from threading import Semaphore
import urllib.request

# At most, five threads allowed to rTun at once
_fetch_url_sema = Semaphore(5)

def fetch url(url):
with _fetch_url_sema:
return urllib.request.urlopen(url)

MRIF LR T RENREECHLMBNE, FJASERERFAERBIE, 4
REBEBR .

12.5 B LEFE SR A0S

o] &

IEES—12&EREF, EFLEFE—XKES 8], LA a0{eE %I i)

ESLIEREF T, Tela @R A —8 90 B H T LIZEREN S NS, 240
Fr —MERIRREN T HE N, RABEREEE M UIRAHR & EEZE, BBAXNLIEM
AJREFHEEMATERINIT, NMESHBMEFRIE, BRIEDICEB—MTRENIEF
PRS- MR- M- id, ARRARVFRBFAFANRERZ N0, XA
EALTXEERZIEEETZFIIMH, ROTF:




import threading
from contextlib import contextmanager

# Thread-local state to stored information on locks already acquired
_local = threading.local()

Q@contextmanager
def acquire(*locks):
# Sort locks by object identifier
locks = sorted(locks, key=lambda x: id(x))

# Make sure lock order of previously acquired locks is mot violated

acquired = getattr(_local, 'acquired',[])

if acquired and max(id(lock) for lock in acquired) >= id(locks[0]):
raise RuntimeError('Lock Order Violation')

# Acquire all of the locks
acquired.extend(locks)
_local.acquired = acquired

try:
for lock in locks:
lock.acquire()
yield
finally:
# Release locks in reverse order of acquistition
for lock in reversed(locks):
lock.release()
del acquired[-len(locks):]

BRI A £ TR BIR 2 (e R B ER 2R 8%, BREE
BAER S MHPEBER acquire() EEGRERBH, RELIT :

import threading
threading.Lock()
threading.Lock()

x_lock
y_lock

def thread_1():
while True:
with acquire(x_lock, y_lock):
print ('Thread-1"')

def thread_2(Q):
while True:
with acquire(y_lock, x_lock):
print ('Thread-2"')

t1 = threading.Thread(target=thread_1)
tl.daemon = True
t1.start()




t2
t2
t2

= threading.Thread(target=thread_2)
.daemon = True
.start ()

NERARITIXERNHE, (R &M EREEARERIE L ARE

U 3% Y 10 th 7%

BREEY, EXBEAET, EF —BRAEF, BITDIXEDRTTHIF., @83HF, (£

1=F

SAERF U T AN

ARG, XA R IRERE EMIRFHRE, MRES

acquire ) BIFWERERA, FINETLIEAMFME (TLS ) RGN EERITED ),

R

RIS R X FEERY:

import threading

X_
y-

de

de

t1
t1
t1

t2
t2
t2

lock = threading.Lock()
lock = threading.Lock()

f thread_1(Q):

while True:
with acquire(x_lock):
with acquire(y_lock):
print('Thread-1"')

f thread_2(Q):
while True:
with acquire(y_lock):
with acquire(x_lock):
print ('Thread-2"')

= threading.Thread(target=thread_1)
.daemon = True

.start ()

= threading.Thread(target=thread_2)
.daemon = True

.start ()

MBARBITXORENNE, BESE—INMEERERR,

Ex
Tr

ception in thread Thread-1:

aceback (most recent call last):

File "/usr/local/lib/python3.3/threading.py", line 639,
self.run()

File "/usr/local/lib/python3.3/threading.py", line 596,
self._target(*self._args, **self._kwargs)

File "deadlock.py", line 49, in thread_1
with acquire(y_lock):

File "/usr/local/lib/python3.3/contextlib.py", line 48,
return next(self.gen)

File "deadlock.py", line 15, in acquire
raise RuntimeError("Lock Order Violation")

in _bootstrap_inner

in run

in __enter__




RuntimeError: Lock Order Violation
>>>

RERRNREET, BMEEHFICREECERKNBINGL acquire() BWS
REZRIEZIREBIBIIR, ATHRIEBHAFHIIIRER, FICARBKZINAZEIER
ENREIRY id W E/NTFIBRBRND, IRMNESMEARE,

e

R SEAEEFHIAERN— NS (MBRERE —TRFRARRETH
HENEE ), RIELWKH, ReJERIEEG—NMEIERERNMRE -, XH¥iE
FRASWIEDE AT AL, —EBLERMBES W, —tIMARImH T,

BB ERER—NIFRBENENBRALENT RIEE, —MERERN
UM EMRENHRESIABNWIT AR, SLREEEETHRESER—ERAE
BEITHEE, @EBERERBNERLT, —tIEESHT, —BRETES, HTFELEE
B8R SNENRBN, INEFREIEEBEEMERIEREIRT.

B RIEWRE 7 I — M RRRFE DA, EHERRESIRA RS S RIFENR
id FHFHPISREY, S HFUER, IHRIEEFAHFATEHRTS, IERRMEBLRIREF
REIT, BRIEBMHEEDER, PAMBENR id SBHIAF NSRS~ EBIA
fxs, mEAMKEIEIEMN—MREFRGE, NmEt iR EATEBURTS.

THEHNA—MXRFLEEHNEHALE: "EZXRNEDR", FrEDRE—F
¥, AEREMFN: ANEFHREVE—KI TR, 8MATIE—BIRN—REF,
ERXEBNMEFHAUBME — MM, MEBRREFAIIUEHME—1il, 818
FHRAUGEFL, BB, ZR=MRTHHN—1, FEIENE, SMEERIZRIE
FERMRRFL, ZHFEEHMRT : RN EZREBERE CEANETF, BAf]
ANERREEEE — RERFALERIL, EREIE, LERHETMEANTIEBUIRS, FERE—
MERREAESRENHRR “EERUEEA AIKM:

import threading

# The philosopher thread
def philosopher(left, right):
while True:
with acquire(left,right):
print (threading.currentThread(), 'eating')

# The chopsticks (represented by locks)
NSTICKS = 5
chopsticks = [threading.Lock() for n in range(NSTICKS)]

# Create all of the philosophers
for n in range(NSTICKS):
t = threading.Thread(target=philosopher,
args=(chopsticks[n],chopsticks[(n+1) 7 NSTICKS]))
t.start()




&la, 2% IJ TSR, ATERIEEH, FAEMIIBUREVIER acquire) R,
INRABAHARIRIBD T acquire REERBEFD, BAB/NTEHHEZHIMAEER
TO

12. 6 1%ﬁ2£$iﬁlj'{klp\ |:|n_.\
o] 7}
FREERFERGITEENAS, MRS TFEHMBIEIZEAR] LA,

IS

BRESLEREDR, FEEIRFIANBITEAENRS, BXAM, °IEA
thread.local) GIE—NAHLRREFMENR, WX NRIBMERRFFIEZEVURIEE
RAIWHITLELIZRI N, MEMETEFARTU,

ERERSHEFMEN —NMEBEMNXGAF, BERAE 83 MM EXITH
LazyConnection F FXEEZEE, TEHENWEHIT - LE/NIEREFISETNUNE
BLiE:

from socket import socket, AF_INET, SOCK_STREAM
import threading

class LazyConnection:
def __init__(self, address, family=AF_INET, type=SOCK_STREAM):
self.address = address
self.family = AF_INET
self.type = SOCK_STREAM
self.local = threading.local()

def __enter__(self):
if hasattr(self.local, 'sock'):
raise RuntimeError('Already connected')
self.local.sock = socket(self.family, self.type)
self.local.sock.connect(self.address)
return self.local.sock

def __exit__(self, exc_ty, exc_val, tb):
self.local.sock.close()
del self.local.sock

KEF, BCMENTF self.local BHMER, EHWIIBILE— threading.
local() 3Efl, EfhFERIEMIZMER self.local .sock MEBEFNR, B 7TXLER
FIAAEZ ZIEPLLHER LazyConnection KBIT, fI40:

from functools import partial
def test(conn):
with conn as s:
s.send(b'GET /index.html HTTP/1.0\r\n')




s.send(b'Host: www.python.org\r\n')

s.send(b'\r\n')
resp = b''.join(iter(partial(s.recv, 8192), b''))

print('Got {} bytes'.format(len(resp)))

if __name_ _ == '__main__'
conn = LazyConnection(('www.python.org', 80))

tl = threading.Thread(target=test, args=(conn,))
t2 = threading.Thread(target=test, args=(conn,))
tl.start()
t2.start()
t1.join()
t2.join()

EZFRITRENRERENAEREE—TBECTEBNERTER (17N
self.local.sock ), L, HAREMLIERTERTFIREN, BTRIFNEFNENERT,
Et eI N SEE R,

e

FEREBRIEFHEIZFIRMELIERERESHAZBMF AR, Ad, ST 0]
fHE, BEREAEMTRESNMELIEERT, AREF-LETANRERR, tLil—
PMERFIXHE, (IAEILAELETRI— N RENR, S M ELERMIZMSHIA
RF=EEEL, L2 fF EiEid X T R R s W (E ARV FE a] LSRR R A
a) &,

AT, {#H thread.local() BJBAIL LazyConnection R IF—N&KIZ—M&ERE,
MARN TRERHESHRRE —MERE,

HFER, 8/ threading.local ) LB ENEIRHINE — P RIMAYLOIFH,
FTR B SLOIRIFLLANIREN. ZCRAIMEREMNRREINFEH, BNEEERA— MR
Y BRSO MR ISR RIBR R T

12.7 g2 — 1 &izit
o) &

REIE— N TIEEL%IEL, ARBENEPmEREMITEME T,
fRIRTFIZ

concurrent . futures EEEHB — ThreadPoolExecutor X v]A#E AR THIX N
5%, THE—IMNEEREN TCP IRSZ:E, EHT —NEIEMRIONE iy :




from socket import AF_INET, SOCK_STREAM, socket
from concurrent.futures import ThreadPoolExecutor

def echo_client(sock, client_addr):

Handle a client connection
print ('Got connection from', client_addr)
while True:

msg = sock.recv(65536)

if not msg:

break

sock.sendall (msg)
print('Client closed connection')
sock.close()

def echo_server(addr):

pool = ThreadPoolExecutor(128)

sock = socket(AF_INET, SOCK_STREAM)

sock.bind(addr)

sock.listen(5)

while True:
client_sock, client_addr = sock.accept()
pool.submit(echo_client, client_sock, client_addr)

echo_server (('',15000))

MRMFEFEEMECHLER, EETUER— Queue REWLI, TM@
=M HMAEEZFNEIMAIGIF:

from socket import socket, AF_INET, SOCK_STREAM
from threading import Thread
from queue import Queue

def echo_client(q):

rr

Handle a client connection
sock, client_addr = q.get()
print('Got connection from', client_addr)
while True:

msg = sock.recv(65536)

if not msg:

break

sock.sendall(msg)

print('Client closed connection')

sock.close()

def echo_server(addr, nworkers):




# Launch the client workers

q = Queue()

for n in range(nworkers):
t = Thread(target=echo_client, args=(q,))
t.daemon = True
t.start QO

# Run the server
sock = socket(AF_INET, SOCK_STREAM)
sock.bind(addr)
sock.listen(5)
while True:
client_sock, client_addr = sock.accept()
q.put((client_sock, client_addr))

echo_server (('',15000), 128)

£/ ThreadPoolExecutor MW FFLMH—NMFAETEFESESRERERE
FHEMM R IARRZFHREGREME, Flal, RSB TEHXHES:

from concurrent.futures import ThreadPoolExecutor
import urllib.request

def fetch_url(url):
u = urllib.request.urlopen(url)
data = u.read()
return data

pool = ThreadPoolExecutor(10)

# Submit work to the pool

a = pool.submit(fetch_url, 'http://www.python.org')
b = pool.submit(fetch_url, 'http://www.pypy.org')

# Get the results back
x = a.result()
y = b.result()

BlFHIRERY handle WREFHIFGIEFAERIEZESIME, ARNMNITELIERIRD
FRAMR, 157009, a.result O BIFRFEEAEERNNARBEMITRAFRE—

+
45

e

BERS, MNZBRREE&EHNEULRGIEKMEER, Hltn, EBETEXN
BR5583:

from threading import Thread
from socket import socket, AF_INET, SOCK_STREAM




def echo_client(sock, client addr):

rr

Handle a client connection
r
print('Got connection from', client_addr)
while True:

msg = sock.recv(65536)

if not msg:

break

sock.sendall (msg)
print('Client closed connection')
sock.close()

def echo_server(addr, nworkers):

# Run the server

sock = socket (AF_INET, SOCK_STREAM)

sock.bind(addr)

sock.listen(5)

while True:
client_sock, client_addr = sock.accept()
t = Thread(target=echo_client, args=(client_sock, client_addr))
t.daemon = True
t.start ()

echo_server (('',15000))

REZXANHWAIATIE, BRENERBEALEEITEERELIZILRRSER
RGBT ARV I 1T A, B EATEVIRLRILIE, (RRICARERINGITLIZN
LR E.

A ROBIBRELERBMHTLER. MRBRIERFRINREMBEIZELT
MERENEREL, BZE, AR/LTMEESEIEATINEMABE~EEER M, =
AT, NRABELIZENEREEFIZENIE CPU L]IT, BBRAR T —HE3IRE T2
EfEREEY GIL, B85, MNZRE 1/0 LEAXAERERLIE,

SIERNEIZHM— NI EFEX N2 RFHEA, Fa, WREE OS X
A% EEEIE 2000 MNEIZ, RAER Python HIZER T 9GB MEMINEF.,
I, IMTEREREREN., HEIEB—INEIEN, BERAASTNE —NEMAFXE
RIMELIZRIRITHR (GBER SMB KV ), BERXIMNAFRE— N\ ERESLIRIRES R
BEXARFH, ALk, Python HZERAEIMNESINFESLRA (EEAN, 3FF 2000 N2
Xift, R[fEAET 70MB WESLRNTE, MAE 9GB ), MRFEHBLEIARTFAR, BJEA
£ threading.stack_size() BRIFUCRFEE, fU0:

import threading
threading.stack_size(65536)

MR EXFIBAHBRIZTRIEMIEIZE 2000 MR, RS KW Python
HIERERE T AHEE 210MB FEIMNATE, MESINEFERAZEEEE., FELE&RX/)
MIZEDF 32768 F1, BERAAFILAN (4096, 8192 F ) BYEEEI(Z,




12.8 B BREMIHITHRIE
BE
REMNEFERIT CPU BERTIE, (FAILMAAZSZ CPU MK B REITHR

/nNo

fRRTFIZ

concurrent . futures FEIR{ T —/ ProcessPoolExecutor 2, R[#EHARE— IR
EY Python BERSBTHHTH BEERER, T, BEAT, MEa5SE— LitEe
SRNES., FATEIL—NERMEFRGIFRERE, BEMED Apache web RS
SR EEFEERM wip [E488:

logs/
20120701.1log.gz
20120702.1o0g.gz
20120703 .1og.gz
20120704 .1o0g.gz
20120705.10g.gz
20120706 .1o0g.gz

HE—TRIRBNHEXGFATR MU N EIXF:

124.115.6.12 - - [10/Jul/2012:00:18:50 -0500] "GET /robots.txt ..." 200 71
210.212.209.67 - - [10/Jul/2012:00:18:51 -0500] "GET /ply/ ..." 200 11875
210.212.209.67 - - [10/Jul/2012:00:18:51 -0500] "GET /favicon.ico ..." 404 369
61.135.216.105 - - [10/Jul/2012:00:20:04 -0500] "GET /blog/atom.xml ..." 304 -

THR—IMHA, AXEHEXGFFREXRDLFTEIARIT robots.txt XEFHIFE :

# findrobots.py

import gzip
import io
import glob

def find_robots(filename):

rr

Find all of the hosts that access robots.txt in a single log file
robots = set()
with gzip.open(filename) as f:
for line in io.TextIOWrapper(f,encoding='ascii'):
fields = line.split()
if fields[6] == '/robots.txt':
robots.add(fields[0])

return robots




def find_all_robots(logdir):

rr

Find all hosts across and entire sequence of files

files = glob.glob(logdir+'/*.log.gz")

all_robots = set()

for robots in map(find_robots, files):
all_robots.update(robots)

return all_robots

if __name__ == '__main__

robots = find_all_robots('logs')

for ipaddr in robots:
print(ipaddr)

FIERIZRFER TIEEL map-reduce MIEREE, KEL find_robots() HE—IMX
HFEESE LM map 121F, HEERLEN—NBEMPIER, HFIRE find_all_robots()
BREPRY all_robots &£H., W, RIFFEEERINMEFILEFERAZ#Z CPU, BE
B QFEZE map() BB —1 concurrent.futures FEFAERBISEAIRIERD
B], FTHR—MERENRMRA:

# findrobots.py

import gzip

import io

import glob

from concurrent import futures

def find_robots(filename):

rr

Find all of the hosts that access robots.txt in a single log file

rr

robots = set()
with gzip.open(filename) as f:
for line in io.TextIOWrapper(f,encoding='ascii'):
fields = line.split(Q)
if fields[6] == '/robots.txt':
robots.add(fields[0])
return robots

def find_all_robots(logdir):

rr

Find all hosts across and entire sequence of files
files = glob.glob(logdir+'/*.log.gz")
all robots = set()
with futures.ProcessPoolExecutor() as pool:
for robots in pool.map(find_robots, files):




all_robots.update(robots)
return all_robots

! LI

if name_ _ ==
robots = find_all_robots('logs')
for ipaddr in robots:
print (ipaddr)

__main__

BETXMERT, BITX A =EEFNGER, BEREMNZIZE EEEEZTIR T
3.5 f&. SKFRRIMEEMLRRFEREINIZE CPU BERAREMAE,

Wi

ProcessPoolExecutor FHABIFR; X0 -

from concurrent.futures import ProcessPoolExecutor
with ProcessPoolExecutor() as pool:

do work in parallel using pool

H[FIEZE, — ProcessPoolExecutor I N NMHEIZAY Python fEFEES, N B &
g EEBIA CPU BN, {Re] LBIT IR e[iE S E4E ProcessPoolExecutor (N) R{E
LIRS E, XMGIEBE—EIZITE with RPRFE—MEARITRM, AEAIE
HHxF, AT, BERa—ESFFEIMBRKIIIEHAIETR.

WIRRZ P TEUIRE X A— 1. BRMTEERR, MRMFEELE—D
RS — map O BAFFITMITHIE, BIfERA pool.map(

# A function that performs a lot of work
def work(x):

return result

# Nonparallel code
results = map(work, data)

# Parallel tmplementation
with ProcessPoolExecutor() as pool:
results = pool.map(work, data)

59, {RETLA{ER pool.submit () RFENHIRRZEMES:

# Some function
def work(x):

return result

with ProcessPoolExecutor() as pool:




# Ezample of submitting work to the pool
future_result = pool.submit(work, arg)

# Obtaining the result (blocks until done)
r = future result.result()

MRIFFNRR—MES, BRE—A Future XPl, BRNBLAER, FEEH
FIEH resultO Fik, CRBEHEEIEREER,

NRAEPEE, (RLAT AR —/NEiERER, Fla:

def when_done(r):
print('Got:', r.result())

with ProcessPoolExecutor() as pool:
future_result = pool.submit(work, arg)
future _result.add_done callback(when_done)

O] {8 & 2 & = — A Future 3L, WARKNRLNER (L@ THAEH
result() 73i% ) RELBMBBRESER, ARITAEFNMELIZEERSFZIEN
W75, WRLR:

o XMAITOIERARRIERTHBLER] A 53 8 o EARIRILER 53 B9 10) &L,

s WERMNESPWARERERBH N, WTFHE ASHMEMERNFATRITER
LR

o BRSHIREELIERSE pickle, ANBERZHZENERS, MEERRZ
[B] B IR BB PR F T

s BERMWESREAANFEBRSHEGEIER, BRTHHESZEERENSES,

— B IR FRERMNEMITA, BERIFRISEHBEMAET—REARE
HEIR,

o £ Unix E#IEM@E TR fork() RAFRAWEIE,

ESR[E Python 23, BIF fork BRNBIFABEIERFIRE, ME Windows £, TEPEHE
BENASTEIRS, SLERRY fork IRESESE — KA pool.map() B pool.submit ()
BE%,

o HIRESERHIZNIN S ZEMBHRER /D,

(RRZTE BRI 4542 Z RISE R F RS AE ( LEANERRF BEIMY main ZFEH
BIEEHFEM ),

12.9 Python B2 /5 %i[o) @l
(5]

MELImRd 2 EMREY GIL, BULESEME S LIEREFIMITHEE.




fRIRTI

RE Python T2 S 412wiz, (BRMERBEN C BSKUMBDEZEHITH
TRHARNRLREREMN., KfFL, BRBER - EEERSEIRIPE, EHREFAE
#H;RIE— Python 21T, GIL &RARKIEIAMFRZ Python HB Li2iEFATEER A
2% CPU L (LE—NMERTSNMEENTTERREREFRSE 18 CPU £
EIETT o

e EIERY GIL Zal, B—RERIENE GIL IfmEHBLE=E K CPU
Wiz (LI EER ), MRMFHWEFASTRZIRE 1/0, LLIINERE, BA
EASSIEMRSIE, BAEIKEIIREEEST. KRL, RE2RCABILRILIE
JLFA Python 72, MRBRIEFRASITXASLIZREEME, REFTEON,

myFk# CPU B2, MEEFABIITHTENE S, fli, RIECEEEX
BILFERS&IEBTRES, £, BT Python SEBHITH, WMRIRIGIBLEE
HAMAHBEBE—1 C ESY RERD, BEEHSIRANRIKR, WRGEEIRIENRE, BB
LAfEA NumPy X#MNYT RSEENSN. &E, HEIUEETEMESIMAE,
ttgn PyPy, Bi@IE— JIT FHIFSERMAHITHER ( FIEES XA BHIHREITAEE
< #F Python 3 ),

TE—REIENE, ZIEAEEIRARMMAMEEN, —14 CPU KEBIIZFFI6E
KfERALEXREE—EFAFRR@E. — W& EESEMRS. XE, GIL &2774%
—Leelf, ERIMRB—NEIEKEIIEE GIL WiEaSMEMIE CPU BLEE—EHEFF,
EXE, IENAEFN C EESY RESERINMaBMENTE, REABNITEIS
AL ZFNEITHIE RLE,

WTIX42, HAEEGRNEE(NERMREEERER GIL NERR, 8%, NRERT
2 T1EF Python MMEAR, {REJLBAEMA multiprocessing fRIRKEIE— NI, H
GipEAIEE —HRERE, I, BRIMEBWNFHEIERE:

# Performs a large calculation (CPU bound)
def some_work(args):

return result
# A thread that calls the above function
def some_thread():

while True:

r = some_work(args)

2o, (ER#HRE:

# Processing pool (see below for initiazation)
pool = None

# Performs a large calculation (CPU bound)
def some_work(args):

return result




# A thread that calls the above function
def some_thread():
while True:

r = pool.apply(some_work, (args))

# Initiaze the pool
if __name__ == '__main__'
import multiprocessing
pool = multiprocessing.Pool()

XMESER— M RIOR AHZBER T GIL fiE)8, S—NMEERERT CPU
BEINTHER, FESLKAHER, ARERBSERIMN—NERPBRIN— N BEIRM
Python #EFFEERTIF, HEARFHERNMESEN GIL, #H, HTFHEESES
MERBRPRIT, BARAEZRT GIL T, E—1MBZEELE, FERIWXNX
AR BALRRIFHIRIAZ CPU RIS,

BI—MER GIL FIRIBEER C VREERA, TERERRITERERNES
$%4% C, IR Python 31, ETIFRIAHMRTE C XRHHEM GIL, XeJEEE C X
WA T EX RV IAZR R T :

#include "Python.h"

PyObject *pyfunc(PyObject *self, PyObject *args) {

Py_BEGIN_ALLOW_THREADS
// Threaded C code

Py_END_ALLOW_THREADS

MRIREAEMT RS CiES, LEWXF Cython BY ctypes e, RAFREMIT
fAI=, a0, ctypes FEIHA C REBHMREM GIL,

e

W EFOAEERMN LR CIANEE, S EMARESE GIL, 28R ERIEE,
HIZIFFARNBERAXRE TR, (FA—NEXMF, 2 LIERIMEHRIZR1HM
(9 stalls RIRER A D EMERRA LI —/ DNS EILER, MR GIL EEX R, RGN
BENEEAEZRERNRBRBTENE GIL £m3, FREEEA GIL KEBHDEBM X
RAXiFE CPU MAEMARZE 1/0.

SRR S B — NI, EEN RS R B IEF A R
Python RIRSEMR, WMTHNREBERIE— MBI def BEEXH Python EE,
TEER lanbda, METEARAS, ¥ERNSKIECESABRE pickle, FIHE,
BT 5 BUARBA U EINBE T,




A= PMHERRHESERLRENARR MRS ILRRAE, NREERRE
AWE, RIFEREFBNN, SIRERAKREZRELIE—NRARERRD, ASEIEE
REFR#HE R RITENMITEZRE T,

C ¥ REEZMHIERENH Python MBRIEEMRIFIMIIN, BIMER, MRMFE
&4F Python REVESECE] C HEMIT, MEZEMKR C NBAYRIFIR Python {R¥5F
T, XMBREANEER Python BIREMURAEIEA Python #Y C API, Hh—
MR RERR C T RAMBTFRRBE, EEMFEXEFME, BHMER C ¥ RIERE
TRENTEES, MARLBELMTE.

XEERRR GIL WA RANEERTAARE, Flgl, RLERRMNAEFINRE
DERSNHEELIEIEARERFMNTIIE, WAREFENHINBEINN C BESHIT,
WFXENRRER, MAEZECERERART (LLMSHBEVIREZEAFX, SH#EHR
BBTTR—MNHEESF ), W&, RERIAEE T EtARRRERESI, bl PyPy,

THEZXTE CHERPEK GIL, i§8% 15.7 # 15.10 /13,

12.10 EX—" Actor {5
o] &

RABTE IR actor BINHRZEAL “actors” AERIES

fRRFIZ

actor RAZB—MERHENEERERENATHSHATERRLER, F5LE, €
RENEREMRENLEZIENEZERE 2 —, EHERHE, — actor MR —NHERM
1TIES, ARERNMITREACHBERES, MMXLEEER, ERETRLE M
actor RIZBH—THIHEE, actor ZEMBERREBMNREIH, B, BEREEAR
ERBRMTARBRELRZE, BASEIE—/NERERAIER L N EHER,

HEEERA— MR — IR AREZHIE X actor, FlIg0:

from queue import Queue
from threading import Thread, Event

# Sentinel used for shutdown
class ActorExit(Exception):
pass

class Actor:
def __init_(self):
self. mailbox = Queue()

def send(self, msg):

Send a message to the actor

self._mailbox.put(msg)




def recv(self):

1

Receive an incoming message
o
msg = self._mailbox.get()
if msg is ActorExit:

raise ActorExit()
return msg

def close(self):

1

Close the actor, thus shutting it down

self.send(ActorExit)

def start(self):

o

Start concurrent ezxzecution
self. terminated = Event()
t = Thread(target=self._bootstrap)

t.daemon = True
t.start()

def _bootstrap(self):
try:
self.run()
except ActorExit:
pass
finally:
self._terminated.set()

def join(self):
self. terminated.wait()

def run(self):

rr

Run method to be implemented by the user
while True:
msg = self.recv()

# Sample ActorTask
class PrintActor(Actor):
def run(self):
while True:
msg = self.recv()
print('Got:', msg)




Sample use

= PrintActor()
.start()
.send('Hello')
.send('World")
.close()
.join(Q)

e

MEFH, {REEA actor LMY send ) FERZFEBERLEN]. HVGIZ, X4NFA
iAJ-:/I%UﬁﬂU\ MAER, AR HIER A IBHEZIE RN — M ARE&IZ, close O
FiEEE EPA T PN — NMETRRIIE B (ActorExit ) SRRFIXA actor, FAFEILAE
TR Actor FHE XK B AR run() F3iEKTE MFRY actor, ActorExit &
RERMERAFBE X AERI UERZHIHERFIREL IEEK (FEW get() AERYE
FEREHE ).

MRIFMEN FETHF L EBREMNENR, £ actor WRIER] LAET AL 2ERE
LEX, HIgn:

def print_actor():
while True:

try:
msg = yield # Get a message
print('Got:', msg)

except GeneratorExit:
print('Actor terminating')

# Sample use

p = print_actor()

next (p) # Advance to the yield (ready to receive)
p.send('Hello')

p-send('World")

p.close()

DS

actor RXPBENIFMETENEERE M, SKfFLE, XBRIXRIE—MIIOMEE send)
CBZE, WFEET actor R4HH “HE” E’J/Z{HE%M—IU\EQf‘FTiEWHrEo fln,
1!]\_IL/LLXTE2HE/T1§ BIREEE, ik actor HUITARERVIEIE, 0T :

class TaggedActor(Actor):
def run(self):
while True:
tag, *payload = self.recv()
getattr(self, 'do_'+tag) (*payload)

# Methods correponding to different message tags
def do_A(self, x):




print('Running A', x)

def do_B(self, x, y):
print ('Running B', x, y)

# Exzample

a = TaggedActor()

a.start()

a.send(('A', 1)) # Invokes do_A(1)
a.send(('B', 2, 3)) # Invokes do_B(2,3)

ERBI—1F1F, -FEE’J actor LIFE—NLEEREITIEENERE, FHET
—/MNFFRE Result WRIR[E]ZE

from threading import Event
class Result:
def __init__(self):
self._evt = Event()
self._result = None

def set_result(self, value):
self. result = value

self. evt.set()

def result(self):
self._evt.wait()
return self._result

class Worker(Actor):
def submit(self, func, *args, **kwargs):
= Result()
self.send((func, args, kwargs, r))
return r

def run(self):

while True:
func, args, kwargs, r = self.recv()
r.set_result(func(*args, **kwargs))

# Exzample use

worker = Worker ()
worker.start ()

r = worker.submit(pow, 2, 3)
print(r.result())

®E, “RX" —MESEENESIUHYT BREZSHBEEZRAESHARFEH
x. fBan, —NE actor WE&RAY send ) ﬁlf_ﬂr)\?&“ﬁhl EEE—ITNEETERELE
MEESIE ;’Q&/ﬁuq:'lﬂjﬁ: (Eean AMQP., ZMQ ) RA&iX



12.11 SCIBE & /1T IRIREL
[5) 58

ME—NETLHIEEENER, BiLE(1KMA S /THEREAERBE,

PSS

EXMEH/ATHANBRBEER, MBEESIA-—TRIRE "N 5 “HWX”
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from collections import defaultdict

class Exchange:
def __init__(self):
self._subscribers = set()

def attach(self, task):
self._subscribers.add(task)

def detach(self, task):
self._subscribers.remove(task)

def send(self, msg):
for subscriber in self._subscribers:
subscriber.send(msg)

# Dictionary of all created exchanges
_exchanges = defaultdict(Exchange)

# Return the Exchange instance associated with a given name
def get_exchange(name) :
return _exchanges [name]

— AR —NMEZBNR, AREP—NERITHAEES, FAHE. B4
MEXFBERREMENNGE, SINRIRVBL —NEMENL, get_exchange() BLLS
E— N RMRREIHENEY Exchange SIS

TEHE—NERAF, ERTWNEER RN

# Ezample of a task. Any object with a send() method
class Task:

def send(self, msg):

task_a = Task()




task_b = Task()

# Example of getting an exchange
exc = get_exchange('name')

# Ezamples of subscribing tasks to it
exc.attach(task_a)
exc.attach(task_b)

# Exzample of sending messages
exc.send('msgl')
exc.send('msg2')

# Exzample of unsubscribing
exc.detach(task_a)
exc.detach(task_b)

ot

REWFXNEEABRSHEM, TEAETEER, BESBREFE IR

M, ARZBINSEENRIZERIFEMTAE,
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class DisplayMessages:
def __init__(self):
self.count = 0
def send(self, msg):
self.count += 1
print('msg[{}]: {!r}'.format(self.count, msg))

exc = get_exchange('name')
d = DisplayMessages()
exc.attach(d)

R, ZERN—ITEEFRREERRTS A "tasklike” WK, fl1, HEESZ
FAJBAR actor (12.10 NMR ), TR, MEERSUEM K 7 IEWE send ) 7iE
HIZRP,

RF RGP — o] el RN FiTHEMIERAEMNES, H7TERNEESR
iR, B THEMTHAEUHNRLERN. EXEPEERER TEXFNRI:




exc = get_exchange('name')
exc.attach(some_task)
try:

finally:
exc.detach(some_task)

HEMEXLE, INMNMERAXHE. BiIfEUNKRESG, BEERISSZESTICEREN
detach() £, AT EIMLIXN, (REJUBEFER ETXERSEDIN, Fla0, FEKRN
IR I — subscribe() F3i%, WTF:

from contextlib import contextmanager
from collections import defaultdict

class Exchange:
def __init__(self):
self._subscribers = set()

def attach(self, task):
self._subscribers.add(task)

def detach(self, task):
self._subscribers.remove(task)

Q@contextmanager
def subscribe(self, *tasks):
for task in tasks:
self.attach(task)
try:
yield
finally:
for task in tasks:
self.detach(task)

def send(self, msg):
for subscriber in self._subscribers:
subscriber.send(msg)

# Dictionary of all created exchanges
_exchanges = defaultdict(Exchange)

# Return the Exchange instance associated with a given name
def get_exchange(name) :
return _exchanges [name]

# Example of using the subscribe() method
exc = get_exchange('name')

with exc.subscribe(task_a, task_b):

exc.send('msgl')




exc.send('msg2')

# task_a and task_b detached here

RBENIZEENEXTREVNEBERSMIT BRI, FIa0, ZRPLATBASE
W—BNEREEESIEHRMINBHHRINLENN, IRV AR BRI
MmN EREFF (L, FEEBHIAREVE LERNESTE ).
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# Two simple generator functions
def countdown(n):
while n > O:
print (' T-minus', n)
yield
n-=1
print('Blastoff!")

def countup(n):
x =0
while x < n:
print ('Counting up', x)
yield
x += 1

XLEER AR yield B8, TER—SH T & RIS HERNNG:

from collections import deque
class TaskScheduler:
def __init__(self):
self._task_queue = deque()

def new_task(self, task):




Admit a newly started task to the scheduler

1

self._task_queue.append(task)

def run(self):

1

Run until there are no more tasks
while self._task_queue:
task = self._task_queue.popleft()
try:
# Run until the next yield statement
next (task)
self._task_queue.append(task)
except StopIlteration:
# Generator is mo longer exzecuting
pass

# Example use

sched = TaskScheduler ()
sched.new_task(countdown(10))
sched.new_task(countdown(5))
sched.new_task(countup(15))
sched.run()

TaskScheduler XE—NMEMAPGITEMBES — BN EIEITEEE] yield 155

ALk, BITENMIF, HHITF:

T-minus 10
T-minus 5
Counting up O
T-minus 9
T-minus 4
Counting up 1
T-minus 8
T-minus 3
Counting up 2
T-minus 7
T-minus 2
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from collections import deque

class ActorScheduler:
def __init__(self):
self._actors = { } # Mapping of names to actors
self. _msg_queue = deque() # Message queue

def new_actor(self, name, actor):
1

Admit a newly started actor to the scheduler and give it a mname
self._msg_queue.append((actor,None))
self._actors[name] = actor

def send(self, name, msg):

Send a message to a mamed actor

actor = self._actors.get(name)

if actor:
self._msg_queue.append((actor,msg))

def run(self):

o

Run as long as there are pending messages.
while self._msg_queue:
actor, msg = self._msg_queue.popleft()
try:
actor.send (msg)
except Stoplteration:
pass

# Ezample use
if _ _name__ == '__main__
def printer():
while True:
msg = yield
print('Got:', msg)

def counter (sched):

while True:
# Recetve the current count
n = yield
if n ==

break

# Send to the printer task
sched.send('printer', n)
# Send the mext count to the counter task (recursive)




sched.send('counter', n-1)

sched = ActorScheduler()

# Create the initial actors
sched.new_actor('printer', printer())
sched.new_actor('counter', counter(sched))

# Send an initial message to the counter to initiate
sched.send('counter', 10000)
sched.run()

TEFEARNBTRZERANTS), BRIABRETWRBRIAI, KR
BEREEFELRENHERRNS—HEBITE, HRERBRSAECREHEHE— A
BB LS

THE—NENSRNEF, ERTEREMSEREM— I ARMNENAERF:

from collections import deque
from select import select

# This class represents a generic yield event in the scheduler
class YieldEvent:
def handle_yield(self, sched, task):
pass
def handle_resume(self, sched, task):
pass

# Task Scheduler
class Scheduler:
def __init__(self):
self._numtasks = 0 # Total num of tasks
self._ready = deque() # Tasks ready to Tun
self._read_waiting = {} # Tasks waiting to read
self. write_waiting = {} # Tasks waiting to write

# Poll for I/0 events and restart waiting tasks
def _iopoll(self):
rset,wset,eset = select(self._read_waiting,
self._write_waiting, [1)
for r in rset:
evt, task = self._read_waiting.pop(r)
evt.handle resume(self, task)
for w in wset:
evt, task = self._write_waiting.pop(w)
evt.handle_resume(self, task)

def new(self,task):

o

Add a newly started task to the scheduler

1




self._ready.append((task, None))
self. numtasks += 1

def add_ready(self, task, msg=None):
Append an already started task to the ready queue.
msg ts what to send into the task when it resumes.

rr

self._ready.append((task, msg))

# Add a task to the reading set
def read wait(self, fileno, evt, task):
self._read_waiting[fileno] = (evt, task)

# Add a task to the write set
def _write wait(self, fileno, evt, task):
self. write_waiting[fileno] = (evt, task)

def run(self):

rr

Run the task scheduler until there are no tasks
while self._numtasks:
if not self._ready:
self._iopoll()
task, msg = self._ready.popleft()
try:
# Run the coroutine to the nezxt ytield
r = task.send(msg)
if isinstance(r, YieldEvent):
r.handle_yield(self, task)
else:
raise RuntimeError('unrecognized yield event')
except Stoplteration:
self. numtasks -= 1

# Ezample implementation of coroutine-based socket I/0
class ReadSocket(YieldEvent) :
def __init__(self, sock, nbytes):
self.sock = sock
self .nbytes = nbytes
def handle_yield(self, sched, task):
sched. read _wait(self.sock.fileno(), self, task)
def handle_resume(self, sched, task):
data = self.sock.recv(self.nbytes)
sched.add_ready(task, data)

class WriteSocket(YieldEvent):
def __init__(self, sock, data):
self.sock = sock




self.data = data
def handle_yield(self, sched, task):

sched. _write_wait(self.sock.fileno(), self, task)
def handle_resume(self, sched, task):

nsent = self.sock.send(self.data)

sched.add_ready(task, nsent)

class AcceptSocket(YieldEvent):
def __init__(self, sock):
self.sock = sock
def handle_yield(self, sched, task):
sched._read_wait(self.sock.fileno(), self, task)
def handle resume(self, sched, task):
r = self.sock.accept()
sched.add_ready(task, r)

# Wrapper around a socket object for use with yield
class Socket(object):
def __init__(self, sock):
self. _sock = sock
def recv(self, maxbytes):
return ReadSocket(self._sock, maxbytes)
def send(self, data):
return WriteSocket(self._sock, data)
def accept(self):
return AcceptSocket(self._sock)
def __getattr__(self, name):
return getattr(self._sock, name)
if __name _ == '_main__
from socket import socket, AF_INET, SOCK_STREAM
import time

# Ezample of a function involving generators. This should
# be called using line = yteld from readline(sock)
def readline(sock):
chars = []
while True:
c = yield sock.recv(1l)
if not c:
break
chars.append(c)
if ¢ == b'\n':
break
return b''.join(chars)

# Echo server using generators
class EchoServer:
def __init__(self,addr,sched):




self.sched = sched
sched.new(self.server_loop(addr))

def server_loop(self,addr):
s = Socket(socket (AF_INET,SOCK_STREAM))

s.bind(addr)

s.listen(5)

while True:
c,a = yield s.accept()
print ('Got connection from ', a)
self.sched.new(self.client handler(Socket(c)))

def client_handler(self,client):
while True:
line = yield from readline(client)
if not line:
break
line = b'GOT:" + line
while line:
nsent = yield client.send(line)
line = line[nsent:]
client.close()
print('Client closed')

sched = Scheduler()
EchoServer(('',16000) ,sched)
sched.run()

XERBERER. A, EXUT —MNIMERIERR, B TMENESN
5], FEZEHEEA /0 KREENESFEXE, THRSBERNFTEMEIIF /0 F
HXEZ EBIES,
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def some_generator():

result = yield data

R MAZ IR yield BAMRBIBERT A “hiE", ELBEER, yid BRE
—MERFRAIE, WF:

f = some_generator()

# Initial result. Is None to start since nothing has been computed
result = None




while True:
try:
data = f.send(result)
result = ... do some calculation ...
except Stoplteration:
break

XEMZEHEMERER, T, WRELS sendO WEEXTH yield EA)EERE
FOREME, FELE, R—A yield EFENZAET yield BIENEINFIROEREN, RE
T—IX send ) #BEIRE, WMR—NEMRBHNFALRIZ!T, KIE— None ERILE
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http://www.python.org/dev/peps/pep-0380
http://www.python.org/dev/peps/pep-0342
http://www.dabeaz.com/coroutines
http://www.dabeaz.com/coroutines
http://www.gevent.org/
http://pypi.python.org/pypi/greenlet
http://www.stackless.com/

import queue
import socket
import os

class PollableQueue(queue.Queue):
def __init__(self):
super () .__init__Q
# Create a pair of comnected sockets
if os.name == 'posix':
self._putsocket, self._getsocket = socket.socketpair()
else:
# Compatibility on non—-PUSIX systems
server = socket.socket(socket.AF_INET, socket.SOCK_STREAM)
server.bind(('127.0.0.1", 0))
server.listen(1)
self._putsocket = socket.socket(socket.AF_INET, socket.SOCK_
<»STREAM)
self._putsocket.connect(server.getsockname())
self._getsocket, _ = server.accept()
server.close()

def fileno(self):
return self._getsocket.fileno()

def put(self, item):
super () .put (item)
self._putsocket.send(b'x"')

def get(self):
self._getsocket.recv(l)
return super().get()

XM H, — R Queue KBIRBBE N, KER— MUERERTY, &
Unix 188 £/ socketpair () EREEEFR M IVBIRIXMHMERT, & Windows LT, {R
HIERALRLMCIERIRIUE, ARENXEBEN get) Fl put () AEERXLEEREF A
RHIT 1/0 #BE, putO HEBRBEBBRAMNIGEE—1MEFTHIENEEFPE,
;I'ﬁ get O FEENBAIIRBIR—IPTERNSNZIN—PMEERFFIZEEINMREFZTHH
o

fileno() F3iAERA—MNEREELYN select O KILXABATITI U, ERNR
ERBETIREMW get O REERRIN socket FIX AT,

TEE—MIF, EXT—NMHRRNTREESMAIIERS:

import select
import threading

def consumer (queues) :
rr

Consumer that reads data on multiple queues simultaneously




while True:
can_read, _, _ = select.select(queues,[],[])
for r in can_read:
item = r.get(
print('Got:', item)

ql = PollableQueue()
q2 = PollableQueue()
g3 = PollableQueue()

t = threading.Thread(target=consumer, args=([ql,92,93],))
t.daemon = True
t.start ()

# Feed data to the queues
ql.put(1)

q2.put(10)
g3.put('hello')
q2.put(15)

MRIFAERITE, MRRUINERESEZIMBWRBANTR, FETH
W T WRANEATI R,
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import time
def consumer (queues) :
while True:
for q in queues:
if not q.empty():
item = q.get()
print('Got:', item)

# Sleep briefly to avoid 100) CPU
time.sleep(0.01)

XEMESIANSE, ER5IARMAIMEEERIE, FI30, WRIHBIBIRBMAZ—4
PADIFR, ZOEE 10 EWAEEWEI, IREZANEIHTZERLHEMITR, bl
MEERFILZBES R, Fl, MREERNEEERFHEAG, (FAIER&T
ENXFEfER

import select

def event_loop(sockets, queues):
while True:




# polling with a timeout
can_read, _, _ = select.select(sockets, []1, []1, 0.01)
for r in can_read:
handle_read(r)
for g in queues:
if not q.emptyQ):
item = q.get(
print('Got:', item)

EAFRBITENGFNEEFTSAWNERBRATABOWEE, — Eimy
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#!/usr/bin/env python3
# daemon.py

import os
import sys

import atexit
import signal

def daemonize(pidfile, *, stdin='/dev/null',
stdout='/dev/null’,
stderr='/dev/null'):

if os.path.exists(pidfile):
raise RuntimeError('Already running')

# First fork (detaches from parent)
try:
if os.fork() > O:
raise SystemExit(0) # Parent exzit
except OSError as e:
raise RuntimeError('fork #1 failed.')




os.chdir('/")
os.umask (0)
os.setsid()
# Second fork (relinquish session leadership)
try:

if os.fork() > O:

raise SystemExit(0)

except OSError as e:

raise RuntimeError('fork #2 failed.')

# Flush I/0 buffers
sys.stdout.flush()
sys.stderr.flush()

# Replace file descriptors for stdin, stdout, and stderr
with open(stdin, 'rb', 0) as f:
os.dup2(f.fileno(), sys.stdin.fileno())
with open(stdout, 'ab', 0) as f:
os.dup2(f.fileno(), sys.stdout.fileno())
with open(stderr, 'ab', 0) as f:
os.dup2(f.fileno(), sys.stderr.fileno())

# Write the PID file
with open(pidfile,'w') as f:
print(os.getpid() ,file=f)

# Arrange to have the PID file removed on exzit/signal
atexit.register(lambda: os.remove(pidfile))

# Signal handler for termination (required)
def sigterm_handler(signo, frame):
raise SystemExit (1)

signal.signal(signal.SIGTERM, sigterm_handler)

def main():
import time
sys.stdout.write('Daemon started with pid {}\n'.format(os.getpid()))
while True:
sys.stdout.write('Daemon Alive! {}\n'.format(time.ctime()))
time.sleep(10)
if __name_ _ == '__main__
PIDFILE = '/tmp/daemon.pid'

if len(sys.argv) != 2:
print ('Usage: {} [start|stop]'.format(sys.argv[0]), file=sys.stderr)
raise SystemExit (1)

if sys.argv[l] == 'start':




try:
daemonize (PIDFILE,

stdout="'/tmp/daemon.log',
stderr='/tmp/dameon.log')

except RuntimeError as e:
print(e, file=sys.stderr)
raise SystemExit(1)

main()

elif sys.argv[l] == 'stop':
if os.path.exists(PIDFILE):
with open(PIDFILE) as f:
os.kill(int (f.read()),
else:

signal.SIGTERM)

print('Not running', file=sys.stderr)

raise SystemExit(1)

else:

print ('Unknown command {!r}'.format(sys.argv[1]),

raise SystemExit (1)

file=sys.stderr)

ERNXANTIRHE, A

APBEERM TR

bash %
bash %
2882

bash %
Daemon

daemon.py start
cat /tmp/daemon.pid

tail -f /tmp/daemon.log

started with pid 2882

Alive! Fri Oct 12 13:45:37 2012
Alive! Fri Oct 12 13:45:47 2012

Daemon
Daemon

TP U2 ERAIET, AR weR

HEBSEMRXE pid XFNHE, ZF1E
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bash 7 daemon.py stop

bash Y,
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ETENX T —PNEE daemonize() , EIEF BN B IRESERU—TiP#H
123K1517, daemonize() EREIR hszE%L S, XGRS RERE RN
WY, ExEF AP TEXIEERE

daemonize ('daemon.pid’,
stdin="'/dev/null,
stdout="'/tmp/daemon.log’,
stderr='/tmp/daemon.log')




MAREG T EXFESMAFHEA:

# Illegal. Must use keyword arguments
daemonize('daemon.pid’,
'/dev/null', '/tmp/daemon.log','/tmp/daemon.log')
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2 AfER Python fEA—4 shell MIAMER, ARIMERARKESHEMNIL,
WX AHIRE, RANBES, 2BNTBATEHAXTREWANIEE BRI —
LEThEE, PION, MITSHSITAN. RAEANAKRERIESS, $5 BHEATEX
BB RERN—RIER.

13.1 B EER/EE/XFEIZRA
212
(RFBIRMMARZEARAPIANRHRNBASR, BEEHTHNEEET

EEERAZMNAE, EERAXARZME, SEGLITPRE I XAERIXERIIR
LR,

PSS
Python REH) fileinput MHRIEX N TR E R, WMRMEE N TEIXFRIMIA:

#!1/usr/bin/env python3
import fileinput

with fileinput.input() as f_input:
for line in f_input:
print(line, end='"')

LR EECARTEIR 2 M AT B A U R AU AR A, BRIRIRHF LA RT R
filein.py ARHEBRAIMITXG, BAMRAIUGTEXFEARE, SRIEHENEL:

$ 1s | ./filein.py # Prints a directory listing to stdout.
$ ./filein.py /etc/passwd # Reads /etc/passwd to stdout.
$ ./filein.py < /etc/passwd # Reads /etc/passwd to stdout.

e

fileinput.input () BIEHIRE]— FileInput ERISLAI, ZLFIRTIHE L
BRAMBEIGEN, EXaTHIAM— L TXEERER, A, BSiEEXR, MRHA]
E5-MINSAMXFRLIEE, BLRNFEEHLPEENEFEBNTS, WA
N

>>> import fileinput
>>> with fileinput.input('/etc/passwd') as f:
>>> for line in f:
print(f.filename(), f.lineno(), line, end='")

/etc/passwd 1 ##




/etc/passwd 2 # User Database
/etc/passwd 3 #

<other output omitted>

BIHEEA—P L TXEERRER, AIARAREABERNXGFEEBRIRA, M
BRANEZIGTERT FileInput B—EBAMNGEE A AERREGH P —EEME
e

Y

13.2 ZIFREFRHEHEIRER
BE

(R AR ESIRITEN— S E SR E SN E TR ASBRL IR FET
RRS=

MBE—NMEFGTEXHFLLE, M- SystenExit RE, EABRERFLS
. fian:

raise SystemExit('It failed!')

ESHETE sys.stderr FFTEN, ARREFASHE 1iRH,

e

AT RAREN, ERCEBRESHARN—NELRE, bR, SFEBE
RIFENEFR, RAgRSGTEXIHS:

import sys
sys.stderr.write('It failed!\n')
raise SystemExit(1)

MRIFEFIEEEERLSEEL SystenExit () , BAMRPILAKREMSIE, Lyl
import IBRAIFIFHEIRBEE A sys.stderr

13.3 fEMTER L1TIEIN
o128

{REVFE P AN BES BT B L ATIEIR (LT sys.argv 1)




fRIRTI
argparse HRIRPJIH AR SITIEIN, FTEH—MERAFERTRESNAE:

# search.py

rr

Hypothetical command-line tool for searching a collection of
files for one or more text patterns.

o

import argparse

parser = argparse.ArgumentParser(description='Search some files')

parser.add_argument (dest='filenames',metavar='filename', nargs='*")

parser.add_argument('-p', '--pat',metavar='pattern', required=True,
dest='patterns', action='append',
help='text pattern to search for')

parser.add_argument('-v', dest='verbose', action='store_true',
help='verbose mode')

parser.add_argument('-o', dest='outfile', action='store',
help='output file')

parser.add_argument (' --speed', dest='speed', action='store',
choices={'slow','fast'}, default='slow',
help='search speed')

args = parser.parse_args()

# Output the collected arguments
print (args.filenames)

print (args.patterns)

print (args.verbose)
print(args.outfile)

print (args.speed)

ZIEFEX T — PN NMERMGESITRENTES:

bash 7 python3 search.py -h
usage: search.py [-h] [-p pattern] [-v] [-o OUTFILE] [--speed {slow,fast}]
[filename [filename ...]]

Search some files

positional arguments:
filename

optional arguments:
-h, --help show this help message and exit
-p pattern, --pat pattern




text pattern to search for
-V verbose mode
—-o OUTFILE output file
--speed {slow,fast} search speed

TEREER T IEFFRBIEIR D, FHAME print() ESIRIFTEN AL,

bash 7 python3 search.py foo.txt bar.txt

usage: search.py [-h] -p pattern [-v] [-o OUTFILE] [--speed {fast,slow}]
[filename [filename ...]]

search.py: error: the following arguments are required: -p/--pat

bash 7 python3 search.py -v -p spam --pat=eggs foo.txt bar.txt

filenames = ['foo.txt', 'bar.txt']
patterns = ['spam', 'eggs']
verbose = True

outfile = None

speed = slow

bash 7 python3 search.py -v -p spam --pat=eggs foo.txt bar.txt -o results
filenames = ['foo.txt', 'bar.txt']

patterns = ['spam', 'eggs']
verbose = True

outfile = results

speed = slow

bash 7 python3 search.py -v -p spam --pat=eggs foo.txt bar.txt -o results \

--speed=fast
filenames = ['foo.txt', 'bar.txt']
patterns = ['spam', 'eggs']
verbose = True
outfile = results
speed = fast

WFEDUERE — P IRREFRRE, AIFECRIZEREN printO KR,

e

3

argparse IRIREZINEERRAIRRZ —, HBEAXEWEEED, ATRZER
T HAREMR R, FBEREA

ATHBNGSITED, FEXEECE — 1 ArgumentParser L, H{EHA
add_argument () F5;AFEBRREEZFFRNIED, EE add_argument ) AR, dest
ST BT ERMIBIRABMEMNRBE, netavar SEWAREMEBINEE, action
SRIETEIIRBHEN NI ZLE, BENENN store , WARFMEEMER WS IS
BEWRER—NRAP, THNSHREMBRANGSITSHEI—MIIRP, ERGF
EHARME— I GRIIR:

parser.add_argument (dest='filenames',metavar='filename', nargs='%"')




THNSHRESHESHFERIRE— Boolean IFi&:

parser.add_argument('-v', dest='verbose', action='store_true',
help="'verbose mode')

THNSHEZ —IMRMEFEEFEN—IFHH:

parser.add_argument('-o', dest='outfile', action='store',
help='output file')

TEHHNSHABATENSHESEHUZ R, HEBE(BME —NIRPE,
required iFERTNZERELEE —1. -p fl --pat RRANSHRBRNEEHA.

parser.add_argument('-p', '--pat',metavar='pattern', required=True,
dest='patterns', action='append',
help='text pattern to search for')

&fa, THNSRIERER—ME, EERSWTHEMJEMEREMILER, SalE
Binlk:

parser.add_argument ('--speed', dest='speed', action='store',
choices={'slow', 'fast'}, default='slow',
help="'search speed')

BSEUATHIEE, {RFAEIAMIT parser.parse() 5iE 1. ERXIE sys.argv
E’\J1E9:FJBIEI NERLA, BNMSHRESWIREMIZELHIF add_argument () F3iERY
dest SRIETENEMEIE.

ERSMEMFTEBATGSITIEDL, G, (R FoNRIIE sys.argy BEE
FA getopt #RIR, BE, MRMRALATHAN, BRELRZTRNE, KEHAT
argparse *ﬁikag§ﬁ'-ﬂd\kf57 {Re]BER R Z{E A optparse FEMIMTETIRIKIE, R
& optparse #ll argparse RIR, (BREEE%#H, ELEMNIZFPIRNIZERTE,

13.4 iz{TRY R HZ MM AR R
2] &5

5 T7TAMAE, BT HU‘EEEE T, LWARREIN, FEIANEEENERA
PEEgRED, MEREPH— Efﬁau)\TzET, iLtAHFBECHA,

fRIRTFIZ

XAH&E Python BY getpass IRIRIERIRAAFE R, (RP] ALLIRIRAZ AR H 224
WART, #FEASEAFPKIRREEE, TEEEHHE:

import getpass

user = getpass.getuser()
passwd = getpass.getpass()




if svc_login(user, passwd): # You must write svc_login()
print('Yay!')

else:
print('Boo!"')

LB, sve_login() BIRESKMAVIEZHEAIRL, BANLETEFEC
IRTE

e

EBRERIENIEAR getpass.getuser() AREHAFBNEARR, EXIRIEZ
FAFPRY shell IMRRESRBEBRMARIVZILE (2H pud 1EREE ) KEAHRIA
FHIERA,

MEGFERERNBEAFPBRARR, ERARNER input FREL:

user = input('Enter your username: ')

BE—RRBEE, BERAPRENIF getpass () AiERBMAZNE, X#HER
T, Python RIEFIESMRXLR)H (FIUIESKEZESMRHBEEUBAXTERAER)

13.5 FRENZURAG K/
BE

{RFEERE S A1 L IR K/ EERRRS UL .,

3

IS

f£F8 os.get_terminal size() BRFURMEIX—=,
KRB :

>>> import os

>>> sz = os.get_terminal_size()

>>> sz

os.terminal_size(columns=80, lines=24)
>>> sz.columns

80

>>> sz.lines

24

>>>




e

ﬁﬁy FITURE

SHLIwmANT, MEBMZEERRITRER ioctlO EBRES,
, T AEERRXLE

S &M EMAZXAR—NME R RR e ?

13.6 MITHNERAR L FHIREN E RV L
228

{REBIT—MIMEBER S FFLA Python FRBIIKIRITE
RS

£ subprocess.check _output () BR%EY, FI40:

import subprocess
out_bytes = subprocess.check_output(['netstat','-a'])

XERHAIT - MEENG LS HARRITERU— N FOFFBMIEINRE, MR
MEEXAENIRE, IN—MEESEENR], Flu:

out_text = out_bytes.decode('utf-8"')

MRHBHITHIGRSUIEFTERE, et RE, TEFIFHEIKREBIRFIRBUR
[B]55

try:
out_bytes = subprocess.check_output(['cmd','argl','arg2'])
except subprocess.CalledProcessError as e:
out_bytes = e.output # Output generated before error
code

e.returncode # Return code

EINMBRA T, check_output O X{URERGAZIMERHINE, WRFEEZRETUL
E*FI&EEJ&*D%HBEEHJH:II; {EF stderr &4

out_bytes = subprocess.check_output(['cmd','argl','arg2'],
stderr=subprocess.STDOUT)

MRIFFZAH—TBIIGIRNITSHS, £ tineout S

try:
out_bytes = subprocess.check_output(['cmd', 'argl','arg2'], timeout=5)
except subprocess.TimeoutExpired as e:

BEXY, STHHITAEZEEFERRKE shell M5 ( EEWA sh, bash ), —NFERT R
HREMWMEBRLE —MERZR G S, L os.execve() o, WMRIRABILEFHFSHE— shell
W17, FE—NERFESR, FIRESEH shell=True . BEI{RIEZE Python HHIT




—NE L shell BLHRHRXANMMEBEERT, LLUNEER. /0 EEQFEMMIFH,
a0 -

out_bytes = subprocess.check_output('grep python | wc > out', shell=True)

FEITMREAE shell FRITHESRIBFE—ENTENE, FHHIRISHRETH
PR, XEHMEETBAER shlex.quote ) ERERIASEIERARIANEI AR,

e

M check_output () ERWEMI TN SHKRNEROEMNREEAR. BE,
MRFEENFHIEMEEZNRE, LA ELRERA, (REXRAZIIN—MHEE, X
B R e] B $%{#F A subprocess.Popen 3, flY0:

import subprocess

# Some text to send
text = b''"'

hello world

this is a test
goodbye

[ |

# Launch a command with pipes

p = subprocess.Popen(['wc'],
stdout = subprocess.PIPE,
stdin = subprocess.PIPE)

# Send the data and get the output
stdout, stderr = p.communicate(text)

# To interpret as text, decode
stdout.decode('utf-8"')
stderr.decode('utf-8")

out
err

subprocess IR FkFHh TTY MRS AEER, B, (RAEFERAERE
E— AP EAZBIES (LEI— ssh &iF ), XHMR, (FEEERAANE=F1E
R, LEUNETERR expect RIERITE ( pexpect SHEMARY )

13.7 EflsER NG E R
BE
(REESHIHBNXHIE R, BE2XAREEA shel 52,
fRRS R
shutil MR AR S EENRHOTUSHINENBE R, FEHRERIESZSE, thu:




import shutil

# Copy src to dst. (cp src dst)
shutil.copy(src, dst)

# Copy files, but preserve metadata (cp -p src dst)
shutil.copy2(src, dst)

# Copy directory tree (cp -R src dst)
shutil.copytree(src, dst)

# Move src to dst (mv src dst)
shutil.move(src, dst)

XER RS BRERFTRLNNXGHERB, KEIENRU T EMAY Unix &5
<, MLEERESS.

RIAMBERT, WFHSHEMEXEHRSAHIENREERNARA, Flil, NRIEX
BRI SHE, BAENRXHRERTSHEERNXG., MRFERBEFRFSHE
BEEXE, BLEEREEXBFSH follov_synmlinks , T

NRIFEFRBRES BRPONFSHEE, BRIHEM:

shutil.copytree(src, dst, symlinks=True)

copytree ) RICALARAEEHITIZHER M BRELIHHE R, Fe]ARH—
NBEBERL, BE—NERBMXMGRIIRERBA, BRE—NZEHRMIIR, Fl90:

def ignore_pyc_files(dirname, filenames):
return [name in filenames if name.endswith('.pyc')]

shutil.copytree(src, dst, ignore=ignore_pyc_files)

HF2IEMEINXGRR2RE RN, Eit—MEREIIRL ignore_patterns()
EZEsEEE T, flu:

shutil.copytree(src, dst, ignore=shutil.ignore_patterns('*~', 'x.pyc'))

e

€A shutil EHIXAEFBEFHNER T RIE AT, WFXETHIEER, copy20
XENRBRERBCHRAEIREREE, VillifE, SIZMNEFNEILEREE
SWRE, BENTFABEE. ACLs, &R fork MEMERBERXMXGTEESMIRTE
T, ENMESKRMTRERERAAXBENAFMAENALLNER. FEERSEMER
shutil.copytree) ERBRMITRAEZ M, SREFRMIIK, RIFFEM os.path
FRIRERBREAW I BEN (5 RENZERT Unix A Windows ), fI40:

>>> filename = '/Users/guido/programs/spam.py'
>>> import os.path




>>> os.path.basename (filename)

'spam.py'

>>> os.path.dirname(filename)
'/Users/guido/programs'

>>> os.path.split(filename)
('/Users/guido/programs', 'spam.py')

>>> os.path.join('/new/dir', os.path.basename(filename))
'/new/dir/spam.py’

>>> os.path.expanduser('~/guido/programs/spam.py")
' /Users/guido/programs/spam.py’

>>>

R copytree O EHIXfFRAI— NRFHYEBZEN FHHiRAVLIE, B, EEH
WIER, RPETEFMEFIANNT SR, FRANBRLERIAENRIAES, hT#
RIXAEIE, AR EASEEER —NIRPATEI—INRENRE, B TR
EENE. TER—MF:

try:
shutil.copytree(src, dst)
except shutil.Error as e:
for src, dst, msg in e.args[0]:
# src 1s source name
# dst ts destination name
# msg i1s error message from exception
print(dst, src, msg)

MNERRIBH-RBFSE ignore dangling symlinks=True , XBJ{& copytree()
KPR TR S HE

AFERXLERBERRE NN, AT, shutil EEESHFME HIEIEE X
12, EMXHEEBER—F, % Python documentation

13.8 BIEFREEIEHF
o] &

(REECIE L E WASTURYIIRESIEF (EES tar, .tgz 3X.zip )
fRRFIZ

shutil HEIRPE P PRI —make archive() F unpack archive() B];k_EF
%, 5N

>>> import shutil
>>> shutil.unpack_archive('Python-3.3.0.tgz")

>>> shutil.make_archive('py33','zip','Python-3.3.0")



https://docs.python.org/3/library/shutil.html

'/Users/beazley/Downloads/py33.zip"
>>>

make archive) W HE Z N S W 2 HEMHm H M. T EAH
get_archive_formats() SREXNFRBEZHFHVAEENTIR, FlU0:

>>> shutil.get_archive_formats()

[('bztar', "bzip2'ed tar-file"), ('gztar', "gzip'ed tar-file"),
('tar', 'uncompressed tar file'), ('zip', 'ZIP file')]

>>>

Wi
Python &5 HthAUIRIRF] ARALIE S MRV (ELUD tarfile, zipfile, gzip, bz2 )

WEEET, AT, MRMENNARZEIZFRINENTE, B ERERAREE
To BIEEER shutil PRIXLESZEER,

XEFRBTERS HitE, BTSN, k. XHRRES, 8% chutil X
=
13.9 BT XA EIXF
2128

MBBEE —NERANAEEZRRENHE, LN ETIEXAFNEGRIE, (F
A Python B shell, BRE(RESLIR—LE shell NEEMBITIRE,

P IRES

B, BIfERA os.walk() B, F— I NEAERRELE, THE—MIF, &
PBARENXGRAENMBENS RN EIRE:

#!/usr/bin/env python3.3
import os

def findfile(start, name):
for relpath, dirs, files in os.walk(start):
if name in files:
full_path = os.path.join(start, relpath, name)
print (os.path.normpath(os.path.abspath(full_path)))
if name _ == '__main__"':
findfile(sys.argv[l], sys.argv([2])

RIFHIAR A findfilepy, RBEGLITRAITE, BENBERBRURRF
ERESE, WTF:



https://docs.python.org/3/library/shutil.html
https://docs.python.org/3/library/shutil.html

e

os.walk() FiEABNEHBZEN, BXEA—ITER, ERRE—1=H, &
SENTEXE RIAENEEEZE, —MZERTHWERBIIR, UEIBNERTEIIXG
BIIR,

NFENTH, RERN-TERXGEREREGEXHGFIIRP, NRERMEA os.
path join() |:|9:FE 110 ﬁTﬁ%’ﬁ"EE’JEﬁ?%%ttgﬂ W /foo//bar , AT HZIEN

REURIEIESER, F— IE os.path.abspath() , EEX B’12, PIRERMENTERIZ,
H—J: IR [E] 48 3 BR1Z, M: NE os. path normpath() , ﬁﬁ*ﬁ@ﬂf%ﬂ 12, BIARRIRXN
M. WEHRNSESI AMRIEE

REXAMIAEN F UNIX EF‘*J:EE’ME%%‘BZ;EI# BRRZ, eXEBEYA
E’Mt‘:—*é‘o FH, EEEREZEMIIIMAEMIIIEE, BAVBER—MIF, FTEHIRIITE
FTA RITWIZ T RIS 1

#!/usr/bin/env python3.3

import os
import time

def modified_within(top, seconds):
now = time.time()
for path, dirs, files in os.walk(top):
for name in files:
fullpath = os.path.join(path, name)
if os.path.exists(fullpath):
mtime = os.path.getmtime(fullpath)
if mtime > (now - seconds):
print (fullpath)

if __name == '__main__

import sys

if len(sys.argv) != 3:
print ('Usage: {} dir seconds'.format(sys.argv[0]))
raise SystemExit (1)

modified_within(sys.argv[1], float(sys.argv[2]))

FEULREAENZ £, 5 os, os. path,glob FRMUIRIR, (RELEESLIIEINE Z209i%
7, BI&E 5.11 /I\HFl 5.13 I OEHEXET,

13.10 iZENEE & X4
Bk

EFEENE S ini BANEEXG?




fRIRTI
configparser RIREEWMARIZNEEEN A, FHlE0, BR{RBEIW FRIERENXGF:

; config.ini
; Sample configuration file

[installation]
library=J,(prefix)s/1ib
include=Y (prefix)s/include
bin=% (prefix)s/bin
prefix=/usr/local

# Setting related to debug configuration
[debug]

log_errors=true

show_warnings=False

[server]

port: 8080

nworkers: 32
pid-file=/tmp/spam.pid
root=/www/root
signature:

Brought to you by the Python Cookbook

FER—MEEFREE AERFF:

>>> from configparser import ConfigParser
>>> cfg = ConfigParser()

>>> cfg.read('config.ini')

['config.ini']

>>> cfg.sections()

['installation', 'debug', 'server']
>>> cfg.get('installation','library')
'/usr/local/lib’

>>> cfg.getboolean('debug', 'log_errors')

True

>>> cfg.getint('server', 'port')

8080

>>> cfg.getint('server', 'nworkers')

32

>>> print(cfg.get('server', 'signature'))

\
Brought to you by the Python Cookbook

\===
>>>




MNREBEZE, REREEBHREEHER cfg.urite) FEFESDEINER, Flu0:

>>> cfg.set('server', 'port','9000")

>>> cfg.set('debug', 'log_errors', 'False')
>>> import sys

>>> cfg.write(sys.stdout)

[installation]

library = %(prefix)s/1lib
include = Y (prefix)s/include
bin = % (prefix)s/bin

prefix = /usr/local

[debug]
log_errors = False
show_warnings = False

[server]

port = 9000

nworkers = 32

pid-file = /tmp/spam.pid
root = /www/root
signature =

Brought to you by the Python Cookbook

>>>

Wi

EXMHEA—ME[EHRIFIEN, EEEATHEEEFTHREERE, €81
REXHF, BEHRESHEDE (LB FHE “installation”, “debug” F “server” ),
BN HEEEPEENNNENEEE,

W F eI SCIRE A INBERBS B XX FD Python IEX R ERAMAEN, &k, BBE
XHREFEEBMRE, TEMNREIEDRFN:

prefix=/usr/local
prefix: /usr/local

EREXHFHRHNBEFEAX KNSR, Fla0:

>>> cfg.get('installation', 'PREFIX')
'/usr/local’

>>> cfg.get('installation', 'prefix')
'/usr/local'

>>>

TEREATERIBNR, getboolean() FIABIIE(IRIITHE. FIWN FEEBZSFHAY:




log_errors = true
log_errors = TRUE
log_errors = Yes

log_errors = 1

SHIFECEXFA Python RKBBEAMNAREET, EF AR LM FHIRFRIT. X
FRER—IBARIZEN., MRMETEEEFR, EXFLEERERTM T, I
o, ETFEXNMCER, prefix TEAFEREMTEZRIEZETE XEBZ AT LARY:

[installation]
library=7,(prefix)s/1lib
include=Y (prefix)s/include
bin=% (prefix)s/bin
prefix=/usr/local

ConfigParser BN B SZWBMAVFHR ERE—IKIZMS ML EXHARSFHMN—
MCE, FI3, BRR— AR TEXFEE Tt IMEEX

; ~/.config.ini
[installation]
prefix=/Users/beazley/test

[debug]
log_errors=False

ERXANXG, EMERZANEESHENR, W:

>>> # Previously read configuration
>>> cfg.get('installation', 'prefix')
'/usr/local’

>>> # Merge in user-specific configuration

>>> import os

>>> cfg.read(os.path.expanduser('~/.config.ini"))
['/Users/beazley/.config.ini']

>>> cfg.get('installation', 'prefix')
'/Users/beazley/test'’

>>> cfg.get('installation', 'library')
'/Users/beazley/test/1lib'

>>> cfg.getboolean('debug', 'log errors')
False

>>>

FHRMET prefix TEREHBESHMBEXRTEN, LI library BNREE, 7~
ERXMERNFERREENNERBNZERFIARE, U&E—1E FAIUEGT
ENX ARG -

>>> cfg.get('installation','library')
'/Users/beazley/test/lib'




>>> cfg.set('installation', 'prefix','/tmp/dir')
>>> cfg.get('installation','library')
'/tmp/dir/1lib’

>>>

ERTEREE—SEITEMR Python HAREXF.ini XEGEEHMFER (Ll
windows N FTER ) PRIET B, MRIREZSR T configparser XHERRIEZ1EE
PA Rz ST 454514,

13.11 45iE A BN H A TRE
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{5 BEMAFIZF RIS SIE S S A B S,
BRI

FENA SR BN Logging iR, FI40:

import logging

def main():
# Configure the logging system
logging.basicConfig(
filename='app.log',
level=logging.ERROR

)

# Variables (to make the calls that follow work)
hostname = 'www.python.org'

item = 'spam'

filename = 'data.csv'

mode = 'r'

# Ezample logging calls (insert into your program)
logging.critical ('Host unknown', hostname)
logging.error("Couldn't find /", item)
logging.warning('Feature is deprecated')
logging.info('Opening file , mode=/r', filename, mode)
logging.debug('Got here')

if __name_ _ == '__main__
main()

FEAANBFIEA (critical(), error(), warning(), info(), debug() ) LABFRFANERR
RNERIEEL A, basicConfig() HY level SHE—MTiIEEE. FIBERANRTLEL A
MBS ESEHSBZBIRE, 1 logging BIFNESRR—NMNEERFNH, GEBR -
BEZNEW. WERLNATEHBMRERIAMER T % BIEFRIBIVLERFER S,




GITIXMEFE, EXH app. log FRIABMIIZE T HEHiXAE:

CRITICAL:root:Host www.python.org unknown
ERROR:root:Could not find 'spam'

MRIFERTHBFE, RPILMEX basicConfig() HATHISEL, FIU:

logging.basicConfig(
filename='app.log',
level=logging.WARNING,
format=' : : ")

[REH AN :

CRITICAL:2012-11-20 12:27:13,595:Host www.python.org unknown
ERROR:2012-11-20 12:27:13,595:Could not find 'spam'
WARNING:2012-11-20 12:27:13,595:Feature is deprecated

FEMESEEE R ERBRNIZF P, NRFEEERREEN S, vJLMR T X
{&0Y vasicConfig() 1HF:

import logging
import logging.config

def main():
# Configure the logging system
logging.config.fileConfig('logconfig.ini')

SIE—NTEXFNXE, BFWM logeonfig. ini :

[loggers]
keys=root

[handlers]
keys=defaultHandler

[formatters]
keys=defaultFormatter

[logger_root]
level=INFQ
handlers=defaultHandler
qualname=root

[handler_defaultHandler]
class=FileHandler
formatter=defaultFormatter
args=('app.log', 'a')

[formatter defaultFormatter]
format=% (levelname)s:’(name)s:’ (message)s




NRFBEREEE, PIUEERENXXY logeonfig.ini BIF],

BES

REWTF logging IRIRMEBRSESRMNEEIXED, FEIXEMNARNFEE
HREFHNAAEZEH T, REBEIFRBRIRERILENITT basicConfig() B FE, R
MIEFRREEEEBEHE T,

MRMBEMOBATEREIRERRER MAZRHEXHH, BA
basicConfig() BIRNEXERSEENR], fIaN:

logging.basicConfig(level=logging. INFO)

basicConfig() EIEFPRREWMIT IR, NRFHEFENEHAETRLE, WFE
$XEY root logger , AREIEENE., FI40:

logging.getLogger () .level = logging.DEBUG

ZRANEATREERT logging IRIRIN—LEEEXRHZE, ErfUHMESZES
JS?E’JE%J XTFHEEGE —MEHFRIFIRZE Logging Cookbook

13.12 LR MEIE NN H R INEE
(e
(RRARANRBEENBEINGE, BRXNEEHME LR ER B SEENRER,

fRIRTI

NFRERITASREENREENS, REZLIE—NEER logger WK, #A
B IEX YRR :

# somelib.py

import logging
log = logging.getLogger(__name__)
log.addHandler (logging.NullHandler ())

# Ezample function (for testing)

def func():
log.critical('A Critical Error!')
log.debug('A debug message')

ERAXMECE, NBEATAZITENAS, flu0:



https://docs.python.org/3/howto/logging-cookbook.html

>>> import somelib
>>> somelib.func()
>>>

A, NREETHERSR, BT HRFTENMARERR, Fla0:

>>> import logging

>>> logging.basicConfig()

>>> somelib.func()
CRITICAL:somelib:A Critical Error!
>>>

i

BEBERME, MANZERLERLBFTECEEHSAL, AERCELZRBEEIELR
FENHSEET.

1B getLogger(__name_ ) EIE—MF1ABIRIRRE AR logger #2IR, HFIRIRER
=HE—r, FULEEIEER logger HIG2ME—RY,

log.addHandler (logging.NullHandler () B —INELIEFBHIERININIEZE
BIEHFRY logger WR £, — N ERIEREASZRIBAAMBNASER. Alt, NRE
FAiZRHENRELEERERE, BLABASEBEHERESHIN,

EE—RAEN TSI RYENBSEER UEEEMNEN, AmEtENE
SEE, P19, XTI FEHE:

>>> import logging
>>> logging.basicConfig(level=logging.ERROR)

>>> import somelib
>>> somelib.func()
CRITICAL:somelib:A Critical Error!

>>> # Change the logging level for 'somelib' only
>>> logging.getLogger('somelib') .level=logging.DEBUG
>>> somelib.func()

CRITICAL:somelib:A Critical Error!

DEBUG:somelib:A debug message

>>>

?"JSE RASHECEMX X ERROR SNBSRAIFER. AT, somelib Y

HERB RS ER A A H debug RARVER, ENRNERILEEEES, B

HENRMERMNASEEN T RURHZBRAEN, AAMREEEZEREANZE
HEEE—XRFZEMREEE S M RRNEESER.

Logging HOWTO #4048 T W E SRR EMBARIT, sIUSHET,



https://docs.python.org/3/howto/logging.html

13.13 LM —/MtETEs
BE

(RBIEREFENITS MESFTEE AR 8]
FRRS R

time RIRBZR S BHRMITIRAY BB XNER, REWLL, BERNIELE
itz EME— N ES R EOREN—MTES RS, B0

import time

class Timer:
def __init__(self, func=time.perf_counter):
self.elapsed = 0.0
self._func = func
self._start = None

def start(self):
if self._start is not None:
raise RuntimeError('Already started')
self._start = self._func()

def stop(self):
if self._start is None:
raise RuntimeError('Not started')
end = self. func()
self.elapsed += end - self._start
self._start = None

def reset(self):
self.elapsed = 0.0

@property
def running(self):
return self._start is not None

def __enter__(self):
self.start()
return self

def __exit__(self, *args):
self.stopQ

XAPEEXT =P EI AP RIEFERN. FLLMEEN TS, ERTE elapsed
BHEFIERENERMNE. TER—MIFREREHERE:

def countdown(n):
while n > O:




# Use 1: Explicit start/stop
t = Timer ()

t.start()

countdown (1000000)

t.stop()

print(t.elapsed)

# Use 2: As a context manager
with t:
countdown (1000000)

print (t.elapsed)
with Timer() as t2:

countdown (1000000)
print (t2.elapsed)

i

ATRM T — N ERMEARIERELIMASEHS R UARFEN TR, B tBEITER
with TER AR E P XEESZMNEI— MRIFHER.
EHPEEE—NEREA B R K@M, —RRU, £ tine.tine () 3K time.

clock() THEMMEIEERREFRANAEZBEAANE. MEM tine.perf_counter ()
R P] AR ER R A L E AT T 28,

R KIBAH Tiner HiICFKAIAT B2 FRETE], HES THEKRIER 8], 0R(R
R HEIZHATERTEEER CPU BY[8], NWix{FF time.process_time() RN E:

t = Timer(time.process_time)
with t:

countdown (1000000)
print (t.elapsed)

time.perf counter() ¥ time.process_time() #FSIR[E]/NELHZ TN AT 44 AT 8],
SCERMIBT EMER BRERIENX, A TEEIBEXNER, FERITRRRBARITEEL
HZEE,

F 2 XTSI FIESE 14.13 IV,
13.14 [EFIARTEF CPU HIERAE
BE

R Unix R LEIZITHIEFIREAFEL CPU KIER RS,




fRIRTI

resource MEIRBEFERMITIXFMES, B0, EPRH| CPU B8], =] AR FEXHE
i

import signal
import resource
import os

def time_exceeded(signo, frame):
print("Time's up!")
raise SystemExit(1)

def set_max_runtime(seconds):
# Install the signal handler and set a resource limit
soft, hard = resource.getrlimit(resource.RLIMIT_CPU)
resource.setrlimit(resource.RLIMIT_CPU, (seconds, hard))
signal.signal(signal.SIGXCPU, time_exceeded)

if name _ == '_main__

1.
set_max_runtime(15)
while True:

pass

EFIE1TRY, SIGXCPU {SETEREIITHAR AR, AFMITEEHFIRLE.
ZREIANFER, RETERNSAFERDN, W7F:

import resource

def limit_memory(maxsize) :
soft, hard = resource.getrlimit(resource.RLIMIT_AS)
resource.setrlimit (resource.RLIMIT_AS, (maxsize, hard))

BXHFIRE TAFRGE, BEFRETHRESRAFNSME MenoryError &,

e

ERTHIFH, setrlimit () REMARIRERE FIR LEHVEXFRBIFIFERS], X
REIR—ME, HBTXMENHRIFMFERARBEE ZRE—MESREHZEH %
12, MEREIZARBENRRHERENEKE EERHA, IIHAAEERETRE
RBERSPRRE, REFERFITUNN—R, EREHFAEERAFPHEREN.

setrlimit ) BREEBEMARREFHENE, HAXGHRUREURRRIRR
R, EZ1FFESE resource RRAIN,

FTEEIENREATABTREEHAT Unix 2%, FEARIEMERAEGENE T
. EEMNFATEMIARIEHR, EEE Linux LEIEEIBIT, BRHE OS X LAITREE,




13.15 EBo—4> WEB 3538

[a] &

-

(RS A B B 28 FHF T FHHEERY URL MBI

fRIRTI
webbrowser MRIREWARBIN—PbE, FESFETLTRX, Flu:

>>> import webbrowser

>>> webbrowser.open('http://www.python.org')
True

>>>

EREARIAXERRITHEEMI, MRFEEBMIFTH AL AME S ZH], &)
PAfE A F X LR 2

>>> # Upen the page in a new browser window

>>> webbrowser.open_new('http://www.python.org')
True

>>>

>>> # Open the page in a new browser tab

>>> webbrowser.open_new_tab('http://www.python.org"')
True

>>>

XA AT A — MR E R E O E RS, RENREZGMIT.

INRAFABIEE N BTEZREY, BIA{ER webbrowser.get () BHBRIBE R MIEN LT
2. flgn:

>>> ¢ = webbrowser.get('firefox')

>>> c.open('http://www.python.org')

True

>>> c.open_new_tab('http://docs.python.org')
True

>>>

WFZHFHNEERBMINKRTER Python XA <http://docs.python.org/3/

library /webbrowser.html>‘__

g

EMARFITHAN G R EHMEZEREA, W, ETEEARITENRSSELZHES,
RABRIEFT A — MM RERRAREEZEREITT, HEREMEFE HTML RIS
ViR, (FBITANRERERSER, TERLEWMESL, R vebbrowser iR
HE— N ERSANBRER.



http://docs.python.org/3/library/webbrowser.html
http://docs.python.org/3/library/webbrowser.html

STOAE: Mid, EiHRE

T2 1REN, BRIFR ? USBLEE T, BRI, £ Python MR ZH]
LB HRIER ROV, BLCERMAR AT RN—IMEREERS. AERBIRET
E— XTI, BEHARECENE @R, BEANE AR L NE LTI
IRRE—NEENE. B, EHFREIZEDASMNLES,

14.1 8 stdout %8
=] &

RREFRRENGESBHRRMER P (sys.stdout ), AR IHRESRIFEXAITEN
ARELAE, FESNMNIAKIERRE, 4 —1MNaA, HNEEEEERE B RER,
RERAR

£/ unittest.mock FRIRAFAY patch () KL, [FRAERIEFEE R, sJLAREAN
AR sys.stdout SAFENR, HFEARFEXREN N TEHEN XA ERRERS

e
L8,

ER—MEIF, FAE nymodule FRIRAE UNTF — RN

# mymodule. py

def urlprint(protocol, host, domain):
url = '{}://{}.{}'.format(protocol, host, domain)
print (url)

FIAER TARER print BESFHIHLIXE] sys.stdout , AT MINHHERNE
BE, FEIAER—NMESNRRIENUE, ARERASRBIALER, £ unittest.
mock HRIRHY patch O AR ARAGEMNEMN LG TH ETXHERWTR, AELHME
FTEAAHEREINREENMNEBIRS. FERN nymodule FRIRAVMINAL:

from io import StringlO

from unittest import TestCase
from unittest.mock import patch
import mymodule

class TestURLPrint(TestCase):
def test_url_gets_to_stdout(self):
protocol = 'http'
host = 'www'
domain = 'example.com'
expected_url = '{}://{}.{}\n'.format(protocol, host, domain)

with patch('sys.stdout', new=StringI0()) as fake_out:
mymodule.urlprint (protocol, host, domain)
self .assertEqual(fake_out.getvalue(), expected_url)




e

urlprint) BREBEBRZ =412, MAHEZABRSTKREE - ITSENIE
expected_url LEWIZEM B RFEAEMHIHIIF T H,

unittest.mock.patch() BREFMWAE—N LT XEESE, £ Stringlo WEHRNK
# sys.stdout . fake_out LEREZHAEPHEIZIRIUNK, & with EBRHEH
ERUMITEMIRE, 5 with iBAIARE, patch RFFAERARE ZIMIXFRFTRY
RS, BE—REEZIENERRELN Python B C ¥ EEIRESZBREIE sys.stdout RIEE
E_EERESANNERHTP, RTRIE, ATASPREZLENH#E, EEATH
Python X8, WNRFENFERE C ¥ RBHFHIR 1/0, Re]UEHTH—NMakseH, 24
EE R EREEERENZXGR, BESXTHIRUFFHEA VAR 1/0 # StringI0 ¥
KBS 5.6 I\,

14.2 ERTMRPLEXSRITH T

o) &

MEMETTMNIXFRBZLEENTRITHT, ARMSENENXPRIERETR
(tean, BrSHWIERINSHRANER, HEEENEMES ).

fRIRTIR

unittest.mock.patch() ERE AT ARMRIX N a]@l, patch() EEIHAE—1
wim2E, ETFXEERNBIMER, REAREN, ], TER—MFE M=K
{E I+ :

from unittest.mock import patch
import example

@patch('example.func')

def testl(x, mock_func):
example.func(x) # Uses patched example. func
mock func.assert called with(x)

XA U S — 1 LT XEEE:

with patch('example.func') as mock_func:
example.func(x) # Uses patched exzample. func
mock_func.assert_called with(x)

&la, RERJUFHEREITHT

p = patch('example.func')
mock_func = p.start()




example.func(x)
mock_func.assert_called_with(x)
p.stop(O)

INRETEERYIE, (REEMBNIRIGEEF LT XEERRES MW RITH T, FHla0:

@patch('example.funcl')
@patch('example.func2')
@patch('example.func3"')
def testil(mockl, mock2, mock3):

def test2():
with patch('example.patchl') as mockl, \
patch('example.patch2') as mock2, \
patch('example.patch3') as mock3:

g

patch) BE—NEFENRNLRER, HFEERN—IMHNE ERXNESE
RiMBRENE L T X EERETMEBEIREEIR, FINERAT, FIBEEZK MagicMock
SEIEN. fBlan:

>>> x = 42
>>> with patch('__main__.x'):
print (x)

<MagicMock name='x' id='4314230032"'>
>>> x

42

>>>

AT, fRETBABIEL patch O RHEFEZ AN SERIHEB IRAEAIRBZE:

>>> x

42

>>> with patch('__main__.x', 'patched_value'):
print(x)

patched_value
>>> x

42

>>>

WARIE D ERERY MagicMock SEPIRERSRIURT AT RINLA, MATHERITR
MERERARITMMITESIRE, Flu:




>>> from unittest.mock import MagicMock
>>> m = MagicMock(return_value = 10)
>>> m(1, 2, debug=True)
10
>>> m.assert_called_with(1l, 2, debug=True)
>>> m.assert_called with(1l, 2)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
File ".../unittest/mock.py", line 726, in assert_called_with
raise AssertionError(msg)
AssertionError: Expected call: mock(l, 2)
Actual call: mock(l, 2, debug=True)

>>>

>>> m.upper.return_value = 'HELLO'
>>> m.upper('hello')

"HELLO'

>>> assert m.upper.called

>>> m.split.return_value = ['hello', 'world']
>>> m.split('hello world')

['hello', 'world'l]

>>> m.split.assert_called_with('hello world')
>>>

>>> m['blah']

<MagicMock name='mock.__getitem__()' id='4314412048'>
>>> m.__getitem__.called

True

>>> m.__getitem__.assert_called_with('blah')

>>>

—RRR, XERFRE—NRETMAPTEN. F13, BRIFEER THR TEXHF
HIRRIZK :

# example.py
from urllib.request import urlopen
import csv

def dowprices():
u = urlopen('http://finance.yahoo.com/d/quotes.csv?s=0@"DJI&f=s11"')
lines = (line.decode('utf-8') for line in u)
rows = (row for row in csv.reader(lines) if len(row) == 2)
prices = { name:float(price) for name, price in rows }
return prices

EERM, XPERBZERM urlopen) M Web EERENEIEHF B E, LT
W, REICAARE— S E XFHBESE, TERER T RN+




import unittest

from unittest.mock import patch
import io

import example

sample_data = io.BytesIO(b'''\

"IBM",91.1\r
"AA",13.25\r
"MSFT",27.72\r
\r

")

class Tests(unittest.TestCase):
@patch('example.urlopen', return_value=sample_data)
def test_dowprices(self, mock_urlopen):
p = example.dowprices()
self.assertTrue(mock_urlopen.called)
self.assertEqual(p,
{'IBM': 91.1,
"AA': 13.25,
'MSFT' : 27.72})

if __name__ == main__

unittest.main()

KEIR, GITF example HIRAH] urlopen() R —MELNREN, ZWRE
R E]—NE ML EIER ByteI0O).

BE—=, EFTH TR IH(1ER T example.urlopen K E urllib.request.
urlopen , H{REIE THIRHE, ROFERENTEWZABHNER, HFMEN
F{ER T from urllib.request import urlopen , B/ dowprices() BREA{EFRY
urlopen() EREYZEFR EFAAIT example fRIRT,

AL EREN wnittest mock BRI — KL EHIE, ESESRISE, 15
8 B/ X
14.3 FEBTMR AL F 1S
2128

(RS ANMNL A GR/ERRFIRF R 7B 2R WL,

fRIRTIZ

WNFRERMIR T #E B assertRaises() Fik, HI0, WNRARAENMNE SR L
T ValueError %, B THXME:



http://docs.python.org/3/library/unittest.mock

import unittest

# A stmple function to illustrate
def parse_int(s):
return int(s)

class TestConversion(unittest.TestCase):
def test_bad int(self):
self.assertRaises(ValueError, parse_int, 'N/A')

MRFEMAFENRMNE, FER A —MHE:

import errno

class TestIO(unittest.TestCase):
def test_file_not_found(self):
try:
f = open('/file/not/found"')
except IOError as e:
self.assertEqual(e.errno, errno.ENOENT)

else:
self.fail('I0Error not raised')

wie

assertRaises() H/fh/ﬂ“lﬁﬁﬁﬁ&'ﬁ%ﬁ?_/I\f%{EH/fo — B BIFEM 2
FEFHITRERM, tean:

class TestConversion(unittest.TestCase):
def test_bad_int(self):
try:
= parse_int ('N/A")
except ValueError as e:
self.assertEqual (type(e), ValueError)

XM ENERETEREZEREMBERL, (LITBEMFEMDAE, B4
RESFEZEIMN A IMIRNITIE, T

class TestConversion(unittest.TestCase):
def test_bad_int(self):
try:
= parse_int('N/A")
except ValueError as e:
self.assertEqual (type(e), ValueError)
else:
self.fail('ValueError not raised')

assertRaises() F/ASAIBFTEH Y, ELRNIZERTE,




assertRaises() M—PMHREREMNATEEERNERZL, ATMNAREE,
BJUA{#F assertRaisesRegex() Fi%, b—IﬂH‘LNUﬁ\Iﬁ%E’Jﬁ?‘UﬂZﬁﬁIE'ﬂUﬁlEﬂE
FRENFHFHERT. F0:

class TestConversion(unittest.TestCase):
def test_bad_int(self):
self.assertRaisesRegex(ValueError, 'invalid literal .*',
parse_int, 'N/A')

assertRaises() ¥ assertRaisesRegex() B E—NEZ BB AMEBENE
BEMR S L P EIEREEA:

class TestConversion(unittest.TestCase):
def test_bad_int(self):
with self.assertRaisesRegex(ValueError, 'invalid literal .*'):
= parse_int('N/A")

BRI B2 MITE BIRMEXM A EMEBR T,
14.4 M ia H A A AL RKEINEH
=] &3

REEGRETMAVAEERRENNEPRE, MARFTENEIFRERH,
RAAR

BITRITMA—NEREARAMEENS XA RSBIMA FTEXERNEHER:

import unittest

class MyTest(unittest.TestCase):
pass

if _name__ == '__main__':

unittest.main()

XHEAFENE SRR RITH, FESFE TN ERITENRIbR AR H £, a0
RIFEEET@HE, MEEGR TEXMFENR nain() KE:

import sys

def main(out=sys.stderr, verbosity=2):
loader = unittest.TestLoader ()
suite = loader.loadTestsFromModule(sys.modules[ _name__])
unittest.TextTestRunner (out,verbosity=verbosity) .run(suite)

if name _ == '__main__"':




with open('testing.out', 'w') as f:
main (f)

e

ATRBMEHNLIARNRRNAEREERR —IXEH, MEETXFEER
FRRT unittest MR —EABIFKIERI AT TIFRIE,

unittest RRFARBR—NMAEH, INNREHBETIREXNSMHTE,
—BEMERTM, EMESHMAMATARRITT.

X MW E 2 5D B, unittest.TestLoader 3K 3l #% FA 3R ¢H & Il i{ E 4.
loadTestsFromModule ) REEXMAEZ—, AXRWEMNIXAL, ERF TestCase
EHRBEMERFAFEPRNL FEREE R, NRMEBHITHENERIZE], =]
{8 loadTestsFromTestCase() FiERMENLEE TestCase BYZE IR EUNNK 75 7%,
TextTestRunner £ —NMMIXBITEMNAF, IPMEMEZRAERNITENNLES
RS AE, XNEEHIT unittest . main() FFEFAEAPNIRZITRE—HF
B, A, HIMNEXENEH#HITT —LIKEERE, BEHHXEFNEAER., REXR
TEFRBEL, BEEEEES(RUMENT unittest EZRHITEH—FTMNEHTEN., BEH
ENXMREGFNER AR, (RJAN TestLoader EMITESHIRIE, T BEENXMR
1517, {RE]JUAMIE—B SRIMAE T RIEHL TextTestRunner BYINEE, MXLEE L
HHTATISEE, unittest RPN ENKELMFEIREERANHE, sJUEE
(=P8

14.5 Z2B&ayHAZE M 52 K
BE

(RABTE B ST AR 2B SR AR D S LR 4R BB RIS 4T 5 1L,
RRS=R

unittest HEHRG AL AT FISRIEEINIEE MR 509018, Bln:

import unittest
import os
import platform

class Tests(unittest.TestCase):
def test 0(self):
self.assertTrue(True)

Qunittest.skip('skipped test')
def test_1(self):
self.fail('should have failed!"')




Qunittest.skipIf(os.name=='posix', 'Not supported on Unix')
def test_2(self):
import winreg

Qunittest.skipUnless(platform.system() == 'Darwin', 'Mac specific test')
def test 3(self):
self.assertTrue(True)

Qunittest.expectedFailure
def test_4(self):
self.assertEqual(2+2, 5)

if name_ == '_main__':

unittest.main()

NRIFE Mac EBITIXERNNED, RSN Tiad:

bash 7 python3 testsample.py -v

test_0 (__main__.Tests) ... ok

test_1 (__main__.Tests) ... skipped 'skipped test'

test_2 (__main__.Tests) ... skipped 'Not supported on Unix'
test 3 (__main__.Tests) ... ok

test_4 (__main__.Tests) ... expected failure

Ran 5 tests in 0.002s

0K (skipped=2, expected failures=1)

e

skip() KifiZREHARBIEEMEARBIZITHIMIL, skipIf ) ] skipUnless()
W RRBERMIEF A Python IRASLE fkEi ML A A @I TMIRRHRIEE R
F. f#F cexpected RIRMRIMZERIFCHALIE KRBV, F EITIXLEMIRR
AEIEMRERITENE ZER,

RS T3 AR I o] AR AR R IR EE AN 2E, tean:

Qunittest.skipUnless(platform.system() == 'Darwin', 'Mac specific tests')
class DarwinTests(unittest.TestCase):
pass

14.6 IBESNEE
BE

FE—MMBRERITESNESIMTENREE, EFETENEIEXEESNBEMR
REALIEFTBMRIBERFEIE ?




fRIRTI

_ MRMFETUARNRBREEAFNRE, ST ENBRA—TTHER, WA
~i

try:
client_obj.get_url(url)

except (URLError, ValueError, SocketTimeout):
client_obj.remove_url(url)

EXNMFF, THPERA—NRERENEEIMIT remove_url () Fik, IARR
BWHPENREHITAEMNEE, sJUEEBRARIMN— except iBAIH:

try:
client_obj.get_url(url)

except (URLError, ValueError):
client_obj.remove_url (url)

except SocketTimeout:
client_obj.handle_url_timeout (url)

BENFERIBERRER, WTFEMER, (ReIgeERENN— NEERBIRAE
MFE, fla, FEayRs:

try:
f = open(filename)

except (FileNotFoundError, PermissionError):
pass

A LARES Ju:

try:

f = open(filename)
except OSError:

pass

0SError s& FileNotFoundError # PermissionError FEHIEZEL,

DS

RELESNMNREREHZMT LA, NIIRATUER as XBFRIRGHIM D
FEMSIA:

try:
f = open(filename)
except OSError as e:
if e.errno == errno.ENOENT:
logger.error('File not found')
elif e.errno == errno.EACCES:
logger.error('Permission denied')




else:
logger.error('Unexpected error: ', e.errno)

INMAFH, e BEIEE—MEE Y 0SError BELE, XNEMREFTHE—$5H
MXNRENMESEER, LLUNETFENKSERLIEE,

BEHEEFBIIEHE except IBRIRINFIEERN, F—MLEMESMIT, REJAR
BZHIMIEZ A except BRI ILECRIERZ, EEU0:

>>> f = open('missing')
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
FileNotFoundError: [Errno 2] No such file or directory: 'missing'
>>> try:
f = open('missing')
. except OSError:
print('It failed')
. except FileNotFoundError:
print('File not found')

It failed
>>>

X EHR FileNotFoundError iBRIFEBEMITHIRER 0SError E—H%, ERIILAS
FileNotFoundError %, FTRMEFE — M., TiFIXAE{E, NRIENEMIE
RENERELRAANRRAE, HRoIABEEFTBZFEEN __nro_ BHRBPOEN G,
ttun:

>>> FileNotFoundError. mro
(<class 'FileNotFoundError'>, <class 'OSError'>, <class 'Exception'>,

<class 'BaseException'>, <class 'object'>)
>>>

FEYRAEF—NEZR BaseException FIEEPEEW AT except 1BEL,

14.7 KB RE

BE
EREFERBRNRERSE ?

RS =R

BERRATENFE, AJLLEZ#IR Exception BIA]:

try:

except Exception as e:




log('Reason:', e) # Important!

X ME SRR T SystemExit . KeyboardInterrupt #l GeneratorExit Z4MHY
FIERE. NRIFEBHRI=1"FE, 1§ Exception 4 BaseException HIF],

wie

WIRFMEREEERHTREFRAERLES HMREPHNEICEMBRIENRE, W
RIFAZRALOHAN, IEERREAZIFNABEI—NERTTIE,
IEELE, MRRERHRFBRE, WLAERN T (LLAMEEXXE. TERE

AER) HTEMREMIERER T, MRFREXHEN, BRHRIFEREIREITENR ]
BERAE LM, METEXMF:

def parse_int(s):
try:
n = int(v)
except Exception:
print("Couldn't parse")

WEBITX MR, SRUWOT:

>>> parse_int('n/a')
Couldn't parse

>>> parse_int('42")
Couldn't parse

>>>

AHE RS EAE: “XEEER 7 BNFR T EXHES X MR

def parse_int(s):
try:
n = int(v)
except Exception as e:
print("Couldn't parse")
print ('Reason:', e)

XEHRIREEIRENAN R, 8B T B mIZTHIR:

>>> parse_int('42")

Couldn't parse

Reason: global name 'v' is not defined
>>>

REBE, RN ZRAJEEFREAIERE XIRE—LE, N, ZERIRWIHEIRFAIE
FE, BRITHNERNZHEREREERELE, IRTSEXRERE,




14.8 EIEBEXRE
BE

EMHENNARERTR, TEEREREERMBEXNRE,

fRIRTI

SIBFNREREE —T XFZE, L EYHRE Exception (B RER—
BEAENSERR), 6, NMRRREESMERFTMNIER, (RAEESTE X —EEMINT
HEE:

class NetworkError (Exception):
pass

class HostnameError (NetworkError):
pass

class TimeoutError (NetworkError):
pass

class ProtocolError (NetworkError) :
pass

ARIERFHAIMGEERFERXLERE T, fgl:

try:
msg = s.recv()
except TimeoutError as e:

except ProtocolError as e:

e

BENRELEMZLRURENEN Exception £, HERBRKBIMLEERFHI
M Exception #RMRKHIE, REMBEREITH4RKE BaseException , BN
ZERIXANELERTE LR E, BaseException B ARABRHFEMREBM, LLYM
KeyboardInterrupt 3% SystemExit AR EMALRLENALIZESMELHNREE,
I, BRXERERERMTALARN. XHFE, RUIRLRK BaseException FJRER S
HIFNWBEEXFEAWIHRMERAEESREREFET.

EREFHIABEXFE O] UMERMRIARER TSN, 8850 R IR 1ENZ 1%
XML, EE-MRTRFEEXFEETHRAESER, EERNAREFT, A
BRERMASMEERERRBEAN, Er]MLAFPHR—SERERENHERE, Lt
SN EXAFAY




try:
s.send (msg)
except ProtocolError:

AR ECRENRE, MR N miXF:

try:
s.send(msg)
except NetworkError:

MBMFEBEXPFHFEREEE T __init__ O AL, BMERIRERAAESHIER
Exception.__init__() , f5l¥0:

class CustomError(Exception):
def __init__(self, message, status):
super().__init__(message, status)
self .message = message
self.status = status

BELFERFE, AT Exception BWEATHREZMBZENSHAFENIMUT
PR DNFMETE args BT, RSEMERLENZLD Python EZNNFTEREEHUANE

Bi51T, BTER .args BER, BET TEHXMEBRNER RuntimeError' R EM
RERIE, EEBE raise BAPERNS MR EREN:

>>> try:
raise RuntimeError('It failed')
. except RuntimeError as e:
print(e.args)

("It failed',)
>>> try:
raise RuntimeError('It failed', 42, 'spam')
. except RuntimeError as e:

print(e.args)

('It failed', 42, 'spam')
>>>

XTFEIBEEXEENEZER, BEE ‘Python EANXH <https://docs.python.

org/3/tutorial /errors.html>‘__

14.9 IR FERME SINIFE



https://docs.python.org/3/tutorial/errors.html
https://docs.python.org/3/tutorial/errors.html

o] &

MEHR—INRERNEZII—ITENEE, BNESERERPPRERD
RENER,

fRRTIZ

RATHERE, (B raise from IBAIRNKEBEED raise 186, ESILRERR
BRNRENES. f1u:

>>> def example():
try:
int ('N/A")
except ValueError as e:
raise RuntimeError('A parsing error occurred') from e

>>> example ()
Traceback (most recent call last):
File "<stdin>", line 3, in example
ValueError: invalid literal for int() with base 10: 'N/A'

LFENFER TENREEENERRR:

Traceback (most recent call last):
File "<stdin>", line 1, in <module>
File "<stdin>", line 5, in example

RuntimeError: A parsing error occurred

>>>

FEEHPEILAER, mNREEHER, BEHRIMHNEE, (ReICMERA—NE
BH except 1B, A, (AERJUABEEERENRA __cause_ BHRBEHRRE
BE, fAlan:

try:
example ()
except RuntimeError as e:
print ("It didn't work:", e)

if e.__cause__:
print('Cause:', e.__cause__)

HTE except RANBRINIFE WML ZSE— M@ FE 09 LI, F1a0:

>>> def example2():

try:
int ('N/A")

except ValueError as e:
print("Couldn't parse:", err)

>>>




>>> example2()
Traceback (most recent call last):
File "<stdin>", line 3, in example2
ValueError: invalid literal for int() with base 10: 'N/A'

AR EIARENRE, BII—TRERET:

Traceback (most recent call last):

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

File "<stdin>", line 5, in example2
NameError: global name 'err' is not defined
>>>

XM FH, FENRKE TR RENER, ERENFENBRENE, &,
NameError REBRENEFERLRERMNE, MARUTHEMRENEREINS,

R, B2 IERESE, °[{EH raise from None :

>>> def example3():
try:
int ('N/A")
except ValueError:
raise RuntimeError('A parsing error occurred') from None
>>>
example3 ()
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
File "<stdin>", line 5, in example3

RuntimeError: A parsing error occurred
>>>

i

EIRTHCIEAY, RN except NIBIRAPER raise IBARIFHRIFERF B1/\MD
To REBBIBRT, XM raise HAEBM XL raise from 1BF), HERIRMNIZ
ERTEXMA:

try:

except SomeException as e:
raise DifferentException() from e

X EMERER RN ZERIEREEER, B2, DifferentException
EE#M SomeException TEMRK, XFXRATUMBMERPELR.

MRMFEHETEIFESN, FNHAZFE—MEERE, TEXNHEEREMHY
WX N FE B RRASFELRRE N RAMNRIZHER.




try:

except SomeException:
raise DifferentException()

S{RfEMA raise from IBAIAVIE, FMEEBHRBAMENEREE_1NEE,

RE—MIFPREREEEE. REREFFRERATTEM, BRNEthEX
TfEﬁﬁﬁﬁEﬁlﬂlﬁ1n/u\o ;FTHE :Fl:;; ﬁﬁjﬂi 1% EéE’J{n,m‘H_j, ?EﬁﬁﬁE’Jo

14.10 EFNLRIBIROFE
o2

{RE— except RAPIRT — &8, WEREFMHE.
R

TR KIER — N BIRN rasie {BEEDET, BIAN:

>>> def example():
try:
int ('N/A")
except ValueError:
print("Didn't work")
raise

>>> example ()
Didn't work
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
File "<stdin>", line 3, in example
ValueError: invalid literal for int() with base 10: 'N/A'
>>>

i

XN EAEERHIREER ?"iﬁ'ﬁ BERMAITEMRME (LLHicxBE, BFEF),
BERZEEBKEREEETE, —MEENNRZRERKRMEFENLIERH:

try:

except Exception as e:
# Process exception tnformation in some way




# Propagate the exception
raise

14.11 HIHESER
BEH

(RELEECHREFEEEMZESEE (LB ER R ),
R

BHH—1MESES, PI{EH varning.warn() K&, Fl90:

import warnings

def func(x, y, logfile=None, debug=False):
if logfile is not None:
warnings.warn('logfile argument deprecated', DeprecationWarning)

warn() HISHE—NESHERM—NESEE, ESEBUWT/LM: UserWarning,

DeprecationWarning, SyntaxWarning, RuntimeWarning, ResourceWarning, 3% Future-
Warning.

WESHCERUA TR THERU R —LHMEE, F190, MREER -w
all JEMAIETT Python, {REFEIIN TV

bash 7 python3 -W all example.py
example.py:5: DeprecationWarning: logfile argument is deprecated
warnings.warn('logfile argument is deprecated', DeprecationWarning)

BEEXRH, ESEHINERRL, NRMGEEHESERARE, ?JUER -v

error 1EIN:

bash 7 python3 -W error example.py
Traceback (most recent call last):
File "example.py", line 10, in <module>
func(2, 3, logfile='log.txt')
File "example.py", line 5, in func
warnings.warn('logfile argument is deprecated', DeprecationWarning)
DeprecationWarning: logfile argument is deprecated
bash %

i

EREPRG, BRARAFPREER, BERNAFZHE LA AFELRS, Bkt
EEERMSREAT, 01U, BRRIFEZERENRBESAESRNINEE, Fa]ThH




MEENNHDWHESER, AR EEFRE—ERME, (R AESAF—LENE
Ble]BHIERTI,

EABII—TAERBENESEAGF, TEHERT —NMRBXAXGFMRER
ERFENESHER:

>>> import warnings
>>> warnings.simplefilter('always')
>>> f = open('/etc/passwd')

>>> del £

__main__:1: ResourceWarning: unclosed file <_io.TextIOWrapper name='/etc/
—passwd'

mode='r' encoding='UTF-8'>

>>>

HANBAT, AR EESEERHEHI, -wIEDEEHESERIE T,
all SWHFIEZEEBEE, -V ignore ,Q\H“Tﬁﬁﬁﬁ.:.m, —W error ﬁﬁéiﬁﬂﬁﬁiﬁﬁo
B —FEHE, (RIEFJUAERA warnings.simplefilter ) REFIEFIHILH, alvays S
KA BESEEMHI, “ignore ZERIAFMBMEDS, error HESEBRMER.,

WFRBENEMREBSEENBAXEEZER T, varnings RRILIRIEEH
SAERMETRENESENERRIN, ESERESE Python XiH

14.12 iAW EARRIIZF R R TE
o] §%

IR BRI EFERLE ?

fRRTFIZ

MRIRIEFEAEANFFEMAER, 1&1T python3 -i someprogram.py FIH{TE
BRI, -1 ﬁlﬁ‘hthr“é*%:ﬂﬁ NRED shell, ARMRMEESEE, HlU0,
RIRIRE T ERCHE:

# sample.py

def func(n):
return n + 10

func('Hello')

1517 python3 -i sample.py 2B LM THIHL :

bash 7 python3 -i sample.py
Traceback (most recent call last):
File "sample.py", line 6, in <module>
func('Hello')
File "sample.py", line 4, in func



https://docs.python.org/3/library/warnings.html

return n + 10
TypeError: Can't convert 'int' object to str implicitly
>>> func(10)
20
>>>

NRIFEAR XM, FIAERRFRERETTH Python RIIEIRES, fI40:

>>> import pdb

>>> pdb.pm()

> sample.py(4)func()

-> return n + 10

(Pdb) w
sample.py(6)<module>()

-> func('Hello')

> sample.py(4)func()

-> return n + 10

(Pdb) print n

'Hello'

(Pdb) q

>>>

MRAREVCIBFREERIIMBIRIEIRENR & shell ( LEUIERE MRS R LE ), BERIL
mikFEEECHTEHRIRER, FI30:

import traceback
import sys

try:
func(arg)

except:
print ('****x AN ERROR OCCURRED *x*x**')
traceback.print_exc(file=sys.stderr)

BRITNFERF] ﬁa“ﬁuﬂ /\zErLSET EARENENER, (RERNBIHTSIE
A—F print O IBAHENNEHERE, T, ZROAITEXFM, B —L/NRXI5H
PAFSBN(R. B, traceback.print_stack() R REF BTN RREHREE
— M iIRER . 30

>>> def sample(n):
if n > O:
sample(n-1)
else:
traceback.print_stack(file=sys.stderr)

>>> sample(5)
File "<stdin>", line
File "<stdin>", line
File "<stdin>", line
File "<stdin>", 1line

in <module>

-

, in sample
, in sample
in sample

W w we

-




File "<stdin>", line 3, in sample

File "<stdin>", line 3, in sample

File "<stdin>", line 5, in sample
>>>

H9h, FRERILME T EXA#EA pdb.set_trace O RIS FoNRIZENIAIRXEE:

import pdb
def func(arg):

pdb.set_trace()

= 12 Fp LEER R AR BRI B T2 LA S R B S BRI BHEX MRt B A T, B30,
—BiFIXBFAEIT, RAMEERBEER print RN EEHFEENHSLLU w KK
BERER.

g

AEFFRFNITTFERME, —EEHRENERIAFTENREFELE2MEERE
7, KRRHEIR —RREERN&RRE 1T, MEFRNEME, ©e]AERFEEERMT
A= print O BBKRIZEHER (REFEERERHEIAHERIFRIXLEITENE BT ),

WXBN—NEIURAZEMNEANCZERNRATNEE, MEEFER A
mIBENREZERE —MRBERREE.

HIFE@EE — N EEELANER, RENEZEGEEMAAIRBFBINE, BA
pdb.set_trace() XHFANBEAMREAT.

KPR E, BRa—HIGITENZ] set_trace() BRMUE, REILI#HANIFIKXEE, A
[RAFARIAMESHET,

WNRIRER IDE R Python %, BF IDE #EMHE CSHIRIXEIREN pdb,
EZRXHEMNERRIASE{RERN IDE Fif,

14.13 L{REVFZ Rt EEM 18
2] &}

(R MR AR EIFEFIE 1T AT E BR RO AT (B FHER P BB,

PSS

INRIR AR BRI TIRRIEF BIRTETRRIAE], BEMER Unix BYE]R B
177, ttal:




bash 7 time python3 someprogram.py
real Om13.937s

user Om12.162s

sys 0Om0.098s

bash 7

MBFEFBE—MEF S TMATHNFRIRS, FIAER cProfile fRIR:

bash 7 python3 -m cProfile someprogram.py
859647 function calls in 16.016 CPU seconds

Ordered by: standard name

ncalls tottime percall cumtime percall filename:lineno(function)
263169 0.080 0.000 0.080 0.000 someprogram.py:16(frange)
513 0.001 0.000 0.002 0.000 someprogram.py:30(generate_
—smandel)

262656 0.194 0.000 15.295 0.000 someprogram.py:32(<genexpr>)
1 0.036 0.036 16.077 16.077 someprogram.py:4(<module>)
262144 15.021 0.000 15.021 0.000 someprogram.py:4(in_mandelbrot)
1 0.000 0.000 0.000 0.000 os.py:746(urandom)
1 0.000 0.000 0.000 0.000 png.py:1056(_readable)
1 0.000 0.000 0.000 0.000 png.py:1073(Reader)
1 0.227 0.227 0.438 0.438 png.py:163(<module>)
512 0.010 0.000 0.010 0.000 png.py:200(group)
bash 7

ALEEBREARN TXAEMRIGZE, CLIREEMENRBEITREL LS
PR THRERSIIE, T XLRAERENIR, =] AER— N ERARINE:

# timethis.py

import time
from functools import wraps

def timethis(func):
Qwraps (func)
def wrapper(*args, *xkwargs):
start = time.perf_counter()
r = func(xargs, **xkwargs)
end = time.perf_counter()
print("{}.{} : {}'.format(func._ _module_ _, func._ _name_ _, end -
—,start))
return r
return wrapper

ZHERXANKRINEE, REERENEEMREFITHEREMSAIREE XFIEIE], Lt
n:




>>> @timethis
. def countdown(n):
while n > O:
n =1

>>> countdown (10000000)
__main__.countdown : 0.803001880645752
>>>

EMRR MR IRIZITRS (8], (RRIBAE X — EFXEEE, Fla0:

from contextlib import contextmanager

Q@contextmanager
def timeblock(label):
start = time.perf_counter()
try:
yield
finally:
end = time.perf_counter()
print('{} : {}'.format(label, end - start))

TEHRERARXAN L TXEEENGF:

>>> with timeblock('counting'):
n = 10000000
while n > O:
n-=1

counting : 1.5551159381866455
>>>

SFMRRNIRIB R ERZITHEE, £ tineit BMRZRFE, FIU0:

>>> from timeit import timeit

>>> timeit('math.sqrt(2)', 'import math')
0.1432319980012835

>>> timeit('sqrt(2)', 'from math import sqrt')
0.10836604500218527

>>>

timeit ZPITHE—PNESWHRIER 100 AR TEZITHE, F_IPSHETN
NZBEIEEEE, NRFEBNEB/IFAITRE, TR TEXHFIRE nunber SHYE:

>>> timeit('math.sqrt(2)', 'import math', number=10000000)
1.434852126003534

>>> timeit('sqrt(2)', 'from math import sqrt', number=10000000)
1.0270336690009572

>>>




e

SMTHENLHEER, SEITENERABNEREBEIEME, tine.
perf_counter() R EELEFE LFANESBENITNE, ~1Z, ENALRE
ETretE), ESERZSEMBCHERE, LLOVEns, NRENTFRITHIEE
R, EF time.process_time() RAEBE, flul:

from functools import wraps
def timethis(func):
Qwraps (func)
def wrapper (*args, **kwargs):
start = time.process_time()
r = func(*xargs, **kwargs)
end = time.process_time()
print('{}.{} : {}'.format(func._ _module__, func.__name__, end —
—start))
return r
return wrapper

&la, MRMEEHITERANMEED N, BAMBFZIFAAIE tine | tineit FIE
A RARREYIAS, XAF(RE] CAIEREA T SR ER UL —EEMPEH, Er]USE
13.13 INTTFRE R B — DRI TR 2R S8RV A1 F

14.14 NEFEFIETT
(a2

RFEFIZITAE, FEAENMEAEZRARALLI C ¥R JIT gwiFesHER T
RIEFIEITRE,

fRIRTI

RFREFMANBE-—NENR “REMML", FZMNEVNR “FEMMILLRE
ENESN". MRFHEFTITER, BEMEER 1413 NTHRAENE#ITIERE
ML 2 [e) FPR7E,

BERBMESLRIVGESEFEL /L NMASTSESE T KERE, LLINREFRIER
R IREIS, —BREMEIXLER, (RAMAIERFEXLESARARRIMEREFIET.
{EFIRRIEY

RBREFANFIREER Python BEE—LEREMAE, SREMANIHME, BF
SR T EE2XEMIND, teun:

# somescript.py

import sys
import csv




with open(sys.argv[1]) as f:
for row in csv.reader(f):

# Some kind of processing
pass

ROBAME, BXHFEXEEFCENNBEIEITERZLE XERBPIZITE
M2, IMEEEREATHEHEENEFETENIINAN (EAEHETEEFRE),
Fit, MRFBILEFEITERE, AFERMASEIRARERFEA:

# somescript.py
import sys
import csv

def main(filename):
with open(filename) as f:
for row in csv.reader(f):
# Some kind of processing
pass

main(sys.argv[1])

BENZERERTEINEITHIER, NIRIEZ, (ERARHHER 15-30% HIMHEEE
R =RE WL,

RET B
F—RIEMASE () BIEFRBEBENNBESSRTIMNIFY, CEMEEENS
7%, Ll __getattribute__ () F __getattr__() , MEFERHTFRIBIFIRIME,

BEREILAEA from module import name XIS AR, ARERHENT
5. RIZIFBUTFRIBFEL:

import math

def compute_roots(nums) :
result = []
for n in nums:
result.append(math.sqrt(n))
return result

# Test
nums = range(1000000)
for n in range(100):
r = compute_roots(nums)

ERMNNBLEAMNAHRE, IMEFEET A 40 7, MEFRINEXR
compute_roots () BREIINF :

from math import sqrt




def compute_roots(nums) :

result = []

result_append = result.append

for n in nums:
result_append(sqrt(n))

return result

(2R RRIARAIZI TS [B) KT 2 29 # ME—AREIZ A ZZEIR T BHEAE), A sqrt O
K87 math.sqrt() , The result.append() 7 E#HIHLE —NFEFLE result_append
, RARERSBEIIPEAE.

A, FERTIABFEREESENBERAEEX, tbWEAR, AL, XLEAEBR
RERESERT 7 MIZEIER,

BRETE

ZERY, BEHTESLLEBETETTRE R, WFMESRMBIR, BidFiXLe
BT MBEEEEr] AILRIZFIE1T,. A9, BB N ZBIXNTF compute roots() BREH
ITIER SR AR AN :

import math

def compute_roots(nums):
sqrt = math.sqrt
result = []
result_append = result.append
for n in nums:
result_append(sqrt(n))
return result

EXMNMRAEH, sqrt M match RREEEFABAT — P FEBEEF, WRIFIETT
XAMCEE, REEZE 25 B (W F <20 29 X2 -1 ), ZAEIMNIINEREZ R
AN FEEHBLE sqrt WEKXKERTFLBELE sqrt

NFEFWEMIARIEEFER TFXANRE, BFRE, EREMELLU self.
name RELIGE)—NEHEEZIE—LE, EAMBEIAHR, JLLERENFTZINELRINE

MRAZ - EEEER, FIu:

# Slower
class SomeClass:

def method(self):
for x in s:
op(self.value)

# Faster

class SomeClass:

def method(self):
value = self.value




for x in s:
op(value)

B RNV ERMR

IR S R EREIMIIRE (LIRS, B fEidaE ) ZERIFHN
e, SFLEFETRE, LEWMEFM T

class A:

def __init__(self, x, y):
self.x = x
self.y =y

@property

def y(self):
return self._y

Qy.setter

def y(self, value):
self._y = value

MEFIT— BRI

>>> from timeit import timeit

>>> a = A(1,2)

>>> timeit('a.x', 'from __main__ import a')
0.07817923510447145

>>> timeit('a.y', 'from __main__ import a')
0.35766440676525235

>>>

RESMENE, BLAMFEENRFENTNT vy HEMIIRBRNEXESENELE
T, MRSBYE, PEREREMRE, MRRINEANEMREESTEZER getter/
setter BRI EFIB VB AE, ITENEBYVE,

EARENEE

NEMBERBLLNFAFSH, Th. TR SESNFHEEZER C REWMH, 15
ITEERIEE R, WRFEECSRIMBOBIRLSS (LEWMIHRIIR, TEWNS), BLE
BEME LA RENEE/LFAAEE, AL, E2FRRIERAENE,

85 e E NV B BIELEEE F

BNEREFAERET, ME—EALBUERNBIESH., i, BATTEZET
HXHFE:

values = [x for x in sequence]
squares = [x*x for x in values]

BIFXEMNEER B EH —EEWER —1IIRP, AGERIRESRRAITE
B, A, F—NMIRTLREYVE, FINEENGETEIHS:




squares = [x*x for x in sequence]

51X, EE2FETILEN Python WHZHEN I FRAMWEFFAEHINR
B, BEAFHLERIFIIERIIEE Python FIATFIEEL, M copy.deepcopy() Z
KHRRLY, BEEXEAEPEUEESHIRIFR,

e
TRt zel, BRBEERATERNEZL EFE—1E2EHR On log n) WEE
ZLMBERAB—AERER On™*2) WEEFHRIMERAZRES.

MRIFRFAERFHITMAL, BBABNBIEERE, (FRA—IEN, NEWIEFL
B aEbn & ERL, BRiXEZRR SECHEIEAFIRFIER, RN ZEETMMNHT
EMEEMEBIH TS, EEANAERTER,

MEEETEMNMMANER, FINEETEHEIZ—MFHEBEMHS:

a=A
'name' : 'AAPL',
'shares' : 100,
'price' : 534.22
}

b = dict(name='AAPL', shares=100, price=534.22)

EE—MEEEE L (TAFEEXREFLABASIS), N, MR
MURD BRI ITHEEEMNRS LR, RRIERM dictO WARNRET 3 &, BRI,
RRAZEMPNEFRBER dict O BIBEZRME—, 198, BERNEFRARS
RiEMMIZKERIHTT, LEANRERTER, EEMMT, XRMEERKLETARM,

MRFHUAHERLERS, ANHILEREARBERT, BARATURARTET
BNEt4miE (JIT) HAM—LT R, figl, PyPy T2R Python fEREERAY SN —FSCIL,
ERDMIREIIEFIEITH AL IRERITRIER 2 ERMAYIVIEEE, ERRREER KL
RFtiEee, EEAUEL C RBERE, NIrMENR, MEXAHUE, PyPy ER
BESTEZHF Python3. AL, ENRIFFRFEEZMRE, (FERIAEET Numba T
2, Numba B—MEARMERAKIGEERKIER Python REEITRILIRIZNIAIRIFEE, XL
BRI ER LLVM B 4miXm At 2850, EREFR] URABIRFAEEE. (BR, IR PyPy
—#, EWTF Python 3 HSZFFMAEEIE EBIESIRMER,

f/aF5| A John Ousterhout W ANEFALERE: “RIFFIMEREMIER MR IIFER

TERSHER", BERRENZEENCNNEREEERE, BR1IFEFLEHINEITE
BHOLERITERBZEEZ L (ZEVABRXEFN) .




FTAHE: CEBETRE

AEEHETFM Python 1418) C KIBHEIE, 3 Python REERA C BR, 1A
i3] C @1k Python BN BEH#ITRE—NEEZERAME D, Xt —NHFEIGMA
Python 2 2] Python 3 ¥ BXIBAYE)E, S|IX Python BE T —4N ZH%FE API, 3L
fr EBRZ7HERAIE C R, BEbiXBELSENTFE— eIl T RS FHARIFME
2L, BAXBANRRERE—NMNFEL C++ K13, UER—EE5RFJ|EN0GFRE
ﬁ%ﬁ%ﬁﬂﬁﬁoﬁﬁﬁﬁ%&ﬁ—%ﬂ%%ﬁ&m,ﬁ%%%ﬁ%ﬁﬂuﬁﬁﬁa
BER,

XERRAMFERSBAWEH TIENE:

/* sample.c */_method
#include <math.h>

/* Compute the greatest common divisor */
int gcd(int x, int y) {

int g = y;
while (x > 0) {
g = X5

X =y %h x;
y =8

}

return g;

3

/* Test 4if (z0,y0) is in the Mandelbrot set or not */
int in_mandel(double x0, double yO, int n) {
double x=0,y=0,xtemp;
while (n > 0) {
xtemp = x*x - y*y + x0;
y = 2¥x*ky + y0;
x = xtemp;

n-—-=1;

if (x*x + y*y > 4) return 0;
}
return 1;

¥

/* Divide two numbers */

int divide(int a, int b, int *remainder) {
int quot = a / b;
*remainder = a % b;
return quot;

}

/* Average wvalues in an array */
double avg(double *a, int n) {
int i;
double total = 0.0;




for (i = 0; i < n; i++) {
total += ali];
}

return total / n;

}

/* A C data structure */

typedef struct Point {
double x,y;

} Point;

/* Function involving a C data structure */
double distance(Point *pl, Point *p2) {

return hypot(pl->x - p2->x, pl->y - p2->y);
3

RERRBEETSHAEN C ESHEEE, Bk, SBEERIBMELN gcd0
A is_mandel() , divide() EME—MRESMEMN C BHHIT, EPE— i
SR, avgO) BEGET—A C RERITRIRRERIE, Point A distance
BRGHRET C LRI,

WFETRMAENT, EBRELAMNKBEEREAT - “sample.c” BY
xR, REENNEXEEAN—NBI “sample.h” BKXHEHR, HEHREL—D
FEAU “libsample”, BE#REEIERIEM C IBESNBEH, mIFNEENATRERRNARE
mAE, BERXNAEIAIREN, WRFELE C KE, BIBREXLEMIRA
REREIE T,

15.1 {§F8 ctypes iAi8] C K15

[B] &

RE—L C RPBEWRIFEHZES DLL B, (RHEFTUERL Python X5
AR, MARREEIING C REERSE=AT RITE,
P RES

WFEZIRR C B —LL/N\ge), BEEFER Python FMEEPR ctypes HRIR
MEB T, BfEA ctypes , (TELBERRMFELRA C KBELHERmIZRIF Python
FEREZERTE (AHMIEN, FR, wmiEHF) MENMHZEFRT, ATHITATLRE
=, BRIFBE—NMHEERF libsanple.so , BEEMABTIZE 15 ENBIBH I,
HIMERIZIX AN libsample.so XM ERNT sample.py XHEHEENBRFT,

ZiHEZIANRBUE, REEME—NERERN Python BIR, WITFX#H:

# sample.py
import ctypes
import os




# Try to locate the .so file in the same directory as this file
_file = 'libsample.so'

_path = os.path.join(*(os.path.split(__file ) [:-1] + (_file,)))
_mod = ctypes.cdll.LoadLibrary(_path)

# int gcd(int, int)

gcd = _mod.gcd

gcd.argtypes = (ctypes.c_int, ctypes.c_int)
gcd.restype = ctypes.c_int

# int in_mandel (double, double, int)

in_mandel = _mod.in_mandel

in_mandel.argtypes = (ctypes.c_double, ctypes.c_double, ctypes.c_int)
in_mandel .restype = ctypes.c_int

# int divide(int, int, int *)

_divide = _mod.divide

_divide.argtypes = (ctypes.c_int, ctypes.c_int, ctypes.POINTER(ctypes.c_int))
_divide.restype = ctypes.c_int

def divide(x, y):
rem = ctypes.c_int()
quot = _divide(x, y, rem)

return quot,rem.value

# void avg(double *, int n)
# Define a spectal type for the 'double *' argument
class DoubleArrayType:
def from_param(self, param):
typename = type(param)._ _name__
if hasattr(self, 'from_' + typename):
return getattr(self, 'from_' + typename) (param)
elif isinstance(param, ctypes.Array):
return param
else:
raise TypeError("Can't convert /s" J typename)

# Cast from array.array objects
def from_array(self, param):

if param.typecode != 'd':
raise TypeError('must be an array of doubles')
ptr, _ = param.buffer_info()

return ctypes.cast(ptr, ctypes.POINTER(ctypes.c_double))

# Cast from lists/tuples

def from_list(self, param):
val = ((ctypes.c_double)*len(param)) (*param)
return val




from_tuple = from_list

# Cast from a numpy array
def from_ndarray(self, param):
return param.ctypes.data_as(ctypes.POINTER(ctypes.c_double))

DoubleArray = DoubleArrayType()

_avg = _mod.avg

_avg.argtypes = (DoubleArray, ctypes.c_int)
_avg.restype = ctypes.c_double

def avg(values):
return _avg(values, len(values))

# struct Point { }
class Point(ctypes.Structure):
_fields_ = [('x', ctypes.c_double),
('y', ctypes.c_double)]

# double distance(Point *, Point %)

distance = _mod.distance

distance.argtypes = (ctypes.POINTER(Point), ctypes.POINTER(Point))
distance.restype = ctypes.c_double

NR—LNES, RIS ERAREEXR C BT, Fian:

>>> import sample
>>> sample.gcd(35,42)

7

>>> sample.in_mandel(0,0,500)
1

>>> sample.in_mandel(2.0,1.0,500)
0

>>> sample.divide(42,8)

(5, 2)

>>> sample.avg([1,2,3])

2.0

>>> pl = sample.Point(1,2)
>>> p2 = sample.Point(4,5)

>>> sample.distance(pl,p2)
4.242640687119285
>>>

e

RNTHERSESEIFEATCHMHTE, EERNTF C M Python KIZ—iEITE
BYE)E, WNRIRTEER ctypes KiAAwRIFHFR C K15, BLAFERFRSINMNEZERE
sample.py {EIRE— P75, —FME]EERIFEMRD .so XM EEEFERHER Python
RBEI—1MBRT, FAE recipe—sample.py F{ERH __file TLERBFEHER




WNE, ARMWIE—NERE—1ERFE) libsample.so XIFHIERTZ,

AR C BPEWRTRENEMUNTT, MAIRMBIEENERR. WR C RYEE
RV2E EMBZR I —MNEET, BBALETLAMER ctypes.util.find library() BRE
REHK:

>>> from ctypes.util import find_library
>>> find_library('m')
'/usr/lib/libm.dylib’

>>> find_library('pthread')
'/usr/lib/libpthread.dylib’

>>> find_library('sample')
'/usr/local/lib/libsample.so’

>>>

—BREET C RPEMNAME, BLAMATUG T EXHEFER ctypes.cdll.
LoadLibrary() RiMMFHTE, HF _path BINEENSIEZ:

_mod = ctypes.cdll.LoadLibrary(_path)

RERNEE, MEBRRS/LMEAUREESENNTSHIBEEENIMRE, Mk
TEXMUBAER—:

# int in_mandel (double, double, int)

in_mandel = _mod.in_mandel

in_mandel.argtypes = (ctypes.c_double, ctypes.c_double, ctypes.c_int)
in_mandel.restype = ctypes.c_int

EXERNIEA, .argtypes BMR—1JTiH, B8 TEANRBMEM AR, M .
restype FLEMEMANREIZEE, ctypes EX T AREHIERIKR (LW ¢ double, ¢ _int,
c_short, ¢ float &), NRTITNAY C FIEXR, WNRIRIEIL Python RETSIEEIEM
S HEEEH HIFMAMEBRBUIENE, BAoXLLRALBENHMERBREEZEN—Z, W
RIFEEXLM, NMERBAELERIEIT, LrIgESSEREB/IN BRSNS H#EREE, 8
ctypes B— MR RIt A B EERN C KBERMARIERIEER Python AEERRMRAYNY
NEXR, divide() ERBR—NMEHFIFIF, EBT— NSRS —ANSEHRE—
#RE, REXZ—NMEEID C A, ER?E Python FAIRFIEEHBMAIRIAT
K. F0, {RANEESR N EIXFEE BRI

>>> divide = _mod.divide
>>> divide.argtypes = (ctypes.c_int, ctypes.c_int, ctypes.POINTER(ctypes.c_
~int))
>>>x =0
>>> divide(10, 3, x)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
ctypes.ArgumentError: argument 3: <class 'TypeError'>: expected LP_c_int
instance instead of int
>>>

MEXNEEEMRITIE, E2ER Python WFEHAIARCTELRRN, HEAGES
SRBIMERB[IBA—INRRHR, T EREBHNSHE, MEEFREWE—IEN




5P| ctypes WRFAG T EXEEHE:

>>> x = ctypes.c_int()
>>> divide(10, 3, x)

3

>>> x.value

1

>>>

EXE, —1 ctypes.c_int SEFIHEIEHIE I —MEFREH S, BEEIE Python
BEARBMZ, —1 c_int XT?RIE_ILX%EH'&EQE’J .value Ef’iif%ﬁﬁﬁ*ﬁﬂﬂ_zﬁail_
ME,

5(1:]:595“'571:1% Python By C 1A, BERUE—NNNHEZREH, XE, Flik
divide() BRIFUEIT TLARKIREIFH LA

# int divide(int, int, int *)

_divide = _mod.divide

_divide.argtypes = (ctypes.c_int, ctypes.c_int, ctypes.POINTER(ctypes.c_int))
_divide.restype = ctypes.c_int

def divide(x, y):
rem = ctypes.c_int()
quot = _divide(x,y,rem)
return quot, rem.value

avg() RN Z— N FrRIPkER, C {’CEE_'JHH‘:’E’E""E'J MEF A — PN EAENKEE.
B2, & Python B, FHAIMIMEERZNEM: HARE ? EE—MIR? —1 Tl ?
B array HERAAFY—ELE ? EIE_ N numpy #40 ? X RIHFIEERE ? SRk, —
A Python “#4¢B” BN, ReJEEEZIFSMEIAEM,

DoubleArrayType &R T EHLAEXMIEL, EXNEPFEX T —NEANHE
from_param() , ii’ﬂ’j'%ﬂ’]%@m?%ﬁ NRENSHARRKER TERA—ANSIEN
ctypes WR ( RFIFR2—1 ctypes.c_double AY3&¥ ), #E from_param() 1, fRETLA
HIEEREMINE, SRNARSRRINHERARAT LI —AEEARSERE,
Fan, WR—MINRWEZDTER, A typename FAR list , FAST from_list 735
BA.

WFHIRMITLE, from list FiEFEIERA— ctypes E’Jiﬁiﬂwﬁo XNMNEL
ZERFE, TEFINER— A“ETWU?*H—A?U%%WUJ A ctypes $4R:

>>> nums = [1, 2, 3]

>>> a = (ctypes.c_double * len(nums)) (*nums)
>>> a

<__main__.c_double_Array_3 object at 0x10069cd40>
>>> al0]

1.0

>>> al[1]

2.0

>>> al2]

3.0

>>>




S FEANR, from_array() RENVKERRFHEHFHIFEELHRI — ctypes 18
IR, Flun:

>>> import array
>>> a = array.array('d',[1,2,3])

>>> a

array('d', [1.0, 2.0, 3.0])
>>> ptr_ = a.buffer_info()
>>> ptr

4298687200

>>> ctypes.cast(ptr, ctypes.POINTER(ctypes.c_double))
<__main__.LP_c_double object at 0x10069cd40>
>>>

from_ndarray() JE7R 7 X F numpy ZLHAVEEIRIRME, BITEN DoubleArrayType
RHA avg ) REZZPEAE, BAXNRBHNEREZZSNINENRBEBAT:

>>> import sample

>>> sample.avg([1,2,3])

2.0

>>> sample.avg((1,2,3))

2.0

>>> import array

>>> sample.avg(array.array('d',[1,2,3]))
2.0

>>> import numpy

>>> sample.avg(numpy.array([1.0,2.0,3.0]))
2.0

>>>

ATERE—&87 rﬂfr\,i,-?\ ERLE-IMEEN C 6/, WTEME, RFE
BTITEXFERMNEX 1K, BEENINFERFEEEN]:

class Point(ctypes.Structure):
_fields_ = [('x', ctypes.c_double),
('y', ctypes.c_double)]

—BEWENE, RMATUERREERHNERFTELOCEMIERRINEHER
E. fla:

>>> pl = sample.Point(1,2)
>>> p2 = sample.Point(4,5)
>>> pl.x

1.0

>>> pl.y

2.0

>>> sample.distance(pl,p2)
4.242640687119285

>>>




BE—LNIRR: WRIRIEE Python BiAIE)—L/N\E C EE, B4 ctypes B
—MEBERMRSE, RENL, IRGFEEXRBL—NMERME, BALFIEAEEH
By 7EiE T, LEdl swig (15.9 Tm&i#E) 8k Cython (15.10 T3 ),

WFARBEENBRIENEE€C, HTF ctypes HARTEEHMKE, BARFYUIN
HBEXRENBRESHEIEREER, MEROAIFPIBE, MNRRBEBES, FEBEE
HMERSIBRRBHINZHE, FI, RIEMELELBEETHEREN C EOH
T, BEAFSIEMBIRCIENG, 8% —ME/ORIBERRE, U5k R LS
=FLEELLE Python 2R &R,

YER ctypes BI—ANNERX, RIERIUEE T CFFL, CFFI 28 TR Z X URIIEE,
BRERH C BEHAZEEZSRMN C RKBXRE, AEXARPHIE, CFFI B2 —ME
WIRFTHITIE, EREMNRITEEERE EH, EEXBEITIEE Python HFRAMRA
RigeEsaE, A, IMENES—E.

15.2 BEEH C I RIRIR
[a] &

MEAMKERM TR, EREEA Python BT B API REE—LEHEN C ¥ RE
1R,

fRRTFIZ

SWFEBEN C KRG, ME-—IMEEXT RERRERESZN, FRfE—F, FEE
WRIRRY C BB — N ERMRRISKX . Flan:

/* sample.h */
#include <math.h>

extern int gcd(int, int);

extern int in_mandel(double x0, double yO, int n);
extern int divide(int a, int b, int *remainder);
extern double avg(double *a, int n);

typedef struct Point {
double x,y;
} Point;

extern double distance(Point *pl, Point *p2);

BEBERME, INANGEERN—IPEZWPMRIINE, B7XE, TERRIE
R~ NREY BRI — BRI F:

#include "Python.h"
#include "sample.h"

/* int gcd(int, int) */




static PyObject *py_gcd(PyObject *self, PyObject *args) {
int x, y, result;

if (!PyArg_ParseTuple(args,"ii", &x, &y)) {
return NULL;

}

result = gcd(x,y);

return Py_BuildValue("i", result);

/* int in_mandel(double, double, int) */

static PyObject *py_in_mandel(PyObject *self, PyObject *args) {
double x0, yO;
int n;
int result;

if (!PyArg_ParseTuple(args, "ddi", &xO, &yO, &n)) {
return NULL;

}

result = in_mandel(x0,y0,n);

return Py_BuildValue("i", result);

/* int divide(int, int, int *) */
static PyObject *py_divide(PyObject *self, PyObject *args) {
int a, b, quotient, remainder;
if (!PyArg_ParseTuple(args, "ii", &a, &b)) {
return NULL;
}
quotient = divide(a,b, &remainder);
return Py_BuildValue("(ii)", quotient, remainder);

/* Module method table */

static PyMethodDef SampleMethods[] = {
{"gcd", py_gcd, METH_VARARGS, "Greatest common divisor"},
{"in_mandel", py_in_mandel, METH_VARARGS, "Mandelbrot test"},
{"divide", py_divide, METH_VARARGS, "Integer division"},
{ NULL, NULL, O, NULL}

+;

/* Module structure */
static struct PyModuleDef samplemodule = {
PyModuleDef HEAD_INIT,

"sample", /* name of module */

"A sample module", /* Doc string (may be NULL) */

-1, /* Size of per-interpreter state or -1 */
SampleMethods /* Method table */




/* Module initialization function */
PyMODINIT_FUNC
PyInit_sample(void) {

return PyModule_Create(&samplemodule) ;

¥

BHE XN BIRR, BTEXHFRIZE— setup.py XfHF:

# setup.py
from distutils.core import setup, Extension

setup (name="'sample’,
ext_modules=[
Extension('sample',

['pysample.c'],
include_dirs = ['/some/dir'],
define macros = [('FOO','1")],
undef_macros ['BAR'],
library_dirs ['/usr/local/lib'],
libraries = ['sample']

)

ATHERLNRE, IFEELMEA pythond buildlib.py build_ext
--inplace FZENA]:

bash 7 python3 setup.py build_ext --inplace
running build_ext
building 'sample' extension
gcc —fno-strict-aliasing -DNDEBUG -g -fwrapv -03 -Wall -Wstrict-prototypes
-I/usr/local/include/python3.3m -c pysample.c
-0 build/temp.macosx-10.6-x86_64-3.3/pysample.o
gcc -bundle -undefined dynamic_lookup
build/temp.macosx-10.6-x86_64-3.3/pysample.o \
-L/usr/local/lib -lsample -o sample.so
bash 7

MEFR, EREE—1EBFMN sample.so WHFE, HWERIEE, MHEREE
ER—MEREANFHRKRT

>>> import sample

>>> sample.gcd (35, 42)

7

>>> sample.in_mandel (0, 0, 500)

>>> sample.in_mandel(2.0, 1.0, 500)

>>> sample.divide(42, 8)




(5, 2)
>>>

MRIRRE Windows 28 FEE XL R, R ER|SMIMENHRiZ 0,
REEREZ SNEEEE, Python FIZ#EHGHIN L BEEER T Microsoft Visual Studio
RME, ATIEXLEY REEETF, MEZERAREFSFENTIAXRZFE, 351
NAY Python 325

iFie
ERIEAFSYT RZA, RIFELSET Python AP FEFEA Python
fE3222 . Python B C B API BK, EXBEBAFHRTEMTAZFEN, FEx
FRZLIE TR T T,
B, T RERE, (FENEMBRR FEXAN— B

static PyObject *py_func(PyObject *self, PyObject *args) {

}

PyObject B—MEERRE(T Python WHRKEY C BiEXRE, A—ISKEET, —1
T REBHMZ—MEZ — Python XW&R (£ PyObject *args H1 ) JTTAFIRE— i
Python Y&RAY C B, REAY self SN FE BT REABLLBWMERR, NIl
RIFEEXERER C FRNREENENERLRAZ T, LLNNRT REHZ
—NEM—NFIE, A self FEESIAIBAINEAL T,

PyArg_ParseTuple () BREIRFIRIE Python FRRVEIEHRRL C AWM TR, EES
—MEEMABXMENCFEFRERBA, W 7 KREH, ‘7 KRWBEEZ
R, EFTEEREREERN C TEMIE, NMRBANEALEXMERLFE
R, e —NEEFIRE— NULL &, @TEHIRE NULL, —{MEIiEN
FEERANEREIL,

Py_BuildValue() EREX#AIRIRIE C HIFXBIBIE Python MR, ERAHFER
— MENNFNERBENERE, £ BRRBTP, EWMAREREERS Python,
Py_BuildValue () B)—MGMRERMEEME RN RER, LMTAHNFHE, &£
py_divide) fXEBH, —MIIFERT EFHRE—ITH, AE, FTEEHE LA

return Py_BuildValue("i", 34); // Return an integer

return Py_BuildValue("d", 3.4); // Return a double

return Py_BuildValue("s", "Hello"); // Null-terminated UTF-8 string
return Py_BuildValue("(ii)", 3, 4); // Tuple (3, 4)

T BRRIEER, RELM—NRBER, LLUWNATHE SampleMethods &K, XA
RAJLAGL C BRZ. Python RERMBF. XIEFNH, MAERRBFBHEEINR,
E R EERRYIR R R ERER,

ERJaHIBEEY PyInit_sample ) RIRRHVIGILERLL, (BZARRE —RWEAKRIT,
XA EE T FREMRBEREMERIT R,

RE—TMERFERER, R C RERT R Python ZEEENERLERS, &



https://docs.python.org/3/extending/windows.html
https://docs.python.org/3/extending/index.html
https://docs.python.org/3/extending/index.html

TRE—/INE7D. (EfFL, CAPI B2 T 500 MNERE ), RNIZIEATHME—
MANR. ESBERAE, 7JUAFFE PyArg ParseTuple() # Py BuildValue() K%
XS, RARE—ZT R .

15.3 {REY RRFURIELA

o] &3

FAERE — C I RERBCRIGIFLE, FTRERMW array RIRELZE(L Numpy FEFTE!
B, AN, REILRYRHEMER, MAZHNEMTERNEREMEIZE,

fRIRFIZ

ATEILEZIAIERAE G BIEN, (RFEZEME| Buffer Protocol . FHEHZ
—MNFEW C I REHOIF, AREIFIHAZREHIRAEREFBEI D avg(double
*xbuf, int len) BRZY:

/* Call double avg(double *, int) */
static PyObject *py_avg(PyObject *self, PyObject *args) {
PyObject *bufobj;
Py_buffer view;
double result;
/* Get the passed Python object */
if (!PyArg_ParseTuple(args, "0", &bufobj)) {
return NULL;
}

/* Attempt to extract buffer information from it */

if (PyObject_GetBuffer(bufobj, &view,
PyBUF_ANY_CONTIGUOUS | PyBUF_FORMAT) == -1) {
return NULL;
}

if (view.ndim != 1) {
PyErr_SetString(PyExc_TypeError, "Expected a l-dimensional array");
PyBuffer_Release(&view);
return NULL;

b

/* Check the type of items in the array */

if (strcmp(view.format,"d") != 0) {
PyErr_SetString(PyExc_TypeError, "Expected an array of doubles");
PyBuffer_Release(&view) ;
return NULL;

}

/* Pass the raw buffer and size to the C function */




result = avg(view.buf, view.shape[0]);

/* Indicate we're done working with the buffer */
PyBuffer_Release(&view) ;
return Py_BuildValue("d", result);

TEBAVER TN BEZE I TIEN:

>>> import array

>>> avg(array.array('d',[1,2,3]1))
2.0

>>> import numpy

>>> avg(numpy.array([1.0,2.0,3.0]))
2.0

>>> avg([1,2,3])

Traceback (most recent call last):

File "<stdin>", line 1, in <module>
TypeError: 'list' does not support the buffer interface
>>> avg(b'Hello')

Traceback (most recent call last):

File "<stdin>", line 1, in <module>
TypeError: Expected an array of doubles
>>> a = numpy.array([[1.,2.,3.],[4.,5.,6.1])
>>> avg(al:,2])

Traceback (most recent call last):

File "<stdin>", line 1, in <module>
ValueError: ndarray is not contiguous
>>> sample.avg(a)

Traceback (most recent call last):

File "<stdin>", line 1, in <module>
TypeError: Expected a 1-dimensional array
>>> sample.avg(al[0])

2.0
>>>

F— M RANRES C RFATRERE— M BRERHMHWERELNSE, RS Python
NMARERF, NERLEZIBZFTE, SEETEMENSELE, BT RERER AR
TEEEERIED, (RRINRERIFIREXLENAREFIBEEXNE, MAZREREMN
B,

KB X ¥ SE T PyBuffer GetBuffer() E#, AT — MNMEEHR Python
WHR, EcREZRNEERNEFEE, EHENRNE —4 %%‘#ﬁlﬁl
& 45 PyBuffer_GetBuffer() MK SHLE THENARE %)Flﬂéti 1,

PyBUF_ANY_ CONTIGUOUS iﬁ%—ﬁ\ﬂ%%ﬁ"w\]@:ﬂk
WFEE, FOFFEMEMEMUNRMS, —1 Py_buffer EMABZTHE




EEREFNES. B —NMERAFIL, K\ TEXRN BAFE A TR,
THERXNMEMRIE X :

typedef struct bufferinfo {

void *buf; /* Pointer to buffer memory */
PyObject *obj; /* Python object that is the owner */
Py_ssize_t len; /* Total size in bytes */

Py_ssize_t itemsize; /* Size in bytes of a single item */
int readonly; /* Read-only access flag */

int ndim; /* Number of dimensions */

char *format; /* struct code of a single item */
Py_ssize_t *shape; /* Array containing dimensions */
Py_ssize_t *strides; /* Array containing strides */

Py_ssize_t #*suboffsets; /* Array containing suboffsets */
} Py_buffer;

AR, HMNIAK IR I VEEZRBEEFHBH. BERETZRER—
WIEEZRE, AF/WIE fornat BHERARFHE" 47 . XMELRE struct RIRFAX
IS T EIEIER, BEXRM, format FIUREMIFRE struct RRAMEXHLFRFEH,
AHIMRPAEET C FMPEERIUNEZ S ME. —BRINELWME T RENEF
XER, BIAFEERMIFERES C B, ARIWIME—MEEN C AT,
fr L, BONABIBOREFNIEREFECRR T 2 ELELRY, LR TLX
MNERBEERE array RIRBEEFRE nunpy BIRFFHVEAET,

EREIFRALERZH, KEMNE HXNEWIER PyBuffer Release() B,
ZEIAEX—S A T e IE R EIEN RIS FBiTEL.

B, AHHRXRAZERT BEZHAN—MNIREHER, NREENZLIEN
H, (Re]RERER S ERRE. KEE. TRNGIERESFFOE, BLARSEEZESR
MERA T, (MEESEETERIREE S FHARIA T,

MNRBEERE D RIBELENZS AN R, B4E T Cython REUMEERS
T, & 15.11 1,
15.4 £ C ¥ BARIRAIRIERSAZ I8 5
2] &R

RE—N BRIERFZLIE C EMEPRIES, BRI AERESHEPEM
NEBLETIZE Python,

fRIRTI

BRRREEMAFTUREZNEDRENBRERBETRPRLEE, BEHNFIFR
BT C RBBAER:

typedef struct Point {
double x,y;
} Point;




extern double distance(Point #*pl, Point #*p2);

TER—MERKREEZK Point LEMAF] distance ) EEAVY RACH LA :

/* Destructor function for points */
static void del_Point(PyObject *obj) {

free(PyCapsule_GetPointer (obj,"Point"));
3

/* Utility functions */
static Point *PyPoint_AsPoint (PyObject *obj) {

return (Point *) PyCapsule_GetPointer(obj, "Point");
}

static PyObject *PyPoint_FromPoint(Point *p, int must_free) {
return PyCapsule_New(p, "Point", must_free 7 del_Point : NULL);
}

/* Create a new Point object */
static PyObject *py_Point(PyObject *self, PyObject *args) {

Point *p;

double x,y;

if (!'PyArg_ParseTuple(args,"dd",&x,&y)) {
return NULL;

}

p = (Point *) malloc(sizeof (Point));
P—>X = X;

p=>y = V;

return PyPoint_FromPoint(p, 1);

static PyObject *py_distance(PyObject *self, PyObject *args) {
Point *pl, *p2;
PyObject *py_pl, *py_p2;
double result;

if (!PyArg_ParseTuple(args,"00",&py_pl, &py_p2)) {
return NULL;

}

if (! (p1 = PyPoint_AsPoint(py_p1))) {
return NULL;

}

if (1 (p2 = PyPoint_AsPoint(py_p2))) {
return NULL;

}

result = distance(pl,p2);

return Py_BuildValue("d", result);
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>>> import sample

>>> pl = sample.Point(2,3)

>>> p2 = sample.Point(4,5)

>>> pl

<capsule object "Point" at 0x1004ea330>
>>> p2

<capsule object "Point" at 0x1005d1db0>
>>> sample.distance(pl,p2)
2.8284271247461903

>>>

e

IREM C 1BEHEM, ERD, SNRN—MERBHM -3, TUER
PyCapsule New() ERERBREZMIWEIE, R, —NAEMMMRNERAEIRE
L, FAREREXNREUIL OB RRERNRT,

ZIRIRERIIIETT, °J{EH PyCapsule_GetPointer () REFIEE B, WIRIE
HHRIFFAREALESREMEBRHIN, BomasitFEFHiRE NULL,

AT, —WITREK PyPoint_FromPoint() #l PyPoint_AsPoint () #{F%
SIEFMMREN R P RE Point L0, FEEFRY RERT, BASERAXLRHMAZE
EEFERARENR, IMZTHEFRATTUREZHINITIFRIT Point K FHIERAE
i, FlE0, MRFREERBIN—NPRET, BARFTEENIHNREE,

WFRENR — N IERETRIREIRFIANEFEIE, PyPoint_FromPoint () EREIE
Z— must_free S, ARBEIREMBERIIEE Point * FEMERENZHE
Uz, EFLE C REBH, AERIBMETBRERLIE (ELIN—1 Point LEFAMEERAEI—4
WERIMBIRIIKEMETR ), ZFRRTIUER extra SEKIER], MAREHHERRE
niskEllg, BFEMEMINEREB XIMHIZZEEER PyCapsule_SetDestructor()
BRI R B Y,

WFFRINEWAER C RIEBMS, FAREE—NMERSIENBALE. i, &
FHRIRHA AN RDREBLEHARNASBERNE T HIFZRN — TR REE, @il
FAIRE, REAIUAEE LA — MRERNEERRE, AR EFLEMIT BER,

15.5 N BIZRAPEXFSH C B API
F
IE—1 C ¥ RBIER, EAMBEX TRSEAMERLY, FERFENSEI -

HEy C API EMMSER, (FEEEMT BIRRPER LR, BERAMEER
BelilutzieR, FRET C fgmiFsE/ HERRME LRSS S (ERTEME ),




fRIRTI

A EZRIAZ AR 15.4 N HHREIM Point WK, FHRE—T, & C K15
FEZ TN T XETRRN:

/* Destructor function for points */
static void del_Point(PyObject *obj) {

free(PyCapsule_GetPointer(obj,"Point"));
}

/* Utility functions */
static Point *PyPoint_AsPoint (PyObject *obj) {

return (Point *) PyCapsule_GetPointer(obj, "Point");
}

static PyObject *PyPoint_FromPoint(Point *p, int must_free) {
return PyCapsule_New(p, "Point", must_free 7 del_Point : NULL);
}

IMER 0] 2 EMF4F PyPoint_AsPoint() # Point_FromPoint() BR#EI{EJ API
S, IFEEMYT BEREERATHEEN, CHNNRMFBEEMT BB EA XK
Point Y&,

EZRREIAN OB, HEERN sample HBRENFAIANEF R pysample.h , 0T

/* pysample.h */

#include "Python.h"
#include "sample.h"
#ifdef __cplusplus

extern "C" {
#tendif

/* Public API Table */
typedef struct {
Point *(*aspoint) (PyObject *);
PyObject *(*frompoint) (Point *, int);
} _PointAPIMethods;

#ifndef PYSAMPLE_MODULE
/* Method table in external module */
static _PointAPIMethods *_point_api = O;

/* Import the API table from sample */

static int import_sample(void) {
_point_api = (_PointAPIMethods *) PyCapsule_Import("sample._point_api",0);
return (_point_api !'= NULL) ? 1 : O;

}

/* Macros to implement the programming interface */
#define PyPoint_AsPoint(obj) (_point_api->aspoint) (obj)




#define PyPoint_FromPoint(obj) (_point_api->frompoint) (obj)
#endif

#ifdef __cplusplus

}
#endif

XEREEMNPHERMIEETR PointAPIMethods . ERES HIERATEHIA
£, AREANRRNHEEIRE, BHRERIY RIERRKIEZRBABERTEINES
H:

/* pysample.c */

#include "Python.h"
#define PYSAMPLE_MODULE
#include "pysample.h"

/* Destructor function for points */

static void del_Point(PyObject *obj) {
printf ("Deleting point\n");
free(PyCapsule_GetPointer (obj,"Point"));

}

/* Utility functions */
static Point *PyPoint_AsPoint (PyObject *obj) {

return (Point *) PyCapsule_GetPointer(obj, "Point");
}

static PyObject *PyPoint_FromPoint(Point *p, int free) {
return PyCapsule_New(p, "Point", free 7 del_Point : NULL);
}

static _PointAPIMethods _point_api = {
PyPoint_AsPoint,
PyPoint_FromPoint

s

/* Module initialization function */
PyMODINIT_FUNC
PyInit_sample(void) {

PyObject *m;

PyObject *py_point_api;

m = PyModule_Create(&samplemodule) ;
if (m == NULL)
return NULL;

/* Add the Point C API functions */




py_point_api = PyCapsule_New((void *) &_point_api, "sample._point_api",
< NULL) ;
if (py_point_api) {
PyModule_AddObject(m, "_point_api", py_point_api);
}
return m;

}

&ia, TER— MW BERGF, BARMEFERXL AP R

/* ptexample.c */

/* Include the header associated with the other module */
#include "pysample.h"

/* An extension function that uses the exported API %/
static PyObject *print_point(PyObject *self, PyObject *args) {
PyObject *obj;
Point *p;
if (!PyArg_ParseTuple(args,"0", &obj)) {
return NULL;
}

/* Note: This is defined in a different module */
p = PyPoint_AsPoint (obj);
if (Ip) {
return NULL;
}
printf ("%f %f\n", p->x, p->y);
return Py_BuildValue("");

static PyMethodDef PtExampleMethods[] = {
{"print_point", print_point, METH_VARARGS, "output a point"},
{ NULL, NULL, O, NULL}

s

static struct PyModuleDef ptexamplemodule = {
PyModuleDef HEAD_INIT,

"ptexample", /* name of module */

"A module that imports an API", /% Doc string (may be NULL) */
-1, /* Size of per-interpreter state or -1 */
PtExampleMethods /* Method table */

};

/* Module initialization function */
PyMODINIT_FUNC
PyInit_ptexample(void) {

PyObject *m;




= PyModule_Create(&ptexamplemodule) ;
if (m == NULL)
return NULL;

/* Import sample, loading its API functions */
if (limport_sample()) {

return NULL;
}

return m;

WIFXNHIRRES, (FEERNFTERZSEEFHERNENCEREtMRREZE
K, BlE0, (Re] MG TFEDXFLIZE—MEEE setup. py XF:

# setup.py
from distutils.core import setup, Extension

setup(name="'ptexample',
ext _modules=[
Extension('ptexample',
['ptexample.c'],
include_dirs = [1, # May need pysample.h directory
)

MR—NEE, FRRIMIFRIFY REABENE X EEMRRPE) C API R —
I THIRYf.

>>> import sample

>>> pl = sample.Point(2,3)

>>> pl

<capsule object "Point *" at 0x1004ea330>
>>> import ptexample

>>> ptexample.print_point (pl)

2.000000 3.000000

>>>

wie

FLET-IMRME, RENRERNEIFEZMNITRIIETT, XHEIE, &
XIERZIBAZ—NRBUETHIEMAE, CIE—NMERAENRE, AE—MEREEMH
RIFZXNMRE, BIU sample. _point_api .

HRREEBTES AN IKEZ XN EHEHIREUEEIE T, E3L E, Python E{f
T PyCapsule_Import() THEEE, AT TEMAEMNT R, MRERHEEMHMNRZFET
( EE¥0 sample. _point_api ), FAFMIS—IRIEIREIREN R FIRENHIET K.

AR HRSHRRT HEMRRPEEIRE, B C RiZMEMESRERK. &




pysample.h XH, —4 point_api FEEHRARERES HRRPEYREI T
R/, —MEXKIERE import_sample ) WARBEKRESAFH MBI MEH, XN
RPN ETR MR ERZARIER, EEXRiH, ESEBERVIRCREKIRARE, &
&, CHMAEREREX, WARBLTEREDKIXE AP B, AFPRFEER
XEFRIRR M BITER], TNFEEBLRETREMESR,

&E, EE—PTEENRERFEILLAEERAIMIAREERR—EEEEHEFE
AJCAMES S MRIRIRBWBIVER, WRFNEERSIVRAK, BIRMBIERELZE
MBS RAFE NS SBEREEIZARIR, HI90, F—NEEHY APT BBMA— P HERE
FRRFTEYT BEREEHZZNEZE, IMFERSET, EREHENED, 52
EARBZRGER, XUERTIEET Python AIEES ANBIFRI U LR EIRARRE
54%9&%&@%5’9%5& WFRREGRIE, (RRFBBENIXHE, MAFTEEERN
FERIRERLE TS,

FZXTFFA C API RAET BIERMEEFTASE Python FIXHY
15.6 )\ C iEE AR Python {15
[5) 58

RIBTE C PEEHIHITEA Python IHAFREILRLE C, HlE0, (REBE CES
REAREA Python BE{EI—NHiA,

fRIRTI

£ CIBSH1HA Python JEEFR, NTgits—&/N\E7]), TEHN C KBSk
REHZTEMEA:

#include <Python.h>

/* Execute func(x,y) in the Python interpreter. The
arguments and return result of the function must
be Python floats */

double call_func(PyObject *func, double x, double y) {
PyObject *args;
PyObject *kwargs;
PyObject *result = 0;
double retval;

/* Make sure we own the GIL */
PyGILState_STATE state = PyGILState_Ensure();

/* Verify that func is a proper callable */

if (!'PyCallable_Check(func)) {
fprintf (stderr,"call_func: expected a callable\n");
goto fail;

}

/* Build arguments */
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args = Py_BuildValue("(dd)", x, y);
kwargs = NULL;

/* Call the function */

result = PyObject_Call(func, args, kwargs);
Py_DECREF (args) ;

Py_XDECREF (kwargs) ;

/* Check for Python exceptions (if any) */
if (PyErr_Occurred()) {

PyErr_Print();

goto fail;
3

/* Verify the result is a float object */

if (!PyFloat_Check(result)) {
fprintf(stderr,"call_func: callable didn't return a float\n");
goto fail;

}

/* Create the return value */
retval = PyFloat_AsDouble(result);
Py_DECREF (result) ;

/* Restore previous GIL state and return */
PyGILState_Release(state);
return retval;

fail:

Py_XDECREF (result) ;

PyGILState_Release(state);

abort(); // Change to something more appropriate
}

E2ERXNERL, REBRIEEITRIENERFE Python IHAMSIA, BRS
M7FER] AL R, EIE— N TAANRES — M BRRNEEZES C BN
EFERRPRETLR,

TER—E R FRAREIHMA—NERAR Python RSB —MRL:

#include <Python.h>

/* Definition of call_func() same as above */

/* Load a symbol from a module */
PyObject *import_name(const char *modname, const char *symbol) {
PyObject *u_name, *module;
u_name = PyUnicode_FromString(modname) ;
module = PyImport_Import(u_name) ;
Py_DECREF (u_name) ;




return PyObject_GetAttrString(module, symbol);
}

/* Simple embedding example */
int main() {

PyObject *pow_func;

double x;

Py_Initialize();
/* Get a reference to the math.pow function */
pow_func = import_name('"math","pow");

/* Call it using our call_func() code */
for (x = 0.0; x < 10.0; x += 0.1) {
printf (" \n", x, call_func(pow_func,x,2.0));
}
/* Done */
Py_DECREF (pow_func) ;
Py_Finalize();
return O;

EWELI T, {J\E—E%QF‘ C AR EHEER Python MEREEE, THEHHY Makefile
AJABRER S (FIEFVBR LEFTE—LEE ).

all::
cc -g embed.c -I/usr/local/include/python3.3m \
-L/usr/local/lib/python3.3/config-3.3m -lpython3.3m

ne
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BHETEFEENUTENG L

THR—MHEMARNAF, BRT — M REK, eER—NTEANRINEM
S8, HBE(UERL call_func() RMMIX:

/* Extension function for testing the C-Python callback */
PyObject *py_call_func(PyObject *self, PyObject *args) {
PyObject *func;

double x, y, result;

if (!PyArg_ParseTuple(args,"0dd", &func,&x,&y)) {
return NULL;

}

result = call_func(func, x, y);

return Py_BuildValue("d", result);




EAXN RER, MEGTEIFNAE:

>>> import sample
>>> def add(x,y):
return xt+y

>>> sample.call_func(add,3,4)

7.0
>>>
g
SNRARTE C EZPIBA Python, BIEREBME C BESREEE, IR,

C
C ESATMESE. A Python B, MERE. MEXE, REREES,

BRE—F, FURNTE—NMRRFFEIRAR Python FJIHANR, XAJUE—
MNREL. K. FHiE RABERESEMEREINT __call__O BEMERA. ATHIER
AR, TR TFEAIIXMFRIA PyCallable_Check () iR E:

double call_func(PyObject *func, double x, double y) {

/* Verify that func is a proper callable */

if (!PyCallable_Check(func)) {
fprintf (stderr,"call_func: expected a callable\n");
goto fail;

}

£ C RIEEAEBHRMEJZEINYIND, —ARMHE, (RABEMNMNIME— Python
FE. HIRMZER C RBAURELEE, EXE, BIPTERNHRNEGIELS—
M abort O KIERIRALIERE, ERGEREBNERF, EESXMME FTEHRNIZEZXIEDN
EINATELE REI—AMRSES ), REBICENRERE C B2/, BEtFHSERNER
BRENNMAVRME, RRGCERFERENLNEZZBNER,

A NREENRIFRERE —IFZ(EA PyObject_Call() , Z—r[EHA
WREE. —IMESRTEM— NN XBFFH, EMESHOTHASFH, (ReIBAE
H Py _BuildValue() , 40F:

double call_func(PyObject *func, double x, double y) {
PyObject *args;
PyObject *kwargs;

/* Build arguments */
args = Py_BuildValue("(dd)", x, y);
kwargs = NULL;




/* Call the function */

result = PyObject_Call(func, args, kwargs);
Py_DECREF (args) ;

Py_XDECREF (kwargs) ;

MREEXBRFSH, RPIUEE NULL, SMEZERARNN, EEZRRERT
Py_DECREF() ¥ Py_XDECREF() ;RS FMXRBENLZLR, BAERITEE
NULL #8%t ( EEZIRE ), IR AT ARIERERBETENXEFSH,

A7 Python R ZfE, MW IKERDTERE &%, PyErr_Occurred() BR%E
B ARMXEE, WNTFEENLEMESMMNT, HTFEA C BS5m, g8
& Python BBARVEEVIEI, ELE, MMUNBRE—INFRERSHE, TEREEESHAE
BN ALIE, 7EXEE, FANEFR TRIEM abort O RAIE, FI, E4 C FEFGAAJHE

SEERIULIEFFER,

/* Check for Python exceptions (if any) */
if (PyErr_Occurred()) {
PyErr_Print();
goto fail;
}
fail:
PyGILState_Release(state);
abort();

MIEA Python REENREMEFRREVEEREEEHI TR ENIREVE, XM
ROiE, RAUER Python WREPHIRE, EXEFHRANMEAT PyFloat_Check()
PyFloat_AsDouble() RA&EFZEX Python ;Z=%K,

&E— M el@EN T Python £2FHHEE, & C iBSHi4iE] Python AIRHE, (R
FEWR GIL WIEMRREAIRM T, NANIE, e SRERSROERBIEK
EEHERN, 1AM PyGILState_Ensure() [l PyGILState_Release() B] LARA{R—t]#D
REIER,

double call_func(PyObject *func, double x, double y) {
double retval;

/* Make sure we own the GIL */
PyGILState_STATE state = PyGILState_Ensure();

/* Code that uses Python C API functions */
/* Restore previous GIL state and return */
PyGILState_Release(state);

return retval;

fail:
PyGILState_Release(state);




abort();
}

—HIR[A], PyGILState_Ensure() B] AMRIRIAF%ZIZIRG Python f#FFa3, ME C
KBEBITTFRM-NERSIAIENLIZRSE, XIHER, C AHERICAEBIVEREM
EEER Python C-API R, AAMING, PyGILState Release() #FARIHAERE Ik
8 BI[RIBIRTS,

ZEEITEMNRE — 1 PyGILState Ensure() AW MIEE — LK HY
PyGILState_Release() AA—EBIEBERAE., ®XE, FIMEHRA— goto 1B
DB LEZRAFIANIRTT, BERXMELLBAMERAERIFERINGER L — PN H B cxit
REATHENAVRIE, 7 fail: REFEAVCEEF Python BY fianl: RMAER —HF
HY,

MRMREAMBEXLENERRS C 1B, BEN GIL WEE, FEREMERE
&, LU CiBESHiEMA Python BRSRRAIEN—MEBS 2AWERF, HET
S RIRIZIRITLE U 2 L F2 8B (0] /L,

15.7 M C ¥ BB ERE
) &

fRA8iE C ¥ RBAEH] Python MEFREZPHIEMMIHIE —EIEWMBIVNIT, BAIRHE
BERBAENFNEEMERERED (GIL ),

fRIRTI
£ C ¥ B, GIL p] LB EREPEA T EX N RN E IR

#include "Python.h"

PyObject *pyfunc(PyObject *self, PyObject *args) {

Py_BEGIN_ALLOW_THREADS
// Threaded C code. Must not use Python API functions

Py_END_ALLOW_THREADS

return result;

¥

wie

RBESRW@KREE Python C API BBERTE C FIITRIRHRIRA BEZR £HIFEML GIL,
GIL FEHREMNENNIRREAETEZRRRRBLPFELE C TAELMITHE (LW




£ numpy B ) NERERNITIHEN 1/0 BIFRY ( LEME— N HERR EIZEEE A
B o

Y OGIL #BWM/GE, Hftt Python AWM A FEHBEREPHIT
Py_END_ALLOW_THREADS ZaPHEMITEEIARALIEZEHRIKE T GIL,

15.8 C 0 Python FHYLLFEE

=] &

ME—MEFFERESHER C. Python M2, BELRERE C HEIER, B
7 Python ERRRRRVIZHISEE. HEH —LLIZXLERT Python C API HAVEREL,

fRIRTI

INR(FABIF C. Python LR REE— L, (FEZMIREMBIVIIRLFIEFIE Python
WEEMEREN (GIL), ERXFE, AICAEFIMCHEKREIRR C RBHRHREEE
ELiE W eIZ ZmwiAA.,

#include <Python.h>

if (!PyEval_ThreadsInitialized()) {
PyEval_InitThreads();
}

3t FEFIEA Python 88K Python C API B C X3, HR(FELC R EithIx
ENANFFEAN T GIL, XBJUAFS PyGILState Ensure() #ll PyGILState Release() R{ZI,
WMTRFR:

/* Make sure we own the GIL */
PyGILState_STATE state = PyGILState_Ensure();

/* Use functions in the interpreter */

/* Restore previous GIL state and return */
PyGILState_Release(state);

8XEFA PyGILState_Ensure() EREAEMNAJIAA PyGILState_Release() .

BES

EiB LBl C M Python WERIEFH, REEBF—EMERE NHN—F TgE2N
C, Python, C %%%, Python &i2RESHER. REIRMRMERSEIRERNYINGME,
Bis L3RR C BBRITT IEWM GIL B, NMiZgtalb)d,




EEEM I PyGILState_Ensure() HARSIZIE S PHTREE, REH
SR IEERMIT, XA R PRIEIE BN NITREREMNE GIL, EAEE, BRESEsM
TR ZETER, ELLNREMEIZERIT, BAERZERTTUETH (RER]

o8 oh &= A
BEERZTCSE 2 o

15.9 FF WSIG 8% C {13

o] &5

i

RABILIRERY C NBER— C I BIRRR 0], BEIFER Swig BIREME

0,

fRIRTFIZ

Swig BT C KX FHBMNEEYT BRAERIEE, BEAE, REEE—1C
KX, BIE0, BAVRGIEISLXEGITF

/* sample.h */

#include <math.h>

extern int gcd(int, int);

extern int in_mandel(double x0, double yO, int n);
extern int divide(int a, int b, int *remainder);
extern double avg(double *a, int n);

typedef struct Point {
double x,y;
} Point;

extern double distance(Point *pl, Point *p2);

—BHFRE TR, T—SHMRREE—/ Swig” #BO" X, RBYUE, X
L 17 REFEENTEmXF:

// sample.i - Swig interface
Jmodule sample
Wi

#include "sample.h"

%}

/* Customizations */
hextend Point {
/* Constructor for Point objects */
Point (double x, double y) {
Point *p = (Point *) malloc(sizeof (Point));
P—>X = X;
p=>y = V;
return p;
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};
};

/* Map int *remainder as an output argument */
%include typemaps.i
%apply int *0UTPUT { int * remainder };

/* Map the argument pattern (double *a, int n) to arrays */
%htypemap(in) (double *a, int n) (Py_buffer view) {
view.obj = NULL;
if (PyObject_GetBuffer($input, &view, PyBUF_ANY_CONTIGUOUS | PyBUF_FORMAT)
== -1) {
SWIG_fail;
}
if (strcmp(view.format,"d") != 0) {
PyErr_SetString(PyExc_TypeError, "Expected an array of doubles");
SWIG_fail;
}
$1
$2

(double *) view.buf;

view.len / sizeof (double);

}

Jtypemap (freearg) (double *a, int n) {
if (view$argnum.obj) {
PyBuffer_Release (&view$argnum) ;
}
}

/* C declarations to be included in the extension module */

extern int gcd(int, int);

extern int in_mandel(double x0, double yO, int n);
extern int divide(int a, int b, int *remainder);
extern double avg(double *a, int n);

typedef struct Point {
double x,y;
} Point;

extern double distance(Point *pl, Point #*p2);

— BB TiEOXHAH, AETERSITIRERIEA Swig T

bash 7 swig -python -py3 sample.i
bash %

swig B F RPN, sample wrap.c # sample.py, FEMNNXEGIMEHAFPE
ZE AR, M sample_wrap.c X R EERWRIFEN AW _sample BIZIFIERE C 1K
B, XA LGB IR E BT RARR— IR ARTR., 10, FEIET — MR
setup.py Mf&:




# setup.py
from distutils.core import setup, Extension

setup(name="'sample',

py_modules=['sample.py'],
ext _modules=[
Extension('_sample',
['sample_wrap.c'],
include_dirs = [],
define macros = [],

undef macros = [],
library_dirs = [],
libraries = ['sample']
)

EmEFMIR, 7F setup.py £EHIT python3, T :

bash % python3 setup.py build_ext --inplace
running build_ext
building '_sample' extension

gcc

-fno-strict-aliasing -DNDEBUG -g -fwrapv -03 -Wall -Wstrict-prototypes

-I/usr/local/include/python3.3m -c sample_wrap.c

-0

build/temp.macosx-10.6-x86_64-3.3/sample_wrap.o

sample_wrap.c: In function 'SWIG_InitializeModule’:
sample_wrap.c:3589: warning: statement with no effect

gcc

-bundle -undefined dynamic_lookup build/temp.macosx-10.6-x86_64-3.3/

—sample.o
build/temp.macosx-10.6-x86_64-3.3/sample_wrap.o -o _sample.so —lsample
bash %

MR—NEREME, RRRIIFEMATARTIEREREME C T RBRRT, FIa0:

>>>
>>>

>>>
(5,
>>>
>>>
>>>

import sample
sample.gcd(42,8)

sample.divide(42,8)

2]
pl = sample.Point(2,3)
p2 = sample.Point(4,5)

sample.distance(pl,p2)

2.8284271247461903

>>>
2.0
>>>
3.0
>>>
>>>
>>>

pl.x

pl.y

import array
a = array.array('d',[1,2,3])
sample.avg(a)




2.0
>>>

i

Swig & Python [ISEFMET BERMNESENTRZ—, Swig EBILRZSE
REMZIIIRIE,

P Swig & OEBCASS A FENX R S FF 3K

Jmodule sample

5t

#include "sample.h"

%}

XMUNRBEBE T BIRROBMABE T C KX, AT EILRIFETUN
RERSXLEIAF (AT %{ %} BIRED), HFeEllZESFMIER BN, Xt
EREREMAE S XM EMREFENE XM,

Swig #EOMK TSN R—1 C FRIIR, FFEET BHEIE. XBEENAANX
HRmES, ERAIEFH, BAUMUR T EXFEEREME LG

Jmodule sample
4
#include "sample.h"

13

extern int gcd(int, int);

extern int in_mandel(double x0, double yO, int n);
extern int divide(int a, int b, int *remainder);
extern double avg(double *a, int n);

typedef struct Point {
double x,y;
} Point;

extern double distance(Point *pl, Point *p2);

E—RRERIFNEXEERARER Swig RAEZEE Python IRRPESWLEZRA,
BEREZRREXNERIRIEXMEITE, FII, MREAEREFRRESH
K, (MERENMNFRIIRPBIRE,

{£A Swig REF#MMHRERELS C RBRHAXENEEXIEIE, ZNMEIKK,
XELERA, ERBINERTERBRT —EEEXHRA,

F—PBEEXR lextend IBLAWHFHRMMBISHFENSHARNLEN £,
PlFR, XMRARRIN— Point EM{RRIMISERE T35, BRI CAEIRG FEXH#ER
IXANERR




>>> pl = sample.Point(2,3)
>>>

SNRBTEVIE, Point WRFMFIAEINE FHIF5 TUREEIE::

>>> # Usage if Jextend Point is omitted
>>> pl = sample.Point()

>>> pl.x = 2.0

>>> pl.y =3

FBANBENE LB typenaps.i FEHIS|I AR %apply $8<, ERIER Swig &
HWER int *remainder EW S MEMBLE, XPKIF LR —MENLEMN, FEET
REVFFERAS, EFINRIEAN E int *remainder , MFSWEIHTH, XNETE
M F5ERI AL divide O BRELREHME,

>>> sample.divide(42,8)
(5, 2]
>>>

RE— N RE Ytypemap IEHSHBEENXFJEERXERANRSRIEET, —
™ typemap e~ MNMEBMAPRISESHRMN, EXATHH, — typemap HEX
FHLEESEHE (double *a, int n) . 7£ typemap REFR—1 C RIBRHER, ESIR
Swig EFE— Python WL AENE C S8, ATHNREBERT Python RLETF
MY ELEERIE EEZ LU E LB BASEL (LB NumPy #4H, array f&23REl
BIOREE ), EB1ESE 153 I\,

£ typemap fCEBNER, $1 F $2 XM BEHIRKIREN typemap RV C S
{B (Eb40 $1 BREY A double *a ), $input 3EE—/ME DAL PyObject * S, M
$argnum FLANRSEAI N

wmEFIEM typemaps ZfEM Swig REARMFIR, NMIZRNBEH, mER
FHRIZM Python C API Ml Swig MEREKFHI, Swig MIHBEESZXHEIIAT, =]
USET,

Rit, MBMEAEN C RBESHIE LT BIER, Swig B— M EEBANT
H, #BEET Swig 2— MR C FENHRIZE, BT ANER RS T N8
#, FTLALIRE NSRRI EMARAE S K, FLEEBEEEN Swig My , 16 15
EF Python HIMHK XS

15.10 F§ Cython 2% C X5
BE:

{RA8{ERA Cython REIE— Python ¥ RIRR, ARBERENEBEFEN C B
.



http://www.swig.org/
http://www.swig.org/Doc2.0/Python.html
http://www.swig.org/Doc2.0/Python.html

fRIRTI

{£F Cython MB— N RIZRRE LEZRFET RBELEN, AAFFEEZCERS
BREY, NI, BRAEARNE, FAFERE C B5HPHXLE—RBELEER
& Python,

ERESE, RIAENBHIIRANRBELEERIZFZNFEANI 1ibsanple #Y C K
HERT, BEEIE—NBI csanple.pxd FIXH, WTFATR:

*

csample.pxd

**

# Declarations of "external”" C functions and structures

cdef extern from "sample.h':
int gcd(int, int)
bint in_mandel (double, double, int)
int divide(int, int, int *)
double avg(double *, int) nogil

ctypedef struct Point:
double x
double y

double distance(Point *, Point *)

XANXEFE Cython REFRFER C B9SKSUF—1, HIIAFHER cdef extern from
"sample.h" RIE T FrFH) C kX, & FRIVEBREERB THINIXHE, XHFBZ
csample.pxd , MZAE sample.pxd XRREE,

T—%, I8 —/N8 7 sample.pyx BB, ZXHSTE X B, AXKIF#E Python
#EF%23 % csample.pxd FRFAEHRRRY C K15,

# sample.pyzx

# Import the low-level C declarations
cimport csample

# Import some functionality from Python and the C stdlid
from cpython.pycapsule cimport *

from libc.stdlib cimport malloc, free
# Wrappers
def gcd(unsigned int x, unsigned int y):

return csample.gcd(x, y)

def in_mandel(x, y, unsigned int n):
return csample.in_mandel(x, y, n)

def divide(x, y):
cdef int rem




quot = csample.divide(x, y, &rem)
return quot, rem

def avg(double[:] a):
cdef:
int sz
double result

sz = a.size
with nogil:

result = csample.avg(<double *> &al[0], sz)
return result

# Destructor for cleaning up Point objects

cdef del_Point(object obj):
pt = <csample.Point #*> PyCapsule_GetPointer (obj,"Point")
free(<void *> pt)

# Create a Point object and return as a capsule
def Point(double x,double y):
cdef csample.Point *p
p = <csample.Point *> malloc(sizeof (csample.Point))
if p == NULL:
raise MemoryError("No memory to make a Point")
p-x =X
p.y =Y
return PyCapsule_New(<void *>p,"Point",<PyCapsule_Destructor>del_Point)

def distance(pl, p2):
ptl = <csample.Point *> PyCapsule_GetPointer(pl,"Point")
pt2 = <csample.Point *> PyCapsule_GetPointer(p2,"Point")
return csample.distance(ptl,pt2)

ZXHEZNENBIRETEHTFERA. RiE, ATHEY RIRR, & THE
XHEIE—1 setup.py X&F:

from distutils.core import setup
from distutils.extension import Extension
from Cython.Distutils import build_ext

ext_modules = [
Extension('sample',

['sample.pyx'],
libraries=['sample'],
library_dirs=['."'])]
setup(
name = 'Sample extension module',
cmdclass = {'build_ext': build_ext},
ext_modules = ext_modules




EMEBATMAR BRRIR, B TFEXFE:

bash 7 python3 setup.py build_ext --inplace
running build_ext
cythoning sample.pyx to sample.c
building 'sample' extension
gcc —fno-strict-aliasing -DNDEBUG -g -fwrapv -03 -Wall -Wstrict-prototypes
-I/usr/local/include/python3.3m -c sample.c
-0 build/temp.macosx-10.6-x86_64-3.3/sample.o
gcc -bundle -undefined dynamic_lookup build/temp.macosx-10.6-x86_64-3.3/
—sample.o
-L. -lsample -o sample.so
bash %

LIE S]]

AAENE, (RNZE T — M BIRR sanple.so , RITE FEGIFH{EM:

>>> import sample

>>> sample.gcd(42,10)

2

>>> sample.in_mandel(1,1,400)
False

>>> sample.in_mandel(0,0,400)
True

>>> sample.divide(42,10)

4, 2)

>>> import array

>>> a = array.array('d',[1,2,3])
>>> sample.avg(a)

2.0

>>> pl = sample.Point(2,3)

>>> p2 = sample.Point(4,5)

>>> pl

<capsule object "Point" at 0x1005d1e70>
>>> p2

<capsule object "Point" at 0x1005d1eal>
>>> sample.distance(pl,p2)
2.8284271247461903

>>>

i

ATEESTESHEMBNSEITE, SBRHNAEIRE. BRRAIEFIIREK GIL,
B—HoEHZ M RIHAE, ERRIKRFEES—Taim/L/\T, ENE, F8
Cython @&F C Z2E, pxd XXX EREE C EX (Ehh X)), pyx XEEE
TSI (3Elc X ), cimport IBAJH Cython ARE A pxd XEFHE X, EIR{E
AE@ERINE Python RIREFIENIERIRAERY,




RE prd XHFEETEX, BENATEAXREMNEIZT BB, Hlt, {Fif
EEERREM, B, AE csanple.pxd XHFBET int ged(int, int) REY, R
AT EE sample.pyx FRAEE—NMEREHM. Fa0:

cimport csample

def gcd(unsigned int x, unsigned int y):
return csample.gcd(x,y)

WFRBNELE, MARFTEXMASHN, Cython REMBRNAERIERIVEE
BESWHREE, AEZIEME LR C BIERERIERN, AT, MRFEEETEL], 1§
AU BIME—EEREE. fII0, MRBEAERABRIFAITELR, SRNE—MRE:

>>> sample.gcd(-10,2)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
File "sample.pyx", line 7, in sample.gcd (sample.c:1284)
def gcd(unsigned int x,unsigned int y):
OverflowError: can't convert negative value to unsigned int
>>>

MRFEBNBERBHMAINIEE, RFEEARIMIBKRNE, FHI50:

def gcd(unsigned int x, unsigned int y):
if x <= 0:
raise ValueError("x must be > 0")
if y <= 0:
raise ValueError("y must be > 0")
return csample.gcd(x,y)

7£ csample.pxd XHFHH “in_mandel()* BB NEBIB{ERLIRIEIREIITE X,
EXANER, BBEFERRIRE— bint MAR— inte ERILREIE—/ER
B9 Boolean {EM A B BEAVEELL, HEIE, 1R[EME 0 FR/R False M 1 R/R True,

7£ Cython B13%88H, {RPJBLEIRARR C HURER, he]UAFERAMEIE N Python
WR, WF divide() HIBKREBRR T EXHE—NMIF, ERNTEENRIELIE—NMEHS
%&0

def divide(x,y):
cdef int rem
quot = csample.divide(x,y,&rem)
return quot, rem

TEXE, ren TERWERWFERA— C BETE, JEWEA divide() BREHY
BH&, &rem BIE—NIR C —HRVIBEERNIEE, avgO REBMINREERT Cython B
=RV, B def avg(doublel:] a) FHRT avg() BE— P —HMNIIEEANEF
ME, RIRSFHE D BREIRVEREHNFIUEREFIRETHRANSR, BIEH numpy
SRy, FIa0:

>>> import array
>>> a = array.array('d',[1,2,3])




>>> import numpy

>>> b = numpy.array([1., 2., 3.])
>>> import sample

>>> sample.avg(a)

2.0

>>> sample.avg(b)

2.0

>>>

TELEBIZRETH, a. size0 M &a [0] 7355 | AT RN BFERETEH . 1&i% <double
x> ga[0] BUREFRIEHIERATERIELE, FIIRRE C FM avg O EX— N IEMER
MiEtt, 28T —TXTF Cython AFMEINESRKIHIR,

FRTAEIEEEREABI, avgO BIRXANEIFIERR TS EEREN, 1BQ
with nogil: BRERT — P AFE GIL MEEMITHIIEIR, EXMRAP, REBEFRY
B Python WR—REEFRAMARA cdef MINRIEL., HIb, BRI
SRR BRENRERKE GIL #MEEM1T. ELE, £ csample.pxd XHH, avg() #FASERH
double avg(double *, int) nogil .

5t Point ZEMRRIEIER — ki, ATERKRENRE Point XWRIAMIBAIES
RAIE, XNME 154 NDNAT, EXHFMAVIE, KE Cython RBHEMERESR, &
55, FTEBSABARSIA C EEEF Python C API HE XHIERE :

from cpython.pycapsule cimport *
from libc.stdlib cimport malloc, free

K% del_Point() Fl Point() FRAXANINEREIE-—ITMRENR, ESEE
— N Point * 3%, cdef del Point() 4§ del Point() FRBEEA— MR, REeEL
Cython if[e], MANBEM Python HRifE], FELE, XANREANT I EBR AT LY =
WRARISHM— P EERBCRFIEREDENNTE, REIFRALLU PyCapsule_New() |
PyCapsule_GetPointer () H#EREB Python C API FHUAREMFR AN E.

distance B Point O SIERMREN RPREUEH, XEEEBNRGARE
HOLRELE, NRE—MEIROWREEHR, PyCapsule_GetPointer ) &ftH—4
F&8, (B Cython ELHEEAEHKEIE, HIEEM distance) FEHZE,

AbIE Point EMA—NMREEZENSIMERNT WY, RAREEHEMEFIBMREETE
RIRER, XBEBRIN—MAEREERE, MEREX — M RBEE, NTAR:

# sample.pyzx

cimport csample
from libc.stdlib cimport malloc, free

cdef class Point:
cdef csample.Point *_c_point
def __cinit__(self, double x, double y):
self._c_point = <csample.Point *> malloc(sizeof (csample.Point))
self._c_point.x

= X
self._c_point.y =y




def __dealloc__(self):
free(self._c_point)

property x:
def __get__(self):
return self._c_point.x
def __set__(self, value):
self._c_point.x = value

property y:
def __get__(self):
return self._c_point.y
def __set__(self, value):
self._c_point.y = value

def distance(Point pl, Point p2):
return csample.distance(pl._c_point, p2._c_point)

EIXE, cdif 38 Point ¥4 Point BB — N REEY, LEM cdef csample.Point
*_c_point BT —EGIL =, HE—MEMEIKE Point LEMAINEEH, __cinit__ O
1 _ dealloc_ () Ai&ZIEIT malloc() Fl free() BIEHHEHMIEE C &K, x My
BHIAEBILRREFIREREEMARIEME, distance() FIBREFL I LAKIEDR,
IS EEER Point ¥ BEBESLAWE NS, MEZKREFIEHLE C R,

WMTRENRERE, RERIIEF Point WRMEFEMBAT :

>>> import sample

>>> pl = sample.Point(2,3)

>>> p2 = sample.Point(4,5)

>>> pl

<sample.Point object at 0x100447288>
>>> p2

<sample.Point object at 0x1004472a0>
>>> pl.x

2.0

>>> pl.y

3.0

>>> sample.distance(pl,p2)
2.8284271247461903

>>>

AHEZERTIRS Cython BILHFE, RAICACALE AR ERMERESESRH
BR, AL, FREFEEMETEANERTRESER.

BETFRINLTPESYPLEER—L Cython BFIE T4,

15.11 F Cython S5 MEERIENLEIRIE




o] &

MESSMEMRIFRE NumPy ZEMATERLY, RELET Cython iX
HNTESIEERER, BRAFMNHEZEFEM.

fRRTIZ

ER—MEF, TEMNIEERT — Cython K, FAFREE - ERM—HEN
BEFRENATTENE,

# sample.pyz (Cython)
cimport cython

@cython.boundscheck(False)
@cython.wraparound (False)
cpdef clip(double[:] a, double min, double max, double[:] out):

rr

Clip the wvalues in a to be between min and max. Result in out
1
if min > max:
raise ValueError("min must be <= max")
if a.shape[0] != out.shapel[0]:
raise ValueError("input and output arrays must be the same size")
for i in range(a.shape[0]):
if a[i] < min:
out[i] = min
elif ali] > max:
out[i] = max
else:
out[i] = a[i]

EREFNHMEZIN R, RFEZ2— MR TEXFR setup.py X& (£ python3
setup.py build_ext --inplace RMETE ):

from distutils.core import setup
from distutils.extension import Extension
from Cython.Distutils import build_ext

ext_modules = [
Extension('sample',
['sample.pyx'])

setup (
name = 'Sample app',
cmdclass = {'build_ext': build_ext},
ext_modules = ext_modules




R LI ERF AN LB FHITHEIE, HERNERTSMERMEANT R,
a0 -

>>> # array module example

>>> import sample

>>> import array

>>> a = array.array('d',[1,-3,4,7,2,0])
>>> a

array('d', [1.0, -3.0, 4.0, 7.0, 2.0, 0.0])
>>> sample.clip(a,1,4,a)

>>> a

array('d', [1.0, 1.0, 4.0, 4.0, 2.0, 1.01)

>>> # numpy example

>>> import numpy

>>> b = numpy.random.uniform(-10,10,size=1000000)

>>> b

array([-9.55546017, 7.45599334, 0.69248932, ..., 0.69583148,
-3.86290931, 2.37266888])

>>> ¢ = numpy.zeros_like(b)

>>> ¢

array([ 0., 0., 0., ..., 0., 0., 0.1)

>>> sample.clip(b,-5,5,c)

>>> ¢

array([-5. , b. , 0.69248932, ..., 0.69583148,

-3.86290931, 2.37266888])
>>> min(c)
-5.0
>>> max(c)
5.0
>>>

MAEZRPBITEMSERIFENR FTEIAERFF numpy REIEFER
clip() EREM—MERETTEL :

>>> timeit('numpy.clip(b,-5,5,c)', 'from __main__ import b,c,numpy’,
—number=1000)

8.093049556000551

>>> timeit('sample.clip(b,-5,5,c)', 'from __main__ import b,c,sample’,
... number=1000)

3.760528204000366

>>>

FIMRERIR, EBEREBZ—XR—NMRBEBWER, BARN NumPy RAEIZD
REEZEA C ESEm.




e

AWAAT Cython HEMAFME, WMABVEL T HEVRIE, cpdef clipO
FERT clipO) ERA C KHlEREAK Python KxnlFEy, E Cython P, XNMZEERE
Z1, ARERRERBIFBZELEEM Cython RIEIMNSN ( EEUFERES IR
[/ Cython EREHIEA clip()

LAISH double[:] a F double[:] out FEHXLLESE H—HRIINNIEELE, /E
RN, ENSIBARMEASRI T AEMREREOMNEBAEN R, XANME PEP 3118 BIFMATE
X, BT NumPy FREVEEFIARER array FE,

HIRME EMER D BEEREA, RNiZEE LEHRABHFRE—MaHS
H. EHEBERERANIERIERE, FTFEMEMBFENRANEFAT (B
MINRZPEEREET T, AFEW—E/NNESEMBERBEXRNZERD ),
18 NumPy ZEBIER, {EF numpy.zeros() X numpy.zeros like() Bl E
EBRMYMSLERER. B, BEIBRYRMCEHA, RTAER nunpy . empty O B
numpy . empty_like() . NRGFEBELHEABTFE I ERMBEREIFENSELIRR S,

(RORRIRESI A, MMRAFEERIEE TR EMBBERK (LM ali] outli] F )
RWENRIDRIELE, Cython RAFRIREMRBRIINL,

clip() EMXZBIFIFAANZ=IHES 0] AL FHEBE, ecython.boundscheck (False) &
ETEHEMNREBRRRE, SMERAME TRARAREFIRERILAEATE, ocython.
wraparound (False) ;HBFR TN HLHEZIBHG1 E T ARAIALIE (£ Python 5 ), 5l
AN B KIGET A AR KRR FHERE AR MAFROBH &R KR T 2.5 12 o

EIEHRCIZLAAR, HRANEREE EZRFAITURANIERMERE, H190, ZE
X clipO) RBBVIAMELE, (ERARGRA:

@cython.boundscheck (False)
Qcython.wraparound(False)
cpdef clip(double[:] a, double min, double max, double[:] out):
if min > max:
raise ValueError("min must be <= max")
if a.shape[0] !'= out.shapel[0]:
raise ValueError("input and output arrays must be the same size")
for i in range(a.shape[0]):
out[i] = (ali] if al[i] < max else max) if a[i] > min else min

SRR ERZ, XMREAMRBIEITIREE R 50% BALE (2.44 #33EE Z Bi{ER
timeit () JMRXAY 3.76 F ),

FXERNIE, fRe]gERBEIEXFKIBEABERFE C 185 PK g ? flu0, {ReJ&E
ETHMTH C BYFAFERAIHE/ LB ARFET E:

void clip(double *a, int n, double min, double max, double *out) {
double x;
for (; n >= 0; n——, a++, out++) {
X = *a;

*out = x > max ? max : (X < min ? min : x);

¥




BALBRRZNNT BRI, BERARZE, BIIRM—1FE C I RELLME
A Cython FRZARIE T X 10%, RETEI—1TELRERIIBITRIRIRS,

{RE] AR SRR MES N R, WTREEHARE, RIFERK GIL, IFES1
HIRBEFTIBIT, BEXHMAVE, FEEBR, £ vith nogil: 1EA):

@cython.boundscheck (False)
Qcython.wraparound(False)
cpdef clip(double[:] a, double min, double max, double[:] out):
if min > max:
raise ValueError("min must be <= max")
if a.shapel[0] != out.shapelO]:
raise ValueError("input and output arrays must be the same size")
with nogil:
for i in range(a.shapel[0]):
out[i] = (ali] if ali] < max else max) if a[i] > min else min

MRAFEE — MR _HABRIRAE, TEHEFIMSET:

@cython.boundscheck(False)
@cython.wraparound(False)
cpdef clip2d(double[:,:] a, double min, double max, double[:,:] out):
if min > max:
raise ValueError("min must be <= max")
for n in range(a.ndim):
if a.shapel[n] '= out.shape([n]:
raise TypeError("a and out have different shapes")
for i in range(a.shape[0]):
for j in range(a.shapel[1]):
if ali,j] < min:
out[i,j] = min
elif ali,j] > max:
out[i,j] = max
else:
out[i,jl = ali,j]

FEFETRESTATHERBELRCSHEEEMEETLEE (b8 NumPy ) £
H, IHRBMEE RGN, NI, ZFIENRNRAIBHEZT S RIS LA, thA.
RBMEMEZNNEELSTHESRER, ILATELBHATEE, ESEEBE
£% PEP 3118, BB Cython P xF “LARNEFIE" BHES L

15.12 JFR IS TR AT IARAN R
o) &

MEZRT T —MRRIFRBMI AT, BRI EERM— Python AIIHARY
R, ZEFENEFARIAREEFI— N BRREERT,



http://www.python.org/dev/peps/pep-3118
http://docs.cython.org/src/userguide/memoryviews.html

fRIRTI

ctypes RIRFIHFAREIZE B REZTAFHULL Python A[IHANKR, FEAIGIF
B T EMREY C RBMRSE. KEML, URIMMGHEERAD— N EARNR:

>>> import ctypes

>>> 1ib = ctypes.cdll.LoadLibrary(None)

>>> # Get the address of sin() from the C math library
>>> addr = ctypes.cast(lib.sin, ctypes.c_void_p).value
>>> addr

140735505915760

>>> # Turn the address into a callable function

>>> functype = ctypes.CFUNCTYPE(ctypes.c_double, ctypes.c_double)
>>> func = functype (addr)

>>> func

<CFunctionType object at 0x1006816d0>

>>> # Call the resulting function
>>> func(2)

0.9092974268256817

>>> func(0)

0.0

>>>

i

BME—AFARNR, REEEERIE— CFUNCTYPE 3£, CFUNCTYPE() MY
EF—N iﬂl%élil’*‘ﬂo ?%"F%E’J%%l%i‘%@tﬂo —BRENX TR, RS
CERE—NERERNEFNU EREIB—ATIAANR T, SR RE S M @R
ﬁﬂchsﬁ@mZi%@ﬁo

ANELEVEREREHM, REE—R. B2, BREW ZEATSMESRNE
LR AR LLUNENEY 4Ri%, 7E LLVM @%&FEP—IU\EEUO

BN, FTER—MER 1lvnpy T RIVER T, RARME—NIRERL, *
ENERREIET, FREFEHRI— Python AIAANR,

>>> from 1lvm.core import Module, Function, Type, Builder

>>> mod = Module.new('example')

>>> f = Function.new(mod,Type.function(Type.double(), \
[Type.double(), Type.double()], False), 'foo')

>>> block = f.append_basic_block('entry')

>>> builder = Builder.new(block)

>>> x2 = builder.fmul(f.args[0],f.args[0])

>>> y2 = builder.fmul(f.args[1],f.args[1])

>>> r = builder.fadd(x2,y2)

>>> builder.ret(r)

<llvm.core.Instruction object at 0x10078e990>

>>> from 1lvm.ee import ExecutionEngine




>>> engine = ExecutionEngine.new(mod)

>>> ptr = engine.get_pointer_to_function(f)

>>> ptr

4325863440

>>> foo = ctypes.CFUNCTYPE(ctypes.c_double, ctypes.c_double, ctypes.c_
—double) (ptr)

>>> # Call the resulting function
>>> foo0(2,3)

13.0

>>> foo(4,5)

41.0

>>> foo(1,2)

5.0

>>>

HARHEXNEEIL TEAMHBIRA S Python MRREEE, EiBNERE
B RN SRR B N TE b BRI A A 32RBF T3R8, AR Python B,
15.13 %38 NULL SENFRERL C XE
o] &

REE— N BER, EEEE— NULL EEMNENELS C BE, A, R
A REHHE EHHER Python BY Unicode FRABEERIME,

fRIRTI

WE C RPYESS—LIEE NULL FEMFAS, WARERN char x . B
NREY C BRER, FAIRREUERFAMLARY:

void print_chars(char *s) {
while (*s) {
printf (" ", (unsigned char) *s);
S++;
}
printf("\n");

LR RFTENREERFF BN BNFHNTAEGRER, XFMNETUARES
HIEITIRIL T, flg0:

print_chars("Hello"); // Outputs: 48 65 6¢ 6¢c 6f

S F7E Python HiARIXHER C R, MRBENLMIER, &, RTNEILIAA
PyArg_ParseTuple() FETE " y “HEIRIDKEHIEREERIEFT, WT:




static PyObject *py_print_chars(PyObject *self, PyObject *args) {
char *s;

if (!PyArg_ParseTuple(args, "y", &s)) {
return NULL;

}

print_chars(s);

Py_RETURN_NONE;

HERBBMERTFNT, FAMTERAT NULL FLRIFFFHELAK Unicode 32
S EERIELRN:

>>> print_chars(b'Hello World')
48 65 6¢ 6¢c 6f 20 57 6f 72 6¢ 64
>>> print_chars(b'Hello\x00World')
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: must be bytes without null bytes, not bytes
>>> print_chars('Hello World')
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: 'str' does not support the buffer interface
>>>

WNRIRAEE1E Unicode FFFE, £ PyArg_ParseTuple() HF{ERA" s “¥EX1E, o
T

static PyObject *py_print_chars(PyObject *self, PyObject *args) {
char *s;

if (!PyArg_ParseTuple(args, "s", &s)) {
return NULL;

}

print_chars(s);

Py_RETURN_NONE;

HRERANE R, ESEMEMEFRAEERAL NULL 442/ UTF-8 453,
n:

>>> print_chars('Hello World')
48 65 6¢ 6¢ 6f 20 57 6f 72 6¢ 64
>>> print_chars('Spicy Jalape\u0OOflo') # Note: UTF-8 encoding
53 70 69 63 79 20 4a 61 6¢ 61 70 65 c3 bl 6f
>>> print_chars('Hello\x00World')
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: must be str without null characters, not str
>>> print_chars(b'Hello World')
Traceback (most recent call last):




File "<stdin>", line 1, in <module>
TypeError: must be str, not bytes

>>>

MERAFLRRA, REEEFER Py0bject * MABEER PyArg ParseTuple()
, FEHMGIFEFRR T EFENFOHNFRENRPREFIRIN—1NSIER char * 5]
F:

/* Some Python Object (obtained somehow) */
PyObject *obj;

/* Conversion from bytes */

{
char *s;
s = PyBytes_AsString(o);
if ('s) {
return NULL; /* TypeError already raised */
}
print_chars(s);
}
/* Conversion to UTF-8 bytes from a string */
{
PyObject *bytes;
char *s;
if (!PyUnicode_Check(obj)) {
PyErr_SetString(PyExc_TypeError, "Expected string");
return NULL;
}
bytes = PyUnicode_AsUTF8String(obj);
s = PyBytes_AsString(bytes);
print_chars(s);
Py_DECREF (bytes) ;
}

RIE I MEEIRET AT AR Z NULL SEMKIE, ERENHANEFHEHEZ
BERAT NULL F75, EHlt, MRXINMREZWMIE, BIEFEECEMEET.

wie

SNRATRERTIE, RN IZBRES —LEMHT NULL £FENFH &, BN Python F
RERNRE. RFESEA—MEHIKEERLGEFNH, N, BRIV AE
I C ESEBNBNMEFIERET,

RERABZER, ERREZBUHI—NeBMEE PyArg_ParseTuple ) H{ER
‘T BB EAERE, BREEERAXMERIRE, — UTF-8 FRHBEE
BHKAMMERBFFENR LE, MRFRBFHFHEEZIE ASCII FHNE, RS
SERFHRIRTER —ERWREIREIU, F130:




>>> import sys

>>> s = 'Spicy Jalape\uOOfilo'

>>> sys.getsizeof (s)

87

>>> print_chars(s) # Passing string

53 70 69 63 79 20 4a 61 6¢c 61 70 65 c3 bl 6f
>>> gys.getsizeof (s) # Notice increased stize
103

>>>

MRBFEFININAFNHE, RFESHFEN C TEABE, LEFEA
PyUnicode AsUTF8String() B, 1T :

static PyObject *py_print_chars(PyObject *self, PyObject *args) {
PyObject *o, *bytes;
char *s;

if (!PyArg_ParseTuple(args, "U", &o)) {
return NULL;

}

bytes = PyUnicode_AsUTF8String(o);

s = PyBytes_AsString(bytes);

print_chars(s);

Py_DECREF (bytes) ;

Py_RETURN_NONE;

BETXMEY, —4 UTF-8 RiBMIFNFERIEFTEREIE, AREERIEHRE
E= TEZE“;ITFE’J)&%-

>>> import sys

>>> s = 'Spicy Jalape\uOOflo'

>>> sys.getsizeof (s)

87

>>> print_chars(s)

53 70 69 63 79 20 4a 61 6¢ 61 70 65 c3 bl 6f
>>> sys.getsizeof (s)

87

>>>

9!]%14\&7%%5_ NULL £5EZFRTHRLE ctypes BFRITIER L, BEFERZ ctypes B
BERIF(EIS , FEEARSWEREERARN NULL F1%, fli0:

>>> import ctypes

>>> 1ib = ctypes.cdll.LoadLibrary("./libsample.so")
>>> print_chars = lib.print_chars

>>> print_chars.argtypes = (ctypes.c_char_p,)

>>> print_chars(b'Hello World')

48 65 6¢ 6¢ 6f 20 57 6f 72 6¢ 64

>>> print_chars(b'Hello\x00World')

48 65 6¢ 6¢ 6f




>>> print_chars('Hello World')
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
ctypes.ArgumentError: argument 1: <class 'TypeError'>: wrong type
>>>

MRFREEFHFHREMART T, RBEHXMITFNN UTF-8 Zwid. Fla0:

>>> print_chars('Hello World'.encode('utf-8'))
48 65 6¢ 6¢c 6f 20 57 6f 72 6¢c 64
>>>

WFEMITRIEAE (tbil Swig. Cython), EMRFERAEINMEEFHELS C KBE
BRI FFIENIERAE T,

15.14 %1% Unicode F{FEL5 C REE
=] &

REE— A?ﬁ%*ﬁﬂ& EER— Python FRHHEEBL C WENERE, BER
XMNEAENEZE24LIE Unicode,

fRIRTIR

XEFMNFEZZBREZMNOA, EERETENRAMEINFN C BBEHIERR
Python BJ[E4 Unicode &R, .lﬂ.’, {REVPREXRIE Python FRFEFEIRI—NEEMH C
BRI,

ATERNBN, TEEAA C R, FAREEFHREEHFHL RN
e —MEAWINA char *, int EXMFT, MA—MERAINA uchar_t *, int
MEFRR:

void print_chars(char *s, int len) {
int n = 0;

while (n < len) {
printf (" ", (unsigned char) s[nl]);
n++;

}
printf("\n");
}

void print_wchars(wchar_t *s, int len) {
int n = 0;
while (n < len) {
printf("/z ", s[nl);
n++;

}




printf("\n");
}

W FEEF IR print_chars() , 14\%5%554-: Python FifB5eiRIm—
HHRLLI UTF.s. FER— MY BESHIT

static PyObject *py_print_chars(PyObject *self, PyObject *args) {
char *s;
Py_ssize_t 1len;

if (!PyArg_ParseTuple(args, "s#", &s, &len)) {
return NULL;

}

print_chars(s, len);

Py_RETURN_NONE;

W F LR Z BN A wehar_t EEMERL, RAJUETEXIHFREEYT B
(\CTE

static PyObject *py_print_wchars(PyObject *self, PyObject *args) {
wchar_t *s;
Py_ssize_t 1len;

if (!PyArg_ParseTuple(args, "u#", &s, &len)) {
return NULL;

}

print_wchars(s,len);

Py_RETURN_NONE;

THE —IREFERERZ R WA LIF:

>>> s = 'Spicy Jalape\uOOflo'

>>> print_chars(s)

53 70 69 63 79 20 4a 61 6¢c 61 70 65 c3 bl 6f
>>> print_wchars(s)

53 70 69 63 79 20 4a 61 6¢c 61 70 65 f1 6f
>>>

FRMBXANHEEFTAIRE print_chars ) 2 EMHES UTF-8 fwiZEIER, CA
K print_wchars() BEMES Unicode RIZ{ERY
i

FEMEAT 281, IRRILESESFARI C RREMHE, MFRS C BRE,
BEERFOMARFHRRLIITLE, B, BEMHNTHOBRRS:




static PyObject *py_print_chars(PyObject *self, PyObject *args) {
char *s;
Py_ssize_t 1len;

/* accepts bytes, bytearray, or other byte-like object */
if (!PyArg_ParseTuple(args, "y#", &s, &len)) {
return NULL;
}
print_chars(s, len);
Py_RETURN_NONE;

MRRNATRBERBFFE, (RFEEHIE Python 3 AIEA—IMEENFN
BRRN, EFTEEMRGBIERRESLE char * Bf wchar_t * (BEZHTESE PEP
393) K9 C REE, AL, 2 C PRAZNFAERE, —ERREZUNEN, &
PyArg_ParseTuple ) FfEF” s#” F1" u#” HBIVLIBRI AL 2B TIXFFRYIER,

AERXHERENREAABEAESISERERFHERNRHRTEA, —Bitk
dE, 28— MEHRBIENEFIMNIFERFHENR LE, ZETUKER, RN
WER TR

>>> import sys

>>> s = 'Spicy Jalape\u00Ofio'

>>> sys.getsizeof (s)

87

>>> print_chars(s)

53 70 69 63 79 20 4a 61 6¢ 61 70 65 c3 bl 6f
>>> sys.getsizeof (s)

103

>>> print_wchars(s)

53 70 69 63 79 20 4a 61 6¢c 61 70 65 f1 6f
>>> sys.getsizeof (s)

163

>>>

WFLENFABRENR, vJgaftofm, ERUNRGFEEET BPAEARENX
&, (Rl RIXNMRFE T, TER—METTIRAR] PR RIXMMATFIRE:

static PyObject *py_print_chars(PyObject *self, PyObject *args) {
PyObject *obj, *bytes;
char *s;
Py_ssize_t len;

if (!PyArg_ParseTuple(args, "U", &obj)) {
return NULL;

}

bytes = PyUnicode_AsUTF8String(obj);

PyBytes_AsStringAndSize(bytes, &s, &len);

print_chars(s, len);

Py_DECREF (bytes) ;

Py_RETURN_NONE;




MYt wechar_t RIGIERIAAE R RN RFEMEINED T, EAZR, Python FARK
EMMRRREFMEFEFE, 0, REE ASCH MFEREHREFMFAFHEHA, MEs
SEEIA U+0000 B U+FFFF BFARFRFRERNFETRT. BTN FEIRNRRT
N ABE—M, RABIEAEELEEIRAD wchar_t * AFHIEEREIERIIE, RN
ZBIEB— wchar_t FBAFHEEPEFINAK, PyArg_ParseTuple() Y u#” IENFG ]
UEBENMRSRHITHRE (ERERIERMMNEIFRFHENR L),

NS AR S KB B A7 I04E, (RME—BEE R EH] Unicode BB —1iE
BEENAE, FHEZBLS C BEY, ARLOKWIMUANATT, FTEL— 1P EEMKM:

static PyObject *py_print_wchars(PyObject *self, PyObject *args) {
PyObject *obj;
wchar_t *s;
Py_ssize_t len;

if (!PyArg_ParseTuple(args, "U", &obj)) {
return NULL;

}

if ((s = PyUnicode_AsWideCharString(obj, &len)) == NULL) {
return NULL;

}

print_wchars(s, len);

PyMem_Free(s);

Py_RETURN_NONE;

EXANEI A, PyUnicode AsWideCharString() BIEE—MIGERTHY wehar t 2893
SHIRIBEBHE, INEPHRERLLE C ARWENE, EEEEXABHNE, XBEF]
BEB bug, FMEAMY Python [B]BTIBNA,

INRRHIE C RBEFTENFIRBHANE UTF-8, {RAILAES] Python ERY
FERDRINITIERARIARIR, WUR T EXAE:

static PyObject *py_print_chars(PyObject *self, PyObject *args) {
char *xs = 0;
int len;
if (!PyArg_ParseTuple(args, "es#", "encoding-name", &s, &len)) {
return NULL;
}
print_chars(s, len);
PyMem_Free(s);
Py_RETURN_NONE;

e, MRMFEEZAIE Unicode FAFR, TEMNRAF, ERTKREEZEIFEVIRE):

static PyObject *py_print_wchars(PyObject *self, PyObject *args) {
PyObject *obj;
int n, len;




int kind;
void *data;

if (!PyArg_ParseTuple(args, "U", &obj)) {
return NULL;

}

if (PyUnicode_READY(obj) < 0) {
return NULL;

}

len = PyUnicode_GET_LENGTH(obj) ;
kind = PyUnicode_KIND(obj);
data = PyUnicode_DATA(obj);

for (n = 0; n < len; n++) {
Py_UCS4 ch = PyUnicode_READ(kind, data, n);
printf("%x ", ch);

+

printf ("\n");

Py_RETURN_NONE;

EXAMLEE A, PyUnicode KIND() # PyUnicode_ DATA() EXFAZEF Unicode B

TEEFEBX, XME PEP 393 RBEH#EID, kind TERBKEFE (8 L. 16 i
_5?,32 fi ) LX]S'Z?Erjf%ﬁﬂ']nﬂﬁ?a?ﬂﬁ?&ﬂ'ﬂnuo T*BT\ A, 1R #$§EE%DL1E1—J
IRIXEEFXRNERA, AFZERNFAFIHMEIF E(11£45 PyUnicode_READ(O) 7,

AE&E/LA: HM Python 1£3& Unicode FHFEHEL C MR, ANIZREFER
=, WNRE UTF-8 MEFHFRMIELE, {EiEEF UTF-8. X UTF-8 BIZIFENEE—LE,
W ARBESZILHE, BFEENE Ei%ﬂ"]%ﬁ?—%o &RE, WRIMFEIEIET < FLIE Unicode
:LEESTEE!

15.15 C FFA5%1%R )0 Python F 5

o] &%

EFE C RRFRFBRE#RA Python FHH—NFRHHENR ?

fRRTFIZ

C FRFHBREMA— char * T int KRR, 1:1\%5%) FRABIERZAH—N
FIRFHFHFBLRE — Unicode FRBERRT. F S(‘J;%TLM%"FE 1‘$1§Fﬁ
Py_BuildValue() 5E1=’JL:

char *s; /* Pointer to C string data */
int  len; /* Length of data */



https://docs.python.org/3/c-api/unicode.html
https://docs.python.org/3/c-api/unicode.html

/* Make a bytes object */
PyObject *obj = Py_BuildValue("y#", s, len);

INRIFELIZE— Unicode FF&, FEMRAIE s #8ET UTF-8 4wiZHIENIE, =]
PAER FERYF

PyObject *obj = Py_BuildValue("s#", s, len);

NR s FREMEIBHIN, ALK FE{ER PyUnicode Decode() RAFE—
NERTE:

PyObject *obj = PyUnicode_Decode(s, len, "encoding", "errors");

/* Examples /*
obj = PyUnicode_Decode(s, len, "latin-1", "strict");
obj

PyUnicode_Decode(s, len, "ascii", "ignore");

MRIRIEFE —1NH wchar_t *, len WRRMEFF&H, B/LMEEME, MR
BJAfEEA Py_BuildValue() :

wchar_t *w; /* Wide character string */
int len; /* Length */

PyObject *obj = Py_BuildValue("u#", w, len);

FIb, {REEILAfER PyUnicode FromWideChar () :

PyObject *obj = PyUnicode_FromWideChar (w, len);

WFEFFH, FRENFHRBHITENI—ERBRERRL Unicode ri815
£, AJCARERAEHRRL Python,

e

¥ C RIYFRFEREEIRM Python FAFERIEEH 1/0 BIHFRIRNM, hit2id, KB C
PRVEIE W PR IE — L ARG 2 i E VAR A — D F AT &, @R R IVERE ASCIIL,
Latin-1 1 UTF-8. IRIFHANHERBHNNERIER ZHEHIN, MRIFIGFTER
BRFT, SME— I NRIME, Python BEREFIFREENFFHRIUE NIRE
WERE, (MEEREREERN C FHHE, RN, ATILREFENEL, RRixRR
EA—MEHFM—DXRIME, MARAKE NULL SRBIERCIBZFNFH.

15.16 NATERIEIZENEY C FiF e
Bk

fREFE C M Python ERRE%RFIEH, BRE C PHmBBINFARE, F0,
AJEE C FRVBUEHAEER UTF-8, (BERFREBRHEMVNR. (FERENIERU—ME




A NMIEXERSREUE, IHFEMARIL Python FREBERIMARRPRIIFAFHE
1’

BERAR
THRfE L C BEIEF— MR EBERE RX AN o)

/* Some dubious string data (malformed UTF-8) */
const char *sdata = "Spicy Jalape\xc3\xblo\xae";
int slen = 16;

/* Output character data */
void print_chars(char *s, int len) {
int n = 0;
while (n < len) {
printf (" ", (unsigned char) s[nl]);
n++;
}
printf("\n");
}

EXAMRIEHR, FFE sdata BT UTF-8 MIASREUE, T, tNRAFPE C
AR print_chars(sdata, slen) , EHffEEIEE L1, MERIKIFEIE sdata IR
BEHRA— Python F/FH, #—CRIRMEEEEALEET — N BEBNFEAHE
A print_chars() BRI, FTHEHR—MAXRRFRERREENGZE, MEERBED)E,

/* Return the C string back to Python */
static PyObject *py_retstr(PyObject *self, PyObject *args) {
if (!PyArg_ParseTuple(args, "")) {
return NULL;
}
return PyUnicode_Decode(sdata, slen, "utf-8", "surrogateescape");

}

/* Wrapper for the print_chars() function */

static PyObject *py_print_chars(PyObject #*self, PyObject *args) {
PyObject *obj, *bytes;
char *s = 0;
Py_ssize_t len;

if (!PyArg_ParseTuple(args, "U", &obj)) {
return NULL;

}
if ((bytes = PyUnicode_AsEncodedString(obj,"utf-8","surrogateescape"))
= NULL) {
return NULL;

}
PyBytes_AsStringAndSize(bytes, &s, &len);
print_chars(s, len);




Py_DECREF (bytes) ;
Py_RETURN_NONE;
}

INR(FAE Python FENXLERE, FTHRIEITHR:

>>> s = retstr()

>>> s

'Spicy Jalapefio\udcae'

>>> print_chars(s)

53 70 69 63 79 20 4a 61 6¢ 61 70 65 c3 bl 6f ae
>>>

FRMRERIFR LM, FNERFHBRRRBE]— Python FAFHEH, FEFR
BFEEHER, AEHIEWREES C MR, WEHRANZAIERR C FRHE—HFNFT,

e

ATRRTET BERPLIBEFHFENSER—NRFEX B AEB, i
i, TR R C FHEREARASTISENE Python FTHAEER] Unicode 4wh3 /#RRD
m, AL, BelfE—LEREE C BIREEER Python FE, —MEIFHIBIFFLED R E
KEZAZERBLLN GBI FRFE, A, MR —INRFZIAAREIAHERES— R
IMF TR, TEEWIEMBIDRIRHME S EMHEIE ?

—ARKH, PILLEITHIE — IR RIS LN ™18, 2R, SREMEUFIRAIE
Unicode $HiR, AT, XLEFREH— MRS ENTKAMRIT T REBEFFENRNS,
i, MRFIFHROASRBUBERXLLRIE 2 —FD, MG TEXHNER:

>>> raw = b'Spicy Jalape\xc3\xblo\xae'
>>> raw.decode('utf-8','ignore')
'Spicy Jalapefio'

>>> raw.decode('utf-8', 'replace')
'Spicy Jalapefio?'

>>>

surrogateescape fHix &IERIES KGRI B NP RRIGF T 48 (L Jo — MRS ROMR Az
F1 (udeXX P XX BRGFE ), Fl90:

>>> raw.decode('utf-8', 'surrogateescape')
'Spicy Jalapefio\udcae'
>>>

BHAMR AR IEF ALY \udcae 7E Unicode REIEIER, BEIL, INMNFRHEHMRE
— M EERR, KL, MRMEBEERN— M RITELERLE, FERBE—1MHR:

>>> s = raw.decode('utf-8', 'surrogateescape')
>>> print(s)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
UnicodeEncodeError: 'utf-8' codec can't encode character '\udcae'




in position 14: surrogates not allowed
>>>

PAT, AFRIEBRBRIIRBRIETM C 15245 Python X[ARLE C WASHRFENEH
AEBEABEER, SXNFAHBEHRER surrogateescape fRiGAY, KEFNHS
wrORERTY. Fla:

>>> s

'Spicy Jalapefio\udcae'

>>> s.encode('utf-8', 'surrogateescape')
b'Spicy Jalape\xc3\xblo\xae'

>>>

ERn—RUEN, RIFERNIERE—INRIRIERBIER T MWD, BAMEIKEM
BEEN. MY, BREHESHIRHAREEEH BIRREH B IR X e 2RSS BikiR
HiE, RAEMEHRTESARE. BAMAIUERRTHRAT,

RE—REIEMNZ, Python PIFSEOIRFRIRLE, RN MGR, HET
ENar LTS HEXNERERNERE, FIg, WMRIRERR os. listdir O XHFHY
BB, EA—TMESTATEREXGRNERNE, ERREO—MIBZRREHNFRN
B, 8% 5.15 MEXET,

PEP 383 FBEE S X TFTAVUIRZIAILARF] surrogateescape FHIRACIEMEXIVER,
15.17 5iEXHRBE CH R
o) e

FTEEME C ERAEEXGR, ERFEMRNABRIER FREN AR R
JREAR I U

PSS
MR- IXGRASHT BEL, WTFiXHEF:

static PyObject *py_get_filename(PyObject *self, PyObject *args) {
PyObject *bytes;
char *filename;
Py_ssize_t 1len;
if (!PyArg_ParseTuple(args,"0&", PyUnicode_FSConverter, &bytes)) {
return NULL;
}
PyBytes_AsStringAndSize(bytes, &filename, &len);
/* Use filename */

/* Cleanup and return */
Py_DECREF (bytes)



https://www.python.org/dev/peps/pep-0383/

Py_RETURN_NONE;

}

MRIFBLEE T —1 PyObject * , HRERFHEHFMN—IMXMGR, PG TEHIXME
it :
PyObject *obj; /* Object with the filename */

PyObject *bytes;
char *filename;
Py_ssize_t len;
bytes = PyUnicode_EncodeFSDefault(obj);

PyBytes_AsStringAndSize(bytes, &filename, &len);
/* Use filename */

/* Cleanup */

Py_DECREF (bytes) ;

If you need to return a filename back to Python, use the following code:
/* Turn a filename into a Python object */

char *filename; /* Already set */
int  filename_len; /* Already set */

PyObject *obj = PyUnicode_DecodeFSDefaultAndSize(filename, filename_len);

e
AT BIEG D RAIEX G RE—MEMRFIEIA, RG3RE Python RAIE, AR

RET RABPEARTGIRA, XHRBHLEL N Python AR —XH, BiEHR
B/REFY, SEAFN, RBRRIEMERE

15.18 BB EFTHRIXEL C T E
L

fRTE Python RBE—MIANXAHNR, BRFEFEERABERIINHEHR C
TR,

RRRFIZ
BRI — N BRI XGRS, (€A PyFile FromFd() , 3AF:




PyObject *fobj; /* File object (already obtained somehow) */
int fd = PyObject_AsFileDescriptor(fobj);
if (fd < 0) {
return NULL;
}

SRR T RELIERA fobj Y fileno() FHiERT[AY, HLL, EEILAXF
AHARELS—MERBNINREER (LLIXHEF. BEEFF ). —BEFETXMEREE,
EMBERZRS S MERAY T ISR C R,

MRBFEEXER—ABEXHBAET I — Python WK, EATEH
PyFile_FromFd() :

int fd; /* Existing file descriptor (already open) */
PyObject *fobj = PyFile FromFd(fd, "filename","r",-1,NULL,NULL,NULL,1);

PyFile_FromFd() HISHITNMAER open() KL, NULL RRZmiL. HIRFIHRIT
SREARINME,

wie

gNRAF Python FRIXHNREL C, B—LEIBEU. &H5E, Python @i io 1
RMITECH 1/0 &5, EEBEMRENNAHEDFFES C Zr1, REEETEEK
XEWR ERIF 1/0 &8, RNARNE, REITELHEHRE LERVEUE,

BHX, REEHNERXHNIABE UL XA GRS, MR — AR
W& C, (BRTE Python PRERERE, MFEWRR C KBERIMNIRAE, £
B, MB—NXEGERFHELIEI— Python XHNWNR, REZERENZEXATE.
PyFile FromFd() MIEE—MESHMIRERMN 1, AXRIEH Python MiZX XX,

NRIFFEM C #5E 1/0 EPRERI fdopen) BRBUREIRANE LB RIS EIT
REEUW FILE * WK, REE4FA/ND T, IHMESTE 1/0 ERPEEFINTE2REH
/O BHE (—12XKHE Python B io iR, F—1KEB C 89 stdio ), & C FHY
fclose() 2K M Python EFEAMINHE, WMRILMFENE, (N ZFERFWE—D
TR RAEREMNZE Y HRART, MARERRE <stdio.h> HNEEMRINEE,

15.19 )\ C IESHiZEEHEHN SR
BE

REE C ¥ BRiIZEKB T Python EXHFNRPIIEIE (L0 8 S HE.
StringlO WRE ),

P YRES

BN — P EENRIBE, FREES A readO 7%, ARIEWIREIR
SHIER,




THR— C TFRRHLF, RXIABIZN—NEXEFNRPMEREFEHE
S B AR R

#define CHUNK_SIZE 8192

/* Consume a "file-like" object and write bytes to stdout */
static PyObject *py_consume_file(PyObject *self, PyObject *args) {
PyObject *obj;
PyObject *read_meth;
PyObject *result = NULL;
PyObject *read_args;

if (!PyArg_ParseTuple(args,"0", &obj)) {
return NULL;
}

/* Get the read method of the passed object */

if ((read_meth = PyObject_GetAttrString(obj, "read")) == NULL) {
return NULL;

}

/* Build the argument list to read() */
read_args = Py_BuildValue("(i)", CHUNK_SIZE);
while (1) {

PyObject *data;

PyObject *enc_data;

char x*xbuf;

Py_ssize_t 1len;

/* Call read() */
if ((data = PyObject_Call(read_meth, read_args, NULL)) == NULL) {
goto final;

}

/* Check for EOF */

if (PySequence_Length(data) == 0) {
Py_DECREF (data) ;
break;

}

/* Encode Unicode as Bytes for C */

if ((enc_data=PyUnicode_AsEncodedString(data,"utf-8","strict"))==NULL) {
Py_DECREF (data) ;
goto final;

}

/* Extract underlying buffer data */
PyBytes_AsStringAndSize(enc_data, &buf, &len);

/* Write to stdout (replace with something more useful) */
write(1, buf, len);




/* Cleanup */
Py_DECREF (enc_data) ;
Py_DECREF (data) ;

}

result = Py_BuildValue("");

final:

/* Cleanup */
Py_DECREF (read_meth) ;
Py_DECREF (read_args) ;
return result;

¥

EMRX ARG, FTIE—NEXEREEI — StringlO 31, AREEER:

>>> import io

>>> f = io.StringI0('Hello\nWorld\n')
>>> import sample

>>> sample.consume_file(f)

Hello

World

>>>

e

MEBRAANARNRNZ, —MEXUNRANFEZERRESUH DT REE,
FE, FABEEREZIER C ERBRMNEIE, REZEER Python B C API RIGEE
A SEURIBRAF R IR KT TR,

EBNMRAES, read() FIEMBEBITRARIMERK, —PSBRIIRRE
IR IR G NBREY R IELA PyObject_Call() RIAAXANGE, BEREXHRE (EOF),
{EF T PySequence_Length() REBEEREIRKER 0.

WFERER 1/0 BE, MEBEEXTIRENRIEIZN, TEFTHH Unicode ZHIKY
X5, KTERTMFAAX AR IEN — NG FHIEER XA BEB A —NFETRE, X
M1E C RFRILAERTE T, MRGEBUZHEIEXIZENGE, REEEN— S =E0],
fBlan -

/* Call read() */
if ((data = PyObject_Call(read_meth, read_args, NULL)) == NULL) {
goto final;

¥

/* Check for EQOF */

if (PySequence_Length(data) == 0) {
Py_DECREF (data) ;
break;

by




if (!PyBytes_Check(data)) {
Py_DECREF (data) ;
PyErr_SetString(PyExc_IOError, "File must be in binary mode");
goto final;

}

/* Extract underlying buffer data */
PyBytes_AsStringAndSize(data, &buf, &len);

APREMMAETFTUNEHITIERBRNFEIE, HAIE PyObject * ~~ TEMA
1%, EETEEEI ATHUREAREENTENIHMEZFIEEC(IME, ¥ - Py _DECREF() B
AL 2 R MEX N,

AURBU—MERLARS, EithtaEERTEMIXAFERIE, LLNEXH,
oI, ESHE, RFERMEXGNRI vrite O F5iE, BEIBHER HEIER Python
W& (FTEL Unicode ), ARBAZGERBASARXMG,

&, REEXHWREETREEMTTE (EEI readline(), read_info() ), FAi]
RIFREREARR read ) MuriteO Hik, &S C ¥ RIEE, EERHMAREE R,

15.20 &8 C {EESHAYERIT R
BEi

F8E C ¥ RABGEREEM DA RMINR, TTH XEEMBFFHITT

THE— C ¥ REHRLF, ERTEFGETNANRAMITE:

static PyObject *py_consume_iterable(PyObject *self, PyObject *args) {
PyObject *obj;
PyObject *iter;
PyObject *item;

if (!PyArg_ParseTuple(args, "0", &obj)) {
return NULL;

}

if ((iter = PyObject_GetIter(obj)) == NULL) {
return NULL;

}

while ((item = PyIter_Next(iter)) != NULL) {
/* Use item */

Py_DECREF (item) ;
}




Py_DECREF (iter) ;
return Py_BuildValue("");
}

i

AT HREEF Python I CIEEL, PyObject_GetIter ) RIIAAFIIEAFA
iter) —#E[IRF—MENEE, Pylter Next() BRENIFA next HfﬁLlﬁl—F | T_D—T»
g% NULL(3S5: ﬁna?%z&UEmmWﬁg
TSR ENRAS FREN®IEE, Bk tNRETE,

15.21 iZHi5 ERE
o] &

FREBREARENTEREIR, SR, U0 E K EH
183R1S Python HMRER, MMIKLELRES 1aeE’JE‘Hlae1 HIREFPIET

1% %lﬂj#/Jso {IJ\
TR
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faulthandler HIREEWARFBIRAERX /OB, EMRRIFERFRRSIATIINREG:

import faulthandler
faulthandler.enable()

FIMEETLAER T EIXA${ER -Xfaulthandler KiE{T Python:

bash 7 python3 -Xfaulthandler program.py

Bfa, {ReIAI% E PYTHONFAULTHANDLER IMETL &, H/E faulthandler f7, £ C #
RHAMBGHEIRES N — Python $iRMEMRMMITENH R, FI40:

Fatal Python error: Segmentation fault

Current thread 0x00007£££71106ccO:
File "example.py", line 6 in foo
File "example.py", line 10 in bar
File "example.py", line 14 in spam
File "example.py", line 19 in <module>
Segmentation fault

REXNMHANESIFF C REBFMELET, BERELVEESIFM Python EE
BHE.
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faulthandler 7€ Python R ITHBIMERIFE RRERER. ), ESE
IR BN IARNRINEY RERKREW ", 7£ pdb F1Et: Python AR T,
{REREEIBRMRILE B RFAENMNUE T,

faulthandler A HFIFMREM C ESHHERER. BLb, (REEZERESRM C i
88, tbul gdb, A, 7F faulthandler BEMSETUILFEFIBTAMEEE, TET
BEMERE C hELLLAMERTEAABTIME, i, MR—NMNCYTVREFTER
HWH%RER, BRI faulthandler ANEJF, BAMEESAREE[@EL (BRTERERI ).
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http://docs.python.org
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http://pyvideo.org
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http://code.activestate.com /recipes/langs/python
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