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>>> p = (4, 5) Python 00 783462347 500+ Python
>>> X, Yy = p
>>> X

S>>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

>>>
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>>> p = (4, 5)

5> X, Y, Z =p

Traceback (most recent call last):

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

s 'Hello' Python 00 783462347 500+ Python
>>> a, b, ¢, d, e
a

n
wn

>>>
>>> b
>>> e

>>>
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L. (ERIRAT DM ME R AR A L AL, B R E IR AR HAT 1.
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>>> data = [ 'ACME', 50, 91.1, (2012, 12, 21) ]
>>> _, shares, price, _ = data

>>> shares

50

>>> price

91.1

>>>
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def drop_first_last(grademsytion Q0 783462347 500+ Python
first, *middle, last = grades

return avg(middle)
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>>> 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"]

>>>
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*trailing_qtrs, current_qtr = sales_record
trailing_avg = sum(trailing qtrs) / len(trailing_qtrs)
return avg_comparison(trailing _avg, current_qtr)

N 2 AE Python @R 4 Hh AT 1 45

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

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

>>> current

3

it
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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(*args)

BT RIS A AT R IR R B 2 ARG H, Ee 45 5 (1 7381

(EZF

>>> 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’

>>>
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>>> record = ('ACME', 50,pyReh-45, (12,00 8783462847 ) 500+ Python
>>> name, *_, (*_, year) = record

>>> name

"ACME'

>>> year

2012

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

>>> head

1

>>> tail

[10, 7, 4, 5, 9]

>>>

BARRUEHE IS, B REFH IX AP BITEE T A SEDLEE IR k. Hedn:

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

>>> sum(items)
36
>>>
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from collections import deque

def search(lines, pattern, history=5):
previous_lines = deque(maxlen=history)
for 1i in lines:
if pattern in 1i:
yield 1i, previous_lines
previous_lines.append(1li)

# Example 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)

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

>>> g.append(2)

>>> g.append(3)

>>> q

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

>>> q

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

>>> q

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

>>> gq.append(1)

>>> gq.append(2)

>>> g.append(3)

>>> q

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

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

3

>>> q

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

4
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heapqi%tk%?ﬁﬁﬁ‘é@i&: nlargest() Fl nsmallest() HJLAFEZEREPRIZ 0],

import heapq

nums = [1, 8, 2, 23, 7, -4, 18, 23, 42, 37, 2]
print(heapqg.nlargest(3, nums)) # Prints [42, 37, 23]
print(heapqg.nsmallest(3, nums)) # Prints [-4, 1, 2]
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500+ Python

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 = heapqg.nsmallest(3, portfolio, key=lambda s: s['price'])
expensive = heapqg.nlargest(3, portfolio, key=lambda s: s['price'])
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>>> nums = [1, 8, 2, 23, 7, -4, 18, 23, 42, 37, 2]
>>> import heapq
>>> heapq.heapify(nums)

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

HEHHE S5 80 B B RFAE AR heaplo] KITARR/DMWILER . HHFIRIICE T LURE S M)
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NG 2 R B i R 0 3R (X PR AR I 1R) 52 2 AR O(N), NGZHER /M) b, fnf
BRI TG, KA LUXFE:

>>> heapq.heappop(nums)
-4

>>> heapq.heappop(nums)
1

>>> heapq.heappop(nums)
2
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import heapq

class PriorityQueue:
def __init__(self):
self. queue = []
self._index = ©

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]

e A T



>>> class Item: Python 00 783462347 500+ Python
def __init__(self, name):
self.name = name
def __repr__(self):
return 'Item({!r})'.format(self.name)
>>> q = PriorityQueue()
>>> gq.push(Item('foo'), 1)
>>> g.push(Item('bar'), 5)
>>> g.push(Item('spam'), 4)
g.push(Item('grok'), 1)
>>> q.pop()
Item('bar'")
>>> q.pop()
Item('spam")
>>> q.pop()
Item('foo")
>>> q.pop()
Item('grok")
>>>

>>>
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>>> a = Item('foo") Python Q0 783462347 500+ Python
>>> b = Item('bar')

>>> a < b

Traceback (most recent call last):

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

TypeError: unorderable types: Item() < Item()

>>>

WERARFEF T (priority, item) , WEPINITCEHIMLITHAFBBE LT (HELZWRMN
MRS H—FERIE, A BERAE R B BT —FE 5

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

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

>>> a < b

True

>>> ¢ = (1, Item('grok"))

>>> a < ¢

Traceback (most recent call last):

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

I FINGHME index AR =04l (priority, index, item) , HtREAR 4 10 S b1
4R, BEAARW AN TCRA AR index {H. PythonfEMcdltbaim i, Al
LB A ST AR e 45 3R 1, e T EEBRAE A 2 KA T

>>> a = (1, 9, Item('foo'))
>>> b = (5, 1, Item('bar'))
>>> ¢ = (1, 2, Item('grok"))
>>> a < b

True

>>> a < ¢

True

>>>
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ython QQ 783462347 500+ Python
itttk 7 %
AU AN A B R . G SRR AN 2 AME, ISR R

ReX 2 AMEE A gy, g R e S & il . than, ARn] BUR T XA IS
QRIS

d = {
a' : [1, 2, 3],
b' : [4, 5]

e = {
‘at o {1, 2, 3},
b' : {4, 5}

}

PR I PRI 2 R A5 AR TR SE PR TR 3R o W RARAR PR o0 3R A By A I 12% 15 FH 31
®, WREEHERTHRHMHES OF BARCITER N EED

PRAT MR T HIH FH collections FRIRTIH] defaultdict A IXFER)FHL
defaultdict [{J—MRHERE L HAVILEA ey RIFFIEXRIHIE, FTLMRAFHER
VEVR NGB BRAE T . Hedn:

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'].add(2)
d['b'].add(4)

TEVEERAZ, defaultdict 2 H BN ELG In] (8 (9t 55 H 5 7= 8 A FEA A7 AR X 1) )
BB A . a0 RARIFEA 75 X FE e e, ARV DAAE — AN i B
setdefault() JTVERACE .. tbdn:



= {} # A regular dictiomgfioh 00 783462347 500+ Python
d.setdefault('a', []).append(1)
d.setdefault('a', []).append(2)
d.setdefault('b', []).append(4)

ERRZIEF RS setdefaurt() HIERAT AT . ROVERUC FHARFS QIR — AN A 4)
SRR S (B 5 FE e P 22 B3R D)

it
— ROk, QI AU TSGR (F%, WRIRIERE H DS, AT

?ﬁ%@%%T%%ﬁﬁ%ﬁ,%nmz%Fﬁﬁﬁ%im:

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

MR defaultdict BITHAASELEE OIS 1 -

d = defaultdict(list)
for key, value in pairs:
d[key].append(value)
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FEIEAERAE R ke %1%%75%%52%)\5? E’J llﬁf” T, Bl

from collections import OrderedDict
def ordered_dict():
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])

YRR B AR 75 2P S A B A RS AT U S IO {5, orderedict fEARH
AR tehn, RSB H] LLSONS 5 )5 7 BU My, /Rl AYefE ] orderedpict 2K
FEJ S S P A% -

>>> import json

>>> json.dumps(d)

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

it

orderedpict P ERAESE — MRYEBEHE AT HEF FOW R BER . BRI —DHITCRIEA
BERAII R, EXPURBIBERMERS. X T O RN =2 REA 2 SRR
G o

T EER A, A orderedpict HIR/NE—/MEIE T I, BUOVE N BT & 53 4
—MEER. PRI RARE R AR KE orderedpict S HHE 45 1 RIS i (EE 40132
B 100,0001TCSVEHE F]—4> orderedpict FIRHE), AR AHRLH — T2 5]
orderedpict iy I AL ERILHST A7 FE AT

1.8 7L iz &
7] 25

EFERE T R AT I R (R e MEL. BoRfE S HEFPSEEE) ?
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Python QQ 783462347 500+ Python

25 R8I THI PR B 52 4 AV AR IR A - S -

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

N TR FIAEPAT IR, @EFEMEH 2ip0 REBURKBEAE k. i, T
T 2 B B /N AT B3 K B S 4 A e S A PR A QRS

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

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

KAL), FTRAMERT zip() Al sorted() PRECRHRS 7 S50 -

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')]

PATIXEETF R AU R, W EEENZ zip0 BREGTERTZ — R Be Vs W] — KIS
tedn, AR 2 e A A R

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

it

WRARE ATl FPATHERECEEE, ReERIENIUUER T8, mAZHE.
.



min(prices) # Returns 'AAR/hon Q0 783462347 500+ Python
max(prices) # Returns 'IBM'

EANGE R IFARAIRAREL), BONARBR B F I MESE S L PATIXEE R, B R 22k
H ¥ 7 values() FIVER MG PLIZ A 0]

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

AR, EHE ISR EA SR EL N . ARR] REIE AR ZER0TE XS ML o ) 45 2 (L 4
HRF B SR AN A 2 B AR ? )

PRATUAAE min() A1 max() BRECHIRME key BRENZSHORIRE a0 /ME B f AR M. 1) B8 145
o tein.

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

B3, WA ER B R/ME, R XAEHAT —IREHR IR, .

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

HITHI Y zip () BRECT SEOEIRE 7 8 S N (L, B8) el SRR 7 R . = b
P TCLL I, ERSEHATILRL, AR 2. XA IR IR feal 4 ) S iE A
HUREAR AR AR A S AL 7 3 b ISR A AN HEFP 484 T

TEF BN AT EESR AR T (E, #X. B2 SR IE M E N E R R, e
PrEiRBIZER . b, EHAT min() 1 max() ERAEMIEE, WSA T /N EER KIEA E
B0, WAA B KR Sk 2 iR (A,

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

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

>>>



1.9 &k TSI AR @f‘rg‘] 0Q 783462347 500+ Python

7] et

ERAE A b T T3 R R (EE Al R s AR R B 5555) 7

fif R J7 %
RSN T AL
a={
Yy ,
'y s
-
¥
b = {
w' : 10,
x"' ¢ 11,
2
}

N T RIS T U R, FT AT B AE P I keys () BRFE items() J7iKIR[AIZER
ERATESRME. .

Find keys in common

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

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

o H oo H oo H

XL AT U T i g w oo R . tan, RAURAE DAL 5 G — N HERR
JUANTRRESERE 7. IR T 7 iR SR S BLIXRR A 755K -

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



iﬂ‘ VE\* Python Q0 783462347 500+ Python

—ATFIEOE MRS SEESHME KSR TIM eys() TR E AN RIBEES
RIS B BRI A — MR T IR E L2 B TSR R 53, ks
I 22 EisSHe bl WERIREX RS R EHIT —SEE R G HAE, rTRIEEA
S DR R AN e ks e AT i —Toset

I items() JGVRREIANMEE (B, E)XRITTRAEN R XN RERESRRES
B, IF HU AT B SR B 3 A S AT W LA (5] ) B fEL X

RAET K values() JTEMREREL, EREIFASHFX BN AREGRE. KMEE L
7ROV EM EA R RIE A M ELAME, ZHSERSESRESHIAE. A
i, AR R E AT IR SR SRS, R U R R S Fe e liset, IR)m
PATERGBEMAT T .

1.10 I} B > 1 A1 7] o 2% 9 DR 455 U

7] et

EREAE— A7 51 _E T ORFF 70 3% U 0 [R] IR B B 52 AR 2

LIPS

IR I ERMEHR R hashable SRAY, 00T DUR fa] 8 100 R F 4 5 B0 AL A R AR DX A
I‘EJITE@O Hﬁﬂﬂ:

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

R A i e K 5

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

[1, 5, 2, 9, 10]

>>>



Aﬁ%&&f%ﬂ*m%ﬁhmmMeMNﬁﬁ 7 W%MEQ%E%TTMﬁ(

783462347

ﬁumu7ﬂﬂ%?ﬂ¢§EE%Mﬁ %ﬁﬁht ﬁﬂﬁﬁ&i AR R SEY T

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)

X R HkeyZHHRE T —NEREL BFPFITEREARN nashable KM, THZERHZER
1

>»> 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": 121, "y': 2}, {'x"': 1, 'y': 3}, {'x": 2, 'y': 4}]

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

[{'x": 121, "y'": 2}, {'x': 2, 'y': 4}]

>>>

IRARAEIE T AT B RAEEE A R SRR R TR, 5B AT RIFIME
AT

it

IR R B PR E R TR, EH AT ARG RS .

[1, 5, 2, 1, 9, 1, 5, 10]

>>> set(a)

{1, 2, 10, 5, 9}
SR, IR ITVEAREYES LR Y, AR R e = AL BT AL, 1 b kAT
AT G X A F 0 o

FEARTT R EAME 1 Al R B LR s ECEIE A, AMUE RR T2 R A H .
s W SRARARAE AN SO, THBRERAT, AR DR 5 BOX R



with open(somefile,'r") astfion Q0 783462347 500+ Python
for line in dedupe(f):

J:ﬁﬁkeyéﬁiﬁéiiﬁﬁifﬁff sorted() , min() it max () SN E KRB RE. TS
18FMLIINT TIEEZ

111 s % V) A
7]

R B4 I — KR Ok BRI 60 V) 7 T A%, SRS IRAETE BE R A .

S

fBE VA — B ZE M — D3R 745 8 mp LA ] e o7 B S HE Ry e ) 28080 - B (L SC A
B RABI% 50) -

#HA###HE 0123456789012345678901234567890123456789012345678901234567890"'
record = ... i i i e 100 ....... 513.25 ... .00 '
cost = int(record[20:23]) * float(record[31:37])

HHIFES, Nt A A ERZ a4 D) R e

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

5 MRAR T, ORI T ORE IR AR S 6 T bR, A AR A AR SIS R AT T

it

—RORVE, AR U R IR AR i AR & (A B A R AR ORI L
n, WRAREGEREE —F AR E A, RSB AR RIS 5 B O 2R A8 TR I
IX BRI R 7 58 A — MR 16 B (18 7 L AR S N7 Wb 1) i AR 21 R S A 4



WEM stice() BREBIE T —MIRAXTSR, 7T UMY v 7.
.

>>> 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]

ﬁﬂ%{ﬁﬁ*/l\tﬂﬁ?ﬁg%s, %ﬂuﬁ\%ﬁ%ﬁﬁﬁﬁﬁ s.start , s.stop , s.step )%f%l@?ﬂ@‘i
ZIER. .

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

>>> s.stop
50
>>> s.step

>>>

Fiobh, ARIEEEIEIS VIR indices(size) J7VRAF BB 2] — M KA FS F, X
ANTEIR Bl —A=JCH (start, stop, step) , FTAEHESHE A& MI4a /N LA 2 12 5L IR
Hil, AT I B G B I tndexError S0 . LLAM:

>>> s = 'HelloWorld'

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

(5, 10, 2)

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

>>>

112 J7 7 IR B s 2 T &=
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collections.Counter ZRHLEH T NXEMBIM I, EHE2EHF —NMEFHB
most_common() ﬁ/fﬁ?ﬁ%}?%—(%%o

N TR, SR AR — A il H1 3 5 HLAR SR HH WA ] Y PR fe ey o (AT UIXARAEL:

words = [
'look', 'into', 'my', ‘'eyes', 'look', 'into', 'my', ‘eyes’',
not', 'around', 'the',

"the', 'eyes', 'the', 'eyes', 'the', 'eyes', '
‘eyes', "don't", 'look', 'around', ‘'the', 'eyes', 'look', 'into"',
'my', ‘'eyes', "you're", ‘'under'

1

from collections import Counter

word_counts = Counter(words)

# B R e Y 34 LA

top_three = word_counts.most_common(3)

print(top_three)

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

it

ﬂfy\jﬁﬁ)\, Counter Xﬁ%ﬂ%?ﬁ%fi%ﬂ‘] hashable }?ﬁUXﬂ‘%\o E}EE)%%EH:, g/l\
Counter XTRFLE—/TFH, BIomM B e HIRRE L. -

>>> word_counts[ 'not']
1

>>> word_counts[ 'eyes']
8

>>>

IR ARARF- BT INTHAL, ) RAfa] # 0 i



>>> morewords = ['why',"are','you', 'not', "looking',"in', 'my"', 'eyes']
>>> for word in morewords:
. word_counts[word] += 1

>>> word_counts[ "'eyes ']

>>>

BE AR LMEA  update() Fid:

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

Counter SE—AMEEg NRIIRFE R TATAT DMRA 5 M REC A I8 FAaRE Al & . Letn:

>>> 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, 'not': 1})

>>> b

Counter({'eyes': 1, 'looking': 1, 'are': 1, 'in': 1, 'not': 1, 'you': 1,
'my': 1, 'why': 1})

>>> # Combine counts

>>> c=a+b

>>> ¢

Counter({'eyes': 9, 'the': 5, 'look': 4, 'my': 4, 'into': 3, 'not': 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})

>>>

ZEER,  counter MRAEJLF A B R BCE TR &2 F AN LA,
FEMARPRIX R ) JR I AR BLZAL SE e BT, 1 A2 T sl A A 7 3025 se 3l

1.13 @ i e FH y — N7 g 3R
5] 5

PRAT — T HANER, ARAERRAE A BEE LA 7 i 7 BORFR P IX AN 91K



il o T3 %=

WL EH operator BN itemgetter PREL, WLAARH R 5 HEF XA B ST .
BOUR B e v R R SR Wt 23 S5 B 83, O H DUR 21 B30 454 3 [l

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}

MRYEAE R 7 3 5 BORHR P S N 45 RAT RARE 5 LB, AR 7= 41

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)

AR A 1 20

[{'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() Eﬁiﬁﬁzﬁiﬁ?éiﬁ\keys, tKﬁDW:EﬁEG4ﬁﬁ%

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

RPEATT S -



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

i

e BTG, rows BEAEHRLGEESZ — N KBETSHIN) sorted() WERE. XNMSHE
callable KM, FEHM rows HHERZ—NHR—IJLEK, RJFREIHE KA HIE.
itemgetter() PRIEUH A2 T DT B IX AN callable XTHHT.

operator.itemgetter() PRHEAH —MrowsH LR ARERMEN RS S8 b —4

TR, —DBRESEEAREEN DRI __getiten__() JTENE. MR

RIEANZ ARG BEE itengetter() » BEEMN callable MRERE—ME A LR
AT, JFH sorted() PREIRIRAEX AN TCA T ITTRINF LAY . (HIRABE RN LA
7B AT HE A (B A i e A2 R HE R, Bt 41 b BIRE) A I B M iR R IR
HIH o

itemgetter() M MRLATLAA] 1ambda FIXAACE, Holn:

rows_by fname = sorted(rows, key=lambda r: r['fname'])
rows_by 1lfname = sorted(rows, key=lambda r: (r['lname'],r['fname']))

R T RWA . HZ, ] itemgetter() JTAZISATHIMBIR M. BIIL, W SRR L
Cl 0 R S = ORr I K b e itemgetter() Fi .

BE, NEL VX RERPE AR EEER T min() it max() =¥ ERE. L.

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

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

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

1.14 HE PP AN SRR A BRI B

7] &t



TRAEHEP B R G, (B RA A SRR 2L 1 EEBER A

i T

NEH sorted) BREH DRETZE key , FEMEA—A callable MERHEE, X4
callable XFRXFEEMENMIT RIR[E]—AME, X MEZH sorted HEKHEFIXLEXT R,
behn, W SRARAE RN I RE S BLIEAT 4> user SEBIFPA, I HARA BEIEEARATN user_id J&
PEREATHE Y, ARATLARIE— ALl user SEBIPENMIA TSI XS B user_id {HIY callable
R e

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))

5%9F_‘$¢j7iﬁ£%fﬁﬁﬁ operator.attrgetter() ﬂ%fﬁ%?lanwbdaé@%&:

>>> from operator import attrgetter
>>> sorted(users, key=attrgetter('user_id'"))

[User(3), User(23), User(99)]
>>>

it

R Hlambdapi B8 & attrgetter() AIREHIR TN ANELF. HE, attrgetter()
BRECE 2 s AT R, I BIRRE R UV 2 N B AT . XN ER
operator.itemgetter() BREEH T FMBRIRKLUSHE LI3/M) . B, W user SE
B — first_name 1 last name JE@PHE, HA W LA N HIIXFEEHER

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



FERE R EERENE, X—/DNTHBIMEARFEEGEHTH nin) M nax() KR
.

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

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

>>>

1.15 @ i AN F BRIl sk A
7] 51

TR — A7 B LR, AR5 VRAERAE AR E 1O 7 BLEE N date SR AHIEARTS
7] .

fir o7

&

itertools.groupby() BREUON TIXAEMIEIR D HIRIFARF L. N TR, BRiREafs
T RBIR T AR

rows = [

{'address': '5412 N CLARK', ‘'date': '0@7/01/2012'},
{"address': '5148 N CLARK', 'date': '@7/04/2012'},
{'address': '5800 E 58TH', 'date': '@7/02/2012'},
{"address': '2122 N CLARK', 'date': '@©7/03/2012'},
{'address': '5645 N RAVENSWOOD', 'date': '@7/02/2012'},
{'address': '1060 W ADDISON', 'date': '©7/02/2012'},
{'address': '4801 N BROADWAY', 'date': '07/01/2012'},
{"'address': '"1039 W GRANVILLE', 'date': '@7/04/2012'},

AR SR AR fE dR date s 4 s B e BT v T IXFE, R Je 75 E AR R E 1
%ZEQ(tiﬁiitfé date )ﬁwf?, ﬁﬁﬁ%ﬁﬁfﬁ itertools.groupby() Eﬁ%ﬁ:



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(' ', 1)
BATE R
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 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 CLARK"}
07/04/2012
{'date': '07/04/2012', 'address': '5148 CLARK"}
{'date': '07/04/2012', 'address': '1039 W GRANVILLE'}
e

groupby () BRI BN P 41 91 HL B 3RS [F) 8 (8 MR 3 415 5 key BRI B0R [BMEAH [H)) ) 7T
R2FA. AERIGEUI R, iR Bl AMEA MBS R, XA EAE R AT L
RO R AR AT BT ME AT AR R

— AR R R D R EARAE AR E T BOR BT . BN groupby () UK B IE
BifgiER, WRESIFBCAHI SR Mg, A RECRAE A RIBE LR

AR AR A 2 AR YR date r BOR Bt 0 AL 21— KRB a5t b &5, IF HLASVRREAL UG
], MARBRIAER defaultdict() SKE—DZHETI, KT ETHOEALONT
EEpURES P s ZE PR A UE

from collections import defaultdict
rows_by date = defaultdict(list)
for row in rows:

rows_by_date[row[ 'date’']].append(row)



AF AT AR AT DR ARAR Al BE X BN 8 E H T R0 L AT %

>>> 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'}
>>>

fE_ETXA5, FATEA LIS IC . Bk, RIS A S ARG,
AP e e HE AR5 I8 groupby () BIBUEAHI T BT — L8,

116 i€ 4t R
7] 7t

TRA— 51, AR - SE R R SR B 5 2 B A 4 R 5

ya IR

=y
S

YIS
I (] B R BE A1 e AR I T R e S P AR HE . ER .

>>> 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]

>>>

5 B R HE T 10— AN AR SRR A 2 a0 S N R T RIS & 2 — N ER RINgE R, 5
FARKENTE. SRR NAE LU, B AR AT DU AR ple s 26k s A= A i e o
. b



>>> pos = (n for n in mylist if n > 0)
>>> pos
<generator object <genexpr> at 0x1006a0eb0o>
>>> for x in pos:
. print(x)

10

>>>

AR, IERMIN EEBR 2%, ASRERT FL O AE S R B 8Os A A R PRk k. B
an, AR I R B0 5 LA T S mE HA R A O . IR T UK R A T R
—A R, R ARER fitter() B ABIWIT:

values = [Il'J '2|J '_3I) I_': I4'; 'N/AI) IS']
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', '5']

filter() BRELANE T — MBS, UL RIREE R —NFIRIE, MGG AL
H 1ist() ZEEH,

Wit

B HE AL A RE FE H I D0 B A e s e fel B e L SEEA e REAE L UE 1)
I i e i dh o EL D

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

>>> import math

>>> [math.sqrt(n) for n in mylist if n > 9]

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



IEBRAR I — DR R AT & 2F M E R ERE, mAREFENT. ki, £
— B AR RE AR AR B IR R, T AR AR AN R IR R B e R e R iR
AR RIS RIB AR, ATPMRZE 5 (AR X A 1), iR IXH

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

[1, 4, 0, 10, @, 2, 3, 0]

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

[, @, -5, 0, -7, 0, 0, -1]

>>>

FHN—AMERR TR T R itertools.compress() , BELA—A iterable Xt HF—
AR RIF Boolean MEFEAFFHIMEANMASHL. RJEHIH iterable XFTR XS RLLFEAR N
True HITEE . HIRTZE 50— DNAHIIR AP SUSRELIERAN P S (I i, XA R B AR
WAMR. e, BWmBEIRAE T M s

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 = [ @, 3, 10, 4, 1, 7, 6, 1]

DUAEPRAERE AR EEXS ML count ERFSEUMBIE 7 HY, R4 /R AT U REA

>>> from itertools import compress

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

>>> more5

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

['5800 E 58TH', '4801 N BROADWAY', '1039 W GRANVILLE']
>>>

X BB S AE T8 Boolean P4, FRIRMBLETTRE & %KM A compress()
BRIER P XA P 1 LI B B A BN True HITTER



il filter() @ﬁ%@u compress() m%ﬁlﬁlﬁ@—/l\lgfﬁgﬁo Sl ﬁﬂ%%%‘%%’%@ﬂ—
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prices = {
"ACME': 45.23,
"AAPL': 612.78,
'"IBM': 205.55,
"HPQ': 37.20,
'FB': 10.75
}
# 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}

it

REHEOL N 7 UHEF REM I, BN eH P AR IE eSS dice) BRERRE
ifmo Hﬁﬁﬂz

pl = dict((key, value) for key, value in prices.items() if value > 200)
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BWILFEE deit() PRECTAPRIERE—17).

A ETE R — e m 2 M. e, =AM TR MR RS



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

B, BT AR ZE SR R XM ) ML 5 —Fh 7 18 1615 . WX R FriafT IR
FORIEE A, 5 B R I TR S I ke SR TR 2 bk AR RE IS, W LS
1413/ 5
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PRAT — BOBIE N e U7 1 512 8 e b oo s AR, ELAE SRR AT I 2 A5 PR R AR A LA
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collections.namedtuple() BRACE I H— NI i o0 GO ARAE I AN ), XA
PR S B b — MR [ Python bR #E Tu H 2R 728 [ — AN LT k. IR 2L — R
RANIRFR I T B, RReEiRE—2, RT3, e X7
B i % . AR R

>>> from collections import namedtuple

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

>>> sub

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

'jonesy@example.com’

>>> sub.joined

'2012-10-19"

>>>

JRE namedtuple HJSEHIHE KR —MEBMSEELG], (B2 ERTHRR R ZHMN), L
R HE oA A, B R S . .



>>> len(sub)

2

>>> addr, joined = sub
>>> addr
'jonesy@example.com’
>>> joined
'2012-10-19"'

>>>

5 A TR — A EE AR R VR CRS N T brgg B gl ok . DAL, G PR Bl I
WA AIRE T —MRKTTHSIER, B TR RITER, BURERFEIN 18
HIZIR AR RS AT Bt = AR 1 (ER AR IRGEN 1 dn 4 ndl, MamASH XN
TS o

N T UWITEAE, TR A i e 2 AR

def compute_cost(records):
total = 0.0
for rec in records:

total += rec[1l] * rec[2]
return total

ThRRAEE R 2 AR EAEW, I AR KL a2 dr 44 o2l 1
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

it
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>>> 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

>>>

IR AR 7 ZEA AR R R e, AT A i 4 TS BIK _replace() T7ik, ER
A — A4 10 i 44 T IR L 7 BOR BT B AR Ee

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

>>> s

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

_replace() VAL —MRA M ARFER AL 20K 1 dr 2 o AL R B sk 7 B
fg, RN EEE T EREASIE NI ARA] BRI — NS B E ) A T A,
SRIGAEH] _replace() JIVABIRUHTMEA E R AL Ll

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

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

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

N AE 5

>>> 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)

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

N EZ BT

# Determine 1if 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
= ('ACME', 50, 123.45)
print(','.join(str(x) for x in s))

# Data reduction across fields of a data structure

portfolio = [
{'name":'GO0OG",
{"name’':'YHOO"',
{'name’':"AOL",
{"name':"'SCOX",

‘shares': 50},
'shares': 75},
'shares': 20},
'shares': 65}
]

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

i
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sum((x * x for x in nums)) # BEORIILE—ADARERERIEAT S
sum(x * x for x in nums) # TEMMRHERSZEL A, B TGS

i — Al LA AN S H S B B — N SR S oo, tedn, i
PRANE A il R Ul AR R] e 2 25 RS A 1 T ) s BT 3

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

ZAOTAFERE AT LA BB ZARCR, HRERZ MNP HE, SLeld—MEsMIFIEL. Xt
TANBGIRA R AT AR &R, HRWMRTTRACEART KK, 20— ERAIN
DAL — R 2 TR A i e Bedlm 4540 o 10 A2 B U7 S8 o LS A 5 U it DRI
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FEAE ] — LR AR min() A1 max() FURMBEAR AT RESE AR A 056 A AL AR AR, &
A key R T S REVERURIRAT B . B, A EREIIESR6 7, IR fes
25 B8 T T ) SEBLRRAR -

# 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 & JF 2 /> 7 i Bk
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AR AR DL ZAE PR P PAT R ERAE(LL e AN o R, WREA R FHAE v
e —ANAEFE BRI R TT ZH T collections BEELH chainmap 2. HLA:

from collections import ChainMap

c = ChainMap(a,b)

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

it

—A chainMap R ZNTFHMIFBENEZE A N— 7, AR)E, XREFHIFAZE
MEFHE—T, chainmap KR BAENTBEE T —NEGIIXLLFHIHR HEHE LT
— S L B E SR DX AN R . R R AR R T AR AT A, Bl

>>> len(c)

3

>>> list(c.keys())
['x', 'y, 'z']

>>> list(c.values())
[1, 2, 3]

>>>

IR MBER R, WA KBS ES ORI, Hik, B TR 2 B
ZIREF I o FPXSRME, TANE o FRO R A

X B R ST O SRR A AR R B R SR A . B



>»> 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 Xﬂ‘?éﬁﬁ%%*ﬂ‘ﬂ’ﬁﬂ%?ﬁﬂ%i(thﬁﬂ globals , locals %)I%EIEF.%L'%‘)EHE/\JO $
SE b, sk ] DA ARG R

>>> 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']

>>> # Discard last mapping
>>> values = values.parents
>>> values['x']

1

>>> values

ChainMap({'x"': 1})

>>>

B4 chainvap A, IRATRER BB update() TR LG IF. ELlN:



>»> a={'x":+1, '"z': 3
>>>b = {'y':t 2, 'z': 4
>>> merged = dict(b)

}
}

>>> merged.update(a)
>>> merged[ "'x']

1

>>> merged['y']

2

>>> merged['z"']

3

>>>

AR AEATIRE, (B ERQE A7 e A F K7 N R (B 2 BRI 7 i 45
t)o [FIRF, QRIS SR, XM A S N BT AR . .

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

chianMap I ERETFI, B HOAGIEE T, prClE A4 B pr i i 4
£, .

>»> a={'x":1, 'z': 3}

>>>b ={'y': 2, 'z': 4}

>>> merged = ChainMap(a, b)

>>> merged[ "x']

1

>>> a['x"'] = 42

>>> merged['x'] # Notice change to merged dicts
42

>>>

B P A RISOR

JUFIA A AR R BRSSO A, ANE R Edsie 2 At . X—=
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TR ERG — DT B D FONZ AT BG B FRAT (AT A BRI 224%) JF A& [ 52 1

S

string XPRHAT split() HIERENTIEE W LK FrFH2EEE, EHFARTEZAN0
BT B A2 20 B AT B AN B 2546 o VR 7 2 5 N R T B D) B 7455 B I i, Bl sl
H re.split() Jiike

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

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

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

it

PR re.sprit() RAFESEMIN, DUAE RV BEATRE Z BN, thin, -
5, oBafF T BLGRIE S, o osE 2k, JFHRREREEE SR, A
FOXAREAGR R, T4 DLECH 70 BT L I SR AR > G 4 R P e sk |l IR
BIZE R AN—NTFBIIR, EA strosplit() REMERTR—FER,

BORME re.sprit() BREUNHR, EAFHNESKZIENFRE PR S 0E — MG SHiEk
e WARER TR, AR SRR B A R A& b e, W& —
P IXBAIEIEAT A R AR

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

>>> fields

[Iasd_Fl, 1 I, I_f:jdkl, I;l’ Ia_Fedl, I,lJ I_Fjekl, I“lJ Iasd_f:l’ I,l, I_FOOI]
>>>

R B F ARG LR oA . betn, IRATREARER B 0 B, HISRAE J5 1
FHR I By AT R



>>> values = fields[::2]

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

>>> values

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

>>> delimiters

[I 'J I;'J ')lJ 'JIJ ')I) II]

>>> # Reform the line using the same delimiters

>>> ''.join(v+d for v,d in zip(values, delimiters))
‘asdf fjdk;afed,fjek,asdf,foo’

>>>

U ARARAS LR B 0 B 745 Hf BIZR PR h &, (B R 75 B 2135 5 K 0 AL IE R IE )
W, BRIRI AR AR SR A, B el o LA

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

2.2 FRF RO S B A R L A
] 5

PR EE I E SO AR B TR § T kBB S5 R, HnscfF 44548, URL

SchemeZF4:,

LIPS

KB PR TR B ES B I — MR VERAT A str.startswith() BUE /& str.endswith()
7k bedn:

>>> filename = ‘spam.txt’

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

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

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

True

>>>



WRARAER A Z FHULEC T RE, HFR DT A LR SURA B — A e %, REtks
startswith() EE%? endswith() 7?%2:

>>> 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

>>>

NS AT

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()

APERE, EADIET R AER AN A Te A NS WRIRIETSE A 1ist BE
set RAMEFEIN, ZHREBESHETRAM cupre() REHFEHOTTHRA, L.

>>> 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

>>>

i

startswith() M endswith() JrikdRfE 17— EAEE TR B MR 8T LSS R i
Bo KPR T AT U)o SEBL, B RAVEE KRB A HE. .



>>> filename = ‘'spam.txt’

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

True

>>> url = 'http://www.python.org’

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

>>>

PRT AREIE REAE A IE N A 5 528, Eetn:

>>> import re

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

>>> re.match('http:|https:|ftp:', url)
<_sre.SRE_Match object at 0x101253098>
>>>

XA AABATARIE, (BT SR A DL SEAE A RV RHT T, AT mR 0 535 B T flg 2
I Higfr e,

whafe—F, ZAMHARERAE L@ e R S A G AR startswith() Fl endswith()
TERARAR R . thtn, X ANE AR A A SO e AR AR E 1) SRR A

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

2.3 [ Shelli Jit. 47 UL i 7 4F Hh
7] /&

PRAEAE ] Unix Shell 7 FHRGEECFT(ELUN <. py , pat[e-9]*.csv 55) K VLELSCA 4T iR

(VYIS

famatch FLERFRGE TN BREL—— fomatch() Ml fnmatchcase() , B PARRSZHLIXFERIIL
@ao ﬂ%ﬁiﬁ[ﬂ::



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

True

>>> fnmatch('foo.txt', '?o00.txt")
True

>>> fnmatch('Dat45.csv', 'Dat[@-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']

>>>

famatch() PR R ZHRAE RG0S BUBFUN (A F] 1 R G A —FE 1) SR TLFC A
. Ehtm:

>>> # On 0S X (Mac)

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

>>> # On Windows

>>> fnmatch('foo.txt"', "*.TXT")
True

>>>

WERARIF XA X HRTER, FTLMEH famatchcase() RARE . ERAMHIRIIBEAN NG
VLHC. Lot

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

XA BRI HIOE 2 R ) — N R SR AR AR B AR SR A2 B A R I i e AT R AR A
behn, B iR — A e bk 0 51 R -

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

PRI LM 5 51 R A«



>>> from fnmatch import fnmatchcase

>>> [addr for addr in addresses if fnmatchcase(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']

>>>

i

fomatch() PRELICACAHE ST/ mi%?ﬁ%ﬁ%ﬂﬁﬁ%ﬁﬂ%ﬁﬁz@ I RAE K b
BB AT b R 5 AR B AT AL RE SE AT, I R — A EERL A B T R

AR AR ARHS 75 E O A4 VLR, FIF ] glop AR, 275513/,
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7] et
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il o 5 %=

LB S S N P te T o = I (7 19 G M A S B N S Sy B e e
str.find() , str.endswith() , str.startswith() EZ%?%@ﬁiE@?i%E:

>>> text = 'yeah, but no, but yeah, but no, but yeah'
>>> # Exact 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

>>>



X T2 A« FIULHC 75 B IE W RIA UM re B, N T AEREIE N RIS A FEA TR EE,
BARAB VLI E 7% N HIA AR el 1172772012, ARTA] LK FEAL

>>> textl = '11/27/2012°
>>> text2 = 'Nov 27, 2012°'
>>>

>>> 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
>>>

W FAARAEAE F R — MR X 2 2 IRULES, ARROZ SR B U2 A5 B T dm P N O . T
i

>>> 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() e MNFRFEFEEILE, WRAREER ZFRF RS PIES B A E, ff
M finda11() HEERE. Hun:

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

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

>>>



FE5E SR, B HE AT Bk dl. .

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

iR 2 AT LAAEAS i 1 A A R SE g 8, DR AT Lo REREAS AL Y R SR I oK . R

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

>>> m

<_sre.SRE_Match object at 0x1005d2750>

>>> # Extract the contents of each group

>>> m.group(9)

'11/27/2012"

>>> m.group(1)

11

>>> m.group(2)

197

>>> m.group(3)

'2012°

>>> m.groups()

('11', '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)

[('11', '27', '2012'), ('3', '13', '2013')]

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

2012-11-27

2013-3-13
>>>

findall() AR AIFLAYERILAGR B PTA VLA . QR ARAR DUEACT 2GR BT UL
o, AIBMER] finditer() JPioRACE, HRUN:

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

('11', '27', '2012")
('3', '13', '2013")
>>>



it

KFIEMFREXNE ISP EFEC LB E TABRVERE. Ak, X—5A 7 refi ik 17
VORC AN 2R SR R IEA vk . U D IR S re.compile() ZWiFIENIRIEXFRF
B, SRR match() , findall() B finditer() 5L,

245 1E ) 37 5 R, A 3 ) A0 A A R R IG AT B R v (\d+)/ (\d+) / (\d+) "
o X FRFEB AL AU, XAEIENRERFZIBEHE . R ARIX MR,
PROAITAE R AN SRR, AL (\d+)/(\d+)/(\\d+) ' o

TR nacen() 7RI EFRER HOTFIARDSS . & HOUCRRZ: AT T REJF AR
WIARE. Lot

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

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

'11/27/2012"

>>>

IR RS WHUL G, BAORIRAGIENZRIEA ASEE B, iR X 4K

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

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

<_sre.SRE_Match object at 0x1005d2750>

>>>

B i, WRARMARA— IR ] B SCAR VLIS /A R AR AR 01E, 7T ARSI g e 70, ELHRAE
HY re BEERZOIMI R KL, LA

>>> re.findall(r' (\d+)/(\d+)/(\d+)"', text)
[('11', '27', '2012'), ('3', '13', '2013')]
>>>

B FHEER M, WERIRITHMOCE R LR R BRI, SRS 12 R IE 5,
AR EEMEME . BBRION M R B2 ol g B BN AR, DI IR A2 A
RZMPERE, B URAE G PR, R el > B AN — SRS A AL B AR FE
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ST R I, B str.repalce() JEERITT, Ehim.

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

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

>>>

KR, EHEH re BHFR sub) BB N TR, BN
11/27/201 WIHIHFZRFR N 2012-11-27 « RHIUIT:

>>> 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() BRECHIS — DS ERMPILECHERN, oA SHREF N AL Tt
\3 TRAAT AR AL T

GRIRARFT S AR R AR AU 2 O e, 25 8 S g P EORARTHIERE . LLAD:

>>> 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.°'
>>>

X EINE AR B, AT LA 3R R i ] R HORACE e



>>> 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.°
>>>

—NEBEIHR B SERE A natch SR, WHLE natch() BUE find() REIFIXT
Ko fHR group() T RAREURF B MIUCEC R4 o [0 BRI B a3k [0 B e 7 75 R

WRER 7 BH)E NG RAN, IR BEER 2/ 0B E T, TTUAERH re.subn() RARE
SR

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

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

2

>>>

it

KT IENRIEAERAEH, LHBERT suv() HEEARCEME THTH. HmuEm
ot g S IEMFRE XA, X RIFREGIFEE RS T .

2.6 AT H 2 KNS R R
7] el

VR 2L A RIS KNG 17 AR R 5 B SO 7473 HR

it o5 %

AT AE AR 208 KNG, IRTEELEATH re BIHRI(5%25 X Lo f A FR 41
re.IGNORECASE PREZE. LLUd:



>>> 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'

>>>

Ja A7 Ha7s 1 —A/NREE, B AT R O AN S B S ERL AL 7 5 A 1R/ fRFr
. NTBERA, IRATRERE IR, wUR T I AR

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

TN T AR A R B i

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

EHTE:  matchcase('snake') IR[Al T —NEHRE(SEULTE match XFR), FilH—T—
TIREIE,  sub() BREBR TR AT R AN, IRREHEAZ AR R A

i

XA BB KNG UL RO, B 38— re.TonorEcAsE FRESHUN LL LT
1o HERIEERNLE, XX TRETERNGHAR UnicodelLAC Al fEIE G, 2%
210/N TR 20T .

2.7 ¢ 75 VT B A =X

7] el



PRIEAE S F AR N 2RA LA AN SRR, B ek B R AR A B K AT REDLAC . 1T
PRABIE BB AL R B R A A X P BEDL A

LIPS

XA fi L i LA 5 EE UL IE — X 0 B A5 2 T8) B SCAR R IR (e n 51 5 B 5 777 i) .
TR, BBt rplT

>>> 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.']

>>>

AT, B e oo BRI G S 08 SRR (HR A IENRX
AP HRAEAT 2 TR, ISLILACHR A E 2 IR K A Al REIL AL, TORAEZE Ml R
text2 FUNRIR [B145 R IFAZ A TEZN

N VBT, A AR A B 3 (R A Ja TN B2, XA

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

['no.", 'yes.']

>>>

AE A UL AL A AR TR S, TS BIRAE MUEES, Bt 23N T Z 45 2R

it

KR TS R () 7R 0 1R 0k QR 2 i) — 2% WA . A MR T
Frefep, () ULECRR 1 #ATAMRAEM 4T SR, WRARORE 55 () 5 TBHE T IR 5 4R AT (L
51 5) Z B A, A VLRCERAE & BT SR AN R K AT REILAS . IXFHEH & FEUR
% T BT U0 5 S5 R AT B3 IR SR RIS B, I e A b0 & AE VL R 2 A 7433 85 Al [l
WAL« B+ KRR R A A 2 T DA ] DG C S U R R A T g
VLHC.



2.8 Z AT VLHCHE =X
i)

PRIEAEAFE (8 IR R s UL FE — R SOAS, IR 5 Bk 2 AT £ ULAC .

filt o5 %

XA A AR g AR A AR Q) R VLA R A IR, &0 1 RO A BEVL B AT 15
s, tin, iR EE % UL CIE & 70 I AERE

>>> comment = re.compile(r'/\*(.*?)\*/")
>>> textl = '/* this is a comment */°'
>>> text2 = '''/* this is a

. multiline comment */

>>>

>>> comment.findall(textl)
['" this is a comment ']
>>> comment.findall(text2)

[]

>>>

N TBIERZA R, ARe] DS SR T & B et B SCRF . Eudn:

>>> comment = re.compile(r'/\*((?:.]|\n)*?)\*/")
>>> comment.findall(text2)

[" this is a\n multiline comment ']

>>>

R, o) F7E TN EAEMERA (W2 e € T — MU RS UL A,
1117 /A B 3 i B SR B G 5 O 2 o

it

re.compile() EE%&%%%%*#4‘E§%§%§§QD4 re.DOTALL , %Eiiﬁ%ﬂkﬁi%?ﬁﬁo ?ZﬁTElitﬂEﬂU%%
& A ) SO VLS LS AT FEE N AR B 20 b



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

YT E AE ] re.potaLl ARICSECTAERIRL, (HEWMERIEEEREE 2N
TR A A TS 2 M RS A SR (2,48 FEGH R IR), IR BT X AN R IE S5
LAl RE L — S e i, A SR ERIE R UE, BT 2 E X E SR IEN R A, XFE
TR DEA T BRSPS EC N W EE LA/ERIIR AT

2.9 J4 Unicode X A bx #E 4L

7] el

IRIEFEAE P Unicode P 85, i ZER DR T AT 715 B AR IR JZ A AR TR 3R

fit o7 S

fEUnicoder, REEFRFAENSHI 2 DN GIEMIgISRR. 8 7 UM, R8T X A1

>>> s1 = 'Spicy Jalapel\u@eflo’
>>> s2 = 'Spicy Jalapen\u@3030’
>>> sl

'Spicy Jalapeio’
>>> s2

'Spicy Jalapeio'
>>> sl == s2
False

>>> len(s1)

14

>>> len(s2)

15

>>>

X HL{ A" Spicy Jalapefio” (] 7 FEAORE R, 25— M e B4R 745" (U+00F 1),
S AME LT R R T R AN~ 2 A 4 (U+0303) ¢

TE 75 B A/ B R 7 R AR I 2 Fh R S P2 AR m i, N TAZIEIXAN A, fR ]
DI Funicodedatat& B 5 6 SC A bR AL -



>>> import unicodedata

>>> t1l = unicodedata.normalize('NFC', s1)
>>> t2 = unicodedata.normalize('NFC', s2)
>>> tl == 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\u@3@30'

>>>

normalize() A —NSHEIEE TR EEN . NFCERIR TR N 1% & B2 Jle( B an
] HE M TE A H B — 2w Ad), MINFDRIRFRNAZ RN Z N HE FIRR RN

Python [FIFE 32 F54 J& FIARHELTE sSANFKCHRINFKD, B A 7 Ab 3 = 55 1) BN 348 o T 5
SRR bRl

>>> s = "\ufb@l' # A single character
>>> s

o

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

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

ey

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

ey

>>>

it

PrRAEACT AT 75 2 DA — 2 77 20U #E Unicode SCAR FRE 7 #2 S N . A FR
PP S0 N B 7455 5 T VAR AR M 25 2 1 G 53 PO R G e

R R SO I R RO RR YA R . Lo, (B B A B — 3
T B RO (TR A2 9 7 AR AT RD)



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

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

>>>

A MIT AR T unicodedata BB —NEEI I, BRI ATSRA) TR R
o combining() PRECRT LA — D FAFR S AME TR o AEIXMRER A G AT o o8 4
MFEL TR, Wl SN 77555

UnicodeZ AR & — MR K 3 /8. BB EIRANN TS ThrdEL F G R, 15E%
Unicode'F W 1 ¢ T3 #3111 3i B Ned BatchelderfE 1t /¢ /¥ 55 | %f Python{JUnicodekt ¥
] A — MR P 4H

2.10 1% 1F | =X # {# F{ Unicode
] R

PRIEAEAE FH LIE 0K sRAL R SCA, - (HU2 SR B 2 Unicode ¥ AT AL FE .

il o5 %

BRANTEIL T re BN —%Unicode P fF28FH TRARM R i, \\a S ULHE
{F & (fjunicode i F 755 1 -

>>> import re

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

>>> # ASCII digits

>>> num.match('123")

<_sre.SRE_Match object at 0x1007d9edo>
>>> # Arabic digits

>>> num.match('\u0661\u0662\UB663")
<_sre.SRE_Match object at 0x101234030>
>>>

W RARARFE AL AL 45 2 I Unicode 7457, /0] LA Unicode =45 X B i % SR F1l( L
U \urrr BREE \UFFFFFFF ). BB, TR —ANULEC ) LANAS R R S48 dm bl 03 1 R AT A
TNE S

>>> arabic = re.compile('[\u@600-\u06ff\u0750-\ue77f\ue8a0-\uasff]+")
>>>


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

BPAT VLA ZRIRAE IS, Bl 2 Je b i I HIg BT A SO b (S %2.9
N o AHFE AR AR R — SR R A 0L, PO ANE 220 KNS UL S AT R /N5 e iy AT
N

>>> pat = re.compile('stra\ueedfe’', re.IGNORECASE)
>>> s = 'strafe'

>>> pat.match(s) # Matches

<_sre.SRE_Match object at 0x10069d370>

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

>>> s.upper() # Case folds

'STRASSE'

>>>

bhig
IR A8 Unicode M IE NI ZGA s0OBH 2RIV R IR ECAGIT SEIXFEAR UG, Bl 5 &

T =I5 BN EE, B2 M Unicode ) R /INE 45 A H A K B A R RE PE SR AR 4 T 1Y)
SCEF, BRI ILAC .

2.11 I BR 745 B AR AN T K T AT

1] et

R ER AR TRk, 4 REE PRIABZE N T4, hnaH.

[P

strip() AIEREH TR UG EEE R4 1strip() F rstrip() 70 B AZEFI AT 1
ITIBRERAE . BRAEN R, XEHESEBRTATR, HERRE s 75, t
.



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

"hello world'

>>> s.lstrip()

'hello world \n'

>>> s.rstrip()

' hello world'

>>>

>>> # Character stripping
>>> t = '----- hello====="

>>> t.strip('-=")
"hello’
>>>

it

XU strip() JTIRAEEERUNITE BEEE DL Ja A B R R R 4 S 2. bedn, AR
UL EADREEZ, 515 M5 AR

(B 5 2 R A2 B BRARAE A 26 74 8 [ 18] B SO = AR AT i . EE A

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

>>> s

‘hello world"'

>>>

IR ARABALER RN K 22 A%, A ARTR ZER B A B . LWAEH rep1ace() J7ikBlE 2
IENERIEA G Heo oxfilin R

>>> s.replace(' ', '")
"helloworld’

>>> import re

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

>>>

RGO N RER TR strip BAFAHAMIAREIEMS &, WA ST B 2 AT 4L
o WEIRZIXFERE, AL R RIEAA T OB ST 7.t



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

FEIXH, FRIERK 1ines = (line.strip() for line in f) PATEIEFHIRIE, XMOTIEH
AL RN E A T B s BT A B iR — IR R T L. BAUN R 2 e A
AREt, I HAUOR [BI4T 2 BT 2 e AT stript k.

FF M strip, (RATREFRZEMH translate() F7ik. SR T TMEZ X TFER
FIEH N .

212 FEEHE A E
7] 550

— BG4 A B T R I I 32l T THT 3 5 i N SO python”, AR5 R AR A M 2 07 1R
o

il o5 %

SCARTE B ) @22 P S BB FE SUA RN 5 B A B AE — R ) f. EJRH RIS R T,

4/’Rﬂ§‘éé1ﬁi‘%@ﬁﬁ?f€“$@?&(tlﬁﬁﬂ str.upper() A str.lower() )4%11“%%*/%?@%2—&0
) str.replace() B re.sub() HTR L ERAE REIN BR BE DR 1R E P 0. AR
[EIFREIR AT LAE I 2.9/N V) unicodedata.normalize() ERECKunicode Xt ARV .

SRJE AR AT e B R TG B AR B 2D b, K] RERRTH BR AN X TR B AT
E LRSS N TR, IR DME A B str.translate() Jiike AT
TR, BRRELEA N XN EL I 745 -

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

'pythdfi\x@cis\tawesome\r\n'

>>>

B DREETATR . NV, BRI DMIFERERIRIGMN transiate() J7
%



>>> remap = {

ord("\t") = " ',

ord('\f') : " ',

ord('\r') : None # Deleted

>>> a = s.translate(remap)
>>> a

'pythéf is awesome\n'

>>>

IEAPRAE RIBRE, B ETFRF ¢ M ¢ SPGB — D2 B R/ r B AR
B o

PRAT LA U AN R Bk aliidt — D M SRR . e, AR FRATTIIER P A7 AN 5 153«

>>> 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

'pythéf is awesome\n'

>>> b.translate(cmb_chrs)

"python is awesome\n'

>>>

Emfl b, W dict. fromkeys() J¥EMIE AT, AR UnicodefE FFE
B, X TRMEEIOY None o

SRJGAH ] unicodedata.normalize() K JRUGHT ASREN N RIE TR ARG B IR
translate PRAIMERFTE EZ R  [FIFERIEA AT DL F R M bR At 2870 1 7455 (b 4%

2o Syfy S5

Bl FIEE) o

TEN =AM, X B — K BT Unicode$U 7 2 R 2% R ASCI 7 3R
g



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

>>> len(digitmap)

460

>>> # Arabic digits

>>> X = "\u@661\u0662\U0663"’
>>> x.translate(digitmap)
‘123"

>>>

75— G BEOSCA IR B 201/ O 15 2 i bR 28 . 1 HLIK JEL B S a0 SO — L 10 1
B, ARG encode() B decode() RIFIIFIREUEMNE. LLn:

>>> a

'pythof is awesome\n'

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

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

>>>

X B AR HEAC R AT B R X SCAS 7 O BRI AT 1 o 45 B SR A ASCIH Zi AL/ i A A 5 T3 FRL
1 — NP EFFEIBLE TR 2R, XR IR R 1 H bRt /& SR B SCASKT B
ACSIIZZ 7R 5 A 25

it

MATFIHRE DR R R RN IS T I TERE . — Ok TF, AR Bz AT R
X T R B IR, stroreplace() TSR W REIRAY, HLEAIRTEEZ U R
fi. tetn, N TIEEAEEER, URAT AR

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

INRAR I, ARt 2 K IIX AT S U] transiate() B N ERIE FUERR
ER



AT, WIRARTE EEHATATAR B % X0 A5 (1) F BT LS B I o 18 A ) 1
tanslate() jf%%é?ﬂkﬁﬁﬁ@t%o

MR, X AR N R P K U BE R ARSI AL B CHE R AR . AR
K&, BAIA RS R MR E I EOR, EREWIERN A SO,  RIESePRg bl T
i 2R O AR IR E .

R —TRP ISR SOR, (ERRBIEARE AT DG 575, Wl R B, #%
R IE N2 5K

2.13 757 H X 5F
7] 250

PRAEGEIREIETNT 55 7 2R 2 745 HR

filt o 5 %

X TR R B AT, TLMER R ER 1just() , rjust() A center() ko
Fe .

>>> text = 'Hello World'

>>> text.ljust(20)

'Hello World

>>> text.rjust(20)

! Hello World'

>>> text.center(20)
Hello World

>>>

FIATIXSE T iR R 5 — DN AR MBS 4% . e ln:

>>> text.rjust(20,'=")
'=========Hello World"'
>>> text.center(20,'*")
VkkkkHello World¥kkk®!

>>>

PREL Format() [FAIFE AT LAHIRIRE 2 BIRS S5 747 o IREMAUL R RER <> BlE ~ F4F
JATH SRR —NMREER 9.t



>>> format(text, '>20")

! Hello World'

>>> format(text, '<20")

'Hello World

>>> format(text, '~20")
Hello World

>>>

URARAESE RE — DN AR HTE 74T, 58S BS54 B A R AT

>>> format(text, '=>20s'")
'=========Hello World"'
>>> format(text, '*720s"')
VkkkkHello World¥kkk®!

>>>

Ak A ZAME R, X LR AR BT DATIAE format() J7iEH . EEAN:

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

format() PRALH MR ENCEM TP & . B RS AAEE, S5k
HHEM .t e DU ek ARy

>>> X = 1.2345

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

>>> format(x, '710.2f")
1.23

>>>

it

NS, REE SF BIGAAREAMNSORN) % BAERT. .



>>> "%-20s' % text
'Hello World

>>> '%20s' % text

! Hello World'
>>>

HA, (EFARAACIY T, RNIZRSEIERE format() BREERE 7. format() BEHL %
YERFRIhaE s mm k. - H format() b A l1just() , rjust() Y, center() WAk abi]
H, BONER DRSBTS, AR FR/F .

AR A T fornat() ERELINA FURFYE, 1§25 (ELkPython SRy
2.14 GIFPHE T H
1]

PRAERE TUAS NI 545 8 5 9 9 — A K I 74+ o

filg o 5 %

WERAR R E S M FARF R RE—NTHIEFE iterable H1, A m R J7 2t 2 4 H
join() ji%go tkﬁn:

>>> parts = ['Is', 'Chicago', 'Not', 'Chicago?']
>>> ' '.join(parts)

'Is Chicago Not Chicago?'

>>> ', '.join(parts)

'Is,Chicago,Not,Chicago?’

>>> ''.join(parts)

'IsChicagoNotChicago?'

>>>

PIERR, ZIMIEEE ERSEPE, (B2 join() BHEENTARHN— NIk, XFHT
RIS J PR R AR AR 2K JERE A R AT RESK B & R AN R (0 Bdls P 91 (Fe i 3%, Jodd, 7o,
A, EEBERASE), WIRAENTA XN R EHE LA join() TNEWERZTUR
1o DR A 7 24 R 0 7 A5 8 IR A Soin() THAER A Fr B G
Ko

IR ARG IDBUUA TR, RIS (+)@H Da 2% 1


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

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

'Is Chicago Not Chicago?'
>>>

S () BAERFEAE N — e 5 22 7 A A% A 9 B AR D7 R B I8 B AR AR &, Lk
izu:

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

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

Is Chicago Not Chicago?

>>>

U SR ARAEAE YSRGS FORs A T A R B REOR, IR A R B R AR EA TRk, AR
H (+). e

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

'HelloWorld'

>>>

it

TR GIFTREER EEIIATREA AR, (HRANIZNERZA M, 5 A
L A R A PR IR PR g e A 224 1T 28 2 FH R P e o™ B PR RE SR

REENTEIRERNRE, BN S (HERIERT L EE KRR T4 5 2 4k
HARKCRN, RO S & 5 WA LR B SgAE . Rpalid),  URAGE #RAN R
18N XA S 75 B3 1A RS -

s = '
for p in parts:
S += p

R EER A join() JNEIBATIERE L8, KONE - IRPUT+=1R1E IR > G0 —
MH TR ERER R RIS 1745 8 BOR A BRS ENDERGE K .



AR LR W PR 3 2 R A s Rk 30255 119/ 19 B 4 B8l D 7 455 e IR TR I
ey rrE, et

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

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

>>>

[FIREEATVE R AN R 75 B B AR . A IR AR Y AL B W B SR AT A I R 754K
228, FRUAEST BRI f -

print(a + '":'" + b+ ":' 4+ c) # Ugly
print(':'.join([a, b, c])) # Still ugly
print(a, b, c, sep=":") # Better

SR A/ OBAE A 715 B EBARAE MU, A7 AR 2 A A AR RORE P B, =5
FE T THT AR i AR B

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

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

IR FAF IR, LS — MR TERE S i, BUAI/ORGUHMIRAEmE. 558
7, IR TR AR, IBAE AR RES NS, POy e 1 —
AMRR AN 25 5R0F BB R HR BTSSR . SRR, A3 %2 7 EARYE IR
o7 PR 7R ROR DR AE LA FH IR 5 56

BJER— N, ERARME & g S A RN 5 A A4 ARSI By 25 R (A A s
PR A Wyieldif qg = A4 BL. tein:

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



SRR ¥ AN ATEB IR 7 T AL & AT X BRI B EAR AL AU AR BE . i, AT
AR IAE R Goin() Jridohiik s iy BLG Ik K.

text = ''.join(sample())

o IRt AT DORE 5455 B 7 BeE € 17 3170

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

FREERIETT LS — S 25 5 /ORI & 7 %

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)

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

X HLR S AR T IR 0 A s PR AU AN ZERE R A, B RS E e 3 8 i Bot
77

2.15 FAFH R A AL
] 5

TRAEBIE DA RN TAT S, RS RE TR I 745 &8 8 i



Python 7% SHE 7455 B A (R P B e S B PR L B 0 0. (B2 iE i H 755 & 1
format() HVESRMEHIXAN A, Lhin:

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

>>>

BOE, WEAREY BRI E R B RE], BARAT LSS S format_map()
vars() o ?)Efgﬁ—l:ﬁﬁ*$

>>> name = 'Guido’

>>> n = 37

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

vars() H—MA BB A e WEH TS, .

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

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

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

>>>

format A format_map() HI—PELFEFLRE TAIFEAGEIR T AL FEAS S8 i 5, than:

>>> s.format(name="Guido")

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

KeyError: 'n'

>>>

— iR IR IR TR S ANE NG nissing_ () AT INR, &
QR



class safesub(dict):

"k key H AR H)

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

BUER AT AR XA AR N R LI5S format_map()

>>> del n # Make sure n 1is undefined
>>> s.format_map(safesub(vars()))
'Guido has {n} messages.'

>>>

IR I E CAEACRY FFAR ZE AT ISP B, ik nT DIORE AR B 35 oD SR A — 4> TH e i
PR WUER N IXFE

import sys

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

BUERAT DR NS 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}

>>>
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>>> name = 'Guido’

>>> n = 37

>>> "%(name) has %(n) messages.' % vars()
'Guido has 37 messages.'

>>>

PRAT BEE = B 74 SR AR A 16 -

>>> import string

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

'Guido has 37 messages.'

>>>
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] textwrap BEBRREE AL AT SR S . Lo, BAIRAE RO T4

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."

NHEERME textwrap R IALT AT A A2 A7 3

>>> import textwrap

>>> print(textwrap.fill(s, 790))

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 PN TR FTERIET A AR, Kol AR 2t B 3 UL HC 2 50 KM P
g . fRa] LAE os.get_terminal size() TTFRF &am  /NRF . e

>>> import os

>>> os.get_terminal_size().columns
80

>>>
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>>> 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;/tag&gt;&quot;.

>>> # Disable escaping of quotes

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

Elements are written as "&I1t;tag&gt;text&lt;/tag&gt;".
>>>

WERARIEAE AL TR 2 ASCISCA,  FF HARREAEASCHSTASNT B g A SEAA ik N 25, AT LA
éﬁ%%l/O@;ﬁM#ﬁ%i};ﬁ& errors="'xmlcharrefreplace’ ﬂ%lﬁ?”ﬁ/l\ﬁo Hﬁﬁﬂ:

>>> s = 'Spicy Jalapefo'

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

>>>

N T EHSOR TSR, VR EE A4 — Mok, MARIRIEAELLBEHTMLEE XML
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https://docs.python.org/3.3/library/textwrap.html#textwrap.TextWrapper

>>> s = 'Spicy &quot;Jalape&#241;0&quot."
>>> from html.parser import HTMLParser
>>> p = HTMLParser()

>>> p.unescape(s)

'Spicy "Jalapeno".'

>>>

>>> t = 'The prompt is &gt;&gt;&gt;"’

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

'The prompt is >>>'

>>>
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text = '"foo = 23 + 42 * 10'
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tokens = [('NAME', 'foo'), ('EQ','="), ('NUM', '23'), ('PLUS','+'),
('NUM', '42'), ('TIMES', '*'), ('NUM', 10')]

N T HATIZRERIVI I3, 2Bt (B N AR i 42 4R 2 A L U 2k 5ok s SOFT A m]
REMI R, QA A

import re

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

PLUS = r'(?P<PLUS>\+)"

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

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

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

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

e s, epctokennames T — MR AT 42, HEETHE A

T, AT A, B RIR D NFITER scanner() T7i%. XN TIESGIE
—/]\ scanner Xﬂ‘%\’ %EJZ/I\XTJ‘%LZ:%EE@TE“EH match() ﬁ/i%—ﬁﬁﬁ‘ﬁﬂ%ﬁﬁiﬂi,
L —ANUCAL. FHEHZER A scanner XF G UM TAEKI2E H XM

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

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

("NAME', 'foo0')

>>> scanner.match()

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

(‘Ws*, " ")

>>> scanner.match()

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

("EQ", '=")

>>> scanner.match()

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

(‘ws', ")

>>> scanner.match()

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

('NUM', "42")

>>> scanner.match()

>>>
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def generate_tokens(pat, text):
Token = namedtuple('Token', ['type', 'value'])
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', value='foo')

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

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

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

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

IR ARABRLIE SRR, R n) ARE SCHE 22 I A2 bt BR BB S — A A Rk 2. B
an, NS BRI B A

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

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

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

KT HEEHr LR, IRAIREHRZEAE PyParsing 803 PLY . — M PLY 417
£ T RAER.
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expr ::= expr + term
| expr - term
| term
term ::= term * factor

| term / factor
| factor

factor ::= ( expr )
| NUM


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

5%, LAEBNFIE:

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

|  NuMm
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NUM + NUM * NUM
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expr

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

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

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

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

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

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

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

expr ::= NUM + NUM * NUM

T B fE AT D BT e R A S I TR SR B, BRI B B R A\ T UL AT
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#!/usr/bin/env python

# -*- encoding: utf-8 -*-
Topic: NFEfRITES

Desc

import re

import collections

# Token specification

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

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

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

# Tokenizer

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

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 l= "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 exactly match and discard the next token on on the input
(or raise a SyntaxError 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 }*"
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 }*"
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 Llast):
# File "<stdin>", Lline 1, in <module>
# File "exprparse.py", line 46, in parse
# return self.expr()



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

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

File "exprparse.py", line 93, 1in factor
exprval = self.expr()

File "exprparse.py", line 67, 1in expr
right = self.term()

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

File "exprparse.py", line 97, 1in factor
raise SyntaxError("Expected NUMBER or LPAREN")
SyntaxError: Expected NUMBER or LPAREN

HORH OH R OB OB R R R OB R OB R

if __name__ == '_main__'
descent_parser()

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

term ::= factor { ('*'|'/') factor }*

factor ::= "(' expr ')’
| NUM

TRNLZ B SR e AR e — AR T TR A i

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

def factor(self):
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items ::= items ',' item
| item

N TIXFE, ARATRE R P IEIXFAE itens() J7ik:

def items(self):
itemsval = self.items()
if itemsval and self._accept(','):
itemsval.append(self.item())
else:
itemsval = [ self.item() ]
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expr ::= factor { ('+'|'-"|'*"|"'/') factor }*

factor ::= '(' expression ')’
| NUM
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from ply.lex import lex
from ply.yacc import yacc

# Token Llist

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

t_ignore = ' \t\n'

# Token specifications (as regexs)

t_PLUS = r'\+'

t_MINUS = r'-"
t_TIMES = pr'\*'
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.value[@0]))
t.skip(1)

# Build the Lexer
lexer = lex()

# Grammar rules and handler functions
def p_expr(p):

expr : expr PLUS term



| expr MINUS term

if p[2] == "+':
pfe] = p[1] + p[3]
elif p[2] == '-":

p[@] = p[1] - p[3]

def p_expr_term(p):
expr : term

p[e] = p[1]

def p_term(p):

term : term TIMES factor
| term DIVIDE factor

if p[2] == "*':
p[e] = p[1] * p[3]
elif p[2] == '/'":

ple] = p[1] / p[3]
def p_term_factor(p):
term : factor
pfe] = p[1]
def p_factor(p):
factor : NUM
pfe] = p[1]
def p_factor_group(p):
factor : LPAREN expr RPAREN
pfe] = p[2]

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

parser = yacc()
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>>> parser.parse('2")
>>> parser.parse('2+3")

>>> parser.parse('2+(3+4)*5")
37
>>>
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>>> data = b'Hello World'

>>> data[@:5]

b'Hello’

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

True

>>> data.split()

[b'Hello', b'World"']

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

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

>>> data[0:5]

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')

>>>
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>>>

>>> data = b'FO0: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']

>>>

it
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>>> a = 'Hello World' # Text string
>>> a[o]

"y

>>> a[1l]

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

72

>>> b[1]

101

>>>
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>>> s = b'Hello World'

>>> print(s)

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

>>>
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>>> b'%10s %led %1@.2f' % (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’
>>>

WRARAERE A FHFR/F R, RIS SO F 578, AR gm0 7457
. et

>>> '{:10s} {:1ed} {:10.2f}'.format('ACME', 100, 490.1).encode('ascii')
b'ACME 100 490.10'
>>>

B e BV R, AT AT R T e U SRR IR L, R R SRR R St
ARERAE. e, R — DS 7 SR 4, AN — ANl ) SO 74
#, SRR g/ S . L

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

>>> # Get a directory Llisting

>>> import os

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

>>> os.listdir(b'."') # Byte string (names left as bytes)
[b'jalapen\xcc\x830.txt"]

>>>



TERBIT iR JE &0 4y H s A i — D 70 747 52 B SR R S DUR AR A
TIRE . 7EH IS4 E RIGMUTF-84ut . 2235 5.15/N 1 3RIUE 2 30F 44 M ¢
I

BJa it —m, T EERERE GO T ST PR A PAT A3 E S e 8 1 e A S A SR
FRER o B IRAE T 54 i S LU SCAS S e 28 (8 DA Ak BSOS [ 47 (¥ Unicod et 55T
o XFEMHOET & SEARE AL . RS2 H KL T 745 $ IR ASREN Py thon )
il TARRIARES,  IF HARIEASFa) B AT (/i dE . HAE, R IR7EALH
SCR[IE, B ERAERE P 8 B SO 745 R AN 7 1 747 5. AMEGERA 2L

= BT H A A

7EPython AT BB T )5 B B e R Ty B i . RV ik, SRR 75 B AT 40
B FHEE 2 H IR ] s B, s 2 1 TR 7. ARER TR A&
L3 8,

Contents:

31H T A

7] it

PRAE I RAAT IR E R & AN B 5

| S
XTI A NI H, [FHNER round(value, ndigits) BRELRIT]. Lbin:

>>> round(1.23, 1)

1.2
>>> round(1.27, 1)
1.3
>>> round(-1.27, 1)
-1.3

>>> round(1.25361,3)
1.254
>>>



A AMENIEFAEPAN LSRN, round BREUR BB flr FRE. a2,
Xt 158 2.5/ & Nz HA 215 52,

4y round() BB ndigits ZEATLGRGE, XMEH T, SABHEAFHELL.
RN VA NI TP 41T

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

>>> round(a, -2)
1627700

>>> round(a, -3)
1628000

>>>

i

ANEDRE A NS At TRV 1. WERARE A A T A e R SRR RO, AR
AR round() PRER. MR 7 EAEAR SAL R B SR e G LRI W] . et

>>> X = 1.23456

>>> format(x, '©.2f")

'1.23"

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

'1.235"

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

>>>

[FIRE, ANEAE L& N RERME IR R ERERIEF A . tean, fRATaein T
ERHE

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

6.300000000000001

>>> ¢ = round(c, 2) # "Fix" result (???)
>>> ¢

6.3

>>>



k& A P ST R OTRY, B U B R R SR I R e —
FUNIIRES, (RSN R AR R 5 2 2010 . I SR A S0 Vo (M2 (e
W B AUR), T XA decinay BEMRT, T WRRATRVEANI 6.

3.2 AT FE A 7 BB 5
7] el

TR Z T AT RS BT RARAE, IF A AR MR ZR L

[P VES

P R S ) R E AT AN REAS R I s T A JFH,  RIVAER ey # i 2
BHEMB RN RS, .

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

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

>>>

X L5 E R JZCPURMIIEEE 7545 v H & FF 55 A L PATHE AR R E. BT
Python )3 s B 2R AUE F R 2 R A BT, DRI VR I 22 0 S X FE AR 25

WRARAR B IRE B OF e 5 A — B IR RERIFE), TRATLAMEH] decimal AREHR:

>>> 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

VIBERK, BRI GAE SAEE, CnIRATHF /R B RR R BT . R,  Dpecimal
X ReAG T mE— FEI TAE R IT A W E U HIa ) . ERARST ER e A8 78 7455
A AL R A BT, B R SR RS G B AT A A



decimal AP —A> L ZRFALRE SRVFURIEHITHSE A RE— D0, B ECT O I & LNz
o N TR, RSP A E N OFEXE M iRE, i

>>> 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
>>>

i

decimal FLERLSZHL T IBM”# A NICEFIE". AL, BIRZ I ERTUXA KA
/el

Python¥i -2l i) 716 1 decimal MEHCRALPEE R8RS HE 5. SR, Jo PR N
FIREFF B B R AR EER . WERIRZAE MR A S s TR SRR THE . AR ], ol
TR R 2 O H, A IE 7 RS AR B k. Herh— AR A
&, AR SR Do BEROGAf 2 08 7 SR SR AL A7 AR . IRk, THAE R
IR — R IR E RV 28— matie, RN R80T H BRI 2 - RHEIRLE
PAAT KA B (R B e 38 A 2 A EL 1

RIS, REANRESE A BMGIRZE . B AL T REN (B LW 5 R, AL b iR 2=
S HAN T ERE . RIS EE N BEM B © 2 BRI INE N 53328 5 R s SR B 5200
bt

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

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

>>>

EHEEF R AT AR math. fsum() BT A SBERGAATHAR0BE TR A DR



>>> import math

>>> math.fsum(nums)
1.0

>>>

ORTI, T HAR AR, ARAZ AT A e 5 B e 1522 72 A U
BIRVL,  decinal BIHRETRIEN KEIGRIOTUR. (EIXISFRF T, B — AV
MRZEAE S R AR ARV (L, decima) EHCAMRHUXAKIRILEL T )7
o 24Python AR BT AZIE (MR I AIB H 208 E) vecinar AR, FFH, MEHHZAEL
PR RSO (RO 1%

3.3 Zr iy Atk g

7] &t

IR ER R A RS, RO R . X5E AL R AT AT A K 40

LS

A AR I, ATRUEF N B format() PRAAL, LEUN:



>>> x = 1234.56789

>>> # Two decimal places of accuracy
>>> format(x, '@.2f")
'1234.57"

>>> # Right justified in 16 chars, one-digit accuracy
>>> format(x, '>10.1f")
1234.6"

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

>>> # Centered
>>> format(x, '710.1f")
' 1234.6 '

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

'1,234.56789'

>>> format(x, '@,.1f")

'1,234.6"

>>>

R AR Fe i, R e B BB THa B i RN 5220 . Hedn:

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

>>> format(x, '©.2E")
'1.23E+03"

>>>

[FIET 46 5 e FE ARG FE ) — A TE 08 (<>~ 12width[, ]2 (.digits)?' , JLH' width A digits
FEER, ? RERWIEE . FIRE IR BB R R format() J7VEH . Lh:

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



Hrr i 2 I8 R BRI B ) . B TRNSOR BOR [F] I & T 5 80 decimal BEHR
qﬂﬂﬁ Decimal %Q%ZX¢§?O

MIBERFIIN )G, 45 ESBIE round() BRBUFFERIFENEAT U4 HN iR Al b
un:

>>> X
1234.56789

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

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

>>>

BE TR AR AR A R R WERAR T EARYE L DOR Bon TALAF, R A
CEFET locale BEBRAPNIKEL T IRFEFEATLMEH FAFRR translate() TVERK
i VA= (I

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

>>>

FEAR Z PythonfUhis 2 B A e ks AL BTy, Letan:

>>> '%0.2F" % x

'1234.57"

>>> '%10.1f' % x
1234.6"'

>>> '%-10.1f" % x

'1234.6

>>>

XA ATHE R AT, AL ISR format() #FE—ri. WA, EMEH%HE
TERF IS AALBCT MU,  — SReVE (RS I T-A275) HE AN BER S HF o

3.4 )\ oSt A
7]

R T B 0 A A E A P R, NS B A s B A



[V YES

N TR Ry k] )\ E SRR SO S, FTRA A bin() , oct() BR
hex () @ﬁ%&:

>>> x = 1234
>>> bin(x)
'0blo0l1010010"
>>> oct(x)
'902322"

>>> hex(x)
'ox4d2"

>>>

FAN WMPIRABHH eb , o BLH ox MIAIZKIITE, WLUMEH] format() PRA%L. LLAN:

>>> format(x, 'b'")
‘10011010010

>>> format(x, 'o")
'2322°

>>> format(x, 'x'")
'4d2"

>>>

BURAR TN, Pron RO AEKE, s Rt — T, .

>>> x = -1234

>>> format(x, 'b")
'-10011010010"'

>>> format(x, 'x")
'-4d2'

>>>

UERARAE A AT S E, IR BN MR B AR IE . Hnoy 7 2o 324
(RE, ATBMR T IS .



>>> x = =1234

>>> format(2**32 + x, 'b'")
'11111111111111111111101100101110°"
>>> format(2**32 + x, 'x')
"fffffble'

>>>

N T UA RSB T8, R AR inc() RECEDH]

>>> int('4d2', 16)

1234

>>> int('10011010010', 2)
1234

>>>

i

RZHEOL N AEE ki \BERIA /S BER B BOR IR f B . A ZO I e i m T
BEBORN X L R SCAR R s Z AR AR B AT iz R — PR

e, A \BERIRRE P A — R ZEE T . Pythondi g \ Bk B H) IR IR HARIE 5
A AE . e, WERURR N IR AR e k], o M TE R IR

>>> import os
>>> os.chmod('script.py', 0755)
File "<stdin>", line 1
os.chmod('script.py', ©755)

N

SyntaxError: invalid token
>>>

IR \EERIEHIRT SO 00 5 WUR T IHIXFE:

>>> os.chmod('script.py', ©0755)
>>>

3.5 TR EHNITELE MY

7] et



R — DT PR IR E MR R ML B, IR E D RBER o — 17

RBAR AR 7 5 ZEAL B — A 128 K 16N e s B - di o b

data = b'\x00\x124V\x00x\x90\xab\x00\xcd\xef\x01\x00#\x004"

N T FibytesfEMT IR A int.from bytes() JiVA, FRBR T IHIZARRE 7T -

>>> len(data)

16

>>> int.from_bytes(data, 'little'")
69120565665751139577663547927094891008
>>> int.from_bytes(data, 'big')
94522842520747284487117727783387188
>>>

N7 AR EEE R — DT FR/E, TR int.to bytes() J77E, FHME NHIXHFEFE
E BN I -

>>> 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"
>>>

Bt

REEHN T 75 8 Z A R R AR IR AN W SR, A — 8 5 ] U8 IRk tho 2
B, W ecE L. B, IPvO £ bk A — /N 128 A B B R n . W AR E
— N EE IS SRR AOAE A, PR 2 T X S 1Y i i



TERN— R AT %, IR REARE 6.1/ R I AR struct BEHURMRE 747, XFEE
758, AEFH struct BEHORME S T 8E RN A BREI . KL, el feA8 ik
AT ER IR A RE IR AR, BN XA

>>> 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

>>>

TR MUY R (littleBbig) (AN AR & 1 A4 g BEHN 1) 7 1 IR s L HES e AT
A o P38 1) 1632 ) K ) s v R PR 2 1O HE R

>>> X = 0x01020304

>>> x.to_bytes(4, 'big'")
b'\x01\x02\x03\x04"'

>>> x.to_bytes(4, 'little')
b'\x04\x03\x02\x01'

>>>

SRR R — BTN, MATHAGET, RS8R,
EHEME, IRTEMERT int.bit_tengen() TTHERUE T B L A3 MR AME

>>> 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...\xdo'
>>>

3.6 EMM LB H



7] &t

VRS B R B 48 INE T AR B 2 7 — SR, JF HARME— RO IME 2 18 ] B s
8] P BCE R AR /5 2 I R BORSAT — LT SR

P

Eﬁﬂuﬂ%{f}ﬂ@ﬁ complex(real, imag) ﬁ%%%ﬁﬁéﬁj[ﬁ@/%,ﬁiﬁﬂ%jgﬁo I:[ﬁﬁﬂ:

>>> a complex(2, 4)

3 - 55

>>> b
>>> a
(2+47)
>>> b
(3-53)
>>>

XF LRSS HE FRATIEHE R T DR 23 IR A8 T T XA

>>> a.real

2.0

>>> a.imag

4.0

>>> a.conjugate()
(2-43)

>>>

FEk, AT E R s AR R B A

>>> a+ b

(5-13)

>>> a * b

(26+23)

>>>a / b
(-0.4117647058823529+0.64705882352941187)
>>> abs(a)

4.47213595499958

>>>

IR AT H AN B R A LL i 1B 5%, RoZECF R, R cmath BB



>>> import cmath

>>> cmath.sin(a)
(24.83130584894638-11.3566127112181747)
>>> cmath.cos(a)
(-11.36423470640106-24.8146514856341877)
>>> cmath.exp(a)
(-4.829809383269385-5.59205609364098167 )
>>>

Python  K# 70 S HUEA AR IR DA REAL BE R 2. LRI RARGE numpy » FTLAMRES)
I — A B A AR XA B BT & R .

>>> import numpy as np

>>> a = np.array([2+3]j, 4+5j, 6-77, 8+9j])

>>> a

array([ 2.43.j, 4.+5.j, 6.-7.3, 8.49.3])

>>> a + 2

array([ 4.43.j, 6.+5.j, 8.-7.3, 10.+9.31)

>>> np.sin(a)

array([ 9.15449915 -4.168906967j, -56.16227422 -48.502455247,
-153.20827755-526.476849267j, 4008.42651446-589.499483737])

>>>

Python [\ britE&l 7 s B el O T IFANRE AL B AU, IR AT e & LR
HoR . et

>>> import math
>>> math.sqrt(-1)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
ValueError: math domain error
>>>

IMPAREE R — D EHOREIEER, ARDAERSEEH  cnath B, BEE AR SRR
e A R HCER R A . Ebdn:



>>> import cmath
>>> cmath.sqrt(-1)
1j

>>>

3.7 It 55 KX 5 NaN
i) /2t

PRI BN IETE ST 9 75 BINaN(ARECT) 1 /U2

S

Python I35 Rk TRE R RN IX B IR I3 A8, (E2 AT DMEH fFloat() REIEE
iT. tedn:

>>> = float('inf")
float('-inf")

float('nan')

>>>
>>>

Q N O W
1

>>>
inf
>>> b
-inf
>>> ¢
nan

>>>

?ﬂ?’ﬂﬂﬁiti%%ﬁiﬁ@X?%E, ﬁfﬁﬁ math.isinf() %ﬂ math.isnan() Eﬁiﬁo tbﬁﬂ:

>>> math.isinf(a)
True
>>> math.isnan(c)
True
>>>

it



18T AT 2 X BRI SE NS S, WTAZBIEEE 754, A1, thAg — L83 5 5 EAR
FEVE R, A BR EE AN AR AT A 5 I %

T3 REBAEPATHEA T I ik L3k, Han:

>>>
>>>
inf
>>>
inf
>>>
0.0
>>>

a = float('inf")
a + 45
a * 10
10 / a

(EREAT LA I AR E LAY IF 2 IR Bl NaN&gi R . tein:

>>> a = float('inf"')
>>> a/a

nan

>>> b = float('-inf")
>>> a + b

nan
>>>

NaN{E &P AT A il sh, A AR . .

>>>
>>>
nan
>>>
nan
>>>
nan
>>>
nan
>>>

C

+

/

*

float('nan')
23

2

2

math.sqrt(c)

NaNE ) —ANr il B 7 I AT TA) ) BB ot iR el False.  EE AT



>>> ¢ = float('nan')
>>> d = float('nan')
>>> C ==

False

>>> ¢ is d

False

>>>

T AP, T NaNJE e — 5 & 7 AR math. isnan() > AL LT
ORI EE.

A R 7 S PythonERIAMT Y, AEIR [B1 0 75 K BINaNEZE SR F A il ) 7 %
fpectl FAHUAT LRI R EASIMAT Y, (HARAEAERHERIPythonty @ IR A HUR ], B2
FEHKE, I HEXS R LRI . v LS HAELH] Python SR BIUE 25 ) 4]
o

3.8 s
i) 5

TREENIS TRILES, AR IUAR IEAE D 22 5 AR, IR R B Bt S e . B Rl
RE 7 2 H AU B THEAE VR T L) il EAE

[P ES

fractions FEHLAT AR HRPT RS /- By 8esia . thin:



>>> from fractions import Fraction
>>> a = Fraction(5, 4)

>>> b = Fraction(7, 16)

>>> print(a + b)

27/16

>>> print(a * b)

35/64

H*

>>> Getting numerator/denominator
>>>c=a *b

>>> c.numerator
35

>>> c.denominator

64

[g]

>>> # 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())
>>> Yy

Fraction(15, 4)

>>>

it

FERZHRE P A 2 B BT SR, (B AT Ik

B =
A T

JEEIID

tban, 7E

— TRV B AR B AL U BOE AP ATIs B RE e b, BT 0 20T LA

Uil T Bl B e o/ N RO U AR

3.9 KM HAIZH

R A KA SR (b U B 2 s %) b T AT T 5



N BIBH B ES e HEE, TUUVER numey FE. Numpy B EEERE R TS5
Python# i — X %, M HARHERIPython | %1 O & & R A EE. g
— MR BN, AR IRARHESIZR AT A Numpy BT B2 TR ) 22 501 -

>>> # Python lists

>>> x = [1, 2, 3, 4]

>>>y =[5, 6, 7, 8]

>>> X ¥ 2

[1, 2, 3, 4, 1, 2, 3, 4]

>>> X + 10

Traceback (most recent call last):

File "<stdin>", line 1, in <module>
TypeError: can only concatenate list (not "int") to list
S>> X + Yy
[1, 2, 3, 4, 5, 6, 7, 8]

>>> # Numpy arrays

>>> import numpy as np

>>> ax = np.array([1, 2, 3, 4])
>>> 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])

>>>

AR W, PR S B R EEARC R B A RO ME . R0, nuney RS RIS
F(LE ax + 2 BU ax + 10 )RAEHER oK b 74k, A ERAEECAT R A A
IEHAT TR RS EA BT, IR A B AL

X EEA KL BT AT 70 3 RIS ST B S mT DUE A5 4 A A B2 ) e i B8 g iy 3L
PR, bedn, WCRARAET 2 TR, T R RE

>>> def f(x):
. return 3*x**2 - 2%x 4+ 7
>>> f(ax)
array([ 8, 15, 28, 47])
>>>

numpy A ERERRAL TR ERE A AL, X BT DERN math BEE AR AL R E T
BAiC. et



>>> np.sqrt(ax)
array([ 1. , 1.41421356, 1.73205081, 2. ])

>>> np.cos(ax)
array([ ©.54030231,

>>>

il X e ] ek B LU AR A B AL ] math AREER TP R BPAT THRZE R 2 . L, R

-0.41614684, -0.9899925

AW REML S EILFE wumey IIEHTT %

JRJZ LB,

REEFR

>>> grid = np.zeros(shape=(10000,10000), dtype=float)

>>> grid

array([[ ©., ©o.,
[ 0., 0., 0., .
Q.

[ 0., 0.,
ces

;> 0.,

., 0.,
)

Q.,

— /o
®© O O

>>>

Q.
Q.
Q.

3 s e

numpy LG T CEGE Fortranift &5 UHLEI o BE N A7 At dl, el
—ANHEE R IIELE I RS R AR R A A7 X8k T RL, ARm] ARG — A e i
PythonZIIZ& K2 %4 . tLin, 4R R4E i — 1> 10,000 10,000 17 w5 — 4RI #%,

.., 0., 0., 0.1,

0., 0.1,
9., 0.1,

9., 0.1,
0., 0.1,
0., 0.11)

BT A BB BRI 2 = R R FAE P o L

-0.65364362])



>>> grid += 10

>>> grid
array([[ 10., 10., 10., ..., 10., 10., 10.],
[ 10., 10., 10., ..., 10., 10., 10.],
[ 10., 10., 10., ..., l1l0., 10., 10.],
<
[ 10., 10., 10., ..., l0., 10., 10.],

[ 10., 10., 10., ..., l1l0., 10., 10.],
[ 10., 10., 10., ..., l1l0., 10., 10.]])
>>> 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],

[-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]])
>>>

KF numpy F— RFRERFA LR, AL EY FEPythonFIZR 1R 5] ThRE - Al & X+
DU N TUIIERE, SomiE AR R R e i



>>> a = np.array([[1, 2, 3, 4], [5, 6, 7, 8], [9, 10, 11, 12]])
>>> a

array([[ 1, 2, 3, 4],

[ 5, 6, 7, 8],

[ 9, 10, 11, 12]1])

>>> # Select row 1
>>> a[1]
array([5, 6, 7, 8])

>>> # Select column 1
>>> a[:,1]
array([ 2, 6, 10])

>>> # Select a subregion and change it
>>> a[l:3, 1:3]
array([[ 6, 71,
[1e, 11]])
>>> a[1:3, 1:3] += 10
>>> a
array([[ 1, 2, 3, 4],
[ 5, 16, 17, 8],
[ 9, 20, 21, 12]])

>>> # Broadcast a row vector across an operation on all rows
>>> a + [100, 101, 102, 103]
array([[101, 103, 105, 107],
[165, 117, 119, 111],
[109, 121, 123, 115]])
>>> a
array([[ 1, 2, 3, 4],
[ 5, 16, 17, 8],
[ 9, 20, 21, 12]])

>>> # Conditional assignment on an array
>>> np.where(a < 10, a, 10)
array([[ 1, 2, 3, 4],
[ 5, 10, 10, 8],
[ 9, 10, 10, 10]])
>>>

Numpy 7 Python&iUs PR 2 Bl 22 5 TRE R A SL A, RN 2 e vz A ) e R B2 2% (1Y)
fRbk, B, NG A s — 2 fa S A 6] B R AR 7 A A1 5l — 24
AT S o

HEBATEN nunpy BEHRIBRE A HIER] import numpy as np o IXFERIUEPRELASFH
PREGFE T B — 8B RN numpy > RFREHIN np BUT T, TAE T A/DEE,



WERRESRBE Z B R, ARG numey B EERE |, L2 :
http://www.numpy.org

3.10 55 [ 5 2 MEAC s 5
]

IR EEPAT R AR EAEGE 5, LLandERR Rk SHRAT I SRIBLIE T R 255% .

[P ES
Numpy  JEAT R X G ] DA SR SR IZ A 1]

FEFERL T 39N BN B, AH R AR E AR TR . T — M T T
LI P — LB R AR«

>>> import numpy as np
>>> m = np.matrix([[1,-2,3],[0,4,5],[7,8,-91])
>>>m
matrix([[ 1, -2, 3],
[ o, 4, 5],
[ 7, 8, -91D)

>>> # Return transpose
>>> m.T
matrix([[ 1, @, 7],
[-2, 4, 8],
[ 3, 5, '9]])

>>> # Return inverse

>>> m.I

matrix([[ ©.33043478, -0.02608696, ©.09565217],
[-0.15217391, ©.13043478, ©0.02173913],
[ ©.12173913, ©.09565217, -0.0173913 ]])

>>> # Create a vector and multiply
>>> v = np.matrix([[2],[3],[4]1])

>>> v
matrix([[2],
[31,
[411)
>>>m ¥ v
matrix([[ 8],
[32],
[ 21D

>>>


http://www.numpy.org/

A LASE numpy.linalg TELAFHREITE 2 AHRAFR AL, L

>>> import numpy.linalg

>>> # Determinant
>>> numpy.linalg.det(m)
-229.99999999999983

>>> # Eigenvalues
>>> numpy.linalg.eigvals(m)
array([-13.11474312, 2.75956154, 6.35518158])

>>> # Solve for x in mx = v
>>> X = numpy.linalg.solve(m, v)
>>> X
matrix([[ ©0.96521739],
[ ©.17391304],
[ ©.46086957]])

>>>m * x
matrix([[ 2.],
[ 3.1,
[ 4.]1])
>>> Vv
matrix([[2],
[31,
[411)
>>>
it
REREMRERNEE RN EGE, L@ TARBRENRKuE. (F2, WRRGEE

EAEREA A2 M0TE,  nuney 2 DAEEIND S AT A numpy B Y
http://www.numpy.org 3REUE £ {2 &,

3.11 FEHLILFE
1] el

PRAEM A PP AR REA LI ECE Tooa,  BeE AR s LA B AR


http://www.numpy.org/

random AHUA K& I eR B K P AR BEHL O BENLIE FRcER . botn, SR —A 51
ﬁlﬂ@?ﬁﬂﬂ**4‘iﬁ%§, ETELﬁﬁﬁH random.choice() :

>>> import random
>>> values = [1, 2, 3, 4, 5, 6]
>>> random.choice(values)

>>> random.choice(values)
>>> random.choice(values)
>>> random.choice(values)
>>> random.choice(values)

>>>

N T U NAANFE TR A HORACE— D B8R4, nTBMEM random.sample() -

>>> 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]

>>>

W R R 2 BT ELTF e R T, "TPE A random. shuffle() :

>>> random.shuffle(values)
>>> values

[2, 4, 6, 5, 3, 1]

>>> random.shuffle(values)
>>> values

[3, 5, 2, 1, 6, 4]

>>>

ﬁfﬁiﬁﬁﬁl%gii, ﬁ%fﬁfﬁ random.randint() :



>>> random.randint(0,10)
>>> random.randint(0,10)
>>> random.randint(0,10)
>>> random.randint(©,10)

>>> random.randint(©,10)
10
>>> random.randint(©,10)

>>>

N T AR ORI 1 B N 3 51 o A I S BG fdEA random.random()

>>> random.random()
0.9406677561675867
>>> random.random()
0.133129581343897
>>> random.random()
0.4144991136919316
>>>

R ESREUNAL FEALAL (3 ) 2 %L, {HH random.getrandbits()

>>> random.getrandbits(200)
335837000776573622800628485064121869519521710558559406913275
>>>

random PEEE ] Mersenne Twister HVE Kt H A NI E. X2 e, HEZ
PRATLLIEIE random.seed() BREUEMAIIGALFT . L.

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



br 7 BRI DIRE, randomBEHRIE LS L T35 oA o A A AR 23 A B B ATL 2
AR E. b,  random. uniform() TR 510 A A LEL, random.gauss() THHEIESS
ABENLE . 0T AR A G HUE S AR .

7E random MEHRH ) PREAS N1 A AN B0 22 AR S AR P i o A SRR S 7 EER AL T
Be, ALUE s AR I RR B, B, ss1.ranD bytes() HBJ DAFHSRAEE— N 224
BEALT- 15751

3.12 B H #1558 3
i)

PR EEHAT Ty B I TR B e, ELAnRBIAD, /N 21 7 B 2 O 5 45t

filt o5 %

N T PATAS RN AL (O R RN 5, 15 datetime MR, Hh, AT Rm—ANE (A
B, ATUAAEE— timedelta SEAF, MUK T IHIIXFE:

>>> 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

>>>

WRARAE IR 48 & 1 H WIS 18], JeBlid— datetime SEBIAR G Ml AR UE B A2 BoK
BEEAT. than.



>>> 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 =b - 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

>>>

FEHE R E, FEFZERE datetine 2 HIWHEEE, Ehun.

>>> 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

>>>

i

Wb R 22 B A I H RN 8] AL PR A B, datetime FEERDIZEGS T . WISRAREEMATE N
SR HIHEAE, LandbEEny X, BOmInt e, i H RS, nT iR
dateutilfiHk

V2 RIS BT 50T UAE A dateutil.relativedelta() BREUARE . (HE, HF—AFHEFE
HIELE, EaEAE AN EE e REERE) MR EIEF R . FH 7RG


http://pypi.python.org/pypi/python-dateutil

>>> 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, 9)

>>>

>>> # 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

>>>

313 i HEamE — N A H
7] 25

R E AR R — REa A H I, tean 2 1.

filg o 5 %

Python(] datetime HER AT T H pRBONSE R DL WIARPAAT IZFE I 750 T T2 X SRAbLX
PR P T L ) — 368 PR i R T 5 -



#!/usr/bin/env python

# -*- encoding: utf-8 -*-
Topic: HJaHIHTH

Desc

nuon

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
if days_ago ==
days_ago = 7
target_date = start_date - timedelta(days=days_ago)
return target_date

FERZ B AR P A R

>>> 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)

>>>

ﬁTﬁiE@ start_date é%%ﬁﬁ]@iﬂﬂﬁ%ﬁf**ﬁ\ datetime EEBM§E£%£io tbﬁﬂ:

>>> get_previous_byday('Sunday', datetime(2012, 12, 21))
datetime.datetime(2012, 12, 16, 0, 0)
>>>



T SRR SR A IR ST IR H AT B bR H S S B A E (R R
5190), RJEiEEd BLE FIHE H H AR HIE 2T 2/ KA RERIEITH R H . 285 FOTHaE H
SR 25 TR I ) 22 B 45 21 5 2R H ]

WRAREAG XA HAT RER B E RS, R 23858 =7 python-dateutil RAX
. Hetn, FHEZRZMH dateutil FIERFE) relativedelta() BREPHATRIFERITTHE:

>>> 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 i 5 =40 A i H e E
7] &t

PREARRD 75 2576 2450 H i AR — R, AEHR B — AN H SR AS IV 0 = 807 5

LIPS

TEXFE R H B FIEI JF R s — NS g HIM IR ReTDUETHRE TG H
FARZE SR HIE, AAEERODEERIRHEAE R datetime. timedelta X 538 IX AN H AR & H]
Al

TR AL daterine KFRIFRE A 2470 4 T4 H AR A H IF46 H AR
AL B



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)

A 7 IXA T MR A 5 BILEIR 8 ) HIYIVE F_E T a4 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...

i

AR TR — N M H R EH . — MR OTVE S date BR
datetime XFHI replace() LTI days BHEREMIR T .  replace() HiE—1
b e B AR G648 AR RETAH RIS R . BT, WHRMAZSEZ 1 date
S, BAGERMAE A date L. [FIRER), WRBIAZ A datetime SEfF, HEAMR
BB — datetime SEf.

IG5, i calendar.monthrange() BRECRI 2 H S R AT AT H EARAESRAS H
Jifg 2, WA calendar BEHRELIEHHH 1o monthrange() BREIZIR I EEIPANZH K
A PTA



—Eﬁﬂ%%ﬁﬁﬂ? 225 9 H S AR AT LA i AR R 46 H 3 B n XA REGRTS .
AT EE =R RS W H A XA HIATE RN (3558 B2 A H IS H ).
ﬁi4‘$ﬂPythonEﬁ slice Eﬁ range %ﬁ?ﬁ%fjje%%f ﬁi’ F]$fﬁ11‘€1/‘,n

N TR EAEA, 208 BIARHER B M LL AR . b, T UM timedelta
SRS H I, NS <FREE A H 5 SRS R H IR

BAEREOUT, RN A MERAIE DM RNER range() BB FERIRERIT 7. 2
ZBHYE, AT RME A — AR AR A 5 B SE BN H A5

def date_range(start, stop, step):
while start < stop:
yield start
start += step

N A XA A B R T

>>> 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

>>>

XFRSLI 2 BT LUIX 4 fAi B, 43 93T Python s 1) H BARNIS (8] G805 188 FH b vt 10 6 5 A0 Lk
B ERRTIZEE

3.15 7 R 4 o H Y
7] 25

TRIGR AR P332 4T SRR RN, ERIRAER BRI datetine XY R UMELE LI
PAT AT A 3 AE



fi FIPython HIARAERLER datetime WILMRZ 5 HIARJLIX AN )@l bLan:

>>> from datetime import datetime

>>> text = '2012-09-20'

>>> y = datetime.strptime(text, '%Y-%m-%d")
>>> z = datetime.now()

>>> diff =z -y

>>> diff

datetime.timedelta(3, 77824, 177393)

>>>

Hi

datetime.strptime() JVASCFHRZ IR AMANNY, ol oy ACRAGEED,  wn AAEM
MBI — RAEE R IR L% A 5 AL ATt n] DL SRAE A, s F W34 tH Dy
FRRE A% 24T 5 2

tetn, AR AR T —A datetine XFR, VREE B MR 513 5 K
£ H B A A A B R A PR TR -

>>> z

datetime.datetime(2012, 9, 23, 21, 37, 4, 177393)
>>> nice_z = datetime.strftime(z, '%A %B %d, %Y')
>>> nice_z

'Sunday September 23, 2012'

>>>

A~ RREEERR,  strptine() MIVEREERBERTHERZ, FOVERMHIZL

PythonseHil, Jf HAMZUALE A K RGEAMIE . WERAR ZAEAHS b 7 E b K E 8 H
Wi B ogxniE 7 HI e s s ks, nTRLE DSl B M 7 SRR 4 (1 1k

BE. tetn, aRIRCZFERT A H IR vyyy-mv-op , ARAT MR T HTZFESEEL—
B R 2L

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))

PR, XA RELE datetine. strptime() R7MHZ . WIARREALIREHP K EH
AR BEE U, ARS8 NIRRT % !



3.16 45 & i X 1 H B #E1F
7] 25

A — 2 HEE20124E 12 H 21 H B L 9:30/M I =i, b £ 2. AR A I ACAE B
JERIHEINE K, 82 S A = N 8] L Z XA = e ?

[V YES

XL A R B XA A, ARENAZEH pytz B, XM T Olsoni [X £
P, BRI XAG BRI EIOARHE, FEAR 215 5 AHRAE R Sy L #n] LA R .

pytz BAH— DL EHRIER datetime FEAIEE AT S H Y RAMAL . e, i dn
R — A ZI0AF [8] )7 191«

>>> 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

>>>

—H HIA AL 1, el ] DL HOY FLAR RIS TR 1o D AR RIEIN 2 RS B
6], ARA] DL FEA

>>> # Convert to Bangalore time

>>> bang_d = loc_d.astimezone(timezone('Asia/Kolkata'))
>>> print(bang_d)

2012-12-21 21:00:00+05:30

>>>

WRARIT EAEA AL B EHAT U, IR BRI S E AN gL gn =y . tean,
FE20134E, & [EbritE E A NI A TG T A< bt (7] 3 A 13 H 3 /= 2:00 (48 A IsE, B 1] [ 1 ik
/N . WERARIEFE AT A, RSB/ — MR, .



>>> 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!
>>>

SRR N B A 5 B AR AR (A R — /N kR . O T2 IEIXR AN R, T B
{F X AT R normalize() J7vE. Eolm:

>>> from datetime import timedelta

>>> later = central.normalize(loc_d + timedelta(minutes=30))
>>> print(later)

2013-03-10 03:15:00-05:00

>>>

Wi

N T AEVRBOX IR IR TR ) Sk e m), AR BEACHI A 3 A8 5 1) SRS ST T H I 0y
UTCHITa],  FFHERIAT AT P R AR . bt

>>> 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

>>>

— HEAOUTC, AR ZAH O BRE I ARG R 1. PRI, AT DARRZ AT —FE K
O IPAT 5 I H AT 5. 2 PR o A2 D A LR TR (R IRk, S P 5 3 P B [X 25 e
AT 7. b

>>> later_utc = utc_d + timedelta(minutes=30)
>>> print(later_utc.astimezone(central))
2013-03-10 03:15:00-05:00

>>>



G5 R B XA R, A7 1) AU 2 FRA Tl 43 B X 48 8K todn, AR AN 1
AT AN Asia/Kolkata” sl & BN X R (I X 4408 2 S 7 #5 4R, wT DU ISO
3166%4Jﬁﬁ£5ﬁ5\7'39\%%?2§§|ﬂ?§i pytz.country_timezones o Hﬁﬁﬂ:

>>> pytz.country_timezones['IN']
["Asia/Kolkata']
>>>

TE: UKD RNX BAAR, A RTRE pytz BRERULUSASEEIEN 17, HOYPEPA31HE H:
T SRR XSCRF . (HREX AR B IIR 2 [ JUA &7 25 M E 1 (FL i -HUTC H
AN EI R

HIYE . IEAEE S A A

IEAEPython i KINTIREZ —. WIEIEK, RAlRE B OISR AL AP
FIFFTCR M — Rk AR, AR Intt, RS IR REARIER),  tein gl
RE CHIERES X R, {EitertoolstRbk o AT I AIAAURE N, Mg s PR ESE S5 . X
— 5 [ B AR s BRIE AR 20 B &R H WL 1)t

Contents:
4.1 F 3 kA AR
i) i

PRAEGE [ — IO R T o R, (B SRS H forfig 3t .

filf o T3 %

N1 FERE T IERXT R, FH next() BREBIFEAME IR stoprteration FH .
w, TR FEER— AN S T AT

def manual_iter():
with open('/etc/passwd') as f:
try:
while True:
line = next(f)
print(line, end="")
except StopIteration:
pass



WHKPE,  stoprteration HIRIFZRIZACHIGERE. AR, WARARTZHAEH L HEAR
next() BREAITE, RIEW] LLEIR B — M EERIRCE R, AT none o FHEIZZR
il

with open('/etc/passwd') as f:
while True:
line = next(f)
if line is None:
break
print(line, end="")

it

REFAEUN, BATZAE for MEIMERIHIRE T — AN AIEAT SR, EE, HRBFHE
XHEAMCE MRS ], X T R RS AR RS UV EE T .

N AE Es B [ A TS T IS AT R A PR B AR AR Y

>>> items = [1, 2, 3]
>>> # Get the iterator
>>> it = iter(items) # Invokes items.__iter__ ()
>>> # Run the iterator
>>> next(it) # Invokes it. _next_ ()
1
>>> next(it)
2
>>> next(it)
3
>>> next(it)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
StopIteration
>>>

AT TRV IR YRS AR, 4R Uk e ZE B HE AR 12 1R D UL
il BT LA R D2 58 Py 2 2 2 T AE D

4.2 fLEEA

] 7t

TR T A EEFER S, RS AIIR. o s BEART R, REEEE
PRIVIZAS B R AT R _ESHATIEAHERAE
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IS

&

fiit

SEfr EAR AT L — _iter_ () ¥, BEREBERBARIES AT R L. W
.

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)

# Example
if __name__ == '__main__°'
root = Node(0)
childl = Node(1)
child2 = Node(2)
root.add_child(child1l)
root.add_child(child2)
# Outputs Node(1l), Node(2)
for ch in root:
print(ch)

£ LmEAIES, iter (0 FIRHEREBARIEERACIBLE N _chitdren JETE.
Bt

Python BRI 2 iter O JVAREI—ALIL T next () FrikHuis &
Fo WRARIGEIEAR P IAR RSN, ARICOHE O RE A EAESEILN . IRBT A
R iE AR R AT

XHEE iter() EREAERTENL TARID,  iter(s) REWBAFEELIENE s, iter O
%£5Eﬂ2[]XﬁE§E@ﬁgfﬁ%§Xﬁ§?7 Eﬁﬁﬁ len(s) é?ﬂﬁfﬁ s.__len__() Eﬁﬂ@f%*4$¥ﬁgo

4.3 1 F A= s B 2 R IS AR 5X



7] &t

ﬁﬁﬁﬁ%ﬁﬂﬂ—‘4‘ﬁﬂﬁiﬁ(ﬁ%fﬁiﬁiﬁ, Eﬁ%gﬁﬁﬁﬁﬁﬂﬁiéﬁiﬁttﬁﬂ range() , reversed() A=

filp o5 %

DN RARAE S —Fogr R AR, A — DN AR ROk . Tl — M
V08 BB PN R BB A il -

def frange(start, stop, increment):
X = start
while x < stop:
yield x
X += increment

N TR, R U forfE 3R A e B 4 P Hofh 42 52 — AN ml A A 5 i ek B (B
W osum() , list() 5F)o AEIUWIT:

>>> for n in frange(90, 4, 0.5):
print(n)

W NNRRPROO® -
U ® U1 ® U1 ® Ul

>>> list(frange(0, 1, 0.125))
[0, ©.125, ©.25, ©.375, 0.5, 0.625, 0.75, 0.875]
>>>

i

—ARETRFHEA A yierd IBAIEIRLREHFHON AN E RS . BRI R AN R
R R BE IR, R R, R s IR Y R B2 TARHLA -



>>> def countdown(n):
print('Starting to count from', n)
while n > 0:
yield n
n ==
print('Done!")

>>> # Create the generator, notice no output appears
>>> ¢ = countdown(3)

>>> ¢

<generator object countdown at 0x1006a0afo>

>>> # Run to first yield and emit a value
>>> next(c)

Starting to count from 3

3

>>> # Run to the next yield
>>> next(c)
2

>>> # Run to next yield
>>> next(c)
1

>>> # Run to next yield (iteration stops)
>>> next(c)
Done!
Traceback (most recent call last):

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

— N A PR BRRIE R T R S R N EAR A F B next #:4E . — BLAE RCES PR EUR
R, SR, FRATAE AR A I8 % Af F iforiBa) & H A PR Se 4l s, ATIMRE T
FHL
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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(©)
childl = Node(1)
child2 = Node(2)
root.add_child(child1l)
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(©), Node(1l), Node(3), Node(4), Node(2), Node(5)

FEZBARIT Y, depth_first() JTVEREBREM. EEGRME QEZK%J#%{ﬁ*/\?%‘,ﬁ
}Fﬂ%iiU%FH{Fﬁ§fiEq depth_first() j?%i(ﬁfﬁﬁ yield from fj) []XTTLJE%E

Bt
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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):

Depth-first traversal

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 1if just started; create an 1iterator 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 StopIteration:
self._child_iter = None
return next(self)
# Advance to the next child and start its iteration
else:
self. child iter = next(self. children_iter).depth_first()
return next(self)

DepthFirstTterator JEAN_FTHIE A AL pas M RRAS AR SRR, (E &S R AR BB,
NS DIHEIEAAE B R P 4B KRGS E R HARIE, BB RS XA MR
RIARRS o AFAR IS AR E SO — DAL 5 — DI I i i
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>>> a = [1, 2, 3, 4]
>>> for x in reversed(a):
print(x)

I N R PV N

BN IEARAAN 2400 R RN AT TS 58 BB X RSEI T __reversed__ () HIRFIR TN A
REZERL. WRPTHEHATT G, ARDA SR R Gy — D IR AT, L.

# Print a file backwards

f = open('somefile')

for line in reversed(list(f)):
print(line, end="")

BUERE AR A RO R 2 i, R HIR N — DR EHAE KB NAE .
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class Countdown:
def __init__(self, start):
self.start = start

# Forward iterator
def __iter__(self):
n = self.start
while n > 0:
yield n
n -=1

# Reverse 1iterator
def __reversed__(self):
n =1
while n <= self.start:
yield n

n += 1

for rr in reversed(Countdown(30)):
print(rr)

for rr in Countdown(30):
print(rr)
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from collections import deque

class linehistory:
def __init__(self, lines, histlen=3):
self.lines = lines
self.history = deque(maxlen=histlen)

def __iter__(self):
for lineno, line in enumerate(self.lines, 1):
self.history.append((lineno, line))
yield line

def clear(self):
self.history.clear()

RN TAERIXANZE, AR UK E iR — A s A las s 5. AR, BT Rl BAEEE— A
SEFIXT G, FRARTT LAY R AR B, R0 history BIEEE A clear() J7ik. ARAY
AR

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="")

it
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>>> 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 1iter() first, then start iterating
>>> it = iter(lines)

>>> next(it)

'hello world\n'

>>> next(it)

'this is a test\n'
>>>
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>>> def count(n):
while True:
yield n
n += 1

>>> ¢ = count(0)
>>> c[10:20]
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: 'generator' object is not subscriptable

>>> # Now using 1islice()

>>> import itertools

>>> for x in itertools.islice(c, 10, 20):
print(x)

10

11

12

13

14

15

16

17

18

19

>>>
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itertools ﬁ%tkqﬂ¥§—*EEEE§ﬁﬁTEliﬁﬁiii/ﬁf£9§o Ei?ﬁf?%gﬂﬁf% itertools.dropwhile()
BRI, AEFHI, RES T AR — > BR O R — AN AT A 2% E%Llﬁlﬂ/\%ﬁ%ﬁiﬁ
%, EFEAFHIHEB KGR F True BIRIFTA G, SAEIREEHTA TGE .

N TR, BUE VRS — DN IFaG o 2 JUTEERE IR SO .

>>> 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

>>>

U RARAE RS T 4R &R 7> RV REAT R3S, w] BLX AL

>>> 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

>>>

XA TR AR F AN R B TG e R . WRAR L I AiE 1 E Bk oo
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>>> from itertools import islice

>>> items = ['a', 'b', 'c', 1, 4, 10, 15]

>>> for x in islice(items, 3, None):
print(x)

10
15
>>>

XA FF,  istice() BREURIGID None SEHRE T REFEUNEIN B &G T A
JCE, R none FISHINLE N, FIEBZNAGREET =& B, (AR
R REAE (3.1 A1 i3 EEE—FEN).

PR dropwhile() M islice() JLSERUZM/NIEBIREL, NMERGS H X ITAR
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with open('/etc/passwd') as f:
# Skip over 1initial 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)

BR A RS R AR ER 7 RS H W IR AR teln, BRI EE — AN
RES XS

with open('/etc/passwd') as f:
lines = (line for line in f if not line.startswith('#'))
for line in lines:
print(line, end="")
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>>> items = ['a', 'b', 'c']
>>> from itertools import permutations
>>> for p in permutations(items):

print(p)

n 0o OO O 9 @ - -

V AN AN A A A A e .
c v N v N O
¥ ©C 9 N ©C 0
~ O~

AR RS BR E KIE R P HEA,  URAT DAL — A AT K 2L R IXHE

>>> for p in permutations(items, 2):
print(p)
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ﬁﬁﬁﬁ itertools.combinations() ﬁT%?iU%ﬁ)\ﬁéé?qniﬁgiE@Eﬁ%?ﬁ@ﬁﬁ%§c tkﬁﬂ:

>>> from itertools import combinations

>>> for c in combinations(items, 3):
print(c)

(Ial, Ibl, ICI)

>>> for c in combinations(items, 2):

print(c)

("a’, 'b")

("', e

('b', e

>>> for c in combinations(items, 1):
print(c)

(*a',)

("b",)

("c',)

>>>

T combinations() ﬂ€ﬁ¢, 5&%%EGHWU%5E1%EZ<E§%¥TTO ﬂl%ﬁﬁ%ﬁé’ HE (‘a', 'b') IR
('b', ta')y HER—FR(ERERSmEH Y —1).

FETHEH A B R, — B B 2 A ik b ) B d (EL an an 2R oo 3R e g B
T’ %BZE’%?%%X%E%%ET)O ﬁzﬁl%l%( itertools.combinations_with_replacement()
FEVF A — s gk 2 ik, thn:

>>> for c in combinations_with_replacement(items, 3):
print(c)
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>>> my_list = ['a', 'b', 'c']
>>> for idx, val in enumerate(my_list):
print(idx, val)

N T g it (1T 5 NUIFAR), ARAT BAE IS — N ITF IR 24

>>> my_list = ['a', 'b', 'c']
>>> for idx, val in enumerate(my_list, 1):
print(idx, val)
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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() Xﬁ?ﬂﬁﬁ%%%ﬁﬁﬂ?@jijﬂﬁ‘ﬂﬁﬁ%@ﬁﬁﬁE"Jo FEUW ZZD%/f;F?{:E)I%—/]\I
Ao e H L) B B BB IR AT S B2, ATRMRB S IR enumerate() RITHL:

word_summary = defaultdict(list)

with open('myfile.txt', 'r') as f:
lines = f.readlines()

for idx, line in enumerate(lines):
# Create a Llist of words in current Lline
words = [w.strip().lower() for w in line.split()]
for word in words:
word_summary[word].append(idx)

WIERARAEFE T8 SO JEHT L word_summary > 23 KIVE & — N (HEF R 2 — 1
defaultdict ), XTTRENEIAE —A key » BN key XTRPMEAE— HHIX AN HL 18] H I
AT S H R FIR . WERFEA AR E AT I PR, A RXRAMT S HIRX,
(At ] AR R SCAR I — AN R B S i

it
MRS E L — P ECE B, S enunerate() MIELZSS NI, RATRESMR T
[LIEEY SSCTAMEE

lineno =1
for line in f:
# Process Line

lineno += 1

HRWRAER enumerate() PRECRAE B AT NPT T -



for lineno, line in enumerate(f):
# Process line

N

enumerate() BRFURFIMIZ—A enumerate XTHRLM|, ©RE—MERL, RENIESLMES
— M — MER e, T A FEIEEEAENT Y LA next() R\,

WA — R R FAMR L, (HRWEMER, AR SIRE D Ca e A5
EAEM enumerate() BRENRAE Z IHAFERE . ARIGAR T I LA 1077 XS -

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):

411 [FIRFERZ AN 75
5] 5

RERINIERZ AP, BRI NP IR e
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N T FRBERZARH, R zip() %L U

>>> xpts = [1, 5, 4, 2, 108, 7]

>>> ypts = [101, 78, 37, 15, 62, 99]

>>> for x, y in zip(xpts, ypts):
print(x,y)

1 101

578

4 37

2 15

10 62

7 99
>>>



zip(a, b) é?ﬁiﬁi_‘4\ﬁTﬁ2[]jﬁzﬂ (x, y) Eﬁﬁgfﬁ%§, ;ianﬂéﬁja, YﬂQEﬂbo —‘fiiiqagﬁ
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>>> a = [1, 2, 3]
>>> b = [le, IXIJ Iyl, IZI]
>>> for i in zip(a,b):

print(i)
(1, "w")
(2, 'x")
(3, 'y")
>>>

ﬂﬂﬁ%i&4\ﬂ<£%ﬂﬁﬁﬁéiHﬁéﬁﬁ%, ﬁgéﬁiﬁﬁTEiffﬁﬁ itertools.zip_longest() EE§&§E4ﬁ§§O EK
i

>>> from itertools import zip_longest
>>> for i in zip_longest(a,b):

print(i)
(1, 'w")
(2, 'x")
(3, 'y")

(None, 'z'")

>>> for i in zip_longest(a, b, fillvalue=0):
print (i)

(1,

(2,

(3,

(e,
>>>
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headers = ['name', 'shares', 'price']
values = ['ACME', 100, 490.1]



fit F zip() PT BALERRE A T 0 IR A il — A 7 J

s = dict(zip(headers,values))

B AR AT AR AR A A -

for name, val in zip(headers, values):
print(name, '=', val)

HIRAFE I, B zip() ATLHERZ THANNFIINSE. KRR R 45 R oo+
TEERMNEURB N T FIA R el

>>> a = [1, 2, 3]
>>> b = [10, 11, 12]
>>> c = [IX',ly',|ZI]

>>> for i in zip(a, b, c):

print(i)
(1, 10, 'x")
(2, 11, 'y")
(3, 12, 'z")
>>>

BJE IR — REUE,  zip() SO —MERERIE NG RIR Bl W R AR TR E0K 45 X6 E
FEEyRA, BAAH 1ist() A% thn:

>>> zip(a, b)

<zip object at 0x1007001b8>
>>> list(zip(a, b))

[(1, 10), (2, 11), (3, 12)]
>>>
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itertools.chain() ji%EﬁTElFH5Kﬁ§1tii’?f£§§o ?3%%%%—‘4‘ﬁ1ﬁﬁfﬁiﬁﬁﬁﬁﬁ%%VFﬂﬂﬁﬁ)\,
IR B — MBS, AR PR 2 DRGSR . N T ERTE R, FIE T IIX
AT

>>> from itertools import chain
>>> a = [1, 2, 3, 4]
>»> b = ['x", 'y', 'z"]
>>> for x in chain(a, b):
. print(x)

N < X b W N PR -

>>>

R chain() BI—ANH WLse 2 MR AN E AR A A BT 70 28 AT 0 Lo 45 R I I
SR

# Various working sets of 1items
active_items = set()
inactive_items = set()

# Iterate over all items

for item in chain(active_items, inactive_items):
# Process item

S RT3 SR L EAR IS TSR A A A B ) 2 SE U HE

for item in active_items:
# Process 1item

for item in inactive_items:
# Process item
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# Inefficent
for x in a + b:

# Better
for x in chain(a, b):

FoMIrET,  a+ o BIEXGE-ADEWHHIFIIFERaMbAIRA —H.  chian() A
A, AR P SRR R R SR AT . JF H iSO SR AN —
FERII AR chain() R RT LMRSS A A
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foo/
access-1log-012007.gz
access-1log-022007.gz
access-1log-032007.gz

access-1log-012008
bar/

access-10g-092007.bz2

access-10g-022008



ERBERRAS H S SO SRR A 8 -

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 -

N T AR, ARAT RUE SC— AN 2N RAT R 58 A S5 AL AT: 55 (1 ] B AR s o AR 2L A
R & HURXRE:



import os
import fnmatch
import gzip
import bz2
import re

def gen_find(filepat, top):

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 is closed immediately when proceeding to the next iteration.

for filename in filenames:
if filename.endswith('.gz'):
f = gzip.open(filename, 'rt')
elif filename.endswith('.bz2"):

f = bz2.open(filename, 'rt')
else:

f = open(filename, 'rt')
yield f
f.close()

def gen_concatenate(iterators):

Chain a sequence of iterators together into a single sequence.

for it in iterators:
yield from it

def gen_grep(pattern, lines):

Look for a regex pattern in a sequence of lines

pat = re.compile(pattern)
for line in lines:
if pat.search(line):
yield line

BUE R AT AR 53 PR X 28 i B iR B — MBS . e, O 7 BB & HA
pythonffIfiT s HEAT, RWT LUIXFEL -



lognames = gen_find('access-log*', 'www')
files = gen_opener(lognames)
lines = gen_concatenate(files)
pylines = gen_grep('(?i)python', lines)
for line in pylines:

print(line)

GRRAS R A R AR R ETE, IR AT DEE s A A rh e s . i, R
AT S AR 0 7 5 OF o S

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))
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lines = itertools.chain(*files) , fﬁﬂ% gen_opener() ﬁiﬁi%ﬁﬁ%@ﬁéﬁ%gﬂ%%ﬁiéo ﬂiﬁgﬂ:
gen_opener() AEAEERA L — T I SO, SRR —ANEAE BRI SO 5 5< ]
Ty Bl china() FEXBEAREXFEMEH . 77 28 7T DL X AL .

gen_concatenate() @@iﬁquﬂjﬂﬂfi yield from ﬁ%fﬂ, ?3%? yield ﬁ%«Ffﬁﬂﬂ%”ﬁiﬁiﬁi%ﬁJ:
Fo WEHA) yield from it fIERHIRFEIAERAS it P ERrA . RKTEANERNTESL4/)
REESLCE Bt a1 OE 3% Y8
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David Beazley fE At ] Generator Tricks for Systems Programmers e 6t X fi e AR
EFHIRANMPE. 7T S B AFERBCE 2 1015 B
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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], 7], 8]
# Produces 1 2 3456 7 8
for x in flatten(items):

print(x)

£ EHACASH,  isinstance(x, Tterable) FEFANICERE TR IAUN. WIREMIE,
yield from HUIR[EIFTA FHIFEHIME . LR AIEERHE —MEARERTRHFS] T


http://www.dabeaz.com/generators/

%ﬁ&ﬁﬁﬁé?%ﬁ ignore_types %Hﬁiwwﬁgéﬂ isinstance(x, ignore_types) ﬂﬂﬂ%%@%z??ﬁ3$ﬂﬁﬂ4+
ﬁ%fT%ﬁﬁ%% S5 IEX EAT T T B R o IR ) TE A H B A e e &
R E AT IR AE R 1. Eotn:

>>> items = ['Dave', 'Paula', ['Thomas', 'Lewis']]
>>> for x in flatten(items):
print(x)

Dave
Paula
Thomas
Lewis
>>>

it

) yield from FEARAELEAR RSGAS AR A a8 T BIRE AR A . WE2RAR
AMERERTE, IMABBLAGHIMN for AT LU

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

RERST — 8, B2 yield from EAJE LRBOCEL, I H MRS 5 &g
K.

ZHTFR B B T 55 e AT A MG AR Oy T T IR BT R R IT RN 4F .  nRid
%?iiﬁhﬂ<ﬂ<ﬁEE§}FEﬁ§§ﬁE, ﬁ%ﬁﬁéﬁ%& ignore_types EDEHO

RIFENER M — /K2, yield from FEPE K BIFE T PVRE AT AL BSGAS IR 5 S RE T 350 26 S
HEMAE, TUSH1212NTEEF HI— M T .

4.15 I 7 3B AR A I 5 B R R IR AR B

7] &t

TR — R 51, R EE IR a2 DR P21 T B A4 R ] -



i T

heapq.merge() BREUA] PLIBAR ik AN i) @i, Eb .

>>> import heapq

>>> a = [1, 4, 7, 10]

>>> b =[2, 5, 6, 11]

>>> for c in heapq.merge(a, b):
print(c)

it

heapg.merge ALIEAURFMEREMRE EA S S EIHTA 4. XHEWRE IRl AEAER K8
FERIRAE e, MIASE AR, tean, e — M5 R & Pk
A

with open('sorted_file 1', 'rt') as filel, \
open('sorted_file 2', 'rt') as file2, \
open('merged_file', 'wt') as outf:

for line in heapqg.merge(filel, file2):
outf.write(line)

A RESRIANAE heapq.merge() i BFTAMNTFILARAL P FFAlH, EIFAR
TS BE AT 2de SRR P s FURHEY . A R SRR HE A, e
R A Fe A T aa 8 70 JF IR BN AR, XA ERE— B2 RS E BTN 751 i
TCE AR 1 58 o

4.16 1AL 234X & while G [R 1§ 4

7] et



TREMRIS T white TEMARIBAUSCERE SR, KOVE 2 A RS o Bl Al — s
BEA R AR AT - REANREHT IS AR R B S IXAME AW ?

fit o T
—NH ILANOBRAFRE Y T RE 2 A8 N THI XA

CHUNKSIZE = 8192

def reader(s):
while True:
data = s.recv(CHUNKSIZE)
if data == b'":
break
process_data(data)

IXFPARIE T AT ME iter() RAE, WHAR:

def reader2(s):
for chunk in iter(lambda: s.recv(CHUNKSIZE), b'"):
pass
# process_data(data)

IR IR MBS PR AEAREIEH TAF, LIRSS F— M il 7.t

>>> 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

>>>

it



iter PRAL M AFIRRER IR — N AIER callable XTRA—MARiC (45 RE)MEAE
NEINZH . LR AR, Bl —NsAE, XSS AWRE
callable XFZRELFRBUEAbRICEARE NIE.

XMARF IR B 7 VRS T — ek 5 B 2t B 2 T T A R BUR A RCR,  Eeanisl K 201/O 1 FH # e
o ZEPRE, W RURARNE R B o AR By A B, I8 RS E A
HEMPAT read() B recv() » FFAEJR TR — A SCIFSE RN RE 2 B4R, X
TR EAE AR dter) WA ATLCR M E S5 SEK 7o HA 1anbda BRESHL
RN TAE—NTESH callable MR, AN recv B read() HERM T size ZH

BhE. 4 5I0

PRy AR B AL B A A ANt o X — TR IR R AL BN R SRR (S0, A3 SCAR A — i )
S, SCPRGRISAILAAR G N 2E . 0 ST 4R H SR E i K B

Contents:

5.1 i 5 SCA K
] 5

PRGBS S F gD ) SCAR s, LLanASCIH, UTF-8E(UTF-164w%%% .

LS

A re BECHT open() BREGRIPCCASCMF . WK s

# Read the entire file as a single string
with open('somefile.txt', 'rt') as f:
data = f.read()

# Iterate over the Llines of the file
with open('somefile.txt', 'rt') as f:
for line in f:
# process Line

KA, AT BN, HHHHE we B open() BEL, W Z TSN E
FEAENTERR & fi . 1 R HR:



# 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)

R ARAE A SRR A, RO at [ open() BREL

jEﬂ#EﬁﬁifgﬁéVF%ktkfiﬁﬁE%éﬁ%%ﬁ%, ﬁTEiﬁﬁfiUﬁfﬁ sys.getdefaultencoding() ﬂéﬁ%iﬂo Z%
KZHWLE ETER 2 utf-82h . Qi RAR CL& FE VR B 5 ) SCA S HAhgwid 7 =, R4
A LB AL — AN AT ER] encoding ZH(Zhopen() i, 41 FFis:

with open('somefile.txt', 'rt', encoding='latin-1') as f:

Python>CFFAEH 2 M SCARYwEY . JLANE WL 4R & ascii, latin- 1, utf-8Flutf-16.  {Ewebj
FHFE A i 5 #5812 UTF-8.  asciiX) 82 \U+0000F| U+007F 3 [l i 11 74 4% . latin-
12 7 170-255%]U+0000 % U+00F 3 [ A Unicode 7 7 it B A o 24352 B — >R 401 2
15 ) SCAS I A i latin- 14w G /K AN 2 7= AR fR I A % . 13 A latin- 19w At s B — A SO R e
WVFARREF= L 58 4 IEH O SCAR RIS B, (E e e NP IREH 2% 2 1E HEdE.
i, G RAR 2 e R F S R 2, SRS R R SR .

it

B RS — ORI LU R . (HER WA FEEEN. "%, £EfrErT
Iwithif A5 s BRSO EIEE 1 — A BRSO, H with FEHIRERES, X2 H
KMo IREATUAMER with 156, (ERIXFHMEIRFLAHC T30 % S

f = open('somefile.txt', 'rt')
data = f.read()
f.close()



F A=A AR % T AT AT IR ), AEUnid AT Windows H & AN — £ (73 51 2 n il
m). BIMEI T, PythonexPAG R BHAT AT . XAARUN, AEBLIROCCA I,
Python ] LRI BT AT () B B B AT 75 R AL O BN \n P45, SRMBLAY,  FES I 2o
BATHE \n BeHON RGBONRIHATRT . WEARIRAA XM EA R AL B )75, T BA S
open() BREMENSHL newline='' , M FHIIXFE:

# Read with disabled newline translation
with open('somefile.txt', 'rt', newline="") as f:

AT UM 2 m S, FHRBBAEUNxHLE E I — NMWindows L[ i) XA S,
HMEHFIHN AR 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'

>>>

B A TR 2 SCAS SO AT RE R LA G A A R o (HUR BB EE 5N — N SO S
I, ARTTRE B B RS R iR LEan:

>>> 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 0xc3 in position
12: ordinal not in range(128)
>>>

AN SR IR AN R, 8RR ARSI 18 € )G AN I o R R AP A4 Bl 1 B O
AR SO i 2 TR 1) (LE A48 FHUTF-81fi AN 2 Latin- 19w A Bl Ah) . W gm Al F iRE
FAFAERITE, VRATBAZS open() BREMLISE—DATIER) errors ZHCRABIXLLH . T
e LERE R IR R B 5



>>> # Replace bad chars with Unicode U+fffd replacement char

>>> f = open('sample.txt', 'rt', encoding='ascii', errors='replace')
>>> f.read()

'Spicy Jalapero!’

>>> # Ignore bad chars entirely

>>> g = open('sample.txt', 'rt', encoding='ascii', errors='ignore')
>>> g.read()

'Spicy Jalapeo!’

>>>

WMRRAE T errors SECRAE ISR, W RES IR TAHRMERE, XT3
AEE P R U A PR AR S R A B2 IR gm b . SR P mT i, At A BN IR B
(A ZUTF-8).

5.2 11 F[lfay H 2 5 A
7] el

PRAEKS print() BRECHfH B 5E (7 21— NS R 2

LIPS

TE print() PREUHIEE file KEFESE, R TN HIXFE:

with open('d:/work/test.txt', 'wt') as f:
print('Hello World!', file=f)
iR

IR Y EE ) RSO Rt IX e o (BT R B E R AR S AR AU AT
TFo WSO Z RS, STEN 2 A

5.3 {3 FHI FL At 70 B 5 B AT 2% I A5 T B
7] el

TRAEER print() BRECGE AR, (HRBBCRBON 2 R BE 1T AT



LIPS

EIElfﬁﬁH%E print() Eﬁiﬁquﬁﬁﬁ sep %n end 9%@%%ZZ§§Q’ Elﬂ?ﬁﬁéiﬁﬁj?iﬁﬁﬁﬂﬂo thﬁﬂ:

>>> 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="!I\n")
ACME,50,91.5!!

>>>

i end S AT LAfES R 48R0 AT . ELln.

>>> for i in range(5):
print (i)

Ar W N R O

>>> for i in range(5):
print(i, end=" ")

01234 >>

i

A pRARE AR A% 2 B AT R e HE B I, 25 print() BREULIE D seq ZHR R
BRI ANERSER - EREF RS str.join() RIERFEFIIHERE. i

>>> print(',"'.join('ACME',"'50"',"'91.5"))
ACME,50,91.5
>>>

str.join() HIAGEELE T EAXDCE | T 747 . X EWREVRIE R § 20T 35— L
REibE IE® TAE. todn:



>>> row = ('ACME', 50, 91.5)
>>> print(',"'.join(row))
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: sequence item 1: expected str instance, int found
>>> print(',"'.join(str(x) for x in row))
ACME,50,91.5
>>>

PRZ PR AT A AR A R, AR 7 2R XA S -

>>> print(*row, sep=',")
ACME,50,91.5
>>>

5.4 L5 7 AU
7] el

PRRESEE Zakd| SO fF, EeanE b, R SRS

RS
RN b B wb [ open() BRECRIZEEL S N —HEHIEIE. Hotn.

# 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")

FEVEI —BERIREI . 75 28 W PrAT 3R (8] A S A0 2 71 A A A i, i AN SO
TR SR, TR R, AAURUEZSEE LA 2O A B R i o g (L
THTRE, TR RE).

it



FEE I BEH RS OB, 57 R/ BRSO 455 B T8 S 5 AT e 2 2 80— INE R R
BFe Rl BER N, R IIANEAEIEIR B A2 5 R E A 7T A5 . Lean:

>>> # Text string
>>> t = 'Hello World'
>>> t[0]

>>> for c in t:
print(c)

O ~H — ™ I -

>>> # Byte string

>>> b = b'Hello World'

>>> b[0]

72

>>> for c in b:
print(c)

72

101

108

108
111

>>>

N FRARAE N 3 A =) SO A e B B N SCAR B, WA O B AT A AT G R R AR
bt

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'))

/O — M AR S RIC K R R B S N, TS o
I EATR . Lo



import array

nums = array.array('i', [1, 2, 3, 4])

with open('data.bin','wb') as f:
f.write(nums)

RANEH FART S T RN G i I 5, RN R B R EHLRIZ N2
XA REA e R . BRI AR X IGR L —.

1R 2 X6 38 Fo st A8 B SO G0 readinto() 916 BLEAE B — 3k e 2 2R B A
Frp 4. .

>>> import array

>>> a = array.array('i', [0, 0, 0, 0, 0, 0, 0, 0])

>>> with open('data.bin', 'rb') as f:
f.readinto(a)

16
>>> a

array('i', [1, 2, 3, 4, 0, 0, 0, 0])
>>>

(B FH IR BRI 75 2246 b/t DOV EEH BA-FE AN, JF Bl e e oy
KA (R AL AMRALILSE) . T BAEFE 5.9/ 5 b — ST i o) a1 m ]
B X BT

5.5 L AFAEA HEB AN

7] et

R — AR BAEEE, BRIV XN S R G EAFE. Bl 2A
FCVFRE i CAFAER SO A A

it o T S

FIRAFE open() BRELHMEM] x BEORAE w BREEUH T HORAR RIXAN R, ELgn:



>>> 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’
>>>

URSRSCAE A R, A o RACER xt

i

R /NS TR SOOI I S B B A R e ST RN B EAF
FERISCAF) e — BT RSN SR BAAAE, BT X

>>> 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!
>>>

TSI, A OO N . B R xS — A Python3X open() BRI
{0 . 7EPython I AR A 5k # 2 Python S B G J2: C o 0P Fh#f A 5 7 i A
iop

5.6 1 H M I/OF1E

7] &t

PRAESE P BR AR SRS X R IKIRE Py RARAE SCAS B b ) 54 £

[ ES



FH io.stringro() A io.Bytesio() FRAIEHZR XTGP FRF R EHE. .

>>> s = 10.StringIO()

>>> 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 = 10.StringIO('Hello\nWorld\n")

>>> s.read(4)

"Hell'

>>> s.read()

‘o\nWorld\n'

>>>

io.stringro W REM T 3CA . WUERIRERMF —HEHIME, A io.sytesto FORME.
EaF

>>> s = io.BytesIO()

>>> s.write(b'binary data')
>>> s.getvalue()

b'binary data’

>>>

it

HPRAERLI D EE RSO R AR stringto AT sytesto SREMRA M. Holn, fEHITl
W, ARATRMER stringro SREUE — M S I AEEE 1RSSR, XK R A UL
2RSSO T SR X B R

T EVERMAE,  stringto M Bytesto SEAIFFIRAT LB BREBSR A W SCAF AT . (AU,
EATASRELE AR LL T AT B SR M RGPS, EIE A R BT R ]

5.7 BL 5 [k 4 SCAF
I 7t

PRAEE 'S — A gzipakbz2#% 20 R 48 501



i T

gzip M bz2 BERATCUR A 5 FIACEIX LS. PRAMEERHATCA open() BREUERMEL T H 4N
SEPUCR MR IX AN, Een, N T DAL G BUE 48 3, 7] PUIXFEA

# 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()

FAN, T BNEGEE, 7] LI

# 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)

k., A B/ OB E AL FH SCARL A I AT Unicode gt/ fif . SRAAEY, AR AR AR
PE kb, A ro BFE wo SCAFREECRITT .

it

KB G OL T S IS B A AR A B o (ER B R R e B — A IR A SO a2 R
HEEN .. WRARATRER IS, A BRI BB, dn RO I e e A B2
2SRRI, AT gzip.open() M bz2.open() FEAZERWEN open() PREL

*‘ﬁﬁﬂﬁégéﬁ, fﬂ?ﬁ encoding » errors , newline %%%QO

B NELEHIEN, FTUMEH compresslevel XANAIIE NI FESHRIE E — N B4 2%
e bean:



with gzip.open('somefile.gz', 'wt', compresslevel=5) as f:
f.write(text)

PN ELZD, R EENIEAEFEN . FIBAPERERL, (ER8s R fe k.

WA, gzip.open() Al bz2.open() MH —MRPIHERFFE, EATRTMERIAE—
AN CAFAEI P IR AT IR SO b ety TR IS T AT

import gzip

f = open('somefile.gz', 'rb'")

with gzip.open(f, 'rt') as g:
text = g.read()

IFERLACYF ezip M bo2 HEBRTTLL ARV SRR L, BT, MmN
PR

5.8 [if] € K/hd 3 (S ISR

i

PRAEAE — AN 2 KR BCE Bl R & BB, AR — b — 47— AT ik
e

P

Eﬁiiﬂiﬁﬁﬁ§4\d\£ilﬁfﬁﬁﬁ iter *ﬂ functools.partial() @ﬁ%ﬁ:

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:

EABIF AR records MR DAL R, B AW AR E K/NMOEHE, H
BISCEAR . EEREMZ WS R AN ZIA DA, SJa—REDTR
T 8 LU B D



it

iter() BRECH — MY NRAPRFER A, R IR e A% — A T A R — A hrid
B, ExtlE—MERS. XSRS —HRAAE AN R B2 ER RARCE
Nk, IXHARIE AL IL .

TEBIF-H,  functools.partial FHARABNEE— ANk R FH IS M SO A s B ] e 0 B 715 1Y
ALY S bnicfE b B S BA SRS R I IR [EE .

e Ja PR, BT o B SO DL BB TR R . i SR S 5 DR/ e
3K, IXIEE R BRE RGO TSR, AT AT S R RS AT D) B it
=}

\\\\\

PRAE BRI AR 2 A ARG R X, 1A R B AT R TR S R . B
PRAE SR A OO IR e 5 [l B — A SefF e 2

LIPS

N T BB B AR T, SRR readinto() JTik. HLUN:

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

N NS XA R U TR BT



>>> # 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

>>>

it

ARSI readinto() JIIRBEMHRONTHSE /T EC N AF OB AL 5ot , L= 04
array E%tﬁﬁi numpy E?ﬁdﬁﬁﬁ@%ﬁéﬁﬁ %ﬂ%gﬁﬁ read() ji%%ﬂ<ﬁﬂ5@%%, readinto() ﬁi?ﬁEﬂ
FFAE B G M X AN T BT o0 e A A7 FHR AT [RLkE, RT DU e okl e K
BN BCERAE.  tn, AROREEH A A R /N IE S e — kil SCPRm, AR
CIIYSE SNiEaCT

record_size = 32 # Size of each record (adjust value)

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

T — DH LS memoryview , B PUIE I Z 8 il 17 200 CAFE M 22 i X PUAT
DIR#RAE, HERRELEHNE. i



>>> buf
bytearray(b'Hello World')

>>> ml = memoryview(buf)
>>> m2 = ml[-5:]
>>> m2

<memory at 0x100681390>
>>> m2[:] = b'WORLD'

>>> buf

bytearray(b'Hello WORLD")
>>>

M f.readinto() WFHETEARE, RLIITE TR EE, WS bRE I 5
.

AR TN TG pp XK/, 2R BRI T BB B 1 (BE IR 91 B8 e i A 7
BT

B JE, B0 HoAth bR BUZE A HR AR into AHRIIBREU(LL AN recv_into()
pack_into() %)o PythonE‘JﬁE%ﬁﬁﬁ%ﬁﬁj\BZE‘H*ES'ZT#E%E‘JI/OE@Q?EWI‘Dﬁﬁéﬂ"ﬁ, ﬁ%ﬁg
VE W 1 >R 3E 78 B2 OB RN 22 p X 25

KA — G5 memoryviews FEFITERIE BT, 1§5%56.12/M,

5.10 WA A7 WU F — 3k il SCAF
7] &t

PRAE PNAF RS — A BB SRRl A2 e i Bl rh, J BT REZE Dy 1 BERLDS M E A
B T LR

S

fEH] mmap BEHORNAABSS CAE. T2 D LRRE FURER 7 T30t
L5 77 30 A A7 U XA S

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)



N TR, RHREA - DCEIF ANEA TR Tl —MilT, #
TREFAIIR BN — IR NS e B E KD

>>> size = 1000000

>>> with open('data', 'wb') as f:
f.seek(size-1)
f.write(b'\x00")

>>>

R NFH memory_map()  BRESE A AF BRI STAF N A HIH] T

>>> m = memory_map('data')

>>> len(m)

1000000

>>> m[0:10]
b'\x00\x00\x00\x00\x00\x00\x00\x00\x00\x00'
>>> m[0]

0

>>> # Reassign 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 () IREIE) mmap IR FEFEE A AEN—AS B R SCEBARAMH], IR 2 K 30
WA BRA. e

>>> with memory map('data') as m:
print(len(m))
print(m[@:10])

1000000

b'Hello World"’

>>> m.closed

True
>>>



FRNIEOL T, memeory_map() EREFT A SO RN SCRF LM S B E . AR BN Bl =
S B ER A SO . AR AR E R BRI AR, WA S H access TME AN

mmap.ACCESS_READ o ELAI:

m = memory_map(filename, mmap.ACCESS_READ)

AN SRARAEAEA S S, (R SO B S [ B R an o ob, - ) RS

mmap .ACCESS_COPY :

m = memory_map(filename, mmap.ACCESS_COPY)

Hi

T BENLYT IR SO RIS, AR mmap R SRS BN AF R — AN AR ER) T i
ﬁ[l, {h%Eﬁ%'TT}FQ/I\I#F#&?fﬁ%% seek() read() , write() Iﬁﬁﬁ, R%gﬁﬁ
YRR S SCAR A FH U0 v 458 A U e it B AT

—RORYE, mmap() PTRERMANAER LS D RS R (HAE, PRI DMEH
RERINEIP/S Ve Sl U 6 R = UE

>>> m = memory_map('data')

>>> # Memoryview of unsigned integers
>>> v = memoryview(m).cast('I")

>>> v[e] = 7

>>> m[0:4]

b'\x07\x00\x00\x00"'

>>> m[0:4] = b'\x07\x01\x00\x00'"

>>> v[o]

263

>>>

i BRI A, AU SRR A = S ECBA SR AR IR B A . 2
Ui, SRR B S HI BN AP GAT B . A R RGOS N AR T — B
FEAUAAF o R0 1) SCA AN ) XA, T [l ) A 2 4 R 90 = A BB S 3 P
A T AR B U7 I BB I8 e B AR R A . P IR R B I, fER
JE TR !



IR Z 4 PythonffREas WAF A [R]—AN3CHF, SRR mmap X R BEWS 4 HORAE AR REAS FLI%
AL AE . WHEY, PrA R A AR e RN S S 8 s, JF MR i iz
~HINEIEHAM RS T RUE, X ESERD AR (R IR W%
A DL ORAE 8718 B 2 7 A% T A

XN BOR R EERIEN, RN IEH T UnixMWindows™ &, ZER K2
mmap() BREUN SAEREE — VPG ZERIE. 55h, I0H — LR min] ARG 2tk 44 1
AT X3 I SRR XA O R, B DR AT 4RI 1 Python SCRSH 35 T (1 N 75

5.11 SO %42 44 I #AE
i)

TR EAE AR A R SRBOC AT 4, B34, X RARS55% .

P

S os.path B IIRBCREAERRA A . NI &— A2 B U)ok IR — SO I F
ﬂf:

>>> import os
>>> path = '/Users/beazley/Data/data.csv’

>>> # Get the last component of the path
>>> os.path.basename(path)
'data.csv'

>>> # Get the directory name
>>> os.path.dirname(path)
'/Users/beazley/Data’

>>> # Join path components together
>>> os.path.join('tmp', 'data', os.path.basename(path))
'tmp/data/data.csv’

>>> # Expand 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

it

St FARAT SO 4 B, RERRLIZAE ] os.path BEHR, TWHASRAd FARMHE 745 Hh R 1E Sk
Fi& B OIS . a2 1 TR AR R i SE N, RIOA os.path REELAIIE
UnixFIWindows £ i < [A] 1) 7% 5 FF HAe 0% nT SEHAL PR 2R AL patasdata.csv
Data\data.csv XFEISCIFA . IR, IREBIANIZIR RIS Al L H G 1. 0% RS
B C S N IRIESIT T RE .

FERHISE os.path IHEZ HINRAX BIFRAFIZE K. W] LA B 7 SCRRERAL
B2 53CPHINR, A5 BERE SR AR 5 1 B R B

5.12 |3k SO 2 B ATAE
7] 25

PRABIIAR — /NS B H SR A7

(VS

fE os.path BEBRSKIMNA — SO A SRR B A4 LEAn:

>>> import os

>>> os.path.exists('/etc/passwd")
True

>>> os.path.exists('/tmp/spam")
False

>>>

PRi® e — B MR IX A SO A A5 RY1 . FE R X SR dr, SN i) S AN TEAE
(PR, 2h AR < ik Al False:



>>> # Is a regular file
>>> os.path.isfile('/etc/passwd")
True

>>> # Is a directory
>>> os.path.isdir('/etc/passwd")
False

>>> # Is a symbolic Llink
>>> os.path.islink('/usr/local/bin/python3")
True

>>> # Get the file Llinked to

>>> os.path.realpath('/usr/local/bin/python3")
'/usr/local/bin/python3.3"'

>>>

AR RIS RESR IO (LE @ S RN B B H ), tBATBUER os.patn BREBROKSR
e

>>> 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'

>>>

i

fEH os.path RBEATSCAFMGORARM A (RS RLLRIARS, W REME— /2L R RS
R B2 RS SCAFALBR A 1l AL, Rl R A2 SR IO Bt e ik et

>>> 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"
>>>
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PRAEGRICCAE R G R4 H 3 N BT SR8

S

R os.1istdir() BRECKIREUEEAS B i) SCiF5113k

import os
names = os.listdir('somedir")

gk ml H A SO s, BEERTE X, FES, fFeiiEssE. mRIRT
R AT RO EE, W RLE RS os.path FEFRR—SRECRHERANEHMES . L
s

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))]

HH
==

TP startswith() Ml endswith() FiENTEE—NHFHONEELAREHR.

un:

pyfiles = [name for name in os.listdir('somedir')
if name.endswith('.py')]

%Tﬂijtﬂ#éﬁﬂﬁﬂﬁﬁﬂ, ﬂﬁajﬁﬁé§i§ﬂ§ffﬁﬁ glob EE fnmatch ﬁ%tko ttﬁﬂ:

import glob
pyfiles = glob.glob('somedir/*.py")

from fnmatch import fnmatch
pyfiles = [name for name in os.listdir('somedir")
if fnmatch(name, '"*.py')]



it

RICH P HIPIRRIRE S, (HRARHIR R R AR Hxhseikasikme. mRIRie
RO CE R, Hanse Ry, B (a1 564%,  IREFIE 75 ZA 2] os.path M
B HIRREEE os.stat() FRECRICEREE . ELAD:

# Example of getting a directory Llisting

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)

B JA A — REE B, A IR AE A B A A2 2 A 7] RN AT A 4 HH I — 4 ) R
WEHRYE, BRE os.1istdir() IR PR SEARTIR 2 MRAE R GBI ST 2 gD R RS . (2
Fe A I 22— LEANBEIE W MRS ST 4 o R TR R B R R, 4£5.144015.15/)N
A E LI UHR
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FRNTEOL R, B HISCAE AR AR ARYE sys.getfilesystemencoding() IR [BI A SCA G A5 K G it

RS, Eean:

>>> sys.getfilesystemencoding()
'utf-8"
>>>

AR SR DR O R SR DR PR A e I g A, AT EAASE S — AN B 5

CIN=a/(F

>>> # 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 Llisting (raw)
>>> os.listdir(b'."') # Note: byte string
[b'jalapen\xcc\x830.txt"]

>>> # Open file with raw filename
>>> with open(b'jalapen\xcc\x83o0.txt"') as f:
print(f.read())

Spicy!
>>>

TATEORAEE A R4 ED

IEAPRET L, SR A ERAEF, BRGSO R AIN open() AT os.1istdir() %

THTAFERR, SO R TT S A A

i
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S A T BE 2 R T IS 2 A AL B OK B SCAF K Python FE Y
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RKEFTEIA RIS S, 15255150,

5.15 T EN AN Gk SCF 44
[

TRESRE P IRE J — A H s BSR4 91038, (B 20 B ilaE 59T B 44 IR Fr AR 5t

ijmT UnicodeEncodeError Eﬁ%ﬂg%?j‘]‘%ﬁ/‘]/ﬁ%‘—— surrogates not allowed o

[P ES
FTEIR RN SCAF A4S, 3] T 0 5 92 m] DAGRE S i A (R B IR -

def bad_filename(filename):
return repr(filename)[1:-1]

try:
print(filename)

except UnicodeEncodeError:
print(bad_filename(filename))

it

X /NI R AE G B AL B R GEIRE PP I — S AN KR WAE AR BT ) 1) 7L
Ej(i}\‘fjﬁa/ﬂ—lr, Pythonfﬁiiﬁﬁﬁiﬁﬁ%%ﬁE‘%?FETE sys.getfilesystemencoding() E{‘J{Eéﬁﬁ%
1. BE, A RGUFRA Ml BRI, R S VE B SR A4 B IR
PSSO o IXFBBUANKHE W, 2 B2 L H] ) B XAl R IR X R 1 (
ABERAE D BRFERIIS TS open() BREFLEE | — DAGIVEHI SLFA).

HPAT AL os.1istdir() XFERTRREUN, XL IIE R SCAF 4 2 ik Python g A IR
Bo —HMH, EARMAREFXEAGHKN LT MA—HH, & X AKXy
54 S N TE R ) U F R/ Ef o Python XX A (] ) i H 7 282 M SCA 42 SR BICR i
FIFE LT \xhh FRR BB R Unicode P fF \udchh R BIFTIE " AREEA 5", I
— MBS TS A A B YRS A — N U4 ubad.axt (4 A Latin- 1 A &
UTF-8%wt5) i (I



>>> import os

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

>>> files

["spam.py', 'b\udcedd.txt', 'foo.txt']
>>>

U SRARAT AR 5 B AR SR A2 B K S A2 AR T84T open() IXAFIURRAL, —DIHRAEILH L
o HA 2R A8 B H SO A4 I 4 2 il ) S JpRAR (LG an T B gyt 21 B e B H B SCIFES) o R
B, 2 ARAEST B L A SO A4 AR, AR RE ol 2 i 52 -

>>> 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 '\udce4' in

position 1: surrogates not allowed
>>>

B A SR BE R \vaces —MIEVEMIUnicodes . & H i — MRk
PRI MR F 5. mFBb TRREHS, FIE R 4E% I Unicode, i
DL, e — Bl AR Eh 7 00 A 24 8 S A S 44 SRR Sy 4 R . Lt )
¥4 LRI ST

>>> for name in files:
. try:
print(name)
. except UnicodeEncodeError:
print(bad_filename(name))
spam.py
b\udcedd.txt

foo.txt
>>>

1 bad_filename() Eﬁ%ﬁquﬁiﬁﬁ&tﬁiﬁlyQ%iﬂ<EﬂEio S Ab— ANk B R I R T
Gitd, RBIAE

def bad_filename(filename):
temp = filename.encode(sys.getfilesystemencoding(), errors='surrogateescape')
return temp.decode('latin-1")
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surrogateescape:

XAhEPython7E4E KR 7 THI1710S IRIAP T H T FH IR 1R Ab L 2%,

B RE AT 1 77 3CAL B H #RAF AR GEHR B 1 Hiedis 1 4 1) A

T fPf AL R BRI 0 H A = S A 31— MR DB T B IUni code AL T L A
5 G R 44 00 6 R SIS JER ] B 50 A 2 I ) =49 7 471

EAMOST0s APTARR A, tEEARE 5 WAL ARG 0 T HI R A% A 1% o

A5 FH AN AR 7 2B i H 4

>>> for name in files:
try:
print(name)
except UnicodeEncodeError:
print(bad_filename(name))

spam.py
bad.txt
foo.txt
>>>

3K/ R AT g SRR A R TR . (EL R BTSR R E 45 5 AT PR 44 RS RGE I O
BT RETH, B UG H B . 75K T e 210 R B A 5 A —
XN L

5.16 31 in 2k i A% 2L AT I ST B G A

7] et

TRAEFEASIR I A CATIF R SCAF RIS B 39 B e22 & i Unicode i fY .

filf o5 %

W FRARAE LG — A DL @A F T ) SO MU nicodedw i/ g 7 =0, mT LA A
io.TextIOWrapper() XTHEIEE . .



import urllib.request
import io

u

urllib.request.urlopen('http://www.python.org")
f = io.TextIOWrapper(u, encoding='utf-8")
text = f.read()

IR B A QAT IR SCAE AR SOt 720, AT A detach() T5iR#%
R CAFE R SCR GRS 2, FFE R A4S 77 sACE . Rl —ME sys.stdout 11BEL
G i 7 112

>>> import sys

>>> sys.stdout.encoding

'UTF-8'

>>> sys.stdout = io.TextIOWrapper(sys.stdout.detach(), encoding="'latin-1")
>>> sys.stdout.encoding

'latin-1'

>>>

AT BE 2 IR R A b, X AN O TR E .

it

/O &Gt — RINE TR MR AR AR B AT T IR AN ERAE — N SO SRR 5K
AR IR IR

>>> 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

<_io.FileIO name='sample.txt' mode="'wb'>

>>>

TEIXMIF-H,  io.TextIowrapper s&—MNmtdANfEISUnicodef) SCALLFEZ,
io.BufferedWriter %*4‘%@:1&%@&1’}?@55@%%@5@I/O)%’, io.FileIO %g/l\%%ﬂ_‘?ﬁ%f/ﬁ
RGEZ SRR T S a6 S0 BNl SCAR G 231 R 38 I sl i A fx E T

io.TextIOWrapper )§§o



R PE, AR XA R R PR ER B R AR R RRA . B,
I RARGE N XA AR AR IS B = KA A

>>> 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.
>>>

R T, PRUONFRYIEARIE C 2R 1 IR0 1 RJZ B

detach() AW SRR BUZIFIRAIEE 7, ZJamIUEgBst a1 1. il

>>> 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
>>>

— HWOT&IUZ 5, ARE0T B4R B 4R 7SI — A i s = . Het:

>>> f = io.TextIOWrapper(b, encoding='latin-1")

>>> f

<_io.TextIOWrapper name='sample.txt' encoding='latin-1'>
>>>

S ELL FIRIEOR T BB 777, B A T LA PSR B AR B S AT A B
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>>> sys.stdout = io.TextIOWrapper(sys.stdout.detach(), encoding="'ascii',
e errors="'xmlcharrefreplace')

>>> print('Jalape\ueoflo’)
Jalape&#241;0

>>>

RN R PR ARASCI AT 7 UM ax2a1; HURH.

5.17 Kt 717 5N SCA A
7] el

PRAEAE SCAAE AT IF A SO BN SRR I 7 5 5

it o7 S
e W HHE B S NSz X RIRT, 4514 -

>>> import sys
>>> sys.stdout.write(b'Hello\n")
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
TypeError: must be str, not bytes
>>> sys.stdout.buffer.write(b'Hello\n")
Hello
5
>>>

KAL), BENS I BEOCASCAF ) butfer JREAREH 3t Hidhs -

it

/O R GELAJZ AT BT AT e SCAS @ @ R — N e B 3l ST
B3 I—AUnicodeZfi/f#%ZRANE . burrer JBYETR RIS MRE ST AR IR B
Ui I W5 & Se I SR G i/ A5 )= o

ANTIHIFREARH sys.stdout AIRERERA RFFIR. BRNEDL T,  sys.stdout Mg BAXL
AREATIF M o RSB QUERYRAES — A>T ZET B bl A S A v o i) BAIAS (13, ]
LA B TS ) SRR G SCA Gt )2
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PRAG — AT HE RS E—ANCHTIFI/OMEE (Lo, 18 . BT E8) EAr
PRIRSE,  ARREE & A2 — A5 & 2 BT Python S X % .

LIPS

AN SCPFHRIA TR AN T I B SO AR SRR AR — A A E R 4t
TaE AL, ﬂ%ﬂ%hﬁ%/\%é}fﬁ’ﬂmk@o U RARRE YA 1L A — A SRS, Rn] LA
AT open() BRECKK H AL —APython ST X R o AR A 75 EL 4 A XA~ 5
BUE I AR TR NS — NS HORAE SR BT 140

# Open a low-level file descriptor
import os
fd = os.open('somefile.txt', os.0_WRONLY | os.O_CREAT)

# Turn into a proper file
f = open(fd, 'wt')
f.write('hello world\n")
f.close()

15 )2 B ST 0T G 50 PR B BRI R ISz, TR JZ SRR Rt 2 o0 P . an SR aX AN 5F:
ANRARFEFE I EE R, fRa] DLZS open() PREUL IR — D ATIER] colsefd=False o LLII:

# Create a file object, but don't close underlying fd when done
f = open(fd, 'wt', closefd=False)

B

FEUNIX ARG, XA SCPHIA R B ] MR TG (B — NSRS IR — A4
AFETTAITIF/OMIE L, A, BiEyEE. 220KkPF, N2 —MRIEEER S
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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 Llines 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)

R — RO, BRI O TR N B open() ERELHI—DMRRE, JF
HAB @M TR T UK RS, QR — DO O E I AE DN BT IR 2R
MRS AT LLES P&, B HERT N RN nakefile() 7. (HZUNRATFE A FEHEIE M
i, AR TT S AR makefite() PERESEHF— 5o

PRAB AT DU HEX A B AKA 1 — 40, Fevr DAAS R 28— TR SO 5 s E
Blhn, H S A G AN SCEXT G, B Fe VRS B B E A o B e (G R DA
AREAFTIF):

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()

ST LR — A CAFAE SRR AT A — N IR SR R, (H2 BE R AR TFA
e P AT R SO R AR SR, I HOREE SR SO R AT ] RE A7 BIAE I (Rponl 2 i e 2]
RACEE . SCPREE AP ESEMIRAR) . AR MR RS EIXMAT A RA—FE, Rl
1, B RE T #ARAIFUNX RS LigqT. W FiXAa%, BEHEILRTE KA
CHYSCIUAREY, AR REdL YT T AR
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fifg o 5 %

tempfile MLIHRHEIRZ HIREOT LLSEIXAESS . 1 B — AN R Im I SO,y U

Hﬁ 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(9)

data = f.read()

# Temporary file 1is destroyed

o, WERAREXR, AR a] DU A A I I S A

f = TemporaryFile('w+t")
# Use the temporary file
f.close()

# File 1s destroyed

TemporaryFile() M —NSEOR A, @RI CABAMAH wee , ZEHIBIE
H owb o XA FEIN RPN S #5:4E, X EZRA P, BN SRRSO £ 0%
I, S SEhr ECOSATFELE T o TemporaryFile() AIMNELFFIRMNEMK open()
BRE— S E. .

with TemporaryFile('w+t', encoding='utf-8', errors='ignore') as f:



FERZHUnix R4 b, I temporaryrile() BIEERISCIAFAAZRE 4, H21E H AR
Ho UWRARAEFTHOZNFRSE], FTLUER namedTemporaryFile() RACE . Ehin:

from tempfile import NamedTemporaryFile
with NamedTemporaryFile('w+t') as f:

print('filename is:', f.name)

# File automatically destroyed

XE, ISR foname JBHEALE TZIGN SCHRISCHE Y . MARTE B SO AR 16 25
HARARE R FT XA SR, XAEURAEH 7o Al Temporaryrile() —HF, &5F AT
RN =4 H B MIBRT . WRARAEIX A, AL — B F 2 E delte=False HJ
Gl =a/ i

with NamedTemporaryFile('w+t', delete=False) as f:
print('filename is:', f.name)

7’97@”@—/[\”{55#52:%; ﬂu'fﬁ%ﬁﬁ tempfile.TemporaryDirectory() o Hﬁﬁﬂ:

from tempfile import TemporaryDirectory
with TemporaryDirectory() as dirname:
print('dirname is:', dirname)

# Use the directory

# Directory and all contents destroyed

it

TemporaryFile() ~ NamedTemporaryFile() 5‘51] TemporaryDirectory() @ﬁﬁlﬁ%ﬂ‘fﬁllﬁﬂﬂ'
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>>> import tempfile

>>> tempfile.mkstemp()

(3, '"/var/folders/7W/7WZ15sfZEFOpljrEBIUMWE+++TI/-Tmp-/tmp7fefhv")
>>> tempfile.mkdtemp()
'/var/folders/7W/7WZ15sfZEFOpljrEBIUMWE+++TI/-Tmp-/tmp5wvcv6'

>>>

0/, RIS MEIT . B, B nstenp() ULHHIE FI— 4Bk
IOSSCAF RIS, ki 32 1 O B RE Mol — A FLERSCR . FUREIRIE T % 1 Tl
SR

R YE, IR SCAEE RA BN B AN, i var/tnp BERIFIHL T . N T 3REX
B E, WLMEH tempfile.gettempdir() BREL. HLU:

>>> tempfile.gettempdir()
'/var/folders/7W/7WZ15sfZEFOpljrEBIUMWE+++TI/-Tmp-"
>>>

FITAT R I SO AR DR ) R B5CAR Fe VR ARIE I I SR 7 24 prefix « suffix F dir KH
€ SCH SR BL R An 2 M. et

>>> f = NamedTemporaryFile(prefix="mytemp', suffix='.txt', dir="/tmp")
>>> f.name

'/tmp/mytemp8ee899.txt’

>>>

W JFIEA — ., RATRE AR LR TG tenprile BEHCREIE MM SO AHH NG 2
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https://docs.python.org/3/library/tempfile.html

JEARR] LB A F Python P B 1/ OREBROR 58 X AME ST, B B3 AT 3815 fe i (R 9%
rEfE M pySerialtd o XA HARFE fRIH, SeidepySerial, AT HEXFEH AU
HUREAR A 5 BT T — A~ Ef AT 3 11 -

import serial
ser = serial.Serial('/dev/tty.usbmodem64l', # Device name varies
baudrate=9600,
bytesize=8,
parity='N",
stopbits=1)

WAL T AR RS HEEERGZA . L, fEWindows#H# 4t L, /RATLAMERO,
12 RN — N 5 SR FT B S 5 1 "COMO" #1"COM1” . — B 4T, ARmE AT DA{#E
read() » readline() 1 write() BREUILEEIE 7. HU0.

ser.write(b'Gl X50 Y50\r\n')
resp = ser.readline()

REHUFGLLT, 6] S A FEAE M IEARAG 70 fi 50

it

RUE R EAERRIR A R, Sz MHEAE A I 2 BE AR . HEFERE R 58 = J7 .
pyserial J— IR EIRAL X B PR SCRE (L Qi , Ffil, 2o X g, 18
FOhiES), 2007, WERREBH rrs-cts BFI, RAFEL serial() f£iH
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I ZACAE AT 20 S B e /O AR A& b il B s DR, A OR R KA QRS A 1 22 1 T
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http://pyserial.sourceforge.net/

LIPS

XTI B B R AR pickie BB, A TR — DX RORAF 2] A FF, AT
DSEYES e

import pickle

data = ... # Some Python object
f = open('somefile', 'wb')
pickle.dump(data, f)

TR A —DTFFRH, TTUAFH pickle.dumps() :

s = pickle.dumps(data)

NTMNFEHRPRE — 0%, ffiH picle.load() 57 pickle.loads() PRIET. .

# Restore from a file
f = open('somefile', 'rb')
data = pickle.load(f)

# Restore from a string
data = pickle.loads(s)

i

FRZEN RV, dump() M 10ad() BRELHIE DR IRA LR pickie BEERFT
AES 1o e R]E T RKE ) Python B SR A 7 B 5 SCRIIS RSB, dn R IR
ill B 58 e w] DLLE VR AL B8 126 o ORA7 /P R Python i R sl 2 A2 il il W 28 AR 4t R T s, B
LR AT REX AN FERRZMAEH T pickie B

pickle s&—MPythonfif i) B iR K EHE St . 8T A, $rrsli)s et &4
X RIFIRM AR DL E RS R B, REHRHOX RICFKHE L, BEZRE
fEo 28T, WRBABEZ AR, FRA] DUXFEA:



>>> import pickle

>>> f = open('somedata', 'wb')

>>> pickle.dump([1, 2, 3, 4], f)

>>> 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'}
>>>

RIEREF TR EL, 28, AN, H2 45 REHROCKE EATI A4 BRI D ot B A RS Xt
%o

>>> import math

>>> import pickle.

>>> pickle.dumps(math.cos)
b'\x80\x03cmath\ncos\nq\x00."'
>>>

Bl B B IRR e, 2 e BOE B TR AR I AT A . BB, SRMTeR S B30
RN X T Python ¥ gl A FINLES LRI &8 3L = RN FHRE PP &, 2 10
TRAFTT e IR, DR O P A RO ATL 4 A8 6 25005 11 ] — AR

7t

TIAERNAMBGAEREAREHpickle. load() -

picklefENNEI A —AEIEFH & T 2 B N EHE AR HR 1 1 S0
ERFEAR N R i pickle ) TAERH,

gl T LAB 2 — AR R B S 2Py thonBUTBE R E M R Sian £ -

[Rltk, — 2 ZRIEpickle R AEAH B2 (8] AT LAAEXS J5 F AR AT 35 1 P 515 A

A LRI GoE AN BRI I IR L@ 5 2 AP LA AN R GRS I R, beandT
FHISCH:, MIIER:, RfE, BRE, MRS, B A T DUE T SR
__getstate_ () Al _ setstate_ () JVERGETXLELRRE]. WL E X TXHANTT

%, pickle.dump() UM __getstate_ () ZREUFHMLHIX R, KA

1), __setstate_ () TERJFHLEIBEAA . AT HEREANTAERE, THZE—DNENE
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# 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 > 0:
print('T-minus', self.n)
self.n -= 1
time.sleep(5)

def __getstate__(self):
return self.n

def __setstate__(self, n):
self.__init__(n)

WAIEAT T RS AR

>>> 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()

PR IR H Python @i 25 I 35 i F 006 T -

>>> f = open('cstate.p', 'rb')

>>> pickle.load(f)

countdown.Countdown object at 0x10069e2d0>
T-minus 19

T-minus 18



PRAT G BURRE AR B 2R T, ARER — IR S e B 5 SO R K

pickle X T RAAIHARLMILLIIMER array B numpy BREBREYEE ) —BEH ZH R IFA
ARSI e WEORIRT ZERL S K R B LA, IR 2 5B — S ks
FLORAT 9 B2 25080 B Bl A P 5 v 8 ) b v 2 i 7 A THID RS (75 2255 =7 X SCHF) o

T pickle fEPythontF A IFE LI Z7EIRAT L, A I i B K A e O R 3R
IS B, SRR T, RIS T RE S R O AR T
B TR, TR R RS SO P R RIS P S A 1 S
RO R AIXML, CSVERISON. sl jEkRE, o LAROR RIS 25 S0k, I HLt2
AT BO3E SR A T

A REERNR pickle A KENACE TN —LLRT 1 R . X T WA 7
5, PRANTREELXAS, ERURIREAL > EEKRE o H pickle 57 FI14L
W, EEEEN N E O .
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Contents:

6.1 15 5 CSVHL

7] el

RS —ANCSVHE X ST

[P VIES

X R ZHICSVAS P B 5 i) 8, #a MER csv FE. filan: BosirE—A4ny
stocks.csv A — L i ST I EE, AR


https://docs.python.org/3/library/pickle.html

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

T TR J s G R X S a3 DO — AN e L Ry 571 -

import csv
with open('stocks.csv') as f:
f_csv = csv.reader(f)
headers = next(f_csv)
for row in f_csv:
# Process row

LIS F,  row 22— ocdl. B, AT UIRENTE, RFEMH TR, @
row[e] VilAlSymbol, row[4] VilAChange.

IR S hn vy R S SRR, IRl LS B ar A4 oo . B

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

BRFARMEAHIIZ U row.symbol Fl row.change B ThrVIH. FTEFEREMEXNHE
TEF % VR Python AR IR FF IR A A A% . TSR AN SR UG, AR AT BE 75 BAZ ST JRAB 1)
F 24 (WK AR TR F 257 B Bl T R 2 R 08) o

FAN AR RS BB AT RS R o R BUX R



import csv
with open('stocks.csv') as f:
f_csv = csv.DictReader(f)
for row in f_csv:
# process row

FERXAIRA, Rl DUE I 81044 505 WA —AT R98AE 1 L, row[ symbo1'] B

row[ 'Change'] o

NT ENCSVEIE, VRTRATDME Fcsviidl, ANt X Bz #E—A writer X%,
an:

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)

WRARAT — A I PP A B, AT LRI

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},
1

with open('stocks.csv','w') as f:
f _csv = csv.DictWriter(f, headers)
f_csv.writeheader()
f_csv.writerows(rows)



PRI S A2 I 5 1 PR esvIR B - B s A CSVEE . Bl IR PT RE 2315 9 5 2500 T TR A
IR -

with open('stocks.csv') as f:
for line in f:

row = line.split(',")

# process row

i XA 7 A — AR R0 AR AT IR 5 2 25 A B — e T RO 240715 e el B, SR
FEAAH S S OHE, RASALRERRLES T AL, RG] S 0 ) BT
AT, AR B A — MR N AT I R -

BONEO T, csv FERTIHBIMicrosoft Excel i ff FH I CSV S AR . 33X B2 B LI
B, I HWSAIR KRB HEM. M, RIRERVISC, MaRIERZ
PRI N 2 HoAh g% X B (B e B2 7558« Blin,  anSRARAE S BLtab s %
%, AT DA FEA

# Example of reading tab-separated values
with open('stock.tsv') as f:
f_tsv = csv.reader(f, delimiter="\t")
for row in f_tsv:
# Process row

AR R IEAE R I CSVAE R BN v A4 e, R BEER X A AT SIEVENE. 6
mn, —ACSVIE A A — MU EAREFS R RIZI kAT, R0 T

AR A FEAECE Dy A e I £ — A valueerror RHIMRM. AT AEHRIX
AL, ARATBEAS A REESIARE . B, v RMER R XA AR AR AR B — NI
U ik 3 A«

import re
with open('stock.csv') as f:
f_csv = csv.reader(f)
headers = [ re.sub('[”a-zA-Z_]', '_', h) for h in next(f_csv) ]
Row = namedtuple('Row', headers)
for r in f_csv:
row = Row(*r)
# Process row



AT B S T BRI A, csvit AR B AT RS AT AL, EAA SR T AR SR
R R WORIRT ZAOXAE SRR e e, IR E 3R seB. M2 —MECSV
s b AT HA SRR F R 1 1) 7

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 conversions to the row items
row = tuple(convert(value) for convert, value in zip(col_types, row))

FHN, N AR AR E T B

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(row[key]))
for key, conversion in field_types)
print(row)

WHARY, RATREIFA R 2 55 X S e )l fESCPR G DL, CSVICIF AR B Bli/b
A7 LEBR R B, B R DA e — S A R O 1) PRI, BRARIR A B

A SAT ORISR AERRTC IR, 75 W 252 g 1 2 ) (1% R] e 75 ZE G0 & I R R AL B AL

fil) o

I Ja, WERAREZECSVEE 1) H 2 s o i g it 1)7E, RATRERR22E —F pandas
o pandas B T —NIEW IR pandas.read_csv() , BRI LAINZECSVEE 2
— pataframe X RHIFE . IRFEHI X AN LR AT LUAE S MR N Giit s ok i
DA AT HoAth A E T o E6A N RS XFE— M.

6.2 1 5 JSON% 1
7] el

YRA815E S JSON(JavaScript Object Notation) g i #& =X (1 4



LIPS

json BIHBRML T —FhIR 75 1) 7 SRS A RIS ISONE B . HA AN T ) pR AU
json.dumps() Al json.loads() , & EWIHAM T HI4L R EZE Wpickle)F2 /0452 . R
AN UADKE — AN Python i 25 #4 4 6  JISON:

import json

data = {
'name' : 'ACME',
'shares' : 100,
'price' : 542.23
}

json_str = json.dumps(data)

N SR U0 AR N JSONZ A5 (14 545 5 e 8t [5] — > Python s 45 14 -

data = json.loads(json_str)

IR AR E AL B ST AR A7 e, RIS Gson.dump() A1 gson.load() K& f%AN
fiEi JSONHEE . il

# 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)

it

JSONZEH%EZ%EI’\J%ZI-‘@TE%@% None bool , int float %H str U\&@/ﬁ:ﬁ
R E 5 ) lists, tuplesfldictionaries. X7 -T-dictionaries, keysf Z & 715 H 257 (7
AT AR A5 H 2R Y (M key £ Jm b ) 2 S e o F 75 1) o O 1 IBAEISONRITE, /R 1% A
ZiidPythonftlistsFdictionaries. 1M H, fEwebM R, THER Gk gwbic Ny —A 7 i
Fe— MR UHEE



JSONZm i 1% =0t T-PythoniE vk 2 L2 58— R, B 7 —S/hZER 2 4h,
i, True#i Wit Ntrue, Falseffz Wit Nfalse, MiNone< gLt Anull. R &Ml
T, TR T 9 S I AT AR

>>> json.dumps(False)
'false'
>>>d = {'a"': True,
'b': 'Hello',
'c': None}
>>> json.dumps(d)
{"b": "Hello", "c": null, "a": true}’
>>>

WHRAPRERAE LA JSONMEAY f5 FIAE, VR 1R eI i 17 B 4T EO R e IS M, &F
A GE R R E G R R ARIRECE B 5 RE B . N TR &, v LLE &
fFF pprint R[] pprint() BREBCRARE @R print() K. ©iRkey)FEHINT
FEL =S M 7 s o R T A — N a0 R R S I AT B H Twitter B R 45 R
14515~



>>> 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': '?page=2&max_id=264043230692245504&q=python&rpp=5",

'page': 1,

'query': 'python’,

'refresh_url': '?since_id=264043230692245504&q=python’,

"results': [{'created_at': 'Thu, 01 Nov 2012 16:36:26 +0000"',
'from_user':

s

{'created_at': 'Thu, 01 Nov 2012 16:36:14 +0000"',
'from_user':

T

{'created_at': 'Thu, 01 Nov 2012 16:36:13 +0000"',
'from_user':

s

{'created_at': 'Thu, 01 Nov 2012 16:36:07 +0000"',
'from_user':
}
{'created_at': 'Thu, 01 Nov 2012 16:36:04 +0000',
'from_user':
,

'results_per_page': 5,

'since_id': o,

'since_id_str': '0'}

>>>

— MR YE, JSONMRAD 2 M3 415 P2 AL A B0 B dicts Bl lists . SRR AR B 6] g L Ath 2R A ) 6
%, ALY json.loads() f&ifobject_pairs_hookikobject_ hookZ#. #ltn, T2~
AT RS JSONEL R - 7F — A Ordered Dict 45 B4 LI 111451 -«

>>> 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)])
>>>

N TR N JSON 7 it A iy — > Python X 244 1



>>> 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

>>>

iJa — M, JSONMERY & 1 7N — DN RS HLE LT inic_ () - RJF, K
AT PABEO IR E 1, Bt oy — A SE ok BRI E

ESmSJSONIIIN 5, B —Leik RAG . an SRR AB RIS = (A% AL 45 e e e
A PMEH] json.dumps() HJindentZ#(. B4 H Mpprint() B EUSCR L. Eean:

>>> print(json.dumps(data))
{"price": 542.23, "name": "ACME", "shares": 100}
>>> print(json.dumps(data, indent=4))

{
"price": 542.23,
"name": "ACME",
"shares": 100

}

>>>

X G S8 FEAS 2 ISONFT FFBIAL 1 o 3 4n -



>>> 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 0x1006f2650> is not JSON serializable
>>>

GRRARAE P IS B, ARAT PR — AR 3 ERIH AR — B, R[S RT R4

(A LR

def serialize_instance(obj):
: type(obj).__name__ }

d = { '__classname__
d.update(vars(obj))
return d

U AR ARAR SR R IRBUX AN L], T PR -

# 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.items():
setattr(obj, key, value)
return obj
else:
return d

I T e a8 FH X R R 457 -



>>> 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 0x1017577do>

>>> a.Xx

2

>>> a.y

3

>>>

json FLBGAATIR 22 HABGEORFZH ARG BT . Rk WINaNZE it . ol A2
BT SRR IUE 2401
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AJLMER xml.etree.ElementTree AHHLM & HAIXMLICAS & BV . N TS, RIEIR
A fFEHTPlanet Python FARSSYR . T T A2 AH M A 4GS -

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()



BAT L TH A AR, a4 RS -

Steve Holden: Python for Data Analysis
Mon, 19 Nov 2012 ©2:13:51 +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/_D0ZT2KdehQ/

REIR, W R DA, IRFEEE R print() HARGERIABATER S
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<?xml version="1.0"?>
<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</link>
<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</1link>
<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</link>
<description>...</description>
<pubDate>Sun, 18 Nov 2012 20:40:29 +0000</pubDate>

</item>

</channel>
</rss>

xml.etree.ElementTree.parse() @i&ﬁ]ﬁ*ﬁ%&XMLI*ﬁﬁﬂ% %Tﬁ%ﬁi—/\Iﬁﬁ% ,m
Ja, PRELREMER find()  iterfind() A findtext() FFITIERIMEFFEHIXMLIGR 1.
XL I S EO A AR E ARZE 4, B0 channel/item BY title o

BEIHR R AIRRENS, IR 5 2 P A SR M . BRI R IR AE 2 N — il da e 5T an et
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doc.iterfind('channel/item") ﬂ%%@%@ﬁﬁ%ﬁ%f channel jﬁ%§7:ﬁﬁﬁg item 5ﬁ%§o doc fﬁﬁ%
SO R TTUZ (R — R rss T0ER). ARG TRIEH item. findtext() MK
B item TLERAEITIHH R,

ElementTree MEERFIREANTCREA —E BN B A TIE, EAITHIREIETEH. tag
YRS TR T, text BIEES TWIBHISCAR, 1M get() HILREREUBMAE. 1
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>>> doc
<xml.etree.ElementTree.ElementTree object at 0x101339510>
>>> e = doc.find('channel/title")
>>> e

<Element 'title' at ©x10135b310>
>>> e.tag

"title'

>>> e.text

'Planet Python’

>>> e.get('some_attribute')

>>>

A HERIFANZ xnl.etree.ElementTree FFAZXMLUARMTIIME— 77k, X158 Mg B
MEF, IRFELEMH 1xm o EMH 7 MElementTree[A IR D, Rk LAY
Bl 7 [FFEIE H T Ixmle AR A 55 ZRE NI 46 Fimport i £ #e %

from 1xml.etree import parse BUAT 1o 1xml SEAiSfEXMLUARAE, FF H g R thIEH R,
[FI) IR SCFFIGAE, XSLT, FIXPathZE4r: .

6.4 38 5 A7 A K 2 XML A4

PRAEAE PR AT A R PO AE AN R XML RS AR S HOR

GREENE VRS 2GS Elbiih=wav=iof-&/Ey (S i e Sl tn N [E1 ) WVAE R E2IPES v LS o207 SO e
re MR A A, AR R D B A A7 R R B A AR B A R FEXMLC



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

N T IR R E, URFR A — N RBBIXMLSC o 38 VR AT DALEBUR Ik 50 A LK
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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)
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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)
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>>> 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 0x100771f18>)
>>> next(data)

('end', <Element 'creation_date' at 0x100771f18>)
>>> next(data)

('start', <Element 'status' at 0x1006a7f18>)

>>> next(data)

('end', <Element 'status' at 0x1006a7f18>)

>>>
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elem_stack[-2].remove(elem)
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from xml.etree.ElementTree import Element
def dict_to_xml(tag, d):

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

N AMEH T

>>> s = { 'name': 'GOOG', 'shares': 100, 'price':490.1 }

>>> e = dict_to_xml('stock', s)
>>> e

<Element 'stock' at 0x1004b64c8>
>>>

i?itﬁ%é%%%—/l\ Element ;’:’ﬁuo Xﬂ‘ﬂ:‘VOﬁéﬂzy 'fﬁ*iﬁﬁ xml.etree.ElementTree EPEI’(]
tostring() EREURE ZHRER EH R — DN 7R/ d . .

>>> from xml.etree.ElementTree import tostring

>>> tostring(e)
b'<stock><price>490.1</price><shares>100</shares><name>G00G</name></stock>"
>>>

RIS A TTRININEVEE, W RMER set() Jiik:

>>> e.set('_id','1234")

>>> tostring(e)

b'<stock _id="1234"><price>490.1</price><shares>100</shares><name>G00G</name>
</stock>"

>>>
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def dict_to_xml_str(tag, d):
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)

7] 7 P SR AR T Bl 0 25 M3 PR IR m] RE R 21— S8R0 ldn, =45 SR Hh a2y
TR AT % 2 S REE ?

>>> 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>&1t;spam&gt;</name></item>"
>>>

ERBFER R AT, TR <SR T a1 A sgt;

THANHES S, WRARTEETF I EH X LEFRF, FLMEH xnl.sax.saxutils FH
escape() 71]‘[] unescape() lZlilﬁo Wﬁﬂ:

>>> from xml.sax.saxutils import escape, unescape
>>> escape('<spam>")

'&1t;spam&gt; "’

>>> unescape(_)

'<spam>"'

>>>
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>>> from xml.etree.ElementTree import parse, Element
>>> doc = parse('pred.xml")

>>> root = doc.getroot()

>>> root

<Element 'stop' at ©x100770cbo>

>>> # Remove a few elements

>>> root.remove(root.find('sri'))

>>> root.remove(root.find('cr'))

>>> # Insert a new element after <nm>...</nm>
>>> root.getchildren().index(root.find('nm"))

>>> 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)
>>>
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>>> # Some queries that work
>>> doc.findtext('author")
'David Beazley'
>>> doc.find('content")
<Element 'content' at ©x100776ec0O>
>>> # A query involving a namespace (doesn't work)
>>> doc.find('content/html")
>>> # Works if fully qualified
>>> doc.find('content/{http://www.w3.0rg/1999/xhtml}html")
<Element '{http://www.w3.0rg/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://www.w3.0rg/1999/xhtml}html/"
. "{http://www.w3.0rg/1999/xhtml}head/{http://www.w3.0rg/1999/xhtml}title")
'Hello World'
>>>
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class XMLNamespaces:
def __ (self,
self.namespaces = {}

init__ **kwargs):
for name, uri in kwargs.items():
self.register(name, uri)
def register(self, name, uri):
self.namespaces[name] =
def __call__(self, path):

"{"+uri+'}"’

return path.format_map(self.namespaces)

I T 5 A XA

>>> ns = XMLNamespaces(html="http://www.w3.0rg/1999/xhtml")

>>> doc.find(ns('content/{html}html"))
<Element

"{http://www.w3.0rg/1999/xhtml}html' at 0x1007767e0>

>>> doc.findtext(ns('content/{html}html/{html}head/{html}title"))

'Hello World'

>>>
e
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>>> from xml.etree.ElementTree import iterparse

>>> for evt, elem in iterparse('ns2.xml’,

. print(evt, elem)

end <Element ‘'author' at ©xl101ledel0>
start-ns ('',
end <Element
end <Element
end <Element
end <Element
end <Element
end-ns None
‘content' at 0x10110de68>
at 0x10110dd60>

>>> elem # This is the topmost element

at ox10110dd6o>

end <Element
end <Element 'top'

<Element 'top'
>>>

('end', 'start-ns', 'end-ns')):

"http://www.w3.0rg/1999/xhtml")
"{http://www.w3.0rg/1999/xhtml}title’
"{http://www.w3.0rg/1999/xhtml}head' at 0x1011130a8>
"{http://www.w3.0rg/1999/xhtml}h1’
"{http://www.w3.0rg/1999/xhtml}body"
"{http://www.w3.0rg/1999/xhtml}html' at ©x10110df70>

at 0x1011131b0>

at 0x101113310>
at 0x101113260>
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stocks = [
('GO0G', 100, 490.1),
('AAPL', 50, 545.75),
('FB', 150, 7.45),
('"HPQ', 75, 33.2),

KHEPEP249, HRLIX AL AR M, T LURZE 5 (148 H] PythonbriE £ dls 2 AP LA G &
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>>> import sqlite3
>>> db = sqlite3.connect('database.db")
>>>
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>>> ¢ = db.cursor()

>>> c.execute('create table portfolio (symbol text, shares integer, price real)')
<sqlite3.Cursor object at 0x10067a730>

>>> db.commit()

>>>

N T R PR TPl 2 k0, A SR ACL R T AR AR A -

>>> c.executemany('insert into portfolio values (?,?,?)"', stocks)
<sqlite3.Cursor object at 0x10067a730>

>>> db.commit()

>>>

N T HATEAE W, AR T XA 5 A

>>> for row in db.execute('select * from portfolio'):
print(row)

('GOOG', 100, 490.1)
('AAPL', 50, 545.75)
('FB', 150, 7.45)
('HPQ', 75, 33.2)
>>>

IR ARAE S ) P NN S EORSAT B3R, A Z0RA DR VR3] R T RE A 5 AR
KT 5S4

>>> min_price = 100
>>> for row in db.execute('select * from portfolio where price >= ?',
(min_price,)):
print(row)

('GOOG', 100, 490.1)
('AAPL', 50, 545.75)
>>>
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>>> # Initial byte string
>>> s = b'hello"’

>>> # Encode as hex

>>> import binascii

>>> h = binascii.b2a_hex(s)
>>> h

b'68656c6c6f"’

>>> # Decode back to bytes
>>> binascii.a2b_hex(h)
b'hello’

>>>

FANCIDIRE [FIFE AT LATE basesa REHRAHEE]. 0.

>>> import base64

>>> h = base64.bl6encode(s)
>>> h

b'68656C6C6F "'

>>> base64.bl6decode(h)
b'hello’

>>>

it

KES/IEOLT, AT FR s BOR e+ S B fl AR B . BRI A ORI 222
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>>> h = base64.bl6encode(s)
>>> print(h)

b'68656C6C6F"'

>>> print(h.decode('ascii'))
68656C6C6F

>>>

TERRAS /S HEGIES, BREL biedecode() F a2b_hex() B LAFESZF B unicode = fF i .
{H2&, unicode=FF H AN R AL 7 ASCHGmAL 1) 175 2k i 3
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>>> # Some byte data
>>> s = b'hello’
>>> import base64

>>> # Encode as Base64

>>> a = base64.bb64encode(s)
>>> a

b'aGVsbG8="

>>> # Decode from Base64
>>> base64.b64decode(a)
b'hello’

>>>

it
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>>> a = base64.bb6d4encode(s).decode('ascii')
>>> a

'aGVsbG8="

>>>

i BasebA N 5, 7 F 45 B MlUnicode XX A# 1] LME NS . {H/Z, Unicode 7/
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from struct import Struct
def write_records(records, format, f):

Write a sequence of tuples to a binary file of structures.

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)

AARZFINER BRI A IR B Ted SR . B, WERIRITH DR A &
BEOCAE, Ra] LU -

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)

# Example
if __name__ == '__main__"'
with open('data.b','rb') as f:
for rec in read_records('<idd', f):
# Process rec

U SR ARAERE R SO RIS A d o, SRR AR B AT AR AR AT DU
fi -



from struct import Struct

def unpack_records(format, data):
record_struct = Struct(format)
return (record_struct.unpack_from(data, offset)
for offset in range(©, len(data), record_struct.size))

# Example
if _ _name__ == '__main__"
with open('data.b', 'rb') as f:
data = f.read()
for rec in unpack_records('<idd', data):
# Process rec

PRI B0 T A28 R AR A& — >l R[] FE R B 12 301 (1 R a6 e AL ATEAR R

it

Xt T B A AN B SR R S, B S struce BB N T AN
rigitafl, RFEAGRXFERE A struct SEBIEDA]

# Little endian 32-bit integer, two double precision floats
record_struct = Struct('<idd")

ZERRIE 2 (] — oS5 RS AHIL d, £55 [ Python Ui | IR EEAAS 70 BRI MR g
) b AR R AN 320 B K, 64K A, 320 R AT <« RE T T
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PR struct SEBIEIR 2 J@ AN 7 vk R EREAH N R U I 5 M) o size JBIMEELS T 450
75, XAEN/OBAER AEE G . pack() M unpack() J7V2HE FSRAT AN ELEAE o
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https://docs.python.org/3/library/struct.html

>>> from struct import Struct

>>> record_struct = Struct('<idd")

>>> record_struct.size

20

>>> record_struct.pack(1, 2.0, 3.0)
b'\x01\x00\x00\x00\x00\x00\x00\x00\x00\x00\x00@\x00\x00\x00\x00\x00\x00\x08@"
>>> record_struct.unpack(_)

(1, 2.0, 3.0)

>>>

ARG ZE B pack() 1 unpack() A LMEBRION R AT, L X AE:

>>> 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\x08@"
>>> struct.unpack('<idd', )

(1, 2.0, 3.0)

>>>

XAERT LLAR, (ERRE AT SKBUINEI AAHE, Rl AR RS b R RE R 45 4 H e 2
AT AR A struce L, M AUS R 45 € —OF BT R g
FHARE . JXRE - RACRS e B AL 15 BN ] B 1 (A DA AR A 7 2 5eds — A A BT R] ) o

T g ) 25 A R AR S 31— SR A M AL R I AR E TS o fERREL read_records
1, iter() BEASROIE—ANRBIFE RN EIRIAIEARS, SHE58/0 . XN IEREES
AW — AN PR AT X R (LA 1ambda: f.read(record struct.size) ), EL3
BIR B— MR A (nb), X EHEEAE 1. Flhn:

>>> f = open('data.b', 'rb")
>>> chunks = iter(lambda: f.read(20), b'")
>>> chunks
<callable_iterator object at 0x10069e6d0>
>>> for chk in chunks:

. print(chk)

b'\x01\x00\x00\x00ffffff\x02@\x00\x00\x00\x00\x00\x00\x12@"
b'\x06\x00\x00\x00333333\x1f@\x00\x00\x00\x00\x00\x00"@"
b'\x0c\x00\x00\x00\xcd\xcc\xcc\xcc\xcc\xcc*@\x9a\x99\x99\x99\x99YL@"
>>>
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def read_records(format, f):
record_struct = Struct(format)
while True:
chk = f.read(record_struct.size)
if chk ==
break
yield record_struct.unpack(chk)

TERREL unpack_records() HEH T HAN—Fi 775 unpack_from() o unpack_from() XFF M
—ANRB T B R SR I R B R AR A, UM EA S P AAR A (I B X R
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def unpack_records(format, data):
record_struct = Struct(format)
return (record_struct.unpack(data[offset:offset + record_struct.size])
for offset in range(®, len(data), record_struct.size))

AT R TSR ERIRZ RSN, B MIRZ BN TR, DOVEIT T REN WS &
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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)
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>>> 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[9]

(1, 2.3, 4.5)

>>> records[1]

(6, 7.8, 9.0)

>>>

BG I — A, A RAR N T A SR R (B i R, IR SCfE, HDF5%5) szt —
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struct AEER AT IR AN AL/ A J LT P 2R AL R 3kl B 45 M . D9 1 MRS 2 X M4
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dmmmmm dmmmmmm- L T L L L T +
|Byte | Type | Description |
o= === 4 S CSCSCSCSCS S-S S-S CSCSCSSSSS=SSSS=S===========+4
|o | int | File code (0x1234, little endian) |
T T T T T L LT T +
|4 | double | Minimum x (little endian) |
R dommmmma- dmmm e eemeeeemeeecemeee—maaa- +
|12 | double | Minimum y (little endian) |
dmmmmmn dommmmma- I +
| 20 | double | Maximum x (little endian) |
dmmmmmn dommmmma- I +
|28 | double | Maximum y (little endian) |
Fommmm- Fommmmm o o mm e e e e +
|36 | int | Number of polygons (little endian) |
$ommmm- Fommmm o T T T T +



ENEESP NI VI OE Sub AN T EY W/

F - TS +
|Byte | Type | Description |
+======4========4=================s============s============+
|o | int | Record length including length (N bytes) |
FRR R Y TS +
|4-N | Points | Pairs of (X,Y) coords as doubles |
- Fommmmm - T T TP +

N TGRSO, ARA] RUE A 20 R fPython GRS :

import struct
import itertools

def write_polys(filename, polys):
# Determine bounding box
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', ©x1234,
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))

*%%ﬁﬁ%ﬁiﬂl[]ﬂ%ﬁﬁﬁﬁﬂ%, ﬁIEL$Uﬁﬁ@@§& struct.unpack() » Tﬁﬁ%ﬁ@*ﬁ{u, £§1K%tﬁéjzﬁﬁi§
BRI . IR



def read_polys(filename):
with open(filename, 'rb') as f:
# Read the header
header = f.read(490)
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

JERXAAGS AT LLAR, (B2 BERAs VRSB, A 25/ A LA 4R AR .
SRR AR R AL B LS s S, IR B R B 1 Rl IR AR %A 53—
T o7 ik AT LRI A X Se 2D B8, AR 3 000 B 1

E$$%%T%%%“ IR — D INILTE T 7 BRI T % Hbs2n]

CAZRE Y B i — iSO AT i, IR T SO i L B i iy . (ER R e
SEBESIWIR, AN N R AR AU BZ AR AT P i o m B Hfl 1, R 7K
B D RGN T ARSI . BAFA S EAI SHE My, AAMBE SR
HAhEAT A2

BE, ST ATEE G, S SOOI AR o B SO S AN A R R S5
S struct BB i) DUR X S8 B a2 — Aol 2, S Ah MR IR E B 5 s
=2 w8 T XA

import struct
class StructField:
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)
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1R IR,

Structure %%Ejﬁi%g/l\%ﬂﬂ%a %%?%ﬁ*&ﬁﬁﬁ%ﬁ?ﬂ%ﬂﬂgWﬁéﬁﬁjqj’ ij%EZ
structField fHIRZRMFH. XBEAHT memoryview() PAT A 5 AV © 2 F R
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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)

N7 R XA SR B BT BATE N 1 22 10 8 1 Sk A

>>> f = open('polys.bin', 'rb")
>>> phead = PolyHeader(f.read(490))
>>> 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

>>>

KAMRAE R, AT e2 A AR . He, REIRIRE 7 — R O g
Al ABREX AR 2 AT R BT, 36 7 B 5 Fi 0 R 22 = RO 407 (b n 52 52 fik A
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class StructureMeta(type):
Metaclass that automatically creates StructField descriptors

def __init__(self, clsname, bases, clsdict):
fields = getattr(self, '_fields_', [])
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))

FEFIBTI structure 2, FRTTBME FHEIXREE X464

class PolyHeader(Structure):
_fields_ = [
('<i', 'file_code'),

('d", 'min_x"),
('d', 'min_y"),
('d", '"max_x'),
('d", 'max_y'),
('i', 'num_polys")

ﬂfﬂﬂﬂ<ﬁﬁﬂa7 iZ$$E§Etﬁﬁﬁiéglfo %ﬁﬁ]ﬁﬁﬁﬂﬁﬁgéji%i from_file() Lt%ﬁﬁ]%EZ<§%
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>>> 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

>>>

—EARIFIRAE 1 ek, UREt ] AR e AR IN R aE. BN, BB IRIEAB SRR E R 71T
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class NestedStruct:
Descriptor representing a nested structure

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):
Metaclass that automatically creates StructField descriptors

def __init__(self, clsname, bases, clsdict):
fields = getattr(self, '_fields_', [])
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(('<','>","!"','@")):
byte_order = format[0]
format = format[1l:]
format = byte_order + format
setattr(self, fieldname, StructField(format, offset))
offset += struct.calcsize(format)
setattr(self, 'struct_size', offset)

AEKBARIG T, vestesstruce HA BRI Sh— N XA A7 DB 10
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class Point(Structure):

_fields_ = [
('<d', 'x"),
('d*, 'y")

]

class PolyHeader(Structure):
_fields_ = [
('<i', 'file_code'),
(Point, 'min'), # nested struct
(Point, 'max'), # nested struct
('i', 'num_polys")

NV, BRI IR U A IR TAF, BATEhRRE .

>>> 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

3

>>>

FIHATNIE, —MEEERKIERIER AT 1. (HRUIRAMFIC KRR KANE? t
n, 2O ARRMER D .

SR RRE A RKFRT IR, RS A TR RYORES £/ R R . B
6.1V AR LAR K A



class Si
def

@cla

zedRecord:

__init__(self, bytedata):

self. _buffer = memoryview(bytedata)

ssmethod

def from_file(cls, f, size fmt, includes_size=True):

def

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)

iter_as(self, code):
if isinstance(code, str):
s = struct.Struct(code)
for off in range(9, len(self._buffer), s.size):
yield s.unpack_from(self._ buffer, off)
elif isinstance(code, StructureMeta):
size = code.struct_size
for off in range(9, len(self._buffer), size):
data = self. buffer[off:off+size]
yield code(data)

FKTj1E sizedrecord.from_file() &— M THE, FRMN—A Tz BT K/INAT A 2R
B, XWRRZ U AE T BN, B — NS KNSR R
g, HHWERACHER. %R includes_size ZEURE T ZWEREH 5 LT KN,
TNTH A M) T AR SRR A2 3T SCPE B 22 1 T AR

>>> f =
>>> phea
>>> phea
3

>>> poly
>>> poly
[<__main
<__main_
<__main_
>>>

LU

open('polys.bin', 'rb")
d = PolyHeader.from_file(f)
d.num_polys

data = [ SizedRecord.from_file(f, '<i')
for n in range(phead.num_polys) ]

data

__.SizedRecord object at 0x1006a4d50>,

_.SizedRecord object at 0x1006a4f50>,

_.SizedRecord object at 0x10070da9%90>]

SizedRecord SEBIIN LA WMNTHI KR, FICMER iter_as() HiERZAF

HI, XA — D E g A B 2 structure RAFNHIAN . XA 77T AR
R L TR, .



>>> for n, poly in enumerate(polydata):
print('Polygon', n)
for p in poly.iter_as('<dd'):

print(p)

Polygon ©

(1.0, 2.5)

(3.5, 4.0)

(2.5, 1.5)

Polygon 1

(7.0, 1.2)

(5.1, 3.90)

(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 ©

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

>>>

*%Eﬁ%jii%gggé?igﬂé’ W:Eﬁﬁ%‘44\ read_polys() Qﬁ%ﬁﬂ@ﬁ%ﬁf‘*ﬁ\ﬁ§IEﬁﬁ:



class Point(Structure):

_fields_ = [
("<d', "x"),
("d', '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
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class ShapeFile(Structure):
_fields_ = [ ('>i', 'file_code'), # Big endian

~

'20s', 'unused'),
'i', 'file_length'),
', 'version'), # Little endian

A
-

'shape_type'),
, 'min_x"),
‘min_y"'),
, 'max_x'),
‘max_y'),

, 'max_z'),

v .
, ‘'min_m"),

AN AN A A A A A A A A

Q O O a O a a Q
- -

)
)
)
, 'min_z"),
)
)
)

, 'max_m'
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http://pandas.pydata.org/
https://data.cityofchicago.org/Service-Requests/311-Service-Requests-Rodent-Baiting/97t6-zrhs

>>> import pandas

>>> # Read a CSV file, skipping last Lline

>>> rats = pandas.read _csv('rats.csv', skip_footer=1)
>>> rats

<class 'pandas.core.frame.DataFrame'>

Int64Index: 74055 entries, 0 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 values 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

60618 3530

60614 3284

60629 3251

60636 2801

60657 2465

60641 2238

60609 2206

60651 2152

60632 2071

>>>

>>> # Group by completion date

>>> dates = crew_dispatched.groupby('Completion Date")
<pandas.core.groupby.DataFrameGroupBy object at 0x10dea2ale>
>>> len(dates)



472
>>>

>>>
>>>
>>>
Completion
01/03/2011
01/03/2012
0l1/04/2011
01/04/2012
01/05/2011
01/05/2012
01/06/2011
01/06/2012
01/07/2011
01/09/2012
>>>

>>> # Sort

date_counts =
date_counts[0:10]

# Determine counts on each day

dates.size()

Date
4
125
54
38
78
100
100
58

12

the counts

>>> date_counts.sort()
>>> date_counts[-10:]

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
>>>
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313
314
316
319
325
333
336
378
391
457
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def avg(first, *rest):
return (first + sum(rest)) / (1 + len(rest))

# Sample use
avg(1l, 2) # 1.5
avg(l, 2, 3, 4) # 2.5

PG T, resti A AR B S S A L. SRS TR TR e e 4 T —
AR BIRIAT R 5

N T EZERBEN R TS ARS8,

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>&Lt;spam&gt;</p>"
make_element('p', '<spam>"')
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def anyargs(*args, **kwargs):
print(args) # A tuple
print(kwargs) # A dict

fEFIX AN RES, BT E AL B S SEargs oA, i Rk 7S s g 3] 7 g
kwargsH .

i

— YA R IE R BUE X iR e — MBS HUG I, 1S HA RO ERE
S A REJERENZ, 2RI BUE AR S H

def a(x, *args, y):
pass

def b(x, *args, y, **kwargs):
pass
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def recv(maxsize, *, block):
'Receives a message’
pass

recv(1024, True) # TypeError
recv(1024, block=True) # Ok

MAEMEAR, BATIE AR AR Z MBS BN R Eh e e X728t

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(1, 5, 2, -5, 10, clip=0) # Returns o

i

REGON, [ mE O TSR WA A B S HCR R INiEMT, A 5 tB5E B ml e
Pee B, ZFE RN — R EOR

msg = recv(1024, False)

A SR FH B X recv B BOFANRARZNGE, At € AN 8 False 243 ok T FH 11
B, A RACHS A T XA T RIS 2 1

msg = recv(1024, block=False)

SE4b, I S A 4 L kwargs BHCELF, [ M Mthelp it 1740
Hth 23 B 2 5 AR

>>> help(recv)
Help on function recv in module _ _main__:
recv(maxsize, *, block)

Receives a message
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def add(x:int, y:int) -> int:
return x + y

pythonf g A 2 X X LLTEMRININEATIE o EMASEERARE, Ie1T RS N
VERREZ AT RBCR WA AR 2200 . SR, X T IR L8 e T s (AR D bR A 35 Bkt 28
=5 THATHESR AT e 2 X SeyE A NS o A EATT 2 AR SO

>>> help(add)

Help on function add in module _ _main__:
add(x: int, y: int) -> int

>>>

JEAR W] DUE AR R SR B4 R BGR I E A (B in Ay, g e, X RSEBISESE), A
A3 RV SR 5 71 8 2 BB 5

i

BREEARE RAPAETE R __annotations__ JEMEH . #ilUn:

>>> add.__annotations__
{'y': <class 'int'>, 'return': <class 'int'>, 'x': <class 'int'>}



SRR AT REA IR Z A, (HRENEZE RIS Z . K ypythondFi&f
RAFEH], 38 H R P OGE I B SR AR AMERE NAZAL AT AR S H S XA R X
I Ak skt HOE sl BE 20 R 1 01 B8 2 B3RS, AARATT AT A B 466 FH B 2

S 920/N I AR B T, s T TR R AR SEEL 2 IR (EL 0 E A e
).

7.4 i ] 2 MM 1 R AL
7] 5

R Ay BRI — > ) PAIR ] 22 ML) R 2

i o7
NTREREIZAME, R EEreturn— AN IoAAT 1. Fl0:

>>> def myfun():
. return 1, 2, 3

>>> a, b, ¢ = myfun()
>>> a

>>> b

>>> C

Bt

JRAEmyfun()E ERIRE T 2, SEhr bR 7 — N udRERER. XMEEE
bR RE, LR EIRAVE R REE SR AR A e, AR RS . R

>>> a = (1, 2) # With parentheses
>>> a

(1, 2)

>>> b =1, 2 # Without parentheses
>>> b

(1, 2)

>>>



AT IR B — A TeH I R B e, 8 E A28 R ES 2R, §ig ki
FIARAE . HsiXmt 2 LN R BT i i e AL 0 . R el 45 Rt n] DUR{E 25 A A
SR A XA AR E AL A2 R B80R [ A AR AN Je LA B T

>>> x = myfun()
>>> X

(1, 2, 3)

>>>

7.5 5€ XA BN S HUN 2R 2L
7] el

TRAEE AR Tk, BN A EE NS HE R BA — P EOAME.

it o7 S

X MRS R BCRARE TR, B R EUE (h e S HERE N ENME, IF
BB HINRERGMAT 1. Bl

def spam(a, b=42):
print(a, b)

spam(1l) # Ok. a=1, b=42
spam(1l, 2) # Ok. a=1, b=2

WARBOASHE A E At — MR . G EE T, AT LU A NonefE v ER
UNIEREN/N: SN TPEYEE

# Using a Llist as a default value
def spam(a, b=None):
if b is None:

b =[]

IARRIFA R IR Bt — A ERINE, 12 I T A BN S B A2 ALt k, mrek
(L NEEYEaEE



_no_value = object()

def spam(a, b=_no_value):
if b is _no_value:
print('No b value supplied")

FATIA R XA e 5

>>> spam(1)

No b value supplied

>>> spam(1l, 2) # b = 2

>>> spam(1l, None) # b = None
>>>

AL EE T DL R I 214% 33— > None E A& (E I A I 0 28 22 3l 1 o

it

5E S BRME S B R B AR T B 1, EA AU AR, A SR PG IR
AR

B, BROAS BB AR R80T ORI RIRE — . alE AT F XA 1

>>> X = 42
>>> def spam(a, b=x):
print(a, b)

>>> spam(1)

1 42

>>> x = 23 # Has no effect
>>> spam(1)

1 42

>>>

T T B A BA TSR XAE T BT BRI S EUE A SN, XA RONE B EOE SCRI (A
C2ME T EMBIME T

Rk, BOAS I ERZR AT R, tEiiNone. True. False. ey,
B, FIAZAR T XS A



def spam(a, b=[]): # NO!

IRIRIZ AT, ABRMEAE HAR I T BB R IR S B B SRR, IX BB e i 2]
R XA pR B BRI . B

>>> def spam(a, b=[]):
print(b)
return b

>>> = spam(1)

X X

>>>

[]

>>>

X

.append(99)

>>> x.append('Yow!")

X X

>>>
[99, 'Yow!']

>>> spam(1l) # Modified List gets returned!
[99, 'Yow!']

>>>

XFERPZA RN . N T BERIXFME LI AL, BRI RS EOAME R None, 2R
Efuﬁ%ﬁﬁﬁb,wﬁmw¥ﬁ%ﬁﬁﬁﬁo

FENANonelE AT is BRAFATRARFEER), WM RHRE . AR ERAHR S
NN X FE AR R

def spam(a, b=None):
if not b: # NO! Use 'b is None' instead
b =[]

XA B ) AE TS B None B S # 2 pliFalse,  {H 2304 HAh B0 5 (HL AN 2 90Ky
FRE . FIR, JoH. FIE) AR G False. K, ETHAACRS s — S H Ad A
WA A .

>>> spam(1) # OK

>>> x = []

>>> spam(1, x) # Silent error. x value overwritten by default
>>> spam(1l, @) # Silent error. @ ignored

>>> spam(1, '') # Silent error. '' 1ignored

>>>



fJa — AR LD, A — > e B R BN AT S B0 B4 B AL it R
XN ZE /N R ARANBEFHE AN ERAMA L iNone. OE# Falsef kil il H] - # L i E
(KON LA AR SRR, R P RERH ARG HER ) PRI, AR5 ZE A R o 56
I

RN FRPGZA A, ARAT AR — AN — T I RAE X R e, mi L T _no_value”?
HISEE . FERRECEIE, ARTT DU IR A B A S HUE PRI AN SERE S — R A . X
() L% 2 F P AT e KL 18X A _no_valueSE i E NN . BRI, 3 B ad it A A 3 A AL
REHf & AN SHUR BRI T

IXHEXS object() HIMEME EXARAKE Mo object sEpython iy SIS, fRn]
CLEIE object SRISEHY, (HAAIXEESLBIIAT A LPrAAL, BRONEFFBATEMAT T
%, WA MAE AT S B (K9 e Bea AR R se il 5 g, IR B ARANRE e BARAT & I
{H)o VRME—REMAI LA GKIR —1E o XA S ER, OB R E Pt A & 7
AN E R 2

7.6 52 S 44 B PN K BR AL
7] el

RIEAN sort() HAFGIE—MRIEMEIFHRE, EXAEH der EHDHATREL M
e Ay B i R PR T 20 A BT 2R B AN R 2

&=

M pR BR A R, AU R R T HE AN RIE S BE RIS, 3 nT LU H lambdaZR s =0k
K& T . Ll

>>> add = lambda x, y: x +y
>>> add(2,3)

5

>>> add('hello', 'world")
"helloworld’

>>>

X LA A R lambdazR s FUER T T 1 RCR A& — HE 1



>>> def add(x, y):
return x + y

>>> add(2,3)
5
>>>

lambdaz&iA = i 8 1) {8 FH 3 52 HE 7 83 reduce S

>>> names = ['David Beazley', 'Brian Jones',

e 'Raymond Hettinger', 'Ned Batchelder']

>>> sorted(names, key=lambda name: name.split()[-1].lower())

[ 'Ned Batchelder', 'David Beazley', 'Raymond Hettinger', 'Brian Jones']
>>>

i

R lambdazk ik s ke SRR, (ER e 2 R KRR AR
R, ERMEREERERIREME. WA AR SR T, B EAE
s FFERIEA, BRI R A

PR LAAE FllambdaZ 1A 20k e g 5 K 4 pythonfRi% . {HiE, MH AHS KEiHER
3 A R /) R BB 7 22 P SR AR [ oR B AR P I, R BlllambdazRik =,
W& T .

7.7 B A R R AR B

7] &t

iR Flambdase 3L T — AN EA s E,  FFARLEE UMl SR B AR B N

LS

SeFE T R A IR .



>>> x = 10

>>> a = lambda y: x + y
>>> X = 20

>>> b = lambda y: x + y
>>>

BAER IR, a(10)ATb(10)i [ ) 45 Rt AT A4 7 WERARIN N EE Rat 204130, B4 VRl fi
IE

>>> a(1e)
30
>>> b(10)
30
>>>

XA R APE T lambdaRik sUrb o — AN H BAR R, EISATIGREE, AR E
AR, KRR BHIBMESECE SGEAFRR . Bk, £ X MambdaZik it
{5, xHHMERIATI FME. B

>>> x = 15
>>> a(1e)

25

>>> x = 3

>>> a(1e0)

13

>>>

A R ARAELE I A [ 44 pR AR 5 SO i IR 2R, mT BRI S8 2 SOSERIN S H BT,
IR S NTEY R

>>> x = 10

>>> a = lambda y, x=x: x +y
>>> x = 20

>>> b = lambda y, x=x: x + y
>>> a(1e)

20

>>> b(10)

30

>>>



Bt

FEIX LB R A o) U W PARA AU RIAR R, A 2958 T il R AME 2 i lambdaZit K.
tetn, G AE—MEA B R T P A E —MambdaFik :FIFR, I R ERELE T X
I LA R EAUE . Bl

>>> funcs = [lambda x: x+n for n in range(5)]
>>> for f in funcs:
. print(f(9))

O N N N N

>>>

{EESERRACR B AT R n I E NS e —ME. BUESNTH 5 —Flor g s T

>>> funcs = [lambda x, n=n: x+n for n in range(5)]
>>> for f in funcs:
. print(f(9))

AW NP O -

>>>

ST B OB RO 2, lambdaf 4076 52 SN B RESEE FIMH .
7.8 Y/ TR A X RS H B
] 7

A — M A python RS FH i) callablet 5, AT HEAE — 4N 131 bR Bl & — A4k i
% EREMSERZ T, FEOHMAR 1.



ﬁﬂ%@?%%%%ﬁd>ﬁ%4‘@§§iE@Zﬁiﬁﬁ‘iﬁ, ﬂRﬁTELffFH functools.partial() . partial() Qﬁ%ﬁ
VRGN ERE NS HOEBDE NE, B TR KIS N TR
2, BBURAT I T 1 PR KL

def spam(a, b, c, d):
print(a, b, c, d)

BUEBAER] partia1() BRECRE E R LESH A

>>> from functools import partial

>>> sl = partial(spam, 1) # a = 1

>>> s1(2, 3, 4)

1234

>>> s1(4, 5, 6)

1456

>>> s2 = partial(spam, d=42) # d = 42
>>> s2(1, 2, 3)

12 3 42

>>> s2(4, 5, 5)

4 55 42

>>> s3 = partial(spam, 1, 2, d=42) # a =1, b = 2, d = 42
>>> s3(3)

12 3 42

>>> s3(4)

12 4 42

>>> s3(5)

125 42

>>>

ATUVEH partial() [EEFRESHIFIRE S callableX R . XM fcallabledi 3 &
WA ZEL  RRIRZ A CaBEE S E IR, &IERITA S8k 5 e
.

it
AT RO W ELEAE AN A A DL TAE. MR8 — R A6 T

BT, BT A RIS RS Ooy) AR o4l ARRT A F T T ) s ok T
SR 5 2 TB] PR B T



points = [ (1, 2), (3, 4), (5, 6), (7, 8) ]

import math
def distance(pl, p2):
x1, yl = p1l
X2, y2 = p2
return math.hypot(x2 - x1, y2 - yl1)

DR BCUR AR DASEAS RO SEE A MRS R m 2 TR R BB R R i I A X e R B3R
sort() JIEER KRB TSEOREE XHIPEE, BEREHBERRZ - MHEANSHI K
Hi(distance( R &R ATTEKIFR) . BUERATATLLEEH] partial() RMFRIXA T

A

>>> pt = (4, 3)

>>> points.sort(key=partial(distance,pt))
>>> points

[(3, 4), (1, 2), (5, 6), (7, 8)]

>>>

Bt—,  partial() W SREOE AR E R 8 R EHA B S5 B, R
B, fFH nultiprocessing SKREDUE —NEERE, REXMERLHLS —
Z—result{d fl—A> Al ik logging 2 E i) 7114 pR 54 -

def output_result(result, log=None):
if log is not None:
log.debug('Got: %r', 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=1logging.DEBUG)
log = logging.getLogger('test")

p = Pool()

p.apply_async(add, (3, 4), callback=partial(output_result, log=log))
p.close()

p.join()



25 apply_async() PeftBEIHRENS, BT partial() EEBIMY 1ogging ZH.
ﬁﬁ multiprocessing Xﬂ'ﬁ%gaﬁﬁﬁfﬂ——rgu{RR%1%%%4\{3%1}%%@Uﬁ@ﬁo

YER— DRI T, BRE TS MRS w5 1R 8,  socketserver FRIRILEAFIFIRE
S0 R IH A Flecho ik 55 25 :

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()

AL, Bk EchoHandlerdE in—/N vl DA A BC B W) inic . ¥k L
un:

class EchoHandler(StreamRequestHandler):
# ack is added keyword-only argument. *args, **kwargs are
# any normal parameters supplied (which are passed on)
def __init__(self, *args, ack, **kwargs):
self.ack = ack
super().__init__(*args, **kwargs)

def handle(self):
for line in self.rfile:
self.wfile.write(self.ack + line)

K aBEUE, BATRA TR Z B AHAETCPServer B R INATE 1. (HRIRFIEITIET )5
ZARSRACL R T R IR -

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'

WIE ERIFBIRMERS IEIX MR, BR 7B socketserver AREHRYFACAY B i H] S Lo 751
HIJiikzhb e B2, WERAEH] partial() MUREREEARMIIER ——23E 518 ack ZHHIE
KATGEACRI AT, fn R



from functools import partial
serv = TCPServer(('', 15000), partial(EchoHandler, ack=b'RECEIVED:"'))
serv.serve_forever()

EBABITH, _inie_() ik iack S HE T AR L SR, JESORR A Wack
R AT SR T S H BRAE7 2RI DR eI T,
T LA T

RZIHE partial() AESEILAIRCR, lambdaZii X BAESEIL. toan, ZATHJLAME7 AT
U I T (T8 5

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:', **kwargs))

A G RAESCHLRFE I RCR, AL 2 BAT LERUBERT X T BT ACHS  ACK Ut B
It . XA partial() ATEASEANEDULHIRIA VRIS (48 R L. S JOIUSE IR E)

7.9 R L7105 1) SR e O R AL
7] el

RA—ABr __init__ () JRESNAE T —ANIRENSE. T RS, IR E R UL
— AL

LIPS

RZHAEOLR, 7T U] P RRE PRSI IR A R M ek . 28805, R T s 1) v
FRIC VR 3 AR R AR T ZoRR IR URLBE e bk



from urllib.request import urlopen

class UrlTemplate:
def __init__(self, template):
self.template = template

def open(self, **kwargs):
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="'sllclv'):
print(line.decode('utf-8"))

XA SEAT LA — A B ] B 1 R EOR AU -

def urltemplate(template):
def opener(**kwargs):
return urlopen(template.format_map(kwargs))
return opener

# Example use

yahoo = urltemplate('http://finance.yahoo.com/d/quotes.csv?s={names}&f={fields}")

for line in yahoo(names='IBM,AAPL,FB', fields='sllclv'):
print(line.decode('utf-8"))

it

KB EILT , ARIE — A BT VRS S (R A2 75 A7 il i S B MRS SR 2h T VA F
tban, & XUrlTemplateZS1ME— B 5= Je 8 5N Hu 5 A AE,  DUMER k] DAAE
open() 7 iEFfEH .

A5 FH > P T R R P ) Sl A2 T sORIE, AR e
B, AR EANHA LT DEOMIAR RS, AR A2 E il O
SRS, DI, AEFRATAIERTT SR, opener() BRECIE T template AU
6, JFEE PRI P E.

AR AT IR I AR 1) 75 225 5 eR A A IR AE BRI, #R] L% & A A P A
FH LR VR PR R 50 il — SR 5, PRSI 3 5 — b S In (g vl AR A A 7 5

7.10 77 ZANIR S S B [0 pR 2L

7] et



R A 5 AR A [T 8 o 5P A5 P (L AN S AL RS . 55455 B A 55 5 1 BT
55), I HARIE T 2L B ek Bl A A IR E,  MEAEE R A 2.

LS

X /N BRI R A H BILAE AR 22 o AR MTHE 2R ) 0 R 3001 5 — — 5 ol S BR
DREEAT RN . N 7RSI, AT U 475 ZE [0 0 ok ) ol 2

def apply_async(func, args, *, callback):
# Compute the result
result = func(*args)

# Invoke the callback with the result
callback(result)

bR b, XBARKS AT DAMSUT (] B A0 3, BFEZRE . BEREANE N 4%, (H2 XL
FATERO Ao FATAR T ZECHE IR R B o R 2 — N B R4
(ETIONIRE

>>> 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

>>>

ERER print_result() BREUUNRITZZ—NSE resuit » DREFMEATMER. T
PRAELE [R1 R pR R U ) AN AR 5 BYCE AR 5 P 55 1770 748 B AR 1) I 2 188 381 R0

N T AL B R R s R ANERAE S, RO AR TR A R R A
, FEENRE AL ADWEP IS, BRI A resure BIINRFFF5 01



class ResultHandler:

def __init__(self):
self.sequence = 0

def handler(self, result):
self.sequence += 1
print('[{}] Got: {}'.format(self.sequence, result))

XA RIS A%, RSB — N SRASEBI, SRJE BRI nandler() ZB%E TTVERMONIRI
PREL:

>>> r = ResultHandler()

>>> apply_async(add, (2, 3), callback=r.handler)

[1] Got: 5

>>> apply_async(add, ('hello', 'world'), callback=r.handler)
[2] Got: helloworld

>>>

MRS AERSRI A, AT — AN PRI E, Biln:

def make_handler():
sequence = 0
def handler(result):
nonlocal sequence
sequence += 1
print('[{}] Got: {}'.format(sequence, result))
return handler

A A P A 5 AT

>>> handler = make_handler()

>>> apply_async(add, (2, 3), callback=handler)

[1] Got: 5

>>> apply_async(add, ('hello', 'world'), callback=handler)
[2] Got: helloworld

>>>

AT T3 AN RIS, AT L PR 58 i R RE ) 15 -



def make_handler():
sequence = 0
while True:
result = yield
sequence += 1
print('[{}] Got: {}'.format(sequence, result))

TS, IRHZEEHER send) JHEENEHAREL W0 FFoR:

>>> handler = make_handler()

>>> next(handler) # Advance to the yield

>>> apply_async(add, (2, 3), callback=handler.send)

[1] Got: 5

>>> apply_async(add, ('hello', ‘'world'), callback=handler.send)
[2] Got: helloworld

>>>

it
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WARE AR, IR EEEX AR i 2R B AHRAE. £ EIATRF,  nonlocal FH
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Kk, BRAAEMER, FRER— N REC . I, AR LUR A 0 S R T
T A nonlocal FEET. IXFHIT M — B AU HDN T LA PythonH AR T £ 8 ¥F L
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>>> apply_async(add, (2, 3), callback=lambda r: handler(r, seq))
[1] Got: 5
>>>

AT LS 7.8/ N LA RB, SRUUTAEF partial() SKHEEBEL L K Fil Rk
i,

7.11 P4 Bk B 1 pR &R

7] 51

7RG 5 A8 1] 18 e B AR O ik, FHLOMR 22 /N R B 7K TT RE 2 TR LR A AL
IR B R B A TR RIS S B2 AR — Sl AT PP 2

[P

A A P A A AT R R DAAE 5[] 3 o8 B N IR DA R KR . O TR, (RO
47N s B — AN PAT BP0 55 85 TR A — A [ R e 0 e (2571070 1)) -

def apply_async(func, args, *, callback):
# Compute the result
result = func(*args)

# Invoke the callback with the result
callback(result)

BRRAEEANTE —F FHEFARES, E8E T async FM—A inlined_async A1
E



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):
@wraps(func)
def wrapper(*args):
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 StopIteration:
break
return wrapper

KA B VIR yield 1EA)NERIEAA . Hoan.

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")

WARARAR] test() » IRZAFBSEMALIT Bt



5
helloworld
(7]

a AN

8

10

12

14

16

18
Goodbye

R BRI, B 7B RE R ER F yiela iBA)4L, HAhh T IE3A HH AR AR £ [0 3 o
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THE AR S R R RS R B PAT R BB 5. Bk, yield BRAFRME
—NE AR R A METFE T . TR AEARE) _next__() B send() J7VEX
SEEME T A AR EEIAT

RYGEANBEE, X /N AZDITE inline_async() ZEMASSREH 7. B S, 3%
Mg 2208 R A BRI T yield WEA), BE—IR— AT IXFEM, WITFLE I
AV T — result BAFIFFRI BN — none {H. RJEHIE—MEFEAE, MBAF]
I 2 R IR R IR A s, B RREEEI T A yield 1BR), FEIXHE A Async HISE
Bk 2 3. RIEIEA IR B REN S, FFHEIHAT R P apply_async() o A
M, XA EA A Ve 370 2 8 A AR — 838 1 [ ok &, 172 FH BA B
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get() #ME. WOREHEAAAE, € &L put() FIRMBIIER. WREAAEEE, Bask
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RORAHE T IZAMET SN, AR MER] multiprocessing FERB—TF, fEHMKEE
FEFSHAT BT, W N PoR:

if __name__ == "'_ main__':
import multiprocessing
pool = multiprocessing.Pool()
apply_async = pool.apply_async

# Run the test function
test()

SR PRSI RIS BRI R, AH 2 S ARRE B 32 i 49 75 22 SRR 1
W 52 0% O ) e R e 281 A R bR BT S W T AE AR TR A R =7 e rp AR B B B,
fE contextlib 4HE@ @contextmanager %%?f%%ﬁiﬁﬁfF—~4\4>J\%§ﬁﬁE@ii15, ﬁﬁfi_‘4\
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def sample():
n =0
# Closure function
def func():
print('n=", n)

# Accessor methods for n
def get_n():
return n

def set_n(value):
nonlocal n
n = value

# Attach as function attributes
func.get_n
func.set_n
return func

A BT

>>> f = sample()
>>> f()

n= 0

>>> f.set_n(10)
>>> ()

n= 10

>>> f.get_n()

10

>>>

i

AT VR T IT TAER, AP B EARRE—F. %%, nonlocal FUATBIAETRA14
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import sys
class ClosureInstance:
def __init__(self, locals=None):
if locals is None:
locals = sys._getframe(l).f_locals

# Update instance dictionary with callables
self. dict__.update((key,value) for key, value in locals.items()
if callable(value) )
# Redirect special methods
def __len__(self):
return self. dict__['__len__"]()

# Example use
def Stack():
items = []
def push(item):
items.append(item)

def pop():
return items.pop()

def __len__():
return len(items)

return ClosureInstance()

N AN A A TR R S A A

>>> s = Stack()

>>> s
<__main__.ClosureInstance object at 0x10069ed10>
>>> s.push(10)

>>> s.push(20)

>>> s.push('Hello")
>>> len(s)

3

>>> s.pop()

'Hello'

>>> s.pop()

20

>>> s.pop()

10

>>>

ABEE, ZMEE TR A RE LERIR L . IR RE2 BT XAt
BRI REXS EL



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)

ARG RSB I R S5 R

>>> from timeit import timeit

>>> # Test involving closures

>>> s = Stack()

>>> timeit('s.push(1l);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

>>>

IR, LI )7 SRABAT R TROMEB %, R 73 i R 2 R Ay sie 549 A% 8 1 i A Uy
i, PEERZR A KBS self22 & .

Raymond Hettinger X} 13X A ] @ v 1 SnxE LB Ot TR . A, IR FRET
B BN T EAIRRID I, mH e R ESRN—NaRESEikme, fa, K
R ERE kR JEYE. SRR BRI VAR AR Y. I HAREE M — L A ) T AR
Zfﬁ%it“%gﬁ§%kjfkgﬁi§&(thﬁﬂjiﬁﬁ ClosureInstance qﬂﬂiiéiiﬁﬁ _len__() EEEEO )

BJr s ARATREIE 2 LE AR B B AR RS I NI BI e, N A e BERAR N EE RS E
XWE? (FH0R, ANTEERE AT A EBITERSER) . REMW, XX ERED R
P9 AR B AN R — AT BT
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Contents:

8.1 AN B AT HR
7] &t

PRAE A RSB AT BN s i, AR e TS Bt

filg o 5 %=

B AL TR R R, WTERELER _str__() M _repr__() J5ik. B0

class Pair:
def __init__(self, x, y):

self.x X

y

self.y

def __repr__(self):
return 'Pair({0.x!r}, {0.y!lr})'.format(self)

def __str__(self):

return '({0.x!s}, {0.y!s})'.format(self)

__repr__() JHEIREI A LRI AR R R L, 8 H AR B IE XA pl. R
repr() PREOR XA T4 &, BRIAME A AR AR on M2 —FER. _str__O)
THER SV N — D758, R str() B print() BRERHHIX AN FATH . H:

>>> p = Pair(3, 4)

>>> p

Pair(3, 4) # __repr__() output
>>> print(p)

(3, 4) # __str__() output

>>>

P bR 1R S Bz B AR 2/ R IR Fralkif, r 4%
AL S A ] repr () RACEBRING  str O o ARET LA RTTE 2R 2
AR -



>>> p = Pair(3, 4)

>>> print('p is {@!r}'.format(p))
p is Pair(3, 4)

>>> print('p is {0}'.format(p))

p is (3, 4)

>>>

it

FHESL _repr__() M _str__ () MHEMRIFHI I, POVERERACHBURSL B . B
s AR AT B B H S AR A S, IS ARE R R S B SE R A S5 H
1 S

repr__() R SCA TR AR HE M R AR eval(repr(x)) - x AE. HIRSER
HER BRI, RE%0E— M I SCATR, FHH < A1 > SRk, o

>>> f = open('file.dat")

>>> f

<_io.TextIOWrapper name='file.dat' mode='r' encoding='UTF-8'>
>>>

MR str__ () WAHPENL, BAMSEN _repr__ () RAEHH

EHE) format() JHANMMEHE ERRATE, HAUD (0.1 XMHIRLE I SHINIXE
Phe P, £ R RECT, OSCbr EIEHIAE se1r AL

def __repr__(self):
return 'Pair({@.x!r}, {0.y!r})'.format(self)

TENIXRI SR — A, IR AT BAEA % 3RAERT, WU F XA

def __repr__(self):
return 'Pair(%r, %r)"' % (self.x, self.y)

8.2 H & X 71 i 2\t

i



TRAEGEIE format() PREUNIFAF ER INIEMAT— X RAESCHF H E IR A AL

LR ES

N T BE AR AL, BATHZAESE BiE X __format__() Jiik. B4

_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[code]
return fmt.format(d=self)

HUE pate ZRAVSEHIRT DISCRIRE SACERAE 1, W0fF) T IHXAF .

>>> 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"'

>>>

it

__format__() JTIEZPythonfIFfF M AL Dy pedefit 7 — Ml 7. X B FEEE RN
A AR FI et TAEE a2k kg . Wik, #&ARRER] PUBAEA{E . 1l
ZEPNMHKHE datetime A LIS



>>> from datetime import date

>>> d =

date(2012, 12, 21)

>>> format(d)

'2012-12-21"

>>> format(d, "%A, %B %d, %Y'")
'Friday, December 21, 2012°
>>> "The end is {:%d %b %Y}. Goodbye'.format(d)
'The end is 21 Dec 2012. Goodbye'

>>>

XA B R AR A — LR HERI Z05E . W LAZ5 string D SoR 1 W

8.3 ibXf R LK B SCE BN

7] &t

PRABLE VR EORT B 308 B SO FR R (withiE 4)) .

i o7

N TAE= AR with WHA), VRFEZELI
FIEAN AR,

_enter__() i

AR — A2

from socket import socket, AF_INET, SOCK_STREAM

class LazyConnection:
__init__(self, address, family=AF_INET, type=SOCK_STREAM):

def

def

def

self.address = address
self.family = family
self.type = type
self.sock = None

__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

__exit__(self, exc_ty, exc_val, tb):

self.sock.close()
self.sock = None

Cexit__() J7iE. i,


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

XA RAE T ERR T RIS, (HEYIEH IR A UM F 5 (E
WV FFBAT S AN EEE) . RS A SCPARAE ] with BRI EB TN, B

from functools import partial

conn = LazyConnection(('www.python.org', 80))

# Connection closed

with conn as s:
# conn.__enter__ () executes: 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: connection closed

it

95 b SCE BRI T B R B R AR SR wieh IBRPBIAT. B witn 1A
IR, XPRA) __enter__ () JriEMR,  EIR BIRE (LA ) S BIRES as AW
AL . W5, with TEAJRBHEAACHIIRIAT. &, _exit__ () Jik#Uk AT
THHETAE.

AE with AARSERAFRAEMS A, B AERIRESIATE, s Se R A T RE th2
—FE. L, _exit__ () MEKEB=AZHAE T RERM. REEMEWHE S
RAMIE) . __exit__ () JVAREH CUUEBRAMRZX AN AFEE, B 20 e IR b —4
Noneff. WIR __exit__() B[l true , MAFREXPIRT, BB LHER L,

with )5 T HURE 7 4K SR IR H 04T .

AT LazyConnection FGER LWL A with EAPRIREMEHIERE. R
BAR, I E R IR A R RV socket#®ERE,  WIRIELE{E FH —>socket [ ik X &
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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()

# Example use
from functools import partial

conn = LazyConnection(( 'www.python.org', 80))
with conn as s1i:
pass
with conn as s2:
pass
# s1 and s2 are independent sockets

FESE ZAHRASH,  Lazyconnection SRATLACEMORIMER L] . ENEE, — IR
KAIE— e BRI _enter_ () JHESATIOI R, B R HIQIE— B IERI RN

ANBIRET . _exit_ () JTAMIFRN M R # R MEROF M E . X BRI A
MM, ALEREAVFREMH witn BRI ANER, U0 B AR

T%’?gé BRSO R IE RS g AR PN, AT TR SO P AR R AR i
1. ixee ﬁ‘ﬁﬁ’ﬂ—/\Ig*ﬁﬁ%Eﬂ]Jé‘fﬁ%ﬁizﬂ 5% P EORE TECR A DR A ) AE BB AT
B, WERARGE R T — A B AR R SRR T e, SN AT e AR A
SR __enter__() ﬂl _exit__ () JVEIHEA with BRI AT LMRZE S R Gix L ] 7,
XK _exit__ () JIER DIAER TR fH 0 I e 1

fE contextmanager FABRHIAT —AMIRER) B SCE BT RN, W SH9.22/0 1. [FIIFE
12.6/N A — XS AR GIRE P I 20 FE 2 A MAB 2O -
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[V YES

Xt B AR 2 R R A B A SR 5 , ART PUBIE 45288 __s1ots__ JRPERAR
KBTI ST S N AF . Eetn:

class Date:
__slots__ = ['year', 'month', 'day']
def __init__(self, year, month, day):
self.year = year
self.month = month
self.day = day

BRE X __siots__ Ja, Pythongte NSEfs ] — R BEINE =N SRR, SEpEE—
RN R RN HEALRA S AR N SEE A7 dl, IXERTT AL B8 R AREE
Bhe TE _ siots A B 1A AE A MU BX AN BH R 2 s b i slots—

AN BT R BAIASBE R 28 KB IE B L 1, RBEREHIE _s1ots_ AP SR
se)E k44

i

fi HislotsJa 19 & K N AF = ERAAE IR PE BB AR R 0. A, —Bekih, IR
B BB — D P EAZ . N TER—DEWIAR, BREIRAE Hslots
HAEAE— A Datesk i, {E6447 Python L2 5 428575, MWLM [ slots, W
A R B RI1567 71 . AR e b 5 RN QU R H IS, 823X S e REARCR A
PN AR T

R slotsE b20e —AMRAHIRE, 1R 2 IR /RE 2 5 e 3. Python
FRIAR 22 R I ERAORS Tl 1) B T B SE . 59 4h, € LT slotsJa I SRAN P S RF — 243
WKL T, Hen k. KZBEGHT, IREZ R AL AR L2 3 4l s A 2 10 P AR B 45
T HIZE_EE Xslots (FLANFERE R i 3 LB AR LA T D SEHIRS BR) o

KF _stots_ MY AN ILUR X E AT ARy — A3 T HOR I 1 FH P 25 S 19 oy i)
Pho B Hslotsn] UARIIXFER H A, (HE2RXDNIHFARZERIVIE. __slots_ HZM
7 FHRAEA — AU T

8.5 fER P H KR/t
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[V YES

Python e [y 7 AN K ARATE 5 41k 25 e 8t , 1o 3 I i — € M R VE AT ik i 44 L2
HKIERIXANRER o B — D LERALAT LR N RN TSR 4% RN %8 AR SEDL . L

class A:
def __init__(self):
self._internal = @ # An 1internal attribute
self.public = 1 # A public attribute

def public_method(self):
A public method
pass

def _internal_method(self):
pass

Python A2 A FHIER ADT IR A FR . (B R UIRIRIX AMH B2 AR, WRea S
BUME SRR . RIS ZLER R, (A R RIZTT kA 205 [FIFRE H BB A% R B2 )
BB B, ARG BIEAEE AL DL R RIZET Sk (BN _socket), A8E w2 N B SE L
FAUN, BB R sys. _getframe() FEAH ISR MG N0 T o

PRI AT R 2 I8 B AESSE SCRAE I PSR RIZR ()T ki 44 . Ledn:

class B:
def __init__(self):
self._ _private = 0

def __private_method(self):
pass

def public_method(self):
pass
self.__private_method()

i FHXUT RIZ T Uf 2 3 807 W 2R AR AR . Eeln, FERTTH 2EBA, A R T2 1
ﬁf%u%fﬁﬁjﬂ _B__private A _B__private_method o iZHﬁl%{f?ﬂﬁE%l‘tﬂﬁﬁifﬁ%E@E
RIfEAT 4, & R gk R —— X R & I8 I ARG kg s . bl



class C(B):
def __init__(self):
super().__init__ ()
self.__private = 1 # Does not override B.__private

# Does not override B.__private_method()

def __private_method(self):
pass

XHE, AEAM  private 1 private method FYEEANA N c_ private M
_C__private_method , IX/I\EEQ%BEP E@%%ﬁ(%%éx EJ E/‘J °

it
SRR PR F B R 20 58 (5 R RIZRAIXU N R R ar B RA Rk, B4 i il ok
T BURMER T e ? RZHN S, RRGZAEREAEAILARR LR TR0t k. (3
s WERTRERIRKAI W KB TR, I B AN RN 2 TR PRk, It
LA BRI RIZT7 %

A REER AR, ARRRE ) DN AR IR O TR, IX I R] BLE
BN RIZAE RS Bl

lambda_ = 2.0 # Trailing _ to avoid clash with lambda keyword
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H 58 SR &M I — PP ] B 5V 28 e 8 SN —property. B, RIS & LT —
A property, IS —ANJE M TR B SR AR A

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")

RS A EAME R TT i, REANTTERSLFHD A M. DIk —1
getter PREL, 'EAE1R first_name BN —NEME. HAWPDNHIEL first_name JEPEERIN
T setter Fll deleter BREN. FHERIHMIZRATLE first name JBUERIOIE)S, JSHEIM
AN IEMR @first name.setter K @first name.deleter 4 BEMEE M.

property ) — /AN RHERFAE & T A b 2L IR M attributed AT A B RE, (B V5 10 S ik &
Eﬂiﬁﬁﬁiﬁ getter + setter %ﬂ deleter 7fﬁ§o’WUﬁD:

>>> 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
>>>



FESEIL — > property 5, 2B (WA KITEMIR T EAAMEAE A7 . B, 78
getfliset /79, RSB EIXS _first_name JEVEMIRAE, XHELIREIRRAIHT . 5
Ah, PRATREIEZ A NA A _init_ () VA RE T self.first_name [MAE

self. first_name o (EXMEFH, FRATAIE —property ] H #5275 1% B attributeff
BT A . Rk, JRATREARTERIG AL I Bt AT X AR A 2 . JE I W B
self.first_name » HBNWH setter 7V, RXANFERmSHITSHMIAE, TS
B self. first name [ o

W BEAE CAF(E KIget Flset J7 A JE Al I 5 M property. f51]4:

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)

it

—/\"property )& S H R — RV KRG E T ENES . WRIRLEEH A propertyt)
2, ek Blproperty s B [fifget. fsetFlifdel &M al & 28 B i 1 @ vk . Ehl:

>>> 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>
>>>



WHE R, A B i fgetali i fset, B A1 7EVi 0l property (1B 5 H 2 fil %

WA R0 5 75 B X attribute AT AR A AR [R5 4 B %448 H 2] property . 3 B %
— L M H A 2w A2 5 (Fh i )ava)id Sk AL 7 51 s A BT 7 in] &8 N 1% 08 1 getter Ml setter,
Fr AR TS RZAZ R THIX RS -

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

AN X P A AT ] HARBSMEAE W property. B %6, B ib RIS RIR M, I
HiE & s . ik, BESitREFBiTERRIERE . &a, IR

BARARAT I Ak o Rl S IR DU AR 25 il attribute s n) 7R DA M A A B2 48 (4 I

fie,  ARATBLR E AL R property i o /7 AL JEOR ARSI D9 Al attribute A CASE 2
TRFFJEE

Propertiesifs & — i@ X s &1t Sattribute 777k . X PSR attributes J AN 24 SEPR A
i, MR BRI S k. .

import math
class Circle:
def __init__(self, radius):
self.radius = radius

@property
def area(self):
return math.pi * self.radius ** 2

@property
def diameter(self):
return self.radius ** 2

@property
def perimeter(self):
return 2 * math.pi * self.radius



fEIXH, FAT@EE A Hproperties, ¥ A K1 DG —kEk, X2, v A
AT AR )7 e o S g 1n) R U iR R R A attribute & — ﬁmom%TﬁﬁM%
T, IR EAE KD th VR A {5 P 67 B 7 I RO D vV o R T A A S

>>> ¢ = Circle(4.9)

>>> c.radius

4.0

>>> c.area # Notice lack of ()
50.26548245743669

>>> c.perimeter # Notice lack of ()
25.132741228718345

>>>

SR properties ] LLSEILICHE ) g fE 42 11, (H A Le i i /R 10 /& 2 A8 B A8 FH getter fllsetter
PREL. -

>>> p = Person('Guido")

>>> p.get_first_name()
'Guido'

>>> p.set_first_name('Larry')
>>>

TP {1 H B3 2 R A PythonA RS 4t 4 B 21— N R AU LAl oF & QA B AE P i . 49
W, ArlAEsE— PythonBHES NN B]— N EE TRl A KB AR5, X
MIEULN, B H get/set )y v (38 J5 218 1) i A & property Bl V5 2 55 75 5 e 45
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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

R FEEN . 2 A HR R . R, B RS e e, AR
MR I BT E R SE AR FG . AT AZH8.9M9. 2/ NI N 2

8.7 il 1 A0 38 T7 ik
]

PRAEAE 7 I I AR A D 4B s iR 5k

-

[V YIES

N TSR GER) ) — 75, ATDMER super() BRIEK, EEU:

class A:
def spam(self):
print('A.spam')

class B(A):
def spam(self):
print('B.spam")
super().spam() # Call parent spam()



super() BRALHI—MHMANEZRAE _init O JHEPIHRISBIEHRBIYILEL T

class A:
def __init__(self):
self.x = 0
class B(A):

def __init__(self):
super().__init__ ()
self.y =1

super() PSR AN—N5 DLV BLE 78 75 Pythonk s ik 7 v AR RS R, B

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)

£ ERARSH,  setattr__() HISKBLEE M ATRE. WIREANEMES U FRIZOIT
o, BB super() WHERLAHT _ setattr__ (), FHIENEHZIRE FE A R
self. obj ZHAbH. XFE EFAARE, FOAMERA LRI LML,

super() AJBSR AT LA RO A

it
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class Base:
def __init__(self):
print('Base.__init__")

class A(Base):
def __init__(self):
Base.__init__(self)
print('A. __init ")

JUER T RIS T 5 X AMBAT 2 e, B RAE TR A A998 R 3 22 R A ot
REFBUR AR R R 4. tean, T oL

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__ ")

IRAREATIX BRI & K I Base.__init__ () BWHAPIK, W0FFiR:

>>> ¢ = C()
Base._ _init__
A.__init__
Base. _init
B. init__

C. _init__
>>>

ATREM T Base. _init_ () ATAINAL, (HARMEEIAR . H—J7H, (REREMAY
q“ﬁﬁﬁif@ﬁﬁ super() %5 Eﬁ?ﬁ;%%%if:



class Base:
def __init__(self):
print('Base.__init__")

class A(Base):
def __init__(self):
super().__init__()
print('A. __init ")

class B(Base):
def __init__(self):
super().__init__ ()
print('B.__init__ ")

class C(A,B):
def __init__(self):
super().__init__ () # Only one call to super() here
print('C.__init__")

BATREANHRA G, RS KB __init__ () HIERSHEH—IK T

>>> ¢ = C()
Base._ _init__
B. init_
A.__init__
C.__init__
>>>

N T FEE IR, BT EAE A AR T Python & i SEBL ARG . X 4R 5E 3L
KM, Pythoni+4 th— ATl 77 LM IR (MRO) S . X AMROFIE i
— MR T LR LR PRI 2 . 481

>>> C.__mro__

(<class '__main__.C'>, <class '__main__.A'>, <class '__main__.B'>,
<class '__main__.Base'>, <class 'object'>)
>>>

N T SEIAkK, Python/EMROZIZE LMW FIA IR Bk AR, HAHRKE S — UL
NETERIZENIE

IM3XNMROF R 1) i 2 18 I — AN CIL AR LBL . FATA LR TR A FIE L
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Base. _init_ () MJJEK.

super() AR NS R EFFA—E L ERIENRAEMROF T PN ELK, K
FoE ] DAE— N B SCRS P e . filn, 8 M XA,

class A:
def spam(self):
print('A.spam")
super().spam()

AR AR E B A XA S 2 4

>>> a = A()
>>> 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’
>>>

Bie, WMRARMEHZ HRMIEEE KA 4

>>> class B:
def spam(self):
print('B.spam")

>>> class C(A,B):
pass

>>> ¢ = C()

>>> c.spam()

A.spam

B.spam
>>>
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>>> C.__mro__

(<class '__main__.C'>, <class '__main__.A'>, <class '__main__.B'>,
<class 'object'>)

>>>

1658 SUB NS IXEEE R super() 2RI . 1] PLS#8.13F18.18/M 15 .

SR, HHT super() PIRE A RIRIBELRJ7IE, VRIOZENE— 2@ E. &5,
T DRAE Ak A AR 28 b BT A R 44 - IR D7 VA TSR I S 3085 44 (EL A R I S 3 B 2
BAH) e XFETUIALR super() WH—NEBEESCEHERN A B IR, SR
B ITZ R T XA VAR SEEL, X FERIEEMRO T 1) A 4R BE 1 v] DA 2 54
ST

FEPython X FhXf T super() B A IR 51 R — 20530, JRE W, @R — V)|
35, PR AZAER B IS TR e . Raymond Hettinger Nt S 1 — s AR5 1 1K) S &

“Python’s super() Considered Super!” , @it K& KH] T R BATER T N4 super() &
MUFI
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http://rhettinger.wordpress.com/2011/05/26/super-considered-super

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
@name.deleter
def name(self):
raise AttributeError("Can't delete attribute")

TR, E4AEHPersonHH Y & T name JEVERIIIRE:

class SubPerson(Person):
@property
def name(self):
print('Getting name')
return super().name

@name.setter
def name(self, value):
print('Setting name to', value)

super(SubPerson, SubPerson).name.__set__(self, value)

@name.deleter
def name(self):
print('Deleting name')
super(SubPerson, SubPerson).name.__delete__(self)

R ORAE XA K



>>> s = SubPerson('Guido")

Setting name to Guido

>>> s.name

Getting name

'Guido'’

>>> s.name = 'Larry'

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
>>>

AR A Y g property (2% — ANk, AR MR R XS -

class SubPerson(Person):
@Person.name.getter
def name(self):
print('Getting name')
return super().name

o, R EMsetter ik, X AE:

class SubPerson(Person):
@Person.name.setter
def name(self, value):
print('Setting name to', value)
super(SubPerson, SubPerson).name.__set__(self, value)

Hi

(£ A9 &/ property il i 2 31 RZIR £ R S 450018, [HJy— A property H 5% &
getter | setter Ml deleter JPIEMISEA, MIARMAT . Wik, ERF R
property (15, %7 2 5 5 i A 758 TR 2 SUFF AT 0 e A i R B el b —

TEE—MF 4, Fra Hproperty 5 # B BT € Lo TERF—NJ7EF, T super()
KK LI, fF setter BHRETE

super(SubPerson, SubPerson).name.__set__(self, value) E‘Ji%’tﬂz%/&ﬁ%ﬁ‘]o %T%?{j?ﬁ
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class SubPerson(Person):
@property # Doesn't work
def name(self):
print('Getting name")
return super().name

WRARINE BT 2 K PlsettertR HUENH R T -

>>> 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
>>>

PRILZAR 2 Hi Ut 1 A AR A A -

class SubPerson(Person):
@Person.getter
def name(self):
print('Getting name')
return super().name

propertyZ H V& € S I T iESp R HId Sk, Mgettertk Fipi Bk, REE

XA5)E,
HREF IR TR TAE 1

E1%



>>> 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
>>>

TEIXRANFRER IR T =, AT AR @ A 77 XL S BB 1 person 2K
%o BRARANENTE B WA FE2K 58 T property, R R REiE IS F € A property
FEAEH super() AKGHEHIIBUL 13 25 BT 1 AR SEEA .
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# 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):
@property
def name(self):
print('Getting name")
return super().name

@name.setter
def name(self, value):
print('Setting name to', value)

super(SubPerson, SubPerson).name. et__(self, value)

@name.deleter
def name(self):
print('Deleting name')
super(SubPerson, SubPerson).name.__delete__(self)

A ERERRRZ, EAKEN, RMIZERIT R setter M deleter JILHIEIR
L X BRI Z ARG, (B2 4E Pythonffissue Uil i & ) —>bug, BL
VP ARk 1 Python i A H H B — AN BN fag il (R 5 9%

8.9 G 1B ) 2R Bl s 51 1k
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http://bugs.python.org/issue14965
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# Descriptor attribute for an integer type-checked attribute
class Integer:
def __init__(self, name):
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]

— MRS AL T = AMZ O R JE VT 1A A (get, set, delete) I35, 43N
_get__ () ~ __set_ () Ml __delete_ () XZ=AFRFIRAITE. XU vEEZ — AN SLHIE
NEIN, 5 HH N R SR 2 1) -

N TR AR R, XA TR AR LB E SRR YRR — A28 k. Bl

class Point:
x = Integer('x")
Integer('y")

<
]

def __init__(self, x, y):
self.x = x
self.y =y

PRIXFEE, A AR AR R (P inxBy) T I =8 get_ ()« __set__ () M
__delete_ () J7iEFHIRE. flan.



>>> p

Point(2, 3)
>>> p.X # Calls Point.x.__get__(p,Point)
2
>>> p.y =5 # Calls Point.y._ _set__(p, 5)
>>> p.X = 2.3 # Calls Point.x.__set__(p, 2.3)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
File "descrip.py", line 12, in __set_ _
raise TypeError('Expected an int'")
TypeError: Expected an int
>>>

RN, TR E R DNINER R NRIESE. O T KB RIRAE, S ARR I
PRSI = 7 (_dict_JEYE). HERIEH se1.name JEVEARME 1 1L S 5 b Bl S i
M ZHkey .
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# 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
self.y =y

A, __get_ () MERBUEKIE EREERGZ:



# Descriptor attribute for an integer type-checked attribute

class Integer:

def __get__(self, instance, cls):
if instance is None:
return self

else:
return instance.__dict__[self.name]

_get_ () B LEARRIRNERIALE T LR RS EMAFE . QR IR S
filt—MNRARERVIF, A instance ZHMHEM None o XFEHLT, FrEfiEHIZ
] B PR 3R [ T A 3 38 5 A B RV ] (A8 i w] DAV I FLAth ) E 2 SCHERAE) 4ol

>>> p = Point(2,3)
>>> p.X # Calls Point.x.__get__(p, Point)

2
>>> Point.x # Calls Point.x.__get__(None, Point)
<__main__.Integer object at 0x100671890>

>>>

FHR A58 H A A B A 4 BT R A R TMEZE b i — AN 2L . R AT e
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# Descriptor for a type-checked attribute
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 attributes
def typeassert(**kwargs):
def decorate(cls):
for name, expected_type in kwargs.items():
# Attach a Typed descriptor to the class
setattr(cls, name, Typed(name, expected_type))
return cls
return decorate

# Example use
@typeassert(name=str, shares=int, price=float)
class Stock:
def __init__(self, name, shares, price):
self.name = name
self.shares = shares
self.price = price

RJaZHR A — s, IR R B B e SNSRI R YE VT R A 25
ka1 o XAEN T 8.6/ i property IR B INE 5. AP HIRZ E
LA PR IR 3 2 LR AT A 1 (L R AEE ARA QRS (AR 22 3t U7 (56 P ik 45 42 4L £ T g
HREAF A R RFE) o

8.10 fif FH 2L IR 115 & 14
7]

&

PRAEHG — A AL @ I 8 SUl—property, Jf B RFEVS A (I A 2t A R . (HiE—H
Wil e, Ry B RS ER, AHERER LT



S SN EIR R PR — M ROTE A B — MR SRR, R s

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

PR ZAR T X FEAE — R i e -

import math

class Circle:
def __init__(self, radius):
self.radius = radius

@lazyproperty
def area(self):
print('Computing area')
return math.pi * self.radius ** 2

@lazyproperty

def perimeter(self):
print('Computing perimeter')
return 2 * math.pi * self.radius

NI R E A

>>> ¢ = Circle(4.90)
>>> c.radius

4.0

>>> c.area
Computing area
50.26548245743669
>>> c.area
50.26548245743669
>>> c.perimeter
Computing perimeter
25.132741228718345
>>> c.perimeter
25.132741228718345
>>>
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>>> ¢ = Circle(4.9)

>>> # Get instance variables
>>> vars(c)

{'radius': 4.0}

>>> # Compute area and observe variables 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 variable and see property trigger again
>>> del c.area

>>> vars(c)

{'radius': 4.0}

>>> c.area

Computing area

50.26548245743669

>>>
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>>> c.area
Computing area
50.26548245743669
>>> c.area = 25
>>> c.area

25

>>>

AR ARSEC AN ) L, A4 W] S ] — R R B AR A i R SE B, b5 XA

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

IRARAEFHIZAN A, St KBRS CEAB R T -

>>> ¢ = Circle(4.9)

>>> 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

>>>

SR, X A AR T getBRAF AL U [ BB TR getter PRELEZ.
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import math

class Structurel:
# Class variable 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)

SRR LRI SR KA IS

# Example 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

(EQREEEE SN IF

>>> s

Stock('ACME', 50, 91.1)
>>> p = Point(2, 3)

>>> ¢ Circle(4.5)

>>> s2 = 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
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class Structure2:
_fields = []

def __init__(self, *args, **kwargs):
if len(args) > len(self._fields):
raise TypeError('Expected {} arguments'.format(len(self._fields)))

# Set all of the positional 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 remaining 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)

TRIERERAE _fields PHILFRINAZ @ PEd 2.



class Structure3:

# Class variable that specifies expected fields
_fields = []

def __init__(self, *args, **kwargs):
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)))

# Example use
if _ _name__ == '__main__"
class Stock(Structure3):

_fields = ['name', 'shares', 'price']

sl
s2

Stock('ACME', 50, 91.1)
Stock('ACME', 50, 91.1, date='8/2/2012")

it

PR EAE R EAR M B SR SR I, AR LA E S i () TR
C, AR 2T EAORR R4 GRS .
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class Structure:
# Class variable 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))
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>>> help(Stock)
Help on class Stock in module __main__:
class Stock(Structure)

| Methods inherited from Structure:

|
| __init__(self, *args, **kwargs)
|

>>>

ALAZ 916N RBHITE __init O HIETIRESHMEREL .
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from abc import ABCMeta, abstractmethod

class IStream(metaclass=ABCMeta):
@abstractmethod
def read(self, maxbytes=-1):
pass

@abstractmethod

def write(self, data):
pass

MBI — M R EABEEEPLEIL,  LERRAER T X2 AT (1



a = IStream() # TypeError: Can't instantiate abstract class
# IStream with abstract methods read, write

GIRI H w2 L R S 4k K e I S BRI R 51 -

class SocketStream(IStream):
def read(self, maxbytes=-1):
pass

def write(self, data):
pass

BRI — A LIRS TP B RSO TR e R, SCBL VR E R

def serialize(obj, stream):
if not isinstance(stream, IStream):
raise TypeError('Expected an IStream')
pass

b 1 kAR A, W] BLE I E M 7 SRR S Bl R ALK

import io

# Register the built-in I/O0 classes as supporting our interface
IStream.register(io.IOBase)

# Open a normal file and type check
f = open('foo.txt")
isinstance(f, IStream) # Returns True

@abstractmethod iﬁﬁ%%fﬁﬁ%%%iji? ~ %@7?%£$H properties o ﬂFE%?%G%ﬂEiK4\%Eﬁ$%§§§
FE BR HOE SCHTED A -



class A(metaclass=ABCMeta):

@property

@abstractmethod

def name(self):
pass

@name.setter

@abstractmethod

def name(self, value):
pass

@classmethod

@abstractmethod

def methodl(cls):
pass

@staticmethod
@abstractmethod

def method2():
pass

it
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import collections
# Check 1f x 1s a sequence

if isinstance(x, collections.Sequence):

# Check i1f x 1is 1iterable
if isinstance(x, collections.Iterable):

# Check 1f x has a size
if isinstance(x, collections.Sized):

# Check if x 1s a mapping
if isinstance(x, collections.Mapping):
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# 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 < 0:
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)

XS VR B B AT SR T R G ) St by A R . S T AT TSR B L
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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

SRJE AKX e SCEA SR, 3R T 2Kk

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

SRIE AN R @ B 20T, AR I S L @ MR IR v T AR A EE )



>>> 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

>>>

AT e oR ] AR AL _E T A QRS e rh— T f Y S 4% -

# 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
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# 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)

# Example

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

it
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# Normal

class Point:
x = Integer('x")
y = Integer('y")

# Metaclass

class Point(metaclass=checkedmeta):
x = Integer()
y = Integer()

B ik, a7 RBZ e i G R B . 0, B AR AT o FAR T
BOR, teanyes. Hk, Befigs o] DURS 5 7SI sl Bk .

iJa, A It BEVE TR AR I B SRR SEL RIFE A ROR,;

# 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 < 0:
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

# Specialized descriptors

@Typed(int)

class Integer(Descriptor):
pass

@Unsigned
class UnsignedInteger(Integer):
pass

@Typed(float)
class Float(Descriptor):
pass

@Unsigned
class UnsignedFloat(Float):
pass

@Typed(str)
class String(Descriptor):
pass

@MaxSized
class SizedString(String):
pass
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collections JE X TIRZMGIEIE, MR H & LAEREMR R ENISIEF A R
,LﬂltﬁhﬂijEZ?TﬁETt ﬁﬂatytﬁhﬂﬁéﬁﬂiiﬁ collections.Iterable BJTH]:

import collections
class A(collections.Iterable):
pass

Zifiﬁﬁ?%%%%ti% collections.Iterable Eﬁ%ﬁﬁ@?ﬁﬁ%j?ii’ {ﬁﬁMé§T&%§:

>>> a = A()
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: Can't instantiate abstract class A with abstract methods __iter__

>>>

RAESZL _iter__ () TR T (Z54.2/4.7 /M),

PR BLSIAE £ S Bt — x5, AR IR IR bl AR 21 75 ZE S Bk L T ik -

>>> 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

>>>

TR AR RN, 4k T Sequencet 535, I H SZEN 0 24 R AR 4«



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 Llocation
def add(self, item):
bisect.insort(self._items, item)

items = SortedItems([5, 1, 3])
print(list(items))
print(items[@], items[-1])
items.add(2)
print(list(items))

ATLLE R, SortedltemsiR¥E 3@ 13 ST APIRE, SCRP A H HERAE, BIRS. &
R BRI, HERVT#RAE,

XHEEEHE T bisect BB, B MEHFIIRFHATTRIEZOIT A W URIETT
AN L LREFINT -

Bt

fEH] collections FFHHR ISR LABAIRAR B 2 SO A A3 SEIL 1 Frg e 21075 JF Hik
REfILRMIG & . RN E XA A2 KB RMETE, W THs:

>>> 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 4ﬂﬁ§%?ﬁﬂ2?3@%?79—*EEﬁﬁﬁE??%%ﬁ%f?%%fi%ﬁikE@SEEWH ﬁiﬁﬁ—‘ﬂéﬂﬁﬁiﬁﬁgggz
BE%BEQ%FE%%K%%@BE@??%EEDﬁTo ﬁﬁﬁiﬂﬁﬁ@%@ﬁiiﬁﬁa collections.MutableSequence ﬁDfF:

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)

UIRARBIE 1tems HISEW], RS KIVE SRR UFATA 20513 5% (Mnappend() «
remove(). count()5§). T [ AR



>>> a = Items([1, 2, 3])
>>> len(a)

Len

3

>>> a.append(4)

Len

Inserting: 3 4

>>> a.append(2)

Len

Inserting: 4 2

>>> a.count(2)

Getting: ©

Getting:
Getting:
Getting:
Getting:
Getting:
2

>>> a.remove(3)
Getting: ©
Getting: 1
Getting: 2
Deleting: 2

ui A W N R

>>>
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class A:
def spam(self, x):
pass

def foo(self):
pass

class B1:

SRCERGIE R

def __init__(self):
self._a = A()

def spam(self, x):
# Delegate to the internal self._a instance
return self._a.spam(x)

def foo(self):
# Delegate to the 1internal self._a instance
return self. a.foo()

def bar(self):
pass

WHRASR AN 7T B, WABXESHER 7. HE, WRERENHIETER
B, AR getattr () J7iEER VB T L.

class B2:
"UUEH__getattr_ BUARHEEL, ARFEFVELLE Z MR

def __init__(self):
self._a = A()

def bar(self):
pass

# Expose all of the methods defined on class A

def __getattr__(self, name):
"RV I I at tribute ANTELE 1IN 1 A
the __getattr__() method is actually a fallback method
that only gets called when an attribute is not found"""
return getattr(self._a, name)

__getattr__ JIVERAEV] Mattribute NELE R EGE R, 3R

b = B()
b.bar() # Calls B.bar() (exists on B)
b.spam(42) # Calls B.__getattr__('spam') and delegates to A.spam



T BB e SEHARERE S, Bt

# A proxy class that wraps around another object, but
# exposes its public attributes
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 attribute deletion
def __delattr__(self, name):
if name.startswith('_"):
super().__delattr__(name)
else:
print('delattr:', name)
delattr(self._obj, name)

il FHIXAMREEZRI AR A 75 A ek e T HAR SR E AT

class Spam:
def __init__(self, x):
self.x = x

def bar(self, y):
print('Spam.bar:', self.x, y)

# Create an 1instance

s = Spam(2)
# Create a proxy around it
p = Proxy(s)

# Access the proxy

print(p.x) # Outputs 2

p.bar(3) # Outputs "Spam.bar: 2 3"
p.x = 37 # Changes s.x to 37
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class A:
def spam(self, x):
print('A.spam', Xx)
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")

fEFIAREEI TG, w2 T T XA

class A:
def spam(self, x):
print('A.spam', Xx)
def foo(self):
print('A.foo")

class B:

def __init__(self):
self._a = A()

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)

LSRR, IS R EEE. H,  __getattr_ () SEPRE—ANE/ITE,
RAEBHEAFEN A ZWH. Bk, SRS A S GBI, e
b R IXANTTVER . BN, _setattr__ () M __delattr_ () T8 EAAMABEIER X AR S
BIFIPE AL _oby MR —AMEFERLE & RAREALA LI RIZ _ ki E
(FREEE H BB ARBER I A I B 1)



A AHREERRRE,  __getattr__() R REBIT LT RIZ(L)IF a4l R 1 & P A
@ tan, Bk

class ListLike:
mrr getattr_ X TR RILIT MGG RGN ERAREHT, FE—ANEEE "

def __init__(self):
self._items = []

def __getattr__(self, name):
return getattr(self._items, name)

B —ListLikeXt &, S RIVECFHFIEIFIR 775, tnappend()flinsert(), {2
AT Frlen(). JeREIREE. Hlin:

>>> a = ListLike()
>>> a.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()
>>> a[o]
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: 'ListlLike' object does not support indexing
>>>

N VAR SCRFIR Tk, AR ) SE I IX e 5 VA Q.



class ListLike:
"nv__getattr MU FRISIFIARA RINOTER ARG, BE M EIEL

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]
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import time

class Date:
ik AT
# 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)

BRI SRR ), R A s -

a = Date(2012, 12, 21) # Primary
b = Date.today() # Alternate

i

FIPER—ADEER R E X2 MG . X cass 1A% —NZSH(ds).
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class NewDate(Date):
pass

Date.today() # Creates an instance of Date (cls=Date)
NewDate.today() # Creates an instance of NewDate (cls=NewDate)

8.17 ! & /A A FH indt Jy v2: 1) s 44
7] 25
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A PUER _ new () JEGIE DRI SEG] . BlIn=E 18 a0 T IXANKR:

class Date:
def __init__(self, year, month, day):
self.year = year
self.month = month
self.day = day

NHEE R _init__ () J5ZoREI2IX A Datesk i

>>> d = Date.__new__(Date)
>>> d
<__main__.Date object at 0x1006716d0>
>>> d.year
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
AttributeError: 'Date' object has no attribute 'year’
>>>

RN LLE R, XA DateSiil 1)@ thyearle NMELE, AT MR EF 146 1L

>>> data = {'year':2012, 'month':8, 'day':29}
>>> for key, value in data.items():
setattr(d, key, value)

>>> d.year
2012

>>> d.month
8

>>>

i
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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)
t = localtime()
d.year = t.tm_year
d.month = t.tm_mon
d.day = t.tm_mday
return d

FIRE, VRSP FIAL JISONE G IR 7 A — N Ui R [ 7 SR R

data = { 'year': 2012, 'month': 8, 'day': 29 }

WSRARAEE B R — A Date2R RS, nf UMEA B HEAR,
R E T A P T R A R S I, B A AN EE B T )R E S, BRAEIR
BN . AME, RN T __siots__ . properties . descriptors

BHAR s R BAR R AR AL R A TIXIHEAEH] setater() TR EIRAIAIS 2SS
EnE

8.18 FI| i Mixinsy™ & 2 I
7] el

RERZA M, B ENRY AR TIRE . (BRI EIIFRA MK 5
Fo PILIRASRE R AR I L TR — NS, AR A AR IR 4k K

[P

R ey S B E NN Fag A we e TR I o e S oS A 8 - 3 i SR T
A EN RGN E 22K,

AR X &, e & R E . KRG ESFEEIhRE. iilfe Lk
TRAK:



class LoggedMappingMixin:

Add logging to get/set/delete operations for debugging.

__slots__ = () # IRAFHRALGIRE, FOVEREILGIIRAEBAEM X

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__ = ()

def __setitem__(self, key, value):
if key in self:

raise KeyError(str(key) + already set')

return super().__setitem__(key, value)

class StringKeysMappingMixin:

Restrict keys to strings only

__slots__ = ()

def __setitem__(self, key, value):
if not isinstance(key, str):
raise TypeError('keys must be strings')
return super().__setitem__(key, value)

XL B PR A R R, S B AR AR E SEGIART — 2R, B 17 AR b
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class LoggedDict(LoggedMappingMixin, dict):
pass

d = LoggedDict()
d['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['x'] = 23 # KeyError: 'x already set'

XA 7R, 0] DU BTR AR AR EAFE 25 (L indict . defaultdictF1OrderedDict)4h
HERMH, —NE—. SEEMEREEEIINT .
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from xmlrpc.server import SimpleXMLRPCServer

from socketserver import ThreadingMixIn

class ThreadedXMLRPCServer(ThreadingMixIn, SimpleXMLRPCServer):
pass

(7 N AE — SRR P RAE 2 i B 2 R DR AN GR I HT - 3 IR 2 1 5 A7 E 3SR T RE AN
— BT IR RRAE
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_slots__ = () o
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def LoggedMapping(cls):

S et D E I EES UL A
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__
cls. delitem__ = __delitem__

return cls

@LoggedMapping
class LoggedDict(dict):
pass

RABCRERZ AT R, W HAERREAEH 24K 1. 275 9.12/N 1 3RIE 2 %1
wMIfE R, ZH8AZNTER E LRI H 16T

8.19 S HLR S X R B RS HL
1] et

PRAESEIL— MRS HLERE R AEAFIRES T HATIRIER 5, (H2 AR T LR Z
2 IR )

[V ES

FERZREFH, AT R MRIEIRE A FRPAT A FR3RIE. g ST i) — g
IR



class Connection:

def __

def

TR, A HIWNNESR], FORMK R~
init__(self):
self.state = '"CLOSED'
read(self):
if self.state != 'OPEN':

def

def

def

raise RuntimeE
print('reading")

write(self, data):

if self.state !=
raise RuntimeE

print('writing")

open(self):
if self.state ==

raise RuntimeE
self.state =

close(self):

if self.state ==
raise RuntimeE

self.state = 'CLOS

rror('Not open')

"OPEN"':

rror('Not open')

"OPEN":

rror('Already open')

"OPEN'

"CLOSED':

rror('Already closed")
ED'

PHEAERZOR, ERANIERER T, 2 M
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class Connectionl:

VR S

def

def

def

def

def

def

__init__(self):
self.new_state(Clo

new_state(self,
self._state = news
# Delegate to the

ne

read(self):
return self.

write(self, data):
return self.

open(self):
return self._

close(self):
return self.

_state.

_state.

state.

_state.

jﬁ_dﬁ\X¢§?:

AR E L

sedConnectionState)

wstate):
tate
state class

read(self)

write(self, data)

open(self)

close(self)

FREPATHCRAAR, B



# 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)



TR A s

>>> ¢ = 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__.OpenConnectionState'>

>>> c.read()

reading

>>> c.write('hello")

writing

>>> c.close()

>>> c._state

<class '__main__.ClosedConnectionState'>

>>>
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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')(®, ©) # Calls p.distance(o, ©0)

Q T
1] ]

5%9F**$¢jf%2£%fffﬁ operator.methodcaller() ,’WUﬁH:

import operator
operator.methodcaller('distance', @, 0)(p)

PR T BT AR R S5 2 RN T VER, A8 operator.methodcaller HUIR 5 1H
7o HWRFTEHF — KRB A, SnT DU

points = [
Point(1, 2),
Point(3, 0),
Point (10, -3),
Point (-5, -7),
Point(-1, 8),
Point (3, 2)
]
# Sort by distance from origin (o, ©)
points.sort(key=operator.methodcaller('distance', 0, 9))
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>>> p = Point(3, 4)

>>> d = operator.methodcaller('distance', 0, 0)
>>> d(p)

5.0

>>>
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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

PR A HTX S SEH R R B 254, N Pl

# 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(1l), t3)

AR e XS TR RIA I, RRHRARE ER E X, A3 —AEEE A ke
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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__))

N TAFERIXANEE, A RUE L — DN RY% AT H H LA visit name() 772, HANamesz
nodeZ3%Y. Hiltn, W RIRAERFIALXIME, TUIXFHS:

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

(EOEENE

>>> e = Evaluator()
>>> e.visit(t4)

0.6

>>>
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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')

(EOEENUE

>>> s = StackCode()

>>> s.generate_code(t4)

[('PUSH', 1), ('PUSH', 2), ('PUSH', 3), ('PUSH', 4), ('SUB',),
(*MUL',), ('PUSH', 5), ('DIV',), ('ADD',)]

>>>
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def binop(self, node, instruction):
self.visit(node.left)
self.visit(node.right)
self.instructions.append((instruction,))

A — R ER A, X EOR R S AR TE 5 switchBlcaseif &) (7730, tLln,

IRVRIEAES —ANHTTPHEZE,  RAT R S IXFE— MR 70 K A4z 45 -

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
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import types

class Node:
pass

class NodeVisitor:
def visit(self, node):
stack = [node]
last_result = None
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 StopIteration:
stack.pop()

return last_result

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__))

URARAE IS, MREIR BRI AR . 252 EARSE 4] LUK e ARy B R i 1n)
PR BRI FE Y, 38— RIEX I

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

tl = Sub(Number(3), Number(4))
t2 = Mul(Number(2), t1)
t3 = Div(t2, Number(5))
t4 = Add(Number(1l), t3)

# Evaluate it
e = Evaluator()
print(e.visit(t4)) # Outputs 0.6

W R B Z RORIEIS 4 _EiR ) Evaluatorifi < K24



>>> 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
>>>

AR FATTFEUE 2T T [ 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)

FHRIZAT, BASIE T

>>> a = Number(0)
>>> for n in range(1,100000):
a = Add(a, Number(n))

>>> e = Evaluator()
>>> e.visit(a)
4999950000

>>>
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class Evaluator(NodeVisitor):

def visit_Add(self, node):
print('Add:', node)
lhs = yield node.left
print('left=", lhs)
rhs = yield node.right
print('right=", rhs)
yield lhs + rhs

I T A2 T R

>>> e = Evaluator()

>>> e.visit(t4)

Add: <__main__.Add object at 0x1006a8d90>
left=1

right= -0.4

0.6

>>>

it
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value = self.visit(node.left)

BE%E%QEEYRﬂdﬁgéﬂ:

value = yield node.left
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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



X PR AR T AV parent B ERZ b, Il dn:

>>> root = Node('parent')
>>> ¢l = Node('child")
>>> root.add_child(cl)
>>> print(cl.parent)
Node('parent"')

>>> del root

>>> print(cl.parent)

None

>>>

Wi

3 51 FH 12080 45 F A2 Python iR — MR BT A 1), - R4 IR 5 B3 (Rl L] A e ik
TR . B2 & T~ A0S .

# 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

T FRAN A XA A R Al by % [ Wit B

>>> 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)
>>>
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>>> import gc
>>> gc.collect() # Force collection

Data.__del_ _
Data.__del__
>>>

IMAEASIHKIN RECIEE X THCH __del__() 7k, WaibiFolArs ErEEE.
AR T X R4 NodeE L EH O/ __del () Jiik:

# 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

RAEBLT, BRI AR R XA X R, b BN R IRIE
FEBITER KM, vata.__der VHEKIEAZ I 7B AEIRIRE] A AF B



>>> a = Node()

>>> a.add_child(Node()

>>> del a # No message (not collected)

>>> import gc

>>> gc.collect() # No message (not collected)
>>>

5951 FEER 1 51 PEA AN G, AR, 395 At — DRI, eAEne
IS . RATLUEIS weakrer SREIEETSII . fll0:

>>> import weakref

>>> a = Node()

>>> a_ref = weakref.ref(a)

>>> a_ref

<weakref at 0x100581f70; to 'Node' at Ox1005c5410>
>>>

AT Ui 885 TSRS 5, ARAT DUR R B FE S R AT e BT AT A SRR X GO A7 A 5
FIREIE, SR A SNone. BT R axs G 51 I THECBcA 1, 82t T LA
BrRe 7. il

>>> print(a_ref())

<__main__.Node object at 0x1005c5410>
>>> del a

Data.__del _

>>> print(a_ref())

None

>>>
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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

@total_ordering
class House:
def __init__(self, name, style):
self.name = name
self.style
self.rooms = list()

style

@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

XELATA R4 Housed g L T I Tiid: _eq 0 M __1t__ (O » EELRESCHFTA R
B



# Build a few houses, and add rooms to them

hl = House('h1l', 'Cape')

hl.add_room(Room('Master Bedroom', 14, 21))
hl.add_room(Room('Living Room', 18, 20))
hl.add_room(Room('Kitchen', 12, 16))

hl.add _room(Room('Office', 12, 12))

h2 = House('h2', 'Ranch')

h2.add_room(Room('Master Bedroom', 14, 21))
h2.add_room(Room('Living Room', 18, 20))
h2.add_room(Room( 'Kitchen', 12, 16))

h3 = House('h3', 'Split")

h3.add_room(Room('Master Bedroom', 14, 21))
h3.add_room(Room('Living Room', 18, 20))
h3.add_room(Room('Office"', 12, 16))
h3.add_room(Room('Kitchen', 15, 17))

houses = [h1, h2, h3]

print('Is hl bigger than h2?', hl > h2) # prints True

print('Is h2 smaller than h3?', h2 < h3) # prints True

print('Is h2 greater than or equal to hl?', h2 >= hl) # Prints False

print('Which one is biggest?', max(houses)) # Prints 'h3: 1101-square-foot Split’

print('Which is smallest?', min(houses)) # Prints 'h2: 846-square-foot Ranch'

it
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class House:
def __eq__(self, other):
pass
def __1t__ (self, other):
pass

# Methods created by @total_ordering

__le_ = lambda self, other:
__gt__ = lambda self, other:
__ge__ = lambda self, other:

ne = lambda self, other:

4,

4 0%
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self < other or self == other

not (self < other or self == other)
not (self < other)

not self == other

R, IRHCREWRAE S, HRMA etotal_ordering R LARIALANED, fTIRIITA NN,
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>>> import logging

>>> a = logging.getLogger('foo")
>>> b = logging.getLogger('bar")
>>> a is b

False

>>> ¢ = logging.getLogger('foo")
>>> a is ¢

True

>>>

N T IRBNEFERIROR, VR B — NSRS I L) e AL, Bl

# 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] =
else:
s = _spam_cache[name]
return s

SRR A — AR, R R IR Z AT ARAS H S R BEAT v e — 50 -



>>> a = get_spam('foo')
>>> b = get_spam('bar')
>>> a is b

False

>>> ¢ = get_spam('foo")
>>> a is ¢

True

>>>

it
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# 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

I R & W] LA BIHUNACR, (ERFERE _inie_ () BHRESBORM, AEIXAL
Bl E MG T Bl

>>> s = Spam('Dave")
Initializing Spam
>>> t = Spam('Dave')
Initializing Spam
>>> s is t

True

>>>
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>>> a = get_spam('foo')
>>> b = get_spam('bar")
>>> ¢ = get_spam('foo")

>>> list(_spam_cache)
['foo', 'bar']

>>> del a

>>> del c

>>> list(_spam_cache)
["bar']

>>> del b

>>> list(_spam_cache)

[]

>>>
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import weakref

class CachedSpamManager:
def __init__(self):
self._cache = weakref.WeakValueDictionary()

def get_spam(self, name):
if name not in self. cache:
s = Spam(name)
self. _cache[name] = s
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)

XFEHTEACRY SETEMT, JF AT RS, AT CAG N sE 2 247 2L, R R Z B AR
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>>> a = Spam('foo")
>>> b = Spam('foo")
>>> a is b

False

>>>
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class Spam:
def __init__(self, *args, **kwargs):
raise RuntimeError("Can't instantiate directly")

# Alternate constructor
@classmethod
def _new(cls, name):
self = cls.__new__ (cls)
self.name = name

WRIFIE R GATE HARNNY, I span._new() REVESLH], MAZEZIM span() MG
PREL:

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, **kwargs):
raise RuntimeError("Can't instantiate directly")

# Alternate constructor
@classmethod
def _new(cls, name):
self = cls.__new__(cls)
self.name = name
return self
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import time
from functools import wraps

def timethis(func):
Decorator that reports the execution time.

@wraps(func)

def wrapper(*args, **kwargs):
start = time.time()
result = func(*args, **kwargs)
end = time.time()
print(func.__name__, end-start)
return result

return wrapper

N T A P AR A A 11



>>> @timethis
. def countdown(n):

Counts down

while n > 0:
n ==

>>> countdown(100000)
countdown ©.008917808532714844
>>> countdown (10000000)
countdown ©.87188299392912

>>>

— AR R, R AR ASEORR

XFEE:

@timethis
def countdown(n):
pass

PRAGT TR AR 5 H SRR — 1

def countdown(n):
pass
countdown = timethis(countdown)

[l = HTHI R AR T

J”Dj@iilf‘ﬁgili’ WEE‘J%%%&&E!ID @staticmethod, @classmethod,@property Jﬁfim%gﬁé

(K. Bilhn, X PN B S

class A:
@classmethod
def method(cls):

pass

class B:

# Equivalent definition of a class method

def method(cls):
pass
method = classmethod(method)
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import time
from functools import wraps
def timethis(func):

Decorator that reports the execution time.

@wraps(func)

def wrapper(*args, **kwargs):
start = time.time()
result = func(*args, **kwargs)
end = time.time()
print(func.__name__, end-start)
return result

return wrapper
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>>> @timethis
. def countdown(n:int):

Counts down

while n > 0:
n -=1

>>> countdown (100000)
countdown ©.008917808532714844
>>> countdown.__name__
'countdown’

>>> countdown.__doc__
"\n\tCounts down\n\t'

>>> countdown.__annotations__
{'n": <class 'int'>}

>>>
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>>> countdown.__name__
'wrapper'
>>> countdown.__doc

>>> countdown.__annotations__

1}

>>>

@wraps A —DEERHEREREERENEYE _wrapped__ BEAEVT R BB R B4

>>> countdown.__wrapped__(100000)
>>>

__wrapped__ JEPEIL AL R BUL B TR Z S E 2. Bl



>>> from inspect import signature
>>> print(signature(countdown))
(n:int)

>>>

— MR I 1R R R AR R IR E R R S AL E R, WREHCT
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>>> @somedecorator
>>> def add(x, y):
return x + vy

>>> orig_add = add.__wrapped__
>>> orig_add(3, 4)

7

>>>
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from functools import wraps

def decoratorl(func):
@wraps(func)
def wrapper(*args, **kwargs):
print('Decorator 1')
return func(*args, **kwargs)
return wrapper

def decorator2(func):
@wraps(func)
def wrapper(*args, **kwargs):
print('Decorator 2")
return func(*args, **kwargs)
return wrapper

@decoratoril

@decorator2

def add(x, y):
return x + vy

T FA1/EPYthon3.3 iR :

>>> add(2, 3)

Decorator 1

Decorator 2

5

>>> add.__wrapped__(2, 3)
5

>>>

T A T/EPYython3.4 T il :

>>> add(2, 3)

Decorator 1

Decorator 2

5

>>> add.__wrapped__(2, 3)
Decorator 2

5

>>>

BaEBEZ, FEARIA PRI EAE A T ewraps , P E 7 RIFA G .
KA, HNERBEMRE @staticmethod Ml @classmethod MUV BAGXNLIE (BN 1HEIRLG
PRE B BT func . ).



] it

PRAEE L] LR 2 S HUN 2 1

filp o 5 %=

FATH — A7 T4 IR T 2 S B RE . REREE — M as, 25 R8s
HEZhRE, i fe v 38 0 ZOn AAR R IE DT, N XA RE A% 1 E SO
NG

from functools import wraps
import logging

def logged(level, name=None, message=None):

Add logging to a function. level is the logging
level, name is the logger name, and message is 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.getlLogger(logname)
logmsg = message if message else func.__name__

@wraps(func)
def wrapper(*args, **kwargs):
log.log(level, logmsg)
return func(*args, **kwargs)
return wrapper
return decorate

# Example use
@logged(logging.DEBUG)
def add(x, y):

return x + y

@logged(logging.CRITICAL, 'example')
def spam():
print('Spam!")

WIERER, XMLIE LRRER, HEZOBRIRA R HBINERIRE logged() 32
RO EAMERAE N BRIt d pR B Bl . WZEHIRREL decorate() #EZ— M RREUEN
S, AR AE R R TCE — At . XA SCHE RO AR R T M AR 4
logged() Eﬁéi%iﬁ@o
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@decorator(x, y, z)
def func(a, b):
pass

AT AL B REER T 18] R FH & S5 R0

def func(a, b):
pass
func = decorator(x, y, z)(func)

decorator(x, y, z) HIREIZIRMIUE—DMATRANR, EEZ - DREUENSHOF A
E, ALBHEQT/N R RIS RS T
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from functools import wraps, partial
import logging
# Utility decorator to attach a function as an attribute 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 name, and message is 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.getlLogger(logname)
logmsg = message if message else func.__name__

@wraps(func)

def wrapper(*args, **kwargs):
log.log(level, logmsg)
return func(*args, **kwargs)

# Attach setter functions
@attach_wrapper(wrapper)
def set_level(newlevel):
nonlocal level
level = newlevel

@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 + vy
@logged(logging.CRITICAL, 'example')

def spam():
print('Spam!")

IR A AT T B ]



>>> 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 Llog Llevel

>>> add.set_level(logging.WARNING)
>>> add(2, 3)

WARNING: __main__:Add called

5

>>>

it

X /N RS E T U R E(UN set_message() I set level() ), EMNIHAENIETER
A, AR nontocel R ISEXER B B0 RE

A — A2 NI B 7 2% U7 7] bR K2 7 22 J2 2 1 3 R A% 3 (0 SRAR I e i 23 A A T
@functools.wraps /fﬁﬁ)o B4, ﬁ%&’f;ﬁ\%lk%ﬁf—/l\%ﬁﬁi%%a EEa19.2/N 5 H i)
@timethis 1%?@337]%

@timethis
@logged(logging.DEBUG)
def countdown(n):
while n > 0:
n -=1

TR IV 1) R K IH AT R

>>> countdown(10000000)

DEBUG:__main__:countdown

countdown ©.8198461532592773

>>> countdown.set_level(logging.WARNING)

>>> countdown.set_message("Counting down to zero")
>>> countdown(10000000)

WARNING: _main__:Counting down to zero

countdown ©.8225970268249512

>>>
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@logged(logging.DEBUG)
@timethis
def countdown(n):
while n > 0:
n -=1

/

A5 FH lambdazR ik Z0ARAD KLk 5 1] B8 0 3% B A [R] 1 4 5 AEL:

@attach_wrapper(wrapper)
def get_level():
return level

# Alternative
wrapper.get_level = lambda: level

A PR ER A R 3 5 X U R R B E IR o B, ARRTRE S 5 RE S A AN ik
BV R e B e, W

@wraps(func)

def wrapper(*args, **kwargs):
wrapper.log.log(wrapper.level, wrapper.logmsg)
return func(*args, **kwargs)

# Attach adjustable attributes
wrapper.level = level

wrapper.logmsg = logmsg
wrapper.log = log

A TTIETT IR TAE, (RAR R S SUE BN R IR a4 1T R i LA
FAMAB AR (LA R TR B rinecnis BF), MAYRRGBURZRYE, HHESCEN]
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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, **kwargs):
log.log(level, logmsg)
return func(*args, **kwargs)

return wrapper

# Example use

@logged
def add(x, y):
return x + y

@logged(level=logging.CRITICAL, name='example")
def spam():
print('Spam!")

ALLER],  @logged HEHMAS A LARIIN Ay S 8ok 240

i

X L B I A ) U A I8 P U B g A — SR R A, 3T 1 SR o R B ik, KB
DREFF R T HE ARG EAN UGB SAL, BA eI 2. HAER
Kb, FATTAT LU AN SAHEGE vl IR AR s, 0BT XA,

@logged()
def add(x, y):
return x+y
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# Example use

@logged
def add(x, y):
return x + y

AN SR T TSR

def add(x, y):
return x + y

add = logged(add)

XA, BRI R B B U R — N S E AL S logged HMMids. L,  logged()
TR N SRR R AR B o B HAl S AR AT BREL

IS AT T X FEAT 2 ) A 1 % -

@logged(level=1logging.CRITICAL, name='example')
def spam():
print('Spam!")

W PP HUER T TS

def spam():
print('Spam!")
spam = logged(level=1logging.CRITICAL, name='example')(spam)

FIAETAH 1ogged() PR, B AEREOFRALIEI K, KRN, BRI AT
W XA R 2B HAR S B E R 7 oRIEE . IFH, (HIXESH Lt
Kg, BAMEREIR E— N2 — DRSS EOFOR BN RS #9500 ) . T IXME
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HE, BTSN S HICEME TR 7. TS H78/NHRINES
partial() JVEAIEIN,
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>>> @typeassert(int, int)
. def add(x, y):
return x + vy

>>>
>>> add(2, 3)
5
>>> add(2, 'hello")
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
File "contract.py", line 33, in wrapper
TypeError: Argument y must be <class 'int'>
>>>

T A FH 2 v s AR SR SE R @typeassert :



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(*args, **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

AT UVE XAt as AR5 Rg, BERTCLRErT S8R, Bl USRIy . JFHA]
DSERUENA EISS: S S e C P TP LR N

>>> @typeassert(int, z=int)
. def spam(x, y, z=42):
print(x, y, z)

>>> spam(1, 2, 3)

123

>>> spam(1, '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'>
>>>
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def decorate(func):
# If in optimized mode, disable type checking
if not __debug
return func

HR, XEIE PR R SHEELHAT T, BAMEH T inspect.signature() B
B WERYE, BRI AN RS E . B

>>> 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 ©x10077a050 'x'>),
('y', <Parameter at 0x10077al158 'y'>), ('z', <Parameter at 0x10077albe 'z'>)]))
>>> sig.parameters['z"'].name

1ot

>>> sig.parameters['z"'].default

42

>>> sig.parameters['z'].kind

<_ParameterKind: 'POSITIONAL_OR_KEYWORD'>

>>>

FAMARIIFLEEL 7>, BAUEH T vind partial() JERPAT TG & KB BN L FRATH 5 55
o NIRRT

>>> bound_types = sig.bind_partial(int,z=int)

>>> bound_types

<inspect.BoundArguments object at ©x10069bb50>

>>> bound_types.arguments

OrderedDict([('x"', <class 'int'>), ('z', <class 'int'>)])
>>>
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>>> bound_values = sig.bind(1, 2, 3)

>>> bound_values.arguments
OrderedDict([('x", 1), ('y', 2), ('z', 3)])
>>>

A5 FH XA W B ATT AT AR s ) S B BRATT ) s i SR AR A

>>> for name, value in bound_values.arguments.items():
if name in bound_types.arguments:
if not isinstance(value, bound_types.arguments[name]):
raise TypeError()

>>>

AL XA T RIEA SN, EXTERMEFSEGFAGEH .. tan N AR ey BLIE
HWTAE, R itemslrI 2 2 AL R 1

>>> @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]
>>>

A — R R T IE A S BN R BUE MR 2 I ig. Bl A& N IIXHES
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@typeassert
def spam(x:int, y, z:int = 42):
print(x,y,z)
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from functools import wraps

class A:
# Decorator as an instance method
def decoratoril(self, func):
@wraps(func)
def wrapper(*args, **kwargs):
print('Decorator 1")
return func(*args, **kwargs)
return wrapper

# Decorator as a class method
@classmethod
def decorator2(cls, func):
@wraps(func)
def wrapper(*args, **kwargs):
print('Decorator 2")
return func(*args, **kwargs)
return wrapper

R T



# As an 1instance method
a = A()
@a.decoratorl
def spam():
pass
# As a class method
@A.decorator2
def grok():
pass

HALEE AT LR B — AR Se B, — 2SR
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TR UG AR I LRI GAR AT IR, (B EhrdEE R H IR 2 IXFEIE . Rl
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getter(), setter(), deleter() ,TF— N HIEENR —/EMMes. Flln.

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
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class B(A):
@A.decorator2
def bar(self):

pass
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import types
from functools import wraps

class Profiled:
def __init__(self, func):
wraps(func) (self)
self.ncalls = 0

def __call__(self, *args, **kwargs):
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)

PRAT DA & Nl A e ok A, 52 B i s b o #8 m BA-



@Profiled
def add(x, y):
return x + y

class Spam:
@Profiled
def bar(self, x):
print(self, x)

FEAZ LIS (R 7 191«

>>> add(2, 3)

5

>>> add(4, 5)

9

>>> add.ncalls

2

>>> s = Spam()

>>> s.bar(1)

<__main__.Spam object at 0x10069e9d0o> 1
>>> s.bar(2)

<__main__.Spam object at 0x10069e9do> 2
>>> s.bar(3)

<__main__.Spam object at 0x10069e9d0> 3
>>> Spam.bar.ncalls

3

it
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>>> s = Spam()
>>> s.bar(3)
Traceback (most recent call last):

TypeError: bar() missing 1 required positional argument: 'x'
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>>> s = Spam()
>>> def grok(self, x):
pass

>>> grok.__get__(s, Spam)
<bound method Spam.grok of <__main__.Spam object at 0x100671e90>>
>>>

_get__ () JTVESEN T ARG E T IERT REERE IEMRIOIE . type.methodType() F-BNAIEH
—ANGRE R . R sl I RHR R e kA St . BRI A kR
R FHEFVIE, A get () HHinstanceZ o ik B HiNone f: B 4]
profiled SEWIARL . XEEMIGIRAIH AT LMHRICE R ncalls JEMET .

0 LR AR G — SR AL, AT LA 34— ME P PR nonlocel S RLSLLIIAENG,
BAE. 5N YRR,

import types
from functools import wraps

def profiled(func):
ncalls = @
@wraps(func)
def wrapper(*args, **kwargs):
nonlocal ncalls
ncalls += 1
return func(*args, **kwargs)
wrapper.ncalls = lambda: ncalls
return wrapper

# Example

@profiled

def add(x, y):
return x + y

XA TT IR HTHIROR I LF—FE, BR TAT ncalls BT IR IAE Rl — NS85 v & 1tk
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>>> add(2, 3)

5

>>> add(4, 5)

9

>>> add.ncalls()
2

>>>
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import time
from functools import wraps

# A simple decorator
def timethis(func):
@wraps(func)
def wrapper(*args, **kwargs):
start = time.time()
r = func(*args, **kwargs)
end = time.time()
print(end-start)
return r
return wrapper

# Class 1illustrating application of the decorator to different kinds of methods
class Spam:
@timethis
def instance_method(self, n):
print(self, n)
while n > 0:
n -=1

@classmethod
@timethis
def class_method(cls, n):
print(cls, n)
while n > 0:
n -=1

@staticmethod
@timethis
def static_method(n):
print(n)
while n > 0:
n -=1

BN JE ISR AT v I AR, RGN 1 Ao i DI feE -

>>> 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

>>>
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class Spam:
@timethis
@staticmethod
def static_method(n):
print(n)
while n > 0:
n -=1

AR 2ARY FHIZANBE KT 5 e AR -

>>> 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
>>>
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from abc import ABCMeta, abstractmethod
class A(metaclass=ABCMeta):
@classmethod
@abstractmethod
def method(cls):
pass

fEiZEﬁfﬁﬁ%EP, @classmethod EE @abstractmethod ﬁﬁ%ﬁﬁﬁﬂﬁF?%%%?t#?{E@, ﬁﬂﬁ%ﬂﬁﬁﬁfﬁﬁz
ATHI A W2 A

.11 % Ui A 9 4 B0 % pR AT in 2 4

7] et



PRAEAERE A4 P 45 B B 3% e U I AN 250, (HRASRERZ XA o8 A 1R TR

LS

R DM O S ORGSR AU I 2 4. 2558 T )R i s«

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, **kwargs)

return wrapper

>>> @optional_debug
. def spam(a,b,c):
. print(a,b,c)

>>> spam(1,2,3)

123

>>> spam(1,2,3, debug=True)
Calling spam

123

>>>
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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")

B2 AR AT LUCKs e B R B A -

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

@optional_debug
def a(x):
pass

@optional_debug
def b(x, vy, z):
pass

@optional_debug
def c(x, y):
pass

XA RZ P UATARE, TR P S HUR B AR N EHE 2 <args A
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>>> @optional_debug
. def add(x,y):
return x+y

>>> import inspect
>>> print(inspect.signature(add))

(x5 y)
>>>

A B AT R PRI A 1] .

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)

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

WX B, RS RS RE LW B R debug ZHURAFAE T HllN:

>>> @optional_debug
. def add(x,y):
return x+y

>>> print(inspect.signature(add))
(x, y, *, debug=False)

>>> add(2,3)

>>>



916N TR E 2 K T REEAE R .

9.12 i Fij e iffi 2 9 7 K A Py e
] 7t

PRAEIE T S 48 B B 5 08 R RABECE AT, (HR AR Ay B A I 4k Kk e e
175 2

(VS

X PR L] BE e R AR B AT A I 1. B, FEE—NES TR T TE
__getattribute__ MIZEEMAS, W UAFTEIHE:

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

# Example use
@log_getattribute
class A:
def __init__(self,x):
self.x = x
def spam(self):
pass

A RCR -

>>> a = A(42)
>>> a.X
getting: x

42

>>> a.spam()
getting: spam
>>>
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class LoggedGetattribute:
def __getattribute__(self, name):
print('getting:', name)
return super().__getattribute__(name)

# Example:
class A(LoggedGetattribute):
def __init__(self,x):
self.x = x
def spam(self):
pass
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class Spam:
def __init__(self, name):
self.name = name

Spam( 'Guido")

Spam('Diana')

W RARBE H € LiX , ARATLLE X —ANJeRIFE S a1l () Hik
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class NoInstances(type):
def __call__(self, *args, **kwargs):
raise TypeError("Can't instantiate directly")

# Example
class Spam(metaclass=NoInstances):
@staticmethod
def grok(x):
print('Spam.grok")

EAERITE, FH P RAE XA RRE S vk, MASRE M I 17 kA e i se sl . 4
un:

>>> Spam.grok(42)
Spam.grok
>>> s = 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
>>>
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class Singleton(type):
def __init__(self, *args, **kwargs):
self.__instance = None
super().__init__(*args, **kwargs)

def __call__(self, *args, **kwargs):
if self.__instance is None:
self. instance = super().__call (*args, **kwargs)
return self._ _instance
else:
return self._ _instance

# Example
class Spam(metaclass=Singleton):
def __init__(self):
print('Creating Spam')

-2 SpamE it A REBIEEME—HYSEB 1, BRI

>>> a = Spam()
Creating Spam
>>> b = Spam()
>>> a is b
True

>>> ¢ = Spam()
>>> a is ¢
True

>>>

B, MRIRAR B 8. 25/ N IR FE R G A7 SE . T T AT T T LI I 0 2R SE I -



import weakref

class Cached(type):
def __init__(self, *args, **kwargs):
super().__init__(*args, **kwargs)
self. cache = weakref.WeakValueDictionary()

def __call__(self, *args):
if args in self.__cache:
return self.__cache[args]
else:
obj = super().__call__(*args)
self.__cache[args] = obj
return obj

# Example
class Spam(metaclass=Cached):
def __init__(self, name):
print('Creating Spam({!r})'.format(name))
self.name = name

SR JE BAAK— T

>>> a = Spam('Guido")

Creating Spam('Guido')

>>> b = Spam('Diana')

Creating Spam('Diana')

>>> ¢ = Spam('Guido') # Cached

>>> a is b

False

>>> a is c # Cached value returned
True

>>>
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class _Spam:
def __init__(self):
print('Creating Spam')

_sSpam_instance = None

def Spam():
global _spam_instance

if _spam_instance is not None:
return _spam_instance
else:
_spam_instance = _Spam()
return _spam_instance
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from collections import OrderedDict

# A set of descriptors for various 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()

TERXASTCRA, PATR RIS F b A5 1 € SON7 24—
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class Structure(metaclass=OrderedMeta):
def as_csv(self):
return ','.join(str(getattr(self,name)) for name in self._order)

# Example 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

PAEAZ B A Il — X > Stockk:

>>> s = Stock('G0O0G',100,490.1)
>>> s.name
'GO0G'
>>> 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'>
>>>
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from collections import OrderedDict

class NoDupOrderedDict(OrderedDict):

def __init__(self, clsname):
self.clsname = clsname
super().__init__ ()

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)

A T A 5 S AT AT L

>>> class A(metaclass=0OrderedMeta):
. 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
>>>

BGIEA —EREE, MEE  new () FETX TR BS L, RER
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class Stock(Model):
name = String()
shares = Integer()
price = Float()
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from abc import ABCMeta, abstractmethod
class IStream(metaclass=ABCMeta):
@abstractmethod
def read(self, maxsize=None):
pass

@abstractmethod

def write(self, data):
pass

SR, A H E SO EATTIE AT AR AR R S T 2L W R PR

class Spam(metaclass=MyMeta, debug=True, synchronize=True):
pass
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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)

it
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class Spam(metaclass=MyMeta):
debug = True
synchronize = True
pass
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>>> from inspect import Signature, Parameter

>>> # Make a signature for a func(x, y=42, *, z=None)

>>> parms = [ Parameter('x', Parameter.POSITIONAL_OR_KEYWORD),
Parameter('y', Parameter.POSITIONAL_OR_KEYWORD, default=42),
Parameter('z', Parameter.KEYWORD_ONLY, default=None) ]

>>> sig = Signature(parms)

>>> print(sig)

(x, y=42, *, z=None)

>>>

—HARE T —MEANE, FRETCMERER bind() HIEIRESTIHEIE R <args
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>>> 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(1, 2, z=3)

x 1

y 2

z 3

>>> func(1)

x 1

>>> func(1, z=3)

x 1

z 3

>>> func(y=2, x=1)

x 1

y 2

>>> func(1, 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(1l, 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

>>>
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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, *args, **kwargs):

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")

TR stock AR

>>> import inspect

>>> print(inspect.signature(Stock))
(name, shares, price)

>>> s1 = Stock('ACME', 100, 490.1)
>>> s2 = Stock('ACME', 100)
Traceback (most recent call last):

TypeError: 'price' parameter lacking default value
>>> s3 = Stock('ACME', 100, 490.1, shares=50)

Traceback (most recent call last):

TypeError: multiple values for argument 'shares'
>>>
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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__ '] = make_sig(*clsdict.get('_fields',[]))
return super().__new__(cls, clsname, bases, clsdict)

class Structure(metaclass=StructureMeta):
_fields = []
def __init__(self, *args, **kwargs):
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']

AEATE E LEA R, KEAAEERERRYE __signature_ FRIEHF RIRA M.

AR, FEMEM inspect BRERIAAT N AU AL RE R BLRE 4 IR E AR NI I 205€

>>> import inspect

>>> print(inspect.signature(Stock))
(name, shares, price)

>>> print(inspect.signature(Point))

(x5 y)
>>>
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class MyMeta(type):
def __new__(self, clsname, bases, clsdict):
# clsname 1s name of class being defined
# bases 1s tuple of base classes
# clsdict 1s class dictionary
return super().__new__(cls, clsname, bases, clsdict)

AR, B it () Tk

class MyMeta(type):
def __init__(self, clsname, bases, clsdict):
super().__init__(clsname, bases, clsdict)
# clsname is name of class being defined
# bases 1s tuple of base classes
# clsdict is class dictionary

N TERIEATEE, IREH ZR R R AT ACSEE S, AR A HAt i S 4k &G A T
WA filhn:

class Root(metaclass=MyMeta):
pass

class A(Root):
pass

class B(Root):
pass

TERM A RBERS R E SCVFIRAE E SUMHEAR BRI N . AEFHTE X _init__ () 7
B, AR DR R B . OIS, JFEH, — BRA uRedRE S 7R
kK, WAk AZIA TP L Bk, —MHEZLHIR B AE KR R 4k R AR &
a4y NSRS E — NI E IR N 1280 5E 3o

RN RN G, FilE X TR, EEEERAREG KNG L 7AENTT
IEHIZEE X (AT RE AR RSB avalg e i A M) -



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): # Ok
pass

class B(Root):
def fooBar(self): # TypeError
pass

RN S AN B, Nl — ek, BRI RIS, iR e iS40
SR RIS THERE MRS EEA



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 %s. %s != %s',

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

WARPRISAT IR BRI, B3 2R X FE R f Y 4

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)

PP E T AE B TR S R bug R AR . B, an R AR AR 1% 3
BTN R TS, AT RS HA 7 B2 5
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# 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 = {
'_init_ ' __init__,
'cost' : cost,

# Make a class
import types

Stock = types.new_class('Stock', (), {}, lambda ns: ns.update(cls_dict))
Stock._ _module__ = _ name__

X A — AN 5, I HAR IR R T AE:

>>> s = Stock('ACME', 50, 91.1)

>>> s

<stock.Stock object at ©x1006a9b10>
>>> s.cost()

4555.0

>>>

ERITEA, A HEBOEE AR T 2 AE I 5E types.new_class() X stock.__module__
MIRME . ROCU— DR E, BN __module  JEMAE T LERIBHRSL . X NLF
MFEE _repr__ ) JiEMEI . ERFOGEHTRZE, WA picke o KL, AT
IEUREVE SR IR 1, AR ZER ORI AN JE It i B AR T

RGN E R T E —ANAFK IS, WTLUEN types.new class() FH=1SHULHLE
Eo Blhn:



>>> import abc
>>> Stock = types.new_class('Stock', (), {'metaclass': abc.ABCMeta},
lambda ns: ns.update(cls_dict))

>>> Stock.__module__ = _ _name__
>>> Stock
<class '__main__.Stock"'>

>>> type(Stock)
<class 'abc.ABCMeta'>
>>>

F=ASHOET U E LA S 7S 5. e, — D3R X T

class Spam(Base, debug=True, typecheck=False):
pass

AR TT ARG LB AT R B new_c1ass() I FHEI:

Spam = types.new_class('Spam', (Base,),
{'debug': True, 'typecheck': False},
lambda ns: ns.update(cls_dict))

new _class() SRVUNSEEMH, T — MRS =S M IS S R R RE. 18
FiE— M E R, (HE SR B prepare_ () HIERFIFMEEXN R, X(E9.14
INTEENEIL T . XAREE B H RIHERE update() VRS A ARG INA .

it

1R 22 I 0 S BE A BT 0 SR IR A Y . A MR 2B+ 2
collections.namedtuple() BRI, f540:

>>> Stock = collections.namedtuple('Stock', ['name', 'shares', 'price'])
>>> Stock

<class '__main__.Stock'>

>>>

namedtuple() T exec() A LM, HRE, Nm@EEd—AM R,
TATHRZG E— 2K



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) }

# 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(1l).f_globals['_ _name__']
return cls

RBA e d - 7 — AP A HESR B, B sys
FIE REER A, o b MERRBEE Y] TAE 215/ NS R A diid .

NIRRT AR A e AR -

>>> Point = named_tuple('Point', ['x"', 'y'])
>>> Point

<class '__main__.Point"'>

>>> p = Point(4, 5)

>>> len(p)

2

>>> p.X

4

>>> pL.y

5

>>> p.X = 2

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

AttributeError: can't set attribute

>>> print('%s %s' % p)

4 5

>>>

._getframe() ﬂ%%&ﬂlﬂ%
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Stock = type('Stock', (), cls_dict)

ﬁﬁﬁ%mﬂ@T?E%%T—%%%*W,%m%%%%@_mmng)ﬁ%%ﬁ
. BISfEH types.new class() , RALARIERTA W)L ZHIE D BRE RS 2IHAT. [k
U, types.new_class() U ZE00 B ok B 52 __prepare__() 07 VIR R T B g o)
%o

RN R PATHER DT, ATLMEH types.prepare_class() - fl:

import types
metaclass, kwargs, ns = types.prepare_class('Stock', (), {'metaclass': type})

Eafad mm%ﬁﬁ%bm __prepare__() Jiik. RIERDICRRAAE N KT S
A, e AL A ) e R

¥ 2 (58, 1§5% PEP 3115, BA & Python documentation.

9.19 752 X HY IR AT 4R A0 2 1 Bl A

7] 7

VRABAE R E LI AT AR AL — 03 RO BRI, AN & 45 B S B G 5
RO S

FESRE N AT WIaa A B B A2 o8 — MR N I . A B3, — ke
FE5E SN el R, XA AT ATRAT — SRR AN 381

AT, MR EIEIRAT col1ections BB 1y 44 To 4L


https://www.python.org/dev/peps/pep-3115/
https://docs.python.org/3/reference/datamodel.html#metaclasses

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)

X B ARG AT L R ST ik T oo A B 454, R s

class Stock(StructTuple):
_fields = ['name’', 'shares', 'price']

class Point(StructTuple):
_fields = ['x', 'y']

R e e A

>>> s = Stock('ACME', 50, 91.1)

>>> s

('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

>>>



K/, 2R structTuplemeta SREXBISRIEME _fietds "FAEMEAL FIIR, REREl]
B 4G R N R ) g ) R e TCAHARE ) TR . BRI operator.itemgetter() BN 4%pR
W, RJE property() BRI AN EIE

ARV fpeHE T ) #8932 RUE A R IR A D BR AT AR Ao structTuplemeta F[H)

_init__ () JERAERANIPOE XA IR s ZEEUEAAE0E L. Skhn
E, ERACHAER T _fields FARERRACHMIPIE XML, M54 EmERIN— s
IR

structTuple FAFN—PMEIEARSE, FHABMAE ARG A ZDRPE __new__ TVE
FRKBER M SH] . XM new (0 FFARRE N, FEZPINEATZZSOCHK)
WS4, A3 AT DG I 0 S AR e bR T T IXA:

Stock('ACME', 50, 91.1) # OK
Stock(('ACME', 50, 91.1)) # Error
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PR _init__ () AFERGE,  _new__() JEESEBIBAIE AP . BT IocH AT E
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http://www.python.org/dev/peps/pep-0422

class Spam:

def

def

bar(self, x:int, y:int):
print('Bar 1:', x, y)

bar(self, s:str, n:int = 0):
print('Bar 2:', s, n)

s = Spam()

s.bar(2,

3) # Prints Bar 1: 2 3

s.bar('hello') # Prints Bar 2: hello @

NHEZEAE B, BT A e SRR A

# multiple.py

import inspect

import types

class MultiMethod:

Represents a single multimethod.

def

def

def

__init__(self, name):
self. methods {}
self.__name__ = name

register(self, meth):

Register a new method as a multimethod

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
__call__(self, *args):

Call a method based on type signature of the arguments



types = tuple(type(arg) for arg in args[1:])
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
if instance is not None:

return types.MethodType(self, instance)
else:

return self

class MultiDict(dict):

Special dictionary to build multimethods in a metaclass
def __setitem__(self, key, value):
if key in self:
# If key already exists, 1t 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):

Metaclass that allows multiple dispatch of methods
def __new__(cls, clsname, bases, clsdict):
return type.__new__(cls, clsname, bases, dict(clsdict))

@classmethod

def __prepare__(cls, clsname, bases):
return MultiDict()

N T ERBEANSE, ARAT DN XA S -



class Spam(metaclass=MultipleMeta):

def

def

bar(self, x:int, y:int):
print('Bar 1:', x, y)

bar(self, s:str, n:int = 0):
print('Bar 2:', s, n)

# Example: overloaded __init__

import time

class Date(metaclass=MultipleMeta):

def

def

__init__(self, year: int, month:int, day:int):
self.year = year

self.month = month

self.day = day

__init__(self):
t = time.localtime()
self. init__ (t.tm_year, t.tm_mon, t.tm_mday)

N AN R BRI IR E BE R 1 TAE:

>>>
>>>
Bar
>>>
Bar
>>>
Bar
>>>

S =
s.b
1:
s.b
2:
s.b
2:
s.b

Spam()

ar(2, 3)

23
ar('hello")
hello ©
ar('hello', 5)
hello 5

ar(2, 'hello')

Traceback (most recent call last):

Fil
Fil

e "<stdin>", line 1, in <module>
e "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'>)

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

2012

# Overloaded __init__

d =

Date(2012, 12, 21)

# Get today's date

e =
e.y

Date()
ear

>>> e.month

12

>>> e.day

3
>>>



HERYE, X FEE AR OA TR TR HBENE. (H2, ikl
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AEIRIERMHAEAR, B8Rz BN s e i LR, s
PRACE MR I R FE TR -

AT SEE B B B LS R AR . mutiplemeta JCRMHEM __prepare_ () J7
RSP —AMMEN muttioict SEEIRHE T XA IE T A — R,
multiDict ZXfEJCERM BB FIRMEAE A 2B OafE, WRAAERNE, ERNTRSE
MultiMethod SEFIHE I

MultiMethod SEAFIIEILAEEE MIRTYRE 44 B pR B WS RIS SR TT iR . FER MR RE Y, B
BOEMRPHRICRIX B LR M RIX AU . XL AEAE multiMethod. register() Jiik
RS IR ) — SRR RUR X T 2 ATNE, T S ECSR ML B E, R
LI

R Tk multivethod SEFIBAL—ANEM, B __cail () FEHESEIL 7. XANTTEMNAT
AHER sier PISHPE AR TTH, ENFHmap R EHLIXNT7E, A5 AN
Ji%e N TR multimethod SEIFEZRE SR IEFRIRAE, _ get () =RMAELIM. E
B R A AR AR GR e J7 . Ehan:

>>> b = s.bar

>>> b

<bound method Spam.bar of <__main__.Spam object at 0x1006a46do>>
>>> b.__self _

<__main__.Spam object at 0x1006a46d0>

>>> b.__func__

<__main__.MultiMethod object at ©x100624d50>
>>> b(2, 3)

Bar 1: 2 3

>>> b('hello")

Bar 2: hello ©

>>>

AR A M SEIUEH BB, Horb— M RER A SR B,

>>> 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'
>>>



WA AR RSN M S Hy, (HRAE R E A AR EBS J7 K.

[F] R

TRETSHHIREBA M. R ESHR S IR, IR SE 2215
FEBGREL 1) R RIRAGALE __ca11__ () TEPR IR

[FIFERT T kAR TR AT BRI A, B, SRACT XA A A G =5 LA

class A:
pass

class B(A):
pass

class C:

pass

class Spam(metaclass=MultipleMeta):
def foo(self, x:A):

JABERN x:a JEMASBERIULES 72K CLLanBRysEED , ik

>>>
>>>
>>>
Foo
>>>
>>>
Foo
>>>
>>>

print('Foo 1:', x)

def foo(self, x:C):

s
a
s
1
d
s
2
b

S

print('Foo 2:', Xx)

= Spam()

= AQ)

.foo(a)

: <__main__.A object at 0x1006a5310>
= C()

.foo(c)

: <__main__.C object at 0x1007al1910>
= B()

.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'>,)

>>>

TR s I TCSRANE AR 1) — R AU 56, AT LB I A 28R SE BRI R - 4



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__

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[1l:])
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

N TR G, IR BRI XS .

class Spam:
@multimethod
def bar(self, *args):
# Default method called if no 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)

IR A7 SRR AT B R B IR (AN SCRERHE T SRR 8O .

else ©
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%% F Guido van Rossumf)iX js % .  Five-Minute Multimethods in Python
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class Person:
def __init__(self, name ,age):
self.name = name
self.age = age

@property
def name(self):
return self. _name

@name.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

@age.setter
def age(self, value):
if not isinstance(value, int):
raise TypeError('age must be an int'")
self._age = value

ATLVER], N T SEOEMEEMRMEAERNS TRZMELZAME. RERLEE 22
XFERAREY, IRERR ZARIME T e . — AT iR Al — A R BT ke g
FEIR Bl . .


http://www.artima.com/weblogs/viewpost.jsp?thread=101605

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

# Example use

class Person:
name = typed_property('name', str)
age = typed_property(‘'age', int)

def __init__(self, name, age):
self.name = name
self.age = age

it

A JATE 7S A 0 B A P B ) — A B R, AR — R B R
typed_property() A LEA FMERIAR, HICE PRI VR R VE IR [BX A&
PEX R A, HE— AR e RIRA%, ORI e BL i A CRS RIS e S0 & 2
—FET . RERYER) getter Ml setter JyiEVTIA ¥ AMAZELN name , expected_type LA
Zi storate_name , ii4‘?EIE?%, iZEEEEE%EGﬁ§é§€%¥?%EEﬂf@ﬁéqﬂo
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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

FEARTT LRI, I3 LA AR BR8. 13/ 11 b (28 R AR Gt i 83 (R A SR 1.
9.22 52 S b 3O B T 5T VA
) 7

R E S RLB—DH R BT SCEBES, DB Hwithif A .

[P

SEIL AN HT B SO BRI R (AT SR TR A contexaib BB
@contextmanager %%?f%&o 7<ﬁﬁﬁ%—‘4\giﬂﬁ]7Tﬁﬁ%tkffﬁﬁlﬂﬁﬁE@J:T:jtﬁ?ﬂﬂﬁiﬁﬂﬁz:

import time
from contextlib import contextmanager

@contextmanager
def timethis(label):
start = time.time()
try:
yield
finally:
end = time.time()
print('{}: {}'.format(label, end - start))

# Example use
with timethis('counting'):
n = 10000000
while n > 0:
n -=1



TERREL timethis() ", yield ZATHRISSAE LI CEHEFIEN _enter_ () FVEIN
1T, FTAETE yield ZJEMIRIBSEN  exit () HHEHAT. MEEI TR, BEe

fEyieldif ) A YU .

MR A EIN SR S E BT SCE RS, SEIL T AR R R IR g

@contextmanager

def list_transaction(orig_list):
working = list(orig_list)
yield working
orig_list[:] = working

X B ) F AR TR SR KB SO H BT A

B NHBADKE R R

>>> 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]
>>>

it

N S,

1Z1758

J I HAS B S s O T~ 4

WHEIEHT, WRES A LN CERAS, RTEE X1, Bmas—14

_enter_ () M/ exit () AV, WHNPTIR:



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))

REXNMWAMT, (HEMEES —NERFEH ocontextmanager VEAR IR EN & L /&
T 3 = ok

@contextmanager MWAZIANH RS BAEH B CEFRE. WRIRE L R (than—
A EEREE), TESCHRE with 18], AR RS enter__ () HVE
%H _exit_ () ji%go

9.23 £ Jm 7 A B 3 T AT LAY
7] &t

PRAEAEAE PV T A AT 2 MRS B, I HA AT IR Pl 25 B0 T L

fir o7
N T EREA R, el — MRy R HE, R R A AT — MU B

>>> a = 13

>>> exec('b = a + 1")
>>> print(b)

14

>>>

W5 FAE A BRECH AT FIFE R AR



>>> 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
>>>

AfPUEH, sJEHE T — NameErrori &, BURTE exec() WEAIMNEPATIE —FE, &
PRABLE S T TS B exec() BATEE RAIEMSH G T .

N TIEIEXHE R R, IR B exec() Z B fdEH locals() R B — B AR
w2 E RN R R OSSR AR R 1.

>>> def test():
a =13
loc = locals()
exec('b =a + 1")

b = loc['b"]
print(b)
>>> test()
14
>>>
i it

EE&%J:X#H: exec() H@IE@%ffﬁﬁf%thiﬁX&Ego j(%giﬁﬁgﬁﬂjt§éﬂ?%g%§ﬂ§fﬁﬁﬁ exec() E@Hﬁ
5, EHRBINBEFARRTR (Hnd&ifmss. e, odEs) .

SR, AERIRUIREAE ] exec() » ATHIH 17— UM LR BN T5%. BRUATE I
Ty exec() RAERAIHE BEAM 2 FVEE ST A, ERBCEm, ik
exec() MIJRERIEHEHE NSCPr )RR B R — 7. PRI, WOR exec() WERIAT
TESERAE, KRB SUR B AR S PR R B A BB A A S . T 7 Ah— AR
ERIIT



>>> def testl():
X =0
exec('x +=1")
print(x)

>>> testl()
0
>>>

EHEARHEE, HURHAM 1ocais() REPURMARER, RIRMFHIRLILEL exec() KR
B AR IAT A ARSI AE, R SRBUE S 7. Rl
o e VNS

>>> 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

>>>

A R )n — P, BRARROR 10 B SUR RIMETEE S X, &I EAE 2
AR

FEAEH] 1ocais() MMM, IRFGEIEZHRIET . SHREEHHIE,  locals() &3k
W=y F A A P OB 78 i 7 R AR S A B TRTE RO T T T A e ) At 4
2



>>> def test3():
X =0
loc = locals()
print(loc)
exec('x +=1")
print(loc)
locals()
print(loc)

>>> test3()

{'x": @}

{'loc': {...}, "x': 1}
{'loc': {...}, '"x': @}
>>>

EREHJA KR 1ocals()  HURFGX A {E A DA 478 o # 1 o

EN 1ocais() BI—MNERFE, IRATUEHRE 7, B ELRIBS exec() - B
.

>>> def test4():
a = 13
loc
glb
exec (' a+ 1', glb, loc)
b = loc['b"]
print(b)

‘a' ta}

{
{3
b =

>>> test4()
14
>>>

KB EO T, ZRTTRMH] exec() MIRESLER. KA 75 BARUE SR A= &R 5 M A e
THARAS V5 e i 2B A6 AK, o

ARl M exec() ZHT, TRATREFRZEN T H O OA HAE R ENATT % K2
HUEOU N BIREFE B exec() MM, A FINELFRIMRRTT S, HInZmE.
. ek, B — e u AR
9.24 fif #r 5 7 #r Python i i5

7] &t
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KB FEFP R FHIEPython fE s T 5 s AT 745 85 B s IRAR S il

>>> eval('2 + 3*4 + x')

56

>>> exec('for i in range(10): print(i)")
0

v O 00 N OV b W N R

N,  ast FRBHAE ML RE Python AD g 12 Bl — AN 4 20 Hr 0 il 8 v
(AST) . #lin:

>>> import ast

>>> ex = ast.parse('2 + 3*4 + x', mode='eval')

>>> ex

<_ast.Expression object at 0x1007473do>

>>> 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="1i"', ctx=Load())], keywords=[], starargs=None,
kwargs=None))], orelse=[])])"

>>>



SRS R EARE O 252, EoRH— RPIASTHT R . 2 Brax L7 £ e 1] £
5@77%Eiﬁﬁ%ﬁ§§(—‘4\tﬁﬁﬂ?ﬁ%é, EEE%?Eé% visit_NodeName() 7?%2, NodeName () EE@E%KEE
PRIBEOGERIIT /e FHAZARZFE—E, 1ok TR 2y ng. e FmERME g

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__ == '__main__
# Some Python code
code = "''

for i in range(10):
print(i)

del i

# Parse into an AST
top = ast.parse(code, mode='exec")

# Feed the AST to analyze name usage
¢ = CodeAnalyzer()

c.visit(top)

print('Loaded:"', c.loaded)
print('Stored:', c.stored)
print('Deleted:', c.deleted)

WRARBAT IR, R4S 3N X FE 40

Loaded: {'i', 'range', 'print'}
Stored: {'i'}
Deleted: {'i'}

B??E, ASTmuﬁﬁ compile() @i&%éﬁl&ﬁ#ﬁfa W”ﬁl]



>>> exec(compile(top, '<stdin>', 'exec'))

O 00 N O U1 A W N PFP O

>>>

it
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# namelower.py
import ast
import inspect

# Node visitor that Llowers globally accessed names 1into
# the function body as Llocal variables.
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("{@} = __globals['{@}"']".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 names into Llocals
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 indented 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)

# Execute 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

N T AR, ARATBUHR T RS -



INCR =1
@lower_names('INCR")
def countdown(n):
while n > 0:
n -= INCR

BN B2 countdown()  BRBEL 5 KA R X AL T

def countdown(n):
__globals = globals()

INCR = __globals['INCR']
while n > 0:
n -= INCR

EVERENIAT, B ikREusirik20%

BUE, IRAEAZENIRITAT R AN EIXA R e ? BiF AN B2, XEEXT
S RO EEIASTERAE L IR A F S S5 1) — MR I T8 75 1

KN T —E activestate HAbHEPython T BT . A FIASTR—AH A
BOURHOER, A MER B, S5 FE W E L 5.

9.25 % f# Python 7 5 5
IF] &t

PRAEERL RS VR ) AR S G 1 AR 2 1) 5 1 R R B B TR R (R AR ML o

[P ES

dis B A] DA SR AT Python R ALY S g 1R 45 L . 1Lt -



>>> def countdown(n):
. while n > O:
print('T-minus', n)
n -=1
. print('Blastoff!")

>>> import dis
>>> dis.dis(countdown)

>>>

i

PR AR ZFIE IR AR P IR R RS AT HURI I AR, dis BEBURIRA M. Eindn SRARAR B
HEAVERERF L. ¢ aisO) BREURHTR R A TR LR B

>>> 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"

>>>

WARRAR B R IX B, IR ZE —281E opcode HABRATE CHIH & B4

>>> ¢ = countdown.__code__.co_code
>>> import opcode

>>> opcode.opname[c[0]]

>>> opcode.opname[c[0]]
"SETUP_LOOP'

>>> opcode.opname[c[3]]
'LOAD_FAST'

>>>

APERIE, 1R dis BERTIFRA RBOEIR AR IE T SR E 5 R B 5. A, T
T AR A2 s bR 80T DA R A6 7 1 B 7 S B 4 ) opeodes FISHL



import opcode

def generate_opcodes(codebytes):
extended_arg = 0
i=09
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)

(EOA DRI

>>> for op, oparg in generate_opcodes(countdown.__code__.co_code):
print(op, opcode.opname[op], oparg)

AT FARDAT NRIE,  ARRT DA Y E 5 A o] PR A 2 40 1 R B8 B0 5185 . R i
FATH — AR ER R A LA

>>> 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 0x10069fed40, file "<stdin>", line 1>
>>> add.__code__ = nc

>>> add(2,3)
Segmentation fault



PRA] DG IX RETE R AH R 2 it . IS, W95 8 AT A oo A2 T B AR b1k
gF, AT RE R T EE T E . AN RE R T XA BRI . RIER]
PLS 2 A — AN LRI . this code on ActiveState

HrE: HRE5E

B 5 G RATATT K I FR P %, BEPython ZH R 7 AR B 2 — M. A3 5 00 )
A FAEHA T I RIEEOR, Flananf 2360, U RBRER B2 A SCfE . Gl ar 4
Dl R, W TR E E SCRATE R RS .

Contents:

10.1 R — LB = 20
7] el

VRS UR AR 2L 2Rk FH AR 22 70 R A B A £

[P ES

FE LR IR T . 0 R G EHSURIANES, RSN EREE XL T D
_init__py>3(f. faltm:

graphics/

__init__.py

primitive/
__init__.py
line.py
fill.py
text.py

formats/
__init__.py
png.py
jprg.py

— BHARE) 71X — R ARNZBEW AT & Flimportif &), W1

import graphics.primitive.line
from graphics.primitive import line
import graphics.formats.jpg as jpg


http://code.activestate.com/recipes/277940-decorator-for-bindingconstants-at-compile-time/

e

TE SRR B IR G AR SO R G BT B S5 —RER S . U _init_py ) H /&
BAEAFZBIT I AN RGNS . 25, WERARIAT T E A import
graphics, X ffgraphics/_init__py¥#i 5 N\, &1 graphicsty 4 = HIFT A & . & import

graphics.format.jpgiX £ 5 A\, Xf4graphics/_init__.py 1314
graphics/graphics/formats/_init__.py# & 3 ff:graphics/formats/jpg.py A Z Bl S A\

Y R I il _init_py S BAF . HRA EAHL NI RER S A, 20T,
init__pyREHE HI ok B 2 in 7 i

# graphics/formats/__init__.py
from . import jpg
from . import png

XA P a] UAGE i import grahpics.formats k4t & import
graphics.formats.jpgPl AZimport graphics.formats.png.

_init_py I HARE A 2SS IR B AN ey 4 2518, SORAE10.4/ 8T

3
BOBLIORR R B L, BT _init_py SCIEAZAE, pythontisker S AL, WIRAREEA
RESL_init_pyHf, SbR LG T AT A, IREAE105 M. T
S, ARG TR AHRNIE, B5 A _init_py LA,

10.2 7 ] B2 B4 4 3 N I Py 2%

7] et

244 Fl"from module import * iE ]I, iy SR ML B B0 3 Y AOAT S AT AE W R

3V VES
TEAR PR 5 SC—AN 5 all_ SRS H 75 22 5 A 2

ZEAM) -



# somemodule.py
def spam():
pass

def grok():
pass

blah = 42
# Only export 'spam' and 'grok'
_all__ = ['spam', 'grok']

i

&R F S d H ‘from module import ™, (2 75 7€ X T K EAR & 44 B B rp S 2 AE H
UTRARAMEATAT S, IXFER SNBSS ANITE AL IR L. B— 7 mERE LT
_all_ I HE A IR TS 3 H

WRARK _all_ @ US— N2 R, WA R S . iR _all_ & ke aT 1E
5 \B 5] #AttributeError.

10.3 i AR B8 42 44 SN b 7

] L

AR LG, A8 Flimport i ) A5 — M 44 A RT3 1 1 7 3 N TR
RIS

fERE A SN, AN SN R — M 55— A 250517, RIEAEIRIT ST
1+ %%t A mypackagetd, HZUWIT:

mypackage/

__init__.py

A/
__init__.py
spam.py
grok.py

B/
__init__.py
bar.py

R Hemypackage. Aspam® 3 A [F] H 3% R #tgrok, & MNiZEFEFimporti&a) an



# mypackage/A/spam.py
from . import grok

R Hemypackage. A.spam® A ANE H 3% T I ELB.bar, & NiZf# H importiE &) i
T

# mypackage/A/spam.py
from ..B import bar

PN import i AR ETZE 04, e 1 spam.py FIAHXS 812 .

i

FERA, BERT L AR B AR AT A FH 28X AR N . 2801

# mypackage/A/spam.py

from mypackage.A import grok # OK
from . import grok # OK

import grok # Error (not found)

& mypackage AIX 5 FH 48 X6 1% 42 44 AN R 2 Ak A2 3R Tl J2= B0 44 6 g ) IR IR s R . 4
BARMEEFHLRE, RO EN, BAETE. 2405071, RIS 7 a4, Fik
AR BT BT A SCHFRAB TEJRAS . [FIRE, BRS04 PR 2R AL AR 1S R A . 284451
¥+, WA NB RN R, H@Ed AR AT R S
N, IB—PI#lok, AR 465 B A5 4 AR AT RE 2 HY Il i

importiB&J [y . U EEKRIERE, HEfEE H XL N4 H=%, BNHZ./B. XFh
L & Fimport. 28911

from . import grok # OK
import .grok # ERROR

RO A AR5 N AR B SOPE R, AE R R A5 SR H 2 5h. At
4 P 5 RS SR M R 00 b B N 0] R



e, MR ARG TSGR AR JCHEAE TR I BAS (i fpsiterh, B4
R AERIEH . WROKE D BA IR BT, AEA TR AR -

% python3 mypackage/A/spam.py # Relative imports fail

A7, WERARE A Python F-mik DR PAT L BT BIAS, #8X S NE 2 IEfiziT. #l
.

% python3 -m mypackage.A.spam # Relative imports work

S (AR 5B SR I PEP 328.
10.4 R A5 7y 1 B 22 A LA
] /&t

PRAERE— P RIS S (ESRARA R 70 BSOS — il — M AR N i O
AR 2R

S
R A AT LE i 28 Bl ok B2 NS SO o 25 R TR T ] B AR B

# mymodule.py
class A:
def spam(self):
print('A.spam')

class B(A):
def bar(self):
print('B.bar")

&R mymodule.py 2 AT U, BN E X— 5. BRI —5, B
mymodule H 53k & #: S mymodule.py. XiXANHFET, AL T S0


http://www.python.org/dev/peps/pep-0328

mymodule/
__init__.py
a.py
b.py

fEa.py A B A LA AGHS:

# a.py
class A:

def spam(self):
print('A.spam")

Eb.py XA H4E N BA ALY

# b.py
from .a import A

class B(A):
def bar(self):
print('B.bar")

S, 76 _init_py s, B2 SOIRR A 7 —

# __init__.py
from .a import A
from .b import B

IR AZ IRIX LR, B A B MyModuledf A Dy — A B — H R A .

>>> import mymodule
>>> a = mymodule.A()
>>> a.spam()

A.spam

>>> b = mymodule.B()
>>> b.bar()

B.bar

>>>

i



FEIXAS B o (Y R ) U — itk e, AERE AR R 2 MR e A —
SR AT, AR RB AR, AR DR DI 0 S S i S, AR
FUS K EWimportig f), HFIX

from mymodule.a import A
from mymodule.b import B

XAERE AR, HIXIEM AR EZ R 5EE, P EREE A E BB L T Ak 3l
T, Rrxegi ik, i —Zimporti EINE 5, wARIXFE:

from mymodule import A, B

XEHIE . ikmymodulesfohy— AR IPE AR iR H L. B, X235 s 17w
BN EIFR— D HR—EE A e XAl M H S, fEH
_init_py MCRAGRE AL S A

MR E], RS BRI SR 44 . 284007, R —F T, B3K
i BT ARIE NS A RIAIR 2 from .aimport A R3RHL.

B FEATHRAL A AT T N ORBE G THUZ AR e 44 A 2 B 2SR o {45 2 i 44 B
E R EBE B EE R Y. (H10.3/h1)

TENRX— B HIE, R AEE A WEPR, _init_py XX/ —IRSAIH LT

AR, BN T—/MEKIREE, TR RABA A SN g k. BB — &,
_init__.pyH 40 AE 4L .

# __init__.py

def A():
from .a import A
return A()

def B():

from .b import B
return B()

FERAMRCA Y, ZRARIZE B 4 (R 58— U7 [l IR 5 2R s . xF TR, X
ERRANSARKKIIAR . Fh.



>>> import mymodule
>>> a = mymodule.A()
>>> a.spam()

A.spam

>>>

JEIR DN 22 R R AR SRS & T e TP . AR RE A SSCR IR ARAS, il an:

if isinstance(x, mymodule.A): # Error

if isinstance(x, mymodule.a.A): # Ok

FEIR HNAR (1) B 52 1, WARHEE multiprocessing/_init__py [R5 D,

10.5 F Fl i 44 22 18] 3 N\ H 5% 20 U GRS
7] &t

PRATREAT RS, BRI AR SOt ged . A0 A S0, n—A
Bl SR, URAY EE R LR A BRSO I A AR, AN — AR A E AL )

S

MAJg B, VREE LA T Pythontd, {EN— N REE I IF4E TR Ao 44 25 1] o
XA i R IR R R S AR AR HEZRTF R 3 A B Sl FH P 5 A i A s L

G AFR)H R G AR 4% 22 18], (E 2 20 25 R R LR SR A _init_py
A ABRBEURA PythonfURS Y S AN A H s R

foo-package/
spam/
blah.py

bar-package/
spam/
grok.py



X2 H B, #6 B 64 25 Alspam. AR —ANH & BE%A _init_py .

RNIEE, ¥ foo-packagefiibar-package#i i & pythonti ik 14 3 22k AN KA
4

>>> import sys

>>> sys.path.extend(['foo-package', 'bar-package'])
>>> import spam.blah

>>> import spam.grok

>>>

PN F A H #9588 —iE, IR7] LS Aspam.blahflispam.grok, Ff H. '&A15844 T
k.

i

FEIX B AR O i 44 25 18] [0 —NMRFIE . AR o, B 44 1A & — FhRs Ik
FIBEPR BT, N EIFANFER) B S HACRS 2 — AN LR B a2 2w X FRRIHESE, Xl RE R
A, BOAE OV — AN HEZE B8 70 i Bt 22206 TR . e A AATTRERS AR bt g XA G
HE 2R 55 55 =7 IR A A g e

B iy 4 725 18] F S B R B DR TR H s TP _init_py S SRAE AL A di 44 45 A) . Rk
_init_py XCAHERAE S AN RIS R AER B FN: XIFBCA AR, RS A
T A WA RS LA A H R AL PR . FrPR A i 44 22 el A gl ) e, R H
KANRBNAY AT _path_A&Erh. 28411

>>> import spam

>>> spam.__path__

_NamespacePath(['foo-package/spam', 'bar-package/spam'])
>>>

FEEN T, H 3 _path R4 HI 20(B1 0, 24 5 A spam.grokal # spam.blah 1
).

i 4 2 ) 1) — A BB AT A HR AT DU B CRARR R e dn 4 S0 25015, 1]
BURE SRS H SRR



my-package/
spam/
custom.py

AR ARRE VR AOARRS B SANAR G — A N #sys.path, R IE4EH & I 215! fIspam 0 H 5%
.

>>> import spam.custom
>>> import spam.grok
>>> import spam.blah
>>>

— MR EBWAE AN DML AN R E LRGSR file @M. KA, BEREA
. X W] ULl E R IE A i “namespace” X AN KRB H R

>>> spam.__file__
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
AttributeError: 'module' object has no attribute '__file '
>>> spam
<module 'spam' (namespace)>
>>>

B Z 0 44 25 [R5 B A LLEY & PEP 420.
10.6 H 8T N # A Bk
lia] 785t

PRAEEDFINE D2 R, O IR HIRAS AT 1B

[V ES

fit Flimp.reload () k FUH N2 e N B I B . 28901


https://www.python.org/dev/peps/pep-0420/

>>> import spam

>>> import imp

>>> imp.reload(spam)

<module 'spam' from './spam.py'>
>>>

it

EBT B BAE T R AN G AR W HARAT o (EAEAE AR RS 2 A 24,
NEFFA S RGBT R AR AR

reload() 5 1 AHURZ I N A, I8 I AT RS AR R IBIH B . BRI R
AEE S IRFFAZ . B, BB A Qe N T 5 58T 1.

JUEIN, reload() %7 5 #1% " from module import name”iX £ 8 FH importiZ ) S\ [F) &
Mo 2

# spam.py
def bar():
print('bar")

def grok():
print('grok")

BHE RS B R

>>> import spam

>>> from spam import grok
>>> spam.bar()

bar

>>> grok()

grok

>>>

AR Pythonf& tiispam.py FIVETS, K grok() B B el i £ -

def grok():
print('New grok')
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>>> import imp

>>> imp.reload(spam)

<module ‘spam' from './spam.py'>
>>> spam.bar()

bar

>>> grok() # Notice old output

grok

>>> spam.grok() # Notice new output
New grok

>>>

FERXAGI T, R BT 2 AR R grok() B AU I, B H R, IXASEIRARER, 1
R NI

DRIk, AR A= A5 P AT RE 7 20 S BTN AR B . AEAZ AT MR, R TR
e

10.7 iz 17 H = 8 & 48 A
7] 5

T e NEIRNIA R K2 A SN R . AR — e Ak il P ists
FEFF o

i o7 =

WARVRHIN AR Sy 230, URAT DAEAR I MRS 7 I8t e B 2 H s Ifdsm—A4>
_main_py3Xff. #AT, JRATMBIXFEEIE H 3¢

myapplication/

spam.py
bar.py

grok.py
__main__.py

W __main_.py 77E, RA] LA FRHBAETIZR H Ski8 1T Python B4 «

bash % python3 myapplication
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bash % 1s

spam.py bar.py grok.py _ _main__.py
bash % zip -r myapp.zip *.py
bash % python3 myapp.zip

.. output from __main__.py ...

AR

B g — H st mlzip A IR IN__main_py XA R —AN B K I Python B FH 47 A0 42 il 47
(o IXAIE AR UE L 2238 B Python E ARG 2 5 — A X A . Mk, X HZiERA
PATHIARAD A

W1 T H S zip 35 IR 5 SO — mARE, IR] B IE =5 2N —shell A, {EHAT
It by Biltn, GnRAES SR 4 ymyapp.zip, R AT LGSR — AN TR A

#!/usr/bin/env python3 /usr/local/bin/myapp.zip

10.8 52 B A7 T8 v ) 203 S A
i) 85

PRIV R AR R BRI R SO o R 22 R AT et FH e (R 1) 7 ORI 1 55

it o7 S
TERBE R B A B SR T

mypackage/
__init__.py
somedata.dat
spam.py
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# spam.py
import pkgutil
data = pkgutil.get_data(__package__, 'somedata.dat')

FL I A 0 A B B 2 SO (R B 0 A 2 ) 3 P AT S

it

FELHUECE SO, AR AT RE 2 BT T4 S A8 N B 1 OZhRERIAAS, lopen(). {HZiXFh
JRERA — LA

B, M ERERR I AT DA H LA R M, gaFER AR T 1/ OFR 4R 2
UE AR SO 4 . TR MR S e BRI _file_ AR, XFIEREMBREANL
ATTRE, HERERL.

B, WIEHE R N zipaliegg A, XEESHBICIE ARG RN EE H AR

BeORE . L, IR H open ()X — A & Bt SCPF IS SCAFE T80, EIRA A T
(=8

pkgutil.get_data() s K& — MR PUEE SRR g TR, ANHVE AR W) 222 A S 2 e e
o e WU AR R SO 2 L7 1 54 R AR [l 25

get data()HIE— N SE 2B H AN H . IR NEZAHA4, e DR RT
h, Hin_package o ZE = ANSERAN I PR anEALE, W] DS AR
I Unixdn 4 VG 2IA R H 3%, HA 5 B H AR A e

10.9 ¥4 304 % hn A\ i sys.path

7] it

TRIGIE AR Python U IR N & T AE 1) H AN fEsys.path L. ARAER IR I H % 2
Pythonitgfe, {H& AREREHEE BIIRHARHD .
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bash % 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', ...]

>>>

£ HE XN AR XA AR f ] AR R 77 R Bl I e B i i shel lIAIAS .

B MOTRRAE A pth3C K ARk, RIXFE

# myapplication.pth
/some/dir
/other/dir

XA pth SO 55 BEE 24N Python ) site-packages H 3%, % A7
T+/usr/local/lib/python3.3/site-packages 5 ~/.local/lib/python3.3/sitepackages. 4%
RSB BNNS,  pthCfF A% R IARAE T 35X R G0 H SR N Bsys.path. 223é—
AN pthSCAF AT RE 75 28 B AR, G SR eI B R AL P Python i B2 -

i

PR % T3tk SO, ARAT BE A T 5 MU T 3h i Y sys.path R i 4:

import sys
sys.path.insert(9, '/some/dir")
sys.path.insert(9, '/other/dir")

HARRRE TR, ERAKET NG, MRERRMEM. XMIENEL, B H
KA AS ] 7RI WARARAI RSB 2L E, X P RLET . AP
R ARAEAMESIEAAS A IEOL N, Kepathfic & 2 H A T o R S8 P A HR 2 1) AR B MOk
OAIE MG AR B, AT UK DU A gt H i, bt file_. 25
I



import sys
from os.path import abspath, join, dirname
sys.path.insert (9, abspath(dirname('__file__ "), 'src'))

KoRtsrcH kN #path B, FAIHATHA D RS R — 4> B 3B,

site-packages H 5 /& 25 = A AR 22235 1 B 3% . W RAR T2 2R, et 223
Fl|site-packages H 3t . HIR.pth - Hc & ) path24 2 Hi Bl 7E site-packages B, {HACHS AT LL
ERG PATATRRE R H 3. Rk, AR CLEARARIS AE — RAUA R H 3, R EHLL
H B & 1E.pth3 4 5.

10.10 & i 457 5 24 S A B
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S

fit Flimportlib.import_module() 58 £k T3 5 A4 7 5 4745 83 28 H 0 — R Bl B i) —
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>>> 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 H J2& & # i AT FlimportAH [R] 120 B8, (H& R [B] A2 st 5. R R TR
PO HATEE — A&, ARG IE R I — R .

IR IR IEAELE IR, import_module() 2 rT HI AR AN HE, IRFHELSE—DFSH
HIZ%. #iltn.

import importlib
# Same as 'from . import b’
b = importlib.import_module('.b', __ package__)
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You would like to customize Python’s import statement so that it can transparently load
modules from a remote machine.

filt o5 %

First, a serious disclaimer about security. The idea discussed in this recipe would be wholly
bad without some kind of extra security and authentication layer. That said, the main goal is
actually to take a deep dive into the inner workings of Python’s import statement. If you get
this recipe to work and understand the inner workings, you'll have a solid foundation of
customizing import for almost any other purpose. With that out of the way, let’s carry on.

At the core of this recipe is a desire to extend the functionality of the import statement.
There are several approaches for doing this, but for the purposes of illustration, start by
making the following directory of Python code:

testcode/
spam.py
fib.py
grok/
__init__.py
blah.py

The content of these files doesn’t matter, but put a few simple statements and functions in
each file so you can test them and see output when they’re imported. For example:



# 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/__1init__.py
print("I'm grok._ _init_ ")

# grok/blah.py
print("I'm grok.blah")

The goal here is to allow remote access to these files as modules. Perhaps the easiest way to
do this is to publish them on a web server. Simply go to the testcode directory and run
Python like this:

bash % cd testcode
bash % python3 -m http.server 15000
Serving HTTP on ©0.0.0.0 port 15000 ...

Leave that server running and start up a separate Python interpreter. Make sure you can
access the remote files using urllib. For example:

>>> 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)
>>>



Loading source code from this server is going to form the basis for the remainder of this
recipe. Specifically, instead of manually grabbing a file of source code using urlop en(), the
import statement will be customized to do it transparently behind the scenes.

The first approach to loading a remote module is to create an explicit loading function for
doingit. For example:

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

This function merely downloads the source code, compiles it into a code object using
compile(), and executes it in the dictionary of a newly created module object. Here’s how
you would use the function:

>>> fib = load_module('http://localhost:15000/fib.py")

I'm fib

>>> fib.fib(10)

89

>>> spam = 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’'>
>>>

As you can see, it “works” for simple modules. However, it’s not plugged into the usual
import statement, and extending the code to support more advanced constructs, such as
packages, would require additional work.

A much slicker approach is to create a custom importer. The first way to do this is to create
what’s known as a meta path importer. Here is an example:



# 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' % url)
u = urlopen(url)
parser = LinkParser()
parser.feed(u.read().decode('utf-8"))
except Exception as e:
log.debug('Could not get links. %s', e)
log.debug('links: %r', links)
return links

class UrlMetaFinder(importlib.abc.MetaPathFinder):
def __init__(self, baseurl):
self. baseurl = baseurl
self. _links = { }
self. loaders = { baseurl : UrlModulelLoader(baseurl) }
def find_module(self, fullname, path=None):
log.debug('find_module: fullname=%r, path=%r', fullname, path)
if path is None:
baseurl = self._baseurl
else:
if not path[@].startswith(self._baseurl):
return None
baseurl = path[9]
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 1if it's a package

if basename in self._links[baseurl]:
log.debug('find_module: trying package %r', fullname)
fullurl = self._baseurl + '/' + basename
# Attempt to load the package (which accesses __1init__.py)



loader = UrlPackagelLoader(fullurl)
try:
loader.load_module(fullname)
self._links[fullurl] = _get_links(fullurl)
self. loaders[fullurl] = UrlModulelLoader(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 %r 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>"' % (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 %r', filename)
if filename in self._source_cache:
log.debug('loader: cached %r', 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(UrlModulelLoader):
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 Lloader
_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('%r 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('%r removed from sys.meta_path', finder)

Here s an interactive session showing how to use the preceding code:



>>> # 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’

>>>

This particular solution involves installing an instance of a special finder object UrIMe
taFinder as the last entry in sys.meta_path. Whenever modules are imported, the finders in
sys.meta_path are consulted in order to locate the module. In this example, the
UrlMetaFinder instance becomes a finder of last resort that’s triggered when a module can’t
be found in any of the normal locations.

As for the general implementation approach, the UrIMetaFinder class wraps around a user-
specified URL. Internally, the finder builds sets of valid links by scraping them from the
given URL. When imports are made, the module name is compared against this set of known
links. If a match can be found, a separate UrIModuleLoader class is used to load source code
from the remote machine and create the resulting module object. One reason for caching
the links is to avoid unnecessary HTTP requests on repeated imports.

The second approach to customizing import is to write a hook that plugs directly into the
sys.path variable, recognizing certain directory naming patterns. Add the following class
and support functions to urlimport.py:

# 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: %r', fullname)
parts = fullname.split('.")



basename = parts[-1]

# Check Link cache

if self._links is None:
self._links
self. links = _get_links(self._baseurl)

[1 # See discussion

# Check 1if it's a package
if basename in self._links:
log.debug('find_loader: trying package %r', fullname)
fullurl = self. baseurl + '/' + basename
# Attempt to load the package (which accesses __1init__.py)
loader = UrlPackagelLoader(fullurl)
try:
loader.load_module(fullname)
log.debug('find_loader: package %r loaded', fullname)
except ImportError as e:
log.debug('find_loader: %r 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 %r found', fullname)
return (self._loader, [])

else:
log.debug('find_loader: module %r not found', fullname)

return (None, [])

def invalidate_caches(self):
log.debug('invalidating link cache")
self._links = None

# Check path to see if it Llooks Llike a URL
_url _path_cache = {}

def

def

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)

install_path_hook():
sys.path_hooks.append(handle_url)
sys.path_importer_cache.clear()
log.debug('Installing handle_url'")

remove_path_hook():
sys.path_hooks.remove(handle_url)
sys.path_importer_cache.clear()
log.debug('Removing handle_url")



To use this path-based finder, you simply add URLs to sys.path. For example:

>>> # Initial import fails
>>> 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 fail (not 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 it work
>>> import sys

>>> sys.path.append('http://localhost:15000")
>>> import fib

I'm fib

>>> import grok.blah

I'm grok._ _init__

I'm grok.blah

>>> grok.blah.__file _
"http://localhost:15000/grok/blah.py’

>>>

The key to this last example is the handle_url() function, which is added to the
sys.path_hooks variable. When the entries on sys.path are being processed, the functions in
sys.path_hooks are invoked. If any of those functions return a finder object, that finder is
used to try to load modules for that entry on sys.path.

It should be noted that the remotely imported modules work exactly like any other module.
Forinstance:



>>> 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)
>>>

it

Before discussing this recipe in further detail, it should be emphasized that Python’s
module, package, and import mechanism is one of the most complicated parts of the entire
language—often poorly understood by even the most seasoned Python programmers
unless they’'ve devoted effort to peeling back the covers. There are several critical
documents that are worth reading, including the documentation for the importlib module
and PEP 302. That documentation won'’t be repeated here, but some essential highlights
will be discussed.

First, if you want to create a new module object, you use the imp.new_module() function.
For example:

>>> import imp

>>> m = imp.new_module('spam')
>>>m

<module 'spam'>

>>> m.__name__

'spam’

>>>

Module objects usually have a few expected attributes, including _ file_ (the name of the
file that the module was loaded from) and __package__ (the name of the enclosing package, if
any).


https://docs.python.org/3/library/importlib.html
http://www.python.org/dev/peps/pep-0302

Second, modules are cached by the interpreter. The module cache can be found in the
dictionary sys.modules. Because of this caching, it's common to combine caching and
module creation together into a single step. For example:

>>> import sys

>>> import imp

>>> m = sys.modules.setdefault('spam', imp.new_module('spam'))
>>>m

<module 'spam'>

>>>

The main reason for doing this is that if a module with the given name already exists, you'll
get the already created module instead. For example:

>>> 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

>>>

Since creating modules is easy, it is straightforward to write simple functions, such as the
load_module() function in the first part of this recipe. A downside of this approach is that it
is actually rather tricky to handle more complicated cases, such as package imports. In order
to handle a package, you would have to reimplement much of the underlying logic that’s
already part of the normal import statement (e.g., checking for directories, looking for
_init__py files, executing those files, setting up paths, etc.). This complexity is one of the
reasons why it’s often better to extend the import statement directly rather than defining a
custom function.

Extending the import statement is straightforward, but involves a number of moving parts.
At the highest level, import operations are processed by a list of “meta-path” finders that
you can find in the list sys.meta_path. If you output its value, you'll see the following:

>>> from pprint import pprint

>>> pprint(sys.meta_path)

[<class '_frozen_importlib.BuiltinImporter'>,
<class '_frozen_importlib.FrozenImporter'>,
<class '_frozen_importlib.PathFinder'>]

>>>



When executing a statement such as import fib, the interpreter walks through the finder

objects on sys.meta_path and invokes their find_module() method in order to locate an

appropriate module loader. It helps to see this by experimentation, so define the following

class and try the following:

>>> class Finder:

def

find_module(self, fullname, path):
print('Looking for', fullname, path)
return None

>>> import sys

>>> sys.meta_path.insert(@, Finder()) # Insert as first entry

>>> import math

Looking for math None

>>> import types

Looking for types None

>>> import threading

Looking
Looking
Looking
Looking
Looking
Looking
>>>

for
for
for
for
for
for

threading None
time None
traceback None
linecache None
tokenize None
token None

Notice how the find_module() method is being triggered on every import. The role of the

path argument in this method is to handle packages. When packages are imported, it is a list

of the directories that are found in the package’s __path__attribute. These are the paths that

need to be checked to find package subcomponents. For example, notice the path setting

for xml.etree and xml.etree.ElementTree:

>>> import xml.etree.ElementTree

Looking
Looking
Looking
Looking
Looking
Looking
Looking
Looking
Looking
Looking
Looking
>>>

for
for
for
for
for
for
for
for
for
for
for

xml None

xml.etree ['/usr/local/lib/python3.3/xml"]
xml.etree.ElementTree ['/usr/local/lib/python3.3/xml/etree’]
warnings None

contextlib None

xml.etree.ElementPath ['/usr/local/lib/python3.3/xml/etree"']
_elementtree None

copy None

org None

pyexpat None

ElementC14N None

The placement of the finder on sys.meta_path is critical. Remove it from the front of the list

to the end of the list and try more imports:



>>> del sys.meta_path[0]

>>> sys.meta_path.append(Finder())
>>> import urllib.request

>>> import datetime

Now you don'’t see any output because the imports are being handled by other entries in
sys.meta_path. In this case, you would only see it trigger when nonexistent modules are
imported:

>>> 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'’
>>>

The fact that you can install a finder to catch unknown modules is the key to the
UrlMetaFinder class in this recipe. An instance of UrIMetaFinder is added to the end of
sys.meta_path, where it serves as a kind of importer of last resort. If the requested module
name can’t be located by any of the other import mechanisms, it gets handled by this finder.
Some care needs to be taken when handling packages. Specifically, the value presented in
the path argument needs to be checked to see if it starts with the URL registered in the
finder. If not, the submodule must belong to some other finder and should be ignored.

Additional handling of packages is found in the UrlPackagelLoader class. This class, rather
than importing the package name, tries to load the underlying __init__.py file. It also sets the
module _path__attribute. This last part is critical, as the value set will be passed to
subsequent find_module() calls when loading package submodules. The path-based import
hook is an extension of these ideas, but based on a somewhat different mechanism. As you
know, sys.path is a list of directories where Python looks for modules. For example:



>>> 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/python3.3/1ib-dynload’,
'/usr/local/lib/...3.3/site-packages']
>>>

Each entry in sys.path is additionally attached to a finder object. You can view these finders
by looking at sys.path_importer_cache:

>>> 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('...python3.3/1lib-dynload"),
'/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 tends to be much larger than sys.path because it records finders
for all known directories where code is being loaded. This includes subdirectories of
packages which usually aren’t included on sys.path.

To execute import fib, the directories on sys.path are checked in order. For each directory,
the name fib is presented to the associated finder found in sys.path_im porter_cache. This is
also something that you can investigate by making your own finder and putting an entry in
the cache. Try this experiment:



>>>

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 (@, 'debug'")

import threading

Looking for threading

Looking for time

Looking for traceback

Looking for linecache

Looking for tokenize

Looking for token

>>>

Here,
as thefirst entry on sys.path. On all subsequent imports, you see your finder being
triggered. However, since it returns (None, []), processing simply continues to the next
entry.

The population of sys.path_importer_cache is controlled by a list of functions stored in
sys.path_hooks. Try this experiment, which clears the cache and adds a new path checking

you've installed a new cache entry for the name debug and installed the name debug

function to sys.path_hooks:

>>>
>>>

>>>
>>>

sys.path_importer_cache.clear()

def check_path(path):
print('Checking', path)
raise ImportError()

sys.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/python3.3/1ib-dynload

Checking

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'’

>>>

/Users/beazley/.local/lib/python3.3/site-packages



As you can see, the check_path() function is being invoked for every entry on sys.path.
However, since an ImportError exception is raised, nothing else happens (checking just
moves to the next function on sys.path_hooks).

Using this knowledge of how sys.path is processed, you can install a custom path checking
function that looks for filename patterns, such as URLs. For instance:

>>> 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>

>>>

This is the key mechanism at work in the last part of this recipe. Essentially, a custom path
checking function has been installed that looks for URLs in sys.path. When they are
encountered, a new UrlPathFinder instance is created and installed into
sys.path_importer_cache. From that point forward, all import statements that pass through
that part of sys.path will try to use your custom finder.

Package handling with a path-based importer is somewhat tricky, and relates to the return
value of the find_loader() method. For simple modules, find_loader() returns a tuple (loader,
None) where loader is an instance of a loader that will import the module.

For a normal package, find_loader() returns a tuple (loader, path) where loader is the loader
instance that will import the package (and execute __init__.py) and path is a list of the
directories that will make up the initial setting of the package’s __path__attribute. For
example, if the base URL was http://localhost: 15000 and a user executed import grok, the
path returned by find_loader() would be [ ‘http://local host:15000/grok’ ].

The find_loader() must additionally account for the possibility of a namespace package. A
namespace package is a package where a valid package directory name exists, but no
_init__py file can be found. For this case, find_loader() must return a tuple (None, path)
where path is a list of directories that would have made up the package’s __path__attribute


http://localhost:15000/
http://local/

had it defined an __init__.py file. For this case, the import mechanism moves on to check
further directories on sys.path. If more namespace packages are found, all of the resulting
paths are joined together to make a final namespace package. See Recipe 10.5 for more
information on namespace packages.

There s a recursive element to package handling that is not immediately obvious in the
solution, but also at work. All packages contain an internal path setting, which can be found
in __path__attribute. For example:

>>> import xml.etree.ElementTree

>>> xml.__path__
["/usr/local/lib/python3.3/xml"]

>>> xml.etree.__path__
["/usr/local/lib/python3.3/xml/etree"']
>>>

As mentioned, the setting of __path__is controlled by the return value of the find_load er()
method. However, the subsequent processing of __path__is also handled by the functionsin
sys.path_hooks. Thus, when package subcomponents are loaded, the entries in __path__are
checked by the handle_url() function. This causes new instances of UrlPathFinder to be
created and added to sys.path_importer_cache.

One remaining tricky part of the implementation concerns the behavior of the han dle_url()
function and its interaction with the _get_links() function used internally. If your
implementation of a finder involves the use of other modules (e.g., urllib.re quest), there is a
possibility that those modules will attempt to make further imports in the middle of the
finder’s operation. This can actually cause handle_url() and other parts of the finder to get
executed in a kind of recursive loop. To account for this possibility, the implementation
maintains a cache of created finders (one per URL). This avoids the problem of creating
duplicate finders. In addition, the following fragment of code ensures that the finder doesn’t
respond to any import requests while it’s in the processs of getting the initial set of links:

# Check Link cache
if self._links is None:
self. links = [] # See discussion
self. _links = _get_links(self._baseurl)

You may not need this checking in other implementations, but for this example involving
URLs, it was required.



Finally, the invalidate_caches() method of both finders is a utility method that is supposed
to clear internal caches should the source code change. This method is triggered when a
user invokes importlib.invalidate_caches(). You might use it if you want the URL importers
to reread the list of links, possibly for the purpose of being able to access newly added files.

In comparing the two approaches (modifying sys.meta_path or using a path hook), it helps
to take a high-level view. Importers installed using sys.meta_path are free to handle
modules in any manner that they wish. For instance, they could load modules out of a
database or import them in a manner that is radically different than normal
module/package handling. This freedom also means that such importers need to do more
bookkeeping and internal management. This explains, for instance, why the implementation
of UrIMetaFinder needs to do its own caching of links, loaders, and other details. On the
other hand, path-based hooks are more narrowly tied to the processing of sys.path.
Because of the connection to sys.path, modules loaded with such extensions will tend to
have the same features as normal modules and packages that programmers are used to.

Assuming that your head hasn’t completely exploded at this point, a key to understanding
and experimenting with this recipe may be the added logging calls. You can enable logging
and try experiments such as this:

>>> 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

>>>

Last, but not least, spending some time sleeping with PEP 302 and the documentation for
importlib under your pillow may be advisable.
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You want to patch or apply decorators to functions in an existing module. However, you
only want to do it if the module actually gets imported and used elsewhere.
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The essential problem here is that you would like to carry out actions in response to a
module being loaded. Perhaps you want to trigger some kind of callback function that
would notify you when a module was loaded.

This problem can be solved using the same import hook machinery discussed in Recipe

10.11. Hereiis a possible solution:



# 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

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 (9, PostImportFinder())

To use this code, you use the when_imported() decorator. For example:

>>> from postimport import when_imported
>>> @when_imported('threading"')
. def warn_threads(mod):
print('Threads? Are you crazy?')

>>>

>>> import threading
Threads? Are you crazy?
>>>



As a more practical example, maybe you want to apply decorators to existing definitions,
such as shown here:

from functools import wraps
from postimport import when_imported

def logged(func):
@wraps(func)
def wrapper(*args, **kwargs):
print('Calling', func.__name__, args, kwargs)
return func(*args, **kwargs)
return wrapper

# Example
@when_imported('math")
def add_logging(mod):
mod.cos = logged(mod.cos)
mod.sin = logged(mod.sin)

it

This recipe relies on the import hooks that were discussed in Recipe 10.11, with a slight
twist.

First, the role of the @when_imported decorator is to register handler functions that get
triggered on import. The decorator checks sys.modules to see if a module was already
loaded. If so, the handler is invoked immediately. Otherwise, the handler is added to alist in
the _post_import_hooks dictionary. The purpose of _post_import_hooks is simply to collect
all handler objects that have been registered for each module. In principle, more than one
handler could be registered for a given module.

To trigger the pending actions in _post_import_hooks after module import, the Post

ImportFinder class is installed as the first item in sys.meta_path. If you recall from Recipe
10.11, sys.meta_path contains a list of finder objects that are consulted in order to locate
modules. By installing PostImportFinder as the first item, it captures all module imports.

In this recipe, however, the role of PostimportFinder is not to load modules, but to trigger
actions upon the completion of an import. To do this, the actual import is delegated to the
other finders on sys.meta_path. Rather than trying to do this directly, the function
imp.import_module() is called recursively in the PostImportLoader class. To avoid getting
stuckin an infinite loop, PostImportFinder keeps a set of all the modules that are currently



in the process of being loaded. If a module name is part of this set, it is simply ignored by
PostimportFinder. This is what causes the import request to pass to the other finders on
sys.meta_path.

After a module has been loaded with imp.import_module(), all handlers currently registered
in _post_import_hooks are called with the newly loaded module as an argument.

From this point forward, the handlers are free to do what they want with the module. A
major feature of the approach shown in this recipe is that the patching of a module occurs in
a seamless fashion, regardless of where or how a module of interest is actually loaded. You
simply write a handler function that’s decorated with @when_imported() and it all just
magically works from that point forward.

One caution about this recipe is that it does not work for modules that have been explicitly
reloaded using imp.reload(). That is, if you reload a previously loaded module, the post
import handler function doesn’t get triggered again (all the more reason to not use reload()
in production code). On the other hand, if you delete the module from sys.modules and redo
the import, you'll see the handler trigger again.

More information about post-import hooks can be found in PEP 369 . As of this writing, the
PEP has been withdrawn by the author due to it being out of date with the current
implementation of the importlib module. However, it is easy enough to implement your
own solution using this recipe.
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You want to install a third-party package, but you don’t have permission to install packages
into the system Python. Alternatively, perhaps you just want to install a package for your
own use, not all users on the system.

fit
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Python has a per-user installation directory that’s typically located in a directory such as

~/ local/lib/python3.3/site-packages. To force packages to install in this directory, give the -
user option to theinstallation command. For example:

python3 setup.py install --user



or

pip install --user packagename

The user site-packages directory normally appears before the system site-packages
directory on sys.path. Thus, packages you install using this technique take priority over the
packages already installed on the system (although this is not always the case depending on
the behavior of third-party package managers, such as distribute or pip).

it

Normally, packages get installed into the system-wide site-packages directory, which is
found in a location such as /usr/local/lib/python3.3/site-packages. However, doing so
typically requires administrator permissions and use of the sudo command. Even if you
have permission to execute such a command, using sudo to install a new, possibly
unproven, package might give you some pause.

Installing packages into the per-user directory is often an effective workaround that allows
you to create a custom installation.

As an alternative, you can also create a virtual environment, which is discussed in the next
recipe.

10.14 6 & 357 ) Python3f 1%
7] 5

You want to create a new Python environment in which you can install modules and
packages. However, you want to do this without installing a new copy of Python or making
changes that might affect the system Python installation.

(3 ES

You can make a new “virtual” environment using the pyvenv command. This command is
installed in the same directory as the Python interpreter or possibly in the Scripts directory
on Windows. Here is an example:



bash % pyvenv Spam
bash %

The name supplied to pyvenv is the name of a directory that will be created. Upon creation,
the Spam directory will look something like this:

bash % cd Spam

bash % 1s

bin include 1lib pyvenv.cfg
bash %

In the bin directory, you'll find a Python interpreter that you can use. For example:

bash % 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/python3.3/1ib-dynload’,
'/Users/beazley/Spam/lib/python3.3/site-packages’]
>>>

A key feature of this interpreter is that its site-packages directory has been set to the newly
created environment. Should you decide to install third-party packages, they will be
installed here, not in the normal system site-packages directory.

The creation of a virtual environment mostly pertains to the installation and management
of third-party packages. As you can see in the example, the sys.path variable contains
directories from the normal system Python, but the site-packages directory has been
relocated to a new directory.



With a new virtual environment, the next step is often to install a package manager, such as
distribute or pip. When installing such tools and subsequent packages, you just need to
make sure you use the interpreter that’s part of the virtual environment. This should install
the packages into the newly created site-packages directory.

Although avirtual environment might look like a copy of the Python installation, it really
only consists of a few files and symbolic links. All of the standard library files and interpreter
executables come from the original Python installation. Thus, creating such environments is
easy, and takes almost no machine resources.

By default, virtual environments are completely clean and contain no third-party addons. If

you would like to include already installed packages as part of a virtual environment, create
the environment using the -system-site-packages option. For example:

bash % pyvenv --system-site-packages Spam
bash %

More information about pyvenv and virtual environments can be found in PEP 405.
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You've written a useful library, and you want to be able to give it away to others.

firt

&

YIS

If you're going to start giving code away, the first thing to do is to give it a unique name and
clean up its directory structure. For example, a typical library package might look something
like this:


https://www.python.org/dev/peps/pep-0405/

projectname/
README . txt
Doc/
documentation.txt
projectname/
__init__.py
foo.py
bar.py
utils/
__init__.py
spam.py

grok.py
examples/

helloworld.py

To make the package something that you can distribute, first write a setup.py file that looks
like this:

# 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'],

Next, make a file MANIFEST.in that lists various nonsource files that you want to include in
your package:

# MANIFEST.1in

include *.txt
recursive-include examples *
recursive-include Doc *

Make sure the setup.py and MANIFEST.in files appear in the top-level directory of your

package. Once you have done this, you should be able to make a source distribution by
typing a command such as this:

% bash python3 setup.py sdist



This will create a file such as projectname-1.0.zip or projectname-1.0.tar.gz, depending on
the platform. If it all works, this file is suitable for giving to others or uploading to the
Python Package Index.

it

For pure Python code, writing a plain setup.py file is usually straightforward. One potential
gotcha is that you have to manually list every subdirectory that makes up the packages
source code. A common mistake is to only list the top-level directory of a package and to
forget to include package subcomponents. This is why the specification for packages in
setup.py includes the list packages=[‘projectname’, ‘project name.utils’].

As most Python programmers know, there are many third-party packaging options,
including setuptools, distribute, and so forth. Some of these are replacements for the
distutils library found in the standard library. Be aware that if you rely on these packages,
users may not be able to install your software unless they also install the required package
manager first. Because of this, you can almost never go wrong by keeping things as simple as
possible. At a bare minimum, make sure your code can be installed using a standard Python
3installation. Additional features can be supported as an option if additional packages are
available.

Packaging and distribution of code involving C extensions can get considerably more
complicated. Chapter 15 on C extensions has a few details on this. In particular, see Recipe
15.2.

Bh—E: M5 Webgif
AR 56 T 24 5 PRI SRS s P 26 0 R 14 o i Python i 5 %

FUuFE R R TT W A RS, LA S I Python S 2 iR 45 o A2 7 . s it T — 28 WL
HIBAR, H T4 580 Ko R s 15 i R A .

Contents:
11.1 /£ 9% P i SHTTPHR 25 22 |
i) 7

TR ZEE HTTP UMM LI P i 7 S0 R 2R S5 Bin, i ol 52k T RESTH
APIATAZ B,

[ RVPIES


http://pypi.python.org/
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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()
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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()
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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()
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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’

resp = requests.post(url, data=parms, headers=headers)

# Decoded text returned by the request
text = resp.text
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https://pypi.python.org/pypi/requests

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']

Here is a requests example that executes a login into the Python Package index using
basic authentication:

import requests

resp = requests.get('http://pypi.python.org/pypi?:action=login’',
auth=("user', 'password"'))

Here is an example of using requests to pass HTTP cookies from one request to the
next:

import requests

# First request

respl = requests.get(url)

# Second requests with cookies received on first requests

resp2 = requests.get(url, cookies=respl.cookies)

Last, but not least, here is an example of using requests to upload content:
import requests

url = 'http://httpbin.org/post’

files = { 'file': ('data.csv', open('data.csv', 'rb")) }

r = requests.post(url, files=files)
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from http.client import HTTPConnection
from urllib import parse

c = HTTPConnection('www.python.org', 890)
c.request('HEAD', '/index.html")
resp = c.getresponse()

print('Status', resp.status)
for name, value in resp.getheaders():
print(name, value)
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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=1login')
u = opener.open(r)
resp = u.read()

# From here. You can dccess more pages using opener
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>>> 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': '",

"Accept-Encoding': 'gzip, deflate, compress', 'Connection':

'keep-alive', 'Host': 'httpbin.org', 'Accept': "*/*'}

>>> resp['args']

{'name': 'Dave', 'n': '37'}

>>>
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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)

if __name__ == '__main__"'
serv = TCPServer(('', 20000), EchoHandler)
serv.serve_forever()

FEZXBARGF, IRE T —MREIRHALFEZE, KB T —A handle() Tk, FSRNZ b
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>>> from socket import socket, AF_INET, SOCK_STREAM
>>> s = socket(AF_INET, SOCK_STREAM)

>>> s.connect(('localhost', 20000))

>>> s.send(b'Hello")

5

>>> s.recv(8192)

b'Hello’

>>>

R, WTLURAEZIE X — AR T2 —MERH streanrequestHandler
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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()

socketserver A PLIERAVRZ 7 IOV R TCPAR S 25 . (H2, IRFEIERMZ, 2K
IIHOL R X PRS2 R BN, — X RN — & P ImiE RS . SRR 2
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from socketserver import ThreadingTCPServer

if __name__ == '__main__"
serv = ThreadingTCPServer(('', 20000), EchoHandler)
serv.serve_forever()

ik I fork sl 2 R ik 55 A3 N LE o) il 2 AT T N BRI 20 7 i B #2813 — AN A BE R el 2l
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W FRARFE XA ], AR A] PLAEE — AN TS 2 e /NP CAE LR AR Bl di ARy . oG ad
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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()

*ﬂ“ﬂﬁ# —/> 1cpserver TESEGILHI RS E I BIE N socket o XL, HIF R
&h kz%i%%%%ﬁiﬁﬁé&ﬁ%%%ﬁE?iﬁﬁsocket , EIE*EZEiégiﬁ bind_and_activate=False o
mT:

if __name__ == '__main__
serv = TCPServer(('', 20000), EchoHandler, bind_and_activate=False)
# Set up various socket options
serv.socket.setsockopt(socket.SOL_SOCKET, socket.SO_REUSEADDR, True)
# Bind and activate
serv.server_bind()
serv.server_activate()
serv.serve_forever()

ETHH) socket TR —NARH EIEAIECE I, © VRS AS BB E — A AT A
A5 HTEPEEEMAH, CPORERISA RS, nLEEAE Tcpserver LRI
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if __name__ == '__main__
TCPServer.allow_reuse_address = True
serv = TCPServer(('', 20000), EchoHandler)
serv.serve_forever()
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import socket

class EchoHandler(StreamRequestHandler):
# Optional settings (defaults shown)

timeout = 5 # Timeout on all socket operations
rbufsize = -1 # Read buffer size
wbufsize = 0 # Write buffer size

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!")

e, T EE RN B Python s 2 M2tk (HLIMHTTP. XML-RPCAR) #Rs2&
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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))
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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()

PRZAT—FE, RGN nandle() FFERINERIF, N ISR . XK
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>>> from socket import socket, AF_INET, SOCK_DGRAM
>>> s = socket(AF_INET, SOCK_DGRAM)

>>> s.sendto(b'', ('localhost', 20000))

0

>>> s.recvfrom(8192)

(b'Wed Aug 15 20:35:08 2012', ('127.0.0.1', 20000))
>>>
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from socketserver import ThreadingUDPServer

if __name__ == '_main__"'
serv = ThreadingUDPServer(('',20000), TimeHandler)
serv.serve_forever()

HFEEAEH socket RKAZM—PUDPRST et AME, T2 — Mol 1

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))
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>>> 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")
>>> neté
IPveNetwork('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
>>>
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>>> net.num_addresses
32
>>> net[9]

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")
>>>

A, RIE AT DABAT X 25 il ARG 25 2 28 A R A -

>>> a = ipaddress.ip_address('123.45.67.69")
>>> a in net

True

>>> b = ipaddress.ip_address('123.45.67.123")
>>> b in net

False

>>>

— NP H BRI N 2% o dik B @ L —ANIPEE T ok Fe 5, Bl

>>> inet = ipaddress.ip_interface('123.45.67.73/27")
>>> inet.network

IPv4Network('123.45.67.64/27")

>>> inet.ip

IPv4Address('123.45.67.73")

>>>

it
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>>> 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, 80890))
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))
>>>
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https://docs.python.org/3/howto/ipaddress.html

# 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

N TAERREAN RS, IR R 5 2 S A R R ACEEES, A N i e



import time

_hello_resp = """\
<html>
<head>
<title>Hello {name}</title>
</head>
<body>
<hl>Hello {name}!</h1>
</body>
</html>"""

def hello_world(environ, start_response):
start_response('200 OK', [ ('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"?>

<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') ])
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()

FEMAR RIS g5 48, AR DME R — AR ER e urinie APEACH.. Bilt0:



>>> u = urlopen('http://localhost:8080/hello?name=Guido")
>>> print(u.read().decode('utf-8"))
<html>
<head>
<title>Hello Guido</title>
</head>
<body>
<hl>Hello Guido!</h1>
</body>
</html>

>>> u = urlopen('http://localhost:8080/localtime")
>>> print(u.read().decode('utf-8"))
<?xml version="1.0"?>
<time>
<year>2012</year>
<month>11</month>
<day>24</day>
<hour>14</hour>
<minute>49</minute>
<second>17</second>
</time>
>>>

it
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import cgi

def wsgi_app(environ, start_response):
pass

environ JBMESE— T, 15 T Mwebfl 45 25 tiApache[ 2% Internet RFC 3875]# L i)
CGUZ O IRIUME . EOR X S A E] P E SR Rk, /RAT DMERIX A X FES

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)

BATER T — S8 WHIME.  environ[ 'REQUEST METHOD' ] fRFIHREMUNIGET. POST.
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def wsgi_app(environ, start_response):
pass
start_response('200 OK', [('Content-type', 'text/plain')])

N T IREESE, — ANWSGIRE 7 A R Bl — N5 5 P A5 8 81 o h] DMECN AR — A
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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
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def wsgi_app(environ, start_response):
pass
start_response('200 OK', [('Content-type', 'text/plain')])
yield b'Hello World\n'
yield b'Goodbye!\n'
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class WSGIApplication:
def __init__(self):

def __call__(self, environ, start_response)
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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()
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You want an easy way to execute functions or methods in Python programs running on
remote machines.
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Perhaps the easiest way to implement a simple remote procedure call mechanism is to use
XML-RPC. Here is an example of a simple server that implements a simple key- value store:

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._data[name] = value

def delete(self, name):
del self._data[name]

def exists(self, name):
return namein self._data

def keys(self):
return list(self._data)

def serve_forever(self):
self._serv.serve_forever()

)

# Exampleif _name__==‘_main_":
kvserv = KeyValueServer((”, 15000)) kvserv.serve_forever()

Here is how you would access the server remotely from a client:

>>> from xmlrpc.client import ServerProxy
>>> s = ServerProxy('http://localhost:15000', allow_none=True)
>>> s.set('foo', 'bar')

>>> s.set('spam', [1, 2, 3])

>>> s.keys()

['spam', 'foo']

>>> s.get('foo")

"bar’

>>> s.get('spam')

[1, 2, 3]

>>> s.delete('spam")

>>> s.exists('spam')

False

>>>

B

XML-RPC can be an extremely easy way to set up a simple remote procedure call service. All
you need to do is create a server instance, register functions with it using the regis
ter_function() method, and then launch it using the serve_forever() method. This recipe
packages it up into a class to put all of the code together, but there is no such requirement.
For example, you could create a server by trying something like this:

from xmlrpc.server import SimpleXMLRPCServer def add(x,y):

return x+y



serv = SimpleXMLRPCServer((’, 15000)) serv.register_function(add) serv.serve_forever()

Functions exposed via XML-RPC only work with certain kinds of data such as strings,
numbers, lists, and dictionaries. For everything else, some study is required. For in - stance,
if you pass an instance through XML-RPC, only its instance dictionary is handled:

>>> class Point:
def __init__(self, x, y):
self.x = x
self.y =y

>>> p = Point(2, 3)
>>> s.set('foo', p)
>>> s.get('foo")
{'x": 2, 'y': 3}
>>>

Similarly, handling of binary data is a bit different than you expect:

>>> s.set('foo', b'Hello World")
>>> s.get('foo")
<xmlrpc.client.Binary object at 0x10131d410>

>>> _.data
b'Hello World'
>>>

As a general rule, you probably shouldn’t expose an XML-RPC service to the rest of the
world as a public API. It often works best on internal networks where you might want to
write simple distributed programs involving a few different machines. A downside to XML-
RPC is its performance. The SimpleXMLRPCServer implementa - tionis only single
threaded, and wouldn’t be appropriate for scaling a large application, although it can be
made to run multithreaded, as shown in Recipe 11.2. Also, since XML-RPC serializes all data
as XML, it’s inherently slower than other approaches. However, one benefit of this encoding
is that it's understood by a variety of other pro - gramming languages. By using it, clients
written in languages other than Python will be able to access your service. Despite its
limitations, XML-RPC is worth knowing about if you ever have the need to make a quick
and dirty remote procedure call system. Oftentimes, the simple solution is good enough.
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You are running multiple instances of the Python interpreter, possibly on different ma -
chines, and you would like to exchange data between interpreters using messages.

fite e 7 &
It is easy to communicate between interpreters if you use the multiprocessing.con nection
module. Here is a simple example of writing an echo server:

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’)

Here is a simple example of a client connecting to the server and sending various messages:



>>> 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]

>>>

Unlike a low-level socket, messages are kept intact (each object sent using send() is received
in its entirety with recv()). In addition, objects are serialized using pickle. So, any object
compatible with pickle can be sent or received over the connection.

i

There are many packages and libraries related to implementing various forms of mes - sage
passing, such as ZeroMQ, Celery, and so forth. As an alternative, you might also be inclined
to implement a message layer on top of low-level sockets. However,some - times you just
want a simple solution. The multiprocessing.connection library is just that—using a few
simple primitives, you can easily connect interpreters together and have them exchange
messages. If you know that the interpreters are going to be running on the same machine,
you can use alternative forms of networking, such as UNIX domain sockets or Windows
named pipes. To create a connection using a UNIX domain socket, simply change the
address to a filename such as this:

s = Listener(‘’/tmp/myconn’, authkey=b’peekaboo’)

To create a connection using a Windows named pipe, use a filename such as this:

s = Listener(r'\.pipemyconn’, authkey=b’peekaboo’)

As a general rule, you would not be using multiprocessing to implement public-facing
services. The authkey parameter to Client() and Listener() is there to help authen - ticate

the end points of the connection. Connection attempts with a bad key raise an exception. In
addition, the module is probably best suited for long-running connections



(not a large number of short connections). For example, two interpreters might establish a
connection at startup and keep the connection active for the entire duration of a problem.
Don't use multiprocessing if you need more low-level control over aspects of the con -
nection. For example, if you needed to support timeouts, nonblocking I/O, or anything
similar, you're probably better off using a different library or implementing such features on
top of sockets instead.

11.8 S e #2 7 v 8
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You want to implement simple remote procedure call (RPC) on top of a message passing
layer, such as sockets, multiprocessing connections, or ZeroMQ.
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RPC is easy to implement by encoding function requests, arguments, and return values
using pickle, and passing the pickled byte strings between interpreters. Here is an example
of asimple RPC handler that could be incorporated into a server:

# 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:

# Receive a message func_name, args, kwargs = pickle.loads(connection.recv())

# Run the RPC and send a response try:

r = self._functions[func_name](*args,"*kwargs)
connection.send(pickle.dumps(r))

except Exception as e:
connection.send(pickle.dumps(e))

except EOFError:
pass

To use this handler, you need to add it into a messaging server. There are many possible
choices, but the multiprocessing library provides a simple option. Here is an example RPC
server:

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):
returnx-vy

# 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’)



To access the server from a remote client, you need to create a corresponding RPC proxy
class that forwards requests. For example:

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):

raiseresult
return result
return do_rpc

To use the proxy, you wrap it around a connection to the server. For example:

>>> 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’ >>>
It should be noted that many messaging layers (such as multiprocessing) already se - rialize

data using pickle. If this is the case, the pickle.dumps() and pickle.loads() calls can be
eliminated.

it



The general idea of the RPCHandler and RPCProxy classes is relatively simple. If a client
wants to call a remote function, such as foo(1, 2,z=3), the proxy class creates a tuple (‘foo’,
(1,2),{'Z: 3}) that contains the function name and arguments. This tuple is pickled and sent
over the connection. This is performed in the do_rpc() closure that’s returned by the

_ getattr_ () method of RPCProxy. The server receives and unpickles the message, looks up
the function name to see if it’s registered, and executes it with the given arguments. The
result (or exception) is then pickled and sent back. As shown, the example relies on
multiprocessing for communication. However, this approach could be made to work with
just about any other messaging system. For ex - ample, if you want to implement RPC over
ZeroMQ, just replace the connection objects with an appropriate ZeroMQ socket object.
Given the reliance on pickle, security is a major concern (because a clever hacker can create
messages that make arbitrary functions execute during unpickling). In particular, you
should never allow RPC from untrusted or unauthenticated clients. In particular, you
definitely don’t want to allow access from just any machine on the Internet—this should
really only be used internally, behind a firewall, and not exposed to the rest of the world. As
an alternative to pickle, you might consider the use of JSON, XML, or some other data
encoding for serialization. For example, this recipe is fairly easy to adapt to JSON encoding
if you simply replace pickle.loads() and pickle.dumps() with json.loads() and json.dumps().
For example:

# 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:
# Receive a message func_name, args, kwargs = json.loads(connection.recv())

# Run the RPC and send a response try:

r = self._functions[func_name](*args,"*kwargs)
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

One complicated factor in implementing RPC is how to handle exceptions. At the very least,
the server shouldn’t crash if an exception is raised by a method. However, the means by
which the exception gets reported back to the client requires some study. If you're using
pickle, exception instances can often be serialized and reraised in the client. If you're using
some other protocol, you might have to think of an alternative approach. At the very least,
you would probably want to return the exception string in the response. This is the
approach taken in the JSON example. For another example of an RPC implementation, it
can be useful to look at the imple - mentation of the SimpleXMLRPCServer and
ServerProxy classes used in XML-RPC, as described in Recipe 11.6.
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You want a simple way to authenticate the clients connecting to servers in a distributed
system, but don’t need the complexity of something like SSL.
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Simple but effective authentication can be performed by implementing a connection
handshake using the hmac module. Here is sample code:

import hmac import os

def client_authenticate(connection, secret_key):
” Authenticate client to a remote service. connection represents a network connection.
secret_key is a key known only to both client/server.”” message = connection.recv(32)
hash = hmac.new(secret_key, message) digest = hash.digest() connection.send(digest)

def server_authenticate(connection, secret_key):
” 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)



The general idea is that upon connection, the server presents the client with a message of
random bytes (returned by os.urandom(), in this case). The client and server both compute a
cryptographic hash of the random data using hmac and a secret key known only to both
ends. The client sends its computed digest back to the server, where it is compared and used
to decide whether or not to accept or reject the connection. Comparison of resulting digests
should be performed using the hmac.compare_di gest() function. This function has been
written in a way that avoids timing-analysis- based attacks and should be used instead of a
normal comparison operator (==). To use these functions, you would incorporate them into
existing networking or mes - saging code. For example, with sockets, the server code might
look something like this:

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) ...
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A common use of hmac authentication is in internal messaging systems and interprocess
communication. For example, if you are writing a system that involves multiple pro - cesses
communicating across a cluster of machines, you can use this approach to make sure that
only allowed processes are allowed to connect to one another. In fact, HMAC- based
authentication is used internally by the multiprocessing library when it sets up
communication with subprocesses. It's important to stress that authenticating a
connection is not the same as encryption. Subsequent communication on an authenticated
connection is sent in the clear, and would be visible to anyone inclined to sniff the traffic
(although the secret key known to both sides is never transmitted). The authentication
algorithm used by hmac is based on cryptographic hashing functions, such as MD5 and
SHA-1, and is described in detail in IETF RFC 2104.
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You want to implement a network service involving sockets where servers and clients
authenticate themselves and encrypt the transmitted data using SSL.
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The ssl module provides support for adding SSL to low-level socket connections. In
particular, the ssl.wrap_socket() function takes an existing socket and wraps an SSL layer
around it. For example, here’s an example of a simple echo server that presents a server
certificate to connecting clients:

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) ifdata==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_ss| = ssl.wrap_socket(s,

keyfile=KEYFILE, certfile=CERTFILE, server_side=True)

# Wait for connections while True:

try:
c,a =s_ssl.accept() print(‘Got connection’, ¢, a) echo_client(c)

except Exception as e:
print(‘{}: {}.format(e._class_. name_,e))

echo_server((”, 20000))

Here’s an interactive session that shows how to connect to the server as a client. The client
requires the server to present its certificate and verifies it:

>>> 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,

R ca_certs = 'server_cert.pem')

>>> s_ssl.connect(('localhost', 20000))

>>> s_ssl.send(b'Hello World?")

12

>>> s_ssl.recv(8192)

b'Hello World?'

>>>

The problem with all of this low-level socket hacking is that it doesn’t play well with existing
network services already implemented in the standard library. For example, most server
code (HTTP, XML-RPC, etc.) is actually based on the socketserver library. Client code is also
implemented at a higher level. It is possible to add SSL to existing services, but a slightly
different approach is needed. First, for servers, SSL can be added through the use of a mixin
class like this:

import ssl

class SSLMixin:
“”Mixin 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=ss.NONE, **kwargs):

self._keyfile = keyfile self._certfile = certfile self._ca_certs = ca_certs self._cert_reqs =
cert_reqs super()._init_ (*args, **kwargs)

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_regs, server_side = True)

return client_ssl, addr

To use this mixin class, you can mix it with other server classes. For example, here’s an
example of defining an XML-RPC server that operates over SSL:

# 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, **kwargs):

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._data[name]

def exists(self, name):
return namein 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()

To use this server, you can connect using the normal xmlrpc.client module. Just spec - ify a
https: in the URL. For example:

>>> from xmlrpc.client import ServerProxy
>>> s = ServerProxy('https://localhost:15000', allow_none=True)
>>> s.set('foo', 'bar")

>>> s.set('spam', [1, 2, 3])

>>> s.keys()

['spam', 'foo']

>>> s.get('foo")

'bar'

>>> s.get('spam')

[1, 2, 3]

>>> s.delete('spam')

>>> s.exists('spam")

False

>>>

One complicated issue with SSL clients is performing extra steps to verify the server
certificate or to present a server with client credentials (such as a client certificate).
Unfortunately, there seems to be no standardized way to accomplish this, so research is
often required. However, here is an example of how to set up a secure XML-RPC con -
nection that verifies the server’s certificate:

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(ss. PROTOCOL_TLSv1) self._ssl_context.load_verify_locations(cafile)

if cert:

self._ssl_context.load_cert_chain(certfile, keyfile)



self._ssl_context.verify_mode = ss|. CERT_REQUIRED

def make_connection(self, host):
# Items in the passed dictionary are passed as keyword # arguments to the

http.client. HTTPSConnection() constructor. # The context argument allows an
ss|.SSLContext instance to # be passed with information about the SSL configuration
s = super().make_connection((host, {‘context’: self._ssl_context}))

returns
# Create the client proxy s = ServerProxy(‘https://localhost:15000",
transport=VerifyCertSafeTransport(‘server_cert.pem’), allow_none=True)

As shown, the server presents a certificate to the client and the client verifies it. This
verification can go both directions. If the server wants to verify the client, change the server
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startup to the following: if _name__=="_main_"

KEYFILE="server_key.pem’ # Private key of the server CERTFILE="server_cert.pem’ #
Server certificate CA_CERTS='client_cert.pem’ # Certificates of accepted clients

kvserv = KeyValueServer((”, 15000),
keyfile=KEYFILE, certfile=CERTFILE, ca_certs=CA_CERTS,
cert_reqs=ss|.CERT_REQUIRED,)

kvserv.serve_forever()

To make the XML-RPC client present its certificates, change the ServerProxy initiali -
zation to this:

# Create the client proxy s = ServerProxy(‘https://localhost:15000',

transport=VerifyCertSafeTransport(‘server_cert.pem’,
‘client_cert.pem’, ‘client_key.pem’),

allow_none=True)

it

Getting this recipe to work will test your system configuration skills and understanding of
SSL. Perhaps the biggest challenge is simply getting the initial configuration of keys,
certificates, and other matters in order. To clarify what’s required, each endpoint of an SSL


https://localhost:15000/
https://localhost:15000/

connection typically has a private key and a signed certificate file. The certificate file
contains the public key and is pre - sented to the remote peer on each connection. For
public servers, certificates are nor - mally signed by a certificate authority such as Verisign,
Equifax, or similar organization (something that costs money). To verify server certificates,
clients maintain afile con - taining the certificates of trusted certificate authorities. For
example, web browsers maintain certificates corresponding to the major certificate
authorities and use them to verify the integrity of certificates presented by web servers
during HTTPS connections. For the purposes of this recipe, you can create what’s known as
a self-signed certificate. Here's how you do it:

bash % openssl req -new -x509 -days 365 -nodes -out server_cert.pem
-keyout server_key.pem

Generating a 1024 bit RSA private key ++++++ A

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) [AU]:US State or Province Name (full name) [Some-
State]:lllinois Locality Name (eg, city) []:Chicago Organization Name (eg, company)
[Internet Widgits Pty Ltd]:Dabeaz, LLC Organizational Unit Name (eg, section) []: Common
Name (eg, YOUR name) []:localhost Email Address []: bash %

When creating the certificate, the values for the various fields are often arbitrary. How -
ever, the “Common Name” field often contains the DNS hostname of servers. If you're just
testing things out on your own machine, use “localhost.” Otherwise, use the domain name
of the machine that’s going to run the server. As a result of this configuration, you will have
aserver_key.pem file that contains the private key. It looks like this:



—-BEGIN RSA PRIVATE KEY—-
MIICXQIBAAKBgQCZrCNLoEyAKF+f9UNcFaz50sa6jf7gkbUI8si5xQrY3ZYC7juu
nL1dZLn/VbEFIITaUOgvBtPv1qUWTJGwgab62VSG1oFEOODIx3g2Nh4sRf+rySsx2
L4442nx0z405v]JQ7k6eRNHAZUUNCL50+YVjyLyt7ryLSjSuKhCcJsbZgPwIDAQAB
AoGABS5evrr7eyL4160tM5rHTeATlaLY3UBOe5Z8XN8Z6gLiB/ucSX9AysviVD/6F
3oDé6z2al8jbelclvHqjt0dC2dwwm32vVI8BmRdyoAsQpWmigXrkvP4Bs|04VpBeHw
Qt8X