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CHAPTER 2

o[ M QIE{Z2[Bf ArESH |

2.1 OlE{Z2|E]| Al&H5]7|

glo]l W OB ZEEHE HE r/local/b1n/python3 g ol AxFUth; G922 Ao A A7
O

/usr/local/bin & g

python3.8
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e B AE Atk 709 shol A AT A0} Al 28 el Aol A 1 B 27} 15 o,
/usr/local/python & 98 A5 =YX dYh)
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~3YE D] ASD W), M 2TYES YT Fol th3}Y HER Sofshi Aol BT w}
QU 22 Y= do -1 ALstd Bt
2 39 {42 using-on-general ] A 2-& 5 it

21.1 OIX} Mt

2AYE o] 5 F71e A o] JHZYEHE A uf, FAEY EEo07 HIEAEH T sys BEY
argv 5o AFH UL import sys £ AMEAA o] R 2T ¢ AFUTh 55 dol=H At
10]3, AT HELR 271 AL gl B8, sys.argv[0] S ¥ ZALYUTH 2T HE o] 55 '
(FZ Y= 5¥h 2 FW sys.argv[0] € '-' ZFH YT —c command 7} NH-E= H sys.argv[0]
< '—c' 2 AAFE YU —m module ©] /\F"Lﬂ H sys.argv (0] % EEo] Ao Fryol gtk ¢
command Y —m module 7 o] L= FAEL2 slo|H AE|Z BB 7} 22 3}A] k1 W& o)y} ZEo] X Es}
=5 sys.argviﬁ%%b]r/]—.

212 CH3lY 2 =

HEStty oA S, AHZEE 7S BE 2 SRS TR o] REAE VR ZEZE
E FANMA T RS 8 e, EE A Y BT It 7T PUTE>>) FEE EUA ¢ 1
oA =Y Y S AT HE R T FZEVALE U, 7EFHSZ Al M LU (...).
JEZHE = A WA ZFZEE A7 Aol Hd H5 e AZd FAE 28+ &3 ”ﬂ/‘];{]%
=93k

$ python3.8

Python 3.8 (default, Sep 16 2015, 09:25:04)

[GCC 4.8.2] on linux

Type "help", "copyright", "credits" or "license" for more information.
>>>

e

oloiA & EL A EE FAH TR ES JHT
Yy

23U A E

i

A, o %1 49 15 Bo] s

>>> the_world_is_flat = True
>>> if the_world_is_flat:
print ("Be careful not to fall off!")

Be careful not to fall off!

2ty Reof tiel o < Ao, fEE 2e & BA S,

2.2 QE|=Z2|E2} 2tF

221 AA FE QAL

JRAo T sto]M £x HASL UTF80 2 7= | Aoz HZFHUTh o] AT o A g
Aol A AHEH = BASS B4 A, Al A}, 24 Sof A @7 AR S 4 A5 Ut (AU B E
ghol B e el @ % ASCH 2219k Al 22 AL8351 7 9l W8 F=oAE o] RS wat Ao
25 Urth) o] ZA5S BE Sulg A3 YA = B 77 5hd o] UTF-8 S <1418 oF 831, ¢
g o] 23 BE FAS AT 5 Qe ZES AL of gt

ATYL 7B 2o Aoz Adstew, 5tdo A Zo SH PEjo] A S Z7)5oF g )
BHL olgL YT}

# —*- coding: encoding —*-

6 Chapter 2. Il0|’M QIE{=Z2|E{ A}25}7]
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# —*— coding: cpl252 —*-

A ZE F49 AR d9e ax FET G Y
dIG Adde F A sl &

(MY (shebang)) <= 2 Al &3t ALYt o] A%,

#!/usr/bin/env python3
# —*- coding: cpl252 —*-
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CHAPTER 3

ol g oA, qEH} S L ZEZE(> 9 )Y EA AFEZ FEF YT AAE AP
HelM e TEZER YL u) TETE Ho 0= RE AL S Yok FUTh ZEIER A FA
A S AHZYHN Y AU doM HX 2 EZE 9o ol R A Qe E2 N ES
de s o Arhe ol FolalA g el 22 74E ¥ES 2ile P Ayt

o] A Yes B e (U3d ZFZEoA 8T = A2 AE) FALS 2@ AsUTh
sho] o Al A2 Al 2L #, B Al Zstal 9] 2714 ool U th 42 9 ASAA A RS T
93, Bl FE Fof g 2% d5uth AW EXd 2EE Aol 5012 % gleth £44
2B e ekl 5B ol A A FAH 0] ofue} sl A £ A B ol vl g 4

Sl =

Eﬂ ] =
A5 A2 Aol 1L, kol Mol 3 454 P w2, ol & 9

(E R A = )

# this is the first comment
spam = 1 # and this is the second comment

# ... and now a third!
text = "# This is not a comment because it's inside quotes."
3.1 mo|ME AHLHT| 2 AFE5H|

@ 7} 70eat sl A B AL B AT Az el 82 Asta /8
(2} A2 A ghobok g h)

[kl

FLE, >>>, & 7|t A 8.

3.1.1 =X}
Qe melE e e AN 2 A HUTh ERAL JESH g 2UYTE B84 BH e gug
Utk 4, - 5,/ AAAE L R THE Qo] S (o] F Sol, shagel O A H FAUTH BE ()
£ H o S P o2 Sof:

isN

>>> 50 - 5*6
20
>>> (50 — 5*6) / 4

(F= oTAT ol AS)
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(o1 A o] A | A A%)
5.0
>>> 8 / 5 # division always returns a floating point number
1.6
B (= 5°12,4,20)€ int FYUH 2577 9lE A5 (€ 591 5.0,1.6)& float FYYTH
o] 2k Al F ol Al A} P S ol Aall B AA S A E oA Yt
A (/) & FA foarE BHFUTH A5 Uil 02 (258 Qo)) A4 20E dodd // Auas
AgsE BT UnAE dodd s 2 AT 4 dgyth
>>> 17 / 3 # classic division returns a float
5.666666666666667
>>>
>>> 17 // 3 # floor division discards the fractional part
5
>>> 17 % 3 # the % operator returns the remainder of the division
2
>>> 5 * 3 + 2 # result * divisor + remainder
17
ol A AFA TS A uf »*x A4AE AR T T
>>> 5 ** 2 # 5 squared
25
>>> 2 **x 7 # 2 to the power of 7
128
Mool e YR UE S5 (52 ASFUTH o 49 DL UHY 2EE Ao BAHE 2L
Rk
>>> width = 20
>>> height = 5 * 9
>>> width * height
900
W57t (gels o) 94 9l (e tAAshA ke ) A Sl L A E s AL o do gtk
>>> n # try to access an undefined variable
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
NameError: name 'n' is not defined
A5E BARoR AQFUT; AR 2 P NAARE 2 AXAE 45 QAR E A5 9D
gyt
>>> 4 * 3,75 - 1
14.0
3} R oA, wpA ol QI A4S A _ o thYH AL stol W g A=

Ag ), AE olo] 747171 % B AN DL o hﬂ

>>> tax = 12.5 / 100
>>> price = 100.50
>>> price * tax
12.5625
>>> price + _
113.0625
>>> round(_, 2)
113.06
P 7b - BT SNt EO R, 3542 £ - (34%2) ZEAS N AFE 97U 98 QR AOW (-3)* 2 E
A8 4 AFUTH
10 Chapter 3. T}0|# Q| ZH2kst AN
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ol = ASAEAE 71T 7hs s AXH HAFH oo Futh g2 A g etA vpAl 8 — whek
J3F2A thH 22 o] 59 A G Mg AE HEE Aol H=dl, W

A3 E5Uth

int &} float o g&f], o] WL pecimal O]H-F action 0-4 13]-
2 Eag o g AP E st gl d 5

3459).

o o
rEE
3
fo,
=)
¥
M
rlo
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_>‘i
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o
rlr

-{m
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2

3.1.2 EXIH

SAghE WA R, Shol AL BAYE b 4 gl of e A R o8 AP UL AL E( ... )
UEggE(.. . HEEHE S AU EF 22 2345 U 4R E oA e\ &
A8 5 AUtk

>>> 'spam eggs' # single quotes

'spam eggs'

>>> 'doesn\'t' # use \' to escape the single quote...

"doesn't"

>>> "doesn't" # ...or use double quotes instead

"doesn't"

>>> '"Yes," they said.'

'"Yes," they said.'

>>> "\"Yes, \" they said."
'"Yes," they said.’

>>> '""Isn\'t," they said.'
'""Isn\'t," they said.'

5 AL o LU AR o] 27 0] %
EAde seig, Bl
+ AreutgE 7t

HA B 9] e

5y ez EeN, £ B4 B EE SR 91
Utk W2 e A3} Dot Mol = (ML R $F7Huk 5 drh,
Aeme e LY 2L HE YA YO W 2nEE A

ABEIT print () B4 GEEE Ao, o ARGl 9E B4 EAE B

282 vsol WYk

o ‘
>
ofo
kﬂﬁn
Ll
o
o

14 oM.

E

N

>>> '""Isn\'t," they said.'

'"Isn\'t," they said.'

>>> print ('""Isn\'t," they said.')

"Isn't," they said.

>>> s = 'First line.\nSecond line.' # \n means newline
>>> s # without print(), \n is included in the output
'First line.\nSecond line.'

>>> print(s) # with print(), \n produces a new line
First line.

Second line.

Vol ot BAE S5 B4R A A S A4 rbE, A ok E Gl & & 2ol A & 24D (raw
string) & WHE 4 U TH

>>> print ('C:\some\name') # here \n means newline!

C:\some

ame

>>> print (r'C:\some\name') # note the r before the quote

C:\some\name

A AT Gl F AP S YGUT %A PYL AE DR AGRE A
.lllllll:l:‘—-lll. 'lll.%%a%x}%x}%gi%}_% Ay ]_

ZQ%Lﬁsq%%ﬂ\n47%%¢%z§%&%m%£wu.wﬂ%@%ﬁwn wﬂﬁﬂ°41}

A3t Aol A2uFE oA " F olaABE B2V YA (SHARE N\ & o]aA o] F Al Ak F U, 2 Ix 4
o]

H

3.1. HO|ME A ATIZ2 AFESH| 11
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print ("""\

Usage: thingy [OPTIONS]
-h Display this usage message
—-H hostname Hostname to connect to

nn ll)

Lol AE LU A WA AR EAT £ A b Aol 22514 2):

Usage: thingy [OPTIONS]

-h Display this usage message
-H hostname Hostname to connect to
BAL S + QAR o]o] R o] 1, + AMAE WHEA D 5 YU Th

[J r

>>> # 3 times 'un', followed by 'ium
>>> 3 * 'un' + 'ium'

'unununium’

TN ol A BlH E (5, W EE S8R AS) 7 ASEA e E Ao = o]of 2o Yt

>>> 'Py' 'thon'

'Python'’

o] 7152 W EAL e /A & ol 53] &R s Uth
>>> text = ('Put several strings within parentheses '
. 'to have them joined together.')

>>> text

'Put several strings within parentheses to have them joined together.'

hm

AL 0 Aol PEdel A 8B W W4 BAA & oA vk

>>> prefix = 'Py'
>>> prefix 'thon' # can't concatenate a variable and a string literal
File "<stdin>", line 1

prefix 'thon'

A

SyntaxError: invalid syntax

>>> ('un' * 3) 'ium'
File "<stdin>", line 1
('un' * 3) 'ium'

A

SyntaxError: invalid syntax

HeE7e] 2 e 22 B HE S olo] 28 + & ARgsf oF dyth

>>> prefix + 'thon'
'Python'

)
Mo
)
N
ro
i)
[>
()
=2
=
oo
A}
°
v
o
)
]
4
)

182 (HH 23 E) D S Y5k A
=9 F& gtk wesl dolH1e BAG ek

>>> word = 'Python'

>>> word[0] # character in position 0
IPI

>>> word[5] # character in position 5
lnl

Aot 25718 $5 e, B RE Auth

12 Chapter 3. T}0|# Q| ZH2kst AN
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>>> word[-1] # last character

lnl

>>> word[-2] # second-last character
IOI

>>> word[-6]

IPI

0207 Zorng, 59 Addat 104 A &St Ao 534 8.

A 4] B9 &kl sleing) = AL LTk A0 BAE Qe AHgE L, Gl 2
FE F A} (substring) & -+ ©l A ‘/IE}

>>> word[0:2] # characters from position 0 (included) to 2 (excluded)

le'

>>> word[2:5] # characters from position 2 (included) to 5 (excluded)

'tho'

AE QA BAE G4 ZGE WY, B2 AA AL I ZFHA G Ao 2 A L. o]
w 2ol s[:1] + s[i:] & F4 s 2oyt

>>> word[:2] + word[2:]

'Python'

>>> word[:4] + word[4:]

'Python'

<Sglola A= HY s 7| B3 2k 9%

T

S el A w A B ko 2 Sehol

ug st 7] R0 o] A8 I, T

Eahde] 2ol 7k AHEH o

el

>>> word[:2] # character from the beginning to position 2 (excluded)

le'

>>> word[4:] # characters from position 4 (included) to the end

'Ol’l'

>>> word[—-2:] # characters from the second-last (included) to the end

lon'

Sebol 27t FAFE UL 71 5hE B AA BHS A2 EAS Aol XS shel ka4
s AU 3 AR B4 4% A0 a7l BAEE T4E BRGS0 2% B A
Qe n o] Pt o] & Eol

B T
[Pl vyl t | h| ol n|
e
0 1 2 3 4 5 6

A i) 52 e QE 2046 9] A S BT, F WA L S 29 AP AEL HolFUh
oA j A Sebol i) 2 ME Hoj A FA Atolo] RAHER TP UL

S0l obd AHATY A9, F olex E W] ol JrhE Lot o) Polt ol 2k Y Th
NS S0l word[1:3] & Zol=2Y YT

W2 kg A Az Agse A Ay

>>> word[42] # the word only has 6 characters

Traceback (most recent call last):

File "<stdin>", line 1, in <module>
IndexError: string index out of range

AT, WIS ol Setol & At Sefol 4B Wl B EHA AelH Tk

>>> word[4:42]
lon'

(F= soTAT ol AS)

3.1. HO|ME A ATIZ2 AFESH| 13
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(o1 sl o] A A A%)

sholdl BAY WAT 5 Qrk— 2w ogkn Fick 2ehA BAde) dEaw 2t Aol B35
EREA T EERSERRIeY
>>> word[0] = 'J'
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: 'str' object does not support item assignment
>>> word[2:] = 'py'
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: 'str' object does not support item assignment

€ Aol A8y, Al 2 vhsofof gyt

>>> 'J' + word[1l:]
'Jython'’

>>> word[:2] + 'py'
"Pypy’

Y& len() 2

Adel dol & B F U

g

>>> 5 = 'supercalifragilisticexpialidocious'
>>> len(s)
34

© B7):

formatstrings str.format () &%

old-string-formatting ©]3lo| A EX LS o
FAEHA Aretar s U T

3.1.3 2|AE

shol {2 ThE ES Pol o2 Bru] AHEs = o8 1A AT (compound) AR §e S YU Th
7§54l Yt AL PAE o, hBE Aolo] YRR 7RI (PR 220w 1A 5
ALUTh BlAEE AR T2 99 BB 238 4 AW, BB S0 BT 22 2 A9 BaUn

>>> squares = [1, 4, 9, 16, 25]
>>> squares
[1, 4, 9, 16, 25]

BAL (193, B BE WFADL FEAY e 2EE AdSn Setol 4T 5 9

/>
<
o

>>> squares[0] # indexing returns the item

1

>>> squares[—1]

25

>>> squares[—3:] # slicing returns a new list

[9, 16, 25]

RE eho] s A 8 A FREL YL A 2| 2ES BelF U ol the 3 2L ol 2t
grEe) fRe GO BARS B Zrhe EYYTh

14 Chapter 3. T}0|# Q| ZH2kst AN
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>>> squares|[:]
(1, 4, 9, 16, 25]

>>> squares + [36, 49, 64, 81, 100]
(1, 4, 9, 16, 25, 36, 49, 64, 81, 100]

=W Q2L 2, e P Ut S S WA T 5 s Uth

>>> cubes = [1, 8, 27, 65, 125] # something's wrong here
>>> 4 ** 3  # the cube of 4 is 64, not 65!

64

>>> cubes[3] = 64 # replace the wrong value

>>> cubes
[1, 8, 27, 64, 125]

append () M= (method) (5o Wl A 2ol sl B A48 ol AU TH & A 5HE 2 2E] 2o
A Ee 278 4 dEUTh

>>> cubes.append (216) # add the cube of 6
>>> cubes.append (7 ** 3) # and the cube of 7
>>> cubes

[1, 8, 27, 64, 125, 216, 343]

Eetol 2ol Yot 2 AP Bl el A0 AAT S 2, BE FRE AT L2 A5

>>> letters = ['a', 'b', 'c¢', 'd', 'e', 'f', 'g']
>>> letters

['a', 'b', 'c', 'd', 'e', 'f', 'g'l]

>>> # replace some values

>>> letters[2:5] = ['C', 'D', 'E']

>>> letters

[ta', 'b', 'c', 'n', 'E', 'f', 'g'l

>>> # now remove them

>>> letters[2:5] = []

>>> letters

[*a', 'b', 'f', 'g']

>>> # clear the list by replacing all the elements with an empty list
>>> letters([:] = []

>>> letters

L]

WA len() S BB E A H U

>>> letters = ['a', 'b', 'c', 'd']
>>> len(letters)

>>> a = ['a', 'b', 'c']
>>>n = [1, 2, 3]

>>> x = [a, n]

>>> x

[f'a', 'b', 'c¢'l, (1, 2, 3]]
>>> x[0]

['a’ 'b! 'c']

>>> x[0][1]

lbl

3.1. TOIME AALI|Z ALR5H| 15
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32 T2 RIS ZEo HAZ

=8 2028 Hot= AE = H &
S HUA S A FRES AT 5

>>> # Fibonacci series:

# the sum of two elements defines the next

.. a, b=20,1

>>> while a < 10:

Qo Ul w NP O

print (a)
a, b = b, atb

_)&
N
flo
iy}
ol
)
el
o
Hl
s

511 gl U Th W4 a Shb ol SAI0] g 03k o] ATk vpAu &
o, o o] ol ek o] 2o} %) 7] Ao] Sl A4 Eo] B AL T},

while #2= 2 (7= a < 10)0] FA FAAFFHUth C& up7HA = sho] o A 0

=

ol obd BRE H4+ Fo]aL, 02 ARAYYTE 2L FAE oV B 2E (M BE S/ AAY)
7hE $% et Zo]7h0 o] obd 21 B ol ar, Rl AJAAE AR YU T o] oo A A&
A e Zrksk vl g EZ R A= Ce 22 Ao g HY YT < (Bh), > (2T,
== (Zh, <= (FAAYZh, >=(FAY Z}, | = (HETh.

22 uhr) (body) = 5o 27] FUTh T 271 sol w0l A £ Fojalw Fi P
B3y TExEAA 27 Fof 22 A 7 ab) o Lh 3 (space) & Al oF FuiTh. LA A
OBt dAE BRAE AEHAN F o B ol A DS 20 A U Aud g aE
7152 A5 Soln7] 7152 AR BREL UFY oz B w22 L7 99
3 22 gAsoF G th (4177 QA mA 22 9EEA AT 9 e U 22
BEo| ZPH L RE S 2L I Soj27] Hofof Fol FolshAl 2

print () @4t ol 4 AAEY e AN th5 A, 59 g, BALL ThE & 340l
(A7) Aol A 2 A} o)) st A shs BEA S 1 A ABe U gL
08 E glo] £ I, AAE Hol & Wzke] AQFUCE TN old Ao By FA =YD
2~ 0]l

% 9l

>>> i = 256*256

>>> print ('The value of i is', 1)

The value of i1 is 65536

71 E R Atend = 28 €l TFH = NYEAE AATFAY 8= thE AL E 24HA st
As ) AHEE YT

>>> a, b =20, 1

>>> while a < 1000:
print (a, end=',")
a, b ="D>b, atb

0,1,1,2,3,5,8,13,21,34,55,89,144,233,377,610,987,

16



https://en.wikipedia.org/wiki/Fibonacci_number

cHAPTER 4

7IEF Mol 25 =+

o= 7Hg & G 2F B2 i w4 Ad U ol E S0t

>>> x = int (input ("Please enter an integer: "))
Please enter an integer: 42
>>> if x < 0:

x = 0

print ('Negative changed to zero')
. elif x ==

print ('Zero'")
. elif x ==

print ('Single')
. else:

print ('More')

More

%MLMEJ He] elif #7F U2 5 AL, else H= AH Z*?MD}. 7INE (elif) & (elseif) & ¢
FAAd], A= EA27]E Hoh= ol FEFUTE if - elif - elif - AlB2E ThE Aoj 59 A
WAE = switch Ycase & A& T

17
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sho] ol A for E-2C d gEAd
AL B o101 A (CA ) AR o 1ol B A A A BB e o
4 el for £ S AU~ EAREY EAD S BHEE T AD20l SoUE T2

>>> # Measure some strings:
. words = ['cat', 'window', 'defenestrate']
>>> for w in words:
print (w, len(w))

AYAL ol E o= B B 2L AAAS A E TEE 2= FAFES BEY YU
B4, BE AeHe] BAROR RS HEALA AAAS BEE Ho] H kg o)

# Strategy: Iterate over a copy
for user, status in users.copy () .items{():
if status == 'inactive'
del users[user]

# Strategy: Create a new collection
active_users = {}
for user, status in users.items() :
if status == 'active'
active_users[user] = status

4.3 range () &t

5759 AQAR | EF B2 AOH, WG §4 range ) 7 el FUTh £9& HEUH

>>> for i in range(5):

print (i)
6..
1
2
3
4
TWEol A= ol £FH A g5 UTh range (10) 2 10709] g2 RE=+=t, 40] 1091 A A

HX
Ae7le 2uE AUAEGUT. W9 O SRR A DT, e SRS (842
JH2 o) AL (2% (step)) ol eha FHUTH AR FE A% 5T

o
ofr Jfg £
ok it rfo

Tofor
o

K
o
5

Q
o
&
e
(@]

range (-10, -100, -30)
-10, -40, -70

AB2e] AYAER ol el o = e W, B4 W range () $len () & AFF 5 Agvih

18 Chapter 4. 7|E} &|0] 32 &3
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>>> a = ['Mary', 'had', 'a', 'little', 'lamb']
>>> for i1 in range(len(a)):
print (i, afli])
0 Mary
1 had
2 a

3 little
4 lamb

SR, 238 uf] f R E L2, enumerate ()

WA E 2 A shE o] Rt do] dojdyt:

>>> print (range (10))
range (0, 10)

@2 A fol range () 7t =& AA = g 2EQ Zﬂ A8 2 A o AFA g2 E 7} obd Yt o] B | o

Egu] gt AE2 FEES SAHE S8 AA o)A L AAZ ﬂi_é W= A oA T

A kgt

o)A ARE olE e 2 olet: L FU FFO] 24D WA A FHES AL 5 Uk FAANE

ASHe B4 T2 EES) AR AT Selt for Bo] 18 P2 EYS Bk olE]

HES F ke T4 ol sum() YUt

>>> sum(range(4)) # 0 + 1 + 2 + 3

6

UZo olHHES S8 F L oHYEL AAZ =g+ E58 ¢ BA Ut nx o Z, range o A
2EZ de= o Ws T2 At oA Fth:

>>> list (range (4))
[o, 1, 2, 3]

b5 2 Aol A List () ol sl B A 3] =T A Y Y Th

4.4 EI9| break 2} continue &, 12|11 else A

break ¥, CH T, 714 7Pl 4 B A for huhile FZ 25 E whALAA wEU T

2B else 3 A2 4 AgUth T} o B e B £xo|u}(ford] F9) 27| AZlo] HA
(while®] A9) FRT w) ABFUch AR FZ7bbreak EOR FET wlE AYH A g,
28 55 oheol A el Al g oh

>>> for n in range (2, 10):
for x in range (2, n):

)

if n % x == 0:
print (n, 'equals', x, '*', n//x)
break
else:
# loop fell through without finding a factor

print(n, 'is a prime number')

is a prime number
is a prime number
equals 2 * 2
is a prime number
equals 2 * 3
is a prime number

~ o U W N

(TF= ol Aol A

44. RI9| break 2} continue &, 12|11 else & 19
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(o1 sl o] A A A%)

8 equals 2 * 4
9 equals 3 * 3

(1AL 2¥E TEQUTh AAIE] SIThE Y else AL if Fo] ohe} for Faxe %3 Th)

2329 A AR E uf], else AL 1f EHETOEtry 29 else A v]523l Ho] S5 Ut try 29
else AL Q)7 A eLA] b3 ) AP 31, T2 else B2 break7F A A b2 o Ay ch
try T’:-"]’ of| 9] of] 3k AN S Y82 of| 9] 2] 2] 5l7] & BAL.

continue &2, JA] ColA AHFUTH F29| th o]H e o] oM ALSE= syt

4

>>> for num in range (2, 10):

o

if num % ==

print ("Found an even number", num)
continue
print ("Found an odd number", num)

Found an even number 2
Found an odd number 3
Found an even number 4
Found an odd number 5
Found an even number 6
Found an odd number 7
Found an even number 8
Found an odd number 9

o}
Q
(03]
0
M
rlo
9,
—d
Y
k1
o
R
4
oy
v
v
Bl
22
)
lo
fu
M
o
o
e
ko
e
R
rET
[
u
[
e
o
A
g
ok
e
o
%
filo
£

>>> while True:
pass # Busy-wait for keyboard interrupt (Ctrl+C)

Hawe 2UaE BE v £ AP

>>> class MyEmptyClass:
pass

pass7t S 5 9t TE At A IES AQT W) PHu 24K whrl o) el & A A,
oz Bol o 4 Q) 2ol A A ke & A BT pass £ 285 RATUD:

>>> def initlog(*args):
pass # Remember to implement this!

20 Chapter 4. 7|E} M0 S =3
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=LA =

4.6 2t Ho|517|

JHUA £ GL 499 BEAHA 25 FHE BE S dFUth
>>> def fib(n): # write Fibonacci series up to n

mmn

"""pPrint a Fibonacci series up to n.
a, b =20, 1
while a < n:
print (a, end="' ")
a, b = Db, atb
print ()

>>> # Now call the function we just defined:
fib (2000)
0112 358 13 21 34 55 89 144 233 377 610 987 1597

>
N
i)
T
L
1
)
3
m
)
s
M
fu
g
0,

°
ﬂﬂ

]— .

lo

5 k)] A A e A
N

bt
u
-,
0
)
2
r{n
zi
gj&
AN
e r
b L

2
iv
o
T
(A Xrlo

=y i

e=
3% oot
olt, tft O, 4y

Ly 2L ofo M2
o © rx 1o

25
et 2>
[> ofo

Ol o 12, 1
i fo
2, H

oy [l
flo tu ¢t

flo

&

rlo
=, o
o
)

dy Jro oy
>

th £ o FAZHoZ, oA
5 ‘?ﬂﬂﬂ"—ﬂ‘é—l%ﬂll‘j"
% AUt 2eHA, 32 S
Hets, 4 ‘?“;—/F%ﬁ EUNE T HFE2 T4 UodlA A% %kol HdE & A5y th(E Y
£ global 202 YAIBIAY SN+ &9 M4E nonloca Toiﬂ*lﬁ}ﬂ o= o).

The actual parameters (arguments) to a function call are introduced in the local symbol table of the called function
when it is called; thus, arguments are passed using call by value (where the value is always an object reference, not
the value of the object).! When a function calls another function, or calls itself recursively, a new local symbol table
is created for that call.

B4 Aol T4 ol B2 AR A2 Hol B B4
AAE &AL ) o2 AAF T T2 o]
0 e E 5= dFUth

iy} rln
i ok oo rx, Lo

5 I
o, o2
o, rfo

o>

” it ol

i)

)

e

o

e

i

o

- ==

X,

=)

lo

fru

Lo

o}

)

¢

>

(R3O riT b m i S Ao

Ax et AU AB Z e = 33 o] 5ol 7He)7]=

P
o e s AN E 71D 4 Qov Prol Aa sk

>>> fib

<function fib at 10042ed0>
>>> f = fib

>>> £(100)

0112 358 13 21 34 55 89

G2 QOIS AB UL, £ib 7} FE BEAFA 7] Bl Y7} obe 22N A2D 424U
S5 T AbY, return £ fh B4 @S EAF T 015 0HEE gtol 7] SR T o] 32 None
o2t EH YW o] 5 Y UTh. None °o] 8T F L3 3kolztd, OJE%MElEit H% None &<
AAFU % 27 dAThE print O 8 AT S AT

>>> fib (0)

>>> print (£ib(0))

None

A4 SHE U4, HH A $99 RS PAES BYFE ¥4 5 AT A€ kg

>>> def fib2 (n): # return Fibonaccl series up to n
"""Return a list containing the Fibonacci series up to n.

mrn

(Th& sl AT ol A%

VA=, 2 'ﬂ -zl 98 3% (call by object reference) ©] ] 22 £ A, 7HH AN 7 AEHH, T EAE= JEEABE
WAL E S A7 WEGUT(H gl2Ed §5& 2715 .
4.6. €t ™HOI517] 21
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(o1 sl o] A A A%)

result =
a, b=20, 1
while a < n:
result.append(a) # see below
a, b ="Db, atb
return result

>>> £100 = £ib2 (100) # call it
>>> £100 # write the result
o, 12, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89]

Jrwx g, o dl= R 7HA A sol i 752 HolF Ut

« return ¥ FFERE S 231 B A wFUTh £H 4] AR} Gl return & None s £

ZUth 4o 2o g "ol W A A Noned =& E1U T

e E& result.append(a) < g 2E 214 result./] HAZE &L yA= %
5}—> St o] Al obj. methodname g3 o] 2 B oA, obj= o

S U, methodname & 2712 B o Aol R WA =2 o) ST} e 3

_I\I

xﬂ o (%

Ao] B %

=SS 39¥ Ut A2 T oe-4 A=+ UE@'C’*O] 22 o527 g dsUth (2 E
AbES Al el A4 Y F HAEE Ho s Ao ZhegUth ZHAE BEAR) Ao e+
WA E append () & B2E A& °ﬂ o= o }J\ Uth 848 gaEY Zo Q&Y Yt 9
oo A] &= result = result + 1 5E55HA 9 ) 28 A g th

47 &4 Hol o 8|

Ao A A k2 MG JAAERE FFE BAYst= A5 7Feguth Al 7HA F A o] gledl, 23T 5

AT

471 7| | X} g

/% B2 Sl B Sy ol AL RS AYFE AT Yl e o e

o
T: “ L
Aeel AAER 52D 4k B4E BFEUG OB 5

def ask_ok (prompt, retries=4, reminder='Please try again!'):
while True:
ok = input (prompt)
if ok in ('y', '
return True

ye', 'yves'):

if ok in ('n', 'no', 'nop', 'nope'):
return False
retries = retries - 1

if retries < 0:
raise ValueError ('invalid user response')
print (reminder)

« 24 % P93 QAR AL A ask_ok (I T FEAM?)

« AEH A S-S AFHA ask_ok (" FHA S FAME B U, 2)

c EEREEJAEAFTHAMask_ok (' FE FANE FE T, 2, A, A orHle s
:rUrA-Ilngl)
=)

o ol in AR EE 27182 Atk ADA7} o W ghe AR EA oA E AAFY T,
ARGE P4 A Adel A 1 Ik AnzoAA TAAUT, 2 A

22 Chapter 4. 7|E} M0 S =3
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def f(arg=1i):
print (arg)

(o)}

ol

fs

] &+

2 71 dgd, thal

—_

N =2
T=°

Jo

fy

def f(a, L=None):
if L is None:
L []
L.append (a)
return L

4.7.2 7|4E CIX}

&€ kwarg=value 49| 7|9 = <A & ALGelA EEE 5 U5

sUth o &

Fol, 03 Pt

def parrot (voltage, state='a stiff', action='voom', type=
print ("-— This parrot wouldn't", action, end= ")
print ("if you put", voltage, "volts through it.")
print ("-- Lovely plumage, the", type)

(
(
print ( It's", state, "!M)

'Norwegian Blue

l):

A 9l
o)

AN

A

st 2
ez 2

AAF(voltage) 2k Al 1] A

<
T s
Sy F ol AR} 55

-

Bl %
2
I~ S

=]

o},

(state, action, type) & WolE

fois
1:!

°|

.
.

=
parrot (1000)
parrot (voltage=1000)
parrot (voltage=1000000, action='VOOOOOM")
parrot (action="'VOOOOOM', voltage=1000000)
parrot('a million', 'bereft of life', '"jump')
parrot ('a thousand', state='pushing up the daisies'

FHoHH R H KW H
= W NN R R

)

positional argument
keyword argument
keyword arguments
keyword arguments
positional arguments
positional, 1 keyword

FAV L 2L TEEL BT 2l vk

parrot ()
parrot (voltage=5.0,

# required argument missing

'dead') # non-keyword argument after

a keyword argument

(Th& sl AT ol AS)

SIA
e

4.7. Mol H7|

23
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(o1 sl o] A A A%)

parrot (110, voltage=220) # duplicate value for the same argument
parrot (actor="John Cleese') # unknown keyword argument
5 ZEoIA, 719 = AAkE A A Hol thsbol Gtk ALH BE F 9= AAbE G4k oS

SHLE QA7) ohUTh, 2 ¢ A=
o], parrot (voltage=1000) &
7],

o] Al e wj &l A3 st= o7}

ol A5 sttt gtotof shm (o & S0, actor parrot ¥ o]
ZF838A st o AEd= 2F ?_]_Z]’SE _—,L_UFQIJD}( qE =
SULg U, oW AAE A ol 4ol e WE 5 gt o
Sk

>>> def function(a):
pass

>>> function (0, a=0)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: function() got multiple values for keyword argument 'a'

**name @A 2] vt G A w7 E Ak, FA Wi Hp S S5 e BE 7IHE A=
%%%gﬁdﬂawwmm@ HAlR) & w5 Urth o] 212 *name (Th2 A B4 ﬁﬂﬁ@%% th
G40 G4 v 2gd 4 g, 34 v NS 55 e 917 AAE S ge FEE Tk
(*name **name ol Uhetof Uth) o & 0, o & Ao st
def cheeseshop(kind, *arguments, **keywords):
print ("-- Do you have any", kind, "?")
print ("-- I'm sorry, we're all out of", kind)
for arg in arguments:
print (arg)
print ("-" * 40)
for kw in keywords:
print (kw, ":", keywords[kw])
ol Ao g 3&5E s YT
cheeseshop ("Limburger", "It's very runny, sir."
"It's really very, VERY runny, sir."
shopkeeper="Michael Palin",
client="John Cleese",
sketch="Cheese Shop Sketch")
T2l 3 s o gA A g ch
—-— Do you have any Limburger ?
-— I'm sorry, we're all out of Limburger
It's very runny, sir.
It's really very, VERY runny, sir.
shopkeeper : Michael Palin
client : John Cleese
sketch : Cheese Shop Sketch
AN &= 7| E=EJAAEY A T S22 AGH <A GA T B o FEA L

24 Chapter 4. 7|E} &|0] 32 &3
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4.7.3 S 07 HL

AEA o2, Al 91} AR AR sho] M T4
A G Eo] AR, AA A GE EE A AT ADH £
QA7 AL 2 At E F5 T

4 Role e 24y

def f (posl, pos2, /, pos_or_kwd, *, kwdl, kwd2):

| Positional or keyword
| - Keyword only
—-— Positional only

i)

Q4 Ut AHS3hE, o] /| E i AT ol Y & A o mhE ) W)
Th 913 A8, AA-A9E D ANE A 19 7] A D9 (named) o))
o}

2|X|-7| 2 E (Positional-or-Keyword) 21X}

G Aol /7t Gow, ARE AN AASR B4 ALT 5 Y5 Th

QIx| HS oh7H B4

O AASA SRR, EF w A5 9N Ao BAT S AxUTh AX Agold, W
49 A7 EL 30, AAEL W) W5 ATT 5 gk A7 A8 A e /(@A)

Fol AU Th /£ 914 28 o) W i) v} WSS RRE e Hoz Bejshe o ASH U,

i 7H
S Aol /7 glow, A A A-§ A E‘i = s yth
/e i s A7 EY 79 E AEd S sy Th

7] M5 71 = QAR Aol TS YW ES, 7] i4E 719 = A8 o7 AW, 3 WA
719 E AL uj7 Wy ulE Ao AR B2l xE DO AA L
gt ol |

/&F* mpA o £ & Vg ol v A F A E UL

>>> def standard_arg(arg):
print (arg)

>>> def pos_only_arg(arg, /):
print (arg)

>>> def kwd_only_arg(*, arg):
print (arg)

>>> def combined_example (pos_only, /, standard, *, kwd_only):
print (pos_only, standard, kwd_only)

3 UA B A9 standard_argt A% AT A0, BE FA kA AL FA dod
A= AN A Y9Ez Agd 5 Y&k

>
10

4.7. St Mol HY| 25
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>>> standard_arg(2)
2

>>> standard_arg (arg=2)
2

WA e pos_only_arge & Aol /7t leng fA] v A AR St F AT Yt

>>> pos_only_arg (1)
1

>>> pos_only_arg(arg=1)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: pos_only_arg() got an unexpected keyword argument 'arg'

Al A B4 kwd_only_argse @4 Aol A +2 BAE 719 = AR 82 g ok

>>> kwd_only_arg(3)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: kwd_only_arg() takes 0 positional arguments but 1 was given

>>> kwd_only_arg (arg=3)
3

apAEre 22§45 AN Al M B 7L BF AT

>>> combined_example (1, 2, 3)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: combined_example () takes 2 positional arguments but 3 were given

>>> combined_example (1, 2, kwd_only=3)
12 3

>>> combined_example (1, standard=2, kwd_only=3)
12 3

>>> combined_example (pos_only=1, standard=2, kwd_only=3)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: combined_example () got an unexpected keyword argument 'pos_only'

rlr
-
%
+
oX,
o
i

R eto 2 9] 912} name} name 7] & 7}A] &= **kwds Abo] ol FA A Q1 FE 0] )
AT A L

def foo (name, **kwds):
return 'name' in kwds

‘name' Z1YEE F4 R AA WA WG] AFIEE True s WBT 5 9 TELS BT
s =d
>>> foo(l, **{'name': 21})
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: foo() got multiple values for argument 'name'
>>>

S /(9A A8 AN E A-E Y, naned AX AAEZ, S0 *name' & AT Ao A2 A5
# Qermz b5 gk
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def foo(name, /, **kwds):

return 'name' in kwds
>>> foo(l, **{'name': 2})
True

=, A AG Wi Mo o] 52 < rkwdsol A B

n°1'
;
ofo
ok
>
30
o[>
<
o

I
o>

Mg A7 B4 A A o W) AR E AL TA A G T

def f (posl, pos2, /, pos_or_kwd, *, kwdl, kwd2):

SEEERE
- o)) W4 ol e SRER =8
AR o w7 g2 w, B47h 52 Wl AR £ S AT L T ul, Ei A% 91K v)7) wi5e}
Qele] /=g WolEol 1 4L wf f-& gt
» o Fo] oJu] 7 91 B4 B 7ol B WA 0w A A G A B o sh5H7] A A A A, AH§ A
AYH & QAxpe] 9 7o) o] £54A FHES Shel W A A= 482 AFEIHAIA

« APIS] 79, G5 B} A5e) o] o] 48 wh u] EF API WG o] WA A2 BA S A
AE2 AFESHAIA L

o
of
>
2
(o]

[e]
.

a9

4.7.4 Yolo| OIx} 2=

AR O 2, 43 G AT £ S AL B Qe A AR 55Y 5 GRS AR AU
ol AAEL FEZ AT (FE7 A7 & HAR). 7P8 Aol A kol gAY ol el e Lt
Qg o] & 4 A%k

def write_multiple_items (file, separator, *args):
file.write (separator.join(args))

HE, o T 2o ARELS PA ANS 52 mAge] T 42 A2 e I A%E
52 2280y W EYUTh *args MRS Fol 5ATE A WAL BE
AAE A, 912 AR P4 A9 = A2 AL E 5 ks =8 Th

—

>>> def concat (*args, sep="/"):
return sep.join (args)

>>> concat ("earth", "mars", "venus")
'earth/mars/venus'

>>> concat ("earth", "mars", "venus", sep=".")
'earth.mars.venus'

AR o] oln] e 2= FE QAT B H X AAES 75 W5 T2 A5 A 7 ok s
35 R Aol Mol P Ut o & 50], W range () 4 HEY startﬂsmp AAE 71 Fyth
DRSO uhE A FOW, PAEN FERTE AAE A A A - ANAE ASHN B4 E
SE3td gy

>>> list (range (3, 6)) # normal call with separate arguments

[3, 4, 5]

>>> args = [3, 6]

>>> list (range (*args)) # call with arguments unpacked from a 1list

[3, 4, 5]
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22 Ao g gAY E - AxAE AA 719 E AAE AGE 5 JlF Ut
>>> def parrot (voltage, state='a stiff', action='voom'):
print ("-— This parrot wouldn't", action, end=' ")
print ("if you put", voltage, "volts through it.", end=' ')
print ("E's", state, "!")
>>> d = {"voltage": "four million", "state": "bleedin' demised", "action": "VOOM"}

>>> parrot (**d)
—-— This parrot wouldn't VOOM if you put four million volts through it. E's bleedin
— ' demised !

4.7.6 UC} ESAl

lambda 7|9 S5 AlL81A] 21 o] Z 9l BRE BhE = 9l &t o] d
Uth: lambda a, b: a+b. 6*”‘ﬂ%m7}Alﬂ sk
THACEE S xHA o= A g YT 9
349 3% 494, AT Gt EelAe ~and 9

>>> def make_incrementor (n) :
return lambda x: x + n

>>> f = make_incrementor (42)
>>> £ (0)

42

>>> f (1)

43

99 o= B4 B2 96 Dot
A

Bl

AL S FUTH ETHE $EE 4L B4E ARz ADE

>>> pairs = [(1, 'one'), (2, 'two'), (3, 'three'), (4, 'four')]
>>> pairs.sort (key=lambda pair: pair[1])

>>> pairs

[(4, 'four'), (1, 'one'), (3, 'three'), (2, 'two')]

4.7.7 = HE0|M 2XIY

of 7)ol =5t o] d EAFL o W&} 2 | ofl &3 & 7hA] & 7} s

A2 gy AR B4 G, 225 Lo of FuTh BATS Ash, AR o Folit Y2 B
NA oz AR Shobo i, ol AE L the B o AT A w2 YT (o] Bol B0l AL
AEshe SAbehe o9 Quith. o] & thE AR A5 nhY E 2 Eibok gtk

SFWE o] A BAL o Fo] grte, T A 22 vlolgloj A, A4 AR 8okt A 4
Eelsfob Uk Hu2t 5L S 1 o4 RO, AN 55 ok HAE 5 4B of

Sholal A€ el & £2 2 eI LA N S22 A 97 o), AWAE Aelshe wrEe

231 42 E AAGYT AL e 2L Bel 2 AL EAQ AE F o o= A
@ﬂﬂﬂﬂﬂ%%%ﬂ@ﬂ&%awqa%ngﬂédzﬂ¢%oﬁ@qu<Taha%%
e 4 e, Ao g B A2kl ng Hol EolglolA Sojxr) s B eE Y] AL
w@ﬂﬂ@ﬂﬂ#ﬁww>qE®Mﬂﬂ<E53 o] BAl Qo) B E Zo] A= LR A A AHY
T 8 501227 8 So LhehbAl s wolol Sl LiehiThl R @hye] Fulo] A AR T 39

F54L W P (25 8719 2500l 2) Fofl FAHG U
°)7] oY & F2EZ o7k dch
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>>> def my_function():
"""Do nothing, but document it.

No, really, it doesn't do anything.
mrirn

pass

>>> print (my_function._ _doc_ )
Do nothing, but document it.

No, really, it doesn't do anything.

4.7.8 8 O{-HI[O|M

4 o] H o] A & AL& 2} A o] Bt AL FS o] tlak A3 A A ol vetu o] E AR Yt}
(AFA g Y82 PEP 3107 3} PEP 484 & H.4 2).

Annotations are stored in the __annotations___ attribute of the function as a dictionary and have no effect on
any other part of the function. Parameter annotations are defined by a colon after the parameter name, followed by
an expression evaluating to the value of the annotation. Return annotations are defined by a literal —>, followed by an
expression, between the parameter list and the colon denoting the end of the de f statement. The following example
has a required argument, an optional argument, and the return value annotated:

>>> def f(ham: str, eggs: str = 'eggs') —> str:
print ("Annotations:", f.__annotations_ )
print ("Arguments:", ham, eggs)
return ham + ' and ' + eggs

>>> f('spam')

Annotations: {'ham': <class 'str'>, 'return': <class 'str'>, 'eggs': <class 'str'>}
Arguments: spam eggs

'spam and eggs'

.
4.8 U723 : Y AEIY
oA o Ee sl o] A, B BT 2A4ES A S T P 19 Aerdol vl BT A A%
AU R dole AR BhE AHYR A48 (E& o A, £0D) + A ol
ASL e AERTHE 97 44Ut ThE RSl o B IES U] A BEE AL FFEL
A7tolm, 53 1Y 26U 2dshe AL 284 s vl 2 282 Futh
shol Mg A3, S =2 AL} D5 S sho] E 2 PEP 80| LS U Th o 22 WS 9]
Y1 o] Aoket 1Y ~hAL Ao FUTh BE vl AL A o EAE goloF gtk
oJel B2 9 g FLB HRES FelBavnt
o Se] A7)0 425 0] A8 AFEHT, WL ALG A ThAl S
4G 2ol AL Bolad] (] BE 1 B8 HSPUH 9 2 Sda] (97 454UTh
Aole) & AF Tk WL B Do, glole Aol A4
- 7948 94X BES 2 YUY AL
AL AL HUS AR AHEAE E 2 WAL ol TE FAES 3] 2 5 A G}
- RS, ZU, B U] 2 TE BE Afelo] W 2 Yol ReFAL
- bsstie, 24 MRS 32 Yous

P QUAE FA B F o) 25 0] AT YA, B HHE FFox 2v]o] A2 WA WAL a -
f +
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312\94-?3 Sl €A A= olE= BolAlR; B+ %?J]i./] A< UpperCamelCase, 3+ 9}
Uﬂ/ﬂ 9] A% lowercase_with_underscoresYUrth A HA] WA= Qx}e] o] 507 = At
selfE AL BN L (Ze] 29k WA = of o3t 214 B m%_g %EH ghe] 3 Tht S 5 AL,

YR FEE ZA A FAA AL S T STt
AL o slo] M Q] 7] UTF-8, == th<: ASCIIZ =}, o] HAIQ ‘4‘:}-

o BHAAA R, THE ol AL I Aol TES AAG FA ke Fhs A uk el ek, AE ol
ASCII ©] 2] o] EALE AFE-31A] ulA 8
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o] o= o2 2] olm] w2 AES2 & Y AA 8] At R 7HA Az As

filo
pan)
e
hins
o
v

51 2[AE O H7|

PAE AR P W AN MAEEL o 23 Y5k o ASol Bl 2E AA ] BE WAE EYUTh

list.append (x)

Y2rEQ] Zo| FESZ HFYTH allen(a):] = [x] g EFsFYUTh

list.extend (iterable)
ZYAEQ Lo olEH 8 RE FES B B3t} allen(a):] = iterable 55
.

list.insert (i, x)
FAUAAA $IE GG, 30 D4 §YHE 207 24 2 AL 21
a.insert (0 = 2EY A2 A4Ydta, a.insert (len(a), x) = a.append(x) &

==}

list.remove (x)
gl A gho] x ok 22 3 WAl FEL AR P th 1% FEo] YoB valueErrors 03]

gt

list.pop ( []
2B A FoX 52 YUt d92E X]Xé%}xl %o
W, a.pop () & B 2EQ] Hpx f—’#f‘é‘%% AbA| 8L = EﬂzHD} (MAE A ZUAANA i & E2%
ﬂ%%:s‘z% R E7F A A S YERYUTE I 9 X0l 2 EE J &) ofF Stk So] obd Y th
o] £7]W & gto] A grol B gl gl HHH A A 57T

list.clear()
BaEe) RE FE A FUTH del al:] HESFUH

list.index (x[, start[, end]

:\9
=
30,
rlr
odt
I
mlo
>
)
- ot
jﬂ
LI
.?L
[o

)
Sl 2B ol Sl B # gkl x 2 -2 A Al A1) 05E] A Feh A B E T 28 FEo
9l valueError & o 7Urt}h
A A st 2 end = ol & EAYAY 4R T, AL L2 SAT AU ANALE
A o AHSH U e R A8 A yar A7 b 2 AR A ALY A S A FO 2

.
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list.count (x)

daEol A x 7t 58 A48 B FUTh

list.sort (* key=None, reverse=False)
D220 YR EL AL oI LT AAES FE ALE ol A o 0] A8 5 DI,
AL sorted() E BEAR).

)
P 2E9] 845 AR A ARG

list.copy ()

B AES F2 AR EHFUY al: ] & FSFYTH

YAE H A E P RES AL o

>>> fruits = ['orange', 'apple', 'pear', 'banana', 'kiwi', 'apple', 'banana']
>>> fruits.count ('apple')

2

>>> fruits.count ('tangerine')

0

>>> fruits.index ('banana')

3

>>> fruits.index ('banana', 4) # Find next banana starting a position 4

6

>>> fruilts.reverse ()

>>> fruits

['banana', 'apple', 'kiwi', 'banana', 'pear', 'apple', 'orange']

>>> fruits.append('grape')

>>> fruits

['"banana', 'apple', 'kiwi', 'banana', 'pear', 'apple', 'orange', 'grape']
>>> fruits.sort ()

>>> fruits

["apple', 'apple', 'banana', 'banana', 'grape', 'kiwi', 'orange', 'pear']
>>> fruits.pop()
'pear’

QW¢®H%%immmrmmmswtﬂ°WHE% 2t =857 o=
A& oS 2AdUth- 71 E None & EHF I JFUTH! o] AL Stoj oA BRE 7HH A8 7R E
ALE = 4A 8tk

ofut of gt o] gol S E ThE AML 2 EE HlolEHE BEtA U v T 7+ gltk= AUt d &
=9, AT E AL v 5 §lal NoneS tHE 3 & 7] Wil [None, 'hello', 10]
= AEHA AFFuUTh B3 AgH A AA T gl Fol AF £ 50°],3+43 < 5+7j= =HFE

H 37} obd Y Tk

fao
2

5.1.1 Z|AEE AEBHIOZ Al25}7|

El’\E A= ﬂiE% 2807 ARG S GA BEH], vpA g 42 247 A5 o7 AYA
"‘QHD}((Uastlnﬁ ut) ). iE—‘M Hoj 7ol F5& ¥ 29 append() £ 9] e
H 7oA gh& A2l FAI A QA AE2 glo] pop () = AHESHAIR. ol & Eol:

>>> stack = [3, 4, 5]
>>> stack.append (6)
>>> stack.append(7)
>>> stack

[3, 4, 5, 6, 7]

>>> stack.pop ()

>>> stack

o dojEol e 7t AAE S8 F 7] % sk, d->insert ("a") ->remove ("b") —>sort () ; 2 T2 WA E A E

32 Chapter 5. X|& X




Python Tutorial, £A| B{ 3.8.13

(o1 sl o] A A A%)

[3, 4, 5, 6]
>>> stack.pop ()

>>> stack.pop ()

>>> stack
[3, 4]

51.2 2|AEE A ZE AIE2517]

PAES TR AGHE AR SR, AL OE WL 247 AL O AU R4 AU Th((firstin
first-out) ); SHA| B, ] S E L o] B Ao EE Ao A gLt B ame] Bof Go] Auh, ZoA A
AL WA g, 220 vele] Sgol ALk melol A A Ae LU (e 845 B & 4

o] 5 Al A oF 81 7] w2 Qi Th,

FE 7Y, & EoAAY HE 7S} AW 7 BT
A 2. o E Sol:

=

N2 == JA % collections.deque &

>>> from collections import deque

>>> queue = deque (["Eric", "John", "Michael"])

>>> queue.append ("Terry") # Terry arrives

>>> queue.append ("Graham") # Graham arrives

>>> queue.popleft () # The first to arrive now leaves
'Eric’

>>> queue.popleft () # The second to arrive now leaves
'John'

>>> queue # Remaining queue in order of arrival
deque ([ 'Michael', 'Terry', 'Graham'])

~EAzedAL B AES BES AT PYS ATPU EF S, 4 227t e AAsY
oJE e el WHEo] ofH ANS HET AHQ P AEE WHEAL, oW A2 WEHFE LAER
TAE A AALE HEE AYY

5
A& Eol, AlFFY B2EE WEN ATt 7 EHA}, o] | 4y

>>> squares = []
>>> for x in range (10):
squares.append (x**2)

>>> squares
(o, 1, 4, 9, 16, 25, 36, 49, 64, 81]

o] AL x Bt ol & =
T L. oE AL T Qlo], AlFFo g aEE ©

’squares = list (map(lambda x: x**2, range(10)))

w0 A & = g

)

(TR DS

4 It

Azl
Atk 2 A9 A 2 2E Q) for 9} if Ao) Fulol A BRI e ToHA TSl F LT
of o PrE AEAAL F A AEY RAES AR 24 % A7l AFEIh

2 foh
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>>> [(x, y) for x in [1,2,3] for y in [3,1,4] if x != y]
[, 3, (1, 4), (2, 3), (2, 1), (2, 4), (3, 1), (3, 4)]

>>> combs = []
>>> for x in [1,2,3]:
for y in [3,1,4]:
if x !=y:
combs.append ((x, V))
>>> combs
[, 3y, (1, 4), (2, 3), (2, 1), (2, 4), (3, 1), (3, 4)]

FIE 27 A for &if F EAFERO e sAIL

40 FEoW (2 9 ol A (x, v)). WEA BEE S Aok gy Th

>>> vec = (-4, -2, 0, 2, 4]
>>> # create a new list with the values doubled
>>> [x*2 for x in vec]
[-8, -4, 0, 4, 8]
>>> # filter the list to exclude negative numbers
>>> [x for x in vec if x >= 0]
[0, 2, 4]
>>> # apply a function to all the elements
>>> [abs(x) for x in vec]
(4, 2, 0, 2, 4]
>>> # call a method on each element
>>> freshfruit = [' Dbanana', ' loganberry ', 'passion fruit "]
>>> [weapon.strip() for weapon in freshfruit]
['banana', 'loganberry', 'passion fruit']
>>> # create a list of 2-tuples like (number, square)
>>> [(x, x**2) for x in range(6)]
[0, 0), (1, 1), (2, 4), (3, 9), (4, 16), (5, 25)]
>>> # the tuple must be parenthesized, otherwise an error 1is raised
>>> [x, x**2 for x in range (6)]

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

[x, x**2 for x in range (6)]

SyntaxError: invalid syntax
>>> # flatten a list using a listcomp with two 'for'
>>> vec = [[1,2,3], [4,5,61, [7,8,9]1]
>>> [num for elem in vec for num in elem]
(1, 2, 3, 4, 5, 6, 7, 8, 9]

EESR: AL R
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>>> from math import pi
>>> [str(round(pi, i)) for i in range(l, 6)]
['3.1', '3.14', '3.142', '3.1416', '3.14159']
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O faE Axedde 3 de A3 ARy

>>> [[row[i] for row in matrix] for i in range(4)]
(L, s, 91, 2, e, 101, (3, 7, 11], [4, 8, 12]]

LFANA HYFol, FHY P AE Azl WAL A2t ror o BuelA go] T ATk TeA o]
o & The 7 5 U Th

>>> transposed = []
>>> for i in range (4):
transposed.append([row[i] for row in matrix])

>>> transposed
tr1, 5, 91, 2, o6, 101, [3, 7, 111, [4, 8, 12]]

o] AL thA The 3} 2E U TH

>>> transposed = []
>>> for i in range(4):
# the following 3 lines implement the nested listcomp
transposed_row = []
for row in matrix:
transposed_row.append (row([i])

transposed. append (transposed_row)

>>> transposed

(1, 5, 91, (2, 6, 101, (3, 7, 111, [4, 8, 12]]

AA A=, B sERETG W TS AT ok FUth o] Afole zip() 57HA
A sL I 2~ 0151L]t+'

TeEE e T oA .

>>> list (zip(*matrix))
[, 5, 9, (2, 6, 10), (3, 7, 11), (4, 8, 12)]

o Foll Lo o) 2 g 2210t 3 A B ) §-L <A B2 <l 5]

ftlo

H2A L.

e

52 del &

aAEﬂHﬂmMﬂﬂﬂAE“ﬁﬂﬁi
EHFEpop () AN ES HE YT del &
mE}%g¢aﬁﬂwﬂ%ﬂﬁﬂaa_ggaqcﬂm%ﬂﬂazg@quﬂggﬂ:

>>> a = [-1, 1, 66.25, 333, 333, 1234.5]
>>> del al[0]
>>> a

[1, 66.25, 333, 333, 1234.5]
>>> del a[2:4]
>>> a

(Th& sl AT ol AS)
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(o1 sl o] A A A%)

[1, 66.25, 1234.5]
>>> del al:]
>>> a

L]

del & ¥ AA & AAl st ol = A2 5 st

>>> del a

o] o o] 5 a & FX3e= AL Y YUt (H = thE Fho]l M2 Y= 7] A7EA). F oA del 9] th2
{52 WA FYch

5.3 EZq} AIRHA

g AEQ EALF o] Qd A} Leto] 4 At 2o W AL FHIS HFUh o] AE2 A EA
28 9 F 7HA o U th (typesseq & EAM L), o] M- A5kt Adojo] 7] w Fof], o2 Al AF8
Jo] 2712 +5 JF Utk o2 B A D2 AF Fo] dFUth: FE Utk

FEoduz FEIE A9 goz FAFE YL oA E Eof:

>>> t = 12345, 54321, 'hello!'

>>> t[0]

12345

>>> ¢

(12345, 54321, 'hello!")

>>> # Tuples may be nested:
.u=+%tt, (1, 2, 3, 4, 5)

>>>
((12345, 54321, 'hello!'"), (1, 2, 3, 4, 5))
>>> # Tuples are immutable:
. t[0] = 88888
Traceback (most recent call last):
File "<stdin>", line 1, in <module>

TypeError: 'tuple' object does not support item assignment
>>> # but they can contain mutable objects:

- Vo= ([11 2/ 3]! [3/ 21 17)
>>> v

(rx, 2, 31, 13, 2, 1])
g o] o], 2YH L FEL P BEE FAAYUH THA FHD FEol ent=A SAH U
FF 2EA BRI L AW (R0 U 2 RAAY IR A ), SR FE A £ glo] 4D
F 9%tk 5E A Gl RS AL AF5oha FAW, AAE 22 b8 ANE TP
RES e £ dsUn
FZol gl2EAY HAth st ety o] AEL thE 43olA v BH oz ALY FE2 =4
ojal, B oA AA S AEY AE2LE 2FFULE 8452 A WA (o] A F el vt} o]t
AAF(EE HIYE 5T Y AP oERRERSE) 08 A AFYTh glaEE 7 o)A, 2452
BS54 Hoja gJA~Eof 3t o] B o] o & MM~
EME FAL QAL ] B2 2L FES WEL AQUT: o] 498 28517 As BuL
27449 o9 AGE 2T YEUTh N FEL W BE Ao HEo YU st FRow 7AW
FEL G RS Rol A BEUTHE S 2R SeA U S Aor s 3R ST
FFch A8 E3A AUk o2 Sl
>>> empty = ()
>>> singleton = 'hello', # <-— note trailing comma
>>> len (empty)
0

>>> len(singleton)

(Th& sl AT ol AS)
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(o1 sl o] A A A%)

1
>>> singleton
('hello',)

B2t = 12345, 54321, 'hello!'=E5Z 37 o o9 duth: gF12345,54321, 'hello! "' =37
F22 97 gk v A4k w3 s h

>>> x, y, z =t

o] 2L, Twd] AASAE, Al A A olgtal B2 L & ofH A AT o U Th Al EL
Ash7 e 5ael o] AB2e] Y LAET 2L j5] WrFol & AL LT h thE YL
R L PR E RS B e R L%

5.4 =&t

- | — =

shol e Y < AR AR WE ZPFPUTE AR FHH £ 247 9 €A gl 294U )=
Aol §EL WA GAHe B8 Aee] AAQUL IF AN TR, 1A, WG, 0P AT
2o satdd AAEE AP

A e de FZ2oUset () FFES AT F AU FAAG: AT S W set () &
4%W¢§HWK}ﬂﬂ%ﬂﬂ#@ﬂ%ﬂgﬁﬂﬂ%“Efﬂﬁig”ﬁﬂHWEHW

o 7] Zrekst A A o] JlFUTh

>>> basket = {'apple', 'orange', 'apple', 'pear', 'orange', 'banana'}

>>> print (basket) # show that duplicates have been removed
{'orange', 'banana', 'pear', 'apple'}

>>> 'orange' in basket # fast membership testing

True

>>> 'crabgrass' in basket

False

>>> # Demonstrate set operations on unique letters from two words

>>> a = set ('abracadabra')

>>> b = set('alacazam')

>>> 3 # unique letters in a

{ta', 'r', 'b', 'c', 'd'}

>>> a - b # letters in a but not in b
{'r', 'd', 'b'}

>>> a | b # letters in a or b or both
{ta', 'c¢', 'r', '4d', 'b', 'm', 'z', '1'}

>>> a & b # letters in both a and b
{'a', 'c'}

>>> a ~ b # letters in a or b but not both
{'r', '4d', 'b', 'm', 'z', '1'}

glaE el B fAH, A Az dAdE Aldg Yyt

>>> a = {x for x in 'abracadabra' if x not in 'abc'}
>>> a
_{lrl, ldl}
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o
o
J0
Erd
i
n

sho] g o WAH E shte] £R 9+ A8 -2 9 8 YY) (typesmapping & H A L), 9=
ZZ & Adoj 5o A (A v 2 g (associative memories) ) L ( A ¥l A (associative arrays)) 2] FEj =
AU A2 Q9 4dE = Adast 2, gAY = 7] 2 AU, EE EHPS AL T
T A5Uth TAEH AE2 Y717 E = AdF UL FEol TG, A FEEW XY, 7| =
ALgE S dF5UDH FE2ol AFFo Y 1t Aoz 7PA AAE £33 -, 712 AFRE ¢ syt
YAEE 7|2 AT £ gled, g 2EE Jdd A U], E8to]l A th Y], append () U extend () &2
HAEEE gol 32 = A7l Ed

gAUEE @HEAYE St A) 717 S 55 A FEthe A2 AE 7 7] 8 Aoz AZst=
Aol AAYPUth T2 A2 9 gAY E FYTH {}. 235 o fgx2=2 2849 73 AEY
HEEZdod gAayed 27 71 HES ATT UL ol Aol Y7 285 = A o7 =
Yk

N

gAvele] F Ase g2 719 A Ao n Foix 72 ke FE ke ATk del 2 7 G AL
A S A A5Gk 712 A5, 1712 A9 4 g 2P 24
34 gt 7= g F 23 AL AH ATk
gAelelo] 1ist (@) & 5FA YA oI AHEH T e BE 719 Bl AES Y SR BF
Ut (38 A5HE thAl sorted () B AHSSHE FUth. sl A7k S U el A AAbste H,
in 7|95 AHE A 8.

ol 7)ol el & ARgste 2 amkel o 7F s Ut

<
o
o
=
>
ofo
o
£
30

>>> tel = {'jack': 4098, 'sape': 4139}

>>> tel['guido'] = 4127

>>> tel

{'jack': 4098, 'sape': 4139, 'guido': 4127}
>>> tel['jack']

4098

>>> del tel['sape']
>>> tel['irv'] = 4127
>>> tel

{'jack': 4098, 'guido': 4127, 'irv': 4127}
>>> list (tel)

["jack', 'guido', 'irv']

>>> sorted(tel)

["guido', 'irv', 'jack']

>>> 'guido' in tel

True

>>> 'jJack' not in tel

False

dict () A= 7]-k 5 Aldaz 78 A4 gMvelE +43dTh

>>> dict ([ ('sape', 4139), ('guido', 4127), ('jack', 4098)1)
{'sape': 4139, 'guido': 4127, 'jack': 4098}

ofy

ol Haf, dM e A=A 499 7| F RIAEE FH A E e A2 5 9
Ytk

>>> {x: x**2 for x in (2, 4, 6)}
{2: 4, 4: 16, 6: 36}

717F 2 A D o, W 2 1) = AR S AHS A e A S 7 A5 T

>>> dict (sape=4139, guido=4127, jack=4098)
{'sape': 4139, 'guido': 4127, 'Jack': 4098}
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5.6 21 E|aL!

gAavelz £33, items () WA ES ARESHE 719k A 7ol tfS-8l= @te T €=+ AsUnt
>>> knights = {'gallahad': 'the pure', 'robin': 'the brave'}
>>> for k, v in knights.items{():
print (k, wv)
gallahad the pure
robin the brave
NA2E THG ), enunerate () F4E AGFA AX A 20 S ohE e FA 2L 5 A%

Jeh.

>>> for i, v in enumerate(['tic', 'tac', 'toe']):
print (i, wv)

0 tic

1 tac
2 toe
Solu} 2 o) 4] AJALE B £ W, zip ) FHE A= EY A4S WE S dHUh
>>> questions = ['name', 'quest', 'favorite color']
>>> answers = ['lancelot', 'the holy grail', 'blue']
>>> for g, a in zip(questions, answers):

print ('What is your ? It is .'.format (g, a))

What is your name? It is lancelot.
What is your quest? It is the holy grail.
What is your favorite color? It is blue.

ANA2E ARE B35, AA o2 A F2E AT thgol reversed () 48 TE3H4 8.

>>> for i1 in reversed(range(l, 10, 2)):

print (i)
9
7
5
3
1
AEH N2 NNAE 2I5E W, sorted () B4 AGHA 228 WYFA FuE FLW A
PrES WS 5 dFdc
>>> basket = ['apple', 'orange', 'apple', 'pear', 'orange', 'banana']
>>> for f in sorted(set (basket)):
print (f)
apple
banana
orange
pear

EEWARLE 5L LU AW, FF, A A P AES REE R0

>>> import math
>>> raw_data = [56.2, float('NaN'), 51.7, 55.3, 52.5, float('NaN'), 47.8]
>>> filtered_data = []

(Th& sl AT ol AS)

56. £ H3Y 39
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(o1 sl o] A A A%)

>>> for value in raw_data:
if not math.isnan (value) :
filtered_data.append(value)

>>> filtered_data
[56.2, 51.7, 55.3, 52.5, 47.8]

5.7 XA H7|

while ¥} if FollA AFEE & R0l Bla vt olet B

WA A4k in Fnot in & o] Aldze] YA (e A) AATUTh A4t is ghis not &
AR ARE 2 AA QA BTG o] AL 2| AES} & 7hA A o ek o] v] 7} Q5 ) 7
Al AAAEL e SAENE A, BE A4S AUAFERT By Th

pul

L& E9,a < b == cx,aZtb B} &3, FAA b 7lc oF Z2A] HA

AAE AT S B UTh

=

o &
rint <

o H

-

Ae)not 02 $4F 5 d5Urh ol ASS vl ARAR} e S M= E BT o)A gl &
not o] 7} L QA E 2, or 7 7 Y5 Ut 28 A A and not B or C+ (A and (not
B)) or COESFULH ol WA, A 23 BAN/ A5 TEE AT 5 ATk
1] A4HA} and 9 or = £9] B8] 2 (short-circuit) AR U Th: AL AFo] 4] @ EE O gho]
Tl AL, A7 AAE Aukat 3 Fok 7= SHE UL A& S0, A8 c 7 FolalB 7 ARl O™, A
and B and C& E@4 C 9 e 7oA FUrh =elgko] obd Auk o w 8D of, Bhek-3 %
AAbAte] W g mpATo R gho] T2 ATk
Mol Avh} e s BANY AE W5 AT 5 dF U IS So,
>>> stringl, string2, string3 = '', 'Trondheim', 'Hammer Dance'
>>> non_null = stringl or string2 or string3
>>> non_null
'Trondheim’
shol Rl A, Coh del, B4 ghol M9 B ) ulehz|e) A4bA) 1= ALgBhe] WA A 02 S o}
FUth C 221N 3] BE AL F7 ZASL HIFES Guth =S A§T EAL | =
DL LIPS

=5 () —
5.8 A|HAR| CIE FES H|WsH|
ARAsAAEL HE 2 AAL P b2 AANEH W BB 5 A5 UTh Hlat A4 £418 A48T
Utk WA A 7 55 vl A th2d o] Zlo] vju ] AR}E AFFUThH 2o, oS F 35S v
a3, o8 Aow oju 3 AA27F £ HAA ASTUT v v aH £ £ 2 247 22 B
A2, AR A v a7t A A o2 PP UTE F A A2 BE o] T v U HH, A A5
e o= AFYUch G AL/ OHE St ve) B3 AH AL, Fe ND27 e AU
A ) A 4w EAES) £ E Poed FURE T 2AE 24 AST T 2L

SNELE T 4
o) AP2E el wwe] § A ol & ol Pk

(1, 2, 3) < (1, 2, 4)

[1, 2, 31 < [1, 2, 4]

'ABC' < 'C' < 'Pascal' < 'Python'

(1, 2, 3, 4) < (1, 2, 4)

(1, 2) < (1, 2, -1)

(1, 2, 3) == (1.0, 2.0, 3.0)

(1, 2, ('aa', 'ab')) < (1, 2, ('abc', 'a"), 4)
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MNEGE P AANES <> 2 A3 AL, I AA S0 A nu AHEES 2ra S wj
S TgE Aol oML, S S0, AZ GE A FEL 259 oA ol ek v g Yk 1
A 02003 211, 55 2R Fod, doo A5 Al&dte Al AE Z 2 E+= TypeError &
o] o 7]t}

=2 1=}
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CHAPTER O

O

gtol A JH Z B HE TR Fo thA] Sol7Hd, ol g2 o] e Y
). a8, 2N 22 aWL 20 sohd, oAl e
Y& o g AR A At 2ol FH UL o] g A 3t

1%l AL A A37] I3, ol W e S-S we] Y AAYEL Az eleje] ol Y Bol A A}
$8 5 9 PP AT 29 3192 BE ol2n ST BERTH 4ol ohE wEol}
Mol BER JEE D 5 HUTH (A BES A4 S0l ABEE 2aPEL ALY BEAA
oA 25k W4 o] Aeagich

HEL vho]d 9 F4ES G Yt HAAUTh 329 oS BE o] Fol F4 .py T £
Ut & ol A, 25 o] 2L A W4 _name_ 02 AP YT o £ S0}, of o] Foshi
#4712 £ibo.py 2He ol B9 A AR e o] BT b 2L WE o AT

# Fibonacci numbers module

def fib(n): # write Fibonacci series up to n
a, b=20,1
while a < n:
print (a, end=' ")
a, b =Db, atb
print ()

def fib2(n): # return Fibonacci series up to n
result = []
a, b=20, 1
while a < n:
result.append(a)
a, b =Db, atb
return result

ojAl stold AE| ol ol 7kA o] RES 5 22 HH R dxE FYrh

>>> import fibo

0|27 Y}l £ibo o B FRE o Fo] A AL HolBol A4 o HA & dSUth 04 BE
o|% fibo ¥ E0] 2 BTk o] BE o] B AFHA FFES AN 2T 4 AT

43
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Azt A9 o]0 Y

fibo.fib

=
=

=

Q2 3}

58 A7 AL

name

fei g
A=

0112 358 13 21 34 55 89 144 233 377 610 987

>>> fibo.fib2 (100)
0112 358 13 21 34 55 89 144 233 377

Python Tutorial,

>>> fibo.fib (1000)
>>> fibo.

'fibo'

>>> fib

>>> fib (500)

6.1 25 O H7|

ofo mjy o}
AR
WE
o B '
o X W
oy V*QT
T g <
<A e =
B 55
R 7o To
a7 M
Eﬁ oy EZ_H
-

a3

N W R

ZH Y eh.

T

Al
gl

= =-%

o
Ho]E2 YEES}= import #2] WMFo] A5

odname . itemname.

import
of 3G 2aHES U}

=

-

1
.

o ol 55 WEA FFUTH(ZA o] AelME, £ibo 7}

fib2

51
Yk,

o]

2

7)ol
=]

0112 358 13 21 34 55 89 144 233 377
0112 358 13 21 34 55 89 144 233 377

>>> from fibo import fib,

>>> fib (500)
>>> from fibo import *

>>> fib (500)
dudow &
&3l

o]
By

SEL Sl

of %)

ol
™
)

I

—

0
ojy
njn

o
=]

2=

Chapter 6.

0112358 13 21 34 55 89 144 233 377

>>> import fibo as fib

>>> fib.fib (500)

44
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o] A2 import fibo 7}?5}— AR 22 YA er e JEEStE, F 4T Ao|HL T EES £ib
Lo]l2 02 AT S Qth= AR

>>> from fibo import fib as fibonacci
>>> fibonacci (500)
0112358 13 21 34 55 89 144 233 377

Fa: E88Y olFE, ZEEZAHz B Alduttt st ik A2 EGH Y ZeA, o Fol
52 745HH, JAHZHE A A/ZA A Ut — &, t3 g o= AP et= EE5o| sty
o]z}, importlib.reload() & AR SA 2. o & £, import importlib; importlib.

reload (modulename).

of gl o] TholH RES o] ZA A P3tH

python fibo.py <arguments>

if name_ == "_ main_
import sys
fib(int (sys.argv[1l]))

NS AEET S U= EETU U ATHEEE AL £ IS s 5 &S o vst=d,
oF wgol (Wel) FAz AWD vt FYPL sk 2=sh A7) w2k

$ python fibo.py 50

0112358 13 21 34

EgoldxEdu), ZE= APHA d5Ut

>>> import fibo

>>>

oL FF ZEC A AR AL A H o)A AT AUHAE 02 AGFHUTGH(RES
~AYER AP B AE A ES QY]

spam |2t o] 59 BREo| dXEE u, dHzeH= WA 1 o9 W EE2 5 Uth 2AHA
orow W4 sys. pathE—,—O%X]“ ﬂﬂlﬂﬂ oA spam.py 2h= o] 59 32 F5U T} sys.path
s ol AAER 27 Ut

c Y 2THES A= HEH (e dd o]l ARHA k= W A dPH ).
e PYTHONPATH (T]#lEg] o] 259 B2 4 W4 paTH &} 22 ).

« A YA 7IER

(¢

B3 Q8 338 ARHE FL A2 Dol M, Y 23WES TYSE QAL QB g2z
MEG Fol AdF Uk thE B, 42 J2F TP O RE 44 420 2 A
a5

1w a

6.1. 2E  H7| 45
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2718} 3ol o] W Z2 IWL sys.path T 4AY 5 YHUTh 2APES TP Tl ) A4
Aol 8ol BE ehol Hele] A9 ol BAUT o AL 22 o] EY A% zho| Hele] Tl el el o]
9= A A A3 g =S 3hehe T e ele] Zo] REATHE ST o] A3e] o H Zo] oheu
AAAUL o AR AR E 5e 255 S HAL

5%%%‘—%““}37%] 'Hﬂlﬁrol’ﬁ% __pycache__ El‘“f*‘EiEMl 7
; HD} ver51on = Hsdd fﬂr%

_pycache /SPam cpython-33. pyci?ﬂ”%‘%ﬂr o] g ‘%’S%HE t}2 vlo] A ujl Z o} v A <]
AvdE REE0 FE2T 4 IEE YUY

o] WL 420 A A 7S AL H H AT} B w3 A /\137} A1 thA] 3k sl of sk A AAFU T
SRARS %ﬁol 253 A YUTh =3 A9 dEH RES ZRE S 2 o] 7] uf Fo, 22 glol B E
MNE TE o788 Zhe A 2d S RS 5 21%‘45}

ol ME F 71 Ao A A E AR Ut AR R, B P A A REHERESS T4
XH74J+°‘3P11 AFE AGA FUTh ERAE, A2 FEO] QLo AAE A

Fol gloloF gk
AE7ME A2 712 |
¢ A9 R gl 271% FolAE shold WA -0 1} -00 297
29 A = assert =& 11] AdtA, —00 28] X] = assert =3 __doc__ EA}
ZZIWEL o] AE o &3H7] W&o, F Bl
. (H ”5}%>> RE2opt-HIIE 7
E771 4739 5 % uoh

« .oy Lol A 9 R} pyc el A v m2 el o We] A A= FHUT pye
‘E]—CQQ]A‘} 51 “%Lﬂ’;q}f— 7‘]-% EEQ A= {:EHBO ]/]r/*’_

+ ®F compileall & THE ge] & BE REY pye HAEL WE 5 5 uth

=]
o o] Ao E o AT A K, 2AEY SAEE 2T = PEP 3147 o] Y YTt

rl

l

lo

To] A Ftol gholHel g HH A (o] F R
) S2 9= E]H"ﬂ‘ﬁ FEULH o] AEL A9
A= W AgE AAS o o g AA Zﬂ*ﬁ}—tﬂ,ﬁ%o YA 2~H 5 &5}
SA5 S A 2E AlF }71-?4@%]145} IR REEY AT A AU
Jyrch &ﬂa £9°], winreg EE2 4= A 2" T AlgHYULE SEEG RE
15 UTH sys. BE Ftol# ez o WAHYTh W4 sys.psl &

hvi e}
= AL
HxEZEgEeR ASHE EAGES 4Tyt

Nl

®
o
o T
v
Ach
flo &
_&EL
re
>
AN
0275
L, _>.:
.
=)
o
°
o
2
)
b
ﬂﬂﬂ )

==

>,

)
of =
24 E
> ME
I

i g o 4
-‘[

Il

fr e i

[o 10

M A% riN N

s

o X rlr
|
N
;O

[\}
N

S

0]
=
)
e

>>> import sys
>>> sys.psl
'>>> !

>>> sys.ps2
Al Al

>>> sys.psl = 'C> '
C> print ('Yuck!")
Yuck!

C>
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W4 sys.path = AEZPEY BE AN A2E 2
PYTHONPATH o] # gt 7] & 7 21}, PYTHONPATH 7} 2 %

th BE U AE QWS ASHA 2T 5 AE U

o, o

>>> import sys
>>> sys.path.append('/ufs/guido/lib/python')

oot
Y

6.3 dir ()

fm
il
i
)
iz

WZ s dir () 2 BEC] st o] FE5S Fd AHSF U BAEEY FEE 2l
Yt

>>> import fibo, sys

>>> dir (fibo)

['"_name__', 'fib', 'fib2']
>>> dir (sys)

['__displayhook__"', '__doc__', '__excepthook_ ', '__loader__', '__name__ ',
'__package__', '__stderr__', '__stdin__', '__stdout__"',
'_clear_type_cache', '_current_frames', '_debugmallocstats', '_getframe',
'_home', '_mercurial', '_xoptions', 'abiflags', 'api_version', 'argv',

'base_exec_prefix', 'base_prefix', 'builtin_module_names', 'byteorder'
'call_tracing', 'callstats', 'copyright', 'displayhook',
'dont_write_bytecode', 'exc_info', 'excepthook',6 'exec_prefix',
'executable', 'exit', 'flags', 'float_info', 'float_repr_style',
'getcheckinterval', 'getdefaultencoding', 'getdlopenflags',
'getfilesystemencoding', 'getobjects', 'getprofile', 'getrecursionlimit',
'getrefcount', 'getsizeof', 'getswitchinterval', 'gettotalrefcount',
'gettrace', 'hash_info', 'hexversion', 'implementation', 'int_info',
'intern', 'maxsize', 'maxunicode', 'meta_path', 'modules', 'path',
'path_hooks', 'path_importer_cache', 'platform', 'prefix', 'psl',
'setcheckinterval', 'setdlopenflags', 'setprofile', 'setrecursionlimit',
'setswitchinterval', 'settrace', 'stderr', 'stdin', 'stdout',
'thread_info', 'wversion', 'version_info', 'warnoptions']

QAT oW, dir () £ AR Ao B o] BES YA

>>> a = [1, 2, 3, 4, 5]

>>> import fibo

>>> fib = fibo.fib

>>> dir ()

["_builtins__', '__name__', 'a', 'fib', 'fibo', 'sys']

dir() = W3 &9}
builtins of A2 = o

>>> import builtins

>>> dir (builtins)

["ArithmeticError', 'AssertionError', 'AttributeError', 'BaseException'
'BlockingIOError', 'BrokenPipeError', 'BufferError', 'BytesWarning',
'ChildProcessError', 'ConnectionAbortedError', 'ConnectionError'
'ConnectionRefusedError', 'ConnectionResetError', 'DeprecationWarning'
'EOFError', 'Ellipsis', 'EnvironmentError', 'Exception', 'False',
'FileExistsError', 'FileNotFoundError', 'FloatingPointError'
'FutureWarning', 'GeneratorExit', 'IOError', 'ImportError'
'ImportWarning', 'IndentationError', 'IndexError', 'InterruptedError',
'IsADirectoryError', 'KeyError', 'KeyboardInterrupt', 'LookupError'
'MemoryError', 'NameError', 'None', 'NotADirectoryError', 'NotImplemented',
'NotImplementedError', 'OSError', 'OverflowError',

(B sl ol Aol A1)
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(o1 sl o] A A A%)

'PendingDeprecationWarning',
'ReferenceError’',
'StopIteration',
'SystemExit', 'TabError',
'UnboundLocalError',
'UnicodeError’',

'"PermissionError’',
'ResourceWarning',
'SyntaxError',

'ProcessLookupError',
'RuntimeError',
'SyntaxWarning',
'TimeoutError',

'UnicodeDecodeError',
'UnicodeTranslateError’',

'RuntimeWarning’,
'SystemError',
'TypeError’',
'UnicodeEncodeError',
'UnicodeWarning',

'True’',

'UserWarning',
'ValueError',
'__debug__"', '
'all', 'any',
'chr', 'classmethod',
'delattr', 'dict',
'filter', 'float',
'hash', 'help',
'iter', 'len',
'min', 'next',

'Warning',
doc__'

—_

'ZeroDivisionError', '_', '_ _build_class_ ',
'__package__', 'abs',
'bytes', 'callable',
'copyright', 'credits',
'enumerate', 'eval', 'exit!',
'frozenset', 'getattr', 'globals', 'hasattr',
'int', 'isinstance', 'issubclass',
'locals', 'map', 'memoryview',
'open', 'ord', 'pow',
'set',

'_ _name__ ',
'bytearray’,
'complex',
'divmod',
'format',
'hex', 'id', 'input',
'list',
'oct',

' import__"',
'bool"',
'compile',

'ascii', 'bin',

'dir', 'exec',

'license',
'object',
'range', 'repr',
'staticmethod’,

'max
'print',
'setattr’',
'tuple’',

'property’,
'slice',
'type',

'quit',
'sorted’',
'Zip'}

'reversed', 'round',

'str', 'sum', 'super', 'vars',

6.4 1l7|X|

A7 A= (e 789 g 9 BE o) F ¥te 7F&23ste gt A€

=) EAA
s°l, BE ol A.BEAa ke o594 371 A 8

R E9| o] 552 NumPy Y Pillow 3} 2

7

B 089 HH RES A4 h BE ALg ol
A4 QDo A BEE AR AN, Fo TR
25 BE AN ARE] A2 BE o] EEL 4

Sk
=

28 gA wEYth
S o 7 S yolEe] ArE A2 Ak RESY AAA (A1) S AASZ ¥ &
At} ole] B5o] S 5t Wajo] o (WF gz FRPUL, o€ Eol: .wav, .aiff, .au),
e 5H F4 7he] MBS 93 A% ol REES] AYHL WS AT BRI duuch
T3 SFuolHol H&staAt ote e /Y AMER doeng (U4, olF 7], olFetel A 75
g, AFAA 2HH L w79 Z-2), o] A4S T35 AT EESS T Y%l A5
2 24Ut H7AE o) ZBA A B AdFsUH (ASA L ALHer 25U
sound/ Top—level package
__init__.py Initialize the sound package
formats/ Subpackage for file format conversions
__init__ .py
wavread.py
wavwrite.py
aiffread.py
aiffwrite.py
auread.py
auwrite.py
effects/ Subpackage for sound effects
__init___.py
echo.py
surround.py
reverse.py
filters/ Subpackage for filters
__init___.py
equalizer.py
vocoder.py
karaoke.py
48 Chapter6. 2 &
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H7IAE d2EZ o, sfo] W2 sys.path ol Y= HAHZSS AASHA )74 A H e £

o] B gtk oA sl
o 545 2HE BE

FLY 4 QA T, 3717
U

JJrOl # o] f4 151 2] & 7| A2 HAF3HA ©s7] 9814 _init_ .py ¥

i—t—] -4\'4‘“—“151317},—4‘:5}Z1 H 2E A F
PR YT 78 pst A9, init_ .py £ W
1Y AU FH A At a1l HFEEAAT 9

= Eal
= =]
7] A] /\}%—Z}% HAZA 2R NS BES JZEZT S 5 U, A€ S0l

1o e
jg_4

_}L
E
rir

[‘” w©"

> o
OE

’import sound.effects.echo

o] A& A B BE sound.effects.echo & 23Ut} AA o]S 02 FxE ook 3t}

’sound.effects.echo.echofilter(input, output, delay=0.7, atten=4)

ABEES QEEsE thE gL o I th

’from sound.effects import echo

| AE AE BE echo & ZEFL, H71A W] §lo] AT 5 A Fuith T4 o Hom
8T 4 A5k

’echo.echofilter(input, output, delay=0.7, atten=4)

E e g e Ashe U M4 47 QEESE A9tk

’from sound.effects.echo import echofilter

ETHA], O] A2 A H 2F echo & ZESHAIRL & echofilter () & A AHEE & A HEYth:

’echofilter(input, output, delay=0.7, atten=4)

PH

from package import itemE A&l item2 37|29 A H BE (2= A H 3 7] X])Oa] TE
g, ZEHl s, W 5 7)Aol FoE v O]%'é‘” T A5l 79 _Vﬂﬁ import - WA item
o] s 7] A o] A= o] Ql=A AAbstal, 182 oW REo|gtil 7t EES A=Y 37
L3 thd, ImportError 9 & oYt}

Jofl ¥}38}to], import item.subitem.subsubitem &} 22 EHES A8 ul], upx| 2 A& A3 7F
FE2 HEEA] 5417]1]010]:6}‘/]‘3]' upA e FE2 BE oy 371 A 72 g UA T o] ol A @94%
s, g e FolE e lsdth

[*]

ml

6.4.1 D7 |X|0AM * AEE 5}7|

o]A| from sound.effects import * Bt 2 H o|EA 7P o]AFH O Z = oJBAE 0} A|2H
oA 7] Ao o] REEC] SAJEA F2 U, IAE EFE AZE VS AT AU o] 24
St Aol L8 A AE RES YXE Fo|met oW ANE RES YAIJOZ X ET -0t
G ojrfokul &= AotA] b= F4A EJ/}ﬂ' A3 4 Q5T

TS A A2 )71 A A7 9 71 A o] BRS HAI A0 &2 A Fdt= AYUTh import 2 a3}
2 A7 dsUnh 71 AY __init_ .py ZEZ}__all_ olgte ol 58 HEE = AlFSHY, ol A=
from package import * & W ol JEE 3|ofrl dh= BF 0|55 HF o= wots gyt Al

W7 57148 2 AT o 552 H A AHE fASE AL AR AA AT 57
AL A oA * & TS e ) gokn AT, o A8 AU 1R B G
o £ 59, 31Y sound/effects/__init__ .py =S4} 22 I & 38 4 5 Yt}

all = ["echo", "surround", "reverse"]

O

A& from sound.effects import * ©] sound.effects W7|X Y A AB REES YZETHA
(o]
=

o) u g o

6.4. m{7|X| 49
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_all__ o]l AYH X gow, B& from sound.effects import * 2 7] sound.effects 9
EEANBERESS A o5 3022 dXE oA g5Uth o] 22 24 3 7] 4] sound.effects
ZFAZE HER WS (_init_ .py ol Y= 27} ZEE] +3E = AdsYTh, 2 A7 A7
Aot olgs= YEXE FUtTh o] o] FE2__init_ .py 7}7&‘345}% REoF (2L YA H R
EEHANE BES) S ZTFYLH o] o]F 5+ APl import 202 YA A O & ZEH 7] A9
ANB RES JA TZF UL o] Z=EE B FAIT

import sound.effects.echo
import sound.effects.surround
from sound.effects import *

o] oo A, echo &} surround EE©o] AR o]& 2712 JXE H=4|, from. ..import Fo] A=
o sound.effects 37| Aol F= 7] W& YT (__ | Zold o = npR b Ut
AAbolW BREC] import * EASE I EF HS MEE 5N AAZE JEE AA AT
st gts, 22 Y A=A A3 £4 &2 AR o AJYth

from package 1mport specific_submodule & AHS3t=H Z5H AL glrk= A& 7] !
AHd, QEZES = BEO 2 7| A oA 22 o] B EES AET Bl gl A=

E71 ek

6.4.2 1Il7|X| LHE ZtQ] &Ix

{71 A7 A B S 7| A2 F23E o (ol Al Y& sound H 7| A A7), o] % H 7| XY AH BRES

7He) 7= Ao d2EE /\]-%:‘izl' ]%‘/]“/]— o & 5o}, 2E sound.filters.vocoder ©] sound.

effects 7 7] X]-/] echo 2E0°] B Q3}Y, from sound.effects import echo & A& 4 A5

Utk

A AZTEE L T Ql%ﬁﬂ from module import name HEJS YZE B AL L] o] I

EE=AY %]:TL_E°1] e = @A R R 7| AE 7 77 e el = A= AU T A& =01,
]E

A AHEE 5 S UTh

from . import echo
from .. import formats
from ..filters import equalizer

Y JEE A RES) o] 2o 792 Frhe o] 2 HAL. WA BEY | FL FH_main "
o7 whol, shol Wl S8 221l v ol BER ALY 54 REEL WA ) JEES A ob

.

6.4.3 042 C|EE 2|0 J}= THI|X]|

7A€ 589 o=l HE 318 o AAFUTh_path__ oA HAAY _init__.py 3HAS
A7) Aol o] o] Solgde tAE Y o5& TS A 2ER 2P ULk o] WpE
SAY S QEUTH 187 39 1 ol %2 s 71K e] 2PY REF AL AL AN 6 FFL

FA F Yk

o] 7] 0] A5 BRSA = FAT, 7| A A BAE = BE] JES st vl AHEE Yo
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U=t =3
2299 $82 TASHE oo 4 o] Y5Uth Aol A7)0l AT A e ol EE AT
SE 93, UEol ALgH] As Lol £ 5% gFUth of Fol At B A b5 =g ok

nt () FFdUch (A HA

AF7A £ E R 25 F A P WU B84 £ Fpri
P 5t AR write () WAEE AGFE AYUth B2 29 5L sys.stdout 2 F2T 4
A5yt o] Aof tjsk ApA g A B = glol B HHAAE BAR.)
%% s Ao a2 TRY e Ashe ARt EY P4S o go] Alofslok skt 47t k.
29g Eete e ol 7HA ol gl
c 2l EA P EE AW, A AR R e A g RS Yo f ELF S o] B}
2 A A L. o] BAE SHoll A, { B} FAF Aol i = g HE 3e 2T 5 e
shol 9l £@4E AT At
>>> year = 2016
>>> event = 'Referendum'
>>> f'Results of the {year event }'
'Results of the 2016 Referendum'
¢ TALEY str.format () WA EE H B FAE2 S7FUTH "HE7HA 2 A& FAISH
S13] {2 )2 o A3 LG, AA T EON Y DA B BB ABE 5 AR, EUT A RE AT oF
ok
>>> yes_votes = 42_572_654
>>> no_votes = 43 132 495
>>> percentage = yes_votes / (yes_votes + no_votes)
>>> ! YES votes '.format (yes_votes, percentage)
' 42572654 YES votes 49.67%'
o npxjEto 2 22 Sfo] A B oo Z o] 7] AME ARt AT = Y= REWMAE UESR
A, EE TALAYE 222 TP AFUTE AL Z e Fo1 @ UM E AL S A5+
o 483 A4 £a st 2 kA WA=} gy
%’i‘.z—*ﬁﬂ%%ﬂﬂ 2RshA i A W A 95 AR HFEwWEA FASHE W, repr () B str()
T2 Mg BE S BAYE MAT S AU

51
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str() v ol A= Aol g7)ol A3 Fel 2 g 282 S FA FHA A5tk vl
repr()%"JHEE]EMIA*H‘”%"“;}%%EH%“ A HodFUTh(=E Ll‘%‘—ﬂliﬁ'a‘?%l%
£40] 98 syncaxsrror & 427 £ 5 AP ULH. Aol 2957 92 S Falo] gl
A A 2] %%,str()%repr()ﬁré‘%%k%%ﬁ?%DP B g AS ol Bl A E gL Y Bl 9 2
F2E SF VLT 20 22 EAS T S2e), BAQS F AN EAS T

2 717 o & FUth

>>> s = 'Hello, world.'

>>> str(s)

'Hello, world.'

>>> repr(s)

"'Hello, world.''

>>> str(1/7)

'0.14285714285714285"

>>> x = 10 * 3.25

>>> y = 200 * 200

>>> s = 'The value of x is ' + repr(x) + ', and y is ' + repr(y) + '...

>>> print (s)

The value of x is 32.5, and y is 40000...

>>> # The repr() of a string adds string quotes and backslashes:
.. hello = 'hello, world\n'

>>> hellos = repr(hello)

>>> print (hellos)

'hello, world\n'

>>> # The argument to repr () may be any Python object:

repr ((x, y, ('spam', 'eggs')))
"(32.5, 40000, ('spam', 'eggs'))"
string 2B EAL P& AVAIE £ G2 PYS AT L Tenplace TR/ LV A%
yth sxeF 22 Ae E*]Z}g AREBEAL o] 1SS YAV Blol A L& o2 XSt A| vk vl | of o gt

Aol 2 WA G AT L.

{expression} @ ZAdslo] EXGof glol W A 2 AU 5 A Ut
A ER A A FEA o) & 5 HUh ol A0 R ko] TS = WAL B AwSA Ao
S Qe OE e U582 254 o5 A A2 we Y gt

>>> import math
>>> print (f'The value of pi is approximately {math.pi:.3f}.")
The value of pi is approximately 3.142.

o So) 44 AR Y 8o H o #4 Hol YUk 42 5 BE T Wel Puok

>>> table = {'Sjoerd': 4127, 'Jack': 4098, 'Dcab': 7678}
>>> for name, phone in table.items():

print (f'{name:10} ==> {phone:10d}")
Sjoerd ==> 4127
Jack ==> 4098
Dcab ==> 7678
OE SRS AFE S 29 7] Aol g i+ dsuth Tla'sascii(0E, s Estr ()2,
Nrt e repr ()& A4

>>> animals = 'eels'
>>> print (f'My hovercraft is full of {animals/.')
My hovercraft is full of eels.

(Th& sl AT ol AS)
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(o1 sl o] A A A%)

>>> print (f'My hovercraft is full of {animals 1)
My hovercraft is full of 'eels'

ol &gk

ke

o AFFoll off 3 &) 3] &1 2~ = formatspec ©l] T 3t #| H A~ A I A& FREAHAI L.

7.1.2 2XIL format() HAE

str.format () HAEQ 7| 2EZAQ A& HL o] H A QJYt}:

>>> print ('We are the who say " tmr format ('knights', 'Ni'))
We are the knights who say "Ni!"

ZZ59 O Jde= BAE (EH Bty HEDH & str.format () HAERZ ALH AAE=Z
AP UL T2 9] £Ah= str. format () WA EZ AEH 7Hz1]C4 X E 7e v =g AHLE
+ dsYth

>>> print (' and '.format ('spam', 'eggs'))
spam and eggs
>>> print (' and '.format ('spam', 'eggs'))

eggs and spam

str.format () WA= 7| E JAAZF ARG EH E, I e ARk o] 55 AHEA A 5 st

>>> print ('This is .. format (
food="'spam', adjective='absolutely horrible'))
ThlS spam is absolutely horrible.

AA} 7IAE QAL AFEA 27/ 5 d5Uth:

>>> print ('The story of , , and '.format ('Bill', 'Manfred',
other="Georg'))
The story of Bill, Manfred, and Georg.

LR A A of2 AR =W Aol Jlewl, 2R eSS A A Al o] F o2 XA T ATk
F< AUtk s 9l S 9712 7€ A Lsked 2% 1 (] & AR sHE gU Tt

>>> table = {'Sjoerd': 4127, 'Jack': 4098, 'Dcab': 8637678}
>>> print ('Jack: ; Sjoerd: ;!

Ce . 'Dcab: '.format (table))

Jack: 4098; Sjoerd: 4127; Dcab: 8637678

() E71HE A A wble S 719 = AR AT 2L A%E 2L S dHUTh
>>> table = {'Sjoerd': 4127, 'Jack': 4098, 'Dcab': 8637678}
>>> print ('Jack: ; Sjoerd: ; Dcab: '".format (**table))

Jack: 4098; Sjoerd: 4127; Dcab: 8637678

EEAGHsse G2 9V E EEFE W S vars () A A E ol S8 £ 27}

ok
o i

%0 O
M oy om

A g 5, thx 22 A7 L AFH AAF= AF ot st A Add 4 Js AT
>>> for x in range (1, 11):
print (' '.format (x, x*x, X*X*x))
1 1 1
2 4 8
3 9 27
4 16 64

(F= soTA ol AS)

71, AN £ ZofE 53
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(o1 sl o] A A A%)

5 25 125
6 36 216
7 49 343
8 64 512
9 81 729
10 100 1000

str.format () S AFR3 21 Z o g o] &A% 7] Q& &= formatstrings = H A 2.

713 &5 EXIE ZoiE

e

7] 2L AFLAANFS B FF o2 TR P U

oy

>>> for x in range (1, 11):
print (repr (x) .rjust (2), repr(x*x).rjust(3), end=" ")
# Note use of 'end' on previous line
print (repr (x*x*x) .rjust (4))

1 1 1

2 4 8

3 9 27

4 16 64

5 25 125

6 36 216

7 49 343

8 64 512

9 81 729

10 100 1000
(print () 9 2440 2 5] 21 2 Abolo] 250l 2 Shb7k 2 7hs] gl ol folohAl 8 B A4S
Arolof A3 o] A~ F F 71 )

219 AA 9 str.rjust () HAEE A& AW o]25 YA FolA Zoz BRI = &
g2ty vl A= str.ljust () & str.center() & JFULH o] HIAZEE2 ojH A=
ZesA dauth 9A A EAES ST 9 TAdel 4R A, 424 9, W7 gol
D EAFUC ol A0l 4 MAE AT WEAAW, HEF 2ol ) AALE 5] D o i b
FeUth (AEE Zeh 7 E Aok, 34 egfola Adbs 71 4 sy th x. 1just (n) [:n]
A=)

2 MAEE JFUTH str.zfill (). TA ALY AF 02 AFUth SelagufolviA 3w
o) e g o
>>> '12'.z£fi11(5)

'00012"
>>> '-3.14".z£i11(7)

'-003.14"
>>> '3.14159265359"'.z£fil11(5)

'3.14159265359"
54 Chapter 7. Q&1 &=
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71.4 oMo EXIE ZoOiE

% AMAHEER) = BAE 2" o T AR ?—i‘ Jd5UtTh 'string' % valuesZ7}FEo]A| W, string
o e Adrdae 07H o] A9 values S 4F hAlF Ut o] A4hE &3] ¥ A2 K 7 (interpolation)
olgtal yth. A&

>>> import math
>>> print ('The value of pi is approximately .'" % math.pi)
The value of pi is approximately 3.142.

] ZA| 8F U] 82 old-string-formatting A A of] 1}-3- 1 T}

7.2

fjo

9lm M|

kJ

open () & 3L AA & EHF L, F 9 AAE & FA o] 7HF ol AHE-F Uth: open (filename,
mode).

>>> f = open('workfile', 'w'")

200 e st o 52 Be e T A A o) 488 RS A9t 2 e
EAEL G2 E st AL AUTH mode £ 5hAL 9B SR 1x1, 270 SE rur (2L 0] 2
oln EA ot ahd-& A l yrh 7hH 4L, et € 3td S B0l 7] A8 AUtk stdell 71 5= BE
HolE: AE o Zo Baurh trt = 3A L AT 27 95 AU TH mode A= A,
AFsE o] AP YT

BRE AL HAE BT (fext mode) & A=, o] 552, 5o ExFLS g 21, 5tdo= EAHSH
Axdgor AFdrt= AUtk AdF o] AAFHA Fod 71282 SAF AEF YUt (open () =
HA2). mode o] Bl&o1 % b = LS vhol v 2] R E (binary mo de)i %JD}' °l7<ﬂ tﬂolEiL H}OlE"é

711;]]_4 6JEH§ 15)\?:]1/]1;} Eﬂ/\E

=
=2
diE oo, geue] VR 54 EAE 4R F FE (F 20
=
=

L'_'\_%O 1 n ﬂ _?‘Oﬂ}ﬂ \r\n)E
SA \n 2 A3k AdUTh Ei‘iE g 2o, 712 FFL \nS A ZAZ JE2HI S FEE
Hasts Adyrk o g dHolE o et o] Fo AL YAk gdo] G FA 7} HA T
JPEG ©| W EXE 9t} -2 wholu g HiolHE FAA Futh 21 9td S il & uf vlo] e REE

NS o5 2.

S} ANE BHE W with A AES AT AL FL 5
~AENFRE W Do) Sup=s) B i
=

A 3
222 2t Ao wlas) A4 F7= T

>>> with open('workfile') as f:
read_data = f.read()

>>> # We can check that the file has been automatically closed.
>>> f.closed
True

If you’re not using the with keyword, then you should call £.close () to close the file and immediately free up
any system resources used by it.

7ZJ3: Calling f.write () without using the with keyword or calling £.close () might result in the
arguments of £.write () not being completely written to the disk, even if the program exits successfully.

g AA 7 23 Toll =, with Bo|}f.close () E T E3}

X}5551511*1JH5LL]E+

A9 BT, 5 AAE A HEE A

rIr

7.2. TS 911 M7 55
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>>> f.close()
>>> f.read()
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
ValueError: I/0O operation on closed file.

7.2.1 T ZF|S| BHALS

o] A9 A 5L £ eh 5 A 7} o] w] wHEol Arka AR P ok
she] Y2 Yo, £.read(size) & BE L, YA HoHE 91 BAY (HAE BE
Ol A ol L} Bkl = (so] 1] 2] 2o Al) 2 Bl ch. size &= A4 Q) 5 A QAU T size 7 A

HAAv = shd e Y g AA S Slel N SHFUTh stde) 2717171 A & MR F el S
ojglio] A EAYUTE 2FA FOoH A si TZP(E“CE B E 0| ) 1} size vEo] E (o] U 2]
o) E L EeF UL A 2o =2, f.read() E WAL () = EHF YT

>>> f.read()
'This is the entire file.\n'
>>> f.read()

[}

f.readline() 2 FJdA I &S %"S‘%D}; 7N 3y -E*X}(\n) = BRG] T &5, 5P o] 7|3y
FEAZ ZUA = Eﬂ1°ﬂ‘?} st o] upz)ut Zo| A uk A=kg Ut o] g A w3 g B3 eHA] &A e
Urth; f.readline () 7F ¥l EAE S B85, 9 L9 ﬂ"ﬂ =23 AojAuh Nl 2o =
NBEAS 285= EAg g 23 Y

>>> f.readline ()

'This is the first line of the file.\n'
>>> f.readline ()

'Second line of the file\n'

>>> f.readline ()
T

Sl 25 dodd, 3 Adol tal £ 4 A5Uth ol AL WEe] AEA L, w2
Aeg =R oot

>>> for line in f:
print (line, end='")

This is the first line of the file.
Second line of the file

o] REZL BAER ¢lo] Eol#) W 1ist (f) U f.readlines() & 5 %

4
f.write (string) 2 smring 2] W& utdo] 23, 2899 X5 M4-E 585U

>>> f.write('This is a test\n')
15

e Y ANEL 27 Aol AEY DL ABUTH- EAD (F2E REA ) o]} uto| =Q A%
(el 2] BEo)A) 2 =

>>> value = ('the answer', 42)

>>> s = str(value) # convert the tuple to string
>>> f.write(s)

18

forell () 2 Ue) B AN E el At A5 E BAF L, vhol i e mEe] A9 Ao HeRE
co] 3o BEHE 2AAY

56 Chapter 7. &1} &
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gd AA S YXE vl E, £.seek (offset, whence) E AT UL JA = 7&
Hall A AR U T 718 3 -2 whence A2 A B R o} whence gkol 0o 3o A5+
1o]¥ #A 9t A A& /\}35}—’,2 =999 L 7EH 22 ASFYT whence
71RFZ002A LY S S 7EHeE /\}%?}‘/] o}

r[r
o
I
i)

>>> f = open('workfile', 'rb+'")

>>> f.write(b'0123456789%abcdef")

16

>>> f.seek (5) # Go to the 6th byte in the file

5

>>> f.read(1l)

b'5!

>>> f.seek (-3, 2) # Go to the 3rd byte before the end

13

>>> f.read (1)

prd!'

A= AAANAE (@ FAY b7} fol AT AE). A el AT} AL A 85 ek 2 (o
Q= seek (0, 2) EAEIIA HLde oz JAEW SAUTh, 2HE offser ZH2 £.tell ()

3
7

=
'C'
1%—8« R ‘%"S‘%D}

23 Qe @ AF AP U 5

%!
o] Bz g}ﬁro%ﬂqq. 71 8te] ThE offser 34 o=

9 AA| = isatty () Ytruncate () Z-2 2 7}1x] B A]
AA O of g 2Hd 3§ = hol B Eﬂﬂ ~E Fxot

i)

=
=
o

.

A

=

7.2.2 json O ZXHQI O|0|E{& M ES|7|

AL ol 47 AT £ 5 itk S AR OF7e) £ 18 Hof S, read () HAZI 4
TS %3427] ZdYth o] FAFE S int () 22 T2 Al oft b=, '123' T2 AE S
Wy 221238 EHFUCE Y H2EY gAY 22 o B dlolEE A T,
S o s AU Ao AR e & AU,

AP A7 W E A © 7 B3-Sl gl o] e S v Y Oﬂ A7t 2
o] B2 JSON (JavaScript Object Notatlon) olgl=dg 2o
o}
o]

ne.

it

R R Ee A

=9
json o]t EF BE L Jo] 4 dl o] H 73“%% kol F2E o2 v F Ut} o] BAkE A Es)
(serializing) B+3 F-EUTH E219 38 o 2 HE Ho|EHE A LAt AL A 43} (deserializing) B}l
H5Uth JE31et g A3} Apo] o A, 7“7<ﬂ§ 28t wAEL 9 Y 1‘/}54]"]‘:401] AZ=HAG U E
Aadds 5l 94 742 AE5E 5 dF5UTh

Z3al: JSON %@% tolel wdhg A df S8 Z2 IR L) A ARG FUTE B 22 o w7t
ojul o] Aol %R R, AFHE AR F2 Al Fuh

A x 7} Qe ), a3 2o TE g 1A JSON EAE EHS B 4 Jdaurh:

>>> import json
>>> Json.dumps ([1, 'simple', 'list'])
'[1, "simple", "list"]'

dump () 2= dumps () T2 HFE AAE B2 E ohd 2 A3k 24 £ 7F 271 & fs) €4d
ﬂAE4m01 qaﬂﬁL o .

’json.dump(x, f)

AANE A O HE S W, £ 71 9718 A GA G 4= 5 AR D

’x = json.load(f)

o T 423} H A o P A=} YA U EE THE 4 SIAT, A9 Bl A ARHAGISON 0
21g3}et7] A= Y a7t B oYU json BEY HHdaE o o tidt AW S E L
PESSISS



http://json.org
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] B

SOt 08 b e oo & ol

dole ZE7HARYE = dsunh

t =2EZ YUt stol Aol 38

tﬁ%ﬂ%@ﬂi%ﬁﬂﬂ%ﬂi
Aol o] 3l vl o] B 7} 2 2w ol ol

58
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CHAPTER 8

o242t off 2|

AF7kA] ol A A 7F A5 = A= AR A Al s A A s E b otute RE JNE Hoke A
Uth (Fo]x) 7 7k = £ olg 5ol hsuth 4 ol # 2 o 9.

8.1 2 of2]

W

B3 ol e, 3hg e ehu s FeiA Qg Uth obuhE of o] sl AL w1 Qi el e A
A% gt 50 239 A9uth

>>> while True print ('Hello world")
File "<stdin>", line 1
while True print ('Hello world')

>

SyntaxError: invalid syntax

AEEAAGE 2 o wel2n 2ol 4 ol B2 1Y 9 AAE A e e
£ EAGUT oot FAE o] 0 E20] AAYUTHEE HJE 22N 4AH A%
AN, eI T prine () AR FAH AL, 1 2o EE (1) o WAL DE LU 539
SIS E W AR oA, G elo) AnYE e &) 22 F 9w 4 Bl

8.2 0|2

Folup £@Ale] A0 gulert B ks, A s n u o2l g dod & JEyrh 4
05 e 52 ols] by e Rt Aol S ek shold B2l A o A5
| chre) 2 w9 A BTk ShA wk i) o9t mR g e) A5 koA, of 7o A] B 5
o] of# WA A & WL h:

-
=
o
o]
o

HﬂWﬁéﬁoN

A

>>> 10 * (1/0)

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

ZeroDivisionError: division by zero

>>> 4 + spam*3

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

(F= soTAT ol AS)
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(o1 sl o] A A A%)

NameError: name 'spam' is not defined
>>> '2' + 2
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: Can't convert 'int' object to str implicitly

of & WA A Y ux] et -2 o o] oA dHFUTH Aol = oy P2 & e, o] WAIA
dH=Z ?l-ﬂ]%ﬁﬂ- o] oloff A9 3L zeroDivisionError, NameError, TypeError Y Ut} o] £
Po= Qid FAE %E@QW%ﬂQJ]EﬁWﬂ”ﬂﬂL¢LWﬂﬂﬂ 9] A= 3 Fol Ak,
434%4ﬂﬂ4 Fe @S A Lo E EFe) F 1E 28+ Utk £ A9 o5
W A e (o] oF 7191 =7} ob L e,

29 A FEL o9 o] ok Aol 7]ukE F A BAE AT E T

ole] WA A &] GFREL A Ego] o] FE 2 o8] 7F dojd X9 FHS HAFU. dubH o
x5S Yot 28 Edo]aE RS JdFUTH AR, BE GO go] EU EEL
ZAISHA] 5 Th

bltin-exceptions = W& ol 2] =3} 1 5] v S st o5y Th

8.3 o2l Mz2|5}7]

AEgh oo & Aelstes 22 a8E HEE o] ZFeFuth v A& B, 2¥kE A7 48 E w7hA]
AR AR Al 48 S 2 SHAI R, /\}%Z}ﬂ Z21HE o EiE*E 5=

AL o}ﬁ-z}qD}(Control cy
+= KeyboardInterrupt o9&

>>> while True:

try:
x = int (input ("Please enter a number: "))
break
except ValueError:
print ("Oops! That was no valid number. Try again...")

-@ﬂﬂw@ﬁxyﬂ@mwt4ﬂﬂ%@%ﬁﬂ@ﬂ%qq

o L7} EAYSHA] oW, except B = AUH L try £ AP FEFH U

c ry A& Aot Tkl d, Ao Fe REES AYH YT 28 thE ¥ o] except
719 E FHoll & ofl9] o] 5T WA H H, Texcept o] AYHL, 2 hZ AP 2 try FHZ
olol it

* except ol 9l ﬂﬂ1%%4Wﬂﬂﬂ%rﬂﬂﬂm%&@ﬂ?ﬂ%%tﬂ%ﬁiﬁgﬁﬂq;
A 717k A A gFow, A H A ok ol 9] o] i fJol| A Bl A% T HAIAE S YA
Aol HEUth

N

717) Th2 ol 9] ol & 21 2] 718 A Aet7] 919, try B S o] 4 except 2 7HA 4 AU Th H o
ste] 22717 AW B UTh 227 ) Doty Dol A AT el ol wk A e W 2L try B hE
A2l 717t D07l 9] 2 A el ohA = G Th except AL BF 7} Qe B2 ol Ao 22 AH D
R

il

. except (RuntimeError, TypeError, NameError):
pass

except Aol Q= Felae o9&} 22 FH 0] AL ]i% A off wf g Yo} (SHA T o2
s R UHZ]QX] AFUTE— 22 FEAE L} Shexcept A2 W o] FE| 29} v X H 2] kFUTh.
S 5o, e#H} 22 F=EB,C,DE I AHE A3 Th:
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class B (Exception):
pass

class C(B):
pass

class D(C):
pass

for cls in [B, C, D]:

try:

raise cls ()
except D:

print ("D")
except C:

print ("C")
except B:

print ("B")

except o] F 3] W (except B 7} A5l L%%), B, B, BE A5t Holl F3tM2 —Azo =
A s = do] APt

uhA] 2 except B2 9] o] B AFT 5 v, HAEAE TS Futh o] A AT & FE
Fol2 Bz Uk ol 4o A m2 ey o HE el 47 W EYUTH ol WA S
A Fol o) B ThA AoA Lt 4GB FE AFUTHEEAE 9 E AT 5 AL )

import sys

try:
f = open('myfile.txt")
s = f.readline ()
i = int(s.strip())
except OSError as err:
print ("OS error: ".format (err))
except ValueError:
print ("Could not convert data to an integer.")

except:
print ("Unexpected error:", sys.exc_info () [0])
raise
try - except & AB A dlse B & 2T, ATt BE except 2 F ol hoF FTh try o] 9] 2
U074 ¢4& ) A o ofuk B L=l FEFUTh o & ol
for arg in sys.argv([l:]:
try:
f = open(arg, 'r')
except OSError:
print ('cannot open', arg)
else:
print (arg, 'has', len(f.readlines()), 'lines')
f.close()

else Ao Atgo] try Aol ZI=E F713te= ARG £2U|, try - except ol Y& HEHI =

FETFLOTA G2 A F A3 A He A WA W2 d Ut

o] 7k g ], d&d F= 7 e, clel o] A Bhale EE A syt ARk 28 B2

ol 9] Foll &J&A Ut

except A2 2] o] F F ol H4E AART = AFUTE W4+ dAE0] instance.args o A7 o9
)

Adirdxo] AZg Ut Ho| & Asf, o9 A s g2l A, .args & Fx A
AFULE ol & do7]7] Hof| 225 WA wE 23 o] Eg

e
2

FnE AAES A4 A4
S
)

-
= O = L3 &
Ese e =
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>>> try:
raise Exception('spam', 'eggs')
except Exception as inst:

print (type (inst)) # the exception instance
print (inst.args) # arguments stored in .args
print (inst) # __str_ _ allows args to be printed directly,
# but may be overridden in exception subclasses
X, y = inst.args # unpack args
print ('x =", x)
print('y ="', vy)

<class 'Exception'>

("spam', 'eggs')
('spam', 'eggs')
X = spam
Yy = €eggs

ol 2] 7} AAE A |, A 2= A ¢h2 ol 2] wI A A o] mpA]up R (A TA) ofl 14 Y Tk

o9 A 2] 7= Ay Aol A4 53 o 9 Rk oh) el uy Al (A O T E) BEHE WY
TS0l AT o 2 55 A2l ok o2 Sol:

>>> def this_fails():

x = 1/0
>>> try:
this_fails ()
except ZeroDivisionError as err:
print ('Handling run-time error:', err)

Handling run-time error: division by zero

8.4 0|2 e27|7]

raise 2 ZE2IHM 7} A QR o 2] 7} FAYSES FA D 5 A U A& S0l

>>> raise NameError ('HiThere')
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
NameError: HiThere

raise 9 Zﬂ:'—ffl'% 4 AaE TAAZ A Q& 7 Yt 2] A" o] ALt ol 2] FEja
(Exceptlon E AlSsle Fdl) olojok Tyt de FH AT AGHE, FAH SR AAF glo] A
AAE TEMA A2EAE YT

raise ValueError # shorthand for 'raise ValueError()'

gheF ol ] 7 A=A = Shobok 314 v A €] 3L A4 = obrhd, B 2He WEle] raise ol 1o 9 %
thAl 4o 5 QA ek

>>> try:
raise NameError ('HiThere')
except NameError:
print ('An exception flew by!')
raise

An exception flew by!

Traceback (most recent call last):
File "<stdin>", line 2, in <module>

NameError: HiThere
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8.5 AIEXL F2f o<l

Aol SHas TFoEN 22T A ool o] 55 2 & syt Fhel A Fe ol thet
AT WEE 2o 5 HAL). A9 Be AP H o2 A% Exception 2HLE ASH

U,

o9 st hE FYAE0l 5 At fd AR ASHES AW 5 AW, BEL
FATUT 55 019 A7\l o] D8 ARE 220 5 U5 57 A8 B b4 o= RESS
AT T o] 747 A2 e o BS 90 d & It BES BE ], £ AEHE HAL
B o= & o9 o ol s AT AT F, 47 O g 2AvTl S o] FehaE

ANBEZHAE HE+= Ay

class Error (Exception) :
"""Base class for exceptions in this module."""
pass

class InputError (Error):

"""Exception raised for errors in the input.

Attributes:
expression —- Input expression in which the error occurred

message —— explanation of the error
mrrn

def init (self, expression, message) :
self.expression = expression
self.message = message

class TransitionError (Error) :
"""Raised when an operation attempts a state transition that's not

allowed.
Attributes:
previous —-—- state at beginning of transition
next ——- attempted new state
message —- explanation of why the specific transition is not allowed
mirrn
def __init__ (self, previous, next, message):
self.previous = previous
self.next = next

self.message = message

H2Y ool 5F A9 o)5EF FASHI, (Error) & 2uE ol5 22 Fog Ut

° 15 0] Fo B FEBAA WAT 5 9t T AN S FAF U 29
of T o AA G HHE Z7 A ol A ThE T

raise KeyboardInterrupt
finally:
print ('Goodbye, world!")

Goodbye, world!

(Th& sl AT ol A%)
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(o1 sl o] A A A%)

KeyboardInterrupt
Traceback (most recent call last):
File "<stdin>", line 2, in <module>
finally @o] gloW, try o] 857 Aol finally do] npA| 2t ZJ o7 APF T} finally
A try o] o9& AAst=A 9 A glo] AFFUTE 32 g7t AT of o B33 A&
A g o
s try 2 AWt T o9 7 BT, except oA A E AT+ A5k L7t
except oA Ael5) A O W, finally o] AW F o] 2] 7 chAl A ek
* exceptltelse A A Fof A&7 BT 5 5 Th THA], finally o] AP H F &7}
ohAl A g o,
e try £ 9] break, continue ¥ return 2o E&23%}l9, finally @2 break, continue =+

return & A3 A Ao AP FH 141:]—

e finally @of return Fo] & W, ¥I3 LS try 9 return ¥9o| F&= ko] ofyg} finally
A return 0] F+ ol Yl

& EW:

>>> def bool_return():
try:
return True
finally:
return False

>>> bool_return()
False

o B3Fsk o

>>> def divide(x, y):
try:
result = x / vy
except ZeroDivisionError:
print ("division by zero!")
else:
print ("result is", result)
finally:
print ("executing finally clause")

>>> divide (2, 1)

result is 2.0

executing finally clause

>>> divide (2, 0)

division by zero!

executing finally clause

>>> divide("2", "1™M)

executing finally clause
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
File "<stdin>", line 3, in divide
TypeError: unsupported operand type(s) for /: 'str' and 'str'

HQl uke} Zo], finally 22 € AFo AP Ut F A ES UHA 243 TypeError &
except Zoj 93| XJE]QZ] k71 fll’lally Aol AP T o t}A ?:_10]‘#1/]1}}

AA A& %%iila“"ﬂ/ﬂ finally 32 & & }%%/\P o], F A QAR obd 2] 2} AA glol,
S A 8 (e A 64 pe A5
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Python Tutorial,

Tk 1 AR AL
O EEE

25 Ao
ol <14 5k2) 7 3

X
[e)

for line in open("myfile.txt"):

n u)

print (line, end

as f:

with open("myfile.txt")

for line in f:

print (line, end="")

o g3t Zol, vl g

1o ehE, 5hel

o] g Aol Al o]

A 72y

=]
s
=
=

o
-

Z

23

L.
T
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CHAPTER 9

ZP e ol 71%% A Fe RS ATTULE Al ZHas s A2 AAg A H & T
S, Y A A2EA E WS S IAES FULh 7 FHa d2a"HAaE AHE FASH] A8 2
AR A R AAEGRHEE 1A F JdF Ut S A dAE A= A E v 7] 98 (Z 20 o S
@ﬂ%)ﬂﬂfﬂ-‘ic 7H 4 JdH U

g zzaddy JdoEd v u, stoj e A v AYUSS Had] Az BRI MEE HA
ZHAE F271FUTE C++ F ZEE3 oA 24 = S A AYS S EFF UL ol S
AN AFY 220 WY REZE V) sES ATHUL: SRS WAYSS e dlola Zd2E
s gstar, 44 FEjae ]é ZHA} ZHPAEY oJE HAEE YAYT S Jon, A e
o] &9 Hﬂ Ol/‘ :’EH/‘A HAEE T2 Ad5UTh AAEL 429 7 tolHE F2 Al }lol
M AUtk BEF IR, ZelaE gl M 53 EAS I Ut A3 A7
DEAAL, e T o =HE 5 JdFUTh

C++ 8012, HE Fe2 A EL (H o8 W E 233 A) public (o] 9] ofef W& 7] ¥4 & BEA L)
3t BE W F54E2 viral JUTH BES-3AH, AA Y iAo 1 Ao AW E FR3HE
=4 xd2 %iQHD‘r: YA = g4t I AAE 2= GAZ A A 1A AAE A3, 3525
] SA]8 o2 AlFH YT iEEifﬂ%% 2 A= AR dYT) o] A o] 01—)‘%"’1'011:: HAS 93
NS AT C++ Y EEE-3 9= , WA T AR A7 8831H7] 98] wl o)~ Zej oz ALS- S
T dF YUtk T3 C++ A 8, ‘f%‘ﬂf‘%‘;% ‘% EEY W AAE2 (A= Oﬂé A BT YH,
55) FHa dadr g A2 FE 4 Jd5UTth

(Ze 2o gs] EHF oz gtolEod A& S0l 5] Qe A A, oJlgF 2BEIF Y C++ 8] 5
AR A QUL C++ BHoh AR A FA I E0] FolHe] Ao 77t eg REe3 §o 8 A
FTE YA T o] 52150 E 7 Qe Aoz gyt

9.1 O|Ex} Z4A|ol &gt StolC|

AA = NA A (individuality)% Zka1, o e o] F o] (e Y ATz T2 AA AZE
A5tk oA 2 Ao 5= ol gl o] 4 (aliasing) ©] 2Fa 2 347# 01*1413} HE oS AS E
uj o] A& &0l JﬂﬂBW =43, M7 EYE (AL BAYE, 2 S UFEE 52 A A FAE 5

I

S5tk LAY, o Q2o A= 2l AE, SAT T e HhE b A S el
o u]o] Sl BIHE S 4 A UTh o] AL BE 22 1ol sl o] B, o el of = ol Wel A
EAEAY S AL AE 5ol 2] £ANL A WE, AAE AT v 5ol
A Tl 2o A A e AN S A, S AL o AAE nA 5T ol 4
shagol A ALgE £ 5 A A= ohE A4 A AU S BRE AAY T

| 1030
=

i
g
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=
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N
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rr
=2
ol
A
A
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=& dobd 5 g
o159 A (abs () 9 2L YREF WG o8] o] BEL EJFUTh:
19 A9 o] 55, of @ o]

e
7

ok 30,
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e
rir Oﬁ ¢
<o
ru
1>
lo

O

o 9
lo

o
ol

r
220

9 dog
Y
it
flo=

o ju o A X
o
N
N,

[t 2 fo
i 2L e
o
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[
ol

o,
path
lo

1
o

| =
o fu o
o ge LR

td

il
en, ot
o o

I8, As o EH
NA, real = AA z
FRHE F2YUTh: £3
AEFREYYtLh o
ufsg o] A &

1o (m
>R
5 (m 3
o w

S 4o

=
E
dname . funcname 9 4], modname & 2 & A A1 funcname = 149
Q3w BEY ojee] REs} BEA H A A o] Z 7ho] & H A<
FHE
F o g UTh £49) 49, ol e B o] ghat B o] 7
=2 :modname.the_answer = 42 8+1 & F A5 U T} 227
7t JESREE del #2022 AT & JdFULh 9 E £9], del modname.the_answer &
modname 2= o] F2] AA| oA o] EE]HE the_answer & A AFTYTH

=2
% FUEL N2 TE 20 BEol AL A2 e 58 L 25U Y oSS
]

P rl:H
o
=2
rr
o

rlo
llf
of
)
o

N

> oll“
]1101_',
Lo
L ot

41

o r{r E oX rlo

o
2
A
rr
ne
2
=
8
v
off
rlo
i
oF,
ro
<
=

BEET=Y

A2Fz7AACT AARDE
217 AA| 2 753 M U] 7 9]
il

1=}
=
7N
« 7 WA A=, P
Eal
&

o
o 232 A o]l gES XTI
s FEAL A= F4EY Zx, 7V kol EE At 2722 R E A o] AlZrg Uth H|
] & (non-local) ©] 2] 2+ H] A ¢ (non-global) °] 555 3t
s WA AR AFnEFA REL AY olFEe 2FFUH
c VP UFol AN ) M R 2T ZE YR ol EES £FEL & ol F YU
o] 5Z global = A AW, RE FZA Y2 BEY Y o] 55 2= TN 2T 2 vlE Yt
7P U AT upge A B AE = H4ES A A A5 W, nonlocal |PEE AT S dHUTh
nonlocal 2 A AF A koW, T ALEL 7] DS JUth( ™ Wigof 2811 8t T<e3d] 7 Y7o
27z A A A4 HEA FHof, -2 o] 5] uhg W4 v A oy EAF Y

LG A Al S, BE AAE _dict_ i B 6
FAFLY A SV E SHFYTH o8 _dict__ A% A o5
AEHE AL o) E 7 TR FAE I S 2011, AT 9l A% 2 AT 2T A B o] of
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HE A9 23x= A7) o A9 olg5S (HAE Ao R) F2 gty T apgol A, A1 A3z
A 23wl 22 o5 T2 F2PUTh B8 o]F 3 22 Ao E2 A 23 2o & sl
ol F T2 A F U

27z H2E Ao AQAT: A MEe AL T2FUth BEAA Ao d4o A 232,
ojtjoll A ojd o de| o] 25 Fof I Frt EEFH A0l BAYOl, I ZES o5 FFAY T W,
o5 AAE A A2 AYPAT FHoE SIPUT — A, o] Fof = Hukd Al
A o5 A< Fell A3fetaL 9lo A, FA <l ol F ARl o E3HA Topof FutH (A, A
Mg ol AR 2AHHYth)

vlo] o] EME EAL —globalo|ttnonlocal #0] §l& wl - o] 2ol thJ3std A 7HF o] 23
L2 bk A9uth th g2 Hl ol Bl 8 HASEA f5 Utk - ol 55 &A AA|o A2 EAY . A=
RZRA dUTh: 7 del x £ A q AF2TFFR S o] F FA x & AAS A AT AR, A
o) FE avfete BE A2 A Y AF 22 A FYTH: 53], import 23 ¢ B & REOVG
o2& A g Az =l AFF T}

global 2 5% W7t Mg 2z glon a5zl AAAH ojof 32 712l 2 uf AHS-E = Q5 U Th
nonlocal ¥ S5& M7t EYRE 2Tz 9lom I3 Al ddE ofof & 7He| F Ytk

def scope_test():
def do_local():
spam = "local spam"

def do_nonlocal():
nonlocal spam
spam = "nonlocal spam"

def do_global():
global spam

spam = "global spam"
spam = "test spam"
do_local ()
print ("After local assignment:", spam)
do_nonlocal ()
print ("After nonlocal assignment:", spam)
do_global ()
print ("After global assignment:", spam)

scope_test ()
print ("In global scope:", spam)

oA ZEC] 2L oG BTk

After local assignment: test spam

After nonlocal assignment: nonlocal spam
After global assignment: nonlocal spam
In global scope: global spam

g A A G tf o] (o] 2 o] 712 YT scope_test & spam A A=
o) Q-2 scope_test ©] spam A7 ML global YL BE $52] AZL v YT

global el Mol spam o o] Grke AL 2 4 5Tk

9.2. TOIM AR T} 0|2 Z7H 69




Python Tutorial, £A| H{H 3.8.13

9.3 At A Qb

Sehas e Al U A AN AA G R A A N EE

tlo
krl
A
%
i
v

9.3.1 ZA Mo 2

Sefx oY 7 S el ol FA A2

b)Y

Yt

class ClassName:
<statement-1>

<statement-N>

T4 A9 (def B) A, B2 Bt o @ 37717 A4 WA A o of Fuich (AT
Zejs B if B9 B F5 el $2 5 AUt

|

ARH oz, Fehx e YR PAES BE F4 Aol AW, e FHEE S u w2 LR}
A5UTH— ol of £AZ Bolg Atk Feha 2] §4 4o x HE, A 5F o)
G2 Be, ST Arel A ZEE 25UG oA, ol AL T4 AFH U,

Fel2 4ol ARG, A 1§ Fo] FEo AT A 2322 AFHUD— TN, mE A
MEE2 S o] Al o] Bho 2 Utk 55, 35 Aol A §59 o] 5L o)) AB ULk,
o)z Qo) (@S Bo) BAAoE B, 22 A 7 vEFUTh o AL A RH 0w S
Ho| W ol ol 7l o] & F1he] G BES AAE AAYUTH kg Al A Zeh 2 A of oh3)
o w57 F ek Aele) A 23z (Fehs Ao Solsbs] Adel FEHY ) Al A L,
o)z AR o2 B HTol A Fol 2 2o 2 o] & (A ClassNane) © 2 of 7]o] AZH U

9.3.2 ZalA ZHF|

Zoa AAE F FR AL ALGUT: o HE B2} AAd A BET]

NEZRE I = JolHe REAJEZHE IFXo| AMSHE= 25 THS AT U obj.name.
SHIE A EYHE o] 52 FH 2 QA7 oA uf] Z 29 o] &2t JE BEE oYUt 1A,
el x Agol 7t o g A 2 uj

class MyClass:
""rnA simple example class"""
i = 12345

def f(self):
return 'hello world'

MyClass.i9bMyClass.f & U2 o EPHE F23, 217 A49 ¥4 AA S SeFUTh Fo~
JEREE YT %ﬁ*i,q]?d%%ﬁﬂMyClaSS-i" FeWEg S dFyrth _doc__ &
JA] LHIE o] E %Ei,gﬂ]ﬁq]é'\—‘]—%%ﬁg%]—%%ﬁ%qq "A simple example class".
ol daHa BEY £ B4 BIWE LTI ZAa AR Zelael A d2HAE BT

ul S Qe Bae AT g ol (319 Fel2F 2R,

M o
).
o
_,EL
3
IN
i N
O
> r
l
Fu
i
—_>d"4
t
2
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def _ init__ (self):

self.data = []
a7t __init_ () WAEE AZT U], S22 AAEA DEI|EAE BHER Za AAE 0
o 34 XPEOE_imt_o E SEFUTh 2EA o] oA, A 2713 AAHAE o] ZA DS
Utk

x = MyClass ()

=8, __init_ () MAEEH S FAES A AR MR F dsUTh 2 A7, FHs A"l s
U7 QAR Fol X AAES __init_ () 2 AEHULE o & E01,
>>> class Complex:
def __init__ (self, realpart, imagpart):
self.r = realpart
self.i = imagpart

>>> x = Complex (3.0, —-4.5)

9.3.3 QIAEIA ZHF|
o|A] AAEBIA AH 2 FI
F2QUh T 7 F 5

HolE o2 HE
EEBREL A
S

AR 7} o3 3k © 2 B7hA] AL o E ] B
JE5 Ut tolg oJEg RES} HA =,
2EEFL (A" HEY of, C++ o] (HlolH dW)y o syt ool
2 ; A= u gl ol Fth ¢ & Sof, x 7} 9ol A

Ao
2= z7be Edo)~ glo] @ 16S AA T Th:

rlo

9

m

ACh
Sl
o
el

o rT

o
go _Ir,

WS o] X MyClass 2 ¢l , ok 3
x.counter = 1
while x.counter < 10:

x.counter = x.counter * 2

print (x.counter)
del x.counter

GEAAEHAERE 2= dAE YUtk diA = AAd (£381s) T-AUth (Sto] A A,
HAE g §ol& Sl Aad 2T ARRH 2] g5 Ut o2 AA 5 WA =E 718 = s Uth
ﬂ%é%,ﬂééﬂﬂ%QWMhmﬂmmmumoﬁé%]HE%%&%Q@?$$¢“OEJ
=9 oA, A H o7 AF3IA] o= 3 WA= gl o1& FHA A2dl A AR 9 A= o vk ALS-S

A9tk

Aags A ] SULE WA S o] & T Feso] Fel 5 UTh A, B AA A Fe) a0 E
JEYREEL 455t A2E2 HAEES A FUth TN Pele o AAA, x. £ £ SuHE
WA= FEAE, uyClass. £ 7F @50l 7] E YUk AW x. i & 13 e, uyClass. i 7}
347k o7l W R AU ek 2L x. £ & MyClass. £ 9 22 o] ohg Tt — o] 2 ¥4 A7) 7}
obe WA= AR gtk
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9.3.4 HME ZHA|

HE AEE AZ49 v $EH Yok

’x.f()

MyClass oo A, o] A2 FALE 'hello world' & E8lFULH SIATHL HAEE SA ZE2T 8+

AsUTh x. £ EWAE AA T, AE Fo] EEE 5 JdFULh A& 599

xf = x.f

while True:

print (xf())

= 993 A% hello world & At

HAE7tEEE o &3] ojF do] dojd7p? £() o T HAY 7 AAE AAAFA=E EF3H

Al x.£() AR Glo] TE2H AS LobllS AAUth AR= o9 A | 2A7R2 g4 3 ﬁJrOM‘i%

AZE Ao 2 ot FLE AR ol TEFE o9& doAYrh- AR AR 2 AHH A et

N=---

AR, 2L HS JAZT F AFUTH: A=Y SHFTL2 A2ElA AR 7S5 A HA A=

Agdat= AUtk $8 dolA, TE x. £ () = B8] MyClass. f (x) & F5FUTEH dWHE o=, n
o= Q A2" 2 AAE AT Aol A

UE A EF g drE LEdke A FeFUT

otF WA =7} oA B A F k=] osf A AT, FELS AFHEE Zlo] ofutE EAE E Y5
e 4 oS AYUth HolE ERREVL o AARA JERRES F23W, 2179 Feav)
AAgUrch whek 1 o] Fo] g4 AAA Lol Fea o EYREW, A2 AA o} 7 2
g4 AAE (FHe 7] ZAEES) FA Ao @A FolA WA= AXE v U o2l M=
AN GUTE HAE AR 7L QA BEo g TEH W, AAEA AR} AR BE 0 g HE] A 917} B2 o]
FAE &, FF AAE NN A EF o2 TEFUT

9.3.5 Fo{ALQ} CIAEA B4

kA o g oA, A2THA e dadad HolHE 3 Zlojal Zea ips 2 Fe2d BE

class Dog:

kind 'canine' # class variable shared by all instances
def _ init_ (self, name):
self.name = name # instance variable unique to each instance

>>> d = Dog('Fido")
>>> e = Dog('Buddy')

>>> d.kind # shared by all dogs
'canine'
>>> e.kind # shared by all dogs
'canine'
>>> d.name # unique to d
'Fido'
>>> e.name # unique to e
'Buddy"’
o) 53 77 o] # i) o A oKl AaEv B o Ze pd AR Bl T ] B4
Aelelt ) 2 AN B be el g A Fol, ohg el ris o 22 el
T2 AFRH A eFolok st lﬁh%ﬂ B AEVFEE Dog 12" A5 F-F75 7] dj E Gt
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class Dog:

tricks = [] # mistaken use of a class variable

def _ init_ (self, name):
self.name = name

def add_trick(self, trick):
self.tricks.append(trick)

>>> d = Dog('Fido")

>>> e = Dog('Buddy")

>>> d.add_trick ('roll over')

>>> e.add_trick('play dead")

>>> d.tricks # unexpectedly shared by all dogs
['roll over', 'play dead']

O, 2ol 0] SulE AAE AABA WSS AFE) oF T T

class Dog:

def _ init_ (self, name):
self.name = name
self.tricks = [] # creates a new empty list for each dog

def add_trick(self, trick):
self.tricks.append(trick)

>>> d = Dog('Fido")

>>> e = Dog('Buddy')

>>> d.add_trick('roll over')
>>> e.add_trick('play dead")
>>> d.tricks

['roll over']

>>> e.tricks

['play dead']

9.4 7|El FOAIEE

ArEAs} Feh s BN 2L o ERHE o] Fo] ST, o EPRE 23 & A2HAS LT
t}:
>>> class Warehouse:
purpose = 'storage'
region = 'west'
>>> wl = Warehouse ()

>>> print (wl.purpose, wl.region)
storage west

>>> w2 = Warehouse ()

>>> w2.region = 'east'

>>> print (w2.purpose, w2.region)
storage east

QA Q) ALg AL ((FeolAE)) o BN FxE S
19 Hle1] 5 5 gkl 8 e A8
SUth— w% g O£ P (R, C2 A4

Aol T3 AN AT Ao} T 4 AT o] A

r{m
)
(]
o
A
i)
)
i_:{
1o
ru
u:
_IZi
o

dlolE] o E e HES WA= 2
S]th 2ol A, Z A~ st
sho] Aol A = vl o] B £ ]
Seld TaE gasio

>

X

rlo pin 1

39, (o
Iy o,
ol

)
N
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Zetol et YolE o=l RES 2ALYA Aok G — Feho]AEL HolE o= HES
A=A A= S SJof {705 204§ YL F A FeodEL oIS FEE s
BUASEO FRYE EYAA Yok aE U Wl G REE Aol Aalel 1
Aol FSAL - CA T, W 7 AS Aol BAAYE % 5 A I,

WAS A HolE o SR E (L T WASE S AX T 59 BAL QT A ol20)
AAZ A= AEHS FATE A2 WA HAFUTH NS Zo B ) A WG ArEs
M4E EEY Sevgaoh

3%, A=) R WA Ak sels Bha BYUTh o] 2L B Y R ALtk o] F self & kol Ao A
o7 S o u] § 2 gtk SAR, o] FAL WX g v o] el 2] =7} e sfold
2 e Sl 9710 AR, Ses Heke A 22 IYE oA FHo) JEHEE A4 Ak
AT 5 Qo AL

ZeACERRE RE 4L 12920 A2HASS AF MASE B FGuth T4 497
Sejs Aol daE 4o S Dot 9HUT: 35 AR 2ehae) A9 A5 Y5 2
A 75k o2 ol

# Function defined outside the class
def fl(self, x, vy):
return min(x, x+ty)

class C:
f = f1

def g(self):
return 'hello world'

h =g
oAl £, 9, h & BF &g 7 xﬂ~ 7}31 = WL CY AERREL, AHAHOE o] 7152 EF C 9
ArdAS WMEQUTH—h & 23] g 9 F5HUTh oA W42 22 T30 SAE50A Ed2

21 o
Zol et Aol 258,

HAEE self GRS MIAE o EFRES AHESiA thE WAES T8 5 5 Uth

def _ init__ (self):
self.data = []

def add(self, x):
self.data.append (x)

def addtwice(self, x):
self.add (x)
self.add(x)

o)L F2T 5 YFULh WA= AT A ~
T2 AR gsyth) HA= Oﬂfﬂ

225 ARaA Aeae ole) 1A A%

°‘A14D} f&ﬂﬂ%, Xd?i ~FAzo) AoH 849l AT Mul o}, 120 X ESR B9l 1

-10 =) lH
B 10

H A =7} AL = AdUth B5, HAEE 2335= FH 2 AA2 0] A Y éz’i"ﬂ 7§4ﬂ1,
Oh5 Al A of| A Uﬂ/ﬂ‘:ﬂ AX 2] P AE FZFE dil= 2 /A 22 olFE EA 2 AYYh
Zh g2 AA, 2¥Bg FH2 (P otz EdUth & 25 Uth o] A2 object.__class__ 9

A s o] 5o,
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9.5 &t
B2, 442 A A Th do] 7152 (Feh2) ehe o B2 BANB A 912 AUk 54
Zele Aolo wye o A AAG T

class DerivedClassName (BaseClassName) :
<statement-1>

<statement-N>

o] & BaseClassName 2 34 S|~ o & 283l 2T Zof] o= of Qlojok gyt wlo|x~ F
o] 52 zglo th 2 delo AT FEHULE o & S0, vlo|x FYATgE ZE| HoFH o S
53U

class DerivedClassName (modname.BaseClassName) :

S 2e s Ao AL ol TAY 2L Ao ARG T Zeha AR} s ),
WMol Zej a7t AP UTh o AL o= RE B2 A4 T W ASHUTH: 238 = REY
Sej o A A od o] s Feha A4S LTk Wols B s mR e S s R
shA= glrhel o] FHL A Aow A gH Uk

:i,]./\g .ELEH/\_J SlAE A ULE 7]01]

EH3 212 gl5 Ut} DerivedClassName () = 2 F; 22 A <
2EAE BEYTh A E FxE o33 Zo] 248 Y

= t}: &3k Sl JEYFET FAE =,

o st Wo| & Fefae] A E et W Utk o] A o] T A& S H A E R Evkgyth
g e HolA FHAY HAEEES AFY T 5 A5tk M E7 22 AA 9 thE A EE
STy S At g2 A2 glonzg Hoja FP 2 HoH TE fA= Eé?—?}% ‘-ﬂ] ojAF
2 MAEE AZYH 3 FHaY mAEE TE5HA FUTh (C++ —LE:’—EH‘ﬂ At IR
sto] Ao REWAMEE AZAHOZ virtual YU t})
g FE oA AF O H WA ETE 22 o] 59 Hl o)A FH A WA EE TEd] ZotA 7| BT AR 2
gt AS g AFUTh Hoa FHAY HAEE A SEEste S o] 5T &
BaseClassName.methodname (self, arguments) S $&3tH JUTh o]AL & Zglo|HE
AT 2787 95Ut (o] AL Ho]A Z el A7 A AF Lo A BaseClassName 082 AL £
U= wj vk F 2ol oA 8 g 2
gtol Mol = A5 A AT 5 = F Y iR 0t s Ut

e OJAEIAY FE AASIE W isinstance () & A ,:]'b]T/} isinstance (obj, int) = obj.

__class__ 7}int Avrint oA 384 ﬂEHi?l <" True 7} EYth

o ZY A ALEL AASHE H issubclass () & AR ST issubclass (bool, int) &= True
old|,bool o] int & A B S o] 7| W EJ Yt} FA T issubclass (float, int) =False
Al float &= int & A B FefA7} oby 7] wiEJ v ch

Fol 2 thF A5 FEl = AAF U of g 7R Wl o]x FejAE Zhe FdlA H o ol Ad Ytk

P

class DerivedClassName (Basel, Base2, Base3):
<statement-1>

<statement-N>

Yo B, A 00T A9l T FAL2RE 44H = HESY 442 o] MO
2, AZNM LEZCE, AF TR AX = 22 FH2E FH ANFA G Aoz 44T ¢
g5 Uth 28 A, oJJE8]H E 7} DerivedClassName oA WA= X ¢ oW, Basel of|A] 211, ITHS
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(A7 A2 2)Basel o Wlo|x 2 A5 AT A7 NN E BAH A koW, Base2 o A 21,
ol@ Aoz A& T

AR, o] A1 R T 7 BT YT A E 2 == super ) 2o FE Ao 322 Q37 93]
%agiﬁﬂﬁqq ol HZHI R 4 ts & dolE Oﬂ/ﬂ callnext-methodF/]— oA 9,
£ Ao S0l A BAE = super TEHTHT Y

N7 BE T o fi, BE 05 459 495 st 2 o 49 tholol BE BA| (Foj= BB
sttt 7Hg bk EH/“:ET 1 el AEE 3l A~ 51 =49 E w7l dEd U
2= Z 2 object & ASIH o, EE v &2 object A o]2E oY JRE

101*”“41/‘5°]°1H‘ﬂ‘?‘4*ﬂ | A &Fe 12 5”01 g E ol
2ol 2olA A4 E AZ) N L EROR S 2 A E HESN L, 4 REE 04
57%* (FEE9 —‘%*d%% of S FA oW B FHHAE TE 5 Aok Y dth
Jes AU 2R A NEA W, ol YIS T yrow Ang a4 e GG
AAET 4 AEE w5 ¢ Z}/\ﬂ 3t Y82, https://www.python.org/download/releases/2.3/mro/ &
AL

V)

2 & afy ol
B e ot ofy min 8% 3 @O
o>

O,

g [ r
L 2 ofy r{} .1

oflt
rlr
£ :L l’

1
(

o
5
H

;

9.6 H|Z7H H4

AA W Fo A vk AA AT 91% vy d2"dA x_-/v\—l_ shol Ao EA&4A] FF YT A T,
R gho]H FEoA Eal Yl F o] A5UTh WERE AZEE o] 52 (& 591, _spam)
APIS] /) A o|A] k2 HE o 54%5101‘3]:@"4‘3}(1740] S, WA S, Hl o] Wl ol o] A Tho)).
-4 *J’*ﬂoli%idol HAE = g2 G ooF Futh

- H]*7H WS ZHE A7 B R (F AR Fe oA HoH o5 HY SES IS
2h), o1& F 41 7] (name mangling) 231 £ 2] W AU S °ﬂ ik Al A A Qo] FUTE __spam FE 9
HAxF 7H-4 Y= A zeta, A st 7ie 22 2dyth BE /‘“‘*X}%_ lassname__spam %
HAE Ao 8 X35 =1, classname < ?ﬂxﬂ iﬂ/\ O]E ol A °]'°ﬂ L= UEE% A AT AJUth o]
H’w‘qﬂ = A AY ol 533h= 4, QMZ}J THA YA & FAA g Ut

O]Uﬂ“ﬂLi /\LH‘I'“'/]D'“/HC TESWEEHA] G AR FEaso WAEE A F 9
e =252 FULh dE

ek

2~
S YRS

class Mapping:
def _ init_ (self, iterable):
self.items_list = []
self.__update(iterable)

def update(self, iterable):
for item in iterable:
self.items_list.append(item)

__update = update # private copy of original update () method
class MappingSubclass (Mapping) :

def update (self, keys, values):
# provides new signature for update ()
# but does not break __init__ ()
for item in zip (keys, values):
self.items_list.append(item)

9] o= MappingSubclass?t __update A/ 2AHE =Y 3tH gt 253U T Mapping 22 2ol A
= Mapping__update® MappingSubclass & 2 oAl+= _MappingSubclass__ update® Z+7}

A = 7] w2 J o

H47 AL QAR ALE 952 A A= Ao FFAL; A3 BFME HFH = A
S IA 2 AYFAT 5= AU o] A2 g A9 22 S Ado A &2 97|24 i th

exec() Yeval () 2 AGH == 355 = Fd29 F2 oSS A %Eﬂii o717 et=
Aol A 8 ; o] A2 global &2 B8} FASHH], E3171 &7 nlo|E-AuYdH Z=2 AstgE Y
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oh Z2 Aleke] __dict_ & A FRT w7 ofY g} getattr (), setattr (), delattr() o%E
2
2

ofo
A}
°
_Q

e 29 o] Z2 Hl oy F555 &/ FolFe 229 (n ecord>> L Co (struct) & AR Hl ]
HEg 2 Aol £ AUk vl Fe)2 o)k B8 B4 gl AUk
class Employee:
pass
john = Employee () # Create an empty employee record

# Fill the fields of the record
john.name = 'John Doe'
john.dept = 'computer lab'
john.salary = 1000

SR FAAJN UOlHE S 7stE stold ZE 27+, TF 1o HIY HAEE FH W& S
25 A kg 5 Sy ol & S0, 3td AA 2R E vl ol HE 2Wst= 7 A= o, Al

TG HHANA HolHE ¢+ WA E read() 3}readllne () = Al&Fshe FH2E Fost T AR

AL Asyth

AXFAHANE AAE AERES A5 UTHm.__self  =WMEm() 3 2R3 A" A4

o], m func__ & WA Eof A-g3t= 34 AA YUt

9.8 O|E{2|0|E

AFE ofuhE o H B i) BB ANEL for FOR FRT S LS L AR AT

for element in [1, 2, 3]:
print (element)

for element in (1, 2, 3):
print (element)

for key in {'one':1l, 'two':2}:
print (key)

for char in "123":
print (char)

for line in open("myfile.txt"):
print (line, end="'")

=l

o] ~EFL O AMAE PR, AT

TP UL R FollA, for £ ZH o] AA A
_next_ () & 7‘4-43]': O]Eﬁfﬂolﬁ AAE s, ol A =L AH I UY 8 4ES

By °“/\ﬂ/\?§'14ﬂl— o QA7 o™, next () —StopIteratl n°1]3]

FTEE ¢HUT next () W TS AHEHA _next_ () HINEE SET

BE A5 oEA %X—Hﬂ% A RoAF Yt

Fal, uﬂf}é
| WA

14]D‘r o]l & o] ]

Eﬂd]lter

>>> s = 'abc'
>>> it = iter(s)
>>> it

<iterator object at 0x00A1DB50>
>>> next (it)

lal

>>> next (it)

"t

>>> next (it)

(Th& sl AT oll A%)
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(o1 sl o] A A A%)

'CI
>>> next (it)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
next (it)
StopIlteration

ol g olE ZREZ FH JdE=WAYUSS *EU%EF&, Oflﬁi%ifﬂ S 2ol o5 ol F2= €A
2718 4 QA Uth  next_ () HIAEE 7HA AR S FE_iter_ () WAE=E AYFYh
S _next_ () %ﬂ?‘f}t&, iter_ () %zw self &£ E8E & JdFYth

class Reverse:
"""Tterator for looping over a sequence backwards."""
def _ init_ (self, data):
self.data = data
self.index = len (data)

def _ iter_ (self):
return self

def _ next_ (self):
if self.index == 0:
raise Stoplteration
self.index = self.index - 1
return self.data[self.index]

>>> rev = Reverse('spam')
>>> iter (rev)
<__main__ .Reverse object at 0x00A1DB50>
>>> for char in rev:
print (char)

n oo 3 .

9.9 A|L{d|0|E]

Ee53 AL wnit}yield £2 ALS
W ol AaL A (R E )

Aol H £ olg el ol B & Bes st ZY e =yt dubA A e E ;%‘ *ﬂxl‘j}%k—
E BA
deAYHCIHE AT AR G4A vE T A+

def reverse (data):
for index in range(len(data)-1, -1, -1):
yield datal[index]

>>> for char in reverse('golf'):
print (char)

£

1

o

g

Addeolgz & 4 e ZE AL o ol Aol S 7Nt olHeEolHEE & 5 5 Yt
A ole 7 hddt o] fr= __iter () &__next_ () MIAEZFAEE e A7) df & J Yt
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E e 2R 5L A9 WSSH 4G AHt 5E gl A5 BARAtE AU o4
self.index W} self.data & Z& AAEHA HSE o
A w5 Y th

3, A el 7l 25 ] A5 2 2 Stoplteration &
Aotk ST, o A5 Eel U P42 XL AT ol Aol E W EA A Bl o

ﬁ%@ﬂiﬂﬂHLﬂ E Az vz vl 23S Al 25 E AHEste BHES AR
AR HHSHA I P T 5 AFUTE o] RAAELS U 7AYol B & SA] AHE- ot
%%%%ﬂ”ﬂﬂﬁ Utk Al dole] A2 g Aoy Ao Bt I AsHA v §53E
oA, vk Y 2E HugdAdEt mREE 9 2 Aol s UTh

o]

>>> sum(i*i for i in range (10)) # sum of squares

285

>>> xvec = [10, 20, 30]

>>> yvec = [7, 5, 3]

>>> sum(x*y for x,y in zip(xvec, yvec)) # dot product

260

>>> unique_words = set (word for line in page for word in line.split())

>>> valedictorian = max((student.gpa, student.name) for student in graduates)

>>> data = 'golf'

>>> list (data[i] for i in range(len(data)-1, -1, -1))

[lf" lll’ 'O" lq']

9.10. F|LA(OIE] E 34 29
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HE Et0|EE|E| ES2{E7]

10.1 2 AN|A| QlE{H|0|A

os RE2 = AAL T g7 A% 4 7HA s AT

>>> import os

>>> os.getcwd () # Return the current working directory

'C:\\Python38"

>>> os.chdir('/server/accesslogs') # Change current working directory
>>> os.system('mkdir today"') # Run the command mkdir in the system shell
0

from os import * thAlo] import os 2B AF&3foF uth. L@ oF os.open() o] W&
open() = 7+ A& & 5 J U, F T+ ofF vh2 A F2E Y
s

%Y
0s 9 2L 2 RERAQT W, WA dir () Fhelp() F4E Y 292 27 A5UTD

>>> import os

>>> dir (os)

<returns a list of all module functions>

>>> help (os)

<returns an extensive manual page created from the module's docstrings>

QA el A O e P B 4GL 99, chutil BES ASEY) A8 H 5 A o] A8
AZFU o

>>> import shutil

>>> shutil.copyfile('data.db', 'archive.db')
'archive.db'

>>> shutil.move ('/build/executables', 'installdir')
'installdir'
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10.2 i iel=3ie

glob REL TP E ) FAEAE AAo2 5ol B2 vt §42 ATk

>>> import glob
>>> glob.glob('*.py")
["primes.py', 'random.py', 'quote.py']

FE a7t stk o] AAEL sys BES
Ea Al python demo.py one two three
£ ags e e At E

JE

>>> import sys
>>> print (sys.argv)
['demo.py', 'one', 'two', 'three']

=

argparse REL Be 2 AAE Aese ¥ And WM AUYZ S AZGUL The 237
olae) HAWI HE Ao e ENE E 58 2EFUT:

[m
rlr
5&
i

import argparse

parser = argparse.ArgumentParser (prog = 'top',

description = 'Show top lines from each file')
parser.add_argument ('filenames', nargs='+")
parser.add_argument ('-1', '—--lines', type=int, default=10)

args = parser.parse_args()
print (args)

python top.py —--lines=5 alpha.txt beta.txtE A}R3}o] W& ZoA] AP ufj, ~2ATHE
args.lines& 5%, args.filenamesE ['alpha.txt', 'beta.txt']ZE AAIUr}.

rlr

104 Oz &£ 2|C|dMal T2 3 ==

sys BE-2 sidin, stdout, stderr Q) E ] HEX 2F31 5 Uth 71 vhA vk A2 stdour ©] E|HHE = Y&
= & 5 Qe Aot old ARl ES 98t €27 syt

>>> sys.stderr.write('Warning, log file not found starting a new one\n')
Warning, log file not found starting a new one

~2TPEE FEI= T AHAA AL sys.exit () E2E AU

>>> import re

>>> re.findall (r'\bf[a-z]*', 'which foot or hand fell fastest')
["foot', 'fell', 'fastest']

>>> re.sub(r' (\b[a-z]+) \1', r'\1', 'cat in the the hat'")

'cat in the hat'
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o

A 2hEE 7]

ofr

HE2 G ol TALHMAES ol AEE e 7 Fa Yy Aol F7] WAt

>>> 'tea for too'.replace('too', 'two')
'tea for two'

10.6 5t

|0k

math 2E2 5 254 Athe A% sk C gloj B2 2] gl v A LS AT

>>> import math

>>> math.cos (math.pi / 4)
0.70710678118654757

>>> math.log (1024, 2)
10.0

o

o FF A
random B EE FAH AHS T+ =57 =

Ag gk

>>> import random

>>> random.choice (['apple', 'pear', 'banana'l])

'apple'

>>> random.sample (range (100), 10) # sampling without replacement

[30, 83, 16, 4, 8, 81, 41, 50, 18, 33]

>>> random.random () # random float

0.17970987693706186

>>> random.randrange (6) # random integer chosen from range (6)

4

statistics E&8-E T2 tloJB | 7|24 TAA S4S< (B, 0%, B4, 55) A4y

>>> import statistics

>>> data = [2.75, 1.75, 1.25, 0.25, 0.5, 1.25, 3.5]
>>> statistics.mean (data)

1.6071428571428572

>>> statistics.median (data)

1.25

>>> statistics.variance (data)

1.3720238095238095

filo
52
L
A
K
30
oy
)
v

SciPy i 2 A & <https://scipy.org> = T2 %] AAHE R ES

10.7 QIE{4ll HM|A

AEUS AA 2T ARJAHY ZREFES AP dte B BZE°] d5UTh 7 13k F 7l &= URL
NA HolEE o] Q= urllib.request & W YS B+ smtplib YUY T}:

>>> from urllib.request import urlopen
>>> with urlopen('http://tycho.usno.navy.mil/cgi-bin/timer.pl') as response:
for line in response:
line = line.decode ('utf-8") # Decoding the binary data to text.
if 'EST' in line or 'EDT' in line: # look for Eastern Time
print (line)

<BR>Nov. 25, 09:43:32 PM EST
>>> import smtplib

>>> server = smtplib.SMTP('localhost')
>>> server.sendmail ('soothsayer@example.org', 'Jjcaesarlexample.org',

(Th s A ol Al<%)

10.6. £t 83
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(o1 sl o] A A A%)

"""To: jcaesar@example.org
From: soothsayer@example.org

Beware the Ides of March.

n n)

>>> server.quit ()

(-7 WA ol = localhost o A v AW 7} AP 31 9l ofof Thrk= Aol =2 sHAl =)

10.8 A} AlZt

>>> # dates are easily constructed and formatted
>>> from datetime import date
>>> now = date.today ()

>>> now
datetime.date (2003, 12, 2)
>>> now.strftime ("Sm-%d-%y. %d %b %Y is a %A on the %d day of %$B.")

'12-02-03. 02 Dec 2003 is a Tuesday on the 02 day of December.'

>>> # dates support calendar arithmetic
>>> pbirthday = date (1964, 7, 31)

>>> age = now - birthday

>>> age.days

14368

10.9 H|O|E| &=

dubz ol folg R WU A= JAES 2 22 2550 AH AP UY: z1ib, gzip,bz2, 1zma,
zipfile,tarfile

>>> import zlib

>>> s = b'witch which has which witches wrist watch'
>>> len(s)

41

>>> t = zlib.compress(s)

>>> len(t)

37

>>> zlib.decompress (t)

b'witch which has which witches wrist watch'
>>> z1lib.crc32 (s)

226805979
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10.10 M5 5

Q% ol AL AEL e EAG] @ ThE A S A A9 A5 e 2L BAS T
Ut st AL o g AR EO] FA e FE 54 =7 E AT

NE S, AAEL BaFsHE AT A YA A, B E A} A NP S A HAA e FEL
L 5 Q5T tineit BES 4G 4% ol 22 A58 Hol %

>>> from timeit import Timer

>>> Timer ('t=a; a=b; b=t', 'a=1; b=2"'").timeit ()
0.57535828626024577
>>> Timer('a,b = b,a', 'a=1; b=2").timeit ()

0.54962537085770791

timeit o] UYL= HERH 22, profile Hpstats BES T EFY FT oA A dA A
A8 317) e = 1 ES AlF U

nEAS) £xEdolE NS BN ABUL AL A EA AL HAEE Ao, ARG
Ay z2A

doctest %% ] S2EHEN YHH HAESES AARE =& Al
‘41’/} HAE 57 BHA TEE T 279 A S2EF o2 BAG|IA 2o E 7] E 3l FF2 =2
‘?}UH;SHDP /‘P% 2}l Al A A E A AlFHA AP AE A AL, doctest RE o] AP Ao A =7}

def average (values):
"""Computes the arithmetic mean of a list of numbers.

>>> print (average ([20, 30, 70]))
40.0

mrn

return sum(values) / len(values)

import doctest
doctest.testmod () # automatically validate the embedded tests

unittest EE-2 doctest EEWF 12 A2 ol A th oS 2 Z A HAE JFTS HE 3=

el e 5 glA AU Th

import unittest
class TestStatisticalFunctions (unittest.TestCase) :

def test_average(self):
self.assertEqual (average ([20, 30, 70]1), 40.0)
self.assertEqual (round (average([1, 5, 71), 1), 4.3)
with self.assertRaises (ZeroDivisionError) :
average ([])
with self.assertRaises (TypeError):
average (20, 30, 70)

unittest.main () # Calling from the command line invokes all tests
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10.12 HHE{2|7} ZEStEIL|C}

so) -2

(=7t 2dgug) 29

23 9)

o
/>

Utk ol= o Z 971 A 9 Ausy A 5L

B3 b3 & ebdich ol & 5

e xmlrpc.client & xmlrpc.server REL YA ZT2ZA| A T2 F3AS= €4S AY A4S

Az wHEUTH BE9) o] 2ol ® B7a1, XML o gt A Al A 4ol } A2l 7 B R 8A)
gt

email 9 7] A= MIME % 7| €} RFC 2822 7] 4} 5] A] 1_5 R R AR R PAPA =S S Rl
913t eo] Bl g QUi r}. AAE WAIAE Hul 3 2= smtplib 9 poplib S 2, emaﬂJﬂ?’]X]
L BAS HAX 2 (ERFY 2 E zwag]_ﬂq_ =33 el A FY Y ZeES
237 98 S E = ARE AFR 2 QST

json M7 A de] ALgH & vl ol md WAL A0S 2 A9

BEL vojHuo| A%t AZF =N AutA o A AN £ X FED
A

o

2] 9L %

= Ale gyt csv
FPAoZ HYge
xml.dom ¥ xml.
HNegoraA

AR AT & 4+ IEE APt XML A 8]+= xml.etree.ElementTre
SaXJHﬂX]Oﬂ-/]*H A48 Ut oyt RE 7| A& A AHESHH 3}
02 =4 7o) dlojE wdo] I A g H Ut

sqlites 2E- SQLite o o) Ejw]o] 2 o) sei2lo] o) = <le], o2k Wl 2 SQL E-& AH§ 3]
Qoo =5 1 M2 E 5 g A AT E HolEulo] 2 AP

A 8= gettext, locale, 18l codecs W 7| A& 2335 2 BEol o) Al g Ut
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cHAPTER 11

HE 2t0|EEE| 227 — 28

ol F A EYEVE AT 220 87 A EE AYete Aw EES UHFL A5 oY T
BELF2 2TPEANAE AL AHEH A A5 U

111 S8 ZolE

o
o
A
18
(i
v
[>
i
K
)

£ 9 AxEnto|=2H repr ()

reprlib 252 7Y 747 SHE 7H

WAL ATk

>>> import reprlib
>>> reprlib.repr (set ('supercalifragilisticexpialidocious'))
ll{lal’ 'C', ldl, 'e', lfl, lgl, ..-}_ll

pprine 2ES AR T 98 £ AL Y om Y AN 484 4l A8 LS e v
ARHA Aol® 5 QA FUTh AR T 20T AW (R 2 ) 7} F wHEH Sl 27E 275}l
dole] 728 Wik WaeA depULh

>>> import pprint
>>> t = [[[['black', 'cyan'], 'white', ['green', 'red']], [['magenta',
'vellow'], 'blue'lll]

>>> pprint.pprint (t, width=30)

[[[['black', 'cyan'],
'white',
['"green', 'red'l]],
[['magenta', 'yellow'],
'blue']]]

textwrap REL HAEY k-8 Fo]R 3d vn|of &A =g}

>>> import textwrap
>>> doc = """The wrap() method is just like fill() except that it returns
a list of strings instead of one big string with newlines to separate

nwn

the wrapped lines.

>>> print (textwrap.fill (doc, width=40))
The wrap() method is just like fill()

(Th& sl AT oll A%)
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(o1 sl o] A A A%)

except that it returns a list of strings
instead of one big string with newlines
to separate the wrapped lines.

locale R EL F3d EA dlolg 2] ¢ o] gl al o] 20 HA| 2t} locale 2] format $+4=2] grouping
AEYHEL: 15 P2 7|E2 A 2l st= AF A QA S Al

>>> import locale
>>> locale.setlocale(locale.LC_ALL, 'English_United States.1252")
'English_United States.1252'

>>> conv = locale.localeconv () # get a mapping of conventions

>>> x = 1234567.8

>>> locale.format ("2d", x, grouping=True)

'1,234,567"

>>> locale.format_string (" ", (conv(['currency_symbol'],
conv|['frac digits'], x), grouping=True)

'$1,234,567.80"

string 2 E2 tA|t}5 3 Template F 2
Zr31 Qs U th uheba ARS-AL
o)
=]

¥ >
ol m]m

gubol 2% 4 g5y
Ao s 9 VLD LD 2 ¢

5 o)
e B gle] G5At Hu

>>> from string import Template

>>> t = Template('S$ folk send $$10 to Scause.')

>>> t.substitute(village='Nottingham', cause='the ditch fund")
'Nottinghamfolk send $10 to the ditch fund.'

substitute () WA EE A FAI A7 9 A Y 31 ‘/} Z|NE JAAR A= A ¢S Wl KeyError &

donh WYL 2B £F TR Y B NEAA ATV UAN BLAL S o
safe_substitute() WA= FAET 4+ 2,1{5—141:} ol 7+ H A A A AS H A SR
syt

>>> t = Template ('Return the $item to Sowner.')

>>> d = dict(item='unladen swallow')

>>> t.substitute (d)
Traceback (most recent call last):

KeyError: 'owner'
>>> t.safe_substitute (d)

'Return the unladen swallow to S$Sowner.'

Template A B S 2= AHEAF A FE2AE AR D 5 AF U A& S0 AR HeleA £ A% 42
olF HHE7 wEElElE FA @A oA Al WA T EE ohd P4 22 AR A A Y EE V]SS

AEIEE ADT 5 YT

>>> import time, os.path

>>> photofiles = ['img_1074.7jpg', 'img_1076.7Jpg', 'img_1077.7jpg']
>>> class BatchRename (Template) :
delimiter = '%'
>>> fmt = input ('Enter rename style (%d-date %n-segnum —format) : ")
Enter rename style (%d-date %n-seqgnum %f-format): Ashley_%n%f

(Th& sl AT ol AS)
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>>> t = BatchRename (fmt)

>>> date = time.strftime (' 2d%b%y")

>>> for i, filename in enumerate (photofiles):
base, ext = os.path.splitext (filename)
newname = t.substitute (d=date, n=i, f=ext)
print (' - '.format (filename, newname))

img_1074.jpg —-> Ashley_0.Jpg
img_1076.jpg ——> Ashley_1.jpg
img_1077.jpg —-> Ashley_2.jpg

B0 £ e 3L thE 2 A AR AN 229 =T Belse AUk o2
3} XML 5+, Qb Sl 2 e B A 2 HTML §) B3 A o) o e AL S 9888 188 4 5ok

11.3 H}O|L42| C|O|E{| A|ZE HiXx| &=

struct BES 1M ol vpel ] AT W4 02 2] A% pack () Tunpack ) FHE AR
FUth th& A zipfile R 58S ASSHA] L ZIP 929 S|t JEE 5= W& Bk
@1 FT nygn 9]_"1" = Z]l—z]'-z]j]—o]E_Q,].zl,H]—O]E_/] ,_'__E‘_ 04‘—- .5\\_;(],___ L}E}‘ﬂqi} nen _‘55__:]_‘_-% 3_7101@/\1
25 Ao nlo] = £AE A2 Lheb e

import struct

with open('myfile.zip', 'rb') as f:
data = f.read()

start = 0

for i in range(3): # show the first 3 file headers
start += 14
fields = struct.unpack ('<IIIHH', datal[start:start+16])
crc32, comp_size, uncomp_size, filenamesize, extra_size = fields

start += 16

filename = data[start:start+filenamesize]

start += filenamesize

extra = data[start:start+extra_size]

print (filename, hex(crc32), comp_size, uncomp_size)

start += extra_size + comp_size # skip to the next header

114 C|= AyE

N

2 597 3 Fds 2elote 7€yt 2d=s o8 Aol flaekg=oA
AEA YES W 38 22199 S-S P ] AR T 4 Uitk BUH A
A= A HEZ VOE APstE F-YUth

2a%o] A4 AYPH = 59 A5 F threading RE| Mg =04 2

JEA Bl

2
3=

rlu ol

o}
Eal

oo
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]o o E

] <1
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[H
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>m

2
o
o% rlr

;O

import threading, zipfile

class AsyncZip (threading.Thread) :

def _ init_ (self, infile, outfile):
threading.Thread.__init__ (self)
self.infile = infile

self.outfile = outfile

(Th& sl AT ol AS)

11.3. tjo|al HlolEf |2 E HYX| &t 89




Python Tutorial, £A| H{H 3.8.13

(o1 sl o] A A A%)

def run(self):
f = zipfile.ZipFile(self.outfile, 'w', zipfile.ZIP_DEFLATED)
f.write(self.infile)
f.close()
print ('Finished background zip of:', self.infile)

background = AsyncZip('mydata.txt', 'myarchive.zip'")
background.start ()
print ('The main program continues to run in foreground.')

background. join () # Wait for the background task to finish
print ('Main program waited until background was done.')

ofN
[
g
i
O
to
[kl
Hﬂ
[
o
L
N
N
@
riu
gl
2
X,
lo
=Z
o
il
H
arr
rlu
B
o

/\ 114 t}. ] -A—H threadmg BESE, oldl

=

A0 e BE A AE B 2d S AF A TH queue
o 2 AL AT AYULE 2= B EA W 2 AL 9D

S AAF Aa, 97 A, A= Aol e

115 224

logging EEL A 7|5E& 24E AT 24 NS AFdUTh 7 S A9, 22 WA A=
std o} sys.stderr 2 HUYF Yt}

import logging

logging.debug ('Debugging information')

logging.info ('Informational message')

logging.warning ('Warning:config file not found', 'server.conf')
logging.error ('Error occurred')

logging.critical ('Critical error —-- shutting down')

2 e} 2 AR EEE U

WARNING:root:Warning:config file server.conf not found
ERROR:root:Error occurred
CRITICAL:root:Critical error -- shutting down

Z1EAHo g AH D o7 wA A= BAIH A G 2892 2 ddE R Ut thE &8 g4+
Z“}Uﬂ , dlol e lu,¢%ﬂ EE=HTTP AW E S8t WA A] et¢8 o] 2P Utk 22 BEH &= wAA

A e 4~ 9] U th: DEBUG, INFO, WARNING, ERROR, 2L 8] 311 CRITICAL.
E%‘ Al~gl2 JJrOl““ﬂ/ﬂ AH FAGAY, & 222 E HASA L AR Fo 272 9130
AT EA T 5 = *”o JJr%‘.Oﬂ AN EE
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rit

= AAZ A 7 A =) E

2 25 Wz A (RE A v Fx A5 24 93
sk v 2 e = npx e F2 1A A" &‘?01] A Yk
o] AU HREREY S& T2 PN & ZF3 A W2 ThE £ 95 A ﬂ = 5 Stoll
AAE FHH T 2 07};} [Bh= Ebﬂﬁ}ﬂl+, A AAES FHFE AV CET A5 S JFHo=
NEE AR E HEUT weakref RES HZXE DVEA GU AANE FHAS S Y= ETE Xﬂ*ZMD}
AA 7} o] 2 8384 ¢k O weakref Eﬂ ] NA A 7} A= 0 7 A A= 31 weakref _ﬂ;‘(ﬂoﬂ ) &} =l o]
EAEYTE Rk 8o BEE b vlgo] Bo] =& A Aol ZE&HE YT

>>> import weakref, gc
>>> class A:
def _ init__ (self, value):
self.value = value
def _ _repr__ (self):
return str (self.value)

>>> a = A(10) # create a reference
>>> d = weakref.WeakValueDictionary ()
>>> d['primary'] = a # does not create a reference
>>> d['primary'] # fetch the object if it is still alive
10
>>> del a # remove the one reference
>>> gc.collect () # run garbage collection right away
0
>>> d['primary'] # entry was automatically removed
Traceback (most recent call last):

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

d['primary'] # entry was automatically removed

File "C:/python38/lib/weakref.py", line 46, in __getitem___
o = self.datalkey] ()
KeyError: 'primary'

g e aE goz g velE T2 878 5542 4 dath Telumzs e 4% 4% BA%
e thekd FRol B 4 E Yok

array BEL array () AAE AZTFUT o] AAE SAA ol H R A4 Hr W)
Aot 2 2Esh 24U Th ohe o AlE Thel it AA|e] Auk e A=) A9 AT 5 leulo] 2
g sHe ALl 2ukol 29 ¥ gt o)A £ (P L= vHn) 2 AGE 24 ML Bl FUTh:

>>> from array import array

>>> a = array('H', [4000, 10, 700, 22222])
>>> sum(a)

26932

>>> all:3]

array ('H', [10, 7001)

collections EE-2 deque () AAE AFFULE o] AAl= dZANA o wk2 A F7HHsHA W 53
AN 23 &= X g rE Z5Urth o] A= 7€ ¢ Yol 4 E AAS FHsHE Ul
Ao

>>> from collections import deque

>>> d = deque(["taskl", "task2", "task3"])
>>> d.append("task4")

>>> print ("Handling", d.popleft())
Handling taskl

11.6.
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unsearched = deque ([starting_node])
def breadth_first_search (unsearched) :
node = unsearched.popleft ()
for m in gen_moves (node) :
if is_goal (m):
return m
unsearched. append (m)

Bt e aE 7@ 9ol ol Hejel JUA PAES 245 FHE] Yt bisect RET LS
£ =78 AU

>>> import bisect

>>> scores = [(100, 'perl'), (200, 'tcl'), (400, 'lua'), (500, 'python')]

>>> bisect.insort (scores, (300, 'ruby'))

>>> scores

[(100, 'perl'), (200, 'tcl'), (300, 'ruby'), (400, '"lua'), (500, 'python')]

heapq RS YN PAES /MO E IS FARE S AFFUL A7 ol AL FELe Fy
A5 00 FATUTE o AL 717G 2L 220] WEH O Q2T AW, AR B2 FL S AYHA
Foelt S8l £8P

>>> from heapg import heapify, heappop, heappush

>>> data = [1, 3, 5, 7, 9, 2, 4, 6, 8, 0]

>>> heapify (data) # rearrange the list into heap order
>>> heappush (data, -5) # add a new entry

>>> [heappop (data) for i in range(3)] # fetch the three smallest entries
[-5, 0, 1]

11.8 10% 25 A3 A=

decimal EEL2 103 &

a5 TS LT, S

- AR 1075 B0 BRF FH

40 E o
o~
ok

& 50, 704 E A3} 2 7ol WH 5% Alg= ALdstE, AR RE 243 3ol 5 &gl o
A7k debdh 472 7PE ke AER B YshE Ho) 7t S el gth:

>>> from decimal import *

>>> round (Decimal ('0.70") * Decimal('1.05"), 2)

Decimal ('0.74")
>>> round (.70 * 1.05, 2)

0.73
Decimal ¥+ 2ol = 0& FA8H, F A FEARAE 7H 3|25 H W A28 fFEAE
Aoz FEdYth Decimal- 2 £ 2 2 3 583 A H et o] A fg 2p o] A5 Ao 2l

Qe ) WA E 2 9 B2 H 3T

T =
A3 YL Decinal Ze27} o)W HF Arde] AUSA RS REZ AN FEA ANE LAY
4 Q=2 Furh:

= .
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>>> Decimal ('1.00") % Decimal('.10")
Decimal ('0.00")

>>> 1.00 % 0.10

0.09999999999999995

>>> sum([Decimal ('0.1')]1*10) == Decimal('1.0")
True

>>> sum([0.1]*10) == 1.0

False

decimal RE2 I8 UF Y AUERE 2 AT U

>>> getcontext () .prec = 36
>>> Decimal (1) / Decimal (7)
Decimal ('0.142857142857142857142857142857142857")

11.8. 107 B A4pH A 93
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121 274

shol W S8 X2 L H5 EF dolelele] AN AFHA e A A9 BES AEFIT) 38
=290 54 WAl el Befel WL T 5 v, $8 2] S Mk E WMAo] B
S3AL, erol Rele] dEso]ae] FA AL A S8 =2 IS YT 4= 7] wEY )
=, st stold AN M RE S8 22aRY 27 AFS FHAAE Aol BAST S E daUr
S8 =29 A 54 BES M 1.00] LA, $§ =219 Bo] WA 200 LT P, 8T
AGo] FEHAL, WA 10 EL 202 BAFE o] & 3§ z2aA AYT 4 A BT

of BAl| U HBH L AH B7 & WEE AYUTh o] /Y BFLS 5 WA shol A A 9} o]
27497148 £3tet el | Do E e =2,

N2 e 38 22 I9e AR T2 M 842 488 5 95Uth G4 2 458 27 A3
NS HA5] A, S 22T Aol WA 100] XA A /4 BAol Y, §§ =219 Bl
WA 200] I THE Y B0 AL 5 U UTh S8 T2 B4 gholHejel 8 WA 3002
Qaelol=sop st 49, 38 =21 AS) B0 FFS WX A FE )

714 84S e AEsts o AHREHE RELS venv & FUTh venv = HE o g Bo] AL T 5
A= F A WA Fho]HZ ARG Al a"lo) of 2 WAL sto] A o] gl B9, python3 E+= Aot
HAS Agste] £ stolH WS A9 5 5Tt

MBS HEe Y, At U EEE 248, venv EES AT HER APt U dE g 2 E
[ dxg Agdyr):

python3 -m venv tutorial-env

EA5HA] 2=t tutorial-env A H I E =1,
u

2] 2 ohFst 2| 5t d o] Eol gl v EHE
S et BE A wA4A 9

=
-
= s gtk £ AR E
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w90 A o] @A AT}

’tutorial—env\Scripts\activate.bat

Unix = MacOS ol 4] o] @A) A3 3] t}:

source tutorial-env/bin/activate

(0] 23 Y E X bash AL 9 &) =4
csh @ activate.fish AT HE
7 BAE &35, A 252 E
python & A3 3tH EA WAL Fo| R

H A0 2, esh = fish A S ALE3lE= FPoll=, YAl activate.
=
=

}-&-8f oF g )

b

A7 ol g F9 4 BAL Bl FT, B4 S stol
o] 43 Sof:

$ source ~/envs/tutorial-env/bin/activate
(tutorial-env) $ python
Python 3.5.1 (default, May 6 2016, 10:59:36)

>>> import sys

>>> sys.path

['', "/usr/local/lib/python35.zip', ...,
'~/envs/tutorial-env/lib/python3.5/site-packages']
>>>

12.3 pip2 7| x| 22517

You can install, upgrade, and remove packages using a program called pip. By default pip will install packages
from the Python Package Index, <https://pypi.org>. You can browse the Python Package Index by going to it in your
web browser.

pip has a number of subcommands: (install), {uninstall), (freeze), etc. (Consult the installing-index guide for
complete documentation for pip.)

712 ol 52 A skl A WAL 7 AE AT 5 s UTh

(tutorial-env) $ pip install novas
Collecting novas
Downloading novas-3.1.1.3.tar.gz (136kB)
Installing collected packages: novas
Running setup.py install for novas
Successfully installed novas-3.1.1.3

H 7)1 A] o] F FHAoll == A HA WS E & 4 W] 7 A E AA

n@
4
%0,
)y
°
I

(tutorial-env) $ pip install requests==2.6.0
Collecting requests==2.6.0

Using cached requests-2.6.0-py2.py3-none—any.whl
Installing collected packages: requests
Successfully installed requests-2.6.0

o] & thAl A SHH, pip = AT W o] ojm] XF o] QIF& &L, obF A% A ks
2 A NS E A 2T HAS AU pip install ——upgrade & A 3o] o 7] A & 2 Al
HAoR adel=d 4 JFyth

(tutorial-env) $ pip install --upgrade requests
Collecting requests
Installing collected packages: requests
Found existing installation: requests 2.6.0
Uninstalling requests-2.6.0:
Successfully uninstalled requests-2.6.0
Successfully installed requests-2.7.0
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pip uninstall t}go] sh} o] 4ke) 7] 4] o] Eo] 2 ™ 714k oA #7127} Al A ).
pip show: 74 97| Ao ot RS BAFTh:

(tutorial-env) $ pip show requests
Metadata-Version: 2.0

Name: requests

Version: 2.7.0

Summary: Python HTTP for Humans.
Home-page: http://python-requests.org
Author: Kenneth Reitz

Author-email: me@kennethreitz.com
License: Apache 2.0

Location: /Users/akuchling/envs/tutorial-env/lib/python3.4/site-packages
Requires:

(tutorial-env) $ pip list
novas (3.1.1.3)

numpy (1.9.2)

pip (7.0.3)

requests (2.7.0)
setuptools (16.0)

pip freeze £ A A7 A\ W £3 ZEL WA, pip install o] 7|Tishe B4 ALY

of. dubA QL F H 2 o] H55 requirements. txt 3ol Y= APyt

(tutorial-env pip freeze > requirements.txt

) $
(tutorial-env) $ cat requirements.txt

fo
[k

ofy ©
v

2329 982 AFY ¢ A5 AEAE

c}:

requirements.txt = WA A oo #
install -r 2 &2+ ,?_41_75]'-417111‘%}2—%

BE o] 3
A % 9l

(tutorial-env) $ pip install -r requirements.txt
Collecting novas==3.1.1.3 (from -r requirements.txt (line 1))

Collecting numpy==1.9.2 (from -r requirements.txt (line 2))

Collecting reques ==2.7.0 (from -r requirements.txt (line 3))
Installing collected packages: novas, numpy, requests

Running setup.py install for novas
Successfully installed novas-3.1.1.3 numpy-1.9.2 requests-2.7.0

&AM o] 9 Yth pip o that £ 8 B A= installing-index A 3 &

e FarstA L. s 7] A]
uff sho] A 3 7] ] A Qo A AH-g-E 4= QA SF2] |, distributing-index 2] F & L

SHA 8.
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cHAPTER 13

O|AM & 5kX|?

o] A5 A S Yol A ofuhE sho] 4l ALgo THa TAle] FobA S AYUTh— AA £AE A7) 913
sho] 21 e A §51e) 3 Agaof Fuirh o Wi el W ojt) 2 shof SR

ol A A Shol el B4 AEY AR YUTh AEY e BAL b 25Ut

* library-index:

EF golBg ey &, g 2 BEO o st &AS (M E HEStAwh A HE A A8 E AlFshe
ol AP A E E“““HO]: ?’L‘JT/]' EF ol vz o= F7F TV Hol 28H o JdHFUTh
Y& ATS 93, HTTPE B3 €A1 € AAsta, G548 BEd, ¥8d 348 34 3sta, CGI
Z2 39S AP -Tl dolEE 453, 7E B2 FYS S5t ZEO] A5 Ut golBE g
AHAAE ZToBH oH Zo] YA & A5 YT

* installing-index += Th& 3}o] # AFE X171 2445 27 BRES A X 3= S Ag 3yt

« reference-index: T}o] X o] B H I} o ujof] tf 3t xpA| et A H. Q7)o BFAH X w, A o] zA|of of &t

AAT FHA ZA & T
71 8F Sho] A A&

e https://www.python.org: 2 3}o] A ¢ Alo]E, of 7] Oﬂ% s, B2
o] A Soll thet ERJAE 7} 50] Y5 Uth o] ] AolE 1, & 2 T3} Zo] A Al
ol v 7 s ol A uth A2l §] x| o] whet w2 7} 7] Apo] E R

* https://docs.python.org: o] M o] A Ao w2 A AT+ 5

o https://pypi.org: o] Z o]l ] 2 7}A] (Cheese Shop) 2= B E! sfo] W 3] 7] A] el A= Y-S
Ae ARG A 2 shol A REY AUt I EE wj X517 Al ZsE T /‘]"j)“c o] &
O“:i o7 Z=E STEE °1A‘4‘3}

« https://code.activestate.com/recipes/langs/ python/ s}o] 4 Q 2] A (Python Cookbook) & H2 7=
AA, B 2 EE H 8T 2IHE EZYJUth 53] FH5E 3 3352 Python Cookbook (O
Reilly & Assomates ISBN 0-596-00797-3) 0] 2= ZﬂEJ Aol Bk

* http://www.pyvideo.org = Z3H A2 U AFR X} 25 3] o] o A mlo]H HH vt o st HIES
SA g,

« https://scipy.org: Scientific Python Z 2 A E o] = w2 vj & A 2 22 s REEF A
Felo M A Y &, I X, 3A 4 54 2L Ay A 71 A S0 TFE s

| (Cheese Shop) & Monty Python] 271 2| Ul th: 314 e] 2= A o ol 7bA e, 2 M =7k F-<lold, A 0L fleka 23
Y.
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stolH #AA A Y ZA B9 A & IF _comp. lang.python of Al Al st A Y python-
list@python.org & W4 & g|2EZ Bl = A5tk 2 253 H L™ E]QE% AolEfol= 4
A% 0] 9052 shto] AN HAA - AEO R e TE 0 ADH T sh5o] 1 Ao] AA Eol
Selgun AR, ARG HUAT, AEE A58 AT, AEE L e WERC 493
2| 2~ E A F 4= https://mail.python.org/pipermail/ ol 9154t

AN Al A5 o= AEE FAQUHIE Sth) 552 15|} Utk FAQE W2 0 2 e

>

=T =1

Ui e ARl thak e A B, oful ol el el EAlo] e ol A FR S B

wT =2

30,
o
4>
30
)
AW
o
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cHAPTER 14

i
o
09!
e
1
It
Il

1a)
ol
|>
Hm
L
R
rlor

bl

2y
he)

A5 ghojA QB =2l ¥ W2 Korn A 9 GNU Bash A o] Ql= 7153 FASHA &4 19 & A5 &
| AEE XS A D3t} o] thoFst /\E]-O]./] HA S A ¥ 3l+= GNU Readline I‘H-O]E?ﬂ ﬂ% A-§- &}
TP Utk of etejH e o= AA A A7} 9LaL, o 7)ol A Wb Sk A = ek Ut

14.1 &Y 2t W SAEE| HE

o
L
¥

-0,
0,
[kl
_xg
z
o
>,
_‘>i
lﬂ
O
o
mﬁ
ox
ot
it it o R

o]X Tab 7|7} &8 152
gk Uth string.a 9 2

ol i
o
plll
i)

- rkg

b rlo ey

ﬂmew
ﬂgﬁﬁ

< ‘?‘i—’r— el /\HL 7}‘—& o]%?%
e AT A e 2 c2, 43t Alel ol E 2
g Y K RO A S el g
Aol F=2f 3o ?;ME} li AR *Pﬁx}ﬁli‘“ﬂﬂl"ﬂ .python_ hlstory
E]Ei HANA S| AEE S A AL 5 IS

(gl
12
o
o
—o
23]
N
- 1z
1o [ ox o

rlr ¢

g@ﬁmﬁﬁ
4L b og o
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A

D

o
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o

|H
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_>l:4

?
=

Ol i 2 {1 LR
[> o r2 Hr O 5y

e
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o}
E?ii
<
=
A
dlo
=
Lot
of ~
E
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=
N
i
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Log
oQk
ro
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|E
o
m
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ro

o,
N
off
rlo
o,
N
R
)
L
ro
_V.'L

=z Elof v G FAJUTH 2, B 7HR] 3 Aol ot Yl
W WWP‘:Oﬂ“ﬂﬂﬂl %D}@%% AQUth (A = thZoll Eo27 °
A AFU. &5 AAUZSS JAHZHY A E HolES .

%%7‘4 AH(EE AID o B E 8 AYUTh

A A E 3k Qe Z 2 E &= [Python Ad], 5 €
%HD}. 3, 24?({6}71] ArEjuto] 23 A T2 §& T2 2o AT 5 dHYTh
A th3h 9 72 bpython YUtk

B ol
fo fob fo £
85 o
T
JQ mz 5
r[r r
mlx
(o]
(T
[o
>
ofo
et
¥
30
ofy
v
T
é -~
N

r o v
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N

=N
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e
Ry 2>
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cHAPTER 15

BE A M 2HE 2 A

= 1/10 + 2/100 + 5/10002) FHS 7FA| 0], 2 vpal 0 2 o] A A

’0.00I

S0+ 04+ 18 AR of F A5k 2L R AN, §AT Aol AL R WAL Re] 109
BoE/MoR A4H YT T WA Wol 28k At}

B, REe] A4 otk B85 o4 252 BEE 4 JEUTh ARHow, dudos
S AE W ol B a5 !

’0.33

wt, o g,

’0.333

55 obR e Be A4S E HoE Aut RS 1301 8 5 9Aw, A U 1300 A 2AA L
Fuch

Lo Ao ofR el B ALY £AZ AGHE, AAF 012 oA 252 FHHA BAD 5
QEUTh o el A, 17102 T 8] uhs & 259 o)

0.0001100110011001100110011001100110011001100110011...

U
O
ol
jus)

r

[y
ox !

|E ol Had, 2432 44 Ut L5d U2 7)Aol A, floatE o] R B2 ZALE &
F M EZRE A A8 530 EE AR AMS oL, 29 AFAE TE REE AN
17 B4=3602879701896397 / 2 ** 55 Qld], AA Zk 171037 AL 2R vk A gs] A=

52 10 @ o
LN

o

(o3

c
=
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W2 AFE A Fhol IAIE = A w2l 2AHE dA A XU o2 T Ao A E o)A
2] AR AR el i A g e A4 D %‘%?QIJE}. R 7] A o A, Thek ko] H o] 0.1
A o] 24kl AR AR e S HTohd v 2ol TAISoF gyt

>>> 0.1

0.1000000000000000055511151231257827021181583404541015625

0|2 T3 Abgre] 83Tkl A B AR THBE SAtoln g, sl ML e U e viAl A

o] 572 ChERHekAl e )

>> 1 / 10

0.1

AF A7k P23 1109 AAH Holw, AA AFE gL /b ke TA ST o)A 25U

7)o 4 2.

TUEAE AF AAE A 0 258 FHFE 4 G A

A 7} g %5 4 oh d & E o, 0.1 ¥ 0.10000000000000001 % 0.

1000000000000000055511151231257827021181583404541015625 = =2 +

3602879701896397 / 2 ** 55 E ZAFEH Yt o] AR ZEE o] E_—‘?— e ZAZS 393517

o 2ol eval (repr(x)) == x BW= IWE FASHA 25 shtE BAIE = A5 Th

Oﬂ/\]-ZJ o7 ulo]H ZE ;Eﬁ}lﬁﬂ'repr() 3‘3—7—{—%_ EX ]—177H./] % AFQ1 0.10000000000000001
= Aggch ghol X 315 H, o] A sto] M (W FZE AlxH oA o] 7 #2 A2 AT 5 glon,

Lﬁsl 0.1 ¥FEAIZ D}.

o] Zo] o] X HF A7 HY B FESIA L FFo] MY W I+ of U, A2 FEo Yl %

ohgdUth =S ol RE £50 A4S Afshe BE Aol N 2L E70 AL B 5 e (AR

Aol /1B 0% 32 28 38 2ol Aol 8 ENHA %E F AN

Zouzoade dne ooy, BAY 2P A8 s] ARE 9 5 242 AT+ Jwy]

t}:

>>> format (math.pi, '.12g'") # give 12 significant digits

'3.14159265359"'

>>> format (math.pi, '.2f") # give 2 digits after the point

'3.14"

>>> repr (math.pi)
'3.141592653589793"

2], 1A oAm oA, e MEE Aol F2IUTH: B2 T3] IR 71 A% A
2

[e]

v

o] 42 U E S EE F IdFUTh dE £91,0.12 F &S] 1/100] ofy 22, 0.19] Al 7 E 3
A 0 :

o
A A3 030] obg Ut}
>> 1 + .1 + .1 = .3
False

A % 9,03 3109 B3 ol § A7 5 floms,

Egol HA st

round () 31—*; u]ﬂ H]—_Q_ﬂ sl AL

>>> round (.1, 1) + round(.1, 1) + round(.1l, 1) == round(.3, 1)
False
278 SR AR Yol o AYA BE L AT rouna ) T AT LU K834} ¥R

>>> round(.1 + .1 + .1, 10) == round (.3, 10)
True
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o) RE A5 AE ol HH BE LS AAFULG (0.1) 9 BAL ok (2 25 A4
A AASA AFGUT 5 2509 99 2 ohe £8] v wekgol ge 08 2a T 49 e

AZ gt

Tol kel 9 W WEkRol, (2 Fe GFUTh) obF, ¥F A5 ASE AAA AAT B2t ¢

FUTH ol 4 float G14FS] 2] $5 457 =S ool A 448 2ol 3L, B A A AL A4k

245329 18 97 gt FRIUT oA dPE AN A B 52 ol 4 Utk AW, 43
23 e b B 5 Uk 1S A oF gyt

Atz o] of ] BE float A Atof] A 28 U2
W gy 47 AR g FA 8] FE A =
AR 2 dbe e A FAEHE V) dets 298 BA 2 AUk
M 2 3} A Al o] 3} A formatstrings ol Al str.format () WA E=2] 3
e AR Efﬂ °] 23 AE /\]'Eﬂ-/] 35 A S8 20 L ALY S§ 2 a0 A AR
decimal R ES A EA 8.

DPE éﬂEH € frelsE 7o R e FAShE fractions g0l o8] Al A9 Yt

= A&t vERd = A5 U .

‘3% o] &} A}-2-A¥ Numerical Python o 7] %] £} SciPy Z 2 A E o] A] A 2 8}= 438 4
s r/}% o 3 7] X & 4bw H ok $hu T}, <https://scipy.org> 5 H A L.

glo] - of g H o] float] B3t S IARE Lofof 3l 58 95
[BR= float .as_integer_ratio() WA E+=floatd 7L B4 2 AT}

¢

o
<

o

Jok ey ot

o

[y F_,_z —lIJ ]I

iy el (N,

ﬁ-ﬂ
H

=
Ak
>
Y
b

ojt
do *

2 off

r2 B
> ¥
o o

do e

Wr>

$2AAY 5 9

e ETELASTY

rr

>>> x = 3.14159
>>> x.as_integer_ratio()
(3537115888337719, 1125899906842624)

Bl A8k ghol 7] W Eol, Yo S 4 glo] thAl BhEt ] AL 5 gl

>>> x == 3537115888337719 / 1125899906842624

True

float.hex () WA EEfloatE 167 (Eo] 160]th 2 A 8=, AFEl o) A78d B &e g2 Futh:

>>> x.hex ()
'0x1.921£9£f01b866ep+1"

o] A&t 16314 22 float & BF3H AT st dl AHS 2 5 AU

>>> x == float.fromhex ('0x1.921f9f01b866ep+1")
True

EH0) Jestn e, vhol W] ThE M o AH e AF 4 oA o AT (BAZ S, 2L FAL
A A8 ThE Qo] (ki €99 22) 9} o H 8 mBkah o -8 F Ut

T2 §8% S Enath. fsum() 5 YUTH o] 4= S0 AU E
Al Frol Hel A WA (ol d xAE) 2 : R
FAE A ok A A QA AF ol Aol & vhE  AFUTH:

>>> sum([0.1] * 10) == 1.0

False

>>> math.fsum([0.1] * 10) == 1.0
True
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o
H
rex
:|m

o] Aldo| A& (0.1) AlAE AHAI 8] A rgstar, o] 2 gk Ak ol th &k A &35k F A& o 2l o] FJ 3 sh=
YRl HAF UL o] 5 2543 2t g 712 A4 o] ok 7tk

xd 2 (Representatwn error) £ AR (AA R, 29 AR 257 o] (L 2) &5 2 F &5
®¥4 # ANTHE AHE S e YT o] o] sho] M (2= E, C, C++, AHi, T E = E 718} of 2] Q1 of) o]
23 ojef o] hsh e A2 E AN i 29 o fdUTH

o Z-E712 17102 o] a4 Fes] 28T 4 lsUth 52 (2000d 119) A =& 71 A= IEEE-
754 B2 A5 A A2 AFL5H, AL RE Z Y22 ulo] X float E IEEE-754 (vl AL % Yy of vf 3 &)

Bl 0.1 J/2¥*N faau g AT
ﬂ:ﬂ*gqq

754 AT 53EI 0] AU £ of ol A, A A B
R R R EE A L FEI

nwﬂL

’1 /10 ~= J / (2%*N)
=

=

’J ~= 2**N / 10

2 0PN 230, J 7 B 53 M E (o= 2%%52 oA RE< 25%53 AUTH 9 ek, N

1o
B
)
)
rlo
[}
(@)}

>>> 2*%*52 <= 2%**56 // 10 < 2**53
True

2,562 3H3 BUEAHEE BEL N FAT FAUT T AS5B G F AF S AL
=]

U A7k 109 AR 28w, g ke 2ARe 28 HA el th:

>>> g+l
7205759403792794

mebA 754 WA LT 2 1710 o] 744 A7e 2age Be T 2oyt

’7205759403792794 / 2 ** 56

BRI ERE SR Yrd the3 2o] okRE T

’3602879701896397 / 2 ** 55

S 7| wEof], o] -2 AA = 1/10 B} 7 ATHe= 2o %4—3} 12
oFZk Ztob S AdUth e of® BFfol= A &sHA 17108 =& g}gqu}!
oA A A3 1/105 (HA]) ZgUh: &5 = 22 9
A9 754 v L = 2Ag YUt

>
N
2
™
oX,
o
)
s
=
ne
o
A
30
rr

>>> 0.1 * 2 ** 55
3602879701896397.0

B0l 1044558 F31, 55709 4 2218 B 5 5y Th:

>>> 3602879701896397 * 10 ** 55 // 2 ** 55
1000000000000000055511151231257827021181583404541015625
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000000000000000055511151231257827021181583404541015625
18hE T4, B2 Qo) (o] A WA shold £3h & AWE

—_—

o= AFE| ) AR B 527} 4050,
9 252 gk A A
17709] §ES AR e o)

o
i
N
N,
o
>

>>> format (0.1, '.17f")
'0.10000000000000001"

fractions 9 decimal 2RE-L o] A4S A r5Ut):

>>> from decimal import Decimal
>>> from fractions import Fraction

>>> Fraction.from_float (0.1)
Fraction (3602879701896397, 36028797018963968)

>>> (0.1) .as_integer_ratio()
(3602879701896397, 36028797018963968)

>>> Decimal.from_float (0.1)
Decimal ('0.1000000000000000055511151231257827021181583404541015625")

>>> format (Decimal.from_float (0.1), '.17")
'0.10000000000000001"
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cHAPTER 16

i
J

16.1 CHEl 2=

16.1.1 oll2] &2

oA 7B ASHA A Z e E & ol A A9 28 Edo] A5 A FUTh BhHP BEA AL A B
ZEER SobgUth HAZRE Y2 o] $& ut, 29 Edo]~E A 00] obd F5 FEf =
TEDL (cry Bl except G o4 A2l £ A2t o) Eo) et o) S el
722 AW 0w 00] ohd $5 IS FEE FUILIT, AL Y BAAG e RO 9l

74—°r°ﬂ Z—*.%%HD}. EE o WA A= 2F ol 2E-H 7| g Utk 43d

5 AEHE EX(IHFA © F Control-C == Delete)E JHIH IS
Aion A mEnEs S g FHo 485 £ A UEE AN cry £ol o
] 8l9 4 9= KeyboardInterrupt o 7} WA g o}

#!/usr/bin/env python3.5

(VB Z 2 ¥ 7} AHE-AFS] PATH ©f itk 2IHE

B FUTh #! £ 9= 9 d ) A5 F EAo of Fyth %l%'—%::— FolAME
2899 £ FE ("\n") & Evof 3

A, = vbes, FAF 4 B FALS ALSE o AR U

o}
4
£ZYEL chnod Y& ALSohe] Ha 15T HE, Ex B8, & Folwe & gyt

2 0,

$ chmod +x myscript.py

ES N2l AL (A 7bs BE) gt Adel gk stold 4X =2a0e .py 31U g
python. exesnL g o dAdste], stold UL o) F Feetd ~aYER AYFUTh FAAE
pyw A SE JFUTE o] A, dubd o g e 24 32 BAHA g5UT

! GNU Readline 5 7] 2| of] Q)= ZA] 7} o] A& w3l & 4= 95Ut}

109



Python Tutorial, £A| H{H 3.8.13

16.1.3 CHSIA Al opY

[l

spold g tigtg o2 A wl, £ ez E 7t Altd divin A3sE me HEsol lod He
T PYTHONSTARTUP &7 M5 A2 g o] Solgle vhd o] 5 o= A3t Yk oA
FH& A profile 7153 FAR YT

| 92 T 3 Al o Rtk 813 o, Bfo] o] 2F H E o 4
BAA sl B (3 MAA T s Aeth o= ¢4 ds
2ol 4 AHE 2w, o] Aol A AL ALY YL E T AA 5 S
o] S B AT ¢ lFUTh o] Bt A sys.psl B sys.ps2 ZEZES %%@45 %%qv}.

A gAEgAA F7 AR IS o, A A& st A if os.path.isfile("
pythonrc.py'): exec (open('.pythonrc.py') .read()) 9]—@% E’_E% AR 22 WS

4 A5UTh AZREA A% HAS Agsteld AR E0 A YA A o2 S8 of gk

d

[*]

—_

0!
|

E>

= T of

o
o &

ot

ok

1=

of

5

import os
filename = os.environ.get ('PYTHONSTARTUP'")
if filename and os.path.isfile(filename) :
with open(filename) as fobj:
startup_file = fobj.read()
exec (startup_file)

16.1.4 HAE{OIO|N|O|M 2 &

ol HE AAE |2 4 9= F /A & Al FF YTt sitecustomize & usercustomize. ©]
DA A oh=A Held, HA oy &7} site-packages T] & E] 2] &] 9] X & Zrofof gt Fto xS
Al &skal T T EE At

>>> import site
>>> site.getusersitepackages ()
'/home/user/.local/lib/python3.5/site-packages'

olAl Z t#H gl usercustomize.py e 0|59 FIdS WL Wot= AES Ee 7 IS
s YEES U BASEIE —s FH LR A FSHA] b & o] 31L& BE slojd Ao JF& FUTh

=
sitecustomize & T2 WA 02 ZF kA gk UutA o & 9 site-packages T 2 E
7} 95311, usercustomize ﬂ o dxEs 1tk X]'Aﬂ T8 site REL AHA
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APPENDIX A

g0
>>> 0313 Ao) 7|2 ol gz e, ez fatgoR AYY 5 e = oA A7

F Ut

s B2/ 9 IE E50 IES 4YT W, AL oL TEA(LF, BE, FLT) oo
=8 9T o), v a6 44 Fo| th3lP Aol € so| A mERE,

2t03 FholM 2x TEZ :Jrovﬁ .
el BN 24T 4 9

2t03 = B & ol B g oA lletOBEZﬂlg‘f]r/}
Tools/scripts/2to3 & A-&H Yt} 2to3-reference = E AL

e Ellipsis W& A<,
3
O~

rr
& fu
4z
Ae
o
o
fol
rﬁ
m{o
ot
v
v

:LVE
O
[o
ut
i,
0 0
ok
4
37
rlr
[>
1
ot
m
rr

abstract base class (34 H|o]| A Zel|A) FA W o|A Z e At hasattr () T2 HEHIYS EHE}
AL o BapA 2RE (12 S0, v 4 WA ) A9, Qe ol 2 AT PHL ATTO A
S Epo] 7 & WAFUTE ABCE /M AE 2o 28wl ZAAE ASHA FouAE
isinstance () £ issubclass () o & ZAR=E = A= ZH2EYUT}; abc BE AHAE

= C
BA8. stojxol&= g2 ‘H%*ABC So| et oS T2 5‘\%01 A5
(collections.abc REA]), A (numbers EEA]), 2EH (10 EEA]), &
20 (importlib.abc BENA). abc BES AFE3A A4l W] ABCE WHE % 5 U Th

annotation (o] = E|o] A) FFof| ulet & S E B ALEH = WP, U2 oEYHE T g4 v/

LRk 3 A A9 ol B Yt
AW oAl A ] AALY F A AY A G2 5 3 o) of
HolAd2 27 28, a2, 8842 __annotations__ E4 o E EHE}‘EOﬂ X} FE U

o

argument (¢12}) 45 &2 o] T (EE= VM) 2 AGEH =L FERFY 9_]1}7} 91Ut}

= AR} (keyword argument): T 5= W *“:‘3}]-7]- Qlof] &2

*x 5 Qo] B YR ALE = AAL A& 9, b33 22 complex () E&ol|A4] 3 3
5+ BEF 719 E A Ut

complex (real=3, imag=>5)
complex (**{'real': 3, 'imag': 5})
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o X R} (positional argument): 7] = A X}7} ofd 21 A} ] ]
U AU o2& 9 ol * & 2o AGT 5 A5 UTE & 59, thaH 22 EZF4 3
&5 2T A ARG YT

complex (3, 5)
complex (* (3, 5))

A= T4 vt Y o] § 22 A Y Bigo thdg uth o] thgdell 85 = 7 2ol thall A<= calls
e uAe. BHACE, o Aol d A ALE 5 Atk FIA gol Ao Aol
==
B9 w7 F53FAQ A2 ko) vl 7)W= 2] Zfo] 9} PEP 362%= HA| 8.

asynchronous context manager (] S 7] ZAYAE #e]A}) _ aenter_ () __aexit_ ()

930 2 M async with Bl A Hol& 78 Ao|s Al PEP 4922 =45 gl vink.
asynchronous generator (¥]5-7] A&l o]¥]) v]& 7] A& o] o] & o] & 58 F+ T4, async

def 2 Ao|H = ZFH T A 4H Hol=d|, async for FZ7} /\}36‘ e dEY FES

WEL yicld RAAS TR Fol BT

HE W57 AydE el &+E& 7He] 71 AT o] H F WA &= v]5 7] Alvd ol o]g & olg &

el S el ool 7} W eke) oS A9, AA e ol B MM R L T

v S 7] AlYd oy g4 await EAAF asyne for 3} async with & T8 4+ I5

e},

asynchronous generator iterator ()57 A1 ll o] €] o] el olEl) 1] 5 7] 4|1l o] E] Y47} wh=E AR,
Hl 5 7] o]Ef & o] E] Qd] __anext_ () & EE3tH ofdlolHE AAE EHF, ol AL v
sield A A NS AN ACTH Yool el QAT
Ztyielar ANALE Al E ST, 2 HA (A WSET 7] F9 0y 5L EFIE)
Ay e E 71 9T 31%7] Add ol 8 o]e o] E] 7} __anext_ () 7} E8F & E 39
oldlolHEZ AMEHE, Ht Loz B gttt PEP 4922} PEP 5255 E/H]L.

asynchronous iterable (8] 5 7] o]E]2] &) async for FojA] A2 —,— %1 AA. __aiter_ () "HA
=57 olHHolH & EHF ok FUTh PEP 492 & £ 9] Syt

asynchronous iterator (¥]5 7] oJE]&]o|€]) __aiter_ () ﬂ_anext_() HAEE L= AA.
__anext_ =09 olHE AAE Z&HF oF I} async forE StopAsyncIteration o9
7} Ay HH”PX] H| 5 7] o] 51 HolE e __anext_ () WIAEZF EHFE o olHES FUTHL

PEP 4922 T 9= 915U th
attribute (6] Eg|HE) X F AL A}L3H= o]

AEZRE ag 7AW, 00X H I HD}
awaitable (] 9] Bl ) await T3 Ao A} 2T

AR 7L E 4 d5UTh PEP 4928 HA Q.

BDFL *}H] 2-¢ £ Al = 2 X} (Benevolent Dictator For Life), 2 Guido van Rossum, 3} o] %1 2] ZX] 2}

binary file (v}o] 2] 3t4) violELF A=<
Hg] 2= ('rb', 'wb' EE 'rb+ )E del ¥
io.BytesIOP»]-ngp.quJFlle 9 e~H

or AAE 93 2 4 2 5H2 A HAA S 4 59 = B

bytes-like object (W} o] E Q5 A A
&% memoryview 7“ 73]%
Hlo|EEE A EL ulo]
vholy g st & ?ﬂ Rt/
ol AMNE2 H} olie] tlelg 7
2 7] ulel EG R/ AA) gt Ed U Th
memoryview 7]- JdsUth & Ar=E
A7) ol AFHER 2P ol d
1.

nlm
0
tu
z]_vl
BN

Gz = AA e 2e gL oAlE =01, AA o7t

Ae AA. ZFE oyt __await_ () HINEE 7R

g

Al) bufferobjects & A Y3 C-A1E5 HE S AAXE S5
2 B2 bytes bytearray, array.array AAE .
oly g tlolH & = o8] 7HA dibsel AHEE S AdsUh oS,
59 A% 22 A5l dauh

B7E7NAQ B A5 o) d A%o] ARAE FE (21
X 7hH W AA Y 2= bytearrayﬂbytearray«]
Zutoly e dlolg 7 B9 AA] (7] A& vl EERH
AE9 o 2= bytes bytes AA 2 memoryview 7}

112 Appendix A. 0{%!


https://www.python.org/dev/peps/pep-0362
https://www.python.org/dev/peps/pep-0492
https://www.python.org/dev/peps/pep-0492
https://www.python.org/dev/peps/pep-0525
https://www.python.org/dev/peps/pep-0492
https://www.python.org/dev/peps/pep-0492
https://www.python.org/dev/peps/pep-0492
https://gvanrossum.github.io/

Python Tutorial, £A| B{ 3.8.13

bytecode (H}o] E F.&) Sho]# 24 TE = ulo]E T = 2 75195 =], CPython 91 ] = 2] ] of] A] 5ho]
Z2 I YR TP vlolE TE = pyc 3Ll A Hof, 22 YL F AR AP u)
o ek A BHE U T (0] A HholE IE 2 o] AATAS T 5 dUrh. o] (F3FAel)
£ 7 vko] E o) g et 1A S Ad ke 714 717 Gl AR E Tk B vo]E AEx
A2 ke sholpl 7 A Al A A58 A0 R 7t EHA E, Shol M W) Zhe] QA H o] A = gk
Zloll 2] 8ff oF Pt
HlolE R Heo]So B dis 25 A Aol Y Th

|

Aol A3d qH 28 b

o

o o
Lo

9

I

AT FHE = H

coercion (Z.o] ) 72 o] F AAE Fuksl= dito] dojys 5o G o AdadAE 2oz
SAAo R AstE A olE £0°],int (3.15) £ AFE AT 302 AR YTh AW, 3+4.5
oAl A, Z+ QA= th2 § o] AL (BFih= int, TF2 3FLbE float), 58 T 317] Mol 22 P o= W 3sfof
Futh 2182 ¢¢ow TypeError® 42Utk ol Qlole, S8 = JERAE =2 18
W7t 22 gog Aste|Fojor FuUth o & S0, 1F 3+4.5 3=t Al float (3)+4.5

complex number (¥ 45) 538t A Al2g Y|, BE KA/ AFR SR oz 59
AUtk sl A5 &5 A 1Y AFDHE FH AU, TF TN = 18, A=
2 271 Uth gpol A T 2o YW E 2 BAFE 7|2 (G UY; d R AuAE

]

i 1ot
T
IS

#3t4 715Yurth 2 1A

= EHYCH

context manager (BRI AE A2 A} _ enter_ () & __exit_ () HIAEE HoTdFo 7N with Fo
A Hol= 37 & Alojst= AA PEP 34322 =5 5 th

context variable (AE| A E W) A8 AEo] wet g2 S 71 5 Qe W o 4 A8 A=t
Heo giaf O S 7 = = 28 =-22 AFae g ych 28U, AHA2E H4-E
Foll, 3tvte] A Ag = oy AHAEV IS 5 o AHAE Hpo F 85 = FAA
v 5 7] B30l A4 FA8k= 2 YUt contextvarsE FERTAY AL

contiguous (A<%) W 3= A &3] C-A < (C-contiguous)©) AVt LE T+ A<

i o AU Th G N H s C-A%ol WA EEE A% YUTh A Dol A, T
A 2ol AL, 091 4] Al ZTSHE © 8 e Qe 0] AT e) 2 v 2] of w1 5] o] of ek Thakel
C-Q1% W ol A, M2 340 A2 FEE2 B2l vk o €27} A4 we] v o,
A uh, EET A% W Dol A, 2 AR Qe 27k Ah we] Wb,
coroutine (ZF¥) T HL queee o dwsd geduch AR
O AR 2EF T 22 0L o thE Aol A, BE

o] AL async def ¥ & AL & UF L Th PEP 4928 HA L.

coroutine function (Z# ¥ §4) 315 ¢ A& EelF+ 5. 270 PPt async def F O 4o
#9131, await Sasync for?async with 719EE EHE £ AHUTh o AT PEP 492
o olef == glF Utk

CPython }o] 2l 322 127 @10} 2] 392 ) 7@ eltl, python.orgol A W) £ Lt} o] &L Jython o] 1}
IronPython ¥} 72 t}& 71 ;

decorator (t] Z | o]€]) t}& o
A-gg Yttt Z g o] E hod () ¥ staticmethod () YY

Hmeole B e v B B0 Bk 0 T H5 B e goz S5

2 B AGAN A3
a1, AN E 4 o,

Tq

(]
ot
ol
2
rlr
Q
o
QO
[0)]
[0)]
5
(0]

def f(...):

f = staticmethod (f)

@staticmethod

(F= soTAT ol AS)
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(o1 sl o] A A A%)

def f(...)
22 Ade] Fao® EAA R, @ A5 2 d Yt H Z g o] B of th 3t o] ZHA 3 &2 T
4ol sk Fej Ho) o AAE HE HUTh

descriptor ()2 HE]) WAHE= __get_ () o]t} _set_ () o|Y__delete_ () Z Ao 3stE= AA.

FH2EYFREZTYUAIHH G W], EYFE 23 &= 58 A4 g8S 4oyt HF,
a.bs AW, 2 AW, AA S AHE S o, ] S Mo A b Etal o] 5 293 AAE
Utk sHA 7 AaaYEH Y, i Fete 23 gy A= 7t S2g Uth AT HHE
ol 3t 22 FholMof th gt 212 o] o] d |, T, WA E, Z2HE, S} WAE, 2EHEH
HAE, 73 S FR Y B2 7| 5Y 7|2 E o] FL Y7 wWiEdth
Y23 Y e wA =Eof of 8 2}A| 3F W82 descriptors o] LU T}

dictionary (5 A ]2]) 42]2] 71 & gholl -1 71+ A& vl 4 (associative array). 7]+ __hash__ () 2}
_eq () WMAHEE ZEEE QA E = d5Uth oA A gt 5 Y Th

dictionary comprehension A compact way to process all or part of the elements in an iterable and return a dic-
tionary with the results. results = {n: n ** 2 for n in range (10) } generates a dictionary
containing key n mapped to value n ** 2. See comprehensions.

dictionary view (9 A 42] ) dict.keys(),dict.values(),dict.items () WA E7} E8F+= 2

)
AES gAY Reba REULh o] 252 gA U FEE0) ofat 54 HE AT, 9A
Y27k WA w, f7} o] WEE B Rtk £YUTh SAVE HE A el AER e

o
[e}
list (dictview)E AF23FH B U th. dict-viewsE H A 2.

docstring (5 AET) ZH 2, 35, ZEOA A A T A 08 el Ex1d gEHE. 29 ETH A
2 ul= FAEA G Aold ol o AAF o] B Fe s, 5, BES] _ doc_ JERREER
AAEAYUE JEZAHAAS T AT T Jonz AH ] dYAE ST FHE A FAdYTh

duck-typing (5] €lo]F) u}E S o)A E 7HH =X dddt=d AAY FS HA g2y
28 Y AL, @3 A EY AERREZN SEH AU ARSI UG (LAY Bola 2849
Ao, 2AL 2 th)y) EQT Y Ao QB o] AE FxTo e, A HAY T == 1Y
A XS s FFozZHN FALS NAT = JdF5Uh 9 Efo]F2 type () ©]t}isinstance ()
S AFES AALE I8t (3R R 9 Elo] o] Al ol FEl s 7 HYE 4= 9l2 o 93] oF
ghuth) tiAlol, hasattr () AAPYG EAFP Z2 289 -S SUTh

fol

EAFP 3 =R = 84 & £317] 7} 4 t} (Easier to ask for forgiveness than permission). ©] 3] 2 4 &=
spol I AELYE L, EHIE U A EGRESY EXE 7ML, I 7 o] B o9 & 5
Ut o] 2835t wE AEd 2 B2 try@lexcept B EAZ EA R UL} o] HIZYL2C
o} 22 Th2 e ofol A A ALEE = LAY 25k 7 o v H U,

expression (E@4) oW o 7oA 4 Ut FUA 22k E B B, RA4L H e,
o5, AEZRE AN, AL §H-EH 22 S s R 845 ot =d AY Ut
e B dolzdeog HE o] FAHE lex ™, 94

o2 ASE S gt Y Bol A5y
s

Tt 4T g

f-string (f-2£A1F) '£' Y ' & Yo B AL HHEES
A BlH g o 29T Yuth PEP 498 & A 8.

file object (3} ZAA|) 3} Aol thal| 5L A FFA API(read () Ywrite () Z2 HAE
A, S o uel, 3t d A= AA gaz g Fdoly thE A FA
Y AR = 5L Z AA (file-like objects)} 2~ E F (streams) ©| 2t 1= B FH 1t}

AAZE AR5 5 AR S ] &L & (raw) vho] U] 2] 5He, 93]  (buffered) o] 1] ]
s}ol, H = 519 o] 9] Aol Ak io REAA B HUTh %Y AAE EE FHA
- open () B4E 2% AU

=
file-like object (3} ZJA]) s+ 24| o] v e 2.

(ot
o
/I/i
M
R

2
)
i)
kJ
4z
[rtt
rlr
__rﬂ_,‘
kel
ps)
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o

&)
e
p

)

AR

rlr
)

finder (3}¢It]) AT EH REL Y3 =1 A
ol 33. o] % &, F T FY UG A5 YT sys.meta_path &F T AHESHE v E A 2
v}l ¢} sys.path_hooks I} A AFESl= 4 2 AlE 2] 312G,
o 2bA 8 82 PEP 302, PEP 420, PEP 451 of \}-& Ut}

floor division (> 24 /b 717he A= st oA b};‘%*él. B Al Ak // o
oE Eof, &4 11 // 49 g2 27t HAH AT YA 2,758 EHF YT (-11) // 4
7} -2.755 U@ g -30] ol f2] 3l oF T} PEP 23 S%Exﬂﬁ.

function (8+4*) T E XA o] S BB 5= ddHe EAE. ﬂb}j— O]/‘o}iﬂ o1zt 7 AEE 4= 9=y,
vit] o] Aol AHRE 913‘4‘3}- 7l M4 e w A =

function annotation (g4~ o] - H| o] A) It wj 7| 4=} |l
St o] H oA Ut o2 g JE 2 AMEH YT 9 & &
mo}Em Aoz 71 aL, Ao int W L E Aoz 7P U

N

T
I
oo
2
Lo
2
fr
i}
o
gﬁ

def sum_two_numbers(a: int, b: int) -> int:
return a + b

Sk o] H| o] A -2 function A of| Al A gt}
o] 752 AWt W o H o] 4 I} PEP 4845 T x8HA 2.

__future Z2 I W7 EA ez BB TIE R = A Ao 7]
7V BE.
__future_ RES YTEIT I WSS HSS LA, A 7150] AA AL o7 o] 27}
3L, AAFH 22 0] 7)ol HeA & 5 syt

off
filo

=
=

BT 5 =S 5

r[r

>>> import __ future_
>>> _ future__ .division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)
garbage collection (7}H] ] £=4) O A} 25 X 9= v 28 & vhddl= Ax) gfo] M IR 34 AT
A2 2T AARD BS 5 AL 28 HIA £ A7 S 55 A £ AE =AU A

$A7= ge _‘?_‘%,—‘3_ ARSI A AT = dF Ut

generator (Z-]]L‘]E-]]()]E‘]) xﬂ Lﬂ Eﬂ o] E% o] E} Eﬂ O] E% = %E:]—Zr—% ‘;‘:}—/r\‘ g4t ?;5:]' i% Exj 0] LE'” E:]A %}\'t:
£ BECyiold LAAL TR Aol ST of GBS P S next O
Tz 2ol Sk A 4 Dk

HE A ole & 712 7| AW, o | EH o A= AlvE ol H olE | olH £ ZFe Ytk o=
S o)) 7k B oaHA ghe AL, A S8 HA R HE g

generator iterator (A U] o] €] o]E]# o] €]) A d o] E 471 whe = AA.
Zyieldr QN Ao AYE SV, A (1 W2 97 59 1y-B 5L ZHoE)
AR RS 71 guh AdE el olH e oIy ZFANHE, Hid e SAgYH (EE vt

A2 A zehs g4et g U,

generator expression (| U#|o]E] 2 4)) o|HHo|HE EdF+ 4. FZ UL A E FY o=
for Azt A bR is Aol Hol B+ VAN AY RelUTh AUV A e SR U4
A& e BEo WU th
>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81

285

generic function (A g 34) 22
uf oj T o] AREE A=
Atz 0] &3} functools.singledispatch () Bl Z | 0B 2} PEP 4435 H A Q.

GIL A9 ol =ZeE 2 2 HAS.

ALt %HE e dedd disl FAg oY g FAE . TS
239 2] &

kY
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global interpreter lock (A& ¢le]=2]E] &) 3l Hoj @ A d1}o] AH E7} glo] M vlo|E 7 & 2 A3Pe}
£2 R4e7] 918 CPyvhon QB2 B 7L BB W AUE, (dictst 2o F2 8 IDES E
Bohs) A7 20l SA402 5 ool G R o] Chython 201 & B0
eynh 9z H JAE FIE A2 °1E1 2l E s o =3ts] 47 et o

Z2AA ZIAZ AFsts HEE Y g FES AT YTH
SHAIRE ojE R R 552, RF U AR B, ol s 22 AL A A FA e 3
o= GILS BM?shﬁ AAERASUTE =3LTV0E & o= 34 GILS vhd vt
A H v AsHA FF ol HE F1v) <<£ffﬂ£°ﬂ At %(free threaded )) CﬂEi EEHE W
A shE HAL =82 G A0 A XM= A
=AUt o] A% H%‘S %%‘}% A& %Lfa%% all %}‘}711 UP—OW vﬂ Hlﬁo} = 3017‘
ﬂoidﬁ%&i’isww.

hash-based pyc (3] A] 7]}t pye) #2735 2317 %’4611 S A oA o] HF A Aol obd A E
AHE- k= vho] E & 7| A] 3. pyc-invalidation-& 3= H]L

hashable (| X] 7}5) A A7} 428 1 Fho] M3HA &= A ZFF<S 223 (__hash. () WA =7 E 87
yth, o2 AA e} ujad ¢ Jodl (__eq () WAET} %3?5”4 th), sl Al 7}—3”/}3’— 2k
Brhin W ws) & oA b5 ek AR S o] 54 e 2otol gtk
AN A4S AAE DAL A AT WA AT S DA S, o) A TEE

402 A S A5 TR ok
o 72 ghe]® o EH g AAS2 8 A 7Hs F Ut (BI2EV gAY g 22) 7hA dE o v &2
la‘zl FsUth (F= oerrozenset Z2) B AHoUEL 259 8450 s|A 7te & w vt
A PSTUC e Ao G20 ALTS AAEE RS2 N A
AN LS A etus) RE thatty vl wE 1, A g2 id () B FE wESol g UrTh
IDLE 3}0]2‘_%—14? =3} 7|3 37 (Integrated Development Environment). IDLE-2 }o] % 9] % & vl &
AzH 0l B9} AE zel g B3 LT

ok

)

o)

7

e Z2e A4 89 AA = 2L 4G, FEe AU o AAE2
ok Al gt A sk | A AAE t&‘éoiolﬁﬁ Ytk #skA] ok s Al gkl 3lo]oF
g AEES FUH AE S0, 9M U 9 71-

5

g

=

g

=

(¢}
m&ﬁA ko

s E’_%ﬂ sbolH T EZFTE R 5 ho| W I =AM ALEE £ I =S 3= F AL
importer (%]-‘LE]) ES 3| % st 2 V)% 3t AA; S Ao kel o]z 2 AR YUY Tth

o
interactive (t]3}3)) 3ol ML 318 =z E 2ty =, dE=Zg e 222 EXN 243 53
48 Qe 5 93, 52 AWD 272 B 5 drke £k A7 glo] ©A) pythong AR

A2 CAFES) Fuliwol A AHaE A% b 5 s th. Al ofolo] g AAaAY LED
57148 o] thi = o) 732 3 9H U T (nelp (x) & 7191 5H41 £).

Fl

[U
it
i
_l
p

interpreted (QIE]Z 2| E]&) nlo]E T = Auld o] &) o 2 FEo] 3R] 7|+= sHA gk, sho] A
2 At A7t ol Az gl E dofdUrth o] A A H o2 Ad 5td S THEA %}-T’—E
/\’\ SBdE AH AP = e EYdYeh 2 22O & ‘:‘] A A3 A 7] 3} ] gk
JdEzZEH ‘Hﬂ HE ASY dojH o %2 /g ]% kSt o 3he] & HA S

interpreter shutdown (21E]Z2Je] £8) £ 532l LS 2 o, glo| A QA Z el = EH 3 Al 7] 9
9=, —:-‘5011/]' Ay 7HA] S QSR T2 T EE @%% AAES dAFoZ
Hbdsty o =3 7 2] =47 & oy H S ES YT AR AR 9] 3H ]—L‘rweakref o) Q=
FEEY AR S AZANZL = AFULE TR A7) A AYE = I == g e ss e &
°““Eﬂ, :’—ﬂol AZd‘“ dEol 8 71534 <= = A7 EJUTH (E3 o= gho] B g

]_
Folu 41 FAE YU eh.

oz elE £89 FH 9AL AYPH = main_ BFE
A

]

REECER L

R
AR olHHEY 2 EE (1ist, str,
ite

iterable (0]E]2]8) W &S o Wl sl 25 Sl 7
tuple &2) A AL 5, dice L2 8 Wl A= P95, shod A4 = O W AAx

AGE THEE _getiten () WAEE AA B8 52 2ol o] AA 5 o] G5,
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. 0
gdolHE EHF U ° = A A AXNE T FEZU oJHHAES
AHE S, HE2 iter () £ 2E5HA W, olHEolH AAE AH HE 22 /5 YT for 22
oJAES A ES AN ATz T, F2E 2= T olHAHOHE FobE o) F e
A8 Tyt ol B e o], Al s, Alddo] B = HAL

2 3ESH(EE WZ T next () EALSH) 2ER Y = FEE= AHUHE =HFUTE H
o] Ae] o] B 7} ¢l2 wj = thAl StopIteration d&E Yo A Ut) o] A A A, o] #H o] A
A= 4=, 0539 BE_ next_ () WAE E&L StopIteration 92 & thA] 4o 7] 7]t
Ttk olH# o= olH o] AA A S BT __iter_ () FINEE 7HE Ao] 8757
ufZoll, o] H @l o] Bl & o] Bl 2] £ 0] 7] & staL ThE o] H H B 5w Wols ol 29 oA AHSE
F AFULE T8 A& o] He] o]H o] A& A=3tE Z=EY YTk (1ist Z-2) ZAH oY
AA = iter () ¥ 2 ADot AU for Fxo| AHEE wjutct A o]H g o|HE WYt o] |
AL olE g o]l thafj A S~ et 2 3t W, At o] B | o] M o] ALEH o] ] &AZH o]HH o HE
S F A, R A oY A Kol A vhE YT
typeiter o] & ZtAgF U -&-0] QIG5 U TH

key function (7] $+4*) 7] g = ) o] A (collation) §+4=+= A & (sorting) ©] L} 8] & (ordering) ol A&
€t #e sdFe SUEJ Yk A& £0], locale.strxfrm() & Z2AY EF YA 2=
A 7 g e e E T,
ol MY W2 =7 Q450 oA A A oA AL Fol=A & Aoty & 7] g whop
EY9Yrth oA AE9E=min(), max (), sorted(), list.sort (), heapg.merge (), heapq.
nsmallest (), heapq.nlargest (), itertools.groupby () ©] UdF5Yc}

7] @48 HEE e o] B ol dFUth dlE S0, str.lower () HIAEE AolA & gl
R 9% 7 F42 A E 5 AFUTh AA R, 7] FAE Lanbda A OZ BHE S
A, olF AQdYtt: lambda r: (r[0], r([2]). E3h operator BE-2 Al e 7] T4
A A AE Al S8 th: attrgetter (), itemgetter (), methodcaller (). 7] &¢4E WED
A2 31= W ol T 3 o] 2 Sorting HOW TO € H A 8.
keyword argument (7] 9 & Q1 x}) <12} & HA Q.
252

lambda (th 28 ) gro] FalAE Shte] 284 oz TAT o B gt et B4, gt
N B2HL lambda [parameters]: expression YYrth

LBYL % 7| A ef X 2} (Look before you leap). ©] T AEFYE TE 0| U 23] & 17| Aol YA H o2 AA

< AARIY T o] 2B Y 2 FAFP F U v H a1, B2 if 2o SR SAA A FH YT

28 = &AM, LBYL H2¥ 2 (H7]) & (F7]) ol B 20 DA 2 Adel A

HeArgdezA s dE = dsuth

list (B]2E) W shold Al s T o]Fol= 273, Ao tha JA2701) o 7] o, 42
2 E (linked list) ¥ th= th-8 Aol o] vj 23 AR o}

list comprehension (Z] AE Az g3 A) A/ A2 45 AR = dRE Ay 1 2HE g rER
=8 FE= 7HES . result = ['{:#04x}'.format (x) for x in range(256) if x
5 2 == 0] £ 00| A] 255 ALolo] Q= B4E9] 1675 (0x.) S TP B grES
HEUCh i 3 AR 4 95Utk A, range (256) of St 4

2 3ot

Sfsho} ek = el

importlib.abc.

loader (2t]) RE S 2 3t= AA|. load_module () o|&= o] 29 1
BE vy 7t 85 Ytk AAE Y82 PEP 302 &, =4 | ©]
Loader & HA| Q.

magic method (W] 2] M A=) S v = o] w]F 4] A < v e T

mapping (W]3) &9 7] 23] & A Y3l Mapping ©] U MutableMapping 4 Wl o] & S| &
off AAH HAHEES FHE= A o)y AA. 9 2= dict, collections.defaultdict,

collections.OrderedDict, collections.Counter S & 4 95U rth

[>
iy [
R
[>
rlr
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meta path finder (W€} 2 5}QIt]) sys.meta_path & AMo] FejF+ 3hlH. HE A2 oA+
Az e It & #HAE o] 7] += A T YT
el A2 37t = WA EE] A= importlib.abc.MetaPathFinder & HH
Hyth

¢

metaclass (W e} F2|2) S 2o Fea A A= FHd2 o5, F:2 gAY, Hlola FHaE
o EE& weyth g Z EH"L o] Al Q1AFE Hholr FEAE B E= A UL Ut} R
A A 223 AojEL2 7|2 LA S Al gt slo] WS EHA BeE= A2 AxH
HEe ZH2E WE 5 o= 74%1\4@. REE ALS R Al o] =7 AS 28 AT, 87}
A2 o, uﬂE}i?ﬂAL ZEeta ol S Alwguch AJEYRE M 29 2 7] (logging),
2= bEA e 271 AR AN A, ASE FAH B 2 FYo AFHSUTH

metaclasses ol A] T} 2}A| 8 ) &2 2F

method (WA &) S H}Dl Qkof| A %ﬂﬂ
I HAEE A HA AA(HF self
A2FZ 2 HASL.

method resolution order (WA= AR +4]) HIAE Z2A A= X35}
SopSe] AUt 23 Ao 25 E so] A Az 2l E ol AHg
Python 2.3 Method Resolution OrderE X2 3 vt}

module (2.5) sho] A S=9] 223} B9 & FYSHE AH. BEL 999 st A AANES T o)
308 24Uth REE Q3 A o9 ol Aoz zehv

714 £ BA K.

module spec (5 2%) RE S 2E3l=0 A&5H = o
importlib.machinery.ModuleSpec & AX2HEH A,

MRO HAE AH =4 & HAMSQ.
mutable (7}H) 7PH AR = gho] M = AT id () & SAFFA FAGULH EH T HA L.

=
named tuple (W] = %) (named twple(V] = F5)) o] eh ol FEONA F5 3 o] & 2 o] =
HEE o] AUA B 5 It 2o A2 B 4 UL RE G} 2ejso] AEH UG

Folt Zesol e A5 E 92 4+ AU
time.localtime () os.stat () 7} ¥FE3E 2FS 351, A& WA o] I EZ Ut}
T O} & o= sys. float_infoYyr}:

>>> sys.float_info[l] # Iindexed access
1024

>>> sys.float_info.max_exp # named field access
1024

>>> isinstance(sys.float_info, tuple) # kind of tuple

True

QR IE FEL A (S o) AU

Lrlr
MU
o,
!
>t
il
é
>
rr
&

collections. namedtuple ()=
FEAAME S e B 7HA F7HAAESE F

N
N
_<,>L
NE

krl

i
31

namespace (¢] S Z7hH WHEL7L A AT =
A= o Z

= O o
22k (v W4 o] F B7ro] A% Uth o § B o]

=]

2} X
R A REAS LT YT} o & &9, &4 builtins.open Fos.open() S I1ES
R

O o,
o o o

= 2oJdl BRE T4E FTHIF=AE THH T A
AT FA B4Adod =22 S Ut o & 590], random. seed () B ltertools islice ()
2t 2 I S5 0] ZFZF random I itertools BEO 9 & FEE 12 o] WEE U}

namespace package (°] S %Z}» 1A & A
o8 BT AT A= 2
7] 4] 9= ohE U o,

EE T HASL.
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nested scope (54 H ATL3T) E#7 B0l M4 E FEE 58, o o, OhE §4 el A 3
9 Pt ik ool G ARES F2T 5 AEUD P 2nzt |R4o s Fa
R, e 5 A Sherhs Aol RS ok FLith A MAE L g e 2mmolA] g
#UTh 0pRAA R, o WSS A9 o F2kol A 23 ZUTh nonlocal & W} Az mo

e e e,
new-style class (+2Eld 2 2) A& 2
B 2719 FolH W AN =, 22
__getattribute_ (), Ed 2 WA ZE,
2 A2 3 24 9 g Th

S AA o AHEE I Y= F
28td 32429 slots_ , T )
~eE WA =S e Shol W] AET G 75 E

object (AA) ) (AEHEY ) S 230 T2 (WA E) o] Fojd BE oy, =3 BE FoEtdd

Qmaqqz%owlAqwcng

package (3}7] %)) A B ZEE M, AARCZ B A7 ANES 2T F Y=o 2s. 7eFog,
3} 7] A= _path__ olE E7} 9t slo]l W R EQ Ut}

@%ﬂﬂﬂﬂﬂ%%lﬂﬂﬂEiw&

B (e A E) B oA TR S gl AR (EE o® A9 AXE) B
2l

B8, T B RS g

parameter (W] 7} ¥ $>)
A e e
A=l

o 9 x]-7] positional-or- keyword) A A A2 7] HEA 2 AdE = e dAE ALH

9
e ol 210] Pt 18 W Sl e o1 o] &4 o 5 bar

’def func (foo, bar=None) :

o 9 X-A & (positional-only): A X Z T Al52 5 = AXE AZFULH J A AL wi s+
S Fol o wi/f A £S5l / FAME 238 1 F ol AT £ F U A& S0 ol

A posonlyl 3} posonly2:

def func(posonlyl, posonly2, /, positional_or_keyword) :

71 -2 & (keyword-only): 71 EE2T AT 5 = AAE AT 7| =-H & v A
A 5 Y w7 g BE oA el 3hute] 7FH-9 X w7+ & T = 2 Fe) A
Aog 4= dF Ut A& £, b2 A kw_onlyl 2} kw_only2:

Lo

def func(arg, *, kw_onlyl, kw_only2):

o 7VH-9 A (var-positional): (T2 1) 7| H =50 2] S| A] o] ] gtol 5o A 9] %] AR}& °ﬂ o 3H)
AZE % 2 A7 ke Yolol AALE AR T, ol7 wAASE A o] B
£ ol BoA BgE 5 dF U A E S0l ool A args:

def func(*args, **kwargs):

o 719719 = (var-keyword): (CF2 1] 7] M 2=So]] 9] 3 A] o] 1] WolS o] A 7] = QA A}Sof Tl 3l)
ATE = J= 499 M 719 = AAES AR FUTH ol & w7l g w7 ¥l o] 5ol
g ol oA AoE £ AF U, ol E S0] A9 Ao A kwargs.

AHsE A o)z

]__E
L e =

mlo

A% 7| EgheE bz Ad Ho AL} B4 AAES ARG 4 A5

ol 2} —9~01 A &, A2} v | H o] xpolo] L} 2= FAQ A&, inspect.Parameter S 2,
function 2, PEP 362 HA K.

pathentry (2 E2)) 4= 7% 7or] 7 J2E G RESS 27 94 FneE Qre 4= Ao

shte) B2,

path entry finder (73 2 Q‘]Eﬂ g}elt]) sys.path_hooks ol Y= ZHE(F, AR AdEDZ F) ol &
=3 A, Fol A2 dE 2 RES ZE=YHES L A5 YTh
o

BE e 3 H o] FH3}

path entry hook (2 QlE2] ¥) sys.path_hook B|2E9 &= ZHEQH, EA A2 AEZ oA
EESZEHS L Jud Az e gy & an Ytk

1
)
2l

r[r
=
X
(A
m]n

importlib.abc.PathEntryFinder o] U3 4T}
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fifo
R

path based finder (% 2 7|4} 5helt]) 712 vl e} 4% 79l H S 5 shupele], QrE A2 o) BE
Z Ut

path-like object (3 25 A A|) 3L Al2" A2 & L}EML AA. A2F A= 425 e Y= str U
bytes AA o] A} os.PathLike Z2EZ S 73 3= A O‘L]I’% os.PathLike Z2EZ L
A Qo= A= os. fspath() & EEBHH str Wt bytes 34 A|2® g WIE 5
Jd5 Ut} th4l os. fsdecode () & os. fsencode () & Z+Zt str Y bytes 23S B A351=1
A58 4 A% o] PEP 102 % 945 514 11T

PEP 5}o 7] 41 ]9k PEPL= ol AR Elo] BEE AT 5 AL sho]f B 1 mRA|A EE
B0 3t A2 L /)5S BEshe A A QUTH PEPE A 9 7] 5ol th @ AT 7% ALk
B 272 A F s of gt
PEPE #.8 A2 & 7152 AU LAN 08 A% e QAL 244 shol dof o1 4
AR 57 918 718 WA S AUtk PEP A4 A AR UE Wel A 3l & 7553
2

242
ulth o A £A8 @ Aol Ygth
P1Ex3A L.

portion (£4) PEP 420 o A 2] g A 4, o] &
FAE9] Jg @ip 9ol A== A 7t

positional argument ($] ] ?12}) QAL & H A Q.

provisional API (3 API) 27 API:= %2 ghol B & g9 3}
X

- 3471 Aol o] ukA) sk Ste) Tl e el ol Sol 9l
Fuch.

ofr of

A58 A9 8
ﬂqq-ﬂaﬂm~4%@ﬂﬂﬂ@ﬂﬂL°HWP ol AL B, 0 ATLAE

23ttt A4 eerE 34 S8 o] FAH A g : Cadwge
%ﬂoﬂﬂﬂoi“ﬂ%ﬂ:%%ﬁﬂﬁﬂ—Am%EﬂWﬂﬁﬂ%ﬂ%ﬂ?ﬂ%%@ﬂ

A £ ool usia} ed N1 5 Y

provisional package (X"751 JH?] X]) 7 API E B A

O
Python 3000 (3}0] % 3000) “}o] 2 3.x vl 2 2elef W w (M 39} w27} W vjefj ] o]ofr] | Al ef| vt
Solxl o]Folth) o] A= (Py3k) 2 E 27]E 3

Pythonic (sho] AThe) THE Ao Sol A ANAA A ES AHEHN DES 7 A
NA 7V AT ALEH & ol AEL 717ko] w2t ofe]t]of i} o], 5ol 2o A
Az g ot QL for £ A8 eNA o HE B E 82 AYUch thE Be
Aofol & o] el 579 P B Yom, sl e %A e AFEL hA £4 72 EE
g3t = g ok

—

oA, wko] 2 <l of

for i in range(len(food)):
print (food[i])

o 238, sl drhe e o 5]

=

for piece in food:
print (piece)

qualified name (J 7318 o] &) REQ AP 2FZ oA RE AYH Fd 2, T, HA= o2&
(BE)EHAFEHoEZ FEH o] F. PEP 3155 oA Hogguth A4S T FeHay

A9ol, AT o 5 AR o] BT} 2Tk

>>> class C:
class D:
def meth (self):
pass
>>> C.__ _qualname___

(Th& sl AT ol AS)
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(o1 sl o] A A A%)

YC’

>>> C.D.__qgualname___

'C.D'

>>> C.D.meth._qualname_

'C.D.meth'

EES 7tel 7]l A2 o, 8] 439 ol 5 (fully qualified name)& B R R | 71 A &<
TN REE 7= ZJEE 2 H o] o ugdyt), o & £9],email .mime. text:

>>> import email .mime.text
>>> email.mime.text. name_
'email .mime.text'

reference count(' Z 314 AR ek ZFxo M. AR FR 347002 ol x|, W22 7 dE
HUth AR 34 FHS dutd o7 sfo|A I o &5 A = FA T, CPython &9 34
"?J‘%D}- sys BE2 5 AA9 I=x A4+ E E8F = getrefcount () & FY Tt

regular package (A 7] A)) __init_ .py FLL 3= e gt 2L A5 A 9] 7] 4.

o] E F 77| A = HA L.

_slots__ Fe2 e A, AxrHA o ERESS AT S v ddsta dada HA
el EAAGeEN m RS %:iz.&% € 23S FU 471 A7 A, o] Hl=a 92 2xkE A
3717 E R Boleha, W R el o) MR e S8 TR A B o) daE AT
593 492 AYshe Aol FHUh

sequence (| @2) __getitem () S5 UAEES 55 A5 AHAE AL A ME 24 AN AE A9
oAl Al A0 ol 5 EHFE __len

) HIAES Boste olH e & 22 W A daES
J5 U dict =3 getitem ()T/]—_len_(
& 857 wleol AlAA}obi e B F o

(
L]-"‘%HE ,list, str, tuple,bytes 7} Y HF
= X]ﬂﬁ}zl 23] 0 A Al dole] = 7
43%"/}‘_ 2ol =2} 3 oF F ot

The collections.abc.Sequence abstract base class defines a much richer interface that goes be-

yond just __getitem__ () and __len__ (), adding count (), index (), contains__ (), and
__reversed__ (). Types that implement this expanded interface can be registered explicitly using
register ().

set comprehension A compact way to process all or part of the elements in an iterable and return a set with the
results. results = {c for ¢ in 'abracadabra' if ¢ not in 'abc'} generates the set
of strings { 'r', 'd'}. See comprehensions.

single dispatch (A2 t] 28] x]) +& o] 3}e] QAR Fol 7234 A= = Alvl = T4 gasf] 29
st .
See (§¥jol2) 5 112 9| A0 E 2T
S4Yth variable_name[1:3: [
EH-‘é’E ABE23HE)E7/HE UREACZ slice AAE ALY h
special method (54 WA &) }o] o] 3o o] H HAFS, TIAl W] 5 A3 OEEEQ A
Z. ol HAEE F Y LEZE A ZEAL = . £ # A = %= specialnames

ol £42 BEolA &)

statement(—tv'-zl') TS S E (RS (5 (block))) & 78t FEdUth 282 T4 ol AY
71 =5 AH8 ol o8 7HA 28 Fo] sty Ut 7HY if, while, for.

text encoding ()2 E Q17 Y) FUFE FALS H|EG R QA3 74,

text file (. AE 542)) str AR E 93 2 5 9 12 A7), $%, A2 AL AR 2L vl = AP
HolH2ERg dA2sn das o5y & 4% AFUnh g2E 399 oze g
Er('r'EE'w) 2 dd 3}, sys.stdin, sys.stdout, i0.StringI0 & AAEHAE E F

Uk

Aol =R A7 & 93 2 4 9 5 Aol Hal A s o] v 5 £ FEEA L.
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(O &2+ ﬁ(<)/‘ﬂ Nz SRl —rx}"“‘ A
% A& stA = AT Ojﬁ% 742 o] ol A &R 7}

orulch ol o1t A 6 A o B EAG Bl L A 1
A 27 FNE ofe] Zol 2D 5 Jrdl, HAEIS L0 53 22 d5Un
type () Shol4 AR & 170 oW F7 AN AN E AFFUH BE A& Fol Ak
AA] P& __class__ EPFREE FA2T 5 QAU type (ob)) 2 @2 5 A5 YT
type alias (3 o Q2]o]2) BL 4@ Aho] o 5] W o] A= W] 5 o]
Yol dejoj e @ IEE desshe o 443U o8 S9:
from typing import List, Tuple
def remove_gray_shades (
colors: List[Tuple[int, int, int]]) -> List[Tuplel[int, int, int]]:
pass

o= 2ol o ¢7] 44 we & dsuth:

from typing import List, Tuple
Color = Tuple[int, int, int]

def remove_gray_shades (colors: List[Color]) -> List[Color]:

&t typingd PEP 4845 2 3HA 8.
P E) fg, FH2 A EYRE E 5 i AS U RkS g VdiE £ 32 A s o=
A
Y I E = A ALgolH -L‘rol oA ZAE A & dFUTh AT 34 3 4 =76 {8319
IDES] 7= &4 2 A EH S FHUTH

¥

=
A9 A4 g AYety, A9 A, Fda JEHHE ¢ 849 3 IdE L& typing.
A~
=R

o] 7152 A3 typingd} PEP 4842 Fx

universal newlines (f+ UM A & d3)) 3 22 AEs = o
A BE: AU AW EA Bl \n', QESE Bl \r\nt, o] 29 EA Bl !
F7HA 9 Agoll #a A= bytes.splitlines () ¥7k ol el PEP 278 £} PEP 3116 & E*“J*-

variable annotation (H o] o] A) Hy = FP 2 oJESHEL] o] - H o] Al
M EE e ol Ee e o mHo] 42 D g AE AL
class C:
field: 'annotation'

ME ool de YO § AES AP UTH: o & o, o] WAL int FE AL Ao

7l g Ut

count: int = 0

Ha o EH o] 1

2 A A annassign ol A A g o}
o] 75 AYsle g

o] - g o] A, PEP 484 I PEP 526 & I =234 8.
7F

virtual environment (7} 7)) 3}o] A ALg 2k} S8 T2 3 0], T2 A AH oA A E] = T2 Tlol A
SE ZEIRFEY T JFE F 1 oA, slo] W Bl 2 A A ES AR FAY g ol =

=
e AL bsetA s, dE 4o AeE A 87,
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)
o
%,
lo
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N
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%,
N,
2
r
s}
=
o
o
&

virtual machine (7} 7] 7)) 2 Z Egojqlo
=P

g7t 2ot vholE =8 AR P UTh
Zen of Python (JI-OVH A) sho]l M t]zpol Yo} AetEo] BEoly|, doj = o]—éH»S-]_:]j_ A5 o £ 20
Huyth o - EHﬁ]rﬁo ZEZEA (import this) & YH3H B YUt}
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APPENDIX B

O] dHAOf 25}0q

o] A A<= reStructuredText 20| A hE01Z A 2, glolH AYAE 3l SH3] AZH A 87

9l Sphinx & AH&-H< o

A9} o B 915 B A LS Thol W AA| 2 v} AAA = WA 07 AQRAA L] = A Th 7)o 5
3 A ThE, o] 9o o) 8 4 2= reporting-bugs 5 0] A & 21 S A & A2 -& AHLBARRE AL}
2rod g TH

O3 2504 B2 ZAE =9 Utk
* Fred L. Drake, Jr., 92 sto] AA = o] 22| A @2 2Rl 29| 27}
« reStructuredText 2} Docutils 29 EE JIE &= Docutils ZZ2 A E,

* Fredrik Lundh, Z22] Alternative Python Reference 2 2 A E of| A Sphinx 7} -2 o}o|t] o] & A H Ut}

WA A 71 F YT 7] ol AFe] FE A
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appeENDIX C

oI b2} 20| Ml A

C.1 AZEQ0{Q A}

gfo] -2 ABC 2= Qo] o] T A A& A] W] g 2H= 9] Stichting Mathematisch Centrum (CWI, https://www.cwi.nl/
%) 9] Guido van Rossumol] 2] 3l 1990 dth Zukol] ko] F5uth hol Mol thE AHEE9] e 33
o] 235 912 %, Guido= ol o] 78 A A= vho} 551,

1995, Guido+= Virginia 2] Reston ]| $1+= Corporation for National Research Initiatives(CNRI, https://www.cnri.
reston.va.us/ Fr2) o] A Ihol A 2P -& AL, o] XA oy AL AZE OIE SAYUF UL
2000'd 59, Guido 9} 5}o] A 3 4] 725l & BeOpen.com 2 2 & 7 A] BeOpen PythonLabs 2 74 %
Yt} 22 3 104, PythonLabs B -2 Digital Creations(& ] Zope Corporation; https://www.zope.org/ ZZ) 2
A5 YTE 2001 d, 5}o]# 4 = E 9 o] A & (PSF, https://www.python.org/psf/ Z+Z) o] A H = A5t}
o] A= stol M HA A A AAHAS afote s 5835 AYH v D2 24 YUYt} Zope Corporation &

PSFo] 391 39191 Th,

Wi 272 F7 AP UTH(F N 22 Ao e sl A= https://opensource.org/E 2814

Ae). A0 =, L (3HA v A i obd UTh She] A W E B GPL} G TH ofele] Ei
cheFst vl Z S g okt APyt

HY = ot oHHE 2 | 6 ASXt GPL 5 &1?

09.0~1.2 | n/a 1991-1995 | CWI yes

13~152 | 1.2 1995-1999 | CNRI yes

1.6 152 2000 CNRI no

2.0 1.6 2000 BeOpen.com | no

1.6.1 1.6 2001 CNRI no

2.1 2.0+1.6.1 | 2001 PSF no

2.0.1 2.0+1.6.1 2001 PSF yes

2.1.1 2.142.0.1 | 2001 PSF yes

2.1.2 2.1.1 2002 PSF yes

213 212 2002 PSF yes

2.2 o] 2.1.1 2001-& 2 | PSF yes

Fi: GPLY} z&d = A2 2| 7FGPLE slol i v xdthE A2 dnsiAl = ddsunh EE
ghol A gholAla= GPLA 28] o] 2o WS 37/ 222 UaA G s Ad WA x5 A
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?—J_

Ytk GPL &3 eho] 4l 2= Sho] A3} GPL 3ol WEE The 229101 & 2FF 5 A Futh e
As

337 @5uh

Guido 9] A= 3tel| o] Wl E 5 7H5 317 T B 97 AL BARE N A FAEH U

C.2 TIO|40l HMASHHLE AFRSH7| $I5H 0| ofzt

vlolH Az E Qo] e} A M= PSF License Agreement©l| thg} gfo] Al a7} F ol g U th

glo] W 3.8.6 7 F, AW A9 oA, Z&|¥ Y 7]} T X = PSF License Agreement 2} Zero-Clause BSD license©l|
el o] 2 ol 7} % o151 0

Shol ol BTE A% 42 =g o]l hE eho] A2sh A& H LItk ehol A 3 kol 2o 35
£ TEo S A oo Shol 0] BAA BRE 85 4= =9 ofo] U]gh ko] Al
PREE = S

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.8.13

1. This LICENSE AGREEMENT is between the Python Software Foundation.
—~ ("PSF"), and

the Individual or Organization ("Licensee") accessing and otherwise.
—using Python

3.8.13 software in source or binary form and its associated.
—documentation.

2. Subject to the terms and conditions of this License Agreement, PSF._
—hereby

grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,

analyze, test, perform and/or display publicly, prepare derivative.
—works,

distribute, and otherwise use Python 3.8.13 alone or in any derivative

version, provided, however, that PSF's License Agreement and PSF's.
—notice of

copyright, i.e., "Copyright © 2001-2022 Python Software Foundation; All_
—~Rights

Reserved" are retained in Python 3.8.13 alone or in any derivative.
—version

prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.8.13 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

—hereby
agrees to include in any such work a brief summary of the changes made.

—to Python
3.8.13.

4. PSF is making Python 3.8.13 available to Licensee on an "AS IS" basis.

PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY._
—OF

EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY.
—REPRESENTATION OR

WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR.
—THAT THE

USE OF PYTHON 3.8.13 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.
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5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.8.13

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A._
—RESULT OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.8.13, OR ANY.
—DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material.
—breach of
its terms and conditions.

7. Nothing in this License Agreement shall be deemed to create any.
—relationship

of agency, partnership, or joint venture between PSF and Licensee. _
—This License

Agreement does not grant permission to use PSF trademarks or trade name.
—~in a

trademark sense to endorse or promote products or services of Licensee, .
—O0r any

third party.

8. By copying, installing or otherwise using Python 3.8.13, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0

BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

1. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary
form and its associated documentation ("the Software").

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the
Software, alone or in any derivative version prepared by Licensee.

3. BeOpen is making the Software available to Licensee on an "AS IS" basis.
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOF.

5. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License

(Th& sl AT ol AS)
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Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

7. By copying, installing or otherwise using the software, Licensee agrees to be
bound by the terms and conditions of this License Agreement.

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

1. This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
Internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
Internet using the following URL: http://hdl.handle.net/1895.22/1013."

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to
include in any such work a brief summary of the changes made to Python 1.6.1.

4., CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOEF.

6. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or

(Th& sToAT ol A%
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with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted, provided that
the above copyright notice appear in all copies and that both that copyright
notice and this permission notice appear in supporting documentation, and that
the name of Stichting Mathematisch Centrum or CWI not be used in advertising or
publicity pertaining to distribution of the software without specific, written
prior permission.

STICHTING MATHEMATISCH CENTRUM DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO
EVENT SHALL STICHTING MATHEMATISCH CENTRUM BE LIABLE FOR ANY SPECIAL, INDIRECT
OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE,
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE.

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.8.13 DOCU-
MENTATION

Permission to use, copy, modify, and/or distribute this software for any
purpose with or without fee is hereby granted.

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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C.3.1 HE2M EQ[AH

_random B2 &2 http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html oj] A
Welh Feo 7Rt F=ES 243Ut b2 dd T2 A4S Iz &0 Addth:

A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand (seed)
or init_by_array (init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written
permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. 1IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m—mat @ math.sci.hiroshima-u.ac.jp (remove space)
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C.3.2 43

socket R EL getaddrinfo () & getnameinfo () T+ E AFR Yt} o] 5L WIDE Project, http:

[lwww.wide.ad.jp/, A A & EE A2 3tY =2 I 5] 5T

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software
without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS ""AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.3 H|S7| &3 MH|A

asynchat¥ asyncore 252 th33 22 £ A1S 233 oh:

Copyright 1996 by Sam Rushing
All Rights Reserved

Permission to use, copy, modify, and distribute this software and
its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of Sam
Rushing not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior
permission.

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

C.3. Z3E 2ZE|0{oll it 2foldla K 52l
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http.cookies RE-S T}eT} 28 59 A3 LR T

Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>
All Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy O'Malley not be used in advertising or publicity

pertaining to distribution of the software without specific, written
prior permission.

Timothy O'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy O'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

o e 39 AL TP T:

portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.
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Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:

— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

- Arguments more compliant with Python standard

C3.7 XML & Z2A|IXH S&

xmlrpe.client REL The T 22 o] A5 TR

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

Permission to use, copy, modify, and distribute this software and
its associated documentation for any purpose and without fee is
hereby granted, provided that the above copyright notice appears in
all copies, and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written
prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. 1IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

C.3. Z&HE AZEQ0{0l CHEt 2fo|MA L S0l 135

Hl




Python Tutorial, £A| H{H 3.8.13

C.3.8 test_epoll

test_epoll RES b3t 28 79| AL ZFFUH

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select BE-2 kqueue Q1 E 3] o] 2ol thal THe 3} 2 3] AgHS ERFU T

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "~ "AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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C.3.10 SipHash24

39 python/pyhash. ¢ 9+ Dan Bernstein 2] SipHash24 ¢+17 2] = 2] Marek Majkowski 2] 728 o] 2 3}5] of
AsUTH 7)ol &= v 22 W8o] 235 o] 5yt

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
all copies or substantial portions of the Software.
</MIT License>

Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod 2} dtoa

C double 7} £ A+ 7He] W 2ha 913 C <= dioa 9} strtod S Al & 3k ¥} Python/dtoa.c < @A
http://www.netlib.org/fp/ o] A €& 4= 1= David M. Gay 2] Z+-2 o] £2] 9} d of| A A 21551 T} 2009
d3g 16Ye T2 Y& gdo& v T2 AZd 9 ol F A 7F £3E o] Y5t

/****************************************************************

*

* The author of this software is David M. Gay.

*

* Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

*

* Permission to use, copy, modify, and distribute this software for any

* purpose without fee is hereby granted, provided that this entire notice
* is included in all copies of any software which is or includes a copy

* or modification of this software and in all copies of the supporting

* documentation for such software.

*

* THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
*

WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY
* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY
* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

***************************************************************/

C.3. Z&HE AZEQ0{0l CHEt 2fo|MA L S0l 137

Hl



http://www.netlib.org/fp/

Python Tutorial, £A| H{H 3.8.13

C.3.12 OpenSSL

2 E hashlib, posix, ssl, crypt = %9 AAT AT 5 A st F7He] 52 93 OpenSSL
ghol B el g] & AHS gyt = A= 9-9F W OS X sho] 2 A X =2 7382 OpenSSL 2to] H & 8] AHE S
2T FQong o7 OPCHSSL ghol Al ALRE S 23 E YT

LICENSE ISSUES

The OpenSSL toolkit stays under a dual license, i.e. both the conditions of
the OpenSSL License and the original SSLeay license apply to the toolkit.
See below for the actual license texts. Actually both licenses are BSD-style
Open Source licenses. In case of any license issues related to OpenSSL
please contact openssl-corelopenssl.org.

OpenSSL License

Copyright (c) 1998-2008 The OpenSSL Project. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in
the documentation and/or other materials provided with the
distribution.

3. All advertising materials mentioning features or use of this
software must display the following acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit. (http://www.openssl.org/)

4. The names "OpenSSL Toolkit" and "OpenSSL Project" must not be used to
endorse or promote products derived from this software without
prior written permission. For written permission, please contact
openssl-corelopenssl.org.

5. Products derived from this software may not be called "OpenSSL"
nor may "OpenSSL" appear in their names without prior written
permission of the OpenSSL Project.

6. Redistributions of any form whatsoever must retain the following
acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit (http://www.openssl.org/)"

THIS SOFTWARE IS PROVIDED BY THE OpenSSL PROJECT " "AS IS'' AND ANY
EXPRESSED OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE OpenSSL PROJECT OR
ITS CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT

NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;

LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)

HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)

FE R ST T S N S R TR S N S S S S S S N S S e T S S S S N SRS N S T S T S
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ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

This product includes cryptographic software written by Eric Young
(eay@cryptsoft.com). This product includes software written by Tim
Hudson (tjh@cryptsoft.com).

L R

Original SSLeay License

Copyright (C) 1995-1998 Eric Young (eay@cryptsoft.com)
All rights reserved.

This package is an SSL implementation written
by Eric Young (eayl@cryptsoft.com).
The implementation was written so as to conform with Netscapes SSL.

This library is free for commercial and non-commercial use as long as
the following conditions are aheared to. The following conditions
apply to all code found in this distribution, be it the RC4, RSA,
lhash, DES, etc., code; not just the SSL code. The SSL documentation
included with this distribution is covered by the same copyright terms
except that the holder is Tim Hudson (tjh@cryptsoft.com).

Copyright remains Eric Young's, and as such any Copyright notices in

the code are not to be removed.

If this package is used in a product, Eric Young should be given attribution
as the author of the parts of the library used.

This can be in the form of a textual message at program startup or

in documentation (online or textual) provided with the package.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:
1. Redistributions of source code must retain the copyright
notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.
3. All advertising materials mentioning features or use of this software
must display the following acknowledgement:
"This product includes cryptographic software written by
Eric Young (eay@cryptsoft.com)"
The word 'cryptographic' can be left out if the rouines from the library
being used are not cryptographic related :-).
4. If you include any Windows specific code (or a derivative thereof) from
the apps directory (application code) you must include an acknowledgement:
"This product includes software written by Tim Hudson (tjh@cryptsoft.com)"

THIS SOFTWARE IS PROVIDED BY ERIC YOUNG " "AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY

ECRE T A A I S S N S N S S SN T N S N N . I T e N S N IS S S S N T N N T S S
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* OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF

* SUCH DAMAGE.

*

* The licence and distribution terms for any publically available version or
* derivative of this code cannot be changed. i.e. this code cannot simply be
* copied and put under another distribution licence

* [including the GNU Public Licence.]

*/

C.3.13 expat

pyexpat 82 WE & ——yith-system-expat & FA 34| &= oF E3H expat &2 AFE S ALE

shel Mg o}

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.14 libffi

_ctypes & I & ——yith-system-1ibffi & FA SR &= 31 L4 libfli &2 AFE S AR

shof =g ok

Copyright (c) 1996-2008 Red Hat, Inc and others.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
‘"Software''), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "~ "AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

(TF& sl A ol A%)
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NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.

C.3.15 zlib

z1ib -2 A2l o A b

— B :’E
Ut

4

A zlib WA o] Y7 e ojA o AE & o™, 3 zlib &

AR g Ste] WEH
Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be
appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean—-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash

tracemalloc o &8 A= & Al Hl o] 22 & -& cfuhash Z2 A EE 7|Hlo 2 It}

[kl

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above
copyright notice, this list of conditions and the following
disclaimer in the documentation and/or other materials provided
with the distribution.

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived

(Th& sl AT ol A%
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from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.17 libmpdec

_decimal RE2 WE=E ——with-system-libmpdec & 74 3}A] ¢+ S, 234 libmpdec 42~ AFE
2 Agetel A= U

Copyright (c) 2008-2016 Stefan Krah. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.18 W3C C14N HIAE A2Q|E

test I 7| AL CIAN2.0 H|AE A9 E (Lib/test/xmltestdata/c14n-20/)+= W3C § A}o] E https:

[ Iwww.w3.0rg/ TR/xml-cl4n2-testcases/ | A} 7} ko w 3- BSD 2ho] Al 3}of| vl = Ut}
Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang), All Rights Reserved.

Redistribution and use in source and binary forms, with or without modification, are permitted provided
that the following conditions are met:

» Redistributions of works must retain the original copyright notice, this list of conditions and the
following disclaimer.
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* Redistributions in binary form must reproduce the original copyright notice, this list of condi-
tions and the following disclaimer in the documentation and/or other materials provided with the
distribution.

¢ Neither the name of the W3C nor the names of its contributors may be used to endorse or promote
products derived from this work without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
(ASIS) AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED
TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTIC-
ULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EX-
EMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PRO-
CUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABIL-
ITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE
OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF
ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.
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sho] 3} o] WA
Copyright © 2001-2022 Python Software Foundation. All rights reserved.

Copyright © 2000 BeOpen.com. All rights reserved.

Copyright © 1995-2000 Corporation for National Research Initiatives. All rights reserved.
Copyright © 1991-1995 Stichting Mathematisch Centrum. All rights reserved.
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