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CHAPTER 2
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2.1 QE{=Z2|E 4
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The Python interpreter is usually installed as /usr/local/bin/python on those machines where it is available;
putting /usr/local/bin in your Unix shell’s search path makes it possible to start it by typing the command

’python

to the shell. Since the choice of the directory where the interpreter lives is an installation option, other places are possible;
check with your local Python guru or system administrator. (E.g., /usr/local/python is a popular alternative
location.)

On Windows machines, the Python installation is usually placed in C: \Python27, though you can change this when
you’re running the installer. To add this directory to your path, you can type the following command into the command
prompt in a DOS box:

set path=%path%;C:\python27

7]1 TETE Oﬂxﬂ EOF(end-of-file) & X} (49 20| A= Control-D, YEFoA = Control-2)E ¢ H 3}
eIz ol El 752, B2 A 2= 0 0] FU o o] oA et quit () F9E Aol

AE| 2B E FEAIZ 5 T AsUth

The interpreter’s line-editing features usually aren’t very sophisticated. On Unix, whoever installed the interpreter may
have enabled support for the GNU readline library, which adds more elaborate interactive editing and history features.
Perhaps the quickest check to see whether command line editing is supported is typing Cont rol1—P to the first Python
prompt you get. If it beeps, you have command line editing; see Appendix T3} & 92 #H 5 @ 3|2~ % 2] % 2} for an
introduction to the keys. If nothing appears to happen, or if ~P is echoed, command line editing isn’t available; you’ll
only be able to use backspace to remove characters from the current line.

AE = ElEiLOJL A 2 AAE FAFUTH ty FA) o 2F ¢ 301 2E AJH 2 A=Y, o3y
=92 0n AGUch AL P L Ae FA e e oR d2T 42 AGH Y A2
21J~}J6“§}L1E+

Szl e & A= F AR WH 2 python —c command [arg] ... 6, command o Y= E7F

A A9l -c g Aol AIFUT sl EHL £5 Aol A SH@ 7 e 2ol 1} b2

qdﬂi

(3}



Python Tutorial, £A| H{H™ 2.7.18

TAE S 2] ) 2ol command AA € F2m-ERE ARFE Aol FFU
2 slo| W RESS ATYERLE 217} 1%14@ python -m module [arg] ... ZAYPT 9+
tll, k] module 2E 222~ 9t4 ol B2 S WP H AHT AAH APHA Utk

L2 0] AL W, W SR QB Tl 3 T el she Ao) Bl W S
~3HE dol -1 2 AQSE By

All command-line options are described in using-on-general.

211 QIX} ME

~AYE o BT 2719 QRS0 Bz HE ALD o, £AP) 2202 WHH Foys BES argy

b
50] AZHUT. import sys & A8aAA o] B2 H2T 5 AUk Bxel Aol Haw o)1,
2 ET 27 AAE G ALE, sys.argu(0] & W EALYUT. 2TYE o B2 1~ (EF
dg= 5sth 2 £ ¥ sys.argv[0] & '-' ZFHUTH —c command 7} A W sys.argv[0] & '-c'
2 AAZE Y. -mmodule ©] AF&% M sys.argv[0] = & E-/] At A29o] HYt}. -c command YF -m
module ¥ °| &&= FA S o X AE Z B 7 2R SHA] 9k W o]y R E0] A2t EF sys.argv &
AL

PPty ol AL w), AHzele 7 holY BE 2 S 49Tk BT o) BEA ML B mEEE S
JAHW U= BHe 28k, HE Al 7R - Bok an 734Ut (>>>); B E R FUA 94al o]0 A=
s dHS 23T ulvs Hx 252 E7M AR H =, 72 A2 Al A HAAUTH(. . ). dHzZEHE A
WA ZEEES sty Aol MA NEo} ARD BAE TS ) WA A 23

python

Python 2.7 (#1, Feb 28 2010, 00:02:06)

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

>>>

ok

oA=& el 22 FAY FXES JET W BaFUTh oS EAH, ol A9 if Fo] 7he iyt

>>> the_world_is_flat = 1
>>> if the_world_is_flat:
print "Be careful not to fall off!"

Be careful not to fall off!

g3}y m=o g of & Ao, tists R 5 BA Q.

By default, Python source files are treated as encoded in ASCII. To declare an encoding other than the default one, a
special comment line should be added as the first line of the file. The syntax is as follows:

# —*— coding: encoding —*-—

encoding -2 o] % o] A Yt T 9| (codecs) F st of
o & E°], Windows-1252 Q1 Z & A3 =5 A A8t ¥, £ T 3199 H -2 o A = o] oF Frt:

6 Chapter 2. mlO|M QIE{ZE|E] AF23517|
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# —*— coding: cpl252 —*-

(MY (shebang)) = 2 N &3t ¥ AUt o] 4o,

AZE FAHY ANA Q= bx FETFF U
AT AAL F A Zo Uk o] & £

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

chgol g oo, A8 T Y TR ZE(> 9t ) A o2 TRAULH: oA S AP A AL
ZEEE} UL Y ZERE Hof & BE AL g FUth ZERER A5 Ft 5L
Az E 7t Bt AS YU oM HE 2R E oo olF A% gt 2 W 52 Ao Irhs
Eqo] Rl AL ol 2 FAY BHL B PEdU

o) AA O] Lho & B ot (N3P EEENA I & AERAE) FHS ZFHL YUtk o]
MR ZHL S £ 2 AR 2 B G e FA e 29 Aol 4T S sl
FWo| U} TE Fof e = AFUTh AT EAD AHD Qe Sol 2 5 gHUTh £A4D AHE
Dol ST S £ 740 ook A4 £AL BV F A2 e )g Aok dgel] AT
Zo) a1, sto]de] s 4514 Sk W, ol 2 dAY e A= P )

@ 744 ol 2 Hch:

# 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."
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3.1 IiO|ME ALT|Z AFESHY|

3.1.1 =X}
Qe el ele 2k A7) 2 )53 ch 284 Aok e 2 gk 284 B 2agh,
o,/ AAREL YRR O Aol B (1§ Bol, BaZel O AF B BE (0) £ B

>>> 50 - 5*6

20

>>> (50 - 5.0*6) / 4
5.0

>>> 8 / 5.0

1.6

A (o5 £012,4,20)€ int FPUTh 2577 A= AS (IE £ 5.0,1.6)2 float FYYT} ]
A A F ol Al AF g 2ol el B AHA 8 A2 A AU Th

The return type of a division (/) operation depends on its operands. If both operands are of type int, floor division is
performed and an int is returned. If either operand is a £1oat, classic division is performed and a f1oat is returned.
The / / operator is also provided for doing floor division no matter what the operands are. The remainder can be calculated
with the % operator:

>>> 17 / 3 # int / int -> int

5

>>> 17 / 3.0 # int / float —-> float

5.666666666666667

>>> 17 // 3.0 # explicit floor division discards the fractional part
5.0

>>> 17 $ 3 # the $ operator returns the remainder of the division

2

>>> 5 * 3 + 2 # result * divisor + remainder

17

o\

gtol o Ae AFAFE AL wf +* AAAE AHS U TH:

>>> 5 ** 2 # 5 squared

25

>>> 2 ** 7 # 2 to the power of 7
128

e e ddd s 2= E A EUNE ol A7 ts tied 5 2E o ZAH = =92 sy th

>>> width = 20

>>> height = 5 * 9
>>> width * height
900

W7 (el H o]y A e Wl (3hE T AFA ke w) Agstel n A EsE AL e g 2oy
Lo b - B fASHTF RO RR, 3552 £ - (3%%2) 8GNSOl e -9 T @M To g P Qe
T2 g A s US

10 Chapter 3. ml0|’M2| ZI=2F5H AT
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>>> 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 BAACR AAFU, AR O Bo) 9 A0S 2 A4AE A5 5 ANAE A5 AR
t}:

>>> 3 * 3,75 / 1.5

7.5

>>> 7.0 / 2

3.5

W5k e mEol A, upAuhe] A4 E BAAL W _ o] g F T o] AL Tl WS Habg AL =
Ag A4 ool 4717k % B 193¢ S uFTh o & Sol:

>>> tax = 12.5 / 100
>>> price = 100.50
>>> price * tax

12.5625

>>> price + _

113.0625

>>> round(_, 2)

113.06

o] Ay AR AL E A = 17|k 7HE s AA H HFE ook Futh 3h2 2 A th g 3HA] vhAl & — whek 218 A
St 22 o] 59 A Y s MZ BtEs o] Hed, W i npe 2L 538 Adss 2345
5y

int &} float o] B 3l, Fo] W& Decimal o]} Fraction 58 U Jo RAEE A AEY \:}, y}o] A -
Hag o g Ads st =, s+FE 77l § U g JuARE A YT (1§ E9 3+57)

3.1.2 EXIH

A= AR, st M EAEE OE e o M e s P YLk A2 (... )Y
SHMEE(C... M EHL S LU BF 22 RS FUP. B ES oA L T\ AT
T AFUth

>>> '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.'

In the interactive interpreter, the output string is enclosed in quotes and special characters are escaped with backslashes.
While this might sometimes look different from the input (the enclosing quotes could change), the two strings are equiv-
alent. The string is enclosed in double quotes if the string contains a single quote and no double quotes, otherwise it is

ohe ol Gl 4L S5 AL ALTLRC NS ITEL( ol L 7L G UT § A9 4
Aol AemEE ol A " & ol 27 o] BRA G2 (FAT\ T & o] 2A 0B AAFuith, 1 9= AF BT Ayt

o] 3}

3.1. TO|MES HAI|Z ARSI "
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enclosed in single quotes. The print statement produces a more readable output, by omitting the enclosing quotes and
by printing escaped and special characters:

>>> '""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.

\ Foll e #4755 222 AFEA st A A vl

string) & TS 4 JH U

N
N

g

=4
(517
=2
=

o
Mz
2
>
e
Ao
R
ifica
R
=

>>> 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

PAY AHEL o B2 #9485 AFUTh B4 P A5 BEEE A AT
AN\ E &

T 290 EAle Ao BAde 2@E Y AR & 2 2of o] YA
2% U o o
print nn H\
Usage: thingy [OPTIONS]
-h Display this usage message
—-H hostname Hostname to connect to

nwn

£ old A%E FLFULH(R AA AR 2G5 A G Ao FEHA L)

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

BAGL + ANRE o]0} R0l 1, * AR WMEA D 5 YT

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

TN o1 BAE BlE R (5, B2 E SN AS) 7 AEAA et Y A5 S 2 o]0 oYt

>>> 'Py' 'thon'
'Python’

ol 7le e A EAEe 2N S o 58] €& syt

>>> text = ('Put several strings within parentheses
. 'to have them joined together.')

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

o] 71 4 F o] g devt H8E ¥ A BH A= Gt FF Ut

12 Chapter 3. ml0|’M2| ZI=2F5H AT
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>>> prefix = 'Py'
>>> prefix 'thon' # can't concatenate a variable and a string literal

SyntaxError: invalid syntax
>>> ('un' * 3) '"ium'

SyntaxError: invalid syntax

MEE7E B MGo £AD e B DL ool Eolel W + & ALg S ok T )

>>> prefix + 'thon'

'Python'

2Age Adda (M AagE) D 5 gtk 3 WA 2A7 A 00] S P Utk BAE 98 HE)
Fe gk wd dol k19 BAA Ut

>>> word = 'Python'

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

IPI

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

lnl

Qe s g5t 4% e, ZolARE AU

>>> word[-1] # last character

lnl

>>> word[—-2] # second-last character
lol

>>> word[-6]

IPI

0L 03 2ong, g0 dHat-10]4 AFeThE 2o FE5A L

In addition to indexing, slicing is also supported. While indexing is used to obtain individual characters, slicing allows you
to obtain a substring:

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

le'

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

'tho'

A7 A o BAE AL EE L 0, B2 A o) BAE B4 28 A 3 Aol 79 Al L. o] o]

s[:i] + s[i:] & @A s k2o un

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

'Python'

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

'Python'

Seol 2 Qe at Aol @ /1R ke 23 U th 3w e AE YestE 7120 of AHg 1, T A
Qe 27k ek W /)R gto & Febol 4 5+ BAde] Aol ALgH YT

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

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

lon'

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

3.1. HO|ME AH A2 AIRE}Y| 13
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o027 EASE PR 1A B A & A2 BAE Aol 9% A eka A A e
AUtk 3 04 B2 A% AAZ 0 Utk n S EAEZ THE AL LEFE AL Ad A

01%“43},0113 =

-ttt
Ply |l t ]| h| ol n|
Fo— et ———+———+
0 1 2 3 4 5 6
-6 -5 -4 -3 -2 -1

A0 2A B QE 06 9 AN RAFT; T RA AL TS 29 AYAEL BAFUTh i
oA S o) Seolak g2 WS Bold A4 Aolo 2apE2 2AE U
ol AY2EY F9, F ez wE W] ol kel Sepo]2o) Pol cluls 7ke YUtk o &

>>> 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

SHA W9 S Holues etola dE A Sopol 4T W REHA Aelg

>>> word[4:42]
lon'
>>> word[42:]

[}

ol AL HMAE ok — =W olgka itk T A EALY A2 F2F 9 o Y st aL
ahel ol e & Do LTk

>>> word[0] = 'J'

TypeError: 'str' object does not support item assignment

>>> word[2:] = 'py'

TypeError: 'str' object does not support item assignment

ChE A Eo] LW, A2 vrEelof g ch:

>>> 'J' + word[l:]
'Jython'

>>> word[:2] + 'py'
'"Pypy’

W g len () 2 A2 2ol E¥FUh

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

o X7

typesseq Strings, and the Unicode strings described in the next section, are examples of sequence types, and support the
common operations supported by such types.

string-methods Both strings and Unicode strings support a large number of methods for basic transformations and
searching.

14 Chapter 3. mto|Me| ZI=F5H ATH
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formatstrings str.format () & & FAES T W= ol ok A H.

string-formatting The old formatting operations invoked when strings and Unicode strings are the left operand of the
% operator are described in more detail here.

3.1.3 Unicode Strings

Starting with Python 2.0 a new data type for storing text data is available to the programmer: the Unicode object. It can
be used to store and manipulate Unicode data (see http://www.unicode.org/) and integrates well with the existing string
objects, providing auto-conversions where necessary.

Unicode has the advantage of providing one ordinal for every character in every script used in modern and ancient texts.
Previously, there were only 256 possible ordinals for script characters. Texts were typically bound to a code page which
mapped the ordinals to script characters. This lead to very much confusion especially with respect to internationalization
(usually written as 118n — "1i' + 18 characters + 'n ') of software. Unicode solves these problems by defining one
code page for all scripts.

Creating Unicode strings in Python is just as simple as creating normal strings:

>>> u'Hello World !’
u'Hello World !’

The small 'u' in front of the quote indicates that a Unicode string is supposed to be created. If you want to include
special characters in the string, you can do so by using the Python Unicode-Escape encoding. The following example
shows how:

>>> u'Hello\u0020World !'
u'Hello World !’

The escape sequence \u0020 indicates to insert the Unicode character with the ordinal value 0x0020 (the space char-
acter) at the given position.

Other characters are interpreted by using their respective ordinal values directly as Unicode ordinals. If you have literal
strings in the standard Latin-1 encoding that is used in many Western countries, you will find it convenient that the lower
256 characters of Unicode are the same as the 256 characters of Latin-1.

For experts, there is also a raw mode just like the one for normal strings. You have to prefix the opening quote with (ur)
to have Python use the Raw-Unicode-Escape encoding. It will only apply the above \uXXXX conversion if there is an
uneven number of backslashes in front of the small (u).

>>> ur'Hello\u0020World !''
u'Hello World !’

>>> ur'Hello\\u0020World !'"
u'Hello\\\\u0020World !

The raw mode is most useful when you have to enter lots of backslashes, as can be necessary in regular expressions.

Apart from these standard encodings, Python provides a whole set of other ways of creating Unicode strings on the basis
of a known encoding.

The built-in function unicode () provides access to all registered Unicode codecs (COders and DECoders). Some of
the more well known encodings which these codecs can convert are Latin-1, ASCII, UTF-8, and UTF-16. The latter two
are variable-length encodings that store each Unicode character in one or more bytes. The default encoding is normally
set to ASCII, which passes through characters in the range 0 to 127 and rejects any other characters with an error. When
a Unicode string is printed, written to a file, or converted with st r (), conversion takes place using this default encoding.
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>>> u"abc”

u'abc'

>>> str (u"abc")

'abc!

>>> y"aou”

u'\xed\xfo\xfc'

>>> str(u"aosu")

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

UnicodeEncodeError: 'ascii' codec can't encode characters in position 0-2: ordinal.

—not in range (128)

To convert a Unicode string into an 8-bit string using a specific encoding, Unicode objects provide an encode () method
that takes one argument, the name of the encoding. Lowercase names for encodings are preferred.

>>> u"do0i" .encode ('utf-8")
"\xc3\xad\xc3\xb6\xc3\xbc'

If you have data in a specific encoding and want to produce a corresponding Unicode string from it, you can use the
unicode () function with the encoding name as the second argument.

>>> unicode ('\xe3\xad\xc3\xb6\xc3\xbec', 'utf-8'")
u'\xed\xfo6\xfc'

3.1.4 2|AE

shol A& thE G5 Fol P2 Fitl A5 ol /A AL E (compound) AHE F& B3 AU Th
7 gEA el Ak AL YAE AU, A4 BE Aolo] JEE FHE (I EY B0z BAD 4
YEUth PJAEL Ax ThE 9 FRELS ERE S AW, FES0] BE 22 ¥ Z9 gBUh

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

FAY (223, e RE WG DA Y AY PaEs duYsn setel 4T 5 et
>>> squares[0] # indexing returns the item

1

>>> squares|[—1]

25

>>> squares[-3:] # slicing returns a new 1list

[9, 16, 25]

RE So) s A 2 YW FHES EPHE A AEE BHEUD ot eI} 2L ek 2
grES] A2e (T2) AR S B FE T EYUh

>>> squares/|:]
[+, 4, 9, 16, 25]

Lists also supports operations like concatenation:

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

2 d 2AdHE 2, e /H YU S U8 AT = A5t
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>>> 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 () WA= (method) (VH5oll v 4 Zef) Thal o 2pA1 3] ob A UTh & AH§EIH 2] 2=0) Zoj A

Ae
22 218 5 A5

>>> 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]

<setolzo i dstE A 7he ], BlAaEY oS AT = L, BE FE2 AT 24 sy

>>> 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', '"E', 'g'l]

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

>>> letters

[]

W4 @5 len() & F2EdE A 5Pk

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

UAEEFHYSE JSUTH (G JAES EPHE 2ES BEUH. )8 B

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

>>> x = [a, n]

>>> x

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

['a', 'b', 'c']

>>> x[0][1]

'bl
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32 ZE UL ES HESF

282028 Hote AEtheE ¥ B WH O so] WS AHEE F AFUTh o & Sof, b2 A H I HE
L}x] (szonaccz)—r?—_-i-/] 07":'%:_'—% AL 5 dsUT:

>>> # Fibonacci series:

# the sum of two elements defines the next

.. a, b=20,1

>>> while b < 10:

O U1 W N - e

print b
a, b =Db, atb

2 YT Q& Utk B4 a Shb o S0 g0 o] Pk whA T Zof A
£, B o] o= Bhtebs o] Fo 7 7] Ao SWe] AN T o] BE ALGUTh S
m5E e %0 WA EATE ALE T

$ AWH Yk Cof vpAEA 2 Sl A4 0
o E (4 BE F59) AA2) 7}

Otk < (Ath, > (Ah, == (2D,

$E°%ﬂ(mw ﬂ“ﬂ%uﬂ- Soja7) e shol Aol A £42 Folg 2 B pH AU
5y mgm e A 27 5 _LéﬂH%GwWh+oE@mwaﬁﬁﬂﬁﬂﬂﬂvﬁﬂﬁﬂi%
gAE U718 AL A E T B stol i EE Eula] FUTH AR HAE PSS A
ol 752 AFPYUT BRES UHYo R AL Wl 2 97 99 ¥l 2 s o
T (19717 B2 S8 9 A4 S Q7 ME LT B BR) XYL R E
2o 22 FUrF Sof 7] 5 ofof Fof o FHA L.

The print statement writes the value of the expression(s) it is given. It differs from just writing the expression you
want to write (as we did earlier in the calculator examples) in the way it handles multiple expressions and strings.
Strings are printed without quotes, and a space is inserted between items, so you can format things nicely, like this:

>>> 1 = 256*256
>>> print 'The value of i is', i
The value of 1 is 65536

A trailing comma avoids the newline after the output:

>>> a, b =20, 1
>>> while b < 1000:
print b,

a, b = Db, atb

112 358 13 21 34 55 89 144 233 377 610 987

Note that the interpreter inserts a newline before it prints the next prompt if the last line was not completed.

18
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7[Et Mol &5 =+

Besides the while statement just introduced, Python uses the usual flow control statements known from other languages

with some twists.

41 if =&

olul =

PEELHIAEF L1 2L AdYTh A& S0l

>>> X

Please enter an integer: 42
>>> if x < 0O:

int (raw_input ("Please enter an integer:

n))

X 0
print 'Negative changed to zero'
elif x == 0:
print 'Zero'
. elif x == 1:
print 'Single'
else:
print 'More'
More
UAL A2 A elif B7FAES + AL, else = AAAYUTE 7|HE (elif) + (elseif) o] ¢
F3AAY, F=3 SI27E FeE o] FEFYUTH if - elif - elif - AALE T2 Ao] S0 A
W AEE switch Ycase &= gyt
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4.2 for &

Ao A4 9
w2 5 oA,
2 olejdo]d

sho] Mol A for & C 1 Aol A AHgatd A o e Th (FABA™) T4
AL Ea) o E @l o] 4 817, (CA 7)) AL& A7} o] e o] 4 v
st 9] for £2 919 o] AW (FAEY EA4Q) 0] FBES T A AR Sl A

Gk ol & Eof (2ol ohueh:

39 3y

=1

m0r§

>>> # Measure some strings:
. words = ['cat', 'window', 'defenestrate']
>>> for w in words:
print w, len(w)
cat 3
window 6
defenestrate 12

22 Qo A o He ol Edh AALE ALY DL YrhE (o & o, A FRELS FHAA]), WA
MRS S 2 DFUTH AALE o Hel 2T w A H O AHEO] BE o4 A& Ut Sebol s
/g2 g w) 53] Aelguink

>>> for w in words[:]: # Loop over a slice copy of the entire list.
if len(w) > 6:
words.insert (0, w)

>>> words
['defenestrate', 'cat', 'window', 'defenestrate']

4.3 range () &t

If you do need to iterate over a sequence of numbers, the built-in function range () comes in handy. It generates lists
containing arithmetic progressions:

>>> range (10)
[Ol 1/ 2’ 3’ 4’ 5/ 6[ 7’ 8’ 9:|

The given end point is never part of the generated list; range (10) generates a list of 10 values, the legal indices for
items of a sequence of length 10. It is possible to let the range start at another number, or to specify a different increment
(even negative; sometimes this is called the (step)):

>>> range (5, 10)

[5, 6, 7, 8, 9]

>>> range (0, 10, 3)

[0, 3, 6, 9]

>>> range(-10, -100, -30)
[-10, -40, -70]

Az Qa5 g olHH ol E W, b5 A ™ range () ¢klen() & 2FT 5 AFUHh:

>>> a = ['Mary', 'had', 'a', 'little', 'lamb']
>>> for i1 in range(len(a)):
print i, ali]

0 Mary

(THS SOl Aol A1)

20 Chapter4. 7|E} M0 S8 =3




Python Tutorial, £A| B{& 2.7.18

(o] A sl o] A A M A%)

1 had

2 a

3 little
4 lamb

HAI R, 28 off ) F22, enumerate () &S 2 Aol AU, T HAH & HAL.

ol

44 BRI 9| break 2} continue &, 2|1 else &

2, CHY, 74 A7k 4 B AL for thwhile F2 2 R E WA U74A B Th
else 22 7Hd 4 Utk £27h P29 £0|uh(for 9 A5) Z70] A3 0] 544 (while
JERe U ABFUTE AW £ 2 b break o% Rl AW A duth 255 Bt

%3 ol A Al o}

o
=
[0)]
QO
2,
rlo Ao

Lo Hu
Wldilﬂ
ImﬁoHU

it

>>> for n in range (2, 10):
for x in range (2, n):
if n % x ==
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
equals 2 * 4
equals 3 * 3

O 00 ~J oy U i W N -

(o] AL gntE F=JUTh AA 8] Stk E: else B2 if Bo op]e} for Fx2of| £3Yrth)

22 A AL E U, else L if FHTOEtry 29 else @ u|<edl Ho] WHUTH: try 9 else
A2 o9 7} B BHA] %}3_ ) AP, FZ else & break 7 AR g w] AYF YT try 3}
of| 2] of] A3k AFA 8 82 of| 2] A 2]st7] & HA L.

continue B2, oA Col A Ay &UTh £z the olE o] del 4 AL HEES B Th:

lo

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

if num % == 0:
print "Found an even number", num
continue

print "Found a number", num

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

44. RI9| break 2} continue &, 12|11 else & 21
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>>> while True:
pass # Busy-wait for keyboard interrupt (Ctrl+C)

Hade] 2UAE BE o £3) A8

>>> class MyEmptyClass:
pass

pass 7}'}\]'%%‘{!:%]\% o = =
Hol o 240l 520l 4 A2 = 9A Gl

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

S $9€ 99 FEAbA B B4E BE S A

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

>>> # Now call the function we just defined:
fib (2000)
0112358 13 21 34 55 89 144 233 377 610 987 1597

7| E def & 5 B EALTUTE T ol5H BL 2 AA FA et EES HF5o] AuFyth
o) vt & A ete A E 0l s S04 A FE 1L, WTEA] Soj227] S of of Pyt

bt el A WA 232 dgA s AL fE Pl E F dsyth; ol BAE elHE L o BN
W o] 22 Y, & FA2EH (docstring) AU (FAE R ol g AA R W82 = ulEH o] FA4HL o
thrdth) S2E"-S ARSSA 2ekelolu | = W E o] & A5 A AL AHg RSl et g o=
FES AT S AEF e EF 50 AFULE A Eo]l Aste TEo SREHS YR A F2
dFAUh 2 Y ¥RE ol Aol FFYth

T Ay S A A HaSS AT AE HolES OEUTh £ 8 FAFLE, oA BE
HAF g g9E2 32 A AE Hol e AT o i FxEs WA A9 A2 HolES 2 5,
A AEHolES B & npARe g g o] 559 HolES AUt 284, F2E £+ vk siHets,
A HeE2 &5 HollA (global o2 WAISHA gh& o)) A A el 92 + syt

T 322 AgE s A gt HE (AAS) 2 TEE W T2 = T4 A A8 Hol B BEoA
Utk el A QAHEL gholl 23 3% (call by value) 2 A2 B UTHRE 2 A AA 9] ghol ot AA F=x
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=523 48 H o o] BE ol U th
F5 Aol AA Q2 Ho o] B4 o2 HEYTH B4 o189 g ANz AER R B2
A4 YUt o] ghe The ol Bl B UD 5 gl o] A 42 AHSF £ AFUTh ol Ro] o] 52

N S D DI

>>> fib

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

>>> £(100)

0112 358 13 21 34 55 89

Coming from other languages, you might object that £ib is not a function but a procedure since it doesn’t return a value.
In fact, even functions without a return statement do return a value, albeit a rather boring one. This value is called
None (it’s a built-in name). Writing the value None is normally suppressed by the interpreter if it would be the only
value written. You can see it if you really want to using print:

>>> fib (0)
>>> print f£ib (0)
None

Qs A, W H b £ $AE PAES T

rr
o
et
rr

48 A5 AR DR

>>> def fib2 (n): # return Fibonaccli series up to n
"""Return a list containing the Fibonacci series up to n."""
result = []
a, b =20, 1
while a < n:
result.append(a) # see below
a, b = b, atb
return result

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

A=wj A, o] A= Z 7HA Al st 7se HolF Ut

* return ¥ FTERE S 23 EF5HA v Uth £8 4] QA gl return 2 None & E8F

Utk $40 2oz Mol A wl A None & B EUTh

o E& result.append(a) L B 2AE A result & HAE & SE3YT b
&4 0] 1 obj.methodname Bt ©o] & EoJ X =0, obj &= o]H AA o]
methodname & AA9] Fof o] HoJH WA= o] FY YT} th& F2 &

A~
ES

PER R EEE PR L
1

VAR &, AR Zzol| 3t 2 (call by object reference) ©) T £ 3], 7} A7 ALEH, $EA = 5T S22/ HE HALS
B 7l d Uk (7R g2 B FEg 27U .

=Y
(2]
oo
+
0
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22
]
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4.7 g Fo| o 27

B3k A= b U Th Al 7HA B4 o) Y, 288 4+ A5

il

ANAA ke A2 AAER T

B AR tE AUt FA8 ARTHE 2L A5
Sol:

def ask_ok (prompt, retries=4, complaint='Yes or no, please!'):
while True:

ok = raw_input (prompt)

if ok in ('y', 'ye', 'yes'):
return True

if ok in ('n', 'no', 'nop', 'nope'):
return False

retries = retries - 1

if retries < O:
raise IOError ('refusenik user')

print complaint

c AR AT A G A ask_ok ("I T ForH?)

o AEA Az FUE AT A ask_ok (' FH AL FAME F &I, 2)

s EEREAARE AFTHM ask_ok (' AL FAME FHHTI?, 2, A, Gl or-l2s o g
e ESAD)

o] o= in AN EE £AFT GEUTh AB2T @ e AR EA ohd A S AAG U T

A
< I A Al BoH L Qe AFzo| A FA AU, LA

F

71

£

o

i =

def f(arg=1i):
print arg

i 6
£()
58
F9% Tl 7B 2.7 3wk gho] ZH UL o] 2L AR gke] P AL GAU L R
Zejnel Aadng 22 by AA D ] ol & WHEUL o Bof, L B4 AL L 5EE AYE
AAES F AU TH:
def f(a, L=[]):
L.append(a)
return L
print £ (1)
print £(2)
print f£(3)
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[11]

[1, 2]

(1, 2, 3]

A48 TF ol 71 Bgko] FHHA 94712 AdThe, BA F4E o)A Ao & 5 daUT

def f (a, L=None):
if L is None:
L =11
L.append (a)
return L

4.7.2 F|{E QIX}

4t kwarg=value B4 719 E A4 B A 22D 5 AHUTH S Sof, B B4
def parrot (voltage, state='a stiff', action='voom', type='Norwegian Blue'):

print "-- This parrot wouldn't", action,

print "if you put", voltage, "volts through it."

print "-- Lovely plumage, the", type

print "-- It's", state, "!"

She] B4 Q1A (voltage) 2 Al 7He] A A Q17 (state, action, type) & WotEdUTh o] T4+
1:]- _4_71.0 \:]].]ﬁ Zo]..‘f’_ﬂ OELJ-E_Z% 5 9,)1%‘4‘;]'

parrot (1000) # 1 positional argument
parrot (voltage=1000) # 1 keyword argument
parrot (voltage=1000000, action='VOOOOOM") # 2 keyword arguments
parrot (action='VOOOOOM', voltage=1000000) # 2 keyword arguments
parrot('a million', 'bereft of life', 'jump') # 3 positional arguments
parrot ('a thousand', state='pushing up the daisies') # 1 positional, 1 keyword
FA T LS EEES BT Sut2A gyt

parrot () # required argument missing

parrot (voltage=5.0, 'dead") # non-keyword argument after a keyword argument
parrot (110, voltage=220) # duplicate value for the same argument

parrot (actor="John Cleese') # unknown keyword argument

S TS A, IR E AAE= -?];‘(] o1z} & o] L}e}of a],];} ALE BE 79T ol Al 34T} wol S o] =

7 % shuho] Botof 8ol (o] 2 ), actor - parrot B9 SHIE QA7) ol th, 1 w4 = % 251
Ut ol AEoE B AAERE TFH YT (I E E9], parrot (voltage=1000) & 2854 ).
ojm QA= F 7N O]’BL-/] u&% g syt o7, o Zﬂ?n”q]—E—Oﬂ A3 st= o 7F A5t

>>> 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 4] 9] vi2) v}t 4] ghetu|E 7} 2454, P4 ghetu]EEo) SR e RE VYN E ARES
@2 9 A8 (typesmapping £ E A 8) & W5 UTH o] 2 *name (Th3 A B A Mo A Aot 349
A stetuE e 23E 5 e, Ué*‘ et g £5 5o A AAES B2 FES HH UL (Fname &
**name ol U2lok FUth) ol & Eof, o] &5 H 5

4.7. Bt Mol H7Y| 25
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def cheeseshop(kind, *arguments, **keywords):
"-— Do you have any", kind, "?"
print "-- I'm sorry, we're all out of", kind
for arg in arguments:
print arg
print "-" * 40
keys = sorted(keywords.keys())
for kw in keys:
print kw, ":", keywords [kw]

print

R Aoz 528 4 dav:

cheeseshop ("Limburger", "It's very runny, sir.",
"It's really very, VERY runny, sir.",
shopkeeper="Michael Palin',
client="John Cleese",
sketch="Cheese Shop Sketch")

223 s o @A A4 g T

—-— 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.
client : John Cleese

shopkeeper : Michael Palin

sketch : Cheese Shop Sketch

Note that the list of keyword argument names is created by sorting the result of the keywords dictionary’s keys ()
method before printing its contents; if this is not done, the order in which the arguments are printed is undefined.

4.7.3 YUolo| QIx} 2=

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

474 X} 22 o 2

QAALE o] ojn] P A FE] dA e E A AAES L PFE T TS A A 97 ok s
75 Hkf A &o] ol Utk o & Eof, A range () 34 W29 sarr S stop AAE 71h U Th 1A
Sol mz gl oW, el 2ESG FEZRE AAE A 9 Q3] A3 +-ANAE AN B8 TE 3
Huyrch:

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

[3, 4, 5]

>>> args = [3, 6]

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

[3, 4, 5]
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i

< Ao gAY E »x-AARE HA 71N E dAE AT 5 YFyth:

>>> def parrot (voltage, state='a stiff', action='voom'):

print "-- This parrot wouldn't", action,
print "if you put", voltage, "volts through it."
print "E's", state, "I"
>>> 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 !

4.7.5 2iC} TS Al

lambda 7| P EE AL A & o] = gj\: EIER= RS
lambda a, b: atb. &< 7“}1]7 )
Shbel me Aoz A9Hch o014

]:!
AA D G T B A A A MAE S B e ek

—v—’

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

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

42

>>> f (1)

43

99 o B4 SR/ A3 Fo BN L AF TS E o}

Adurh:

rlu
ofo
rlr
L)
rlo
%
-+
i
ro,
)
fru
N,

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

>>> pairs

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

4.7.6 =RHEO|M 22X

There are emerging conventions about the content and formatting of documentation strings.

A2 P4 AN 2HLS FL, A L oF FUTH BT AN, AA Y o] Fol U} F2
= AF8A ghoto} st o A5 ThE PO R AFH ) WE YUkl Bol 5ol AL
SApebe o 2] QI Th. o] 22 N EAE ARehT vpEE 2 Brkol gt

SR o) BALe ole] Zo] AT, T A 2L WolQoiA), A4 Aoz 2ok A 4Ee B
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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.

S
4.8 at7i=: [C! AElQ
oAl o] EL vto|H o 21, o B 245 AASH L Futh T 2ED of o) 2e 2 " e
ANZFA UL gl E doj= A2 g2 ~ede A9 (E= o 7HeEe, 29E) 5 d5Uth oj® AEL
g2 ARG o 7] 45Utk b2 AR S0 o8l 8 F=E Q7] gA ve= AL G £ Al Zbo] 1,
£5d IY 2SS =Yt E AL 28 A sled 2 222 FUth
slol A& A&, g REE 22 AE7} T8k AEY 7lo] =2 PEP 8 o] U5yt o] A2 vl ¢l 7] 42
Fol Hetet I 28 d S FH Ut ZE dho] A Mzt AA b= o] BAE gJojof gyt o ES
Al M Q3 HEES FEHSU T
o 58 27] 4-2H )| AE AR, B S AFSSHA] Ul 2
470 Adolae Fe Sy (H We 53 =5 5edith o 2 Sy (97] 4h Alole £&
AEAUTh 2 E82 dova, Qo= Aol A A YUt
e VAE A AEE Z I AL
o] AL 22 S A AR ALE Fa 2 st e oY ZE I ES YT E 4 JA FyTh
o S, A, T Yo 2 5 BE Abo]o ¥l £ Yo BEsA L
o b5t FAL EE Y 22 doA
e EAEHS ARIAL
o AMNAE Wyt Ful Fof] Ado]AE Y, ZT HlE AdEo = Ado]AE YA ulNR:a = £(1,
2) + g(3, 4.
e ZY TS LAY JEolES oA = ;WA AP camelCase, Tt WA E 9

A9 lower_case_with_underscores YUTh A HA A E QAo o]E 078 A self &
AHE A 8 (F e 2w A ol th sk ApA S W82 S ~oke] Al vhd S BAR).

Don’t use fancy encodings if your code is meant to be used in international environments. Plain ASCII works best
in any case.
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CHAPTER D

o] FollAl= ol de] oln] w2 AES F 1 AAS] AWstal, B 7HA AR AsS HEd Utk

5.1 2|AE O H7]|

FAE AR P2 R M MESS | 2L 5 UL oA S0l BlAE AR BE MM E P

list.append (x)
Add an item to the end of the list; equivalentto a[len (a) :] = [x].

list.extend (L)
Extend the list by appending all the items in the given list; equivalentto a[len(a) : ] = L.

list. insert(' Xx)
Fold 9ol FE2 AYFUTE A AA AR FAHE 247 24 2 A2 gYTh 1A
a.insert (0, x) = B 2EQ AL 4YdtA,a.insert (len(a), x) = a.append(x) & F5
Uk,

list.remove (x)
Remove the first item from the list whose value is x. It is an error if there is no such item.

1ist.pop([i])
ﬂiEﬂH¢ﬂﬂ%ﬂﬂ FES AA Y, 1 FES FHFUCh AdaF AR ko, a.
pop () & BAEQ] npx| % FES AR5t ZeFUth (AIAE AIZYUANA i & 28 7425+
Shebo) e 7L A e A 91 S b U o). 1 9] 2] o]l 241 258 18 of Sk o] obd Utk o] 714
gholx ghol Hej ] gl o a0 A 2 54 Th)

list.index (x)
Return the index in the list of the first item whose value is x. It is an error if there is no such item.

rlo

list.count (x)
B 2B M x 7t s SeE = F U
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list.sort (cmp=None, key=None, reverse=False)
YAEQ FEHEES AAE A AEFUTH (RIS B E ALEutoA|o] Mo AHE-E 4= Q)
AWML sorted() & HAL).

|y

Yk,

list.reverse ()
Reverse the elements of the list, in place.

A WAS L A o

>>> a = [66.25, 333, 333, 1, 1234.5]
>>> print a.count (333), a.count(66.25), a.count('x")
210

>>> a.insert (2, -1)

>>> a.append(333)

>>> a

[66.25, 333, -1, 333, 1, 1234.5, 333]
>>> a.index (333)

1

>>> a.remove (333)

>>> a

[66.25, -1, 333, 1, 1234.5, 333]
>>> a.reverse ()

>>> a

[333, 1234.5, 1, 333, -1, 66.25]
>>> a.sort ()

>>> a

[-1, 1, 66.25, 333, 333, 1234.5]
>>> a.pop ()

1234.5

>>> a

[-1, 1, 66.25, 333, 333]

You might have noticed that methods like insert, remove or sort that only modify the list have no return value
printed — they return the default None. This is a design principle for all mutable data structures in Python.

51.1 Z|AEE ABO R AlZ5}7|

ﬂ"E HAESS F/léE% 2" o7 AbRety] g4 e, vA gl Y2 24T o2 AYWAE
24 AUt ((last-in, firstout) ). 28 8] Hofj 7]of] G52 g2 W append () € AHESHAHI 2. 28 9] ) 7]
oA = AWHYE Ué} ]@% AE 2 Qlolpop () & AHESHAI L. A€ &

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

[3, 4, 5, 6, 7]

>>> stack.pop ()

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

>>> stack.pop ()

>>> stack
[3, 4]
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EFAEANESE AL 7ts 8, Agor Y2 227t 5o g AWAE 24 AT ((fisst-in,
ﬁrstout>>) SHA R B AEE o] A= E%XJO]Z] HeUTh 2B £ *HOUJUr 2ol A AdlE
AL WA, A0 oo REol A Melo A A AL YU (GE 2452 B 8 74
o] F A Ak 7] w2 YU h.

FE Fd5t8 ™, FZoAY g7 AU 7 EF wMEEE A A H collections.deque & AR5}
A8, & 591:

>>> 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'])

5.1.3 Functional Programming Tools

There are three built-in functions that are very useful when used with lists: £ilter (), map (), and reduce ().

filter (function, sequence) returns a sequence consisting of those items from the sequence for which
function (item) is true. If sequence is a str, unicode or tuple, the result will be of the same type; other-
wise, it is always a 1ist. For example, to compute a sequence of numbers divisible by 3 or 5:

>>> def f(x): return x $ 3 == 0 or x % 5 == 0

>>> filter(f, range(2, 25))
[3, 5, 6, 9, 10, 12, 15, 18, 20, 21, 24]

map (function, sequence) calls function (item) for each of the sequence’s items and returns a list of the
return values. For example, to compute some cubes:

>>> def cube(x): return x*x*x

>>> map (cube, range (1, 11))
(1, 8, 27, 64, 125, 216, 343, 512, 729, 1000]

More than one sequence may be passed; the function must then have as many arguments as there are sequences and is
called with the corresponding item from each sequence (or None if some sequence is shorter than another). For example:

>>> seq = range(8)
>>> def add(x, y): return x+ty

>>> map (add, seq, seq)
(o, 2, 4, 6, 8, 10, 12, 14]

reduce (function, sequence) returns a single value constructed by calling the binary function function on the
first two items of the sequence, then on the result and the next item, and so on. For example, to compute the sum of the
numbers 1 through 10:

ZIAE O H7| 31
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>>> def add(x,y): return x+y

>>> reduce (add, range(l, 11))
55

If there’s only one item in the sequence, its value is returned; if the sequence is empty, an exception is raised.

A third argument can be passed to indicate the starting value. In this case the starting value is returned for an empty
sequence, and the function is first applied to the starting value and the first sequence item, then to the result and the next
item, and so on. For example,

>>> def sum(seq):
def add(x,y): return x+y
return reduce (add, seq, 0)

>>> sum(range (1, 11))
55

>>> sum([])

0

Don’t use this example’s definition of sum () : since summing numbers is such a common need, a built-in function
sum (sequence) is already provided, and works exactly like this.

AEAnAAL JAEE BEL AR PPL ATFUL. EF S5, 4 2272 AALY
olel e Be] Y Eo] ol AN A §F AT PAEE HEAL, oW £2AL HEFE RAEE T4
AEAAAE BEE AYY

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

>>> squares
(0, 1, 4, 9, 16, 25, 36, 49, 64, 81]

We can obtain the same result with:

squares = [x**2 for x in range (10)]

This is also equivalent to squares = map (lambda x: x**2, range (10)), butit’s more concise and read-
able.

AERBAFIFHAETWEE for 2R YA A N for if BE5& N A 2T =
.2 BFE A BAEAY, for o if B R A RHA Y S FIA TEAF UL A E
ERzeAAL FE2E) QAES MR A ok A7 8 AFFth

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

and it’s equivalent to:

>>> combs = []
>>> for x in [1,2,3]:

(THS sTolATell A1)
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(o1 A S o] A A Al

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

¥ 25 2704 for 9 if B ©A 7 Bgol Fo) 5L

a4 0] FEIW (5 %9 o)A (x, v)). WEA FEE Ee Aok Fuich

>>> 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]

Bl AE AL B9

Bl

SREE R E
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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']

>>> matrix = [
(1, 2, 3, 41,
[5, 6, 7, 81,
[e9, 10, 11, 121,
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OF faE Axgdde @ de dA Ay

>>> [[row[i] for row in matrix] for i in range(4)]
ey, 5, 91, 2, 6, 101, (3, 7, 111, [4, 8, 12]]

S A Hokxol, 3 2laE Az AmEE for o WA gho]l Fal AUt ZefA o] A=

e EsaU

)

>>> transposed = []
>>> for i1 in range(4):
transposed.append([row[i] for row in matrix])

>>> transposed
rr1, s, 91, 2, o6, 101, [3, 7, 111, [4, 8, 12]]

o1 A€ ThAl The 3} 23U ok

>>> 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

rry, 5, 91, 2, 6, 101, (3, 7, 111, [4, 8, 12]]
AA AdlA e BT EETEG WA s AT o Ut o] Bfole zip() 714 9=
2 % gk
>>> zip (*matrix)
[, 5, 9, (2, 6, 10), (3, 7, 11), (4, 8, 12)]
o] Zofl ket o mEj e o] thE AT G2 0l 2% o 57 & BA L.
52 del &
g AE A gL thAlol JAEAE AFG A 52 Aot R o] AFUTH del EJYTH o] AL F2
EHFEpop() HIAE} GEYLE del £ g AEA &efo]AE AHA o}ﬂb‘rﬂﬂ YAEE H$E
HE A8 2 glHUThEAA 1 P AES Setol 2o fdsA ME AdUTh. o Eol:
>>> a = [-1, 1, 66.25, 333, 333, 1234.5]
>>> del a[0]
>>> a

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

>>> a

[1, 66.25, 1234.5]

>>> del al:]

>>> a

del & ¥ AA & AA ST A= A48T 5 Y&vch
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o]Zof o] F a & Fxote A2 dUtt(Ho = th ghol MZ Y= 7] A7EA). FAollA del o th2
|52 HA FYth

53 EEZ1} A|RHA

Pl AES} EAGo) QE Y3t setol g A 2L B AU FHUS HIFUTH o] AEL AA2 AR
o] T 7bA] o Yt (typesseq & BAIL). THo] W A8 3HE Qlojo] 7] wlRel|, th2 AT A Az F o] 278
T2 AU 2 ZEAE2 AR Fo] suth & ddth

FETHRAE FEHE oY ger FEFE U A& Sl

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

>>> t[0]

12345

>>> t

(12345, 54321, 'hello!")
>>> # Tuples may be nested:
.u=+%t, (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:

v o= ([, 2, 31, [3, 2, 11)
>>> v
(rx, 2, 31, [3, 2, 11)
ofglfo] o], 28 RS2 A L2 SeAIUTh 2N SHE T2l Svt=A siAg vt
5% 237t BR7)E AT (FE0l 6 2 BAAY AR A w)), TR B9 A = glo] 4P S
Ut 522 AL FEA Aot AL FhsotA) A, PAE 2 bl AN E EFSHE FEL UE
St gt
FEo] P2EAY Hnk ety o] A5 T ABolA thE FHez ARHUTth FE2 =W o],
HE oA 2250 ADAE ZPFUTH 252 A 37 (o] A4 FHol h2th o1} AEA (E=
Hs 529 A9 ojEgRERE) 08 N agch PrEE A o1, R2EL HE 5Y Ho| 3
glaEo] th3t o] H o] d g AMA Pt
=8e 2AE W gAY St PG 2 FEL BEE AU o] F9E £ 3] A8 B 37}
Aol ol gl AL 23 Utk W REL W BT 4o WSl PUnh; shte] FBoz FHE RS
FAol 4E5E 2olA UFUT (R HUE 22 ST ol Ao 2 e SE5HA dsdth. 34U
sAe BaA YUk o8 Sol:
>>> empty = ()
>>> singleton = 'hello', # <-— note trailing comma
>>> len (empty)
0
>>> len(singleton)
1
>>> singleton
("hello',)
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T3t = 12345, 54321, 'hello!' = FZ WA 9 A YduUrc}: gk 12345,54321, 'hello!' &+ T4
FZ2Z 97 gy ¥y A =35 syt

>>> x, y, z =t

This is called, appropriately enough, sequence unpacking and works for any sequence on the right-hand side. Sequence
unpacking requires the list of variables on the left to have the same number of elements as the length of the sequence.
Note that multiple assignment is really just a combination of tuple packing and sequence unpacking.

5.4 =&t

- | — =

shol e A% & A AR BT EFPUCh AL FEH L 847 g <4 e 29AAUTh A EFQ
= WA At S AE AAIUS. AT AA = T 23S A A A S 22
589l A4S E AT T

AFS BEUe FBEhser ) FFE AT 5 Aot FANT: I AFS BB W ser 0
Apgal ok BT {} 7 otk TAE Wl H4 1 g 8 e, ok A A thELU T

o17) Zrekgt Aol ATt

>>> basket = ['apple', 'orange', 'apple', 'pear', 'orange', 'banana'l]

>>> fruit = set (basket) # create a set without duplicates

>>> fruit

set (['orange', 'pear', 'apple', 'banana'l])

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

True

>>> 'crabgrass' in fruit
False

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

a = set ('abracadabra')
>>> b = set('alacazam')
>>> a # unique letters 1in a
set(['a', 'r', 'b', 'c', 'd'])
>>> a - b # letters in a but not in b
set(['r', 'd', 'b'])
>>> a | b # letters in either a or b
set(['a', 'c¢', 'r', '4d', 'b', 'm', 'z', '1'])
>>> a & b # letters in both a and b
set(['a', 'c'])
>>> a ~ Db # letters in a or b but not both
set(['r', 'd', 'b', 'm', 'z', '1'])

BlaE Amedd 3 gASA, A Az AT A9g U
>>> g = {x for x in 'abracadabra' if x not in 'abc'}
>>> a

set(['r', 'd'])
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5.5 ElML]Z|

shol o] WAAH E ] £E 3+ A5 P2 9 JUth (typesmapping 5 E A 8). Y= F
t}E Ao] S A ¢ 9 H| 2 2] (associative memories) ) L} ( A& vf & (assoc1at1ve arrays)) o] el 2 4AEY
%Z}%i Qe ]*Jﬂ% Adast g, gAY 7] 2 A9 AE =, RE EHFE S AL T+ A5 Y
23471712 £ dFUT FEol TAE, AL FEEW 2T, V|2 AHEE £ UF
‘4‘—4’,%2‘-0] 1 Aol hg A o2 7k 7“?4];‘ 23etd, 712 A2 S s UTh B aEE 7]§ A8
= Z 4g &

=

=1 d b =]
T ded, B2EE JddA g, €8Fol2 ¢, append () Yextend() Z2 HAEEE ol =42
A7) =G UH
AU E (3 g9AuE tallA) 717t FEFHA et A 2AS 7HA 7] gAY A e JAdez
A 23k 2ol H A YU th ”E“*%‘ﬂa‘ﬁﬁﬂé et (1. FE2E o due BEE 7 g s
EE2gdod dygld 7] 71: g AES AT ol Aol MY e 7 28 & ol 7= gt
gAqv ey F A %S 719 8A AR FARA VN E S FEE AYUTE del 2 7] AES
A B AT 7 Ut o] u] AR e V12 AR, 2 712 AFE o A e AUk 24134
RFeIE FE FEIE= A2y YTk

The keys () method of a dictionary object returns a list of all the keys used in the dictionary, in arbitrary order (if you
want it sorted, just apply the sorted () function to it). To check whether a single key is in the dictionary, use the in
keyword.

o 7ol e 8 ALg Bt 2wt o 7 A& o)

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

>>> tel['guido'] = 4127

>>> tel

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

4098

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

{'guido': 4127, 'irv': 4127, 'Jack': 4098}
>>> tel.keys ()

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

>>> 'guido' in tel

True

dict ) AAAE 7@ S AR FH 47 94U E 2Tk

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

oo Hah, I Azl WAL Qojo] A9 g ERAER HH AUl vEs A8E 5 A&tk

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

717h 2 A d o, Wl 2 719 = A S AHE el A e A s 7 s u T

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

NALE 2R, enunerate () F4F A A4 Q929 S5 e BN 22 5 Ywyinh

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

0 tic

1 tac
2 toe
Solut 1 ol VLS BAG 2P, zip () FHE AELDES) B VE F AwTh
>>> 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 (q, 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.

ANRBrE ARZ 2951, AA] Ao g2 A/ AAE 2 AT TFL 9 reversed () 42 TE34 8.

>>> for i1 in reversed(xrange(1,10,2)):
print i

= w o J w0 -

THEANFLE F3512 W, sorted () 5 AHES

S
>
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[>
et
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oY,
=)
B
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=
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[>
ut
il

>>> basket = ['apple', 'orange', 'apple', 'pear', 'orange',6 'banana']
>>> for f in sorted(set (basket)):
print £
apple
banana

orange
pear

When looping through dictionaries, the key and corresponding value can be retrieved at the same time using the
iteritems () method.

>>> knights = {'gallahad': 'the pure', 'robin': 'the brave'}
>>> for k, v in knights.iteritems():
print k, v

gallahad the pure
robin the brave

e Fig s
Zheketa o 9l

RO
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>>> import math
>>> raw_data = [56.2, float('NaN'), 51.7, 55.3, 52.5, float('NaN'), 47.8]
>>> filtered_data = []
>>> 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 3} if BoIA A8 & 2 A MR e et BE QA4S AT 5 Yt

vl A4 in Fnot in & gho] Al 2ol A=A (F=A) A AU T d42bis @b is not & F A7}
ARz g e AR AA WAFUT o AL 2 2E8 22 7hm AR o) A v o u 7k YUtk BE W
ANAEL 2L LM E 2, BE A% AAAERG R

s AN 5 A%UTh 2 Sola < b == ct,aZbb BT AT, FA b be 9 24 AAR T
H i =] A4 and @tor S ARGl A AR ¢ QAL vl ] A= (Ee I W BE = 242
not &8 RAE 5 JFUTh o] A2 v ARG e A4S 25Ut o] A el not o] 7H
=2 Q2N E 2T, or 7L 7P IS UL 28 A A and not B or C+= (A and (not B)) or C%}
FeHULh A=A, dote 2dS ZAS7] A 2ETE AT syt

=2 A4H2t and ¢F or & &9 -3 Z (short-circuit) ALFAAUTH QRS2 AE A L EZ SR Fho]
Tl A 2L, A7 B H AR 3L ol SHEHUTH ol & Sol, A%k c 7 FolalB 7 AR o™, A and
B and C+ % ¥A C 9 g FoHA s Uth =2lgtol obd dxt gte ' ALgE of, -3 = A4bate
Wk gh2 mpA ere 2 gho] el X AR Ut

Hae AT ohE e A4 AFE W] YT 5 A5 UTH o) B o,

>>> stringl, string2, string3 = '', 'Trondheim', 'Hammer Dance'

>>> non_null = stringl or string2 or string3

>>> non_null

'Trondheim’

glo] oA, Cob= D], hY-& @A <ol 57T 5 Utk Czran5o] o] ZAZ FE A AT,
CZ2IHoA &3] vfFA = 79 FAES IS FUth: == E AT T4 =& dFst=

S
A%

5.8 A[HAL} CIE S EE H| 15|

Sequence objects may be compared to other objects with the same sequence type. The comparison uses lexicographical
ordering: first the first two items are compared, and if they differ this determines the outcome of the comparison; if they
are equal, the next two items are compared, and so on, until either sequence is exhausted. If two items to be compared
are themselves sequences of the same type, the lexicographical comparison is carried out recursively. If all items of two
sequences compare equal, the sequences are considered equal. If one sequence is an initial sub-sequence of the other, the
shorter sequence is the smaller (lesser) one. Lexicographical ordering for strings uses the ASCII ordering for individual
characters. Some examples of comparisons between sequences of the same type:

57. = H7| 39
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(1, 2, 3) < (1, 2, 4)

(1, 2, 3] < [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)

Note that comparing objects of different types is legal. The outcome is deterministic but arbitrary: the types are ordered
by their name. Thus, a list is always smaller than a string, a string is always smaller than a tuple, etc.! Mixed numeric
types are compared according to their numeric value, so 0 equals 0.0, etc.

! The rules for comparing objects of different types should not be relied upon; they may change in a future version of the language.
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O

aA, F N 2239 202 o, thA JIEZEH J 8-S A7 E ARSA SuE Toll 1 9t S
Qo2 Mg A AWFHE Aol UL oA it AL ATYE B HEGL Fuh 22 o]
Aol ol et 28 97 Stel ol e A AR e 4L 4 GFUh ol Z2 el 49 Beld
F5E 4 m2ade] 498 BASA duE AT AL S5 JEUh
ol Z1Z A Ust7] A3l FolHE Y2 Lol Y AFTHEURIEZ 2 HO 33 REA ALEE
ole e AT 28 YL BE o Pn REUT; RERRE Ao OE mEo ) v
BEE JEE T £ AFUTHOI BEL H A9 S 2ol AaE s 22 e AL B A oA 2ok
HeEo A9 Yth
RE2 FolH Ao FAES H e FLddUth 3L o] 52 BE o|5°l 44 .py E Y UTH
B UolA, 250 o8& Ao W4 _name__ 0 AFHUTh o E So], o Hol Folsts HA M=
fibo.py 2= o] 59 st S dA e g ol v oS3 22 W82 = AF
# Fibonacci numbers module
def fib(n): # write Fibonacci series up to n

a, b=20,1

while b < n:

print b,
a, b =Db, atb

def fib2(n): # return Fibonacci series up to n

result = []

a, b =20, 1

while b < n:
result.append (b)
a, b = b, atb

return result

olAl Fto] M AEzZe|Hofl Eol7kA o] EES e 22 WP LR 42 E dyrh:

>>> import fibo
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ol FA il fibo o Ao A A5 o]Fol A AE HolB AH o7 = dFUHh 23 ZE
ol & fibo RE o] Z Y YT o] E 0|52 AHEelA Tese AT + dsuth

>>> fibo.fib (1000)

112 358 13 21 34 55 89 144 233 377 610 987
>>> fibo.fib2 (100)

r+, 12, 2, 3, 5, 8, 13, 21, 34, 55, 89]

>>> fibo._ name_

'fibo'

ol

148 A5 AT AE A Y o B0z YT 5 AsUh

d

>>> fib = fibo.fib
>>> fib (500)
112 35 8 13 21 34 55 89 144 233 377

o
HO
n
n
HL
N

BES G o Be ol A B PAEE BHT 4 A5k o] BHEL HES 2/5ee 0
AEHULE ) AES AZE R BRE o] 5ol AR SZ T Wl AFF Ul (o] AEL o] ~aHER
A iz Aggrt)

Zr BES AL T AR HolES 2 e, I EEANA AYHE A5 A A E HolEE AHSEFH YT
JPA, BEY A= AFEAY] A9 WSt £43] 5T AL AASA G A9 AFE AT s
Utk ¥, A2l Fo] 74 ot=A] S, REY T54E Fxotet A E AR 2 27 o E REY
A HLEL A= 4 95U th modname . itemname

REXUEREES YZET S U5 EE import 252 EE9 Aol & Ao] A AT HIEA]
ook S AL ol LT Aol Be g Aag e AU, ATEHE RE o] B L Yt
R o] A% 4 Ho| o] Eol gyt

REo Solqlt o B 4 ATEHE RE A ol B2 JEEFE inport £ WEo] YUt
AE E°l:

>>> from fibo import fib, fib2
>>> fib (500)
112 358 13 21 34 55 89 144 233 377

o] AZ A A& Hol B YEEH = 252 olF5 WA AFUTH (A o] Aol A=, fibo 7k L= A
FEUh.
BEgo] Zoste BRE olF= Y2 Es= HFE Jd5Uth

>>> from fibo import *
>>> fib (500)
112 358 13 21 34 55 89 144 233 377

This imports all names except those beginning with an underscore (_).

Aoz BEO|U AT AN * & JEESE AL w42 A FA Brhe Aol R AL, 55 970
AshA e DS B WE WUk AT, HH G AN GHS Fol A A HE AL FBYUL

g},

42 Chapter 6.



Python Tutorial, £A| B{& 2.7.18

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

O] AL import fibo 7}otE A} L WAl o g RES AT E sl G YT AJo| AL I RES fib et
o] F o8 AMEE 4 ThE A YUt

fromg M A v 23S o= AHEE 5 A5yt

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

ZF31: For efficiency reasons, each module is only imported once per interpreter session. Therefore, if you change your
modules, you must restart the interpreter — or, if it’s just one module you want to test interactively, use reload (), e.g.
reload (modulename).

6.1.1 ZE2 AJEEE A35|7|

REEA A= IZE, 21AS AXET i E AFF Ytk SHA T _name_ 2 "__main_ " 2 APk
o] A2, o] IEF BEY Eof EAA:
if name_ == "_ _main_ "

import sys
fib(int (sys.argv[1]))

$ python fibo.py 50
112 358 13 21 34

REo JEED ), =

rlr
>
oo
A
N,
&<
xf>
<
O

>>>

AL 5F R BT BT S AT ) 2B ATHAY HAE FA0E ARG (BES
sagEz AYsE HaE 2~ ;
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spam O]E]r‘— o)l EEC dZEE uf, A=z = WA 1 olge W EES 5t TdHA
O™, M sys.path & Fol A= Y HE B £ A spam.py 2H= o] &2 Y& 25U} sys.path &
ol A== Z7|FH Yt

* the directory containing the input script (or the current directory).

* PYTHONPATH (U HE 2] o] 559 55, 4 ¥4 PATH 9} 22 &H).

rl

* the installation-dependent default.

%273} Zo], slo] W =2 IW LS sys.path E $4T 5 JdF5Uth 23TPEE £3etE g = A
B2 Agol, % 2tolBe 2] Z29 ol #AUTH o] 22 ol5d A FolH ] fegHe
A AN 23HES x3stE el do] 2=dthe SYUTh o] Aol o= A o] ofyetd
deigduch o A FRE HE RES S EAS.

6.1.3 (Zu}tYE) mo|M ot

As an important speed-up of the start-up time for short programs that use a lot of standard modules, if a file called
spam.pyc exists in the directory where spam. py is found, this is assumed to contain an already- { byte-compiled )
version of the module spam. The modification time of the version of spam. py used to create spam.pyc is recorded
in spam.pyc, and the . pyc file is ignored if these don’t match.

Normally, you don’t need to do anything to create the spam. pyc file. Whenever spam. py is successfully compiled,
an attempt is made to write the compiled version to spam.pyc. It is not an error if this attempt fails; if for any reason
the file is not written completely, the resulting spam. pyc file will be recognized as invalid and thus ignored later. The
contents of the spam.pyc file are platform independent, so a Python module directory can be shared by machines of
different architectures.

AENE 98 R A |

¢ When the Python interpreter is invoked with the —O flag, optimized code is generated and stored in . pyo files.
The optimizer currently doesn’t help much; it only removes assert statements. When -0 is used, all bytecode
is optimized; . pyc files are ignored and . py files are compiled to optimized bytecode.

* Passing two —O flags to the Python interpreter (~00) will cause the bytecode compiler to perform optimizations that
could in some rare cases result in malfunctioning programs. Currently only __doc___ strings are removed from
the bytecode, resulting in more compact . pyo files. Since some programs may rely on having these available, you
should only use this option if you know what you’re doing.

* A program doesn’t run any faster when it is read from a . pyc or . pyo file than when it is read from a . py file;
the only thing that’s faster about . pyc or . pyo files is the speed with which they are loaded.

¢ When a script is run by giving its name on the command line, the bytecode for the script is never writtentoa . pyc
or . pyo file. Thus, the startup time of a script may be reduced by moving most of its code to a module and having
a small bootstrap script that imports that module. It is also possible to name a . pyc or . pyo file directly on the
command line.

* It is possible to have a file called spam.pyc (or spam.pyo when —O is used) without a file spam. py for the
same module. This can be used to distribute a library of Python code in a form that is moderately hard to reverse
engineer.

e The module compileall can create . pyc files (or . pyo files when -0 is used) for all modules in a directory.
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62 HE B==

sol 2 xE ZES9 tolB2H 7t @A e, B A stolyd ghejE e A (o) F2E (2
ol HHEdx)) oA AFFUTH o RES2 Bz Hol g UL o] AS2 dojo A A
FEZ oA T 2 E WFE AE tist AN~ E Ao, AU AI2E S92 &9
AA 712 2S5 et AAAE AT AFdUT. T8 B2 A2 44 A4dd 71 S HF
AEAY T o€ Bl winreg REE AL N2ANL AT =M PE s 2ES W
227 AFUY: sys. € ol Az el o] WEHUS W sys.psl & sys.ps2 £ 7| BF H=
ZErER AH§H T EADLS F Pt

>>> import sys

>>> sys.psl

'>>> !

>>> sys.ps2

>;;.sys.psl = 'Cc> !

C> print 'Yuck!'

Yuck!

c>

Kl

ol F N s AHzH S E R vk ol gyt

W sys.path © JEHZHHY R AN 2 E AdA 8= T4 <E
PYTHONPATH 9| A] 3+ 7] A Z1}, PYTHONPATH 7} A A A = 7F
th B2 g 2E ANS AN £AT 5 s th

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

WA B dir() & BEC Ao o] 85 FE v AS UL EAAEY 329 e AES S FYTh

>>> import fibo, sys
>>> dir (fibo)

['__name_ ', 'fib', 'fib2']

>>> dir (sys)

['"__displayhook__"', '__doc__"', '__excepthook__', '__name__"', '__package__',
' stderr_ ', '__stdin_ ', '__ stdout ', '_clear_type_cache',
'_current_frames', '_getframe', '_mercurial', 'api_version', 'argv',
'builtin_module_names', 'byteorder', 'call_tracing', 'callstats',
'copyright', 'displayhook', 'dont_write_bytecode', 'exc_clear', 'exc_info',
'exc_traceback', 'exc_type', 'exc_value', 'excepthook', 'exec_prefix',
'executable', 'exit', 'flags', 'float_info', 'float_repr_style',
'getcheckinterval', 'getdefaultencoding', 'getdlopenflags'
'getfilesystemencoding', 'getobjects', 'getprofile', 'getrecursionlimit',
'getrefcount', 'getsizeof', 'gettotalrefcount', 'gettrace', 'hexversion',
'long_info', 'maxint', 'maxsize', 'maxunicode', 'meta_path', 'modules'
'path', 'path_hooks', 'path_importer_cache', 'platform',6 'prefix', 'psl',
py3kwarning', 'setcheckinterval', 'setdlopenflags', 'setprofile',
'setrecursionlimit', 'settrace', 'stderr', 'stdin', 'stdout', 'subversion',
'version', 'version_info', 'warnoptions']

A7 o™, dir () @A A ol 5E5e U

6.2. ¥ 45
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>>> a = [1, 2, 3, 4, 5]

>>> import fibo

>>> fib = fibo.fib

>>> dir ()

["_builtins__', '__name__', '__package ' ta', 'fib', 'fibo', 'sys']

—

BE Q9 olFS U dhE Aol fFofsfoF duth: W, 2E, ¥, 55

dir () does not list the names of built-in functions and variables. If you want a list of those, they are defined in the
standard module __builtin_ :

>>> import _ builtin___

>>> dir(__builtin_ )

["ArithmeticError', 'AssertionError', 'AttributeError', 'BaseException',
'BufferError', 'BytesWarning', 'DeprecationWarning', 'EOFError',
'Ellipsis', 'EnvironmentError', 'Exception', 'False', 'FloatingPointError',
'FutureWarning', 'GeneratorExit', 'IOError', 'ImportError', 'ImportWarning',
'IndentationError', 'IndexError', 'KeyError', 'KeyboardInterrupt',
'LookupError', 'MemoryError', 'NameError', 'None', 'NotImplemented',
'"NotImplementedError', 'OSError', 'OverflowError',
'PendingDeprecationWarning', 'ReferenceError', 'RuntimeError',
'RuntimeWarning', 'StandardError', 'Stoplteration', 'SyntaxError',
'SyntaxWarning', 'SystemError', 'SystemExit', 'TabError', 'True',
'TypeError', 'UnboundLocalError', 'UnicodeDecodeError',
'UnicodeEncodeError', 'UnicodeError', 'UnicodeTranslateError',
'UnicodeWarning', 'UserWarning', 'ValueError', 'Warning',
'ZeroDivisionError', '_', '__debug__ ', '__doc__', '__import__',

' __name__', '__package__', 'abs', 'all', 'any', 'apply', 'basestring',
'bin', 'bool', 'buffer', 'bytearray', 'bytes', 'callable', 'chr',
'classmethod', 'cmp', 'coerce', 'compile', 'complex', 'copyright',
'credits', 'delattr', 'dict', 'dir', 'divmod', 'enumerate', 'eval',
'execfile', 'exit', 'file', 'filter', 'float', 'format', 'frozenset',
'getattr', 'globals', 'hasattr', 'hash', 'help', 'hex',6 'id', 'input',
'int', 'intern', 'isinstance', 'issubclass', 'iter', 'len', 'license',
'list', 'locals', 'long', 'map', 'max', 'memoryview', 'min', 'next',
'object', 'oct', 'open', 'ord', 'pow', 'print', 'property', 'quit',
'range', 'raw_input', 'reduce', 'reload', 'repr', 'reversed',K 'round',
'set', 'setattr', 'slice', 'sorted', 'staticmethod', 'str', 'sum', 'super',
'tuple', 'type', 'unichr', 'unicode', 'vars', 'xrange', 'zip']

6.4 1l7|X|
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3} g vlolElo] ApE AP E A RES AN ((H7]A)) & AASD Aseha FAT
250 29 YAo] JOonR (RF FGA4E TRPUTH oS E0): .wav, .aiff, .au), FFH
W4 7ro] MBS o) A% Solihe BEES 4NN BED AL DL ASUTh BT, 2F

dlol o] 2 85k SHe B B RO AAEE glonE (94, A3 9], ol BekelA 75 2§, AFH
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sound/
__init__.py
formats/

Top—level package
Initialize the sound package
Subpackage for file format conversions

__init__.py
wavread.py
wavwrite.py
aiffread.py
aiffwrite.py
auread.py
auwrite.py

effects/
__init__ .py
echo.py
surround.py
reverse.py

Subpackage for sound effects

filters/
__init__ .py
equalizer.py
vocoder.py
karaoke.py

Subpackage for filters

WA E JZET
[BR=3
sloj Mol YA 2 Z 7 A2 HAFIA HE7] YA __init_ .py 3do] 2 FUt}; o] F A =

E=)
k=)

o1& sys.path ol Y= H AR S AN A7 A2 T e 2] 2 3

oy

’

o] ft string AW £3) 2 o] F YA/ =3k @A BE A4 A2 Ho| 54 S
BEES R 98 AN AV 4F 0V A, _inic_py b 1M HAY = AT,
A A9 2715 e ARFALFel ) B _all__wW4E 4T+ dgvn

=
A7 A AHE A A A 2R NS RES dZES F s ol & S0:

’import sound.effects.echo

o] A& A H BE sound.effects.echo & 23t} AA| o]0 2 FRFo]ok gt}

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

AB RES JEEE b YL ol FH LT

’from sound.effects import echo

O] A& A B E-F echo & EESIIL, 7] A HFo] glo] AHEE 5 A FUth 2 A o] Aoz A

T AFYT:

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

wohE e 95t §euEsE 44 JEESE Atk

’from sound.effects.echo import echofilter

Y
>
ofo
]
+
30,
X,
rd
o
AW
uj

ET}A], o] AL A H & echo & BZESIA W, T4 echofilter () & 3

’echofilter(input, output, delay=0.7, atten=4)
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from package import item & AT 0l item 2 3 7] X] 2] A

S, S, A g 5 S 7 Ao 7‘443 e FEd &% 21%01]%" sHAl 8. i i

3 7] 2] of] 74 &] = o] 21‘:11 AARSHaL, 182 koW REoletal 7Hgstal REE A=Yt 2] Zsittd
ImportError 9|9 & <o FYth

o]of| ¥}5}o], import item.subitem.subsubitem
2 9kEA] 371 2| ofoF Bk hA v B B Fol 3

W4, W5 Fol B e ggurh,

& o
i
rlo
M
b2

6.4.1 TiZ|X|0l|AM * [EE 35}7|

o]A] from sound.effects import * gt A o] A 72 o] A4 Ao 2= oJEBAE I} A|2H o A
7] Ao o RESC] S YA F2 oh, 1 /\%Ell:_% YEZE 7S QT AUt o] 2A sh=dl+=
A\7o] 2.o) Ael AN RES ATE ool fe o e AN REE HANOT JEE AT Lo pobnt

S ASHA obe B4 A B UAT S G5tk

F+4st OHQX”%YLHﬂ?q A 27y o) 71 A o] A lS A A o2 AlFst= AYUTh import -2 U3 22
7 AFUth: 71 A Y __init_ .py ZEZF__all_ olgtE o5 HFE AFHW, °] A from
package import * & Yhd uf JXEZE JfjoFvt 'd'h EENEEY FFLR HLO}C dUth A WA 1 7]
7‘]%% Alg o o] H53 HA ”Eﬂi-rrz]ﬁ]' AL 712 A2 A A Gt ol 7] 2] A 27} 3f) 7] 7] o] A
* 5 YREET = B"Cﬂ AT FAEsitd, o] AS A F3HA GV 2 T 5 JdFUTh oA 59, 9
sound/effects/_lnlt_.py =gey 2o g s £33 4 95Ut}

[*]

all = ["echo", "surround", "reverse"]
o] AL from sound.effects import * ©] sound.effects 7| A M B BEES X EFA
22 o m g

11 0] 79-/]5]7(] o™, E& from sound.effects import * 2 37| sound.effects 9
/Hl:l BEES R o2 2to7 AFE 512 5 Ytk o] AL 92 372 sound.effects 7} &
HE== el (_init_ .py °“C§—7]§Jr'—“:c°] TTS“%‘/I\" u‘%"/}) I 7| A 7F A & 5= ol &
YEZE FUrh o] o] 52 __init__.py 7} A Y5t Ol F (LB YA AT R EH AMH BET)
AU o] o] FEell ARl lmport"‘oi‘ﬂ’\]Zq oz = s AY B BES A TFFEY
o

]

2
=z
~1-
=
=

tlo o (M rld

o

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

o], from. . .import Fo] A3 uj

w0k U e
~EE S A7 ok SEPE,

o] ool A, echo 9 surround 2 E°] A o]|E Z71o g AdZTE T
sound.effects 3| 7] A o] AH 7| &Il (__all
AA} ol W BEo] import * & AHEEW 54 AL w2t o] SE O
YA FE A= -3 T4 2 AtEl 2 A AT YTk
Remember, there is nothing wrong with using from package import specific_submodule! In fact, this

is the recommended notation unless the importing module needs to use submodules with the same name from different
packages.

@
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6.4.2 17 |X| LHE 79| &=

The submodules often need to refer to each other. For example, the surround module might use the echo module.
In fact, such references are so common that the import statement first looks in the containing package before looking
in the standard module search path. Thus, the surround module can simply use import echo or from echo
import echofilter. If the imported module is not found in the current package (the package of which the current
module is a submodule), the import statement looks for a top-level module with the given name.

7|2 7 AR 7 A2 F23HE 0 (ol A Y& sound 37| A X F), o] % 371 X 2] HH BES 7127
Ul B dxEE /\}—9“5]' T JdE Ytk o & 9], 2E sound.filters.vocoder ©] sound.effects
3 7] X 2] echo RE©°] B Q3}W, from sound.effects import echo & AT 4 UdH YTt

Starting with Python 2.5, in addition to the implicit relative imports described above, you can write explicit relative imports
with the from module import name form of import statement. These explicit relative imports use leading dots
to indicate the current and parent packages involved in the relative import. From the surround module for example,
you might use:

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

Note that both explicit and implicit relative imports are based on the name of the current module. Since the name of
the main module is always "__main__ ", modules intended for use as the main module of a Python application should
always use absolute imports.

4.3 0] C[EE 2|0l }= THF|X]
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7 el
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Mo o EPHE e O ALAFUT, _pach_. o] AL AFAY _init__.py ¥
oA, ol A9 Sefgle A el E s B AER 27880t o Apt
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237 5 2o F2 A7 Aol EFE L\ AL AAAE A o FFL R
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22399 £ FASE oo 1A P ol YLtk Aol 47]0) AR S FEIR U0 EE AN T
913, 5ol AHg-5H7] A3 Lol & S5 ek of FolAE B 4 A5 AL =Fun

So far we’ ve encountered two ways of writing values: expression statements and the print statement. (A third way is
using the write () method of file objects; the standard output file can be referenced as sy s . stdout. See the Library
Reference for more information on this.)

Often you’ll want more control over the formatting of your output than simply printing space-separated values. There
are two ways to format your output; the first way is to do all the string handling yourself; using string slicing and concate-
nation operations you can create any layout you can imagine. The string types have some methods that perform useful
operations for padding strings to a given column width; these will be discussed shortly. The second way is to use the
str.format () method.

string 2 E-2 Template Ze 2 E 3=, g2 TAL A A &5t = 2 S ATk

=8, A7HA AR ol FUth S o2 2ALE AT S| g, gpol il o FF O
olgte FAG = MEshs WS 2 YFUh I #e repr () Ustr () 42 JLEsHA 2.

The str () function is meant to return representations of values which are fairly human-readable, while repr () is meant
to generate representations which can be read by the interpreter (or will force a Synt axError if there is no equivalent
syntax). For objects which don’t have a particular representation for human consumption, str () will return the same

value as repr (). Many values, such as numbers or structures like lists and dictionaries, have the same representation
using either function. Strings and floating point numbers, in particular, have two distinct representations.

@ /b4 o8 Uk

>>> s = 'Hello, world.'
>>> str(s)

'Hello, world.'

>>> repr(s)

"'Hello, world.'"

(TH& ST Aol A1)
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(o] A sl o] A A M A%)

>>> str(1.0/7.0)

'0.142857142857"

>>> repr(1.0/7.0)

'0.14285714285714285"

>>> x = 10 * 3.25

>>> y = 200 * 200

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

>>> 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'))"

+ repr(y) + "..."

o 7] AFa A AlFTe 25 25 F 7HA W o] dsyth:

>>> for x in range (1, 11):
print repr(x).rjust(2), repr(x*x).rjust(3),
# Note trailing comma 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

>>> for x in range(1,11):

print ' '.format (x, x*x, X*xX*X)
1 1 1
2 4 8
3 9 27
4 16 64
5 25 125
6 36 216
749 343
8 64 512
9 81 729
10 100 1000

(Note that in the first example, one space between each column was added by the way print works: by default it adds
spaces between its arguments.)

o] o= 221" AA Y str.rjust () HAZE AAsl=y], 2o AT 0] AS MM Fo]A =

= Z 9=yt v YA E str. ljust ) 2} str.center () & Y5 YT o] HiAE
gt ek U th ©A Al Lx}oaﬂé =HF HD} A AL ol Lﬂ‘j 29, A2 2] 91, WA
FUt}; ol 2ol ZH wi A& YH o= WA vk B gkl o5y 71*”’“) 3}74] g it ohe vyt

et WY g O
HHN' 40

R
=
=
&
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(2= Zehl7E 43t & setols AikE 718 4 dFUth x. Ljust (n) [:n] AH))
OE WMAEE IS Ut str.zfil1 (). XA FALY dF 0& AUtk S tojvs 73
ojsl gyt
>>> '12'.z£f1i11(5)
'00012"
>>> '-3.14".2z£i11(7)
-003.14"

>>> '3.14159265359"'.z£i11(5)
'3.14159265359"

str.format () HAZEL] 7| EF A ASHL oA 4 YYr}:

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

The brackets and characters within them (called format fields) are replaced with the objects passed into the str.
format () method. A number in the brackets refers to the position of the object passed into the str.format ()
method.

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

eggs and spam

str.format () PN =] 7|9 = AAZF ARG HE, I FEL AR o] F< AHRSI A AT = A5y

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

ARG ANE ARE AGEA 2HE T AFYTh:

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

"!'s" (apply str())and ' !'r' (apply repr () ) can be used to convert the value before it is formatted.

>>> import math

>>> print 'The value of PI is approximately .'.format (math.pi)
The value of PI is approximately 3.14159265359.
>>> print 'The value of PI is approximately .'.format (math.pi)

The value of PI is approximately 3.141592653589793.

A

“

Al vt W AAFAIF L o] F FHol & 5 AFULh o] A2 E gho] ZUE = WAS o F WA
A g

el
o+ AFUL b5 e dFE2 254 o5t A A2 2 d gyt

>>> import math
>>> print 'The value of PI is approximately .'.format (math.pi)
The value of PI is approximately 3.142.

"R S At Sl F 2EL Ha FAFo] gUth 2E o|mA vhs o] Atk

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

(TH& ST Aol A1)
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Jack ==> 4098

Dcab ==> 7678

Sjoerd ==> 4127

R34 A) e A7) T BAgel I w, LAY WHEL A Al o202 A FT 5 rka
F2 AYUTh 293 9§ W11 718 AA2SE AARE () S Fo

>>> table = {'Sjoerd': 4127, 'Jack': 4098, 'Dcab': 8637678}

>>> print ('Jack: ; Sjoerd: ;!

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

Jack: 4098; Sjoerd: 4127; Dcab: 8637678

() B7PEE A A wble S 719 = AR AgslE 2 A3E 4S5 dsUh

>>> table = {'Sjoerd': 4127, 'Jack': 4098, 'Dcab': 8637678}
>>> print 'Jack: ; Sjoerd: ; Dcab: '".format (**table)
Jack: 4098; Sjoerd: 4127; Dcab: 8637678

W FALE A staL, o] vl | d4ke] date

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

More information can be found in the string-formatting section.

7.2

fjo

9lm M|

open () returns a file object, and is most commonly used with two arguments: open (filename, mode).

>>> f = open('workfile', 'w'")
>>> print £
<open file 'workfile', mode 'w' at 80a0960>

A WA AL Y o] 2 G EALYUE T AA AL o] AH§E P42 AP @ A
EAES G ® o] £ AL AUTH mode & A 9718 BB 1rr, AS T S vyt (L 0] §2) o]
RS st e AAHYTH 7hH 3, 12 & 91 S 2ol 7] s Gt o] /]85 BE Hejg
A5 0w ol BEULL "o’ AL A3 27 A5 GUTh mode AAHE A A oAel, J2FHE 1xv o]

AR U,

On Windows, 'b' appended to the mode opens the file in binary mode, so there are also modes like 'rb', 'wb', and
'r+b'. Python on Windows makes a distinction between text and binary files; the end-of-line characters in text files are
automatically altered slightly when data is read or written. This behind-the-scenes modification to file data is fine for ASCII
text files, but it’1l corrupt binary data like that in JPEG or EXE files. Be very careful to use binary mode when reading

24
=]
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and writing such files. On Unix, it doesn’t hurt to append a 'b ' to the mode, so you can use it platform-independently
for all binary files.

7.21 It A2 olAE

o] A9 A o 5L £ 2h 5 A 7} o] w] whE ol Arka AR ok

To read a file’s contents, call £.read (size), which reads some quantity of data and returns it as a string. size is an
optional numeric argument. When size is omitted or negative, the entire contents of the file will be read and returned; it’s
your problem if the file is twice as large as your machine’s memory. Otherwise, at most size bytes are read and returned.
If the end of the file has been reached, £ . read () will return an empty string (" ").

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

T

f.readline () reads a single line from the file; a newline character (\n) is left at the end of the string, and is only
omitted on the last line of the file if the file doesn’t end in a newline. This makes the return value unambiguous; if £.
readline () returns an empty string, the end of the file has been reached, while a blank line is represented by '\n"',
a string containing only a single newline.

>>> f.readline ()

'This i1s the first line of the file.\n'
>>> f.readline ()

'Second line of the file\n'

>>> f.readline ()

[}

HdolA 5 doed, o AA o tis] £33 AUt o] A2 WEE E&Holar, wan Zhagl

FE ool AU}

>>> for line in f:
print line,

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

Sdo] RE 22 g 2ER 9o Eolgd list (f) Y f.readlines () &£ 4 JdFYth

f.write (string) writes the contents of string to the file, returning None.

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

To write something other than a string, it needs to be converted to a string first:

>>> value = ('the answer', 42)
>>> s = str(value)
>>> f.write(s)

f.tell () returns an integer giving the file object’s current position in the file, measured in bytes from the beginning of
the file. To change the file object’s position, use f.seek (offset, from_what). The position is computed from
adding offset to a reference point; the reference point is selected by the from_what argument. A from_what value of 0
measures from the beginning of the file, 1 uses the current file position, and 2 uses the end of the file as the reference
point. from_what can be omitted and defaults to 0, using the beginning of the file as the reference point.
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>>> f = open('workfile', 'r+'")
f.write('0123456789%abcdef")

>>> f.seek (5) # Go to the 6th byte in the file
>>> f.read (1)

150

>>> f.seek (-3, 2) # Go to the 3rd byte before the end
>>> f.read (1)

rq!

>>>

When you’re done with a file, call £.close () to close it and free up any system resources taken up by the open file.
After calling £.close (), attempts to use the file object will automatically fail.

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

It is good practice to use the with keyword when dealing with file objects. This has the advantage that the file is properly
closed after its suite finishes, even if an exception is raised on the way. It is also much shorter than writing equivalent
try-finally blocks:

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

>>> f.closed

True

59 AR L isatty () Yeruncate ) 22 @ X WA =S ¥ 23 Qe @ A% A§E U 3
AA ol N FAT & ehol e el H ALE FRFA L.

7.2.2 json 2 Z QI O|0|E{& M ES|7|

TAE L gt A ¢l & = sk A= FH Fa1E S o}: 3=, read() A =7t FAE TS
EHF7|HEG U o] AL S i S A
#F123S EHSYUYE THE g2Ed gAY 22 9 & J'&’} o O]Ei 3 ﬂ%}?}ﬁl o, 29
453 4 Feshe Aol ATk g 4 Ytk

AL Ap7L BEE A © ' B8} o] o] B =5 FAd st Y A St e 5 dh= thal, 3hol W
JSON (JavaScript Object Notation) o] 2}+= @ &] 20| &= tfo]H W& 3 23 7-]] ,J'b] t}. json o]t
41_5— EEL2 gtolA HlolH A S WolA FXE o2 v F YUY o] AAE A "3} (serializing) B3
RS ERel oo oIS A7yt A o 505 ewriacng 92 051 A 90543
o 23} /\}Ol o A, 7”1] e FALE2 Fdolrt oo E% oA AZEHAGVESN = = %OH

3 JSON B4 L vlole] wee 9o Ar) $8 T2 IASo] A5 ATk B Z2 177} o]v]
o] Aol O %3 nE, ATAHL AT £ gl BY

AA x 7 Q& ZhAst st 2ol F=2 71719 JSON FAHE =8

m[o
e

Ytk

b
30
z

>>> import json
>>> gson.dumps ([1, 'simple', 'list'])
'[1, "simple", "list"]'
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Another variant of the dumps () function, called dump (), simply serializes the object to a file. So if £ is a file object
opened for writing, we can do this:

’json.dump(x, f)

To decode the object again, if f is a file object which has been opened for reading:

’x = json.load(f)

ol Ztetek Azt Ela o] AES} YU E v AR 999 SUA A" AE
st7] A A= kel a7 22 G Utk json ZEQ| dlsd e o] ol i AR S B stk

JSON ofl W3], pickle & 9191 9] 715 s { AA EL P3G 4 Y= R E T YUTh o] o] F8H 1
) 2IREH FAFE A QeUTh 1A o AdeA 7= gtk

o = 29 5 A%
WE 5 gl a0 A L o EE o AGs T u), £ AR 2 AR o8 ol g 7} 22 glrhe 9o
=

of
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A

AF7A o E WA A7} AEH A FA T, AAE S A o 8T ofulE B ) 8ok
(Aol =) 5 714 s £ o2l S o] o uTh 24 o2 9t 9.

8.1 =& ol

29 oel, 314 el ek el AT obvhe felitel shol W M T gk Btk A AR
e R0 239 AU

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

A

SyntaxError: invalid syntax

The parser repeats the offending line and displays a little (arrow) pointing at the earliest point in the line where the error
was detected. The error is caused by (or at least detected at) the token preceding the arrow: in the example, the error is
detected at the keyword print, since a colon (' : ') is missing before it. File name and line number are printed so you
know where to look in case the input came from a script.

TRl xdA) EHACRE Sutart A g s, APste]al st o2 g 4o 5 dFUnh A8 Fo
ZA = EL o gt Ray B2 YA oA = syt sto A 4;1?4101]/\1 O AESL o] 7
A 2 WA g Uth shA Rt R o9 = 22 a9 o] X 2] 5kA] ghobA], o 7oA B 4 Kol ol ¥
H A A & RHE U Th:
>>> 10 * (1/0)
Traceback (most recent call last):

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

(TH& ST Aol A1)
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ZeroDivisionError: integer division or modulo by zero
>>> 4 + spam*3
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
NameError: name 'spam' is not defined
>>> '2' + 2
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: cannot concatenate 'str' and 'int' objects

of 2] WA] A 9] upAut 22 o o] ojit=x] dFULH o & o8 Joz et o] WA
dr =7 QFHYt}: o] oA 2] L zeroDivisionError, NameError, TypeError YUTH o9 o7
ANE EALS TAT W 1912 o] EAUT. o AL TE W o9 9] AL BA Fol AT, AL A
4] o2l 2] APt (AP BAYOIE BFHL) F 18 B Arh E2 o8] o 52 o2 A
9 (el oF 7191274 obd o)

29 oA 32 o9l Y Ae] e £ A BAE AT T

o] BN AL PRe 28 Edo] 2] L2 9] 7k Lol AHe] RS HolFLIh YA O fe
FE2 UGS 28 Edo|~F 2T AUk AT, BE AYolA Yol TU FEL BAAA

syt
bltin-exceptions = W7 2] 53 1 59 v & gt s UTh

8.3 0|2 X{2|5}7]

AE g 2] & At EEJ—E@% U= Aol b YT the Al E B, ZukE AT 482 di7bA

A&l A O]Ei%ﬁ_ SHAIRE, AR A Z 2 T2 A H HE Sk 212 318 F Ut (Control-C U T ]9

<=9 AA 7 A D= A= /\]'*O“OHH) AFg A7) 2= 9B 8 E = KeyboardInterrupt 9o & do 7=
514

)2 hepgel #9542

>>> while True:
try:
x = int (raw_input ("Please enter a number: "))
break
except ValueError:

print "Oops! That was no valid number. Try again...

e WA, try A (try 2 except Alo]o] EAE) o] A3 ]
SIS ABA SO, evcept A & AVH T try £ AAL F
s uy BE ARFE F o9l 7 B, A ey 23
el ]3] o] 29t o) A1) 0, 1 encent 1] AAE 1, 1) 1S A oy A oo
* except ol U= Q] o] FEH WX H A ke ol 7 BB S, o Fofl Y= try RO AEH YT
e 71 h WA A g0, A el A L 9] ol AN A B A} 2L WA AL B FEA Aol
SRS
471 2 SIS A 2718 A BE] A3, ey 2 Sy o) et B 1 2 Asrek Ao
shupel A2l 77 AUk Al 7= s gehe try ol A AT oo AT B T2 ¢
A 717k 4o o9& A stAl= k5 Y th except - Jé’iﬂ Je T2 A WY A& A%
Sk, o2 Sol:
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except (RuntimeError, TypeError, NameError):
pass

Note that the parentheses around this tuple are required, because except ValueError, e: was the syntax used for
what is normally written as except ValueError as e: in modern Python (described below). The old syntax is
still supported for backwards compatibility. This means except RuntimeError, TypeError is not equivalent
toexcept (RuntimeError, TypeError): buttoexcept RuntimeError as TypeError: whichis
not what you want.

WA ecept A ¢ ol 9] o) £& A 4 e, SIAEAE AYE YT )AL ALY Wl Fwo)
Fol% T 1t ol A en A m 1 o8 eI 7 S o] A A E

Fol 98 oA Yo7 o AHEE FE AFUTHEEAE NI E AT 5 YD)

import sys

try:
f = open('myfile.txt")
s f.readline ()
i = int(s.strip())
except IOError as e:

print "I/O error( )t ".format (e.errno, e.strerror)
except ValueError:

print "Could not convert data to an integer."
except:

print "Unexpected error:", sys.exc_info () [0]

raise

try - except & AB A else 2 S 2=, JTHH BT except A F o] ko e th try Ho] o 9] &
22717 98 u) AR ookl Sz o] FE T A ol

for arg in sys.argv([l:]:

try:
f = open(arg, 'r')

except IOError:
print 'cannot open', arg

else:
print arg, 'has', len(f.readlines()), 'lines'
f.close()

else Ao Algo] try Oﬂ iE%— AR EL2H|, try - except 2o 3| HSEH T 9= A7}
Qo717 g2 ol 2 & £ A 37) e,

o 917} A u), ATHE kS /b 5 e, o919 A ek FeA Yrvink A EA YL o)
ol o] =4 Jrh.

The except clause may specify a variable after the exception name (or tuple). The variable is bound to an exception

instance with the arguments stored in instance . args. For convenience, the exception instance defines __str__ ()
so the arguments can be printed directly without having to reference . args.

One may also instantiate an exception first before raising it and add any attributes to it as desired.

>>> 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
X, y = inst.args

(TH& ST Aol A1)
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print =', x
L}

'x
print 'y ="', y

<type 'exceptions.Exception'>
('spam', 'eggs')

("spam', 'eggs')

X = spam

Yy = €ggs

If an exception has an argument, it is printed as the last part ( (detail ) ) of the message for unhandled exceptions.

o9l A 7E GA try ol A S B ot} ay oA (A LR TEH = W
ol TAsE o= A dUH A& S0t

>>> def this_fails():
x = 1/0

>>> try:
this_fails()

except ZeroDivisionError as detail:
print 'Handling run-time error:', detail

Handling run-time error: integer division or modulo by zero

8.4 a2 &27|7]

Jh
oy
2
]
>
30,
X,
i)
i
&
£
it
[
2

raise & ZEI W 7L A7 o &) 7} DAY

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

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

The sole argument to raise indicates the exception to be raised. This must be either an exception instance or an
exception class (a class that derives from Exception).

BEOF o 9] 7} A A £ otok SHA BF A ) 5t A A& ghrhd, o e FEjS] raise #o] 1 )98
thA Qo2 % QA o

>>> 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

Programs may name their own exceptions by creating a new exception class (see = 2] 2~ for more about Python classes).
Exceptions should typically be derived from the Exception class, either directly or indirectly. For example:

>>> class MyError (Exception):
def _ init__ (self, value):
self.value = value
def _ str_ (self):
return repr (self.value)
>>> try:
raise MyError (2*2)
except MyError as e:
print 'My exception occurred, value:', e.value

My exception occurred, value: 4
>>> raise MyError ('oops!')
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
__main__ .MyError: 'oops!'
In this example, the default __init__ () of Exception has been overridden. The new behavior simply creates the

value attribute. This replaces the default behavior of creating the args attribute.

o9 Fe At e ZYAE] T4 Ut oW A ASHES 39D 5 QAT HEL A FA FY
. EF ol A kol el Bg AHE FED S UEE 7] AW W A JEAHESS AT HA B
FUrh oje] 744 Az e ol g 5 e mEA FoE s

o5 5o wol2 2~ E A9l 3, 27| ThE o2 2 Aviet 54
Ak

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

class InputError (Error):
"""Exception raised for errors in the input.

Attributes:
expr —— 1nput expression in which the error occurred
msg —-- explanation of the error

mrrn

def __init__ (self, expr, msg):

self.expr = expr
self.msg = msg

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

allowed.
Attributes:
prev —— state at beginning of transition
next —--— attempted new state
msg —- explanation of why the specific transition is not allowed

men

(TH& ST Aol A1)
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def _ init__ (self, prev, next, msg):
self.prev = prev
self.next = next

self.msg = msg

Most exceptions are defined with names that end in ( Error ), similar to the naming of the standard exceptions.

WS EEEESS IS0 AYdhes sl BT 5 e T AR 9 ES ATt Sl
BT H AT A H = F e oA tE Yt

try B2 E O AEH AL 71 S Qi BE 4o Ags ofokul s 12 S2E Fo sk o)
AR YT o & E01:
>>> try:
raise KeyboardInterrupt
finally:

print 'Goodbye, world!'

Goodbye, world!

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

A finally clause is always executed before leaving the t ry statement, whether an exception has occurred or not. When
an exception has occurred in the t ry clause and has not been handled by an except clause (or it has occurred in an
except or else clause), it is re-raised after the finally clause has been executed. The finally clause is also
executed (on the way out) when any other clause of the t ry statement is left via a break, continue or return

statement. A more complicated example (having except and finally clauses in the same t ry statement works as
of Python 2.5):

>>> 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

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'
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Holupel o], finally 22 RE A9 AUt F £AL S WA LT TypeError £ except
Aol o3l 21215 4] 943l finally Fo] A3 E Fof Al dojdyth

AA MG & T2, finally A2 9 F Ado AHS S o], 54 AA] obd x| ek AA §lo], 1L
AhE W ste d 8 FU T (FdolU M ES 2 A2 22 AS).

by

8.7 Olg| elE el s%EH=

- AO

od AANESL AN Be G2 W AYtE BE A 54 A FUTh T AAE ASHE A4
4 e BAYSUT e A3 3 UL Shule] A4 sl 1 sk the o8 BAl .

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

The problem with this code is that it leaves the file open for an indeterminate amount of time after the code has finished
executing. This is not an issue in simple scripts, but can be a problem for larger applications. The with statement allows
objects like files to be used in a way that ensures they are always cleaned up promptly and correctly.

with open("myfile.txt") as f:
for line in f:
print line,

After the statement is executed, the file f is always closed, even if a problem was encountered while processing the lines.
Other objects which provide predefined clean-up actions will indicate this in their documentation.

8.7. |2 ol& N2 S 65
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Zell A
g2zl A uad o, ol A FPA HAYUSZ S HATY A2 EHG MES AA
FH2E F7MEUL C++ F BEF3 oA 2 = ZH2HAYUSE TETULh JojH Zedae
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ol Tt o £4E 4 JdFUTh
C++ 2ol 2, BHE FP 2 A EL (dolg] W E =33 A]) public (9| 2] = o}l Private Variables and Class-local
References & B M K) 3tal, € W TFEL virmal YUt BES-3AH, A2 vlA=oA 1 A A 9
UHE A=Y BRI UFUT A= T4 T AANE 8= YA ZA A AR AAE AA
te=d, @ T2 EARCE AFFH UL A2EEIAY, 22 AAE AA Gt o] Ao dEE I}
olg HAS AT NIE AFTTULE C++ L EEE-3 o= 2, W FE AFSA7F &3] 98 Wl o]~
FH2ZALT F dF YT ESHC++ A H, 5HS FHE 2= UREE U AAELS (A d4akx]
MNEA~THE, 55) FH2 dadx gis] 2 FgE 5 A5t

A A= WA 7 (individuality) & 221, o 2] 7§ €] o] Fo] (o 2] 7j e} AF ol A]) 22 AR 442 5 Y5
o

o] A2 thE Adoj S0l A& ol &l o4 (aliasing) o] 2t L&A YFUth BHE oS AS £ v o] H=
ol FrFsHAl€ ¢, B 729 E (AL A, ) T E T U2 ¢S FAE 5+ stk
shAj e o Ao d = B AE, gy I 5t v 7hE AR S-S FRlkshe dhold Z =9 oo S4 <
EHE 2 YFUTh ol A2 g 22 g g o] H =), o dejojas oW WA 2AHAH 53
st7l = Utk € S0f, 73] ZAB T A D87 w&oll, AA & A2t vlgol A7 FUt; 223
St dAE Agd AAE 45, T3 A T HAe EA Utk — o] AL FaZo A ARG EH = F
T Az T dAAE WM AYES] 428 AAG Y
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9.2 nlo|M AT =R} 0|F &7t

SUEE 27 Ao, Fhoj o] A3z Ao tis] 2 7HA] T 2l o] Qlsuth FeHla B = o5 It
O 7 AT QYL FeA, R Folo] ojh=A] A F] o]l t7] A5 AFZ ) o] F FHe] o] B A
FAet=A & ot s Uth QB WopAY, o] FAl o thit A A2 BE I o] g e w oA
ER7F st

2 712 o &2 Al AEAI T

olF T2 o] FolA AANE 7= v YUth tiREY o] F ¥ A FtolH gAY E FHFH o
YA T HE ohE A o2& dopatd 4= gl (52 A gduth, o2& vk o Qs Ut o) F 37
Nz W olE5d A (abs () & 22 FFEH W o8] o] E5S 2FAUH; 289 A o] 55
T T2 A Y A o] F5. oW ou]oA AA Y o EFRE FoAE olF F= FEFUTE ol F F7ol
sl otop & F a3t A2 A= T o] F I35 o) F ol obFd A7 gltke AUt & 5o,
FAIAEGEREEL ET 5 %ol T T maxinize EZYT S UASUTG —EEJ AEAES EE
ol 55 ol Eofof Fth

a4, A= o ETRE gt dol

S A Ao 2= BEE T AU — A& 50], A z. real oA,
real & A z o JEZFHEYUTE QU H3A, BE Y olgso s Fx+E=
Uth: ¥4 modname. funcname 9 A, modname & 25 A A1 funcname = 1A 9]
o] AFol= FUAINE BEY JEGFESL RENA ZoH A o] & Zhol]l AHA QI wfj g o] AT 22

o8 F7e FHYUTH

AEPREL 7] B8 ol A 27] e 4 stk FAL A4S, ol S el Bl o @ ool A ]
ot} 2E JJEFHHEE 27| 7153 YTl modname.the_answer = 42 831 €& 4 55Ut 2 7] 7153

HEZGHEEdel B2 AAE & dHF5 YT o9& 59, del modname.the_answer + modname 2}
o] 29 AH oA o]E-]HE the_answer = A| AF U}

Namespaces are created at different moments and have different lifetimes. The namespace containing the built-in names
is created when the Python interpreter starts up, and is never deleted. The global namespace for a module is created
when the module definition is read in; normally, module namespaces also last until the interpreter quits. The statements
executed by the top-level invocation of the interpreter, either read from a script file or interactively, are considered part of
amodule called __main__, so they have their own global namespace. (The built-in names actually also live in a module;
thisis called _ _builtin_ .)

P40 A9 ol § T2 T4t 55T W) HEI A 3, G5 BAFAL T4 oI A A5 A i o 9
Qo g w AAF U (A4, dofMAthe o] AA2 dofibe o] I T FL AP YU Th) BE,
A A BFL 47 A7) A we] Ao ol g F242 25U

ATE L o2 FUe AW WA AT 5 GE shol A mx el BaE Ha YU ol 7o) A (7
ANA| 2~ THs ey o] gk o) Bol thak B AEE A e FETF L o) B BRI A o] B Foelm AEBThE
o]t}

~RztAAow AQPE B8R, FA0 2 AR YT A8 % o= AFol A7, o] B B0 A7

WA 7Fs 8 Aol Al 7he] F3E 2327k A5 uth

=

=)
s HpA g AL AFxE AR ZEL A o
c (P UZo] AAEE) R 2T ZE YW ] ES 2FF Qe o5 Y YLh

If a name is declared global, then all references and assignments go directly to the middle scope containing the module’
s global names. Otherwise, all variables found outside of the innermost scope are read-only (an attempt to write to such

zZred, RE9 o] F 3 Fdst=Tl

Pet iR gAY Bl BE AR __dict B B nEaye g7 A8 olEYRES
Hurth BasA, o] e gt AL ol

Agste GAURE BAFUTh o _dictt A
2 7R FA43E 33 5 Aol 3, A N A 2 AE 2 AW oo Fulck.
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a variable will simply create a new local variable in the innermost scope, leaving the identically named outer variable
unchanged).

FUTh g4 uhgel

qow) 3z H,AY smme
FUth BEY o) $3 22 I EL A Anmo] © i}

iR
o1 72 WA FUTH
sREtHiE Aow ARATE A2 NBE AL TPt BEN 498 $59 A Amat,
G o8 N Dol ol2F B 2 B} TE Aol SAR ) LR F D ol F FAYUTE wdol
o) F AAZ AAE A AYAe] FHOE SADUTE— AT, Ao} B Aok A A
o) AAE 3| AR Yol N, FH4 o] & Aol o 52 Wolok gtk (A1, A% MFEL ol g
BAoz A4Prh)

A special quirk of Python is that —if no global statement is in effect — assignments to names always go into the innermost
scope. Assignments do not copy data — they just bind names to objects. The same is true for deletions: the statement
del xremoves the binding of x from the namespace referenced by the local scope. In fact, all operations that introduce
new names use the local scope: in particular, import statements and function definitions bind the module or function
name in the local scope. (The global statement can be used to indicate that particular variables live in the global scope.)

9.3 ZALIe| A Ot

Fehet ofzre] A B A AL AA Y AN A ALES =TT

el Aol 7pg e Fele o 2 A A AR UL

class ClassName:
<statement-1>

<statement-N>

45 A (def B) AT, FeH2 Bt oW EHA A7 AHAE AA A ofof Gtk (AT
o2 4B ir B B G5 ROl $2 5 dFUh

ARz, Sehs o] R BHEL BE G5 A EolAW, e RJEE YA 2 2u s}
YgUth— U] o] FAZ Sob AUtk Fehs R G5 Jt BE WAE EF FoH] FFL
e, 5 Fele] QA BES 25Utk —ohA, ol A2 A4 A¥P U

ez Aol AGT ul, A 0§ F7Ho] HEAA L A AEE AFFUTH— TN, BE A W5
29 9L o] Af o] 5 BLHOZ U Th 53, &5 L Al @5 o[ E2 ol AFFuILk.

el b @ B A4H o B, Fels AR H RS YUk o] AL AR A0 Fehx R
w2 o] BHE o 1 o] & F7ke] WEBES WAL AUk The A A4 Zeh s ARl ol s o w9
Utk Aehel A9 23z ot (G2 Aol Soizb] A A KA 2) oAl A8 1, Sen AR
2oz Ao AN A ol 2o 2 ol F (oA ClassName) O 2 o] 7] A FH k.
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Sea AN E T FFY AN AAGUTH: o= HE F29} AL BET)
JEPHE Fx L o] Y RE EHE 20| A§H & EF BHS AT obj . nane. SHHE
JEPHE 0| 5L Fehs A} WEI A W) Feh2o] o] F T2 LW HE o] Y Th T, Fehx
G 7} o)A B

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

def f (self):
return 'hello world'

MyClass.i &} MyClass.f = U2 oJEg|HE Iz, 27 A
OEZREE WY & oA, i< MyClass. i X

EEs
STk Ze2x ARt Ze29 A AoHAE SR
DS LA

= FHYg A AT E RS o] AAE A A x o th g o
A2 E7] AAH(E A2 AR (S23H7])) 2 W AAE U UTh B2 FHaEs SHT 27 dH=E
AzEutol2d 2L R AAE = AL Fobdynh 28M WA= olF o2 init ()
gt o] 29 Ef wA T AT 4 UL
def _ init__ (self):

self.data = []
Feat__init_ () MIAEE B, FH 2 A2 THET]E AR TSR 2 dag 2o tf 3
gL R __init__ () EZEFUTE 2 A o] ool A, Al 273 AAEFAE o]FA Ag s UTh
x = MyClass ()
B2, _init_ () WASEE 22 4442 A8 ARES AL 5+ etk 2 4%, Fg2 Ands
WE7] AARE FolR AAELS __init_ () 2 AEHYULL o E S0,

>>> class Complex:
def _ _init__ (self, realpart, imagpart):
self.r = realpart
self.i = imagpart

>>> x = Complex (3.0, —-4.5)
>>> x.r, X.1
(3.0, —-4.5)
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oAl AXEA AR E TS T 4 Y27 AAA AR 7} oS3 £ 4 WA AAL o EFRE Fx
Utk % 7HA) B 7o) £uhE o ERE o] Fo] S Uth tloEl o EE HES WA=,
HolEl o ETRE = 2FEF9 (2"HA W) o, C++ 9] (dlo]E HH) °ﬂ AT HolH A E
PRE=AAE B8 dsUth AG oA, A 9 o Bloj gyt ol & x 7F 9ol A] ¥hE0 X
MyClass o] SIAHAR, LS5 28 & 278 a0l ~ glol 16 & AA T
x.counter = 1
while x.counter < 10:

x.counter = x.counter * 2

print x.counter
del x.counter

o C’Ji}ﬂ/\ AEZRE FxE A E dUth WA =E AA 0 (Sste) AUt (3t ol A, w A
=& S AP T ARG H A FsUth e AA F5= ”ﬂ/ﬂ‘: £ 7H # d5 Ut ClE
o], gl 2E 7“21] append, insert, remove, sort 53 T2 WA =ES 4’3‘43]’- B2 gk, ¢ko 7 o] =2 of A,
BAH LR QoA G B, WAL thi Bol B 2ehs A28 A5 AT ALEE AL Th)

W W g Fl g fi

AAEA AR SutE A E o5& 1A Fe2o] S AFUTE YA, &5 AAQA Sexe B E
o] 1’4%‘5%8 R R Eats Bl Uﬂ/ﬂ‘: =< 39Utk 284 %219 °ﬂﬁl°ﬂ/‘%x.f SHIE A=
x|, MyClass. £ 7} o] 7] tf & J Yt 6}Z]UPX iE392 g2, MyClass.i 7} @47} op) 7]
tﬂgf}”q J#h x.f & MyClass. £ 2} 22 Zlo] op gyt — o] 212 g A 7} ofv 2t WA = A A

[l

m

(

FU

9.34 HME ZHH|
HE dA=Es 452 22 g Ut

’X.f()

A4 'hello world

MyClass ool A], o] A& &
N AR, AAE o] &

etk x. £ =

m{w

xf = x.f
while True:
print xf ()

MAE7 528 0 G5 o Dol Yo@7 £() 9 B4 7 AR AR A= 2752, 9ol A
x.£0 £ 94 Qo] B2E AL TobAS AAUTh At o FA W A7 HAF v ML AAE R
Sl B4E AR glo] BEoH o2 & LoFTh- A AARE ALH A gHerhHlE

Actually, you may have guessed the answer: the special thing about methods is that the object is passed as the first
argument of the function. In our example, the call x . £ () is exactly equivalent to MyClass. f (x) . In general, calling
a method with a list of n arguments is equivalent to calling the corresponding function with an argument list that is created
by inserting the method’s object before the first argument.

If you still don’t understand how methods work, a look at the implementation can perhaps clarify matters. When a non-
data attribute of an instance is referenced, the instance’s class is searched. If the name denotes a valid class attribute that
is a function object, a method object is created by packing (pointers to) the instance object and the function object just
found together in an abstract object: this is the method object. When the method object is called with an argument list, a
new argument list is constructed from the instance object and the argument list, and the function object is called with this
new argument list.
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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] 5 A A of &k ghutt] o A = FKol, FlaEY gAY e 22 7Hd A7 Fo
oq]/\lx] 23 gIE = 7P5 A 0] LUt O & So], 1S FE oA rricks | AEE= ZE| A
q¢d_mdqqaﬁeﬂucDoJc%cgﬂ%vﬂﬂﬂ%ﬂMW

@) B elolE
W52 A A

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']

P4, 2ea0) Suhe A dAEA WSS A el oF 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')

(F= ol AT el A%)
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>>> d.add_trick ('roll over')
>>> e.add_trick('play dead')
>>> d.tricks
['roll over']
>>> e.tricks
['"play dead']

9.4 7|El FAlEE

o8 o= RS 22 o B9 WAE o=l RES Yo Zrh ) =5A) g2 o] F 35 (2 2210
A 37 ol e 112 WEUTh S slsteld, 550 71518 H 455 of® S5e] 742 A3 2ol
ABGU 7H5 o Aol & WA S o] 5 hEAR A Z5He 2, ol o= BEo] o] o] 43 583
£ (IULE BE Shih) S Foll Eolt A, A Zel = 5AE HolH o] e B e HAE Ak A5
9l Ut
HlolE o Eel REE W AE ok olueh AR o ANA ALGA ((FetlAE)) o] A FEY 5=
QgUTh el BRI, FHAL w250 24 vl HY S FASEH ASE 5+ Yyt A4,
sho] ol A1+ t o 6 292 ZAI T i o] G5 UTh— BF el &) ek (hElel, C2 A4 shol
FAL DS T AAE AR £71 30 AR NG QA LB Ao} YUk ol 2L CE A4
shol 4 2ol A A58 4 Sl uith)
SetoldEL HolE o= HES 2P 2HA Age ok Tt — ZeolAEL HlolH o= R ES
Aol d WAS S o) §AH £ 204 & YL > YgUh el AEL o] & FES Wkt @
MASEe) §ENS EYFA BUE T A4 Yol H o £ HES 2T AR o] FAHE FE g
Folstal s —ohAl B, B AL ool 2AANE I 2 4+ YA FUT
WA Qo A HlolE o= e RES (L ThE A EE) S F2}E 59 BIL YEUth AL o)A o]
AAZAAEY AERS FATHE 2 DA FASUTH HASE TR 1] A W4} A2 A WSS
=58 et fEth
%%, A A WA QAL sels ehn BYUTh ol 2L B D BAUTH o F self & ko] Ao A
bR B )2 27 FEUTh AT, o] FHS wh=A 92w oo £ HET} THE shold
TejmS o] 9710 BHSL, Sels HetA 2 IRE o] 7l 4o o £FE 2 A Arky AT &
o

dUth A =

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

class C:
f = f1

def g(self):
return 'hello world'

h =g
oAl £, g, h = BE F AME Jtel7lE FHhac Y JEURED, AHHOR o] AEL REC Y A
HAs9 A= —h+e 33| g T5dUh o)A A2 22 TR EXEA T F7|v
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class Bag:
def _ init__ (self):
self.data = []

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

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

F iR A o] 5 B2 T 5 Gk WAS] A A 2TmE TR

A ~3m2 A5 A G5 Th) WA Sel A A9 Hlo] e S
P o~z A S ol el A 357t A5y th:
@A Ao 2ol Aol B o v A= Wk ope), Dxel JEED §49 BEE WA A8
Fdthe AQULh BE, HNSE EFE S22 AL o A 2nmo] Fo 1, T Aol A
WA A4 Bol g B2 Aok 9 714 FL ol % g HA D Atk

2+ AR, 2B E Zd A (Y olgtux EUrh & 25Ut o] A& object.__class__ ol A &H o]

9%t

9.5 Al
BE, S AARA FETH do] /)52 (TA) B o] 2L BANE AN 912 AYUTh A
Ze)x Aojo) By o 2A AAS UL

class DerivedClassName (BaseClassName) :
<statement-1>

<statement-N>

°] & BaseClassName 2 34
°] =9 Ztglol th2 Y xH 4
Beruch:

class DerivedClassName (modname.BaseClassName) :

Y S oo AP 2 Ho] Aoz JAPF U FeAl L AA 7F S ol off, Wl o] &

Za27 199y, : o) AEHUTH R A o2 AL Ze) 204
WA A ko wo|A FaR AAZ ST Ho]A ZHA Bt FePAR R EH s E dvhd
SEEER EEEE P

A F A AAHA RET] o] EHSE AL §l5 Ut DerivedClassName () + 11 8|29 A d2~H°
A Rk MAS 221 083 2ol AR F UL Gg ot 2e2 ol SR Es) 445 S, B a5
Wol2 2ol 2] AT B AR T o] o] B4 AAE FTHA WA= A2 SuHEU T

I Feas ol FA A JAESS AR F dF Utk MAMETL 22 AR e =S
o] BoE 2 A EE S &3 W o)A~ ZFEa Y

FTESA UL (C++ 2208 HE YA THOZ: gjo]»

)
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5 2 gl 7o 3442
shol Mol 443} B7 AT 5 At T AL W B8k A

e AA~EHA9 S AASHE W isinstance () & AF& YT} isinstance (obj, int) = obj.
__class__7Fint Attint oA 3P H FefAQ A9 True 7} F U

e Use issubclass () to check class inheritance: issubclass (bool, int) is True since bool is a sub-
class of int. However, issubclass (unicode, str) isFalse since unicode is not a subclass of str
(they only share a common ancestor, basestring).

9.5.1 C}= AP

Python supports a limited form of multiple inheritance as well. A class definition with multiple base classes looks like
this:

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

<statement-N>

For old-style classes, the only rule is depth-first, left-to-right. Thus, if an attribute is not found in DerivedClassName,
it is searched in Base1, then (recursively) in the base classes of Basel, and only if it is not found there, it is searched
in Base?2, and so on.

(To some people breadth first — searching Base?2 and Base 3 before the base classes of Basel — looks more natural.
However, this would require you to know whether a particular attribute of Basel is actually defined in Basel or in
one of its base classes before you can figure out the consequences of a name conflict with an attribute of Base2. The
depth-first rule makes no differences between direct and inherited attributes of Basel.)

For new-style classes, the method resolution order changes dynamically to support cooperative calls to super (). This
approach is known in some other multiple-inheritance languages as call-next-method and is more powerful than the super
call found in single-inheritance languages.

With new-style classes, dynamic ordering is necessary because all cases of multiple inheritance exhibit one or more dia-
mond relationships (where at least one of the parent classes can be accessed through multiple paths from the bottommost
class). For example, all new-style classes inherit from object, so any case of multiple inheritance provides more than
one path to reach object. To keep the base classes from being accessed more than once, the dynamic algorithm lin-
earizes the search order in a way that preserves the left-to-right ordering specified in each class, that calls each parent only
once, and that is monotonic (meaning that a class can be subclassed without affecting the precedence order of its parents).
Taken together, these properties make it possible to design reliable and extensible classes with multiple inheritance. For
more detail, see https://www.python.org/download/releases/2.3/mro/.
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9.6 Private Variables and Class-local References
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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)

The above example would work even if MappingSubclass were to introduce a ___update identifier since

it is replaced with _Mapping__update in the Mapping class and _MappingSubclass__update in the
MappingSubclass class respectively.

7] FHL A2 LS 315t nA A ek Aol 2 A L; A M FAR HFH L WLES
AA 2B AL 24T 5 AEUTh ol A LM AL} 22 58 e FFo| A 28 g7 23 ek,

Notice that code passed to exec, eval () or execfile () does not consider the classname of the invoking class to
be the current class; this is similar to the effect of the global statement, the effect of which is likewise restricted to
code that is byte-compiled together. The same restriction applies to getattr (), setattr () and delattr (), as
well as when referencing ___dict___ directly.
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ol 27Z+9] (record) L} CE (struct) &} -FAFSHH ol E &
Ut} bl ZefA Rol 7 835 & 2 9= At

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

ER FAAd Yo HF L 7IYsts dolW F= 228 FF D HolHI HAEE FU U= FUaE
A AGES = AdF UL dE E9, Y AAZRE dlolH & 23+ d7F S o, thal 244
W oA to]EH & ¢l WA= read() 2 readline () & Al Fste FH2E FYF T A= AT &

A=y

Instance method objects have attributes, too: m. im_se1f is the instance object with the methodm () ,andm. im_func
is the function object corresponding to the method.

9.8 Exceptions Are Classes Too

User-defined exceptions are identified by classes as well. Using this mechanism it is possible to create extensible hierar-
chies of exceptions.

There are two new valid (semantic) forms for the raise statement:

raise Class, instance

raise instance

In the first form, instance must be an instance of Class or of a class derived from it. The second form is a shorthand
for:

raise instance. class_ , instance

A class in an except clause is compatible with an exception if it is the same class or a base class thereof (but not
the other way around — an except clause listing a derived class is not compatible with a base class). For example, the
following code will print B, C, D in that order:

class B:
pass
class C(B):
pass
class D(C):
pass

for ¢ in [B, C, DJ:
try:
raise c()
except D:

(F= ol ATl A%
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print "D"
except C:

print "C"
except B:

print "B"

Note that if the except clauses were reversed (with except B first), it would have printed B, B, B — the first matching
except clause is triggered.

When an error message is printed for an unhandled exception, the exception’s class name is printed, then a colon and a
space, and finally the instance converted to a string using the built-in function str ().

9.9 O|E{&|O0|E]

AFE olUhE o B i) ABol] ANEL for PR 20T 4 AL LAAL AYUTh:

3L

o

for element in [1, 2, 37:
print element

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

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

for char in "123":
print char

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

This style of access is clear, concise, and convenient. The use of iterators pervades and unifies Python. Behind the scenes,
the for statement calls iter () on the container object. The function returns an iterator object that defines the method
next () which accesses elements in the container one at a time. When there are no more elements, next () raises a
StopIteration exception which tells the for loop to terminate. This example shows how it all works:

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

<iterator object at 0x00A1DB50>

>>> it.next ()

lal

>>> it.next ()

"

>>> 1t.next ()

T

>>> it.next ()

Traceback (most recent call last):

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

it.next ()

Stoplteration

Having seen the mechanics behind the iterator protocol, it is easy to add iterator behavior to your classes. De-
fine an __iter__ () method which returns an object with a next () method. If the class defines next (), then
__iter__ () can justreturn self:

class Reverse:

mmn

"""Iterator for looping over a sequence backwards.

(TH& ST Aol A1)
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def _ init_ (self, data):
self.data = data
self.index = len(data)

def _ iter_ (self):
return self

def next (self):
if self.index ==
raise StopIteration
self.index = self.index - 1
return self.data[self.index]

>>> rev = Reverse('spam')
>>> iter (rev)
<__main__ .Reverse object at O0x00A1DB50>
>>> for char in rev:
print char

w o e 3 -

9.10 AN|L4=|0|E

Al 2l ol 8 % olH# olHE RtE= et T = dunh A deAYH FAAH AT g2
Eﬁﬂ—m- = mWutthyield ¥& AR FYth Al # ool next () 7} 2= E wjvith, Al el ol B = w
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A
Al @ °]E1% Ard AER “éﬂl s T Aes 2

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

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

Q O H trho»

Anything that can be done with generators can also be done with class-based iterators as described in the previous section.

‘What makes generators so compact is thatthe __iter__ () and next () methods are created automatically.
T3l 2 752 A9 A3 A8 JEH7 58 Tl A5 2 BHATE A YUt o] 22 self.

index ‘/‘rself-dataﬂé‘ﬁ AxE 2 HEE AR st F2Ho vas) 45 ’*7] 3 YE5HA TE

U,

AF HAaE AT =232 A A g3, AlYEolE 7 £5 T u] A5 2 F StopIlteration &
LS YUTH A5, ol 7% 5o] A BE 44 A0 ol El el o] F1 & W57 A7 BE
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>>> 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

>>> from math import pi, sin
>>> sine_table = dict ((x, sin(x*pi/180)) for x in range (0, 91))

>>> 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))
['f', Vl', 'O', lgl]
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=

os RE2 = AAL T g7 A% 4 7HA s AT

>>> import os

>>> os.getcwd () # Return the current working directory

'C:\\Python26"

>>> os.chdir('/server/accesslogs') # Change current working directory
>>> os.system('mkdir today"') # Run the command mkdir in the system shell
0

from os import * thAlel import os 2EFL S AR oF gyt 2@ oFos.open() o] W3 open ()
2 bl AL 9B 5 AL, T ot ofF A E R,

0s 92 2 BER AL W, W dir ) Frhelp() B5E thEY 902 227 Y& th

>>> import os

>>> dir (os)

<returns a list of all module functions>

>>> help (os)

<returns an extensive manual page created from the module's docstrings>

QAo A T A e 2] B AL 99, shutil BEL A 412 H 252 AEA | AE AT
ek

>>> import shutil
>>> shutil.copyfile('data.db', 'archive.db')
>>> shutil.move ('/build/executables', 'installdir')
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glob BEL UdEe SYEAE AN 02 Y BEL BEE 4 AFFIh

>>> import glob
>>> glob.glob('*.py")
["primes.py', 'random.py', 'quote.py']

=

10.

X
02

0t

2Ix}

ANAY G 2TYEE FF YWY A4S Aok T B AU o] AREL sys RE
argy ) EZ HE g rER Xﬂ’f}%qr/} o & Eo], 3 oA python demo.py one two three &
A oo 2L Ant gy

>>> import sys

>>> print sys.argv

['demo.py', 'one', 'two', 'three']

getopt J-E—v—.égetOpt() T F A AR A sys.argy & AT B Y et st HR Yy

2 8]= argparse RENA] AlZF Uth

filo

o

!

sys 282 stdin, stdout, stderr

7V vl R 2 AL stdout ©] BT E E = 9}
T A= A8} o] W AR .

i i
_Y‘i
=
[t
bt
)
k]

o 38
of>

>>> sys.stderr.write('Warning, log file not found starting a new one\n')
Warning, log file not found starting a new one

~aYES FESE AT ARAA PR sys.exit ) B 2% APV

d A7 ETES ATYUL. B9 3 242 s, BFAL

>>> 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'

SR e 7s B2 Ao, 2AE WA= AaE = 7l A g Aol F7 WE Ut

>>> 'tea for too'.replace('too', 'two')
'tea for two'
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math ZE2 &% &

>>> import math

>>> math.cos (math.pi / 4.0)
0.70710678118654757

>>> math.log (1024, 2)

10.0

random R E-E T2 AHE & 5 I+ E7ES ATFUTH:

>>> import random

>>> random.choice (['apple', 'pear', 'banana'l])

'apple'

>>> random.sample (xrange (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

10.7 QIE{ull HM|A

There are a number of modules for accessing the internet and processing internet protocols. Two of the simplest are
urllib2 for retrieving data from URLs and smtplib for sending mail:

>>> import urllib2
>>> for line in urllib2.urlopen('http://tycho.usno.navy.mil/cgi-bin/timer.pl"):
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 ('soothsayerlexample.org', 'jcaesar@example.org',
"""To: jcaesar@example.org
From: soothsayerfexample.org

Beware the Ides of March.
mrm ")

>>> server.quit ()

(-7 WA ol = localhost o A} ¥ A A w7} A ] 21 gl of of Fhrk= Aol o sHA2.)
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>>> # dates are easily constructed and formatted
>>> from datetime import date
>>> now = date.today ()

>>> now
datetime.date (2003, 12, 2)
>>> now.strftime ("Sm-5d-%y. $b %Y is a %A on the 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 &&F

Common data archiving and compression formats are directly supported by modules including: z1lib, gzip, bz2,
zipfileand tarfile

>>> import zlib

>>> s = 'witch which has which witches wrist watch'
>>> len(s)

41

>>> t = zlib.compress(s)

>>> len(t)

37

>>> zlib.decompress (t)
'witch which has which witches wrist watch'
>>> zlib.crc32(s)

226805979
10.10 M= =%

- oo 710
Q8 oA AHGAE S e BA O h3 hE F2UEY FHAA 45 shetsted 2 BUS T
&L hol AL oA ARES| FA Fe Tt 24 7 E AT
N Sof, AAES DTS AFH N P4 thAlol, 52 NP3} A AL AFHLA = F 5L 2
% U tineit RES A8 4% o4 A%eHA Bl F )

>>> 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
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timeit o] AUES=EH O 2 profile Fpstats RESZ EF TENA A AA AdS A

37 A% =152 AZFUTh

TEAY 2ZEHAE NLete & 7R HEH2 MEE = 4 g g HAEES I, IAES
M 22 A2 Fo A3 Agshe A9tk

doctest REL BES ZojHy g gl EAEHS YAH HAEES AASE T2 Al 23Tt
HAE BE7=HHd 558 1 239 3 S0z BAlS|H BEodd 7| E 3= 502 Hds A
Ytk AFR AL Al A A& A AlE A =FAE o] S NABFAL, doctest RE o] =F-AEH o] oA Z =7}
o] A3] AHA 9l A] Folst e = gt

def average (values):
"""Computes the arithmetic mean of a list of numbers.

>>> print average ([20, 30, 70])
40.0

men

return sum(values, 0.0) / len(values)

import doctest
doctest.testmod () # automatically validate the embedded tests

ik

unittest BE2doctest EEWF 92 A2 olYA v oS ZZF A HAE JTS HT 9] utd 2 Fg

% QA gtk

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, 7]1), 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

10.12 HHE{2|7} ZESHEIL|C}

3l

olr
o

gpol & (wiE 7 2¥¢F Ut gz gsyth o= o E 71 A9 st ZEE 7|
714 2 ebhch o Eol:
e The xmlrpclib and SimpleXMLRPCServer modules make implementing remote procedure calls into an
almost trivial task. Despite the modules names, no direct knowledge or handling of XML is needed.

1 9] 7] A= MIME ¥ 7] €} RFC 2822 7] ¥k W A] 2] X5 Z3}etE= AL v A wl A A S &2 517)
} 1j/‘r [RERC R AR = *e‘xﬂi WA A E B3 9= smtplib £ poplib 2= 28], email 3 7] 2| =
A AR T2 (FF Y 23 € A AU s St dH U QA YA E Y 22 EFE T3
Qg A = AAE 7HA 2 dF YT
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e The xml.dom and xml . sax packages provide robust support for parsing this popular data interchange format.
Likewise, the csv module supports direct reads and writes in a common database format. Together, these modules
and packages greatly simplify data interchange between Python applications and other tools.

» S A|3}= gettext, locale, 18] Al codecs H 7| A& X838t W2 BE o3 A g Yt
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11.1 &8 ZofE

The repr module provides a version of repr () customized for abbreviated displays of large or deeply nested containers:

>>> import repr
>>> repr.repr (set ('supercalifragilisticexpialidocious'))
"Set(['a', lcl, ldl, lel, lfl’ lgl, '..})ll

perine 2EE AT} 2 & Ay
ALSA Aol 4 A 3
o}

2 03 A AEA A AAE A e AS Hn
AR .

(A2 ZdH) 7} € v} 2718 5718

doly +2 &

>>> import pprint

>>> t = [[[['black', 'cyan'], 'white', ['green', 'red']], [['magenta',
'yvellow'], 'blue']]]

>>> pprint.pprint (t, width=30)

[[[['"black', 'cyan'],
'white',
['green', 'red']],
[['magenta', 'yellow'],
'blue']]]
textwrap RES HAES FE Fo 7 319 vin]of] 2HA] 2l gt}

>>> 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
the wrapped lines."""

(TH& ST Aol A1)
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>>> print textwrap.fill (doc, width=40)
The wrap() method is just like £ill()
except that it returns a list of strings
instead of one big string with newlines
to separate the wrapped lines.

locale R ES E3d E4 dlolg £ ¢ o] glul| o] 20 HA 2t} locale 2] format 2] grouping
AEZREL 17 7R 7S A& 2o "= A7 A QA S Als gyt

>>> 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"

ps

112 BZ 2l
string 2582 A58t Template S 2 E 2351 A=, 5 AR A7 B 817] o A2 3 <3
THe 2L dsynh Wt AHE A S8 22 IS WA ks 8 22 O¥S AaHupo|l 2T
T AsyH-

FALZ s o RS Fold AP AL (A BE) 2 B0 AR BAA o] F2 AHEHUTE 2T E A
&oto] AR A RS SEAE FUle] AT FAHEES 5 JFUH §5 S 21 St ojaAoj =
g Ewayth

>>> 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 () HIA =& 22| T A A7 9
Utk WY AF And 54 22
safe_substitute () WA E7} o] A AT

F5drh:

AV A9 E QA2 AFH A 8L 1) KeyError &
Bl A AGAT AFE W E L BRAY 5 9o
2~ 0]l 2~
m =)

&Uth HelE 7 rek ® 49 Ael RAAE WA

>>> 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 25 A&7 o] PEAES AAT 4 AGUTh 8 So] A4 B oA S 93 QB
o2 w7 SR EE AA GA, o nA AR~ WE E 3 P47 2L A2 BAR] R E 752

e
e 4T 5 g
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>>> import time, os.path
>>> photofiles = ['img_1074.9pg’', 'img_1076.7pg', 'img_1077.3pg']
>>> class BatchRename (Template) :

delimiter = '%'
>>> fmt = raw_input ('Enter rename style (%d-date %$n-seqnum 2f-format) : ")
Enter rename style (%d-date %n-seqnum $f-format): Ashley_%n%f

>>> 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 '{0} —=> {1}'.format (filename, newname)

img_1074.jpg ——> Ashley_0.jpg
img_1076.jpg ——> Ashley_1.jpg
img_1077.jpg ——-> Ashley_2.7pg

E39 ETHE 382 ThF 29 YA AR Aol ) 22 relE B
XML 518, 43 o b 1] 5 HIML 2 Ao 16 o) 05 21 3

11.3 H}O|L42| C|O|E{| &|ZE HiX| &=

struct RE-L 7} Zdo] vlol g gl ZE Aoz = ) Tun
ok o oAl = zipfile 282 /\}%6}%] 3L ZIP 31 9 llﬂ = TRt M HojFUth 3 1=
he Shven 212 2o 2] vl 2] .k G AAE It n<n & EE 7ol A 5 el
uho] & 41§ 74 tebd ok

import struct

data = open('myfile.zip', 'rb').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

11.3. H}0|L{2| CIO|E] A2 = HHX| =t 89
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S 22 O] AL AYE = T IFE threading BEO] W1t =0 A 2 & g A

import threading, zipfile

class AsyncZip (threading.Thread):
def _ init_ (self, infile, outfile):
threading.Thread.__init__ (self)
self.infile infile
self.outfile = outfile

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.'

b cEHE g8 2n i) A 2 AL L ol EE HE A0S R sH=S
o] & 913l threading B E-2 5, o|HIE, 274 Wi L Anfz & v £ B2 9] 573} 7|2

243k Ay ek
S48 AT
While those tools are powerful, minor design errors can result in problems that are difficult to reproduce. So, the pre-
ferred approach to task coordination is to concentrate all access to a resource in a single thread and then use the Queue
module to feed that thread with requests from other threads. Applications using Queue . Queue objects for inter-thread
communication and coordination are easier to design, more readable, and more reliable.

115 224

logging BE2 &A3 752 2+ FASt 2 A2 S AFF UL 7H dest A9, 22 wA A=
Y o|i} sys.stderr 2 R A Ut}:

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')

29 e 2L 297t 4y

WARNING:root:Warning:config file server.conf not found
ERROR:root:Error occurred
CRITICAL:root:Critical error -- shutting down
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71EHor JH A ﬂﬂi A HAIA = BEAEA G 292 2 Y2 EYWFUL b2 28 M=
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11.6 25t &I X

gho] M2 2pF vz A (HFEE AA o et Fx A 34 L 82 A Ast7] A3 78 A =) &
S v R el upA e 327k A A" 5ol A E U

o] A2 YRR S8 2 aHANA Z ZAEeA th W 2 o E A o3 AHSE = Tl vt AAE
FANOF R AR A Uth BAAAL, BA] TAEL 2 A5 AVo R 152 9740w BEL
F2E HEUTh weakref RES F2E WEA 1 AR FAT 5 Y =72 AFFUch AA 7
2 Q 31X] ko weakref H| o] Bl A A A 7} A5 L2 A A= I weakref A A o sk 9 o] EE] AFH YT
AREA Q] S8l e ol v &o] Wol == A A o] =3P Ut

>>> import weakref, gc
>>> class A:
def _ init_ (self, wvalue):
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:/python26/lib/weakref.py", line 46, in __getitem_
o = self.datalkey] ()
KeyError: 'primary'

WHeaEJor g2 HolH 2 375 32+ dsUth 2HvdEs & AT A4S SA 7
SE ke Fdo] g S dan

array BE-2 array () A& AFZULE o] AA & 52 AQ vl olHubS A7dsta B 2 U3 A st
© o aEsh 2g Ut B3 ol At ool 4l int A Ak ol 2= o] AAE G Ioutol =8 Aok
tjAlel, 28te] ES T gls o] A (P ZE "H") 2 AZH A LS Hojs Ut

>>> from array import array
>>> a = array('H', [4000, 10, 700, 22222])
>>> sum(a)

(TH& ST Aol A1)
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26932
>>> a[l:3]
array ('H', [10, 7001)

collections EE2deque () AAE AFE UL o] 2A|= dZENA o w2 A 3 7HHSHA v S 7ol A 9]
23 =9 =3 grES Z5Uth o] AAl= 7€ ¥ Ho] ¢4 Eg AAEZ FH = o AP

>>> from collections import deque

>>> d = deque(["taskl", "task2", "task3"])
>>> d.append("task4")

>>> print "Handling", d.popleft ()

Handling taskl

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)

toHa el 2 T E Yol ol el F YW Pl AES 22 8E P Eo] Yt bisect BED L T}
EFEAFTFHUCT

>>> 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')]
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>>> 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]
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>>> from decimal import *

>>> x = Decimal ('0.70") * Decimal('1.05")

>>> x

Decimal ('0.7350")

>>> x.quantize (Decimal ('0.01")) # round to nearest cent
Decimal ('0.74")

>>> round (.70 * 1.05, 2) # same calculation with floats
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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]1*10) == 1.0

False

decimal EE2 I8 HF Y AUERE 22 AT U

>>> getcontext () .prec = 36
>>> Decimal (1) / Decimal (7)
Decimal ('0.142857142857142857142857142857142857")
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CHAPTER 12

O|AM|l & 5tX|?
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library-index:

REetolueed @, ¢+ % RE o)
25N E G ok Gtk EF oA
SALL 93, HTTPS 53] B4 4413
A, Ao\ EE AE T, ek e A S S Dol A2 LT eholn el el A% Am s
Folnw o Ao] geA & 4 Y%tk

install-index explains how to install external modules written by other Python users.

reference-index: o] W 2] EH 3} o] uof ok AFA|SF AW, 7)o G A, Ao xA o o g+
&AM A ZA] & T

7)€} sol # 22 :

https://www.python.org: 8 3}o]# g Ao E. o 7]l =, A E Wof & Foj# && 5 o]

Soll &k 2187 E0] s UTh o] §) /\]'O]E“ Nk D e E—ngr Zol A *1]74] of 2] 3ol m 2 7}
TEolFuth A2l A 9 Aol whet n| ] 7F 7] Ao ]El‘i‘:‘r“‘*}% TE AU
https://docs.python.org: 3}o] 2 9] T 7w o] dof w2 A AN AT 4= QF U Th

https://pypi.org: °]¥i°ﬂ 2]z 7}A] (Cheese Shop) 2= = H & 3to]d 3 7] 2] dld 2= YWl 5 =
A2 AN 2L Shol A B A YUt T EE wj£517] Al ASHE thE AHEE o] FE 5 =S o] 7]

QCEE%?SL/\ 01/\141;].

https://code.activestate.com/recipes/langs/python/: 3}o] % Q €] A (Python Cookbook) 2 &2 F & o
A, ERE Y FLIATHE B2 Uth E3| FEVE F 35S Python Cookbook (O’ Reilly &
Associates, ISBN 0-596-00797-3) ©] F/PE AE2] Ao 2 ok5ytt

For Python-related questions and problem reports, you can post to the newsgroup comp. Iang. python, or send them
to the mailing list at python-list@python.org. The newsgroup and mailing list are gatewayed, so messages posted to one
will automatically be forwarded to the other. There are around 120 postings a day (with peaks up to several hundred),
asking (and answering) questions, suggesting new features, and announcing new modules. Before posting, be sure to check
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the list of Frequently Asked Questions (also called the FAQ). Mailing list archives are available at https://mail.python.
org/pipermail/. The FAQ answers many of the questions that come up again and again, and may already contain the
solution for your problem.
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Some versions of the Python interpreter support editing of the current input line and history substitution, similar to
facilities found in the Korn shell and the GNU Bash shell. This is implemented using the GNU Readline library, which
supports Emacs-style and vi-style editing. This library has its own documentation which I won’t duplicate here; however,
the basics are easily explained. The interactive editing and history described here are optionally available in the Unix and
Cygwin versions of the interpreter.

This chapter does not document the editing facilities of Mark Hammond’s PythonWin package or the Tk-based envi-
ronment, IDLE, distributed with Python. The command line history recall which operates within DOS boxes on NT and
some other DOS and Windows flavors is yet another beast.

13.1 Line Editing

If supported, input line editing is active whenever the interpreter prints a primary or secondary prompt. The current line
can be edited using the conventional Emacs control characters. The most important of these are: C—A (Control-A) moves
the cursor to the beginning of the line, C-E to the end, C—B moves it one position to the left, C-F to the right. Backspace
erases the character to the left of the cursor, C-D the character to its right. C—K kills (erases) the rest of the line to the
right of the cursor, C—Y yanks back the last killed string. C-underscore undoes the last change you made; it can be
repeated for cumulative effect.

13.2 History Substitution

History substitution works as follows. All non-empty input lines issued are saved in a history buffer, and when a new
prompt is given you are positioned on a new line at the bottom of this buffer. C—P moves one line up (back) in the history
buffer, C—N moves one down. Any line in the history buffer can be edited; an asterisk appears in front of the prompt to
mark a line as modified. Pressing the Return key passes the current line to the interpreter. C—R starts an incremental
reverse search; C—S starts a forward search.
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13.3 Key Bindings

The key bindings and some other parameters of the Readline library can be customized by placing commands in an
initialization file called ~/ . input rc. Key bindings have the form

’key—name: function-name

or

’"string": function—name

and options can be set with

’set option-name value

For example:

# I prefer vi-style editing:
set editing-mode vi

# Edit using a single line:
set horizontal-scroll-mode On

# Rebind some keys:

Meta-h: backward-kill-word
"\C-u": universal-argument
"\C-x\C-r": re-read-init-file

Note that the default binding for Tab in Python is to insert a Tab character instead of Readline’s default filename
completion function. If you insist, you can override this by putting

Tab: complete

inyour ~/ . inputrc. (Of course, this makes it harder to type indented continuation lines if you’re accustomed to using
Tab for that purpose.)

Automatic completion of variable and module names is optionally available. To enable it in the interpreter’s interactive
mode, add the following to your startup file:'

import rlcompleter, readline
readline.parse_and_bind('tab: complete')

This binds the Tab key to the completion function, so hitting the Tab key twice suggests completions; it looks at Python
statement names, the current local variables, and the available module names. For dotted expressions such as string.
a, it will evaluate the expression up to the final ' . ' and then suggest completions from the attributes of the resulting
object. Note that this may execute application-defined code if an object witha ___getattr__ () method is part of the
expression.

A more capable startup file might look like this example. Note that this deletes the names it creates once they are no
longer needed; this is done since the startup file is executed in the same namespace as the interactive commands, and
removing the names avoids creating side effects in the interactive environment. You may find it convenient to keep some
of the imported modules, such as os, which turn out to be needed in most sessions with the interpreter.

! Python will execute the contents of a file identified by the PYTHONSTARTUP environment variable when you start an interactive interpreter. To
customize Python even for non-interactive mode, see 7| 2~E]n}o] A o] A X &.
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Add auto-completion and a stored history file of commands to your Python
interactive interpreter. Requires Python 2.0+, readline. Autocomplete 1is
bound to the Esc key by default (you can change it - see readline docs).

Store the file in ~/.pystartup, and set an environment variable to point
to it: T"export PYTHONSTARTUP=~/.pystartup'" in bash.

HH FH W H K H

import atexit
import os

import readline
import rlcompleter

historyPath = os.path.expanduser ("~/.pyhistory")
def save_history (historyPath=historyPath) :
import readline

readline.write_history_file (historyPath)

if os.path.exists (historyPath):
readline.read_history_file (historyPath)

atexit.register (save_history)
del os, atexit, readline, rlcompleter, save_history, historyPath
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On a typical machine running Python, there are 53 bits of precision available for a Python float, so the value stored
internally when you enter the decimal number O . 1 is the binary fraction

0.00011001100110011001100110011001100110011001100110011010

which is close to, but not exactly equal to, 1/10.

It’s easy to forget that the stored value is an approximation to the original decimal fraction, because of the way that floats
are displayed at the interpreter prompt. Python only prints a decimal approximation to the true decimal value of the
binary approximation stored by the machine. If Python were to print the true decimal value of the binary approximation
stored for 0.1, it would have to display

>>> 0.1
0.1000000000000000055511151231257827021181583404541015625

o)A B RE Aol f8STh Ao ANT BE Ao, T AL w2 e o4l TA 5]
5718 e e sy

>>> 0.1
0.1

It’s important to realize that this is, in a real sense, an illusion: the value in the machine is not exactly 1/10, you’re simply
rounding the display of the true machine value. This fact becomes apparent as soon as you try to do arithmetic with these
values

>>> 0.1 + 0.2
0.30000000000000004

o) Ao] o4 £ £5ge] BAe] FEFAL: sholAe] W1k ofn, o] R TE Gt WIE
U SESlole) B 257 462 A Qs LE dojolx] 2L E70 A2 2 5 ALUTH(QR
Aol A BACE 52 RE B8 RCo A Fo B BANH L 5 AA T,

Other surprises follow from this one. For example, if you try to round the value 2.675 to two decimal places, you get this

>>> round(2.675, 2)
2.67

The documentation for the built-in round () function says that it rounds to the nearest value, rounding ties away from
zero. Since the decimal fraction 2.675 is exactly halfway between 2.67 and 2.68, you might expect the result here to be (a
binary approximation to) 2.68. It’s not, because when the decimal string 2. 675 is converted to a binary floating-point
number, it’s again replaced with a binary approximation, whose exact value is

2.67499999999999982236431605997495353221893310546875

Since this approximation is slightly closer to 2.67 than to 2.68, it’s rounded down.

If you’re in a situation where you care which way your decimal halfway-cases are rounded, you should consider using the
decimal module. Incidentally, the decimal module also provides a nice way to (see) the exact value that’s stored
in any particular Python float

>>> from decimal import Decimal
>>> Decimal (2.675)
Decimal ('2.67499999999999982236431605997495353221893310546875")

Another consequence is that since 0.1 is not exactly 1/10, summing ten values of 0.1 may not yield exactly 1.0, either:
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>>> sum = 0.0

>>> for i in range (10):
sum += 0.1

>>> sum

0.9999999999999999

o7 FF £ e oJAH W2 Eetes GAFUS (0.1) o] FAl= ofefo] (W £57) AN
AA A A Ut s o] 919 2 e £3] Yy Eebwol diel oS Sd g AR S Al YT

As that says near the end, ( there are no easy answers. ) Still, don’t be unduly wary of floating-point! The errors in Python
float operations are inherited from the floating-point hardware, and on most machines are on the order of no more than
1 part in 2**53 per operation. That’s more than adequate for most tasks, but you do need to keep in mind that it’s not
decimal arithmetic, and that every float operation can suffer a new rounding error.

While pathological cases do exist, for most casual use of floating-point arithmetic you’ll see the result you expect in the
end if you simply round the display of your final results to the number of decimal digits you expect. For fine control over
how a float is displayed see the str. format () method’s format specifiers in formatstrings.

141 ESl 27
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Representation error refers to the fact that some (most, actually) decimal fractions cannot be represented exactly as binary
(base 2) fractions. This is the chief reason why Python (or Perl, C, C++, Java, Fortran, and many others) often won’t
display the exact decimal number you expect:

>>> 0.1 + 0.2
0.30000000000000004

Why is that? 1/10 and 2/10 are not exactly representable as a binary fraction. Almost all machines today (July 2010) use
IEEE-754 floating point arithmetic, and almost all platforms map Python floats to IEEE-754 (double precision). 754
doubles contain 53 bits of precision, so on input the computer strives to convert 0.1 to the closest fraction it can of the
form J/2**N where J is an integer containing exactly 53 bits. Rewriting

’1 / 10 ~= J / (2**N)
=

=
’J ~= 2**N / 10

B THA] 2231, J47F R 28] 53 M E (“S>= 2##52 o] A ¥k ‘< 2##53“T}) & LB SH, *N o] H A k-2 56 Y Th:

>>> 2**52
4503599627370496
>>> 2*%*53
9007199254740992
>>> 2*%*56/10
7205759403792793

That is, 56 is the only value for N that leaves J with exactly 53 bits. The best possible value for J is then that quotient
rounded:

103

'S
Hl
e
to
3


http://www.lahey.com/float.htm

Python Tutorial, £A| H{H™ 2.7.18

>>> g, r = divmod (2**56, 10)
>>> r
6

U A 7H 109 At 2ms, g ke 2 28 HA Aol Utk

>>> g+l
7205759403792794

Therefore the best possible approximation to 1/10 in 754 double precision is that over 2**56, or

7205759403792794 / 72057594037927936

2 AAZ 1/10 BT} 2k Ithe Ao
lﬂqﬂﬂﬂ%ﬂtﬂg}mquQ
105 (2A) ZdUt: &5 e AL folx
tEd Ut

MOQi
o 9

o 2
N
L‘O
—E_’

fr X e

Ry

1

B TR S A T
(A )
E_>|: _L}"L [U]O
Sl
o

N
W
N
=
ox,
e
b
ry
>>

>>> |1 * 2**56
7205759403792794.0

If we multiply that fraction by 10**30, we can see the (truncated) value of its 30 most significant decimal digits:

>>> 7205759403792794 * 10**30 // 2**56
100000000000000005551115123125L

meaning that the exact number stored in the computer is approximately equal to the decimal value
0.100000000000000005551115123125.  In versions prior to Python 2.7 and Python 3.1, Python rounded this
value to 17 significant digits, giving (0.10000000000000001 ). In current versions, Python displays a value based on
the shortest decimal fraction that rounds correctly back to the true binary value, resulting simply in (0.1).
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#!/usr/bin/env python
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$ chmod +x myscript.py
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PYTHONSTARTUP &4 ¥M¢E A2 B o] 5ol v o522 dAstd gtk o] A2 +

.profile 7|53 F A Y Tk

o) FQL 57 A Ao] T 930, Fholfol AT EC]A WAL A W), /dev/tey 7 Beie] WA
2229 A9 (3D AAAE EAAh ol A4 ich gake Weol AAE = 2L ol F F kol A
AgR R, o] BAolA A SA L} AE = AAEL 0j3R A Mol A AFIEA e ol B0 e
F QU ©] BHol M sys.psl A sys.ps2 ZEZES VAT FE A

A g oA FIH A A LS doddl, A A& 5o A if os.path.isfile('.pythonrc.
py') : exec(open('.pythonrc.py').read()) & ZL2 I=EALIHIA Z2aRST S JdS5YH. &
AHENA A& 31L& AHGSHE H AT HE A HAIH o2 53 35] of gt

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)

15.1.4 FHAE{O}O|M|O|M B E

ol M2 AAEnpo|2E §= Q= F 7HA] 2 Al ZF T} sitecustomize 2 usercustomize. o2 A
A5 5k el wl, WA of 2] 28] AH§ A site-packages T & E] 2] 9] 91 3] 8 Fobof GLITF. sho] A2 A2 sha
ge REE AR

>>> import site
>>> site.getusersitepackages ()
' /home/user/.local/lib/python2.7/site-packages’

olAl 2 Y& e gl o usercustomize.py B 0|59 LS BEL Gt AES ES F A5 UL s

AZEENEATEIE -s FHOZE A ZBIA] ¢+ 0L, o] g2 2 E go]# Ao 43S Fuyoh
sitecustomize = Z2 ¥4l o g A=z uk, dulA o 2 A o site-packages U] @ E] 2] o] AFE] & A}7}
W= 1, usercustomize Ao YEZEHYUTH AM I YL L site REL EFHHJHS EA L.
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olt+
. The default Python prompt of the interactive shell when entering code for an indented code block, when within

a pair of matching left and right delimiters (parentheses, square brackets, curly braces or triple quotes), or after
specifying a decorator.
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abstract base class (54} #j| o] A~ Zal| A) Abstract base classes complement duck-typing by providing a way to define
interfaces when other techniques like hasattr () would be clumsy or subtly wrong (for example with magic
methods). ABCs introduce virtual subclasses, which are classes that don’t inherit from a class but are still rec-
ognized by isinstance () and issubclass (); see the abc module documentation. Python comes with
many built-in ABCs for data structures (in the collect ions module), numbers (in the numbers module), and
streams (in the i o module). You can create your own ABCs with the abc module.

argument (21 Z}) A value passed to a function (or method) when calling the function. There are two types of arguments:

o 7191 AR} (keyword argument): 5= T & ulj 4] tﬂz}ﬂ— o] F2 AA (Al E E0], name=) T **
€ ol A MBI = A= ﬂx}, AL S, th5 22 complex () L&A 3345 &

719 = At

complex (real=3, imag=5)
complex (**{'real': 3, 'imag': 5})

o 912 Q1 A} (positional argument): 7]
At olHHE o] gl x & B A
$1A] A=t}

= A X} 9] A 3| 13
gsk = Qi) o & S0, i3 22 i%oﬂfﬂ 345 =RF

complex (3, D5)
complex (* (3, 5))
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2 A9 Wso] YAt o] th ol AE5 = 71 Sl thah Al calls 442
E@40]7 A%z AH8E 4 Uk A gro] A Mol gk

See also the parameter glossary entry and the FAQ question on the difference between arguments and parameters.

attribute (] EZ|HE) AR A S AMS 3= o] 502 FRF = QA 23 3L o & 9], AA o 7H A E
g HEaE 7HA Y, 0a A Y FxHT)

BDFL #}d] 2% £ Al = 2] 2} (Benevolent Dictator For Life), = Guido van Rossum, 3}o] 21 2] A A},

bytes-like object (B} o] E Q5 W A]) An object that supports the buffer protocol, like str, bytearray or
memoryview. Bytes-like objects can be used for various operations that expect binary data, such as compression,
saving to a binary file or sending over a socket. Some operations need the binary data to be mutable, in which case
not all bytes-like objects can apply.

bytecode (B} o] E . &) Python source code is compiled into bytecode, the internal representation of a Python program
in the CPython interpreter. The bytecode is also cached in . pyc and . pyo files so that executing the same file
is faster the second time (recompilation from source to bytecode can be avoided). This (intermediate language )
is said to run on a virtual machine that executes the machine code corresponding to each bytecode. Do note that
bytecodes are not expected to work between different Python virtual machines, nor to be stable between Python

releases.
dlo]E TE Welol 5o B dis BE EFWH o] Ao Yot}

cdass (F:2) AHSAHY AAES HEV] A . FH2 Fo= BF FH2Yg dadA2E AR
Audste WA= Hol 5L T

classic class Any class which does not inherit from object. See new-style class. Classic classes have been removed in
Python 3.

coercion (Z.0]A) The implicit conversion of an instance of one type to another during an operation which involves two
arguments of the same type. For example, int (3.15) converts the floating point number to the integer 3, but
in 3+4 .5, each argument is of a different type (one int, one float), and both must be converted to the same type
before they can be added or it will raise a TypeError. Coercion between two operands can be performed with
the coerce built-in function; thus, 3+4 .5 is equivalent to calling operator.add (*coerce (3, 4.5))
and results in operator.add (3.0, 4.5). Without coercion, all arguments of even compatible types would
have to be normalized to the same value by the programmer, e.g., f1loat (3) +4. 5 rather than just 3+4. 5.

complex number (845 9143 A% A 289 g, BE A7 SR SR Foz ARt
SR Ao 514 081 (49 A 59 AN, 5 4 el 5 2 3 oA 3 2 3
ATk o) AL FAY Br WL 2l HAFE 7R AATT; 5 § A0S BolA B at,

& £9°],3+13. math +%PJ Eaoz Aol BRFH, cmath & AFL3t) Bado oo 42
=2 584 7solth Bo3ttal =7 A i, AL #4AF ‘:'/\] e =

context manager (AEAE #AE|A}) _ enter_ () & _ _exit_ () HAEE AT OoZXN with BEANA B
0]% 3732 Aoldt= A PEP 343 2 =Y

GMMnﬂﬂﬁéijﬂmGGJ%m4%¥§1ﬂwmmmﬂﬂm1Qﬂ-ﬂ?@%wwmﬂ%
TronPython 7} 22 C}e A5 7% 1 2 7} 912 w] 80| (CPython) o AH&HI T},

decorator (H| Z#|o]E]) t}E T+E =T+ T5U, EF Qurapper THE A
=t g Z g o] &£t o= classmethod () ¥ staticmethod () T
210

dlseole] £e B ®e FH Y Lotk the ¥ B4 A9 & o4

ok
e
5
rE

fow A8

oz 5o

def f(...):

f = staticmethod (f)

@staticmethod

(THS sTolATell A1)
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(o] A sl o] A A M A%)

def f£(...):

72 fdo] Z g o= AR T € X}FF 20l th vl ZF o] g o tldl 5 XA 3 &2 S A o] 9F
Zefe ge] o =FuEo] AL B Bk,

descriptor (t] 2= ¥ E]) Any new-style object which defines the methods _ get_ (), _ _set_ (), or
__delete__ (). When a class attribute is a descriptor, its special binding behavior is triggered upon attribute
lookup. Normally, using a.b to get, set or delete an attribute looks up the object named b in the class dictionary for
a, but if b is a descriptor, the respective descriptor method gets called. Understanding descriptors is a key to a deep
understanding of Python because they are the basis for many features including functions, methods, properties,
class methods, static methods, and reference to super classes.

U223 Y Wl =Eol of g 2pA| & W82 descriptors ©f] VT

dictionary () 4] 2]) An associative array, where arbitrary keys are mapped to values. The keys can be any object
with __hash__ () and __eq__ () methods. Called a hash in Perl.

dictionary view (5 412 H) The objects returned from dict.viewkeys (), dict.viewvalues (), and
dict.viewitems () are called dictionary views. They provide a dynamic view on the dictionary’s entries,
which means that when the dictionary changes, the view reflects these changes. To force the dictionary view to
become a full list use 1ist (dictview). See dict-views.

docstring (52 EF) FEfx, 5, REOA A WA 2840 = UrE‘rUrt TX}°§ ZHE. A9 EZAY
= FAIE A, Ao o] o) AR e Fes, T, REY __doc__olEPHER 4
At JQEZANAS S AT Jong, AR o] e oS 9 FH A Fact

duck-typing (¢ E}Ol% ZHFE QA EH o2 E M =X At AA Y FS A e T2
B thAl, T3] A Eu o] E g e

O it

-,‘?—Eﬂigﬂﬂ‘%/\}“‘l%q(((—-—ﬂﬂaéEo]i 2l A
ﬂ%t}tﬂ,lﬂ% gth)) S F thAlel SEsol2E Fxdeen, FHAH Z=E= T
A8 o N FALES NAE 4 Atk 9 BFo] B2 type () ©lt isinstance () & AHESH
AN .L]fsh:} (3FA) uh, & E}o] 3 o %*Juﬂﬂé%aﬂéii%g T Aol T of et thAlel,

hasattr () AANY EAFP Z 2 22 & &1}

EAFP & 2tH )= &A1 S 3177} 4 o} (Easier to ask for forgiveness than permission). ©] £3] &2 4= gl& 3}
oM Y AEFY L, ZHE U o EYRES EAE M8, 2 7ol W A& E =T o
ZES AL 2B A2 W try & except £ EAE EAA | KATh o] HZ Y2 Ce 22 o E

W2 dofoll A A= A= = LBYL 2~ 814 3} th vl E ot

expression (23 2]) A piece of syntax which can be evaluated to some value. In other words, an expression is an
accumulation of expression elements like literals, names, attribute access, operators or function calls which all
return a value. In contrast to many other languages, not all language constructs are expressions. There are also
statements which cannot be used as expressions, such as print or if. Assignments are also statements, not
expressions.

extension module (33 2E) C U C++ 2 A H ZE A, 3] # 2 C APIE AL-&3] A 34 o] L} AF&-2}
A=} A} Ag et

file object (3} AA]) sH5 Aol thaf 3L A FA API (read () Ywrite() 2
AA. ol el et 5t AA= AA a3 A st ol o A
=0, 2T 4=, d-vrg A, &7, stolx, F5) o 3t YA ~E FA
LA R AA (file-like objects) } 2~E ¥ (streams) ©| 2} = & 2T}

X rlo
=,
X
et
[
v

L ol it

o
o

Sy

28 L
rlr e el

it

i
)
e
_l\l

o °F

1-‘024_4
)

30 T |

There are actually three categories of file objects: raw binary files, buffered binary files and text files. Their interfaces
are defined in the i o module. The canonical way to create a file object is by using the open () function.

file-like object (3} Y -F AA) s+ 214 2] nv]<=3F o
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finder (¥} 21]) An object that tries to find the loader for a module. It must implement a method named
find_module (). See PEP 302 for details.

floor divison (3 WP 71 ZL7He A5 U ASHe 500 el A% el @A /) o ol
o), BAA 11 // 49 2 AHA Y, A5 AL 2.75 8 Bl ETh (-11) // 47}-2.75
£ W% % -3 o] Holl $2)3)of Fe}. PEP 238 & HA 2.

function (§5) TE2 Aol A oW 2 ST 4o EAS. AU L o)A A7t AEE = e,
Hit o] Aol AgE 4= Qlrt. shebv| ] of v A = 2} function A& H AL
__future__ A pseudo-module which programmers can use to enable new language features which are not compatible

with the current interpreter. For example, the expression 11 /4 currently evaluates to 2. If the module in which it
is executed had enabled true division by executing:

from _ future__ import division

the expression 11 /4 would evaluate to 2 . 75. By importingthe ___future__ module and evaluating its variables,
you can see when a new feature was first added to the language and when it will become the default:

>>> import __ future_
>>> _ future__ .division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection (7}8] 2] 4>#]) The process of freeing memory when it is not used anymore. Python performs
garbage collection via reference counting and a cyclic garbage collector that is able to detect and break reference
cycles.

generator (A ] & ©]€]) A function which returns an iterator. It looks like a normal function except that it contains
yield statements for producing a series of values usable in a for-loop or that can be retrieved one at a time with
the next () function. Each yield temporarily suspends processing, remembering the location execution state
(including local variables and pending try-statements). When the generator resumes, it picks up where it left off (in
contrast to functions which start fresh on every invocation).

generator expression (AU o]&] £ 2]) o|HHoJHE ST THA]. FZ A U E A Yd= for
FANT A AR if A 0] Hol B A EA4 AT Wtk AFA FAAL BRI F5E
A FES BEA U
>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81

285

GIL A ¢zl = S HASL
global interpreter lock (H % JIE]Z2|E] &) T Hof] &4 shite] g =7} gfojd o] E S = & APse =

R AA3E7] $138l CPython Q1E] Z 2] E] 7} AP%}L Uﬂ?M Z. (dict 4 22 F8FYUFIFES 2F3e)
AA Bdo] FAHE FA] °‘“ﬂ/‘°ﬂ g8l AAFEF vhs o] A CPython THE dEsHA e
JdHzeH AAE 2= AL AdHZHE éﬂﬂ_ﬂﬁm A =g, oE Z 2 A A
Z1AZF Al Eshe HEa Ao we HES A st

3HA] g, OW A REELS, BF0] Hﬂ”x} T gdEol g aA e A Aok ol ZS AT
o= GIL 2 ¥ 3st= = A A= 9 ‘}I/OEUHEH“ FAF GIL & whdalioh

27 3E) (2H E o0 A2 -2 (free-threaded) ) AE] Z B E S BHEA}
A XY, S ad 22AX F99 45 A8t s ol o]
& F2 H43sH el A le HF‘lOl B E01Z ASE o AX T

hashable (3l A] 7}%5) An object is hashable if it has a hash value which never changes during its lifetime (it needs a
__hash___ () method), and can be compared to other objects (itneedsan __eq__ () or __cmp___ () method).
Hashable objects which compare equal must have the same hash value.
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AN A5 S AANE G A WG] W ALEE 5 QA S, o] AR TR YFA
©= A G A W E ol k.

All of Python’s immutable built-in objects are hashable, while no mutable containers (such as lists or dictionaries)
are. Objects which are instances of user-defined classes are hashable by default; they all compare unequal (except
with themselves), and their hash value is derived from their id ().

IDLE 3}o] & 93 53} 7l 3t 317 (Integrated Development Environment). IDLE- 3}o] 4 o] & & wl & 3oj)
wehe s 71249 Bl 7lek AEz el e B0l

immutable (38) 7AH 34 2 A7, 29 AA = 52, EAL, FEL £} o)d A EL A
2 ok Al 3 A4 ™ A A A 2 S ojof Bt WatA o 8l Algte] glojof sk Fol A %
AL gt} o2 Sof, S 7).

integer division Mathematical division discarding any remainder. For example, the expression 11/ 4 currently evaluates
to 2 in contrast to the 2. 75 returned by float division. Also called floor division. When dividing two integers the
outcome will always be another integer (having the floor function applied to it). However, if one of the operands is
another numeric type (such as a f1oat), the result will be coerced (see coercion) to a common type. For example,
an integer divided by a float will result in a float value, possibly with a decimal fraction. Integer division can be
forced by using the // operator instead of the / operator. See also __future__

importing (Y ¥ %) 3 259} shol W TE} o 25 sholul TN AL 5 TS s A

importer (Y ZE]) EEL 2V %5 511 2 37| E st AA|; T Ao 5Foly o] 21 ARt}

interactive (] 3}1%) sho] W2 ti3}y Qe = 2jE] S 23 e, AEZejE 25z EoA 24 284S
YL 913, 52 A9 AE 2 4 loke Felg. AR} glo) B python & AW} AFE

FHlol A AEsts A% 7Hsd 5 Ath. A otoltjol & AASI AU 53 7| A& Solvtl &

W5 2 It (help (x) B 71 SA ),

interpreted (QJE]Z2JE]E) ulo]E F & Axde| o &R uf B 7 FHo] SR 7] &= A 1l sfo]H &
254 Slol 7k ofv| ek Qe el Bl Qloleh. o AL A H oz A 5l i&“ﬂwLE££~%%
A3 AW 5 Irhe Folth, 1 zz o] & 5 A5 AW AL AT, AE e H Ao BE

A5t Aol Rt gL AT w7 2718 2tk o5 RAR.

iterable (] ]3] &) An object capable of returning its members one at a time. Examples of iterables include all sequence
types (such as 1ist, str, and tuple) and some non-sequence types like dict and £ile and objects of any
classes you define withan __iter_ () or__getitem__ () method Iterables can be used in a for loop and
in many other places where a sequence is needed (zip (), map (), *--). When an iterable object is passed as an
argument to the built-in function iter (), it returns an iterator for the object. This iterator is good for one pass
over the set of values. When using iterables, it is usually not necessary to call iter () or deal with iterator objects
yourself. The for statement does that automatically for you, creating a temporary unnamed variable to hold the
iterator for the duration of the loop. See also iterator, sequence, and generator.

iterator (©] €] ]| ©]E]) An object representing a stream of data. Repeated calls to the iterator’s next () method re-
turn successive items in the stream. When no more data are available a StopIteration exception is raised
instead. At this point, the iterator object is exhausted and any further calls to its next () method just raise
StopIteration again. Iterators are required to have an __iter__ () method that returns the iterator object
itself so every iterator is also iterable and may be used in most places where other iterables are accepted. One
notable exception is code which attempts multiple iteration passes. A container object (such as a 1ist) produces
a fresh new iterator each time you pass it to the iter () function or use it in a for loop. Attempting this with
an iterator will just return the same exhausted iterator object used in the previous iteration pass, making it appear
like an empty container.

typeiter ©f T ZpA] &k Uj-8-o] Qltt.

key function (7] ) 7] Sk == F & o] A (collation) 4= A & (sorting) ©] L Bl & (ordering) o] A} &5 =
< E8FE= 29 S °l t}. o & E0°], locale.strxfrm() 2 Z2AL EF P S 2= HE 7| &
= = o AR E T

111



Python Tutorial, £A| H{H™ 2.7.18

A number of tools in Python accept key functions to control how elements are ordered or grouped. They in-
clude min (), max (), sorted (), list.sort (), heapg.nsmallest (), heapg.nlargest (), and
itertools.groupby ().

There are several ways to create a key function. For example. the str.lower () method can serve as a key
function for case insensitive sorts. Alternatively, an ad-hoc key function can be built from a 1ambda expression
suchas lambda r: (r[0], r[2]). Also,the operator module provides three key function constructors:
attrgetter (), itemgetter (),and methodcaller (). See the Sorting HOW TO for examples of how
to create and use key functions.

keyword argument (7] ¢ & 21z} <12} & HA Q.

lambda (Fth =2 of Fto] FlA =3ty 294 o2 FAE o] gle Akl 3. 2 & BEs
EHL lambda [parameters]: expression ©|T}.

LBYL 7] Aol B &} (Look before you leap). ©] T 2B} S E0| L} 23] & 37| Aof] HA|H o Z ALA

AES AAst) o] 2812 EAFP F2H A Rl H 3L, W2 i z o]

T 2= S, LBYL W2 (E71) & (A7) ol B 2ded=A 2 A3

E90],7FEif key in mapping: return mappinglkey] = AA} 30, 3} A 9k %3] =

& =7} key & mapping A 2| A3 A4 % 5 STk o] o] = Fol L} EARP F 2 AHS 3o 2 A

2 5 At

list (8] 2E) A built-in Python sequence. Despite its name it is more akin to an array in other languages than to a linked

list since access to elements is O(1).

BN
o
Bl
o
f
2
fu
A
oX,
N,

list comprehension (2] 2 E 7 Z 2|31 A) A compact way to process all or part of the elements in a sequence and
return a list with the results. result = ["0x%02x" % x for x in range (256) if x % ==
0] generates a list of strings containing even hex numbers (0x..) in the range from 0 to 255. The if clause is
optional. If omitted, all elements in range (256) are processed.

loader (£t]) An object that loads a module. It must define a method named 1oad_module (). A loader is typically
returned by a finder. See PEP 302 for details.

magic method An informal synonym for special method.

mapping (W] ) A container object that supports arbitrary key lookups and implements the methods specified in
the Mapping or MutableMapping abstract base classes. Examples include dict, collections.
defaultdict, collections.OrderedDict and collections.Counter.

metaclass (W€} 22 2) S0 Sl SAS A= UL o5, 2 r’”‘%ﬂﬂ Hlojx Sease
E5g UETh E Zd A o] Al RS BokA 2 EHAE U}C = A e Aok 72 AA A FH
Z2 a9 QojEL /8 FAL AFAT o8 =5 MEs AL ALY W 2 AE HE
T 9)\‘:]’— ojth. thi & AbE Ao A= o] =77} 7504 A B, %37]' A2, e Sdae
7]'Eﬂ BhaL -p-oF gk ﬁﬁ‘ﬁ% AFedeh A EZHE AA 29 EZ’J (logging), 28| & eFAA o] 27}, A B A

24, 2 E AT L thE 4ol AEHT
metaclasses o) A T] Z}A|3F U &S 2H8

method (W] A1) Z 2]~ wht] kol A Aol s = g4, 1 o)
WAEE 3 WA Q4 (HE sels oy BATh B AAEA AR S W), o
HAL

method resolution order (W] A= 2% $A]) WA= A A=
259 £AH. 23 AR H do] i dE = F/]anﬂ A
Method Resolution Order & H H ¥ t}.
module(_‘%’_%) fﬂrol”q 9 243} I E HIohe AAl. RE2 d9] ol AR S He olF e
T 252 4xd 2l ¢ H-ﬂr‘ﬂ”ﬁ—o«ii‘:ﬂ‘;}

ﬁH 712 & HA L.
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MRO "X = A3 <=4 E HA Q.

named tuple (1] 9 = AL T A BAES T B2 AEYRERZE YA 2T 5 = BE
FEF N2 (& £, time.localtime () 2 year 7kt [0] A AHAZE, t.tm_year A H
NEZRERE A 2T + e FEF AAE &)
Hd= S time.struct_time Z2 WAT I &, dut P2 FY=2 s o5 ) B E
7% °] AU IE FZ2S HEe &4 collections.namedtuple () 2% ¥HE 5= ) vpA| g}

=
LE
ployee (name="'jones', title='programmer') &} T2 A22F EFAZE TE=repr
I 22 F4 75 % AHs AlFsth

namespace (©] S &7} The place where a variable is stored. Namespaces are implemented as dictionaries. There
are the local, global and built-in namespaces as well as nested namespaces in objects (in methods). Namespaces
support modularity by preventing naming conflicts. For instance, the functions __builtin__.open () andos.
open () are distinguished by their namespaces. Namespaces also aid readability and maintainability by making it
clear which module implements a function. For instance, writing random. seed () or itertools.izip ()
makes it clear that those functions are implemented by the random and itertools modules, respectively.

nested scope (£ %] ¥ 23 =) The ability to refer to a variable in an enclosing definition. For instance, a function
defined inside another function can refer to variables in the outer function. Note that nested scopes work only for
reference and not for assignment which will always write to the innermost scope. In contrast, local variables both
read and write in the innermost scope. Likewise, global variables read and write to the global namespace.

new-style class (5+ 2 €} Z#2) Any class which inherits from object. This includes all built-in types like 1ist
and dict. Only new-style classes can use Python’s newer, versatile features like ___slots__, descriptors, prop-
erties, and __getattribute_ ().

More information can be found in newstyle.

object () A]) A} (IEZREU ) & 2L T2 (FIAE) o] Aod REHolE. =3, EE w2ekd 28
o HF A o]~ St

package (7] A)) M B RESO|L, AR O AR AN AEL EFE 5 it oW B E, /EHOR,
N7 A% _path__ o] EFHEZ} Qi shol W E oIt

parameter (3}2}1]E]) A named entity in a function (or method) definition that specifies an argument (or in some cases,
arguments) that the function can accept. There are four types of parameters:

* $1X1-71 9 = (positional-or-keyword): $1 %] <12} 1} 7] 9] = Q12 2 Add 4 9l AAE A A gt

o] A o] 7|2 el o] she}ul e}, o] & Sof T}2ol A foo 9} bar:

[>

def func (foo, bar=None) :

o 9 X)-A & (positional-only): $) X Z T A 2= & Q= ARE A3}, o] WL 9] x]-A-L vletu]
BlE Aot £ 2al A Stk 8hx 0
(& E0°1,abs ().

» 7PA-$1X] (var-positional): (P& Shekv] B Sl o)A o] ] Whob5ol 2l 9] X QA5 o] t3)) A5
2 9l 91 %] oR}E9] 9o AWAE 2 ATT) o] A Thebu]E = shahu]E o] Bof * & oo
BolA ol £ gtk g o thEoll Al args:

Kl

def func(*args, **kwargs):

o 7VA-7| 9 & (var-keyword): (T}2 S}Eln| g &
Asd A= 99 g 7IH = AAsS A A3 o™

ol Zoi A FeE 5 ATk A E 5ol 99 o oA kwargs.
1

shebrl e A8 A S-S 9% 7R olet A Ao ALt B4 AAES AAY 4 9ok

of o] Al o] n] Wrol= o] R 7)Y = ARE o B 3f)
sfebu e & sebul g o] Bof +x &

113



Python Tutorial, £A| H{H™ 2.7.18

See also the argument glossary entry, the FAQ question on the difference between arguments and parameters, and
the function section.

PEP 3}o]4d 7§/d Al <k PEP= 3ol AfUE o] ZEE AFstAY sho] W e I 22 A2 Ee &7
gt 2L 75S Aot AA FA4TH PEPE A|HE 7|5l gt 2 & 7| AS L 2AE

A58 oF gk,

PEPL F8 29 7152 A st Aol the AR UE 982 5350 shol o] Sofzt A7
2742 FAZ BE7] 98 /18 W AUZ 0|tk PEP A4 AL AR UE Hol 4§18 7253h v
SEEEVER R DR

positional argument (¢} ] 12} QA & H A Q.

Python 3000 (2}0]% 3000) =}o] % 3.x w3z 2pele] Hrg (7 3] vz 7h A mjefj o] o]op7|d Al o] W50
ol&olth) o] 22 (Py3k) 2 & 27| Bt}

Pythonic (S}o] t}) ThE Qo] Sol 4 A2 A E2 414 A3k 4, so] Al ool A
ﬂ%ﬂé&ﬁﬂLﬂﬂﬁ%gﬂmﬂWE%}wqquiEZﬁhw%EﬂAmmﬂﬂﬂz“L
ot for #& AT A o HHEY BE 247 25 Aolth TE BE dofol o] e 5
el Gons, shol o] AT BE A E L AN A AL E B B,

>
=
[
mlm

Fl

for i in range(len(food)):
print food[i]

o 2T, shol A the P e o ek

for piece in food:
print piece

reference count (22 314) Ao o3k Tz 9] 74, 7“?1]94 Az 471002 HojX W, w2 e 7} whgH
o} F=z g] -%— % duld o 2 glo|HW FEO EH A= %J; A2k, CPython +38 2] A Al @ At} sys
nEL AR Z2 A+E 8 F+= getrefcount () & ALl sith

fu

Jlm

__slots__ A declaration inside a new-style class that saves memory by pre-declaring space for instance attributes and
eliminating instance dictionaries. Though popular, the technique is somewhat tricky to get right and is best reserved
for rare cases where there are large numbers of instances in a memory-critical application.

sequence (X] @ 2) An iterable which supports efficient element access using integer indices viathe __getitem__ ()
special method and defines a 1en () method that returns the length of the sequence. Some built-in sequence types

are list, str, tuple, and unicode. Note that dict also supports __getitem__ () and __len__ (),
but is considered a mapping rather than a sequence because the lookups use arbitrary immutable keys rather than
integers.

slice (£ 2}o]2~) An object usually containing a portion of a sequence. A slice is created using the subscript no-

tation, [] with colons between numbers when several are given, such as in variable_name[1:3:5].
The bracket (subscript) notation uses s1ice objects internally (or in older versions, getslice_ () and
_ _setslice__()).

special method (5 WA &) Tlo]#o] o] o AxLS, QA 22, AP u] FAFOZE TEF = HAE.
ol HMEE F /N €EE AZSA ELh= ol ATh 5 W A = 3= specialnames of] T A1 2

S oiA qlnt.

statement (Z7) £732 2 E (ZEQ (EX(block))) & FASHE FEolth 282 84 oAU 7IH =
£ A& St o8] 7HAl F2E 59 sttt 7F if, while, for.

struct sequence (- 2 A] A]P2A) A tuple with named elements. Struct sequences expose an interface similiar to named
tuple in that elements can be accessed either by index or as an attribute. However, they do not have any of the named
tuple methods like _make () or _asdict (). Examples of struct sequences include sys.float_info and
the return value of os.stat ().
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triple- quoted string (%5 w52 9 49 % (O A2 x (OA M2 SR 224, 1
w5 3 StUE S A A 1= AR of 2] 7}A] o] frell A &R 7} QlTh
ojaFA o]l Z H A 2 A2uFE Y U RE FAYE ol 2FE £ JEF 51, AE BAE 2
RANE oAy Eo A =, 5AEHS E W 53 &

type (&) shol ZAle] WL 170] o ek s Al ol Utk AR Fo
__class__°9E EHE%EE WA 2T Y AU type (ob)) B 2 F AT

universal newlines (-1 ¥4 = 3 7)) A manner of interpreting text streams in which all of the following are recog-

nized as ending a line: the Unix end-of-line convention '\n', the Windows convention '\r\n"', and the old
Macintosh convention '\r'. See PEP 278 and PEP 3116, as well as str.splitlines () for an additional

use.

virtual environment (7} 7)) v}o] A AL-& Z]—E]— S8 z2ao], T2 AaHA AgH = thE sho|#
s&zrIdE9 %—. oéﬁok%?— A ko /\1 spol i w2 7| A 2 AR AY 2 o =8t
A= 7hssH s, Ao s ﬂ%%

virtual machine (7} 7)A]) 4z Egjojwro = @94% AZE. sho| Mo A4 7 A= vl E T = At A}
S Yt Hho|E = & ATt

Zen of Python (}o] %1 Al) sho]x tjztQl Aot Aet5o] F5 A, Aol & olsf st A&t ol ==l
ot o] 552 U3t 2 F2EoX (import this) & Y8 Hlth
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APPENDIX B

About these documents

These documents are generated from reStructuredText sources by Sphinx, a document processor specifically written for
the Python documentation.

Development of the documentation and its toolchain is an entirely volunteer effort, just like Python itself. If you want
to contribute, please take a look at the reporting-bugs page for information on how to do so. New volunteers are always
welcome!

Many thanks go to:
* Fred L. Drake, Jr., the creator of the original Python documentation toolset and writer of much of the content;
* the Docutils project for creating reStructuredText and the Docutils suite;

* Fredrik Lundh for his Alternative Python Reference project from which Sphinx got many good ideas.

B.1 Contributors to the Python Documentation

Many people have contributed to the Python language, the Python standard library, and the Python documentation. See
Misc/ACKS in the Python source distribution for a partial list of contributors.

It is only with the input and contributions of the Python community that Python has such wonderful documentation —
Thank You!

117


http://docutils.sourceforge.net/rst.html
http://sphinx-doc.org/
http://docutils.sourceforge.net/
http://effbot.org/zone/pyref.htm
https://github.com/python/cpython/tree/2.7/Misc/ACKS

Python Tutorial, £A| H{H™ 2.7.18

118 Appendix B. About these documents



apPENDIX C

History and License

C.1 History of the software

Python was created in the early 1990s by Guido van Rossum at Stichting Mathematisch Centrum (CWI, see https://www.
cwi.nl/) in the Netherlands as a successor of a language called ABC. Guido remains Python’s principal author, although
it includes many contributions from others.

In 1995, Guido continued his work on Python at the Corporation for National Research Initiatives (CNRI, see https:
/Iwww.cnri.reston.va.us/) in Reston, Virginia where he released several versions of the software.

In May 2000, Guido and the Python core development team moved to BeOpen.com to form the BeOpen PythonLabs
team. In October of the same year, the PythonLabs team moved to Digital Creations (now Zope Corporation; see https:
/Iwww.zope.org/). In 2001, the Python Software Foundation (PSF, see https://www.python.org/psf/) was formed, a non-
profit organization created specifically to own Python-related Intellectual Property. Zope Corporation is a sponsoring
member of the PSF.

All Python releases are Open Source (see https://opensource.org/ for the Open Source Definition). Historically, most,
but not all, Python releases have also been GPL-compatible; the table below summarizes the various releases.

Release Derived from | Year Owner GPL compatible?
0.9.0thru 1.2 | n/a 1991-1995 | CWI yes
1.3thrul52 | 1.2 1995-1999 | CNRI yes
1.6 1.5.2 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
2.12 2.1.1 2002 PSF yes
2.13 2.1.2 2002 PSF yes
2.2 and above | 2.1.1 2001-now | PSF yes
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ZF31: GPL-compatible doesn’t mean that we’re distributing Python under the GPL. All Python licenses, unlike the
GPL, let you distribute a modified version without making your changes open source. The GPL-compatible licenses make
it possible to combine Python with other software that is released under the GPL; the others don’t.

Thanks to the many outside volunteers who have worked under Guido’s direction to make these releases possible.

C.2 Terms and conditions for accessing or otherwise using Python

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 2.7.18

1. This LICENSE AGREEMENT is between the Python Software Foundation ("PSEF"),.
—and

the Individual or Organization ("Licensee") accessing and otherwise using.
—Python

2.7.18 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 2.7.18 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice.
—of
copyright, i.e., "Copyright © 2001-2020 Python Software Foundation; All._
—Rights
Reserved" are retained in Python 2.7.18 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 2.7.18 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
2.7.18.

4. PSF is making Python 2.7.18 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.
—0OR

WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT.
—THE

USE OF PYTHON 2.7.18 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 2.7.18

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT.
—OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 2.7.18, OR ANY.
—DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.
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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, or.
—any

third party.

8. By copying, installing or otherwise using Python 2.7.18, 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 THEREOEF.

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
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

(THS STl Aol A1)
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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

(TH& SOTATl A1)
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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
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.3 Licenses and Acknowledgements for Incorporated Software

This section is an incomplete, but growing list of licenses and acknowledgements for third-party software incorporated in
the Python distribution.

C.3.1 Mersenne Twister

The _random module includes code based on a download from http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/
MT2002/emt19937ar.html. The following are the verbatim comments from the original code:

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).

(THS SOl AT ol A1)
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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)

C.3.2 Sockets

The socket module uses the functions, getaddrinfo (), and getnameinfo (), which are coded in separate
source files from the WIDE Project, http://www.wide.ad.jp/.

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.

(TH& ST Aol A1)
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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. 1IN 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 Floating point exception control

The source for the fpect 1 module includes the following notice:

/ Copyright (c) 1996. \
The Regents of the University of California.
All rights reserved.

Permission to use, copy, modify, and distribute this software for
any purpose without fee is hereby granted, provided that this en-—
tire 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 work was produced at the University of California, Lawrence
Livermore National Laboratory under contract no. W-7405-ENG-48
between the U.S. Department of Energy and The Regents of the
University of California for the operation of UC LLNL.

DISCLAIMER

This software was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor the University of California nor any of their em-
ployees, makes any warranty, express or implied, or assumes any
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe
privately-owned rights. Reference herein to any specific commer-
cial products, process, or service Dby trade name, trademark,
manufacturer, or otherwise, does not necessarily constitute or
imply its endorsement, recommendation, or favoring by the United
States Government or the University of California. The views and
opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or the University
of California, and shall not be used for advertising or product
\  endorsement purposes. /
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C.3.4 MD5 message digest algorithm

The source code for the md5 module contains the following notice:

Copyright (C) 1999, 2002 Aladdin Enterprises. All rights reserved.

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.

L. Peter Deutsch
ghost@aladdin.com

Independent implementation of MD5 (RFC 1321).

This code implements the MD5 Algorithm defined in RFC 1321, whose
text is available at

http://www.ietf.org/rfc/rfcl321.txt
The code is derived from the text of the RFC, including the test suite
(section A.5) but excluding the rest of Appendix A. It does not include
any code or documentation that is identified in the RFC as being
copyrighted.

The original and principal author of md5.h is L. Peter Deutsch
<ghost@aladdin.com>. Other authors are noted in the change history
that follows (in reverse chronological order):

2002-04-13 lpd Removed support for non-ANSI compilers; removed
references to Ghostscript; clarified derivation from RFC 1321;
now handles byte order either statically or dynamically.

1999-11-04 lpd Edited comments slightly for automatic TOC extraction.

1999-10-18 1lpd Fixed typo in header comment (ansi2knr rather than md5);
added conditionalization for C++ compilation from Martin
Purschke <purschke@bnl.gov>.

1999-05-03 1lpd Original version.
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C.3.5 Asynchronous socket services

The asynchat and asyncore modules contain the following notice:

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.3.6 Cookie management

The Cookie module contains the following notice:

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.
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C.3.7 Execution tracing

The t race module contains the following notice:

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.

C.3.8 UUencode and UUdecode functions

The uu module contains the following notice:

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

(TF= ol ATl A%
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version is still 5 times faster, though.
- Arguments more compliant with Python standard

C.3.9 XML Remote Procedure Calls

The xmlrpclib module contains the following notice:

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.3.10 test_epoll

The test_epoll contains the following notice:

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

(TH& ST Aol A1)
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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.3.11 Select kqueue

The select and contains the following notice for the kqueue interface:

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. 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.3.12 strtod and dtoa

The file Python/dtoa . ¢, which supplies C functions dtoa and strtod for conversion of C doubles to and from strings,
is derived from the file of the same name by David M. Gay, currently available from http://www.netlib.org/fp/. The
original file, as retrieved on March 16, 2009, contains the following copyright and licensing notice:

/*************~k***********~k~k*************************************
*

* 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

(TH& ST Aol A1)
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* WARRANTY. 1IN 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.3.13 OpenSSL

The modules hashlib, posix, ssl, crypt use the OpenSSL library for added performance if made available by the
operating system. Additionally, the Windows and Mac OS X installers for Python may include a copy of the OpenSSL

libraries, so we include a copy of the OpenSSL license here:

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

/ * = [ e [ ==

* 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-core@openssl.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 :
(TF= seTAT ol AI%)
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"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. 1IN 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)
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).

Original SSLeay License

*

L S SR T S S S . S S S S S T

*

*

Copyright (C) 1995-1998 Eric Young (eay@cryptsoft.com)
All rights reserved.

This package is an SSL implementation written
by Eric Young (eay@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

(TH& ST Aol A1)
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* 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
* 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. 1i.e. this code cannot simply be
* copied and put under another distribution licence

* [including the GNU Public Licence.]

C.3.14 expat

The pyexpat extension is built using an included copy of the expat sources unless the build is configured
—--with-system-expat:

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.
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C.3.15 libffi

The _ctypes extension is built using an included copy of the libfli sources unless the build is configured
——with-system-1ibffi:

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
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.3.16 zlib

The z11ib extension is built using an included copy of the zlib sources if the zlib version found on the system is too old
to be used for the build:

Copyright (C) 1995-2010 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
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