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CHAPTER 1

Python ‘& Dl [a] &

1.1 —RER

1.1.1 {+4=2 Python?

Python is an interpreted, interactive, object-oriented programming language. It incorporates modules, exceptions, dy-
namic typing, very high level dynamic data types, and classes. Python combines remarkable power with very clear syntax.
It has interfaces to many system calls and libraries, as well as to various window systems, and is extensible in C or C++.
It is also usable as an extension language for applications that need a programmable interface. Finally, Python is portable:
it runs on many Unix variants, on the Mac, and on PCs under MS-DOS, Windows, Windows NT, and OS/2.
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1.1.2 ft 4= Python REEES 7
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1.1.3 fE£H Python Z2EFERAPRH] ?
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1.1.4 gli§ Python MR#MEBZEMT 4 ?
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1.1.5 Python E&#{t4 ?

Python J&—Fi 2PN 2 @A TET . AT TRERVFZ AR 1 2RAY A

PR M — D ERRORRE R, W T A AL (IEW 550, Unicode, HWHSCPFIIRZERAE), BRIRRR P
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1.1.6 Python R AHwSHXZEHR ?

Python A 45 TE 22 A.B.C B A.B. A FRAKIAS—EATERH F RS T AR5 SRR i A 2 i
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Bl “2.4a0”,

Hi 2 sys.version, sys.hexversion PAM sys.version_info B34,

1.1.7 HERnfE3RE—{3 Python [EIZAYEIZA ?
5 Python & 77 OB ACAS B BE M python.org $BX, K 2K TL4%4 4 https://www.python.org/downloads/. #x%H
HFF & BUIRACAS B AFE https://github.com/python/cpython/ $HT .

RATRITACH 2 ~PA gzip R tar SCPF, Horp e 52 800 C JACRS . Sphinx A% 2K SRS . Python JFEAEHR
AN BIREFF LA Be— 284 ) E b 20 B o A IRACHERF T K 2 8 UNIX 2876 F B4 1817 .

Consult the Getting Started section of the Python Developer’ s Guide for more information on getting the source code
and compiling it.

1.1.8 FHun{a3RER Python Y304 ?

21 Wi i) Python £& 5 AN 1 1 SCRY B HE https://docs.python.org/3/ #F % . 4 A FE https://docs.python.org/3/
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SCRY DA reStructuredText AR E , F-# ] Sphinx SCAY T H A . SCRYAY reStructuredText Y 3022 Python
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1.1.9 HZRMNKEMIRE. WER Python B3IE ?
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https://www.python.org/dev/peps/pep-0006
https://www.python.org/downloads/
https://github.com/python/cpython/
https://docs.python.org/devguide/setup.html
https://docs.python.org/3/
https://docs.python.org/3/download.html
https://docs.python.org/3/download.html
http://sphinx-doc.org/
https://wiki.python.org/moin/BeginnersGuide
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1.1.10 EEHFI53 Python By EHASBR IR 7

A HiH4l comp. lang. python Ml—~HR{F512 python-list. HilH ZLHIHRESZ 2B BB A g
ARAT VA B8 S5 [ A 6 P T BB LES1 2 . comp. 1ang. python IHIEARK, & RSWEIEAT I AN,
Usenet {ff F1 2 38 # S 11 A PR AE R A I ko

A A ZATANG B 23 5 7] AYE comp.lang.python.announce Fi4KF], CRZANHEEH LA RSIR, &
REWEN AL A Mo ATPATE Python 225512 BURIHEATIT I o

A R HAWHR RS ZEMH ] 4L B 22 5 5L ] LAYE https://www.python.org/community/lists/ %3 .

1.1.11 FRN{EMZRE Python B A F I RE ?

1] PAM https://www.python.org/downloads/ | # alpha Fl beta & 1. BTH &7 ERSFE comp.lang.python A1
comp.lang.python.announce 3| 2H DA & Python 3T https://www.python.ore/ Fi#ff7/2045: 2% F] RSS HrlH]
o

You can also access the development version of Python through Git. See The Python Developer’ s Guide for details.

1.1.12 F s Python R ERWEFIHT ?

TR REER AN T, I 2T hitps:/bugs.python.org/ L) Roundup.

{RAAU A — 4~ Roundup IS A BEM A 158 SORFFA T 1T PAYEAT J5 2 BRI 5 4RI R o 367 Roundup
REAETRATAL T 4575 1 6 1 4R 6 S L o A1SRARZ T a2 SourceForge [f] Python i 54515, 4R AT
DA 3:f Roundup fy #0745 {1 S ZRIRARA) Roundup #H5.

For more information on how Python is developed, consult the Python Developer’ s Guide.

1.1.13 BEREAAFRRE Python HRXNETUMRESESIA 7

A REAE NS SOk R i 7 38 22 51 AR XK ) Python A & 54«
S—fwA7 K Python [ SCES T 1991 47, BUEHNAC LM LT T,

Guido van Rossum 5 Jelke de Boer, “{#i[f] Python 15 5 32 B A MR FE AR 45 58, CWI 2=,
5544, 55 4 0 (1991 4 12 F), Pl dRHrEPE, 565 283-303 T,

1.1.14 ZEHEIT Python HHXEI5EE ?

e, HXMBERZ, BAHEZHR &1T. #1517 python.org [ wiki T[] https://wiki.python.org/moin/
PythonBooks FRE—1/37E B .

PRAAT PAEI 2 RAEL A5)E 2R “Python” I3 JE %%t Monty Python fy5| i B WA PAEZR “Python” il

“language” ,
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1.1.15 www.python.org BE{f{iiFitt 5} Wb e ?

Python 31 H f{) FE A AL AL 70115 T 1t LA I iy Python EERHZEAATBASASTATBE . RN X

1.1.16 A{aé& &4 Python?

T TS5 Python SCHLAYEIEE, Guido van Rossum [R] B4 5 352 7 W HRF) “Monty Python (1) €47 E k417 Jal
A, X —HE 1970 AT IEHE 1 Y BBC £F1 5 ], Van Rossum 5573 20— MR AL, MURRI SOu%
MRLHI AT, TR e R IX AT 5 fiv 44 4 Python,

1.1.17 FAHMEW “Monty Python BT ¥HE" 1§ ?

A, HEXFE A AR )

1.2 ot 5ichpy Python

1.2.1 Python §Z1F ?
FEFRE. H 1991 SR KA 6 3 18 N H LB LM, XAIRSE KRR T L. BHHl
FERAAR R TR 18 M H A .

TFEFMAHEL IHRAEY “FEHEIE" AARH, A AR E e 2B R T . B IR AR &
PARRA S5 = iR kbR (B4 3.5.3,3.6.2), T RUE MR HAXTC M2 IE & S 7E
BB IERAIR, [R)— 2890 A4 150 UGS T 6 A R 4 10 iff 7 R 2 IR A PR — B

BB RS SE A B2 AT DATE Python 2 T IA] _E4RE . A PIAA A5 R] B Python JiUAS: 2.x #1 3.x. HER
RIRRAS R 3.x, KRZE) Z MR R SR E . BIR 2x R0 2 MW, (AE 76 2020 4F 1 ] 1 ZJ545A
Yy

1.22 2V ATE{EH Python ?

SEFREER T EER IR, AR BIEF PR IRGETT W2 24 R AER .

Python AT DA% 3% T, I RAFLER AR, IAME AT A VFZ RRMKEREL, I HO&TF% Linux
BATARZ LT3 e o I B 57 4 W
comp.lang.python FiIRALIERHFER, (HA LA Python fi b 7ERTEILLL M, 112 A2 A2 BRI,

1.2.3 FPLEZEMTEZR Python FFAH) ?

515 M) https://www.python.org/about/success 25 &{fi F§ T Python 35 H 71|35, [F% 7k Python £x1¥ ) H 24
BIN] PAE BN 2 R R 2w AN ST TR
/K HERY Python 51 H AU 3% Mailman [{ {41 55 B8 Fl Zope Wz 55 %% . 2> Linux &Z47h, HAHEMAT

A Red Hat #EL{# il Python 3 4 5 5B/ 8 4 M0 225 FE 7 F R GE 5 BRER R . AE N ER(E ] Python [ KA H L
$5 T Google, Yahoo DA & Lucasfilm 4,
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http://infra.psf.io
https://en.wikipedia.org/wiki/Monty_Python
https://www.python.org/downloads/
https://www.python.org/dev/peps/pep-0373/
https://www.python.org/dev/peps/pep-0373/
https://www.python.org/about/success
https://www.python.org/community/workshops/
http://www.list.org
http://www.zope.org
https://www.redhat.com
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1.2.4 ZFERRKTTLIF Python BHH AR 7

151 https://www.python.org/dev/peps/ £ Python 455321 (PEP). PEP 224 Python fill A L Flgrii vk id2
WA TR T SORY, Hh P AR S RIS UL 5 A 5. AT A FRARAEA  “Python X.Y Release
Schedule” [¥) PEP, Hit XY 2HA M AR ATF LA AIRA

FRARHTF S 75 python-dev EFE51 ATt

1.2.5 £33 Python MARHKEFHENR LS 7

WAV AN GEAY . A ECAFTER) Python fCHEAMLIT, PIL, AEMTHZIE S S IME A S A
FEFP AR — T3 R AR E LA N2 1Y o AR T AR IR , AT IR AE 75 B 4=k 5L
P 5 A KT Y Python 438, FATAF B E A THE— Wk A) 4328 UK AR

WAL BCEA R E, W NZSE Wt N TH U4, PEP 5 fillid 15 1A I 5 A A S BB d5 s A 4 i
B, DU ATBERR T4

1.2.6 Python R—HMMEENFERIFHESD ?

A1

MR, FESSRAA GRS PIAN Pascal, C 5 C+ PASZ Java ({28 — TIPS | 2= L AT 1508 3 0L
ik . (DA Python fF 58 —Fha Rih 5 b4 72 I X2 AL nTRE A . Python BA 3R T B — B AGTENA
AIPERBIPRIE A, T HAR A2, FEMMAEA T 1B T ] Python i PALESA/E L T B B e 4 it ,
AN R3-SR SRS (] Python, T DAPRIE )= A A 1 AR S BIANIGER 5 i FE s . AT AT
BEAE S — IR LU IRl 7 B E R 5

XFF 2 B AR G RE A 22 AR UL, BB RAE F 2GRS A 2R X a2 AR A AR AS
SORME, RIS EEER I . AR RSOGO AR, M, SOt —Bog DR, &
RMKIEARF, AT — RS R ANE SRR E RN, (XIS ol BTE R R 5 — IR AR R it
(EE AN UER IR

A VFZ HAD Dy TR L 45 Python UNARBFI AT THEH - & Java —4F, Python #i4— PR IFRIERE,

AT DAFE IR AR B B Bosi 48 A i 28 St MR AR I H o G AR 1MV AN A R T A P Dz B3 A ik

HE AR o W ARERE, AR ] DATE 2% > S Re Ll AR 0 [R] B A LR R R 1, AT SRAS SR A W 2

ﬁ%gﬁﬁﬁﬁﬁﬁﬁ%%T%ﬁﬂém%%@oW@Hﬁmmﬁ&%%zﬁﬁﬂﬁﬁﬁ%?#ﬁéiwﬁ
Y o

Python F R (7 AL RESAE A A I MRS TE SR o AATT AT RATE—1N 98 10 b iy AR P ARS8 [T IR T S — 4
R GRSt TR o AR TACASS A MR E A3 DA AR

>>> L = []

>>> dir (L)

['_add__', '__class__', '__contains__ ', '__delattr__', '__delitem__"',
' __delslice__', '__doc__', '_eq_ ', '__format__"', '_ge__"',
'__getattribute__', '__getitem__', '__getslice__', '_gt__"',

' _hash_', '__iadd__', '__imul__ "', '__init_ ', '__iter_ ', '__le_ "',
' len_ ', '_1t_ ', '_mul__', '_ne_ ', '__new__', '_ reduce_ ',

' __reduce_ex__ ', '_repr__', '__reversed__', '_rmul__"',

' setattr_ ', '_ setitem__ ', '_ setslice_ ', '_ _sizeof_', '__str_ ',
'__subclasshook__"', 'append', 'count', 'extend', 'index', 'insert',

'pop', 'remove', 'reverse', 'sort']
>>> help (L.append)
Help on built-in function append:

(FIUakEE)
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append (...)
L.append(object) -- append object to end

>>> L.append (1)
>>> L,

[1]

With the interpreter, documentation is never far from the student as he’ s programming.

Python A4 A R {1 IDE. IDLE & —/~#5F & ) Python IDE, ‘& 4T Tkinter £, fifi i Python {5 45 -
PythonWin J&—~> Windows % JE/) IDE. Emacs ] FURF i 2% T ## 2] Emacs A R 1Y Python #5. BT
X LEARFEPREE AR AL EE S5, B Bh gt A R AE SR S ARSI (T A 22 Ui R S5 e . 151517 Python wiki ¢
F Python ZrfEEREEI1) 52843~ .

R AR ZEE Python fEBF ML, VRATRESA XS edu-sig HE1F5112,

1.3 Upgrading Python

1.3.1 What is this bsddb185 module my application keeps complaining about?

Starting with Python2.3, the distribution includes the PyBSDDB package <http://pybsddb.sf.net/> as a replacement for
the old bsddb module. It includes functions which provide backward compatibility at the API level, but requires a newer
version of the underlying Berkeley DB library. Files created with the older bsddb module can’ t be opened directly using
the new module.

Using your old version of Python and a pair of scripts which are part of Python 2.3 (db2pickle.py and pickle2db.py, in
the Tools/scripts directory) you can convert your old database files to the new format. Using your old Python version, run
the db2pickle.py script to convert it to a pickle, e.g.:

’python2.2 <pathto>/db2pickley.py database.db database.pck

Rename your database file:

’mv database.db olddatabase.db

Now convert the pickle file to a new format database:

’python <pathto>/pickle2db.py database.db database.pck

The precise commands you use will vary depending on the particulars of your installation. For full details about operation
of these two scripts check the doc string at the start of each one.

1.3. Upgrading Python 7


https://wiki.python.org/moin/PythonEditors
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CHAPTER 2

RIZE Do)

2.1 —fRia)RR

2.1.1 Python FiXFiRHE RS ESREIAEFEER ., RIBEXERE?

A
pdb FEH 2 — AN FELZ 8 T A S 1K Python 1A% . €@ 4RME Python PRA—i4r, I H BRET &
ZEZ F Mo AR nT LA T pdb B VEAREBIR 44 5 1R H O A RS -

YEARTE Python A ATHR 74111 IDLE <2 H A FREE (Gl % £ T Tools/scripts/idle) & —A~EIAL R T
Ao

PythonWin 2 —/MU 57 5T pdb 11 GUI i #+ 1 Python IDE. Pythonwin {ii{#% < W s BB, HAA
YFEZ MW, Flantsa] PAFE Pythonwin #£)% . Pythonwin J2 Python for Windows Extensions 3 H i) —#84),
th 2 ActivePython & ATHUI—34> (21 https://www.activestate.com/activepython ) .

Boa Constructor Jg—/Mii ] wxWidgets ) IDE #1 GUI 424y . BT IHEZL QIR B, MR AL,
PR Yias ERIFZ IR, GORZIRE5H, doc “FAFH LMY html SCRY, R ilas . Sl WAl Zope 52

SR
Eric 2— 3T PyQt 1 Scintilla 4 $8 2H {414 1Y IDE.

Pydb 275 #E Python {ii#% pdb [)— R4, ZiliEw5n 5 DDD (4 2R ik#%) —&ff, DDD
B— R T e B AL g Bl g . Pydb B PAFE http://bashdb.sourceforge.net/pydb/ %], DDD 1] PATE https:
/Iwww.gnu.org/software/ddd $¢ 3| .

A VFZ 1l Python IDE A% EIEJH AR . A1 4045
* Wing IDE (https://wingware.com/)
¢ Komodo IDE (https://komodoide.com/)
e PyCharm (https://www.jetbrains.com/pycharm/)



https://sourceforge.net/projects/pywin32/
https://www.activestate.com/activepython
http://boa-constructor.sourceforge.net/
http://eric-ide.python-projects.org/
http://bashdb.sourceforge.net/pydb/
https://www.gnu.org/software/ddd
https://www.gnu.org/software/ddd
https://wingware.com/
https://komodoide.com/
https://www.jetbrains.com/pycharm/
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21.2 HFRAIARBURIRESRITHRSOH?

A
PyChecker 2 — >3- 4% Python (U i A S X (RS A2 0 M A XURS 45 HE 4 19 T B AR AT AMGK BL 3R A%
PyChecker: http://pychecker.sourceforge.net/

Pylint 52 75 — MG A SR T L g AR ER T, Wl DGR S @RI A & XIhE. [ T PyChecker 44
s DA A2 5, Pylint ibffit T — LUK IhRE, BIAIKEAAT I, A8 &4 Bk 7 AR I S5 ) A B A A%
AREF, PR DR G B5E55 . hitps:/docs.pylintorg/ $2 4t T Pylint DIBERY RS2 .

2.1.3 FINfTRETSEIL—4 Python B BIE —MAILETTHY = #HI3CHF ?

WERARAR ) FOg— AN AR, P AT AR 8RB AT AN A JE 425 Python RATH, IRElANTE 2E4F Python
ikl C Y. AVFL TR ARERF IS, JF X a8 5 Python — B U428 E 7E—E A
A AN AT AT S

— RS T A, BAELE Python JE LI Tools/freeze i, BRf Python FH AL 4EHh C £t ;
—A> C 4ikas, VRATDAR I BB i A B —SEAE P, SRR HS AR HE Python BEBEERE .

R AR 3B A S RS ASR IR import #57) (WFIEL) , FFFEARIE Python BAEFIJRH & (T INEL
Bed) . RS, B Python 4 5 IR 4Ry C S (R LAGE I g2 et AU
PRGBGSR ), H BN T P BC S S, SO S R 7 SEBR i P B . K5, B
ik R C AU I 5 Python ffEREAR Y HAR TR M HE, DUBB— DAL Zdb® s, HAT N SR
JHIAS5E A ]«

Bk, freeze FTE— C HiFes. A JLANFHALSE H T HATFEE , —J& Thomas Heller ) py2exe ({LFE Windows)
http://www.py2exe.org/

Another tool is Anthony Tuininga’ s cx_Freeze.

2.1.4 ZEH Python BFAERBEHENNEERE ?
ATH . S AR IE PERL BT SR AUS KU R SOk PEP 8

21.5 FPEFKET . ZINAINREE ?

That’ s a tough one, in general. There are many tricks to speed up Python code; consider rewriting parts in C as a last
resort.

In some cases it” s possible to automatically translate Python to C or x86 assembly language, meaning that you don’ t
have to modify your code to gain increased speed.

Pyrex can compile a slightly modified version of Python code into a C extension, and can be used on many different
platforms.

Psyco is a just-in-time compiler that translates Python code into x86 assembly language. If you can use it, Psyco can
provide dramatic speedups for critical functions.

The rest of this answer will discuss various tricks for squeezing a bit more speed out of Python code. Never apply any
optimization tricks unless you know you need them, after profiling has indicated that a particular function is the heavily
executed hot spot in the code. Optimizations almost always make the code less clear, and you shouldn’ t pay the costs of
reduced clarity (increased development time, greater likelihood of bugs) unless the resulting performance benefit is worth
1t.

There is a page on the wiki devoted to performance tips.
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Guido van Rossum has written up an anecdote related to optimization at https://www.python.org/doc/essays/list2str.

One thing to notice is that function and (especially) method calls are rather expensive; if you have designed a purely OO
interface with lots of tiny functions that don’ t do much more than get or set an instance variable or call another method,
you might consider using a more direct way such as directly accessing instance variables. Also see the standard module
profile which makes it possible to find out where your program is spending most of its time (if you have some patience
—the profiling itself can slow your program down by an order of magnitude).

Remember that many standard optimization heuristics you may know from other programming experience may well apply
to Python. For example it may be faster to send output to output devices using larger writes rather than smaller ones in
order to reduce the overhead of kernel system calls. Thus CGI scripts that write all output in “one shot” may be faster
than those that write lots of small pieces of output.

Also, be sure to use Python’ s core features where appropriate. For example, slicing allows programs to chop up lists and
other sequence objects in a single tick of the interpreter’ s mainloop using highly optimized C implementations. Thus to
get the same effect as:

L2 = []
for i in range(3):
L2.append (L1[1i])

it is much shorter and far faster to use

L2 = 1ist(L1[:31) # "list" is redundant if L1 is a 1list.

Note that the functionally-oriented built-in functions such as map (), zip (), and friends can be a convenient accelerator
for loops that perform a single task. For example to pair the elements of two lists together:

>>> zip([1, 2, 31, [4, 5, 6])
(1, 4), (2, 5, (3, 6)]

or to compute a number of sines:

>>> map (math.sin, (1, 2, 3, 4))
[0.841470984808, 0.909297426826, 0.14112000806, —-0.756802495308]

The operation completes very quickly in such cases.

Other examples include the join () and split () methods of string objects. For example if sl..s7 are
large (10K+) strings then "".join([sl1,s2,s3,s4,s5,56,s7]) may be far faster than the more obvious
sl+s2+s3+s4+s5+s6+s7,since the “summation” will compute many subexpressions, whereas join () does all the
copying in one pass. For manipulating strings, use the replace () and the format () methods on string objects. Use
regular expressions only when you’ re not dealing with constant string patterns. You may still use the old % operations

[ [

string % tupleand string % dictionary.

Be sure to use the 1ist.sort () built-in method to do sorting, and see the sorting mini-HOWTO for examples of
moderately advanced usage. 1ist.sort () beats other techniques for sorting in all but the most extreme circumstances.

Another common trick is to “push loops into functions or methods.” For example suppose you have a program that runs
slowly and you use the profiler to determine that a Python function £ £ () is being called lots of times. If you notice that
f£():

def ff(x):
# do something with x computing result...
return result

tends to be called in loops like:

2.1, —f%io)| 11
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list = map(ff, oldlist)

or:

for x in sequence:
value = ff (x)
# do something with value...

then you can often eliminate function call overhead by rewriting £ £ () to:

def ffseqg(seq):
resultseq = []
for x in seq:
# do something with x computing result...
resultseq.append(result)
return resultseq

and rewrite the two examples to 1ist = ffseg(oldlist) and to:

for value in ffseqg(sequence) :
# do something with value...

Single calls to £f (x) translate to ffseqg ([x]) [0] with little penalty. Of course this technique is not always appro-
priate and there are other variants which you can figure out.

You can gain some performance by explicitly storing the results of a function or method lookup into a local variable. A
loop like:

for key in token:
dict[key] = dict.get(key, 0) + 1

resolves dict . get every iteration. If the method isn’ t going to change, a slightly faster implementation is:

dict_get = dict.get # look up the method once
for key in token:
dict [key] = dict_get (key, 0) + 1

Default arguments can be used to determine values once, at compile time instead of at run time. This can only be done
for functions or objects which will not be changed during program execution, such as replacing

def degree_sin(deg):
return math.sin(deg * math.pi / 180.0)

with

def degree_sin(deg, factor=math.pi/180.0, sin=math.sin):
return sin(deg * factor)

Because this trick uses default arguments for terms which should not be changed, it should only be used when you are not
concerned with presenting a possibly confusing API to your users.

12 Chapter 2. G2 I jo)j%
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2.2 MBS

221 HETEFHER, At HH| UnboundLocalError ?

BRI A AL T IR, 2 AT IE 3 TAERIAC TS W04 2 i 45 %] UnboundLocalError 254 A Ji
§Hiiﬁbo

PAT ARG :

>>> x = 10

>>> def bar():
print x

>>> bar ()

10

IEH TAE, (R PAT AU

>>> x = 10

>>> def fool():
print x
x += 1

25153 —~ UnboundLocalError :

>>> foo ()
Traceback (most recent call last):

UnboundLocalError: local variable 'x' referenced before assignment

This is because when you make an assignment to a variable in a scope, that variable becomes local to that scope and
shadows any similarly named variable in the outer scope. Since the last statement in foo assigns a new value to x, the
compiler recognizes it as a local variable. Consequently when the earlier print x attempts to print the uninitialized
local variable and an error results.

FE LT R B ] DA REREH S I 4 Ry ofe U 17 S A P kA -

>>> x = 10

>>> def foobar():
global x
print x
x += 1

>>> foobar ()

10

Efm%m%%%,%@%@%(5%%%%@?%%@%&%%%@)'% Sebr ESRAEANAE
ﬂkﬂﬁ i)

>>> print x
11
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2.2.2 Python h SRR EEFIE BT ERWPLHRN ?

£ Python o7, {TERREN G| AL 2 a4 e i ASRAE s B0 Y AT f 7 78 A, Wl
PRI A JRy, 73 DR AR SRy (L

BINEAIA R NIEVF, HRZ%0% St n] AERE. — 5T, 20K global Fontl/rFerAS & n] LAR 1AM
RIVEM . 5 —Jri, WEeRErA S /R5I #EFE 2 global , IBAMR—EAMEM] global o {RILZRIRT N E MR
B AR ARSI RN )R . XAZRELSBIR global R TR 1EH BA M.

2.2.3 Attt 2 ZERFFARENER$E L lambdas §iREERBILER 7
EEBLARME ] for AP E SULMARFI lambda - (L5 29 @ei 4, Hln: -

>>> squares = []
>>> for x in range(5):
squares.append (lambda: x**2)

KR 5 A lambdas (95103, EATR x**2 o (RATRESMIEL, eI, BEATR 5HR [0
0. 1.4, 9M16. HZ, HREESEN, REBFEIENHRM 16 . :

>>> squares|[2] ()
16
>>> squares[4] ()
16

R HEKPE DL Z A x A2 lambdas () Y ERAR &, T2 FESMNRIE FIs A S, I HAEVE A lambda B[] -
MABTEE CER . TEMHHREEHRE, x WEZ 4, FrATAREIAERR 4*+2 , BI 16 . AR ] PAEL
IR x BERIGIEIX — 5, J-25 A lambdas /)45 5 Q] 48 1k

>>> x = 8
>>> squares|[2] ()
64

H T WP O, R B RATAE lambdas i JRERAS B, XRREATEAKI T 4R <x AOME

>>> squares = []
>>> for x in range(5):
squares.append (lambda n=x: n**2)

B, n=x 7E lambda AHu A —HHHGAE R n | HEAERE X lambda WAL, SRR x AERERZ UM
FOfE. SRR o MEAESS —/ lambda 24 0, 7655/ lambda 2k 1, =AM 2, b,
B4 Tambda BUZERFE R I 45

>>> squares[2] ()
4

>>> squares[4] ()
16

TR, XTI lambda FRREA R, (EHIE 5L AR
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?

2.2.4 B RRHELHE

AE AR S BRI (5 B Oy ik e B — NMRRRE. GERAR N config B cfg) . HFHEN HARF Y
PR S ABCEASR . RSB IR R AR RO A — AN SE ], B AR RSSO 5 i
AR AT AR S EACAR S AEAT AR T SR ok . B

2l

config.py:

x =0 # Default value of the 'x' configuration setting
mod.py:

import config

config.x = 1

main.py:

import config
import mod
print config.x

TR, TR, SRt 2 5B Singleton B BEAL -

225 SAERE "REXKR" B4

W, AZHEM from modulename import * o XFHMHSH T AASKI 4 S AAAFREL, H HAEFHER
o SEOXE ARSI R RE SR Ko

FESCPFR TS S AR SRR T DATEAE S 1 ARSI i i) LA SR, bt 7 BB 47 A2 A E T Rl A B I
o BT AT VR FA S IAII B S A R, (BT S AZ AR S 5 T SE D B 25 )

MR DA R T AR, X2 — PR A s -
1. PRUEFERLBI4n: sys, os, getopt, re
2. BE=J7 PR (2235 /E Python 11 site-packages H 5 H AT N 7S ) il 4l mx.DateTime , ZODB, PIL.Image
&
3. ARHIF KR R

Only use explicit relative package imports. If you’ re writing code that’ s in the package . sub.m1 module and want
to import package . sub.m2, do not just write import m2, even thoughit’ slegal. Write from package.sub
import m2or from . import m2 instead.

A R S AT A RS S B R B S M, PAESR IR RR AT, Gordon McMillan 3¢ :

YRR “import <module>” [ ATERI, TEIRF AT LAT o (H2 45 2 AR
M 1A R4~ 44 8% (“from module import name” ) Hf H 3 AN T TUZM, #isx hifh. X
se NS LABIR PR ZFRIEATT . FONSS LAMBBRIEAEIT 3 A 2 MR

TEIXFPIELL T, ERES — A UR T — e, WA ARFAHIR R e AT R RS Sh B %R B0 . A
W, MR e IR, 5 AR AT A T A

UERFLERHOR R E TG, W BRE F 2L ATE AR T ACHS . FERXRRME LT, B nl R Toik
?Aiﬁm%%ﬁﬁﬁﬂoﬁﬁﬁ%ﬁT,Eﬁm%%%?¥é%ﬁ@*%AE%%ﬁﬂ%*fﬁ%%ﬁ
%o

A 2 55 AR W G G BT A R PRl DR SR i A TR B IR, A 0] DA AR B B A S 1L, 3
UIAE R BOE S WRARIEAR PRI T 2, P2 AR AL ER), IR EARTCHA . AR AR R AR
A, Gk T REAR R S AR IR BT . IR, S YOI ] RE S PR — A AR A

22, BiEE 15
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R &, HE2RMEEE L 2 sy, HTRHT LR FIER . B2 PR TIERE, S
W HEFE sys.modules H1A[H,

2.2.6 At AMRZEISHERIAME ?

X AP R S AT AR T . B IR AR AL

def foo (mydict={}): # Danger: shared reference to one dict for all calls
. compute something ...
mydict [key] = value

return mydict

SR BB RO, mydict A& —T0, R, mydict WEPII, FN4 foo O JHAHATHY, mydict
HELEA—T T,

o R ) 22 W O B OB (LB BT X R o (HSE B DU AR AT . BRIA(EL 27 B BUE SO — IR P B e
WERXF R ABAE , ANA R B B 5 SRR, DUISK o ) S SR R 5 | X A A B R 52

FHRSE L, ARG BIAnECT . T4 . JCALRT None RN AT AR i AR 224 o R AT A8 X6 G451 i 7 i
B AN S B ) A DU T 3 Ak K

AT X P, ARG AR AP Y R — T > R AN B TR R AR BN 1M (8 ) None VRS BRINE A
BRECPROME, RA(ESH None MTESIF QI R SR . FHECHA AR5, B, RNEXHES

def foo (mydict={}):

M XA

def foo (mydict=None) :
if mydict is None:
mydict = {} # create a new dict for local namespace

XA ARG AL SR TR BT EARERT SR s BNy, —AH DL e 1 e R AU R Y
SRS RAEGATE AR, FHAEFRRERMER R KR B S AP XA “ete”, RERSEr b2
XFERY:

# Callers will never provide a third parameter for this function.
def expensive (argl, arg2, _cache={}):
if (argl, arg2) in _cache:
return _cache[ (argl, arg2)]

# Calculate the value

result = ... expensive computation ...

_cache|[ (argl, arg2)] = result # Store result in the cache
return result

ARALAT ASE A0 85— 7 Sl Ry A S AN SRR ME S X Se B T A A«
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2.2.7 AR ETESHEXREFSHM—TRBEER S — TR ?

T B S REN LA~ M PHIRPIERSEG RS ES A Cd, fFRR TS )5,
BERTRAGE T * 1 = Y8 1 75—~ e BOR 2 X 26 2400

def f(x, *args, **kwargs):
kwargs['width'] = "14.3c"'

g(x, *args, **kwargs)

In the unlikely case that you care about Python versions older than 2.0, use apply () :

def f(x, *args, **kwargs):
kwargs['width'] = "14.3c’

apply (g, (%x,)+args, kwargs)

2.2.8 xS ZzEAT LXK ?

7 A A R RO SO A Bk, 1 55 7 W AE R eR RO SE B i AR TS5 T — A R Bl
fRhRAR S . BN, T DA R BUE X

K

def func(foo, bar=None, **kwargs):
pass

foo, bar I kwargs 2 func IEZ. B2, EWH func B, Fl0:

’func(42, bar=314, extra=somevar)

SCRRAIME 42, 314 Fll somevar M@,

229 At L2EHIR 'y BEEHIR ‘x'?
AR ARG 5 A ARSI T —A

>>> =[]
>>> = x

>>> .append (10)

KKK X

>>>
[10]
>>> x
[10]

PRATREARNIE AT 208 0 ICR BB T .
PR REE AT AN R 2

D) A f FUR SR BAXI RIS ATy = x FAR IR E—DEIA—E et T — &
y 81 x Frig i a—xi g, XEWE A IxIg (B15%), <y #EXEr5IH.

2) JIRIE T mutable 35, X EREIRAT AR EHINE .

TV append () ZJa, XNAASXFRNAR 11480 110]. R TFHAZEEETS M E—X 5%, KL EH
AR —ASZ BRI 1R 2 A B S HIME (107,
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BERFATECR A AT AE RS RIR (A 2 x:

>>> x 5 # ints are immutable

>>> y

X
>>> x x + 1 # 5 can't be mutated, we are creating a new object here
>>> x

6

>>> y

5

AT AR BIFEMAT DL T < Ry SR FEARSE T X2 PO BEBOE immutable W5, JEATIT x = x + 1
AT AR T 5 AR 20 T HXT g CEE 6) I HIRIES x (a2 T =
P50 . AL JEFATHA TR GEEL 6 T 5) AR AR ENTR I ZE R (< BIAESR 1) 6
iy A8R4E T 5).

FELERE (N y . append (10) Ml y.sort () REAREXTS, WA LEML S —SEEGImy = v +
[10] Fl sorted(y)) M2 @H* 5. #ELE Python i (DA RAERRME A B T A A00E ) 2 B8 JE & 0
VERF R ] None AR Byl S IR IE X AP AN [ 2R LA 0 . IO SR AR IR M T v . sort () FFIHE B
Rl —AZIHF W) v IR, RSRINER S & None,, IR SFEURIIRRT =4 — B2 W .

B2, IAFEE—EE, AR PITHRENEESE RN IR R ZE. f, += 2
JRHR AR S, (B AS T s B (a_1ist += [1, 2, 3] Ha_list.extend([1, 2, 3]) —F¢
HRAMAF a_list, Iff some_tuple += (1, 2, 3) Ml some_int += 1 MSEIEHHIXS).

i 52

o ARFATA—DAIAENTS (List, dict, set 4545), FATAIASE IR E BRSO T, Fra i
BN BR BRI,

o WRFATH AR (str, int, tuple F95), FrAfaIa €M AT BaAMFEREME, (AL
U XAME AR R IR ]S 42

AR RNTE A R AR A R BOXE SR, ARATAGEA 1s i34, sNERE 1d O,

2210 RS HMESHROHEY (EBI5IRER) ?

THICAEAE Python "SRRl MRER 23 i o i TIRE MR B TXEREI5 1, PR 25 A el i
WS EAFRZ BIBA M, FrAAR SR #5847l DAl 2 oy LB i ser -

1) JE iR [m]— S5 T A:

def func2(a, Db):

a = 'new-value' # a and b are local names
b=Db+ 1 # assigned to new objects
return a, b # return new values

x, y = 'old-value', 99
x, v = func2(x, vy)
print x, vy # output: new-value 100

RILT- B i E A T T %
2) il AR R XA RER LA, T HRAZHER
3) i i — ARl AE (RPAT R el ) x4

def funcl(a):
a[0] =
all] =

'new-value' # 'a' references a mutable 1ist
afl] + 1 # changes a shared object

(Rt
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(£ 50

args = ['old-value', 99]
funcl (args)
print args([0], args[l] # output: new-value 100

4) TR S Y

def func3(args):

args['a']l] = 'new-value' # args is a mutable dictionary
args['b'] = args['b'] + 1 # change it in-place
args = {'a': 'old-value', 'b': 99}

func3 (args)
print args(['a'], args['b']

5) BUEAE— N ZESLBI hAN B {E:

class callByRef:
def _ _init__ (self, **args):
for (key, value) in args.items():
setattr (self, key, value)

def func4 (args):
args.a = 'new-value' # args is a mutable callByRef
args.b = args.b + 1 # change object in-place

args = callByRef (a='old-value', b=99)
func4 (args)
print args.a, args.b

LT AT 4 80 R B S A A
RIS P AR ] 5 B O
2.2.11 fnfasE Python RISk &% ?

PRA PR EE: (ER B, SRR . B, BSFEEE X 1inear (a,b) fHRER—
ABRELE (%) KRBT axx+b BYE. FTLAGE I DA g1 ek

def linear(a, b):

def result (x):
return a * x + b

return result

il fi I — A AT R 5

class linear:

def _ init_ (self, a, b):
self.a, self.b = a, b

def _ call_ (self, x):
return self.a * x + self.b

FEMFPIEOLT,
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taxes = linear (0.3, 2)

o — AR, (#15 taxes (10e6) == 0.3 * 10e6 + 2.

FIE XS SR Bl 2 RS LA A AC I o EE, TE TR AT U X S R A kR ok I A
4

class exponential (linear):
# _ init__ inherited
def _ call_ (self, x):
return self.a * (x ** self.b)

XA AR 2 AT iR RS

class counter:

value 0

def set (self, x):
self.value = x

def up(self):
self.value = self.value + 1

def down (self):

self.value = self.value - 1
count = counter ()
inc, dec, reset = count.up, count.down, count.set

XH inc (), dec () fil reset () KX NILZFE T HE BRI Z A EEL.

2.2.12 y0fF7E Python hEHINIER ?

— R, RO TR copy . copy () B copy . deepcopy () o ANEFTAXTRHERFT LA H, {52 %k
e A LAY o
FLBERF G AT B . BlAN T HRA copy O A

’newdict = olddict.copy ()

JrA ] AE ) A S il

’new_l = 1[:]

2.2.13 MR IR RB FESE M ?

XA H E SRR SE x, dir (x) Rl el BRI HER 0 A 8 SE 00 R AN 5 9 S H2R B e SC
B PEA RIS
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2.2.14 FARELIEA R TR A B 7

Generally speaking, it can’ t, because objects don’ t really have names. Essentially, assignment always binds a name to
a value; The same is true of def and class statements, but in that case the value is a callable. Consider the following
code:

>>> class A:

pass
>>> B = A
>>> a = BY()
>>> b = a

>>> print b
<__main__.A instance at 0x16D07CC>
>>> print a
<__main__.A instance at 0x16D07CC>

ATEHEIYE, A AR BARERIE TSR I S AR B AR, P LI A B
KAWL ERIBIAFRNTCEAEHVUR a 302 b, FNAMAD AR E ] T [F—MEH.

—BOARVURA S BAZ B A EE “HLE” FREERN AR BRI SRR N, IR 18
T RS ) TR A A

1¥ comp.lang.python H', Fredrik Lundh 1 [B] 255505 Y 7] L 15 42 28 i — e Rf 25 bE

BRARAI R AR AR SR I B ) S R 247 B I i (XM52) A SR IR E A7
%ﬁﬁﬁﬁ%g) FT DA HH B M A28 FROME— IR R BT 4B N (dr 25 ii]) HBRA2
I (%) -

~~~~~~ H HARAR Z A R 4 7 aURA A 44 T A LS A |

2215 ESEHMFHMERZEMTA?
1Z-59F Python FARRIZELF . HZBXAIT:

o

>>> "g" jin " |, ngn

(False, 'a')

W TS A AT R Fah A MR 2 AT, PAEACT & SOgiR 2 T

’ ("a" in "b"), "a"
MAE:
’ a" in ("b", "a")

XA FIRIELZ AT (=, += 45) RULFREAIE . ENRA R B IR IR IR ) T AR 2 AT
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2216 RBES5CH 2" ZHSEMFEMMERA ?

Yes, this feature was added in Python 2.5. The syntax would be as follows:

[on_true] if [expression] else [on_false]
x, y = 50, 25

small = x if x < y else y

For versions previous to 2.5 the answer would be ‘No’ .

2217 EHTLIA Python RERENBRITIERF?

Yes. Usually this is done by nesting 1ambda within 1ambda. See the following three examples, due to Ulf Bartelt:

# Primes < 1000
print filter (None,map (lambda y:y*reduce (lambda x,y:x*y!=0,
map (lambda x,y=y:y%x,range (2, int (pow(y,0.5)+1))),1),range(2,1000)))

# First 10 Fibonacci numbers
print map (lambda x,f=lambda x,f: (f(x-1,f)+f(x-2,£f)) if x>1 else 1: f(x,f),
range (10) )

# Mandelbrot set

print (lambda Ru,Ro, Iu,Io,IM, Sx,Sy:reduce (lambda x,y:x+y,map (lambda vy,
Iu=Iu, Io=Io,Ru=Ru,Ro=Ro, Sy=Sy,L=lambda yc, Iu=Iu, Io=Io,Ru=Ru,Ro=Ro,i=IM,
Sx=Sx, Sy=Sy:reduce (lambda x,y:x+ty,map (lambda x,xc=Ru,yc=yc,Ru=Ru, Ro=Ro,
i=i, Sx=Sx,F=lambda xc,yc,x,Vv,k, f=lambda xc,yc,x,y,k,f: (k<=0)or (x*x+y*y
>=4.0) or 1+f(xc,yc,x*x-y*y+xc,2.0*x*y+yc,k-1,f):f(xc,yc,x,y,k,f):chr(

64+F (Ru+x* (Ro-Ru) /Sx,yc,0,0,1)),range(Sx))) :L(Iut+y* (Io-Iu)/Sy), range (Sy
y))y) (-2.12, 0.7, -1.2, 1.2, 30, 80, 24)

# \_ _ / /| / |__ lines on screen

# %4 \%4 / / columns on screen

# / / / maximum of "iterations'

# / / range on y axis

# / range on x axis

HAEAER e, B4R

2.3 {FFFHER

2.3.1 tnfa4E5%E + 75t HlF0)\ 2 L ?

T A\, WA \BERMEZ B — N — A NGEORE TR “o” MRS, BN, 2R
i“a” BONNHERIR <107 (R 8), WA

>>> a = 0010
>>> a
8

TR B EAE R R HEHE TR mn— A NGERE T X7 N
B[ DA RS B/NE o BIANTE Python fERERS Hka A

A RRS
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>>> a = 0Oxab
>>> a

165
>>>

on
Il

0XB2
>>> b
178

2.3.2 Att4-22//10 5RE-3 ?
REZRNTIEL % §WIERS 5 —8 ARAREEOXRA AR, - H R

i==(1// 3 *3+ ({1 %3)

IR 2B b i n) R UL . C [AIREER AR 2, I Hamifavdediis 1 //7 J SR ERTEM L 5 31
s i—2.

XF 1% 3R 3 AER N sl 2R DR . 3 N IEERERNEERE £, I S BT
BT L & JMEER RN >= 0 A ML. WRNEBAER TR 10 B, AB2 200 /NEFETY 2 JLE? =190
$ 12 == 2 ALK -190 & 12 == -10 MEESSHE IR .

{Efi#: On Python 2, a / b returns the sameasa // bif _ future_ .division is not in effect. This is also
known as “classic” division.

2.3.3 IR FFFRERARF?

SRR, TN ER int () RBMESE, G40 int (1144") == 144, WML, W float () &
Wkl 58, BN float ('144') == 144.0,

By default, these interpret the number as decimal, so that int ('0144') == 144 and int ('0x144") raises
ValueError. int(string, base) takes the base to convert from as a second optional argument, so
int ('0x144', 16) == 324. If the base is specified as 0, the number is interpreted using Python’ s rules: a
leading ‘0’ indicates octal, and ‘Ox’ indicates a hex number.

TRAR R MR AT R B, EAEMH N E R eval (). eval () WEESIEMREZ I HA %4 K
BN e 2 A% A BAG VRN A BL ) By 2R % Python A, Bilan, HIAWPAEA __import_ ('os').
system("rm -rf $HOME") XKHIHFRRAIZR H .

eval () also has the effect of interpreting numbers as Python expressions, so that e.g. eval ('09') gives a syntax
error because Python regards numbers starting with ‘0’ as octal (base 8).

2.3.4 IR FRIRAFFER?

To convert, e.g., the number 144 to the string ‘144’ | use the built-in type constructor st r () . If you want a hexadec-
imal or octal representation, use the built-in functions hex () or oct (). For fancy formatting, see the formatstrings
section, e.g. "{:04d}".format (144) yields '0144"' and "{:.3f}".format (1.0/3.0) yields '0.333".
In Python 2, the division (/) operator returns the floor of the mathematical result of division if the arguments are ints or
longs, but it returns a reasonable approximation of the division result if the arguments are floats or complex:

>>> print (' ".format (1/3))
0.000

(@NE327)
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(£ 50

>>> print (' ' format (1.0/3))
0.333

In Python 3, the default behaviour of the division operator (see PEP 238) has been changed but you can have the same
behaviour in Python 2 if you import division from __future_ :

>>> from __ future__ import division
>>> print (' '.format (1/3))
0.333

You may also use the % operator on strings. See the library reference manual for details.

2.3.5 ISR FFFER ?

You can’ t, because strings are immutable. If you need an object with this ability, try converting the string to a list or
use the array module:

>>> import io

>>> s = "Hello, world"

>>> a = list (s)

>>> print a

['H', 'e', '1', '1', 'o', ',t', "', 'w', 'o', 'r', '1', 'd']
>>> a[7:] = list("there!")

>>> '' . Join(a)

'Hello, there!'!

>>> import array

>>> a = array.array('c', s)
>>> print a

array('c', 'Hello, world'")
>>> a[0] = 'y'; print a
array('c', 'yello, world")
>>> a.tostring()

'vello, world'

2.3.6 tNfA{ERAFFFERERRNGE 7

BRI LR

o SRR R — R AT HR R B R R Tk, X B ) BN EAE TP A HR A 5 BR A4 B
—E. X TR HALTE F h case Z5HU1) FHETY:

def a():
pass

def b():
pass

dispatch = {'go': a, 'stop': b} # Note lack of parens for funcs

dispatch[get_input ()] () # Note trailing parens to call function

o [ NERE getattr ()
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import foo
getattr (foo, 'bar') ()

LR getattr () ATHTALMIR G, WER. KM, BB,
TERMERE P 2 U T XA, Bl

class Foo:
def do_foo(self):

def do_bar (self):

f = getattr(foo_instance, 'do_' + opname)
£0

i locals () B eval () RfHTH RE4:

def myFunc () :
print "hello"

fname = "myFunc"
f = locals () [fname]
£0

f = eval (fname)
£0

HE: i eval O BT HGK . ARMARREN EEFHFBRING, DK REE AT BTN
LR R BRI TR 5

2.3.7 REH S5 Perl iy chomp() FXHIFH %, AFMFFEBRPRIBRERERITH ?

Starting with Python 2.2, youcanuse S.rstrip ("\r\n") to remove all occurrences of any line terminator from the
end of the string S without removing other trailing whitespace. If the string S represents more than one line, with several
empty lines at the end, the line terminators for all the blank lines will be removed:

>>> lines = ("line 1 \r\n"
" \r\nu

L. "\r\n")

>>> lines.rstrip("\n\z")

'line 1 '

P T3 3 R — BT SO A 75 AL, FTPARE s . rstrip () XA TARRAREF.
For older versions of Python, there are two partial substitutes:

 If you want to remove all trailing whitespace, use the rstrip () method of string objects. This removes all
trailing whitespace, not just a single newline.

* Otherwise, if there is only one line in the string S, use S.splitlines () [0].
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2.3.8 & F scanf() 5 sscanf() B4%t R4 ?

BEA AR B o

Xt B AT, SOy I MGRE B R O T R split O Jrikf—AT A IRE N LAZA% 20 B
M BRG], SRJEEEH int () B £float () KR HRERIEAH AT AR BN B . split () SCRFATIEERY “sep”
B2, @MHTWETHE R AT ASNG 2 FR AR O o

PATF A A0S A SR, IENIZA 04 C 1Y sscanf () Bk, thHEAIETS.

2.3.9 What does ‘UnicodeError: ASCII [decoding,encoding] error: ordinal not in
range(128)’ mean?

This error indicates that your Python installation can handle only 7-bit ASCII strings. There are a couple ways to fix or
work around the problem.

If your programs must handle data in arbitrary character set encodings, the environment the application runs in will
generally identify the encoding of the data it is handing you. You need to convert the input to Unicode data using that
encoding. For example, a program that handles email or web input will typically find character set encoding information
in Content-Type headers. This can then be used to properly convert input data to Unicode. Assuming the string referred
to by value is encoded as UTF-8:

value = unicode (value, "utf-8")

will return a Unicode object. If the data is not correctly encoded as UTF-8, the above call will raise a UnicodeError
exception.

If you only want strings converted to Unicode which have non-ASCII data, you can try converting them first assuming an
ASCII encoding, and then generate Unicode objects if that fails:

try:

X = unicode (value, "asciim)
except UnicodeError:

value = unicode (value, "utf-8")
else:

# value was valid ASCII data

pass

It’ s possible to set a default encoding in a file called sitecustomize.py that’ s part of the Python library. However,
this isn’ t recommended because changing the Python-wide default encoding may cause third-party extension modules
to fail.

Note that on Windows, there is an encoding known as “mbcs” , which uses an encoding specific to your current locale.
In many cases, and particularly when working with COM, this may be an appropriate default encoding to use.

2.4 FF3 (A/FIR)

2.4.1 MAFESTA TR Z ELEITHR ?

KRR tuple (seq) AIRHMERITH (SEhr bR ER TR AT Ge) Fa40 hy HAT HH IR HES 7 i A 1R) 4% H
H T -

i, tuple(l[1, 2, 31) %4 (1, 2, 3) Ifi tuple('abc') 24 ('a', 'b', 'c'). WEHRSHEH
—AICH, BB RIASTT Z R AR —X 5, PN RARAN & Ha A% 52 75 Sk e 2H B, AT i R b i
tuple ().
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AU vE 2 llst (seq) T%ﬂiif%ﬂdﬂum%%?ﬁ@ﬁﬁﬁmHﬁFﬁJ nﬁr”mam%amué% B,
list ((1, ) FEHE 14, 2, 310 list ('abc') P2 ['a', 'b', ! o WMRSHECH—F3,
BafR seql %B@E@JL# Euzlxo

24.2 HAaRIBFS?

Python J3 41| (i i IERCE U8 R )PS5 AR RS 5. XETIEEF S, ST SR 00 1 NS AT, KL
Fife. MT IS, BECE—FS0 -1 EECE A5 -2, IR, FTPAAH seq[-n] @it
F seqgllen(seq)-nl.

(L ﬁi&g%ﬁ WFARTT . BN s [ 1] B A B n— D F4AF, X0 AR BRI FAF R oR
AT -

2.4.3 {qLAE RIS K FES 7
il reversed () WKL, iX/& Python 2.4 W5 TIfiE

for x in reversed(sequence) :
# do something with x ...

EAKBUIERRLR S, 1Al 8 —A> B U 4T Jl A PABER TR AR
7 Python 2.3 HL, #n] AR oY) 1 iEk:

for x in sequence[::-1]:
# do something with x ...

2.4.4 T MIIRPHERERT ?
1 KAAT AR VP2 )7 I FEAE , 751 Python Cookbook:

https://code.activestate.com/recipes/52560/

WEREANEERHFIIR, W0HAETHEY . RGN IFRRI T, MERE

if mylist:
mylist.sort ()
last = mylist[-1]
for i in range(len(mylist)-2, -1, -1):
if last == mylist[i]:
del mylist[i]
else:
last = mylist[i]

If all elements of the list may be used as dictionary keys (i.e. they are all hashable) this is often faster

d = {}
for x in mylist:
dix] =1

mylist = list(d.keys())

In Python 2.5 and later, the following is possible instead:

mylist = list (set(mylist))
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R F RS, IWITIMBREE T, SRR 25 L.

2.4.5 tnfaE Python thGIE$4H ?
%)%

’ ["thiS", 1, "iS", nanu’ "array"]

PN RAEW S 2 B2 7 T 24T C B Pascal $(2H; F2IXGIFET, python FKAT DAL & VF LA FIZEAURTR .

array BBATRIE T OIHEA R ORI E R B 55, (HENRTIEZ ISR . E2EE,
FY MY R ST BAT SRR UL I 4544«

FUEL Lisp #ExUA0%1) 2, v AGE F JCALA Y cons BTG :

lisp_list = ("like", ("this", ("example", None) ) )

ARG BT AS P, AT DAGE 1 i A g e 4. X B lisp car B J¢ lisp_list[0] , HE{Ll odr HY2
lisp_list[1] o FUGTEARHAE BRI ERIRMEA XA, OB H A Python 5128152

2.4.6 IMTRIRSHTIR?
AT e il A MR R 2 HE R AL

’>>> A = [[None] * 2] * 3

This looks correct if you print it:

>>> A

[ [None, None], [None, None], [None, None]]

B, MRGH—TURER, SRS E R

>>> A[0][0] = 5
>>> A
[[5, None], [5, None], [5, None]]

HAp AT~ MPIRPITEL BRI R @ RIA, R EEIAXMRITIM. ~3 Gl T
BER IR0 3 G MAEATHEE XA T IrATT, @ —E AN R A 2

B HIIE RSB — TR KRR, R H AP RTCR A — R 5 2R I

A = [None] * 3
for i in range (3):
A[i] = [None] * 2

ROREREAE T — M 3 KRB TIIARSIRNS . ARl ] AR 1) et X

w, h =2, 3
A = [[None] * w for i in range (h)]

BCERIE W] DAGE BRI MR AR el s o e A4 12 NumPy

28 Chapter 2. G2 I jo)j%


http://www.numpy.org/

Python Frequently Asked Questions, 4% 2.7.18

2.4.7 WAL EMATF—RIIMR 7
QLS GikES SN

result = [obj.method() for obj in mylist]

More generically, you can try the following function:

def method_map (objects, method, arguments):
"""method_map([a,b], "meth", (1,2)) gives [a.meth(1,2), b.meth(1,2)]"""

nobjects = len(objects)
methods = map (getattr, objects, [method]*nobjects)
return map (apply, methods, [arguments]*nobjects)

2.4.8 Hit4 a_tuple[i] +=[ ‘item’ ] RERITINEHNSIRZHE 7
BORE ARSI R G LR, RS EIE S A I T BALE AT, RAE Python fifEAE RIS HLA AT
AFPIFIA [ 4

AR A VEAEAT AT X AL Hh i ) ] SR G 0 28 B 0 SR WLz ST 1O DA i i IS 1Y, (HAEBEFRATT R
PA List I += K26,

URAR S XA

>>> a_tuple = (1, 2)
>>> a_tuple[0] += 1
Traceback (most recent call last):

TypeError: 'tuple' object does not support item assignment

KA HER PR RIS WAY: 1 2 5X52 a_tuple (0] AN, MHZXIEN (1), MEIZPRMR 2, (HA43A]
Rz AR 2 IEETCAL 0 SoCR MR, NN R S e R T3 [ X 52

TERJZZAL, A ISR TE R P R ECR X AE:

>>> result = a_tuple[0] + 1
>>> a_tuple[0] = result
Traceback (most recent call last):

TypeError: 'tuple' object does not support item assignment

HITIede AR AR, R BRI ERR 2 & 5 L A B

L R 1
>>> a_tuple = (['foo']l, 'bar'")
>>> a_tuple[0] += ['item']

Traceback (most recent call last):

TypeError: 'tuple' object does not support item assignment

KA HE LS NERIZE, A — RS NI B REE, (2BSmaR E AL T

>>> a_tuple[0]
['foo', 'item']
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B T S ke, IRTREAIE () IR — AR REE T __iadd_ ARG, BEATENT += IR R
R, B HREMER T ZREER; (b)) 3Pk, __iadd_ S TESE LA extend Jf
RN . X T AR AT DA += 3i/g list.extend [y “PpEH A -

>>> a_list = []
>>> a_list += [1]
>>> a_list

[1]

KA T

>>> result = a_list.__diadd__ ([1])
>>> a_list = result

a_list Frg | AR GBS, 51 BB SO SR LEHPUR(EESY a_list, IREMRAGIREA L
e, PEONERSIN a_List ZHIFNG B —XSAHaE, (BRI T IR,

Pt FEFRNT TR O, AR SR T

>>> result = a_tuple[0].__iadd__ (['item'])
>>> a_tuple[0] = result
Traceback (most recent call last):

TypeError: 'tuple' object does not support item assignment

__iadd__ ENIT, HICFIERSER] TP 5, (HRER result #5141 a_tuple [0] EEFEMAYFE—XIR,
BRI A S 2T 4, o Cal 2 A m] 281 .

2.5 Dictionaries

2.5.1 How can | get a dictionary to display its keys in a consistent order?

You can’ t. Dictionaries store their keys in an unpredictable order, so the display order of a dictionary’ s elements will
be similarly unpredictable.

This can be frustrating if you want to save a printable version to a file, make some changes and then compare it with some
other printed dictionary. In this case, use the pprint module to pretty-print the dictionary; the items will be presented
in order sorted by the key.

A more complicated solution is to subclass dict to create a SortedDict class that prints itself in a predictable order.
Here’ s one simpleminded implementation of such a class:

class SortedDict (dict) :
def _ _repr__ (self):
keys = sorted(self.keys())

result = (" : ".format (k, self[k]) for k in keys)
return "{{ Fr".format (", ".join(result))
__str__ = __repr___

This will work for many common situations you might encounter, though it’ s far from a perfect solution. The largest
flaw is that if some values in the dictionary are also dictionaries, their values won’ t be presented in any particular order.
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25.2 HEH— I EZ09HEF: {REER Python fff—4* Schwartzian ZFifg ?

The technique, attributed to Randal Schwartz of the Perl community, sorts the elements of a list by a metric which maps
each element to its “sort value” . In Python, use the key argument for the sort () function:

Isorted = L[:]
Isorted.sort (key=lambda s: int(s[10:15]))

2.5.3 infaiRHEMIIRPEER —MIIREITHRF ?

Merge them into a single list of tuples, sort the resulting list, and then pick out the element you want.

>>> listl = ["what", "I'm", "sorting", "by"]

>>> 1ist2 = ["something", "else", "to", "sort"]

>>> pairs = zip(listl, list2)

>>> pairs

[ ("what', 'something'), ("I'm", 'else'), ('sorting', 'to'), ('by', 'sort')]
>>> pairs.sort ()

>>> result = [ x[1] for x in pairs ]

>>> result
['else', 'sort', 'to', 'something']

R — 2RI R 2

>>> result = []
>>> for p in pairs: result.append(p[l])

UERARGERFX AR Ty e, AR T RESE =0 XA A 2 AT A 9 e e AR, 0T KB 4
ERHE LR ER PR, AT 15, append () #ELBIE RN, BARTHH T —L08I5%
WEGR R AR ARML, (HE VIR /R TE ZEXARML, i AU A . 55—, Kaka “resultappend” TS
JEEER . A=, AT A X 2 R RO T P T

2.6 ¥HZR

26.1 tagE3?

K E T PATRIEA R R ERT R RT K  ZCAER ORI SEBIRT S, SEBIRT A& T e THE
RAPESE UgrE) AR (i),

R PARET AWM HADIE, Rz S (ES), B9RERMEMER T, AT DA i 4h R ok 1%
SEHBANE X AL . filhn: BT HER — Mailbox REEMLHIRTEA A ., BT MboxMailbox,
MaildirMailbox, OutlookMailbox HT-ALBRA FhidE MRFEAE .
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262 tARKGE?

7SR RS SOP R RTINS x BRI, EERY x . name (arguments. . .) .

class C:
def meth(self, arg):
return arg * 2 + self.attribute

2.6.3 {ta self ?

Self JU 77 S — SR FE AR Bl ST REARKIEANLH] x , HI7{k neth (self, a, b,
c) Lbr LR ZEFR R x .meth (a, b, c) ; WNTHHHAKTESERA meth (x, a, b, <) .

BESF A 2L Ffe 7 ik 2 LA 7 L XIEH “self” ?

2.6.4 INAELEXNREDHRELRIHFRB— 6 7

Use the built-in function isinstance (obj, cls). You can check if an object is an instance of any of a num-
ber of classes by providing a tuple instead of a single class, e.g. isinstance (obj, (classl, class2,
.)), and can also check whether an object is one of Python’ s built-in types, e.g. isinstance (obj, str) or
isinstance (obj, (int, long, float, complex)).

HERRZHEFASLHEX P EE LM isinstance () o WERERETCIF AR, H A TE
KRN RAER T E SO R B ERIAT N, AR AR SR E R T A SRR R . B
W, ARARA — AT RSB R

def search(obj):
if isinstance (obj, Mailbox):
# code to search a mailbox
elif isinstance (obj, Document) :
. # code to search a document
elif ...

EAF B RIETA R EE L—14> search () F¥E, AAEHAE:

class Mailbox:
def search(self):
# code to search a mailbox

class Document:
def search(self):

# code to search a document

obj.search()
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265 ftaRE?
ZALR— MR X Ry (WHCHBE) o BB — AR x I BRSO — ANk i oh
BEATRAG A2, ERR BRI T ARSI, HRE TR HAh A Z AT 4 x BIAARI 4.

Python 2/ 01 ] PABRFASEBAZRAT . BIaN, PATRIRSEE 742K, RMAT MRMUT S, (HRIra S AR
TS IPNCE

class UpperOut:

def _ init_ (self, outfile):
self._outfile = outfile

def write(self, s):
self._outfile.write(s.upper())

def _ _getattr__(self, name):
return getattr(self._outfile, name)

Here the UpperOut class redefines the write () method to convert the argument string to uppercase before calling
the underlying self.__outfile.write () method. All other methods are delegated to the underlying self.
__outfile object. The delegation is accomplished via the __getattr___ method; consult the language reference
for more information about controlling attribute access.

TR T — M G Ok U, ZIEVTREE S 24N )8, 24 B0 0 B TR B SRR B B, S
MEN __setattr__ () i, HHXEMDLT/NOEHE. _ setattr_ () EARLIHKEAMHYT AT
A

class X:

def _ setattr_ (self, name, value):
self. dict [name] = value

REH __setattr_ () KIMABIL self. _dict__ RN H S LRATRHIRE SO 215 T HRE I -

2.6.6 M BEEEIRMIRESFRAESRPELNTE?

If you’ re using new-style classes, use the built-in super () function:

class Derived (Base) :
def meth (self):
super (Derived, self) .meth()

If you’ re using classic classes: For a class definition such as class Derived (Base) : ... you can call method
meth () defined in Base (or one of Base’ s base classes) as Base.meth (self, arguments...). Here,
Base.meth is an unbound method, so you need to provide the self argument.
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2.6.7 INfarALRACEDLAEE RS B3k 7

DA R E SRS, TR AP USSR, FRAEREAN P T4 AR5 SR o2 3l 44 A £
?ﬁﬁ%if%iﬁ%ﬁi; RS —T, WRARAE SIS YE (B, Bk FoeRmal ivE) SO, x4
BeIG AR E. Bl

BaseAlias = <real base class>

class Derived (BaseAlias):
def meth (self):
BaseAlias.meth (self)

2.6.8 nfa BIBRFSAKBUBFIRIERTGE?

Python SCHFESEARFIEE A (FE C ++ B Java I9FE L)
XHFEESEEE, RS E M. 2O A, st eI E T A 24

class C:
count = 0 # number of times C.__init___ called

def _ init__ (self):
C.count = C.count + 1

def getcount (self):
return C.count # or return self.count

XFALR ¢ K HE isinstance (¢, C) NHE, W c.count [RFEMIEN] C.count, BiEWic HY, H#&
M c.__class__ [H%]| c FREFHRIER DRIENRFTER.

HE: £ CHEMNTENT, % self.count = 42 XFEAIREIFTE self B S FHApFHE N2 H
“count” FANFHFESLR . AT EHHE R SEIRA PRI BT, TCIC A 1E N ERIE /2 A

C.count = 314

Static methods are possible since Python 2.2:

class C:
def static(argl, arg2, arg3):
# No 'self' parameter!

static = staticmethod(static)

With Python 2.4’ s decorators, this can also be written as

class C:
@staticmethod
def static(argl, arg2, arg3):
# No 'self' parameter!

IR, FASHETNERCR B E B A7 e il — ] S R R 2 o 4

def getcount () :
return C.count
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WE@%RE%%W%%,M@%%ﬁﬁﬂii*ﬁ%(ﬁ%%ﬁ%%%%ﬁ%%%ﬂ%ﬁﬁ%ﬁT%%
{UEIEER

2.6.9 tn{ay7E Python hEHMEFERL (HHE) ?

A R LB T A vk, L I B8 5B R 6 1R S
18 C ol (REikbES

class C {
C() { cout << "No arguments\n"; }
C(int i) { cout << "Argument is " << i << "\n"; }

}

1E Python w1, A S — MG R AL, M BOAS BRI A L. il

class C:
def _ init_ (self, i=None):
if i is None:
print "No arguments"
else:
print "Argument is", i

RXAGEEAER, HAESKE A R
PRt Az R R SRR, fian

def _ _init__(self, *args):

HATFI R 75 353 T B D 48 3

26.10 =X {EH __spam , HERBE—1{ xF _SomeClassName__spam BJ§iR{S
l%\c

PISUT RNRAT KA ] “EA” AR —Fp g AL AR S i) iy B i A 50 5 . ATECh __spam
FIFRIRAF (ZPHEIBMATRIZL, 2258 1 TFRIZL) XASH A _classname__spam, HH
classname NEER T ETRHI T XL A 4B 2RA K,

X AREARUERL M AN P98 T DAV IE) _classname__spam” J@ %, FAH AR SEWMAERT S _ dict
HE[ L. 2 Python ¥ B RHARANE F 1X Fh AL A A8 F 44 FR o

2.6.11 2ENT __del__ 5%, EERMBRMREZFEAE-

XA LA AT RER A o
del IFA)A—EPWM __del () —EHEBOMRIGIHE, Wk (GIHTE) k3%, A2
—del__ (o

RS LS IR (I, D THEA—NRBTNN, B —ATRIVREMW) , 5]
MR IEA iR 1%, AT Python /R Sz fT— MNRIAARAR MK R0 ER, EAERHR S5 T4
EEIG, WIRBER FTRE T B BRIz T, B __del () Jyr¥EWTRESAEAN Iy EAIBATLI e ) g o
RO FE A, R AT R, X __del () WYTIAPATIIT AR . BT
PAiZFT gc. collect () BRI, HAE—LERTEHIHILT, MRKIEA P
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Despite the cycle collector, it” s still a good idea to define an explicit close () method on objects to be called when-
ever you’ re done with them. The close () method can then remove attributes that refer to subobjecs. Don’ t call
__del__ () directly —_del__ () shouldcall close () and close () should make sure that it can be called more
than once for the same object.

T3 — R IEIAG R T e [T weakre £ BEHR, IZBIB ALV RS X R MRS . Bt &
REAREA R AR ARG U ER S50 (R GRS

If the object has ever been a local variable in a function that caught an expression in an except clause, chances are that
a reference to the object still exists in that function’ s stack frame as contained in the stack trace. Normally, calling
sys.exc_clear () will take care of this by clearing the last recorded exception.

Bm, R __del () WEGIERE, SMEEHEITHE] sys. stderr .
2.6.12 tNfRERLETE R FTASEBIBIFIR ?

Python RERERZE (BN'EIA) MFTA LB, GRT DA RAAE BB T te ,  DAE I PR B R SE Y 555 |
BN FERIR EZ T A LB

2.6.13 Aft4 id () MERESERTEH—E?

id () RE—AEERL, B R A A by W PRI @ ME—RY . [MTE CPython Y, JXEXSRAY N FFHLAL,
It A S AEAE A R IR A R 2 05, T — S B R A A P RO AR ) 8. XA BIl Ui Bl T

X R

>>> 1d(1000)
13901272
>>> 1d(2000)
13901272

XA id JB T2 B A RN F B EON G, FFEIT 1d O TG SLEINER . SRR PR G AR id BG4k
TR, W RIEXHEX R — A5 :

>>> a = 1000; b = 2000
>>> id(a)
13901272
>>> id(b)
13891296

2.7 1EIR

2.7.1 O 6l3E.pyc X ?

When a module is imported for the first time (or when the source is more recent than the current compiled file) a . pyc
file containing the compiled code should be created in the same directory as the . py file.

One reason thata . pyc file may not be created is permissions problems with the directory. This can happen, for example,
if you develop as one user but run as another, such as if you are testing with a web server. Creation of a .pyc file is automatic
if you’ re importing a module and Python has the ability (permissions, free space, etc--) to write the compiled module
back to the directory.
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Running Python on a top level script is not considered an import and no . pyc will be created. For example, if you have
a top-level module foo . py that imports another module xy z . py, when you run foo, xyz . pyc will be created since
xyz is imported, but no foo . pyc file will be created since foo.py isn’ t being imported.

If you need to create foo.pyc —that is, to create a . pyc file for a module that is not imported —you can, using the
py_compile and compileall modules.

py_compile BHREEE FEg L EAI . —FMBIA R E A IR T compile () AL

>>> import py_compile
>>> py_compile.compile('foo.py")

This will write the . pyc to the same location as foo . py (or you can override that with the optional parameter cfile).

KA DA compi Leall bk [ S~ H kel 24~ 3 FHOPFATSCPE . FLARME AT DA RAE fr S T4
IRAFHERT compileall . py HFHMLELF B4 Python SCPFH) H S

’python -m compileall .

2.7.2 IfaBI S RIERIR B R ?

IR AT LB AR PE X4 A8 B name_ RFH O HBERAFR. R EHMEN '__main_ ', BFF
FHEN AT, @, S AR e T e B A, I HHAERA _ name_ 2
G, APATZIEIAARS:

def main () :
print 'Running test...'

if name_ == '__main_ ':

main ()

2.7.3 WMEILRBABESA ?
B A DA T

foo.py:

from bar import bar_var
foo_var = 1

bar.py:

from foo import foo_var
bar_var = 2

) R K DA T AT 2R
* HILFA foo
o QAT foo f%s 4 JmAs &
» foo A IFHITIHINAT
» foo 5 A bar
o Q& T HT bar &SRR
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* bar eI IR AT

e bar FA foo (EXR—AZHEAME (no-op ), PFACZA 44 foo IRLER)

¢ bar.foo_var = foo.foo_var
g RWT, AN Python i 354 R foo, il foo Y4 AT L5 A 2251
MAREEH import foo , AFSEMAERRMM PN foo. foo_var W, KAEALFFERIZEH.
XAMEA () =Rl BRI .

GuidovanRossum@‘i)‘(ﬁﬁ{ﬁﬂﬂ from <module> import ..., HRFFTARIDEHERECT . 2R RS
AR B AR I A SRR A S B R X %ﬁ%/\*&ﬁ%*ﬁ’]@?ﬁl’ﬂ@%ﬁ%ﬁ%lﬂﬂjﬂ <module>.<name>

Jim Roskind B SFERE MR E 35 DA R 7 AT 58 -
o Sl (BRER, RERIATRESARENE)
o B
« WS (BN SAEGE SRR .
van Rossum RNECGX M, S AIE—N AR, (HiX T E S G 3
Matthias Urlichs I EA Y, PAGEE SeATREILITFA .
XLER T BH A EHEF .

274 __import_ ( ‘x.y.z’ )iR[E <module ‘x’ >; iN{aFkHE z?

ZEM A importlib P EREL import_module () :

z = importlib.import_module('x.y.z"')

275 HEFET SATHERHAEFSAER, ZIETLZHEEREK. AHALEH 7

For reasons of efficiency as well as consistency, Python only reads the module file on the first time a module is imported.
If itdidn’ t, in a program consisting of many modules where each one imports the same basic module, the basic module
would be parsed and re-parsed many times. To force rereading of a changed module, do this:

import modname
reload (modname)

Bk XREORANE 100% 5 To—5K . Rt i h iE ) A

from modname import some_objects

will continue to work with the old version of the imported objects. If the module contains class definitions, existing class
instances will not be updated to use the new class definition. This can result in the following paradoxical behaviour:

>>> import cls

>>> ¢ = cls.C() # Create an instance of C
>>> reload(cls)

<module 'cls' from 'cls.pyc'>

>>> isinstance(c, cls.C) # isinstance 1is false?!?
False
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The nature of the problem is made clear if you print out the class objects:

>>> Cc.___cCclass

<class cls.C at 0x7352a0>
>>> cls.C
<class cls.C at 0x4198d0>
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CHAPTER 3

T £ E DL a) @

3.1 A1t 4 Python fE F4et R 53 4HiES) ?

Guido van Rossum Yyl g HEREA T/ AR OOHE, FF B 1% 1 Python AR JF TR IHNE . KZBALE
— B ] e R XA e

M T BATHUREHRSE S, AT A B 7 415 N R85 Z AN AT B /R C RF S il 3 BoX
FEA A B

if (x <= y)
X++;
Y——s
z++;

RN, WY <+ 164, BRSO ARmE. IR AR FE 1 C B A&
KINAITEE, HAERARE < > v, v BAEED,

RIS TR/ SRAE S, DA Python k78 5 % AR SRt ge . 75 C r, 4550l DU 2 R R RO (08
g%ﬁﬂﬁ?%ﬁﬂﬁﬁﬁm—ﬂmwmﬁ@,%ZE%@(&W%K%%)%~%N%N,@i@%@ﬂ
HOREE,

VFZ OB ARSI T AR/ S5 AR5 B 47 o XA A K, IR 3R TSI B s R], FERFBEME LARS
PEFP AT AT T . BRARRE DU R, BBV ZIE G —DhRA (B4, 20-3047). 20 17 Python W PASE AL HL 20
ﬁCﬁz%%goﬁﬁﬂﬂ%m?ﬂ@%ﬁ@ﬁ%ﬁ%ﬂwﬁﬁﬁ%ﬁﬁ%%ﬂﬁ%ﬁ¢%Eﬁ%&ﬁ&%
ERCENCMERER P
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3.2 At AaEENEREREEIFEMER 7

WA N,

3.3 Why are floating point calculations so inaccurate?

People are often very surprised by results like this:

>> 1.2 - 1.0
0.1999999999999999¢6

and think it is a bug in Python. It’ s not. This has nothing to do with Python, but with how the underlying C platform
handles floating point numbers, and ultimately with the inaccuracies introduced when writing down numbers as a string
of a fixed number of digits.

The internal representation of floating point numbers uses a fixed number of binary digits to represent a decimal number.
Some decimal numbers can’ t be represented exactly in binary, resulting in small roundoff errors.

In decimal math, there are many numbers that can’ t be represented with a fixed number of decimal digits, e.g. 1/3 =
0.3333333333--- -+ .

In base 2, 1/2 = 0.1, 1/4 = 0.01, 1/8 = 0.001, etc. .2 equals 2/10 equals 1/5, resulting in the binary fractional number
0.001100110011001 -+

Floating point numbers only have 32 or 64 bits of precision, so the digits are cut off at some point, and the resulting
number is 0.199999999999999996 in decimal, not 0.2.

A floating point number’ s repr () function prints as many digits are necessary to make eval (repr (f)) ==
true for any float f. The str () function prints fewer digits and this often results in the more sensible number that was
probably intended:

>>> 1.1 - 0.9
0.20000000000000007
>>> print 1.1 - 0.9
0.2

One of the consequences of this is that it is error-prone to compare the result of some computation to a float with ==.
Tiny inaccuracies may mean that == fails. Instead, you have to check that the difference between the two numbers is less
than a certain threshold:

epsilon = 0.0000000000001 # Tiny allowed error
expected_result = 0.4

if expected_result-epsilon <= computation() <= expected_result+epsilon:

Please see the chapter on floating point arithmetic in the Python tutorial for more information.
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3.4 Aft 4 Python FHFEEARTIER) ?

IR

—ANETERE: FIETATER R AR, BWERATAT AEQU N B e ], I HAFGE TS K2 b E A
o Xt ORISR 18] XA P 22—

72, Python W FAFH AN GECT A A" . ALMEIEEA SKHE 8 O HALE, 1E
Python 1, (LAZIEEASKE AT “8” HHCHHABE .

3.5 At awMEREENLFIEARAPEXER “self” ?

XA T Modula-3 155 . T ZH0 R A ERaEI2IER A .

woE, EHRRERE, SRR AL AR R AL B, ik self. x B self . meth () HDAVY
FEMERHT, RIMEECARIE R E L, WA MNP STE. 16 Cr+ o, W] DA S /D Ry As B e R
W (M mAs R WEA 5 ) — (IR AE Python "hscAy JRifAs t Fm B DAA A 128 1 S i f
TEo 28 C+ Ml Java iR ARIE SR SEH R MERA o B2, PR A 2O LT 3 AT A

HW, XERE R 5 BN E R HIZ L, AFERIRIEE . 176 Cr+ AR R TR AE
R EEGEEFHTE, RUAER : : 188 5—HE Python F4RA] PA%RE baseclass.methodname (self,
<argument list>). XXF __init__ () F¥EIEFEAE M, Rl e IRE BBy R A 24 207
¥R, A PASEFR T X S 2T VR

RJG, BT ASRIRER AV T Python FRE R A B (ARHEE L 1) A8 R B IR YR L6 A8 B
Of LB W AR ) WRAE, AR AR RN 7 U AR — IR T 0 e — D SE B A A 2
—ANJEAE, BRI A (TSN ) o C+ il DR MENX — 1, {H2 Python %47
], O T XA HBTS I BT SR SRR self. var RAFHIARDL TIXASFIRE, SR, *f
TR LG R, UARE self.var FIRER T IANTIRIAERE 2 PRI 5 AR LBI H . Heh)
WYL, SRR AN LG AR RATAE T AN R i 4 25 B o, R 25 Python (o IR iy 4% 25 1]

3.6 At A geERENPHE ?

W2 T C 5 Perl i AJBA%, MBATARZEMN C B A5

while (line = readline(f)) {
// do something with line
}

{HAE Python A il 5 X A

while True:
line = f.readline ()
if not line:
break
# do something with line

A SV Python Sk s IR A S PRk 2 HA T 5 P s DR . ARMER IR R, R iS55 Y -

if (x = 0) {
// error handling
}

else {

(Rt
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(£ 50

// code that only works for nonzero x

}

BRI T x = 0, ORGSR x |, MK x == 0 HEZLn AT

EAAUZHNTERE . REBEN T IT AWM RE TR, (B RS EASOC T, IFA
PO S AR SR (A BORRHfE - 8 RO B 1) i AR BN 20 2 X — MR NS 4R IR ) 35 3

—IHBR LGS, KZHA L5 Python 72)7 BHRIAIRE] while True By JHUHIE, MAKIER AR
TEFER A IR AR AR TR i S A B S I 2 5 v

ARSI B EARMRA T ), (HlH A" while True” ffJy nlEE:

line = f.readline()
while line:
# do something with line...
line = f.readline ()

FRET, WRAREBCE T (BIAREIE ESU sys . stdin. readline () ), WIMATAIE R —17. JRUAHE
AR AR Py v B TR L5 — 58 0k B BB E O B ) RS

The best approach is to use iterators, making it possible to loop through objects using the for statement. For example,
in the current version of Python file objects support the iterator protocol, so you can now write simply:

for line in f:
# do something with line...

3.7 Aft4 Python 3HFLETHEE (40 listindex()) EAAGEFREW, MA
fhzhdE (5140 len(List)) fERAHLE ?

IE4 Guido Jifrilt:

(@) X THLEB AT, BISFORIE G R A PSRl (R 2R ) s P B IR ARILSE
IR SE_ BT IR 8 R ICE . O — TN AR x*(a+b) XA A E S x*a+x*b
MAEZFEE, LARAEN AR OO S MUt [l S i R AR L -
(b) M EEFN G len(X) PRSI, WUAIE EZORIZIAFARVIE . XEIFFATPIES: 4551
e AL, SRCRHRAAA . M, HFIEE xlen() F, W ELZRAIE x 2 RARSEBLEE 1 2%
o e NEAARIE len() FIRAOR AR A BCA EIBIIIA get) B key() T7ik, BE AR
PFRYZEA writeO) J7IAMY, FRATMEIR 2 BE] N .
—https://mail.python.org/pipermail/python-3000/2006-November/004643.html

3.8 Aft4 join() B—NMFHBHEMAZIRITHLE?

M Python 1.6 JFhfy, AT HGIHAMARHEISTY, JINTr AR, XLy R AL T 5 4R 2 H String
ﬁ%%%ﬁﬁ%ﬁ%%%mﬁoﬁ%%ﬁ%*%ﬁ%ﬁaﬁfﬁ%§v@M?t*&ﬁ?ﬁ@ﬂﬁﬁ%%*
iy ik

n’ ".jOiI’l(['l’, l2l, 141, '8', '16'])

ZERANR:
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"1, 2, 4, 8, 16"

Pl P A A3 T 1
i SRS BT ST ER SO (String Constant) [ 1 TR IO RMER ", 2R RABIFIE, LR/
SRR A E (. AR S SRR I 4R b AV S ok P TR E AP (e S I
AT -

55 UG R RN TR LA R G A R R R B R 2 I
oo HTHEFERE, 8 split O Mo FEHRITENTEASSE, FAEXMEL T, RA%EF:

"1, 2, 4, 8, 16".split (", ")

is an instruction to a string literal to return the substrings delimited by the given separator (or, by default, arbitrary runs
of white space). In this case a Unicode string returns a list of Unicode strings, an ASCII string returns a list of ASCII
strings, and everyone is happy.

join () is astring method because in using it you are telling the separator string to iterate over a sequence of strings and
insert itself between adjacent elements. This method can be used with any argument which obeys the rules for sequence
objects, including any new classes you might define yourself.

Because this is a string method it can work for Unicode strings as well as plain ASCII strings. If join () were a method
of the sequence types then the sequence types would have to decide which type of string to return depending on the type
of the separator.

If none of these arguments persuade you, then for the moment you can continue to use the join () function from the
string module, which allows you to write

’string.join([’l', '2', '4v, 'g', '"1e6'1, ", M)

39 REFSZ®?

WERBA T 55, W try/except HLARA M o SCbr_EAARRH 2 5 51 . 18 2.0 ZHifY Python JiAH, il
XA 1A

try:
value = mydict [key]

except KeyError:
mydict [key] = getvalue (key)
value = mydict [key]

A YR dict TEALTIMRATA key I, XAHRE L. WERAEXFERITE, VRIS BAZX A -

if key in mydict:
value = mydict[key]
else:
value = mydict [key] = getvalue (key)

o R In Python 2.0 and higher, you can code this as value = mydict.setdefault (key,
getvalue (key)).
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3.10 H{t4 Python thiEF switch = case {§4) ?

PRATDAE ST —Z N if... elif... elif... else. WS SERHUXI TAE. ¥T switch iBAERC LA T
— SO, (H AR R A A S AT R T R s A . A R SRR TR R B Y HPRES, E S H PEP
275,

X KR T e AT e R A DL, W AR — A58t o case (LML) SER T A R . BN

def function_1(...):

functions = {'a': function_1,

'"b': function_2,

'c': self.method_1, ...}
func = functions[value]
func ()

TR IrE, TPAEE M getattr () WERR AARE SR I BRIzt L :

def visit_a(self, ...):

def dispatch(self, wvalue):

method_name = 'visit ' + str(value)
method = getattr(self, method_name)
method ()

WO B AT, BINABI ) visit_ o QSR EAXFEREIZ, WIRERBAZEENIE, BlE
PSR X5 AT AT 53k

311 BEFAERERPENLTE, MESRBSETRERSNSES
BLg 7

B ORSER)Z, MRS 4 Python MERRMUERS 2 /0 —4> C Hitit, LA, $7fnT DAREI []35 Python.
L, — e TR B C AR .

Answer 2: Fortunately, there is Stackless Python, which has a completely redesigned interpreter loop that avoids the C
stack.

3.12 Aft4 lambda FiEX A EEBEIES 7

Python ] lambda ik XA RECL & 154, A Python RYTETANEZUA REAL BE B 7E R X N WA iE A1) . AR,
f£ Python W, sXIFA e — AP HE I A, 5 HATEF N L EfY lambda K §LA[H], Python [f) lambdas
se—MEICAT S, AR T2 SR R .

PR LEL 2252 Python FRIRER 5, ATDATEAIBIE I NI [HIL, fH lambda AN 2 A< 35 SCI) e 209
ME— DL R AR A 75 20 B R B — DA X U — L T BB 5 (45 lambda ks UAE AR 52620 5¢
M) 1R R |
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3.13 TTLLUK Python %iZAHH2EMREE. C HEMIESD ?

Cython K7 A n] By R Python BRI A% 2 C P . Nuitka j&—-f Python 4 il C++ {UR 7%
Gy, BAESCRPERERY Python 157 . BE4IFM Java, n[PA%IE VOC .

3.14 Python IN{a &R 7 ?

The details of Python memory management depend on the implementation. The standard C implementation of Python
uses reference counting to detect inaccessible objects, and another mechanism to collect reference cycles, periodically
executing a cycle detection algorithm which looks for inaccessible cycles and deletes the objects involved. The gc module
provides functions to perform a garbage collection, obtain debugging statistics, and tune the collector’ s parameters.

Jython relies on the Java runtime so the JVM’ s garbage collector is used. This difference can cause some subtle porting
problems if your Python code depends on the behavior of the reference counting implementation.

Sometimes objects get stuck in tracebacks temporarily and hence are not deallocated when you might expect. Clear the
tracebacks with:

import sys
sys.exc_clear ()
sys.exc_traceback = sys.last_traceback = None

Tracebacks are used for reporting errors, implementing debuggers and related things. They contain a portion of the
program state extracted during the handling of an exception (usually the most recent exception).

In the absence of circularities and tracebacks, Python programs do not need to manage memory explicitly.

Why doesn’ t Python use a more traditional garbage collection scheme? For one thing, this is not a C standard feature
and hence it’ s not portable. (Yes, we know about the Boehm GC library. It has bits of assembler code for most common
platforms, not for all of them, and although it is mostly transparent, it isn’ t completely transparent; patches are required
to get Python to work with it.)

Traditional GC also becomes a problem when Python is embedded into other applications. While in a standalone Python
it’ s fine to replace the standard malloc() and free() with versions provided by the GC library, an application embedding
Python may want to have its own substitute for malloc() and free(), and may not want Python’ s. Right now, Python
works with anything that implements malloc() and free() properly.

In Jython, the following code (which is fine in CPython) will probably run out of file descriptors long before it runs out
of memory:

for file in very_long_list_of_ files:
f = open(file)
c = f.read (1)

Using the current reference counting and destructor scheme, each new assignment to f closes the previous file. Using GC,
this is not guaranteed. If you want to write code that will work with any Python implementation, you should explicitly
close the file or use the with statement; this will work regardless of GC:

for file in very_long_list_of_ files:
with open(file) as f:
c = f.read(1l)
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3.15 Why isn’ t all memory freed when Python exits?

24 Python iR If, M4z JRyfin 4 23 [A] 2 Python A5 | AR G A SO BRI WERAFAERRERG I, AT B
RAEXAGOL C 5 LR R LE A 2 AT REREI (BN Purify PR TR SR EENTE) . HE,
Python 7EiR H IHE BN A7 I S8l B B A 4R

QIR EE5E ] Python FEREHUN MR FLLE 2R, WM atexit BiHUEFT— e, SRHIMERX LM A

3.16 At 2 FEIMAITTHAFTIREIESE 7

EIRFIRMICHAEVF 2 T AR, (B ENTR B D7 2ol 5 e se A A A . aTRAAIC4124{blF Pascal id
SE C 4585 EATEM XAIRe/NES, WA RIS, AT — BT B B, R
AR AN A B = AN 4L

75, AR EHANEF PR e TRA ARG, Pra s REEAMFENER, Jf
HBA M. BN, os.listdir ('.") RIFIRLF]H RS FAFEFIR . QiR H R T —
PIANSCAE, %F i AT B A1 ) R S 5 A 2 R T

JTCALRARAL R, XEWRE — B 7 ocdl, SR ER R EMLMITR. SN, XERE G
IRZN DA RO . A A TCR AT DU ILAY key, PHIBE R RERFICAIRIARS H N AE key o

3.17 3R 2% CPython th3cIE) ?

CPython 5 5LPr ER2 N A KEERYRLAL, A2 lisp MARAYBER . L SC BB TR HAhoXT 52 (45 | R HE S5
A, FAEPN LG OR B AR 1 B AR AL K B 8

RERFERTII a (1] WERAERA SIIR I NSR T ETE X .

AN SATAI , KFPERES RN FFRA T — L5074 i A NI A P s 24 B2
RGN, Sl — LB ZSTa], DABEAERE TR ALK AT 2L bR RN

3.18 F# {7 CPython fhcEiag ?

CPython 1“7 S BN AR/ PG Ay . 5 B-RIAHIEL, XA RZHCHOL T oAk (H Al I r A1)
Peft TR IPERE, HF B R R

Dictionaries work by computing a hash code for each key stored in the dictionary using the hash () built-in function.
The hash code varies widely depending on the key; for example, “Python” hashes to -539294296 while “python” , a
string that differs by a single bit, hashes to 1142331976. The hash code is then used to calculate a location in an internal
array where the value will be stored. Assuming that you’ re storing keys that all have different hash values, this means
that dictionaries take constant time —O(1), in computer science notation —to retrieve a key. It also means that no sorted
order of the keys is maintained, and traversing the array as the . keys () and . items () do will output the dictionary’
s content in some arbitrary jumbled order.
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3.19 Mt A% key ARERIALH] ?

UL Ay RSB A SR ETT S S A (R AT AR . SRR AT AR R, WIHAE AT R AR fh, PRI
WA ER S A, (Hig, BT IR ER SR AR IO E R B PO (A, Py RAE 7
BEUEEH . R)5, UARZEAE T I P AR R BRI, FFCAREIE, O HMAEAR . AR R
HIBME, MASEEE, FOATERIG AR H R EIRR R ES A AL

WERRAR B RSN RRG Wi, ARSI o cdl; MRk tuple (L) Bl —4ocdl, HAHS
N AN . TEALRAATAZRY, R AT DA B

EAFE i — LR R R 5 -

o WAL SR ID) S, XANEER, PESIER RS — N EAMEERIR, BRIk
25 pidm:

mydict = {[1, 2]: '"12"}
print mydict[[1, 2]]

would raise a KeyError exception because the id of the [1, 2] used in the second line differs from that in the
first line. In other words, dictionary keys should be compared using ==, not using i s.

o FENSIERA B IEAT A S X BRI, AR AT AR RSN R AT AR S A B R5IH, SRIER
AR R HEATCFRIEER

o VPR, BRI A EEEEN]. MAREINSICEE SRS, R AR P A — S
PABRERRORE . B f— A EREFIMAERIH: d.keys () HEEEMERS ] AT LA B .

o FRPIFNMETILR S, MAMCOY L. e, B ] ABCE HAE I TR 525 4] LAGE )
BN B IO R P 7 A B O IR 2 5 i R 5 20K AR L vl 212K 14 A 5 e ic o A
B HL A S Gl i & T EUCHRIAR

WEPRFTEL, ATLAGE AR 7 iR i AN A, R e/ 2R F TR s 4] DASRS— AT AZ 454 A e e —
KB, FEEBIRINEA __eq () M _hash__ () Fik. KI5, VROBHGREEFEAE T (SR
T hash (94549) T PTA BER G AERX RO AEAEXT G0 T 7 (SOHEAEEH) i fRERIE .

class ListWrapper:
def _ init_ (self, the_list):
self.the_list = the_list

def __eqg (self, other):
return self.the_list == other.the_1list

def _ hash_ (self):
1l = self.the_list
result = 98767 - len(l)*555
for i, el in enumerate(l):
try:
result = result + (hash(el) % 9999999) * 1001 + i
except Exception:
result = (result % 7777777) + i * 333
return result

R, WA T T2 R0 R B 5 R BB AT DA B SRR R H By T REME T 221352 %

AN, RN, W o1l == o2 (Blol.__eq  (02) is True ) Ml hash(ol) == hash(o2) "
(B *ol._hash_ () == 02.__hash__ () ), LW REEAETHA . WREARFER LI LW H, 7

HLANH A BT hash (R45HRE 2 45

Xt ListWrapper , HSEAURAR X QRAE T UL, ARSI KA RE S 2 A S 523 o IR ARRIE S A A% B
SREABCANIE B X LB TR R, 5 WA BRI 375 R

319. Bt AT key MARFTLER] ? 49
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3.20 Hft 4 listsort() ZHREHFIIR ?

FEPEREAR BRI OL T, AUOOH THEP A il — s 22— FhiR 9% . BIIE, list.sort () XBIFRIAT T
WEYWHT . N TIREGX L, EARRECHFASIR. XA, YEHFEHEFIRIA, ERHERE
RHFFRRAS, SR ST F 5.

In Python 2.4 a new built-in function —sorted () —has been added. This function creates a new list from a provided
iterable, sorts it and returns it. For example, here’ s how to iterate over the keys of a dictionary in sorted order:

for key in sorted(mydict) :
# do whatever with mydict [key]...

3.21 nfa 7 Python chigEFILiE#E OHE 7

H1 C++ Fll Java 518 5 SR AL ATRIEGE O RTEREA TR 7 IR M R B I . VR AN B 0 LT 14 24 136 1)
ST BT AR AR

Python 2.6 adds an abc module that lets you define Abstract Base Classes (ABCs). You can then use isinstance ()
and issubclass () tocheck whether an instance or a class implements a particular ABC. The collections module
defines a set of useful ABCs such as Tterable, Container, and MutableMapping.

Xt Python, @ i XA FREA @ M (9 IMAR . T ASRASHE ORI F 2 4r 4t . 84— T.H PyChecker, AJ
TR ST TRATERHE

— ARSI R AT CASR AL DRI, ton] AR O RE A — 4R Bl ¥F2 Python BEHLA] A
TERMIARIzAT, PMROLR ARG “ AR . RO oMl Ee DR, s &l DARE T M 0 Y
fATER “HEACHY (stub)” BLMHEATRR B, FTPAREI doctest Fl unittest MEHREREE =7 MHAHE LR i
PRI, DA i & — AT .

T2 I O 0T AR BITE Python WK A . 7RI AR ARG LIVE. ok b, ERRES L,
PR R OB R BE IR e (W BE L @ . 4, append () 7yl LE PIEREIRIA R IR B T #10
MIEAREMIX R append () PR BB IERIAAT ILERAE, (HORAEMI S M P XA TR M AR TR B
G EMAEMFIERA N, T iR B0 M USRI IR TS T K. — A0 H 3 i 7 i B 1 1 i T
K, EERIEMGEMEEAHEZH, BamTWAEIFR SN, 2498, Python RVFERIARITH, RA
AN E M B -

3.22 Htt4i%H goto ?

] CARE ) S AR PORSENSE “goto £ L 2 T AR sRBCI I TAERY o R 2 AR s 4k T LA (A0l
C, Fortran FIHABIEFHY “go” B “goto” SHAMHTA GHLHE. Bl

class label: pass # declare a label
try:
if condition: raise label () # goto label

except label: # where to goto
pass

ERAARVHRBE R R R ], X PO A2 goto, TR .

50 Chapter 3. &it#055 5% I 6 RE




Python Frequently Asked Questions, 4% 2.7.18

3.23 A AlRIEFFFE (r-strings) FEELIRFHIGERE ?

?@%ﬂﬁ,?ﬂﬁ%%%ﬁﬁﬁﬂﬂ%%:?%ﬁ%%ﬁﬁﬁﬂﬂ%ﬁ%%ﬁ%%@ﬁ,%T%%ﬁ%?
T

JER AT BT S 17 AR ST B C R SR S BEA AL PRES (32202 IR WIZIK5 [58) Bl A
B AR PSR AN VEBCAY R RE ST S B, DN R AT H R LR, Sk, AevFlad (i 5155
R SCBURMLEG SC 4 o 24 r-string T E TR H A, X 2E R TARRIAR 47 -

R IEAE 2 7 Windows B#AR4, , LR ITA Windows ZRGEi FIHRBE ] IEAHEL

f = open("/mydir/file.txt") # works fine!

PR EIEAE 280N DOS iy Mgtk i, XA TRyl

dir r"\this\is\my\dos\dir"™ "\\"
dir r"\this\is\my\dos\dir\ "[:-1]

dir = "\\this\\is\\my\\dos\\dir\\"

3.24 Attt 4 Python izBEMEMER “with” i&4G) 7

Python 5 —> ‘with’ if41), BEERE THIGHAT, FESMA DL DR . A EEF RS2

with obj:
a =1 # equivalent to obj.a = 1
total = total + 1 # obj.total = obj.total + 1

1 Python w1, XA ZEHZ AR o

HAtEF , 40 ObjectPascal, Delphi Al C++ (I FHASIAY, ] PAZEAR & BIHLE 73 e 45 A 2 it . X2
TSR B R 1 X TR A IR R A R /R 3

Python i I B . F5E A AT REALEAEZ AT | MBS @4k o T PABIASHOAE R A I8 i sl e e B
X AR TR o T B B B R S | 2 AT A8 Ik JRilEt . ERJE R s rE?

B, RAAN A SR E:

def foo(a):
with a:
print x

BB, “a WA — A4 X" MRGUREE. AT, Python thofilsy IR X — 4. iR “a”
AR, SBEAAT WA AR X7 RVER, TR SA with b (7 WEHTIL, Python fy
SIS P SO 035 26 A 1

RN, Python A ATE S MAEARFASE L “with” FIREIEFRAE AR HE) MR, A

function (args) .mydict [index] [index].a = 21
function (args) .mydict[index] [index].b = 42
function (args) .mydict [index] [index].c = 63
B XA

ref = function(args) .mydict[index] [index]
ref.a = 21

(N Tgksn)
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ref.b
ref.c

42
63

XMAA RS PITHEEWEIVER, P Python TRz TN A ARIBAE , 1M 58— NHCA HL s BT — AT -

3.25 K1t 4 if/while/def/class {ER)EEE S ?

3 LB TR (ABC i SRR 2 ). 18— i

if a ==b
print a

5

if a == b:
print a

TR RO S 2 W, B FAQ MR RN G, B R R E R X
BRI

73— NRCE A ) B S Al A TR R R B AR A o) AR ATRT AT 4R 8 5 R e i 5 0 o 4
BE, AL XS RE P SCAS HEA T SN A (1 AT -

3.26 %t 4 Python ZESIRATLAMKR R ¥ ERES ?

Python AVEEAESF, TCALRIT M R FEbiz -

[1, 2, 3,1
('a', 'b', 'c',)
d = {
"A": [1, 51,
"B": [6, 7], # last trailing comma is optional but good style
}
A IUA B SR VXA

WA, TSI FRESGEZ TS, WEEDBMEZ LR, PEAACESE E—A7 i
Fo XEATHAPARDHAER A&7 A TR R

AN UL S 2 FEEAZ W R . Ban:

x = [
Ylfee",
"fiell
"fOO",
Ylfum"

]

XAFRARRAATTR, HELFR BE =" “fee” , “fiefoo” I “fum”. FL2MN 1125 AT DA A5
TRIGAYE
SOV R BEIE St AT A G A AU B2 5 2L
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cHAPTER 4

REEFES FAQ

4.1 & R Y HCHE B o) =

4.1.1 n{ar$k BeT LA SR XXX B9ERE R ?

1E U ES % P BB H AT A WARE RS (WRIRE 2 TARERR AN Z, WTRABGE X —42)

XHFEE =L, 182 Python Package Index & Google 5 HABAE RS [2, ] “Python” Jii_b—F MR
T B SR RE H RV

4.1.2 math.py (socket.py, regex.py %) BYiESC{ET7EYS ?

URARA BB PR, ATREE 2 IR, SO C, C+ B A 4 1R 2005 7 SC B B &2k
k. ﬁﬁ‘%ﬁ?ﬂﬁﬁ%‘i&ﬁiﬁﬁ%ﬁﬁ%? Ffl mathmodule. c XM SAFIAE C AU HRH (AR
£ Python H3%H).

Python 1 (%/b) 45 =Hpide:
1) {iJf] Python Zm S 1EL (.py);
2) fiH C S HSiASmERE (dll, pyd, so, .sl%);
3) i C 45 HE B MRS OB, BRBUILS I, HiA

import sys
print sys.builtin_module_names

53
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4.1.3 7 Unix thiE#¢it Python BIA ST ?

IR B SR AU P HATHY, FFHES—ATRRELA #! Fk, JETHER L Python fiREZR I BR A
F—E PAAPST chmod +x scriptfile Bi& chmod 755 scriptfile &),
FoRAREMME, REENTE:

#!/usr/local/bin/python

TEXCHFER—A7, BNARBIEF-& LY Python ARREER I BEAE .

WRARAS S A AR Python RS IR AR A4S, REWT AT env 255, BGSAARIY) Python fiERE& ITLE H
SREAWME] T PATH PR, JLFUrA 92K Unix REH SR P S

#!/usr/bin/env python

A CGL A H AR . CGL A PATH PEAR BB S ARFORIT . B DAVRDA AR ) ARRE s A S8 H 2 0o
BRAT.

Occasionally, a user’ s environment is so full that the /usr/bin/env program fails; or there’ s no env program at all.
In that case, you can try the following hack (due to Alex Rezinsky):

#! /bin/sh

mrmno.n

exec python $0 ${1+"$S@"}

mmn

XA — A IV BT, B RE AR __doc__ AR . Al AR B -

doc = """ . .Whatever..."""

4.1.4 Python thfF curses/termcap g5 ?

For Unix variants the standard Python source distribution comes with a curses module in the Modules subdirectory, though
it’ s not compiled by default. (Note that this is not available in the Windows distribution —there is no curses module for
Windows.)

curses BIH T RFELAAY curses Fp,  [AHF L SZFF neurses 1 SYSV curses HIR ZHI/Nh6E, L. A
[ B AT SO STTRI RS S 3 . XS XM HUR 2 A5 BSD curses B EAE RS, (HJ2 H w3
TEYES ) RGNV AZHA S AFAEIX TG DL o

ST Windows 4 {ifi i consolelib f#ib.

4.1.5 Python th#ZE7E34ll C B9 onexit() R R ?
atexit MIHURML T —/5 C Y onexit () BREEIAITENF R EL
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4.1.6 At aRHESLERHFFEIIE?

B WL U (F 5 A PR R BB I 2 LSRR . B PEX R -

’handler(signum, frame)

PRI B R 4 P B

def handler (signum, frame):

4.2 EHES

4.2.1 E#MiX Python 12 4 ¢ ?

Python 74 WM IIHAHESL . doctest BiBRMBIERMY docstring H -4 /R I F BT, X HLE 275 docstring
HE R R — 2

unittest HHUE— M Java FI Smalltalk I iUHESE A SRR Y I HESE .

NTEMAER S, VRBAZAERR R T Rt . R iR 4 R 2 5 BEAR L% ] R Bl 607 ¥k
R AR S A BME, BT s T (R RAL e e R i PSR ) o Btz 4b, 72
Jp R S HORSE AT AR ) SRy A B, X S B R MR 22

REFPI “a)m @ AR R R

if _ name_ == "_ main__ ":
main_logic ()

FEHCEAERR TR B ST

— BARMRE P 4 RIS SE e - VR, AR 1220 5 IR Bk IHCHAT o AT DA B sh AT —
ZA 5 I ek RO A 5 B AR A T O W R (DA 55 BRI AR, {H2[H % Python JRH fajisi il R
i, FrPASERR Eatiifa . eSS AU AREI B T R SRR, RS KR R
Ttk HEAMR, ROEAE S5 A B bug FIBCH GG A 5 .

FEFP AL SN HA R B T ASE I E A A E

if name == "__main_ ":
self_test ()

LA Python SEHLY “fi” #2101, BT E M AMEE: 1 A2 B AR 7 ] DAFE AN 1A ] ] i 2k
iz .
4.2.2 E#H docstring GIE3C# ?

pydoc ] DA Python J5RS H1AY docstring 4173 HTML 3C{4F. 0] DA epydoc 2k Hi# i docstring 1]
API 44, Sphinx #7] PAG| A docstring B N2 .
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4.2.3 ERF—RRAKE— R 7

For Unix variants there are several solutions. It’ s straightforward to do this using curses, but curses is a fairly large
module to learn. Here’ s a solution without curses:

import termios, fcntl, sys, os
fd = sys.stdin.fileno ()

oldterm = termios.tcgetattr (fd)

newattr = termios.tcgetattr (fd)

newattr[3] = newattr[3] & ~termios.ICANON & ~termios.ECHO
termios.tcsetattr (fd, termios.TCSANOW, newattr)

oldflags = fcntl.fcentl (fd, fcntl.F_GETFL)
fentl.fentl (£d, fcentl.F_SETFL, oldflags | os.O_NONBLOCK)

try:
while 1:
try:
c = sys.stdin.read (1)
print "Got character", repr(c)
except IOError: pass
finally:
termios.tcsetattr (fd, termios.TCSAFLUSH, oldterm)
fentl.fentl (fd, fcentl.F_SETFL, oldflags)

You need the termios and the fcnt 1 module for any of this to work, and I’ ve only tried it on Linux, though it should
work elsewhere. In this code, characters are read and printed one at a time.

termios.tcsetattr () turns off stdin’ s echoing and disables canonical mode. fcntl.fnctl () is used to
obtain stdin’ s file descriptor flags and modify them for non-blocking mode. Since reading stdin when it is empty results
in an IOError, this error is caught and ignored.

4.3 ZiEHEX
431 EFPERERSZRE?

Be sure to use the threading module and not the thread module. The threading module builds convenient
abstractions on top of the low-level primitives provided by the t hread module.

Aahz [ ER 52 ) threading ZURE WA —Le4)4T F; W] PAZ: ] hitp://www.pythoncraft.com/OSCON2001/

4.3.2 BRHEEWBERAET Hfta?

—HETLRE, A rEREiSpois. R ELRBsTRRIR T, TEREBORG & TR,
{] PR AR T R FR AR R T AP — NI TR BRI sleep, ihTZRARREAS 52 LZTT -

import threading, time

def thread_task (name, n):
for i in range(n): print name, 1

for i in range(10):

(N IEkRED)

56 Chapter 4. {REDEFIIEH FAQ



http://www.pythoncraft.com/OSCON2001/

Python Frequently Asked Questions, 4% 2.7.18

(£ 50

T = threading.Thread(target=thread_task, args=(str(i), 1i))
T.start ()

time.sleep(10) # <-——————————————————————————— !

HHE (FEFLTG L) ARARIMTBITH, MR RRIT! 2R GE LA EASE— 4
PHLZEZ Hi A 22 IR BT 2R

] B AR R ER T A SR AR A T R B TR AL T — AR RIAR JEAY sleep.

def thread_task (name, n):
time.sleep(0.001) # <-————————————————————— !
for i in range(n): print name, 1

for i in range(10):
T = threading.Thread(target=thread_task, args=(str(i), 1))
T.start ()

time.sleep(10)

Instead of trying to guess a good delay value for t ime . s1leep (), it’ s better to use some kind of semaphore mechanism.
One idea is to use the Queue module to create a queue object, let each thread append a token to the queue when it finishes,
and let the main thread read as many tokens from the queue as there are threads.

433 MTHESHEAS N TIREE?

Use the Queue module to create a queue containing a list of jobs. The Queue class maintains a list of objects and has
a .put (obj) method that adds items to the queue and a . get () method to return them. The class will take care of
the locking necessary to ensure that each job is handed out exactly once.

X2 BT

import threading, Queue, time

# The worker thread gets jobs off the queue. When the queue is empty, it
# assumes there will be no more work and exits.
# (Realistically workers will run until terminated.)
def worker () :
print 'Running worker'
time.sleep(0.1)
while True:
try:
arg = g.get (block=False)
except Queue.Empty:
print 'Worker', threading.currentThread(),
print 'queue empty'
break
else:
print 'Worker', threading.currentThread(),
print 'running with argument', arg
time.sleep(0.5)

# Create queue
d = Queue.Queue ()

(N IUEkRED)
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# Start a pool of 5 workers

for i in range(5):
t = threading.Thread(target=worker, name='worker % (141))
t.start ()

# Begin adding work to the queue
for i in range(50):
g.put (1)

# Give threads time to run
print 'Main thread sleeping’
time.sleep(5)

IBATIF S AR T i

Running worker
Running worker
Running worker
Running worker
Running worker
Main thread sleeping

Worker <Thread(worker 1, started)> running with argument 0
Worker <Thread(worker 2, started)> running with argument 1
Worker <Thread(worker 3, started)> running with argument 2
Worker <Thread(worker 4, started)> running with argument 3
Worker <Thread(worker 5, started)> running with argument 4
Worker <Thread(worker 1, started)> running with argument 5

Consult the module’ s documentation for more details; the Queue class provides a featureful interface.

434 EREMLREERREREREN?

A global interpreter lock (GIL) is used internally to ensure that only one thread runs in the Python VM at a time. In
general, Python offers to switch among threads only between bytecode instructions; how frequently it switches can be set
via sys.setcheckinterval (). Each bytecode instruction and therefore all the C implementation code reached
from each instruction is therefore atomic from the point of view of a Python program.

Mg UL, HAARY SRR BARRY PVM A5 SIS S8 RO MRE . T SEPn b, XPPYEZEAL (int, list, dict
&) WIS ERR) CRETT BRI TR

B, FEEAZE TR (L. L1 L2243, D, DI, D227, x. y @5, i, j&int4h):

L.append (x)
L1.extend (L2)
x = L[1]

x = L.pop ()
L1[i:j] = L2
L.sort ()

X =Yy
x.field =y
D[x] =y
D1.update (D2)
D.keys ()

XA ST
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i =1i+1
L.append (L[-1])
L[i] = LI[3]
D[x] = D[x] + 1

4 i HARS GG SAE AR G 5| T BRI O Il e He _ del () Tk, X RES)™E—LL50 .
X AN AT R G BN ANt . R A BE RIS, 6 R !

4.3.5 A HEMERE BRI ?

global interpreter lock (GIL) i % #{A 4 Python 7£ & i 2 4 Ik 554 LI R TRYPE A1, Bk (JLF) BrA Python
R0 LA TERIE GIL By A figiztT, FrPAZLFER) Python F2)7 H BEA R H —4> CPU.

Back in the days of Python 1.5, Greg Stein actually implemented a comprehensive patch set (the “free threading” patches)
that removed the GIL and replaced it with fine-grained locking. Unfortunately, even on Windows (where locks are very
efficient) this ran ordinary Python code about twice as slow as the interpreter using the GIL. On Linux the performance
loss was even worse because pthread locks aren’ t as efficient.

Since then, the idea of getting rid of the GIL has occasionally come up but nobody has found a way to deal with the
expected slowdown, and users who don’ t use threads would not be happy if their code ran at half the speed. Greg’ s
free threading patch set has not been kept up-to-date for later Python versions.

This doesn’ t mean that you can’ t make good use of Python on multi-CPU machines! You just have to be creative
with dividing the work up between multiple processes rather than multiple threads. Judicious use of C extensions will also
help; if you use a C extension to perform a time-consuming task, the extension can release the GIL while the thread of
execution is in the C code and allow other threads to get some work done.

WA BB GIL Wiz RIS, AN RS ER /B MRS AN ZIL X g . NERE, XA
BES . th T I A G DU A 2 RIS, PRI — R 0 TR, s, /TR
FRER S GAFEA, RGP A ARSI B RARIRS P . HAN R A O B A B s)5%, XA
S A R AL %Zﬁ]?ﬂﬁ@%%%&ﬁmﬂj FES

FEL EPREEIX L T AR nTREAE DL SE IR A SE R, PROR RIRERY SRS =7 R P AP Ae . =T g
Jﬁ’?ﬂ’] T AR TETI]%Tﬁé?ﬁli‘ﬁéﬁﬂ(uﬁ)\ﬁiﬁ"%&%ﬁFPEI’J EERIGZ

, RIS A I AL PPIRAS, 2R AR D RERE— AR 1 e M L e

4.4 % N5ith
4.4.1 EEEMIBRSCH 7 (KA R E A SCHHEREYERE - )

Use os.remove (filename) oros.unlink (filename) ;for documentation, see the os module. The two func-
tions are identical; unlink () is simply the name of the Unix system call for this function.

R E S, Wiz os.rmdir ()5 ] os.mkdir () B H3. os.makedirs (path) &4#
path FAEMIATER H K. os. removedlrs (path) U‘UAﬂﬂWﬁ?ﬁ*E’JE%7 HEEATRRRZER); IR
TR A AN H SR A SR A2, ATRAM shutil.rmtree () .

T4 AT PAMER os. rename (old_path, new_path),

To truncate a file, open it using £ = open (filename, "r+"),anduse f.truncate (offset);offset defaults
to the current seek position. There’ salso os . ftruncate (fd, offset) forfiles opened with os . open (), where
fd is the file descriptor (a small integer).

shutil A S T —AE AR EREL, 135 copyfile (), copytree () Ml rmtree ().,
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242 EREHTH

shutil FRA—4 copyfile () EFE. WEFE MacOS 9 A4 % i resource fork #1 Finder info.

4.4.3 BHIZE (HBEAN) Z#HFHIREE?

WG —HERIEER, RIFEN struct B, AT DAL & T RE R s GRS ECT) 0
FAFER I AN Python X142, L2 IRER.

BB, TR S SO R AR S AR 2B — A 2 A3 R T — > 4 g e 2

import struct

f = open(filename, "rb") # Open in binary mode for portability
s = f.read(8)
X, Yy, 2z = struct.unpack(">hhl", s)

LAY *> SRR PO 0 AR T (2, T 1
B CREE (4 51).

ST AR (IR e S5, IR ATAGE ] array Bifk.
4.4.4 {l)F os.popen() BIEHYEERREMEM os.read(), XRAMHA?

os.read () 2 MIRZRE, ERWAZ AT — H/NERBERIITITII X os.popen () £l
e — PSR S, MR open () JriAIRMIAYRAL—FE. UL, WIRZM os.popen () BIEH
BB p P AT, AR p.read (n) .

4.4.5 How do | run a subprocess with pipes connected to both input and output?

Use the popen2 module. For example:

import popen2

fromchild, tochild = popen2.popen2 ("command")
tochild.write ("input\n")

tochild.flush ()

output = fromchild.readline ()

Warning: in general it is unwise to do this because you can easily cause a deadlock where your process is blocked waiting
for output from the child while the child is blocked waiting for input from you. This can be caused by the parent expecting
the child to output more text than it does or by data being stuck in stdio buffers due to lack of flushing. The Python parent
can of course explicitly flush the data it sends to the child before it reads any output, but if the child is a naive C program
it may have been written to never explicitly flush its output, even if it is interactive, since flushing is normally automatic.

Note that a deadlock is also possible if you use popen3 () to read stdout and stderr. If one of the two is too large for
the internal buffer (increasing the buffer size does not help) and you read () the other one first, there is a deadlock, too.

Note on a bug in popen2: unless your program callswait () orwaitpid (), finished child processes are never removed,
and eventually calls to popen2 will fail because of a limit on the number of child processes. Calling os.waitpid ()
with the os . WNOHANG option can prevent this; a good place to insert such a call would be before calling popen?2 again.

In many cases, all you really need is to run some data through a command and get the result back. Unless the amount of
data is very large, the easiest way to do this is to write it to a temporary file and run the command with that temporary
file as input. The standard module tempfile exports amktemp () function to generate unique temporary file names.
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import tempfile
import os

class Popen3:
i
This is a deadlock-safe version of popen that returns
an object with errorlevel, out (a string) and err (a string).
(capturestderr may not work under windows.)
Example: print Popen3('grep spam', '\n\nhere spam\n\n').out

mmn

def __init__ (self, command, input=None, capturestderr=None) :
outfile=tempfile.mktemp ()
command=" ( )y > " % (command,outfile)
if input:
infile=tempfile.mktemp ()
open (infile, "w") .write (input)

command=command+" <"+infile
if capturestderr:
errfile=tempfile.mktemp ()
command=command+" 2>"+errfile
self.errorlevel=o0s.system(command) >> 8

self.out=open (outfile,"r") .read()
os.remove (outfile)
if input:

os.remove (infile)

if capturestderr:
self.err=open(errfile,"r") .read()
os.remove (errfile)

Note that many interactive programs (e.g. vi) don’ t work well with pipes substituted for standard input and output. You
will have to use pseudo ttys ( “ptys” ) instead of pipes. Or you can use a Python interface to Don Libes’ “expect” library.
A Python extension that interfaces to expect is called “expy” and available from http://expectpy.sourceforge.net. A pure
Python solution that works like expect is pexpect.

4.4.6 E#i5iE (RS232) £0O?

%+ Win32, POSIX (Linux, BSD %), Jython:
http://pyserial.sourceforge.net

1T Unix, 57 Mitch Chapman %& 77 457
https://groups.google.com/groups?selm=34A04430.CF9@ohioee.com

4.4.7 At axiF sys.stdout (stdin, stderr) HALEHIEEXEE ?

Python file objects are a high-level layer of abstraction on top of C streams, which in turn are a medium-level layer of
abstraction on top of (among other things) low-level C file descriptors.

For most file objects you create in Python via the built-in £ile constructor, £.close () marks the Python file object
as being closed from Python’ s point of view, and also arranges to close the underlying C stream. This also happens
automatically in £’ s destructor, when £ becomes garbage.

But stdin, stdout and stderr are treated specially by Python, because of the special status also given to them by C. Running
sys.stdout.close () marks the Python-level file object as being closed, but does not close the associated C stream.
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To close the underlying C stream for one of these three, you should first be sure that’ s what you really want to do (e.g.,
you may confuse extension modules trying to do I/O). If it is, use os.close:

os.close (0) # close C's stdin stream
os.close (1) # close C's stdout stream
os.close (2) # close C's stderr stream

4.5 M4 / Internet 4518

4.5.1 Python hy WWW THEHA?

Z A 22 T internet F1 netdata iX (1) N 25 . Python A K S H SR 35 B /R0 EE A 55 5t F1 25 - ity
web R4%.
Paul Boddie 44/ T —14 7] FIAEZR AR YS , DL https://wiki.python.org/moin/WebProgramming .

Cameron Laird 43 7 —15 5T Python web 357 AR 132 F W T (I 8E &, UL http://phaseit.net/claird/comp.lang.python/
web_python ,

4.5.2 EHEHl A= CGl k2 (METHOD=POST) ?
T2l L POST R EPIUM T, A 2 S RE ] B E N ?

Yes. Here’ s a simple example that uses httplib:

#!/usr/local/bin/python
import httplib, sys, time

# build the query string
gs = "First=Josephine&MI=Q&Last=Public"

# connect and send the server a path
httpobj = httplib.HTTP ('www.some-server.out—-there', 80)
httpobj.putrequest ('POST', '/cgi-bin/some-cgi-script')
# now generate the rest of the HTTP headers...
httpobj.putheader ('Accept', '*/*")
httpobj.putheader ('Connection', 'Keep-Alive')
httpobj.putheader ('Content-type', 'application/x-www-form-urlencoded")
httpobj.putheader ('Content—-length', '2d' % len(gs))
httpobj.endheaders ()
httpobj.send(qgs)
# find out what the server said in response...
reply, msg, hdrs = httpobj.getreply ()
if reply != 200:

sys.stdout.write (httpobj.getfile () .read())

Note that in general for percent-encoded POST operations, query strings must be quoted using urllib.
urlencode (). For example, to send name=Guy Steele, Jr.:

>>> import urllib
>>> urllib.urlencode ({'name': 'Guy Steele, Jr.'})
'name=Guy+Steele%2C+Jr."
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4.5.3 £ HTML JEERATAER 7
YRATDAYE Web 22 wiki 0T 1A $RE VP2 A7 B B

4.5.4 EH(EH Python BIZA & EaRH ?

] smeplib FE R
R MR IR Tt R MR AR . XA V8 A T AL HS SMTP il i 1.

import sys, smtplib

fromaddr = raw_input ("From: ")
toaddrs = raw_input ("To: ").split(',")
print "Enter message, end with "D:"
msg = "'
while True:

line = sys.stdin.readline ()

if not line:

break

msg += line

# The actual mail send

server = smtplib.SMTP ('localhost')
server.sendmail (fromaddr, toaddrs, msg)
server.quit ()

7E Unix 250448 7] DA ] sendmail, sendmail 27 9 67 BEAEA R RGE R A —FE, AHETE /usr/1lib/
sendmail, HBHELE /usr/sbin/sendmail. sendmail T} 71 i & XHAA RSB . DA S pifng

import os

SENDMAIL = "/usr/sbin/sendmail" # sendmail location

p = os.popen (" -t —-i" % SENDMAIL, "w")

p.write("To: receiver@Rexample.com\n")

p.write ("Subject: test\n")

p.write("\n") # blank line separating headers from body
p.write ("Some text\n")

p.write ("some more text\n")

sts = p.close()
if sts != 0:
print "Sendmail exit status", sts

4.5.5 socket iy connect() HiEEHBIGEZE ?

The select module is commonly used to help with asynchronous I/O on sockets.

Bk TCP JESZPHZE, /RA] DABEERF socket 3 E M AR 26450, U 2418 connect () B, WA ST
ZIES T (JLFATTEE), %/A\%W@J*A@/\T%ﬁiﬁﬁ% error [{J#%. errno.EINPROGRESS /Nt
IEAEREFT, BREASEN . REMARFSIREIRRGME, MRS AN RE SR B4 .

You can use the connect_ex () method to avoid creating an exception. It will just return the errno value. To poll, you
can call connect_ex () again later -0 or errno.EISCONN indicate that you’ re connected —or you can pass this
socket to select to check if it” s writable.
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4.6 HIEE

4.6.1 Python th ARG YEDON ?

A1

Python 2.3 includes the bsddb package which provides an interface to the BerkeleyDB library. Interfaces to disk-based
hashes such as DBM and GDBM are also included with standard Python.

REBRAZ BRI E 430 &R Wi ghife wiki TR SRECEZ/FE .

4.6.2 7t Python hin{aSeELF XL IR ?

The pickle library module solves this in a very general way (though you still can’ t store things like open files, sockets
or windows), and the shelve library module uses pickle and (g)dbm to create persistent mappings containing arbitrary
Python objects. For better performance, you can use the cPickle module.

A more awkward way of doing things is to use pickle’ s little sister, marshal. The marshal module provides very fast
ways to store noncircular basic Python types to files and strings, and back again. Although marshal does not do fancy
things like store instances or handle shared references properly, it does run extremely fast. For example, loading a half
megabyte of data may take less than a third of a second. This often beats doing something more complex and general
such as using gdbm with pickle/shelve.

4.6.3 Why is cPickle so slow?

By default pickle uses a relatively old and slow format for backward compatibility. You can however specify other
protocol versions that are faster:

largeString = 'z' * (100 * 1024)
myPickle = cPickle.dumps (largeString, protocol=1)

4.6.4 If my program crashes with a bsddb (or anydbm) database open, it gets cor-
rupted. How come?

Databases opened for write access with the bsddb module (and often by the anydbm module, since it will preferentially use
bsddb) must explicitly be closed using the . close () method of the database. The underlying library caches database
contents which need to be converted to on-disk form and written.

If you have initialized a new bsddb database but not written anything to it before the program crashes, you will often wind
up with a zero-length file and encounter an exception the next time the file is opened.

4.6.5 | tried to open Berkeley DB file, but bsddb produces bsddb.error: (22, ‘Invalid
argument’ ). Help! How can | restore my data?

Don’ t panic! Your data is probably intact. The most frequent cause for the error is that you tried to open an earlier
Berkeley DB file with a later version of the Berkeley DB library.

Many Linux systems now have all three versions of Berkeley DB available. If you are migrating from version 1 to a newer
version use db_dump185 to dump a plain text version of the database. If you are migrating from version 2 to version 3
use db2_dump to create a plain text version of the database. In either case, use db_load to create a new native database
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for the latest version installed on your computer. If you have version 3 of Berkeley DB installed, you should be able to
use db2_load to create a native version 2 database.

You should move away from Berkeley DB version 1 files because the hash file code contains known bugs that can corrupt
your data.

4.7 WERF

4.7.1 Python diEe4 pREHL LY ?
random PR FERCHSCEL T REVLECAE s, (R OR AR R B

import random
random. random ()

XA LR 0] [0, 1) 2 [A] A BEATLIE Rk
AR A VF 2 HARR) LT IR R s, B
* randrange (a, b) iR\ [a, b) K[A]NH—EERIEL,
* uniform(a, b) iR [a, b) PKIAIZ [A]HYFF REL
e normalvariate (mean, sdev) HHIES (EHr) 07 RE:
A — L R B R T AN AT,
* choice(S) \AERTFAPRIPLIEFE—1ICR.
 shuffle (L) MFIRIETEHEHE, W2 upliTaL.
A Random 2, AR AKFH LB, FHREIEZ AL A FALECE s .
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CHAPTER D

¥ RARNE e

5.1 F[LIfEM C EEPRIBECHERND ?

ey, ERTLAE C Pl & W, AR, SR 2R AN AR, 7530 extending-index AL,
REHH R Python 5 FE LI X 4> 28T

S

5.2 qLIfEA C++ BEETRIEECHRND ?

2], AIRME C ++ 3% C i9TIfkE. £ Python include SC{4JH Fli & < extern “C” {---}*, F-1E Python fffe
PR B R HICE extern “C”. HAWEREI S REELS C ++ METEAE—MF &,

53 CR¥E, FixAHMER"

HEHOK CY ARSI, RARRT 2 345 .

If you need more speed, Psyco generates x86 assembly code from Python bytecode. You can use Psyco to compile the
most time-critical functions in your code, and gain a significant improvement with very little effort, as long as you’ re
running on a machine with an x86-compatible processor.

Cython and its relative Pyrex are compilers that accept a slightly modified form of Python and generate the corresponding
C code. Pyrex makes it possible to write an extension without having to learn Python’ s C APL

AR TR R B J L Y HORAEAE Python 471 C 5 C ++ FE, R AZEEI ] SWIG 46 T H 38 (R Bl 25 2
FIpE%L. SIP , CXX Boost, 8f Weave H 1208 C ++ FEER T E,
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5.4 tn{g £ C I T(EE Python i ?

The highest-level function to do this is PyRun_SimpleString () which takes a single string argument to be exe-
cuted in the context of the module __main__ and returns O for success and -1 when an exception occurred (including
SyntaxError). If you want more control, use PyRun_String () ; see the source for PyRun_SimpleString ()
in Python/pythonrun.c.

5.5 tnfa#E C hIHEE Python FKixXK{E 7

A RAYE A A — R P Y B B L PyRun_String () FEFPFRIGIRICA Py_eval_input; Bk,
X HSRAE IR 9] 45 SR

5.6 #n{gM Python X}gkchigH C B ?

KPR TR SRR, RS2 e, PyTuple_Size () AR [ HKFM PyTuple_GetItem() iR [Al$§
E S BRI T AIRBA LRI KA PyListSize () Ml PyList_GetItem().

For strings, PyString_Size () returns its length and PyString_AsString () a pointer to its value. Note that
Python strings may contain null bytes so C’ s strlen () should not be used.

To test the type of an object, first make sure itisn’ t NULL, and thenuse PyString_Check (),PyTuple_Check (),
PyList_Check (), etc.

There is also a high-level API to Python objects which is provided by the so-called ‘abstract’ interface —read
Include/abstract.h for further details. It allows interfacing with any kind of Python sequence using calls like
PySequence_Length (), PySequence_GetItem (), etc.) as well as many other useful protocols.

5.7 tnfafE A Py_BuildValue() 8B ERKERITA ?

You can’ t. Use t = PyTuple_New (n) instead, and fill it with objects using PyTuple_SetItem(t, i,
o) —note that this “eats” a reference count of o, so you have to Py_INCREF () it. Lists have similar functions
PyList_New (n) and PyList_SetItem(l, i, o). Note that you must set all the tuple items to some value
before you pass the tuple to Python code -PyTuple_New (n) initializes them to NULL, which isn’ t a valid Python
value.

5.8 #nfa M C HAMREIFE ?

AIPAE ] PyObject_CallMethod () BRECRIAM N EIERE . ES RIS, BIEAN T ES.
Fl py_Buildvalue () BT JHAIAE R F07E DA BAL 4 7 VA S50

PyObject *
PyObject_CallMethod (PyObject *object, char *method_name,
char *arg_format, ...);

T AR AT IR X R
Py_DECREF () 4bF#,

BIATRE R SRS RA “seek” TiEIFEASEL 10, 0 (BUE S RIVIEE N “f7 ):

AERWEITIRIE RN A E X7k VRTER TR BT i 24 1Y)
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res = PyObject_CallMethod(f, "seek", "(ii)", 10, 0);
if (res == NULL) {
. an exception occurred ...
3
else {
Py_DECREF (res) ;
3

THIEE M T PyObject_CallObject () &&EZPI4ENSHIIR, ZHRAAHS RN REL, WEA
A “07, BEERAAE N SEE R, MBS A E T RS H, Bl <0,

5.9 infa#zx PyErr_Print() (S(TEDZ| stdout/ stderr BI{EfIAE) B9%
H?

1 Python A% A, B X —A L write () FYERXSR . BT RIR{ELE sys.stdout fll sys.stderr,
VA print_error 5(# H2 FUVFFRMERIAPLEI AR FEHZ )G, #BHEEIRA weite () 5 ¥EFTE ML
Hi

The easiest way to do this is to use the StringlO class in the standard library.

Sample code and use for catching stdout:

>>> class StdoutCatcher:
def _ init_ (self):
self.data = '’
def write(self, stuff):
self.data = self.data + stuff

>>> import sys

>>> sys.stdout = StdoutCatcher ()

>>> print 'foo'

>>> print 'hello world!'

>>> sys.stderr.write (sys.stdout.data)
foo

hello world!

5.10 M C el A Python 4REHIHEIR 7

PRAT LA 1 0 Ty s RAG— AR RO S (5

module = PyImport_ImportModule ("<modulename>");

WM RS A (B RALET oys.modules ) | HABIRLEEI: 7R00E MU i SHE
535 .modules [ "<modulenames"] M. WHERE IR 2RI ALEIT A% F—— ¢ LR B,
WAL FEAET sys .modules H1,

Z AR aT DA i AT Oy 2R T SR JE v (RIVBLH G SRR 44 %)

attr = PyObject_GetAttrString(module, "<attrname>");

M PyObject_SetAttrString () AR pAE St 2 v DAY .

5.9. wn{a#Esk PyErr_Print() (3TENZ stdout / stderr H{ETAE) BI%H ? 69
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5.11 #0{aq7E Python ch3}#E C ++ W& ?

MRIERHITR, WTAERRF 2T P seBlr 2OE &R PRSI SCRPRAT. FFEMIER N T
Python i1 7 REEAL, CH Ct FFABA KKK G——H LI ZE—1> C 254 (F8%H) KAUEH Python
KPR IS FIAETE T C+ X

HXKC++ R, WSFCIRES, RHikh Lkt ?

5.12 FfEM Setup XHEFHMT —MER, Hft 4 make RYT ?

LRREFILAABATAFEH, UERBCAHATA, WMEE R R M. (BRI B — L LI shell A<
Fe, 1 HIXAS bug /1, FBERAMEREX AR )

5.13 wnfaifiky & ?

¥f GDB SN 4 — RN, B A Al ARETEY A i B W
TERERY . gdbinit SCfFH (BACH) HMar4:

br _PyImport_LoadDynamicModule

X JmizfT GDB:

$ gdb /local/bin/python

gdb) run myscript.py

continue # repeat until your extension is loaded
finish # so that your extension is loaded

br myfunction.c:50

continue

5.14 FME Linux R4 E%iF—1 Python {835, {BRRD—EIXH. &
ta?

KZHATHY Python AR AL /usr/1ib/python2. x/config/ Ht, %HH o4 Python i

B AR 45 R

XTF Red Hat, %% python-devel RPM DA FREUA B ) S04 o
X}F Debian, j£4T apt—get install python-dev .
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5.15 What does “SystemError: Pylmport_FixupExtension: module
yourmodule not loaded” mean?

This means that you have created an extension module named “yourmodule” , but your module init function does not
initialize with that name.

Every module init function will have a line similar to:

module = Py_InitModule ("yourmodule", yourmodule_functions);

If the string passed to this function is not the same name as your extension module, the SystemError exception will
be raised.

516 MRS "WARRE' 1 WALH?

A}, BB Python S H AR IOIT N, TER A SRR (BN, EEEA T “if” EARITk, BE B
KAFE S =AFRHTS), A NESSR, HX5 AT, SLRIZ R TEA R DEH R

1 Python H1, W DA codeop Bilk, ZBiIAEEEEMAT# 11T 0. B, IDLE st T4

1E C AT A E R I (T ¥ 2Vl PyRun_InteractiveLoop () (W REZEHMAYLFEH) Ifik Python
RRERS AL B A . B n] DL E PyOS_ ReadllneFunctlonP01nter ALV CIE DS P&
HXRELZIIR, 1S Modules/readline.c fll Parser/myreadline.c .

H 22, ﬁﬁﬁﬂ‘?ﬁﬁ'ﬁﬁ@ﬂ)ﬂﬁfhﬁ]:]ﬂ’]%%ﬁ*f_ﬁm/\ﬁ Python fi# ¢ 4%, J H A~ #E

& ¥ PyRun_InteractivelLoop() FE & H F M ABR L, 2B ANk L2 A

PyParser_ParseString () H ik e.error 4T E_EOF , IHRE&ET, EJE%EHQE%J/\Ziﬁg*%O X
ATRBIES R B, RZEMIR, RIFOK H Alex Farber i)

#include <Python.h>
#include <node.h>
#include <errcode.h>
#include <grammar.h>
#include <parsetok.h>
#include <compile.h>

int testcomplete (char *code)
/* code should end in \n */
/* return -1 for error, 0 for incomplete, 1 for complete */

node *n;
perrdetail e;

n = PyParser_ParseString(code, &_PyParser_Grammar,
Py_file_input, &e);
if (n == NULL) {
if (e.error == E_EOF)
return O;
return -1;

}

PyNode_Free (n);
return 1;
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A AMERTT R R M Py_Compilestring () B R FATH . MR IERA AR, 1
ZEE A PyEval_EvalCode () RPATIRIBIIARIXIG . B, iERFMARFEIAG . WPRGRIERIL,
o e df Rt e KA 2 2 104 A - S W C A SR BOH B AT e, IS AR <0 B A EOF”

HEFTHRE . AT 2 {8 ] GNUreadline JE () 564 7 91 (157

BEATEEAE R FH readline() Bt Z & SIGINT ):

<stdio.h>
<readline.h>

#include
#include

#include
#include
#include
#include

<Python.h>
<object.h>
<compile.h>
<eval.h>

int main

{

(int argc, char* argvl([])

int 1, /*
char
char

j, done = 0;

psl[] = ">>>";

ps2[] = "... ";

char *prompt = psl;

char *msg, *line, *code =
PyObject *src, *glb, *loc;
PyObject *exc, *val, *trb,

NULL;

*obj, *dum;
Py_Initialize ();

loc = PyDict_New ();
glb = PyDict_New ();
PyDict_SetItemString (glb, "__builtins__ ",
while

{

line =

(!done)
readline (prompt);

if
{

(NULL == line) /*

done = 1;

}

else

{

(line);

i = strlen

if (1 > 0)

add_history (line); /*

if (NULL == code)

j = 0;

else
j =

/*

strlen (code);
code = realloc
if (NULL ==

exit (1);

(code,
code)

i+ 9+ 2);
/*

if /*

/*

(0 == 3)
code[0] = '"\0"';
J*
/%

strncat (code, line,
code[i + j] = "\n';
code[i + J + 11 = '"\0';

i);

PyEval_GetBuiltins

lengths of line, code */

0

Ctrl-D pressed */

*/

save non-empty lines

nothing in code yet */

*/

out of memory
code was empty, so */
keep strncat happy */

append line to code */
append '"\n' to code */

(Rt
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(£ LT
src = Py_CompileString (code, "<stdin>", Py_single_input);
if (NULL != src) /* compiled just fine — */
{
if (psl == prompt || J*x S>> M oop K/
'"\n' == code[i + J - 1]) /J* ", .. " and double '\n' */
{ /* so execute it */

dum = PyEval_EvalCode ((PyCodeObject *)src, glb, loc);
Py_XDECREF (dum) ;
Py_XDECREF (src);
free (code);
code = NULL;
if (PyErr_Occurred ())
PyErr_Print ();
prompt = psl;

} /* syntax error or E_EOF? */
else if (PyErr_ExceptionMatches (PyExc_SyntaxError))
{

PyErr_Fetch (&exc, &val, &trb); /* clears exception! */

if (PyArg_ParseTuple (val, "sO", &msg, &obj) &&
Istrcmp (msg, "unexpected EOF while parsing")) /* E_EOF */

Py_XDECREF (exc);
Py_XDECREF (val);
Py_XDECREF (trb);
prompt = ps2

}

else /* some other syntax error */

{

’

PyErr_Restore (exc, val, trb);
PyErr_Print ();

free (code);

code = NULL;

prompt = psl;

}
else /* some non-syntax error */
{

PyErr_Print ();

free (code);

code = NULL;

prompt = psl;

free (line);

Py_XDECREF (glb) ;
Py_XDECREF (loc) ;
Py_Finalize();
exit (0);
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5.17 Tk BIRE LH) g++ fF5 _ builtin_new 8; pure_virtual ?

BEESINE g ++ PR, WATE B 4% Python, L] g ++ HHHEH: (7£ Python Modules Makefile 1575
LINKCC), MY M (flil: g++ -shared -o mymodule.so mymodule.o ),

518 REDBIB— MR, HPEIHEHE C pLI, MHAMBBEE
Python chsc3il (5140 447% ) ?

%E/‘J7 Tﬁﬂuz%jgmﬁ%) Wﬂﬁﬂ lnt b 1lSt ) dlCt %0

Boost Python fi (BPL, http: //www.boost.org/libs/python/doc/index.html) 2L T —FhAM C ++ P ILERERY T
& (BN, &n]PAME A BPL 4K H C ++ WEMYRI).

5.19 When importing module X, why do | get “undefined symbol:
PyUnicodeUCS2*" ?

You are using a version of Python that uses a 4-byte representation for Unicode characters, but some C extension module
you are importing was compiled using a Python that uses a 2-byte representation for Unicode characters (the default).

If instead the name of the undefined symbol starts with PyUnicodeUCS4, the problem is the reverse: Python was built
using 2-byte Unicode characters, and the extension module was compiled using a Python with 4-byte Unicode characters.

This can easily occur when using pre-built extension packages. RedHat Linux 7.x, in particular, provided a “python2”
binary that is compiled with 4-byte Unicode. This only causes the link failure if the extension uses any of the
PyUnicode_* () functions. It is also a problem if an extension uses any of the Unicode-related format specifiers
for Py_BuildvValue () (or similar) or parameter specifications for PyArg_ParseTuple ().

You can check the size of the Unicode character a Python interpreter is using by checking the value of sys.maxunicode:

>>> import sys
>>> if sys.maxunicode > 65535:
print 'UCS4 build'
. else:
print 'UCS2 build'

The only way to solve this problem is to use extension modules compiled with a Python binary built using the same size
for Unicode characters.
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Python #£ Windows _ /Y& Il (5] 2

6.1 FEHTE Windows TizfT— Python 2% ?

XA—E AR, AR R E 2 9GEAE Windows (@ A Tz BFR ik, —YIsEmsil; A
SR, ARV ERN ALV

Unless you use some sort of integrated development environment, you will end up #yping Windows commands into what
is variously referred to as a “DOS window” or “Command prompt window” . Usually you can create such a window
from your Start menu; under Windows 7 the menu selection is Start » Programs *» Accessories » Command Prompt. You
should be able to recognize when you have started such a window because you will see a Windows “command prompt”
, which usually looks like this:

’C:\>

The letter may be different, and there might be other things after it, so you might just as easily see something like:

’D:\YourName\Projects\Python>

HH B PN 28 B BB ke 5 ) F IR e 35 AT Bl B . MRS TR E DR, ST AT IRIBAT
Python f£/% T .

Python AT S 55 Sh— AU Python ffAF B AR RALH . MREREAR BEUHIAS, HLERRERCA 10, 250
FrF T RIBATARIIRR T - BT AR L HEARE e R AL BEARAY Python JIAIE?

First, you need to make sure that your command window recognises the word “python” as an instruction to start the
interpreter. If you have opened a command window, you should try entering the command python and hitting return.:

C:\Users\YourName> python

You should then see something like:

Python 2.7.3 (default, Apr 10 2012, 22.71:26) [MSC v.1500 32 bit (Intel)] on win32
Type "help", "copyright", "credits" or "license" for more information.
>>>
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You have started the interpreter in  “interactive mode” . That means you can enter Python statements or expressions
interactively and have them executed or evaluated while you wait. This is one of Python’ s strongest features. Check it
by entering a few expressions of your choice and seeing the results:

>>> print "Hello"

Hello
>>> "Hello" * 3
'HelloHelloHello'

Many people use the interactive mode as a convenient yet highly programmable calculator. When you want to end your
interactive Python session, hold the Ct r1 key down while you enter a Z, then hit the “Enter” key to get back to your
Windows command prompt.

You may also find that you have a Start-menu entry such as Start » Programs » Python 2.7 » Python (command line) that
results in you seeing the >>> prompt in a new window. If so, the window will disappear after you enter the Ctr1-7Z
character; Windows is running a single “python” command in the window, and closes it when you terminate the interpreter.

If the python command, instead of displaying the interpreter prompt >>>, gives you a message like:

'python' is not recognized as an internal or external command, operable program or.
—batch file.

or:

Bad command or filename

then you need to make sure that your computer knows where to find the Python interpreter. To do this you will have to
modify a setting called PATH, which is a list of directories where Windows will look for programs.

You should arrange for Python’ s installation directory to be added to the PATH of every command window as it starts.
If you installed Python fairly recently then the command

dir C:\py*

will probably tell you where it is installed; the usual location is something like C: \Python27. Otherwise you will be
reduced to a search of your whole disk ---use Tools » Find or hit the Search button and look for “python.exe” . Supposing
you discover that Python is installed in the C : \Python?27 directory (the default at the time of writing), you should make
sure that entering the command

c:\Python27\python

starts up the interpreter as above (and don’ t forget you’ llneeda “Ctrl-Z” and an “Enter” to get out of it).
Once you have verified the directory, you can add it to the system path to make it easier to start Python by just running
the python command. This is currently an option in the installer as of CPython 2.7.

More information about environment variables can be found on the Using Python on Windows page.

6.2 HE AL Python EIETTHAT ?

7£ Windows |-, #5iffi Python 228217 CKf.py 974 5 U2 AL (Python.File) A CIK , I Az SCHF SRR 1L
BT IT H a2 (D: \Program Files\Python\python.exe "$1" $*) ., X & PAMEIATER S
PRFFIAEN foo.py’ fr S BIRAT. QISR A B A fA] LML A “foo” T JC G Hil A SUHFY A4 R PAT A,
WIHZR . py M%) PATHEXT 4578 &
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6.3 A+ aHEti& Python EF&EaNER 7

%, Python f£ Windows F/SBIfRRH, (BMH/RSA HFERIEUE Python ZEARTR BRI 8] 4 /R 8. 4
ABefirt e, FEHALEC EA [ ) Windows R4 L, Python AInf DA TAE{SAR 4«

AT RE R R TS B R R BRI B DRI Y 2R R R G B S R SCPE R G b A B TR
i, —SORFERRT S BRSNS SR . WA R ARG RN AT EE, MR
PLENTFFERRCE . TR, McAfee SFAMHERFEBCE NI A SUER GV, 277 EX A .

6.4 FE{EM Python BIZRFI{ETTHATICH 7

See http://www.py2exe.org/ for a distutils extension that allows you to create console and GUI executables from Python
code.

6.5 *.pyd 3% DLL XHFHERAS ?

Yes, .pyd files are dll’ s, but there are a few differences. If you have a DLL named foo . pyd, then it must have a function
initfoo (). You can then write Python “import foo” , and Python will search for foo.pyd (as well as foo.py, foo.pyc)
and if it finds it, will attempt to call initfoo () to initialize it. You do not link your .exe with foo.lib, as that would
cause Windows to require the DLL to be present.

TR, foo.pyd (18 R #4152 PYTHONPATH , 5 Windows [ T # % foo.dll {42 A [H . BLak, foo.pyd A
T BATTERIBITIRARL Y, AR AR P 5 dll B, WIFREE I . 249K, WIERARAE import foo , NIFE
i foo.pyd . 7E DLL H1, #HEEAEIRMRISH A __declspec (dllexport) A, FE.pyd ', #EEAETT FH AL
Bl FerpiE Lo

6.6 FEHIE Python i A— " Windows &% ?

1. Windows I JI 5 it A Python RS2 AT AR E5 40T :

1. Do _not_ build Python into your .exe file directly. On Windows, Python must be a DLL to handle importing
modules that are themselves DLL’ s. (This is the first key undocumented fact.) Instead, link to pythonNN.d11;
it is typically installed in C : \Windows\System. NN is the Python version, a number such as “27” for Python
2.7.

PRAT DA 3 P A R 1) 7 U B2 51 Python o iR I % 12 B R 5 8645 3 pythonNN . 1ib , TiiEFTH}
B EREHER pythonNN.d1l . (—fPiHH: python NN.1lib ZFriEHY “import lib” , Xf L. F
pythonNN.d11 . B HE L THRESNAS.)

15 AT B AR B AR R M R Ak T R Rk W, — VI ERAE s AT i & B AR By R i A Win-
dows [ LoadLibraryEx () & ¥ il #& pythonNN.d11 . QRS iR 0670 ff FJ fff f§ Windows 1)
GetProcAddress () BIREIKIFAIFE4T 17 pythonNN.d11 HAEFAI%HE (B Python i) C API ) .
7 AT DA I S48 £ XHE AT IH A Python C APT Hr i il C FCRSHS 2 HH Y .

Borland $£7~: B 42(di ] Coff20mf.exe i pythonNN. 1ib 4 OMF #82,

2. WRARGEN SWIG , RZAFZ Q%A Python “PASLEL” B3l AR A ) B A1 75 3 7] 4 Python
. SWIG KA VRAE BRI A IR 40T . 5002 ARRF IR 3 .exe SUMF 1 C U () AR LB DLL
SO, XA TR
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3. SWIG K Q#—A> init 5% (—A> C &%), HAFRBURT I R ZFR. I, QSRR & FR2
leo , JUJ init bR ECFFHFR Y initleo() « AR SWIG B, W init pRECRFHFRA initleoc() « XU
AT A Hi 52 2 1) B Bk
PRATVARE R 2 iy C RIS BERE B .exe SCHFR R 2 18 1A 6 A R RS (7] T-REASE B3 AL Python | (X
B A KRB RIC T L)

4. T2, ARATAM AT AU (1 5 LR KT 47 1 Python fE#RERS .

#include "python.h"

Py_Initialize(); // Initialize Python.
initmyAppc(); // Initialize (import) the helper class.
PyRun_SimpleString ("import myApp"); // Import the shadow class.

5. Python C APL{EAEW AN IR, QSR ARGE B MSVC 2 AN 42t F T4 2 python.dll , 5045 2575 FHA &

M L SR FILE* 28000l “Hemidt” e Be 2 i i oA, PO 4 136408 1) FILE
SRS . NSRBI RS, XA _ K - R hRE.

W 20 A void RREE BRI, SWIG 242 sl PA R AU :

Py_INCREF (Py_None) ;
_resultobj = Py_None;
return _resultobij;

Py_None j&—A%, ‘EY &A%} pythonNN.dIl #1455 _Py_NoneStruct (5 22845451 1l - FlAE, It
RIBFAE L G PR I PR Ry -

’return Py_Buildvalue ("");

g)ﬂﬁ%ﬁﬂ% SWIG ) stypemap fir4 H S #EATH S, HETEMEHL TR (Fe—5Eer SWIG i

6. fii ] Python shell JHI74< Ak Windows 57 i F£ /5 N R 57 Python EREAS 67 I AN Je —NF 50 A i
FERASE TR AR PR B 1 ARS8 MR, AR (8 wxPythonWindow 28) WAZBIH#—A “AHL” MRREd o
Mo FHZE 3 E] Python MR A S . ARATPAKF Python Y i/o F5E [ B SRR ERY _ LR _ X4,
PR A R B — A2 5 read() Fl write() J5 3% Python X5 (FEH ABLHH E ).

6.7 Wil miB2E A EAEHET Python [RIREEPIEA tab ?

A FAQ AU H3R4F, Python HxX455 PEP 8 , 17 Python RAAGHERE 4 P=54%; X A8/& Emacs
python-mode ERIAMH.

AT gREEes F, IBEHZRIFMSEE— AT . MSVCYEX A 4RE, FHHARZE S E A
FZS#%: il Tools » Options » Tabs, 7T 30285 “Default”, % “Tabsize” F “Indentsize” 5 4 , Ffik$%
“HRAZHE” ERPE

If you suspect mixed tabs and spaces are causing problems in leading whitespace, run Python with the —t switch or run
the tabnanny module to check a directory tree in batch mode.
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6.8 INAEANPHENIRA TR ?

{8 F msvert fHe, EARMER) Windows 45 E Y EEEL, BE LT — R kbhit () RGBS,
MM getch () RIRI—DFAFMAF R E .

6.9 How do | emulate os.kill() in Windows?

Prior to Python 2.7 and 3.2, to terminate a process, you can use ctypes:

import ctypes

def kill (pid):
""rrgill function for Win32"'""
kernel32 = ctypes.windll.kernel32
handle = kernel32.0OpenProcess(l, 0, pid)
return (0 != kernel32.TerminateProcess (handle, 0))

In2.7 and 3.2, 0s.ki1l1 () is implemented similar to the above function, with the additional feature of being able to
send Ctr1+C and Ctrl+Break to console subprocesses which are designed to handle those signals. See os.kill ()
for further details.

6.10 How do | extract the downloaded documentation on Windows?

Sometimes, when you download the documentation package to a Windows machine using a web browser, the file extension
of the saved file ends up being .EXE. This is a mistake; the extension should be .TGZ.

Simply rename the downloaded file to have the .TGZ extension, and WinZip will be able to handle it. (If your copy of
WinZip doesn’ t, get a newer one from https://www.winzip.com.)

6.8. IfAEFREEMNHR TREIRE? 79
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CHAPTER /

EfRAARE (GUI) &R

7.1 Python EEREESTLAMERTEIRE ?

Depending on what platform(s) you are aiming at, there are several.

7.1.1 Tkinter

Standard builds of Python include an object-oriented interface to the Tcl/Tk widget set, called Tkinter. This is probably
the easiest to install and use. For more info about Tk, including pointers to the source, see the Tcl/Tk home page at
https://www.tcl.tk. Tcl/Tk is fully portable to the Mac OS X, Windows, and Unix platforms.

7.1.2 wxWidgets

wxWidgets (https://www.wxwidgets.org) 52— H . A[FAEAT GUI BT R85, ] C++ 5. Bl
PAEZ N EER ST 5 B3R A0E AR B AR A LEE . (235 Windows, Mac OS X, GTK I X11 “F-&1EH, #B/2
wxWidgets M iR SR TG . RIS @R, wxWidgets BFEW H TR 2157, {46 Python, Perl,
Ruby 4%,

wxPython (http://www.wxpython.org) is the Python binding for wxwidgets. While it often lags slightly behind the official

wx Widgets releases, it also offers a number of features via pure Python extensions that are not available in other language
bindings. There is an active wxPython user and developer community.

wxWidgets #1 wxPython #8/& A th I . SEARAYVFANIERVF AN TIERDIEPE . A A =8t i e
il
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7.1.3 Qt

Qt THAL (Wi Ji] PyQt ¥ PySide) % KDE (PyKDE4) £ 248 i i vl i PyQt 24 Hi1#L PySide i
B BRI S © A, Wl AT Riverbank Computing 43K PyQt V¥ R[HIE. PySide AT LA F Hi 1
TR

Qt 4.5 DL EJRCAMEH LGPL BEATVFRT 5 Bbdh, BydkvFalaEn] A Qt 23 i AR ARG

7.1.4 Gtk+

PyGtk bindings for the Gtk+ toolkit have been implemented by James Henstridge; see <http://www.pygtk.org>.

7.1.5 FLTK

the FLTK toolkit [#] Python £ 3 /2 & S AN D) GE 3R K H A6 % 1R SE, 7I PATE the PyFLTK project L3R
(VPR EISE

7.1.6 OpenGL

T OpenGL 4§35, 1§27 PyOpenGL.

7.2 AW Python i GUI TEREAFAEHE 7

By installing the PyObjc Objective-C bridge, Python programs can use Mac OS X’ s Cocoa libraries.

Mark Hammond F] Pythonwin 35— A REZE (MFC) B3 10— 4 )k 2 % i i MFC 21y Python &
B Python ZRFEERSR .

7.3 F3x Tkinter #jo)gd

731 BEH “F4E” Tkinter 5 ?

Freeze (TN “VR4S”) je—DHIREIEMS Y HARFR) TH. 2 “UR45” Tkinter R/, FFIFAZEMAE
g phSriztT, R AR T 2 Tel Ml Tk %

— PR IR P Tl A1 Tk Jf—[F] %417, O HAE 2 /i I #F5i48 it TCL_LIBRARY Ml TK_LIBRARY
Fe AT B

N T HAFEIEREMALBATR N AT, R H A Tl AW HEYE G I R . — DMOX AR T
H.nJ SAM (stand-alone modules, Jfiv7AHER) , &4 Tix distribution (http://tix.sourceforge.net/) ft)—HR4> o

TEJE ] SAM 413 Tix , fE Python SCf4: Modules/tkappinit.c TR Tclsam_init () ZEAYIE 241
., I HEFF 5 libtclsam F1 libtksam AH&EH: (7] REELAFE Tix (%) .
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7.3.2 7345 /O RERTREDSALIE Tk D ?

1E Windows PAZNGHANT-46 Fl DA, ARE SN TFEAE FHZ6FE ! (ER ARSI i — AR VO A% . Tk A
5 Xt f) xtAddInput () XFMAEA, B RFREM— N EHRE, 24— A SRS ] AT VO #ERY
BHigE, Tk FIGIRRFSIH A XAl %L . 2 L tkinter-file-handlers.,

7.3.3 7 Tkinter h$BHFEATLTIE: AHH4A?
ZEWEIMAAAE: C&EE bind () FESE THOAMOIERT, B2, U FHXMEREE, X0
P EI A AT

LR BRI, IRAGEE Pl AR R THTE Tk SURf P &4k focus $54-. 1l #— MEMFERG
“HERLAEAD, TRELGEIRAMENE (MR RAR%E; &R takefocus 1) .
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CHAPTER 8

At AERBE R EZRET Python 7

8.1 4= Python?

Python 2 —FREFIE T, WIFZ N HREFMT. EARNHE S EMEFLZ I FREAD, B8 TET
Google., NASA Fl f5-RH 555 2 BRI R N A

MWMHRARIE2E 3] L Python, FF Beginner’ s Guide to Python.

8.2 At aBMEi ERIET Python 7

URARAICIFR G 28 2%E1d Python, (HE AN BIE T ARAYHUIN b, X HUA —LEnT REAY J5LA .
o IHEREIX G HARAY AR ] P R AR 2 ) AR I 2 T, RSB N X G N4 T Python,

¢ A third-party application installed on the machine might have been written in Python and included a Python in-
stallation. For a home computer, the most common such application is PySol, a solitaire game that includes over
1000 different games and variations.

* —48 Windows AJRETI% |~ Python. {E4REASCIN, FRAT T f#3] Hewlett-Packard I Compaq 71541 {1
¥ Python, 4%, HP/Compaq f)—2645H T H )& /] Python ZfE Y.

¢ All Apple computers running Mac OS X have Python installed; it’ s included in the base installation.

85


https://wiki.python.org/moin/BeginnersGuide
http://pysolfc.sourceforge.net/

Python Frequently Asked Questions, 4% 2.7.18

8.3 FEEMMBR Python I ?

XHRBRT fr 25 Python [
WERA NF:8025% T Python, /RA] ATEAR SN ERE PRI OL T LM E . 1k Windows H1, I} “f4 il
TR Y AR HIK

H1 SR Python SEJET55 = W JHAER , VRLEEMIG e, (HARLER PR A REIEH TAE. IRV %06 P ARLE B HI R 5
[ S 2 25 1T A 2 L 32 Python,

AR Python oK F TARMIEAERSE, AHERMER! MR 7€, £ Python Sy THAF LA TAE, H
R T B TARAGE AT R0 2. AR 2 n] el W H R A RGO B IR Python B R HJEHET
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>>> R H A L EGA R Python $&7-4F . FEAE 2 R T BB AR H Ty AR M REAR LIV T IO AR B AR 2 1

. 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.

2to3 —>f Python 2.x fUfS #4657 Python 3.x fURLIK TR, REAS A PR 0703 1o AEAT U5 o DIy A ATyl 4
T2 AN

2t03 WA TERRMEEH, BN 1ib2to3; FFEM—/ NS AT Tools/scripts/2to3. £
2to3-reference.,

abstract base class —fili% 3£28 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).
ABC:s introduce virtual subclasses, which are classes that don’ t inherit from a class but are still recognized by
isinstance () and issubclass () ;see the abc module documentation. Python comes with many built-in
ABC:s for data structures (in the collections module), numbers (in the numbers module), and streams (in
the io module). You can create your own ABCs with the abc module.

argument —Z3 % A value passed to a function (or method) when calling the function. There are two types of arguments:

o KT A TEREOR M R A AR R (BIA0 name=) SCEAE N AL STERTIA A <+ Y5-I
MERE A 28BIRTE, 3 A1 5 FELATRXT complex () B HIET K724

complex (real=3, imag=>5)
complex (**{'real': 3, 'imag': 5})

s L E Ade ARTRETSHNSI (CESHTH T SR ENIT L AR SEGE A D ana A
* Witerable P TCRGAL A 2B, 3 A1 5 FELA T hy g T E S 4

complex (3, 5)
complex (* (3, 5))

SHLHIR L BRBC PR AR A B A7 XRRALINS L calls —7. RURIERE , FEOTRIBAT
TR BT L SRR TS
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See also the parameter glossary entry and the FAQ question on the difference between arguments and parameters.

attribute —J@PE SCECE]— N RE, FTAMH S5 ERREAHAFRRE . fla, R 5% o A
— @ a, BT o.a REIHE .

BDFL Benevolent Dictator For Life, a.k.a. Guido van Rossum, Python’ s creator.

bytes-like object —3= 152X} 4 An object that supports the buffer protocol, like st r, 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 —=7 i1 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.

TR AR AT LAE dis B SR AR
class 3¢ JSRAIEN P E NGB, 258 SGEH L 3 X% 2E M S BIUEA T B 7 kg 3

classic class Any class which does not inherit from object. See new-style class. Classic classes have been removed in
Python 3.

coercion —5ii il AUEEHE The implicit conversion of an instance of one type to another during an operation which in-
volves two arguments of the same type. For example, int (3.15) converts the floating point number to the integer
3, butin 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., f1oat (3) +4 . 5 rather than just 3+4 . 5.

complex number 5% X @ LA GLY JE, Hoh I B R R 8 — A SEE SRR AL, R
A HERCAOL (-1 BRI AR) BYSEARR, EHAEREAT SN 1, ETRESHS 5. Python N T4
By sy, R TREEARICT =20 il —A 3 R4, BN 3+15. WPRTEZE math BEER ARG A%
WARBURA, #EH cmath, RER AR — DB BAEARE. WRIRBOER A L, ZIEE
ITLP AR AL

context manager — |2 F 3CAFPIEY 7E with iEAPN, @idE X __enter_ () Ml _exit_ () R
HFEDREHIN S . £ L PEP 343,

CPython Python ZF1E F HIMIVESEEL, FE python.org & 7fi.” CPython” — i) ] F7E0 B R K L SL Bl HoAth
SEFFIAN Jython EY, IronPython AH X 51l

decorator &My R IPME AT — D REWREL, EHE M ewrapper A AORMITREUEH . REMidsm
BT f3E classmethod () fl staticmethod () .

PFEETE R RIS, AR A B B0E SR X BS54 4R

def f(...):
f = staticmethod (f)

@staticmethod
def f(...):

] ARSI T8, (Rl F R A o A SRR TR 1T 2 0 eR S0 SR 2858 SR SORY
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descriptor —§{iif%% 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 at-
tribute 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.

A KBTI IR TR T2 descriptors.

dictionary —Z#it An associative array, where arbitrary keys are mapped to values. The keys can be any object with
__hash__ () and __eqg__ () methods. Called a hash in Perl.

dictionary view —HLEEPE| The objects returned from dict .viewkeys (),dict.viewvalues (),anddict.
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 —SCRYFAFH 128, BRI 2 WIS — b s Ul B AR M. BT AT 29
2, BSPHERSR B ITIES . R __doc_ @i, T En T AHNE,
SRR QAT AL AL

duck-typing 1 F-RM F5—FgFE XA, EIFMKEE RIS RER e LR EHA BN, meH
B R 6 s g (BRGNS, mpERWGEM T, ISAE EMmEN ) hT e
FUMAERRE 288, it RIS v i 2 SRR T R, 19T 2RBLE R type () B
isinstance () Kpill. ((HEEFRENFIRB0] DAEH 4 248 % s e, ) MAEES R hasattr ()
K 2 EAFP 4hfe .

EAFP R HCRVFIHA S, 930455 . X Python # J AU 4 5 AU 2 18 BT 1 B BB AP AE
HAEBGE FRINHH IS B o X PR PR XA IR @ Kz ] oy Ml except ifAT. THAIN Y
W2 FTELBYL W, #ILT C S5 R HAIE = .

expression -3k A, 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 i f. Assignments are also statements, not

expressions.
extension module —§" Jg it DA C 5 C++ Zi'5 A, i1 Python [¥) C APT 3k 5iEF 1.0 DA A P A i
T H..

file object —SCPRXF G A SMRPETH 7 S0 APL AGE N2 BEEAIR G (AP read () Bl write () XAERYTT
5) o MEHAIET BRI, ORI AT AME B BLSCRE RSO, XHARAUA A, SO Rl IR A
AR (PANAR R A/ . AR IX . BT, B ) . U R WP ST R 23 2 80A.

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 —SLPEJA 4 file object [1F] il o

finder 5 $k%% 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 division —[i] FIUEEERE: 1) N & A B S R BB B Rk . 10 N BRI IEB AT /7 - Blin, %
kX 11/ AWTRESRE 2, M52 MR EF S EIERZERE 2.75 . WE (-11) // 4
23R 0] -3 PR SE -2.75 B T A RIS . I, PEP 238 .

function —pR %L AT DA H & R BIEEAME — 4B A . 380] DA AR ABASE 2> 240 HAE R BRI T ¢
1§/l 5 Wparameter, method 1 function ££75 ,

__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
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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 —L7 Y% [B[it 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 —2EJ%7#% 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 (in-
cluding 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 —f: g3 35 3, An expression that returns an iterator. It looks like a normal expression followed
by a for expression defining a loop variable, range, and an optional i f expression. The combined expression
generates values for an enclosing function:

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285

GIL 2 W.global interpreter lock

global interpreter lock —4: i ffREg B CPython ffFEes TR B —FIALE , B RIRE —i %) g — 2817
AT Python byrecode, BEALTHE T BEE AT GARR (AHE dict SEE N EIRM) X 5 a4
A fijifk T CPython SZH., 258NN RRESS B (H 1S M RERS 2 R RE B T (8, AR W44t T 2 40
S FROHA T

ANad, BEBERE B =07 R I R A BT AR AT T B AR AT 55 0 s 4 s A R GIL
BEAh, FEIAT VO #RAEB 2 SR GIL.

QI (PASERSAIAL BER BiE Je 28y ) A AR MPRERR i 55 I MR IRAG IS, R R x4
TEA0 FAAE PR DL T HOTERE o J5 (5 e AR B8 170 R A o B S AR A B A %, AT B A DA
o

hashable —u] W37 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.

]I F PR CERERT SRR D T SR A A LB, PR Ry B 2 ) A A T 0 AL

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 Python {) IDE, “EpiJT & 52£J BREE” MYSESCEHE o 2 Python BRifl AT PR ) BE A 2 AR RS
REREL .

immutable — A HATFEEHAXTR . AR QAL AR HICA. AR R A RER L. W
R — DA R, WLBRIEHRX S . MRS R Er 5 E2AEN, B
(SR i

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
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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 —5 A 4— MUY Python MRS RE I — MELER H Y Python FURS B I AY S 2 .
importer — A%F EHIFMBABATN R WS ZRBEE T finder 3@ Tloader

interactive —4g f. Python iy 5 — N2 H A MERERS, BIARY DATEMERESR LR AT I i A B/ ARk X, S BIHAT
HEFHLER, AEANTSEMES) python 4 (WA AZEARAG T SEAILFF UA 22 B v B A b 3 AT )
I 38 AR BRG IAR BATA f s B X RO SR B i (G ICASE A help (x) ).

interpreted £ Python —RAMFREALE T, SRR M IFAIET , RIAPIE I i T 51 i g 5
e AEAE T A7 PP o R AR JESCIE AT A LGB AT A b B s B n] AT SO FRIs AT R
TR BA g A AT A AR UR Y, (R AP R EIs TR R . & Winteractive,

iterable —n] 3% U4t 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 ina 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 —i%f07% An object representing a stream of data. Repeated calls to the iterator’ s next () method return suc-
cessive items in the stream. When no more data are available a St opIteration exception is raised instead. At
this point, the iterator object is exhausted and any further calls to its next () method justraise StopIteration
again. Iterators are required to havean __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.

W25 E [ EF typeiter.

key function B H pR BCAREE B R 4L, 2 REAZAR 0] 1 T-HEFP SR CLAE R TR R « BN, locale.
strxfrm () ATFA N AFEREE I HE T 29 %€ A HER 1 .

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 — G255 2 Warsument,
lambda (A lexpression 14T B2 IR EL, RPN AET A B BORIE. B8 lambda 5L H)VE N

lambda [parameters]: expression

LBYL “JefifJGBkER” WIS CHSE . XU S XS S AEDE T ) el e 2 B e sk A w25 1. 1k
Wkg S EAFP Jy G A, HAF RUR KR 1 £ 1A,
L LAMEET, LBYL il 8 “&F” Ml “BRER” Z I &SR K. B, PARAURD 1 £
key in mapping: return mappinglkey] A[REH TTEREERAEZ 5 HAMLREIN mapping FF5 R
T key T4 o 30K ) R0 AT 3 3 i BB 0 1T EAFP 5 R fig e .
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list %% Python N Ef{—Fhsequence. BSR4 NHNIFE, HEIMT HAEF HAORALNAEERS 1%, oA
FICER I S AR R O1).

list comprehension — 553X, 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 % 2 == 0] generates
a list of strings containing even hex numbers (0x..) in the range from 0 to 255. The i £ clause is optional. If omitted,
all elements in range (256) are processed.

loader ik 7% An object that loads a module. It must define a method named 1oad_module (). Aloader is typically
returned by a finder. See PEP 302 for details.

magic method —FEARJ5#: special method RIFEIE R 3]

mapping Wi} 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 03¢ —Fp ] TAIEZEMZE. 208 XA H K4 BPMMERY L. TR T2 LIR=NS50F
BIEEFA N I ZE . A3 T a6 2 B i AT 5 AR PR — AN BRIA S 3. Python [R5 2 Ab T ] DAGI
HE X Ttde. K H P AGEAT Zax A T H, H2YFE IR, Joden] $R ke K m e i o & .
Mg TieEE R HE ., gt BEXSAE. SR g, PAREAMFLZTES5 .

L% S I metaclasses.,
method JjiJi TEINHE AR WRAE M Z BB LB — N EHRE R, RS IR B % G4 H:

—A argument GRF 44K self). I function FMnested scope.

method resolution order —Jj iEMRATIE 5 5 FEAT I3 5t /2 A0 A $R A% D3 8 R 23 LS B R e e 7 . 1
25 F Python 2.3 J7EfENTINY THRE 2.3 B Python FEHTHE T FAH 35 B 1160

module Bit JLXT5 02 Python RG] —FpZHZLA( . SR JST 644 25 18], Al E & LR Python X4,
W R 38 L importing FEAEWM#Z E] Python .

5 Wpackage.
MRO Z: Wmethod resolution order ,

mutable —n[7E FASKI LA DATER 1d () PREFEE I SO HIE. 5312 Wimmutable .

named tuple —H. #5641 Any tuple-like class whose indexable elements are also accessible using named attributes (for
example, time . localtime () returns a tuple-like object where the year is accessible either with an index such
as t [0] or with a named attribute like t . tm_year).

A named tuple can be a built-in type such as time.struct_time, or it can be created with a regular
class definition. A full featured named tuple can also be created with the factory function collections.
namedtuple (). The latter approach automatically provides extra features such as a self-documenting represen-
tation like Employee (name="jones', title='programmer').

namespace —fiy £ 45[] 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 sup-
port modularity by preventing naming conflicts. For instance, the functions __builtin__.open() and os.
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 —jir £ 11, 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.
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new-style class —#f:\. 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, properties, and
__getattribute__ ().

More information can be found in newstyle.

object W R AETHARE (JBPEEUE) ARTIUE XATH (J57E) Mm%, object UL @A fnew-style class [#i%

package —fu, — ] {0 7 TR SR I 05 7437 Python module. MAEA L, {3247 H __path__ Jak
¥ Python ik .

parameter —J62 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:

* positional-or-keyword : ([ E BT, HHE AW AN A SA R AN DA S 5T A2
ASEZ . KR BRARIES A, HIATT IR foo HI bar:

def func(foo, bar=None): ...

* positional-only: {LFREIE, & —A REEHALEE ARISE. Python Wil i AR E L ZHY
k. (B —SENEREH URMEES (Ll abs () ).

* var-positional: W]ZELE, 5 W] ARl —MERECR A AL B SEA T (FEITEHAE 2
CRZNNESHZIE). RIS AR S ARG * KE XL, Bl FE args:

def func(*args, **kwargs):

* var-keyword: FAZRHEF, HEE A DASRBUE AR S T S A (FOIMTE MR S C #3205
?72%%5(2):) L?’l‘qﬂﬁ/%TLﬂT S ZFREINEE ** A L, BB kwargs.

TS AT VALFI 5 E PTEANaie 2 4, il AS LT e S H0di s B

See also the argument glossary entry, the FAQ question on the difference between arguments and parameters, and
the function section.

PEP “Python M52 1" HIESCEHE . —4> PEP @i —Mritit S0, JHoK 1 Python #EIXERALE R, stk
—~ Python PR S B jZiT $i. PEP N 244 BORS A A S0 AR RS R BT S SRR B4 LR ]

PEP WA A A ) 2 BERRp i . IS DGR Fﬂ%ﬁfi’fﬁ PRSI Python BYi& T 3K 4% 5
SCRSEIENLE] . PEP [VEE A TARAEAL DX R @ 31, I BRI E A SRy .
%1, PEP 1.

positional argument —{\; B ¥ £ Wargument,

Python 3000 Python 3.x %A Lk AUWERR (X144 FHERAS 3 i Kb R TTI R M B L T ) o A
YN “Py3k”.

Pythonic $if—~ U ol — B U S8 1~ Python B 5 fmci H 1 KU R, TTAN e O HCA 8 5 A
UL EE%IMU?EB ik, Python ¥y MM A for IAIRIARE [y A~ RIEAU S iy i e
o W2 G S B XA, IR ZAZE Python (A I SR ] — M T 4t

for i in range(len(food)):
print food[i]

TR 2 ¥ B 157 5 B Pythonic (77 34 k& X FEY:

for piece in food:
print piece
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reference count —5 I VHE XPREEX G5 HAOECE . 24— XRS5BT, B FCoT R ooR
T IO Python AU RUEIEF e A AT WL, (HERCPython SLBU— A KEEILR . sys Bz
T4~ getrefcount () BREL, FFFGAPA B AR IR ERT G5 T

__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 —J1: 41 An iterable which supports efficient element access using integer indices via the __getitem__ ()
special method and defines a 1en () method that returns the length of the sequence. Some built-in sequence types

are 1ist, 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 —YJJ Ji* An object usually containing a portion of a sequence. A slice is created using the subscript notation, [ ] with
colons between numbers when several are given, such asin variable_name [1:3:5]. The bracket (subscript)
notation uses s1ice objects internally (or in older versions, __getslice__ () and __setslice__ ()).

special method %55k Jjiki —7firh Python B YTk, RIS AR PATRFE 4R VR Bl QAH < 45
PRI FRIE RRH AT 2o FERTT AR 32 WL specialnames.,

statement —jfi 4] 1EA)REEF B (— NS “H) B BANL . — 5B R] DASR—expression B AR
BEFRILER), Bl if, while B for.

struct sequence 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 ().
triple-quoted string — 5|5 FRf RN SAELNG S (7) SRS () WFEMFS. ENTEYIRE

‘ﬁﬁ%%ﬂ%~’*%lvﬁ&ﬂ’]? FRER AR, HEA 2 MMt ENAFrrETHHRNEERE
e X BRE S HIE S, H ] DABS B AT JOf G 1 HESEAT (R4 5 SOR A0 R IR 5 1

type R A YusE—A> Python X @ FAHAMIE: HAXTLARRA —FhRAL. BHEEXT LA, AT AT
HER __class__ J@tk, SU2#E type (obj) KL,

universal newlines —jifi f]##i47 A manner of interpreting text streams in which all of the following are recognized 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 —JBIIAEE —FR HIVMEZ R B 021 TR, fiF Python ] PRI Y. F AR P AE &6 F1 T
2% Python 73 & AUHS AN 2403 A — R G _Fiz iy HAth Python [ 27 HI47 4

virtual machine BNl — & 5¢ 4 L B & LB ML Python R SUAL AT $047 2 1 18 2 135 2% T 46
i) bytecode.

Zen of Python —Python Z#fi 51| Python iy N 54524, AT RS M0 X FES . AEHEERNE
AERZ B RF i A “import this”,
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i A

IXBESCRYAE A H reStructured Text JJE3CRY, | Sphinx  (—~% 724 Python SCRY 5 Y SCRY A s ) BIEE.

AR SRS BT L RURE R TF S 52 42 ph B I 56 Y, XA Python 42 B, WUREAES Sk, i
reporting-bugs T AEUINAZ: 5. A BAIN YL B 76 1

RN it -
* Fred L. Drake, Jr., @3 7 H 354 Python SCRYR T HEE, DAKIRE T HEH 21 30RY;
e Docutils #40, W H , Al T reStructuredText A Z A Docutils #4245
e Fredrik Lundh, Sphinx M ftli[#¥] Alternative Python Reference T H H13%45 TR £ {F-mhAH .

B.1 Python T8y Rk

AR Z %} Python i, Python FifE &l Python SCRYA Tk A, B Python JELHS & 7 Misc/ACKS SC{431)
TR TR

5T Python K ARITTR, Python A5 T HILHH (SR - WA 1!
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apPENDIX C

7 B FiF AT

C.1 zR#pImE

Python H fif 22§ FI T AR 9224 (CWI, I https://www.cwinl/ ) f#) Guido van Rossum - 1990 4E Y,
W, fER—TT0M ABC [iEF AU . R4 Python 345 T2 5k B HAB AW 5THk, Guido {52 H &
BEH .

1995 4E, Guido 7 #2 Je WNHY E Z A 5T 22 &) (CNRI, I, https://www.cnri.reston.va.us/ ) #4247 Python
ERTTAE, IR A T 2 AU

2000 4£ 71 H, Guido FI Python #.00FF & 41 BA %4 %] BeOpen.com £ 7 T BeOpen PythonLabs [\ . [F4E1 H ,
PythonLabs [#]BA%% F| Digital Creations (¥} & Zope Corporation; [, https://www.zope.org/). 2001 4£, Python #x{4:
H 42y (PSF, I https://www.python.org/psf/) 57, X &A% A4 Python AH S AT AU A1 @ iy 75
221, Zope Corporation FI{E & PSF [ B i i1 .

JI A7 ) Python BAEZITRR) (A KIFURHYE L2 https://opensource.org/ ). P I, #iKZ % Python Jii
AJe GPLARA ) TREL T RANOL .

XfhRA | RE F EE GPL#%?
09.0% 1.2 | n/a 1991-1995 | CWI =
13215212 1995-1999 | CNRI 7=
1.6 1.52 2000 CNRI &
2.0 1.6 2000 BeOpen.com | {5
1.6.1 1.6 2001 CNRI %
2.1 2.0+1.6.1 | 2001 PSF o
2.0.1 2.0+1.6.1 | 2001 PSF P
2.1.1 2.1+2.0.1 | 2001 PSF 2=
2.1.2 2.1.1 2002 PSF =
2.13 2.1.2 2002 PSF 2=
22 GEE | 201 2001 %% | PSF =

{Efi: GPL #A T AR M Python £ GPL N k1. 5 GPL AJa], Frf Python ¥4 Al AR FL &4 R 1B MG
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A, T JC T TR T A Sk . GPL AR A T IE (15 Python R PAS HVETE GPL R & AT HIAF45 & B ;
HHERFAHENATT .

JRUIARZAE Guido 55 T TAERYSNIREREE , AIfGaX 28 B A oA vl fiE -

C.2 FRERE LAH B E A Python Bk FOF ¢

C.2.1 F PYTHON 2.7.18 #Y PSF o] {inil

1. This LICENSE AGREEMENT is between the Python Software Foundation ("PSE"),_
—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.

PSEF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF

EXAMPLE, BUT NOT LIMITATION, PSEF MAKES NO AND DISCLAIMS ANY REPRESENTATION..
—OR

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 FF PYTHON 2.0 fj BEOPEN.COM # &Il

BEOPEN PYTHON JFE 14 ] P ER 1 AR

1. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary
form and its associated documentation ("the Software").

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the
Software, alone or in any derivative version prepared by Licensee.

3. BeOpen is making the Software available to Licensee on an "AS IS" basis.
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOF.

5. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions

(FItgkss)
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(£ 50

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 FF PYTHON 1.6.1 g5 CNRI ¥#F o] tipil

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 THEREOF.

6. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of

(Fotakss)
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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 FHF PYTHON 0.9.0 E 1.2 f§ CWI ¥F o] il

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 USRI YT ol 50515
AT Python B ATHLCTAG A =y B b VAT RO, AT MR A 23 FLR IR

C.3.1 Mersenne Twister

_random A E E T http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html T 2% 113,
e DA 2R i se ek (75 1) -

A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand(seed)
or init_by_array(init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
All rights reserved.

(FItakss)
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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)

C3.2 EEx

socket #HHH ] getaddrinfo () Ml getnameinfo () pAEL, XLEpRETFAIDAE WIDE i H (http:/www.
wide.ad.jp/) By BRI SCIAFH

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software
without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS " "AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE

(Rt
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IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.3 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 1its use would not infringe
privately-owned rights. Reference herein to any specific commer-
cial products, ©process, or service by trade name, trademark,
manufacturer, or otherwise, does not necessarily constitute or
imply 1its 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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asynchat and asyncore B & DA FEHH:

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 &1

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 HiTERR

trace B S PA T AEH:

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 E UUdecode &%l

uu B DA R

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

(Rt
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version is still 5 times faster, though.
— Arguments more compliant with Python standard

C.3.9 XML = 2= FAH

The xm1lrpclib 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. IN 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

CFItakss)
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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. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.12 strtod and dtoa

Python/dtoa.c XRALT CiEZ Y dtoa 1 strtod FREL, FT-6 C1E S 1IN0 B R A8 A TG, 1%
A4l David M. Gay (1 [R1 4 SCEFIRAE T K, 247 ] A http://www.netlib.org/fp/ F#%. 2009 4E 3 H 16 H#Z&3|
B DL SCAA B 5 AT OBCRITAF R 5 B

/****************************************************************

* % o

The author of this software is David M. Gay.

Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

* % o

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.

* % ok X

*

* THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED

(Rt
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* WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY
* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY
* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

‘k*****‘k**‘k********‘k*****‘k*‘k***‘k****'k‘k*‘k************************/

C.3.13 OpenSSL

WERBEAERG A, W hashlib, posix, ssl, crypt fRHLfH ] OpenSSL 42 = PERE. HAh, WEHT
Python [ Windows Fl Mac OS X %2427 1] fe 045 OpenSSL E#5 U1, FrLAFE AL .51 4 T OpenSSL 7 1]
UERY % DL

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-corel@openssl.org.

OpenSSL License

/= == == == == == ==

* Copyright (c) 1998-2008 The OpenSSL Project. All rights reserved.
* Redistribution and use in source and binary forms, with or without
* modification, are permitted provided that the following conditions

* are met:

* 1. Redistributions of source code must retain the above copyright
* notice, this list of conditions and the following disclaimer.

* 2. Redistributions in binary form must reproduce the above copyright

* notice, this list of conditions and the following disclaimer in
* the documentation and/or other materials provided with the
* distribution.

* 3. All advertising materials mentioning features or use of this

* software must display the following acknowledgment:
* "This product includes software developed by the OpenSSL Project
* for use in the OpenSSL Toolkit. (http://www.openssl.org/)"

* 4. The names "OpenSSL Toolkit" and "OpenSSL Project" must not be used to

* endorse or promote products derived from this software without

* prior written permission. For written permission, please contact
* openssl-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
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*

*

acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit (http://www.openssl.org/)"

THIS SOFTWARE IS PROVIDED BY THE OpenSSL PROJECT " "AS IS'' AND ANY
EXPRESSED OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE OpenSSL PROJECT OR
ITS CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT

NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;

LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)

HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
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
(eayl@cryptsoft.com). This product includes software written by Tim
Hudson (tjh@cryptsoft.com).

Original SSLeay License

Copyright (C) 1995-1998 Eric Young (eay@cryptsoft.com)
All rights reserved.

This package is an SSL implementation written
by Eric Young (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.

(Rt
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* 3. All advertising materials mentioning features or use of this software
* must display the following acknowledgement:
* "This product includes cryptographic software written by
* Eric Young (eay@cryptsoft.com)"
* The word 'cryptographic' can be left out if the rouines from the library
* being used are not cryptographic related :-).
* 4. If you include any Windows specific code (or a derivative thereof) from
* the apps directory (application code) you must include an acknowledgement:
*

"This product includes software written by Tim Hudson (tjh@cryptsoft.com)"

THIS SOFTWARE IS PROVIDED BY ERIC YOUNG " "AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)

* HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
* LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
* OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF

* SUCH DAMAGE.

b S e

*

*

* The licence and distribution terms for any publically available version or
* derivative of this code cannot be changed. i.e. this code cannot simply be
* copied and put under another distribution licence

* [including the GNU Public Licence.]

C.3.14 expat

BRAEME ] ——with-system-expat BLE THIE, N pyexpat §7 AR E AL expat Y5 10HS DR 2

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 NONINEFRINGEMENT.
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

FRARMIN ——with-system-1ibffi WU THE, BN _ctypes ¥ HNE (17 libffi JHEH5 DM E):

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

R ARG EAREIRY 21ib AR IHT ek A, W 55 2lib PG 8 DR 2 1ib 37 J%:

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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Python 53 SCHY:

Copyright © 2001-2020 Python Software Foundation. {48 TG+ H]

AU © 2000 BeOpen.com., {38 TG AUH

AL © 1995-2000 Corporation for National Research Initiatives., {585 BTG AU .
WAL © 1991-1995 Stichting Mathematisch Centrum., {483 BTG AU
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