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B0 EH ORI AE C 8 C++ Hrgu B b, [EM6H F BTN S 7¢ Python FL3Re T BE. ARLUBA AT
PAEFERY R, tn] DU SR U E) S v (method) . SCEHEIZS €A anfa 4% Python FFREHRA
F— M ERARR A, ME-EE RS (extension language) (HH . Fef%, ‘B & i /m U] A B aH 45 0 Fo b4,
AR v DA SR (FE3EA TR ) Bl A B E AR, Al E R SA IR E M6 .

1& Uy EIRH SO B 5 EL A Python () BB . BN IEEE S 19 ARIER N 41, 75 2(1 tutorial-index . reference-index
T IE S EEIER N EFK. library-index FRE T BT I RE 5 B2 B S R 9 R E] . pRaEE ((EVEHR AT A
Python # &5 1Y) 4.

BH i~ 5E LY Python/C APL SEAHY4R, w5 2(E)7 #b—1r c-api-index.
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CHAPTER 1

HEENE=ATH

BN F R0 EE T I CPython IR FTER LAY . HI DAESZHER A TR, 5 =77 TR, {40 Cython, cffi,
SWIG Fl Numba, $2{t 7 s/ 5 5 sEEEeiy 28 77%, 2K(E] Python #57. C I C ++ 5.

b4

Python EfZEMi)i #idima:  HERI9% 52 Python 34 4E{i 1] % 41 B (Python Packaging User Guide) A5 1 B fi
AT DA 2R A e i S e AR TR, e wfamE e S — (R R ST RA FT RE e R B it



https://cython.org/
https://cffi.readthedocs.io
https://www.swig.org
https://numba.pydata.org/
https://packaging.python.org/guides/packaging-binary-extensions/
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CHAPTER 2

MERFE=AILRBIEKER

AfEE i E— O EN, FEEH S =07 TRMBHIT, WflEsr Cfl C++ i5E. & R AR
THMBIEZN, MARREIRE H O/ C Bk .

2.1 ) C g C++ #E3t Python

WRAREH C, WIHTE) Python P BRI AR T B, PR PFEASEE A Python BLIEMAEE, nIPAIE LT extension
modules FSEH: SEEUHI N BEXT S8 8 C I FERER RS A

N TSR, Python APT (W JHARIF Aefidi 1) 5 LT —RINKE. ZAAHE, FILATI Python jZ4 7 £
L RER %o Python ) APT W] PASEIEAE—A> C JCHFHFIH "Python. b SKICPERAM .

PR 4 S 07 R S AR H AR GEBL R R SN2

filE): C ¥ 474 CPython, 3 EBIHICIATE HoAh Python Sl B TAE. fERZEUNILT, WiZiEh5 C
PR, SRR ARNE. 250001, WRARAN O T C FESCRGRM , IRV %% B ctypes BibkE
offi 2, MAZHOHE C AU, X AR AVFIRY Python Ui 1 C AU, 1l HLAIRSAEIEE AT . AR
GERIMCT

211 —{AEEEH

EFRATENE — AN R spam (Monty Python #3 22 i B3k I L)) H HARZLQIHERT LY. C PRI system ()
¥y Python 2 1 o iXABREHZ— DA null 45 A FATH S HOFR [l — B8 FATAE T ASE Python DA
Iy R A LR

>>> import spam
>>> status = spam.system("ls —-1")

VXA BRI B 1 RTERRIERER os BT, X LRy BT LRI 61



https://cffi.readthedocs.io/
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B E#—A spammodule.c 3CfF. (4 L, AR —AHERM spam, WX SEHER C M
spammodule. c; QX MEHZ FAER K, AN spammi £y, WX MK SO T PAE MY spammify . c.)

SCPE R IHRI A T2 -

#define PY SSIZE_T CLEAN
#include <Python.h>

XA Python APL (BISRAREX, ARATATEIX HLAS AL H AR HUBAUE BRI .

ff§([E): BT Python T BEL F X —LLRETE R L R 55 L RS M AR Sk SRR FAL AR 72 S, PR T A 957 AT AT A o
Sz H, AR LR Python . h,

HEFE 2 J2FE Python . h BiE X PY_SSTIZE_T_CLEAN ., AHILIU B Fi4ad A5 3k TIREAN R H 2 NE

JTAAE Python . h HgE LA O] LA 80 A Py 80 PY BIZH, CUFEFRIE S, SO SUROTIRLE R b . 5
FNEFME, T HAE Python fERES th ) 2 M, "Python.h" B & T —2FRHESL UM <stdio.h>,
<string.h>, <errno.h> fll <stdlib.h>, WHRFEILSCHAERI BRSG EATEE, EXRSHEZESEY R
Fmalloc (), free() Ml realloc (),

NN C EREEN YRR, M1 spam. system (string) WEMURIELE, GRAIMESERITEN):

static PyObject *
spam_system (PyObject *self, PyObject *args)
{

const char *command;

int sts;

if (!PyArg_ParseTuple(args, "s", &command))
return NULL;

sts = system(command) ;

return PylLong_FromLong (sts);

}

ANEEMESESIRNIE CENPIT, B "1s —1m) FI2fLHE C MBINSHE. C RBE AW
SR, WHA TR self Fl args .

XIFLRGL KK, self ZHERIIBS R ; XTI IE MR [ % G501

args Z4 e 17—~ Python ] tuple XFRAYFEEE, KW S S8, &4 wple XY — MRS XS
Wb 4= ¥ 2 Python X4 — ZAEFATHY C pR B GE BTl 75 2 SeKF H A4y C fE. Python APT H ) bR %Y
PyArg_ParseTuple () SAASHRMIFRIFAN C(H. E M B AT A Bl E T Z ST K
FAARPERAR AR C AE R2RAL. A5 KF RS S LR .

PyArg_ParseTuple () TEFTA SHCHA IEHHZE AL H AL SER 4% WU BCEE AL s ek g Mkl B, R 1 (3

), HAEGATUSEET R (). RSO TH, BabssE S a, (508 & £0] DAFEfFR [
NULL (H5t 2 611 B L)

6 Chapter 2. RERAB=KTRBIIRAE




Extending and Embedding Python, £([F 3.10.13

21.2 XFHERHFE

HA~ Python fFRESR R GEA — MU IR A B 2R B - 21— DR EUSFT RNy, BN S BE R R
R — AR (GEH Y -1 B NULL #5851 ) . (5 BARAERS ARSI = BUR . ARBA S
WENTRES NULL. FEHAAE 0T B2 sys.exc_info () [l Python JLAM Y C X &
1A 2R i SEBURI AT G o PR E AT TR T BRARGE 1 A gl (2 b it AR HE B

Python APT H1 5 SC T — 8 s Ok 8 B SR f

B & Bt 2 PyErr_SetString (). H SR 2
PyExc_ZeroDivisionError XFETIE L4, C

FRERRT AT N R RIRAE

TG AR REUE PyErr_SetFromErrno () , (% PRENE, REHAEEAEERE R errno
. Fll B R BGEA /& PyErr_SetObject () , WEWNSE, 45T HEN R B RAFEME
F PY_INCREF () e s 2 H Al ph £ S HO 5 | HH4L

PRAIPAE L PyEre_Occurred () fEAIEMBEIARINE L AR B IE T 74 . XRRR Y H RN SR, 5
HARAR A MR [B] NULL. AR % AT 2 PyErr_Occurred () RER KB Pd &4 14
e, OARRZREMR [BHE A k.

BB TN D — R R g WS IS S A 1, f B2 A Calk e RME BN NULL B -1). B
REPHFA PyEre_* AL - XK L0 g WL 1. f BT & B S R 24 1R o] —MF R IR €
aiR R, [RE AR PyEre_*, MKILISHE — SRR A N © 28 i Se il 2 e i s et 17 —
HIXA R E A Python MFRERRAY LIRS, B &b Ik M HTHAATHY Python ARS8 i i Python F2/¥ b3 it
SE ) 57 AL PR

(TEHLENE UL MR SCRERS i L PyEre_* BRSBTS O R, I AL T 2
ﬂ%‘zﬁ—ﬁiﬁ’ﬂo)@%i’i’cﬁﬁ#ﬁﬁﬂﬂlﬂ, KR, HATREFEA REHRIE R Z K KBRS T 0
GNSIPNIE®

TR i — AR GO eR RO BT BB S, R AR P AUE LR ] PyErr_Clear () RICHLR IR
C AU B2 i) PyErr_Clear () HYME—FEOLR AR EANERF R E AR g R A 5e 2 b A CoRALBEE
(ATRE RSl , B BB hAS ) -

B L) malloc () &SR —D 5%, malloc () (8 realloc () ) MY ELE:E F 3% 2 498
PyErr_NoMemory () iR 45 RIER . A XG0 @ R (Fli PyLong_FromLong () ) E&XAM T,
Fr A AR AU T EIEVH A malloc () WIIHHL.

WEERER R, BRT PyArg_ParseTuple () SFEERYHISL, 1R[] B HOIR A Y R KICHE AR J2 1k ] 11 {5
TRFIRIIE, MPA -1 Fon KM, AnfH] Unix REE0 M —FE.

s MARR B AR PSR A B B B B IR GEA AR T B R X R AT Py_XDECREF () B}
Py_DECREF () JHH)!

PEBE 5] B MBS S o0 A B TR0 5 4. BT N LY Python S #5G % B 1) 1 75 B C %F 4, il 4
PyExc_ZeroDivisionError, WRAIAE M EAMT. MK, RN 24 PR H ks 7w - AEAH
PyExc_TypeError JRER— X TLIEPATIF OIF KR 1% M PyExc_IOError). IR SHI LA M
A, PyArg_ParseTuple () BHUHE 25K PyExc_TypeError. QIRARAEZE— NS HAELHAL THE
fﬁlﬁzmﬂjﬂ‘@jﬁ/@ﬁ:ﬁﬂ%ﬁ:, )”Ulﬁﬁ@ﬁﬁ PyExc_ValueError,

VRULAT AS VR A ME— A e o 5 SR SCPR T A I — S R AR &,

SR C . RENR - KER
TP AR SR R, s el — A Python ¥

static PyObject *SpamError;

H HAEARBI BRI UG R %L (PyInit_spam () HEH— A58 X SR IR L

PyMODINIT_FUNC
PyInit_spam(void)
{

(Rt

2.1. L) C & C++ #E 3 Python 7
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(R —H)

PyObject *m;

m = PyModule_Create (&spammodule) ;
if (m == NULL)
return NULL;

SpamError = PyErr_NewException("spam.error", NULL, NULL);
Py_XINCREF (SpamError) ;
if (PyModule_AddObject (m, "error", SpamError) < 0) {
Py_XDECREF (SpamError) ;
Py_CLEAR (SpamError) ;
Py_DECREF (m) ;
return NULL;
}

return m;

W S N4 ) Python 44 72 spam.error . |l PyErr_NewException () EREAIPAGIE—N38, R
A Exception (RAER A — 1 FME A LA NULL ), 4752 L bltin-exceptions .

IR R AR Q@R T SpanError M—AN5 1, X @B I 0 T 7 IRk ik, 5 W) SpamError
BERS 2 SO EFHRE

—2 e PYMODINTT_FUNC A4 B 50K 8] 28 L1 I

spam.error FH A AYEY RMLH R, it PyErr_setString () M, AIF:

static PyObject *
spam_system (PyObject *self, PyObject *args)
{

const char *command;

int sts;

if (!PyArg_ParseTuple(args, "s", &command))
return NULL;

sts = system(command) ;

if (sts < 0) {
PyErr_SetString (SpamError, "System command failed");
return NULL;

}

return PyLong_FromLong(sts);

2.1.3 EFEH
[ 2 F AT 1), AR T T AR

if (!PyArg_ParseTuple(args, "s", &command))
return NULL;

WEARAES BN F PRI 55, BRAR F] NULL GRIELZ R [P 35 610 e B0 8 A (R A5 R 7R) , i BT
PyArg_ParseTuple () BB R . EHME N TS0 FAHE S DL 2| fHEAE # command, X2
— A FREFTRAE I FARAS BAZ G 20 B8 a4 5 (R EERRIE C o, A8 B command B 2445 1E A 7= BH A

const char *command),

T—ANEA)H UNIX 2GR system () , HZiBBMPISEGZEN AN PyArg_ParseTuple () HUH:

8 Chapter 2. RERAB=KTRBIIRAE
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sts = system(command) ;

FAH) spam. system () RELLALRE] sts [ELEHA Python Xf4 . Xt (i K%L PyLong_FromLong ()
RS

’return PyLong_FromLong (sts) ;

FEXAEOLT , SRR R , (X RFG&AE Python HERLEHY) .

WA — ARG A SE C lE (BRE void fYsR%L) , MIXHRAY Python p&ALUAA M None ., fik
WAE XA E Y (B2 Py_RETURN_NONE %K SCH) )

Py_INCREF (Py_None);
return Py_None;

Py_None &5k Python X} 4 None FiXf ) C ZFK. B —AEIEM Python X4 i A& NULL $54F, g
T, JEEERZE T AR EWE “HHR.

2.1.4 BERFGERNIIGCERL

H TR spam_system () Wil Python #2 /7 . L eR$5RE B R m] LARE Python 8, FFEEE X—ATF
3¢ method table”

static PyMethodDef SpamMethods[] = {

{"system", spam_system, METH_VARARGS,
"Execute a shell command."},

{NULL, NULL, 0, NULL} /* Sentinel */
bi

RS =28 (METH_VARARGS ) , X/Mr&EiEES MM C W AMGl. vik{EA METH_VARARGS .
METH_VARARGS | METH_KEYWORDS . {H 0 fRZEf{#i/fl PyArg_ParseTuple () HFRIHA &,

15 Bk fff il METH_VARARGS , MR 4k 2 % 1% Python 1% 3 tuple #% =0 19 2 ¥, I & & f# [
PyArg_ParseTuple () #47ENT.

METH_KEYWORDS {H#E/RNE% XEETFSE. XMHEN T C BT EHZE =/ pyObject * X%, FRTF
HZH, il PyArg_ParseTupleAndKeywords () KT HE S,

AT IRR AT TE LEEH TSI -

static struct PyModuleDef spammodule = {
PyModuleDef_HEAD_INIT,

"spam", /* name of module */
spam_doc, /* module documentation, may be NULL */
-1, /* size of per—interpreter state of the module,

or -1 if the module keeps state in global variables. */
SpamMethods
i

XA EE R R AL 25T 1 25 AR O R SR AL BR S . HIR AL BR AT i 44 4 Py Init_name (), JA name J2
BRI T, HMi%E TR static , HARBHRSCIRHL:

PyMODINIT_FUNC
PyInit_spam(void)

(Rt

2.1. L) C & C++ #E 3 Python 9
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(R —H)

{

return PyModule_Create (&spammodule) ;

}

£ 7 PyMODINIT_FUNC i $(A W] PyObject * iR[BIEA, FHTALAT-F- & BT SR 10 Rk k4% A 1
FHE C++ FF R AR extern "C"s

24 Python F2JF IR A spam B}, PyInit_spam () &8 H. (4 XA Python (UEHRES LT X.) B
FH PyModule_Create (), ZMRELIR B —MEEHT S, FFETIERHUE SO 383 19 208 D) & R £
SARA N HQ B (%% 52— PyMethodDe £ Z5M{AI%I4) . PyModule_Create () iR[E—A4F
]E IO R R AR EE . BT BE S PIRR e s R b 1k, s AR TE Y BT AT AR AL R [A]
NULL. HIIAMERBOLAGR T R 5 HAH &, XFEE ] PABHE A% sys.modules Hi,

itk A Python i, PyInit_spam () REASHHEA, BRAEAE PyImport_Inittab FH ., RN
HeEpatkE, i PyImport_AppendInittab () , A[IEMJERE —HEHEI A

int
main (int argc, char *argv([])
{
wchar_t *program = Py_DecodelLocale(argv[0], NULL);

if (program == NULL) {
fprintf (stderr, "Fatal error: cannot decode argv[0]\n");
exit (1) ;

}

/* Add a built-in module, before Py_Initialize */

if (PyImport_AppendInittab ("spam", PyInit_spam) == -1) {
fprintf (stderr, "Error: could not extend in-built modules table\n");
exit (1);

}

/* Pass argv/[0] to the Python interpreter */
Py_SetProgramName (program) ;

/* Initialize the Python interpreter. Required.
If this step fails, it will be a fatal error. */
Py_Initialize();

/* Optionally import the module; alternatively,
import can be deferred until the embedded script
imports it. */
PyObject *pmodule = PyImport_ImportModule ("spam");
if (!pmodule) {
PyErr_Print ();
fprintf (stderr, "Error: could not import module 'spam'\n");

PyMem_RawFree (program) ;
return 0;

fiEl: ZM sys.modules MIERILAB - FA CYRIFMIHE] — A HERE B 2 REES (BB fork () T
exec () ) RFE— LY R E R § RS W] DAFERT IR 0 N R AR 4 A I 4 HH e iy

10 Chapter 2. REHE=FTHEIIRT
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T 42 SRR R S A 81 T4 4 7 Python JERS ALY Modules/xxmodule . c B, XS SCHAT DA FIVEMR G
AR, BiE > . A modulator.py £ & FEYRMY & 4T ek, Windows Z3E v, $24L T —/ MRS GUI, Ik
P RS BB R BRI &, FF HAT PAAE IS A B4R . B ASHE Tools/modulator/ H 5% . #57& README DA
TR

HiEl: SMGFAP spam Bl T, xxmodule /] T % WM& #144 1L (Python3.5 FFIG5| A), PyInit_spam &R
[1]—/> PyModuleDef Z5#4 {4, SR J5 Q1@ ARHUE] S AMLE . 40575% PEP 489 (LB Bl iRk .

2.1.5 fmiFfnsEks

FEARBECE VRIS I Z T, VRIETEZAMMIE 1% flH Python RGEAIHIFMBER . U RARGE I BhZE N
B, X T AR AR R GRS SIS A5 R S5 i RS T (103 C/C++ 7
A7), PAKAE Windows EZIFFFEABIMER (/£ Windows L3 C Fo C+ 77k F71).

WSRARA BB N, 2 R B BOR AP 112 Python ERESHY —&7), MU il B L,

FA AR . BB EAE Unix BARMTHL, HFFEEARI) LM ( spammodule . ¢ S fl) HCTEfR T 48 J5AS &4 T
) Modules/ HREF, #M—47%] Modules/Setup.local JEHiMVRA 4

’spam spammodule.o

SRIGHETZ H %1217 make K F A R . VRUBATDAYE Modules/ F H Ml /il make, {H2RA%00 G H
## Makefile XF, #XJGiz T make Makefile’ fiy4. (REFRIBIL Setup CAERTT BLXFEHEAE. )

WERARBO BT RN G, LS AT A ISR B SO L, 284S

’spam spammodule.o —-1X11

2.1.6 7£ C Shiff Python ¥

4RIk, FAlT—EIEHEE S P Tk Python A C %, HSLGRMMRAH, #2H C i H Python b
Bo XAERIEEECR U HA H . WA C 8 0 IE, BB E S BhX A AL .

SEIZJE, Python fERERSE LLE ERIEK), HZAF51E Python BREFRML TARMERE 1T . GX HUSUAR TR AT
Python FAFERVE NI AR T, WHA 48R PAS% Python/pythonmain. c R —c 7RG, )
V] Python pREMR A EA, 755 Python F£ /5 #4415 Python pRECH 4. WAz R AL (B A ) SRsL P,
LH XA R R, 4 RAS AR Python R G 19364, IAEH A (Py_INCREF ()) Hhns| HiT4L,
YIRRH &R REAT AR R 200, W R 2R LR —H 4

static PyObject *my_callback = NULL;

static PyObject *
my_set_callback (PyObject *dummy, PyObject *args)
{

PyObject *result = NULL;

PyObject *temp;

if (PyArg_ParseTuple (args, "O:set_callback", &temp)) |
if (!PyCallable_Check (temp)) {
PyErr_SetString (PyExc_TypeError, "parameter must be callable");
return NULL;
}
Py_XINCREF (temp) ; /* Add a reference to new callback */

(Qi¥iE3)

2.1. L) C & C++ #E 3 Python 11
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(R —H)

Py_XDECREF (my_callback) ; /* Dispose of previous callback */
my_callback = temp; /* Remember new callback */
/* Boilerplate to return "None" */
Py_INCREF (Py_None) ;
result = Py_None;
}
return result;

}

XA PR B0 ] METH_VARARGS hr i VEMF B MR RERS, IXAEAL ¥ 7 ik & fo i ds 10 3 30 BT & ik
PyArg_ParseTuple () PRELN HSEOY) SCRYHESR B e oy ah 53 o

Py_XINCREF () fl Py_XDECREF ( ‘%/\fTi*JJu/ﬂjZ/'\~/\XT%E’J§IH%fr%ﬂz, I H 24 FF7E NULL 5% B)
APl R UE 24 (1Elwa&ﬁfﬁ/l\ﬂfjcﬁﬁ temp ¥4/NA NULL), S Z A 545 B 7;%%9 | At 4 =Y,

BiJS, 4ZLH IR A, R C %k PyObject_CallObject (). ZRECAWNSEL, EN#EET
841, F&M{TE Python XT% Rl Python K%k, MHEHZSHF. ’%W'J%M TR —AN oS, HAKEEED

SHAN B %T WS HHE FH Python pR%Y, W& A NULL of—4~=5jcdl; i — 280, J”'H’%/\

~/‘$ijzﬂ Py_Buildvalue () &7EHAE X FRAREE XTG5S M EA 8L A% A IS HER

JGZH . Bian:

int arg;
PyObject *arglist;
PyObject *result;

arg = 123;

/* Time to call the callback */

arglist = Py_Buildvalue (" (i)", arg);

result = PyObject_CallObject (my_callback, arglist);
Py_DECREF (arglist);

PyObject_CallObject () iR [ Python Xf % $§ 4, X L /2 Python & %t 89 & 9] {H.
PyObject_CallObject () & — X H S %" %lﬂ?ﬁ’ﬁ(?ﬁﬂé” () R £, 1A ?*%ﬁﬂ’]méﬂﬁdﬁﬂﬂ T
¥y 32, I HAE PyObject_CallObject () Z S BI#iffl T Py_DECREF () .

PyObject CallObject () MYIREIEEZ “B” H9: BAR AHEIMG: HARTAME, HHEhN 7
élﬂﬂﬁ(@z E;rbxlf%ﬂlwt*ﬁmé*%{%ﬁféﬁﬁ R, ARTFEXXAMEEH Py_DECREF (), BIEARXT B
M (Rel! SR

HRAEARX AMZ AT, REEN— U2 AR {EAE NULL. W5A52H3E, Python RETS A IEIF5| K7
USR] PyObject_CallObject () [ C {UfS24E Python Hi AR TH i), bﬁé‘ligpl_[ﬂ*/\%&b—:ﬂéﬂ:
I Python i i 3%, DA EREE TTED*J%IEI@MQ K BRI AT Python fURS REAL B S o AN ICIk
B SAGAT, WM AN PyErr_Clear () RigFRAH . Bl

if (result == NULL)
return NULL; /* Pass error back */
..use result...
Py_DECREF (result) ;

M T AR mH R AL, RIS BRI — D255 K5] PyObject_CallObject () o FEHEENL TS5
52 H Python 27421k, @ﬁﬁ%mﬁ%ﬂlﬁlﬁ@&ﬁ% RRERE T DA A ﬁ/fcﬁi%&%ﬁ 7 Hh— BB IR
B TE — R TCRAL B S HL . B B E 2 Py_Buildvalue () BEIE tuple. 268, fRE
i — AR RS AT DA AR ﬁﬁ%z
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PyObject *arglist;

arglist = Py_BuildValue (" (1)", eventcode);
result = PyObject_CallObject (my_callback, arglist);
Py_DECREF (arglist);
if (result == NULL)
return NULL; /* Pass error back */
/* Here maybe use the result */
Py_DECREF (result);

VER Py_DECREF (arglist) FRfEALS L HIEA, FEESIREEZ Bl BAREHE SN ER, i
Py_Buildvalue () ﬂﬁ%%ﬁi@ﬁﬂﬁf&##o

ARTE R BT IR TR B, RS HAA PyObject_Call () , RELFFFESHM S HTESE. A
i BB, ?iaﬂ]ﬁﬁﬁ Py_BuildValue () Rtk =F i,

PyObject *dict;

dict = Py_Buildvalue("{s:1}", "name", wval);
result = PyObject_Call (my_callback, NULL, dict);
Py_DECREF (dict) ;
if (result == NULL)

return NULL; /* Pass error back */
/* Here maybe use the result */
Py_DECREF (result) ;

2.1.7 R REHHSH

K% PyArg_ParseTuple () WU :

’int PyArg_ParseTuple (PyObject *arg, const char *format, ...);

ZH arg AR ICHRX R, A Python fZi64y C AN SHINK . format ZALUI 2 — X TAT
H, AT 5% Python C/APL F-J} 1] arg-parsing. ’TJ%?%&CE%/I\’* AL, KA ek AT

JI PyArg_ParseTuple () £kl 75221 Python SRR, AJGyEAG AL R 45 flly) C A8 bl , fnif
itﬂ%ﬂT, Tﬁﬁ%fmﬁqﬂ%m'ﬁAfF@, Iy

FERAT A A 22 B2 LAY Python XG5 A 15 k0951 AZLEBE AT T
— LRI -

#define PY_SSIZE_T CLEAN /* Make "s#'" use Py_ssize_t rather than int. */
#include <Python.h>

int ok;

int 1, 3;

long k, 1;

const char *s;
Py_ssize_t size;

ok = PyArg_ParseTuple (args, ""); /* No arguments */
/* Python call: f() */

ok = PyArg_ParseTuple (args, "s", &s); /* A string */
/* Possible Python call: f('whoops!') */
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ok = PyArg_ParseTuple(args, "11ls", ¢k, &1, &s); /* Two longs and a string */
/* Possible Python call: f(1, 2, 'three') */

ok = PyArg_ParseTuple (args, " (ii)s#", &i, &3j, &s, &size);
/* A pair of ints and a string, whose size is also returned */
/* Possible Python call: f((1, 2), 'three') */

const char *file;
const char *mode = "r";
int bufsize = 0;
ok = PyArg_ParseTuple (args, "s|si", &file, &mode, &bufsize);
/* A string, and optionally another string and an integer */
/* Possible Python calls:

f("'spam')

f('spam', 'w')

f('spam', 'wb', 100000) */

int left, top, right, bottom, h, v;
ok = PyArg_ParseTuple(args, " ((ii) (ii)) (ii)",
&left, &top, &right, &bottom, &h, &v);
/* A rectangle and a point */
/* Possible Python call:
£(((0, 0), (400, 300)), (10, 10)) */

Py_complex c;

ok = PyArg_ParseTuple(args, "D:myfunction", &c);

/* a complex, also providing a function name for errors */
/* Possible Python call: myfunction (1+27) */

2.1.8 A RBMHXBF SR

K% PyArg_ParseTupleAndKeywords () mHEILITF:

int PyArg_ParseTupleAndKeywords (PyObject *arg, PyObject *kwdict,
const char *format, char *kwlist[], ...);

arg 5 format JE% 5 pyArg_ParseTuple () MEUITE LH—8. kwdict TEZ2AE N5 =S5 Python i
TR X F i, kwlist JE2 )2 DA NULL 5 BP0, ERRIRIRES: AN AEEL 5%
H format W ZEAAE EAMICHL . QRHATIE, PyArg_ParseTupleAndKeywords () £ik[EE(E, HNR
WERAE 5| K18 M4 A3

f(E: i E R ST R AT SR TR, ATE kwlist PR TF S HL T3 TypeError .

AR B2 KT SR B TR, 3252 Geoff Philbrick (philbrick @hks.com):
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#define PY_SSIZE_T _CLEAN /* Make "s#" use Py_ssize_t rather than int. */
#include <Python.h>

static PyObject *
keywdarg_parrot (PyObject *self, PyObject *args, PyObject *keywds)
{

int voltage;

const char *state = "a stiff";

const char *action = "voom";

const char *type = "Norwegian Blue";

static char *kwlist[] = {"voltage", "state", "action", "type", NULL};

if (!PyArg_ParseTupleAndKeywords (args, keywds, "i|sss", kwlist,
&voltage, &state, &action, &type))
return NULL;

printf ("-- This parrot wouldn't %s if you put %i Volts through it.\n",
action, voltage);
printf ("-- Lovely plumage, the %s —-— It's %s!\n", type, state);

Py_RETURN_NONE;

static PyMethodDef keywdarg_methods[] = {
/* The cast of the function is necessary since PyCFunction values
* only take two PyObject* parameters, and keywdarg parrot () takes
* three.
*/
{"parrot", (PyCFunction) (void(*) (void))keywdarg_parrot, METH_VARARGS | METH_
—KEYWORDS,
"Print a lovely skit to standard output."},
{NULL, NULL, 0, NULL} /* sentinel */
bi

static struct PyModuleDef keywdargmodule = {
PyModuleDef_ HEAD_INIT,
"keywdarg",
NULL,
-1,
keywdarg_methods
bi

PyMODINIT_FUNC
PyInit_keywdarg (void)

{
return PyModule_Create (&keywdargmodule) ;

2.1. L) C & C++ #E 3 Python 15



Extending and Embedding Python, £([F 3.10.13

21.9 WiEEEE

XANRES PyArg_ParseTuple () RAAMRL, AEIUIT:

’PyObject *Py_BuildValue (const char *format, ...);

R — KA, 5 PyArg_ParseTuple () M, [FUEZSELnAie s As i 5 51 G A28 s 8L
AR ) . AR 9] —> Python X RIE &1k 8] C ek & ] 45 Python fUH5.

—A~5 PyArg_ParseTuple () MIARFEE, JETH AT HERE ZHE KR B —A~T04] (Python 4 BLR L EEAE N
TR TCA), A T A% 45 oAt Python BREPASEL. Py_BuildvValue () JFARERAEBITH, HEZT
1 MEX ARSI, AR FEAF S 2 MR ] None , — DS B H2R F1Z S EW X 5 .
R SRR A BN 0 o, s — A e T, FEEAFAR R LS.

Bl CZeM2RA, A2 Python {HE52):

Py_Buildvalue ("") None
Py_Buildvalue ("i", 123) 123
Py_Buildvalue ("iii", 123, 456, 789) (123, 456, 789)
Py_Buildvalue ("s", "hello") 'hello'
Py_Buildvalue ("y", "hello") b'hello'
Py_Buildvalue ("ss", "hello", "world") ('hello', 'world')
Py_Buildvalue ("s#", "hello", 4) 'hell'
Py_Buildvalue ("y#", "hello", 4) b'hell'
Py_Buildvalue(" () ") ()
Py_Buildvalue (" (i)", 123) (123,)
Py_Buildvalue (" (ii)", 123, 456) (123, 456)
Py_Buildvalue (" (i,1i)", 123, 456) (123, 4506)
Py_Buildvalue("[i,1]", 123, 456) [123, 456]
Py_Buildvalue ("{s:i,s:i}",

"abc", 123, "def", 456) {'abc': 123, 'def': 456}
Py_BuildvValue (" ((ii) (ii)) (ii)",

1, 2, 3, 4, 5, 6) (1, 2), (3, 4)), (5, 6))

2.1.10 SRt

TE C/IC++ BT, BT R TT8h A/ Bo A RSO heap 24 NAE. 75 C B, it % malloc () fil free ()
K. FE C++ HLZHAE new fil delete SRSCHUFFAYTIRE

4~ malloc () HMECNAEEL, RZAHEER free () BEIFI T H MR Z . WM free () ML
PEREE, WERANFRIET free O WS SEATAIE, X ATAAERRF AR AP ICEEOR AN - X
P AR o AR (] — A7 free () TG, 3 5h—IMEE-FRVI, MR A malloc ) &1
RRNFF B XM 57454t R TR ROIIAICHIEAE, core dump, HFERESH, FHRLAYATISE .

AR EE A K AR A — S8 TR AN DR AU R A LIl FEan— DR T INAFRAS, T 283108, RIS REIL
AT, BUAE— SO0 R AR 15 2l T RS T SR I A I A B2 0, ARSI B R BGR ] 1 IR

SACAEIR BRI A, Feabe s s g A . XA TR, — BEIA, R AR IR E DA 2]
R AR SRR, T BRI SO AR EOR I REA AT, B ARG (AR KU A st S8 D it s
BRBN A AR L, AR A, e AURS LT SR R/ M 2 B iR

Python jfiid malloc () Al free () W& KA NAFDECARERL, [FFRSS 200 NTF eI E F 6. it
WA 51 R T dc. R LRI BRI S — TR, TR RIS I 0 R G | SR
K, M5 HTTECH 0 I, FoRMRELBAFAERE LT, MEt ] AMER T .

Fi— IR A FH e, CHING T BB PR MR Bl B okng , TR L™ 52l A PAR D Pi#).
Bl b7 3% S O 502 PSR E IR free () o (5 —MEAURSCEE S N/, SATMX I
AXE). SRR C, B RS ARRY B SR g, 51 B R AR AR S (R % malloc () M
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free () MAUEF R, XMZ CARMEHERAD. WIFVEH —Ra MBI A SR mRs, (BAE
HIRATA G T TR T A

Python (i IEGERYT VT RS BL, WOt TORBRIEINGS . DA S R AGER . X (501 Jo s 1H0 Ea% kA
BRI TORERS T, X5 VBB — 53 . SRR 4 (TREEE) M5 T4, FrPA
DEEA P AR XTS5 TG A 2 0. SR A5 T ECE TR R e T 5 DR FR P BIXT R, BB WA ER
PG URBIXEER, RGBS TRERASMY S T .

GBI I 4 BEDS AT SR (ISR ER I BE IR EA ] g BABERML T — Pz d izt il 47977 3K (collect () B
B0, PARZANBCE S RIS T I A A 25 X D B -

Python shiy5| Hit4k

AW % Py_INCREF (x) fll Py_DECREF (x) , & AbH5| it . Py_DECREF () th&7ES | H 43|
KOO S . N T RIG, HASHERM free () , M2l %00 223 2R RFAH. T
XAH A ECHA), AR R B SN R A B S A TR .

BRI AEKIE: ] Py_INCREF (x) fil Py_DECREF (x) ? ATHEHIA—EMtE. ®aAN #HE”
— X5, RATPA RE —AFIR B — A5, —XRNEAECE SCAIAE S NECE. 5IRMIEE
HTATVHH Py_DECREF () , 7E5|HAHHRER . 51 HIHAE X R A EH. A =gkt B3an51
M k. F76%. V8 Py_DECREF () . &icdb & MIA M5 HSSENTER .

WATPA A5 A2 — AR5 . 5] AN %R Py_DECREF () o {5 H#& AR e A X
YA FAS B IR . AR &AL B S a M A S A G, NiZseaitn’ .

AR T 5 AL AR AR e T LB AR AR EACRD AT, BB U, o i AR IO 1H0 A7 e 1 X
W i Rl U — SR ER IR R AU _ B ] FTRESAEIA H AL B S R

T AZE A S, P8 Py_INCREF () o XAXPUIC LA WIAE RS . X0=— 0
WG, HETRENIAETT CHlridia & waits 4 B5U0, SR aiia E k) .

HHEHN

MR RG B — BNy, SRR 3% A% A8 E P K R B2 B a5

KEZBEEGR B — AR W51 H, LS5 BMA XK. B, iAol #@ugmmE, f
PyLong_FromLong () Al Py_Buildvalue () , &f&#byif X RARHICE . EE X5 ARREIE#HT,
ATIER P ASRAR X R BT 5 | o — A58 /& PyLong_FromLong () 43 T —ANRATEMZAE, I AT DAIR[E
BRI HHE -

WZhH— DX ERIT 2R, B Esg] H X FR, FlU PpyObject_GetAttrString() . X
B AEIEN, — A K G R 2B S8 PyTuple_GetItem() , PyList_GetItem() ,
PyDict_GetItem() , PyDict_GetItemString () #SERFIMICH . FF. FHEAEHKE]H.

PREL PyImport_AddModule () &M AEIEIH, WHMA T BES R BIAIE IS XA 6 A — 4
HHIG| MR RFMEIE sys .modules B,

MRAGEE—XIZ G R 5 — AR E), Gl RS B IR TR AR, A Py_INCREF () 3k
AWML A E . XA EZEFISL: PyTuple_SetItem() fll PyList_SetItem() . X4k
B BB XA, WMaad! (4 PpyDict_SetItem() NHFRALEZEHEER, Hif]
= IEFER).

24—/~ C RHE Python W I, ST RS EAE NG . WHFEPAXRTUT, BroAfE w5
A fi S S AT DAGRAIE S e B0 0] I S 05 1 5 | R Sl e e g, i A g a5 D, i i
JH Py_INCREF () ,

2ARE G A ARSI AL RAES| R
PRASUIIHEE A VB, SIS S AT AEC R TR, HA AT BRI S BT«
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Python [ A C eREGR [ YRS R5 | I AR 0A 195 | -4 X RPN s B % i 4508 3

fERSEY K
AOBAEOT, NG IEERICE, (HAI RSB, Xl H e ROV R, Rl RE e E
FURIAE A EX AT

T 5E T B A RS DU M Py_DECREF () B|—IoRXR, WX MXRIGUH A H— 1512070
o BB

void
bug (PyObject *1list)
{
PyObject *item = PyList_GetItem(list, 0);

PyList_SetItem(list, 1, PyLong_FromLong (0L)) ;
PyObject_Print (item, stdout, 0); /* BUG! */
}

XA RBOE AER A5 1ist (0], SRJEEH 1ist (1) A 0, IGFTEMERAMEIH. EEELER
e, (HEIARSE .

BATREEHIFRAEA PyList_SetItem () o FIEIGEGIH THEHIAB G, FrPAYSA R 1 s, s
AL FESR R 1o BIEERESR AL 12 P RS, HARBEX AN ZRE LT __del () Hik.
WA RELBI G HECE 1, I EIERSTEA __del () Fik,

WESR /& Python B, _ del_ () H{ERIPAPATAE R Python f{AY ., 275 A REYE bug () W item JE L5 HIE,
. BRIYFAEHE] bug () &8 __del () HIEVIA, LI APAT—MEARSEE del 1ist[0] ,
RIGIBRBEX R G — AR5, R ERENAE, MM {#i15 item TR,

FRERTT G ARANE T BRI, SRS T IS NG T IR iR B ek SRS -

void
no_bug (PyObject *1list)
{
PyObject *item = PyList_GetItem(list, 0);

Py_INCREF (item) ;
PyList_SetItem(list, 1, PyLong_FromLong (0L));
PyObject_Print (item, stdout, 0);
Py_DECREF (item) ;
}

BN ESEEE . —NEMCAH) Python 435 73X 4> bug #9728, 1M—28 \AEZ% TR SR ETE C s b
EFHMA _del () FESKRI.

A ] B 45 R O AR T R 5 B e R AR A8 Fh . T8, Python fiRRERs HL 2 SR AL IO VEE A 7 1 B%
7, FRAEAERPRTE Python #4245 10] . (HA A % Py_BEGIN_ALLOW_THREADS SRl REIL
XA, BRI Py_END_ALLOW_THREADS . iXill % Bl S3/EFH2E VO A Ah, (HAS 22 vl AYESS
5 VO JaI AL FESS . SAK, Q07N RS IR BN —FEAY [ A

void

bug (PyObject *1list)

{
PyObject *item = PyList_GetItem(list, 0);
Py_BEGIN_ALLOW_THREADS
...some blocking I/O call...

(FUakEh)
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(R —H)

Py_END_ALLOW_THREADS
PyObject_Print (item, stdout, 0); /* BUG! */

NULL {84t

HH, BRI SEH KB BARME L EAT NULL $5851, I FS IR 2 8 0 (B
PGB DR ) o JRIBD0 G5 | Y R 4GH 35 AR A AR T S8 I 43R [B] NULL, Al NULL 2450
Ji PRI T 1 6 bR R R DR E AT T T R G A 4 LA PR 5 - AR e BT ASI NULL, R 2 S EORE )
ARG T AR IZ A TS E G20

B RMEIAROUE “PCK” BRI NULL, BIFERRCE]— AT HEN NULL i945%E, BIAIKHE malloc () B
— /A RET A S 1) eR R IR

Py_INCREF () Ml Py_DECREF () & H ALK NULL #54F — (B2, A2 # Py_XINCREF () FI
Py_XDECREF () <A,

FH TR A X 5 2581 %2 (Pytype_Check () A& NULL $841 - [RIAEHL, 5 RS &S0 F X
TR — XTSRS N LR [ TR T > — | SRS A TR BN . AAFEH A NULL A0 AR 1A

C ¥R jﬂfﬁﬂ%ﬁiﬂ%éﬁ C MBIZHINE BBl args) A &8 NULL - s EESARIEHEZ
H—Aocdlt.

LTI B NULL 5541 “itHE" %5 Python i} & @ N B H R

21.11 £ C++ hRpEY R

AT DATE C+ g S JAsie, HURA BEpR ] 4028 A% 7 (Python fREAR) 26 C Gk aef g 1A 4%
), SRS R A SR AR BE R o AR C+ iR gi R A AR XA WA R824 Python
AR SRV GRS LR BRI UL BB IS HA N extern "C" . TIETAE extern "C" {...} HaH
Python SKSCPENIAEIRATEL, PEAISRE L THFS __cplusplus MEZGEX AFME T (Fra B C++
G 2 E XA

2.1.12 45 RIERIZ L C API

WY AR BE 737 Y eR BRI S L Python (], (EAT I frASi b HL A4 AU TS AR T ARSCH A ™ JrASE B il )
BN, — R R] PASE I — 4> Acollection” F AR S& B T Y. 42 Python 51 RKA, 4 C
AP AAVFY A HOR QM ZAES 5132, XAHHYAR G I DAA — i C e U T4 At i R G

TR RAMRE R AFEEERE Cof Al static), FRIHAHISSCHE, AR CAPTISCH . Lbx
AR I RS J i S A £ Python AR SRIN (U2 W] AR TARMY . RIS DAIE e gefiemy, — M
B AT RE SO — BRI UL . ] UL A0 (O T4 E R S8, — L8 RGN Python fREAR (1] 42 R aiy
A=) (10 Windows), A SEMIAEFERIN TR B — DI C S AR IR (— DT AIX), Btk
AN TR] SHEm (U Unix Z851). BIERAT S 24 Rml WA, VR EEE ] RO nT BE v A 2K

RS FR B RENS AT Al WL MU TR . XGRS B T A SR % Il static, BRT
PRI AR R, At 5 HA Y AR 1 i 44 b 58 (FEBE ALk 7 5 R A s 1L A FRhig) o X EIR
AT NI oL IR HoA 5 Hh 7 FOR B A AR 517

Python $ifit 1 — R BIHLE R A — > AL o) o5 — N i e 23 C )25 Bl (3541): Capsule, —
/> Capsule g g — M7l T 55 (void*) Y Python #5382 . Capsule Rl H C APLRBIEAMT T, H

4 BAREEA IR RS TR A 205 i, XS IEAR B, R TR EZ IR T
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EANTR MRAEATH A Python X —HEglfeid . Feinldty, BT AR S 3 R b fiy 44 25 0] H ) — D4 A5
Fofth g AR AT A AKX AMEL SR, SRIBOZ A PR W HIME , SR J5 A Capsule HHEREAEE

Capsule 1] DA ZF07 2t C APL 4597 fdsise . R ek B A B © 1Y Capsule, s T C APT 4l A
FEREAE— B L, B b A A 45 Capsule. fEAEFIERIGE AT A 280520, & Framiibi (i .
TERARBEREIATr ik, PRI Capsule $5 &8 M 1Y Z AR 2. s PyCapsule_New () 5> name
J£Z (const char*); AVFRIEA—A NULLAERNAFR, HILATRIMERIRNEE LR IEHHIAr 21 Capsule
PPE T —E s T R B AT SRE X A S A 44 1) Capsule

WAL, Capsule I T2 C APL, HA 7 VAR 40 H ALY :

modulename.attributename

A% PyCapsule_Import () Al PAEH AT Capsule #2451 C API, {UAE Capsule [{)44 7 VCHC T
XAMT AR C APT R8T v B MR B IE R C APLL

MBI TR T AR T H AL 2 R R A A AL BT 3K, SO0 TR T B RO R A IR .
BRI CAPLISH (TEX NP AG—A!) R —A> void FREHEE, EXRFC—A Capsule F{H.
SRR W IR Sk SR T — AN 75 R A B ABLERAIZRIUH: C APL 4T % b A 35 e C APL
Z AT XA BT

TR W H spam BB, R H— 18 £ ) Bk, KA spam.system () AL HEEP C AR
system() , H— R PySpam_sSystem () XMTFTRA, LRPLSLH IR IR (GIANTNIN"spam”™ 454>
iT). B PySpam_System () thox Gl 4y HALY IR .

PREI PySpam_System () &4l C pi%k, FH] static g H A AREE:

static int
PySpam_System(const char *command)
{

return system(command) ;

}

PR spam_system () AN BBk

static PyObject *
spam_system (PyObject *self, PyObject *args)
{

const char *command;

int sts;

if (!PyArg_ParseTuple(args, "s", &command))
return NULL;

sts = PySpam_System (command) ;

return PylLong_FromLong (sts);

}

FEBHITSK . FE AT )G

#include <Python.h>

B ST

#define SPAM_MODULE
#include "spammodule.h"

#define AT H AL U FREALS A FHELL, MARE ki, 2, BRI LE 1L R Eun i 5t
WG4k C AP F84 184
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PyMODINIT_FUNC
PyInit_spam(void)

{

PyObject *m;
static void *PySpam_API[PySpam_API_pointers];
PyObject *c_api_object;

m = PyModule_Create (&spammodule) ;
if (m == NULL)
return NULL;

/* Initialize the C API pointer array */
PySpam_API [PySpam_System NUM] = (void *)PySpam_System;

/* Create a Capsule containing the API pointer array's address */
c_api_object = PyCapsule_New ((void *)PySpam_API, "spam._ C_API", NULL);

if (PyModule_AddObject(m, "_C_API", c_api_object) < 0) {
Py_XDECREF (c_api_object);
Py_DECREF (m) ;
return NULL;

return m;

"
1T

PySpam_API N static ; BAMEEEEHLHE PyInit_spam () Z5f)E1HK!

St spammodule . h BR—He TAE, HEZUT Frn:

#ifndef Py SPAMMODULE_H
#define Py_SPAMMODULE_H
#ifdef __cplusplus
extern "C" {

#endif

/* Header file for spammodule */

/* C API functions */

#define PySpam System NUM 0

#define PySpam_System RETURN int

#define PySpam_System PROTO (const char *command)

/* Total number of C API pointers */
#define PySpam_API_pointers 1

#ifdef SPAM_MODULE
/* This section is used when compiling spammodule.c */

static PySpam_System_RETURN PySpam_System PySpam_System_ PROTO;

#else
/* This section is used in modules that use spammodule's API */

static void **PySpam_ API;

#define PySpam_System \

CFoiaks:)
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(R —H)

(* (PySpam_System_ RETURN (*)PySpam_System PROTO) PySpam API[PySpam_System NUM])

/* Return -1 on error, 0 on success.
* PyCapsule_Import will set an exception 1if there's an error.
*/

static int

import_spam(void)

{

PySpam_API = (void **)PyCapsule_Import ("spam._C_API", 0);
return (PySpam_ API != NULL) 2 0 : -1;

}

#endif

#ifdef __cplusplus
}
#endif

#endif /* !defined (Py_SPAMMODULE_H) */

7 i AR B 0 A H W) 46 A R K B 4% G U8 T BR & import_spam () (& ) A BE U5 ) B £L
PySpam_System() »

PyMODINIT_FUNC
PyInit_client (void)
{

PyObject *m;

m = PyModule_Create (&clientmodule);
if (m == NULL)
return NULL;
if (import_spam() < 0)
return NULL;
/* additional initialization can happen here */
return m;

}

RAPIAM EEERR, SUMF spammodule . h i FAL. B, WHREELTHAREL, FEAGTHZALIL,
JIr AR B2 2] — 1K

a2 Capsule $2 (it THSMYTIRE, H TAFMEFE Capsule B P55 I NAE D BLFRERL. 41575 %
Python/C API 2% F- 2 capsules F1 Capsule f3E3H (£F Python JEf% K fT4IH) Include/pycapsule.h
Hl Objects/pycapsule.c).

Fe
22 HENT REE: Hi=

Python fL¥F 45 C 4" EALHE Cn] PAM Python OB BEANAHI R, SXARMRINER) str Ml 1ist R, Jif
AP R R ARRLG — M, (HRERTT IR, R 2 T Leaiy . X0y SO X XA AN 4
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2.2.1 Eii

CPython ja47 I 4 T4 Python XFR#RULA PyObject * KAAYAL R, X2 A Python XFRKY) “HERHIEA”,
PyObject ZEM AL A& R Wreference count FIFFRIXTGRIY “RAXTR" ast. X2EETEXTH
P FIRRUE MRS 2R FIIELE (C) s %R, BN, FEXGR EAEH—ENE, WMk, SES55—
ARIGANRE . XL C RBBRE N “RRTTIR”.

BrEA, BRARAEEEE SO R, T2 QR R 42

XA AR BTk, X BN — s/ IMEESE R RO, 5 ST TSR Custom 7 C 7 AR

custom B,

) X BRI TR E X static R LS 071k, PTPAIE & K 8. C APLWn] DASE X AEHE |
SRR RERAL, i PyType_FromSpec () BREL, HAEARATTEITE.

#define PY SSIZE_T CLEAN
#include <Python.h>

typedef struct {

PyObject_HEAD

/* Type-specific fields go here. */
} CustomObject;

static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT (NULL, O0)
.tp_name = "custom.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT,
.tp_new = PyType_GenericNew,

bi

static PyModuleDef custommodule = {
PyModuleDef_HEAD_INIT,
.m_name = "custom",
.m_doc = "Example module that creates an extension type.",
.m_size = -1,

bi

PyMODINIT_FUNC
PyInit_custom(void)
{
PyObject *m;
if (PyType_Ready (&CustomType) < 0)
return NULL;

m = PyModule_Create (&custommodule) ;
if (m == NULL)
return NULL;

Py_INCREF (&CustomType) ;

if (PyModule_AddObject (m, "Custom", (PyObject *) &CustomType) < 0) {
Py_DECREF (&CustomType) ;
Py_DECREF (m) ;
return NULL;

(N IUERED)
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(R —H)

}

return m;

}

KRR Gy H, X2 TR E—FERei e o XA Sefe LT =R
1. Custom ZEHIXT4 object f1 5 T : CustomObject 454, X2 MAE] Custom SEF AR —IK .

2. Customtype (4728 iXJ& CustomType 454, HE TR MR BUREr, S mfgReds 215
SRAHERAE.

3. #E4L custom fEHL: PyInit_custom ERECHINT N H) custommodule SEH{A .
SN —PU2

typedef struct {
PyObject_HEAD
} CustomObiject;

kR HE T RS ERINE . PyObject HEAD &5 il R CAE RN A S b iR 2 i 2 L—1
#°M ob_base ] PyObject BRI FEL, HPEE— 8RBT LRG| HITHEA e (X WE T RA 31
% py_TYPE fll Py_REFCNT 3RIX4>) o i F Z2 W f /2 K510 JRrdi 52 H SR T4 VA3 S 13 R w0 1 FE RS T
FE.

fHill): JERAEL PyObject HEAD AT . BANRING-S & RGN IL/R 15

MR, XGRER THE PyObject _HEAD fE#%EAL, ABIMIE: BIan, WFE L7 FnifEfy Python i x4

typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObject;

B AR I R Y E S

static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT (NULL, O)
.tp_name = "custom.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT,
.tp_new = PyType_GenericNew,

bi

WE: RO L C99 RURIIAIIA, WBGSIHBTATH) PyTypeObiect B, HhRZ UKL
DK, SRPELAT DRSS X FE T B2H 2 SR

& object .h FFSLPRE LI PyTypeObject A M B SCELZH 7B, AT B2 m CHixsHME
SRIATE, WHEPMOE A RAHIEEENT, BRAMRhSEHEEA ]

ek —un, BRI
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’PyVarObject_HEAD_INIT(NULL, 0)

XAl pt, AR 3R E Y ob_base F B

’.tp_name = "custom.Custom",

FMIPFEBAY PR R BAEFRA TR R BN SCAR TR I A L D B, Bl

>>> "" 4+ custom.Custom()
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: can only concatenate str (not "custom.Custom") to str

HRE, AFe MW ENAY, IR PR R R 2R B PR, ARG B E custom, REIE
Custom, FrPAFRATRZEABLA BN custom. Custom. ffi {EIEM SRS AMBRESZ, W AERKETY
pydoc il pickle i IFFL,

.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = O,

This is so that Python knows how much memory to allocate when creating new Custom instances. tp_itemsize is
only used for variable-sized objects and should otherwise be zero.

#i([F): If you want your type to be subclassable from Python, and your type has the same tp_basicsize as its base
type, you may have problems with multiple inheritance. A Python subclass of your type will have to list your type first
inits __bases__, or else it will not be able to call your type’s __new___ () method without getting an error. You can
avoid this problem by ensuring that your type has a larger value for t p_basicsize than its base type does. Most of the
time, this will be true anyway, because either your base type will be object, or else you will be adding data members
to your base type, and therefore increasing its size.

AT HERR N Py_TPFLAGS_DEFAULT,

.tp_flags = Py_TPFLAGS_DEFAULT,

JI A 2R BN A E E AT AR T AR IR R . 1% RER R T 20 Python 3.3 Z 1l E LA TBIS R o AARAR
TEEZRNGL, ARF R 2O B H AR UEF T OR G255

AN tp_doc FRAGRM— SR AT H.

.tp_doc = PyDoc_STR("Custom objects"),

To enable object creation, we have to provide a tp_new handler. This is the equivalent of the Python method
__new__ (), but has to be specified explicitly. In this case, we can just use the default implementation provided by
the API function PyType_GenericNew ().

.tp_new = PyType_GenericNew,

Everything else in the file should be familiar, except for some code in PyInit_custom():

if (PyType_Ready (&CustomType) < 0)
return;

This initializes the Cust om type, filling in a number of members to the appropriate default values, including ob_type
that we initially set to NULL.
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Py_INCREF (&CustomType) ;

if (PyModule_AddObject (m, "Custom", (PyObject *) &CustomType) < 0) {
Py_DECREF (&CustomType) ;
Py_DECREF (m) ;
return NULL;

This adds the type to the module dictionary. This allows us to create Cust om instances by calling the Cust om class:

>>> import custom
>>> mycustom = custom.Custom/()

T ORI e e R BRI EEI 4 custom. ¢ SR R)E:

from distutils.core import setup, Extension
setup (name="custom", version="1.0",
ext_modules=[Extension ("custom", ["custom.c"])])

TE44 0 setup . py BISCIEAS SRIGHIA

$ python setup.py build

F| shell H R 24 2 AE— 5 H sk =4 0 custom. so; #E A% H k4247 Python --- /K1Y 24 REWS 4T
import custom FH22i{#iff] Custom %4,

RXFFAME, R ?
MR, UHTH EE SCRBARE TOR . ERCAEE, ABUEMTER . BER RGN TRAL.

#i[E): While this documentation showcases the standard distutils module for building C extensions, it is recom-
mended in real-world use cases to use the newer and better-maintained setuptools library. Documentation on how
to do this is out of scope for this document and can be found in the Python Packaging User’s Guide.

2.2.2 EERRBIFRMEIEFS E

Let’s extend the basic example to add some data and methods. Let’s also make the type usable as a base class. We'll
create a new module, custom? that adds these capabilities:

#define PY _SSIZE T CLEAN
#include <Python.h>
#include "structmember.h"

typedef struct {
PyObject_HEAD
PyObject *first; /* first name */
PyObject *last; /* last name */
int number;

} CustomObject;

static void
Custom_dealloc (CustomObject *self)
{
Py_XDECREF (self->first);
Py_XDECREF (self->last);

(Q9)
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EHE—5)
Py_TYPE (self)->tp_free ((PyObject *) self);
}
static PyObject *
Custom_new (PyTypeObject *type, PyObject *args, PyObject *kwds)
{
CustomObject *self;
self = (CustomObject *) type->tp_alloc(type, 0);
if (self != NULL) {
self->first = PyUnicode_FromString("");
if (self->first == NULL) {
Py_DECREF (self) ;
return NULL;
}
self->last = PyUnicode_FromString("");
if (self->last == NULL) {
Py_DECREF (self);
return NULL;
t
self->number = 0;
}
return (PyObject *) self;
}
static int
Custom_init (CustomObject *self, PyObject *args, PyObject *kwds)
{
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL, *tmp;
if (!PyArg_ParseTupleAndKeywords (args, kwds, "[00i", kwlist,
sfirst, &last,
&self->number) )
return -1;
if (first) |
tmp = self->first;
Py_INCREF (first);
self->first = first;
Py_XDECREF (tmp) ;
}
if (last) {
tmp = self->last;
Py_INCREF (last);
self->last = last;
Py_XDECREF (tmp) ;
}
return O;
}
static PyMemberDef Custom_members|[] = {
{"first", T_OBJECT_EX, offsetof (CustomObject, first), O,
"first name"},
{"last", T_OBJECT_EX, offsetof (CustomObject, last), O,
"last name"},
{"number", T_INT, offsetof (CustomObject, number), O,
Q)
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(R —H)

"custom number"},
{NULL} /* Sentinel */
bi

static PyObject *
Custom_name (CustomObject *self, PyObject *Py_UNUSED (ignored))
{
if (self->first == NULL) {
PyErr_SetString (PyExc_AttributeError, "first");
return NULL;
}
if (self->last == NULL) {
PyErr_SetString (PyExc_AttributeError, "last");
return NULL;
}

return PyUnicode_FromFormat ("%$S %S", self->first, self->last)

static PyMethodDef Custom_methods|[] = {
{"name", (PyCFunction) Custom_name, METH_NOARGS,
"Return the name, combining the first and last name"
by
{NULL} /* Sentinel */

bi

static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT (NULL, O)
.tp_name = "custom2.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_new = Custom_new,
.tp_init = (initproc) Custom_init,
.tp_dealloc = (destructor) Custom_dealloc,
.tp_members = Custom_members,
.tp_methods = Custom_methods,

bi

static PyModuleDef custommodule = {
PyModuleDef_ HEAD_INIT,
.m_name = "custom2",
.m_doc = "Example module that creates an extension type.",
.m_size = -1,

bi

PyMODINIT_FUNC
PyInit_custom2 (void)
{
PyObject *m;
if (PyType_Ready (&CustomType) < 0)
return NULL;

m = PyModule_Create (&custommodule) ;
if (m == NULL)
return NULL;

’

(Rt
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(R —H)

Py_INCREF (&CustomType) ;

if (PyModule_AddObject (m, "Custom", (PyObject *) &CustomType) < 0) {
Py_DECREF (&CustomType) ;
Py_DECREF (m) ;
return NULL;

}

return m;

}

LR TR A 5 22 A
AN LBMPE—INBFA

#include <structmember.h>

This include provides declarations that we use to handle attributes, as described a bit later.

The Custom type now has three data attributes in its C struct, first, last, and number. The first and last variables are
Python strings containing first and last names. The number attribute is a C integer.

X R RS HA R PR RSt B

typedef struct {
PyObject_HEAD
PyObject *first; /* first name */
PyObject *last; /* last name */
int number;

} CustomObject;

Ejﬂf)ﬂ” ERATALIRFTREAE R, FANTLAE /N ORI PR A BRI 20, JATREA — R

static void
Custom_dealloc (CustomObject *self)
{
Py_XDECREF (self->first);
Py_XDECREF (self->last);
Py_TYPE (self)->tp_free ((PyObject *) self);
}

BRI tp_dealloc MG

.tp_dealloc = (destructor) Custom_dealloc,

This method first clears the reference counts of the two Python attributes. Py_XDECREF () correctly handles the case
where its argument is NULL (which might happen here if tp_new failed midway). It then calls the tp_free member
of the object’s type (computed by Py_TYPE (self) ) to free the object’s memory. Note that the object’s type might not
be CustomType, because the object may be an instance of a subclass.

#E): FEEEmEE destructor EFNIRATE LT Custom_dealloc #sz—A CustomObject *
2%, {H tp_dealloc HEUE %ﬁﬁlﬂﬁi‘% Z—A~PyObject * B, WIRAXFEM, sl & it
& CHEE A5 r 2 351!

FAA B — DR — DA S AR, TR T —4 to_new SCBL:
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static PyObject *
Custom_new (PyTypeObject *type, PyObject *args, PyObject *kwds)
{

CustomObject *self;

self = (CustomObject *) type->tp_alloc(type, 0);
if (self != NULL) {

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

Py_DECREF (self);
return NULL;
}
self->last = PyUnicode_FromString("");
if (self->last == NULL) {
Py_DECREF (self);
return NULL;
}
self->number = 0;
}
return (PyObject *) self;
s

HAE tp_new MO E:

.tp_new = Custom_new,

The tp_new handler is responsible for creating (as opposed to initializing) objects of the type. It is exposed in Python
as the __new__ () method. It is not required to define a tp_new member, and indeed many extension types will
simply reuse PyType_GenericNew () as done in the first version of the Custom type above. In this case, we use
the t p_new handler to initialize the first and last attributes to non-NULL default values.

tp_new SFEZPLHLIIREL (AZERN CustomType, WIERGLBILIIE—TI) PALAEZITYE
M ARUEAT SR, I IUNR [ Br QU L. co_new AMPRAIRNE 2 EZ A EM KH# TS, (HENLE
SELBMEX SR, R SEUE BB 91tk (R C PAY tp_init B( Python WY __init_ BR%K) Jrik
HKIAT

ffil): to_new AWM to_init, FMMREGRSATTRTE.

tp_new LB tp_alloc MLk HEAAT:

self = (CustomObject *) type->tp_alloc(type, 0);

T AFE M EE T BB RN, FRATUAAEGREERAT Z Hik & tp_alloc FPRHHIAHAN NULL,

ffilEl: FAIBAT BT tp_alloc Mfi, M@ PyType_Ready () S NEATHIERIFORB AT E
B, HAEGAN object . KR FEIUAR G BRI 73 HE SRS o

#(E): If you are creating a co-operative t p_new (one that calls a base type’s tp_new or __new__ () ), you must not
try to determine what method to call using method resolution order at runtime. Always statically determine what type
you are going to call, and call its t p_new directly, or via t ype->tp_base—>tp_new. If you do not do this, Python
subclasses of your type that also inherit from other Python-defined classes may not work correctly. (Specifically, you may
not be able to create instances of such subclasses without getting a TypeError.)

AT ST — MRS HOR NN LB FR AR AR ) 45 1 R 2
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static int
Custom_init (CustomObject *self, PyObject *args, PyObject *kwds)
{
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL, *tmp;

if (!PyArg_ParseTupleAndKeywords (args, kwds, "|00i", kwlist,
sfirst, &last,
&self->number))
return -1;

if (first) |
tmp = self->first;
Py_INCREF (first);
self->first = first;
Py_XDECREF (tmp) ;

;

if (last) {
tmp = self->last;
Py_INCREF (last);
self->last = last;
Py_XDECREF (tmp) ;

;

return O;

WL tp_init 7.

.tp_init = (initproc) Custom_init,

The tp_init slotis exposed in Pythonasthe __init__ () method. It is used to initialize an object after it’s created.
Initializers always accept positional and keyword arguments, and they should return either 0 on success or —1 on error.

Unlike the tp_new handler, there is no guarantee that tp_init is called at all (for example, the pickle module by
default doesn’t call __init__ () on unpickled instances). It can also be called multiple times. Anyone can call the
__init__ () method on our objects. For this reason, we have to be extra careful when assigning the new attribute
values. We might be tempted, for example to assign the £irst member like this:

if (first) |
Py_XDECREF (self->first);
Py_INCREF (first);
self->first = first;

}

(R T RE A k. FMTAORBBA R first MOARGSE, PHICE N ARAEMFR RIS . EiT Al
A—ASPITZARVTT first ARG B SR nTRE SR & 5 i 25 0 LR AU
FEHADLAE Fsf TRV RS IR AT R -

N T PRFFETE R A Tl X T RELE, AL B2 B A 5 5 T A mi g e TR (4
ISP AGE AT AT AN A6 PRI AR ?

o LIRATIABHRIES JHTTECRT 1A
o LIRAVHEXT SR WEAR LR GIL WA G BT TS FATT A ZE TR AR Fr [ 5 1 o
o« 24— tp_dealloc AbFRAIA AN SRR AR R 2B 5 | VA 6t

VTV A SR R AR, AR R S AR RS DA A
2 AR BIPEAT TR tp_dealloc AFADRTRIX—HLA], BIATEATAZEZUR SRR Tk .
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FATATRESARRFFA T L B AL F R FE N . A JUAR T AT AR X — o e ] A 7 2 i OB A E L

static PyMemberDef Custom_members|[] = {
{"first", T_OBJECT_EX, offsetof (CustomObject, first), O,
"first name"},
{"last", T_OBJECT_EX, offsetof (CustomObject, last), O,
"last name"},
{"number", T_INT, offsetof (CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */

bi

HEREE UK E S| tp_members A

.tp_members = Custom_members,

B E SCERA B4 FR . R WAl . Vi ERRFI SCRY AT ER o TS A R R 2 22 b 22 NIk
TR . section below for details.

W7 A s 2 — 2 B PR i AT IR B 45 Python JEMERIXT R EBIMInvE . FRATHUY first Fl last (1) 44 51
HFAFER, AHEATTR ABRAE AL Python X452, BbAk, X 2eJgEinml AR ER, 6 C 8415k NULL,
BIEEFATT W] AGRUEIX L8 B0 A BRI AR A A NULL A, WX 28 Jag M I X 48 18 B3 47 T 48k NULL

We define a single method, Custom.name (), that outputs the objects name as the concatenation of the first and last
names.

static PyObject *
Custom_name (CustomObject *self, PyObject *Py_UNUSED (ignored))
{
if (self->first == NULL) {
PyErr_SetString (PyExc_AttributeError, "first");
return NULL;
}
if (self->last == NULL) {
PyErr_SetString (PyExc_AttributeError, "last");
return NULL;
3

return PyUnicode_FromFormat ("%S %S", self->first, self->last);

The method is implemented as a C function that takes a Custom (or Custom subclass) instance as the first argument.
Methods always take an instance as the first argument. Methods often take positional and keyword arguments as well, but
in this case we don’t take any and don’t need to accept a positional argument tuple or keyword argument dictionary. This
method is equivalent to the Python method:

def name (self):
return " " % (self.first, self.last)

Note that we have to check for the possibility that our first and 1ast members are NULL. This is because they can
be deleted, in which case they are set to NULL. It would be better to prevent deletion of these attributes and to restrict the
attribute values to be strings. We'll see how to do that in the next section.

PAEFANE G o 7535, FAITR R — IR SO

static PyMethodDef Custom_methods|[] = {
{"name", (PyCFunction) Custom_name, METH_NOARGS,
"Return the name, combining the first and last name"

Hy

(N IUERED)
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(R —H)

{NULL} /* Sentinel */
bi

(note that we used the METH_NOARGS flag to indicate that the method is expecting no arguments other than self)
IR H %A tp_methods FH{i:

’.tp_methods = Custom_methods,

Finally, we’ll make our type usable as a base class for subclassing. We’ve written our methods carefully so far so that
they don’t make any assumptions about the type of the object being created or used, so all we need to do is to add the
Py_TPFLAGS_BASETYPE to our class flag definition:

’.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,

We rename PyInit_custom() to PyInit_custom?2 (), update the module name in the PyModuleDef struct,
and update the full class name in the PyTypeObject struct.

e, BATEHFAIN setup. py SAARA HEHT IR

from distutils.core import setup, Extension
setup (name="custom", version="1.0",
ext_modules=[
Extension("custom", ["custom.c"]),
Extension("custom2", ["custom2.c"]),

1

2.2.3 RN TFHIBE M EREE

In this section, we’ll provide finer control over how the £irst and last attributes are set in the Cust om example. In
the previous version of our module, the instance variables first and last could be set to non-string values or even
deleted. We want to make sure that these attributes always contain strings.

#define PY _SSIZE_ T CLEAN
#include <Python.h>
#include "structmember.h"

typedef struct {
PyObject_HEAD
PyObject *first; /* first name */
PyObject *last; /* last name */
int number;

} CustomObject;

static void
Custom_dealloc (CustomObject *self)
{
Py_XDECREF (self->first);
Py_XDECREF (self->last);
Py_TYPE (self) ->tp_free ((PyObject *) self);

static PyObject *
Custom_new (PyTypeObject *type, PyObject *args, PyObject *kwds)
{

(Rt
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CustomObject *self;
self = (CustomObject *)
if (self != NULL) {
self->first = PyUnicode_FromString("");
if (self->first == NULL) {
Py_DECREF (self) ;
return NULL;

type->tp_alloc (type, 0);

}
self->last = PyUnicode_FromString("");

if (self->last NULL) {
Py_DECREF (self);
return NULL;

t
self->number = 0;
}

return (PyObject *) self;

static int
Custom_init (CustomObject *self,

{

PyObject *args,

{"first", "last",
*last = NULL, *tmp;

static char *kwlist[] =

PyObject *first = NULL,

if (!PyArg_ParseTupleAndKeywords (args, kwds,
sfirst, &last,
&self->number))

return -1;

if (first) |

tmp = self->first;

Py_INCREF (first);

self->first = first;

Py_DECREF (tmp) ;

3

if (last) {

tmp = self->last;

Py_INCREF (last);

self->last = last;

Py_DECREF (tmp) ;

3

return 0;

static PyMemberDef Custom_members|[] = {
{"number", T_INT, offsetof (CustomObject,
"custom number"},
{NULL} /* Sentinel */

number) ,

bi

static PyObject *
Custom_getfirst (CustomObject *self,
{

void *closure)

Py_INCREF (self->first);
return self->first;

PyObject *kwds)

"number",

n |UUi",

NULL};

kwlist,

0,

(Rt
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static int
Custom_setfirst (CustomObject *self, PyObject *value, wvoid *closure)

{
PyObject *tmp;
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the first attribute");
return -1;
}
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");
return -1;
}
tmp = self->first;
Py_INCREF (value);
self->first = value;
Py_DECREF (tmp) ;
return 0;

static PyObject *
Custom_getlast (CustomObject *self, wvoid *closure)
{

Py_INCREF (self->last);

return self->last;

static int
Custom_setlast (CustomObject *self, PyObject *value, wvoid *closure)
{
PyObject *tmp;
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the last attribute");
return -1;
3
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The last attribute value must be a string");
return -1;
3
tmp = self->last;
Py_INCREF (value);
self->last = value;
Py_DECREF (tmp) ;
return O;

static PyGetSetDef Custom_getsetters[] = {
{"first", (getter) Custom_getfirst, (setter) Custom_setfirst,
"first name", NULL},
{"last", (getter) Custom_getlast, (setter) Custom_setlast,
"last name", NULL},
{NULL} /* Sentinel */
bi

(Rt
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static PyObject *
Custom_name (CustomObject *self, PyObject *Py_UNUSED (ignored))
{

return PyUnicode_FromFormat ("%S %S", self->first, self->last);

static PyMethodDef Custom_methods[] = {
{"name", (PyCFunction) Custom_name, METH_NOARGS,
"Return the name, combining the first and last name"
by
{NULL} /* Sentinel */

bi

static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT (NULL, O0)
.tp_name = "custom3.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_new = Custom_new,
.tp_init = (initproc) Custom_init,
.tp_dealloc = (destructor) Custom_dealloc,
.tp_members = Custom_members,
.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,

bi

static PyModuleDef custommodule = {
PyModuleDef_ HEAD_INIT,

.m_name = "custom3",
.m_doc = "Example module that creates an extension type.",
.m_size = -1,

bi

PyMODINIT_FUNC
PyInit_custom3 (void)
{
PyObject *m;
if (PyType_Ready (&CustomType) < 0)
return NULL;

m = PyModule_Create (&custommodule) ;
if (m == NULL)
return NULL;

Py_INCREF (&CustomType) ;

if (PyModule_AddObject (m, "Custom", (PyObject *) &CustomType)
Py_DECREF (&CustomType) ;
Py_DECREF (m) ;
return NULL;

return m;

To provide greater control, over the first and last attributes, we'll use custom getter and setter functions. Here are
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the functions for getting and setting the first attribute:

static PyObject *
Custom_getfirst (CustomObject *self, woid *closure)
{

Py_INCREF (self->first);

return self->first;

static int
Custom_setfirst (CustomObject *self, PyObject *value, wvoid *closure)
{
PyObject *tmp;
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the first attribute");
return -1;
3
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");
return -1;
3
tmp = self->first;
Py_INCREF (value);
self->first = value;
Py_DECREF (tmp) ;
return O;

The getter function is passed a Custom object and a “closure”, which is a void pointer. In this case, the closure is
ignored. (The closure supports an advanced usage in which definition data is passed to the getter and setter. This could,
for example, be used to allow a single set of getter and setter functions that decide the attribute to get or set based on data
in the closure.)

The setter function is passed the Cust om object, the new value, and the closure. The new value may be NULL, in which
case the attribute is being deleted. In our setter, we raise an error if the attribute is deleted or if its new value is not a
string.

FARIE— PyGet SetDef ZEHRNIE4L:

static PyGetSetDef Custom_getsetters[] = {
{"first", (getter) Custom_getfirst, (setter) Custom_setfirst,
"first name", NULL},
{"last", (getter) Custom_getlast, (setter) Custom_setlast,
"last name", NULL},
{NULL} /* Sentinel */

bi

HAE tp_getset M HEFME:

.tp_getset = Custom_getsetters,

1F PyGetSetDef iAW —HE LR “M” . EAG T, RANEAEHMAE, FHERIHR
£ A\ NULL,

FNTIER B T % L8 J P B A X
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static PyMemberDef Custom_members|[] = {
{"number", T_INT, offsetof (CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */

bi

FABEFTFEZNF to_init PRI RN H AV A TR

static int
Custom_init (CustomObject *self, PyObject *args, PyObject *kwds)
{
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL, *tmp;

if (!PyArg_ParseTupleAndKeywords (args, kwds, "|UUi", kwlist,
sfirst, &last,
&self->number))
return -1;

if (first) |
tmp = self->first;
Py_INCREF (first);
self->first = first;
Py_DECREF (tmp) ;

}

if (last) |
tmp = self->last;
Py_INCREF (last);
self->last = last;
Py_DECREF (tmp) ;

}

return 0;

}

WX R, FRATREMSHAIE £irst A last BB —E AN NULL DAEFRATTREAE LT P A1 I AR NULL
AR . XM K4 Py_XDECREF () i HI#S AT AR 444 Py_DECREF () W .. AT HEHE HuX L9
JAIME—3) A =AE tp_dealloc SEHA, BEHLX LR B W1 LG A P BEXE tp_new HIERIK,

HATEE a4 BRI G R BRI AR A R R PR AR, RN TZ BB —#¢, FA 1L setup.
py SCHAIN T — BN E o

2.2.4 ZHF AL EI

Python HA5 —AN1] DAAR IR FERF AR R IW I8 3R 32 8 =Dl 25 (GO) BIME BTG HTHEOE A AE . X i il
STEXSRIAEERG T KA. B, A

>>> 1 = []
>>> 1.append (1)
>>> del 1

FERXABITH, FATe8 T A Bask. AR ERIHEE, TRMARAL R A S
SR ERGIUTEORRENE. Sz, Python RTFERIIR M UCHR-F-fc 2 8142 T2 M A BE8ROT R
B

3 PAEFA A first Al last SR TP, DB VPR AT DA A E 5 ORI RS ING , (H2, el B A T2
HOSEH. BDBEREMOEI 7 ER R 2T M ST, FoN TR BRI RRAL— PR e T2 SR SO AT X AT
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In the second version of the Custom example, we allowed any kind of object to be stored in the first or last
attributes®. Besides, in the second and third versions, we allowed subclassing Custom, and subclasses may add arbitrary
attributes. For any of those two reasons, Cust om objects can participate in cycles:

>>> import custom3
>>> class Derived (custom3.Custom) : pass

>>> n = Derived()
>>> n.some_attribute = n

To allow a Custom instance participating in a reference cycle to be properly detected and collected by the cyclic GC,
our Custom type needs to fill two additional slots and to enable a flag that enables these slots:

#define PY SSIZE T CLEAN
#include <Python.h>
#include "structmember.h"

typedef struct {
PyObject_HEAD
PyObject *first; /* first name */
PyObject *last; /* last name */
int number;

} CustomObiject;

static int
Custom_traverse (CustomObject *self, visitproc visit, wvoid *arqg)
{

Py_VISIT (self->first);

Py_VISIT(self->last);

return 0O;

static int
Custom_clear (CustomObject *self)
{
Py_CLEAR (self->first);
Py_CLEAR (self->last);
return 0;

static void
Custom_dealloc (CustomObject *self)
{
PyObject_GC_UnTrack (self);
Custom_clear (self);
Py_TYPE (self)->tp_free ((PyObject *) self);

static PyObject *
Custom_new (PyTypeObject *type, PyObject *args, PyObject *kwds)
{

CustomObject *self;

self = (CustomObject *) type->tp_alloc(type, 0);
if (self != NULL) {

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

STE, BRI R R B AR SL G, PR ME AMERE st FRAEM AR BT | A .
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Py_DECREF (self);
return NULL;
}
self->last = PyUnicode_FromString("");
if (self->last == NULL) {
Py_DECREF (self);
return NULL;
}
self->number = 0;

}
return (PyObject *) self;

static int

{

PyObject *first = NULL, *last = NULL, *tmp;

return -1;

if (first) A
tmp = self->first;
Py_INCREF (first);
self->first = first;
Py_DECREF (tmp) ;

;

if (last) {
tmp = self->last;
Py_INCREF (last);
self->last = last;
Py_DECREF (tmp) ;

3

return O;

static PyMemberDef Custom_members|[] = {

"custom number"},
{NULL} /* Sentinel */

bi

static PyObject *
Custom_getfirst (CustomObject *self, woid *closure)
{

Py_INCREF (self->first);

return self->first;

static int

{
if (value == NULL) {

Custom_init (CustomObject *self, PyObject *args, PyObject *kwds)

static char *kwlist[] = {"first", "last", "number", NULL};

if (!PyArg_ParseTupleAndKeywords (args, kwds, "|UUi", kwlist,
&sfirst, &last,
&self->number))

{"number", T_INT, offsetof (CustomObject, number),

Custom_setfirst (CustomObject *self, PyObject *value,

0,

void *closure)

(Rt
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PyErr_SetString (PyExc_TypeError, "Cannot delete the first attribute");
return -1;
3
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");
return -1;
3
Py_INCREF (value);
Py_CLEAR(self->first);
self->first = value;
return O;
}
static PyObject *
Custom_getlast (CustomObject *self, wvoid *closure)
{
Py_INCREF (self->last);
return self->last;
3
static int
Custom_setlast (CustomObject *self, PyObject *value, void *closure)
{
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the last attribute");
return -1;
}
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The last attribute value must be a string");
return -1;
3
Py_INCREF (value);
Py_CLEAR(self->last);
self->last = value;
return O;
3
static PyGetSetDef Custom_getsetters[] = {
{"first", (getter) Custom_getfirst, (setter) Custom_setfirst,
"first name", NULL},
{"last", (getter) Custom_getlast, (setter) Custom_setlast,
"last name", NULL},
{NULL} /* Sentinel */
bi
static PyObject *
Custom_name (CustomObject *self, PyObject *Py_UNUSED (ignored))
{
return PyUnicode_FromFormat ("%$S %S", self->first, self->last);
}
static PyMethodDef Custom_methods[] = {
{"name", (PyCFunction) Custom_name, METH_NOARGS,
"Return the name, combining the first and last name"
Q)
41



Extending and Embedding Python, £([F 3.10.13

(R —H)

}I
{NULL} /* Sentinel */

bi

static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT (NULL, O0)
.tp_name = "customé4.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,

.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,

.tp_new = Custom_new,
.tp_init = (initproc) Custom_init,
.tp_dealloc = (destructor) Custom_dealloc,
.tp_traverse = (traverseproc) Custom_traverse,
.tp_clear = (inquiry) Custom_clear,
.tp_members = Custom_members,
.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,

bi

static PyModuleDef custommodule = {
PyModuleDef_ HEAD_INIT,
.m_name = "custom4d",
.m_doc = "Example module that creates an extension type.",
.m_size = -1,

bi

PyMODINIT_FUNC
PyInit_custom4 (void)
{
PyObject *m;
if (PyType_Ready (&CustomType) < 0)
return NULL;

m = PyModule_Create (&custommodule) ;
if (m == NULL)
return NULL;

Py_INCREF (&CustomType) ;

if (PyModule_AddObject (m, "Custom", (PyObject *) &CustomType) < 0)
Py_DECREF (&CustomType) ;
Py_DECREF (m) ;
return NULL;

return m;

B, W IrIEEERE GC RERERS S IR X1 5

static int
Custom_traverse (CustomObject *self, visitproc visit, woid *arg)
{

int vret;

if (self->first) {

(Foak%:

)
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vret = visit (self->first, arqg);
if (vret != 0)
return vret;
}
if (self->last) {
vret = visit (self->last, arg);
if (vret != 0)
return vret;
}
return 0;

}

For each subobject that can participate in cycles, we need to call the visit () function, which is passed to the traversal
method. The visit () function takes as arguments the subobject and the extra argument arg passed to the traversal
method. It returns an integer value that must be returned if it is non-zero.

Python 2 fit 7 — 7] 5 2 4 ] visit B ALY Py_VISIT() Z. (A Py _vIsIT (), FATH PAFK/IME
Custom_traverse R T/ERE:

static int
Custom_traverse (CustomObject *self, visitproc visit, void *arg)
{

Py_VISIT (self->first);

Py_VISIT (self->last);

return O;

f#ilE): tp_traverse SLEULAIUCKHBHUMER 4% K visit Tl arg DA Py_VISIT ().

7, BAFE RS DIRE A BRAL A n] DAS IR T X 4R

static int
Custom_clear (CustomObject *self)
{
Py_CLEAR(self->first);
Py_CLEAR(self->last);
return 0O;

}

THER Py_CLEAR () EHYMN. BRIEHRERRBA LR BT WG T By e iy B2t 49 07 5.
URAR B AR B NULL Z ()@ 1 BV Py_XDECREF (), WIS MEMIATIAE A 1] BE 2 [0 FHR
BEPOZE R A (G 3] = RAFAES R 35) -

i) ARTTPAEL PAR S5k AR Py_CLEAR () :

PyObject *tmp;

tmp = self->first;
self->first = NULL;
Py_XDECREF (tmp) ;

T UM, AR JE PR iR 248 i Nevertheless, it is much easier and less error-prone to always use Py_CLEAR ()
Hi e AR R HEA G A A B DAL i Mt !
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BEjiles Custom_dealloc Al RESHETHIRIEMERT T AL B A . X EWREIGER GC v] ATE R £ A FR9% il %
H1T GC FUH T N HECN b E, FATFZMELI ] Pyobject _GC_UnTrack () HKilk GC 5 kI8 ERAH X
%, FHEFKANEH Pyobject_GC_UnTrack () fll Custom_clear EHLIMEIBIES:

static void
Custom_dealloc (CustomObject *self)
{
PyObject_GC_UnTrack (self);
Custom_clear (self);
Py_TYPE (self)->tp_free ((PyObject *) self);

Finally, we add the Py_TPFLAGS_HAVE_GC flag to the class flags:

.tp_flags = Py_TPFLAGS_DEFAULT | Py TPFLAGS_BASETYPE | Py TPFLAGS_HAVE_GC,

XFEZEAZ 7o WERHANGE T HE X tp_alloc B tp_free AFAIAN, WIFA T 2N IEPA LI 0]
WoRBHE . K2 H RO B SR AL A

225 FRAHMAER
BIEIRAE H A KA H R BLR A T RER . A5 W02 M E R TR, R4 i ml Ay (S &
TN PyTypeObject . FEA[FY BB AL 25X 8L Py TypeObject S5H 4 ME FIXER .

In this example we will create a SubLi st type that inherits from the built-in 11 st type. The new type will be completely
compatible with regular lists, but will have an additional increment () method that increases an internal counter:

>>> import sublist

>>> s = sublist.SubList (range (3))
>>> s.extend(s)

>>> print (len(s))

6

>>> print (s.increment ())

1

>>> print (s.increment ())

2

#define PY SSIZE_T CLEAN
#include <Python.h>

typedef struct {
PyListObject list;
int state;

} SubListObject;

static PyObject *
SubList_increment (SubListObject *self, PyObject *unused)
{

self->state++;

return PyLong_FromLong (self->state);

}

static PyMethodDef SubList_methods[] = {
{"increment", (PyCFunction) SubList_increment, METH_NOARGS,
PyDoc_STR("increment state counter")},
{NULL},

(Rt
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i

static int
SubList_init (SubListObject *self,
{
if (PyList_Type.tp_init ((PyObject *)
return -1;
self->state = 0;
return 0O;

static PyTypeObject SubListType = {
PyVarObject_HEAD_INIT (NULL, 0)
.tp_name = "sublist.SubList",
.tp_doc =
.tp_basicsize =
.tp_itemsize = 0,
.tp_flags = Py TPFLAGS_DEFAULT |
.tp_init = (initproc) SubList_init,
.tp_methods = SubList_methods,

bi

static PyModuleDef sublistmodule = {
PyModuleDef_ HEAD_INIT,
.m_name = "sublist",
.m_doc =
.m_size = -1,

bi

PyMODINIT_FUNC
PyInit_sublist (void)
{
PyObject *m;
SubListType.tp_base =
if (PyType_Ready (&SubListType)
return NULL;

&PyList_Type;
< 0)

m = PyModule_Create (&sublistmodule) ;
if (m == NULL)
return NULL;

Py_INCREF (&SubListType) ;

if (PyModule_AddObject (m, "SubList",
Py_DECREF (&SubListType) ;
Py_DECREF (m) ;
return NULL;

return m;

PyObject *args,

self,

PyObject *kwds)

args, kwds) < 0)

PyDoc_STR("SubList objects"),
sizeof (SubListObject),

Py_TPFLAGS_BASETYPE,

"Example module that creates an extension type.",

(PyObject *) &SubListType) < 0) {

As you can see, the source code closely resembles the Custom examples in previous sections. We will break down the

main differences between them.

typedef struct {
PyListObject list;
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int state;
} SubListObject;

URAE BN G 14 32 B2 A T H I X R A AR AR S — ML BRI C e AR IR s T

PyObject_HEAD (),

When a Python object is a SubList instance, its PyObject * pointer can be safely cast to both PyListObject
* and SubListObject *:

static int
SubList_init (SubListObject *self, PyObject *args, PyObject *kwds)
{
if (PyList_Type.tp_init ((PyObject *) self, args, kwds) < 0)
return -1;
self->state = 0;
return 0;

We see above how to call through to the __init___ method of the base type.

RXEATER S B HE X tp_new Al tp_dealloc W FAREMIFREZ. tp_new ABAINAR N A
tp_alloc WIXTREFRSAA, Mgtk BRI B EK tp_new R E.

PyTypeObject S f ] tp_base §i & KBRS AR B K, o T 85 -F & % 15 &% 0 A8, 4R Jo 34 B *F
PyList_Type W5 R EHIAFEIRTEG BB HE SRR UG b o Kb 52 1

PyMODINIT_FUNC
PyInit_sublist (void)
{
PyObject”* m;
SubListType.tp_base = &PyList_Type;
if (PyType_Ready (&SubListType) < 0)
return NULL;

m = PyModule_Create (&sublistmodule);
if (m == NULL)
return NULL;

Py_INCREF (&SubListType) ;

if (PyModule_AddObject (m, "SubList", (PyObject *) &SubListType) < 0) {
Py_DECREF (&SubListType) ;
Py_DECREF (m) ;
return NULL;

}

return m;

}

WM PyType_Ready () ZHl, EREMENIMELIET tp_base flifii. JILATNIARARAER, B
RNEFW tp_alloc fli{yIHFE N PyType_GenericNew () -- % H BB /B RECEF S 4K .

After that, calling PyType_Ready () and adding the type object to the module is the same as with the basic Custom
examples.
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&
23 ELY BRER: EFEXER

ARE AR IR AR AT ASE I SR AT vk B I RE R R R 4
g C KM pyTypeObiect HYE XL, M T HINT il 7E:

typedef struct _typeobject {
PyObject_VAR_HEAD
const char *tp_name; /* For printing, in format "<module>.<name>" */
Py_ssize_t tp_basicsize, tp_itemsize; /* For allocation */

/* Methods to implement standard operations */

destructor tp_dealloc;

Py_ssize_t tp_vectorcall_ offset;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

PyAsyncMethods *tp_as_async; /* formerly known as tp_compare (Python 2)
or tp_reserved (Python 3) */

reprfunc tp_repr;

/* Method suites for standard classes */

PyNumberMethods *tp_as_number;
PySequenceMethods *tp_as_sequence;
PyMappingMethods *tp_as_mapping;

/* More standard operations (here for binary compatibility) */

hashfunc tp_hash;
ternaryfunc tp_call;
reprfunc tp_str;
getattrofunc tp_getattro;
setattrofunc tp_setattro;

/* Functions to access object as input/output buffer */
PyBufferProcs *tp_as_buffer;

/* Flags to define presence of optional/expanded features */
unsigned long tp_flags;

const char *tp_doc; /* Documentation string */
/* Assigned meaning in release 2.0 */
/* call function for all accessible objects */

traverseproc tp_traverse;

/* delete references to contained objects */
inquiry tp_clear;

/* Assigned meaning in release 2.1 */
/* rich comparisons */

richcmpfunc tp_richcompare;

/* weak reference enabler */

(FoUARZE)
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Py_ssize_t tp_weaklistoffset;

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

/* Attribute descriptor and subclassing stuff */
struct PyMethodDef *tp_methods;

struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

// Strong reference on a heap type, borrowed reference on a static type
struct _typeobject *tp_base;

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

freefunc tp_free; /* Low-level free-memory routine */
inquiry tp_is_gc; /* For PyObject_IS_GC */
PyObject *tp_bases;

PyObject *tp_mro; /* method resolution order */
PyObject *tp_cache;

PyObject *tp_subclasses;

PyObject *tp_weaklist;

destructor tp_del;

/* Type attribute cache version tag. Added in version 2.6 */
unsigned int tp_version_tag;

destructor tp_finalize;
vectorcallfunc tp_vectorcall;
} PyTypeObiject;

HA RS Tk ARG, WRAREE DR, @w H i E s ik,

IR IR, FATIEZE PN G R PRy . PO R I SR na 7 Bk
PABRATTA AR E N IFEST VR B SCR I IHE . @R A 5 ) — DS IR B By il 1, ,HFE&
AR E B AR HI AR

’const char *tp_name; /* For printing */

KRN ZT - LR By, SBREREZH, JLFEMER N TI2WHK . Sl Mrg T, 5t
TR A # Bl

’Py_ssize_t tp_basicsize, tp_itemsize; /* For allocation */

FBAYRSITINAE B S BAH RN B P AE . Python Jy Tl R RIEREEH (AT
ﬁ$, méﬂ) ALNER, X2 tp_itemsize FRUFAEMI . Xl a R

’const char *tp_doc;

%i%ﬂ%ﬁﬁlﬁ*&?ﬁ% (BEERME) , M4RIEAE Python IR ] obj . __doc__ ik Ml B SC k5
TR,

DAEFANRFE — T EALRTTIE - RSB AL TE
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destructor tp_dealloc;

YA RSB 5 VRO Z - H. Python MR A ZL MU E IS, REUR ) BERR AR, ISRARAY A Y
AR A T A 2R, AR DM B X B e W RAS By T X HUREI . DATT e e R R n 1) -

static void
newdatatype_dealloc (newdatatypeobject *obj)
{
free (obj->obj_UnderlyingDatatypePtr);
Py_TYPE (obj)—>tp_free ((PyObject *)obj);
}

ARSI SRR A, ARG I 24 7 T BT B 52 7 Be 2 BT i PyObject _GC_UnTrack ():

static void
newdatatype_dealloc (newdatatypeobject *obj)
{

PyObject_GC_UnTrack (obj);

Py_CLEAR (obj—>other_obj);

Py_TYPE (obj)—>tp_free ((PyObject *)obj);
}

— BRI R AL BRI R R B TICE AN S X AR B2 AR S ol R Re 2 0 v
M, MR ERBE (MAEIEEIRED, ANSFAEATINERI RS B B — D5 MR e . IR as i
AT AR S B AME N Python AU ARG 2 i R W E . X P RE S BURRERS Y iR A 1R . IR
Typoritie, TEEMANZERRIEET, RERIRTE, RIFTEHZERUGIKIL . F VAl PyErr_Fetch ()
Ml PyErr_Restore () PRECESZH:

static void

my_dealloc (PyObject *obj)

{
MyObject *self = (MyObject *) obj;
PyObject *cbresult;

if (self->my_callback != NULL) {
PyObject *err_type, *err_value, *err_traceback;

/* This saves the current exception state */
PyErr_Fetch (&err_type, &err_value, &err_traceback);

cbresult = PyObject_CallNoArgs (self->my_callback);
if (cbresult == NULL)

PyErr_WriteUnraisable (self->my_callback);
else

Py_DECREF (cbresult) ;

/* This restores the saved exception state */
PyErr_Restore(err_type, err_value, err_traceback);

Py_DECREF (self->my_callback);

3
Py_TYPE (obj)-—>tp_free ((PyObject*)self);
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i [E: PR RETE RE A oK R 22 A AT I B AR A IR, SR, AR AR A 28 B S R I i (fi
tp_traverse /B tp_clear), XFRAYHRN NG W] AE I to_dealloc IR 2 B A L, Hk, 1
tp_dealloc !, JREGMGFAATARERE: BEREIHITEETE. LAXHEHEBIER gk APT R (N
R B ) AR AT BE SR tp_dealloc, SREUNEREMOF KA H .

M Python 3.4 JFify, HEFFARETE to_dealloc MU A ALEAD, THRMEHHIN to_finalize KAk,
%
PEP 442 flf e T AL I %

23.2 HRBR

7 Python #t, A W7 A 0] DALE SO R SCAR SR repr () AN str () B (print () EESEILM
M str (). ) XLEAFRAR PR 2 TR o

reprfunc tp_repr;
reprfunc tp_str;

tp_repr ALHRRRF MZIR Il —NFAFER SR, Hh &R eSO ERRIE. i — M E Rl 1

static PyObject *
newdatatype_repr (newdatatypeobject * obj)
{
return PyUnicode_FromFormat ("Repr-ified_newdatatype{{size:%d}}",
obj->obj_UnderlyingDatatypePtr->size);
}

WREHIEE to_repr AP, MRREZSRHZHE—AMEH KN tp_name BYFERIE A DA G ME—Fr
_i}:lﬁo

tp_str AN T str () S BRI tp_repr AABAIAAXTT repr () —FE WELEN, ESTEY
Python FCHIBFEARIAINT G0 AL B st O WA . EREHS tp_repr BRECEF AL, [HHEER
FAPER R A RN . RKIEE te_str, WA to_repr HEAMENAE .

DA 2 {1 ff e ) i 91 -

static PyObject *
newdatatype_str (newdatatypeobject * obj)
{
return PyUnicode_FromFormat ("Stringified_newdatatype{{size:%d}}",
obj—->obj_UnderlyingDatatypePtr->size);

23.3 EHER

XA SR B PR BRI X 5, M IR B R U TR @ RO N R . FEA — PR R
JEMER R (WRE TR MEN) BEA 75— R s EEm . (R EEE) . BREEE —
PRGSO, AEDCIE LT BAL A AL PR AR B NULL,

Python L FEWIX EPEALHL AN — A L HE @B R 28 R s B P — X A R 8. T 0 22 BT — %
% char* ﬁfj@f)%”r%%, 1M 53—t 232 PyObject * . 4 Ah2SAUHE AT PAEERA FH XS PR (58 A1 P e
WA SRR —X%t
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getattrfunc tp_getattr; /* char * version */
setattrfunc tp_setattr;

VA V4

getattrofunc tp_getattro; /* PyObject * version */

setattrofunc tp_setattro;

ARG ) — AR A SR AR B2 A B A (IRXREAE R SCHEATARRE) | A — 2832 J S5 B mT B o 42 43
PyObject* AR B AL, M Python 2.2 JFIAXS T2 % J& i @ AL AR Y LBl 2 LF E 56 4
R, RAIRATAEREVEZ WM AR B 0 R i) T ez AL 317

ZBERENER

RELZY RIBE Wispmtt, A4, RAFAILEMARRT “fijs” Ue? HFRZ e T LA
1. 4] PyType_Ready () I, WAUHITEE MR 25K
2. AN BRI AL BRIC R SR M R B P R, AR EARYE (R BURAE

TR, WONFAR R IR B V5 1) SO 56 et i A7k =Xt A AT B A«

24 pyType_Ready () #UEAIRT, ‘&2 s 2230605 05 | B9 =4 200 0 i B0 3 2R A0 S ) 7 i o
) descriptor . IR SRS FRT LB S 00— A BT ) . BEAFRESZ THERY; AR = AR 42HRh NULL,
WRZ AL SR S A N EA TR R AR i JE I Bl 241k tp_getattro fil tp_setattro
BRHFA NULL, RASCVF R B AE S B A FIX 28 JR

FHAE N object:: AP = AFB

struct PyMethodDef *tp_methods;
struct PyMemberDef *tp_members;
struct PyGetSetDef *tp_getset;

4 tp_methods AA NULL, WI'ELJiHg]—1H PyMethodDe £ Z5HIRL MAEEH . R A FBER
FELLEF R — 52

typedef struct PyMethodDef {

const char *ml_name; /* method name */
PyCFunction ml_meth; /* implementation function */
int ml_flags; /* flags */

const char “*ml_
} PyMethodDef;

doc; /* docstring */

P24 R IR I LR B AT AR E LA H . MEERIZRIMAFCR I T AR 24 H . TR In—
MO ER - MRCAE AR IR A H - IR A H ) ml_name “F BTN NULL.

B AR A E SCE RSB SO AR JE A . AR C BB B S0k, I BT sXmT b
Hgrsiins . RAPrEimgoE SOh:

typedef struct PyMemberDef {
const char *name;

int type;
int offset;
int flags;

const char *doc;
} PyMemberDef;

KFRPEANZE , BE—Adescripior T INE) 287 i HREDE M LB L5 AR H IR BUE . type FBIW
WAL ETE st ructmember . h Sk U E AN BRGNS 5 B4 S 2 Q) Python {HE 4 C
HE & 2 . £lags BT M AETER S e vk aT DAAnAal 85 1 i) B g
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PAF R & 8 X AE:file: * structmember.h ’; ‘B4 10T PAfH# F] bitwise-OR 2H 5.

GEd SE
READONLY WA
PY AUDIT_READ | FEeHZ Hi &1k object._  getattr__ Wil =4,

3.10 Bt ¥ #: RESTRICTED, READ_RESTRICTED #HI WRITE_RESTRICTED . #f # /H. {H &,
READ_RESTRICTED & PY_AUDIT_READ fJ— 154, HIL$8E T RESTRICTED B} READ_RESTRICTED
B g TR

[ tp_members FAAE M TBATHIHNREHEA — NGB U8 R ATAT DA Fh 75 208 SR PE#R AT DA
] BP0 300 2o R TR SOAR RS B — A BRI SO A R . — SR R T AR 48 APT XTSRRI
ks, A __doc_ BRI FEATE

5 tp_methods F—Ff, FEAH—H N NULL FIE4H name.,

KEERIEEER

TR, X HUHAEIR char* A name JESRALZE char* fl PyObject* KUk 1 2[R ME—X
Blo XA RIS R EA TS Bz s GIA R FE , (B3 6 FE Python 2.2 W&z H k. B
BT ALEVRI R R BCR IR A, R R AR SE TR Y R E AT TIRE , RSB A A4 e 75 BT
tp_getattr MBS IENT G TR EARBERBEH . ERANER S LK _getattr__ () i
YETRR FH I DU ]

L PRIk

static PyObject *
newdatatype_getattr (newdatatypeobject *obj, char *name)
{
if (strcmp(name, "data") == 0)
{
return Pylong_FromLong (obj->data);
}

PyErr_Format (PyExc_AttributeError,
"'$.50s' object has no attribute '%.400s'",
tp—->tp_name, name);
return NULL;
}

tp_setattr AHAANSTER I —PREFIN __setattr_ () 8 __delattr_ () FIERBIHA. X4
— A JEMEN SR, 5 =ANESH N NULL, RS2 — AR RS | & a7 AR e S 2 AR AR
B, W tp_setattr AbPRAARL 2M445i% A NULL,

static int

newdatatype_setattr (newdatatypeobject *obj, char *name, PyObject *v)

{
PyErr_Format (PyExc_RuntimeError, "Read-only attribute: %s", name);
return -1;
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2.3.4 MRLLE

richcmpfunc tp_richcompare;

tp_richcompare (AR STETR EHAT IV REMA . BROT HEHE, i _1c__ (), Hapk
PyObject_RichCompare () #ll PyObject_RichCompareBool () FrifH .

1 R EICHE T ISR A AR Python XFRAEHAFE A S8, H a7 Py_EQ, Py_NE, Py_LE, Py_GE,
Py_LT 3 Py_GT Z—. ‘BN 24 FI 45 & 142 A5 2K H A X G - 7 HE B4 AR I D) B 3R o] Py_True B
Py_False, QISR HRHAEARDL LI B 220 52 LU 7 LI R [H] Py_Not Implemented, B ISR
W T R R [F] NULL,

NHGE RO, B IANIR YRR AR/ M SR A Y

static PyObject *
newdatatype_richcmp (PyObject *objl, PyObject *obj2, int op)
{

PyObject *result;

int c, sizel, size2;

/* code to make sure that both arguments are of type
newdatatype omitted */

sizel = objl->obj_UnderlyingDatatypePtr->size;
size2 = obj2->o0bj_UnderlyingDatatypePtr->size;
switch (op) {

case : ¢ = sizel < size2; break;

case c = sizel <= size2; break;

case : ¢ = sizel == size2; break;

case c = sizel != size2; break;

case c = sizel > size2; break;

case c = sizel >= size2; break;

;

result = ¢ ? Py_True : Py_False;
Py_INCREF (result);

return result;

2.3.5 R LZHF

Python SCRFZFf b 2 A0 ; AR AR AT X 2545 11T B9 & 1182 1 LTS 7E abstract WP

X LEHNGR B R Z AT ZAE Python SLHUIT A (Y LI SCAY . Fpsilite, By, BRETRFSSON—TF IR E 48
s Python (ALY o MBSO SR AT o T RO LE o |5 282 S i) b AT (IR (14 PR SOR U
BRI MBI E LB R B | A AL BRAAR Y RT3 ER o X380 4 P SOR BEAE T2 28 B0 G2 rh i A 41
AIRE AL, FFA — D TRBBAR LR 1 WA %A (L I 24 th R e ol . (BERIERR O AN & 1R WIS L AR
NULL #1500, AT PABE BRI A G ] — MECLA A, (B AR OLA) AT REPR R AR SEAPIRAS - )

PyNumberMethods *tp_as_number;
PySequenceMethods *tp_as_sequence;
PyMappingMethods *tp_as_mapping;

QR AR BRI R AT R R — A EF . PN X 5, I A RsE 2253 B E — A SE il T C A
PyNumberMethods, PySequenceMethods i{ PyMappingMethods, HYJZ5H A B Hudik MR T3 24
MBI S E5 K . /R7] ATE Python YA & AT Objects HsgH R EIX SEXT R4 H i R B
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hashfunc tp_hash;

RARVEFE SR UL R, B R 2 A AR A R SR 2R ) S AR [l — IS A KB T T e — R ER A s

static Py_hash_t
newdatatype_hash (newdatatypeobject *obj)

{
Py_hash_t result;

result = obj->some_size + 32767 * obj->some_number;
if (result == -1)
result = -2;

return result;

}

Py_hash_t & AESEEBOLT B FE-EIA TS E5EE . M tp_hash & -1 FR &4 THIR, Xk
FE A AR 24 3 B B G A M A s S A R B, A0 b T B R Y

ternaryfunc tp_call;

BURRELSHE TR VRAEE B SL BRI , 280K 16, A0SR obd 1 BRAYEIEZ ALY ST Python Ji
AT objl ("hello"), NPFAEHH tp_call AAPRAIHA,

W Z = AS 5L
1. self JBAE RV H AR BEREAISLE] . R H R objl (*hello'), W self obil,
2. args RUTTAMSHWCH . RATAA] PyArg_ParseTuple () RIS,

3. kwds B HEAN XEFSHABWFH, MR AN NULL HAR S X725, 0w i
PyArg_ParseTupleAndKeywords () RIRSE. WIRARAE LR KBS 500 B SV 3E NULL {4,
M 25| % TypeError I — M HERA LR T SEEIHE B

TN EARER tp_call SLPL:

static PyObject *
newdatatype_call (newdatatypeobject *self, PyObject *args, PyObject *kwds)
{

PyObject *result;

const char *argl;

const char *arg2;

const char *arg3;

if (!PyArg_ParseTuple(args, "sss:call", &argl, &arg2, &arg3)) |
return NULL;

}

result = PyUnicode_FromFormat (
"Returning —- value: [%d] argl: [%s] arg2: [%s] arg3: [%s]\n",
obj—->obj_UnderlyingDatatypePtr->size,
argl, arg2, arg3);

return result;

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

X L8 R R AL TR R AR B SR AN AL BRI KA 2 — A TE S, BB AT R A B i s A 1 S
B, HRE—DFGI . BRAERRE, BNV 4% E A 55 If&E NULL, tp_iter XJ[ T Python
__iter_ () H¥, M tp_iternext XN T Python ___next__ () F¥k.
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EAiterable XY RAPALIL to_iter AEPAINT, AL AIRRLA AR [0l —Aiterator X4 . "FIHi /25 Python 2§
I 2 FH ) i) — - S

o XFT R LASCRREZ AR AR 2 e (g RAoCd ), W M AER R tp_iter WFAIEIFR[E
—ANB A -

o HEERER — RN GEEZ M TERBEN A2, BIanscrExg) ar AR Bl — g1 H
SHEG IHRSEH tp_iter — FF HOBIGAY 2450 tp_iternext AEHAIAN,

1 iterator St G#8M 24 R I 52 tp_iter Fl tp_iternext. —PEECIEH) tp_iter ALFHAINGRY 243K ]
—AMRIZIERZFHE I H . B tp_iternext ABFAJHAR 2431 [ — 48 [ B AR ERVER R — AW R AH 5]
M, ERER TR, GERERCEEERKE, W tp_iternext AJPARE NULL AN EFH, 5
FW AT PATEIR ] NULL (36l I $/MY B StopIteration; MG SR il AP A HAFAGMERE. SR kA T8¢
FrEgfiiR, W tp_iternext VY42 E— 59 R[] NULL.

2.3.6 BHEIAXE

One of the goals of Python 555 | H] S5 BLE) B AR Z — & R VTR RS 55551 ML A 246 S0 PERE Y X 4
(Blanghs) br-Agsrres.

W%

weakref FRHRF SR .

PO RUIEE AN TEODOE S e il AT 8

1. Include a PyObject * field in the C object structure dedicated to the weak reference mechanism. The object’s
constructor should leave it NULL (which is automatic when using the default tp_alloc).

2. ff tp_weaklistoffset KM HEH C R RLEHIKh AFEM A, REMREA LA i
A% B

FLARRAL, T Nl N R G G (A U e i B T i B

typedef struct {

PyObject_HEAD

PyObject *weakreflist; /* List of weak references */
} TrivialObiject;

And the corresponding member in the statically declared type object:

static PyTypeObject TrivialType = {
PyVarObject_HEAD_INIT (NULL, O)
/* ... other members omitted for brevity ... */
.tp_weaklistoffset = offsetof(TrivialObject, weakreflist),

bi

ME— 1Y &b Ah ST 2 W OR F BN SN NULL W tp_dealloc FF EEE B AL 5 9l N GE G E
PyObject_ClearWeakRefs ()), :

static void
Trivial_dealloc(TrivialObject *self)

{

/* Clear weakrefs first before calling any destructors */

if (self->weakreflist != NULL)
PyObject_ClearWeakRefs ( (PyObject *) self);
/* ... remainder of destruction code omitted for brevity ... */

Py_TYPE (self)->tp_free ((PyObject *) self);
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23.7 ESEI
N2 U AR R B SC AR AR T vk, G 3RICPython P3RS . BEA Objects Hik, SRJFTEC
PSR ER to_ I EARAEZIA R A (BN, tp_richcompare). RFFHREIIRAEZ LU R R H T

MR BRI DX R R AR I B BARSL By, 75 (1] PyObject_TypeCheck () B%l. EIN
— AR BIT:

if (!PyObject_TypeCheck (some_object, &MyType)) A
PyErr_SetString (PyExc_TypeError, "arg #1 not a mything");
return NULL;

}

L%
T #; CPython JEfCHSRRAS .  https://www.python.org/downloads/source/
GitHub | JF CPython J5fCi%IY) CPython JiiH .  https:/github.com/python/cpython

24 BB CIC++ ¥ R

—~ CPython [ C ¥ g @ — ML= (Fli—A Linux B . so , 3(% Windows L) .pyd), H&FH—4
?ﬂili"ftl—/l&%(

N AR, S ALNAE PYTHONPATE A AL, HAAfy 44 SRR A, 7, i@ Y i . M6
distutils Fif, 2 B 304 BOERA Y S04 -

WAL R B PSRN E -

PyObject *PyInit_modulename (void)

R EOR A e B I A R, B—> PyModuleDef SXfil. 1AL initializing-modules T

XTFANA ASCH ggigpiie 4, REULITE PyInit_<modulename> , Y <modulename> *E’F?ﬁ%j\j*ﬁﬁ%
H) 44 . 2408 ff| multi-phase-initialization [, Foi4 (8 Fl 3F ASCII g fith (A He 44 . DL ISHAT) 46 1k bR 5K 1) 44 =7
PyInitU_<modulename> , [fij <modulename> FZLH] Python [1] punycode gt , % D%ﬁﬁi}ﬁ&jﬂﬂiiﬁﬂ?ﬁo
7£ Python Hi:

def initfunc_name (name) :

try:
suffix = b'_ ' + name.encode('ascii')
except UnicodeEncodeError:
suffix = b'U_' + name.encode ('punycode') .replace(b'-", b'_")

return b'PyInit' + suffix

N DAE— AN A L 1 2, il U ARG R TS AT 7R S-S R B H E TR
DA BRI AR T SO BB Sk B #R 7 — A B L $ Ak JYY, AE PEP 489 TR E 241
RE
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2.4.1 {EH distutils {33 C 0 C++ # &

PR R DAY distutils A, X J2 Python HH7AY. distutils 37 Fra0 —dEHI6, JH P IR ik as i
distutils FLREZHEY .

—~ distutils W5 7K HA setup. py o K& Python SCHF, REBUHMRIAR ST, FHEAUT:

from distutils.core import setup, Extension

modulel = Extension('demo',
sources = ['demo.c'])

setup (name = 'PackageName',
version = '1.0",
description = 'This is a demo package',
ext_modules = [modulel])

WL S setup.py , AL demo.c, BITUIT

python setup.py build

XL GiF demo. ¢, ARJEAE— Y REIUM demo FEH 5k build B KBIT R4, B SCHFSHER
MFEHZEFA build/lib. system , %5 A]HEE demo. so B demo.pyd

FECHF setup.py B, FrAsifERIA Dl setup BREL. LeREOR] AR S2 AR K0S R 24K, B
BIF R T — T4 Rl EERER A TR E TIRERIUER, DARISE TENE. @ - aat
2R, W8 Python MYJRIGMELIER . SO, THI%. 3FS4L distutils FYSCHY, 7E distutils-index K TR 2
distutils fFFPE s ARET AR AR A

WETHE S setup (), HMEELFHLELIKSIIAS . H L7 R setup () ) ext_modules
SRR —HY R FA R Extension RAGEHI. Bl FrRAGSEBIE XL TP A4 N demo , M EA—
VRIS SO demo . ¢

HZmME, WE— I RAEIRNZ , TEBIMITAL IS E S . QR Bl 1 s T ik,

from distutils.core import setup, Extension

modulel = Extension('demo',
define_macros = [ ('MAJOR_VERSION', '1'"),
("MINOR_VERSION', '0')1,
include_dirs = ['/usr/local/include'],
libraries = ['tcl83'7],
library_dirs = ['/usr/local/lib'],
sources = ['demo.c'])
setup (name = 'PackageName',
version = '1.0",
description = 'This is a demo package',
author = 'Martin v. Loewis',
author_email = 'martin@v.loewis.de',
url = 'https://docs.python.org/extending/building’,

long_description = '''
This is really just a demo package.

v

ext_modules = [modulel])

Bl k%L setup () FER M RPESME i ToClE 8, RIEERA ORI NA . XY RE, HiE T
WAL E X, include H 5%, FEF SR, FEo MBITSiiAs, distutils b & HA DT L35 S 4n i . Bl
£ Unix |, SEARUZ 0T i
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gcc -DNDEBUG -g -03 -Wall -Wstrict-prototypes —-fPIC -DMAJOR_VERSION=1 -DMINOR_
—VERSION=0 -I/usr/local/include -I/usr/local/include/python2.2 -c demo.c -o build/
—temp.linux-1686-2.2/demo.o

gcc -shared build/temp.linux-i686-2.2/demo.o -L/usr/local/lib -1tcl83 -o build/lib.
—1inux-1686-2.2/demo.so

TRIEAHTRRERY; distatils ] Y%A distutils BEIEAATE H .

2.4.2 HHIREYY RIRIR

B RC LI, A =M AOR M E .
A Pl F AR B R, W] DA 20517

’python setup.py install ‘

R AES RIS AL BESEEln] bhas Ty

’python setup.py sdist ‘

HEFLT, 7R A A S EAMA SO Xt MANIFEST. in SCAFSERL, 5% manifest | f#4
s

AR IERD B AT O I A e iR a] DA R A AT . BURT HARES, ARG — AR RA
FHR5E AT 55

python setup.py bdist_rpm
python setup.py bdist_dumb

2.5 7 Windows t#33& C 1 C++ ¥ J@

X—E R BEANZE T WA i i} Microsoft Visual C++ £)] 7 Python [ Windows " @M, SR HHEME X H TAE
PR T 55 8 . X SEyd I ADEHR] IE T Windows #5712 2] 147 Python 4" i DA I Unix #2)7 514>
T A= iAE Unix il Wlndows I RE R R R A

S AL E S distutils 7 2R EY R, A AT IriiR ) 5 . R TR B C gmidas sk
¥4 % Python; 3 #5 >~ Microsoft Visual C++.

) X B K& T 2 ST A Python US4 o X EESC R4 AR R XY A S KA 78
S, X REAVRETEE A Y Python AR H FERRASS T 1Y T R A S B, A SRR B 2
Python 2.2.1, XY ¥k 22,
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2.5.1 iE=\i5EA

1t Windows il Unix M B JRAHERA IR0 [ distutils WORIEHIMEIIRE, B80T ARk,
distutils J7 UG TRZHA R ] distutils MEAFTEY R SR distutils-index, QIRAR A B
VREASETR BT B EAE, IBAWFTE— T winsound FRifE FEALERAYIH SCHF AT RESRAHE Bl

2.5.2 Unix #1 Windows Z [l =%

Unix I Windows X} TAUR AT E ) T 58 AR AT FEfReil g nlsh S i 2 fy, %
58 T IEARE T R Ge R anfer AR .

£ Unix /1, — ISR (Cso) SO AL S th R PR B A AURS L S a5 v T B4k 21 A o 4% A
AR o 2 SCFREAFHFBIREFF A IE, RPAE SO AR HH sk 28 e BRI s 1 43055 | AR X WO TR 0 AR B
FIRCHEAE AT P I E R S BRI b — D HEEHE .

£ Windows w1, —ANBIASHERE ((d11) SO ECAEHER T o i — 2R AT e Rl R 1Y
Vil lﬂzﬁ%f_ﬁﬁ DLL R AMTEB TN TIE o A, RIYE LM T DLL &k, 7 HAEis
FrI AR R S PUE T LA 17045 5E 1Y R BRI -

& Unix o, AEAE—RRPESCHR (La), BRERAZDXGIT (o) WU . FERIEIL RGN (. so) 1Y
HEIRIY BL, HERAR ] RE S A I E AN ALE R MR IRAT R AE M B S AR A A EA X G S P A 4R
B WRE T, SR S AR HN GO A RS

£ Windows w1, FRAEpiF RS, SRSEMIP AR (I RAHGE - 1ib). BRSHERLIT Unix Y .a SUfF; ©
W ETEL N AT PR A . S AR B AU Tk s RE A DRRF € AR IR A2 AR, I B 7E DLL
OIS BT REFP e OAREERE S AT Ok S AR 4 15 A A $ R DA SR () R B8 7E DLL Fr Al
Ffo M—AIFEf ¥ ok DLL gedEiens, nTRe Al — MR A LR, EXFRs 20N T AR 8 DLL H Rk i
AT X L7 51 DLL.

BRBAR AL PP A SN B A C, AT 4, %*"ﬁ:ﬁ%ﬁ% Ao £ Unix |, IR TRKF A a 45
BEEZHEN B.so I C.sos W4 SECEHAIPIN, W B A C 444 BIIAE M FH CHURIA. 75 Windows
. AL dll FERGE A Lib, R 2 ﬁHA 1ib f&4 ’%EE%%H%? BAIC. A.1ib HFAMEN; €

R SRR TN T A BRI (5 S

1E Windows |, ffi[fl S AFEA St 2] import spam; TiLART DAV spam g4 8%, (HIF RS0z
—ANEMEIA . fE Unix b, #23]—PNEFHBZE from spam import *: B —ASEMEIA,

2.5.3 DLL #9=cpr{EHH

Windows Python ;Z7F Microsoft Visual C++ Hg iy s 8 il HASmitas vl BE R AT REAN 2 TAE . A iy AR
I3 R MSVCH+ 1.

247F Windows F# DLL i, fRUAF pythonXy. 1ib E4AEERAS . B41% M4 DLL, spam I ni (&
spam HREI ) C e&ED, AR B PAR fir 4

cl /LD /I/python/include spam.c ../libs/pythonXY.lib
cl /LD /I/python/include ni.c spam.lib ../libs/pythonXY.lib

B—LmAOAET = /\qu'fF spam. Obj spam.dll fl spam.lib. Spam.dll A& {Ef] Python BR%L (3l
W PyArg_ParseTuple (), {HEML pythonxy. 1ib A ARITE AN $RF] FrE Y Python (LAY .

ﬂ?;&a/ﬁ/\@&_T ni.dll (U\& obj Al .1ib), ‘EHBEM{M spam DA K Python n] AT 3L 4R 2 Fr g i)
PR

RNREANIFHEAFE ST B AR L WERARAR AT KA e (135 Python) #\EEF B4R 145 AT,
RIS | _declspec (dllexport), FLUTEE void _declspec (dllexport) initspam(void) B{
PyObject _declspec(dllexport) *NiGetSpamData (void) Hi—Ff,
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Developer Studio 1 Il A KR AARH A EIETGFZ FALE, BARE AT HAT SO/ NI 100K, BHRBIEAT, i
T H 35 B TERE SRR IR E B BNE . RRIEMIN msvertxx. 1ib IRINEIES|F
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EEKRHEREX F#r N\ CPython JETIREE (runtime)

AIRFE, AR ESL A5, FHAE Python FEas h ] ME(E) - A =UIEAT , SN CPython JE#ATHN
A A SR R P ST I A T 2 L ) 5 UL AT 35 i S R A

3.1 EHE App [[J#gr A Python

BILEHE T W%t Python #E474 R, Wt/2 i C &% & Python fIhfE. Sad R 2nT AR :
Python g A Bl C/C++ . R/ FH 5 HIGE. XA AT PALER HFEF ] Python R SE B AELETfE A2
M C C++ . s AMRL: inseid P i Python 955 —SEIAS DA Hil bV AR 76 2 75 oK. QSR A
LT EE ] Python Zi Bk N2 5, B4 KNG H O WREX 4T .

Python iR ARMAT 97, HASESME. AFEZAFET, 7@ Python i L 7 ) A2 F394 /& Python
fRERS, T A Python i f¥) F-A2 7 M BE5 Python ¢4 J6 XM 42 W F AR 11 S 25358 /0B /R £ i Python
RS RIB T2 Python Y,

L, #EHR A Python, stERALA M TARF. I IFEFEMAFE 22— 2 ¥ ih1k Python gy, £/
HEHREL Py_Initialize (). A7 LERT A TH A v [a) Python /£ M A4T2 480, 2 5 Bl W AR P 1)
AR AnT 3 I8 R ARRERS T

VA AR RERR 0 A I LRP: W) PyRun_SimpleString () & A—/MI & Python 1A FAFHR, LA i)
PyRun_SimpleFile () & A— stdio SCHAEE IS4 (UFEHIR(E BB AER ) . B 7T AR
FH AT 203 0 S 2 A SR A4 15 - ) Python X 42,

%

c-api-index A SCIEANANZT Python iy C 421 . X HUA RELEMFE L.
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3.1.1 BEXE#RA

I TR BT Python i ATE 2 R AEH R 209 0. %385 1) H AR R T—B Python JIAS, T JGHRE 51
MR B . EAnPAR AR T A R R RAS S AT — Se 4 A

#define PY_SSIZE_T CLEAN
#include <Python.h>

int
main (int argc, char *argv([])
{
wchar_t *program = Py_DecodelLocale (argv[0], NULL);

if (program == NULL) {
fprintf (stderr, "Fatal error: cannot decode argv[0]\n");
exit (1) ;

}

Py_SetProgramName (program) ; /* optional but recommended */

Py_Initialize();
PyRun_SimpleString("from time import time,ctime\n"
"print ('Today is', ctime (time()))\n");

if (Py_FinalizeEx() < 0) {

exit (120);
}
PyMem_RawFree (program) ;
return 0;

}

TEPy_Initialize () ZHl, WiZ4ciHf Py_SetProgramName () K%L, PAEAAFEREETE4 Python i54T
PEREEFE. #Rk, Py_Initialize () ¥)4Afk Python fifREss, SAJEHATIESRSAY Python A, FTETH
HIWFIETE . 2 )5, VM Py_FinalizeEx () KMIMERER, BITER. FEESERET Y, ATRETRZEM AR
J5ARHL Python JIAS , s iF e M ICAR i an A . SO, siE A EdE. FIA PyRun_SimpleFile () bR
O] DATE S M SCA: g B Python RS, BT 48 2540 T AT 25 TR RN 28 S04 P 28 R JRR 0T

3.1.2 SEHBBRRERANBIBRS: Hk
7o A% H RE A, IR 7 FR AT AL A Python (RS, {H 28 /Sl ml SR A XA IBRIGTRY o Q1 5 2 A e i, B
ARG . TP A BUL AT IhaE, U520 C U,

WATERE, RUGTEERI, {04 Python AIEA Python ST FAR ML, ATILEE it 6 #0k 2 B R 4
B3 B TR, YA FM Python 5 C 3 R IENRAL T -4

1. Python py%daftit oy C #53L,

2. AR EEEE AT CREF IR AR I

3. KR AR ] St A C 46 Python 445X
fix A Python Hif, 422 11 A5 25 XA :

1. C Hdlaf4sly Python 4%,

2. ARG EAEATRT Python 2 1) sk £

3. KU IR 1] Kt A Python B4k C 65X
Al SR BAR L B A TN IUT, DA B TE T A R 1) ME— A DX R AE PR R SR e e TR
MBI RECRE . FEPATY R, WH—A C R, MHRATHR AR 124> Python B%L.
A SCRATHE ARG A Python 3463 C 2, 2 MR 5 ANERE 3638 BEAS IE AR 6 1 5 | T A FL e i
T X SeHh )y S RS Y R IAA XA, 3 S5 Wi B E Y ARG BT A5 B
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3.1.3 REHErA

SR H AR 2 AT Python JIA RS eR K. LR )2 UCHE UIBRE, Python f#RESRH A S B 5 Y
MR BEATACE, (R — 4R A i — A1) o

BisAT Python A b U R &L, LS ANTE :

#define PY _SSIZE_T CLEAN
#include <Python.h>

int

main (int argc, char *argv([])

{
PyObject *pName, *pModule, *pFunc;
PyObject *pArgs, *pValue;
int i;

if (argc < 3) |
fprintf (stderr, "Usage: call pythonfile funcname [args]\n");
return 1;

Py_Initialize();
pName = PyUnicode_DecodeFSDefault (argv[1l]);
/* Error checking of pName left out */

pModule = PyImport_Import (pName) ;
Py_DECREF (pName) ;

if (pModule != NULL) {
pFunc = PyObject_GetAttrString (pModule, argv[2]);
/* pFunc 1s a new reference */

if (pFunc && PyCallable_Check (pFunc)) |
pArgs = PyTuple_New(argc - 3);
for (i = 0; 1 < argc - 3; ++1i) A
pValue = Pylong_FromLong (atoi (argv[i + 31));
if (!pvValue) {
Py_DECREF (pArgs) ;
Py_DECREF (pModule) ;
fprintf (stderr, "Cannot convert argument\n");
return 1;
}
/* pValue reference stolen here: */
PyTuple_SetItem(pArgs, i, pValue);
}
pValue = PyObject_CallObject (pFunc, pArgs);
Py_DECREF (pArgs) ;
if (pvValue != NULL) {
printf ("Result of call: %1d\n", PyLong_AsLong (pValue));
Py_DECREF (pValue) ;
}
else {
Py_DECREF (pFunc) ;
Py_DECREF (pModule) ;
PyErr_Print ();
fprintf (stderr,"Call failed\n");
return 1;

(R
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(R —H)

}
}
else {
if (PyErr_Occurred())
PyErr_Print ();
fprintf (stderr, "Cannot find function \"%s\"\n", argv[2]);
t
Py_XDECREF (pFunc) ;
Py_DECREF (pModule) ;
}
else {
PyErr_Print ();
fprintf (stderr, "Failed to load \"%s\"\n", argv[1l]);
return 1;
3
if (Py_FinalizeEx () < 0) {
return 120;
3
return O;

}

LRSS R argv (1] JnZk Python A, FEH argv (2] $8EMEE. REESEURE argv £141
A . AR 205 T 44 R (MLAL R & AT R AR AE call) |, I B AT Python BIZR
it

def multiply(a,b):

print ("Will compute", a, "times", b)
c =20
for i in range (0, a):
c=c+b
return c
IRIGEE R L2

$ call multiply multiply 3 2
Will compute 3 times 2
Result of call: 6

JUERIN BRI, %A B ek, (HR UG 2 11T Python M1 C Z MY EUEHe e, DAR AR
%, KA Python AR A BETT 46 -

Py_Initialize();

pName = PyUnicode_DecodeFSDefault (argv([1]);
/* Error checking of pName left out */
pModule = PyImport_Import (pName) ;

WG RERS 2 5, W PyImport _Import () MIEMAS. BB S 47 21 Python FAFE, —A M
PyUnicode_FromString () Bk HOH ) 7475 o

pFunc = PyObject_GetAttrString (pModule, argv[2]);
/* pFunc is a new reference */

if (pFunc && PyCallable_Check (pFunc)) {

}
Py_XDECREF (pFunc) ;
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JHIA—Bm#se s, #iesH PyObject_GetAttrString () EREMEAFR. WRAAAAE, I HRFEZ
AP S, BRI o R R, SRIE R AR AT, M R SR AU el . ARG AT iR
J Python R4 :

’pValue = PyObject_CallObject (pFunc, pArgs);

LK FORIIN, pvalue T2 N NULL, B2 SN eRBOR MHER)TI T  556 PR 58 ERE0Z5 1 .

3.1.4 3f#x A Python ThEEEITH &

FIHAA L, AR Python RS BETT I IV AL P AR LY T BE . Python APL 4" R AR RRAS KL T
RX—nio WlEUt, MM RO R BRHRA BRI T . RARVTER A L e, (BB oM
ko BRI AL MR T /S5 T Python fi#Réd: . LN AR FHIEE—H Y, REE—HEKAY
ik Python {Jj [ iX £ TAEF, W45 L@ Python 4 JEREfF—H. filln:

static int numargs=0;

/* Return the number of arguments of the application command line */
static PyObject*
emb_numargs (PyObject *self, PyObject *args)
{
if (!PyArg_ParseTuple (args, ":numargs"))
return NULL;
return PyLong_FromLong (numargs) ;

}

static PyMethodDef EmbMethods[] = {
{"numargs", emb_numargs, METH_VARARGS,
"Return the number of arguments received by the process."},
{NULL, NULL, 0, NULL}

bi

static PyModuleDef EmbModule = {
PyModuleDef_ HEAD_INIT, "emb", NULL, -1, EmbMethods,
NULL, NULL, NULL, NULL

bi

static PyObject*
PyInit_emb (void)
{
return PyModule_Create (&EmbModule) ;
}

TEmain () KA HIHEA LRI HAEHMH Py_Initialize () ZHITHAPA T H&IER]:

numargs = argc;
PyImport_AppendInittab ("emb", &PyInit_emb);

RXPATIUEAIAAL T numargs 484, ik emb. numargs () BRELRERHR AN Python MEREAS DTS A 17X
Ly g, Python AT DABRATIRAIA T T fE

import emb
print ("Number of arguments", emb.numargs())

TEESCHI N R, XA IRRHE Y B APL 25547 Python (1] .
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3.1.5 7£ C++ thigr A\ Python

BT PAKE Python ik AF C++ R s Il SCB7 0RO T Cr+ BRI — B C++
%5 ERE, FEA Cr+ GRS R A IFMBEREAL T . AT EM C++ HEH%F Python AL

3.1.6 7E3 Unix RGpomiFFnskis
N T Python MRS AN AR Y, $RENIE 6 19 9 13 S AL 40 i e (RIEERRED) TR 3, Fenl2 ok
Python A FERHLE DA C BaSY i (. so 3CiF) mfENseilif.

N T REI TR A A MBS S, WAT pythonX. Y-config A, ‘BE/27E 7% Python I (th
A REFFIE python3-config A ). ZHAFILNSE, KA TN SHLEEAN:

e pythonX.Y-config —-cflags ¥4 HENHRIFSE.

$ /opt/bin/python3.11-config —--cflags
-I/opt/include/python3.11 -I/opt/include/python3.11 -Wsign-compare -DNDEBUG -g -
—fwrapv -03 -Wall

e pythonX.Y-config —--1dflags —-embed $-45 HAF P I 20 1 AR

$ /opt/bin/python3.11-config --1ldflags —--embed
-L/opt/lib/python3.11/config-3.11-x86_64-1inux—gnu —-L/opt/lib -lpython3.11 -
—lpthread -1dl -lutil -1m

fE: T k%A Python 2 US| RIRFL (RpHILETE R G LAMUAFI H C ik iiA 2 0] , #iH
pythonX.Y-config f§EAXT AL, N LB FTA .

WER IR ZARMER ORBEARIEX T Unix 784K GADEEH bug 45 ), SR FIRRE X TIE
FERERYSCRY, K EE Python i Makefile (Jfl sysconfig.get_makefile_filename () F|F{EALE)
FIGIFESE . X sysconfig Bia @A A TR, v AgGE T IRNFEHAE BN EE. Ln:

>>> import sysconfig

>>> sysconfig.get_config_var ('LIBS")
'-lpthread -1dl1 -lutil’

>>> sysconfig.get_config_var ('LINKFORSHARED'")
'-Xlinker -export-dynamic'
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>>> HH)3 shell {YTHEL Python #&/R°F 0. 5 RN BETE Bk ds o AL B 7 sXHc AT i AR 191
. MPAFIR:

o e RIS IR . FE— SRR 2 E AT (delimiter, BIANFRSE. JrHfo%. IEHG5REL
=519%) DR, SURTEHRE —MR4EAHES (decorator) 2 4%, Z AFEAGIRE, HESX shell BRI
¢ Python $275°F JC.

o FF# Ellipsis,

2to3 —fHFEHf Python 2.x FEsUAGE(EIE] Python 3.x FEaAGY TR, B2 it SRR A A2 M AR I
BCE R, T SRR 2 R 5 30 BT 5 G P i R F AT T Al 1 2

2to3 7ETT ABEHERR 3URE P A 1ib2to3 B A B4Rt T — MBI A DB, 7E Tools/scripts/
2to3. #E2[F] 2to3-reference.

abstract base class (% 2EekEIE) g HEHEE (XAEE ABC) %EfﬁT TEEFRMR T, VEElduck-
nping (WBFHE) H7e. HABELINEAT, B2 hasattr (), BIFEEMEEAE MM0ER (4
W EEART 73 (magic method) ). ABC [Ef] [/ subclass (%eﬁl) EMERER E 55— class (3
[E]), {H3A[ 9 isinstance () & issubclass () #iil; #H2[E abe BAHHEIN SCF. Python 5 7%
[EzH) ABC, FINERIGHE (F£ collections. abc *%zﬂ) #HF (FF numbers i), H (FF io
FiZH) K import FAGESFIE AL (F£ importlib.abe H4). YRUJPAMEH] abe #4H . H C ) ABC,

annotation ([EJfE) —HELSAML. class JEME. bR ZCAY 22 ik [ml (AR B B RO AEED . FRIEG, & W AR AEE pe
hint (BIEHER) .

TEFEFTIF (runtime), [83ak 58 # 0 (FVRRME LB AF L, (HAtaksst il class @ AN R R ER, & 0 [Eplifk
TEAERAH . class flIpR=AY __annotations_ HpikE e,

#t2(Flvariable annotation. function annotation, PEP 484 Fl PEP 526, 526 ¥h L ah e ER . B
(R 11 B B 8y 725 575 2 (E) annotations-howto .
argument (5[%) PRI R R EFPELIEAS function (B{method) WI{E . 5|8CG WifH:

o P42 7 ¥ (keyword argument): FERRNIEI G DUEREIS (identifier, 4 name=) BHBEMIS|#L,
a2 DA ** #81H dictionary (L) [EN(EREIER S . BT, 3 15 #EZPAT complex () FEIY
) B SR | B
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complex (real=3, imag=>5)
complex (**{'real': 3, 'imag': 5})

o 1z & 71 & (positional argument): A2 B 751 BT B, (0G| BOTHE— 5 | B0 SR A 46 BE
B, f (k) PEE) * A&k Hiterable (WTEVRFE) sPETCRBER. BIA0, 3 715 H2 AT
HALEL T | B

complex (3, 5)
complex (* (3, 5))

S BCEr B i Ay ek s A P I A TS B, BRSO A AR B, WS 2 (] calls Tafii. 7ERE
WEE, ARAE S ST AR RS — 5 | U ARl & i o2 A [ sk 2

syt 2 BlRER I parameer (Z290) WRH . % LEE D5 ERS 8 Min2EE, L& PEP 362,

asynchronous context manager (JE[RIBEEHATAGY) BT AEH] async with PRIACH T RIS
F, MERBEER _ aenter_ () fl_aexit__ () method (J7¥k) Az, h PEP 492 5] A

asynchronous generator (AE[|2BEIN:2S) — 1 & 8] Hasynchronous generator iterator (JE[F) 24 25 EILHE)
FIR . BEREERGE ML async def & FEHY 1 K 2\ (coroutine function), {H AR ZEME T
yield #H N, BEEM—RFIHR asyne for [EIREMIMHE.

B R TR 3 R IR — AR EA gk, (EAER e, Rk R ER YA ZERE
(asynchronous generator iterator), H#—E LM R IENERERE, Ao BOMTHE, DUBIEFE.

—{HIER BB LSRR AL await B, PAM async for fll async with BIARR.

asynchronous generator iterator (JEFIGEIE:ZSENUCES)  —1{W Hasynchronous generator (JEFRIZEIAESE) R
I @S .

g 2 —MWasynchronous iterator (AEFIEENCEE), H B LA __anext_ () method gHIFAYI:, & [n] f8—(F
SRR (awaitable object), M TAE R EI A R R0 20, HEIBE R yield 5
K.

B yield SrE{Em Ay, ERtfE0 B ik (A5G s s e iy wy A . BaER ¥
E4A ZEREVAS 1 __anext_ () [EMER A S50 A RO R ERE, & e m kb #4538
1. 2 PEP 492 1 PEP 525,

asynchronous iterable (JE[F]2Bn[[ECITE) — (@ W, BRIDATE async for WA gl . WAERKE
W __aiter_ () method [A{&—{fasynchronous iterator (EFIZEMLEE). i PEP 492 3| A,

asynchronous iterator (JEFRIZBEMRES) — 1 B /E __aiter_ () Hl __anext_ () method [ ¥ 4.
__anext__ WA —Hawaitable (] ELEYF). asyne for GFNTAERIEIRERN __anext__ ()
method ft [l E A SR, EHE|'E 5% StopAsyncIteration fil4h, i PEP 492 5| A

attribute (JEPk)  —(H BELEY (R AH BB R, RZ% (K 2 68175 10 26 5 B 38 532X (dotted expression) 1) 4%
Wi B, RV o 5 — B a, RIFZBHRELL 0.0 #i2 .
MR RRE, BT 20— M2 )2 H identifiers T € 3% 2 sk([E)4F (identifier) (1) J88 1245 W] B
(0, BIANET setattr () o BRITHRI G PR 1 ey 0 T 0 40 BB S XA P B, TR R getattr ()
KEIRE

awaitable (WZEfpPpf:) —EVDATE await B X P PE. BRIAR—Hcoroutine (), S/
—{fA __await__ () method [H¥{. FiE2(E PEP 492,

BDFL Benevolent Dictator For Life (#E{"25M## ), X4 Guido van Rossum, Python [ 8lI3& 3% .

binary file (_fElR4SR) —EREEIFERE Abytes-like objects CNLTCHERYIE) Wifile object (REZEWIE) -
THERIR RN TA: AR (rb'. 'wb B 'rb+') BAERIEZE. sys.stdin.buffer,
sys.stdout.buffer, PA i0.BytesIO fl gzip.GzipFile .

iis(Eext file (SCFARZR), B WREERIBEA st YIHIHEED .
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borrowed reference (fi{/lJZM) 7& Python i) C APTHf, &5 R4 —FxI L5 M, MR R AT
AFRZGI M MR R B i — B2 H5 5. B, SRR s vl AR B e i i
—/\Nstrong reference AR E

$borrowed reference WERY Py_INCREF () AN E JFHb (in-place) $[EI[Elstrong reference 24k ik B0
BRI R BB R AR K A I 2 IR 2 migisE(E). Py_NewRef () eRzUH[ I BT — W i strong

reference.,

bytes-like object (JEfIICAH M) — 10 738 bufferobjects H BEEIRE 1 C-contiguous BRI L. SO
FrAH) bytes., bytearray fil array.array ¥, PANRHZHE R memoryview ¥4, FE{7 TG4
E?@H‘Hfﬂa T B R A R S SRR AR . AT R I AR R AE A socket (4

AUGER TR R R nT . [ SCrRE s L M REE TR BT A Y ]
S S 1 I ) W36 bytearray, PAMN bytearray i) memoryview, HAhF)EE T2 iG] &
BHE AR Y (THESRSACAHABY D) s By s bytes, LA bytes Yy

memoryview,

bytecode (fsC4HM5) Python () J5 4 15 & S it UL TCALAS , B2 Python Fs(7E CPython B iy [EVET
Fortk. AT GBI AAE cpyc BERT, PASES AT — M R REEE Pug (WTAR
A 5 5 B A (E (7 e AHLAS ) o G [P HIRRS (intermediate language) ] {8(E)@ 584 T4 — il virmual
machine ([EVEERERS) T, "EIEBERE AR G f T B 18 LA AS 3 MEMY B (machine code). LY Z,
i TCAL RS i b2 MEATEA [F 1) Python [EEME AT 2 FIEAEY, NRETEA IRANY Python 2 [ ARH5HR
7E o

(TGI8 25 2 7] DATE dis ASTAH A [ HH SO 4R 3
callable (n[PEIYPfl) —f callable 2 ] DA IF I A 4 £F, WF 0L IRg AT BE LA R TR XA — 4151 80 (5%

Hargument):

’ callable (argumentl, argument2, ...) ‘

— W function BiHGE A fhymethod H#B 2 callable, — A BAE __call_ () %M class 22 B it 2 {1

callable,
callback (IMIPE)  FE[E)S| Sl (% i —(H I FE 2 (subroutine) PR, @78 A A o i e T B LA 7

class (BEE]) — 8 B A a7 0l H 3 YA . Class 19 & 351 %5 €49 & method 1Y E 3%, 15 £% method
] PATE class [ EL_E i 454

class variable (Fi[E584) —{F7E class s, EEZ HAELE class JEk (BRI ETE class [ EGIH) 9%
B RSB

coercion ([EJRIERY) PS5 K Wi A [F BUENS | S S e Re o, AR EI A F 0 EIE) 55— A A E) Y B X
#[F (implicit conversion) ##f2. BIfH, int (3.15) € rE B EEE L 3, (HYE 3+4.5 1, HH{FET]
HOR AR ZYE] (—f8 int, —{F float), Ifi3E Wifi 5 | A g EIEA R BE 42 A GeAH I, 75 11
W&5% TypeError. WIREMGEREE, BIETE RS HEESAHZ, © MR h i s
IERUE (normalize) [EAHIFIME, 0, T £loat (3)+4.5 MAREHIE 3+4.5.

complex number ([EJ%) —HFMABHEBASMIE, EBITA BEF# & 1m0 23R ([E)
w2z Al o R ESORAL (-1 BPFAR) BBy, BLH AR e R (] 1, R T AR B
%3 3. Python [FI 1 #FIAY S8R, ERMEHWRERFRER: EeRE —MEMN 5 Pim
B, B0 3+15. B math BUAHER T AR M R ER, #FH cnath B4, (80062 —
TR R P BRI RE . WRAREV A 4 BB B M RRoK , ISEI 8T REREE IR AT DA% b 2 E A

context manager (f5BIAFHNZY) — M AT LASEHl with BRAAX I RER WY 4, M E 258 2%
__enter_ () fl__exit__ () method 4EHIN. sH2(F PEP 343,

context variable (1%§5i58%) &8, HALW DURSE LN SCRY BRI A BRI . 33 BT 45 [ 3 £k
{71 (Thread-Local Storage), 7EH: AT, — 3 BOERHMMAT4E V] e LA R E ME. SR, BEAIGIR S
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o, AT PR R Er A 2SS, B EE S, RAEEFTAYAER 2T (concurrent
asynchronous task) 47, Sk e iB[E]. 352 contextvars,

contiguous (GZHNY) WIR—HE W 2 C-contiguous 852 Fortran contiguous, 't & TV b4 1 [F 2 8 45
H. 254 (zero-dimensional) [ % f# [ %S 2 C & Fortran contiguous., 7E—## (one-dimensional) f%1] H7, £
S F AR R R RUABUAE S, 73U P SR Z DR . 5 ALY (multidimensional)
C-contiguous [i41) Hr, % 5e 5 HE ALk A9 NE 7 35 1) 480 T H IR, e — R R 51 i s AL i bl AT, 7E
Fortran contiguous [#41 41, 55—(HZ&R 5|kt

coroutine ([f%) 15fE2 I (subroutine) fy—FEEEFIFE AT . EIRR AR A RE 08 I [ 2wl A e 5

— IR IR ROR . AR T ATERFZ AR I B BB A . BN EMBEEIRA asyne def BR
BRABEAE. SIFES(E PEP 492,

coroutine function ([ifEEX) — M Ecorounine (HFE) PIFRIRL. — TR EEA asyne def B
R EsR, [ERAEEr 4 await, async for fl async with B8, LBl PEP 492 5|
Ao

CPython Python F£3E = IWAEHE E/F (canonical implementation), ##EAIFE python.org k. [CPython | i F4#f
FETE BRI, AR WEEE TSRS W EAE, Bl Jython B IronPython.

decorator (:ffigy) M, BEEMES MK, EEEGMHH ewrapper 7, HiEHE—HH KL
H4%#(E] (function transformation), #Efifi#s K FHL&IFZ classmethod () Hl staticmethod (),

Aetfian ik HUE R . DA e U SRR R 3R R SRR -

def f (arqg):
f = staticmethod (f)

@staticmethod
def f (arg):

Class WAFAEM A IOMES, (EAEAREEBA T M. BREHiELE%, H2EREFRA class E 5%
IR A

descriptor (HiiR%8) (T{EFET _get__ (). __set__() 5 __delete__() method ¥, #—1H
class B PEJ&—HFARRRE , B RFRRIRE T E G 7 B ME A PR M 5 . W H . T ab REUS . BEE
EIRR AR Ry, Er7E a 1Y class FHLAP A IR AARE] b i1, HA05R b2 — b ey, RIATSEEA
%% method G TN . SEHEIRER A BEARSE VR AFLAE Python AU RBASE, WEIEME LRI, Ei
IREfUFE R, . method, &4 (property). class method. [FJf% method, DA% ¥} super class (%CKEF)) Hy2
.

B A AR £ method TR L2 &, #52[F) descriptors B A28 FHH5 5

dictionary (‘72Mt) — 1 B W [ 5] (associative array), H Hv (T 2% [ o8 € o W O 2 (B, 88 ] DA AT ]
__hash__ () f1_eq__ () method (9. FE Perl hagifgE4EE] (hash),

dictionary comprehension (‘P& AIERY) MR L, AR HL— R W [EMC A {4 G 43 el 4 oo
%=, [E I oA -— 7[5, results = {n: n ** 2 for n in range (10)} &F4f—
A, BAE T n MR E n ~* 2, 352 comprehensions.

dictionary view (‘FUUEE#!) 7€ dict.keys (). dict.values() f dict.items () [A{EHFY9HEE
Tkl EMRA T Al I H B B, EFORE T SENE, il g s e g .
FEEV s MR B E e ey List (5B31), ZHEEH 1ist (dictview) . FHZ[E dict-views.

docstring ([EIW]<pth)  —fA7E class, pRAEBAH T, (RIS —MER U B 7 H S0 . BERETEE M
TR B 2mg, (D Erpmaas P, [EOAFTE class, pREHAHE _doc_ e, diREw]
FER AT AZEBEY (introspection) SRIEVEE, DA @4 (A [ SCEF AR ARIE AL
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duck-typing (WFMIE]) —MEAXGEHER, ©ALHE S Y ERTEE E a6 A EfERNNT
T B2 i, method ol J& G ¥ A F M L6 . (T AN e A s — (BN 7 im Honue sk
—[Eg¥, WEE—et—EEF. ) FEERN RS 2E, o satifeAasaemE L BEn
(polymorphic substitution) I & () &G M. 15T RUEIE R type () B isinstance () JEFTHI
o (1E'mnﬁ{£%', W5 T AU BT A 48 % 38 K S8 [E] (abstract base class) 51@%3% ) R, Bl ”ﬂ'@-)ﬂ
hasattr () i, BUREAFP BT EME .

EAFP Easier to ask for forgiveness than permission. (F5REA G R HERY ) a5 RAY Python %5 &
G B B R S B M AR, (B 5% B B R P 151 b . 33 R i (B LMk JRes , HL
O RFAEFF 210 try Fll except PR, EEMEFFZHMEET (Fl0 C) # WAILBYL JEM I T %
s

expression (FEFIX) —BO DARGEALERR A REE . EAEEE, —MEE R SCF. 4. B
B R U I SRS AT PR B, T LT AR RE [ 4 — (R f. Pﬁi%%ﬁ—mnn EENGLESEES .3!3
JITA 1Y) Python 55 5 HErE AR 2 iE B . 7N —Lstatement (BARZ) ANEEREH/EEE X, Fla0 while.
HA{H (assignment) 2 BiA, A ZER .

extension module (HEFEE4L) —HPA C 5 C++ & B ARAL, ‘& f ] Python 1Y) C API ZRELAZ . M f I & A%
AASHET T E

f-string (f2Hp) DA £ 50 'F [EIRTERAO R SO B ARE] [ 75 ], B RS R SCAR I 4 55
5+ 2 [F] PEP 498,

file object (R¥Wnfl) — {0 {0 H & B 28 (file-oriented) API (1] read () B write () % method)
REEVEIRIE IR E . R Z Yl T i 2R, & REE % o 3 B B mi A 28 ol 2 LA S 2 ) i
TEasla s s (BlumEEs A / . SO REESE MR . socket (i) . &[E (pipe) %F) AYFFHL. A&
W RREI 3848 Z 40t (file-like object) B, % 37 (stream) .

L, A=RREEYO: IR =B A0 5 BRIEm — A AT AR R . BRI 1o B
HRE . B AR EYITRIEEE TR R open () B&xX.

file-like object (KURERYITE) file object (BEZEWIMF) HYFRIFET

filesystem encoding and error handler (F§RRAFMmUSHEE SRR A RN) Python i F it — T8 4 A5 F1 45 55
e, AR AR R SR ATAL, ALK Unicode M3 1ES3E R 5

R 58 2 S S A 0 ZE PR B B LT AR AR U /N 128 (A TCAH . ANARAE R R S am S e vA IR AL L ARE , Al APT
FRFECE 5|3 UnicodeError,

sys.getfilesystemencoding () fll sys.getfilesystemencodeerrors () PRI NEASAE
ARG USSR IEHL R

filesystem encoding and error handler (7% %R G HE RN B SR T R ) & 7F Python [F) B K
PyConfig Read() B KE &: #H 2 ([F filesystem_encoding, l//( K PyConfig )% B
filesystem_errors,

Witz Fllocale encoding (|REIHHR1E) .
finder (h2%) MWL, ©@EmEIEL import (LA loader (HAL) .

fi¢ Python 3.3 Bi4G, A MR FMEE: TR F 4 2 (meta path finder) € il sys.meta_path,
Mi§44% 78 B S48 25 (path entry finder) €[] sys.path_hooks,
#2[F) PEP 302, PEP 420 fl PEP 451 DA T fi#t o8 2 400 .

floor division (1n] FIRUREBRIL) 1) SEM 14 25 B F Fe ol B O USRS ﬁTEﬁWﬁ*%E’J@ﬁ?E // WJ

wm, EHEX 11 // AREHEERE 2, 8 foat (FRENEL) BERERIER 2.75 K. iR
/7 A IEERE -3, WER -2.75 g FadEaX. #2[F PEP 238,

function (PAX) —HFPRAK, ”’Eﬁﬁlﬁﬂ?ﬂq%‘ﬁl% Leff. B AR M 7] &, ELs]
WO R AR AT . S § 2 Eparamerer (2%) . method (J57%), LAK function FEH.
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function annotation (FXERE) R SHELEEE—WMannotation ([E1F).
oR X E I i i A A 2 (E13E =« N, S (M sk SR &5 2 Wi int 518, [EEA M int [B{E{E:

def sum_two_numbers(a: int, b: int) -> int:
return a + b

bR U EIRE A REAE function ZEHiAG FEANARFE
75 % [Elvariable annotation F1 PEP 484, S A IWIHfE A, MR EBNREEBR L, BE2

annotations-howto,

_ future__ future FiRA=: from _ future_ import <feature>, @I5/Nm=Een(d FATLEYE Python
SR EEA A i B A A B E RS, ARG pl AL, 1M __future_ SHAIFIET feature
(shee) AIRERYE. i import MAAH S HARBORME, ARTTAG S {RB T B8 AT IR oy V3 )
WEEE T, AREMEEEE (REs) mEmEZRH6E:

>>> import __ future_
>>> _ future_ .division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection (hiiltlnlWe) HFCIEHEA PRI AR, MR EA . Python SUATRR ML, 2
2 WA B (reference counting), DA K —f BE [EAG I 1 B 2 BEAG IR (reference cycle) A9 1 %2 1y 3% o] s
(cyclic garbage collector) 2&5¢ i 433 o1 i AT DA A g o A4 36 LA T4 il

generator ([E1/E:2%) & [l generaror iterator (FVEZFEIER) MR, EHEERGE —MEHMEL, H
AERZREAET vield EEN, BEA—RIGME, SLEERTH R for FRE, sUZPAnext () K,
AR R L ) — R
B AT RE AR R —MEAZ R, EAERR s, e R R EA BERE. B—HRE
WRUEARERERE , i F s s mras, DAR g,

generator iterator ([E/EZSIEUREY) M@ figeneraror ([EVERR) eR=CFTENL 1.

M yield ¥R, ERCAMCERITRE (G4 B s U e Py BOA) . EEIA %
EIR 2 BIERE, e kAR S AT (BERaRg R o A Rl 2 e BR AR A bR XA TR ] )
generator expression ([El/EZFERR) —(H e nEESCIRAERRK . BRERMG M IEFENEE R, Zii%
F—H for T4, W REF T EE S, HEAL RSN i 7). ZAamERgEsNE

bR B (E A 2 -

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285

generic function ({ZAIpAR)  — 1ty 2 A R UL RN, a% el =X & AR 1) 1) ZR BV BE A ] 3858 iy
SO B R G IR RE 1, 2 P R I B (dispaiteh algorithm) SRE7E

%55 2 (Flsingle dispatch (B—3FF) #3E#EM4H. functools.singledispatch () EffiEsFl PEP
443,

generic type ({ZRIHIE)) —fH GE[E 92 Hfk (parameterized) fynype (HUE) ; @H 22— A HAE, %2
list fll dict. B RA EE = fEE.
HiE2Ez8E%F[E). PEP 483, PEP 484, PEP 585 fll typing 4.

GIL #2[Flglobal interpreter lock (438 2228 81) .

global interpreter lock (2 IRFLFFANH)  CPython FFEAR P MIBEH], A DARECR B3R HOA — AT 4 g
AT Python [fjbytecode (HiTCHAR) » B MR (RHERHSEI A AE), G dict) )G
[EfT/£HL (concurrent access) ¥ f&[r, HEAEHI AT DAfE {1k CPython B EI1E. SH EH (M B Eae, &2
5 ME Z A T4 (multi-threaded) , (AR 2 & 84 451 22 R IR A8 IO MRS RE[EIBR AL — R0 - P AT

(parallelism) ,
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SR, AL AL, M R EME R BRSO, B TRk O AT R A A (E S s 4
(computationally intensive) [fEH::, B DAfER: GIL. B4h, FE#AT VO Ky, GIL 482y fidis:.

B [T ] RS (VA R ARSI BUE SE R Bt ) OS5 R, H
[EFE— ey i — RS G SR, Mk, — R, AediuafBne g, &aEEs
[ERrL, MM S A A

hash-based pyc (EEIZURE pye) — (7 TCALAS (bytecode) B 74, & (ff FH A 1T AS /2 3 B J A il 22 119
BB, AR E AR . 55 2[E pyc-invalidation.

hashable (n[ZEEN) 40 5% — 8 W 14 A — 18 5 B, a%ﬁfﬁiﬁlﬁﬂtlﬂmfﬂz“‘ (B FE—M
__hash__ () method) , Hu[EEH AP EAM LK (BFE—MH _eq_ () method) , HREIE 2
— =T 2 E H:%ﬁ%ﬁtﬁ%ﬂ%%@ﬁ%%#, Eﬁﬂﬁxﬁ%malﬁmﬁ%&ﬁc

AT HEEINE (hashability) (i—{E 4 ¢4 ] 1 dictionary (F°3) RYHER set (SEfr) HMA, HIELELL RS
fEERAE L ETA G 1 A

RZ Wy Python AT ZAEAY(FAE & TN s ATARR R (A0 list 5 dictionary) [EVARE: iAW
S ZAE (B0 wple (JTAL) Al frozenset) , A EMITREHER, EMA S A2 EER.
LR HE class ROEBI, RIS LE 0 G g ITAF’EIEI’J EATE A O IR & A A F Y
(BrAEE Mg C ), mermREERRATE B EMY id(

IDLE Python [ Integrated Development and Learning Environment (¥4 Fﬁ%&ﬁi%@%fﬁ) . idle & —1{ R A
A M LR BRI, B Python MARME ST IRAS — 2 Bt fit .

immutable (Anf8s8fE) —HEAREEEMD. N8P EREET . A wple (Jdl) . B
SERRER Y . ISR — AR (R RO (EL L BB o A7, R ST — R B . & (e 5 2 B s A (B
MHL T, P BB A, BI4n dictionary (7-i) w8

import path (FEAMEE) —MALE (Byk/258 B ) 19503, ARSI B2 A import #4HI; , E&ryipath based
finder (FeRBEARK)GAGET) GBAHMAIE . 7 import IR, BLAIE S FHEF B H sys.path, {H
AT 44 (subpackage) 1M 5, B AIREREKHLEMH __path__ B,

importing (FEA) —fEiEfE. —fEBAL A Python FEAEHT AZ B ILIBAE, B0 — AL T ) Python £&
X AGHE o

importer (FEAZS) —MHREESR LBABALNYE: BB inder (F5%) Wikloader (WALE) P,

interactive (FLEj%) Python f7—{f HB) X FAR , (B FRIR AR AT ATE ELRE & 19478 7 on il A BOA sURE S
X, ZHBTEMEEARI TR . QEEH python, ANFEALMGIE (7T RERE 4RI B
PSR E) . E R NRUNT L SR R G AEEEIR R (RS help(o) .

interpreted (%)) Python 2 M E S, MASHEE T, AE Mo T REa Lebih, HEH (7o
417 (bytecode) zﬁ%%%ﬂ’ﬁ?f a8 2N AR R T DA BGES T, WA TE MR 5 — A THE , 2R
BEATE . Hisih s W s s A E AP / BesER, R e MR =X & s T g .
Wt & Flinteractive (B .

interpreter shutdown (Y;#25BP) & Python EELRBi ZoRBIPARE, BEEA— ﬁlfhﬁﬂ%ﬁ%fx7 TE M B
T T Bl e A A WJﬁM%zﬂﬁﬂ%@Eﬁ%.jﬁzﬂ‘% BAE 2RI IR = & (garbage collector).,
15 AEEDM 5 0 2 B 2 i pR 5K (destructor) 5555 | I A [E] I (weakref callback), .ﬁﬁﬁ R
5. B EA B BEp AT O RE RS el B & G b, REE B B TR TREA T 1ER T (8 A B
T2 bR AR AR Bl R A )

HREG I F2ER, & __main_ BUHBEPOEFTHEIA T AHATIE

iterable (WEfCHIME) —FEAEE— K ol — (8 H b sl B R4, W EMCH 145 B+ 645 Br A 1 17 51 24 (ED
(182 1ist. str fll tuple) FMLLARFHIRIE], B2 dict., #2400, PARARETEFRAYTAT class 1)
ff, HEIR8 class /5 __iter_ () method B2 & {ESequence (JF4) 3EE M) __getitem__ () method,
YR T ER

W ERE TR for EIBFIFFE HAUH E— M FFIRHT5 (zip ()« map () .). HW—fE W E
(DS | MR ME 4 Dt dter O B, & @RI P EE R JLIEDR S 0 A oL
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W4T (one pass) #EH . fTHEUCE G, WHEA—E B iter () B HITEHEIREF. for B
WA HEEREHE LS, Bl MR R g g, e RIE Y A A ZER .
Wi z(Eliterator ([ELRE). sequence (J¥3)]) Figenerator ([EVERS).

iterator ([EICEY) —MHFRERIRADF. EEMPEYEMRLA __next_ () method (I & EIEL
B next () ) EKFRIEERF TS ER . BATA &R, HlE5% stopIteration fil
Gho BERE, SZENCEIEC R R, T3 _ next_ () method fiE—0EnY , &R H ks | 5
StopIteration. [EMCERLA M __iter_ () method, "E€rmEEREIA S, B DA%EHEE
A AR T ENC 4, FLT A A K 22 i A A T BN 35 A . —RIHERR Bl 5N, 2B ZE
#[EIft (multiple iteration passes) FUREX A, — AP (B2 1ist) FERF R EHIES iter O
pRNETE for [EIE P ERE, #eFE MaemnEReg. gABERHSER LS (ZimEft) K,
Hgr e a—m E P A . R W S EU R, ARG R — S A5

7E typeiter 3CHA] DATR E B 2 AT
CPython F{{4NEHi : CPython [FIARIAKAN—Huh i [EURESA S5 __iter_ () ) BMELE.

key function (ZeRsX) 48K HF KX (collation function) J&—{F A]IFNY (callable) FE;, ‘B & [Hl{d—1H
JAHEF (sorting) B E ¥ (ordering) AfE. 4, locale.strxfrm () Hi I AREIAE 8 T i s e HE
JF B HE 78

Python i 2 T H., #4552 DAGE sk A H T R o 7 8 A 730 B EdE nin () . max () .
sorted (). list.sort (). heapg.merge (). heapg.nsmallest (). heapg.nlargest () #l
itertools.groupby (),

H AR AT DA S, — s g, B, str.lower () method A] PAYEEIAR 48 A /INES HE e 1) 4 o6
Ao B0, — MR BAT A lamoda ER AW, fIA0 lambda r: (r[0], r[2]). FHHb,
operator FEAH $& M4 T = 1/ & o8 = B 722 5 5K 2 (constructor): attrgetter (). itemgetter () F
methodcaller (). BRI A ek a6, wB 2 EHET .

keyword argument (B8t =518) #H2Eargument (590

lambda i ¥ —expression (GEFZ) Fr4Lm I —M#E 41 7ER = (inline function), J7A3% R zC I Rk (. 7
57 lambda PR EEYE 2 lambda [parameters]: expression

LBYL Look before you leap. (=M #Z4T.) & 4w A5 A G 7E A TRF I sl A 4R 2 w7, It 0l e e«
B EASELEAFP T2 E e, HERRFOREAH R 1 B HFTE.

e AT, LBYL Jr=UH7E [ =1 F1 T84 Z M5 T #EWEF: (race condition) [ /E
br. BIUNPA FAEZCHE if key in mapping: return mappinglkey]l, UISEH—{EIATEELE HIE
AR . 6 mapping TSI T key, HIRCREATERL AR, 3558 1B AT DU B8 (lock) Hcfds 1
EAFP i 77 AR #(E .

locale encoding ([#J®&uME) 7F Unix b, & & LC_CTYPE [ I 3% & W 4 5. & 7] A | locale.
setlocale (locale.LC_CTYPE, new_locale) KR#E.

7£ Windows |, ‘&2 ANSI Ui E (code page, #ilfll cpl252).
locale.getpreferredencoding (False) H] DA AR HUAS: 4 dak 4 A .

Python {ifi i filesystem encoding and error handler (R§ZR R & SmAENEEREI K, 7 Unicode 1 244 fE A1
P ITCHLAE 244 Ff 2 e A ()

list (:#3510) —fH Python I ysequence (J75)). EEERIL T list, & HF TSRS = iy — {6
51| (array) M AME— (G5 ERS (linked list), PRIEWFHOTER IR VA2 O(1).

list comprehension (A& AIESY) 7 F A HL— 551 FP A 3R el e R, (B R H A4S S DA— 1 List
EMEA RIS e, result = ['{:#04x}'.format (x) for x in range (256) if x % ==
01 EEE 5 list, Hh e o3 255 #EE], Fra s S0z 8 (0x..). 1f FA)28 8
M. WREIEE, H] range (256) HRYHIE TCEAS G R .
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loader (G{AZY) —MHREEERABALYIMG. EUEEFE MAE load_module () ) method (F¥k). #k
NSl H SR finder (FAggs) FH. 2 A 2(E PEP 302, E%Jﬁ/\abstractbavc class (FhZ R EHE(E),
nﬁﬁ. importlib.abc.Loader,

magic method (BEHTJjik) special method (F§3K7T5%) W9—MEAEIE AR 55 -

mapping (¥HW) —HEZWIE, BB RHENAER, HAREE abstract base classes (JIZETHEE])
Mapping B MutableMapping g EH method, #iffI$5 dict. collections.defaultdict.
collections.OrderedDict fll collections.Counter,

meta path finder (GERATS=MHIRS) —MALAILS sys.meta path Ml K finder (4% . TCHACHR
AL E 2 08 B 48 % (path entry finder) FHE{B AN o

BTN TCIR R A A EAE ) method, #52(F] importlib.abc.MetaPathFinder,

metaclass (JCHI[E]) —7FF class [ class. Class & 5B FE €& d 7 —1# class 475, —1{ class dictionary (ZF4L)
PAK il base class (HIRHE]) A%, Metaclass 135517258 518, [EE 3% class. KEZHY
PR R RE e PR Ot R BRI B . Python fOFEl Y BEAE A B REEIZL T H %11 metaclass., 4>
W e R TR L TR, (H2HTF2NE, metaclass 1] DURBLEIR HEMEAMME T . EMEs AR
ORI, BT A et . BE A EST . BERL B (singleton),  DAKFF S HAM AT %

% %] ATE metaclasses 25 i R 5]

method (J5#:) —{BIAE class ABEEIM AT R0, AR method 1EEIH: class BE6 Y1 J& v nemy, A
e S35 B E e 15— argument (51%0) (U653 Hul 5 REE self). wE2E funcion (
) Fnested scope (HRAVERIE) o

method resolution order (J5iEfRBTINAY:) 5 VEARMTIE Y RAEA I E R EFE T, base class (FEHHE])
WA . BN 2.3 iE S, Python B el Fl A YEANET, w52 Python 2.3 iUy 1M
JIE o

module (%) —{FE(T Python 2= AR 4L 4% B4/ (organizational unit) 1. BALA —Hma s, B
AR Python (. HHAHEHE timporting WAL, BLHECA % Python,

syt 2 Epackage (E1F).

module spec (FS&HBE) — M2 M, BEEEHREASKAR import 4 B & #ll. B /& importlib.
machinery.ModuleSpec H—1E & .

MRO 5 2[Elmethod resolution order (J7HfEATIETE) -
mutable (WEEHTE)  FTEYIPERT AR E P, (ARSI 10O« 52 Eimmuable (RS9

named tuple (Fff#45 C41) 755 [named tuple (Fff447C4H) ] 2457 tuple ﬂ%ﬁﬂ%ﬂﬁlﬁilﬂz class, HERW]
5| (indexable) T2 1 A DA F 44 J& 1 AR AFH . 3 BEUFISK, class tHA] DAELA HoAh AR o

A 4eE @A [E 2 named tuple, fffH time.localtime () Ml os.stat () [AIEKIE. 55— E T2

sys.float_info:

E
]

>>> sys.float_info[l] # indexed access
1024

>>> sys.float_info.max_exp # named field access
1024

>>> isinstance (sys.float_info, tuple) # kind of tuple

True

4546 named tuple 2 EJ#AE] (40 1-f). 5%, —1H named tuple 41 7] ATE—{H IERLY class 5& F24C#NT,

HEL class @#E7K H tuple, HEFR T IHAMMAL (named field) BI 7] . 5Z%H1Y class W AT T4i%s, Al
W\@ﬁﬁ T &R = (factory function) collections.namedtuple () 2KE. . BF AN T —L%8
AN method, i 4% method FJ AE & 7E T 5 Sk [EE 1Y) named tuple 1, MEVEFRF K.

namespace (r#%50) SR FRIHTT . 4 252 DA dictionary (F31) BB . A IR | 2ty K (E
) i 4 2 ﬁﬁE%#FEP (£ method ") AT HUIRAY fiy# 25 ] o s ZSHTRE ph B 1L a4 1858, 2S8R
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WA L. B, Kl builtins.open fil os.open () EFEE T M4 25 MR H . 4 2S5 M
FE £h PR 5 2 2 TR RS AR B A — R pR X, ARSI W] Pk S v Akt . BN, & random. seed ()
B itertools.islice () WL, EEEHENEH random fll itertools MAIEFEE,

namespace package (M2 MEME)  —ff PEP 420 package (£1F), & HAE1EE T2} (subpackage) [1)—1H
Kos. s EEM RS Ean IR, 0 H A RE S M AR — [ regular package (IERENF),
HEEMEES _init_ .py SEEE.

Wit Elmodule (Fif) .

nested scope (HURIEMIK) HEF)2 M 41 E 5 3% (enclosing definition) 55 8 B f7 . S2BIKE], —{HmR =,
R RS MR rh ez, WEEEE2EsNEE P, SHE, EESEET, #iRE
PR A 2 IR, T AR . (e s M R A e () S S A TR, Axdeisda
BAEAE G4 oS A 8B A . nonlocal A HANEEREETE A

new-style class (FiRM[E]) — R4, ER2IGBAEIHN class Y1 F G class JAHE . 6531 Python
A, R # class A REfl A Python BCHTH . ZEMTIRE, 1402 __slots__. #ifiA#F (descriptor),
JEVE (property). __getattribute__ (). class method (JHEIJ %) Fil static method ([EIBE:).

object (M) HAMRAE (BHSIE) MyiE R TE (method) WIETER. B RETnew-style class (7
FHAE]) s base class (HJKHE]) .

package (EfF) — Pl A8 I 1AL 5 621 Python module, MFAR Lk, t/@HA __path__
J& ) Python 5.

ek Elregular package (TFFEME) FMnamespace package (64423 MEE) .

parameter (2() Tifunciion (FX) = method 7 &H i) —1{ fiy 4% T (named entity), & 5W]5% i\ REE
B2 —Mlargument (5190), SAERLASE T HR 2518, SGH TR R ) 2 B

* positional-or-keyword ({VELEXBHHET): HEHA—(f W] LAZ e 1s 5 sl ARIEIR 48 5 7| Sl o 5 | I
ERS UM EBIHA, BIAILATY foo # bar:

’def func (foo, bar=None): ... ‘

* positional-only (PEBRNOZE): FaW]—E e+ I AL E P fitny s [ #. fERERM S HIIRT U E
—f# /o0, WA PATERZ T OUHI T E S BRI E 2 8, HIANLAR Y posonly! 11 posonly2:

’def func (posonlyl, posonly2, /, positional_or_keyword): ... ‘

o keyword-only ({EBRFAGET): 50— N GELARR S F b il 5 | . fEm=UE sz £t 1
AT 5 B 0 2 B (var-positional parameter) B( @ LAY * S0, kAT DATE AR 7 F61E I
B F28, HIMPAIAY kw_onlyl 1 kw_only2:

’def func(arg, *, kw_onlyl, kw_only2): ... ‘

* var-positional ({EREWEAIE): FEW]—RREDMERF AR B A8 T | B (TEC W 2 Wz
WAL ES | A1) . BB EREHS WA R T E L~ AERW, BIILATH args:

’def func (*args, **kwargs): ... ‘

* var-keyword (ALEEYCRHBAGET) : FEUIW B E R B T 58 (FEC g b2 M2
MBS S AN . BRSUREBTERSEA T E N b~ AGEsny, fildn & sl
kwargs

SYOT MRS | Mo S R B TR A, mT AR SBR[ R S TH LA

%%@ﬁf%%ﬂgargumem (%I%() &l%ﬁ N ﬁﬁﬁﬁ%*ﬂ@%l%ﬁﬂ%iﬁz FEEJ E‘J%\ inspect.Parameter
class, function T i, DA PEP 362,
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path entry (PEFS3EHH) FEimport path (BEAMEEE) ) —E AL E, Mipath based finder (A EEFRIT FARET)
B 27554 B AGF R E import [FHRAH

path entry finder (P&FEIEH =-4i%%) ¥ sys.path_hooks H1f—1f 0] BERY#{: (callable) (7 Bl —{#path
entry hook) [t [R/ER ) —T& finder , & HIE AT PA— B path entry g SiASEH o

B A AR TH B AR L B /E Y method, #52[F] importlib.abec.PathEntryFinder.,

path entry hook (BfSIHHE]) 1£ sys.path_hook 53 df)—{E T WEI {7 (callable), # & HIH 4T 7E
—fAFEE R parh entry WAL, W)@ BIE—{Hpath entry finder (BAEIHHE A0 ) o

path based finder (JERBEISHI=bIZY) THSM TIAL 548 5 (meta path finder) 2 —, "E&FE—@fimport path
SR .

path-like object (BURfSHIME) — M F AR RGBS, BEEEY MR AR — M £ RSN str
5 bytes ¥, dBig—MEE os.PathLike @ MWIF. FEHIFIY os. fspath () R, L
& os.PathLike # E W4 DA EIE] str 8% bytes # R RS IELE; M os.fsdecode () &
os.fsencode () HIZMER] JHRAEMR str & bytes B4R . B PEP 519 5] A,

PEP Python Enhancement Proposal (Python $[F[$£22). PEP 22—kt EIR S, & fEE] Python iRk &
i, BEAA Python 1) —1F#T DI RE B R4 I RE NIRRT MR EE . PEP JRER% ELPE LA RV B2 48T B i DA S e 12
ZUIREMEAE L

PEP [(WAFTEE W, R MREE I T REAHEEE . ALTH o BR A 0 8 G 72 4R, PASLEL A Python
fos st EsR ), S B AY 3 ] . PEP (O i e sie i B D s M S H.
#2([F PEP 1,

portion (345)y) fE¥—HEPH—AIAHE (WA REREAALE—MH zip R ), SR ZRARE— A& = HE M
(namespace package) A T E gL, WE PEP 420 1 E .

positional argument (¥ 5[5 %2 Eargument (5]4#f).

provisional API (%47 API) ‘17 APL 248, (EME ek =0 s M) i & HH 25 (backwards compatibility) £ H
M HERR APL, BESR G, R MR EE TR, B LERea =R E, Hing
O BREE N ERBEE 2, W gEer b B AR ST (LR OESRENm). BEEEERG
I HBE)E —— U APT R AN A 2 Tl AR 25810 B B ARG E o s e, M A ek

B A AT APL, [ N AHZ 8 S L G it () [ e MRE 2] — S B R, 1)
SR AT AR — A I AR AR I AR E T 2R

T2 A A A A o X R RE R 2 R R A i Ak, AT RE S RE B AR = 0 R [ 25 BHUE T R RE A s T B AR o i
2[E] PEP 411 T f# s Z 41

provisional package (¥17E4%) #&Eprovisional API (47 API).

Python 3000 Python 3.x RIMAKIERE (RAARTAIREAY, EREE 3 A Esm R EER AR, ) Bl A%
#[E] [Py3k].

Pythonic (Python Jalksi¥)) —(EAEAE—BofE(AS, EMEM T Python 5 fc s WANIE I, , A2 B H:
i AR ACE AR RESUA . Bln, Python Hr L — MBI A, 20— for BuAX, #
— A BRI A TR TEE . 72 HAsh S DA SRR AR, AR Python FA
A TR (o] — (A B e AU

for i in range(len(food)):
print (food[i])

2T, DA IAR R . 3 A4 Python Jalfs :

for piece in food:
print (piece)
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qualified name (Mg # /%) —fH [ RARE], ERURTE— BT AR ) R A 2 1Y class.
PRIl method 1 [BAAE], W1 PEP 3155 W ESR. S TR R UA class T 7, FRE 24 RS
A REAHA -

>>> class C:
class D:
def meth (self):
pass
>>> C.__qualname___
o
>>> C.D._ _qgualname_
'C.D'
>>> C.D.meth. qualname_
'C.D.meth'

WG LR, %A R &4 (fully qualified name) JEF T WAL SE MBS TRIRAS , AL BT
LM, Fll email .mime . text:

>>> import email .mime.text
>>> email.mime.text. name
'email.mime.text'

reference count (ZNGHE) ¥ EWIFN2 MO YIS BEHECF RN, eyl
i (deallocated). 2 Mt #{EH7E Python FEsaG h A2, (HEELZECPython FAER —(ABI# TR . sys
Bl E R T getrefcount () BRI, FRFFmat il T LAIRE Y o 2 ] o —fRUR5 E W 1F 1 2 B HI

regular package (IEHUEME) — (B Spackage (B1F), Hlan—ME e _init__.py EEMHIE,
Wt EFlnamespace package (f44 25 MEME) .

_slots__ ¥ class [EJEB— (8 B 45, B e E S B OB M, DAY BR BB dictionary (F-H) |
R FOIER . BEAR BT , (E e BEEE DA R A, o S DR B 4G SR A — {1 O AR Y B
(memory-critical) [ FH R v A7 E K B 1) 2 LR (D,

sequence (JE41) —fHiterable (WEMRHYIM:), B _ getitem__ () special method (45K HE), A
BRI BEHVCEN RGN, EEFRT M _len_ () method ZR[EIEH % FAHEE. —L&
BB [EMSFE 1ist. str. tuple fl bytes. sEEE, IR dict 3 _ getitem_ ()

_len_ (), {HEWHEEB (mapping) i AJ&751, HEHA & X2 6 H T immutable 8, i
A,

% 5L ME(E] (abstract base class) collections.abc. Sequence E 36 7 — {0 58 i & % /) 1T
AEIA _ getitem_ () 1 __len_ (), EWHIT count (). index (). _ _contains__ ()

__reversed__ (). EEHIERNMEIEE, ATPAMH register () #HFEHEIE.

set comprehension (SEALAIER) —HEZENHIE, FAOERE—M T EUCH ¢ b iR eiha o, Ei
BRI GE R PL—1 set [A]f#, results = {c for c in 'abracadabra' if c not in 'abc'}
BV —fFEE set: {'r', 'd'}. #E2[E) comprehensions.

single dispatch (¥.—{PE) generic funciion (FZHIpRR) FHER MR, FEdL, BEMSREL RN H 5]
A,

slice (V)))  — (@Y1, BHlH AT —Bsequence (JFF) WHR—R0 . L —BLYI R W 2 0 N EAT9%
(subscript notation) [ ], 74 HZMEY:, HIEHEEZ B E 9, il variable_name[1:3:5],
TERESE N FF5RmERS, & slice ¥t

special method (¥¥8kJjik) — & Python H BN ) method, 3t 37 U [Fh A7 LB 80,
V. 5 method 1144 R & 1F BEE A4S B A WiH R IEE]. Special method 7F specialnames H1 45 #EAHEIH .

statement (BiBX) BRI —(HEH (svite, — ARG 5 L) hig—i5) . BRAK T LA —Hexpression
GEFERX), SO ARMET (Flanif, while 5 for) MWLM —.
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strong reference ([F]218) 7 Python i) C API v, 5| 248 MEEA 5 AR FTIA X 2051 H. 1
IS | @S P ) Py _INCREF () RARIGERS | AT ERS | Al i@ id Py_DECREF () JRFEIE .

Py_NewRef () MzUn] IR ES — ¥ FMEI2 . @5, EREEZROERNSZ N, YEEZE
208 N Py_DECREF () pRzy, DABsElE MM,
Ak Eborrowed reference (2 ).

text encoding (37 %ifl) Python H1 )% & 2 — 1 Unicode 5%} (code point) ¥ %1 (#i[# 7 U+0000 --
U+10FFFF Z ). HEGFSERE T, BUEgT L E—E A THT 5 .
H— MR F M E N TS, ME a5 , M scal)y 5 B % 7 e MR E RS
(decoding) |,
LA E ST RIE A (codecs), BMBAME [ 074kl

text file (SCPRER) —HEEEREBREA str YR file object (FEZRWIME) . B, CFHEEEBR LE
AU TCAL L [ 1) kLA (byte-oriented datastream) [F€r [ B i Hitext encoding (SCFHAE) . CFHHEEM)
Bl DAICFRR (T 5% 'w') BIEAEZE. sys.stdin, sys.stdout PAJ io.StringIOo f}
B,

Jyiti2Elbinary file (ZHEHIFEZE), B — M REEFIBRM R A S5 T4 & 20 1 (bytes-like object) (ARG ZEY)
s

triple-quoted string (=5 [55[E ) =558 (<) SCET158 O MIEEREA W —MEFE. MR EME
[EVA $RALET A B | 552 R AT B AN e, (HERFFZ R, B ERE . M@ IRn AES
A2 R BKE] (unescaped) (1) BE5 | SEAIEE S| 55, 1 HL & MAS 55 8 A #4970 (continuation character) #f;
DA AT, B A 5 (EIA - A e

type (FI[E]) 1l Python ¥ {4 HZEIEE T8 A ESE A YA —H2E. — Y 1A 2
EIRAMER) __class_ BHERAFR, BA type (obj) IR

type alias (BIEIF4) —MHAER R, EEAFRIETE &4 — MR ESF (dentifier) .,

HEFE% #R 2 [ElR 7 (type hint) A H . 0

def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuplel[int, int, int]]:
pass

ATUARS BGOERE, SEEA T

Color = tuple[int, int, int]

def remove_gray_shades (colors: list[Color]) -> list[Color]:
pass

i 2[E typing Fl PEP 484, f HIIRENIHREIA.

type hint (BEWE/R)  —TFannorarion ([EIRE), EAEE —MEH. — class 8145 — 1 p& 2 ) 2 ik o] (g
f T I 2.
RIEHR R E BB ERY, 1A 29 Python B, (HEMBEIRRAEE M TEMRA M, [EhEl;B) IDE 5
FAE A4 (completion) A EA# (refactoring).
SIS class BMEAIR R ORI ) rRESRR, #r A typing.get_type_hints ()
AT

iH2[E typing Fil PEP 484, 5 LI RERHE

universal newlines (GlHE77I0) —TEMESCFH (text stream) (53, A5 0A T T A 1 EEREE—47
BO45ER: Unix 77 R1EE '\n'. Windows 1% '\r\n' FIE5 ) Macintosh 18 '\r'. 5% PEP 278
I PEP 3116, PAMHR bytes.splitlines () BIFINHIE.
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variable annotation (52U([EIF%) WG class B iannotation ([EIFE).
[Ef 5 ok, class B PER, MR(E 23PN

class C:
field: 'annotation'

SERRE R R ELR = (ype hin): I, EESETEDI GG int (¥ {4

count: int = 0

S EV R 1 annassign 257 REATAO AL,

st 2[E)function annotation (BRI[EFE) . PEP 484 Fil PEP 526, %4 IWIhfemHiiR. BN EREN RIEE
B, 7k 2[E annotations-howto .

virtual environment ([EJ#8R5E) —{A#/EME#E (cooperatively isolated) 3 THE 5%, fE:E Python ({5 F &
Eﬁﬁﬁiﬁ%%%&%%ﬂﬂ@ Python #§[FIZ(4:, i A€ ¥ [a]—18 &40 FiEFTH) HAD Python JE A2 194 7(E)
B T8

W2 [F venv,

virtual machine ([EMRMERS) 50 4 th WM T 3810 RS (computer). Python [{EIBERERS € 81T i byrecode
(FLTCALRS) Ak T8 0 A7 TCALAS .

Zen of Python (Python 2[F]) Python 3¢it/F IS B G5 %, HIEAA BRI GEH ILRE S . ses R
PR H B IRAFICRIMA [import this] AR E.
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BARIELEFIRA S 14

15 LB S 28 Sphinx  (—{# 5(E] Python [EJWA SR 85 1 SRR BERS ) M0 reStructured Text 4#57
PR B L A A T o

4l Python [ &, iith H A1) %5 1 I SCPRELERHEAR H BT TR . F AR IR A ik, 75 52 reporting-
bugs EUTE, [EVSAHBA A FoAM i Balpy BB A

it
* Fred L. Drake, Jr., J§ilf Python SC{ T HAEM Al A K —FEB I EIA 1ERS ;
* A3 reStructuredText F1 Docutils T 41/ Docutils B2 ;
e Fredrik Lundh 454, Sphinx #¢//#) Alternative Python Reference #1#| 1 #1521 F & .

B.1 Python {898 BRKE

7% A\#RH[E] Python 1& 137 . Python 121 ik X AN Python [EJRA SCAFET MR . Python FT#(EIfY 5 AA RS &
A ERCEREH, @5 R Misc/ACKS ,

TEFAE] Python A (1488 g B B8R A 4 3 35 [EDRR A [ET ] SO - e T A B R g AL A !
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apPENDIX C

C.1 &icio

Python 2 H 17 i BCEE N 5 MR B2 T 5T B2 €5 (CWI, L https://www.cwi.nl/) ) Guido van Rossum Jji& 1990 4f
Al , B2 EE—HEREE ABC 355 W& EE . [ Python 1 T #2224 H HA N E L, Guido
TR EAEE .

1995 4F | Guido 7E#4E 7 Je SN BRI i B K AHF 57 A 5] (CNRI, F, https://www.cnri.reston.va.us/) 445 b7
Python () T4, [EFERREIEEE) T 3% K #8122 1 LA .

2000 4£ 11/ , Guido il Python £%.0» B %% [ B i##% 31] BeOpen.com [Eljf(572. T BeOpen PythonLabs [#EX . [F]4FE+1 1,
PythonLabs [ [ ###% 3| Digital Creations (i [F] Zope Corporation; &, https://www.zope.org/) . 2001 4F, Python
WA EL G & (PSF, B https:/www.python.org/psf/) ST, & & S EHEF Python B 1)k A TR I A1) 57
Y FE FIALAL . Zope Corporation & PSF f—fi# I 5.

Jir A7 14 Python AR BRUEHY (B BRURAY € F€, 2[E hitps://opensource.org/), FEH b, KZHMAIEETRHY
Python fitAs, t1/2 GPL AHZ I ; DAT FAsHa4: &8 A i 22 (B

BERA | BR FHh #EE GPL HE % 7
090 1.2 | AEH 1991-1995 | CWI =
132152 |12 1995-1999 | CNRI 2
1.6 1.5.2 2000 CNRI 7,':?
2.0 1.6 2000 BeOpen.com | 15
1.6.1 1.6 2001 CNRI 5
2.1 2.0+1.6.1 | 2001 PSF 5
2.0.1 2.0+1.6.1 | 2001 PSF =
2.1.1 2.1+2.0.1 | 2001 PSF =2
2.1.2 2.1.1 2002 PSF 7=
2.13 2.1.2 2002 PSF 2=
22 PA L 2.1.1 2001 #4- | PSF 7

fiE): GPL HiZEEIRFRIKME1E GPL F#(E] Python. ARf§ GPL, Fif7 1) Python FZHEH! 1] DA A8 [E) 1Bk
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RAGHAS, (HR— s AT 8 S REIB . GPL AHZR (Y BHEMIS Python 7] DA%S A HoAbfE GPL R E£{EfEX
B (HHERRERIATT,

I RFZ HIAMRE T, 7E Guido FEE AT, (7555 LERUA Y B E T RE

C.2 FARFMHLHEMTGXER Python BEFIIERR

Python ¥ AR U B HE R BL IR PSF 424 & 4.

{# Python 3.8.6 Bt [EWISCH PRI, AL MR B FEAT, Rohe TAPHE (dual icensed) 7 PSF 42HEA
#I1VA B Zero-Clause BSD %7 o

PER=2 3 YN Python PR AR W R P RE . I LU e B RE 2 RS RS . B S LR
REMARSERIE B 2 E0a[F 388 a9 3% 4 s 20,

C.2.1 FjA PYTHON 3.10.13 & PSF iS# &%

1. This LICENSE AGREEMENT is between the Python Software Foundation ("PSE"),_
—and

the Individual or Organization ("Licensee") accessing and otherwise using.
—Python

3.10.13 software in source or binary form and its associated documentation.

2. Subject to the terms and conditions of this License Agreement, PSEF hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 3.10.13 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice.
—of
copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All.
—Rights
Reserved" are retained in Python 3.10.13 alone or in any derivative version
prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.10.13 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

—~hereby
agrees to include in any such work a brief summary of the changes made to.

—Python
3.10.13.

4. PSF is making Python 3.10.13 available to Licensee on an "AS IS" basis.

PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF

EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY REPRESENTATION.
—OR

WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT.
—THE

USE OF PYTHON 3.10.13 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.10.13
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FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT.
—OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.10.13, OR ANY.
—~DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material breach.
—~of
its terms and conditions.

7. Nothing in this License Agreement shall be deemed to create any.
—~relationship

of agency, partnership, or joint venture between PSF and Licensee. This.
—License

Agreement does not grant permission to use PSF trademarks or trade name in.
—a

trademark sense to endorse or promote products or services of Licensee, or.
—any

third party.

8. By copying, installing or otherwise using Python 3.10.13, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 ¥ PYTHON 2.0 #) BEOPEN.COM B &#

BEOPEN PYTHON BHiFIZHES #1568 1 I

1. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary
form and its associated documentation ("the Software").

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the
Software, alone or in any derivative version prepared by Licensee.

3. BeOpen is making the Software available to Licensee on an "AS IS" basis.
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOEF.

5. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.

(Rt
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#EHE—1)
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
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 A PYTHON 1.6.1 & CNRI iR &%#

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

(FItakss)
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(R —H)

law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or

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 ¥ PYTHON 0.9.0 & 1.2 gy CWI 1R{EEH

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted, provided that
the above copyright notice appear in all copies and that both that copyright
notice and this permission notice appear in supporting documentation, and that
the name of Stichting Mathematisch Centrum or CWI not be used in advertising or
publicity pertaining to distribution of the software without specific, written
prior permission.

STICHTING MATHEMATISCH CENTRUM DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO
EVENT SHALL STICHTING MATHEMATISCH CENTRUM BE LIABLE FOR ANY SPECIAL, INDIRECT
OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE,
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE.

C.2.5 A} PYTHON 3.10.13 [FEA #FI#2#§#9 ZERO-CLAUSE BSD #%1#

Permission to use, copy, modify, and/or distribute this software for any
purpose with or without fee is hereby granted.

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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C.3 #My(IIBkAS AR 1 B BN
A S AR SE I I G BEESET B, 5% JE Python ST B EDAG 5 =y B

C.3.1 Mersenne Twister

_random &A% T PA http://www.math.sci.hiroshima-u.ac. jp/~m-mat/MT/MT2002/emt19937ar.html {7 |~ #[E)
HREEBEORENXT. AR 2R RS ) 58 5 -

A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand (seed)
or init_by_array(init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written
permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)
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C.3.2 Sockets

socket A ] getaddrinfo () fl getnameinfo () KR, B4E WIDE BZ (https://www.wide.ad.jp/)
(B, AT [ ) S e 5 vl i G -

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software
without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS " "AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.3 FEE ¥ socket JRIE

asynchat fll asyncore fAL AL & DA R AERA :

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.
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C.3.4 Cookie &1

http.cookies HiZH L& DA AR :

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.

C.3.5 #{TIEN

trace B W& DA
portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko O'Whielacronx
http://zooko.com/
mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.
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C.3.6 UUencode £ UUdecode &E=

uu AR AL AR RN -

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:

— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

- Arguments more compliant with Python standard

C.3.7 XML Eixf2 ey

xmlrpc.client M E AT

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

(Rt
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ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

C.3.8 test_epoll

test_epoll HIgL{l A FHgH:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select HIAL¥SA kqueue 7N AL LA A :

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "~ 'AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY

(Rt
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OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.10 SipHash24

Python/pyhash.c 5% 17 Marek Majkowski’ 37 Dan Bernstein [ SipHash24 JEZ VLR EE. BESPAT
TEEHH -

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
all copies or substantial portions of the Software.
</MIT License>

Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/1ittle2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod E dtoa

Python/dtoa.c FEEHRML T C Y dtoa I strtod B, FRA K C (1) 8RS 2 77 25 B 7 5 HARBEE]. %A%
214 B David M. Gay /W [ 441658, 125 BIAE W] DA https://web.archive.org/web/20220517033456/http:
/Iwww.netlib.org/fp/dtoa.c N, Y2009 4E 3 F 16 H g ZR i R IGHE 28605 DA IR HE B 47 F s 1 -

/*********************~k****k*k******~k******************************

*

* The author of this software is David M. Gay.

*

* Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

*

* Permission to use, copy, modify, and distribute this software for any

* purpose without fee is hereby granted, provided that this entire notice
*

is included in all copies of any software which is or includes a copy
or modification of this software and in all copies of the supporting
documentation for such software.

* % o

THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY
REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY
OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

* % o

*

(Qi¥iE3)

C.3. #uyFlakaeny iR g RBUM 93



https://web.archive.org/web/20220517033456/http://www.netlib.org/fp/dtoa.c
https://web.archive.org/web/20220517033456/http://www.netlib.org/fp/dtoa.c

Extending and Embedding Python, £([F 3.10.13

(R —H)

*

***************************************************************/

C.3.12 OpenSSL

15 OpenSSL. 5 sk HEAT HeAF 3 Z BT, M hashlib, posix. ssl. crypt WML G FI e S FHALAE.
J£4b, FIE Windows 1 macOS ff) Python %4 Fist i A4 OpenSSL Bzt Wil 4, i bATk to ZE D
OpenSSL #Z Rl

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-core@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-corelopenssl.org.

5. Products derived from this software may not be called "OpenSSL"
nor may "OpenSSL" appear in their names without prior written
permission of the OpenSSL Project.

6. Redistributions of any form whatsoever must retain the following
acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit (http://www.openssl.org/)"

L S S S S R S S R S S SN S S SN S S S S S N S e S S
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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
(eay@cryptsoft.com). This product includes software written by Tim
Hudson (tjh@cryptsoft.com).

L I R R T e S S N S N S N N

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 (eaylcryptsoft.com).
The implementation was written so as to conform with Netscapes SSL.

This library is free for commercial and non-commercial use as long as
the following conditions are aheared to. The following conditions
apply to all code found in this distribution, be it the RC4, RSA,
lhash, DES, etc., code; not just the SSL code. The SSL documentation
included with this distribution is covered by the same copyright terms
except that the holder is Tim Hudson (tjh@cryptsoft.com).

Copyright remains Eric Young's, and as such any Copyright notices in

the code are not to be removed.

If this package is used in a product, Eric Young should be given attribution
as the author of the parts of the library used.

This can be in the form of a textual message at program startup or

in documentation (online or textual) provided with the package.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. All advertising materials mentioning features or use of this software
must display the following acknowledgement:

"This product includes cryptographic software written by

ERE T R S S e T S R S . R S S e e e R S N S N S T I S R N
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Eric Young (eay@cryptsoft.com)"
The word 'cryptographic' can be left out if the rouines from the library
being used are not cryptographic related :-).
4. If you include any Windows specific code (or a derivative thereof) from
the apps directory (application code) you must include an acknowledgement:
"This product includes software written by Tim Hudson (tjh@cryptsoft.com)"

THIS SOFTWARE IS PROVIDED BY ERIC YOUNG " "AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

The licence and distribution terms for any publically available version or
derivative of this code cannot be changed. i.e. this code cannot simply be
copied and put under another distribution licence

[including the GNU Public Licence.]
/

L A T S S S S N S N S S SN S S S N .

C.3.13 expat

BRIEFE B E pyexpat ERMRER —~with-system-expat, %47 & H—MHE S expat JFIGHS ) E]
A

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.
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C.3.14 libffi

BAEE S _ctypes PRI R ER ——with-system-1ibffi, 7 HIFZH% 7 & —ME 2 libf 5 iEH51
B AS 2 7

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.3.15 zlib

WARAE 5 E BN 21ib A A DABOR VA F R 8 2 1ib 78, Wi st & —MES 2dib Jaa i &l
AR

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be
appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean—-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu
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C.3.16 cfuhash

tracemalloc {#FH¥4EEIZE (hash table) BAE, 12 DA cfuhash BLZE([FI3LRE:

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above
copyright notice, this list of conditions and the following
disclaimer in the documentation and/or other materials provided
with the distribution.

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived
from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.17 libmpdec

GAEfE R _decimal BiglMiik EF) ——with-system-1libmpdec, 75 H#%i4H & Ff—{M(El 2 libmpdec ¥

2R R AR A

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

(Rt
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THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.18 W3C C14N B EH

test XA H ) C14N 2.0 HIFEM: (Lib/test/xmltestdata/c14n-20/) 24 W3C 48uG https://www.
w3.org/TR/xml-c14n2-testcases/ #hgE, H 2R 3-clause BSD 1% FE 5 (E) -

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All Rights Reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of works must retain the original copyright notice,
this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the original copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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C.3.19 audioop

audioop BT SoX T H i g771.c U AU A S l:

Programming the AdLib/Sound Blaster

FM Music Chips

Version 2.0 (24 Feb 1992)

Copyright (c) 1991, 1992 by Jeffrey S. Lee

jlee@smylex.uucp

Warranty and Copyright Policy

This document is provided on an "as-is" basis, and its author makes
no warranty or representation, express or implied, with respect to
its quality performance or fitness for a particular purpose. In no
event will the author of this document be liable for direct, indirect,
special, incidental, or consequential damages arising out of the use
or inability to use the information contained within. Use of this
document is at your own risk.

This file may be used and copied freely so long as the applicable
copyright notices are retained, and no modifications are made to the
text of the document. No money shall be charged for its distribution
beyond reasonable shipping, handling and duplication costs, nor shall
proprietary changes be made to this document so that it cannot be
distributed freely. This document may not be included in published
material or commercial packages without the written consent of its
author.
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EFE

..., 67

2to3, 67

>>> 67

_ future_ ,72
_ slots_ ,78
BRS8N

PYTHONPATH, 56

A

abstract base class (#HZEEHE) , 67

annotation ([EE) ,67

argument (3| %) , 67

asynchronous context manager (JE[F FIF#E
EILE) 68

asynchronous generator iterator (3f [F %
E4 #EMRE) ,68

asynchronous generator (FE[FF[E4%E) ,68

asynchronous iterable (R F TAEIRYE) ,
68

asynchronous iterator (j}i[ﬁ]ﬁﬁ%’é) , 68

attribute (BM¥) ,68

awaitable (F&#&4H) |68

B

BDFL, 68

binary file (ZiE#|# %) ,68

borrowed reference (EH%E) ,69
bytecode (fLT#L#) ,69

bytes—like object (LT EH) ,69

C

callable (FHFey44) , 69
callback (E‘]"?) , 69
C-contiguous, 70

class variable (FE#%) .69
class (#[E) ,69

coercion (%ﬂ%iﬂ) , 69
complex number ([FJ#) ,69

context manager (FHEEHEAE) ,69
context variable (¥ 2% ,69
contiguous (EHH) ,70
coroutine function (BHEER) ,70
coroutine (#42) ,70

CPython, 70

D

deallocation, object,49

decorator (#H&F#) ,70

descriptor (#Hr%) ,70

dictionary comprehension (?;ﬁ,ﬁ%éﬁﬁ) s
70

dictionary view (FH##gIE) ,70

dictionary () ,70

docstring ([EJBHF#®) ,70

duck-typing (%FA[E) ,71

E

EAFP, 71
expression (BEHER) ,71
extension module (EHAEAL) ,71

F

f-string (f F&) ,71

file object (#ZEWH) ,71

file-like object (4% ZH#) ,71

filesystem encoding and error handler
(BEAGEBIERRERR) ,71

finalization, of objects,49

finder (ZFAp#) ,71

floor division (1 FEUEKRE) ,71

Fortran contiguous, 70
function annotation (& RX[EIE) ,72
function (®=R) ,71

G

garbage collection (Jr3gE ) ,72
generator, 72
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generator expression, 72

generator expression ([H4AZREHR) ,72

generator iterator ([EJ4&HBEIRZE) , 72
generator ([Fl4 %) ,72

generic function (BEE®ER) ,72
generic type (ZAME]) ,72

GIL, 72

global interpreter lock (43 AE%EE) ,72

H

hash-based pyc (#[[EZE#EHN pyc) ,73
hashable (" #[[EIR) ,73

IDLE, 73

immutable (RT&4#) ,73

import path (EAKAR) ,73

importer (EAZ) ,73

importing (EA) ,73

interactive (E#H) ,73

interpreted (ETF?Q/J) 73

interpreter shutdown (HZEHEHHE) ,73
iterable (AERSH) ,73

iterator (Tﬁ%%) , 74

K

key function (#® =) ,74
keyword argument (BH#E55|%) ,74

L

lambda, 74

LBYL, 74

list comprehension (HEF|&EAEE) ,74
list (&%) ,74

loader (#AH) ,75

locale encoding (B 47 ) ,74

M

magic

method, 75
magic method (BH#TF %) .75
mapping (#Bk) ,75
meta path finder (TCEEFKE) ,75
metaclass (fl]%kﬁ) , 78
method

magic, 75

special, 78

method resolution order (F EM@ArIEF) ,75

method (F) ,75

module spec (M) ,75
module (#%H) ,75

MRO, 75

mutable (F&4#) ,75

N

named tuple (Mf&G#l) ,75

namespace package (& =XMEH) ,7

namespace (#%& M) ,75
nested scope (ERIEFHH) ,76
new-style class (F#[E) ,76

O

object
deallocation, 49
finalization, 49

object (##) ,76

P

package (£#) ,76
parameter (£%) ,76

path based finder (%ﬁé%@ﬂ']%—’ﬁ%&)
path entry finder (B{EHEE FH )

path entry hook (BRIEEHFE) ,77
path entry (BEHEEH) ,77
path-like object (¥ELHHE) ,77
PEP, 77

Philbrick, Geoff, 14

portion (#4) ,77

positional argument ({L %3 %) ,77

provisional API (¥4T API) ,77

provisional package (¥4T&#) ,77

PY AUDIT_ READ, 52
PyArg_ParseTuple (), 13

PyArg_ParseTupleAndKeywords (), 14

PyErr_Fetch (), 49
PyErr_Restore (), 49
PyInit_modulename (C function), 56
PyObject_CallObject (), 12
Python 3000, 77
Python Enhancement Proposals

PEP 1,77

PEP 238,71

PEP 278,79

PEP 302,71,75

PEP 343,69

PEP 362,68,76

PEP 411,77

PEP 420,71,76,77

PEP 442,50

PEP 443,72

PEP 451,71

PEP 483,72

PEP 484,67,72,79, 80

PEP 489,11, 56

PEP 492,68, 70

PEP 498,71

PEP 519,77

, 77

, 17
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PEP 525,68 Z

PEP 526, 67,80 zZen of Python (Python Z) , 80
PEP 585,72

PEP 3116,79

PEP 3155,78

Pythonic (Python M) ,77
PYTHONPATH, 56

Q

qualified name (fR=E4%%) ,78

R

READ_RESTRICTED, 52
READONLY, 52
reference count (& EB3#) ,78
regular package (EE¥EH) ,78
repr

[z & =X, 50
RESTRICTED, 52

S

sequence (JF%|) ,78
set comprehension (A% A6EXE) ,78
single dispatch (E—3 %) ,78
slice (1K) .78
special

method, 78
special method (%% F i) ,78
statement (E®RZR) ,78
string

object representation,50
strong reference (Zéﬂﬁ) ,79

T
text encoding (X FE##) ,79

text file (XEHE) ,79

triple—quoted string (ZB|3EF#) ,79
type alias (REE4%) ,79

type hint (E[FHRF) ,79

type (H[E) ,79

U

universal newlines (GEAEMTET) ,79
V

variable annotation (##[E) ,80
[z & =X

repr, 50
virtual environment ([FJ##&) ,80
virtual machine ([EJ## %) ,80

W

WRITE_RESTRICTED, 52
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