Extending and Embedding Python
BITHRA 3.12.7

Guido van Rossum and the Python development team

+—AH 18,2024

Python Software Foundation
Email: docs@python.org






Contents

1 fEtemss =05 T
2 AN =05 TG

2.1

22

23

24

2.5

3.1

i Cuf C++ P Python . . . . ... ... ... ... .. ...
A O B e = e 3 1
212 HETHRRFUSE ...
213 [EFEGIT ..
2.1.4  FEHOFYEFEMWIGALEE . ..
215 GEIFEAIEEEE . ...
21.6  FECHEH Python BREL . . . ... L
217  EEPREERBINSEC ...
218 HAYIREEEBETESEC. ...
219 MEEEEM . ...
210 BIFFHE . .o
2111 ZTEC+HTIREY R . ...
2112 AYPIRMEHUREMECAPL ...
HEP BRI R . .
2201 HRE ..
222  EBREIGINEBIEANTE o
223 RESTTHIREM M ERE S ..
224 TERERREAREMC . ...
225  FHEARHAMEI ..
EMPREER: DS
231 BEEFINTERENC . . . . ..
232 MBIEIR .
233 JBHASBL ..
234 BRI ..
235 WG PRICEEE ...
236 Bl TEE. ...
237  WHEZAENN ..
M CICH PR . o o o
2.4.1  fifijf] setuptools 4%t C fl C++ ¥ &

JE Windows FAZ CFIC++ 3 . . . .
251 SEREUEEH . L
2.5.2 Unix fl Windows Z [E][ZR . . . . . oL
253 DLLPSZBRM . . . . .

3 e R RHF ik A CPython i&f7ivt

LHE N AR A Python . . . . .. ... L
311 FHEWRPIRA .
3.12 BRI AR ..

................ 42

................ 50




313 HARA - o e 56
3.1.4 XA Python THEEFEATP RE . . . . . 58
315 FECH HHR A Python . . . . . . . 59
3.1.6  FER Unix BEETYIFMEERE . . . . . . e 59
A R 61
B SCRfEM] 75
B.1  Python SCRYFUTTHERE . . . . o o e 75
C PRIVl -
C.l IR 77
C2  FRHEPAFA A Python MZCERRIZME - o o oo 78
C2.1  JIFPYTHON3.12.7 ([ PSF RTINS« o o o e e o e e e s e e e 78
C.22  JIF PYTHON 2.0 () BEOPEN.COM ¥FR[ ¥ . . . . .. ..o oo 79
C.23  JT PYTHON 1.6.1 i) CNRIZFRIPIMY . . o o oo e e e 79
C24 MTPYTHONO0.9.0 £ 12 CWLHFRI ML . . . o oo oo 80
C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.12.7 DOCUMEN-
TATION . . . . . e e e 81
C3 NSRBI SN . . e 81
C.3.1 Mersenne TWIStEr . . . . . . . . . . i e e e e e e e e e e 81
C32  EIEF e 82
C33 BEEEFMS . . . e 82
C.3.4  Cookie R . . . . . o e 83
C35 PUTIEEE « o o 83
C.3.6 UUencode 5 UUdecode FREL . . . . . . o v i i i e e e e 84
C3.7 XMLERESFEEA . . . . o 84
C3.8 test_epoll . . . . . .. e e 85
C.3.9  Selectkqueue . . . . . . . . e e e e e e e 85
C.3.10 SipHash24 . . . . . . . e e e 86
C3.11 strtod FI Atoa . . . . . . o v e e e 86
C.3.12 OpenSSL . . . . . e 86
C3I3 expat. . . . . oot 89
C3.14 Libfli . . . . e e e e 90
C3.05 zlib . . . e e e e e e 90
C.3.16 cfuhash . . . . . . . . . e 91
C3.17 Hibmpdec . . . . . . . e 91
C.3.18 W3CCHNREM: . o e 92
C3.19 Audioop . . . . o o e e e 92
C.3.20 asynCio . . . v v v i e e e e e e e e e e e e e e e e 93
D BT 95
#ul 97




Extending and Embedding Python, & {ThR% 3.12.7

AR T A ] C 5 C+ G B R DAGE BB Y & Python ARREAR A ZNAE. X LERLHUA (L n]
PASE SR AR, 38 T DARE SCRTRIXRE R I e HOT IR . % SCR IR A T AN{n)4F Python fFRREGRIRAE 75—
MR, VAIEY RIES . W5, RN T ge gy ik, MEEI Asis (FE
IBATI) INEEIARRES T, AR E A R G SRR 3

A SRR AR A X Python I EEANIH . A KiZ1ES WAEIERNZ, 525 tutorial-index . reference-
index 25 T 9 IE X1 22 .o library-index 5 B AUXT R AL s ECRIBEL (P9 BRI Python 475 )
W SCRY, A HA T 12N e R

KT A~ Python/C APLYTEAN /Y41, THZ FAMSLAY c-api-index .

Contents 1



Extending and Embedding Python, & {ThR% 3.12.7

2 Contents



CHAPTER 1

HERNS=ATH

AFEE T T I CPython A — 7 SR (i B P e A TR 25 =77 T.H 0 Cython, cffi,
SWIG A Numba ${1 1 5 fi] B8 352 7R 1) 75 20K Sy Python A7 C il C++ 37

g 2

Python Packaging User Guide: Binary Extensions
“Python Packaging User Guide ” ALz T L& by RI@r v TR, ihe T kit
L SCAEY AR A AR A



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

Extending and Embedding Python, & {ThR% 3.12.7

4 Chapter 1. #HFNE=FTH



CHAPTER 2

MERE=ATEREIZY R

A X — S AR A 5 0 THAR B IS o0 T A C Al C ++ 7. B2 Tk 2 THAY A
HE, MARHEBREEHCH C RN,

21 {#M C s C++ §J& Python
WRARSH C, WINHTE Python Py E AL AR M. DU WA REH] Python B A=, W PAE T
extension modules JSEIN 0 SEPUHT I N BN 2580 s R C B ZE RSN RS0

HT A€, Python APT (B MIREFF e 1) € X T —RIKEL. KA, ATLATF Python iZ1T
I R GER K> A% . Python (1) APT W] DAIESAE—A C ¥E3CPFHFI] "python. h" SKICPERMI -

PR 4 S 7 B S AR H A R GEBLE . NI SN

O #ik

C §JE# 474G CPython, ¥ FEFIHICIAAEH A Python S E T AE. FERZAUGOLY, MiZithE C
P, ROFFAIRAENE. 250007, AERARRAGIRA T C SRS, RN ZFIEMA ctypes
B offi B, MASHACE C M. KRR AVFIRE Python YR E D C RS, T H A FAATE
B AR EFERILT .

211 —MEBEBF

AT — AP AL span (Monty Python 3 22 fiz & W (1 & 1)) HF HARZ 1B X} Y. C 4 R %L
system()' [ Python 2 1. X A™ e 03 52— DA null 25 R i 747 ep SHOF IR Il — B8 KA
A LAZE Python Hr AZIR 75 G T I R 4

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

H A —A> spammodule.c CMF. (R4 L, WER— BRI span, WXFRSCHER C SO
sp;mmodule-c; IR FAER K, Bl spammi £y, XA SCPE AT DA EE Y spammify .

SCUF I AR PiAT 2 -
A BRI AR os HLT O AR BT L HERG 67
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#define PY_SSIZE_T CLEAN
#include <Python.h>

X3 A Python APL (MIRARFVC, ARATLATEE HLAS I Fid s H ARHUSAL (SR o

O ik
H1 Python [ AE &5 L —LERETERLLE R G B SU MR Sk SCPF I TIAL B & S, PRLMAE AL 5 AT A
SLICPEZ T, AR LIRSS Python. b,

W7 M RTE Python.h B X PY_SSIZE_ T CLEAN ., BRI B HH M A% R THXINENES
M7 .

JF A HE Python.h W LA P AT WWIAF S AR R A py B0 Py RIZE, O FEARIESK SCOF @ U IR Lk
Gho ZIEEIEAIE, Wl T HAE Python fERESF ) 12 A, "Python.n" AL T —SEhRiE L SO
<stdio.h>, <string.h>, <errno.h> fl <stdlib.h>. YR )JGHE KL SCEERK RS EATLE, BiR
SHPERIHR S malloc (), free() Ml realloc().

TN C pRAE YRR, i spam. system(string) BFAMUHMN, GRATA G 2FZIRAD:

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 PyLong_FromLong (sts);

}

BAHALRESEINER T GEANOIT, B n1s —1m) FIEL3E C RS CREEZA W
DS, WL T2 self Fl args .

XHLRIL KA, self ZRHRIFBBIS SR XTI IR MR [ R 552051

args ZHE A 16— Python ) tuple XA F5%E, AP W& SHL. 44> wple TR — MRS H XLl
SR A2 Python M4 — ZAERATH C e EUH fUN EN TR 2R HAL ol C {H. Python API H1fYy
Pi%L PyArg_ParseTuple () RMGESHERAIFFFHIAN C(H. BB T RE R ENSHERM
PAB AP B (ERY C AR R2R AL, 05K RE S R

PyArg_ParseTuple () zfﬁﬁiiéiiiﬁﬁxilEﬁ%%@ﬁ!ﬁiﬁﬁﬁi%ﬁﬁ?f&ﬂﬁf?ﬁﬁ%EfgiﬁﬂfﬂéE@ﬂﬁﬁkﬁﬁﬂﬁ, ﬁg[jfi(jk
). HIEEATCESHETRIER (). TR0 75, daiilifee 75, B8 m m s 807 AR IR
[l NULL (d e 5~ HLIT L)«

21.2 XFHRHFE

#A~ Python fERESR RGEA — DR TR EHZR B : Y — D eREB TR, B ERE D R R
HR W —MEGME GEFY -1 8 voLt $85) o R B IRATE RS RRRIR S =l b . Rk
A W EATE N nuLL. FEHMAFR N ENTZ sys.exc_info () firik Bl Python ST 511 C Xf
N, BT ESERA. S LIRS BRAR T AT T RS DR A B AL s A R R T
Python APT H1g ST — L8 s ORI EX 200

I Mk & PyErr_setstring (). H S 42
PyExcizeroDivisionError'iiﬁfﬂ@fﬁﬁf}ix#ﬁio C
FFERRTGAFAE N R RERE” .

7 I REUE pyErr_SetFromErrno () , MUIEZ—NFHEXNE, FHEMAEEELRFZLR errmo
Ho SRIE I REGL 2 PyEre_setobject () , WEMNSEL, /AN EXN R REMIL . IRRFREM
A1 Py _TNCREF () SRIG ML B3 H A R £ SE 2051 T4k

FHEXNZEMC PR E, RENLRE - KER
TATRRIEM SRR, g — A~ Python ¥
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YRATPAIE L PyEre_Occurred () FEANE BUBCIR B UL FAR I 2R BLHE 7578 . SRFIR 0] 24 B 7 3 0 42,
B AR OR B S MR ] wULL. ARE AT EIA M pyErr_occurred () AL BB PR A KL
THER, PUOMRMAZAEAGR EHME A HA .

24— ANeREL S T 5 — AR g BRI R JE 3 A T, f Y E CaR B M IRE GEH A NULL 8K -1).
B RERAEA pyErr_* R - XERENT 285 ¢ W T o f BV FH 35 B J5 A1 24 3% [7]— AN 1 i
ey THE, Wk TR pyEre_», MRICEHE - B5IRA BN R 2 48 i ey S 21 e i R BGR
T . — HIXAMEIRT]E Python fERES I TAEER, B4 1k 4 HTIFTHY Python ARG 233k H Hy Python
FEFF BT 36 58 1) S AL PR

(FERLE D0 N A S RERS T TR T U pyEre_ BBORES I EON PRI DN B, HF HAEX L5 Il
TR DAIAEMAY . (EZ R I, RN AR, AT RE B KSR B B RS U
2l TR R R TR )

AR Z %t — A~ SR ) R SO BT BB S, S A B A R PyErr_clear () RUHLBEE R
C RGN 2418 PyErr_Clear () AYME—I B2 W B AR R L 4 R R s T 2 A8 e 4 h B ok Ak
B (TRl A v, B BEeEA ) .
BRI malloc () J#HBAHES AN —ARH . malloc () (8 realloc () ) W B3 & w205 H
PyErr_NoMemory () RiR BRI /N . I X 44 8@ sk 4 (Fl 40 PyLong_FromLong () ) EAXAM T,
B PAXAHE R T E R malloc () B,

WEERZ, BT PyArg_ParseTuple () SFEE RGN, R I FEHCIR D 1) bR FIGH 5 # x2 1R 1] A Ek
TRFIRI), MPA -1 FoRKEM, WA Unix REE0HH—H

BE, SRR I — AR AR R A I R R GEA IR E S0 X S 04T Py_XDECREF () B
Py_DECREF () Vi )!

TEPEG | KW S 58 A B TR B 8- 4F . T A Python [N B 5 3 #-A A LB SIS B C Xf 4, 6l 4
PyExc_ZeroDivisionError, RU]PAE M EMT. 45K, WMWY e & 725 - AEMEH
PyExc_TypeError R /n X ILESTIF (FTREN %M PyExc_osError W) o WIRSEF|HA [
i, PyArg ParseTuple () BEGHE X5 K PyExc_TypeError, HWIRARAE— NS EIELHAERFE
el PN B 00 JE LA 25, W& BE{#i ] PyExc_ValueError,

PRALAT DA AR S ME— R B o . /5 SR SCPF AR A I — N pSxT e, n:

[static PyObject *SpamError;

FHARHA WA PR AL (Py Init_spam () HFF F# X R H BT WG 4L

PyMODINIT_FUNC
PyInit_spam(wvoid)
{

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;

i

HEHEEZSE2Y Python 44 FR-N spam.error, PyErr_NewException () PREXA] DA & 2K N
Exception K (RAELAT H—PERMAZ NULL), 4l bltin-exceptions H AR .

21. {Ef C 5 C++ ¥'J& Python 7
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TR SpanError AHRE T—AH IR RFENGIN XRAENZH! hTRE RSN
RGBSR AIHER, PR A —DXHZ2ER 5 AR E A 20 E T, Ml T2 spanError oY —

EEARE . WRFEHRMON B8, WAz wR C ]

BT S o

AE S B L il S AR T 2 My

AFEGIFS 5 RS PyMODINIT_FUNC A pREGR [ 2B FH 7 .
AAEY A R E F PyErr_setString () K| spam.error S, AR FR:

static PyObject *
spam_system (PyObject *self,
{
const char *command;
int sts;

return NULL;
sts = system(command) ;
if (sts < 0) {

return NULL;
}

if (!PyArg_ParseTuple (args,

PyErr_SetString(SpamError,

return PyLong FromLong(sts);

PyObject *args)

"s", &command))

"System command failed");

2.1.3 @3 HF

[l ) BT )1, AR R T A ARG

if (!PyArg_ParseTuple (args,
return NULL;

"s", &command))

|

WARAES BN A I 2 65 5%, ERFaR a] NULL (AR 2R 1136 S 1 51 11 B8 R0 B R4 %), I HO T

PyArg_ParseTuple () ﬁii%ﬂ@ﬁ%

H o AEHAE 0T S BN AT R ES P VLR R AS R command. X2

— MR BARA B e B m i P A (RIAERRTE C w88 command [ 24 9 IR A 5 B

°F const char *command).

T—ANEA ] UNIX R4 R systen () , A MAISEUENIA M PyArg ParseTuple () BUHH):

[sts = system (command) ;

1

FATH spam.system() PR AL 5670 PA Python X 4 (1) JE :X & 0] sts BYfH. X /& of {5 A R 4k

PyLong_FromLong()E%ﬁiggo

[return PyLong_FromLong (sts) ;

J

FEXAEOLT , SRR, (XRG4 AE Python e LT ) .

WRAREG —DAREH HSE0Y C BEL (IR void WIREEL) , WIXT R ) Python pR L ZIR 9] None.
PRAZFAE X A5 (‘B 2iid Py _RETURN_NONE %23 SEFLH))

Py_INCREF (Py_None) ;
return Py_None;

|

py_None Jef§5k Python X4 None AV Y C #4775, ‘Eig— 1 EHIERY Python XM A2 NuLL 85, W
FMIPIL, JEHEAERZBE T SCh R ERE “HiR”.

2.1.4 BERFERMMIGILER R
FoR i B K E R e A Python F2/7 i fi] spam_system() o B, FATHFEAE “TiEE” HolH

B ARAN AL

Chapter 2. R"ERE=FTHEIEYT R
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static PyMethodDef SpamMethods[] = {

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

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

HEHE =AS4 (METH_VARARGS ) , X MrEdsE M H C WA BiHl. ATk {Ef METH_VARARGS .
METH_VARARGS | METH_KEYWORDS ., {H 0 fA{FEMiH pyArg ParseTuple () HFEIHASH .

R B T METH_VARARGS PR L & 45 TF Python f% 5k tuple 4% XAy 2, If A & i A
PyArg_ParseTuple () ﬁﬁi‘ﬁﬁ*ﬁo

QA 4 R K B S 0% A i R BN AT DAFE 58 = AN F B iR B METH_KEYWORDS WUAR 7. FE I
LT, C eREUNY Y 82 52 5 = > pyObject * JEZ, B XA Al XS H w5 .
PyArg_ParseTupleAndKeywords () ﬂé%?é%iﬁ%@ﬁ?yﬂgﬁéio

RANTTIER IR E A TSI -

static struct PyModuleDef spammodule = {
PyModuleDef HEAD_ INIT,
"spam", /* name of module */
spam_doc, /* module documentation, may be NULL */
=i, /* size of per-interpreter state of the module,
or —1 if the module keeps state in global variables. */
SpamMethods
bi

X ASGERE AL AERLER () S A R R0 P AL BB 25 R e o R IR AL PR AL B 6 4 O Py Tnit_name (),
name FEREHRIAFK, H B RLZRRBESCHE P e UME—)E static & H:

PyMODINIT_FUNC
PyInit_spam(void)
{
return PyModule_Create (&spammodule) ;

}

15 PyMODINIT_FUNC Ff R A Pyobject * iR[IZRAL, O T P& FrslR i Eeik i im i
HART = C+ KF KB W] N extern "cn.

4 Python FEJF IR F A spam fBLE;, PyInit_spam () FFHEHA . (A K A Python (KRS LT 3L, )
‘B PyModule_Create (), ZBRAIS R E —EHext 5, HETERRE Ch#kEIWE (—
PyMethodDef ZEHIRRIERLL) FF N E R BN S A BT Q1 s . PyModule_Create () 3R [A]—4~4§
) B B B R AR SR 484 . B T RS AR ™ B A E AR P 1k, B AR TR T dh A i
R[] NULL. WU PR ECL AR G2 iR [ 25 R 2, DAERFHAE A S sys .modules i,

X i A\ Python i}, FRIE PyImport_Inittab RHAKH, HMALXHENHMH PyInit_spam() HKEL. %
PRI INB PR, I PyImport_AppendInittab (), WHEFEREfE S A IZBHL:

int
main (int argc, char *argv([])
{
wchar_t *program = Py_Decodelocale (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);
(BT )

21. {Ef C 5 C++ ¥'J& Python 9




Extending and Embedding Python, & {ThR% 3.12.7

(B L)

}

/* 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;

O #ik

T sys.modules MRS T A C G iFARE] — P HERE L 2RSS (B fork O T

exec () ) RAE—LEY B By AR R I RRILRAEE W] ATERT UG L A TR B S5 I 4 th 2B

W2 XTI IS 5] 1L &7 Python A% % i UH) Modules/xxmodule.c Hio ML ABHI 1A

PR B2 > R o

O #ik

AMEFEAIHY spam B F, xxmodule i T % Mrf4n45 1L (Python3.5 FF4f5| A), PyInit_spam £¥iR
—A~ PyModuleDef 255 {4 , SR 5012 B E] S ANLE . 40972% PEP 489 [ [ BEI 1R 1k -

2.1.5 ZmiFfosdis

TEVRREM AR B B Y R 2l VRIETE B -390 (1] Python RGNk gmiFMeEs:. AR
FASME, KBTS EBIERE SIS B 2F B ESH R RS (e
C/C++ F Je TEHT), PAMNAE Windows [ EwiFiR BAIMEE (£ Windows E#)3E C F= C++ Ik FE4Y)

WA shasma, sCE BB HOK A PERI1E R Python fERESRAY—34), WULAIE it B 150,
I EH R . s RAE Unix BARMFR, HFREHEAR SR (spammodule. o A1) HCFEAR T 46 7

R T Modules/ H3E R, WM—17%] Modules/Setup.local JRHHIRIRAYSCIF:

[spam spammodule.o

)

RIGTETUZ H 5247 make SR HFA MRS . IR A LATE Modules/ 1 H R make, {HJ2IRAAI5E

HH Makefile X, SAJ5i51Tmake Makefile’ fiy%. (VREFUIBEL setup SUPFERTT ZEARERAE )
QERAR AR T SN RS, X SE A AT AS R AERC B SO, 2852l

[spam spammodule.o -1X11

10 Chapter 2. R"ERE=FTHEIEYT R
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2.1.6 7£ C hifH Python %}

E45 M1k, FAT— BT S T1k Python Wi C pidl, HS kWA M, #2H C I Python
MREL. SXAERIE BT A e AR C I, ARSI AN [ R .

SEIBI 2, Python fEREAZE LU EIVAR , IF2545M1E Python sREFRAL THRMER: . (X BUSAS TR R
Bt Python FAFHRAE R AR T2, WA 24680 PAS% Python/pythonmain.c H1H) —c Ar 75, )
Tl JT] Python pREAR AT 5L, 7 5¢ Python F2J37 224514 Python PR G, WAZER AN pR A (B 1) Sk 52

o MR AREON, 4R RAT Python pREM RIS, BRI (Py_INCREF () KHGINTF |
T UARAM R B EEATARR . 260007, AT eRBOR] e B E S — 7

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 */
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;

}

J

B BRI BB ] METH_VARARGS FEARIEMF B MERESS ; IORFAEAL S 77 ik R Ao inds 1 B A — TR RN IR
PyArg_ParseTuple () PRI H SR SCRY ILAR B B By ey A3k —1T .

Py_XINCREF () Fll Py_XDECREF () X7 Al ¥4 /g — X R 051 TR, I H 24074 noL $5 5
AT BRIE 2 4 ((EEHE e AN B R SCH temp KRR NULL). SEZH A5 S5 S % 7| A it 4k 5.

B, 4208 M MR AT, R A C pR%L Pyobiect_Callobject () o ZEREAWNSE, ENIHE
TH84l, $81M4T7 Python X142 H[l Python pi%, NHESBHF|FK. SEINENFEZE - DIodng, Hi
FERIZBUN AR . B S A Python pREL, W% A nuLL B—P2ocdl: 20— NS E0RNE,
mu%ﬁ~j\$§:§ﬂo Py_Buildvalue () &EHAE X ERFRE G —XTEATE S NHZEAN R Z MR
Bl —"J6d . Filan:

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) ;

J

PyObject_CallObject () 1R [A] Python X} 354t Xt 2 Python PR [¥) 1R [F{H . PyObject_CallObject ()
M ESHE SIHTHE L . flrhHmocdHEH TS89 %E, I BHE

PyObject_CallObiject () ZJGALBIf§ifl T Py_DECREF () »

PyObject_CallObject () FJRMIMEERE B I B PHEING: H2ROAXR, (AT
SUHTEL. BroARRAEIRAE A R R e S SR f i AR E X AMERE A py_DECREF (), BIBEARXT B

21. {Ef C 5 C++ ¥'J& Python 11
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M (Real!) AR,

HREMRX M w0, REE— 2R EE AR NuLL, QR ZRTE, Python RS A EIFF A F
o WP pyobiect_callobject () B C AU ZTE Python Hr A2 i Y, &N 24 57 R [a]— A4 i
A5 A Python JH 3%, PATEMRREARREFT EAREWIME S, s# ik M 77 Python MUADBEALBRIZ 74 . Q2R
XICYEMEB SR GAE, MY 2488 pyEre_clear () RIEFRFH . Hl0:

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

...use result...
Py_DECREF (result) ;

AT EAR R R R L, AR BRI 2401 R3] pyobject_callobject () o (EFLENGILTSEB
e Python FEfFHR LAY, alad 35 1 PHE B IR EO R . XEERL ] ARSI AL 3 . 75 /h— L8
IR A i — BT LA R 2 R SRR AY T iR Py_Buildvalue () BREHTE tple. 25>l
T AREAL SRS I AT DA A A

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) ;

J

VEJ Py_DECREF (arglist) FTfEALS I BRIV, FERHRIGA Z A, MR THE S IR, tan
Py_Buildvalue () Al RESEBNTAAEESE.

MPRYE R IE TR TR, R FSEER A pyobiect_call () , TRESCRREESEN X BT SEL
A B, FRATEH py_Buildvalue () AU,

PyObject *dict;

dict = Py_Buildvalue("{s:i}", "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 Ry REHHSH
PRA%I PyArg ParseTuple () HYFFHALNR:

[int PyArg ParseTuple (PyObject *arg, const char *format, ...); }

SR arg e — P ICHN S, W& M Python 41545 C BN S HBIK . format ZHLLR— AT
PPE, LTS % Python C/APL Tt i1y arg-parsing. FlRSECRA M BRMIE, AL 7HF
R RV o

YR PyArg_ParseTuple () MG MIALTR 22 Python SRR, AIJCIAK N2 4 i) C A itk 4N
RX T, WRESAENAFPRENLS AR, /.

FERAT A b8 22 3205 Python X5 I 15 kad 5 AZLLBIENTYS A
— L BT

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

12 Chapter 2. R"ERE=FTHEIEYT R



Extending and Embedding Python, & {ThR% 3.12.7

int ok;

int i, 3j;

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!') */

ok = PyArg_ParseTuple(args, "lls", &k, &l, &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:

£(((o, 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+235) */

2.1.8 A RBMHXBFER

K%L PyArg_ParseTupleAndKeywords () mBEHITF:

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

arg 5 format J 55 pyarqg_parseTuple () BREUITE XIH—3. kwdict T& 5 2AE R = A4S H\ Python
AT b . kwlist T2 0A NuLL R FARINE, BEHEARRES; SN AEERA
53k B formar 2 BUE BAIVLEL. WIRATHT), PyArg_ParseTupleAndKeywords () £xiR[BIEfH, 75
MR MRG0 4 B 5
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O #ik

IREMRCHTE M RE TSRO TCEARL, A kwlist F KBTS FE TypeError FH#,

AR B2 O R T SR B AR, 3% /2 Geoff Philbrick (philbrick @hks.com):

#include <Python.h>

static PyObject *

* three.

*/

"Print a lovely skit to standard output."},
{NULL, NULL, 0, NULL} /* sentinel */
i

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

PyMODINIT_FUNC
PyInit_keywdarg (void)
{
return PyModule_Create (&¢keywdargmodule) ;

#define PY_SSIZE_T CLEAN /* Make "s#" use Py_ssize_t rather than int. */

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

"action", "type", NULL};

"i|sss", kwlist,

saction, &type))

type, state);

{
int voltage;
const char *state = "a stiff";
const char *action = "voom";
const char *type = "Norwegian Blue";
static char *kwlist[] = {"voltage", "state",
if (!PyArg_ParseTupleAndKeywords (args, keywds,
&voltage, é&state,
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",
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

{"parrot", (PyCFunction) (void(*) (void))keywdarg parrot, METH_VARARGS | METH_KEYWORDS,

21.9 iEEEE
XANPEES PyArg_ParseTuple () fRAHRL, FERHANE:

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

1

ez — A FSFH, 5 pyAarg_ParseTuple () #H[F], (H2SHn/ia AR S bk F8EE G A28 R %L,

14
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i ). ARZR [0 —> Python X R &k Al C e& % 45 Python f(A5.

—~5 Pynrg_parseTuple () A[EE, JGTH T BETR M KR B — T4 (Python Z4 BIR L2 TE
PRI A oCdl), Hein A 4 HoAth Python s#PAS#L. Py_Buildvalue () JEAREREMICH, 1
ZF VAR FAF R I 2R oo dl, 1 an s X F A7 S R ] None , — NSO B R MHZ S HU
5. SR BRI AL B — N KN 0 el , s — A e R edl, FEAAE AR P B S

B a4l Python fHER):

Py_Buildvalue ("") None
Py_Buildvalue ("i", 123) 123
Py_Buildvalue ("iii", 123, 456, 789) (123, 456, 789)
Py_BuildvValue ("s", "hello") 'hello'
Py_Buildvalue ("y", "hello") b'hello'
Py_BuildvValue ("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,1)", 123, 456) (123, 456)
Py_Buildvalue (" [i,i]", 123, 456) [123, 456]
Py_Buildvalue ("{s:i,s:i}",

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

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

2.1.10 S|RAE

TE C/IC++ BT, REF ATl FCA e heap 24 X NAFE. 7E C B, HiT %L malloc () Fl
free () KFEM. FE C++ HZHAE new Fll delete RLIAHFI DI HE

B malloc () 2MFECHY A FFHR R AR 2 T8 1 1 4 — YO0 £ree (0 BT IR 1812 0] A . 4
M free O BIBPHLARF R . AR —DHMIEPEETT A N EIIT tree O A, EFT S IR ATAER
FPALEZ B ICEE B S o SR A AR, ST, WSRO — AN T free O
IR 5 ANARSE A FZ N AEE, BB S S — A malloc () JEHATIZ N AR SRR T 6 72 A v gs . SR
N AR SN Ao BT MR AR S 5 R R — R - RODRe Gl BRIRETR . M

WA e A A B AR A — SO AN WA R Bl B an— AR B0R3E TINEAE ,, TR, K5
RO . BIAE— 205 pR AR08 2l T BB D T B AT A I B 8 254, ARG R R BOR ] T
XARES Zy i CAE R RTRE N, R e IS e A . XA N, — BRI, @R E AR
MELAR I, B R R R R, T AN S R BRI, B DA U K s
gﬁﬁ%ﬁ%ﬁ%@ﬁﬁﬁéﬁﬁﬁﬁoﬁ%,ﬁﬁ%ﬁﬁﬂﬁﬁﬁ,ﬁﬁﬁﬂﬂﬁ%ﬁ%ﬁ%¢%%
FiRo

Python jifiid malloc () Fl free () f & RERNAE/THCARERL, [RIAEFR 2R N FE IR AN BF P4t o (ks
PR 7R A PRI B R S Ry, TR RG0S 4G | R e
HEAM K, Y45 HITECN 08, FRWECEEAFENEXLT , XEH AR T .

H—AMESE B FHi e, NGB OE 8 SR R, TRaX B A 37 HPAX 73
PIE) . A BRI O R PO TR EE AR £ree O o O — A0 R S T JE Bl A7 (1]
IR FFAME) o 2N C, B I REAERY H S ol a5 P800 AT AT RS AR A S B0 (22
malloc () Ml free () BRACEFRY, XE CARMEHLRED) . WIFLAEH —RKa I TR B shhidK
e, (HAESLRTRRA TS 5 TR T AR

Python i I GEH5 VTR I, WBARDE TORERIGINAS . LA ING | HIAERR . XA JoF54H O B
s RlZ R BIE TARERT I, X5 RS A — A5 . SRR G (TREELHD) M5 T4
5, P ARSI EE XS R A5 TR 00 SRS RS B R [BlAR T 5 | AR R H IR &R
SCE ARG ARG, WRABCA TEERASMAG T T

T EA G TN 25 BE A A I WA WA ER - BE I E AT gc BEHERAL 7 — Pz il 819 773X (collect ()
RO, PARZASBCE RIS AT EE 2 AR I 45 1 T BE o
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Python 3| A8

HWi% Py_INCREF (x) fl Py_DECREF (x) , ZxACPHG]HTHEUHE I - Py_DECREF ( ) WaTES | HTTHEE
5O PR S. H T RE, HASEHERH free O, MABEITXTERM £ ﬂﬁ%m BARE SR . A
TRAH W @A), EAH%WN@A~A%mE%%ﬂN%%%ﬁ

BRI AEKIE: B ] Py_INCREF (x) fll Py_DECREF (x) ? FRATEETIA—2AE. AN "
— AR, mTM%ﬁ*Aﬂmﬂ—Aﬁ% ~AH%MWmﬁﬁmXﬁ%ﬁmmMﬁio%m%%ﬁ
FEA WA py_DECREF () , FEG|HAFHRER . 5IHNIIA XA AGHE . A =FInERAEHE
%ﬁm:%ﬁ‘ﬁ%\ﬁ%anmwﬂ>oEE%E*&%%%%%%EﬁWﬁﬁﬁo

AL A XGRS . S A RAZIE py_DECREF () o i & W AR (RABERA A 4
LA A TR o ARSI A B G (A T 5 | A R, i 56 Ak g

A T3 AL R AR TE TR OB A AR ACRSAYS I, sl Ul , il A AR TE e H. O A it s Y
N@o%ﬁ%ﬁﬁE*“%i%ﬁ%ﬁﬂim%ﬁT%%Tﬁﬁ%k%F@%ﬁ%

AT LA AA ST, SV Py _INCREF () o IXCRLEMC S5 B IA H RS . XL0d—4
PP SIN, R TEEmIaEER E(ﬁ%%ﬁ%zﬁ%ém&ﬁﬂm,%@Zm%%ﬁ%ﬁﬁ%

HAEHAn
B AXRT LI — BNy, R O RS E A R AR R T .

KL Kok BR l— X Z 51 H #% SIHMAE XR. EE, Fraa s g mm gk, 6
PyLong_FromLong () Al Py_Buildvalue() , &AL RZELBIE. AIMEENE2ANZEEH,
%%%ﬂ%&%ﬁ%%%%moéﬁ%mmPﬂquMﬁmg He T —ARATER G, HTPAR
[ AT H B

RET A MRRBOT R ALY, BSLIEG R, B pyobject Getattrstring () o XEAIHIA
ﬂgﬁ§Mﬁ,’*£§ﬂ<j(ﬁifﬁE@ﬁm%%%%ﬁmﬁfﬂgPyTupleiGetItem() , PyList_GetItem() , PyDict_GetItem()
, PyDict_GetItemString () #2iRBEIMICLL. 53, FHEA A5

PR4L PyImport_aAddModule () LRSS, WA RES R BIATEXT S XA AT REH — 9
HH5 XS RFETE sys .modules B,

RGBS B — AR B, WU S A WERTEEAAE, Wi py_INCREF ()
RAS ST A o XA EE R F4h: PyTuple_SetItem() Fll PyList_SetItem() . iX£E

@ﬁ%x%L%mﬁﬁﬁﬁ,WEA%ﬂ'@ﬁPwmt%ﬂwm MEFEASEZGI A XRER, MA]
& IEHE).

LA~ C R A Python I, & AR I T R USRS ST H - A EIA XTI RISIH, B eAGE
AR5 | P 2 i S AT DABRAUE B R SR 0] R 5 )5 T 5 AP s AL i I, b U A 15 L

W E H py_INCREF () o

Python 1 I C BRI [l XS R 5 | IR A 5041 195 | - 304 & R R B 13 25 &

fERSaY K

HOBERT, EHMSIHERRICE, (HA S 8008, Xl & R AR RS A, T 6E
SEE|HINAELEXAEH

BRI RN 2 A py_DECREF () Bl ANTCKXE, WX MAEM5| &S HEH —91E8
TCE. B

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

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

PRE R —ABI RIS IH G RES R I,
RAETHTEED N | A, SRR S WTATEC SRR AR, I T RERH AR 5 A
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XAREE G5 1ist 101, REEH 1ist (1) HMH o, BJEFTEMERMNTIHE. FRkTER
e, (HAIANE.

EFRATIR PRI A IEA PyList_setItem() o FIRIAXHIrALZHGIH, FHIL4%H | gk, ©

W EFIRIGAE 1o BERMBREGAE 1 & NP e CRNSEE, P Bsizdie LT —

A _del () k. WHEIZEELGIMEIHTECH 1, BAEFERBFREAE _gel_ 0 k.
M2 Python R 51, It __del ) F¥EF PAPATIEE Python S, B2 AT AR bug () HXF
item G| RRLIE? HERATPA! REFE A bug () IFIFRATPARE __del () F¥EVIM, Bt AET—

ﬁﬁgiﬂ@;&uaw}%ﬁ%,@%ﬁ%ﬁﬁﬁ%%%ﬁ~m%%,Eﬁ%ﬁﬁ%Zﬁ%%%WT,
M item § o

BT, AARANE T BRI, AR S T IS TR IR e A SR A -

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) ;
}

KRS, — NRIHRAR ) Python B 22408 IR AL TE X, A ATE C i il h e 2k
TREE], AFFHE A 240 __del () JESE -

XA ) R £ BB DR A5 B 5 | P M AR AR R, i E, Python fiERERS B2 AN AR Jo it AN 7 1)
A2, FNAE A2 RBURYE Python FEAXF 4 25 8] . H AT DA I %% Py_BEGIN_ALLOW_THREADS fIfiH}
BERGX A8, FHAREU A Py_END_ALLOW_THREADS . X3l # Bl S67EPH € VO W H 41, fifS H A 2R R v]
PATESERS VO AR FALBRES . S28%, R BREUSIR Z BRI —FRAY IR :

void

bug (PyObject *list)

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

NULL 5%t

W, 255 HENSE R BN BARE A BT NuLL F84F, IF B SRR S g0 (B
TEPANE SERZ D56 ) . AR BIXTES ] ) sRE0E 5 RAEE R A A T F i A 1R B NuLL. KL NULL 2
B JE DRI AE T30 2 o B 28 B A T T R R o G A% 45 LAt R - SRS R BRI N, &S
FORK BB TUARK I 1 6 S s A 218

B RMEE R AE “PESK” BRI oL, RIFERRURE]—ANFTRE N NULL f9FEET, BIIE H malloc () B§
T ARET | K S8 0 R R sk o

Py_INCREF () Ml Py_DECREF () 5 7 A&l nurn 54t — (H2, EAf1M A Ffh py_xINCREF () Fl
Py_XDECREF () N H6i,

T A A B X 52 2 AU 7 (Pytype_Check () ANEKM NULL $841 — AR, A KEAAT S ELLH
XK — N G N LR AR R TR Y — ) XS4 RITRINER . ANFELE A NuL Kl
AYAE A,

C BB L S PRIEE 4 C BRI S % (AR N args) 4824 NULL - 325 BB S AREH:
P 0y N TiEAE

S AR IHZ WA TR 2052 i, XS HEAR AL, R TR Z IR .
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LA NULL $58E “HER” 45 Python i Pl & 1N A 1%

21.11 £ C++ hRBEY R

AT PATE C++ RGP A, FURASepR . 12 B2 (Python fRRERS) 20 C gidas ok gnidAlsE
B, 2REEST RS REM A . MR C++ iSRS R BRI A XA 8. RS
Python fEREAS A Gl H 2B G R B0 MR extern "c" o MEETE extern "C" {...}
HALE Python SLSCH M @ARAEEL, FEAUIERE L THFS __cplusplus ME & @X2FHE T (Irf
PR Cr+ G a2 e SUGX M F5) .

2.1.12 45 RIERIZHE C API

REY GRS T8 sREOM S AL Python fiH] , HAT I AL H FLAY AR AR ] DARH A g AR B fil

o B, —AN BT PASEH— 25 B collection” 7L 3 2 1% A 1Y . 5% J2 Python 41| 287 |

gﬁ é AP FVFY RAHCR BT AES 512, XA A2 DAA — Mk C s 80N T4 Hofth g ReAgibh
B

TFARAR ARG 2 S R O N static), -GSO, VAL C APTISCRY . 5K
b _EAETA 3 RS HCS f A B 3 Python MERERR I HL2 FT DAIE R TAEN) . M4BTI GRS, —
AR AR RS RE SO 55— MBI L. AT UL R TR R GE, — 28R GEHY Python ARREAR(E ]
Jry i 25 (8] (B0 Windows), A LEMAERERE N 75 20— AN AR I E AT S ISR (— M2 AIX), 2K
FPRBERTERA R (A Unix 251) . BERATS 24 Rl WA, VR F AR o T B i R 2 -

RS AL ZAN GBS AT ] WA AT RS, X R RE Y A B BT A7 S #R N A O static
B TR AT LR AL, SR S ALY AR dir 4 v R (FEBE AR 77 R R Ae s 1L A TR
XEMERT S 1% o2 U I HA G 77 2OR A A 1 .

Python $ it T —INREAIBIALE] R A9 AR i) 75— i 214 C 2 {5 B (F541): Capsule.
—}> Capsule Wi — M7 fiff 7458 (void) [¥) Python #2524 . Capsule H B dH C APL RIS,
{HENTH] ABAL AT HoA Python MR —FEgf ik . FERIH, EATAT VAR L9 AR B a4 2 8] Hp Y —A
FFRe HAth Y FEAHURE u] AR AR, FREGZ A FRX I A(E, SRJ5 AN Capsule HRIUE

Capsule W] DA Z Fi77 50 C APL 434 AR . 431> ek BT DAJ H Y Capsule, S0 PTA C APL it

E%ﬁfiﬁﬁ~4ﬁéﬂi, KL T %A 4y Capsule, FEEAIRIUSH BT A ZF05 20, U5 Frmisis
Mo

TCICARIEREIAN T, AR Capsule 5 2 5 24 1) 24 FRAR B L. pRAL PyCapsule_New () #2532~ name
&2 (const char*); JRVFARMEA—A> NULL VE N B, (HIRATT R ZUHESZ IR TR & 24 k. IR b i 44 17
Capsule 1L T — @& HB I 2R A 24 A TR 5 A X BB~ A i 44 i Capsule.,

WHEADL, Capsule T 285 C APL, HA 7 A% G 41 F HLTE -

[modulename.attributename

)

EABREL PyCapsule_Import () AJPA B AT Capsule #2111 C API, {{AE Capsule 4% = PCHCHT
XAMT R C APT P31 o BB PR AR C APL

BT R T R R TUH R 4 T AR S ) AR BT 3, X T I R EROR e B
@Y. ESRPTA CAPLESE (FEXABITHAA—A) R4 void SREHEAL, BERF M —A
Capsule FfEL. AT R ) SKSCPEFR B T — A2 R B AR ECH: C APT 8% 20 i
e LAEYT ) C APT Z B &S B AT

SN — A 0 289 ) T FR Y spam BERAGBEL . BREL spam. system () FEREL I C JERE
system (), M M —1RE PySpam_System (), IXeREFEILSEH SR S i— S &2 A =it (Hean
TERA A TN “sapm”) . Z%PREL Pyspam_system () W25 H 45 HALY RARER

PR%K Pyspam_system () &—4 C BREL, BHAMRE—FEFIR static:

static int
PySpam_System (const char *command)
{

return system(command) ;

}
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BRAL spam_system () AT I B

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

const char *command;

int sts;

if "

"
STy

(!PyArg_ParseTuple (args,
return NULL;

sts PySpam_System (command) ;

return PyLong_FromLong (sts);

&command) )

FERBIT Sk, FEMATR:

[#include <Python.h>

A S PiE T

#define SPAM_MODULE
#include

"spammodule.h"

#define T AL SR BAE 4 T H AR,
TTHILR1L C AP H5 5154

1

AR P, R, BRI IR 1 e B2

PyMODINIT_FUNC
PyInit_spam(void)
{

PyObject *m;

PyObject *c_api_object;

m
if

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

/* Initialize the C API pointer array */
PySpam_API [PySpam_System_NUM]

/* Create a Capsule containing the API pointer array's address

static void *PySpam API[PySpam API pointers];

(void *)PySpam_System;

*/

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;
}
T PySpam APT YFHIR static; fRIMFREI AN SAE PyInit _spam () AE5RTTH !

§Ej{f¢ spammodule.}lEEE@**ﬂ%]:fF, %%i@ﬂéﬁﬂ?iﬁﬁiﬁ:

#ifndef Py_SPAMMODULE_H
#define Py SPAMMODULE_H
#ifdef ___cplusplus

extern "C" {
#endif
/* Header file for spammodule */
(BT 50
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(% L 50)

/* 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_APTI;

#define PySpam_System \
(* (PySpam_System_RETURN (*)PySpam System_PROTO) PySpam_API [PySpam_System NUM] )

/* Return -1 on error, 0 on success.
* PyCapsule_Import will set an exception if there's an error.
74

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) */

J

P i AR EEREAS U5 1F) PR AL Py Spam_System () FT @b /AU 19 02 AE AT 45 Ak eR EH 8 ) BRI (S4B |

&%) import_spam () :

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;

RN IR 2, S spanmodule. h i TSk, MK, XMED B AYREL, AL AL
1, BreA R Ees ] —ik.

i ER R ) Capsule #2406 TAUSNYDIRE, T 77447 Capsule HLEGHEEH 7770 BORIRERL . 4017 2%

20 Chapter 2. R"ERE=FTHEIEYT R



Extending and Embedding Python, & {ThR% 3.12.7

Python/C AP1 Z:2% F-fiif i) &7 capsules A1 Capsule fJ5EF (£ Python J§i% &4 T4IHY Include/pycapsule.h
Hl objects/pycapsule.c ).

&t
22 AENY REE: #HiE

Python fLV4iE C § EALHLE LRI A Python AU i BN AL, XARMR N ERY st Fll 1ist FEA,
A TSR A ACRERBEOG — SN, HRAERTT IR AT, R T —Leany . X XX 4~ &

A

2.2.1 Eaf

CPython ia4TH} &K Ff A Python XT R HRM N Pyobject* ZEM AR B, X2 TH Python X411 “E Az
H”, pyobject LEMIAA G LA E XTI G reference count FIFGIRTAR) “RAIXT4” BUH8Er. X2 sh1ERr
XTI H bR JEBUNT G e g fERERR R VR LE (©) %k, Biltn, #EXTS bk —AEbE, A1,
HHE SR — AR AR, X C RBWRR N “BRITE.

JIPA, ANSRARAR L SUBI P R BY, T B A R AN 4

PR EAE H A B R MRS, R M/ MESER A, BAE C PR custom HE LT
4K custom FHTITY:

O #ik

X R T I i X static §JRIEBIWE G Ik . W ARG KA %, C APL W] PAE SCAEHE
SYBCHY AL, i PyType Fromspec () BR%L, EATEARATTHITIE.

#define PY_SSIZE_T CLEAN
#include <Python.h>

typedef struct {

PyObject_HEAD

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

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

bi

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

Fi

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

(BF )
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(B L)

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;

XA PR, XN Tﬁﬁi—ﬁﬁﬁﬁ?ﬁi A SR LT =
1. —/> custom MR EFHZRVE: X & CustomObject ,ﬂ"]ﬁi B L N custom ZEHAEE—IK o

2. custom RMIPYFTH: X2 customType ZEMIMA, ‘B RE LT — A HEAR AN bR BUHE £ IL R RE RS AR B 4
FE BB K I TR A

3. WA EEAL custom Bl X J& PyInit_custom BREN E XTIV [ custommodule ZEFA{A,
SEMIR SR — P2

typedef struct {
PyObject_HEAD
} CustomObject;

AR HE SRR NA . pyobiect HEAD @R il BRMCIERR X QA5 A 2 Wil I 7 L —
4 ob_base [ Pyobject FAWTFE, HAp & —MRIRIIMRANG TR I8 GXPiE A
ﬁ;;?ﬂﬁﬂ%%? Py_TYPE Fll Py_REFCNT X Jp) . (I Z5 A BE 2 RE 11 R R R IFAE Il il b b i A
GipIES =

O #ik
VERIZEAK PyObject HERD JRUASME . RESNRIIGHE & B AHER il

MR, KGR THE Pyobiect _HEAD fEEHHR SN, A EIMEE: Hlan, a0F & T FRUER) Python 77 15 4

typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObject;

BB AL F BN R B E S

static PyTypeObject CustomType = {
.ob_base = PyVarObject_HEAD_INIT (NULL, O)
.tp_name = "custom.Custom",
.tp_doc = PyDoc_STR("Custom objects"),

.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = O,
.tp_flags = Py_TPFLAGS_DEFAULT,
.tp_new = PyType_GenericNew,

}i
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O #ik

HEPE T A0 L C99 SURURIRIL, DABESI AT PyTypeobiect B, HRRERIFHE X
DY, OB DA S 7 B2 S

& object .h HISLFRE LAY PyTypeObject HA AN g CEZM F B . BIRMTF B m C HhiFdNE
RIS, WHPIMGERA BAHIEE TN, BRAMFHETHEEN].

i
ek —mn, SRR

[.ob_base = PyVarObject_ HEAD_INIT (NULL, O0) }

X—ATr i AR, ARG A EFREI) ob_base F B

[.tp_name = "custom.Custom", J

AT PR R BAEFR AT X R BN SCAZ AL AR LA BRI R, Biln:

>>> "" 4+ custom.Custom()

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

WHERERA TR RS HBR, B R RS AR A ) BB FR . A REELE custon
A2 custom, HILFRATFRBAZ FRBEN custom. custom, f F B IEHIHT 55 ) S A BN /K
(A5 pydoc fil pickle FRHLEEFHA B E LN,

.tp_basicsize = sizeof (CustomObject),

.tp_itemsize = O,

X FEAELE Python JLE 4 BIHHTY custom SEBIMFHF LML DNAF. to_itensize [UTT AIEASK/NIRT
GUMAEHAE O TR R 2% o

O #ik

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 in its __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 tp_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.

AN TESETEAR N Py_TPFLAGS_DEFAULT.,

[.tp,flags = Py_TPFLAGS_DEFAULT, }

BT AR SAE E TR AL B SR . R T 20 Python 3.3 22 File MU &t B . 4
RARTFEE L BT, ARRF R ZOOAH R AR 24T OR 125,

AR to_doc KBRS FAF .

[.tp_doc = PyDoc_STR("Custom objects"), }

TRMXT e, ATLARM 4 tp_new ZEBEES . XM T Python J575 __new__ (), {HAARHL
THE . FERXFMEOLT, FATATABEI APL BG4 pyType_GenericNew () FriflbAyEIASLEL.

[.tp_new = PyType_GenericNew, ]

BT pyInit_custom () HEYHELEEARGDAGN, SCIF A A HAh P 28 AR AR 28 2 PR
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if (PyType_Ready (&CustomType) < 0)
return;

XFFRIIRAL custom AU, Jy— SN BRIRFEIE M A BOME, BRI ATERI LRI NULL [ ob_type.

Py_INCREF (&CustomType) ;

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

}

XARHERBS I B 7 e SRR AT BB L custom FERAIE custom S

>>> import custom

>>> mycustom = custom.Custom/()

FREAE! BT TAERRMFE; K LR IAS R custom. c SCIFH,

[build-system]

requires = ["setuptools"]

build-backend = "setuptools.build meta"
[project]

name = "custom"

version = "1"

#°H pyproject.toml LI, FHH

from setuptools import Extension, setup

setup (ext_modules=[Extension ("custom", ["custom.c"])])

TE44 M setup.py BSCPEAS SRIGHIA

[$ python -m pip install . ]

e shell R iZTE T H B 74— AU custom. so B E: BUAEH3) Python - 45 24 BEGE T AT
import custonl%F%?ﬁiﬁﬁfﬁ Custoanﬁgiu

RXFHFAHE, fh?
HIR, AR EESCRBEARRE IO . ERAEEE, AMBUE R R R AR TR

2.2.2 EEARRGIRMBIEFT E

TEFRATI R — S E RN oy XA ARG LR IRAT RIS AN E A . AR
B HRH custom2 HHRMIX LT BE :
#define PY _SSIZE_T CLEAN

#include <Python.h>
#include <stddef.h> /* for offsetof() */

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

} CustomObject;

static void
Custom_dealloc (CustomObject *self)
{

(T
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(#2 E750)
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)
{
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;
t
static int
Custom_init (CustomObject *self, PyObject *args, PyObject *kwds)
{
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL;
if (!PyArg_ParseTupleAndKeywords (args, kwds, "|00i", kwlist,
s&first, &last,
&self->number) )
return -1;
if (first) {
Py_XSETREF (self->first, Py_NewRef (first));
}
if (last) {
Py_XSETREF (self->last, Py_NewRef (last));
}
return 0;
}
static PyMemberDef Custom_members[] = {
{"first", Py_T_OBJECT_EX, offsetof (CustomObject, first), O,
"first name"},
{"last", Py_T_OBJECT_EX, offsetof (CustomObject, last), O,
"last name"},
{"number", Py_T INT, offsetof (CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */
i
static PyObject *
Custom_name (CustomObject *self, PyObject *Py_ UNUSED (ignored))
{
if (self->first == NULL) {
PyErr_SetString (PyExc_AttributeError, "first");
(ZEF )
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(B L)
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"
}I
{NULL} /* Sentinel */

bi

static PyTypeObject CustomType = {
.0b_base = PyVarObject_HEAD_INIT (NULL, O0)
.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 = {
.m_base =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;

if (PyModule_ AddObjectRef (m, "Custom", (PyObject *) &CustomIype) < 0) {

Py_DECREF (m) ;
return NULL;

return m;

BRI AS 5 22 A

IAE custom AU C Gty = A BdRIEYE, first. last I number. HH first F last 25 5255 45
AR Python “FAFER o number JEVER—A> C 4L

X R PR S5 R AP Rt B
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typedef struct ({
PyObject_HEAD
PyObject *first; /* first name */
PyObject *last; * last name */
int number;

} CustomObject;

zjﬂﬂﬂ” EFANTA BT AR, AT /N OHAE PR R AR 2/, JATFHEA — R
WOk

static void
Custom_dealloc (CustomObject *self)
{

Py_XDECREF (self->first);
Py_XDECREF (self->last);
Py_TYPE (self)->tp_free((PyObject *) self);

}

BRWIREST to_dealloc Hi:

[.tp_dealloc = (destructor) Custom_dealloc, }

W YES B2 WA Python JEMERI S| 1141, py_xDECREF () W] PAIEHAALFRS A NULL RUTS AL (X W]
AETE to_new LM & 4) . BEJG EHFRIHRT SR tp_free B (Jid py_TYPE (self) 11
F)) KRBTSRI EHEEX SRR customType, FNXTE A REE AT IEA0 L5

O #ik

_l:ﬁf %iﬁiﬁ%ﬂﬁ?giﬁ destructor E.jﬂ&ﬂ]ﬂiXT Custom_dealloc Tﬁ*“’ﬂ/\ CustomObject * 72<
£, 1'3 E ctotilen EiRiCEamit; Jﬁ%&~/\ PyObject * 4. WIRANXFM, ik kg,
X2 C i & I X RN 2 50!

FAA B — DRR DA S TR, AR T4 to_new LB

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;

}

HAE tp_new O R E

[.tpﬁnew = Custom_new, }

tp_new ALFARATTQNE (MARWLG) ZEBAIN G ETE Python PHLERFEN _ new__ () Tk,

o}
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AFFEE L to_new B 51, Fbs L2 BRI SR HEMEH PyType_GenericNew () , HifR_[1H custom
FEHI S — A A TR . FEDERE LT, FRATEE to_new ALPHESANS £irst Fl 1ast J@MHILAIE A
4 nuLL I ERIAE

to_new FHEZ PR BILHIRIL (RERN custonType, WERPCEBILHIR—ATH) PARTEZIIY
VA B AT SEL, HBUER BT RIE L0 tp_new LIRS SR HZ AL BRI KRBT SE, HEN
EIEBMGXESRL, MRS HAC B At (B C Y tp_init 8f Python ") __init__ p%) J5
TERAAT o

O #ik
tp_new AN BN to_init, FABRSRSBETHAMNE.

tp_new LI to_alloc HENIRABENAT:

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

TN ECT RES R, AT EREEIATZ WA tp_alloc SERHHIAHAY NULL,

O #ik

FATKA BATIER tp_alloc f{i. TMEH PyType_ Ready () il MFRATHY HE A GE AR B IATTIH T
B, HPERINHN object. KERADISAIER 2 F BRIA K20 Br SR WS -

O #ik

IR A B —MMERX to_new (B TAMEERAA tp_new B __new__ (), IPAIR TabTEIZFTHS
SR 7 VR AT WU SR 2 B R O . AR S S AR R I O R3, F ER A E
i tp_new, BEiliId type->tp_base->tp_new. WRVRAXFEM, VRAGERRFEIFEGK HHEH
Python & X )26 H) Python TR AT RETCIRIEH TAE. (RRHLUL, VRATRETCIA A ELX AR 12819 5L BT

FERG|K TypeError., )

J
RN X T — BB RN SR G M LR BT 46 L B
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,
&first, &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) ;
(ZEF )
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(B L)
}

return 0;

}

WITIF tp_init Ff,

[.tpﬁinit = (initproc) Custom_init,

)

tp_init HIfiCfE Python FRGEY _inic_ () Jrik. EHIRAQIINGRAIGETIIR L. MIHILH
RRAEZ BN CH TSR, ENINSAERDIER o e SRR -1,

AT to_new 470, tp_inic FYHEE LW (PIA, TN F pickle SR SERRES
ML _init_0). EIETRERSWIAM . (A AT DMER NI S LI _inic_ 0 Jr
W B, RAAEARERH I LA . BUTERKFES £roe MU

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

}

HEX A REA fER . FATREEABRE] firse BOMREL, HILE A DUREATARSERN 4. B DA
WA= SPATZAXTT M fivst WAMAHERNES sE RIS T RES R 2 & A &5 9 FF LR
PRETEHAD LA izt TR DT RS B A TR 52

N T RFFETI FHA T X T e, FATLP B S ZAE A AR5 | V8 B8 E AT E R
A HBERAT AT AN I P FEA

o LIATHFIIES HITHEOCT 1 ke
o BEATHIEX SRR B LR GIL A2 FEUTATRT AT S0 A A 11 1] 8 1 1) 48
o YDA tp_dealloc AbFRER AR SCRFIEERSR M 2B 1 5 | FH B i 4

TATTRES AR RATO LA R R N B A UM =T AR X — . A iy = 2 SO it Y
T X

static PyMemberDef Custom_members[] = {
{"first", Py_T OBJECT_EX, offsetof (CustomObject, first), O,
"first name"},
{"last", Py_T_OBJECT_EX, offsetof (CustomObject, last), O,
"last name"},
{"number", Py_T_INT, offsetof (CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */

}i

HREE SOEF] te_members AL H:

[.tp_members = Custom_members,

)

BEAS LA U R AR BB, . DiEARRSOR AR . IS N2 A & b8 72 /N
53k TR . section below for details.

W Ak A2 2 B R PR BERR H TR EL4S Python JEPERIXT BRIk, FRATTY first F1 last ()
AR TR, LB AR AT 2 Python XF4. M4k, iXELJE A v AREIIER, 9FKF C F84EM%
S NULL. BIEEFRATT AT DAGRIIELE 22 15 00 04k A 3E NULL A, Q01553 26 Ja P A ik 2 B 53 4T3 mT e 15y

NULL,

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

VMRS R G TR, AR R B A RO At
P EATR B EATHE to_dealloc AFREFAHAIX—HLH], PONEATAZEEUR SRS L.
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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);

}

J

IR AR SE IR 8 —M% 32 custom (F:class:/Custom [1)1-38) SEBIME NS —NSHW C %L Tiik
BRI AEBINENS A B IR A BN R T S, AR PN TR R AT S
B AT EZ 2 MBS RO SR 7 SR . 2R T LAR Python J5ik:

def name (self):

return " " % (self.first, self.last)

TEEIRNTUAUGA first Fl 1last MO AHEN NULL. SO ENTATDARINIR , TERCRFOL T EqN]
%))“j&jﬂ IIEULLO SRR BT 1M Bk L2 TR PR R SR P A (LR B 45 5 o FATRAE T 37 1o
X — K

PAEFANE G o 7738, AR BRIk SO0

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

ti

(Y EREIAIEEH T METH_NOARGS JEAR G I AN HE R HESZ IR self ASMUERI S50
#ﬁ,ﬁ\m%} tp_methods ﬁé.ﬁfi

[.tpﬁmethods = Custom_methods, }

o, FATEHEFATRSEBT B FEIRAE TR 3E2E . AR O B FA T 5 YE DA ENIA S BE =R
%ifﬁﬁﬂ@@iﬁ)ﬂ BTG BT PATRAT] 75 A B it /2 RF Py_TPFLAGS_BASETYPE IS N E| IR AT ZEHEAR i
&R

[.tp_flags = Py_TPFLAGS_DEFAULT | Py TPFLAGS_BASETYPE, }

AW PyInit_custom() BEAYL N PyInit_custom2 (), B PyModuleDef ZEFIA P IBIIR L FR, FF
BT PyTypeObject Z5HbIATIYTERESES, .

e, TATEH setup.py LR FEFAIHEL,

from setuptools import Extension, setup

setup (ext_modules=|[
Extension ("custom", ["custom.c"]),
Extension ("custom2", ["custom2.c"]),

1)

SRIGEATE Hr e DA RENS import custom2:

[$ python -m pip install . }
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2.2.3 R THIBREME RS

FEATT R, AT custom /BT first Al 1ast JEEEA B E AT SRR R . ZEFRAT E— AR 1A
Bedr, SRR first Ml last A DARGBONARFATHEE ZH0MER. F017 2 O L m MR A& 5
il

#define PY_SSIZE_T CLEAN

#include <Python.h>
#include <stddef.h> /* for offsetof() */

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)
{

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;

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

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

if (first) A

Py_SETREF (self->first, Py_NewRef (first));
}
if (last) {

Py_SETREF (self->last, Py_NewRef (last));
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return 0;
}
static PyMemberDef Custom_members[] = {
{"number", Py_T INT, offsetof (CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */
}i
static PyObject *
Custom_getfirst (CustomObject *self, wvoid *closure)
{
return Py_NewRef (self->first);
}
static int
Custom_setfirst (CustomObject *self, PyObject *value, void *closure)
{
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;
}
Py_SETREF (self->first, Py_NewRef (value));
return 0;
}
static PyObject *
Custom_getlast (CustomObject *self, woid *closure)
{
return Py NewRef (self->last);
}
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;
}
Py_SETREF (self->last, Py_NewRef (value));
return 0;
t
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
(Z5 R 50
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static PyObject *
Custom_name (CustomObject *self,
{

return PyUnicode_FromFormat ("%S %S",

static PyMethodDef Custom_methods[] = {

{"name", (PyCFunction) Custom_name,

"Return the name,
}I
{NULL} Sentinel

/* */

Fi

static PyTypeObject CustomType = {

self->first,

(B L)

PyObject *Py_UNUSED (ignored))

self->last);

METH_NOARGS,

combining the first and last name"

Py_TPFLAGS_BASETYPE,

.ob_base = PyVarObject_HEAD_INIT (NULL, O)
.tp_name = "custom3.Custom",

.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,

.tp_flags = Py TPFLAGS_DEFAULT |

.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 = {

.m_base = PyModuleDef HEAD_INIT,

.m_name = "custom3",

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

ti

PyMODINIT_FUNC
PyInit_custom3 (void)

{
PyObject *m;
if (PyType_Ready (&CustomType) < 0)
return NULL;
m = PyModule_Create (&custommodule) ;
if (m == NULL)
return NULL;
if (PyModule_AddObjectRef (m, "Custom",
Py_DECREF (m) ;
return NULL;
}
return m;
}

(PyObject *) &CustomType) < 0) {

N T HELFHAE R first Ml last @I, FRATRFEN A & SRR BCE S 4 DA ) SR

WE first JEIER AL

static PyObject *

Custom_getfirst (CustomObject *self, woid *closure)

{
Py_INCREF (self->first);
(8210
22. BET RER: #E 33




Extending and Embedding Python, & {ThR% 3.12.7

return self->first;

}

static int
Custom_setfirst (CustomObject *self, PyObject *value, void *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;

}

(B L)

J

BRI BB — > custom MR —A> “PI”, JF&E R SR AT, I afam. (H
A SRR E SR P 2 B MBS AR I s U k. BN, 3 mT AR o e i/e— 4R B A AL A0S R

HOHR 5 A4 ) B SR e S B B S )

LAY RR B SZ A custom XWPR . FHEAMIA. B{E W HEN NULL, FEXFFOLT R RN ER . a3k

IR E AR, AR B MR N R sl A R I EA R AR R W 25 | R — AR
AN PyGetsetDef L5 EL:

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 */

ti

IAE to_getset fELIHEME:

[.tpﬁgetset = Custom_getsetters,

1E PyGetSetDef LA H I IR)G—Tl@ LR B “PI”. AR, FANEAEMNMAE, HitHEA)

HAL A NULL,
FATIEFLR 13X 2L JE@ A0 il 51 5 S

static PyMemberDef Custom _members[] = {
{"number", Py_T_INT, offsetof (CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */

bi

HATEFEZNRF co_init ALPRERTHA R AV AT

> BAEFRATV NG first A last BUGVARR TAFER , BUFSRATAT DO ENTRF | THBOR 2L, (R, FoATE R 45
TR BV ARG T R QXA TR RUATEIR, FA AR REFUER— T4 5 T 2RI S BIAR 2 X FRATTHIR 51

ATl

34 Chapter 2. REFE=ATHROIET R



Extending and Embedding Python, & {ThR% 3.12.7

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,

s&first, &last,
&self->number) )

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) ;

}

return 0;

}

WX B, FRATTRERS AR first I last
NULL {HKG . X R ME KH4)> Py_XDECREF ()
XL H A ME—37 & R TE tp_dealloc SEELHT,

B — AN A NuLL PAEIRATREAE LT Br A 1% oL RS
VH FHHER W AR5 py_DECREF () J#H . FRATABEH IR
R B L8 Y R BRI AR LA T RETE to_new HARNL,

AT E Ay 44 1 BHRAT AR AL B& ORI IR A0 B8 B R OB A B, R TN 2 RTBT I — B, FRATE )

setup.py CAFRINT —ANEAMAE Lo

2.2.4 ZHHEMGIIR B

Python HA —H] MR IRAFEFRE A R VAR =Dl 2 (GO) BMEENTR S IITHBOF R IS . X Fh

T OLSAEXT RPAEIRG H A A B, B

>>> 1

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

TEXBITrh, FATRIE T — MO EH A SWHR. BIRATMBRE e, ER0RBA—40k B HA
S5 0. G HHEOr KRB AE. SEh2, Python IYIEFRSLIR ISR 4 Kk L% R T

BRI REE -
A& Custom 7R Bl 5

AR, BAIAVHEE SRR GAFAEE] first B 1ast BT, BEAN, FESE

TR AT, FATE SV T custom, HH I ABIMERE B, XA IR A AL A

—A~, Custom XIRESAT AIIANGEE

>>> import custom3

>>> class Derived(custom3.Custom) : pass
>>> n = Derived()

>>> n.some_attribute = n

AR ANIMAGHEHE custon SLHIREPIERS GC IERFRIIAILEE, AT custom KRBT EIA M

AN MRS (L S I — TR o X 2R -

ST E, BRI AT R R B AR SL ), PR AT MR AMER str TSI (BRI A0S | AR,
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#define PY _SSIZE_ T CLEAN
#include <Python.h>
#include <stddef.h> /* for offsetof() */

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

} CustomObject;

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

Py_VISIT(self->first);

Py _VISIT (self->last);

return 0;

static int
Custom_clear (CustomObject *self)

{
Py_CLEAR (self->first);
Py_CLEAR (self->1last);
return 0O;

}

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) {

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

R

B

~

)
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(#2 E750)
if (!PyArg_ParseTupleAndKeywords (args, kwds, "|UUi", kwlist,
s&first, &last,
&self->number) )
return -1;
if (first) {
Py_SETREF (self->first, Py_NewRef (first));
}
if (last) {
Py_SETREF (self->last, Py_NewRef (last));
}
return 0;
}
static PyMemberDef Custom _members[] = {
{"number", Py_T_INT, offsetof (CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */
i
static PyObject *
Custom_getfirst (CustomObject *self, woid *closure)
{
return Py_NewRef (self->first);
t
static int
Custom_setfirst (CustomObject *self, PyObject *value, void *closure)
{
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;
}
Py_XSETREF (self->first, Py_NewRef (value));
return 0O;
}
static PyObject *
Custom_getlast (CustomObject *self, wvoid *closure)
{
return Py_NewRef (self->last);
}
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;
}
Py_XSETREF (self->last, Py_NewRef (value));
(ZEF )
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(#2 E750)
return 0;
}
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);
t
static PyMethodDef Custom_methods[] = {
{"name", (PyCFunction) Custom_name, METH_NOARGS,
"Return the name, combining the first and last name"
b
{NULL} /* Sentinel */
}i
static PyTypeObject CustomType = {
.0b_base = PyVarObject_ HEAD_ INIT (NULL, O0)
.tp_name = "custom4.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 = {
.m_base = PyModuleDef HEAD_ INIT,
.m_name = "custom4",
.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;
if (PyModule_AddObjectRef (m, "Custom", (PyObject *) &CustomType) < 0) {
Py_DECREF (m) ;
(Z5 R 50
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(#2 E50)
return NULL;
}

return m;

}

W, P AEER GC HLERENS SN IEER T TX 4

static int
Custom_traverse (CustomObject *self, visitproc visit, woid *arg)
{
int vret;
if (self->first) {
vret = visit (self->first, arg);
if (vret != 0)
return vret;
}
if (self->last) {
vret = visit (self->last, arqg);
if (vret != 0)
return vret;
}
return 0;

}

SR DUIADGIR A5, FRATERT A visic O REL, PGSR . visit O
%&%g%?ﬁ GANE 25358 T IR BN SR arg fEA SR, R Il —AHEHN AR B i TR o]
RS R

Python #2 fft 7 — /N7 5 2 I/ ] visit B EL Y py _vistT O %o ] py_visiTO, FATA LA /ML
Custom_traverse PSS T/EE:

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

Py _VISIT (self->first);

Py_VISIT (self->last);

return 0;

O #%ik
tp_traverse SCHUIRF HSEHER dv 24 A visit F arg AR Py_vIsIT (),

M

F 7, BANF RS IE ARG BRAL A 0] DAS IR T X 4R

static int

Custom_clear (CustomObject *self)

{
Py_CLEAR (self->first);
Py_CLEAR (self->1last);
return 0;

}

THER Py_CLEAR O KHIMH . BRIEIRME R AR B B Il | TR HE Y H 22 4y 07
AR IR PAERE R IR NuLL Z [AFE R IE BV py_xpeEcrEF (), WIJEPERIHTHL 384T HE S B R
BEPORE R A G 3] = RAFES IR 35) -
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0 #i:
YR PAIE A DA N B ¥R A Py_CLEAR () :

PyObject *tmp;

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

To i WaT,  AE N 6 e 1 B A 28 i ] Nevertheless, it is much easier and less error-prone to always use
Py_CLEAR () B2 B ARG M0 . W AZ S AL M R i S ML !

J

FEIAY Custom_dealloc AJRESTEVGIRE MR AR AT . X EWEIEI GC A RATE R EL P B8k il %
BT GC A5 it A, RATFE @A pyobject _GC_UnTrack () ik GC 5 1EIB EEAH XY
X%, T2 1#H pyobject_GC_UnTrack () il Custom_clear HHLIAIREASE

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

}

o), AR py_TPFLAGS_BAVE_GC AR NS LR H:

[.tpﬁflags = Py_TPFLAGS_DEFAULT | Py TPFLAGS_BASETYPE | Py TPFLAGS_HAVE_GC,

)

RXFERZEAZ T WEREA RS T HE LAY tp_alloc B tp_free SbHildy, WA ZETXHEPA LI ]
PoRBHE . K2 RO B SR LA

2.2.5 FHILH AR

B EIRA: B I BB R R A T RE . A 2 BRSSP BTk, TR R R DA {5 b fif )
EIrAs 20 PyTypeObject . FEN[RP AR [A] L EIX 4L pyTypeobject ZEF4 1A I FIMER) .

TEARB P FA TR 2 — AR 1 NS List IR subList 2R, XA HRAG SE & AT M E, H
FEA —AEIMY increment () J5¥E T B8 R TT R A0 1A -

>>> 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)
{

(BT )
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self->state++;

return PyLong FromLong (self->state);

static PyMethodDef SubList_methods[] = {

{"increment", (PyCFunction)

SubList_increment,

(B L)

METH_NOARGS,

PyDoc_STR("increment state counter")},

{NULL},
Fi

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

static PyTypeObject SubListType = {
PyVarObject_HEAD_INIT (NULL, O)
.tp_name = "sublist.SubList",
.tp_doc =
.tp_basicsize =
.tp_itemsize = 0,
Py_TPFLAGS_DEFAULT |
(initproc) SubList_init,
SubList_methods,

.tp_flags =

.tp_init =

.tp_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 = &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",
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) {

IR L, A S Z B L Y custom R BIAER AL BATRFE— o HrEATZ 18] 322X .
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typedef struct ({
PyListObject 1list;
int state;

} SubListObject;

IRAE RN R ) TR R AR T R RN G A AR 25— ME. BRI 2AE AR Ik

T PyObject_HEAD (),
24—~ Python X{ 4 & subList [SEHIRS, B/ Pyobiect * FEEFT] DARE L 4z HusR | 7546 A PyListObject

* Ml 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;

}

FAMTR] ATE_ BT BN AN LRFJR A i BRI inie () Tk
MMEAAER S R A A E L tp_new Al tp_dealloc A KYRMIRE L. tp_new ABAF AN N A
tp alloc MIXFREFRIBCNAE, T 2iEEREETEN A CH tp_new RALFIE .

PyTypeObject il tp_base #§ & KA RS IR, i T 85 -F & % 35 &% 00 8, AR o3& 0 1 Xt
pyList_Type WG| IR EHSH LT B B 24 ME G 7ERH A IR 16 R K0 58 i

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;

}

TEVA ] PyType_Ready () ZHi, FARGEMEKLMOAIHT cp_base ffL. MIRATNIAFEBIRER,
AT ENF tp_alloc *ﬁuiﬁfﬁjﬂ PyType_GenericNew () -- R H EEAHU A7) L bR BCIF S AR

{EABZIE, WM pyType_Ready () FHIAIIRT RN EIBLH 1) B S HARY Custom R BIZ—FER.
&
23 ELY REE: EFXEAE

AFETT H e P B AR AT ASE B R 2207 Yk S I RERY fay A 24
X CRA pyTypeobject IS, AW T AT WM T E:
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typedef struct _typeobject {
PyObject_VAR_HEAD
const char *tp_name; /* JA T3, % A A "<module>.<name>" */
Py_ssize_t tp_basicsize, tp_itemsize; /* ﬁﬂﬂ:é}ﬁﬂ */

/o R SIRARRIE T

destructor tp_dealloc;

Py_ssize_t tp_vectorcall_offset;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

PyAsyncMethods *tp_as_async; /* Ei%;ﬁ tp_compare (Python 2)
Eﬁ tp_reserved (Python 3) */

reprfunc tp_repr;

/* A TRREEK T EE +/

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

/i BERBERE (ZBRT Z#HKE) +/

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

/- ATUBAN/BEZrRFRFEASREEHK */

PyBufferProcs *tp_as_buffer;

/* RTRXT &/ REUERERAENBERS */

unsigned long tp_flags;
const char *tp_doc; /* XM FH&E */

/5 2.0 RARE LB AL +/
/% K BT R A By X £ R E B </

traverseproc tp_traverse;

/x Mt adxt &5 A

inquiry tp_clear;

/5 2.1 KAR PSS A </
/¢ BHEBEME </

richcmpfunc tp_richcompare;

/x FEIRERR */

Py_ssize_t tp_weaklistoffset;

/r HERE
getiterfunc tp_iter;
iternextfunc tp_iternext;

/* BHEER BT EMAR

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

// HERAGEA, RAXAWENTA
struct _typeobject *tp_base;

PyObject *tp_dict;
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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; /* MERWEBRANGEHE *~/
inquiry tp_is_gc; /* For PyObject_IS_GC */
PyObject *tp_bases;

PyObject *tp_mro; /* F kMR F */
PyObject *tp_cache;

PyObject *tp_subclasses;

PyObject *tp_weaklist;

destructor tp_del;

/ RABUZFERALRE. & 2.6 REBMW +/

unsigned int tp_version_tag;

destructor tp_finalize;
vectorcallfunc tp_vectorcall;

/ RABENBHAHEBEMEE +/
unsigned char tp_watched;

} PyTypeObject;

(B L)

XHA AR S TR AHRAEIAHL, ARAREE L—ARA, Gl AT SR Ik,

IEMAE IR, BATIEZ PN G R PRy o DA R I s RS a7 B R
It AFRATIAS AR E AR S5 1R B LR IR 83 AR R A 2 4R 3 — I S AR 2 7 BO 9

IR A 2B AR TSR AL

[const char *tp_name; /* J{ THTH */

)

KM # 7 - BRI, SMBHEREZHTT, JLP-EER N TISBHE. Sl a7,

XIS WRA A B

[nyssizeft tp_basicsize, tp_itemsize; /* A T4 E */

XL B RIS A TINE RIS IX A AL B RN TR E L N AF . Python Sy T RIS K FZRYEEHY (AT
ThrE, ) AUENESRE, X2 tp_itemsize FEAFTERIEH . X RS F I IHRE .

[const char *tp_doc;

)

X BRI AT R — B A ep (BCEEstdl) , 44RAEAE Python JIARS ] oby. __doc_ IR ]I B S0

TAFER

BAEIAVRFA — N EARIITIE - REH LRI 515

2.3.1 KEFAERER

[destructor tp_dealloc;

YIRS BT TR0 D 2% B Python fREERAH B M I, R TR, ARARIRILA
WA AT ORI A T HAE L, AR DR B R B . R RA B R X R PAR 2 IR 7R

il

static void
newdatatype_dealloc (newdatatypeobject *obj)

{
free (obj—>o0bj_UnderlyingDatatypePtr) ;

(ZF 50

44

Chapter 2. R"ERE=FTHEIEYT R



Extending and Embedding Python, & {ThR% 3.12.7

(750
Py_TYPE (obj) —>tp_free ((PyObject *)obj);
}

TSRARBI AR SRR DU, BT AA 8% 1 24 70 BRAT AT A T B Z BT ] 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);
}

— A E RS BB S LSRR AR I R I S CE AN 8l X AR R RO R S BRI 1
PR, R ERE N (EEIEFRE), AN M INERI BERGE A 2 — D5 MR B PR
HAS O AEATAT 2 S BCEMG I Python AUADARAS 2 7 RGP E . X W] RE P BUBREAR 1 1% 1
R, IEBRIFIIIAR, AR BAERT, RAERIRE, WRISTEH UG . #l bAd
PyErr_Fetch () ﬂUPyErrfRestore() @ﬁ%&ﬂégzﬂﬂ

static void

my_dealloc (PyObject *obj)

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

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

/* XERFLYHFERES /

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) ;

I REREBRFHRERS

PyErr_Restore (err_type, err_value, err_traceback);

Py_DECREF (self->my_callback);

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

O #ik

PREETERERAS BB H 2 AT IO E R A BRIV B 58, IARARIZEE SRR P (] tp_traverse
/S tp_clear), XTHRMF BT DAFEW A tp_dealloc BIHREA AL, HIK, FE tp_dealloc
W, ARIXT SR FARGERES : BB TZ . A EHEBRXT 55 APT AGIE A (an_ETa i
N BT ) e AT RE S FRR U to_dealloc, FEONERBOT K4 ARl

M Python 3.4 JT4fy, HEFFAEAE tp_dealloc URARMIALEED, e MBI tp_finalize KTy

23. BN REE: ESXEH 45




Extending and Embedding Python, & {ThR% 3.12.7

&SI
PEP 442 R TR AL R

232 MERBER

1 Python . AR ] DAL B SR IK SCARFIR: repr () BRI str O BREL. (orint O BRBSEHE
P strO . ) XTI FHR 2 P 1EH .

reprfunc tp_repr;

reprfunc tp_str;

ai

tp_repr AEBRREFF IV IZIR I — D FAFERXTR , Hb WS E LAl ZniEal. Fim2—Af S

static PyObject *
newdatatype_repr (newdatatypeobject *obj)

{

}

return PyUnicode_FromFormat ("Repr-ified _newdatatype{{size:%d}}",

obj->obj_UnderlyingDatatypePtr->size) ;

WREHIEE to_repr AHRY, MERELRRHRML— M H BN to_name BYFRIR LA DL S 0 ME—HR

WIH-

tp_str ALBIERA T str () BLAN_EIAR) tp_repr AEBEEEXS T repr O —HE; WALEYL, EXTEY Python
PETEARBIX RAFEA TG LTI ste O WM . ERMEIS tp_repr BEEARFEMIELL, (HHERTHF
R ARERW . MRRRE to_str, WM to_repr LB

MR AR

static PyObject *
newdatatype_str (newdatatypeobiject *obj)

{

return PyUnicode_ FromFormat ("Stringified newdatatype{{size:%d}}",

obj->obj_UnderlyingDatatypePtr->size);

2.3.3 BHHER

XEFREA T SCRF R AR BRAEART G, A R SRR AL ] T4 s PRI s s . 75 25— e
KRB A (WRE L TAEMEN) E2A 7 — Rtk E R (AR avrk BRI . BikE

P2 PRRFRTE 0L, FEBUNG UL T 2L 45 A BRI R E N NULL,

Python SZEFPIAS @ PEALBEG: ; — A SCRp @ MR AR S A T S U b — X I e . I 220 T
X char* ENEIEAFR, 15— NESZ pyobject . F3FHIHUHR AT DABEHE AT SC BUAY (3 A1l 1
KL A TR

getattrfunc tp_getattr;
setattrfunc tp_setattr;

7% ooo

*/

getattrofunc tp_getattro;

setattrofunc tp_setattro;

/* char * A& */

/* PyObject * JRA */

ARV — AR G TR R S ] B A GOREAE R SCHEATARRE) | WA — 2832 JH) S B AT i e 4 fit
pyObject* HUAHYJE M MR, M Python 2.2 JHAERT TR L J@ i) J@ M AL BLAS i) SE P il 2 LT E 58 4
R, RAEIEATAERE VFZ W ARBH AR mT ez AL 311
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RUBEHER

REFY BB H Wi Eh:, 4, 2fFtaibEEem “fis” Ug? NI TR &
1. 4 pyType_Ready () W, WAHITE B2 FR.
2. NREFFRI IR B R B A R s s, AT ZARR (R BURAE

TR, WHNFAKT BRI (E A T R SO S B i A7y =t AT BR 61

2 pyType_Ready () #EIH I, ‘&£ H i8R0 4 B 51 i =4S 22 3 01 2 B0 B R B0 42 i 7
H i descriptor . B IR g T SE BT G — AN @R ) . AN RES R TR R SR A
#RM UL, D% 2R AL SRR LA B AT A SRR R R SR () B, HLE Y 241k tp_getattro Al
tp_setattro FEARFF A NULL, DA HBEAE S B Ab B U fE 1

FW A object:: AL = ANF B

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

WA tp_methods A4 NULL, NI'ERAZiHE A —H PyMethodpet LALLM 4L, P 4H
BRI R A I — > S

typedef struct PyMethodDef ({

const char *ml_name; VAl
PyCFunction ml_meth; /x SEHEBE </
int ml_flags; /AR A/

const char *ml_doc; /F XEFHE </

} PyMethodDef;

I 24 R % B PR R B VEIR R E L — A H 5 MEERBAFOR I LT/ e Uk H .« IBFRETER
Em— 854 H s ER—MRC BT R H o %A HIY nl_name “FBUAUN NULL,

S AN RPN E SCEE ISR LB T s . ARG C RNy s2 850K, I Hysi oy =]
DA R B . R a i e SOA:

typedef struct PyMemberDef {

const char *name;

int type;
int offset;
int flags;

const char *doc;
} PyMemberDef;

J

MFRAWEEANFE , FRAGE— A descripror FHERINE) JEA A HBERS M S BISEHARHRIE . type 7
B A — B py_t_INT B Py_T_DOUBLE; Z{ELRF T HE A{a-Kf Python fEAi Ny C fEE
Zo £lags FENTRAFE R TEL AT MBS - /R AT LAKF Hh py_rEADONLY PAR I Python f{
MiEE.

An interesting advantage of using the tp_members table to build descriptors that are used at runtime is that any
attribute defined this way can have an associated doc string simply by providing the text in the table. An application
can use the introspection API to retrieve the descriptor from the class object, and get the doc string using its __doc___
attribute.

5 tp_methods F—H, FHEH —AMEN NULL [ ml_name HIEZH

RBEREMENER

N EEI, XHEHER char* ifiA; name JEEHYRALE char* Ml pyobject* UG N Z AR ME—
Do AR BISEER AT 5 T R G Rl B0, (HCA 687 Python 2.2 AR IZ ] S HF
EARRE T AL B SR B BSOS AT BRI, PN ARSI S5 2 R E AT RE, RS A 4 F %
(LGhR
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tp_getattr ALPRER SAEXT R T BHAT BIE AR . BRI &5 — RN _getater_ 0
7R 3 A AT o

B

static PyObject *
newdatatype_getattr (newdatatypeobject *obj, char *name)

{
if (strcmp(name, "data") == 0)
{
return PyLong_FromLong (obj->data) ;
}
PyErr_ Format (PyExc_AttributeError,
"'%.100s' object has no attribute '%.400s'",
Py_TYPE (obj) —>tp_name, name);
return NULL;
}

iﬁﬁﬁfﬁ%@gEBME@Agfsetattrggi) EiAgfdelattrggi) jf%ﬁﬁ#ééﬁﬁfﬁ tpfsetattr‘&bﬂﬂﬁgo i%%%%%ﬂwf\**
ASEVERS, B =AE SR vuL. N — ARG A R R BT R S R AR R,
tp_setattr &if;ﬂ%&&%%ﬂiﬁﬁ NULL,

static int

newdatatype_ setattr (newdatatypeobject *obj, char *name, PyObject *v)

{
PyErr_ Format (PyExc_RuntimeError, "Read-only attribute: %s", name);
return -1;

2.3.4 MRLLE

[richcmpfunc tp_richcompare;

)

tp_richcompare AbBHAR ARG BEUEAT LA MR . B80T & HRTTL, Bl 10, HEW

PyObject_RichCompare () Al PyObject_RichCompareBool () Y.

I ERECB R PRS2 A Python STRFIEBEAHERNSEL, HHizB 45k py_EQ, Py _NE, Py_LE, Py_GE,
Py_LT B{ Py_GT Z—. ‘BN 24 45 € W15 AT R LW X QI AE L BV E LB [] py_True B
Py_False, ﬂﬂﬂ%tK$§%%Tﬁﬁe§§§Z£ﬂ§?ﬂzgﬁfi;iﬁﬁX¢§%th$§j7$EH¢mUﬁz[]Py,NotImplemented, Eﬁ%ﬁﬂﬂ
FWHE T 7 WHR H] NuLL,

TR ARG, RN R A IV S A 2 A

static PyObject *
newdatatype_richcmp (newdatatypeobject *objl, newdatatypeobject *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->obj_UnderlyingDatatypePtr->size;

switch (op) {

case : ¢ = sizel < size2; break;
case c = sizel <= size2; break;
case c = sizel == size2; break;
case c = sizel != size2; break;
case c = sizel > size2; break;

(T
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(750
case : ¢ = sizel >= size2; break;
}
result = ¢ ? Py_True : Py_False;
Py_INCREF (result) ;
return result;

2.3.5 S

Python {452 RP b % PhsC: Bl (R (6 FH S 643 1114 % 1132 LI HA T 7E abstract TH#F

X e G 12 1R 240 2 E Python SCEUTE R I RIHBEE L. Heilih, $05. BRGHRUT AU —TF
B2 12 Python [{4L4Y . FoA MU SRR I o S TR RE L 5 15 2700 S TR 14 Ak BRI 1 HipalL
S, BB PSR R BT S e | A BB AT e B . TR BT HMAOR A S 2R 5 iR
BRSMORERL , HHE— T AR 07 S B AETE A (L 24 o R el e . (BRI R 254500
RERHE AR NULL (GO, T DA BAZ R SR R — MR L AR, (ELIRAS BT T RE AR R B A R S )

PyNumberMethods *tp_as_number;

PySequenceMethods *tp_as_sequence;
PyMappingMethods *tp_as_mapping;

WERAR A BRI R I T AR — BT POt 52, IS 2R 20 B E — S T C 2R3
PyNumberMethods, PySequenceMethods EZPyMappingMethods,E@éﬁf@ﬁﬁé@ﬂﬁﬂko ﬂk%gﬁi%?*%ﬁﬁﬁﬁﬂ@ﬁi

AL YRATATE Python YRS KA Obects HrAHHREIX LR 544 1 IR Bl o

[hashfunc tp_hash; }

WRARVERR SR HE IR R, U Y 2 A AR R SR Z ) SE AR ] — S A BB, T T — R B A s B

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;

}

J

Py_hash_t 2P ERRTAAFGIAFFSBEERE. M tp_hash k|| -1 FORKA THER, 00
e AT 2R 2 R A A is S IR [ e, 4R B TR IR

[ternaryfunc tp_call; ]

WERELAE P A E B SE B, 28015k 3E, Q2R obj 1 AR EHE AL 52511 Python
AT objl(thello'), NMPKFEATIH to_call ALPHEEE.

BB 2 =25
L. self RAE R B AR R AL . AR 2 obil ("thello'), W self by objt.
2. args RAUETHHASEM L. RATAEH PyArg_ParseTuple () SRIEISHL.
3

kwds 2 HE AN X BT SHEA NN T, R AN v HAR S F B E S5, W] 4
PyArg_ParseTupleAndKeywords () JRFEHUSEL. WIRRAR SR B S 50m B M9k noLL fH,
M £5] % TypeError HIH — AR L EE R B F SR A .

NN tp_call SCHL:

static PyObject *
newdatatype_call (newdatatypeobject *obj, PyObject *args, PyObject *kwds)

(BT
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(B L)

PyObject *result;
const char *argl;
const char *arg2;
const char *arg3;

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

}

result = PyUnicode_FromFormat (
"Returning -- value: [%d] argl: [%s] arg2: [%s] arg3: [%s]\n",
obj->obj_UnderlyingDatatypePtr->size,
argl, argz2, arg3);

return result;

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

J

K28 R AR AL TR AR I SRR . XA AL BRER S K — AN TE S, BB AR FH B BT 5 A 52
B, FERE—AFEGIH . AR R, AR E DRk E NuLL. tp_iter XFJ T Python
__iter_ () J¥%, 1M tp_iternext XFW T Python __next__ () ¥,

{EAifiterable 3t AR LI to_iter AbPRAER, XA PEAR AR 0] —Niterator 52, T2 Python 2
JIT IS Y ) ) — A4 i )

o MFFAPASCHRZ AL RS 20 (N5 RATTH ), WBSTERRRTE I to_iter MPBIHETFIR
[ — B R A -

o HBEHOE R WA SR (R 20 TIEAEAER I T, BIanscrExtge) vl A ISR ml—>4 16
H BB R LB ep_iter - H HONIGERY 2458 tp_iternext ALBESR.

AT iterator X GERN 24 A SEH to_iter Al tp_iternext. —PiEM#ERA tp_iter ALIHRRIY 241K [m]—
AEIZIER A . B to_iternext AbBRERI 23R o] — A8 A E R EAER N — AR SB35
A, SRR AR SaE. REREEEARRE, W tp_iternext W LR [H] NULL T AN BEE 4,
B AT PATEIR [1] NULL (AL b SN E stopTteration; MRS W] DA AE EAFIOMERE. WIS A A
TR AR, M tp_iternext W4 B2 E — N5 & ] NULL.

2.3.6 555| A3z

One of the goals of Python 555 | ] SEELAY H b5z — g AVHMERZR IS 5 555 I HLHT A S A EALEREAT X
g (BIngey) LB T

S Y
weakrefiﬁtkﬂ@j{ﬁﬁo

XFAIBEET HBR S, ¥ RERWR'E tp_flags FEIY Py_TPFLAGS_MANAGED_WEAKREF FLHF{i.
IH=HY tp_weaklistoffset FEFN MR HE,

FLRsi, PATH AR SR I i S R AR 1

static PyTypeObject TrivialType = {
PyVarObject_HEAD_INIT (NULL, O0)
/* ... other members omitted for brevity ... */
.tp_flags = Py _TPFLAGS_MANAGED_WEAKREF | ...,

bi

ME—FIBSM M TE R te_dealloc i BHEIRAEMSS T GHLIA pyobject_ClearweakRefs ()):
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static void

Trivial dealloc(TrivialObject *self)

{
/* Clear weakrefs first before calling any destructors */
PyObject_ClearWeakRefs ((PyObject *) self);
/* ... remainder of destruction code omitted for brevity ... */
Py_TYPE (self)->tp_free((PyObject *) self);

23.7 EZEW

N T 2 U A AR B B S B S AT A Ry e Ty vk T RILCPython J3ARHS . JEA objects H %, RJGTE
C PR co_ I EARIEER R &L (BN, tp_richcompare). RFFHENRAAZISLHLR) R BB

YARTT EIUE— DX GRE ARSI R A BARSL B, 3] pyobject_TypeCheck () %L B/
— R BITR:

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

IV
TF# CPython JE{RISRRAS .

https://www.python.org/downloads/source/

GitHub |31 CPython J5{¢i%1¥ CPython i .
https://github.com/python/cpython

24 WA CIC++ ¥ B

—~ CPython { C ¥ @2 — I8 (B i—A> Linux LAY .so , 3{#F Windows Fff) .pyd), HESH
~/\ hE A F R

HTASA, WEFENIAE pYTHONPATH A, HOAF 5 AR A AR 44, I A IEM Y R4 . 4
fii /i setuptools B, £ H g4 BIE#AT) SCHE4

WAL R B A RN T -
PyObject *PyInit_modulename (void)
BRIGR [ SE AR LI B, 8 PyModuleDef 9. i initializing-modules T ffi1g

Xﬂ‘ﬂ:{lﬁ ASCII 4B i 4 . BRE N2 PyInit_<modulename> , Ff <modulename> %ﬁjﬂﬁi}{é’]
4. 241§ A} multi-phase-initialization I}, VR HIAE ASCIT Zf B4, o IR 46 1k BR BT 44 2
PyInitU_<modulename> , |fif <modulename> F5%E ] Python [ punycode Jif%, HEFS T8N TR,
7r Python H:

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

A PAE— B B A, il E XA RIIRIC R T AT 5 AT S e sl B 7 S
z% ;jﬂﬁké A RN TS R R A S B R T AN E R e SRR EY, AE PEP 489 1
L EA NN
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2.4.1 {§ setuptools #33& C 0 C++ ¥ &

Python 3.12 S T B AU MRAS A T4 2 distutils, #52:2% https://setuptools.readthedocs.io/en/latest/setuptools.html
1Y setuptools SRR ZH T AT 1] setuptools KAl @43 K C/IC++ 37 J&

2.5 7 Windows t#3 C 0 C++ ¥ &

XA T WA T Microsoft Visual C++ f1]## Python f) Windows 3 i, KGR MHLA X H
TAEMUE ARG 5205 E . X EE Ui AP R RIS T Windows R /5 5127 > #4 78 Python 4 Ji A & Unix #
J¥ 5125 3 ] A JilrE Unix A1 Windows 35 68 B A4 2 i 2044 .

S AR VRS ] distutils Jy XORA Y REASEL, TN AT IrE iR e e AR B C gRiF
#ok i Python; % A Microsoft Visual C++.

O #ik

E—E4E N T 2 MG E 4t Python UASS B SCIF4 o X B84 DA R A XY IIRAS 5ok 03RS 7
SEer, xr RERARETEE B Python A AR MU FIRAS T Y RERIR AT . BN, anSRAR
HSZ Python 2.2.1, xY ¥k 22,

2.5.1 g\ i5EA

57 Unix _E—4¢, 7€ Windows FA4E Y R A WIR 30 (] setuptools fRESHIMELRE, 5
FAETFIEAE. setuptools J5 il I T REHY fE: [/ setuptools MEEFNFT LY A SCRY WL 1% )
setuptools #)3% C Fo C++ & o WRARE AR E R TR ET3hiAE, AR — T winsound Frif FEEIH T
TiH 4 n] e RAH . standard library module.

2.5.2 Unix #1 Windows Zalf4Z %

Unix 1 Windows X F- (U Bz A7 R 2 6 1 7 58 A R B9, TRl nl sh S E i 2 A,
THE T RR BT AR G A T AR

e Unix W, —AIEEERG (L so) SO & iR R (RO AURS , 0 S ERe e i nl Bk B i) ek 40
PRAEE . 243 FR A BRSO SCPRAURD Fh sk 26 ek JORI et ) 4 v | R iSO A 1) A
Hh BRI AE N A BT BCEL R SE B B IR BEAS B — B R AR

1t Windows Ht, — M EIESEER A (1)) SCPFHR AT BAERYT I o 11l i — A A R R AT 50 bR R il
MV HIAEIZF T DLL AU A AR T I 2B T B 8 S, USE LN 7 DLL A& #kE, If
HAEIZATI AR R 2B DAL [0 R & 1) ok B bl

75 Unix o, HJEAE—RRPZESCHT (o), BRI REAZDXRI (o) U . TERIEILSXIGILT (- s0)
MBERE T B, BEHAR T B R ILE A AE R AR AT eI B SR o BEREAR-RFAE A PR X G 30
FARE AURIRE T B, HERSH S IR BN RS RS .

1 Windows ', FPAEPIRNERAL, SRS FARE I RAHE - 1ib). SR MT Unix 1Y .a SCHF;
B ESTELE R AT AR . SRR EOUN TR EERAS REOA PR E AR AT AR, I HAHE
DLL o ams BT R o X RREER AR T (1R A S A PR £ S 2 2 4R DA 2 i) R 45 /£ DLL
IR IR 24— AR B DLL gy, wIRESEM— DS AR, B 2N T A 7 5
DLL AR B A K Tk Le4F-5 1) DLL.

RARIETE SR IF P s B B F1 C, BTN Y450 — Uk A, £ Unix b, /8 RERFA.a
RO B.so fil c.so; W FECEHAIEMIK, XF B H C K a#lA el  CmEIA. &
Windows I, #ii A.d11 RE[RIMZi¢ 2. 1ibe /R & 5KF AL 1ib B8 T BRI C. A 1ib RS
R0 B HEE RS TR TR A REEREE.

#£ Windows L, G AREA RBRMA import spam; ‘EiLARATATIH spam &5k, HIFA LA
A RMEIA . A Unix b, SEEE]—DNEERE from spam import *; EAE—SHMEIAR,
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2.5.3 DLL gyschr{E

Windows Python &7 Microsoft Visual C++ H# Y ; (i I H AR g T RE ST BEAR S TAE. ASTHyH:
B FEE N MSVCH+ 11,

247F Windows H18)|7# DLL B, fROAUEF pythonxy. 1ib B4 EERESS . F4IEPI4 DLL, spam F ni (&
Jif spam HhERE ) C B0, R4 6 AT 64

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

H—m A BIE T =43 spam.obd, spam.dll fll spam.lib, Spam.dll AEL&{F{a] Python KL (5l
an PyArg ParseTuple ()), {HEl pythonxy. 1ib W] DAHITE Q1A #& E 1751 Python A5 .

It S /Ef/\@Ji%T ni.d1l (A% .obj Ml .1ib), EHIEUNMM spam DA Kz Python W] AT SCHA: 3k 3] i
T%iﬁ\ﬁﬁﬁ%ﬁ%%ﬁ%tﬂiﬂ%ﬁ% TSR A/R AR AT ] oAb AL B (f0 45 Python) #BAEA EI AR AR H

ﬁ‘, 'fd»[é\fﬁ'%h_declspec(dllexport), 'j'jljﬂ[]f void _declspec(dllexport) initspam(void) By
PyObject _declspec (dllexport) *NiGetSpamData (void) ;:'::#ﬁé

Developer Studio YSIIAR ZARH A EIETF LA FALE, a3 AR08 ] AT SR/ NME I 100K, SR E
i1, VI H BCEXHEHE iR R 48 E 2w BN o FFIERAY msvertxx. 1ib ININEN FES R

2.5. ¥ Windows t#J% C f1 C++ ¥ [& 53
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CHAPTER 3

AE KRN HZF RN CPython Z1THY

A, e S EAE Python RS T8 LN N RE s THY T, 1l #ir BFf CPython iz 4 TR A 2| 3
KREGRAREF e AT AR T I 5 AR B B el — L4075

3.1 EHENAERFEA Python

HJLEIE 1 Aifarxt Python HEATHJE, AL Al i) C s %%y Python FYZIfE. SLad skt nl DAY :
Hf Python iR AFI C/C++ [ AR Fp £ 5 BB 3 AP AT DALE B 1A 7 1] Python R SE L LL I fiE
A C B C++ o HIBAMRE; HAnsLiF Al 7 Python 45— LU A, DASEE il I A% Fr 8 2 75
Ko ASRFLLETIREN] Python i SR H NS, MATFENRHCWAEX AT

Python R AR T ¥, HAZEME. AFZAAET, §7J%€ Python I I FE 7 iy E A2 7 75 98 2
Python f#RE4%, WMifx A Python I % 2 F% /7 1] fiE-5 Python 58 42 0 iy W AR P (9 S LE 3 /R &
A Python A Kz 4T—LE Python {5

Pk, #Edm A Python, FEZHEAL A C M EREF . T RF MUY S 2 — 2 W1 1R 1L Python MR .
BRI REL Py_Initialize (). iBA7LERILEAYIH AT ) Python 2 ey S472 4. Z )5 Bl A
Py AOATAnT 77 8 D AR 1

JA R AR 7 s & JLFR . AT PyRun_simplestring () & A—/M & Python IERIHIFAFHE, [

PyRun_SimpleFile () f& A—> stdio SCAFEEHAI—A 304 (DRSS R AR ) o 87T PA
A AT AL I IR)Z B R A T () Python X542

& BI

c-api-index

ARICHANEE T Python fY C 211 . X BARELER(FE R .

3.1.1 BEREIHRA

I AT B Python i ATE R R AR M2 M4 0 . 1248 11 H Ar g R T— B Python A, 1l 675 5
I AR AL FEAN AT AU T DA AR AN S AT — S e

#define PY_SSIZE_T_CLEAN
#include <Python.h>
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(#2 E50)
int
main (int argc, char *argvl])
{
wchar_t *program = Py_DecodeLocale (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;

}

fEPy_Initialize () ZHJ, MiZJCI py_setProgramName () pREL, DASE[mIREAR 5 A Python 1577
WpkAe. HTok, Py_Initialize () 2XHJHA{L Python fFREAR, SRS INATHE S ADAY Python JIA, FTEIH
HIAI . 25, P py_FinalizeEx () KMIERESE, FR/P4H. EHEEIRFH, nTHERZAHAL
HKAEARH Python JAS, sl g MSCAR G AR BIAR . SO, BEEHA Bl . FIM pyRun_simpleFile ()
BRAIT DASE S MM SO HRHL Python AR, T4 2570 B A A2 T MU0 28RS AL R RRT

3.1.2 RBEEFERBEABIPRE: #Ak

e 2 HE O RE M. AR P R A AL ] Python AT, (H 2 /D R e 5 vl b AH 24 BRIBUTY o o 7 A4 e
LB ARGV« JLF- 0] ASEEAE T RE, RN RISEEZ R C A,

IR, RAFREIRI, (R Python AIA Python HU3L FHTA 2600l A JLEET eIy K 241 R
AR T B, WA — R Python 5] C R ILE M 71124

1. Ff Python () %das% 45l C #83(,

2. AR EEE AT CREF IR A0

3. KFUE AR I B A C #5454 Python 45X,
itk A Python B, 45 AR5 £330 HEAiL -

1. C Hdlaf 4l Python 4%,

2. FFER S B ATRT Python £z 1 s ER H

3. RER R[] B A Python %46k C 45K

] LR B A IR TR WU, DA B TE S AR R 1] o PHE— 1) DX R A R e e
IV R BRI T« FESRATHJRIN, A C o8B, T SAAT AR R 224 Python B %L

AR SBHEATF L A Python #6453 C 2%, S22 IR 73 SN MBUE B35 REAE 1B 66 5 | AL PR
oo HTX ey SRR RSO DB, 15275 BRI Y B AIRA TR R

3.1.3 RgErA

S —REIT I H AR ST Python A RSB %. R B2 0% UIREE, Python M@REd AL HIRS
W AR #EATACH, (AN — 5 A& — 5

BizAT Python AR hE SRR &L, ALRSANTE :

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

Cawy
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(#2 E750)
int
main (int argc, char *argvl])
{
PyObject *pName, *pModule, *pFunc;
PyObject *pArgs, *pValue;
int 1i;

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

return 1;

Py_Initialize();
pName = PyUnicode_DecodeFSDefault (argv[1]);
/* Bk pName HWj45iR# M */

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

if (pModule != NULL) {
pFunc = PyObject_GetAttrString (pModule, argv[2]);
/+ prunc £—AHHA */

if (pFunc && PyCallable_Check (pFunc)) A
pArgs = PyTuple_New(argc - 3);
for (i = 0; i < argc - 3; ++1i)
pValue = PyLong_FromLong (atoi (argv[i + 31));
if (!pvValue) {
Py_DECREF (pArgs) ;
Py_DECREF (pModule) ;
fprintf (stderr, "Cannot convert argument\n");
return 1;
}
/* XEMEBT pvalue F|F: */
PyTuple_SetItem(pArgs, i, pValue);
}
pValue = PyObject_CallObject (pFunc, pArgs);
Py_DECREF (pArgs) ;
if (pvalue != 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;

}
else {
if (PyErr_Occurred())
PyErr_Print ();
fprintf (stderr, "Cannot find function \"%s\"\n", argv[2]);
}
Py_XDECREF (pFunc) ;
Py_DECREF (pModule) ;
+
else {
PyErr_Print ();
fprintf (stderr, "Failed to load \"%s\"\n", argv[1]);
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(750
return 1;
}
if (Py_FinalizeEx() < 0) {
return 120;

}

return 0;

}

J

IR SR argv 1] IN#K Python A, FHAM argv 2] FEMREL. REIBEHESEZ argv $141
AR ISR 2R F T A AR (AR A ATHRATRE PRI call) | IF I EIAT—> Python i
A, i

def multiply(a,b):
print ("Will compute", a, "times", Db)
c =20
for i in range (0, a):
c=c+b
return c

IRIGEE RV %2

$ call multiply multiply 3 2

Will compute 3 times 2
Result of call: 6

SRR HINRENT =, SARF AR P, (RS 2 T Python Al C Z IR Kt e, DA AR
e A Python AT B> LT U5 :

Py_Initialize();

pName = PyUnicode_DecodeFSDefault (argv[1]);
/* B % pName HEERARM +/
pModule = PyImport_Import (pName) ;

WA fRRER 2 5, W PyImport_Import () NZEMHA. ILERENSEFERA Python #4578, — N
PyUnicode_FromString () $UHHE el B B 7R

pFunc = PyObject_GetAttrString(pModule, argv([2]);
/* prunc £—AH A */

if (pFunc && PyCallable_Check (pFunc)) {

}
Py_XDECREF (pFunc) ;

J

JHA— B m#Ese e, w4 pyobject_Getattrstring () Bik/EMEAFR. WRLIRAAE, I HIREIAYZ
RS, BT 26 o . SRR akeiitT, Mg mnocd. REHA T
= JH H Python %L :

[pValue = PyObject_CallObject (pFunc, pArgs); }

YERBOR I, pvalue B4 NULL, BEAMSRREOR ARG EE T 52 S REZ5 | .

3.1.4 3f#x A Python IhEERITYH &

BIHAI ML, AR Python MERERR A A RETS M ML FEF A YD RE. Python APL a1 4 ik AMHRE AR5
WX WALEUE, YRR RO sEBOTHIR AR RS UEA T . SRR 252 %, fHib
BOR2MERE . H B IRIL 2 Y AR ¥ B3 1 Python fi#REd: . MHEN AR —HETHY, AR5
—LURRACS L Python P5 X L8 7Ry, iR 4 S il Python § AR 4. Bl
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static int numargs=0;

/ BERARERATHERRE +/
static PyObject™*
emb_numargs (PyObject *self, PyObject *args)
{
if (!PyArg_ParseTuple (args, ":numargs"))
return NULL;
return PylLong_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

}i

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

}

TE main () BRECZ BiIfEA _LRARAS . HAERA Py_Initialize () ZHITHAPA N HIKIER]:

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

SEFIATAFWIIATE T numaxgs 48R, IE{Hik A Python R T AV enb . numargs () BEC. ik
s, Python I AT AP DA B

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

TEESCHI M R, RO IRRHE LY I #Y APL 225547 Python (1] .

3.1.5 £ C++ thfir A\ Python

FE AT DA Python A Cor BRFFFRZE: BUIHLBL, BT SUFHUT Core REMSIAIT : — M7
Crt B TR, I Cre RIERRAFRIGERT . A B Cr+ TR Python 454,

3.1.6 7£3¢ Unix R hymiFFoakss

T 5 Python fEREGHR AN RESY , RBIEFIAFSRUL R oA (MEEED HES 3, Ry
Python I FERHE DA C B e (. so 30ff) HIBSEBY

N T ASEI PG i A MAEEE AR S0, T IT pythonx. y-config MIA%, E/24E %% Python AL i
(LA BEAFTE python3-config JAIA) . LMAGILNSE, HIPATILN SR EEA M-

e pythonX.Y-config —--cflags %?%%Hjﬁ%ﬁlﬂ@ﬁ%ﬁ%éiiﬁo

$ /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 --1ldflags ——embed4%?%tﬂ1£%§%§ﬂﬁi§i%ﬁ@ﬂﬁﬁﬁ
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$ /opt/bin/python3.1l1-config —--1ldflags ——embed
-L/opt/lib/python3.11/config-3.11-x86_64-1linux-gnu -L/opt/lib -lpython3.11 -lpthread -
—1dl -lutil -1m

O #ik

N T G Z A Python A AT AR AL (Fp AR TE R G %R AT H ChiF A Z 1) , U
pythonX.Y-config fEE XTI, W EBIRTA.

WA FiR T BANEER CRREERIEXT TG Unix - FEHERG WOBEEH bug fiidy) , ARG X T
BIASEEERISCRY, I EE Python Y Makefile (ff] sysconfig.get_makefile_filename () R E|FrAEfL
H) FgRiFSE. XB) sysconfig BURS R HM LR, v IR IHEH A7 — BB EE.
Hean:

>>> import sysconfig

>>> sysconfig.get_config _var ('LIBS")
'-lpthread -1dl -lutil'

>>> sysconfig.get_config var ('LINKFORSHARED')
'-Xlinker -export-dynamic'
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RIEXFERE

>>>

Python % FAEA R ABRIAPL /R FT o Gl T ATE REAE AR PP S BT AR s B R B 5

HAAF AL

2to3

o M AFAIER SIS, ARAE—XIILIR 22 e (6. s . RIESEH=515)
W, SRR E R MR 2 J5 . 2 Python [ ERIASR/RAT

e Ellipsis Wﬁﬁﬁ:o
X — 22 Python 2.x fURS %4464 Python 3.x MG T H , @i A6 A RS Rk I AT A+ > Ab
PRAER AN e )
2t03 FIFRIEIFE N 1ib2to3; AL AL K Tools/scripts/2to3, ), 2to3-reference.

abstract base class -- fili% k%

MEEL TR ABC, EXfduck-typing BI#b7E, BHEEET —FE SR O RH =, Az N HEAbR T
BN hasattr O RAFE TAMBCE PR R (FIAEEH BEAR ). ABC5IAT BT, X
RIHFEGK 5 H A2, HAMIBERE isinstance () fl issubclass () FrAAT: TENL abe AR .
Python 7% WE R ABC I T SL RSG5 (FE collections.abe ), 5% (FF numbers
B ) i (FE do M) . S ABREAMEL (FF import1ib. abe BIHH) . ARATPABIA abc
iR E H 2y ABC,

annotation -- Fxil:

KRB A B KEtE. REUESEERIEMEMIRS:, B2 £ 200241 R .

SR AR B bR B A TR T R, HAeRAR R SRR R B AR 2 o IO . ST R
E{’\J __annotations_ fﬁ?ﬁﬂi}%ﬁqj o

2 Wvariable annotation, function annotation, PEP 484 1 PEP 526, XTI A NLH. BiES I
annotations-howto | (s F AR 1Y i S0 Bk o

W

argument -- 5§

TEYH FH BR BN % 4 function (imethod ) WM{E. ZHor Wik

o RHEF A TR BOR I PRI AR (B0 name=) SCEAEN W ETERTHATA ** B97
PCHLER A 25BIRUE, 3 1 5 FEPA X complex () BT I BT K7 S 4L

complex (real=3, imag=>5)

complex (**{'real': 3, 'imag': 5})
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o EEAH AET RETFSHSE MESEOTH T 2800 RKIT 3k VAL S5 A 1l i
WA > Witerable BLATCRBEA . 28BIRAL, 3 71 5 FELA TR Hy @ T8 S 4

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

S LR B PP B A B, 7 SRR 2 L calls — 45 BRI, BTk
SR IR AR — B RO 2 OB XA R 2 Bt

7% Wparameter REFZLH , H W ZHGESHIX AL PEP 362,

asynchronous context manager -- 535 | N 3p8 7S
PR SR X _aenter_ () il _aexit_ () KR async with {4 P IFREEE TR .
1 PEP 492 5| A,

asynchronous generator -- 525 1 ik 7%
IR [BME K asynchronous generator iterator IREL. B 5 async def F XMWMERERFEML, AKIE
ZAETEME vield RIKADZ A —RINATE async for TAFRHEHIE.
WAREE 218 7 A e R AL, (BAERSUE B0 NI AT e 2 4s 7+ 0 £ R B R R E . WRTEWE
FERERE S, AP RAEE G

— R AR R BT RS await TR EH asyne for LI async with 5],

asynchronous generator iterator -- 5335 2 ik 2% %03
asynchronous generator pRELIT R IRTS o

BEXS R & T asynchronous iterator, 4§ [l] __anext__ () Jr ik I 2R [l — AT SRR ORI T 5+
AR AR R R BUA BB R — > vield ik

BAS vield IGHFEHFAEE, ICESHIMEPAPRS (3R AL oy 58)) . 4% 5+
A RBEREEN _anext_ () FrR B HA T SRR GG RREZ I, BB TFOLE 4R EE 3
7. =0 PEP 492 1 PEP 525,

asynchronous iterable -- 525 0] %04

—/NATPAFE asyne for A IRTS . MFEIT B _ aiter_ () JEaREl—Aasynchronous
iterator, F§ PEP 492 5| A,

asynchronous iterator -- 525 %03
AT _aiter () Ml _anext__ () FYEMIS. _anext__ () AAUEE—awaiable 3
%o async for XML RPIENIFN __anext () JEFTR B W] E AR EH B HG] & —4>

StopAsyncIteration 5pdF. H PEP 492 5| A,
attribute -- &1

RERB|— MR, A S RIB I FRRT o 2R, WERXTGE o A RIE a AT
LA 0.a KBITHE

WX R AV, FFRPEE SR identifiers (Y AEAR IR A AR HAE— AR BB R 2 T AR, Bl an s

setattr (). XFERYEMRFICIEM S-S 2k A0k vim , M2 Al getattr O R,
awaitable -- WZEFENF 4

—AAHE await FRX ARG . W PUEcoroutine 32 B __await_ () FHEMXS. 1

PEP 492,

BDFL
CR BT ZEMBRE WP SC4EE, Bl Guido van Rossum, Python )65 % .

binary file -- —JEH] Sc 4k
file object BENG TG F 7 A0 af %o T E I SO TR DA RIS (rb e, twbt B ' rb+ ) FTHF
E[’Jj(ﬁi sys.stdin.buffer, sys.stdout.buffer PAMN io.BytesIO ﬂ] gzip.GzipFile E‘];QWHO
T3S Wiext file THRBENES LS str XL S .

borrowed reference -- & A 5| J1]
TE Python [y C APT i, 551 I —F L5 M, BHZN R RIEHEARAZG I M. Rxs
ZOEH SN EES A B — A B F8 5. B, B3R RIS v DARS BR A G 1 B 5 —strong reference
R E
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HEFEAEborrowed reference R py_INCREF () PAKFH R HIGEH Kystrong reference, [53ESE 2 41% 0 4
TCEAEMA G B G — R Z B 5. Py _Newref () BREL W] DAY SR AN — A7 gstrong

reference.,

bytes-like object -- =i %I} %
1% bufferobjects F H.fig5: 4 C-contiguous IR . X EFEFIA bytes. bytearray fil array.
array M5, PAMIFZEIE nemoryview M5, FATRIXS QAL L Fh Z BRI BAREAE P X sk
BAEAIEEGS . PRAT R R SO A S i B KRS

FACPETRZE A I B . XX RAE SR PR AT E AT R . Al ARG ppokt
ZIBIF413E bytearray PAK bytearray [ memoryview, JHABEEAEZIR ZFEHIEHR AT AR
XTG C HEEEAT R, X MR R AIH] 138 bytes PAK bytes X4 memoryview,
bytecode -- ‘F=Yifg
Python A A% &4 g1 7158, Rl CPython fiRERS 3£/ Python #2)7 By ALY . Firidite
SFAFHE cpye SCHEH, XFESS TR PUTIR SCORER R BT (W] DA 2R RS SR i A )
XA HENE S B T AR YR R A T AR S 1 virtual machine 7. 1o 53 ANE] Python FE 4L
LR AR A—E @A, WA—EREEA A Python Fit A 345
FATRG 25K AT ATE dis B SR AR
callable -- W& %} 42
AIE RS2 AT AP TR B SR 5, I T RBIA — 0S80 (S Wargumenr), (AT ik

[callable(argumentl, argument2, argumentN) }

Sunction, WA EE|method %, WIg T HAMNSE . LT __call () FYERZEHSEHIWET AT
IO

callback -- [a] i
— MMERS BT A LA PATE A R A HEA B 2008 F 1 - (91 F2 R AR

class
FRABE P USRS A 3 WHZ R I S0 A T4 E R T i
class variable -- 3725 5

TERHE AR R, HF BAURAEZE MRS BB (AR AEZE R L Bl 2 ED) -

complex number -- £ %
XA SRR G, A AR s A S — A R AL RO AR (-1
PR SRk, EHRAERCF TSN 1, LR PE R 5. Python P T X EN SCFE, R
I LRSEARC TR EBE —1 5 B4, Blin 3+15. Q1R EE nath BLH TS B0 B 52 BUR
A, WA cmath, BEIMHE R SRR ARG A WE, ZIEEfIEIL
A A )

context manager -- |- [ LA
TFE with AP E Y __enter_ () Fl _exit__ () FEREHFERSHNNE . 20 PEP 343,

context variable -- |- F {25 H;
— PR LT JE R SO AR N R I (E AR B X AL TR LA SRR A i A A T R AR T
PAHAANFEPAS R A, M7 EFEERGE, —MUTEET R a 22130, mETF
SRR FEE IR K AL S AR i TIEER . 2L contextvars,

contiguous -- ZE5%¢
—NZR U Z C i 450 Fortran & B WO R TESN . B4 /2 C Ml Fortran JEZEH . 17—
A, Prf 5k B OATHE WA R AR SR HHES ], RN IF IR R 0y . fE24E C-iE
SO, M TSI R R4 %3 Ui 4 H PR, {ELRZE Fortran HEAEECAL
M B —ARE R

coroutine -- e
R ORI E e . O AR — S ATFAE S — saR o PRI AT DATEVF Z AN [F Y
Mo BHARE .. BT asyne def 1EARSCEL. £ PEP 492,

coroutine function -- 8 %L
R[] —A>coroutine XTI BRE . IFEBREATIE IS asyne def i) E L, H A REALE await, async
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for fll async with KT, XLREMEZH PEP 492 5] A/,

CPython
Python 215 F I FITE LI, FE python.org | & 7. "CPython” — i FH T 7E LA B I RF b S -5 HoAh
SEFEIAN Jython BY, IronPython #H X il

decorator -- iy
IR R 75— AR A R R, Tl ewrapper VAT AORIEAT B . BRI W11 142
EI% classmethod () Hll staticmethod (),

P MARER FUE—FEIRRE, DU AR B0 SO S R Se 45

def f(arg):

f = staticmethod (f)

@staticmethod
def f (arg):

[FIAERAR S MG T2, Hl A . A M AR AT 2 0L R IUE SORI 258 LR SC
EE

descriptor -- {{fjiA %
EEXT _get_ (), _set_ () By __delete_ () HYEMIXS. H—REM piliAgn, &
HIEFIR G EAT ST B A R % o JEHIEOUT, W a.b RAREL. B s ER—AS B e
OTE a B F I ELRATN b XTS5, (HUIR b 2 — P iRds, WSTRX M iAds k. 2
RIS RS 2 2 R B Python [V 5C5E , RN 1P 2 B BRA M BERY, FEREL. 7.
FREETE. e, BRSO ERA SRR 5| 5% .
KRR IERI 25 K., 725 descriptors B, fiiiA#S (57

dictionary -- it

— A REEA, BT = R B A . BT DAREAMTEA __hash O Ml _eq O JF
VR4 . FE Perl HF5A hash,

dictionary comprehension -- ‘i 53,
A FR—N AT IEAS G A B ORI R I G R P — PP BB L. results = {n: n **
2 for n in range (10) } FFAEM—HIGE n ZE n *+ 2 PYBRIFHY Y584 . 2 Il comprehensions.

dictionary view -- “yz HiL 1 [¥]
M dict.keys (), dict.values () fl dict.items () IR RIRFGHFR A FHALIE . EAIHRAE T 5ol
FKHPA—ASSE, XA SR, R A B MU o BRGSO R R i A L
HIFZE, BI{fiH 1ist (dictview) ., Z N dict-views,

docstring -- SR 45
VERZE. REE . WS — BRI TR R e . BRI AT I 0 2, (H
W IR IR DRSS . R doc_ BT . BT e TAERY, HitE
FETON G SO A R

duck-typing -- 1§ -39
FE— PR IAE , B AREEA AT R BB H 5 BAT IR0 E2 11, T2 B R A sl A
FESJEN (BRGNS T, MERBEGEN T, IBAEEHEN ") B um e oom IR e 2,
Bt B AR A AT i A f i 2 SRR T R G . 1 T2 ALME S ] type () BY isinstance ()
%fmuo ({EBE G 2R 2 ] DA A 0K 2 MERRNTE. ) IS R hasattr () KB EEAFP
TE.

EAFP
SRIF ORI WY SCHEE « X Fh Python 5 F AU 4 5 KUK 2 B0 T 75 1 S BB AR AE
HAER S IR IR o SRR AT Mol WU T R U R R EE ] oy Al except A, THAHXT
IR TS LBYL Kb, LT C 44 2 HliEF .

expression -- ik,
A PASK I FEAMERIEE BT, Ha)ifiil, —DRBR RSB ICROIMF . APk, JBIEVI.
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BEASRBOHICE, BNaEHSREl—ME. SUZHMET AN, eI 1E S WA
Rl IFAEA R VER R K Wy statement, HIH0 while, WRIE W28 T1EA)M JERA A,
extension module -- § i ik
PA C 5 C++ MBI, fi ] Python ) C APL K 515 F 0 A KA P RIS 738 HL .
f-string -- f- {5
WA £ 5P BN R EE RS ST B AR EF R EHENE . S
I, PEP 498,
file object -- SLEX %
St ANAFFTR ) SO APL (5 read () B write () Z575%%) DAMEH T 2BWIEAIXTS . AR A 2
TR, SCEXT 5 AT AL FET B SER A SO vE . A R B Y A7 i al i A e s i i) (51 B v
N ARG, BT, FE%) . UM K2 28k k.
SR 1A =R BRSPS TR =44 S I, S = 5] A DAT A e, AT B
XU o Bubt. B PEXTRA G S A open () AL
file-like object -- SC{F7%} %
file object 1¥)[a] X iH] .
filesystem encoding and error handler -- 3.} 2 & 4 9 R G55 AL PR 2
Python FI 2k M BAE 2 G f il =715 BB R ) 524 E R S 9wt Unicode 11 a5 iR Ab HiLS o
S R G AR T A A A CRAIE RE AU AR RS TR 128 DA HIITA Ei s . QAR S R G gmt g =X 0
{i%ﬁj\:lﬂﬁﬁlﬁ, IJ_”J API @@Iﬂﬁﬁ%%l?’yﬁ UnicodeError,

sys.getfilesystemencoding () %l] sys.getfilesystemencodeerrors () Lﬁﬁﬂ%ﬂiﬁﬁ ;E&Exjc
R G g S AR A R .
filesystem encoding and error handler J&#¢ Python JEZJi} i PyConfig Read () BRFCREIER): #S
fﬁ] PyConfig EI’J filesystem_encoding ﬂl filesystem_errors %%ﬁjzjﬁo
Y52 Wlocale encoding,

finder -- #r k%3
— Pl R AR loader X4
FAAEP R B A Tk 2 &3 E A sys.meta_path ], PAMG&/1Z25 0 &R E WA
sys.path_hooks ﬁ}ﬁ °
See finders-and-loaders and import1ib for much more detail.

floor division -- [i] | B R5 i
]~ A B ST RN B A . 1 FHEEEAB AT // o B, Rk /7 4 Bt
BEERZ 2, M5 MR S BERR R E 2.75 o W (-11) // 4 23R -3 B2
-2.75 @ T AREINEER . L PEP 238 ,

function -- PR
A DA g ] P R M — 4B ) o I8 F] DA ) HAR A B A A A HAE R BRI T e i A

Y Wparameter, method F1 function Z&75 .

function annotation -- FRECkRI:
BIER X s EOE S 8k [BIME i annotation

PREChR B TR 2w BIANDA T s Z A ine SHOFHUR B —A> int {H:

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

BRI RO TR ) AR UL function —y .
2 W,variable annotation 1 PEP 484, H. PR T ILZhEE. 5515 5] annotations-howto DA T il A%
PR o A S 1

_ future__

future 1547, from __future__ import <feature> F§/NZiFasfd I RHAE A /) Python & i i HF i,
AR I TEE TS SO i Y B . future  BEHSCRYICSE T AT BEM feature BUH. T FA
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BRI S HAR SRR, AR AT AR B IO R AR AT IR B VO A B 5 P AR e (BE) 78
(IS ENN

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

garbage collection -- :j J% [A] Ui
FEWON P 1 A A 25 [l i #E . Python Sl i 5 | HITHECRT — > REAE A6 I AN T BB 205 | 1 9 7
IRBIR RIS AR AT IR B . ATRAGE ] oo AEHoRfs il 335 [l i 5% -

generator -- H: i 7%
R 0] —A~generator iterator W pR%L. "R KRG EWRE, AFAAET HAE vield FikAPAKE
PR — R YMEHESS for-JRIME T BRI next () EREE—IKEL.
R TR A A R, (EAERE LS O AT RE 248 £ R B R R E . WPRFFEE RGBS S, i
il AR DA GBS
generator iterator -- K 235 {0H%
generator pR @Uiﬁ BIEERIX S
1§/ yiold SIGHMTRAALIE, 2fEX A GLAIGTRG (H R ry i), %% &
R EEREWEZIT, BB ACERLEITT (X5 B0 B AR5 s 22 IR ) .
generator expression -- 22 i 25 ik X
R EE AR RN ERERG—MEREX, JFHRE—keyword:/for T4], &L T —4
TEERAZ R, A — AT keyword:/if T4, PAN IR GRS NN R B — RS

>>> sum(i*i for i in range (10)) # FH1H 0, 1, 4, ... 81 ZHn
285

generic function -- JZ XY R %%
SRS ] B 26 Y S A [ B4 1) 22 A bR BROUT 2EL 1) RS . B R D s 2 ol R R S ke i e 1 2% i P P
S
ik 2 Wsingle dispatch R1EFFES5H . functools.singledispatch () Hfigs A & PEP 443,

generic type -- {27
2R RIpe; RN 1ist B dict KR AAFK. HT R 2T Fizif.

ELZATE S 2 A2 2% . PEP 483, PEP 484, PEP 585 fll typing fibk,

GIL
% Wglobal interpreter lock »

global interpreter lock -- 4% Jsj fif Bk 23 i
CPython R4S IR I —FALE], B E — B 20 LA — AN SRR 04T Python bytecode, AL
BB EX SR ((E dice SFHRENERA) HXIH KU R 4R L 7 CPython L.
AR N B RS 2 LA AT T B, AUV W2 THE 2 AL B g BT

g, SR R A =0 P T RS SRR T AR AT T R S 2T 55 R 4 e A SRR
GIL. BtAh, FEAT VO HEfEmtt Be 28k GIL.

PAERAIESEI AR B R ke (RELASEANRRL BB e Se i) i% J1Ai, BRh7E
LA B PR T BE A2 B . RATIACK, SeRPERE M (L AR A 4%, A1
I A

hash-based pyc -- 5 T-W5 %511 pyc
5T P X B R ST P W A T i S 8 R ) SR B e AT RSO T RS A . S pye-
invalidation,

hashable -- n]I5 7y
— R GAR A N A BB G A (EFREA __hash O HIE), IR RARILAh
MEHFTHER (EREH _ea () Jiik) SRR "TobA X5 . WG 5 X G 5L AT A [F] e A
ENA R & oy
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]G A P QAR X SRR AT SR AR B I A BT, PR DAk S Bl A A PRS0 s A fE

KZ %L Python H AN RIS PN BN R ER 2 T 1 ATARZS A% (Blans) k7 d) #ATGS: A
AlARZR R (BIANITCALIA frozenset) (4 BEMIKICEI NI A RIS A T . 2 IS5
MG BRI TR AT . EAE I A MR (BRAERS O ER), BN Er A e i
TEMW id0 .

IDLE
Python YSRINTT & 524 >J #185i . idle 52 Python BifE 2 AT MR T (1 B AR AR A MR RE R ER BT -

immortal -- 7 /%%
KA ZIEAE PEP 683 15| Af#) CPython SEE4HY

AR RIBTRAERXR , WEHreference count FGRAXRAEN, N ETEMREARZ AT HKIZA
KPIPUHBC. BIAN, True F None fE CPython FH#JE Tk AR .

immutable -- Au[ 2%} 4
HAFEEAANS . A RATERT . FAFRATCA . XFERIATSRA BRI A . W R A0
;/I\Z:EJE/ME, MDA R SE . EATHERR 2 B A (Er o i & EEAER, FlanE Ayl
A B

import path -- § A J§1%
HEZMUE (874250 ) HBWSIR, SRR pah based finder FRAER TN BAr. 7EFAR,
WA E S RIBHE R H sys.path, (EXFRBARBEEATEERH EHRER _path JEME.

importing -- S A
A ) Python AURSRE A o5 — MELH ) Python AR e I i) i 72«

importer -- S A 7%
BRI MBI G WO RBEJE T finder g T loader

interactive -- 28 fj.
Python A — a2 HAMREAS, X RWE R ATEMREAS ISR AT N BRI Rk, AR5 R
YU AR G5 URAELA S0 WAL F B2 python (ISRAT WIS, 677 LAY FEERLAY A 3
P E PR FREOR D)) o X M AR R BURS A AR AR I — R R A R0 O 2 Gl T s
“help(x)“) »

interpreted -- fiR T
Python —@ MR ALETS , S XM EgMIFRET, BAWE X G H T Wi WAAEm
DA TR o X M TR SO T LB RS T A M A @ v AT SO s T RALE E
HA W gmid B0E 5 R 2R, (FR AR P s TS 18 . & Winteractive,,

interpreter shutdown -- fiEFZS G 4]
LR KPR, Python fRRERRIHE A — MNRFIRIZ AT I BOF B0 RERUIT A C A B 9T R, Bl s Al
B Fh PN TGS . B SZ WAL % . X il F P e Xk e e 555 | e Fh g £X
TEPAT . AE KA BT A il e B B &M e, OO SR A FRA R (5 WL i
TH R AL 45 )

FRREAR T 2RI 2R N __main_ BB ST A S 58 AT«

iterable -- W] Gk %
—FBEAE A AR I L  A TXE 5 . AR R 38 I A P A28 (W0 List, str il tuple
85 PASCHSEAR AR dice, ST & PARATAME LT __iter_ () HYEBSEBL T sequence 15
Xy __getitem () YA HE LML

AR AT T for MRFRALIFZ HARTTEZ —DNFFIRIHTT (zip O, map O, ) H—P0TIE
KM QAN SHE RN BRI iter O B, BERREHZNRAENAS. XFEALSE T XHE
LA — R o FERH ATEACRT G, ARE AT EIAN iter O 303 H O BRI 5
for 1HM) 2 H BN IRALBEARLEIRAE, B ANIRIN oK Ay 44 22 B HRAE DR PR ) AR AFE U . 2

lJ_ﬂ_,iterator, sequence %[I generator ,

iterator -- %%
FARFR—IER RN EE I HERERN _next () ¥k (WO HAZ LS N B REL next ()
FEBA R I 248 s 7T FH B WK 5[ K stopIteration S . X B LA XS
PIEARIE RS, R next () HEHLXFIKTIK stoplteration, AL AA
_iter () HEHPERIPNZERSNZE S, A0 E 2 EAXS, nlgiH T HAL R

67


https://peps.python.org/pep-0683/

Extending and Embedding Python, & {ThR% 3.12.7

AR GE IR . — D REFENBINIRLE 2 2R EZ 5 LRI RS . AR5 ()
W List) FEARBRRARFHAL A iter O BEERAE for PRI R IER & A — Bk AU g . Aok
AEBETE DL T ARl Tk AU U 2l 7 2 Bk AU AR T R R i [l — R A AT 5, R Rt

B — 54
W25 B & typeiter.
CPython J:BR40Yi: CPython V&4 — W HIERAR E X __iter_ () MJEEK.

key function -- §t pR %l
SR A PR R 2L, 2 e R [0 T HE P SCHEA B PR X4 . B, locale.strxfrm()
AT A AR AR IR 245 I HE T

Python WG 1 2 T HAS A 1F B R Bk R e R HEAL 8 0 H 7 X H A 36 minQ,
max (), sorted(), list.sort (), heapg.merge (), heapg.nsmallest (), heapg.nlargest () [/‘]\&
itertools.groupby () »

H LR AT DAAN N R R B, str.lower () J5 VTS DA AE 2 K/ INE HE T I ek 5K
B, BEREU T EE 1ambda Tk H SR AIEBIAN 1ambda r: (r[0], rl2]). M4, operator.
attrgetter (), operator.itemgetter () ﬂ] operator.methodcaller () %%@@ﬁﬂﬁz/\ﬁjjﬁ%o

THER HEPHET RPN E I i e A s 1

keyword argument -- JeHE =55
Z: Wargument

lambda
i — A~ expression 14 JRIE 2 INERER AR, RIBX AR I BOR(E . Bl lambda B 4]
lambda [parameters]: expression

LBYL

REFRRBER” RIS . XM S KU SAERE TR B A e AR A iR AR
SRS S EAFP J7 A O H, R RO KR 16 154

TEZ LMY, LBYL X S8 “&F” Ml “BRER” Z kA5 msad A . B, PAUNAE
if key in mapping: return mappinglkey] ] REH THEREHAEZ 5 HAMLFEM mapping HF
BT key T H B o SR IR AT S A e k4 EAFP 7 Sk fi ok o

list
—f Python [ Bsequence, BIRZ MH)FR, HEBERMTHAE S P mIEeEER, BT IT
RIBIRE AR O(1),

list comprehension -- 51| i 55X
b3 — A7 B i B A B A JC R T IR [ 25 R 5 R ) — PP R E B k. result = ['{:#04x}".
format (x) for x in range (256) if x % 2 == 0] BFAR— 0 F] 255 L N E 7~ E
%Xﬁ&??@% (0x..) Mg, H i FAZATIER), WREEN range (256) FRTEILEARS
HEALHL,

loader -- J#E 35
An object that loads a module. It must define a method named 1oad_module (). A loader is typically returned
by a finder. See also:

« finders-and-loaders
e importlib.abc.Loader

« PEP 302

locale encoding -- i % DX RS HE
TJT: Unix _l:, ’_E:ZEEIﬁ LC_CTYPE lg‘%—lziﬁkﬂgéﬁﬁ—%iz%ﬁo HEEI[)]\;@:@‘ locale.setlocale (locale.
LC_CTYPE, new_locale) ﬂélﬁﬁo

J£ Windows I+, ‘BJ& ANSIACHS L (U0: "cp1252™),
1r Android #1 VxWorks [, Python ffi i "ut £-8" {F &5 KiEgm i ig =,
locale.getencoding () AIHEHRIRKIUE F DI dn ittt .

Y5152 7l filesystem encoding and error handler ,
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magic method -- A Jj ik
special method W)AEIE = [E] XiH] .

mapping -- W5t
— X T E A H L M T collections.abc.Mapping B collections.abc.
MutableMapping G E L T HLE T LR AN R RN R BT 145 dict, collections.
defaultdict, collections.OrderedDict [)/{ZZ collections.Counter,

meta path finder -- JCIR AT IR S
sys.meta_path W8 ZRFTIRIE] ) finder. TCRRIRE AT Spath entry finders A KR FFAHHIA o

5 HE importlib.abc.MetaPathFinder | fRIGIASE A T SEHI YL

metaclass -- 7R
— P TRIERR . 0 &Y . BFEMMERYFR. ok n5i#HZ R =ASF0F 0 EM
R . RER A TH a0 R SRR i S AP 2 PR f— N ERIASEEE . Python YRR Z AMHE TV DABIEE B &
Xoe. Ko A Pk ATk A~ TH, FYTRE B, o2 n] A ai i Pk i il ok 7 %8
BAICH A T ICsR @ HE . SRttt ImRERT G A8, SR G], PARHAT 24155 .
21 1E 2 I metaclasses.

method -- Jji
TESENERE LB RREL . WA AR LB — BRI , R 2 RS A A —

A~argument GRI AN 44N self). Z: function Flnested scope.

method resolution order -- Jj /it
T YA ST L 50 2 A A 1R R D B 48 R IR i . 35 2 5] python_2.3_mro T f# H 2.3 &1 R
Python f#fégs Bt F BE RS

module

BEXFR I Python fURSAY—FPZHZIRANL . AL EA ML Ay 44 23 (0], W] 403 L7 Python XF&., 4t
Benigatimporting FEAEHUNZE] Python H,

55 Wpackage.
module spec -- it BiR%

—A g s E, H s AT mEEER S AGE. /& importlib.machinery.ModuleSpec
S

See also module-specs.

MRO

2 [method resolution order ,

mutable -- A[ZE %} 4
AIARXT R AT ATE RS 10 () ARIFREDE RSO0 B HEUE . 53162 Iimmutable.,

named tuple -- 2. %5041
A “HATTH” v TAR YR 3o, I HHE AR n 25| TR fe i 4 FRE Mk v ) i 2 2
B X R B B R IA v] RE A HA R
HUENERMETHATH, 3 tine. localtime () Ml os.stat () REME. J5— "0l 2

sys.float_info:

>>> sys.float_info[1] # & 5|7 14
1024

>>> sys.float_info.max_exp # T A
1024

>>> isinstance (sys.float_info, tuple) # BT L4
True

HEAZATTAHRNERA (L Lmms ) o sesh, B4 ol n i i e XN cuple 4k
AT E AR E £ PRI B Iy ORI . X AR AT Lo s, BB Wl Al 4K typing.
NamedTuple, ﬁ%@ﬁﬁiﬁg@z collections.namedtuple () ﬂéﬁﬂ@o E*f@ffﬁﬁ%{ﬁﬁﬂ*%
T LY 50N B R4 e Iria i @ish i
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namespace -- iy # %3 [A]
4 A RS R . A= WA R RN EN, AP iRERS =0 (E)h
2 W) o A A3 RNE B 1k fir 2 SOk SCRAEEEE . BIA0, Bk builtins.open 5 os.open ()
A A H A4 2SR X Ao i 44 A3 (AL A B R A AR e S IR e FIOR A BB s vl s
ﬁIﬁiﬂﬂﬁED ﬁmﬁﬂ, random. seed () Ei itertools.islice() ii%¢§§%£€H@%]’ii%EQ@%ﬁ%%EE random
4 itertools B HISEILRY .

namespace package -- iy #4453 A48
PEP 420 fir5 | Af)—F U8 HVE A # Wipackage, finss 23 (81T DORA SEIRFRORY) , HAliR T
K Hregular package RIR), FNEATRA _init__.py .

S A] 2 Womodule

nested scope -- iR E1EH I
TE—AE SGEB NG HASEREE ). BN, 727 —RECZ e LRI R ET PAS | R B As & . 5
R EANEFIERIN B XS A RO R TC A . JoilAs B s S0 3Z R T fe 9 2 VE . 2L
s RS WA T AR @44 ARl A3 nonlocal XBE AT SuVFS AN

new-style class -- JAR
X H HE B T 2 i B IHFRIE . 7R F-8Y Python A H, A7 B X 2R AEE (4
Python iR IEFK, W __slots_ . #iiA#%. FHiEJEME. __getattribute (). I EME
SHEE,

object -- Xf %
EATHADRAS (RMESE) AKRTUE AT () WEdE. object LR fnew-style class 1) 10
EEEH.

(0
— PR T B I M A B ALY Python module, MIEAR B, @2 EA  path  JETER
Python &t

%2 W regular package Fflnamespace package.

parameter -- JE 5
function (SR & SCREZ SR, B & RBOT AEZ 1) — Dargument (SAERLEIFLTR, £
MES), AHMES:

« positional-or-keyword : (I BB T, HHE— AT DMER 1L H A2 AN DA X 525 S
NS . XREGARIESRAL, HIITR I foo Fl bar:

[def func (foo, bar=None): ... }

« positional-only: {UFROZE, F8E—HAEHL B L ARNSE. (WRGEIES Al 1R BoE
SIS RPN Z IS4 7 FAPRE X, BIARTET posonlyl FI posonly2:

[def func (posonlyl, posonly2, /, positional_or_keyword): ... ]

o keyword-only: {{BRIEETF, F5& D HEGH N K TFEANSE (R FEEFIES A
PRECE XIPES AR & AT ARG BIE S EETE L N AN BIE S 2 ii—1 * R X,
BIANT T kw_onlyl Fl kw_only2:

[def func (arg, *, kw_onlyl, kw_only2): ... }

o var-positional: WIZE{E, f55E A AR AL — MEREECR B AL E S ER R F S (HEInTE A
WSORZMESHZIE). XMESLEETEESZAFRENE « RE XL, BIATHE args:

[def func (*args, **kwargs): ... }

o var-keyword: WA KHET, $55E AT DARBME R HCR Y R T 28 (M AT S E B2 i %
BYSHLIG). RISl S ARETINGR « K2, BIAERER kwargs.

e nl PARIS 98 E PTEMIAE S0, th ] DA R e il e SR e BRI -

W2 Wargument R1EFSH . SHEESHX AT R)E TLE B, inspect.Parameter 2, function
DL K PEP 362,
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path entry -- B A O
import path F)—AN B E, Slipath based finder J{ 2 kTS5 AR,

path entry finder -- ¥ A LI AR H 3%
fE—n] XIS H H sys.path_hooks (Hipath entry hook) & [Bl () finder , WAp¥t 52 GE8 1 path entry
e PR .
2% importlib.abc.PathEntryFinder PA T RESFRA LA A8 I sL B 8 ¥ o

path entry hook -- p%12 A 5T
— PR IS, EAERE R A A E parh entry FRRIECERETE DU T BERSHE sys . path_hooks
B Fe1& W] —A path entry finder .

path based finder -- 3t J* B A e & 2%
BRIN—Ph sk 2 &482%, FIFE—A import path HE AL

path-like object -- PIENF %
RE—N N RGEHAERI R BRI R A — D RR ISR str B0 bytes R, k[
Phig— 5L T os.pathLike HhAIRI R . —3CHF os.PathLike PMUHXS R AT E L6 ] os.
fspath () @ﬁ%fﬁ%jﬂ str ﬂ% bytes %ﬂﬁ@j{{#%é}fﬂ%ﬁé7 os.fsdecode () %I] os.fsencode ()
B BRI RIRAS str B bytes RAEIRYLER . M52 H PEP 519 5] AR,

PEP
“Python H{5iFE DL HYSESCHHE . —> PEP jliid— (i it SOk, HI (A Python 41 IKARAL(EEL, oiifil
PR—~ Python [ 4RI M Ht BE B3R 5E . PEP [ 24 B AHORS 2 AR HURS 1T SR SRR 1) S T 33
iR

PEP WA V4 th R BOR Rt W, WAL DX A0S 153 LA B R 625N Python [T L35
9SSRI EIEDLE . PEP AR E A SR I ITRE S0, RS R B ARIC A SR

%1, PEP 1,

portion -- ¥4y
F I — A~ 4% 25 R R B H SR N SO 6 (W AT REAEICT —A> zip SCHH) , BARE LI PEP
420,

positional argument -- {i; ¥ 5%
Z:Wargument

provisional API -- £[5¢ API
B APL 2388 B HEBRAEARME BRI ) J5 3R A PRI Z AN B i 1 . B AR IR Ml A
DA ERUE, (HRBEHYARMC N E, T BETEA% DI K1 A B E OT HE 7 ) Je A i
FWEN (HRAFEBRIZED) . WA SO AR SRR IT - (E APTREINA Z Ji K% &2 ™
TSR SR B A BT A W] BE 25X AR -

IR APT R, 05 AR BB S e a My 587 —— A ) A A I
HR U] RS SRR B — b i) JE A A RO AR D 56

X ARAL PSR SRV RSN WL E , R 2T WA K I MBS E BT IR . 1% I PEP
411,

provisional package -- 27 ¢ 41,
Z: W provisional API

Python 3000
Python 3.x 1B ERAINERR (X4 FAERCA 3 14 A A I 18 To I Mt 2 3L T )« A It 4t
I—%’j‘j 44Py3ka7 .

Pythonic

PSR - BORAD S0 1 Python 15 3 e B A WS RIBEA: A2 ] oAt i 5 s
AR R S BLACRS . Bildn, Python B T KUK J& (1] £or TE/RJER R it 7 — > R 2 AR 5 i By
AICR . WEHAE S BA ARG, LA Python YA I s — B T Rt

for 1 in range (len(food)):
print (food[i])
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TTFH 7 f 5 5 355 57 Pythonic )7 ¥4 X R

for piece in food:
print (piece)

qualified name -- fiL 5 %R
—NPAS SRR, ER MBI 42 R E I B e SO AN IS R R <%
127, MKE XN PEP 3155, X1 2B RN 2E, BREAFRS X524 Fr—2

>>> class C:
class D:
def meth (self):
pass

>>> C._ _qualname_
o
>>> C.D._ _qualname
'€,
>>> C.D.meth.__gualname_
'C.D.meth'’

L

TG AR, TR E B AR AR IZBIR A DASS 2 B R A B A, o e A A Y
ALHL, BN email .mime. text:

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

'email.mime.text'

reference count -- 5| Hil-%k
MEEGI AT M5 AT A SR, 2SRRI S . A5 A7,
HE|Ht Uk R gk, B S aEA 2R 51 T1EE Python AR M@ & A 1T I, {H
‘B2 CPython SEELA)—A KEETTER . FEF A TTLAM sys.getrefcount () PRERIRENF: & X1
SR

regular package -- 754U
g B package, BIIELEH —1 _init_.py AR H R,

%2 Jnamespace package .

slots
—FPEAEIS N FA AR I, A 1S S B S e S X G T RS R SO MR AT B AT . BRI AR T
RAT, (MBS, Bl AR DEIEOU T R, BIARFEN A AR, I
HH A RS
sequence

—Fpiterable, ©XFFET __getitem () FRIR R AR | HITER TR DI, e X
T—REFHKER __len_ () Jr¥k. WEFHIEBAE List, str, tuple fil bytes &, i
BR dict FHEE _ getitem () Ml _len_ (), (HEIHZENBLGTARFS, HAE M HEE
[ hashable B A2 BEBCRA I ITE

collections.abc.Sequence H%%%%XT*&EEF%E@T% =, 'E’ij __getitem__ () 5]:‘[]

_len__ () ZA4b, W®EINT count (), index (), __contains__ () fll __reversed__ ()., LI Ik
PR O RBI DAMH A register () SR EAMAM . EIRECE JGH P ik EZ 3R, S
) 3 A A

set comprehension -- {55 A
AL — AT EAXT S A BB TG R R I S R E AT — M BB BV, results = {c for c
in 'abracadabra' if c not in 'abe'} ¥AENFAEES {'r', 'd'}. Z 0, comprehensions.
single dispatch -- fisr IR
—Figeneric function ARIEE, HELHURET BASE R BORIERRT) .
slice -- Y] i
W R E T REE sequence —3 X% YR @ R Ardmic R EER, 1£ 11 P4 H L
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NPAE S BEEES, Bl variable name([1:3:5]. H$E5 (FHR) ARICHENFRME A s1ice Xt
%,

Bl
A soft deprecated API should not be used in new code, but it is safe for already existing code to use it. The
API remains documented and tested, but will not be enhanced further.

Soft deprecation, unlike normal deprecation, does not plan on removing the API and will not emit warnings.

Z: I, PEP 387: Soft Deprecation

special method -- $5#5% J5 1
—Mi el Python FRCR A /73, TR RIEAN B TR E B E AR N 48 46 . X PP ¥ A R
HRASAAU NI . FFIR T 3OS DL specialnames .

statement -- &4
EARREFE (— MRS <) AL, —ZRIEAT AT PAE A expression BT KBTI
ZERY, AN if, while BY for,

static type checker -- i A KIS iy 2%
eI Python X 15 I HE47 400, PAZE R ) U1 AN Bk 5 85 R AN T . il S E 24 = PAK
typing L,

strong reference -- 55 | JI]
T Python (1) C APL 1, s85| @48 M FeA 51 AR Br A o 51 1 AeQ0 5| el i
P py_1InCREF () RARBGRT | TAEM RS AT py_pECREF () SRBEHNE .

Py_NewRef () MREXAIHH TOIE— XM G . WE, DAFEREIEATRE ] B 7E A e
%emE | M EVEH py_pECREF () BEL, DABEGRT| A .

g% Fborrowed reference,

text encoding -- SCAS A%
1£ Python 1, —/NFEfFER 2 —H8 Unicode LY i (FEHEA U+0000--U+10FFFF ). N | IR 5B H—
MR, EREPUTIM I —E Y.

S I = 21521 KA o e s e S 21 2 M 1S e 15271 e s £ TR S8 i S 2 7
m?)o

A BRI R RSO FIE Fibhds, BRGNS F AR

text file -- LA
—FBEMS S str XY file object . T H— A SCA S S 2 1 17— AT 7] 7 35 A B i 9
B b Brext encoding, SUASSCAFHY BT AL 4E DA SCARE (1o B 'wr) ATHFHSCME. sys.stdin,
sys.stdout [/Xﬁ io.StringIO EI’J%WIJO

T3S Fbinary file T fEREWBTEE F 5 x4 £ BSCHXTA.

triple-quoted string -- — 5 | 'S4 H
HRAWEAEENG S (7) SRS ) WFEMFR. BENER LS ERER g5t
WFAFEREA 2R, HRAZFMAL. BN RVFRTETAT B NS R 25 L 55 5 FIRE|
5, AT ABS AT TR S0 AT, (eSS SRS A FR IR Sl B 1

type
Python X} 3 () KA o B g TAH AR SE: HAXRE ARG R ER L. XgRp) A0 H
__class__ JEMRUTHEGZ M type (ob3) KARHL.

type alias -- JR%4 3]
—NRA[E S, B AU R R B E 45 R e AR RAT -
R A R F R 2 A Bl

def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuple[int, int, int]]:
pass

AT DARCRER i Al
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Color = tuple[int, int, int]

def remove_gray_shades (colors: list[Color]) -> list[Color]:
pass

Z: L typing il PEP 484, H A X} BT BRIV LN HA o
type hint -- 238135
annotation A5 & . @M. RETE S E0ER FIETE & I Ag 88,
BAPLRSE ] T A2 Python fRSR I ESK , HEAIR A £ 2405 2 WA ML, BILERET I
IDE SZ PSR4 5 EA .

AR KB R RAE A ] AME A typing.get_type_hints () SR, (B JmHRAS &N
AL,
Z: L typing Al PEP 484, H A X ILDI B EANHE A .

universal newlines -- i F{#.17
RSO T R . FOA T A R R B R ARG Unix MATEEAZIRE \ar . Win-
dows [ Z75%E "\r\n' DA KX IH K Macintosh [ ZJ5E '\r'. Z I, PEP 278 #1 PEP 3116 ] bytes.
splitlines () [ 82 VAU .

variable annotation -- 2 & briE
Xof A5 B B SR P annoration .

TERREAS RSB IERT, af n] e o HLN

class C:
field: 'annotation'

AR EARHEE T R AR - BINDA R AL B2 ine KEAUHY(HE:

[count: int = 0

AR B AR ETEVA AT e I annassign —5 .
Z: W, function annotation, PEP 484 F1 PEP 526, H WA TIHINEE. 551527 annotations-howto DA T
PR R ) A A S e o
virtual environment -- J§ L5055
— B R M E R IS TR, A1 Python fi I FH AR T 76 2 B R TH4) Python 43 Gl EAR
ST — RS _FisfT i H AL Python N HFEF AT A .
FHZ L venv,
virtual machine -- JE{IHL
— & SEATE A E T EAL. Python FEAUAIL AT PA T W 4 i3t 0T 2E ) byrecode

Zen of Python -- Python 2 fifi
F| 5 Python &3t e W 5724, A B TSI XFIES . &/ KRR NE R AR
FFH A import this”,
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i AA

XY Z H Sphinx M reStructuredText JFAEJRIY), Sphinx j&—A~% A ALBE Python SCRY I 4 5 1) SURS AE
T

AT REEZ I e, EWAETEIEE 2557, A0 Python AR o AR AR MUt TTmk, 5 P
reporting-bugs AFANMT S5 . FATHE R B ) 6 S |

RN it -
o Fred L. Drake, Jr., JR4f Python 3R T HAEZ G, RE R AEE
o T A% reStructuredText I Docutils Z4:[¥] Docutils i H ;
« Fredrik Lundh #J Alternative Python Reference i | , >/ Sphinx 242 /) 5T

B.1 Python TRy kE

A RZ X} Python i %, Python AiifEZE A Python SCREA TTHkAY A, Bl Python JRACADJp % 1) Misc/ACKS 3L
PEAIH T3 Tk -

AT Python 4t X ARITIHR, Python A4 1 AL H (R SCRS— IHIHRAT] !
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appeENDIX G

7 S F0iFATE

C.1 ZHHFrIm s

Python i 28 FIT T EHREIF IR 244 (CWI, I, https://www.cwi.nl/ ) f#J Guido van Rossum J* 1990 4E
KW, YER—T 1M ABC FiE & A . /48 Python 45 T8 2 ok B HA ATk, Guido 1752
HETEE.

1995 4£, Guido 7£ #2589 B R FsE 2 5 (CNRI, I https://www.cnri.reston.va.us/ ) Z4k%EfthyE
Python /) TAE, FHAEASE KA T4 2 A .

2000 471 H , Guido #iI Python AZ.0>JF % A1 BA%% 3] BeOpen.com {417 T BeOpen PythonLabs [A1BA . [F]4E |
H, PythonLabs [#] A\ %%4%] Digital Creations (&) Zope 2] ; U, https://www.zope.org/), 2001 4, Python %R
{542 (PSF, I https://www.python.org/psf/) AL, X% A Python AH & HITH AU G 1 E
EHUZ. Zope A HIAEZ Python B B4 R B «

JIA ¥ Python HUAHRZITIRAY (A KIT A & L2 https://opensource.org/ ). Jj8 L, #iKZ 4L Python
JiA T GPL 3R R RESS T A A UL

RBA  RE Fn A& GPL %% ?

090%12 nla 1991-1995 CWI s
132152 1.2 1995-1999 CNRI 2
1.6 1.5.2 2000 CNRI &
2.0 1.6 2000 BeOpen.com {5
1.6.1 1.6 2001 CNRI w
2.1 2.0+1.6.1 2001 PSF =
2.0.1 2.0+1.6.1 2001 PSF s
2.1.1 2.1+2.0.1 2001 PSF £
2.12 2.1.1 2002 PSF =
2.1.3 2.1.2 2002 PSF =
22 R 2.1.1 2001 &4 PSF B

O #ik

GPL 348K 70k Python 75 GPL F%7fi. 5 GPL K[, ST Python VFulE#R A VR4 % 15 UG
BOSAS, T TG AT IRFF MUY o . GPL YeZe iy LETHE M7 Python W] DAL JEE 7 GPL T & AR IE45
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A SRR YT )

R RZAE Guido 55~ TARMSMNESG IR, (XL A AT B T BE .

C.2 FRERs( LIE M5 A Python BZRFRF0FMF

Python A SCRS ) 1 V7 RT3 BL T PSF 48 7T 7350

M Python 3.8.6 74y, SURHFAY/RBI. Bt A1 HARACAD R 2 PSF ¥ R P-SCRI 2 4 2k BSD 76T 1)
XCEE 0T

FLEA S AE Python FHHYE R T A FIAGVFAT . X SEVFal S SHIV VRl 2 T AR — [R5 . A Rk L
YA SEBED A S FDIC T Ak 0y 75 7T 5o 93,

C.2.1 FAF PYTHON 3.12.7 & PSF ¥ a] il

1. This LICENSE AGREEMENT is between the Python Software Foundation ("PSF"), and
the Individual or Organization ("Licensee") accessing and otherwise using Python
3.12.7 software in source or binary form and its associated documentation.

2. Subject to the terms and conditions of this License Agreement, PSF hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 3.12.7 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 3.12.7 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 3.12.7 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
3.12.7.

4. PSF is making Python 3.12.7 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 3.12.7 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.12.7
FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.12.7, 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 3.12.7, Licensee agrees
to be bound by the terms and conditions of this License Agreement.
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C.2.2 FHF PYTHON 2.0 g BEOPEN.COM F o] tipiX
BEOPEN PYTHON FFJ5 i T 3 &5 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 THEREOF.

5. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

7. By copying, installing or otherwise using the software, Licensee agrees to be
bound by the terms and conditions of this License Agreement.

C.2.3 FF PYTHON 1.6.1 §§ CNRI ¥F o] il

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

C.2. FKESHLAHMH XA Python ByRRFIF ¢




Extending and Embedding Python, & {ThR% 3.12.7

internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
internet using the following URL: http://hdl.handle.net/1895.22/1013."

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to
include in any such work a brief summary of the changes made to Python 1.6.1.

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
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.

(B L)

C.2.4 FHF PYTHON 0.9.0 E 1.2 ) CWI #F 5] #ipiY

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

Cawy
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(% L 50)
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE .

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.12.7 DOCU-
MENTATION

Permission to use, copy, modify, and/or distribute this software for any
purpose with or without fee is hereby granted.

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

C.3 IgF a9 o] 5155
AT 52 Python K ATHR IR IS = A AT AN EGHNE B, 3G SRR A e 3 ORI K17 .
C.3.1 Mersenne Twister

YE°M random B R 2 _random C ¥ @B A% & T M http://www.math.sci.hiroshima-u.ac. jp/~m-mat/MT/
MT2002/emt19937ar.html "FEH ARG DA 2 A ARG 1) 58 B ERE:

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
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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)

(B L)

C.3.2 EfEx

socket ffi[l] T getaddrinfo () fil getnameinfo () WIDE i H (A [a] 5 S04 https://www.wide.ad. jp/

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software

without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS "~ 'AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C33 REEEFRS

test.support.asynchatiﬂ]test.support.asyncorei%tkfﬂf?ﬁkj:ﬁﬁﬁﬁo

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

(T
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(% L 50)
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.3.4 Cookie &

http.cookiesiﬁikf@f?QLW:ﬁﬁﬁﬁ:

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 HITIEER
trace AT PAT

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,
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(B L)
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.

C.3.6 UUencode 5 UUdecode F#§

The uu module contains the following notice:

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:

— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

— Arguments more compliant with Python standard

C.3.7 XML =#2iT3=E A
xmlrpc.clientiﬁt&f@fiﬁkﬂiﬁﬁﬁﬁz

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
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ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

(B L)

C.3.8 test_epoll
test.test_epoll *ﬁﬁ%@ﬁ%?ﬁﬁ%

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 fER KT kqueue FY4 & AT A H:

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ' 'AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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C.3.10 SipHash24

Python/pyhash.c {47 Marek Majkowski’ %] Dan Bernstein [ SipHash24 SVERSEH . B PA R
A :

<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/little)
djb (supercop/crypto_auth/siphash24/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod #0 dtoa

Python/dtoa.c UFFEMET C pRi %L dtoa il strtod, FT- C BURS BEEUE RN 745 5 Z (M A 44, BIRZAE
H 1 David M. Gay %i 5 ) [f] 44 34 H Bl % S04 W AE https://web.archive.org/web/20220517033456/http:
/Iwww.netlib.org/fp/dtoa.c T[] . #£ 2009 4F 3 H 16 H ARG ZE 0 JF 1A ST AR BUBCRIVF W] 7 B

/**‘k***‘k*‘k****‘k*****‘k*****‘k*****‘k****‘k*****‘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.

* THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
* WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

***************************************************************/

C.3.12 OpenSSL

The modules hashlib, posix, ss1, crypt use the OpenSSL library for added performance if made available by the
operating system. Additionally, the Windows and macOS installers for Python may include a copy of the OpenSSL
libraries, so we include a copy of the OpenSSL license here. For the OpenSSL 3.0 release, and later releases derived
from that, the Apache License v2 applies:

Apache License
Version 2.0, January 2004

(T
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https://www.apache.org/licenses/

TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

1.

Definitions.

"License" shall mean the terms and conditions for use, reproduction,
and distribution as defined by Sections 1 through 9 of this document.

"Licensor" shall mean the copyright owner or entity authorized by
the copyright owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all
other entities that control, are controlled by, or are under common
control with that entity. For the purposes of this definition,
"control" means (i) the power, direct or indirect, to cause the
direction or management of such entity, whether by contract or
otherwise, or (ii) ownership of fifty percent (50%) or more of the
outstanding shares, or (iii) beneficial ownership of such entity.

"You" (or "Your") shall mean an individual or Legal Entity
exercising permissions granted by this License.

"Source" form shall mean the preferred form for making modifications,
including but not limited to software source code, documentation
source, and configuration files.

"Object" form shall mean any form resulting from mechanical
transformation or translation of a Source form, including but
not limited to compiled object code, generated documentation,
and conversions to other media types.

"Work" shall mean the work of authorship, whether in Source or
Object form, made available under the License, as indicated by a
copyright notice that is included in or attached to the work

(an example is provided in the Appendix below) .

"Derivative Works" shall mean any work, whether in Source or Object
form, that is based on (or derived from) the Work and for which the
editorial revisions, annotations, elaborations, or other modifications
represent, as a whole, an original work of authorship. For the purposes
of this License, Derivative Works shall not include works that remain
separable from, or merely link (or bind by name) to the interfaces of,
the Work and Derivative Works thereof.

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

to that Work or Derivative Works thereof, that is intentionally
submitted to Licensor for inclusion in the Work by the copyright owner
or by an individual or Legal Entity authorized to submit on behalf of
the copyright owner. For the purposes of this definition, "submitted"”
means any form of electronic, verbal, or written communication sent

to the Licensor or its representatives, including but not limited to
communication on electronic mailing lists, source code control systems,
and issue tracking systems that are managed by, or on behalf of, the
Licensor for the purpose of discussing and improving the Work, but
excluding communication that is conspicuously marked or otherwise
designated in writing by the copyright owner as "Not a Contribution."

"Contributor" shall mean Licensor and any individual or Legal Entity
on behalf of whom a Contribution has been received by Licensor and
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subsequently incorporated within the Work.

Grant of Copyright License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
copyright license to reproduce, prepare Derivative Works of,
publicly display, publicly perform, sublicense, and distribute the
Work and such Derivative Works in Source or Object form.

Grant of Patent License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
(except as stated in this section) patent license to make, have made,
use, offer to sell, sell, import, and otherwise transfer the Work,
where such license applies only to those patent claims licensable
by such Contributor that are necessarily infringed by their
Contribution(s) alone or by combination of their Contribution(s)
with the Work to which such Contribution(s) was submitted. If You
institute patent litigation against any entity (including a
cross-claim or counterclaim in a lawsuit) alleging that the Work
or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate

as of the date such litigation is filed.

Redistribution. You may reproduce and distribute copies of the
Work or Derivative Works thereof in any medium, with or without
modifications, and in Source or Object form, provided that You
meet the following conditions:

(a) You must give any other recipients of the Work or
Derivative Works a copy of this License; and

(b) You must cause any modified files to carry prominent notices
stating that You changed the files; and

(c) You must retain, in the Source form of any Derivative Works
that You distribute, all copyright, patent, trademark, and
attribution notices from the Source form of the Work,
excluding those notices that do not pertain to any part of
the Derivative Works; and

(d) If the Work includes a "NOTICE" text file as part of its
distribution, then any Derivative Works that You distribute must
include a readable copy of the attribution notices contained
within such NOTICE file, excluding those notices that do not
pertain to any part of the Derivative Works, in at least one
of the following places: within a NOTICE text file distributed
as part of the Derivative Works; within the Source form or
documentation, if provided along with the Derivative Works; or,
within a display generated by the Derivative Works, if and
wherever such third-party notices normally appear. The contents
of the NOTICE file are for informational purposes only and
do not modify the License. You may add Your own attribution
notices within Derivative Works that You distribute, alongside
or as an addendum to the NOTICE text from the Work, provided
that such additional attribution notices cannot be construed
as modifying the License.

You may add Your own copyright statement to Your modifications and
may provide additional or different license terms and conditions

EF 0
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for use, reproduction, or distribution of Your modifications, or
for any such Derivative Works as a whole, provided Your use,
reproduction, and distribution of the Work otherwise complies with
the conditions stated in this License.

5. Submission of Contributions. Unless You explicitly state otherwise,
any Contribution intentionally submitted for inclusion in the Work
by You to the Licensor shall be under the terms and conditions of
this License, without any additional terms or conditions.
Notwithstanding the above, nothing herein shall supersede or modify
the terms of any separate license agreement you may have executed
with Licensor regarding such Contributions.

6. Trademarks. This License does not grant permission to use the trade
names, trademarks, service marks, or product names of the Licensor,
except as required for reasonable and customary use in describing the
origin of the Work and reproducing the content of the NOTICE file.

7. Disclaimer of Warranty. Unless required by applicable law or
agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any
risks associated with Your exercise of permissions under this License.

8. Limitation of Liability. In no event and under no legal theory,
whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even if such Contributor
has been advised of the possibility of such damages.

9. Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,
and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this
License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason
of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS

(B L)

C.3.13 expat
pyexpat ﬁLﬁgf%fﬁfﬁﬁﬁfgﬁﬁﬂgeXPatﬂ§§Uj§ﬂ€$@igE@, &%ﬂﬁﬁa%ﬁj’-——with—system—expat:

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

(BETID
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Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.14 libffi
YEH ctypes LB 2 _ctypes C ¥R M A HH T libfi JEAY I AR, BRI RN IR 7

——with-system-1libffi:

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
R ARG EAREIY 21ib AR IR JC R TR, W 55 zlib JACH 8 DR 2140 37 :

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:

(T
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1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be
appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash
tracemalloc {fi MG Fr M) SE P EL T cfuhash T H

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
VBN decimal BEHTFZM _decimal C ¥ 2 i HI414% T libmpdec FERYRIASAL R, BRIFF AN HCE T

——with-system-libmpdec:

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
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are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.18 W3C C14N i EH

test L HH) C14N 2.0 MREE (Lib/test /xmltestdata/c14n-20/) HEELEH W3C M3k https://www.w3.org/
TR/xml-c14n2-testcases/ FEARPE 3 253 BSD 4 A IE & 17

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.

C.3.19 Audioop

The audioop module uses the code base in g771.c file of the SoX project. https://sourceforge.net/projects/sox/files/
sox/12.17.7/sox-12.17.7 .tar.gz

This source code is a product of Sun Microsystems, Inc. and is provided for unrestricted use. Users may
copy or modify this source code without charge.
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SUN SOURCE CODE IS PROVIDED AS IS WITH NO WARRANTIES OF ANY KIND INCLUD-
ING THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A PARTICU-
LAR PURPOSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR TRADE PRAC-
TICE.

Sun source code is provided with no support and without any obligation on the part of Sun Microsystems,
Inc. to assist in its use, correction, modification or enhancement.

SUN MICROSYSTEMS, INC. SHALL HAVE NO LIABILITY WITH RESPECT TO THE IN-
FRINGEMENT OF COPYRIGHTS, TRADE SECRETS OR ANY PATENTS BY THIS SOFTWARE
OR ANY PART THEREOF.

In no event will Sun Microsystems, Inc. be liable for any lost revenue or profits or other special, indirect
and consequential damages, even if Sun has been advised of the possibility of such damages.

Sun Microsystems, Inc. 2550 Garcia Avenue Mountain View, California 94043

C.3.20 asyncio
asyncio BEHIFLLHER K H uvloop 0.16, "ER&ET MIT V¥ alIE & TH):

Copyright (c) 2015-2021 MagicStack Inc. http://magic.io

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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APPENDIX D

RRILER B

Python 53k (3 3CkY
Copyright © 2001-2023 Python Software Foundation. All rights reserved.

AT A © 2000 BeOpen.com., & B FIr A AUH] o

AL © 1995-2000 Corporation for National Research Initiatives., {7 85 A B .
WAL © 1991-1995 Stichting Mathematisch Centrum. % & FIrg AUF) .

A RSERMV ALY IS, B W LA TiE,
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EFE
...,61
2to3, 61
>>>, 61
_ future_ , 65
__slots_ ,72
4 7k
method -— ¥, 73
FHELE
PYTHONPATH, 51
RFAH,T3
BEAR
method —— F i, 69

A

abstract base class —- £ 3% 61

annotation —- #riE, 61
argument —-- %, 61
asynchronous context manager —- = ¥ E T

X EH 2%, 62
asynchronous generator —- ¢354 & %, 62

asynchronous generator iterator -- 5‘—%&

& 75 % KA, 62

asynchronous iterable —— F#F %R £, 62
asynchronous iterator —- s+ % K%, 62
attribute -- Ej‘fﬁ,62

awaitable -- FZ&fEx £, 62

B

BDFL, 62

binary file —- Z—3f#|CUH, 62
borrowed reference -- f& A\ 5|, 62
bytecode -- F¥H 4,63

bytes-like object —— FHF A Z, 63
C

c #4,63

callable —- T’Tiﬁﬂfﬂﬁ%, 63
callback —— [€, 63

class, 63

class variable —- 5@?5%,63

complex number —- £ %, 63
context manager —- I N X& &, 63

context variable —-— J;T?‘(?Eiﬂﬁ
contiguous —-— ﬁﬁ,ﬁ:;

coroutine —- W‘ﬁ, 63

coroutine function —-- Tjw’r%@%&, 63
CPython, 64

D

decorator —- ZE/MiE, 64

descriptor —- A%, 64

dictionary -- FH#, 64

dictionary comprehension —- FHIESERX, 64
dictionary view -- ?-ﬁﬂi‘ﬂ@,64

docstring ——- XASFEHFE, 64

duck-typing —- ®F KA 64

E

EAFP, 64

expression -- RikR, 64
extension module —- 3 EMEH, 65

F

f-string —- f-F& %, 65

file object —— XX 4,65

file-like object -- XHAE X%, 65

filesystem encoding and error handler --
X R G ARG H IR AR, 65

finder -- ﬁ‘%ﬁc%&, 65

floor division —- @_FEX%I%%,65

Fortran #%%f,63

function -- B, 65

function annotation -- R AR, 65

G

garbage collection -- Hr3% [E UK, 66

generator —-— éﬁk%“é, 06

generator —-— éﬁi%ﬁ, 66

generator expression -- 4 K EEFKIAR, 66
generator expression -- 4 gk #FKikR, 66
generator iterator —— 4 R &k N E, 66
generic function —— %A E#, 66
generic type —- ?2’_—@,66

GIL, 66

global interpreter lock -- é%ﬁ@%%&éﬁ,66
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hash-based pyc —- %Eﬂl%}iﬁﬁ@ pyc, 66
hashable —- H ¥ %, 66

IDLE, 67

immortal —— FKAXZ, 67
immutable -- R L E, 67
import path -- &A%, 67
importer -- $ A%, 67
importing -- $ N\, 67
interactive -- X &, 67
interpreted -- fEA, 67
interpreter shutdown —- fB#H XK, 67
iterable —— H &R L, 67
iterator —- #% %%, 67

K

key function —-- #® ¥, 68
keyword argument -- *#FEHEH, 68

L

lambda, 68

LBYL, 68

list, 68

list comprehension —- | &X#HEZR, 68
loader —— fn#E %, 68

locale encoding —-— i%%?ﬁiﬁﬁﬂ%ﬁ%ﬁgii,68

M

magic method —-- JEARF &, 69
mapping -- BL4T, 69
meta path finder —- jtﬁ§%§§§$2%§,69

metaclass —- JG2E, 69
method —— jfﬁE
%k, 73
KR, 69

method —- F &, 69

method resolution order —— JF EMAHIN)F, 69
module, 69

module spec —-— i%ik%%$§,69

MRO, 69

mutable —- ?¢§§X¢22,69

N

named tuple —-- B4 T4, 69
namespace —-— ﬁép*jé Z 1], 70

namespace package —-— /n’ﬁfé == 8] &, 70
nested scope —-— ﬁ%§§¢Ffﬁﬁi,70
new-style class —-— §ﬁ3ﬁ§%,70

O

object —— X4
R, 44
& 4AL, 44
object —— Xt %,70

P

parameter —— H%, 70

path based finder —— X T HEAFHELE, 71
path entry —- B AH, 71

path entry finder —- BAFN O &% &, 71
path entry hook -- BZENH4F, 71

path-like object -- B&FEX £, 71
PEP, 71
Philbrick, Geoff, 14

portion —-- E 4+, 71

positional argument -- fL&E5#,71
provisional API —-- # % API, 71
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