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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 ARG, RN ZFIEMA ctypes
B offi B, MARACE C M. XERRAVFIRE Python YR E N C RS, 7 HAHKT %
B4 C 4 A, %J7IAAE AR Python SLE 2 [A].BAT 5 i 1 I RS AR

211 = NEBBBF

LR AT E— AP R spam (Monty Python #j 2 Iz B K & 9)...) FF HAE Z A # X C
system () [ Python # I1. XA~ BR324 DA null 452107455 S 801 R B — A58, 1558
T PAFE Python H DAGNR 5 =X IH A B eR &

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

FSE0I A spamrodute.c SCfF. (4L, WR— BRI span, JAFRSEHE 1 C SCpEY
spammodule. i WSLEAMEIA TN K, BN sparms £y, WK P ATAEBEN sparmi £y
c.)
S TFRRRTT A

U AU O DA TERRIERE os HLT, 3K LA — T BT BB
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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

17T Python W RES & X —LERETEILLE R S8 Esgmabm i Sk SO RO FAL B o 3¢, DR eAE B & AR A i e
SLICFZ W, AR 2R Python.h,

#define PY_SSTZE_T_CLEAN KI5 Py_ssize t W U7EHELE API /0 int [ . ‘&M Python

33 EEAHFL, HEMREEM TR TARSE. 152 1] arg-parsing-string-and-buffers ZRHUZ 7 1

A FE Python.h HE LI AT ILIAF S8 2 A py B0 py BIZE, CAEFRMESL SCH e SO IR L
Gho ZIEEIEAIE, Ll T HAE Python fERERF 8k {2, "Python.n" iSALF T —SEhRE L SO
<stdio.h>, <string.h>, <errno.h> ﬂ]<stdlib.h>o ﬁﬂﬁ%ﬁ%ﬁﬁB@ékj(@#%fﬂ‘ﬁg%ééLJ:Z:Z?%E7 Bl
SHIEFIHERE malloc (), free() fll realloc ().

NHASN C REENY A, M spam. system (string) WFRMUHTIN, FRATHESFE BT

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);
}

HANBEEMFESEG RO G0, BE n1s -1v) B[EAEHE C MBS C R EHE W
NSRBI TIE self Fl args .

XLRGE PREL, self ZRERTBNS R ; XTI MFE [ % G501

args ZHUZAR 1]~ Python [ tuple MR 45E, HP S 24, G4 wple TSR — M SH. XL
SR AR Python X5 - BAEFATHY C BRECH i E N1 TR 20 HA L4 C (. Python API Hif)
B4 PyArg_ParseTuple () MESHCRRIERF A C{H. BMHAEH TR E R 2N S HERM
PAR A BRI RY C AR B2 AL, AR RS S R .

PyArg_ParseTuple () TERTA S B A IERH2ETL H L RGER/ F 0 oL 1% 13 95 S f s bk B, 3% Jm] B (AR
). HAEE AT SBIHR MR (F). fEIGS6]FH, o ibsse 5w, S8R 50T AR R
] NULL (H R BT L) -

21.2 XFHERHFE

B~ Python M REAR RGUA — NN T IRARE BRG] Y — DB TR, B YRR A
FraR [ —AEUME (Gl -1 B NuLs $85) o (R SRAETE PR RIS B = BUA T . 2Rk
A FFEMEATEN NuLL. FEHAMAE I ENTE sys.exc_info () ik [l Python JLAL K AR C Xf
VY. EATAR R ERA . R SCBIRI RIS . BEARE AT T A R A g A T

Python APT f{15 S T 6 HOK B Bk M5 it

B WM & PyErr_setstring(). HZ e
PyExc_ZeroDivisionError ﬁzfﬁﬁgfﬁﬁi}ﬁx¢§20 C

PRI RATAH N I RIRAE

AT BB PyErr_SetrromErrno () , IUHEZ—-RHATR, SAHRSTEAJHAR errno
. Bl B EGE 2 pyErr_secobiect () , WATIABAEL, 41N FRX LA EHHA. R

R RA C TR, RWA R R ER
TR AR, I B Python o

6 Chapter 2. FERE=H TR R
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FH Py_INCREF () JIGMHN{L 3 5] HoAth s K S 8060 4 105 | L

YRATVAIE L PyEre_Occurred () FEANIE BUBCIR I UL T AR N2 R BEHE 1758 o SRFaR [o] 24 | 57 3 0 42,
olCE AR S A S R 8] UL, AR AT 2R pyEre_occurred () SRER o B 2 KR
THER, PUOMARBOZAEAGR HE AP ok .

SRS TSN g BB 52 A T, M IR AR GRS oL 3 -1).
T R B HA pymrr_» BEL - SR 0 g VL FIAL T o f AT FIB A U 243 ] — A e 4
R CHTE A, R R R pymrr_v, ROHEHE - BRI RN B 28 B i R ] T R B
BT FLOAVHHES]A Python BRI IRER, B &r I M A7) Python LR IF22 itk i i Python
FT B A 0 SR AL

(TEHLEAE O AR S RERS T VR T HVE pyEre_» BRBORS O TEANA R DOH ., IF BAEIX L 0L
TR LAY . (FR F I — R, @AY, R RE SR KRG R E R RESUHE
2 TR A I 0 )

FEELZ0 i — N R RO Fri B R, B AR AR pyEre_clear () WaHIIE R .
C RGN 2415 pyErr_Clear () MME—IE LIS AR B AR R HE IR AL A RS T 2 AE 5e 4l B O ok Ab B
B (TRl M, SO BERE ) .
HRRMAE malloc () HHBHEE N —DFH . malloc() (B realloc () ) AU HEH IV H & U 211E H
PyErr_NoMemory () FiRBIEHIRAKIE R . I X Z A= KA (F1U1 PyLong_FromLong () ) EL&XAM T,
TP A T BV malloc () WL,

WEFERE, BT pyArg_ParseTuple () ZEERIBISN, I [0 BOIRTSHD ) o8 B0 3 402 1R 0] 1F (5L
THRFIRT, WA -1 FRFM, UNlE] Unix RG00 H—F

Boa, SRR AR E N A B R BRI GBI AR E AR RT R AT Py_XDECREF () B}
Py_DECREF () JHH)!

PEBE G| WA 7 58 A B T AR 35 4F . T3 Python P B S 5 AT XTI A WL AR B C X 4, 6l 4n
PyExc_ZeroDivisionError, ARA]DAE M H 1. 245K, WM YIH Rk HFERE - REMHH
PyExc_TypeError R F/N X TLEFTFF (FTREN. 1% PyExc_osError HRHF) . MR BE|FEA 1
i, pyArg_parseTuple () PREE T 25| 4K PyExc_TypeError. WNHARAE— NS EIPEHLIAER €8
Eﬂﬁﬂﬁidbﬁﬁﬁ%fﬂ;ﬁﬂﬁﬁ%ﬂ#, mUﬁﬁii{ffﬁ PyExc_ValueError,

VRULAT AS YRR S ME— A e o T SR SOPR T A I — S R AR i, A

[static PyObject *SpamError;

FEAERLRAPI IR LR AL (PyInit_spam () HFFHF B GON HBEATH) R 1L

PyMODINIT_FUNC
PyInit_spam(wvoid)
{

PyObject *m;

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

SpamError = PyErr NewException ("spam.error", NULL, NULL);
if (PyModule_AddObjectRef (m, "error", SpamError) < 0) {
Py_CLEAR (SpamError) ;
Py_DECREF (m) ;
return NULL;
}

return m;

}

5 =% 5 5 X2 1 Python 24 H8 A spam.error. PyErr_NewException () PRELW PAG]Z K 2N
Exception 2 (BRAEMG A T 5 — I A & NULL), 41 bltin-exceptions H1 TR 1 .

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

HREE =ASH (METH_VARARGS ) , EXMREIRES M C PR BF]. W {EA METH_VARARGS .
METH_VARARGS | METH_KEYWORDS ., {H 0 fA{FEMiH pyArg ParseTuple () HFEIHASH .

S Rk ff ] METH_VARARGS , PR AU £ %5 fF Python 4 3% tuple 4% =N 1 2 5k, & & 1 A

PyArg_ParseTuple () ﬁi‘ﬁi‘%*ﬁo

TS R 2 R % B S 50 25 1% R BN AT DATE B8 = A F B i METH_KEYWORDS U AR L. FE I
LT, C eREUNY Y 82 52 5 = > pyObject * JEZ, B XA Al XS H w5 .
PyArg_ParseTupleAndKeywords () ﬂé%?ziiiﬁgﬁ?yﬂgﬁéio

RANTTIER IR E A TSI -

static struct PyModuleDef spammodule = {
PyModuleDef HEAD_ INIT,
"spam", /xR AR A/
spam_doc, /* HIRXH, T4 NuL
=i, /r R R SRS A AD
REWMRBERAELRHE

*/

N B

EFREUA -1, */
SpamMethods
bi

ANGERA) PR DA ZBTAE AR B 00 G A o B A5 3 25 R R - WAL R B A 444 PyInit_name (), H
name ERIRIGZAFR, I HWAZ BRSO E W ME—3E static 55 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 (), ZBREIS IR E] —IEH N5, HETEMH E LhkEmE (—
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,

g A Python i}, J&JE PyImport_Inittab FHELKH, ED'UTAEfjﬁﬂ)ﬂ PyInit_spam() PR, T
PR MBI i bR, W PyImport AppendInittab (), AIMEREHEfE S AL

#define PY_SSIZE_T CLEAN
#include <Python.h>

int

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

{
PyStatus status;
PyConfig config;
PyConfig_InitPythonConfig (&config);

/5 R —ANAEER, F Py_Initialize ZH */
if (PyImport_AppendInittab ("spam", PyInit_spam) == -1) {
fprintf (stderr, "Error: could not extend in-built modules table\n");
GEFT)

21. {Ef C 5 C++ ¥'J& Python 9
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(750
exit (1);
}

/* ¥ argvio] f&% pPython FEBH */
status = PyConfig SetBytesString(&config, &config.program name, argv[0]);
if (PyStatus_Exception (status)) {

goto exception;

}

/* RN Python MR, LFWHEIE.
WMRMTBREAK, FREEGHIFZE. */
status = Py_InitializeFromConfig(&config);
if (PyStatus_Exception(status)) {

goto exception;
}
PyConfig_Clear (&config);

/r TUHFSANER,;, REEHER,
L NGNS & R RGN N
KEANE. */
PyObject *pmodule = PyImport_ImportModule ("span");
if (!pmodule) {
PyErr_ Print ();
fprintf (stderr, "Error: could not import module 'spam'\n");

}
// ... W FH Python C API ...
return 0O;

exception:

PyConfig Clear (&config);
Py_ExitStatusException (status);

O #ik:

ZM sys.modules MIER LA BT A C id e 2 — IR B i 2 Reas (A fork O T
exec() ) AE— LY RBIH AR T RRABLBRIEE AT DAERIAG 10 I RR B G5 A I 45t iy

B2 9 TR L SE 1 T3 &7 Python J5AS & 7 ALY Modules/xxmodule.c W o I ICEERT AR FHELT
Al B2 2 2T A

O #ik

AMEFEATHY spam BT, xxmodule T % & #n46 1 (Python3.5 FFAR5IA), PyInit_spam £iR[H]
—> PyModuleDef £itijfh, SR)5 QB RIBEILE] AP . 40172% PEP 489 [ ZHrBwIntl.

2.1.5 fmiZfnsEks

TEARRER AR T S P R Z 1T, VRIETR EAMM 3% F] Python RGNk gmiFMmets:. R IRMH
SANER, XBTURHERE R R SIS MEILE; 2 EEESHRFEY REHWET (hd
C/C++ ¥ & ZH7), PAKAE Windows [ ZRiFFHENHIME R (£ Windows A3 C F= C++ 7 J& F45).

WRARAGE B, 2 AR B EHUR A PRI/ Python ARRESRAN—F 7, WL B OiE B

HEPI AR . B0 27E Unix EARGER, HFEEHEIRM UM (spammodule . c ) HCHE AR HE 4 IR
A AT Modules/ HIE'F, WMI—4TH| Modules/Setup. local FAIBRIRAT 1

10 Chapter 2. R"ERE=FTHEIEYT R
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[spam spammodule.o }

SRIGHETRZ H %1547 make K BN RS . AR A] DAYE Modules/ T H i /] make, {HERLTISE
B Makefile X, SRJGi51T make Makefile' fy4. (FREFIRIBER setup CHHARTE BIXFRHRAE. )

R BT BB B, X LS T DA I AR SO L, 28520

[spam spammodule.o -1X11 ]

2.1.6 7£ C hii [ Python %}

e Mk, RATEHETER 15 Tk Python i C %L, LSS BAVE T, AL C 1 Python
A e AR A . HE— A C 8D R R, 5 A B Scak L

SEEIFE, Python fREEHRE LB I IR, F4HRIE Python BRACHRL TAFHER: 1. GRCHLBR FEHEAAR
17 Python SEAFERIEN AR, WRATYGBAT IAZ% Python,/pythonmain.c T -c frAFFAID. )
1 Python BRCIR B, ¢ Python FRF%:{ % Python RN . A B (s HOME 1) s
B, U BRAT, F4 RS LR A Python BRACH R MF44] , A (py_tncrer () AHNE] A
TR, MR R AR B A% R O, IR BT AR BEHE SRR

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) ; /* Bm— NG R ERBGR +/
Py XDECREF (my_callback); /* EHF XA MWEE +/
my_callback = temp; /* REFWEE </

/* & "None" HyFBl */
Py_INCREF (Py_None) ;
result = Py_None;

}

return result;

}

IR B A ] METH_VARARGS FEARYEM BN MRRERS ; IXIFAEALH 7 ik A Ao dnds 1053 2 — 7 iR liiA .
PyArg_ParseTuple () @ﬁ&ﬁ%ﬁﬂ@iﬁﬂﬁﬂuﬁ% F F hy ;’;‘5’54( *_"ﬁo

Py_XINCREF () Fll Py_XDECREF () iX A7 I3/ — AR 51 T4, I HYAAAE nounn 84t
P RIEZE 4 (FAEHE AR A B R SCH temp R H NULL). R M AG BIES% 7] A it 317,

Bl JG, 42 A R BT, R C %k pyobject_callobject (). ZHREAW NS, BIHE
THR%F, $81{E Python X4 : Rl Python i, MHSHIIHE. SHHNENFE L odntsg, Hi
JERISEIA R . BT SE 0 F Python pR%L, WL A NuLL s—A~25 04l B — S E0HAE
mM’éﬁ—/l\%Tj;uiao Py_Buildvalue () &P HAS N FAF RS X EHES N ZA 0 L8 AT IR
[a]—NJegH . Bildn:

int arg;

PyObject *arglist;
PyObject *result;

arg = 123;

(T

21. {Ef C 5 C++ ¥'J& Python 11




Extending and Embedding Python, & {ThR4 3.13.2

(750
/+ B R E R </
arglist = Py_Buildvalue(" (i)", arg);
result = PyObject_CallObject (my_callback, arglist);
Py_DECREF (arglist) ;

PyObject CallObject () 1&[H] Python %4354} , iX 2 Python BRI [F]{H . PyObject _CallObject ()
— X ESE IR E R R Bl ol e @ T SR, O B AE

PyObjecthallObject () ZJESLEM#H T Py_DECREF ()

PyObject_CallObject B’JLIEI{E‘ =T M AR AN S WARTAEXNS, [HEnT
%I);!I;ﬁiﬂ(l F)EU)\F%EIE; ERRAAE 2R R, IRTFEXXAMEM ] py_DECREF (), RIA/RS B
R (L) A%

ERRFEARX A2 B, REEA— SRR BEA E NULL. W2 A1E, Python PRS2 15| & 5
o WSRE A PyObJect,CallObject ) 1) C fRH 27 Python HHMLEEAY, BN 24 37 RITR []— N4 ke 4k
HIH: Python H 1%, PATERBERS A ?TED&E]#)MHM ol &1L 7 Python fURS AEALFRIZ 0 . AR TG
BN SOREAR, W 4S8 pyEre_clear () RiEKRFH . Bl

if (result == NULL)
return NULL; /* [E{£45i% */
Tf):ﬂ result...

Py_DECREF (result) ;

W T AR EIE R, RIE RS 531F£F pyobject_callobject () » FERLEMEIL NS
F2 iy Python FEFFHEALAY, T3 1AL 2 [EH R AT S o IXFERR AT AR A T E 4. o oh—2k
AR LG 35— A B TC AR AL 1B S H . S5 B 7 /2 Py_Buildvalue () PREUHTE tuple, 2591
T, VREAG AT T DA A0 R A6

PyObject *arglist;

arglist = Py_BuildValue (" (1)", eventcode);
result = PyObject_CallObject (my_callback, arglist);
Py_DECREF (arglist) ;
if (result == NULL)
return NULL; /* Pass error back */
/* U EMWER result */

Py_DECREF (result) ;

J

V7% Py DECREF (arglist) FIfEAbS TR, TEASRA Z B, MR EVE S — L My e, i
Py_Buildvalue () ﬂﬁ'é%i%‘%ﬂ\]ﬁfﬂfr#

A RYH FH R E A , JHRBEFSEOM M pyobject_call () , FFEZEFEESHM KBTS
Ahndn BB &ﬂ]ﬁﬂ% Py_BulldValue ) AeA T,

PyObject *dict;

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

return NULL; /* [El {41k */
/* A D EWE R result */

Py_DECREF (result) ;

21.7 BEY BEMHSY
PRE PyArg_ParseTuple () MBI

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

12 Chapter 2. R"ERE=FTHEIEYT R



Extending and Embedding Python, & {ThR% 3.13.2

W arg WAGE—ATUHMER, W Python #1845 C BN SHINR . format ST A~ HaF
R, ERIEEY Python C/APL FJfi} 11} arg-parsing. FIRSHE KA AL, £ FI T R
$Xﬂ“f” VA

VER PyArg_ParseTuple () &K lMhFs EiH) Python SR, HITLykEk B 25ty C A8 &bk, 40
WX BT, ﬂﬁ%%ﬁ@ﬁ*ﬁﬁﬂ%/\?@, I

FERATAT R 2 B2 016 Python X5 2 #5 Rk ey 51 AESBIENTHG T
—LEIR BT

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

int ok;

int i, j;

long k, 1;

const char *s;
Py_ssize_t size;

ok = PyArg_ParseTuple (args, ""); /* fﬁéi%k
/* Python VB JH: £() */

ok = PyArg_ParseTuple (args, "s", &s); /* —NFHEE A/
/* TH B¢ By Python Wl : £('whoops!') */

ok = PyArg_ParseTuple (args, "lls", sk, &1, &s); /* WAOAKEMNf—NFHHE */
/* T B¢ By Python W : 2, 'three') */

ok = PyArg_ParseTuple(args, " (ii)s#", &i, &3j, &s, &size);
S =R —AFEE, EANEREE
/* T fe Wy Python V@ : £((1, 2), 'three') */

const char *file;
const char *mode = "r";
int bufsize = 0;
ok = PyArg ParseTuple (args, "s|si", &file, &mode, &bufsize);
S ANEEE, FHREREANT —ANFRER—ANEYR
/* T gy Python I JH :
f('spam')
f('spam', 'w')
f('spam', 'wb', 100000) */

int left, top, right, bottom, h, v;
ok = PyArg_ParseTuple(args, " ((ii) (ii)) (ii)",
sleft, stop, &right, &bottom, &h, &v);
/= ANER AR
/* W # B python WA :
f£(((0, 0), (400, 300)), (10, 10)) */

Py_complex c;
ok = PyArg_ParseTuple (args, "D:myfunction", &c);
/=N ER, ARBE-ANRHREATERLE ~/

/* Possible Python call: myfunction (1+27) */
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2.1.8 LY RAMHXBEFSH

K%L PyArg_ParseTupleAndKeywords () FBEAHITF:

int PyArg_ ParseTupleAndKeywords (PyObject *arg, PyObject *kwdict,
const char *format, char * const *kwlist, ...);

arg 5 format %5 pyArg_pParseTuple () PREUITE XM —E. kwdict JEZ 2 AE 05 =S5\ Python
BATHHZ ) KB M, kwlist T2 202 DA NULL S5 BRI FAFR PR, EHARINRES: SFRMNAERA
5k H formar WZEAUE BAVCHEL . AR FTHLY), PyArg_ParseTupleAndKeywords () 2RI EAH, 75
MR BRI 5| K —A18 24 1 55

O #ik
BRI CATE S K TSRO TR, A kwlist IR TS H S FE TypeError 7,

R T-2 ] R S T, /B2 Geoff Philbrick (philbrick@hks.com):

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

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

int voltage;

const char *state = "a stiff";

const char *action = "voom";

const char *type = "Norwegian Blue";

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

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

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

Py_RETURN_NONE;

static PyMethodDef keywdarg methods[] = {
/r BB E B R GEWNE K PyCFunction fE
* [N BEZ W Pyobject* W5, W keywdarg_parrot ()
F RN
iy
{"parrot", (PyCFunction) (void(*) (void))keywdarg parrot, METH_VARARGS | METH_KEYWORDS,
"Print a lovely skit to standard output."},
{NULL, NULL, O, NULL} /* sentinel */
bi

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

PyMODINIT_FUNC
(A
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(750
PyInit_keywdarg (void)
{
return PyModule_Create (&keywdargmodule) ;

}

2.1.9 WiEFEEE
XANPEE PyArg_ParseTuple () RAHML, FHAHANE:

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

ez A FESFH, 5 pyarg_ParseTuple () R, (H2SE0/E AR B HhEFEEE (i A28 R 5L,
MEEs ). e ZR Bl —A> Python X438 & TR [l C s 4JH 45 Python 1015,

—A~5 pyArg_ParseTuple () WIAIEE, JGTH 1] BB 2 M) E KR Al —~ o4l (Python S8 iRt L2 TE
WA A TCA),  Heln T A& 4 HoM Python pREAS AL, Py_Buildvalue () IFARGEAERMITAL, 7
2T I MG FAFER ISR locd], A SRAS N FE AR 2 MR [F] None |, — NS B 1R [F1% S 500
5. IR ERER G S — NN 0 focdl, SiE & — IR Icd, FEEKR TR PRI LS.

Bl e daM , A2 Python fHER):

Py_Buildvalue ("") None
Py_Buildvalue("i", 123) 123
Py_Buildvalue ("iii", 123, 456, 789) (123, 456, 789)
Py_Buildvalue ("s", "hello") 'hello'
Py_Buildvalue ("y", "hello") b'hello'
Py_Buildvalue ("ss", "hello", "world") ('hello', 'world')
Py_Buildvalue ("s#", "hello", 4) 'hell'
Py_Buildvalue ("y#", "hello", 4) b'hell’
Py_Buildvalue (" ()") ()
Py_Buildvalue (" (i)", 123) (123,)
Py_Buildvalue (" (ii)", 123, 456) (123, 456)
Py_Buildvalue (" (i,1)", 123, 456) (123, 456)
Py_Buildvalue("[i,11", 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) (((1, 2), (3, 4)), (5, 6))

2.1.10 S|RAHE

TE C/IC++ BT W, REF AT FCA e heap 24 ¥ NAF. 7E C B, HiT %L malloc () Fl
free () KFEM. FE C++ B ZHAE new Fll delete RLIAHFI DI HE

FEAMEH malloc () 2 FECHY P AEBR SR 2R N 24380 S 14 7 — 6 £ree (0 TR TR [0 20 W] A . 9
i free () WBHLIERE EE . AR —DPHEPHEUE TR A EIIT free O A, EING M AR
FAGEZ BT R . XA A AR, BT, SRR A T free
IR G HIAR S BN, B S S malloc O VAR SHZ N AEHeR B H 6 PE A vh s . S
%gg&%&mméoEﬁ%&%ﬁ%ﬁ%ﬁ*%%%ﬁﬁ—ﬁ%ﬁmﬁD%%‘%ﬁ% =V
WA ER (A & AR e — 289 R LA A A AR B . Bt — AR B0 TN, T2, K5
FREMONAFH . BUAE— LU0 R A0 18 BSCRT BERS IOt T SR MU A A iR 45 4, SRS R R BRI B T
XARES Zy i C AR RTRE N, e e e e A . XA N, — BRI, @R E AR
MELAR I, B R R R R, T AN S R BRI AE, B DA O K i
Eﬁﬁ%ﬁ%ﬁ%@ﬁﬁﬁéﬁﬁﬁﬁcﬁ%,ﬁﬁ%ﬁﬁ%ﬁﬁﬁ,ﬁﬁﬁﬂﬂﬁ%ﬁ%ﬁ%¢%%
LER

Python jffiid malloc () Fl free () f & RERNAF/THCARERL, [RIAEFR 2R et In AN BF P4t o flkds
PR 7R A HEIRILRR B R S Ry, THEER RG0S 45 | T R e
HEAM K, Y45 HITECN 0B, FRWECEEAFENEXL T, XEE AR T .
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H—AMESE B FH IR, (AN G TR ROE 1 SR RN, TRX B [ 30" HPAX 7
PIE) . A SR O R PO TR ZEER AR free O o O — M0 U HGE T JE S N A7 (1]
SRR I AN BRGNS C, B I RAERY B S [ ieds i [ H T 8O0 Rl AT RS AR iy S B (22
malloc () Fl free () BECRF Y, Xthid CARMERLREY) . WIFUEH — K& IR B shhii)k
s, (EAELCHTFA L0055 & TAE.

Python i A GEH5 VTR I, WBARDE TORERIGINAS . LA ING | HAEER . XA JoFsfH O B
s RIE A BIE TARERT I, XS RS — A5 . SO G (TREEHD) M5 T4
5, Br AR RO EE RGBS TR ANZ 00 SRS RS B R [BlSAR T 5 | AR H YRS
S ARG ARG, WRABCA TG ERASMAG I T

GBS I 45 RE AL AS DI B3R SR PRI BRI E AT 9o BEHUR L T — Rz T ZAa il #9773 (collect O
RO, PAMZANBCE B RIS T I A5 AR I 45 1) Zh

Python g5 | Atk

A W% Py _INCREF (x) il Py_DECREF (x) , z&ﬂ%lﬂ%fr%&ﬂﬁi“ﬂ Py_DECREF () H&TEG| HTH3
5O BPREHOT SR . AT RIE, HWASHERA tree O, MEMEIXTSAY XA 2t %E’JZ%&?E%HEUEHL )
T A H ) (S HARY) /\N%Fjﬁa‘@@‘~/\i‘§rﬂ E BRI L 1 F545

fﬁéﬁlﬂﬂfﬁ%la fafE i ] Py_INCREF (x) Ml Py_DECREF (x) 7 FATHEHIA—LEMEE . AN A7
— ARG, RV DA ARA #/\éi)ﬂilh/\ﬁ% ~/\X12‘kéﬁé'lﬂﬂﬁﬁznz>4jy?ﬂiﬁé'lﬂﬂE’Jﬁzio 51 M
%ﬁ%&ﬂ%ﬂ% Py_DECREF () , FE5| AR EN . 5IHAMIA X2 AL E . B MR EHE
B5IH : tek. fFf%. P py_DECREF () o SICALE—MRA RG] &S BN

EFIDA A — ARSI . SIS ARAZIEH py_DECREF () o AR BER A X R
YA A A IR o AEHIA A B G (A 5 | A B, % 58 Ak

AR TS5 R R AR IR I OB AR AR B IE U, BCE U, i 5 iR THO At Y
PR o A B R a5 R — SE R IR AU TSR A5 T T RESTEII AT & AL LS B X 4R

fE T PAZE NAA S, A py_INCREF () . XASEHME LM H A EH RS X&6dE—4
AT, HATRENIAEETAT CHa ZELaa YA E5 H, st sirda I .

wHAEAMN
MW RG LB IE — BNy, SRR 1 A% A8 E A KRB 2 R a5

K2 B oR BOR m— A R 151 H, %cﬁv: SIHIA X R, W, gl @t £nEE, §lm
PyLong_FromLong () fll Py_Buildvalue() , LI H X REHUCE . BIEEXN R A ZHIEDRT,
&MMJWW\%?%S@%E@%E%IH%O —’P%Tﬂm PyLong_FromLong () ZE4P T—MRATEIIZAE, HAIPAIR
W E AT H B -

RZ 7 —DREIPT R A REL, L5 KR, Bl pyobject _Getattrstring () o X HAREHLA
WETHMT, — SRR H R BIRE 2 4P PyTuple_GetItem() , PyList_GetItem() , PyDict_GetItem()
, PyDict_GetItemString () i @iRIEIMNICAH . F&. FHBHEHKITIH.

PR% PyImport_AddModule () W2y RIBUEHBISIH, WA T iESR BRI S XA AT Re B —A40
HIHG| MR BEMAE sys.modules H,

ARG IE— X Z G B 5 — R, SRR AR B AW . WERFZAAAE, #iiH py_INCREF ()
RAS B ST A & o XA S EZ R FSh: PyTuple_setItem() fl PyList_setItem() . iX£E
PRI Z AL RGI HER, WAL RN (3 pyDict_SetItem () MHFIRASEZTIH KR, Ml
2 IEFER).

YA C R Python P IINF, & IR I 7 R USRS ST . T EIAXTRIISIH, BreAE
A5 | A fis JET U T AGRAE S pR Sl ] o US55 | 76 AT sl Ay, e O A 95T

a8 Py_INCREF () o
Python & A C eREGR [m] X5 5| FH B s A2 30 A W5 | -4 2 2N R EL B 45 &

2RE R —ABI T RAEAIESI: IHEIRAES L.
RAETHTEED N L A, SR S W AEC SRR AR, A T RERHAR ST A
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e B K

ARG, AHMSINAERRICE, ARG SEIE. Xl Rt i el A, IFarag
FEGINIAELEEFI .

TR INE R S DR N py_DECREF O B —NIERXIG, TRXRGATI R A — £
JLR. HEG:

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

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

XA REE S —ANE I 1ist (01, SRJEEE 1ist 111 M(H o, RGITHMEHMEIH. BERILER
e, HEAIAE.

TEFRATER B HIREA PyList_setItem () . F)RIAGXHIALZEHWGIH, FHIL4EAH 1 i), &

WWIEFRIGSAH 1. BERNMBGEREGSE 12— P RS, Bz die LT —

A _del () k. WHAZIEELGIMEIHTTECH 1, BAEFERBFRAE _gel O k.

BT B2 M Python 4851, KHIL __del () HEW PAMATAER Python A% . B2 R PAME bug () HXf
item fF|HREIR? MIRATLA! BEMHEA bug () IFIERDARE __del O H¥EVIA, EHLATATAT—
ﬁﬁgiﬂﬁgiﬁmeWﬁ%,@%ﬁ%ﬂﬁﬁ%%%ﬁ~ﬁﬁ%,Eﬁ%ﬁﬁ%Zﬁ%%%Wﬁ,
M item K54,

DRI, ARALE T R, RS T RN G TR IERR AR B R AR AT

void
no_bug (PyObject *list)
{
PyObject *item = PyList_GetItem(list, O0);

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

Xe N HEEREE . —MRIFRA ) Python 8 28 0357 ML R A8 LIRS, A AFE C il E AR HAE S
TREE], A FWE R AME __de1 () FES R -

XA ) A £ RhRE DA B 5 P M AR AR R, i E, Python fiERESS L2 AN 2R T A 1)
A2, FAE A2 RBRYE Python FEANXF 5 458 . {H AT PAfE I %% Py_BEGIN_ALLOW_THREADS K IliH}
RERGX N8, FHTARIU A Py_END_ALLOW_THREADS . X3l # Bl S67EPH 2E /O W 41, fifS H AL RE v]
PATESE Ry VO HAME) 6 AL BRSS . S28K, WNR BREUSIR Z BRI —FR A 1A R :

void

bug (PyObject *list)

{
PyObject *item = PyList_GetItem(list, O0);
Py_BEGIN_ALLOW_THREADS
...some blocking I/O call...
Py_END_ALLOW_THREADS
PyObject_Print (item, stdout, 0); /* BUG! */
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NULL 5%t

HH, R GG IS EO BB EARE BN nuLL 385, IF B ARSI SO (3
TEPAG B DR ) o IR D655 ] B4 e 20 5 RAE BRI A 2R 1 S I AR 8] nusn, AR oL 2
S0 D PRIAE X 2 R R T SR BT A G A% 2 HoAt R A - AR AEAS sRRCH AR wuLe, KF 2T
BOCER TUAAS I T8 Uz AT 208

HEFRIMEA R R PR3 AR nune, BIFEHCE)— N RTRESN NuLL BFREE, BRI malloc () K
e ITRET | 57 14 R R IR

Py_INCREF () Ml Py_DECREF () % %% A f il nuLL $84F — (B2, B A F py_xINCREF ()
Py_XDECREF () N5,

FHTAS IR E W RIBU L (Pytype_Check () AR NULL $84T — FFEHL, A KR AU ISR
XA M — R GRAA UM AR R 2 —, A MOTARI . AN nuLs A
AE AR

C R AL S PRIUEFE 4 C I S8R (FIRBIH S args) A28 NULL - SEFr BB S RIER
B Aot

LA GRS NULL $54T “WtEE” 45 Python J PR A I H %

2.1.11 £ C++ fREVE

AT PAE C++ B PR, FU2A SepR . 1R £ (Python fRRERY) 2 C g ok gk AIsE
B, 2REEST RS RER A . MR C++ SRiIF8 R B A A XA 8. RSt
Python fEREAS I Gl 2B G0 R B0 M FEHN extern "c" o MIETE extern "C" {...}
HATF Python SKSCANIANZABATEZE, FENUNRE L THS __cplusplus WEZZXARMAK T FF
IR Cr+ Gk a2 e SUGX M F5) .

2.1.12 453 RIERIZ{E C API

MY FBHARAL 1B e B ALt Python fiTf], (HAT I REALER BLAC RS B n] DARCH b AR R 1l

o B, —AN R T PASEH— > 25 Hcollection” L 3K 2 1% A HFF 1Y . 55 J2 Python 41| 27 |

gﬁ é APL SUVFY A HOR QMIZES SR, XSRS A IR DA — M C BT T 45 Hofth At b
B

TR ARG AT 2G5 R CCHR AN static), SRUMEUMSLICIE, PAK C APLSCRY . 5K
P EAERTA I R 2 S A 2] Python MEREARIS L2 W] DUIEHR TARRY. AR DAL e, —
ANBER AR AR5 E SO 55— BRI L. T LTSRS TR R SE, L8RS Python ARREAR (4]
R4 23 ) (Bl Windows), A LEMIYERERE I 75 22— A 1 E R ALF S8R (— MBIl 72 AIX), B
HPLPEATLE A A S (A Unix R51). RIGERATS-24 /AT WY, VREEE ALt T RE M AR N2

RS AR NE AT ZN GBS AT ] WA AT RS, X R RE Y A B BT A7 S #R B A O static
B TR RI AR LR A, e S A AR di 4 v O (FEBE AR 7y R R An s 1L A TR
REWERTS A% 24 U i HA T 1 07 2R A Y A 1)«

Python ${#t 7 — MR AIALE] R A — A AR i) 75— s 2 i C 2 {5 B (35%1): Capsule.
—> Capsule Wii;2— M7 fiff 7455 (void*) [¥) Python $#i22 . Capsule J Bl S H C AP,
{HENTH] ABAL AT HoA Python YR —FEG L . FE5iH, EATT DABIRIE L9 A B aiy 44 2 [8] Hp ) — A
PR HAth Y FEAHURE u] AR A AV, PREGZ A FRX I A{E, SRJ5 A\ Capsule HREUEE

Capsule "] PAFIZF 0T C APL 459 Jepiibe . BRA~pR % AF B © 19 Capsule, i T C API 54
E%ﬁ’?ﬁ%ﬁ—ﬁ‘%&éﬂi, B L P A A 4 Capsule, (FAERVREFEEH ] DUHZ R 20, HE P i
Mo
TCICARIEREIAN T, AR Capsule 8 2 i 24 1) 24 FRAR B L. pRAL PyCapsule_New () #32—> name
&2 (const char*); JRVFARMEA—A> NULL VE N B, (BFRATT SR ZUHERZ IR TR & 24 Pk IR b i 44 17
Capsule {1t T — @ HBF I 2R A 24 A ATHI T A X SIS A i 44 i Capsule,
WKL, Capsule | T8 C API, HA 228G W e :
U pRp R AR RS TR 252 I, PR ST, RS IAEE TR Z AR .
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[modulename.attributename J

R A Pycapsule_Import () A]RAJT TR AGE 1T Capsule #41L(%) C API, {{¥E Capsule [#]44 - VEECHT
XAT AR C APL H A T w3 B A o 2 MR ER A IE R Y C APLL

BT R TR R TUH R 4 T AR S B AR B 3, X T R EROR e B
B BRI CAPLIREN (FERXMI TG —A ) S —A void fREHEAL, BRI —
Capsule FfEL. RTINS R K SCPERR AL T — A2 R B AR ICH: C APT$%t; 20 P i
3 ZAEVT ) C APT Z Ji JHaX A2 BT

AR X — A 15 S 09 9] T B spam BLERAIIE L. PREK spam.system () AN EIEIHH C R AL
system (), MF2WH— % Pyspam_system (), X PRBAEISLH YIRS —LL B2 2 (Ebin
TERZ A U “sapm”) . ZPKEL Pyspam_System () &S H A HALY A

PRAL Pyspam_system () &4 C AL, B HAMEE—FEFEIH N static:

static int
PySpam_System(const char *command)
{

return system(command) ;

}

PR spam_system () BT H &L

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

const char *command;
int sts;

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

sts = PySpam_System (command) ;

return PyLong_ FromLong(sts);

}

FEBEHRITSK AR AT

[#include <Python.h> }
N o

A3 S AT

#define SPAM_MODULE

#include "spammodule.h"

#define T AL XHFEEAEA SRR, MARE i, 524, WG 1L sk Eun i
EXEAL C APT 5418041

PyMODINIT_FUNC
PyInit_spam(wvoid)
{

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

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

/* FEN ¢ APT 4T EH +/
PySpam_API[PySpam_System NUM] = (void *)PySpam_ System;

(ZF 30
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/* Rl B A4 APT F4T A B H A B capsule */

c_api_object = PyCapsule_New((void *)PySpam API, "spam. C API", NULL);
if (PyModule_Add(m, " _C_API", c_api_object) < 0) {

Py_DECREF (m) ;
return NULL;

return m;

(% L 50)

WYER pyspam_APT PR HAN static; HIFREENHSAE PyInit_spam () ZZ5HHHK!
33 spammodule.h B —HETAE, FHEFUW NI

#ifndef Py_SPAMMODULE_H
#define Py_SPAMMODULE_H
#ifdef ___cplusplus
extern "C" {

#endif

/* BT spammodule Wk Xt */

/* C APT BH */

#define PySpam System NUM 0

#define PySpam_System RETURN int

#define PySpam System PROTO (const char *command)

/* C APT HHH B RE +/
#define PySpam API_pointers 1

#ifdef SPAM_MODULE
/* BF K AEgF spammodule.c MEER */

static PySpam_ System RETURN PySpam_System PySpam_System_ PROTO;

#else

/* R ELR spammodule W APT WBEREFEH */
static void **PySpam_ API;

#define PySpam_System \
(* (PySpam_System_ RETURN (*)PySpam_System_PROTO) PySpam_ API [PySpam_System_NUM])

/+ WA RERE -1, RIpHEEE o,

* R AR Y PyCapsule Import ¥R E—MRH.
74

static int

import_spam (void)

{

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

t

#endif

#ifdef ___cplusplus
}
#endif

#endif /* !defined (Py_SPAMMODULE_H) */
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BB REAS T B KL Py Span_system () BT AU S S 1R A AR 1 R B b Y R K (S B

H9%) import_spam () :

N

PyMODINIT_FUNC
PyInit_client (void)
{

PyObject *m;

m = PyModule_Create (&clientmodule);
if (m == NULL)
return NULL;
if (import_spam() < 0)
return NULL;
/* BN Y AT AE G A B HEAT </

return m;

}

J

R LR G2, S spammodule. h i Ak MR, XMEADEFHAYRE, HEALT AL
1, BreA R EaE ] —Rk.

i T AR RS2 Capsule FEHE THAMYIIRE , T4 7E Capsule B85 N AE - BL ARSI . 417557
Python/C API Z:2% F-fiit i) &7 capsules A1 Capsule f5E 3 (7 Python J§i% &4 T4IHY Include/pycapsule.h
Hl objects/pycapsule.c ).

&t
22 AENYT RER: HiE

Python fAVF4iE C 9 EBIHLE LrT LA Python AU i BN AF AL, XARRNERY st Fll List AL
P A TSI AR AR REG — I, HRAERTT IR AT, T2 T —Leany . X0 XX A~ &

ANE

2.2.1 Kl

CPython JEATIN &5 Fi A7 Python Xt RHERN pyobject* FEMAYA R, X2 FA Python X4 “Hffi2E
A7, pyobject ZEMIRAG HALEI R reference count FMARIAXTRE “HKAXFLR” By4a4T. X2EhERT
FEUHAY F AR IR RPUE R BLUR JWIRLE (O) Rk, BN, FEXR Bk —ANEME, W5k,
HE G — RGN XL C RBRIRN “RBITRT.

FIrPA, ASRARAR B SO A, TR EBIEF AN R

XA R AR B R R, TR R/ MESERR IR, EAE C §REIR custom HUE ST A
#4 Custom [T

O #ik:

X B RIRH) e E X static 7 REBIEL G . WLLEA RIS ik, C APL W] PAE XAEHE
SRR REAL, (] pyType_Fromspec () BREL, (HATEAAITHEIHE,

#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, O0)

(ZF 30

22. HEMT REE: #iE 21



Extending and Embedding Python, & {ThR4 3.13.2

(750
.tp_name = "custom.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py TPFLAGS_DEFAULT,
.tp_new = PyType_GenericNew,

bi

static PyModuleDef custommodule = {
.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;

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

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

return m;

}

XH AR B, XN TR E—FReRHE b XA SO LT =
1. — custom WMREEHFH ARV : iXJ2 CustomObiject 5K, B NEA custom LB HL—IK .

2. custom RBIMFTH: XJE customType ZEMIMA, B ST —4LTARAI o8 B B AL AR REAR FE U 2
SE BT R I A TR A

3. WA EE4Y custom B X PyInit_custom FREL S H XTI 1) custommodule ZEFA {4,
SN2

typedef struct ({
PyObject_HEAD
} CustomObject;

A H 8 TSRS INE . PyObject _HEAD 25l il BR AR R S 5 M 1R 2 wi I & S —
A4 ob_base [f) Pyobject RARYFE, HA &8RRG AE | HITET5ET GX Wi ] DA
4y F % py_TYPE Fll Py_REFCNT JRIX 4 ). fif FH 22 BB B2 KA Jmdm 4t SR e TR i i s B
s

O #ik
HRAEZ Pyobject _HEAD JE A5 . RANGINIS S BB AR

MK, RGR THE pyobiect HEAD fAEHHR SN, A HAMEE: Blan, 40 R & LT FRrUER Python 77 5 4

22 Chapter 2. R"ERE=FTHEIEYT R




Extending and Embedding Python, & {ThR% 3.13.2

typedef struct ({
PyObject_HEAD
double ob_fval;
} PyFloatObiject;

B AL IR R 1 E S

static PyTypeObject CustomType = {
.0b_base = PyVarObject_ HEAD_ INIT (NULL, O0)
.tp_name
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),

"custom.Custom",

.tp_itemsize = 0,
.tp_flags = Py TPFLAGS_DEFAULT,
.tp_new = PyType_GenericNew,

O &k

HEPFET A0 L C99 RURIIRIRAIL, DIBESES AT ) pytvpeobiect B, HPRERIFHE X
A1), e TR S V7 B ST

& object . h HIELFRE LAY PyTypeObject HA AN g B2 B . BIRMTF B h C HhiFdiNE
SRIAFE, EHEIIMOE RN RAHIEEENT, BRIMRHEHEEEA ]

Aokt —ma, fER—7FE:

[.ob_base = PyVarObject_ HEAD_INIT (NULL, O0)

ATl AR, AR A EFREI) ob_base FE:

{.tp_name = "custom.Custom",

FATHRBA LR DK BAEFRA T XTSRRI SCARZ AL A LA B R, Biln:

>>> "" + custom.Custom()

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

LR AR i RS AR, B R R AR AR P2 B ARl PRI custom
MR custom, HILFRATRFIRAAL RN custom. Custom, (] ELIE HH 105 1S A BRARRS T BEAR
25 pydoc Ml pickle BBRGFFAHAEMRE L.

.tp_basicsize = sizeof (CustomObject),

.tp_itemsize = O,

XFERELL Python JITE 4 BIEHTHY custom SIBINFHEDHLL DN, tp_itensize (U T RIASK/NHIX
GUTAE AT B0 TR R 2 o

O #ik

WRARA BARA B T 7E Python s 12R4k, I HARMIRBUAN B R ER BB AMIFRY tp_basicsize,
HB2NKH] GBS 2 AR . IRIYISALEY) Python FIRMFER _ bases__ HRHRIYZEBUSIAE By
HITET, AR WTEVA FARIIRZUES _ new_ () J7riRIPRF AR . ARAT DA 1 5 PR ARG B H B o B
R KK tp_basicsize [EAMBRX NI ERZENE, XAZATLAR, HNE2/RKEAE
object, FANKFAVRAYHEISBUATIBARII L, AT
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AT EFR %N Py_TPFLAGS_DEFAULT,

[ .tp_flags = Py_TPFLAGS_DEFAULT,

)

JI A SRR U AR E N TR IR 4% MR . % RRE R 220 A Python 3.3 2 B SCAY AT . 4N

RARFTEHE B, VR 2O B AR AT OR 4857
FATH to_doc FRAGRM— SR AT H.

[.tpﬁdoc = PyDoc_STR("Custom objects"),

J

RN G, FATLHHRA > to_new AbBEZS. XAFHT Python 77k __new__ (), {HaJi 23

TR TERXFMELL T, FATATDAGEI APL 4L pyType_GenericNew () FriflbAYERIASLEL.

[.tpﬁnew = PyType_GenericNew,

BT PyInit_custom() FFAYRELACRIDASL, SO A At P 28 IR HRAR 75 2 PR

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

XAFRIIRAL custom KA, y—LE i SUE TSR Y HYBOAE, AEFRATIERIUAIN B NULL /Y ob_type.

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

}

RRHES B A MBS b . XREFRATHREE L custom FERANE Custom S

>>> import custom

>>> mycustom = custom.Custom/()

MR EED RN TAR R AR E s R RS IAL N custom. ¢ BISLIFH,

[build-system]
requires = ["setuptools"]
build-backend = "setuptools.build meta"

[project]
name = "custom"

version = "1"

#°F pyproject.toml 3L, FfH.

from setuptools import Extension, setup

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

TEA N setup.py FISCHH; SRIGHEIA

[$ python -m pip install .

1E shell R ZAAET H R TP E—A 3 custom. so HEARE; BAEED) Python — R 24 B 4T

import custom FH2iR(# J custom ¥4,
EFFAKE, KH?
IR, MHIRY HE XRBEHEETOI . B AR, AR . BERARER TR
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2.2.2 EEARGIRMBIEFT E

LR ATE AT AN — LB AR ok XA ARG LR AT AT DM R . RATRAY
AR custom2 RIS LETHE -
#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, "|00i", kwlist,
&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;
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}

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 */

bi

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

}

if (self->last == NULL) {
PyErr_SetString (PyExc_AttributeError, "last");
return NULL;

}

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

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

Fi

PyMODINIT_FUNC
PyInit_custom?2 (void)
{
PyObject *m;
if (PyType_Ready (&CustomType) < 0)
return NULL;

(B L)

R

B

~

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

if (PyModule_ AddObjectRef (m, "Custom",
Py_DECREF (m) ;
return NULL;

}

return m;

(B L)

(PyObject *) &CustomType) < 0) {

IRBLER A 5 2 A B

BUE custom AU C 45K A =B RIE,

first, last F1 number, FH first Fl last 2% & 205 44 F

Ak Y Python FAFH . number JEMER— C HEEL,

POE DRV AR N G IVA: L R

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

} CustomObject;

RN A B TR T, AT /N O TR R R o B AR 20, AF/EA — R

O

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

}

Py_TYPE (self)->tp_free((PyObject *) self);

ELWIR(EST tp_dealloc i

[.tp_dealloc = (destructor) Custom_dealloc,

W2 e i S WA Python JEMERS 1%L, py_xDECREF () W] DAIERMALBES BN vuLL GO (X ]
BEAE tp_new HIREMIT KA ) o B EREH XS 2KAY) tp_free M (GlId Py _TYPE (self) 115545
F) KRBTSRI N IEEEX IR AR customType, XTI REE—AT-IEA0 LA

O #ik

J:ﬁ E?&fﬁﬂ%fﬁ& destructor m.jﬂ&ﬂ]n{){? Custom_dealloc E‘é #/\ CustomObject * 72<
£, 1E' tp_dealloc BEHRE W HEZ—> Pyobject * S, AR AX #Tﬁi G R A

;r b:l = q“ﬁﬁﬁ%ﬂﬁ%uf !

e B — DR — A PR iR o = 5

Frds, HEERATREME 74> to_new S

static PyObject *

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

{
CustomObject *self;

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

}

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;

(B L)

HAE to_new MO E:

[.tpﬁnew = Custom_new,

)

tp_new AMFRER ATTRNE (MAEWIIRIL) ZBBAIXTS . ©AE Python FHRFEN _ new_ () Hik. B
ANTFEE N to_new 51, Kb LiF 2 RIFBI SR M E ] pyType_GenericNew (), 54 L1H custom
KB EE— IS TR . ZEBLIEOLT , FRAVETH to_new ABEZLNRF £irst Al 1ast JBHEWIIRIL N
4k nuLL R ERIAME

to_new FHEZ PR BILHIRIL (RERN custonType, WERPCLBILHIR—TH) PARTEZIR
VA B AT RIS EL, H BRI TR # I 0] tp_new ALFRZS MU HZ AL B R TSH, HEN
B SBMSXE SR, MRS HAC B it (R C Y tp_init 8 Python i) __init__ p%L) J5
HARIMAT

0 #ik:

tp_new ANEAMIM to_init, FAERSRSHETHAME.

tp_new SKIATM to_alloc MENRINHEAAT

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

T AP EE T RES RN, FRATUATEAREERATZ HIRE to_alloc ZERHHIAHA NULL,

O ik
FANTBA AT tp_alloc M. M2 PyType Ready () il MFERATHIEESRGEE AR B AT T

B, HHEIAN object. KR FEZUHRE BRI 7 B SR -

O #ik

BT O —MER tp_new (B 2T I tp_new 5 new (), IAM FALEEFTH
7 S AT WU SR B B PR 7 . A0
) to_new, LIl type->tp_base->tp_new. MBRABCREM, RAIKI A FIAEAER B HE
Python 5 921 Python T A TEVATE B TAE. (LUAHIEE, ARnT AETCHERIRER AR T-2A0 SE BT

FERT| K TypeError, )

ASHH E VR ER ISR, I EEA A E

AT ST — MRS HAR NN L BT UERI IR (E W) 45 1 B

28

Chapter 2. R"ERE=FTHEIEYT R



Extending and Embedding Python, & {ThR% 3.13.2

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,
s&first, &last,
&self->number) )
return -1;

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

}

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

}

return 0;

}

HATIASE to_init A7,

{.tp_init = (initproc) Custom_init,

J

tp_init ff{V7E Python B _ init () Jrik. EWUIRIERIEN QX HAE A TRIa6 . WItnieds

SUREZALEN R TSR BN SRR ] o T B IR ] -1,

AT tp_new ZbFELE, tp_init AMRUE—E I B, EERINENT pickle BHURNSTE RS
FOSE) B _init_ O). BRATRESEZRIAM . T BT ATERATAS S LA _init_ O

e I, AN BRI E A% S NG BIIMRIXAESY first JRATRE:

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

}

XA A k. FATWIRBBA RS fivst JWAMIM, HILE [ DURTAAIRATR 5 .

EnPA

WA — D SPITERTI first AR RIS Sz g T e SRk 2 5 Af 25 9 R

RIS HAR LA F BT R T S I ATRI R 52

N T RFFETIT EEFA TR X AT fEE, AT B8 ZAE A A5 | T AT e AT EHRAE -

A HEFAT AT AAS A AR ?
o BIATHBRIES A THEOCT 1Ak
o MFRAVHEXT SR WEAR SRR GIL WAL G B TR FATT A ST AR [ 5 1 B %
o 2 —A tp_dealloc ARBHER AN STRFIRFFAIR M 2R AR 5 | T e

AT HE SRR FRATA LIS R AR FE N R E . A UM o n] ARSI — o ey B Oy o2 SO B Y

E XL
static PyMemberDef Custom_members[] = {
{"first", Py_T_OBJECT_EX, offsetof (CustomObject, first), O,
(8T
VMBI R B T REARA, WA R B SR R A
2IEAR B BATFEEE to_dealloc AbPRART X —HLE], PATRATAIZERUR % ik .
22. BET RER: #E 29



Extending and Embedding Python, & {ThR4 3.13.2

(750
"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

HRFE SOREF] tp_members A7 H:

[.tp_members = Custom_members,

J

BRI A R AR 2RAL, R . DiEARRSORY AR . IS N2 A & b8 72 /N
A3k T RN . section below for details.

7 i S 2 — & B A R AL FR ] T EL 45 Python JEMERIXT AR I, FRATHUI first Fl last ()
FFRNFAFER, BT DARE AT & Python X4, BUAb, X S8)@ vk ] AR B, HR/F C F541%
S NULL. BIEFRATTAT DAGRIIEDE 28 5 53 B 00 44k 0 3E NULL ), Q0 SR 26 Ja P A sk 2 B 53 4T3 mT 8 15k

NULL,

FATE AR ITIE, Custom.name (), ERFRFGAFREH first Al last 2 FRAGHFE

static PyObject *
Custom_name (CustomObject *self, PyObject *Py_UNUSED (ignored))
{
if (self->first == NULL) {
PyErr_SetString (PyExc_AttributeError, "first");
return NULL;
I3
if (self->last == NULL) {
PyErr_SetString(PyExc_AttributeError, "last");
return NULL;
}
return PyUnicode_ FromFormat ("%S %S", self->first, self->last);

}

% E AR S g — M5 3Z custom (E:class:/Custom 1) T-22) SEHINVE R — S8 C . Hik
RREZ—NEOWERNE DS TR REZALE R SR, (BERGI PRI R EZ S
BT EZ 2 A E S HOTH S KA S TS M T PAT Python J7k:

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

TERRAVLARGA first Fl last OB EIREN NULL. XCRPEAENT ABMNIR, TEUHE I R Er]
KRN 'IJ\IjULLo S A2 B LA X 28 SR A IR SR AR RO (E BRI DA P A AR - FRATTRAE R — 3 T A gy
X — s

BAERANTE G S Tk, BATHREA 7 ik SCRA:

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

}i

CFERRATREN T METH_NOARGS HMEFRASR LT IR AHER B Z Rk self LASNKAT AT Z4L)
FHRFHIRZ tp_methods Fli{iz:

[.tp_methods = Custom_methods,

30 Chapter 2. RERE=3T AN R



Extending and Embedding Python, & {ThR% 3.13.2

5, FRATEHEFRA TR BN VR IR AE TR 325 . AT O g B FA T ¥ DA BN TA SR 2R
FER R X SR BY, B DATRAT TR B 2 R Py_TPFLAGS_BASETYPE YN I ENFRAT AR &
XH:

[.tpfflags = Py_TPFLAGS_DEFAULT | Py TPFLAGS_BASETYPE, }

?{,Zﬂ]ilé} PyInit_custom() Eﬁgﬂﬂ PyInit_custom2 (), E%}f PyModuleDef %*@%*E’J*ﬁﬁ%g%, ?:F
BN PyTypeObject A2 REEA

R, FATEH setup. py MR MIFH IR,

from setuptools import Extension, setup

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

1)

RIGBATE B 2 LMEREDS import custom2:

[S python -m pip install . J

2.2.3 REX T IR R ME EARE

FEATTH, AR custom /RBIH first I 1ast EYERYBCEIEATHERS AR FEIAT E— AL
%%EP SBIAER first M last ATABBONAEFATA (EE Z 0 FR. FN 1A B fRX LRI IR A&7
TR,

#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;
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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) {

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);

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, wvoid *closure)

{
return Py_NewRef (self->last);

static int
Custom_setlast (CustomObject *self, PyObject *value, void *closure)

(B L)

EF 0
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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;

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 */

}i

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

return PyUnicode FromFormat ("$S %$S", self->first, self->last);

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

bi

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

bi

static PyModuleDef custommodule = {
.m_base = PyModuleDef HEAD_ INIT,
.m_name = "custom3",

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

.m_size = -1,
}i

PyMODINIT_FUNC
PyInit_custom3 (void)
{

PyObject *m;
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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;

N T IR £irst Ml last @I, FRATRFEN A & SR BRIGESFIBCE SR 4. DA N 3o
W first BIER LG

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

{

Py_INCREF (self->first);
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;

RIS R A% 32— custom MR M—A “PHE”, Ja&E RS 8Er . ARG, ZIaR 2. (M
A0 HRRE B B L i 2 AR A B B A S PR . B, X ] DARE I R Fe i AR A A oA
BOR P P B i o v s B ek i Y JE A ) o

BEE AR EIEZ LA custom X4 FHEMAE. F{EPTRE N NnuLL, FEXFIE I T B eER . 3K
TR E RS, SR R g b s IR A B PR M &5 | & —A %

AT pyGetsetDef SR EILH:

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
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JHHE tp_getset ML HIEME:

[.tp_getset = Custom_getsetters, }

1E PyGetsetDef ZEFIRH R f5—Wi2 LR R “Pa” . FEARGIH, JATEAFEHAE, FHILHEAN
HA& A NULL,

FNTIER B T I L8 J i) i A X

static PyMemberDef Custom_members[] = {
{"number", Py_T_INT, offsetof (CustomObject, number), O,

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

FATEFTFENRF co_inic AIIREHH HAVEEATFHFHR

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

return -1;

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

}

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

}

return 0;

}

WX e, FRATREE AR first Al last WU —@ A NuLL DAEFRATREAE LT A 1 0 F 1
NULL {EAGE . X WRE KB py_xDECREF () i AR W] AR %40 A py_DECREF () P FRATASREH L
X G I A ME—3% G2 AE tp_dealloc SEPH, TP HLX S8 BRI LA AL AT REXE tp_new I,

FATLE a4 1 BEHA) U6 16 e& KO0 46 Al R B P AR 2 B, b R AT Wiy — A, FAT T 1)
setup.py XPFEIN T — M E Lo
2.2.4 ZHHEMLIREIW

Python ELA5— 1] DAFRAR A FEFR B AT G2 1 08 30 32 38 =Dl 5 (GO) BB AT B R . 3fh
THOLSTFEN RPAGERT | I R A N, BeAt:

>>> 1 = []

>>> 1.append (1)
>>> del 1

3 BAEFRATIHGE first Al last BLGVADR FAFER , BUAIFTRATA DO BN E | T BOR SR N L, (BR, FoATREH32 545
?%’élf}%iﬁﬂ o RIMEREHGEE A A A 2 X BATHIXT ST, BT REARIEROI— PR H T 2RI S BIA 20 BT 5tk
71l
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EXBITFrh, FATRIE T — MO EH A SWsR. BRATMRE e, BRI EA—40k B HA
S5 1. s SO KRB AE. SEh2, Python IYEFRLLIR ISR 4 K L% 2 T

BRI REE -

1 custom SR BIEE “ARUA T, FATARVHAERRBMX LAEMT] first B 1ast JEMEP. WAL, 7656

THEE AT, BATIE VT AL custom, FFHFRAAGIMER

—A~, custom XfRERT] DAIAEH:

o T XA A AT A

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

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

BV AIMAGHEE custon SLHIREPIERS GC IERFRIIAILEE, AT custom KRBT EIA M

AN MRS (L S I — TR o X 27 -

#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, woid *arg)
{

Py _VISIT (self->first);

Py _VISIT (self->last);

return 0;

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

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

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

CustomObject *self;

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

self->first = PyUnicode FromString("");

if (self->first == NULL) {

Py_DECREF (self) ;

S, BN E R B AR SE], PR R DME AL str T3 REE 03 R R .

(ZF 50
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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) {
Py_SETREF (self->first, Py_NewRef (first));
}
if (last) {
Py_SETREF (self->last, Py_NewRef (last));
}
return 0;
b
static PyMemberDef Custom_members|[] = {
{"number", Py_T_INT, offsetof (CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */
bi
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 0;
}
static PyObject *
(Z5 R 50
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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_XSETREF (self->last, Py_NewRef (value));
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 */
ti

static PyObject *
Custom_name (CustomObject *self, PyObject *Py_UNUSED (ignored))
{
return PyUnicode_FromFormat ("%S %$S", self->first, self->last);

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

bi

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,
i

static PyModuleDef custommodule = {
.m_base = PyModuleDef HEAD_ INIT,

(B L)
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(750
.m_name = "custom4",
.m_doc = "Example module that creates an extension type.",
.m_size = -1,

}i

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 *) &CustomIype) < 0) {

Py_DECREF (m) ;
return NULL;

return m;

WG, P AEER GC HIERENS S INIRER T TX 4

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

{

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

return 0;

ST DA ATEERR) TX 5%, FRATERFR I visit () B3k, BoWEBAmE Y. visit O K
%ﬂ%gé?ﬁ GG 1 253 [ 7 VARV S AL arg (R HSEL. BRIl —ANE R R B E R A i R ]
R

Python #2 fft 7 — /"] 5 3 I/ H] visit B EL Y Py vistT O K. ] py_visiTO), FATA LA /ML
Custom_traverse PHEL T/EE:

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

{
Py _VISIT (self->first);
Py_VISIT (self->last);
return 0;

}
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tp_traverse SEIMANRF H B EUUER Ay 4% N visit Fll arg DAMEMEH py_vISIT (), J

B, AT ER P TR RGBT AS G ERAY X 51

static int

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

}

YRR Py_CLEAR () RHYM o B I IR AL R A i Ja 0B D s | TR e i) B2 iy 7 X
AR IR PAERE R IE B NuLL Z AR R IE BV py_xpEcrEF (), WIJEPEAIHTHA 384T AES B THR
BEPOZE R A (G 31 = ERAFAES AR 35) -

0 #ir
YRE] PAIE A PA N B ¥E R AR Py_CLEAR ()

PyObject *tmp;

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

TeE AT, AE N 1% )8 1 i 4R 4% fdi ) Nevertheless, it is much easier and less error-prone to always use
Py CLEAR () #b/2 i b HHR G Ak . i A B2 AR M A RN I B M !

FEIAS custom_dealloc AIRERTEVE KRB MER I AMER A . XERENEER GC 1T DATERR BN T pi i %
Hi T GC UG R ECR b E, FATHZ LA pyobject_cc_unTrack () HKik GC 5 1L ERHH KA
X5 FHEENIEH pyobject _GC_unTrack () fil Custom_clear HFSEHLRELAS:

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

)5, BN py_TPFLAGS_HAVE_GC ARSI EI AR H:

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

RFERZEAZ T WEREA RS T HE XA tp_alloc B tp_free LbHldy, MIFRATFHE ZETXHIRPABLIE ]
WoRBHE . K2 RO A SR LR RS .

225 FoRMLHMAE

BIEIRAE A A RN R AR A W TRE . A5 A R N N BRI , [P T DAY 3 b
BT 2N pyTypeObject . TEAFY R [A] L X 2L pyTypeobiect S5HAIIE K MER] o

TEAGI R BATRAE— DR G NE 1ist MR subList KM, KPFRBFFEARAR IR, H
FHA — DM increment () Jy¥E T4 A THECER O (EL:

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

>>> print (len(s))

(T
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6
>>> print (s.increment ())
1
>>> print (s.increment () )
2
#define PY _SSIZE_T CLEAN
#include <Python.h>
typedef struct {
PyListObject list;
int state;
} SubListObject;
static PyObject *
SubList_increment (SubListObject *self, PyObject *unused)
{
self->state++;
return PyLong FromLong (self->state);
}
static PyMethodDef SubList_methods[] = {
{"increment", (PyCFunction) SubList_increment, METH_NOARGS,
PyDoc_STR("increment state counter")},
{NULL},
}i
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;
}
static PyTypeObject SubListType = {
PyVarObject_HEAD_INIT (NULL, O)
.tp_name = "sublist.SubList",
.tp_doc = PyDoc_STR("SubList objects"),
.tp_basicsize = sizeof (SubListObject),
.tp_itemsize = O,
.tp_flags = Py TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_init = (initproc) SubList_init,
.tp_methods = SubList_methods,
}i
static PyModuleDef sublistmodule = {
PyModuleDef HEAD_INIT,
.m_name = "sublist",
.m_doc = "Example module that creates an extension type.",
.m_size = -1,
bi
PyMODINIT_FUNC
PyInit_sublist (void)
{
PyObject *m;
SubListType.tp_base = &PyList_Type;
if (PyType_Ready (&SubListType) < 0)
return NULL;
(BT 50
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m = PyModule_Create (&sublistmodule) ;
if (m == NULL)
return NULL;

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

return m;

}

WARFT L, AR5 2 B LA i custom R BIAEF AL, AT B — e AR =2 XK 5.

typedef struct {
PyListObject list;
int state;

} SubListObject;

IRAE RN R TR RAE T R R EE M R AL TR S —ME . HERALRF C BAE IR I R

$5 7T PyObject_HEAD (),

24— Python Xf 4 /2 subList [SLHIRS, B Pyobiect * FEEFT] DARE L 4 Husi | #4546 h PyListObiect

* 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;

}

FATATALE LT B QTR 1 A2 i B B 262 inie O J5ik.

AL S HA HE X to_new fll tp_dealloc JE A HRMMAREZ . tp_new ALBEA N N HA
tp_alloc MXTREERDECAFE, MR iEERELTAN SR to_new RAPLE.

PyTypeObject X ff il tp_base #f/E FBMAYIARELIE, T 5 & G %48 00 8, AR Jo vk 6 11 %
PyList_Type M5 IR ELEEEL T B BN 24 BE S AR BRI A 16 bR B0+ 52 1l

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;

if (PyModule_AddObjectRef (m, "SubList", (PyObject *) &SubListType) < 0) {

Py_DECREF (m) ;
return NULL;

return m;
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TE ] PyType_Ready () ZHi, KREGEMELIMC BT tp_base 7. HIATNIA LAIRAR, B
ATFGEARF tp_alloc WfIATEN PyType_GenericNew () - K H AT AL bR BCIF S WK .

FERR2 IR, JAI PyType_Ready () FFFATG MBI BEH A (0 AR 5 HAR ) Custom AR BIZ—RER
23 ELY REE: EFXEAE

ARFERT H e P — B R R AT ASE B 2 207 Yk L I RERY R R 2
X2 CRA pyTypeobject ML, AW T AT WM 7B

typedef struct _typeobject {
PyObject_VAR_HEAD
const char *tp_name; /* AT, B A A "<module>.<name>" */
Py_ssize_t tp_basicsize, tp_itemsize; /* J§ T 48 */

/* AT EAATERES T E */

destructor tp_dealloc;

Py_ssize_ t tp_vectorcall offset;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

PyAsyncMethods *tp_as_async; /* %i%;ﬁ tp_compare (Python 2)
3, tp_reserved (Python 3) */

reprfunc tp_repr;

I RFREEBTEE

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

/r BEAERE (ZBHT_HHAFRE)

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

/* ATUBMAN/BEZARTRTE ARG EE */

PyBufferProcs *tp_as_buffer;

/AT EXTR/ T REEREFENES ~/
unsigned long tp_flags;

const char *tp_doc; /* XA FfFE +/
/x 2.0 KARE ST AEX </
s ABAI I E AR B

traverseproc tp_traverse;

7 BT a e R BB R </
inquiry tp_clear;

Jx 2.1 RARELEE & X +/
/5 B HBRBE A/

richcmpfunc tp_richcompare;

/* HEIRMER */
Py_ssize_t tp_weaklistoffset;

(ZET D
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/r HmRE A/
getiterfunc tp_iter;
iternextfunc tp_iternext;

s BEHRBRTEMAE /
struct PyMethodDef *tp_methods;
struct PyMemberDef *tp_members;
struct PyGetSetDef
/7 HERA BT,
struct _typeobject
PyObject *tp_dict;
descrgetfunc tp_descr_get;
descrsetfunc tp_descr_set;

*tp_getset;
BAXAHBEANTA

*tp_base;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

freefunc tp_free; /* (KERWBHAGEHRRE ~/
/* For PyObject_IS_GC */
*tp_bases;

*tp_mro; /* FIEBMITF */
*tp_cache;

inquiry tp_is_gc;
PyObject
PyObject
PyObject
PyObject
PyObject
destructor tp_del;

*tp_subclasses;
*tp_weaklist;

/r REABUEZRHFRARE., & 2.6 JRE R */
unsigned int tp_version_tag;

destructor tp_finalize;
vectorcallfunc tp_vectorcall;

/ KA BENBHAREREMERE +/
unsigned char tp_watched;

} PyTypeObject;

(B L)

XA RS IR HEAZKRIL, WRAREE R, W5 RSB Ik.

IEAHRIERI—FF, AR — A GRS R A BIAR o PR AR 7 s SRS i 7 L
I AFRATIAS S AR & IS 0 1R B SR 7 IR . R AR R 2 R3] — M S IR TR 2 7 By 4 1,

KB HRIE RIS AL

[const char *tp_name; /* |l T4TH */

J

KM T - E-EREEN, SHIERZHIT, JLT-EEE N TWHR . Sl M T,

X ZWRA B -

[nyssizeft tp_basicsize, tp_itemsize; /* T4 */

XS BULRIE A TR A X A I X G T 0 B2 D A Python Sy 1 RIS FEAGEE Y (

TR, o) AENESCRE, X2 tp_itemsize FEIATIEMISH . X HR R AR o

T

[const char *tp_doc;

)

T DU — B (S S0t , Sl
PR
PR PR R ok - KA e TR SE B I o

1& Python ARG | ] ob3.__doc__ BRI BSCRY

44
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2.3.1 KLEFMAERER

[destructor tp_dealloc; }

YRR BT | T RO I H Python ARRES B MBI, R BEpR . ASRARAYEALE
WAF AT BRI S RAT AR PR, AR ASE B B PR A By T AR HORE . DA 2 B s i 7
ik

static void

newdatatype_dealloc (newdatatypeobject *obj)
{
free (obj—>0bj_UnderlyingDatatypePtr) ;
Py_TYPE (obj) —>tp_free ((PyObject *)obj);
}

ARSI SRR A, ARG I 24 78 T B AT B 5 7 B Z WA ) 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);

}

J

— AN E BRI PR AL KR T A R B HOE A8 . X R B ELE AR A S R &)
W, MR E IR (MARIERRED, NG EMINERIP RS E B — D M AR E . e
A ATATAT T 2 B ME MY Python AURSRAG & 7 2 MO E . X 1) BE T EURREAR 1Y 1R 31
iR BRI R, TN ERIERT, RS, RETEHERERE . &0 At
PyErr_Fetch () Ml PyErr_Restore () PRECESZH

static void

my_dealloc (PyObject *obj)

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

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

s KEREUHRERA
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);

/e RBREBGENRERES

PyErr_ Restore (err_type, err_value, err_ traceback);

Py_DECREF (self->my_callback) ;

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

O &t
VRAEFERE S BR RO L AT BRI R A BRI« 0, ANSRARI B SCRFIIR B (B tp_traverse
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/B to_clear), WA AT AFEH tp_dealloc BIHE B4 4,. HIK, TE tp_dealloc
L RIS R T ARERS: EMSIHTERETZ. B eSSk APT [y H (a0 b1 i
TN TR B AT AT B PR R tp_dealloc, SEONEREMT &4 A .

M Python 3.4 F¥4f, HEFHAZAE tp_dealloc I IRMALRY, T2 tp_finalize 88

& B0
PEP 442 R TR A LT R

23.2 HRBR

1€ Python ", A AP =X n] PAAE A R 0 SCAR R IR repr () BREUR str () BRI%L. (print () BB EHIZ
P str (). ) XEEALFRRR FHRE P e .

reprfunc tp_repr;
reprfunc tp_str;

tp_repr AMFIREF W AZIR Bl — AP S, H W& BBl FniEal. e — i B o
¥

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

WRBAEFEE to_repr ALFIEE, MARESRIFIRAL— AN H BB to_name PR LU A AT S ) ME—Fg

PUE.

tp_str AABERNT T str O BLAI AR tp_repr ALPRESXS T repr () —FE; WHEUL, B ST Python
FABLEAR AT G B A2 ERA ste O BRI . BRSEPLS to_repr BRECER AL, (HHLERFRF
R ANREFT . WRKIEE to_str, WS to_repr ALFEZRAES.

MR AR R B

static PyObject *
newdatatype_str (newdatatypeobject *obj)
{
return PyUnicode_ FromFormat ("Stringified newdatatype{{size:%d}}",
obj->obj_UnderlyingDatatypePtr->size);

2.3.3 BHER

TR SRR ERARE R R, AN AR R ) T2 R MR O A s 8. 77 20— e
KRB R (WRE L TAEMEME) B2 7 — RSt B mrE (AR AR EEE) . BikE
P2 —PRIRTE 0L, FERUNG UL N 2L 45 A BRI R E N NULL.

Python SZEFPIAS R TEALBESG: ; — A SCRp @ PRI S AR 2 U b — X e 8. B I =5 E T —
X char* ENEIEATR, 15— WESZ pyobject . F3HIRHUHR AT DABEHE A IR L BUAY (3 A1l 1
RUEHEA TSI X

getattrfunc tp_getattr; /* char * JRA */
setattrfunc tp_setattr;
VA V4
(BT 0
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(#2 E50)
getattrofunc tp_getattro; /* PyObject * JRA */
setattrofunc tp_setattro;

AR — S G B B2 A AP T SCEFTRE) | AT—S02 J 5GP A 4R
Byobject « UL TEHIEC, M Python 2.2 TR T2 & A0 RIE AL FAR 025 b 5 S ILF C.52 2
W5k, SRR EAER VES AT A SEFBT 0 P2 T AL 61 7
BB EE
KW TSI VG R, B4, AT AL 87 I RS LA A

1 YA pyType_Ready ) B, WAV 4 T,

2. AT EHFRI IR R TR R R, AR R R
WAERE, ICPIFRRIRIE. (A9 SR SRR b ) SOBEA TR

24 pyType_Ready () #VR AT, &4 dh 2%t 4 Bir 5| Al = A4S 22 5K 61 78 00 B 2 B AT 42 7
e fydescriptor . BEASEAR g X SE GRG0 — A @MU . A FEER AT R A RS
#B R NULL, R ST SEERE A B AT RS B ARk i SR, I BB 241k tp_getattro fll
tp_setattro FEARFEN NULL, PASTF BRI AU X 2L R P

FWEFE N object:: R =ANF B

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

U tp_methods K NULL, J'E A48 15—~ PyMethodDe £ G5 R BLRILH . Fh a1 4H
RS R G AR B — A 5201

typedef struct PyMethodDef ({

const char *ml_name; /x kAR </
PyCFunction ml_meth; /* EIEH
int ml_flags; VA ¥ v

const char *ml_doc; /* XEFH/E </

} PyMethodDef;

124 A% SR I B ) A TR A H s IR IARROR (7 R T/ SR H . b5 EAER
Em—A8oMaEH B MRS RIS H o %R H 1) ml_name FBOWAUN NULL,

5 AR A SCEEECR WU RIS B P R SR I . ARG C ZEBY Z 8IS0k, HF B gy n]
DA B . R Ry S e SOA:

typedef struct PyMemberDef {
const char *name;

int type;
int offset;
int flags;

const char *doc;
} PyMemberDef;

KT RPN, #EHE— A descripror FERANE) 27 b (i HAENS N SEBI LS A PR BUE . type F
B AL — A RAUCES AN py_T_INT B{ Py_T_DOUBLE; Z{E¥FFH T4 & QAT K Python {E A%k C {EBl
Z . flags FEH TR S B MEZ AT g oy ) i AR« AR 0] DORFES5E N py_READONLY PARJ 1 Python 4%,
i EE .

i to_members FRAEH TBFT AT IR ZREA — AT BE U0 S RATAT DA FP O 3 g SR St T
DATR] B 38 A 7 2 FR AR SO ORI B R SO A ER . AN AR R AT DA 5 APT SN}
SRR, A __doc_ EHRIKBUUY 7455

5 tp_methods F—#f, FEAH —AMEN NULL ) m1_name HHEZKH .
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KBERIEIEER

HT R, XHEREIR char* iliA; name JESHYRALE char* Hil Pyobject* WU 11 Z [AI A ME—
Do XA B bR BT 5 B8z R GRS, (H3 T AE Python 2.2 HRs i iz JH 3045
EAERE T AL B GR eREOR AT BRI, I AERARA L5 2 R E AT RE, RS At 42 F
(LGhR

tp_getattr ALPERATEXRFFEHTBIEE RN . BN E S —DHER _getater__ ()
T B 35 A

Bilhn:

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;
}

J

ML __setattr_ () B __delattr_ () HiERISTHH tp_setattr AbHHES. YFEMER—
NEMER, H=ESHh v, N ARG | R S E R0 G R IR SR AR AR, W)
tp_setattr ﬂ‘f_@%%@ﬂ:‘l%ﬂiﬁjﬂ 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 HHRILE

[richcmpfunc tp_richcompare; ]

tp_richcompare AbPRE TR RIEAT LRI GA M . BRET B HEIE, Bl _1c__ o, ok

PyObject_RichCompare () ﬂ]PyObjectfRichCompareBool()iﬁ]ﬁﬁO

IR O I B RE % A Python YR FIZHAFE NS EL, Hz8 45k py_EQ, Py_NE, Py_LE, Py_GE,
Py_LT B{ Py_GT Z—. ‘BN 4 Fi$5 & Wiz BAT R L A X S AR HL i BV BN IR [9] py_True B
Py_False, QNN FEBCEAEARDE S B 22 il FL X 52 LU T ¥ B W& [B] Py_Not Implemented, BN
HRE T 5N E nuLL,

TR ARBISEEL, B AANR PR IR IMHSE A R SR Y

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

PyObject *result;

int ¢, sizel, size2;
/r BT HERW NS KB A newdatatype KB REG +/

sizel = objl->obj_UnderlyingDatatypePtr->size;
size2 = obj2->obj_UnderlyingDatatypePtr->size;

Ay
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(750

switch (op) {

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

}

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

return result;

2.3.5 RN EF

Python {452 FP 4 " VhsC: Bl (ke 6 FH S 2643 1114 % 1132 D1 HA T 7E abstract TH#EF

X e G 12 1R 240 2 F Python SCEUTE R A RIHBEE L. Heildh, B05. BRGHRUT AU —TF
CL 242 Python [ AGESSY . HoA M R 5 AR INAY o ST 5E 2 34 1 2200 S PR Ak BRI A ML
S, BRSO R BT 5 T | A BB AT B . AR BT HMAOR A S 2R 5 ik
FRSMORERE , A — T AR 7 S B AETE A (L 24 R el e . (TR 9 R 2450
RERHE AR NULL RGO, T DA BL R SR R0 — R LR FRAE , (EL AT T R AR R L A R S )

PyNumberMethods *tp_as_number;

PySequenceMethods *tp_as_sequence;
PyMappingMethods *tp_as_mapping;

WRARA BARBI R BAT N RAA—DECF . TPV 5, I AR S BCE — S T C 268
PyNumberMethods, PySequenceMethods EZPyMappionethods,E@éﬁf@ﬁﬁﬂ@ﬂﬁﬂtc ﬂ?%%ﬁi%%%?ﬁi%ﬁﬂ@ﬁi

AL YRATATE Python YRS KA Objects HrAHHREIX LR 545 1 HI LR Bl o

[hashfunc tp_hash; }

ARARVERR SR HE LR R, B Y 2 A AR R SR 2R ) SE AR ] — S A BB, T T — R B A s

static Py_hash_ t
newdatatype_hash (newdatatypeobiject *obj)
{

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

}

J

Py_hash_t @ MEGERRT BAR-FSRA TS BB, M to_hash &[0 -1 FoREA THIR, X
S R 2RI 2 R A A s FSP R B e, 40T TR .

[ternaryfunc tp_call; ]

WERELAE P A E B SEBIg  , 28 0I5k 30, Q2R obj 1 R ARM BRI AL 524511 Python
AT objl(*hello'), NPRFMUE tp_call AbFERE.

BB =28
L self 2N A H AR BRI B Q2RI JZ ob3l ("hello®), W self A objl.
2. args R E VAR SEIWITH . AT AE PyArg_ParseTuple () RIEHSEL.
3

kwds EHE AR X BT SHA N T, R A N v HAR S H XS5, 0 a] 4
PyArg_ParseTupleAndKeywords () RIS H. MR LF K FS50m © h 3k noLe {4,
M £:5] % TypeError HIH — AR L EE X B F SR A .
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RN tp_call SLH:

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

PyObject *result;

const char *argl;

const char *arg2;

const char *arg3;

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

}

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

return result;

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

T R BRI TR AR M) SR . XA B ER Rz — S, BB T9E sk T 06 A A 5K
B, FHRE—AFEGI .. 4R AERRE, BN EE N FH IR NULL. tp_iter Xf[ T Python
__iter_ () J¥%, T tp_iternext XfWF Python __next__ () F¥E.

LAiterable X GHRUMLIL to_iter ALBRES, ALPLEAIIR 0] — A iterator X5, N5 Python 3¢
JIt 2 P ] i e )

o XTAASCRRZ AL AR Z L (SIRAITTE), WY ATERF AT o _iter IAIHEITR
] — B R AL -

o HEERER — ki % (HH2h T EREIEMMAT ), Flanscfxdg) AR [l —4~F51m
H S5 R tp_iter - I H WA 2450 P) tp_iternext AbPRES,

1 iterator 350 24 [ HHSE P tp_iter Al tp_iternext, —AIECBEH tp_iter AbFHUERY 243K 0] —
G IEZIERIRAHE I H . B tp_iternext ALPRZRM 2R [0]—AF8 [ E R EAEM N — X Z 0035
A, WREHE T %0 RERTEAKRRE, W tp_iternext PRI NULL WA BEE FH
S E WA DAYEIR [ NULL (AL b RMAEE: stopIteration; WG FHE A AP AL AFAOPERE. WA
TEEBREEE R, W tp_iternext WY RE W E AN FH IR NULL,

2.3.6 555| A3z

One of the goals of Python 5575 | [ SE B H Axz —@ VAR R S5 555 B G T A 78 SR RERY X
Z (BIngey) LA EMT

& B
weakrefiﬁt&ﬂ@j{ﬁﬁo

XTSRS, § R E tp_flags F B Py_TPFLAGS_MANAGED_WEAKREF HJF{i.
]EI;T:EE]@ tp_weaklistoffset ?&L}f\lﬂ:‘lﬁi‘#j’ﬂgo

FRHIE, PAF U@ iaS B ) 280 G A 1

static PyTypeObject TrivialType = {
PyVarObject_HEAD_INIT (NULL, O)
e EMTHEBRRNERBEE ... +/
(Y
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(B LEm)
.tp_flags = Py TPFLAGS_MANAGED_WEAKREF | ...,
bi

ME— E’Jﬁﬁﬁl\%l\ﬁﬂf tp_dealloc R E{ﬁ %‘Eﬁ%%’lﬂ% (€] l_lﬁf])iﬁ PyObject_ClearWeakRefs ()):

static void

Trivial_dealloc(TrivialObject *self)

{
/* ERRAEATMEZ A EFREIR */
PyObject_ClearWeakRefs ( (PyObject *) self);
s B THHRBEERRSNERDEE ..

Py_TYPE (self) ->tp_free ((PyObject *) self);

23.7 ESEI

N T2 WA AR B R B S BT R 2 T7 vk, WEARECPython YT . HEA objects H3%, AJETE
C PP ARER co_ N EARIEE AR AL (B, tp_richcompare). ARFFHENRARTISLBLR R BLHIBI T

AR FT BIIE— RS R M ARSE B 2B g ELARSE B, 75 Pyobject_TypeCheck () PRE(. B
— M HERBITR:

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

& BI
"I CPython J{URfiRA .

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

GitHub [-J]% CPython J5{Ci%1¥) CPython IiH .
https://github.com/python/cpython

24 EC/IC++ TR

—~ CPython 1Y) C §"J@ & — % (B in—A4> Linux A .so , 2i# Windows [ff) .pyd), HEFH
—A~ s HE .

AT RS, WEFENIE pYTHONPATH A, HOAI 5 A A FR @ 4%, A IEMY R4 . 4
fifi ] setuptools B}, £ H ahA: B IEA A SCH4 -

Fhi e R B AR -
PyObject *PyInit_modulename (void)
R BOR 7 52 B B A BB, B— pyModuleDet 5L, A initializing-modules T f#ER .

XTFANA ASCIL YRS i 4, BRE A2 PyInit_<modulename> , Jf <modulename> FEfh HAHLHY
%o 24§ F] multi-phase-initialization K, ¥R 4 ASCIL G B4 . TR 46 1k s AT 45 7
PyInitU_<modulename> , M <modulename> 3 %Hﬁ Python EI’] punycode ,ﬁm ??%%%?ﬁ%ﬁﬂ?ﬁﬂg@
7£ Python Hi:

def initfunc_name (name) :
try:
suffix = b' ' + name.encode('ascii')
except UnicodeEncodeError:

(ZF 30
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(750
suffix = b'U_' + name.encode ('punycode') .replace(b'-', b'_")
return b'PyInit' + suffix

N PAE— B E L H 2R, lad E X SHIIR e R M AR5 24T S B B H E LA
g% ;Z\Jﬁké AR TS R R A S B R A E R e $ AR B, fE PEP 489 1
R AN

2.4.1 {§F setuptools #33& C 0 C++ ¥ &

Python 3.12 KB RAS A T2 distutils, 55:2% hitps://setuptools.readthedocs.io/en/latest/setuptools.html
) setuptools SCRYRTE L M T AR Ui F setuptools AR/ & C/IC++ F & o

2.5 7 Windows 33 C 1 C++ ¥ &

X — B A T Wil 85 B Microsoft Visual C++ 4178 Python (1) Windows ¥ @Akl , SR 5 FH it 26 H
TAENUBE AR A5 E . XSt pPRE B 38 H T Windows F2J3 5127 2] #4 78 Python §™ 2 PA f Unix F2
¥ B2 2] Wia] A e Unix 1 Windows |3 g BEEh A4 22 i .

SRR A distutils D7 SCORAS Y AR, TS AT i iR e . RIS FHEMH C 4%
# ol A Python; 3 # 4 Microsoft Visual C++,

O #ik

X K T2 MFEE it Python RAS 1) SCIEA, o IXEESCIRZ DAR IRl xy IIRAS SR A0 1
SEEH, xR VRETE R Python K AR A ST 1y RFMIRCA S Bt AR BT
)42 Python 2.2.1, xv K 22,

2.5.1 L i%EA

57 Unix _E—F¢, 7¢ Windows F#4E Y Bt AR 730 (H] setuptools MRS HIMEIRE, B¢
FAETFHEAE. setuptools J5 =g I T REEY fE: 1 setuptools MEEFFT LY AR SCRS L1 )
setuptools #)3% C Fo C++ 4 o WRAREMARE R TR ET3hiE, AR — T winsound FRif FEEIH T
TiH e n]ge&RAH . standard library module.

2.5.2 Unix #1 Windows Z [l =%

Unix 1 Windows X F (U Bz A7 IR 2 6 i 1 58 A R B3 FEARe il i g nl gh S E i 2 A,
BHE T RR T AR G e T AR

15 Unix 1, —DIEERR (so) SUPFH 80 AR R (O AURD , B S 7ER e i nT DR B i) e 5
PRAVEE . 243 F A BIRR R i, X SCPRAURD Hh ok 28 e JORI Bt ) 4 v | R S oA R 1) A
Hh BRI AE A BT BCEL R SE PR B IS B — R R AR

1t Windows Ht, — N EIESEER A (. a11) SCPFH A BAERIT I o 112l e — A R R A0 bR Rl
MV . RAEIZ T DLL RIS A MR T 2T s MscH, U &6 7 DLL ik, If
HAEIZATIS AAR R 2B DAL )R 1 ok B bl o

£ Unix 1, HJFEAE—FRPESCHE (o), BRI AZDXRI (o) U . fERIEILSXIGILT (- s0)
AOEERERY BL, BEHCAS PT BB A LB AN HE R R R AT SR 7R MR HLE S o SRR I R G 30 o
ERE; WRIE T, S S AR BN GO A AU .

£ Windows ™, FFAEPIRIAEIA, SRSEMSARE (T RAHGE . 1i0). FEEEEMLT Unix 1 .a 3O
B STELE R AT AR . SRR E U TR BERAS RE0A CRAF E AR AT AR, I HAHAE
DLL it BT R o S RRBERERS T 15k 3 AR A5 S 7 2 e 32 DA 6 71 R (4 7 DLL
IR IR 29— R AR E DLL gy, nIRELEmM— DS AR, EXRFTR 2N T AR 7 5
DLL AR I A K Tk Le4F-5 1) DLL.
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AR IEAE g IE A Sh S I B F1 C, BTN Y435 — AR Ao #£ Unix |, /8 REffa.a
R AR N B.so fll c.sos IR FECEMEIEMIK, XFE B CHoHATEN B CWREIA. 7
Windows |, 4iiF a.d11 ¥FRIBIIF A. Lib, IR B SR A Lib FASEESTAT BAMC, 2. 1i0 AT
g B R EEET TR T A AR EE.

1E£ Windows [, i AER SBREMH import spam; BilLARTAI AT spam HFHAFR, HIFALA)
HANRMEIA . fF Unix b, 8EZE]—AETHBE from spam import *; BEoQE—ANFAME]A,

2.5.3 DLL #y=cpr{EH

Windows Python J&7F Microsoft Visual C++ 415 i F HoAh ke nl BES T REA S TAE. AT HE
BB S EE R MSVCH+ 11

47E Windows FF @ DLL I, R0 pythonxy. Lib (R4 HERAS . 24P DLL, spam Fll ni (&l
M spam FHHRENAY C D, ARM G HEA AR iy

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

FH— R T =4 spam.obj, spam.dll fll spam.lib. Spam.dll A& (T Python pR%L (5
Wl pyArg_ParseTuple ()), {HEM#IL pythonxy. lib A PUHITE WM 4% 2] T 75 1 Python LAY,

%:gﬁé‘ﬁﬂ@? ni.dll (PAK .ob3 Al . 1ib), EHITEAMIA spam DAL Python u] AT 31 H 4R 2 fir 5

ARBNIRRFFE YT B B R R, WRARAR AL AT A (145 Python) #REEH FIRHIAR A
B, WINE | _declspec (dllexport), FUANFE void _declspec (dllexport) initspam(void) BY
PyObject _declspec(dllexport) *NiGetSpamData (void) ':F‘éﬁf—o

Developer Studio USHIAR BRI AEIETT LI FALE, a2 AR ] AT SR/ NE I 100K, 2R E
AT, T 0T B RS P ) BRI R e Beg BONE o FFIEFIY msvertxx. 1ib R INEN ES .

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])
{
PyStatus status;
PyConfig config;
PyConfig_TInitPythonConfig(&config);

/r WTRTHBEREER +/
status = PyConfig_SetBytesString(&config, &config.program_name, argv[0]);
if (PyStatus_Exception(status)) {

goto exception;

}

status = Py_InitializeFromConfig(&config);
if (PyStatus_Exception(status)) {
goto exception;
}
PyConfig Clear (&config);

PyRun_SimpleString ("from time import time,ctime\n"

"print ('Today is', ctime (time()))\n");
if (Py_FinalizeEx() < 0) {
exit (120);
}
return 0;
exception:

PyConfig_Clear (&config);
Py_ExitStatusException (status);

O #ik

#define PY_SSIZE_T_CLEAN #¢JHEF5HH py_ssize_t NV Y4YEHEEE AP Fp/CES int {1 . & M Python
33 RCAHFE, HERMHEEH T T H#A. 1§34 arg-parsing-string-and-buffers TR 7 14
ix,

wHE PyConfig.program_name Eﬁiﬁz% Py_InitializeFromConfig() 2:%ﬁ§§ﬁ%ﬂ%@Lﬁﬁ€§%ﬂﬁ§%%%§
Python jZ 47 I PR B 4. H2 ok, Python MERESRFF (i py_Tnitialize O RWIMAML, IR IHATHE S
) Python AT By HWAII (] fEMZ I, Py_FinalizeBx () VAR KPAIMRREDS, BlRIGHRAL)T .
TEESRRE I, AR AT RERR ZEM AN P AR I Python JHIAS , B M SCAR SR as B . SRl ik e <5
. il pyrRun_simplerile () BRACAT DATESF M SCER I Python AUAT, 30RE A 448 2540 TiE N A7 25 [T A
AT 2R R A o

3.1.2 RBEEERBEABIPRE: #hk

e 2 HE O RE MY AR P A TAE ] Python AT, (H 2/ R e i vl b2 AH 24 BRIBUTY o oy 7 A4 i
LB ARG AV« JLF-n] ASEBAE T fE, RN RISEEZ 8 C A,

WEEERE, U RERIA, (9 Python FIEA Python B BAHIS 0L, HILEEHERY K 2 BRIk
A BT RILE—, FWHA— R Python 5] C (4R ISEIRMC T 24

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

2. AR EEEE AT CREF IR A0

3. RE AR [ B A C #4824 Python A%
itk A Python B, 45 11T AR5 £330 HEAiL -

1. C Hdlaf4sely Python 4%,
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2. AR AR AT TR Python 4 11T B R ECIE
3. KFUR AR [m] B %dis A Python 544550 C 155K

] LR B A RS TR WU, DA RS TR S AR R 1] o PEE— 1) DX R A T R e e
1V R R RO ol FESRATHJRIN, A C e, ST HRA SR ) /24> Python pR%L

AR BHEUMTFE A Python #6458 C 2%, 2 IR . I3 SN MBUE B2 REAS IR (6 15 1 1AL PR
Do HTIX ey SRR IO DB, 15 275 W Y BT AIRA T R A
3.1.3 RgEmA

MR H AR AT Python JIAH RS %. LB SRR DIREE . Python fFRESIF A S EHILS
B AR #EATACH, (AN — i A — 5

PLinAT Python AR hE AR &L, ALRSANTE :

#define PY_SSIZE_T CLEAN
#include <Python.h>

int

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

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

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

}

Py_Initialize();
pName = PyUnicode_DecodeFSDefault (argv[1]);
/* B} 3% pName W 4ERAN */

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

if (pModule != NULL) {
pFunc = PyObject_GetAttrString(pModule, argv([2]);
/* pFunc & — N5 R +/

if (pFunc && PyCallable_Check (pFunc)) {
pArgs = PyTuple_New(argc - 3);
for (i = 0; 1 < argc - 3; ++i) {
pValue = PyLong FromLong(atoi (argv[i + 31));
if (!pvValue) {
Py_DECREF (pArgs) ;
Py_DECREF (pModule) ;
fprintf (stderr, "Cannot convert argument\n");
return 1;
}
/* XBMEBT pvalue 5 A : */
PyTuple_SetItem(pArgs, i, pValue);
}
pValue = PyObject_CallObject (pFunc, pArgs);
Py_DECREF (pArgs) ;
if (pvValue != NULL) {
printf ("Result of call: %1d\n", PyLong_AsLong (pValue));
Py_DECREF (pValue) ;
t

else {
(810
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(750
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]);
return 1;
}
if (Py_FinalizeEx() < 0) {
return 120;
}

return 0;

J

RS SEAI argv 1] IN#K Python A, PR argv 2] FEEM KA. RETWBEBSEZ argv £141
AR, IR 2miF T 5 AR (AR R B ATHRATRE TP ARAE call) | IF I EIRAT—> Python i
A, i

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

RIGE RN

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

J

JUEHIN NGB =, AR AR PER, ERT U2 T Python F1 C Z IRt 440, DA S AR
EAE R, A Python AT BRHR 2> M ILTT U5 :

Py_Initialize();

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

WAL fENTER 2 )5, P PyImport _Import () JNEKMIA., ILBIFETE E—4> Python FEAFER{E NS
iﬁ, TZ{%ﬁﬁfﬁ PyUnicode_DecodeFSDefault () %ﬁﬁﬁ?ﬁﬁﬁﬁﬂﬁ%ﬂé*@ﬁﬁﬂ@o

pFunc = PyObject_GetAttrString(pModule, argv([2]);
/* prunc Z—AHIHA */

if (pFunc && PyCallable_ Check (pFunc)) {

}
Py_XDECREF (pFunc) ;
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JEA— Em#EsE e, #i4H Pyobject_GetattrString () BRBIEGHR. WIRAFRAAE, It HIR[EH)Z
XS, BRI R SRR ARSI, A SR el . RIS PAT
A H] Python pR%L:

[pValue = PyObject_CallObject (pFunc, pArgs); J

LK FORIFI , pvalue BAN NULL, ARSI BOR BMERG I . R 78 EREHGZT I -

3.1.4 3fix A\ Python ThEERITH &

FIHFTMIE, AR Python fEREZSIAARE VT A M HFEF A B 1Y TIBE . Python API il 4 itk AMRERS X
T W2, N AR B A M RS I TP . BARITI SR A 4%, (Hi
AR 2 KR . B IC 2 Y AFEY R8I T Python ffEReds . BN AT EEE—HTRY, RE5
— LKA LE Python D5 FiX 26+ F2 )7, k15405 -l ) Python § RERE fy—4E. fildn:

static int numargs=0;

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

i

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

i

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 BiTEA LIRS . HAERA Py_Initialize () ZHITHAPA TGS

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

XPFTARL R 464 T numargs 258, Ffffi#r Az Python fEREES P PAT 1] enb . numargs () PR, WX
Leg i, Python AT DAFAAT AR #:4F

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

TEFSCHI N AR, XA IRRHE Y T B9 APL 255 47 Python {fi 1] .

3.1.5 7£ C++ thiir A Python

WA PAKE Python ik A B C++ Ry i #bIHbie, SEIly 2OR e C+ RGERY LB — k75
CH+ JWEFFT, HH C++ giddioR iR ey . AT EM C++ 413 Python 4 £,
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3.1.6 FE3¢ Unix R hymiFFoskis

NT ¥ Python fERESHIRA N N RET . BN IERAIH ¥ SR A gmidas FIEEES IHAESF, RealER
Python i AP A C B e (. so 3Cff) BIBSEBiY .

N T AGEI PR R AR N BEE AR S8, T IAT pythonx. y-config A%, E/24E 2% Python /L i)
(LA BEAFAE python3-contig AR ) ZMAFILANSE, HA LA PSS B &AM :

e pythonX.Y-config ——cflags*%%%ijgi%ﬁ@ﬁﬁﬁ%é%iﬁg

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

e pythonX.Y-config —--1dflags 77embed%%?ﬁtﬂ%f%?%gﬁjiﬁﬁlﬂ@ﬁﬁﬁﬁ

$ /opt/bin/python3.1l-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

R T 2 A Python eI AS G| KIREL (FRBIRTE RGE LA A C A ZIm) , BIUH
pythonX.Y-config B4 X842, W _EFIFTA.

WR ARG RANEER CRBEGUIEXT T Unix 2F-GERERG WL H bug 45 ) , SRR RSE X T
BASAEERISCRY, KA Python A Makefile (ff] sysconfig.get_makefile_filename () $RE|FrAENL
B) Fgii¥ S8 XH} sysconfig MRS BANE TR, W4 LT H A 7E A HLEE.
Hean:

>>> import sysconfig

>>> sysconfig.get_config var ('LIBS")
'-lpthread -1dl1 -lutil'

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

interactive shell 1 ERIAAY Python $2/R4F . FEES WoR T RE AR B 7 SUFE AR REAs R U TR ARG AR S 2
il

EAF AL
« interactive shell rivig TR ESETERIAY Python SERAF, A5k G IR AEI A HR, 224
KEATEAT (AR, FroEe . feffam = ma | Bm) 2, sidfEin e 5.

e Ellipsis NEFE.

abstract base class -- i % &K%

R ELFEHR ABC, @Xfduck-typing PIFFE, BFEAE T —Fa GO ny#H =0, Mz T HARR T
BN hasattr () A TRMECHE MR (FIAEER AR TITE) . ABCHIA TR, XFp
B ek 5 HAh2E, HAMBRERL isinstance () fll issubclass () FFIATR]; 0L abe AR SCRY.
Python HiF1F% N & ABC H T Se RS54 (FE collections. abe ). £t ({F numbers
e L (FF 1o o) S AERIFAINEAR (FF importlib.abe BHH) . RATPAMH abc
BiHORAIE H ) ABC,

annotation -- b

FEEEEER, KOREE . BEODSIORI AR, Bl 5 1 i .
VBRI FREAE IR, (2 R SRR IR 2 BEHEY: . SR AL
i) __annotations__ #FikJ@EMH.

2 Wvariable annotation, function annotation, PEP 484 FI PEP 526, XTWIEEHENFH. AiESW
annotations-howto {5 ARy 10 A S0 Bk o

argument -- Z%f

FEVE FH BB ECHE 45 function  (8method ) WH. S50 RWiFh:

o XBEF A FEREOR M PRI A ARRAF (B name=) SCEAE NS TERIEWA <~ BT
L HL AL A 286158308, 3 Al 5 FEPARXTF complex () [T Ry JE T b7 280

complex (real=3, imag=5)
complex (**{'real': 3, 'imag': 5})

o B E A AET RETSHNSEC MESHOTH T S HON RIS AL/ 88 R hia
WA * Iiterable BLIICRBALA . 28I, 3 71 5 FELA TR Hy s T8 S5
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complex (3, 5)
complex (* (3, 5))

S SR A BRCPPOR B R B, 7 SRR 2 L calls — 5. R, BTk
SR IR R BHG RAFHO 2 R R R R 2 Bt

#Z: Wparameter REFFLH , HIWEF SHGESHIX AL PEP 362,

asynchronous context manager -- 535 |- F 3045 PRES
WA G E X __aenter_ () Fl _aexit_ () F{EHRN} async with 15A] T RREE AT R
1 PEP 492 5| A,

asynchronous generator -- 525 1 &k 7%
1R [BME "~ asynchronous generator iterator IREL. -5 async def F X MWPMERERFEML, ARIHE
ZIAETEAE vield FkAPAF=E— R IR HE asyne for JEFRHH I IGME.

BEARTEE F 2 45 5 0 A e s A, (EAERLEG DL T ] BRI 4 79 £ B AR E . WRGEIHE
FIREME L, PR G5S

— AP N R BT R await FREFH asyne for PAN async with i),

asynchronous generator iterator -- 5335 2 i 2% %03
asynchronous generator FREUTEIZIIXTE .

WX R JE T asynchronous iterator, 4[] __anext__ () J5{EJA I 1R [B]l— TS AR ORI T 57
R AR R R BUA BB R — vield SRk

BAS yield 2GBTS FEAEAE, ICEPIPIRGS (BRI RMEERL wy 1548)) o 24 FF £ &
B REE _ anext_ () PRI — AT EREN A BRI I, B2 BT BRI Ab B
WFE. S PEP 492 f1 PEP 525,

asynchronous iterable -- 535 ] &0k 5

— AT PATE async for B N4, MA@ TR _ aiter_ () ¥R E—Aasynchronous
iterator, F§ PEP 492 5| A,

asynchronous iterator -- 535 2% {C3%
—AEBT __aiter_ () Al _anext__ () FYEMIXNIFR . __anext__ () WAR [Bl— A awaitable %}
%o async for AL RIL RN _anext () FEFHREH A EREX R EH B H G K —14

StopAsyncIteration 5% . B PEP 492 5| A,
attribute -- J& 1
KRB — XL, WE A S RE AT . 280k UL, WIS o B @M a Wn)
VA 0.a K51 HE.
MRS Z AV, KR 2 SCH identifiers B AEFR R4 FRAVE— RS B @ M2 v AR, Bl 4n s
setattr (). XFEMYJEMIF IO AT FRBACRTT ], M@ Uil getattr () SEIRHL
awaitable -- WZEFENF 4
—ANAIAE await FER PTG . A DARcoroutine 2 BA _ await_ () FERINS. S0
PEP 492,
BDFL
CR B ZEMBR T WP SC4EE, Bl Guido van Rossum, Python [ 655 % .
binary file -- —JEHISC 4k
file object BEMG RS F 7 A af %o EHI SO TR DA IS (rb e, twbt B ' rb+ ) FTHF
E[’Jj(ﬁi sys.stdin.buffer., sys.stdout.buffer [/‘]\& io.BytesIO %l] gzip.GzipFile E/\J;QWUO
155 Wiext file TARBENS TS str XA XX 42 .

borrowed reference -- {i§ A 5| Hi
1E Python 1) C APT 1, {55124 R H, MR HARE %L 0. WXt
ZHEH SN B AR A FR A BN, B3R RS T AR BR AT  B J — 1 strong reference
KHBE .
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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

HLLCHEA TR BN AR ) bR . R AR SR PR R S IR . A AR X
GBI T 4E bytearray VA bytearray ) memoryview. HAb#RAEEOR — il Bl Ar iR al
ARG (C HBEFTEXR); MM RIHTHE oytes A bytes MR memoryview,

bytecode -- ‘F=Yifg
Python VAT 29k i A F 151, Bl CPython ffRe#s H1 38R Python F2)7 AFBAS . FEiridifs
GATAE cpyc SCUFH, XRESS TR PATE SO R EE R (] DASR RIS R A N TS ) .
P W EE S B TR YR T A A TH AL g S B virtual machine 2 &, &3 AR Python JE
MLER T A —EEBH, WA—EREFEAE Python A 3%,

FARDHE 25 A ATE dis B SR AL

callable -- W& %} 42
A XSG ] AP TR s BT 4, e RERT Y — A B8 (B Wargument), I DA B

[callable(argumentl, argument2, argumentN) }

Sunction, WA EE|method %, WIg T HAMNSE . LT __call () FYERZEHSEHIWET AT
THAX 4.

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

class -- 2%
FARAN P SO RN . 280 SCHE A & X% 2RI SE B A THAE I e s

class variable -- J3245 H
e LA, I HAUBRAEZR R E R EAE M (AN @ AE 2R B S HPE 0

closure variable -- Pf] {0725 &
51 H Hnested scope W free variable , "€ 2AEAMNEAE b @ UM @R AT B 4 RE i B b4 231
. ATRE(E ] nonlocal XA A HE X ARFB AN, B QSR AR B (U0 H 7R
HHbE Lo
Blan, FELAFARSH inner BRELY, = flprint W H A B LS, HEHAxET HMaeX=:

P
def outer():

x =0

def inner():
nonlocal x
x += 1
print (x)

return inner

(.

EB ﬁ': codeobject.co_freevars }E]’EE’\J@T{ (%7}<% fﬁiﬁﬂlﬂﬁ s 1ﬁ/ﬁ\:12@5|%|7ﬂ@§§% ﬁ(ﬁﬁj'fﬁu l':[j
FrawEI R BB, AR ARE free variable 45 WAHE R EA B2 % 8 M 60248 S f -t 2 e il
Mo

complex number -- 53 %}
PSR GINY R, K A B i on — A SR — A R AL RO AR (-1
PP SR, EEEECEFETEN 1, ELREENE N 5. Python B TXIEEN SR, R
A LRE2AARE 2 A — 5 58, Blin 3+15. Q1R T2 math BHL YT 52 09 %) B 42 B
A, M cmath, EEIMEHE RS REEERE . WERAREBGE A LI, B EITHEIL
AN AN )
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context -- |- F 3¢
WARTEAR S BT e 3 A A58 H 7 SR Rl B AR R & S — 289 LA Sk

o JHId with B4 — context manager BRI FAEE IR
o —2H EHLR|ERE contextvars. Context XEFH T contextvar XM EAE E. B

&2 W.context variable
o —> contextvars.Context X% . JiEZS Weurrent context,
B SCEMEMY
_enter_ () Fll _exit () FYEIFH with AR . 21 PEP 343,

context manager -- |- F 305 A%
—ANSEPL T context management protocol F- T HIHAS with (BN IFRIINT S . S0 PEP 343,

context variable -- |-} 375 4
— A EAAAE IR T WA R SO current context BAE & . XS ST contextvars.ContextVar

XAV b7 SRR BT R B B 2 S AL 55 Z TR AR

contiguous -- ZE5%¢
— NGRS C #4528 Fortran E 2SN R HESEN) . BUEL /2 C Fil Fortran JEZEH . 75—
A, Prf 5% B AT WA I AR SRR HES ], RN IF IR R 0y . fE24E C-iE
SLEA J:‘li’EV\Jﬁi&iﬁﬂfiﬁﬂlﬂ]“ﬂ%?}:~/*%'?§'Ilﬁlﬂ/«EHTLVEH% {HJ2FE Fortran 122420
M2 RS — G ek

coroutine -- [Jpfe
MR ORI — BB FOIRE ] DAAER— S e ATFAE S — B o PRI BT PATEIF 2 AN F Y
s bEdEA L ABEARE . EATET asyne def 1BAPRSEEL. 1L PEP 492,

coroutine function -- PpFE %L
Wi —A~coroutine ST Z TR EL . IR RETT Il asyne def iR E X, H W BEMH await, async
for ﬂ] async with 3&%@?0 JX%%“@%EE PEP 492 %I/\E’Jo

CPython

Python 415 F MIELI, 7E python.org [ & i . "CPython” — ] F FHE M EEIRF G 55 15 HoAth
SCEL AN Jython B IronPython A X 51l

current context -- i |- F 3¢
TEY HI#E contextvar XTIk M GRELELIXE) £ F LT & M{EMcontext (contextvars.
Context X4, ML HLAEHCHW YA L. HTHITH LS (0 asyncio) 1Y
HEZL S AEREAMT 55 T AR SO IR ST I RAT 55 € R 2 — AN WA 24 1 R S0y R 3

decorator -- iy
R EE A 55— R B R, B ewrapper AR AR TR B . SEMeR 10 WA T4

E]% classmethod () ﬂ] staticmethod () .

PR FUE RN, DU A eR B0 ST S R Se 45 i

-

def f(arg):
f = staticmethod (f

@staticmethod
def f (arg):

Ei‘iﬂ’]’fﬁ%"ﬁlL)ﬂﬂ‘%@ HIE R AR - A RS TERT IT 2 L R BOE SCRIT 878 L 30

descriptor -- {{fiiA %3
EMENT _get_ (), _set__ () BX __delete_ () FIEMNTHR. B K@M AN, &
HIRFR IS EAT A S TE B A R B i & . SEE O, (EH ab RIRH. BB —A @ e
STE a B F AP ELRATN b XTS5, (HUER b 22— iRds, WSTRX N R iAds k. #
fRRARSS RS 2 E 2 R B Python [ 564, RN @A 2 B BAA M ALRY, FERE. k.
FREEYE. . SRR R %%,
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B RFEIRIR T ER 25 KL, 7525 descriptors ¥, #2457

dictionary -- 7 ifft
— AR, HP R L B B . T DURAEMIRA _hash O Rl _eq O K
VA4 . AE Perl HF54 hash,

dictionary comprehension -- ‘Ll 53,
AP — AT R ARG B T BB e I IR M ZE R L — R R 5. results = {n: n **
2 for n in range (10) } RRAEM—AHEE n FfE n *»* 2 BOBLEHAS LAY T8 . 2 I comprehensions

dictionary view -- 2L 3]
M dict.keys (), dict.values () fll dict.items () J& [ AXFRAHRAFHALE . BT F i
ZHM—EERE, X EWRE LTSRS, PR AR SO . B U PR i A4t R EUE
A3, Bl list (dictview) . Z:N dict-views,

docstring -- LR AT
ERZE . REEEZ WIS — D FRB R I PR R . BRI T iR p Z0mg, (H
DR PONFF AR . BRBEBIRE __doc__ JEMET. AT EMTHTRENE, HitE
FERO G ) SCRS A R

duck-typing -- 111~ 38 %!
FE—FhAEIEE , EIFFAMEEA PN QR & HoR B B IR 1, T2 B ) sl )
FEsENE (CERRGRN T, RGN, A AE LN 1 .7) BT R OO R R,
W RAFI RS P i 2 B ORI T R G . B9 F2RALR G [T type O B isinstance ()
%%ﬂlﬂo (B ZEF NG T2 B A] AR 40 208 58 AR ST ) AR 2SR A hasattr O KB EAFP
it

EAFP
ORIFEDHORVFATEZ S BYESCHEE o XA Python 3 AU 4 5 KUkS 2 B0 B el i) B sl AP TE
FAEMRE SRR R o X P A P KU R SR K iz ] cry Al except 18], T HARXY
N2 FIELBYL kg, WL T C FF 2 HMIE S .

expression -- FiL R,
AT PASK HHEMERTEYE B IT . A)iE U, — DR FRB e RO F . 2408 BV,
BAAFSREOR LR, B AH SR M. S22 HMESF AR, HAEIa 5 S AL
e Rh . IFEAR RV ER IR W statement, 1T while, TR E TIEAMIERIAA .

extension module -- $ JE itk
PA C 5 C++ Stk , ] Python 1) C API 3k 515 F %0 A A #4732 H

f-string -- £- 24758
WA £ B F BT R AR R ARSI R I T . 2
i, PEP 498.

file object -- SCAEX %
KFANAFEIH [ SCPEAS APL (A7 read () B write O ZE7¥E) DA 2R IEMNT S, ARG H A8
T, SCIEXT G ] DAAL PR ELSE 38 S0 . A 2R B () AP sl A5 B as v i) (o andn i
Nt WAFGEIX . BT, BilE5) . TRl TR 25 A,
SEPg b A SRR SO B SRR = 2k ) SO, GRih =) S DARCOR S, BT
SCAE do b, QIEESCAXT RT3 U2 M open O BREL.

file-like object -- S 7%} 4
file object W [R] ] .

filesystem encoding and error handler -- S 2 Ze ks X S5 R Ab B 2%
Python Hj o A4 22 G fif A 75 F R ) 54 R Gt 4 h Unicode 1) g A% 5 B AL BE 2R <

SCAt 2 B G ke Db A ARAIE B R I ARG K BEAE 128 DA BT 358 . ISR e B G 4t = 0
VEARALILARIE, W] API EE( BE4 5| & UnicodeError,
sys.getfilesystemencoding() ﬂl sys.getfilesystemencodeerrors () ]Zj@[ﬂ%}jlzﬁﬁ ﬂéXjEEij

F ARG s 25 H R AL B -

filesystem encoding and error handler J24F Python J2 8@ 14 PyConfig_Read () HRFCEEIEN): /S
IEé—] PyConfig E](] filesystem_encoding i filesystem_errors %ﬁiﬁc
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F1 2 Wlocale encoding .

finder -- #r 2%
— x4k Wl S AR loader (R4

FEEPMERYERLS: T2 EKRE BLA sys.meta_path ], PARSSZAR &3 E A

sys.path_hooks f#i[f].
%5 finders-and-loaders F] importlib DA T ™ Z4077.

floor division -- [n] | U R i
] R A BT BB s ) PR AR /7 o B, Rk a1 /7 a It
LR 2, S 2R AR S EIERERE 2.75 o R (-11) // 4 2R[E] -3 B2
-2.75 6] T AR . WL PEP 238,

free threading -- |4 hZf%
TR, A ] MR PTG 2 R AT DA HE AT Python 45T, 5 LAY global
interpreter lock , FE[R]—B} 2] 2 foig— AR AT Python SE+575 . i, PEP 703,

free variable -- J 25 &
Eftftiﬁéﬂ‘ WG F PATER T E L), B AR R R A a4 A [ g 0 R R Tz 4

23 (] i Je AL S AR S . 2 lclosure variable RG] . FESSPRIV Y, BT codeobject.
co_freevars JBMHHEANIL A4, ZARER BHEHE I {Eclosure variable W [R] ] .

function -- pR%L
AT DA A R B MBI — 2B . 38 T DA HAR A2 S 4 A R BUR AT Rl i A .
Y5 Wparameter, method 1 function 277,

function annotation -- FREbRTE
BI&E X e A 2 8GR MBI annotation

PRECh R N TR 27 BIANCA T s Z A ine SHOFHUR I —4> int {H:

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

PR BOPR TR ) A L function —7

Z: W variable annotation F1 PEP 484, H. ¥R T IhEE. 551727 annotations-howto DA T f#{d F
MRS R .

__future__
future {5/4], from __ future__ import <feature> FE/NImIAeas i FHBH1E A ) Python A& 177 i A ik
ARERTEE RIS SORRIFE M IR . future  BIHSCRYICSR T BERY feature A . it FA
ﬁti‘iﬁ%%ﬂj{,ﬁ\w HORMA, VRAT AR B IOHR A EATI B i O ABHZ B AR ERF (BE) 7E
fRTESE A BRI

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

garbage collection -- L Yz [l
ﬁﬁifﬁ%ﬁ@ﬂﬂ AN A A . Python @il i 5 | VA0 — A~ BEAS S I ANFT B AE 2R | A4 47
ISR TS AR A TR B o« FTPABE T ge AR il 3% [T e «

generator -- 4 g 7#%
1R [8]—A~generator iterator {pREL. E B R RAMG I REL, A A SHETHALE vield FiAA A
FEGE FRONEMLLS for-PHFME F B2 iH 1t next () MREA—IREL.

FORAR AR A, (BRSSO BT R TE A R B AR E . WEIRTFEHRERIBRMAE X, i
ﬁﬂ%éﬁ%ﬁfﬁﬁx

generator iterator -- Zf: & 25 %40 %%
generator PRELITANEHIXT S o
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BA yield KEHFEIEAIERE, ICAPITRES (W R RN vy i56]). M £RE%
REWERS, EMBEFFAIEIREIAT (AR T b iR A KT A6 (935758 eR )

generator expression -- /2 )i 75 #5353,
MR [B]—A~iterator Bexpression. B ERARG LR IBXFH A € LT —MEFZE . JWHIY for 1
A, PAR—ATIER) 1 Th). AR ARIBN SN INZ REE R — R YIME:

>>> sum(i*i for i in range (10)) # FH1H o0, 1, 4, ... 81 ZFn
285

generic function -- 72 % pi %
RN [A] B 2 Y SBR[ 5V 1 2 A eR BT 2R R B . e IR I 2 el 8 B B8 ok iff o I (1 FH B
AL
i Wsingle dispatch R1EFES5H . functools.singledispatch () Hfigs A & PEP 443,

generic type -- {27
W ZEApe; BHEA List B dict XFERY ARS8 TR AT FEAT.
WS, Z R4 2% . PEP 483, PEP 484, PEP 585 fll typing Kbk,

GIL
2 W.global interpreter lock .

global interpreter lock -- 4% )} fif Bk 253 i
CPython MRFEREFITR N —FIHLE, EHIERR %) HAT— AT Python byrecode. JEALH
BTG (045 dict TP ERA) FXIE RV AK %Ak T CPython 3.
SRR B B SRR B S AR BS AT T 08, SO TR APE /e 2 A0S LROIFATIE

ik, BELehR R B AR =07 B RSB T A AT VT SR A A 95 40 Hs 4 0 A R
GIL. BtSh, fEHAT VO #AEmTth B2 SR GIL.

7E Python 3.13 1, GIL "] PAffiff]l —~—disable-gil ML EVEIREE H . FE(H I L ETiA4 7 Python
25, AR -X gil=0 BRFIX & PYTHON_GIL=0 MIEAF 8 5iatT. MARIE N LA i
R R T SRR 24 CPU W45 . BTN, 1525 PEP 703,

hash-based pyc -- J£ J-M5 i 1) pyc
5 6T B Y SC A 1 W A L T AE B 5 18 o B 1) Ok Bl 2 LA ROPE I Y S S AF . S L pye-

invalidation .

hashable -- nJI5 7y
— AR AR B A LA MBNEARNSE B AE (EFREA _hash__ () F¥E), IAT AR H Al
MGHFTHER (EFREH _ea () Jiik) BERFRN TobA X5 . WG G A5 HAG A [H] e 7
fHIE SR A M

TG A AR SRRSO SR AR B A B, PR Ak S B 2 A A PR S0 s A fE

KZH Python H KR4S PN B X RAE TG AI) s A Zsgs (Blans FRel 7o) #ATAA AN
AlARZR R (BIANTCALA frozenset) (4 BEANTKICEE N BAI AR AR T . P2 A5
MG BRI TTRAR T . EAERRE—EAHE (BRIERSECER), BN Er A e
FEAIRT 140 .

IDLE
Python SR A H2£ 2] #1858 . idle J2 Python FRifE AT HLP 7 Y A e MR REAR P15 o

immortal -- si 2z %} 4
KA T ZZ2AE PEP 683 15| A CPython SZPLAHY .

RN R BT IKAEX S, WE W reference count KA LHEE L, M EFEMERESR 21T W [H K T A
BN L. B, True A None fF CPython H#HRJE Tk X4 .

immutable -- f~nf 2%} 5
HAREEMXN S . AN RATERT . FAFRRTCH . XX R AR A . AR A fif
—ANARFERME, WX . EAERR ZH BN A ErN O A EEER, eyl
R
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import path -- S A I8
HEME (S04 125 0 ) HRmMaNR, 2RI parh based finder FIEER T A B T£FAR,
WA E S RIE TR H sys.path, (EXFRBARGEEATRERH FHER __path_ JEM.

importing -- § A
AL ) Python (RS BE A 55— MELHL (1) Python AR i 1 )i 72

importer -- S A 2%
BT MBAIRARIR ;. WS RBEE T finder 3@ T loader .

interactive -- 28 I,
Python 7 — M B MRS, X B WE R DAFERFRER I /NI 5 s ATE ) ARk al, SE BRI
EEHGR . RERHSHHEE) python 4 (WA ATERAG T BAIL 3= 32 B Be 20 HH I 2 R0 .
A I AR SO I B R L A X 25 B3 (I84E help (x) BB o« A XA HAK N

2: Il tut-interac.,

interpreted -- R
Python — @ FFREANIE T, 52X RmiIFA0ET , BRAPIE XA H T S 4 2 I AEAE
DA T o X R ME RSO T LB ST AR S M @ vl AT SO s T RAE E
HA iR A0E S EAE I R, (B KRR HEEl TS EE . & interactive,

interpreter shutdown -- iR BEZS X ]
L EK CPARY, Python fRREAFRIIEA— MNREIRIZTT I BOF B RE I A T BT R, Bl WAl
B NIREEIE . ERSZRIH R S o Xl T P a2 s 555 | 1 A g £
THAT o AE KPR BEA T A ] BE B B & Fh S, PO LI K i SR RN P A (8 LI
T PR AL 45 ) .

FEREAR 5 2R I ERE A __main_ AEHREUHTIE T A B 58 M T -

iterable -- W[ {4
—FhBEAEBEAR [ LR R T 5 . TR AT R B TG A P28 (40 1ist, str fil tuple
) DARHESEAEFE 2SR aict, AT S DARATATAE LT __iter_ () H{EBKEEEL T sequence 15
XKy __getitem () VAR HE LFERIXE .

RGBT for FAFRLA R 2 HALT 2SI )T (zip 0, map (), ) 24— AR
RXZAEASEAE RN E R iter O I, BELREZARMENL . XFEAEE T TXHE
BB R — M o AR A AR, ARE AT EI iter 0 338 H O ABIE X5
for A2 H BN IRALBIARLE R, BIEE— AR iR 6y 24 22 B ADRAE DRI R M AR AFE . &

Witerator, sequence Flgenerator ,

iterator -- JE1CEY
FRF R — IR R R 5 . EE P ECEEN _next_ () ¥ (SO HAZA N B RS next ()
FFBA IR B A 24 95 B T B K5 | & stopIteration FdF. FXHFE AR X5 H
PIEARIC AR, BB __next_ () FEHLXFIRTGIK stopIteration, AU HAA
_iter_ () WYEHRRIENZERZN S H S, HILEALS U E W2 EARTS, g T HAthn]
ERA GBI 6. — T RENFIINEIREE S SR EZ VI ERTIA I, B2 5 (F)
W List) FEARBRRFHAL A iter O BREEEAE for TEHRH I ER S 7= A — AN Rk 28 . A sk
TE BTG BT VRS2 2% A28 0 23R [ HE 2 Bk A AR gl R R ] — 2B AR &, (A Skl
B — N EHA.
W25 B[ £ typeiter.
CPython WA S BHEFTIE A X __iter__ O MR, IR E £ CPython I AL
BRI E R 2.

key function -- gt pR %}

SRR R PR B R R, R BBAS AR [ul T SHE AL A (E R TR XS R o BN, locale.strxfrm()
TR E RIHE T 2 O HE T 6

Python ' 1 £ T HAR A 1F H B sk Bk R oC Z W HEAL 8 H 7 L. H A A3 minQ),
max (), sorted (), list.sort (), heapg.merge (), heapg.nsmallest (), heapg.nlargest () [/)(ﬁ
itertools.groupby () »

2P0 LT AR — R A BN, str.lower () Jy¥A R DAHIAVEZME K/ING HEFP 10 B R 45
ﬁ%, %E]%[éﬁﬁ_{ﬂﬁﬁ lambda %%jj}_iﬁ}{éﬁﬁ@@]ﬂﬂ lambda r: (r[0], r[2]). Jﬂfﬁ[\, operator.
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attrgetter (), operator.itemgetter () ﬂ] operator.methodcaller () %%ﬁ@ﬁlﬁ@zﬁﬁ‘@jﬁ%‘%o

THAE HEF AR T R I 62 R K 7= 1

keyword argument -- JeH S 8
Z: Wargument ,

lambda
H— A~ expression 14 R E 2 INBKRER AR, RIB X SAE ISR . B lambda 54N
lambda [parameters]: expression

LBYL

REFRIRBR” RIS . XM G S KR SAERE TR B A e A AR A iR AR
SRS S EAFP J7 e O HE, AR R KRR 16 154D

L2 LA, LBYL S8 “&F” Ml “BRER” ZAEFMATEG . Flan, AR
if key in mapping: return mappinglkey] ﬂﬁﬁﬂa?ﬁ*ﬁﬁﬁzf’ﬁz)ﬁﬁ%éﬁ%/\}\ mapping EF‘@
BT key T H R o 3B ) EA] SE N AV B A EAFP 5 sUR gD

list -- 1|3
— 7 Python [ Esequence, EINZ MF)FR, HEHEEMTHAMES HREAHM TR, HATHIT
RHYHEE IR O(1).

list comprehension -- 5|3 S5
b3 — AN B i B B A TC R T IR I 2 R R ) — PP B R B k. result = ['{:#04x}'.
format (x) for x in range(256) if x % 2 == 0] A — 0 3] 255 J5 P 1 7S 33 i) 45
BOS AR (0x.) M50, H it TAPRAEER, WEREMN range (256) HHITE TTEAS
BEALHEL

loader -- JN#% 2%
ﬁﬁﬁﬂﬁ*ﬁﬁ%ﬂg;@%o Eﬂ\fﬁ%)‘( exec_module () %l] create_module () ﬁ?ﬁ[)]\;lzf)rﬂ, Loader EE%
Ho m#kgeii i i —Afinder 3218, 533524 -

« finders-and-loaders

e importlib.abc.Loader

« PEP 302

locale encoding -- i % DX RS HE
¥£ Unix |, B2 LC_CTYPE &5 XKW ks, BR PLE T locale.setlocale (locale.
LC_CTYPE, new_locale) ﬂéﬁ‘ﬁc
J£ Windows |, ‘BJ& ANSIACH L (U0: "cp1252™),
{E Android 1 VxWorks |, Python ffi[f] "ut £-8" {EMif = KIH gl kgL,
locale.getencoding () AJHEHRIREUE & Kigdmidig=.

Y5152 7l filesystem encoding and error handler ,

magic method -- JiE A J5 7k
special method W3EIEZ[F] ],

mapping -- B4}
— 74]“:]:1 i EF% 43 %E %E ﬁ EHZ # i fﬁi T collections.abc.Mapping ﬁ collections.abc.
MutableMapping IR ER T HLE HIEM AR Z . BRI FF3E dict, collections.

defaultdict, collections.OrderedDict PAM collections.Counter,

meta path finder -- JCPR AT IR %
sys.meta_path B RITIR M1 finder. TCMARE IR AR Spath entry finders f{AE FEAHFF A .

I%aﬁﬁ importlib.abc.MetaPathFinder Tﬁﬁﬁﬂ%ﬁéﬁﬁa%ﬁ@?;@fﬂﬂ‘]ﬁ{fo

metaclass -- JtJ
— M TR, B LUsEL. BERMERY R, ok ndiEz LR =S50 0 84
R o ER AT THI TA) 0 B ) SRR v 5 A $R N ERIA SE 8L . Python IRRGNZ ACHE TV DABIEE B &
Mt K PR TR B A T H, (4T Z Iy, Je2E T A I U HE () gy %6
EAICH A T ICR @D H & ARt IRERT G A8 SR G], PASHAT 24155 .
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HZ ¥ % I, metaclasses.

method -- J5ik
TER TR E LR RRE . QRN A IZ IR S0 — DR PRI, TR AR SE B AR H A
Aargument GAF 44 °KH self). & function finested scope,

method resolution order -- J7 14T T
J7 Y FEATT N 55 2 AE A R R 01 B 8 R BRI . 38 25 python_2.3_mro T fif H 2.3 K A7 iRGE
Python fifRgds T S VA TR

module -- it
X5 & Python ARG 1) —FPAL BN . ARG ML A av 44 2 (0], P& & Python X4, 45
Penl it importing $AEREINEF] Python Hr,

5 Wpackage,

module spec -- FEEHLES
*A/EZ S [a], /ﬁ\iEP@ Hﬂ?bﬂﬁﬁﬂ%%*ﬁ?é%)\%ﬁo P importlib.machinery.ModuleSpec
I SE1

Y94% 2 %] module-specs.
MRO

2 [method resolution order ,
mutable -- A[ZE %} 4
SRR AT DAERL 10 O PRAFRE SO0 R SR B . 5335 2 Wimmutable .
named tuple -- HL. %5041
ARIE “CBATCA” W TARAT4A R 5 ocdl, H HIH BT R 5 TUR I RELE T 44 FR s ke 1 ) i) 26 23
BJE . IXFRRY R AL ERIA R REA A HABARRE
HUHNERABTHLZICH, HF time.localtime () fil os.stat () IREME. H—PMHIT 2

sys.float_info:

>>> sys.float_info[1] # Z 5|4
1024

>>> sys.float_info.max_exp # 4T B
1024

>>> isinstance (sys.float_info, tuple) # BT o4
True

HUHZTTHRNERR (b B ET) o thsh, HA o] il 5 2w XM tuple 4%
AR E AR E £ PRI B Oy SORBIE . KRR AT Lo s, BiE Wl DAl 4K typing.
NamedTuple, ﬁ%‘fﬁﬂﬂir@ﬁ collections.namedtuple () Eﬁﬁljﬁo E#f?ﬁﬁﬁ%{fﬁﬁﬂ#%
F LY 5 0N B R4 e A i @ish

namespace -- iy % %3 [A]
s IEﬂzEﬁﬁﬂt SR S A R £RANER, AR PiREGA = (E)
W2 W) o A A ANE S B 1k a2 v 58k IR . B0, Bk builtins.open 5 os.open ()
A B A 2SR IX ) o i 44 2 () 0 3 1 W MRS ke S BRI A ek BRORF5 B 42 5 T 1R A
Tfﬁ'ﬂjf’i" Tﬂill] random.seed () B{ itertools.islice () ﬁf*%{i%fﬁ?ﬁ%@ﬁ%ﬂﬂ random
5 itertools ML HISLILH] .

namespace package -- iy #4 &3 [A]{0
— P A E TR 2R i package . fin 4 25 A4S AT AR LR sy, BRI & 8@ A R Tregular
package IR EANTEA __init__.py XfF.

fir 44 A3 [ AR VF T LA W] R 2 (A B SRR A0 . FEHAMESL T, MIERR S regular package .
BTREZEH,, 7527 PEP 420 il reference-namespace-package .
FHA 2 Wmodule

nested scope -- X £ 1
TE—AE SGER NG AR REE ST BN, 55— Rz e W R BT A R AR & . 5T
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AR AEEA SO S A RO R E TCAL. At i S G2 BT e N E A . 2R BIRY
xRy B BEE MIAE ) T2 R g 44 23 10) . i nonlocal RKEET R AAVFH ASMNZEE.

new-style class -- AR
it H B e T A R 2R IHFRIE . 7R Python fiuAs i, Hog 28RBS T
Python iﬁiﬂﬁﬁi?ﬁ?ﬁ, I __slots__. {Hiides. $HEEME. __getattribute_ (). EHFEMF
BHHEE.

object -- %4
AT ARG (BPEsifl) PAKTUE XATH (Orik) MEdE. object tL 2 fTAmnew-style class 1) 5 IR
EREA.

optimized scope -- LALLM 1 )i,
2 AR S 15 B A R L 70 40 RIS E AR R iR A8 S A FRIAE I, X A/ nhix S8 4 BRI 52 5 AT O
oo BEXTRRER. Anign. thAE. SR A AR s n R 44 2 (R XA 1 OGP AR AT
R RIS RS AR I ) T B A 4 e, GRS T R Rl A AR SR i e 4 R
P2 AR T 2 A AL A Ja

package -- {1
— Al g R e & L) Python modules MBEAR BB, L2 HA __path JEIER)
Python 53,

Y52 Wregular package Flnamespace package .

parameter -- JE5
function (BJ7%) & LA Sk, EHE e R AR Z I — A argument  (STERSEREOLT, £
MEZ) . HIMES:
« positional-or-keyword: i Bk T, 45— AT WMER 1 5 Atk 46 AT DUE R £ 42 5 2k
A%, SRS, HATF IR foo Al bar:

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

« positional-only: {UFRAIE, $8E— A REBEL M EEARNSE R EES ALl T e m e
XS INRFENZIGEE—A / FRERE L, BIAITRIEI) posonlyl FI posonly2:

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

o keyword-only: {UFRXHEF, $8&—HigEET REFEANSE . (URXEFES
HEUE XTES PR P& AR BT S S S TE L AR BB S Z B —1 * KE X,
BN R kw_onlyl £ kw_only2:

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

« var-positional: WA, F55E AT AR R — AMER RGBS HA S e o) (FE e A
BZEHEZMMESHZIG) . EMESWEETEES AR * RE XL, BIaRmEE args:

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

o var-keyword: WAZRHEF A5 5E A DAMRBUE RO R BT SH (e HAES C 20 K
RYSHLIG) . RSB SAMREING ~ RS, Bl LT kwargs.

JEZ Al PARIIS 45 5 PTEMLARE SR, ] DA R LE T e S A0 e BRI E -

5% Wargument RIEFRELH . SRS ESHX PR ILH S, inspect.Parameter 2%, function
— 4Dl % PEP 362,

path entry -- B A O
import path W—NEEPALE, parh based finder FRA AR E AR

path entry finder -- J§18 A 1754 5%
E—0] X544 ] sys.path_hooks (Rfipath entry hook) iR [ ] finder, A4 68 12 path entry
R RE NI
1§57 importlib.abc.PathEntryFinder PA T REEIE A & FRAR T LI &7
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path entry hook -- J&1& A 1151
— BT G, EAERIE WA AR R path entry H BRI NE DL R RERS B svs.path_hooks
HNFEIR [l —A path entry finder

path based finder -- 3L T #1202 4 8%
BN —Fh s 2 £330 5 , WIHE—ASimport path Th &AL

path-like object -- %20k} %
KB RGE AR RN R A — D RRHEN str B0 bytes X4, &7
PAJR— LI T os.PathLike PRHYRI R . —AS(FF os.PathLike PRHYRT R ATE LI os.
fspath () Qﬁ%ﬁi?ﬁ@j@ str‘Eﬁi%‘bytes ééﬁﬁﬁ@jt##}%éﬁﬂ%%é; os.fsdecode () %H os.fsencode ()
AT BRI IR SRS str B bytes RBUMEEIR . X5 2 H1 PEP 519 5] AR,

PEP
“Python R R I AYIELHTE . —A> PEP gije— (Bt 3CHs, ok Python HEIKRALEE., ol
7R~ Python [ I M Ht BE B FRIE . PEP [ 24 H AHORS A 11 H2 AR RS T SR SR P 1) S P 356
i

PEP [ V4 th BB R P s, WAL DO R VRS 158 LA B R A 25T Python BT HRLSfE
G5 SR ENLE . PEP IS A STAEAEAE I B LR, RCREAS [ B WARIC A SR o

%10, PEP 1.

portion -- {54y
F i — A i 4 25 TR L B H SR SO S (W ATREAEI T —A> zip SCIFN) , Bk e UL PEP
420,

positional argument -- {3} ¥4 23 %
2 Wargument ,

provisional API -- £]%¢ API
B E APL 2 I8 0 R HEBRAEARME R ) 5 3R A PRI Z AN B R i 1 . B AR IR Ml AR
STAERUE, B HZEHEYAMCNE E, T REFER% DI & B i e A D Z O T #4710 G A A
FWEe (HRAFERRZEE D). MBSO NSRRI - U APT B INA 2 Bl A& 2% &2 1) ™
LA P B 1 K B A ] BB S X R

B2 5 APLRUE, ]S AARA R S L el “ B m MRt 587 —— AT M) RE A A I
FR AT BB ST 2R B — b i) S5 ARA AR TT 5

AP AL P R SO VPR E R SR WL E, R 2Tl S KU BT SRFE BT IR . 1% I PEP
411,

provisional package -- 27 44,
2 W provisional API ,

Python 3000
Python 3.x KB EAIBERR (X2 FHEMRA 3 i AR R O Rt 3 T ) A It
5k “Py3k”.

Pythonic

TR B — BAURS S04 1 Python 15 75 fe i I AY KRS FIBILE ,  IM0AS 2 (1) HoA 8 5 il
AR R SEBACRS . BN, Python [ 1 WS 22 (] £or TEAIRER A P — A>Tk AU G i) By
AR . WEHAEF B ARG, LA Python Y AAT I S e — U7 T R

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

TR I A B 5745t B Pythonic #7352 X FERY:

for piece in food:
print (piece)

qualified name -- [iL ¢ %55
—NPUS SRR, BRI 4 SRV E A ENZ A b SR RN S R R
27, MHXKE XL PEP 3155, Xt i ZH AT RENZE, B84 PR SRS 24Fr—2L
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e )
>>> class C:

class D:
def meth(self):
pass

>>> C.__ _qualname

ICI

>>> C.D.__qualname_
'C.D'

>>> C.D.meth._ qualname
'C.D.meth'

295 T 5 BT, 7 IR E & AR B AR R IZBR B AR S B B i A, Hh e S A
AL, Ul email .mime. text:

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

'email.mime.text'

reference count -- 5| it%
R RTIHEE . 24— DRGNS, BERaRem. Reikiimmortal Xt
G EAKEAXHAE 5 T, PRI AR SR IEA 2 90RE . 51 710 Python (A H5 K 15
W RATILR, HERCPython LI —A XA ITER . F2/F A A A sys.getrefcount () B
BORR IR E X5 HTT4L

regular package -- i B0
G M package, BIINEEH 1 _init__.py SR H %,

%2 W namespace package.

REPL
“BEE-SRIE-FT ENfEER” read-eval-print loop fA4ES , interactive s shell 15— 4 F .

__slots__
— P ELESS TR B, TS R R S I SR R T R R SR 1 R AT IAE . BRI TG
R§AT, BRI ALS), B2 RRBETEDEIEI TR, BIAMRFE N N HRRT, FF
HHE A5 KRS

sequence -- J3:51]
—Fpiterable, ©XFFET __getitem_ () FRIR R ARG | HITERITE IR, e X
T—AREFHKER __len__ () Jr¥k. WEFFIEBAE List, str, tuple fll bytes &, HHHE
BR dict FHF _ getitem () Ml _len_ (), (HEHZENBLGTARF, HAE 6 HEE
Hhashable BEM A2 BEBCR AR ITE

collections.abc.Sequence H%%%%XT*&EEF%E@T% =, 'EE __getitem__ ()

_len__ () ZA4b, W®EINT count (), index (), __contains__ () fll __reversed__ ()., LI Ik
PR O RBI DA register () SREAXMIM . EIRECE Sl A P ik EZ 308, S
) 3 A A

set comprehension -- {55
AL — AT IEACKT R R T B e R IR IS5 SRR G ) —F BE B, results = {c for c

in 'abracadabra' if c not in 'abe'} ¥AENFAEES {'r', 'd'}. 20 comprehensions.

single dispatch -- fisr IR
—Fgeneric function 53PRIE, HILIRET BASEIN R BDRERT .

slice -- YJ )i
W RALE TR & sequence —FBHIX S . VIRl ad i FARFRic a1, 7E 11 hA L
NPAE S BEEES, Bl variable_name([1:3:5]. H$E5 (FhR) ARiCHENFRME A s1ice Xt
%,

soft deprecated -- ;37 /]
WK W) APL AN AEF R SRR A, EEEA R IR ZEn. XFEAY APT KRR
FAESCR IR, (B — 2 Ry T e Rg i .
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SR FEIAIE, A APLRS R RIMA 2% 55
Z: i, PEP 387: Soft Deprecation.

special method -- 75 Jj ik
— iy Python F=CiA A B3, HIORRIEASRALAT R & AR DI IR I 4555 . XA iy 24 PRy
AT XL . FRIRTTIAI SO 2 W, specialnames

statement -- &4y
EARREF B (— MRS <) PR, —SRIBEAT AT PAE A expression BT BT
ZERY, IR0 if, while BY for,

static type checker -- i A KIS iy 2%
eI Python fUHE I #4704, PAE IR M@ F NP 5 85 IR M ANTE T H. RS HE A =27 LK
typing HEH,

strong reference -- 55 5| Ji]
TE Python () C APL v, 585|248 MHeA 5| AR BT A mxt g i5 | 1 . FEalEs | il
W py_1NCREF () SRARBGRS | ARG | Al py_DECREF () RFEE .

Py_NewRef () PREXAIH A T OB — XTS5 . W%, SR FASRE | B 1E H 3
Z5wg| H LR py_DECREF () PREL, PAREGT]H A -

152 borrowed reference,

text encoding -- SCASGIA%
fE Python 1, —5E4FH 2 —H Unicode iR (JEFE N U+0000--U+10FFFF). S T AFEAEE 54—
MERFR, ERERTIME A —BFT,

R NFRFER PSS — DA PIRAR . “iE”, A5 B B AT ER R
i,

ARFAFE RSO FFIE Fibdds, BRGNS HI KA

text file -- LA
— BB LT str X R file object . > SCAS SO 5 B a2 17 ) — A T8I ) 45 B9 s i 9 J
B b Brext encoding, SUASSCAF I BT AL 4E DA SCARE (e B vwr) ATHFMI MR, sys.stdin,
sys.stdout [/)Lﬁ io.StringIO B‘J;Wﬂc

S Ebinary file TIREEWTEE T 7 1 xt & SR

triple-quoted string -- — 5| 'S 2fFh
HRAWEAEENSG S (7) SeE8515 ) WFEMFR. BNER LS aREH g5t
WTFRFERIA 2R, HRAZMITAL. ENTRVFRIETA 3 N S R & SR 55 5 HIG |
5, AT A AT IO TR S0 AT, (e S SCRY AT HR IR Sl B 1

type -- R4
Python X} () KA @ B g T AR 3E: BRI R R AR E R Rgp) 280 n] o H
__class__ JEMRTHEGZ M type (ob3) KA.

type alias -- J3%4 3},
—NRAU R S, AEy H U R AU 45 R 8 AR R AT .
R B EM R R At . il

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

AT DARCRER i Al

Color = tuple[int, int, int]

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

Z: L typing ll PEP 484, H Xt sL DI Re A0 A «
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type hint -- 23878 3§: /iR
annotation AF g . FJEME. BREVIE S B0R [MEFS E TR 2,
AR 2 TR A A2 Python FYSR I EER, (BN 4A5 £ 20 E 2% WA HL. ENEREDB)
IDE S AUH b4 5 EAY
A KB R BRI DM typing. get_type_hints () RiIA, (H/EHERAR &0
AHATPA,
Z W, typing I PEP 484, H X} tb GERYIHEAN A .

universal newlines -- jifi 4 7
R SRR T, A DL F A S ARG . Unix 0FFAER 205 \n ' . Win-
dows FJZ%E '"\r\n' DA KA} Macintosh fJ 25 "\r'. Z I PEP 278 #il PEP 3116 Il bytes.
splitlines () T ffM 2 HHULH .

variable annotation -- 25 & bRl

it As B e 2K @ Pk i annotation
TERREAS SR SBT3 T R

class C:
field: 'annotation'
AR AR AR . BIANDA AR B U7 ine RBYHI(E:
[count: int = 0 J

AR AR TR B TR AR L annassign —7 .
Z: W function annotation, PEP 484 1 PEP 526, H. 9 4R T lkThEE. 5145 |7 annotations-howto DL T
FR s AR ) A SR R

virtual environment -- J ] 555
— R HITE B B 0s 1T BREE,  foiF Python A1 R P22 A THEL Python 43 & LA
TR Rl — RS _Fisf T HAlL Python [V HFEF AT A .

HZ, venv,

virtual machine -- JE{J L
— B e AE A LT, Python Mg AT PA T 15 G 148 BT A2 L) bytecode o

Zen of Python -- Python 2 #ifi
St Python it W JE N 53724, A TS HEHXMES . &FHEANE TR BARR
Frhi A import this”,
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APPENDIX B

e N

Python [ 34 2 H Sphinx M reStructuredText JFAE 1), Sphinx J2&—4>% JACFE Python SCRY T 4 5 11 3¢
A A -

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 zR#pImE

Python 2 %F 1990 4£ %] 1 Guido van Rossum 7F frf = ) Stichting Mathematisch Centrum (CWI, [j, https:
Ihwww.cwinl) VER—17144 1 ABC FIEF G465 B35/ . Guido {59842 Python 1) = ZEH, R EHRA
& T2k B HAB AR BTk

T 1995 4F | Guido £ #:7 Jé I/ Reston T7 ) Corporation for National Research Initiatives (CNRI, T, https:
/Iwww.cnri.reston.va.us) &£z} Python #g TAE, fAedl B kK T2 A2 A .

Tr 2000 4£ 5 H, Guido #1 Python #Z%.0>FF % 41 A #% & BeOpen.com 41 %t T BeOpen PythonLabs [#]B\ . [H]4E
10 H, PythonLabs [#] A% % Digital Creations, 544}y Zope Corporation, 7 2001 4, Python Software
Foundation (PSF, I, https://www.python.org/psf/) {37, X—1% 11 NEE 5 Python #H 3 B H1R =AM
BISLHYARE A ZHEH . Zope Corporation ;& PSF [1)— MBI i .

JirA7 Python Z AR ZTTIRAY (A R IT PRI E XL https://opensource.org). FET S E, KREEAH A4
Python % 7fifiidt & GPL AR5 FREEE T4 A HIL .

RuRA  EBE i aE

©
U
—
i
0¥
N

&7 (1)

09.0% 12 nl/a 1991-1995 CWI T
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 =2
2.1 2.0+1.6.1 2001 PSF o
2.0.1 2.0+1.6.1 2001 PSF 2
2.1.1 2.142.0.1 2001 PSF 2
2.1.2 2.1.1 2002 PSF =
2.1.3 2.1.2 2002 PSF =
22 FEE 211 2001 &4 PSF 2

O #ik

(1) GPL A H AL TATZHET GPL %A Python. 5 GPL A[A], FfA Python ¥F Al IEHR fLFHik
I3 K GAB VR IUCAR T FE TR TP IEAR BTG 18 8 . GPL 328 B ¥R I HIE (/5 Python W] DA Hofih F
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GPL EARHYE A AN AP RTUE AN AT RA

(2) #% % Richard Stallman [¥ii5, 1.6.1 A& GPL 3451, BBV AT IR & R & a4k H
JEH | CNRI ({1563, Stallman FOAEEIHE45F CNRI AL 1.6.1 5 GPL ” HIEARFEA.

AR ZAE Guido 155 T TARMISNTE I, , (AKX LKA N AT RE

C.2 FREE LIE A ERA Python BRI M

Python {441 S04 A9 {8 T 4 7] ¥4 Python Software Foundation License Version 2.

M Python 3.8.6 J14G, SXARYFH RGBT, BEVERS SN H AR R ] PSF License Version 2 Fi{lZero-Clause BSD
license XUEE A FH 77T .

FA 7 Python PR AR VFAT . I BEVFA] S SRR AT 2 R — RIS . A X e
AR SE R RS TP T A a9 75T 57530,

C.2.1 PYTHON SOFTWARE FOUNDATION LICENSE VERSION 2

1. This LICENSE AGREEMENT is between the Python Software Foundation ("PSEF"), and
the Individual or Organization ("Licensee") accessing and otherwise using this
software ("Python") 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 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice of
copyright, i.e., "Copyright © 2001-2024 Python Software Foundation; All Rights
Reserved" are retained in Python 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 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.

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

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON
FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON, 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, 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
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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 DOCUMENTA-
TION

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

C.3. WrRHRHaYiF =] 508 83


http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html

Extending and Embedding Python, & {ThR4 3.13.2

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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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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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 & #k
uu G AL AR A A

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 i3 =R A
xmlrpc.clientfﬁi&f@f?@&jiﬁﬁﬁﬁ:

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

Permission to use, copy, modify, and distribute this software and
its associated documentation for any purpose and without fee is
hereby granted, provided that the above copyright notice appears in
all copies, and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written
prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. 1IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
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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 SCAHEHALT C pREL dtoa Fil strtod, T C RUKS EHUEFI FAF R Z (B M55, BIRAE
H By David M. Gay % 5 1) [d] 44 3Cf4.  H B SCHF R £E https://web.archive.org/web/20220517033456/http:
/Iwww.netlib.org/fp/dtoa.c /i), fF 2009 4F 3 H 16 H Kz Z E 19 546 S5 AR UBCRI VR n] 75 BH:

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

* 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

WERABAE R GEA SN hashlib, posix Fll ss1 £ffifi] OpenSSL PEEEETHERE. HAh, Python ) Windows
FI macOS “Z4 87 1] fE 2> 4% OpenSSL FERRIAS, Br AFRATHAE M 45— 15 OpenSSL /7 A] Ik 1) Il 4% .
XTF OpenSSL 3.0 &k, MHEGEATAERA, ¥{#iF Apache License v2:

Apache License
Version 2.0, January 2004
https://www.apache.org/licenses/

(T
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(% 750
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
subsequently incorporated within the Work.
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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
for use, reproduction, or distribution of Your modifications, or
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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 ¥ J&E M Fr G expat JERIASKIER, BRAEECE T --with-system-expat:

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

Permission is hereby granted, free of charge, to any person obtaining

(BETID
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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
BN ctypes BEERTJEN _ctypes C ¥ 2 (A4 1 Libfli J5 A B A L, BRAEA R ICE T

——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. 1IN 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 EARBIRY 21ib BAKIHTCk N THE, W a5 zlib JEACR 7 DURAEE 2140 47

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
(A
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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

(B L)

C.3.16 cfuhash
tracemalloc {Hi I Fr FE M) L PLEL 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

Y decimal BT ER _decimal C 4 &R MM (4% 1 libmpdec FERRIAMERT, BRIEAENTE 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

are met:
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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.

(B L)

C.3.18 W3C C14N X EH

test A HI) C14N 2.0 MiR4E (Lib/test/xmltestdata/c14n-20/) $EELEH W3C R https://www.w3.org/

TR/xml-c14n2-testcases/ FHR#E 3 S5k ik BSD ¥4 A iF & 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 mimalloc
MIT A iE:

Copyright (c) 2018-2021 Microsoft Corporation, Daan Leijen

Permission is hereby granted, free of charge, to any person obtaining a copy
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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.3.20 asyncio
asyncio BEHKRLEHR MK H uvloop 0.16, ERRET MIT ik &ZATH):

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.

C.3.21 Global Unbounded Sequences (GUS)

WA Python/gsbr.c B4 B subr_smr.c 1 FreeBSD HJ”Global Unbounded Sequences” 4Z4x P77 WL T % .
SR EET 2 453K BSD VR Al IEA K1Y

Copyright (c) 2019,2020 Jeffrey Roberson <jeff@FreeBSD.org>

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 unmodified, 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 "AS IS" AND ANY EXPRESS OR
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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 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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