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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,

2.1 {#f C g C++ 3" & Python

WIRRSH C, TIHTE) Python PN E AR R M. DA WA REH Python FLIZMAY R, wIDAE N
extension modules HeSZP: SEPLH N BEXT S22 JHH C MEREM ARG R .

NT AENE, Python APT (W IREFF St 1) €T —RIKE. RHASH, ATLATIIF Python iZ1T
I AR GEH R > %S . Python ) APT AT DAL AE—A C YESCHF I "Python. h" SKICPFRM

PR 4 S 07 B S AR H A R GEBE R R HE T SN2

ik

C §JE# %54 CPython, ¥ FEFIHICIAAEH A Python SEH] BT AE. FERZAUGOLY, MiZ#thE C
PR, RARFEAIBAE. 20007, WRAR AR T C SRS, RV1%% BEEH ctypes
B offil B, MASACE C M. KRR AVFIRE Python YR E D C RS, T H AR NE
B AR EFERILT .

211 —NEBEBF

IR ATAE — AP RAIH spam (Monty Python 5} 22 fiz ¥ XK & #)...)  F HLAE S 6 B C 2 R 4X
system () (¥ Python H 1. XA BAHHZ— DA null 5 R FAFH SEOFHR MR FATAE T
PATE Python H AT 5 =i Y G R 45

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

HEBE#—A> spammodule.c XM, (ff4E L, WER—DEIN spam, WX SLHER C MM
spammodule. c; QIARXMEIRY, FARH K, A spammi £y, WXL SO I] AR spammify .
c.)

A A O D ATEARIERE os HLT, 33X LIRS — MR N ELHE
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SCPEFRIT IR AT 2 -

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

X2 A Python APL (HIRARERWC, ARATAYEIX HLES IR AR H ARFURAS B R o

ik

17 Python W REL & X —SERETE L LE R 58 s mabm vk SO AL PR 5 3L, PR G AE B S AR ArT i e
Sk Z H, MR LRGeS Python . h,

#define PY_SSIZE_T_CLEAN #{fHok$8H] Py_ssize_t W 47EH 46 API /0% int . M
Python 3.13 2 EAFHRE, HEIMMAE B TR FIEA. 527 arg-parsing-string-and-buffers 3K Hi%
P LOET Uy

PR AE Python. h /i E SCAY I Pl LIOAT S H8 B4 Py o PY RIZR, CAERRIESL M b SRt i
Sho FZIEFIERME, T HAE Python FREE: U 2 M, "Python. h" it T —LUARifE L SO
<stdio.h>, <string.h>, <errno.h> fll <stdlib.h>, R GHEH K SCFEART RS _EAFALE,
ERESHEFHES malloc (), free() Ml realloc ().

THHSN C RAEIY RS, L] spam. system (string) RFAMUHMN, GATFESFE ST

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

const char *command;

int sts;

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

sts = system(command) ;

return PylLong_FromLong (sts);

}

AANEERIFESBINRNTTE GBI, B "1s -1") BIRLE8% C MBI E. C R RA
PINSRL, AT self Ml args

XHLERZL KA, self ZHHRIBBS SR XTI7 IR NR [A R G551

args ZHEAR 1A —> Python [ tuple M RAYHRE, HAWESH. S wple T — MRS X8
SR A2 Python M4 - ZAERATH C s BUH il EN TR 2R HAL ol C {H. Python API H1f¥y)
PR PyArg_ParseTuple () SAESHIAGFRF AR C (0. BB AT Rl E 7 2B REE
B PA AP0 C A2 BRI A0 REAE S ] o

PyArg_ParseTuple () {EFTG S5 A IEMRZEE HLA REER A H5 W JCAe A4 3 iy kb BN, 3% 0] L
AEZE). HAEEA TSR S (). B0 5, o Pbss e 5w, (EAEE ) sk 55T AR
IR [H] NULL (562 5+ HLT L) .

2.1.2 XFHRHNFE

#A~ Python fEREZS RELH — DR TR EZAR G : 24— DR TR, BN 4 BE DR &0
ARl — AR GEE N -1 3 NULL $84F) . S5 B AEMRER LIRS = g, ik
HREWEMWERN NULL, FEHMENL T ENZE sys.exc_info () Frig[EIf) Python JL i i1 C
K BT TR R sE BRI 5 . PR T TR T B AR AR R A Rl L i i A

Python APT g ST — S8R BOR B ELX S

i M2 PyErr_SetString (). HEZHMEREXMZM C FoFH. FH MR — K2R
PyExc_zeroDivisionError XAERYTIE LA G, C FAFERIENI R A, Rl iy —4> Python
TFREERR QAN R RER(E
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F—H AR EEE PyErr_SetFromErrno () , [U#EZ N RENER, FEMALSHELREE
errno J1, fil IR EREAE PyErr_SetObject () , WEMINSEL, 49N FH L FHIIR. IR
ANFEL ] Py_INCREF () AL 2] HoAh sk 5 S E00 4105 | VL

YRAT A PyErr_Occurred () FEAE IR IEOL PRI G E T 58 . DORFR M2 Hl w04,
B QR AR & A R R 0] NULL, R AT E ] PyErr_Occurred () RAF REOHH 26 %
HETERAR, MR AZBEMGR BHE A k.

B e VA AR g TSI 2S5 A 1, f B E R el M R{E GER N NULL 5 - 1),
B AR PyEre_* B XRRBE Lt g AL 7o f MR BE St 2R ] — Aok
fern e ey, [AME AR PyEre_*, MKIEZEHE — SR S A0 DR 2 28 o Se Al 21 e 1Y e
By 7o — HRX MR EL Python RS HIRER, B2 IR 4 ATHAATHY Python AURSH 2514k i th
Python R 53 i 5 1) 57 b LS <

(LSRR IR B SR BT U E PyEre_* MEORS: H MR, IF ELAER 2
W R AT DGR R . (ER IR MEAU, B R ERY, Jf AR ECH BRI B E R KSR
{1 2 AR B 7 0. )

REUEE 22085 phy— A~ 2R W) e R0 ) BT BB S, e AR AU W PyErr_Clear () Bl
Br. CABM Y4 PyErr_Clear () MME—IFILR AR ENERFH R R TR gt H Ok
AhFEE (ATRE RSl A i, SRR ) .

FRAM malloc () P HDAEEHN 54 . malloc () (H realloc () ) HEIEEH M LR
PyErr_NoMemory () FiR[EFARILR . FrAX RAIH KA (HI4N PyLong_FromLong () ) B4 24
T, FTAXAN AU T BB malloc () L.

WEFENZ, BT PyArg_ParseTuple () SFHEMFISL, 1R RIEEFCR D 0 pREE 5 #0218 1] I AE
SR FRRALY), MPA -1 FRKR, ) Unix RS0 —FE.

B, MAARR Pl R R AR R R G IR 2R E X R AT Py_XDECREF () B
Py_DECREF () JEH)!

PEFET] KBS 58 58 A B TARM B 4F . BT A Python [N 5 S5 55 #R AT X M (%) il 75 B C XF 4, fldn
PyExc_ZeroDivisionError, {RAJAEL M EANT. 45K, R YR Mk R - AEMH
PyExc_TypeError KFRLATEFTIF (WTREN XM PyExc_OSError W) . WIRSHIIFRA T
i, PyArg ParseTuple () HR¥UEN X T|IKX PyExc_TypeError, WERIRAE—DSENHLHTERE
B T i e A A, WIE B PyExc_ValueError,

ARULAT AR AR AR S ME— B 0 . 75 SR SCPR R A A — N SxT e &, n:

[static PyObject *SpamError; ]

HAERH IR AR L (Py Init_spam () HFFAT X GO KA T n ik

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;

}

J

TEH B IZ S5 XA Python Z4 7N spam.error. PyErr_NewException () PREUT] PAG)EE 2K
Exception B3¢ (FRAEEA T 73— KM A& NULL), Al bltin-exceptions HFIii ) .

21. {Ef C 5 C++ ¥'J& Python 7
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TH{ER SpamError AR R R E T — A HT B R RIS Lmﬁﬁjﬂzm' S AT RE S B
A B I B, PR LR %i‘ﬂiﬁ*"ﬁﬁ%lﬁ’]?lﬂ%%ﬁﬁ% 2EFE, MIMFE SpamError
HN—A s gst . WRRE RO, W5 Ki%A T%*EI’JCWﬁ%ﬂﬁﬁé\?yﬁtﬁlﬂ\%ﬁ%ﬁﬁ@?ﬁ/ﬂﬂz
ST S o

AFEGIFS GRS PyMODINIT_FUNC EA s EIGR B 224 1 vk
AIYEY R PyErr_SetString () 5|k spam.error 7, W RHIR:

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

const char *command;
int sts;

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

sts = system(command) ;

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

}

return PyLong_FromLong (sts) ;

2.1.3 @3 HF
I ES =T R A VAT A | S T AW T B
if (!PyArg_ParseTuple(args, "s", &command))

return NULL;

TRAES B R PRI B 4535, B RFR ] NULL GZ{E 2 0% 3T 4 R840 00 sR B 45 R ), X B 1
PyArg_ParseTuple () WEKFH . FEHA I N SEW PR E 9 D3] JRfAs B command., X
B8 %TWE?FE%T R AZAEECE BT 48 ) B 4R (R AR HE C o, 48 B command B 44 IEAfih s

B A const char *command),

N —AEAE ] UNIX 245 K%L system () , A SHBUENI A M PyArg ParseTuple () Bl
HY:

[sts = system (command) ; ]

FATH spam.system () bR %0 20 LA Python Xf R i £ 301k ] sts A {H. i I il eR KR
PyLong_FromLong () SEHY.

[return PyLong_FromLong (sts) ; }

FERXFPIGOL T, SRS, GXRFGRTE Python i HLHE ) .

WSRARA — AR A 2500 C %0 (BIRIE void MIRE%L), WX [ Python f%s%i3R [i] None.
PRaAZAE X A5 (‘B 2l Py_RETURN_NONE %23 SLPLAY )

Py_INCREF (Py_None) ; }

return Py_None;

Py_None /24K Python X4 None Xt C 4 FK. &2 — > HIER Python X4 1M A& NULL #54t,
WAV, JFEFERZEE T CPAERE iR,

8 Chapter 2. FERE=H TR R
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2.1.4 ERFGERNIIGCERL

FORTIE 2 RGN A A Python R/ i spam_system () . B, FANFTEAE “Trikk” $751
H B B 4 AR A

static PyMethodDef SpamMethods[] = {

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

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

HEE =S (METH_VARARGS ) , XMrddi e MH C MIEAIRG]. AL METH_VARARGS .
METH_VARARGS | METH_KEYWORDS . {H 0 fUFfif]l PyArg_ParseTuple () HIFEIHA &,

SR B i ] METH_VARARGS , bR £ & %% £ Python f% % twple #% X 19 2 8, LM
PyArg_ParseTuple () #EfTMEMT.

T 2R R 24 8 5 B - S 50 4 % R B0 W] DATE BB = AN F B i B METH_KEYWORDS FE R fi. 7
WA LT, C BB M #2325 =4~ PyObject * B %, BR A — D XEFHMRMFH. FH
PyArg_ParseTupleAndKeywords () XS EURNT N RS

AT IRR AL E LRSI -

static struct PyModuleDef spammodule = {
PyModuleDef_ HEAD_INIT,

"spam", /* name of module */
spam_doc, /* module documentation, may be NULL */
=i, /* size of per-interpreter state of the module,
or —1 if the module keeps state in global variables. */
SpamMethods

bi

XSGR ITAERR AW UG AL R B AL B 25 ARE & . F IR AL B 6 %0 PyInit_name (), Hif
name EREPI LR, FH LIV ZR IS A E LME—TF static &H:

PyMODINIT_FUNC
PyInit_spam(void)
{

return PyModule_Create (&spammodule) ;

}

LR PyMODINIT_FUNC Al PyObject * RIMIZRAL, FREH T V& B SRR IR BER 75
B, FEE3T = C++ B R EGE N extern "C",

24 Python F£JF T I S A spam B}, PyInit_spam () RFgERH . (5 5K A Python [T RES UL R 3C. )
BRHEH PyModule_Create (), ZMEESIR ARG, HEFERYGE Ch#BIME (—
PyMethodDef ZEMJMAAIEAL) K N E REOT S4@ A BB B B A . PyModule_Create () R[] —
G E 3 BT 2 B F8EE . BT RE S SRR E AR AR Ak, SRR IO R v
fERFIR B NULL . W1 iR Ak s B TR X G2 3R [0 45 R 2, PABERFEHEAE A S sys .modules Hi,

2k A Python i, [R3E PyImport_Inittab #HHLKH, HUALHZNA PyInit_spam() K%L
BB BRI ik, W PyImport_AppendInittab (), FIEERERG T AL

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

int
main (int argc, char *argv([])
{
PyStatus status;
PyConfig config;

(T

21. {Ef C 5 C++ ¥'J& Python 9
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(B L)
PyConfig InitPythonConfig (&config);

/* Add a built—-in module, before Py Initialize */

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

}

/* Pass argv/[0] to the Python interpreter */
status = PyConfig_ SetBytesString(&config, &config.program_name, argv[0]);
if (PyStatus_Exception (status)) {

goto exception;

}

/* Initialize the Python interpreter. Required.
If this step fails, it will be a fatal error. */
status = Py_InitializeFromConfig(&confiqg);
if (PyStatus_Exception(status)) {
goto exception;
}
PyConfig_Clear (&configqg);

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

}
// ... use Python C API here
return 0O;

exception:

PyConfig_Clear (&config);
Py_ExitStatusException (status);

ik

FM sys.modules MRS A CGFHEE] — D IERE A Z RS (SUEA] fork () MBI
exec () ) RFE— LY R FF ARG §T R W DAERT IR R AR S A I 45 HH i

B2 K TR A LS ] 161 57 Python JiS K M fUAY Modules/xxmodule.c H, BEICIFRT AR
PEACHE R R 24 ST RE

ik

MMEEATH spam il T, xxmodule il T % Frf4n451¢ (Python3.5 FF1A5|A), PyInit_spam £
iR [A]—A~ PyModuleDef 2544 {4, X5 01E MBS T ANLE . 40175% PEP 489 2 [ BivIih 1k -

10 Chapter 2. R"ERE=FTHEIEYT R



https://peps.python.org/pep-0489/

Extending and Embedding Python, A {Thi% 3.14.0a0

2.1.5 ZmiFfosdis

TERRER R B P R Z o, VRIETHEMP G0 6 H Python RGNk gmiFMmetEs:. AR
BASMER, KB TIREE R EIERZR SIS IMEALE; 25 B S5 IRy R (e
C/C++ F e THT), PAMAE Windows D EmiFiR BRIAIIMEE (£ Windows L3 C 4= C++ I & FEHY)

WERARAGE B, B AR B ERHUR AP A Python MRREERIN &0, wlas 48 SO iE B8

R EERERS . SEIZIRTE Unix FREF, HFFEEIRM S ( spammodule . c i) HUCHE AR 4
PR EA TR Modules/ HE'F, WI—47%] Modules/Setup.local RFIRVRI) S

[spam spammodule.o }

IRGTETIZ H 1T make SR EHFEERAS . (R PATE Modules/ 1 H % ({)i] make, {HEIRAAZI
JEEH Makefile U, SRJ5izfrmake Makefile' fird. (VREAB N Setup PR BEXFEERAE )

UERAR B R BB A, X LE AT AS IR B R HL, 28SE

[spam spammodule.o —-1X11 J

2.1.6 7 C hif A Python FH#X
&5 Ak, BAT—HIER ATk Python Ji ] C sk, MK RBARA A, W2 C A Python
PR IXAEMPE AR ICHA . MRS C I, AR 2B S B AN WAL .

SEizfie, Python fRERR 2 AT (E IR, FH-24a4nifE Python pREIER ML THRIHER: 1. X Bt A TR AR
#r Python “FRFHME N AR T3, WA MR PAZ % Python/pythonmain. c 1 —c fr AT
)

VA H Python pREAR AL, 15 Python F& /5 4% 1% Python pRECH S . WAZFE B pREL (B H A 1) Skest
Plo YIRS B, 4 RAR B RAT Python pREM ST 4T, IBEH A (Py_INCREF ()) RIEm5|
g, UARARERERBREAAXR 2006 F, WHREOTRERE S E L —B5:

static PyObject *my_callback = NULL;

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

PyObject *result = NULL;

PyObject *temp;

if (PyArg_ParseTuple (args, "O:set_callback", &temp)) {
if (!PyCallable_Check (temp)) {
PyErr_SetString (PyExc_TypeError, "parameter must be callable");
return NULL;
}

Py_XINCREF (temp) ; /* Add a reference to new callback */
Py_XDECREF (my_callback); /* Dispose of previous callback */
my_callback = temp; /* Remember new callback */

/* Boilerplate to return "None" */
Py_INCREF (Py_None) ;
result = Py_None;

}

return result;

}

BERR B ] METH_VARARGS FEARYEM BIMRESS ; DORFFE AR e 77 ik R Ao inds 10 B 3 — R RgIiiA .
PyArg_ParseTuple () RREUSLHSEUR) SCRY WAR I e i dnh 4k —A5.

Py_XINCREF () fll Py_XDECREF () XA~ nl ¥/ b— XI55 | AL, IF H24 474 NULL $84t
BT AT ARIEZE 4 ((EEHE AR A R S0 temp $FA 4 NULL). SEEAHKAGEIES % 7| A 4 &7,

21. {Ef C 5 C++ ¥'J& Python 11
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Bl JG, 4B R, B C % PyObject_CallObject () . ZHREAPINSEL, EANIHD
JET¥8%T, 514E7 Python X§4:: R Python p%L, MHESHIIE . SEIN LKL EZE—odxg, K
KIZHISE AN SR . TR S Python pREL, WIS A NULL 8— A2 70dl; Bl NS5 A
B, WfEA—HIe4. Py_Buildvalue () & HAE XA RE S X EFES N BB 2R
e B Tl R N Tved I 1

int arg;
PyObject *arglist;
PyObject *result;

arg = 123;

/* Time to call the callback */

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

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

PyObject_CallObject () iR [l Python X} % f§ £, iX i J& Python & % ) & [0 fH.
PyObject_CallObject () J&—/NXfHSH” 5| HiHEL " M. Bl FhHcHeldiT
S, I HAE pyObject_CallObject () ZJG3L BRIl T Py_DECREF () .

PyObject_CallObject () WJIRFMEEZ B 09 ZAR—HENNSE; WarEAXR, (A
TSR BrCABR AR AR S R AR E A R B, ARG XX ANME ] Py_DECREF (), HPfEAR
XTHIRAZ (Rl!) AEHER.

HREMRX M b, REER— s B IR F{EAZE NULL, WSR2 HE, Python RIS A EIFE] Kk 5H
# o MR PyObject_CallObject () ) C LIS Z7E Python H &R Y, ‘&5 24 37 BTiR [B]— >4
R AS I Python JH 3%, PAEMRREZRREFT ENAREIWIME S, s iL1A M )7 Python MRS BEALBRZ 4 . 4N
RIXTCEMEN SN AAT, W 4@ PyErr_Clear () RIGERFH . FlA:

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

HAT AR R %, PRk 2 fit— 248133 PyObject_CallObject () o FERLUIFOIL TS M
4t Python FefF S fitrt, il B 1 PR 2 [ml R Bouk 82 o ARl il AR EAS B X L el ik . o3 4h—
YOI AR E A — BT LGRS . il T A2 Py_Buildvalue () BRI tple. %%
BT, AREAL A GRS I AT DA G

PyObject *arglist;

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

VI Py _DECREF (arglist) eSS R, FEERRKEZHl . YRAETE U mes,
W Py_Buildvalue () AJRESMHE AN LS.

AR REA R EE R, HXEFSHIH Pyobject_Call () , FREXFFTESHMXHE TS
B Augan EElrH, FAMEA py_Buildvalue () RMEF L,

PyObject *dict;

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

if (result == NULL)

Gy
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return NULL;

/* Here maybe use the result

Py_DECREF (result) ;

*/

/* Pass error back */

(% L 50)

21.7 B REHHISH

% PyArg_ParseTuple ()

AN -

[int PyArg_ParseTuple (PyObject *arg, const char *format,

<)

)

?%éiangjé = PIcdlN %,

O IV

W& PyArg_ParseTuple ()

/J\/[_) °

15 M Python {51545 C BB HIN . formar B0
B, BB E Python C/API Tt P11y arg-parsing. RS Hue &4

TERALAT R 2 $2 0k Python X5 2 #5 ka9 5 AEEBIENTHG T

— L BT

At 7

B, 0 SR

) A B Python 2R, ATk (R 45 b iy C A sk,
RIXHEIMEE T, ATRESAENAT RIS AR,

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

int ok;
int 1, J;
long k, 1;

const char *s;
Py_ssize_t size;

ok = PyArg_ParseTuple(args, ""); /* No arguments */
/* Python call: f() */
N
ok = PyArg_ParseTuple (args, "s", &s); /* A string */
/* Possible Python call: f('whoops!') */
J
ok = PyArg_ParseTuple (args, "1lls", &k, &l, &s); /* Two longs and a string */
/* Possible Python call: f(1, 2, 'three') */
J
A
ok = PyArg_ParseTuple (args, " (ii)s#", &i, &Jj, &s, &size);
/* A pair of ints and a string, whose size is also returned */
/* Possible Python call: f((1, 2), 'three') */
J
A
{
const char *file;
const char *mode = "r";
int bufsize = 0;
ok = PyArg_ParseTuple(args, "s|si", &file, &mode, &bufsize);
/* A string, and optionally another string and an integer */
/* Possible Python calls:
f('spam')
f('spam', 'w')
f('spam', 'wb', 100000) */
}
N
{
int left, top, right, bottom, h, v;
ok = PyArg_ParseTuple(args, " ((ii) (ii)) (ii)",
T3]
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(#2 E50)
&left, &top, &right, &bottom, &h, &v);
/* A rectangle and a point */
/* Possible Python call:
f£(((0, 0), (400, 300)), (10, 10)) */

Py_complex c;

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

/* a complex, also providing a function name for errors */
/* Possible Python call: myfunction (1+235) */

2.1.8 LY RAZHXBEFSH

K¥ PyArg_ParseTupleAndKeywords () FEHIAIF:

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

arg 5 format %5 PyArg_ParseTuple () ERETE X —5. kwdict &% Ef’ﬁ/"ﬂkkg/\f’%ﬁ/\}\ Python
IBATHF R A F . kwlist TE S & DA NULL 85 R IFAFER A3, B kA D AN AERL
5k B formar WZEAUFE EAVCHL. AT, PyArg_ParseTupleAndKeywords () 2RFEfE,
R B H5 | A — A 24 1 5

ik
HCE I CATE M K TSRO TR AR, A kwlist IR T S8 S FE TypeError 5.

AR T-2 ] R S TR, /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[] = {
/* The cast of the function is necessary since PyCFunction values

(T
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(B L)

* only take two PyObject* parameters, and keywdarg _parrot () takes

* three.

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

—~KEYWORDS,

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

bi

static struct PyModuleDef keywdargmodule

PyModuleDef_ HEAD_INIT,

"keywdarg",
NULL,
_1,

keywdarg_methods

bi

PyMODINIT_FUNC

PyInit_keywdarg (void)

{

= {

return PyModule_Create (&keywdargmodule) ;

}

2.1.9 MWEERIE

XA RIS PyArg_ParseTuple () RAH{L, FEEHUNTF:

{PyObject *Py_BuildValue (const char *format,

2) 8

J

1=}

AT, 5 PyArg_ParseTuple () M, (HESHuAUEIEA R IIETEE (AL R
B, miARR ). FRZAR > Python X R & Tk [nl C eR % 45 Python (TR

—~5 PyArg_ParseTuple () KNI, JoiHin] AETG ZAYERGR [ — o4l (Python S LR EZ
TEN TSI e, I T 2 i 45 HiAth Python B BAZ 4. Py_Buildvalue () A4 MICH,
FEZT VARAFAFER I SR oA, AR a7 o 2 Mk [] None |, —ANSHWEHEGR 0112
B g . ARESRSR A N — BN 0 B e, s & — I IeRMIcd, HEAAR TR

5.

BI5 M2, A2 Python {HE5R):

Py_Buildvalue ("")
Py_Buildvalue ("i",

Py_BuildValue ("iii™"

Py_BuildvValue("s",
Py_Buildvalue ("y",
Py_Buildvalue ("ss",
Py_Buildvalue ("s#",
Py_Buildvalue ("y#",
Py_Buildvalue (" ()")

Py_BuildValue (" (1i)",
Py_Buildvalue (" (ii)"
Py_BuildValue (" (i,1i)",
Py_BuildvValue ("[4i,1]",

123)

, 123,
"hello")
"hello™)
"hello",
"hello",
"hello",

123)

123,
123,
123,

Py_Buildvalue ("{s:i,s:i}",

"abcll ,
Py_BuildValue (" ((ii) (i1))

i, 2,

123,

3, 4, 5,

456,

"def",
(i) ",

789)

"world")
4)
4)

456)

456)
456)

456)

6)

None
123
(123, 456,
'hello'
b'hello'
("hello',
'hell"
b'hell'

()
(123,)
(123,
(123,
[123,

789)

'world"')

456)
456)
456]

{'abc': 123, 'def': 456}

((x, 2y, 6))
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2.1.10 S5|ATHE

TE C/IC++ BT, BIF RN TT S B B HE heap 4 W NAF. 78 C B, JEad BE%L malloc () A
free () R5EM. TE C++ HZHAE new Fll delete SRSZHUMIE I TIEE .

AN malloc () ZrFCH) NAF R AB0 N 230 18 B — O free () WYTR IR 112 W] FH A7 .
Al free O WIIPHLARR B2 QR —DHMBEPLEES TG N EHRAT free (O WA, BTG B NFAAE
R 225 2 Wik T H A o AR A Ak . 70—, QSRR A — P HHb b T free ()
SR IGENARSE 0 FZ RS, B 535 —A malloc () V& FIXHZ N AEH ) 3 0 oA v g8 . SRR
jﬂ;égl R A F. BRI GRS TRV GBI —FERERE — ROt S iRE R . B R
ﬁ%k £ .
D7 R e e A A S R L AR RS A o AN R B T AR A, TSR, R
FEMONAFEE . BIAE— LU eR A0 1B BORT BERG IO SR A M A A iR 45 4, AR E i R R AR B Bl T
ARG R AR AR, Rl G B s s . PN, —B5IA, B EES
MELARSIN ], AR A T A R AATG, T BRI S AR BRI N AE, BT A A E A
ggﬁﬁ%ﬁ)ﬂ?ﬁﬁ@%&ﬁﬁi LGN R, AR A, AR 2 SR R A M
Hiko
Python ifiid malloc () #l free () & REHNAF/ECHIBERL, [FIFETTSGREG NI A EF FR 5. Mk
PR R 71 T A RPN S — g, THEER R B S X RS T 1
WA, M5 HIECH OB, RRNROCEBRAFENE LT, ST AR T .

7Nk B FEReni. CAINGIHTT AR BEE R S kg, T R2aX B A 307 HPAIX 7>
P E SR B U0 2 PR T BRI free () o G — M2 il BE s A7 6]
SR IEAME) . ShaEXS C, WA MR A Zhhr s, w51 LUl AR B R R SE 8 (%2
malloc () Al free () BEURW IR, Xthie CIRMEIHARAY). WIFUGH —Ra MBI A 305
elulie s, (HAERCHTFRA L2055 1 Rk TAE.

Python (LSR5 TR, RER0E TORERI I, LA IS | IIORER. X AEAHRY )T/ H O H
s RHEAY QR TARERG I, X5 TR — 55 e R EER RN & (TREER) 1951 H T4
5, ProAfRER PR RIGG TR Z 00 SRS I THESE BTG R [BAE T35 B ER IR &
BRI ARG, WA BCA IR LASNY S T

OB PRGN A BEAS A I B (Bl G ERIF BE IR E A ] go MEBURHE T — Az f T il 4 iy 77 2 (collect ()
PRED, PAREANBCE RIS TIN A AR I A5 1 e -

Python hig5| A itE

H Wit % Py_INCREF (x) fll Py_DECREF (x) , A5 HITEIY M. Py_DECREF () tW&FES| it
BEE O BT . AT RIE, HASHBRA free () , MMl XT4n £ 2 2 210 BEFS £ H
Mo ATEABR @A), SR EREE 180 B BRGS0 4845

B KRB RBHKIH : ol Bfii ] Py_INCREF (x) fll Py_DECREF (x) 7 FRATEETIA—LME. %A N H#H
B ARG, AT A —AS VR B %R . —DRR5] HTHECE SChA S SR . 510
WHEHEA VARV Py_DECREF () , TE5IHAHFRER . SIHMIIAE X R ARG 5 =FhIpidk it
BIAMWEIH: Lk, 7%, WH py_DECREF () . it — A ME|H & FENF .

WA DA 45 A — AR . SR AE AN ZHH Py_DECREF () . f&H & LIHIEARERA X4
AR A S R E) . FEPE AL BN GG M A 05 A KB, Wi sE ket .

£ FAENT 5 | B SR AR T OB i AT, s, B AR O R
KU o S A i s e — S B SR IE AR RS b A TT R S AN Ak B i R 42 .

fE T LAZE NARE S, 8 Py_INCREF () . XASEIME LM E A ZHRIRS. X888
B AESI A, A TEENHAEETT Giia ELaE 48511, Gz sifis HI0E) .

AR R B RAEAIERI: I0H S IRAT L.
SRAHVHECE A VBT, ST S AT DAFEC SRR AR, F A AT R A S T A«
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wEAN

B RGBT — R BORT,  sRRU I 1 VAzds E P KR M2 E S5

KEBREGRE — DX L5, W E®ERSIAMAE XR. @5, A0 28X 20w, 6l
PyLong_FromLong () Ml Py_Buildvalue () , &#EMA X RGEEE. EENRAREIER
0, ARATER T DSRIS AT S 85 . —AN3E6l)& PyLong_FromLong () #E4 T—MATHEINELF, 0]
PAIR 8] 2L 47500 H B 1

M r—DRERBT R R, W FidEs| HX R, Bl PyObject_GetAttrString() . iX
By A E W, —2RKE NP Z6 /M) PyTuple_GetItem() , PyList_GetItem() ,
PyDict_GetItem() , PyDict_GetItemString () H ZiRIMITH . FFE. FHEFERTIH.

PR Py Import_AddModule () W&k EIER G, WA T HE SR BIAIEHIXT 5 XA ATREE A —A>
WA WG XS R AAETE sys .modules HL,

ARG 5 | B — AR B, E R BCR S R WERFFEAFE, L6 Py_INCREF ()
AR ST A . XA A A EERFISL: PyTuple_SetItem() il PyList_SetItem() .
XL PRI Z AL BRI G R R, WSk (5 PyDict_SetItem() KHFIEASEZTIHX
#, i1 IEFEHT).

B~ C R Python I, 2 IR 7 R SRS IS - R EIA XTI RIS, BreAE
(5 | A i 0 T DADRAUE 2 eR SR 1] o B85 ) 5 75 AP s s v, b B R A 15 L

WL Py_INCREF () .
Python ¥ i A C BREGR 1A 525 | B AU 15 | -3 X RPN R B b 45 T 3

fERSaY K

HOEEO T, AT HEREIE, HAW SR, XWE 2R R e, e
FEGINIAFELEXAT .

HEHE IR ENE O Z M Py_DECREF () F|—NJRRAS, MXAXRM5]| HEEH B —1515%
IICE . 2L

void

bug (PyObject *1list)
{

PyObject *item = PyList_GetItem(list, 0);

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

ARBTG5 1ist (0], SRUFEH List (1] A O, RIGITEMEMIGIN. FERILTH
e, HAAR .

TEFRATER B R IEA PyList_SetItem () . FIEIMAXMHAGLEMEIH, HILA4%H 1 g,
B EFFERZAE 1. ERMBRERAE 1 & NP E CRNSE), IS BREakeE LT
—A__del_ () k. WHRAZELGIMEIHITECH 1, BAEFERRFHHE __del () Fik.
BT E & Python i ERY, KL __del () FEWPAPATAEE Python AT, BRG] DA bug () H
X item AUGIHIREEIR? 48R PA! BREE A bug () HIFRRTPAGE _ del () F¥EDIN, BEiAATR
FT—41ER)SE M del 1ist [0] BYRCR, BEXEXZMEMRIE—REIH, EMaBs 2 MHxBn
WAF, MIMAE item K5

PRI, AARANE T BRI, SRS T IR S TR IER AR e A R

void
no_bug (PyObject *1list)
{
PyObject *item = PyList_GetItem(list, O0);

Ay
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(750
Py_INCREF (item) ;
PyList_SetItem(list, 1, PyLong_FromLong (0L));
PyObject_Print (item, stdout, 0);
Py_DECREF (item) ;
}

PR — ISR, — MBI RY Python 26 61 SRRV LIES , A AAE C i T AR 1762
TRE, A FAILME del O FEEKI -

XA [ B 55 R B2 A5 05 | S R AR AR R, %, Python iR B2 N AR TCEIE AN 1)
B, A2 RSRYE Python B4 25 E] . HA] DA % Py_BEGIN_ALLOW_THREADS Il
FPRERGX AN, EEHT RIS Py_END_ALLOW_THREADS . X3l Bl Se7EPH € /O P I 4, (A5 HiAthZk
FEVT DATESETE VO AR AL Bl . AR, W R RS R 2 pi AR A — A 1)

void

bug (PyObject *1list)

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

NULL 5%t

W, IR AE NS B R ERT BARME A AT NULL 3841, H E YRR R &8tk 0 (8
TEPAG SFEZ DA ) o RIS B R BGE & RAE 4 &L T 2418 1 NULL, A NULL
R i PRIAE T3 26 R B8 B B B AT I B A B 6 G A% 25 LA pR R - AR B BRI NULL, K52
SEK BN ITUAR IR IZ TS S .

BRI R ANE “PESK” EAGI NULL, BIFERRIRE]—ANTBE Sl NULL fF84ER, Bk H malloc () 1§
e A RET | K R 1 R B s ik

Py_INCREF () fll Py_DECREF () S ALK NULL $84F - (H2&, B4 Py_XINCREF () I
Py_XDECREF () <A .

FATF AR E X G 2R A % (Pytype_Check () A&l NULL 484 - FIFEHL, HRKERIDSIELSH
FHX B 2R — AR R B N UM R F S Y — XA TR AL . AFELEH A NULL K
R AS A

C BREUR AL SPRIEE % C BN S (AR Bilth args) 4482 NULL - 2R3 BB SR IEH:
Mot

FEAMTEHERS NULL $541 “WM#EE” 45 Python H] R @A™ EH A AT iR

21.11 £ C++ h R EY R

BT ATE C+ g G i, FURASEIRE. AR 427 (Python M) 2] C G e Al
HEER, RSN R E SN BE T . AR Ct S IR ER R EEIZ AL A X . %L
24 Python fREREAIA ] GEH HURAEAIIG LR ED AR extern "C" , TR TAE extern "C"
{ ...y AL Python SKLSCPENIA RIS AL, PEAUIRE L TS __cplusplus MEB &R AR
T A BN C++ il & i SUXAMAF5)

4 MARfE A IR RS R 295 i, XS IEAR T, R RIAAEAE TR IR
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2.1.12 A¥ RiERIR{ C API

WY REBGAR AL T B s B Python (1], {HA I FEALE LA AU R ] DAREHA g A B il

o BN, —A-P R n] PLSE Bl — AN 2B collection” 7 LK 2 154 T Y. 5% /2 Python 51| 22

i‘gﬁ @!(5 APT AV A HOR QEMZAES 515, IXASHTAY SR A N] DA — M C BT T 45 Hofth - fre i
Bl A -

THGREARR G HFE S RA o static), $Rfbia i k3cfr, PAK C APTIYSCR . 5K
b _EAEPTA 3 RS RR J& A 5 51 Python MRERR I 2 P DATE R TAERY . MBI DAL 2 FREE RS, —
AR AP RS SO 75— IMEEHORTT L . AT LAY AR5 OB T B0 R 48, — 28 RGERY Python fRE (1)
4 Jryfin 4% 23 (8] (Bl Windows), A LEMAESERE N 52— AN E S ALFF IR (— T2 AIX), =X
B PRUETERA R (4 Unix 251) . BIERATS 24 Rl WA, VREER Rt T B i R 2

N RGAR PR B RERIATS ] IR e . X RE YRR B Br A 47 SR I static
B ARSI A LR R, RIS 5 A Y R iy 4 o (FE B AR R 7 ik R Ao s 1 B B PR
X FRE R W% o Rl 1 HA 5 7 2R SR REBEERAT 1)

Python $2 {1t T — R AAL N R AN A B i) 75 — 9 s i C 2 (5 B (F5%1): Capsule,
—~ Capsule il & — M7 T4 (void*) [y Python ¥#i 282 . Capsule HAEIH M C APL R BIHAT)
], HEATAT ABAL AT H AL Python X R— ARt . Fplilh, EA1A AR S 9 A iy 44 25 [R] )
— AR ALY B AT DA AKX, SRIBOZ A FRR M, SRS\ Capsule RIS .

Capsule 7] DA Z #7730 C APL 459 AR . 31~ ek B0n] DA H CF) Capsule, s(EFTA C AP 4t

P DAFERELE— B L, B TR A 45 Capsule. FEAEFIZRIEEE- AT A Z Ry, L& Frmisibh
iR

FAARHESFIAT7 v, F IR Capsule 538 4 14, AR %, %K PyCapsule New () %1
name /% (const char+); SLUFRHEA— NULL #4405, 1960190 AU (RIS 2 40 FF . IE Bt
419 Capsule LT — 2 AT bE s SEAT TR Iy 2k BEIK BT/ o 44 1) Capsule.

WAL, Capsule T 258 C APL, A7 W iZs i 4~ LT -

[modulename.attributename

J

fiEFl e £ PyCapsule_Import () AJPATFfEIZAE Capsule 2L C APL, {fE Capsule f)44 "7 PLHL
o XAMMTHR C APL I it 1 i BER A 2 PR A IR R C APLL

A B TE R T AR A H R g e AR R AR BT 3, 0T I B ARk R
W, ERFETA CAPLIEE (FEX MBI T HIAG—A) 8 —A> void fREHEA, ERFBh—1
Capsule fEL. SRAHS R I SKSCPERR AL T — AR R B ABLRAIERICH: C APT %5 20 P it
3 2RV C APT Z B JaX A2 BT

SR X — A 7 S04 ) T FRHY) spam BHAIE L. B spam. system () HFAEEFH C FEH
Bosystem (), MW —KE PySpam_System (), X eREEIL L H 2 SR S LL T 42 Ay S0
(HANERR S A aN N “sapm”™) . %K% PySpam_System () & S H ALY R,

PR PySpam_System () &4 C iK%k, B HAMEE—FEF=I A static:

static int
PySpam_System(const char *command)
{

return system(command) ;

}

PR spam_system () C4ANF H Bk

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

const char *command;

int sts;

if (!PyArg_ParseTuple(args, "s", &command))
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return NULL;
sts = PySpam_System (command) ;
return PyLong_FromLong(sts);

(% L 50)

TERHITk , FEHATS:

[#include <Python.h>

I3 ShwE T

#define SPAM_MODULE
#include "spammodule.h"

#define I AR SCAFRE RS SRR, AR R il e, BEHE) 46t e s

WG4 C APT 5415041

~

=
=N

PyMODINIT_FUNC

PyInit_spam(void)

{
PyObject *m;
static void *PySpam API[PySpam API pointers];
PyObject *c_api_object;

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

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

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

if (PyModule_ Add(m, " _C_API", c_api_object) < 0) {

Py_DECREF (m) ;
return NULL;

return m;

1S PySpam_API gl static; HIMFEEIELHATE PyInit_spam () A5G KR!
Sk spammodule . h B —H#ETAE, HELWT IR

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

#endif

/* Header file for spammodule */

/* C API functions */

#define PySpam_System NUM 0

#define PySpam_System RETURN int

#define PySpam_System PROTO (const char *command)

/* Total number of C API pointers */
#define PySpam API_pointers 1

(BET I

)
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(% L 50)

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

static PySpam_System RETURN PySpam_System PySpam_System PROTO;

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

static void **PySpam_ API;

#define PySpam_System \
(* (PySpam_System RETURN (*)PySpam_System PROTO) PySpam API[PySpam_ System NUM])

/* Return -1 on error, 0 on success.
* PyCapsule_Import will set an exception if there's an error.
7

static int

import_spam(void)

{

PySpam_API = (void **)PyCapsule_Import ("spam._ C_API", 0);
return (PySpam API != NULL) ? 0 : -1;

}

#endif

#ifdef ___cplusplus

I3
#endif

#endif /* !defined (Py_SPAMMODULE_H) */

PR B RRAS 1T 7] PR AL Py Spam_System () B ZRU i S0 w2 7 HAT 46 4k R B b pR R (2B
R import_spam():

PyMODINIT_FUNC
PyInit_client (void)
{

PyObject *m;

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

RFTIAR BRGS0 spammodule h il TR, MK, XIMEANE T AR KL, BAGEH AL
1, BrPAREREEE S — K
t o i AR /2 Capsule $20t BN ZHEE, T A7 AE Capsule BLAYHE B9 NAE 0 BCRORE L. 240

95 %% Python/C API £ F 1 & 37 capsules £ Capsule #4231 (£F Python JEY X 7K Include/
pycapsule.h fll Objects/pycapsule.c),
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&t
22 HENT REE: HiE

Python 7045 C 4§ AHLE Ui PAM Python fURS H#RINAHTRA, XARR N ERY str Al 1ist AL,
JTA Y RSB AR SR — R, (HRAERTT IR A, T2 7 Leaiy . X SRR A
A

2.2.1 Kl

CPython iBATHF 2 X5 BT A Python X} R PyObject * KRAFAS R, X /@A Python XTZ 1) “HEAliZE
37, pyObject ZEHIRA G DAL X R reference count FIFG MNP “FEBINFR” WFa5t. X2 aEN
EEXTHTE bR BN G p o fRREA Z R R EE () R, B, #EXTS E&ER— BN, WA,
WE SR RS, X C B A .

FIPA, ARARAREEE ORI eI, R BRI R R

ARG BRI B TR AERE, TR D/ MESER R, BAE C T EEIR custom g LT A
44K Custom HH SR

ik

BCHLRIR Ay YR i L static 3 RKA LI . TS & RHA k. C APLBTTLARE SUTEHE |
SRR, (i PyType_FromSpec () %, (HARZEARATTEITE.

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

typedef struct {

PyObject_HEAD

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

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

bi

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

bi

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

m = PyModule_Create (&custommodule) ;
(BT )
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(#2 E50)
if (m == NULL)
return NULL;

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

I3

return m;

X RE R, XN TEEJ:*%?EXT%J: A SR E LT =05
1. —/>Custom WHREUEIIAVE: X & CustomObject FMK, B4 N1 Custom LBl —IK .

2. Custom REIWFTH: i_m CustomType Z5MIMA, B E LT —HBARH R Bt SR E I R
REE SRR R I A TS A2

3. W wI a4k customﬂ;%ij& X4 PyInit_custom RELEHNTNV Y custommodule G5MA,
LIS —H2

typedef struct {
PyObject_HEAD
} CustomObject;

Kt — HE RSB NZ . PyObject _HEAD &5 il ZERAE R X S 450 1k 2 Hi I XL
—/4H ob_base ) PyObject AT, HP & A8 ZRBXT LG TR 8 (XM
Al PAS BIME 22 Py _TYPE fil Py_REFCNT K43 ). i il 2203 f A2 51 Rl 52 ok A PR g i
O BN B

ik
‘&%E?ﬁ PyObject_HEAD JE{H /5. BAMNRINGS 2T BRI FEm 4

MR, MR THE PyObject _HEAD fEEEsh, A BIMEE; BN, 7 E LT FnifEf Python % &
e

typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObject;

AR B RN E X

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

bi

ik

HERARE AN C99 KA EIRIAAIE, PARESRS I FTA Y PyTypeObject FBr, HHMREZRIEAHE X
DR, AT DA R B W -
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#E object . WISk XAy Py Typeobiect BAT N bt HAHY FEL. RAMTFE A C 4
BAHTE, BRI BRI E TN, BARRERE .

ek —un, BR—I7FE:

[.ob_base = PyVarObject_ HEAD_INIT (NULL, O) ]

XAl p R, AR LA B3R 2 ob_base F B

[.tp_name = "custom.Custom", ]

MR PR R BAEFRATH N RA BN SCAR TR I AR e D B, Bl

>>> "" 4+ custom.Custom/()
Traceback (most recent call last):
File "<stdin>", line 1, in <module>

TypeError: can only concatenate str (not "custom.Custom") to str

HEREIAIE A S PK, RN AR PR P 2 FR . A R custom
MRALZE custom, PHBLFATRRBAFRBN custom. Custom, {1 ELIEMF 55 19 T A BEARXT T
PRI pydoc Ml pickle BERRFFAA SR EE .

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

XAERELL Python HITE 248 @5#111) Custom SLHIRTRENBLL DN, to_itemsize {UHTRAE K/
G M AE A L N ERN S .

ik

2R AR A B AR A K B W] AE Python w1 24k, IF HAR A 28 2 A E A B 2R A HL G A ] Y
tp_basicsize, HFAMRTIAE <8 B 2 B4R 8. RAY ALY Python H i 1 8 A AE
__bases__ HRHRIYIBTN R AT, B WAERHIRAREE __new__ () TIIARPF& . AR0]
DA 1 B PR AR SR B BAT BRI KA tp_basicsize [, fERZHRPE, X
HORFTLARY, N2 /R EERALR object , BEANRIFREIEEZEZUAS B B G, AR IR

/Ne

FHATEIEEVR N Py_TPFLAGS_DEFAULT,

[.tp_flags = Py_TPFLAGS_DEFAULT, ]

PrA AR SAE E TR AR h A G B w . % H R 1 2 41 Python 3.3 2 Bl YA A . 4N
RARTFEE L BILGL, ARFRFTRZOOAH R A AR 24T OR 125

FATA to_doc KA — AR FAFER.

[.tpfdoc = PyDoc_STR("Custom objects"), :

LR G, FATDARAE— tp_new ALPRZ: . XM T Python Jrik __new__ (), {HAAJIRK
HogsE . AEXMFOLR, AT LAGEH] API bR PyType_GenericNew () FrifibiEiASLEL.

[.tp_new = PyType_GenericNew, J

BT PyInit_custom () HEELEACAS, OO b b HL Al A 2 I AR AR 72 ) B A

if (PyType_Ready (&CustomType) < 0) }

return;

R Custom AL, Jy— S8 IRFEE MY BONE, EFHRERNHEVILRI 54 NULL /) ob_type.

24 Chapter 2. RERE=FTRIET R



Extending and Embedding Python, A {Thi% 3.14.0a0

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

I3

RORHERBN B BT b . ARFRATHEREE S Custom FSRBIH Custom SfI:

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

HOEXAE! R R TARRR AR E s EIdMUR A4 custom. ¢ BYSCHFH,

[build-system]

requires = ["setuptools"]

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

name = "custom"

version = "1"

%K pyproject.toml BY3CHEH, IfH.

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

TE4 N setup.py BISCHEHS SRIGHIA

[$ python -m pip install . ]

1E shell WV AZAE T HR F 7 4E— 30 custom. so H %4 E s IAEJE 3 Python --- {35 24 REAZ PIAT
import custom HZid{#ff] Custom ¥4,

XFFANE, XfE?
MR, AP EESCRBEARRETOR . ERAEEE, BT BE R AR TR

2.2.2 EEARGIFMBIEFT E

TR AT I TN — LR AN ok X A ARG o AL FRA TR ] DML . AR
B ASFIB custom2 SRESHIIXLET)fE -
#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 *

(T
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(% 750
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;
I3
return (PyObject *) self;
I3
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));
I3
if (last) |
Py_XSETREF (self->last, Py_NewRef (last));
I3
return O;
}
static PyMemberDef Custom_members|[] = {
{"first", Py_T_OBJECT_EX, offsetof (CustomObject, first), O,
"first name"},
{"last", Py_T_OBJECT_EX, offsetof (CustomObject, last), 0,
"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;
I3
(Z5 R 50
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(B L)

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 = {
.ob_base = PyVarObject_ HEAD_ INIT (NULL, O0)
.tp_name = "custom2.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_new = Custom_new,
.tp_init = (initproc) Custom_init,
.tp_dealloc = (destructor) Custom_dealloc,
.tp_members = Custom_members,
.tp_methods = Custom_methods,

bi

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

bi

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

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

if (PyModule_AddObjectRef (m, "Custom", (PyObject *) &CustomType) < 0) {

Py_DECREF (m) ;
return NULL;

return m;

IR TS 5 22 A B

PFE custom AW C SR G =AEdR @, first. last F number, HH first F last 25 B2 54 F

HI#E Y Python FAF R . number JETERE—1> C L.
X R A A5 R AP R B

typedef struct {
PyObject_HEAD
PyObject *first; /* first name */
PyObject *last; /* last name */
int number;
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(B LEm)
{} CustomObject;

ijj;zféf ERANTA BT AP, FATAE /O HAE PR G 0 2 FEARE . 2, FATHR A — R
)

static void
Custom_dealloc (CustomObject *self)
{

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

}

EWIRES te_dealloc fiia:

[.tp_dealloc = (destructor) Custom_dealloc, ]

P4 JeiE 2SS Python @RS 114, Py_XDECREF () ] DAIEHRALBESECA NULL (&S (GX AT
BEAE tp_new HIRKIMING &) . B BN 5N tp_free Wi H (Mt Py _TYPE (self) iTH
BE]) KRBTSR . HHEENSIEAN PIAE CustomType, NIRRT HERE A>T 2RA95EH

ik

TR e ] ik destructor £ HFATE X T Custom_dealloc $#5—4 CustomObject
* 248, {H tp_dealloc HREFREI T Z —1 PyObject * 4. ﬁﬂ%TLH—ﬁf( iR a R A
ik, X2 CIEE hmmX S 25!

A B OR— DHR— DA 2 TR, RN T —4> tp_new LB

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

CustomObject *self;

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

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

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

}

HHAE tp_new MG LA E:

[.tp_new = Custom_new, ]

tp_new ZLBRZR TTAIE (MIARYIIAIL) ZEBMXT S, BFAE Python iR EE N _ new_ () ik,
EATEE X tp_new 5, *F‘TL}?%Tﬁ%é@ﬂzm%ﬂiﬂ% PyType_GenericNew (), #ifg LT
Custom KA —ANHRAFTMAHREE . ZEMIEL R, FAIHEH tp_new AHIZRRYF first Ml last J&
PERILG AR IE NULL (1 ERIAE .
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tp_new FHEZPRBILALE (RZRN CustonType, ALRBELHIMLHIR—NTI) PARTEZER
BRI AREATSEL, FFHUMIR R T8 ) 5Bl to_new ALPRES SUR RS2 I EA K TS E, H
ENE RS ZMXESH, MHSEIE YR (B C oY tp_init B Python iy __init_ 8
B TR

i
tp_new AN EAMPM to_init, FNERESRSBITHHE.

tp_new LI tp_alloc HNDRIBLNAT-

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

T AT RS KK, RATLATEARSIT 2 MK cp_alloc ZRMHIAIIR N NULL,

ik

HATEA BITHGE tp_alloc . TfifH PyType_Ready () i NFRATHY I ARAOR B ATIH
FE, HAEIAN object. KARINFBUHRR M MBI B2 LM o

ik

IR TR E—MMERX to_new (ERTHMERRM tp_new M __new__ (), AR FaLEBlT
IS D7 YRR W S R T I 7 9k o LR TS A AR I 282, EA I e
) tp_new, BRI type—>tp_base—>tp_new. WIRIRAXFEM, IRAYRBAYFFEAR HHE
Hi Python 7 SCHY2EHY Python T2RAIBETCYAIE S TAE. (AR, (3R] RETCIA B ARRY T IE0) L
M2 &5| % TypeError, )

AL E LT — MR SHR N TN 5 BRI IR (W) 4 1 B AL

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

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

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

}

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

I3

return 0;

}

WL tp_init A7,
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[.tp_init = (initproc) Custom_init, }

tp_init fZ7E Python "PRFEN _ init () Jik. ERUNRIEQIEXIR G HIA TR ML, PIiR1L
TR ALEM K T SR, NN AAE IR [a] O ThifE H AR ] -1,

AT tp_new ALFRES, tp_init ARIE—ESPIM G, FEBNFEI T pickle BIRASTERME
BRSO BRI __init_ (). BEBATRERE YR o AL AERT ATERATAXT G EIRA __init_ ()
Jrike PL, AN B ER AU SN D . BIIMRIEAESS £irst BAURIA:

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

}

HR2IX A RE A faky . FATWEBOA RG] first MUIAMEAL, FIE T LRI RIS . B PA
WA DS PATZRVT N first AR RMILR: SEE e ] BEaREIE & At 25 40 b
B H A AR s AT AR B B AT X 52

N T RFFETIT A A TR X AT fEE, AL B ZAE A A5 | VT8 AT E AT B -
A HERAT AT AAS 6 P AR ?

o BIATHBRIES HITHEOCT 1Ak
o MFRAVHEXT SR WEAR SRR GIL WA G B TR FATT A ST AR [ 8 1 o %
o DA tp_dealloc ALFRER A SCRFBIRLIR M 225 | I THEC I

AT RE SRR FRA T L AR B A E . A LRy 20T DAMMEX — 5. SRl B 202 8 SO B )
TE S

static PyMemberDef Custom_members|[] = {
{"first", Py_T_OBJECT_EX, offsetof (CustomObject, first), O,
"first name"},
{"last", Py_T_OBJECT_EX, offsetof (CustomObject, last), 0,
"last name"},
{"number", Py_T_INT, offsetof (CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */

bi

I A S tp_members Fl7 H:

{.tp_members = Custom_members, J

AR S R AR R (RS, ViR SR . WSR2 2 1 72 /N
I3 T A 1EIE . section below for details.

BT A Bs 2 — R TR SRR ] B %5 Python JRPERIXT R Ipik. FA T first Al last (Y
ARRR TR, BTN AR AL & Python MR AL, X 2e)m Mk nl DAREIER, 5 C fadtik
9 NULLo RIMEFRATAT PAGRIUEX 28 1 AR A NULL {H, A0SR 28 Ja v g i 28 180 SR ATl A

NULL,

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

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

Gy

VMBI N B TR AR, WA R B SO A A
P AEATRBIPEATHE tp_dealloc ALFFRHHX—HLE], BIAFATN B STHRERLR K.
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(B LEm)
return NULL;
I3
if (self->last == NULL) {
PyErr_SetString (PyExc_AttributeError, "last");
return NULL;
}

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

}

BITIEVA LB 52— M52 Custom (8l:class:/Custom [11-28) LBV — S E C &%, Jrik
B AEBINENE B TR A BN R TS, AR PRATR R T2
BAH EZZ M ESHOTH SR B 7 2R . %Ik T PAT Python J5iA:

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

W ERATULIKA first Ml last MR AEN NULL. X2 R eI AR, £ e
2]{%%&1%7%1 Nt'JHLLo WA AR 2 B 1 A ok 28 S e R S B (R RR 1 P e . FRATRAE N TR
AR X — 55

BAERNTE G S0 Tk, BATHREAE— 7 ke SCRE:

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

bi

(LRI A T METH_NOARGS MENFAR W )y ¥ AN ME A5 32 self DASMIAAEAT S40)
X HIRZE tp_methods fEAV:

[.tpfmethods = Custom_methods, }

&G, FATEEIRATHZER AT I VEIR A T2 2. FRATRS D e S FA TR 7 DAME B TR S P B R
SERE BB R 528, BT AFRATT 75 B 2 Py_TPFLAGS_BASETYPE ¥N INE|FR AT JE R
FE S

[.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE, J

AT PyInit_custom() HEAF44 N PyInit_custom2 (), T PyModuleDef %A b phith 44
FR, HHH PyTypeObject Z5M AR A .

i, BATEH setup. py UFERBITFAIBIL,

from setuptools import Extension, setup
setup (ext_modules=[
Extension ("custom", ["custom.c"]),
Extension ("custom2", ["custom2.c"]),

1)

IRIGFATE 25 A RERS import custom?2:

[$ python -m pip install . J
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2.2.3 REX T IR R M E EARE R

TEATTH, AR Custom /BB first Fl last JEMERIBRE B AT R AR . 2EFoN] F—HA
Wb, SCHIAESR first A1 Last Al ARZBOR AR AT AR (EEE iR . JRN17 B friX e m ik a2 &

TAFER

#define PY SSIZE_ T CLEAN
#include <Python.h>
#include <stddef.h> /* for offsetof() */

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

} CustomObject;

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

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

CustomObject *self;

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

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

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

}
return (PyObject *) self;

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

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

if (first) {

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

Py_SETREF (self->last, Py_NewRef (last));

@R

I

S

)
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(B L)
}

return 0;

static PyMemberDef Custom_members|[] = {

{"number", Py_T_INT, offsetof (CustomObject, number), 0,
"custom number"},

{NULL} /* Sentinel */

bi

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

return Py_NewRef (self->first);

static int
Custom_setfirst (CustomObject *self, PyObject *value, wvoid *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 O;

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

{
return Py_NewRef (self->last);

static int
Custom_setlast (CustomObject *self, PyObject *value, void *closure)
{
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the last attribute");
return -1;
}
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The last attribute value must be a string");
return -1;
}
Py_SETREF (self->last, Py_NewRef (value));
return 0O;

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

{

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

static PyMethodDef Custom_methods[] = {

bi

{"name", (PyCFunction) Custom_name, METH_NOARGS,
"Return the name, combining the first and last name"

b
{NULL} /* Sentinel */

static PyTypeObject CustomType = {

.0b_base = PyVarObject_ HEAD_INIT (NULL, O0)
.tp_name = "custom3.Custom",

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

.tp_flags = Py_TPFLAGS_DEFAULT | Py TPFLAGS_BASETYPE,
.tp_new = Custom_new,

.tp_init = (initproc) Custom_init,
.tp_dealloc (destructor) Custom_dealloc,
.tp_members Custom_members,

.tp_methods = Custom_methods,

.tp_getset = Custom_getsetters,

bi
static PyModuleDef custommodule = {
.m_base = PyModuleDef HEAD_INIT,
.m_name = "custom3",
.m_doc = "Example module that creates an extension type.",
.m_size = -1,
bi

PyMODINIT_FUNC
PyInit_custom3 (void)

{

PyObject *m;
if (PyType_Ready (&CustomType) < 0)
return NULL;

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

if (PyModule_AddObjectRef (m, "Custom", (PyObject *) &CustomType)

Py_DECREF (m) ;
return NULL;

return m;

(B L)

< 0) |

BT ERH ) £irot Al Last JRTE, T 146 A i SO BRI AR R RL. DA R AL A TR
B £irst BIEREA

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

{
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(B L)

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

}

static int
Custom_setfirst (CustomObject *self, PyObject *value, wvoid *closure)
{
PyObject *tmp;
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the first attribute");
return -1;
}
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 0O;

}

BB B B> Custom MR “PIE”, Ja# k2. FEARBIT, %R p2ng. (M
A SRR RE SRR A% 13 20 BRI AN B B Y s U . B, 3 mT DA ofe Fei/F— 2 AR B A AL B R
BRI P A0 A B e s S B SR )

BEA R EBIRZ LA Custom WR ., FHEMPM . BriEnl fE24 NULL, X AP o0 T e . 78
FMIpBCE A, SRR PRI BR 2 R HB A R T W &5 % — iR

A6 PyGet SetDef Z5HHARHI%ILH:

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

IFTE tp_getset MM HHME:

[.tp_getset = Custom_getsetters, }

1E PyGetSetDef L5 A G—Tig LR R AT “PHE”. EARGIF, FRATEAER M, FitAal
HA{& A NULL,

FA TR IR T ok 48 M i 1 5 e L

static PyMemberDef Custom_members|[] = {
{"number", Py_T_INT, offsetof (CustomObject, number), 0,
"custom number"},
{NULL} /* Sentinel */

bi

RAVETEH tp_init IR H N R AV TR

3 BRAEFR AN first A last AL GERRFAGER, RS TAT OB A EN TR ERTHEOR AN, AL, FA TR 524 5
TRIGEB] BRGNS X AT QAT IR, BN A BEORUERE I — P AT H T I SE B 2 BATHIXT G A
ATl
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static int
Custom_init (CustomObject *self, PyObject *args, PyObject *kwds)
{
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL, *tmp;

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

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

I3

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

I3

return 0;

}

WXL, RATREBSHIAE first Fl last G —@E AR K NULL DAMEIRATHELE LT i 15 0L SR 1%
NULL {H## . IXEMRIE KHRS Py_XDECREF () W ARV ARl Py_DECREF () JHH . T4 HE
MO S F A ME— 37 &2 AE tp_dealloc SEELH, AR ELXLE AL B I LA AT AT BETE tp_new RN,

AL E Ay 4, 1R AR A B& KO IR A0 B8 B R BT A B, R I AT 2 RTBT I — B, FRATE
setup.py XIFANIN T — SN E Lo

2.2.4 ZHHEMLIIR B

Python HA5—~] AR HANFETE BEAOXT G A 08 303 =Dl 25 (GO) BIEE AT E] B0 . X Fh
T OLSTEN RPAGERT | I KA. pilhn, At

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

TEXABIFH, FRATEIE T MEEHE BWEE. MMM TEREHE, BRI EE ok E HA
S5 H. BB HITEOERENE. SErlE, Python FTERALR Bl # R & & L5 R LT
BT RECE -

1E Custom /RBIMEE AT, A AVHMEELRB X SAEGES] first B last @Y. 1A, 1E
ERMESARAT, BATE AT custom, HBEFRUURNMMEEEE. HFXPNEET R
fEAa]—A>, Custom XMGENAT A ASERF -

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

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

FLAVF— A FITEFRT Custom SLORERAEIR GC IERA A, FLA1HY Custom HKAIFEIH T
PR MR G TSI — AR R it i X LA 6 -
TEL, MR AT R BI FAF R S0, PR R AR AMERE st TIN5 Rl 83 | A
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#define PY SSIZE_ T CLEAN
#include <Python.h>
#include <stddef.h> /* for offsetof() */

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

} CustomObject;

static int
Custom_traverse (CustomObject *self, visitproc visit, void *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 0O;

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

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

CustomObject *self;

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

if (self != NULL) {
self->first = PyUnicode_FromString("");
if (self->first == NULL) {

Py_DECREF (self);
return NULL;

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

}
return (PyObject *) self;

static int
Custom_init (CustomObject *self, PyObject *args, PyObject *kwds)
{
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL;
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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 */
bi
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_XSETREF (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, wvoid *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));
(Z5 R 50
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(B L)

return 0O;

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

bi

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

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

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

bi

static PyTypeObject CustomType = {
.0b_base = PyVarObject_ HEAD_INIT (NULL, O0)
.tp_name = "customé4.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,
.tp_new = Custom_new,
.tp_init = (initproc) Custom_init,
.tp_dealloc = (destructor) Custom_dealloc,
.tp_traverse = (traverseproc) Custom_traverse,
.tp_clear = (inquiry) Custom_clear,
.tp_members = Custom_members,
.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,

bi

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

bi

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

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

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

return m;

}

W, P AEER GC HLERENS SN IEER T TX 4

static int
Custom_traverse (CustomObject *self, visitproc visit, woid *arqg)
{
int vret;
if (self->first) {
vret = visit(self->first, arg);
if (vret != 0)
return vret;
I3
if (self->last) {
vret = visit (self->last, arg);
if (vret != 0)
return vret;
}
return 0;

}

TR UMASGER T A5, BATRF I visit O RS, BERXPEBLII . visit ()
@%&%gg?%‘ NG 258 T IR SR arg {EAHSH . BRIl —AHEHON AR T AE I TR
(e Py BE A

Python $£{it T —A~0] B 38 i visit KLY Py_VISIT() %, M py_vIsIT (), AT PAfR/ME
Custom_traverse HHELR TIEE:

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

Py_VISIT (self->first);

Py _VISIT (self->last);

return 0O;

&1k
tp_traverse SCHUIRF S EHERM Gy 44 A visit F1 arg DAMEEH Py_VISIT().

B, AT R TE HRE BR AT n] AS G IR X 52

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

}

J

W Py_CLEAR () FEIM . B2l AT 2 2B AW BUR B M b Ko | 8 7 B2 4
Ko WRAREEPEAER B NULL 2 [B)7E @t BV Py_XDECREF (), NWEMmtria#s nlgE<
PR BGZ B RS (% 30 2 WSAETES | FEFRIITE) -
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#:
YR PAIE A PA N B ¥R AR Py_CLEAR () :

PyObject *tmp;

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

Toe WAAr, o DN I P sk 4G 28 {di - Nevertheless, it is much easier and less error-prone to always use
Py_CLEAR () #@ B HEAS M EHAZZH AR A i i ML !

BEEs Custom_dealloc AIRESTEIE RIE MR AT E MG, XEWRENGER GC AT PATE R EL P TRk filt
%o BT GC S HITEAAE, Fi1FE@ESREHA PyObject_GC_UnTrack () ik GC 5 1EiB I
FHRBIR S . FHZFAIH A PyObject_GC_UnTrack () fll Custom_clear B HSEEL RIS

static void
Custom_dealloc (CustomObject *self)
{

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

}

Ja, AR Py_TPFLAGS_HAVE_GC AR INE| SRR -

[.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC, }

RFEZEAZ T . RS T HE W tp_alloc B tp_free 4bPids, WA ZH A IEFRLR
BICRIERE . KRZE AR B shie R4

225 FRILHMAR

OUEIRA F B KA B R ALE AT RERY . A 5y ORI B 2R ZMAIR DR el A5 (b fik
BT EH) PyTypeObject . TEA Y ALY (A3 X & PyTypeObject Gt RN FXER .

TEABI P FATRF R — MR NE 1ist AR subList M, PRI 2 RA T MR, B
FHA —HOMY increment () Jrik T el £ede e :

>>> import sublist

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

>>> print (len(s))

6

>>> print (s.increment ())

1

>>> print (s.increment ())

2

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

typedef struct {
PyListObject list;
int state;

} SubListObiject;

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

(ZF 50
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self->state++;
return Pylong_FromlLong (self->state);

I3

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

bi

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, O0)
.tp_name = "sublist.SubList",
.tp_doc = PyDoc_STR("SubList objects"),
.tp_basicsize = sizeof (SubListObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py TPFLAGS_BASETYPE,
.tp_init = (initproc) SubList_init,
.tp_methods = SubList_methods,
bi

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;

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

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

Py_DECREF (m) ;
return NULL;

return m;

(B L)

< 0) |

AARET I, RS S Z BILA A custom R BIHERE AL FATHE—HrENTZ 18 #Y 32 2 X5 .

(typedef struct {
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(750
PyListObject list;
int state;
} SubListObject;

URAE B TURT G 1) F2 B2 S AE T BB R R AR S — M. FRAUG O S S R i Tk 6
57 PyObject_HEAD () .

24—~ Python %} 4 /& subList B SE BN, B PyObject * f 1 A DA#E 242 4% Hb 53 ] 5% 4t
PyListObject * #ll 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;

}

FATATVATE T B AR A2 i B B2 init () Tk

XAMREATEG S HA H & X tp_new Al tp_dealloc M AMZREINREE ., tp_new AFIRAN HHG
tp_alloc MXFR LR ECNTE, M2TERISEEHM A CW tp_new KA E.

PyTypeObject /il tp_base & FRMM IR, i T 81 & i % & (0B, AR Tk %)
PyList_Type W5 HIREHIRFIXTBG B Y B AERIHA 46 b o £ h 58 il

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;

}

TEP ] PyType_Ready () ZHl, REEMEMHME LI tp_base L. LIATMIA LKBIRARS
EATENRF tp_alloc WiAIHIE N PyType_GenericNew () -- & H B 7) L bR AR S B4R -

FEIRZ )5, M PyType_Ready () FRRFZEAUNF GIRINEIBE YA 5 EAN) Custom /Rl —FEm) .

22. HEMT REE: #iE 43




Extending and Embedding Python, A& {ThRZ 3.14.0a0

23 BELY RER: EFXEH

AEY AR RIS MR AT ASE I ST vk S T RERY R R 4
X2 C XM pyTypeObject HYE L, &g T T HIHE T B

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

/* Methods to implement standard operations */

destructor tp_dealloc;

Py_ssize_t tp_vectorcall offset;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

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

reprfunc tp_repr;

/* Method suites for standard classes */

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

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

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

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

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

const char *tp_doc; /* Documentation string */

/* Assigned meaning in release 2.0 */
/* call function for all accessible objects */
traverseproc tp_traverse;

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

/* Assigned meaning in release 2.1 */
/* rich comparisons */
richcmpfunc tp_richcompare;

/* weak reference enabler */
Py_ssize_t tp_weaklistoffset;

/* Iterators */
getiterfunc tp_iter;

iternextfunc tp_iternext;

/* Attribute descriptor and subclassing stuff */
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struct PyMethodDef *tp_methods;
struct PyMemberDef *tp_members;
struct PyGetSetDef *tp_getset;

struct _typeobject *tp_base;

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

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

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

PyObject *tp_subclasses;

PyObject *tp_weaklist;

destructor tp_del;

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

destructor tp_finalize;
vectorcallfunc tp_vectorcall;

/* bitset of which type-watchers care about this type */
unsigned char tp_watched;
} PyTypeObiject;

// Strong reference on a heap type, borrowed reference on a static type

(B L)

XA RS IR BRI, WRAREE L8, Gl ARSI R Tk

S B R
B AFRATIAS S ARAI E NI S5 4 (A B SR DHf . 8 R 2 5 4R 38— M B AR AR 2 v Bey 9 1

IEARIE RN —FE, FRATIE S — P N 24 R A BEAR T jﬂﬁﬁ%dﬁ‘i@%ﬁ:
R WU (2538 BRI 2 3

[const char *tp_name; /* Jf T4 B */

)

RN 45 - J:*E&z@] dH, SMIERZHIT, TP TSR . 22ilik

XTI WA B

H—MraT,

[nyssize;t tp_basicsize, tp_itemsize; /* F T 48 */

IR B RIEA TRME QIR S B RIS B 2 DN AE. Python Sy AR K BG4 (4

gfﬁvh%’ )Eﬁﬂ) HUENE H, X2 tp_itemsize FEFEEMIEH . XH0FY 5 ERE.

S

[const char *tp_doc;

X ARA A E — B A e (B B Rl ) , 24 4R4H7E Python AR /i obj . __doc
ERERL R

PAEFANIRE — T EALRTTIE - KB AL TE
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2.3.1 KLEFMAERER

[destructor tp_dealloc; }

MR RSB B0 2 H. Python ffREER A ZE Ml B iy, KR AR 2. QR 288
AT PR A T LM 3, ARV AR B IR B . X R AR S TR B X BB . AR 2 BL R A 7R
B

static void

newdatatype_dealloc (newdatatypeobject *obj)
{

free (obj->obj_UnderlyingDatatypePtr) ;
Py_TYPE (obj)—>tp_free ((PyObject *)obj);
}

ANRARR B SRR AU, WA R 25 I 24 78355 B AT A A T B Z BT ] PyObJject _GC_UnTrack ():

N
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 R AL IR 2 IR T RO R CE A S . X R E B PR S W R &
WH, MFERBE (MAEERRED, AAEMINERIPRREE S — DR8I E . R
A AT AT AR 2 5 B A ) Python FUHE KA S R G IR B . 3 W] B3 BUBRERR 1% 3%
BiiR. BRI R, TN ERIERT, RS, RETEHEREIRE . &7 Al
PyErr_Fetch () Ml PyErr_Restore () HRECEILH:

static void

my_dealloc (PyObject *obj)

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

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

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

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

PyErr_ WriteUnraisable (self->my_callback);
else

Py_DECREF (cbresult) ;

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

Py_DECREF (self->my_callback) ;

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

ik 1
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PRAETERE L 28 R B 2 ATH BE R A R W. w58, R AR 38 B S 5 b7 3wl e (fF A
tp_traverse M/ tp_clear), XZRIFR BT ATER A tp_dealloc WIgfiE A el & 4s. H
K, f£ tp_dealloc W', MREFLRIGAETARERS: BREIHHTHRETE. (FMXFIEBREN 58
API [IE A LT R 7= BT de 20T BE PR IR A tp_dealloc, SEONEREBOT &4 R .

M Python 3.4 JH4fy, HEFFAEAE tp_dealloc R ILHIALRD, MMM tp_finalize 3
Ly

S
PEP 442 iR TR A LT R

23.2 HRBR

1£ Python H, A WA =0 AT PAAE IR i SCAR R repr () BREURT str () BREL. (print () BRESH
PR str (). ) IXSEAL PR N2 W] 0 .

reprfunc tp_repr;
reprfunc tp_str;

tp_repr AAPRRRFVIZIR I — N FERFREX S, P ETHH BRI ERER. Tl — o)
T

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

WERBAHEE tp_repr AHE, MPREERRHRZOE— MM AR to_name HIFIRTE A LU R B ME—H5

P

tp_str APIEA T str () B EIAR) tp_repr MMBEERAIT repr () —#F; tWalidil, 'E 2 7EY Python
PRBETEARBI S RIGHA B LV st (O WPORA . ERSEELS tp_repr BREARFMMLL, EHEHRT
PR ARER I ARARAE tr_str, MM to_repr ZAPEERRAE .

N AR R BT

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

2.3.3 BHER

KA T LR R B E RO GE AR A R B i R AR S s . R AN RES
KR BRI R (AR TR E ) B84 55— R sok B d e (R ek EErE) . BRE
P —FRERR GO, RSSO BAL A AL BRER A F () NULL,

Python SZHFPIA AL BEES ;. — A SCRPBIE B A B TG 2 S U — XA s . B Y 2RI T —
Xt char* fERJEPEAFR, M5 —X W52 PyObject * . RERNSEAUHR AT DALEER B AR T SCBLRY (# 1
P A T SRt
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getattrfunc tp_getattr; /* char * version */
setattrfunc tp_setattr;

/% 500 %Y

getattrofunc tp_getattro; /* PyObject * version */

setattrofunc tp_setattro;

ANSRT 1) — SR S B S P B2 AT B GOREAE T SCHEATARRE) | WU — 2z J] s T i) e f it
PyObject* AHIEIEAFLREL. M Python 2.2 JFUGNS TR L Jm A B IEAL PR 1) L PR 2L P E 58 42
R, RAIRATAEREVEZ WM AR B 0 R ) T ez AL 617

ZBERNER

REZY IR Wispmtt, 84, RAFAlb/EmAes: “fs” Ue? s e T LA
L. 4 Ji] PyType_Ready () B, WZHIEEIER & 7K.
2. AR ERRR AL BRID R R R R P R e, AR BARIA (R

TR, MBI B PR ELAA SRS 18] SO 56 Kt B A it X AT AT KR 40

24 PyType Ready () #EIH I, B2l 2B 5 | 1) = A 365100 2 508 3 2800 R 10
i flydescriptor . BRI AR SR W SE BT G — A @R DR . BN RE R TR IR =R A
FR M NULL, DWHZZEA A SR U B AT R SR ARk )@, I BB 241k tp_getattro fl
tp_setattro FEHRFF A NULL, PASRIAFHJEAE AL P IX 2L @ P

FHAE R object:: ARG = NFB

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

WA tp_methods Ak NULL, WIELAFIFE—4~H PyMethodDe £ Z5MRL KA EL . RPN
H #B A 1% S5 F A — S5

typedef struct PyMethodDef {

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

const char *ml_
} PyMethodDef;

doc; /* docstring */

I 24 R % B PR R B O EER R E L— DA H 5 MEERBARFOR I L T e Uk H .« IBFRETER
Em—A8oMNaAH B MRS R IR A H o %R H (1) ml_name “FBUAZNA NULL,
S AR R E SCE WSS R LB T i . ARG C RNy s2 850, I Hysi oy =]
DA R B s o R E i e SOA:

typedef struct PyMemberDef ({
const char *name;

int type;
int offset;
int flags;

const char *doc;
} PyMemberDef;

XFRPEANLE, BRI E— A descripior T INE) 87 b il H G808 M S B S5 AR H R BUE . type
FENV A G A RBAAR N Py_T_INT 8¢ Py_T_DOUBLE; Z{HXFH T8 & 404 Python {H 53N C
Ao . £lags FBH T ARAFEE B M Z A B 1 i) (9 R« /R W] DAY HA5 Sk Py_READONLY AR 1E
Python U5 i% & E .

i tp_members FRMEH TBITH AR RS EE — A8 I8 S 2 AT A A X5 S T 0
AT DA B o A 2 Hr R A SOASR I B — AR R SO AT R . — N AR AT AR 4 APT 2R
N5 B ARE, HMHE _ doc_ JEME KB 4R .
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5 tp_methods F£—FE, FEH—AMH N NULL ff m1_name W§IE44H.

KBERMEIEER

HT R, X HUEIR char* ijUAR; name JESHYRALZE char* Fl PyObject * KM 12 [H] i ME
— DGl XAREI SR LTS B8z H s GIARIE R (R I AE Python 2.2 FRIEINAYIZ ] 52
Fio EMERE T AL PG R ECZ AR IR, PSR ARER S5 2 eI ShhE, Rt BA 402
it S o

tp_getattr MHH SN REFE AT EBEEL NG ERHAHNTES —1HER
__getattr_ () JIIREGIAM RGN

il

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

PR IRBIN __setattr_ () B __delattr_ () HIERTSIHM tp_setattr AbPERY. 27TFEM
Br— N EMR, E=ESRN NULL. NHDE M B G | & E01 1 WX SS@ /R ZER,
tp_setattr ACFRERN B4k ik~ 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 MRLE

[richcmpfunc tp_richcompare; }

tp_richcompare APRESRAEFTR LTI ISBIAM . BRMUT FHRFE, Hln_ 1t 0, H£&
# PyObject_RichCompare () fil PyObject_RichCompareBool () JHH-

PR IR R FH BERE % A Python Xt flizs BAFVE A S 4L, iz HAFh Py_EQ,Py_NE,Py_LE,Py_GE,
Py LT B Py_GT Z—. ‘BN 4 5 5E Ha ATk L AN SR U B E i B iR [9] Py True B
Py_False, N HEHERVERDE SEII B 2l AT 42 LL 4 ¥ MR 0] Py_Not Implemented, B
AR E T S R [H] NULL,

R ARG, AN IR R A IV SR A 2 A AR

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

PyObject *result;
int ¢, sizel, size2;

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

(T
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newdatatype omitted */

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

case : ¢ = sizel < size2; break;

case c = sizel <= size2; break;

case : c = sizel == size2; break;

case c = sizel != size2; break;

case c = sizel > size2; break;

case c = sizel >= size2; break;

I3

result = ¢ ? Py_True : Py_False;

Py_INCREF (result);
return result;

(B L)

2.3.5 R ITH
Python SZHFZ A b 27 MSC; Wt A M I 2845 10 % 1132 LTS AE abstract AL .

XL G DR Z A2 AE Python SEIUF A B FINWOE o H5slih, Bor . BUATRIT S SON-—IF it
E 42 Python FYZL ARy o HABSUNNE S RGN o AT HOBIRELE R F S Z S B i b B g B AR A M
K, BRI OE O G2 5 | Y AL BRES A AT e o X T BB A M-SR A E 2R R ik
ABOMNARERL, FAAT— DTSR G R A B %A (L B2 th AR R A A . (BRI AR 2459
FERAMEARE NULL fR§OL, T ABCEZ AR R A I — R B A A, (EIAR AT T REARF AR SERS )

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

WERAR A BBARBINS R AT R — AT PP X &, IR 2R 2o B CE — A2 T C 258
PyNumberMethods, PySequenceMethods B PyMappingMethods, I&iH A& FHNE . VRE 7T E
MWEIE A BEEE R . ART] DAFE Python JEACHS AT IY) Objects HIgH#REXLEXT R 44 H I R

Bl

[hashfunc tp_hash;

WERARVERESLBE LR, T8 2 S AR A S 2R ) S o] — IS A (B, T — AT ER A s

static Py_hash_t
newdatatype_hash (newdatatypeobject *obj)
{

Py_hash_t result;

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

return result;

}

J

Py_hash_t j& M ET T RE-F G RAFT S HBEZEM. M tp_hash R[] -1 FR &4 THiR,

DR AT 2 AR 24 R S Az S R R, A0 TR TR Y

[ternaryfunc tp_call;

)

VLR B AE W AR SE BN , 28 B, AR obd 1 AR BRI B S il il Python

JAIAALE T objl ("hello'), MPBFARFAM tp_call 4bFELE.
MR B2 = SE
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1. self JZAERVE A H AR EEEE ISR, W iHH 2 obil (*hello'), W self y objl,
2. args RUTTAMSHICH. RATAA] PyArg_ParseTuple () RIS,

3. kwds 2 G AR X BFSEARN) FH. WRE AN NULL HARE R X EFESE WA
PyArg_ParseTupleAndKeywords () REEHSE. WRARAA SR REF S 800 E A E NULL
i, M5]1% TypeError HA —MERA R R EFSEIH L.

MR MR PR tp_call SCH:

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;

3

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;

028 R ELFR AL T XA SR . XIS Rz — NS, RIEAT)E F B T 8 i 52
B, HRE—NFETIH . YRAERIRE, BV KE DRI RRE NULL, tp_iter XJ5T Python
__diter_ () F¥, M tp_iternext XN T Python __next__ () F¥E.

fEAiterable XA RAFLM LI tp_iter ALPREE, RALPLERALIR ] — A iterator ¥4 . T2 Python 3¢
JIt B2 A ) — - I

o XITFRAPASCIR 2 M AR 2 A (WS RFITA) , R M AER IR to_iter IAQIEIF
iR [l —ASEr IR AR o

o HBERA NI R GEF R T IRAEAER I Em, BISCrExtge) wl AR [ml— >4 1k
F BRI HRSEH tp_iter - FF HOWBLB N M5B tp_iternext AR,

{EAiterator 35 #RM 24 [ SCH tp_iter Ml tp_iternext. — A EFCEEHY tp_iter AbFHEER 4R [H]
— AMEIAZIEAEETT I . B tp_iternext ACFEEER 243K [ —ANHE [ ACHRE R R — X105
SLH, WREE T MHRPE. WREREREARE, W tp_iternext A PLR[E] NULL A E F
W, BUE AT DAFEIR M) NULL Bl b SN E StopIteration; @ STH AT DA A TR ERE . AN
WA T BRI R, W tp_iternext WY R E—FH IR M NULL,

2.3.6 55| AXH

One of the goals of Python 555 | I SEELAY H bnz — g AVHMERE IS 5 555 I HLHT A A EILEREAT
g (BIngey) LB T

S,
weakref BIHRLIYSCRY,
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SRS | ERT S, PREERFHRE tp_flags PR Py_TPFLAGS_MANAGED_WEAKREF H 4%
o IHAMY tp_weaklistoffset FRIMAMRFFHE.

FL Ryl , PATR AU S R S8 R A RE T

static PyTypeObject TrivialType = {
PyVarObject_ HEAD_INIT (NULL, O)
/* ... other members omitted for brevity ... */
.tp_flags = Py_TPFLAGS_MANAGED_WEAKREF | ...,

bi

ME—F) RN T2 tp_dealloc T ZEFRATMES5 ] H GEEH Pyobject_ClearWeakRefs ()):

static void

Trivial dealloc(TrivialObject *self)

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

2.3.7 EZEWN

N T2 A AR B 2R B S BT AR 07 ik, TR CPython RS JEA Objects Hk, A5
£ C PSCHF PR E co I EARBEER R 2L (B0, tp_richcompare). VRRFHREIIRALZESL B o8 K1)
BT

MARTTEIUE— DX GR W ARSE IR BAR LB, 6] PyObject_TypeCheck () L. E
H— AR Bl

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

S
TF# CPython JE{RISRAS .

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

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

24 BB CIC++ ¥ R

—~ CPython fJ C ¥ J@& @& — I (Flin—A> Linux FF) .so, 33 Windows 'K .pyd), HEFH
#/\ FR R IR

AT RN, WEFENAE PYTHONPATH Higl Y, HaAidg BB A PR 44, A By R4 . 4
fifi ] setuptools B, 2 H a4z BIEAf ) O£ .

HIG R E FREA AT
PyObject *PyInit_modulename (void)
R EOR A e B I A R, B—> PyModuleDef SXfil. 1AL initializing-modules | fifHH .
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ST A ASCI 4 fd (i 42, BB E PyInit_<modulename> , $f <modulename> i Akl
M4 F . 248 ] multi-phase-initialization K, FeiF(# Fl9F ASCI gmtd A 44 . BURHRI IR AL BRI 24 2
PyInitU_<modulename> , Jii <modulename> 5% Python [{] punycode 9t , EFSFHEW N LI
2. 1F Python Hi:

def initfunc_name (name) :

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

return b'PyInit' + suffix

A PME—A B RL 2 R, lid E LEAWIIR IR A T AT 35 AT o i s 7 A
E‘%, 7%)%% A XN TSR R A S B R T AN E R ey S AR EY, fE PEP 489 1
(BN

2.4.1 {EH setuptools #3§ C 0 C++ ¥ &

Python 3.12 S T B AU MAS A T4 2 distutils, #52:2% https://setuptools.readthedocs.io/en/latest/setuptools.html
L) setuptools SCRYRE L4 T AN ] setuptools KA @A/ & C/IC++ § .

2.5 7 Windows F#33 C 1 C++ ¥ &

%5 AT A48 T Al i i Microsoft Visual C++ /)% Python ) Windows " A HE, SR 5 B2 it f o6 H
TARHIERR S R 5 E . XA RPRE By 3& H T Windows F2J5 5 2% 2] #478 Python § i PA J Unix #2
J D2 ) QAT A= BEAE Unix 5}5[] Windows _- ¥ B B DIAG B 4K 14

AR A distutils 7 CORA Y AR, TN AT iR . RIS FHEM A C 4%
oA g Python; 3 #; 4 Microsoft Visual C++,

ik

B B T AL E 4T Python WA SHHSCIRA . BESCHEA AR XY A SRR 15
SR, "X REAARETE ) Python ARG EIRAS M 'Y REMIRIRCAS S . Bilan, GnsRAREr (A
42 Python 2.2.1, XY ¥ 22,

2.5.1 iEz\i5EA

57E Unix b—#¢, £ Windows i et g i 7 =: ]l setuptools tRIEHIMGETE,
T3 RAE . setuptools HEGEH T RKEZ P J; i setuptools MFEAIFT MY RASTH R SCR L 1%
JA setuptools 13 C Fo C++ 7 e o WRARKINVREM FFETSh#AE, IABFFE—F winsound ARifE FERIHR
T E ST RE SR AH ). standard library module.
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2.5.2 Unix #1 Windows Z IV £ 5%

Unix H1 Windows X TS #is A7 RN 758 A R ATE . FEARSE 1 2l gh i 2 i e 2 i,
BT R R G T TARRY

£ Unix o, — ISR (L so) SUPEAP A SR AR PP ok B A0S, BB S ER e h il R B 1Y e 244
PRAE . 4 SCPFR A AR i, X SCPEAURD ok L8 R BRI Bt 1) 405 | R S oA R 1 AR Fy
Hh R BRI AE N A7 BT OB R SE B B . XA BRI BER AR

£ Windows 1, —AEIESHEEIE (. d11) SUFH A BAERIG I . el — AR ok i
AT . PHAEIZ AT I DLL AU A AT i g el MR, AU E 40 T DLL ik, 7+
HALIZATIN AR R DB B AT 171K & 1 B BRI 50df «

£ Unix o, RPFFE—BRESCHE (L a), BREREAZDXGRICMT (o) RIS, FEBIHILZX R (- so0)
WsERE T By, e ] AR R ILE A RE RS AT AEIE B Y o HEE AR PR R X G 3L
ERE; WRIE T, SRS R B GO B RS

1E Windows 1, FEAERFERTY, BSEMSAE @ RAHZ - 1ib). FSERLT Unix 19 . a 34
THEELER AR, SAFERAR FAUH LR e e E iR & A, I HASE
DLL a8 m i BT RE e oo AR a vl 0 ok B SR A0 5 M 2 2 28 DA 8 ) R 0 3% 7E DLL
HRIPR IR 24— AR el DLL g 84nt, wWRESEm— NS AR, BREaH TR
DLL A3k T A O T3 L4455 1#) DLL.

R ARIEAEG PRI SIS EA e B Al C, BTN 450 — MU A, 7E Unix b, /R REFRfA.a
RO EEEAREN B.so Al C.so; P& FECEREIEMIK, XFE B F C X0 R#A M H CHEI4 . 7E
Windows |, i A.d1L FFEBRIEA. Lib, /R B 56 A. lib BE4AEES T T BAIC, A.1ib HAH
A RS R TR TR A AR RE R .

f£ Windows I, 13 AFEA S 2 MM import spam; BiLARW PAVI spam FIGAFR, (HIF AL
B—AHMEA . #E Unix b, 88— EES 2 from spam import *; BEol@— R4,

2.5.3 DLL gY=cPriEFH
Windows Python J&7£ Microsoft Visual C++ HH#4 7 ; fi H HAth gm ik vl gE S Wl REA & TAE. AT
REBITAZET X MSVCH+ 1.

47E Windows Q% DLL i, {RUAZHF pythonXxy. 1ib fe45dieds. 241 M1 DLL, spam fll ni (&
) spam FRERENRY C B0, ARE AT fird:

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

BRI T =44 spam.ob], spam.dll fil spam.lib, Spam.dll A& {EfT] Python pR%X
(Bt PyArg_ParseTuple (), [HEId pythonXY. Lib I DAKIE Q4% 2 fir 351 Python 4.

BAMAAE T ni.dll (A .obj Fl . 1ib), BEHEFALT spam DA K Python RJHATSCAFH 4R E B
e

AN REAPRRFI S T H B AR R SRR EAE T H AR (035 Python) #REER BRIIARIRATF
RNE | _declspec (dllexport) , FUUNFE void _declspec (dllexport) initspam(void)
B PyObject _declspec(dllexport) *NiGetSpamData (void) H1—%Ff,

Developer Studio SR ZARIFAFIETHR LAY P ALE, 24 VR il AT SCHFR/INE I 100K, B4R E
AT, T E BB Y S R e BN . FFIEFIRY msvertxx. 1ib #INEI S E
H
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AE KRN HZF RN CPython Z1THY

A, AR EAEAE Python MRS 110 TR RE AT, i &AL CPython iz fTIHR A B
KREGRAREF e AT AR T I 5 AR B B el — L4075

3.1 EHENAERFEA Python

B JLEE T A0 Python BEATHRE, a2 anfar i) C s %429 5% Python HYZIAE. Suid okt il DAY :
Ff Python iR AF C/C++ I AR Fp H 5 BB 3X AP AT DALE B AR 7 ) Python SR SEHL R LL I fiE
AN C 8 C++ o IBSAMRE: HanfeiF i /7 Python 45 —LERHIA, DA E il b 1A% e 12 75
Ko WRFLETIREN] Python S LRI S, AT AN R H O WAEX AT

Python HJIR AT 9 €, ERSEMIFE]. AR ZAAET, §7% Python I I I A% 7 HY 3248 P15 9% 2
Python f#RE4%, TMifx A Python I (1% 2 7 1] fiE55 Python 58420 3¢ il j& W AR P (9 2 Le 35 7 /R &
¥ Ji] Python fFREAS K12 T— L8 Python f{HY.

P, #24m A Python, sZHEMLE SR EAE . b AR BAYFE < — 2 Wi a5k Python ffREds .
BV R Py_Initialize () o A LEn]BEAIA I W] i) Python (i ar &ATS 4. Z GBI AN
PP AT AT 77 A AR 17

PR AR 7 s 1 J LR T 1] PyRun_SimpleString () f& A—/5 Python i AR 747 H:,

H][i] PyRun_SimpleFile () f& A—> stdio SCPFFREHRI—AN S04 (UFERS R B AR ENRBIEM) o
T DAY R 725 3 F4 2 R R M 5 (1) Python XF4R .

S0

c-api-index

AICEM AT Python B C 1. X BUA RELEIIFEE.
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3.1.1 EEREHBA
SR Python W AJE0RE RLR FIAEA B2 A0HE 11 o 682 110 E A2 FUT— B Python B, T TG-S
PR B BRI, DL O AT DRI AR SEA SCPEEAT AR

#define PY_SSIZE_ T CLEAN
#include <Python.h>

int

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

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

/X WTFTRTHEMERELER +/
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 0O;

exception:
PyConfig_Clear (&confiqg);
Py_ExitStatusException (status);

ik

#define PY_SSIZE_T_CLEAN #{ K450 Py_ssize_t W 4¥EHL API FALEE int . BM
Python 3.13 2 R FRRRZE, EIRAVEREEH T N34 . 15515 arg-parsing-string-and-buffers K%
FNOET BuY

X HE PyConfig.program_name W 24¥F Py_InitializeFromConfiqg () Z HighiE FH DATE 451 FE
# Python i247Hf R BEFE. H2 Tk, Python fERER G/ Py_Initialize () RWILRIL, R)GHATHE
#hL17 Python AT I H AN . FEMZ J5, Py _FinalizeEx () JiAPRECHIMIRERS, FlEPZE AR
Jf o TEESERIRRTH, VRATRERRZ M HARIE IR Python AR, B R M SUARSRERAFBIRE . SO B B0
4RSS . (i PyRun_SimpleFile () BREAT AT LFHM SCUFER X Python AU, 3CRF R A4S 243 L P
2 B AN B SCA: P 2 ) R
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3.1.2 REFEREBRABIPRE: #k
7o A 1 RE ALY, IR 7 H AT AL AT Python AURS, H 38 Aot T it Je AR 24 RIS« 0o o B Aol
IR BARG ANV« JLT- 0] ASEBUAT I hRE, AU RISEEZ K C AL,

PR, R EEARE, {13 Python Flik A Python By REAH 2L, i LEEH e 1R 2 4032 UK
KA T UHIX— S, AYRkE—T M Python F| C #y9 AT EIRM T4

1. X Python %54l C #% X,
2. FEREEEE AT CRRF IR EOR A
3. REUR R [ B A C #5404 Python 452K
ftx A Python B}, 2 FTAURS ik AR :
1. 5 C sttty Python %3,
2. ARG B TR Python 42 1% BRI T
3. RFIA AR AT B A Python B4y C A%

R B B TR, DA B S T 1 o ME— B DR AE PR B e e 2.
(IR PR RO . FESRATH RIS, A —A C ek, ST AR R 224 Python pR%LC

ASOREIHEMTIECRAL Python 638 C %, 2N 53 9NEIBSE e RERS TERN BT | FHIFAL 6K
Bt TR SRR R A TS B, B I S DA AR

3.1.3 RfERA

R B AR@ 0T Python A H R8I, AL 2 U0 IREE, Python REEHF A S ELIR S
R P AT ACH, (B R — R — %) -

P47 Python JIAS g LI pREL, AR ANTTR

#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 = PyUnlcode DecodeFSDefault(argv[l]);
/* B % pName W 48iEKB N */

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

if (pModule != NULL) {
pFunc = PyObject_GetAttrString(pModule, argv[2]);
/* pFunc & — NF I A */

if (pFunc && PyCallable_Check (pFunc)) {
pArgs = PyTuple_New(argc - 3);
for (i = 0; 1 < argc - 3; ++i) {

(Ca)
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pValue = Pylong_FromLong (atoi (argv[i + 31));
if (!pvValue) {
Py_DECREF (pArgs) ;
Py_DECREF (pModule) ;
fprintf (stderr, "Cannot convert argument\n");
return 1;

}
/* X BB Y pvalue 5| H: */
PyTuple_SetItem(pArgs, i, pValue);
}
pValue = PyObject_CallObject (pFunc, pArgs);
Py_DECREF (pArgs) ;
if (pvalue != NULL) {
printf ("Result of call: %1d\n", PyLong_AsLong (pValue));
Py_DECREF (pValue) ;
}
else {
Py_DECREF (pFunc) ;
Py_DECREF (pModule) ;
PyErr_Print ();
fprintf (stderr,"Call failed\n");
return 1;
}
}
else {
if (PyErr_Occurred())
PyErr_Print ();
fprintf (stderr, "Cannot find function \"%s\"\n", argv[2]);
}
Py_XDECREF (pFunc) ;
Py_DECREF (pModule) ;
}
else {
PyErr_Print ();
fprintf (stderr, "Failed to load \"%s\"\n", argv[1]);
return 1;
}
if (Py_FinalizeEx () < 0) {
return 120;
}

return 0;

}

(B L)

IR RIH argv 1] Iz Python A, FH argv (2] REMEE. RENEESEIE argv L
AR . QR0 40 R (AR AR AT PATREEFRE call) |, I & $fT—> Python

B, 5

def multiply(a,b):
print ("Will compute", a, "times", b)

c =20
for i in range (0, a):
c=c+t+tb

return c

RIGER N2

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

SUEAIHIREINT =, AP AR AP, (U 2 T Python Al C Z Al &ttt , DA KR

HrifiR. XA Python A ERHR M ILIT U5 -
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Py_Initialize();

pName = PyUnicode_DecodeFSDefault (argv([1]);
/* Wi %k pName Hy#ig il */

pModule = PyImport_Import (pName) ;

WAL RS 2 I, W PyImport Import () MI#EMA. WEEINSEE & Python F&5H, —4
fl PyUnicode_FromString () ik sl B0 =1 7455

pFunc = PyObject_GetAttrString (pModule, argv[2]);
/* pFunc & — A5 A */

if (pFunc && PyCallable_Check (pFunc)) {

t
Py_XDECREF (pFunc) ;

J

A —Em#Ekse s, #ies ] PyObject_GetAttrString () ERJBMHEAFR. WRMAFRAAFE, H HigH
BTG, BTl o s SRR ARSI T, IRE R R SEE R T . SR R A
77 CH H Python pR%:

[pValue = PyObject_CallObject (pFunc, pArgs); }

MERBOR M, pvalue B2 NULL, B2 EXREPORMERIG T . w566 78 EREIZE 1 .

3.1.4 ¥R Python Thie# 1T &

BIEATR AL, # AR Python RS IE A RETS I B AR AR YD RE. Python APLjaiid 4 R A MR AR SC
BT E—rle WU, YRR RO I A RS T . BARITEARA L :, Hd
BOR2HERE . H B EIL 2 Y AR ¥ /R 30 1 Python R . MHEN AP AR —HETRT, RS
— LK AL Python P X 27 RE R, MRS Ll Python § AR F—FE. Bl

static int numargs=0;

/* BENABRFH#ATUSHEE ~/
static PyObject*
emb_numargs (PyObject *self, PyObject *args)
{
if (!PyArg ParseTuple (args, ":numargs"))
return NULL;
return PylLong_ FromlLong (numargs) ;

}

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

bi

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

bi

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

}

FEmain () REZ BIEA LBRAS. HAEP Py_Initialize () ZHIHEALL R SEM]:
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numargs = argc;
PyImport_ AppendInittab ("emb", &PyInit_emb);

XM HIARIE | numargs A8, FH (iR A\ Python ffREds nl LAV emb . numargs () B @id
XKLLy, Python AT DATRAT VAR #ft:

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

TER SR R R, XM IARHE I ) APL 25545 Python 1] .

3.1.5 £ C++ i A\ Python

B[ DAKF Python iR A C++ A2Jy ik Ul , SCHr SR HURT Cr+ RGEAYSLBANTY; —fims M
C+ 5 5 AR, ) C+ i R iFFIEEEAR P . AL C++ B4 Python A5,

3.1.6 £ Unix R homiF st
hT 5 Python fRRESHR AR REFF , RBIEF A IFSEUL S Siidas (RIBERRS) HIES 3, FRile iy
Python A AP A C 3P e (. so X)) mTEsi Bl .

N T B TR AR B RS 22, AT pythonX. Y-config JiIA, B 2AEZH Python A iy
(LATBEFFAE python3—config HIA) . MAFILNZE, HHA TSRS HEAN:

e pythonX.Y-config —-cflags ¥4 H A IESEL.

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

—~g —fwrapv -03 -Wall

e pythonX.Y-config --1dflags --embed JF%5 HAEGER R B IR

$ /opt/bin/python3.11-config --1ldflags —--embed ]

-L/opt/lib/python3.11/config-3.11-x86_64-1linux-gnu —-L/opt/lib -lpython3.11 -
—lpthread -1dl1 -lutil -1m

ik

R T G Z A Python 4G A G| AR AL (FEHIETE RO LR MAM H ComiFiA ) , 2
pythonX.Y-config f§E4aXfkfe, a0 EBIFTIA.

MR FIR T EARNEEN ORBEFIEX T Unix Z9F-GH8ERG WG H bug 45 ) , iSRRG X T
EhASEERER SCRY, 1467 Python ff) Makefile (Jf] sysconfig.get_makefile_filename () %%
eI E) FgFSE. XA sysconfig B @AM LR, W g LR H &M
Bl g, Hedn:

>>> 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
AAPNT& X

o interactive shell Hiy AFFIRACRSETERINGY Python $2/R4F, FRIRARD AL RE LM RS, Zof ik
Mo RaRE (BHES . HisS . IS =E55%) 2 W, SORERE R
e Ellipsis NEHFE.
abstract base class -- 1% 32K

G IR ABC, &N duck-typing RN g, EHE T —FpE 3 O BgFr =, Mz F AR
BN hasattr () ST TRMECE MR (FIAEEH BA ). ABCHIATELTIE, X
FIHEdhR 5 HABZE, HAMIRER: isinstance () fl issubclass () FFAAT; FENL abe BiHSC
#4. Python HAFFZ N HE M ABC T SLBIEIEE5H (1E collections.abe i), % (7F
numbers B . P (7E io Biderr) . SAERIRAMESS (F£ importlib.abe BidH). K
ATAMEE ] abe SR A)E H T ABC.

annotate function
A function that can be called to retrieve the annotations of an object. This function is accessible as the
___annotate__ attribute of functions, classes, and modules. Annotate functions are a subset of evaluate
Sfunctions.

annotation -- Bl
KRB A B KEtE. REUESEERIMEMRS:, B £ 20261 R .

Annotations of local variables cannot be accessed at runtime, but annotations of global variables, class at-
tributes, and functions can be retrieved by calling annotationlib.get_annotations () on modules,
classes, and functions, respectively.

See variable annotation, function annotation, PEP 484, PEP 526, and PEP 649, which describe this func-
tionality. Also see annotations-howto for best practices on working with annotations.

argument -- Z 5§
FEVE FH BB B L 45 function  (8method ) WH. S8 RWiFh:

o REETF AA0 TERBOR M P RTTEAFA AR AR (B name=) SCEAME A ETERTHA ** BT
JLHLRMERR A 25BRUE, 3 71 5 FELATXF complex () WM /@ T KT SEC
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complex (real=3, imag=5)
complex (**{'real': 3, 'imag': 5})

o 2 E Al AET KB TSES . MESEOT T SEON RN I K AL/ 85 1w
WA * Witerable BEFTCRPAL A . 2BIKUE, 3 F1 5 LA NI PR T S 4

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

SHLAAH oA R X R0 ey MO J o A7 SORGLIN B calls —45. AUif I, (AT
AT AR BHG BT A ORI R RS B

A B Wparameter RIEFRZH , HIMEH SHSESH X HILAK PEP 362,

asynchronous context manager -- 535 |- F S04 PIAS
PR Sl 8 X __aenter_ () Fll __aexit_ () H¥ERXf async with 156 RYEREEIEST
. o PEP 492 5| A,

asynchronous generator -- 535 42 % 2%
IR [B{E “Masynchronous generator iterator A ERE. B-5H async def & XL IMERBARAMLL, A~
2 e FEaE vield #EAX =4 —RFIWTE async for FEHHEHIKME.
WARTE 238 50 AR s R g, (BRSO I NPT BE2 48 75 A B RS . WIRFEEE
FARBME , EEH AR AR L.
— AR SRR GBS await FIAK B H asyne for AN async with iE4].

asynchronous generator iterator -- 5335 2l ik 4% 210 %%
asynchronous generator U BT o

WXt & TFasynchronous iterator, 4 __anext_ () Jy¥EJEH IR B —A 0] EE R0 4 B P T
S A AR R R B A E B R A yield ik,
A yield IEHFEEARE, DA YBIMERIPIRS (B RHAS BRI ry 548]) . 41% 7
ARG EREMEL __anext_ () PR B AGHAN T SRR R A RIKE R, BB E RS
AT, 20 PEP 492 il PEP 525,

asynchronous iterable -- 525 n] 3 {C%F 4
— A0 PAFE async for iEAHME AR L. LAEAEWN __aiter_ () F¥EIRIE]
A~asynchronous iterator, ) PEP 492 5| A,

asynchronous iterator -- 5525 %03
— AT __aiter () Ml __anext_ () HYEMINS. _ _anext_ () MR [EI— awaitable
W4, async for PR ERERN __anext_ () JriENR B W SRR B2 HT [ A —A>
StopAsynclteration B#. A PEP 492 5] A,

attribute -- @
KIREN— X R, WE AT RIEXIEAFOET I H . 20RUL, WS o BAJEME a WAT
DA 0.a KEIHE.
WX R AV, FFRPE e SN identifiers (Y AEAR IR A TR AAE— DX BB Ed 2 T DAY, Bl an s 5
setattr (). BCPEIREERGEHEM 45 kUK, M RUAUR getatts () IR,

awaitable -- W25 04
—AHE await Fia P H XIS . R PAEcoroutine BY -2 B _ await_ () FERMNZ. &
I, PEP 492,

BDFL
CRBACZEMEET PGS, B Guido van Rossum, Python 18 .

binary file -- — 3k Sk
file bject REHSTEE 551 % “HEBSCPHIGIT-GHDL MBI (xb®, 'ub® 3 ' xbr ) FTIF
B3, sys.stdin.buffer, sys.stdout.buffer DA} io.BytesIO fll gzip.GzipFile
A SE 11

TS Weext file T fREENS TS st XMRIYSARTZ .
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borrowed reference -- {i A 5|1l
1 Python [ C APT v, fHIGI 8 —FXIR51 1, HHZ RN ZTIH . Rt
ZOEH BN B2 B — AN B dg g B, 3 RIS v ARS R G 1 B S5 — > strong reference
R E.
HEFEAEborrowed reference FRJH] Py_INCREF () DA FHbEEW Kystrong reference, B5dFR24%ZX5%
TCEFEMEA G A G — R Z iigas % . Py_NewRef () BREUAT AL AR ATE— A8 Wstrong

reference.,

bytes-like object -- ‘7= %I} 4
7 ¥ bufferobjects H H.5B 5 H C-contiguous N4 . X35 bytes., bytearray fll array.
array X%, PARIFZEE menoryview X4, FA AR A E 2 fp ZaEfIEdR R ER AT X
SO E R RS . PRA7 N B SO DA Sl i B R RS

TR BRI BB . BE R A SO PR TS AR, WA
LHIPI 7045 bytearray L bytearray i memoryview, HAHREER —HERBRIERT A
AT ¢ RS AR BT 4 bytes DL bytes AR memoryview.

bytecode -- ‘¥ Yift
Python J§ IS 29 413 A F 1R, B CPython fi s H1 38/ Python 27 RS . A5 idid <
GATAE pyc SO, SXREESE IR PATIR SO B S (PT DAGR 25 PR BB G 1 N RS ) 6
P W EE S B T EAR R AT R T AL S B virual machine 2 .o {37 AN[R] Python FE i)
ML BRI A—E A, WA —E REFEA [F] Python A b 3%,

FATH G4 HFE R ATE dis BEH) SR A

callable -- W] & % 4
AL G2 v AP TR s BT 4, v RERTHT — B8 (B Wargumenr), i DAF i

[callable(argumentl, argument2, argumentN) ]

function, &V fEF method 55, WET AWM. KT __call () FFkMIFMLAIEET
IR VERoE

callback -- 1]
—MERSEAL A PAH DATE AR B FA I 209808 F () 1Bl R

class -- &
AN P SO R BIR . 288 SCGHEE L B X R SL B T ER e s
class variable -- 3725 5

TEZE P E AR R, T HAURAES MR G B (AR AEZE R L Bl B D) -

complex number -- £ %
X SRR G, Hoh Ay B AR 3R A SRR — AN R R . RO IR (-1
W AAR) BOSEREEL, EEEREFETE N 1, FE TSR 5. Python W& TXIEEM LR, R
TR R B —A 5 5%, Bl 3+15. 533 math B Py 4 1t i 48 $iiR
A, A cmath, EEEHE AR SR EEE R . MRS LEE, ZREiIH
I A A [ A8

context manager -- |- F L5 PISS
fEwith iBAhdE X enter () fl__exit () FEREHFERSH XS, &0, PEP
343,

context variable -- |- F {2 H:
— PR LT JE R SO T AR RN R (AR B X AL TR A SR R A i A A T R AR T
AEHA AN E. A, M7 E R38R, —MUTEET R a 2 LT3, mETF
SCAE R BRI K R ATR S AR B TIBER . S0 contextvars,

contiguous -- ZE5%¢
— NGRS C & 45 Fortran & S WON R TSN . F4E% 0 /& C il Fortran JELL) . 7E—
A, Prf 5% B O WA R AR SRR HES ], RN IF IR R 0y . fE24E C-i&
SRR, YR NAEHLEEHES B B S — &R S Rk B BB P (HJEHE Fortran JEZ 440 h
o s — ARG etk
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coroutine -- e
iR TR E—R e . FHIRE T DR — S AT — iR o PRI AT DATEVF Z AN 1Y
s bEdEAL ABEAKE . EATEE asyne def iEAPRSIEL. 20 PEP 492,

coroutine function -- {IpFE R %k
iR 8] —A~coroutine X EEL. VIMERE T asyne def iEARE X, HTREEE await,
async for fll async with 85, XL EH PEP 492 5| AHY.

CPython
Python #iA215 5 WL LB, 7E python.org [k ffi. "CPython” — i) B - 7E W B IR b 52 PR 5 HiAh
SEHEIAN Jython BY, IronPython #H X 4l

decorator -- gy
R EE AT — A RE R L, EE T ewrapper VAT R ORBAT B . Bt 1 H W1
fFE classmethod () Fl staticmethod () .
TMAETE HE—FiEvARE, DUT A RS UTETE X B 2%

def f (arqg):

f = staticmethod (f)

@staticmethod
def f (arg):

FRERIRE S IE T2, (Rl R/ R . A 228 Mg T il 2 0 R EBCE ORI 258 LAY SC
4,

descriptor -- {{fiiA %
EMENT __get_ (), _set_ () B __delete_ () HIEMNG. Y—ARIEM AL},
CHERI AT M S TE B A R & . GEFIEOLT, W ab RAEEL. wESMER BN
BF&FE a B FH P ERAFRN b XI5, (HUER b 22— DAL, W8 XS B i b 2%
PRAFFE IR R MR 2 SE IR 2 R B Python [ 548, ORI @i 2 EEERERGALAY, S5 RE. Tr
R FHIEJEME . . BRSO ARSI | 4%
HRFIRLR I ERI 25 K., 725 descriptors B, fiiiA# 57

dictionary -- it

—ANRIEEAL, HoP AT R R T B A S RO . T AT RS __hash_ () 1 _eq_ ()
FHEWIRTS . 7E Perl 154 hash,

dictionary comprehension -- ‘i G5,
A IR — AW IE ARG ) BT B A e R T IR M 45 R M — P R R H k. results = {n:
n ** 2 for n in range (10)} ¥FERB— A8 n B n > 2 WG BT, S0

comprehensions,

dictionary view -- 5= L ¢
M dict.keys (),dict.values () fldict.items () JR[EIFIRTEPHRAFIME . EAHRET
FMELH— DS, X ERE 4TI AR, R SR A . B A P 3 i 5 oy
BEIFMAFE, v 1ist (dictview) . & dict-views,

docstring -- R4 45 H
TERZE . REEE WIS — D FREX R I PR . BRI TR 29 20, (He
BRI R AT . BREEIR ) __doc__ J@Mk. T EFTHTRENY, HIER
TR G SO A AR

duck-typing -- -1~ 2354
FE—PhIRARE RS, B AREEA AT R BOR A v HO2 5 B (B0 11, T2 B R A B A
FESE M (BRGNS T, RN IR A E RS T ) TR i AR e A iR
T RS AT s 2 SRR T R . MR type () B{ isinstance ()
fﬁgﬂlﬂo (EZF RGBT AT 40 28 % MR sE. ) A2 R M hasattr () flE & EAFP
HitE

64 Appendix A. RiEXBE



https://peps.python.org/pep-0492/
https://peps.python.org/pep-0492/
https://www.python.org

Extending and Embedding Python, A {Thi% 3.14.0a0

EAFP
ORIFIRHORVFRTE A 5" IS0 S o X P Python % FH A CHE S 55 AU S B0 BT s 1) SR R PR AT AE
FAEBE BRI AR A o XM TG PRI AR R e KRz ] oy Ml except 4], T HAM
XA BT LBYL W, #ILT C SR iF HAhif = .

evaluate function
A function that can be called to evaluate a lazily evaluated attribute of an object, such as the value of type
aliases created with the t ype statement.

expression -- Fik R,
AIRASK I FEAME R TEE BT e A)ihie, — 3R FA T RO e . A%, JEtEvim .
BRAFSREOR LR, ENSRAH SR M. SF2HMEF AR, HAEIAES WD
RRIAK . IDFEARR AV ERIL L Wsratement, BN while. WR{EW RS THEAIMIEREA.
extension module -- § i i
PA C 5 C++ B RYBLEL, {8/ Python /1) C API Sk 51 5.0 A RIS T4 B .

f-string -- f- 45
i ST A A S FTTE AU o S S TN =BG 2 i Mt e i SR | e s o G S I =R AT
I, PEP 498,

file object -- SCFX} %
KEANATEIR ) SCIERY APL (7R read () 5 write () Z5¥E) PAMER FERIEMXTSR . RIGHA]
BRI, SCERTR AT DAAC BN BSR4 LA R B A BOE A5 1R 2 R T ) (3 s e
WA WEZMIX, BT, %) SRR R 254,
SCp b AR SCEERT G SRR =2 ) SO, SR — i ) S PARCUR SR BT E
STE 1o B, RIS RAIE T 2 M) open () BIK.

file-like object -- UM%} 5t
file object 1) [E] XiR] .

filesystem encoding and error handler -- 3{ RS 4 k% X, 5 H A ALBI 2
Python Ik M EAE R GEARAS 757 Ha Al ) B RGeSt Unicode 1Y 2 i 305 B iR AL A -

S R G AR T A A A ARAIE RE B AR RS A AR 128 DA BITA Ed . R S R G gmt s X 0
VRAE I ARAE, W API pBREEFTfE£S S| & UnicodeError,

sys.getfilesystemencoding () fll sys.getfilesystemencodeerrors () FREAI#HE T ¥

RO R G5 B AL PR

filesystem encoding and error handler JZ7F Python JEZH}E 1 PyConfig_Read () ERECEECEN: &
] PyConfig fY filesystem_encoding fil filesystem_errors ¥ .

g2 Wlocale encoding,

finder -- 7 k3%
— PR A R AR loader XIS

TEAEWI AR BB 2S: T2 53K 2 Bl sys.meta_path ffiffl, DAKRKIZELE X E BEG
sys.path_hooks {fiff],

1% 2 7] importsystem il importlib DA T fR¥H 24175,

floor division -- [i] F HUHE 57k
] R i A B S RO B A R s . 1 R U RE B SRR /7 o fBiln, Rk 11 /7 41
THREEERE 2, S 2R S BIEIERERE 2.75 « FE (-11) // 4 &R0 -3 FH
XiE -2.75 @ F A ALGEILE R, WL PEP 238

free threading -- |4 hZF%
— PRI, FER AR R 2 L T DA IHZ AT Python “FH5iS . 5 ILARXT Y A2 global
interpreter lock, TE[R)— %] R RF— LA HUT Python 3515, Z I, PEP 703,

function -- pR%
AT AT A R B B — 5] . 38 7T DA HAR AT A S 4 HAE R BUAR AT R Rl A .

5 Wparameter, method F function £y,

b
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function annotation -- FREkRTT:
R4 sR B 2 8500k B ¥ annotation

PREFREE R T 2047 BIANRA R R BTE Z 4> int ZHOTHUR Bl —A> int {H:

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

PR AR TE I AR DL function —5

Z: W,variable annotation ¥ PEP 484, H.HpHiiR T ILIhEE. 25452 5 annotations-howto DA T it F Ax
M EAESE B
__future
future {41, from __future_  import <feature> FE/RImiREHH A A IR Python K& i il
H A ARE R TEYE RS SOR AU EIBI . _ future_ BICSCRICSE T W RERY feature BUH . i
1 A SEHOIE G AR B SRAE, ARV A B IHT R AR (T I o O A BB & R AR ER (81
EL) T CA BRIA

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

garbage collection -- 3 J% A
FEBON TR W N A 23 ) A 1 A . Python @il ad 51 T HEICRT— A~ RESS G DU AN T W A 205 | A 47
IRBIR RIS AR RATRIR B . ATRAGEIT oo bRz il S Bl ficds «

generator -- 7} i g3
MR [H|—A generator iterator WIRREL. BB RRARG T HEREL, AFSTETHAE yield kDA
ng FRIMEALLS for-TEHE F B2 it next () BREGE—IRIL

FORR A AR R, (AAERLE UL AT R4 £ B A R 3 . WEPRTE B EZA BAAE C, 7
ﬁiﬂ%éﬁ%ﬁﬁaﬁx

generator iterator -- 72 K 25 %12
generator PREUIT BN 42

A yield IRMMEFALH, ICEAAALAPITRE (G R A B Y try%”?) 2
M B R BN, B NETF AL ERSIAT (X545 U AR AET T 46 #4518 ;&%ﬂ“@jﬁ)

generator expression -- 2} i 7% 3k R,
W [H]—Aiterator Wexpression., A FEARARMGE 1 KX GH A E LT —MEHZE. JEFET for
TA), AR — AR 1€ T4 AR GRIXAS N INZ R N — R YA:

>>> sum(i*i for i in range (10)) # F K514 0, 1, 4, ... 81 z Au
285

generic function -- }Z 7 pf 5

fﬁlﬂéﬁ%ﬂ;@)ﬁﬁﬂ%ﬂfﬂﬁ%/\ PR RIOUT L BT BRI R P IR 2 v 9 B8 SRR R R 3% ok VR
LB

5 Wsingle dispaich RiEFR4%H . functools.singledispatch () Eifigs AN PEP 443,
generic type -- {Z 7!

Al SRk tpe; BHEHR 1ist 8 dict XFEM &88E. BT £ 2327 FLEft.

FLATS I 2R A48, PEP 483, PEP 484, PEP 585 fil typing fil.

GIL
2 Iglobal interpreter lock .

global interpreter lock -- 4> J5) i BEES i
CPython fERERR BT R B —FIHLE], BB E— B 2 LA — AN EKARFE AT Python byrecode .  IEHLH]
W E X RBA (5 dict SN E A -’EﬂﬁF?’ilﬁltﬂ a2 41k T CPython S,
IEARRERS NS SRR 2 LS T 8, A WL T 2 A0 38 Er ATk
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Rk, B P 8 7 P B TR e B R 2 ST B 5 AT 5 0 A W A R
GIL. A, FEFT VO HEAERF L R 2R GIL.

7E Python 3.13 1, GIL WA ——disable-gil #miRHLEREEH . £ HH i 451 Python 2
o, ARIDAHA X gil 0 ZEEAERE PYTHON_GIL=0 MMEA B Giafr. WWEHER-h £ &k
R I R L R sl ] 2 4 CPU N2 5 . L5 S 0% PEP 703,

hash-based pyc -- 5 T-Wa 1) pyc
o7 FH X B2 Y8 SC A 1) W A (L T I 5 S5 48 el el [ of i 8 LA ROPE W E T RS A7 S0 . S L pye-

invalidation,

hashable -- W[5y
—AXF GNP R AT A NAARSE A (BEFREA __hash__ () J7¥k), FFTRAR Al
MEHATHE (BEFEA __eq () HE) BEFRR TobA A 5. WG X G 0B A R e
L E G ey T

TG A PSR AR A SR AR B A BT, PR Ak S B 2 A P B8 e A fEL

KZH Python AT A8 A EEAT QAR 2 AT A nIAEZE4s (Blng) R it) FOATIGAS A
AR RS (BIANTTAA frozenset) (M EATIRYTCERII N AT I A & AT A . P CRASEfI
XGRS AT A . ENTEREI—E AR (FRARRS B O ), e A Em RS 5
TEMH 140,

IDLE
Python [{J 4 M K 524 ~J BRI . idle S Python RHE A A TR FFHF ) R AR S e A AR AR 185

immortal -- 7 %%
RAET ZEFE PEP 683 H15] A[#) CPython SEHLATY .

WA RIETRAERX G, WE Rreference count FEALAAE, N EFEMREAR ST EKIZA
2P RC. B8N, True Fl None & CPython FH#JE TR AN R .

immutable -- ] 28 %} 4
AR EERIRS . NPT PRI RN GORREE . AR il
ORI, WIS . © TSR R 7 (AR 2 (A, BLIEh 53
H R

import path -- S A ¥4 1%
HEZME (54258 ) HBINEE, S pah based finder JARAR FA BAr. AR,
WA ESNFE T K H sys.path, (EXIRHERUEHETTRER B FJEM __path_ &

importing -- §: A
AL ) Python (RS E A 55— MELHL () Python AR i I )i 72

importer -- S A 7%
I MBS G WS RBE T finder & T loader .

interactive -- 23 I,
Python 7 — A B AMRERY , X EWE R ] DAFERFRER I N AT 5 s ATE A ARk al, SE RIS TIF
BREHER. AT AWSHHES) python fiyd (AT AFEARAY TR 32 B B I 28 BRI )
FE BT AR SRS SR AR R AL B X 2> B (04 help (x) BR%R) . A XL HA R,

Z: 1, tut-interac.,

interpreted -- iR
Python —@F#FREANIE T, 52X RmIFA0ET , BAPIE XA H T S 4 s I AEAE T
DA TR o X ME RSO T DAE ST AR S M @ vl AT S s T RREEE
B Wt B0E S I AR A, R R P AR T g . & Wlinteractive.,

interpreter shutdown -- i BEZS X ]
L ERK CPARY, Python fRRERFRIIEA — MNRFIRIZTT I BOF B RE I B B8, Bl WAl
B RN TREEI S . TR SZ W e 5. X ek P TR 555 | R g AR
PHAT . FER PR B TR AR PT RE B B & A s, PRI OB SR A TR R (5 WL 1
T PR S 45 ) .

RS SR I ERE A __main_ AEHREHTIE T IA C 5 AT -
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iterable -- W[ ECH %
— B AL IR B R R T A XS 5 o AT RGBT L5 B A 51 228 (4 1ist, str Fll tuple
45) PASRL AR RS BN dict, TRt 2 ARATATE X T __diter () JyYEESEEL T sequence
WX __getitem_ () LRI HE LKL,

AIEARX G T for PRFRPA K2 HAWR B— N EFIHI )5 (zip (), map (), ..)0 H—A 0k
KM GAERSBAL N ERE iter O I, BERREZNGHENL. XM AEEH T0E
EAM— AR . ARG AREAR G, REFEAFER iter () 83 3 CAHEAXTSE
for A2 B NIRAEBIARLERAE QU — IR YR fy 44 728 B ADRAE RN R R AFA AR . 2

Witerator, sequence Flgenerator ,

iterator -- Y5103
ARFR —EPREIRRON S, ERERHEREN _next__ () FiE G HAL 4 N E R
next () KRB R E 0. 2438 5 dE T A WS & StopIteration i, Bk A AL
O P BRI AR, QSR E _ next_ () HEHSHIRE| K StopIteration, #ft
MUEA _ iter_ () HEARRFIZERINZ A S, HItEARLE R EAXS, 1]
BT H AR R SE H KB 6. — AN BB B NSRS 2 R R U5 A A a5 .
A% (BN List) AR HAL A iter () REEEE for TEEAH M H MR & 7= 25—
BB . QSRR B D R AR 22l 2 AR 23R [0 2 Jif 2 A A R Hp R R ] — 1B AR e i 42
ARG 2 — DS
W25 B & F typeiter.
CPython SZBE4IYi: CPython AR K TIER A E X __iter () BEK, REHFENZHH
22 CPython I APIE LR I EAER LA 2221k

key function -- §t pR %l
R R B AR bR Y, 2 RENS AR B T HE R SR AR AT JE FH XS 4. BN, locale.strxfrm()
A T AR A KIS HE T 2958 i HE 7
Python W5 2 T HAER o4 FH B sk Ok #8 Hl e E A HEAZ 84 4 5. HiP 46 min (), max (),

sorted (), list.sort (), heapg.merge (), heapg.nsmallest (), heapg.nlargest () DA
M itertools.groupby ().

H 2Ry 0] AR — AR . 1A, str. Lower () J73E0] DAIAEZ S K/INE HEF 0 B ek 4k . B
R ATIE T 1anbda FAAKA @RI lambda r: (r[0], r[2]). s, operator.
attrgetter (), operator.itemgetter () #ll operator.methodcaller () ZHERET =1

Mt . A HEP RS R SR A0 8 e B n 191
keyword argument -- Y875 5

Z: Wargument

lambda
i — A~ expression 1 R E 24 INBRER AR, RIBX AR I BOR(E . Bl lambda 545N
lambda [parameters]: expression

LBYL

AR EBR” RIS . XM S KU SAERE TR B A e AR A R AR
SRS S EAFP I G O HE, R RO KRR £ 154

TEZ LAY, LBYL X33 “&F” M PR ZRIEAZMATES K. flan, PN
if key in mapping: return mappinglkey] A REH FEMEEIED 5 HMLFE N mapping
HRSRR T key T H S . R RDET RT3 i e ek (1 EAFP 7 SOk figdk .

list -- %1%
— 7 Python [ Esequence, B INZ MF)FR, BEFEERMTIHMES HREAHmM TR, HATHIT
RHYIEE IR O(1).

list comprehension -- 51| i 55X
AbPE—AN 7B g BT B0 TC R IR IS5 R R — P BB . result = ['{:404x}"'.
format (x) for x in range (256) if x & 2 == 0] JFE—1 0 | 255 JLE N+ 753k
B Y FAFE (0x.) Mg, o if FAZAER), WRA#EN range (256) HIRFTH T
XS UBLHR
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loader -- I# 25
DM S . EUHE X440 load_module () M. INEAEE B —Afinder 1&17]
e S 0L PEP 302, %}Tabstract base class ] %I, importlib.abc.Loader,

locale encoding -- 15 55 X 4R 4% =
J£ Unix |+, B& LC_CTYPE &5 KA 4mists=X. BrlPA#id locale.setlocale (locale.
LC_CTYPE, new_locale) &,

1 Windows -, ‘& ANSIARRS BT (401 "cpl252™),

7£ Android il VxWorks |-, Python ffiff] "ut £-8" {fEHiES KIHmiLtg .
locale.getencoding () R HIRIRIUE T K4 .

5518 2 [Fl filesystem encoding and error handler

magic method -- J§EAR J5 7
special method W3EIE 2[R .

mapping -- WL
— M X T EEAELHF LI T collections.abe.Mapping 5{ collections.abc.
MutableMapping IR FELIHE IR B TR G WIMGHHI T4 dict, collections.

defaultdict, collections.OrderedDict PAM collections.Counter,

meta path finder -- JCERFEEE R 7%
sys.meta_path B RINR B § finder. TCEARE AR Spath entry finders {74E JBABIFAFHH

A FE importlib.abc.MetaPathFinder [ G ET S SC LM ¥ .

metaclass -- JtR
—FH TR, e RS RFMARERS R, ok sty ER =S HOH 0
WIS o BT ) X R RS 5 AR S PR A ERIASE P . Python A4 31 2 ACYE T 1T DAGIEE H
Xk, Ko A PKim AT EZXATH, HYFTE IR, ST SRR A U eI .
TEMNEHH TR HE, SnERZer. WEgaE. SSEng, PALHAMFZAT5%.
B 4302 ), metaclasses .

method -- J5 ik
TEF TR S BRE . WERAVE % B SE B — AN JEm R R, 5 2 RIS BN A 28—
Aargument GBI 44N self). £ function FMnested scope.

method resolution order -- J5 Z: /i)
T3 Y5 ST U 59 2 A A R 53 I 8 R BR 2R B N> . 3% 2 5 python_2.3_mro T H 2.3 K AT GE
Python fgRE#S BT S MR -

module -- Eil
X5 2 Python MRS —FPH BN o A RIREAG M A ar 44 25 (0], PIEL&4E & Python X4, #4
Yen il importing BEVERIN 28 F] Python H1,
5 Wpackage.

module spec -- B R
— i ashE, HbhfausHTmEBEREWHEESE AEE., & importlib.machinery.
ModuleSpec B,

MRO
2 Wmethod resolution order
mutable -- W[ ZE%f 5
ARG AT DAFERL i () PRFFEDE RSO0 NSO A . 5335 Wimmuiable.
named tuple -- 1L %5041
Aify “HAITCA” AT HTARMARR A ocal, H HEAR RS DOR IS RE R4 R @ s i iy 228
B3 XARAY SR B R] e A AR
HLepyERAET HAZtd, 35 time. localtime () fll os.stat () BRIEME. 7 —07 2

sys.float_info:
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>>> sys.float_info[1] # & B| 15 |4
1024

>>> sys.float_info.max_exp # % F B
1024

>>> isinstance(sys.float_info, tuple) # BT c4
True

HLe LA AR N E R (e Bais) ) . seah, B CA Tt 5 e UM tuple 4k
HI 8 A E B TR B ORI . XFER AT AT TS, s inl DLl 4K typing.
NamedTuple, B(E ] T.) K%L collections.namedtuple () RBAZ. J5—MIELSEM
—EF T 5 5l N B 1) 244 T ris A R

namespace -- iy % %3 [A]
i ]Eﬂmﬁﬁﬁﬁraﬂﬁiﬁﬁﬁ A A . ERANER, BENEPREmAEE (Eh
HEZHN). /ﬁzﬁlﬂl_ﬁlﬁi/ﬁ%{q‘%ﬂéfiﬁﬁﬁ%% Bilfn, %L builtins.open 5 os.open ()
AJ 3 4% H W i 44 23 [RE DX 4y i 44 25 () 340 388 o BF Al R A A ke S B IR A b 50K 5 By 4 v T sk
Al 4edrpt. Fl, random. seed() B itertools.islice () XMEEIIH T X LR HHE H
random 5 itertools o HISZ IR

namespace package -- iy #53 [A]{0
PEP 420 fr5 | AW —F U AE TR 28 ipackage, fin4a 23 [A1EL ] DA SLIA KRR Y, HAIA 7
H Hregular package RNIE, FNENIRA __init_ .py X

Wul & Wmodule

nested scope -- kR E{E ] 1§
E— N GEB NG AR IR 1. B, 165 —RECz e W R T AS | AT & AR & . 13
B ENE RN EXTS A AT TC A . SRl s R s 502 R T e N 2 VE . 2R Uy,
éﬁ”’rEB’J SEENWWER T &Rtr4 a0 it nonlocal KSR ARIFE ASNZEH .

new-style class -- PR
X H w12 T A B0 R 2B IHFRE . 5 Python fitAsHr, /\75%‘)?4(%%‘%%@)%

Python F#¥ s RiGFL, @1 __slots__. ke, #HEEIE. __getattribute_ (). EKHE
RIS ES.
object -- %} %

(ERTSLPARE RPER(E) RBUESUT Ork) W9, object LRAEnen-snle class WL
BESA.

optimized scope -- C AL TEH 1
2 AR G 1 B A 1R 2 30 40 IR AR SRy A Fe A4 R E I, 3 A X B8 A4 FR A 52 E A TG
4Jc %JFXTIZ@I A EAR . PER . RS SR A i ek 2 R i 44 2 (R R SRR 1) AR AR A 3
DRI RS AR N T B VR, AR T B I SR iR IR SR AR s A AR AR
E‘J%%%NF@?E%%E‘JW%EEO

package -- {1
—FhR] A AR Bl T H L S T EL Y Python module, MR Fh, B2 EH _ path_ JEMHM
Python &,

%2 W regular package Flnamespace package.

parameter -- JE 3>
Junction (B(75) & XHH a4 SLk, BHEE REOT AR ZI— N argument (S{TERESEREILT, £
NS, AHMIES:

* positional-or-keyword : LB T, T — AT AMER 1L £ 530 8 AW AT DAVE R K42 5 At
AL X RBANTESRAL, BIAN R foo Fl bar:

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

« positional-only: {YRROE, F5&E— A HABHT A EA AMSE. (RO ETES W E S R EUE
XS RN ENZIEEE—A / FHRRE X, BN RTET) posonlyl Fl posonly2:
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[def func (posonlyl, posonly2, /, positional_or_keyword): ... }

o keyword-only: {UFRCHET, $8&— > HEEEE CBFEANSE . (URXETIES @7
RBUE LWL SR & BB IS REE L2 AN B E RS 20— * REX,
BIUNTTF Y kw_onlyl 1 kw_only2:

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

« var-positional: WAR(EE, 45 5E W] AR — IMERRCR A LB S BRI FES - (FE e A
EZEEZNMESHZIG) . ZAES BTSSR * KE L, HIITHEE args:

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

o var-keyword: WAZRHETF, 45 5E A DAMRIUE R RGBT SH (M HAES C 2 im0 K
BYSHLIE). RISl S AMETINE ** RE 3, BIa LR kwargs.

FEZ I VAR 45 1 AT A ite B4, B R] AS el e S 4000 i BRI -

B Wargument RiEFL5H . SEEEZH R AP WL E S, inspect .Parameter 2, function
—357PA K PEP 362,

path entry -- B A
import path FR)—AS B E, Slipath based finder F{ 2 kTS A R,

path entry finder -- J%1% A I #5228
F—0[ AN 20 sys.path_hooks (Bipath entry hook) 1& [Hlff) finder , A5 G838 15 path entry
e NiTHR
WZA importlib.abc.PathEntryFinder PA T fREEIEA DA RAFITSL I A ik

path entry hook -- P& A 5T
— PP AT S, EAERITE WA A R AR E path entry WP EREEAGIE L T RERSEH sys.path_hooks
51| 2538 [8l—~path entry finder

path based finder -- Jt T ¥ RN AR 2%
BN —FhUsb 12 £ 3% %, T E—ANimport path Th &AL

path-like object -- Bk} 4
REE—A RGN G B R DL — RN ISR str B bytes XIR, &
A PARE LI T os.PathLike IR R . —3HF os.PathLike PR XF G Al 43 1
i os.fspath () AN str 8 bytes AW RLiRER; os. fsdecode () fil os.
fsencode () BN AT str o byres JMILR. HXIGRH PEP 519 5LAM.

PEP
“Python 3§21 HIFELAEE . —A> PEP e — (3B SCR, Aok Python HEIIRALEE., Bl
PR—~ Python [ 4RI S HlE B Bl A58 . PEP [ 24 B (HORS 3  12 AR RS R T SRS 1) S P 33
Lip

PEP MM Rt E SRR s WA XU 1) RS A5 DA B SR A Python FYBRETT R 55
9SSRI EIEDLE . PEP IAEE A TUETEAL I TRE SR, RS R B ARIC A SR

%1, PEP 1,

portion -- ¥4y
FA R — A 44 25 ) BEAS B SR N SO S (W AT REAFAL T —A> zip ST 1), BkE UL PEP
420,

positional argument -- {3/ ¥ £ %
Z: Wargument

provisional API -- £{5¢ API
B APL 238 BHEBRAEARME R ) J5 3R A PRUEZ AN B I i 1 . B AR R Ml A
DA ERUE, (HHZEHYARMC N E, W] BETEA% DI 1 e A W B O T 647 ) Je Al
AREY (HRAFEBRZED ). WAESOF AR SRR IT - UE APTYEINA Z Bl K% B3 1™
BT LA B A B A ] BB S X R
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B2 5 APTARUE, S AARA RS L e “ R m iR JT 587 —— AT M RE A A I
FRSL AT B ST 2R B — b ) S5 AR B AR TT 5

X APAL P R SOV E R SR WL E R 2T M K BT SRE BT IR . 1% I PEP
411,

provisional package -- ¥7 ¢ {4
Z: W provisional AP,

Python 3000
Python 3.x A1 EAIBERR (X2 FHEMA 3 W R AE R T Rt O 3 1)« A It i
5k “Py3k”.

Pythonic

TR B — B AURS S04 1 Python 155 S 1A RURE FIBILE ,  IM0AS 2 () HoAt i i
AR R LB . BIan, Python YR XA M for i AIRFRAE [ — Tk AR G h i) By
FICE . WEHAMIEF A ZIAEREH, IR Python I A I 2 PR A — MO T

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

TR I A 3 5795 B Pythonic #7752 X FERY:

for piece in food:
print (piece)

qualified name -- P& %5k
— ARSI AR, BoR B 4 JE VR it SO BEA 2. R B “B%
7, AHKE I, PEP 3155, X[ T S22 MBI, e S04 0R—2

N

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

>>> C._ _qualname_

ICI

>>> C.D.__gualname

'C.D'

>>> C.D.meth._ qualname_
'C.D.meth'’

.- J

295 T 5 AT, 78 IR E & AR B AR R IZER B DA S B B B A, O E S A
AL, Ul email .mime.text:

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

reference count -- 5|14k
TR NI E G R . S RGBSR, B iREil . Rk immortal %t
ZHAFEAWAE B G, BIGX PP SRR 28R, 51406 Python 445 3E 1)
W RATILN, (BB RCPython LI —A K HITE. FEF R PARA sys.getrefcount ()
ERAC SRR OF TN R i

regular package -- 5 {1
g B package, HIINALSH—A> __init_ .py XIFRYH K.

Y52 Jnamespace package
REPL
“EERL-SR{E-FTE1EFL” read-eval-print loop [4ES , interactive fERERS shell [R5 — 4.

__slots__

—AREFEIE AR, E L B SC T W S B X GRS R S A B N AF . BRI ARy
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WHAT, RS ARS, St AR DRI R, BlRFE AR R R,

EREOR PN e ul]

sequence -- J3: 51|
An iterable which supports efficient element access using integer indices via the _ _getitem__ () spe-
cial method and defines a __len__ () method that returns the length of the sequence. Some built-in se-
quence types are 1ist, str, tuple, and bytes. Note that dict also supports __getitem_ () and
__len__ (), butis considered a mapping rather than a sequence because the lookups use arbitrary hashable

keys rather than integers.

collections.abc.Sequence TEE%E%EXTﬂAEEF W0, BFE __getitem_ () Hl
_len_ () Z4b, BT count (), index (),__contains__ () fl __reversed_ () 5L

P Rz 0 2 BT DAE register ) RS AHTENT . BRI I8 P8 0 2 SOy
W21 0 PR .
set comprehension -- 45 &S5

Ab B — AN ] EAOR G  B BT A B0 U R R SRR — MR E SR, results = {c
for ¢ in 'abracadabra' if c not in 'abc'} BHAEMFMEES {'r', 'd'}. S
comprehensions.

single dispatch -- "5} IRk
—Mhgeneric function 7pIRIE, HELI BT AN S HH R ADREHEAY .

slice -- YJ )i
W A T4 sequence B)—TRA RN G . VIR RE M A FARRICREIER, £ [ FAHIL
MNPANB S0 BR%rT, Bl variable_name[1:3:5]. H1ES (FhR) ARCLENTBEE slice
PO

|
2405 Y AR T T 40 5 R S AR 1 BT AR AT R A 22 4 1) APT s sl ] DA F 205 I
o XFER APLADSRAR BBAE KR RS, (HRR LR & (JE9RIIRE) .

SHCA (BRI SR SRR BIE T AR R S BANA L. AP GRS .
H—AERREFNA S K
2 I, PEP 387: Soft Deprecation,

special method -- $¥5% J5 ik
—Frdy Python B ML, FHORRHEAS KRB TR AR OI WA N 4555 . XA B 4 AR
HRAHATRIZ . FFIA TR 3OS DL specialnames .

statement -- {E4
EAEBRTE (— MU ) MHBRNL . — B A DR — A expression AN KT
ZEKY, 4N if, while 8 for,

static type checker -- Fi 2 RIAG A 2
R Python XRG4 434, AR IR MG P S ER AT TR, BiESHE 277 LK
typing k.

strong reference -- 5 5 | Hi
TE Python [ C AP w1, 585|238 AHea 5| RS T A XTI 5 . ZEQ1E 5| H BT it
P Py_INCREF () HRIKEGRT | MIAEMBRS | B Fli@d Py _DECREF () SRBENE

Py_NewRef ( @éﬁﬂ%ﬁ)ﬂ?@@#\ﬁ%mﬁ%lﬂﬂ W, WAAEIR H AR | AR e A
i%%%lﬂ%i:ﬂﬂ%l Py_DECREF () pR%L, DAREGS] AR

i R borrowed reference

text encoding -- 3L AN i % 5\
TE Python H | —/NFAFERE—H Unicode ﬁﬁf& H (FEHESH U+0000--U+10FFFF) . N T 17l s (&
— AR, BEHRERT MR

3]%‘*4‘?%‘%T?ﬁﬂﬂﬁj@l*/l\?%f?ﬂ?ﬁﬁﬁﬂ “ORTE, AT A R B AT AR R
7.

AEPA R SCAFIE b, BN ARG
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text file -- SCA Lk
— MRS LS str X R W file object . 3 —A>SCASCHFSE R A2 T ) — N T 1) 51 A o B
Bl b Hrext encoding, SCA AR BI B FARIEACAB ("o 3 'w') FTFFA . sys.stdin,
sys.stdout PAM io.StringIO fY3LH.

TS Ebinary file | fRAENSTEE F 7 2 at & (R SCHT SR

triple-quoted string -- —= 5|52 £FH
HRAW AESNGS () & R515 C) WFEFS. eENEDR LS RSN 515
E{’J TR AARE, B2 ZF A BN RS NS R L LR 5] 5 R
5, I HAT AR AT To T 6 AT, ARG S SORY A s I B A

type -- 2394
AP —A> Python X R & AR BN REBRA —Fh288L, BHEEXRKZEL, 7T ATT
FER __class__ &Pk, S0 type (ob3) RIRHL.

type alias -- J3%43j]
—ANB R SCE], AEy HOR B 45 R PIAR AT
3itbil Ao (o P R A R R IR

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

] DA g ] s

Color = tuple[int, int, int]

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

Z L typing Ml PEP 484, H A4 XF B RERHEANHEIA -

type hint -- 237175
annotation 78 KIEM. RETIE S B0ER ME T E U AL,

FABUE e I A j& Python [5RHIEOR, (HENTX# 5L 216 & 5 RA AL, ENLLRENN)
IDE SE AU b S A

AR, RIEMEREEI BB A typing.get_type_hints () KihH, (HEHAE
B RA DA,

Z: L typing Ml PEP 484, HAA7XF - RERYEAR A -

universal newlines -- i Il #i4 7

— MRS I, R PA T A A S ER IR AT A AR Unix IFTE5 R ZY5E " \n' . Win-
dows (Y ZY5E "\r\n"' DA M IHHR Macintosh |1 2] & \r . Z I PEP 278 Fil PEP 3116 fl bytes.

splitlines () THFHEZ MLV,

variable annotation -- 2% & b5

AR E B K g M annotation.,
TEARMAEAR R R B R, 38 Rl ek HO A

class C:
field: 'annotation'
AR REREEE AR R 2w o BIINA AR R AU int RAYRA:
[count: int = 0 ]

ZE AR TR P PR R UL annassign —5

Z: W, function annotation, PEP 484 ] PEP 526, H. 9 3R T lkIhHE. 312 [7 annotations-howto L T
fR s A ARYE ) B A SR R

72 Appendix A. RiEXBE


https://peps.python.org/pep-0484/
https://peps.python.org/pep-0484/
https://peps.python.org/pep-0278/
https://peps.python.org/pep-3116/
https://peps.python.org/pep-0484/
https://peps.python.org/pep-0526/

Extending and Embedding Python, A {Thi% 3.14.0a0

virtual environment -- i ] ¥515%
— R HPMER B 2S00 s TS R8T, FoiF Python I AT AR P AL A1 THL Python 43 & LA
2 THEIR— RS Lz iy HAb Python [ HAE T HIFTH -
W&, venv,

virtual machine -- il
— B A A E SR AL, Python EFUIML AT TS5 R Ji i3 i AR U byrecode .

Zen of Python -- Python 2 #ifi
F i Python it W 59727, A B THES NG S . &F HEARNE R BTN
i A import this”.
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APPENDIX B

i AA

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

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

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

B.1 Python IC#48Y kL

AHARZ X} Python 157, Python AR F Al Python SUHAT TR, [ Python JACAS /) % F) Misc/ACKS 3¢
PFAIH T3 Tk -

AT Python #E X (i AFNTTHR, Python A4 7 Mt €1 SORS——HHAMRATT!
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appeENDIX G

7 S F0iFATE

C.1 ZHHFrIm s

Python Hfif 2 # AT EAHL R 5T 4 (CWI, L, https://www.cwi.nl/ ) [#) Guido van Rossum J* 1990 4f
KW, YER—TTM ABC FiE & A . /48 Python A5 T2 ok B HA ATk, Guido {752
HETEE.

1995 4, Guido 7& ## B W BY B R B wFsE 2+ 5 (CNRI, I https://www.cnri.reston.va.us/ ) k% fhyE
Python F/)TAE, FHHEARHE LA T2 A

2000 4 H.H , Guido F1 Python #%.0>JF & [ BA %% 5] BeOpen.com 207 T BeOpen PythonLabs [#{A . [&]4E+
H, PythonLabs [#] A\ %%%] Digital Creations (&) Zope 7] ; U, https://www.zope.org/), 2001 4, Python %R
{4425 (PSF, I https://www.python.org/psf/) B3z, X &% AHH Python A AR =B A g1k
EFIHZ, Zope 1~ HAE e Python FR{FE G Ly BEBI ML I o

A 1 Python HUAHRIETFIRRY (A KITYRAYE L2 https://opensource.org/ ) Pt b, #iKZ %L Python
JiiAJE GPL A1 TREL TR MRAE I

RRA  RE Fn A& GPL 3% 7

09.0 % 1.2 n/a 1991-1995 CWI Pt
132152 1.2 1995-1999 CNRI =
1.6 1.5.2 2000 CNRI &
2.0 1.6 2000 BeOpen.com {5
1.6.1 1.6 2001 CNRI w
2.1 2.0+1.6.1 2001 PSF o
2.0.1 2.0+1.6.1 2001 PSF 2
2.1.1 2.1+2.0.1 2001 PSF pe
212 2.1.1 2002 PSF =
2.1.3 2.1.2 2002 PSF =
22 BHE 2.1 2001 &4 PSF B

ik

GPL 4 H A EWRE Python 7E GPL N %Afi. 5 GPL A[d], Firfy Python ¥ n[ib&S fuifF @7 KB 2
RIS, TR i . GPL AR VF T IE(E45 Python Rl DAS HETE GPL T KA AR 145
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A SRR YT )

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

C.2 FRERsXLIE 75 A Python BZRERF0FMF

Python B PAFI ORI (17 RT3 BE T PSF 47 T 795

M Python 3.8.6 74y, SURAFAY/RBI . BAERGSAIHARACAS R A2 PSF ¥ R PSR 2 4 2k BSD 6T 1Y)
XA 0T o

FLE S AE Python FHHYEPEEET A FIRGVFAT . X SEVF ] S SHIV R ] 2 B —[RB o A i e
A SERED A S Bl T AR AE Y 75T 5B 33,

C.2.1 FF PYTHON 3.14.0a0 Y PSF o] fipil

1. This LICENSE AGREEMENT is between the Python Software Foundation.
— ("PSF"), and

the Individual or Organization ("Licensee") accessing and otherwise.
—using Python

3.14.0a0 software in source or binary form and its associated.
—documentation.

2. Subject to the terms and conditions of this License Agreement, PSF._
—~hereby

grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,

analyze, test, perform and/or display publicly, prepare derivative.
—works,

distribute, and otherwise use Python 3.14.0a0 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 3.14.0a0 alone or in any derivative.
—version

prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.14.0a0 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

—hereby
agrees to include in any such work a brief summary of the changes made.

—~to Python
3.14.0a0.

4. PSF is making Python 3.14.0a0 available to Licensee on an "AS IS" basis.

PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY._
—OF

EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY.
—REPRESENTATION OR

WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR.
—THAT THE

USE OF PYTHON 3.14.0a0 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.
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5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.14.
—0a0

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A._
—RESULT OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.14.0a0, OR ANY.
—DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOEF.

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

7. 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, .
—O0r any

third party.

8. By copying, installing or otherwise using Python 3.14.0a0, Licensee.

—agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 FF PYTHON 2.0 #Y BEOPEN.COM F o] {iil

BEOPEN PYTHON JFi 4 0] FrsLEE 1 it

1. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary
form and its associated documentation ("the Software").

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the
Software, alone or in any derivative version prepared by Licensee.

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

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOEF.

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

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of

T
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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.

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 §y CNRI #F o] il

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.

Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
internet using the following URL: http://hdl.handle.net/1895.22/1013."

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.

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.

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

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

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
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Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

C.2.4 FHF PYTHON 0.9.0 F 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
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE.

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.14.0a0 DOCU-
MENTATION

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

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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C.3 Wi YT o] S8
AT Python % ATHLCTAG S5 =7 B b VAT RO , AT AR A28 LRI

C.3.1 Mersenne Twister

YEB random FiH R 2 _random C ¥ B AHEE T M http://www.math.sci.hiroshima-u.ac. jp/~m-mat/MT/
MT2002/emt19937ar.html R ARG AT R A RS Y 52 B e R

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. 1IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)
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C3.2 EEx

socket ffiffl T getaddrinfo () #il getnameinfo () WIDE I H AYAS [A] Y5 SCF A hitps:/www.wide.ad.
ip/

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.asynchat fl test.support.asyncore FHE LR VLH. -

Copyright 1996 by Sam Rushing
All Rights Reserved

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

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.
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C.3.4 Cookie &8

http.cookies Bl &L FFEH:

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 HITERR

trace HHALE DA I

portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.
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C.3.6 UUencode 5 UUdecode F#§
uu J RS A0S DA AR

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 Zi2Z =R A

xmlrpc.client fEHEE DA FEH:

The XML-RPC client interface is

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

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

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

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.
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C.3.8 test_epoll

test.test_epoll By DA FUEHA:

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 fRH T kqueue FYF% A2 DAF A HH:

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 {414 Marek Majkowski’ X} Dan Bernstein ] SipHash24 Z¥EHISEH ., BERAEPAT
—=
FE

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

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

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

Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/1ittle2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod #0 dtoa

Python/dtoa.c LML T C %L dtoa il strtod, T C XURS BEEUE FI A4 2 [ 5640, BIR
A H i David M. Gay 445 1 [] 45 30 H HIZ SCHFERTFE https://web.archive.org/web/20220517033456/http:
/Iwww.netlib.org/fp/dtoa.c T/, #£ 2009 4F 3 H 16 H A ZRE B R 1A SRS AR BUBCRI W] e

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

*

The author of this software is David M. Gay.

E

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.

E

E O

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

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

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

*

E

***************************************************************/
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C.3.12 OpenSSL

WA BAER G A R hashlib, posix Ml ss1 2x{#i ] OpenSSL K42 T4 BE - L7, Python ) Windows
Al macOS 4578 )7 1] BB 2> f14% OpenSSL FEMREIAS, Ir AFRATHAE Bb A2 45 —15 OpenSSL ¥/ n] JIE (%) Il 4% o
X1 OpenSSL 3.0 &1k, MEGEATERA, ¥I{# ] Apache License v2:

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

TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

1.

Definitions.

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

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

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

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

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

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

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

(an example is provided in the Appendix below) .

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

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

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

to the Licensor or its representatives, including but not limited to
communication on electronic mailing lists, source code control systems,

(ZETID
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(#2 E750)
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.

2. 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.

3. 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.

4. 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
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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
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)
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C.3.13 expat

pyexpat B UG expat JERIA R A, BRIEBLE 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
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 BT ZAY _ctypes C ¥ @ f 4% T libffi A B AR, BrARME i E 1
——with-system-1ibffi:

Copyright (c) 1996-2008 Red Hat, Inc and others.

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

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

THE SOFTWARE IS PROVIDED " "AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.
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C.3.15 zlib

R ARG EAR PR 21ib AKIFTFC R TH 8, W 5 zlib SRR 7 VORI 2110 4 :

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

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

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

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

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

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

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

C.3.16 cfuhash

tracemalloc {§i [l Z M S IR AL 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)

(ZF 50
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(% L 50)
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

fE4 decimal #lR FEH) _decimal C ¥ &2 # I 4E T libmpdec FERYRI A AT, B8 EA0 ) i B
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:

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

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

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

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

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

C.3.18 W3C C14N i EH

test A HIH) C14N 2.0 i 4E (Lib/test/xmltestdata/c14n-20/) $FHH W3C Wik https://www.
w3.org/TR/xml-c14n2-testcases/ FARPE 3 55510 BSD ¥ A IE & 47:

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
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(% L 50)
"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 jiE:

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

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.3.20 asyncio

asyncio BRI A H uvloop 0.16, E2ET MIT ¥ IERATH:

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
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OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

(B L)

C.3.21 Global Unbounded Sequences (GUS)

% Python/gsbr. c B4 H subr_smr.c H1 FreeBSD [%)”Global Unbounded Sequences” %74 PN A7 I % .

IR BT 2 453K BSD YRRl RSy 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
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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RRILER B

Python 53X {7 304 :

JRALETA © 2001-2024 Python Hff Bk 2. OR B AT AR

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

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

XSGV RTERVF AT 5L, W3 05 & A T iz,
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EFE

...,61

>>> 61

__ future_ , 66

_ slots_ ,72

FE R
method —-- F ¥, 73
PYTHON_GIL, 67
PYTHONPATH, 52

RFAH,T3

BEAR
method —-- F ¥, 69

A

abstract base class —— WL HEX%, 61

annotate function, 61

annotation —-- 4§, 61

argument -- %, 61

asynchronous context manager —- 7 %/F
FTXEEE, 62

asynchronous generator —-— 34 ik £, 62

asynchronous generator iterator —-- =
$ 4R B RE. 62

asynchronous iterable —— % % T #% & %t
%.,62

asynchronous iterator —— F3¥ %K, 62

attribute -- B, 62

awaitable -- F4#FT4, 62

B

BDFL, 62

binary file —— Z3t#|UH, 62
borrowed reference —— fAE| A, 63

bytecode -- F ¥, 63

bytes—like object —— FHF AL, 63
C

C #%4,63

callable -- F#E X%, 63
callback —-- [E, 63

class —— 2£,63

class variable —- %% &,63

complex number —- £ #f,63
context manager —- T X%, 63
context variable -- FTXZFE,63
contiguous —— #% %, 63

coroutine -- HH4E, 64

coroutine function -- W& E %, 64
CPython, 64

D

decorator —— ¥, 64
descriptor -- #HR %, 64
-— FH, 64

comprehension —— FHIfE R,

dictionary
dictionary
64
dictionary view -- FHANE, 64
docstring —— XA F A B, 64
duck-typing -- #FEA, 64

E

EAFP, 65

evaluate function, 65
expression -- Rk, 65
extension module -- # EHEH, 65

F

f-string —— f-Ff &, 65

file object —— XHX %, 65

file-like object —-- XHA X4, 65

filesystem encoding and error
handler —— XK Z & & % XN 5
kAL, 65

finder —— # K E, 65

floor division —-- [ FEER &, 65

Fortran %%, 63

free threading -- HH%H, 65
function —-- ®E#, 65
function annotation -- EEEARIE, 66

G

garbage collection —— XK [E I, 66
generator —— 4 &, 66

generator —— 4 &, 66

generator expression -- 4 KREBEXRAKR, 66
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generator expression -- 4 K HEFRKIAR, 66
generator iterator --— Ak #BERE, 66

generic function -- R A F#, 66

generic type -- R H, 66

GIL, 66

global interpreter lock —- & F @B #
4, 66

H

hash-based pyc -- £TFW%BHFH pyc, 67
hashable -- W%, 67

IDLE, 67

immortal -- KAEXZ, 67
immutable —— A HEXZ, 67
import path -- S A%, 67
importer —-— H A, 67
importing -- § A\, 67

interactive -- X &, 67
interpreted —— @EA, 67

interpreter shutdown —- B & XM, 67
iterable -- H&E KW 4, 68
iterator —— # R E, 68

K

key function -- #®E ¥, 68
keyword argument —-- X% FHH, 68

nested scope -- #%EEHH, 70
new-style class -- ##.2%,70

O
object —— W
B 2B, 46
mAA, 46
object —— X£,70
optimized scope -- BB 1EA S, 70

P

package -- 4,70

parameter -- H%,70

path based finder -- ETHEAZHERE 71
path entry —-- B#EAH,71

path entry finder —-- BEADHEHKE, 71
path entry hook -- BEZENH4HF,71

path-like object -- EZEE%,71
PEP, 71

Philbrick, Geoff, 14

portion -— ¥4, 71

positional argument -- frE &%, 71
provisional API -- #¥ & API,71
provisional package —-- ¥ F4,72

PyArg_ParseTuple (C &), 13
PyArg_ParseTupleAndKeywords (C &%), 14
PyErr_Fetch (C &%), 46

PyErr_Restore (C &), 46
PyInit_modulename (C function) ,52

L PyObject_CallObject (C &#), 11
lambda. 68 Python 3000,72
LBYL. 68 Python HIE#E; PEP 1,71
list —— F|%.68 Python ##EZ; PEP 238,65
list comprehension -- #|XkI#HEER, 68 iY’EEZE gé?éﬁv igi :23;2,;‘91
loader —- fn#E #, 69 Y 9 o ’
locale encoding -- &% XK HZHEHE R, 69 iitﬁgi gég&(' igi iég’gz 0
M Python HH&Z I ; PEP 411,72
) . Python #IEZEN; PEP 420, 70,71
Ezggingei?oig}_ﬁéﬁﬁﬁ%’@ Python ¥ EZE P ; PEP 442,47
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