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B0 EH SO A AT AE C 8 C++ H g B A4, [EM6H F BTN S 7¢ Python FL3Re T BE. ABLOBA AT
PAEFERY RS, tn] DU SR A BE) S o v (method) . SCEREIZS €A infaf 4% Python F R A
F—ERARR A, ME 7S (extension language) (1 H . £z, € /R U] S S H 45 I Fo A4,
fEARLUAR A v DAB) B (7EEATHE) BiE AR Eagas ., it IKBIEE R FA IR E M.

5 U EVRA SCAAAR % 43 EL A Python [ 3B A1, . B A IEE S IR IERAN4E, 752 [ tutorial-index . reference-index
T MEE S EEIE A2 S8 . library-index F0E) 1 BT ILRE 5 Bz B A A A (R 24 TE) . R ([EV A A DA
Python %i %5 1) #54H.

B 52 BE 1Y Python/C APL BEMINAE, W52 E)Y) b1 c-api-index.
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CHAPTER 1

HEENE=ATH

BRI 0 EE T I CPython iR FTER LAY . M DUESZBER A TR, 5 =77 TR, {540 Cython, cffi,
SWIG il Numba, 2t s EIfd 8% EEEREAR £ 7%, SK(E Python 57 C Al C ++ 5t

b4

Python EfZEM)I #ifima: iM% 52 Python 3 4E(di 1] % 4 H (Python Packaging User Guide) A2 | B fi
AT DA 2R A e i S e AR TR, e wfmE e S — (R ST RAL FT RE e R B i



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

MERFE=AILRBIEKER

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

2.1 ) C g C++ #E3¢ Python

WRARE R C, WIHTRY Python P BEEHRAMRFE ., LR PIAFAEER Python B, W LA extension
modules FSEH: SEEUHI N BEXT S8 8 C I FERER RS A

TSR, Python APT (W HRRFAmAidi 1) 5 LT —RINKE. ZAAHE, FLATI Python jZ4 7 £
LR TR F A% . Python [ APT W] DAEETE—A C¥ESCIFH5I A "Python. " KICIFRAM .

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

il C ¥ FdE CPython, " EBIHICIATE HoAh Python Sl B TAE. fERZEUNILT, WiZih5 C
PR, ROAFFAIRAENE. 250007, WRARA NG T C ESCRGEA, IRF%% B ctypes fiblak
offi B, T A H O C AU, XS AAVFIRS Python fUfSoR4% 1 C UM, IF BARR T4 5 M 4% C 9%
BB, IEAEAN ] Python SEBLZ 1] HAT B iy Y ] RO AL -

211 =N EBBBF

EFRATENE — AN R spam (Monty Python # 2Z i B3k I B 4)...) H HARZLQIHERT LY. C PR system ()
¥y Python $2 1 o XASBREHEZ— DA null £5 A FATH S HOFR [l — B8 ATA BT ATE Python H1DA
Iy R A LR

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

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



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

SCPE R IHRI A T2 -

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

XA Python APT (MIRARFEVC, ARAT LATEE BLES i H ARAUBUAL f B KR o

fiE): T Python I AES: E X —SURETE R LE R G0 LS MARHE Sk SO R TiAL BRLgR 18 S, TR e A 4 AT Al A o
Sz H, AR LR Python . h,

HEFE 2 J2FE Python . h BB X PY_SSIZE_T_CLEAN ., AFHZIUN B F4ad 30 3k TIREAN R HEZ NE .

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

NN C EREEN YRR, M1 spam. system (string) WRMURIELE, GRAIMESEFITEN):

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

const char *command;

int sts;

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

sts = system(command) ;

return PylLong_ FromLong(sts);

}

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

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

args SHUZHE I~ Python 1) wple XL ATHEE, Hori oS %e, B wple TS %, XS
ot A Python XF5 —— BERATRY C SR TS AL 5 /45 JLRE 40 C (B, Python AP iy
PyArg_ParseTuple () 2Kt SACKMIHF HELSN C (1. & 0 BEAR e il 2 T B SR DL I
TR C A FERAS . AR RERYR .

PyArg_ParseTuple () ZENFA S MO T 020 LA HCHR H-HE T BOZE f R L R, 3 ] 2 (o

), HAEEATUSEETR IR (). RS TH, BabfrE S a, (508 R E0m] DABE R [
NULL (H5t 2 617 B L)

6 Chapter 2. RERE=FTREIRTE
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21.2 XFHERHFE

#A Python RS R — NN iR S ZEMG1 . M — D REGE T RIGET, BN Y4 E— N RE &I
R AR GEHE N -1 30 NULL $541) . S8 E B AE MR ARSI =AU . R 7w
W EATH{ES NULL. FEHARIE I N ENTE sys.exc_info () Frik[Elf¥) Python JLHM MM C XY . B
1 AR FE A, SR sL O I AT e o BRARE AT PRAFES 12 QT gl A% 2 ) JE T 2L

Python APT H 5g 31— 6 pR KR 14 Bk SEAF &,

BN B & PyErr_Setstring (). HZ R
PyExc_ZeroDivisionError XFEHTIE L4, C

FEERRTGAFRE N S H R RIRAE

T AR REUE PyErr_SetFromErrno () , (% PRENE, REHAEEAEERE R errno
. Fll B R BGEA /& PyErr_SetObject () , WEWNSE, 43NS HEN R B RAFEME
J Py_INCREF () feIhinfs iz 3| HAb ek £ S 5060 S 151 T4

PRAIPAE L PyEre_Occurred () fEAIEMBEIARINE L AR B IE T 74 . XRRR YRR, 5
HARAR A R HE MR B] NULL. AR % AT 2 PyErr_Occurred () RS KB Pid &4 14
e, RN ZBEMAR [BHE A H k.

BB VD — R g WS I B S A 1, f B A Sk e RRME GEFY NULL B -1). B
FRAZPAHRA PyEre_* () BREL - X IO A g ML 1o f BT RS 0 2k o] — MR Dok
™ R, R R R PR PyEre_* (), MU — SR URAY IR RN IR E 2 o v ST 2 B R R
WA T — HaX AR E A Python MEREGR 0 AR, E & 1LY HTIATAY Python MUY 2514k i) i Python
FEFF DU 52 1) S AL PR -

(FEHLEREOU T, B SCREAS I R T L PyEre_» () BRSSO A UGN R, IF HAEIX 2Ll i
7 AT DOKAR o (EUZ 4 IR, X RALERY, H T RE SO R RIEN I B £ REBHRES
H TRl 5 PR i 2 I )

TR i — AN RGO eR RO BT BB S, R AR R AUE L ] PyErr_Clear () RICHLAR IR
C AU B2 i) PyErr_Clear () HYME—FEILR AR EANERF R E AR g R A 5e 4 b A CoRALBEE
(ATRE R, O BB HAS) o

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

WEERER R, BRT PyArg_ParseTuple () SFEERYHISh, 1R[] B HOIR A Y R KICH 7 AR J2 1k ] 11 {5
TRFRINE, MPA -1 Fon KM, AnfH] Unix R0 H—HE.

s MARIR B AR PR A B B B AR IR GEA AR T S BIE#RX R AT Py_XDECREF () B}
Py_DECREF () JHH)!

PEBE 5] B WEAS S 50 A O T VR0 5 4. BT A P L RY Python S5 #5G % B 1) 1 75 B C %F 42, il 4
PyExc_ZeroDivisionError, IRAIAE M EAMT. MK, RN 24 PR H k7R W - A2
PyExc_TypeError JRFR— X TLIEPATIF O KR 1% M PyExc_IOError). IR SHI| LA M
&, PyArg_ParseTuple () BHUHE 25K PyExc_TypeError. QIRARAEZE— NS HAELHAL THE
fﬁlﬁzmﬂjﬂ‘@jﬁ/@ﬁ:ﬁﬂ%ﬁ:, )”Ulﬁﬁ@ﬁﬁ PyExc_ValueError,

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

FHEMGEH C FRAd. RENR—BER
TR AR SR R, Il e — 4> Python ¥

static PyObject *SpamError;

H HAEARBI BRI A R %L (PyInit_spam () HEH— A58 X QR IR L

PyMODINIT_FUNC
PyInit_spam(void)
{

(Rt

2.1. ) C &} C++ #& 3¢ Python 7
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(R —H)

PyObject *m;

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

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

return m;

R TR Python 4542 spam.error . Ml PyErr_NewException () REUAIAGIEE 2, HESE
A Exception (RAER A — 1 FE A LAE I NULL ), 44752 I bltin-exceptions .

IR R AR Q@RS T SpanError M—AN51 1, X @B I 0 T 7 IRk ik, 5 0] SpamError
BERS 2 SO EFHRE

—2 e PYMODINTT_FUNC A4 B B0R [0 28 L1 IV

spam.error FH A AYEY RIS R, ilid PyErr_setString () ML, 41T

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 EFHIF
I S G B0 T, AR % B R T AR

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

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

const char *command),

T—ANEAH UNIX 2GR system () , HZiBBMKSEGZEN AN PyArg_ParseTuple () HUH:

8 Chapter 2. RERE=FTREIRTE
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sts = system(command) ;

AT spam. system () REULERE] st s F{EAE R Python %4 . 33X 14 F %k PyLong_FromLong ()
KL .

’return PyLong_FromLong (sts) ;

FEXAEOLT , SRR R , (XA G&AE Python e L) .

WERARE) C e AT A BRI GR [P void HRRED), XIEHY Python K EUAALRIE] None ., fRabZiifii
XANEE: (A PAELT Py_RETURN_NONE %23K5CHH) -

Py_INCREF (Py_None);
return Py_None;

Py_None ;2F§Jk Python %5t None FIrif V) C # %, E&—FIEMY Python XF 4 A2 NULL 458, 413K
T, JEEAERZRE T ORI ERE iR

2.1.4 BERFGERNIIGCERL

KT IR spam_system () Wil Python #2 /7 FH . HEeR$5R B R m] LARE Python 8], THFEEE X—ATF
3¢ method table” .

static PyMethodDef SpamMethods[] = {

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

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

HREE =28 (METH_VARARGS ) , X/MrEfEES MM C W AMH. ik A METH_VARARGS .
METH_VARARGS | METH_KEYWORDS . fH 0 fRZE{#i/fl PyArg_ParseTuple () HFRIHA &

WA B ph {1 METH_VARARGS , PR #U & 4% £F Python £ 3K twple 4% X9 2 %, I & & i 1
PyArg_ParseTuple () #4TENT.

METH_KEYWORDS {H#E/RNE% XEETFSE. XMHEN T C BT EHZE =/ PpyObject * X%, FRTF
WZH, il PyArg _ParseTupleAndKeywords () KT HE 4.

AT IRR AT TE LEEH TSI -

static struct PyModuleDef spammodule = {
PyModuleDef_ HEAD_INIT,

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

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

XA EE R R AL 5T 1 25 AR O R SR AL BR S . HIUR AL PR A T i 44 4 Py Init_name () , JA name J2
BRI T, HMi%E TR static , HARBHRSCIRHL:

PyMODINIT_FUNC
PyInit_spam(void)

(Rt

2.1. ) C &} C++ #& 3¢ Python 9
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(R —H)

{

return PyModule_Create (&spammodule) ;

}

£ 7 PyMODINIT_FUNC i $( B PyObject * iR[EIEAY, FHTALAT-F- & BT SR 10 Rk k% A 1
FHE C++ FFRREFE N extern "Cs

24 Python F2JF IR A spam B}, PyInit_spam () &8 . (G X4k A Python (UHERES LT X.) B
FH PyModule_Create (), ZMRELIR B —MEEHT S, FFELT7ERHUE SO 383 19 200 D) & R £
SARA R H QB (%% 52— PyMethodDe £ Z5{AI%L4) . PyModule_Create () iR[E—A4F
]E IO R R AR EE . BT BE S PIRR e s R b 1k, s AR TE Y BT AT AR AL R [A]
NULL. HIIAERBOLAGR I R 5 HAH M, XFEEin] PABHE A% sys.modules Hi,

itk A Python i, PyInit_spam () REASHHAEA, BRAEAE PyImport_Inittab FH ., RN
HeEwatkE, i PyImport_AppendInittab () , A[MEMJERE —HEHE A

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

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

}

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

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

}

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

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

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

PyMem_RawFree (program) ;
return 0;

fiEl: ZM sys.modules MIERILABFA CYRIFMIHE] —AHERE RO 2 RESS (BB fork () T
exec () ) RFE— LY R E R § RS W] DAFERT IR 0 N R AR G A I 4 HH e i

10 Chapter 2. R{ERE=ZHATHAEIIRT
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B K TR IS ) il 1 & E Python JiR% A7 ) Modules/xxmodule. c Ho BUICHFRAT AR HIAEAC
RO SR B2 > R B

i) AEFRATY spam filF, xxmodule T % i an4s 1L (Python3.5 JFHA5IA), PyInit_spam &k
[1]—~ PyModuleDef Z5#4 {4, SR 501 @ ARE R S AN . 41752 PEP 489 £ BLAI IRk .

2.1.5 ZmiFfnskis

TEARREM AR B B R ZHT, AR M [T Python RERJGIFMEERE . WERAREE SN
B, XTI E RGBS ENLE . 2 EEIESE Y R Y (hd C/C++ &
FAT), PAKAE Windows b 4aidaR BINAIME B (& Windows L3 Cde C++ & T ).

WERARAE A SN, 85 BB APEI1E N Python fERERR—iR 4, BLUAMEMELE XE, &

B ERRERS . SEIBHYRTE Unix EARMEH, HFTEHURM SO (spammodule . ¢ i) HCEE i 40 RS A4 7
) Modules/ HER, BhI—478| Modules/Setup.local FHGBIRE S

’spam spammodule.o

RIGTETUZ H 3K154T make SR E ARG . IR ATDATE Modules/ T-H ki /I make, {E2 iR ASEH
## Makefile (fF, SAJ5izfTmake Makefile’ fiy%. (VREFIIEE Setup UG ZOXFEHRAT. )

UERAR IR BB AR, X LEN AT A I AR B SO L, 28 S

’spam spammodule.o —-1X11

2.1.6 7£ C hif Python F#}

24 M1k, A B R 14Tk Python 1A C pR%k, HAGIRWMRA R, #t2H C JHH Python i
Bo XFERERECPIUHA . R A C O I, 2B S B A AL o

SEIBHSE, Python RS LR B EIVHRY, FF4AHRME Python sRBFRAL TARMER: 1. GX HLALA R Al b
Python “FAFRAVE R AR T, WA 26 F] PAZ% Python/pythonmain. c F1 —c a5, )

V& 1] Python pREUAR i L, 15 4% Python 23 2% 1% Python pREN 4. MZHAEA pR AL (Bl H Az 1) Sk S2 .

VXA R, 4 AR R AT Python BB 4 F84Er, BN (Py_INCREF ()) SRI&M5] 4L,
VRN R RNEAAXR . BT, N RET e R E ) —h4

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 */

(R Tgksn)

2.1. ) C &} C++ #& 3¢ Python 11
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(R —H)

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

}

return result;

}

XA bR £ 06 A {8 B} METH_VARARGS A5 vEM B fERERS, XAEAL e 7 ik A Ao dnds 10 3 3 BT S fli ik
PyArg_ParseTuple () B HSEAISORAER I B 3 400h B4 o

Py_XINCREF () fll Py_XDECREF () X A% a8 /80— A X 5 T, I B 24074 NULL F84F i)
AT BRAIE 2 4 ((HIE R AEX A R SCH temp ¥9A45°0 NULL), 2 A5 BiES % 7] A it4e 35,

oS, 4 IR A, ARFFH C %k PyObject_CallObject () ZREAWNZSEL, ENHET
Fe4t, 8T Python X§4:: Rl Python p%k, MHZSHF|FK., SEIRLMEE—DIcdS, HEKER
SR ECR . BN SEOhE  Python s, WL A NULL 8{—/45 el B — S E80HHE, g A
*/I\ﬁﬁiﬂo Py_Buildvalue () &fEHAEXFAIFR A E X EFES HEA 32 A8 AT R [ —A
Jeel. filan:

int arg;
PyObject *arglist;
PyObject *result;

arg = 123;

/* Time to call the callback */

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

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

PyObject_CallObject () & [ Python Xf % #§ 4, X 0 & Python & %t 1 & A fH.
PyObject_CallObject () @& —MXHESH” 5| H It L X Wk Fl P Hmcdazdi s
HH#E, H HFE PyObject_CallObject () ZJ5 B fl T Py_DECREF () .

PyObject_CallObject () MRIBIEER “Br” f: 2R —DHENXIS; WARCAME, (AT
FUHTTE FrABRAR R A R R A A 4 SR A e, ARFE 20X AME# M Py_DECREF (), RIMEARNS LAY
WA (Real!) RS HR.

(ERAERIX A M i, AR EEN)— SR AR ME A NULL, W2 AYIE, Python pRELS A IEH5] & 2
TR JHH PyObject_CallObject () [ CAUIEETE Python & i 1Y), B M 24 37 R [a] — N k45
HIH: Python W13, , PATEARREARAEFT EIAR MI(E B, s LA J7 Python AL REALBLZ R . WX LIk
MR A GATE, WY 48 H pyErr_Clear () KiERFH. Bilan:

if (result == NULL)

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

T Bl R g, ARid 2R — 248113 E] PyObject_CallObject () o FERLUNIL T SRR
sy Python FEfr S (i), il £ 11 PHL 2 IR R B0 R o AR ] AR B X AL . 55 Sh— LB AR
TR E—ASER T4k L SR R BT S Py_Buildvalue () pREMIE tuple. 25001, fR%
83— A ARSI T DA 20 ACAS:

PyObject *arglist;

arglist = Py_BuildvValue (" (1)", eventcode);

(FUTakEh)
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(R —H)

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) ;

JER Py _DECREF (arglist) AL RN, FEMFRIGA 20T, MANE SRR — W MR, L
Py_Buildvalue () ] e ME NN R 55,

DRV R BT IA TR R, A XSO PyObject_Call () , RELFFFESHA L BFESE. A
anan b, FAIEH Py_Buildvalue () SRAESFH.

PyObject *dict;

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

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

21.7 RBY REHBHSH

% PyArg_ParseTuple () WA :

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

SR arg e — LA G, A Python R 45 C BB S MBI . format ZHRLL e — Mg X FA4F
N Python C/API F-Ji} 1] arg-parsing. FRSECES ML RAHIIE, FEABE R AT

R PyArg_ParseTuple () &AM TE ) Python S8R, HITLIEA & 25 by C AR Bk, Wig
XHEHBET, ﬁfﬁﬁ%ﬁﬁ\]ﬁ*%m%)\?@, I

AR R 2 52 05RY Python XI55 M2 #ka95 1M AZEBENTHYT T
— L BT

#define PY SSIZE_T CLEAN /* Make "s#'" use Py_ssize_t rather than int. */
#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() */

ok = PyArg_ParseTuple (args, "s", &s); /* A string */
/* Possible Python call: f('whoops!') */

2.1. ) C &} C++ #& 3¢ Python 13
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ok = PyArg_ParseTuple(args, "11ls", ¢k, &1, &s); /* Two longs and a string */
/* Possible Python call: f(1, 2, 'three') */

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

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

f("'spam')

f('spam', 'w')

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

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

Py_complex c;

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

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

2.1.8 A RBMHXBF SR

K% PyArg_ParseTupleAndKeywords () mBEILITF:

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

arg 5 format 25 PyArg_ParseTuple () HREUTE LN —. kwdict TEZ 216 N5 =125\ Python 1z
TR BRI B KB P . kwlist JE S & DA NULL Z5 R FAFERSI R, EHARIRRIES: AN AERH 5%
H format (A5 BAIPLAC . ARAATINEN, PyArg_ParseTupleAndKeywords () 2iRBIFEAE, IR
MBI 5] K —AN1E 24 1) 75

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

AR B2 KT SR B TR, 325 /2 Geoff Philbrick (philbrick @hks.com):
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#define PY_SSIZE_T _CLEAN /* Make "s#" use Py_ssize_t rather than int. */
#include <Python.h>

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

int voltage;

const char *state = "a stiff";

const char *action = "voom";

const char *type = "Norwegian Blue";

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

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

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

Py_RETURN_NONE;

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

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

PyMODINIT_FUNC
PyInit_keywdarg (void)

{
return PyModule_Create (&keywdargmodule) ;

2.1. ) C &} C++ #& 3¢ Python 15
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21.9 WiEEEE

XANRES PyArg_ParseTuple () RAAMRL, AEIUIT:

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

B AT, 5 pyArg_ParseTuple () A, {HE2SH0002 FEA Bt HEE G A A R %L,
AR ). 2R [B]—A> Python %1 423E &1k 8] C R %# F 44 Python 75,

—5 PyArg_ParseTuple () WIANESE, JETHI] AETR ZEA)ZoK R 0] — 04l (Python S HLIR ML ZFEN
ER AR I, Hean T %8 245 HoAth Python pREPAS %L, Py_Buildvalue () HFAREAEMITA, LT
1 AR & A e, T a0 SRS A7 R o 2SR ] None |, — SN B 3R FHA S EU X 4 .
WNSRERER AR B — MR 0 e, s S — N IeEW o, FEEE X FEAE N EIES

BI¥ CZeM2RM, A2 Python {HEZ5R) :

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

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

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

2.1.10 SRt

TE C/IC++ BT, BT A TT8h A/ BU A RSO heap 4 N AF. 75 C B, it % malloc () fil free ()
K. FE C++ HLZHAE new fil delete SRSCHUFHFAYTIRE

4~ malloc () HECMNAEEL, RZAEER free () BEIF T H MR Z . WM free () ML
PEREE, WERANFRIET free O WS SEATAIE, X ATAAERRF AR AP ISR EOR AN - X
0P AR o AR (] — A7 free () TG, 3 5h—MEE-FRDI, MR A malloc O &1
RRNFF B XM #7454t SR T R ROIIACRI RIS, core dump, FFEREEH, MIRLAIAIBISE .

AR R A R AR A — S8 TP AN DR AU R AR LT FEan— DR s T INAFRAS , T 283158, ARIEREIL
AT, BRAE— SO0 R AR 15 24 T BB T S A I A I A B2 0, ARSI B R BGR ] 1 IXARZE

SACAEIR AR A, Feabe s s g (R . XA TR, — BEIA, SRR IR E DA 2]
R AR R, T BRAC U SO AR E ORI BN B ARG (AR KU A et S8 D it O
BREN A AR L, AR A, e AURS LT SR R R M 2 B iR

Python jfiid malloc () Ml free () W& KRR NAFECAREML, [FFRSS ZEREG0 N TF it AN B F5 6. it
Mk 51 R T dc. HRPR LRI BRI S — TR, TR IS I 0 R G | SR
S, M5 HTTECH 0 I, FoRMRELBAFAERE LT, MEt ] AMER T .

T3 AGE A FH R e, CHING T BB PR MR Bl Bk, TRaX " B2l H AR Pi#) .
Bl b7 3% S O 502 A TR E TR free () o (5 —MEAURSCEE S MR, SATMX I
AXE). SRR C, B RS AR B SR w5 IO R AR AR S (% malloc () M
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free () MAUZEF R, XMZ CARMEHERAD. WIFVEH —Ra MBI A SR mcRs, (EAE
HIRATA G T TR T A

Python (I GEMT RS BE, Wt TORBRIGINGS . DA R GER . X (50 1 Jo s 1H 0 A% kA
BRI TORERS T, X5 VBB — 53 . SRR 4 (TREEE) M5 T4, FrPA
DEEA P AR XTS5 TG A 2 0. SR A5 T ECE TR R e T 5 DR FR P BIXT R, BB WA ER
PG URBIXEER, RGBS TRERASMY S T .

PEPRGEI 25 PT ARSI Br R AGER I B . go B T A Es TR (collect () BED , T H W PAYEE
ATHTECE AR RIS o TEIRIAR A BT, BOA S E S, WA ATEM @R 2EH , 7E Unix -5 (2
$E Mac OS X) ffi il ——without-cycle-gc ¥%£3i%| configure A, HISRIEIRIFEIMEBZER, gc Bkt
AT .

Python thiy5| Bit#k

HWi% Py_INCREF (x) #l Py_DECREF ( Miélﬂﬂfréﬁzﬂﬁi*m Py_DECREF () W&7E5| Hit43|
ik O BPRETION 4 ﬁTi{% HA AET%U“]H% free( N ipssiEupoE i Sty %B@@ﬂﬁﬁﬂéﬂ%ﬂio KT
AN H A (AR, B S A — A5 1 B Ex*éﬂﬁ%@ a4t

TR EEUKIE - i Py_INCREF (x) Ml Py_DECREF (x) ? ATHLHIA—LME. AN #HE7
— X5, K] M%ﬁ#\%l)ﬂﬁh/\ﬁ% ~/\5<T%E’Jé'lﬂﬂw+§&m>4ﬁ¢ﬂiﬁé'lﬂ%Eﬁéﬁzg S HIAEE
HIALMM Py_DECREF () , TE5|HIATTRER . 5] A R R AR A =FIpER e S AT
Ji s G < N i PLDECREFO o It E—MHATG I H S SENF

EFDA 45 —AXRE I SIS AR R%E M Py_DECREF () o i HIFF AR RERFA X G it
PO A I IR] o AEHHA A B G A5 05 | A R, 58 Ak i

AR5 A A2 AR R O B A kA BRSNS, s8I, a5 AR IO 0 A7 O 4 K
Wr. 5 E‘J@%)ﬁ%~%§iﬁ_ﬂéfﬁﬁﬁﬂLEMHH%EIﬁE%T CiEEE PN EE LI EPUE S

ATV APA S, I H Py _INCREF () . EARXPIE 2 1 A &R, X al@— R
WHIAESIN, T eanila & e (%ﬁé’ﬂ?)ﬁﬁ%ﬁﬁ T BE U, R R IIA E A .

AAEAN

B RGBT — R BORT,  sRRO I 1 VA% ds E A KRB R a5

K 2% Kok BR[| — A 4151 H, #1’? SlHPAH XR. @HE, A B Z R A, Bl
PyLong_FromLong () fl Py_Buildvalue () , &f&#BHIH X RGHTIE . BHEEXNEAREERT,
1'/J\1)572§EI%39?T%X¢%B"J%?§IH§D — AL 2 Pylong FromLong () 43 T —ANRATERIZELE, HT LR
BRI H B -

W —PDRERBT R R, WLy X R, fli PyObject_GetAttrString() . iX
BN G W, — 248 K BB 2 B 488 PyTuple_GetItem() , PyList_GetItem() ,
PyDict_GetItem() , PyDict_GetItemString () ZREIRMIMICHL. FFE. FH B EHYE]H.

PR%L Py Import_AddModule () W2REUERAEIH, WA T RES IR F IR XS XAAT R8I — 4
BRGNS RAAAETE sys .modules HL,

RGN Z G R AR B, GEE AR B R FEAFE, S Py_INCREF () 3k
AR ST A . XA A EZEFIS: PyTuple_SetItem() fl PyList_SetItem() . X4
PREIEZ LRSI X R, WS KR! (5 pyDict_SetItem () RHEFEASERZTIHXER, fif]
2 IEFR).

2 RIB (R AN R RS AL : S TAA S I L.

S pan | HHEE A | B, BT B DA O 2R I L, 4 T AR LAt 5 B A
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Y~ C e Hit Python I, S MM IT RS EAER G AEIAXRNTIA, oA mms]
A A fis JET AT AGRAIE S RSl 1] o LS A5 1 5 | 76 AT R s Ay, s SOOI 95 N, i i

H Py_INCREF () ,

Python i ]\ C eRGR [0l XS 525 | 1 IF A Z5@A0A 195 | -3 & R BN R BUL i 2 o

e B K
AORILT, BHGINAERRICE, HAN SRR, Xl F oy R, Il sE
FHIIA F AL EX AT

BT B HNE R DL ] Py_DECREF () B MERXG, M AX g5 B — MoK T
o B

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

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

XA REE SEfE A5 H 1ist (0], SR8 1ist (1] MH 0, BJEITaMEAMEIH. BREILER
e, (HAANE.

HATRELHRIEA PyList_setItem() o FIFIAETIMN THEIA WA, FroAX o | g, pia
AL BRI 1o BIAEIRBLEOR AR 12 ) ORIl HARBGX AN EE LT __del () Jiik.
WA RSB T T ECR 1, A ESER AT __del O Jrik.

WESAJE Python 5y, __del () JiIARTPASATAEE Python {UR%. R AIHELE bug () By item K IET|HIE,
. BBAELES] bug () 2 __del () TIEFIN, Al PAPAT — M IEA)REEL del 1ist (0],
IR BB iR G — MR RGN, B BRI ATr, IS item JTE2kfk.

ORI, MARALE T IR, A5 T WG TR IERR AR Y R AR AT

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

Py_INCREF (item) ;
PyList_SetItem(list, 1, PyLong_FromLong (0L)) ;
PyObject_Print (item, stdout, 0);
Py_DECREF (item) ;
I3

KRN EELWE . — AN HARE) Python 345 13X/~ bug (ASFR, i —28 AFESE T K EFEIE C il [
EFHMA __del_ () HEREIHK.

S A 18] R 4 45 RIS A T B 5 E R R AR AS Fh . @, Python fFRERS L AN LR AR T0 v HE AN 7 1) %
7%, WANEANE R E Python BAXT 425 6] . {HA] A %% Py_BEGIN_ALLOW_THREADS KIfGHRE
XA, TR Py_END_ALLOW_THREADS . 33X 3 B £47EPH 28 VO V& H4b, (#7528 #E 0] DAFE S
5 VO el FALFESS . AR, Q0N RS IR BN —REAY ) A

void
bug (PyObject *1list)
{

(Rt
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(R —H)

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

HH, BRGNS EA KB A BARME L EAT NULL 5851, I FS IR 2 8 0 (BE
PGB DR ) o SRIFD0 G5 | Y R 4GH 3 AR A AR T S8 I 43R [B] NULL, Al NULL 24501
J PRI T 1 6 bR R DR E AT T T R G A 45 LA PR 5 - AR e BT A NULL, R 2 S EORE )
TUAAGI T AR IZ AT E G20

HFRMEAROUE “PRK" AR NULL, BIFERCE] — AT HEN NULL i945EE, BIAIKHE malloc () B
—ANATRES | A5 Y pR RO I %

Py_INCREF () Ml Py_DECREF () & E ALK NULL #541 — (B2, A2 M Py_XINCREF () FI
Py_XDECREF () &AM .

HATRNRFER R IR (Pytype_Check () Ao NULL $54F — [k, A KGR 2 RS HTIX
BLANMAL— DX R R UM R I 2 —, XA TR AFFAENA NULL A S (A

C %A fﬂfﬁﬂ%ﬁiﬂ?éﬁ C MBI SRR FmBlH oy args) #4404 NULL - Sk EESRIEH 2
H—Aoedlt.

LA ERE NULL $58F “ER” 45 Python JHl Pl & 1~/ B A 5%

21.11 7£ C++ hREY R

AT DATE C+ P B JAsi, FURA SEIRE] . 4028 A7 (Python fRERS) J2 BT C Zidedi R 4 136 A1 1%
Y, 4R SR S SR AN BE o AR Ct iR SRR BEB AL IO XA L. B &2 B Python
EREASVR I GELH SR B (L R B0 LSl extern "C" . MM 7HAE extern "C" {...} HH
Python SKSCPRNIAE IR AL, PEOAIARE L THF5 __cplusplus MEZGEX AR T (B B C++
F AR 2 XA

2.1.12 453 RIERIZHE C API

R AR B 737 Y eR BRI S L Python (1], (EAT I 4™ frASi bl HL A4 AU T AR PT ARSCHA ™ RS i )
BN, — A9 R AT PASE I — A~ S A collection” kLR 2 A T Y . 42 Python 51| RKA, 4 C
AP AAVFY A HOR QM ZAES 5132, XA HHYAR G IR DU — i C e U T4 At i R L G

IR RAMRE R AFEEERE Cof Al static), FRIHAHISSCHE, AR C APTISCR ., SLbx
AR IR HRS J i S R £ Python fFRE RIS (L2 W] ATE R TARMY . RIS DASE e gefiemy, — M
B AT RE SO — AR L. T DRI (OB T3 E R S8, — LU R GEHY Python M REAR (11 4= Ry
2 75[8) (Bl Windows) , A LEMAESERE N 52— "IN E FALFSINER (P12 AIX), s Rl ik
AN TR] SHEm (A Unix Z851). BTS2 4Rl WA, R B ARt T B i A2

] FEAEE T B RENS AT Al WL MU T AT R . XGRS B T A5 #R I I Il static , BRT
BRI IR R, Al S 5 HA Y AR 1 i 44 ph 98 (FEBE AL 7 5 A s 1L 4 FRhig) o X
HFATT NI oL IR AL HoA 5 H 7 FOR PEH Ay AR 517

4 MAREEA IR RS TR 295 i, XS IEAR B, R RIAAEE TR IR T
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Python Ffit T —MRFHIRHLEIR AL 2 C FUlfE . (685D, A— A9 R —4>: Capsules, —> Capsule
52—~ Python Hi A, S fRAFHRET (void * ). Capsule HAgiE I C AP, (H R AER A
Python MR —HEf ik, @, AT LASEE M B & 2B 4 7 o HoAhd B T AT A
B, SRPOX A FIE, S5 Capsule ZREUEE

Capsule W[ DA ZF007 X3 i1 C APL 434 gk . e80T LA H 9 Capsule, 83 A C APL 5% AT LA
FAETE— R L, B hE PR A A 4y Capsule. FEAEMIRIRIESH R AT ARI Z R, B2 ik i

TCRARIEREES 3, IEH AR Capsule 1y 4 FR AR B 25, BRAL PyCapsule_New () % —PHIE
2 (const char *); FUUFARTEA—A> NULL AE R FR, (HIRATMIEBARIE & — PR IEMHL6 24 17
Capsule {1t T — @R IBATINIS I 40 4 WA WATHY T AE IR0 WK fin 44 1) Capsule.,

WHKYL, Capsule [ T55% C APL, HA 7 WA R 41T B :

modulename.attributename

A %L PyCapsule_Import () W AK )2 AT Capsule $2451) C API, {{¥E Capsule {44 F-VEECHT .
XAT AR C APL ] PHRAE T 8 B 2 MR A IE ) C APL

IR Bl R TR R SRR T IR EE 1 T3, TR R R AP RE T C AP 5%
(BF A —A) fE void fEHAYRAL L, HfIHAEA N Capsule. X B AR SCPFR L T 2 KA BE S AL
BANZRE C APL 4T & ol U BT C APT Al X4~ 75 B el

SHAREE I spam FiHL, SEEH AT Eaym) T Bi%. AL spam.system () A EEEWHH C HEREL
system() , (H— K% PySpam_System () & FATTIHM, MRBLT &5 J88 (FIANG N spam™ F|4&E7>
). HRE PySpam_System () S HAHAY R,

PR PySpam_System () &4l C lBEL, PP static gifg A HRFE:

static int
PySpam_System(const char *command)
{

return system(command) ;

}

PRI spam_system () IR B

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

const char *command;

int sts;

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

sts = PySpam_System (command) ;

return PyLong_FromLong(sts);

}

FEBEHRIT K, FE AT

#include <Python.h>

B SR

#define SPAM _MODULE
#include "spammodule.h"

#define HT &AL R EASH FHEL, MARE Fimbibh, K2, BHRIIHL R EUL I 75T
WIHEAL C API 3841541
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PyMODINIT_FUNC

PyInit_spam(void)

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

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

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

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

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

return m;

V& PySpam_API FHH static ; MAMEHEAHATE PyInit_spam () S5H)EIHK!
St spammodule . h BR—He TAE, HEZUT Frn:

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

#endif

/* Header file for spammodule */

/* C API functions */

#define PySpam_System NUM 0

#define PySpam_System RETURN int

#define PySpam_System PROTO (const char *command)

/* Total number of C API pointers */

#define PySpam_API_pointers 1

#ifdef SPAM_MODULE

/* This section is used when compiling spammodule.c */

static PySpam_System_ RETURN PySpam_System PySpam_System_ PROTO;

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

static void **PySpam_API;

#define PySpam_System \

CFoiaks:)
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(R —H)

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

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

static int

import_spam(void)

{

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

}

#endif

#ifdef __cplusplus
}
#endif

#endif /* !defined (Py_SPAMMODULE_H) */

B 7 i AR P 00T H W) 46 A R K B 4% G U8 T BR & import_spam () (& ) A BE U5 M BR 4L
PySpam_System() »

PyMODINIT_FUNC
PyInit_client (void)
{

PyObject *m;

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

}

RAPTAM LB ERR, SUMF spammodule . h i FAL. B, WHREELTHAREL, FAGH R,
JIr AR B2 2] — 1K

a2 Capsule $2(E THSMYTIRE, H TAEMEFE Capsule B PR 5 I NAE D BLFARERL. 4175 %
Python/C API 2% FJJF 127 capsules #1 Capsule BYSEH (£F Python JEf% K4 T4IH) Include/pycapsule.h
1 Objects/pycapsule.c).

Fe
22 HENT REE: Hi=

Python A4S C " EALHUE i) PAM Python fURD H #EANAYRI R, SXARMRINER) str Ml List A, Jf
AP R R ARRLG — M, (HRERTT IR, R 2 T Leaiy . X0y SO X XA AN 4

22 Chapter 2. R{EHE=HATAREIIRFT




Extending and Embedding Python, £(F] 3.9.21

2.2.1 Ei

CPython JEATHIHE 7 Python Xf SA5BL4 %2 pyobiect* 7k, BB Python 4% 19" JERJ 0",
PyOb3ect Hiti{AA Bt i T A4 Hreference count RIXFGH” JTRFL . RS RERS 7o 22V O
2 (C) B, BUI—DIRHERET— A%, ki, o0 S XGRS C B EF ) 2
BT

BROA, R SR R, IR %

B LA O TR, ML — MU RSSO, 5 3T IR Cust on #E C RS

custom B,

) X IR TR R E X static M RBERA LS 071k FTAIE & K 8. C APT Wn] DASE X AEHE |
SRR RERAL, i PyType_FromSpec () BREL, HAEARATTEITHE.

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

typedef struct {

PyObject_HEAD

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

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

bi

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

bi

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

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

Py_INCREF (&CustomType) ;

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

(N IUERED)
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}

return m;

}

XIS REE GBI, X2k TR bR Lo XA S0 e LT =
1. Custom ZEHIXT4 object 175 T : CustomObject Z5#y, X4 A Custom SEF|H—IK.

2. Customtype (4770 iXJ& CustomType 454, HiE TR RN BUREr, S mfgReds 2%
R

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

typedef struct {
PyObject_HEAD
} CustomObiject;

This is what a Custom object will contain. PyObject_HEAD is mandatory at the start of each object struct and defines
a field called ob_base of type PyObject, containing a pointer to a type object and a reference count (these can be
accessed using the macros Py_TYPE and Py_REFCNT respectively). The reason for the macro is to abstract away the
layout and to enable additional fields in debug builds.

fHilll: FERAEL PyObject HEAD JGIA 4T . AN & SR H R T .

MR, XRER THE PyObject HEAD fE#EEAL, ABIMIE: BIan, WFE LT FnifEfy Python i &L

typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObject;

B AR I R Y E S

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

bi

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

& object .h FFSLPRE LY PyTypeObject A M EE SCELZH 7B, FAKTEam CHixsHME
SRIATE, WHEPMOE A RAHIEEENT, BRAMRhSEHEEA ]

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

XA dl AR, AR EFREI) ob_base FBL:

’.tp_name = "custom.Custom", ‘

FMIPZERA R R BAEFRATHI A RAY BN SCAR TR I AR L D B, Bl

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

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

HE, A7 MW ENAY, BIEES R R R FR. ARG B E custom, REZE
Custom, FrPAFRATRIZEBIAZ N custom. Custom. I EIEM AR FABRGREZ, nTAGRGEES
pydoc fll pickle Bi3F%,

.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,

IXAFERELL Python HIGE 4 A& # 1 Custom SLHIRIFREAHLL D NATF. tp_itemsize (U T W AR K/ X
SME A 0L AR M

i [ AR AR A B AR K BN AE Python gl T 24K, IF HARMY SR AL HA 5 H B Al 2 A0 [H) 1
tp_basicsize, MBAARATREX BT ZHYPRK M. JRIGIEHAE Python HHY TIKFALMAEH _ bases
HORFR ) 2R BRI T, S EAE RIS ALN _ new () Jr ki@ BN 6. AR AT DAE il PR AR
AR I BA U H B RIR NS R tp_basicsize (EDRBEGILMIET, TERZEONEE, AR ATAR), BME
BARIERIZEAC) object , BEARA MARA BRI B o1, I BT R/N

FATEIETEVR N Py_TPFLAGS_DEFAULT,

.tp_flags = Py_TPFLAGS_DEFAULT,

JITA JEBER N AR E N TR AR T B B o 0 R T 22 0FE Python 3.3 22 FifE S4B 51 QISR AR
TEEZRL, ARF R 2O Y AR E T OR G254

FATA to_doc KBRS FAFER.

’.tp_doc = PyDoc_STR("Custom objects"), ‘

RN R, ROFESRME— to_new LBIgR. X T Python J7ik __new__ (), (A2
FRE . TERX NI, AT AE ] APL K%L PyType_GenericNew () Fr{fftAIERIASIEL.

’.tpfnew = PyType_GenericNew, ‘

AR HADTR 2 BOZAR A S B, BR T PyInit_custom () ARYRELEAY:

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

FFRIERL Custom AL, Sy—f MR SEE M BOAE, BIEFATIERI RN NULL [ ob_type.

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

(Rt
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Py_DECREF (m) ;
return NULL;
}

DORHERB I B 7 il X AT REE L P ] Custom ZRAIE Custom SLHi:

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

T BRI R T F LI R4 custom. ¢ BYSCIFRRE:

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

14N setup.py KIS SRIRHIA

$ python setup.py build

| shell W[ 24 2 AE— A B S P24 0 custom. so; 3 A% H SR 1547 Python -—- {45 24 RE S 4T
import custom FH22i{#i [} Custom %4 .

I, A
BN, HETH A E SRR IO . ERA RS, AT . BRI TRAL

lE: EIAASCRYIER T TR C 9 RIMARIE distutils Bk, (EFE LS 5 i Je PR BT ST FL4E
PRIEAF) setuptools . A K HMIARI ORI TASCHRTE R, 7] AT ) Python F00 11 7 i 19 KK
B

2.2.2 EEFRGIFMBIEFTG E

TEFRATE T TN — BB N VR FRIX AN FE ARG o AT AT 2R A ] DAVE R RS . FRAT R —
DB custom2 RUSINIX LET) FE:

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

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

} CustomObject;

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

(Rt
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HEH L5
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;
3
static int
Custom_init (CustomObject *self, PyObject *args, PyObject *kwds)
{
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL, *tmp;
if (!PyArg_ParseTupleAndKeywords (args, kwds, "|00i", kwlist,
sfirst, &last,
&self->number))
return -1;
if (first) |
tmp = self->first;
Py_INCREF (first);
self->first = first;
Py_XDECREF (tmp) ;
;
if (last) {
tmp = self->last;
Py_INCREF (last);
self->last = last;
Py_XDECREF (tmp) ;
;
return 0;
3
static PyMemberDef Custom_members[] = {
{"first", T_OBJECT_EX, offsetof (CustomObject, first), O,
"first name"},
{"last", T_OBJECT_EX, offsetof (CustomObject, last), O,
"last name"},
{"number", T_INT, offsetof (CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */
Qi)
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i

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) H{
PyErr_SetString (PyExc_AttributeError, "last");
return NULL;

}

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

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

bi

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

bi

static PyModuleDef custommodule = {
PyModuleDef_ HEAD_INIT,
.m_name = "custom2",

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

.m_size = -1,

bi

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

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

Py_INCREF (&CustomType) ;

(Rt
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Py_DECREF (&CustomType) ;
Py_DECREF (m) ;
return NULL;

}

return m;

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

< 0) |

BRI TR 5 22 A
FMIE LA M—IMEFA

#include <structmember.h>

AR AT AR A BB PR, IR AR TR 5 i i -

MAE Custom AW C G5Mfk g = AN BdREM:, first, last Fl number . JLHv first Fl last 25 5324355k —ASH1

AR—AHFRIH Python “FAFH: o number JE {4 C AL
Xt R (R G5 R AR RS B

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

} CustomObiject;

A BUAEBRATA Bn 5 2B, FRAT A SN/ Cot A PR G 73 B HIRE T -
i

/h

HAF A RO

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

}

TAWIREZ tp_dealloc i fi:

’.tp_dealloc = (destructor) Custom_dealloc,

W ¥E 2 et 25 WA Python JE RS H1T4L. Py_XDECREF () RIEAfHIALBRESHCH NULL HE N (X
BETE tp_new RN & E) o Bl S B 1 R X S 2 AL tp_free bt (GBI Py _TYPE (self) XJEES(XT

REM) KBS RI N HERENREBA AR Z CustomType, BEHXIRHA]

‘H‘E%*A?ﬁ LBl .

HE): FEEER S destructor BRI NIRATE N T Custom_dealloc ¥i5%
241, fH tp_dealloc R¥LTR %ﬁﬁﬂ;ﬁ% Z—/>PyObject * 4. WAL, Jﬁw%ﬂﬁitﬂ

e C I I R G 2 5!

Z—A~ CustomObj ect *

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

CustomObject *self;

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

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

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

HAE tp_new MO E:

.tp_new = Custom_new,

tp_new ALFRZS A TROIE (M ARYIIAIL) ZEAXTE . BAF Python Mg RN __new () k. B
ANFEFEE N tp_new {7, Lhr DAL BER SR P EN PyType_GenericNew (), ¥R LIrisE—
it Custom ZRAFTERYARKE. FEMIEOLT, FATHEH to_new ALBRZRRFF first Al last @R IL AR
NULL BN

tp_new SFEZPLHLIREL (AZERN CustomType, WIERPSLBIMLHE—T-I) PLRAEZIIPE
MR AL SE, H PR ] P @ 520l tp_new JBIG SRR M BN KB TSE, HEILRE
DBMGX SR, MRS EUE P iR (B C Wiy tp_init B Python iy __init L) Jrikk
AT

fE): to_new R EAMBA tp_init, FAMBERSAITHAE.

tp_new LM AW tp_alloc MR EHAT:

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

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

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

fE: WERAREAE#—ME tp_new (BT AR tp_new i __new__ (), AN REFEBIT
it 2242 (5 O Y T O SR A R G YR . R R B S U AR R 2R A, HFEEREA TN
tp_new, B 2ilid type->tp_base->tp_new, WIERRAXAEM, VRATIEBLA [FAEM H A Python 3 LS
R A Python T2 REICYEIEMA TAE . (FemlHb, /K0T BB JC YA QI BLX AL T2 W) SE T & 2551 & TypeError,
)

FATERE LT M EZSHOR N TN SO BRI R 46 E R L
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static int
Custom_init (CustomObject *self, PyObject *args, PyObject *kwds)
{
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL, *tmp;

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

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

;

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

;

return 0;

}

ELHTE tp_init 7.

.tp_init = (initproc) Custom_init,

tp_init AZLE Python EREESN _ init () k. ERARIEXSRWERIEHIIHLE . Wiihfds i
ZAEN KBTS BN ATESEN IR 1] 0 Mi7E A R [e] -1,

AT tp_new fEEE, tp_init AMRUE—E P B, FEBINFELT pickle BEHUN SAERAFE
LI EPI __init (). ELATREMZ UM . R AE AT AERATRN G EJH __init_ () Tk
AR, AT R IR A R D FATHTRESPORT, PIAMRIXFES first BGUIRIE:

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

}

XA GR . FATHRBEA RE first MARMRA, HILE A DUREMFRIXTR . Enl ATy
A= PATERUT M first SRR AR RINTIES . S ZTE T RES R 2 5 A AF 25 4 IR R A
TEHANLAE AFIs TRV RS RTINS R -

N T PRI A T X AT RETE, FATLT- B2 B A 7 15 TR sl ENTEOIRE. 4
IS AT T T DAAN A6 PRI REAI 7

o BIATHBRIES A THEOCT 1Ak
o MFRAVHEXT SR WEAR SRR GIL WAL G B TR FATT A ST AR [ 5 1 B %
o 2 —A> tp_dealloc AbRRER AN SCHFIRFFAIR M 2R AR 5 | VB e
AT RESAERF AT LB R R N . A JUAR T 2T AR X o e ) B T 2 i SO A

VTR ATV A SR AR, TR R T AR RS B A
FHEATR I EATHE tp_dealloc ALERRRH X —HUH], B RFA BB SRR K.
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static PyMemberDef Custom_members|[] = {
{"first", T_OBJECT_EX, offsetof (CustomObject, first), O,
"first name"},
{"last", T_OBJECT_EX, offsetof (CustomObject, last), O,
"last name"},
{"number", T_INT, offsetof (CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */
bi

HRp 2 i R tp_members Fl{y H:

.tp_members = Custom_members,

BRI E SGERA B TR R WAl . ViR ERR AN SCRY AT ER o TS R R T2 2 3 b 22 Nk
THRPERE . section below for details.

RS 2 — 2 B A PR HERR ] TR B 25 Python J& ML XTSRS B Ipyd . FRATTFI] first Rl last (144 FR
TR, AL BT AR AT 2 Python XF42. BEAN, X S6@ il ] DAREIIER: , F-FF C 541Xk NULL.
RPAEFRATT AT DAGRIEIE 22 158 B e Wl A A E NULL fH, A0SR 28 J& Ml M B £ a 53 475 T 91584 NULL.

FAME LT —DEMETTIE, Custom.name (), EFFXIRAFRE L first 71 last 24 FRAIPEE -

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

}

BRI 02— M Custom (8] Custom [1728) LB —DSHH C KB IIkE 2
—EBINNE AN SR TR R Z A BN KBTS, PRGN IR ZZ AT SR A 2%
ZACES RO SR TSR RIESF AT Python Jrik:

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

THEEIA LA ATA N first Fl last WM ATHEN NULL, RUZR N ENTR ABMER, TEEFOLT
Fﬂ‘]a‘:}%ﬁ&? NULL. SRR B LR X 28 Jm PR SR PR A (B R B A P AT ef o FRATREAE R —35 1 A
A X R

BAEFRATE 2o S 77k, FRATE 2RIk SO AL

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

bi

(A6 A METH_NOARGS AR KT8 % A UE #3232 self LASMUATfISH0)
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FHRFHIRZ tp_methods F#{i:

’.tpfmethods = Custom_methods,

g, BAVREEFRA TR BT FEIRAE T2 B2 . RATRE O R B RRATH T B DAE AT A B e Bt
QU X 2R, P AT 55 2 U2 R Py_TPFLAGS_BASETYPE SSINE|FA TSR b

’.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,

AT PyInit_custom() FEf44h PyInit_custom2 (), B PyModuleDef Z5fiA it 4, , If
H i PyTypeObiject ZEMkhszieks .

WeJa, FATHEFIRAIN setup. py SCHRABGBHIBLH .

from distutils.core import setup, Extension

setup (name="custom", version="1.0",
ext_modules=]|
Extension("custom", ["custom.c"]),
Extension("custom2", ["custom2.c"]),

1)

2.2.3 REXTHIBE M EARE

TEA/NTH, FATRRS Custom /"Bl first Fl last JEMERYBCESR M E MBOR PR . TN E— AR
Mk, SCHIARR first Al last W DAREBCOAIE AT EE EHMBR . JAIMm X LRI LR W/,

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

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

} CustomObject;

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

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

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;

(R Itakss)
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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, *tmp;

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

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

;

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

3

return O;

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

bi

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

Py_INCREF (self->first);

return self->first;

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

(Rt
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HEH L5
}
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");
return -1;
}
tmp = self->first;
Py_INCREF (value);
self->first = value;
Py_DECREF (tmp) ;
return 0;
}
static PyObject *
Custom_getlast (CustomObject *self, wvoid *closure)
{
Py_INCREF (self->1last);
return self->last;
}
static int
Custom_setlast (CustomObject *self, PyObject *value, wvoid *closure)
{
PyObject *tmp;
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the last attribute");
return -1;
}
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The last attribute value must be a string");
return -1;
}
tmp = self->last;
Py_INCREF (value);
self->last = value;
Py_DECREF (tmp) ;
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,
Qi)
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"Return the name, combining the first and last name"
b
{NULL} /* Sentinel */

bi

static PyTypeObject CustomType = {
PyVarObject_ HEAD_INIT (NULL, O)
.tp_name = "custom3.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_new = Custom_new,

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

.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,
bi

static PyModuleDef custommodule = {
PyModuleDef HEAD_INIT,

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

bi

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

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

Py_INCREF (&CustomType) ;

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

return m;

< 0)

N RS T first M last WYEESRAGPS], FATRE B E SO SIS E R AL, T e TR

ME first BIERIREL

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

Py_INCREF (self->first);

return self->first;
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}

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

}

PR EEZ—> Custom WRF—A “HI”, Ele— D=6t ARG, AU auiZn, GZHEs
Hﬁm)@ﬁ)ﬁ%éﬁﬁﬁlﬁ%%ﬂmﬁ%’%m BEBT . 157 ﬁﬂ, X T AR 2 SRR B AT BEBONISE 35 o AR AR P £
KA P E G E A SR - )

BCEAT R RO Custom X, BEAL P, SBrE R PACH NULL, LESUIOL R IR YRR B bR . AEFA10Y
BEAGT . WRETEROIN R S R E B A2 P AT R MBA TR 5 L A — A .

A0 PyGetSetDef ZEk A E4:

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 HEHME:

.tp_getset = Custom _getsetters,

1E PyGetSetDef iR /e —Ti2 DImiREIR “PIE” . FEARGIF, RATBAHEHRME, kAR
f£ A\ NULL,

FATIER R T X LE R PR B 7

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

bi

FAVEFENRF tp_init AIRZFEHON H AV ATFRRH:

3 BUAEFRATVANGE first il last i GUER R AR, LR VFRRAT T AT DO B M5 TRV HECR RN, R, AN TIE 2 A e T2
S BRI T AR AR AN QR FATI R AT, FA AN BEARAIERE R — A5 ER T2 SE BN XA TS ST [l
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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,
sfirst, &last,
&self->number))
return -1;

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

;

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

;

return 0;

}

Tt XS, FRATREWS PR first Fl last MHL—@EA N NULL PATEFRATREAE LT i 15 oL F R R NULL
{HRA . XEWRE KRS Py_XDECREF () W H#A A DAR#%5# A Py_DECREF () J#IH . FRATASRE oo £E1
AR ME—3 & 2HE tp_dealloc SEBH, HPHLX LA B AT AL E 7 RELE tp_new HR I,

FATEE A4 T B IG R BRI AR A R B P IR AR, RN T Z BB —#¢, FATIL R setup.
py SCHFASINT — BN E o

2.2.4 ZHHEMLIIR B

Python HA— AT DA RN FERR SRR R 08 R 32 0 =l 35 (GO) RMEENTR S DT RO A . X AE O
SAERRYAEIRG I 24 flan, BeAE:

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

XA T, FAa0E T M HE SR SRR EraHE, R EE I kEHASY
S5IH. ERGIHITEOE R AE . EiBKE, Python FMEFRLIIR [T #ERF i 2 K %81 52 T0 F B3k o B¢
T .

1E Custom RPIHIEE —AMRA T, BRATAVMEZE RS LI LIE0ES] first B last J%'fé# eah, FES
ANFIE =AM, AT R 7254k custom, A TR DARIMEZ @ YE. T XA 5 o A —
A, Custom XZART LU ATEI:

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

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

TE, BRI B YR G TR S, M PR T DME AMETRE str TR AR A5 | AR R .
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BARVF—DSMG TR Custom SLHIREER GC IEMMMERHF M, FefTH) Custom RAFELE LM A
S ML I S P 3K L6 7 P

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

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

} CustomObject;

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

Py _VISIT(self->first);

Py _VISIT (self->last);

return 0;

static int
Custom_clear (CustomObject *self)
{
Py_CLEAR(self->first);
Py_CLEAR(self->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) H{
Py_DECREF (self);
return NULL;
}
self->number = 0;

}
return (PyObject *) self;

(FTgkEh)
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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,
sfirst, &last,
&self->number))
return -1;

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

}

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

}

return 0;

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

bi

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

Py_INCREF (self->first);

return self->first;

static int
Custom_setfirst (CustomObject *self, PyObject *value, wvoid *closure)
{
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the first attribute");
return -1;
3
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");
return -1;
}
Py_INCREF (value);
Py_CLEAR(self->first);
self->first = value;
return 0O;

(Rt
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static PyObject *
Custom_getlast (CustomObject *self,
{

Py_INCREF (self->last);

return self->last;

static int
Custom_setlast (CustomObject *self,

{

void *closure)

PyObject *value, wvoid *closure)

"Cannot delete the last attribute");

if (value == NULL) {
PyErr_SetString (PyExc_TypeError,
return -1;

}

if (!PyUnicode_Check (value)) {

PyErr_SetString (PyExc_TypeError,
"The last attribute value must be a string");

return -1;
}
Py_INCREF (value);
Py_CLEAR(self->last);

self->last = value;
return 0;
3
static PyGetSetDef Custom_getsetters[] = {
{"first", (getter) Custom_getfirst, (setter) Custom_setfirst,
"first name", NULL},
{"last", (getter) Custom_getlast, (setter) Custom_setlast,

"last name", NULL},
{NULL} /* Sentinel */

bi

static PyObject *
Custom_name (CustomObject *self,

{

return PyUnicode_FromFormat ("%S %S",

static PyMethodDef Custom_methods][]

{nnamen,
"Return the name,

b
{NULL}

(PyCFunction)

/* Sentinel */

bi

static PyTypeObject CustomType =
PyVarObject_HEAD_INIT (NULL, 0

Custom_name,
combining the first and last name"

PyObject *Py_UNUSED (ignored))

self->first, self->last);

= A
METH_NOARGS,

.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,
Qi)
41
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.tp_init = (initproc) Custom_init,
.tp_dealloc = (destructor) Custom_dealloc,
.tp_traverse = (traverseproc) Custom_traverse,
.tp_clear = (inquiry) Custom_clear,
.tp_members = Custom_members,

.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,
bi

static PyModuleDef custommodule = {
PyModuleDef_ HEAD_INIT,

.m_name = "custom4d",
.m_doc = "Example module that creates an extension type.",
.m_size = -1,

bi

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

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

Py_INCREF (&CustomType) ;

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

return m;

B, W IrIEEERR GC HBERERS S IR X1 5

static int
Custom_traverse (CustomObject *self, visitproc visit, void *arg)
{
int vret;
if (self->first) {
vret = visit(self->first, arg);
if (vret != 0)
return vret;
3
if (self->last) {
vret = visit (self->last, arg);
if (vret != 0)
return vret;
}

return 0O;

XTSI TR, BATHFERM visit O REL, MEEAZELE. visit () REHER
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BT M RAEN SRR AL G )T R BN S EL arg. EaR[Bl— A {2 IR o] (Y B

Python £ fit T — A0 B g i A visit pRALHY Py_VISIT() %. i Py_vISIT(), AR A/
Custom_traverse PR T/EE:

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

Py_VISIT(self->first);

Py_VISIT (self->last);

return 0O;

#E): tp_traverse PTG HBEOER iy 44 N visit F1 arg DAE T Py_VISIT ().

B, AT ER PTG AT ] AS G ERAY X 5%

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

}

R Py_CLEAR () R . B2 BT 2R 8s @ 1 8 Hg | By e B2z 2 5 K.
AR AR EEPRAER B NULL Z [RIFEJE M L IH H Py_XDECREF (), W@ M7 4 ml B8 < B R
BEBGZ B RS G A & WA S | I EAAYIE) «

HE: PR DAE R DA R Bk AR Py_CLEAR ()

PyObject *tmp;

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

TeS T, AEMHIE & M i i 2487 B Nevertheless, it is much easier and less error-prone to always use Py_ CLEAR ()
R FE R AN AR . 15 A EEE I DAL A M B MR !

BEii#s Custom_dealloc W RESTENN FRBYERSVH AMER A . XFEREIGER GC ] DATE pR I N R0k fisl %
BT GC AU S HTEAAE, BATFE @A pyobject _GC_UnTrack () Hik GC 5 (k38 ERAH K AXF
%, FHEFKNEH PyOobject_GC_UnTrack () fll Custom_clear EHLIMATBIES:

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

eJa, AR Py_TPFLAGS_HAVE_GC AR INE AR

.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,
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EFEMZEAZ T WERBNIHE T AE LW tp_alloc B tp_free SEBRE:, WIFATHR ZEHEER LR 9L
KRBT . KZH ARG A SR AR

225 FoRMLHMAE
QUEIRA: B A R AR A T RERY . BB MG R N E R IARR RO 3 ] AT (3 11 & i
3 221 PyTypeObject . FEA[Y REHLL [AIIL X Py TypeObject LM AR HXER) .

XA P A TR DR A NE 1ist A subList JEM. XABi AR SE AR HLAI 3R,
HRHAE — AN increment () RIS A

>>> import sublist

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

>>> print (len(s))

6

>>> print (s.increment ())

>>> print (s.increment ())

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

typedef struct {
PyListObject list;
int state;

} SubListObject;

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

self->state++;

return PyLong_FromLong (self->state);

}

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

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 0O;

}

static PyTypeObject SubListType = {
PyVarObject_ HEAD_INIT (NULL, O)
.tp_name = "sublist.SubList",
.tp_doc = PyDoc_STR("SubList objects"),
.tp_basicsize = sizeof (SubListObject),

(N IUERED)
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.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;

Py_INCREF (&SubListType) ;

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

return m;

TARITIL, BEIEACHES 5 22 Fil /N Y custom R BIAETE AL FRATRFZE —PHRE A2 R T3 X 5.,

typedef struct {
PyListObject list;
int state;

} SubListObject;

JRAE RN G T B2 e TR X RS R AR 56— M . FRIEALR O A H A5 IR T L A4E T
PyObject_HEAD (),

14—~ Python A4 SubList MYSEfINT, T Pyobiect * fikH T DI Ze &k IFEH Ny PyListobiect
* Hl 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;
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FAMTA] LATE BT BN AN AR AR __init J5iKS

XA AE G S B H € X tp_new Ml tp_dealloc M AMEANMBEE., tp_new MBI AN HEAG

tp_alloc WIXTREFRMTNFE, Mtk HEH tp_new R E.

PyTypeObject S Ff ] tp_base f§ & RARY SR B R, o T 85 -F & % 16 & 00 A8, 1R JC 34 B )

PyList_Type W5 HIREHIRFIXT B B MBS TERHA 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;

Py_INCREF (&SubListType) ;

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

}

return m;

}

e PyType_Ready () ZHi, RALGMAVLIC BT tp_base flifii. HIAITNIALRIRER, E

ANEFER tp_alloc fl{IHTE N PyType_GenericNew () -- 3 H A FE R ECRF S8 dk K
A2 5, VM PyType_Ready () FF BRI G2 HHAK) Custom 7w Bil—HEAY .

&t
23 ELY BRER: EFXE

ARFEAT H e P — AR 0] PASE B R 207 Yk S I RERY R R 2
X2 CEM PyTypeObject HIE L, &g T RN T AR 7B

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;

(Rt
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/* 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 */

/* call function for all accessible objects */
traverseproc tp_traverse;

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

/* 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 */
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;
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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;

} PyTypeObiject;

XHA R Z IR AHRAZRIEL, WRAREE 2, il AR E LD R I5I5.
LIRS R —FE, FATEE—— PN S R BERE T . PR R D s Gk i 5 Bk y . B
PAFRATA AR A eSS M A B SCRIFP I B ARR A 2 B — D SRR B P B Bl 1, SRS
AE R TE W ARBI 2R

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

|

R4 T - RPN, SHBERZHTT, Lt h TS H . Sl Mrs 7, X
TUWRATEE)

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

|

XL BRI AT I E B X IR B X N T 2 E 2 DN AF . Python S TRIAZ KM ZEHY (R : 7
Fre, oodl) ALENESRF, X2 tp_itemsize FRIFEMIEH . X MRIIGAERE

’const char *tp_doc;

|

RXHLURAT AT —Be P e (B ERYHUIE) , 244RAETE Python JIZRT |1 obj . __doc_ Wik WX B SCRY
ik
BAERAN IR — T EEALRTTIE - REBY RIEBURF LB Tk

2.3.1 KEHNANEFR

destructor tp_dealloc;

AR SCBIY G | T R 2> %I H. Python MR B ZL MU I, RFIR ML R 2. WRARAY R Y
AR T AR B, ARV DA E R L. W R A B SR X HURE . PATR 2 MR B n 1) -

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

}

ARSI SRR S, ARG I 24 75 T B AT B 51 7 Be 2 WA PyObject _GC_UnTrack ():

static void
newdatatype_dealloc (newdatatypeobject *obj)
{

PyObject_GC_UnTrack (obj);

Py_CLEAR (obj—>other_obj);

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

}

—ANE LR PR AL BRI T R e S E R AN S . X AR EE R B R RS 2 W R 1 R
M, YFEREE (MEHEEFERED, NSAEMINERTRERE B — A 25 AR E . R
AT AR 2 B MG N ) Python AT AAS £ 55 7 R B W E . X W] AE T BURRERR 1R PR IR . IR
PRy, AR EET, RrRIRE, REERLEREWRE . Hr G PyErr_Fetch ()
Ml PyErr_Restore () PRECESLZH:

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);

fiE:  RAEFE BRI AR R B P Z & AT BRE R A R, 156, WA 8 8L SR B 3% i (i
tp_traverse fll/af tp_clear), XTRMFRD MK AW ATER A tp_dealloc fgiE S s &g, Hik, 1
tp_dealloc H1, {RIUXTEIFA T ARSI BWSIHITHEETE . (FAXTHEB X2k APT [y (an
T B AR BT B AR T BE S PRI A tp_dealloc, SEONEREHON & LE T

M Python 3.4 Fify, EFFAREAE tp_dealloc MEIMALMM, M2 MBI tp_finalize KA,
%
PEP 442 iR T AL & .

23. BN REE: EFXEHE 49


https://www.python.org/dev/peps/pep-0442

Extending and Embedding Python, (] 3.9.21

2.3.2 WRET

7 Python #ft, A W7 A 0] DAZE ST R SCAR SR repr () BREHT str () B (print () BB EILM
M str (). ) XLEAIRAR AR 2 TR «

reprfunc tp_repr;
reprfunc tp_str;

tp_repr IR BAZIR Il —FAFER R, K &R e LA ERRIEA . i — M E R 1

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

WEREAHEE tp_repr ALHARSY, MERESRHRUE— I to_name MFRTRIEA VAL R ME—FRIR(E.

tp_str CHEEXT str () LA FiRA) to_repr AFEEENT repr () —#F; W2V, ‘B4AYE4 Python 14
TEAEARBY ST R FASEH BV str O B . EREHYS tp_repr RECIEFAML, (HHERFAHZ
HEANREFW .. WRKSEE tp_str, MESMHH tp_repr AFEERAER.

R R B

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

23.3 EHER

XTI SCRPR MR IO XT G, AU R SR I T il SR RO S e 8. 5 20— B I 3R
JEYER R AL (ANAE SCT AT IE) B2 7 — RSt w e (AR AR E ) . BiREtER—
FHRFIRTE DL, FEBUIG O N B 45 b BRER BT {E ) NULL,

Python CHFHIATPEALINGE : —ANSCRF IR ML SR A0 2 A B S XSO P22 BIE T X4
Z char* (ERIRMEATR, 1% XHEEZ Pyobiect *. AR ROIAS AT DAZEER A A M T2 S0 0 FIPE K 0
7R

getattrfunc tp_getattr; /* char * version */
setattrfunc tp_setattr;

S xS

getattrofunc tp_getattro; /* PyObject * version */

setattrofunc tp_setattro;

AT I — S G R A B e i T A B A OREAE R SCHEATRARE) |, DU — S 1) S 3wl 1 e 4 it
PyObject* A EMA LK. A Python 2.2 JF AR T2 4 Ja ) Ja MEAL PR Y S8 P f5 B LF B 58 42 1M
K, RUEIRATAERE VR 2 I R TR A P 5RO i ml e 2z LA i 81 1
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RBRMER

REHY RBEBEH WigEr:, B4, FtaibEras “fim” e? NFREWE N0
L. 4] PyType Ready () W}, WAHUHIEJEMERIAFR.
2. ANREHFIRI BRI OB R B A REORE , WA TEAMRIR R

LR, HAFRKH R PR . BRI B AR 56 B 16 2Kt i AT AT BR A6«

2 pyType_Ready () #FRHES, & b ZEBIXT4 5| HI A =~ 2R 0 8 B CE 3 2R B0 4 0 7 i
f)descriptor . RGPS TN LB G 00— AN @R . B FREE TR AR =N R4 NULL,
MZ B SR AT BT R SRR B RO JE i, I BB 241k tp_getattro fll tp_setattro F
BrRHF A NULL, RASRI h SR b2 B A P 2L J

FPE AR object:: T = ANF B

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

U2k tp_methods AN NULL, WIEAIEIE— 4 i1 PyMethodDef 454 AL AL, FH a2 HAD
SE G R — NS

typedef struct PyMethodDef {

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

const char *ml_doc; /* docstring */

} PyMethodDef;

124 I TR B A DT IAEE LA H . MR FOR AR ZA H . b TR EAEAR R —
MO BRI AR A H o IR H ) m1_name FBUAAUN NULL,

B AR AR E SCEEE AW B SR P B A JE . R sn C RN 28508, FF Him oy Xar Ak
Ry . RS RpsE SOh:

typedef struct PyMemberDef {
const char *name;

int type;
int offset;
int flags;

const char *doc;
} PyMemberDef;

XFRAPWEANFZE, BB Ddescriptor FFEINEN T (LR NSO S5 IR HERIE. type T BV
MALETE structmember . h K ICPEPUE RS FERRG AR 5 SRAERF T R 1 A0 rKf Python %45k C
HEE R Z . flags TR R MRl JE AT DA 7 ) 1 AR

DA i B 8 U AE:file: * structmember.h ’; B A 10T DAfHT ] bitwise-OR 2H 4.

BE 2

READONLY WA G

READ_RESTRICTED FRHIE AT 5
WRITE_RESTRICTED | [RHFIIEZ AT S

RESTRICTED TEAZ BB N A B2, BAE,
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] to_members FORM BN T T I RHASEA — A BRI GRATAT LA R T7 20 S e PR AT DA
{7 BRI S AR P P SCAR B B M SRR SO 45 5 o — R AR Al AGE A A & APT X GL3RI
flidds, O __doc_ JBIEARKBUEC FAFH .

5 tp_methods F—F¢, FFEA—MEN NULL IS5 H nane,

KBERMELERE

AT TR, X HHEIR char> U4 name JES YRR char* fl PyObject* KUk 1 2 B ME—X
o XATRBI S BT 5 BT Az s BIAH RN, (3 6 AE Python 2.2 38z i S2Fs. B
BT AL HLER R B TR R, BRI An SR AR SE TR Y R E IR EIEE . RS EH 42w B
tp_getattr PSR ATEXT R FEAKEERBEA . EgHANER S — 12K __getattr_ () ¥
TRV O DA [A]

it

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

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

tp_setattr AAPRESSFE T — N RERIH __setattr_ () B( __delattr_ () HIEWBIHMH. 44—
A @R M BRI, 55 =AE SR NULL, RIfE AN RS | 2SS w BT AR S R R AR Y
N tp_setattr ALFRFFI U BN NULL,

static int

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

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

2.3.4 MRLLE

richcmpfunc tp_richcompare;

tp_richcompare AbPEEFAAETREMAT IR A . BRMUT SR, Bl 1t (), Ho
PyObject_RichCompare () #l PyObject_RichCompareBool () AT .

I BRI B FH RS A A1 Python X R Fliz BAFE IS4, Ha8 458 Py_EQ, Py_NE, Py_LE, Py_GE,
Py LT B{ Py_GT Z—. ‘BN 24l F$& & 118 BAT K LR AN X S48 LB BV B B iR 8] Py True B
Py_False, QI3 HEHRAERPSL I B 22 M 52 LR i iR 1] Py_Not Implemented, B{#E 1M
WE T 5 WER B NULL,

R ARG, RN R A I SEA 2 A A
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static PyObject *
newdatatype_richcmp (PyObject *objl, PyObject *obj2, int op)
{

PyObject *result;

int c, sizel, size2;

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

sizel = objl->obj_UnderlyingDatatypePtr->size;
size2 = obj2->o0bj_UnderlyingDatatypePtr->size;

switch (op)

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

3

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

return result;

2.3.5 R IWNZH

Python SZRFZFf b 2 S0 ; AR ARG X 2845 1119 € 118 1 SERATS 72 abstract HH & .

XLl g% AR Z AR 2 A Python SEEITF A B E i i, 205, WA S I —TIF Rt 2
22 Python ML ER Sy FAMYMNZ G AR« X TR LE kR B SRS AL PR BRI HMSOR UG
B IR MM E SO BN G 5 | TR AL BR g ) T et o T BB B PMSCR UEAE T 22X R Frad A B4 M Al
7, FAA — ISR R HE BRI G B2 R e A A . (SUBITR (I A 2 R WIS (2 EE NULL
ATEOL, AT DABCEL AR A I — R LA AEAE , (HIEAROL AT RE SR AR RRTS )

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

WRAR A BRI X R AT BB — N ECFE . P sk x4, AR E o BICE — AL T C 288
PyNumberMethods, PySequenceMethods B PyMappingMethods, BIZE MR HNE . VRSB 7 35618 24
FMEIE AKX SEEE K . /RTT PAFE Python JEACHES AT Objects HSRH R LEXT 545 H 1 =R Bl o

hashfunc tp_hash;

WERARHE SR B LR, B LY 24 S VR B ST A S IR 0] — AN A B R T — A ] B 7 1)

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;
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Py_hash_t & ESEEBOLT HIARF-EHA TS 2EE. M tp_hash & -1 FR LA THIR, Xk
ST MR 24 B e A iy ia B AR W, a0 T TR .

ternaryfunc tp_call;

BURRELSHE TR VRIEE B SL BRI, 280k U8, A0SR obd 1 BRI EIEZ AL ST Python Ji
AT objl ("hello'), NPFAEHA tp_call AbPEZS.

IR 2 =55
1. self J2AE AV A HRBGERBSLH] . WRIEHZ obil ("hello'), W self hj objl.
2. args RUZTAMSHWICH. RATAMIA] PyArg_ParseTuple () RIS,
3

- kwds & H B AN AT SRR . R E AN NULL HAR SR T S8, AT A
PyArg_ParseTupleAndKeywords () RIS E. WRARAE LR BT S50 E S 3E NULL {4,
N2s5] % TypeError Iy — MERA SR XS EHE

T2 — AR tp_call SEP:

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

PyObject *result;

const char *argl;

const char *arg2;

const char *arg3;

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

}

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

return result;

}

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

T2 R FHR AL T XS AR P S . IS BRERES K2 — AN 2, BB TR A sk e (8 i 291, 93 [l
—AHHGI . HEARIRE, BV SR E D REIFRE NULL, tp_iter X Python __iter ()
F¥k, M tp_iternext XN T Python __next_ () F¥.

L Aufiterable Xt RAQWM LI to_iter ALHAR, ALBRGRAAIIIR ] — A iterator X4 . "N ifis2-5 Python ST
FHR [R>S I

o XFTRPASCRRZ AR 2 IUE (g RATTH ), W SRR tp_iter IFEIEIR [
— A HHIE AR -

o HEEHER A% (R T ERBAEA M, FlanscHxd5) nf PAE R B — 8 E
SIS FRSEH tp_iter - I HONILIA W 450 tp_iternext ZbFELR.

{FAiterator 35BS G BFELIE tp_iter fl tp_iternext, —PEMRLEN) tp_iter ALFEESS 243K [0] —
MEIZIERIFHGI H . BN tp_iternext ABRZEE 2R [a]— g ) R ERAVER T — X2 0085 1 H
WA F— XM R ERCRARE, W tp_iternext WPRAIRE| NULL MARE R, S350
A PAFEIR ] NULL 30l #5ME StopIteration; #6n 55 Al AP A BT B . UNSE & 48 T SCBriv)
B, W tp_iternext WY SR E— R IRM NULL,
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2.3.6 HE5IAXE

One of the goals of Python 555 | I SE BLH H AR 2 — & VAL BRI S 5 555 FMLHI A &7 E M RE A X5
(Flangks) br=Agorras.

W%

weakref BRI,

XFT IS5 IS, 9 R BT {4 2

1. 7£ C W &5k a A% 1T T 5551 HPLHIY Pyobject* FB . ZAT A M E S M 411 E R
A NULL CY4{f FHBRAR) tp_alloc HHXRFS HEIKE).

2. ¥ tp_weaklistoffset KA K E N C X R AP R FE WA R, XAEMRERS L RE AiE
QRART s ) AME 0% B

FRAIE, R — U NS G R A g s oy B B 7 B

typedef struct {

PyObject_HEAD

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

DA AT S WY SR 2 G P AT I A8 A

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

bi

ME— B W Ah b e 2 R P B 9 NULL W tp_dealloc 5 %3 B AL A 55 51 A Gl i R W
PyObject_ClearWeakRefs ()), :

static void
Trivial dealloc(TrivialObject *self)

{

/* Clear weakrefs first before calling any destructors */

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

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

23.7 EZEW
N T A2 QA AR BRI S SRR E TR, TR CPython YU . BEA Objects Hk, RJ5TEC
PSR to_ I EARAEZRY A (BIAN, tp_richcompare). RFFHRBIIRAEZE LU e KA H T

MR ZEUE— DX R R ARSI B B AR SL By, 71 PyObject_TypeCheck () M%l. EM
— R BT

if (!PyObject_TypeCheck (some_object, &MyType)) |
PyErr_SetString(PyExc_TypeError, "arg #1 not a mything");
return NULL;
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hz%:
T #; CPython JEfCHSRRAS . https://www.python.org/downloads/source/
GitHub |-JF% CPython J5{Ci%I) CPython JiiF . https:/github.com/python/cpython

24 W C/IC++ VB

—~ CPython f] C " J@ 2 — M ILZE (Flan—> Linux LAY .so , o(# Windows [f) .pyd), H&ESH—4
451 FF

KT HSEA, EFEVAE PYTHONPATH A RL, HAFir & WG, @idiE Sy g, S48 H
distutils [F, 2% H 34 BUOER T SCFE4 -

WAL PR E A A AN

PyObject* PyInit_modulename (void)

R HOR P e B IR AR, B—> PyModuleDef 5£fi|. #¥# initializing-modules T fif 5 2417

YT ASCH it i 45, R /2 PyInit_<modulename> , f <modulename> Fft A ik
W25 248 il multi-phase-initialization B}, Foi/Fff Fi 3 ASCII 4565 B E 44 . IU AT 4 4k bR 55017 42 7 &
PyInitU_<modulename> , [fii <modulename> §5%% ] Python f¥] punycode 4, EFSFHEW N TR,
7£ Python Hi:

def initfunc_name (name) :

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

return b'PyInit' + suffix

A LATE—D S RL R I 2 MR, i i LA R TS AT 2 SRl i S A
A BRI AR T SO BB S B &R 7 —/A 249 3 48k 597, A PEP 489 T E 241

-

BiE]

2.4.1 {EH distutils {32 C §1 C++ J' &

PR ET DAY distutils SR A EE, X 2 Python HAFHY. distutils 30 Fpa)E “dE b4, J 7 TORE iR m
distutils FLREZEEY @ .

—A~ distutils ({5 T —PIKEIHA setup. py o X4 Python SR, KRB ARFR, FHERWT:

from distutils.core import setup, Extension

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

ext_modules = [modulel])

S setup.py , ML demo.c, BTUIT

python setup.py build
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XGiE demo . ¢, R4 —AP BRI demo 7E H 3% build B, KT RS, BiHCSCHEScER
AMTHZFEFM build/lib. system , &4FA[HER demo. so B demo.pyd

TS setup.py B, IrAIMERA D@ setup KEL. ZRET A2 AR SR XS4, Bm
B R T Fralf s mmslre TR ITEE, IEIEE THENE. BFE - TMat
FEL AL, if% Python FUYRIGELEL . SCRY. T4, 1S4 distutils AYSCEY, FE distutils-index 2 T £
distutils FRRME ;s AREEST HARRER B R 4) .

WH T ESE setup (), MEELFF IR IAS . A a0 BB 1%L setup () ) ext_modules
SHGE YRR, A2 Extension BAYSEHF. Bl FHEYSEEIE LT Y RG4S N demo , MEA—
AL S 7 demo . c

ELmE, W RAERNL , FHEAIMY LB g SCRIPE . 417 1 Js T X2t

from distutils.core import setup, Extension

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

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

ext_modules = [modulel])

BB setup O AT AISMERS 7008, BT A AN . A TIANR, JUiE T
FULTRREE X, include H3t, FEFI, P, (KB FRIERE, diswils J620 LML) R f5 0 BARERS . (LA
fE Unix b, Z55LR T 4%

gcc -DNDEBUG —-g -03 -Wall -Wstrict-prototypes —-fPIC -DMAJOR_VERSION=1 -DMINOR_
—~VERSION=0 -I/usr/local/include -I/usr/local/include/python2.2 -c demo.c -o build/
—temp.linux-1686-2.2/demo.o

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

AT TR H Y distutils F PR ZA(E distutils BEIERGTE A -
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2.4.2 HAIREYY RIRIR

B RO LI, A= 2R E .
R Pl R AR B R, W] DA 2517

’python setup.py install

B AES P N RIS AL BB n] bhs T

’python setup.py sdist

|

HUENT, S5 BAER &4 AL S BN SCF; Xl MANIFEST . in SCHRSEEE, A manifest T f#41
o

WSS R AT WD, A i m] AR R AT R Buk T RMTG, AT i — AT A
FARSEMILAT 55

python setup.py bdist_wininst
python setup.py bdist_rpm
python setup.py bdist_dumb

2.5 7 Windows t#3i C 0 C++ ¥ &

X—2 R BN T WA {8 1 Microsoft Visual C++ fl]ZE Python (1) Windows " @A, SR 5 4L X H T /E
WU S E B . X Se i BRI A T Windows #2)F 512% > #4 78 Python 3" & DA}z Unix #2551 2¢ >
0] 4= B AE Unix F1 Windows |35 BE R h #4284

S ER ] distutils J7 ORI A AL, A H AT FHiRm L. ARG FEMEH C ek
¥4 %8 Python; 5 A Microsoft Visual C++,

) X B K& T 2 ST A Python ARSI U4 o X SESC R4 AR R XY A S R A0 78
S, X REARETE A RY Python KA AR H FERRAS ST 1Y R RIRCAS S A, A SRR B 2
Python 2.2.1, XY ¥4 22,

2.5.1 iEzi5HEA

1t Windows #l Unix _EME Y RELRAA PR (1 distutils WORERIMEIIRR, 8T aRfE,

distutils J72XE N TRZHE R (] distutils MEAIFTAY AL SO I distutils-index. QSRR A B
Wi SE TR B F s, IBAWFFE—F winsound ARk AL I H SCE R BE SR A T B .

2.5.2 Unix 1 Windows Zalf4 =%

Unix 1 Windows Xt T fUR Az AT I 1 58 AR A9E . FERel i nl sh S 2 wy, %
o T RAR BT AR Ge R aner AR -

e Unix 1, — LR (Cso) SUPFR & i e P R ST AOAURS , B0 STERE R v il ek 21 A o 444 A
A o 24 SCHFREA T B FE Hp ey, O SO AR rhoisk 28 o BRI i ) 4 705 | AR 2 B H8 10 AR e v ek 4L
ANBIRAE WA P T SCE R SEPR AL B XA o — N ERARAT .

58 Chapter 2. RERE=FTREIRTE


https://github.com/python/cpython/tree/3.9/PCbuild/winsound.vcxproj

Extending and Embedding Python, £(F] 3.9.21

& Windows 1, —DEESHHEIE (. d11) SO P ECABAERIT I o TRl i — AR I T4 bR Bl i i
Vil . IAEZATI DLL USRI AT B G b, I E &M T DLL iydrkk, IFHAnz
AT R S WAE VAR 5 7 1 R ORI -

e Unix 1, AFFAE—FIESCIE (L), BEERAZDXRITE (o) B, FEa)E X230 (Lso) 1Y
HEREITBL, AR AR ] RE S A E AN AR RPN BUE SO B AR AR G S AR
B WERRE T, BRSSOk BRSO R A UG

£ Windows 1, FRAEMIFZEER, FESENIS AR @ LGS - 1ib). BESERLT Unix i .a 3UfF;
AL E I BRI A . AR B AOUN TR AR RE IR € AR A2 AR, JF HFAE DLL
OIS TR f e IOAREEE & AT O TR AR 5 B A R R DA 1) R B8 7E DLL Hr g ARR
Ffo M—A HIFEF ek DLL giffens, nIREA il— AR, BT EON T AR 8 DLL AR
A TX 284551 DLL.,

BARIEAE SR B IMEBAER B Al C, BTN 40— MUEH Ao £ Unix |, 4R Rk AL a 54
FEREAMEN B.so fil C.so; AP FECERBIEHIK, Xk B F CRa5HA EMTHCWEIA. £ Windows
b, I A.ALL KRB gRIE AL Lib, R & HKF AL Lib A48 T B I Co AL Lib HAEENE; &
A FEa T T A RIS EE R .

1E Windows |, S AR G2 import spam; BEibARFI ATl spam H1 24 FR, HIFALA]E
—ANHPREIA . 7E Unix b, 8 DNEEHZ from spam import *; BEoflE—EMEIA.,

2.5.3 DLL gy=chr{E R
Windows Python /27E Microsoft Visual C++ H gt ;s il HABm 1:45 7T EQ W AT REA & TAE . A5 H AT
BB MSVCH+ 1.

75 Windows 8] DLL i, JRANIUR pythonXY. 1ib f6445EHERS . BL44PERA~ DLL, spam Al ni (2]
spam HHREIG C BED , (R 46 AR o

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

B A T =43 spam. obi, spam.dll ] spam.lib. Spam.dll A& {Ff] Python pREL (5l
W PyArg ParseTuple ()), {HEM# pythonXY. 1ib A PAHIE AT HE] BT 7519 Python (L.

B RO ni. AL (B .obd Al . 1ib), EHEHUIRTAL spam bAJ Python T ST b5 BRI
A

AR IR 2 b S B R SRR A TSR B (3 Python) #RAET 51 RIHH IR
RIS | _declspec (dllexport), FLUTEE void _declspec (dllexport) initspam(void) H{
PyObject _declspec(dllexport) *NiGetSpamData (void) Fi—Ff,

Developer Studio Rl AR EARFF A EIETEIFALE, SEARATAT AT SO R/NE I 100K, ZHRBEAT, i
0 H BCEAIEHERY SR IR IR E BoEBINE . FFIERAY msvertxx. 1ib ININEI SR
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CHAPTER 3

EE K FEREX FHEr\ CPython JE{TIREE (runtime)

AIRFE, FHEBCRESL—E 5T, (HAE Python Fas h ] ME(E) - AR -UIEAT, SN CPython S#ATHN
A A SR R P ST I A T 2 L ) 5 UL AT 35 i S R A

3.1 #EHE App [Eli )\ Python

BILEHE T infal %t Python #E474 R, Wt/2 il C &% & Python e, Sad R 2nT AR :
Python {x A El| C/C++ W )7 =5 HIGE. XA AT PALER HFZF ] Python R sE AL LETfE A2
M C C++ . s AMRL: Winseid i Python 95 —SEjIAS DA dil bV AR 76 2 75 oK. QSR A
T RE H Python 4R St RN S, AT ENRHEWEX AT

Python fiR AZRAT 9, HASELME. AFZAFET, 7 Python B[ R 7 ) 2P 39% /& Python
fRERS, T A Python B f¥) F-F2 7 M BE5 Python ¢4 J6 X — 1M A2 W, F A P 11 S 25358 7B /K 8 /i Python
RS R IB T2 Python UL .

i, A Python, stERALA M TR . P EMAFE 22— 2 ¥ h1k Python sy, /0
HEFHREL Py_Initialize (). A7 2ERTEEAGTH A v [a) Python £ M A4T2 480, 2 GBIl AN AR P
AR AR 3 7 I R RRRERS T

VA RS B XA 57 JUAP: W] 1] PyRun_SimpleString () f& A—AMU5 Python B4 45FE, HnlmH
PyRun_SimpleFile () & A—A> stdio SCHFRE— 04 (IUHFERS G B EEESIER ) . 0] DA
FH AT 203 0 S 2 A SR A4 15 91 ) Python X 42,

%

c-api-index A SCIEANNZ T Python 1y C 421 . X B RELEME L.
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3.1.1 BEXE#RA

IR TR BT Python i ATE 2 R AR H R 204 0. %38 1) H AR R T—B Python A, T G751
MR B . EAnPAR AR T A R R RAS S AT — Se 4 A

#define PY_SSIZE_T CLEAN
#include <Python.h>

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

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

}

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

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

if (Py_FinalizeEx() < 0) {

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

}

fEPy_Initialize () ZHI, Wi/ Py_SetProgramName () pREL, DA [HfERERR45H Python i1
ERIEEAR. Bk, Py_Initialize () &x¥J4R1k Python fEERERS , ARG HATAESRAL Y Python J|IAS, FTEDH
HIAFIE . 25, W Py_FinalizeEx () KPAMERERY, BRIP4, FEELMWFEFH, nTRETRZMHAb K
JRAREL Python fHIAS, S @M SCA AR GIRE . SO, s BN . FIH] PyRun_SimpleFile () B
BT PATE S B SO ARER Python AR, AT 48 2543 P 472 8] RIIN 28 SO P 28 X RR T

3.1.2 SEHBBRRERANBIBRS: Hk
7o A% H RE A, IR 7 F A TAL A Python fURS , {H 28 /DSt ml SR A XA JBRIGTRY o Q1 T 2 AT e i, B
S BARGON A . TP ASESBUL AT IhaE, U520 C U,

W%V, R EEARR, A4 & Python A Python [ FRAL 24K, B JLES e i 2 B3 ik 44
AR N THIIX— 4, REidE— A Python 3 C i R AT RM T4

1. 4 Python [BUR{E ] C,

2. FFER G EER AT C R RECR , PAK

3. KFUE FH AR ] B A C #5454 Python 482X,
X A Python H}, 43 QTS S X REAL :

1. %4 C () %dE{E %) Python,

2. ARG BT Python 122 I s AL H

3. KFU FH AR 1] 5 A Python B4y C A%,
AL R R RO i A IR T — RIS, DA 5 = B 7 ). ME— 1 X SIS T B 2 1]
I RBORIR . FEATY TR, T —A C sk, M T i ARHE 924 Python R%L.
ARSCRSTHE AR EdE M Python #4468 C 2, RZIRIK. J5 /MR B35 ARG IE AR 0 5 | T AL AR 2 .
T ey 5 RS O B XA, 1522 w1 1 AR TR (s
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3.1.3 4fiEgr A

SRR H A2 04T Python JIA KRS eR 8. U8R )2 UCHE LUIRRE, Python f#RESRIH A & B 5
MR BEATACE, (R — 4R A X — A1) -

BLisAT Python A rh e SR &, AURSANTE :

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

int

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

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

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

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

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

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

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

(R
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(R —H)

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

}

LRSS R argv (1] JnZk Python B4, FEH argv (2] $8EMEE. REERSEURE argv £141
A . R 25T 44 R (MLAL R & SATREF AR AE call) |, I B AT Python BIZ
il

def multiply(a,b):

print ("Will compute", a, "times", b)
c =20
for i in range (0, a):
c=c+b
return c
IRIG SRV Z 2

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

JUERIN BRI, A B M e, ER UL 2 1T Python M C Z AR, DAR AR A
2. KA Python AR M BETT 46 -

Py_Initialize();

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

WG RERS 2 5, W PyImport Import () MIEMAS. BB S 47 21 Python FAFHE, —4H
PyUnicode_FromString () Bl FOH ) 74755 o

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

if (pFunc && PyCallable_Check (pFunc)) {

}
Py_XDECREF (pFunc) ;

64 Chapter 3. #EEXHEAERX Er A CPython ;E{TIRIE (runtime)




Extending and Embedding Python, £(F] 3.9.21

JHIA—BEm#se s, #iesH PyObject_GetAttrString () EREMEAFR. WRAAAAE, I HRFEZ
AP S, BRI o R R, SRIE R AR AT, M R SR AU el . ARG AT iR
H Python pR%{:

’pValue = PyObject_CallObject (pFunc, pArgs);

LMK FORI, pvalue T2 N NULL, TSN eRBOR MHE RG] . 556 PR 58 ERE0Z5 1 .

3.1.4 3fix A Python ThEERITYH &

FIHAA L, AR Python RN REVT I I AR P AR LY T BE . Python APL 4" R A FRRRAS KL T
RX—nio WYL, MM HREF RO R BRHRA BRI T . RARVTER A L e, (BB o
ko HECR AL MR T /S8 T Python fiéds . N AR FHIEE—H 1Y, REE—HEKAY
ik Python {Jj X $8 TA2Y, AtAR% 5@ ) Python 4" AR F—HE. fHiln:

static int numargs=0;

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

}

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

bi

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

bi

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

TEmain () KA HIHEA LA, HAEHMH Py_Initialize () ZHITHAPA T HAIER]:

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

XTSI T numargs 484, ik emb. numargs () BRALRERIRA M Python MEREAR DTS A 17X
Ly, Python A ] DAPRATIIA T I fE

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

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

BT PAKE Python ik AF C++ R s BdIted, SCB7 RO T Crr BRI SN — B C++
%5 FRE, HEH Cr+ GiRg RO EEEAL T . AT C++ HHS1F Python 4L

3.1.6 73 Unix RGP YmiZFoikis
M T 45 Python MRREESHCA R FIRL, 3REIE B I 5% 5 Kok S 248 (RVBESEEED AR5 49, IR N
Python MY FEEEHLEIL C B0 JE (. s0 SCPF) OTRARSEHI.

N T REI TR A A MBS S, WAT pythonX. Y-config A, ‘E/27E 4% Python AL (th
A REFF(E python3-config A ). ZHAFILNSE, KA TN SHLEEAN:

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

$ /opt/bin/python3.4-config —--cflags
-I/opt/include/python3.4m -I/opt/include/python3.4m -DNDEBUG -g —-fwrapv -03 -Wall.
—-Wstrict-prototypes

* pythonX.Y-config --ldflags ff4 HEMINEHES L.

$ /opt/bin/python3.4-config --1dflags
-L/opt/lib/python3.4/config-3.4m —-lpthread -1dl -lutil -1lm -lpython3.4m -Xlinker -
—export—dynamic

fE: T %2 A Python 24 UAR S RIRFL (e BT R G LAMUAFI H C gk iiA 2 m) , #illH
pythonX.Y-config f§E XL, AN BTk,

WER FIA T ZARMER ORBEARIEXT T Unix 784K GEDEEH bug 45 ), USRI RE X TIE
FERERYSCRY, K EE Python i Makefile (Jfl sysconfig.get_makefile_filename () F|F{EALE)
FIGiIFESE . X sysconfig ey @A A TR, v AgGET IRFHAE BN EE. bn:

>>> import sysconfig

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

>>> sysconfig.get_config_var ('LINKFORSHARED'")
'-Xlinker -export-dynamic'
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APPENDIX A

>>> H B3 shell PFEE Python fe/R 5 0. H N RETE ELaAR 1 AL B 7 S\ AT i R U i 181
o ATDARIR:

o fE— MR R A IR . 7E— B UCACH) A E AT (delimiter, BIANSESE. TrHh9E. fE59EK
=519%) TR, SURTEHRE —RHEMRS (decorator) 2 4%, Z AREAGIRE, HE)SX shell BRI
¢ Python $27%°F JC.

o FZFE# Ellipsis,

2to3 —fHF{EHF Python 2.x FEsUAGE(EIE] Python 3.x FExASY TR, B2 it JEFLR TR 4 I AH 2 M AR I
BB, T SRR 2 RE 25 30 BT G i R F AT i A 1 2

2t03 FE R AMEHE R U DA 1ib2to3 B EfRMt T B LA N8, 7F Tools/scripts/
2to3. #E2[F] 2to3-reference.

abstract base class (G ERHEIE) R ERME (UREE ABC) 424t T —F @ N v, (EEduck-
nyping (WFHE]) Hw7e. HABEUREAT, %2 hasattr (), HIEESEMENA MR (5]
Nl JBEHAT )7 (magic method) ). ABC [EIF (B2 subclass (FH(E]), ‘EMEIRHEK H 75— class ($
[E)), {Afin] 4 isinstance () Jk issubclass () Filis w2 [E abe FAHMEIRA . Python 77 %
[ ABC, FIAERIEEHE (FF collections.abe #i8). B (¥£ numbers #i4H). i (FF io
H4L) I import AR HE AL (FE importlib.abe f#H). YRATLAME] abe BAHLHN H O ABC.

annotation ([EJf) — (MBS, class @M. pRzCAY 22 ik [ml (AR B B RO AEED . FRIEH, & AR AEE ype
hint (BIEHER) .

TEFEATIRF (runtime) , [ 30 588 8 (EVRR A VA AP I, (A A s 8. class J PR RIR UEV#R, & o[V
TEFERS4H . class IR __annotations_ R¥RE M.

#52(Elvariable annotation. function annotation. PEP 484 1 PEP 526, 5tz g Hhoh eI .
argument (51%0) IR ELESS funcrion (Bimethod) W(E.. 51 ¥CA MITE:

o M4EF 7| 8 (keyword argument): FERRZIFIY T, DAGREIS (identifier, U0 name=) BHHEMYE]#L,
B2 DA ** & dictionary (i) [ERE W EEAYS #. BN, 3 Al 5 #ZPAT complex () FEIY
) B SR | B
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complex (real=3, imag=>5)
complex (**{'real': 3, 'imag': 5})

o 12 % 5] ¥ (positional argument): A2 BHE 5 BN G| B, (78S | BOTHE— 85 | B R AE 1 52
B, M) EE * 2 & ierable (PJEWCE) PICRBEEE. B0, 3 S #2LARIEm b
HOEVA-E1E &

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

SIBCEr Bt i Ay ek s R P I A IS B, B SR A 2 AR B, 52 () calls Tofi. 7ERE
WEE, ARAE S ST AR RS — 5 | U ARl & i o2 A [ sk 2

st 2 BRER I parameer (Z90) H . & LHEET5 8RS 82 M 2E, Ak PEP 362,

asynchronous context manager (JEFRIZBI%EEPURS) — M vl PATE M asyne with BAR Jir RIBBE Y
F, MERBHER  aenter () Ml _aexit_ () method (J7¥%) Ay, h PEP 492 5| A,

asynchronous generator (IERIZBEIA:ZS)  — 18 & 8] Hasynchronous generator iterator (3 [ 3 [E)E 3 EML &%)
WA, ERERE LA async def &KW (coroutine function), {HR[F )2 E L& T
yield B, fE4EM—FRI AL asyne for [EEKIHE.
T MR AT R AR — AR E A 25 e, (EAESRsetitnh, WTRe R Rm R FEA ZEXKE
(asynchronous generator iterator), 15— EFGE M= EREIERE, IRWLH H BEmMEE, DA,
—{HIER BB LSRR AL await B, PAM async for fll async with BIARR.
asynchronous generator iterator (EMIBEVEZEUREY) —M#hasynchronous generator (AEFEEIES:) M
Fi S
85— {fasynchronous irerator (ARFHACHE) , HEDA __anext__ () method BEWFMINE, (ol fi—{d
A4 P54 (awaitable object), BUIPRIFHAT RS EVE Bk 1, EELBE - yield M
e
T yield @WERIALT, ERCAEMERATRE (AL R RO E Py vy BOAsC) . 53R 5
T BERE DA — i __anexe__ O WM SHAIEABORRBIE, &0 1R IE MR
1. #&2[E) PEP 492 fil PEP 525,

asynchronous iterable (JE[F]2Gn[[EUCEIE) — (@, BRIDATE async for WA gl fH. WAERKE
W __aiter_ () method [E{&—{fasynchronous iterator (EFRIZEMCESE). i PEP 492 B A,

asynchronous iterator (JEFRIBEMRES) — 1 B /E __aiter_ () #l __anext_ () method [ ¥ 4.
__anext__ WA EIE—Hawaitable (FTEL: ). async for GRHTAERIAEMERA __anext__ ()
method It W[ R A SR, HE|'E 5% StopAsyncIteration ffil4h. i PEP 492 5] A

attribute (JEPE) —(FSLELY) PR BB, W% REIZ8 BT 36 7> BB 35X (dotted expression) f) 4% FBE2:
Mo B, WY o A —MHEIE a, MIEZEIEREA 0.0 BB 1K,

awaitable (WZ5RFPIME)  — MR DAFE await SR ECPEHMYE. BV LE—Bcoroutine (58 ), 502
—{fA __await__ () method {1}, % is2(E PEP 492,

BDFL Benevolent Dictator For Life (#%E{"ZEM## ), X 4% Guido van Rossum, Python #8II3&E# .

binary file (iEHRIRESR) — M REEEICRIES Abyres-like objects (JERLTCHALERYIME) W file object (REZRMIE) o
TIERIREENG A AR ('rb', 'wb' 5F 'rb+') BAENREZE. sys.stdin.buffer,
sys.stdout .buffer, PAMK i0.BytesIO fl gzip.GzipFile B,
it sElext file (SCFAEZE), B MEEEREAEA st W ZY.

bytes-like object (Bifijc4lh¥fl) —1Z3% bufferobjects HREFIME ) C-contiguous %5 WY1, BHIE
FiAH) bytes., bytearray fil array.array ¥, PANHZHE R memoryview ¥4, BG4
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zf)lﬁ%#ﬁfﬂﬂﬁ’:‘ﬁﬁﬁ:i@%ﬂ%ﬂﬂ@%@@%ﬁ; B S R R . A IR R AE M socket (47

A L T A R TS . [EIW] SOl e L R E) [T B e R A ) T
B S o [ ) WD 46 bytearray, PAMN bytearray i memoryview. HABM R T T I E
RIS AEATT Y (TN TEHBYE]) o B3 bytes, DL bytes YIFH

memoryview,

bytecode (fsC4HM5) Python [ )5 4R 15 & A it UL TCALAS , B2 Python F3(7E CPython B i [EVEY
Forike AT R GO AAE oye BE, DASESE “YCRAT IR — A AR SR ks AR Pt (Al AR
JAAE I 85 20 A (L5 TCAL A ) o ERE [h ISR (intermediate language) | 45L& 38ATHE —{H virmual
machine ([EMgER&RR) b, wZ[EVBERE S G001 7B 0 CLCAL S S MERY MRS 5 (machine code). TR,
i TCALAS I A _b 2 A AE N ()1 Python [EIEERERS 2 FEAERY, AN REZEAS R UAR 1 Python 2 [ R4
TE o

(L TCALAS 52912 AT DATE dis BEAHAYEIRA SO 4 3] o
callback ([IWF)  (EE] | #ew R A — R IR (subroutine) pRsX, & 7EA A SEARIES B BT -

class (JEE)) 108 FH A a7 i 1 35 a8 Fe ) O ASEA . Class 119 5 3830 % @ 627 method )5 3§, & 2% method
AT PATE class [ EE()_EfEf T4

class variable (FiES8) —{H7E class FHESR, FIERZ HLEETE class JBIK (FRIAZAE class BYEBIH) W
& U SR

coercion ([EVRIHGRY)  AEHS K MR A R B E)S | B /e AR o, A 5 — R 2 (B0 8 il [EIE) o — R AU (B B X
#4[E] (implicit conversion) A2, filU, int (3.15) 7 EMIEIEREE 3, (HAE 3+4.5 #, HMHT]
WO R BIE] (—{# int, —{# float), 138 WA 5 | S 8 7E s EEA W ZUELZ & A4 REA N, 7511
&5 TypeError., WUREIGEIGIER, BTG RS HEIESHIZS, e/ 82 b AR s Al
1EHIAL (normalize) [FIFHEIFME, BIAN, ZEF float (3) +4.5 MAREH & 3+4.5.

complex number ([E) —HEJZMABNERALKATETT, 76T Bey-#h € bl R [E— 0 2 A— M E
WA, [Els 2 ESEA (-1 /P R) BB, EALEE AR P E 1, A RS g
#HI[E] 5. Python [Ezd T ¥E#H X%, ©RAZENRERFIREY: EReHE MERN I v
B, BN 3+13. I math AALER) T H S A R ES, #EMEH cmath H4. ESKEHZ—
TEARE B R SR e . WRAREIA 28 2B B MRk, AREIRT-Re e R ] DA e Z e .

context manager ({BIFANAY) — 77 DA & with BA X hir RSN M, e 2% M E &K
__enter_ () f1__exit__ () method ZR4HIM. w2 PEP 343,

context variable (1%§Bi58) —(E &8, HAH VT DURSE LN XM A R . 35 B AT 4 3 £
{7l (Thread-Local Storage), FEHrr, —{Es# AR MAATH BB A ARRIME. R0, BRERE
o, BT TR E A 2L, MR A E A, RAEEFTHIER ST H (concurrent
asynchronous task) H, ¥ ##IRREFBE. 752 contextvars,

contiguous (&) UM 2 fH 5 2 C-contiguous B2 Fortran contiguous, RIl'E €] g B2 58 45
M. ZE4E (zero-dimensional) [ 4% 8 [ &R s2 C M Fortran contiguous., 7F—# (one-dimensional) [#%1) 1, 4%
T H W ZHAE RO AR S P B R AR HE Y, T R S Y 2 A = B IR IE Y . 75 2 #E1Y) (multidimensional)
C-contiguous [ 41 v, 5 s 6 A7 1k (9 JIEU7 97 B9 & R I H IR, B — RStk et AT, 78
Fortran contiguous g1, 55— 325 [ i 8 (b fe b

coroutine (1j#) 1HFERZEIFE (subroutine) ()W EEEFR AL . BRI AE L0 R ] B vl A EHE 5
—{H R B RE . AR AFERF 2 AR A R B A . B AIEE . EMEEERL async def B
AW EAE. HFE2E PEP 492,

coroutine function ({FFEEAX) —1F [l Ecoroutine (FHFE) PR, —MHFER R HEDA asyne def [
R EsR, ERAEerfl S await, async for fl async with B, SLLpstg il PEP 492 5|
Ao

CPython Python F2£E = UIEHE T /F (canonical implementation), #{#7i7E python.org . [CPython | i&F4#f
FETELERERME A, DA W EME BT RE S O EE, Bl Jython B, IronPython.
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decorator (H:ffigs) —MEX, EERES —MEX, BHEGHH ewrapper 7E, PEHE—EHX
H%#(E] (function transformation). S ffifefr) i A&l 2 classmethod () fl staticmethod () .

et AR aEIA U RRRME . AT w8 R o FRAERR 3R R AR -

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

@staticmethod
def f (arg):

Class WAFEAH R RS, (EAETREILLBORNE . BN SEhig i E L[4, 52 Eh0E 38R class E 5
AR SO

descriptor ({fiiA%S) FMEFET __get_ (). __set_ () 8{ __delete__ () method {4, & —1H
class JB 2 — AR, ERRRELS T E e @A PR i s . WH, A a.b REUS. SEED
(IR SR P, &FE a 1Y class FHUP A2 REE] b i, (HANSE b 2 — b ey, RUAH SRl
it method G wiFnY SRR A HLRE IR AFEAE Python RS, HEIEMEFFLIImEM R, Sk
e mEIEE R, . method, J&VE (property). class method, [FJAE method, DA S ¥%f super class (4CHEE)) 2
HE

B A AR & method [ TE 2 &, #52 [ descriptors B AR #e i FH 57 -

dictionary (‘F2) — & BH W 451 (associative array), HHb AT 55 11 88 & Bl WL ST BB S8 mT DAR AT A 5
__hash__ () f1_eq__ () method [J¥{4:. FE Perl g fREIZEE] (hash).

dictionary comprehension (‘FULEiAIERY) — B L, AR08 T B 14 P ) 43 54 o
=, [P RA—MEMFE 1, results = {n: n ** 2 for n in range (10)} GFE—
7, BAUETHE o BEHEE 0 v+ 2, H52[E comprehensions.

dictionary view (‘FULEE#l) 1 dict.keys (). dict.values() K dict.items () [0 EE
FHAREL. B TP P E B AR, BN E I B, AR s S B,
2 [FU 7 SR B ) e B i list (R%1), ZEGE list (dictview) . #2[E dict-views.

docstring ([EW<ih)  —fA1E class, BT, (RES— RN B 7 H S0A . BESRETEE M3
ITRF s, (e Ersiedsgtak, O ITE class, SR __doc_ @Yk . diitEW]
FER A AZEBEA (introspection) SRIEISE, [t & 24 B SO ) B E 37 22

duck-typing (f5-FHIE]) —MEFEAGERHEGE , EAS R A — Y (o B E R e s o R 5 HUA R A
Ts B A2 )42, method B8 1 € B AHb g P U S0 . (a2 e 7 ke AR — (B 11 FL e 24
B—E¥, BEE—e2—EET. ) HEERNA e BE, foRstiauseesE 2w
f (polymorphic substitution) 38 B R & iE M. B TREE A type () B{ isinstance () #fT
Wik. (ERdHE, W REm AR 4 % 8 RAALE] (abstract base class) KA FE.) K1, BB GEH
hasattr () HIEl, BUREAFP FExCERHT R .

EAFP Easier to ask for forgiveness than permission. (F53REXHFERT I HER Y ) BT R Python %5 &
G SRS S S B A, [EITE s AR Bt B RS P A (50 41 . S MR E) Lk i JalA , o
RAFAET 2 try il except A, SEFAHELFF 2 HAMGE T (5140 C) & WIKWLBYL JEASTE L T %
.

expression (RESFA) — Bl ARG FEANER(EM R . EAEE, —MERE SCE. A, BiEER.
AT el R I A5 RS OT PR AR, B TR RE ] (. S HAbRE S AR 2, 4k
JIrA i Python 5 5 MEIE A2 E R . 94N —Lsarement (BIAX) AREHNMHER S, HlM while,
JilfEL (assignment) o2 BRAS, iMAEER A

extension module (PEFMI4H) —(FLA C B C++ a4, B liJf] Python [¥) C API ARELAZ.(> Kz fili £ F2
AASHET T HE
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f-string (f2p) DA £ w5 'F [ERTER A0 FEp SO B RRE]) (1 73], B RAS I T SCAR I 4 55 .
35 2(F) PEP 498,

file object (REWit) —FZEME T & BB 22L& | (file-oriented) API (1l read () B write () %% method)
REEAERE IR . AR R e =X, & R o 3 B B R A 22 ol L 228 )
AR oGEASE S (FIAEEEA /B SOIE R ESR . socket ()3 ). (E (pipe) %) WITFHL. %
LYt R E 28 4% £ 4 (file-like object) B, B 57 (stream) .,

L, A=FEERYIE: AR =€ R4 5 . B —E RS LT A . BETIRINTETE 1o B
HRE SR @ﬁ%ﬁ%#ﬁ‘ﬁ%iﬁﬁ?ﬁ%@ﬁ open ( lZlit

file-like object (JERERWTE) file object (REEWI) WIFIFETF.
finder (S5i%8) —MAWE, ©aERENELER import [WHAL Tk loader (FRARL).

it Python 3.3 Bl A WMMEERIFAMLs: T IE G % (meta path finder) €[ sys.meta_path,
Mi¥442 58 B F#: % (path entry finder) € {§if] sys.path_hooks.,

#H2[F PEP 302, PEP 420 il PEP 451 DA T f# 58 Z 40t .

floor division ([a] FHUBRRE) 18] BG4 y 25 3] e U B e Ml B2 e vk m?ﬂmﬁ%&%ﬂﬁuﬁ?—m// il
o, A 11 /7 4 WEHESSRIE 2, i float (FREEEL) ERRYEATEIER) 2. 75 AH. sER, (-11)
/7 AMEERE -3, HER -2.75 #hié FEESE. i52(E PEP 238,

function (BX) —HEPWHEAN, EREE P PE—LE, T r] AR ELE S 20 7] 2, 5|
BOAT R A R AR T . BEs e Eparameter (28%). method (F5%:), PAJ function Z5i.

function annotation (FAXERE) HRASHEEE(EN—Mannotation ([EIF%).
oR U E IR w il i AR 2 (13 =« N, S (M ek NTEIH &5 2 Wi int 518, [EEA M int [m{E{E:

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

bR S ERR A R AE function B F AT 4T AR .
st 2 [Flvariable annotation F1 PEP 484, %45 W INHEFIHIA

_ future__ future [fiR=: from _ future_ import <feature>, @f§/Nim=and FHALLLYE Python ok
ﬁiﬂﬁéﬁ?ﬁﬂﬁzl—(*ﬂ%)ﬁ%@%%%ﬁ%%, K}gﬁ%mﬁl HIEAH . ﬁ'ﬁ future_ HAHARFET feature
(h#%) PIRERY(E. i import MABIAH (FISE Ho A R MY, VT\_IU\%/% {REL38T B EH E RART e 1 YR A 44 )
lﬂﬁnnm , ACETRE (B 48) ﬁil?ﬁ XM Hfig

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

garbage collection (Lp3Mllk) Rt fEBA PRl (T IRe, R CREY A . Python ATHIIR A0, 2%
2 MR (reference counting), DA Kz — 1 & A I A1 v B 2 HEAG B (reference cycle) 4 f1F B b 3 [l g %
(cyclic garbage collector) ZR5EAL . B3R IS AT PAGE ] gc AR4H 3 L EEr T o

generator ([E1/E3Y) & ol generator iterator (FVEZFEIRER) MR, EHEERG —MIEHMEL, H
AERZREAET vield EEX, BEA—RINGME, SLEERTH R for FE, sU2PAnext () K,
AR R LA ) — R
ET@%??HL%H%K%T*{E.EE%%UT faf%ﬁbfiﬁ*, g RFREA BERE. H—HEEE

generator iterator (.Eﬁﬂi%ﬁ) — 1l i generator (.éE%%) oR =BT ST

M yield gE R, FRAMERITRE (57 RS HOE P oy BAsC) . HEE S
(V&R 2 RS, s LI BT (BB LA ] RS FE 0 B a1 e U IS ] )



https://www.python.org/dev/peps/pep-0498
https://www.python.org/dev/peps/pep-0302
https://www.python.org/dev/peps/pep-0420
https://www.python.org/dev/peps/pep-0451
https://www.python.org/dev/peps/pep-0238
https://www.python.org/dev/peps/pep-0484

Extending and Embedding Python, (] 3.9.21

generator expression ([EV/EZSESIR) e mEEUCIRAER X BRI M ER R, K
Tl for T4, TAIER T EBS M. MED L —MEEEN 1 7. silaEEeliNE
B B A 2 -

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

generic function (JZRIPAX) (i1 2B e AL R, 3% X R R i ZUEVECVEAR R) s 3. ]
S R R G VIR RE 1, 2 by R IS 30 (dispatteh algorithm) SRIEJZE

#5 2 (Elsingle dispatch (¥—FH ) #gE#E4&H . functools.singledispatch () Hffizsfl PEP
443,

generic type (ZHIMIE]) W[ SHLpe; MWH AN 1ist 5K dict XFER e, AT L2 ALEft,
W50 7R 2% . PEP 483, PEP 484, PEP 585 fil typing fiHe,
GIL #52:(Flglobal interpreter lock (451 H. 35884

global interpreter lock (A3 FLi¥ass) CPython E B2 il MBS, F DAREBR AR R AR A — M3 T 45 R
AT Python fybytecode ({iCHLAS) « B MY AR (HEREAMERBE, 0dict) HEHEG
[EJ47#7H (concurrent access) G R, AT v Ak CPython B EE1E. S HeM A ey, A
W28 5 WE)Z AT 4% (multi-threaded), {HACAE & & 4k 1 22 b BE2S AU MRS AR ER LAY — IR T4 71k

(parallelism)

SRIMT, A7 Seif A, MEw R MR BRSSO, B IR R T R AT R A A (B A s 4
(computationally-intensive) FE# I, W DABEIS GIL. J54b, fE814T VO Wy, GIL 482 Sk fidis: .

2SS TR TA | R (DASE RS A0 R S e S ORI B ES ) 1SS R )
[ElE— i B — R FEHE N, sk ARk, —RE, HERREMARemE, aierEes
[EIMERT 2, AT Y S o P AR AR

hash-based pyc (HHEZLHEN) pyc) —f (L TCALES (bytecode) WI 7R, & FI A VB M AN 2 38F B LA A SR 119
BARME R ], e AR . 7521 pyc-invalidation,

hashable (WEENY) WR —EY A —HEEE, gEEXEGEH PR RS (EFE—M
__hash__ () method) , HA[ELHABY) ¢ HA K (EFFE—MM _eq_ () method) , IEIEHZ
— (=T 2 [EM . il REA S 2 T 3R E 2, B M 0b 3G A0 R ) 4 EVE

AHEEM: (hashability) {fi— Y71 AT I dictionary (5°4t) AYHERN set (Ke6y) HOIRE, HELGLEERILS
RERTE HE R 1 A ENEL

7Sy (BN wple (JCAH) F frozenset) , FUAHEMBYICHR 2 il ERY, EMA LA 2 HEER.
AR BT & A E class BYECHI, HIE LeW 0 Er B T R o B MTE AT LR 2 N A A Y
(BrdEeME g ), memMuBEEIRATE B EME id0 .

IDLE Python [} Integrated Development Environment (#44 §9%8384% ) . IDLE 2 —{f LA 1) g g Al B R 28 e
5%, B Python [HAFEHEREA T A — i g it .

immutable (CAn[8E¥0E) —@EAEEENDM. ATy HEiRsEs . F8M wple (JT4l) . BB
SENRER R . W ER R (L R o A7, R ZE ST — R e k. & M 7E T 2B e A ENE
RHL T, PR A, B4 dictionary (ML) Fp At — {6 .

import path (FEAMSTE) —EOE (Sskie8 8 ) BFIEE, mARLL) Eat 2 AE import ALRE, @ #iparh based
finder (FEABAR G4 ) SR AIE . F import AR, IAIESFKEH ZKH sys.path, {H
HATE A1 (subpackage) M7, EWIHEZKELEMN __path_ J&§H%.

importing (MEA) A, —{EAAH 1 Python B2 A W] DA I FE , B 55 — A4 1) Python 2
A

importer (FEAZS) —MHREESK LBABAMYI; BB inder (F2%) Wiloader (BALF) YT,
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interactive (ZLEjI¥y) Python A7 —ff HB) X E AR, 8RR AR A] ATE BLRE & 19478 7 oo il A BOA sURNE S
KX, ZHHTEMEEAZIEMMER. JZE® python, NFTFEAEMTIE (7T AERE 4 IR BN
PSR E) . E R NRUNT LSRR G EEEIR I (FFRCAE help() .

interpreted (ELi#if)) Python @M E AT, MAEHERE S, NiE M 84 T 87 Lt , HEH T
4115 (bytecode) Hmrai IAFFE . 18 #on R AT 28 W] A2 A T, MR TR P S o) — AT, 8
BHATE. s s mw hassl oA AR BaEE / BREsE, A e Ao Re e & taEf T A ie .
Wt Flinteractive (HEIF) .

interpreter shutdown (FiigsBIP) % Python EBAndi 2K BIPANRE, B A — ﬂﬂ%ﬁﬂiﬁ%ﬁx? TE M B
T T Bl L A A WJ?H*‘%ZH%%@ B SEERRAE S . B & 2 WRIEIY 3238 =1k % (garbage collector).,
15 AE I 5 0 F & F 5 RO A% pR 3K (destructor) B 555 F A [ I (weakref callback), [EJ#47H: A AR
5. 7B PR BEp AT O RE S el B & R b, REE OB E TR TREATEEER T (8 R B
T2 R AR A Bl R A )

HaEG N F 2R, 2 __main  BUHBEPOESTHEIA T AHATIE

iterable (WEfCHIME) —FEAEE— K ol — (8 H bl BR8P, wTEMCH 1459 B+ 645 BrA 1 1751 L (ED
(82 1ist. str fll tuple) FIMLLARFHIRE], B2 dict. #2400, PARARETEFRAYTAT class 1)
ff, HEHRE class /5 __iter_ () method B2 E ESequence (JFH) #EE M _ _getitem_ () method,
YR T ER 4

AIES AT R for [EIREAFF 2 HAb 52— WP 2 (zip ()« map () ... & —fE AT ER 14
VEES | i R A E K iter O B, B EEZY R ME—mEECE. lﬂi.ﬁ%%@ﬁﬁ"ﬁf%ﬁzﬁﬁ
47— (one pass) #EH . [THEUCERE, HHEA—E B iter () B HITEHEIREYF. for B
WX G G B ENRE G L, g YRR R a4 s, R BB R R s R 2%
Wit z(Eiterator ([EIFCHE). sequence (J53))) Figenerator ([EVERS).

iterator ([EMfC2%) —MAFRERRYE. EEHIEYESCEHH __next_ () method (B2 & HEL
B next () ) EKFRIMEERT T ARIER . BATA &R, HlE54% stopIteration fil
Gho MR, EEUCEYET R, A3 _ next_ () method fite—ENEnY , #5H & Fk s |5
StopIteration. [EMCEFLA M __iter_ () method, E€rmEHEMRIWIA S, B DA%EHEE
AR PTENC 4, FRT AR A K 22 i A A T B 35 A . —HIIHERR Bl oh, 2B ZE
#EIX (multiple iteration passes) IFENAG . — w1 (B2 1ist) FERRAK EHEIEL iter ()
B E for [EIRE 6 B s, ARErEE —MafmEf ey, AR ER LS (ZRER) K,
W M E a—m E P A . A E g S EU R, ARG — S A5

1t typeiter SCH AT AT S B 2 Ell.

key function (Zpf3) Rl )7 K= (collation function) J2—1f B LAY (callable) PR, ‘& & [B{E—1H
A HER (sorting) B %€ (ordering) H{E. BltH, locale.strxfrm () ¥ JHAREIE—18 1 fif ik & HE
B HE 7 5

Python W FF 2 T H., #8342 DAGE ok A A e Rl Fr 8oy 8 =l BEMAHE min O L max () .
sorted(). list.sort (). heapg.merge ()., heapg.nsmallest (). heapg.nlargest () #l
itertools.groupby (),

AR DL S SR K. B4, str.lower () method W] DAFEEIA 2 K /INEs HE A 8 iR
Xo 833, —MEEEAWT PARE Llambda SR AP A, FIA0 lambda r: (r[0], r(2]). %4,
operator BEAHFE ML T = 1 4 8 =X i) M5 R =X (constructor): attrgetter (). itemgetter () Hl
methodcaller (). BRIz A ek X861, w52 ETHE T .

keyword argument (B2 7518) #HE2Earsument (518%).
lambda B —expression (GEER) Fral i — B4 1T EIE = (inline function), 3% Mg ITEnY sk (g . 2

57 lambda pRCIEETEE lambda [parameters]: expression,

LBYL Look before you leap. (= JMIA&AT. ) 1o A i VRS @ 7ESEATIF I s AE 4R 2 7, IRt BB S E R
B EASELEAFP T, HERROREHFIZ 1 BT,
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M ZiTaEEREE T, LBYL e [ =] f [&47] Z M5 IA T 8EE (race condition) i &
B BIANDANAEZS if key in mapping: return mappinglkeyl, QRS — AT EEFEH
ZRAAEA R T, ¢ mapping PRERR T key, HIGZFEXAGR & KA. &6 AT AR 8 (lock) Al H
EAFP %5 7 = AARE) .

list (H3%1) —{# Python [El&fsequence (J¥51). [EVFFTRIZ TR list, ‘B H B BRI Al 55 v i) — fi P
5 (array) AR — 45 R 51 (linked List), R E77E RO R A R I EVREE 2 O(1),

list comprehension (HiZ&EAIESY) 7 AR 78] P &Rk ER ez, [EL A DA list
EMEA RS YL, result = ['{:#04x}'.format (x) for x in range (256) if x % ==
01 GEA 55 list, Hrifs 0 5] 255 EEE, Fra EEn)H/ g0 8 0x.), 1f ARk
1. WREMEE, Al range (256) HHFTA TCHEER G LRI

loader (MEAZY) —MAREERABALYIF. EUHER—WHE load_module () ) method (J53%). #K
SR B finder (FAGES) HE. LM RE PEP 302, Bjitabstract base class (14 5L )iKHEE]),
#HA[F importlib.abc.Loader.,

magic method (JEMTJ1k)  special method (5% 753%) B—EAEE X &5 .

mapping () —AEYIE, ©RTEEN AR, FAEE(E abstract base classes (15 £IEHE]) H,
Mapping B, MutableMapping ff15E R method, #FIFE dict. collections.defaultdict.
collections.OrderedDict il collections.Counter,

meta path finder (JCPEfEaGRS) —EKHE T sys.meta_path MEET finder (FA5es) . TCIRETAR
HLIE ISR B SR (path entry finder) HIBHERAI .
B A TCRR IR AR RS BEL/E MY method, #52[F] importlib.abc.MetaPathFinder,

metaclass (JCHE]) —7F class ¥ class, Class 5 FiH e € 57 —1{W class 44 #§. —1{W class dictionary (%),
DA —1 base class (FEHEE]) (195134, Metaclass B 212375 =858, [EI#ES73% class. KWWY
PR R CE T e R Ot — M TR A B/ . Python AYRRE BEAE A fEEIE ST H #THY metaclass, K4
W ERAEE L T H, (HR%ETEE, metaclass 7] DURALER LERNMRE YL, ©ME iR
@A, BT R Ak, BEW ST EVERGIRE (singleton), DA £ HALAYTHS

T %2 & 51 A DAYE metaclasses =i F1 4R 2],

method (Jji) —fH7E class A<BAEIW & AR, WISE method VEEIL class BEFIAG— 8 B MEpEn, HlE
A 2R E O E S S — Margument (518F) (M5 | #ERH#EREE self), FH2E funcion (8
R,) Flnested scope (HRAEHEL) -

method resolution order (J5i:f@RHTNEAT)  J7 AT IE 7 2AE A S AR AL 2@ AE T, base class (F)HHE])
VOB SIET . BIRES 2.3 lUZE 4, Python B 3Bas il F A VEANAT, #5220 Python 2.3 i )y IL Ml
JET o

module (Ki&ll) —fFyE(E Python & xXAGH) A4k ¥ 1, (organizational unit) ¥ {F. BALA — (a4 =M, €
WL Python Y. BAHLERE Himporting (i#AR, {H A % Python.

st Epackage (BF).

module spec (BEARUE) — a2 25, B A& R B BIALY) import A B & #l. B2 importlib.
machinery.ModuleSpec —1E &

MRO 72 [Flmethod resolution order (J7¥EMRMTIEIT) -
mutable (R[88¥0F) TP LRI DARCE B MO, (A4ERFEMN 14 0 o a2 Eimmuable CRWEY0F) .

named tuple (Fff#47C4l) 755 [named tuple (Fft4%7c4H) | 2481 tuple 46K 1 (Em BUE)EK class, HERYT]
75| (indexable) JUZE ] DA P 4% J& MR A7 EL . 15 LU (E)nk; class 0] DAEA oAb A 451 o

A HEZE R E) 2 named tuple, f33EH time.localtime () fl os.stat () [F{EME. B—MHF T2

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

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

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

True

4 %% named tuple JEEFA(E] (40 EF)). 8i#, —1 named tuple t 1] PAfE—fH IEBIAY class 5 FEHE T,
B class 248K H tuple, HEFK TSN (named field) BJ 7] . B8 class I ATF T4msy, Hn]
DA Tk e =X (factory function) collections.namedtuple () .. BEFATHIEIN T —L%F
4MY) method, §54% method AJ /2 7F T %7 ok (/1) named tuple 1, fEVEIRET

namespace (M #4%5H]) BEWREFROHTT o G4 45 2 A dictionary (Sl ) BEEEIE . A7 [EARAY . 43k K [E]
A E, MAEY R (75 method W) AT HLIRAGMAZ 25 o v 44 25 TG b7 1B 24 185, 2RGS0 %
Btk . fln, K3 builtins. open Ml os.open () s T M A4 25 AR B A I . fims 25 [
5 £R B 5 2 2 BB AE B A — M pR X, SR I W] Pk S WA . BN, & random. seed ()
of itertools.islice () WifEhF/R, BLKAHEEH random Al itertools HHHTEE(E.

namespace package (@i #Z%MEM) 1M PEP 420 package (£fF), ‘€ X AEIEEITE{F (subpackage) i) —{i
Adn. A EMEMTRES RN, M HAEREEMA R —WMregular package (IERIENT),
FEEMEER __init_ .py SR,

iz Emodule (F4) .

nested scope (HURTEMK) REF)2 M 4ME & 3% (enclosing definition) H1 A5 B BE /7. S2GIZRIE], —H R =
MR RAE S — M piEsR, Mefl2 RoNEm0hpg sl s, AESEET, SEikE
P 08 Y A 22 M, T e P R e S B R AR A (B A R 3 s R B A . TR, A deiss g
BAE G4 2 B P SIS A . nonlocal A FFEINEVEFIREFTE A

new-style class (HiABE) —MHEX, ERIGBAENTH W class PEIH Y class &% . 72531 Python
A, HA B class A RE{H ] Python BB . ZEMIIRE, /2 __slots__ . #ifiik#F (descriptor),
J&VE (property). __getattribute__ (). class method (¥H[EIJ7¥%) #Fi static method ([FJREF ).

object (M) FAMREE (BIEESUE) M #ATE (method) FUAEATER. B RZIEMnew-style class (3
XHAE]) A #& base class (FJEHE]) .

package (%) —{f Python [Hjmodule ($i4H), B PALE FHi4H (submodule) 5% 25 [FIHY 4} (subpack-
age). FMT LTS, EMAHREA __path_ B Python AR4H .

Wk Elregular package (TEFRIEAME) Fnamespace package (6423 £,

parameter (S%) FEfuncrion (Pi5X) 5 method 7 & i —{ iy 2 T #Y (named entity), "B 45W]7% o6 = REE
W — Bargument (51%0), STERSEE TR 2518, S06H TR ) 2 8o

» positional-or-keyword ({i Eu{ BT ): FU]—H AT DA e ts 5 R AR 585 7] SR 5 9.
RS EBIHA, BIUNLATHY foo FI bar:

’def func (foo, bar=None): ... ‘

» positional-only (BEFRALE): W8 HAEH AL E BRI T . ER=UE RN S U R E
—f8 /70, WURT PAERZ T OCHT I E SRAEMR O A2 8, BIANLATN Y posonlyl 1l posonly2:

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

o keyword-only (HEFREASET): $300—M8 HAEVARI S FoidR i 5 [ . TERUE R 28R, 1
B BT B # VB 2 8 (var-positional parameter) B2 BLALIY) * FI0, S DALEHAR )7 & FRAERR
S8, BINPAR I kw_onlyl Fl kw_only2:

’def func(arg, *, kw_onlyl, kw_only2): ... ‘
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« var-positional ({EREWERALE) : FEU]—PREDMERF AR Bhro 8 5 | B (TEC WM 2 BoE 2
MR S [ 2 4h) . BB ER ERIEHS WA R T E L~ AOGERM, GIILA T args:

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

« var-keyword ({LREUCRBHST ) - $RWIT PR ML BMOR B 75 | B (TEC B2 Bz
TGRS 2 A0 . B MO EBAE L S WP TR B L~ S, B0 el g
kwargs,

S BT DATE IS | USRI S TR 1, LT DAL e SRS M 15 | P o TE AL

Ty 2 EIsEFR R argument (5130) W H . & REJEH RS A28 M2EE., inspect .Parameter
class, function &, AN PEP 362,

pathentry (J&f$3H) FEimport parh (EAFEAE) W) —GLE, Mipath based finder (FER AR FAGAT)
TS 4B AL import IR

path entry finder (BEFSIHH =%%) #f sys.path_hooks H [ —1# A] BN #)£4f: (callable) (Bl —{Epath
entry hook ) JJt [a|{#{¥)—T finder, & NTE W] A—NB path entry e (ilsE4H .
B A R AR TE B A2 BEAE method, 2 ([F] importlib.abe.PathEntryFinder,

path entry hook (BSFSICFE) 7 sys.path hook St f—MTIEIBI I (callable), 2 A1 I1E
—{EREE Wpath entry WERARASHH, A& [0 E—{Eparh entry finder (FAETEH A .

path based finder (ZLRAPRIENTabEEY)  TFERRIY TIEAE F48 B (meta path finder) Z—, "B {E—{#import path
Hr g A .

path-like object (RURSEEMIME) M F R 1E B R SRR M W OF. JHERAR Y 1] DAZ — 0 R B AR str
5 bytes Y, B2 —MEA os.PathLike @M. FEHIFI os. fspath () K, —ff3Z

$Z os.PathLike W4T DA EIE str 8% bytes #RASIKLR; M os.fsdecode () K&
os.fsencode () HI4MEIR] AR str M bytes %58, B PEP 519 3] A,

PEP Python Enhancement Proposal (Python M[F42%), PEP 22—k sHEIR e, B HEE] Python - EER{ %
i, BOURAA Python (18T D RESGX Y BERIRE P PR . PEP JE % 2B LAl I 04 45 A7 A i DA S Bl
FIREMENE I
PEP WfFfE HIY, 2B MEIE RO BEMHR 2 . A0 o B A S0 R o s, DA A Python
Pk FHER R, Sl AR 8 s . PEP (WES B & et e s sk Ese [ s e A
#H2[E PEP 1.

portion (3#4y) FE¥—HE PSR (WATREMAAE 0 zip i), BUAHEREE—MaH S HEMS
(namespace package) BBk, U0[E PEP 420 ) E .

positional argument ({¥51%) #H2Eargument (313%).

provisional API (‘417 API) Bi47 API 245, A iRk =X 8 i) [m 8 40 2514 (backwards compatibility) £ 75 /7,
W HERR G APL, BESR I, R REE T, B EEAeA E RS E, HinE
0PI N ERREE LT, WATREa B A AR T (LR EAEBRNE). SESEFAG
i i () A= HA AP #EAIA 2 B AR R E N i R ARG G i ge e, EMA a4,

BT AT APL, [ A RHZR 5 S Er et (] [ smcfz O ARIED T 38 ) — ST s B R, A7)
SR T BER M I AR A RO AR 5%

T {1 3 R ol A5 A o o XS R S R TR S BT AL, T R S R R R A IR T 25 B A R R R T e .
2[F PEP 411 [ fift s Z 4014 .

provisional package (‘E[f7E4k) w2 Eprovisional API (47 API),

Python 3000 Python 3.x RFRAMERG (RAVABTAIGE Y, HHRESS 3 MR EEE R 2. ) ] DAKE
&[E] [Py3k].

76 Appendix A. fi75E


https://www.python.org/dev/peps/pep-0362
https://www.python.org/dev/peps/pep-0519
https://www.python.org/dev/peps/pep-0001
https://www.python.org/dev/peps/pep-0420
https://www.python.org/dev/peps/pep-0411

Extending and Embedding Python, £(F] 3.9.21

Pythonic (Python Jal#k1t)) —EAHAE—Befes, MM T Python 3o B SANIE IR, A2 B i
filah 5 RIS BN, Python Hiid Ry —REEBUNIE, AN —M for PRk, ¥
— (A BRI A CRIE T IR . 772 Hbah S EEAE B2, FreAREAE: Python fYA
A R o — (0 B e R e A A U -

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

B2, AT IHEERMER. B HA Python & :

for piece in food:
print (piece)

quallﬁed name (PE#RE) —M TEE M MRARE], ©BURTE—RBAL A 4 0E F 1k 2 s 4l P 2 5810 class.
R0 method () [#E£E ], 40 PEP 3155 Wi E g%, EHiRTEE R xCRI class 15, B2 44 RS =y {4
F4 A [ -

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

>>> C.__ _qgqualname

lcl

>>> C.D._ gualname_
'Cc.D'

>>> C.D.meth. qgualname_
'C.D.meth'

HR G| A4, 7 ATRE & & (fully qualified name) 237 i A4 1Y) 56 BE BE A PR BE A, A0 3EATA0 1
REM, Hlhl email .mime.text:

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

reference count (SREEGHE) YN 2 BREL F—EY0N S BEHECR R ZR, B auiiRae
T (deallocated) . 22 HR 51948 3 7 Python F2xUHE & AF|, (HEENZCPython HAEN —HBI#ICE. sys
WHEFR T getrefcount () PR, FJ7awt Bl T DART:RY 5% ok =X 3 [m (31— 45 2 P 2R 1 2 IR GRT

regular package (\EBLERE) —MEE S package (B1F), Hli—MaE _init_ .py HEEIHE.
k2 Elnamespace package (fiv 4 2 MEM)

_slots__ 7£ class [EJff ) — M &4, ©Fdh BT EOBERN M, PAKIEBRE G dictionary (F84) |
REE I HER R AR, (H bﬁ%ﬁﬁMEﬁﬁﬂﬂﬁﬂﬂ o A T 40 IS T {0 L R
(memory-critical) {1 HI A2 =X AAE KB B 5 G E.

sequence (JE¥l) —ffliterable (W[EMCHILE), BiE# _ getitem_ () special method (4#5k757%), ]
BHRG R LB ESCRM TR, EEFKT M __len_ () method K[l 75 R JE., —L&
Ela s BEFE 1ist, str, tuple Ml bytes, R, MR dict 7 _ getitem_ () F
__len_ (), {HEWAREEM (mapping) i A, HEHATR ) S AT E A immuiable 8, i
=238

W% H i HE(E) (abstract base class) collections.abc.Sequence €38 7 — {0 58 i & %) £\ T
AR getitem () il __len_ (), EWIHINT count (). index (). _ _contains__ ()
__reversed_ (). EEMIEARNEHEE, WA register () gMEMEIE.
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set comprehension (fiA&FAIET) MM, AR B i B, i
BRI GE R DL —# set [M]f#, results = {c for c in 'abracadabra' if c not in 'abc'}
GrEE— g set: {'r', 'd'}. #2[E comprehensions.

single dispatch (¥.—3) generic funciion (ZZpRN) FAEM—EE, 7L, EERELENE-—5]
A,

slice (VJ)) — MY, B0 — Bequence (JF5)) W3 —F 5. & — B YR W7 &2
N BEAF 9% (subscript notation) “[1%, 757 ZL44HH 2 M 87, HIFE#F 2 WM H E 9%, Bl in
variable_name[1:3:5]. FEFE9E (M) FF9ERIERT, @i slice ¥,

special method (¥¥#k i) —FHEErw Python H EJIFIYA) method, Fi AR A Bl A7 AR S, i
V. 5 method 1144 R & AF B EE AN 45 B4 WiH RIEE]. Special method 7 specialnames H1 4 SE4HEIRA .

statement ([AR) BIARXE—MEL (suite, —FFEHE EIE ) F—5 . bR A DLE — B expression
(GEER), XS5 AMET (Flif, while 3§ for) MWEZREERY —.

text encoding (3L #if) fF Python 7, —/FAFER 22— Unicode 0% 5 (FEHIH U+0000--U+10FFFF ),
R TS ST, BRI R
FF—DNFRHER T I — D F PR “ambs”, AT P8 B B AR Rl iR,
AEPAFERSCARFIME dfidds, EATGERN SCARgig .

text file (0 7HER) —MEEEEBRIE A st YR —1file object (REEWIF). BH, CTFHEEEE L2
AEEU TCAH I [] 1 &R (byte-oriented datastream) [F€r [ 8 i Blrext encoding (SCFEGAE) . SCFAE M
BlFA: DAISCFRR (" 8 'w') BIEAEZE. sys.stdin. sys.stdout DA io.StringIo
B,

2 Ebinary file (—HEHIRESR), B MEEEREBURE A S04 $ 4 1 (bytes-like object) WIREZEY)
.

triple-quoted string (=535 ) = HE5 58 ( ) ¥ 5 198 O) MVEELE R — 7 . ke MBI
FIRALER S ST R A S S RE, BN Z IR, EMREA . B A ATE T
H A R BKE] (unescaped) (1 BE5 | SEAIEE S |55, i H &M A 758 #1487 T (continuation character) 5f; i]
PAESHR A7, 35 AT e 4 53 [E) P - R e (LA .

type (®[F]) —{f Python YA EIEE T & 2HESER WY AW EHE —MmEE. —FEy ek
EIMPA B __class__ JBWARAFE, B PA type (obj) HAMEK.

type alias (REIE4) —HERER RS, S ZEE 24— Mi(EFF (dentifier) ACH. .
HIFIE) 4 i A2 [F32 = (type hint) G 1. Bl0:

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

FTPARISE R, SR AR

Color = tuple[int, int, int]

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

#2[F) typing Ml PEP 484, A5 MINAERIHEA.

type hint (BRERR)  —Mannowarion ([ERE), EHFE—HEH. —1 class Ja 15k — 18 b 5 2 8ok ] (B
T 2R (.

FUEMRE R SRR, A2 Python [EIHiRY, (HE S EIREEE M THMAA K, [EfERB) IDE 52
BAERAE 4 (completion) I E K (refactoring).
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I class B AR, (NS REE ) WRERL R, Hr A typing.get_type_hints ()
HAFHL

2#2[F) typing #l PEP 484, A5 MINAERHEA.

universal newlines (ifJHEf7yo0) —MEMRESCFI (text stream) {53, &5 LA R A WIS ERREIE-—1F7
W45 Unix 17EEH '\n'. Windows & '\r\n"' FIEE ) Macintosh &% '\r'., #52([F PEP 278
FIPEP 3116, PAKHIA bytes.splitlines () BYPHIIA .

variable annotation (S2B{([EIF%) —{E8EL class JB P annotation ([FIf).
[Ef 5 8ok class B PERE, BR(E2SEIRIER

class C:
field: 'annotation'

SYEREE T AR L ERRT (ype hin): B0, FEHSEEYI G int CBE) H:

count: int = 0

SRR FE annassign T 47 FEATII LR
it 2B function annotation (BRzCERE). PEP 484 1 PEP 526, WA HINEEMHEIA .

virtual environment ([EI#EE25:) — (A /ENGEE (cooperatively isolated) R FT8E LS, fE: Python ({5 FH i

WAL 22 4RI T Python BEEVSPE, 11 628 ) — (1 2460 L4 FROCAD Python JE FI AR Hyf T (F)
[E: T4,

W2 (F venv,

virtual machine ([EIEHERS) —H058 4 HIKELTE KM ENE (computer), Python [ [EEEHESS € 84T H bytecode
(PLC#HAls) wmeas B b i oA .

Zen of Python (Python 2[F]) Python S¢rts BT, HIFIZAA PR BRI LRE = . o]
PRz BB R F TR [import this] HHRFIE.

79



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

Extending and Embedding Python, (] 3.9.21

80

Appendix A. fi7sEFR



APPENDIX B

BARIELEFIRA S 14

18 e[ St Sphink  (—{# H(E] Python [EJH SCE ISRy 0 SCFJEREAS ) 1 F reStructured Text 4#57
1) SR s i L T 7 i

4l Python [ 5, i#ith A1) %5 ) I SCPRELERHEAR H BT TR . F AR IR A ik, 75 5 reporting-
bugs FUIH, [ESAHB . FoAM o Bapm B G A

B
» Fred L. Drake, Jr., J§i4f Python SC{ T R AW A DA — K B H1EH .
« A3 reStructuredText 1 Docutils T E.4H Y Docutils BL2% ;
o Fredrik Lundh f] Alternative Python Reference 3l [ , >}y Sphinx 244 L M) 5T

B.1 Python {895 Bk 1

#r % \#R¥[E] Python 1& 37 . Python 121 ik X AN Python [EJRA SCAFET kA . Python fT#(EIY 5 AA RS &
A ERCEREH, @5 R Misc/ACKS ,

TEFAE] Python A7 14458 g B Bk A 35 3 3 (AR 1 (BT SO - IRl BT B IR A 1y AL AP !
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appeNDIX G

C.1 &icio

Python 2 1 a7 Bl S22 N 5B B EL BT 9T E2 61 (CWI, K, https://www.cwinl/) ] Guido van Rossum ji& 1990 4F
REW TGS, HiR2 EE—HERE ABC S %L . [F)4F Python 15 T #FL 2K H HA AN ERL, Guido
TR EAEE .

1995 4, Guido FEAET JE 5N &5 HriE it Bl Z Al BT822 1) (CNRI, i, https://www.cnri.reston.va.us/) 4 &7E
Python () T4, [EIERREIEEE) T a8k 1 22 M IUA .

2000 4E 71 H , Guido Fl Python #%.[» B %% [# B 125 31| BeOpen.com [Elji{37. 7 BeOpen PythonLabs & % . [F4E1 H ,
PythonLabs [ [ ##£% 3 Digital Creations (Hi[F] Zope Corporation; [, https://www.zope.org/) . 2001 4F, Python
WA EL G & (PSF, B https://www.python.org/psf/) T, & &S EHEF Python FH B 1)k A TR I A1) 57
(k7 F| 4% . Zope Corporation /2 PSF ) —fH # 1) & & .

JirA7 B4 Python AR BRUAY (A B BRURAHY E 5, 2[E hitps://opensource.org/), FEH b, KZHMAIEETRHY
Python fitAs, /2 GPL AHZ 1 ; DAF A4 &1 A i 22 (E.

BERA | BE Fh HaE GPL 1851
09012 | AEH 1991-1995 | CWI =
138152 |12 1995-1999 | CNRI p=s
1.6 1.5.2 2000 CNRI o
2.0 1.6 2000 BeOpen.com | 15
1.6.1 1.6 2001 CNRI o
2.1 2.0+1.6.1 | 2001 PSF o
2.0.1 2.0+1.6.1 | 2001 PSF =
2.1.1 2.1+2.0.1 | 2001 PSF P=:
2.1.2 2.1.1 2002 PSF =
2.13 2.1.2 2002 PSF =
22 P41 2.1.1 2001 24> | PSF P

fiE): GPL HiZEIRF RN E1E GPL F#(E Python. ARf§ GPL, Jif7 1) Python FZHEH! 1] DA 8 )BTk
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RIGIA, (HR—E AT 8 B REIF . GPL AHZR (Y FHEMIRS: Python 7] DA%S A HoAb7E GPL T E£{EIX
B (HHERRERIATT,

I RFZ HIAMRE T, 7E Guido FEEFRIAT Y, (EATIE LA A B E vl RE

C.2 FRFRHHMFGXER Python BIEHIER

Python #CHAIEIR SRR BE R L IR PSF 4242 & 49

i Python 3.8.6 B, (EWISCFui il PRk MEATICIPEATS, R RN (dual licensed) 4 PSF SEHE A
#I1VA B Zero-Clause BSD 3% 7 .

PERLTTLUN Python WS AR R ) B HE . 35 SO e BB HE 2 R RS — A g o o BRI A IS 2847
REMARSERIE B 2 E0a[F 388 a9 3% 4 s 20,

C.2.1 ¥ PYTHON 3.9.21 iy PSF 1Z{E& 1

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

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

3.9.21 software in source or binary form and its associated documentation.

2. Subject to the terms and conditions of this License Agreement, PSEF hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 3.9.21 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice.
—of
copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All.
—Rights
Reserved" are retained in Python 3.9.21 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 3.9.21 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
3.9.21.

4. PSF is making Python 3.9.21 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 3.9.21 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.9.21

84 Appendix C. ;53 {Big



Extending and Embedding Python, £(F] 3.9.21

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

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.9.21, OR ANY.
—~DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

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

7. Nothing in this License Agreement shall be deemed to create any.
—~relationship

of agency, partnership, or joint venture between PSF and Licensee. This.
—License

Agreement does not grant permission to use PSF trademarks or trade name in.
—a

trademark sense to endorse or promote products or services of Licensee, or.
—any

third party.

8. By copying, installing or otherwise using Python 3.9.21, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 ¥ PYTHON 2.0 ¢4 BEOPEN.COM % &%)

BEOPEN PYTHON BAVEFZHEA 4145 1 i)

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

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

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

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

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

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.

(Rt
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#EHE—1)
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License

Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

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

C.2.3 Hj® PYTHON 1.6.1 B4 CNRI 1R &

1. This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

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

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

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

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

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

7. This License Agreement shall be governed by the federal intellectual property

(FItakss)
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(R —H)

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

with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement

does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

C.2.4 ¥ PYTHON 0.9.0 £ 1.2 g CWI B &

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 Fj® PYTHON 3.9.21 [FIEAC 32X &/ ZERO-CLAUSE BSD %1%

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

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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C.3 #uk(CIeR RS Ry 12 18 B Bt
A (AR SRR A BEHE SRS, 3 5ULAE Python SEETA b TN 45 =)y W

C.3.1 Mersenne Twister

_random A A% T PA http://www.math.sci.hiroshima-u.ac. jp/~m-mat/MT/MT2002/emt19937ar.html {7 |~ #[E)
R, DT R FEARE G 52 i -

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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C.3.2 Sockets

socket 4] getaddrinfo () fil getnameinfo () KR, B4 WIDE 2% (http://www.wide.ad.jp/)
(B, AT [ ) S e 5 vl i G -

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

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

modification, are permitted provided that the following conditions

are met:

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

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

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software
without specific prior written permission.

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

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

C.3.3 FERF#¥ socket fRFE

asynchat fll asyncore fAL A& DA R AERA :

Copyright 1996 by Sam Rushing
All Rights Reserved

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

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.
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C.3.4 Cookie &8

http.cookies HiZH L& DA A :

Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>
All Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy O'Malley not be used in advertising or publicity

pertaining to distribution of the software without specific, written
prior permission.

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

C.3.5 #{TIEN

trace B W& PAT 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 £ UUdecode F=,

uu AR AL AR RN -

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

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

Modified by Jack Jansen, CWI, July 1995:

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

- Arguments more compliant with Python standard

C.3.7 XML iEif2 prrgoy

xmlrpc.client EAHME DA EA:

The XML-RPC client interface is

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

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

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

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS

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

C.3.8 test_epoll

test_epoll HIglL{l A FHgH:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

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

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

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select HLAL¥SHA kqueue 7 MHIAL {5 LA A :

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

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

modification, are permitted provided that the following conditions

are met:

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

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

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

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

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY

(Rt
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OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.10 SipHash24

Python/pyhash.c 1% 57 Marek Majkowski’ i Dan Bernstein 1) SipHash24 {2k EAE. BESUAT
TEEHH -

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

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

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

Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/1ittle2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod Ed dtoa

Python/dtoa.c BRI T C (1 dtoa Fl strtod p&X, JHANE C (Y EERE VT B SO 7 ep BATHIE]. 252
A7/ A David M. Gay #5715, &FH BIE T DASE hitp:/www.netlib.org/fp/ T, %2009 4F 3 JJ 16 H
PIThg AR ) S A S8 A DA R R B2 R 1

/*********************~k****k*k******~k******************************

*

* The author of this software is David M. Gay.

*

* Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

*

* Permission to use, copy, modify, and distribute this software for any

* purpose without fee is hereby granted, provided that this entire notice
*

is included in all copies of any software which is or includes a copy
or modification of this software and in all copies of the supporting
documentation for such software.

* % o

THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY
REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY
OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

* % o

*

(Qi¥iE3)
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*

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

C.3.12 OpenSSL

4015 OpenSSL UM AT 3 R AL, Il hashlib, posix. ssl. crypt BIALE M A .
J5b, TAIE) Windows il macOS 1] Python %754 i A 4 OpenSSL s S MM IAS . DA It £ S e T
OpenSSL FZ il

LICENSE ISSUES

The OpenSSL toolkit stays under a dual license, i.e. both the conditions of
the OpenSSL License and the original SSLeay license apply to the toolkit.
See below for the actual license texts. Actually both licenses are BSD-style
Open Source licenses. In case of any license issues related to OpenSSL
please contact openssl-core@openssl.org.

OpenSSL License

Copyright (c) 1998-2008 The OpenSSL Project. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

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

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

3. All advertising materials mentioning features or use of this
software must display the following acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit. (http://www.openssl.org/)"

4. The names "OpenSSL Toolkit" and "OpenSSL Project" must not be used to
endorse or promote products derived from this software without
prior written permission. For written permission, please contact
openssl-corelopenssl.org.

5. Products derived from this software may not be called "OpenSSL"
nor may "OpenSSL" appear in their names without prior written
permission of the OpenSSL Project.

6. Redistributions of any form whatsoever must retain the following
acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit (http://www.openssl.org/)"

L S S S S R S S R S S SN S S SN S S S S S N S e S S

(T IUakss)
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THIS SOFTWARE IS PROVIDED BY THE OpenSSL PROJECT "“AS IS'' AND ANY
EXPRESSED OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE OpenSSL PROJECT OR
ITS CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT

NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;

LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)

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

This product includes cryptographic software written by Eric Young
(eay@cryptsoft.com). This product includes software written by Tim
Hudson (tjh@cryptsoft.com).

L I R R T e S S N S N S N N

Original SSLeay License

Copyright (C) 1995-1998 Eric Young (eay@cryptsoft.com)
All rights reserved.

This package is an SSL implementation written
by Eric Young (eaylcryptsoft.com).
The implementation was written so as to conform with Netscapes SSL.

This library is free for commercial and non-commercial use as long as
the following conditions are aheared to. The following conditions
apply to all code found in this distribution, be it the RC4, RSA,
lhash, DES, etc., code; not just the SSL code. The SSL documentation
included with this distribution is covered by the same copyright terms
except that the holder is Tim Hudson (tjh@cryptsoft.com).

Copyright remains Eric Young's, and as such any Copyright notices in

the code are not to be removed.

If this package is used in a product, Eric Young should be given attribution
as the author of the parts of the library used.

This can be in the form of a textual message at program startup or

in documentation (online or textual) provided with the package.

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

modification, are permitted provided that the following conditions

are met:

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

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

3. All advertising materials mentioning features or use of this software
must display the following acknowledgement:

"This product includes cryptographic software written by

ERE T R S S e T S R S . R S S e e e R S N S N S T I S R N

(Rt

C.3. #uyFlakaeny iR g RBUM 95




Extending and Embedding Python, (] 3.9.21

(R —H)

Eric Young (eay@cryptsoft.com)"
The word 'cryptographic' can be left out if the rouines from the library
being used are not cryptographic related :-).
4. If you include any Windows specific code (or a derivative thereof) from
the apps directory (application code) you must include an acknowledgement:
"This product includes software written by Tim Hudson (tjh@cryptsoft.com)"

THIS SOFTWARE IS PROVIDED BY ERIC YOUNG " "AS IS'' AND

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

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

The licence and distribution terms for any publically available version or
derivative of this code cannot be changed. i.e. this code cannot simply be
copied and put under another distribution licence

[including the GNU Public Licence.]
/

L A T S S S S N S N S S SN S S S N .

C.3.13 expat

BRIEFE B E pyexpat MR ER ——with-system-expat, %47 & H—MHE S expat JFIAHS ) E]
A

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

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

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

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.
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C.3.14 libffi

GARAEEE _ctypes WM EN ——with-system-1ibffi, &HIF%HE7E & H—MEE S libfhi J5 44 151
IR

Copyright (c) 1996-2008 Red Hat, Inc and others.

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

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

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

C.3.15 zlib

WNARAE Z 5 E BN 21ib A A DABOR VA F R 8 2 1ib 78, Wi se & —MES 2dib a5 &l
AR

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

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

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

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

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

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

Jean—-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu
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C.3.16 cfuhash

tracemalloc {# H¥4E[EIZE (hash table) EAE, DA cfuhash BLZE([FIRLRE:

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

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

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

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived
from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.17 libmpdec

GAEfE R E _decimal BiglMiik EF) ——with-system-1libmpdec, 7 H|#%i4H & FH—M(El% libmpdec ¥

2R R AR A

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

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

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

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

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

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

C.3.18 W3C C14N B EH

test R A H ) C14N 2.0 HIFEM: (Lib/test/xmltestdata/c14n-20/) 24 W3C 4HuG https://www.
w3.org/TR/xml-c14n2-testcases/ #ehgE, H 2R 3-clause BSD 1% HE 4 #5(E) -

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All Rights Reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of works must retain the original copyright notice,
this list of conditions and the following disclaimer.

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

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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Python F13 {73 [ HH SO0 HUHE -

Copyright © 2001-2023 Python Software Foundation. All rights reserved.

Copyright © 2000 BeOpen.com {4 F—4JHEF] .

Copyright © 1995-2000 Corporation for National Research Initiatives { fF —JHEF] .
Copyright © 1991-1995 Stichting Mathematisch Centrum {4 & —JJ#E#8].

SERMR R G 2 05 .
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2to3, 67

>>> 67

_ future_ ,71
__slots_ ,77
BRS8N

PYTHONPATH, 56

A

abstract base class (%&]?ﬁ%ﬁ%ﬁ) , 67

annotation ([EE) ,67

argument (3] #) , 67

asynchronous context manager (JE[#F E3E
HHEE) 68

asynchronous generator iterator (3 [ #
B4 #ERE) .68

asynchronous generator (FEFEFEAH) ,68

asynchronous iterable (FEEFTERYH) |
68

asynchronous iterator (j}i[ﬁ]ﬁﬁ%’é) , 68

attribute (BM¥) ,68

awaitable (T4&44) , 68

B

BDFL, 68

binary file (ZiE#|# %) ,68

bytecode (fLTGAAE) , 69

bytes-like object (JfLTALEYH) ,68

C

callback (E®) , 69
C-contiguous, 69

class variable (HE#%) ,69
class (H[E)) , 69

coercion ([Fl#|#A) |, 69

complex number ([El#) ,69
context manager ([FEZHE%E) ,69
context variable (EHE##) ,69

contiguous (FEHEH) ,69
coroutine function (HEER) ,69
coroutine (%) , 69

CPython, 69

D

deallocation, object,48

decorator (HEAFZE) ,70

descriptor (FH®#£) ,70

dictionary comprehension (F##F4EH) ,
70

dictionary view (FH##HIE) ,70

dictionary (F#) ,70

docstring ([El#H=#E) ,70

duck-typing (% FAI[E]) ,70

E

EAFP, 70
expression (EER) ,70
extension module (¥EFAEAL) ,70

F

f-string (f &) ,71

file object (#HZEWHH) ,71
file-like object (¥4 ZEHH) ,71
finalization, of objects,48
finder (Ff#) ,71

floor division ([ FBUEKRE) ,71
Fortran contiguous, 69

function annotation (@ RX[EE) ,71
function (ER) ,71

G
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generator, 71

generator expression,7l

generator expression ([El4&%BEERX) , 72
generator iterator ([El4 #HBEMRZ%E) ,71
generator ([El4&#) ,71
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generic function (EAE®ER) ,72
generic type (ZAME]) ,72
GIL, 72

global interpreter lock (& E{EZEXEE) 72

H

hash-based pyc (#[EZE#EHN pyc) ,72
hashable (H#([EfH) |72

IDLE, 72

immutable (RE&4H) ,72

import path (EAEKRE) ,72

importer (@)\%%) ,72

importing ([/E)\) , 72

interactive (E#H) ,73
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