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HEHFHNE=ATH

ARG TN I CPython HUAHY—AB 4R BEAY B Y A HA TR . 25 =77 TR AN Cython, cffi, SWIG
A Numba it 75 fa] Bl A 21477 50K 0 Python 1 C Al C++ 97/
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CHAPTER 2

MERE=ATIEREIZY R

AN B X — AR AR TR 2 =07 THATIIR RO T8 C Ml C ++ 9. B FRA T XL TR,
AR BAREIE A T C 3Rk

2.1 {#f C 5 C++ 3" & Python

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

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

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

1M C 9 JH LI CPython, " REAIHRJGIAAEJiA Python SCBl BT AR, 7ERZEIGILT, MZlERS C
PR, SRR ARNE. 250001, WRARAN O T C FESCRGRM , IRV %% B ctypes BibkE
offi 2, MAZHOHE C AU, X AR AVFIRY Python Ui 1 C AU, 1l HLAIRSAEIEE AT . AR
GERIMCT

211 =N EBBBF

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

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

VXA BRI B 1 RTERRIERER os BT, X LRy BT LRI 61
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B E#—A spammodule.c 3CfF. (4 L, AR —AHERM spam, WX SEHER C M
spammodule. c; QX MEHZ FAER K, AN spammi £y, WX MK SO T PAE MY spammify . c.)

SCPE R IHRI A T2 -

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

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

JEfit: BT Python AJRES E X —LUREAE L L8 R 40 b S Ma AR e Sk SCHF ) PIAL ERAS 2 S, PR IGAE A B A A 7 1
Sz H, AR LR Python . h,

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

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

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

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

const char *command;

int sts;

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

sts = system(command) ;

return PylLong_FromLong (sts);

}

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

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

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

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

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

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

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

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

FRERRT AT N R RIRAE

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

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

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

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

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

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

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

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

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

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

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

static PyObject *SpamError;

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

PyMODINIT_FUNC
PyInit_spam(void)
{

(Rt

21. (R C & C++ ¥ & Python 7
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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;

}

B E S B N5 Python 452 spam.error . |l PyErr_NewException () ERERI ARG —NE, HEZ
N Exception (BIEEH — 2L A A NULL ), 4H77Z I bltin-exceptions .

[ REE R ) R A SRAT T SpamError i—AN51 X2 A B H . 0 T B BB ml s, 75 0] SpamError
Bl EsF 23 BN BT R T

—2x1118 PyMODINIT_FUNC fE A éklﬁ]*ﬁmﬂ%l%

spam.error S A AEY R Pl 8 PyErr_SetString () BREUAA, WF:

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 ETFF
I ) TR 1), AR REAZEHA 1 T

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

UISRAE S0 2 PR I 31 15 l:ﬁ ] NULL (B3R [0 X S F6 5 1) e B80T (0 ) i AR R ), XX T
PyArg_ParseTuple () BB R . EHME N TS0 FAHE S DL 2| fHEAE # command, X2
*’1‘?’6%%&@#&%%@&%%?@??5@E’J??@“% (HILIERRUE C W, A B command W 2445 1E #fi 75 IH

const char *command),

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

8 Chapter 2. FERE=HTANRYE
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sts = system(command) ;

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

’return PyLong_FromLong (sts) ;

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

ﬁn%1lj\7§~/\fi_lil7ﬁ}ﬂ7”%§ﬁlﬂﬁ C k% (HPRE void WEREL) , WIXSIV ) Python %R [H] None. f4¢
WA XS (BEli Py_RETURN_NONE %23 S2HIY))

Py_INCREF (Py_None);
return Py_None;

Py_None 257k Python %4 None %tV C #4F. B2 —EIER Python X4 A2 NULL #54, gk
T, JEEAERZE L T SOPEERE “HiR7.

2.1.4 BERFGERNIIGCERL

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

static PyMethodDef SpamMethods[] = {

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

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

}i
HRESE ZAS8 (METH_VARARGS ) , X MrEFEESMH A C A5, v {4 METH_VARARGS .

METH_VARARGS | METH_KEYWORDS . {H 0 fUFfdiH PyArg_ParseTuple ) RIS &= .

2R B b i} METH_VARARGS , K #{ £ % £ Python f% 5 tuple #% Uy 2 %4, I & & A
PyArg_ParseTuple () #47ENT.

METH_KEYWORDS {H#/REZ KT SE . EXAMEIT C TR EHEZHE =1 PyObject * X%, FRF
W, il PyArg_ParseTupleAndKeywords () BT S5,

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

AR L5 FRRR RS B AG AL bR R WU BB A6y %4 Py Init_name () , HH name 2
BRI T, HMi%E TR static , HARBHRSCIRHL:

PyMODINIT_FUNC
PyInit_spam(void)

(Rt

21. (R C & C++ ¥ & Python 9
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{

return PyModule_Create (&spammodule) ;

}

1% PyMODINIT_FUNC f i % W2l PyObject * iRk [u[JRAU, FEI] TALA V-G B 2R ARk s
FHENS C++ FFeREE N extern "Cs

24 Python FEJF ET K F A spam B}, PyInit_spam () &8 M. (B KA Python RS LT ) E
FH PyModule_Create (), ZMEL IR —MEHT S, T 7ERHLE SO 383 i 2805 P & R £t
SAIA AR (%% 21> PyMethodDe £ Z5M{AIY%EL4L) . PyModule_Create () iR[H—A4F
)8 T R R G R85 . B T RE S TRRE B P B AR A P 1k, s AR e 1 B AR AL SR (o]
NULL. ¥JUAAERBOLTUR T G 48 Hf &, XFEE ] PARHE A% sys.modules Hi,

L A Python I}, PyInit_spam () pRECASHEHSIWA, BRAETE PyImport_Inittab FRH. ZRMA
etk ., [ PyImport_AppendInittab () , A[iEAJERE —MRHRATTA

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) ;
3

/* 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 ("span");
if (!pmodule) {
PyErr_Print ();
fprintf (stderr, "Error: could not import module 'spam'\n");

PyMem_RawFree (program) ;
return 0O;

M BN sys.modules MERSEAR BT A C i 3] — D DERE LA 2 MRS (B £fork () MM
exec () ) RFE— LY AL B ARG R AT DAYERT IR 0 N R AR F I 4 HH e i

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

Hi: NMEHAIH spam Bl T, xxmodule T % WM& #1441¢ (Python3.5 55| A), PyInit_spam £k
[1]—/> PyModuleDef Z5#4 {4, SR J5 Q1@ ARHUE] S AMLE . 40575% PEP 489 (LB Bl iRk .

2.1.5 fmiFfnsEks

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

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

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

’spam spammodule.o

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

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

’spam spammodule.o —-1X11

2.1.6 7£ C Shiff Python ¥

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

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

static PyObject *my_callback = NULL;

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

PyObject *result = NULL;

PyObject *temp;

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

(Qi¥iE3)

21. (R C & C++ ¥ & Python 11
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Py_XDECREF (my_callback); /* Dispose of previous callback */
my_callback = temp; /* Remember new callback */
/* Boilerplate to return "None" */
Py_INCREF (Py_None) ;
result = Py_None;
3
return result;

}

XA bR Kb Al METH_VARARGS A5 i {2 fERE 2, X AEAL 3 77 ik R foam4s 10 3 3 BT & iR,
PyArg_ParseTuple () BREUSLHSEUR) SCRYAERR Iy e 40 534

Py_XINCREF () fll Py_XDECREF () XA~ Al 840/ /b— X 5 T, I B 2407 NULL F84F i)
AT IR ZE 4 (IR AEX A BN SCH temp ¥$AS0 NULL), SEZHM A5 BiES % 7] Al iH4e &5,

Bl f, 428 R, R C pR%L PyObject_CallObject () . %ERECEPINSE, ENHEET
FREl, FRMER Python X§4:: Bl Python pi%k, MHESHF|HE. SEI|FRUME&—Domdxitg, HKER
SN EE .. AN SEOR ] Python BREL, WIHE A NULL s{—A~25 704 Zar— S 80A M, WIEA
—ANITH ., Py_Buildvalue () 27EHAME X FERFBRE G X BFES M ZA 82 A& A D R 8] — A4
JedH. Bln:

int arg;
PyObject *arglist;
PyObject *result;

arg = 123;

/* Time to call the callback */

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

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

PyObject_CallObject () iR [ Python Xf % 48§ 4, X o & Python & %0 9 ik [ fH.
PyObject_CallObject () & —NXHSH 5| H It L X . Fl TP cdelZEzH T2
53, I HAFE pyObject_CallObject () ZJG 3 BRIl T Py_DECREF () .

PyObject_CallObject () MEMILER “Hi” M BAR—AHRIRG: BARCHNE, [LHMNT
BURHAL. FEOABRA IR SSRGS R, 7 BT MR y_DECRER (), BPHEFAT LA
pre (KEH!) R4

HRAEARIX A1, REEN— SR AR R{EAZ NULL. WIRZRIE, Python RS Z LIS K RH .
2RI Pyobject_callObject () H C AURSZTE Python AR IR, B 2457 RIR o] — M4
I Python A, PATEARREGRREST ENAR I (5 5., B& k3 07 Python fURD REALPHZ 57 . UIRIX Toik
R SAGAE, WM SEEHA pyErr_Clear () R, HlaN:

if (result == NULL)

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

KB RARR I R R %, R 2R — 2481|348 PyObject_CallObject () o FERLUIFIL N SHIIR
s Hi Python REFF S By, il B 1 P44 2 M R Bou g o XA ] AR T X B AL 85 . 73 Ah— LI
FR AP TR ISR TR T2 Py_BuildValue () BAUMIE tple. 280617, JREE
i — A FHEACRS I AT DA AC:
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PyObject *arglist;

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

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

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

PyObject *dict;

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

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

2.1.7 R REHHSH

K% PyArg_ParseTuple () WU :

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

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

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

FERAT A A 22 B2 LAY Python XG5 A 15 k0951 AZLEBE AT T
— R BT

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

int ok;

int 1, 3;

long k, 1;

const char *s;
Py_ssize_t size;

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

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

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

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

f("'spam')

f('spam', 'w')

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

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

Py_complex c;

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

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

2.1.8 A RBMHXBF SR

K% PyArg_ParseTupleAndKeywords () mHEILITF:

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

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

MR BRI CAE S K T SR O AR, ANTE kwlist ) KB P SR 38 TypeError S,

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

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

int voltage;

const char *state = "a stiff";

const char *action = "voom";

const char *type = "Norwegian Blue";

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

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

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

Py_RETURN_NONE;

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

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

PyMODINIT_FUNC
PyInit_keywdarg (void)

{
return PyModule_Create (&keywdargmodule) ;
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21.9 WiEEEE

XANRES PyArg_ParseTuple () RAAMRL, AEIUIT:

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

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

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

Bl CZeM2RA, A2 Python {HE52):

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

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

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

2.1.10 SRt

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

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

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

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

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

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

16 Chapter 2. RERE=FTHREEYT R



Extending and Embedding Python, %% 3.10.13

free () MAUEF R, XMZ CARMEHERAD. WIFVEH —Ra MBI A SR mRs, (BAE
HIRATA G T TR T A

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

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

Python shiy5| Hit4k

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

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

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

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

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

HHEHN

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

void

bug (PyObject *1list)

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

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

NULL i8%t

W, SN RG N SR KB A AR EAT] NULL 4851, I H SRR S0 (B
PGB DR ) o IR D055 | T Y R E0H 3 RTER ] A A T S I A& 0] NULL. A NULL S48
A PRI 3K 28 b M 28 3 S B AT T A 0 R A 2 LA R K - AR A BRI NULL, & R EORER
TUAKSI I A6 AR IZ A TS 1% -

AR R AE “YR3K” BRI NULL, BPFERRICE]— AT HE A NULL f484F, BIAk H malloc () B2
— AN RES | & S 1 R BT BB

Py_INCREF () fll Py_DECREF () S 7% A&kl NULL $54F - (H2&, EA1M A F Py_XINCREF () FI
Py_XDECREF () A&,

AT IMES E X RIEU % (Pytype_Check () ARl NULL $54 — [FFEHL, A KRB S ELLH X
LET R DR A UAA AR —, A MOTRITIN. AFFAEATA NULL R A2 1K

C %A ?L%'J%ﬁiﬂ*’?éﬁ‘ C MBS HINE ARBIFh args) A &8 NULL - Sibs EESARIEHEZ
H—A e

LA RS NULL 4541 “WtgEE” 45 Python IR &2 A" EAYHE IR -

2111 £ C++ P REY &

EATDALE C+ o G4 fedbitl, FUR A LR . WIS 27 (Python ffRER) Je i C g el R dmidk Al L
1, )R SR SR Sl A REMUT o AR Ct ik e R BERAY LA XA . RS9 Python
FRREARTRT GE A 2 BRI AL B K0 TN extern "C™ o T2 RAE extern "C" {...} B4y
Python SKSCPFNIA AR 2 B EL, PUAUIRE LT 75 __cplusplus WMELZX AHEMN T (Fra B C++
PR 2 X)) o

2.1.12 £ RIEREHE C API

MY B 787 R BRI S Python (], (HAT I EALH HL A A AR T ABCHAAh Y AL ER i)
B, —Ay LR A] PASE B — 2 A "collection” L A2 BA Y1) . Wi Python 41|32, {4y C
APL SUVFY AT HOR QM ZAES 9135, XA HHYAR G AT DA — i C e U T4 At ™ RAS e 3 6

TR R AFEEEGRE Cof Al static), Feftia A3 3crf, PAK C APTISCR . Sibx
EAEPTA Y LA 2 S % 2] Python BRI R I2 W] DAIE T TARAY. ARIH ASL S gl vy, — ML
B AT E SO — AMBLBRAN AT UL . AT UL AR OB T4 E R G, — L RGN Python fEREAR O 1] 42 R iy
#25[8) (F4n Windows), A EEMIFEGERE I 52— IR E R AL IR (— BT AIX), s ftn] it
AN RIS (40 Unix Z851). REERATS 24 Ryml Wi, ARESJE A rAs i n] 68 i R N2

TSR B RENS AT A WL MUE T R . X RE Y R LR T A S HR I i Il static, BRT
BEHBRIIReR R, Aol 5 HA Y AR 1 i 44 b 58 (FEBGE A0k 7 ik R A s 1 A FRhig) o X RIIR
BT IR oL R H A 7 SO A R T o

Python $2{#t 1 — ARl AL R A — 7 Ak ) o5 — AP RS R {3 C JZ 0 (5 B (3541): Capsule. —
/> Capsule g2 — Ml T84 (void*) #Y Python #5362 . Capsule HfEiH C APLRBIZEAMTTT, H

4 MARfE A IR RS TR 295 i, XS IEAR T, R RIAAEE TR IR
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EANTR MRAEATH A Python X —HEglfeid . Feinldty, BT AR S 3 R b fiy 44 25 0] H ) — D4 A5
Fofth g AR AT A AKX AMEL SR, SRIBOZ A PR W HIME , SR J5 A Capsule HHEREAEE

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

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

modulename.attributename

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

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

BB H spam B, RE A Ea96) T Bk, HE spam.system () A EIEPIM C FEHREL
system() , H— R PySpam_sSystem () XMTFTRA, LRPLSLH IR IR (GIANTNIN"spam”™ 454>
iT). B PySpam_System () thox Gl 4y HALY IR .

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

static int
PySpam_System(const char *command)
{

return system(command) ;

}

PR spam_system () AN BBk

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

const char *command;

int sts;

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

sts = PySpam_System (command) ;

return PylLong_FromLong (sts);

}

FEBHITSK . FE AT )G

#include <Python.h>

B ST

#define SPAM_MODULE
#include "spammodule.h"

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

{

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

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

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

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

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

return m;

"
1T

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

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

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

#endif

/* Header file for spammodule */

/* C API functions */

#define PySpam System NUM 0

#define PySpam_System RETURN int

#define PySpam_System PROTO (const char *command)

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

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

static PySpam_System_RETURN PySpam_System PySpam_System_ PROTO;

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

static void **PySpam_ API;

#define PySpam_System \

CFoiaks:)
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(£ 50

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

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

static int

import_spam(void)

{

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

}

#endif

#ifdef __cplusplus

I3
#endif

#endif /* !defined (Py_SPAMMODULE_H) */

B 7 i 5L A6 A0 AE H ) 46 Ak R H0 L 4% Y I T BR L import_spam () () A BE U5 ) B AR
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;

}

RXATTIAM LB SR, S0P spammodule . h id FAR. MR, WHEEELF IR L, BEAGEHZALIL,
PR AR G 242 —IR

5 T PR 42 Capsule #2243t THISMOTIEE, M TAEME7E Capsule B4 I A ICRIREIL . 7 5%
Python/C API Z:2% F 1357 capsules i1 Capsule (528 (£F Python % & 47401% Include/pycapsule.h
fl Objects/pycapsule.c),

&t
22 HENT RER: HiE

Python FL¥F 45 C 4" JEAIHE i PAM Python fURS H BRAL AR R AL, SXARMRINER) str Ml 1ist KA, Py
AP RSB RER — B, (HRAERTIHAZ A, R 2 T — Loy . X SRR A N4
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2.2.1 Eii

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

BrEA, BRARAEEEE SO R, T2 QR R 42

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

custom B,

W X BRI E X static ¥ JREBIFIL G . WA G K i, C AP tn] DAE SCHEHE I
SRR RERAL, i PyType_FromSpec () BREL, HAEARATTEITE.

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

typedef struct {

PyObject_HEAD

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

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

bi

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

bi

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

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

Py_INCREF (&CustomType) ;

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

(N IUERED)
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}

return m;

}

XH RSy, X2 R TR E—FRent b XA SO LT =R
1. Custom ZEHIXT4 object f1 5T 1 CustomObject 454y, X2 MAE] Custom SEFSFEE—IK .

2. Customtype 4770 XJ& CustomType iR, HE LT AR R MBS, S iR i
SRIGEEAE

3. #hEAk custom fHHL: PyInit_custom ERECHINT N ) cust ommodule ZEH{A .
LER B — Y2

typedef struct {
PyObject_HEAD
} CustomObject;

XA HE XSRS FIINE . PyObject HEAD J& il il TR RF X R 45 1R 2 w8 L—A>
%M ob_base ] PyObject KA FEL, Ho &2 | TR Fa 5T GXME AT A2 51
i1 % Py_TYPE Ml Py_REFCNT KX 43 o i Z2 1B by A2 R R 42 ok HAE 34 13 i o s A S
FB.

R FEEAEZ PyObject _HEAD [ A /5. BANSIN- T2 FEUG R R H i

MR, MRERTHE PyObject HEAD fEEERAL, A BN AN, 407R 7 LT FnifEr) Python i mii:

typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObject;

B AL F B R B E S

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

bi

TR EFEGT 0 E CO9 MARIRIUG L, PAREGRS I BT A /Y PyTypeObiect T, HAMRZRZIRATEX
Y, Rt RT DA ST B ST o

£ object . h FSLPRiE XY PyTypeObject BA N EE SCEZM 7B, BRI TEBAH CHIFRNE
SRIFE, EFEIMOE A RAMIEEENT, BRIMRhSETFHREEA].

FAEdki—mn, BR—17FE:
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’PyVarObject_HEAD_INIT(NULL, 0)

XAl pt, AR 3R E Y ob_base F B

’.tp_name = "custom.Custom",

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

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

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

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

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

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

AT HERR N Py_TPFLAGS_DEFAULT,

.tp_flags = Py_TPFLAGS_DEFAULT,

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

AN tp_doc FRAGRM— SR AT H.

.tp_doc = PyDoc_STR("Custom objects"),

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

.tp_new = PyType_GenericNew,

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

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

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

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

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

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

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

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

TE44 0 setup . py BISCIEAS SRIGHIA

$ python setup.py build

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

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

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

2.2.2 EERRBIFRMEIEFS E

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

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

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

} CustomObject;

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

(Q9)
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(8 E70)
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;
t
self->last = PyUnicode_FromString("");
if (self->last == NULL) {
Py_DECREF (self);
return NULL;
}
self->number = 0;
3
return (PyObject *) self;
}
static int
Custom_init (CustomObject *self, PyObject *args, PyObject *kwds)
{
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL, *tmp;
if (!PyArg_ParseTupleAndKeywords (args, kwds, "|[00i", kwlist,
sfirst, &last,
&self->number))
return -1;
if (first) |
tmp = self->first;
Py_INCREF (first);
self->first = first;
Py_XDECREF (tmp) ;
}
if (last) |
tmp = self->last;
Py_INCREF (last);
self->last = last;
Py_XDECREF (tmp) ;
}
return 0;
i
static PyMemberDef Custom_members|[] = {
{"first", T_OBJECT_EX, offsetof (CustomObject, first), O,
"first name"},
{"last", T_OBJECT_EX, offsetof (CustomObject, last), O,
"last name"},
{"number", T_INT, offsetof (CustomObject, number), O,
Q)
27
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"custom number"},
{NULL} /* Sentinel */
bi

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

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

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

(Rt
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Py_INCREF (&CustomType) ;

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

3

return m;

IRBLER A 5 22 A B L
FME LA mg— T A

#include <structmember.h>

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

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

PIE JIDEAY RN G IVA: L R T

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

} CustomObject;

Ej\ﬁ)ﬂ” ERATALITEE I, FROTLATE NN OHAE IR G AR . 20, RATFHFEA — RO

static void
Custom_dealloc (CustomObject *self)
{
Py_XDECREF (self->first);
Py_XDECREF (self->last);
Py_TYPE (self)->tp_free ((PyObject *) self);
I3

EaPIR{ES tp_dealloc Wi Fi:

.tp_dealloc = (destructor) Custom_dealloc,

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

R EmEEmE % destructor 2R NEATE X T Custom_dealloc #3%—4 CustomObject *
ZH, {H tp_dealloc REFREHIEZ 1> PyObject * 4. WIERAXAM, a4, X
s& C T i A 5 2 251!

HMm B — DR RBARIR I = TR, AR AL 74> tp_new SCH:
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static PyObject *
Custom_new (PyTypeObject *type, PyObject *args, PyObject *kwds)
{

CustomObject *self;

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

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

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

HAE tp_new MO E:

.tp_new = Custom_new,

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

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

Eff: tp_new AN WAMIAM tp_init, POMERGSBITRAE.

tp_new LB tp_alloc MLk HEAAT:

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

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

MR FATEA BATIHTE tp_alloc #f7, Mg PyType_Ready () i MIRATAYEEISARAROR BT AT T
B, HAEGAN object . KR FEIUAR G BRI 73 HE SRS o

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

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

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

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

;

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

;

return O;

WL tp_init 7.

.tp_init = (initproc) Custom_init,

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

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

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

}

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

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

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

VTV A SR R AR, AR R S AR RS DA A
2 AR BIPEAT TR tp_dealloc AFADRTRIX—HLA], BIATEATAZEZUR SRR Tk .
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static PyMemberDef Custom_members|[] = {
{"first", T_OBJECT_EX, offsetof (CustomObject, first), O,
"first name"},
{"last", T_OBJECT_EX, offsetof (CustomObject, last), O,
"last name"},
{"number", T_INT, offsetof (CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */

bi

HEREE UK E S| tp_members A

.tp_members = Custom_members,

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

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

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

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

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

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

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

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

PAEFANE G o 7535, FAITR R — IR SO

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

Hy

(N IUERED)

32 Chapter 2. RERE=FTHREEYT R




Extending and Embedding Python, %% 3.10.13

(£ 50

{NULL} /* Sentinel */
bi

(note that we used the METH_NOARGS flag to indicate that the method is expecting no arguments other than self)
JRHIRST tp_methods ffi7:

.tp_methods = Custom_methods,

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

.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,

We rename PyInit_custom() to PyInit_custom2 (), update the module name in the PyModuleDef struct,
and update the full class name in the PyTypeObject struct.

i, BATEHFAN setup. py SCPARA MBI

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

1

2.2.3 RN TFHIBE M ERE

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

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

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

} CustomObject;

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

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

(Rt

22. BEXLT REE: #HE 33




Extending and Embedding Python, %% 3.10.13

(£ 50

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

type->tp_alloc (type, 0);

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

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

}
self->number = 0;
}

return (PyObject *) self;

static int
Custom_init (CustomObject *self,
{

PyObject *args,

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

static char *kwlist[] =

PyObject *first = NULL,

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

return -1;

if (first) |

tmp = self->first;

Py_INCREF (first);

self->first = first;

Py_DECREF (tmp) ;

}

if (last) {

tmp = self->last;

Py_INCREF (last);

self->last = last;

Py_DECREF (tmp) ;

}

return 0O;

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

{"number", number) ,

*/
bi
static PyObject *

Custom_getfirst (CustomObject *self,
{

void *closure)

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

PyObject *kwds)

"number", NULL};

n |UUi",

kwlist,

0,

(Rt

34

Chapter 2. RERAE=FTHREUEYT R



Extending and Embedding Python, %% 3.10.13

22. BEXLT REE: #HE

(£ LT
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;
3
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 O;
}
static PyObject *
Custom_getlast (CustomObject *self, void *closure)
{
Py_INCREF (self->last);
return self->last;
3
static int
Custom_setlast (CustomObject *self, PyObject *value, void *closure)
{
PyObject *tmp;
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the last attribute");
return -1;
3
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The last attribute value must be a string");
return -1;
}
tmp = self->last;
Py_INCREF (value) ;
self->last = value;
Py_DECREF (tmp) ;
return O;
}
static PyGetSetDef Custom_getsetters[] = {
{"first", (getter) Custom_getfirst, (setter) Custom_setfirst,
"first name", NULL},
{"last", (getter) Custom_getlast, (setter) Custom_setlast,
"last name", NULL},
{NULL} /* Sentinel */
bi
Qi)
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7

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

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

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

bi

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

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

bi

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

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

Py_INCREF (&CustomType) ;

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

return m;

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

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

Py_INCREF (self->first);

return self->first;

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

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

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

FARIE— PyGet SetDef ZEHRNIE4L:

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

bi

HAE tp_getset M HEFME:

.tp_getset = Custom_getsetters,

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

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

bi

FABEFTFEZNF to_init PRI RN H AV A TR

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

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

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

}

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

}

return 0;

}

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

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

2.2.4 ZHF AL EI

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

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

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

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

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

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

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

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

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

} CustomObiject;

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

Py_VISIT (self->first);

Py_VISIT(self->last);

return 0O;

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

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

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

CustomObject *self;

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

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

STE, BRI R R B AR SL G, PR ME AMERE st FRAEM AR BT | A .
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Py_DECREF (self);
return NULL;

}

self->last =

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

}

self->number = 0;
}

return self;

(PyObject *)

static int
Custom_init (CustomObject *self,
{
static char *kwlist[] =
PyObject *first = NULL, *last =

if

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,

"custom number"},

{NULL} /* Sentinel */

bi

static PyObject *
Custom_getfirst (CustomObject *self,
{

Py_INCREF (self->first);

return self->first;

static int
Custom_setfirst (CustomObject *self,

{

if (value == NULL) {

PyUnicode_FromString("");

PyObject *args,

{"first",
NULL,

(!PyArg_ParseTupleAndKeywords (args,

offsetof (CustomObject,

PyObject *kwds)

"last", NULL};

*tmp;

"number",

kwds, "|UUi",
sfirst, &last,
&self->number))

kwlist,

= A

number), O,

void *closure)

PyObject *value, wvoid *closure)

(Rt
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PyErr_SetString (PyExc_TypeError, "Cannot delete the first attribute");
return -1;
3
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");
return -1;
}
Py_INCREF (value) ;
Py_CLEAR(self->first);
self->first = value;
return 0O;
3
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)
{
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the last attribute");
return -1;
;
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The last attribute value must be a string");
return -1;
3
Py_INCREF (value);
Py_CLEAR(self->last);
self->last = value;
return 0;
}
static PyGetSetDef Custom_getsetters[] = {
{"first", (getter) Custom_getfirst, (setter) Custom_setfirst,
"first name", NULL},
{"last", (getter) Custom_getlast, (setter) Custom_setlast,
"last name", NULL},
{NULL} /* Sentinel */
bi
static PyObject *
Custom_name (CustomObject *self, PyObject *Py_UNUSED (ignored))
{
return PyUnicode_FromFormat ("$S %S", self->first, self->last);
i
static PyMethodDef Custom_methods[] = {
{"name", (PyCFunction) Custom_name, METH_NOARGS,
"Return the name, combining the first and last name"
Q)
41



Extending and Embedding Python, %% 3.10.13

b
{NULL} /* Sentinel */

bi

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

bi

static PyModuleDef custommodule = {
PyModuleDef_ HEAD_INIT,
.m_name = "customd",
.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;

T, W EEERS GC HIAREN S RN FX 4

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

int vret;

if (self->first) {

(N IUERED)
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vret = visit(self->first, arqg);
if (vret != 0)
return vret;
3
if (self->last) {
vret = visit(self->last, arg);
if (vret != 0)
return vret;
3
return O;

}

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

Python $ft 7" — /W] {2y i JI] visit e& #HY Py_vISIT () K. i py_visiT(), FRATA AR/
Custom_traverse RN TAER:

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

Py_VISIT(self->first);

Py_VISIT (self->last);

return 0O;

HfR: tp_traverse SLELNAURE HSHMER Gy 44 R visit Fl arg DAEfEH] Py_VISIT ().

B, AT ER PTG R AT A n] AS G IR X 5%

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

}

W Py_CLEAR () M. B2 AT 2R B 8 s 8 v 1 8 g | v B Heee i) oz e 5 K.
AR AR EGEPEAERF B NULL Z [BI7EJ@ M L IH FH Py_XDECREF (), W@ M7 ml BE 2 B FHR
BEHGZ B PR ARY G A & WURAEAE S | B IE) «

AR VRAT DA A SR Py_CLEAR () :

PyObject *tmp;

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

TEICUMA], AE MG e 1 i 4& 224 ] Nevertheless, it is much easier and less error-prone to always use Py_ CLEAR ()
R H A A . AR A A R MR !
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BEjiles Custom_dealloc Al RESHETHIRIEMERT T AL B A . X EWREIGER GC v] ATE R £ A FR9% il %
H1T GC FUH T N HECN b E, FATFZMELI ] Pyobject _GC_UnTrack () HKilk GC 5 kI8 ERAH X
%, FHEFKANEH Pyobject_GC_UnTrack () fll Custom_clear EHLIMEIBIES:

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

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

.tp_flags = Py_TPFLAGS_DEFAULT | Py TPFLAGS_BASETYPE | Py TPFLAGS_HAVE_GC,

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

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

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

>>> import sublist

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

>>> print (len(s))

6

>>> print (s.increment ())

1

>>> print (s.increment ())

2

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

typedef struct {
PyListObject list;
int state;

} SubListObject;

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

self->state++;

return PyLong_FromLong (self->state);

}

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

(Rt
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bi

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

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

bi

static PyModuleDef sublistmodule = {
PyModuleDef_ HEAD_INIT,

.m_name = "sublist",
.m_doc =
.m_size = -1,

bi

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

&PyList_Type;
< 0)

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

Py_INCREF (&SubListType) ;

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

return m;

PyObject *args,

self,

PyObject *kwds)

args, kwds) < 0)

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

Py_TPFLAGS_BASETYPE,

"Example module that creates an extension type.",

(PyObject *) &SubListType) < 0) {

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

main differences between them.

typedef struct {
PyListObject list;

(Qi¥iE3)
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int state;
} SubListObject;

URAE XSGR (4 3 B2 A T I IR R A AR AU 55— ML BRI C A A AR T L B E T

PyObject_HEAD (),

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

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

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

XMEAEG S HA HE X tp_new fll tp_dealloc W AIRBIRES ., tp_new BRI N H HA
tp_alloc BXTGRLFRMBCNAE, M EibEdsmd 8 H O tp_new KA E.

PyTypeObject i Jil tp_base #§ & R MM LK, T B ¥4 %% 2% 08, K I ¥ 6 1 xt
PyList_Type 5| R BEEFTIZFR B W 214 b S Ae B a4k s Bob ¢ i

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

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

Py_INCREF (&SubListType) ;

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

;

return m;

}

V] PyType_Ready () ZHl, FKMEMEBIMCAIHTE tp_base HI. BINTMIARBIRER, E
ANEFR tp_alloc flIHIE N PyType_GenericNew () -- 2 H FHETAG 0 HE BRSO S 48K

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

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

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

/* Methods to implement standard operations */

destructor tp_dealloc;

Py_ssize_t tp_vectorcall_ offset;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

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

reprfunc tp_repr;

/* Method suites for standard classes */

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

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

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

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

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

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

traverseproc tp_traverse;

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

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

richcmpfunc tp_richcompare;

/* weak reference enabler */

(FoUARZE)
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Py_ssize_t tp_weaklistoffset;

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

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

struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

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

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

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

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

PyObject *tp_subclasses;

PyObject *tp_weaklist;

destructor tp_del;

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

destructor tp_finalize;
vectorcallfunc tp_vectorcall;
} PyTypeObiject;

XA RS IR HEAZRIL, WRAREE R, W5 ARSI BRIk,

IEARRE R —F, BATIEE—S— PN GRS R B . PO R D S ka7 B sie , Bt
PABRATTA ARG E N IAEST R B SU P I . @ ER A S e — DS RR 2 P B el 1, SR
AR(E B AR B 22

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

R4 T - E-ERBEN, SHBERZHTT, JLTEEE N TISWH . Sl - Mra 7, X
T RARD).

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

XL BULRIE A TR X A JEB B H T G T B e D A . Python Sy 7RIS EERgEEH (R 5
Frs, Judl) ALENESCRE, X2 tp_itemsize FRUFAEMI A . XA HRE

’const char *tp_doc;

RHLURAT AT — Be P AR (BB ERIHUIL) , 244RAETE Python JIZRT | i) obj . __doc__ Wik WX B SOk
GiiiE
BHERRATRF — N EARIITIE - RSB LRI ITI5-
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destructor tp_dealloc;

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

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

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

static void
newdatatype_dealloc (newdatatypeobject *obj)
{

PyObject_GC_UnTrack (obj);

Py_CLEAR (obj—>other_obj);

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

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

static void

my_dealloc (PyObject *obj)

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

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

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

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

PyErr_WriteUnraisable (self->my_callback);
else

Py_DECREF (cbresult) ;

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

Py_DECREF (self->my_callback);

3
Py_TYPE (obj)-—>tp_free ((PyObject*)self);
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W VR AELE R oR B P L e AT I BRAE R A BRI B, A0SR AR Y 38 2 SR B 3 Jml i (A
tp_traverse /B tp_clear), XFRAYHRN NG W] AE I to_dealloc IR 2 B A L, Hk, 1
tp_dealloc !, JREGMGFAATARERE: BEREIHITEETE. LAXHEHEBIER gk APT R (N
R B ) AR AT BE SR tp_dealloc, SREUNEREMOF KA H .

M Python 3.4 JFif, XA AEAE tp_dealloc A ZRYALEMRIY, T2 M tp_finalize A,
S
PEP 442 ffifE T A4 4.

23.2 HRBR

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

reprfunc tp_repr;
reprfunc tp_str;

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

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

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

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

MR AR B

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

23.3 EHER

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

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

VA V4

getattrofunc tp_getattro; /* PyObject * version */

setattrofunc tp_setattro;

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

ZBERENER

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

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

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

FHAE N object:: AP = AFB

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

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

typedef struct PyMethodDef {

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

const char “*ml_
} PyMethodDef;

doc; /* docstring */

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

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

typedef struct PyMemberDef {
const char *name;

int type;
int offset;
int flags;

const char *doc;
} PyMemberDef;

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

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

ZE 3.10 Jix ¥ ¥: RESTRICTED, READ_RESTRICTED #] WRITE_RESTRICTED . # # H. 1H =2,
READ_RESTRICTED & PY_AUDIT_READ fJ—1 54, HIL$8E T RESTRICTED B} READ_RESTRICTED
B g TR

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

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

KEERIEEER

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

Bl

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

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

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

static int

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

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

richcmpfunc tp_richcompare;

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

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

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

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

PyObject *result;

int c, sizel, size2;

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

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

case : ¢ = sizel < size2; break;

case c = sizel <= size2; break;

case : ¢ = sizel == size2; break;

case c = sizel != size2; break;

case c = sizel > size2; break;

case c = sizel >= size2; break;

;

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

return result;

2.3.5 R LZHF

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

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

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

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

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

static Py_hash_t
newdatatype_hash (newdatatypeobject *obj)

{
Py_hash_t result;

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

return result;

}

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

ternaryfunc tp_call;

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

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

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

TN EARER tp_call SLPL:

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

PyObject *result;

const char *argl;

const char *arg2;

const char *arg3;

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

}

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

return result;

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

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

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

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

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

2.3.6 BHEIAXE

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

S

weakref FRHRF SR .

PO RUIEE AN TEODOE S e il AT 8

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

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

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

typedef struct {

PyObject_HEAD

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

And the corresponding member in the statically declared type object:

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

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

static void
Trivial_dealloc(TrivialObject *self)

{

/* Clear weakrefs first before calling any destructors */

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

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

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

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

}

W
T #; CPython JEfCHSRRAS .  https://www.python.org/downloads/source/
GitHub |-JF% CPython JR{Ci%I¢] CPython JiiH . https:/github.com/python/cpython

24 BB CIC++ ¥ R

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

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

WAL R B PSRN E -

PyObject *PyInit_modulename (void)

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

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

def initfunc_name (name) :

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

return b'PyInit' + suffix

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

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

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

from distutils.core import setup, Extension

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

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

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

python setup.py build

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

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

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

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

from distutils.core import setup, Extension

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

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

v

ext_modules = [modulel])

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

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

TRIEAHTRRERY; distatils ] Y%A distutils BEIEAATE H .

2.4.2 HHIREYY RIRIR

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

’python setup.py install ‘

R AES RIS AL BESEEln] bhas Ty

’python setup.py sdist ‘

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

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

python setup.py bdist_rpm
python setup.py bdist_dumb

2.5 7 Windows t#33& C 1 C++ ¥ J@

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

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

fif: X T T 2 FE T A Python SRUA S SCIF% o X 28U AR R R XY IR SR R 78
S, X REAVRETEE A Y Python AR H FERRASS T 1Y T R A S B, A SRR B 2
Python 2.2.1, XY ¥k 22,
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2.5.1 iE=\i5EA

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

2.5.2 Unix #1 Windows Z [l =%

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

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

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

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

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

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

R SRR TN T A BRI (5 S

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

2.5.3 DLL #9=cpr{EHH

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

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

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

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

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

RNREANIFHEAFE ST B AR L WERARAR AT KA e (135 Python) #\EEF B4R 145 AT,
RIS | _declspec (dllexport), FLUTEE void _declspec (dllexport) initspam(void) B{
PyObject _declspec(dllexport) *NiGetSpamData (void) Hi—Ff,
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Developer Studio 1 Il A KR AARH A EIETGFZ FALE, BARE AT HAT SO/ NI 100K, BHRBIEAT, i
0 H R EAERE R SRR R B BINE . RFERII msvertxx. Lib IRINME SR,
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CHAPTER 3

A E KRN HAZ R CPython iZ1THY

A, AZEANEAE Python fEREAS A LN AR THIY RE, 1M 24 S5 CPython iz fTHHR A B B
W ARF o AT T B SE U VR T Sy — 2240

3.1 EHENAERFEA Python

BILFEHE 7 W% Python #E4TH &, WatE W H C sEUEY i Python FTNEE. St K@ vl AR : FF
Python g A Bl C/C++ . R/ FH 5 HIGE. XA AT PALER HFEF ] Python R SE B AELETfE A2
HCH C++ . HiESAMRZ: ansavr M A Python 55 —SUIAS  DAGHEE il B AR 7 i R 75K . it
LT EE ] Python Zi Bk N2 5, B4 KNG H O WREX 4T .

Python (iR AZRBITP R, (EAEEME. ANFEZAFET, §7 5 Python WL T 1 EREF558 2 Python
iRty , it A Python B A2 FF M AE-S Python 584 J0 96— 1M & B R P 1) 5 2838 4B /K <1 il Python
RS RIB T2 Python Y,

I, #EHm A Python, stERf(tH O BT . W EMA I 2 —itEwihik Python fi#fiss. £/0
HEHREL Py_Initialize (). A7 LERT A TH A v [a) Python /£ M A4T2 480, 2 5 Bl W AR P 1)
AR AnT 3 I8 R ARRERS T

VA RS B XA 57 JUAP: W] 1] PyRun_SimpleString () & A—AMU% Python B4 4AFE, Wnlm
PyRun_SimpleFile () & A— stdio SCHAEE IS4 (UFEHIR(E BB AER ) . B 7T AR
FH BT A28 1) IS 2 B SR A 1 I (5 H] Python X4 .

S U

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

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

#define PY_SSIZE_T CLEAN
#include <Python.h>

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

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

}

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

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

if (Py_FinalizeEx() < 0) {

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

}

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

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

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

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

2. AR EEEE AT CREF IR AR I

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

1. C Hdlaf4sly Python 4%,

2. ARG EAEATRT Python 2 1) sk £

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

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

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

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

int

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

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

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

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

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

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

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

(R
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(£ 50

I3
t
else {
if (PyErr_Occurred())
PyErr_Print ();
fprintf (stderr, "Cannot find function \"%s\"\n", argv[2]);
}
Py_XDECREF (pFunc) ;
Py_DECREF (pModule) ;
3
else {
PyErr_Print ();
fprintf (stderr, "Failed to load \"%s\"\n", argv[1]);
return 1;
3
if (Py_FinalizeEx () < 0) {
return 120;
3

return 0;

}

AR SER A argv (1] n#k Python A, FEA argv (2] f8EMRRE. REBRESHCE argv 4
IR A . AR50 a4 R (MAL KR & ] AT FFRAE call) |, I B $A7—> Python 7,
Bl :

def multiply(a,b):

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

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

SRR, AR B PR, (EORHER (U2 I T+ Python I C Z [a) i) Bicdlife e, DA S AR i
Bt A Python A HRER 7 LT 4 -

Py_Initialize();

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

WAt R 2 5, W PyImport_Import () MEMIA. WEEKSEE 24 Python 47, — A
PyUnicode_FromString () B sk B0 # 1 F4FE

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

if (pFunc && PyCallable_Check (pFunc)) {

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

’pValue = PyObject_CallObject (pFunc, pArgs);

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

3.1.4 3f#x A Python ThEEEITH &

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

static int numargs=0;

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

}

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

bi

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

bi

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

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

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

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

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

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

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

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

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

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

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

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

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

1EfiR: R T ES 2> Python 2248 iRA S | KR AL (FRARAE R G LU A C oA 2 |]) , 2
pythonX.Y-config f§EAXT AL, N LB FTA .

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

>>> import sysconfig

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

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

66 Chapter 3. EEXBNARFP#ERA CPython ia{Tht




APPENDIX A

RIEXTHRR

>>> B A ERIARY Python $2/R4F . AEAE S R T-REPARZ B s E MR REAS LA T RE A RS 2 i
- AR A X
o SEH SR A KR AT ERIA Y Python BURAT, A% ArilkngfRass, MO SM AR Y
(B35 s, i =85%), e — &tz )E.
* Ellipsis NEHFE.
2to3 #t! Python 2.x fUA% 464 Python 3.x AAASAY T H. , WAL MRATIRAY , 3k D ARAFTA ,  AbIHZ6 I 40k i 2 1y
N e

2t03 WS FERMEE R, BiHZ ok 1ib2to3; 4L T AL AL S Tools/scripts/2to3, N 2to3-
reference ,

abstract base class -- 4 3ER G LB ABC, @Xfduck-typing [AFNTE, BEFEML T —Fp i SCHE: 0 0087
X, M2 FHAMS G E hasattr () BT AMEE MR (FlHantEH BAR ). ABCHIA
TR, XTI R 5 HABE, HAMWIRERE isinstance () Al issubclass () FRAR; #
UL abe fHSCRY . Python H 4% WE R ABC HTSLIEH454 (7F collections. abe #idkHr) |
BFE (FF numbers fEE ) L W (FF io Bitkh) . SAEREAMELS (FF importlib.abce bk
H) o ARA] DA abe Bk A H ) ABC.

annotation -- byl KECR| AR, KEME. REBOES SR MHEMIRE, e lEh £ 20207 SR .

JRrR A R AR AR B A T AN TG, (B4 A . B MR R B b & 2 A O . 8RR ALY
__annotations__ k@M.

Z: W variable annotation, function annotation, PEP 484 F1 PEP 526 , %} I B e A /T4 . 751 2 I, annotations-
howto T A {57 A ) B A S e o

argument -- S5 7LV BREUHE L function  (B{method ) WHEH. S50 RWiFh:

o XA A TERRBOR I PRI A PR AT (B0 name=) SEEAE N A S ERTTEATA ** 197 S
PEAE A . 28BI5K0E, 3 F1 5 FELA R X} complex () WY A FE T 2 7S5

complex (real=3, imag=5)
complex (**{'real': 3, 'imag': 5})
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s EEAH ART RKBETFSHSEC MESHEI TSRO ERTT S AR/ S AR a4
* [iterable P TERGAEN . 28BIKIE, 3 A1 5 FELA TR g TS 4

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

S TRE LS R B o Y B R AS B . A RN 2 L, calls —5 . ARIEIEYE, ARARAER AT
FRFR—NSHG BB B E PR XTI 1 eyl A% o
F3Z Wparameter RIEFRFH , & WIAEH S 5ES X5 PEP 362,

asynchronous context manager -- 5325 |- F S PIEY AR E I E X _ aenter_ () Ml __aexit_ ()
JrERXT asyne with @A) P RFREEIATEE S, B PEP 492 5] A,

asynchronous generator -- 532522 K% 1% BB Masynchronous generator iterator IR, B 5 async def
& SRR R BARAAERL, ARFRZAATET B vield REX A —FRIIWTE async for fEHH{H
.
WARTE T T8 A0 A ian i, EERLRE IR AT AR 24 77 £ R B R R E . WRFEE-ERL
HARE S, TR A FR AR Lo
— AR SR BT GRS await FiAX B H asyne for VAN async with {E4].

asynchronous generator iterator -- 525 2 R85 5028 asynchronous generator FRELFT B EE IR 4 .
WIS & T asynchronous iterator, Y4 __anext__ () FEW B Bl — AR GOR AT 740
AR R AR BB R —A> yield Rkl
F/0 yield SR ARALIE, T (B IPARES R R ROATEE Y ry i), 4%
A R EERESHAM __anext_ () REIW TSR ZHERIKZNS, ESMNEHFOLESLEINTT. S0
PEP 492 Fi PEP 525,

asynchronous iterable -- 2B [ B 7] #£ async for i A) o g A A9 X 4. 6 J0E B W
__aiter_ () F¥ERE—Aasynchronous iterator, {1 PEP 492 5| A,

asynchronous iterator -- 525088 ST _ aiter_ () Ml __anext_ () HFYEMIXIE. _ _anext_ W)
R Bl —A~awaitable 314, async for SxAbFRFEEMAEIH __anext__ () TR BB AT 45 £F 5T
%, HF|HF|KE—4 StopAsyncIteration 7. H PEP 492 5[ A,

attribute -- JEYE CECE|— DXL AOE, WE A S FEX L ATORT . Z801k00, MRS o HAJEM
a WRPAH o.a K5 IHE.
WERXTZ VF, R AR R identifiers (1) JEAR T 44 FR A AE— X500 J@ o 42 7T AR, il dn it A
setattr (). XFERYBIERTCEM s Rk =0k Vi), M2t getattr () RIREL

awaitable -- W2EFEXF R HELE await R HHHIXIGE. ATLARcoroutine 2 A __await_ () 7kl
X4, 20 PEP 492,

BDFL “&5{-ZZM#E" W45, HI Guido van Rossum, Python B .

binary file -- 3 HISCHE file object REWS RS F 9 23t %o —iEHISCHRI B FOFEA T HERIEEL (Trb, Twb!
or "rb+") FTHM A, sys.stdin.buffer, sys.stdout.buffer DA io.BytesIO Ml gzip.
GzipFile BYSEMI.

535 Wiext file T fRAEWSTES str MRS
borrowed reference -- fff A 51}] 7 Python [¥) C API H, & 15| 248 —F 51, (A AU I A
FEAZG I H o WR A G b S0 Tk &8 AR s 18T B, 3 [ ol DARS it S i o g —

A~strong reference Fe4HRE o

WEAFZTEborrowed reference TR Py_INCREF () PAKFH R HbEEH Fysirong reference, [AER 4% X S T0HE
AT IR G — IR B Z g5 . Py_NewRef () BREUAT AR AR BIE— A strong reference.,
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bytes-like object -- ‘P i3 % % FF bufferobjects 7 H.GE T i C-contiguous Zup X% . X WHEFIA bytes.
bytearray fll array.array ¥4, PARVFLZE# memoryview 5. AN R0 #E L fp il
BAEEAE PR XSG RS PR RSO A SGE T B R AR

LSO TR BN AR ) TR . X R AE SR PR S AT W AR 4
Bl F i35 bytearray PAJ bytearray [ memoryview, HAWMHEAEZR —H#EH BT AW AEX)
% HEEFI A XM R 6 T44E bytes PAK bytes X4 memoryview,

bytecode -- ‘¢ {ifith Python JFUHS 24 g1t R 7565, R CPython fifRegs 3R/ Python )7 i ER AL .
IR S EZAFAE cpyc SCHFH, SRS IR IAT IRl — SO s BE TR (PT DA G 25 REVRAS B8 2 135 R
AIRG) o XA FENE ST B TIERIE F AT A TH N AILER D (K virtual machine 7 L. ¥R /NIF Python
B LR P A—EE A, mA—ERELEA Python iliAs 345 .
FATHE A HFE AT DALE dis BEHL) SR R AR .

callable -- W[ PAJIRFER AR IS G2 nl ASRA TR s S &, I nl e — 4B 80 (B Wargument), (i
LiNINER

callable (argumentl, argument2, ...)

function, LAY JERmethod 55, FRIET AN S KT __call__ () FEMZRAYSLGIH)ET T
iRSE

callback -- [ —AME RSB AL A DA PATE AR R 1 5 B 208t FH B+ (51 R pR
class RANEH g SO SBAR . e SGHE AL S R IS SE B BEA T BB e s
class variable -- Q348 50 RIS g WAR &, HAVKRTEZRM)Z 9 EAEM (MA@ FE 2R SE 6 B0 .

coercion -- SRIRILFEH Ao L ST AR RS EUBAE S, —Fh B L R 540k o) —Fp 2Bl
W, int (3.15) R RSB I IERIR 3, HAE 3+4.5 1, SEHIERBA— (—4=2 int, —4>
& float) , WE A AR ZERA GEA N, WK% TypeError, IR EA o Hl 2R AU EEHALH]
R UL ORI W] 3R S E0A AL AR 262, BN S, £loat (3) +4.5 MIAE 3+4.5.

complex number -- 535 X EHCARGENY R, b A B R N — DS — A AT . B
REMERCANL (-1 B TIR) RS, ERTEREAT SN 1, TE TS . Python A TX4
By scfe, R TREARIC T 20 g —A 5 52, BN 3+15. UIPRTEZ math BLHR AT AT
WA, W] cmath, ZEH S — A HES RAECA R . AERAIRERSE AT 2, ZIEE
I LP A A AL

context manager -- |- F L8RS 7 with iBA)PEH, W E X __enter () Al _exit_ () FEEKE
HIFFDRERIN R . 2L PEP 343,

context variable -- | F 308 & —FPR$EH T E M LR SOT AR RN EERAS B X T7E L JRiB AT
PN ITERE T LR A AR RME. A, T R RSO EFRNE, —MUTg&Eb S £
A BRI, R SR R BRI & RS AR B TR . B L contextvars,

contiguous -- JEL; —NEMHIRZ C & L5 Forran # 8 2PN N R ELER . F4EZ 1 Z C Hl Fortran %
e, TE—ZERE T, T Ak HALTE WA O A AR HES , ORI B TR IN R T IF . 12
% CHEZAAL R, Lt NATHUIEHES i de )5 — R 5 115 R0 4% H NP fpe b o {HJ2 A Fortran HEZE %41
R ARG R R

coroutine -- PpfE PHFEE T HIFERI BN, FHIRE AT DAYESE— S b ATFAE S — B H o PR U AT DAYE 14
AR S EIEA L BHFAKE . B asyne def iHAREI. 2L PEP 492,

coroutine function -- PpFERAEL IR [B]—coroutine SRS PIMEREA] T asyne def iBA)3RE X, I
HHEfL P await, async for fll async with 45, XEEM2H PEP 492 5] A1,

CPython Python #iA2ifi 5 AT LI, 7 python.org % Afi. "CPython” —ii] Jf] T-1E 05 B IR S B HoAth
SEFLEIA Tython BY IronPython AH X 5.
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decorator -- 3RS IR FE R I — D RE R AL, HE S ewrapper AL ORI TRECE . RATiERH
L TAdE classmethod () fll staticmethod ().

AR U RN, DU WA eR B0 SR S R Se 45 i

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

@staticmethod
def f (arg):

FFERRR SR T8, (@ TR A . A AR PN 1T 2 0 eR B0 SO 2858 SIS0

descriptor -- §iiA%% (EfTE X T __get_ (), _set_ () B __delete_ () FEMXMNE. B—PEKEHE
HHERZRES, BRI TS B A R K . EENE LT, M a.b RIRE. B E R
— N BHERTSTE a RFH AR AT b X5, (B b2 — iR, WS TR A RR A
ke PRARRA R IO 2 IR Z K FE AR Python 1) ¢ 88, [RRX 242 AR SLRE, EHEREL.
F JBYE. k. SR AR5 E A .

A KB EITEMEZ 5, WS descriptors B fiid g 15/ .

dictionary -- ‘7L — AN SCHCEAL, Hoo B9 AT B BEAR ML ST 2 A B E . B L2 MEMI A __hash__ ()
_eq_ () HERXE. AE Perl 5= K4 hash,

dictionary comprehension -- ‘y il 5X AbH— AN AR AU G P Y ey sl o J0 3R R I 45 R - S i) — Fh X
BEYE, results = {n: n ** 2 for n in range (10) } ¥FEM—HEn F{EHn ** 2 By
B R ) . 20 comprehensions .

dictionary view -- ‘FHLPLE M dict.keys (), dict.values () fll dict.items () IR [EHXT LRI N F
WAL AR TFHAEN D SHE, XEWE Y FHRSUER, WEESHHN . BT
R N BUE A, AIEH] 1ist (dictview) . £ dict-views.,

docstring -- SCRY AR (o038 BT WA ER — DR IR FAF s . EXE U ATIN &
BB, Hp RN B AP . RBEBIRAY __doc__ @M. mTERHTRIBNA,
BEIRR S RAT O HL S AL

duck-typing -- 18- R% F5—Fhgg R XA, B AMKEERITZ AR e L2 B A EMWED, meH
B R S o sUE s (BRGNS, mpERWGEN T, AT EmaNT.”) hT e
FUMAERRE 288, Beit RIS v i 2 SRR T R G, 19 F2RBLE 0 T type () B
isinstance () #ill. ((HZHERERSFIBIRTDAM 40 28 & VENRN RS, ) AL R hasattr ()
K 5% & EAFP 9

EAFP “RIFRHORVFAI A 5" M9 S o X Python 5 AU 2 55 XA 2 {18 5 I o 1) o J AT AE
AR E B DRI AR S . XM TRT I DRkt WU )RS Sl e Kz ] try Al except iHA]. T AR
MR FELBYL W%, #ILT C 52 HAbIE S .

expression -- Fih X W DK SAMEMTEARIC. HApihil, — DA RBCROIANFIHE, 45K,
JEPET A I FATER BRI IIL S, ENEEESRIEAME. SUHZHAMEF AR, A ES
i PEEE R IAFFEA BRI R B W statement , B while. WK{ERRE BT EAMAERRA.

extension module -- §JEH DA C 5k C++ 451, (/] Python [¥) C API Rk 515 F 4.0 DA K AR i

S

T H,

f-string -- =45 VA £ B0 TF BT TR FIEEE RN f-EArERY B AS LS R S TR
8% . 2 PEP 498,

file object -- SCAFXTGR X AMREGLE 1 ST APT DA T ZFIRIIXTR (A read () Bl write () XHHTT

15) o MRIEHAUET AR, SCHRSR AT DAL P FLSCRE L SCHF, XA fE, SR MBI SR
AR (PIAARHERR A/ . ARG X BT IS ) . SUFR R ST 3 2 80A.
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SelR b =R R SO G IR G =3 ) SR, Geih = bR S DASOAR U, BRI E X
1E o Bl BSOS IITE 2 open () BEEL.

file-like object -- SCPEIAF R file object [Fy[F] L.

filesystem encoding and error handler -- SCF RS a5 A 5 IRAC P4 RN Python F Sk M BEVE B 48 i 1
SR ) B R G 4 fS Unicode ) 2 ks 28 5 4 e A FH DA

A BB G A AS S TARAIE BE N RS K A 128 DA NI R . W3R S R G g =S o k4
AL ARGE, W API pRE{ T E< 5| X UnicodeError,

sys.getfilesystemencoding () fil sys.getfilesystemencodeerrors () BRE AT HE SR AREL
ARG i kg =S AR AL FAAR .

filesystem encoding and error handler ‘Z4F Python 2 E 1 PyConfig_Read () RECEREM: HEH
PyConfig [f) filesystem_encoding fll filesystem_errors 5.

2 Wlocale encoding
finder -- #4R&F — Mol A B AT loader ISR

M Python 3.3 JEAFAEW R R B A $ 4 Tk 2 48 % LG sys.meta_path [, PAKpath enmry
finders fit & sys.path_hooks ffiff].

HL PRS0 PEP 302, PEP 420 i PEP 451,

floor division -- [n] FUREERIE 0] T & A B 3 0 BN BCA R . R BEEBR s A 7/ . i,
FibX 11 /7 A ITELSRRE 2, S22 MHRRRF AW EIERERR 2.75 . HE (-11) //
4 23R [0 -3 PIRIXAEE -2.75 @ T ABFINEHE. L PEP 238,

function -- B4 AT DA FH 0% [l B AME R — LB 4] . 38 0] DA HAZ A A S AN S 3 HAE R BRI T
W . 5 Wparameter, method F function ZE4Y,

function annotation -- FREHATE B4 % BRI E0E 28R M {E il annotation
PRACR I T2 242 = - BlnPA R B2 W1 int SEOFHIHRE— int {E:

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

PR AR TE R I AR UL function —5 .

Z: Wvariable annotation F1 PEP 484, H iR T )I6E. 731% 2 7 annotations-howto DA T {5 I br i) B¢
FESL .

_ future__ future {5/4], from __ future_ import <feature> FE/RImiFas{di FH¥HE K Y Python &1
R B R AR v BRSSO GRS B . future BEHLSCRYICSE T RN feature BUE . @
T AR X AR BORAE, AR AT AR B4 IR R A T B e O A B E S AR (EE)
FETE A BRI

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

garbage collection -- b B A1 PR FEg (T FH 19 N A7 25 [B] i 3 F2 . Python S 38485 | FH T H B0 — > BEAE A I
R TREAGERS | F DG ER S 3% [T S SR A T3 e o T PABEF g o AR J2 il 1 3% [l 0Se 2%
generator -- ZEREY 1R [0l —"Ngenerator iterator [ REL. BAEERMB TR, A SETHAE vield £
KA =2 — RAVEHLLS for-TRFRAE B 2iE A next () pRELE KL
TR FRE AR R, B RE  Nn BE R R AR B R E . WIRFEH LSS L, W
FHAFRPARE GLE; L.
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generator iterator -- 22 K ES LTS generator BT A EIINTS .
FAS yield IGHFE AL, CESHIERI RS (B3R RMERY vy 5A)) . 4% £ &
Rk RBWRERS, BRMNETFACEMEIIAT (X 5 AR T U6 1358 R A 22 AR )
generator expression -- /LR AIE X R —PNEAARREX . EEERRG I EELL A EXT
—MMEAE . JEFEIN for 4], PAKR—DAEM 1f T4, ATEAREIKSNINZREBEN —F
S

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

generic function -- {Z RIeR %L A ] 1) 28 2 S B ) S 1 1) 224 e RSO 2L R . E 3R I 2 Pl IR EE SRR
R 7 1 o WR A~ S B

Wi Wsingle dispatch RiEFRS<H . functools.singledispatch () FEMizeA & PEP 443,

generic type -- {2 W[ Bk rype; WM 1ist B dict XHEAY BHaeds. JHT R A5 ALEAt,
HEATS I ZRRI% KA, PEP 483, PEP 484, PEP 585 fil typing HiHt.

GIL 2:W.global interpreter lock .

global interpreter lock - 4 SRRV CPyihon FREFEREFTR N AT— RO, 01— A — A2
AT Python byrecode. WML B E XSGR (045 dict S EENERA) FAPH R k2%

£fiifk T CPython SEBll. 45 BEAERERS N (TR RERS 2 At s Ty 68, FACH W4 THE2 4
AR BRI
AN, FERURRUE B =7 R YT R BIRA ET AE AT T B R AT 55 0 e 4 B RG A BPRR I GIL.
AN, FEPAT VO #fEmq B2 2R GIL.
Bl (ARG AR FE R Bl e S =8 ) “ B &R MRRERRI S IR RAF T, PR ik 44k
TEE 3 B AL PR O R PERE . P15 O ARG Rl B R R 5 R S B B A S A AR, T B ME DAZE
ETA

hash-based pyc -- J&-FWy A8 pye [ 0T R 5 ST B4 WG (L T I 5 J 18 o5 B R A i A AU HE R - 1 T 2 A7
&, 20, pyc-invalidation,

hashable -- WUy — AN X 52 00 W 75 (B Q0 SR A AR iy R T N 4 AN e 28, B FR ol Tee A (BERERA
__hash__ () F¥) , JEAIPARI AR AT I (EREEE _eq () H¥E) o WRHXZ
O3B A [ A o i (1 LU RS 5 SR A 2 M TR
AT E A PE AR AT R BRAE A P MUBR B AR A B T, DR A 3k LS 25 44 A P A A (L
KZHL Python WK AT AR N E X AR AT A Y ARZESS (Blng) Rei ) #ATGA; An4AE
7 (Bl frozenset) (4 BN ITCE I NGB AR AT IR F P SCRE SR 5 2R
IR EANEE R —E A (BRIERSACIE) ,, BN A EnE R EET e
id()o

IDLE Python (Y 4HUFF %5525 ST SR8, idle 2 Python i e 1MUY A SE A 28 RIRRF B35

immutable -- AR[AEXT R HAGBEEMX S . AR ATELRF . FPAFBRMIGH. XFERXTSRNGERL
AF o WSRDEAE— AR RIE, WA S . EAHETR 28 En A E R R S EEAE,
BRNAE R

import path -- S AW 1e HEZAE (S5512 58 ) dURINANE, SPREEpath based finder i R FA
HAr. fESAR, MWAIESFRETFERE sys.path, [EXRBARERATEERH EHRAR __path_
JE .

importing - A, 4—-HEHtrrify Python [LRf 5 —-HEHrh ) Python FLRFF A8 93

importer -- ‘FAZF BRI MERIRAIXIER . WX G BEE T finder SUg T loader
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interactive -- 22 . Python 47— 2 H A MREAS ,  BIMR AT DAEMPRES s A7 et AT A ALk, S ETA
FIFER LR . AHAHSEMEE) python fivd (AT DATEARAY VT EEHLIT 4 32 L rh e A 1 3 B
I0) o AEHT AR SO SR A A IR AR A AR H T B (LA help (x) ).

interpreted -- fRFRA Python —ELAMBRRALE T, 52 HIAMIR SR EAUE T, BRI K i 5T
AR TEAETT 2 A T . R VR B SR T DA BB £ T AR A Sk M B T AT SO P FSE AT R
A A R o T AR, PRI A T TR . & Winteraciive.,

interpreter shutdown -- fRFEAS G0 4 R K PAIIT, Python MEREGRFE A —ANMEFIRIZ AT BOT 2 2RO
HEFBCTR, PIAIRBCRIFp 5 N ARSI 55 . Bl 2 2R R eI 2 o Xk 1 P e S
e ol 55 5 | [l 8 R AR S0AT o FE R PR B AT (R AR Wl R a8 B4 b i, TR LT sy B U5
EARTARL (WY B 1A PR B AL 25 -

FEREAS S 2R P R A __main_ BEHEETIE TR AR O 58 kAT -

iterable -- R[EfURF G BEAZIZ— iR [0 S SLIAY XS G2 ALk AR G ) 1 8 I e 510 26 28 (Bl List,
str fl tuple) AR F ARG dict, AT & PAKGE T __iter_ () HYEEREI T 5
7 ) __getitem () JIIRMIER A E LFMG

AERS BT AT for MEIFAKRFZ HABTFE —MFHIHY (zip O map () ...). H—DAER
MENENSE AL N EREL iter O B, BESRENZZAERL . XAE RS H THEE AN —
Wk 7 o FEE AT, AREH AT ZIH iter () 803 HOAHERIX SR . for iBRISH
VR B S AL PR LE AT, Bl Iy ) R iy 2% 28 B L ORAEAR IR PRI R8s . S Witerator . sequence
PA S generator,

iterator - BARUZF JRFTR —EALHRRMIXI S . ERMMIEAAH _next__ O ik (B HALSNE
PBRAL next () FFBNIREIRH I 28K AT N5 % stopTteration S, FIX Mk
REXF R BIRTCRRY, HEHHE __next_ () HEHSTHKEIK Stoplteration F#. %
RALURA __iter () JI{AARREIZENART G H &, NIHGEA @ t@ i IR, nig
AT HARRE AR GOE MR G — D REWBPIINEILE S LR EL VT AR . A
X5 (BN List) FEARERRIHAAEA iter () BEEURTE for JEFRH AN E R E— NIk
At WERAE BN DL AR 10 2 AUAR I 2 2R 01 2 A AU AR e R A ] — R U 4, A
BRI R
WZ A5 B #AF typeiter.
CPython SZBU4Hi: CPython AL — W AN E L __iter_ () BIESK.

key function -- StpR% FH R KRR B RR 2, 2 REAS AR ol ] T HE Y BRHFCLIE R AT RS BN, 1ocale.
strxfrm () T4 TG E A HE Y 29 % 1 HE i -

Python H A ¥ 2 T H#R fu i F i ek BOR #2 Hil Je R HEAL 8040 A =0, b 48 min (), max (),
sorted (), list.sort (), heapg.merge (), heapg.nsmallest (), heapg.nlargest () PA K
itertools.groupby ().

AR ECE Z R . B, str.lower () H¥ETTAMMEZME K/ NEHEF SRS T 5b,
SR TS 1ambda RIAACREIE, Fl40 lambda r: (r[0], r[2]). i operator i
T = ARG RS . attrgetter (). itemgetter () flmethodcaller (). W&H WiHEF
— T ASRIBUR A F Bt R ) s

keyword argument -- YR8 2 Wargument .
lambda 1> §ilexpression ¥4 B FE 2 IR BRAL, FBA ALV HI PR E . 72 lambda pR £ 475K

lambda [parameters]: expression

LBYL “Jefif JGHkiR” m3ECais . X AR g 5 XA S AEHEA TR T B A 4R 2 i e A A i B A5 4. it
WS EAFP J5 XA Ot e, HAR U KRB 1 £ 154
L LAMEET, LBYL il 8 “AF” Ml “BRER” Z I AR R K. B, PATRAURS 1 £

key in mapping: return mappinglkey] A GEH THEM A EVED J5 HABLLTREM mapping F 2%
T key T A o X i) AT SE B EAFP J5 R g o
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locale encoding -- if5 & XU 4% X #F Unix I, B & LC_CTYPE & & X 19 a i 4% X . & W DA
locale.setlocale (locale.LC_CTYPE, new_locale) ﬂ%&ﬁ

JE Windows [, ‘BJ2& ANSI ACHSTL (fFl4l: cpl1252).
locale.getpreferredencoding (False) A #% [ RRBUE T XKiggmidtg =,
Python {ifi i filesystem encoding and error handler ¥ Unicode {8444 T35 HE SCF 44 22 TR e AT 5848k

list Python N B[\ —Fhsequence. BIRA NHNZR, HERMT HAWTEF AR MARGERS IR, PEATTICER
IR 2R O(1),

list comprehension -- 5|4 X 4b L — A 77 51 v i BIr A3 350K 43 00 K O IR ] 25 2R 5 R — Fh R S
result = ['{:#04x}'.format (x) for x in range(256) if x % 2 == 0] HFEHK—1O0
#] 255 5 P S SRR EON B AR (0x.) BB o f PR TR, A0 SR A g )
range (256) HHITA TR AT

loader -- AT FATTEBIEINSR . BOHE X4 H load_module () Ik, MEA&SET h—A>finder
R, S0 PEP 302, X}Tabstract base class R] 2, importlib.abc.Loader,

magic method -- FEAR Jiik special method fAEIE X [R] XA

mapping -- Wit —FPSCRME RS A R IF S T Mapping 3 MutableMapping i E AT HLE L2
T E, RS H 74335 dict, collections.defaultdict, collections.OrderedDict
PAM collections.Counter,

meta path finder -- JCPRIEEIRIY sys.meta_path WIERTIR B finder. JCHEARE R ES Hpath entry finders
A KRB IR

5% importlib.abc.MetaPathFinder T fRICIARTA Hoas T SE I 71k .

metaclass -- JLH —Ff I TOIEIEAIE. B LAEERA . RFMARIS) R, ToRNTTEZ FAREZASE
HAANEA R A T PR R ) g ih 5 R — A BHASE . Python (R4E5I 2 ALTE T 7] PAGY
AEE TS KR H POKIEAFZEXA TR, (HYFE B, JoIE T absn K oA i e s
Z. EMNCHH TiCsREHI HE . SmAri et IRET g, SCulp g, LM 245 .
L5 S I metaclasses.

method - Jjiki 1KV HTBREC. MURIEABIH I~ TR, Tl & I B R A
HEE—Aargument GRS 4N self). £ W function Mnested scope.,

method resolution order -- JjiEfRTUT 7 VAMRAT T 52 70 2 4R A A I8 R R F W e JR T -
& Python 2.3 J7 VAT THEE 2.3 IS Python ST 2% B I AH 2 B VEITERS

module X5 E Python U —FPH AR, SRR a4 25 10], Al 3 {1 Python X4, Bitk
] idimporting FAERE N F] Python H1,

55 Wpackage.

module spec -- BEYRUAE — > a2 250, oA S TR R R AR, 2 importlib.
machinery.ModuleSpec HJSEH.

MRO Z: iLmethod resolution order ,
mutable -- WEXF G TSR R AT DATEH id () PRFrEE RO TSR IBE. 5316 S Wimmutable.,

named tuple -- JL# 08 RiE “HA 04 W HTALMOR B ocdl, FHHHH R IR5 1 CRIE R 2 PR E
PRI EE . XA B S IE T RES A AR -

HENERMET AL, 04 time.localtime () Ml os.stat () WIREIME. 7 —461 1%

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

e HL A T R P R (I ETE BT ). BeAh , B T nl A H R U tuple QR IT E X
AIRFER AR A XFEMEFT AT TS, s L) %k collections . namedtuple ()
Bl Je—Fhor Rk s In—2e Lo 5 al P & H 4 TCH e IS i

namespace -- iy 42450 44 2 B AF R RN . e A R, ERFNER, AN iRE
A A m] (FEHEZN) . firsh 235 [BE B a2 o 58 R SCRpbiefb . N, % builtins.open 5
os.open () Al 4 H 12 25 AR X Ao iy 44 25 1) 0 38 A0 BH ff W6 I A e S BB A bR BSOR 35 B R 5
W AT 4. BN, random.seed () B{ itertools.islice () XPE LN T X LR EE
i random 5 itertools B BISZHLA .

namespace package -- iy %43 W48 PEP 420 5| Afg—F U8 A R8s ipackage, s 2510430 AT
HEEFoRY), Haid I Sregular package AN[a], FNEAIEA __init__.py X
B[ % Wmodule,

nested scope -- iR EE IR 75— GER NG HASEIRE 1. BN, 75— REZ e L sRET PAS |
HIE A . TR ENE A S AR AR o3k, /R B Sz R TN 21
M. K, &R ENESWER TR0 . #id nonlocal RS AAIFEAINZEH
.

new-style class -- JAR XIT H\iC gy T R R I ZSE 2 IHFRIE o A5 6 Python fitAs i, AT
BN E ] Python B Ay SE RIEARFIE, BN __slots__ . FliidAfF. FHLJEME. __getattribute_ ().
RITIEMEE IR

object -- MR ALATHARE (JBIHESME) PARTUE XATH (Orik) B%diE. object g fEflnew-style class i)
RIREERS .

{0, —Fh Al A TR Ek 3 9 A0 5 00 iy Python module, MR B, f 2 EA _ path_ &MY Python
[T

%2 W regular package Flnamespace package.

parameter -- JE5 funcrion (BJ5{k) & XA, B ERBT VAR Z I —Dargument (BAERELETS
WK, 2409%%). ALMES:

« positional-or-keyword: (IS XHET: , A TTVMNER (2 5 5 i A6 AT AR % 4 5 53 16
AHI5S. SRIRAESER, BT foo Al bar:

’def func (foo, bar=None): ... ‘

* positional-only: {URALE, & —DHAEE O A AR SE. (URALETE 2 0] il 76 R H0E
MIESHIRFENZREE A/ FRRE L, IR posonlyl FI posonly2:

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

o keyword-only: R FKEET, FHE— N HEGEN XEFEANSE. PR 47 IE S ]l 7 R AL
BN IES ) RGBT E S B AE 2 N AN B IE S Z B < ok S, Bl
TR kw_onlyl 1 kw_only2:

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

* var-positional: ]S, € W] ASRME 1 — MERECRE A LB S B BT (FEITEHALE 2
EERZNESHZIG). ZFES RS AR * KE X, Bl FE args:
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def func(*args, **kwargs): ...

o var-keyword: W] AT, F5E I AT R ECE 1) R E S0 (MEINE LAY 2 0 8321 K
FBRZIG) . XMESWELSAEESARAINEE ~* ke X, BN EiEw) kwargs.
TS ] DAFI B8 PTE R S48, AT DA R SEn] e S50 i B
W& Wargument RiIEFZKH . SEEESHX BT HE L E S, inspect .Parameter 25, function —
DL PEP 362,
path entry -- Y42 A 0 import path YW — BN E, SWipath based finder I A RIS AR,
path entry finder -- J%12 A D28 (F—R[ TR AN 20 sys . path_hooks (Blipath entry hook) & [8] ) finder
IR SRR i path entry g iABEH o
iZA importlib.abc.PathEntryFinder PA T fREEIEA DA AT ITSL B A ¥k
path entry hook -- B#EA LNEy¥ —FP [P IS, FERIGE WMo & $R 4 e path entry W BEHR 5 5L T BEAE (1T
H sys.path_hook | FEiR [El—A path entry finder,
path based finder -- J& TR AR BUAR—Fh L& 2 538 5, AIE—ANimport path IR,
path-like object -- JIERX R TN X RGEBAEIN G . BRI Z AT LG RSN str 80
bytes X%, L@ LM T os.PathLike PS5, — A3 FF os.PathLike PMUAIRTS

TS os. fspath () BREFEW KN str 8{H bytes BRI ZFE LS os.fsdecode () Fll
os.fsencode () A B RMMERIRS str 3 bytes KBPWLER . XI5 & PEP 519 5| Al

PEP “Python J§5E 2" MYZESCHHE . —> PEP wiije— it S0k, JiI>f1 Python HIXARALE L, stk
—~ Python [T HRRE B HHE FE RS . PEP I 24 S (HORSf 1) B AR AR AL T4 BURF P I B E R
PEP WA N3 HH T2 SRR I Wik DR 5 RSB A B R A6 25T Python YL R S
SO NS . PEP BFEEA SHEAEA K ATRE S, AR AR 2 I ARIC A SR
%1, PEP 1,

portion -- {5} A48 —A>fir 4 ZS (A AL AN H SR SCIFER G (ATREAFICT —A> zip SCPFWY) , BesE S
PEP 420,

positional argument -- v % 2% & W.argument ,

provisional API -- #5 APY ¢ APL @45 00A R HERRAEARE A i) J5 AR A PEORUEZ SRR Y T A . i
RMRIL AT A S A ERAE, (HREHGARC R E, Wn] BEAEAZ DIT R E 2 A L R L
AT AR (HRAFEBHRIZEND) . WA ERI R IET - (E APLBIAZ i
R RS A EE B Al P R B 8 A B AT BB S X AL

B2 X APT KL, ]S ARSI B S IR Ja MR 587 —— AT AR ) Rl i A B
EJRNINi = veaan Ry Ui DI Ep SR S
XA A FR AR VPR FERR SR Wb, AN TR0 M KRBT B I . R L PEP 411,
provisional package -- #5103 Il provisional API,
Python 3000 Python 3.x KL MIMERR (XA FAEMUA 3 AR R TSR B 1) . AR
WA “Py3k”,

Pythonic $55—~ L% ul— B AU S %5806 T Python 1 5 i RO XS IR S, AN J& (O At o 5 v o
AR &R SCBLARS . Bildn, Python i I XUAR R (1] £or TB/AJ BRI [ — AT MR H Y B T
o VP2 HAME SR XREREH, N IARZAZE Python A I SO ] — M T4t

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

TR 2 B 157 5 B Pythonic (77 35 k& X FER:

76 Appendix A. RiEMBE


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, %% 3.10.13

for piece in food:
print (piece)

qualified name -- ROE#FR —DUARUS D BEIIAFR, R BB 42 Rt b b SO 2E . bR
BN “BAET, MHRE I PEP 3155, X T i R RERIE, REAIRSXRATR—E

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

>>> C.__qualname_

L} C L}

>>> C.D._ _gualname_
'C.D'

>>> C.D.meth. qualname_
'C.D.meth'

MW T HIHBRES, % 8 RE S AR ECAPRR A DS S R A i A, U B TR AL
A, il email .mime.text:

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

reference count -- 5 VB XPRHE N G5 HECE . 25— DXRE5IHTHEI ST, B Be o TR wore
T IO Python fUR R BEIEH A A WL, (HEZCPython SLEUN— A KEEILR . sys Bz
T/~ getrefcount () B, FE/7 SR E AR IR E X R AT HITTAL

regular package -- { L LG A package, BIAEEH—4 __init_ .py XFHIH .
%2l namespace package.

_slots__ —FPEYESE NI A, Ol T 50 RS B S8 B 1S X R AR R S R4 A BRI
IIRGAT, BEEREHIARS, w2 AREAAEDRIE O TR, BIARFE AP AR, OF
HHEAP A RELH.

sequence —Ffirerable, B FFMLL _ getitem_ () FREE A ERM ARSI TR TR VI, I
T —AREFFKER _ len_ () k. WEMFHIZEALE 1ist, str. tuple filbytes., i
B dict W3 _ getitem () Fl__len_ (), EEHIANETHEHIETEY], FAHE &R
i AT B () immutable ST AFFEEL

collections.abc.Sequence IR R L EN T —PHEEFNZELD, BA __getitem () M
_len_ () ZANNIINT count (), index (), _ contains__ () fll __reversed_ (). SEH L
PR W RBAT DA register () SRRAHM

set comprehension -- &5 AL AEAS R P A B TR IR NS REAH— RN R BT .
results = {c for c in 'abracadabra' if c not in 'abc'} BAERFAEES (',
'd'}. 20 comprehensions.

single dispatch -- ¥u53jR —Fifigeneric funciion 73 JRILA, HALBRET BAS U LB EF .

slice -- VI 5 HALE THEE sequence I—3Pr0IXI 4. YR @t 8 FAsbric k@@, 16 11 H4H
JIANLAE B TErErT, fltl variable_name[1:3:5]1. HF4ES (FR) FRCERNEREH slice Xt
%,

special method -- }#5% Jj % — i Python [ AL, RIS FEBU AT 2 ARG ANAT N7 45 . X
M AR A FRE T AR TR LR . REFATT ¥R SCH 2 DL specialnames .
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statement -- {54y HAERFE (—AMUES <) BN, — BRI A DAE —expression BUEANHEAT
KHEFIEER, Bl if. while 5 for.

strong reference -- 55 5| Jf| 7 Python [ C API 1, 585| H 238 AHA 51 H A IriA X L5 H . e
5| HEAES A Py _INCREF () SRIREGRS | H MAEM RS | A Al py_DECREF () RFENE .

Py_NewRef () PRERIHH TR —MXRAERG . EH, S7ER B ARG | 1R RS e %
5| FIE A Py_DECREF () RREC, DAREGT | At o

FHi& S fborrowed reference,

text encoding -- LA HESHE A, ¥E Python W, — P F f&F & — & Unicode 1t 15 & (F8 B & U+0000--
U+10FFFF). N TAHHEEH— D74, EFRERF I —h Ty,

B AFAFRIF IV A FAPINGAR N S, 10T )55 T B A P A HR R RS
ABFA R SCAFIE b, BRGNS HR A

text file -- SCAR LM —FPEES LS st X5 file object o JHF—> SCA U5 B i@ 17 18] N TR ) 2750 1R
W B sk Bext encoding. SCAR U FAFEASCAE ("o 8 'w') FTHFHISCH. sys.stdin,
sys.stdout PAM io.StringIO HJEEHI.

FiESFEbinary file T fRREW RS F 5 23 7 BYSCIRISR .

triple-quoted string -- = 51'5 FAFH RN = ANELNGS (V) HFHBGS ) KT, EIT7EEE
ESERAM G SRERN TR AT AR, HRAZMAL. ENAFRETA RN TR
SRS RS SAING S, IF BT AR AT M o T S R AT, 7RSS SURY A £ IR S 4 A

type 57U pE— Python X4 @ TAH AR AFAKTSAREA —MZEA, BANEXT R, v RAHRE
B __class__ @k, dij2i@id type (obj) KIKHL.

type alias -- JSRUNF, — A IAUE[R] SR, BT AURIE BRI 4R E RIBPRIRAT o
KB Z Bt A 2 22 i Biln:

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

pass

AT DA R g ] e

Color = tuple[int, int, int]

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

Z: 0, typing Fl PEP 484, A LI RER EANHE A .
type hint -- RENEfE annotarion 785 FKIEME. REIE S B0R A & TR ZE 8.

AR T A, Python ABOREEML, (HHAAERSLRA M TREMEN, FF 7T i) IDE LA
b SE .

A, RIBMERREI RN T A typing.get_type_hints () Hyhi], {HJHAS &N
AHAPA.

Z I, typing £l PEP 484, H g %t b T RE I

universal newlines -- {47 — PR SCAR TN 2, RA T Ir A5 A&R R B T4 AR Unix 194745
RASE "\n'. Windows [HZJ%E '\r\n' PAMIHI Macintosh [ Z5E '\r', =i, PEP 278 Fil PEP 3116
Flbytes.splitlines () THEHEZ HEWMH.

variable annotation -- 28 Hbii: A & B B M annotation
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FERREAS R R R, 3 ] e HO

class C:
field: 'annotation'

A RIS PO R 22 A BIANPA N AR B int JERAY(H:

count: int = 0

AR RARETE L TR fRE L annassign —75 .
2 function annotation, PEP 484 1 PEP 526, H iR 7L IfE. 731 24 annotations-howto DA T i
FIARER B 5L R

virtual environment - JESLERSS —FOR FI P fE 5 Wi B9 MO A7 FREE, S0VF Python JIL P RIS BB A6 24 A
TH Python 4% AR 2 THREN — R0 FIZA I Python S TAL R R9F 4.
FHZL venv,

virtual machine -- JEIBL — & 58 2 2 F0F E SO TS ML, Python i $IAIL AT PRAT 57 45 15 4 138 48 JIr 26 A
Wbytecode.

Zen of Python -- Python 2 4| i Python ¥y W 59727, AW THE SN XAIES . AEHAEN
FAER RSN AT P A" import this”,
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APPENDIX B

i A

XA R Sphinx M reStructuredText JAE BT, Sphinx f&—~% AL FE Python SCEY I 4 5 1Y SCRY A A28 -

AR BIC TR IF S, AT AR5 2 587, IR Python 7 o WIS S A th BEk, 3 i
reporting-bugs T ARAIIT 25 . Fell Bl UL i |

SRV
* Fred L. Drake, Jr., J5iffy Python SR T HAEZ G55, ARZ SRZ A1
o T4 reStructuredText Fl Docutils 241 Docutils Wi H ;
* Fredrik Lundh [/ Alternative Python Reference i | , Sphinx M H{5-3| T i £ {F i AE V.

B.1 Python T8y Rk

F 2%} Python 57, Python FRifEFERT Python SURYA TTHAIY A, B Python JEAAD 4 K ) Misc/ACKS {44
T ER A TR

477 Python +LE i AT, Python 45 T WG H: (649 TR WHAHAAT!
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apPENDIX C

7 B FiF AT

C.1 zR#pImE

Python H fif 22§ FI T AR 9224 (CWI, I https://www.cwinl/ ) f#) Guido van Rossum - 1990 4E Y,
W, fER—TT0M ABC [iEF AU . R4 Python 345 T2 5k B HAB AW 5THk, Guido {52 H &
BEH .

1995 4E, Guido 7 #2 Je WNHY E Z A 5T 22 &) (CNRI, I, https://www.cnri.reston.va.us/ ) #4247 Python
ERTTAE, IR A T 2 AU

2000 4£ 71 H, Guido FI Python #.00FF & 41 BA %4 %] BeOpen.com £ 7 T BeOpen PythonLabs [\ . [F4E1 H ,
PythonLabs [#] pA %% %] Digital Creations (¥} Zope /2 ]; W, https://www.zope.org/), 2001 4, Python #{4- 4>
2% (PSF, I https://www.python.org/psf/) 7., iXJ&—A~% AHA Python AH I RIH AU A @ i S FIZHZE
Zope AT IIAE /2 Python 3R { B G eI 51 o

JI A7 ) Python FAERZITRR) (A KIFURHYE L2 https://opensource.org/ ) o P I, #iKZ % Python Jii
AJe GPLARA ) TREL T RANOL .

XfhRA | RE F EE GPL#%?
09.0% 1.2 | n/a 1991-1995 | CWI =
13215212 1995-1999 | CNRI 7=
1.6 1.52 2000 CNRI &
2.0 1.6 2000 BeOpen.com | {5
1.6.1 1.6 2001 CNRI %
2.1 2.0+1.6.1 | 2001 PSF o
2.0.1 2.0+1.6.1 | 2001 PSF P
2.1.1 2.1+2.0.1 | 2001 PSF 2=
2.1.2 2.1.1 2002 PSF =
2.13 2.1.2 2002 PSF 2=
22 GEE | 201 2001 %% | PSF =

{Efi: GPL #A T AR M Python £ GPL N k1. 5 GPL AJa], Frf Python ¥4 Al AR FL &4 R 1B MG
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A, T JC T TR T A Sk . GPL AR A T IE (15 Python R PAS HVETE GPL R & AT HIAF45 & B ;
HHERFAHENATT .

PR ZAE Guido $55 F TAERSMNTEIEE , MG LE 2 A8 vl fE .

C.2 FRERE LAH B E A Python Bk FOF ¢

Python A SCRS ) V7 7T 3 5T PSF 4 T #4330

M Python 3.8.6 JF4f, SCRE A AYZASBI . AEHE- AU A TR R TR & PSF VR ] PRSURI SR 45 2 BSD +F T HXE
VAT

HLe 4] & 7E Python H A EPERE TR A A4 0] o X BeF 0] & 5N 40 2 B — [R5 H . A X seifa]
HIAN SRR F3 S DI Fe S 04 57T 5 o8 3t

C.2.1 FHF PYTHON 3.10.13 #y PSF #Fa]{iil

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

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

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

2. Subject to the terms and conditions of this License Agreement, PSF hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 3.10.13 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice.
—of
copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All_
—Rights
Reserved" are retained in Python 3.10.13 alone or in any derivative version
prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.10.13 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

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

—Python
3.10.13.

4. PSF is making Python 3.10.13 available to Licensee on an "AS IS" basis.

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

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

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

USE OF PYTHON 3.10.13 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.10.13
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FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT.
—OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.10.13, OR ANY.
—~DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

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

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

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

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

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

third party.

8. By copying, installing or otherwise using Python 3.10.13, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 FF PYTHON 2.0 fj BEOPEN.COM #F &l

BEOPEN PYTHON FFE A M5 1R

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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(22 30
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.

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

C.2.3 FF PYTHON 1.6.1 g5 CNRI ¥#Fo]tipil

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

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

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

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

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

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

This License Agreement shall be governed by the federal intellectual property

(Fotakss)
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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 FF PYTHON 0.9.0 = 1.2 fi§ CWI i a] il

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

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

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

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.10.13 DOCU-
MENTATION

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

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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C.3 Wi YT o] S8
A Python % ATHL LAY S5 =7 BRI U AT RIBCAITT L, AT MR A 23 LRI

C.3.1 Mersenne Twister

_random A E E T http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html F 25 113,
. DA (FFH):

A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand(seed)
or init_by_array(init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

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

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

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written
permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. 1IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m—mat @ math.sci.hiroshima-u.ac.jp (remove space)
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C3.2 EEx

socket HiHUfifl T getaddrinfo () fil getnameinfo () ZEREL, BN T WIDE i H F A [7) 5
SO https://www.wide.ad.jp/ .

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

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

modification, are permitted provided that the following conditions

are met:

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

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

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software
without specific prior written permission.

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

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

C33 REEEFRS

asynchat fll asyncore fEHEE DA R EH:

Copyright 1996 by Sam Rushing
All Rights Reserved

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

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.
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C.3.4 Cookie &1

http.cookies Bl &PLFFEH:

Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>
All Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy O'Malley not be used in advertising or publicity

pertaining to distribution of the software without specific, written
prior permission.

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

C.3.5 HITERR

trace HHALE AT A

portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.
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C.3.6 UUencode 5 UUdecode F#h

uu AL DA AR

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

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

Modified by Jack Jansen, CWI, July 1995:

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

- Arguments more compliant with Python standard

C.3.7 XML i T ERAH

xmlrpc.client fEHVELEPARAR:

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 A PATR ERE:

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 BT kqueue [ AL AR FEIH:

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

92 Appendix C. FHsEF0¥Fa[iE




Extending and Embedding Python, %% 3.10.13

OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.10 SipHash24

Python/pyhash.c {443 & Marek Majkowski’ X} Dan Bernstein [ SipHash24 B VEF 2P A& A R EEHA:

<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/siphash24/1little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod #0 dtoa

Python/dtoa.c HEHE T C p%k dtoa Fl strtod, T C XURGEEEUEFI A A7 R Z [ 64, BEIRA: A H
David M. Gay 48 51044 4. B BiiZ SO AT FE https://web.archive.org/web/20220517033456/http://www.netlib.

org/fp/dtoa.c P, 7E 2009 4 3 J] 16 HAZZ 249 I hh ST HA 5 DA USRI Rl A= B

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

*

* The author of this software is David M. Gay.
*

*

Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

*

* Permission to use, copy, modify, and distribute this software for any
purpose without fee is hereby granted, provided that this entire notice
* is included in all copies of any software which is or includes a copy

* or modification of this software and in all copies of the supporting

* documentation for such software.

*

* THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
* WARRANTY. 1IN 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.

*************~k***********~k***********~k*************************/
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C.3.12 OpenSSL

WEREAE RGP A, W hashlib, posix, ssl. crypt Bifliff] OpenSSL FERFE S MERE. ULAh, WEHT
Python f¥) Windows Fll macoS %% 827 1] Bt HE OpenSSL FERI#5 U1, By PAYE BbAR .51 i T OpenSSL 14 1] IEF)
1

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-core@openssl.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/)"

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. 1IN NO EVENT SHALL THE OpenSSL PROJECT OR
ITS CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,

L T S I S N S S S S N S N S S TS N S S S A e I T S N S S S N
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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
(eayl@cryptsoft.com). This product includes software written by Tim
Hudson (tjh@cryptsoft.com).

Original SSLeay License

L I R SR T S N S IS S S S N S N S N N S S S T S N S N S S I I A

Copyright (C) 1995-1998 Eric Young (eay@cryptsoft.com)
All rights reserved.

This package is an SSL implementation written
by Eric Young (eay@cryptsoft.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.
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.
All advertising materials mentioning features or use of this software
must display the following acknowledgement:

"This product includes cryptographic software written by

Eric Young (eay@cryptsoft.com)"

The word 'cryptographic' can be left out if the rouines from the library
being used are not cryptographic related :-).

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)"

(Rt
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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.]

Lo I A T I S S N S

/

C.3.13 expat

BRI ——with-system-expat FLE THE, B pyexpat § ARG M5 expat PRI DAL B

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 NONINEFRINGEMENT.
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

FRARMIN ——with-system-1ibffi WU THE, BN _ctypes ¥ HNE (17 libffi JHEH5 DM E):

Copyright (c) 1996-2008 Red Hat, Inc and others.

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

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

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

C.3.15 zlib

R ARG EAREIRY 21ib AR IHT ek A, W 55 2lib PG 8 DR 2 1ib 37 J%:

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 {#i M A M S IR AL T cfuhash T H :

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

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

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

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived
from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
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

KedE#i ] ——with-system—libmpdec BRE T, G0N _decimal FiHERE 07 libmpdec JFE )% DI
.

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 i EH

test LY CI4N 2.0 i 4E (Lib/test/xmltestdata/cl14n-20/) F2HUH W3C W%k https://www.w3.
org/TR/xml-c14n2-testcases/ AR 3 253 BSD ¥ R]IE & 17

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All Rights Reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of works must retain the original copyright notice,
this list of conditions and the following disclaimer.

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

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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C.3.19 audioop

audioop BT SoX T H i g771.c U AU A S l:

Programming the AdLib/Sound Blaster

FM Music Chips

Version 2.0 (24 Feb 1992)

Copyright (c) 1991, 1992 by Jeffrey S. Lee

jlee@smylex.uucp

Warranty and Copyright Policy

This document is provided on an "as-is" basis, and its author makes
no warranty or representation, express or implied, with respect to
its quality performance or fitness for a particular purpose. In no
event will the author of this document be liable for direct, indirect,
special, incidental, or consequential damages arising out of the use
or inability to use the information contained within. Use of this
document is at your own risk.

This file may be used and copied freely so long as the applicable
copyright notices are retained, and no modifications are made to the
text of the document. No money shall be charged for its distribution
beyond reasonable shipping, handling and duplication costs, nor shall
proprietary changes be made to this document so that it cannot be
distributed freely. This document may not be included in published
material or commercial packages without the written consent of its
author.
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EFE

..., 67

2to3, 67

>>> 67

_ future_ ,71
__slots_ ,77
AL E

PYTHONPATH, 56

A

abstract base class —— fWHE%, 67

annotation -- #FiE, 67

argument -- 5%, 67

asynchronous context manager -- -+ ¥ L
TXEHEE, 68

asynchronous generator —-- &% 4 & £, 68

asynchronous generator iterator —-- =3

Pk AR R A, 68
asynchronous iterable —- ®# % 7 #% R % £,
68
asynchronous iterator -- #FH#RE, 68
attribute -- B4, 68
awaitable —-- FE£#&FX£, 68

B

BDFL, 68
binary file —- Z3t#| U, 68
borrowed reference —— fAF| A, 68

bytecode -- F¥#, 69
bytes—-like object -- FHEX £, 69

C
callable —- HHAFAXZ, 69

callback -- [E, 69
C-contiguous, 69

class, 69

class variable —— (T &, 69
coercion -- W& XA H#, 69
complex number —— £#, 69

context manager —— F T X#&HEE 69

context variable —- FTXZEE, 69

contiguous —— #% %, 69

coroutine -- #4E, 69

coroutine function -- WAE&E %, 69

CPython, 69

D

deallocation, object,49

decorator -- ZEM# 70

descriptor —— #H®R %, 70

dictionary -- 4,70

dictionary comprehension —-- % # 3 & &,
70

dictionary view -- FHME, 70

docstring —— XHFHE,70
duck-typing —-- #F %A, 70

E

EAFP, 70
expression —- F®&R,70
extension module —-- ¥ B#H, 70

F

f-string —— f-Ff4&,70

file object —- X#HX%£,70

file-like object —-- XHEx%£,71

filesystem encoding and error handler
— XHRLHEEHREHERLE TR, T1

finalization, of objects,49

finder —- &H&E, 71

floor division —-- @ FEUERKRE, 71

Fortran contiguous, 69

function -- ®#, 71

function annotation —-- FHAFHE, 71

G

garbage collection —-- 33k [E g, 71
generator, 71
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expression, 72

generator
generator

generator expression -—- 4 R#BKAR, T2

generator iterator —-- Ak &EHXRE, 72

generic function —— X & F¥, 72

generic type —- ZA&,72

GIL,72

global interpreter lock —-- 4 & fi B & 41,
72

F{

hash-based pyc —- ET%HHH pyc,72

hashable —-- H¥a#,72

IDLE, 72

immutable —-- FAHLXZ, 72

import path ——- &AKR,72

importer —-- B A#,72

importing -- & A,72

interactive —- X &,73

interpreted —-- @EA, 73

interpreter shutdown —-- fEZHXH,73
iterable —— H#&EMAX£,73

#® KA, T3

iterator —-

K

key function -- #®E¥,73
keyword argument —- XK#EFHH, 73

L

lambda, 73

LBYL, 73

list,74

list comprehension —-— %|%k# &R, 74
loader —-— jn##,74

locale encoding —-- ET K H4EER, 74

M
magic
method, 74
magic method -- JEARF %, 74
mapping —— B, 74
meta path finder -- TE#Z&EHE, 74
metaclass —- J0%,74
method
magic, 74
special, 77
method -- ¥ &, 74
method resolution order —- 7 i 41 i )7,
74
module, 74
module spec —- AL, 74

MRO, 74

mutable —-- HEXE, 74

N

named tuple -- B4 L4, 74
namespace -- & %, 75
namespace package -- & X4, 75

nested scope —— #kEEHH, 75
new-style class -- # A%, 75

O

object
deallocation, 49
finalization, 49

object —- X£,75

F)

parameter —— H#%,75

path based finder —- ETBZHERE,
path entry -- B&EANH,76

path entry finder —— BAEANDHEHKE, 7
path entry hook -- H&ZENH4F,76
path-like object -- BAEEXL,76
PEP, 76

Philbrick, Geoff, 14

portion -- ¥4, 76

positional argument —-- L& 5%, 76
provisional API -- ¥ % API,76
provisional package —- % F4,76

PY_AUDIT_READ, 52
PyArg_ParseTuple (), I3
PyArg_ParseTupleAndKeywords (), 14
PyErr_Fetch(),49
PyErr_Restore (), 49
PyInit_modulename (C function), 56
PyObject_CallObject (), 12
Python 3000, 76
Python #EFHEN

PEP 1,76

PEP 238,71

PEP 278,78

PEP 302,71,74

PEP 343,69

PEP 362,68,76

PEP 411,76

PEP 420,71,75,76

PEP 442,50

PEP 443,72

PEP 451,71

PEP 483,72

PEP 484,67,71,72,78,79

PEP 489,11,56

PEP 492,68, 69

PEP 498,70
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PEP 519,76
PEP 525,68
PEP 526,67,79
PEP 585,72
PEP 3116,78
PEP 3155,77
Pythonic, 76
PYTHONPATH, 56

Q

qualified name -- [RE4FK, 77

R

READ_RESTRICTED, 52
READONLY, 52

reference count —-- B|H %, 77
regular package -- ¥#Aa,77
repr

V& & %, 50
RESTRICTED, 52
S
sequence, 77
set comprehension -- £4# &R, 77
single dispatch —-- B4k, 77
slice —— ¥ K,77
special

method, 77
special method —- 4% ik, 77
statement —-- H4,78
string

object representation, 50
strong reference —— iEE|H, 78
T

text encoding —— X A%, T8
text file —-- XUAXH,78

triple-quoted string —-- =3 5 F 4 %,78
type, 78
type alias —— KA G| 4,78
type hint —- RAEM, 78
universal newlines —- #f#4T,78
V
variable annotation —- T EAFHE, 78
EFE % %

repr, 50
f,75
virtual environment -- E#MIE, 79
virtual machine —-— E#HL, 79

WRITE_RESTRICTED, 52
Zen of Python -- Python 2,79
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