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CHAPTER 2

MERE=ATEREIZY R

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

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

WIRRESH C, TIHTE) Python Py E AR R M. DA WA REH Python BRI, W PAE N
extension modules RS2 SEPUFI P EXT G280 T C EREM ARSI .

NT A€, Python APT (W HIREFF St 1) €T —RIKE. RHASH, LAV Python iZ17
I AR GEH R 7> %S . Python ) APT AT DA AE—A C YESCAF T "Python. h" KR

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

il C o L N Hifis CPython, 4RI ICIALEH A Python SCBL ETAE. YERZHAEOLT, MiZkt s
CYJE, RGN, 20007, AR BN T C ESARSREM, R %% AN ctypes
Bl cffi i, A2 HEE C AU . XLERUERALVFRE Python fURSASE I C {CRD, iy ELn] REAE M S 47
AR R ICT

211 =N EBBBF

IEFRATBIE — AP AR spam (Monty Python #7522 fr 3 W HI B #)...) I H AL ZERIE XY C JE R 4L
system () ' [1§J Python £z 1. XA R 4H 32— DA null 5 1 FAFER SHOF IR — M4 R4
PATE Python H AU 77 2R I M bR £

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

HoflE#—4 spammodule.c X, (fF4 L, WER—RHIY spam, WX SEHE R C SO
spammodule . c; QIR MERA PR, AN spammi £y, WX ARG SCHF R AE I spammi £y .
c.)
SCPE I IR R AT A

VAN B 1 B AAERRIER os LT, SRR — AN BT BB T
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#define PY SSIZE_T CLEAN
#include <Python.h>

X £ A Python APL (BISRAREN, ARATATYEIX HLAS IR B H AR RS B HIHERR) .

#57E: fT Python W] RS a8 L —LURETERELE R G150 Mabm e Sk SO WAL B 2 S, PR IAE A S AR T b
WS SUHE2Z /T, AR SRS E Python . h,

#define PY_SSIZE_T_CLEAN #f k350 Py_ssize_t W 4HEF L API 1% int ifH. BM
Python 3.13 2 AR E, (HIRMNAE TR T T . W25 arg-parsing-string-and-buffers FKPUZ 71
k.

JrAHE Python.h HE LI H Pl WA SEREA Py Bk PY BIZK, CEARMESK SCH e SRR LE R

Hho ZREE|EFIME, T HAE Python fERES H 8 V2, "Python.h" AL E T —SehzifE s S04

<stdio.h>, <string.h>, <errno.h> #ll <stdlib.h>. UNH 5B SCHTEAREI R G EANTFLE,
TAEEI%FU% éﬁ(malloc() , free() Ml realloc ().

NHASN C REENY A, M spam. system (string) RIRMUHIN, @FATRIESERITE):

~

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

const char *command;

int sts;

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

sts = system(command) ;

return PyLong_FromLong (sts) ;

}

ANEEESEINERRN TR CEANPIT, A "1s -1") BEMEEE4 C MBS C mEEEH
PINSHL, EH A T2 self Ml args

XRERGE BREL, self ZRHRTIRBSR ; XTI IR MR [ % G501

args ZHU2F5 10—~ Python 1) tuple X} 4 (4541, HHPE &S M4 twple TXY— MRS XL
SR A2 Python XF 42 - BAEFRATAY C &P B ATt AE B0 H 40k C . Python API Hif¥)
PREL PyArg_ParseTuple () SAASHIADIF LN CH. B BN FEAF Rl e H 2S5k
BIDA AT e B Y C A% ”’r ERAL, AATRR RO .

PyArg_ParseTuple () YEAIE S HCENA IE G2 HLAL R 42 07 BUAE AL 136 00 K p otk B, 3R 0]
HEZ). EE%A%»&?‘%&HTLEH&(%) TEIGEEBF B, B ERE S5, A5 0 s 5T DAREf#
IR 8] NULL (552 611 B L)

21.2 XFHRHFE

HA~ Python IR RO — NN T INAREZBH]: 24— D RBsiT RN, B S BE— R A
FREl AN R{E (%8 -1 B NULL 4841) ‘5”** R TE R AR S B = i b . IR
A S E M EATNES NULL, fEHAE 0T E 1I]zs sys.exc_info () frik[ulf Python JLA YK H K C
X BT AR SRR R SRS BI EHXR . IE%ETZTI]XT?IE%@%% P (G HIES SESUAIUE R g o

Python API Hi5g X T —2k @%{ﬂéuﬁﬁibﬁf~

B B # 2 PyErr_setstring(). HBMERHXIZM C ¥ H. FRMIR BRI R
PyExc_ZeroDivisionError Lﬁ?B’J?T‘TEXﬁ% ??%TEEU%%”%JE, FF BN — 4~ Python

FRPHRRGAFH N S H R R

71— A H B %2 PyErr_SetFromErrno ( wfi%~/\aﬁﬁ% SRR ST 2 A 5
errno P, Fil I EREGARE PyErr_ SetObJect , EEWANSE, R E SRR R
ANFEMH Py_INCREF () Hhhnis i 5| HAb iﬂzﬂﬁﬂéﬁm%ﬁﬁ%lﬂﬂfrﬁ
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YRATPAE L PyErr_Occurred () FEAE MBIAHI G OL MR 2 ICE T 530 . XIFIR ] 24 B S H 52
oCE AR R S R S IR 8] NULL, RIS H AT EIAN PyErr_Occurred () KAF AR 2% %

AT EEDE, PUOAIRBOZREM IR ME A& ok

AR B f VA e g SN RS S 1, f Y B SR I R(E GEF Y
B AR PyEre_* B - XRRBE L6 g W T f RN EBEEHRY 2R

NULL B8 —1),
] — AR R

fers e ey, [AAE AR PyEre_*, MRILASHE — BERAY BN PN 28 oy Se A 22 1Y e
Bty 7o — HXMHEERE]IR Python EREARII LIRER, B 1k M ATHAATHY Python fURSFH 2214k i i

Python )7 B3 JIT4it 5 1) 5 5 Ab BT -

(FEHE S DL AT SE REDS 3l 1 W I LB PyEre* BREORST N PRI S5 DA B
DU AT AR o (R 12 B — ORI, SRR ARG, I T RE B K R B2
(SRR GAIER &)

AL W B — AN R M s IO i B e, R AU AE ] PyErr_Clear (
Fr. CAHIESN MY PyErr_Clear () HYME—IF I QIR B ARCRAE AL 45 R RERS T 2 A8
P (VAR H A, SRR HE) -

BRI malloc () PSR —FH5 . malloc () (8 realloc () ) BHEIEM
PyErr_NoMemory () JFiR Bl iRRIL /R . A XS a8 KA (Bl PyLong_FromLong
T, FrAXAN R AU T EEHH malloc () MRS,

WEER R, BR T PyArg_ParseTuple () SFEEBISN, IR IHEECIREHS Y R H0E

R FTRAI, MPA -1 FORKM, WnlE Unix RGE0E 4.

H HAEX L
Ko RZHHR

) S A H B
sam ATk

JAE LA
0) BEXA4

Fl AR ] 15 fEL

B, AARR I — R SRR N B R IR (Gl A AR E 2RI X AT Py_XDECREF () I

Py_DECREF () & H)!

PG| WA 57 8 58 e R TR B B 4o BT A Python P B 53 B AT X R LA B C X 4, il
PyExc_ZeroDivisionError, (RAIPAEEME M EAT. 248, IR YR Mk HE R - AEMEH

PyExc_TypeError RF /R IESTH (WHRER 1% H PyExc_OSError W) . WH

ZHBNFA

i, PyArg_ParseTuple () R 25|k PyExc_TypeError. WHARE BE—NSE I EL T IERF

FE TG R N B 20 i A A5, WIS B PyExc_ValueError,
PR T DA VRIS E LN ME— B R o TR B SRRl I — SR R A2 &, e

[static PyObject *SpamError;

HAERI I AL RR AL (Py Init_spam () HFA7 7 X GO A TR 1k

PyMODINIT_FUNC
PyInit_spam(void)
{

PyObject *m;

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

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

return m;

}

J

TEH B IZ S5 XA Python &4 A spam.error., PyErr_NewException () PREUA] PAGEE 2N

Exception (2 (BIFEA T H—1KIMASE NULL), 10 bltin-exceptions W FIF Rl i)

THER SpamError AZRGRE T— A HEIENRERNGIN; ERARENIZH! TR
TRACES M B, BRI TR A — DX LRSI AR IR EA W AT, AT S

A RE A
pamError ﬂ

21. £/ C & C++ ¥ & Python
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NSRS WERAE RO, W51 k%R C ARl i & S 2% DR i U FTH 2
SN BT S o

AFEGIFY SR8 PyMODINIT_FUNC 1EA pRHGR [0l 31 ) I ¥
AR A P PyErr_SetString () HK5|K spam.error FH, W HR:

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 O3 HF
I B FTE G0 T, AR 1R T A A

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

WERAE S B 2R A B B R bhx_lil NULL (ZA{H 2 1R [950F 52 98 B1 1 o6 K000 B H:TzsxT), X T
PyArg_ParseTuple () WA . TEHAMNT I T SHIN FAFRESPIE VB RHAL R command., X
%~4\%‘§%+ﬁ*ﬁﬁﬁa‘?ﬂ%$@i%@&”zw‘érﬂB@?fﬁ% (PR AEARTE C o, A8 B command N X445 EAf RS

B/ const char *command),

T—AMEAH ] UNIX 2GRS system () , BB SEUER 4 M PyArg_ParseTuple () BUH
Eﬁ:

[sts = system(command) ; }

F AT spam.system () BF L4620 PA Python Xf %2 () JE 20 3R 0] sts [ {H. X /2 i o i A o6 4L

PyLong_FromLong () FEJiH.

[return PyLong_FromLong (sts) ; J

FEXAEOLT , SRR R , (XRG4 AE Python e HLE B .

AHRAR ﬁ~/\T1_IEI7ﬁH%%§5IEI’J C &% (BlaR ] void MREEL), WIXTA Y Python &R 0] None.
PRAZIAE X M EY: (‘B2 Py_RETURN_NONE 2K SEPLAY )

Py_INCREF (Py_None) ; }

return Py_None;

Py_None Jgf§5k Python Xf4 None Frxfhvi C £ 5. Eje— A~ FLIERY Python X il A j& NULL $54t,
WINPT, JEEERZH L SCPHERE AR

8 Chapter 2. FEFS=%TAMEY R
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2.1.4 ERFGERNIIGCERL

FORTIE 2 RGN A A Python R ] spam_system () . HE, HAFTEAE “Trikk” $51
H B B A BRI

static PyMethodDef SpamMethods[] = {

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

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

HEE =S (METH_VARARGS ) , XMrdEdi e MH C MyEAIG]. ATt METH_VARARGS .
METH_VARARGS | METH_KEYWORDS ., {H 0 fUFffif]l PyArg_ParseTuple () HIFEIHA &,

R B i ] METH_VARARGS , bR #{ & %5 £ Python f% 5% wple #% X1 2 8, LM
PyArg_ParseTuple () #EfTMEMT.

T2 R 24 8 5 B - S 50 4 % R B0 W] DATE BB = AN F B i B METH_KEYWORDS FE R fi. 7
WA LT, C BB M #2325 =4~ PyObject * B %, BR A — Dl XEFHRMFH. FH
PyArg_ParseTupleAndKeywords () JXFSEURNT N RS

AT IRR AL E LRSI -

static struct PyModuleDef spammodule = {
PyModuleDef_ HEAD_INIT,

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

bi

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

PyMODINIT_FUNC
PyInit_spam(void)
{

return PyModule_Create (&spammodule) ;

}

TR PyMODINIT_FUNC Al PyObject * IRIMIZRAL, FRHH T V& B SRR R BER 5
B, FEE3T = C++ B R EGE N extern "C",

%4 Python F2JF I I F A spam BB, PyInit_spam () K@ . (5 XA Python FERES ILF L. )
BREH PyModule_Create (), ZMEESIR ARG, HEFERYE Ch#BI0mE (—
PyMethodDef ZEMAAIEAL) K N E REOT S4E A Z B B B . PyModule_Create () iR [H—
ANE W E B3 BT R B F8EE . BT RE S SRR E AR AR Ak, SRR IO R v G
fERFIR B NULL . W1 iR Ak s B TR X G2 3R 0] 45 R 2, PABERFEHEAE AR sys .modules Hi,

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

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

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

(T

21. £/ C & C++ ¥ & Python 9
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(B L)
PyConfig_ InitPythonConfig (&config);

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

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

}

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

goto exception;

}

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

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

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

exception:

PyConfig_Clear (&confiqg);
Py_ExitStatusException (status);

#rik: BN sys.modules MFRSEIA S S A O FFHLELE] —DIERE R ZAMIBRERS (Sl fork () 1M
Bl exec () ) AE—LEy RATHL B R4 IR . 3 REBTHAEE AT AFERD SR A N B S A I 4 HH e o

2 TR A B SE B 18 7 Python J5H5 & i Modules/xxmodule.c H1, IE3CHF AT A H
VEAR DA AR B2 2 > FE

&k AMEEAIY spam BT, xxmodule il T % M #4745 1 (Python3.5 FF4f5I A), PyInit_spam
2xiR [a]—A~ PyModuleDef Z5#4 {4 , K501 @ MBS F AN . 407552 PEP 489 [ Z M BAIIG 1k -

10 Chapter 2. RMEAE=KT AR &R
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2.1.5 ZmiFfosdis

TERBEM AR B R AT, RiETE B (1 Python RE RGP . R ARMEH
BESME, KT AR EE RGBS SIMBYLEH ;. E 25 TGS miIFY AR FT (M
C/C++ ¥ & TAY), PAMAE Windows L IRiFTR BEAIMEE (£ Windows £ C Fo C++ I & FET).

QRN Sk, 53 Bk A PER /R Python fERERF I —&B4>, L8 el it &% &
HEPIEERERS . SEIBIRTE Unix FARMGF, HFFEAEMRM S ( spammodule . ¢ SfFl) HUCHE AR 4
PR A TR Modules/ HEF, WI—47%] Modules/Setup.local RFIRVRISCH::

[spam spammodule.o }

IRGTETIZ H 1T make SR EHFEERAS . (R PATE Modules/ 1 H % (l)i] make, {HE2IRALZI
JEEH Makefile UfF, MRJ5ifrmake Makefile’ fird-. (YRR Setup IR B )

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

[spam spammodule.o —-1X11 J

2.1.6 7£ C hifFH Python F#
164 M1k, AT B 18Tk Python P C %, HSLudktbRAH, wieH C A H Python
PRE. XAERIEREP A . WA C O B, B2 B PXA [BEAL .

SEIZHY/Z, Python fREd 2 LT fEMIHRY , FFZaFRiE Python s EEL AL TARMER: 1. (X LA FREA AR
#r Python “FRFHE MBI AR TS, WA XMW PAZ% Python/pythonmain. c 1 —c AT
)

VW H Python pRELAR A B, 15 Python F2 /5 4% 1% Python pRECHS . WAZHR B pREL (B A 1) SkesL
Plo MU XA B, 4 RAR B RAT Python pREM ST 4T, EH A (Py_INCREF ()) RIE5|
g, UARARERERBREAAXR 26T, WHREOTRERE S E L —B5:

static PyObject *my_callback = NULL;

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

PyObject *result = NULL;

PyObject *temp;

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

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

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

}

return result;

}

BEER B ] METH_VARARGS JEARYEM BIMRESS ; DOBFFE AR e 77 ik R Ao inds 1 3 3 — T R RdIiiA .
PyArg_ParseTuple () RREUSLHSEUR) SCRY WAR I e i dhnh o4k —35.

Py_XINCREF () fll Py_XDECREF () iXHA~Z nl ¥/ b— XI55 | L, IF H24 474 NULL $84t
BT AT ARIEZE 4 (SR AEX A LR 30 rfemp K44 A NULL). S K5 HIES% 7| A4 &7,

21. £/ C & C++ ¥ & Python 11
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Bl JG, 4B R, B C %k PyObject_CallObject () . ZREAPINSEL, EANIHD
JETH8%T, F51A4E 7 Python X§4:: R Python pR%{, MHEBHINE . SEIN LKL ZE—IodxS, K
KIZHISE AN ECE . BRSO Python pREL, WIS A NULL 8—AN25 04l Bl — S50 A
B, WfEA—HIe4. Py_Buildvalue () & HAE XA RE S X EFES N EA B 2R
f Bt ] —A~ o4, fildn:

int arg;
PyObject *arglist;
PyObject *result;

arg = 123;

/* Time to call the callback */

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

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

PyObject_CallObject () iR [l Python X} % f§ I, iX i J& Python p& % ¥ & [0 fH.
PyObject_CallObject () & X HEBH” 51 HITEUIC X" MR 6l 79 cd e g H 1
SR %, I HAE pyObject_CallObject () ZJG LB T Py_DECREF ()

PyObject_CallObject () WJIRFMEEZ B 09 ZaR—HERNSE; WarEeAXR, (A
TSR FrABR AR AR S R AR E A RS B, ARG XX ANMEME ] Py_DECREF (), HPfEAR
XTHIRAZ (Rl!) AEHER.

HRTEARX ZAMCZ A, AR — R A AR [EA & NULL. JIR2H935, Python pAA A IRIF5 | K A+
o WARYAM PyObject_Callobject () Y C AU ETE Python b A I I HY, BB 214 57 RITIR o] — A~
DA I Python i1, DAERREREAS REST EDAR I 15 2., S 1k U7 Python UG BEAL B S5 .
RIXTCEMEN MAGATL, MW@ E R pyEre_Clear () RIGERFFHT. BIAN:

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

HAT- BRI R, PRk 2 fit— 288133 PyObject_CallObject () o FERLUINIL TS M
4t Python RefF S bRy, lad B 1 P42 2 [ml i R Bovk 5 o AR il AR AR B L e tlidh . o3 4h—
YOI AR E A 3 — BT T AR S . e A2 Py_Buildvalue () BRI wple. %%
BT, AREAL A GRS I AT DA G

PyObject *arglist;

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

VI Py_DECREF (arglist) eSS RN, FEERRKEZHl. YRAETE U mex,
W Py_Buildvalue () FAJRESMHE A LS55,

PR REA R EE R, A X FSHIH Pyobject_Call () , FREXFFHESHM LTS
B Augan EelrH, FAMEH py_Buildvalue () RMGEF L,

PyObject *dict;

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

if (result == NULL)

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

21.7 B REHHISH

¥ PyArg_ParseTuple () WEHHUITR :

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

?%%I arg MAE—ATUHRR, A Python #1845 C MBI SHIR . format ZHLIR—A-HF
F, LTSS Python C/API F-Jji} 1 arg-parsing. ’IJ;%%@[XE%/I\ SR, K S
%Xﬂ‘fﬁo

1R PyArg_ParseTuple () Sl 2if) Python SRR, AJCiiAe i s by C 22 bl , 4n
RIXHEHH T, WTRESTENFHRINLE AR, .

FERATAT ] 2 B k) Python XPR 5 45 ka9 5115 AZLEBENHITHTEL
— L BT

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

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

const char *s;
Py_ssize_t size;

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

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

ok = PyArg_ParseTuple (args, "1lls", &k, &l, &s); /* Two longs and a string */
/* Possible Python call: f(1, 2, 'three') */

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

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)",

2.1. {#H C g C++ #" & Python 13
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&left, &top, &right, &bottom, &h, &v);
/* A rectangle and a point */
/* Possible Python call:
f£(((0, 0), (400, 300)), (10, 10)) */

Py_complex c;

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

/* a complex, also providing a function name for errors */
/* Possible Python call: myfunction (1+23) */

2.1.8 LY RAHHXBEFSH

PR%Y PyArg_ParseTupleAndKeywords () FEAHUNTF:

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

arg 5 format J. % 5 PyArg_ParseTuple () MBI E XH—E. kwdict TE 22 AR5 =S4\ Python
IEATHF R RS . kwlist TR 22 DA NULL 5 R P47 RS, BRI HIES: BN ER R
53k H formar 2585 BAHVCEE . AR IATHEN, PyArg_ParseTupleAndKeywords () £ ik B HH,
R FHERAE 5 | K — i 24 1 55

ik IERICAEM ] R T S RN ORI, ANTE kwlist P KB 7 S8 38 TypeError St

TR BT i KB SR ) TR, 1135 2 Geoff Philbrick (philbrick @hks.com):

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

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

int voltage;

const char *state = "a stiff";

const char *action = "voom";

const char *type = "Norwegian Blue";

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

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

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

Py_RETURN_NONE;

static PyMethodDef keywdarg_methods[] = {
/* The cast of the function is necessary since PyCFunction values
* only take two PyObject* parameters, and keywdarg_parrot () takes
* three.

(BF 10
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74
{"parrot", (PyCFunction) (void (*) (void) )keywdarg_parrot, METH_VARARGS | METH_
—~KEYWORDS,

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

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

PyMODINIT_FUNC
PyInit_keywdarg (void)
{

return PyModule_Create (&keywdargmodule) ;

}

2.1.9 HEEE

XA RES PyArg_ParseTuple () RAH{L, FEHUNT:

[PyObject *Py_BuildValue (const char *format,

T )

TR TATH, 5 PyArg_ParseTuple () A, (HE2SHUAUEFASRHIETEE (AL 5
B, MR . BRZGR Rl —A> Python X & Tk [ C s i 45 Python fUAS

—A~5 PyArg_ParseTuple () BIARE, JETH A AERT BRI Al —A~Je 4] (Python S8R R 2
TENFRAEIA R oCA), o T 45 At Python pREAS 4. Py_Buildvalue () IR M ZAEMITAH,
FEZT 1A ERF R 2B Moo, AR F /S 2 WER E] None , —ASHUNE 2R i S
fﬂz%sﬁ%o AR ER R G A B — AN 0 BT, s &— IR, FHEEEFAE o b
55,

B A, A2 Python {HER):

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

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

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

21. £/ C & C++ ¥ & Python
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2.1.10 S5|ATHE

TE C/IC++ BT T, BIF STl B B HE heap 4 INAF. 78 C B, Ead B%i malloc () Al
free () KR5EM. TE C++ HIZHAE new Fll delete SRSZHUMIE K TIEE .

FAMEH] malloc () ZrFCH N A7 AB0 I 230 18 B — O free () WYTR IR [T 2 W] FH Ay fE .
Al free O WIIHLARR B2 QR —DHMBEPLEE A N EHRAT free (O WA, BTG B NFAAE
R 225 2 Wik TR H A o AR A Ak . 75—, QSRR A — P HHb b T free ()
SRIGENARSE 0 FZ RS, B 535 —A malloc () VA B XL N A 3 0 oA v g8 . SRR
jﬂ;égl R A F. BRI E RS TRV GBI —FERERE — ROt S iRE R . B R
ﬁ%k £ .
PIA7 R e A A S R L AR RS A . AN R B TS, TSR, R
FEMONAFEE . BIAE— LSO eR A0 18 BORT BERG IOt S A M A A iR 45 4, AR E i R i AR Bl B T
ARG AR AR AR, Rl G B s s . XFr A, —HB5IA, B EE
MECARSIN ], AR A A R A AT, T BRI S AR BRI N AR, BT A A E A
ggﬁﬁ%ﬁ)ﬂ?ﬁﬁ@%&ﬁﬁi LGN B, AR A, AR 2 SRR e M I
Hiko
Python i#iid malloc () Ml free () & REHNAFECHIRERL, [FIFETTEGREG NI A S FR 5. Mk
PR 71 A R PR L BRI S — B, THEER R B S X RS T 1
WA, M5 HHECH OB, RRMROCEBAFENE LT, XA AR T .

7Nk B FER e, CAINGUHTT AR BEE R S kg, T 2aX B A 35" HPAX 7>
P E SR B U0 2 PR T IR free () o G — MR dlatd BE s N A7 BT
SR IFAME) . ShaEXS C, WA MR A Zhhr s, w51 LU Rl AR B R R SE 8 (L%
malloc () Al free () BEURW IR, Xthie CIREIHARAY). WIFUGH —Ra MBI A 305
Welulie s, (BAERCHTFRA L2055 1 Rk T A

Python i I 005 N VHELSC I, AR B TORERIGINAS . LA ING | HIAEER . X758 ToFs4H O B 4%
s RHEAY QR TARERG I, X5 TR — 55 e R EER RN R (TREER) 19511 T4
5, ProAfRER PR RIGE VTR Z 00 SRS I THESE BTG R [BAE T35 B FR IR &
A BT ARG, WA BCA TR LASNR S T

OB PRGN A BEAS A I B (Bl G ERIF BE RIS E A ] go BEBURHE T — Az f Tz il 4 iy 77 2 (collect ()
R0, PAREANBCE MRS TIN A AR I 45 1 e -

Python shiy5| Hit4k

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

B KRB RBHKIH : fafBfi ] Py_INCREF (x) fll Py_DECREF (x) ? FRATEETIA—LEME. %A N H#H
B ARG, AT A —AS VR B %R . —DRR5] HTHECE SChA S SR . 510
WHEHEA VARV Py_DECREF () , TE5|HAHFRER . SIHMIIAE X R ARG 5 =FhIpidk it
BIAMWEIH: Lk, 7%, WH Py_DECREF () . LicdbE M NAE S| H &S FENAF .

WA DA A5 A — AR . SR AE AN ZH ] Py_DECREF () . f&H & LIRS GERA X4
AR A S R E) . FEPE AL BN GG M A 05 A KB, Wi sE ket .

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

fE T LAZE NARE S, i3I8 Py_INCREF () . XASEME LM E A ZHRIRS. X888
B AESI A, A TEENHAEETT Giia ELaE 48511, Gz sifis HI0E) .

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

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

KEBREGRE — DX L5, W E®ERSIAMAE XR. @5, A0 28X 20w, 6l
PyLong_FromLong () Ml Py_Buildvalue () , &#MA X RGENE . EENRAREIER
0, ARATER T DRI AT S 85 . —AN3E6l)& PyLong_FromLong () #E3 T—MATHEINELF, 0]
PAIR 8] 2L 47500 H B 1

MR T—DRERBOT R R, W FidEs|HX R, Bl PyObject_GetAttrString() . iX
By A E N, —2RKE H PR Z 6/ PyTuple_GetItem() , PyList_GetItem() ,
PyDict_GetItem() , PyDict_GetItemString () H ZiRMIMITH . FFE. FHEFERTIH.

PRI Py Import_AddModule () W&k EIER G, WA T EE SR BB XS5 XA ATREE A —A
WA WG XS R AAETE sys .modules HL,

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

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

WL Py_INCREF () .
Python 1 I A C BRER M1 A5 5 | FH B 002G 15 | -3 R RPN R B & b 45 o 3

fERSaY K

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

HEHE IR ENE O Z M Py_DECREF () F|—NIRRAS, MXAXLRM5]| HEEH B —1515
IICE . 2L

void

bug (PyObject *1list)
{

PyObject *item = PyList_GetItem(list, 0);

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

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

TEFRATER B R IEA PyList_SetItem() . FIFRIMAXMHIGLAMEIH, HILA4%H 1 g,
B EFFERZAE 1. ERMBRERAE 1 & NP E CRNSE), IS BREakeE LT
—A__del_ () . WHRARELGIMEIHITECH 1, BAEFERFFHHE __del () k.
BT E & Python 5/, HIL __del () FEAPAPATITE Python U, B2 DA bug () H
X item UG IHIREEIR? 48R DA BREE A bug () HIFRRTPAGE __del () F¥EDIN, BEIA AT
FT—41ER)SE M del 1ist [0] BYRCR, BEXEXZMEMRIE—REIH, EaBs 2 MHxBn
WAF, MIMAE item K5

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

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

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

BRI HORC. — MBI HY Python 2661 SRV LIES , A AAE C i T AR 17762
TRE, A FALM0E _del O FEEKI -

XA [ AL 55 R B 2 A5 FH 05 | S R AR AR R . %, Python iR B2 AN AARTCEIE AN 1)
B, RN AANE RS Python B4 25 [H] . HA] DA % Py_BEGIN_ALLOW_THREADS Il
FPRERGX A8, R REUEH Py_END_ALLOW_THREADS . X3l | Se7EPH € /O P I 4, (A5 HiAthgk
FEVT DATESE TS VO AR AL Bl . AR, W R RS R 2 pi AR A — A 1)

void

bug (PyObject *1list)

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

NULL {84t

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

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

Py_INCREF () fll Py_DECREF () “FZE ALK NULL $84F - (H2&, B4 Py_XINCREF () I
Py_XDECREF () &AM .

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

C R AL S PREE % C BN S (ARGt h args) 45482 NULL - 2R BB SR IEH:
Mot

FEAMTHHERS NULL $55F “MEE” 45 Python H] R @™ H M4 iR

21.11 £ C++ h R EY R

BT ATE C+ g G i, FURASEIREl. AR FA2/7 (Python MR ds) 2 C G R i Al
HEER, RSN SRS SN BE T . AN Ct S IR ER R SR A LA X . AL
229 Python MRS ] GH A AU BRI IR IL BB LAl extern "C" o Tii@{7E extern "C"
{...} B4 Python SKICPFNIAZIB AT EE, POAUIARE X TAFS __cplusplus WE 42X 4]
T (A B C++ il & i SUXAMAF5)

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

WY REABGHRAL THY s BN Python (1], (HA I FEALE LA AR R ] DAREHA Y A b il

o BN, —AP RERLER T AL Bl — 21 collection” LR J& A T Y. w22 Python 51| F2 2

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

THGREARR G HFE S RA om0 static), $Rfbaik30fr, PAK C APTIYSCR . 5K
b _EAEPTA T RS RR J& A HE 5 Python MRESR I U2 P DATE R TAERY . MBI DAL 2 FREE RS, —
AR AP B SO 7 — IMEEHOR T L . AT LAY AR5 OB T B R S8, — L8 RGERY Python ffRE (1)
a4 25 8] (BN Windows), A LEMIEHERE I 75 22— A I 2 B ALF 5813 (— MBIl 72 AIX), B
H PP AN [ S (A Unix 2R51). RIEER A2 4RI WY, VRZEE AT ABCEE ] RE M AR N2

N RGAR PR B RERIAT S ] IR AT e . X RE YR L Br A 47 S ROX A I static
B ARSI A (R eR R, RIS S A Y RS iy 4 o R (FE B ARk 7 ik R Ao s 1 B B PR
X FRE R W% o Rl 1 HA 5 7 2R SR REBEERAT 1)

Python $2 it T — AL R A AR i 5 — 9 i i i C 25 B (17%1): Capsule,
—~ Capsule 72— T4 (void*) [y Python ¥#i2e%. Capsule HAEH LI C APL R AIHAIT)
[, HEATAT ABAL AT H AL Python X R— QL. Fpilil, EATAT DABRIEZ 9 A iy 44 25 [
— AR ALY AR AT DA AKX MR, SRIBOZ A FRR M, 85 Capsule HHgRIUEE .

Capsule nJ DA Z #7730 C APL 459 AR . 431~ ek B0nT DAJT H O Capsule, ST C API 45t

I DAFARE— DR L, B PR A7 45 Capsule. FEEERIZRIGEREH BRI A ZF007 5K, BE& Pt
iR

FACIRAEHERMA T, W) Capsule 35555 241 4 FRERR AT, B4 PyCapsule New () %4~
name J% (const char*); LUFURIEA—A NULL R4 8K, (HFIIRR A IR 4 FR . (B
419 Capsule 3L T E BT KB EAE: BEAT AT 72 RE X BIFT A 44 Y Capsule.

okt , Capsule T 258 C API, H AW AiZEIG U0~ AL7E :

[modulename.attributename

J

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

A B TE R T AR A H R g e AR R AR BT 3, 0T I B ARk R
W, ERRFETA CAPLIEE (FEX BT HIAG—A) 8 —A> void fREHEA, BRI —1
Capsule [{EL. SGRIHS WK SCPERR AL T — A2 R B AR MIERICH: C APT$5H; 20 P it
3 2RV C APT Z B JaX A2 BT

SRR A 0 289 ) T FB Y spam BIERAYE L. KL spam. system () HAEEHM C JFHEK
B osystem (), MW —HEE Pyspam_System (), XA BREHEIIL P 24 IR EM— LB 5Z ZR M S50
(HenFeRE 2 IR “sapm”) ., %% PySpam_System () LS H A HALY AL,

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

static int
PySpam_System(const char *command)
{

return system(command) ;

}

PREL spam_system () 4R Bk

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

const char *command;

int sts;

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

(% L 50)

TERHITk , FEHATS:

[#include <Python.h>

I3 ShwE T

#define SPAM_MODULE
#include "spammodule.h"

#define I AR SCAFRE RS SRR, AR R il . e, B IG e s

WG4 C APT 5415041

~

=
=N

PyMODINIT_FUNC

PyInit_spam(void)

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

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

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

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

if (PyModule_Add(m, "_C_API", c_api_object) < 0) {

Py_DECREF (m) ;
return NULL;

return m;

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

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

#endif

/* Header file for spammodule */

/* C API functions */

#define PySpam_System NUM 0

#define PySpam_System RETURN int

#define PySpam_System PROTO (const char *command)

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

(BET I

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

static PySpam_System_RETURN PySpam_System PySpam_System_ PROTO;

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

static void **PySpam_ API;

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

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

static int

import_spam(void)

{

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

}

#endif

#ifdef ___cplusplus

I3
#endif

#endif /* !defined (Py_SPAMMODULE_H) */

B RR S 1T 7] PR AL Py Spam_System () BT ZRU i S0 w2 7 HA 46 4k R B b pR AR (2 Bs
R import_spam():

PyMODINIT_FUNC
PyInit_client (void)
{

PyObject *m;

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

RFTIAR ERERAUE , SUMF spammodule h il TR, MK, IMEANE T AR KL, BAGEH AL
1, BrPAREREEE S — K
t o i AR Y /2 Capsule 20t 7 BN LHEE, T A7 1E Capsule BLAYHE B A N AE 0 BCRORE . 240

95 % 2% Python/C API 2% F- I} 1) & 37 capsules £ Capsule 133 (fF Python JEY X 47K Include/
pycapsule.h fll Objects/pycapsule.c),
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&t
22 HENT REE: HiE

Python fL¥F 45 C 4 AL E nT LA Python fURS B HRAL, XMRBNER str Fl 1ist 288,
JTA Y RSB SRR — R, (HRAEROTT IR A, TR 27— Leany . X SRR3R~
B

2.2.1 Kl

CPython EfTI 2 ¥F Br47 Python X RN Pyobject MM AR R, R4 Python XFREY “ELAik
A7, pyobject ZEMAAR G QG RN reference count NIRRT G “KRIG” 455 X 2ENER
BRI H B JSIN G ple s AR SR MR LE (O) eR Bk, BN, TEXFR EER—AEdE, WAk,
HOE 57— R RS . XL C KA “RENE

FIrPA, AnRARAREE ORI SR, R AR &R .

XA ARl ) TR AR, TR IMESE BRI, BAE C R custom HUE ST —A
#°h Custom {7

ik XHRRIYITIA R E X static 3 FEIBNELGTT 1k, VARG R . C APTRATPAE S AEHE
EABLR Y EIA, i PyType_FromSpec () %L, HAYEARATTRIHE.

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

typedef struct {

PyObject_HEAD

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

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

bi

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

bi

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

m = PyModule_Create (&custommodule) ;
if (m == NULL)
return NULL;
(BT )
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(B L)

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

}

return m;

}

X RE SR, X2 TR b —=aexd s b XA L7 =4
1. — Custom W EFHARVE: X2 CustomObject ZEMIk, B N4 Custom SEHB 4 Hl—IK

2. Custom RBIWFT Il X JE CustomType Z5HIMEK, BE LT —HMUARH R B4 U RS E R
A AT SR I AT A A

3. WA #IEE4k custom i X2 PyInit_custom FREZ IV I custommodule Z5H{A .,
LERRYSE— g

typedef struct {
PyObject_HEAD
} CustomObject;

XAt A HE SR SN . PyObject HEAD kil ZERMMAESE MU R A i Z 19 E
—/™4%°4 ob_base [ PyObject KRBT B, Ho &AM IRI RN T Bu 64 (XPi
FTPAZM AN Py _TYPE Ml Py_REFCNT RIXp) o FEATZ B i Re A1 Jefth G th R FHAE Rl 1A o
R B

ik {EEAEZ PyObject _HEAD [ A /5. BANSM- T2 FES R IE R .

WK, XGER THE PyObject _HEAD fEAig%R AL, ISAEINEdE: Hlan, a0 F LT FrAERT Python J7 55
EY8

~

typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObject;

B AL IR 1 E S

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

bi

ik HEFREUT N E CO9 WA wItatk, VAREGRSIM A ) PyTypeObject 7B, HAMRZERATH
T, IEAE AT DAE G KT B E W -

1 object . h 5Lk E i PyTypeObject HA AN EE NHZH) FB. RIRHTE2H C %iikds i
TRIEFE, WEIBE A RAMITEENT, RIRIEFEEN.

Aokt —ma, R—7FE:
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[.ob_base = PyVarObject_HEAD_INIT (NULL, O) J

XA d AR, AR EFREI) ob_base FBL:

[.tp_name = "custom.Custom", }

AT PR R BAEFRA TR R BN SCA R AL AL BRI R, Biln:

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

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

RTINS S 2R, B R FERE A PRI () R B Fr . B REUE custom
MAEAE Custom, HMIRATRFRBMFRIE N custom. Custom, i ] EIEFHT S5 B9 A B AR 0TTf
RIZEALE pydoc fil pickle BIRFEHA RRE LN .

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

XFEAELE Python JIE 4 BIHIHTAY Custom LRI TR EAMLL DNTF. tp_itemsize (UHT IR/
X GRMAE HAMAR DL AR A -

ik AUCRARA BEARAY KR BT AE Python w1384k, IF HLARAY 28 B4 E R 5 28 BB A R[] B9
tp_basicsize, WAVRMREXIBE L HAYPRITE . (RAGSILA Python R TIULIIAEH _ bases__
HRFARBI SN R de BT, S IAETA ARBI ARG __new__ () JFykmPRF & i . ARAT DAE 1A PR AR Y
RBBA WHEI KN tp_basicsize [ERMBRX NI FERSHRE, XEZ0TLARY, H4%E
2NRBIEER AR object, BEAARFENARBIEESEBLRMABAE AL O, AT N o

BRATE-LEERR N Py_TPFLAGS_DEFAULT,

[.tp_flags = Py_TPFLAGS_DEFAULT, }

P A RS U AR E N TR OS5 MR i % RRE R 220 FE Python 3.3 2 B SCHYASTRML B . 4N
RARTTEHE B, VRIFRR 2O B AR JEAT OR 4857

AN tp_doc FREGRM— SR AT H.

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

TR MG, FATDAGRHE—A tp_new ALPEE: . XAET Python 773k __new__ (), {HAAJIR
MR . FEXFFOLT, FATATLAMI APL %k PyType_GenericNew () Fri@ffigHiAscsl.

[.tp_new = PyType_GenericNew, }

BT PyInit_custom() HFHEELACAELASE, SOPFErb i HAth P 2 BT 75 2 B A

if (PyType_Ready (&CustomType) < 0) }

return;

XA Custom KA, Jy—Le i SUEEE MBI, EFERATIERILGI B4 NULL #Y ob_type.

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

}

PORHES B B B T . XAEFRATHEREE L ] Custom SR AIE Custom SLHI:
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>>> import custom
>>> mycustom = custom.Custom /()

HURXHED R TARRRAIFE s K LB custom. ¢ (SCHFH,

[build-system]

requires = ["setuptools"]

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

name = "custom"

version = "1"

%K pyproject.toml B3CFH, HFH

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

14N setup.py WIS SRIRHIA

[$ python -m pip install

TE shell H WV Z X TEF H & F 24— custom. so &% E; IAE/ES) Python - AR5 Y4 G AT
import custom 2R fHif] Custom %4,

I, X7
BN, METH EE SRR IO . BB RS, AT . R R TR

2.2.2 EERRBIFRMEIEFS E

TR AT I TN — LR AN o X A ARG o AL FRA TR ] DA 2R . AR
BB custom2 SRESHIIXLET)fE -

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

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

} CustomObject;

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

static PyObject *
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) {

(T
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Py_DECREF (self);
return NULL;
}
self->last = PyUnicode_FromString("");
if (self->last == NULL) {
Py_DECREF (self);
return NULL;
s
self->number = 0;
I3
return (PyObject *) self;
}
static int
Custom_init (CustomObject *self, PyObject *args, PyObject *kwds)
{
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL;
if (!PyArg_ParseTupleAndKeywords (args, kwds, "|[00i", kwlist,
&first, &last,
&self->number))
return -1;
if (first) |
Py_XSETREF (self->first, Py_NewRef (first));
}
if (last) {
Py_XSETREF (self->last, Py_NewRef (last));
}
return 0O;
I3
static PyMemberDef Custom_members|[] = {
{"first", Py_T_OBJECT_EX, offsetof (CustomObject, first), O,
"first name"},
{"last", Py_T_OBJECT_EX, offsetof (CustomObject, last), O,
"last name"},
{"number", Py_T_INT, offsetof (CustomObject, number), 0,
"custom number"},
{NULL} /* Sentinel */
bi
static PyObject *
Custom_name (CustomObject *self, PyObject *Py_UNUSED (ignored))
{
if (self->first == NULL) {
PyErr_SetString (PyExc_AttributeError, "first");
return NULL;
}
if (self->last == NULL) {
PyErr_SetString (PyExc_AttributeError, "last");
return NULL;
}
return PyUnicode_FromFormat ("$S %S", self->first, self->last);
s
static PyMethodDef Custom_methods[] = {
{"name", (PyCFunction) Custom_name, METH_NOARGS,
"Return the name, combining the first and last name"
} r
(Z5 R 50
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(B L)

{NULL} /* Sentinel */
bi

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

bi

static PyModuleDef custommodule = {
.m_base =PyModuleDef_ HEAD_INIT,

.m_name = "custom2",
.m_doc = "Example module that creates an extension type.",
.m_size = -1,

bi

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

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

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

Py_DECREF (m) ;
return NULL;

return m;

BB A 5 2 A B

IAE Custom KW C LR G =A B @, first. last Fl number . Jor first il last 28 &2 5 45
Fk QY Python “EAFH . number JEPEZ—1 C HEEL,

Xt BRI £ PR AP R b B

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

} CustomObject;

R BT AT B 5 S B, AT AT /N O AL PR R B M FC AR i, 0, FRATIFR A — RS

T

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

Py_XDECREF (self->last);

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

(B L)

TAWIRIESZ tp_dealloc i Fi:

[.tp_dealloc = (destructor) Custom_dealloc,

)

2 JeiE S WA Python JEE5 | T4, Py_XDECREF () ] DAIEHHALBESHCA NULL (&S (GX ]
AETE tp_new FR KM &4 ) . BJG &R0 A X588 tp_free bt (GBid Py_TYPE (self) i1
55]) KB RN . RN R BB AAZ CustonType, H XA EER— T 5LH61,

P b AR B R B destructor 2 W IR AT E X T Custom_dealloc % — 4
CustomObject * Z¥{, {H tp_dealloc HREFGEI WM Z A PyObject * S, IR ANIXFE

8, Fidaef 2 s S, X2 CIEE il xR 2 54!

HMm B — DR — D AIRBARIR I = TR, AR AL T —A> to_new S

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

CustomObject *self;

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

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

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

}
return (PyObject *) self;

}

JHAE tp_new MO A E:

[.tp_new = Custom_new,

)

tp_new WBRERTTTAIE (MARWIRI) HIBAXIR . EFE Python HHRFEH _ new

VIR R EE NULL A BRIAA.

tp_new FFEZPLBILAIAA (RZERN CustomType, HRPELFIMLAE—TI) PARAEIRER
BRI AR SR, H AR I rE @2 S, tp_new ALPEgS EURREZ B K TS, H

() Hik.
EAFEE X tp_new {51, L L2 BERSFRAME N PyType_GenericNew (), st L
Custom BRI — A I AREE . EILIE LT, FRATHEH tp_new APEERRAFF first Fll last J&

ENSR2ZXESE, MRS ESEREAYRE (I C HAY tp_init 5 Python IFJ __init bR

B IrERIT

ik tp_new AWM tp_init, POMERGS BITRAE.

tp_new LM tp_alloc MR HL N
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[self = (CustomObject *) type->tp_alloc(type, 0);

M AT RES RN, AT AAEGREERATZ HikEE tp_alloc FURHHIAHAN NULL,

Frik: AT AT tp_alloc i, T2 PyType_Ready () il MIRATHIERAAR AL FA]
FvE, KB object. KA ISAUHN 6 BRI 73 FC SN -

ik WARAEAIE—MEX tp_new (EXTAM AR tp_new B _new__ (), IR RALsE
IBAT R R R IO SR SR . R R S e R T 2L, HFE A
B tp_new, Sl type->tp_base->tp_new. QR , REIZEBW FBLGER HHE
Hy Python 5& SCI#%2E11) Python F-2RW] BETCVLIE R TAE. (ALY, AR7] BETCE A EX FE 120 5L 6T

B45|% TypeError, )

FATIEE LT — MR SHR N TN 5 BRI IR (W) 46 1 B A

{

}

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, "|00Oi", kwlist,
&first, &last,
&self->number))
return -1;

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

}

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

}

return 0;

WA tp_init L.

[.tp_init = (initproc) Custom_init,

tp_init EA7E Python HRFEN __init () Jik. BERJIRIEQIEXIREN HIATHIMRIL. PIiR1
BRI EM KR TSR, BNV SRR ] O AR AR ] -1,
AT tp_new AbPEEE, tp_init ARIUE—E PR BN, FEBGATI T pickle BHURSTER M
BRSEBI BV __inic_ (). Bk n REZ UM  ATATAER R DIAERATHOR G B __init_ ()

Tk W, AN BB ER LA SN/ VG . BIAMBIX RS £1rst JMATRIA:

if

(first) {

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

22. HEMT REE: #iE
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LT b, FATHORZEA R £1rst BUARIKAL, LS TR ERTREIM S . ST
HAT— A ST 2T £irst BURIGIRTSIONTHIAS: S8 SN HIR TR SRERL 2 115 5 41 FRIL AT
BRI AR P E TR AR TR

N T ORFFE I S A T X AT e, FRADLP B8 ZAE A AR 5 | T8 B8 E AT E R
A HBERATT AT AN P REA

o YFATIFIES A IHEOCT 1 ke
o LIRAVHBEXT QAR WEAR LR GIL WA T BT S FATT A ZE 2L AR Fr [ 5 1 o
o 24— tp_dealloc ARFRAR AN SCRFIRFF AR M 2R B 5 | T HEC e

BATTRES AR RATO LA B R TR M B A JUR =T PARCEIX — . A i =@ 8 SO B
7 X

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

bi

HAFE SR E S tp_members {7

[.tp_members = Custom_members, }

BRSO U LR AR BB RS DA SCRY A . WS P2 2 3 e 72 /)N
A3k THRE . section below for details.

BT SRl 2 — 2 B B SR PR ] B {45 Python JEMERYX RRBAYIME. FATHUY first A last 1y
AIRN TR, BT ABIRAE VAL L Python XF 4. Ak, X L8J@ PR w] DABINER , 4 C H7EHK
N NULL. BIEEFRATAT AGRIEX 2818 G146 (Lo JF NULL fB,  A02R G 28 J@ PRI B i 24 18 53475 T ey

NULL.
FAMTE ST —DEPAY L, Custom.name (), BERFAFGA PRk i first 71 last fYHFEE .

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

if (self->first == NULL) {
PyErr_SetString (PyExc_AttributeError, "first");
return NULL;
}
if (self->last == NULL) {
PyErr_SetString (PyExc_AttributeError, "last");
return NULL;
}
return PyUnicode_FromFormat ("%S %S", self->first, self->last);

}

J

AR SE BB 20— 32 Custom (5):class:/Custom [F-38) SLBIVENE—NSE) C . ik
BRHZ N EOERNE DB FEAEEREZOLE M AT SE, BERG IR R 2 S
BT R Z M ESHOTA S TSR . Z ST AR Python 7

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

VYA VHIE I R T AR, AR T s R R B e
2 AEATR I ERATTRE tp_dealloc AFEZRAAX—HLH], PIAFMTIZEARIN SRR ML
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THERRA LG A first Al last W GLEMATAEN NULL, X2 R BT ASINER, 7EHREIL TN E
g]f?%}ﬁ%ﬂﬂ NLIEJLO BRF A J2 By LRI B I 28 S R 5 SR MR LR B oA AT Ef o BRATTRAE T — 5 1
MM X — A

BAEFRATE 2o S 77k, FRAFE 2Nk SO AL

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

bi

(HHEERANBA T METH_NOARGS ARG I T A E R 1 Z B self AIMUAETSE0)
R HIRZE tp_methods fHAV:

[.tp_methods = Custom_methods, }

Ba, FATEHEFATR BT VEIRAE T E2E . AR O B FA T 5 YE DAME ENIA S BE =R
fﬁ?ﬁ@@ﬁﬁﬂ% BT Br AFRATT 5 B 5k 2 K Py _TPFLAGS_BASETYPE I 2| FR AT A9 2t b
X

[.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE, }

FATH PyInit_custom() EM44 N PyInit_custom2 (), T PyModuleDef {4 a4
PR, FFHEH PyTypeObject Gt PRYSERELA

e, BATHEH setup. py SUPFRELIEHEE,

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

1)

IRIGRATE L2 PAERED import custom2:

[$ python -m pip install . }

2.2.3 REX T HIBRE M EARE

TEATH, AT Custom /RBilH £irst Fl last JEIERBEE A TR AIROPER] . FEFRA] E— AR
fadrh, SLBlAE R first Ml last IDABEBONARTAFEREE ZH0MIER . FeMIm E iR e m ik in A&
T

#define PY_SSIZE_T_ CLEAN

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

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

} CustomObject;

static void
Custom_dealloc (CustomObject *self)
{

Py_XDECREF (self->first);

(T
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Py_XDECREF (self->last);
Py_TYPE (self) —>tp_free ((PyObject *) self);
}
static PyObject *
Custom_new (PyTypeObject *type, PyObject *args, PyObject *kwds)
{
CustomObject *self;
self = (CustomObject *) type->tp_alloc(type, 0);
if (self != NULL) {
self->first = PyUnicode_FromString("");
if (self->first == NULL) {
Py_DECREF (self) ;
return NULL;
}
self->last = PyUnicode_FromString("");
if (self->last == NULL) {
Py_DECREF (self);
return NULL;
s
self->number = 0;
I3
return (PyObject *) self;
}
static int
Custom_init (CustomObject *self, PyObject *args, PyObject *kwds)
{
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL;
if (!PyArg_ParseTupleAndKeywords (args, kwds, "|UUi", kwlist,
&first, &last,
&self->number))
return -1;
if (first) |
Py_SETREF (self->first, Py_NewRef (first));
}
if (last) |
Py_SETREF (self->last, Py_NewRef (last));
}
return 0;
}
static PyMemberDef Custom_members|[] = {
{"number", Py_T_INT, offsetof (CustomObject, number), 0,
"custom number"},
{NULL} /* Sentinel */
bi
static PyObject *
Custom_getfirst (CustomObject *self, wvoid *closure)
{
return Py_NewRef (self->first);
s
static int
Custom_setfirst (CustomObject *self, PyObject *value, wvoid *closure)
{
if (value == NULL) {
(Z5 R 50
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PyErr_SetString (PyExc_TypeError, "Cannot delete the first attribute");
return -1;
}
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");
return -1;
}
Py_SETREF (self->first, Py_NewRef (value));
return 0O;
}
static PyObject *
Custom_getlast (CustomObject *self, wvoid *closure)
{
return Py_NewRef (self->last);
}
static int
Custom_setlast (CustomObject *self, PyObject *value, wvoid *closure)
{
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the last attribute");
return -1;
I3
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The last attribute value must be a string");
return -1;
}
Py_SETREF (self->last, Py_NewRef (value));
return 0;
}
static PyGetSetDef Custom_getsetters[] = {
{"first", (getter) Custom_getfirst, (setter) Custom_setfirst,
"first name", NULL},
{"last", (getter) Custom_getlast, (setter) Custom_setlast,
"last name", NULL},
{NULL} /* Sentinel */
bi
static PyObject *
Custom_name (CustomObject *self, PyObject *Py_UNUSED (ignored))
{
return PyUnicode_FromFormat ("$S %S", self->first, self->last);
}
static PyMethodDef Custom_methods[] = {
{"name", (PyCFunction) Custom_name, METH_NOARGS,
"Return the name, combining the first and last name"
} 4
{NULL} /* Sentinel */
bi
static PyTypeObject CustomType = {
.0b_base = PyVarObject_ HEAD_INIT (NULL, O0)
.tp_name = "custom3.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
(Z5 R 50
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.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_new = Custom_new,
.tp_init = (initproc) Custom_init,
.tp_dealloc = (destructor) Custom_dealloc,
.tp_members = Custom_members,

.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,

bi

static PyModuleDef custommodule = {
.m_base = PyModuleDef HEAD_INIT,

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

bi

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

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

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

Py_DECREF (m) ;
return NULL;

return m;

J

N T AR first Bl last JEME, FATRHEM A& SOW B RIBCE AR R A PATN b 1T e
WHE first BRI
static PyObject *

Custom_getfirst (CustomObject *self, wvoid *closure)

{

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

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

}

BRI BB 52— Custom MRAN—A~ “P”, S —A2ieh. AR, S . (7
@ﬁ?fﬁﬁ)(f&?ﬁf?ﬁéﬁﬁ@m%%ﬂW\E%gﬂ/] IR BIAN, XA AR R SO VF—H R A A b
ORI P 0 ) B e s B B B SR )

BCE AR Z 2 A Custom MR B {EAMEL. Fr{EAAEN NULL, FERXME 0L T B IER go R . 7E
FATABLEAS P, ARE I B S AR A P AR I 25 | K — iR

FARIE— PyGet SetDef ZERNIE4:

bi

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 */

IHAE tp_getset MM HEFME:

[.tp_getset = Custom_getsetters,

J

1E PyGetSetDef Z5MAH G —i 2 LR R A “PHE”. EAGIR, FRATEA R, FtAl
HA&E A NULL,

AT R 1K L2 PR R i 5

bi

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

A4

EFRENRF to_init AFRFEHH LAV AT

{

if

if

}
if

static int
Custom_init (CustomObject *self, PyObject *args, PyObject *kwds)

static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL, *tmp;

(!PyArg_ParseTupleAndKeywords (args, kwds, "|UUi", kwlist,

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

(first) A

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

(last) A

tmp = self->last;
Py_INCREF (last);

(Cawy

3 BAEFRATV NG first Al last B GVARR FAFER , BCHLIASRATRT DR BT 5 | T ECR it /L, (R, FoATE 32 45

TR

Friuli,

BRGS0 74 8 AN 2 R A TBXT AT, BT REARIEREI— P4 A T 2RI SE B 20 B TR X 54k
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self->last = last;
Py_DECREF (tmp) ;
}

return 0O;

}

WXL, FRATRESHIAE first Il last Wb —@EAR N NULL AR NTRELE LA 0L 2%
NULL {H## . IXEMRE KHRS Py_XDECREF () i &R W] DARFEH N Py_DECREF () WM. T4 RE
MO ST R ME— 37 & 2 AE tp_dealloc SEELH, HRHLX LR BRI LA A M BELE tp_new PRI,
AL FE A4 TR BA Ak bR BRI SRk bR 8 R 2 B, AR TR AT 2w AR — R, FRATE 1)
setup.py XTI T — 8RN E Lo

2.2.4 ZHHEMLIR B

Python HAG—NT] PAKRIE AN PR BI04 1 48 R el 25 (GO) BB AT B T8O R B, X fh
THOLSTEN RPAERT | I R Ao N, BeAt:

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

FEXABIF o, FeATaE T EEH A G E. LFRATMEE e, 08 EE —4 ok B HA
S5 H. ER5IHITEOFRENZE . Fizi)g, Python [REEREIR B #5F i 28k A 22 T )
BRI E

1E Custom /RBIHIEE “AA T, AT AEE RPN S AE# S first 8 last JEPEPRY. 1AM, 18
55 RIS AR AR ST 2L Custom, I HFRAARIMEEEME. B XA ER
fEA]—A>, Custom XJZHARTT LA ATAIS :

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

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

AT DNIMAGIHTEARR Custom SLOIRERIEN GC IEFI AL, FATH Custom BRFEIAR
PSS MR S 15— AR A J Sk SR £ -

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

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

} CustomObject;

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

Py_VISIT (self->first);

Py_VISIT (self->last);

return O;

(ZF50)

ST, BRI E R G AR L), PR R AT DME AR st TIP3 RERE RS | AR
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static int
Custom_clear (CustomObject *self)
{
Py_CLEAR (self->first);
Py_CLEAR (self->last);
return 0;

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

static PyObject *
Custom_new (PyTypeObject *type, PyObject *args, PyObject *kwds)
{
CustomObject *self;
self = (CustomObject *) type->tp_alloc(type, 0);
if (self != NULL) {
self->first = PyUnicode_FromString("");
if (self->first == NULL) {
Py_DECREF (self) ;
return NULL;
}
self->last = PyUnicode_FromString("");
if (self->last == NULL) {
Py_DECREF (self);
return NULL;
}
self->number = 0;

I3
return (PyObject *) self;

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

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

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

return 0O;

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

{
return Py_NewRef (self->first);

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

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

{

return Py_NewRef (self->last);

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

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

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

static PyMethodDef Custom_methods[] = {

EF 0
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{"name", (PyCFunction) Custom_name, METH_NOARGS,
"Return the name, combining the first and last name"

}I
{NULL} /* Sentinel */

static PyTypeObject CustomType = {

bi

.0b_base = PyVarObject_ HEAD_INIT (NULL, O0)
.tp_name = "customé4.Custom",

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

.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,
.tp_new = Custom_new,

.tp_init = (initproc) Custom_init,

.tp_dealloc = (destructor) Custom_dealloc,
.tp_traverse = (traverseproc) Custom_traverse,
.tp_clear = (inquiry) Custom_clear,
.tp_members = Custom_members,

.tp_methods = Custom_methods,

.tp_getset = Custom_getsetters,

static PyModuleDef custommodule = {

bi

.m_base = PyModuleDef_ HEAD_INIT,

.m_name = "custom4d",

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

PyMODINIT_FUNC
PyInit_custom4 (void)

{

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

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

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

Py_DECREF (m) ;
return NULL;

return m;

B, WAL GC HIARES S MR FX 4R

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

{

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

}

return 0O;

}

YT LUIMAGERRR) 735, FRATERFEFAH visit () WAL, EaOMEBSED k. visit ()
@%‘%Egg?ﬁ%ﬂ% 1B 25 3 ) R INS R arg VENESEL, B aR [l NEH N RSB I A 29 R
[\]

Python #2{it 7" —~1l B g ] visit ALY Py_VISIT () 5. i py_vISIT (), FKATA Af/IME
Custom_traverse FHHER TAER:

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

Py _VISIT (self->first);

Py_VISIT (self->last);

return 0O;

#iE: tp_traverse SLHUNMG HSHER My 44 R visit Al arg DAEfEH] Py_VISIT ().

B, AT R TE HRE BR AT 0] AS G ERY X 52

static int
Custom_clear (CustomObject *self)
{
Py_CLEAR(self->first);
Py_CLEAR (self->1last);
return 0O;

}

J

TH{ER Py_CLEAR () ZHYME E%?%F‘%E%?%’éﬂﬁ‘]ﬁﬁ%ﬁ%vﬁ’/ﬁﬁﬁlﬂ%ﬁ%ﬂlﬂ’]i‘&fﬂ’]ﬂﬁéﬂ’]ﬁ
o WPRVREERERAERF IR B NULL Z [FEJE P B Py_XDECREF (), WJEPEAHT IS4 vl g 2 (]
VA FRR SO JE MR AR G G RAEAE S | B ERAYE) -

ik ARATAE DA BiERBH Py _CLEAR () :

PyObject *tmp;

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

To it A, FE W 6 JE 1 B 4R & B Nevertheless, it is much easier and less error-prone to always use
Py_CLEAR () #R@ it HEA G AR A2 DAL AU o M !

Bjiles Custom_dealloc W RESTETE IR B MERH AL B0 . X WREIGER GC W] DALE 2R 0P 300 fi
%o HT GC S HITEAAE, Fi1FHE@ESRHA PyObject_GC_UnTrack () ik GC 8 EiB I
MRS NN Pyobject _GC_UnTrack () fll Custom_clear E%‘ﬁ@z%ﬂ@ﬁﬁiﬁ%:

static void
Custom_dealloc (CustomObject *self)
{
PyObject_GC_UnTrack (self);
Custom_clear (self);

(BT ID
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Py_TYPE (self)->tp_free ((PyObject *) self);
}
)i, AHF Py_TPFLAGS_HAVE_GC JEARASINEI SR
[.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC, }

RFEZEAZ T . WREAMWE T HE LW tp_alloc B tp_free 4bPids, WA ZH A IFRLK
BCRIERE . KZEP AR B shie R4

225 FRMLHMAE

OIEIRA F B KRR B R AUE A AT RERY . B 5y ROMOA e N B 2R ZMAIR A el A5 (b fik
EIFREN PyTypeObject . FEAIAY RAHLY (AL X Py TypeObject SN2 HXER .

TEARGI B AR E— 4R 5 PR 1ist BBA SubList AL, X MR ALFE2RAHMYNIE, H
A —ESMY) increment () J7 ¥k T3 R RS (8 -

>>> 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_FromlLong (self->state);

}

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

bi

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

}

static PyTypeObject SubListType = {
(BT )
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PyVarObject_HEAD_INIT (NULL, O0)
.tp_name = "sublist.SubList",
.tp_doc = PyDoc_STR("SubList objects"),
.tp_basicsize = sizeof (SubListObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_init = (initproc) SubList_init,

.tp_methods = SubList_methods,
bi

static PyModuleDef sublistmodule = {
PyModuleDef_ HEAD_INIT,

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

bi

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

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

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

Py_DECREF (m) ;
return NULL;

return m;

AR L, RS Z B L custom mBIAERE AL, FATRHZE—HrE N2 18 32 2 X 5.

typedef struct {
PyListObject list;
int state;

} SubListObject;

URAE RTINS G 1) F2 B2 S AE TR R R DR S —ME . EEALG O 2 S R ik
57 PyObject_HEAD () .

24—~ Python Xf R 2 subList WYSEHINF, B PyObject * 541 0] DA B 22 4 Hb o il 5% 4 2
PyListObject * fll 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 O;

BATA] DAFE_L 1 7 B Anfer B8 A A2 B R A dndt () Bk
XMEATE S B A HE X tp_new fll tp_dealloc IR BIIREE ., tp_new AFERAN HEA
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PyTypeObject X Fffi] tp_base i & FM MR RIE. i T 851 & H %4 U8, AR Jo ik Bl *F
PyList_Type WG| R EHIAFRIR T BN RS ERIRAI 6 0 e Bb 52 1

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

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

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

Py_DECREF (m) ;
return NULL;

return m;

e 1 PyType_Ready () ZHi, FRMLEMELIC LI tp_base 7. UFANTNIAG LERIRAERT,
BATER tp_alloc fl{IH TN PyType_GenericNew () -- 2 H AU /- Hic R AR S0 40K

TEARZ G, VA PyType_Ready () FREFEAUX G MINEIBIH FH AYSAE 5 HA) Custom /mfile—HEr) .

23 EXT RER: ESEEA

ARFETT H e P — A AR AT ASE B 2R B vk S H I RERY R R 24
X2 C R PyTypeObject B, Mg T AT Wl 7B
typedef struct _typeobject {

PyObject_VAR_HEAD

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

/* Methods to implement standard operations */

destructor tp_dealloc;

Py_ssize_t tp_vectorcall_offset;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

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

reprfunc tp_repr;

/* 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;
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reprfunc tp_str;
getattrofunc tp_getattro;
setattrofunc tp_setattro;

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

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

const char *tp_doc; /* Documentation string */

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

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

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

/* weak reference enabler */
Py_ssize_t tp_weaklistoffset;

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

/* Attribute descriptor and subclassing stuff */
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;

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

(% L 50)
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XHA AR S TR AHRAEIAHL, ASRAREE L— AR, Gl ARSI SR Ik,

IEMRRE IR, BATIEZ DN G R PRy o DA R I s kS ma 7 B R
I AFRATIAS AR E RS 1R B ORI IR 83 AR R 2 2 4R 3 — I S AR 20 7 BU 9 1
IR R A 2B AR TSR

[const char *tp_name; /* For printing */ }

K27 - E—-mfR s, SMBHEREZHTT, JLPEERN TISBHE. Sl a7,
XIS WRA A B

[Py_ssize_t tp_basicsize, tp_itemsize; /* For allocation */ }

XL B R IB A TINE B EIX AN AL B RIS TR L N AF . Python Sy T A ASK FZRYEEHY (AT
FAFER, Judl) AENESRE, X te_itemsize FEAFTEMI o XHRI S HRE .

[const char *tp_doc; }

X HURAT DABCE — B e (R Estehl) . 24 4R487E Python JIARS| M obj . __doc__ IR WX B3¢
ERRLER

BAEFRATRFA — N EARIITIE - REHY LRI 515

2.3.1 KLEFAERER

[destructor tp_dealloc; }

YHRBSL BT TR D % B Python MEREAR AL B MBI, REUR LR, ARARIRILA
WAF AT BRI SR A T AR PR, AR T ASE BRI B e PR A By TR SR X HORE . PATR 2 B sk i 7
ik

static void
newdatatype_dealloc (newdatatypeobject *obj)
{

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

ARSI SRR A, ARG I 24 78 T BT B 52 7 Be 2 WA 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);

}

J

— BRI A B R B IU A R BCE A 8. X AR B R S R i
WH, URFERBE (MAEERRED, AEEMINERIPREE S — D28 AR E . R
TR WA AT AR 2 B AP N Y Python ACAS R4S A S8 B A . X ] RE S BUBRERS 1 iR
iR BRI AR, AR ZEMEERT, RAERRSRE, REHELERERE . &S
PyErr_Fetch () fl PyErr_Restore () AR SZI:

static void
my_dealloc (PyObject *obj)
{
MyObject *self = (MyObject *) obj;
PyObject *cbresult;
EEFT0)

23. BN REE: ESXEH 45



Extending and Embedding Python, % {Thi4 3.14.0a0

(B L)

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

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

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

PyErr_WriteUnraisable (self->my_callback);
else

Py_DECREF (cbresult) ;

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

Py_DECREF (self->my_callback) ;

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

/i WEEAERAY M P B PATIEAE R AR, w00, W RA 2B SR B3 e ()
tp_traverse fll/Bk tp_clear), XRMFRD KA AFEVHH tp_dealloc Mg s ok & 4h. Hik, 16
tp_dealloc 1, {RIFTERAETARERS: EM5IHTTESETE. SUxHEBRT Sk APT 7E H
Can b THT B 7 B i i) e AR T BE < BRI A tp_dealloc, SEONEREAON A AR .

M Python 3.4 J-ify, EFEANEAE tp_dealloc R ZRMALERAS, M2 AN tp_finalize JA)y
S

PEP 442 fifE T AT %

23.2 WERER

1E Python H, AW 20 0] DAE BTG SCAR R IR: repr () BREURT str () AL (print () RESH
BRI str (). ) REEAb PR R0 AT e .

reprfunc tp_repr;
reprfunc tp_str;

tp_repr AAPRFET WiZIR Bl — AP S, Hh SR e sLfl F£nEX. T 5
5

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

RS HFEE to_repr APERY, MRREAPRARAL— AN FZRAW) tp_name PFFRRIE A PSS ME—FR
-I}:lﬁo

tp_str PR T str () #A0 LiRK) tp_repr AMHIEEXTT repr () —F#f; WHLEDL, B &FE 2 Python
RAGFEVRART S A LB LV st (O WM. EREHS tp_repr EERF MM, HHEL5RF
TR ZHEANRAERN. WRKIEE to_str, WAHH tp_repr AAFRERRAE

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

23.3 EHER

XA SRR B BRI R, AR AR AR BT T h R MR O A s . TR 2 — 1 RE
KR EMER R (ISAE SCTAEMERTE) %A 7 — Rt B R rE (AR AR EEN) . RS
PR —FRIATE DL, TEBUNG UL T ZAL 45 A BRI R NULL,

Python SZHFPIA JE PEALBEE: ; — A SCRFJE PRI M AR B U — X 1 e 8. B I 2 5T —
X char* fERJRIEMFR, M7 — X W52 PyObject * . ARFIEAUHR AT AR G I 5L BLAY (71
P A TSR

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

7% coo BY

getattrofunc tp_getattro; /* PyObject * version */

setattrofunc tp_setattro;

AR — A% G R R SR ] AR GRORRTE R SCHEATARRE) | WA — 2832 J1) S B AT i 1 e 42 it
PyObject * MAHYJEIEE BLRAL. M Python 2.2 JHUAXH TR L J& i) SR PEAL PRAR 1 L il ZULT-EL 58 &
IR, RAEIEAFAERE VFZ M AR B B A ) T ez AL 315

RBRMER

REHY RIBEH WipgEr:, e, i@l “fim” e? HFREWE NI &0
L. 4] PyType_Ready () W}, WAHUHIEJEIERI AR,
2. RTREAFRICHRICR B R O R S, WA TR (AR IERAE .

TERE, WHFARX B (RT3 I ] B S B i A ity st i AT AT R 1

24 pyType_Ready () #VH AR, &6 1 b 2B 5 05| B9 = A2 8 01 2 55 B 2 R B 5 09 7
o {descriptor . REAFEIRZR IS X L HIRT G 0 —AS BRI AN REZ TR R = REe
M NULL, WRZZEBLRSEERE A BN R BYROR B M, I iR 241k tp_getattro fl
tp_setattro FERHEN NULL, DA RS AU PRI S a1

FW R object:: ZERU Y = A B

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

WK tp_methods A4 NULL, WMELHEE—4H PyMethodDef £ AL MEEL. FHME4
FUAR R S R TR ) — A S

typedef struct PyMethodDef ({

const char *ml_name; /* method name */

PyCFunction ml_meth; /* implementation function */
int ml_flags; /* flags */

const char *ml_doc; /* docstring */

} PyMethodDef;

124 R % B PR RO ER R E L— 0 H 5 MEERBARFOR Y IR T/ 8 Uk H . IR TREAER
Em—A8oN0aH s ER— ML R ERAH . ZHERA N ml_name FBul il NULL.
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S AR R SCE AW R LB T e . ARG C AN 2 B3R, I Hys i oy 3]
DA R B s . RS e SOA:

N

typedef struct PyMemberDef {
const char *name;

int type;
int offset;
int flags;

const char *doc;
} PyMemberDef;

KFRPENKH, B A descriptor 715N 2 282 v il H BB M SL B 454 (R R BUE. type
FENW A —ARAS A Py_T_INT 5§ Py_T_DOUBLE; A{EIFH T #5E Qi Python {H5440 K C
HER 2 . flags FEHTHAE S EMEZ Q97 1) fERR : ARPT DAKRFHSE A Py_READONLY AR IE
Python UL & E .

1 tp_members FARME M Tz T AM RS EA — AR U0 SR AL AT AR5 2 SO J PR
] DATR] B A R P SR I SCAR AR B B IR SO AT e . SRR AT AR B 4 APT AR
XHGAREUAS, HHH __doc_ JEMERIRBUOCH FATH -

5 tp_methods F—FE, FYAH—MEH N NULL ¥ m1_name MHIEZH .

RBEREMELERE

N RN, XHEIEIR char* ijiAs; name JEEHYRAUZE char* Ml PyObject * KA 12 [a] Y ME
— 5l XAIRBISEER LTS L ez s GUARIE R, (235 I7E Python 2.2 FRINAYIZ ] 5
Fio EMRE T ALPRE BRECZ TR, PRI R AR SE R 2 REN TR SIRE, IRl aa 22
3 2 o

tp_getattr B LFEXNZHFEZMITEBEERS AN, EHFEHNZES - DEM
__getattr__ () HYEEHHHMTEHIAE .

Bilan:

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

PyErr_Format (PyExc_AttributeError,
"'$.100s' object has no attribute '%.400s'",
Py_TYPE (obj) —>tp_name, name);
return NULL;
}

M REBIN) __setattr_ () B __delattr_ () HEWNSHA tp_setattr APELR. 4752
BE—ANEIER, =S NULL, RE— A S | 2 R BT SR i s R AR AT, )
tp_setattr AR S 951 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 (PR AAET EIAT LR ISBI M . BEROUT BHETE, il _1t__ 0, H&
# PyObject_RichCompare () fil PyObject_RichCompareBool () JHH-

I PR ESCR VR FH ISP RFAS A Python X R iz EAFE NS4, iz BAF 8 Py_EQ,Py_NE,Py_LE,Py_GE,
Py_LT 5 Py_GT Z—. ‘B M4 82 s E Ak L A X G 1E LA E S iR 8] Py_True 3§
Py_False, U5 HEERVER B SLBIH W 2 HAb X 42 e )y v W3R 8] Py_NotImplemented, E(#
WA E T A R B NULL.

NHGE ARG, BRI IANIR RS AR/ IMHSE A A Y

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

PyObject *result;

int c, sizel, size2;

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

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

XL G 12 LR 202 AE Python SEBUT R FUIGE SUIK o e, K05 BRSEANF S PO —TT it
4 J2 Python BYLH ARy o A MRS S RSN o T HOBTRELE A ] SIS i b BRES BAR A i
KUl BIHAHRE SCOASRENT SR IS | IR AL PR A R e o X REORT B PSR DA 12 280 G ik
ARONIREL, FAFA — DTSR AW (L 24 th AR kA0 (MR A 24 H
FEALEAE NULL A5 0L, AT PABCELR ARG I — R LA 77, (EIAS LT W] REBRASF RIS )

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

WMRAR A BARKIXS RIAT AR —ANET . PV XT 5, BB 2R o B E — A5l T C 284
PyNumberMethods, PySequenceMethods B PyMappingMethods, F&5H AR HbE . ARZEM IS
PG LEZER IR . AR 7T PAFE Python A AU Objects HgH R EIX X545 H IR
il

[hashfunc tp_hash; }

UIRARVEREAR BEL R, U B2 S VR B A LAY S Bl [ — S A B . T T — ] B 7 1)
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static Py_hash_t
newdatatype_hash (newdatatypeobject *obj)

{
Py_hash_t result;

return result;

}

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

Py_hash_t & MEFRERL T RS A T 58 E2A, M tp_hash iR -1 FRELE THIR,
DR AT AR 24 B B e S s SR B TR [, A TR TR A

[ternaryfunc tp_call;

1

BURRELSHE “PH” ARBO B R B SLBIE A, 25FR100, WER ob 31 BRI EHE B SL BT Python
AL T objl ("hello'), MPRFAMRIM tp_call ZbHELR,

VLR B Z = A2 4

1. self J2AE AV A HFRRBERZSLH] . WRIEHZ obil ("hello'), W self kj objl.
2. args RUZTAMSHWICH. RATAMIA] PyArg_ParseTuple () RIS,
3

- kwds 2R AR A F S AT, R NULL HAR SRR XRS5, Wl
PyArg_ParseTupleAndKeywords () REESE. WRARAAE SR REF S50 E A 4E NULL
i, M5]% TypeError HAT— MR R R EFSEIH L .

T EARER tp_call SEP:

static PyObject *

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

return NULL;
}

result = PyUnicode_FromFormat (

obj->obj_UnderlyingDatatypePtr->size,
argl, arg2, arg3);
return result;

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

if (!PyArg_ParseTuple(args, "sss:call", &argl,

"Returning —-- value: [%d] argl: [%s] arg2:

&arg2, &arg3)) A

[$s] arg3: [%s]\n",

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

1028 R EL R AL T XL AR SR . XA 2 — NS, RIEAT)E A B T 8 A g 52
B, HRE—NFEIH . YRAERIRE, BV RE— N RFEIFRRE NULL, tp_iter X}AT Python
__iter_ () F¥, WM tp_iternext XN T Python __next__ () F¥.

LAwiterable I RAPILILIL tp_iter ABEER, KALPRAS AR [B]— A iterator X4, T ii/25 Python 3¢

JIt 7 P ] i e

o XIFRAPASCIF 2 M AR Z A (WS RFITTA) , IR M AER IR to_iter IAIEIF

i [l —AEr IR AR o

o HBEREA AR GEF TR P

Wi, BIANSCAERTSE) AT PAGE 1 3% [0l — A~ g 1)

HERHG TR tp_iter — 3 WG 245 tp_iternext ALFRLR.

50
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{FAiterator X5 24 [RBTSEHE tp_iter fll tp_iternext, —PiEfLEEMT tp_iter ALPRESIY 249R n]
— AR ZERES S . BN tp_iternext ALFEERIY 241 [0 — 8 [MIE R EEMER) N — X205
SIH, WREAE T ML RERCHERE, W tp_iternext A PLR[E] NULL i AN BEE 5
W, BCE AT DAFEIR M) NULL LAl | SRS E StopIteration; S A DA A BAFAGPERE . AN
BB T KRR, W tp_iternext W E@WE—RHE IR NULL.

2.3.6 55| HXZHF

One of the goals of Python 555 | i SEBLHY H AR 22— FeiAT 7 22 2 5555 | FHLHI A 278 500 RE %
% (Blngr) breEmioNTey.

UL

weakref BIHLSCRY,

XTI T X4, ¥ RERLAKE tp_flags F B Py_TPFLAGS_MANAGED_WEAKREF L
fii. I[HZEH) tp_weaklistoffset TRV YR HE.

FLisi, PATR A2 SR I B S R AR T

static PyTypeObject TrivialType = {
PyVarObject_HEAD_INIT (NULL, 0)
/* ... other members omitted for brevity ... */
.tp_flags = Py TPFLAGS_MANAGED_WEAKREF | ...,
bi

ME—HIESM M TERE to_dealloc i EEIRAEMS T GHLIAM PyObject_ClearWeakRefs () ):

static void

Trivial_dealloc(TrivialObject *self)

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

2.3.7 EZEW

N T 22 WA AR B 2R B S BT AR 2 T3k, THERICPython JiAAHS . JEA Objects Hk, A5
1E C PR to_ BRI R (B4, tp_richcompare). ARAFFHE|VRAEEESLBLM) &£
BT

YARTTEIUE— DX R RSB R A BAR LB, 5§ PyObject _TypeCheck () Bi#. E
g — AR BN

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

¥

S
T4k CPython JRfCHSSRA .

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

GitHub |- J}% CPython J5{Ci () CPython BiH .
https://github.com/python/cpython
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24 WEC/IC++ TR

—~ CPython ) C §" &2 — AL (FlU— Linux Ay .so, mi# Windows [} .pyd), H&E&GH
—A~ s FE

AT A, EFENIFE PYTHONPATH HFI Y, HaAGR IR A TR 44, A EMY R4 . 4
i setuptools Ff, £ HahA MIEM A SCH4 -

WIIRAL SR R BRI -
PyObject *PyInit_modulename (void)
PRBOR B 2B G Ak i e, Bi—> PyModuleDef 5Cffl. 5% initializing-modules T fif# 141 -

Xﬂ‘?{lﬁ ASCII B4, sRED S PyInit_<modulename> , $f <modulename> i Akt
M2 5. 248 ] multi-phase-initialization [}, FRi/F{d1 9 ASCII 4wt b4 . LT 4G 4k R U 24 2
PyInitU_<modulename> , Ji <modulename> 5% ] Python ] punycode 9gts, EFS TN X
2%, 1f Python Hi:

def initfunc_name (name) :

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

return b'PyInit' + suffix

A PME— B BV 28R, Gl E LA PIR R A T AT F5 AT o B B H E A
i, PRI AR TSR M R S B R 7 —A B 2aY S AR FY, fE PEP 489 T
fREEZ A0

2.4.1 {#f setuptools #3J3£ C 1 C++ ¥ @

Python 3.12 K BE # A T & distutils, 1527% https://setuptools.readthedocs.io/en/latest/setuptools.html
1Y setuptools SCRRTE LM T AR 1) setuptools HAGEFN 5} K C/C++ § .

2.5 7£ Windows E#J3 C 0 C++ ¥ &

X—EE RSN T WA T Microsoft Visual C++ f1]# Python f{) Windows 3" R, Sk G AR X H
T AU BT R . BB BRI E T Windows £ 5125 Bk Python 4 DAL Uni 2
JF 42 > WA] A e Unix F1 Windows _F ¥ RE 2 4 A B2k

S AR ] distutils Ty SORA Y AL, TN AT IrfliRn =X, RO FHEMEH C 4%
AL 7 Python; 1%,k Microsoft Visual C++,

i X T 2 IE T gD Python A (13U o X B84 DA R XY IIRAS 52k 3R
TESEEH, X K RAREE ) Python B AT F AT 'Y ' RERIRIRAS . B, WRAR i iy
&2 Python 2.2.1, XY ¥k 22,
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2.5.1 iE=\i5EA

5% Unix _E—#f, £ Windows b A9 3 A A PR 720 ] setuptools s il @it 2,
AT A setuptools Jr=ih H TR EZHI R [ setuptools MEAIFT Y REARH) SCRS WL 1%
Jil setuptools 13 C Fo C++ I o WERIRK IR E T ZTF-2hiE, IAWF5E— T winsound FrifE FEBIHR
I E ST e R A HE ). standard library module.

2.5.2 Unix #1 Windows Z [l =%

Unix I Windows X} FAUR A AT EE ] T 58 AR ATE . FE Rl # nl gh 8 E A e 2 A,
BHE T RR I AR G A T AR .

£ Unix i, — ISR (L so) SCPFAP LR AR PR B B0 AUH , B 0 S 7ERe P v ] Bk B i) e 4
PRAEE . 243 F AT IR i, X SO AR Hh sk 28 o JORI Bt ) 4 v | TR X s oA A 1 A
Hh B EIORIC e A BT BCEL R SE B B I BEAS B — R R AR

& Windows 1, —NEIASHER A (. d1L) SUPEP oA B 5 U o il il — AP AT 70 bR Al AR
AT . PRIAEIZ AT DLL AU A TEs AT s A g s MR, e &M T DLL ik, 7+
HACBATIN BRSPS B AT 1945 1Y R BT -

£ Unix H, RAFFE—FRZESCIE (L a), BRERAZDXGIT (o) RIS, TERIEILZXRICE (- so)
WEER T B, BRI RE S R ILE A ANE AR IR 2 AE I B E S o BERAR-RFAE AR X G 30
FARE ARIRE 7B, HERSHR S IR B RSB RS .

TE Windows H1, fEfERIRERSEL, EHSEMFAE @ RBAEE - 1ib). FHASERELIT Unix 1 . a S
TUSTELER PG . AR AU T e AR E AR IR AT 2 GER . I BXE
DLL B a it B BT RE Ao R 28 T 00 ok B S A8 0915 S A A 436 DA ) R A $5#E DLL
HFIAR RS 24— AL ek DLL #isEient, RS — 1 SAE, EXFH S8 TN HR Yk
DLL ook g - TiX 2645551 DLL.

A AR IEAE R PRI S S A e B il C, BTN 40— MU A, 7E Unix b, /R RE¥A.a
R ARVE N B.so fll C.so; MR FECEHAIEMIR, XFE B A C Ko 3#Aa M HCWEIA. 7
Windows |, 4tk A.d1L RFEI4RiFA. 1ib. R B SR A Lib BAEEMSHT BA C. A.1ib H A1
R B HEES e TR T U5 A AR S E .

1E Windows I, (] 5 AEA SGRMHH inport spam; BEiLARFTPAVIIA spam Hg 2 FR, (HIF A4
B—A-EEIA . 7E Unix b, 8828 —MEEHZE from spam import *; EoAIE—MHRME]A,

2.5.3 DLL g93ckR{E A
Windows Python J&¥F Microsoft Visual C++ HR Y ;i ] Hof misgs vl RES B REA & TAE. ARy
Ay BAE N MSVC+H+ 1Y

47E Windows HH @ DLL I, fRUAHF pythonXy. Lib fR454EHAS . 241 M1 DLL, spam Fl ni (&
{4 1] spam HHHREN Y C pRED, RRA DA A4

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

B—mlE T =10 spam.obj, spam.dll fl spam.lib, Spam.dll A{lE{F{a] Python F%X
(Bl pyArg_ParseTuple (), {HEIH pythonXY. 1ib A DAKIE Q{4 2B 1 Python {UHY.

A SRIEET ni. A1l (A% ob3 Al . 1ib), EAGEATA spam oK Python STHTSCHE i eI BF
FIGHAL.

AR IRRFH 2 BB AR R MRARE AL AR (1135 Python) #REEH BIRIIARINATF,
RILINE | _declspec (dllexport) , LU void _declspec(dllexport) initspam(void)
B PyObject _declspec(dllexport) *NiGetSpamData (void) H1—Ff,

2.5. ¥ Windows Lt#3§ C #1 C++ ¥ & 53
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Developer Studio AR Z VRH AEIET ZH AR, a4 IR0 T AT XA R/ ME Y 100K, EHRBE
7, A E B TEAE P BT R AR E B BINE . FFIERIN msvertxx. 1ib FRE| S #
He
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CHAPTER 3

A E KRN FE RN CPython iZ1THY

A, e S EAE Python RS R4 LN N RE s THY €, 1l & A 6 CPython iz 4 TR A 2| 3
KREGRAREF e AT AR T I 5 AR B B el — L4075

3.1 EHENAERFEA Python

B JLEAE T A% Python BEATHRE, a2 anfer i) C s %42 5% Python HYZIAE. Suid okt il DARY:
Ff Python iR AFI C/C++ [V AR Fp H £ BB 3X AP AT DALE B AR 7 ] Python SR SEHL R LL I fiE
AR C o C++ o IBSAMRE: A feiF i /7 Python 45— LA, DA E il b AR 12 75
Ko WERFLETIREN] Python S il K NEY), ATT KN A HCMEEX 4T

Python MR AW T ¥ &, HARERME. KNIFEZATFET, ¥/ Python I I FE 7Y £ TR 2
Python fiff 2, MM A Python I i F 4% 7 AT BE-5 Python 5¢ 4 Jo ¢ —— M e M. AR 7 A L LE i /R &
1§ Python R REE AIZ T —2LE Python fU1H.

i, #7 84 A Python, FREHRALH M FREF . I F BT EHUN ST 2 — B2 W 1R 1L Python MRS .
BRI R Py_Initialize () o A7 LEuBERYIE I W] 6] Python iy 94728, Z S RI AT A ]
7 AR AT by ] AR 1

P R AR Oy U & J LR W] [H] PyRun_SimpleString () f& A—/UE Python A FAFH,
"] [] PyRun_SimpleFile () & A4 stdio SUAHREHHI— S (IHESE A5 B HEEIRBIER) .
I HT AR BT A 45 IR 2 AR R AL 1 5T T Python XFR .

S U

c-api-index

AR T Python ) C 21 . 3% BAT K ELERIE .
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3.1.1 BEXE#RA

SRR Python 1 AJE0RE LRI AERE BRI 042 11 o 82 110 H A ST — B Python B, 1 TG
PR B R I, DT OF AT DURI RS SCPEEAT AR

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

int

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

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

/* optional but recommended */
status = PyConfig_SetBytesString(&config, &config.program_name, argv[0]);
if (PyStatus_Exception (status)) {

goto exception;

}

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

PyRun_SimpleString ("from time import time,ctime\n"
"print ('Today is', ctime (time()))\n");
if (Py_FinalizeEx() < 0) {
exit (120);
}

return 0O;

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

1 #define PY_SSIZE_T_CLEAN #{fHRI8H Py_ssize_t W Y4FER S APT 0% int if. B
M Python 313 5B EATFE, HERIMRAHA BT R FIRE . S H arg-parsing-string-and-buffers FEHZ 7%
IR .

H PyConfig.program_name WV 24¥F Py_InitializeFromConfig () Z Bi#ti FH DAL RE
#% Python iZfTH} ER 42 . H2 T2k, Python fEREZRIFMAH Py_Initialize () K¥IMRIL, SRIEIATHE
Yl ) Python AT I H IFIES[A] . ZEMZ J5, Py_FinalizeEx () WG KAIMERERS, FEEDZS AR
7o FERESERT T, R REFREE A IEIREL Python AN, sl M SUA Rt anBIRE . SCUFElcE Bl
484 . ffiff]l PyRun_SimpleFile () BRECWT DABE G SCEEZRER Python AARY , 5CRF MARAE 2543 B AT
23 TRV RN 28 ST P 2 A JRR T
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3.1.2 REFEREBRABIPRE: #k
PR 1T RE A, IR Fh A TAE AT Python AU, L2 /DS SRt T @M 2 RABTY o B0y T At
IR T BARG ANV« JLT- 0] ASE BT hRE, AU RISEEZ K C AU,

PR, A EEARE, {H37J# Python Fli A Python B REAH 2L i LEEH e 1R 2 4032 UK
KA T UK — 5, AYkE— T M Python 3| C B9 RAMERM T4

1. ff Python HYERFE N C A%,

2. JFA R I RdEAT C R i s BRI

3. FFIR AR [ R . C ety Python 4% 3K,
ftk A Python I, 32 IS SoX R

L. f C Hllaf%is sy Python #53K,

2. ARG AR AT TR Python 5 11T B KA

3. FFIR AR [l i X A Python S2H C A% 3K

AL RS S A T — T, DARRZBE A0 M . eI LA P SO
RN SOR . AT, T C B, T ARG 2/ Python B4k

AR BB UL Python #e4e8)| C 2%, 2 IRR. o5 SN B2 RERE LR O 15 1 1AL BEES
o HTX ey SRR I X B, 15225 A Y B AR TR R

3.1.3 RfERA

AR B AR@ 0T Python A H RSB, AL 2 U IREE, Python REEHF A S EIR S
B R P AT ACH, (B R — R i — ) -

BLisAT Python AR b LR AL, AL 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 is a new reference */

if (pFunc && PyCallable_Check (pFunc)) {
pArgs = PyTuple_New(argc - 3);
for (i = 0; 1 < argc - 3; ++i) {
(BEF10)
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pValue = Pylong_FromLong (atoi (argv[i + 31));
if (!pvValue) {
Py_DECREF (pArgs) ;
Py_DECREF (pModule) ;
fprintf (stderr, "Cannot convert argument\n");
return 1;
}
/* pValue reference stolen here: */
PyTuple_SetItem(pArgs, i, pValue);
}
pValue = PyObject_CallObject (pFunc, pArgs);
Py_DECREF (pArgs) ;
if (pvalue != NULL) {
printf ("Result of call: %1d\n", PyLong_AsLong (pValue));
Py_DECREF (pValue) ;
}
else {
Py_DECREF (pFunc) ;
Py_DECREF (pModule) ;
PyErr_Print ();
fprintf (stderr, "Call failed\n");
return 1;
}
}
else {
if (PyErr_Occurred())
PyErr_Print ();
fprintf (stderr, "Cannot find function \"%s\"\n", argv[2]);
}
Py_XDECREF (pFunc) ;
Py_DECREF (pModule) ;
}
else {
PyErr_Print ();
fprintf (stderr, "Failed to load \"%s\"\n", argv[1]);
return 1;
}
if (Py_FinalizeEx () < 0) {
return 120;
}
return O;

}

(B L)

IR RI A argv [1] Iz Python A, T argv (2] EEMEE. REMEESEIRE argv L
AR . W iF 040 R (ALK R AR T PATREEFRAE call) |, I B A T—4 Python

B, 5

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

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

return c

RIGER N2

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

SN HINREIT S, AP AR B, ER U2 T Python F1 C Z IRttt DASAR

HhfiR. A Python FA R M LI :
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Py_TInitialize();

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

WAL RS 2 I, W PyImport_Import () M#EMA. WEEINSEE & Python F&5H, —4
fl PyUnicode_FromString () ik sl B0 &1 7475

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

if (pFunc && PyCallable_Check (pFunc)) {

t
Py_XDECREF (pFunc) ;

J

A —Em#Ekse s, e PyObject_GetAttrString () ERJBMEAFR. WRMAFRAFFE, H HigH
BTG, BTl o s SRR ARSI T, IRE R R SEE R T . SR R A
77 =CH H Python pR%L:

[pValue

PyObject_CallObject (pFunc, pArgs); }

MERBOR M, pvalue B2 NULL, B2 EXREPORIMERIG T . 566 78 EREIZE 1 .

3.1.4 Yt#r A\ Python ThEE#HTTY R

BIEAIR AL, # AR Python RS A A RETS I ML AR YD RE. Python APLjaiid 4 R A SRR AR5
BT E—rle WU, NIRRT RO A RS AT . BRI A L., Hd
BOR2HERE . H B RIL 2 Y AR /B30 1 Python flERed . MHLNM AP AR —HeTRT, RE5
— LK AL Python P X 2L FRER , AN S L) Python I REARF—H¢. BN

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) ;

}

FEmain () REZ BIEA _LBRES. HAEP Py_Initialize () ZHIHEALL R SEM]:

3.1. EHENAREF#HRA Python 59



Extending and Embedding Python, % {Thi4 3.14.0a0

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

XTI T numargs A8k, FFlR AL Python EREZS AT AT emb . numargs () M. it
XY, Python AT PASAAT AR #5245

import emb }

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

TER SR AR R, XA IARHE R Y APL 25545 Python f#1] .

3.1.5 7£ C++ fhr A\ Python

W] PAKF Python iR AE C++ FEfF i 2E; BRUIMBUL, SCITsCREORT C++ RGTAYSCBARYY s — i )
C+ i 5 FAEFF, ) C+ i R MEEEAR . AN C++ B4 Python AL,

3.1.6 7E3k Unix RGpomiFFonkss
T Python fRRESHR AR REFF , RBIEF A IFSEUL R oiitas (RIEERSS) HIESF, FRille iy
Python Y AP A C By e (. so X)) miEse sl .

N T B TR AT MBS S, AT pythonX. Y-config A, B 2AEZH Python A iy
(LATBEAFAE python3—config HIA) . MAFILNZSE, HHA TSRS HEAN:

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

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

—~g —fwrapv -03 -Wall

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

$ /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 -1dl1 -lutil -1m

S—

/i R TR ZAS Python R MUAS | RZIRAL (FEARTE R G LR AT B Az ), 2
pythonX.Y-config ffE4aX %42, a0 EGIfrA.

WER EAR T BANEER CRBEGHIEXTITA Unix 287 GERERG WAL H bug 45 ), SR ARSE X T
EhASEEEM SCRY, FEAG 4 Python [ Makefile (Jf] sysconfig.get_makefile_filename () k3
e 8 ) MAIFSE. XHF sysconfig Bido@ M A LHE, o ey X FEHGE—REY
BlEfE. Hhan:

>>> import sysconfig

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

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

interactive shell "PERIARY Python $27R7F. EfES BT REVASC By AN AE MR & BT ROFEBI AU 2
Hil -

AT AL

o interactive shell Wi NFFIR S BT EBRIARY Python $&/R4F, FRR MG E A RS E, 2o 1
Yoy (BHES . 5. 5 H=E55%) 2N, SRERE RSN 5.

* Ellipsis NEHFE.

abstract base class -- i % %

G BRI ABC, J&Xtduck-typing F#NFE, B4R T —Fhe I m =, Mtz FHAME T
Bt hasattr () BT HEMEA MR (GIANGER BATYE) . ABC A TR, X\
I FEMoR 5 HAZE , (HAMLRER, isinstance () fil issubclass () FiAAT; FENL abe fHLSC
#4. Python HHF 4L HER) ABC T LBIEIELEH (F£ collections.abe Bibr) . 5 (¥
numbers BIHH) | i (FE o i) SAERIBAMELS (£ importlib.abe fikH), IR
AP abe BiHORAIE H O ABC.

annotation -- bR

SR SR BHOV S HOE FUHIRE , W 2 2 07 R
IS RSP R AT, 4 FE SRR R v BRI JRImAL
f __annotations__ fFikEMEF.

2 Wvariable annotation, function annotation, PEP 484 I PEP 526, XTI INGEWHE N . BHiES W
annotations-howto | fig i F ARyt i fefE 5L B .

argument -- 5

FEVE FH R ECHE 45 function  (B{method ) W{H. ZE5- NWiFh:

o KT AR TERBOH M P RTTEA AR IR (B name=) SCEAME A ETERTA ** 1T
JLHLRERR A 25BIRUE, 3 F1 5 AEPATXF complex () WM /@ T KT SEC

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

s EE A AET KRBT SRS MESHOTH T SEOV RIS AL/ S8 e
WA * Witerable RFITCERGAE A 20IKGEL, 3 F1 5 AELA TR P BT E S
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complex (3, 5)
complex (* (3, 5))

B0 S4B POV B0 S s SR BN B 0 calls — 5. U, (F A4
SR FIRAR— B RO 2 BB R R 2 Rt

7 & Wparameter REFZEH , H ST ZHGESHIXAAL PEP 362,

asynchronous context manager -- 535 |+ F 3045 PR
PR 55T X __aenter_ () Fl __aexit__ () FEEFEX asyne with B4 IR HETT
. th PEP 492 5| A,

asynchronous generator -- 535 /| & 3%
R [BM{H Rjasynchronous generator iterator %L, EH5MM async def & XM EEREIRMAML, A
[l ZAETEAE yield KB PAFE—RIIAHE asyne for JREFHEHIE.

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

— A AR R AT AR await Rk B asyne for PAM async with ifA].

asynchronous generator iterator -- 535 1 i 75 G 2%
asynchronous generator R B EIIXT A .

B G J& T asynchronous iterator, M4ffi[f] __anext__ () J7 ki £k Bl — A TS Rppf ok AT
S L A R B R BUA L E R — A vield ik,

F5 yield SRFEALEL, 2fS G (R AR RAERNY uy i6). %%
FAMR B REMT __anext__ () PR B HAW T SR R RIRKE N, E N BT E R LE
PAT. S L PEP 492 #1 PEP 525,

asynchronous iterable -- 5335 ] 2 {Chf 4
— A PAFE async for A HMEH MXT L. LAHEE BN _aiter__ () F KR —
A~asynchronous iterator. F PEP 492 5| A,

asynchronous iterator -- 5335 % {C8%
—NSEIT __aiter_ () Ml __anext_ () HYERINIE. _ anext_ () MR [ —Aawaitable

W%, async for &ACPHE S EARAY _ anext_ () FIEIR TSNS HRED | X—1
StopAsyncIteration J#. H PEP 492 5| A,

attribute -- J& 1

KRB —NXFRIUE, WSS RIB LR . 250K 00, RS o A JEM: a W]
VA 0.a K51 HE.

WX AV, FFRPEE SR identifiers [ AEPR IR A FRAAE— X R B E W2 T AR, Bl anfi H

setattr (). XFERYBIERTCIEM s Rk =0k Pi ], M2t getattr () RIREL
awaitable -- W 2550 4

—AA[AE await FEa PN E . AR ccoroutine B{ 2B __await_ () HERNE., &

i, PEP 492,

BDFL
“ERECEMEE” RS, Bl Guido van Rossum, Python PR3 .

binary file -- —JEHISC 4k
file object RENS LS F 1 23t %o B SO BT HE A HIE (" rb !, twb ' B rb+ ') $THF
IS, sys.stdin.buffer, sys.stdout.buffer PAM io.BytesIO fll gzip.GzipFile
(S
J315 S Wtext file T ERENS RS st XTI SCHRTSR .

borrowed reference -- i A 5|1
1 Python (1) C APT v, fEHIGI 4 —MXI 2511, HHZ SRR IEATEGZRTIH . anRxt

SRR E SR 1 BN, BRI SCRs T AR R0 R 1 5 J5—Astrong reference
K E
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HEFEAEborrowed reference M Py_INCREF () PAKFEFHbELI Ky strong reference, [BF224%X%
TEVETEMBA G G — IR Z A9 E . Py_NewRef () BRELRT AR A R BIEE—N i Wstrong

reference.

bytes-like object -- =i X%} 4
1 bufferobjects 3 H {8 H C-contiguous PN . IX 5 TH bytes. bytearray fllarray.
array X%, PARIFZE#E menoryview X4 . FA RIS AL fh i FIEGR R ER T X
SO R R RGE . PRA7 R B SO DA S i B AR AR .

SR EVERR ZIR AR R . XA RAE SR TR RN RIS AT AR . Al ARG T
R T4E bytearray VAN bytearray i) memoryview, HAME/ESR —HHIEGRIER T A
AIARXT G (0 RTINS s KRS A 446 bytes PAK bytes X4 H) memoryview,

bytecode -- ‘F=Yifg
Python VAU 29k g A F 151, B CPython fifRe#s H1 38R Python 27 RS . Firidifs
GATAE cpyc XU, SRR T IREAATIR —SCPERT R R (] DASR 2R B A 1 ) .
P W EE S B TR YR T R A TA AL g S B virual machine 2 F . 1§ AR Python JE i
MLERFIEA—EEBH, WA—EREFEAE Python A 3%,

FARDHE 25 AT ATE dis B SR AL

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

[callable(argumentl, argument2, argumentN) }

function, &N fEF method 55, WIET RN G, KT __call () FRMFEMEAIEET
AR IRR

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

class -- 2K
FRABE P USRS A 3 WHZ R I S0 A T4 E R T i
class variable -- 325 5

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

complex number -- £ %
X SRR G, Ho Ay B AR 3R S — A SRR — AN R R . R R, (-1
FIPFITAR) BOSERRE, WHEEREATE N 1, LR EN j. Python & TXEEIZHE, R
A TREERO R WA —A 7 B, B0 3+15. Q355 mat h BLb Py 4 i 6t 1 8 SR
AL A cmath, ZEEHE AR SR EEA R WERIRBOGC A LE, ZIEiIH
LA ATAT )8

context manager -- |- [ LA
TE with BT E Y _ enter_ () fl__exit__ () FEREFIFERSHNS. S0 PEP
343,

context variable -- |- F 335 5
— PP AR H BT JE ) B R SO AR AN E A(E AR B X LT R SR A il AR A A T R AR T
PAHAANFA R A, MNP EF kL, —MUTEBETrgss 2~ LT3, mETF
SIS L S X e RSB R O S RIEFTIBER . B contextvars.

contiguous -- 4%
— NG AR C & 425 Fortran & S XWON N TSN . 402 C il Fortran JELLR) . 7E—
A, Prf 5% B OAHE WA IR BCAH SR HES ], RSB IF IR R 0y . fE24E C-iE
SRR, Y MR R — 3] DT 4 H R EER b, {57k Fortran HESEKCAA
WE MR [ H.

coroutine -- PpfE
e THIRRM P TR IR — S AT S — R o PR W] DATEVF 2 AN R Y
MEAEAL IBEFWKE . BT asyne def iEAPRSEI . S WL PEP 492,
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coroutine function -- PjF R %L
1] —A>coroutine XF AR KA. tIFERR AL AT L asyne def APRE X, FFATREM & await,
async for fll async with 345, XM EH PEP 492 5] A,

CPython
Python A& HIFIEEI, 7F python.org & ffi. "CPython” —ia] ] F-7E 00 Z iR M SE P15 HiAth
SEPLI AN Jython Y TronPython A X 51| .

decorator -- 2E1ii%S
R R 7 — A RER R AL, W ewrapper iEVETE ORI TR B e . e AmAR A0 0L 19+
f3E classmethod () fl staticmethod () .

MR TEE FUR—FhIERNE . DU P s B0E SR L BS54

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

@staticmethod
def f (arqg):

Ei‘iﬂ@fﬁ%ﬁiﬁiﬁﬂﬁ?%@ (HIE R I o A R A R TR P S 0L e BS0E RN 2858 SR SC

descriptor -- f{fjiA %3
A LT __get__ (), _set__() B{ _delete__ () HEMXME. U—NRIEH AL,
EWRERIET ST B A IR A . @RI, A a.b RREL. BESMGR— A8
Ff & TE a BIFIAER AT b XIS, HAE b2 — iR, WS X R a8 k.
PRARH AL AL 2 IR Z R HLfF Python 1 G, M@ 2 EBRE R BLAY, AGmE.
A FHEEME. iR BSIEASOEEARR G 4.
H XA B EZAE S, 1S4 descriptors 5Y AR 57 -

dictionary -- i
— AR, AR R L BAH R A E . SR DARAETHA __hash__ () fl _eq__ ()
FERIRTS . 7E Perl 74 hash,

dictionary comprehension -- 7= il 5 5,
b B — AT R A X G W BT B A JE R R M g R M) — R B E H k. results = {n:
n ** 2 for n in range (10)} FFAER—AH4E n FE n ** 2 LGB FH. S 1

comprehensions .,

dictionary view -- = L |
M dict.keys(),dict.values () fldict.items () IR[E PR ZREFR A TFHALE  EIIERMAET
FHEAHW—DNSME, XEWE Y FI SRR, RSN A . BRI P 52 il ey
BHIFRHFE, "fEf 1list (dictview) . £ dict-views,

docstring -- LR AT
ERZE . REEEZ WIS — A RIB R I AR R P . BT 29 20, (Hey
BRI A TEESS . PREERE _ doc_ J@MEP. T EWHTABNE, FHKEME
TN S8 SCRS A ROV

duck-typing -- - J$ %
Fa— PR IAE , B AREE A HON R R Bk & Hog & B BRI HE 11, T2 B3 ) Bp ) 5
ke E it (RN 1, RGNS IR AE RN ) TR IR i AR 2, ik
T R RS T R SR AR T R . W9k type () B isinstance ()
Rl o (RS 2R AT DAGE 4 708 & VR FE. ) AT SR T hasattr () Kl BUZEAFP
Hife.

EAFP
SRIFHCRVFATEAS 5" (9 SC4EE o« i Python 3 AT 2 5 KUk 2B Jir 7 1) B8 BB AP ATE
HAEARE B R e o X P AT P KU RS2 Kz B oy il except 5], T HAH
XTI FriE LBYL XAg , # W1 C %5 2 HAIE S .
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expression -- ik,
AR FEAME R A R OT. Bmihve, — PRI RIAcEK O NF A, A, JEtEDi.
BEAFSREOH IR, BNTRE&ESRE—ME. STZ2HEMEF AN, HAEIa1E S
RBA . ATEAR e AV ER IR W statement, 1M while., TG E THEAMAER L.
extension module -- " JE ik
PA C 8¢ C++ gn S5 pMisk, ] Python ) C API K515 540 DA K PRGBS T3 HL.

f-string -- f-2 57 H8
WA £ BOE BRI TR I E R AR B S AR T R S . 2
L PEP 498,

file object -- 3L} %
XN FETE [ SCEERY APT (5 read () B write () Z07%E) DA FZE TN S . EHRHA
BRI, SO AT DA IR B SR SO . HAB R B At sl A B i U ) (9 s o
WAL WP IX . BT Bl . U R MR R 28R
SEPR B3 SRR IR SO G TR — R S, SR =) S DA SR S BRI E
SUHTE io ik, GBS R ATE T 2 HTH open () BRZL.

file-like object -- SCPFXIR} 4
file object ¥R SLin].

filesystem encoding and error handler -- Sk 2 S duid k% X 555 R AL ER %
Python & MERVE R GEMRAL 17 BR Al ] 5 E R G245 Unicode Y 4mAtA =5 A IR AL PSS .
At B B G b A ARIE R R I RS K BEAE 128 DA HIFT A 358 . 1R SO R G 4k =X TG
VARALIGARIE, W) API pR#( R BE£ 5| & UnicodeError,
sys.getfilesystemencoding () #ll sys.getfilesystemencodeerrors () BREAI#HE ¥k
RBOCCE R G g i s X 5 AR AL AR -
filesystem encoding and error handler ‘Z¥¢ Python JE BB PyConfig_Read () ERECRECEN : i
2 PyConfig ) filesystem_encoding il filesystem_errors Z .
2 Wlocale encoding

finder -- A Ik 5S
— a2 E R T AR loader X5 .
FEAEPIFP KRB AR A Ls 2 &£ 48 % A sys.meta_path i/}, DAMsEIZ2 50 &3228 WA
sys.path_hooks ffiff.
12 5] importsystem F1 importlib PA T fEFHE 24057,

floor division -- [i] F U5 7%
1T ABI BB BCE R . ) R IR // . B0, ik 11 // 4
T 2, T 2 A7 S B0 EUE IR I 2. 75 o YERE (-11) // 4 £EJ] -3 [
X2 -2.75 @ T ASEIWLER. UL PEP 238,

free threading -- | k%
— PRI, A A — MRS PRI 2N AR W] PARIHZ 4T Python “E5i . 5 BUARXT ) A& global
interpreter lock , FE[R—Z] R ARG — P LFEHUT Python =515, £ PEP 703,

function -- %L
AT LA R ] BB A — 2B o 38 W] AT AR ABA B2 A S HEAE BRI T gl A
Y5 Wparameter, method F1 function 2877,

function annotation -- kR :
BVt el B0 2 540k (B [ annotation

PRI B TR 2 BIANDA T s Z A int Z2HOFHILR I —4 int {E:

def sum_two_numbers(a: int, b: int) -> int:
return a + b
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BRI B TR ) AR UL function —7

Z: Wvariable annotation F1 PEP 484, H.4{iiA T IIGE. 551555 annotations-howto DA T i F #5
e fESE

__future__
future 1E41], from __future_  import <feature> FE/RImiFFEHE A AN AT Python & 1fi il
o R R BB FIE R RIS B, _ future_ BIHSCRNICR T ATHENY feature BUHE.
i G A A HAR BORAE, VR AT AR BRI R AT BB 1 OB 5 A E R (5%
£) FEATH A ERIA

>>> import __ future_
>>> _ future__ .division
_Feature((Z, 2, O, 'alpha', 2)/ (31 OI Or 'alpha'/ O)I 8192)

garbage collection -- L ¥zl
FEBONFERE B N AF =S [ Y 1 A . Python Sl ad 51 T HECRT— A~ RESS G I AN T W A 205 | A 47
IREIR ISR R AT B . ATRAGE o AR das il i .

generator -- 7| i 33
Wk [A]—Agenerator iterator WRREL. BERERMGE KL, AR GAFETHAS yield B AE
AR IEME S for-TEPAME BRI next () BEE—IRHL.
T R4 AR AL, (ARSI O T AT RE R T £ R B R R E . WERTFEIE - RIKEARE S, 1
i I A PR DA L BE S

generator iterator -- 2} g 25 %1028
generator PREITRIEMRT S o

T yield KAGMEEALE, LA MR EPATRES (EIFRRERAEEN vy iH4)). 4% £

M EEREWEN, ENBETHALEMSHAT (X 58U R AHT I 1A )88 R E 2 AR ) -
generator expression -- 2} 85 #35 ,

R 1] —Aiterator fijexpression. "E A FERMGE 1 RIAAXSFHA E LT —MEHALR. JEHIY for

A, AR 1 7). PANEGFRIEA S NINE R — R 5A:

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

generic function -- 72 7 g %
SRS [] B 2 Y ST A [ B AR 1 22 A R EROUT 2E S eR B . R TR s 2 o 8 3 ke i B 2% i WP
eS8
YWiE 2 Wsingle dispatch RiEFESH . functools.singledispatch () HEfigsA K& PEP 443,

generic type -- {Z %
WIS ype; BEH 1ist B dict XFERY 48K, AT R 247 Rt

WL S 2R 427 . PEP 483, PEP 484, PEP 585 fl typing Hitk,

GIL
2 Ilglobal interpreter lock

global interpreter lock -- 4> Ja) fR FE 734
CPython ff R BT R B —FHLE], BRI E— B 2 LA — AN RARFE AT Python byrecode., L]
WS R BN GAEAR (AFG dict SFEENERA) FXF LU ka2 4 ffifk T CPython SZ3.
B RREA I B A R 2 AR AT 8, LAY R4 T A 2 A iR T T
ANGL, FE AR UE R B A = B B R T A AT T AR A AT 55 T 4 s A B R
GIL. It4h, TEHAT VO #ERHb S Z 2Rk GIL.
1 Python 3.13 /1, GIL A PA# ] ——disable-gil Al EREE T . LE00 ] kT 4513 Python 22
JG, RELBIHE -X gil 0 BEEFFE PYTHON_GIL=0 HIEAE fFIZTT. MErER b2 L
N AR Ja R HE AT L L SR CR L 2 4% CPU SEh %5 . 2417175 25 PEP 703,
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hash-based pyc -- 3& T-W& 714 pyc
65 X8 I Y8 SC AR B W A (L T A i 5 A8 o R T R B LA ROPE I T RS R A . B L pye-

invalidation,

hashable -- W[I5 7y
—AXF GNP A LA G N AR SCE S A (BEFREA __hash__ () J7¥k), FFTRAR Al
MEHATIHE (BEFEA _ea__ () H¥E) BBFRR TTobA A 5. WG A X G A B A A R 1 i
L EN ARG ey

AR SRR G REAE VD SR A A BB, TR Ry S 23 ) A Pl e 7L

RZH Python "FHYATIAZ NEX SRR W A ISR gy (BIANFREF i) ARG Ay A
AR Ry (BIANTTAA frozenset) (M EAIRTCREI N AT I A2 FTWA A . T SRR SEHI
XGNPI A . ENTEREIN—E AR (RIS B O ), e A ER AR S 5
TEMH 140,

IDLE
Python WY TT K 527 > B85 . idle J2 Python BRifE 54T R PR 4 L AR G e MR RE AR 15

immortal -- 2} %%
AR AN G AR, WSROI A S siE e, I E RKEA SR

Built-in strings and singletons are immortal objects. For example, True and None singletons are immortal.
#1% 2, PEP 683 ~Immortal Objects, Using a Fixed Refcount.

immutable -- A~ 28 %} 4
AR EERIRS . NIRRT PRI XN GORRE L . AR ik
—AAERE, MBEIESHIN S . EATER B S A [ i HEAEH , Bl 7t
H R

import path -- S A ¥4
HZAME (B34 12 4 8 ) dUNMPIER, KPR path based finder R AR S A HAR. TE AR,
WAESRIEHE R EH sys.path, HXNRHPARUMATRER B FHAR __path_ J&%E.

importing -- §: A
LA ) Python MU BE N I3 — M1 Python ACRS Br i I A at 72

importer -- S A 7%
BRI MBI XTGBT BEJE T finder L& T-loader

interactive -- 28 I,
Python 7 — A HAMRERY , X EWE R DAFERFRER I NI 5 fas A B ) ARk, ST RIS TIF
BEHESR. AT A SHHES) python fivd (AT AFEARAY T 32 B MR 1 2R BRI )
A BT AR B ISR GL I IRk 2 JE R 8 (I8 help (x) pR%L) . A XA HE LR

Z: 11, tut-interac.,

interpreted -- i BEY
Python —@F i RERIE T, 52X RmIFE0ET , BAPIE XA H T S g Pe2s K AEAE
DA TR o X R ME RSO T DAEL S AT AR S S M 8 vl AT SO BT RREEE S
HA Wi 205 5 N ZRR I, R B FA s g . 2 Winteractive,

interpreter shutdown -- i BEZS X
L EK SEPARY, Python fRRERFRITIEA — MNRFIRZTT I BOF B RE I A E B 9EUR, Bl WAl
BFP RN TR . TR SZ WA R el 5. X ek P e TR 80555 | R A AR
WHAT . FE X P BT RIS AT RE B B &R S, R L TR PR R FA R (DL 1)
T AR AL 45 ) .
fEREAS TR X M) R BRI __main__ BUEREUTET T AT 58 BT .

iterable -- W[ {04
— P RENS AR [ R G X 5 TR AR R B AR T R AR AY (40 1ist, str fll tuple
) DASCHSeR P A B AGN dict, ST AT & AR LT __iter_ () JYAEELHL T sequence
WX __getitem () FYEIMHE XFEHXTE .
AR T T for fEIFA IV 2 HAB TR Z— PN M7 (zip (), map (), ..)s H—A 0]k
RGNS AL BN EREL iter O B, E2RERZXSRAERL . XL ARE T XHME
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AR — AR . e AREA S, AREFEAF R iter () 33 0 CAHEAXS
for A2 BB IRAE BEARLEARAT:, QE — IR AR iy 4 728 5 HRAE RN R R A R s . 2

Witerator, sequence Flgenerator

iterator -- JECE%
Ak FR—ERPIR RO S, EERHAERISNN _next_ () ¥ GO/ HAL 45 P9 E R 5L
next () FFBE MR BRI 248G 5] ARG % StopIteration . FXAfEMR
TS EIRITI AR, GRS _ next_ () HEHRSHIRE| A StopIteration, At
UHEAE __iter () HYEARBREZERITN LB S, HIERLHFLE RS ERNS, 7]
BT HAB T BT SRE I . — DB FIANEAR L2 2 R R 17 R B AT AR
ZRERRTS (BN List) FEARBERIGFHAZ A iter () BRELEURAE for MHFR A BB & 72—
FIEARS . ASRAE BUTE DL T ARl 26 AR 2 W) 23 [l e 2 w2 AR A R R A ) — AR 2 X 42
ARG E PSR-
WEZ{FE £ F typeiter.
CPython B i:  CPython LA ST (B S __iter () MR, MBEVERIAOR A
£ CPython I A RIEE R AFEAE M AR L 2 E .

key function -- i pR %}

B R RN PR R B R R, S REAG IR ] T SHEC A (E R AT XS . 130, Locale. strxfrm ()
AT AR AT R I 2 B HE T 6

Python 7 7 2 TR Su v 1 68 sk Ok 2 il oo R HRO 843 4107 20 HAdE min (), max (),
sorted (), list.sort (), heapg.merge (), heapg.nsmallest (), heapg.nlargest () PA
M itertools.groupby () .

HZ R =] DAL AN, str. lower () JryERT AHIAEZIE K/ING HEF I de R & 5K
R 1anbda FikFORAIEFIN lambda r: (r[0], r[2]). 4}, operator.
attrgetter (), operator.itemgetter () fll operator.methodcaller () E8EEH =1

ity . WA HEP T R IR B A A B iR A s 11
keyword argument -- oS5

2 Wargument ,

lambda
HI—A i pltexpression F4 L HE A4 WEREREL, RIXASTEV T INPORME. 7 lambda 501 )N
lambda [parameters]: expression

LBYL

EERIEBER” RIS . XM S KR SAEREA TR B e w e SO A iR AR
SRS S EAFP J7 e O HE R R B £ 154

TELLREMG T, LBYL i S8l “AF" M “BEER” Z A A sad Wk i, DAY
if key in mapping: return mappinglkey] W REH TIEREEAEZ G HABLFEM mapping
HARSIR T key T . XM DRI AT N6 EARP J7 SORME R .

list -- %1%
—Ff Python [N B sequence, BSR4 MHIFE, (HE BT HAME T P ROEEmIEsER, B him oo
RINBTRIE 2R O(1),

list comprehension -- 51 5: 5%,
WEFR—A P T B U R IR S5 R R — PP B E Gik. result = ['{:#04x}"'.
format (x) for x in range(256) if x % 2 == 0] ¥FER—1 0 2 255 JuE Ny 175t
TGOS N AP (0x..) M. Hip 1f FATR TR, WA range (256) HHATA T
KAWL

loader -- I# 2%
PTG . BWAE X4 load_module () W, NMNEEREE H—Afinder 1z11]
TEREZ L PEP 302, X} Tabstract base class 7]Z: )|, importlib.abc.Loader,

locale encoding -- i % DX RS HE
7£ Unix I, B2 LC_CTYPE i& 5 XIgi gmidtg . ErPAliil locale.setlocale (locale.
LC_CTYPE, new_locale) fi&HE.

J£ Windows I, 42 ANSI AU TL (40: "cpl1252M),
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{E Android ] VxWorks |, Python ffi fj "ut £-8" {ENiE = Kiggmidtg = .
locale.getencoding () AJ#% I RFHFEUE S Kikgmidig=.

5152 7l filesystem encoding and error handler ,

magic method -- A Jj ik
special method W3EIEZ[F] ]

mapping -- W4t
— X EEE R IF LI T collections.abe.Mapping B collections.abc.
MutableMapping MR HEIFHLE LB RATSR . I ZAF]F4E dict, collections.

defaultdict, collections.OrderedDict DA collections.Counter,

meta path finder -- JTIR R R 4%
sys.meta_path W RFTREW finder. JCFEFRAHAT Spath entry finders FFAE RBRABFFAAF o

158 F importlib.abc.MetaPathFinder [ f#TCRE Has T SEHA i .

metaclass -- 7R
— M TR, B LUSEL. BERMERY R, ok vtz LR = 25000 84
R . RER A THI A] 0 B ) SRR v 5 AP 2 PR N ERIASE 8L . Python FRRGNZ ACHE TV DABIEE B &
Xoouk. KA POKIE AT B A T H, ESF By, JoIS SRR Im P il g v % .
EAICHH T ICR @S H & SRRt IRERT G A8 SR G], PARHAT 24155 .
212 I metaclasses

method -- Jj i
TER N E LR RREL . WA RIZ R LB — @ MR, B R IR G A R A —
Aargument QA48 self). I function Fnested scope,

method resolution order -- J5 1 /@47y
T AR T 55 2 A A AR B 01 B I R I T . 5 215 python_2.3_mro T H 2.3 KA HUE
Python fifREdR T i SRR

module -- Filj
X5 & Python ARG 1) —FPAI R BN . ARG ML ar 44 23 (0], P& & Python X4, #5
enl i it importing FE/ERENEE) Python .,

55 Wpackage.
module spec -- BEHL LR

A A AT, H A T A A F A fS B, & importlib.machinery.
ModuleSpec E‘J;QWUD

MRO

Z: W.method resolution order .

mutable -- A] 2%} 4
AT ST DATE RS 1d () PRFRIEE RSO T BB YA . 59182 Wimmutable
named tuple -- 2. #5041
AR “Hcdl” v H TR YR B o, IF B &5 e RE me i H 2 FR etk vy g 252
R, DA AY B I ] B A AR
FUepERAE T HA 4], 83 time. localtime () fl os.stat () FERE{E. 5072

sys.float_info:

>>> sys.float_info[1l] # indexed access
1024

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

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

True
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HLe LA AR N E R (e Bais) ) . seah, B CA Tt 5 e XM tuple 4k
TR A8 E AR B ORI . XFEZERT AT Tda 'S, s dnl PUld 4K typing.
NamedTuple, B{HE i T.) % collections.namedtuple () ZAIE. F—FHFRAELSTM
—F TGl N BB 4 el s A s v .

namespace -- iy # %3 [A]
A B RS R . MR R, ERMNER, AN PRREmL S E (FEhF
YEZ ). g 2SI LB 1k 4 vh 28k SRR ERE . AN, % builtins.open 5 os.open ()
AJ 3 45 B W i 44 28 RE DX 4y i 44 25 [B) 40388 o HF Al R A ke S B IR A b 50K 5 By 4 v T s
Far 43k, Flil, random.seed () B itertools.islice () XMEEHH T IiX R 2 H
random 5 itertools FiHorHISZILAY

namespace package -- iy # %3 [A]{0
PEP 420 jr5 | A —Fp U VR TR A package, fin4s 23[R DA SRR, HAGIA Ty
. Hregular package RNIF], F-HEAIEE __init_ .py Xff.

Wul & Wmodule

nested scope -- ik B %
E— N SGEB NG A Z R 1. BN, 75— Rz e W s EmT AS | AT E AR & . 1
B EAE A S5 A SO TCR . Rl A BB E Az SR T i 2 PE k. 50Un,
AR RS WER T4 R4 25 . @it nonlocal RSN IS AINZE I,

new-style class -- J AR
Xt H BT E R T 2 i B HFRIE . 7R P89 Python A H, A B X 2R AEE £
Python iy R i%FK, W __slots__. k4. FHEEM. __getattribute (). I
MBS HTES.

object -- %} 4
MRS (EMEEUE) PARTE AT (D7) HIEHRE . object t & Flnew-style class /) fzTi
EHES .

optimized scope -- C AL TEH] 1
24 Y Gt 19 ) G 1A 2 0 0 A5 B AR SRR AE B A AR E A, X ARV X S B 1 SR T
fbo EEXTeREL. Anidn. tRR. HESEURN A AR FR A R 44 A3 (R AR XA 1 AR T ek
R KRR LR . T A 1R A, R AR T A R A Jm i A B AR
FIEA L AR T LA i 1 F 3k

package -- {1
— P A B TR Bl I M B T4 1Y) Python module. WA F, 2 RA __path__ @M
Python fFiHk,

%2 W regular package Flnamespace package.

parameter -- Ji5 5
function (B 5¥E) B X HPH@A AR, B8R A2 —Dargument  (SERLAENR T, £
MEZ). AHMES:

* positional-or-keyword : (I BB IR T, H$HE—NATDMERN 1L F A2 AW DA K 425 S
BAMES . X REOARES R, BIAITRIHEI) foo F bar:

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

* positional-only: {USROZE, F8E—HAEEWL L ARSE. WROETES L@ e R BUE
SIS R ENZ IR —A / FRPRES, BIUIR T posonlyl Fl posonly2:

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

s keyword-only: fURHEF, & D HEGEG XEFEANSE. R XEFIES g
BREUE LWL SR & A BB S EE 2N R E I S Z Hi—1 * REX,
U kw_onlyl il kw_only2:

[def func(arg, *, kw_onlyl, kw_only2): ... }
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* var-positional: AR, H55E ] ASR A — MERRCE R CLE SER RS (EInTE H A
SO HEZMNESEZIG). EMESWEETEE SRS * KE L, HIITRHET args:

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

* var-keyword: FIAZKHET, F57E W] DARBME R BRI R T 28 (MO HAIE S E 2 %
BYSHLIG). RFIES Al S AREINR ~* RS, BIAERER kwargs.

TS AT VALFI 5 E PTEANane 2 4, il ASRELE T e S H0di s B -

W& Wargument RiIEFRSZH . SHE S X IR HHE UL, inspect .Parameter 3, function
“HPK PEP 362.

path entry -- J%12 A 0
import path R )— BN, Sipath based finder ] K2 /TS A L,

path entry finder -- J§1% A LI #2325
E—0[ MM sys.path_hooks (Bpath entry hook) i& 8] ¥ finder , WtFh*f 4 6818 3 path entry
He 8 LA
5% importlib.abc.PathEntryFinder DA T #IKIEA DB IRA I LIS T

path entry hook -- #&4% A L1 #)F
RIS AT R E parh ey PRS0 F BRSO svs . path_hooks
BN 23R |8l — path entry finder .

path based finder -- 3 T ¥ 120 A 4k 3%
BN —Bh T3k 12 & 4% %, ATFE—Nimport path A ARATIERL .

path-like object -- P& IER N5
RFE—NDXHREBBEIN SR BEBNZAZE— D FRREREN str 83 bytes X4, if
AP — AT os.PathLike PRAIXT 5. — A~ HF os.PathLike M AXT 4 W] 38 it 1A
i os.fspath () RN str BiF bytes BRI ARG ML, os.fsdecode () Fl os.
fsencode () AJA I RIAOR TG str B bytes RAWZER . HXTGEH PEP 519 5] A1,

PEP
“Python 3R 2" AYFELHE . —A> PEP e — (0B 3Cks, Ik Python HEIARALEE,, ol
R—A~ Python [t K HE BE s BR5 . PEP 1 2442 BORS A 1 45 AR BUMS F0 T4 U Py S B
ip

PEP MM R4 ) SRR WSOt OO R 1 17 S A3t DA B R A Python ST RS
9SSRI IENLE . PEP IS STEALEAE I A E T R, I RCREAS IR B AT A SR

%11 PEP 1,

portion -- ¥4y
FA R — A 24 25 ) ) BRAS H SR N SO A (W ATREAEA T —A> zip SCF) , Bk XL PEP
420,

positional argument -- {3 ¥ £ 5
2 Wargument ,

provisional API -- #7%¢ API
B APLZ A8 AR TEARME R 10 5 A MR PRIEZ S B F A e 1. BRI Il o
DA ERUE, (HHBHYARMCRNE E, T RETEA% DI B 1 A B R O T #E47 n) JE A e
FRHEE (HRAIERRIZED ). WAESOFA SR T - (UE APT I Z Bl R 5 13 1™
TSR R e R BT A ] BB 23 XA

B2 0T 5 APLRDL, ]S AARA R Sl “Im MRty 587 —— A M) RE R A I
HRJT AT BESE SRR B — b i) S5 A B AR T 5

XA B RE SR VAR PERR SN T L0, A T80 MR R RSO T BRI BT IR . 315 WL PEP
411,

provisional package -- £} % 1y,
2 W provisional API
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Python 3000
Python 3.x KATHELIGIEFR (XA FAEMA 3 I KRG O BT B T ) o A ik
I—%’ﬂ‘j “Py3k” .

Pythonic

TRk — B AU SR8 1 Python 15 5 S 1A KURS FIEILE , TS e P oAt 8 i
AR SE B . B4, Python AYHE I XA BE T for THAIAPRAE [ — Tk AUk G i il By
AR WEHAEFBCA XA, LA Python Y AAT I e — U7 T B

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

L

TR I Y B 575 B Pythonic (7735 k& X FERY:

-
for piece in food:

print (piece)

.

qualified name -- Pl 5 4B
— ARSI AR, R WS 42 Ry fE s B e b SO RS2 L R IR
127, FHSEE XL PEP 3155, XTI R BRI, BUE A TR SR 47 —E:

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

>>> C.__qualname_

ICI

>>> C.D.__ _gualname_
'C.D'

>>> C.D.meth._ _qualname_
'C.D.meth'

L

295 T 5 AT, 7 R IR e & AR AR N IZR A DA S R B B AR, e S a1
LA, Ul email .mime. text:

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

reference count -- 5| %k
TR XI5 R . SR 5 AT BT, E AR, FEk immortal %t
GEAKEAXHAE G T, IR GO IEAR S 9oRE. 51 740 Python (5 E 15
W AT, HEZCPython LB —AKEILHR. )7 AT AAHA] sys.getrefcount ()
PREOR AR [ X 5 | T4

regular package -- 5 .0
g8 package, BIMEEH— __init_ .py SR H .

Y52 Wnamespace package

REPL
“EEE-RAE-FT ENfEER” read-eval-print loop FI4EE , interactive ffEFE#s shell f) 75— 5.

__slots__
— PR EAEZE ERIA PR, A 5 P B S S P S A ST RS IR S 0 R T I AE . B ARIX LY
AT, ERBEAGHFALY), Rif S IRETEDEIEI TR, Gl nNEr Ny iRy, 7
HHE A5 KRS

sequence -- J341]
—Fpiterable, ©ZFFHA __getitem_ () FRERAVRMHBBES TR TR, HFE
T —MREFIKEER) __len__ () Fik. WEMTHIERAG list, str, tuple fll bytes %,
EHERAR dict U getitem () Ml __len_ (), {HEWIHZE WS IETES, BHHANE
i AT 2 immutable SIS R BEBOREIRITTE .
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collectlons abc.Sequence ?Hﬂ%ﬁ EXT—NHFEERNED, BIE __getitem () Hl
_len_ () ZHAb, BEINT count (), index (),__contains__ () fl __reversed_ () 5

f)uﬁk%f%?%ﬂé’]%ﬁTU\ﬁﬂﬁ reglster ) RSB BRI 3d 172 5 TR B 2 SR,
HS A

set comprehension -- 45 &4 55X
Ab 3 — A AT E AR R T B TR I IR M R E G —F BB 5k, results = {c
for ¢ in 'abracadabra' if c not in 'abc'} HABFEFEES {('r', 'd'}. B
comprehensions,

single dispatch -- ¥R
—Fhgeneric function S3IRIE, HELIRET B SHIWFEAORERER .
slice -- UJ i
W S TR E sequence —FRF RN G Y h @il (0 S ARbRicoRGUERY, 75 [ a4t

ANAB S RIECE, Bl variable name[1:3:5]. J¥5%5 (MAR) ARCENTRMET slice
X5

Bl
A PN T 40 50T AU (EUT T 3R AR 75 28 PRALE 22 42 ) APT Iyt ml DABE 4K
Mo SRR APLASROR BAE SRS hIF 2, (R R TSI & (B3R IIRE ) -

“ERYOR (CERLR) BRI R EERIE TG AT APL R,

A—NEMNEHF A K ES
Z: i, PEP 387: Soft Deprecation,

special method -- $55f J5 i
—#PH Python [FaXTH A ¥k, HIRAHEAS RBUPA TR SRR A 4545 . X PP B mg A Fr
RN R . FRIATT RSO 2 DL specialnames

statement -- 41
EARRRTE (—AMURS ) MR, — 2B A DAL —Pexpression SRS KA TF
ZERY, AN if, while B for,

static type checker -- i 2 KUK iy 2%
BEH Python RS I #4704, PAE IR WS GNP 5 8RR ANF TR, RS E 2 == LK
typing k.

strong reference -- 5 5| Jf]

1E Python ) C API 1, 385|238 AHFA 5| RIS BT IlA XTS5 1 . ZEQI 2 | il
M Py_INCREF () RIRHGES | HMAEMERS | Al @it py_DECREF () SREEME .

Py_NewRef ( @ﬂ%ﬁ)ﬂjﬁ@d@#/\ﬁ%ﬂﬁﬁ%lm W, WALEIR H AN | AR F e A
i%ﬁ%lﬂ%bﬁﬂ% Py_DECREF () pR%L, PAREGS|H IR

152 Rlborrowed reference.

text encoding -- AN Z g A% A,
£ Python 1, —ANFAFHIIE—5 Unicode UG5 (JEFEH U+0000--U+10FFFF). S T A (&
—NFEREH, EREGT I — BT
B DFRFRIFIUCH— N FAIF NG “ihs”, TNF 79 P g B AT R il i
g,

ARFAE R SCAFFIE Fifdds, BN ARG

text file -- SCA Lk
— MRS LS str XTGR M file objecto 8 H— A SCA S5 B A2 Vi 18] — AN T ) 1 A o B
Bk Hrext encoding, SCASCAFRIBIFAFEPACAR ("o 30 'w') FTFFEI M. sys.stdin,
sys.stdout PAM io.StringIO LM,

7S Hbinary file T FREW LT F 9 AT 2 B SRS

triple-quoted string -- — 5[ 'S F4FH
HRAW TSNS (7) SF RS () WFAE. BRI LS ERES A9 SRt
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R A2, BHEAZMAL. BN RIEF4F 5 A S R &5 U 55 5 F0NE |
5, I H A AR AT IR AT, TEm S SR AT R RE AL
type -- 2304
I YeE > Python Xf R J& TA- AR B REBRA —Fh AL, ZEHEXSRIVEAL, A ATT
MER __class__ J&M, B0Z#E type (obj) KIKEL
type alias -- J8%45] #,
—NRA[E S, B AU S R B E 48 R AR RAT -
RAHIZWERE i & 22 /7. flhn:
def remove_gray_shades (

colors: list[tuple[int, int, int]]) -> list[tuplelint, int, int]]:
pass

AT DARCREBR R Al

Color = tuple[int, int, int]

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

Z W, typing Fl PEP 484, H AU I REMTEAIHGIA .

type hint -- 287833 /iR
annotation K5 JEVE. RENIE S B0R [RHE TS E B ZEAL.
RAPLUR BRI A2 Python fysRGIZSK, (HEAINFH AR REE S RAHLL. B EETr)
IDE SCE ARG b4 5 EA .
AR BEMERRB R EM T A typing. get_type_hints () KA, {HJ5HAS
AT L,
Z: L typing fl PEP 484, H G X} DI REIGTHELNREA .

universal newlines -- i FH#t47
— MR SCA TR T, AR I A fH S AR B T A ARG - Unix (UAT45 R Z9E " \n' . Win-
dows 255 "\r\n"' PAKIHMR Macintosh [ #Z5%E "\r'. =l PEP 278 fil PEP 3116 fil bytes.
splitlines () T2 NIEULH].

variable annotation -- 2% & bR 7

ot AR5 a2 @ Pk i annotation
TERREAS B IS SRR, T ] e A HR A :

class C:
field: 'annotation'

AR EARAEE T RO A R AR 0 BINDA RS B2 int JRARO(E:

[count: int = 0

AR ARETEA R TR AR RE W, annassign —5 .
Z: W, function annotation, PEP 484 F1 PEP 526, H WA T IHINEE. 553527 annotations-howto PA T
FR A A ) A AR S B

virtual environment -- Jf {315
— iR PME RS B ST PREE, FuiF Python JI) AN I FE AR 25 A THEL Python 43 & FLEFA
2T HFF— RS st TryHAR Python [ HARF IR .

HZL venv,

virtual machine -- B
— BB TR, Python FEHINL AT AT R 4328 i A= iU byrecode
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Zen of Python -- Python 2 fifi
H|H Python &1 )i 5324, HEITHMSMHHXMIES . AFHEENETER BEHEHRR
P A import this”,

75



Extending and Embedding Python, % {Thi4 3.14.0a0

76

Appendix A. RiEXMEBR



APPENDIX B

i AA

XL SRR Sphinx M reStructured Text JEA4 i1, Sphinx &—/~% M ALFE Python SCRYT 48 5 11 SCRY A I,
o

AT REEZ I ), WAETEIEE 2557, A3 Python A8 o AR AR BUf i TTmk, 5 P
reporting-bugs AFANAIZ 5 . FRATHEWUH o) G R |

RN -
* Fred L. Drake, Jr., J5ff Python SR THAEZ B, ARZ SCHIZ AR
o T 4% reStructuredText F11 Docutils {1 Docutils i H ;
* Fredrik Lundh 1 Alternative Python Reference 3 [ , Sphinx M 183 T4 £ iFa94H%E .

B.1 Python {44 SifkE

AARZ X} Python 157, Python 5 Al Python SUHAT TR, [ Python JRACAS /) % 1) Misc/ACKS 3¢
PRSI T vk -

AT Python # X (i AFNTTHK, Python A4 Ui €1 SCRS——HHAHMRAT!
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appeENDIX C

7 S F0iFATE

C.1 ZHHFrIm s

Python Hfif 22 $E M EAHLR 58244 (CWI, i, https://www.cwi.nl/ ) [#J Guido van Rossum - 1990 4f
KW, YER—T 1M ABC G & R . 48 Python 405 T2 ok B HA A 5Tk, Guido {752
HEZEE.

1995 4, Guido ¥& #:25 e W B E KB wFsE 2 7 (CNRI, I https://www.cnri.reston.va.us/ ) k%2 fhyE
Python b1 TAE, FHHEARHE LA T2 A

2000 4H.H , Guido F1 Python #%.0>JF & [ BA %% 5] BeOpen.com F-4H % T BeOpen PythonLabs B . [&]4E+
H, PythonLabs [#] J\%%%] Digital Creations (J{ "5 Zope /A ; U, https://www.zope.org/), 2001 4, Python %K
{542 (PSF, I https://www.python.org/psf/) J8AL, 3% &—% A Python AH & HITH A G 1 HE
BRI, Zope T HAESE Python B B4 i HE B I B o

A 1 Python HUAHRIETFIRRY (A KITYRAY E L2 https://opensource.org/ ) Pt b, #iKZ %L Python
JiiAJE GPL 31 TREL TR MRAE I

RERA  FB F1n FEE GPL %% 7

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

#il:: GPL A A EIRE Python ¥ GPL N %ffi. 5 GPL A[A], Ffy Python ¥ RIUEHR SLvF A A1 L
JERIRAS, T TCFRE IR BT S EE. GPL 3B 1A AIEf15 Python W] DAL HUETE GPL "R KA AR 1445
AR EHERFAHENATT.
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AR ZAE Guido 153 T TARRISNIEIERE , (XL A N AT RE .

C.2 FRERS( LAH &M Python B)RmF0F M

Python A SCRS ) I V7 AT 3BT PSF 4 T #7350

M. Python 3.8.6 JF i, SRS, HRAEHS SR AT R IR PSF VFRIHSAI S 4 % BSD 7T fY
L AT

FE 4 B AE Python H RS T ARG VF AT X LBV AT & SRR VAT 2 R AU — 5 . A R
AR SE RS RS TP T A a9 75T 57530,

C.2.1 FF PYTHON 3.14.0a0 4 PSF iFa] il

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

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

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

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

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

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

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

version, provided, however, that PSF's License Agreement and PSF's.
—notice of

copyright, i.e., "Copyright © 2001-2024 Python Software Foundation; All_
—~Rights

Reserved" are retained in Python 3.14.0a0 alone or in any derivative.
—version

prepared by Licensee.

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

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

—~to Python
3.14.0a0.

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

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

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

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

USE OF PYTHON 3.14.0a0 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.14.
—0a0
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FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A.
—RESULT OF

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

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY 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,.
—O0or any

third party.

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

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

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

BEOPEN PYTHON JF5 /] PS5 1 fiz

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

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

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

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

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

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

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
(Y
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(#2 E50)
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 g CNRI ¥#F o] il

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

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

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

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

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

Cawy
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(B L)
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 E 1.2 ) CWI ¥F o] 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 3.14.0a0 DOC-
UMENTATION

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

YEB random FiH R 2 _random C ¥ B AHEE T M http://www.math.sci.hiroshima-u.ac. jp/~m-mat/MT/
MT2002/emt19937ar.html R ARG AT R A RS Y 52 B e R

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

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

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

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

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

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

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

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. 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.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)
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C3.2 EEx

socket ffiffl T getaddrinfo () #il getnameinfo () WIDE I H AYAS [A] Y5 SCF A hitps:/www.wide.ad.
ip/

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

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

modification, are permitted provided that the following conditions

are met:

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

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

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software
without specific prior written permission.

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

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

C33 REEEFRS

test.support.asynchat fl test.support.asyncore FHE SR VLH. -

Copyright 1996 by Sam Rushing
All Rights Reserved

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

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.
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C.3.4 Cookie &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 J RS A0S DA AR

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

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

Modified by Jack Jansen, CWI, July 1995:

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

- Arguments more compliant with Python standard

C.3.7 XML T =ERAH

xmlrpc.client fEHEE DA FEH:

The XML-RPC client interface is

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

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

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

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.
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C.3.8 test_epoll

test.test_epoll Bty DA FUEHA:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

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

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

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select BT kqueue ()42 N5 AT FEH:

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

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

modification, are permitted provided that the following conditions

are met:

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

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

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

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

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

Python/pyhash.c {47 Marek Majkowski’ %] Dan Bernstein {{] SipHash24 A ¥ERISEH . EREPAT
—=
FE

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

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

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

Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/1ittle2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod #1 dtoa

Python/dtoa.c SCAFEML T C K%L dtoa il strtod, T C BUKS BE (A F4F ef Z B 640, BUR
A= B i1 David M. Gay 4w 511 [a] 44 0. B Bi1Z 304 P AE https://web.archive.org/web/20220517033456/http:
/Iwww.netlib.org/fp/dtoa.c T/, #£ 2009 4F 3 H 16 H A ZRE B R 1A SRS AR BUBCRI W] e

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

*

The author of this software is David M. Gay.

E

Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

Permission to use, copy, modify, and distribute this software for any
purpose without fee is hereby granted, provided that this entire notice
is included in all copies of any software which is or includes a copy
or modification of this software and in all copies of the supporting
documentation for such software.

E

E O

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

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

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

*

E

***************************************************************/
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C.3.12 OpenSSL

MR BNERGEA 5N hashlib, posix fll ss1 £ {fi il OpenSSL JZEHZ T4 BE . tk4b, Python [ Windows
Fl macOS 22472 7 W] g 2> 36 OpenSSL PR EIA, B AFRAT T AE ML 45— 17 OpenSSL 1/F A HIEY il 4% .
1T OpenSSL 3.0 &1, MEGEATHEMRA, ¥ Apache License v2:

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

TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

1.

Definitions.

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

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

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

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

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

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

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

(an example is provided in the Appendix below) .

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

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

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

to the Licensor or its representatives, including but not limited to
communication on electronic mailing lists, source code control systems,

(ZETID
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(#2 E750)
and issue tracking systems that are managed by, or on behalf of, the
Licensor for the purpose of discussing and improving the Work, but
excluding communication that is conspicuously marked or otherwise
designated in writing by the copyright owner as "Not a Contribution."

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

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

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

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

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

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

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

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

You may add Your own copyright statement to Your modifications and
may provide additional or different license terms and conditions
for use, reproduction, or distribution of Your modifications, or
for any such Derivative Works as a whole, provided Your use,
reproduction, and distribution of the Work otherwise complies with
the conditions stated in this License.

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

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

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

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

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

END OF TERMS AND CONDITIONS

(B L)
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C.3.13 expat

pyexpat ¥R M FT 451 expat JERIAEAEN, BRIEBCE T --with-system-expat:

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

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

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

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

C.3.14 libffi

YEH ctypes BT ZAY _ctypes C ¥ /@ 4% T libffi A B AR, Br AR E i EE 1
——with-system—-1ibffi:

Copyright (c) 1996-2008 Red Hat, Inc and others.

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

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

THE SOFTWARE IS PROVIDED " "AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.
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C.3.15 zlib

R ARG EAR B 21ib BAKIFTFE kN TH 8, W 5 2lib SRR DR 2110 3 &:

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

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

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

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

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

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

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

C.3.16 cfuhash

tracemalloc {§i MW Z M S L AL T cfuhash T H :

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

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

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

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

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived
from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)

(ZF 50
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(% L 50)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.17 libmpdec

fE4 decimal #R N EH) _decimal C § &2 # 4% T libmpdec FERIREI A AT, B8 IEA0 ) i B
T ——with-system—-libmpdec:

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

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

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

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

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

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

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

C.3.18 W3C C14N i EH

test A C14N 2.0 M3 4E (Lib/test/xmltestdata/c14n-20/) U H W3C Wi https://www.
w3.org/TR/xml-c14n2-testcases/ FARPE 3 551k BSD ¥ A IE & 47:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All Rights Reserved.

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

* Redistributions of works must retain the original copyright notice,
this list of conditions and the following disclaimer.

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

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
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(% L 50)
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.19 mimalloc

MIT A jiE:

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

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

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

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

C.3.20 asyncio

asyncio BERAYFLEIF K H uvloop 0.16, ER2ET MIT ¥Rl UEAFTHY:

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

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

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

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
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OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

(B L)

C.3.21 Global Unbounded Sequences (GUS)

W f# Python/gsbr. c B4 H subr_smr.c H1 FreeBSD [1)”Global Unbounded Sequences” %74 PN A7 BT % .

IR BT 2 453K BSD YRRl RSy K1Y

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

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

modification, are permitted provided that the following conditions

are met:

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

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

THIS SOFTWARE IS PROVIDED BY THE AUTHOR "~ "AS IS'' AND ANY EXPRESS OR
IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES
OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED.
IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT
NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF
THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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PYTHON_GIL, 66
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A
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¥ i AR R A, 62

asynchronous iterable -- ® # 7 #% & xt
2,62

asynchronous iterator -- FH % RE, 62
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awaitable —-- W &4Ex£, 62

B

BDFL, 62

binary file —-- Z##| X, 62
borrowed reference -- fEANE| A, 62
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context manager —- T X%, 63
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D

decorator -- EMi%, 64
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64
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E
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expression -- KR, 65
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F
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finder —— &H&HE, 65
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G
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generic function —- ZA ¥, 66 O

generic type -- Z#, 66 object -- W&

GIL, 66 WAL, 45

global interpreter lock —— 4 F B & B HA, 45

8, 66 object —- X %,70

H optimized scope —- BN H1EF B, 70

hash-based pyc —-- HFA pyc, 67 P

hashable —-- HWF, 67 package —— 4,70

I parameter —-- K%, 70
path based finder —- EFHBEHEHKE 71

IDLE, 67 path entry —-— B#&EAH,71

immortal —— FKAXZ, 67 path entry finder —— BEAND &K E, 71

immutable -- FHLZXZ, 67 path entry hook -- BN BHT,71

import path -- & AER&, 67 path-like object —-- BFEEX£,71

importer —— B A&, 67 PEP, 71

importing —- &N\, 67 Philbrick, Geoff, 14

interactive -- % &, 67 portion —-— 4, 71

interpreted -- #HA, 67 positional argument -- fL&S#, 71

interpreter shutdown -- & & XM, 67 provisional API -- # % API,71

iterable —-- H#ERW 4L, 67 provisional package -- # E M, 71

iterator —- # AR, 68 PyArg_ParseTuple (C &), 13
PyArg_ParseTupleAndKeywords (C &%), 14

K PyErr_Fetch (C &%#k), 45

key function —-- 2B, 68 PyErr_Restore (C H4%), 45

keyword argument —— X% F5H¥, 68 PyInit_modulename (C function) ,52
PyObject_CallObject (C &), 11

L Python 3000, 72

lambda, 68 Python HEEZE; PEP 1,71

LBYL, 68 Python ¥ MZE P ; PEP 238,065

list —— F|%,68 Python #IEZE; PEP 278,74

list comprehension —— %|%k# &=, 68 Python MW ; PEP 302,68

loader —— fm# X, 68 Python #IEZE Y ; PEP 343,63

locale encoding —- EZT K H 45K, 68 Python HHEZE; PEP 362,62, 71
Python 38ZE W ; PEP 411,71
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magic method —— BEAF &, 69 Python MEAN; PEP 442,46
mapping -- B4t 69 Python ig?ﬁ?%?(; PEP 443,66
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BE R, 69 Python ff%‘?ﬁ}%b:(; PEP 498,65
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) NN Python w, PEP s
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module -- 3, 69 Python ##EZ; PEP 585,60

Python #IEZEP; PEP 703,65, 66
1 —— A%, 69
module spec RARAE, Python #IEZEN; PEP 3116,74

MRO, 69
’ Python HEEZ I ; PEP 3155, 72
table —— H AKX, 69

mutable RESES PYTHON_GIL, 66

N Pythonic, 72

_ PYTHONPATH, 52
named tuple -- B4 G4, 69
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