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B EIH SO R Il C 8k C++ WP B, V6 A 4L S 75 Python BL%gRThfE. APLAIAN
HERTAE B R, Rl PAEFEH B4 BUE K ¥ (method) . SCAHEIZ ik infaf 4% Python B
FRTHA Y — W R, (E)FEIEFTRE T (extension language) T . fef&, B & RN WA Hi 5 A s
fﬁ%%ﬁﬁ%ﬂ, AR A T DAE) fE M (TEUATEREE) B AR Eideh, iR KEIEERARA RkE
I RE -

T& 15 [EIH SO R 3 BA Python A EEBREANE, . B IFE S HUIEER N 4H, 752 tutorial-index . reference-
index %4 P I wE = EEIE XK E S . library-index 5EE 7 BT M EE 5 B2 ) & B R E) st (B
AYAIPA Python $i & 1)) #i4H .

B 52 B 1 Python/C APL REAINAH, W52 (E)Y) 4h—1r c-api-index.
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CHAPTER 1

HERNS=ATH

B e E I T Ik CPython AR FFRALY) . AT SRR A T H. 55 =5 T &, Bilfn Cython, cffi.
SWIG £ Numba, 24t 77 s [EIfE 8 & W EIERERY 21 7775, R(E Python 57, C Al C ++ fE 7.
h=%:

Python B2 Fdi: il
Python 45 {1 Ji] # 1 5 (Python Packaging User Guide) /A~ ff i 25 1 WU 7T DA 2 AT A il i 38 7
SCIEARA TR, W s P TR A T e e R T



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

MERE=AITEBIHESR

AdeE P E W E, EEASE = THE T, frE@ss Cfl C ++ 7. BEERR A
AL T HAAIVEE A, AR A O C ECHERS 5.

2.1 ) C g C++ #E3¢ Python

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

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

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

filE): C 4 J 4% N CPython, ¥R ICYELEH A Python S8 b TAE . YERZHEGILT, Wik 5
CYJE, RGN, 220007, AR BN T C SRS, RN Z%Z% A ctypes
B cffi ), A2 HEE C AU, XERER A VFRE Python [Ufgski 0 C UM, I+ HAR T HE A
ik C 9 AR, 1773 AE AN Python SEBLZ 1] LA S R Y T A AR

211 —{AEEEH

ETATO P R spam (Monty Python # 22 f% 5 XK (0 & 4...) I ELAR LA @ X . C & o 4K
system () ! fij Python 3 [, XA BEEEZ—APA null 45 B F4 R SEOFR B — A5, JA17ET
PAFE Python H DAGNR 5 X I8 A I R AL

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

B4 spammodule.c X, (fF4 L, WER—EHY spam, WX SEHE R C SCHEMY
spammodule . c; QIR MERA PR, AN spammi £y, WX ARG SCHF R AE 0 spammi £y .
c.)
SCPE I IR R AT A

VAN B 1 B AAERRIER os LT, SRR — AN BT BB T



https://cffi.readthedocs.io/
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#define PY SSIZE_T CLEAN
#include <Python.h>

X3 A Python APL (MIRARFVC, ARATLATEE HLAS I Fid s H ARHUSAL (SR o

fiiE: [T Python WL E L —SEREESESE RGBSR L SR AL BIARE L, PRIMAE L & AR A
WS SUHE2Z /T, AR SRS E Python . h,

et 2FE Python. h HiE X PY_SSIZE_T_CLEAN , BEZIY B HH 58 R TN ENESL
N

JrAAE Python.h W LM Pl WA SER R A Py Bk PY BIZK, CUEARMESK SCH e LRIk LE R
Hho FZEEIEAIE, Wi T AL Python f@Rsgs il iz, "Python.h" i B T —2UARiE K S0
<stdio.h>, <string.h>, <errno.h> fl <stdlib.h>, UWHJGHEF L SCHAERM RS EAELE,
RS HERERE malloc (), free() fil realloc ().

R C pRELENY R, ] spam. system (string) BRI, GFRATRE BRI

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) ;

}

J

ANEERFESEONVERNIE CEANPIT, A "1s -1") BBUMEEE4 C MBS, C mEEZH
WIS, AT self Ml args

XIFLRGE KK, self ZHERIBNS R ; XTI IE MR [ % G 52051

args ZHUZAR 1 —> Python [ tuple M RAH5E, HH WS 2H. 4> wple TR —MEH S XL
SR 42 Python M4 - ZAERATH C BT il E N TR 2R HAL ol C {H. Python API H1f¥y
PR PyArg_ParseTuple () SESHIADFIRFHIAN C (0. BB Rl E 7 BRI B HEE
BUPA RAF SRR (R C AR REEA . ARTRERS S o

PyArg ParseTuple () TEAE SECENA LG HAL /045 I i fe A% 36 36 S g ik BN, 3R 0]
AEZE) . HAEEA TSR S (). ERSefl T8, o Bss e 5w, (EA5E ) sk 50T DAL
1R8] NULL (552611 B 0L

21.2 XFHRHFE

F&A Python fERESR RGAH — U R TR E BRG] : U4 — D REU T RIS, BN Y REE A5 & F
Rl —AERE GE#H N -1 3K NULL $84F) . S# G B AR EEMRR SRS = A R . Wit
HREMEMRME R NULL, FEHAMEN B2 sys.exc_info () FriR[alf#) Python JLA AL i1l C
Ko AT BRI R SLBIRAIR TS PR AT T B AR R A B AL e ) A R
Python APT H g SC T — 48 R 0K 1 BHX S0AR

I M W B /&2 PyErr_SetString (). HBHEFH XN LM C /M5 H. FHEXN L K2R
PyExc_ZeroDivisionError XL TIE XX 4. CHEFFEREHRFEIRHE, 95540~ —1 Python
TR AT ) < RBRAE

T NH M K% 2 PyErr_SetFromErrno () , [UEZ—1THREXNE, REMTOEELRHZLE
errno P, FilHREGARE PyErr_SetObject () , W NS, 7B REXNSRMREERLR. R
AN EAH Py_INCREF () RH4niL s 2| HAL R A 2 E0F %005 | T4

6 Chapter 2. RERAFE=FTHREITIKFT
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YRATPAE L PyErr_Occurred () FEAE MBIARI G OL MR 2 ICE T3 . XIFIR ] 24 B S m 52
BCE AR AR S R S IR 8] NULL, AR H AT EIAN PyErr_Occurred () KAF BRI 2% %
AT EEDE, PUOAIRBOZREM IR ME A& ok

B RS T AR g IR RS A T, f B E R el M R{E GERON NULL 5 -1).
BRI PyEre_* R RO 20 g WL T f BRI BSR40 0] — A ok
fers e ey, [AAE AR PyEre_*, BRILASHE — BERAY BN PN 28 oy Se A 2 2 1Y R
By 7o — HXAME R E)IL Python EREARII LIRER, B 1k M ATHAATAY Python fURSH 2214k i i
Python ) (3 JIr4it i 1) 5 5 Ab BT -

(FEH L B AL SCREAS Il 1 R VB PyEre» RECRA I HUON R DN B, I HAEX 2Ll
DU AT AR o R 2 B — ORI, SR ARG, T RE B KA RME R ER K2Rk
(SRR GAIER &)

AELZ0 W H — A 2 W) R B ) T B B R S, SR SRR A AT ] PyErr_Clear () RaUHb#H
Br. CAUIGN 4IHH PyErr_Clear () HIME—IHOLE IR E AR RE AR 2SR HE R
AhEE (TRl M s, ol BB Ay ) .

BRI malloc () A A — 2% . malloc () (8 realloc () ) BB E LAEH
PyErr_NoMemory () Fik [ IRKHER . A XSO K% (Fl 40 PyLong_FromLong () ) BE&X 4
T, FrPARAN R T B malloc () AU,

RN, BRT PyArg_ParseTuple () SFEENBISL, R [ EEHCHIAHS Y o8& B0E AR 2R 0] IE{H
R FTRI, MPA -1 FOREKM, WnlE Unix RGEH M.

BoE, MRIR Bl — A RS R A B ROE SR GE IR E 0B R AT Py_XDECREF () B
Py_DECREF () & H)!

PEBET| A B 78 58 A B T AR 5 4F . BT Python [N & 5 5 #R A XM 1R Tl 75 W C XE 4, fl4n
PyExc_ZeroDivisionError, R PARLIEME A EA]. 245k, RN 24 HAE bk £ 7o - RNE4E A
PyExc_TypeError RFE/RCMTLEFTH (TREMN % PyExc_OSError HARE) . MRS EINEA [
i, PyArg_ParseTuple () HMHGHTE 25K PyExc_TypeError. WIRARAE—NSEELILERE
E T P s A A A4, EEL ] PyExc_ValueError,

PRALAT DA RS SC— N ME— R B o . /5 SR SCPF AR A I — N Sxt e &, n:

[static PyObject *SpamError;

HAERH IR ER AL (Py Init_spam () HFFAT A X GO KA T R 1k

PyMODINIT_FUNC
PyInit_spam(wvoid)
{

PyObject *m;

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

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

return m;

}

B IZ 55 X2 Python & FR°A spam.error. PyErr_NewException () BREUA] DAG)HE H 2 h
Exception 2 (BRIEME AT 73— I A & NULL), 40 bltin-exceptions H iR i .

2.1. ) C 5} C++ #& 3 Python 7
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TH{ER SpamError AR R R E T — A HT B R RIS Lmﬁﬁjﬂzm' S AT RE S B
A B I B, PR LR %i‘ﬂiﬁ*"ﬁﬁ%lﬁ’]?lﬂ%%ﬁﬁ% 2EFE, MIMFE SpamError
HN—A s gst . WRRE RO, W5 Ki%A T%*EI’JCWﬁ%ﬂﬁﬁé\?yﬁtﬁlﬂ\%ﬁ%ﬁﬁ@?ﬁ/ﬂﬂz
ST S o

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

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

const char *command;
int sts;

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

sts = system(command) ;

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

}

return PyLong_FromLong (sts) ;

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

return NULL;

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

B A const char *command),

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

[sts = system (command) ; ]

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

[return PyLong_FromLong (sts) ; }

FERXFPIGOL T, SRS, GXRFGRTE Python i HLHE ) .

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

Py_INCREF (Py_None) ; }

return Py_None;

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

8 Chapter 2. RERAFE=FTHREITIKFT
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2.1.4 ERFGERNIIGCERL

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

static PyMethodDef SpamMethods[] = {

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

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

bi

HESH A2 E (METH_VARARGS ) , iX/MaEfgE A C W A6, ni%fif METH_VARARGS .
METH_VARARGS | METH_KEYWORDS . {f 0 ft#f#iJf] PyArg_ParseTuple () [IEIHAS &,

o S gk fff Al METH_VARARGS , PR £k & 5% fF Python 1% 5% tuple #% X 0 2 44, H m A i A
PyArg_ParseTuple () #EfTMENT.

TSR B 24 8 5 B - S 50 4 % R B0 W] DATE BB = AN F B i B METH_KEYWORDS [ AR fi. 7E
WAL T, C BB Y #2325 =4~ PyObject * B %, BR A — Dl XEFHRMFH. FH
PyArg_ParseTupleAndKeywords () XS EURNT N R EL.

AT IRRALITRIIE LTSI -

static struct PyModuleDef spammodule = {
PyModuleDef_ HEAD_INIT,

"span", /* 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

J

XSGR AL ITAERR AW IG AL R B AL B 25 AR & . BRI LB 6 %O PyInit_name (), Hf
name JERHIAFK, H HRLZRRBESCHE P ME—FE static &H:

PyMODINIT_FUNC
PyInit_spam(void)
{
return PyModule_Create (&spammodule) ;

}

TR PyMODINIT_FUNC K pR W]l Pyobject * IRMIZRA, FEH - B BOR AL PRR ikt 5
B, HHXT = C++ FFREHEY N extern "Cn,

24 Python FfF A spam BRI, PyInit_spam () R . (4 K4 A Python FTERES IR 3. )
B PyModule_Create (), BRESIR[E—BIHXTS, FFRETAERBGE O RBIE (—4
PyMethodDef Z5MIRIIEAL) 1 N E R EO RAE AT H Q1@ pfiip . PyModule_Create () i&[1]—
AR E A IR R IR B RES SRR E AR E R Pk, BCETERLRICIR S G
PR ] NULL . 1640 e B RSO0 SR 0] 25 HR A 2, AR HAB A sys .modules Hi.

2k A Python i}, [R3FE PyImport_Inittab #HHLKH, HUALEHZNWEA PyInit_spam() K%L
BB Bk, W PyImport_AppendInittab (), FI¥EFRG S AL

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

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

€ & A}

2.1. ) C 5} C++ #& 3 Python 9
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(B E—H)
/* Add a built—-in module, before Py Initialize */
if (PyImport_AppendInittab ("spam", PyInit_spam) == -1) {
fprintf (stderr, "Error: could not extend in-built modules table\n");
exit (1) ;

}

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

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

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

PyMem_RawFree (program) ;
return 0O;

fHilEl: ZM sys.modules MHFRSLIAREFA C A IRFRLHLE] — D HERR A 2 RESS (S fork () M
B exec () ) RAE—SLy B B /R4 R, 3 REBTHEE AT ATERD B AL N SRR 4 A I 4 2 1

2 KT RIS B 7t 5 7E Python YRS A AT ALY Modules/xxmodule.c i, BICIFRI AR

PEACR A R 2 ST R

#E: RNBFAIY spam B F, xxmodule ffifl T % M 47441 (Python3.5 JF4A5| A), PyInit_spam
£xiR [a]—A~ PyModuleDef Z5f4 {4, X501 B E] S AMLE] . 4015727% PEP 489 [ 2 M BiWI LAk .

2.1.5 YmiFFOsEEE

HERBEME R B S Y R Z 1, R EM PR (H Python REK G IFAEER: . WURIRMEH
ShasmEk, BT R ERERZ SIS MEILE; 2 E B SH R R ET (h
C/C++ ¥ & Za47), PAKAE Windows [ ZRiFFRZMEIME R (£ Windows L3 C 4= C++ 7 J& F535).

WERARA S B2, s AU AER 11 Python fERELRI—7), LA S MACRC B i A
HEEUFA AR . SRR AE Unix EARTIE, HHEHEIRI ST (spammodule . c B HEM LS

PR A7) Modules/ H3ER, Wl—473] Modules/Setup.local SRR 1

[spam spammodule.o

)

IRGTETIZ H 51T make SR E P MRS . /-] PATE Modules/ 1 H (l)i] make, {H@2/RALZT
JEHE# Makefile UM, AJFizfrmake Makefile' fir%-. (1REFRIEH Setup SCPFHRT B )

WERARB B R TR G, LS AT A IR B SR B, 285

[spam spammodule.o —-1X11

10 Chapter 2. RERFE=ATREIRRE
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2.1.6 7£ C thifF Python F#

Mk, BN T— AR ST L Python P i) C e& %k, HSLSGRMBMRA M, w2 C i Python
?éﬁl XA [l R B CHAT o AR A C 3 AR A, I8 A2 S B A [ AL

Szl , Python fERREHE LT BERIANY , F-2ahnifE Python s R AL ARSI (X HLAUA FFHEA AR
Hr Python FAFH A AT, QIRA BN PAZ % Python/pythonmain. c Hf) —c frATUHS.
)

i il Python pREARfA] 1, ' JG Python /7 2443 Python RN . WML eR % (SHAREE 171) e sk
B IR EORT, 4R RARAT Python pADM RINREN, LZIEM (Py_INCREF () ARSI
ML YRR R WA A RKER . 20607, AR KB B E S —i 73

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;

}

LR B ] METH VARARGS AR RN RRERS s X BFAE AL 7 ik F Fo b 1L 40 — 7 iR .
PyArg_ParseTuple () BRECM SR SRS WAR B B 3y 20l A3 —5,

Py_XINCREF () il Py_XDECREF () X PANZ2 Al Bahn/ i/ b— X5 5L, I H 24774 NULL #5841
ET%T%&Eﬁ% (1E'1ﬁ{?EiY‘J$/|\J:TjC¢tempHTj\J NULL)., BEHXEEHESH 7| T4 =7,

B, BB EN , AR A C B%L PyObject_CallObject () . B PINSHL, MII%B
JETH54, 1517113 Python X142 : Bl Python pi%l, KHZH5%. @IEJ%M\ e — AN edN S, H
KE ED?’%&E’J/\@IEO BN S HHE A Python pR%L, NIfE A NULL si—A~%50cdl; B — S50
B, WE A4, Py_BuildValue () S7EHASNFAF A S X E$ES N BN H 2 AR
iR Bl —A~ oo, Bl

int arg;
PyObject *arglist;
PyObject *result;

arg = 123;

/* Time to call the callback */

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

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

PyObject_CallObject () & [l Python X} % 45 4, iX 4 2 Python & %{ 19 & [l fH.
PyObject_CallObject () @& —MXHSH” 51 HITHIC X7 M. 6l oo gl T
S, I HAE PyObject_CallObject () ZJG 3Bl T Py_DECREF () .

1. kL C & C++ &% Python 11
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PyObject_Callobject () MIBEIMLME “H” fy: BAR— RS BARDHME, (1
T3 BT S RARAE L A RS R, (R BEAHX M 1] Py_DECREF (), HMEEAR
PRTRIZE (K1) R g%,

HRAERX A2 b, R EER— S R IR A NULL. WG, Python RIS L5 Kk 5H
o WA Pyobject_CallObject () K C AU/ 27E Python HHMa L), B 24 37 Bk [ — A~ iRk
0 Python 1/ 2%, DAEMFRERS REFT ENAR RIS 2., 801k 77 Python ACTE BEAL HIZ 77 . QAR
TCEMEI SN GAR, WY 2@ pyErr_Clear () RIEERFH . Hl0:

if (result == NULL)

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

T AR A IR R AL, ARiB ZHR 2| K E] PyObject_CallObject () o fENLUNIL N SHL
F 2 i Python A2J ¢S iy, a4 O AL 2 [l R R B 5 . AR AR B SN E R i 5 oh—
SO AR Z S — BT T AR AL SR B L TR Py_Buildvalue () eREHIE wple, 2%
AT, AREAL SRS I ] AT A

PyObject *arglist;

arglist = Py_BuildvValue (" (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) ;

J

M3 Py_DECREF (arglist) FIfEALLIBIHA, TEASIRIAT Z Al MR BTE SN ER,
W Py_Buildvalue () A]RESEBNAAA LHE.

MARE R B AR EE R, AR FSHON M Pyobject_Call () , FEXFFFESHM X ETS
o A EErr, EAMEM Py_Buildvalue () RiiETt.

PyObject *dict;

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

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

21.7 RBY REHHSH

K% PyArg _ParseTuple () WA :

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

SR arg WhAE— N TCHXI S, L E A Python (4345 C IS EIN R . format ZELIE— A& F
e BRI 5% Python C/API T} 1) arg-parsing., Fl4 S50 24N AF EIGHLEE , KB S5 F4S
SEPO PR

Y PyArg_ParseTuple () MGl ha 211 Python ZHM , AUTCIAAG L 45 i) C A2 fEstuhE, 40
RIXHEIMEE T, TSN TRILS AR, .

FERATAT 6 1 2 B2 0310 Python XPR 52 f5 ka9 5115 AZLEBIENTHE T
— LI L )
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#define PY _SSIZE_T CLEAN /* Make "s#" use Py _ssize t rather than int.

#include <Python.h>

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

const char *s;
Py_ssize_t size;

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

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

ok = PyArg ParseTuple(args, "lls", &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)",

&left, &top, &right, &bottom, &h, &v);
/* A rectangle and a point */
/* Possible Python call:
£(((0, 0), (400, 300)), (10, 10)) */
}
<

{

Py_complex c;

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

/* a complex, also providing a function name for errors */

/* Possible Python call: myfunction (1+23) */
}

2.1. L) C 5 C++ &3t Python
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2.1.8 LY RAMHXBEFSH

K% PyArg_ParseTupleAndKeywords () FHIAIF:

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

arg 5 format %5 pyArg_ParseTuple () REUTE X —3. kwdict TS 2AE N5 =A%\ Python
IBATHHE ) R B . kwlist JE S 2 DA NULL 85 B AR 5%, BN RIES: 4FNARS
5K A format WRAUE BAHILEL . WERPFTHZ), PyArg ParseTupleAndKeywords () iR [PIEAfH,
TR MR 5 | A — A0 24 1 7

f(El: B B TTATE B T SR TR AL, ANTE kwlist IR ETSHA 8 TypeError R,

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

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

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

int voltage;

const char *state = "a stiff";

const char *action = "voom";

const char *type = "Norwegian Blue";

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

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

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

Py_RETURN_NONE;

static PyMethodDef keywdarg_methods[] = {
/* The cast of the function is necessary since PyCFunction values
* only take two PyObject* parameters, and keywdarg_parrot () takes
* three.
74
{"parrot", (PyCFunction) (void(*) (void))keywdarg_parrot, METH_VARARGS | METH_
—~KEYWORDS,
"Print a lovely skit to standard output."},
{NULL, NULL, 0, NULL} /* sentinel */
bi

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

PyMODINIT_FUNC
(BHTT—H)

14 Chapter2. RERE=FTRBIKRTE



mailto:philbrick@hks.com

Extending and Embedding Python, &[] 3.11.13

(L —5)
PyInit_keywdarg (void)
{
return PyModule_Create (&keywdargmodule) ;

}

2.1.9 WEERIE

X% PyArg_ParseTuple () fRAHL, FHEHUIT:

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

A TAH, 5 PyArg_ParseTuple () A, {HE2SHUAUEEARIIETEE (AL R
B, MRS ). BRI —> Python XF 4 &1k ] C e& % 1145 Python (RS

—A~5 PyArg_ParseTuple () WAREE, JEIH P AETR B ZKR B —A~J04 (Python S R4 B2
TENTHE AR ICAl), B A& 45 HoAth Python s AS 4. Py_Buildvalue () IfARE AL ICA,
2T 1M FERFR RS A RTTA, MRS ERF R 2 WER ] None |, —ANSHUNE R 1% S
?ZEI‘JXHL%D AR ER GG A B — AN 0 BT, s & — IR, FEEEFAF S o b
55,

BI7 e, A2 Python fHER):

Py_BuildvValue ("") 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_Buildvalue (" (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))

2.1.10 SIRAHE

TE C/C++ BT, F2)7 01 17 57 8 A4 BN [l e 3 heap 4 ()N A7, #E C HL, il %L malloc () F
free () RIFEM. TE C++ HIZHAE new Fl delete RSLHUMIE LI EE .

A malloc () ECHNFEER, RAHSER free () BEEWHANGFHEE . MIHH free ) 1Y
LIRS, R DNFERET free () WS SEONFMG, XH N TEAERLF 55 R ik o vk B
. XU A Gk, TR E— N AEER free () TUAJG, BAM—FeEFFV N, 0
malloc () B X NIES SEONZE, XM F454T. S5 T0 R IG %R, core dump, 4 iR4%
T MR B

AR R AR R AR E— SR8 LA R AR T . e — AR B TNV, T2, S5
RERCNATHE . BUAE— ST R R A 16 el mT RES I X+ 5 A0 I Sl ARG I A 25 1, AR e M BR BSGR 0] T
XARZE Gy iR BRI, B R R s s A . XA NI, —EEIA, AR AR
MEDARG I, 5B H A B R A, T I L SR R B R R RE AN AR, B DA U K i
AT i R A A S ARSI . R, A B YA, AU R S R ok e/ M

KR
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Python ifiid malloc () fl free () & KM WA BCARERL, [FIFETE BEEE G A AN ET FE 6. fhik
Bkt st R R B BRI S — R, THEER B S X RS R
WE AR, U5 HIECh O, RN ROCEEAFENE LT, ST AR T .

7R B FERen. CA NGRS R S kg, T R2aX By A 30" HPAIX
P E SR B U0 2 PR T BRI free () o G — M2 il BE s A7 6]
SRR FEAME) . SRR C, WA ATRARRY B Sk s, mis] v BOu e AR R AR Y S B (L2
malloc () Ml free () PEUERIHIAY, X2 CHpMEHLRED) . WIFAEA —RK 2 MW BAERY A 3 b
Pelulie s, (HAEBCHTFRA L2055 ik TAE.

Python i I GER05 [ VHERSCIL, WBARBE TARERIGINAS . LA ING | I3RS Fofs4H O B4%
sk BIE TARERT I, RS TR — g . 5 IR AR (RTREEE) HI5IH T4
5, P AEFR AR RIS TG AR 00 SRS T HESE B [l AR 5 | B ER IR &
HCE BRI ARG, WA BCA IR LASNY S T

DGEIAS I i BEAS A I B33 ISR ER I BRI E AT go BB it 17— Azt izl fe iy 77 20 (collect ()
BRED, PARZANBCE R O MRS T I AR i 25 D fiE

Python hgg5| Rt

H W% Py_INCREF (x) fll Py_DECREF ( Mié'lﬂﬂﬁ*ﬁtﬂﬁi*m Py_DECREF () HW&TEG| it
BER 0 BPREHOT 4 ﬁTi(ﬁ AR Aﬁ%ﬂﬂﬁ free () , MWL RTARM) KA 2F %E@@%ﬂé%ﬁéi}%
Mo ATXAHB @A), AX#%FJH#@’%‘~/\?Em Q%%ﬂxﬁ%@?‘éﬁ

SN O] WEIEI i A Py_INCREF (x) Fll Py_DECREF (x) ? FRATE E5IA—Li&. WA N
B — AR5, TU\J})ﬂﬁ*AéUﬂﬂé/\XT% *AXT%E@E[I%TT@EX%?}H%%]H%E@f&io 51
WEHEAT Eﬁﬁﬂ Py_DECREF () , FE5|HIAFFER. 5IHMIA KR ARG A =Fhpgokat
BIWAMGIH: ik, 7. ﬁﬂ% Py_DECREF () ., &icAb®E — G851 H & S8

AT A 5 R — AR5 . RS AN % Py_DECREF () . 18 H & LR A RER A X 5
AR A F A B I E] . PRI AL AT S5 B A 5 2 KU m W iZSE AT RER .

A T3 B S R o R OB A e EAUMERYS I, BCE3E, a5 FARTC/RH O N AR Y
DR o i AR BBk A E'*ﬁbﬁiﬁﬁﬁﬁﬁﬁ%iﬂﬁfﬁm—fﬁ}i%f WA FALE SRR

AT A AT, il /M Py_INCREF ( AL PE 2RI ERRS. X4
WIS N, R TRalia & T (?ﬁﬂﬁﬁﬁ%ﬂfﬂ"%ﬂ’]&%é‘]ﬁ%, ?M%ZHIJE’J%‘)%%%%M%)O

AHEAN

B WRG LB IE — R BORT, SRR 1 VA% A8 E P KRB 2 R a5

K Z BeRFGR B — X 25 H, ﬁf?k.%'lﬁﬂﬁﬁﬁé? W, A A g R A,
PyLong_FromLong () #1 Py_Buildvalue () , & #IMA X ZALBIE. BMERMN R ARZEIED
Y, 1h%7ﬁﬂ%§%15°x¢%ﬂ@%ﬁ§|ﬂﬁo ﬁ/l\ifﬁﬂ% PyLong_FromLong () 4P 7 —MNRATEZEL, Il
DA ] 2 G2 4730 H 85 1

WL — DR ERBOT R EE, WaEids X R, Bl PyObject_GetAttrString() . X
B A IEW, — 2R K GRS 2 B 4MY) PyTuple_GetItem() , PyList_GetItem() ,
PyDict_GetItem() , PyDict_GetItemString () #R2REIMITAL. FF%. FHEAEHPKGIH

PRI PyImport_AddModule () HZRIMMEMIAYSTIA, WP AT RE Sk o GG X4 XAl RER S —A>
WA BT RRAHTE sys . modules LI

AL B — X R B 7 — A R A, R RECR R B A . WERFZAAE, ST py_INCREF ()
AR M A . XA A A EZE R FISL: PyTuple_SetItem() Ml PyList_SetItem() .
XL PRI Z AL BRI B T KR, WS KR! (R PyDict_SetItem() KRB &R H X
#, fifil2” IEFEH).

2ARE ST A AR IENN: WAZURAET KL
SRR HHECE S VBT, ST ST DAL C AR R, A T AR A 5 T«

16 Chapter 2. RERFE=ATREIRRE



Extending and Embedding Python, &[] 3.11.13

YA~ C R Python P FIIF, 2 TR I 7 R USRS G IH - T EIAXTR IS, B eAE A
85 | 2 i T DAPRAUE B R SR 1] o B 05 5 75 B sl s v, il R A 15 L

WL JEH Py_INCREF ()
Python ¥ F M C sREGR [ AIXT 55 | I BF A AUEI0 A 15 | -3 & R R EUE S 458 H &

fERSagE K

AOEEO T, ST HERETTE, (BAI RSB, X2 H oy R =R, T ae
SEEGI NI FELEX AT .

B AR ER TR Z M A py_DECREF () B|—MIERXMER, MXMXRI5 MM E—151%
TR . 2B

void

bug (PyObject *1list)

{

PyObject *item = PyList_GetItem(list, 0);

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

XA RECE BB —AGH 1ist [0, A58 1ist 1] M 0, HJEFTEERMGIH. BRELE
Il HAAZ.

IEFRATIRFEIERIRAIEA PyList_setItem () . FIRIAN KA RHMTIA, FIYEE 1| PO,
EMMEFTEIRZH 1o BAEFRNEOREIG R H 12— e SCER L], FHat— P R 2eE LT
—A_del O Jike WEPRRKIEEHIRGIHIECN 1, MAZFFERFRHE __del () ik

HI T2 Python 451, NIk __del () Jrikwl ASRATAEE Python fUi%. B2 AT AR bug ()
Xf item BYGIHIRZINE? MRTTA! BUERL A bug O MIFIERFATARE __del () JAVIH, ERATPAIR
Fr—2RIER) LI del 1ist [0] MIRCR, BUEXRAIZMNRINERE—RKGIH, BRSPS 2R
WAE, MM item KA

fRERITIAR, BMARALE TR, SRS 17 IS TR IER AR Y R AR AT

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

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

K NEEHER .. —MEIRAS ) Python B 240 & IV B AL IE R, A ATE CiE 5 iR es h b 2k
TRENE, AFEHEN A del () FESEM - -

DA B 28 R DL RS B9 5 | 3 MR ARRY AR, il E, Python fRRERS L ZANKARTLIETEAT HHY
B, FNAE 2R Python BN 4450, (HR] A % Py_BEGIN_ALLOW_THREADS Il
BRI AN, FHREUETH Py_END_ALLOW_THREADS . il 5 [ Z8(EfH 2E VO JH A 4b, (5 HAh 4k
FERTPATESS £ VO R FHACPRSS . 28K, AR B S BR 2 BN —FRAY A

void

bug (PyObject *1list)

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

(BT —E)
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(L —5)
Py_END_ALLOW_THREADS
PyObject_Print (item, stdout, 0); /* BUG! */

NULL 5%t

W, X5 MRS EH RO Ar BARE 45 E 1] NULL 3541, FF HU AR RSO S AL (2K
TELAE S BOZ 068 ) o R IR | 164 o B0 7 A28 I A8 1 S i AR 1] NULL., A NULL
SR I AT X8 R R 28 8 SR E AT T MO X G A8 25 A bR A - AR i BRI NULL, 5
SEOCE I TUARARI M A U T 18

HIFRIMEARAAGE “PEL" EARIN NULL, RIFERE]—SalRES NULL B85, AR A malloc () B{
e NI HES | 57 Y R AR IR A

Py_INCREF () fll Py_DECREF () &2 RS NULL $84 — Hi2, B4 Fh Py _XINCREF ()
Py_XDECREF () W& .

FAT AR A 4 K 2 (Pytype_Check ()) K&K NULL $541 -— FAEHL, A ARHD & &80
FCEE A M SR A R LR R B Y —, B2 A RIUARIIIR . RAFLENAT NUTL &
e

C KRR AL 2 RUEL 45 C BB S ARl args) A& NULL - S2br BB SRR
B h—ed

LA RS NULL 4547 “WtEE” 45 Python F PR /g AN ™ ERI4R 1R

21.11 £ C++ b REY R

BT ATE C+ gn G i, FURASEME. AR 427 (Python M) 2 C G ke Al
HEER, RSN R E SN BE BT . AR Ct SR E R SR AL A X . AL
2x9 Python fRREASA ) GE A AU KD Al extern "C" o Tl @{57E extern "C"
{...} B4 Python KICPFNIAZIB AT L, PUAUIARE X TAFS __cplusplus ME 42X 4]
BT A B Crt it e i SOXAF5)

2.1.12 ¥ FRIERIR{E C API

REY REGURAE T8 s BN Python fiH] , HA I FEALE FLAY AU AR ] DA A S AR I fil

o B, —AN R PASE ] — > 25 B collection” 7L 3K 2 1% A HFF 1Y . 55 J2 Python 41| 287 |

gﬁ é AP ALV RAHCR BT AES 512, XSGR DAA — Mk C s8I0 T4 Hoth g Atk
B

TR EAAR G AT EHE R CofR A static), SRAUAHRSLICHE, AR CAPTHYSCRY. 5K
b _FAEITA 3 RS /& A B 3 Python MRS IS UL PTDAIE R AR . M4BTI GRS, —
AR AR RS E SO 75— BRI L. AT LTS R TR R GE, — L8R GEH Python ARREAR (]
xJryfin 4% 25 (8] (B0 Windows), A LEMFERERE N 75 20— AN I 2 B AT SR (— 12 ALX), 2K
B PRPERTERA A (A Unix 2851, BVERATS24 Rl LAY, VREER F ARt T B i R 2

A RSAE LT B REXIAT 5 AT WA AT R . X TEWRIE Y R L I A S PR static
B TR RI AR LR A, SR S A AR Y dir 4 vh R (FEBE AR 7y R R A s 1L A TR
REWERTS 1% 24 U I HA T 1 07 2R A Y A 1) o

Python $i it T —NREABIALEN R A — 9 AR ) 75 — 9 i A2 1% C 2 (5 B (F6%1): Capsule.
—~ Capsule & — Ml T4 (void*) i Python ¥#i3eZ. Capsule HAEiH L H: C APL R BIEAI;
), AHEANTA DABAT AT Hopth Python Xt 52— RERteh . i, EATAT ABIRIELS P R i 44 23 8] Hh Y
— AR HALY AR AT DA AGK AR, RIBUZ A FRXT I AIME, 28)5 A\ Capsule RIS -

S MIRMEA IHA KU T 205E 0, S RIER T, R IKIATEE TR Z AR .
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Capsule i DA Z Fi 505 C APL 5 LI . 44~ 8UT DA F © /Y Capsule, 5(3 fr 7 C APL 454t
W AR — AR B, Bk PR A1 45 Capsule. FEAERIZRBURET AT A Z RO 2, % Pt
(R

TR AN T3k, AR Capsule 45 1 24 (9 4 PR L 22, AL PyCapsule New () %4
name JEZ (const char*); FRFRIEA—A NULL AERAFR, (EIATIRZHER RS E 4 AR LR LAy
# 1 Capsule $241 T — € RIZATIN AL s A AIATHY 7 URE X >R Ay 44 19 Capsule.,

WAL, Capsule T 2§ C APL, HA 7 W iZs i 4~ HLie -

[modulename.attributename }

A REL PyCapsule_Import () AIPAKHFZE AGE LT Capsule ${iLf#) C API, {UfE Capsule {144 F-VLRQ
e XAMT A C AP PR T i BE ARG Hf 2 TSk 2 A IE ARG C APL

N BT R TR R TUH R 4 T AR S B A B 3, X T R EROR U 2 B
W EXRKETA CAPLISE (TEX BT HIAG—A) R —A> void fREHEA, e —1
Capsule [{fEL. RTINS R I SKSCPEFR AL T — A2 R B ABARAIIRECH: C APT$55F; 20 P i
3 ZAEVT ) C APT Z JE X A2 BT

SR X — 18 i 8 ) TR spam RELAIE L. HEEL spam. system () HAEIEIHA C FEERHL
system (), M2 —1HEE PySpam_System (), XA~ RELE UL A Y IR S — L &5 21 F1%
(HANERR S A aN N “sapm”™) . %K% PySpam_System () 4 S H ALY R,

PREL PySpam_System () &4l C pREL, RHAMRE—FERIA A static:
static int

PySpam_System (const char *command)

{

return system(command) ;

}

PR spam_system () C4ANF R Bk

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

const char *command;
int sts;

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

sts = PySpam_System (command) ;

return PyLong_FromLong(sts);

}

FEBHRIT K, FE AT

[#include <Python.h> }
I SN mA T

#define SPAM_MODULE

#include "spammodule.h"

#define HFHAEL IR LA S A FIMAVEIEE, MAZE i, 52, BRI R Bb i
DiHIEAAL C APT 45544

PyMODINIT_FUNC
PyInit_spam(wvoid)
{

PyObject *m;
static void *PySpam_API[PySpam_ API_pointers];

(HERET—TD
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(B —1)
PyObject *c_api_object;

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

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

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

if (PyModule_ AddObject(m, " C API", c_api_object) < 0) {
Py_XDECREF (c_api_object);
Py_DECREF (m) ;
return NULL;

return m;

1A PySpam_API g static; HIMFEEIELHATE PyInit_spam () AEERE KR!
Sk spammodule . h B —HETAE, FHifEERWMTIR:

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

#endif

/* Header file for spammodule */

/* C API functions */

#define PySpam_System NUM 0

#define PySpam_System RETURN int

#define PySpam_System PROTO (const char *command)

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

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

static PySpam_System RETURN PySpam_System PySpam_System PROTO;

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

static void **PySpam_ API;

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

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

static int

import_spam(void)

{

(HERET—TD
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(L —5)
PySpam_API = (void **)PyCapsule_Import ("spam._ C_API", 0);
return (PySpam API != NULL) 2 0 : -1;
s
#endif

#ifdef __ cplusplus
}
#endif

#endif /* !defined (Py_SPAMMODULE_H) */

% P B AR S U7 1) pRAY Py Spam_System () BT @b U SR S 7E A Ak R b R eR A (SR
FR%) 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;

}

BURP A B, SO spammodule. h M FAIAY. SR, AP EMMEH, HAL RN
1, BN FE

I R SRR 1Y 2 Capsule $2 {1 TSN DIRE, T F7f#AE Capsule HL R 4541 HY W AE 2 FCABEC. 4
95 2:% Python/C APl Z:3% F- I Z& 5 capsules £ Capsule 1323 (FF Python V5% & 47K Include/
pycapsule.h fil Objects/pycapsule.c).

[F#e
22 HENT REE: #Hi=

Python 72145 C § AL E LRI AM Python fURSH #RINAHT AT, ARG N ERY str Al List HAL,
P SR AR ERREOG — N, HRAERTT IR AT, R T Leany . X XX 4~
B4

2.2.1 Kl

CPython iBfTIS 2K T A Python X REMLA Pyobiect » A, X2 A Python MR “ELfii2
37, pyobject ZEMMA L A EXI R Wreference count HFRIMRE “FRIR LR WTEE . X2 EhERT
FEXFE H AR . RIS G b fRREAS SR I RLE (O) el B, fltn, FEXrR EAR— |k, WAk,
W E 5 DM GANFSE . X2 C BRBRAR N “REITK”.

LA, ASRARAR B SO I, i AR AN &R

ﬁﬁ%%ﬂﬁ%pk%?ﬁ%%ﬁ e — M MESERRIER, EXE C P REH custom FE L T4
#°4 Custom HIHE
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M) X HURIRIG R S static I TR BUL G k. WILAE & RH S k. C APLHLTT DU UAEHE
AR AL, i PyType FromSpec () BR&L, {EALEARATTHIHE.

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

typedef struct {

PyObject_HEAD

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

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

bi

static PyModuleDef custommodule = {
PyModuleDef HEAD_INIT,

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

bi

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

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

Py_INCREF (&CustomType) ;

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

return m;

XA PR, X2 R TEEJ:*%@EXUL%JZD AN S LT =
1. —fCustom MRUFHAEVT: X2 CustomObject G5k, B< HE Custom L HE—IK .

2. Custom RMIITH: X & CustomType L5, B T — A HEFR AT o8 AU FE £ L R RESS 72 U 2]
R B R SR A TG 2

3. W s custom Al X2 PyInit_custom EREZHITI Y custommodule SEH4,
iR —U2

typedef struct {
PyObject_HEAD
(M T—F)
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(L —5)
L} CustomObject;

A A E SRS E NS . PyObject _HEAD J& 5 il BESRBTE R R R G500 1R 2 Rl I 7 XL
—A44°h ob_base ] PyObject KRB FEr, Hi & — g BIXT L MG T BIR et (XPE
Al PAS BIE A %2 Py _TYPE Ml Py_REFCNT 3K IX4) ). il Z2 (A3 A2 R Rl 52 ok A PR g il
e B2 B

ffill): FEREAEL PyObject HEAD JEHA S . BAMNRINGS & 58U b S

IR, KGR THE PyObject _HEAD fEg#ash, A RINIE: Flan, W& X T ARIER) Python 77 15,
EY8

typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObject;

B AL IR B E S

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

bi

fEl: O L CO9 KRNI, VARSI FTA 1 PyTypeObject FBt, HAREZREARH
T, IAE AT DAE G KT BU E W -

75 object . n ik LI PyTypeobiect FAT MM bt LH 1Y FEL. BIAMNT Bl C Higa
BRI, WHOHE R BN S, BRI R

e —akn, BRI

[PyVarObject_HEAD_INIT(NULL, 0) J

AT H AR, AR A EFEEI ) ob_base FBL:

[.tp_name = "custom.Custom", J

FMIPFEBAY AR R BAEFRATHI N R BN SCAR TR T A e D B, Bl

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

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

RTINS S 2R, B R A FERE A PRI () R B Fr . B REE custom
MAEAE Custom, HMIRATFRBAFRIE N custom. Custom, i ] EIEFHT S5 B9 A B ARl
RIZEALE pydoc fil pickle BIHRFEHA RRE LN .

.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = O,
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XFEAELE Python JIE 4 BIHIHTHY Custom LRI FHEAMLL DNTF. tp_itemsize [UHT AR/
X GRMAE HAMAE DL AR A -

Wi A0S 07 S04 56T T £ Python of 1561k, 3 FL4R 19 26 7802 (1) 3 5 0B A7 IR 1)
tp basicsize, WSAMT ESMEIZ RAGKITEL. fRiIZAG Python thif) FRUAHEH  bases
R RSB BT, 75 AR AR08 new__ () 7 pkmdds &tk . JRAT DU (A0
TR AR tp_basicsize (RMGRA T LEKZMIE, SHRTANY, HH%
ZIRESEIR object , BANRHAIRAGELTAIEDRRE, TR,

A TEEFR% A Py_TPFLAGS_DEFAULT,

[.tpfflags = Py_TPFLAGS_DEFAULT, }

BT BRI M AE E TR AR B IE ML . % R e 1 22407 Python 3.3 2 Bl AR08 . Anl
RARTTEHE B, VR ZOWA R AR JEAT OR 1557

AT tp_doc KRAURME— SR FAFER.

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

TR G, FATDARAE—A tp_new ALPEE: . XM T Python 773k __new__ (), {HAAJIR I
MR . FEXFFOLT, FATATLAMI APL %L PyType_GenericNew () FrRffEAUEIASCHL.

[.tp_new = PyType_GenericNew, }

7 PyInit_custom() FFHEELEACAELASE, SOPFErb i At Y 2 B ATAR 75 2 B A

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

FFRIIRIE Custom A, Sy— S8 UFFEIE BN, EIERATAEVILGI B4 NULL /Y ob_type.

Py_INCREF (&CustomType) ;

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

}

DRI E B drp . ARRATHE RS 1] Custom FERAIH Custom SLHI:

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

G N REMA R A IR T R LR UREIE 4 custom. ¢ BSCFHARE:

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

TE45 0 setup.py WISCPEAS SRIGHIA

[$ python setup.py build }

| shell W17 4 & 7F —AN1-H 7242 S0 custom. so; #EA% H 3R 1547 Python - {457 24 BEAS AT
import custom FH22i{#i ] Custom %4 .

RXFFAHE, Ffub?
BN, HETH A E SRR OB BB R, AT BRI
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#i[E):  While this documentation showcases the standard distutils module for building C extensions, it is
recommended in real-world use cases to use the newer and better-maintained setuptools library. Documentation
on how to do this is out of scope for this document and can be found in the Python Packaging User’s Guide.

2.2.2 EEARGIRMBIEFT E

LEFAT T I 5 I — S ER AN R X AN AR Bl LR FAT A AT DA B . FRAT IR R
B AHBER custom2 SRUX LI FE:

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

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

} CustomObject;

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

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, *tmp;

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

€ & A}
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(R L —5)

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;

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

bi

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

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

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

bi

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

bi

(BT —H)
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(L —5)
static PyModuleDef custommodule = {
PyModuleDef_ HEAD_INIT,

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

bi

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

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

Py_INCREF (&CustomType) ;

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

}

return m;

t

BRI 5 22 A
HMIE LA mg— T A

[#include <structmember.h>

AR AT AL BB AR R, IR AN TR 5 i i -

PAE Custom 25U C L5k il = EaREM:, first. last Fl number, FH first Fl last 25 B 21 27 44 F
FIiE: [CHY) Python “EAFER o number JgE 12— C B4,

Xt R (R A5 R R RS B

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

} CustomObject;

ﬁﬂfmﬁﬁff]ﬁﬁ%?ﬁgﬁﬁﬂ, FATATE /IO HAE TR G BRI 20, BATFHEA— R
WOk

static void
Custom_dealloc (CustomObject *self)
{

Py_XDECREF (self->first);

Py_XDECREF (self->last);

Py_TYPE (self) —>tp_free ((PyObject *) self);
I3

EWIRIES te_dealloc fi:

[.tp_dealloc = (destructor) Custom_dealloc, J
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W ¥ES S iE 2S5 WA Python JEMERIS | FTT4L. Py_XDECREF () A DAIEHFALBESHCA NULL f9fF 0L (GX AT
AEFE tp_new FRKRIGI KA ) . BfE EXFUE X R 2EBUK) tp_free bt (#id Py_TYPE (self) i1&
53)) REEBOTRM N HEEXMN SRR DAIAZ CustomType, FAXTRATBEE A>T 2RAYSEH

i E): b %R 4 destructor E B AT E LT Custom_dealloc 2% — A
CustomObject * 4k, {H tp_dealloc FREIREI T ESZ— 1 PyObject * 4., MR ANXFE
M, ik L. X2 C S P mxXRIm 285!

FAA B — DR — DA PRI =S AR, TR T —4 to_new SCBL:

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;
}

IHAE tp_new A HLHE:

[.tpinew = Custom_new, }

tp_new ALFRER 7 EOIE (M ARWIIAIL) ZEBXT4 . BAE Python M REE N _ new () k.
BEAEEE Y tp_new 5, b B2 REMSRE FM TN PyType_GenericNew (), 4
Custom RHHYEFE—ANRAFTMAIBEE . ERE T, 1A tp_new AHZRY first Ml last J&
HWAIUEAE R TE NULL A9 BRI .

tp_new ¥FEZHLFIMLAIHRE (RNER N CustomType, QRBELHILAI R —AT2) PAKFEZLH
EH G AT S50, FHEFR E A A L F] . tp_new ACFEESERREZ A B LB TFSH, H
AR ES AR S, THSEUIE AL (B C HfY tp_init B( Python ) __init B
) HERIAT.

fiE: tp_new RN RAMIM to_init, FAMRERSBTRNE.

tp_new SLIMAVHA] tp_alloc MALEHL N

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

HI T AR BT RE S 2RI, AT ARE AR AT Z A AL tp_alloc ZPRMHIAHA N NULL,

fHilEl: FAIBA BATHIE tp_alloc Mifi. MM PyType_Ready () MBid MIRATHIERYR A A
HvE, HAEOAH object. KA ISAUHN T B BRI 23 FHC SR -

i) AUREZEIE— M MER tp_new (BT tp_new B __new__ (), AN FALTE
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ABAT ARG 7 YR AT I b SR B T 0k . S R TS R E VR R T R 262, I B
BN tp_new, BZilid type->tp base->tp new. WIRFAXFEM, IRIGELLFEFELER 5 HE
H1 Python 72 X (281 Python TR A BETCIAIE R TAE. CHRARHIUE, R0] BE TG BHX R 1 I 5L i i

2451k TypeError, )

FATIEE LT — MRS HR N FAN 85 BT IR (W) 45 1 R

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

if (!PyArg ParseTupleAndKeywords (args, kwds, "|00i", kwlist,
&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;

}

WL tp_init fH{7.

[.tpiinit = (initproc) Custom_init,

tp_init F{ZfE Python HEFE N _ init_ () F¥E. EHHRAEREXN S GRS oItk . wItA1k
PR BRI E N TSR, AT S E R ] 0 TR AR ] -1,

ANETF tp_new £bPRZR, tp_init ARIE—ESPREA @I, FEEAHER T pickle MRS TER MR
BB B __init_ (). BIRWRERZRKIHM . LT ABSAT AZEFRATRORT 4 FJEAH __init_ ()
k. W, FeATHE A B E LR AN . B FESS £irst B GRA:

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

}

HR2IX A RE A fakr . FRATWEBA RG] first MUIAMEAL, FIE A DARAEIFIZRATNS . B PA
WA DS PATRTT N first ARG sG] BEaREIE & A i 35 4 LT
AU TE R M ZAE st ok s M AE AT TR X 52

N T RFFETIT FFA TR X AT fEE, FATLP B ZAE A A5 VB A4 B AT E IR
A HEFATRT AAS 6 P AR ?

o AFRATIAHAITES A TFEOCT 1 R9IHE;
o HIAVAEX SR WA SRERLGIL A 2 G BULATR B SEZLA) FURD 1 1 9 4 b
DA R SR T AT QR R RO A
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o« b4 tp_dealloc ALIE%%V\]T:U#?EETHQ‘(@WE’J*EAE’J%lﬂﬁfréﬁléﬁﬁﬂﬁz

FATAT BEL AR R AT L0018 B N JE Ak . A LAy s URT DA X — e e 5 O 5 o SURL B Y
Hﬂ)(‘

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

bi

FREE SO E S tp_members A7 H:

[.tp_members = Custom_members, }

BRI SCEA R AR 2R, . DR RSORY A8 . IS N2 A & b8 72 /N
73k TfRES . section below for details.

BEO7 A Bs 2 — R TR SRR T W %5 Python JRIERIXT RE Ipik. FA T first Al last 1
AT, HENT AT ABIRIE A AE 7 Python X 4. 1Ak, X8R IEIL R AR, I3 C fadhix
9 NULLo RIGEFRATAT DAGRIEX 28 1 A BewI it NULL {f, A0SR 28 Ja M g i 28 180 A Tl i Ay

NULL.
A1 ST — AP ¥, Custom.name (), BEREAGA PR A first 71 last (HFHE

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);

T ¥EARSEBLE g — 552 Custom (8:class:/Custom F-38) SEFIVENH— NS5 C B Hik
RBEZ—NEOERNE DS TR REZ AL E R SR, ARG PRI R EZ S
BT E 2 A E SOt H S A SR . 7S M T PAT Python J7::

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

THEREA LA first Ml last W GUZE ATAESY NULL, X2 R A ENTR DARINER, 7EIE LN E
211%%&1‘&]4%3 NI'J;LO S AR B L 533 28 o P 5 R PR (ELBR oA 77 s . FRATTRAE T 47 1/
M) X — 4

BAERANTE G S0 T I7ik, BATHEA 7 ik SCRE:

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

bi

AR ERATHE tp_dealloc AFAFH X —HLE], FIRHFRATNHBUAR SRR DK
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(W TATM T METH_NOARGS HERF 4G HI %0 A M 45 22 1% self WASMIATAT 255
HIFHIREZS tp_methods fl{i:

[.tp_methods = Custom_methods, J

g, ATRHEEFATH B W HAEIRAE TR0 R, AT OB SIATH B AME BT S AR
FE R XS SR, B ATRATT 7R B 2 K Py_TPFLAGS_BASETYPE ¥ 2 AT 28 AR
XA

[.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE, }

AT PyInit_custom() EAFL N PyInit_custom? (), B3 PyModuleDef 4514 i ikt 24
PR, FFHEH PyTypeObject Gt PRYSEREALA

e, FATEHIANN setup. py SCARA SRR

from distutils.core import setup, Extension

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

1)

2.2.3 R THIBREMERA S

A, TR Custom RBIH £irst Ml last HFER BT SRR E . 130 —RUARR
B, ScflAERt £irst Fl last AT DABBON AR ARER (AL S p0MIG . ol 175 A Ik R M A 4 £
=re

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

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

} CustomObject;

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

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

CustomObject *self;

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

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

Py_DECREF (self);
return NULL;
}
self->last = PyUnicode_FromString("");

€ & A}
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(R L —5)

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, *tmp;

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

return -1;

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

}

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

}

return 0O;

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

bi

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

Py_INCREF (self->first);

return self->first;

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

return -1;

(BT —H)
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(R L —5)

tmp = self->first;
Py_INCREF (value) ;
self->first = value;
Py_DECREF (tmp) ;
return O;

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

Py_INCREF (self->last);

return self->last;

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

static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT (NULL, 0)

.tp_name = "custom3.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
(BHET—H)
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(B E—H)
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_new = Custom_new,

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

.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,
bi

static PyModuleDef custommodule = {
PyModuleDef HEAD_INIT,

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

bi

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

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

Py_INCREF (&CustomType) ;

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

return m;

J

N TR £irst A1 last J@ME, FATRHON A2 SCYIERER RIS EAR AL LA R0 TS0
BE first JEMEARAL

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;

(BT —5)
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Py_INCREF (value) ;
self->first = value;
Py_DECREF (tmp) ;
return 0O;

}

(R L —5)

PEHES R AR 2 — A Custom WRAN—A “MI”, J5& e — a5t AGT, %A afgang. (M
BLSERPRS 8 A 1 20 BRI AU B B BN IR . BN, AT A ok Ao v — ZH IR A I B 2 bR

ORI P E0 P ) B e e s B S B Y S )

BCE AR Z A Custom MR BH{EAMM L. F{EAAE NULL, FERXAE oL T EIER go R . 7E

M E b, WRE MR ECE MR HB A R AR I &5 K — M k.
AN —A PyGetSetDef L5 IAIELH:

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

HHE tp_getset A HEME:

[.tpfgetset = Custom_getsetters,

)

TE PyGetSetDef G5 K ifa—W2 FIdesm <P, EARGIS, FANAEHAE, HIEA
HA& A NULL,
FATEF R T X L8 @ PR B 5
static PyMemberDef Custom_members|[] = {
{"number", T_INT, offsetof (CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */
bi
WATATHEZNRF tp_init AFREREHN KA G AT
static int
Custom_init (CustomObject *self, PyObject *args, PyObject *kwds)
{
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL, *tmp;
if (!PyArg_ParseTupleAndKeywords (args, kwds, "|[UUi", kwlist,
sfirst, &last,
&self->number))
return -1;
if (first) |
tmp = self->first;
Py_INCREF (first);
self->first = first;
Py_DECREF (tmp) ;
}
if (last) {
AT —ED)

> BRAEFR ATV NG first A last GAERR FATER , PUHASRATAT OB A ENTHE RTHBOR RN, (B2, FATE 32545
TRIGEB]. B EERECE I8 T R A XAV QT Ff IE A BERERE A — T4 53 1 J SE B AN X FATHIXT G

ATl
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(L —5)
tmp = self->last;
Py_INCREF (last);
self->last = last;
Py_DECREF (tmp) ;
}
return 0;

}

WX LW, FRATRESHIR first Ml last Wb —@EAN N NULL AERATRELE LT A 1 00 R B %:
NULL {H## . IXEMRFE KHRS Py_XDECREF () W &RV DARFEHh Py_DECREF () JHH . FA1AGE
WX S A ME— 37 & 2 AE tp_dealloc SEELH, AR HLXSE AL B I LA AT AT BETE tp_new RN,
BAVEE A T WA 6 Ak R B 9] iR Ak sR B A B A FR, AR FRATT 2 B BT — 4, FRATTEE 1)
setup.py XTI T — 8N E Lo

2.2.4 ZTHEIALIR B

Python ELA— 1] DAFRAR A FEFR B IR S B 46 30 5 3Dl 2 (GO) BMEE TR 8 FHEOE R A E . X Fh
THOLSTEN RPAERT | I KA. N, At

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

TEXABIFH, FRATAIE T - MEEHE BWEE. LIRMMEREEHE, B8R A ok E HA
SW5IH. ERgIHTEOFRE NS . FiE2E, Python WIIEIABIIR A R e 4 KI5 R TTH B
BT REE -

1E Custom /RBIIEE —AA T, AT ARVHEERBP N RS first B last B AL, 75
RIS = ANRA T, RATE AL T-2H40 custom, I HTFRAPURIMERZEME. & T XA EE
fEAA]—A~, Custom XFGENAT A ASERR -

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

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

LAF—DMIMAGIHEHR Custom SLHIRERIER GC IR, FAIH Custom RAFEIF
PN NI (2SI — AR o X Ll o -

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

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

} CustomObject;

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

Py _VISIT(self->first);

Py _VISIT (self->last);

return 0;

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

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, *tmp;

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

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

}

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

(BT —H)
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(R L —5)

}

return O;

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

bi

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

Py_INCREF (self->first);

return self->first;

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

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

Py_INCREF (self->last);

return self->last;

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

static PyGetSetDef Custom_getsetters[] = {

(BT —H)
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bi

(R L —5)

{"first", (getter) Custom_getfirst, (setter) Custom_setfirst,
"first name", NULL},
{"last", (getter) Custom_getlast, (setter) Custom_setlast,

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

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

{

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

I3

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

bi

static PyTypeObject CustomType = {
)

PyVarObject_ HEAD_INIT (NULL, O

.tp_name = "customé4.Custom",

.tp_doc = PyDoc_STR("Custom objects"),

.tp_basicsize = sizeof (CustomObject),

.tp_itemsize = 0,

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

.tp_init = (initproc) Custom_init,

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

.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,

bi
static PyModuleDef custommodule = {
PyModuleDef_ HEAD_INIT,
.m_name = "custom4",
.m_doc = "Example module that creates an extension type.",
.m_size = -1,
bi

PyMODINIT_FUNC
PyInit_custom4 (void)

{

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

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

Py_INCREF (&CustomType) ;

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

(BT —H)

22. HEMT REE: #iE 39




Extending and Embedding Python, [ 3.11.13
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return m;

}

5, WAL GC HIERES 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) {
vret = visit (self->last, arg);
if (vret != 0)
return vret;
I3

return 0;

}

J

ST AT AT ATE R T 04, FRATESFEEVI A visit () KA, BaWEBERT . visit ()
@Wz‘éﬁg%ﬁ%%ﬂ%@éﬁﬁ)ﬁ TEREINSE arg fENESE. BRIl AFEH A AERE R PR
EEREESQIE

Python 244t 7 —/0] B 2 P8 A visit BELHY Py_VISIT() . il Py_vISIT (), FRATA PAf/ME
Custom_traverse R T/ERE:

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

Py_VISIT (self->first);

Py_VISIT (self->last);

return O;

f#ilE): tp_traverse SLELLAUK HBEMER 4% R visit Tl arg AEA Py_VISIT ().

B, BAIH BRI IR RIE AL AT ] PAS AR TR AR

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

}

TR Py_CLEAR () WM. T2 iH AT =38 i Bds @ v D Hos | A B R B e 45
Ko WRAVREEPEAERF @R NULL 2 [6)7E )@t B A Py_XDECREF (), WJEMaItriaess vl GE< vl
PG B P A (A & SR AELE S | AR FR %) o

) ARATPAE R DA SR Py_CLEAR () :

PyObject *tmp;
tmp = self->first;
(T —F)
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(B E—H)
self->first = NULL;
Py_XDECREF (tmp) ;

Joie WA, FE M JE M B 4G 28 B ] Nevertheless, it is much easier and less error-prone to always use
Py_CLEAR () #@ B G HEAS . EAZ 2 DAV A iU Mk

BEEs Custom_dealloc FIRESTEIG BRIBMERHE AT RIS . XEMETGER GC 1] DATE A EL P 9k it
K. BT GC G| HitEcer AE, FAFEHELFA pyobject_GC_UnTrack () Fil: GC 2 11iB B
M EAXTS . THEFMHH pyobject _GC_UnTrack () il Custom_clear HHiSCIAIREILAY:

static void
Custom_dealloc (CustomObject *self)
{

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

}

o), AR Py_TPFLAGS_HAVE_GC AR INE| SR

[.tpiflags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC, J

REEEAZ T WRINMS T HE XN tp_alloc B tp_free JbBd:, WIATFT ZEXIIEIABIIK
BSORIEECE . K28 AT A SR LA RS

225 FRMLHMAE

B EYRA: B I B 2R ARG AT RER . A5 IBE S N BB AR PR3 R DA 8 b fef )
B &N PyTypeObject . TEAN[EP EFHL 2 B IL XL Py TypeObject G5 AR NI A XERT o

TEARBI AT C R H N E 1ist 20 subList B8, XAHRAG AT %, H
FHAA —AESMY) increment () ik T3 P ER AR RO -

>>> 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->statet++;
return PyLong_FromLong (self->state);

HERET—TD
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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 = {
PyVarObject_ HEAD_INIT (NULL, O)
.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;

Py_INCREF (&SubListType) ;

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

return m;

(R L —5)

IR L, A S Z B L Y custom amBIAER AR, FATRFE—HrE N2 1Y 32 2 X5 .

typedef struct {
PyListObject list;
int state;

} SubListObject;
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URAE RTINS G 1) F2 B2 S AE TR X R R AR S — M. FZALG O B 5 R i Ik
57 PyObject_HEAD () .

24—~ Python X} 4 /& subList B SE BN, B PyObject * $§ 1 W] DA#E 42 4% Hb 53 ] % 4t
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;

}

AT DAFE L1 7 B Aar B8 A A s B A dndt () ¥k

XMEATE G H A HE X tp_new fll tp_dealloc BRI BIFREE . tp_new AFEERAN HEAG
tp_alloc WXL LR BCNTE, M2TEREISEIHM HCW tp_new KA E.

PyTypeObject ¥ ;] tp_base f8E XML I, B THE TG %154 18, K I0VE X
PyList_Type 5| R BIEEFZTB BN 24 b IS ERH) 4h 4k bR K0t 5 Al

PyMODINIT_FUNC

PyInit_sublist (void)
{

PyObject* m;

SubListType.tp_base = &PyList_Type;

if (PyType_Ready (&SubListType) < 0)
return NULL;

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

Py_INCREF (&SubListType) ;

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

}

return m;

}

EHH PyType Ready () ZHil, REGEMELFE LRI tp_base fifii. BIRATMNIA IR 1,
TBATER tp_alloc fl{IH TN PyType_GenericNew () -- 2 H A 4 le R ECRF S 4k K

{EAR2LIR, M PyType_Ready () HH§JZURT IR IIEIHIY P )1 5 5AHY Custom RPHE—FRE .
F#
23 ELY REE: EFREAE

AEY AR R — AR IT DASE B SRy vk B T RERY AT R 4
X2 CHM pyTypeObject WYL, A 7T HIEHER 7B

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

(BT —15)

23. BN REE: ESXEH 43




Extending and Embedding Python, [ 3.11.13

(R L —5)

Py_ssize_t tp_basicsize, tp_itemsize; /* For allocation */
/* Methods to implement standard operations */

destructor tp_dealloc;

Py_ssize_t tp_vectorcall offset;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

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

reprfunc tp_repr;

/* Method suites for standard classes */

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

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

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

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

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

const char *tp_doc; /* Documentation string */

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

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

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

/* weak reference enabler */
Py _ssize_t tp_weaklistoffset;

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

/* Attribute descriptor and subclassing stuff */

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;

(BT —H)
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(B —1)
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;

} PyTypeObject;

XHA R 2 Ik HEAZRIL, WRAREE AR, @5 AT ER I,

IEARIE RN, FATIEZ 22— GRS R A B o PR AR 7 S SR i 7 BLi e
JI AFRATTAS SR AT THE S5 40 1k B LRI DR 8 R A S R B — S IR E 7B 6 71,
IR A 238 AR T S o

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

J

KM T - E-EREEN, SHIERZHTT, JLT-EEE N TEWHR . 2l M T,
X WARA B -

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

J

e

FE AR TIAE B XA R H R M RCL P NAF. Python Jy T AIAE K ERIS5H (AT

TAFER, oudl) AYENESHE, X2 tr_itemsize FEATEM A . XIS R .

[const char *tp_doc;

)

X HARTTABCE— B 478 (B ERgHL) . 24 RIEAE Python IR obj . __doc_ WHE[RIIXBLIC
(EEZNLER
BAERANIRF — T EEALRT A - RE B IEBURF LB T3k

2.3.1 KEHNANEFR

[destructor tp_dealloc;

44
Sy

WRBSEHI 5| T8 > 4% 5 H. Python EREGRARZI MR, R MR AL ARARI R AN,

AF AT BERE B EAA T AR B, AR W] ASE B B PR A Bt FR A I R DA 2 B R R 7

1Lk

static void
newdatatype_dealloc (newdatatypeobject *obj)

{

}

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

UNSRARAY I SRR e, AL g B2 24 A BT 8 R B Z Wi ] PyObject _GC_UnTrack ():
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static void

newdatatype_dealloc (newdatatypeobject *obj)

{
PyObject_GC_UnTrack (obj) ;
Py_CLEAR (obj->other_obj);

Py_TYPE (obj)—>tp_free ((PyObject *)obj);
I3

— AN BRI R B LI RO T R R CE A S . X AR T R A RS 2 R )
WH, SRSERER (MIEEFRED, NEEEAINERI RS 2 — 5 MR s . SR
AR AR AT AR 2 5 B A ) Python FUHE A4S S R MR B . 31X W] AE- S BURERR (112 1
Biige IEMRMIORI AR, RN EMEENT, RIS, NEHERETRERE .. H LGS
PyErr_Fetch () Ml PyErr_Restore () HRECELIL:

static void

my_dealloc (PyObject *obj)

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

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

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

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

PyErr_WriteUnraisable (self->my_callback);
else

Py_DECREF (cbresult) ;

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

Py_DECREF (self->my_callback);

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

fE:  VREEFE RS BB Oh R & PATHBRAE R A RE. e, W RARAY I S e b 3% ke (f A
tp_traverse MI/E{ tp_clear), XIZRBIH DR DATEE M tp_dealloc Bf#iE S el & 45, Hk, 1F
tp_dealloc H, MREGHZRA T AR IR EGIHIHEETE ., LA HEBET S 5 APT B9 H
Can b TaT B 7 B i) e AR T BE < FRR A A tp_dealloc, SEONEREAON & A AR

M Python 3.4 F-ify, EFEANTAE tp_dealloc R ZRMALERAS, T2 M HHN tp_finalize HRA)y
hz%:

PEP 442 ffRE T A S5 %= .
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2.3.2 WRET

1E Python i, A PRI AT DAEBOM R I AR R: repr () BRECH str (O L. (print () M2 H
B str (). ) X SEALBRAR P2 AT ALY o

reprfunc tp_repr;
reprfunc tp_str;

tp_repr APRFET WZIR B — AN FAFEE XS, Hh SR eSS flr #ZonEX. T 55
T

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

WEREAHE tp_repr AbBlg, MRRESHRHRMIE— MM ZEARY) to_name BYFARIEA AL R I HE—A5

WHIH.

tp_str PR T str () FA0 LIRK) tp_repr AMHESXTT repr () —FfE; WHLEUL, B &7 Python
RIBTERAIAT B A LB LR str () BEH . BREIYS tp_repr BMECERHIML, (HHLEREF
TR ZHEARAERN. WRARIEE tp_str, WA tp_repr AFRERRAE

DA 2 {1 ff e ) s 91 -

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

2.3.3 BHERE

KT ] SRR R E AR X S, AR B R A T T4 8 MR B SN s 75 B8 — N RES
SR EMEREEL (MR LT EN) BEA S — R TR E RN (MR AR E ). BRE
P —PVERRIG Ol FERUIE DL R B A AL PSR #T{E ol NULL,

Python 7 F i %t @ AL BRES ;. — AN S F B B E i 22 RGeS gl Hoh — X R 5. B 22 5T —
X2 char* fERBIEAFR, Mo —XIWHZ pyObject*, AEFPpZSBIHRAT DAEEEAH A 0TS BRI 158 F1)
PR AT B SRR

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

/* ... */

getattrofunc tp_getattro; /* PyObject * version */

setattrofunc tp_setattro;

AR T 1) — SR S B S P B2 T B4R GORRAE T SCHEATARRE) | WU — 22 JH] s T i) e f it
PyObject* iRAHYJE M PR AL, A Python 2.2 JFUERT TR L Jw i JE AL BRI SE P Fa 2L T- B 58 &
R, RAEIRATAERE VR W ARBH 0 B E AR mT ez P AL IR 317
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RBRMER

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

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

24 pyType_Ready () 1A, &2 288U 5 051 H A0 =4 200 0] 0 1) 2 0 4 ) 7
[ descriptor . BEAHEIR AR I L FIRT G0 — A JBYER A . BEASRES R TR R AR A
HRN NULL, %282 0 Se B oA B AT RSB R Sk i B 1, H Hab W 241k tp_getattro Fl
tp_setattro FERREN NULL, DAt BEAZE A AL X S8 a1

FPE AR object:: KT = ANF B

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

A tp_methods AN NULL, NWELAZIFEH—4~H PyMethodDef Z5MIAH A, FH A%
H AR 2% 25 R AR g — A~ SE )

typedef struct PyMethodDef {

const char *ml_name; /* method name */

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

const char *ml_doc; /* docstring */

} PyMethodDef;

5724 Ry % R A PR () B S O VR E L — AN H s MBS FORM A LR € LR H « IBFRFETER
Em—A 854 H s B ML R A H o %R HI ml_name FBUWil NULL,
S AN RPN A E SCEE WSS LB T e . AR C ANy 2 850K, I Hysi oy =]
DA R B . R RS e SOA:

typedef struct PyMemberDef [
const char *name;

int type;
int offset;
int flags;

const char *doc;
} PyMemberDef;

J

For each entry in the table, a descriptor will be constructed and added to the type which will be able to extract a value
from the instance structure. The t ype field should contain one of the type codes defined in the st ructmember.h
header; the value will be used to determine how to convert Python values to and from C values. The f1ags field is
used to store flags which control how the attribute can be accessed.

DA AR & XA file: ° structmember.h *; ‘B2 411 7] PA{#i FH bitwise-OR 2H & .

o aE
READONLY WA RS

PY_AUDIT_READ fFiZHZ mikik—1 object._ getattr__ ®itZH{4.

7 3.10 i /) 5% ¥F: RESTRICTED, READ_RESTRICTED and WRITE_RESTRICTED are deprecated. How-
ever, READ_RESTRICTED is an alias for PY_AUDIT_READ, so fields that specify either RESTRICTED or
READ_RESTRICTED will also raise an audit event.

1] tp_members FARME M T TN A RS EA — AR UL SR AT AT AR5 2 SO Ja PR

] DATR B G A 2R R BRI SCAS R BB — I IR SR P A e . — SRR T A 4 APT AR
SHEAREHARR, A __doc_ JRHERIKBUR T4 .
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5 tp_methods F£—FE, FEH—AMH N NULL ff m1_name W§IE44H.

KBERIEIEER

AT R, X B HBEUR char* A name IESEALE char* fll PyObject* RHEHE 12 [A] A ME
— Gl XA RBISE R AT S B R A E A, EBE I AE Python 2.2 PR INAY 72 F 52
o CRR T AR R B AR A, R A SRR SR Y R A hEE, Rt S B A AR
B

tp_getattr MHH LN RFE AT EBEAEL NG ERHANNTES -1 EK
__getattr_ () JIREWPIRNRIS A,

L PRIk

static PyObject *
newdatatype_getattr (newdatatypeobject *obj, char *name)
{

if (strcmp(name, "data") == 0)
{

return PylLong_FromLong (obj—>data) ;
}

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

MYPHFHIREBIN __setattr_ () B __delattr_ () HENSTHH tp_setattr APREN. 475 ZHH
Br— @R, 2= AESR 8 NULL, Rl E G |k SR B0+ A S RAR Y, )
tp_setattr ALPRESN M4 NULL,

static int

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

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

2.3.4 &L

[richcmpfunc tp_richcompare; }

tp_richcompare AP QAL EIAT LB NP . BEROUT S, it _ 1t 0, #£
# PyObject_RichCompare () fll PyObject_RichCompareBool () 1.

I PR IR FH RPRE A% A B Python Xt g fllizs BAF1E A S5, iz A7k py_EQ,Py_NE,Py_LE,Py_GE,
Py_LT B Py_GT 22—, ‘BN 4 5 EBs AT LR A G A8 U B AR A iR 8] Py_True BY
Py_False, NS HCEERVER B LI W 2 AT 42 HL &y ¥ MR [B] Py_Not Implemented, B
NSRS E T S W [F] NULL,

TR ARG, RN R AR I A 2 A

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

PyObject *result;
int c, sizel, size2;

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

€ & A}
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newdatatype omitted */

sizel objl->0obj_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;

I3

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

return result;

(R L —5)

2.3.5 MK HINEHF
Python Sz R A0 4 % HNCs B Aol o F 30 S48 110 % 1 148 L1 IS 7E abstract FHAs 5

XL L AR Z A ZAE Python SEBUIT A& FUIHOE LA . 455, Byt BRETHUTSIHSUN—TFiamt
B4 J2 Python R ARy o AR PSR GRS o T HOBIRELE R F SIS B i b PR B AR A Hip
KUl , IR RE ORISR IS | AL PR A R e o X T REORT 1 PSR DA T2 8 U0 & il
ARONIREL, T — D ISR A A WA ARG (L I 24 th AR R A2 (BRI A 2450
FEALEAE NULL A5 00, AT PABCEL TR A I — R LA 77, (EIAROL0) AT RE BRI ARSI )

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

WRAR A BARBI S RN R DT PB4, B AR S BE — el T C 288
PyNumberMethods, PySequenceMethods B PyMappingMethods, FZEHIARRHINE . REL G TERE
PRI GK SEER IR . AR AT LAFE Python JEAHE A I Objects H kA #REIX XTG4 H 1 H R

Bl

[hashfunc tp_hash;

WERARVERE L BE LR A, 0B R 2 S AR A A S 2R ) S 3k o] — IS A (e T T2 — DRI ER A s

static Py _hash t
newdatatype_hash (newdatatypeobject *obj)

{
Py_hash_t result;

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

return result;

}

Py_hash_t ;&MU ERHRT R ERAFF SRS, M tp_hash k1] -1 FoREA THIR, X

HUR AT AR 24 T S AR MG s S IR 0, A0 T IS R .

[ternaryfunc tp_call;

)

BERR B AE “TR” ARAEZE B S BRI 28BSk, AR ob 3 1 RARAY R IR 52 il i Python

MAE T obil ("hello'), MIHEGE tp_call AbBEES.
VR B2 =S4
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1. self 2AF RV B AR SRR . R Z obil ("hello'), W self Ay objl,
2. args RUTTAMSHICH. RATAA] PyArg_ParseTuple () RIS,

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

MR MR PR tp_call SCH:

static PyObject *

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

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

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

3

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

return result;

}

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

6 pR B AL T XS B AR S R . XN BRI K — B S, BV EATRR I i r 7 1 5
B, FRE— NG SRR, BV E IR F] NULL, tp_iter X}5F Python
__diter_ () F¥, M tp_iternext XN T Python __next__ () F¥E.
{Effiterable ¥ HWA LI tp_iter AbHEE, ZACFERS IR [0l — iterator ¥14: . N J&5 Python 2
JT N P ] — 4 S D -
o XFRPALFF LA ML IERAFNZTIEE (A5 RAICLH) , WV MERFRIAM to_iter BPAIHIF
R AN B AR RS
o HfgtE R —Rixtg (EE 2 h TERBEN 2w, BIanscrExtg) or pAE R E—A~ 48 1H)
H BI85 | R tp_iter - I HILIA N 458 tp_iternext AbPEZY.
{EAufiterator XG4 [FIFSEEE tp_iter Al tp_iternext. —ANEMRERAY tp_iter AbHRIY 23R [H]
—AEIZE R . B tp_iternext ACFRZERY 43R [ —ANHE p i ACEAER T — A0 S5
S, WREEF RN, RERCEIEERRE, W tp_iternext A PUR[E] NULL i A EF
L, B AT PATEIR ] NULL [ 56l b 209N StopIteration; bS8 o] DA A TRy ERE. a0
WA T BRI R, W tp_iternext WY R E—FH IR M NULL,

2.3.6 H5IAXE

One of the goals of Python 5575 | i SELAY H An 2 — & AVHMERE R AL S 5555 AHLHN A 2 AE ELME BRI X
% (Iangs) breAssras .

W%

weakref BRI

XFT A5 IS, 9 R BB {2

1. 7E C X R AR h4F— AL T TH T35 HIALH K PyObject* FB. AR TE RSN 41T
PREFR NULL Y8 BRAIARY tp_alloc BFXRFey HBE).
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2. ff tp_weaklistoffset FAMHILER C XLLEHIK T AT B AT, oA R A
AT 7 PO B

HAMORYE, R — MU IR R G H A A a5 i B BT i 7 B

typedef struct {

PyObject_HEAD

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

PABCAE S P W 2 BN R AR Y B 5

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

bi

ME — B A5 Ab b FE R 0 B B R S NULL M) tp_dealloc % % 0E W AE A 55 51 Gl i 96 1
PyObject_ClearWeakRefs ()), :

static void
Trivial dealloc(TrivialObject *self)

{

/* Clear weakrefs first before calling any destructors */

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

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

23.7 ESEI

N T 2T UM A AR B R R R B S BT AR RE T3, 5 3R CPyrhon JARAS . JEA Objects Hig, AR5
15 CPFRICIF PR E co_ N EARBEEIR R L (B, tp_richcompare). VRIFHREARALZESLBLAY o8 £
BlFs

MR BRI — DX GO VR B R BAR LBy, W PyObject_TypeCheck () B4l E
AR BT

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

}

W%
T # CPython JE{CISRRAS .

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

GitHub |-JF% CPython J5{Ci%) CPython JiH .
https://github.com/python/cpython
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24 WEC/IC++ TR

—~ CPython ) C " J@g & — P ILZHE (Fln—A4> Linux Y .so , 53 Windows ) .pyd), H&FH
—A~ SR E

HTWSA, HEFENIAE PYTHONPATH AR, HAM a4 it s 7, Wil idE Sa0d . 24065
distutils [}, 2 H shA4: BIERG ) SCH4 .
WIHAAL R B FE B AN R -

PyObject *PyInit_modulename (void)

It returns either a fully initialized module, or a PyModuleDef instance. See initializing-modules for details.

XTFAE ASCI 4 ts it 42, AR PyInit_<modulename> , $f <modulename> i Akt
M2 5. 241 ff] multi-phase-initialization I}, Foi/fii fi9F ASCII 4t b4 . LI 4G 4k R U 24 2
PyInitU_<modulename> , T <modulename> F5% ] Python [1{] punycode 9mt, TS5 FHW N T 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

I PAE—AB S RS 2 A, il E AR . T AR AT S R A A
i, PUNEAE I X T SCHE A IR S k. &R " — A FE 2y S 483k F17, fE PEP 489 T
[LIEZAIRTP

2.4.1 {#FH distutils ¥33 C 1 C++ ¥ &
YRl DA distutils SR, iXJ2 Python Halrf¥). distutils 3 Fp@)E — g 6il4d, P JCiEamiedsm
distutils GLRELSEY # .

—A~ distutils AL T —PNIKBIHIA setup. py o X4 Python 3L, KZ BN R R T &L, HiEAk
LU

from distutils.core import setup, Extension

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

setup (name = 'PackageName',
version = '1.0",
description
ext_modules

'This is a demo package',
[modulel])

WS setup.py , FISCHF demo.c, BTUIT

[python setup.py build

XYPE demo. ¢, RIGTAE— AT BB demo 7EH 5K build B, KT RS, B SCHF2E
HEATHFEFE U build/1lib. system , 4FA[fE2 demo.so B{ demo.pyd .

TE: setup.py B, FrAaERA TS setup REL. ZERER] A2 AR S REEF S5, b
WG HER T 4. FRlFREEENs e THEEMITEE, PAEIEE TEHNE. EH—
MISAFFZ M, 5% Python AUJRIGELHL . SCRY ., % . 5S4 distutils [ 3CkY, FE distutils-index
KT Z distutils {9 AT R @Y AR .
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W WA E S setup (), MEE KWL BIA. H i Lol 7R setup () 11
emgmmmsﬁﬁ%*ﬂﬁ%&ﬁ,tAaéﬁEmameiﬁiﬂoW?*%iWEXTV%
4l demo , M EA—JFERL A demo . c .

W2, WE— M RAEIRNZ , TR B SO . QTR il R 1k 2

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

BIF AL setup () FERATBOME S TIOOE S, BIEF LM UMWERNE. XY R, Hig
E T IALPARE S, include H3%, PEHS, . HOBIT 41T, distutils 32 HTHAN T S 5 5 40 4 12
e BIAAE Unix L, SRR A0 Giikanr &

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

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

TR TRARE R distatils ] A0 distatils BEIEAAE

2.4.2 HHIREYY RARIR

B R C LN P Y ﬁzﬁﬁﬁ%ﬁm~°
A Pl AR, W DA

[python setup.py install ]

B BRI ;. RSl AIsA T

[python setup.py sdist ]

ALENGOUT, TR AEIRAS A AT A A SR SO X il MANTFEST . in SCPFSEH, A manifest 1
FRAY

USRS A AT g R S Al e am al DABIE bR AT . BT ARG, AT S R
DA R SE LEAT 55

python setup.py bdist_rpm }

python setup.py bdist_dumb
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2.5 7 Windows F#33 C 1 C++ ¥ &

X —FE R B4 T Wu] {5 ] Microsoft Visual C++ £l Python /] Windows B, K )5 PR A &I
TAENEEA AT S5 5 . X LEULRA A RHA i T Windows 27 5127 > #4 2 Python 4" i A & Unix F2
J 72 3] BT A FAE Unix F1 Windows 35 B S A4 @ B2«

AR A distutils 7 XORA Y AR, TN AT i iR e . RIS FHEMH C 4%
oA Python; 3 #; 4 Microsoft Visual C++,

M) X T K T 2 MR T SRS Python A S WS4 o iX S84 AR R XY IAS R A3
TESEEr, X KRR Y Python A A LR ERUASC ST 'Y ' K RRIRASS o BAn, WSRARBT 6 Y
& Python 2.2.1, XY ¥k 22,

2.5.1 iEz\i5EA

1t Windows I Unix A4 RALHERA PR 20 (1 distutils WRAHIMEIIR, S8 T3
. distutils T8 T REZH@ B M distutils MEFIFT ALY REELRAY SO L distutils-index. 41
RARKDUFH LT EF A, IEAWFIE—F winsound FifE PERHL I H SCPF T BESARAHT B -

2.5.2 Unix #1 Windows Z [l =%

Unix 1 Windows Xt F-fURS Bz A7 IR 2 6 i 1 58 AR B9, FEReil Mg nl gh S E i 2 A,
BHE T RUR T AR G T T AR

15 Unix i, — ISR (L so) SCPFP LR AR P R BT RO AU, B LS 7ER e v ] Bk B i) R 40
PRAEE . 243 FR A BRI i, X SCPRACURD Fh ok 26 e JORI Bt ) 4 v | R S oA i 1) A
Hh BRI AE A BT BCEL R SE B B I BEAS B — N BER AR

{5 Windows 1, —NEIASEEBEE (. d11) SCHFh AT EHER T P . TR A e e A 00 B B
ST . TEEFTA DLL RS RAATEZFTI IS0 HI s, (URSE 261 7 DLL fisik sk, If
ELAETE AT 1 3 2 1w DA e 2 Y B BRI R

£ Unix H, HAFAE—FRPZESCIE (- a), BRERAZDXGICT (o) RIS, TEBIEILZXRICE (- so)
MR T B, BEHEAR T RE S R ILE A ANE AR IR A E I B S o BEREAR-RFAE AR X G 30
FARE ARIRE TR, HERSHR S IR BN RS RS .

1 Windows W1, FPAEPiRRESS, S PARE (TRAHEE - 1ib), BESAEIRMIT Unix ) . a SCMF;
EUEELENATPAAIERN A S AERA EAUN TLEREEAS RER DR E v IR AT R Bk, IF HoRAE
DLL @i BT R 7 Ao S RRBERERS T 15k 3 AR A5 S 7 A 1 32 DA 6 71 R (45 7 DLL
IR IR 24— R AR B DLL gy, nIRELEmM— DS AR, EXRFR 2N T A7 5
DLL AR B A K Tk Le4F-5 1) DLL.

AR IEAE R EPID SN BRI B I C, BTN YL — Ui A, 7E Unix b, /R REFFA.a
RS HEEARVE N B.so fll C.so; IR FECEMAIEMIR, XFE B A C Ko 3l#Aa M HCHWEIA. 7
Windows |+, ZiFA.dLL R 4iFA. 1ib. f ¥ A 1ib EAMRESHT BM C. A 1ib HAE
A B RO RESITRH T Ui A FARIEREE .

1E Windows I, 1 S AFEA SBEM A inport spam; BilARA PAVIIA spam A FR, {HIFARLA)
B—AHMEA . #E Unix b, #5828 NFEER 2 from spam import *; Bl ASHMEIA .,

2.5. ¥ Windows t#J% C f1 C++ ¥ [& 55
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2.5.3 DLL gy3chriEH
Windows Python J27E Microsoft Visual C++ fH g : (A4 A8 W RS BT RER & THE. A0
S AR MSVCH+ .

27 Windows H 417 DLL i, /RAFURF pythonXY. 1ib A5 HEAT . T4mik 1 DLL, spam Al ni (£
] spam HHR BN C pRED, RN 24 H AR i

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

LM RE T =420 spam. ob] spam dll 1 spam.lib. Spam.dll AIEALAT Python pR%Y
(It PyArg_ParseTuple (), HEMY pythonxy. 1ib A AKITEAMAH 2 BTG4 Python 1.

%:ﬂ‘g/\ﬁU@T ni.dll (PAK .obj Fl .1ib), BEHEEUMTM spam PA K Python A $i47 3¢ Hr 4k 2] fir
EHIOESE

NRB MR S H B AR R DRI EAE AT H A (045 Python) #BREFE B RIMARHAT,
RILINE | _declspec (dllexport) , iUIHE void _declspec(dllexport) initspam(void)
B PyObject _declspec(dllexport) *NiGetSpamData (void) H1—%f,

Developer Studio XS IR Z AR A BT LI FALE, a2 (R0 il AT SR/ NE I 100K, SR E
A1, T 0 H 5 B R R R i e BN o FFIEFY msvert xx. 1ib FINEI SR
Ho
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EEXRHERER FH#r N CPython E{TERIER (runtime)

AIREAE, IO S, — RIS, (THAE Python Bl fEE R MARAGEST, B AU CPython 4T
BB 2R AR S A0 3 LS S8 AR B i I O AR

3.1 #EHE App [Eli )\ Python

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

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

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

PR AR 7 s 1 J LR T 1] PyRun_SimpleString () f& A—/5 Python i AR 747 H:,
H][i] PyRun_SimpleFile () f& A—> stdio SCPFFREHRI—AN S04 (UFERS R B AR ENRBIEM) o
T DAY R 725 3 F4 2 R R M 5 (1) Python XF4R .

hs%:

c-api-index

ARICHEAINE T Python ¥ C #2H . X A KELE(E L
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3.1.1 BEXE#RA

SR ARG Python ¢ AJER Bt RS AR BRIZAOBE L1 482 110 bR R ST — Bt Python B, 117 J6 755
WL ELY B EAE . HCANDA T AR AT DL R HA SRR S

N

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

int
main (int argc, char *argv([])
{
wchar_t *program = Py_Decodelocale (argv[0], NULL);
if (program == NULL) {
fprintf (stderr, "Fatal error: cannot decode argv[0]\n");
exit (1) ;
}
Py_SetProgramName (program); /* optional but recommended */
Py_Initialize();
PyRun_SimpleString ("from time import time,ctime\n"
"print ('Today is', ctime (time()))\n");
if (Py_FinalizeEx() < 0) {
exit (120);
}
PyMem_RawFree (program) ;
return 0O;

}

fEPy_Initialize () ZHl, MIZSEHH Py_SetProgramName () %L, PATE A fEREHS &2 Python iz
TR IR 2 TR, Py_Initialize () &¥I4R1k Python fERERS , SX G PRI TAE 4L 1) Python JHIAS, $TE]
B HIAFIETE . 2 )5, A Py_FinalizeEx () XHIMRELS, FETE5H  FEELSL AR P, AT RERR 2L AL
SRUFFREL Python JHIAS | 5012 M SCAGREAR BIAE . SCUF, SO A Edi%E . FIH PyRun_SimpleFile ()
BRI RT DATE 7l A S H R ER Python AU, W44 25430 PN A7 2 ) RN 28 ST A4 R 2 oA

3.1.2 SEHBBRRERANBIBRS: Hk
R TR AN AR P A TAE ] Python AUH5, (B 52/ DAz 4 5t vl i AH 24 BRI o AN 75 ZEAs 4 il
LB BARG A VE T - JLT-n] ASE BT T hRE, AU RISEEZ K C AU,

IR, RASRIEIRI, (19 Python A Python HO3 BT, LGN K 24T AR
AR W T BT, AWRA— R Python 5] C TR ILE M T 114

1. *Ff Python y%das% 45y C #83K,
2. AR EEEE AT CREF IR AR I
3. KR AR I it A C 46 Python #45X
X A Python H}, 43 QTS S X REAL :
1. 5 C a4y Python 4%,
2. AR5 BRI T Python 42 1104 BRI H
3. KR TR 1] Kt A Python B4l C 55X

] O R A A IR T — TR WU, VAN T A Tl o E— B DX A T R e A
AT A RO ) o AESRATH RN, PR —A~ C &%, MHRAT R AR T 924> Python pR L.

AR BHEUMTF L Python #6458 C 2%, 2 IR4R . I3 SNEMBUE B RERE 1B 66 15 1 1AL BEES
o HTX ey SRR I DX B, 15275 A Y B AR TR R
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3.1.3 REHErA

SR H AR 2 AT Python A IR s . WUR 2% HIBKE, Python M#REARIF AL EIS
B R P AT ACH, (R — 1R i — %) -

BisAT Python A rh e SR &, AURSANTE :

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

int

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

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

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

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

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

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

if (pFunc && PyCallable_Check (pFunc)) {
pArgs = PyTuple_New(argc - 3);
for (i = 0; 1 < argc - 3; ++i) |
pValue PyLong_FromLong (atoi (argv[i + 31));
if (!pvalue) {
Py_DECREF (pArgs) ;
Py_DECREF (pModule) ;
fprintf (stderr, "Cannot convert argument\n");
return 1;

I3
/* pValue reference stolen here: */
PyTuple_SetItem(pArgs, i, pValue);
I3
pValue = PyObject_CallObject (pFunc, pArgs);
Py_DECREF (pArgs) ;
if (pValue != NULL) {
printf ("Result of call: %1d\n", PyLong_ AsLong (pValue)) ;
Py_DECREF (pValue) ;
I3
else {
Py_DECREF (pFunc) ;
Py_DECREF (pModule) ;
PyErr_Print ();
fprintf (stderr,"Call failed\n");
return 1;

}
else {
if (PyErr_Occurred())

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

}

FARACRSSEAH argv (1] Ak Python A%, FHAM argv (2] fERMRE. MARTRMSHOE argv £
AR HAR . AR5 60 SRR (AR R A W T PATREF PR call) | I B AT—> Python
A, i

def multiply(a,b):

print ("Will compute", a, "times", Db)
c =20
for i in range (0, a):

c=c¢c+b

return c

RIGEE RN %

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

J

SN NGRS, AR AR PR, (BRI UI 2 T Python F1 C Z IRttty DABAR
HrifiR. XA Python A ERHR M ILTT U5 :

Py_Initialize();

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

WAL RS 2 )5, W PyImport Import () MIEHA. WEEISEFE &1 Python Ff&FE, —4>
il PyUnicode_FromString () Hi% i s B0 E R 74575

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

if (pFunc && PyCallable_Check (pFunc)) {

}
Py_XDECREF (pFunc) ;

JA— EnEk s, w4 PyObject_GetAttrString () BkJEMEAF. WRAMALE, H HiRgME
FR TS, B2t o s E. SRS REF RS iAT, M E S5 ocdl. S5 DA
753 Python pR%K:

[pValue = PyObject_CallObject (pFunc, pArgs); J

MR BRI, pvalue B2 NULL, B2 EXRPGRIEMERIGIH - 366 ERH 58 R REIZ5 1 -
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3.1.4 Xtk Python ThEEHEITH R

BIHAI ML, AR Python ERERR A A RETS I B F AR YD RE. Python APL a1 4 Jfik A MHRE AR5
WX WALEUE, YRR RO s EBOTHIR AR RS UEATY . SRR A 252 %, fHib
BOR2MERE . H B iD 2 W AR ¥ R 3 1 Python fRRed: . MHC AR AE—He 7Y, ARG
— LUK L Python P5 X L8 7R, iR 4 S il Python § AR —HE. Bl

static int numargs=0;

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

}

static PyMethodDef EmbMethods[] = {
{"numargs", emb_numargs, METH_VARARGS,
"Return the number of arguments received by the process."},
{NULL, NULL, O, 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 () BRECZAFHEHA LA, FHAERM Py_Initialize () ZHHBHALA T HAE):

numargs = argc;
PyImport_ AppendInittab ("emb", &PyInit_emb) ;

XTI R4 T numargs 48 &, Il A Python fi#REES W DAV ] emb . numargs () A%, it
X e, Python AR ] PASAT AT #:4E

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

TEFLSRAY AR, XA IR B APL 225545 Python ] .
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3.1.5 7£ C++ thiir A Python

FETT DA Python i AE Cor BRFFFRZE: HUIHLBL, SSBTSUIFUT Core REEMISAIT : — A7
Crt BT, I Cre RIERRAFRIGERT . A2 Cr+ TR Python 453

3.1.6 £ Unix RFhimiF st
T AF Python fERESHIR AN N AEST . REN LRI IFSRAL S oy IS HHARSF, FealRh
Python A FERIHLE DA C BhaSY i (. so 3U1F) mEaseliy.

N T REI TR g B S S L, "TIAT pythonX. Y-config JIA, BRAEZH Python WA iy
(L ATBEAFTE python3—config WA) . MMAHILNSE, HAA TSRS HZAN:

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

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

e pythonX.Y-config —--1dflags —-embed H-45 HAF I B0 1 AR

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

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

fE: TSR ZA Python ZAHAT | ARAL (FEHETERG LR MUAF A ComiEiiA 2 /), 2IUH
pythonX.Y-config f§EAXT AL, N LB FTA .

R AT EAEER CREEARIEX T Unix 87580 RG UGUHEH bug 4 ), wiS R R G X T
FASEEERICRY, FFHHE Python [ Makefile (Jf] sysconfig.get_makefile_filename () #F|
FTENE) MRS E. XA} sysconfig BB TH, o gy R BHE A A7 K
BlEE. Lhan:

>>> import sysconfig

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

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

83X shell (R Python #2787 0. 5 I RETE LR oh DAL B 5 AR A T I AR R 91

AR

2to3

o AR AR RIS I . B VLR 224 E AT (delimiter, BIAINESE. J5fR9%. E4
SRE=515%) [EIR, SURTESRE — R %Hids (decorator) 2 4%, ZH AREUAGIE, H.B)5 shell
HURHYTEGX Python $2/R7°7C.

o B Ellipsis,

{3344 Python 2.x ALATEMIENE Python 3.x BTG T 5, & Rl I AHIAM I R HIZEHE A
FERLIHE 9, T2 4R 2 AP 5 3 P AHT

2t03 FE R AEEHERR B DA Lib2to3 gl il Bt T — (MBS A I8, 7£ Tools/scripts/
2to3. w2[E 2to3-reference.

abstract base class (fill%JEcKE])

S EREE (UAHE ABC) #2446 T —Fe g b, fEEduck-typing (45 T24E]) W7,
HAMB I T, B2 hasattr (), HIEASEMEUE M A0SR (640 T 73 (magic
method)) . ABC [EJ ] [EJ#£ 1) subclass (FHEE]) , EMERLER 5 —1M class (EE) , EA3AT
¥t isinstance () } issubclass () ¥k #2E abe BALMERA S04, Python A 7 £ [E)fHY
ABC, HINERI G (7E collections. abe #i#l). 7 (7F numbers i), B (FF 1o i)
J import SFAGER FIEALS (FF importlib.abe #i4H). #RAI A abe BigHE . B O ABC,

annotation ([EJf%)

—ESLEA R class YL, B2 Bl EE AT BB BRI BRG], BN ARAEEope hine (2
[ER)

TERUATEAN (runtime) , [ 353 ) EVRE SRR DA I, (R AdiB L, class PR eR SN, &2 (D
PURAFAEARAL . class MR __annotations_ FFfRE ML

#8522 [Elvariable annotation. function annotation, PEP 484 F1 PEP 526, 15625 %A tbohheERe .
B AR Y f A B I VA 55 2 ) annotations-howto .,

argument (5]%})

WY pR 2 R BB 45 function (B{method ) W{H. 5|8CE WifE:
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o B4 7| B (keyword argument): FERRZANEIY F1 ) DLFKE)IT (identifier, 4N name=) BHFEMIT |3,
o2 DA ** K dictionary (L) [EIR{EW RS ¥, Billn, 3 Al 5 #JEPAR complex ()
L] v ) [ 5 |

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

o 12 E 51 K (positional argument): AJe B 75 WG 8. ALE S| ol FE— {05 Ho R AR A B
B, A (5) fEE * 2 & iierable (PJEWCIE) PIOTCHEPER. G0, 3 S AT
ERCENOIVACGIE &

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

G BCE P E Sl X T M R A A e, R SERCE A R AR R I, 552 calls T2, 75
Ak b, ATATE S SR AT DA AR — 5 [ Rl (B G i o A I

St s BRI parameer (280 WH . & LHEET 5 B2 82 M 2E, DAk PEP 362,

asynchronous context manager (JE[R]25{5E545PI%S)
— i T ARl async with PR RIEESE AW, MELBEREFK __aenter_ () Fl
__aexit__ () method (J7¥k) AEHH. H PEP 492 5] A.

asynchronous generator (JERIHEIA:ZS)
—{l€r [A{# asynchronous generator iterator (JE[F]2EEIEZEELES) M. BEREKSG ML, async
def FEFM LMK (coroutine function), HARFF R EME T yield B, RBEM—FRIWH
Ji* async for [EIEMIE.

B AT R R FE R — AR A EV A g R 2, (B s T BB FoR kB [F 4 B
% (asynchronous generator iterator), #— FKIEN HEAREERE, I 2 MHTHE, PAREGE
.

— AR A EVE RS R AR await BRI, PAK async for fll async with PR,

asynchronous generator iterator (JER]25E)4: 25FCHS)
—A#l H asynchronous generator (AE[FHEIA2S) R r iy .

& s —Masynchronous iterator (FEFIEENLEE), BB DA __anext_ () method gIFNY K, Gr[a]{EH—
AT SRR (awaitable object), sZYIAEMHATAE R A E AR M AT 08, HINEF T yield
B yield ¥ {FRMAT, ERUEMCEIATIRAE (GUHE W SO E P ry Bok=) . &k
B [E) A S ERE A — Pk __anext_ () BMEM TSGR0 EIE RS, & G045 kA
FHREAT. $52([E PEP 492 fil PEP 525,

asynchronous iterable (i[5 [EfCH1:)
— M@ P, B PAFE async for BUARNX g A . UAEKER _aiter_ () method [o]f#—
{®asynchronous iterator (EFZEIEL) . g PEP 492 2] A,

asynchronous iterator (JE[RIZBENRES)
—{HEME _aiter_ () Ml__anext__ () method ¥k, _ anext__ () WEE—{#awaitable
(MR ) o asyne for @RNTAER A EURERA __anext_ () method Jiff [m] {3 (¥ ] % R F,
HFI'EY[%t StopAsyncIteration fil4h. H PEP 492 5] A,

attribute ()&M)
— W B R BB A, R (K 2 fig it (0 3B 40 B R X (dotted expression) 1 44 fi9E 2 .
an, R o 5 —HE M a, HIFZETEREDA 0.0 92 .

WER— O RFE, ST —E AR ZH identifiers T i 78 2 E)FF (identifier) 118 £ &4
FIRERY, BIANGEA] setattr () o 1RIEFRIT B 1 M6 0 1 BE 2 B i SR xCORAE L, T2 5 B
getattr () FKEEE.

awaitable (W[ Z:55911)
— [ T AFE await HEE X P HEEH B Y . E 0 PA R — Wcoroutine (fh#8) , s — MG
__await__ () method fy¥{k. HiE2[E PEP 492,
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BDFL
Benevolent Dictator For Life (#& 5 {-2Z##HE ), X 4% Guido van Rossum, Python #1315 # .

binary file (—_iEHliER)
file object BB HEE 5 2k 2o b SCPERO P TLFRA BRI (' xb, twb B rb+ ) 4T
M4, sys.stdin.buffer, sys.stdout.buffer PAMK io.BytesIO fil gzip.GzipFile
TS

w2 Eext file (CFREZE), ER—MAEERIREA str IR RYI.

borrowed reference (fi%J]Z)
1€ Python ) C API 1, & 51 @5 —FIR5 M, AR REIE ARG ZG H. anExs
ZU BN E S B ASTe 5. BN, B3RS AT PARS BR A5 1) i 5 — A~ strong reference
R E
$borrowed reference WERY Py_INCREF () AN B JEHE (in-place) $[FElstrong reference 2% ik 1
W, BRAEEYASRERE R IR 2 IR 2 migiss(El. Py_NewRef () Rz A] A EESL — M0 5T

Histrong reference.

bytes-like object (FfycalH ¥tk)
—1 3 $% bufferobjects HRE[EIME ) C-contiguous R IIYIE. BOUIEAEN bytes, bytearray
flarray.array P, PALKGEFZ % BT nemoryview Y. FHALITCAER Y4 PT F b8 2E — 3 1
R A S S AR AR . R T IR R AE R socket (HEE) ik

G L TR R AT . (EIIA SR RS L AR [ R S A e AL R
AR SR E W ) Y4 bytearray, PAK bytearray ) memoryview. i85 75 25 itk
il ERM AP EA AT Y (TMERE BN TR ) s S dE bytes, PAM bytes
Y4 memoryview,

bytecode (fyisC41#)
Python {14 J5 1 %6 & 4 Sk 0L T AL A, B2 Python F23U7E CPython B P ERRIIR L. s AL
TCHRS R G A . oyc RSP, DUESE AT — A ZREREE Pl (] DA F A ARl
EgnRE N CANE) . B [T 35S (intermediate language) | #2[E 28 fTHE— W virtual machine
([ElEtgay) b, sz(Eeess e A7 S A C AL IS 3B UM 2S5 (machine code). ZEYEEMZ,
JCAL G PR G b2 AR AN [ Python [FlEM& RS > FEAERY, AN BEZE AR AR AR Python 2 [ fR+F

(LTS G 25 2 7] DATE dis ASTAH A [ HH SCf 4R 3

callable (wW:nL#{t:)
—{il callable J& ] DAREIFIY 44, R0y ml REDA T ARG — 45 13 (% Rargument ) :

[callable(argumentl, argument2, argumentN) }

—Alll function BLILIEAR fRymethod 2 callable, —{lA EAE __call__ () F¥EM class 22 B 21
callable,

callback ([A]If)
VIS | 3ol I 1) — 18 B A 2X (subroutine) pRIZX, @7 E A 2 LA IR T B LA 7«

class (F(E)
{0 P S G0 2 5 SR ORI . Class F) i S8 1 6 055 method F5E 58, & ¢ method 1] DA
£ class [ E G BT THAE.

class variable (%i[F)%4)
—fH7E class e e, HERZ HAETE class K (LRI RTE class (W EHIH) BB .

complex number ([E14%})
—HIM AR EHAR SRS, TR BT G 2R [ B A — W ERR 2 A [Eldogh 2
[ElEEA (-1 PR PECEAT, AR SR s (E 1, 7 TREEEP PR 5. Python
[ T HEHE %, ©rARENRERFRES; FRRaE - Mesn 5 sime, sl
3+173. #EHF math BEAEIR T HERH M RESR, F5600 cmath B4, 00 12— A
MR EEET e . IARIEG 20 2 B e MoK, AR T AR VR T DA% 42 b Z 0 T
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context manager ([5EE5PNES)
T with iBA Pt E X _ enter_ () il __exit_ () FEREHIFERSHNS. &L PEP
343,

context variable (Ji5hE5s))
— A i, A T DR R SCHOE B MTAT B AS [« 38 UL 904 7 4% (4% 3% 17 [ (Thread-Local Storage) ,
I, R R AT A T B A R RIRE . AR, BEASBEE8, F—MiTa e Re e
BN, MRS F Mg, REETTAIER 2T H (concurrent asynchronous task) Hi, #f
béﬁ%[ﬂj(%ﬂglﬂo %%% contextvars,

contiguous (JE&{NY)
WS — i 48 i 15 2 C-contiguous B /2 Fortran contiguous, )'E € eI R EE 48110 . 4 (zero-
dimensional) f{] 4 [ #S /& C M Fortran contiguous , 7 —#ft (one-dimensional) [#%1| /b, 4518 H W JELERD
TEES P AR AR HES ], TR S 21 2 BRI « £ 2 419 (multidimensional) C-contiguous [
Frh, Heat LR 7R [ A TE E R, e — RS 8 kiRt SR1 , 7E Fortran contiguous
Wigrh, 55— RGEEE .

coroutine (i)
s 2 WX (subroutine) ) — i B FIEE Fer 2. IR 22 7 R 1815 ] 26 et (B 7 — {1 e ]
EWGR . W RE T DALE FF S N R B e Bl A L SR AR . EMREEIA asyne de £ BRIAZME
HIE. 5aE2(E PEP 492,

coroutine function (FErAR)
— {8 i corourine (FhFE) PRI, — M FEENEEA asyne def PRz, [Ev]EE
W await., async for fll async with B8, BSLEEFH PEP 492 5] A

CPython

Python FE R 555 FUAZEE /E (canonical implementation), #%#E77E python.org I, [CPython | iZ1f#7
FRTEL R A, Al M B R B RE F R EAE, 40 Jython 5§ IronPython,

decorator (Z:fiizZ%)
—E R, TR E R, T G ewrapper BB, B -6 R 3 2 (] (function
transformation), SRS REHZ classmethod () Fl staticmethod ().

Aetian ik HUE AR . DA 8 e U FRAERE 3R 2 SR -

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

@staticmethod
def f (arg):

Class WAFTEARIRI AR &, EFEABE A . B Setips e 20, #2EmAE %M class
S FEMEI S

descriptor (1iiA%%)
R T __get_ (), __set_ () Bk __delete_ () FEMINS. L RIEMH iR dnT,
TR ST i e B R g % . WEELT, R ab RIKE. & ESMER— A E b
HFTE a R E R TN b WXTS, (B b & — kg, W8 FIXT R i T
PRARIG AL LS R Z L Python [ G, OMX @1 2 EBRE MR SLml, BIEmEL
R FHEEME. iR, BSOTEASOEBR NG .
B A A 2% method (Y8 Z & 5I, 752 descriptors B AR H5 7 .

dictionary (i)
—ANREBAL, HA AT A S B A Y . BRI AT A __hash. () Il _eq ()
TR S, FE Perl HFK>4 hash,

dictionary comprehension (L& 4 i)
— M BEA Y, AAOEH— T ER P i 3R e K, [ R P AL SR DA - i ]

results = {n: n ** 2 for n in range(lO)}”@ﬁi*ﬁ]?iﬁia TS T n B RIME
n ** 2, #42I[F) comprehensions.
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dictionary view (“ZULigH)
€ dict.keys (). dict.values () M dict.items () [E/fEY 4B RREFHASHE . T4
THHPIHE RN, BFRNE ?E’iﬁﬁiﬂﬁ%, ﬁ?*ﬁﬁ@filﬂpﬁbm%ﬂ 27 BB A A
iE]5E R list (EB%1)), ZE{EH] 1ist (dictview) . FHZ[F] dict-views,

docstring ([EIW])
VERZE . R EE WIS — AR B AR T . B P T 0 2, (H
PR R B A ER . BRI __doc_ J@tk. T EHTHRIENY, HItEF
TN G ) SRS R A O

duck-typing (fi5-§-7%[F])
— TR TS, B EE AR ) B E R R B IE R s B A 2
[/, method ok J&§ 1 & B 4l b P s A . (TSR e AR A —ES 7 i FLne et —([E) g
T, WEe—Ek—EET. ) HEEZR wm R 8E, BosstfNuae s 2 et
(polymorphic substitution) A&} g 11 88 15 14 Eﬁ%?ﬁg%ﬁéﬁﬁﬁﬂﬁ type () B isinstance () iE
ATl (@%’zuﬁffﬁu i BUETRT DA 48 % A& R S8[E] (abstract base class) K?ﬁﬁo) SR, Bl
@A hasattr () JIEt, SUREAFP FEURERTEAS .

EAFP
Easier to ask for forgiveness than permission. (F5sR EA L FE R AIHEA S . ) BEHE FAY Python 45 A
JEURE Er S B A 3k B B R A, (D 5% (S s 0 R Pl A 091 1o 3 e i () LR g JEL S
HEFO RAFETTZ 0 try Fl except BRN. EEMTELFF 2 HAWRES (Hln C) & WALBYL Jak%
TR T3

expression (Fi%X)
— BT ARG R A eE s . EAEEE], —EE e 0T, SR, B, SR et
WY SR o B, IS LE e A e e — . ﬁi%‘%ﬁﬁﬂnn SRR, EHEFA W
Python & F i # & E R X 734N —Lstatement (BAZ) ANREPLHAMEER X, HlU0 while, BX
{H (assignment) tH & BA=, A ZER.

extension module (7 Fi4H )
—fAPA C 5 C++ B AL, B H Python ) C APT ACBEAZ. U J fiff F 5 FR=CRG 1 T HLE) .

f-string (f =)
PA e B E [ERIE N R SO EE R E) [f ], e R SR KR . s E
PEP 498,

file object (K§R¥1t:)
SN FETH [ SCEEE) APL (3545 read () ok write () Z84%:) DA FEREMN S, HIEHA
BN, SCHXT ST AR BEXT BELSCm 2 SCrh . Hoft 2R A (O f Ak sl A5 e A ) (51 e
BB WAFGRIX . BT FES) . SO SRRl SO R %ﬁ Foo
HEE L, HEEEEYM: RN =8 548 5 . S0 =& 58 S ML F A8 2. BEMMAETE 1o
B e g%, B EEY AR A2 open () .

file-like object (KifsRWit)
file object (REEMMH:) BIFFF.
filesystem encoding and error handler (k%2R %5 UEHEL RSP F )

Python i I i) — Tl A A AN SR SE BB X, HIARARA SR F MRS R AR LICAL, PASGHF Unicode %l
FIEEERSL

T 5 R 5 A A JE R 8 R LN ARG BT A /N 128 A G . ANSRAE R R S am G e R (b st A, U
API (K=& 5] % UnicodeError,

sys. getfilesystemencoding () fll sys.getfilesystemencodeerrors () BRICA] I AEL

AR 5 25 A R AP 2 B R X

filesystem encoding and error handler (1‘% 2R G G AN B R i M K =) & Python [FI &) I h
PyConfig Read () BRINKAELE: 5 2[F filesystem_encoding, PAK PyConfig MK E
filesystem_errors,

Hag2Ellocale encoding ([FI &AL )

finder (=Hp8%)
—fEiE, EaEREIETEY import AL R loader (FALR) -
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¢ Python 3.3 BHlf , A WAL A FMES: TR AE S 25 (meta path finder) € sys.meta_path,
Miy44238 B F# % (path entry finder) €{#if] sys.path_hooks.

2 (F] PEP 302. PEP 420 1 PEP 451 DL T B 2401 .

floor division (i) WL IERRE:)
) A iy 55 B SRR I RS M R . 1) R BCRERVA T T2 / /0 B, S 11 // 4
Ot R 2, B float (FREKM) ZURVEFTMIMENG 2.75 AR SR, (-11) // 4 MgEE
-3, WERE -2.75 gia T isIE& 2. #2(E PEP 238,

function (pF=X)
—H R BRIAZ, B REE A Ry m e Sy BT DAY EE A a2 7| S, B sy [T wh
JHIR R T. BissEparameter (2380). method (J5%), PAJ function Z5i.

function annotation (BX[EIRE)
oF 2 22 k[ A Y — B annotation ([EJRE) .

A E R R 2 Ele = g, BTGS2 MM int 518, Eef—@ int @
H{E:

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

bR S EBE Y REATE function TEfiA SEANRE .
it 2 [Elvariable annotation 1 PEP 484, &4 WINREM A, BIRERWRAEE %, B2l

annotations-howto,

future
future BiAR: from _ future_  import <feature>, /R4 Eae i I ISLLYE Python 7R
PRI A P RS HE A R YA BB 28, AR A s E B AAEAL. 1M __future_ BIZHAIGEE T
feature (Fh4%) WTRERIME. i import PUARIAH FS A BORAE, 1RV DAE — R BT B e (TR 1
WHEHHEE| EE S, DAREMER e (2 48) BB IIRE:

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

garbage collection (hy i nlik)
BRCAR N PR Ry, M R i R . Python AT BRI MU, 215 it 2 ML (reference
counting), A K —{ fi§ (F) g I 71 v 7 2 HRAE B2 (refference cycle) [ B 5 3% [H1 Ui #% (cyclic garbage
collector) 25 . B3R WIS #R T AR o R4 3 A T o

generator ([E)4:%%)
— {8 & [l i generator iterator ([EVERREURER) BEX. BHEERG MEFXEX, BEARKNZE
WET vield #EHA, BEEVE—RIIMME, BE(E R for [EE, 2P next () X, R
R A — R .

TEE ATRE B ACFOR —E A g, (RS, warie R R ML BERE. H—HR
FEREERERSRE , It se e ras . ARSI FE

generator iterator ([F)7: 2$[EfC2%)
—fH Higenerator ([EVE#) B FTESLIPT

B vield SRR AT, Bt B TRE (3 RSO E P oy Bd) . H(E
A )%%K S IMERE, ik AT (BRI AT Y A e EH B AR 1Y oR 3 A
).

generator expression ([F]Z}:2$H55%)

— M g M EER S ERX. ERERG - EIERIER, REEE W for T4, ETHE
Fe TR A0, A DA S — RSy i £ TA). SZALERE R g S E ok A 2 HfE

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285
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generic function (7Z%IpHX)
— 1 £ 2 M R AR B BRI X, 3% o X S [ 1) B BB VR ) (Y SR . o] 3 (1 O A
Y&, WA EYE (dispatch algorithm) ZR[EIE .

Wk Flsingle dispatch (B—3FF) #3834t H . functools.singledispatch () Azl PEP
443,

generic type (7Z7UI[E))
— (R RE[E) 22 84k (parameterized) [rype (BU(E); W2 RaAE), B2 list M dict. E
R A [Elde = FE) 2 .

HiEH2Er ME4LAFE. PEP 483, PEP 484, PEP 585 fil typing fH4d.

GIL
#52(Flglobal interpreter lock (41 H 328844 ) .

global interpreter lock () B E8%8H)
CPython BELi4a BT I B, I DARE LR AR ER KA —EA T4 RELAT Python [¥byrecode ({3 TG4
5) . SR (RGBS (EV AU E), 40 dict) M BjHhE g E)f 77 EL (concurrent access)
MIf@hg, BEAH W DA 1L CPython AU EFE. S 38 H R8s, O EEREA Y M E L AiT4
(multi-threaded), {HAR(E 2 ErifEdni 2 JE BEAS A 28 RE[ER AL — KB40 F4 11 (parallelism)

SRINT, A Sed a2 BRME A B 58 =i, MRS R BT A s () S AR
(computationally intensive) AL E5HF, FILAMEER GIL. J54h, fE@14T VO I, GIL U2 Sy .

W FE RS [ T4 R (DATE i oRS A0 R e L 2 ORI B ) 1055 BRI
Iy, BEVE—fkry i — R PG E T, BeEarairEsk. —RaRE, HEeGE Rk, el
PRSI L, AT S S i A A

hash-based pyc (FEEREHER pyc)
— {7 TCALE (bytecode) BT 77As , & (o A A (M T AN 2 S ME DR UG AR R A Be R A Bl Re P, it e LA
Wk, wE2([E pyc-invalidation

hashable (W] [EI)
—AXRAR B E RGN AR A (ETREA __hash_ () F¥E), 0T AR HAD
MEHATHE (EFFER __eq_ () L) SUBFRAN T X5, I WAy Xt G 50 5 AH [ (v
FH LR R A M.

A 3EEI: (hashability) {—{l 414 1] F{E dictionary (i) AYSEA set (FE6) RIE, HEELE
4 REFRAE HCERA A ) T M

KZ 8 Python AN ] SAEI (AT rTREENR ; WSRO Z588 (19040 list 5% dictionary) [EIARJE: TR
AT AEE (B0 tple (JCAH) Fil frozenset) , WA EMBCR 2 ERY, T4 S A2 T
[Elfy. PR M A E class EH, RE S @ oSBT A EIR . EAM7E BT HLBRAT
AR (RAFEMEA LK), meEMrEEERIZATA A EMY id0 .

IDLE
Python # Integrated Development and Learning Environment (%24 BH#$ Bl EL 28T ) . idle 2—(HHA
) i 2 A EL R AN IR B, BRI Python PEEMESEA T IR AR — R gl it

immutable (An]%&H1k)
—{E B EEEN Y. A EY AT, FHEM wple (JCAl) . BRI .
WSRO A B AT, B E S, B k. B METR S e s ENE Ry, =
B, 0 dictionary (FFHL) ARG —{ 8 .

import path (5] A¥K1%)
—EAE (Biyksem e ) N2, MRS B AE import B4R, & ¥iparh based finder (EitE%
RSy ) 8 SEALR N E . 7€ import [, MALEYFEHEEHKH sys.path, HERFEMH
(subpackage) M &, EWAIHEEKEHXEMR __path_ JE.

importing (5[A)
— AR, —EBALH Y Python R UHE AT AZ B ILIEAE , #¢0) — A& H) Python RExXHS{H ] -

importer (5| A%%)
—HREE SRR AR B finder (F45d%) WRloader (FAZR) Wik,
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interactive (77 Bji1y)
Python A —{f BB H AT , 18 R 1T DATE B 157 7 oo A BRI URIE R, S EIsAT e
MEHAESIEMER. HEES) python, NFEAATE S (7] REHE R VR EE I ) 5 i e 4
B). AR A E R AEFER v (R help(x))

interpreted (PL:%11)
Python j& T E3E 5, WA EMeEnl 5, A8 5 4> o] e LeBm), HEAG (7 4L (bytecode)
SRR WAFAE . 18 R RIS VT DAELEEGES T, A TR IR S o) — AT, AR AT
B HeERE Tl A eEnE S A A B EE / BREEEN, A e M Rl B HE TR .
2 [Flinteractive (.BIN) .

interpreter shutdown (P 2SEH)
H Python B s TR BAPARE, B A —RRREL, TEILE BB U A g & 0 &R, i
AIALAH & TR B SR R 45 s . B & 2 WP 3538 =)l 2 (garbage collector). i REEIfEEE (1 FH & A
E WG R X (destructor) 5555 | F A [EIIF (weakref callback), [FJ A7 iR =05 . 76 BH PA I Lk
%ﬁ?gﬁ%ﬁ?ﬁﬂ%@%%, HEE IR G IR PTREARTEAER T (3 WA B2 R 2 Rifsi 40
DR 1)o

HARGB 2R, 2 __main_ BUAHEIEROES T EA T AHATE .

iterable (n[[EfC¥1E)
—FBEAE AR [ H R B AR5 o IR R B AR A P A28 8L (M0 1ist, str fl tuple
) PARKEBEAERE SRR dict, TR 2 PARATATE LT __iter_ () KB SEEL T sequence
W __getitem () FEMHEE SRS

RO R AT T £or JAFRDA KiF 2 HAFR 2 — NPT (zip (), map (), ...)e H—A A[1k
RMGAERSHRAEL RN ERE iter () I, BEXRPZM AN X AEE T 0E
LA —RAER . AEMH ARG, REE AT LR iter () 80 A CAHEUARXTS
for ifif) & AN VRAEBIARLEIRAT, B — RIS B R fir 44 728 5 HDORTETE S R R AF ik ds. Z

Witerator, sequence Flgenerator ,

iterator ([EJ{C%%)
MR F R — PRI RN S, EEHHERLSN _next_ () ¥k @C/FHAZ 45 4 E R AL
next ()) $FBE MR BRI 248G EAE ] BRG] % StopIteration 5. XA
R R EIR AR, A __next_ () HEHSFIRE| K stopIteration, A
TR _ dter () YEHRBRFZERINZ A S, HIERLSFLE RS EAXTS, 1T
BT AT EAS & W6 . — D RENHI NSRS 2R E R U Rk .
ZEEXT G (BN List) FEVRBUCR AL A iter () BBEURTE for MHIAHE H AR S 7= A — A
MIIEARAS . QISRAE BURE DL T AR 2 A W) 2R [l 7E 2w A A R R R — 5 AR X 42
ARG — S5
£ typeiter SCHTA] DAFR B 5 2
CPython FEf:4M{i: CPython (%A% — W HERIE X __iter_ () MEK.

key function (=)
H el B R =X (collation function) 2 —1{ A]IEAY (callable) pR=, &€l {E—{W FH it HE (sorting)

B 5E 7 (ordering) ({H. BN, locale.strxfrm () B AREIAE—8 T fF W & HE o i HE
Frg .

Python P2 T H., #RHSZ DASE ek A il T 2 e e 8l 2 L Oy 30 B E3E min () L max () .
sorted (). list.sort (). heapg.merge (). heapg.nsmallest (). heapg.nlargest ()
il itertools.groupby ().

IR DA — R 0. B, str.lower () method ] RAYEIEIR 43 HK/INES HEFF 11 68 bR
Ao B, — R BT AR 1ambda SR H#E, HIH lambda r: (r([0], rl2]). 74t
operator.attrgetter (). operator.itemgetter () fll operator.methodcaller ()

=l R 2 A R X (constructor) . [ AT T S AN T SRR XA 01, i 2 E Ak o

keyword argument ( [Z 855 4)
52 (Flargument (5]3%).

lambda
H ¥ —expression (JEF ) FTALSAY— 17 & 44 47[E) & =X (inline function), 7% 28 2045 I 1 1R SR AR
##t57 lambda pRICHYFEVE R lambda [parameters]: expression
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LBYL
Look before you leap. (= %47, ) 2T 4 i EAS S e A TP s Ar 4k 2w, W AEb R E %
. ERERSELEAFP 7R BB, HENRFEREARTZ if Bk,

fE— M HiTaEEEEE R, LBYL A7 [ =B8] f1 [#47] Z M5 AT BiEWGF (race condition)
JEBE . BIANPA FAEAS 1f key in mapping: return mappinglkey], MR —EMATHTE
WEZ BEEER AT, 1€ mapping TRER T key, RZARHEHE & I, S 08 R RT LAUH 8 (lock)
s fifi | EAFP 4fi 5 s ARIE]

list (Hi%1)
— 7 Python N Eisequence, IRV, (HE LT HAMEF AL AREER, FEADIHIC
EII AR O(1).

list comprehension (5 Bi|45: & 355
— 7 P A B — {7 50 P AR Ay e 3 (U SRR SR DA — (1 list [ 2y ¥ . result =
["{:#04x}'.format (x) for x in range (256) if x % 2 == 0] &[F4E—{HFE list,
Hrp g 0 3 255 HE(E), Fra @ oS ii# O0x.). 1 TARREER. mRAmse, 1
range (256) PHIFTHITTRA TPEI

loader (F{AZ%)
— (i BEFE AL . B EEF MK load_module () #) method (¥%). BALHEHR
Bl finder (FA52y) [WE., WEAHiTE2E PEP 302, Bjtabstract base class (M ERHEE]), 5%
2[F] importlib.abc.Loader,

locale encoding ([ 82575 )
£ Unix [, B & LC_CTYPE WX ZE M & t. © 7 A locale.setlocale(locale.
LC_CTYPE, new_locale) K#HE.

7F Windows |, B4 ANSIfCREE (code page, 4N "cpl1252"),
7F Android 1 VxWorks |, Python i fj] "ut £-8" {E[F %4 .
locale.getencoding () A RIREUE T Kiggmidig=.
WA filesystem encoding and error handler

magic method (J&#7 J71))
special method (Fp5EI7H:) B—E3FEIE R R 5

mapping ()
— YA, BB EEN AR, H A8 AE abstract base classes (i 4 &R H(E]) o,
collections.abc.Mapping B collections.abc.MutableMapping Fr$%E R method, i
BilfdFE dict .collections.defaultdict.collections.OrderedDict filcollections.
Counter,

meta path finder (JCIXEFHERS)
— R RIS sys.meta_path [ EME M finder (FFA5EY) . TCIRAEFAGHSHL L4258 B F 48 %2 (path
entry finder) FEBIEHZAN [

BT TR R B A EY EAE ) method, 352 ([F) importlib.abc.MetaPathFinder,

metaclass (JtHiE])
— T class [1¥ class, Class & Z%i4 2 & 7 37 —{ class 4 #§. —1{f class dictionary (ZHL), DAK—1
base class (JJEEHHE]) 19513, Metaclass B3T3 08 =54, [EE#S 3% class. KZ#UKY 1)
FECRE T Gt — AR EAE . Python (RRE)Z JEAE A B BEE)E . H 511 metaclass. K714 i
MERAFEW TR, (HEEFEN, metaclass 1] DAFRAEEIR HBHAME T E. 2MEs iR
B A BT s ek, BEY RS . EERFIR (singleton), PAKFFE HALAYTH .

% %R ATE metaclasses 25 i Pk 5] .

method (J57%:)
—W7E class Z<#4(Fl9E 2% m ek, W5 method VEEIH: class B (91— & E g eny , HI & e
SO B E R — Wargument (314) (5| BEEHWHE sel1£). 2 Efuncion (K
Flnested scope (EIRAE ) .
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method resolution order (J5 ¥ fHTIE)T:)
07 YRS NE 7R A A 4R AR R B AR, base class (FEEHHED) %ﬁ%‘%ﬁﬁﬁ B BEAEE 2.3 R
4>, Python FL3%a% T F AT A ER, 552 Python 2.3 i AT

module (Fi%1)
—{E#51E Python FEAGAYAL AL BLAL (organizational unit) FYP) 1. HAHA —M Ay 25H, EHEEE
) Python {4t AL IE#E thimporting HI#AR, WHA 2 Python,

it 2(Elpackage (£44F).

module spec (BigHBIk%)
— M E M, BaE A RE AR import 1 B & Fl. B J2& importlib.machinery.
ModuleSpec —{EEH .

MRO
#52 [Flmethod resolution order (J5fEAMTNET ) o

mutable (n]5&Y{}:)
AP RT DA B MAGME, (RAERFE A id () o SeEgEimmuable CRWSHI0F) .

named tuple (it %&Ic4l)
i [named wple (47641 ) 29K ¢ wple 4RI (EMRUEIS class, HEYATH3] (indexable) I
FALTT DA P4 B MEACAPIR . 55 TET, class AT DA RLAT FLABIRFE

5 28[F)7 A [F) )2 named tuple, {U35H time.localtime () Ml os.stat () [EENHE. H—MEFT

& 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

HUeHATTA RN ERAE (i Bap 1) . sesh, B4 e s nl i@ i e X tuple 4k
I E XA E AR F B ZORA0 8 . XM AT Toi's, s mnl AET 94K typing.
NamedTuple, B 1) %l collections.namedtuple () FAIE, F—MFRAELLTM
— LU T 4 5 uk PN B E 44 e A I

namespace (fr&2sial)
SEHLRAFRI T o A4, 25 W2 PA dictionary ( H) PEEAE. AW . el REER a4 S
ﬁ'ﬁf%ﬁ:qj (78 method ") A SLIRIW Ay 44 25 ] o 144 25 138 B By 1 v 24 128, ARCSCIRAEAL . WJ
fn, PR builtins.open fll os.open () Jﬂ&ELbﬂﬂjE’j/ﬁg S AR A% 0. w4 2 s
IRl R 1 A0 2 TR AR A A B — R e =X, ARG ] e M T 4. N, %5 random. seed ()
B itertools.islice () eI R, BLEA/HELEH random fl itertools BAHIEEAE.

namespace package (fiy #A43MIEM)
—{ifl PEP 420 package () , B HAEVEEFEM: (subpackage) ) —1H 72885, A4 25 1B (4] fig
B g e FoRE, i ERMEREE M ARG R — W regular package (IEFEM) , HIE bﬁ.lﬁ

__init__.py EfAfEE.
HEFlmodule (F4H) .

nested scope (HLREMIK)

REE)2 I8 41 7 5% (enclosing definition) HAGSAHEARE Sy ZRBIBRIE], — 1 oK A0SR 2 AE ) — 1 R X
e, AR RANE R P s, R, EREEET, SURME RS k2
TR AR . W SRR i EVE VR R IO R A . TR, A SR A A A 4
S EBUNE A . nonlocal AHEIMNEE R BMETE A

new-style class (#7A%i([E])
XTH BT E B H T A G 2R W IHFRIE - FERFH) Python iiAsHr, A BaC 2 REAS 1
Python Fi Ay RyETF, W __slots__. Hfiikes. $MEJEM:. __getattribute_ (). FEHE
MBS ES.

72 Appendix A. #iiEER


https://www.python.org/download/releases/2.3/mro/
https://peps.python.org/pep-0420/

Extending and Embedding Python, &[] 3.11.13

object (Hfl)
FATKAE (BPESk(E) R T (method) HOFEHTFERE. B ULRAEMnew-siyle class (HikH
[E]) fte#% base class (FRHHE]) .

package (£1})
— 1 Python [#jmodule (F24H), B0 PALA T454H (submodule) 55 2E[EIfF) £/} (subpackage). %
W EmE, EHFMERA __path_ EHR— Python B4 .

Wk 2Elregular package (TEFRIEAE) Fnamespace package (6423 EEM:).

parameter (Z4f)
Tr function (pRZ;) BY method & 38 H 1 — 1M iy 4% EL 8% (named entity), ‘B 4500 3% K R BEEE 21—
ffargument (5|4%), sRAERLLIEEFHIR S5 8. A A TLE AR K 2 HEE:
« positional-or-keyword ({7 ‘B e BT ) FEIH— (8 Al A4 e 4 B s R AVEEIR 42 5 5| S g
518, BRI, Bl R foo Al bar:

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

« positional-only ({EFR(ZE) : $5H]—MH L BE4L IO BAHR AL T | B, 7EpRaE Ser) 2 8 R
WM/ 50, wnT DAERZ 7GR E FEAE RO B 2 8, HIMILAR Y posonlyl FI posonly2:

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

« keyword-only (PEFRIHEES): 3591 FAELABISE AR EEIT | 9. 76 E M ST Fop
{9 — (BT 2 Ok 0 29 (var-positional parameter) 52 BLAERY * 78, 3 il AYE L 7 1
H OB T2 U, UL kw_onlyl Al kw_only2:

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

o var-positional (fEREMEAIE) : JEU]—HRELMER VIR Bt i 5 | 3 (TEC B 2 8
EZEMOIET | M2 AN . BRSO SR L2 BT E L ~ AGEFRR, Bl

args:

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

o var-keyword ({FZSURBST ) FEAPRHRHLE S BRI TS [ (FEC g2 HiE 2
HATA B E5 | 32 4h) . BB E AL ST E i b > AEsR0, B L
B HY kwargs.

SR AR | U B IR S 5, 0T DAE— 658 st 1y 5 | B v TR A

Iy vt 2 W55 L Wargument (5180) 1 H . & R EE D05 8N 2 82 MM 2E. inspect.
Parameter class, function ZHi, DAK PEP 362,

path entry (§f85{H )
feimport path (FIAMAL) HH)—MANOLE, Mipath based finder (FERBIENIFMR) G2 HEAE
g2 import PRI .

path entry finder (PX4%IH H k%)

W sys.path_hooks H—E ] FERY 44 (callable) (& Bl —AWpath entry hook ) fit [a] {8 i) — T finder ,
BHE W] PA— R path entry g AL .

B A B AR TE H AR AL B /ERY method, #52[F] importlib.abc.PathEntryFinder.,
path entry hook (&% H[EF))

AT, AR A Eparh eniry 1 BEORE F RS sys . path_hooks
B Fe1& W] —A path entry finder

path based finder (LR ERIGHRS)
TR U384 FAR &5 (meta path finder) Z—, CGHE—@import path Hi8 F5HH .

path-like object (J&1SM1t)

—HFR R R BT AR — I RR RN str 3 bytes P, SiE—M
BAE os.PathLike WEMW M. HEIENY os. fspath () K, —{f% I8 os.PathLike W&
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T DAk (FIE str 8 bytes R ALIKAR; 1M os.fsdecode () N os.fsencode () Hl
BT A TERR: str J bytes &SR, B PEP 519 5] A,

PEP
Python Enhancement Proposal (Python ¥4[F$2%¢). PEP J&—3 sk wHEIM o, ‘& fEE) Python - #EHE
g, SO Python 1)—{R3Fr LI BEE % M BEMRE P AN EREE . PEP JE % B2 (It Al R 1) 5 A R
DA 22T RE AR SR
PEP f 77 e FL 9, 238 DA H BRI AL B (R B SLCSE DA A
Python )&% sHESR R E], 8Ll R i) 15 . PEP i S & s et it B d o e Else (B 5
.

#2([F PEP 1,

portion (34))
L S S (T OB zip R, 5B A8 — 16 4 S (namespace
package) H T E K, AN[H PEP 420 H)E %

positional argument ({5 5[8%)
52 (Flargument (5]3).

provisional API (‘%417 API)
AT APL 24, AR RR =X Y 0] 2 AH 25 (backwards compatibility) frair, #Ri#HERR 1) APL.
BESR MR E, REE M REE Y, M EEAgaERWEE, HRZ0mE AR
g, Wnfea BB AHANEE (2R ) o 3505 5 FUR 6 S i [FA:
——HH APT YA A Z HI RSB e ARG 8 Rr , B A etk

RIS B AT APL, [a]4% A28 0 5 Tt e g B E) [ A8 O MRE) ) 28 ) — ST (] ol 3% B g [ 1
A58k F ] BEFR H — 10 ) AN A R E ) 52 .

T2 1R 20 A (s A v o X R O R ) S A, Tl S R R A A TR ) 2 B A B ) s s T B R
=2 PEP 411 T fRE £ 404

provisional package (¥17£:1k)
#52[Elprovisional API (%47 API),

Python 3000
Pythonf-x FHARERE (RACARTAIER, FRES 3 BT R AE R AR K. ) WAl A5
[Py3k].

Pythonic (Python JEK4T))
— AR B A, BREM T Python 55 F i A RS, A6 A HAEE 5% A&
AREAERERAS . 40, Python wig WA —ME BB Y, 2EH M for BUARX, #—MnEfRY
Ry e E T ERE . 2 LS EEA SEERN SR, TR Python i A AT I €r i
I BB e A

rfor i in range(len(food)) :

print (food[i])

2T, DA IAE R . 3AA7 Python Jalk :

p
for piece in food:
print (piece)

qualified name (FR & %H%)
— B R], B BRI — AL A 23 AE 3] s AL H 2 610 class. pRUEK method fY
(A2, 40 PEP 3155 i@ s, SR TEE M KA class 5, R E 24 R = A (4 44 Al AH ) -

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

>>> C._ _qgualname_

HERET—TD
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(B E—H)
L} C |l
>>> C.D.__gualname_
'C.D'
>>> C.D.meth.__qualname
'C.D.meth'

wIRG | AR, 7 ATRE & & (fully qualified name) 23R iZ WA 1) 5 L BE 2 IR AR, AUHE(T A0
WA, Bl email .mime.text:

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

reference count (2 W51L)
R — WY 2 IR E— A 2 IEET TR R R, gL E (deallocated).
HE S0 5 76 Python A2 ASHH B A E, (HBENECPython BAER—HBAS CE . ﬁzfnxﬂ‘ﬁfﬁ_fbkﬂ?
N getrefcount () PREIREIE—EERE YIS G

regular package (IFBIE4t)
—EE S package (£4F), HIa—MEE __init_ .py HEMHE.

ek s FElnamespace package (423 EEMLE) .

__slots__
TE class [ — &4y, ERF M BCESEOBEN S PATL I R EE 9] dictionary (57H) , 7R
AR . MERRZ BRI, H l:ﬁ%%ﬁ%ﬁﬁﬁﬂﬁ@i)ﬂ T PR B A IR — R RE AR Tiﬁ@ [#H] o
(memory-critical) F i F A AEAE R BB 10 2 B E.

sequence (J3:41])
—Fhiterable, EXFFHEN __getitem_ () FREEERME BRI HITEAWICE TN,
T —AREFFK R __len_ () 7?42 WERTHZEAA 1ist, str, tuple fl bytes %,
R R dict ¥ getitem () fil_len_ (), HEMHAEAMSHIETS, FRE
i AT B immutable FETTAN 2 REFORE R ITE,

collections.abc.Sequence EFEE‘,EE% EXT—AMHEFEETHED, BFE __getitem_ () Hl
_len_ () Z4b, BEINT count (), index (),__contains__ () fl __reversed_ () S
PRI JRedz 1 (R 230 mT DA register ) REAHEN . BEARECA X38 T 9 7 i r 5 2 S0RY
WS 8T AERAE.

set comprehension (4 4a4iE)
— TR B E W VA, AR B i AT [ER A 1 o i AR e Ay e 2, (B FE 45 AR DA set
[A[f#, results = {c for c in 'abracadabra' if c not in 'abc'} &[EIE—{fFE
set: {'r', 'd'}, #52I[F comprehensions,

single dispatch (¥.—JHpr)
generic function (ZRIR) FHEEM—RIEL, FEUG, BECVEMSEERER B —T | i B(E.

slice (VJh)
—fEYIE, Bl —Bsequence (JFA) [AHE—EB4r . @ — B R 0 2l I EAT9E (sub-
script notation) [ 1, AE&HZMET, MFE#F 2 MM H S5, FlUl variable_name[1:3:5],
ERESE (T fFEMERS, &6 H slice Ytk

special method (55 Jj i)
— R4 Python H BT method, FI 385 BUERLA TR EE SR, BNy, &7 method (144
R -Gr{F BHIE AN 45 A W E T RE. Spec1a1 method 7£ specialnames H14 #EAHEIRA

statement (44X
PR E—HEMH (suite, —FEFEXAG [ ]) P—FB5. BURX AT AUZ —{flexpression (FEH
), MEFCHBEY (Hlinif. while 8f for) WERELMTZ —.

static type checker -- FF AT 75 2%
BEHL Python (RS H #E47 404, DA RGP 55 R TR, RiESHE D7 LK
typing ik,
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strong reference ([F]5 )
1€ Python [¥J C API H1, 55| H 238 AHEA 51 H AR A X251 . FEa) 5| i aliEad
T Py_INCREF () RARHUGRS | HIMAEMBRS | A E & Py_DECREF () RBEIE

Py_NewRef () pRzUA] IR A, B2 IR, WE, 7R B 12 EAE RS 6, WELE
#ZE2 M FIpnY py_DECREF () pRzl, DABEGER—F 2 8.

HakzElborrowed reference (f&H2 ).

text encoding (3L 4ii%)
Python H {57 E8 J2— 1 Unicode fi§ 24 (code point) {475 (HE[EFE U+0000 - U+10FFFF 2Z[H). &
LR ean R Se SRS 3= I e Y s A K R IR [ E A we s DR 2

ﬂ%*ﬁl??f?‘ﬂﬂﬁﬁﬁ%ﬂf?ﬁm FRIE) [4afis ), T 08 AL e v 5 S r % Fp R AR ) [ RS
(decoding) |,

A Z AR ST LSRG (codecs), EMBEAIREE [ 745 1.

text file (SCRER)
— M REERE AT A st YFR—1Mfile object (REZRWIME) . H , SCFREFREEE HRFRATTH
i;%[’;ﬂé[’g %kHi (byte-oriented datastream) [E1 €7 [ 8 i Hlrext encoding (SCFEGAE) . SCFEAE MBI 74
PASCEREE (e 8F 'w') BAEARZE, sys.stdin., sys.stdout DA io.StringIo IEH.

i Elbinary file (ZHERAER), B MRREEURIT A1z T $ 2t (bytes-like object) [1HH
ESYLG

triple-quoted string (= 5|3EEIFEH)
F RS 5E ( ©) sSCE19E O MEELRE R —M7 a8 . Mok e MEER BALER 5| 5555 T
AN RE, HERFZIREE, MR ERA AR . SR T A F-H P & R BEE] (unescaped)
RS SRR 195, i H e AN T3 81 #4857 JC (continuation character) 5 i ABSZ AT, B E
7 4 5 (B =2 HR R A B A

type (%4[F])
—fifl Python ¥ {4 B [EIE 2 T & 2 EE R FEYaa — M AE. — Y20 ZE v]
PAHER __class__ BPEAAFEL, S(PA type (obj) HAHEK.

type alias (FU[EIEI4)
— 2B [F) 3w, B A RS E 4 — R E)ST (identifier) ST

RFE) 4 R EIR T (type hing) BRAH . H40:

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

FIPARGERG, BERAT AT

Color = tuple[int, int, int]

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

#2[F typing fl PEP 484, 4 HINHEHGA .

type hint (BI[EHER)
—fannotation ([EIFE), ‘BHE —MEE. —1H class J& 1ok — 1 o6 X i 2 8k B E(E 0 T AUED

FAUPLIR S BT A 2 Python ({58 R, HEAIR# 5 £ 246 & 2 WRA L. EN1ERE )
IDE sE S %4 5 EAY

4x Yo 5 W class B MR R BR X OR & I ek s ) W BB R, AT PAGE A typing.
get_type_hints () RIEHL

iH2[E typing Ml PEP 484, A LRI

universal newlines (ifiJH[Elf1%IC)
— R AR R SCF I (text stream) 9720, €A DA R A RO ERREE—F7 A9 45 5 Unix £7 R 1E B
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"\n'., Windows & ' \r\n' £ Macintosh &l '\r'. #52(E] PEP 278 #il PEP 3116, DAKH
J* bytes.splitlines () HHINALE.

variable annotation (%23}([Ff%)
—{W 9B class B P annotation ([FIFE) .

[EJFEsA Bk class BEVERE, RREESEIBIERY:

class C:
field: 'annotation'

SYEREE R AR L ERRT (ype hin): B0, EESEEY GG int CBE) H:

[count: int = 0 J

5 B(EVRE I REVATE annassign T £ #F 4 14 AR RE .

st [Flfunction annotation (FKLEIRE). PEP 484 1 PEP 526, A4 ILIhREHIA . BN EREN At
HEE, a2 annotations-howto.

virtual environment ([ElERES)
— il {4 VEFR B (cooperatively isolated) (B TEE4E, HERE Python [ (5 I35 A1 F F2 X5 DA RN THA)
Python ¥([EVEF:, A€ 3 [7]—# R &t AT H b Python JE AR ATIEIEA: T4

Hasa(Fl venv,

virtual machine ([EHEEKERS)
— ¥R 5E 4 BB T E 2R EE IS (computer). Python [F[EREA& RS Gri 4T bytecode (PiTCALTE) Zidas
Jr g th R TCAL A .

Zen of Python (Python 2[F])
Python w51 I BT ELAG 51 3%, HLEIZA B HA FRARFN (6 F ILRR = o BLs 36 T DA e B B 4R
JLEEIA [import this| R4KFIE.
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APPENDIX B

BARELEFIRA S 14

i SEEI] SO 7 Sphinx  (—fE (E) Python [EIW SCIFFTERES O SCIFEERS ) 6T reStructured Text 45
TR R AR R i

Uil Python B 5, i B 1155 1 T EIH SCAFBLE AR BB BT TR, AR ERIHR R, 7 57
reporting-bugs F{IfT, [EVEAH B, FAM A BGaHi B EE A

ECIE
« Fred L. Drake, Jr., 5l Python SC{4 T HALM A& DA — I A Ve
o A¥E reStructuredText F1 Docutils T.E.4H [ Docutils B2 ;
o Fredrik Lundh ¢4, Sphinx #2ftBf¥) Alternative Python Reference wf3#| IS LT £ .

B.1 Python {895 Bk 1

#r 2 NF#R G [E] Python i3 M3E T . Python 422 p% 2 )5 Al Python [FIR S E ki . Python B S (EIR R 4G
TAT M ERE R, # 7 Misc/ACKS .

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

i E IR

C.1 &icio

Python 2 1 7 B S22 A0 51 AR RL 2T 9T By (CWI, R, https://www.cwinl/) [ Guido van Rossum Jji# 1990
EREBFEALE, i fEE—FRE ABC 3% 4% . (D Python (0 TR ACH HiAb M ETRL,
Guido /52 HFZMEH .

1995 4E, Guido {54 JE 5i N 55 i i B FZ A9 A 5] (CNRI, 5, https:/www.cnri.reston.va.us/) #4548
e Python [ TAE, [EEARETEEE] T340l i 22l AR 4% o

2000 4£ . H , Guido Al Python A%.0» B % H B i 51| BeOpen.com [EJj{57. T BeOpen PythonLabs . [f]
4+ H , PythonLabs [# X% % Digital Creations (FBi[E] Zope Corporation; 5, https://www.zope.org/), 2001
4E, Python BBl 4 6r (PSF, H https://www.python.org/psf/) 37, g —{HEEHEA Python FH 2
EEIRE A7 69 A48 R AL4% . Zope Corporation J2& PSF iy—1fi & B & & .

Jir A7 1 Python AR ZBHIRAY (A BHIBRURAIEFE, (0 hups//opensource.org/) . FEM b, KEH{HAE4
By Python JiAS, o2 GPLAHZHY; DATR A4 G 25 M A 1 22 [E.

BREA  FEB i waE GPL 8% 7

09.0%F 12 A/l 1991-1995 CWI B2
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 o
2.1 2.0+1.6.1 2001 PSF o
2.0.1 2.0+1.6.1 2001 PSF 2
2.1.1 2.1+2.0.1 2001 PSF y=s
2.1.2 2.1.1 2002 PSF ys
2.1.3 2.1.2 2002 PSF =
22 DAL 2.1.1 2001 £4- PSF 2

fiiE): GPL MIAEIAF RFK M2 GPL F#[E Python, A4 GPL, A1) Python FZ4EHE AT DA 155 (1)
BRI, (AR B 5 o BRI . GPL A28 1) $2 HE(L 15 Python W] PA%S & HAh/E GPL R
SHE R EH B ERRERIARTT.
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IR Z I AMEE T, A£E Guido 8 NIUATH, fifHE Le A iy B [ER(E AT fig.

C.2 FANREMHLEMFGXER Python SR

Python KBS E SOOI B HE R FL R PSF 224 6 4.

¢ Python 3.8.6 Bith, [ERASCOFR RG], FEaC A AR S, 29 B 524E (dual licensed) i PSF 4%
REA #1VA K Zero-Clause BSD 1% 4% ,

A LERANA Python SRR BLAR R 2R S5 SEAZRER @ BB RE 2 XA — s . B E 2
FHERI A SERET L, 2 EOK T 3R 09 34 SR ECGH

C.2.1 ¥ PYTHON 3.11.13 i) PSF iR &#

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

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

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

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

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

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

distribute, and otherwise use Python 3.11.13 alone or in any derivative

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

copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All.
—~Rights

Reserved" are retained in Python 3.11.13 alone or in any derivative.
—version

prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.11.13 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

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

—~to Python
3.11.13.

4. PSF is making Python 3.11.13 available to Licensee on an "AS IS" basis.

PSEF 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 3.11.13 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.11.13
FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A.
—RESULT OF
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MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.11.13, OR ANY.
—~DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

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

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

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

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

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

third party.

8. By copying, installing or otherwise using Python 3.11.13, Licensee.

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

C.2.2 FjA PYTHON 2.0 [y BEOPEN.COM {E#£ &

BEOPEN PYTHON BAVRFZHES 4055 1 i)

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

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

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

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

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

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at

(HERT—TD
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(B E—H)
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 Hj® PYTHON 1.6.1 B4 CNRI 1R &

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

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

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

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

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

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

This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement

EET—3
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(B E—H)
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

C.2.4 ¥ PYTHON 0.9.0 £ 1.2 g CWI iR &

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 F}* PYTHON 3.11.13 [FBA3 #4132 i1 ZERO-CLAUSE BSD 1%

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

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

C.3 #usr(F#kRany iR 8 MBH

A R T B R I Y AR SR G B, B2 AE Python BEEISCAS H BT B 25 =ik i -
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C.3.1 Mersenne Twister

_random B&H S T DA http://www.math.sci.hiroshima-u.ac. jp/~m-mat/MT/MT2002/emt19937ar.html {1} N #&
7R EEARE A A . DAT 2 AR Al Y 5 48 iy -

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

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

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

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

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

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

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

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

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)

C.3.2 Sockets

socket ffifl T getaddrinfo () 1 getnameinfo () WIDE 3 H iG] YR SC44:H: https://www.wide.ad.
i/

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
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notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.
3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software
without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS " “AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.3 FERE#¥ socket fRFE

asynchat fll asyncore fAL & DA R AERA :

Copyright 1996 by Sam Rushing
All Rights Reserved

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

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

C.3.4 Cookie &1

http.cookies MigH A& DA :

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

(BFET—H
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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.

(R L —5)

C.3.5 #{TIE

trace B W& DA
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.

C.3.6 UUencode B UUdecode FHx

uu AAL 5 DA

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.

(BFET—H
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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 FigF2FFreny

xmlrpc.client PEAHALE DA R :

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.

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

(BFET—H
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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 B ¥R kqueue 7M1HI 1 F DA N :

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. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.10 SipHash24

Python/pyhash. c f§Z6% Marek Majkowski’ % /* Dan Bernstein ] SipHash24 B VLR EE. B
DA R -

<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

(HEBT—TD
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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 Ei dtoa

Python/dtoa.c fHEHAL T CHY doa fil strtod pR, F A C A EEKE BE 17 B SORI 5= 5 AN . A8 %R
ZAit4E B David M. Gay 27 IR AR ZE, 153 BAE AT AR https://web.archive.org/web/20220517033456/http:
/Iwww .netlib.org/fp/dtoa.c N, #2009 4E 3 H 16 H kR 1R G600 8 DA IR REBEL 2 REAZE H -

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

The author of this software is David M. Gay.

* % o

Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

* % o

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 O

E I

THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
* WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

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

C.3.12 OpenSSL

AR R GRS, W hashlib, posix, ssl, crypt B )] OpenSSL e itk fE. LA,
Python [¥) Windows /1 macOS 242 - 1] fif 2t 4% OpenSSL R RIA, B ATAT LA I AL HE— {7 OpenSSL
VFAMIERYREIAS . X OpenSSL 3.0 JUS S EEATAERCA , Y6 Apache 1 RTIIE 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
(BAT—H)
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other entities that control, are controlled by, or are under common
control with that entity. For the purposes of this definition,
"control" means (i) the power, direct or indirect, to cause the
direction or management of such entity, whether by contract or
otherwise, or (ii) ownership of fifty percent (50%) or more of the
outstanding shares, or (iii) beneficial ownership of such entity.

"You" (or "Your") shall mean an individual or Legal Entity
exercising permissions granted by this License.

"Source" form shall mean the preferred form for making modifications,
including but not limited to software source code, documentation
source, and configuration files.

"Object" form shall mean any form resulting from mechanical
transformation or translation of a Source form, including but
not limited to compiled object code, generated documentation,
and conversions to other media types.

"Work" shall mean the work of authorship, whether in Source or
Object form, made available under the License, as indicated by a
copyright notice that is included in or attached to the work

(an example is provided in the Appendix below) .

"Derivative Works" shall mean any work, whether in Source or Object
form, that is based on (or derived from) the Work and for which the
editorial revisions, annotations, elaborations, or other modifications
represent, as a whole, an original work of authorship. For the purposes
of this License, Derivative Works shall not include works that remain
separable from, or merely link (or bind by name) to the interfaces of,
the Work and Derivative Works thereof.

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

to that Work or Derivative Works thereof, that is intentionally
submitted to Licensor for inclusion in the Work by the copyright owner
or by an individual or Legal Entity authorized to submit on behalf of
the copyright owner. For the purposes of this definition, "submitted"
means any form of electronic, verbal, or written communication sent

to the Licensor or its representatives, including but not limited to
communication on electronic mailing lists, source code control systems,
and issue tracking systems that are managed by, or on behalf of, the
Licensor for the purpose of discussing and improving the Work, but
excluding communication that is conspicuously marked or otherwise
designated in writing by the copyright owner as "Not a Contribution."

"Contributor" shall mean Licensor and any individual or Legal Entity
on behalf of whom a Contribution has been received by Licensor and
subsequently incorporated within the Work.

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,

(BT —H)
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use, offer to sell, sell, import, and otherwise transfer the Work,
where such license applies only to those patent claims licensable
by such Contributor that are necessarily infringed by their
Contribution(s) alone or by combination of their Contribution (s)
with the Work to which such Contribution(s) was submitted. If You
institute patent litigation against any entity (including a
cross—claim or counterclaim in a lawsuit) alleging that the Work
or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate
as of the date such litigation is filed.

Redistribution. You may reproduce and distribute copies of the
Work or Derivative Works thereof in any medium, with or without
modifications, and in Source or Object form, provided that You
meet the following conditions:

(a) You must give any other recipients of the Work or
Derivative Works a copy of this License; and

You must cause any modified files to carry prominent notices

stating that You changed the files;

You must retain, in the Source form
that You distribute, all copyright,
attribution notices from the Source
excluding those notices that do not

and

of any Derivative Works
patent, trademark, and
form of the Work,

pertain to any part of

the Derivative Works; and

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;
within a display generated by the Derivative Works, if and
wherever such third-party notices normally appear. The contents
of the NOTICE file are for informational purposes only and

do not modify the License. You may add Your own attribution
notices within Derivative Works that You distribute, alongside
or as an addendum to the NOTICE text from the Work, provided
that such additional attribution notices cannot be construed

as modifying the License.

or,

You
may
for

may add Your own copyright statement to Your modifications and
provide additional or different license terms and conditions
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.

(BT —H)
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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

C.3.13 expat

pyexpat § R FTELIERY expat JREIASRAGEA), FRARACE 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,
B T—T
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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

MRARfE R E _ctypes PR EE] ——with-system-1ibffi, FHHIFZMEEE H—HES Libfi JFAA1HS
B Bl A S

Copyright (c) 1996-2008 Red Hat, Inc and others.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
‘'Software''), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED " "AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.

C.3.15 zlib

WERTE R FARBIN 2lib HA K B ABOR IEvE IR & 2140 5T, It & il —MEE 21ib JFIGTHS
Rl A A

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.

EET—3
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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 H ¥ 5kEIZE (hash table) E/E, DA cfuhash B Z2([FI3LRE:

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

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

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

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

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived
from this software without specific prior written permission.

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

C.3.17 libmpdec

GAEfE R _decimal BiAME EF) ——with-system-1libmpdec, 77 HI#%AAHL € H—1# )7 libmpdec
PRy 2 JER 1) A R T

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.

HERET—TD
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(B —1)
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 B EH

test AP CI4N 2.0 HIFLEM (Lib/test/xmltestdata/cl14n-20/) &4 W3C #du} https:
/Iwww.w3.0org/TR/xml-c14n2-testcases/ #A52%, H2HR 3-clause BSD #HEw: %5 (F):

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All Rights Reserved.

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

* Redistributions of works must retain the original copyright notice,
this list of conditions and the following disclaimer.

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

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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C.3.19 audioop

audioop FIELE H T SoX Ti H ) g771.c A EREATS . https://sourceforge.net/projects/sox/files/sox/12.
17.7/s0x-12.17.7 .tar.gz

B /2 Sun Microsystems, Inc. 7™ i AT JCFR B HLOE T i P T DAFS DLl 8 el e AR
Hy i FEA A} B o

SUN SOURCE CODE IS PROVIDED AS IS WITH NO WARRANTIES OF ANY KIND INCLUD-
ING THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A PARTICU-
LAR PURPOSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR TRADE PRAC-
TICE.

LAY Sun YRS RS A 4 AR 32459 H. Sun Microsystems, Inc. W74 45 PhBIILE A . HEAS .
& ol 5

SUN MICROSYSTEMS, INC. SHALL HAVE NO LIABILITY WITH RESPECT TO THE IN-
FRINGEMENT OF COPYRIGHTS, TRADE SECRETS OR ANY PATENTS BY THIS SOFTWARE
OR ANY PART THEREOF.

TEALAHH AL T Sun Microsystems, Inc. 35 AT A A BRI 451 2% BOHAREF IR . (B HE RS
i E 15T, EIE Sun SR AT BE A AR IR .

Sun Microsystems, Inc. 2550 Garcia Avenue Mountain View, California 94043

C.3.20 asyncio

asyncio BERAPLERR R H uvloop 0.16, ‘EiEET MIT V¥ [k RATH):

Copyright (c) 2015-2021 MagicStack Inc. http://magic.io

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.
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APPENDIX D

=
i
|mit
If

Python 132 {73 [EHH SO JRE -

Copyright © 2001-2023 Python Software Foundation {4 & — ] .

Copyright © 2000 BeOpen.com {4 F—4JHEF] .

Copyright © 1995-2000 Corporation for National Research Initiatives { fF —JHEF] .
Copyright © 1991-1995 Stichting Mathematisch Centrum {4 & —JJ#E#8].
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ERFHIEF
...,63

2to3, 63

>>> 63

_ future_ , 68
__slots_ ,75
RIREH

PYTHONPATH, 53

A

abstract base class (£ & EHEE]) ,63

annotation ([EE) ,63

argument (5/#) ,63

asynchronous context manager (3 | ¥
REEE) 64

asynchronous generator iterator(JE[%
E)4 #ERE) |64

asynchronous generator (EFFE4 %), 64

asynchronous iterable (3 & # T EI®X 4 #)
, 64

asynchronous iterator (FEFEF[EIRE) , 64

attribute (B#) ,64

awaitable (T &&41) , 64

B

BDFL, 65
binary file (Z##[# %) .65
borrowed reference (fEH%®E) ,65
built-in function ([EZE &)
repr, 46
bytecode ({IjC#L75) , 65
bytes-like object (MG HEHHE) |65

C

callable (FT=Fe44) , 65
callback (E’]“?) , 65
C-contiguous (C ﬁ%fﬁ) , 66
class variable (’»K/E%%() , 65
class (#[E)) ,65

complex number (%{) , 65
context manager ([EIEZHE) ,66
context variable (‘%fﬁ%%{) , 66
contiguous (FEEH) ,66

coroutine function (HEFER) , 66
coroutine (#H#) ,66
CPython, 66

D

decorator (HEAF#) ,66

descriptor (H®%) ,66

dictionary comprehension (FHiF4HEH),
66

dictionary view (FH#RH) .67

dictionary (F#) ,66

docstring ([El# = &) , 67

duck-typing (%FA[E]) ,67

E

EAFP, 67
expression (BEHER) ,67
extension module (IEFAEAL) , 67

f-string (f &) ,67

file object (ﬁ%%ﬁ‘) , 67

file-like object (Mt E#HH) .67

filesystem encoding and error
handler (14 £ Z 4 % 7 0 # & R
EEHR) ,67

finder (&%) ,67

floor division (@Tﬂ%%&) , 68

Fortran contiguous (Fortran #E#H) , 66

1

function annotation (& RX[EIE) , 68
function (@i‘) , 68

G

garbage collection (B E ) , 68

generator expression ([EJ4%EHR) ,68

generator iterator ([E4#[FIRE) ,68

generator ([E4#) ,68

generic function (E&RER) ,69

generic type (ZAA[E) ,69

GIL, 69

global interpreter lock (4&H HZEHH) ,
69
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H

hash-based pyc (#[[EZE#EHN pyc) ,69
hashable (H#([EH) |69

IDLE, 69

immutable (RFA#4H) , 69

import path (FIAEE) ,69

importer (5])\%%) , 69

importing (§|\) , 69

interactive (E#H#) ,70

interpreted (EE%%) , 70

interpreter shutdown (HZEEHHE) ,70
iterable (ﬁﬁ%ﬁ’) ,70

iterator (TJQ%%) ,70

K

key function (#®E=R) ,70
keyword argument (B4 5|#) ,70

L

lambda, 70

LBYL, 71

list comprehension (B7&AEE) ,71
list (&%) ,71

loader (#FAHE) ,71

locale encoding (EH %) ,71

M
magic
method (7‘?&3) , 71
magic method (EHFE) ,71
mapping (##) ,71
meta path finder (THEREF:igH) ,71
metaclass (GUEE) ,71
method resolution order (FEMAHEF) ,
72
method (jifi\t) , 71
magic, 71
special, 75
module spec (HEAMK) ,72
module (#A) ,72

MRO, 72
mutable (T&4H#) ,72
N

named tuple (& TL#) ,72
namespace package (& XMEH) ,72
namespace (@& =MH) ,72

nested scope (ERIEAS) ,72
new-style class (Fr=HE) ,72

@)

object (4#) ,73
LB, 45
& ZAL, 45

P

package (£#) ,73
parameter (£3%) ,73
path based finder (EREBHEmE) .73
path entry finder (BREEHFZmE) ,73
path entry hook (B&EEHFE) ,73
path entry (BAEHEEH) ,73
path-like object (HBEHHE) .73
PEP, 74
Philbrick, Geoff, 14
portion (¥ 4) ,74
positional argument (Tiﬁglﬁl() .74
provisional API (¥ 4T API) ,74
provisional package (¥H{7E#) ,74
PY AUDIT_READ, 48
PyArg_ParseTuple (C H#), 12
PyArg_ParseTupleAndKeywords (C &%), 14
PyErr_Fetch (C &), 46
PyErr Restore (C ##%), 46
PyInit_modulename (C function), 53
PyObject_CallObject (C &%), 11
Python 3000, 74
Python Enhancement Proposals

PEP 1,74

PEP 238,68

PEP 278,77

PEP 302,68, 71

PEP 343,66

PEP 362,64,73

PEP 411,74

PEP 420,68, 72,74

PEP 442,46

PEP 443,69

PEP 451,68

PEP 483, 69

PEP 484,63, 68,69, 76,77

PEP 489, 10,53

PEP 492, 64, 66

PEP 498,67

PEP 519,74

PEP 525, 64

PEP 526, 63,77

PEP 585, 69

PEP 3116,77

PEP 3155,74
Pythonic (Python JAH) ,74
PYTHONPATH, 53

Q

qualified name ([RZ47%%) ,74

R

READ_RESTRICTED, 48

READONLY, 48

reference count (&3 #) ,75
regular package (EEMEMH) ,75
repr

built-in function ([FJZZR) ,46
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RESTRICTED, 48

S

sequence (JF%|) ,75
set comprehension (£4#446EXE) ,75
single dispatch (ﬁ"?}r}ﬂ};‘f) , 75
slice (1K) ,75
special
method (F ) ,75
special method (% F %) ,75
statement (EHRR) ,75
static type checker -- # & % &l & 7 %,
75
string (¥ &)
object representation (#jHEFET) ,46
strong reference (2,5\5\) ,76

T

text encoding (X F#4#) ,76

text file (XLEHE) ,76

triple-quoted string (=3 %[EIF®) ,76
type alias (REE4%) ,76

type hint (EEHETR) ,76

type (A[F]) ,76

U

universal newlines (H#AEMTETT) ,76

\Y

variable annotation (##[ER) ,77
virtual environment (fﬁﬁ%iﬁ) , 77
virtual machine ([F##%) ,77

W

WH B, XL, 45
AN, R, 45
WRITE_RESTRICTED, 48

Z

Zen of Python (Python z[F]) ,77
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