The Python/C API
() 3.9.19

Guido van Rossum
and the Python development team

5 )] 01, 2024

Python Software Foundation
Email: docs@python.org






Contents

1 ffisr 3
L1 AIEARIE o o o e 3
1.2 BLETTEE . 3
13 BB o 4
L4 X%, BRABIHTE . . . o 6

LA BIUFTEL .« . 6
142 ZBI 9
S =7 - 9
1.6 HRAZUPYthOn . . . . o e 11
17 PRI . 12

P it (S A5 e i E N 13

3 Bies)2g: APL 15

4 WY 21

5 pilsdgEn 23
5.0 FTEIFIEHEL . . . 23
52 HHH BB . e 24
53 RHEE e 26
54 BEEIRIERAS « o o e 27
5.5 AEEANEE . 29
5.6 EBxception 25 . . .. L. 29
5.7 BB 29
5.8 Unicode SEHNTE .« o o o 30
5.9  BRIHFER . . e 31
500 FRUESHE . . 32
501 FRUEEEEZET | 0 34

6 T.H 35
6.1 AEERGGTH . e 35
6.2 BRI . o 38
6.3  F7EE (Process) 5Tl . . . . e 39
6.4  TEABAL . . . o o 40
6.5 Bt marshal BEESZH: . . o e 43
6.6 FENISEOIEMIEIEASE . . . 44




6.6.1  FRHIBEL o o o 44

6.6.2  BIERASE: . . 50
6.7  FHEEIEAEIAL . L 51
6.8 It 53
6.9 RRLDESHMIS TERINEE . . . L 54
6.9.1 Codec XK APL . . . . . . . 54
6.9.2 T Unicode A5 BRI FIIEMZE APL . . . 54
%tk g 57
T4 R . 57
T2 T . o 60
720 tp_call L . . o 60
7.2.2  Vectorcall T . . . . . e 61
723 WHENEIAPL . .. 62
724 PHFTERAPL. . o o 65
T3 BEFWML . o 65
T4 PN . o e 68
TS5 BRGNS . 70
7.6 IEACHFEIL . 71
TT 0 L . 71
TA1 ERIRGER . 72
772 EMRKIERIIEEL L 73
773 BIEEUH .. e 75
774 GERIRAHEEEED . . . 76
7.8 THZEML . . o 77
HLARI R )2 79
8.1 AR . 79
8.1 Type KT . o o o 79
8.1.2  None X . . . o 82
8.2 BN . o o o 83
82.1  EEBIMIME . . o 83
822  HMIIME . o v o 86
8.2.3  REL# (Floating Point) M4 . . . . . . . . . . 86
824  BERE . 87
83 JEHURIE 88
83.1  FATRTE . 88
832  FHERANTGL . .. e 90
8.3.3  Unicode WIAHAARAE . . . . . . . 91
83.4  JTAL (Tuple) MU . . . o 110
8.3.5  LEMIFFUNIZ . . 111
83.6  List (EBAI) M . . . 112
8.4  ZRBENIGL . 113
841 FHUIME . . o 113
842  AEATTE 116
8.5 BRI . . . 117
8.5.1 X (Function) WHE . . . . o 117
8.5.2  EHUTYEMIME . . .o 118
8.53  HYERTE . 119
854  Cell MIE . o o o 119
8.5.5  AREINIZ . . . 120
8.6  HABNIZ . . e 120
8.6.1  FEZ (File) MM . . . o 120
8.6.2  BUHMIMEAL . . . .. 122




11

8.6.3  EALEE (Tterator) WU . . . o o
8.6.4 BHHZEMIE . . . e
8.6.5 UMM . . . e
8.6.6  EIlpsis X4 . . . . . . e
8.6.7 MemoryView X2 . . . . .. e e e
8.6.8  HEFZMWIM: . . . . e
8.6.0  Capsule X[ . . . . . e
8.6.10 [EVEZRMIME . o o o
8.6.11 PHEEXTZ . o o
8.6.12 LR ICARERIZ . . e
8.6.13 DateTime WM . . . . . e
8.6.14 ZETUVFMARTE . . . e
O WL, BARILE:
TE Python R ZHT o v o e o e e e
9.2 EEIVEATED . . e
93 WA AALIIRRES .« o o
9.4  HERESEL . .. e
905 FRRESHIERMRELSEE . . . .
951 MPEYRBAIEPEREICGIL . . . .
9.52  HEPython BZEAILREE . . . . . e
9.53 A EforkQ BUTEEIEIL . . . . e
9054  ERAPL L. e
9055 JEEDLAPL . . . . e
0.6 THERES I .
0.6.1  FERFIEL L e
0.7  SETHAL . . e
9.8  AMIHIEREE . o o
9.9 EHIRAE T . e
0.10 ZRFEARMAFRE T . . . o o
9.10.1 RFELBIEME (TSS)APL . . . .
9.10.2 ZRFEAHAENE (TLS) APL . . . o o ot e e e e e
10 Python ®JAR LML
10.1 PyWideStringLList . . . . . . . . L L e e
10.2 PyStatus . . . . o v o e e e e e e e e e e e e e e e e e e
10.3 PyPreConfig . . . . . . . o e e e e e e e
10.4 Preinitialization with PyPreConfig . . . . . . . . .. . .. .. o
10.5 PyConfig . . . . . o o e e e e
10.6 i PyConfig WITEAE - - . o o o o
107 BB . o o o o e e
10.8 Python il . . . . . e e
109 FEERBEES . . o o o e e e
10.10 Py_RunMain() . . . . . . . L o e e e e e e e e e e
10.11 Py_GetArgcArgv() . . . . o o o i e e e e e e e e e e e
1012 ZIBEWIAILFAAEIE APL © . o o oo o e e
i TR A P
0
11.2 BUIAITFIED © o
T13 PIAEEELD o
114 SFRTLES -« o o o e e
115 BRI A RIS o
11.6  BEXWNIEDTEEE .« o o o e




12

13

117 pymalloc 70 Fgs .« o o o o e e e e e e e e e
11.7.1 HE X pymalloc Arena 73FIZE . . o o o o
11.8 tracemalloc C API . . . . . . . . . e

TLO TRBI o e

RSB
12,1 FEHERAMERTAL .
122 ERAPEERE e
1221 FEARMXTZRERUNIZE . e
12.2.2 Implementing functions and methods . . . . . . . .. . ... ... oL Lo,
12.2.3  Accessing attributes of exXtension types . . . . . . . . o ..o e e e e e e e
123 ZBAURIG o e
123.1 HRIEZFZ . . e
12.3.2 PyTypeObject 5E X . o o o v o e e e
1233 PyObject fA . o o v o o
12.3.4 PyVarObject BV . . . . . . . e
12.3.5 PyTypeObject il . . . . . . . . e
123.6  HERT L L
124 BUFSFREERIR . . o
125 BREFXTREEMIR . o o e
12,6 FEAURTREERIR . o e
127 GErhIXEREEHIR
12.8 SAERTREERIIR . o e
12.9 FEAZEZ typedef . . . . . e
1210 BBl o o e e e
1200 RGBTSR . . . o o

API 1 ABI Jig A58t
(UEHES

B i 2 [EIW Sk
B.1  Python SCHERUERRETY . . - o o o

C.l OBREBUYEE
C2  BMAHEAEA T N Python WA . . . o oo o
C.2.1  JHMA PYTHON 3.9.19 ff PSFFZREGAT . . . . o o e e e e
C22 A PYTHON 2.0 i) BEOPEN.COM $ZHEAT AT « o v o o o e e e e
C.2.3  JHFAPYTHON 1.6.1 J CNRIBZRESAT . . o o e
C24 JHJAPYTHONO0.9.0 2 12 CWIHZHRESA) . . ...
C.2.5  Jji* PYTHON 3.9.19 [EIRH SCA-EIRE A1) ZERO-CLAUSEBSD #2HE . . . . . . . . ..
C3  BlERBE 2 REELEE . . .
C.3.1 Mersenne TWIStEr . . . . . . . . o o o e e e
C.3.2  Sockets . . . o e e
C3.3  JE[AI2E socket fRFG . . o o v o e
C3.4 Cookie BFHE . . . . . e
C3.5 HATBE . . .
C.3.6  UUencode Hil UUdecode PRI, . . .« v v v v o o e e e e e e e e
C3.7 XML BEBFEFEIEIL . o
C3.8 test_epoll . . . . . .. e e
C39 Selectkqueue . . . . . . . . . e e
C.3.10 SipHash24 . . . . . . . .
C3.11 strtod HL dtoa . . . . . . . . o e e
C.3.12 OpenSSL . . o o o




C3.13
C3.14
C3.15
C3.16
C3.17
C3.18

D JihEE Y

=5l

BXPAL o v o e e e e e e e e e e e e e e e e e e e e e e e e e e e e 256
b . . o e 257
ZID e e 257
cfuhash . . . . . . e 258
libmpdec . . . . . . e e 258
W3C CUHNJIERELE . o 259

261

263




Vi



The Python/C API, %[F] 3.9.19

S RE g FEARLATL R AR Python ) C T Co+ Ralemt ™, a0 FERCE Tl iy APT (IR
AAMIH) « 7E extending-index "G FIBIMELR, ERMA THMEHEH—BEN, (EEESFAER AP
e

Contents 1



The Python/C API, %[F] 3.9.19

2 Contents



CHAPTER 1

fEg A

Python [ i e 11 (APL) fiif5 C Al C++ F2fy R AT ATEZ A2 L F 151 Python f# s . % APLTE C++
HEFERT AL, RN TR LA, B HRFHAR Python/C APL. i ] Python/C APL A7 PN EEARHY PR o 58—~
HURN THEE IS &7 Rk BN B Python MEREARDIAEN C L. X n] B fiei W BT 37 5
55 " ANPRER JERF Python MRS CHBER HI Y15 XA 9 38 5 AR AE— 1B ) Y embedding Python..

GG RIS AR R UL ) T HYE, ATl Sl BB IR G. E TR A — A
JEE AR R B AT A T i A Python A R EA 2, {Hitk A Python [ FE A 44 5
PRI R T B -

VFZ APT BUEAR IR A B & Python sX PR NARREAEIE . BN, KR A Python [ 1Y HIFE 7
WHRERALEE YR, A 2R S BRI H i A Python 2 B e B S TRV X &2 5

1.1 U e

WARARAR B4 5 ] 45 T CPython ) C UMY, 1R BAUEHRTE PEP 7 HE U H5 2 W AR, XL 45T
W3 ) AT AT R By 254 11 Python A4S . FEAM 5 4R H C ISR =07 I AN, al DU AR X LU AT, Rl
VRUESEAE H 5 1) Python TTRkIX LU .

1.2 W&k

{1 J1} Python/C API Fr e SR A PReR . IR E SCRT TN AT TR B & B R AU 2 v -

#define PY_SSIZE_T_ CLEAN
#include <Python.h>

X EWEM S AT ARk S0 <stdio.h>, <string.h>, <errno.h>, <limits.h>, <assert.h>
M <stdlib.h> (WERATH).
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HE: g T Python A &5k X — S REAENEEE ARG M Sk SC PRI UL TRRE 3L, R B 0 5 FE A
SSCPEZ A, 1 %A% Python .

HEFE L J2FE Python. h FiE X PY_SSIZE_T_CLEAN . #FHMT A4 AR & R TN ENEZ N
Z%.

Python.h 5 SCARYAHB M P m] WA AR (b B & bRk SCURBInE LFRAT) #RAT AT Py 50 _Py. DA _Py
TR A AR Python SCBLN ARG HIFY , AR TRA S E M o S5 24 PRI PR B R

fE): P AR ACGE A L% E LA Py 3 _Py FFKIIMFR. X s BB MR, H & S AR X A ok
Python IRA I RI LA, X LEIRA AT BE S 2 LA BE R 28 2 — TSk i HAh 44 B

L &5 Python —E43: . FF Unix I, B/ TFPATH®R: prefix/include/pythonversion/
Ml exec_prefix/include/pythonversion/, H W prefix fll exec_prefix J& i1 [n] Python [
configure HIARME AW XN TE S & L, T version Wk '$d.%d' % sys.version_info[:2]. fE
Windows |, L3223 T prefix/include, HA prefix B[22 FEF 18 E 20 H 5.
BRSO, RIS E S (ASRRTE) ARECE /R AT gaida i B R AT . 1 285 H A
RIRARIRGH ] #include <pythonX.Y/Python.h>; X¥HHEZFERFATT, FN prefix FF
BIRKIK TR EAL TR E exec_prefix NRpE -G YK,

C++ H P AR, R APLE 2 C ke L, (BL U EMHG A D S SBh extern "C", [
I APLFE C++ i It APT R Db PR A Rk AL 3L

1.3 A%

Python 3k S0/ E LT —SF R %2 . VFL RAESET A0 A by & LA (Blinpy _RETURN_NONE) .

HAth B Ry 38 9 U AR B, X BT B B I AN 2 — A s B 51 36

Py_UNREACHABLE ()
KT PAERA — A3t EICVE B A AR A o BN, 24— switch i) H T ] GE R {EER
O case FAJET T, SAPRHHTE default: P, BARIEFE BTN EIL— assert (0)
8¢ abort () JH AL A] DA XA .

TE release BT, 1% 220 Bh it dn AL ACAD , kb 0a & A n] 2R AR 245 . 2, 7E GCC iy release
#IF, 2 __builtin_unreachable () ZZH{,

Py_UNREACHABLE () [J—"MHEZ A — AR, HAIR A _Py_NO_RETURN I 5.

WER— ARG AN KRB IEH RS, EERRE LT I PABE, SRR %%, Fl, 7EMRN
FEMT, 80— RV AR EE S BUEEE, Ems, SRS a R . Witk
PR AR, nIPAMER Py_FatalError() .

3.7 UGBTI

Py_ABS (x)
R[] x [ XHE .

3.3 BUHTMA.

Py_MIN (X, y)
R = Fly M s ME

3.3 BUBTIMA.

4 Chapter 1. {4y
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Py MAX (X,y)
R = Fly MR,
3.3 BCHTNA.

Py_STRINGIFY (x)
B x Feftoky C F45E . Bl Py_STRINGIFY (123) &[] "123",

3.4 BUBTIMA.

Py_MEMBER_SIZE (type, member)
R £5H) (type) member FR/N, PAFITER,
3.6 FUBTIMA.

Py_CHARMASK (c)

ZROAA [-128, 127] B [0, 2551 FE I WA FAF BRI . XA ¢ Sl unsigned char
R,

Py_GETENV (s)
5 getenvi(s) XM, HEWRMAS 4T EE# T -E , WRME Nvu (W RKET

Py_IgnoreEnvironmentFlag ).

Py_UNUSED (arg)
AT RBCE X RS 8, Mm% FEHREE. il int func(int a, int
Py_UNUSED (b)) { return a; } .
3.4 FCHTINA.
Py_DEPRECATED (version)
FEM A R CEAEAT S 2 FRHT -
AN

Py_DEPRECATED (3.8) PyAPI_FUNC (int) Py_OldFunction (void);

3.8 R AE: SN T MSVC 0¥
PyDoc_STRVAR (name, str)

QAP A SR FREFR NG, 40757 name 928 . NSUARUSCR - Eh— U2 Python, %
.

W PEP 7 ik, fliflPyDoc STRVAR VERSCRIFAFER, PASCREANMISOR 745 5 L # 7 Python (1§
.

il

PyDoc_STRVAR (pop_doc, "Remove and return the rightmost element.");

static PyMethodDef deque_methods[] = {
V2R
{"pop", (PyCFunction)deque_pop, METH_NOARGS, pop_doc},
VIR

}

PyDoc_STR (str)
NEE R TR AR — NSO A AT, B Y SO AT R R I, B AR
W PEP 7 fiik, ] PyDoc STR HgE SRYFAFER , DASCREAFISCRY F4F Ef—i2 K 8 Python B
ANCE

1.3. % 5
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static PyMethodDef pysglite_row_methods[] = {
{"keys", (PyCFunction)pysqglite_row_keys, METH_NOARGS,
PyDoc_STR("Returns the keys of the row.")},
{NULL, NULL}

1.4 W3R PG IV

ZH Python/C APLAT — A HEANSH, AR —APyobject * RAFYIRIE . X PP IALZ 45 [T FE Python Xf
FIABIEIR RIS P Python XFR IR LHCFIL AR HE Python 15 & di IR Y 7 AL EE (A
A, MR, ARSI, FSEeid), PRICFEnmhBA C RBMFIRA Fil. JLFHHA Python X RAFHUE
W ARARERS W] —A KA pyobject 1A SNSEHSHAL R, REERIIRE N Pyobject * HFEE . type
XGREME—BISh, RO ENTKIEARERORI, A ENTER @S Py Typeobject MR,

Jirr Python Xt 5¢ (HL % Python #&4k) #8AT—A> type Fl—> reference count . XIS E € RAT 2 FRAUMY
X5 (IR, H RN P E LR B L, A types HHFIAR ) o XTSRRI RAL, #A —K
KAARXGRTRT LR i, 24 (HAY) a Frigfyxi e Python 513K PyList_Check (a) NE.,

1.4.1 5

SUMTHEARFER, POYBOTENLINAG Gl +2) AR eI 20 ARRH 5 — R X
PRI AT DU B R, B AR (iS) CAck:, IREUR A C Bl R . 24— PR
M5 IR 0, RO G . AR ERER IR G & e G5 | T8, s ok Lext 52 (195 | 1
TR NSRS R AT T RO %, W] DURUOREOX 2e X 52, Kb, (X B —MRILZ A
B MRZIEMESI HAT, BRI Z ANZORREAR )

HEEAERES AT, BRIk R M Ery INCREF () BN — X5 B, 6
Py _DECREF () R /D — DX L5 8. %Py DECREF () AR ASI F T ¥ d hE, KRG
XTSRS, LB L incref R M52 . BEGH & — M S 7EXT G2 B i sR B FE . 2R X
LREAEIEE (FINFNH), WA E RS T 3T s S e X G i e 42 i 5 1 T4, 3R
TITRMAL. SIS G, 205 ERNAFP A N E— B2 00 TS T8 (B
sizeof (Py_ssize_t) >= sizeof (void*) ). UL, FIHTEGEEE A BRI EIE.

B SR AEAEL SR I R B TR ST B0 R AL SO S5 T4 Be b, YA BRmIXT g, X5
SURTHECE M 1, A28 R R, SRETI TRk 1. B2, EPEHTEARN, ProAf)ms i
B S DRV E— R R LRI A SR 1 e, ST AR IR RO, an R 2 /0
A —RFZAS G HABT | AT I 8] 2 DA TR AS B — R, WIS Bl S5 V. — DI
ﬂ?‘%ﬁﬁ i‘g?ﬁﬂﬂ%ﬁﬁk Python Fh & i 45 YR Y™ RERLER Fh iy C eRARIN, IR I BIL ] S PRALAE TR U] 35 A7
RPEEE 2 GUEIVER

B2, A LRGP E SRR 5, IR —Beta), AR LS | 4. itk
W RES SN FE B AT G, WDHS] AL, A REE R A X NS . BIEMGERE, XELL
EREAETT BE S LR Python RIS ——WiFH — MRS AR AL Rl Py_DECREF () [BIFIH A, I
TESL ARG b A BT AE TRAE I KU

— G R IR Az BIAE (ZFRPA PyObject _ , PyNumber_ , PySequence_ B PyMapping_
Tk BB E) o X SRR R R E TR AR R A Xk A A TR AR A R S
M Py_DECREF () o Rk Fh i AR ey B

6 Chapter 1. {4y
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SUH -8

The reference count behavior of functions in the Python/C API is best explained in terms of ownership of references.
Ownership pertains to references, never to objects (objects are not owned: they are always shared). “Owning a reference”
means being responsible for calling Py_DECREEF on it when the reference is no longer needed. Ownership can also
be transferred, meaning that the code that receives ownership of the reference then becomes responsible for eventually
decref’ing it by calling Py_ DECREF () or Py_XDECREF () when it’s no longer needed---or passing on this responsibility
(usually to its caller). When a function passes ownership of a reference on to its caller, the caller is said to receive a new
reference. When no ownership is transferred, the caller is said to borrow the reference. Nothing needs to be done for a
borrowed reference.

FHRCHE, 2438 07 BRI A— DRSBTS, AP RE: e 50 T — DU RIG I, S0 A5
Bo 27 33| R R AR — DR B AS IR, RS BUE EIA G, AR FEXTE 7 5T

RAGERE GG WAEEMNGISNEPyList_SetItem() MPyTuple_SetItem(), BEfI&EIHX}
ZHBFIH (EARRSHIER JCHB A ) o X B kB 5T R 2 55 BUS | A2 R R il FH 3 0 e A sk 42
A FETCH B A H A — AR Bihn, Bl T4 (1, 2, "three") RYIUHLEE K AT DASEIXFERY
(RIS A H . N2 R Hr R S ) -

PyObject *t;

’

t = PyTuple_New (3)
, 0, PyLong_FromLong (1L));
4

PyTuple_SetItem
PyTuple_SetItem
PyTuple_SetItem

1, PyLong_FromLong (2L));

3
t
t
t, 2, PyUnicode_FromString("three"));

X B, PyLong FromLong () iR T — A5 I H e WPy Tuple SetTtem () Frgiil. S44RHE
%i{iﬁiﬁﬂ% — XSGR E W5 | R B B, R 53 B0 | ) R B BT ] Py INCREF () SRINHLS
— 51 H.

I {f 42 — F, PyTuple_SetTtem() 2 &K B ILH K H W B — ) R PySequence_SetTtem()
Mlpyobject_SetItem() £x¥E4EXFEMH A TCLH /& AT AR B 2 8L . AR 24 HOXHR B O 8 1 Jo 4 (8
HPyTuple_SetItem(),

G TRV RRBS A A PyList_New () MlPyList_SetItem() K5,

SR, AESCEA, AR X B @ FIE S el sl R 07 20 Nl Py_Buildvalue ()
AT AR C RN RZEUE XIS, h—A> & X540 $ R4, Bt Empg P EaT AR R TR
RN GE2mTTHREN)

PyObject *tuple, *list;

tuple = Py_BuildvValue (" (iis)", 1, 2, "three");
list = Py_Buildvalue("[iis]", 1, 2, "three");

flifilpyobject_setItem () FFARALBIFLEARILZMEATIHI A HIR AT WY, BI04 VR IEAE S 5 1Y bR
BOSHR AEXMOLE, MIIXET 5T A S O BER, PUMARANTR B35 | T RCA R AT LAKS
SURIHE 2 (AR eI ) o B, XA RBCE—A51% (LBl ERAT ML 41) s BirA T
N EEERZKA:

int
set_all (PyObject *target, PyObject *item)
{

Py_ssize_t i, n;

n = PyObject_Length (target);
if (n < 0)
return -1;

(Rt

14, 3%, KB 7
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(R —H)

for (i = 0; 1 < n; 1i++) {
PyObject *index = PyLong_FromSsize_t (1i);
if (!index)
return -1;
if (PyObject_SetItem(target, index, item) < 0) {
Py_DECREF (index) ;
return -1;
}
Py_DECREF (index) ;
}
return 0;

}

Xt BRBGR EME RS DL AN [l IR 1A R 2ROk B i — A5 | A S ESCEARXZ S T Br A BT, H
V2R A5 ] B 2 R ARSI R BT A B ARG R FEVFZ AT OLT, R X G s 81
. MARAREIR TR XHZA R ME—S . L, IR X5 AE A &, pyobject_GetItem()
fipySequence_GetItem (), FEEUZRM—AFMGIH (MBI %G HTEE) .

— AT AR E AR TR A — A ek R [0 5 IR T AR I R B BRI - TR (B
R RN IR R R #em ! L, WRAREE PyList_GetItem () M—FIFARIUZEH
VRHALATE T — ERURARME I Py Sequence_Get Ttem () (EAG#F%EZ 58 &MIANZH0 MIA—A>
FNRPIARERI A H ARSI — R IR IS5 .

T VAR B AT g A B BCE T R DR R R H BRG] AR PyList_GetTtem(),
My — i PySequence_GetItem().,

long

sum_list (PyObject *1list)

{
Py_ssize_t i, n;
long total = 0, value;
PyObject *item;

n = PyList_Size(list);
if (n < 0)
return -1; /* Not a list */
for (i = 0; 1 < n; i++) {
item PyList_GetItem(list, 1); /* Can't fail */
if (!PyLong_Check (item)) continue; /* Skip non-integers */
value = PyLong_AsLong (item);
if (value == -1 && PyErr_Occurred())
/* Integer too big to fit in a C long, bail out */
return -1;
total += value;

}

return total;

long
sum_sequence (PyObject *sequence)
{
Py_ssize_t i, n;
long total = 0, value;
PyObject *item;
n = PySequence_Length (sequence) ;
if (n < 0)

(FItgkes)

8 Chapter 1. {4y
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(R —H)

return -1; /* Has no length */
for (i = 0; i < n; i++) |
item = PySequence_GetItem(sequence, 1i);
if (item == NULL)
return -1; /* Not a sequence, or other failure */
if (PyLong_Check (item)) {
value = PyLong_AsLong (item);
Py_DECREF (item) ;
if (value == -1 && PyErr_Occurred())
/* Integer too big to fit in a C long, bail out */
return -1;
total += wvalue;
t
else {
Py_DECREF (item); /* Discard reference ownership */
t
}

return total;

1.4.2 X

& Python/C API Hy i B3 (0 () A B AR D KR MR B8 C 28240 int, long, double Ml char*,
A SO AU AR H T2 AR T i R B B AR R R B B S R A A a5 28 B
RPN B . X LE SRR S 6 T R B TE .
Py_ssize_t
—/Mifif sizeof (Py_ssize_t) == sizeof (size_t) WHFSEECA., COO A B E SUXH:
HI4TE (size_t J&— AN TCAF S BEEA), 155 7 PEP 353 TH#¥Ms . PY_SSIZE_T_MAX J&Py _ssize t
A B K IEBUE

1.5 B

Python F&f 1 AT LA PR & T AL IR A DR e s RACPR S & L ah R sy R, SRS i 2l &
MR, KRN, BRI MIRIATHA RS, AR R E N4 I RS [l )

IR, XT CREFP FORYE, SR ALIUE 2 BTy . Python/C APL HrE BIR A sREGHR AT DAS [ A 5, ik
JEAE R B SR P S AN R —BORUE, U4— R EuB R R, ESRE-IRE, EFETIA
ARG, TR — AR . RSB B IAMY SO, 53X Mm 58 NULL 5 -1, ARG T8
BRI 28, A DR KR IR o] MR EAREE R, HAP RE R R AR B BN d i
*E%ﬁ%iﬁﬁ%ﬁﬁﬂ@ﬁwﬁ, HHREMPyErr_Occurred () AT RAMAI . X LL57H 2 S P
HIE AR .

SRS BIES AN RN P4 GXM 24 TAHE— D TCRAFEA M 6 4 JRAEis ) . — NERRE Rl PAKE
EPFRSZ — FEELEKRE, SENA LY. EiPyErr_occurred () AILARE ARG JIRES : 457
BRI E R AR S R BG5S SR AR 0] NULL. 5 24 R ERT DA
WRZ: PyErr_SetString () i WH RENEEGERT) WEFFIRSWEE, MPyErr Clear ()
AIPATE B R IR S

SEREIY S RS = S RALM (B AR AT PASY NULL): S 2820 RIS H(E, PASCII (s o ik 2in
Z0E L5 Python H' sys.exc_info () WIFRMIA; K1, ENFFAZ—HER: Python XI5 Az Python
try .. except IMFALERG— 55, 1 C 2P F RS RAER A AR C mAETEENZ

1.5. BH 9
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BN AFAE B 2 HF K Python PRy REAR B0 HHFIBER, IR ST HFEFE R sys . exc_info ()
Ak

WL B Python 1.5 JT 4y, A Python RS 7 I 5w ARSI B e ). AR 22 4 i 07 SR R BR &L sys .
exc_info (), ‘E¥fik [ Python U 73 LeAR S HOARAS . BEAL, SXWIAMT I S i RS 75 i SCRR ke A 7
AR D T 1) 557 5 1) bR RSO DRAT KA LR R S AR AS DA BR B R 7 ) S bR A . XRe B Lk 5 Ak 2L
R i — AR RAR TC S0 R R o T IETEAL PR S50 T A 5 LA s il s 1 1 1l 3] el A it 5 |
IR RO PRR 2 Ay K.

PE— B IS, — AN 25— BRBOR A T HE AT 55 14 R RO, 2 A A B R O 55 1K T e, A
GRS RSB A A 7 . BN Y EZFE A ARG, R — MR, (HE
FRBLET — R - IS ERNG | RFE, HRRA KRR N B E 2R

— AN B AL E A TR R A B TAE_ BT sum_sequence () RFIHHEFT TR AT 5EAERS DI
BIBE DRI ZO BT A BTG o TN TR S B B RGEUR — SeBE DRI B . 5, O T I ARSER
Python fY{IL%, FATIE/R 14521 Python fLHH:

def incr_item(dict, key):
try:
item = dictlkey]
except KeyError:
item = 0
dictl[key] = item + 1

NIRRT A N RESOER) C AU

int

incr_item (PyObject *dict, PyObject *key)

{
/* Objects all initialized to NULL for Py _XDECREF */
PyObject *item = NULL, *const_one = NULL, *incremented_item = NULL;
int rv = -1; /* Return value initialized to -1 (failure) */

item = PyObject_GetItem(dict, key);
if (item == NULL) {
/* Handle KeyError only: */
if (!PyErr_ExceptionMatches (PyExc_KeyError))
goto error;

/* Clear the error and use zero: */
PyErr_Clear();
item = PyLong_FromLong (0L) ;
if (item == NULL)
goto error;
3
const_one = PyLong_FromLong (1L);
if (const_one == NULL)
goto error;

incremented_item = PyNumber_Add(item, const_one);
if (incremented_item == NULL)
goto error;

if (PyObject_SetItem(dict, key, incremented_item) < 0)
goto error;

rv = 0; /* Success */

/* Continue with cleanup code */

(Qi¥i#3)

10 Chapter 1. {4y




The Python/C API, %[F] 3.9.19

(R —H)

error:
/* Cleanup code, shared by success and failure path */

/* Use Py_XDECREF () to ignore NULL references */
Py_XDECREF (item) ;

Py_XDECREF (const_one) ;

Py_XDECREF (incremented_item);

return rv; /* -1 for error, 0 for success */

}

XA FRET CEF P goto WA — Bz B AW WO B BT far f
WM PyErr_ExceptionMatches () MlPyErr_Clear () FACPREER B, PANRUMA{E ] Py_XDECREF ()
SRALFERTHESH NULL (W HASIH (EREAFTN x5 Py DECREF () AEiBF] NULL 5| HIHRF £ 5 ) . %
) — e T HORORAE B A5 I E B2 NULL A BRI Se(lHh, E R [BME L B9
68 -1 (R H B A AL AT I G A 2 &R .

1.6 itk A=\ Python

FUA Python fERESRHUIRA T (RIS T RS H M 5 ) A FEALOR — I ER L5 R ERPIAL, WREEA
ERmREL. R IR 2 B e LA TERE S BRI I 2 5 A REBBE ] -

BEARNRIGA R R R Py _Tnitialize (). WERBCHAIIGMT IMBBIRE, FFOI@EEARI builtins,
__main__ Ml sys. BIERFHIGMABHIERERTE (sys. path).

Py _Initialize () AEBE HAASHINER (sys.argv). WREEEFFEHITHY Python fUI TG 2 LA &
NAAE S Py _Tnitialize () 2 )@ id 8 PySys_SetArgvEx (argc, argv, updatepath) 3k
BAMKEE.

TERZHERS L (Fpil/2 Unix Fl Windows, ERFEGST A PIARIE) , Py_Tnitialize () FRARHEXIHRHE
Python fFRERS AT PUAT SCHF 67 B 1) i A N SR T SR R 6 4%, I8 Python R AT FEAHXTT- Python fi#fE
AT SO B A BB . R, RS THE shell Ay R 4R GMRAS R PATH) BB N
python BRI AT SO FTTEAL H Sk & #4 0 1ib/pythonX. v B H R

ZEBI K Vh, UE Python A] AT ST /usr/local/bin/python, BRHREENT /usr/local/lib/
pythonX.Y. (SZPs b, XMFREBELEECN “HHR” (78, 2724 T0ETE PATH H1kE) 4k python 1Y
FRAT S B ) P AT AT A B B P AL B PYTHONHOME , B{Gd 1d i PYTHONPATH TERMERS 2L
RITE AN H S E T8

A AR F A B SEF APy _Tnitialize () Z 8 Y8 Py_SetProgramName (file) 7%
RIR)F. W PYTHONHOME {/h9K £ 7 35 M % & Jf H. PYTHONPATH {3 2 W #H A 2R E B R 2 1l 7
58 AR R B AR P AR e H C W Py_GetPath (), Py_GetPrefix (), Py_GetExecPrefix ()
MPy_GetProgramFullPath () SEPM (GXEEREIIAE Modules/getpath.c FIEX ).

F I}, BT EXT Python HEAT “ AT UAAL” . AN, N FE R AT REARE 05 8 (R Py_Tnitialize () 5§
N AR P XT Python (1 FH £ 28 58 T AE EEREAI Python Fir 43 L i) A7 X T DA R Py_FinalizeEx ()
L. A4 HT Python 4T EWIMGALIRAS N Py_IsTnitialized () PRECRR M EE. A KX LEHE
WG BREZ G A . EEEPy _FinalizeEx () AU B Python RS BT 43 HL ) INTF,
B0 F 4 RSB 2 BE R P AF H BT AS SR

1.6. itx A3\ Python 11
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1.7 P

Python R PARfFH7 HE 28 720 2513 LAJE I GHERE SR A JRBCR I BUIME & . XL A S 45 s T KR BT
BB ENTEOARBUE -

A full list of the various types of debugging builds is in the file Misc/SpecialBuilds.txt in the Python source
distribution. Builds are available that support tracing of reference counts, debugging the memory allocator, or low-level
profiling of the main interpreter loop. Only the most frequently-used builds will be described in the remainder of this
section.

Compiling the interpreter with the Py _DEBUG macro defined produces what is generally meant by “a debug build” of
Python. Py_DEBUG is enabled in the Unix build by adding ——with-pydebugtothe . /configure command. Itis
also implied by the presence of the not-Python-specific _DEBUG macro. When Py_DEBUG is enabled in the Unix build,
compiler optimization is disabled.

B T RIE AT T RORZ A, AT A T B M A -
o BUOMEARFES I X S BLds -
o BUNKRAF IS I B AR AT A8 0 4 1325
o oA N S A [ 4 BB 1] R SRR AR TR B
s FZWE PR MB IR G LI . Ji5h, RAMNRHFE test_c_api () Tiks
 EASESE RS ARSI B HEZL B R
o B E M TCRAA R AR GE , AR RAIR AR 05 | 1
o INIREIRERANVES ) S A A 2 R BLAs AT
oINS A5 arena AT SEEL .
o USRS 2] SRR
AT REBCA PR BB A

Defining Py_TRACE_REFS enables reference tracing. When defined, a circular doubly linked list of active objects
is maintained by adding two extra fields to every PyObject. Total allocations are tracked as well. Upon exit, all
existing references are printed. (In interactive mode this happens after every statement run by the interpreter.) Implied
by Py_DEBUG.

B RXEBELZIME R, 1554 Python JEALIL Y Misc/SpecialBuilds.txt .
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CHAPTER 2

FeuE W B AR e — it il 12 1

&4 I, Python ) C APLIFRfiRENUAN I ZE (b . KRB HCA S IR Az, % HAs i APL, I A2 B
BA APTEUMER AP (A28 5 0 2| Je i AR IR ) .

RNEME, APTIREERA Y R i HIas I (ABL). JR R 32 2@ 8540 @ EAE , 78k BB Ing 7 Brak
W FBERTAT e SR APL, {HATRESHEER ABL. R, 45 Python MUAFR TR T & B4 @it (Bp
FAEAAE AT 32 2 32 AR 00 R, Unix BT RESHBLRY ) . LA, 7€ Windows |, $" @it S
FEI) pythonXY.dll #4% , 5 ZEEH N 41FA HESHHY pythonXY.dll 454 .

M Python3.2 if2, CLAFEH]T— APL T4, DABORERERT ABL. WIREH it APT (HgEFRA “5ZFR APT”)
9 AR BTG 2L X “Py_LIMITED_API*, -2 MR REAR 411 R M3 AR P IGRG: PR, AEARAT 3.x A
(x>=2) _F A ARSI AN TG 2 B 1

ERLEERT, FEARMIT R Y B E R ABL. 7 2 H] X 25 APL /Y 9 @ 11 B 95 228
Py_LIMITED_APT ik B A {148 35 & %5 1Y &% ik Python iR A< PY_VERSION_HEX {H (fi: Python 3.3
4 0x03030000) (SWAPI o ABI jp A 32 ) o WRBIHCREE T BT J5 ¢ Python HiUAS , (HIGYEFEIH MRS
m#E (F R 0555 ) .

M Python 3.2 JF 41, 52 APL W] B HLAEICTAE PEP 384 . 5 C APLSCHYh, R T32 APL {1y APTIEH
FRiZh “RETZH AP,

13
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CHAPTER 3

W= AP

AR 1 R BCRS ALV AR A TAE SR el o X 2 L) Python JACH, (HE TR A SLVRURTE S 415 AL i) 775X
SRR I T
XL R B A LR E R RIEIEA S NES. WA # AT 5 H Py_eval_input,
Py_file_input PAK Py_single_input. XS LAEEZENNENIES MR BRI ABEHT .
BRI LR A A LA DA R FILE* 185 . AR Z/NVD AL BRI HE 5 U 0 A A C R FILE
iR AR e AN A T AR . (2402) A& Windows 1, ShSHERIY A T RES (AR, B
%&%*@%Uﬁﬁﬂﬁﬁﬁﬁ%ﬁ%@ﬁ%m Python Jz47 I B0 A AH [ 1) BT O T A48 FILE* TE 216
el
int Py_Main (int argc, wchar_t **argy)
BRI EMER Y AR . A T Python RURE /75 n] i I AR Y« IR BERY arge Ml argy IEZ 1 24 515
4 CREFPM main () REWIESHIE CRARSE N s S KEE6R ) . — P ERERSRIE S
FIRWRELBEN (HSHFR TP TR AEAXPIEN) . AR ER IR (BIRT1 &
) WRBEMEREA O, WSRARRERR A5 A S R R[] 1, SEE R IE S R RE R R A 30T
Python fiy 47 MR 1] 2.

WHEBENART R T — M EHM & N ARAHE systemExit, MERHRFASRME 1, 2R HH#RE,
H3E py_InspectFlag A ARMTIKE .

int Py_BytesMain (int argc, char **argv)
FAUT Py _Main () {H argy 2 — ML EFITH IR

3.8 UHTIMA.

int PyRun_AnyFile (FILE *fp, const char *filename)

KRER N PyRun_AnyFileExFlags () WFIGEED, K closeir & 0 T flags 1%k NULL.
int PyRun_AnyFileFlags (FILE *fp, const char *filename, PyCompilerFlags *flags)

DAREI R R PyRun_AnyFileExFlags () WL, K closeit Z4(5H 0.,
int PyRun_AnyFileEx (FILE *fp, const char *filename, int closeit)

XRER N PyRun_AnyFileExFlags () WIFLIGEE D, ¥ flags ZHBE N NULL,

int PyRun_AnyFileExFlags (FILE *fp, const char *filename, int closeit, PyCompilerFlags *flags)
WA fp 45— A KRB E AL B A (B S B A B Unix O &) g SR, R

15
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[BlPyRun_InteractiveLoop () W{HE, HMWIREIPyRun_SimpleFile () W455H ., filename 2 {8
RGNS A% (sys . get filesystemencoding () KA@M, QIR filename 3 NULL, MCpRELS
iR "222" ERN S . W3R closeit NEAE, 44 HE PyRun_SimpleFileExFlags () iR [H] 2 Hf
DENIP

int PyRun_SimpleString (const char *command)
XX R iPyRun_SimpleStringFlags () WRALHUE O, KfpyCompilerrlags* ¥ N
NULL,

int PyRun_SimpleStringFlags (const char *command, PyCompilerFlags *flags)
WRAE flags ZH, A6 __main_ FHH AT Python JEACHS . WIR __main_ MIAFEAE, ERFRLEIE. M
TR 0, WG FHEMRE -1, GUERAAERR, W TEREREER . X1 fags & L,
ZH 3
THERARG R T — MEHAR & TR systemExit, MWREHRFAZRE -1, BT IR,
HE Py _InspectFlag i RHIE.

int PyRun_SimpleFile (FILE *fp, const char *filename)
PARE X R PyRun_SimpleFileExFlags () WITLIGIE D, FF closeit ¥ O 1fi¥F flags %A NULL,

int PyRun_SimpleFileEx (FILE *fp, const char *filename, int closeit)
XX i PyRun_SimpleFileExFlags () MfLIRIE D, +F flags XN NULL,

int PyRun_SimpleFileExF1lags (FILE *fp, const char *filename, int closeit, PyCompilerFlags *flags)
Similar to PyRun_SimpleStringFlags (), but the Python source code is read from fp instead of an in-
memory string. filename should be the name of the file, it is decoded from the filesystem encoding (sys.
getfilesystemencoding ()). If closeit is true, the file is closed before PyRun_SimpleFileExFlags returns.

#iE): ¥E Windows b, fp W 24 DA —dEHl#CFTIF (B fopen (filename, "rb")). %N, Python A
AB TG AL PR LF £ 745 R4 A< S

int PyRun_InteractiveOne (FILE *fp, const char *filename)
XAEE N P PyRun_InteractiveOneFlags () WIfiifbidE D, ¥ flags %A NULL.

int PyRun_InteractiveOneFlags (FILE *fp, const char *filename, PyCompilerFlags *flags)
Read and execute a single statement from a file associated with an interactive device according to the flags argument.
The user will be prompted using sys.psl and sys.ps2. filename is decoded from the filesystem encoding
(sys.getfilesystemencoding()).

ME AU PATIFIR ] 0, QRG] KR MR ] -1, B ARAFAEARAT 55 R [ 5 124 Python
LR G S A HY) errcode . h ALE SO AR RS . (3R errcode . h IR Python.h il
i, R AR AL I 4 )

int PyRun_InteractiveLoop (FILE *fp, const char *filename)
XA E N P PyRun_InteractiveLoopFlags () WIfiifbiiE D, ¥ flags ¥~ NULL.,

int PyRun_InteractiveLoopFlags (FILE *fp, const char *filename, PyCompilerFlags *flags)
Read and execute statements from a file associated with an interactive device until EOF is reached. The user
will be prompted using sys.psl and sys.ps2. filename is decoded from the filesystem encoding (sys.
getfilesystemencoding () ). Returns 0 at EOF or a negative number upon failure.

int (*PyOS_InputHook) (void)
Al AR A FE 1A — AN JRAN int func (void) MYRREL. ZRECKFAE Python ¥ RS FE R AT RIVRE 25 K
FHEE 05 P ot ARTREIR o IR BME S WA . 5 X AN T 0 05 R AR R g (1 S A S 3
HAFEFEERH, iR Python i s Modules/_tkinter.c AT EE .

char* (*PyOS_ReadlineFunctionPointer) (FILE * FILE *, const char *)

B PARRIR M TE R —AN R BN char *func (FILE *stdin, FILE *stdout, char *prompt) HJ
BRAL, SRR RSP R AR — TR AR IR RS % R AU A AR A prompt Ay
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NULL i e, SRS IR AL AR A SO el — AT A, RIS A R . B, readline
REHCREX AN T3 B PR T 4n i A tab RN SETIRE

ZER IR —AH PyMem _RawMalloc () B PyMem RawRealloc () /BECHIFAFER, BUE R A4
WM NULL.

3.4 f W s 45 B 0 HPyMem _RawMalloc () B{PyMem RawRealloc () 43 Et, T A~ &
HPyMem_Malloc () B{PyMem_Realloc () 4 HEC.

struct _node* PyParser_SimpleParseString (const char *str, int start)
This is a simplified interface to PyParser SimpleParseStringFlagsFilename () below, leaving file-
name set to NULL and flags set to O.

Deprecated since version 3.9, will be removed in version 3.10.

struct _node* PyParser_SimpleParseStringFlags (const char *str, int start, int flags)
This is a simplified interface to PyParser SimpleParseStringFlagsFilename () below, leaving file-
name set to NULL.

Deprecated since version 3.9, will be removed in version 3.10.

struct _node* PyParser_SimpleParseStringFlagsFilename (const char *str, const char *filename,
int start, int flags)
Parse Python source code from st using the start token start according to the flags argument. The result can be
used to create a code object which can be evaluated efficiently. This is useful if a code fragment must be evaluated
many times. filename is decoded from the filesystem encoding (sys.getfilesystemencoding ()).

Deprecated since version 3.9, will be removed in version 3.10.

struct _node* PyParser_SimpleParseFile (FILE *fp, const char *filename, int start)
This is a simplified interface to PyParser SimpleParseFileFlags () below, leaving flags set to O.

Deprecated since version 3.9, will be removed in version 3.10.

struct _node* PyParser_SimpleParseFileFlags (FILE *fp, const char *filename, int start, int flags)
Similar to PyParser_SimpleParseStringFlagsFilename (),butthe Python source code is read from
fp instead of an in-memory string.

Deprecated since version 3.9, will be removed in version 3.10.

PyObject* PyRun_String (const char *str, int start, PyObject *globals, PyObject *locals)
Return value: New reference. X 241X NH PyRun_StringFlags () WfiALIRIZEL, $ flags % A NULL.

PyObject* PyRun_StringFlags (const char *str, int start, PyObject *globals, PyObject *locals, PyCompiler-
Flags *flags)
Return value: New reference. TEH1 ¥4 globals K1 locals 3§21 _FF U AT B sor 11 Python JEACAY, I
A flags 16 1€ H) ik 4R EAT . globals WAAUR— N5 locals W AR AR SEBL T WML A 5. TE
Z: start $73E T N AR A IR TEAT -

iR LA/ Python XFGATIAE R, Wi ARG % T 5% Wik o] NULL,

PyObject* PyRun_File (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *locals)

Return value: New reference. X241 % N PyRun_FileExFlags () BWIfaifbiizE O, ¥ closeit %5 0 3F

¥ flags 1K NULL,
PyObject* PyRun_FileEx (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *locals,

int closeit)

Return value: New reference. X241 N PyRun_FileExFlags () HIfaiAbIRIEE O, ¥ flags i% A NULL,

PyObject* PyRun_FileF1lags (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *locals,
PyCompilerFlags *flags)
Return value: New reference. X 241N NI PyRun_FileExFlags () WIfaACRIZED, B closeit ¥4 0.

17
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PyObject* PyRun_FileExFlags (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *lo-
cals, int closeit, PyCompilerFlags *flags)
Return value: New reference. Similar to PyRun_StringFlags (), but the Python source code is read from fp
instead of an in-memory string. filename should be the name of the file, it is decoded from the filesystem encoding
(sys.getfilesystemencoding ()). If closeit is true, the file is closed before PyRun_FileExFlags ()
returns.

PyObject* Py_CompileString (const char *str, const char *filename, int start)
Return value: New reference. X &5 % N Py _CompileStringFlags () WTALIRE D, ¥ flags %K
NULL,

PyObject* Py_CompileStringFlags (const char *str, const char *filename, int start, PyCompiler-
Flags *flags)

Return value: New reference. X251 % FIfiPy_CompileStringExFlags () WIfRIALIRIE D, ¥ optimize
W -1,

PyObject* Py_CompileStringObject (const char *str, PyObject *filename, int start, PyCompiler-

Flags *flags, int optimize)

Return value: New reference. f# A7 4% sor (1) Python JE AU, iR [0l 45 R AV XS 2. TFHRIE AT
Hi start 25 5 33X AT B O R A AT 48 g i 0 AURS JF HLW ol Py_eval input, Py_file input B
Py_single_input. M filename Hi7& B SCIF 44 2 45 AL 3 QRS XF 5 Al BE ) BEAE 1] 9] 15 S o
SyntaxError SR . WERAURD JC I a AT B4 136 U G R HCRF ik [9] NULL.

HERY optimize 15 5E M IFHAIIALI A H -1 FkdE S —o PEUIAN MRS LR 20 . R 5108 0
etlife; __debug_ MEAH). 1 BrE @R, __debug_ SHR(H) 2 2 CORFATH AL IR).

3.4 BUETINA.

PyObject* Py_CompileStringExFlags (const char *str, const char *filename, int start, PyCompiler-
Flags *flags, int optimize)
Return value: New reference. Like Py_CompileStringObject (), but filename is a byte string decoded from
the filesystem encoding (os . fsdecode ()).

3.2 BT

PyObject* PyEval_EvalCode (PyObject *co, PyObject *globals, PyObject *locals)
Return value: New reference. %251 XPyEval EvalCodeEx () fafbiiz, BEHREAETE, AL
AR AR . HAth 50515k NULL,

PyObject* PyEval_EvalCodeEx (PyObject *co, PyObject *globals, PyObject *locals, PyObject *const *args,
int argcount, PyObject *const *kws, int kwcount, PyObject *const *defs,
int defcount, PyObject *kwdefs, PyObject *closure)
Return value: New reference. %f— AT AN SR8, MEHOR(ESS A @ RS . ILIREE & /A
HPTFH, RAERBS, S8 BT RERMER B, R AT SRR E R TSR R
JUHE P TC I A
PyFrameObject
TR G CREREEHIR . I SEAL0) 5 BT BEAEAT AT g i s
PyObject* PyEval_EvalFrame (PyFrameObject *f)
Return value: New reference. 35— PHATWOR{E . X4t ¥ PyEval_FEvalFrameEx () Wfafbiiiz o, H
TR A
PyObject* PyEval_EvalFrameEx (PyFrameObject *f, int throwflag)
Return value: New reference. iX ;g Python fERGIZAT ANIFB A EeE. SIRATIOf A IRIRAY FURD XS G5
PAT, TR AR R AT o BN throwflag T8 2 FEA ] DAR 20— RN AR, )
SSECLA I — R RPN TAENERRR I throw (O Tk,

3.4 O A i R B R — AT, AR BRA T B 2 e Bl 0 57
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int PyEval_MergeCompilerFlags (PyCompilerFlags *cf)
PR B2 B Y BORE MRS, TR [ B, SRR A AR

int Py_eval_input

Python if7AH T IGLZAXWEIGTT 55 BlfrPy_Compilestring () M.

int Py_file_input
Python 153 1 I - M SCHF BRI BE US4 P S I G 4TS B Py_CompileString () i, iX
e ARG AL KA Python PRSI B0 YA

int Py_single_input
Python 15 T BpIE M AR 14T 5 LG Py _CompileString () flifl]. X2 M T HA MRS
EZNINES R

struct PyCompilerFlags
X2 RAF IR IF A AR G5 P A . XTI g iR I 0L, BRHEN int flags A, TXFFAL
MHERIATRINE DL, EXFE N PyCompilerFlags *flags e A FEEMIEIL T, from _ future
import RJPMEK flags.
Y pyCompilerFlags *flags N NULL B, cf_flags FF#24/E4T 0 SEALFE, MifE{ from
__future_ import iFREBHEI LW ETE.

int c£_flags
G 1A AR o

int c£_feature_version
f _feature_version 52 Python [{)/DRAS . BN 48541441k >5 PY_MINOR_VERSION,

M BOBIA S 20, 24 HAUYTE of_flags 1ikE | PyCF_ONLY_AST JEARE A E .
3.8 {RE S T of _feature_version FE% .

int CO_FUTURE_DIVISION
AR AIAE flags T B VAIAFIREB AT / YU PEP 238 BrilEy “HFRk”.
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cHAPTER 4

AT ZAR RN T HE Python R YT AL
void Py_ INCREF (PyObject *0)

BTG 0 BT, G N NULL; WSRARAHE B AN NULL, R[] Py _XINCREF ().
void Py_XINCREF (PyObject *0)

HEIR G 0 WIS, XPRATPASY NULL, FERUHEOL MR B A AT R -

void Py_DECREF (PyObject *0)
WK o WIS TR R UAUR A NULL; QURARAH € B AN NULL, WPy XDECREF (),
WIRE TR NE, B AR TR X5 8 2R B A R R £ (B L ZA A NULL),

Bl BOCR BT S EUE R Python (U AGEIAN (HIHANY— DA __del () kR RILHIHE
RO L2 ) o BIRIEIACRD H i S R e, (ARITI IS RERS B 7R A Python
GrJR AR, XA ]l 4 R A B AR W RAEPy_DECREF () WAGETA N Z HI#PN. 24 AT
SERFARAS o BT, 50 r I I 6 G 14 AR 7 24 R 3o SR 1 5 1 P48 DL 38— ANl 22 2 e
SRR, SRS AR A R ] Py _DECREF ()

void Py_XDECREF (PyObject *o)
WIS o 5 HTHE. XTI PACH NULL, ZESLIE L R A= EAR MR AR A 0 HAUR
5Py DECREF () #H[F], Fox M [RIBEME L

void Py_ CLEAR (PyObject *0)
DTSR o BFI AL, XA AIPAH NULL, FEBLIE O MR BT AEATAIROR . 7R A O~ HAUR
5py DECREF () #[F], RAFEFHSEW G A NULL, £MX Py _DECREF () BYEEAE HT %
IR, R R S 4Ol — AN AR AR D e | T 2 B S50k NULL,

i 24 B DA S TR ) AT RE S0 I 0 G i 5 DR RO, % R — M 325

PATF B %0E BT Python HiafTH 8158k A: Py_IncRef (PyObject *o), Py_DecRef (PyObject *o).
BB R Jg Py _XINCREF () MlPy_XDECREF () HTa] B-5 i BR B o

PA T BROBC B AL T FE R ORE AR % 0 W B 68 _Py_Dealloc(), _Py_ForgetReference (),
_Py_NewReference () PANERASHE Py _RefTotal.
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CHAPTER D

15 e B

AFERGIR ) R ECRHE AR AL BRANfil & Python 4. T fiff—4¢ Python S35 A EE AR R R EHM . BT
YEIRPEA % POSIX [f) errno Af it (N EAR) A —NEmfdnaiemiol KA R K28 CAPLEK
BARSTERINN A S, HSTER I BB E ORI R ERI IR . 2450 C APL AR [ — N IR RS
MR EAIN %R E—A4 455, WERE NULL, IR B, WERE -1 (F4h: PyArg_* () BREUEI
R[] 1 2 sk E] 0).

AR, FIRIE RS ARG A TR RE, B E, RIS R IR E,
ﬁ%ﬁ?%ﬂu%NML(E%—%ﬁéﬁ%ﬁ%,%W,W%Eﬁ%ﬂ%NML,%K%ﬁ~¢#NmL
17 )

—A R R T E YA B BB MM A 5T R O, Gl A S BCEAE DRSBTS R B 2 48k
BT ME AT RIS L, R B HAA A RIS m (i R s N A2 ie) 4
RAMERT AL, W RV IR HIAREL . WA d SR ], IR A —E B R e fE 1
BTG MUREFIR DA IS ARV O %1%, XF Python/C APT e i T BEA A TUAYAT N, IF HoalhES
PASE R AR ) 7 R I

il $EIRIRES A sys.exc_info () WHATHIR . RIEX M AR R CrEILERRE), M5
FAERPR R GRS H (R C2E Ik e ) .

5.1 FTHEIRIGTRE

void PyErr_Clear ()
IR RIS WREARER R, WALEEN.

void PyErr_PrintEx (int set_sys_last_vars)
FEREHTEN S sys . stderr HIFIREERIE R . BRI RE SystemExit, XMIFIL T ALITH
Ml ERE, H2xiRH Python 5%, /R systemExit SEHIFEE A IR,

FUEAER DRIE /N5 DO I A7 SR X e, 15 05X 2 e B3R!
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W5 ser_sys_last_vars JEZE, N|AFH sys.last_type, sys.last_value fll sys.last_traceback
Ko s BT B S I 2R3, (R el

void PyErr_Print ()
PyErr_PrintEx (1) HH|4.

void PyErr_WriteUnraisable (PyObject *obyj)
15 FH 24 B S50 obj 22808 sys.unraisablehook () .
ME TR, BRI RESE PR A S B, XSS BB sys . stderr FTEI—MEE(E
B Bltn, 24 del () A A S E I XA R AL
SRR EUE ] B SH oby AT, IS BRI AT RE R ER S0 WEARTTEE, oby HYREHF
FTETEE S B

A JH L PR O L TR B — S S

5.2 Phili S

XL PR AT B AR B AT AR B D s e O TR, — e B IR AR u] NULL 5%, DAEIT

return 1A,

void PyErr_SetString (PyObject *type, const char *message)
R EHRRICRE NN T F-ISHEERHERL B@WE N ERE, flW
PyExc_RuntimeError. {RAFEEMEMT I, HoASUEH RN E&M 'utf-8" fi#
ETII

void PyErr_SetObject (PyObject *type, PyObject *value)
WERECERI T PyErr SetString (), HERARVFRNRER (" F8EERE—1 Python X4,

PyObject* PyErr_Format (PyObject *exception, const char *format, ...)
Return value: Always NULL. X MR E T — PR I8 /8 28 9 H iR [A] T NULL, exception [
Y& — > Python W [y S5 5 K. formar FIBE 5 WL S 28 g XX A RE R BN
Y5pyUnicode_FromFormat () B EMEIN G XFME. format 22— ASCII g i) F 40 .

PyObject* PyErr_FormatV (PyObject *exception, const char *format, va_list vargs)
Return value: Always NULL. fMlPyErr Format () #[E, (BEEZ—4 va_list REWSHMA A
BRER S

3.5 BUBTINA.

void PyErr_SetNone (PyObject *type)
X PyErr_SetObject (type, Py_None) HfHE.,

int PyErr_BadArgument ()
X2 PyErr_SetString (PyExc_TypeError, message) HIfWiE, HH message & B M TS
BRI N ERE. ERERAT N,

PyObject* PyErr_NoMemory ()
Return value: Always NULL. X /& PyErr_SetNone (PyExc_MemoryError) W5 ; ‘BiRE NULL , PA
82 NFFAFER I, XTRIBLRET A return PyErr_NoMemory () ; .

PyObject* PyErr_SetFromErrno (PyObject *type)
Return value: Always NULL. 3X-2/MEEERE, 24 C ERBOR PG RHIKE errno B, XN RS %A
S B A TeA g, HE IR BEE errno, IR ERIHE (M strerror ()
FE) , X5 PyErr_SetObject (type, object)., #£ Unix I, X4 errno {2 EINTR , H|I
BT RGN, XAREBS M PyErr CheckSignals () , QRIE THRIERSE, MRFHE
EHONZE. ZRBUKIEIR P NULL , Y R G R S G, 58 ZR G0 FH 0 6025 e B800] DA A

return PyErr_SetFromErrno (type); .
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PyObject* PyErr_SetFromErrnoWithFilenameObject (PyObject *type, PyObject *filenameObject)
Return value: Always NULL. 28{\ T'PyErr SetFromErrno () , MEMEFTRE R filenameObject 1K
NULL , ERVENSHE = SEUELEL type I KA. 255, 1E OSError W, filenameObject
R e i SE I £1lename @M.
PyObject* PyErr_SetFromErrnoWithFilenameObjects (PyObject *type, PyObject *filenameObject,
PyObject *filenameObject2)
Return value: Always NULL. 25| T PyErr SetFromErrnoWithFilenameObject () , {HIEZEHE A

filename X} 5, 24— M52 W1 filename [ pR K0 2 OS2 B %
3.4 BUHTIA.

PyObject* PyErr_SetFromErrnoWithFilename (PyObject *type, const char *filename)
Return value: Always NULL. Z2{))F PyErr_SetFromErrnoWithFilenameObject () , {H3 {4 PA C
FAHRIER G . filename ;2 NS R GimAS (os . fsdecode () ) fRR IR

PyObject* PyErr_SetFromWindowsErr (int ierr)
Return value: Always NULL. iX 32 fjh % WindowsError M) 18 £ K 2. W H lerr 25 0, WM
P ] GetLastError () iR [F A 45 1% M. & I Win32 K %[ FormatMessage () X ¥ &R
ierr B GetLastError () %45 & By 5 ¢ A4 1) Windows ffiid, AR5 & —DmAAx g, H
8 — T2 derr fH, 8 WM N M IRGE (M FormatMessage () 3KH) , A5 IH A
PyErr_SetObject (PyExc_WindowsError, object) . ZREUKILIRE] NULL .
B] F 4 Windows .,

PyObject* PyErr_SetExcFromWindowsErr (PyObject *type, int ierr)
Return value: Always NULL. 25{)| T PyErr_SetFromWindowsErr () , BiAMAISETE & fih k1) Ra& 2
A,
u] H 4 Windows,

PyObject* PyErr_SetFromWindowsErrWithFilename (int ierr, const char *filename)
Return value: Always NULL. 250/ T PyErr_SetFromWindowsErrWithFilenameObject () , {HiZ

filename J2DA C FRFEREERGA Y. filename 2N RG0S (os. £sdecode () ) fRIGH R N
B] F M Windows .,

PyObject* PyErr_SetExcFromWindowsErrWithFilenameObject (PyObject *type, int ierr, PyOb-
Ject *filename)
Return value: Always NULL. Z2{))F PyErr_SetFromWindowsErrWithFilenameObject () , &i4hZ
Bt e B R ) R A
u] M Windows .,

PyObject* PyErr_SetExcFromWindowsErrWithFilenameObjects (PyObject *type, int ierr, PyOb-
Ject *filename, PyObject *file-
name2)

Return value: Always NULL. Z8{) T PyErr SetExcFromWindowsErrWithFilenameObject () , {H

ERis2 5 ) filename X4, B
] M Windows.,
3.4 BCHTINA.

PyObject* PyErr_SetExcFromWindowsErrWithFilename (PyObject *type, int ierr, const char *file-

name)
Return value: Always NULL. 25{0) FPyErr_SetFromWindowsErrWithFilename () , #iINSEIGE

U R ) SRR R
w] H M Windows,
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PyObject* PyErr_SetImportError (PyObject *msg, PyObject *name, PyObject *path)
Return value: Always NULL. 3% 2fh /% ImportError [{EHERE . msg FFoi N F w1 TE S5 . name
M path , (FFA[PAKH NULL ), ¥ RWRE ImportError %W JEM: name il path,

3.3 BUBTINA.

PyObject* PyErr_SetImportErrorSubclass (PyObject *exception, PyObject *msg, PyObject *name, Py-
Object *path)
Return value: Always NULL. fPyErr_SetImportError () R, BXPMEE LT E—H
ImportError T2kl % .

3.6 UHTIIA.

void PyErr_SyntaxLocationObject (PyObject *filename, int lineno, int col_offset)
BCEYHI R SCPE, AR5 . MR MR AE syntaxError , MEREBIMYEN,
SEATHTFREINN R 2 SyntaxError.

3.4 UGBTI

void PyErr_SyntaxLocationEx (const char *filename, int lineno, int col_offset)
S5PpyErr SyntaxLocationObject () ZBfl, HiE filename 2N X R %G9S (os.fsdecode () )
AR H P — ST A

3.2 HUGHTIA.

void PyErr_SyntaxLocation (const char *filename, int lineno)
R T PyErr_SyntaxLocationEx (), {HEWE T col_offset parameter JEZ: .

void PyErr_BadInternalCall ()
XiE PyErr_SetString (PyExc_SystemError, message) W4E5E, H message FnfiH T3k
ESHOR M N ERAE (B0, Python/C APT pR%l) . & EZN T M.

5.3 KilvE L

XL AT A CAUR A . BT B T i Python B3Rt warnings S fIRLL R AR, A1 %5 i)
sys.stderr 3T HI— 285 R R 08, NP TREC 4@ RS oN B e, TEXAPMIEOLT, BN
S WA TR T E SR B, AR B A . SRICA A R, R IHEN 0 5 SRl A
H L OREUEN -1, (JCVEME 2 SebrdT B T35 8, BICTERE i il A i A . SR o2 ).
filke 7w, PR E AT IE R BRI (BN, Py _DECREF () A5 FFR I —PHHR(E) -

int PyErr_WarnEx (PyObject *category, const char *message, Py_ssize_t stack_level)
K —ANEEE B B category B— S ] (DLRTED) BY NULL 5 message & —4> UTF-8 #gfig
AT . stack_level J&—A>45 AR MU E A IERG 208 A2 AR b 24 BT IEAE SR AT B AU AT A&
stack_level 2y 1 WM PyErs_warnex () BIREL, 2 RIEHZ LRURREL, PARCRIE.

AR E PyExc_Warning B T2, PyExc_Warning J& PyExc_Exception [ T-28; BRI\
502 PyExc_RuntimeWarning . Friff Python B2 5IVE & /AR, Irg A ILimE%

EEA .
A REEEHNFER, SO warnings MarSFT 3O —w B30, A T SEH C
API,

int PyErr_WarnExplicitObject (PyObject *category, PyObject *message, PyObject *filename, int lineno,
PyObject *module, PyObject *registry)
Kt — A P A A JE e PR AT U B I B X 2 L T Python & %[ warnings.
warn_explicit () ANZW B WEHH IR THFEN . module Fl registry ZHU i NULL
PAFSEIAH 5 SO BT il i B BRIARCR

3.4 BUHTIA.
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int PyErr_WarnExplicit (PyObject *category, const char *message, const char *filename, int lineno, const
char *module, PyObject *registry)
Similarto PyErr_WarnExplicitObject () exceptthat message and module are UTF-8 encoded strings, and
filename is decoded from the filesystem encoding (os . fsdecode ()).

int PyErr_WarnFormat (PyObject *category, Py_ssize_t stack_level, const char *format, ...)
KM TPyErr_warnEx () WREL, B HPyUnicode_FromFormat () FigRALES Y E.. format
sefdi il ASCII 4w i) 745 50

3.2 BUHTIMA.

int PyErr_ResourceWarning (PyObject *source, Py_ssize_t stack_level, const char *format, ...)

R FPyErr_wWarnFormat () HIBREL, 1H category /& ResourceWarning I H'BE ¥ source 1545
warnings.WarningMessage () .

3.6 BUHTIA.

5.4 HE B

PyObject* PyErr_Occurred ()
Return value: Borrowed reference. #5251 E T HiRTE/nas . WTCIRE, MRS58 type (G245 50E—IK
X HA PyErr_Set* () lMfiEPyErr_Restore () WRMAMIZE— TS50, WARBE, WikFE NULL,
RIEAFAXHREMERW S, BARAR TR ZX I TPy _DECREF () .

I AR A GIL o

i AR ME S5 E R I TR SNl PyErr ExceptionMatches (), fITFF
TN o (tti%iﬁ;ﬁ%ﬁiﬁlﬁzﬁﬁ?%ﬁﬁﬂé% SHEATRE RN LB AR, BT R R A T
H—~F2K.

int PyErr_ExceptionMatches (PyObject *exc)
ZEMTF PyErr_GivenExceptionMatches (PyErr_Occurred (), exc). HEREY 24 BIESLFRIX
BT REN AR AR R T | AR A A ARE AT

int PyErr_GivenExceptionMatches (PyObject *given, PyObject *exc)
W2t given 745 exe WY SRR B PCEENGR [0 FUH . W2R exc 2—2AXFR, MY given &2—4>TK
1 S LR A o] B . 2R exe @—ASoedl, Wizoedl (PAGRIAR1Iodl) i s AU
P R AATICHL .

void PyErr_Fetch (PyObject **ptype, PyObject **pvalue, PyObject **ptraceback)
R RPN AT PR IR = AR R AL L. WERR B RRE AT, PR =AM Bl NULL.
WARCBCE, WRFHFERIT BARRASED0 A2 R B R A5 I o (BT B AT A NULL RfdE
RAMRA R

(e Jb R AT 3 LB S S ) A B 5 S I PR AF R IR S B DR R A R AR BT (1, o

{
PyObject *type, *value, *traceback;
PyErr_Fetch (&type, &value, &traceback);

/* ... code that might produce other errors ... */

PyErr_Restore (type, value, traceback);
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void PyErr_Restore (PyObject *type, PyObject *value, PyObject *traceback)
BT EARRRER RIS MR RO RE, ERFE A5k, MR=XRE N NuLL,
R ARG FR . 3 AN EAE A NULL EBUHIE NULL {EE[n] ] . S R 22— 2. A%
AT et R . (7B ROX SENR- BU Y IS 22 R0 ) T T 2 B XA X 5 1 -
PRDHEYE ) 2 BT R A G0 5 1 BLAE T Z S5 VR A B A X 265 . (AR B X —
M RANER R I E ZATL)

T I e R0 B R I I R A AR S S R R AT I A T . W S PyEre Fetch () RfR
724 I B R AR R AT o

void PyErr NormalizeException (PyObject **exc, PyObject **val, PyObject **tb)
RPEN LY, NHPyErr Fetch () FrgBIAER AR “EIEAMER)”, B *exc R—DIXFR M
*val Al — AR SEH] . X RO T R O] AR R SE B S WREE 22 IEMALRY, A
WUTA A . SR LR IE AL T4 THERE .

HE: B R BN HIESEE FIRE _ traceback_ J@ME. NSRARTLE LR B WP, B
PATF B IIACHD 1 B

if (tb != NULL) {
PyException_SetTraceback (val, tb);
}

void PyErr_GetExcInfo (PyObject **ptype, PyObject **pvalue, PyObject **ptraceback)
REFHEEE, BN sys.exc_info () FiREIN. XR2HE—A SMERNTE, AN LK
S IR BRI =AM REEG I, HHE— YR Y NULL. AL BUCREE RRIRE.

E): R BOE A ST AT R AR R A . B 35 A B A AR AR S R AR A
SRS I, B PyvErr SetExcInfo () RWKE B ERREIRE.

3.3 BUBTINA.

void PyErr_SetExcInfo (PyObject *type, PyObject *value, PyObject *traceback)
WERHEEL, M sys.exc_info () FifgEIM. X2iF—1 U RITHE, MARNESG K1
. WRESMBI SN G N . EHERERE, WA =SS A NULL, T XEAS
B — BN, B PyErr_Restore (),

il MR BGE A S TE S AP R A BT A . BB R A3 A A A T S B R AT R R
SRS . W PyErr_GetExcInfo () FiBUREARS.

3.3 BB
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5.5 o'z ibht

int PyErr_CheckSignals ()
This function interacts with Python’s signal handling. It checks whether a signal has been sent to the processes
and if so, invokes the corresponding signal handler. If the signal module is supported, this can invoke a signal
handler written in Python. In all cases, the default effect for STGINT is to raise the KeyboardInterrupt
exception. If an exception is raised the error indicator is set and the function returns —1; otherwise the function
returns 0. The error indicator may or may not be cleared if it was previously set.

void PyErr_ SetInterrupt ()
Simulate the effect of a STGINT signal arriving. The next time PyErr_CheckSignals () is called, the Python
signal handler for SIGINT will be called.

5 Python Y% AL signal. SIGINT CREi& A signal.SIG_DFL B signal.SIG_IGN), IHE%EL
FEAATAT =R
int PySignal_SetWakeupFd (int fd)

AT H IR E T — N4 UG S B N AR AT TE X B A MG 590510 H bR SCekfliik
o fd DR ARPHZER) . B R 1] BT — AN XA A SO AT -

BCEAE -1 PR XRAIRIRAES . XS4 T Python H111) signal.set_wakeup_fd (), {H
BEAALMIAE DA A o fd B2 — RN S HRTT o BERRRY 24 R E LA AR -

3.5 i A#: E Windows b, IR BOIAE SO R R AL B

5.6 Exception %%

PyObject* PyErr_NewException (const char *name, PyObject *base, Py Objecr *dict)
Return value: New reference. iX4~ 1T H pRE & AR B — 0 F 2. name 2 7“%;‘5[ IR B R4
PR, /& module.classname FER ) C F5E . base H dict 7‘5;&1_.%}] NULL, X¥0E—MRAE
Exception BZENt4 (FF C Fa[ AT PyExc_Exception Jj]).
BN __module_ JEMERHEB N name ZE IRy (Ba— 52 8l), M2 Rph 52k
o (RJE—N RS 2ZI5). base ZHTHRIGEB RIS Bl — R0 — At 4R o
H. dict ZHOTHH S E — A BRI U L

PyObject* PyErr_NewExceptionWithDoc (const char *name, const char *doc, PyObject *base, PyOb-
Ject *dict)
Return value: New reference. FIPyErr NewException () —#f, & T o] DARRMAHA T SHER— 30
REFAFE s AR doc JEPEAESS, B ES 5 B SO A5 R

3.2 BUHTMA.

5.7 S %

PyObject* PyException_GetTraceback (PyObject *ex)
Return value: New reference. Y5 T35 #H R BR i RIWAAE M — 5] Ik [Bl, W PAES _ traceback_
T Python Hiijji. AR O RIEAYEH, U3 M| NULL,

int PyException_SetTraceback (PyObject *ex, PyObject *tb)
REFEH KRIRAY PR EA th o (] “Py_None“W5IRE .

PyObject* PyException_GetContext (PyObject *ex)
Return value: New reference. -5 55 M RN _ER3C (FEALIE ex it FE 5] i 5 — A RESEH) AE
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H—AEGUHIRE, W@ context_ fE Python FR{JI, UIREA C REKH LRI, R [m
NULL.

void PyException_SetContext (PyObject *ex, PyObject *ctx)
K5 S AH IR TR SCRCEN eove ) NULL RUE2E o 1A TRBOR cov g — > i S Bl 2R 30
Ao XRFET AR e 151

PyObject* PyException_GetCause (PyObject *ex)
Return value: New reference. Y5 3B R#E IR (—NRELH, 572 None, [ raise ... from
o W) YER—NEEHIRE], ATAE Python HiE ) _ cause_ Hifii.

void PyException_SetCause (PyObject *ex, PyObject *cause)
K5 5 A IR SR R BB cause. (1] NULL RIEEE. BEAMRELR cause 22—~ 574 L) 5
None HJRAUG A . ERHATIR— 481 cause )T HI .

_ suppress_context__ 2R E ek N True,

5.8 Unicode %4

TR TR AB Ok B C Y Unicode 74 .

PyObject* PyUnicodeDecodeError_Create (const char *encoding, const char *object, Py_ssize_t length,
Py_ssize_t start, Py_ssize_t end, const char *reason)
Return value: New reference. f)f#t—-]> UnicodeDecodeError X} % I MM encoding, object, length, start,
end 1 reason %@ . encoding N reason >}y UTF-8 48 i) F 44 ER .

PyObject* PyUnicodeEncodeError_Create (const char *encoding, const Py _UNICODE *object,
Py_ssize_t length, Py_ssize_t start, Py_ssize_t end, const
char *reason)
Return value: New reference. £))f#—-]> UnicodeEncodeError X} A encoding, object, length, start,
end 1 reason. encoding F reason HRSE VA UTF-8 4t i) 4 e .

3.3 EEEH: 3.11

Py_UNICODE H Python3.3 # . #% 7 /1 .15 1iF 2 E PyObject_CallFunction (PyExc_UnicodeEncodeError,
"sOnns", ...)o

PyObject* PyUnicodeTranslateError_Create (const Py UNICODE *object, Py _ssize_t length,
Py_ssize_t start, Py_ssize_t end, const char *reason)
Return value: New reference. f]7—-~ UnicodeTranslateError X RIFHr object, length, start, end Fl
reason, reason &—~PA UTF-8 45 E/4 5 .

3.3 RBEEH: 3.11

Py_UNICODE H Python3.3 2E#FH .15 1T £ PyObject_CallFunction (PyExc_UnicodeTranslateError,
"Onns", ...)o

PyObject* PyUnicodeDecodeError_GetEncoding (PyObject *exc)
PyObject* PyUnicodeEncodeError_GetEncoding (PyObject *exc)
Return value: New reference. 1R [R| 45 € 55 TR ) encoding JE1%

PyObject* PyUnicodeDecodeError_GetObject (PyObject *exc)

PyObject* PyUnicodeEncodeError_GetObject (PyObject *exc)

PyObject* PyUnicodeTranslateError_GetObject (PyObject *exc)
Return value: New reference. 12 [R| 45 € 5 XA object J& 1k

int PyUnicodeDecodeError_GetStart (PyObject *exc, Py_ssize_t *start)
int PyUnicodeEncodeError_GetStart (PyObject *exc, Py_ssize_t *start)
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int PyUnicodeTranslateError_GetStart (PyObject *exc, Py_ssize_t *start)

BRI S8 SRR start JRIEFFREHON *start o start WA NULL. B RE] 0, KRIGHR A -1,

int PyUnicodeDecodeError_SetStart (PyObject *exc, Py_ssize_t start)
int PyUnicodeEncodeError_SetStart (PyObject *exc, Py_ssize_t start)
int PyUnicodeTranslateError_SetStart (PyObject *exc, Py_ssize_t start)

K8 TR start JRYEWN start . IR 0, KWHHRE -1,

int PyUnicodeDecodeError_GetEnd (PyObject *exc, Py_ssize_t *end)
int PyUnicodeEncodeError_GetEnd (PyObject *exc, Py_ssize_t *end)
int PyUnicodeTranslateError_GetEnd (PyObject *exc, Py_ssize_t *end)

BRURZETE SR GY end JRIEIFFF LA *end. end W/UR NULL, JEZNIFIRM] O, KRN -1,

int PyUnicodeDecodeError_SetEnd (PyObject *exc, Py_ssize_t end)
int PyUnicodeEncodeError_SetEnd (PyObject *exc, Py_ssize_t end)
int PyUnicodeTranslateError_SetEnd (PyObject *exc, Py_ssize_t end)

R E T HEXRI end JEYEBK end . JIIHHRIE) O, RIGHHRIE -1,

PyObject* PyUnicodeDecodeError_GetReason (PyObject *exc)

PyObject* PyUnicodeEncodeError_GetReason (PyObject *exc)

PyObject* PyUnicodeTranslateError_GetReason (PyObject *exc)
Return value: New reference. 1% [A| 45 € 5 X R 1) reason JE 1

int PyUnicodeDecodeError_SetReason (PyObject *exc, const char *reason)
int PyUnicodeEncodeError_SetReason (PyObject *exc, const char *reason)
int PyUnicodeTranslateError_SetReason (PyObject *exc, const char *reason)

YE45 T TS reason JE RN reason, INIRE 0, JeMFR[E -1,

5.9 Il

XA R R T M C )2 BT L an s A p 752, FER DR 59 RER i . 2418 )4C
A — 52 2 SRR A Python U (52 & A SR EFHIBIATREE) WatT 2 M ENT. ENNT p_call LB
et TS R Ry 1A PRl 2 AT AR T

int Py_EnterRecursiveCall (const char *where)

Fric— AW C EG H RIRA A T S0

W E LT USE_STACKCHECK, IWHEISMH PyOS_CheckStack () RAEHAE R G IR E TR .
TEXFREOLR , EF R E 4> MemoryError iR [ AEZE(H,

Wt I B pR R A A e A A B I IR o ARG, R E— > RecursionError JiRg | — A IEE
{Ho TEHARROLT, WHR[EZ,

where W hj—A~ UTF-8 4gfiS i) FfFER U1 " in instance check", ‘B RF5 i IHIR R r S 800
RecursionError J§ B PHE.

3.9 HUSE A B eRECIAEBAE Z IR APT F]

void Py_LeaveRecursiveCall (void)
L5 —APy_EnterRecursiveCall (). WA XfPy_EnterRecursiveCall () WA M a9k
AR BT — IR

3.9 HUHEAE: B eRECIAERAEZ IR APT F] i

IEfHLEI X B R M ep_repr 7 BAF AR EEIHA PR, FELRIHRZ 4N, to_repr iR T5 BB EEXT 4 DA
B 1 BAEER . DA B AS oK B0 S B 52 i Bh B . MOSERRRTR B UL, XA EE C XY reprlib.
recursive_repr () MY,
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int Py_ReprEnter (PyObject *object)
TEtp_repr SEIIT LB DA I 7R 2R

WX R E LAY, e pR BCRF AR 8] — IR FEREIE DU T tp_repr SEBUN 23R ] — g A 2L 4
TR R . GBI, dict XMFGERFIRME] {. ..} 0T 1ist XFRAFRE (... ],

AR 0 81 358 U R ) DU skt b KSR AR il — N BROE B FEBLIE DL T tp_repr SEHLEH M 243 [7] NULL.
TFEHAMRE T, HRECRHR B tp_repr SCEKG A IEH 44SE

void Py_ReprLeave (PyObject *object)
iR —~Py_ReprEnter (). WX EEREIZF W) Py_ReprEnter () B AR HEAEH—U.

5.10 brifk 54

FITA 1Y Python FrifE i E AT FIVE & RS &, A4 PR N PyExc_ JR | Python R ZFR. X AT 2 PyObject *
HA AR EXTGR . A T A ERX L VR bR R B AR

C #Fx Python £ #5% [Efi
PyExc_BaseException BaseException !
PyExc_Exception Exception I
PyExc_ArithmeticError ArithmeticError I
PyExc_AssertionError AssertionError
PyExc_AttributeError AttributeError
PyExc_BlockingIOError BlockingIOError
PyExc_BrokenPipeError BrokenPipeError
PyExc_BufferError BufferError
PyExc_ChildProcessError ChildProcessError
PyExc_ConnectionAbortedErr6onnectionAbortedError
PyExc_ConnectionError ConnectionError

PyExc_ConnectionRefusedErjr6onnectionRefusedError
PyExc_ConnectionResetErrorConnectionResetError
PyExc_EOFError EOFError
PyExc_FileExistsError FileExistsError
PyExc_FileNotFoundError FileNotFoundError
PyExc_FloatingPointError | FloatingPointError

PyExc_GeneratorExit GeneratorExit
PyExc_ImportError ImportError
PyExc_IndentationError IndentationError
PyExc_IndexError IndexError
PyExc_InterruptedError InterruptedError
PyExc_IsADirectoryError IsADirectoryError
PyExc_KeyError KeyError
PyExc_KeyboardInterrupt KeyboardInterrupt
PyExc_LookupError LookupError I
PyExc_MemoryError MemoryError
PyExc_ModuleNotFoundError| ModuleNotFoundError
PyExc_NameError NameError

PyExc_NotADirectoryError | NotADirectoryError
PyExc_NotImplementedError| NotImplementedError
PyExc_OSError OSError
PyExc_OverflowError OverflowError

BET—H
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F1-EHE—H

C #7k Python 47k [EVfiR
PyExc_PermissionError PermissionError
PyExc_ProcessLookupError | ProcessLookupError
PyExc_RecursionError RecursionError
PyExc_ReferenceError ReferenceError
PyExc_RuntimeError RuntimeError
PyExc_StopAsyncIteration | StopAsyncIteration
PyExc_StoplIteration Stoplteration
PyExc_SyntaxError SyntaxError
PyExc_SystemError SystemError
PyExc_SystemExit SystemExit
PyExc_TabError TabError
PyExc_TimeoutError TimeoutError
PyExc_TypeError TypeError
PyExc_UnboundLocalError UnboundLocalError
PyExc_UnicodeDecodeError | UnicodeDecodeError
PyExc_UnicodeEncodeError | UnicodeEncodeError
PyExc_UnicodeError UnicodeError
PyExc_UnicodeTranslateErrjoPnicodeTranslateError
PyExc_ValueError ValueError
PyExc_ZeroDivisionError ZeroDivisionError

33 Jiid B Jijil A PyExc_BlockingIOError, PyExc_BrokenPipeError,

PyExc_ChildProcessError, PyExc_ConnectionError, PyExc_ConnectionAbortedError,
PyExc_ConnectionRefusedError, PyExc_ConnectionResetError, PykExc_FileExistsError,
PyExc_FileNotFoundError, PyExc_InterruptedError, PyExc_IsADirectoryError,
PyExc_NotADirectoryError, PyExc_PermissionError, PyExc_ProcessLookupError and
PyExc_TimeoutError /UK PEP 3151.

3.5 GHT A PyExc_StopAsynclteration fil PyExc_RecursionError.
3.6 [RFT A PyExc_ModuleNotFoundError

XL RS MER4 PyExc_OSError:

&l
&

C 4 hx
PyExc_EnvironmentError
PyExc_IOError
PyExc_WindowsError

[\ |

3.3 MU A XL B 28 e B S R
fift:

B AR R BB
AUAE Windows HE S5 AR 15 LT FALBERE P % MS_WINDOWS , PATELRIF I EI & AR

=

1
2

5.10. b s 33
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511 brifiE LS

JI A7 (¥ A fE Python 45 28 HiI#R 0] AR JR s &
sePyObject * M, HZIRIG . DANFIH T A /RS p A &

HAFRR “PyExc_* #R I Python ¢ 45K, X878 &

C # Python £ 5 [l
PyExc_Warning Warning 3
PyExc_BytesWarning BytesWarning
PyExc_DeprecationWarning DeprecationWarning
PyExc_FutureWarning FutureWarning
PyExc_ImportWarning ImportWarning

PyExc_PendingDeprecationWarning

PendingDeprecationWarning

PyExc_ResourceWarning ResourceWarning
PyExc_RuntimeWarning RuntimeWarning
PyExc_SyntaxWarning SyntaxWarning
PyExc_UnicodeWarning UnicodeWarning
PyExc_UserWarning UserWarning

3.2 G PyExc_ResourceWarning

(Elfig -

3 R AR 2 B
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ARFE PRI T S S ] T RAR S, wdRAT ) C AU SETHES -Gl B AR, 7E C P A Python A58, DA
L @R R B S HOT AR C (B4 7 Python HH (B AF4E

6.1 1 &R%E 1L

PyObject* PyOS_FSPath (PyObject *path)
Return value: New reference. R 8] path 7£ A% R G FIIFERTE . WRAZ SR R— str B bytes X4,
ME Ry B2 ARIZN R T os . PathLike #11, MHZEZ—4> str 8 bytes X}
SRl __fspath__ () o FEHAMEN FRE|K TypeError ik [0 NULL,

3.6 BUBTINA.

int Py_FdIsInteractive (FILE *fp, const char *filename)
WIRAFRA filename HIFRIUE 1O SCIE fp BrfIA v A B WGR [ B (4:% ) 6. isatty (fileno (fp))
RHEAER SR TR . MRS RERPy_Interactiverlag HEAA, MERETE filename T
B8 NULL B0 HA TG T 47 " <stdin>' B 222" BHRHR N E(E.

void PyOS_BeforeFork ()

TEHERE 73 X2 BHE L RS I R . BRI 247 E TR ) £ork () B AR S {BhAY Ve I 24 miT e
MRz B . HaE T2 T fork () HIRSE.

ey Cfork () PN Y BAE main” 4242 (NET main” 545 22) hik4T 65T PyOS_BeforeFork ()
SRR 1]l

3.7 BB

void PyOS_AfterFork_Parent ()
AR > 2 S R N RS R . IR BN M 7EJR ] fork () BUAEATBIAY Sl 24 pi HERE )
B R, Toie IR e R . HIEM T X T fork () MRS
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R C fork () H M W 24 H " main” % 42 (i T'main” £ 2) o #47. X T
PyOS_AfterFork_Parent () EUit 2.

3.7 BB

void PyOS_AfterFork_Child ()
TERERR 73 U2 5 SR N PR R IR S R B . BRI EC TR T fork () BUARA ALY ve b 24 i #EAR
(R R JEAE TR TR T, ARz AR A P2 (819 2 Python ERERR Y . JUE M TE LT fork ()
OES

B C fork () W M W X4 K A main” % 32 (6L T'main” ## 4% %) ot f7. X T
PyOS_AfterFork_Child () SRULHLEN.

3.7 OB A

hz%:

os.register_at_fork () RFIEMN ] #iPy0Ss _BeforeFork (), PyOS_AfterFork_Parent ()
FPyos_AfterFork_Child () VA H % X Python K%K,

void PyOS_AfterFork ()
TEREFE A3 27 J5 TR 2 R A pR A AN SR B4R S ] Python fERERS I 1 bR BN 4 76 T RE Hh gt
PWH o AR R BT T SO R A B B iR, MARTE ZE08 F HpR 2
3.7 WA EER: IEEEgipyvos AfterFork Child () BUt.

int PyOS_CheckStack ()
LR AR I AR S (AR R IR M BAE . X2 — AT FERYAG AL, [EXHEE L T USE_STACKCHECK I 1] J{]
( H @i#E Windows _F{ii ] Microsoft Visual C++ 41588 ) . USE_STACKCHECK F-4f H 3 E X5 R4 AR 1%
TEAR H O AR v el 28 I S
PyOS_sighandler_t PyOS_getsig (int i)
R HHTAES § PE SN, X @A sigaction() B signal () AL, HAZE
AP KL Pyos_sighandler t @R T void (*) (int) MY typedef ji|44.
PyOS_sighandler_t PyOS_setsig (int i, PyOS_sighandler_t /)
P TGS i W E S AR AIR R b 3R BHHPE S AR . iX & — % sigaction () B signal ()
E@%ﬁ@”ﬁ%ﬁo THAEE AP I E! Pyos_sighandler_t @XIW T void (*) (int) [
typedef H44 .

wchar_t* Py _DecodeLocale (const char* arg, size_t *size)
Decode a byte string from the locale encoding with the surrogateescape error handler: undecodable bytes are
decoded as characters in range U+DC80..U+DCFF. If a byte sequence can be decoded as a surrogate character,
escape the bytes using the surrogateescape error handler instead of decoding them.

Encoding, highest priority to lowest priority:
e UTF-8 on macOS, Android, and VxWorks;
e UTF-8 on Windows if Py LegacyWindowsFSEncodingFlag is zero;
e UTF-8 if the Python UTF-8 mode is enabled;

* ASCITI if the LC_CTYPE localeis "C",nl_langinfo (CODESET) returns the ASCIT encoding (or an
alias), and mbstowcs () and westombs () functions uses the TSO-8859-1 encoding.

* the current locale encoding.
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char*

AR [ — AN 1) B 2 BE A o B8P AF AL P AT B i fa i, B PyMem_RawFree () SRR MNAT. AR
size A9 NULL, WIRFHERR T null FAFTEFATEER S A S *size

T fRA B8 R B N 740 i A5 1R I IR 8] NULL. SR size A NULL, W) *size W7 NFFEES RN XA
(size_t) -1 SIEMRISEIRISIE N (size_t) -2,

R ERRAE NS A M K2, BRAR C A REFF B

WHIE I Py_Encoderocale () BHORAS AR AN 778

hs%:

PyUnicode_DecodeFSDefaultAndSize () MlPyUnicode_DecodeLocaleAndSize () %K.
3.5 BUHTMA.

3.7 R S48 The function now uses the UTF-8 encoding in the UTF-8 mode.

3.8 J BT S PLAE WS AE Windows [Py LegacyWindowsFSEncodingFlag k25 W I o& 06 FH
UTF-8 #rfidig=l;

Py_EncodeLocale (const wchar_t *fext, size_t *error_pos)
Encode a wide character string to the locale encoding with the surrogateescape error handler: surrogate characters
in the range U+DC80..U+DCEFF are converted to bytes 0x80..0xFF.

Encoding, highest priority to lowest priority:
e UTF-8 on macOS, Android, and VxWorks;
e UTF-8 on Windows if Py_LegacyWindowsFSEncodingFlag is zero;
* UTF-8 if the Python UTF-8 mode is enabled;

* ASCITI if the LC_CTYPE localeis "C",nl_langinfo (CODESET) returns the ASCITI encoding (or an
alias), and mbstowcs () and wecstombs () functions uses the ISO-8859-1 encoding.

* the current locale encoding.
The function uses the UTF-8 encoding in the Python UTF-8 mode.
SRl LT A R S B S, (5T PyMem Free () RRHUATE. 4% R TR RS A

FEIRAHR F] NULL,

HN4 error_pos K NULL, NINHE6F *error_pos ¥4 (size_t) -1, BUEMEKEHASE SR HHE
AT RG]

I Py_DecodeLocale () BEGRAT T MRILIA i T FFALII A
hz%:

PyUnicode_EncodeFSDefault () MlPyUnicode_EncodeLocale () HR%.
3.5 JHTIA.

3.7 it H 5 The function now uses the UTF-8 encoding in the UTF-8 mode.

3.8 MR & PLAE U R AE Windows Py LegacyWindowsFSEncodingFlag k22 W I 5K 20CH {8
UTF-8 4 fdts .

6.1. fEEBRL T 37
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6.2 ZR&irkX

XA sys BETEETT PALE C AR M TR, EATE AT T4 Bl iR R AL sy s Bk
FM, RIS N TR S R
PyObject *PySys_GetObject (const char *name)
Return value: Borrowed reference. IR |8]3% B sys FHIXTE name 8(F UNHE B AFEFENR [F] NULL, FfH
A ERE .
int PySys_SetObject (const char *name, PyObject *v)
$F sys B name By v BRIAE v iy NULL, FEUCHELL T name A sys B PR . igZhifak[E] o,
KA RIHR ] -1
void PySys_ResetWarnOptions ()
¥ sys.warnoptions EE NFTYFE. WEREAIEPy_Tnitialize () ZHIHEM.

void PySys_AddWarnOption (const wchar_t *s)
Ff s INE| sys.warnoptions. MEREUMIIIEPy Tnitialize () Z BigEIH H DATE S 4ok k45
LB

void PySys_AddWarnOptionUnicode (PyObject *unicode)
¥t unicode YsJN%) sys.warnoptions,
HE: HETRECATHE CPython SLBLZ AMITH , A BEMMAEPy_Initialize () W) warnings
BAFAZHGIIH], (HREFEIT WL E] L AR/ Unicode X4 ) A RERIR ] -

void PySys_SetPath (const wchar_t *path)
K sys.path WHMAE path HRB W ERARLRI RIS, S EV AR E -G I R AR5
fF (fE Unix [ =, 78 Windows [2h ;) 73 BRIYEEARI S

void PySys_WriteStdout (const char *format, ...)
FePA formar $ER 4 B FAFBR S AR sys . stdout . AR, BIEELE THEE (WF30).
format 15724 BRSSP 0 5K NRURIE 1000 950U - i 1000 59505, Mt 44
SPEWT. FRAIHL, XA AR BN 32 BRI %s” A% BT S 7% <N>s” BRI, Hih
<N> B — PR MG <N> 5 HAD AR AL SCAR R I R RO Z FIAR 2l 1 1000 72745 1+ 2R 4
EERE %, BT REN AR R BT B A BT AR -
MR KA THER, sys.stdout 2H0ES, CHALIITHEREE AR EIER (CEH) stdout .

void PySys_WriteStderr (const char *format, ...)
Kpysys_writestdout (), HBENBAF| sys.stderr 8 stderr,

void PySys_FormatStdout (const char *format, ...)
Z{pl PySys_WriteStdout() [ pR ¥R 2 fl PyUnicode_FromFormatVv () FeAg A0 B I HA 2 K/FH
BB EERKE.

3.2 UHTIMA.

void PySys_FormatStderr (const char *format, ...)
EPySys_FormatStdout (), {HBCHE AF| sys.stderr 5 stderr,

3.2 BUHTMA.

void PySys_AddXOption (const wchar_t *s)
K s fEHT N — A - X IR G IR ENTIRINE Py Sys_GetXOptions () JIrak [l i 24 Hi eIk
Ste BLeREATDAMEPY_Tnitialize () ZHIHIAM .

3.2 OB
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PyObject *PySys_GetXOptions ()
Return value: Borrowed reference. 32 [F]24 1] —X W FI, 2T sys._xoptions. KAGERRE, ¥
A NULL FF R E— AR
3.2 UGBTI

int PySys_Audit (const char *event, const char *format, ...)
Bl R — AR AT G 4 o BN IR ] 20 s A 2R W sz [ HEBAE I A 7 o
AR T TARAT -, WPREE H formar F1 A 2 BORM & — DN H AL AR ITH. B N PASEK,
fEPy_BuildvValue () Wi A& XERF WM. R EKEA R —DIod, R
— AR ITTAH T . (BT N STEFE T, (R TR IR AIE B R B S E O RS
¥, HEEHERESEE M. )
TER # AR Y SR EPy_ssize ¢ R, TiREHE X T PY_SSIZE_T_CLEAN,
sys.audit () 2xPfT5%k H Python FURS Y ek ASAH [F] R4 o
3.8 OB
3.8.2 U BikKPy_ssize t T # #&NTFAF. FEILZHT, 251K — ARG 7 8

int PySys_AddAuditHook (Py_AuditHookFunction hook, void *userData)
AF TS hook IRNISIBARITH 10 A1 FEMDIILIR I B 2SR B ALizf it
DAL, ESTFE R & — R I APT USR8 50 TEE T B @ ) P i e e
SRR
userData $8%EF WG N T oREL. T80T eRBOTRE I AN [ BGE A TR A %3R8 . B #4 17] Python
WA APy _Tnitialize () ZHIBCEEMPER . WRAEBITROIIGCZ GHHH, A MH T
TS A A Gl 5 & — M Exception FRALAYES R EF BRI T /E (A R A Sk
HHER)

W REZEELA int (%) (const char *event, PyObject *args, void *userData) ,X:

W args fRiUEIE— Py TupleObject. B4 bR MY B2 M5 | A %S F 1) Python fERERR B A 1Y
GIL,

W24 PEP 578 T A XA T TEAIRE . FEB T AR ME b 25 AT SR n) s E0E 50 R
PEe. SN WLARA sR B SO

WER RS IR L, WERECH 5 & T3} sys . addaudithook HRNHPFAEAMSEL. WAL
TEAFR 8 151 % T — N IRAE H Exception WIRE, Bl T-HA PN HIZTH 290
BE, W7 AN AT BE AT B4 C S IR AEAUAT e il B A AR 8 1

3.8 WUHTIA.

6.3 1if: (Process) #:ih

void Py_FatalError (const char *message)
FTEI—AEan i OH B AT RS . ASPATLAREEE . HeeR B0 24 QORI 21 ] 54 4REE( ] Python
PR BRI SR P BRI T ;BN xR BLERTBIR B . 78 Unix b, HrifE C e %K
abort () SWIAMHF i ERZG 4 —A> core XF.

The Py_FatalError () function is replaced with a macro which logs automatically the name of the current
function, unless the Py_LIMITED_API macro is defined.

3.9 MR HBILR A AR

6.3. 478 (Process) il 39
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void Py_Exit (int status)
B MR, XK Py _FinalizeEx () SR 5 P M AR E C MR 2L exit (status). A
Rpy FinalizeBx () $mtite, BHAREHHBN 120,
3.6 WU A ok H e 2B B IRAN 23 P 20

int Py_AtExit (void (*func)())
HM—AMPy_FinalizeEx () VHRMIEELREL. WGBSR ECR A G AT SEEA N R MET{E .
2 AT AYEME 32 ANTE R AL My R EDES, Py_AtExit () FFRE] 05 RIEHS, EXFRE -1, &5
FEMH I B R B S B R o IS LR 2 20—k |1 T Python [ Y3 5 A0 REFE 15 #E
MR HIsE L, I Python APLRAY func P o

6.4 A B

PyObject* PyImport_ImportModule (const char *name)
Return value: New reference. X2 R PyImport_ImportModuleEx () WTiALIRIE D, ¥ globals A1
locals Z8{1% ) NULL 45 level 15 0. 4 name SR & —Afi's (HHEE T — MW TR B,
fromlist ZALLSPRCAHNZR [+ ] XAER RHEXRF A 48 8 B N GAE AR B0 T AR A A Sk
iR 2. (SRR, XTE name SEF5 I8 & — AT A0 A5 FBORERAT — NN REIEH |
AR __all_ RPEEN RSN, ) BE—AX AR HTI, S0 ARIK
B[ NULL R E— 555 B ARG REA X A sys .modules 1,

R X B T

PyObject* PyImport_ImportModuleNoBlock (const char *name)
Return value: New reference. %R 2Py Import_ImportModule () W—HEFEHBI R4 .

3.3 BT 165 A BB — A I SR A K. (R AL Python 3.3 1, By RAE K S 4L
BLTARE DA, DAL B R T E TS .

PyObject* PyImport_ImportModuleEx (const char *name, PyObject *globals, PyObject *locals, PyOb-
Ject *fromlist)
Return value: New reference. ‘3 \— A&t , 5257 N B Python pR%Y _ import_ () FRHUSEFE I FEH

IR 2 —A % B S AR B B 2 AR S L, BURTE S AR IO Uy NULL i & — A5
5 __dmport__ () KL, MR TR R EHEE T B R R, RIES S T ES
) fromlist .

FARMFRE A TR IR S, Wi Py Import_ImportModule () ARk,

PyObject* PyImport_ImportModuleLevelObject (PyObject *name, PyObject *globals, PyObject *lo-
cals, PyObject *fromlist, int level)
Return value: New reference. S A —/HLH, 3T I oK B0 f 43 U8 B 35 2 % N & Python F %X
__import__ (), PUAARME __import__ () eRELSELIEIM MR AL,
AR I — A0k B AR sl i R RGBT S |, SR AE S AR IO Iy NULL i E— A5
5 __dmport_ () L, HiERK— MR TR BEE T S Z R B R, BRARG TR
) fromlist.

3.3 BUHTA.

PyObject* PyImport_ImportModuleLevel (const char *name, PyObject *globals, PyObject *locals, PyOb-
Ject *fromlist, int level)
Return value: New reference. Z5{MJ T Py Import_ImportModuleLevelObject (), {HH 4 Fr A UTFE-8
i) FAFER AN /2 Unicode X4 .

3.3 OS5 P52 level S 5UH.
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PyObject* PyImport_Import (PyObject *name)
Return value: New reference. X 2— M T 45 “SABTHRE” WEEEHZED (BRXI5E level K
0, FIRYXTFA) . B REAMHEREMET _builtins. W __dimport_ () HR%L. X
RRE R M A N LR PR R A TR BT A
ZEREE R O AT B AR A

PyObject* PyImport_ReloadModule (PyObject *m)
Return value: New reference. F#E—PiHL. 1R [0l —ANF§ ) 4 B BB AH 51, 808 HE 28 MU IR (5]
NULL H&E A RH (TR TR R RAFTE) .

PyObject* PyImport_AddModuleObject (PyObject *name)
Return value: Borrowed reference. i [0] X} I T JEAN B 24 FRAGBIH AT 520 name 50 T X 0T PAH

package.module. WIHRFFELE modules S ML & Je ke 2% F i, AR H], WA — BB
IR H A A S| modules . RN R [B] NULL 35 E— 79

#E:  MRBAR SN AR S SRR R RN 2R, RS R AN S AR S . il
M PyImport ImportModule () B EWFANALEIEA KT AL, name {5 F747 5552 FR A AL &5 R 0
WM AFAEN A S 9B .

3.3 BUBTINA.

PyObject* PyImport_AddModule (const char *name)
Return value: Borrowed reference. 23{Ml TPy Import_AddModuleObject (), {HHA RN UTF-8 4Rid )
FRFERT A2 Unicode X4, object.

PyObject* PyImport_ExecCodeModule (const char *name, PyObject *co)
Return value: New reference. %5 — MIRZ IR (7] fEH package .module ) Fl—4~A Pyhon F451
SCPFEEHUE O Y R R compile () SRERPARDAT S, INBGRBH . IR IR BRAT R85 1, 803
AR R A B R GR (0] NULL H 3R — A5 o AR RO DL name 23 M\ sys .modules FFEIR,
B name ¥E3E A Py Import_ExecCodeModule () BWfEAFAET sys.modules ', fF sys.modules
H R B R SE WAL R B, B AR AR AL A A B BT G2 5 AL T —Fh A
(1) O TR BER UL g2 TR n) IRAS.
P __spec_ fl __loader_ HURWMARBEMNIE, KA E b YmE. ML spec Fm#Ea (4
ROWHE) R B __loader_ MifEHAWE I Fi%H SourceFileLoader [3:fi.

B __file_ JEPERBEBEN RIS R co_filename, WHERIEM, __cached_ tHIFHEILE .

ASREER A T AR ECRF EEE . WS Py Import_ReloadModule () T B BIHL Il 7
K

U2 name $510—MEAN package .module HYHF RS, WIALAT i R QA QAN 2B
.

&R PyImport_ExecCodeModuleEx () MlPyImport_ExecCodeModuleWithPathnames ().

PyObject* PyImport_ExecCodeModuleEx (const char *name, PyObject *co, const char *pathname)
Return value: New reference. J3{M T Py Import_ExecCodeModule (), {BUNSR: pathname 7~} NULL N4>
PEBCARRXT RN __file_ JETEMIE.
%%ﬂPyImport_ExecCodeModuleWi thPathnames (),

PyObject* PyImport_ExecCodeModuleObject (PyObject *name, PyObject *co, PyObject *pathname, Py-
Object *cpathname)
Return value: New reference. 25{l) TPy Import_ExecCodeModuleEx (), {HAIE cpathname A} NULL
M PBOABRS R __cached  {H. TE=EECH, XRHEFEEAH—1.

3.3 UGBTI
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PyObject* PyImport_ExecCodeModuleWithPathnames (const char *name, PyObject *co, const
char *pathname, const char *cpathname)
Return value: New reference. Z:{l) T PyImport_ExecCodeModuleObject (), {H name, pathname il

cpathname ) UTF-8 HitB ) ZfFE . WNER pathname 5% 5 NULL NIA & 228198 cpathname HEWT H @)
HIHE

3.2 OB
3.3 s A: AR R T AR S ] imp . source_from_cache () RITHIEHAL.
long PyImport_GetMagicNumber ()

i 1] Python A5 3CHF (B cpye SCfF) BOBERC. BCBERUN A4 A7AE T 7 5 i SO I K U A 45 v
I/ N . AR ]

3.3 MU A IR I -1

const char * PyImport_GetMagicTag ()
£ PEP 3147 #5351 Python S35 SC44 1R [0 E AR FAFER o W ICETE sys . implementation.
cache_tag FH{E M. 2485 R AR L RR K000 SR U {EL

3.2 HTMA.

PyObject* PyImport_GetModuleDict ()
Return value: Borrowed reference. 1% [0 ] THLHE B (B sys .modules), iR & X4l
AN AL &

PyObject* PyImport_GetModule (PyObject *name)
Return value: New reference. i3 [l 45 8 AR E T AR . QIABLH v R S AR [B] NULL (AR 21 B4
Do QRAH RN [B] NULL H 3B A R

3.7 BB

PyObject* PyImport_GetImporter (PyObject *path)
Return value: New reference. I2 [Bl4F%}—14~ sys.path/pkg.__path__ WH4H path &R EEXT4, A fE
£l sys.path_importer_cache FHEIKEL, R T M AW, WS sys.path_hooks
HEKI|—REAL I path 25 H EVJ%’J? QAR AT AT 81 3R 1] None s 53R HIE H 5 path based
finder oM path 55 H KRB A AR . FRGEA7H] sys.path_importer_cache, i&[—A-F5[n]
EHRART R HTE H

int PyImport_ImportFrozenModuleObject (PyObject *name)
Return value: New reference. | %44 N name W E R G5 A EL . T BR[| 1, 405 5K 36 2 45 B )
0, ARG AR WO AR ] -1 FFRCE A E . B BRI G U RS A R, i il
M pyImport_ImportModule (). (THERMAIRA T — WERBIRC YR A RECRF HHE )
3.3 JHTIA.
34 fRESE: _ file  JRMERATAERR FICE.

int PyImport_ImportFrozenModule (const char *name)

EITFPyImport_ImportFrozenModuleObject (), {HE PN UTF-8 4ihd )45 28 M A& Uni-
code X4,

struct _frozen
RN B R S R S I SR X, S freeze TR KI5 (55 F Python JF 55
KATHR ) Tools/freeze/), HE Y HYE Include/import . h P FH|:

struct _frozen {
const char *name;
const unsigned char *code;
int size;

bi
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const struct _frozen* PyImport_FrozenModules
AR AR FE 1T struct _frozen B4, PANULL 83 O /NS HRARIC. 24— NRETEI S
A, EEEAEX AR R B =07 ] DALAOR AR LB &S B A RS A A

int PyImport_AppendInittab (const char *name, PyObject* (*initfunc)(void))
l) A Y A BASR R S I— M . XX Py Import _ExtendInittab () WIEREME, WIRICIRY”
JRFEMGRIA] -1, BRI AT G 24 5K name KA, FOEH BREL initfunc V5 RTEF— ISR ]
MR IGeR R R BUY 2 EPy_Tnitialize () Z AT .

struct _inittab
ik BB R P S H SR NS RER LS T N BT AR T B B 44 FR
RN IR R AL . AR 2 —A ASCIL gi i )7 475 . i AT Python AYRRFF ] DAGE F 122 45 46 A 1) B 2 ok
HpyImport ExtendInittab () fHLEE PASRALEIIMA N BREE . ZE5HATLE Include/import . h
Hl e SCH:

struct _inittab {
const char *name; /* ASCII encoded string */
PyObject* (*initfunc) (void);

bi

int PyImport_ExtendInittab (struct _inittab *newtab)
RN BEBHRGES I — B . newrab SR L VA—05 DA NULL Al name =7 Beif i< I 4% H 4501 ;
REFRHE RIHE 2 FEONAFEE R . BENIRE] O BEE WPR ToiE 7 M AL 0% AR T N FRR R 0] -1, 24
KR, FEARSEIERE| N ERE . IR B EPy Tnitialize () Z AT
5 Python L Z K W14G4k, WPy Import AppendInittab () B{PyImport_ExtendInittab ()
WAAERFIR Python WAL Z HTTH A -

6.5 %it marshal P F

XLGIRE ALV C AUSAEEE S marshal BOBIT AR B U e 21 Ax 5. oA 2L ek 50n] I RRF A 5
AP, o5 — L s BN ] R BOF R B . 1T 77-4% marshal %0 i) SC{F 25 A — 3t il A
19t

BOAHEAEAF I SR B AR T RT3k o

BEARER S B R BOEAS SRAS : 58 0 BN P S iAS, 55 1 IRAS &4E SO/ marshal 525414k iP5 [E AL G 7
ﬁ%o 55 2 AR ST S A kR, Py_MARSHAL_VERSION 5 T 241 U A% (U RTHUE RN
2).

void PyMarshal_WriteLongToFile (long value, FILE *file, int version)
F—A> Long B4 value PA marshal $5:CE A file. XK HE A value FAIKHY 32 £ ToiRAHL Long FH
PR BEUMAT . version FgHA ST A& RIRRUAS o

This function can fail, in which case it sets the error indicator. Use PyErr_Occurred () to check for that.

void PyMarshal_WriteObjectToFile (PyObject *value, FILE *file, int version)
F§—A~ Python X4 value DA marshal 185 A file. version $&BH SRR A IRAR

This function can fail, in which case it sets the error indicator. Use PyErr_ Occurred () to check for that.

PyObject* PyMarshal_WriteObjectToString (PyObject *value, int version)
Return value: New reference. i [i]—3 % value [ marshal ZERIERFETTEXTE .. version W] U
K RA

PATR BR AV O A7 48 0 marshal #5X01{E
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long PyMarshal_ReadLongFromFile (FILE *file)
MATTF AT B0 FTLE* R N ER IR A —A~ C Long. ] BB BN 32 fZ(E, ToigApl
long KA R AT
KAEERRIY, RFBCEE M 7 H (EOFError) Hak] -1,

int PyMarshal_ReadShortFromFile (FILE *file)
MATH T BEHUE) FTLE* B0 AR R B —4> C short. ] MR AL REREI 16 [V AY(E, ToigA
Bl short FHUK LR i
KAEERRI, R BRI M 7 H (EOFError) Hk] -1,

PyObject* PyMarshal_ReadObjectFromFile (FILE *file)
Return value: New reference. MFT I T2 BUHY FILE* BYXT R EUHE 7 1% [7]—~ Python X4 .

KAFERE, R EE S R (EOFError, ValueError B TypeError) iR [F] NULL,

PyObject* PyMarshal_ReadLastObjectFromFile (FILE *file)
Return value: New reference. M AT IF T HUH) FILE* A% W EHE i & [9] — 4> Python XfR. Ad]
FPyMarshal ReadObjectFromFile (), BHEBUERFAFMZ I EIEL RIX 5, FRvrHAE
SCAF AR A A, DA B 91 A 2 A AT DAE A A A A 0B 48 R A 2 A M ST S —
FAT o A REA E AN 2 FEA SO ST AT Y 2 7 Al e

KAARE, CHIREEYSH R (EOFError, ValueError B TypeError) iR [H NULL,

PyObject* PyMarshal_ReadObjectFromString (const char *data, Py_ssize_t len)
Return value: New reference. ML 15 10) data W len 5 B35 25 o X %F B B9 80358 7 1% 0] —> Python
PO

KAFEARE), IR EE S P R (EOFError, ValueError B TypeError) iR [H NULL,

6.6 fibr S BoH A

TERERH ST R BT IANS, XLk B A Y. HERIE EAMIAES] UL extending-index .

X B B R 0 al = A, PvArg ParseTuple (), PyArg ParseTupleAndKeywords (), DA
KepyArg pParse (), BEATEREH #& X AL F 45 B K K o6 FOW A7 09 2 805 700K . 3% 28 ok B50AR 87 A1
[ BRI A% A A R

6.6.1 fitbr4

— R PR A 0 B E 2 MBIt — M B ICH R A — A Python XF 45 Bl H 2 — 17
P HAE SRR R ITES . B T ARBISL, — AR5 51 RS 2 BTGl 0 X 28 e S BAT
LR SR TR ORIRIA T, G5 AR SRR HIC: RS O WATZXT XY
Python X RFKM; Trfis (1 Wi feidny C A8k (eide) J2L.

44 Chapter 6. T 1



The Python/C API, %[F] 3.9.19

PR R RIZARIX

Tk A X SRV R G 3 BT SR ) N AFHTE A T 1] o AR TS A B IER 7] Y unicode P47 B0 E 775 X 1Y IR R
BlE A7 -

— R, MR B E N REE R X, XA R X AT AR B Y Python X445 8], I HaxX A~
SR X IS S AR . R TT BB RE T NAEZS 0] . [ TiX4E es, es#, et and et #.
SR, Y{—Py_buffer GEMRIRIEL, HALSHZ 0 KGEEE, T DAV B EM S 6 X~ Zeh X, B
{EPy BEGIN_ALLOW_THREADS ¥eHr, AJ DA SR ] AR B R A PR A/ INEl B s B oy R i KUBS: o TR,
AR PyBurfer Release () FEYREEREIHII A HERT (B AE 2 FAT A TR o)

AR AU, B X EARSPASS AR .

kg X TR 2 IS bytes-like object , FFREFGEN AN R Z 0 XG50 . AT B ARG pyBufferProcs.
bf_releasebuffer FR 2 A NULL RKIEEH, MFEA RN bytearray XA AT AEXT4E .

fiEl: A # £k REK (s, v# %), KESHWER B #HPry ssize t) fEM Python.h
2 HiH PY_SSIZE_T_CLEAN ZHYE LK. WRXNEBE L, KER PPy _ssize t MfiA
A int. FEAKN Python A HRF 2o A8, HSZ3Fpy ssize t MFH X HF int. fiF—HE X
PY_SSIZE_T_CLEAN X477,

s (str) [const char *] }f—> Unicode X 45 ii— Mg m #4781 C f85t. — MR — P CEfEEm
FRE, BINFHREER R AN FAHE AR, C PR RE S5, Python FF R AREM &
AR TCRURARRG S R e, — ValueError &5 & . Unicode X R, 'ut £-8" 4
1) C FAfe . RFEHR R, —4> UnicodeError PG K.

HE): XAFE AR Z bytes-like objects, WNRARIEIEZ M RGE AT EN AL C 7475, #il
ffif] os Tk A PyUnicode FSConverter () {EN $10F3,

3.5 WS DARG, 24 Python “F4FER R 3| Tk ARY null A5 S £x5| % TypeError .

s* (str or byfes-like object) [Py_buffer] iX AU H:5Z Unicode X R M2 JF A R A4 . & A HIEH
FiMER Py _buffer Z5HMRIE . X HEERA C FEAF T REM S i A NUL 775 . Unicode X423 it
"ut £-8" GBI C FAFHR

s# (stx, Hifkbytes-like object) [const char *, int or Py_ssize t] 1 s*, BT EANEZHBWNS ., GRG
ETEPIAS C A2 g, B—AS2F81 C FRFRMIEE, B MEEMKE. FAF TR S AR null
FH7. Unicode X LR E LT 'ut £-8" JhsE Ll C FAFH .

z (str or None) [const char *] 5 s 2&{l, {H Python X} LM Al fEN None, TEXFMFIL T, C faHixE N
NULL,

z* (str, bytes-like object or None) [Py_buffer] 5 s* J5{), {H Python X} Rt ] §E°H None, FEXFFEMILT,
Py_buffer $5¥JH) buf il G E A NULL,

z# (str, Higibytes-like object B, None) [const char *, int B;Py_ssize_t] 5 s# 25D, {H Python %} 7] fE
A None, TEXFMENL N, CHa5HRE N NULL.

y (read-only bytes-like object) [const char *] X FkRF— D RFATREDS LEAL I — M8 1 P4 1Y C $5
Bt BEAEERZ Unicode X5, P A7 KAMIUAEL S A null 7475 QAR T null 5245, 5] %—
A~ ValueError B,

3.5 A DART, 47T G KA B3] T H AR null #5725 % TypeError .

y* (bytes-like object) [Py_buffer] s* [{JAE5X;, AN#z3Z Unicode X5, HEsz2 v B 5. X Rk 4552 kil
B rtodetr ik -
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v# (M ifbytes-like object) [const char *, int 8{Py_ssize t] s# 7285, ANE5Z Unicode X152, HIEZIFAT
KR R

S (bytes) [PyBytesObject *] %5k Python %%k bytes %%, ANl @ ARl . FA%% 5 A K bytes
XN 25| % TypeError. CAFRWM AR HPyobject * A1,

Y (bytearray) [PyByteArrayObject *] Zizf Python Xf4 4 bytearray %%, Al f TR 5EH . W
PR N bytearray WRME5| Kk TypeError. CAERWM A Pyobject * KA,

u (str) [const Py_UNICODE *] 34— Python Unicode X} 44k i #5 [i]— > PAZS & 1114 Unicode P44 2% X
WIFEEr . ARG N—A~Py_UNICODE FgEI7E S ihl, 176 17— A48 & & A7A4E /) Unicode ZZ1 X
FIFEEr. WETER—ANPy_UNICODE FEBYWFAF 58 BE I T4 i3 Wi (16 (7834 32 i), Python "4 Hp
DAASBEAL B i AR null ARG 5 WRA, 51%—4> ValueError 2,

3.5 RS AE: DART, 4 Python FRFH3 B E] T # ARY null A% &5] % TypeError .

Deprecated since version 3.3, will be removed in version 3.12: X /& IH K x\Py_UNICODE API; i i #%
$PyUnicode AsWideCharString().

u# (str) [const Py_UNICODE *,int 8kPy_ssize_t] u FAX, fFHMA CALR, 5 — M astgm—4
Unicode ¥l 71X, 6 MeBRKE. B null A5,

Deprecated since version 3.3, will be removed in version 3.12: X /& IH ¥ x\Py_UNICODE API; i i #%
ZEPyUnicode AsWideCharString().

Z (str B3 None) [const Py_UNICODE *] 5 u Z51{), {H Python %I 4 i 7] € & None, ¥E£ X Fi 1 L
FPy_UNICODE $8%ti% 8 & NULL,

Deprecated since version 3.3, will be removed in version 3.12: X & IH iR Kt x\Py_UNICODE API; i i #%
ZPyUnicode_AsWideCharString().

Z# (str B¢ None) [const Py_UNICODE *, int 8{Py_ssize t] 5 u# J5{0l, {H Python %} 4. 7] &k None,
TEX PO Py _UNTCODE #8511 # ) NULL.

Deprecated since version 3.3, will be removed in version 3.12: X /& IH iRkt z\Py_UNICODE API; i i #%
FPyUnicode_AsWideCharString().

U (str) [PyObject *] %izK Python X524 Unicode X5, NI TAE( e . NS ZXT AN Unicode X452
Mj2x5| % TypeError., CASRMW PR NPyObject .

w* (n[ ;G bytes-like object) [Py_buffer] X >3k X ZALM LI T B2 5 ZAF K RN . BN
et Py _buffer G5MIMRME. Zemh X AT BEAFAEfRARY null 52750 24 e DX 56 )5 U 2 =5 20
HPyBuffer Release ().

es (str) [const char *encoding, char **buffer] s {7255, B B985 Unicode FRIEAF/FEZMIX ., BH
AEFRE A fix NUL “E5 1) 2 g it -

WA AT EWNSE. B MUHERA, I HabHh const char*, ‘BEg—~PA NUL 451
TFERFRR I IR N B, B8 N NULL, XFRMI "'ut£-8" 4afidtg. W15~ Python JoykiH B
Pk A NS K RE . B ASEIN char**; BRrg | FRFREHMER 8 1A S 5K
WA . SCAKF LSS — S H00r 8 2 (R G 8 Xt A T4 0
PyArg_ParseTuple () &0 HE—" RN, K5daid 5 W55 DEX > g ap X Bk E
“buffer 5| HXAH A BCHI WA R . WHE A TUEEM H G PyMen _Free () KREC &0 BN S
X,

et (str,bytes or bytearray) [const char *encoding, char **buffer] il es F[&], & T A EHRLE AN
FRAERNG . MR, EEREEARNSECE RIS G AR,

es# (str) [const char *encoding, char **buffer, int 8Py ssize t *buffer_length] s# {4 =, BT 4L
[ Unicode “FAFEATAFEZ MK . MG es RiF, BEARVFHEAREHEE S NUL F4F.
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ERE=ABEC HMUIERA, FFHRAUN const char, B PREHEAATR, BN
PANUL 45 FAFHR B NULL, FEJ5— Mg ol TRAEN rut -8 gifdisa. anRampdisaXa ok
B Python IHHIN 5] K5 5 —ASEMCN char**; BIFG|HHREHER PO TA SRR
WA X o SCARKFLASE — SR 12 W 9 P AR I T i o 26 =SSR AU s il — A0
Tt 90 | AR RCR s oA it Znh X T B AR

AP

U2 *buffer 1717 NULL $55F, W eRECREMBC el R/NRZEni X, R g 0 Rcdle i i 2 st Zenb X, It
B *buffer VAG | IB 2 BLAA7 ik R ST PyMem_Free () VAEREH R RERL T BL Sk IX .

ISR *buffer F109E NULL #5841 (0 BCHIZMIX), WPyArg ParseTuple () ¥ AL EAE Ry G
X, K *buffer_length FIFIIGIEMERE N ZMIX KN, SRG, BRHGmSREBIEE H B Z X, H&Ik
B WREHFXAELR, RFEE 4 ValueError,

XA BI T, *buffer_length RS B4 5 45 AN NUL i 8a i) K JEE

et# (str,bytes 1§ bytearray) [const char *encoding, char **buffer, int B{Py_ssize_t *buffer_length]
Mlest M, BTAMERDEANTHENE. MK, BEREEARNSECE 55 72,

By
b (int) [unsigned char] f—A~JE 1) Python B AEAY 1N — D TofF 5 B OB AL, fAETE—> C unsigned
char 258,

B (int) [unsigned char] §—~ Python #& B340 Bl — M B ARG A i 8T, (FfE#E—1 C unsigned
char A,

h (int) [short int] §—> Python B AL —4> C short int 437,

H (int) [unsigned short int] }—~ Python & AU%£4k ii—4> C unsigned short int TLAFSEEAL, HA
A ) A

i (int) [int] $f—> Python FERIFLAL A —~ C int FEHL,
I (int) [unsigned int] *Rf—~ Python #H%:AL ii—/~ C unsigned int TEfFSEA | HAKER H )R,
1 (int) [long int] }§—> Python & #U# 4k jfi— 4 C long int KEEHI,

k (int) [unsigned long] f—> Python AL i{—> C unsigned long int JEfFSRKEEM, FFAkE
it AR

L (int) [long long] Kf—> Python BAULAY I—4> C long long KRB,

K (int) [unsigned long long] ¥—> Python #&%#£4k ili—4~> Cunsigned long long LS KIEEAL,
KA Y ) I

n (int) [Py_ssize_t] ¥—> Python #FI%E4k i —/~ C Py_ssize_t Python JLRK/NEFL,

c (bytes #i#i bytearray KIEy 1) [char] ¥ —~ Python “FH7 A, W1 — K EN 1 1) bytes 5
bytearray X4, FALM—4> C char FAFHRAL,

3.3 S IF bytearray RRIRTA .

C(str KIEA D) [int] £F—4> Python F4F, W—"PKEN LAY str FRFHXTR, A4 C int FAK
A,

£ (£loat) [float] *Kf—> Python J% ;S L I —~ C float 54K,
d (float) [double] ¥/~ Python 7% S 86640 i—4 C double AU TR SEL.
D (complex) [Py_complex] — Python iZ 2B Il,— 1 C Py_complex Python &g 425,
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At} 52

O (object) [PyObject *] f Python Xf 5 (RNIEATAEMIHER) Frfifife C XIgasst . Mk, CRFRICiZiE
MSEBRXT g RTINS 8. fA# 5 A& NULL,

0! (object) [typeobject, PyObject *] Kf—~> Python Xf 47 A—4~ C W5 45%r. XRMT o, HEEZM C
SR B2 Python BB RV hl, 85 AR AP R I5EM C A8 R GRAUNPyObject *) L
hk. WA Python X AR AT Fr K24, W&x5| % TypeError,

O& (object) [converter, anything] #it—> converter FREUEE—> Python % 4564k — 4 C A5 &, IR EEZ
WS B, R CANE GRABUER) Hbhl, #53h void * KA. converter PR%
PRI T ek -

status = converter (object, address);

Herr object 2111 Python X} 42 address G 45 PyArg _Parse* () MEHY void* S5k, & [H1Y
status 2404 1 ARFEE I PA 0 AFEI RN . SRR, converter WA 245 Kk 7# I Hes
ik address 1) N ZARFFARAE UCIRES

4R converter 3 [A] Py_CLEANUP_SUPPORTED , WIUIRSHUHNT i A R, BT RS TR HIZ R %L,
Mg A LSRR E A B RAT T AT AEE NI, object Z80# 0 NULL ; I, %S5
Foh NULL ; Ut S5O NULL , L, %S ECRN NULL  (W5RME) A NULL address (E 5 7
BRI R R AR ]

3.1 Ji ¥ %: Py_CLEANUP_SUPPORTED ¥ ¥/

p (bool) [int] & APMERTE NE (— DR /REIN I HAFGE R AT R C true/false #EAU(E ., 4R
FKikANEE 1, BE 0. BEZTMETEN Python {. 2 truth ZREH £ 5&F Python 40{a] il i {E
HERIEE

3.3 OB

(items) (tuple) [matching-items] 15502 Python [75], BRI E R items PR ICHBE. C 24
DAART N items HAE— NS RS BTT. P8 P Ag R OT T B R E

&1 long” A CREBUR (BB 15 Y TONG_MAX PR @I REAY, SR AT HEATIE 24 A FE AR ——2Y %
W7 BOR/IN I BSOS, R B2 A BT (6B b, C Il SAETE AR I BR Al _E 3 ) K 2 4%
Ho— WM ATRE S KAL) -

A AT R b A — LA ) AT B RFIR IR L . XN B AR EAERE 5. BT

| SRHITE Python S84 K bR N i S HHR 2 ATk . C 28 50 I 1 W] 1 SRR S I A A BAA 24—
MAESHOATIRERS, PyArg ParseTuple () AREVFRIFIRI C A E (L EAE) HINZ .

$ PyArg ParseTupleAndKeywords () only: FEBAYE Python Z:404 3% th | R S BN m  C EF S50
T, ARG TSR E RS, ST AR | U —EAE S B .

3.3 BUHTIA.
o AR BICHIPIRE ARG B R TR T R A N R R P I BB (PyArg_ParseTuple () B
BEIRR) CREE” 5.
i AEERICHSIREAT AR 705 J5 I P AR BT N AR R I R BURERA R A R-IE . = A MIEHE .
TERALAT ] 2 B2 3t Python XRG4 ka9 5115 AZLEBENHI5 HTHE

2 K L8 pR B RIS b AU A AL A H il ) A R R bk s X e R A il A G, A
—LlEiL, BRSO T TR, XS AE ] AR, BTN ARIERE
IO iAo

N TN, arg MG VRS 2O HAS AR . Wi, PyArg parse* () s¥LRIA true, X

ZENTRN false F HE| K— A E@i) R . YPyArg_Parse* () BB AR X BTCHE (L 2R M 25 K
I, RS R A DA K 5 S A% s B el A ) AE SRR A g B
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API %%

int PyArg_ParseTuple (PyObject *args, const char *format, ...)
AT — DR B S8, RRP SRR S B E NP R TS S b . iR [A] true; R (4] false
I HLBI A W 8

int PyArg_VaParse (PyObject *args, const char *format, va_list vargs)
MpyArg ParseTuple () ], SR EHEZ > va_list BRI SELMA 2 AT B H R SHUE

int PyArg_ParseTupleAndKeywords (PyObject *args, PyObject *kw, const char *format, char *key-
words[], ...)
3N B S BN K S S AR I 5 40k ]y il A2 R R B S8 keywords Z2 802 KEEF S B4 PR
NULL & F8EH . S8 FRFenpositional-only parameters, JIIR ] true; %A TR, B4k [0 false F
5 R A R

3.6 T4 YR T positional-only parameters W) 2 15 .

int PyArg_VaParseTupleAndKeywords (PyObject *args, PyObject *kw, const char *format, char *key-

words( ], va_list vargs)
MpyArg_parseTupleAndKeywords () MR, SR EHZ—A va_list R SHOM A vl 25w
SRS .

int PyArg_ValidateKeywordArguments (PyObject *)
BT S BT SRR SRR . AR T Pyarg ParseTupleandkeywords () R
PAEHREOLT, JEE SN FHEOXHE R .

3.2 UBTINA.

int PyArg_Parse (PyObject *args, const char *format, ...)
BT RATHY “IHZEAY B S R X LR Y METH_OLDARGS ZHUBHT I AT M
Python 3 "RES IR . XA HI TR AUE RIS B, T BAErs RS P R 2B E iz, B2
ANEHATZEW . BRI T, SRR REE XA~ H g4k s i A

int PyArg_UnpackTuple (PyObject *args, const char *name, Py_ssize_t min, Py_ssize_t max, ...)
— R SEARBOr X, AR R E SRR X R RIS H U R AL
I AR R VAR R ME TH_VARARGS . A5 SEBR SR TN U1 E N args 5 B AL
S —AIet . JTTHR K ER 2 /DR min F AN max; min Fl max W] REAISE . BAMNASEOL B
BN, THSEIE—A T8I0 Pyobject * A RIFEE BATRFLOR A args IR BAGR
TEEGIH . XN TSRS B AN args 4 HRPEIE TS BRI A RWIR. BheR%k
PAT IR P EUE, A02R args A2 oo HBH A0 S A IR B R e 3 AR MMIRAEL s T 2R P0A T 2 O 15

B

KRR B R B, BUA _weakref i BIBRHUTI R 5565 | A I CHS

static PyObject *
weakref_ ref (PyObject *self, PyObject *args)
{

PyObject *object;

PyObject *callback = NULL;

PyObject *result = NULL;

if (PyArg_UnpackTuple (args, "ref", 1, 2, &object, &callback)) {
result = PyWeakref_ NewRef (object, callback);

}

return result;

}

EM TP PyArg UnpackTuple () e T PyArg ParseTuple():
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’PyArg_ParseTuple(args, "O[O:ref", &object, &callback)

6.6.2 Gl 4

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

Return value: New reference. 3T AT PyArg Parse* () BREERIFI—RIMERIAE . F 45500 25 {E
TE AL 1R R M L NULL; QR E] NULL, 355 k5w .

Py_BuildValue () #A—HAE I, HALERKAMMTRSHAEHAEBEZ RIS
Sl TeH . R TR RS, TR None; MR BAG M HIT, BikIA fgA R
TCR R AE—XE 5. I BHES t BE s A P4 A T DAS ) 3R o] —A~ K NR 0 2 1 el

214 AT G AT DX B DA S 808 A% 356 DR A @ X 2 ik, 0 s Al s# kS BAIT, &8 I FHFEA KL
W, EAHEZRMAENEH XM EEARA S HPy _Buildvalue () BIEX SRS H., A, W
BRI malloc () I HAF R NAEZ L4 Py _Buildvalue (), RIS HA TTE
JEPy _BuildvValue () IREIEEM free () .

TE R, 05 5 i RIEAMEAER I, B35S O WA RA% U ICRF 25K [ Python X 467 ;
TS [ N RAL B C AL R (R BYAL,

TAEBIANZAS, HIRAF, BSHE SRR T S22 m (B2 A NHo, W sh). &Xn]
PABEAR A (A% A A A LA S Py AT

s (str B None) [const char *] {§iff] 'utf-8"' i & LR C FAF RN Python str X4, 1N
R CFAFHRIEE N NULL, W] None.

s# (str # None) [const char *, int 8{Py_ssize t] ffif[] 'utf-8"' ¥ C F/F e L H KN
Python str XI5, MR CFAFHd4 4 NULL, WK BERFpE Z00% , 712 8] None.

y (bytes) [const char *] iXff C FAFF S A Python bytes X4, QIR CFAF45E A NULL, DR
[f] None,

y# (bytes) [const char *, int {Py_ssize_t] XKF C F4FH MILK BEREA0 J—> Python Xt 4. 1
RiZ C 459 45% A NULL, W& None,

z (str or None) [const char *] I s —F£,
z# (str B None) [const char *, int B{Py ssize t] il s# —Ff.

u (str) [const wehar_t *] ¥ 252 [F 1) wchar_t [/ Unicode (UTF-16 8% UCS-4) #iE5vh X &k
Python Unicode %% . #15f Unicode ZZnf X $54F 4 NULL, W3R || None.,

u#t (str) [const wehar_t *, int B{Py_ssize_t] ¥ Unicode (UTF-16 5f UCS-4) #IEgEnh X Jx H K J&F
%394 Python Unicode X§4¢, I Unicode L2 X484 A NULL, WK XSG 20, IR [0] None,

U (str 3§ None) [const char *] I s —F£,

U# (str 3 None) [const char *, int 8{Py ssize t] Fll s# —FE,

i (int) [int] Ff—4> C int BEAELAY F{ Python BRI 5L,

b (int) [char] ff—~ C char FAFRUFLILK Python FEAINF 52 .

h (int) [short int] ¥ —4> C short int 4FEFIEEAk A Python BAINT4 .

1 (int) [long int] Kf—4> C long int KEEARUELIL)Y Python FEAIXIA .

B (int) [unsigned char] ¥ —/> C unsigned char TS F4 M4k i Python B AN 4

H (int) [unsigned short int] ¥—{> C unsigned long JLAFS 4R AL A Python #E N 4 ,
I (int) [unsigned int] J§— C unsigned long JCfF5 3 A4L4k i, Python B A% 42

50
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k (int) [unsigned long] ¥ —/> C unsigned long JLfF5 KB RIFE (Y R Python AN 42
L (int) [long long] f—4~ C long long KKHEEHALNK Python FETEXT 4

K (int) [unsigned long long] ¥ —> C unsigned long long FLAF5 K KR EEAY Y Python & 7 5}
%

n (int) [Py_ssize_t] $f— C Py_ssize_ t ZHEE{l >} Python &7,

c (bytes KJEh 1) [char] $f—4> C int BEAUCRIFAFHE1L A Python bytes KR 1 IFATX 4
C(str KR 1) [int] HF—4 C int BRRIFAHEI N Python str KB 1 IFAFHRXTE

d (float) [double] #—/~ C double MUK s 4k Ky Python 7 s B UK

£ (£loat) [float] Kf—/> C float HURGREIF ALl Python 7 i BB

D (complex) [Py_complex *] Kf—~ C py_complex RBPEHHFAL ) Python ZERAL,

O (object) [PyObject *] ff Python Xf (& i AAF (H 5[ HTHEER AN, %t 1 33) o RE A
BXF 402 NULL #5848, WMRGEX & B TA RS ER T & A R E S me . Hit,
Py_BuildValue () ¥R NULL, (HASSK5HE . WRM KRG K72, WiE SystemError,

S (object) [PyObject *] Fil 0 #H[F .
N (object) [PyObject *] F1 0 #H[F], SR EHABMXTZATI AT M@ H S0 R H 50
TG AN X RS

0& (object) [converter, anything] iF 1t converter PRECE anything #4545 Python %142 . %R EE I 2 1%
A anything (/5 void* FZ5) VENSEOF H W 2R [m]—A~ )" Python Xf4, i 24 KA HiR
B[] NULL,

(items) (tuple) [matching-items] Ff—A~ C AL 5 5755540l Python JoAL I PRF5AH Rl T R B

[items] (1ist) [HRMICE] KF—A> C A H)TH 545 Python 513 CREFFA R 1) 70 KR

{items} (dict) [HIRMICHE] KA CAER)THHEA L Python T8, RF—XTIELEN) C 4B EXVEN—
ANTCEBATIA, S BIER KT RIE.

WA A AR T A 52, WIKE SystemError iR NULL,

PyObject* Py_VaBuildValue (const char *format, va_list vargs)
Return value: New reference. flPy _Buildvalue () Fi[a], SR EREZ—A va_list BRI SEOM A Z 0]
R SEE.

6.7 “yrrhI(EIBLR XAk

e ET e ORI B AL T A i

int PyOS_snprint £ (char *str, size_t size, const char *format, ...)
R FLTE formar MEINSEL, iy BB size AFATE] stro 20 Unix T TUE snprintf(3).

int PyOS_vsnprint £ (char *str, size_t size, const char *format, va_list va)
RS F AT formar M7 SN R va, i th AL size 78] stre 2 0L Unix -} 52 T8
vsnprintf(3).,
PyOS_snprintf () MIPyOS_vsnprintf () 133 C}pEREREL snprint £ () Ml vsnprintf () « Bi1H
H 12 RUEEAR S O N 0 —Bd T8, TARE C IR EIAR S .
AR IR str(size-1] FEIRBIBHGEA R "\« BENINAT AR size MF47 (HFERER "'\0") 3]
TR . WA ERBENESR str = NULL, size > 0 fil format != NULL.

6.7. ‘pHhisEE R AL 51
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WK GIAH vsnprint £ () M0 H 2 v X R /N T 2830k 0 4 87 4 S size 512 F45 PA |, Python £ PA—
/]\nyFatalError() 5{%'1:‘_[]:0

W EEAE (rv) 478 SR R A s R
* M0 <= rv < size B}, HjlFEH RIS IR rv DFRFEGAE] st R FER R strlvv] ALE T
"\NO' FTT),
* Hrv >= size lf, fiHiFMASPEMIITFHFEDAA rv + 1 FEMN KA RESEIIT. TR
TEM R strisize-1] 2 "\0',
s Yrv < O, " REERNGFHFE. " EIHIELT strisize-11 4 "\0", {Hsor (HRT 2R
S . R )R R B TR R 6
PAT R AR 5515 5 PREE 0 R A4 8 BB e 4t
double PyOS_string_to_double (const char *s, char **endptr, PyObject *overflow_exception)
FEPAPER s #e0oy double RA, RINING| % Python S . Hes2 i 5 4F 3 1 45 5 W -9k Python 1Y
float () MIEREILZFIFRIES, BT s WA R FERRE M . HAl AU T 24w X
1.
MR endptr @ NULL , FHBEAFR . 5%k valueError JFHIRM -1. 0 WERFFFHA ST mEL
RV IR SUY E: W

WK endptr AN NULL , RAEL WA AT IR *endptr BB NG 155 — D R F1F .
MRS R R 46 BOAS 2 S B A S Rk X, *endptr WE R M FAFRIIL, 51K
ValueError %%, FFHikFH -1.0 .

WAR s FRm— D RKMABAFME—MF BT E (Wrst, "1e500" fEFZ & FR—NF4F
) SRIGUNER overflow_exception j& NULL iR[H Py_HUGE_VAL (fiEM4M445) 3 H AR BT
M ws . FEHAL T, overflow_exception WhJiFg[H— Python B XT4; 5| XS FHE&M -1.0
o TERXMFMEI T, &E *endptr FRINFREL FNH—DF4F.

URRAE SR ) S AR AR A FEAl R % (HAn— D AR RS R) |, BG4 /Y Python S IF HLik ]
-1.0,

3.1 BUETINA.

char* PyOS_double_to_string (double val, char format_code, int precision, int flags, int *ptype)
e double val —AME T format_code, precision Fl flags [ F4FER

XA EA TR Z —, e, "EY, VEY, TFY, Tgt, TG B Tt X et SR AR LR
0, 'r' MAHEE TARMEREL repr () #2K.

flags R] DA Nl HA{E Py_DTSF_SIGN, Py_DTSF_ADD_DOT_0 8{ Py_DTSF_ALT By H 4 A&
* Py_DTSF_SIGN FI/R SR TER B W FAFR R — 5547, B val SHaETEL.
* Py_DTSF_ADD_DOT_0 F/nififrik Bl FAF R AR KA G — 1%L

e Py_DTSF_ALT FE/RMN " BRAY” ¥R . A 24055 S M PyoS_snprint £ () "#' E XL
4.

i ptype A h NULL, W B2 8 16 09 {86 9% i% 2N Py_DTST_FINITE, Py_DTST_INFINITE H{
Py_DTST_NAN Hj—A>, 731K val @ — DA RECT . ToRET 8RR

R [ E S — R S 5 FAT R Y buffer FIFR4ER, QNSRS WU A NULL. U 7 B T
M PyMem_Free () FREHOR I FERFE

3.1 BGHTA.

int PyOS_stricmp (const char *s/, const char *s2)

TR KNG . ZRBILFS stremp O LA AME, 2B TR,
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int PyOS_strnicmp (const char *s/, const char *s2, Py_ssize_t size)

FARAR KNG . ZREJLTS strnemp () TR RHE, H2E2iT RN,

6.8 [ 4

PyObject* PyEval_GetBuiltins (Void)
Return value: Borrowed reference. 3191 4 Hi$hATITHb P4 B BB 7L, QY BB WOIEAEAT, WAk [m]
ARSI RS -

PyObject* PyEval_GetLocals (void)
Return value: Borrowed reference. 3 7] 4 Hi $AFT I H Jiy A48 5t () - L, Q00 SR 350 24 i R4 T 7 it DU 5z
NULL,

PyObject* PyEval_GetGlobals (Void)

Return value: Borrowed reference. 31 [u] 24 i 04T Wi P 42 JR A2 L 7 4L, A0SR BEA 24 A AT 1) 0 a2
NULL,

PyFrameObject* PyEval_GetFrame (void)
Return value: Borrowed reference. & |0] 4 Hi ZeFERAS ML, Q1A EA 24 B P T A I ) 3 [1] NULL,

HigZ M PyThreadState _GetFrame (),

PyFrameObject* PyFrame_GetBack (PyFrameObject *frame)

IRIL frame 297K —A~5ht.
R e ARG, R frame AT MR [E] NULL.
frame WM/ A NULL,
3.9 BUHTA.
PyCodeObject* PyFrame_GetCode (PyFrameObject *frame)

ARHR frame FIACHS o
A ] —A5R 5 .
frame WZFN K NULL. £55 (WifgfC%) ANEEN NULL.
3.9 HUHIIA.
int PyFrame_GetLineNumber (PyFrameObject *frame)
R[] frame 4B IEAEIATHIATS o
frame WoHIAK NULL,
const char* PyEval_GetFuncName (PyObject *func)

R func 2 eR %0, FRECEGIN G, MEREIERZAFR, BRG] func FIZERLZFK .

const char* PyEval_GetFuncDesc (PyObject *func)

TR func B2 BLR MR FAFE . R lﬁlﬁ@ﬁuﬁ*ﬂ RIS E’J”()” ” constructor”, ” instance” FI” object”,
YpryEval GetFuncName () WZEHRERE, 45852 func WA
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6.9 Gifirhd 2 TENHY Ry fiE

int PyCodec_Register (PyObject *search_function)

TSR AR A4 2R R KL
TERRIER, He2ilik encodings &, WERMASEM, WHREHA LT R RESNRNEE L

int PyCodec_KnownEncoding (const char *encoding)
RGN L5 5E encoding (A4 RIS AR 215 CAFAENR ] 1 2 0. BURR B BERL -

PyObject* PyCodec_Encode (PyObject *object, const char *encoding, const char *errors)

Return value: New reference. 17 B nfiii a5 B AN gmfih APIL,

object i It errors [T 7E S HE RAL By AL 18 45 7€ encoding I 9% as AL, errors W] DA NULL KR fll
HI R Gt i i€ LR BRIA T ¥ . QPR BN 25 W 25| K LookupError.
PyObject* PyCodec_Decode (PyObject *object, const char *encoding, const char *errors)

Return value: New reference. 17 B nfii it #5 H A MY APIL,

object [ i errors FT g XA EERAL T VAL 45 78 encoding TSRS 2SR AL . errors A PAN NULL 2R H
FR GRS a8 i e BRI ¥ . QR ERAN B i S #5825 & LookupError,

6.9.1 Codec #:k API

TE T Y REH , encoding “FAFER A R 530 /NG FAEIE, X BEASE AT U AL ) 2 1k g A A 2 52 B %
KNG WKL BT TR RS E, WK% E KeyError iR\ NULL,

PyObject* PyCodec_Encoder (const char *encoding)
Return value: New reference. K45 5E 1) encoding $EEL— 9wt #5 R4

PyObject* PyCodec_Decoder (const char *encoding)
Return value: New reference. "y 45 € W) encoding FREL—A~ M52 K%L .

PyObject* PyCodec_IncrementalEncoder (const char *encoding, const char *errors)
Return value: New reference. “Fj%5 € W encoding 3H{—-~ IncrementalEncoder %4,

PyObject* PyCodec_IncrementalDecoder (const char *encoding, const char *errors)
Return value: New reference. " %5 E W) encoding 3Bl —1~ IncrementalDecoder X% .

PyObject* PyCodec_StreamReader (const char *encoding, PyObject *stream, const char *errors)
Return value: New reference. “Fj 45 € W encoding 3R Hl—~ St reamReader T.J R4

PyObject* PyCodec_StreamWriter (const char *encoding, PyObject *stream, const char *errors)
Return value: New reference. " %5 E W) encoding Bl —A~ StreamWriter T.J K%L,

6.9.2 J] J- Unicode gt~ BRI & API

int PyCodec_RegisterError (const char *name, PyObject *error)
TELE W) name 2 VS 540 B 01 VR BB error . 1% 01 bR B0REFE — A 9 5 25 188 3] oY 4 5 1 7
B TC T RS ) 2 B 3 H. name #5352 2~ encode/decode p& %5 1E 1 error JE2: 15 i 1% 2 65 25 Sk 1
e

Z MO K & ¥ % — A/~ UnicodeEncodeError, UnicodeDecodeError B{
UnicodeTranslateError M SE B fE S Bpk S 4, o & 56 T4 8 455 30 1 7 4 I 3L
TEFE I A AL 5 B (W& 5 Unicode 573 3 % 1 R BUILAE B R BOETE ) « 1 FIJH R Es 5 |
R EWISRE, SR B AN 18083 51 A B R e A1 e, DA AR R A
EERFE A N AE AT AL BRI Jm s/ RS A

54 Chapter 6. T.H



The Python/C API, %[F] 3.9.19

R ] <0, eI ] “-1«
PyObject* PyCodec_LookupError (const char *name)

Return value: New reference. ZrH% At name 2 1 FEMHA B URAC PR IBIE s X, A 45BIIL T A A NULL, A
BT D052 [ B3 strict” 58 1AL B 0] 8] pR

PyObject* PyCodec_StrictErrors (PyObject *exc)
Return value: Always NULL. 5| % exc {E 534 .

PyObject* PyCodec_IgnoreErrors (PyObject *exc)
Return value: New reference. 21 unicode 451%, Bk 451004 A

PyObject* PyCodec_ReplaceErrors (PyObject *exc)
Return value: New reference. f§iJf] 2 8% U+FFFD % unicode 4 f5%E % .

PyObject* PyCodec_XMLCharRefReplaceErrors (PyObject *exc)
Return value: New reference. i [fj XML F£75| 1 #54 unicode Zifidfiz .

PyObject* PyCodec_BackslashReplaceErrors (PyObject *exc)
Return value: New reference. ffi [l SURHTHE LAF (\x, \u Fil \U) E#t unicode sz,

PyObject* PyCodec_NameReplaceErrors (PyObject *exc)
Return value: New reference. {#i ] \N{ . . . } ¥ X £ unicode Jridiki%.

3.5 BUBTINA.
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MRV

AF PRI Python XIRACH,, Fib HRM, LA Z RIS R (Flan, Prafuadesy, Sy
FIRR) . MR GRBIEATE I, 1474 —4 Python 54 .

XL R R AN AT B TR IE WAL AT B 0, In— B Ry List_New () A, (HH ARG H 3%
BREBEE L E “NULL“fHI{E

7.1 X4 PR

PyObject* Py_NotImplemented
Not Implemented BB, M THRICHANEAERA X4 e SR H G958
Py_RETURN_NOTIMPLEMENTED

C ATV IERAL B Py Not Tmplemented (R [AEFRE (RIS Notimplemented 5] i 1401 1]
Z)e

int PyObject_Print (PyObject *o, FILE *fp, int flags)
FixT5 0 BB fpo HASHHRIE 1 o HEFRSEOT T8 AR e i e 5. B HiE— SCRFA1E 5
J& Py_PRINT_RAW; HWURZGH %L, WHREARZN str () MAZ repr (),

int PyObject_HasAttr (PyObject *o, PyObject *attr_name)
WMH o WG J@1E atr_name, WIR ] 1, W3R [E] 0, 3XAH 24T Python #3531 hasattr (o, attr_name).
RS L)
WE, WM _getattr__ () Fl _getattribute__ () FIERTAEMREGPAMG . A 2RIG4
iy, WM PyObject GetAttr() .

int PyObject_HasAttrString (PyObject *o, const char *attr_name)
WMH o WG JE1E atr_name, WIR ] 1, 3R [H] 0, 3XAH24F Python 35 hasattr (o, attr_name).
IR U SE )
WE, TEWA __getattr_ () Ml _getattribute_ () FEHBIE MG FERFRXIRE, FH
Rl . A EPASHHRING, WM Pyobject _CetAttrstring () .
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PyObject* PyObject_GetAttr (PyObject *o, PyObject *attr_name)
Return value: New reference. \X15%: o FiEHL4 N attr_name @ 1E . R B @EMAE, <03 [B] NULL,
X AH 4T Python 323K 0. attr_name,

PyObject* PyObject_GetAttrString (PyObject *o, const char *attr_name)
Return value: New reference. M4 o HIZEL—"1N%4 K attr_name {)JEVE. ENEHE [F B AR, 2R
Bl NULL. X#H24F Python ik o.attr_name,
PyObject* PyObject_GenericGetAttr (PyObject *o, PyObject *name)
Return value: New reference. i@ ) JEPEDRERREL, H T RAA RTINS R ) tp_getattro i . BEFERIF
s (A FXT5H MRO o) ERFIEARGAST, HAENRE) __dict_ A HIEAE M. 1IE40 descriptors
Fri, BAERATFIRSe T LB E M, MARBIRRA TR E . KIK&fi% AttributeError .
int PyObject_SetAttr (PyObject *o, PyObject *attr_name, PyObject *v)
FEXTR 0 A4 H attr_name WJFIEMEBCN v o RMON G KSR IFRIE -15 IR [E <0 o XA 4T
Python {&4] o.attr_name = v,

W v o NULL, B ER . AT e I Pyobject_DelAttr (), (HHHIAKA
B e .

int PyObject_SetAttrString (PyObject *o, const char *attr_name, PyObject *v)
FEXTR o 44N attr_name WJEIEMEBCN v o KM G K IR -1; MR A <0 o XA 4T

Python {5/] o.attr_name = v,

AR v o NULL, B oiR, (FR IR MMl Pyobject _DelAttrsString ().

int PyObject_GenericSetAttr (PyObject *o, PyObject *name, PyObject *value)
R BCE AR R, T TIARBN LR tp_setattro M. EIERFIP (ML TXRI
MRO 1) EREARHARLS, RS, W eSS B i b B UM BRI e T B0, st
FHEXIRI __dict_ PicEBUMER. WERSEFRRE 0, HURF5]% AttributeError Hikk[a -1,

int PyObject_DelAttr (PyObject *o, PyObject *attr_name)
WEEXT 5 0 W4 N attr_name W)@ M. RIGBHRE -1, XAH24T Python i&/4] del o.attr_name.

int PyObject_DelAttrString (PyObject *o, const char *attr_name)

BTG 0 W24 attr_name WY JEME . KGHFRE] -1, XA 24T Python 141 del o.attr_name,

PyObject* PyObject_GenericGetDict (PyObject *o, void *context)
Return value: New reference. __dict__ AR SR BRSO —Fhiil FSE 9. BB =il

3.3 HUHTIA.

int PyObject_GenericSetDict (PyObject *o, PyObject *value, void *context)

_dict_ FEIRFFBEE A A LB X N SR R
3.3 JUB A

PyObject* PyObject_RichCompare (PyObject *ol, PyObject *02, int opid)
Return value: New reference. [T opid 35 E I EAVE I ol 1 02 WfH, Wi Py_LT . Py_LE ., Py_EQ .
Py_NE . Py_GT B Py_GE Z—, ANV T “<=* . ==, !=. >3 >=. XHY4T Python FiEx o1
op 02, Jift op XTI T opid MHRMERT. MMIMER LA, JIRHER NULL.

int PyObject_RichCompareBool (PyObject *ol, PyObject *02, int opid)
H opid 352 I BAELLE of Rl o2 H{H, W03 Py_LT . Py_LE ., Py_EQ. Py_NE. Py_GT B{ Py_GE
Z—, R T <L <=0 ==, 1=, >k >=, FHiRARIE -1, Eé*%jg false 3R [E] O, F I3[ 1.
XA T Python Kk ol op o2, HH op EXINT opid EI’JT%%VF

HiE)l: A ol 1 02 B[R—AN4%, Pyobject_RichCompareBool () F Py_EQ WR[E 1, K Py_NE N
& [E 0.,
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PyObject* PyObject_Repr (PyObject *0)
Return value: New V€fer€nce TWEXS o WFEFFHRIEA . BENRRE AR, R RE NULL. JXAH 2
T Python %Liﬁ repr (o) . HNEKE repr () WM.
3.4 iy 5 5 éﬁﬂuf@/‘ﬁ/\ﬁiﬂi i, AR ERA S HBR M 2 3205 3 1 57

PyObject* PyObject_ASCII (PyObject *0)
Return value: New reference. 5 PyObject_Repr() —#E, iTE X 2 o WEHFE R, H
TEpyobject Repr () JRIAFAFAR M \x. \u 30 \U ¥ XAk ASCILF4F . b — AR T
Python 2 Wi PyObject_Repr () REIFFAE. HNERE ascii () .

PyObject* PyObject_Str (PyObject *0)
Return value: New reference. TT5EXS o WFAFHRIEA . NI R 4G SRIKIN IR ] NULL. % AH 2
F Python %:ziiiﬁ str(o), HNEHEE str () FEH, HHMHH print ( ?;@Iﬁ%]ﬂﬂo
3.4 RCE S ZREBOEA S — TS, T AR PR 2 R 25 57 15 3h i 7

PyObject* PyObject_Bytes (PyObject *o)
Return value: New reference. 1154 o E’J%wﬁ/f KR ] NULL, S A o] — A 3 R R R
AT o AR BRI Y Python Kk bytes (o) . 5 bytes (o) AFAYZE, 4 o @ BEMA RV
N0 Y FATERRI RN, 2tk TypeError.

int PyObject_IsSubclass (PyObject *derived, PyObject *cls)
MR derived 2845 cls ZAMRI B HIRAZE, WHRIE 1, FHWRE] 0, AR H 4R E -1,

WS cls J2Tcdl, WISKT cls PEATIERTURG I . Q0o 2 /D — AR ] 1, 250000 1, PR

1E40 PEP 3119 frik, N4k cls #7f5 __subclasscheck__ () Jrik, RrepiH M%E?*E’J%u w5
W], IR derived 2 H A T2, RIESTE clS-_m __H, IBAERE s —A~F K

W HARMRA SN, B type BIRAFMEH]. KT, WRATLAELIA __bases_ @1
(AR HIMITH ) KRBT — A

int PyObject_IsInstance (PyObject *inst, PyObject *cls)

ﬁﬂ% inst 3 cls LB TIERSLBI, LR E] 1, AR 2R E <0, AR LR [ -1 FFRE—A R

o

MR cls 2T, WK cls BATZIUHGI . AR B AH— AR 1, G208 1, BNk

14N PEP 3119 iR, W05 cls %74 __subclasscheck_ () F¥, BHowiEH Mﬁﬁ;ﬁ?*é’]/}j@u B

W, SR derived & cls )5, IAEHZ cls B)—A5% WJ

B inst IDAE L __class_ J@EREEILITES.

X% cls DAL _ bases_ @M (WAURIEENITH) KRB EERGIIAMERIIRE, RILHEE.
Py_hash_t PyObject_Hash (PyObject *0)

I IR DR G AAE 0. RIGINHER ] -1, j%X4H24 T Python A5\ hash (

3.2 AR BAER)IRIA2EALE Py_hash_t. Xjg—K/NGPy_ssize t *ﬁlﬂlﬂ‘]ﬁf*’fﬂ%’ SR
Py_hash_t PyObject_HashNotImplemented (PyObject *o0)

ixﬁé/\ TypeError IR type (o) s ANAMEAH, FikM -1 . ZEEIRAFTE tp_hash &
ZEFRIXS R, SRV R BRI E A TTH
int PyObject_IsTrue (PyObject *o)

WERXFR o WA N2 true, MER[E] 1, FHNRE 0. XAYT Python ik not not o, KIKIMIIER[1]
-1,

int PyObject_Not (PyObject *o)
MRS o ik s true, MR 1, FHWIR[E 0. XAHYT Python Kiks{ not not o. KR
_l o
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PyObject* PyObject_Type (PyObject *0)
Return value: New reference. >4 o A5 NULL W}, iR[E[—A5%4 o E’J*ﬂ*ﬁﬂfﬁﬂ’j*ﬁiﬂf% EEN
IEE, $55] % SystemError #iR[H] NULL. Lé‘;ﬂﬁc Python Fik K type (o) o ZPRELLHE IR ]
EWEI T, Sk B3 A Bl AL Rk rpy_TvPE () Zﬁ(fﬁ@ﬁﬁﬁzﬁ BRI o] —
M pryTypeobject * JERINHEEE, RIS TR EIGRT | HITE0rI B

int PyObject_TypeCheck (PyObject *o, PyTypeObject *type)
WRXIGR 0 2 type LUK type 1) TFBUR M ELAE . WS HCELATIE NULL.

Py_ssize_t PyObject_Size (PyObject *o)

Py_ssize_t PyObject_Length (PyObject *o)
REIXSGE 0 WK FE. WERXTR o SCRFFF ARG, WIREFEARE . HAS IR I -1, X% [T
Python 3k 1en (o)

Py_ssize_t PyObject_LengthHint (PyObject *o, Py_ssize_t defaultvalue)
REXFG o AT . B et iR MR, AEM __length_hint_ () #H7hTT, mJaikiEl
BME . HAERF IR A “-1¢, 3X%E[R] T Python #3iA3 operator.length_hint (o, defaultvalue).
3.4 TR

PyObject* PyObject_GetItem (P\Object *0, PyObject *key)
Return value: New reference. 12 [0 ¥T 4 key SN 0 TGE, BIAEIRIYIT IR Al NULL. X% [T Python ik

H olkeyl,
int PyObject_SetItem (PyObject *o, PyObject *key, PyObject *v)
FEXTR key WENE ve RN G K2 HEFFRA -1; B R XA 24T Python i54] o [key] =

v LR RAME v 151 .

int PyObject_DelItem (PyObject *o, PyObject *key)
MRG0 PREBRXTR key HUWRGT . RMGIRFRM] -1, 3XAH24 T Python if4) del olkey].

PyObject* PyObject_Dir (PyObject *o)
Return value: New reference. #>47F Python iA= dir (o), i&[E—F (ﬁjﬁﬁjxjff) HEME S
HAUER, R A WAR [ NULL, QIRZH0H NULL, JE{8 Python iy dix (), JUIR [ 247 locals [1924 5
XA E S PATIESE, WLk NULL, {HPyErr Occurred () 4% [n] false..

PyObject* PyObject_GetIter (PyObject *0)

Return value: New reference. 55 [A] T Python Fik=, iter (o) o NXRSBEOR Pl — AN A0EARS, WHRZ
MREL R NERLE, WEREIXFZRA G, R Z AR %ﬁl%ﬁ 25| K TypeError , JfiR[H NULL,

7.2 PP
CPython SR TR : 1p_call R LA

7.21 tp_call Ppi¥

W tp_call IRISLHIEZ TR MOKEL N

PyObject *tp_call (PyObject *callable, PyObject *args, PyObject *kwargs);

— NN TTHE R ESE, - dict LR XEFSE, T Python fLHY EP 1Y “callable(args,
*kkwargs)“, Fargs® L AE TR (wREBERA AL, SN —ATA), 12 RIBH FET A%, Fhwargs*
T VA& *NULL,

XA EA, *tp_call* ffiff]: tp_new fltp_init WiXFEEHESEL.
B A%, i Pyobject_call () s HABRE A API.
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7.2.2 Vectorcall X

3.9 HUHH A
vectorcall HSUETE PEP 590 9551 AR, &2 (1 FH o& B I 2 B el .

VERAGYEN], Qi n] o F A7 S 5F vectorcall, CPython 2% B[] T IR o 4R1T , X H A& —PERLE -
WA, —SSE = R EEMH p_call (AR HPyObject_call (). Hih, —A3HF vectorcall (2,
WRSEB tp_call, BbAL, T FHERRM ML, PRI S 004T AR R A A . HERR) R R cp_call
KB NPyVectorcall_call (). {HA—IEHE:

el —/NSZHF Vectoreall f2E LS PL ELG METE XA tp_call,

WA — 211 vectorcall [t *tp_call* 12, AN IZSCIY vectorcall . BN, US4 FH #7525 S50 args
JCLHAN kwargs dict, FF24 5P vectorcall A = Lo

KAl A S Py TPFLAGS HAVE VECTORCALL ﬁ?ﬁ#ﬁtp vectorcall_offset % 'H Mt G55y

1 vectorcallfunc 1) offset 33231 vectorcall MY . X 2— 4810 B PA T 24 W R B T8 41

PyObject * (*vectorcallfunc) (PyObject *callable, PyObject *const *args, size_t nargsf, PyObject *kw-
names)

* callable ;2 F5H R I IXT 42
o args Xe—A CiESEEAL, MOIESBHGRT CEFESEWE. WREAESE, XAMER PAZ NULL

o nargsf NI B SNSRI vl fE) PY_VECTORCALL_ARGUMENTS_OFFSET fRiti. ZM nargsf $:45
SR E SHEL, WM Pyvectorcall NARGS ().

o kwnames JE—E A RBE AR CAL.  HaETE, e kwargs FHLAEE . XL FOATIR T
B (str BHFZRAEH), HHEMUAEME—1. WREH XEFSE, IR4 kwnames 7] DA
NULL %5,

PY VECTORCALL_ ARGUMENTS_OFFSET
WIIRAE vectorcall i nargsf SR E T AR, W AR VF9 R A &1 HT G args 1 BOE. Bea)is,
args IRV EFHISE L (N2 0). B UHIER 2 Bl )5 args [ E’J{E

X}FPyoObject_VectorcallMethod () , XM AREMIMA B IKE “args[0]“ A]EEILAE T .

L A AAILFE AR M X (BB AN N i), I8 e E R
PY_VECTORCALL_ARGUMENTS_OFFSET, X FEMCRF L1438 Q48 & vk 2 FE A0 nl i R 4 Ak 7@&5(
M TR (G —AN a2 self Z50)

BERM - AEHRT Vectorcall M X4, 6 2 Acall APL &KL, AR H A AT R O R —
PyObject_Vectorcall () iBH iAW

i [E]: f£ CPython 3.8 Hr, vectorcall AP I A 2 ) R U B & DA A JF 3k F &) & 19 45 F 32 it
_PyObject_Vectorcall, _Py_ TPFLAGS_HAVE_VECTORCALL, _PyObject_VectorcallMethod,
_PyVectorcall_Function, _PyObject_CallOneArgq, _PyObject_CallMethodNoArgs,
_PyObject_CallMethodOneArg, b4}, PyObject_VectorcallDict PA_PyObject_FastCallDict

WA FREEdt . IHAARUIIRGE SON AN RIS B 24 R 314
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B
1 M p_call W, V8 M F A 48 0% 3 CPython X T mp_call #E 4T #Y I ] &

Py _EnterRecursiveCall () MlPy_LeaveRecursiveCall ().

RARUERE, X AN IE T vectorcall {9 - B U8 FH 7 AE TF BEEF Y. 24 8 ] Py_EnterRecursiveCall F1

Py_LeaveRecursiveCall .

Vectorcall ¢ API

Py_ssize_t PyVectorcall_NARGS (size_t nargsf)
% 7E—> vectorcall nargsf 562, IRFISHH SRR . HEi%E R T

(Py_ssize_t) (nargsf & ~PY_VECTORCALL_ARGUMENTS_OFFSET)

SR, WA# i PyVectorcall NARGS BRERDAMER: K &,
XA BREA R limited API f—355% o
3.8 UHTAIA.

vectorcallfunc PyVectorcall_Function (PyObject *op)
A2 *op* A SCHF vectorcall YL (A2 PN IAURSHF, Ha g Ijﬂ,ﬂ\ﬁikﬁJT SCHF), & E] *NULL*,
TN, IR EIAEAEE *op* HY vectorcall BEEAS4ET . XA EREM A il & =

XAER T op 215 S FF vectorcall B} A F AL, T PAE I #2: PyVectorcall _Function (op) !=
NULL 3E32H .

XA EREAS B limited API —3R45
3.8 FCHTINA.

PyObject* PyVectorcall_Call (PyObject *callable, PyObject *tuple, PyObject *dict)
W * ARG * Wvectorcall func, HAVESHON BT SH00 HIATTA A dict JTEA 45

XE—NLITRE, KWWK Atp call #AE 2 M T tp_call MEH. EASK
Py TPFLAGS_HAVE_VECTORCALL kR HEASHEE tp_call,

AN BREA B limited AP {—3R4)
3.8 OB

7.2.3 %0 API

2 AR ET B R Python X 42 . %/l\uﬁ“ﬁ/\/é&%ﬁ%ﬁ%ﬁﬂﬂﬂ N} G i SRR ] DAS 1p_call
5y vectorcall, “f TR RE/DHIHFA THEM , SR — & AR HIA BB s U iR A

NEESS TR HRSIAE; SRS U A TR B
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R a4 (Callable) | args kwargs
PyObject_Call () PyObject * JCL dict/NULL
PyObject_CallNoArgs () PyObject * --- ---
PyObject_CallOneArg () PyObject * IPOE
PyObject_CallObject () PyObject * JGLH/NULL | ---
PyObject_CallFunction () PyObject * format -
PyObject_CallMethod () X4 + char* format
PyObject_CallFunctionObjArgs () | PyObject * ARSI -
PyObject_CallMethodObjArgs () X4 + 24 FK T A B ER -
PyObject_CallMethodNoArgs () X + ZFR - -
PyObject_CallMethodOneArg () X4 + 24 FK 1 %F5 -
PyObject_Vectorcall () PyObject * vectorcall vectorcall
PyObject_VectorcallDict () PyObject * vectorcall dict/NULL
PyObject_VectorcallMethod () S+ 2R vectorcall vectorcall

PyObject* PyObject_Call (PyObject *callable, PyObject *args, PyObject *kwargs)
Return value: New reference. V| J—~ 1]V J 1) Python X4 callable, By HIc2H args T IS5, DA
Tl 7 HL kwargs BT 45 H ) XA TS50

args WA NULL; JIERAEESHOEHH 2004l WRAEZ TSI, W kwargs ALK
NULL,

IR B G55 ARG — A S5 Ik 8] NULL.
XZEMT Python A, callable (*args, **kwargs).

PyObject* PyObject_CallNoArgs (PyObject *callable)
P —A~ R I B Python XF 4R callable F- AL ZH. X @A S £ ] Python wJ i I X 42 ) i
HROT.

BT IR R 25 R AR S MO — > S8 IR 8] NULL.
3.9 BUCHTIA.

PyObject* PyObject_CallOneArg (PyObject *callable, PyObject *arg)
P —>lJE A Python X4 callable FHFA 1G4 1 AMEESEL arg WA KETZS4L

I IR A5 T 2R I — A~ S - [|] NULL .
X RO & limited API F—3B4) o
3.9 BUBTINA.

PyObject* PyObject_CallObject (PyObject *callable, PyObject *args)
Return value: New reference. & H—~ 0] & %) Python %42 callable, 45t args Figg BISE. W
A EANL NS5, W args T PAK NULL,

BRI eI Tl — A 5% I3k [7] NULL.
XEET Python ik callable (*args) .

PyObject* PyObject_CallFunction (PyObject *callable, const char *format, ...)
Return value: New reference. & Jl—A~7]V# J Y) Python %4 callable, MHFZ58EN C 5. XL C S
APy _Buildvalue () KARIHE AL F A7 KA A . format T e NULL, Fos AR 2
.

BEEIF IR B GER AR 2R MOS0 S — > S R 8] NULL.
XM T Python A callable (*args) .
EHBURIRAEAPyObject *Z%, WPyObject_CallFunctionObjArgs () & B P Hy%E#EE .
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3.4 s XA format BRI M char * B,

PyObject* PyObject_CallMethod (PyObject *obj, const char *name, const char *format, ...)
Return value: New reference. i JH| obj ¥4 W44 K name W) )7 EFH-MEAF ] A BER C S5, X C 25
HPy_Buildvalue () A&z HR AR I B 4 2L i —4~oed .

R AT LAH NULL |, Fm RARBUEATS AL

IR I EE R, ER MOt —A> S IRk ] NULL.

XA Python ik 2 “obj.name(argl, arg2, ...)“S—FEH .

WHERURIR AL APyobject * B4, Mpyobject_CallMethodObjArgs () j2HHPREAIIESE.
3.4 iR H 58 The types of name and formar were changed from char *.

PyObject* PyObject_CallFunctionObjArgs (PyObject *callable, ...)
Return value: New reference. & Fl— 7] Fi ) Python Xt 42 callable, FH7 ]S 5B Pyobject * Z4.
IXEESHOE DA NULL 2 J5 v AR50 e S i e R R
BCEIF IR B GER AR R MOS0 S — > S R 8] NULL.
X F1 Python 535, “callable(argl, arg2, ...)“&—#FEHY .

PyObject* PyObject_CallMethodObjArgs (PyObject *obj, PyObject *name, ...)
Return value: New reference. i i Python ¥4 obj W )— 1051k, Hp B4R name HiK) Python 24
XA BRI Pyobject * SEBA . XEESHUE VA NULL 2 J5 v 2850 1) T8
ST SR .
SR B GER FEJR Wl — A R ik [8] NULL.

PyObject* PyObject_CallMethodNoArgs (PyObject *obj, PyObject *name)
i1 Python X§4 obj Wi — DI IEFF AL S8, HIrik 4 PRl name W) Python “FAFHI X 4
%t
IR I EE R, AR MOl — A S IRk [l NULL.
AR B limited API 1) —3ER4)
3.9 HCHTIA.
PyObject* PyObject_CallMethodOneArg (PyObject *obj, PyObject *name, PyObject *arg)
i M Call a method of the Python X} obj HHi— I ILTFIAT AL B 24 arg, HH T ik44FRH name
H1 ) Python FAFER I G 45 .
ST IR AT TR Il —~ 5 H Ak [ NULL .
XA BRECAS 2 limited API {—343
3.9 BT INA.

PyObject* PyObject_Vectorcall (PyObject *callable, PyObject *const *args, size_t nargsf, PyObject *kw-
names)

P& — 0T 8 19 Python Xt 4 callable, [ft#  Z3 Svectorcall func M fEl. WH callable 3¢
Hrvectorcall, W'E £ BH 2R FHTENULE callable F1 1) vectorcall pREL.

BSARHEIEIS A . (6RO 5EAF I NULL.
XA BRBIAS 2 limited API {—3B4Y
3.9 BUCHTIA.

PyObject* PyObject_VectorcallDict (PyObject *callable, PyObject *const *args, size_t nargsf, PyOb-
Ject *kwdict)
V[ callable FF-Ffri 5 e vectorcall Yl il AR 5E MR ALE S, (B ELAT I kwdict TR G A
W REFSHL . args FEARF RS ESHL.
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TCIETE N EB A R MY, #FRZEHAT SR i . BRIk, R BN 24 U O 230 1k
FHRHTFI, EEAE RO E S ToH N A A .
XA e limited APL H—343
3.9 BUBTINA.

PyObject* PyObject_VectorcallMethod (PyObject *name, PyObject *const *args, size_t nargsf, PyOb-

Ject *kwnames)

i 11} vectorcall i JIJ LB K 8 I — ATy ¥k 7L £ FR LA Python SF4F £ name HIEX 45 . 0T 7 vk
RS args[0], T args B args(1] FFAG RIS MACRIA Y S50 LAE AR DD IES
B nargsf FELFE args[0] TENW AL ESEEE, W args (0] W T BERE I B 2042 )28 F-m 1
PY_VECTORCALL_ARGUMENTS_OFFSET. XiHF S MELEPyObject Vectorcall () H—FE
DU TN

WRXNRAA Py_TPFLAGS METHOD_DESCRIPTOR RV, 1Mok BCRFR R TR 98 52 1 07 YA X G [
58] args vector /- NZEK .

BIEHR [E45 R A 0 Ol — A~ 578 9% 8] NULL,
XA PR EAS & limited API {—35
3.9 BUHTIMA.

7.2.4 JH 3+ API

int PyCallable_Check (PyObject *0)
FEXTSR o ARG WRM G AN GNR N 1, HARRE LRI 0 o 3XASBR BN 28 HI R I

7.3 B

int PyNumber_Check (PyObject *0)
WX R o FEAEF R, JRIATE 1, BNWREER. XN 28 R

3.8 MU AE: AR 02— AERTG BRI 1.

PyObject* PyNumber_Add (PyObject *ol, PyObject *02)
Return value: New reference. 12[0] ol . o2 FAINMIZESR, WHIM, &M NULL, 84T Python ik ol
+ 02,

PyObject* PyNumber_Subtract (PyObject *ol, PyObject *02)
Return value: New reference. 12[8] ol 182 02 ZEF, R LM, 1&FE] NULL, Z{)T Python FEikz ol

- 02,
PyObject* PyNumber_Multiply (PyObject *ol, PyObject *02)
Return value: New reference. 3&17] ol . 02 FHFHILER, RN, 1RM] NULL. 84T Python Fik= ol

* 02,

PyObject* PyNumber_MatrixMultiply (PyObject *ol, PyObject *02)
Return value: New reference. 3210] ol . o2 R FFTeVEMIZER, LR, &R [E] NULL, 84T Python 3%
#H ol @ o2,

3.5 BUHTMA.

PyObject* PyNumber_FloorDivide (PyObject *ol, PyObject *02)
Return value: New reference. 1R [9] ol [&VA 02 [0) FEUEHI(E, RIETRE NULL, XZ4T Python k2
ol // o2,
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PyObject* PyNumber_TrueDivide (PyObject *ol, PyObject *02)
Return value: New reference. 120 ol DA 02 WIBCEEER G FRITRME, s8R B NULL. R B2 iT
UE” PR R — B S A Bl 2 i DU N 1T BB A — BE IS B 22 T A S8 R O] DATEAR AT AS
BRI A — AN A MR ESE T Python k50 o1 / o2,

PyObject* PyNumber_Remainder (PyObject *ol, PyObject *02)
Return value: New reference. 12[7] ol [§DA 02 15N HIAE, TR FN, &M NULL., 4T Python Fikz

o

ol % 02,

PyObject* PyNumber_Divmod (PyObject *ol, PyObject *02)
Return value: New reference. 7% N'E HREL divmod () o WA M, %[\ NULL, 84T Python Fikz

divmod(ol, 02).

PyObject* PyNumber_Power (PyObject *ol, PyObject *02, PyObject *03)
Return value: New reference. 1 Z: [/ N BB pow () o AR, 3R [E] NULL. “F4y T Python ik
X pow(ol, 02, 03), HH o3 AL . WIREZM o3, WTFTte Ary_None fERMRE (MIREA
NULL & SBEARENAFI) -

PyObject* PyNumber_Negative (PyObject *0)
Return value: New reference. 12[A] o (i (E, WS, 1R[A] NULL . 4T Python k= —-o.

PyObject* PyNumber_Positive (PyObject *o)
Return value: New reference. 12[7] o, {NHZN, 1&[A] NULL . 4T Python 3£k +o.

PyObject* PyNumber_Absolute (PyObject *0)
Return value: New reference. 120 o BY4EXHHE, WK, &M NULL. 54T Python Fik= abs (o) .

PyObject* PyNumber_Invert (PyObject *0)
Return value: New reference. 1R[] o WIFPIEUS )G RIZE R, R, 1&[F] NULL. 84T Python k=

~Oo,

PyObject* PyNumber_Lshift (PyObject *ol, PyObject *02)
Return value: New reference. 12 [R] ol /cF% 02 A HARIGIIEE R, R, R\ NULL. 24T Python 3
*R o0l << 02,

PyObject* PyNumber_Rshift (PyObject *ol, PyObject *02)
Return value: New reference. 3R] ol #5%% 02 ARG HIZEE, WA, 1R[W NULL . 4T Python 3
A3 ol >> o2,

PyObject* PyNumber_And (PyObject *ol, PyObject *02)
Return value: New reference. JR[0] ol Fll 02 “$¥F{i5” BYZER, WRKN, R[E] NULL . 4T Python 3£
#=H ol & 02,

PyObject* PyNumber_Xor (PyObject *ol, PyObject *02)
Return value: New reference. 32[8] ol Fll 02 “${iFEl” MR, WRLW, &[] NULL . 4T Python
#ikL ol ~ o2,

PyObject* PyNumber_Oxr (PyObject *ol, PyObject *02)
Return value: New reference. 12[0] ol Fil 02 “¥El” BOgER, R LM, RF] NULL . 24T Python 3
B ol | 02,

PyObject* PyNumber_InPlaceAdd (PyObject *ol, PyObject *02)
Return value: New reference. iR [i] ol . o2 AHIIMIZER, WIRKM, &1 NULL. 24 of SCREHT, XAMEH
BB LR . 2T Python B4 o1 += o2.

PyObject* PyNumber_InPlaceSubtract (PyObject *ol, PyObject *02)
Return value: New reference. 12[8] ol . 02 FHIRLER, WKW, IR\ NULL . Y4 ol R, XMz E
HEMHEMEER . 40T Python i) o1 -= o2,

PyObject* PyNumber_InPlaceMultiply (PyObject *ol, PyObject *02)
Return value: New reference. i85 ol . o2* fafe ey R, R %0, #E ‘NULLC, % *ol ZiHH, X4~
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SER N . %60 T Python i) o1 *= o2.

PyObject* PyNumber_InPlaceMatrixMultiply (PyObject *ol, PyObject *02)
Return value: New reference. 120 ol . 02 BRGNS R, WREM, &RH NULL . 24 ol LI},
XAERERE B . M T Python i1 ol €= o2,

3.5 BUHTMA.

PyObject* PyNumber_InPlaceFloorDivide (PyObject *ol, PyObject *02)
Return value: New reference. iR |5 ol [i5:DA 02 J5 1A FRPCEZER , R, R[E] NULL. 24 ol 5},
EAEHEEEH SR . ST Python iF4A] ol //= o2,

PyObject* PyNumber_InPlaceTrueDivide (PyObject *ol, PyObject *02)
Return value: New reference. 120 ol DA 02 WIBCEAER G FRITRME, 5% AR B NULL. R B2 IT
A B R — 7 B B s I DM s AN AT RE A — R ORS i s T A S8 I pR ER0mT DATEAZ A
FEBHR B —ANPE S8 WGERAE of CRFMRMES Kb PdT. BLeREEFT Python i54] o1 /= o2,

PyObject* PyNumber_InPlaceRemainder (PyObject *ol, PyObject *02)
Return value: New reference. 3x[0] ol DA 02 158 A 4%, RN, 1R[E] NULL, 24 ol 0, X4Hs
BHBEM N EMrEi R . 40T Python iH4] o1l %= o2.

PyObject* PyNumber__InPlacePower (PyObject *ol, PyObject *02, PyObject *03)
Return value: New reference. 525N B BRE pow () » IR KM, 1R\ NULL., 24 ol i, Xz
HEM A EMHEER. Y4 03 2Py _None i}, %M Python i541] ol **= o02; MMM TIEFARNLE
EFFAE 2RI pow (01, 02, 03) . WIREZME o3, WFL Ary None (f£A NULL &3 AEENTT
Vi) o

PyObject* PyNumber_InPlaceLshift (PyObject *ol, PyObject *02)
Return value: New reference. 12 [0 ol 2% 02 AN AT IGIIZE R, W0SR4, 1R[] NULL. 24 ol FH), X
MNMEFHBEMH TSR . S0 T Python if4] o1 <<= o2.

PyObject* PyNumber_InPlaceRshift (PyObject *ol, PyObject *02)
Return value: New reference. 12 [8] ol F5#% 02 AN HAFGIIEE R, W0, 1R[F] NULL. 24 ol R}, X
MEEHBEMEH EEAE R . 0T Python i) ol >>= o2,

PyObject* PyNumber_InPlaceAnd (PyObject *ol, PyObject *02)
Return value: New reference. F{INW R B ol Fl 02 ” ¥ 57 BILER, JeQHTiR [B] NULL., ¥F ol X FFAYHI
PR IZARAERE BeMAT. M5 Python i54] ol &= o2.

PyObject* PyNumber_InPlaceXor (PyObject *ol, PyObject *02)
Return value: New reference. [N IR [B] ol F1 02 7 # i el 255, Je R Al NULL. FE ol A0 H]
PE TR Bk AT. M5 Python ifH] o1l ~= o2,

PyObject* PyNumber_InPlaceOr (PyObject *ol, PyObject *02)
Return value: New reference. IR 8] ol Fil 02 7 ¥ 8 MIZER, RGN 8] NULL. ¥E ol A0 wET
PR IZAERAERE ReMAT. T Python i54) o1 |= o2,

PyObject* PyNumber_Long (PyObject *0)
Return value: New reference. JEHIHFRF] o i A BT RIS HIEEA, KRR F] NULL. 44T Python
#Fikzl int (o) .

PyObject* PyNumber_Float (PyObject *0)
Return value: New reference. JEIII 1R[] o i R PR mOM R GG, KRILE R[] NULL. 2§41 Python
Z5k float (0) »

PyObject* PyNumber__Index (PyObject *0)
Return value: New reference. J§I} 1% [B] o ¥4 4 Python int 25 J5 i 45 R, Je IR 8] NULL 3f5] &

TypeError B,

PyObject* PyNumber_ToBase (PyObject *n, int base)
Return value: New reference. iR [B| 3855 n 553 i A base K EEHIFRAFR JGINE R . XA base /0 =2
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8, 10835 16 . X TE%2, 8, 516, REIMFAFERFE BN EEEARE 0", '00", 0or '0x".
WS n A2 Python H RS ine 258U, Si5Ei R I PyNumber_Tndex () BB AL.
Py_ssize_t PyNumber_ AsSsize_t (PyObject *o, PyObject *exc)
R o AIARR B — N EEBOR [A] o S5l Py_ssize t {H. WERVFIHIRM, W51k —4HHE
Farll -1,

5 o AT DABE L 4R Python W int ({225 Py ssize t ([HEN&5| % OverflowError, N
exc ZECE NS AW F KA GAE N IndexError B OverflowError), UM exc & NULL,
I S5 2> W T %%ﬂﬁATﬁJ\Eﬁﬁﬂﬁ&%ﬁ PY_SSIZE_T_MIN ﬁ'ﬁﬁjﬂﬁﬁéﬂlﬁﬂﬁﬁ;&jﬂ

PY_ SSIZE_T_MAX,

int PyIndex_Check (PyObject *0)
R 1 AR 0 R — ARG IEE (Ff nb_index H(HFEH| tp_as_number Z5MK), BEETEHARR I
TIRME 0. LR EUE R S AT .

A B

int PySequence_Check (PyObject *0)
AURXSGARME TR UUNGRIE 1, FHMERE 0. LR EHAHAA __getitem () FIAN Python
iR 1, BRAFENTR dict TR, PUNMTEEREEIL T Ok EixX %EP%B'Z%%WF%*& JLATEE95S
ST -

Py_ssize_t PySequence_Size (PyObject *o)

Py_ssize_t PySequence Length (PyObject *0)
BRI R M A o AR AR, JIBIRHR[E] -1, X AR T Python ik Len (

PyObject* PySequence_Concat (PyObject *ol, PyObject *02)
Return value: New reference. JNINIFIR[E] o F1 02 WIPFEE, JIBHR[E NULL, iX%Z4T Python FiA= ol

+ 02,

PyObject* PySequence_Repeat (PyObject *o, Py_ssize_t count)
Return value: New reference. iR 0| JF4 %5 o BB count IRILER:, JIEHTR A NULL, XZ4)F Python
F#ikxL o * count,

PyObject* PySequence_InPlaceConcat (PyObject *ol, PyObject *02)

Return value New reference. IR ol 1 02 WPHEE, KRR ] NULL., 7E ol SR T #ER
R SER . IXEET Python FiAR ol += o2,

PyObject* PySequence_InPlaceRepeat (PyObject *o, Py_ssize_t count)
Return value: New reference. Return the result of repeating sequence Ob_]CCt R0 JE5 %% 0 TR count IR 45
H, RIS IRIE NULL. 75 o SCRFIE L M IZEAES RS X554 T Python ik o *= count.

PyObject* PySequence_GetItem(P}Object *0, Py_ssize_t 1)
Return value: New reference. 1R[] o F5E i 5I02%, RIMETRMA NULL, XZE4T Python Fik o[i],

PyObject* PySequence_GetSlice (PyObject *o, Py_ssize_t il, Py_ssize_t i2)

Return value: New reference. IR R JFAXT4 o 1 il 3] 2 WY, KRIERHR[E NULL. X% T Python 32
AR o[il1:12].

int PySequence_SetItem (PyObject *o, Py_ssize_t i, PyObject *v)
XSG v IR(EST 0 WI2R i SoCE . RN 251 5w IFR M -1; J8ZhmHR[E 0. 3XAH4 T Python 1]
oli] = v. MHEKE REUUEX v 5.

W v o NULL, JUERRFEOMER, B2 E e i Y S Py Sequence_DelItem (),
int PySequence_DelItem (PyObject *o, Py_ssize_t i)

MMERXF SR 0 B55 i 50 . RINHR ] -1, XA 24T Python i541) del o[i].
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int PySequence_SetSlice (PyObject *o, Py_ssize_t il, Py_ssize_t i2, PyObject *v)

FEPFIXT G v AL FPEIXT SR o (AN il B i2 Y1 Fr. XAHAT Python ifj o[11:12] = v

int PySequence_DelSlice (PyObject *o, Py_ssize_t il, Py_ssize_t i2)
IR P A5 0 BIM il B i2 WY R o RO aR[A] -1, XA T Python 154 del o[il:i2].

Py_ssize_t PySequence_Count (PyObject *o, PyObject *value)
W& [E] value 75 o T B YRR, BIRIEIETS o [key] == value WM. RIGHFRE] -1, XAHY
F Python A3 0. count (value).

int PySequence_Contains (PyObject *o, PyObject *value)
i 0 BT value, QIR o FIGHE—T0%T value, WHRM] 1, FHIERIE 0. HEES, &M -1, XA
24T Python FiA value in o.

Py_ssize_t PySequence_Index (P) 0/7jecz *o0, PyObject *value)
R EIEE—ARG] *i*, o == value. 4K}, 3&[H] “-17 . #H24F Python |1 “o.index(value)“FEik
=

PyObject* PySequence_List (PyObject *0)
Return value: New reference. 1& [0 —/ N FEN%, HHNE ‘ﬁf“ﬁﬂdﬂ FACKT S 0 FHIA], ZRIUCA IR [B] NULL.
R B RERUE R — D F S XM T Python ik 1ist (

PyObject* PySequence_Tuple (PyObject *o)
Return value: New reference. JRIM—AIeAL S, HNA LT HISTE SR o [, IR NULL,
AR o FyTedl, WRRFR R —ASF 51T, AR 00 R 60118 24 1) WA i — A ool X E M T
Python #3iAx tuple (o) .

PyObject* PySequence_Fast (PyObject *o, const char *m)
Return value: New reference. & 75|85 n] S X% o fE N EAM PySequence_Fast* FREER] I HIXT 4
R, AR RA R TS LTS, W51k TypeError H-4F m AERIHESCA . JRIGHT R [H]

NULL,

PySequence_Fast* MREZ I DAX KM 4, 2R B EMNSEE o & —PyTupledbject
s PyListOobject HEHBEVIM o IR .

4 CPython FYSEILANTY, AR o D& —NFIIESIZR, ERg RN

Py_ssize_t PySequence_Fast_GET_SIZE (PyObject *o)
1t o liPySequence Fast () i&k[A H o AN NULL M5 AL Tk E o KJE. WA AEETE o 1
HPySequence_Size () IR/, {HREPySequence_Fast_GET_SIZE () WEEERE NE
ATLMERE 0 A RETTA .

PyObject* PySequence_Fast_GET_ITEM (PyObject *o, Py_ssize_t i)
Return value: Borrowed reference. 1F. o iPySequence_Fast () I8 H. o A~ NULL, FH id fFZ&5|75H
PG OL TR ] o (36 i 50 E .

PyObject** PySequence_Fast_ITEMS (PyObject *o)
1% [8] PyObject 541 1284 . ik 0o iPySequence Fast () 1&[H H. o 2 NULL,

THVERE, WERB I EE IS, T 70 e T AE 2 FOR E (7 items FC4H. PRI, (7R P81 ok BBy R S
(o R XA i

PyObject* PySequence_ITEM (PyObject *o, Py_ssize_t i)
Return value: New reference. 1R |1l o B %6 i > JC 2 B 7F 28 W B 38 Al NULL. ot B =X
lbPysequence _GetTtem() ¥, HASKHE o [HjPySequence _Check () B NEME, tHA
SR ATS I TR RE
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7.5 WA PpiX

%N PyObject_GetItem()., PyObject_SetItem() 5PyObject_DellItem(),

int PyMapping_Check (PyObject *0)
TR AR ML T WSt SR SR R R ] 1, IR W 0. R E R N EA __getitem ()
Ji¥ER Python &R [ 1, AT S O T Toikmi e %2R I SC R B A . R BLE R 2 AT .
Py_ssize_t PyMapping_Size (PyObject *0)
Py_ssize_t PyMapping_Length (PyObject *0)
IR IR o FRERATECE: , RIBR ] -1, 3XAH24 T Python 153K 1en (o) .
PyObject* PyMapping_GetItemString (PyObject *o, const char *key)
Return value: New reference. 3R [f] o HIXF R T4 H key ()02, 80& RIGHF 1R [A] NULL, iX4H24F Python
FikRK olkeyl. HIFEHM also Pyobject_GetItem().,

int PyMapping_SetItemString (PyObject *o, const char *key, PyObject *v)
TEXS R o PR AT key BRITEIME vo RIGIRHRE] -1, XA T Python if4] o [key] = v. HiES
WPyObject _SetTtem(). MERE RABEMXT v 5 H .

int PyMapping_DelItem (PyObject *o, PyObject *key)
MXF G o FRE BRI R key BYMESS. K MI R B -1, X AH 24T Python i 4] del olkey]. iX

HPyobject_DelItem() BJ—H4% .

int PyMapping_DelItemString (PyObject *o, const char *key)
MAZR o HREERTFFFH key BRI . RIGINHRIA] -1, 3XAH24T Python #54] del olkey].

int PyMapping_HasKey (PyObject *o, PyObject *key)
TR R BA G key MR M) 1, FNR[E 0. XAH4 T Python ik key in o. MERELEZ S
AT
HEREAE WA __getitem () VAW E) KA S R & BB . R IBORT R R 4 E L
FPyObject_GetItem().

int PyMapping_HasKeyString (PyObject *o, const char *key)
TERWS G B B key WRME] 1, AERIE] 0. jXAH 24T Python Kik key in o. MERELE RS
hAT

WM _getitem_ () T ¥R K AR B 5 R ORE & 0GR M. AR IBCRE % A 5 U

HPyMapping_GetItemString ().

PyObject* PyMapping_Keys (PyObject *0)
Return value: New reference. {3}, 1R[FXFER o FRIEEMIFIFE. JIEEH, 1R\ NULL,

3.7 WA AEZ WA, PR EGR [ml— 21 el ed

PyObject* PyMapping_Values (PyObject *o)
Return value: New reference. 3B}, 1R[FXF% o FHMEIIFFE. I, IR\ NULL,

3.7 WA FEZ WA, R EGR [l — 21 K eloTd

PyObject* PyMapping_Items (PyObject *0)
Return value: New reference. ENRT, JEFIN % o i H A, HoigA4& H A& BT
o KW, &[0 NULL,

3.7 MRS A AEZ WA, R EGR [l — 21 koo
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7.6 LA MY

BAEA A R
int PyIter_ Check (PyObject *0)
WERXS G o SRR AERIBUNR T B . R B2 2 AT .

PyObject* PyIter_Next (PyObject *0)
Return value: New reference. IR [EI3548 o (N —AMME . KGR EARR (X H #3840
REARTIME, WHRE NULL H HABCE R QPRAERBUR B I A AR TR e, MRk [E] NULL I HA%

B

TRERBERMEG —A—DEER, C A NAZEEARGX

PyObject *iterator = PyObject_GetIter (obj);
PyObject *item;

if (iterator == NULL) {
/* propagate error */

}

while ((item = PyIter_Next (iterator))) {
/* do something with item */

/* release reference when done */
Py_DECREF (item) ;
}

Py_DECREF (iterator);

if (PyErr_Occurred()) A
/* propagate error */
}
else {
/* continue doing useful work */

}

7.7 ZZopEhiX

TE Python H m[ {ff I — 28X G R A 26 XIS 2 WA B AL s AR & o i ). DL S 46 N B 1) bytes
bytearray PAM—2E{l array.array XFERP R, 5= W HES A THERRY H B9ME LEATH
CUZRAY, T R FEAE B BT 5

BRARXBRA e (B — PR H S X, (BB TR AT R K A G 0vh K S HR A S [RI4AE A R L
DR, R E A ANZ S vh X Jo T v a2

Python DA% #ri3L IEAE C JZ 4 ERR X FERY DI RE . BB PANT7 I :

o AEEFEEXTTH, RIEBR PP PA A G X7, R ATTERIRIRZMIXER. %%
R A SR 2R o AT Sk A ik — s

o TEISRE M, A IURN T IE AT T PRI i R = A i e g (Blan—AIrikmigs) .«
fiE

— SRR BN bytes Fl bytearray & VA T HIE AT ENTHRIZ Zop X, WAl gEs ] HiAh
s BN array.array FraJFoTR W AR L2 7 T{H.
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S KB O TR E W — T S0 2 0 write () s ARATA] DAY H S — B FE R %2 0] DAk
BASA. BRI write () {ERTFEXTAAAX R D EARR, HALR /7, 41 readinto () F{FESEN
BB AR . GErh X DA G v DAt e ir sl dE 4 30 5 sl g vh (X S .
XFZp O ERE TS, AR AR B XS & :

o i IEHAMSEORIE Pyobject_GetBuffer () B

s Wl PyArg ParseTuple () (SHEFIFXHZ—) HAEA y*, wr or s* 44X KA H—,

TEXPAMEI T, YAFFEZMX A pyBurfer_Release () . WIRMEAERK, WHeS SELES
AR, 31 a0 g YR R

7.7 ZZohIX &5

GEop XG5 (B TR HAR R “buffers” ) X TR HERIEE A I3 — D RTR A T4 Python BIF RAEFE A M. ©
AT ARPESHE DY) R PLsl . SR EN15 A NAAREIEE T, 7T AR 2 Z) iR o) 2 2 1 45 Python 27
B WAFARAE C PR — R EEH, W URTEE BB E R G0 2wl T A E R R 16 Ak,
B AT DAH RAZ 1B AN N A% N S5 AL £l

£ Python fEREAS AT R ZHEAREHAN, Firh XA ZPyobject FREFTI &R AT C 451 XA EA]
A PAFEH AT B b @A . 4 TR EN e DO Bz BUAARER ), W AR — AN AL X .

AXWAM B FHNRWHFEEU, S0 F R 2448, BRREPRYNER, S
RPyObject_GetBuffer (),

Py_buffer

void *buf
T 1 i o X Bl ) B g5 M T AR I 18 5. X ] AR S AR R E Y BN A o ATl B
Filan, AR st rides {HA] BEFS A NAFRBI A 2 o
Xt Fcontiguous , ‘SP3E" BrH, {HIE M NIFRAIITL.

void *obj
XS X RIS . RSB ENA, HhPyBurfer Release () HIBBITRE N
NULL. 5B TAEMIbRIE C-APL pR %R [HI{E
VE R —FaRE L, ST HPyMemoryView FromBuffer () B{PyBuffer FillInfo () fi3
[) temporary EmfiIX, BFEESK NULL. %, SHXSEAEMH L TE.

Py_ssize_t 1len
product (shape) * itemsize, X FHELEEA, X 2RMNAFHAKE . XFTIRESEA, 0
RBEEEME R B ELFREX, WZKERFEAZKE.
24 2% b IX 2 il o fR IR % 2E PR A 3 SR R BURE, A D5 [ ((char *)buf) [0] up to

((char *)buf) [len-1] B A H . K ZEHEH T, MW KK HPyBUF_SIMPLE
B PyBUF_WRITABLE.,

int readonly
Zh X A R e e . W FBL PyBUF_WRITABLE FrEdatl

Py_ssize_t itemsize
BANTCEIR/N (PAFATHEAT) . 5 struct.calcesize () J#JHAE NULL format H{EHAHIA] .
LA SR R W G o X B A5 PyBUF_FORMAT ki, format ¥Fi% % 4 NULL,
Bitemsize {IEA G AYE.

W shape f77E, MIAHSEH) product (shape) * itemsize == len {3R7FFE, MAEWLA
fiflitemsize S EMIX.
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MH shape & NULL, K- N4Ei¥-NPyBUF _SIMPLE B PyBUF_WRITABLE 3K, WI{H & W2,
M&itemsize, HRiX itemsize ==

const char *format
TE struct BIHHEUEE T NUL FAFER, ik AT A . i g NuLL, NiRsE k< B™

[ PR TSN

(L5570 -
W FEBH PyBUF_FORMAT FraGatil .

int ndim
WAFZRN N n 4EEA I AERL . WIRE 0%, buf FRIMFRIREEANTE « FEXFEI T, shape,
strides Mlsuboffsets Whiizg “NULL® ,

7% PyBUF_MAX_NDTM Rffe RYESERBR Ny 64, AT A AESF XA RG], 4 nh Ky
F VAL REE AR £ PyBUF_MAX_NDIM 4EfF,

Py_ssize_t *shape
—MRENPy ssize t BB ndim FaRAER n 4B NFFIER. R, shapel0] *
. * shape[ndim-1] * itemsize Wi%T len,

Shape ﬁ;%ﬁéﬂqjﬂgﬁ%ﬁﬁﬁﬁﬁ Shape [n] >= 0, Shape [n] == 0 ﬁ*'%ﬁﬁéﬁ%g%r%wf%ﬂ
WL A5 B3 Z Fcomplex arrays

shape F4H X608 I & R v e .

Py_ssize_t *strides

— KR Py _ssize_t WEREH ndim g5 BBk I FAEOAREUEE S R i o &
Stride A MRECH T FE T LOCAAEA RS . X AR, AR IEAL, (E2 0 H 3 U Reas Ak
M stridesin) <= OIS, FEHRHSRcomples arays
strides 4L X ok il 2 HEE .

Py_ssize_t *suboffsets
— K ERndim BER Py ssize t WA . WE suboffsets[n] >= 0, N n 4E{EEM
sefakt, suboffset (EHk i T KRS | BT BLLG a4t n 2 D W mf% . suboffset S fifE, WIFRARA
N fgRERSIH (FEES N 3)) .

WERPA TFe )t (BIEFTHCHEE), W B4t NuLL  (BOAHE) -

Python Imaging Library (PIL) H{ifi | TiX MBI B R8T W5 S [Wcomplex arrays T fg e
MIXFE—A B 5 TE R .
suboffsets F X0 FH & i 2 A .

void *internal

P X R NIRRT . FEIT] RER e AR A — R, TR MRRE, ARG XORE
T2 75 WA TR shape . strides i1 suboffsets {20 . ZEah X J7 RAFEBOZE .

7.7.2 ZRipIXirRIF A

WH, Widryobject _GetBuffer () [alfi iR KIEGM XK, BIMIRAGZM X . T AFFRZ2 i
SOk, MRESAMRAKES, Grh KM T flags ZH0E % HAEME AL PR ek IX B AR JEA.

i Py_buf fer “FEIY i RISEIAH & o
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LR ICE B
PN FBOR St flags s, F HOM B 2 IEMREIEST: obj, buf, len, itemsize, ndim,

His

L EN

SF

PyBUF_WRITABLE
il readonly FE. WHRKET, WHRT LM SHZEW X, 5N
FARWE, BT TR RS SR IX, (B IE T AR L AR 2

PyBUF_FORMAT
il format FBr. AURBCE, WLSIERIE 7B HAREOLT , 7Bl “NULL®,

PyBUF_WRITABLE A]PARI N —3 0 A #rEB . T PyBUF_SIMPLE g XK 0, FfPAPyBUF_WRITABLE
AIDAMER—AMS bR, HTiER— R AT B % X

PyBUF_FORMAT W AWK NG T PyBUF_SIMPLE Z NPT AR & . 5 E AR T “BOEMA 57
ko

AR, L, 1hks
FEH N AFZ S AR A5 BRI T 51 i . R, MRS S B R A R

TR R
B E | IR R

PyBUF_INDIRECT

H H NULL
PyBUF_STRIDES e = u

NULL | NULL

P

PyBUF_ND

PyBUF_SIMPLE NULL | NULL | NULL

UESSURIPIEEN
A PASE AR C B Fortran i 2%, ANEAEAPIEGE . HEALIEER, WS XuaitE C-HEEH) .

ILES Bk | BR | T | S8
PyBUF_C_CONTIGUOUS = | NULL C
PyBUF_F_CONTIGUOUS z | e NULL | F
PyBUF_ANY CONTIGUOUS = e NULL Cu F
PyBUF_ND =) NULL | NOLL c
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SR
A AT BRI SRAR ) _E— 1 SR G A A g 4 o RO EER I, Gt ISR AL H A A A1 B

PR

FETFRP, URFKESHERENL. HEEBRFUIEPyBurfer_IsContiguous () VABAEELLVE.

[EES ZEL R Rk AT S
PyBUF_FULL = 2 MR | U 0 =
PyBUF_FULL_RO | WRFEMOW [ U | 150 [ 2
PyBUF_RECORDS = | NULL U 10 =
PyBUF_RECORDS_RO | NULL U TR
PyBUF_STRIDED | e NULL U 0 NULL
PyBUF_STRIDED_RO =R NULL U 15{ 0 [ NULL
PyBUF_CONTIG & | NULL | NULL C 0 NULL
PyBUF_CONTIG_RO & | NULL | NULL C 150 | NULL

7.7.3 3541
NumPy-§U& = TEARFI2E e

NumPy XU&EeH B84 i temsize . ndim . shape flstrides X,

WK ndim == 0, buf FREBNFFALEPMEREN I/ itemsize BbRg. XB, shape Mlstrides #f
A NULL,

W strides iy NULL, WAL REERE N — DFRUER) n 48 CIESEAL. W, JHEREF I T B
iR n 4E5AH -

ptr = (char *)buf + indices[0] * strides[0] + ... + indices[n-1] * strides[n-1];
item = *((typeof (item) *)ptr);

W BRIk, buf W PASR A SRR AR AL RUOL . i R T DA 2 R SR A G o DX A R

def verify_structure (memlen, itemsize, ndim, shape, strides, offset):
"""Verify that the parameters represent a valid array within
the bounds of the allocated memory:
char *mem: start of the physical memory block
memlen: length of the physical memory block
offset: (char *)buf - mem

men

if offset % itemsize:

(Rt

7.7. ZEnibipX 75




The Python/C API, %[F] 3.9.19

(R —H)

return False

if offset < 0 or offset+itemsize > memlen:
return False

if any(v % itemsize for v in strides):
return False

if ndim <= 0:

return ndim == 0 and not shape and not strides
if 0 in shape:

return True

imin = sum(strides[j]* (shape[j]l-1) for j in range (ndim)
if strides[j] <= 0)
imax = sum(strides[j]* (shape[j]-1) for j in range (ndim)

if strides[j] > 0)

return 0 <= offset+imin and offset+imax+titemsize <= memlen

PIL-JURE: JBAR, BTt i

B T AL 2 A, PIL KUk B 7T DAL & 5 51, W20 HR Bl X Le 48 51 A BB B A 4B R — Do k. B
w, W =4k CIEFE 4 char vI[2] (2] (3] AIPARLER 80 2 > 4504/ 2 4541 char
(*v[2]) [2][3]. FETIMEEFERY, X MEETT AR ATEbuL BTk, F8 1R 0] DA, T N AFAT AT 7
M char x[2][3] %,

2 RREL, 2 n ERGI TR ) N-D 4l “NULL S KA wAs et Bk ol

void *get_item_pointer (int ndim, wvoid *buf, Py_ssize_t *strides,
Py_ssize_t *suboffsets, Py_ssize_t *indices) {

char *pointer = (char*)buf;
int i;
for (i = 0; i < ndim; 1i++) |

pointer += strides[i] * indices[i];
if (suboffsets[i] >=0 ) {
pointer = *((char**)pointer) + suboffsets[i];
}
}

return (void*)pointer;

7.7.4 L pp XA PREL

int PyObject_CheckBuffer (PyObject *obj)
WA obj SCRFZEnp IXH T, MRIE] 1, AWGRIE] 0. 3R [0 1 BAPRIEPyObject_GetBuffer () —EK
o A EE— & VH )

int PyObject_GetBuffer (PyObject *exporter, Py_buffer *view, int flags)
] 47 B8 42 /7 JCIRTE K, 2 I flags 15878 W N ZRIETE view. QIR A5 A2 P A BESR AL MERR 2 2L ) e
X, sb4filik PyExc_BufferError, WE view—>obj A NULL Hik[H -1,
IS, T view, B view—>ob3 BWAXS exporter FIHTHIT, kM 0. Y5k Gk KGEHERR R 17
SKEE M F—DXWLRES, view->obj A PAG|HIEX R A R exporter (S 025 i 3 .25 #)).

PyObject_GetBuffer () Wi 5PyBuffer Release () [al B8 M M2, ZE{F malloc () I
free (). WL, HHERTHESZNX)G, PyBuffer Release () WARIERIHH—K.
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void PyBuffer_ Release (Py_buffer *view)
RN X view i, view—>ob] WG HITHEL. % ERECLAE vt KA A A R AT, & T
RES KA R -

HRREEI AT Gt XA Rl ik Pyobject_GetBuffer () 3R1GHY, R,

Py_ssize_t PyBuffer_SizeFromFormat (const char *format)

R icemsize HEREI format o WIRHEH, SRS IFRE -1,
3.9 HUCHT A

int PyBuffer_ IsContiguous (Py_buffer *view, char order)
W view E X NTE= C XAE (order 2k 'C') BY Fortran XA& (order S 'F') contiguous 8§ A1 22 —
(order ;& 'A"), WER[E 1. FHWRIE 0. ZPREE L) .

void* PyBuf fer_GetPointer (Py_buffer *view, Py_ssize_t *indices)
ARG E view WY indices PR 18] B NAF XK. indices Wi/ 17—~ view—>ndim R[4

int PyBuffer_FromContiguous (Py_buffer *view, void *buf, Py_ssize_t len, char fort)
M buf B HIESN len FH5 5] view . fort BJPARE 'C B P (VT ¢ KUEEL Fortran K&
s ) o FPIRFRIE 0, FEIRIRE -1,

int PyBuffer_ToContiguous (void *buf, Py_buffer *src, Py_ssize_t len, char order)
M sre S len FHATE) buf | BUNIESIFATHRMIEX . order WLAZ TCr B TR B A (T ¢ K
¥, Fortran NA&HIFEHPERE—F) . MEIELRE 0, HEEEHRE -1,

U2 len \= src->len W R BORF R4 o

void PyBuffer FillContiguousStrides (int ndims, Py_ssize_t *shape, Py_ssize_t *strides, int itemsize,
char order)
T 45 B FEAR ) contiguous TR BT (AR order Sk *C' W2 C XA&, HIIR order >f 'F' N> Fortran JX
F) RIFIE strides B4, HATCRAALEN T
int PyBuffer_ FillInfo (Py_buffer *view, PyObject *exporter, void *buf, Py_ssize_t len, int readonly,
int flags)

AL S MR P R XK, R SRR B AT RANHK len ) buf | FHRYE readonly ¥ &R 5. bug
BfERER— DT F1P5 .

SN flags TR R . LR ES S 3% I flag $8 8 N BIEA view, BRAE buf ¥ Hi%t, H H. flag
it & T PyBUF_WRITABLE Fi& .

W, $F view—>obd &K exporter (P, FHRME 0. HW, 5]k PyExc_BufferError , I
view->0bj ¥ F NULL, Fik[E -1,

NS e R BT AEgerbufferproc B—35, W exporter Wi &R F IS, I HOABFEAR G W TEL T
1&358 flags. TN, exporter Wojis& NULL,

7.8 [HZz bl

3.0 iz EEA.

XK HUE Python 2 i “IHZEPEL” APL ALY . E Python 3, I A AFAE, (HIiX L8R 50
RPN TFAEASAE 2.x WARAS . BATBTHAEH 22 0 sl AR ASERE , (HLENIF AN SHEZ 0 T i ) R
PEBERT AR o YR ) A= i S 4

H, WEAREAPyobject_GetBuffer () (BEBEGPyArg ParseTuple () BREUGEM v* 88 wr 74 X,
) RARP— DRI Z A, HAEZ L E TR PyBuf fer_Release ().

int PyObject_AsCharBuffer (PyObject *obj, const char **buffer, Py_ssize_t *buffer_len)
iR [8] A8 ) 0] VR T A 5 A B LS N AF L F8 4T . obj SEUL LR B BE AT Gop R 11 .
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WCNIRIE O, 45 buffer B4 I TEHLALIFAE buffer_len BOHTEA K . HIGEIHIE T —1 3B — A4
TypeError,
int PyObject_AsReadBuffer (PyObject *obj, const void **buffer, Py_ssize_t *buffer_len)
A ] AN ) A AT A Y R BE AR 4T o obj S SR BB T R Ge b 1 o IR R ]
0, X buffer 0 WATFHAEFKF buffer_len ¥ Gz XA . HASHHR A -1 I E—A> TypeError,
int PyObject_CheckReadBuffer (PyObject *0)
W o TF B I UGR M 1, HNERE 0. MHEEUEZ S MIIIT.
R 22 AR R — R, LT A ) 2 5 W . B
BRI WYl PyObject _GetBuffer ().
int PyObject_AsWriteBuffer (PyObject *obj, void **buffer, Py_ssize_t *buffer_len)
AR ] —ANHE ) ] 5 NAFHIIE R R 5T . obj AT RR R BUT AT el 11 o JBEIIR ] O, K buffer Bh N
AAHNE IR buffer_len P 2R XK. AR E] -1 Ff5 8 —> TypeError,
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HARHIR R 2

A I BRI BURR 2 TR 28 Python X 4 388, IR BB SAL A EADEAR B — N s R EM
Python & FH2IE]— X%, (HAHE T B4 BA IEMAERL, WM e a8 88 B, Baxt
SRAERNTH, EHHPyDict_Check (), ARIEAYLEMIZET Python X5 IERIM) “ Kt

e BORARTE TR Y BB S AT AR A AL AR G288, (HRH P42 MR SR E L AN R 2R
A NULL, Feiff& A NULL 0] G858 N 477 ) S8 MR 2R 1) 37 BN 24 1 o

8.1 JEAXI S

Atk Python ZERUNS A FA—SLBIN 4t 5 None.

8.1.1 Type X%

PyTypeObject
WG C 4544 H T4A built-in 2854,

PyTypeObject PyType_Type
BB T type XF4119 type object, ‘E7E Python JEA Al type EAHIFIIHE.

int PyType_Check (PyObject *0)
WRRXG 0 R—DHRBX G, WHEIRA: A RHER BN R R B SLGINR AR R fEirf e T
HRIRE] 00 1 pR BCRE B2 AT -

int PyType_CheckExact (PyObject *o)
WERM G 0 R—DRARXGR, (HARIRMERAN R T RANLR I HERE. EFrf HERFIL T#NR R
0. BLERECRE B BT .

unsigned int PyType_ClearCache ()

TN ARG . RIS H R ARRSE
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unsigned long PyType_GetFlags (PyTypeObject* type)
R type ) tp_flags Bb. BPRECEERRC A Py _LIMITED_APL (1] S i IEAR (67 S i PRAE 251
Python AT Z FIRIFAEE . EXftp_flags ARGHITTHHAJEZ R APLI—i5).

3.2 UHTIA.
3.4 SR R EIEFIPIAE R unsigned long MARE long,

void PyType_Modified (PyTypeObject *type)
FEZ A LT FRB N AR MR B AR THZ 2R L A i e B A AT o] 3018
B IE T

int PyType_HasFeature (PyTypeObject *o, int feature)
WERIEAUN G 0 BB T HEME feature WEIRFHERAE . RAVRHE R T B4 URH L AR R RN

int PyType_IS_GC (PyTypeObject *0)
HURIERI A SRR A0 SHE MBI EUA s X 2B Py TPFLAGS HAVE GC,

int PyType_IsSubtype (PyTypeObject *a, PyTypeObject *b)
WA a 72 b 15 ZERR [ EAH

W Rk AL n 728, XEWH __subclasscheck__ () AXTE b LT H. 3
HPyobject_IsSubclass () FHFTH issubclass () FHAFH RIS .

PyObject* PyType_GenericAlloc (PyTypeObject *type, Py_ssize_t nitems)
Return value: New reference. Z5BIXI 5 it p_alloc FEAAYE AL MG . 58 1 Python fERIA NAES
BCAIL 2K 43 e — A8 i SE 01 -5 L i Ay ST 46 A6k NULL

PyObject* PyType_GenericNew (PyTypeObject *type, PyObject *args, Py Objecl *kwds)
Return value: New reference. 25BN 51 t p_new A8 AL . B HEEA cp_alloc fEf 3k
Bl — RS .

int PyType_Ready (PyTypeObject *type)
A DERAS G PSRBT R ER T ASE e TR iRtk R B L st h— 28
BRSSP RE (L. R[] O, BURTE AT IR ] -1 FFRE— 7

fE): QRIESE ST T GC SO BT BER R B W AR vh R G Py TPFLAGS_HAVE_GC, M
5 H B NHACSE LI GC Wil AP, WRBE I KRB R AR T R FG Py TPFLAGS_HAVE_GC
e BAHCESE ot raverse AEREIL GC L.

void* PyType_GetSlot (PyTypeObject *type, int slot)
IR AR 25 5 R AL T B R B ST . PREERSH NULL, MR A A2 NULL, 50 % R 40 1
ENT LTS . P )5 i SR 4l R AR B 03 ﬁé‘u BRI

15 PyType_Slot.slot A& Al HI) slot Z8UH.
An exception is raised if fype is not a heap type.
3.4 O

PyObject* PyType_GetModule (PyTypeObject *type)
RG] Py Type FromModuleAndSpec () AHZEAII; KERE 43 RAUWBIRIT R .

ﬂn%‘/’iﬁ KRN 52 BB ARE e, W% TypeError Ifik[a] NULL,

BROEL G W MO TR R XB?TE’M%@% W EEXEWN T E Y,
PyType GetModule(Py TYPE self RGN I%@E}%ﬁﬁﬂm R Py TYPE (self) B DA 2

))
HARRI—A> F%, M FHRIFA—ERAETH *amamﬁwmxm f‘?l»ﬂPyCMethod TR

ﬁﬂ@%’iﬁﬁlﬁ?ﬁﬁ%)‘(@?ﬁﬂ@%’éo
3.9 BUHTMA.
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void* PyType_GetModuleState (PyTypeObject *type)
) 5 B F 45 E KA BN R AR E. X e — D HEPyType _GetModule () B 455 b
HlPyModule_GetState () WIREET

QISR KB 4 R, M E TypeError iR [H] NULL,
AN rype A5 FKERABHEHR ) NULL, R[] NULL HANBEE S5
3.9 HUH A

(BJ3 B Ve i)

T R BN S R AT R B E L

PyObject* PyType_FromModuleAndSpec (PyObject *module, PyType_Spec *spec, PyObject *bases)
Return value: New reference. Creates and returns a heap type object from the spec (Py_TPFLAGS HEAPTYPE).

If bases is a tuple, the created heap type contains all types contained in it as base types.

If bases is NULL, the Py_tp_bases slot is used instead. If that also is NULL, the Py_tp_base slot is used instead. If
that also is NULL, the new type derives from object.

module Z3 5] W F RAC ST 28 UTHERIARL R . B A0 2 — BB 4 5 4 NULL., @ISR R4 NULL,
MNZABER 2 4 S 2 B R B H [ HE 2 JGll il Py Type_GetModule () FIRHL. XA FEHRABHA ] Bl
TRUGK; BN BN E .

R SR B FVH Py Type_Ready () o

3.9 UGBTI

PyObject* PyType_FromSpecWithBases (PyType_Spec *spec, PyObject *bases)
Return value: New reference. 2/} T PyType_FromModuleAndSpec (NULL, spec, bases).

3.3 BUHTIMA.

PyObject* PyType_FromSpec (PyType_Spec *spec)
Return value: New reference. %5y T PyType_FromSpecWithBases (spec, NULL),

PyType_Spec
8 LA BT NI G
const char* PyType_Spec.name
R LAFR, FEIXE Py TypeObject . tp_name,
int PyType_Spec.basicsize

int PyType_Spec.itemsize

PR BRI ER KN, HkiE BEPyTypeObject.tp_basicsize FMPyTypeObject.
tp_itemsize,

int PyType_Spec. flags
RS, HREPyTypeObject.tp_flags.,
MR A H Py_TPFLAGS_HEAPTYPE fiifr, W PyType FromSpecWithBases () &xHINKEH
s

PyType_Slot *PyType_Spec.slots
PyType_Slot ZEMMRMIEEAL. DARFIRIERIME {0, NULL} REH

PyType_Slot
E L — AR RERINRER S, D& — AL ID F—AMEFEE .
int PyType_Slot.slot
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(37 ID,

oy ID W % % B B 45 M KpPyTypeObject, PyNumberMethods,
PySequenceMethods, PyMappingMethods FlPyAsyncMethods W] F Bt 4 M i
—A>Py_HiZR. 2GR, B

e Py_tp_dealloc B PyTypeObject.tp dealloc

e Py_nb_add ixEPyNumberMethods.nb_add

* Py_sq_length ik EPySequenceMethods.sq_length
TN FE S TSPy Type_Spec MIPyType Slot FiHE:

s tp dict

* tp_mro

* tp_cache

* tp_subclasses

* tp_weaklist

* tp_vectorcall

* tp_weaklistoffset (&I, PyMemberDef)

e tp_dictoffset (& JL,PyMemberDef)

e tp vectorcall_offset (£ ,PyMemberDef)
T FBAEZ R APL R ik Py Type_Spec MPyType_Slot RiH:

e bf getbhuffer

e bf releasebuffer

I F Py_tp_bases B Py_tp_base JERMLT-H LUl fELA . H TR, ik
H PyType_FromSpecWithBases () ¥ bases 4]

3.9 iR pyBufferProcs WHIMEAIA RERTEA LR AP FRi e
void *PyType_Slot .pfunc

IR B . TERZAE LT, RFe— 8 1 BB 8

May not be NULL.

8.1.2 None %%

WYER, None [JPyTypeOb ject A& HA%FE Python / C API /A FF. fF None @AM, WX EARR (F8
CHfiH ==) MAE® . BTHEAENER, %4 PyNone_Check () HR%L.

PyObject* Py_None
Python None ¥4, FRhZ(H. XPMREA L. EFERT AL PULATH AR 5 .

Py_RETURN_NONE
IEfALEER B C RN Py _None J& Il (WYL, I None 95| HiHE0FRMIE.)
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8.2 Bffiv R

8.2.1 Ut

A BB ME R RN R BB R

TE A B, K Z % PyLong_As* APT R [A] GRIIZRA) -1, TS —Bry 85 Ko k. il
M PyErr Occurred() X4y,

PyLongObject
R Python BERI R pyOb ject FRAL,

PyTypeObject PyLong_Type
XAPyTypeObject KSR Python FEEHEA ., 55 Python 2 int A,

int PyLong_Check (PyObject *p)
WREMSEZPyLongObject BiPyLongObject B T-AUMLRIAEA . BERELEZ S MIINAT

int PyLong_CheckExact (PyObject *p)

WRHSHUR T PyLongObject, {AREPyLongObject W FRBNIR M F(E. MeRHLE &SI
1o

PyObject* PyLong_FromLong (long v)
Return value: New reference. B v iR [Bl— AN Py LongObject N4, KB [H NULL .

ME ) S IGE AT R AL, 8 -5 Al 256 ZIMIr A BECT R . AR AT Z X TE
(¥ int B, LB EIARE 2N EA X RITT .

PyObject* PyLong_FromUnsignedLong (unsigned long v)
Return value: New reference. i} C unsigned long ZRALR[E|—ANHHIPyLongObject X4, IR
[A] NULL

PyObject* PyLong_FromSsize_t (Py_ssize_t v)
Return value: New reference. M C Py_ssize t ZRELR[E|—ASHPyLongObject N4, HI5RJ IR
[f] NULL .

PyObject* PyLong_FromSize_t (size_tv)
Return value: New reference. M\ C size_t iRl —ASHPyLongObject X4, U4 MNIR A NULL .

PyObject* PyLong_FromLongLong (long long v)
Return value: New reference. )\ C long long ig[W—#iPyLongObject X4, SRR M| NULL

PyObject* PyLong_FromUnsignedLongLong (unsigned long long v)
Return value: New reference. ). C unsigned long long ik —ANHPyLongObject X4, kMt
1R [A] NULL ,

PyObject* PyLong_FromDouble (double v)
Return value: New reference. M v BEEEE 1R [0 — AN B PyLongObject N4, NS4 MR [A] NULL

o

PyObject* PyLong_FromString (const char *str, char **pend, int base)
Return value: New reference. }AE str A {HIR M —/NEi)PyLongObject , base 8 E RS, UIE pend
ANJ& NULL , /pend F48 ] str RN WG RIS — P07 Q2R base 2 0, sor Kl
integers & SORMIRE; EXMER T, — M EZHTHH#RET R $F 25 K —1> ValueError . fI2f
base N2 0, BUAFAE 2 Fl 36 Z[6], fU4E 2 F1 36, FHEULHIAT S DA B 2 BT S a3k . BT &
LA AN . AR A Y, K9]1K ValueError,

PyObject* PyLong_FromUnicode (Py_UNICODE *u, Py_ssize_t length, int base)
Return value: New reference. i Unicode 7 51554~ Python BE5({H .
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Deprecated since version 3.3, will be removed in version 3.10: |[Hf%Py_UNTCODE API fj—35; i it A4 2
HPyLong_FromUnicodeObject ()

PyObject* PyLong_FromUnicodeObject (PyObject *u, int base)

Return value: New reference. Y47 4755 u 1A Unicode 77 745544 Python B%5{H .
3.3 OB

PyObject* PyLong_FromVoidPtr (void *p)

Return value: New reference. N384} p £7—> Python 34§, "] A PyLong AsVoidPtr () 1R[EIH)
ERANIER

long PyLong_AsLong (PyObject *obj)

i) obj 1] C long FKikTT o WK obj AjgPyLongobject MBI, SEIMMER _index_ () B
—int__ () Jiik CURA) K HEH Py Longobject .

AR obj W{EE I T Long FER, £51% OverflowError,
KA IRBHRE -1 . {FHPyErr_Occurred () i L.
3.8 JiR S A AIRAT PR __index_ ().

38 MBEEM: _int__ () BT,

long PyLong_AsLongAndOverflow (PyObject *obj, int *overflow)

iR [H] obj 1] C long Fik . W obj Ni&PyLongObject (LR, LM ER __index__ ()
_int__ () H¥E (WA FHEH N PyLongObject .

2R obj FEKT LONG_MAX B{/NT* LONG_MIN, W2 *overflow 43 A “1¢ 8 -1, Ha&k[H 15 &
W}, K *overflow ER 0. QNS KA A S8, WS4 E FIE *overflow B4 0, FFaRE] -1,

KRR E] -1 o [ PyErr_Occurred () il X,
3.8 R A WERA AR __index_ ().
38 MRBEEM: __int__ () B8,

long long PyLong_AsLongLong (PyObject *obj)

Return a C long long representation of obj. If obj is not an instance of PyLongObject, first call its
__index__ () or __int__ () method (if present) to convert it to a PyLongOb ject.

W obj (HBH long long, fii/k OverflowError
BARERINRI] -1 o Sl PyErr_Occurred () KB,
3.8 Ji S A AR PR __index_ ().

38 RACEM: __int__ () EBF-

long long PyLong_AsLongLongAndOverflow (PyObject *obj, int *overflow)

Return a C long long representation of obj. If obj is not an instance of PyLongObject, first call its
__index__ () or__int__ () method (if present) to convert it to a PyLongOb ject.

WA obj AR T LLONG_MAX B{/NT* LLONG_MIN, WHZHHLRE *overflow 43 HIE K 1 8 -1, FHik[H
-1, BIPRE *overflow A 0. AN Ml A& HAth S5 W] *overflow 2k 0 IR [ -1,

KAEFEGENNRI -1 o i PyErs Occurred () RIHE L.
3.2 UBTA.

3.8 WA QAR AT HRFEN __index_ ().

38 MECEM: __int__ () CHFHH.

Py_ssize_t PyLong_AsSsize_t (PyObject *pylong)

R[] pylong W) C1EF Py_ssize_t 3. pylong WhiilgPyLongObject HISEH.,

84

Chapter 8. HikM %% )2



The Python/C API, %[F] 3.9.19

W pylong BB TPy _ssize t BYHTEENISE| % OverflowError,
KAEEARIHRE] -1 . il PyErr_Occurred () FiHki L.

unsigned long PyLong_AsUnsignedLong (PyObject *pylong)
iR 8] pylong i) C unsigned long B3, pylong W& PyLongObject HISEH.

W pylong H{EAB L T unsigned long WEUETEE N 4|k OverflowError,
H4ERFIR ] (unsigned long) -1, WA PyErr _Occurred () REPGEHE HE .

size_t PyLong_AsSize_t (PyObject *pylong)
R[] pylong 1) C 1EH size_t B, pylong Whliiig PyLongObject HISLH.

g pylong RIEH T size_t WHETERIN 5] % OverflowError,
HEERHR ] (size_t) -1, WM PyErr Occurred () RBUEAIEE .

unsigned long long PyLong_AsUnsignedLongLong (PyObject *pylong)
R[] pylong 1] C 157F unsigned long long B, pylong Wi/i/@PyLongobject HISEHBI.

W pylong {EAB L T unsigned long long WHUEILEINA&E| % OverflowError,
HAERHR Al (unsigned long long) -1, A PyErr Occurred () 3REGEAMEE
3.1 fREE 5 BIAE pylong N(EHS A OverflowError, JMiAiE TypeError,

unsigned long PyLong_AsUnsignedLongMask (PyObject *obj)
&[] obj ) C unsigned long KRB, AR obj KNiEPyLongObject WSEHI, W< Jg iy H H
_index_ () #{__int__ O H¥& (WRAMWIE) $HEAPyLongObject.,

W obj WEMH T unsigned long MR, NLRENRZ(EXT ULONG_MAX + 1 RAMIZE(H.
H4EEFR ] (unsigned long) -1, WEHIHPyErr_Occurred () PERIEAWME,

3.8 f A QAR AT RN __index_ ().

38 B EM: __int_ () C¥FA.

unsigned long long PyLong_AsUnsignedLongLongMask (PyObject *obyj)
& obj #) C unsigned long long FRIER. IR obj NigPyLongObject WISEHBI, WS
H__index_ () B{_int__ O ¥ (WERAMIE) KHEAPyLongObject,

AR obj MYEREH T unsigned long long MMM, WILR[EZ(EN ULLONG_MAX + 1 SRAEHIZAH.
HEERHRE] (unsigned long long) -1, M PyErr Occurred () R E AR b H,

3.8 Ji S A AR PR __index_ ().

38 MAECIEM: __int__ () EFH.

double PyLong_AsDouble (PyObject *pylong)
R 8] pylong 1) C 5= double JER.. pylong W& PyLongObject RSEH,

W pylong HEARH T double BUETEREN£E| % OverflowError,
HEERRE -1.0 , WA PyErr_Occurred () HERIEAR ) S,

void* PyLong_AsVoidPtr (PyObject *pylong)
Ff — A~ Python ¥ %% pylong % 425 C i F W) void f§4%F. WR pylong Jo ¥k ¥4, W & fil &
OverflowError, ik HE{RIUFNPyLong FromVoidPtr () Bl ME 4 — &0 void #5845t

HEERTIR [ NULL, iR PyErr_Occurred () HEHIEAK N,
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8.2.2 fikk¥ft:

Python *Fi T RIER AN BEY TR . A Py_False fll Py_True WN/R{H. B, IEHRYE)E
ARSI REAE I TR fE. (22, FAERTH.
int PyBool_Check (PyObject *o)
AR o HZRAN PyBool_Type MERMIEAE. MEKECE ST,
PyObject* Py_False
Python ] False XfREAEM I, BFREMIMXIR—FER0E5 1T 4.
PyObject* Py_True
Python (¥ True Xt REAEATIT L, EFEMHAMITR LG5 T4
Py_RETURN_FALSE
MEREGR I Py_False I, FFEHIMERGIHHEL

Py_RETURN_TRUE
MEREGRE] Py_True W, FFEEIMEREIHITEL

PyObject* PyBool_FromLong (long v)
Return value: New reference. 134 v ISEFR(E, 1REl—4> Py_True 8{# Py_False HIH5I -

8.2.3 1225 (Floating Point) #{}:

PyFloatObject
XA C A pyobject B FHRAMFK A Python iF Fi N 4.

PyTypeObject PyFloat_Type
XRMNET CFRAMpyTypeobject HUFK Python ¥ RSB, FE Python JZTHIFZEAL float 2]
— 5.

int PyFloat_Check (PyObject *p)
WREMSER—~PyFloatObject B PyFloatobject W TIRMNR M EAE. HREERZ RN
A7

int PyFloat_CheckExact (PyObject *p)
WAREMSE R — " PyFloatObject (HARZEPyFloatObject W RANREIE(L. HEEEES
AT«

PyObject* PyFloat_FromString (PyObject *str)
Return value: New reference. FRIEFZFFE stor (HAE—{~PyFloatObject, KRR NULL,

PyObject* PyFloat_FromDouble (double v)
Return value: New reference. 1Rl v f|#—A~PyFloatObject X%, R} iIZ[H NULL,

double PyFloat_AsDouble (PyObject *pyfloat)
R[] —A~ C double X3 pyfloar (/) %5. W pyfloar A j& — 4~ Python 7% s ¥ X R H 2 A
__float__ () &, MOrERFE oA, K pyfloar et ii— A EUSE AR __float_ () RE X
PR ZE _ index_ () o WK, HLERRRE] -1.0, FIH EEN M PyErr Occurred ()
KA R
3.8 R A WERW R __index__ ().

double PyFloat_AS_DOUBLE (PyObject *pyfloat)
R[4~ pyfloat P15 C double Fok, (HIRA M IRAGH .

PyObject* PyFloat_GetInfo (void)
Return value: New reference. & [n]—> structseq SEf, H A 84 5% float HFEE . H&/IMEM R FAEHIE
o Bk float . h i—/ M EAALEE .
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double PyFloat_GetMax ()
A& [ 5 R AT R AT BR P % DBL_MAX 2}y C double .

double PyFloat_GetMin ()
1R 8] e/ VAT R H— AR IE V% S8 DBL_MIN “fj C double .

8.2.4 LHNS

M CAPIF, Python [N G il P AR HR > SE B : —@FE Python A2 )3l /il 1) Python X4, 55 4h#Y
e MR EIEESEY) C Z5H1k . APTHRAE T s B M BRI .

RSB C giktk

s BE R R 2 XS R REA SHOT YA R T R R B, #Refeid “(EH” TS5 ST, s
1T HEAS APL

Py_complex
X — A, Python 52 BOG RAIERR 311 C G A . 28073 BRI 0N G 14 R B3CHTS 1 i S AU 4544
WA A B RS, e TRl S8 :

typedef struct {
double real;
double imag;
} Py_complex;

Py_complex _Py_c_sum (Py_complex left, Py_complex right)

REIPHA LA, ] CRBPy complex iR,

Py_complex _Py_c_dif£ (Py_complex left, Py_complex right)
R EA SR 2E, ] CRAPy complex FIR,

Py_complex _Py_c_neg (Py_complex num)
R ZHL num BT, I C Py_complex FIR.

Py_complex _Py_c_prod (Py_complex left, Py_complex right)
R EPA SRR, B C KB Py complex F£iR.

Py_complex _Py_c_quot (Py_complex dividend, Py_complex divisor)

BB, M CEBpy _complex FoR.
W divisor 25, XA TTEIREBIZEHRE errno S5 EDOM,

Py_complex _Py_c_pow (Py_complex num, Py_complex exp)
1R8] num ) exp K&, i C2EBpy complex IR,

ISR num N7s H exp R IESLEL, XA R EIZE I errno S EDOM,
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RSN Python %
PyComplexObject
XA CFMpyobject W TR Python ZHWHR .

PyTypeObject PyComplex_Type
XEBMNET CHHpyTypeobject BIfLFE Python B HZEE ) SLHI . il Python EH )2 complex &
[ — A% .

int PyComplex_Check (PyObject *p)
e E’Jﬁ%@(ﬂg—/\PyCompl exObject B PyComplexObject W TRANMREI BEAE . MRS
2 I AT

int PyComplex_CheckExact (PyObject *p)
WRENSEZE— A PyComplexObject HAEPyComplexObject B FIBUMLRIA FAH . MRRELE
e IIIAT .«
pay

PyObject* PyComplex_FromCComplex (Py_complex v)
Return value: New reference. 131 C 258 py complex WA B— 1Y Python & 5ixt4 .

PyObject* PyComplex_FromDoubles (double real, double imag)
Return value: New reference. 1R real 1 imag 12 [8]—/ N8 C 22 pyComplexObject R4 .

double PyComplex_| RealAsDouble (PyObject *op)
PA C 284 double iR [A] op HYSEHE.

double PyComplex__ ImagAsDouble (PyObject *op)
PA C 2571 double iR 1] op I JEHR

Py_complex PyComplex_AsCComplex (PyObject *op)
BRI op 1) C HBdpy_complex fH.

W op RJg—A> Python FHN 4, HE2HEA _complex_(> i, ﬁtﬁ%ﬁﬁf‘a%ﬁﬁ)ﬂ, *
op ¥l — > Python %t 5. Gk _complex ) K XMPRFELERE _ float 1 R
_float__ () REIMEEHEE _ index_ ﬂn%é&ﬁ'& P ERR ] -1 .0 ﬂfj\b@&{ﬁ

3.8 JiEE A WP AR __index_ ().

SRS EA

FEAR G — R BAAE B — R e 1 295748 Python i 5 AT HURRE R F IR .

8.3.1 ‘it %

XL R B B — AT R E S E A T — DN RS PR 251 % TypeError,

PyBytesObject
Xfryobject HTIAKR—4> Python FATXIR .

PyTypeObject PyBytes_Type
pyTypeObject KB L —1 Python F2LA, 7& Python EH'EH bytes @HFXIR.

int PyBytes_Check (PyObject *0)
WERXFR 0 J&—> bytes X R EF bytes FEAURY T ARAU R SLBINIR W FAH . B pR LR E 2 BT

int PyBytes_CheckExact (PyObject *0)
HERXFZ 0 22— bytes XfREAZ bytes AR AU SLHI MR I EAE . BERECR R 2 AT
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PyObject* PyBytes_FromString (const char *v)
Return value: New reference. JHIHRIE|—ASHF e v HUBIZR M EROFF SR AT %, JeWCERH o] NULL.
& v R0 NULL; BASHHE.

PyObject* PyBytes_FromStringAndSize (const char *v, Py_ssize_t len)

Return value: New reference. IR [Bl—NPAFERFH v IEIA R HACEE R len WIHTFATHRXT S, RIK
R E] NULL. W015R v 4 NULL, WRHIER LT X RN N2

PyObject* PyBytes_FromFormat (const char *format, ...)
Return value: New reference. 15—/~ C printf () XAEH format FAFEEMP AR E IS5, THE SR
Python AT H XTI K/ MR I S E A8 XA FA X 4 . AR SE M SE ik C 805
HW G formar F4F R A Rg N FAFRIXT Y. . ARV R A A R

AT | R TERE

%% i€ J) % FAF

$c int — AN, ?ﬂi%@ﬂtjﬂ*/\ C il nya

sd int M4 T printf ("sd").!

Su unsigned int MY T printf ("su") !

$1d KRR 4T printf ("$1d").!

$1lu unsigned long | FH4 T printf ("$1u").!

$zd Py _ssize_t | IS4 T printf ("%zd").!

$zu size_t F24T printf ("Szu "yl

$i int MM T printf ("%i") .t

$x int FHY4F print £ ( "/x")

$s const char* PA null "2 I FAFIR C 45504 .

5p const void* — CfRErmg o it il 2 g %4‘%%‘? printf ("sp") HE
Aﬁﬁﬁldx%ﬁﬁ 0x I3k, MERGT-H F printf B@%Jﬁﬂzﬁ“/

TeIER B P A 2 FECRAR TR R I AR T WA AR B B4R/ R, - EZFIA 2 RS
PyObject* PyBytes_FromFormatV (const char *format, va_list vargs)
Return value: New reference. 5 PyBytes_FromFormat () 5e4fE, BT EFEZHISE.

PyObject* PyBytes_FromObject (PyObject *0)
Return value: New reference. 1 [B| 37 E/R LG R ILEI R4 *o*,

Py_ssize_t PyBytes_Size (PyObject *0)
R E ARG o PR

Py_ssize_t PyBytes_GET_SIZE (PyObject *0)
FIAK) PyBytes_Size () {HRAMHHRAGI .

char* PyBytes_AsString (PyObject *o0)
RERR. o B INASIIHRET . ZFREHRIE o INERZEM X, HhAlE len (o) + 1 AMFEAT. ZnpXIH
BE—NFEWRRNE, NMERBIAEHMA Y. ﬁ%‘ﬂ(%ﬁ?"fl.kﬁﬁﬁﬁ%%ﬂi ]}%ﬂlimﬂ' A
PyBytes_FromSt rlngAnd81ze (NULL, size) GIEZN%. BATHEREESEL. TR o BARE
— AT S, WPyBytes AsString () ¥R [\ NULL H5| % TypeError,

char* PyBytes_AS_STRING (PyObject *string)
RIAR PyBytes_AsString () (HRAHFHEBAGI .

int PyBytes_AsStringAndSize (P) Object *obj, char **buffer, Py_ssize_t *length)
% AR & buffer Fil length 3R [B] A null Sy 2% (EFFRYXTS obj HIN % .

AR length 2y NULL, 37 B0 GO A & IRA R 27T AERE S, MZRECF R -1 951 %

ValueError,

DRPTRBEIAE (d, u, 1d, Lo, zd, zu, 0, x): SEYHORTEERE, O BEARE AN .
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M IXFG I obj I INFREN, TR RBES NN ORBEAE length 247 ) o ZEE A A
AR R, BRIEENIE ] PyBytes_FromStringAndSize (NULL, size) A%, B
AATRHES D TC . AR obj AR Z— DTS, WPryBytes AsStringAndSize () FfikM] -1
HE| % TypeError,

3.5 HCESE: DART, 47T HMR A BN S FATR5] K TypeError,

void PyBytes_Concat (PyObject **bytes, PyObject *newpart)

TE *bytes HAIE BT XS, HAPEEIRMNE bytes 1) newpart [\)NZE; W HE KRS HH5] H . T
bytes JEAEI S| FRERU ] o A0SR TCIE BB RS, X bytes B9IHE | AK-0% F 75 H. *bytes H{EXF N A
NULL; FRFBAEE IS M4 75

void PyBytes_ConcatAndDel (PyObject **bytes, PyObject *newpart)

1E *bytes FRIESHIN AN 5, HoA &N E] bytes 1Y) newpart BNZS .« WA 2870 newpart (5]
iihaR @

int _PyBytes_Resize (PyObject **bytes, Py_ssize_t newsize)

AT N —FROr 3, RIS ORI iy U TR AR TR AR
T ERTE AR 4 AL 0 R0 IS T o i 5 SR A 1 R R R B 5 | T g — DU 1 bt e
Friess . & A—BA TR R A HUEAE ) Ivalue (ERTRERBEA), IFEARERFIN. A
I, *bytes REAFRCEAE R/ING AT X RIFIR M 05 *bytes i Lk w] fE -5 Hobi A (AR A0SR 555
SPBCRIG, W *bytes 1R T ER X QAF YRS 0 BL, *bytes 2B NULL, [FIIN & MemoryError
Fra ] -1,

8.3.2 ‘FBAIMR

PyByteArrayObject

XANPyobject HFIMFEIR—> Python “FHr 4R .

PyTypeObject PyByteArray_Type

Python bytearray 258 EIR Py Typeobject SLH; X5 Python 2T bytearray s2M R HIXTE .

PRI

int PyByteArray_Check (PyObject *o)

SRS 0 JE—1~ bytearray X5k # bytearmay A THZA S GUMIER FLL BLAREUE R 2
fr.

int PyByteArray_CheckExact (PyObject *o0)

URXFGE 0 J&—> bytearray X G {H A bytearray JE YIS B 2R (0] FLAEL . ML RRIBLEZ 22 1)
W,

Fit% APl e %

PyObject* PyByteArray_FromObject (PyObject *o)

Return value: New reference. FRYFARASEIL T 42 /7 R W30 BINTE o, R [ — T 5 T4 .

PyObject* PyByteArray FromStringAndSize (const char *string, Py_ssize_t len)

Return value: New reference. 134l string I HAKJE len B EE— 18110 bytearray S5 . 242 R [B] NULL.

PyObject* PyByteArray_Concat (PyObject *a, PyObject *b)

Return value: New reference. JEHFT40H a F1 b FHR Ml — 58 G5 R T T 804 .

Py_ssize_t PyByteArray_Size (PyObject *bytearray)

TEREEE NULL 84 J5& [H] bytearray K /)N.

90
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char* PyByteArray_AsString (PyObject *bytearray)
{Ek A NULL HGEHIRIR IR bytearray SR — AN AF50AT. 32 IO SRAL 2SI — EISM 25

int PyByteArray_Resize (PyObject *bytearray, Py_ssize_t len)

FF bytearray W) NERGE X1 K/ INJEEE Ay len o

N

XEE AR ZE DA RE , AT A SRS .
char* PyByteArray_AS_STRING (PyObject *bytearray)
C ¥ (PyByteArray AsString () MRS,

Py_ssize_t PyByteArray_GET_SIZE (PyObject *bytearray)
C R PyByteArray_Size () BIZEIRAS,

8.3.3 Unicode ¥y{}- Bl 4ifils
Unicode %%

FI A python3.3 *RSZBL Y PEP 393 PASE, Unicode X RAENFERE I & FhFn I, DASELEOR KR NAFRCR B[R]
A PR SEREFE Y Unicode P4 . X1 A AU s AR T 128, 256 B 65536 (747 H, A —L8EpIRIG L 15
Wy, AR LAV T 1114112 (X2 52 % H) Unicode {EH ) o

Py_UNICODE* and UTF-8 representations are created on demand and cached in the Unicode object. The
Py_UNICODE * representation is deprecated and inefficient.

H1 T IH APLHHT APL Z [A] %4, Unicode X4 NERRI DAL T RIMUIRAES, XBORTEA IR 827 5
* “BLIL” Unicode Xt 5¢ /2 1 I 57 HI# Unicode APT GBI FTA X Gt EATTBE I SEBLRT ALV A S A 2%
7o
* ”legacy” Unicode objects have been created through one of the deprecated APIs (typically

PyUnicode_FromUnicode ()) and only bear the Py UNICODE* representation; you will have to call
PyUnicode_READY () on them before calling any other APL

#iE): The “legacy” Unicode object will be removed in Python 3.12 with deprecated APIs. All Unicode objects will be
”canonical” since then. See PEP 623 for more information.

Unicode 37!

PAR 2 HF Python ' Unicode SEFAY KA Unicode X 42257 -

Py_UCs4

Py_UCS2

Py_UCs1
TR SEAA R TOAF SR FCR AR A X, HvE R DA B 32 67, 16 Al 8 i qiy. MR Eiab i
A~ Unicode “F4FHY, 1M Py_UCS4,
3.3 fRCHTINA.

Py_UNICODE
XE wehar_t WIRALE X, RIE-FERRFERTEEN 16 (ZEHYE 32 {7241,
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3.3 MUH A FERARTRO AR H, X0 16 (28BN 2 32 {2k T e PR 2 <% b
2 “%5” Unicode Jift 41 Python,
PyASCIIObject

PyCompactUnicodeObject
PyUnicodeObject

XX T Pyobject BT HAUFEIR T —4> Python Unicode %52 TEJLFFIIAHET, BAIAMZHE
FM, BT AL Unicode X4 1) AP pR AR 532 iR [0 PyOb ject JERUMITEET

3.3 HEHTIA.
PyTypeObject PyUnicode_Type
XA PyTypeobject L7 Python Unicode 257, ‘BAE N str AFF4; Python {1,

The following APIs are really C macros and can be used to do fast checks and to access internal read-only data of Unicode
objects:

int PyUnicode_Check (PyObject *o)
WX #o* /& Unicode X428} Unicode [-2EAURYSLHY, MR M] “F”. R EUGL .

int PyUnicode_CheckExact (PyObject *0)
WERXFR *o* /& Unicode ¥4, (HAZTRAFYSLH], WERE “E”. LB .
int PyUnicode_READY (PyObject *o)

BPRTFAFHRRIR *o* 40T B FoniBae FEfN N BRI EZ A, X2 ATHR

Returns O on success and —1 with an exception set on failure, which in particular happens if memory allocation
fails.

3.3 BUHTA.

Deprecated since version 3.10, will be removed in version 3.12: This API will be removed with
PyUnicode_FromUnicode ().

Py_ssize_t PyUnicode_GET_LENGTH (PyObject *0)
12 [5] Unicode FAFERIGIE (AU RO ERAE) *o* bl “RIVE” #RikT7s i) Unicode XF42 (Rik
H1).

3.3 BUHTMA.

Py_UCSI* PyUnicode_1BYTE_DATA (PyObject *0)

Py_UCS2* PyUnicode_2BYTE_DATA (PyObject *o0)

Py_UCS4* PyUnicode_4BYTE_DATA (PyObject *o)
Return a pointer to the canonical representation cast to UCS1, UCS2 or UCS4 integer types for direct char-
acter access. No checks are performed if the canonical representation has the correct character size; use
PyUnicode_ KIND () to select the right macro. Make sure PyUnicode READY () has been called before
accessing this.

3.3 BUBTINA.

PyUnicode_WCHAR_KIND
PyUnicode_1BYTE_KIND
PyUnicode_2BYTE_KIND
PyUnicode_4BYTE_KIND
RB|PyUnicode KIND () Z2HI{H.

3.3 BUHTMA.
Deprecated since version 3.10, will be removed in version 3.12: PyUnicode_WCHAR_KIND B 8§ 5

unsigned int PyUnicode_KIND (PyObject *o)
iR i —A4> PyUnicode %5t (UL F30), 575 it Unicode X4 T A H AR 1 45~ EAF I 747 8K o
WA R ek ﬁTFPEI’J Unicode Xf% (KikHr).
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3.3 BUHTMA.

void* PyUnicode_DATA (PyObject *o)
AR [ ) J5i 4 Unicode e XA 25 F5 5 *o* i@ “MIE” ik Iy Uiy Unicode X5 (RikH ).

3.3 BUBTINA.

void PyUnicode_WRITE (int kind, void *data, Py_ssize_t index, Py_UCS4 value)
Write into a canonical representation data (as obtained with PyUnicode_DATA ()). This macro does not do
any sanity checks and is intended for usage in loops. The caller should cache the kind value and data pointer as
obtained from other macro calls. index is the index in the string (starts at 0) and value is the new code point value
which should be written to that location.

3.3 BUHTMA.

Py_UCS4 PyUnicode_READ (int kind, void *data, Py_ssize_t index)
MIFEERIRH) data (MNE ] PyUnicode DATA () 3R FEER— MBI, AL AT A B0 R -

3.3 BHTINA.
Py_UCS4 PyUnicode_READ_CHAR (PyObject *o, Py_ssize_t index)
M Unicode X5 o BHU—A74F, WA “BE” FomniBae WERARIAATAT 2 I IE S B RO IE pR AR
BRI T PyUnicode READ ().
3.3 BHTINA.

PyUnicode_MAX_CHAR_VALUE (0)
REEATET *o* QA — N FAFR RIS, RFAFRUATE " Rs . X IHE
e MEd, (HHAETAF R ER AR
3.3 BCHTNA.

Py_ssize_t PyUnicode_GET_SIZE (PyObject *0)
Return the size of the deprecated Py UNICODE representation, in code units (this includes surrogate pairs as 2
units). o has to be a Unicode object (not checked).

Deprecated since version 3.3, will be removed in version 3.12: [H 3\, Unicode API f{j—3B4), i 1L 2
M PyUnicode_ GET_LENGTH().

Py_ssize_t PyUnicode_GET_DATA_SIZE (PyObject *0)
Return the size of the deprecated Py_ UNTCODE representation in bytes. o has to be a Unicode object (not checked).

Deprecated since version 3.3, will be removed in version 3.12: |HZ Unicode API [{)—#B4, i 5| {#
M PyUnicode_ GET_LENGTH().

Py_UNICODE* PyUnicode_AS_UNICODE (PyObject *o)

const char* PyUnicode_AS_DATA (PyObject *0)
Return a pointer to a Py_ UNT CODE representation of the object. The returned buffer is always terminated with an
extra null code point. It may also contain embedded null code points, which would cause the string to be truncated
when used in most C functions. The AS_DATA form casts the pointer to const char *. The o argument has
to be a Unicode object (not checked).

3.3 W B 5#: This macro is now inefficient -- because in many cases the Py_ UNTCODE representation does not
exist and needs to be created -- and can fail (return NULL with an exception set). Try to port the code to use the
new PyUnicode_nBYTE_DATA () macros or use PyUnicode WRITE () or PyUnicode READ ().

Deprecated since version 3.3, will be removed in version 3.12: |[H; Unicode API fj—3B4y, 542 8| {#
PyUnicode_nBYTE_DATA () %,

int PyUnicode_IsIdentifier (PyObject *0)
UNSREFAF e BOE T SO AARIPRIRAF IR 0] 1, 2 identifiers /N1, 73 NI [A] 0.

3.9 FRCEAE: WIARFEAFHR M ARG W IR SR Py _FatalError ().
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Unicode 5§ )@ 1%

Unicode $& (it T V7 2 AR RIMFAFRRE . B /e 2L 2 7]
IZJ%&O
int Py_UNICODE_ISSPACE (Py_UCS4 ch)
A ch 2 A2 HFAFRE 15 0.
int Py_UNICODE_ISLOWER (Py UCS4 ch)
R4 ch 245 R/ NEFAFR M 15 0.
int Py_UNICODE_ISUPPER (Py_UCS4 ch)
R ch 2R G FAFRIE 15 0
int Py_UNICODE_ISTITLE (Py_UCS4 ch)
fdiE ch 25 AbREbI K/ NG R [E] 1 5 0.
int Py_UNICODE_ISLINEBREAK (Py_UCS4 ch)
Wl ch 2B R BATHFAFIRE] 1 5 0.
int Py_UNICODE_ISDECIMAL (Py_UCS4 ch)
HRAE ch s ke AF R ] 1 Bk 0.
int Py UNICODE_ISDIGIT (Py UCS4 ch)
A ch 2 AL S 747k 1 5 0.
int Py_UNICODE_ISNUMERIC (Py_UCS4 ch)
R4 ch 24 HEESRFAF R 1 85 0.
int Py UNICODE_ISALPHA (Py UCS4 ch)
A ch @ TR SEFAFR M 1 5 0.
int Py_UNICODE_ISALNUM (Py UCS4 ch)
MR ch 215 A BECF R FAFIR ) 1 8 0,
int Py UNICODE_ISPRINTABLE (Py UCS4 ch)
HRAE ch J2 A AT ENFAF R M) 1 5“0, AT VAT @48 7E Unicode “F A7 4 i 4 i SCh " Other”
a%”Separator” [ F4F, BIAME ML E ASCII 234% (0x20) #40M Al 3T V45 . GEVE A B R 4T E)
FA R UTE AR ERETHH repr O BN L FAF. BNFRAHEE A sys.stdout 5
sys.stderr BRI FETE ),
X8 APT R] TP B A A
Py_UCS4 Py_UNICODE_TOLOWER (Py UCS4 ch)
R 4R NG TE X FAF cho
3.3 HAR ELE - S pR 5 15 B R N B
Py_UCS4 Py_UNICODE_TOUPPER (Py UCS4 ch)
R AR R R G TR FAF cho
3.3 MR EL I : I pR 5l 15 B R/ NS L
Py_UCS4 Py_UNICODE_TOTITLE (Py UCS4 ch)
R R R R NG TR FAF che
3.3 itz CEV A : b R Al P 3 B /NS L
int Py_UNICODE_TODECIMAL (Py_UCS4 ch)

Return the character ch converted to a decimal positive integer. Return —1 if this is not possible. This macro does
not raise exceptions.

=

X PR, X LR Python L BRI ] C
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int Py_UNICODE_TODIGIT (Py_UCS4 ch)
Return the character ch converted to a single digit integer. Return —1 if this is not possible. This macro does not
raise exceptions.

double Py_UNICODE_TONUMERIC (Py_UCS4 ch)
Return the character ch converted to a double. Return -1 .0 if this is not possible. This macro does not raise
exceptions.

X L8 APT Al e B A A GBI

Py_UNICODE_IS_SURROGATE (ch)
¥l ch 245 0L (0xD800 <= ch <= 0xDFFF),

Py_UNICODE_IS_HIGH_SURROGATE (ch)
K ch B35 R E T (0xD800 <= ch <= O0xDBFF),

Py_UNICODE_IS_LOW_SURROGATE (ch)
K ch 2 AAEACHRI (0xDCO0 <= ch <= 0xDFFF),

Py_UNICODE_JOIN_SURROGATES (high, low)
Join two surrogate characters and return a single Py_UCS4 value. high and low are respectively the leading and
trailing surrogates in a surrogate pair.

G B] Unicode 4%

AR Unicode X RANVT M HIEAF I @I, WXL APL:

PyObject* PyUnicode_New (Py_ssize_t size, Py_UCS4 maxchar)
Return value: New reference. l|7E—~i 1) Unicode X% . maxchar K W] A T4 85 1R 52 B 5 K AS AT o
R —NHEME, & T by ABIFFS] 127,255, 65535, 1114111 (K.

X2 M BCHT Y Unicode X GLAHERE I 2o T LR AR R RA T AR
3.3 BB

PyObject* PyUnicode_FromKindAndData (int kind, const void *buffer, Py_ssize_t size)
Return value: New reference. DA% € W kind B 7 — 4~ # B Unicode Xt % (7] f& 09 &
“NPyUnicode_1BYTE_KIND %, BlPyUnicode KIND () FriR[BIfAI{E) o buffer W75 45 i) 4326
Fré iny, PARESAT 1, 2 B4 AT LAY size R/NRIEE .

3.3 BUHTMA.

PyObject* PyUnicode_FromStringAndSize (const char *u, Py_ssize_t size)
Return value: New reference. Create a Unicode object from the char buffer u. The bytes will be interpreted as being
UTF-8 encoded. The buffer is copied into the new object. If the buffer is not NULL, the return value might be a
shared object, i.e. modification of the data is not allowed.

If u is NULL, this function behaves like PyUnicode_FromUnicode () with the buffer set to NULL. This usage
is deprecated in favor of PyUnicode_New (), and will be removed in Python 3.12.

PyObject *PyUnicode_FromString (const char *u)
Return value: New reference. 1RE UTF-8 45 i) PAZS{E S5 R I F/F- S X u 6] 72— Unicode X4 .

PyObject* PyUnicode_FromFormat (const char *format, ...)
Return value: New reference. Take a C printf () -style format string and a variable number of arguments,
calculate the size of the resulting Python Unicode string and return a string with the values formatted into it. The
variable arguments must be C types and must correspond exactly to the format characters in the format ASCII-
encoded string. The following format characters are allowed:
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eSS R

%% i€ ) LF % FAF o

e int PAFERE, Rk Cihs E ELE

5d int MM F printf ("sd").t

Su unsigned int FYT printf ("su").!

$1d KA H%4F printf ("s1d").

$1i KA LT printf ("s1i") .

$1u unsigned long MX4T printf ("s1u").!

$11d long long FHYSTF printf("$11d dmy T

$11i long long M4 T printf("s11im).]

$11lu unsigned long long M4 T printf("s11u").!

$zd Py _ssize_t MX4T printf ("szd").!

$zi Py_ssize_t MY T printf ("szim).T

$zu size_t MXM4T printf ("szu").!

$i int MY T printf("sim).t

$x int YT printf ("sx") !

$s const char* PA null 52 FAFH) C 455504 .

$p const void* —A~ CHRE I TR FRIE R . HASEN T print £ ("sp™)
HESHAAFEHEIE 0x 13k, RMERG V-6 L print £ B9
thtt 4.

SA PyObject* ascii () JEHMKSERE.

U PyObject* —A~ Unlcode RER

SV PyObject*, const char* | — Unicode X§ % (7] PAA NULL) Fl—APAZSIHSE R A C F4F
iﬁléﬂﬁ’ﬁﬁ’w#/\ﬁ// (WRFE—MESH NULL, BATESHR
BEH) .

%S PyObject* W PyObject_Str() WZERE.

SR PyObject* R Pyobject_Repr () HIZEH,

An unrecognized format character causes all the rest of the format string to be copied as-is to the result string, and
any extra arguments discarded.

#(E): The width formatter unit is number of characters rather than bytes. The precision formatter unit is number
of bytes for "$s" and "$V" (if the PyObject* argument is NULL), and a number of characters for "$A",
"$U", "$S", "$R" and "$V" (if the PyObject* argument is not NULL).

3.2 RS AN TR "e11an A s 1lum B
33}{&%2“2 iﬁbuTX noqm "olll"%ﬂ"/Zl" Efji:}‘j‘o
34 Hﬁ%z“k i‘ﬁuij- MEgM MgANM woUM moym mggn mopRw EI/JJLJ““%A %E*%ﬁ?@i*%o

PyObject* PyUnicode_FromFormatV (const char *format, va_list vargs)
Return value: New reference. 2|6 T-PyUnicode _FromFormat () {HBE¥HEZIE TR NS5,

PyObject* PyUnicode_FromEncodedObject (PyObject *obj, const char *encoding, const char *errors)
Return value: New reference. — A~ ImfS 1% 4 obj ffRS 4 Unicode X142 .,

bytes, bytearray MHAMLF 7 235 % KL E W) encoding %ﬁ@ﬁ%ﬂﬁﬁiﬂﬂ i errors & LI AR AL PR
Jrat. BT NULL RIS O MRS (SR 540 % T IRERs) .

P HAXS R, f4E Unicode X5, #FFFEE TypeError,
WA B R% APLIFIR[B] NULL. 8 7 B ST It 1) IR [l X R 5 L

! For integer specifiers (d, u, 1d, 1i, lu, 11d, 1li, 1lu, zd, zi, zu, i, x): the O-conversion flag has effect even when a precision is given.
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Py_ssize_t PyUnicode_GetLength (PyObject *unicode)
i&[H] Unicode X456 .

3.3 HUHTIA.

Py_ssize_t PyUnicode_CopyCharacters (PyObject  *to,  Py_ssize_t to_start,  PyObject  *from,
Py_ssize_t from_start, Py_ssize_t how_many)
Copy characters from one Unicode object into another. This function performs character conversion when necessary
and falls back to memcpy () if possible. Returns —1 and sets an exception on error, otherwise returns the number
of copied characters.

3.3 BT

Py_ssize_t PyUnicode_Fill (PyObject *unicode, Py_ssize_t start, Py_ssize_t length, Py_UCS4 fill_char)
i ] — N ERFE AR . B fill_char B A unicode [start:start+length].,

W2 fill _char (R TPRFERRNTFAHA, S WERTAFHA 1 A BRI R AT R IK.
BRI E AR PR, SRR ] -1 5] R R
3.3 JRHTIA.
int PyUnicode_WriteChar (PyObject *unicode, Py_ssize_t index, Py_UCS4 character)
A FE AR . FRRRAIUBIL Py Un i code_New () B, thF Unicode “FRFH 4 A
AR, PIGZ TR A BRI, U R A .
R ECH R AL unicode J254 Unicode X4, R5[ZMAMA, I HMGRE P amBy (HHS|
).
3.3 BT

Py_UCS4 PyUnicode_ReadChar (PyObject *unicode, Py_ssize_t index)
Read a character from a string. This function checks that unicode is a Unicode object and the index is not out of
bounds, in contrast to the macro version PyUnicode READ_CHAR ().

3.3 BUHTMA.

PyObject* PyUnicode_Substring (PyObject *str, Py_ssize_t start, Py_ssize_t end)
Return value: New reference. J&11] str — A5, WFRFERT| start (1135) BIFAFERG| end (MFE) . AL
FfART15.

3.3 BUHTMA.

Py_UCS4* pyUnicode_AsUCS4 (PyObject *u, Py_UCS4 *buffer, Py_ssize_t buflen, int copy_null)
FEFAFE u 5 D3| —4> UCS4 b X, Afh— A2 745, WERBCE T copy_null (35 . HAEINHR[A] NULL
HBCE— R (FREY buflen /NT u HKRERS, SystemError FFHIE). MIHIRN buffer.

3.3 BUHTMA.

Py_UCS4* PyUnicode_AsUCS4Copy (PyObject *u)
P u ¥ VIBIE ] PyMem_Malloc () 43BCRYHT UCS4 Zenh X, QERPATRIN, Ffk[E] NULL %
B MemoryError, R[EIMLEMRE SR AN EAMA 2R .

3.3 BUHTMA.
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Deprecated Py_UNICODE APIs

Deprecated since version 3.3, will be removed in version 3.12.

These API functions are deprecated with the implementation of PEP 393. Extension modules can continue using them,
as they will not be removed in Python 3.x, but need to be aware that their use can now cause performance and memory

hits.

PyObject* PyUnicode_FromUnicode (const Py_UNICODE *u, Py_ssize_t size)

Return value: New reference. Create a Unicode object from the Py_UNICODE buffer u of the given size. u may
be NULL which causes the contents to be undefined. It is the user’s responsibility to fill in the needed data. The
buffer is copied into the new object.

If the buffer is not NULL, the return value might be a shared object. Therefore, modification of the resulting
Unicode object is only allowed when u is NULL.

If the buffer is NULL, PyUnicode_READY () must be called once the string content has been filled before using
any of the access macros such as PyUnicode KIND ().

Deprecated since version 3.3, will be removed in version 3.12: Part of the old-style Unicode API, please migrate to
using PyUnicode_FromKindAndData (), PyUnicode_FromWideChar (),or PyUnicode_New ().

Py_UNICODE* PyUnicode_AsUnicode (PyObject *unicode)

Return a read-only pointer to the Unicode object’s internal Py_ UNICODE buffer, or NULL on error. This will
create the Py UNICODE * representation of the object if it is not yet available. The buffer is always terminated
with an extra null code point. Note that the resulting Py_ UNICODE string may also contain embedded null code
points, which would cause the string to be truncated when used in most C functions.

Deprecated since version 3.3, will be removed in version 3.12: Part of the old-style Unicode API, please migrate
to using PyUnicode_AsUCS4 (), PyUnicode_AsWideChar (), PyUnicode_ReadChar () or similar
new APIs.

Deprecated since version 3.3, will be removed in version 3.10.

PyObject* PyUnicode_TransformDecimalToASCII (Py_UNICODE *s, Py_ssize_t size)

Return value: New reference. Create a Unicode object by replacing all decimal digits in Py_ UNTICODE buffer of
the given size by ASCII digits 0--9 according to their decimal value. Return NULL if an exception occurs.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py UNICODE API; please
migrate to using Py_ UNICODE_TODECIMAL ().

Py_UNICODE* PyUnicode_AsUnicodeAndSize (PyObject *unicode, Py_ssize_t *size)

Like PyUnicode_AsUnicode (), but also saves the Py_ UNTCODE () array length (excluding the extra null
terminator) in size. Note that the resulting Py_ UNTCODE * string may contain embedded null code points, which
would cause the string to be truncated when used in most C functions.

3.3 BUBTIA.

Deprecated since version 3.3, will be removed in version 3.12: Part of the old-style Unicode API, please migrate
to using PyUnicode AsUCS4 (), PyUnicode_AsWideChar (), PyUnicode_ReadChar () or similar
new APIs.

Py_UNICODE* PyUnicode_AsUnicodeCopy (PyObject *unicode)

Create a copy of a Unicode string ending with a null code point. Return NULL and raise a MemoryError
exception on memory allocation failure, otherwise return a new allocated buffer (use PyMem Free () to free the
buffer). Note that the resulting Py_ UNTCODE * string may contain embedded null code points, which would cause
the string to be truncated when used in most C functions.

3.2 ORI

Please migrate to using PyUnicode_AsUCS4Copy () or similar new APIs.
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Py_ssize_t PyUnicode_GetSize (PyObject *unicode)
Return the size of the deprecated Py_UNICODE representation, in code units (this includes surrogate pairs as 2
units).

Deprecated since version 3.3, will be removed in version 3.12: |F =\, Unicode API f{j—3¥B4y, i iF# 2ff
M PyUnicode_GET_LENGTH(),

PyObject* PyUnicode_FromObject (PyObject *obj)
Return value: New reference. Copy an instance of a Unicode subtype to a new true Unicode object if necessary. If
obj is already a true Unicode object (not a subtype), return the reference with incremented refcount.

3f: Unicode 5 H: 728544 5380 TypeError,

i DX X

R DA AR ST R A R AR RS SO

PyObject* PyUnicode_DecodelocaleAndSize (const char *str, Py_ssize_t len, const char *errors)
Return value: New reference. fEISFE27E Android 1 VxWorks _Ffifi [ UTF-8, ¥EE A& b N ] 24
HIE S R AE . IR TEARA "strict™ Ml "surrogateescape" (PEP 383), %
errors ) NULL MIf#RD &G "strict" FHRALBAING . str DA — D23 FAF AR EAR AT & A
2 4T
Use PyUnicode_DecodeFSDefaultAndSize () to decode a string from
Py_FileSystemDefaultEncoding (the locale encoding read at Python startup).

This function ignores the Python UTF-8 mode.
hz%:

The Py_DecodelLocale () M4

3.3 BUBTINA.

3.7 s WRBOIAE RS surrogateescape S RAL BN L 24wl iE & K g is =0, (HAE
Android Ffl4h. FEZHIRA, Py _DecodelLocale () il T surrogateescape, MM 4HIIEH
I g i R R T strict.

PyObject* PyUnicode_DecodeLocale (const char *str, const char *errors)
Return value: New reference. Similar to PyUnicode_DecodeLocaleAndSize (), but compute the string
length using strlen ().

3.3 HUGHTIA.

PyObject* PyUnicode_EncodeLocale (PyObject *unicode, const char *errors)
Return value: New reference. #hd Unicode X} 4F Android ] VxWorks F{#i ] UTF-8, ¥ At -4 F{#H
MEE S K gnioig . SR RPN "strict™ fil "surrogateescape™ (PEP 383). 1l
IR errors Jy NULL Wt a8 R "strict" $5RAHEAING. R/ bytes X4 . unicode NA[ A5
HNEEEZ N

Use PyUnicode_EncodeFSDefault () toencodeastringtoPy_FileSystemDefaultEncoding (the
locale encoding read at Python startup).

This function ignores the Python UTF-8 mode.
wz%:

Py_EncodeLocale () FR%L.

3.3 OB
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3.7 s WRBOITE R surrogateescape S RAL BN 24 55 & K s =0, (HAE
Android Ffil4h. FEZHIMAT, Py_EncodeLocale () K@i T surrogateescape, MYHIEF
I A% R T strict,

A Z GGty X

To encode and decode file names and other environment strings, Py_FileSystemDefaultEncoding should be
used as the encoding, and Py_FileSystemDefaultEncodeErrors should be used as the error handler (PEP
383 and PEP 529). To encode file names to bytes during argument parsing, the "O&" converter should be used,
passing PyUnicode_FSConverter () asthe conversion function:

int PyUnicode_FSConverter (PyObject* obj, void* result)
ParseTuple converter: encode str objects -- obtained directly or through the os.PathLike interface --
to bytes using PyUnicode_EncodeFSDefault (); bytes objects are output as-is. result must be a
PyBytesObject * which must be released when it is no longer used.

3.1 BUHTIA.
3.6 JiRHE &k $257— " path-like object

%Ei%&ﬁﬁﬁ,ﬁﬂrﬂ%i@zﬁm% str, WY "os" #¥gy, £ APyUnicode FSDecoder () VE R
ek 5

int PyUnicode_FSDecoder (PyObject* obj, void* result)
ParseTuple converter: decode bytes objects -- obtained either directly or indirectly through the os .PathLike
interface -- to st r using PyUnicode_DecodeFSDefaultAndSize (); str objects are output as-is. result
must be a PyUnicodeOb ject * which must be released when it is no longer used.

3.2 OB A
3.6 R H 8 57— path-like object .,

PyObject* PyUnicode_DecodeFSDefaultAndSize (const char *s, Py_ssize_t size)
Return value: New reference. Decode a string using Py_FileSystemDefaultEncoding and the
Py_FileSystemDefaultEncodeErrors error handler.

If Py_FileSystemDefaultEncoding is not set, fall back to the locale encoding.

Py_FileSystemDefaultEncoding is initialized at startup from the locale encoding and can-

not be modified later. If you need to decode a string from the current locale encoding, use
PyUnicode_DecodeLocaleAndSize ().
hz%:

The Py_DecodeLocale () K%K,
3.6 iRE%%: Use Py_FileSystemDefaultEncodeErrors error handler.

PyObject* PyUnicode_DecodeFSDefault (const char *s)
Return value: New reference. Decode a null-terminated string using Py_FileSystemDefaultEncoding
and the Py_FileSystemDefaultEncodeErrors error handler.

If Py_FileSystemDefaultEncoding is not set, fall back to the locale encoding.
Use PyUnicode_DecodeFSDefaultAndSize () if you know the string length.
3.6 Jilt i #4#: Use Py_FileSystemDefaultEncodeErrors error handler.

PyObject* PyUnicode_EncodeFSDefault (PyObject *unicode)
Return value: New reference. Encode a Unicode object to Py_FileSystemDefaultEncoding with the
Py_FileSystemDefaultEncodeErrors error handler, and return byt es. Note that the resulting bytes
object may contain null bytes.
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If Py_FileSystemDefaultEncoding is not set, fall back to the locale encoding.

Py_FileSystemDefaultEncoding isinitialized at startup from the locale encoding and cannot be modified
later. If you need to encode a string to the current locale encoding, use PyUnicode_EncodeLocale ().

hz%:

Py_EncodeLocale () B4k

3.2 UGHTIA.

3.6 Jilt i #k: Use Py_FileSystemDefaultEncodeErrors error handler.

wchar_t &

FER SCFFIF- 6 E SR wehar_t:

PyObject* PyUnicode_FromWideChar (const wchar_t *w, Py_ssize_t size)
Return value: New reference. T3J845 5E size ] wchar_t 2 X w Al — Unicode %1%, £ A -1 fERH
size FTR LR B AI ) weslen HATH AL XA . JRIGRFR ] NULL,

Py_ssize_t PyUnicode_AsWideChar (PyObject *unicode, wchar_t *w, Py_ssize_t size)
Copy the Unicode object contents into the wchar_t buffer w. At most size wchar_t characters are copied
(excluding a possibly trailing null termination character). Return the number of wchar_t characters copied or
-1 in case of an error. Note that the resulting wchar_t* string may or may not be null-terminated. It is the
responsibility of the caller to make sure that the wchar_t * string is null-terminated in case this is required by the
application. Also, note that the wchar_t * string might contain null characters, which would cause the string to
be truncated when used with most C functions.

wchar_t* PyUnicode_AsWideCharString (PyObject *unicode, Py_ssize_t *size)
Convert the Unicode object to a wide character string. The output string always ends with a null character. If size is
not NULL, write the number of wide characters (excluding the trailing null termination character) into *size. Note
that the resulting wchar_ t string might contain null characters, which would cause the string to be truncated when
used with most C functions. If size is NULL and the wchar_t* string contains null characters a ValueError
is raised.

Returns a buffer allocated by PyMem_Alloc () (use PyMem_Free () to free it) on success. On error, returns
NULL and *size is undefined. Raises a MemoryError if memory allocation is failed.

3.2 BUHTMA.

3.7 fit ¥4 Raises a ValueError if size is NULL and the wchar_t * string contains null characters.

P EL AR 4

Python & {1t T —2HPA C 45 5 DAPRULIZ AT RE 1 1A B G AR AL A5 o T A 3K S 25 R 45 5 T e el 471 o 50 P 3
e

T APL RAREEZ encoding Fil errors IS4, ENTRA SENE str () FAEXTR A T[4 S 80
[ TE .

Setting encoding to NULL causes the default encoding to be used which is UTF-8. The file sys-
tem calls should use PyUnicode_FSConverter () for encoding file names. This uses the variable

Py_FileSystemDefaultEncoding internally. This variable should be treated as read-only: on some systems,
it will be a pointer to a static string, on others, it will change at run-time (such as when the application invokes setlocale).

AL PR 720 errors BEE I H AW DABEN NULL FoR i R 4 fi i 4 & LR ERIAACEE =X Td Y 4 i
A B A S R AL Ty =0 strict” (&5 & ValueError).

G AR AR B A T . O T R B0 U 5 TR 2 UG AR R A 1) 22 57 A AL SRAE SR
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{Z MRt 3

PATR 292 B G AR A s 1 AP

PyObject* PyUnicode_Decode (const char *s, Py_ssize_t size, const char *encoding, const char *errors)
Return value: New reference. il i1 RS T 9i i FAGEE s 1Y size PNFEF A2 —1 Unicode %4, encoding Fl
errors AT 5 str () WEREPRIZATESMEIR S L. B2 RIS 4F5 6 Python J il % 0
FOREN . WRMSET] % T 7 MR ] NULL.,

PyObject* PyUnicode_AsEncodedString (PyObject *unicode, const char *encoding, const char *errors)
Return value: New reference. #ifi—~ Unicode X} 52 H- K45 SR AE & Python FAYEE X4k A . encoding Fl
errors HA5 55 Unicode encode () Jyi&H A A T SAHIEI R & Lo B A 4w @i K568 1 Python Z i hL)
IR A . AR ISR T & T S R Ml NULL,

PyObject* PyUnicode_Encode (const Py_UNICODE *s, Py_ssize_t size, const char *encoding, const char *er-

rors)
Return value: New reference. Encode the Py_UNTCODE buffer s of the given size and return a Python bytes object.

encoding and errors have the same meaning as the parameters of the same name in the Unicode encode () method.
The codec to be used is looked up using the Python codec registry. Return NULL if an exception was raised by the
codec.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py UNICODE API; please
migrate to using PyUnicode AsEncodedString().

UTF-8 Zifi# i a5

PATR 32 UTF-8 2t APIL:

PyObject* PyUnicode_DecodeUTF 8 (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. i1 fiftfy UTF-8 JiAd i35 5 s 1 size NFT7 A —> Unicode %1%, 5%
MRS T K T 5 Wk [\ NULL.

PyObject* PyUnicode_DecodeUTF8Stateful (const char *s, Py_ssize t size, const char *errors,
Py_ssize_t *consumed)

Return value: New reference. {15 consumed “}j NULL, W57 A2 TF PyUnicode_DecodeUTFS8 (). UNH
consumed ANF NULL, MR TERE UTF-8 FH45 P H R HT . X LEF A 2 gad i A
CRR I ) T T ECR AR AR AE consumed i .

PyObject* PyUnicode_AsUTF8String (PyObject *unicode)
Return value: New reference. fifi il UTF-8 #4gt5 Unicode Xf 4 345 5 AE > Python FEHTEEXT R ], 44i%
AL BETy H O strict” USRS ER 51 % 1 57 UKRFaR [9] NULL.

const char* PyUnicode_AsUTF8AndSize (PyObject *unicode, Py_ssize_t *size)
iR [B]—A~48 ] Unicode X4 1%) UTF-8 4fidag X B F55E, IHRE g K/ (PAFATREAL) 17
THTE size 1o size ZH00TPACH NULL; FEMUIEOL T EHRE A/ NEAR A . R E RS K B2
— AN FAT ORNLFETE size 1), TGS R EAFLEATA] HAB I 2SR 0L
TERAEFIRAEN T, FHRF] NULL fhir s S — A 55 B S size {H.
LRFZAF Unicode X4 A7 8 1) UTFE-8 R TER, I H G 2L HRF & 148 ) [/ — A2 X a5t . 9
FH AR TREOZ R X . 221 X 2 7E Unicode X2 @A Ay 457 3% 0] ig b 8 R B0 o A8 i 1) &2 1) R 6T 2R
3.3 IR A
3.7 iREE sk R EBIAE S const char * A char *,

const char* PyUnicode_AsUTF8 (PyObject *unicode)
R FPryUnicode AsUTF8AndSize (), {BASTEfER/IME.
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3.3 HUHTINA.
3.7 RS R BBIAE R const char * A& char *,

PyObject* PyUnicode_EncodeUTFS8 (const Py_UNICODE *s, Py_ssize_t size, const char *errors)
Return value: New reference. Encode the Py_ UNTCODE buffer s of the given size using UTF-8 and return a Python
bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py UNICODE
API; please migrate to using PyUnicode AsUTF8String (), PyUnicode AsUTF8AndSize () or
PyUnicode_AsEncodedString().

UTF-32 4ifieh oy

PAF & UTE-32 2 fiiidas APL

PyObject* PyUnicode_DecodeUTF32 (const char *s, Py_ssize_t size, const char *errors, int *byteorder)
Return value: New reference. M UTF-32 4 b5 1) 2% i X B8 AR size 7 2% [B1AH K7 ) Unicode X4 .
errors (WA NULL) 5 ST 5 BRABET 50, BRI strict”.

UNER byteorder AN>h) NULL, fRGgRF6 FH 28 52 ) 72700 e b A g :

*byteorder == -1: little endian
*byteorder == 0: native order
*byteorder == 1: Dbig endian

WSk *byteorder HE, HAABIRAHIU AP Aic (BOM), TR I %717
I H. BOM KR 245 DL 455 Unicode “FAFHR . W *byteorder 2 -1 5 1, WG FARica
¥ LS

TESE G, *byteorder YHHER NEHRII A AR R M4 T )5
WS byteorder ;) NULL, JRfilrS 4516 AL .
R G5 A 1 S5 AR 8] NULL,

PyObject* PyUnicode_DecodeUTF32Stateful (const char *s, Py_ssize_t size, const char *errors, int *by-
teorder, Py_ssize_t *consumed)
Return value: New reference. Y5 consumed >y NULL, Wf 2T PyUnicode _DecodeUTF32 (). Ul
R consumed A~ NULL, W|PyUnicode DecodeUTF32Stateful () ¥AERRBHIATERE UTF-32 &
FFH) (BN VU EERR ) AR . X SE RS RS I HLC RS 1 2 BCRFAE A

consumed 1,

PyObject* PyUnicode_AsUTF32String (PyObject *unicode)
Return value: New reference. & |[B|{#i il UTF-32 Z5ig#% AHLF T 714 Python FFH5ER . i ER 5 2 DA
BOM #RicdT k. SRRy 30N strict”. QRIS aR S | K T 8 Wk [H] NULL.

PyObject* PyUnicode_EncodeUTF32 (const Py_UNICODE *s, Py_ssize_t size, const char *errors, int byte-

order)
Return value: New reference. Return a Python bytes object holding the UTF-32 encoded value of the Unicode data

in 5. Output is written according to the following byte order:

byteorder == -1: little endian
byteorder == 0: native byte order (writes a BOM mark)
byteorder == 1: Dbig endian

If byteorder is 0, the output string will always start with the Unicode BOM mark (U+FEFF). In the other two
modes, no BOM mark is prepended.

If Py_ UNICODE_WIDE is not defined, surrogate pairs will be output as a single code point.
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WR GRS AR5 % T A MR 9] NULL.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py UNICODE API; please
migrate to using PyUnicode AsUTF32String () or PyUnicode_AsEncodedString().

UTF-16 i 2%

PATR 2 UTF-16 4rf i) APL

PyObject* PyUnicode_DecodeUTF16 (const char *s, Py_ssize_t size, const char *errors, int *byteorder)

Return value: New reference. N UTF-16 4 b5 1) & i X B ARRD size 77 1% [BIAH K7 ) Unicode X4 .
errors (QIERAH NULL) & LT R o BRIAH "strict”,

UIER byteorder A~ NULL, fERS 48R0 F 45 58 00735 3 24 T A

*byteorder == -1: little endian
*byteorder == 0: native order
*byteorder == 1: Dbig endian

WA *byteorder %, HA ABARAHIPAFI A4 PRI (BOM), N ARR I8N %7157
- H. BOM R x4 #5 D1 2525 Unicode “F4FHE . QIR *byteorder 2 -1 5 1, W7 PRt
U R (BB \ufeff o \ufffe F4f).

TG, *byteorder ¥HAEH AEIRT AR BHIE A Y HIFETF.
HISRE byteorder Jj NULL, #ifiRIS 25 F5 4 FIA HLZ 95
AR GR35 % T 574 WK o] NULL.

PyObject* PyUnicode_DecodeUTF16Stateful (const char *s, Py_ssize_t size, const char *errors, int *by-

teorder, Py_ssize_t *consumed)
Return value: New reference. Y5 consumed >f) NULL, Wf 25T PyUnicode_DecodeUTF16 (). Ul
B consumed F~F) NULL, W|PyUnicode_DecodeUTFi6Stateful () ¥R BIIATEE UTF-16
WIEA) (A AT ECA R AT ) BN IR . XA A PRSI B O AS Fy
BORHAFETE consumed M7

PyObject* PyUnicode_AsUTF16String (PyObject *unicode)

Return value: New reference. 1% [A|{# il UTF-16 548 2 AR ML T FF Y Python =45 ER . Fr g B 2 DA
BOM FricdT3k. FHimAbHE 7 X M strict”. A0SR RS as 5| & 1 4 iR [l NULL,

PyObject* PyUnicode_EncodeUTF16 (const Py_UNICODE *s, Py_ssize_t size, const char *errors, int byte-

order)
Return value: New reference. Return a Python bytes object holding the UTF-16 encoded value of the Unicode data

in 5. Output is written according to the following byte order:

byteorder == -1: little endian
byteorder == 0: native byte order (writes a BOM mark)
byteorder == 1: Dbig endian

If byteorder is 0, the output string will always start with the Unicode BOM mark (U+FEFF). In the other two
modes, no BOM mark is prepended.

If Py_ UNICODE_WIDE is defined, a single Py_ UNICODE value may get represented as a surrogate pair. If it is
not defined, each Py UNICODE values is interpreted as a UCS-2 character.

USRS AR AR5 2 T 7 AR [B] NULL,

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py UNICODE API; please
migrate to using PyUnicode_AsUTF16String () or PyUnicode_AsEncodedString ().
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UTF-7 Sifigiy 2

PATR & UTF-7 Zif#i ¢t APL

PyObject* PyUnicode_DecodeUTF 7 (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. i@ i3 i UTF-7 B a0 758 s 1Y size 7108 E—4> Unicode X5, #1E
i as s | K T S WHR ] NULL.

PyObject* PyUnicode_DecodeUTF7Stateful (const char *s, Py_ssize_t size, const char *errors,
Py_ssize_t *consumed)
Return value: New reference. {15 consumed “}j NULL, W57 HZR{UF PyUnicode_DecodeUTF7 (). UIH
consumed A~>h NULL, WK EHIARSEEE UTF-7 base-64 #37-RE AN ER 12 . X Be2 3 /AN WS I
HE B 1 E A4 TE consumed T,

PyObject* PyUnicode_EncodeUTF7 (const Py UNICODE *s, Py_ssize_t size, int base64SetO,

int base64 WhiteSpace, const char *errors)
Return value: New reference. Encode the Py UNICODE buffer of the given size using UTF-7 and return a Python

bytes object. Return NULL if an exception was raised by the codec.

If base64SetO is nonzero, ”Set O” (punctuation that has no otherwise special meaning) will be encoded in base-64.
If base64 WhiteSpace is nonzero, whitespace will be encoded in base-64. Both are set to zero for the Python “utf-7”
codec.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py_ UNICODE API; please
migrate to using PyUnicode_AsEncodedString ().

Unicode-Escape #ifitid %

PAF 42" Unicode Escape” 4 fi#t il # 1) APL:

PyObject* PyUnicode_DecodeUnicodeEscape (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. &3 fifth% Unicode-Escape 2 i85 58 s 1Y size 78— Unicode X
Fo WERGERD RS & T 57 H IR 9] NULL.

PyObject* PyUnicode_AsUnicodeEscapeString (PyObject *unicode)
Return value: New reference. {§i i Unicode-Escape % fi% Unicode %5 3445 A 7 vt Sk 0] . 4l
A A striet” . ARSI &5 A 1 578 WARRR [E] NULL.

PyObject* PyUnicode_EncodeUnicodeEscape (const Py_UNICODE *s, Py_ssize_t size)
Return value: New reference. Encode the Py UNICODE buffer of the given size using Unicode-Escape and return
a bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py UNICODE API; please
migrate to using PyUnicode_AsUnicodeEscapeString ().

Raw-Unicode-Escape #ifitit}ss

PAF 42 Raw Unicode Escape” # fift i £517) API:

PyObject* PyUnicode_DecodeRawUnicodeEscape (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. 1@ 1 fifthd Raw-Unicode-Escape #g 5 {788 s 1Y size 7741 8 —> Unicode
R AR5 & T 55 Wk 1] NULL.

PyObject* PyUnicode_AsRawUnicodeEscapeString (PyObject *unicode)
Return value: New reference. {§i f] Raw-Unicode-Escape #if% Unicode %42 I 46 45 Ak 5217 HE %523 [A] .
BERAL BT AN strict” . USRS A AR5 % T S WAFR [0 NULL,
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PyObject* PyUnicode_EncodeRawUnicodeEscape (const Py_UNICODE *s, Py_ssize_t size)
Return value: New reference. Encode the Py UNICODE buffer of the given size using Raw-Unicode-Escape and
return a bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style
Py_UNICODE API; please migrate to using PyUnicode_AsRawUnicodeEscapeString() or
PyUnicode_AsEncodedString ().

Latin-1 4ifiis 2%

DLUF 42 Latin-1 23S 3864 APL: Latin-1 %F5 T 5 256 4~ Unicode 5137 .25 A5 28 4E 45 H5 1 i) H 4252 53 BB R 47

PyObject* PyUnicode_DecodeLatinl (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. il i fifthd Latin-1 25 ({1 ER s 1Y size DFT5 62— Unicode %42 . E
i an g | KT S Wk [ NULL.

PyObject* PyUnicode_AsLatinlString (PyObject *unicode)
Return value: New reference. {#iff] Latin-1 4% Unicode Xf 4 545 FAE A Python 7886 4R 0], 45i%
AT A strict” . AR R MRTDAR 51 & T 55 WPFFR ] NULL.

PyObject* PyUnicode_EncodeLatinl (const Py_UNICODE *s, Py_ssize_t size, const char *errors)
Return value: New reference. Encode the Py UNTCODE buffer of the given size using Latin-1 and return a Python
bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py UNICODE API; please
migrate to using PyUnicode AsLatinlString () or PyUnicode_AsEncodedString().

ASCII Zififih ey

PAFF2 ASCI 4 f# i 5 1 APL, 35252 7 i ASCIL Htdh . ATARf HoAth 2 00 ) B T K-S B0 i

PyObject* PyUnicode_DecodeASCITI (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. 13 f#i5 ASCIL 4 i 735 88 s 1Y size 74788 — Unicode X4, IR
GifERD AR K T S H R[] NULL,

PyObject* PyUnicode_AsASCIIString (PyObject *unicode)
Return value: New reference. {fi [ ASCII 45t Unicode X} 42 545 - /E 5 Python 237 B Xt 4k 0] . 44k
B A strict” . WIARIRfERSES1 & T 5% WIRFR ] NULL,

PyObject* PyUnicode_EncodeASCII (const Py _UNICODE *s, Py_ssize_t size, const char *errors)
Return value: New reference. Encode the Py UNICODE buffer of the given size using ASCII and return a Python
bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py UNICODE API; please
migrate to using PyUnicode AsASCIIString () or PyUnicode_AsEncodedString().
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TRFWE S 2R it 2

This codec is special in that it can be used to implement many different codecs (and this is in fact what was done to
obtain most of the standard codecs included in the encodings package). The codec uses mappings to encode and
decode characters. The mapping objects provided must support the __getitem__ () mapping interface; dictionaries
and sequences work well.

PATR SR WS S A i Y AP

PyObject* PyUnicode_DecodeCharmap (const char *data, Py_ssize_t size, PyObject *mapping, const

char *errors)
Return value: New reference. il 33 1145 7€ W) mapping S5 ARG C 9 iS5 8 s BY size 715 £ Unicode
W5 WERGRAFIS AR5 & T 55 W3R [A] NULL,

MR mapping  NULL, WRER A Latin-1 GafA% . 50 mapping WLBURFATRAME (0 2 255 JifE K
AEEEL) 3] Unicode “FAFERAYMLGT . B4 (RO Unicode () B None. ARBGTHIEE 7Y --
AR B2 LookupError, PANMIMSE] None W%, OxFFFE B '\ufffe', FHHlAA
SE SRS - B -

PyObject* PyUnicode_AsCharmapString (PyObject *unicode, PyObject *mapping)
Return value: New reference. {8 [} 45 7€ 1Y) mapping X4 915 Unicode Sif 4 H- B 45 BAE T X 4k 1] .
BRIRAEEET AN strict”. ARG ARRD AR5 | A 1 57 WKF IR [B] NULL.

mapping 35RO Unicode T (TG 2] 23 B0 4 . 0 5 255 3 Bl PN IRl None . SRBLEHYF
ﬁ“gﬁﬁ (58 LookupError M) PAKMIE] None RGN “HK LB I 53
HH .

PyObject* PyUnicode_EncodeCharmap (const Py_UNICODE *s, Py_ssize_t size, PyObject *mapping, const
char *errors)
Return value: New reference. Encode the Py_UNTCODE buffer of the given size using the given mapping object

and return the result as a bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py_ UNICODE API; please
migrate to using PyUnicode_AsCharmapString () or PyUnicode_AsEncodedString ().

AT B0 g i Ag 25 APT 22 Unicode Btit % Unicode.,

PyObject* PyUnicode_Translate (PyObject *str, PyObject *table, const char *errors)
Return value: New reference. 33 W 1 AT R L H AT ERIF IR M1 45 R Unicode %4 . QR Fn 2
5% 7 S E R[] NULL,

TFAFWRIS AR EESI Unicode 537 WL 21 B2 4L Unicode {75 None (XM RAH BRI F4F) o

Mapping tables need only provide the ___getitem__ () interface; dictionaries and sequences work well. Un-
mapped character ordinals (ones which cause a LookupError) are left untouched and are copied as-is.

errors B A5 Fl T 4RSS 3 & o BRI PACH NULL 7R (0 F BRIA R SR AL B 5

PyObject* PyUnicode_TranslateCharmap (const Py_UNICODE *s, Py_ssize_t size, PyObject *mapping,
const char *errors)
Return value: New reference. Translate a Py UNICODE buffer of the given size by applying a character mapping

table to it and return the resulting Unicode object. Return NULL when an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 3.11: Part of the old-style Py UNICODE API; please
migrate to using PyUnicode_Translate (). or generic codec based API
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Windows i) MBCS 4R 2%

PAF /& MBCS #ififefh#si) APL. H i B 1{XAE Windows H1a] FH {8 if Win32 MBCS %4 ke SL 4 . 775
& MBCS (5 DBCS) 2—J4mitg=, mIERA—1. Hirgmidts=U2 st mplas B -
BCEE
PyObject* PyUnicode_DecodeMBCS (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. 13 fifiths MBCS 45 i) 74788 s 1Y size 70— Unicode X5, R
SRS % 1 3 H MR [B] NULL,

PyObject* PyUnicode_DecodeMBCSStateful (const char *s, Py_ssize_t size, const char *errors,
Py_ssize_t *consumed)
Return value: New reference. Y5 consumed "y NULL, W47 A2l T PyUnicode _DecodeMBCS () . UIH
consumed 5K NULL, W|PyUnicode DecodeMBCSStateful () FASMEMEKRBIATZEFEH H
EL RN 1 AT B A TE consumed H

PyObject* PyUnicode_AsMBCSString (PyObject *unicode)
Return value: New reference. {§ il MBCS #fi% Unicode X} 42 H-¥45 S 1E >k Python =8 %5k A . 45 iR
ALBR T A strict” . AR RIS AR T | A T 58 AR M) NULL.

PyObject* PyUnicode_EncodeCodePage (int code_page, PyObject *unicode, const char *errors)
Return value: New reference. Encode the Unicode object using the specified code page and return a Python bytes
object. Return NULL if an exception was raised by the codec. Use CP_ACP code page to get the MBCS encoder.

3.3 BUHTA.

PyObject* PyUnicode_EncodeMBCS (const Py_UNICODE *s, Py_ssize_t size, const char *errors)
Return value: New reference. Encode the Py UNICODE buffer of the given size using MBCS and return a Python
bytes object. Return NULL if an exception was raised by the codec.

Deprecated since version 3.3, will be removed in version 4.0: Part of the old-style Py UNICODE
API; please migrate to using PyUnicode AsMBCSString (), PyUnicode_ EncodeCodePage () or
PyUnicode_AsEncodedString ().

i R
T 1555 R v B

PA'R APT [ DAKE B AR Unicode X RANTFAFH: (TEFIA rh B ATFRI N FAFH) IR 13 2419 Unicode X5
BB .
UR A SR E AT VAR ] NULL 2K -1
PyObject* PyUnicode_Concat (PyObject *left, PyObject *right)
Return value: New reference. BfE A F A ep 58] — 131 Unicode F4FH
PyObject* PyUnicode_Split (PyObject *s, PyObject *sep, Py_ssize_t maxsplit)
Return value: New reference. 44—~ FF 21351 Unicode FHFERIFI . WIS sep 2y NULL, AR
WS MORIT B A 54T R . B, AR 1 E W 20 B AT R AT 70 IR 2R BN maxsplit. W04 HH,
WA R > B A AR TE S RS R .
PyObject* PyUnicode_Splitlines (PyObject *s, int keepend)
Return value: New reference. FRYE M AT4F P54 Unicode F4FER, & []— Unicode FE4FER 151 3. CRLF
P — AT WIR keepend 3 0, WIFT 73 FEAF A AFAEL KA FK
PyObject* PyUnicode_Join (PyObject *separator, PyObject *seq)
Return value: New reference. {#i 145 €1 separator & H—FAFEFFH R B 245 R Unicode FFH
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Py_ssize_t PyUnicode_Tailmatch (PyObject *str, PyObject *substr, Py_ssize_t start, Py_ssize_t end, int di-
rection)

R substr IE 45 F B g 5 (direction == -1 F /8 I B VS L, direction == 1 FE/R)JGHRILE) 5
str[start:end] MHVCECIGRE] 1, FBWERE] 00 A AR R NGR A ~1,

Py_ssize_t PyUnicode_Find (PyObject *str, PyObject *substr, Py_ssize_t start, Py_ssize_t end, int direction)
IR o] i 45 52 1Y direction (direction == 1 F/RHj MR, direction == -1 Fn 5 108 R) I substr 1
str[start:end] FERHIMWAE . REEAEDICEMRTS: HR -1 FoRAREBITE, -2 W
FR KA RE T 75 .

Py_ssize_t PyUnicode_FindChar (PyObject *str, Py_UCS4 ch, Py_ssize_t start, Py_ssize_t end, int direction)
IR [0 {6 ] 25 %€ ) direction (direction == 1 FR T A&, direction == -1 FR 5 R) B F5 ch 1F
stristart:end] FHRMIMAAE . RN ENILRRRT S 50 -1 ZoRRKEILAL, -2 W)
FoR KRR RE T 55
3.3 BCHTNA.
3.7 i 5 IUAE start F11 end ¥R 5 str[start:end] BT H.

Py_ssize_t PyUnicode_Count (PyObject *str, PyObject *substr, Py_ssize_t start, Py_ssize_t end)
iR 8] substr ¥ str [start:end] PAESHIBRE. R KAEEIRNRE -1,

PyObject* PyUnicode_Replace (PyObject *str, PyObject *substr, PyObject *replstr, Py_ssize_t maxcount)
Return value: New reference. ¥ str W substr 254K replstr 222 maxcount IR 1% 8] 45 5 Unicode X4 .
maxcount == —1 FERNEEHM ,

int PyUnicode_Compare (PyObject *left, PyObject *right)
WA P AFERIFIR ] -1, 0, 1 73313 /NVT . SF T IR T .
BERR B PAAT R MR 0] -1, R 4l PyErr_Occurred () RAGEH IR,

int PyUnicode_CompareWithASCIIString (PyObject *uni, const char *string)
*§ Unicode X5 uni 5 string JEAT BT IR -1, 0, 1 73 HIFRAR/NT . SEFHIRT . felf AL A ASCI
IR TATE, (HAR A AT A S ASCIL 40 0 1t bR K2 Hite 1ISO-8859-1 i R fift i3k o

BERR A 5] K 5

PyObject* PyUnicode_RichCompare (PyObject *left, PyObject *right, int op)
Return value: New reference. % Wj-{~ Unicode FArE AT LA F IR [0 DA R EZ —:

* NULL T3 % 7 mHE oL
e Py_True or Py_False for successful comparisons
e Py_NotImplemented in case the type combination is unknown
Possible values for op are Py_GT, Py_GE, Py_EQ, Py_NE, Py_LT, and Py_LE.

PyObject* PyUnicode_Format (PyObject *format, PyObject *args)
Return value: New reference. 1j45 format F args iR [l — /S X4 X% FT format % args,

int PyUnicode_Contains (PyObject *container, PyObject *element)

K 2T element JEA5 A1 S AE container H I AH B3R 0] EL(E s B AH
element W il %% i— 1~ HLI02 Unicode “AAFER o QISR A A IR IR H] -1

void PyUnicode_InternInPlace (PyObject **string)
Intern the argument *string in place. The argument must be the address of a pointer variable pointing to a Python
Unicode string object. If there is an existing interned string that is the same as *string, it sets *string to it (decre-
menting the reference count of the old string object and incrementing the reference count of the interned string
object), otherwise it leaves *string alone and interns it (incrementing its reference count). (Clarification: even
though there is a lot of talk about reference counts, think of this function as reference-count-neutral; you own the
object after the call if and only if you owned it before the call.)
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PyObject* PyUnicode_InternFromString (const char *v)
Return value: New reference. PyUnicode FromString () fMlPyUnicode InternInPlace () W&

#RfE, RO LAY ET Unicode PAFERXTSE, B4 i BAT MR (EL R ST b A R o 42
ABE (“OEH”) 510 .

8.3.4 ju4l (Tuple) 1k

PyTupleObject
RXAPyobject fFZAAFEK A Python FYITCAINTR .

PyTypeObject PyTuple_Type
PyTypeObject HJSEFIFE—"> Python ST, XI5 Python ZTH Y tuple 2 FIAYXTR .

int PyTuple_Check (PyObject *p)
R p J2—A> tuple ¥R EF tuple ZRAURY TRARY LGN NLR EIEAH . IR 22 BT
int PyTuple_CheckExact (PyObject *p)
W p J2—A> tuple X GAHAZ tuple ZEAUfY 12 AU S B R 0] LB . HeREEZ 2 AT

PyObject* PyTuple_New (Py_ssize_t len)
Return value: New reference. B [H—/NICHIE, KJE N len, JIEHHR E “NULL,
PyObject* PyTuple_Pack (Py_ssize_t n, ...)

Return value: New reference. I B [Bl—ASE TR, K/ K n ﬁiMHT B NULL. JCA{ERTER1E
Sh351H) Python SR W) )J5%E n 1~ C 4. PyTuple_Pack (2, a, b) flPy_Buildvalue (" (00)",

) AHEE S

Py_ssize_t PyTuple_Size (PyObject *p)

PR TR R e, TR [EIWTDQEB’JjUJ\
Py_ssize_t PyTuple_GET_SIZE (PyObject *p)

R ETCH p RV, BN HE NULL - HAg [ —Iedl; AT HT R A .
PyObject* PyTuple_GetItem (PyObject *p, Py_ssize_t pos)

Return value: Borrowed reference. J2[8] p Fr3g M ICHF, VT pos ALRIXTE . WIS pos BHIFLIR, 1z [A]

NULL, FH#iH—" IndexError F¥%.
PyObject* PyTuple_GET_ITEM (PyObject *p, Py_ssize_t pos)

Return value: Borrowed reference. 23T PyTuple_GetItem(), {HAKEESE.
PyObject* PyTuple_GetSlice (PyObject *p, Py_ssize_t low, Py_ssize_t high)

Return value: New reference. 329 p Fr3g MM TGV R, AE low F1 high 27 [f], B FAESRMTISR [F] NULL,
%% [F] T Python KiAH p [low:high] . AFMINFRAKEET.

int PyTuple_SetItem (PyObject *p, Py_ssize_t pos, PyObject *0)
fpfaﬁéﬁméﬂﬂﬁ pos RLEATANXISR o 51 . IR E] 05 402k pos A, WHRIE -1, FF4lH—

4~ IndexError JH .

MiE): By “HTHC X o G, HEFEXTCH h CAEZ M ALE 14 H 5 .

void PyTuple_SET_ITEM (PyObject *p, Py_ssize_t pos, PyObject *0)
R\ FryTuple_setItem (), (HAMATHRIGA, H HWVIZ R =g RIEGTEHTcd.

filE: XNES “ApE” AR o WEIN, H5PyTuple setTtem() R, B F& EFXMEMPIE
By g1 Jcéﬂ H T pos S ELRAE TS | HARARF IR -

110 Chapter 8. H{&rif 4 )2



The Python/C API, %[F] 3.9.19

int _PyTuple_Resize (PyObject **p, Py_ssize_t newsize)
ATA T RRETTH R RN . newsize K@ TCAIHAC . PRATCE AN A RA TR, FrPA S UELEX 4
BE—DGI N, AW E. @R C @S ry AT Brg A, WA SR . odife
AR KN WEEELHRIATCAHIIE—Ftd, Reu AR MEHERE 0 . %
P AR WARGE *p A ARAECRE S 1 JH BB BT (EAR ) . SRR T *p SRR, NIRRT
*p FERLEHS. RGN, aR[E] °-1%, K *p BLECN NULL, H5]K% MemoryError B{# SystemError.

8.3.5 ZikyrHixt 4

ZHFIIR R FM T namedtuple () B CXFR, H—AF5, HapaH B bdd B . 2Zeld
4 805 2| RN PRl Fed et DAL AR S IE S U

PyTypeObject* PyStruct Sequence_NewType (PyStructSequence_Desc *desc)
Return value: New reference. 1RE desc T HIEIEG)E — NS5/ FE 4 25880, @R Brak. a] PAf#
M PystructSequence_New () Bl 45 TS T 1) SE 45 .

void PyStructSequence_InitType (PyTypeObject *type, PyStructSequence_Desc *desc)
M desc SHARIIRALEEH P 122 type.,

int PyStructSequence_InitType2 (PyTypeObject *type, PyStructSequence_Desc *desc)
5 pyStructSequence_InitType A, (HEINEHRE] 0, ZRIGHFHRE -1

3.4 BT

PyStructSequence_Desc

LS ARSI T B LfE B

i C Type =9

name const char * LER 7 B B 24 B

doc const char * g 10 L2 WG R SR FAF R B NULL 44T

fields PyStructSequence_Field| [ PA NULL 45 B ECAH 384T, HFEBELM N
* B

n_in_sequence int Python il n] WLiY B8 (A2 i 1Ec4)

PyStructSequence_Field
B G P I — A7 B a8 S R B ST, B T B R A PyObject *,
fEPyStructSequence_Desc ) fields ¥ MRS [HE T 4545 VIR 2 WAL

I | CType o
name const FOBOW 4 PR B NULL , A B R a4 F B R, Wk E

char * *NPyStructSequence_UnnamedField DIMEEE R a4 7B
doc | const LM BOUR P AT A B NULL
char *

const char * const PyStruct Sequence_UnnamedField

FEA R IR AR IR i 22 IR S
3.9 MCE SR XANEAE M char * B,
PyObject* PyStruct Sequence_New (PyTypeObject *type)
Return value: New reference. B3 type W) SEH , ZSLFIAH Py St ruct Sequence_NewType () B,

PyObject* PyStructSequence_GetItem (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. 12 [8] p T8 M5 F i, T pos AR R . NEEFTHIGLE .
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PyObject* PyStruct Sequence_GET_ITEM (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. PyStructSequence_GetItem () WA,

void PyStructSequence_SetItem (PyObject *p, Py_ssize_t pos, PyObject *o)
St p 9% pos AMFEARE A 0. GPyTuple seT_rTEM() —HE, ENRIATHIA
B SEBI .

fE): XAEEE “HTH TR o A5

void PyStructSequence_SET_ITEM (PyObject *p, Py_ssize_t *pos, PyObject *0)
PyStructSequence_SetItem() MIZERA.

fE): XA EEE “HTH THRI o A5

8.3.6 List (:H$:41) Wtk

PyListObject
XA CRApyobject (AL —4 Python F| R R .
PyTypeObject PyList_Type
XM ET PyTypeobject HHF Python 51| KKK 5B . 75 Python ZHIFIZEA 1ist J2 [ —Xf
%o
int PyList_Check (PyObject *p)
R p Jg—A> list RR B list JEAU TR SR NLR M B E . B EUR 2 ST .«
int PyList_CheckExact (PyObject *p)
WA p 22—~ list XSFFAHAZ list AL F2RAU S BINLR I B . MR BUR 2 2 AT .
PyObject* PyList_New (Py_ssize_t len)
Return value: New reference. I IR [0 — /MK JEH len HFFFE, JeHTR B NULL,

WiE: Y len KT FWF, W B A H R L0 H g R nuLL. B AR AN EE A KL C K
B Pysequence_SetTtem() WIME APl 5iE H C lEkPyList_SetItem () AWM H & E N E
SEXFSHIG Python AR 24 FFIX A4

Py_ssize_t PyList_Size (PyObject *list)
AR list HHRXRAYKEE; XE TSR RPN Len (list) .
Py_ssize_t PyList_GET_SIZE (PyObject *list)
FHAK) C kfpyList_Size () , BARRKI.
PyObject* PyList_GetItem (PyObject *list, Py_ssize_t index)
Return value: Borrowed reference. iR 7] list FIrf5 A5 index PLE _ERIX S . MEELINIENEG A
SHFFMINRARRBIATRG] . WIER index 15 (<0 or >=len(list)), NJi%[1] NULL }i% ¥ IndexError
S
PyObject* PyList_GET_ITEM (PyObject *list, Py_ssize_t i)
Return value: Borrowed reference. 2ANH) C BRE(PyList_GetItem () , AR,
int PyList_SetItem (PyObject *list, Py_ssize_t index, PyObject *item)
FiFN R RGN index WA item o IR ] 0 o WA index 8 1 FE B R 9] -1 5% % IndexError

BEL Al
I o
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filE: phekgisy “fikE” — AN iem MBI EF—ADXFIRPZ P A E L EAFHEI.

void PyList_SET_ITEM (PyObject *list, Py_ssize_t i, P)Object *0)
AN BRI B A PyList_SetTtem (). RXlH RPN THoNE A 2 widch WA A5 I TH
Pt

WE: %R Ak —AtFiem B, (A5PyList_SetTtem() NEIFEE & FFRHTAHE
Brifesr EEI’J%IH% T list 1) i A28 ERAEATS ARt 2

int PyList_Insert (PyObject *list, Py_ssize_t index, PyObject *item)
K55 B item $HAFNFN R list B51°5 index Z HIALE . AR MEHRFRIE 05 AR I NLR ] -1 FFi%
BN, FHYS4T list.insert (index, item).

int PyList_Append (PyObject *list, PyObject *item)
FEXFGR item FSMBND) R list WA . WRMIRFR M 05 WA IR ] -1 H B E—DRE . H
F list.append(item).

PyObject* PyList_GetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high)
Return value: New reference. iR [0]—ANKFRH 3, 035 list 47T low F1 high Z BN . R 3
iR ] NULL 3B RH . A4 T list [low:highl. ACFFMSIRAKRHITERT.

int PyList_SetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high, PyObject *itemlist)
W list 240 low 5 high 2 18] /Y] H K itemlist (I INZY - FH24 T 1ist [low:high] = itemlist.itemlist
FPAH NULL, FORMEN—D2350% (MERDIR) . MR m o, RMIRRE -1, X BA S RMI
KAREHITRY].

int PyList_Sort (P) Objecl *[ist)

XF list Wi % H e T IR AR o IR IE] O, SR ik o AT list.sort ().
int PyList_Reverse (PyObject *list)
X list Wt ok H AT IR R . P AR [E] O, SR R o XET list.reverse ().

PyObject* PyList_AsTuple (PyObject *list)
Return value: New reference. 32 [\l —ANFiHTCEHX 4, oS list BINE; ST tuple (list) .

8.4 ISR

8.4.1 ‘y it

PyDictObject
PyObject AR FE—fH Python F iy,

PyTypeObject PyDict_Type
PyTypeObject BHIfLFE—1H Python “FHALFE . JLHL Python g ) dict ) —MYt.
int PyDict_Check (PyObject *p)
1ip %*@?E’i%#ﬁ}i% L7 ZR 8 B 151 HI) 6 (814 true, G pR SUERURER G AT D
int PyDict_CheckExact (PyObject *p)
2 p Re— W FIY HEER & — 0 PR AR BB, R rue. R AUARRER G HUAT I .
PyObject* PyDict_New ()
Return value: New reference. 1R [H]—ASFi )25 781, JRIGA IR ] NULL,
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PyObject* PyDictProxy_New (PyObject *mapping)
Return value: New reference. 1 [8] types .MappingProxyType %4, T ol AT HiefT 0 e,
T T OTEAL IR AR IEE S E sl A 2R 28 A 7 i

void PyDict_Clear (PyObject *p)
B2 B B BT A SN

int PyDict_Contains (PyObject *p, PyObject *key)
WE key ;e AL EAETFH p oo Q2R key PEFC |- p WOBE—TT, MM 1, ARWGRIE 0 o 3&[H] -1 FoR i
B o XA[F] T Python £ik key in p.

PyObject* PyDict_Copy (PyObject *p)
Return value: New reference. 1z [0]5 p G187 FH [) 8 AE T 1) 8 - ik

int PyDict_SetItem (PyObject *p, PyObject *key, PyObject *val)
T key fEREEAF val TEAFI po key WA Rhashable; SIRAE, WG| % TypeError, I}k [H]
0, KRG m -1, BeRE 2 FEEx; val 51 H .

int PyDict_SetItemString (PyObject *p, const char *key, PyObject *val)
0 key 1F b HEKF val $E A B F M po key B4 SN const char*. B X R 2 A
PyUnicode_FromString (key) B, MR 0, JKIGHERE] -1, BEEKEL & X val 1)
1.

int PyDict_DelItem (PyObject *p, PyObject *key)

FoWRT 3 p PN key BUZCH o key WAURW WA WERARE, MEGI% TypeError, WIRT LT
& key, W51k KeyError. MIIHHRM 0, RWHHRM] 1.

int PyDict_DelItemString (PyObject *p, const char *key)
BER T p i AT ER key FEERVERI SR H o WERTFHARA key, WRT|K KeyError. IR MH
0, KMoFRME -1,

PyObject* PyDict_GetItem (PyObject *p, PyObject *key)

Return value: Borrowed reference. Mgl p WP [\ DA key “HERIIXT S . WNREES key NFAEH Z A KE—
A5 R B NULL,

FHEEEWR, WH _hash__ ) M _eq () FRETAEMWREERS WM H. &%
M PyDict_GetItemWithError () SRR .

PyObject* PyDict_GetItemWithError (PyObject *p, PyObject *key)
Return value: Borrowed reference. PyDict_GetItem () WZERN, BALFEMGEE . Y55 4 B IR A
NULL Jf Hi& 8 — i . WEREATAENR [ NULL JF HAZ I E 570 .

PyObject* PyDict_GetItemString (PyObject *p, const char *key)
Return value: Borrowed reference. X 5PyDict_GetItem () —kE, {HE key {35 N const char*, i
ANEPyObject*,
TELRARE, W _hash__( . _eq_ () PRGN RR A IS
Wittt . BHPyDict_GetItemWithError () IBEERIR .

PyObject* PyDict_SetDefault (PyObject *p, PyObject *key, PyObject *defaultobj)
Return value: Borrowed reference. iX it Python 2R dict .setdefault () —FkE. NS4 key 745, B

AR AR T p BUEDOB.A(EL. WEPREEAAFAE , "B R TME defaultobj — il AFFiR 8] defaultobj . 3%~ PR%L
HATE key BOMG A R IK, AN ZAEA AR AR 2 5T RE

3.4 BCHTNA.
PyObject* PyDict_Items (PyObject *p)

Return value: New reference. 12 | — A0 & i Frg S {H I Py ListObject,
PyObject* PyDict_Keys (PyObject *p)

Return value: New reference. 12 [A|—A~0 & 7 M g 8 (keys) fPyListObject,
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PyObject* PyDict_Values (PyObject *p)
Return value: New reference. 12 ] — A0 & fir {E (values) [ PyListObject,

Py_ssize_t PyDict_Size (PyObject *p)
R E IR AL, ST p U len (p) o

int PyDict_Next (PyObject *p, Py_ssize_t *ppos, PyObject **pkey, PyObject **pvalue)
AT p PRI SEIEDN . AE2E— U R BT AR A2 1T, th ppos FRGI I Py _ssize t AW
PANIRIA 05 L BRECR: Jy =7 M A AN A R 0] B, — BT B(E A A e SR R [l (R fE . T
2 pkey Hl pvalue |3 244510 PyOb ject * ASRE, EANRF 2 A 45N A ERIECE , sl th T A NULL,
LB AR B AT A5 | AR R AR . ppos TELEACU A A 2. B BIAE 27 A BB S 45 44 v 1 i
o, HF Bl T4 @M, K mfs e R s,

filtn:
PyObject *key, *value;
Py_ssize_t pos = 0;

while (PyDict_Next (self->dict, s&pos, &key, &value)) {
/* do something interesting with the values... */

}

FUL p A RLAE PIWITE) R AR B . A Do e, R iR A, MAURTRIERGAK
AEE . Bl

PyObject *key, *value;
Py_ssize_t pos = 0;

while (PyDict_Next (self->dict, &pos, &key, &value)) {
long i = PyLong_AsLong(value);
if (1 == -1 && PyErr_Occurred()) {
return -1;
}
PyObject *o = PyLong_FromLong (i + 1);
if (o == NULL)
return -1;
if (PyDict_SetItem(self->dict, key, o) < 0) {
Py_DECREF (0) ;
return -1;
}
Py_DECREF (o) ;
}

int PyDict_Merge (PyObject *a, PyObject *b, int override)
YRR b HATIEA, R BB F i a. b ATAR—AF M, BUEMT S FfpyMapping Keys ()
fPyobject_GetItem () HXIR. WA override JyFLME, WANRAE b pHEIMIE AN o HEFAER)
FHI SRR Bl 4, S DIANSRAE @ v s A () R D 22 S I SRR o 24 iRy iR ] O Bl 245 ] &
SR -1

int PyDict_Update (PyObject *a, PyObject *b)
X5 C W) pyDict_Merge(a, b, 1) —#, WHEKMLIT Python (¥ a.update (b), ZHITE
TryDict_Update () 1L _ASHBAkeys” JEMENA 2 MR B EA X F S 24 MR
[ 0 i 45| K e E ik m -1,

int PyDict_MergeFromSeq2 (PyObject *a, PyObject *seq2, int override)
K seq2 AN ERBAFH BN F M a. seq2 WA 2 1) VEBEDN R TR A PR AR
MAFAE RS SN, QIR override BEAE N 55 1 AR SERE o 4 BN R E] O B 5| K S iR [m]
—1. ZiY Python fURD (RIEEERSM)
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def PyDict_MergeFromSeqg2 (a, seqg2, override):
for key, value in seg2:
if override or key not in a:
alkey] = value

8.4.2 HMS

XN T E A set Fl frozenset XFRMAIL APL. AL A R AE T 18 41 HH (Y B B 5 42 6 FH il
2% 2 I (B 3EPyobject_CallMethod (), PyObject_RichCompareBool (), PyObject_Hash (),
PyObject_Repr (), PyObject_IsTrue (), PyObject_Print () PAMPyObject_GetIter()) Bi&Hh
L F I (B 5PyNumber_And (), PyNumber_Subtract (), PyNumber_Or (), PyNumber_Xor (),
PyNumber_InPlaceAnd(), PyNumber_InPlaceSubtract (), PyNumber_InPlaceOr () PA
KN PyNumber_InPlaceXor()).

PySetObject
XA Pyobject B TFRBYNRIAT set Fl frozenset XFLRMNTHEDE. BT PyDictobject
A LT RN SR AR B B B e R/ (RGOTHIAEE =), TR 4RI R SR AR
BRFFR ) B AT AR N AR (RIG SRR 2) o SR - BOR RERL N 23 H HL AT g
KA . AT R 2458 5 5 A SR AP SR BT A W] i B BRI GEH R P
PyTypeObject PySet_Type
X E—MPyTypeobject Sfil, FIK Python set AL,
PyTypeObject PyFrozenSet_Type
XE—PyTypeObject S|, Fi/n Python frozenset 8%,

TNHEBUAS A T AR 1AL & Python X RAYFRET . DI, K LuHa s ok el AL E AT R ALY Python
POE
int PySet_Check (PyObject *p)

MR p R—A set MREFHRH TR LBIMLR M EE. HERER RS BIIT.

int PyFrozenSet_Check (PyObject *p)
W p R—A> frozenset XMREF 2 H THRAWLOINLR I E. HREUR RS BEIIT.

int PyAnySet_Check (PyObject *p)

W p B—1 set MR, frozenset XREFZH T IAUAYSLHIMR [0 . M eRELEZ 28I
7.

int PyAnySet_CheckExact (PyObject *p)
W pJg—A> set B frozenset XTRIAZEHTIRAURYSLHINLR P FAE . R EUE 2 S W IET

int PyFrozenSet_CheckExact (PyObject *p)
MR p 2—A frozenset XMREARH TRAMY LMK M E(E . HREE 22 BT

PyObject* PySet_New (PyObject *iterable)
Return value: New reference. iR ] —A~H11) set, FH A A5 iterable TR BN . iterable 1] PAK NULL
FoRE— NS ES . PIERREE S, RIS RE NULL. W2 iterable S5 AN @058
WENE| % TypeError. %M H TH NES (c=set (s)).

PyObject* PyFrozenSet_New (PyObject *iterable)
Return value: New reference. 12 [Bl—/ Nl frozenset, H WAL E iterable TR RIS . iterable W] DAK
NULL FRBI#— N SRS E G . YR ED RS ES , R R B NULL. W02 iterable SZBx
EARRWERXTRLNG] & TypeError,

FHIREANZZE R T set B frozenset AYSEHI R H F2RAAG LA .
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Py_ssize_t PySet_Size (PyObject *anyset)
iRH] set B{ frozenset MEMWKIE. LM T len (anyset) . W anyset N2 set, frozenset B
ﬁ?%ﬂé@;ﬁﬂ'ﬂ”%%li{ PyExc_SystemError,

Py_ssize_t PySet_GET_SIZE (PyObject *anyset)
FIAM Pyset_Size (), AHHTAGI .

int PySet_Contains (PyObject *anyset, PyObject *key)
IR FR M) 1, AERARIFR R 0, WARIEFFHRMRE -1, AR[HET Python __contains_ () Jf
i, Et@é&TAEdJﬁTTW‘%EE’J%A%ﬁﬁII IFREEEE Ao QIR key SR RIS Aobf R W 5] &
TypeError, IR anyset NE set, frozenset B{H TZRAIRSLFIN£5| &K PyExc_SystemError,

int PySet_Add (PyObject *set, PyObject *key)
W key F|—A> set 5fil. WA T frozenset SLfl (HPyTuple SetTtem() MEMZAZEW
FIBEH SRR AT R 5 4R B e A T 45 HAB RS Z T S AR ) « ISR ] o i e W a ] —1.
R key ARG ARG N 255 & TypeError. MR A MW L5 K MemoryError, HIE ser
A set B HFHRAWSLFIN &5 % SystemError,

TFHREGE T set BOLFRBPEG], (HARFHT frozenset BH-FRAFSLH.

int PySet_Discard (PyObject *set, PyObject *key)
WERIEIFFR BRI 1, QURARIRE] (JoffE) R&IE o, QB EIE RMERE -1, X TRFENEAR
&5 % KeyError, WIH key WAR]EFXTR N 45| & TypeError. A[ETF Python discard () 4%,
R BCA 2 H SRR P IEA I B SO IR I R G5 S B . R set AN set B T-2RAURG LN 2
5% PyExc_SystemError,

PyObject* PySet_Pop (PyObject *set)
Return value: New reference. iR || set WAL ZXT R GIH, FEM set PRERZATE . KRIKEHR ] NULL,
WREG BN 25K KeyError, W ser AN set BLFRAAGLHIN 5] % SystemError,

int PySet_Clear (PyObject *set)

T 25 B 7 UL B A BT

8.5 HAMt:

8.5.1 . (Function) ¥ft
i —Le/0 i Python b M) i HLEEEIH

PyFunctionObject

T % C g5tk

PyTypeObject PyFunction_Type
XR— 1 PyTypeObject SEfBFf3E /R Python BEZEEL., ‘BEfEN types.FunctionType [a] Python £
S AAVAS I

int PyFunction_Check (PyObject *0)
WA 0 R— B G GREUCHPyFunction Type) WERIEIE(H. JEZLMIA N NULL, HREE 22
JEIIRAT

PyObject* PyFunction_New (PyObject *code, PyObject *globals)
Return value: New reference. R SRS XT R code FHERIIFTRET R . globals W 2—~ ML, Z K%
DAV V) 4 Jr 28

ARG X 5 '435&5@11%%&9’9 TR FEAFEE R FR. _ module__ 23 M globals FHEEL. 2% defaults, annotations
1 closure ¥4 NULL., __ qualname__ 1% K5 BB FRAH R HOE
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PyObject* PyFunction_NewWithQualName (PyObject *code, PyObject *globals, PyObject *qualname)
Return value: New reference. 23{l)PyFunction_New (), {HfR VFRBERET SN _ _qualname_ &
VE. qualname [V 2452 unicode ¥4 8{ NULL; {52 NULL ] _ qualname_ J@E NS5 _ name
JR AR R AE .

3.3 BUBTIMA.

PyObject* PyFunction_GetCode (PyObject *op)
Return value: Borrowed reference. 7] {8 B =CHEY) (4-AH B8 1) BRS04 op o

PyObject* PyFunction_GetGlobals (PyObject *op)
Return value: Borrowed reference. || {8 B4 15, oK) 85 == BLAH B8 B4 pR S 2 op o

PyObject* PyFunction_GetModule (PyObject *op)
Return value: Borrowed reference. 32 [0 BB op W) __module_ JE, WH H— 8 TR RIS
FRER, {HAT DA Python AURS 4 Ay 3R o] FHAMAR B 42

PyObject* PyFunction_GetDefaults (PyObject *op)
Return value: Borrowed reference. 32 [9] BT op IS EEAE . XA AR —DSH0c4 8 NULL,

int PyFunction_SetDefaults (PyObject *op, PyObject *defaults)
J B G op W EBBEIA. defaults 55 Py_None Bi—4~J041.

RG] % systemError RN -1 .

PyObject* PyFunction_GetClosure (PyObject *op)
Return value: Borrowed reference. 13 0] JeBRF| BREWT 4 op BIAME . X AT PASE NULL 8{ cell X502 .

int PyFunction_SetClosure (PyObject *op, PyObject *closure)
W KR KBTS op WAL, closure Wos K Py_None 8{ cell X410 .

RIS & SystemError S FH R M -1 .

PyObject *PyFunction_GetAnnotations (PyObject *op)
Return value: Borrowed reference. 327 BRI op IARTE . X ] DA — 0] A8 el NULL,

int PyFunction_SetAnnotations (PyObject *op, PyObject *annotations)
BEE PRECT S op WIARHE . annotations W55 H—A~FHLEL Py_None,

RIGRG| % systemError SpHEFFiR[H] -

8.5.2 Tt kwntk
KBk Py Crunct ion AR, WRFFPyCrunction S HIFS R —FlB 0. BEAUT RIEH)

P PyMethod_New (func, NULL, class).

PyTypeObject PyInstanceMethod_Type
XA PyTypeobject SLBFE Python SEBIFEZEAL. EFH AN Python FEJF A
int PyInstanceMethod_Check (PyObject *0)
ﬂn% 0 R MEPITFIEXR CRE N PyInstanceMethod _Type) WiRIE HAH. FEZUM AN NULL.
BB e 2 AT -
PyObject* PyInstanceMethod_New (PyObject *func)
Return value: New reference. IR [Pl—ASFi LB ERTS , fune NRATEPTVH XSS fune X5HE S0 5 %
R I o SRR ]
PyObject* PyInstanceMethod_Function (PyObject *im)
Return value: Borrowed reference. 2 0] e BER SER ¥ im IR BREUCW 4 .

PyObject* PyInstanceMethod_GET_FUNCTION (PyObject *im)
Return value: Borrowed reference. 72U Py InstanceMethod_Function (), BT EHRMEM .
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8.5.3 JjikX%

TR E M RECT S . TR RS E R — NP B SR SEG. RIS E T (B8] — Ty
%) EAHE.
PyTypeObject PyMethod_Type

XAPyTypeObject SEFIALFE Python LA, ‘EAF N types.MethodType [A] Python F2/F AT .

int PyMethod_Check (PyObject *o)
MR 02— N HEXGR GEAL PyMet hod Type) WIRIEIEfE . JEZ AN NULL. HEREUE 22
AT

PyObject* PyMethod_New (PyObject *func, PyObject *self)
Return value: New reference. J&[Bl—ASE ARG, funce BEAAERE W IHRIXTS, self A N 45 & 1)
LB o AETTIEBA IS fune BV RERAM o self AN NULL,

PyObject* PyMethod_Function (Py Obje(t *meth)

Return value: Borrowed reference. iR 8] 3= B3] 7 meth (R E 4
PyObject* PyMethod_GET_FUNCTION (PyObject *meth)

Return value: Borrowed reference. 72 PyMet hod_Function (), B&ETEERKGI.
PyObject* PyMethod_Sel€£ (PyObject *meth)

Return value: Borrowed reference. & [0 5= B2 J7VE meth W) SEH

PyObject* PyMethod_GET_SELF (PyObject *meth)
Return value: Borrowed reference. 72 PyMet hod_Self (), B&HE T ARG .

8.5.4 Cell Y11

“Cell” MERMT LB Z NG IR . W TFE XA R, —A “Cell” XGON T AFH%EM B
OIS 5IAZEREE D AR E’Jﬁ’jﬁﬂiiaaH#ﬁ)ﬂﬁ”’raﬂﬁﬁﬁl\iﬁfﬁﬂﬂiﬁﬂﬁ “Cell” 5. PiMI%(E
I, R “Cell” LS IMEIT AR IR X R A G o X ARX “Cell” X RAYAE RIFALIY T I 75 2S00
AR DRI & B B ARRBALX L 7. “Cell” X RAEHAHTT n] BEA KA ]«

PyCellObject
C &iMERY cell PyfF

PyTypeObject PyCell_Type
SR cell Pr 1 240E)

int PyCell_Check (ob)
TSR ob &—A cell X NR I EAE; ob /A NULL. BLEREUS 24 MIhgT.

PyObject* PyCell_New (PyObject *ob)

Return value: New reference. G| H: 1% [0]—/ M5 (H ob HIHT cell X4 . FEZS 0] PAH NULL.
PyObject* PyCell_Get (PyObject *cell)

Return value: New reference. 018 cell [E1Z5H 1 cell.,

PyObject* PyCell_GET (PyObject *cell)
Return value: Borrowed reference. 10| cell XT4 cell INZ, (BRAKM cell 754 NULL 3 Hoh— cell
POE" 38

int PyCell_Set (PyObject *cell, PyObject *value)

K cell W52 cell KYNABN valueo SXAFRERATANT cell WG U/ NARTI . value RTPA) NULL. cell
WAUCRAE NULL; AR EAZE—A cell RGURFR ] -1, ASRBCE ST ] 0
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void PyCell_SET (PyObject *cell, PyObject *value)
K cell M52 cell (MEBEN value, ANLVEEG I, I HA ST ARUEZ: 435 cell 62509 9F NULL
I HR—A cell X4 .

8.5.5 1Rnx}4

RAG* 52 CPython SLELHRZ AN . A AU — B KRG8 2 s BT A W] AT AURD

PyCodeObject
TR AR R C 4544 I RA BT B B

PyTypeObject PyCode_Type
X E—~PyTypeObject Sffi, HFIR Python [¥) code AL,

int PyCode_Check (PyObject *co)
W2 co Z—A> code MRMRITEAE . HEREUE 2 MIIHAT

int PyCode_GetNumFree (PyCodeObject *co)
W&[E] co P A AR AL
PyCodeObject* PyCode_New (int argcount, int kwonlyargcount, int nlocals, int stacksize, int flags, PyOb-
Jject *code, PyObject *consts, PyObject *names, PyObject *varnames, PyOb-
Ject *freevars, PyObject *cellvars, PyObject *filename, PyObject *name, int first-
lineno, PyObject *Inotab)
Return value: New reference. 32 [l —/SFi ARG o AISRARTSR 2—A> i AURD S Gk A1) — A AU it
W PyCode NewEmpty (). M PyCode New () H#r] VA& B HERG 1) Python HUAS, [y
i LA .

PyCodeObject* PyCode_NewWithPosOnlyArgs (int argcount, int posonlyargcount, int kwonlyargcount,
int nlocals, int stacksize, int flags, PyObject *code, PyOb-
Ject *consts, PyObject *names, PyObject *varnames, Py-
Object *freevars, PyObject *cellvars, PyObject *filename,
PyObject *name, int firstlineno, PyObject *Inotab)
Return value: New reference. 23Dl T PyCode_New (), {BH7H — A5 7MY posonlyargcount” T {X FRAv &

3.8 UBTINA.

PyCodeObject* PyCode_NewEmpty (const char *filename, const char *funcname, int firstlineno)
Return value: New reference. iR [W| LA 5 5E SCIE4 . BREA FIEE— AT 5 S AAIEXTS . XIT exec () B(
eval () SRR g2 ARER .

8.6 I Abx}%

8.6.1 k& (File) ik

XU APT X A BSR4 Python 2 C APT 1/ MTEL, B RKT C ARiEERY ik VO (FILE*) SCHF.
£ Python 3 W, SCPERIGLEEIFTNY 1o Bibk, MEIBAERAE RGN RZH I G VO 2 EE L TILAZE. T
TP i R ) o RSO BT XTI L APT BUMESE C (e, T2 TAPREAS O BB DAl i B BUa =7 U ek
KijiH] io API,
PyObject* PyFile_FromFd (int fd, const char *name, const char *mode, int buffering, const char *encoding,

const char *errors, const char *newline, int closefd)

Return value: New reference. {35 FT I S0 fd 0 SCAAHE IR S5 6 8 — > Python U4 . S50 name,
encoding, errors 1 newline W] PA°K NULL FER i BRANE s buffering W PAK -1 FEOREEHERNE . name &
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W SR B T ) R AR . RIR ] NULL, A RSB 2L, #Z0 1o.open () B
PR

B b Python JiiHA H ORI ZME, HILRHENTS OS U HIRFHRE G &7 A4 (]
AR =AM ) .

3.2 hREE 5 Z0& name B,

int PyObject_AsFileDescriptor (PyObject *p)
F5 p RECW SRR SRR T int o WPRXF G2 B8, MR [l HAR . 2R EAT, TR 0 R 1
fileno () ¥k (WERAFAE) 3 %I ELAUR A — R, REUERN SCHHIRSHEDR ] . B 533
TR R [E] -1

PyObject* PyFile_GetLine (PyObject *p, int n)
Return value: New reference. Z5#y T p.readline ([n]) , XPEREMXTE p FEEE—FT. p A]DAE S04
MR AA readline () AR SR, QR n 2 0, WIFCIRIZATH KD, #SEER—17. W
Ren KT 0, WIS EBOR L n AT AT ROREIATI—#85> . LEX PRI OLR , QiR RIE) ik
SRR, MEREZEFAH . H2, R /N 0, WIS 3 —1T, (H2 iR Ep %)
IBSCER R, W5|% EOFError,

int PyFile_SetOpenCodeHook (Py_OpenCodeHookFunction handler)
HE io.open_code () WIEHATH, FFHIE S i by A BEFL 7 KA 15 .

AEPHRR 7 B — 2670k PyObject * (*) (PyObject *path, void *userData) HIKZEL, Hr
path Hi{# N PyUnicodeObject.,

userData $55T 2 WL AR T8 T8 T s BT RE i A [ s A TR A, i385 B 17 Python

BFXNETEIIESABIEM N, 3§ AT R T S A, BRIECH el MRS,
RS F BAE sys .modules FR[ .

— B THE, BRI, ZEXtPyFile SetOpenCodeHook () WA HFFRIK,
WA C 2 iatl, RECRRIE -1 HE— 1 FH.
BRI DA AE Py _Tnitialize () ZHIYEM .
51 & —A> #H11H} setopencodehook, NFHFAETSEL.
3.8 FUBMA.
int PyFile_WriteObject (PyObject *obj, PyObject *p, int flags)
KRG obj GASNEXIR p o flags ME—SCHFHFRG /& Py_PRINT_RAW; WREE , WHAXRE str ()
MAE repr ()« BEHHRERE] 0, KRGINHR M) -1, FFECEE 241 B8
int PyFile_WriteString (const char *s, PyObject *p)
BATH s BRI po W EIE O, T R I -1, (Bl sl S i 1 SR E)
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8.6.2 BAIMIEELAI

PyTypeObject PyModule_Type
XAPyTypeObject MBI 3 Python BibkISA, B PA types.ModuleType [IEF %4 Python
T
int PyModule_Check (PyObject *p)
Y p ARG, SRR R BN R R B %R EOK A R ]
int PyModule_CheckExact (PyObject *p)
2 p WS HRN & PyModule Type BTN G I1R B EAE . %R EOKIEA R [BE .
PyObject* PyModule_NewObject (PyObject *name)
Return value: New reference. iR Rl AT, HoOBE: _ name_ A name . R H)IX @ PE _ name_
__doc__,_ package_ ,and __loader__ (FEJEMET __name_ ##i% R “None“). V& H BV
WRft _ file_ JEME.
3.3 BCHTNA.
3.4 fREE sk @M _ package_ Ml _ loader_  #Fi% K “None“.

PyObject* PyModule_New (const char *name)
Return value: New reference. iXZ{MF PyModule NewObject (), {BIHZHK UTF-8 a5 i) 245 5 1
J2 Unicode X142,

PyObject* PyModule_GetDict (PyObject *module)
Return value: Borrowed reference. & [0 SZ ¥ module W) fiy 44 S [Al B9 7 L% 425 TR 5B 280
__dict__ J@MAAR . Q2R module Ajg— AP G (BUBIHAT G T2884), W45 % SystemError
Ha& [\ NULL,
WY Hofth PyModule_* () and PyObject_* () MM ELIERHBIRAY __dict__.

PyObject* PyModule_GetNameObject (PyObject *module)
Return value: New reference. 3R 0] module ) __name__ {H. TR ARMZE, SHEWRERNE—
TR, M5k systemError & [H] NULL,
3.3 BUBT A

const char* PyModule_GetName (PyObject *module)
KT PyModule_GetNameObject () {HiR[E] "ut £-8" FifE K44 FK .

void* PyModule_GetState (PyObject *module)
BB RE” , WRUR UL, R 0] AR A I B N AR B 8 £, B NULL. &

WLPyModuleDef.m size,

PyModuleDef* PyModule_GetDef (PyObject *module)
A [ i ) A B BT G i PyModuleDe £ S5 IRRUFREE, B0 ARBIHRA R 08 Z5 1 7R LAY
D3R [F] NULL,

PyObject* PyModule_GetFilenameObject (PyObject *module)
Return value: New reference. iR || il module ) ___file_  J@MEFrINZm A4 . R EHEAE
X, SFEWMAEEARZE—A Unicode FEfFH, M5k SystemError HiR [ NULL; FEHABRE ML T KR
[8]—~F5 [\ Unicode %4195

3.2 BUFTIA.

const char* PyModule_GetFilename (PyObject *module)
Similar to PyModule_GetFilenameObject () but return the filename encoded to "utf-8’.

3.2 AECIEIH: PyModule GetFilename () raises UnicodeEncodeError on unencodable filenames,
use PyModule_ GetFilenameObject () instead.
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i1t C Bk

Modules objects are usually created from extension modules (shared libraries which export an initialization function), or
compiled-in modules (where the initialization function is added using Py Import_AppendInittab ()). See building
or extending-with-embedding for details.

The initialization function can either pass a module definition instance to PyModule Create (), and return the re-
sulting module object, or request “multi-phase initialization” by returning the definition struct itself.

PyModuleDef
The module definition struct, which holds all information needed to create a module object. There is usually only
one statically initialized variable of this type for each module.

PyModuleDef_Base m_base
Always initialize this member to PyModuleDef_HEAD_INIT.

const char *m_name

HERAY 24 PR

const char *m_doc
Docstring for the module; usually a docstring variable created with PyDoc_ STRVAR is used.

Py_ssize_tm_size
Module state may be kept in a per-module memory area that can be retrieved with
PyModule_GetState (), rather than in static globals. This makes modules safe for use in multi-
ple sub-interpreters.

This memory area is allocated based on m_size on module creation, and freed when the module object is
deallocated, after the m_ f ree function has been called, if present.

Setting m_size to —1 means that the module does not support sub-interpreters, because it has global state.

Setting it to a non-negative value means that the module can be re-initialized and specifies the additional
amount of memory it requires for its state. Non-negative m__size is required for multi-phase initialization.
W4 PEP 3121 T f#EH .

PyMethodDef* m_methods
A pointer to a table of module-level functions, described by PyMet hodDef values. Can be NULL if no
functions are present.

PyModuleDef _Slot* m_slots
An array of slot definitions for multi-phase initialization, terminated by a {0, NULL} entry. When using
single-phase initialization, m_slots must be NULL.

3.5 it §E 48 Prior to version 3.5, this member was always set to NULL, and was defined as:
inquirym_reload

traverseproc m_traverse
A traversal function to call during GC traversal of the module object, or NULL if not needed.

This function is not called if the module state was requested but is not allocated yet. This is the case imme-
diately after the module is created and before the module is executed (Py_mod_exec function). More
precisely, this function is not called if m_size is greater than O and the module state (as returned by
PyModule_GetState ())is NULL.

3.9 i 4% No longer called before the module state is allocated.

inquirym_clear
A clear function to call during GC clearing of the module object, or NULL if not needed.
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This function is not called if the module state was requested but is not allocated yet. This is the case imme-
diately after the module is created and before the module is executed (Py_mod_exec function). More
precisely, this function is not called if m_size is greater than O and the module state (as returned by
PyModule_GetState ())is NULL.

Like PyTypeObject . tp_clear, this function is not always called before a module is deallocated. For
example, when reference counting is enough to determine that an object is no longer used, the cyclic garbage
collector is not involved and m_ free is called directly.

3.9 iR B4 : No longer called before the module state is allocated.

Jfreefunc m_£free
A function to call during deallocation of the module object, or NULL if not needed.

This function is not called if the module state was requested but is not allocated yet. This is the case imme-
diately after the module is created and before the module is executed (Py_mod_exec function). More
precisely, this function is not called if m_size is greater than O and the module state (as returned by
PyModule_ GetState ())is NULL.

3.9 it ¥ 4% No longer called before the module state is allocated.

Single-phase initialization

The module initialization function may create and return the module object directly. This is referred to as "single-phase
initialization”, and uses one of the following two module creation functions:

PyObject* PyModule_Create (PyModuleDef *def)
Return value: New reference. Create a new module object, given the definition in def. This behaves like
PyModule_Create?l () with module_api_version set to PYTHON_API_VERSION.

PyObject* PyModule_Create2 (PyModuleDef *def, int module_api_version)
Return value: New reference. Create a new module object, given the definition in def, assuming the API version
module_api_version. If that version does not match the version of the running interpreter, a Runt imeWarning
is emitted.

H(E]: Most uses of this function should be using PyModule Create () instead; only use this if you are sure
you need it.

Before it is returned from in the initialization function, the resulting module object is typically populated using functions
like PyModule AddObject ().

Multi-phase initialization

An alternate way to specify extensions is to request “multi-phase initialization”. Extension modules created this way behave
more like Python modules: the initialization is split between the creation phase, when the module object is created, and
the execution phase, when it is populated. The distinction is similar to the __new__ () and __init__ () methods of
classes.

Unlike modules created using single-phase initialization, these modules are not singletons: if the sys.modules entry is
removed and the module is re-imported, a new module object is created, and the old module is subject to normal garbage
collection -- as with Python modules. By default, multiple modules created from the same definition should be indepen-
dent: changes to one should not affect the others. This means that all state should be specific to the module object (using
e.g. using PyModule_ GetState ()), or its contents (such as the module’s __dict___ or individual classes created
with PyType_ FromSpec ()).
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All modules created using multi-phase initialization are expected to support sub-interpreters. Making sure multiple mod-
ules are independent is typically enough to achieve this.

To request multi-phase initialization, the initialization function (PyInit_modulename) returns a PyModuleDef instance
with non-empty m_slots. Before it is returned, the PyModuleDef instance must be initialized with the following
function:

PyObject* PyModuleDef_Init (PyModuleDef *def)
Return value: Borrowed reference. Ensures a module definition is a properly initialized Python object that correctly
reports its type and reference count.

Returns def cast to PyObject*, or NULL if an error occurred.
3.5 BT mA.
The m_slots member of the module definition must point to an array of PyModuleDef_Slot structures:

PyModuleDef_Slot

int slot
A slot ID, chosen from the available values explained below.

void* value
Value of the slot, whose meaning depends on the slot ID.

3.5 OB mA.
The m_slots array must be terminated by a slot with id 0.
The available slot types are:

Py_mod_create
Specifies a function that is called to create the module object itself. The value pointer of this slot must point to a
function of the signature:

PyObject* create_module (PyObject *spec, PyModuleDef *def’)

The function receives a ModuleSpec instance, as defined in PEP 451, and the module definition. It should return
a new module object, or set an error and return NULL.

This function should be kept minimal. In particular, it should not call arbitrary Python code, as trying to import
the same module again may result in an infinite loop.

Multiple Py_mod_create slots may not be specified in one module definition.

If Py_mod_create is not specified, the import machinery will create a normal module object using
PyModule_New (). The name is taken from spec, not the definition, to allow extension modules to dynami-
cally adjust to their place in the module hierarchy and be imported under different names through symlinks, all
while sharing a single module definition.

There is no requirement for the returned object to be an instance of PyModule_Type. Any type can be used, as
long as it supports setting and getting import-related attributes. However, only PyModule_Type instances may
be returned if the PyModuleDef has non-NULL m_traverse, m_clear, m_free; non-zero m_size; or
slots other than Py_mod_create.

Py_mod_exec
Specifies a function that is called to execute the module. This is equivalent to executing the code of a Python module:
typically, this function adds classes and constants to the module. The signature of the function is:

int exec_module (PyObject* module)
If multiple Py_mod_exec slots are specified, they are processed in the order they appear in the m_slots array.

See PEP 489 for more details on multi-phase initialization.

8.6. LAt % 125


https://www.python.org/dev/peps/pep-0451
https://www.python.org/dev/peps/pep-0489

The Python/C API, %[F] 3.9.19

Low-level module creation functions

The following functions are called under the hood when using multi-phase initialization. They can be used di-
rectly, for example when creating module objects dynamically. Note that both PyModule_FromDefAndSpec and
PyModule_ExecDef must be called to fully initialize a module.

PyObject * PyModule_FromDefAndSpec (PyModuleDef *def, PyObject *spec)
Return value: New reference. ~ Create a new module object, given the definition in module and the
ModuleSpec spec. This behaves like PyModule_ FromDefAndSpec?2 () with module_api_version set to
PYTHON_API_VERSION.

3.5 BUHTIA.

PyObject * PyModule_FromDefAndSpec2 (PyModuleDef *def, PyObject *spec, int module_api_version)
Return value: New reference. Create a new module object, given the definition in module and the ModuleSpec spec,
assuming the API version module_api_version. If that version does not match the version of the running interpreter,
a RuntimeWarning is emitted.

H5E): Most uses of this function should be using PyModule_FromDefAndSpec () instead; only use this if
you are sure you need it.

3.5 BUHTIMA.

int PyModule_ExecDef£ (PyObject *module, PyModuleDef *def’)
Process any execution slots (Py_mod_exec) given in def.

3.5 BUHTMA.

int PyModule_SetDocString (PyObject *module, const char *docstring)
Set the docstring for module to docstring. This function is called automatically when creating a module from
PyModuleDef, using either PyModule_Create or PyModule_FromDefAndSpec.

3.5 BUBTINA.

int PyModule_AddFunctions (PyObject *module, PyMethodDef *functions)
Add the functions from the NULL terminated functions array to module. Refer to the PyMethodDef documen-
tation for details on individual entries (due to the lack of a shared module namespace, module level “functions”
implemented in C typically receive the module as their first parameter, making them similar to instance methods
on Python classes). This function is called automatically when creating a module from PyModuleDef, using
either PyModule_Create or PyModule_FromDefAndSpec.

3.5 HUCHT A

Support functions

The module initialization function (if using single phase initialization) or a function called from a module execution slot
(if using multi-phase initialization), can use the following functions to help initialize the module state:

int PyModule_AddObject (PyObject *module, const char *name, PyObject *value)
Add an object to module as name. This is a convenience function which can be used from the module’s initialization
function. This steals a reference to value on success. Return —1 on error, O on success.

H#5[E): Unlike other functions that steal references, PyModule_AddObject () only decrements the reference
count of value on success.

This means that its return value must be checked, and calling code must Py DECREF () value manually on error.
Example usage:
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Py_INCREF (spam) ;

if (PyModule_AddObject (module, "spam", spam) < 0) {
Py_DECREF (module) ;
Py_DECREF (spam) ;
return NULL;

int PyModule_AddIntConstant (PyObject *module, const char *name, long value)
Add an integer constant to module as name. This convenience function can be used from the module’s initialization
function. Return —1 on error, 0 on success.

int PyModule_AddStringConstant (PyObject *module, const char *name, const char *value)
Add a string constant to module as name. This convenience function can be used from the module’s initialization
function. The string value must be NULL-terminated. Return —1 on error, O on success.

int PyModule_AddIntMacro (PyObject *module, macro)
Add an int constant to module.  The name and the value are taken from macro.  For example
PyModule_AddIntMacro (module, AF_INET) adds the int constant AF_INET with the value of
AF_INET to module. Return —1 on error, 0 on success.

int PyModule_AddStringMacro (PyObject *module, macro)
Add a string constant to module.

int PyModule_AddType (PyObject *module, PyTypeObject *type)

Add a type object to module. The type object is finalized by calling internally Py Type_Ready (). The name of
the type object is taken from the last component of tp_name after dot. Return -1 on error, O on success.

3.9 BUCHT A

Module lookup

Single-phase initialization creates singleton modules that can be looked up in the context of the current interpreter. This
allows the module object to be retrieved later with only a reference to the module definition.

These functions will not work on modules created using multi-phase initialization, since multiple such modules can be
created from a single definition.

PyObject* PyState_FindModule (PyModuleDef *def’)
Return value: Borrowed reference. Returns the module object that was created from def for the current
interpreter. This method requires that the module object has been attached to the interpreter state with
PyState_AddModule () beforehand. In case the corresponding module object is not found or has not been
attached to the interpreter state yet, it returns NULL.

int PyState_AddModule (PyObject *module, PyModuleDef *def)
Attaches the module object passed to the function to the interpreter state. This allows the module object to be
accessible via PyState_ FindModule ().

Only effective on modules created using single-phase initialization.

Python calls PyState_AddModule automatically after importing a module, so it is unnecessary (but harmless)
to call it from module initialization code. An explicit call is needed only if the module’s own init code subsequently
calls PyState_FindModule. The function is mainly intended for implementing alternative import mechanisms
(either by calling it directly, or by referring to its implementation for details of the required state updates).

WY 2R GIL.
Return 0 on success or -1 on failure.

3.3 BUHTMA.
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int PyState_RemoveModule (PyModuleDef *def)
Removes the module object created from def from the interpreter state. Return O on success or -1 on failure.

P A 255 A GIL.
3.3 BB

8.6.3 %ftEs (lterator) Wyftk

Python PALTHAE BT S . BRI, B R ) HIERY Eﬁf?ﬁﬂ .
TAME A AT XSS —A sentinel B, A A RSB TR XS, EAEIR IEI sentmel e
ﬁ

PyTypeObject PySeqIter Type
pySeqIter_New () JRIAEREXI RN LN EF VIR NEREL iter O BRSHILN,

int PySeqIter_Check (op)
W op MEBR PySeqIter Type MR EAH . HERELEZ 2 BT
PyObject* PySeqIter_New (PyObject *seq)

Return value: New reference. R [n]—A~ 5 & LT 5% G — e i F () 25 A28 seq. 24)7 51T FHAET | A&
IndexError i, EfLLEHR.

PyTypeObject PyCallIter_Type
His$Pycallliter New () fl iter () WERHIMSEOLR R B LR IRT RERN L

int PyCallIter_Check (0p)
W op EB R PyCalllter Type WERMIEAH. IRECEZ 2 AT

PyObject* PyCallIter_New (PyObject *callable, PyObject *sentinel)
Return value: New reference. iR |n|—A~ i B ES éﬁﬂ/\?"%@[ callable 7] PLEATAR W] DAXE A S50 TS
BN UE ) Python v FHXS 4 5 SRR R FHAS A %R FLER AR — DI H o 24 callable 1% 714 sentinel
AR, EARFLIE

8.6.4 fxfii ¥t

“HEARRE” RIIAN R LR RIRT S . B TRBN R T

PyTypeObject PyProperty_Type
NIRRT R AN 4

PyObject* PyDescr_NewGetSet (PyTypeObject *type, struct PyGetSetDef *getset)
Return value: New reference.

PyObject* PyDescr_NewMember (PyTypeObject *type, struct PyMemberDef *meth)
Return value: New reference.

PyObject* PyDescr_NewMethod (PyTypeObject *type, struct PyMethodDef *meth)
Return value: New reference.

PyObject* PyDescr_NewWrapper (PyTypeObject *type, struct wrapperbase *wrapper, void *wrapped )
Return value: New reference.

PyObject* PyDescr_NewClassMethod (PyTypeObject *type, PyMethodDef *method )
Return value: New reference.

int PyDescr_IsData (PyObject *descr)
WERFERFFAI S descr {RBAENE, WERE true; WIRHIR T ¥, WERE false. descr W@ FiRAF T
25 BRI
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PyObject* PyWrapper_New (PyObject *, PyObject *)
Return value: New reference.

8.6.5 Y )i ¥tk

PyTypeObject PySlice_Type
VIR ISR . B Python JZTI s1ice RAHRMINTS.

int PySlice_Check (PyObject *ob)
R ob 2 —A~ slice XFGMIR A EAE ; ob WA A NULL, HERELEE 2 BT

PyObject* PySlice_New (PyObject *start, PyObject *stop, PyObject *step)
Return value: New reference. iR |8l — 245 4 EEM I R X4 . start, stop Fl step 524 FHAE slice Xf 4
FAI A4 R B PERE . X el P A AEAT— B AT DAH NULL, FEXFPE AL K60 None fEA% W @ Pk
MR NSRBI R ICIE 7 BE R [f] NULL.

int PySlice_GetIndices (PyObject *slice, Py_ssize_t length, Py_ssize_t *start, Py_ssize_t *stop,
Py_ssize_t *step)

MATFr 52 slice $2HU start, stop Hl step R |'5, KFFFIIKE N length. KT length (775 SR 9 24 1
B .
SRR O, AR -1 H HABRCE SR (RAEEDFHS AR A None HICHEES AL, 76
XAME LT 2kl -1 I B E— A 5H5) .
PRATREAN 2 F T 5B L R %
3.2 RS ZHi slice TS M SHAE PySliceObject *,

int PySlice_GetIndicesEx (PyObject *slice, Py_ssize_t length, Py_ssize_t *start, Py_ssize_t *stop,
Py_ssize_t *step, Py_ssize_t *slicelength)
PySlice_GetIndices () HIT] . MU XIS slice $£H start, stop il step K515, K F5 KN
K length, H-X5Y1 R WK BECRAFAE slicelength w1, 8O IR G52 A Y) F—8y 7 X 757
Ip

IR 0, HEEIRER I -1 I HABRCE R

fiE): ok 5O T AT AE /NP A1) R Bk R e A X e R Y B B 4k Py S1ice_Unpack ()
MpPyslice AdjustIndices () WG, Hp

if (PySlice_GetIndicesEx(slice, length, &start, &stop, &step, &slicelength) < 0) {
// return error

}

SR

if (PySlice_Unpack(slice, é&start, &stop, é&step) < 0) |
// return error

;
slicelength = PySlice_AdjustIndices (length, &start, &stop, step);

3.2 i SR 2 1l slice TE SIS KA PySliceObject *,

3.6.1 iRTE & N Py _LIMITED_API K ik B 8{iX B & 0x03050400 5 0x03060000 2 [&] B
i (SEFEHR) 5% 0x03060100 5% 8 K M| PySlice GetIndicesEx () &#{sL Ik —A{F
PySlice_Unpack () fil PySlice_AdjustIndices () W% . ZSEK start, stop Fl step W2 HRIE.

3.6.1 AT FIH: i Py _LIMITED_API #&E H/NT 0x03050400 B 003060000 5 003060100
ZIEIMME OREFERA) W PySlice_GetIndicesEx () T FHIKMREL
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int PySlice_Unpack (PyObject *slice, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t *step)
MY 52 o start, stop il step it i AR ECAH C B850, S ER IR KT PY_SSIZE_T_MAX F{HIE/
" PY_SSIZE_T_MAX, FHERHLE/NT PY_SSIZE_T_MIN [ start £ stop {3 Rl PY_SSIZE_T_MIN,
HEERHR /N -PY_SSIZE_T_MAX ¥ step {HI¥ KN -PY_SSIZE_T_MAX,
AR R M -1, BRI 0,
3.6.1 UHTINA.

Py_ssize_t PySlice_AdjustIndices (Py_ssize_t length, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t step)

Ff start/end Y)R KT SARIEIEE R FIKEATHE . BHEERERT S SA5 589/ — 277

AT DI
REYIR B . RS R 2. A2 A Python fUH5.
3.6.1 UHT A

8.6.6 Ellipsis %%

PyObject *Py_Ellipsis
Python [f) E1lipsis X5 X GEAEMT . BMUA S EAHAMN G —FE 2885 | 4.
‘BHPy None —FEJE T HBIXIL

8.6.7 MemoryView %} %

— A memoryview XtR CHRBIMLE A Ki% 0 Fig — A ABAL A HAL X R — 4L 31 Python X 4¢.
PyObject *PyMemoryView_FromObject (PyObject *obyj)
Return value: New reference. MHEALEZ b X322 11 AXT 5 61 22 memoryview %42, W1H obj L] 525 X
S, W memoryview XFGUR AT AREE/ S, I T g R, AT AR S A BATIE RS .«
PyObject *PyMemoryView_ FromMemory (char *mem, Py_ssize_t size, int flags)

Return value: New reference. 1§ [Tl mem {F 2 Ji )2 2% op X )] 7 — 4 memoryview | 4. flags W] DA 2
PyBUF_READ (¥ PyBUF_WRITE Z —.

3.3 BUHTA.

PyObject *PyMemoryView_FromBuffer (Py_buffer *view)
Return value: New reference. G| ##— 05 45 € G2t X 4544 view [) memoryview X5 . T fa) B 517 2%
WX, PyMemoryView FromMemory () t& T 1EHKEL.

PyObject *PyMemoryView_GetContiguous (PyObject *obj, int buffertype, char order)
Return value: New reference. M X 22 X3 11 1% G2 4] & — memoryview X4 contiguous WIES: (XE°C
B’Fortran order W), {15 NTERZIELER) , W memoryview X435 [a] L 4E N AE . & ), 2 1191 H. memoryview
FE I FTY bytes XF 4.

int PyMemoryView_Check (PyObject *obj)
W2 obj ;2—> memoryview XFR MR M E(E. HFIASLVFEE memoryview BT, KA RS M
ihaT.

Py_buffer *PyMemoryView_GET_BUFFER (PyObject *mview)
IR [a] 4 7] memoryview -3t 2 vf I AL A B A48 4T . mview #5552 —> memoryview 520715 iXASZA
KA B RYZEAL, VRO O, 75 TR Tl A Tt KU o

Py_buffer *PyMemoryView_GET_BASE (PyObject *mview)
iR Al memoryview Jr T = th X & W 48 4, B F W 2R memoryview T H B
¥ pyMemoryView FromMemory () B{PyMemoryView FromBuffer () B]7 N iR 7] NULL, mview
WO —A~ memoryview SEf .
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8.6.8 uy= Wt

Python 37§ “S551 " fFA—IM R, BAKYL, APIFEESISE 5 UIRIXER. B—Fhie a5
g, S MR AT REHAE I D — N R R B ACRE

int PyWeakref_Check (ob)
W ob 22— A5 SN R MR [ B . R BUE 2 2 AT .

int PyWeakref_CheckRef (ob)
W ob 22— A5 FHXTZ R EAE . R A 2 2 AT

int PyWeakref_CheckProxy (ob)
W2 ob J2— RIS RINLR T BT . KA R 2 AT .

PyObject* PyWeakref_NewRef (PyObject *ob, PyObject *callback)
Return value: New reference. IR [FIXT5E ob W— 555 XIS ZRELEZ 2R —ASFE 1 H, (EARRIE
BlE—NHIXS EARRRE—NIAEI NS . B ANES callback J— VTS, B4
1E ob YAE NSRBI B WCEFN; BNz — N RMIE S, RISS5IHXGRAL . callback ] PAK
None B{ NULL. 1% ob A@g— 5551 XS, i MR callback AN P X4, None B NULL, i%
PRECRR M) NULL I H5| % TypeError.

PyObject* PyWeakref_NewProxy (PyObject *ob, PyObject *callback)
Return value: New reference. 12 [FIX} 5% ob —1555 | FACEEXT S . X eRECRESZ R Bl — D H5 H, =
ARUEAN - H XS EA AR I — DA R RBEEXT S . 5 = AE S callback 2h—> 7] I HI 0
%, ESTE ob YAE NI PR R IGE FL: BN REZ N RMIES, IS5 AN EAR Y. callback
AT PAK None 5 NULL. W ob Ni&—A555 XS, st W callback & n] X4, None 5
NULL, iZERECHIR ] NULL F H5| % TypeError,

PyObject* PyWeakref_GetObject (PyObject *ref)
Return value: Borrowed reference. 12 [0 555 | X4 ref #55 | N4 . WR45 | X2 ATAEAE, Wik E

Py_None,

i) %R ECR IS XTSRS = R AGE ] %, X R B AR VR T R e RO 30 1A ¢
SORNTTRERE AN S, B RIZ IR LRSSV Py_INCREF () .

PyObject* PyWeakref_GET_OBJECT (PyObject *ref’)
Return value: Borrowed reference. 23l PyWeakref GetObject (), {HSEMH— PRGN ZE .

8.6.9 Capsule *}%

A R X BERT R0 5 215 D3 S ) using-capsules..

3.1 HHTIA.

PyCapsule
XAPyobject TR ENRIIE, & TRERFRBUE (fFh void* $5%) i#id Python
bt 3| Hoth C AURSHY C 9 itk B HHUT R E— M g i) C BB HE HARS e T
AT, AR AT DAGE 3 AL ABLR SR U5 IR ZE S A i A vh s Ly C APL,

PyCapsule_Destructor

Capsule fMTH s IR 2T, & XWF:

typedef void (*PyCapsule_Destructor) (PyObject *);

Z | PyCapsule_New () F3KHEL PyCapsule_Destructor i [F{H {15 X .
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int PyCapsule_CheckExact (PyObject *p)
WRSHRE— A PyCapsule iR IEIE{E BR B R 2 AT

PyObject* PyCapsule_New (void *pointer, const char *name, PyCapsule_Destructor destructor)
Return value: New reference. Gl f—A~E13E T pointer fi)PyCapsule, pointer 7 W] PAAS K NULL,

TER W B — N S8 IR [B] NULL,

FAFF name A AR NULL Bl —MEMA M C EAFERmFRE . DR NULL, WIS AF R0t
capsule & (B SRW ARIAE destructor PREE )

WA destructor ZHANK NULL, Y4 B PGS B HHREFEHT capsule £F S5Ok TR -

TR capsule KEHARIE N — SR E B, W name 248545 F N modulename. attributename.,
AV HABBIRAE ] PyCapsule Import () fF AL capsule.

void* PyCapsule_GetPointer (PyObject *capsule, const char *name)

PEHURATAE capsule W) pointer . FER W & —~ 54 ik 0] NULL,

name &2 75 5 RAFHE capsule H A FRIEA RS IR LIS . WIRERAFAE capsule HH )44 7k NULL, W& A
B4 name WM NULL, Python £f#f] C B{%{ strcmp () KK capsule 4 5.

PyCapsule_Destructor PyCapsule_GetDestructor (PyObject *capsule)

iR [ RAFAE capsule Y HIHTHAS . FERMON BB — > & 0] NULL,

capsule E\-ﬁ NULL *ﬁ*@%&% Y. 3 A{@%@ NULL 3 @ﬁ%ﬁlﬂaﬁix 1%@)% PyCapsule_IsValid()
B{PyErr Occurred () FiHEE X,

void* PyCapsule GetContext (PyObject *capsule)
AR [0 GRAFAE capsule 24 H R 3Co T RIS — A5 IR 9] NULL,

capsule B NULL b T SCR4IER . X & 15 NULL 3R [0 i A 28157 35 i Py Capsule Isvalid()
B{PyErr_Occurred() ﬂé{ﬁl}%lﬁfX

const char* PyCapsule_GetName (PyObject *capsule)

R B RAFAE capsule H 4 BT 4R . FE I MO BEE— 74 H4& [B] NULL,

capsule HA NULL #FR2GAR . X &4 NULL R A4 LRI 30 il PyCapsule_Isvalid()
B{PyErr Occurred () FHEE X,

void* PyCapsule_Import (const char *name, int no_block)
MR capsule JEVE S AFG ] C X H8E . name TS 445 € @ VER EREAFR, 5 module.
attribute HIR—H. RIFFE capsule H1[¥) name WA 5E A VLELILFATER o W no_block A ELAH, WIPA
ToH ZER A AR (ffi ) Py Import _TmportModuleNoBlock (). MR no_block Fyfift, WAL
St AR ([ Py Import_ImportModule ()).

JEENIN IR 8] capsule (i NER 364+, AERINCE—A 5 HFF1& 8] NULL,

int PyCapsule_IsValid (PyObject *capsule, const char *name)
i capsule 2452 —NERM . AR capsule WA K NULL, {£i#iPyCapsule_CheckExact (),
e H A7 ik — > A S NULL R 48 4§ %H,E\V\]iﬁ/%ih 5 name & Z ML BL. (i &
lpyCapsule GetPointer () T A%} capsule 4 FRUEAT LA HIA KAEE )

Pem)iGie, WiRPyCapsule Isvalid() iREIEAE, WAEfTXT5A#E (DA PyCapsule_Get () Ff3k
WAL BRI ) AR B AR AR IE 23 )

WA RAROT LR AR FRUGR AR, B E 0. tEeRE—EAR K.

int PyCapsule_SetContext (PyObject *capsule, void *context)

Xf capsule WNFBE_E R SCHEEHSEN context .
JREI AR ] 0o SRR [l R AR I BB NS
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int PyCapsule_SetDestructor (PyObject *capsule, PyCapsule_Destructor destructor)

Y- capsule WERIINTHY#SE A destructor .
DI IRIA] 0 S Mt i (Al HE AT R E— A
int PyCapsule_SetName (PyObject *capsule, const char *name)

s capsule PFPHIZFRIZ N name. TNRASH NULL, WZFRAFEALEI DAL capsule T K . 11592 HifRTE
TE capsule H1#) name /A NULL, NIARSZFNE .

IR 00 SRIKIG R [ IEFBAE T B — R .

int PyCapsule_SetPointer (PyObject *capsule, void *pointer)
K capsule W) 24641 1CH pointer . $5EH AR NULL,
IR 00 SRIGI R [ SEBAE T B — .

8.6.10 [E)/:: 23 ft:
A AR R 4202 Python HI SR SEBUAE s iR AUAR X BR . EAT T ol i b AU AR (E R BRIk B, A2 X

R PyGen_New () B{PyGen_NewWithQualName ().

PyGenObject
T A AR R I C ZE5R ik
PyTypeObject PyGen_Type
SRS R T UE SUIATIE SO
int PyGen_Check (PyObject *ob)
U2 ob ;22— generator XFR MR MIEAL; ob AR NULL. BERELE 22 MENHAT .
int PyGen_CheckExact (PyObject *ob)
WA ob (R EZE PyGen_ Type WIRRIE(E; ob AR NULL. BLRREUEE 23 N HAT .

PyObject* PyGen_New (PyFrameObject *frame)
Return value: New reference. S frame X BIHE R - MFHHIL BN 5 . IBRECATRGE 1] frame
5. SEAUR A NULL,

PyObject* PyGen_NewWithQualName (PyFrameObject *frame, PyObject *name, PyObject *qualname)
Return value: New reference. F:T frame Xt 2 Q) H & Ml — A # W E S ge x4, i _ name_ Al
__qualname__ %4 name Fl qualname. oK% 22 BOGE — DX frame W51 o frame SRR
NULL,

8.6.11 [hrext%

3.5 B
VRN G2 async KRBT sREIGR [ .
PyCoroObject
TR C Zh5H 1K .
PyTypeObject PyCoro_Type
SRR SR 5.
int PyCoro_CheckExact (PyObject *ob)
MR ob (AL PyCoro_Type WIRIFIEAE; ob IR NULL. MEEREUE 22 BT .

PyObject* PyCoro_New (PyFrameObject *frame, PyObject *name, PyObject *qualname)
Return value: New reference. 3T frame ¥T R G| @I R Bl —FH WM EN SR, HP _ _name_
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__qualname__ N name Fl qualname. IR 2 BUG— X frame W5 H . frame ZELbTA Ky
NULL,

8.6.12 I pF3c w4

il 3.7.1 fiSE4#: A Python 3.7.1 o, Jifrfy bR S HE C APL A4 B WHCH fE Pyobject FREFTIA

B PyContext, PyContextVar PAMNPyContextToken, flHl:

// in 3.7.0:
PyContext *PyContext_New (void) ;

// in 3.7.1+:
PyObject *PyContext_New (void);

T2 ) bpo-34762 T EEERS .

3.7 OB A
BHEANGE T contextvars FHH 2 C AP,

PyContext
FTF 3R contextvars.Context XM C Z5Fk .

PyContextVar
TR contextvars.ContextVar 4K C g5H4&,

PyContextToken
AT 3R contextvars. Token XA C ZEHA,

PyTypeObject PyContext_Type

FoR context B RAINT L
PyTypeObject PyContextVar_Type

Z%7R context variable LT TINT 4

PyTypeObject PyContextToken_Type
271 context variable token ZRELFIZR RN &

RAKG A %
int PyContext_CheckExact (PyObject *0)
W o RAH PyContext_Type MR EAH. o WA A NULL. JLERECE &2 M IIAT .

int PyContextVar_CheckExact (PyObject *0)
W o KB PyContextVar_Type MR EAH. o WA A NULL. BCRRELEE 2 AT

int PyContextToken_CheckExact (PyObject *0)
WA o EA R PyContext Token_Type MERFIEAE. o MAHIA K NULL. JHERELEJE 2 AT

I OOE g e

PyObject *PyContext_New (void)
Return value: New reference. BIIFE—/NF0 2S5 _EF SOMG. W2R A AR5 W3z (1] NULL,

PyObject *PyContext_Copy (PyObject *ctx)
Return value: New reference. S| #TE AW cox T SO R EE DL, G0 & A R R 1] NULL,

PyObject *PyContext_CopyCurrent (void)
Return value: New reference. G| 4AE R SCHEEE DL, U020 & A 452 )% ] NULL,
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int PyContext_Enter (PyObject *ctx)
o O RIZAR 210 R 3 BRI 0, HEHR [ -1,

int PyContext_Exit (PyObject *ctx)
BUHBEAE oo BT SOFRZ BB SO N 2 BT AR 8024 /i 3 MR 0, HiRE IR

BRSO R R

PyObject *PyContextVar_New (const char *name, PyObject *def’)
Return value: New reference. Bl|7—/~#lf) ContextVar X% . ES name JT BEEEMFEXE K. B
Z: def J ET R RAGEBAE, BN NULL FoRTEBOAE . MR A AR, XA &k H NULL,

int PyContextVar_Get (PyObject *var, PyObject *default_value, PyObject **value)
RICE T SRR RAE ARG P R AR R, R -1, WA AR, TR R M HREIE,
HRIRIE 0
ﬁﬂ%ﬁ@]i?iﬁ%, value ¥ 5238 I B HYFEEF . WIR EFSCEE A B, value FH51 -
e default_value, YNHIE “NULL*;
o var FERGAME, ARAE NULL;

e NULL

e T2k Ml NULL, 3%~ pRE2x iR ml—ANE 5 H

PyObject *PyContextVar_Set (PyObject *var, PyObject *value)
Return value: New reference. 1£ 2481 _F R 3XH0 6 var %4 value. 1R A1 EFSF HAS MR8 w4, s anp
A RIR [A] NULL,

int PyContextVar_Reset (PyObject *var, PyObject *token)
«]TJ:"FjCﬂ'r  var E’J/Ij(/uﬁﬁjg BAEIR B token JPyContextVar _Set () #HMAZ BIAPIRE . HEREL
JEHIIRIE] O, H AR IR

8.6.13 DateTime Y1}

datetime FEHLFRAL T & Fh H HAFI IS (B X5 . (0 AE A ik 8 pR AU 2 1T, W ATHEAR P IR Hh A0 45 3k S
datetime.h (i &ilﬂgjc{ﬁr%ﬂ%@/‘ﬁpython h H), I A% PyDateTime_IMPORT W8 & i H |

RN BT IR L PR B — 5B« XD R 248 R E C Z5MMFsE A — #8548 & PyDateTimeAPT
i, EaH NHERZERMEH .

i UTC B

PyObject* PyDateTime_TimeZone_UTC
R\ UTC R IX BRI, 5 datetime.timezone.utc KE—%f4.
3.7 BB

FRG AT

int PyDate_Check (PyObject *ob)

ﬁﬂ% ob > PyDateTime_DateType %iﬂj PyDateTime_DateType IATRAINR B BE(E. ob
B NULL. BERREUE 2 MhigT

int PyDate_CheckExact (PyObject *ob)
W ob 2h PyDateTime_DateType KEINR[IF(H. ob ANFER NULL. MERELEE S BMIMAT

int PyDateTime_Check (PyObject *ob)
IR ob A PyDateTime_DateTimeType ZFal PyDateTime_DateTimeType 3125 H MR
[ Bl . ob ANHEN NULL. JHeRECM S ThIT.
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int PyDateTime_CheckExact (PyObject *ob)
U ob >k PyDateTime_DateTimeType FKANMIR M EAH . ob ANHEN NULL, ILEREEE S M AT.

int PyTime_Check (PyObject *ob)
R ob B2 ALZ PyDateTime_TimeType B{J& PyDateTime_TimeType WY TZRAINR[EIE(H. ob
WMRIAN A NULL. HERREUE 2 2 AT -

int PyTime_CheckExact (PyObject *ob)
5 ob 2y PyDateTime_TimeType FEAINER [ BEAH. ob ANBEN NULL, IHEREE 24 MIhgT.

int PyDelta_Check (PyObject *ob)
W5 ob 2}y PyDateTime_DeltaType M uf PyDateTime_DeltaType HJIAST-ZE 7)1 o] BAH.
ob ANHEN NULL. BLeREE 2 T igT .

int PyDelta_CheckExact (PyObject *ob)
4 ob 2k PyDateTime_DeltaType KRAINR I EAH. ob ANBEN NULL. BURREUEZ2 AT .

int PyTZInfo_Check (PyObject *ob)
MR ob BT 2 PyDateTime_TZInfoType B & PyDateTime_TZInfoType MR NR [0 B
fH. ob WA N NULL. IeREEE S MIPAT.

int PyTZInfo_CheckExact (PyObject *ob)
G ob 2k PyDateTime_TzInfoType KMNLREIE(E. ob ANEEN NULL. HREUE S MINIAT.

i Nclfepte Sivba

PyObject* PyDate_FromDate (int year, int month, int day)
Return value: New reference. IR[I38EH. H. HM) datetime.date X4,

PyObject* PyDateTime_FromDateAndTime (int year, int month, int day, int hour, int minute, int second,

int usecond)
Return value: New reference. %[0 LA $5 7€ year, month, day, hour, minute, second £ microsecond Jg& 4 [t})

datetime.datetime ¥4,

PyObject* PyDateTime_FromDateAndTimeAndFold (int year, int month, int day, int hour, int minute,
int second, int usecond, int fold)
Return value: New reference. 1% [n] H. 45 58 7€ year, month, day, hour, minute, second, microsecond A/l fold J&
i datetime.datetime ¥4,

3.6 UHTIIA.

PyObject* PyTime_FromTime (int hour, int minute, int second, int usecond)
Return value: New reference. &[] A7 1§ 5 hour, minute, second and microsecond J& M) datetime.time

X5

PyObject* PyTime_FromTimeAndFold (int hour, int minute, int second, int usecond, int fold)
Return value: New reference. %[0 .5 35 % hour, minute, second, microsecond # fold &) datetime.

time X4,
3.6 HUHTINA.

PyObject* PyDelta_FromDSU (int days, int seconds, int useconds)
Return value: New reference. iR [F[ R ER . THIMFEH datetime.timedelta %4, BFPFT1E
HA A DU B A I AP R R B AE datetime . timedelta X4 SCRSFE IR IX 8] 2 14 .

PyObject* PyTimeZone_FromOffset (PyDateTime_DeltaType* offset)
Return value: New reference. JR [\l —/~ datetime.timezone %4, ZX% B VA offset ZEFERITAR
fiir 44 B I 22

3.7 BB
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PyObject* PyTimeZone_FromOf fsetAndName (PyDateTime_DeltaType* offset, PyUnicode* name)
Return value: New reference. R [A]—/~ datetime.timezone ¥4, %X % EAG VA offset ZHFERIT
JE W 22 R XA FR name
3.7 BCHTIA.

— 8 ok M date Xf R IR B M K. BB A& PyDateTime_Date 3% M 1 2 (5l 40
PyDateTime_DateTime) 5L, SEAF AN NULL, I HRBURPE K2

int PyDateTime_GET_YEAR (PyDateTime_Date *0)

ARGy, IR

int PyDateTime_GET_ MONTH (PyDateTime_Date *0)

A Gy, EER S, 415 12,

int PyDateTime_GET_ DAY (PyDateTime_Date *0)

Ml H, [FIERE, ¢ 15 31,

—LEHI SR M datetime X EREUF B % . SHUE PyDateTime_DateTime U3 TRIYSLH. S4K
WA R NULL, - HRARUR &P
int PyDateTime_DATE_GET_HOUR (PyDateTime_DateTime *o0)

[N, IR %8, 4 0 5] 23,

int PyDateTime_ DATE_GET_MINUTE (PyDateTime_DateTime *0)

] g4y, (EIERES, 4E 0 3 59,

int PyDateTime_DATE GET SECOND (PyDateTime_DateTime *0)
[ Ay, [FIEREH, 40 51 59.

int PyDateTime_DATE GET _MICROSECOND (PyDateTime_DateTime *o)
[l Ry, [EEAE8E, 1€ 0 % 999999,

int PyDateTime_DATE_GET_FOLD (PyDateTime_DateTime *o)
Return the fold, as an int from O through 1.

3.6 UM

— LR time X5 P EREUE BT 22 . S8 E PyDateTime_Time fWHEH TSR] . SETAN
NULL, I HZEFRARSYH6 7

int PyDateTime_TIME_GET_HOUR (PyDateTime_Time *o)

Il /N, [FIIERE L, ¢ 0 %) 23,

int PyDateTime_TIME_GET_MINUTE (PyDateTime_Time *o)

] sy, (EIERES, 4E 0 3 59,

int PyDateTime TIME GET SECOND (PyDateTime_Time *0)

[l Ry, [EREEEM, 40 ] 59,

int PyDateTime_TIME_GET_MICROSECOND (PyDateTime_Time *0)
[ E Ry, [EIERE S, 18 0 ] 999999.

int PyDateTime_TIME_GET_FOLD (PyDateTime_Time *o)
Return the fold, as an int from O through 1.

3.6 BUBTINA.

— LR timedelta X 5 HHRIUCFE B 7%« SHUNJIE PyDateTime_Delta I H TSR] . SEL
ANHNULL, I HRBORSBRE:

int PyDateTime DELTA_GET_DAYS (PyDateTime_Delta *o)
R REL, M-999999999 %] 999999999 |1 L%

3.3 BUBTIA.
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int PyDateTime_DELTA_GET_SECONDS (PyDateTime_Delta *0)
REFPEL, A O 3] 86399 [rEL%K

3.3 OB

int PyDateTime_DELTA_GET_MICROSECONDS (PyDateTime_Delta *0)
AR ASEL, A O F] 999999 FHERL
3.3 UBTIMA.

— LTRSS DB APT %5

PyObject* PyDateTime_FromTimestamp (PyObject *args)
Return value: New reference. B I-1% [0l —A~25 2 T SEV) T datetime.datetime X4, WEHIEL
datetime.datetime.fromtimestamp () .

PyObject* PyDate_FromTimestamp (PyObject *args)
Return value: New reference. Q7% [0 — 25 E TCH S E M B datetime.date X4, @EHESH
datetime.date.fromtimestamp (),

8.6.14 JEMITEMER; G

Python $i2 it 7" ZFh N BB T2RAGEME, HHA GenericAlias #§245 T C.

PyObject* Py_GenericAlias (PyObject *origin, PyObject *args)
1] ##—~ GenericAlias ¥4 . #H24TJ# H Python 2§ types.GenericAlias . Z4Y origin F args /73 Bk
‘B GenericAlias’s__ origin__ J@MM __args__ @M. origin WiZEPyTypeObject * 258 args
A[PAE Py TupleObject * KRB ELE PyObject * KAl QAL args NZ—A~JCd, WHEZN
B 1ot 8 _args_ WEN (args,) o WNSEET T R/NRE R, K LR origin
ANREAR . BHPWLSI). GenericAlias ) _ _parameters_  JEEEi#T _ args_ inikm.
TSR, Dl fph Az S R[] NULL o

T — - S R 1 T

static PyMethodDef my_obj_methods[] = {
// Other methods.

{"__class_getitem__", (PyCFunction)Py_GenericAlias, METH_O|METH_CLASS, "See.

—PEP 585"}

}

hzh:

BB Y __class_getitem_ () .
3.9 BCHTIA.

PyTypeObject Py_GenericAliasType
Py GenericAlias () riR[ET4en) C 258, 24T Python 1) t ypes.GenericAlias .

3.9 BUHTIA.
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CHAPTER 9

Witk ALt

152 R Python 45 LELE

9.1 1£ Python ¥4k Z Hii

FE—HA T Python W HFEFH, Py _Initialize () PREWAFHEATA HAth Python/C API % Bt
s BN RA AR EN & 5 i E %+,

TERIGAL Python Z i, R PAZ: A sy JH DA eR &K
o FLE L
— PyImport_AppendInittab ()
— PyImport_ExtendInittab ()
— PyInitFrozenExtensions ()
— PyMem SetAllocator()
— PyMem_SetupDebugHooks ()
— PyObject_SetArenaAllocator ()
— Py_SetPath()
— Py_SetProgramName ()
— Py _SetPythonHome ()
— Py_SetStandardStreamEncoding ()
— PySys_AddWarnOption ()
— PySys_AddXOption ()
— PySys_ResetWarnOptions ()

* 5 EBREC
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— Py _IsInitialized()
— PyMem GetAllocator()
— PyObject_GetArenaAllocator ()
— Py_GetBuildInfo()
— Py_GetCompiler()
— Py_GetCopyright ()
— Py GetPlatform()
— Py_GetVersion()
. I/\
— Py_DecodeLocale ()
o WAFM s :
— PyMem_ RawMalloc ()
— PyMem RawRealloc ()

— PyMem RawCalloc ()

PyMem_ RawFree ()

# [E: PAF BB A W% fEPy_Initialize(): Py _EncodeLocale(), Py _GetPath(),
Py GetPrefix (), Py_GetExecPrefix(), Py_GetProgramFullPath (), Py_GetPythonHome (),
Py_GetProgramName () MlPyEval_InitThreads () BiVHHH.

9.2 4rJmiic AL

Python A7 7 5445 ] 4 JRyC B PR P RPAE AT B I AL B o X BEARTE BRI fir 4T85

BRI E— R, RS R ER S B B R BN, —b 2Py _BytesWarningFlag ¥
Sh 1M -bb &Py BytesWarningFlag XK 2.

int Py_BytesWarningFlag
M4 bytes B bytearray 5 str KB Ff bytes 5 int WA M EL . ARKNTET 2 MR
e

Hi —o I .
int Py_DebugFlag

FriafEdras il (BREZMH, M T gmigem) .
i —d #¥EIF1 PYTHONDEBUG MIEAS % B .

int Py_DontWriteBytecodeFlag
MR E A AESS, Python ATES ARSI 2B A . pye U
i -B L3l PYTHONDONTWRITEBYTECODE I AF B B o

int Py_FrozenFlag

MAEPy GetPath () WM EBIHUR RERAZ I B R -
H _freeze_importlib il frozenmain F&F4 FH AL G TERR .
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int Py_HashRandomizationFlag
R PYTHONHASHSEED MGAS S B AR FAF R NI 1.

A ZIEAR A AEZ(E, WEEEY PYTHONHASHSEED REEAS BRI IR AL N2 A Fh o

int Py_IgnoreEnvironmentFlag
ZWE T PYTHON* MdAr &, flin, © X ER) PYTHONPATH Al PYTHONHOME ,

Hi —E 1 -T JRIiE .
int Py_InspectFlag

J:‘iﬁﬁﬂzl-q/lfﬂﬂwﬁ/\%ﬁ%/\jimﬁﬁT —c IR, WSFEPITZMA S A& 53 A S BRI, RIS
JE sys.stdin HIE—ALimhHt k.

Hi -1 PEFI PYTHONINSPECT FRSSAS iR H .
int Py_InteractiveFlag
B -1 BRI
int Py_IsolatedFlag
DAR 2585250 4T Python. ZEWFBSBER R sys . path KA & BIARI H ST 119 site-packages H 5.
B -T i .
3.4 FCHTNA.

int Py_LegacyWindowsFSEncodingFlag
If the flag is non-zero, use the mbcs encoding instead of the UTF-8 encoding for the filesystem encoding.

R PYTHONLEGACYWINDOWSF SENCODING MIEAF B g ik AR S AT M 1.
HZ R IEZ Y PEP 529,
Al 7% Windows.

int Py_LegacyWindowsStdioFlag
MR ZEAAEZME, WA i0.FileI0 AR WindowsConsoleIO VEH sys BIFRER .

44t PYTHONLEGACYWINDOWSSTDIO MEEAS B i M ARAS FAFER RN 1.
AREZHAELE, WS PEP 528,
A FPE: Windows.

int Py_NoSiteFlag
I site WS ALHPMN R T U R sys.path B#AE, WIR site RTEMEHRAT AL
LB SRR AR S % AT S site.main ().

EE =S iﬁIﬁ&L%o

int Py_NoUserSiteDirectory

AEH P site-packages HEEME| sys.path,
i —s fil - &I PL f PYTHONNOUSERSITE FduAr ik B .

int Py_OptimizeFlag
H -0 YEIiF] PYTHONOPTIMIZE FRIEAS RH ik &,

int Py_QuietFlag
RPEEAE AL BAR T A s BRI AR .

M —g IR .
3.2 HUCHTIA.
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int Py_UnbufferedStdioFlag

s stdout FI stderr A ZZ 0 .
i —u ¥EI A PYTHONUNBUFFERED B E ik E .

int Py_VerboseFlag

FERAIIR AR ST I — 200 R, R BT 18 (SCPF4 BN B ) ﬁﬂ%ﬁ?ﬂi%? 2, W
SRR R PEAEA SCPET B AN A 7E T B B R

i —v A0 PYTHONVERBOSE FRIEAF i E- .

9.3 PG IL AR A ALIRRESS

void Py_Initialize ()

HIhE 4k Python fifRe#S . TEHRA Python FR FHFEF v, BN 4 7EE FAEATH Al Python/C APT iR Hi Bl
W WS P L Python w4510 8T T R/DEUABIAME B .

AR E B (sys . modules), JHAIEEAML builtins, __main_ fll sys., BEf%&
WA BHIE R KR (sys.path). EALXEE sys.argv; WA FREEMHPySys_SetArgvEx (),
W WIS (FERSFCI A Py_FinalizeEx () WITEOLR) ARSI HAE . B34 & A ;
HNFAT LA A 2 ) 25 2 A Bl i

Hi[E): #£ Windows |, Wi H &= O_TEXT i/ O_BINARY, XWFFL0fiH C =fTh Ik
Python [zl & 1

void Py_InitializeEx (int initsigs)

TSR initsigs 1 MAZRB TAE R 5Py _Initialize () 28k, AN initsigs H 0, ‘ERFHLEF S 4L
PRATARIAIRT AR, X FEHR A Python Hf ] BB R A AL .

int Py_IsInitialized()

AR Python e LW infe, NLREIEM (3EF): HUREMERE (). EEMAPy_FinalizeEx ()
25, BRBUFRREEE Py _Tnitialize () FRRBHM

int Py_FinalizeEx ()

fspy_Initialize () WA BT ARG ALBEVER G 22%) Python/C APL R, IFE558H Bk
WPy _Initialize () PACEIEE(H M A5 Eﬁ@fﬁ?ﬁﬁﬁé%ﬁ (B0 F 3L Py_NewInterpreter ()
—A). FEHAUEHLR, X &R Python RS /B AU T A INAF. 2458 R A B (FE A TR R
Py Initialize () WWEHT), XHAPIFE(TEAE, EFHL N REMER 0. WHRERZL (F)
Brgep ) SRR B R, WERIE -1,

PEMERE R BN I AR Z o AN AR 7 1T RE Ay 22 H0B /5 3 Python, i AN Wb 8T 8 WY AR 4 B
MBS R (2 DLL) A2k Python f e ) BT R 7 1] BEAy B2 E H1 2¢ DLL 2 HiRéj Python /3L
Bﬁ@?ﬁﬁﬂj’gﬁo E%ﬁ%’?@ﬂﬁ%f?ﬂﬂﬁ?ﬁ*ﬁ%ﬁﬁ*, IF A N AT REA BEAEIR I R PP 2 BiPRE X Python
S BCHY BT AT

Bugs and caveats: The destruction of modules and objects in modules is done in random order; this may cause
destructors (__del__ () methods) to fail when they depend on other objects (even functions) or modules. Dy-
namically loaded extension modules loaded by Python are not unloaded. Small amounts of memory allocated by
the Python interpreter may not be freed (if you find a leak, please report it). Memory tied up in circular references
between objects is not freed. Some memory allocated by extension modules may not be freed. Some extensions
may not work properly if their initialization routine is called more than once; this can happen if an application calls
Py _Initialize() and Py _FinalizeEx () more than once.

5l &— H 5 cpython._PySys_ClearAuditHooks, ANMPAFAEMIZS%L.
3.6 OB
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void Py_Finalize ()

K MAF R EEN Py_FinalizeEx () W] FIEEAS

9.4 UARLSE

int Py_SetStandardStreamEncoding (const char *encoding, const char *errors)
WER B T Z R AL, N4 Epy Tnitialize () ZHIAM . ERE T hriE 10 61 2 i i UF0 4 15
WA, HE X str.encode () HEYAHIA].

‘B T PYTHONIOENCODING (A, H AV ARS DAEAEFREEAS SN AE F B2 ) TO g =X
encoding F1/8Y, errors 5] PAK NULL PAf#i il PYTHONIOENCODING Fl/BiBAME (BT HARE).
HERTERAEAMNE (BUETHMBE), sys. stderr #LliJi]"backslashreplace” 45 AL FRATA .
WA TPy _FinalizeEx (), WFFEFRITHIZRBOAERL WX Py _Tnitialize () WG .
R R 0, AR AERAE (BIANTEfRESS Tl i b s TR ) o

3.4 OB A

void Py_SetProgramName (const wchar_t *name)
AR B FZ R, MR Py _Initialize () ZEIVHIAE . ER-EFEREFETH main ()
BRI argv (0] ZHINE (FEHCNTEFARF) . Py_Getpath () FIN I HELEH M o B 2> i EZERINS
TERERR I ALE EA AT AT SO Python iz 7S FE . BRIMESZ 'python'. SEUNV YH8 S AEAE
PR — D ABESTR I ST, HABSIERRF RAT IR 2 AL . Python f#REds Hh AL A AUHY
HRIA R A T N2

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

wchar* Py _GetProgramName ()
Bl Py _setProgramName () WEMAFFAMR, SEGARIAIR. 1R B TR EE ST R/
FHANAEHAE .

wchar_t* Py_GetPrefix ()
Return the prefix for installed platform-independent files. This is derived through a number of complicated rules
from the program name set with Py SetProgramName () and some environment variables; for example, if the
program name is ' /usr/local/bin/python’, the prefix is ' /usr/local"'. The returned string points
into static storage; the caller should not modify its value. This corresponds to the prefix variable in the top-
level Makefile and the ——prefix argument to the configure script at build time. The value is available to
Python code as sys . prefix. Itis only useful on Unix. See also the next function.

wchar_t* Py_GetExecPrefix ()
IR [AEE R e ) AR # TP B S exec-prefix, i@l BT Py_setProgramiame () 5
PR 7 24 PR R SR BRI AR B i R AR 19— R VIR AR W SRS 1 2Bk, WARFRF 25N ' /usc/
local/bin/python', N exec-prefix & ' /usr/local'. REIMFRFERFIEMESEME: MATA
MWAEHAE . XN TS ER Makefile 1Y exec_prefix A5 DA M AE iR %4 configure
JHA) ——exec-prefix 4. ZERFPA sys.exec_prefix [ FRfL Python fURGHE ] . B i ]
F Unix,

Wi MU T TSP (ATATHT SRR S0 ) %% TR 7l 10 SR 05 exec-prefix 4543
AT prefix. FESRAIZE, R F-GHSCPFTAESEET the /usr/local /plat T H il
ST PG A% T /ust/Local.

BMEZ, PEe—diE MR IRl G, BTG afT Solaris 2.x #E RS Sparc HLEF 2B
FAHIE-5, {Hiz4T Solaris 2.x ) Intel #4582 71 —Fp-F-5& , 1Miz1T Linux 1 Intel Hl4§ 327 —fF-5&.
A R4V E R G R AN ) 35 2 R A GE W A& o JE Unix #4E RSB SCA AR X2k
R0 L)L R 22 BB K H L prefix Fl exec-prefix J2 AR XY, HPHHHCASFERA S . HTERECH
PR Python FEH5 @M TG 1) ((HIF AL T B 4a i 4 7 () Python 4! )
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F 404 PG 08 A0 i B mount B automount FEJF PATEF-& A/ /usr/local ffijik /usr/
local/plat BUNENRIAIE-E AR SRS

wchar_t* Py_GetProgramFullPath ()
& [H] Python W] AT SCIFIY e BEFR T 245 X RAENRIER T 245k (B bikpy setProgramiame ()
WE) IRABRIABIHIE R AR M e T A R 0 . 3R B EAF SR 58 S A W RN
MHAE. [ERFPA sys . executable [ FRfL Python fRAE{Hi .

wchar_t* Py_GetPath ()
R EIBRIABR I R B8 XML F 2Pk (i bikPy SetProgramName () W) FIK-LLFFIRAL &
TSR R WA — AR5 U T 1 & 20 B AT 0 T H S PRl 3 R AFTE Unix il
macOS _F24 ' ' TiE Windows F2ky ' ;' o SRIFIAYFAFERRHFE IS A7 T A B O HAE . 1) 3%
sys . path FETEMRERR B S I AR R AL B DAER G E . OF WML piE %) LA
SRR R AT

void Py__SetPath (const wchar_t *)
WEBIANBHIE R AR . QERMRETEPy Tnitialize () ZHIHIMM, Mpy Getrath () FAsx
SRR R A1 RIS AR 2 O R AL B4R . 108 T AN 52 e T B i o7 B ) 1 FH R
JFARARA Python L. BEARZHIELY. 24 15 € @I A7 K 43 B, 7E Unix F1 macOS 2 '« ' 1A
Windows & '; ',
XA FE sys . executable P HFRF I TERE AR (B WPy _GetProgramFullPath ()) i sys.
prefix fil sys.exec_prefix A NaH. WA APy _Initialize () Z 5B FZN N HVE AT
RAZMCEAT,
Use Py_DecodeLocale () to decode a bytes string to get a wchar_* string.
BRARSEAAE NS, AR 5 T AE T 45 S R
3.8 iU 5 BAE sys . executable Rl IFEFIISERIRAS, MARET 4.

const char* Py_GetVersion ()

i 1] Python MEREAR A IAS o JRF AN N IE 200 4 AR

"3.0a5+ (py3k:63103M, May 12 2008, 00:53:55) \n[GCC 4.2.3]"

A H (BT IE) S 24 Python AR S HITTHI 74 Je DA RS20 B 19 S AT ZERR
Ao SR FAFER AR [ A VAT A B O . Z{EAFLA sys . version (Y4 Ffit Python
A .

const char* Py_GetPlatform ()
REPAHE SR RAF. 78 Unix b, XRFABMERSN 57 ARG, Hih/N5EL,
FEm_EFEARS Filin, %FF Solaris 2.x, B{FR SunOS 5.x, Z{H¥ A 'sunos5'. £ macOS |, B¥H
"darwin'. £ Windows FERA Twin' o R[EFAFERR S WO AESOH{H . Python
RSPl sys . plat form FREULIH.

const char* Py_GetCopyright ()
IR A4 Hi Python A E 7 BB EAFER 9140

'"Copyright 1991-1995 Stichting Mathematisch Centrum, Amsterdam'
R B FAFER AR I B SR NEAAB SO E. Python I T]iE I sys . copyright FREZIHE.
const char* Py_GetCompiler ()

AR [0 415 24 B Python IRAII SR ARG S, i 5 mEa, Bl

"[GCC 2.7.2.2]"

AR [l AT A S R E AN EECHAE . Python fUH R AMAS & sys . version HEkIU%
{H.
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const char* Py_GetBuildInfo ()

AR [0 A7 524 Hi Python R REARSEBIRY 1) 5 Ry AN ) (5 5, Bilan:

"#67, Aug 1 1997, 22:34:28"

IR [l ) FAF R I S A RN E A B SO, Python UG W A& sys . version HERIIZ
{H.

void PySys_SetArgvEx (int argc, wchar_t **argv, int updatepath)

WA arge M argy WH. sys . argv. XS HEHIETFH) main () REHIFML, RKBIHET T2
6 1) BT R IAS SCPFTIT AN J& Python fEREGR AT 1 AT AT X BRI B TR AT, W argy iy
TR DA S TR . MR IR BOCIEWIIAAL sys .argv, WIRHE Py _FatalError () K™
OGS .
W2 updatepath 2%, WURRECRF 5 ARAE . QSR updatepath yAEZAE, T I B EGEFARE LA R Sk 18k
sys.path:

o WSRAE argv [0] A A—DBUA A, A B (e B SRR ER AR R R0A NS sys . path IF

o TEHAMREOLT (W2, Wk arge 0 B argv (0] RAGHIA XM41), MEKHE sys . path [
KB — 28, RSN TR m TR ("),

Use Py_DecodeLocale () to decode a bytes string to get a wchar_* string.

flE): I T AT BN B A AAMY E i A Python fRRERR 1 N AR T A% A 0 15k updatepath,
TEEFREH sys.path &5, % CVE-2008-5983,

1 3.1.3 ZRIMUAS, AR LGB PySys_setargv () Z T8l 8—4> sys.path JTE,
Bl anfsE A

PyRun_SimpleString ("import sys; sys.path.pop(0)\n");

3.1.3 BUHA.

void PySys_SetArgv (int argc, wchar_t **argv)

BB T PySys_SetArgvEx () WA T updatepath 3 1 |- python fERERR S SN A T - 1.

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

3.4 WREE 5 updatepath (HHHT -1,

void Py_SetPythonHome (const wchar_t *home)

BEE BOA R home”™ H 3%, Wt/ bnifE Python FEFTTERINL B . 15254 PYTHONHOME | S EF1TH
H5 Lo

BESBOY Y457 [ S A EGRA PR, AR P AT B R PR R A2 . Python fi#
Feas UL S B U H TN A

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

w_char* Py_GetPythonHome ()

i 5] 2R A 9" home”, 2 B 2 Hi XfPy_SetPythonHome () WV A ik EW(H, HNEERET
PYTHONHOME PABEAR B I N % A48 B i .
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9.5 IR A4 Ja) R 4% B

Python fi#REAS AR SE R LALLM . N T HFF L LARN) Python Ry, BB T — D& A, #xhglobal interpreter
lock MGIL, 2HERRNMIERA B2 54 HE L 41 M Python X4 . AISRBEA XA, Bl fay B A #5241
W] BEAE 2 AR AR P B R: Bin, 4L AR R I AR R R g 5 R, 51RO R R A
HHEIT — KA

P, MW SR A R GIL BYZAE A RETE Python X4 EATHRIE A ] Python/C APT B4, “hy TR A
W7, RS E W2 UIARE (B0 sys . setswitchinterval (). BUHBSAERE SCIF4SF T BEE A
FEM VO HRAEREL, PAE A Python ZEAE W] DA IZAT .

Python fEREgR S TE— 44 NPy ThreadState IR R TR AR LB ER. 6148
A YR A Y B Py ThreadState: BRPME Py ThreadState Get () FFHEL.

9.5.1 Wi e AL Rl GIL
REBABRNEGIL 1P AU BA LAT R 45 -

Save the thread state in a local variable.
Release the global interpreter lock.
. Do some blocking I/O operation ...
Reacquire the global interpreter lock.
Restore the thread state from the local variable.

O AN R g Iy — R R e e

Py_BEGIN_ALLOW_THREADS
. Do some blocking I/O operation ...
Py_END_ALLOW_THREADS

Py BEGIN_ALLOW_THREADS JZRHTFF— A Bt m B — AN R ) Je i AS & Py END_ALLOW_THREADS
T P A
b AR T B A T T A AR

PyThreadState *_save;

_save = PyEval_SaveThread();
. Do some blocking I/O operation ...
PyEval_RestoreThread (_save);

UL R AR AN - 42 R R BT SR DR 116 ) 24 T ARSI B AR BIUT IR A RS
I, IAAHEBORE 2 BRI F RS ET (53— DA AT AN, RIAREUBF I ) AR A
Bl Jrre ) o IR, PRI LRSI, W ATEAF SRS R B i e i

#HE: T R% VO smEUEREL GIL i WA, (B EAE AT E4J517 Python Xf R\ KMZITIHE, b
QAR XT AR IR XEA TRV E Y 48 50 3 R B AT AR A o 280K, AE XTI TAE T T 4 Bl e A B VE I A
#E z1ib 1 hashlib Fihpt &Rk GIL,
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9.5.2 Jf Python @Itk i

1] &Y Python API (#ll threading fidR) QUELRRN, 2 H 3R — LA LT 2R A
MR IERRY. 2, WR&REREM C U (Blinh BA A SR = FEeld) , ENmARefa
GIL UL A7 A FAR S 5

ARART B IX L AR 1) Python fURY (R 22 LIRH =07 FEPTHRALAG I APTY—55y) , ARUATE
Jeill il BUE AR S EAR S (R R S8 AR, AR GIL, SR ENIMARRIRETRET, X
FEARA BEIT AR Bl Python/C APL. SERLA LA RIE, AREY T BN ESEE, PRI GIL, SR REIZ AR
SEARLE .

PyGILState Ensure () MlPyGILState Release () e Bl LRI G #EAE. M C L2 3]
Python [ #8175 =40 F:

PyGILState_STATE gstate;
gstate = PyGILState_Ensure();

/* Perform Python actions here. */
result = CallSomeFunction () ;
/* evaluate result or handle exception */

/* Release the thread. No Python API allowed beyond this point. */
PyGILState_Release (gstate);

Note that the PyGILState_* () functions assume there is only one global interpreter (created automatically by
Py_Initialize ()). Python supports the creation of additional interpreters (using Py_NewInterpreter ()),
but mixing multiple interpreters and the PyGILState_* () API is unsupported.

9.5.3 43 fork() i = dimi

A RERER T — A BE R E U ENTHERXT C fork () WHIMIIFT N TERZHOELR fork () BIFR
girfr, NIRRT fork 2 J5s A K fork YERARAFAE . 1_5(1 i ST AR BB A K CPython (118 ﬁHTVﬂ
BT A BRSBTS TR R s'éﬂl’]

The fact that only the "current” thread remains means any locks held by other threads will never be released. Python solves
this for os . fork () by acquiring the locks it uses internally before the fork, and releasing them afterwards. In addition, it
resets any lock-objects in the child. When extending or embedding Python, there is no way to inform Python of additional
(non-Python) locks that need to be acquired before or reset after a fork. OS facilities such as pthread_atfork ()
would need to be used to accomplish the same thing. Additionally, when extending or embedding Python, calling fork ()
directly rather than through os. fork () (and returning to or calling into Python) may result in a deadlock by one of
Python’s internal locks being held by a thread that is defunct after the fork. PyOS _AfterFork Child() tries to
reset the necessary locks, but is not always able to.

FTA HAD SRS G A — S B RRE CPython HUIBATIPRS LN ZIEIEI, os . fork () BLRXFHHAY.
XA e A 1&)3)%?%5%@%‘%%%@?7@ ﬂﬂPyThreadStateX]‘%M&Wﬁ/\ﬂﬂpﬂnterpreterState
W5 BT — AR main” 4% 25 BEFIRPERT, fork () M4 HIE L MERERR 1Y " main” 282 HPg il 1, 1
CPython 4 Japizf i F sk R AE L LR FWIIRIL I o A 24 exec () RERH G 7 BB R FH )17 0 2 ME— B 151 21

9.5. LRtk AL R RN 147




The Python/C API, %[F] 3.9.19

9.5.4 il API

XLERRAE S C 4 AU R R A Python MRRERRI 55 3 Y2 R 44 -

PyInterpreterState
BRI INCER A G IEERIT MRS . 8T R R 1 LA S A B DA B LA — 2
WA H o RE R A S A

m%ﬂJﬂE?KIﬂﬁﬂﬁ%&B’J%ﬁTzA?Eﬁ%ﬁ@ HIEARRAS I AT AT STITFI SRR AT 47 45 B
b R BIL S PUIT A AR, TERENTAE TR AR -

PyThreadState
This data structure represents the state of a single thread. The only public data member is interp
(PyInterpreterState *), which points to this thread’s interpreter state.

void PyEval_InitThreads ()

ANHATAEATEAE A E 5 eR AR

1t Python 3.6 X EERIIRA, BUeREISTE GIL ANFAEM A # &

3.9 iR MR B A TATAT A

3.7 MR R EORAE N Py _Tnitialize () WA, WIAREHFRAFTHAE.
3.2 iR A WRBC A AVFEPy_Initialize () ZHTTAM.

Deprecated since version 3.9, will be removed in version 3.11.

int PyEval_ThreadsInitialized()
WRPyEval InitThreads () &G AMREIHES(E. HRETEANREA GIL 115 L N 9E
PRI T P FH f b A FRZRARE A T et APT i ] .

3.7 S MAEGIL ¥ Py_Initialize () WA

Deprecated since version 3.9, will be removed in version 3.11.

PyThreadState* PyEval_SaveThread ()
RE 4 Jr R B (AR E 08 R AR S BN NULL, iR Z BIRYERARRE O NULL), 402k
BIEPLEIEE, Y AR C AR &

void PyEval_RestoreThread (PyThreadState *tstate)
RECA R 8 (R 2R HRFRBRIRAS N 1state, BN A NULL. QIARGIC W8, WY
RIRFRD M ARIRIE, 75 WLRE & A= FE S

fEl: M2 7S IEAE S AL FEAS SRR I R AR A 2512 AR, R R AR AN J2 By Python G211
PRA] DATEVE IR B Biffi ]l _Py_TIsFinalizing () BY sys.is_finalizing () RIGEMRLE
IRAL T e ZAL TR DA S AN Wb B 25

PyThreadState* PyThreadState_Get ()
1 [ 24 i %ﬁﬂjﬁu éﬁ%ﬁnﬁ%&%ﬁbfﬁ BAFA o A HPREE NULL W, 3R A — gl iR (X FE
VA 5 R JC ARG A 245 oA NULL),

PyThreadState* PyThreadState_Swap (PyThreadState *tstate)
S BT ARRE S T S8 sstate (ATRESN NULL) 45 U ARARIRES . 2R fREAS B AR AT HRWORE
Ji

NA BB R A A, R BEHEA TR RE -

PyGILState_STATE PyGILState_Ensure ()
T A2 1 2 7 L 4 9 Python C APT 1 AN Python o 4 s RRE 25 81110 24 BPARAS WIMR] o B4 A
#GPyGILstate_Release () HYR A DCECHE AT A 13 AR A I BE R BT TG 2 0 —BOR , H Bk
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FRAR S5 5 Release() 2 B RS HE T AYEPYGILState_Ensure () MIPyGILState Release ()
VO 22 [ i A Hfib 5 2R A2 A0 & 9 APL. fi 4, W DA IE & ff fiPy BEGIN ALLOW_THREADS
M Py END_ALLOW_THREADS 3.

REME R — A YPyGILState_Ensure () A B ILRRRSHINE A", I B0 % 8
WpyGILState Release () PAREfE Python AbFHIRPIRAS . BEARALVFITE T, (HiXSehfl T ae it
= TR ¥ PyGILState_FEnsure () WEMVEAE D TAREELNIPyGILState _Release () I
FH A o

YZRECR I, BTEARRREA GIL H-RERS T AL Python fURS . AT HRICH S 2 an i i -

fiE): 25247 RS IEAE IR LA AN LRAR T MR B A 4512 AR, BDREZRAR A2 iy Python A7
PRAT ATER MR B 2 BT _Py_IsFinalizing () #{ sys.is_finalizing () SRIGAERASE
TILAL T IR LA TR DA S A b B 2846

void PyGILState_Release (PyGILState_STATE)
T B AR IATAT 508 . FE 2 J5 , Python LR 5 HAEXM Y PyGILState_Ensure ()
M2 Hi—FE ((F2E H SORASXHE 5 R 2 R, X GILState API [ {2 k) «

XPyGILState_Ensure () WEIREREULT STER —LRE X PyGILState_Release () IV
AHVCHL o

PyThreadState* PyGILState_GetThisThreadState ()
IRPU R Y HT AR . Q2R 2 Hi 2 A% YA (A4 GILState APT JUAJ PAIR[A] NULL. 57ERE 324k
BRERSHA X NERFRRE, A B4 E v B i EfRRSTHH . XFERE— 2
Wr R %R -

int PyGILState_Check ()
WA Y HTAARFEA GIL R M 1 AR IE 0. R EAT RARBRT MAEATR AR . HA 24 B Python £k
RS C AV B4 FiHA GIL B e A 2k A 1. X FER— A B2 Wk 8. lande miE_ L
SCENAE TR B P SRA AL, 4AIEE GIL g 8E i ] A SS VR I 5 AT B 5 E B 7E A 1
LA [FATR o
34 WA

PAR B (50 Bl 8 AN AR 2 435 T E Python AR KA b AR B 7R 1 ¥

Py_BEGIN_ALLOW_THREADS
WEESY N { PyThreadState *_save; _save = PyEval_SaveThread();. = BN
—NIFRAERE S B IR Py_END_ALLOW_THREADS ZEVCHt. A RILEMPE—H 12
3.

Py_END_ALLOW_THREADS

WY &N PyEval_RestoreThread(_save); }. WEEHE—MHERES: BLOMS5ZH
WPy BEGIN_ALLOW_THREADS VUM, &2 5 L SCAE—2HE 7

Py_BLOCK_THREADS

X A % ¥ B N PyEval RestoreThread(_save);: E % #ff T & FH X W % # 5
WPy _END_ALLOW_THREADS,

Py_UNBLOCK_THREADS
XA Y BN _save = PyEval_SaveThread();: B %M T % A JF Ih 1€ 35 5 1 48 & 7 0
M]Py_BEGIN_ALLOW_THREADS,
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9.5.5 )iK)Z4, API

AV BRECERUIAEPy_Tnitialize () ZIGHAA .
3.7 WS Py _Tnitialize () BAFSAIIEALGIL,

PyInterpreterState* PyInterpreterState_New ()
QIR RSN R . ATREFA 2RMRASL,  EERAT DB PP 1 AT I R 5 8] 11 000 T

RESHFA -
5| k% —A~ #Hil1EE: cpython.PyInterpreterState_New, AP E{]S4L.

void PyInterpreterState_Clear (Px]nterpreterState *interp)

HEMRARER R TR ITA(E S DA 2 ROl
5| % —A~ #itF{f cpython.PyInterpreterState_Clear, AL S4k.

void PyInterpreterState Delete (P\InterpreZerState *interp)

HEMBEHAREN . AFEFAEFLERBRESY. BRSO MEHZ A
XTPyInterpreterState_Clear () W HREE.

PyThreadState* PyThreadState_New ( PylnterpreterState *interp)
QIS T 40 IR A R AR X R . RJR R BN TR 20, (EANR T F AR e e 4
AT, AT AR .

void PyThreadState_Clear (PyThreadState *tstate)

HEAFDRSH G TEEE . DA SRR

3.9 fRE S WERAIAES V] PyThreadState.on_delete [|E. FEZ HIRAT, WEER XL
JEPyThreadState Delete () HH.

void PyThreadState_Delete (PyThreadState *tstate)
PSRRI G . AT EFA 2 AR . LRRIRSUAEH 2 HiXf Py ThreadState_Clear ()
AR R

void PyThreadState_DeleteCurrent (void)
B A SRS R & R8T, SPyThreadstate Delete () i, NHEFFAH &AM
wl. ARERRELMC M Z AN Py ThreadState_Clear () PHREE.

PyFrameObject* PyThreadState_GetFrame (PyThreadState *tstate)
FRHL Python ZRFRARTS sstare 1) 24 Hij I

Return a strong reference. Return NULL if no frame is currently executing.
HiESMPyEval_GetFrame ().

tstate WhJii /N "A) NULL.,

3.9 HUHTIA.

uint64_t PyThreadState_GetID (PyThreadState *tstate)
FRHL Python R RN rstate [ ME— R BDIRSHRIREAT .

tstate WhJii /N "A) NULL.,
3.9 BCHTINA.

PyInterpreterState* PyThreadState_GetInterpreter (PyThreadState *tstate)

AREL Python ZRFRARZS 1state o N7 1) R RERR o

tstate WA/ R NULL,

3.9 HUCHTIA.

150 Chapter 9. #JiafL, Zahget



The Python/C API, %[F] 3.9.19

PylInterpreterState* PyInterpreterState_Get (void)

BRI BRERS -
UNSRATFAE 24T Python ZERRIREHAAFAE 24 1l AFRE & WKE At B M5 5 . ‘B JE{Ri& [ NULL,
i IR b 254717 GIL.
3.9 BUHTMA.
int64_t PyInterpreterState_GetID (PylnterpreterState *interp)

IR [ R AR B ME— 1D QPRAAA TR AR H e AEAT A B R DR AR 1] — 1 -5 A
A A F A2 #5717 GIL.
3.7 BUHTMA.

PyObject* PyInterpreterState_GetDict (PylnterpreterState *interp)

iR B EAH AR L TR IR ) . QSR B pR RIGR [9] NULL WA AT Ar] S B 5 | o LR R B 24
PR €l A AT .

XAFEPyModule_GetState () R, ¥ RAIN M ERAF RS T BIRESER.
3.8 HUHTIIA.

PyObject* (*_PyFrameEvalFunction) (PyThreadState *tstate, PyFrameObject *frame, int throwflag)

MTPEAT bR KR 28 2
throwflag &% ﬁﬂaiﬂzaﬁ%m throw () FYERMA: WAES(E, WALPEY B2 .
3.9 S IR B PRAE AT 52— 1state TE S

_PyFrameEvalFunction _PyInterpreterState_GetEvalFrameFunc (PylnterpreterState *interp)
AREUTPEAL PR
1525 PEP 523 ”Adding a frame evaluation API to CPython”,

3.9 HOHIIA.
void _PyInterpreterState_SetEvalFrameFunc (PylnterpreterState  *interp, _PyFrameEvalFunc-
tion eval_frame)
BB R %L
&2 5 PEP 523 ”Adding a frame evaluation API to CPython”,
3.9 HCHTIA.

PyObject* PyThreadState_GetDict ()
Return value: Borrowed reference. & [7]—/4" Ji& A DAYE L P AR AR B SR RSE B 78, B REER I
DA B RAEZ F M P AR RPIRES o AR AT Y 24 i AR S It T AR ek 8.
R Bk [A] NULL, Ulﬂifg‘lﬁﬁﬁﬁ T | R LR 7 B 24 i YA T T ) 24 TR RS

int PyThreadState_SetAsyncExc (unsigned long id, PyObject *exc)
Asynchronously raise an exception in a thread. The id argument is the thread id of the target thread; exc is the
exception object to be raised. This function does not steal any references to exc. To prevent naive misuse, you must
write your own C extension to call this. Must be called with the GIL held. Returns the number of thread states
modified; this is normally one, but will be zero if the thread id isn’t found. If exc is NULL, the pending exception
(if any) for the thread is cleared. This raises no exceptions.

3.7 fit B4 The type of the id parameter changed from long to unsigned long.

void PyEval_AcquireThread (PyThreadState *tstate)
AR A R R A BT R 24 BT R ARARGS BN tstate, EALIA N NULL, BUAAHEIZ BT # 812 . W2k
IRAREC IRET, W& % B PR
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M) 2M3B AT TEAE S 2 AL A EA SRR ] B R B A % AR, VSR FEAS 2 Hy Python G171 .
PRATALER ) SR B BT {1 _Py_TIsFinalizing () B{ sys.is_finalizing () RAZEMBELZ
TILAL T i LA I AR DA S A b B 2845

38 fiR W & O ¥ FH ¥ N H5pPyEval RestoreThread(), Py_END_ALLOW_THREADS ()
MpyGILState Ensure () fRFF—F, W0 7E B R 2% 15 7E I 2 4k B 9k 0f ) D 25 2% 45 24 i 4k

o
PyEval RestoreThread () @RI (B MAVILGIL) B5RH %

void PyEval_ReleaseThread (PyThreadState *tstate)
R Y TR EE ) NULL I RS R MR 8. 7t BT s 5l g 6 i ELA 20T bk 24 1 R
FRif o tstate ZEOLITA A NULL, SHU TR A B2 SRR YT AFRRE - e, s
A — B AR
PyEval_SaveThread () jg—MAZW MK (RIMELAE M ARWIAI) i 2R %L

void PyEval_AcquireLock ()
e R A Bl BULAEZ ATE PE)E . RIZLRCEIAE, WS H e,

32 W& B H: WEHASEH Lo L ERS, X HPyvEval_RestoreThread ()
B{PyEval_AcquireThread().

i) MB AT TEAE fe 2 AL A EA SRR ] B R B A % AR, B R 2 AN 2 Hy Python G111 .
PRATALESR I SR B BT fi ] _Py_TIsFinalizing () B{sys.is_finalizing () RAEMBELZ
TILAL T IR LA I AR H DA S A b B 2846

38 fiw W & O #¢ FH ¥ N H5pPyEval RestoreThread(), Py_END_ALLOW_THREADS ()
MpPyGILState Ensure () PR¥FF—BL, W0 FE MR 4% 1E 7F e 4 A0 B B 8 ) ) & 2 25 24 i 2k
o

void PyEval_ReleaseLock ()
P A iR . B AHE L Bl .

32 iR 2B R B & TR Y A& R RS, W % PyEval _saveThread ()
BiPyEval_ReleaseThread().

9.6 T-ifFEaN HF

BIRERZHABIT, VRE A St A — A~ B Python fRREAR, (HALLEYA Sak BURAE R — N Ub R L 2 A —
AR R Z ISR RS . TR IR BERSMEX — .

T R RIS AT IR AL B S — RS . Bl e — DR TP ME—RY Python PR . 5T
BEANIE], R B ME— ) AR 2 R T L ANE S B AE . BB A STEISA TN ) A A 30T T i) $hA 79 ELd
L RIBAT I IR ZALM ARG SRR . PyInterpreterState Main () BRECKFIRIE—A4 ) HORESHY
HET
YRATPAME Py Threadstate_Swap () BRECTE ¥ flREds Z W BEAT YIS . AT DAGE T 41 B R0k 61 S B 55
Ef:
PyThreadState* Py_NewInterpreter ()
BE— TR . X — ULP) 58 &M B Python fURBHAATING . FRMITEEIER, By Tirtas
AR FABRME SR LA, AiEEAR I builtins, __main_ Ml sys . 2N
Bk (sys.modules) AR RIKR (sys.path) LRI EM . HABEA sys.argy BR. ¥

152 Chapter 9. #)iift, Z&5RIZER:



The Python/C API, %[F] 3.9.19

HABRIE VO JiSCHARTSE sys . stdin, sys.stdout fil sys.stderr (it ik £Ex] G 45 m A A
G2 U AT o

The return value points to the first thread state created in the new sub-interpreter. This thread state is made in the
current thread state. Note that no actual thread is created; see the discussion of thread states below. If creation
of the new interpreter is unsuccessful, NULL is returned; no exception is set since the exception state is stored in
the current thread state and there may not be a current thread state. (Like all other Python/C API functions, the
global interpreter lock must be held before calling this function and is still held when it returns; however, unlike
most other Python/C API functions, there needn’t be a current thread state on entry.)

PIRBHR AT 73 (1) MRt k=

o ST Z BBk, fillnpyModule FrombefAndspec (), Ff R R EIHH
VIR — D BRI BLR A R . A C 2RI 4228 B RELEX LRI G 2 A 3L 5

o X A BRI L IR, BlUNPyModule Create (), 4EFEY RBYE I FAR, ER B
IEEWIARAE, H A HAB B —A (50 $5 0L, M F—3 Jlon —4 (1) ks AR, FF
PR — BB TS % 75 VIR NZS . §7 Y init BRBCR WA . DA S B R
AW (T) PRSI, T RE S BB Z ST R (B 0T X Bugs and caveats).

WHEXARTERMM Py _FinalizeEx () MlPy_Initialize () SEREPWIHICBRERZ G
SAY R R AR RO X TFIRAE DL, PR initmodule B A FRRIFH . SZHTE
W —FE, XEWERA C EHAESM 2R BB e Sepkith > [a) 3L 5,

void Py_EndInterpreter (PyThreadState *tstate)
Destroy the (sub-)interpreter represented by the given thread state. The given thread state must be the current
thread state. See the discussion of thread states below. When the call returns, the current thread state is NULL. All
thread states associated with this interpreter are destroyed. (The global interpreter lock must be held before calling
this function and is still held when it returns.) Py_FinalizeEx () will destroy all sub-interpreters that haven’t
been explicitly destroyed at that point.

9.6.1 HPLHIE T

HI T T AR (DA EARRESD) B2 (] — DR R AL 7y, BT A B BRI IS8 58 - 28 Bk UL,
FRZ A SN os . close () WPEATATAE LR EEEEH) L ENS BT, BT (1) iR
frZ Iy Ry 3, B ] BTG IR H AR RN B B in i sl () &R LA
Jﬁt%aﬁé/l\?ﬁ%ﬁ%%% BT RA ATREBHR AR 5 —A> () MREAR I a2 25 8] s R D . 242 nT gt

o 24 465 S5 R ST R 2 T R L SRR, TR SIS, TR X SR R I TR S A
PR RE S50 WA DR A0 B (1) MR A 7 o )R S 0 — i V724 B O I ST g s R 7 )
FRIXTER o

Also note that combining this functionality with PyGILState_* () APIs is delicate, because these APIs assume a
bijection between Python thread states and OS-level threads, an assumption broken by the presence of sub-interpreters.
It is highly recommended that you don’t switch sub-interpreters between a pair of matching PyGILState_Ensure ()
and PyGILState_Release () calls. Furthermore, extensions (such as ctypes) using these APIs to allow calling
of Python code from non-Python created threads will probably be broken when using sub-interpreters.
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9.7 Fb i

PRALT ] FARREAS AR R Ll F L o X LSRR R AR A S i S A E .
int Py_AddPendingCall (int (*func)(void *), void *arg)

FF— A BRBOMAM TR AR BT RIL S5 o I, KR 0 FH4F func TN B LA T I HY
SEREBAS o RGN, Rk ] -1 (HAR S RCEARfSH

BIRIMABING , func K¢ A SR arg W EMPREIR LA . 3T IEHIZATY Python (UKt
ERST AL, (B E R IR AR A A

o N Fbytecode W FL I;
o FERFRFFA global interpreter lock (R I func V] DA T 522411 C API),

func WZFHE IR ] 0, BAER IO R o] -1 BB REES . func A2PHRERIEIIHIT 7
SR, HANR A R R S BRI E 3 T T A D e AR

R BB AR E A AR, AT R AR

AL TR I BB, N AR AT GIL. (50, BREK func TTRES L HEL SE 1R A R R )
A

el X MRZH R, RAEERERNTE O TAE . ANREPAIE func &R . R 4
AU T HATHEAN RGN, fune BASTERG R AR Z Gigi i . R E0EH AE/MERE C
ZEFH T Python fUHS . VER#AL, 5 {di ] PyGILStateAPI

3.9 WA NS BLRR BOPE TARE SR TH R, W BRI fune XERECHRE TR TR, A2 AE
RN . BUERED TRRESVECA B O R RIR 5%

3.1 BUCHT A

9.8 JrHrAIEES

Python i REAS M FE A PERE TR TBR B T BARAL 7 — SeRZ A SR . EATRI BN TIERE T . Il
ot TH.

XA~ C He L AVFPERE /AT o R R AUAD e 6 I ) Python JRZLA Al IS RAFRIITHY, EREEEIT C ik
P o BT HAEATEMBCA AL I D SRV R AN AR L IR R B, T L T R 2 B R 5 1) AR
FF5 Z A 1) Python JZ= BRI R B 5 1 S PEAR )

int (*Py_tracefunc) (PyObject *obj, PyFrameObject *frame, int what, PyObject *arg)

The type of the trace function registered using PyEval_SetProfile () and PyEval_SetTrace (). The
first parameter is the object passed to the registration function as obj, frame is the frame object to which the event
pertains, what is one of the constants PyTrace_CALL, PyTrace_EXCEPTION, PyTrace_LINE,
PyTrace_RETURN, PyTrace_C_CALL, PyTrace_C_EXCEPTION, PyTrace_C_RETURN, or
PyTrace_OPCODE, and arg depends on the value of what:
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what f1{E

arg i 3L

PyTrace_CALL

,‘é\zEéPy_Non e.

PyTrace_EXCEPTION

sys.exc_info ()

AR [l Y 5 A5 o

PyTrace_LINE

,‘E’\zEéPy_None.

PyTrace_RETURN SV, BCE A 5 S B R 0] NULL,
PyTrace C_CALL TETEYE FH pR A 42

PyTrace C_EXCEPTION | 1E1E VA BABO 4.

PyTrace_C_RETURN TETEVE R BN 52

PyTrace_OPCODE BEPy None.

int PyTrace_CALL
20—~ BR RO YRR TR gy, B0 i — N A AR T A Hi AL 43Pyt race func BRELH)
what 12 1 {H. 2 G R ) 1 S 0 B A DA 2 BT A PR A R A B A ot o A 1)
Python 5 AL F AL -

int PyTrace_EXCEPTION
M REEI KIME 4Py tracefunc BN what TEZWMH. TEAL IR S8 AR 5400 2 J5 K By
what ({ER 1 B AL, AEIEZ 5% 5 0 2 PR EAE IEAE AT R o SRR RICR 2 24 57 AL 4
FE Python FRIETTIN;, B Ay o ] R 50T i 8 A e o it AT BR B R B > i 3 T
FF; VR AT L ENT.

int PyTrace_LINE
The value passed as the what parameter to a Py_tracefunc function (but not a profiling function) when a
line-number event is being reported. It may be disabled for a frame by setting £_trace_lines to 0 on that
frame.

int PyTrace_RETURN
W — AN B B S 4R Pyt racefunc

int PyTrace_C_CALL
WA C R RIRFgoR B 45 Py_tracefunc p

int PyTrace_C_EXCEPTION

Y~ C KB K

int PyTrace_C_RETURN
M~ C {BUR BN S 4Py _tracefunc i

int PyTrace_OPCODE
The value for the what parameter to Py_tracefunc functions (but not profiling functions) when a new op-
code is about to be executed. This event is not emitted by default: it must be explicitly requested by setting
f_trace_opcodes to I on the frame.

PR what TEZ M.

PRELI) what T2 0IMH.

FMEL-

&Y% Py _tracefunc

R what T2

PRELI) what TEZ1H.

void PyEval_SetProfile (Py_tracefunc func, PyObject *obj)
Set the profiler function to func. The obj parameter is passed to the function as its first parameter, and may be
any Python object, or NULL. If the profile function needs to maintain state, using a different value for obj for each
thread provides a convenient and thread-safe place to store it. The profile function is called for all monitored events
except PyTrace_LINE PyTrace_OPCODE and PyTrace_EXCEPTION.

P I A GIL o

void PyEval_SetTrace (Py_tracefunc func, PyObject *obj)
Set the tracing function to func. This is similar to PyEval_ SetProfile (), except the tracing function does
receive line-number events and per-opcode events, but does not receive any event related to C function objects
being called. Any trace function registered using PyEval_SetTrace () will not receive PyTrace_C_CALL,
PyTrace_C_EXCEPTION or PyTrace_C_RETURN as a value for the what parameter.

VA R GIL
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9.9 RGN L HF

XL R FUX P R TR .
PylnterpreterState* PyInterpreterState_Head ()

FERAREAR IR SR GR 0] 31 thy By IR R AL SR ATk o

Py]nte; prererSmte* PyInterpreterState_Main ()

AR [ AR IR SRS 52 o

PylnterpreterState* PyInterpreterState_Next (PylnterpreterState *interp)

M R IR SR R A i 51 & HhaR 8] interp 2 JG 1R —5i .

PyThreadState * PyInterpreterState_ThreadHead (PylnterpreterState *interp)

1E S AR interp A IR ARRE AR S R IR B4R [0 55— > Py ThreadState MR

PyThreadState* PyThreadState_Next (PyThreadState *tstate)

MHJETF—~PyInterpreterstate XGRMARBIREXT RALAIZIF H R 0] tstate 2 J5 1T —5

9.10 ZEFAHLAFfifi S HF

The Python interpreter provides low-level support for thread-local storage (TLS) which wraps the underlying native TLS
implementation to support the Python-level thread local storage API (threading.local). The CPython C level APIs
are similar to those offered by pthreads and Windows: use a thread key and functions to associate a void* value per
thread.

L4iJE X SepR AT R ERA GIL; BSR4 S sl
W7 Python. h HANIHE TLS APL R, kA5 ZA$E pythread. h SR fii F &R A HUAF 1 -

#i(E): None of these API functions handle memory management on behalf of the void* values. You need to allo-
cate and deallocate them yourself. If the void* values happen to be PyOb ject *, these functions don’t do refcount
operations on them either.

9.10.1 ZRL B A ik (TSS) API

TSS APl is introduced to supersede the use of the existing TLS API within the CPython interpreter. This API uses a new
type Py_tss_t instead of int to represent thread keys.

3.7 BT
hz%:
”A New C-API for Thread-Local Storage in CPython” (PEP 539)

Py tss_t
BEARAE IR AR ARG, HoE SOTREHOBIT T 2R TLS 528, I HEA — N Fm B ARES
N T B AR PR AR I

WK X Py _LIMITED_API W, fiFHiPy_tss_NEEDS_INIT PUATIEBIHS B

Py_tss_NEEDS_INIT
AR NPy _tss_t BREIWIH A . EHEEXANEASHPY_LIMITED_API & .
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ghEmnnd

Py_tss_t WEIAIIAC, eGPy _LIMITED_API iR EARH 2 IRy, X LEREH il T 2R 2 A 52
IUAE G B I AN 325 I 114 PR G A T RE RS 70T
Py_tss_t* PyThread_tss_alloc ()

Rl =5 Py_tss NEEDS INIT HIUG AR AR R AR, B 24 2570 FE 2% g DU 3% [

NULL,

void PyThread_tss_free (Py_1ss_t *key)
Free the given key allocated by PyThread _tss_alloc (), after first calling PyThread tss_delete ()
to ensure any associated thread locals have been unassigned. This is a no-op if the key argument is NULL.

#iE): A freed key becomes a dangling pointer. You should reset the key to NULL.

Jiik;

KR BIITE S key W] NULL. JH., QARG EWPy_tss_t MR PyThread_tss_create () FiHfk
NWjPpyThread tss_set () fMlPyThread tss_get () BT R R E L.

int PyThread_tss_is_created (Py_iss_t *key)
MRAERPy_tss_t B has been initialized by PyThread_tss_create () #FIIEANIR [B]—4~
FEZMH-

int PyThread_tss_create (Py_fss_t *key)
LI A TSS SRR [ FAE . AR key SHUTTIRIAIE AR Py_tss NEEDS_INIT Hlatk
WHAT A AR SO o e AT e AR ] Y 8 E B SR AT - ZEC W Ae i B LR ) B R A A TAR AT 484
H AL B ]

void PyThread_tss_delete (Py_tss_t *key)
B —> TSS HEDAGEAE BT A 4o i st s S A0 R IR, IR B R A0 B A RS O R IR AL Y
CH R T DA Py Thread tss create () FRRPRIMGA. BEeR BT DATE R —> 4 B
- (BFE— AR S B R R TR

int PyThread_tss_set (Py_tss_t *key, void *value)
Return a zero value to indicate successfully associating a void* value with a TSS key in the current thread. Each
thread has a distinct mapping of the key to a void* value.

void* PyThread_tss_get (Py_tss_t *key)
Return the void* value associated with a TSS key in the current thread. This returns NULL if no value is associated
with the key in the current thread.

9.10.2 ZFLAHIAEfi% (TLS) API

3.7 WAz CEH: M APT 92542 % & 744 (TSS) APL TR .

HHlE): 354~ APK AR S5k TLS SR M TEE A A ion ine 1R ORI T 6. FEk RO T4 L
PyThread_create_key () 4§37 BRI —AKICIRAS, IF HHAL TLS s BCLescRERT-A L AR FERL

1T T B 2 A AAE T, N BAE B AR 6l e RCAR 1Y) AP
int PyThread_create_key ()
void PyThread_delete_key (int key)
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int PyThread_set_key_value (int key, void *value)
void* PyThread_get_key_value (int key)
void PyThread_delete_key_value (int key)

void PyThread_ReInitTLS ()
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3.8 HUHTIIA.

&k

PyConfig
PyPreConfig
PyStatus

PyWideStringList

PyConfig Clear()

PyConfig InitIsolatedConfig/()
PyConfig _InitPythonConfig()
PyConfig_Read/()

PyConfig _SetArgv ()

PyConfig SetBytesArgv()
PyConfig_SetBytesString ()
PyConfig_SetString()

PyConfig SetWideStringList ()
PyPreConfig _InitIsolatedConfig/()
PyPreConfig InitPythonConfig()
PyStatus_Error ()
PyStatus_Exception ()
PyStatus_Exit ()

PyStatus_IsError()
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e PyStatus_IsExit ()

e PyStatus_NoMemory ()

e PyStatus_Ok ()

e PyWideStringList_Append()
e PyWideStringList_Insert ()
e Py _ExitStatusException()

e Py InitializeFromConfig/()
* Py PrelInitialize()

e Py PrelInitializeFromArgs ()
* Py PreInitializeFromBytesArgs ()
* Py RunMain /()

* Py GetArgcArgv ()

The preconfiguration (PyPreConfig type) is stored in _PyRuntime.preconfig and the configuration
(PyConfigtype)isstoredin PyInterpreterState.config.

2 W.Initialization, Finalization, and Threads.
hz%:
PEP 587 "Python #4540 &

10.1 PyWideStringList

PyWideStringList
i wechar_t* FZREH MM FE.

AR length “AEZEAE, W items WhZ5i A NULL - HFr A F45 HR AR A NULL,
VRV

PyStatus PyWideStringList_Append (PyWideStringList *list, const wchar_t *item)
¥ item ENINE] list.

Python W/ T A AL AT J1T L R AL

PyStatus PyWideStringList_Insert (PyWideStringList *list, Py_ssize_t index, const wchar_t *item)
¥ item JEH A F| list 1) index LB L.

A index KFET list WKJE, WIXF item FSIME] list o
index must be greater than or equal to 0.
Python W25 AT 4R A LASE IR T L BR
iRk B
Py_ssize_t length
List K J&F,
wchar_t** items

FIETIH -

160 Chapter 10. Python fji&fbic &


https://www.python.org/dev/peps/pep-0587

The Python/C API, %[F] 3.9.19

10.2 PyStatus

PyStatus
FAAERIIR R BCIRAS Bl B IR EGR IS5 A

XEFHER, B DA A IR C R A K
git AT B

int exitcode

B, L4 exit () IISEL
const char *err_msg
HiRER
const char *funec
T LRI BB A PR, FTRACH NULL,
BRI R AL

PyStatus PyStatus_Ok (void)
T o

PyStatus PyStatus_Error (const char *err_msg)

HHERIR LA IR .
PyStatus PyStatus_NoMemory (void)

WAFECRI (AR ) -

PyStatus PyStatus_Exit (int exitcode)

PAFE 2 BB A SIR Y Python,
AR PRSI R AL

int PyStatus_Exception (PyStatus status)
RE N R 2B WHY oy EAME W& LA g B F o E

H Py ExitStatusException ().

o

int PyStatus_IsError (PyStatus status)
GERAEIRG?

int PyStatus_IsExit (PyStatus status)
GERRETIRIN?

void Py_ExitStatusException (PyStatus status)

W status j&— AR HABNHH exit (exitcode) o QIR status 22— A H5 1A W] B R BT
WE - TEZEREFEEY . UILE PyStatus_Exceptlon (status) NIEEAEN A REWTEH .

lE): AENFB, Python Y5l I X B PyStatus. func (%, MAIELRSH RN SH func #4 NULL.

NVE

PyStatus alloc(void **ptr, size_t size)
{
*ptr = PyMem_RawMalloc (size);
if (*ptr == NULL) {
return PyStatus_NoMemory () ;
}
return PyStatus_Ok();

(QA)
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(R —H)

int

{

main (int argc, char **argv)

void *ptr;

PyStatus status = alloc (&ptr, 16);

if (PyStatus_Exception(status)) A
Py_ExitStatusException (status);

}

PyMem_Free (ptr);

return 0;

10.3 PyPreConfig

PyPreConfig

Structure used to preinitialize Python:
¢ Set the Python memory allocator
* Configure the LC_CTYPE locale
o PN UTF-8 ik,

TG AL B ST e B e

void PyPreConfig_InitPythonConfig (PyPreConfig *preconfig)

Wt Python e 5. SRHIARAL TS CHL . .

void PyPreConfig_InitIsolatedConfig (PyPreConfig *preconfig)

BRGSO B 31} el A 1 L =
A UNS A

intallocator
Name of the memory allocator:

e PYMEM_ALLOCATOR_NOT_SET (0): don’t change memory allocators (use defaults)
e PYMEM_ALLOCATOR_DEFAULT (1): default memory allocators
e PYMEM_ALLOCATOR_DEBUG (2): default memory allocators with debug hooks

e PYMEM_ALLOCATOR_MALLOC (3): force usage of malloc ()

e PYMEM_ALLOCATOR_MALLOC_DEBUG (4): force usage of malloc () with debug hooks

e PYMEM_ALLOCATOR_PYMALLOC (5): Python pymalloc memory allocator

e PYMEM_ALLOCATOR_PYMALLOC_DERUG (6): Python pymalloc memory allocator with debug hooks

PYMEM_ALLOCATOR_PYMALLOC and PYMEM_ALLOCATOR_PYMALLOC_DEBUG are not supported if

Python is configured using ——without-pymalloc

Z: J,Memory Management.

int configure_locale

Set the LC_CTYPE locale to the user preferred locale? If equals to 0, set coerce_c_locale and

coerce_c_locale_warntoO.

int coerce_c_locale

If equals to 2, coerce the C locale; if equals to 1, read the LC_CTYPE locale to decide if it should be coerced.
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int coerce_c_locale_warn

WERAEEAE, WIAE C 1 5 DI il e ey e e ff o
int dev_mode

ZW,PyConfig.dev_mode.

int isolated
ZlPyConfig.isolated.

int legacy_windows_fs_encoding (Windows only)
If non-zero, disable UTF-8 Mode, set the Python filesystem encoding to mbcs, set the filesystem error handler
to replace.

{YAE Windows A, #ifdef MS_WINDOWS ZZW[#% FT Windows & J@H1LH5 .

int parse_argv
kATl , Py_PrelInitializeFromArgs () MlPy_PrelInitializeFromBytesArgs () ¥
PASSH B Python fftfr i AT S B H R 7 sUT L argv 280 200 7540

int use_environment
% N.PyConfig.use_environment.

int ut £8_mode
If non-zero, enable the UTF-8 mode.

10.4 Preinitialization with PyPreConfig

FHT-FiwI ik 4k, Python [ pRK :

PyStatus Py_PreInitialize (const PyPreConfig *preconfig)
4l preconfig T B AR WK 4G 16 Python.

PyStatus Py_PreInitializeFromBytesArgs (const PyPreConfig *preconfig, int argc, char * const *argv)
Preinitialize Python from preconfig preconfiguration and command line arguments (bytes strings).

PyStatus Py_PreInitializeFromArgs (const PyPreConfig *preconfig, int argc, wchar_t * const * argv)
Preinitialize Python from preconfig preconfiguration and command line arguments (wide strings).

TR T EMN® M HPystatus_Exception () MPy_ExitStatusException () AP EHE (4HREHE
).

For Python Configuration (PyPreConfig_InitPythonConfig ()), if Python is initialized with command line
arguments, the command line arguments must also be passed to preinitialize Python, since they have an effect on the
pre-configuration like encodings. For example, the —X ut £8 command line option enables the UTF-8 Mode.

PyMem_SetAllocator () A[{FPy_Prelnitialize() Z )G+ Py_InitializeFromConfig () Z Hi#k
& DAL | L NAES e e . S PyPreConfig. allocator #{i% % PYMEM_ALLOCATOR_NOT_SET
W fEPy_PreInitialize () Z HI#EIHH .

Python memory allocation functions like PyMem RawMalloc () must not be used before Python preinitialization,
whereas calling directly malloc () and free () is always safe. Py_DecodeLocale () must not be called before
the preinitialization.

Example using the preinitialization to enable the UTF-8 Mode:

PyStatus status;
PyPreConfig preconfig;
PyPreConfig_InitPythonConfig (&preconfiqg);

(R gksh)
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(R —H)

preconfig.utf8_mode = 1;

status = Py_PrelInitialize (&preconfiqg);

if (PyStatus_Exception(status)) {
Py_ExitStatusException (status);

3

/* at this point, Python will speak UTF-8 */
Py_Initialize();

/* ... use Python API here ... */
Py_Finalize();

10.5 PyConfig

PyConfig
B TR T Python YTE S INEEHIIA
SRRTTIA:

void PyConfig_ InitPythonConfig (PyConfig *config)
Initialize configuration with Python Configuration.

void PyConfig_InitIsolatedConfig (PyConfig *config)
Initialize configuration with Isolated Configuration.

PyStatus PyConfig_SetString (PyConfig *config, wchar_t * const *config_str, const wchar_t *str)
PEFEFAFER sr ¥ DI E *config_str,

Preinitialize Python if needed.

PyStatus PyConfig_SetBytesString (PyConfig *config, wchar_t * const *config_str, const char *str)
Decode str using Py_DecodeLocale () and set the result into *config_str.

Preinitialize Python if needed.

PyStatus PyConfig_SetArgv (PyConfig *config, int argc, wchar_t * const *argy)
Set command line arguments from wide character strings.

Preinitialize Python if needed.

PyStatus PyConfig_SetBytesArgv (PyConfig *config, int argc, char * const *argv)
Set command line arguments: decode bytes using Py_DecodeLocale ().

Preinitialize Python if needed.

PyStatus PyConfig_SetWideStringList (PyConfig *config, PyWideStringList *list,

Py_ssize_t length, wchar_t **items)
Y TE FRFER S 22 list BN length il items.

Preinitialize Python if needed.

PyStatus PyConfig_Read (PyConfig *config)
BEHUITA Python it

EAPIR I T BEA IRIFAZE

Preinitialize Python if needed.
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void PyConfig_Clear (PyConfig *config)
PETIC B N AT

Most PyConfig methods preinitialize Python if needed. In that case, the Python preinitialization configuration
in based on the PyConfig. If configuration fields which are in common with PyPreConfig are tuned, they
must be set before calling a PyCon fig method:

* dev_mode

e isolated

* parse_argv

* use_environment

Moreover, if PyConfig _SetArgv () or PyConfig_SetBytesArgv () isused, this method must be called
first, before other methods, since the preinitialization configuration depends on command line arguments (if
parse_argv is non-zero).

KB A F M PyStatus_Exception () fl Py_ExitStatusException () A
S (FEREURH).
SR B
PyWideStringList axrgv
Command line arguments, sys . argv. See parse_argv to parse a rgv the same way the regular Python

parses Python command line arguments. If argv is empty, an empty string is added to ensure that sys.
argv always exists and is never empty.

wchar_t* base_exec_prefix
sys.base_exec_prefix.

wchar_t* base_executable
sys._lbase_executable: __ PYVENV_LAUNCHER___ environment variable value, or copy of
PyConfig.executable.

wchar_t* base_prefix
sys.base_prefix.

wchar_t* platlibdir
sys.platlibdir: platform library directory name, set at configure time by ——with-platlibdir,
overrideable by the PYTHONPLATLIBDIR environment variable.

3.9 OB A

int buffered_stdio
If equals to 0, enable unbuffered mode, making the stdout and stderr streams unbuffered.
stdin 462 DA BT IT

int bytes_warning
If equals to 1, issue a warning when comparing bytes or bytearray with str, or comparing bytes
with int. If equal or greater to 2, raise a BytesWarning exception.

wchar_t* check_hash_pycs_mode
Control the validation behavior of hash-based . pyc files (see PEP 552): ——check-hash-based-pycs
command line option value.

Valid values: always, never and default.

IR default.
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int configure_c_stdio
If non-zero, configure C standard streams (stdio, stdout, stdout). For example, set their mode to
O_BINARY on Windows.

int dev_mode

R AEEAE, WJEH Python TF AL,

int dump_refs

AAONARZAE, EE A A FEAR B BRSO 4
Py_TRACE_REFS macro must be defined in build.

wchar_t* exec_prefix
sys.exec_prefix.

wchar_t* executable
sys.executable.

int faulthandler
R NAEEE, WAEREsIE A faulthandler.enable (),

wchar_t* filesystem_encoding
Filesystem encoding, sys.getfilesystemencoding ().

wchar_t* filesystem_errors
Filesystem encoding errors, sys.getfilesystemencodeerrors ().

unsigned long hash_seed

int use_hash_seed

BEATLAL G A R R 1
If use_hash_seed is zero, a seed is chosen randomly at Pythonstartup, and hash_ seed is ignored.

wchar_t* home
Python F H%.

Initialized from PYTHONHOME environment variable value by default.

int import_time

A ARSRAE, W AR RIS THERE 2T -
int inspect

TEPATHIA By o 2 JFHEA S A
int install_signal_handlers

Install signal handlers?

int interactive
R HE

int isolated
If greater than O, enable isolated mode:

* sys.path contains neither the script’s directory (computed from argv [0] or the current directory)
nor the user’s site-packages directory.

 Python REPL A5 A readline HAYEAZ HAL/RAFH E BRI AT readline Fit & .
e Set use_environment and user_site_directoryto0.

int legacy_windows_stdio
If non-zero,use io.FileIOinstead of io.WindowsConsoleIOfor sys.stdin, sys.stdout and
sys.stderr.
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{AF Windows bR, #ifdef MS_WINDOWS % 0] H T Windows & J&1 L HS .,

intmalloc_stats

WoMAERAE, WHEIR £ f# Python pymalloc 1 154 fie &5 GETHERE -
The option is ignored if Python is built using ——without-pymalloc.

wchar_t* pythonpath_env
Module search paths as a string separated by DELIM (os.path.pathsep).

Initialized from PYTHONPATH environment variable value by default.
PyWideStringList module_search_paths

intmodule_search_paths_set
sys.path. If module_search_paths_set is equal to 0, the module search_paths is over-
ridden by the function calculating the Path Configuration.

int optimization_level
iAo :
¢ 0: Peephole optimizer (and __debug___is setto True)
¢ 1: Remove assertions, set __debug__ to False
* 2: Strip docstrings

int parse_argv
If non-zero, parse argv the same way the regular Python command line arguments, and strip Python argu-
ments from argv: see Command Line Arguments.

int parser_debug
If non-zero, turn on parser debugging output (for expert only, depending on compilation options).

int pathconfig_warnings
If equal to 0, suppress warnings when calculating the Path Configuration (Unix only, Windows does not log
any warning). Otherwise, warnings are written into stderr.

wchar_t* prefix
sys.prefix.

wchar_t* program_name
Program name. Used to initialize executable, and in early error messages.

wchar_t* pycache_prefix
sys.pycache_prefix: .pyc cache prefix.

RH NULL, N sys.pycache_prefix ¥4fi% 5 None.

int quiet
Quiet mode. For example, don’t display the copyright and version messages in interactive mode.

wchar_t* run_command
python3 —c COMMAND argument. Used by Py_RunMain ().

wchar_t* run_filename
python3 FILENAME argument. Used by Py RunMain ().

wchar_t* run_module
python3 -m MODULE argument. Used by Py RunMain ().

int show_ref_ count
Show total reference count at exit?

Setto 1 by -X showrefcount command line option.
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Need a debug build of Python (Py_REF_DEBUG macro must be defined).

int site_import
TEJFBI A site BibR?

int skip_source_first_line
Skip the first line of the source?

wchar_t* stdio_encoding

wchar_t* stdio_errors
Encoding and encoding errors of sys.stdin, sys.stdout and sys.stderr.

int tracemalloc

RN IEEE, NHEBEsIEH tracemalloc. start () »

int use_environment
If greater than 0, use environment variables.

intuser_site_directory
If non-zero, add user site directory to sys.path.

int verbose
If non-zero, enable verbose mode.

PyWideStringList warnoptions
sys.warnoptions: options of the warnings module to build warnings filters: lowest to highest priority.

warnings BEHPAAH R BIF NN sys . warnoptions: g )5—~PyConfig.warnoptions 4%
HR il warnings . filters WS— N HIPRRCHRE (R fhed) .

int write_bytecode
If non-zero, write . pyc files.

sys.dont_write_bytecode &¥HItGib Hwrite bytecode BUGEHIHE.

PyWideStringList xoptions
sys._xoptions.

int _use_peg_parser
Enable PEG parser? Default: 1.

Setto 0 by -X oldparser and PYTHONOLDPARSER.
Z I, PEP 617,
Deprecated since version 3.9, will be removed in version 3.10.

If parse_argv is non-zero, argv arguments are parsed the same way the regular Python parses command line argu-
ments, and Python arguments are stripped from argv: see Command Line Arguments.

The xoptions options are parsed to set other options: see —X option.

39 R %% show_alloc_count FEECOHEE.
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10.6 fi)i] PyConfig w41t

T #14H1k Python ()&% :

PyStatus Py_InitializeFromConfig (const PyConfig *config)
MR config Wl B ARG Python.

T T EMNERMHPystatus_Exception () flPy ExitStatusException () KA RER (FiREE
).

(1] P i F T PyImport_FrozenModules ()., PyImport_AppendInittab ()
W PyImport_ExtendInittab (), WLZFE Python %) 4 1k Z 5. Python 4 4 1k 2 i 5 & i 6
‘Bl Wk Python B Z R WAk, WLAZTHE R R W 4R 4k Python Z Rl il Py Import_AppendInittab ()
B{PyImport_ExtendInittab ().

BEEAR P A FRI R Bil:

void init_python (void)
{
PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&config);

/* Set the program name. Implicitly preinitialize Python. */

status = PyConfig_SetString(&config, &config.program_name,
L"/path/to/my_program") ;

if (PyStatus_Exception(status)) {

goto fail;
}
status = Py_InitializeFromConfig(&config);
if (PyStatus_Exception(status)) A

goto fail;

}
PyConfig_Clear (&configqg);
return;

fail:
PyConfig_Clear (&configqg);
Py_ExitStatusException (status);

More complete example modifying the default configuration, read the configuration, and then override some parameters:

PyStatus init_python (const char *program_name)

{
PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&configqg);

/* Set the program name before reading the configuration
(decode byte string from the locale encoding).

Implicitly preinitialize Python. */
status = PyConfig_SetBytesString(&config, &config.program_name,
program_name) ;

CFItakEs)
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(R —H)

if (PyStatus_Exception(status)) {
goto done;

}

/* Read all configuration at once */

status = PyConfig_Read (&confiqg);

if (PyStatus_Exception(status)) {
goto done;

}

/* Append our custom search path to sys.path */
status = PyWideStringList_Append (&config.module_search_paths,
L"/path/to/more/modules") ;
if (PyStatus_Exception (status)) {
goto done;

}

/* Override executable computed by PyConfig Read() */
status = PyConfig_SetString(&config, &config.executable,
L"/path/to/my_executable");
if (PyStatus_Exception(status)) A
goto done;
}

status = Py_InitializeFromConfig (&confiqg);
done:

PyConfig_Clear (&configqg);
return status;

10.7 PR g

PyPreConfiqg_InitIsolatedConfig() MlPyConfig InitIsolatedConfig () R etE—EE
KR Python 5 RGE I E T K. BN, FF Python i A F|HAN HEEF

BCER AN R E A R . B, TSR (PyConfig. argy KRN FUH i H %, C
PRUERL (B0 stdout) Al LC_CTYPE i 5 IKIECFRFFAZL . (5 S A BATRF A 20205

Configuration files are still used with this configuration. Set the Path Configuration (output fields”) to ignore these
configuration files and avoid the function computing the default path configuration.

10.8 Python fits

PyPreConfig_InitPythonConfig() flPyConfig InitPythonConfig () HRESA|@— 1l & kM
M7 5 HE L Python AR H & X Python.

IS B A TS HCR WU THCEL Python, T4 Jay g 728 BR300

This function enables C locale coercion (PEP 538) and UTF-8 Mode (PEP 540) depending on the LC_CTYPE locale,
PYTHONUTFS8 and PYTHONCOERCECLOCALE environment variables.

SE il i) Python 7R 52 2 ARG B AEE 1T
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int main(int argc, char **argv)

{

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

config.isolated = 1;

/* Decode command line arguments.

Implicitly preinitialize Python (in isolated mode) .

status = PyConfig_SetBytesArgv (&config, argc, argv);
if (PyStatus_Exception(status)) {

goto fail;
3
status = Py_InitializeFromConfig(&confiqg);
if (PyStatus_Exception(status)) A

goto fail;

}
PyConfig_Clear (&configqg);

return Py_RunMain () ;

fail:

PyConfig_Clear (&configqg);
if (PyStatus_IsExit (status)) {
return status.exitcode;

}

/* Display the error message and exit the process with

non-zero exit code */
Py_ExitStatusException(status);

*/

10.9 BHAEACE

pyConfig W% ZAMT IR N 7B

o BACHCE A

PyConfig.home

— PyConfig.platlibdir

— PyConfig.pathconfig warnings
— PyConfig.program_name

— PyConfig.pythonpath_env

- MEITAER R TR %A

- PATH IS M THRPUR P I8 B2 CR HPyConfig. program_name)

— _ PYVENV_LAUNCHER___ fIEASE

- (f¥ PR Windows only) ¥ M %% HKEY_CURRENT_USER #1 HKEY_LOCAL_MACHINE
H%)”SoftwarePythonPythonCoreX.YPythonPath” I | i) . 1 2 /% H 5% (HE 7 X.Y 25 Python fiX

).

10.9. BEFEACE

171




The Python/C API, %[F] 3.9.19

o BEARHCE R B
— PyConfig.base_exec_prefix
— PyConfig.base_executable
— PyConfig.base_prefix
— PyConfig.exec_prefix
— PyConfig.executable
— PyConfig.module_search_paths_set, PyConfig.module_search_paths
— PyConfig.prefix

If at least one “output field” is not set, Python -calculates the path configuration to fill unset fields.
If module_search paths_set is equal to 0, module_search paths is overridden and
module_search_paths_setissetto 1.

It is possible to completely ignore the function calculating the default path configuration by setting explicitly all path
configuration output fields listed above. A string is considered as set even if it is non-empty. module_search_paths
is considered as setif module_search_paths_set issetto 1. In this case, path configuration input fields are ignored
as well.

Set pathconfig_warnings to 0 to suppress warnings when calculating the path configuration (Unix only, Windows
does not log any warning).

M base _prefix Bibase _exec prefix FEERIFE, BENIHESMMprefix fllexec_prefix gk H
{H.

Py_RunMain () MlPy_Main () ¥BH sys.path:

e MM run_filename BLXBEIFHR—MIE __main_ .py WAKHESZE, WE¥frun filename ¥
#| sys.path 7k,

e YR isolated HZE:

- WREE [ run_module, WIKFYHTHRIME] sys.path BIFk. WERICIRBEECS B H WA
AU FEEREET (BN

- WERE T run_filename, WIRFICPELHIHFEME sys . path BTk
- FEHAMGE T, MR DT IS sys . path IFk.

M site_import RHAEZE(E, N sys.path AJET site BB, W user site directory HIE
ZAH H A P site-package HSRAEAE, M site BIH2 Rt P site-package HSEFHNE] sys . path,

BEARTC 2 DA C B S
e pyvenv.cfg
* python._pth (X Windows)
e pybuilddir.txt ({{ Unix)

__ PYVENV_LAUNCHER_ _ HfIEAS e TRk EPyConfig. base_executable
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10.10 Py_RunMain()

int Py_RunMain (void)
WATEM AT E I EM M2 (PyConfig. run_command), A (PyConfig. run_filename)
B (PyConfig. run_module),

TEBRATE DL AR T -1 2697, Wiiz4T REPL.
HRJGE, 454k Python Jfik [l — AN nfLid 4y exit () BRAUIR HPRES,
WS Python e 5 &M Py_RunMain () {ER BT A6 24521T B E X Python 7R 61

10.11 Py_GetArgcArgv()

void Py_GetArgcArgv (int *argc, wchar_t ***argv)
1E Python B R iy LA S HZ 1, IRBUXLESHL

10.12 ZBBRNIRILRAT 2 API

KN ANFAEE APLGIA T ZHBewilafl, e PEP 432 fZO 4 :
o AL WITRMEBTEL, “H/MERY B Python™ :
- AL
- WA
- WECREE
- sys BHAER WL (FIA0: sys . path MIANFFTE).
o 7 FE WAL, Python #5E & WAL :
- ZRIFRLE importlib;
- N A E
- LRAF S AL A ;
- 5EI% sys B4 (Flhn: A7 sys.stdout fil sys.path);
- J8M faulthandler fl tracemalloc ZEn[EINHE;

- S A site fik;
- G4
AR APT:
e PyConfig._init_main:ifsetto0, Py _InitializeFromConfig () stops at the "Core” initialization
phase.

e PyConfig._isolated_interpreter: if non-zero, disallow threads, subprocesses and fork.

PyStatus _Py_InitializeMain (void)
HEA “FHE WAk BL, 58K Python FI#RAL .
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1E Rl BrBIAS AR, tWASKIE import 1ib il ph 2 % Hade “H2” BrBOWE A .
X ] B SRV FE Python 17 il Python DATE 3 B M54 2 &, AT RES %04 H & LW sys.meta_path FA
arE A T

It may become possible to calculatin the Path Configuration in Python, after the Core phase and before the Main phase,
which is one of the PEP 432 motivation.

Bl BrBOF A SE A E S AEX — W BT A% AT A2 Bz AT R R R BAE R . 1% APT RERIC
AT ER) : tltie Ui APL ] DARBIN $18 HoEt 9 B B 2 Bt i g 2 38 APL.

e oL MR WA BEZ AT Python ALY 7 fil:

void init_python (void)
{
PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&confiqg);

config._init_main = 0;
/* ... customize 'config' configuration ... */
status = Py_InitializeFromConfig(&confiqg);

PyConfig_Clear (&configqg);

if (PyStatus_Exception(status)) A
Py_ExitStatusException(status);

I3

/* Use sys.stderr because sys.stdout is only created
by _Py_ InitializeMain() */
int res = PyRun_SimpleString(

"import sys;
"print ('Run Python code before _Py_InitializeMain', "

"file=sys.stderr)");
if (res < 0) |
exit (1) ;
}
/* ... put more configuration code here ... */
status = _Py_InitializeMain();

if (PyStatus_Exception (status)) {
Py_ExitStatusException (status);
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cHAPTER 11

RO PR A

11.1 2458

{F Python /1, PNAFEHIBE K5 — N0 & Fr Python ST ARSI OFLA HE (heap) . IX/ANFAA HERE BT
NFBIR Python M %% 32 %% (Python memory manager) 13iF. Python NIEEPRESE AR AR A& Fhh &S
TAEE P A R, b=, E). Tl el A7 .

TERNRIZ, — IR WA e as i 5 5 RGN TFAS B2, B ORALAT Sk Py SR G 0 25 () R ATl T A
5 Python HH K M8 . TR NAF I FC AR BEAS b, JLARISURE B 20 B e Al — M oz dT, FF AR fioty
SRR R LB R B N B . BN, BRSO A A By SOR R 7 4 H . ool a,
h BB B [ A i SR 2 5 25 TR AT . TR IG, Python PYAEE FRERHRF— 28 AR L4 0 AR 8 20T
. (HE RS FAERAA HERTE R Nz AT .

Python Hfi: N AFAYAETBIRE ARG R AT, PO BB PRI, RIVGEARATT 20 B A 1 i ) A7 R 0 54
BE, PRBIX— i+ %, Python X G HAt A G2 o X Y i 23 8] 73 BiC 2t Python P78 BRAS # 5 il 1 AR
SCR§HRS Y Python/C APT eR A THY -

BT R NAERR , BR AR K A Y % E ] C E?ufﬁlE’FtHE’J BORXT Python X4 HEFTHEME, X 4L
BAlFE: malloc (), calloc (), realloc () fl free (). XEF-SEL C 4MHl#EHI Python P75 HEIH > [B] (1)
BH, 5IR™HEER, ﬁ%ﬁ??fflif%TNﬁJ%%?ﬁ, %Eﬁlﬁﬂﬁﬁ&tﬁaf’ﬁo HA2, FRATT DAL 4 H )
C JEArBiLas >k B ) B i B AR N A7, A R BT

PyObject *res;
char *buf = (char *) malloc (BUFSIZ); /* for I/0 */

if (buf == NULL)
return PyErr_NoMemory () ;
..Do some I/O operation involving buf...
res = PyBytes_FromString(buf);
free(buf); /* malloc'ed */
return res;

XA, VO G XN R th C ML Ab B . Python IWAFAS Bl {2 5 T /M IAE W45 HHR
GV RIE 8
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RN, AERZHCNGOLT, LTI Python HEFF ML ALY, PROA A4 T Python 7FAS BLERZ . B, 4
FERERR Y T C HRHTA G, AL AR, fH 1] Python HER) S —ANJs R2 A 82 * 3@ M1 * Python
WA B KT LR AP oK . BRI SR A7 A U T . miERsE H i, HEra A
17 2R 224 Python 774 B RELLARRES X A7 5 IR RE IR I DUA SEHERA Y 1. DAL, FERLBROLT,
Python PN {745 Pilas ] fE S il 2 s A& R #AE , ANBEIR DI, AR AR SO TR PR . iR, @
R S T R C FEMECAS . S /O G XA BLi INAT & 56 45 3% Python 74T BREHA BEL.

2%
PRI AR B PYTHONMALLOC W] 4§ FH oKL & Python JUr i HI i IN A7 4 FiCES o

FREEAS 5 PYTHONMALLOCSTATS R DA K AE AR A 2 F 5 F 8 ) pymalloc Xif 52 DI EFFT Bl pymalloc 19 7%
e % WG .

11.2 JE N Ariz N

DA REER BN T R G e . XEERBUS AR LN, ANFHERA & 5 HE 5400,
default raw memory allocator {§i fliX 2658 %7: malloc (). calloc (). realloc() Ml free(); HEZEFT

BUE ] malloc (1) (8{ calloc (1, 1))
3.4 JUET A

void* PyMem_RawMalloc (size_t n)

SrBC n AT R BN R BC A voidr RAURER, ARIER AR ] NULL,

R AT T B | — A 4 NULL $54F, BEZIHA T PyMem_RawMalloc (1) —H., {RZKTE
RSB 6

void* PyMem_RawCalloc (size_t nelem, size_t elsize)
SHC nelem ATEE, TATER AN elsize T35, FERIIE VIO NIEN void* KAHGEE, 5
SKATOUSER NULL. E 2T N E

KRB FAT A RRIR W] — A ERR dE NULL 541, UM T PyMem_RawCalloc (1, 1) —Ff.
3.5 BTN

void* PyMem_RawRealloc (void *p, size_t n)
5 p Fa W NAEHIONERE R n 7755 AUBTIH AR/ N R/ IMEC R HE , P A RS,
MR p /2 NULL , A4 TR PyMem_RawMalloc (n) 5 Q2R n 557 0, WINFFHR/ ML, (2
Ak, JRMIE NULL $55 .
M dE p & NULL , & W © W2 2wl HpyMem_RawMalloc () . PyMem RawRealloc ()
B PyMem_RawCalloc () iR,

WK R, PyMem_RawRealloc () iRIE NULL , p A38R &8 M e Hl AT KIS A S35 5

void PyMem_RawFree (void *p)
B p M W AE B p O B 2 B flPyMem RawMalloc () . PyMem RawRealloc ()
BiPyMem_RawCalloc () Jrigk [ $54F. H N, BifF PyMem_RawFree (p) Z Bl 21 i W
DR, RE AT R KA.
R p J& NULL, A 2 B E A 29T
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11.3 JffEEn

PATBRESE, IR ANSIC ArifE, H48E T REZBFITRIATR, W HT A Python 37 FCRIRERL M #E -
INN BB i T pymalloc M 55t 2.

B MR B, WA 2 B A S 4 (GIL)

3.6 Jif A HAEEIAR 2 ELd 2 pymalloc MAERSEHY malloc () o
void* PyMem_Malloc (size_t n)
SIC n ASFATTEIR A — R A O N AR voidx RAURER, SRR AR IEINR 7] NUL L,
TR BT REIR [ — Y E NULL 488, SN T PyMem_Malloc (1) —#f. HEWNFASL
PMEATT5 BRI iRt o
void* PyMem_Calloc (size_t nelem, size_t elsize)
IYE nelem AU, BEANTCRAYKIINA elsize 75, FRR BRI BT NAFR) voiad RALREE, AR
SRR NULL. AL A S,
R BT BEIR [ — AR E NULL 484, SR H T PyMem_Calloc (1, 1) —#f.
3.5 OB mA.

void* PyMem_Realloc (void *p, size_t n)

K p A7 H AT NFEEA n 735 DURTIHAAFER N R i/ IMECR TE, o AR FFANAE

W p & NULL , A4 TJHH PyMem_Malloc (n) 5 W3R n T 0, WK/ NSHHE, HA
SHREL, R AIHE NULL $5%F.

M dE p & NULL , K N B A2 2§l JHPyMem Malloc() . PyMem_Realloc ()
BiPyMem_Calloc () FriR[EIfH .

WERTERKRM, PyMem Realloc () iRIAI NULL , p {J59K2 4 ) Je il P AF XA ) A R £

void PyMem_Free (void *p)
B p MM N AE R, p R Z ol FPyMem Malloc() . PyMem Realloc ()
g pyMem_Calloc () BRI $54F. B W, B(¥E PyMem_Free(p) ZHIE LML MWHE LT,
KE XTI R .
Wk p & NULL, AR 2 2B F A S AT

PARTH ) 2R 72 R 7 (R 3 ik . 38 TYPE W AFEAEA] C 2841,

TYPE* PyMem_New (TYPE, size_t n)

pryMem Malloc () MlF], (H&4H (n * sizeof (TYPE)) FH N, RE—AF5Hk TYPE*
HIFRET . A 2 DMEMT Xl ia Ak .

TYPE* PyMem_Resize (void *p, TYPE, size_t n)
HpyMem_Realloc () #H, HPFHREI/NEIHFEES (n * sizeof (TYPE)) Fii. REl—PF
A TYPE* RAURYHREr . RN, p K5 R FE E AR DI a4, AR R INR 9] NULL,

g4 C BB, p SRR WA p IRIA{E, PABEGRAE AL BT BRI 2R AT

void PyMem_Del (void *p)
YpyMem_Free () ]

B, FATIEERME T LA E A T EHF A Python WNAFGMLAs, A L izt C APT ek (Hig i
HEE, MHENFFARERIEES Python HUAR B —BERIFEZIE, PITEY R .

e PyMem_MALLOC (size)
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e PyMem_NEW (type, size)

e PyMem_REALLOC (ptr, size)

e PyMem_ RESIZE (ptr, type, size)
¢ PyMem_FREE (ptr)

* PyMem_DEL (ptr)

11.4 4oy ficds

PATBRELEE, I8 ANSIC #nifl, F485E T REFFZHIAT R, WA Python 35y B AR AT
RN Zo B 2% i pymalloc N 5Bt 2%

Bl TEMEX BNy, AR 2 5 e 25 4 (GIL)

void* PyObject_Malloc (size_tn)
AL n AR Bl A FE R BL A void> ZEBIFRER, WA R NR ] NULL,

TR B AT REIR [ — AR IR NULL $85F, BBUEA T PyObject_Malloc (1) —H#f. {HZWFE
AN PMEA 7 X 1R ik
void* PyObject_Calloc (size_t nelem, size_t elsize)

SHIE nelem ATCE , BATEEIKINN elsize T4, HEAR IR AR voids KTfE, MR
SRAMNAR A NULL. R B b

TR FFAT A BER [ — AR A NULL $84, BB IHA T PyObject_Calloc (1, 1) —Ff.
3.5 HUCHTIA.
void* PyObject_Realloc (void *p, size_t n)
B p F8 1 B PIAFHR NS R n 235 . DOBTIH NSO R i B/ IME R, R SRR AR
s #p* 2 “NULL®, WIFHY T PyObject_Malloc (n) ; W n 55T 0, WPAFEHRA/NBHE,
EASHRET, &k NULL $54t .
M dE p & NULL , 15 W B W2 2 58 iPyobject_Malloc() . PyObject_Realloc ()
B{PyObject_Calloc () ffriREH .
WK KM, Pyobject Realloc () MR NULL , p A/38R2$8 A 5E il AR A $d84T .

void PyObject_Free (void *p)
B p e ) WAEH. p 02 Z Hi I lPyObject_Malloc() . PyObject_Realloc()
B PyObject_Calloc () FriR Ml Fa4t. MM, BFE PyObject_Free (p) ZHIC &AM M 1E
DR, R AT e KA.
W p & NULL, ABAfH A ER 23T
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11.5 BRINNAE LS

BROANAEA TS
[N LR PyMem_RawMallog PyMem_Malloc PyOb-
ject_Malloc
AT A "pymalloc" malloc pymalloc pymalloc
WA "pymalloc_debug!' malloc + debug pymalloc + de- | pymalloc + de-
bug bug
% pymalloc 1 %7 | "malloc" malloc malloc malloc
A
%7 pymalloc [ 1Hi | "malloc_debug" | malloc + debug malloc +debug | malloc + debug
i
LR

o ZFK: R4S B PYTHONMALLOC F{H
e malloc: 3k H CHfEEII RS HE, C K i malloc (), callo
e pymalloc: pymalloc 1 55 %

c(), realloc() and free ()

* "+ debug”: HAH PyMem_SetupDebugHooks () 3R T

116 13 LA ALES

3.4 BT

PyMemAllocatorEx
TR WA LA IS A . REEIR T 57 B

I, X
void *ctx 4’57%/’5’%~’P§§W§AE@H§FL
T3

void* malloc (void *ctx, size_t size)

SrBL— AR

new_size)

void* calloc (void *ctx, size_t nelem, size_t AEE— AR O B PN SR
elsize)
void* realloc (void *ctx, void *ptr, size_t AEE—AS NS B R RN

void free(void *ctx, void *ptr)

RN AR

3.5 iR B 4#: The PyMemAllocator structure was renamed to PyMemAllocatorExand anew calloc field

was added.

PyMemAllocatorDomain
FAR S BEa A A28 2. A
PYMEM DOMAIN_RAW
PRAL
* PyMem RawMalloc ()
* PyMem RawRealloc ()

* PyMem RawCalloc ()

11.5. BRIANAF oML
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* PyMem RawFree ()

PYMEM DOMAIN_MEM
PRAL

* PyMem Malloc(),

* PyMem Realloc()

* PyMem Calloc ()

* PyMem Free()
PYMEM_DOMAIN_OBJ

* PyObject_Malloc ()

* PyObject_Realloc ()

e PyObject_Calloc()

* PyObject_Free()

void PyMem_GetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)

AREUH S Sk A7 R I3 P -

void PyMem_SetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)

BB W N AR BCRS -
M RBEATHS, B FLA U A0R [l — R IE NULL $54t
XF T PYMEM_DOMATN_RAW I, s}ElERUAURLKRE LN M Bl gV AT, AREA 2 5 A8 541 .

WARHH S ECER A R T (N Z BRI ICE: ) , AT  PyMem_SetupDebugHooks () BRETEH
Jrleas B R T

void PyMem_SetupDebugHooks (void)

BEEAG I Python P77y BLads bR AL HER DRI T

Bror BRI N AF R 575 0xCD (CLEANBYTE ) SE 78, B NAFHIF 1y 0xDD (DEADBYTE ) 7t . NAFHR
W 2% EFY” A (FORBIDDENBYTE : 7 OxFD ).

IEATIN A A
o RrxE APL i, Biltn: X pyMem Malloc () SIS XA Pyobject Free() .
o R KRB ACERINE A (S X T ) .
o R XZ IR EFEME A (G X ) .

o K& 24 H PYMEM_DOMAIN_OBJ (fll: PyObject_Malloc ()) MIPYMEM_DOMAIN_MEM (4:
PyMem_Malloc ()) i) Fids e BN GIL e .

FE SR, PR T tracemalloc B E M NEREBECHIV E . HA2Y tracemalloc IF
TEIBER Python IWAFAMEE, I HINAIRBHBERRS, A 2Bkl .

T2 Python @RI T 4iseny , X L84y 1iinstalled by default . FI57% 5 PYTHONMALLOC A] DA
AR KA G118 Python b 2281k 1.

3.6 U S X S bR BCERAE 0l A T DA & A K g 2R 19 Python.  fE RS IRE, R R 4 BEAE il
il tracemalloc ¥ [0l #f] P 77 e 4 4 Bc 08 L B 4 4 7 B AE W AG 7% 24 PYMEM DOMATIN _OBJ
A pyYMEM_DOMAIN_MEM S REHER I, 2 RBREs e SRR g .

3.8 i A F i 0xCB (CLEANBYTE), 0xDB (DEADBYTE) fil 0xFB (FORBIDDENBYTE) L #f 0xCD
. 0xDD H1 0xFD AL A | 5 Windows CRT ¥#if malloc () F1 free () FHEIHIHE.
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11.7 pymalloc 4fic%s

Python £ 2k B A % 2B fr W RY /b 42 (N T 4T 512 2745) Ak B9 pymalloc 43 Bt 2% . & 1 [ & K
/IR 256 KiB [ FR A arenas” [ N AFBLST . X5 TR T 512 #5040 L, B B 2 PyMem RawMalloc ()

MPyMem_RawRealloc () .

pymalloc  ;EPYMEM_DOMAIN_MEM _(fl 41 PyMem_Malloc()) MPYMEM_DOMAIN_OBJ (fil 1m:
PyObject_Malloc ()) BB INSELE o

arena 43 FL 8 F AR pR 2K
e Windows [ VirtualAlloc () flVirtualFree() ,

e mmap () fl munmap () , WHEATH,
o BN, malloc () Hl free() .

11.7.1 g X pymalloc Arena 43filgs

3.4 BT

PyObjectArenaAllocator
FAeAA A arena 7} FEEFAYGEAIAR . X ANEIRH =7 B

void *ctx YENSE— SRR B3
void* alloc(void *ctx, size_t size) Ay Be—3k size T Y XL
void free(void *ctx, void *ptr, size_t size) | BE—eXik

void PyObject_GetArenaAllocator (PyObjectArenaAllocator *allocator)
FRHR arena 73 icds

void PyObject_SetArenaAllocator (PyObjectArenaAllocator *allocator)
U H arena 7y HCdy

11.8 tracemalloc C API

3.7 BT

int PyTraceMalloc_Track (unsigned int domain, uintptr_t ptr, size_t size)

TE tracemalloc B iR ER—ANE B IAFER
BRI 0, HASEHR ] -1 OCES BN RAFIR S E) . WA T tracemalloc MR (A -2
WAL N O R B, W A BRI S

int PyTraceMalloc_Untrack (unsigned int domain, uintptr_t ptr)

T£ tracemalloc R FFEIHIRES— AN A BCH NAFEE . QSR N AFE R B IR MR A AT A A
N4 tracemalloc HEAE AR [E] -2, 75 0ER[E] O,
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11.9 135

PATR IR H 48 52 /NG, 2 E 5 PAGE VO G X ad 1l i 55— e AR M Python b 7L fY:

PyObject *res;

char *pbuf = (char *) PyMem_Malloc (BUFSIZ); /* for I/O */
if (buf == NULL)

return PyErr_NoMemory () ;
/* ...Do some I/O operation involving buf... */

res = PyBytes_FromString (buf);
PyMem_Free (buf); /* allocated with PyMem Malloc */
return res;

5 P T ) 28 o AR 4 A ] AR

PyObject *res;
char *buf = PyMem_New (char, BUFSIZ); /* for I/0 */

if (buf == NULL)
return PyErr_NoMemory () ;
/* ...Do some I/O operation involving buf... */

res = PyBytes_FromString (buf);
PyMem_Del (buf); /* allocated with PyMem New */
return res;

THEEAE LA LA R G, Geoh X Bl I s TAH SR A e ORI . L b, X e i N7
WA ARV A APLIR , DATE BERHE & AN TR 2 B (4 AU 0ol 22 foefik . DA S AU P s e S pii Ak e,

— AR fatal IO EIRE T PIRITEAR [ e EBAEROA R 7l 4s o

char *bufl = PyMem_New (char, BUFSIZ);

char *buf2 = (char *) malloc (BUFSIZ);

char *buf3 = (char *) PyMem_Malloc (BUFSIZ);

PyMem_Del (buf3); /* Wrong —- should be PyMem_Free() */
free (buf2); /* Right —-- allocated via malloc() */
free (bufl); /* Fatal -- should be PyMem_Del () */

BT B AEAL B R H Python Mk 5L 4R 4 A7 B 1) &6 $ 2 5, Python i i) X 52 2 Jd
PyObject_NewVar () fMlPyObject_Del () F4 B ARERH -

X EERFAEAT KANAAE C v SCRISE BB R AR —F h b

PyObject New (),
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ARFAIE T SIS RARTU Fr 6l B ek . AR

121 Afeifirfr oy fich %

PyObject* _PyObject_New (PyTypeObject *type)
Return value: New reference.

PyVarObject* _PyObject_NewVar (PyTypeObject *type, Py_ssize_t size)
Return value: New reference.

PyObject* PyObject_Init (PyObject *op, PyTypeObject *type)
Return value: Borrowed reference. i/} FLHIXR op WAL ERIZEBUANG] AT IR MBI AL S AR 5. A
R type FRUIX AR R S HOGIABIRAGI , B 23X AR GBI AL AG I R R R . XL
HoAt 7 BN 20

PyVarObject* PyObject_InitVar (PyVarObject *op, PyTypeObject *type, Py_ssize_t size)
Return value: Borrowed reference. ‘&I EEMPyObject_Init () —FE, I HRTIEAS B R /NN R
K.

TYPE* PyObject_New (TYPE, PyTypeObject *type)
Return value: New reference. i [l C 25442551 TYPE 1 Python 25X} % rype 43 Bi—1~31 11 Python X4 .
KA Python XF 43k fg L F BRI XSRS RTHECR A —. WAEAELR/INE type X4
Mtp_basicsize FERME

TYPE* PyObject_NewVar (TYPE, PyTypeObject *type, Py_ssize_t size)
Return value: New reference. i J}] C RS54 25FL TYPE 11 Python 2B 42 type 4B —4~3F1 1) Python
X5 o Python X5 3 SC A & LI F BN BRI IR . B BLI ARSI T B T TYPE 54410 type
MGt _itemsize FEBARMENY size FEE . 0 T LI RcALX A REBAE I i e B O K
?@Nﬁ%ﬁiﬁ%o%?E%ﬁﬁﬁAﬂﬁﬁ%Wﬁﬁﬁ*ﬂ%ﬁ?Wﬁ%m%ﬁﬁ,ﬁ%%TW
T ECRIRCR

void PyObject_Del (void *op)
Rl Pyobject _New () B PyObject NewVar () SrBCNAFIIN G, X I H HIXT AR type FBUE
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iy tp_dealloc ALPRRRBORIEM o XA e ELLAS op XA 7 BERRAN T AR, PR 73
4 A7 25 8] AN o — A R Python X 42

PyObject _Py_NoneStruct
4 None —#£#Y Python Xf 4R . X AXGALAT AR Py_None ZLUiIH], XA ISR A& MRS TRE

W%
PyModule_Create () 4rBLIAFFIEIEY EEH.

12.2 @i k&R

KB AR T 3 Python (XL BT, X — ik TiX Lepy 25 A R E TR B vk

12.2.1 JEACH SRR

Bt A /) Python X G2 #8AE Xt 42 19 N A7 &7 B JT 4 i 70 36 2 0 8 1 7 B X B8 B il PyObject
B PyVarobject RADBRFIR, LI — L7005 S, X 28 75 B 4 B [a] 53t 1] T i A7 HeAl Python
MR E o

PyObject
All object types are extensions of this type. This is a type which contains the information Python needs to treat
a pointer to an object as an object. In a normal “release” build, it contains only the object’s reference count and
a pointer to the corresponding type object. Nothing is actually declared to be a PyOb ject, but every pointer
to a Python object can be cast to a PyObject *. Access to the members must be done by using the macros
Py_REFCNT and Py_TYPE.

PyVarObject
This is an extension of PyOb ject that adds the ob_size field. This is only used for objects that have some
notion of length. This type does not often appear in the Python/C API. Access to the members must be done by
using the macros Py REFCNT, Py_TYPE,and Py_SIZE.

PyObject_HEAD
This is a macro used when declaring new types which represent objects without a varying length. The PyOb-
ject_HEAD macro expands to:

PyObject ob_base;

See documentation of PyOb ject above.

PyObject_VAR_HEAD
This is a macro used when declaring new types which represent objects with a length that varies from instance to
instance. The PyObject_ VAR_HEAD macro expands to:

PyVarObject ob_base;

S, FiiPyvarobject WSCRY.

Py_TYPE (0)
This macro is used to access the ob_ t ype member of a Python object. It expands to:

(((PyObject*) (o)) ->ob_type)

int Py_IS_TYPE (PyObject *o, PyTypeObject *type)
Return non-zero if the object o type is type. Return zero otherwise. Equivalent to: Py_TYPE (o) == type.

3.9 BUHTIA.
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void Py_SET_TYPE (PyObject *o, PyTypeObject *type)
Set the object o type to type.
3.9 BUHTMA.

Py_REFCNT (0)
This macro is used to access the ob_refcnt member of a Python object. It expands to:

(((PyObject*) (0))->ob_refcnt)

void Py_SET_REFCNT (PyObject *o, Py_ssize_t refcnt)
Set the object o reference counter to refcnt.

3.9 BUBTINA.

Py_SIZE (0)
This macro is used to access the ob_size member of a Python object. It expands to:

(((PyVarObject*) (o)) ->ob_size)

void Py_SET_SIZE (PyVarObject *o, Py_ssize_t size)
Set the object o size to size.

3.9 BUCHTIA.

PyObject_HEAD_INIT (type)
This is a macro which expands to initialization values for a new PyOb ject type. This macro expands to:

_PyObject_EXTRA_INIT
1, type,

PyVarObject_HEAD_INIT (type, size)
This is a macro which expands to initialization values for a new PyVarObject type, including the ob_size
field. This macro expands to:

_PyObject_EXTRA_INIT
1, type, size,

12.2.2 Implementing functions and methods

PyCFunction
Type of the functions used to implement most Python callables in C. Functions of this type take two PyOb ject *
parameters and return one such value. If the return value is NULL, an exception shall have been set. If not NULL,
the return value is interpreted as the return value of the function as exposed in Python. The function must return a
new reference.

The function signature is:

PyObject *PyCFunction (PyObject *self,
PyObject *args);

PyCFunctionWithKeywords
Type of the functions used to implement Python callables in C with signature METH_VARARGS |
METH_KEYWORDS. The function signature is:

PyObject *PyCFunctionWithKeywords (PyObject *self,
PyObject *args,
PyObject *kwargs);
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_PyCFunctionFast
Type of the functions used to implement Python callables in C with signature METH FASTCALL. The function
signature is:

PyObject *_PyCFunctionFast (PyObject *self,
PyObject *const *args,
Py_ssize_t nargs);

_PyCFunctionFastWithKeywords
Type of the functions used to implement Python callables in C with signature METH_FASTCALL |
METH_KEYWORDS. The function signature is:

PyObject *_PyCFunctionFastWithKeywords (PyObject *self,
PyObject *const *args,
Py_ssize_t nargs,
PyObject *kwnames) ;

PyCMethod
Type of the functions used to implement Python callables in C with signature METH_METHOD |
METH_FASTCALL | METH_KEYWORDS. The function signature is:

PyObject *PyCMethod (PyObject *self,
PyTypeObject *defining_class,
PyObject *const *args,
Py_ssize_t nargs,
PyObject *kwnames)

3.9 BUHTMA.

PyMethodDef
Structure used to describe a method of an extension type. This structure has four fields:

i, C Type B

ml_name const char * name of the method

ml_meth PyCFunction | pointer to the C implementation

ml_flags | int flag bits indicating how the call should be constructed
ml_doc const char * | points to the contents of the docstring

The m1_meth is a C function pointer. The functions may be of different types, but they always return PyOb ject *.
If the function is not of the PyCFunction, the compiler will require a cast in the method table. Even though
PyCFunction defines the first parameter as PyOb ject *, it is common that the method implementation uses the
specific C type of the self object.

The m1_flags field is a bitfield which can include the following flags. The individual flags indicate either a calling
convention or a binding convention.

There are these calling conventions:

METH_VARARGS
This is the typical calling convention, where the methods have the type Py CFunct i on. The function expects two
PyObject * values. The first one is the self object for methods; for module functions, it is the module object.
The second parameter (often called args) is a tuple object representing all arguments. This parameter is typically
processed using PyArg_ParseTuple () of PyArg_UnpackTuple ().

METH_VARARGS | METH_KEYWORDS
Methods with these flags must be of type PyCFunctionWithKeywords. The function expects three parame-
ters: self, args, kwargs where kwargs is a dictionary of all the keyword arguments or possibly NULL if there are no
keyword arguments. The parameters are typically processed using PyArg ParseTupleAndKeywords ().
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METH_FASTCALL
Fast calling convention supporting only positional arguments. The methods have the type _PyCFunctionFast.
The first parameter is self, the second parameter is a C array of PyOb ject * values indicating the arguments and
the third parameter is the number of arguments (the length of the array).

This is not part of the limited API.

3.7 BUHTMA.

METH_FASTCALL | METH_KEYWORDS
Extension of METH FASTCALL supporting also keyword arguments, with methods of type
_PyCFunctionFastWithKeywords. Keyword arguments are passed the same way as in the vector-
call protocol: there is an additional fourth PyOb ject * parameter which is a tuple representing the names of the
keyword arguments (which are guaranteed to be strings) or possibly NULL if there are no keywords. The values
of the keyword arguments are stored in the args array, after the positional arguments.

This is not part of the limited API.

3.7 BUBTIA.

METH_METHOD | METH_FASTCALL | METH_KEYWORDS
Extension of METH_FASTCALL | METH_KEYWORDS supporting the defining class, that is, the class that con-
tains the method in question. The defining class might be a superclass of Py_TYPE (self).

The method needs to be of type PyCMethod, the same as for METH_FASTCALL | METH_KEYWORDS with
defining_class argument added after self.

3.9 BUCHT A

METH_NOARGS
Methods without parameters don’t need to check whether arguments are given if they are listed with the
METH_NOARGS flag. They need to be of type PyCFunction. The first parameter is typically named self
and will hold a reference to the module or object instance. In all cases the second parameter will be NULL.

METH_O
Methods with a single object argument can be listed with the METH O flag, instead of invoking
PyArg_ParseTuple () with a "O" argument. They have the type PyCFunction, with the self parame-
ter, and a PyOb ject * parameter representing the single argument.

These two constants are not used to indicate the calling convention but the binding when use with methods of classes.
These may not be used for functions defined for modules. At most one of these flags may be set for any given method.

METH_CLASS
The method will be passed the type object as the first parameter rather than an instance of the type. This is used
to create class methods, similar to what is created when using the classmethod () built-in function.

METH_STATIC
The method will be passed NULL as the first parameter rather than an instance of the type. This is used to create
static methods, similar to what is created when using the staticmethod () built-in function.

One other constant controls whether a method is loaded in place of another definition with the same method name.

METH_COEXIST
The method will be loaded in place of existing definitions. Without METH COEXIST, the default is to skip re-
peated definitions. Since slot wrappers are loaded before the method table, the existence of a sq_contains slot,
for example, would generate a wrapped method named ___contains__ () and preclude the loading of a corre-
sponding PyCFunction with the same name. With the flag defined, the PyCFunction will be loaded in place of the
wrapper object and will co-exist with the slot. This is helpful because calls to PyCFunctions are optimized more
than wrapper object calls.
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12.2.3 Accessing attributes of extension types

PyMemberDef

Structure which describes an attribute of a type which corresponds to a C struct member. Its fields are:

I, C Type B

name const char * | name of the member

type int the type of the member in the C struct

offset | Py_ssize_t the offset in bytes that the member is located on the type’s object struct
flags int flag bits indicating if the field should be read-only or writable

doc const char * | points to the contents of the docstring

type can be one of many T__ macros corresponding to various C types. When the member is accessed in Python,
it will be converted to the equivalent Python type.

Macro name C BEkA
T_SHORT short

T_INT int

T_LONG KAk
T_FLOAT float
T_DOUBLE double
T_STRING const char *
T_OBJECT PyObject *
T_OBJECT_EX PyObject *
T_CHAR AT
T_BYTE ey

T UBYTE unsigned char
T_UINT unsigned int

T _USHORT unsigned short
T_ULONG unsigned long
T_BOOL 5
T_LONGLONG long long
T_ULONGLONG | unsigned long long
T_PYSSIZET Py_ssize_t

T_OBJECT and T_OBJECT_EX differ in that T_OBJECT returns None if the member is NULL and
T_OBJECT_EX raises an AttributeError. Try to use T_OBJECT_EX over T_OBJECT because
T_OBJECT_EX handles use of the de 1 statement on that attribute more correctly than T_OBJECT.

flags can be 0 for write and read access or READONLY for read-only access. Using T_STRING for type
implies READONLY. T_STRING data is interpreted as UTF-8. Only T_OBJECT and T_OBJECT_EX members
can be deleted. (They are set to NULL).

Heap allocated types (created using Py Type_FromSpec () or similar), PyMemberDe f may contain definitions
for the special members _dictoffset_ ,  weaklistoffset_ and _ vectorcalloffset_ ,
corresponding to tp_dictoffset, tp_weaklistoffset and tp_vectorcall_ offset in type ob-
jects. These must be defined with T_PYSSIZET and READONLY, for example:

static PyMemberDef spam_type_members[] = {
{"__dictoffset_ ", T_PYSSIZET, offsetof (Spam_object,
{NULL} /* Sentinel */

dict), READONLY},

bi
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PyObject* PyMember_GetOne (const char *obj_addr, struct PyMemberDef *m)
Get an attribute belonging to the object at address obj_addr. The attribute is described by PyMemberDef m.
Returns NULL on error.

int PyMember_SetOne (char *obj_addr, struct PyMemberDef *m, PyObject *0)
Set an attribute belonging to the object at address obj_addr to object 0. The attribute to set is described by
PyMemberDef m. Returns 0 if successful and a negative value on failure.

PyGetSetDef
Structure to define property-like access for a type. See also description of the Py TypeObject.tp _getset
slot.
ik C Type X
name const char * | attribute name
get getter C function to get the attribute
set setter optional C function to set or delete the attribute, if omitted the attribute is readonly
doc const char * | optional docstring
closure | void * optional function pointer, providing additional data for getter and setter

The get function takes one PyObject * parameter (the instance) and a function pointer (the associated
closure):

typedef PyObject * (*getter) (PyObject *, woid *);

It should return a new reference on success or NULL with a set exception on failure.

set functions take two PyOb ject * parameters (the instance and the value to be set) and a function pointer (the
associated closure):

typedef int (*setter) (PyObject *, PyObject *, wvoid *);

In case the attribute should be deleted the second parameter is NULL. Should return O on success or —1 with a set
exception on failure.

12.3 R R

1F Python XI5 R 45w BB S5 2 — i 8 U R BN Z5H: Py TypeObject 45k, JEBIXTG ] DA
FATAn] PyObject_* () B PyType_* () PRECKACEE, (HAREHRML K L4 Python W HFE ¥ BB BRAY N 25 .
KB G IR R R AT A EERY, DA A I R RE A AN B ol AT SE BT B p b R e o E
HRZHEAMERTIM L, AR M MK XA KRR 2SN BB S0 T RERME, KaE C m
FeEF, BIRESCE T RBIRER /N . AR AR BT LI F B . X S BRI R E TR S
Hh B A T A

BT RS )T ANTRE TR TR Py Typeobject [ R ERIBI 1.
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12.3.1 iz

"tp_ Ji iRy

PyTypeObject ' Type FEsk R e v =
‘%‘2
QT DI
<R> tp_name const char * __name__ X X
tp_basicsize Py_ssize_ t X X X
tp_itemsize Py _ssize_ t X X
tp_dealloc destructor X X X
tp_vectorcall_offset Py_ssize_t X X
(tp_getattr) getattrfunc __getattribute__, __getattr__ G
(tp_setattr) setattrfunc __setattr__, __ delattr___ G
tp_as_async PyAsyncMethods * FFiEtE (FiER) %
tp_repr reprfunc _repr__ X X X
tp_as_number PyNumberMethods * Tt (FiEm) %
tp_as_sequence PySequenceMethods * Frirtt (FiER) %
tp_as_mapping PyMappingMethods * Tk (7)) %
tp_hash hashfunc __hash__ X €
tp_call ternaryfunc _call__ X X
tp_str reprfunc _ Sstr X X
tp_getattro getattrofunc __getattribute__, __getattr__ X X G
tp_setattro setattrofunc __setattr__, __delattr__ X X G
tp_as_buffer PyBufferProcs * %
tp_flags unsigned long X X ?
tp_doc const char * __doc X X
tp_traverse traverseproc X G
tp_clear inquiry X G
tp_richcompare richcmpfunc It ,_le_,_eq_,_ne ,| X QG
g ,_ge
tp_weaklistoffset Py _ssize_t X ?
tp_iter getiterfunc iter X
tp_iternext iternextfunc next X
tp_methods PyMethodDef [] X X
tp_members PyMemberDef [] X
tp_getset PyGetSetDef [] X X
tp_base PyTypeObject * _ base__ X
tp_dict PyObject * _ dict__ ?
tp_descr_get descrgetfunc _get X
tp_descr_set descrset func _set_,_delete__ X
tp_dictoffset Py_ssize_ t X ?
tp_init initproc __init__ X X X
tp_alloc allocfunc X ?
tp_new newfunc __new__ X X ?
tp_free freefunc X X ?
tp_is_gc inquiry X X
<tp_bases> PyObject * __bases__ ~
<tp_mro> PyObject * __mro__ ~
[tp_cache] PyObject *
BET—H
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F1-#HELE—H
PyTypeObject ' Type ok o/ JE 5
A%\z
g1 01
[tp_subclasses] PyObject * __subclasses__
[tp_weaklist] PyObject *
(tp_del) destructor ‘
[tp_version_tag] unsigned int
tp_finalize destructor _del__ X
tp_vectorcall vectorcallfunc
TIiikR (J5ikiR)
SR Type R
am_await unaryfunc __await__
am_aiter unaryfunc __aiter__
am_anext unaryfunc __anext__
nb_add binaryfunc _add____radd__
nb_inplace_add binaryfunc __jadd__
nb_subtract binaryfunc _sub____rsub__
nb_inplace_subtract binaryfunc __isub__
nb_multiply binaryfunc _mul__ _ rmul__
nb_inplace_multiply binaryfunc __imul__
nb_remainder binaryfunc __mod__ _ rmod__
nb_inplace_remainder binaryfunc __imod__
nb_divmod binaryfunc __divmod__

_ rdivmod___
nb_power ternaryfunc __pOW__ __ Irpow__
nb_inplace_power ternaryfunc __ipow__
nb_negative unaryfunc __neg__
nb_positive unaryfunc __pos__
nb_absolute unaryfunc __abs__

BET—H

MBS ISR E (PR L) DI SRS SRR . DS A RO T . T<RST(ER HITAD &
m%?&%%%%@%ﬁ%#mmc
4

”(Q”: PyBaseObject_Type WX E

T PyType_ Type WX E

D7 BRIABCE. (R T AR o NULL)
X - PyType_Ready sets this value if it is NULL
~ — PyType_Ready always sets this value (it should be NULL)
? — PyType_Ready may set this value depending on other slots

Also see the inheritance column ("I").
”I”: g[*_/‘%
X - type slot is inherited via *PyType_Ready* if defined with a *NULL* value

oe

— the slots of the sub-struct are inherited individually
— inherited, but only in combination with other slots; see the slot's description
- it's complicated; see the slot's description

R, A T R R A R A AR Y -

0o
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K2-BEE—H
T Type RO
nb_bool inquiry __bool__
nb_invert unaryfunc __invert__
nb_lshift binaryfunc __Ishift__ rlshift
nb_inplace_1lshift binaryfunc __ilshift_
nb_rshift binaryfunc __rshift  rrshift
nb_inplace_rshift binaryfunc __irshift
nb_and binaryfunc _and____rand__
nb_inplace_and binaryfunc __dand__
nb_xor binaryfunc __XOr__ _ rxor__
nb_inplace_xor binaryfunc __ixor__
nb_or binaryfunc __Oor__ __ror__
nb_inplace_or binaryfunc _dor__
nb_int unaryfunc _int__
nb_reserved void *
nb_float unaryfunc _ float__
nb_floor_divide binaryfunc _ floordiv__
nb_inplace_floor_divide binaryfunc __ifloordiv__
nb_true _divide binaryfunc __truediv__
nb_inplace_true_divide binaryfunc __itruediv__
nb_index unaryfunc __index__
nb_matrix_multiply binaryfunc __matmul__

_ rmatmul__
nb_inplace_matrix multiply binaryfunc __imatmul__
mp_length lenfunc _len__
mp_subscript binaryfunc __getitem__
mp_ass_subscript objobjargproc __setitem__,

__delitem__
sq_length lenfunc _len__
sg_concat binaryfunc _add__
sq_repeat ssizeargfunc _ mul__
sq_item ssizeargfunc __getitem__
sqg_ass_item ssizeobjargproc __setitem___

__delitem___
sqg_contains objobjproc __contains__
sq_inplace_concat binaryfunc _dadd__
sq_inplace_ repeat ssizeargfunc __imul__
bf_getbuffer getbufferproc()
bf releasebuffer releasebufferproc()
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R{ typedef
typedef SRR A EE S
allocfunc PyObject *
PyTypeObject *
Py ssize_t
destructor void * void
freefunc void * void
traverseproc int
void *
visitproc
void *
newfunc PyObject *
PyObject *
PyObject *
PyObject *
initproc int
PyObject *
PyObject *
PyObject *
reprfunc PyObject * PyObject *
getattrfunc PyObject *
PyObject *
const char *
setattrfunc int
PyObject *
const char *
PyObject *
getattrofunc PyObject *
PyObject *
PyObject *
setattrofunc int
PyObject *
PyObject *
PyObject *
descrgetfunc PyObject *
PyObject *
PyObject *
PyObject *
194 . Ch 52
descrsetfunc nt
PyObject *

PyObject *
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WEREE K tpedef PHEZTEAFELE

12.3.2 PyTypeObject 5 X

PyTypeObject BZ5HE XA PATE Include/object .h iR E|. KT HHESH, AR THPRE X:

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

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

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

/* rich comparisons */
richcmpfunc tp_richcompare;

/* weak reference enabler */
Py_ssize_t tp_weaklistoffset;

/* Iterators */
getiterfunc tp_iter;

CFoiaks:)
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(R —H)

iternextfunc tp_iternext;

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

struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

struct _typeobject *tp_base;

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

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

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

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;

} PyTypeObject;

12.3.3 PyObject Hifi;

KRN RLEMP e T Pyvarobject 45, ob_size %Exﬂ%ifzjluxﬁi(ﬂﬂ type_new () g, #HHEL
RIEARIH) . TR Py Type_Type LR &AIMatbcp_itemsize, XEKE I:EI’J;&WJ (RP2EANF5) &
MEAH ob_size FEK.

PyObject* PyObject . _ob_next

PyObject* PyObject . _ob_prev
These fields are only present when the macro Py_TRACE_REF'S is defined. Their initialization to NULL is taken
care of by the PyObject_HEAD_INIT macro. For statically allocated objects, these fields always remain NULL.
For dynamically allocated objects, these two fields are used to link the object into a doubly-linked list of all live
objects on the heap. This could be used for various debugging purposes; currently the only use is to print the objects
that are still alive at the end of a run when the environment variable PYTHONDUMPREF'S is set.

ok
Leop BRI AURK
Py_ssize_t PyObject .ob_refecnt
RO RARAYTI N EL, t PyObject HEAD_INIT ZAHMMAMN 1. i H RN TS B 800

é‘é{?‘%é’] ob_type FRIMHZRA) R PMATI L. EXTIHEDRRIRBN G, LB 7K
g

MoK :
TRBUARIIR T BL o
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PyTypeObject* PyObject .ob_type
ORRTREAL, HATEUiE e A, Bl PyObject _HEAD_INIT WS EUCRMBHIMG, ERE
— IO & «PyType_Type o B2 R TZhASTT AP A 2 04 Windows o] ], 4iidaiss
A DA HERI IR tE . B S BB IS #4 33 NULL 43 % PyObject _HEAD_INIT Jf HAERIHL)
WIHE A RO 46 B s AT AR B4 2 BT iR X A B . LA R X R -

Foo_Type.ob_type = &PyType_Type;

X WY AZAE B % BB AT S 2 B SE R Py Type_Ready () ¥i#x ob_type @74 NULL, UWIHRE,
ML) ob_type FERUIGITE . MR ZFEIESE, WryType Ready () AEHERE.

ok :

T B AW FRAGK .

12.3.4 PyVarObject Kl

Py _ssize_t PyVarObject .ob_size
For statically allocated type objects, this should be initialized to zero. For dynamically allocated type objects, this
field has a special internal meaning.

MoK -
TRAURIR I T B

12.3.5 PyTypeObject Y4

AT — DR R IR AR KR . WPy Type_Ready () XFEIZTFBN NULL BHEEEHE, B4
WEH A “BRIN” #B4r. (IR, £ PyBaseObject_Type flPyType Type Hi& B 4L F B br bk
TBIAES)

e

const char* PyTypeObject .tp_name
85, 81 PA NULL 45 R FR KBTI FARFR . T DME B & RS BT R 2E 8L, 4%
PV TR, IR, FEIREREA . T NERE, FERRER VIR R RAA . R
BRI A, WISERE M) 44 02 SE R MBI A 1) —3 4. B, £3 P 10 o HyREE M v
KA T W tp_name WiZHIIRH "P.Q. M. T

For dynamically allocated type objects, this should just be the type name, and the module name explicitly stored in
the type dict as the value for key '__module__ .

For statically allocated type objects, the tp_name field should contain a dot. Everything before the last dot is made
accessible as the __module__ attribute, and everything after the last dot is made accessible as the __name_
attribute.

WERAIAE RS, WEAtp_name FEAFEN __name_ JEMEVIIF, M __module  JEMENIRHZAR
&S (BRARfE Sl R s, a0 ESOIng) o X KRG RIS ALR TR AT pickle. L4k, A
pydoc AEARIER SO AN 251 %R

BTBURAIH NULL, ‘E@PyTypeObject () PME—MLMET B (B TI1ER tp_itemsize PASH).
MoK :
TRBURIIR I T BL

Py_ssize_t PyTypeObject.tp_basicsize
Py_ssize_ t PyTypeObject .tp_itemsize
T Tk B BT AT B B S DA T BRSO
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FAEMFpZER: B KRR Hip itemsize FECNFT; BA A KL HIAY AT
Htp_itemsize FEARNE. W1 HAEERKELGIMIERL, A SO I/NEFHF, HA&K/D
Htp_basicsize #5H,

For a type with variable-length instances, the instances must have an ob_size field, and the instance size is
tp_basicsizeplusNtimes tp_itemsize, where N is the “length” of the object. The value of N is typically
stored in the instance’s ob_size field. There are exceptions: for example, ints use a negative ob_size to
indicate a negative number, and N is abs (ob_size) there. Also, the presence of an ob_size field in the
instance layout doesn’t mean that the instance structure is variable-length (for example, the structure for the list
type has fixed-length instances, yet those instances have a meaningful ob_size field).

The basic size includes the fields in the instance declared by the macro PyObject_HEAD or
PyObject_ VAR _HEAD (whichever is used to declare the instance struct) and this in turn includes the
_ob_prev and _ob_next fields if they are present. This means that the only correct way to get an initializer
for the tp_basicsize is to use the sizeof operator on the struct used to declare the instance layout. The
basic size does not include the GC header size.

KT XTI WA A H R AR X5, WM cp_basicsize MERAERE. Bil4n: fi
WA KA ST T —4 double $4H, tp_itemsize ,?jtzg sizeof (double) ., T&EF A T/
R tp_basicsize j& sizeof (double) %L (RIEXE double Bﬁxﬁ%gk)

XA A AR BESEBIRAL, % BA R NULL,
Mok :

X2 T B Ry 2Ry R R, R Zli*iﬁ NEFERtp_itemsize, HALET HBH
Frep_itemsize WENARMAFR(EEE 2 ALAER (AR TIZHEEA B HARSH) .

destructor PyTypeObject .tp_dealloc

TR SEBIAT R BB FE 5o BRARPRIEE LAY S BRI A 2R (LR B BT 4t None Fl ELlipsis
HREE) A WALZFE SGX AR BB -

’void tp_dealloc (PyObject *self);

ME| B 01}, HPy_DECREF () MPy_XDECREF () MM RS L, SeBlskiEfe, 2
CA¥A THEMTI . HTil R 2B BO% L OHA AT R, BHOZEOIHA BT E NAEZE
X Gl AT I R RE R 2R ), HE RSB co_ free BT, QAR IBIAT FREML (¥
HEPy TPFLAGS_BASETYPE Fi&ifir), WA EIAX LR R, AU tp_free. Xf
SRR EY %5 A B R B B . QR Pyobject_New () B PyObject_VarNew () 4-fit, i
Y NPyObject_Del (); WHEAEFPyObject_GC _New () BiPyObject_GC_NewVar () 4 BE, B
HPyObject_GC_Del ().

WRAZ A S nR (B T Py TPFLAGS_HAVE_GC FRFGNL), MTAES N % AE i FLAT ) i R 7 Bt
ZHiIHPyObject_GC_UnTrack ().

static void foo_dealloc (foo_object *self) {
PyObject_GC_UnTrack (self);
Py_CLEAR (self->ref);
Py_TYPE (self)->tp_free ((PyObject *)self);

-

e, SRR RS DAL (Py_TPFLAGS HEAPTYPE), TEICH N %AETH F B BURE RS o ol
e s @XT%E’J%‘IH%W%I AT RS BARER, BRSSP YR

static void foo_dealloc (foo_object *self) {
PyTypeObject *tp = Py_TYPE (self);
// free references and buffers here
tp—>tp_free(self);

(T IUdkss)
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(R —H)

Py_DECREF (tp) ;
}

Aok :
WP BT R BAK .
Py_ssize_t PyTypeObject .tp_vectorcall_offset

— A vecrorcall Vi3 SR X G S B G R SR T e A RS ik, X8 —Fh LRI tp_ca 1l
SRR R

This field is only used if the flag Py TPFLAGS_HAVE_VECTORCALLis set. If so, this must be a positive integer
containing the offset in the instance of a vectorcallfunc pointer.

The vectorcallfunc pointer may be NULL, in which case the instance behaves as if
Py TPFLAGS_HAVE_VECTORCALL was not set: calling the instance falls back to tp_call.

B[ & T Py_TPFLAGS_HAVE_VECTORCALL 2SNk E to _call HHRHEAT NS vectorcall-
Sfunc RE—E. XA PAENNKE ip_call (& HPyVectorcall Call () L.

e Ttis not recommended for heap types to implement the vectorcall protocol. Whenausersets__call_
in Python code, only #p_call is updated, likely making it inconsistent with the vectorcall function.

H#5[F): The semantics of the tp_vectorcall_offset slot are provisional and expected to be finalized in
Python 3.9. If you use vectorcall, plan for updating your code for Python 3.9.

3.8 i AE: AE 3.8 HUZ A, XA to_print. £ Python 2.x Ht, BRI THTEHIEI SO/, A
Python 3.0 & 3.7 1, "BEAWME

Aok :
This field is always inherited. However, the Py_ TPFLAGS_HAVE_VECTORCALL flag is not always inherited. If

it’s not, then the subclass won’t use vectorcall, except when PyVectorcall_ Call () is explicitly called. This
is in particular the case for heap types (including subclasses defined in Python).

getattrfunc PyTypeObject . tp_getattr
— AR AR U M AT HR R R T

TTBCIM. HEPE XN, NMiZMNltp_getattro fRA A EEL, HERZ 4 CFRFHRSHE
NEYES A Python FATHIXT S .

Mok :
AH: tp_getattr, tp_getattro

ZFB W T E M ep_getattro fidhik: Y 17HAMWtp_getattr Mtp_getattro ¥k NULL Fif
BT RARE N B EL AR N K cp_getattr Mltp_getattro.

setattrfunc PyTypeObject .tp_setattr
— N4 ) BR AR A S TS S e s P ) P e A

TTBCIM . HEPOE XN, NMiZMNltp_setattro fRAFE-—AEE, HEZ A CFFHRSHE
ANJETES, MiAE Python “FAFHRXTSL .

ok :

S3eH: tp_setattr, tp_setattro
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ZFESWTLE M _setattro kR M TRBMtp setattr fltp_setattro ¥k NULL
IHZ T RBEEG R M BRI BRI K tp_setattr flltp_setattro,

PyAsyncMethods* PyTypeObject .tp_as_async
i — & STE C )29 b5 Bawaitable Rlasynchronous iterator PRSI XEGAR SR 7 BLH FE &
Hfk . WSS 2R TR

3.5 BT ZEZ BIREFR N tp_compare il tp_reserved,
Mok :
tp_as_async FEARWAK, (BT S TFERASWERMARK.

reprfunc PyTypeObject . tp_repr
— AT NERE repr () BYRREIWFTERTREL

BB # S5Pyobject_Repr () WA

PyObject *tp_repr (PyObject *self);

RO AR 0] — AP A7 B Y Unicode %R . FERRAEREOLT , e 2M0R ] — AN FAFE, 2405 HAL
freval () W, AEHEENIREL, Piolbl—NEAMEEPR. RXAT, e 4R
—ANPA < TFRFFRA > S5 R AT R HERT A R A B AME R AT

Aok :
BT B TR BAK

WERARBLEIL T B, WIRM <$s object at $p> JBRWTFAFR, H s RRFHNRBATR, 2o KF
B R R N AL

PyNumberMethods* PyTypeObject .tp_as_number
fa ) — N Hma A AR FEEr, Hb a5 AT A R R A R 7 B X B SO S I A
F A R LEMIR

Aok :
tp_as_number FBINSYAMK, (HEF 5107 B PEHMAR .

PySequenceMethods* PyTypeObject .tp_as_sequence
St NIRRT, R A S B IR M 5 B B B SORY I 7
ot R v R

Aok :
tp_as_sequence FBIASYAIK, (HET &7 BRSSP MR,

PyMappingMethods* PyTypeObject . tp_as_mapping
Fe i — D mEs AR pHe s, el G AT AR R KA T B X T B SO e
i SR

Aok :
tp_as_mapping FERASYEK, (HEr M7 BRSPHMAR.

hashfunc PyTypeObject .tp_hash
—ANFRISEIL T N E RS hash () B RREHY TR 4

HE 4 S pyobject_Hash () BYAHE:

Py_hash_t tp_hash (PyObject *);
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1 AWAERIER RIEGERE] YRR EE AR P A AR R, ROV B — A i AR W -1,
When this field is not set (and tp_richcompare is not set), an attempt to take the hash of the object raises
TypeError. This is the same as setting it to PyOb ject_HashNot Implemented ().

B g i X PyObject_HashNot Implemented () VAR IR AR BIRA M A 7 o FE Python
EX RN __hash_ = None MY, f#if8 isinstance (o, collections.Hashable)
IEffIR ] False.. RGO RZA: 7 Python JZHI B — 2K _hash__ = None &{fif§
tp_hash Fi{ g B NPyObject_HashNot Implemented (),

Pk :
Group: tp_hash, tp_richcompare

ZFERESW TR tp_richcompare —E4kHK: M TR tp _richcompare fltp_hash ¥JH
NULL B} 2B [ 4K t p_richcompare fltp_hash.

ternaryfunc PyTypeObject .tp_call
AT ) S BN S U 4 ] BRI R B RN SN2 TR A S LA R NULL. AR
Spyobject_call () BFHE:

PyObject *tp_call (PyObject *self, PyObject *args, PyObject *kwargs);

ok :
Bt RN K .

reprfunc PyTypeObject .tp_str
— AR SEINE st () BAERREIREE . (R st ITER— DAL, str () I MIZEA
MRS . IR Pyobject _str () PATIEFRERIE, MPyobject_str () R AL H )
i)

HE 4 5pyobject_str() !

’PyObject *tp_str (PyObject *self);

PR AR 0] — A7 5 Unicode %58, B 2Y02—A> “IUF" IXTRPAFERIRER, R
FEEAE print () EECH S5 AE R R E

ok :

BT R AR

BRik:

MARBEZTFEN, KA Pyobject _Repr () FaRk— AR FRRER.

getattrofunc PyTypeObject .tp_getattro
— AR AR U M AT HR R R T

H& & 5pyobject_GetAttr () HIMHE:

PyObject *tp_getattro(PyObject *self, PyObject *attr);

AT A IR F B PyObject_GenericGetAttr (), B T EHXRIEMERE .
4ok :
A3eH: tp_getattr, tp_getattro

GTBEW TR tp_getattr —RYK: Y TR cp_getattr Mtp _getattro ¥y NULL B}
TRAE RN YR tp_getattr flltp_getattro,

LN
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PyBaseObject_Type uses PyObject_GenericGetAttr ().

setattrofunc PyTypeObject . tp_setattro

— 38 1) R B DA IS BRI 2 e 1 T e AR A
HEZ 5Pyobject_sSetAttr () HIFHRE):

int tp_setattro (PyObject *self, PyObject *attr, PyObject *value);

BEAh, b b A0 S K value mjﬂ NULL O Ml B J& . 8 % n] DA O i b F 3% o Bt i
ﬂ»ijObject_GenerlcSetAttr (), BRI EMEREE

Rk :
43reH: tp_setattr, tp_setattro

RFEES TR tp_setattr —@YERK: BB tp_setattr Mltp_setattro ¥k NULL
IR ADE RN YK cp_setattr Mltp_setattro,

BRIN:

PyBaseObject_Type [fifflPyObject_GenericSetAttr ().

PyBufferProcs* PyTypeObject .tp_as_buffer

Fa 1 — AL 5 SR i X2 11 (R G O B BT N5 A PR B F 5T o 3K S8 B SOk 2 2% o
E S 2 AR

Aok :
tp_as_buffer FERASWMEK, (HEM I T BRSPHMAR.

unsigned long PyTypeObject .tp_flags

BT BOE R A AR AR . SR TR BN TR E R AL TE S 55— SE TR U TR E 6
Mt (i@t tp_as_number, tp_as_sequence, tp_as mapping Mtp_as_buffer 5K
JREEFIIA) PRYRRE B, BAEN R LI BRA NG AR AR L2 I I, e BT R
R P BOlb U /I R0 ) HA R B 25 NULL {H.

B

Inheritance of this field is complicated. Most flag bits are inherited individually, i.e. if the base type has a flag
bit set, the subtype inherits this flag bit. The flag bits that pertain to extension structures are strictly inherited if
the extension structure is inherited, i.e. the base type’s value of the flag bit is copied into the subtype together
with a pointer to the extension structure. The Py TPFLAGS_HAVE_GC flag bit is inherited together with the

tp_traverseand tp_clear fields, i.e. if the Py TPFLAGS_ HAVE_GC flag bit is clear in the subtype and
the tp_traverse and tp_clear fields in the subtype exist and have NULL values.

BRik:

PyBaseObject_Type uses Py TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE.

fLHERS:

HORT2E T PAT LIRS "I RAGEA] | A Xt e A1iE4T OR iz UAIB Ilitp_flags %Exlﬂ’ﬂﬁo

FPyType_HasFeature () 5% —ANHKBM—ATEARME 0 1 f, HAE tp->tp_flags & f &

FEV RIS

Py_TPFLAGS_HEAPTYPE
This bit is set when the type object itself is allocated on the heap, for example, types created dynamically
using Py Type_FromSpec (). In this case, the ob_type field of its instances is considered a reference
to the type, and the type object is INCREF’ed when a new instance is created, and DECREFed when an

instance is destroyed (this does not apply to instances of subtypes; only the type referenced by the instance’s
ob_type gets INCREF’ed or DECREFed).

Aok :
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7?77
Py_TPFLAGS_BASETYPE
2 S BT AR 5 — S B B R B LR R . WRIZ HU R O s e, T 2R AR
TR 28k (LT Java Hrf final” 25).
ok :
777
Py_TPFLAGS_READY
MR RIN G Py Type Ready () #§5¢ 4 L HIMLETZ URR AR E -
ok :
777
Py_TPFLAGS_READYING
Y pyType_Ready () AFERIIRALILIEBIXT G R vp HZ LU AR O R B 50
ok :
777
Py_TPFLAGS_HAVE_GC
24 g G2 3K B % L0 % G RE LR B R . A R B T R B R, T S I i A
MPyObject_GC_New () FRBIEHEHPyobject _GC_Del () HKiHEk. BWEAEE WL £ £
B EF AR e — AT R LIA RIS R BXN R P FELE GC M X FBitp_traverse
Mtp_clear,
Pk :
ﬁéﬂ: Py TPFLAGS_HAVE_GC,tp_traverse, tp_clear

The Py_TPFLAGS_HAVE_GCflagbitis inherited together with the t p_t raverse and tp_clear fields,
i.e. if the Py TPFLAGS_HAVE_GCflagbitis clear in the subtype and the tp_traverseand tp_clear
fields in the subtype exist and have NULL values.

Py_TPFLAGS_DEFAULT
This is a bitmask of all the bits that pertain to the existence of certain fields in the type object and its extension
structures. Currently, it includes the following bits: Py_TPFLAGS_HAVE_STACKLESS_EXTENSION,
Py_TPFLAGS_HAVE_VERSION_TAG.

Ak :
777

Py_TPFLAGS_METHOD_DESCRIPTOR
XAFE AT G AT R T ARG 2
WA type (meth) B T %R, IBA:

e meth._ _get_ (obj, cls) (*args, **kwds) (H T obj A & None) W i £ iy T
meth (obj, *args, **kwds),

e meth._ get_ (None, cls) (*args, **kwds) HZEHMT meth (*args, **kwds).

BEIEAR A obj.meth () XAFAYILALT AT M B AL : EXFEGY ob] .meth QURHIGIY “40
SETTIR” M5

3.8 BT
Aok :

This flag is never inherited by heap types. For extension types, it is inherited whenever tp_descr_get is
inherited.
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Py_TPFLAGS_LONG_SUBCLASS
Py_TPFLAGS_LIST SUBCLASS
Py_TPFLAGS_TUPLE_SUBCLASS
Py_TPFLAGS_BYTES_SUBCLASS
Py_TPFLAGS_UNICODE_SUBCLASS
Py_TPFLAGS_DICT_ SUBCLASS
Py_TPFLAGS_BASE_EXC_SUBCLASS

Py_TPFLAGS_TYPE_SUBCLASS

XL Py Long_Check () &5 RN R PR E — AR N BRI 128, AL
ARSI HEZ A I AN Py Ob ject _IsInstance () TP, QR H N BB E SRR Y
I B tp_flags, 5055 RE 0S8R EA T2 B 14 AR5 PTG T Ay 00 b 2 1t AN ]
TN -

Py_TPFLAGS_HAVE_FINALIZE

MR TFAE tp_finalize REAZIN & BCELX A HORRZ
3.4 WU
3.8 iR CEI: IR E AR 2, FUARES S BUE RS R b B2 fFfE tp_finalize

AL

Py_TPFLAGS_HAVE_VECTORCALL

ML T vectorcall Vil NS BCEEAN WAL S tp_vectorcall offset THHE.
Aok :

This bit is inherited for static subtypes if tp_call is also inherited. Heap types do not inherit
Py_TPFLAGS_HAVE_VECTORCALL

3.9 BT

const char* PyTypeObject . tp_doc

— AN BRI 1) A HAZ ST 2 ) SCRY A R 1 PA NUL 2556 1) C A5 R 485 %85 i i h3s
RANZEASLH Y __doc_ Bk,

Bk
BB R AR TR

traverseproc PyTypeObject .tp_traverse

An optional pointer to a traversal function for the garbage collector. This is only used if the
Py_TPFLAGS_HAVE_GC flag bit is set. The signature is:

int tp_traverse (PyObject *self, visitproc visit, woid *argqg);

A 5 Python B3R ATy S8 A B 245 BT AE A 2 8 7 SR AR s el — A AR

The tp_traverse pointer is used by the garbage collector to detect reference cycles. A typical implementation
of a tp_traverse function simply calls Py_ VISIT () on each of the instance’s members that are Python
objects that the instance owns. For example, this is function local_traverse () fromthe _thread extension
module:

static int
local_traverse (localobject *self, visitproc visit, wvoid *arg)

Py_VISIT (self->args);

(T IUdkss)
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(R —H)

Py_VISIT (self->kw);
Py_VISIT (self->dict);
return O;

}

WHYER Py _VISIT () {XREFE R PASINIGEERG | B R 02 BB . BARIEFAE—A self—>key Wi,
{H'E HAE A NULL Bi Python 455 IR T AN RE BUA GRS | F A —3154 -

e — Iy , Eﬂﬁ1/\%ﬂi_%/l\5ﬁm7kimx/‘\“ﬁﬂﬂﬂﬁﬂg[HﬁEI'J #R4r, VE AR AT BI/R U358 1] e AR 22
HEEE ge $#EH) get_referents () REHSEHEE.

% = When implementing tp_traverse, only the members that the instance owns (by having strong
references to them) must be visited. For instance, if an object supports weak references viathe tp_weaklist
slot, the pointer supporting the linked list (what p_weaklist points to) must not be visited as the instance does
not directly own the weak references to itself (the weakreference list is there to support the weak reference
machinery, but the instance has no strong reference to the elements inside it, as they are allowed to be removed
even if the instance is still alive).

TEHEE Py VISIT () TR{EY; local_traverse () W visit fl arg TEZEFHIEEMN AR, NEREE Y
ZEAT.

Heap-allocated types (Py_ TPFLAGS_HEAPTYPE, such as those created with Py Type_FromSpec () and sim-
ilar APIs) hold a reference to their type. Their traversal function must therefore either visit Py TYPE (self),
or delegate this responsibility by calling tp_t raverse of another heap-allocated type (such as a heap-allocated
superclass). If they do not, the type object may not be garbage-collected.

3.9 b A ﬁﬁéj\@ﬂééﬂf”ﬁnﬁltﬂ tp_traverse I Py_TYPE (self) ., TERFHY Python fit4Hr, H
F bug 40217, XFEMAT BE S FEAERE I KA H T

Mok
S3eH: Py TPFLAGS _HAVE_GC,tp_traverse,tp_clear

This field is inherited by subtypes together with tp_clear and the Py_TPFLAGS_HAVE_GC flag bit: the flag
bit, tp_traverse,and tp_clear are all inherited from the base type if they are all zero in the subtype.

inquiry PyTypeObject .tp_clear

An optional pointer to a clear function for the garbage collector. This is only used if the Py TPFLAGS_HAVE_GC
flag bit is set. The signature is:

int tp_clear (PyObject *);

tp_clear BN G BR B R TG 7 3% [0 A FR A 57 i)KiEP&{D' %'JEI’MEET?]}% BRI, %%EPE’JFJ?
Htp_clear RELFE R —EAFTHTA S MG . X2 MPag A8, I BLANE (T 5E M # T
Pfftcp_clear REL. HlUN, STCHRBMALSLHtp clear u%ﬁl kA W] g iﬁfﬂﬂméﬂ%fnéﬂ%K%
GG I AR to_clear PRETAAE AFTREARAT 65 e H G IR . XN &7 B fig
R, FHRSFE AT tp_clear WIEY4PHA .

tp_clear WISEPLNY 24 2 37 SL 148 ) HO G2 O W BE A Python XTREI5IH, FHREHE M 22 a8 51 B F8 41K
A NULL, 0T BB Frs:

static int
local_clear (localobject *self)
{
Py_CLEAR (self->key);
Py_CLEAR (self->args);

(Rt
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(R —H)

Py_CLEAR (self->kw);
Py_CLEAR (self->dict);
return O;

}

The Py_CLEAR () macro should be used, because clearing references is delicate: the reference to the contained
object must not be decremented until after the pointer to the contained object is set to NULL. This is because
decrementing the reference count may cause the contained object to become trash, triggering a chain of reclamation
activity that may include invoking arbitrary Python code (due to finalizers, or weakref callbacks, associated with the
contained object). If it’s possible for such code to reference self again, it’s important that the pointer to the contained
object be NULL at that time, so that self knows the contained object can no longer be used. The Py_CLEAR ()
macro performs the operations in a safe order.

R tp_clear Ak B AESLBIBIBGH 2 ML IR - B, 451 THRUR DAR E X R A
JHE, WA S R ARSI Bl i 2 B tp_dealloc,

HAtp_clear AR H B RITHEIERRGIH, B AT EE5 5 BT S % 42 41 Python 45 H . Python
BE, BEES SRS B0, ESTE S 458 Python X4, H4i528A\tp_dealloc
PRECE EEIHH cp_clear AR H.

H % Python 173 [AIUS i R B 22 (5 BURTHE 1 AT 28 2 SR A 3r s el — 5 R
Mok :
ﬁﬁ‘?ﬂ: Py _TPFLAGS_HAVE_GC,tp_traverse, tp_clear

This field is inherited by subtypes together with tp_t raverse and the Py TPFLAGS_HAVE_GC flag bit: the
flag bit, tp_traverse, and tp_clear are all inherited from the base type if they are all zero in the subtype.

richcmpfunc PyTypeObject . tp_richcompare

R BV O G NN Aok 4 GOE (=5 Wk A GRSk

PyObject *tp_richcompare (PyObject *self, PyObject *other, int op);

F NSRRI Py Typeobject FriE MRBMLHBI .

P PR 20 0] FLBE 2558 GO Py_True B Py_False). WIRARE LHEIZE, ELAIR[
Py_NotImplemented, HISRAA T HABGERNEMARE] NULL H3CE—A 58 50

AR H B E X HEtp_richcompare MlPyObject_RichCompare () W =15

i1 SRl
Py LT | <
Py_LE | <=
Py_EQ | ==
Py_NE =
Py_GT | >
Py_GE | >=

EXVAN N RN T S F 5 0 LB R AL

Py_RETURN_RICHCOMPARE (VAL_A, VAL_B, op)
MZER Rl Py_True B Py_False, XHLTHLEIILER . VAL_A 1 VAL_B WA%00 2 Al i
C BB ATHEF ) (B, EAT AN C AT S8 . BB HBEEIHE K E A,

5pPyobject_RichCompare () IS —FE,
The return value’s reference count is properly incremented.

KA, FBEE %R 0R ] NULL.
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3.7 BT
Aok :
Group: tp_hash, tp_richcompare

RFBRW TR tp_hash —&IK: 2 FRAWtp richcompare fltp_hash ¥ NULL KT
KAV R tp_richcompare fltp_hash,

BRIA

PyBaseObject_Type provides a tp_richcompare implementation, which may be inherited. However, if
only tp_hash is defined, not even the inherited function is used and instances of the type will not be able to
participate in any comparisons.

Py_ssize_t PyTypeObject . tp_weaklistoffset
If the instances of this type are weakly referenceable, this field is greater than zero and contains the offset in
the instance structure of the weak reference list head (ignoring the GC header, if present); this offset is used by
PyObject_ClearWeakRefs () andthe PyWeakref_* () functions. The instance structure needs to include
a field of type PyOb ject * which is initialized to NULL.

AERFZ T B S tp_weak list {RIF; Ja& RARIMIAXGA F R 55 A1k
Aok :
BB T RAMYOR, BERSETEA RN 7RBN DAE S IS B XRRE TR

AR T LRGSR, BTHIRLEREL tp_weaklistoffset #FIN, FrAXVi%A
BAEEE
When a type defined by a class statement has no ___slots___ declaration, and none of its base types are weakly

referenceable, the type is made weakly referenceable by adding a weak reference list head slot to the instance layout
and setting the tp_weaklistoffset of thatslot’s offset.

When a type’s __slots___ declaration contains a slot named __weakref__, that slot becomes the weak ref-
erence list head for instances of the type, and the slot’s offset is stored in the type’s tp_weaklistoffset.

When a type’s ___slots__ declaration does not contain a slot named ___weakref
tp_weaklistoffset from its base type.

, the type inherits its

getiterfunc PyTypeObject .tp_iter
An optional pointer to a function that returns an iterator for the object. Its presence normally signals that the
instances of this type are iterable (although sequences may be iterable without this function).

RS54 5 Pyobject_GetTter () WIM:

PyObject *tp_iter (PyObject *self);

MoK :
BT Bl FRBGK

iternextfunc PyTypeObject . tp_iternext
An optional pointer to a function that returns the next item in an iterator. The signature is:

PyObject *tp_iternext (PyObject *self);

BIZE A EAERI, EAAJHR I NULL; StopIteration il RES R EWATREANBCE . Mk /LT
—AEERE, B AR E] NULL, ERAAERIIZ AR S b2 A .

i%;ﬁ%%%iﬂiﬁ&%ﬁi)‘étp_iter PR, EL% bR RO 24 3 [ Gk A SE AR B (AN S 3 ) SR A8 52
Bi).

WM B S EryIter Next () WIFHHE
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ok :
BT Bt R BAK

struct PyMethodDef* PyTypeObject . tp_methods
— /UG [ PyMet hodDe £ 5 AR DA NULL SRS EC 185, BRI T IR E M7

X2 PRI, AR 1B T (BRI tp_dict) H— NS A b a4 H .
Aok :
HTFBARY TR (O @@ AR R R ) -

struct PyMemberDef* PyTypeObject .tp_members
— AR I [ PyMembe rDe £ Z5HIRH DA NULL S5 RSB R 85T, B I T 2R ALY 3 AL AL
A (B L) .

XEFRBA P EE T, I I (SRR cp_dict) Fn— M EIrkfidasn & H
Bk :
BTFBARP T RBPTR (BRZES A FERHLHIRARR ) .

struct PyGetSetDef* PyTypeObject .tp_getset
— UG [ Py Get Set De £ G5 AR DA NULL SR I ERSECA I fa4t, BT IRBAY L)
O =N

XA PRI, AR 1B T BRI tp_dict) HF— M SIS AR A& H .
Aok :
FETFBARY TR (PO Rl A R LR R AR ) -

PyTypeObject* PyTypeObject .tp_base
*/\Tﬁé’ﬁaﬁ*ﬂf#ﬁ}%ﬁﬁ)f&ﬁﬁ@%*ﬁé’ﬁaﬁ EXNEH L, AR RaR; ZEYPKRE
T TR A SN S A AR 4

W) RO AL TR R LA Ak 42 AR B R AR . C99 %k%ﬂtﬁﬁc%%ﬁ Witk . RS
B R R AR NPy Type_GenericNew () Hh @A %01 C99 Hutik#

However, the unary &’ operator applied to a non-static variable like PyBaseObject_Type () isnot required to
produce an address constant. Compilers may support this (gcc does), MSVC does not. Both compilers are strictly
standard conforming in this particular behavior.

PRI, BYTEY RELRA P I LR B i B L p_base.

Aok :
BRTFBALW T RMR (BR).
BN

ZTBEIAY sPyBaseObject_Type (Xf Python F2/7 SR UiR) object ),
PyObject* PyTypeObject .tp_dict
R FHARFHH Py Type_Ready () A7 H
This field should normally be initialized to NULL before PyType_Ready is called; it may also be initialized to
a dictionary containing initial attributes for the type. Once PyType_Ready () has initialized the type, extra

attributes for the type may be added to this dictionary only if they don’t correspond to overloaded operations (like
__add__()).

ok :
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BFBAX T RRPTAR (EAEX L S TR MR N [ AL R AR 1) «
BRik:
WERILF BN NULL, PyType_Ready () ¥ HEST—DHT M.

I

i, H M C-APLffifiPpyDict_SetTtem() BN tp_dict BANLEW,

descrgetfunc PyTypeObject . tp_descr_get

— NIRRT CHEA SRR BB
PR 24

PyObject * tp_descr_get (PyObject *self, PyObject *obj, PyObject *type);

Aok :
BT B T 2RBAK

descrsetfunc PyTypeObject . tp_descr_set

— A o N B A 28 L B R A
B4

int tp_descr_set (PyObject *self, PyObject *obj, PyObject *value);

$f value ZE 1R NULL DA RIZ(H -
4ok :
B ol TR K

Py _ssize_t PyTypeObject.tp_dictoffset

W B L) A — NS S BIAE B g i, 7 BER kAR S 0 5 1% S 191 28 o i g 2 2
HSEBI M & MRt PyObject_GenericGetAttr () ffiffl.

ANERZT B tp_dict {BIF; a2 BN A O i TR TR A 7 4t

If the value of this field is greater than zero, it specifies the offset from the start of the instance structure. If the value
is less than zero, it specifies the offset from the end of the instance structure. A negative offset is more expensive to
use, and should only be used when the instance structure contains a variable-length part. This is used for example
to add an instance variable dictionary to subtypes of str or tuple. Note that the tp_basicsize field should
account for the dictionary added to the end in that case, even though the dictionary is not included in the basic
object layout. On a system with a pointer size of 4 bytes, tp_dictoffset should be set to —4 to indicate that
the dictionary is at the very end of the structure.

The real dictionary offset in an instance can be computed from a negative tp_dictoffset as follows:

dictoffset = tp_basicsize + abs(ob_size)*tp_itemsize + tp_dictoffset
if dictoffset is not aligned on sizeof (void*) :
round up to sizeof (void*)

where tp_basicsize, tp_itemsizeand tp_dictoffset aretaken from the type object, and ob_size
is taken from the instance. The absolute value is taken because ints use the sign of ob_size to store
the sign of the number. (There’s never a need to do this calculation yourself; it is done for you by
_PyObject_GetDictPtr().)

Aok :
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This field is inherited by subtypes, but see the rules listed below. A subtype may override this offset; this means that
the subtype instances store the dictionary at a difference offset than the base type. Since the dictionary is always
found via tp_dictoffset, this should not be a problem.

When a type defined by a class statement hasno ___slots___ declaration, and none of its base types has an instance
variable dictionary, a dictionary slot is added to the instance layout and the tp_dictoffset is set to that slot’s
offset.

When a type defined by a class statement has a ___slots___ declaration, the type inherits its tp_dictoffset
from its base type.

(Adding aslotnamed __dict__ tothe ___slots__ declaration does not have the expected effect, it just causes
confusion. Maybe this should be added as a feature just like __weakref__ though.)

BRIA:

This slot has no default. For static types, if the field is NULL then no ___dict___ gets created for instances.

initproc PyTypeObject .tp_init

— AT 1) 52 B U6 AR R R 5T

This function corresponds tothe __init__ () method of classes. Like __init__ (), itis possible to create an
instance without calling __init__ (), and it is possible to reinitialize an instance by calling its __init__ ()
method again.

PR 244

int tp_init (PyObject *self, PyObject *args, PyObject *kwds);

The self argument is the instance to be initialized; the args and kwds arguments represent positional and keyword
arguments of the callto __init__ ().

tp_init PECANRAN NULL, R i 2R AR A 8 e Bl R, BIFESRAU tp_new bR
BRIl — AR LRI MR tp_new pRBLR ] T — A R ST A 12 U g HA S 7 g 52
B, Wep_init MBS AR tp_new B T —ANFIGRBE TR/ LG, W IR
Witp_init KPR .

B E] 0, K AEE RN NER A -1 FAEs R E R E— R4 . and sets an exception on error.
ok :
WF B TR IAK

For static types this field does not have a default.

allocfunc PyTypeObject .tp_alloc

5 1) — S 73 B R RO T e
PRENAY 540

PyObject *tp_alloc (PyTypeObject *self, Py_ssize_t nitems);

B
YT BB TR, RSP THRA Gl class HA10IHIG THRM) DK,

ik

MFNETHA, UFBMR SN Py Type_Genericalloc (), DASRBIN RRIER A R AW

For static subtypes, PyBaseObject_Type uses PyType GenericAlloc (). That is the recommended
value for all statically defined types.
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newfunc PyTypeObject .tp_new
— AT ) SE 0 6 R B HE

B4

PyObject *tp_new (PyTypeObject *subtype, PyObject *args, PyObject *kwds);

subtype ZHUE WA BT RINIAL; args T kwds ZHCERRVH R BB AR ALE MO F S8 6TE
. subtype N2 SR M) tp_new BREURIBINZEAUARE ; B DARZERD 7R (HARR R
BTLRIER).

tp_new RPNV 4T subtype—->tp_alloc (subtype, nitems) R NXHHEIZE, KRG Hi
TN A LB BE— LW IR AR . W] DAL A 20 Bl T AR A W AR AL A B 2 e e o3 i & AL BRADADY
Ho — SRR X T A 2ROk L, FrA WU AR EER Y. A to_new WA, TR TRl 22
FA, RIBD VIR RIS MR B tp_init AT,

Aok :

This field is inherited by subtypes, except it is not inherited by static types whose tp_base is NULL or
&PyBaseObject_Type.

For static types this field has no default. This means if the slot is defined as NULL, the type cannot be called to
create new instances; presumably there is some other way to create instances, like a factory function.

freefunc PyTypeObject .tp_free
— AR ) SEOURE R B0 Ha 5. R4 N

void tp_free(void *self);

— I AIEZEL YRR PyObject_Free ().

Bk :

BB S TRAK, HARYPEIETRE (Gl class IHRAIER 7RE) 40K
BN

In dynamic subtypes, this field is set to a deallocator suitable to match PyType_ GenericAlloc () and the
value of the Py TPFLAGS_HAVE_GC ﬂag bit.

SIS T3, pyBaseObject_Type fifi [§ PyObject_Del.

inquiry PyTypeObject .tp_is_gc
AR A 1) 235 [l e i 1 ) eR R 5

The garbage collector needs to know whether a particular object is collectible or not. Normally, it is sufficient to
look at the object’s type’s t p_ £ 1ags field, and check the Py TPFLAGS_HAVE_ GC flag bit. But some types have
a mixture of statically and dynamically allocated instances, and the statically allocated instances are not collectible.
Such types should define this function; it should return 1 for a collectible instance, and O for a non-collectible
instance. The signature is:

int tp_is_gc(PyObject *self);

(The only example of this are types themselves. The metatype, Py Type_ Type, defines this function to distinguish
between statically and dynamically allocated types.)

Aok :
BT B T 2RBAK
LN
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This slot has no default. If this field is NULL, Py_ TPFLAGS_HAVE_GC is used as the functional equivalent.

PyObject* PyTypeObject .tp_bases
B T .
This is set for types created by a class statement. It should be NULL for statically defined types.
Bk :
X FBAA SR
PyObject* PyTypeObject . tp_mro
AL R TR BT, DASBUAR G ITIRIF LA object MENETH, B I ik b IUT o
oK :
RNFEASPR: EREE Py Type_Ready () IHREI.

PyObject* PyTypeObject . tp_cache
ARG ACHE BRI

oK :
X FBA SR

PyObject* PyTypeObject .tp_subclasses
X280 555 | LB s . AL .

Aok :
X FBA SR

PyObject* PyTypeObject .tp_weaklist
95Nk, TR ZRBN R 55 . AR, RN

Aok :
X FBA SR

destructor PyTypeObject . tp_del
BFBROHFN . Wl tp_finalize,

unsigned int PyTypeObject .tp_version_tag

MT RN EIEEAT . DRATFREE .
Aok :
X FBASTIK.

destructor PyTypeObiject .tp_finalize
— AR F ) SO B 2 AL R B FRER . BRE 244

void tp_finalize (PyObject *self); ‘

WEARBE T tp_finalize, MRRRIFIERZALEE LB E—U. R bR m - (k
B BPARERT | ) — AR ) SOURTEXT BRI iR . AR, B E S e
FTREIRERS | Z BRI, CAB R E BT PRI RAL T IEFRES

tp_finalize AWV HBUVRMEIFHRE: B, G REALESIERMIAIT:

static void
local_finalize (PyObject *self)
{

PyObject *error_type, *error_value, *error_traceback;

(Qi¥iE3)
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(R —H)

/* Save the current exception, if any. */
PyErr_Fetch (&error_type, &error_value, &error_traceback);

Jr L. */

/* Restore the saved exception. */
PyErr_Restore (error_type, error_value, error_traceback);

}

For this field to be taken into account (even through inheritance), you must also set the
Py TPFLAGS_HAVE_FINALIZE ﬂags bit.

T HMATE R, AER B L ) Python 1, tp_dealloc nAMALRL Python SARYEIHIN , M
AR BIEZ RILAE (R RIS 5V EIEER 553, WHXIEER ] fE S PAT T ZeA By
Wl A B | ) o 3% Python APT i KU 2 I, (K2 tp_dealloc ¥ il IR {E M A RERF R 2R
fRREAR B (GIL). {HJZ, AR AN G SR T ok F HA C 50 C+ BERYRT R, UL 24/ O AT
A tp_dealloc (1 £EA%_E A S IX LEXF R A S BEIAX L8 AL AT T U5

Aok :

P B9 TR AA4K

3.4 HUHTIA.

W%

AR R IR ZAL” (PEP 442)

vectorcallfunc PyTypeObject .tp_vectorcall
Vectorcall function to use for calls of this type object. In other words, it is used to implement vectorcall for type .
__call_ . Iftp_vectorcall is NULL, the default call implementation using __new__and __init__is
used.

Bk :
R TFEA SR .
39 BOHTMA: AT B 3.8 AIFAAE, (H2M 3.9 THABLAR)

12.3.6 HEHY
HALSE b, A C e LR BAZ #H40, WUl PyTypeobject G5MRLE AR T E B2 e SO
MPyType_Ready () KHHHAL.
Xk FECT 57 Python HhiE SR AUH S A BR i -
o EASKBUH BRI AN BRI RG22 EAK.
o BASRANTR (HIFAREATMSEG]) JRARAEN S, R0l FEFE Python HH RN si A& s J BN 4L (1 @ 1
o EASRAIT R RIS T AT B LR, FIEI IR AR T TR LR RS

Also, since Py TypeObject is not part of the stable ABI, any extension modules using static types must be compiled
for a specific Python minor version.

An alternative to static types is heap-allocated types, or heap types for short, which correspond closely to classes created
by Python’s class statement.

This is done by filling a Py Type_Spec structure and calling Py Type FromSpecWithBases ().
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12.4 B yx R ahikatk

PyNumberMethods
RS R AR 8 [ WO G T R S U7 DS AY BR R H8 5T o 3> SRR I 5 330 — T D SRS

PRI R B

SERA A E SLANTR

typedef struct {

binaryfunc
binaryfunc
binaryfunc
binaryfunc
binaryfunc

nb_add;
nb_subtract;
nb_multiply;
nb_remainder;
nb_divmod;

ternaryfunc nb_power;

unaryfunc nb_negative;
unaryfunc nb_positive;
unaryfunc nb_absolute;

inquiry nb_.

bool;

unaryfunc nb_invert;

binaryfunc
binaryfunc
binaryfunc
binaryfunc
binaryfunc

nb_lshift;
nb_rshift;
nb_and;
nb_xor;
nb_or;

unaryfunc nb_int;
void *nb_reserved;
unaryfunc nb_float;

binaryfunc
binaryfunc
binaryfunc
binaryfunc

nb_inplace_add;
nb_inplace_subtract;
nb_inplace_multiply;
nb_inplace_remainder;

ternaryfunc nb_inplace_power;

binaryfunc
binaryfunc
binaryfunc
binaryfunc
binaryfunc

binaryfunc
binaryfunc
binaryfunc
binaryfunc

nb_inplace_1lshift;
nb_inplace_rshift;
nb_inplace_and;
nb_inplace_xor;
nb_inplace_or;

nb_floor_divide;
nb_true_divide;
nb_inplace_floor_divide;
nb_inplace_true_divide;

unaryfunc nb_index;

binaryfunc
binaryfunc

nb_matrix_multiply;
nb_inplace_matrix_multiply;

} PyNumberMethods;

i [E:

BOR s SCRARSEB) o AR A TS W BRERUE SCERE, WDBLE A1 = B pR FRs 20
Py_NotImplemented, ISR %AE T HAMAS RN EATAHGR A NULL 38— 75 .

XUH F = H o8 B b Ak 75 LR A B AR R 2L, IR S W e e (R — 4R

iR

e
[1]
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#iE): The nb_reserved field should always be NULL. It was previously called nlb_1ong, and was renamed

in Python 3.0.1.

binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods .
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods .
ternaryfunc PyNumberMethods

nb_add
nb_subtract
nb_multiply
nb_remainder

nb_divmod

.nb_power

unaryfunc PyNumberMethods .nb_negative

unaryfunc PyNumberMethods .nb_positive

unaryfunc PyNumberMethods .nb_absolute

inquiry PyNumberMethods .nb_bool

unaryfunc PyNumberMethods .nb_invert

binaryfunc PyNumberMethods .
binaryfunc PyNumberMethods .
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods .
binaryfunc PyNumberMethods .

nb_1lshift
nb_rshift
nb_and
nb_xor

nb_or

unaryfunc PyNumberMethods .nb_int

void *PyNumberMethods .nb_reserved

unaryfunc PyNumberMethods .nb_float

binaryfunc PyNumberMethods .
binaryfunc PyNumberMethods .
binaryfunc PyNumberMethods .

binaryfunc PyNumberMethods .

ternaryfunc PyNumberMethods .

binaryfunc PyNumberMethods .
binaryfunc PyNumberMethods .
binaryfunc PyNumberMethods .
binaryfunc PyNumberMethods .
binaryfunc PyNumberMethods .
binaryfunc PyNumberMethods .
binaryfunc PyNumberMethods .
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods .

nb_inplace_add
nb_inplace_subtract
nb_inplace_multiply
nb_inplace_remainder
nb_inplace_power
nb_inplace_lshift
nb_inplace_rshift
nb_inplace_and
nb_inplace_xor
nb_inplace_or
nb_floor_divide
nb_true_divide
nb_inplace_floor_divide

nb_inplace_true_divide
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unaryfunc PyNumberMethods .nb_index
binaryfunc PyNumberMethods .nb_matrix_multiply

binaryfunc PyNumberMethods .nb_inplace_matrix_multiply

12.5 WG4 kR A

PyMappingMethods
AT 1R 0 G T S DU RSO e B 5 B B =R

lenfunc PyMappingMethods .mp_length
LR Py Mapping Size () MPyobject _Size () i, HHAMFEMES . WRXREA E
SCA B2 DU Al 457 AT 91 A NULL
binaryfunc PyMappingMethods .mp_subscript
Z R BB Wipyobject_GetItem() HMPySequence GetSlice() i M, # H F 5
PyObject_GetItem () AH[FlHY2E4. MAE (L 00 20 W3 58 DA PyMapping Check () bR IR [1]
A IE R PA NULL.

objobjargproc PyMappingMethods .mp_ass_subscript
This function is used by PyObject_SetItem(), PyObject_DelItem(), PyObject_SetSlice ()
and PyObject_DelSlice (). It has the same signature as PyObject_SetItem (), but vcan also be set to
NULL to delete an item. If this slot is NULL, the object does not support item assignment and deletion.

12.6 )50 4R Ak

PySequenceMethods

SEMIRFRAT HE T R T SE B S MR eR B H 5L

lenfunc PySequenceMethods.sq_length
WERE B Py Sequence_Size () MlPyObject_Size () i, HBASENHREMNES . BB H
Filidsqg itemMlsq ass_item FENSEANTETIRT] S .

binaryfunc PySequenceMethods.sq_concat
BB Py sequence_Concat () Frifi FFHAMIARES . TE2lilid nb_add fEALAETEUEAT N
ZIREBRXYNT + 1B5HF.

ssizeargfunc PySequenceMethods . sq_repeat
B g Py Sequence_Repeat () B RAMFERZES . FE221b@dnb_multiply fAIIETEL
MR R ERLXPINT * BHEAT.

ssizeargfunc PySequenceMethods.sq_item
IR Ei Py sequence_GetTtem () I RAMEIRZES . TE22iui@idmp_subscript HAHAAT
T EEZ SR BRI TPyobject_GetItem (). KN MY IE APy Sequence_Check ()
BREUR A 1, ANERTPAS NULL,

Negative indexes are handled as follows: if the sg_length slot is filled, it is called and the sequence length is
used to compute a positive index which is passed to sgq_item. If sq_length is NULL, the index is passed as
is to the function.

ssizeobjargproc PySequenceMethods.sq_ass_item
MR E Wi PySequence_SetTtem () B HBAGMIFEMZES . fFazitiliidne_ass_subscript fl
P74 HIRE RN R B EZ R B IR 2 T Pyobject_SetTtem () FlPyObject_DelTtem(). Ul
%XT%!T SR 2 H R B3 U2 (57 7] APRFF A NULL,
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objobjproc PySequenceMethods.sq_contains
By Sequence_Contains () MFRAMIEAEES . MAEAIATAPREF A NULL, FERCHE o0
N PySequence_Contains () HFE#EIZFH EEKE]— VL.

binaryfunc PySequenceMethods.sq inplace_concat
IR E B Py Sequence_TInPlaceConcat () i FH BAHEMNES . BN S BBENE D RE
B, R HGRIE. M AR AGREF N NULL, fEBUIHOLT PySequence_InPlaceConcat () Ff[EIR
Fl|PySequence_Concat (). FEZIREiInb_inplace_add FEfiHATEFE R AN Z GBS H
THERBREB AT +=.

ssizeargfunc PySequenceMethods .sq_inplace_repeat
IR E B Py Sequence_TInPlaceRepeat () Fiffi FH RAHFEMNE S BN S BB ERNE—MRE
B, R FHGR . A AT AR NULL, FERTE LR PySequence_InPlaceRepeat () iR
Fl|PySequence Repeat (). fEZiREInb_inplace _multiply fE{IATEF IR 5 BEIL
SN TR EE AT <=

12.7 Zeop XM R &Rk

PyBufferProcs
WA IRREAG ) 22 oF V3 BTG B BRI a4 o IS ST 5t X G A ART [m] 3 % 7 X e %
e H AT -

getbufferproc PyBufferProcs .bf_getbuffer
AL VGO AR

int (PyObject *exporter, Py_buffer *view, int flags);

WbFR S 4y exporter WA R AIATE flags BTG view. BRES (3) #4b, BLREASEBLL AT AT 5K :

(1) Check if the request can be met. If not, raise PyExc_BufferError, set view—->0bj to NULL and
return —1.

(2) IR T B
(3) b3 T ORAT-3 H B T e -
(4) Set view->o0b7j to exporter and increment view—>ob .
(5) i&[nl 0,
TR exporter j2 G X AR ATy 1) i SO BU S5 A g — 843, AT DAGE WA 22207 % -

¢ Re-export: Each member of the tree acts as the exporting object and sets view—>obj to a new reference to
itself.

e Redirect: The buffer request is redirected to the root object of the tree. Here, view—>o0b7j will be a new
reference to the root object.

view "PHEANF IR S W2 T K25 Atk —35, 070 TR W R B 24 WS 2 L 22 o X3 AR %

B,

PR AEPy_buf fer ZEA R AR AR 10 1 N 7R 8 T3 th 7 T e AR 35 A RCEL 2 A FEA A fTH 2% 07

format, shape, strides, suboffsets flinternal XM K2 HiZm .
PyBuffer FillInfo () PRy gk (A 5o G DX [F] f T3 A HELA B A 32 SR 2L By 7 5
PyObject_GetBuffer () ZEAMELZE HLBR AT ST 98 1 -

releasebufferproc PyBufferProcs .bf_releasebuffer

I PR B 25440
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void (PyObject *exporter, Py_buffer *view);

A PR op X BRI TE K o R A FEREBUL M %R, WPyBufferProcs.bf releasebuffer
A[PAH NULL. FEHABAEDLR , SR B AR I SEBURF AT DA T B Al g A0 3R -

(1) 3880 T PRAF-: HR RO NS e -
(2) R R0 0, WG A KERE] view I NTF

ST A internal FEORICREM R CBIYGTIR. R BOFHORIEE , 107 2% 7 Wl 847 It
RGP XA view ZHUEA

This function MUST NOT decrement view—>o0b j, since that is done automatically in PyBuffer Release ()
(this scheme is useful for breaking reference cycles).

PyBuffer_Release () y@fI X AL%% IR A TH 3% A0 10

12.8 5B REHa ik

3.5 HEHTIA.

PyAsyncMethods
L EER AR5 T8 M T 2 K sE P awaitable Flasynchronous iterator X2 BB FEET .
SERG AR AR

typedef struct {
unaryfunc am_await;
unaryfunc am_aiter;
unaryfunc am_anext;
} PyAsyncMethods;

unaryfunc PyAsyncMethods . am_await

JLATEE I GRS

PyObject *am_await (PyObject *self);

The returned object must be an iterator, i.e. PyIter_ Check () must return 1 for it.
AR AXF G AR R awaitable W] HAE {7 W] #15h NULL,

unaryfunc PyAsyncMethods .am_aiter

LR B 2544

PyObject *am_aiter (PyObject *self);

WAR B —A~asynchronous iterator 3%t . 1§20 __anext__ () TN .
TR — XSG LB A8 XA PO A 7] B NULL.

unaryfunc PyAsyncMethods . am_anext

AR GO

PyObject *am_anext (PyObject *self);

Must return an awaitable object. See __anext__ () for details. This slot may be set to NULL.
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12.9 R 2 typedef

PyObject * (*allocfunc) (PyTypeObject *cls, Py_ssize_t nitems)
The purpose of this function is to separate memory allocation from memory initialization. It should return a
pointer to a block of memory of adequate length for the instance, suitably aligned, and initialized to zeros, but
with ob_refcnt set to 1 and ob_type set to the type argument. If the type’s tp_itemsize is non-zero,
the object’s ob_size field should be initialized to nitems and the length of the allocated memory block should
betp_basicsize + nitems*tp_itemsize, rounded up toamultiple of sizeof (void*) ;otherwise,
nitems is not used and the length of the block should be tp_basicsize.

Wt PR O AT AT AT AL S IR G A R4, BB BN AP AN LRAT s SR i tp_new K58

void (*destructor) (PyObject *)

void (*freefunc) (void *)
Zltp free,

PyObject * (*newfunc) (PyObject *, PyObject *, PyObject *)
Z: L tp_new,
int (*initproc) (PyObject *, PyObject *, PyObject *)
ZWltp _init,
PyObject * (*reprfunc) (PyObject *)
ZWtp_repr,
PyObject * (*getattrfunc) (PyObject *self, char *attr)
A ] X R )45 R TR P AR
int (*setattrfunc) (PyObject *self, char *attr, PyObject *value)
M RUCETRERIERE . K value ZEBC NULL RN R Z R 1 -
PyObject * (*getattrofunc) (PyObject *self, PyObject *attr)
ATIDOE Qi UE =y R R
Zlltp_getattro,
int (*setattrofunc) (PyObject *self, PyObject *attr, PyObject *value)
M RBCEIGE RIERE . K value ZEBON NULL R ERZ R 1 -
Zltp_setattro,
PyObject * (*descrget func) (PyObject *, PyObject *, PyObject *)
See tp_descrget.

int (*descrsetfunc) (PyObject *, PyObject *, PyObject *)
See tp_descrset.

Py_hash_t (*hashfunc) (PyObject *)
Zltp_hash,

PyObject * (*richempfunc) (PyObject *, PyObject *, int)
Z: W, tp_richcompare,

PyObject * (*getiterfunc) (PyObject *)
Zlltp _iter,

PyObject * (*iternext func) (PyObject *)
£ tp_iternext,

Py_ssize_t (*1lenfunc) (PyObject *)
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int (*getbufferproc) (PyObject *, Py_buffer *, int)

void (*releasebufferproc) (PyObject *, Py_buffer *)
PyObject * (*unaryfunc) (PyObject *)

PyObject * (*binaryfunc) (PyObject *, PyObject *)

PyObject * (*ternaryfunc) (PyObject *, PyObject *, PyObject *)
PyObject * (*ssizeargfunc) (PyObject *, Py_ssize_t)

int (*ssizeobjargproc) (PyObject *, Py_ssize_t)

int (*objobjproc) (PyObject *, PyObject *)

int (*objobjargproc) (PyObject *, PyObject *, PyObject *)

12.10 fi1

N E 28 Python S8 LAY BRG] I AAEAR T BE B B VA . A LR T AR BR
0L BORIEZ RG], SLEE R AN AR, 7525 defining-new-types 7/l new-types-topics.

A basic static type:

typedef struct {
PyObject_HEAD
const char *data;
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT (NULL, O)
.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject),
.tp_doc = PyDoc_STR("My objects"),
.tp_new = myobj_new,
.tp_dealloc = (destructor)myobj_dealloc,
.tp_repr = (reprfunc)myobj_repr,

bi

YRATREIE 2 B A SE BRI A (Eas B IR ALY (3512 7E CPython ARG FEH)

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT (NULL, O0)

"mymod.MyObject", /* tp_name */

sizeof (MyObject), /* tp_basicsize */
0, /* tp_itemsize */
(destructor)myobj_dealloc, /* tp_dealloc */

0, /* tp_vectorcall_offset */
0, /* tp_getattr */

0, /* tp_setattr */

0, /* tp_as_async */
(reprfunc)myobij_repr, /* tp_repr */

0, /* tp_as_number */
0, /* tp_as_sequence */
0, /* tp_as_mapping */
0, /* tp_hash */

0, /* tp_call */

0, /* tp_str */

(Rt
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GBS E—5)
0, /* tp_getattro */
0, /* tp_setattro */
0, /* tp_as_buffer */
0, /* tp_flags */
PyDoc_STR("My objects"), /* tp_doc */
0, /* tp_traverse */
0, /* tp_clear */
0, /* tp_richcompare */
0, /* tp_weaklistoffset */
0, /* tp_iter */
0, /* tp_iternext */
0, /* tp_methods */
0, /* tp_members */
0, /* tp_getset */
0, /* tp_base */
0, /* tp_dict */
0, /* tp_descr_get */
0, /* tp_descr_set */
0, /* tp_dictoffset */
0, /* tp_init */
0, /* tp_alloc */
myobj_new, /* tp_new */

bi

ARG L NI A s B S

typedef struct {
PyObject_HEAD
const char *data;
PyObject *inst_dict;
PyObject *weakreflist;
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT (NULL, 0)
.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject),
.tp_doc = PyDoc_STR("My objects"),
.tp_weaklistoffset = offsetof (MyObject, weakreflist),
.tp_dictoffset = offsetof (MyObject, inst_dict),
.tp_flags = Py_TPFLAGS_DEFAULT | Py TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,
.tp_new = myobj_new,

.tp_traverse = (traverseproc)myobj_traverse,
.tp_clear = (inquiry)myobj_clear,

.tp_alloc = PyType_GenericNew,

.tp_dealloc = (destructor)myobj_dealloc,
.tp_repr = (reprfunc)myobj_repr,

.tp_hash = (hashfunc)myobj_hash,

.tp_richcompare = PyBaseObject_Type.tp_richcompare,
bi

A str subclass that cannot be subclassed and cannot be called to create instances (e.g. uses a separate factory func):

typedef struct {
PyUnicodeObject raw;
char *extra;

(Qi¥iE3)
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(R —H)

} MyStr;

static PyTypeObject MyStr_Type = {
PyVarObject_HEAD_INIT (NULL, O0)
.tp_name = "mymod.MyStr",
.tp_basicsize = sizeof (MyStr),
.tp_base = NULL, // set to &PyUnicode_Type in module init
.tp_doc = PyDoc_STR("my custom str"),
.tp_flags = Py_TPFLAGS_DEFAULT,
.tp_new = NULL,
.tp_repr = (reprfunc)myobj_repr,

bi

The simplest static type (with fixed-length instances):

typedef struct {
PyObject_HEAD
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT (NULL, O0)
.tp_name = "mymod.MyObject",

bi

The simplest static type (with variable-length instances):

typedef struct {
PyObject_VAR_HEAD
const char *datall];
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT (NULL, 0)

.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject) - sizeof (char *),
.tp_itemsize = sizeof (char *),

bi

12171 [P S R IR BT

Python AR5 | A BLRAG I -5 [ F5 28 “Z88e” XGRS, B AR X g bl et 5 HOE A4
X AAFHENRRGIUIRIFA, 88 DR TR (B F s A7) Mgl R, AREEN
S LRI [ S

B E-NERE, KRB R Wep_flags F B W W F Py _TPFLAGS_HAVE_GC I # fit —
Itp traverse ACFRRISEIN . WIRAZIEBI LB AT A1), WEESEMep _clear .

Py _TPFLAGS_HAVE_GC
WE T ARG AL SR QAT A AL ISR AN o R R L, T SO R RN AR AT 4R

bas =Sl ap eRtak O TR SR NS WU
1. WAl PyObject_GC_New () BPyObject GC_NewVar () FiXSext 4 At MAF .
2. WAL T A T RE AL S A AR S I F B S, B PyObject _GC_Track () .

222 Chapter 12. {45z F




The Python/C API, %[F] 3.9.19

[, X5 B RE GRS I ZBAT 6 WA SR 0 -
1. G| HHEERS B, WA PyObject _GC_UnTrack() .
2. W PyObject _GC_Del () BB S I NAT

s SRR T Py_TPFLAGS_HAVE_GC, W& % /LM E b—Atp_traverse 4]
W E L >R B AN B T2 AT

Y W] MPyType_Ready() B # APL L 2t qu £ W H B M K #l
WPy Type_FromSpecWithBases () BiPyType_FromSpec () BWABIBsIE FEtp_flags,
tp_traverse fltp_clear FB, WIHZIEAZMAK B LB T R RS U 291 HaZ 128 &
HA$EPy TPFLAGS_HAVE_ GC JEMREIIE .

TYPE* PyObject_GC_New (TYPE, PyTypeObject *type)
K FPyobject_New() , W TWE T Py _TPFLAGS_HAVE_GC W2 ARARIT L o

TYPE* PyObject_GC_NewVar (TYPE, PyTypeObject *type, Py_ssize_t size)
R TF-Pyobject_NewvVar () , WG TiRE T Py_TPFLAGS_HAVE_GC FREMIZIENTE

TYPE* PyObject_GC_Resize (TYPE, PyVarObject *op, Py_ssize_t newsize)
APyObject_NewVar () FrrBiit G i R /N 3R [ R/ 5 i 0 G e 2R IR il NULL.
op WhZF i AR B AR B

void PyObject_GC_Track (PyObject *op)
XIS op IABIN SR P R BRI S a X R o X RAERE ISR BRI AR R A 2L, R [l e
A RETEAEATIN T IR AT . fEtp_traverse AEPREIHIIAA 7B ARUG , A5 M MR £, il H7E
SRR PR BOR R AL

int PyObject_IS_GC (PyObject *obj)
TSR G ST B S PO [l R 2, 75 I ] O
TSR R GR [B] 0 TS5 oy a3 Pl
int PyObject_GC_IsTracked (PyObject *op)
AR op RZEBLSLIL T GC ¥ H. op H BIIEREIR LB MR E] 1, 7 [E 0,
X2 F Python BE%{ gc.is_tracked() .
3.9 BUBT A
int PyObject_GC_IsFinalized (PyObject *op)
R op XFRWABSLIL T GC X H. op AWK IR AR AL WERE 1, 7505 E 0.
X2 F Python B4l gc.is_finalized ().
3.9 BUBT A

void PyObject_GC_Del (void *op)
RO NAE, R ZRAIRET i PyObject_GC_New () B{PyObject_GC_NewVar () SHLNAF

void PyObject_GC_UnTrack (void *op)
MBS IR ERAESS L EGPREER op R HEET AL LN Z EH R
FiPyobiect_GC_Track () DA [ 81 B B0 % 48 &0 BEMCEE (co_dealloc IR B %
fEtp_traverse MNGHMHE A B9 AHEAT 5B R B2 Bl A G I R 4L

3.8 fRF4#: _PyObject_GC_TRACK () fll _PyObject_GC_UNTRACK () ZEMAH C APl 1.
tp_traverse MDA N RBWRETES .

int (*visitproc) (PyObject *object, void *arg)

fEt5tp_traverse REERAVTIA pRETIZRBY . object J2 254 W 75 BRI I — X4, 56 = ANTES XY
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Fp_traverse LAY arg . Python Fol & A4 BB S BLRERS | AR, o35 P P
AT AL

tp_traverse AbPRIAFIRZ A A

int (*traverseproc) (PyObject *self, visitproc visit, void *arg)
T2 S e A R SEIAb 00T self Fir BB L S BRI XS AT visie AL, visit B S K
P AL SR RAME AL PR T Y arg (. visit ERECH AR AT NULL XPRAVENSH. Q2R visit R [0 JEF
(B, DURZAEY. 2497 Rz 0]

H T i fetp_traverse AP LI, Python $Efit T —Ary vISIT() FR. HEMEMEAE, B
W tp_traverse WIZEAN44 K visit F arg .

void Py_VISIT (PyObject *0)

W5 o ANk NULL, WA visie [FE RS, FHATSE o Fl arg. WS visit 3R [0 —ANIEZAE, AR [EZ 1 .
AN EZ )G, to_traverse AR HIE T

static int
my_traverse (Noddy *self, visitproc visit, woid *arqg)
{

Py_VISIT (self->foo0);

Py_VISIT (self->bar);

return O;

}

tp_clear AMMRRFF N inquiry 288, AIARXFTGA T ZE NN NULL.

int (*inquiry) (PyObject *self)
LIRS MG . AN RGATESR I %, FOA MBI TTRE BB RG] . F7%
HREMZ, SRR E GBI AR CREExtsI i RIAM Py _DECREF () J7k). B3Rk
WCAS AL B A SALTEIAG | I P vy, VA SR A -
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API #1 ABI il A5 31

PY_VERSION_HEX J& Python HJAS A EIE K.

Biltn, 4R PY_VERSION_HEX #{E 4 0x030401a2, HALERYIRAE B nT DA DA TR J7 3R HA o —> 32
PR AL TR :

¥ o g (k| BX

W )

1 1-8 PY_MAJOR_VERSION (3.4.1a2 H1[¥3)

2 9-16 PY_MINOR_VERSION (3.4.1a2 {4 )

3 17-24 PY_MICRO_VERSION (3.4.1a2 Hffj1)

4 25-28 PY_RELEASE_LEVEL (0xA J2 alpha (A4S, 0xB J2 beta fiiAS, 0xC %& 7 i) fis

PERUASH H. OxF RRAMA), FEXAEI T XS4 2 alpha fiUAS.

29-32 PY_RELEASE_SERIAL (3.4.1a2 H1f{) 2, &4 0)

HI 3.4.1a2 19 16 IR AE2 0x030401a2 .
FT A 25 1 280 AF Include/patchlevel.h,
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APPENDIX A

>>> HH)3 shell {YTHEL Python #&/R°F 0. 5 RN BETE Bk ds o AL B 7 sXHc AT i AR 191
o ATDARIR:

o e RIS IR . FE— SRR 2 E AT (delimiter, BIANFRSE. JrHfo%. IEHG5REL
=519%) DR, SURTEHRE —MR4EAHES (decorator) 2 4%, Z AFEAGIRE, HESX shell BRI
¢ Python $275°F JC.

o FF# Ellipsis,

2to3 —fHFEHf Python 2.x FEsUAGE(EIE] Python 3.x FEaAGY TR, B2 it SRR A A2 M AR I
BCE R, T SRR 2 R 5 30 BT 5 G P i R F AT T Al 1 2

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

abstract base class (% JECHE)) i EEE (URE ABC) $#4ET—FE #NMmin i, 1EEduck-
nyping (W THIE) MREFE. HABERIMEAT, 42 hasattr (), HISEGSMEREA MR (5]
W EEART J7 ¥ (magic method) ). ABC [E ] [EE(Y subclass (F4HE]), B MEIRHERK H 75—l class (JH
[E]), H5n#f isinstance () M issubclass () ¥l #52(E abc BALAEI . Python A 7%
[EJ@f ABC, FIRNERIGEHE (78 collections.abe #i#l). ## (7F numbers #ifl). Hifi (¥£ io
FE4L) J% import FAG A ARG (F£ importlib.abe f4). YRATLAMEA abe AL HST H O ABC.

annotation ([EJfE) —HELSAML. class JEME. bR ZCAY 22 ik [ml (AR B B RO AEED . FRIEG, & W AR AEE pe
hint (BIEHER) .

TEFEFTIF (runtime), [83ak 58 # 0 (FVRRME LB AF L, (HAtaksst il class @ AN R R ER, & 0 [Eplifk
TEAERAH . class flIpR=AY __annotations_ HpikE e,

#52(Elvariable annotation. function annotation. PEP 484 F1 PEP 526, i5SeEti A I aenyEI .
argument (518() PR IGBLELE S funcrion (Bimethod) [W{E. 5 %CH M :

o M4EF 7| 8 (keyword argument): FERZNIFIY, DAFREISE (identifier, U0 name=) BHUEMYE]#L,
B2 PA ** 1R 1 dictionary (i) [EIFE B EIERSIE. BN, 3 F1 5 #ZPAF complex () MEY
) B S |
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complex (real=3, imag=>5)
complex (**{'real': 3, 'imag': 5})

o 1z & 71 & (positional argument): A2 B 751 BT B, (0G| BOTHE— 5 | B0 SR A 46 BE
B, f (k) PEE) * A&k Hiterable (WTEVRFE) sPETCRBER. BIA0, 3 715 H2 AT
HALEL T | B

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

5| B 1 5 A bR X TR B P PR 4 I . B ST S i AR AR R, S5 (E calls ZH . FERE

Wb, ARAER AR AT DAY AR R — 5 8 FLRPAL (e 45 I e s

a2 EsEE parameter (280 WH . & REESRRS M2 B2E, DAL PEP 362,
asynchronous context manager (JE[RIBEEHATAGY) BT AEH] async with PRIACH T RIS

F, MERBEER _ aenter_ () fl_aexit__ () method (J7¥k) Az, h PEP 492 5] A
asynchronous generator (AE[|2BEIN:2S) — 1 & 8] Hasynchronous generator iterator (JE[F) 24 25 EILHE)

FIR . BEREERGE ML async def & FEHY 1 K 2\ (coroutine function), {H AR ZEME T

yield #H N, BEEM—RFIHR asyne for [EIREMIMHE.

B R TR 3 R IR — AR EA gk, (EAER e, Rk R ER YA ZERE
(asynchronous generator iterator), H#—E LM R IENERERE, Ao BOMTHE, DUBIEFE.

—{HIER BB LSRR AL await B, PAM async for fll async with BIARR.

asynchronous generator iterator (JEFIGEIE:ZSENUCES)  —1{W Hasynchronous generator (JEFRIZEIAESE) R
I @S .

id e —flasynchronous iterator (AEFIAEURES) , HEPA __anext__ () method #EIFIIE, € [u] {3
[ (awaitable object), AT AR A E A SR R A HEBS T yvield EH
K.

B yield SrE{Em Ay, ERtfE0 B ik (A5G s s e iy wy A . BaER ¥
E14 BERE LA — MW __anext__ () [BVERWERFYAA SO0 R, & a5 ka0 #4859
1. 2 PEP 492 1 PEP 525,

asynchronous iterable (JE[F]2Bn[[ECITE) — (@ W, BRIDATE async for WA gl . WAERKE
W __aiter_ () method [A{&—{fasynchronous iterator (EFIZEMLEE). i PEP 492 3| A,

asynchronous iterator (JEFRIZBEMRES) — 1 B /E __aiter_ () Hl __anext_ () method [ ¥ 4.
__anext__ WA —Hawaitable (] ELEYF). asyne for GFNTAERIEIRERN __anext__ ()
method ft [l E A SR, EHE|'E 5% StopAsyncIteration fil4h, i PEP 492 5| A

attribute (JEPE) —(ESLIY) PR BB EO(E, a2 (A REIZ I T 36 23 R E 5K (dotted expression) f) 4% FBE 2
Mo B, WY o A —MHEIE a, MIEZEIEREA 0.0 BB 1K,

awaitable (WZ5RFPIME) MR DAFE await SERECPE MY, BV LE—Bcoroutine (), 02
—{fA __await__ () method fJ¥{}. %iE2(E PEP 492,

BDFL Benevolent Dictator For Life (#%E{"ZEM## ), X4 Guido van Rossum, Python f8II3& 3 .

binary file ( HERIRER) —(HREEIEIFIE Abytes-like objects (BERITCAEWILE) Wfile object (FEZEWIE) .
TIEFIREENE A AR ('rb', 'wb' 5F 'rb+') BAENNREZE. sys.stdin.buffer,
sys.stdout .buffer, PAMK i0.BytesIO fl gzip.GzipFile B,

FiitisElext file (SCFREE), R MHEEEREFIEA str W REYE.

bytes-like object (JEAfIICAHBMME:) — 3B % o+ X BLEEEIRE ! C-contiguous B IE YL . BHIETE
i bytes, bytearray fl array.array ¥, PANFHZHE R memoryview ¥fF. B ICAHERY)
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AT A BB e SR A BRI B S TR . AR T R SR socket (JE) B

A B T bR T A . [EIW] SOl e L MR E) [T B e R A L AT
B S 1 [ ) WD 46 bytearray, PAMN bytearray i) memoryview. HABM) R T EE R E
RIS AEATT Y (TN THBYE]) o B3 bytes, DL bytes YIFH

memoryview,

bytecode (fsC4HM5) Python [ ) 4R 15 & A i UL TCALAS , B2 Python Fs(7E CPython B i [EVEY
Fonike MTCABS R GO AEAE oye BEP, DASESE “YCRAT IR — A AE SR ks R Pt (Al AR
JAAE I 85 2B A (M (7 O AL A ) o B [P ISR (intermediate language) | 48L& EATHE —{f virmual
machine ([EVgER&RS) |, zEVEERR 2 Gl 7 7B i 1 CLCAL S S ERI MRS % (machine code). TR,
7 TCALAS I A _b 2 A AE N ()1 Python [EIERERS 2 FEAERY, AN BRZEAS R CAR 1 Python 2 R4
TE o

(L TCALAS 5 212 AT DATE dis BEAHAYERA SO 4 3] o
callback ([IWF)  VEE]S | S LR A — A &I (subroutine) bRz, Er7EAR ACHILAR IRF I BE DA T -

class (JEE)) 10 FH A 22 7 i 11 35 A F8 ) (O ASEAL . Class 119 5 3838 % @ 62 7% method /)5 3§, 35 2% method
AT PATE class [ EE ()b atEf T4 .

class variable (AES2S) —fF7E class e, HRER HRETE class MK (RERIAZTE class INELHI)
LG 2 e

coercion ([EVRIHGRY)  £EHS K MR A 7 24 E)S | B /e AR o, 45— R 2 (B 8 ) [EIE) o — R AU B B X
##[E] (implicit conversion) ##F2. B, int (3.15) G FE B EIEES 3, HAE 3+4.5 1, &S]
WO AR BIE] (—{# int, —{# float), 1738 WA 5 | S e B EIEA W A ZUEL & A4 REAT N, 511
W &5]4 TypeError., WUREIGEIGIER, BTG RS EEIESHIZS, B2 b AR T Al
IERIE (normalize) [EIFH[RIAGME, B0, ZEH float (3)+4.5 MIARENIE 3+4.5,

complex number ([E) —HEJZMABNERALKATETT, 76T Bey-#h € bl R [E— 0 2 A— M E
WA, [Els 2 ESEA (-1 B R) BB, WEALEE AR PR 1, A RS
#HI[E 5. Python [EJzd T ¥ X%, ©RHAZENREAFIREY: EReHE MERY I v
B, B0 3+13. I math AALER) T RS R ES, #EMEH cmath H4. ESWEHZ—
TEAHE M B R SR e . WRAREIA 2 2B B MRk, AREIRT-RE e & R ] DA e Z e .

context manager (5B HIZY) — MW AT AWl with BRAX P IF RIEEN DM, ME 258 E %
__enter_ () fl_exit__ () method 4=HI. w2 PEP 343,

context variable (1%§Bi58) —(E &8, HAH VT DURSE LN XM A R . 35 B AT 4 3 £
{7l (Thread-Local Storage), 7EH A, — 8 #AE R MAATH T BB A ARRIMME. R0, BEREE
W, AT TR 2, SR O SRS, RAEE TR AERI$ L% (concurrent
asynchronous task) H1, ¥}t HUIk e KEE]. 55 2([E contextvars,

contiguous (FHAHM) 05— {1 45 ff [ 2 C-contiguous B, 5% Fortran contiguous ., FI| ‘& € e 1] b4 45 [ 12 8 48
M. ZE4E (zero-dimensional) 1) 4% 8 [ AR 2 C X Fortran contiguous., 7F—#f (one-dimensional) [#%1 1, £
TH H WA ZHAE RO IR S R AR AR HE S, T R S IE )y R BB IRE NS . #E £ 41 (multidimensional)
C-contiguous [ %1 /1, Fe R 5 #8720k 19 IE 7 55 B 4% (M IH H IR, IR — MR 5108 b, R, 7
Fortran contiguous [#41) 4, 2f—{#R5 | 8L R R

coroutine (1jfE) 1iFEZREIFER (subroutine) i) —FEH [EEFR ML . BRI AE L0 R ] B bl A EHE 5
—{H B E . AR AFERF 2 AR AR B A . B AIEE . EMEEEPL async def B
NP EAE. HF2(E PEP 492,

coroutine function ({FLeA=;) — W[l Ecoroutine (HFE) WK . —MHFERAEPL asyne def [
R EsR, R AEer 4 await, async for fl async with B, S EEFEH PEP 492 5|
Ao

CPython Python F£3{zE = IWAEHE E/E (canonical implementation), #F#EAIFE python.org . [CPython | i F4#f
FEAELEIRFRE R, DA IR BN T RE S B/, 140 Jython E{ IronPython,
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decorator (H:ffigy) MR, EEBES MK, WHEGHA ewrapper 3E¥E, HEHE-—ER K
I%4(F] (function transformation), HEffire REi% 2 classmethod () Fl staticmethod () .

et AR SRR . AT w8 e o FRAERR 3R R AR -

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

@staticmethod
def f (arg):

Class WAFAEAH R RS, (EAETREILLBORE . BN SEahig i E L E4, 52 EpkUE s8R class E 56
AR SO

descriptor ({iiA%S) FMEFET __get_ (). __set_ () 8{ __delete__ () method {4, & —1H
class JE M2 — A, ERRRESSTE e @A R e . %, A ab RS ‘;’Eﬁﬁfc
EIR S VERE, G7E a (1) class I AR A FRE] b P 0F, (AQUIR b 22— GRS, ﬁU*H%E@E"Jﬁﬁ
it method Ergiifny . SRR A HLREE IR AREAE Python (RS, HEICMEFFL e R, Bk
e mEIEE R, . method, J&VE (property). class method. [FJE method, DA S ¥} super class (ACHEE)) 2
HE .

B2 2% method YL, #52(E descriptors BRI 46 .

dictionary (?lﬂl) — A |3 B [ 1) (associative array), H: o AT 2 1) SR & Bl e S B0 (E . S RT DA AT A A A
__hash__ () fl_eq__ () method {3, #E Perl i fg[EI3EE] (hash).

dictionary comprehension (‘pFUEZAIERY) —FEBEM T, HAUER— 0 T ECH 0 b g 5 ekiB 4 oo
=, [P EIEE RN —MEHE 1, results = {n: n ** 2 for n in range (10)} GFE—
7, EAETE R n ** 2. #2[E comprehensions.

dictionary view (‘FHUGPL) £ dict.keys (). dict.values () M dict.items ( IEI%EI’J%{#%}&%@.
TS MR T M I H B AR, B RN U S B, E/Z*?%E‘%fiﬂﬂh_ib A
BEEH i E) 52 8 9 list (52%1]), AT 1ist (dictview) . FH2(E] dict-views.

docstring ([EW<pih)  —fA1E class, pRaREBALT, (RES— (R B 7 H S0A . BESRETEE M
FTRF e, (e Ergsiseds gtak, [EOAITE class, s __doc_ @Yk, diitER]
FER A AZEBEA (introspection) SRIEVEE, FRIE @Y FHEIR SCPFAF R R E R E o

duck-typing (WF%IE]) —MEREGEEHENE, ©REHE g — (4 (i B E) e 2 e 15 oA IEfERY /Y
T B2 A2, method S J& € ¥ AGLHBGEIF M S 6E . (T AnS e A s —(EVRS 7im Hnue s
—[Egr, WEE—et—EE. ) HEERN mmIESe2E, o satifAasaeaE L B
(polymorphic substitution) I & () &M, 15 RUEIZR G type () B isinstance () JEFTHI
i (1E|7EHH/£E', A4 [FIR] DL 48 2 38k 28 (F) (abstract base class) H{%ﬁﬁ?ﬁ ) SR, EiE "’ﬂﬁ.)ﬂ
hasattr () Wik, BOREAFP FECEEEHEFS o

EAFP Easier to ask for forgiveness than permission. (55K EA R HEAS ) a5 RAY Python 45 &
G SRS R S B A, (B s AR Bt B RS P A (50 41 . B AR E) Lk i JalA , o
RATAET 2 try il except BUA . FEFAELFF 2 HAMGE T (5140 C) & WIWLBYL JEASTE L T %
.

expression (FESEX) — B LARRASELR A REE. EAEEE, MBS s, 4. B,
T SR U SRR TR SR, 1M 75 2L PR RE [ eI fﬁiiF%ﬁﬁEnanWE’ﬂ%, [El4E
JIr A ) Python i 5 AR BRI . 70 AN —Lsatement (BGAX) NREBUNMEER L, FilU while,
Jil{E (assignment) L2 oA, MA@ .

extension module (¥EFBi4) —ADA C 5 C++ g fid, &l Jf] Python 11 C API BEEHAZ. > K f ] 5 F5
AASHET T HE
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f-string (f2p) DA £ w5 'F [ERTER A0 FEp SO B RRE]) (1 73], B RAS I T SCAR I 4 55 .
35 2(F) PEP 498,

file object (FSRWfE) — 10l & BB L& (file-oriented) API (4l read () Bf write () %¥ method)
REEAERE IR . AR B e i =X, & R o 3 B B A A 22 ol L 228 ) £
RS0l E (B A / . SOIEREEIE M . socket (48 ). &(E] (pipe) &%) MIFFHL. 1
LYt g R EI 28 4% Z 41 (file-like object) B, B iR (stream).

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

file-like object (RU§ZRYIME) file object (REZEMIME) WIFIFET -
finder (M%) —MPMF, EEEREIELER import E‘J’fﬁzﬂ%?ﬁloader (AR -

f Python 3.3 BHLG, A WMMEMEBAFAGEY: TEAE F ¥ E (meta path finder) € {#i[f] sys.meta_path,
M 344838 B 42 2 (path entry finder) €7f§i [ sys.path_hooks.,

%5 ([F| PEP 302, PEP 420 1 PEP 451 DA T fift 55 2 410 .

floor division (1] FYUCIERRIE) 16 N HEMR {2 25 B B e T Be ) BB v . 1) N BURS Ry i A T2 // il
o, A 11 /7 4 WEHESSRE 2, i float (FREREL) ERRYEATEIER) 2. 75 AH. fER, (-11)
/7 AMEERRE -3, HER -2.75 #hié FEEFeSE. i52(E PEP 238,

function (FAX) —HPBRHAZ, BREEI R IFIE RME—L0E, S nT AR EE S 20 7] 3, ELks|
BT e R R AR B AT %pﬁ/.paramcter (228 . method (J73), VA function Zffi.

function annotation (F=XEIRE) RS HELEEEN—Mannotation ([EF).
oR U E IR w il i AR 2 (13 =« N, S (M ek NTEIH &5 2 Wi int 518, [EEA M int [m{E{E:

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

bR S ERR A R AE function ZE60 A7 AN R .
st 2 [Flvariable annotation #1 PEP 484, %45 W INGEFIHIA

_ future__ future FiR=: from _ future_ import <feature>, @5 /N en(d FATLEYE Python ok
ﬁiﬂﬁéﬁ?ﬁﬁﬁﬂi*ﬂ%}ﬁ’]‘%@ﬂﬁﬁﬁﬁﬁﬁgiﬁy ﬂ@%ﬁﬁ?ﬁﬁﬂﬁﬁﬁﬂ 1M __future__ BFHAIFLE T feature
(%) WREMI(E. #i import HAAH F13 A BOR (H Vﬁﬁfﬁﬁﬁﬁﬁl%ﬁ 1) 33 RE 2 AT IRF 1 YR 3 2
lﬂﬁnnm , AKEATRES & (S0 48) ﬁil?ﬁ R ILIfE

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

garbage collection (hi¥elmll) EFCIEHEA ﬁ?ﬁiﬁﬁﬁ F, MR R AR . Python SATHIR Mk, J&iEiH
2 W58 (reference counting), DA S — 11 i [F) A% ) A1 A B 22 FE PG BR (reference cycle) A& R 7 % o] 5 #5
(cyclic garbage collector) HE5E il . $5/3% A W%—I PABER] gc AR4H 3 Ef T

generator ([F/:Z%) i € [alHgenerator iterator (EVAZREURER) M. EHERRE MHIEFHHEL, H
AR REMET vield RN, BREE—RIIGMAE, B AR for [FE, 802 next () Mk,
BRUARR A —H(E .
i—ﬁiﬁl?ﬁﬁnl_%ﬂﬂﬁ{%ﬁﬂﬁl.ﬁi%%uf faf%ﬁbfii‘tqﬁ, WA FRE A SERE. B HEE

generator iterator (li%%lﬁ%%) — 1 th generator (.i%ﬁ) PR TS

M yield gE AR, FRAMERIITRE (57 RS MO P oy A0 . HEE S
(V&R 2 RS, s LI BT (BB LA ] RS FE 0 B a1 e U IS ] )
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generator expression ([E/EZHERR) —(H &R EEMCEIEE X, BHEERS —MIERFERNX, &
Tl for T4, W T EE . HE AL i T A AERGENE
bR B (1A Z2 A

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

generic function (JZMAR) i ZMEEXALY R, ek G 3R R ZUEEC R s R, iy
S R R G R RE B4, 2 b R BRI S (dispaiteh algorithm) SRIE7E

#5 2 (Elsingle dispatch (¥—FAR) #HsEE&H . functools.singledispatch () HEffi#efl PEP
443,

generic type (ZHIMIE]) W SHLHpe; WHE A List ok dict XFERY 888K, AT L2257 AL,
WL 50 7R 4255, PEP 483, PEP 484, PEP 585 fll typing f&Ht,
GIL 352(Elglobal interpreter lock (430 H 22858H) .

global interpreter lock (2RELRASHT) CPyrhon BLERAR T RN BOMH], I DAREOREEUCHR U — IR 8047 4 e
AT Python fjbyrecode ((LTCALAS) o FB MR (45 B EVEALE], 0 dict) HB)HEESR
(EJ4 775U (concurrent access) [f& K, BLAHI AT PAfI{k CPython [UBEFE. S BE(M By, SO0 E M
B 5 IEI Z #4744 (multi-threaded), {HAQ 2 G 10 20 JE I SR O RS RE ISR AL — KER 4R PAT 7

(parallelism) ,

IR, A SE TR, MR R E Y BOR S = Y, B R R AT A O ()4 R R AR
(computationally-intensive) FT5 s, ATVAMERR GIL. 5341, FE#iAT /O Iy, GIL A2 ez,

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

hash-based pyc (HEIZLHEN) pyc) —{H (LTCALES (bytecode) T A7, & FI A VB T AN 2 38F B LA R R 1Y
RARME ORI, e AR . 752 [E pyc-invalidation,

hashable (WEENY) WR —HY4E —MEEE, gEEXEGEH PR LS (EHFE—M
__hash__ () method) , H AEELH ALY H A K (EFFE—M _eq_ () method) , IREIE 52
— (=T 2 [EM 1. il REA S 2 T 3R E 2, &AM b G A IR ) A EVE

AHEEM: (hashability) (i— A4 {F 0 JI 1 dictionary (°8) HUHERI set (Se6y) RUME, HIELGLEERIGS
RERTE HE R 1 A EMEL

K2 B¥) Python A ] 8 [y (4402 nT ST s nlspg 2888 (B4 list 5% dictionary) [EIAAE; A
S zses (B0 wple (JCAL) 1 frozenset) , HAHEEMAYICE ] HEER, EMA G A 20 #EEK .
TR E E class B, JIE Lo (el T E 3 )R o e T AT EUHR AR N A AR
(BAFeME A C i), e M sEEE R E B B MK 1d0) .

IDLE Python f¥] Integrated Development Environment (¥4 5H%$3845 ). IDLE & —{f A1) gl g il B R a8
5%, B Python [HAFHEREA TICAS— i gl .

immutable (An8E) —FEAEEERNDIE. ATy ORERT . SR wple (Joi) . SR
B RBEH Y . AR RN R (Db E R A, R — B . B R e N E
My, I E A A, B0 dictionary (L) AR — {4

import path (FEAPETE) —MEE (544298 B ) WFIR, MABLEA ERETE import BLAHIRE , € #iparh based
finder (FEFBEARIFAGAT) BWEBBAN A E . 7F import SR, M B FKEH R H sys.path, H
HATE A (subpackage) M5, EWMATRERHKH LEM) _path__ EPE.

importing (MEA) A, — (B4 Y Python R A W] DA I FE , B 55 — 4540 P ) Python 2
KAGMHH

importer (FEAZS) —MHREESK LBABAMYI; BB inder (F2%) Wiloader (BALF) YT,
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interactive (ZLEjIY)) Python £ —ff H B E AR, 8RR AR A] ATE BLRE & A94R8 7 on il A BOd sURE S
KX, CHHTEMEEAZIEMMER. JZE® python, NFTFEAEMTIE (7] AERE 4RI BN
PSR E) . ERNBUNT LSRR A QR EEEIR I (FFRCAE help(o) .

interpreted (ELi#if)) Python @M E T, MA S ERE S, /NhiE M 84 T 87 L], HEH T
AL (bytecode) HiiE#n MIAETE . 18 PR IGTH S v DAE OGBS T, ORTE IR @ o) — AT, 28
BHATE. HEsESmw haessl oA AR BaEE / BREsE, A e A Re i & taEf T A e .
Wt & Flinteractive (HBI) .

interpreter shutdown (Pii#asBPH) & Python B :esdi ZoRBAPHIE, B A — 1@%5*5%&7 TE M B
*%ﬁﬁﬁﬁ HORCE &, B ilﬂﬂ‘%ﬁﬂﬁ‘ﬂ%@ B EI &5 . Bt @& ZKIFIY 3538 =Dli % (garbage collector),
15 AEEDME 5 05 2 B 2 O i pR 5X (destructor) B35 5 | I A [E] I (weakref callback), .iﬂﬁ/ﬁ\ g
ﬁ%o AE [ P B Bl AT AR A il 2 A 4, IHENE k) @I nl A TAER T (3 R Bl
T2 R QAR A Bl R A )

HG I F 2R, 2 __main  BUHBEPOESTHEIAC BT

iterable (WJEfCHIME) —FEAEE— K ol — (@ H ol B R84, W EMCH 459 B 1 645 BrA 1 1751 L (ED
(22 1ist. str fll tuple) FIMLLARFHIRE], B2 dict. #2400, PARARETEFRAYTAT class 1)
fF, HER class 5 __iter_ () method B2 E ESequence (JTH) 3EEM __getitem__ () method,
YR T ER 4

AIES AT R for [EIREAFF 2 HAb 52— WP 2 (zip ()« map () ... & —fE AT ER 14
VEES | i R A E K iter O B, B EEZY R ME—mEECE. EK.W%%@%B’\%%*ZH@
ATl (one pass) FERE . [ FAEICHRIE, WHEA—CEMTNY iter () K AFTEIERZYF. for B
WG B ENRE G L, g YRR R a4 s, AR E B R s R 2%
Y z(Eliterator ([ELRE). sequence (J¥3)]) Figenerator ([EVERS).

iterator ([EMfC2%) —MAFRERRRYE. EEHIEYESCEEH __next_ () method (B2 & HIEL
B next () ) EKFRIMEERT TS ER . BATA &R, HlE5% stopIteration fil
Gho BERE, SZENCEIEC AR, M3 _ next_ () method [jE—0nY , &R H G ks 5
StopIteration. [EMCEFLAA M __iter_ () method, ‘B € EHEREIA S, B DA%EHEE
A AR PTENC 4, FLRT AR A K 22 o A A T BN 35 A . — I ERR Bl oh, 2B ZE
#EIX (multiple iteration passes) (2. —MZ28F (52 1ist) FERRAIEMHIEL iter O
B fE for [EIRE i B s, ARErEE MBIy, AR ER LS (ZRER) K,
W M EAE T —m B P A . A E g S EU R, ARG R — S A 5

1E typeiter SCH AT AR B 2 .

key function (ZpAx) # k=37 K= (collation function) J&—1f B BEHY (callable) PR, ‘& & [B{E—1
A HER (sorting) B %€ (ordering) . BN, locale.strxfrm () #JHAEIE—8 1 fif W HE
B HE 8

Python Wi T2 T H., #R#EZ DAGE ok XA A e Rl e e 8oy Y 0. BEMAHE min O L max () .
sorted (). list.sort (). heapg.merge (). heapg.nsmallest (). heapg.nlargest () #l
itertools.groupby (),

AR DU S SR K. B4, str.lower () method W] RAFEEIA 2 K /NEs HE A S8 iR
Xo B3, —MEEEAWT] PARE lambda SR AP AR, FIA0 lambda r: (r[0], r(2]). 54,
operator AN FE AL T = 1M 4 o8 = i 72 #5 5K X (constructor): attrgetter (). itemgetter () Hl
methodcaller (). BRIz ST AH ek X861, w52 ETHE T .

keyword argument (Bt 51%) F2Earsument (513).
lambda p B—expression (FEE) Fral Ay — {1 2 F7EIR X (inline function) , A 5% oK AP R SRAE . 7

57 lambda pRCIEEVEE lambda [parameters]: expression,

LBYL Look before you leap. (=447, ) i/l 45 EA% @ (ERATIFI s A s 2w, Wbl Se A
B EASELEAFP TR, HERRORE AR 1 BT,
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- EZPATHIRS T, LBYL A7 [ =8 fl [#47] Z 51 AT BE: (race condition) [ JE
Boto BIANPANAEZ if key in mapping: return mappinglkeyl, WIERS—ME#ATEEFEH]
ZARMBAEEIRZ T, 4 mapping TRERRT key, RIaZAEAGmL€r L. & M1 R T PAH 85 (lock) sl fifi H
EAFP #fil i AR ARE] .

list (#1%1) —1H Python [El#fsequence (J751]). EVETRIZ T list, T HEEREOUHANRE T oA — R
% (array) TI# AR — i $l4% HR 41 (linked list), PRIEIAFHOC 2 A5 R EVRE 2 /2 O

list comprehension (HpFI&FAIETY) M F AR HL—(H 551 Hp () TR R e R, (B B H A SR DA— 1 List
EMEA RS YL, result = ['{:#04x}'.format (x) for x in range (256) if x % ==
0] GEA M5 list, Ho a8 0 %) 255 @EE), Fra @y /308 0x.). 1f T EsR ik
. QAN e, H range (256) HFTA TCREAD T HERL

loader (WEAZY) —fHREERAMAWIE. ELHER MAE load_module () i) method (J53%). #&
AZHBE 2P finder (FARES) FME. FEZMEHFHSE PEP 302, Bljitabstract base class (#1558 KHH(ED)
#HA[F importlib.abc.Loader.,

magic method (BEHTJjik) special method (F§3KT5%) W9—MEAE X R 5 -

mapping (¥H) — AWM, BRI EENER, HAEE{E abstract base classes ({5 IKHEE])
Mapping Bf, MutableMapping ff15EH method, #FIfFE dict. collections.defaultdict.
collections.OrderedDict il collections.Counter,

meta path finder (JUEEFESMLY) — KM sys.meta_path [ FE K finder (FAGAF) . TCHEIETAR
FRBAFAAZ I B F ¥ 5 (path entry finder) MHE{HE AR .
B A TC IR R A P EAE ) method, 352(F] importlib.abc.MetaPathFinder,

metaclass (JCHIE]) —71F class [ class, Class & FEiBAE & #7—1H class £ 5%. —1H class dictionary (F-8t),
DA —1 base class (FEHEEE]) 195134, Metaclass B E1E57E =858, [EI#ES73% class. REHWY
3 e R URE e R — R T B . Python (4FEZ BEAE Y E REEE . H 5T HY metaclass, K4y
Wl E AR FEE N TR, (R FESRE, metaclass 7] DUBRILFEI R HERMME L. MO8 HR
OB YEEE. S TaE ek, B erE s . BRI (singleton), DAKFFE HAL AT % .

B %2 % HI ] DAYE metaclasses Zf5 HHFR 5] .

method (Jjik) —fH7E class A<BAEIW 2 AKX . WIE method VEEIL class BEFIAG—H B A pEn, Al
A B E R E S S —Margument (518F) (M5 #GEF #EREE self). 2 E funcion (9
) Flnested scope (ENRAE L) .

method resolution order (J5 i) 7 iEMATIE T 2 A E A B AE T, base class (F)HHE])
VOB SIET . B 2.3 iUZE 4, Python B3R aS Bl FH B VEANAT, w5 2(E Python 2.3 i )y IL Ml
JET o

module (Bifll) —fE#E{E Python F£xCA51)4H 4% B 1 (organizational unit) 4 {4, HAHA —M M2 25H, B
AL EATLE N Python (4 BEALEHE thimporting WIRFE, BEHUA E Python,

st Epackage (BF).

module spec (BLZALRE) — & =S, BSHREABAR import MBI & #l. B2 importlib.
machinery.ModuleSpec —1E &1 .

MRO #2:[Elmethod resolution order (J5:fRATNET)
mutable (R[88¥0F) TP LRI DARCE B MM, (AARFEMN 14 0 o BEE2Eimmuable CRWEYI0FE) .

named tuple (F#IC41) H75E [named tuple (Fff44 CAL) ] 2454 tple 4R AT REB class, H W]
25| (indexable) TG 1] DA I 44 B M AAF L. 38 LEFU(EIEX class 1 m] DAUSLAT oA A RF 1

A HEZERE) 2 named tuple, 3% time.localtime () fl os.stat () [FEM(E. B—MF T2

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

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

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

True

4 %% named tuple J2[EEA(E] (40 EF)). 80, —1f named tuple t 1] DAfE—fH IEBIAY class 5 AT,
HE class 2K H tuple, HEFRTIHAMNAL (named field) RIT] . S8 class A AT TA%s, thn]
DA Tk ek 2 (factory function) collections.namedtuple () B . BHFHRHIEIM T —L%4
HMY) method, 75 4% method FJ B2 7EF 55 s [EJ (1) named tuple 1, MEHEFE.

namespace (@ #4%5H])  BHEWREFROH T o 4 252 A dictionary (S8l ) BEECIE . A7 A . 43k K [E)
B, MAEYEH (78 method ) W BLIR A a4 25 . 2% 25 IR f B Lk av A 828, RIR
Btk . fln, K3 builtins. open Ml os.open () s T M A4 25 AR B A I . s 25 [
5 £R BN % 2 2 MR RS AE B A — R pR X, RIS W] i Pk S v AR . BN, & random. seed ()
of itertools.islice () WifEhF/R, BLmAHEEH random Al itertools HHHTEE(E.

namespace package (@ #%MEMF) —1fH PEP 420 package (£4F), ‘B HAEAEETE{F (subpackage) i) —1i
Adn. A EMEMTRES YRR, M HAEKEEMABRRE—WMregular package (IERENT),
FEEMEESR _init_.py SR,

iz Emodule (F4) .

nested scope (HURTEMN) REF)2 M 4ME 52 3 (enclosing definition) H 58 B RE 17, SEGIZRIE], —H R =
MR — M piEsR, el RoNEm0hp sl s, AESEET, SikE
P 0 A 22 M, T e P AR e S B R A I (B A R 3 s R B A . TR, A deiss i
BAE G4 2 B P SIS A . nonlocal A FFEINEVEFIREFTE A

new-style class (HiARE) —HEY, CRIGBEIA N class YFIH Y class &A% . 7653 Python
A, HA B class A REfHH Python B . ZEMIIEE, 52 __slots__ . #ifiik+s (descriptor),
J&VE (property). __getattribute__ (). class method (%) Fil static method ([EIRET:).

object (#fF) HARAE (BrElE) KpiwnifiE (method) FUEMTE R EUHLRAEMnew-style class (#i
AHE]) Ayf#& base class (FLJRHFE)

package (£if}) —1{f Python [Ajmodule (F¥i4l), B0 LAEE T4 (submodule) B i2EEIF T4 (subpack-
age). T LM, EMWEEA _path_ BN —F Python 54 .

Wak2Elregular package (TFFLEME) Fnamespace package (64423 MEM:).

parameter () 1t funcrion (PK§3X) = method JE F&H i) —ff iy 24 FL Y (named entity), ‘& #5H]% R 2 BED)
W — Bargument (51%0), STERSEE TR 2518, S06H TR ) 2 8o

* positional-or-keyword ({i e BT ): FEU]—H T DAz e A2 5 R AR 585 7| SCp R 5 9.
RS EBHA, BIUNLATHY foo F bar:

’def func (foo, bar=None): ... ‘

* positional-only (BEFRALE): W8 HAEH AL EBHR ALY T . ER=UERM SR E
—f8 /o0, iR PALERZ T OUHI T E SAERR O E 2 8, BIANLAR ) posonlyl FI posonly2:

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

o keyword-only ({EFRBH#ET): F5IH—0H BB AR S8 bR ity 5 |8, fEmCE RS £, 1
A — 0T 2 YR B 2 8 (var-positional parameter) B2 BLAER) * FI0, BUAT DATE AR )5 E AR
B2, BIPATR ) kw_onlyl Fl kw_only2:

’def func(arg, *, kw_onlyl, kw_only2): ... ‘
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* var-positional ({EEWERALE) : S8 —RREDMERF IR LI AL 5 | B (TEC WM 2 W2
MR S [ 2 4h) . BB ER ERIEHS WA R T E L~ AOGERM, GIILA T args:

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

« var-keyword ({FREBURBIBEF) TR BLIG (R BOR BISE T3] B (FEC WEILAL S BB
(ERBRTS M 5. RS BRI BB i L ACE 3y, B L g
kwargs,

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

B2 ENEEF M argument (5180 B H . & REEH R 5] M 2 82 MK 2E], inspect . Parameter
class, function Zfi, DA PEP 362,

path entry (3&FRIH) fEimport path (EABEAE) T—(ELE, WMipath based finder (F7A BRI FA54R)
TS 4L E AL import PRI .

path entry finder (PEFSIHH =-Mi%%) ¥ sys.path_hooks H1f¥— 1 0] BERY#) £ (callable) (7 B —1{Epath
entry hook) FIf [BMEL () — T finder, &8 U] A—A path entryi@ (VLA .
B A R AR TE B A2 EAE method, #52(F] importlib.abe.PathEntryFinder,

path entry hook (J%f%IHH(E]) 7F sys.path_hook #1|3&H1i—{H w] FERY Hy {2 (callable), 5 & %038 QA7
—{EREE Wpath entry HRARREA, Il [l E—{Eparh entry finder (BFRIEH FAEER)

path based finder (JERBEISAIBIZS)  THERM TIAE 548 5 (meta path finder) 2 —, ‘EE&AE—Aimport path
Hr g A .

path-like object (RURRESMIME) — M FIRIE R RGBS BRSP4 7T AR — 8 RN BRI str
5 bytes Y, B2 —MEA os.PathLike @M. FEHIFI os. fspath () K, —ff3Z

$Z os.PathLike W4T DA [EIE str 8% bytes #RASIKLR; M os.fsdecode () K&
os.fsencode () BI4MEIT] AR str M bytes &S, B PEP 519 5] A,

PEP Python Enhancement Proposal (Python J[F422%2), PEP 22—k sHEIR e, B HEE] Python R {L %
i, BORAA Python (—H BT D REESGX Y BERIRE P PR . PEP JE % 2B ML £l I 04 45 7 A i DA S Bl
FIREMENE I
PEP WfFfE HIY, 2B REIE SR TIBEMHR 2 . A0 o R A 0 R o s, DA A Python
Pk FHER YRR, SRR 8 s . PEP (KES & et s sk Ere B s e A
#H2E PEP 1.,

portion (¥4y) FE¥—HEPW—4AEHE (W REREAEAE—MM zip f ), S UM R AR S — a4 = HEN
(namespace package) &L, 0[E PEP 420 F1[)E$%.

positional argument (¥ 518) ##H2Earsument (3135).

provisional API (47 API) 4T API 245, fCAZEE R ER B ME (backwards compatibility) 475 /7,
W HERR A APL, BESR I, R REETH, B EEAeAERREE, HinE
o0 N ERREE LT, WATREE B A AR ST (LR EEBRNE). SESEFAG
fi i [(F) A= HA AP A 2 BRI B R A GG g e, EMA a4,

BT AT APL, [ A RHZS 5 St Er el ] [ smcfz O MRIED 38 ) — ST s B R, A7)
SR T B — M I AR A RO AR E T 5%

s M1 O RS A A o e O I 2 IR TS T A, T 3 S e 2 0 (R PP R P 20 B A P R R s B vk 5
2[EI PEP 411 TR Z 40 .

provisional package (B[f7E4k) w2 [Eprovisional API (4T API),

Python 3000 Python 3.x RFMRAMERGE (RAVABTAIGE Y, HHRESS 3 AR EEE R K. ) ] DAKE
&[E] [Py3k].
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Pythonic (Python Jal#it)) —(HAAE—BefesUAG, MM T Python 3 B FUANIE MIRE, 02 Bl i
filah 5 R AR NG, BN, Python wiid Ry —REEBUNIE, RN —M for PRk, ¥
— (A BRI A CRE T IR . 7F2 b S EEA B2, AR Python YA
A R o — (0 B e R e A A U -

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

B2, AT IEERMER. B HA Python J&UHS :

for piece in food:
print (piece)

quallﬁed name (RRE#RG) M [EE0MMAR], B BURTE— AL A0 Ik 3 s AL P 2 3811 class.
pRUEL method 1) [FE4R ], 40 PEP 3155 HrfiE 2. B TEE 1Y pR =R class 177 7, B A2 44 F 4 14
F4 A [ -

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

>>> C.__qualname___

lcl

>>> C.D.__ _gualname__
'Cc.D'

>>> C.D.meth._qgualname_
'C.D.meth'

NG| AR, TATRE & & (fully qualified name) 5327~ A A 1 52 BE B PR BE AR, B E(EA 1)
RLEM:, Hlil email .mime.text:

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

reference count (ZWGHE) B P2 IBREL &MY 2 BEHECRREE0, B ey
 (deallocated), 2 MEHEGE #1E Python F2a0H5 B AE], HEERCPython BAEK—(HBSITE. sys
B EF T M getrefcount () PR, RPN AT AT IY 5% o =X 2K [ 3 — Ry 2 W0 2R 10 2 BEF T

regular package (IEMUEME) —ME SR Ipackage (B0F), BII—MEE __init_ . py HERM AL,
k2 Elnamespace package (fiv 4 2 MEM)

__slots__ 7£ class [EJf i) — M &4, ©#Fh BT BB M, PAKIERREH dictionary (F84) |
A TR, BEARRE BN, (e B DUE R, SR P A R A I O B
(memory-critical) [ 8 FHI R 2 7 AE R B B 491 ) 2 LA (ED

sequence (JE4]) —{fiterable (RJ[ECHI1E), BiEi# _ getitem_ () special method (Jp5k77%:), i
BHMRTIR L BECRRTEAIR, EE®RT M _len_ () method 5REMHZFHHRE, —&
Ela s BEFE 1ist, str, tuple fl bytes, AR, MR dict X _ getitem_ ()
__len_ (), {HEWAHEE M (mapping) i A, HEHA I 26 AT E A immuiable 8, i
=238

W% H i HE[E) (abstract base class) collections.abc.Sequence fEFE T — B 58 i & %) £\ T
AR getitem () il __len_ (), ®EWINT count (). index (). _ _contains__ ()
__reversed__ (). BEEMIRANHEAIEIE], WA register () HHAREHIEIE.
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set comprehension (fiA&RAIES) —MEZEM Y, ARl ECY - i B a oo, i
BRI GE R DL —H set [M]f#, results = {c for c in 'abracadabra' if c not in 'abc'}
B set: {'r', 'd'}. #2[E) comprehensions.

single dispatch (¥.—3E) generic funciion (ZZ4pRN) AR, 7E0L, EIERELSENE-—5]
A,

slice (V) — MY, B WS — Bequence (JF5)) 13— 5. &S — B YR W7 &2
N BEAF 9% (subscript notation) “[1*, 75 44 2 (M 87, HIFE 82 W 6EH E 5%, #la in
variable_name[1:3:5], 7E5&5% (M) FFofi0ERS, &6 slice it

special method (¥§9kJi) —TE @9k Python H BIFNY () method, F A% FmE A [FI AT B AR 5, il 4o
V. 15 method 1144 R & 1F B EE AN 45 B A WiH R IEE]. Special method 7F specialnames H1 45 #E 41 FJH .

statement (BRAR) BHIAE —HEAL (suite, —HFEZE [ W) HH9—%  BA AT AR — 1 expression
GERE), SRS AMEY (Flif. while o for) MWL —.

text encoding (3L #if%) fF Python H7, —PF&FHE 22— Unicode 0% 5 (FEHIH U+0000--U+10FFFF ),
R TS AL G — AR, ERET M — R AT
FF—NFERFER I — N AT PN EFRN < ﬁ'ﬁ/\)\?%?ﬂ*i%ﬁﬁﬂ@?ﬁ%?ﬁ%ﬁ “fEE”
HEFARRPSCARTFIL difidds, NGRSO g%,

text file (SCFHER) —MHBREERBUNE A st YUH—1f file object (REEYIE) . BH, CFHEEE LE
AEEU TCAHE 1] 1 & BHA (byte-oriented datastream) [FI€r [ 8 ji Blrext encoding (SCESAE) . SUFAEEM
BlFA: DAISCFRR (" 5 'w') BIEAEZE. sys.stdin. sys.stdout DA io.StringIO
B,
it 2 Ebinary file (ZHERIRER), B AEESEEE AL T B 1 (bytes-like object) HIREZEY)
o

triple-quoted string (=5[55F i) o =555 ( ) G5 O MIEERER N —EFH . BEREME
1A FEAEEA 5| 95 7 5B il AN oh A, SR FEZ IR, B MR ARAE . e MRl AET
g1 i R BKE] (unescaped) (1) BE5 | SEANEE S [5E, 1 H & M~ F5 08 18457 JC (continuation character) 5
DA AT, AR e 4 & [E = 2 R E A

type (ME)) —1{# Python ¥Ry MEEE T B AR S EEE —mRE. —FHY ke R
EFTPAHER __class__ JBHARGFH, A type (obj) HAGE.

type alias (REEH) —ERERFESEE, FEiis 2 EHE E & — WIS (identifier) HCHN.
HEFEZ #R 2 R F (type hint) A . Fl0:

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

FTPARISE R, SR AR

Color = tuple[int, int, int]

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

3 5[F typing Ml PEP 484, 4 ILIhREMIHEA

type hint (MRERR)  —Mannowarion ([ERE), EHFE—MHEH . —1 class Ja 5k — 18 bR 5 2 Wk ] (B8
T 2R (.

RIERR RS 2SR ERY, T2 Python B R, (HEMEHEIRAE M TEMRA A, Rl IDE 5
AECHE 4> (completion) A1 FEA# (refactoring).
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AIEEAH. class BEFI R (R & it s) mBERR R, #5IAMEH typing. get_type_hints ()
HATFHL.

3 5[F typing Ml PEP 484, 4 ILIhREMIHEA

universal newlines (iliJHEf77o0) —TEMESCF (text stream) 55, &5 AR A (G ERREE-—1F7
W45 Unix /7EERF '\n'. Windows &% '\r\n' FIE 1 Macintosh & '\r'. 5% PEP 278
I PEP 3116, PAKAIA bytes.splitlines () BIFIINHIE.

variable annotation (S28([EIF%) —{E%8EL class JB P annotation ([FIf#).
[EVFE 5 3, class JBIERE, R(E SR EN) -

class C:
field: 'annotation'

SYEREE T AR ERRT (ype hint): BN, FEESEHEIEHIG int (%) (A

aE

count: int = 0

SEWEIRE A REAAAE annassign B A FEAT MR
it 2 function annotation (PR[EIRE) . PEP 484 F1 PEP 526, A5 HIRERIHIAE .

virtual environment ([FJ#E82EE) — (R /EMEEE (cooperatively isolated) 3 fTHE 5%, fE:# Python ({5 FH & il

WA AL 22 4RI T Python BEEVESPE, 11 S35 240 LA FROCAD Python JE FI AR Hyf T (F)
[EVA:T48.

W2 (F venv,

virtual machine ([EIEHERS) —F58 4 HIELTE RN (computer), Python [¥[EEMEES € 1T H bytecode
(PLC#HAls) wmeas B b i oA .

Zen of Python (Python 2[F]) Python st st BT B 515, HIEAA B BUERIGE I ILh = . i) T
PRz BB R F IR EMA [import this] HHRFIE.
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APPENDIX B

R 73 Se B S

15 LB S 28 Sphinx  (—{# 5(E] Python [EJWA SR 85 1 SRR BERS ) M0 reStructured Text 4#57
PR B L A A T o

4l Python [ &, iith H A1) %5 1 I SCPRELERHEAR H BT TR . F AR IR A ik, 75 52 reporting-
bugs EUTE, [EVSAHBA A FoAM i Balpy BB A

et
e Fred L. Drake, Jr., JR4f Python U T HAEAY A 1E & DA K — R EI A B9 1EE .
* A3 reStructuredText F1 Docutils T 41/ Docutils B2 ;
* Fredrik Lundh [/ Alternative Python Reference i H , Sphinx M H{5-3| T 5 £ {F A AH .

B.1 Python {1 ok 411

7% A\#RH[E] Python 1& 137 . Python 121 ik X AN Python [EJRA SCAFET MR . Python FT#(EIfY 5 AA RS &
A ERCEREH, @5 R Misc/ACKS ,

TEFAE] Python A (1488 g B B8R A 4 3 35 [EDRR A [ET ] SO - e T A B R g AL A !
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apPENDIX C

MEERE S P

C.1 ikisaTiL

Python 2 H 17 i BCEE N 5 MR B2 T 5T B2 €5 (CWI, L https://www.cwi.nl/) ) Guido van Rossum Jji& 1990 4f
Al , B2 EE—HEREE ABC 355 W& EE . [ Python 1 T #2224 H HA N E L, Guido
TR EAEE .

1995 4F | Guido 7E#4E 7 Je SN BRI i B K AHF 57 A 5] (CNRI, F, https://www.cnri.reston.va.us/) 445 b7
Python () T4, [EFERREIEEE) T 3% K #8122 1 LA .

2000 4£ 11/ , Guido il Python £%.0» B %% [ B i##% 31] BeOpen.com [Eljf(572. T BeOpen PythonLabs [#EX . [F]4FE+1 1,
PythonLabs [ [ ###% 3| Digital Creations (i [F] Zope Corporation; &, https://www.zope.org/) . 2001 4F, Python
WA EL G & (PSF, B https:/www.python.org/psf/) ST, & & S EHEF Python B 1)k A TR I A1) 57
Y FE FIALAL . Zope Corporation & PSF f—fi# I 5.

Jir A7 14 Python AR BRUEHY (B BRURAY € F€, 2[E hitps://opensource.org/), FEH b, KZHMAIEETRHY
Python fitAs, t1/2 GPL AHZ I ; DAT FAsHa4: &8 A i 22 (B

#ERA | HA Efy et GPL tHA %
090 1.2 | AEH 1991-1995 | CWI =
132152 |12 1995-1999 | CNRI 2
1.6 1.5.2 2000 CNRI o
2.0 1.6 2000 BeOpen.com | 15
1.6.1 1.6 2001 CNRI 5
2.1 2.0+1.6.1 | 2001 PSF w
2.0.1 2.0+1.6.1 | 2001 PSF 2
2.1.1 2.1+2.0.1 | 2001 PSF 2
2.1.2 2.1.1 2002 PSF =
2.13 2.1.2 2002 PSF 2
22 DAL 2.1.1 2001 £4- | PSF Z=

fiE): GPL HiZEEIRFRIKME1E GPL F#(E] Python. ARf§ GPL, Fif7 1) Python FZHEH! 1] DA A8 [E) 1Bk
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RAGHAS, (HR— s AT 8 S REIB . GPL AHZR (Y BHEMIS Python 7] DA%S A HoAbfE GPL R E£{EfEX
B (HHERRERIATT,

I RFZ HIAMRE T, 7E Guido FEE AT, (7555 LERUA Y B E T RE

C.2 [IRAF I sk AR5 X Python fy45 &9 ik

Python ¥ AR U B HE R BL IR PSF 424 & 4.

it Python 3.8.6 Wit [EWTSChFh 1, BESHORISCURERAS, Rt TUA7HE (duallieensed) ft PSF 214
#I1VA B Zero-Clause BSD %7 o

AL 40 A Python H il 2 L AN TR KR HE . 18 Se 2 RE i & B H R HE 2 AR U —ile g i . B 8 B4
REMARSERIE B 2 E0a[F 388 a9 3% 4 s 20,

C.2.1 J}jA PYTHON 3.9.19 |¥) PSF £ZHEA )

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

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

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

2. Subject to the terms and conditions of this License Agreement, PSEF hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 3.9.19 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice.
—of
copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All.
—Rights
Reserved" are retained in Python 3.9.19 alone or in any derivative version
prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.9.19 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

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

—Python
3.9.19.

4. PSF is making Python 3.9.19 available to Licensee on an "AS IS" basis.

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

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

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

USE OF PYTHON 3.9.19 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.9.19
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FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT.
—OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.9.19, OR ANY.
—~DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

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

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

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

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

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

third party.

8. By copying, installing or otherwise using Python 3.9.19, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 J{jjA PYTHON 2.0 /) BEOPEN.COM $ZHEA 4

BEOPEN PYTHON BHiFIZHES #1568 1 I

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

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

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

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

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

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

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

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

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

C.2.3 J{jix PYTHON 1.6.1 1] CNRI £ZHi A4

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

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

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

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

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

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

7. This License Agreement shall be governed by the federal intellectual property

(FItakss)
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law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or

with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement

does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

C.2.4 HjA PYTHON 0.9.0 £ 1.2 /) CWI £ZHEA

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 JJjix PYTHON 3.9.19 [EW] S fEIfE X 51y ZERO-CLAUSE BSD #2 4

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

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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C.3 B[k fté iy 152 il B B

AT A S R O Y R SR G B, B2 AE Python FEEICAS H P [Ei 55 =ik i .

C.3.1 Mersenne Twister

_random &A% T PA http://www.math.sci.hiroshima-u.ac. jp/~m-mat/MT/MT2002/emt19937ar.html {7 |~ #[E)
HREEBEORENXT. AR 2R RS ) 58 5 -

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

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

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

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

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

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

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

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

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)

248 Appendix C. 3%#iBifzHE



http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html

The Python/C API, %[F] 3.9.19

C.3.2 Sockets

socket 4] getaddrinfo () fil getnameinfo () KR, B4 WIDE 2% (http://www.wide.ad.jp/)
(B, AT [ ) S e 5 vl i G -

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

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

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

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software
without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS " "AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.3 JElH2L socket Jits

asynchat fll asyncore fAL AL & 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. el [k A 5 M B _
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C.3.4 Cookie &1

http.cookies HiZH L& DA AR :

Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>
All Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy O'Malley not be used in advertising or publicity

pertaining to distribution of the software without specific, written
prior permission.

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

C.3.5 HATiL[F]

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.
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C.3.6 UUencode £l UUdecode 3

uu AR AL AR RN -

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:

— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

- Arguments more compliant with Python standard

C.3.7 XML g iy

xmlrpc.client M E AT

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

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

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS

(Rt
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ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

C.3.8 test_epoll

test_epoll HIgL{l A FHgH:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select HIAL¥SA kqueue 7N AL LA A :

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

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

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

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "~ 'AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY

(Rt

252 Appendix C. 3%#iBifzHE




The Python/C API, %[F] 3.9.19

(R —H)

OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.10 SipHash24

Python/pyhash.c 5% 17 Marek Majkowski’ 37 Dan Bernstein [ SipHash24 JEZ VLR EE. BESPAT
TEEHH -

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
all copies or substantial portions of the Software.
</MIT License>

Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/1ittle2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod kil dtoa

Python/dtoa.c FEEIRMLT C [ droa I strtod pRF, FIFAME C [ ERE B 17 BOR 5 HAHEEE) . e
4= H David M. Gay IR AR, BETAER A http://www.netlib.org/fp/ F#. 2009 43 A 16 H
FTARZR H JEAARR 2 A0 5 DA U B2 EREE Y -

/*********************~k****k*k******~k******************************

*

* The author of this software is David M. Gay.

*

* Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

*

* Permission to use, copy, modify, and distribute this software for any

* purpose without fee is hereby granted, provided that this entire notice
*

is included in all copies of any software which is or includes a copy
or modification of this software and in all copies of the supporting
documentation for such software.

* % o

THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY
REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY
OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

* % o

*

(Qi¥iE3)
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*

***************************************************************/

C.3.12 OpenSSL

15 OpenSSL. 5 sk HEAT HeAF 3 Z BT, M hashlib, posix. ssl. crypt WML G FI e S FHALAE.
J£4b, FIE Windows 1 macOS ff) Python %4 Fist i A4 OpenSSL Bzt Wil 4, i bATk to ZE D
OpenSSL #Z Rl

LICENSE ISSUES

The OpenSSL toolkit stays under a dual license, i.e. both the conditions of
the OpenSSL License and the original SSLeay license apply to the toolkit.
See below for the actual license texts. Actually both licenses are BSD-style
Open Source licenses. In case of any license issues related to OpenSSL
please contact openssl-core@openssl.org.

OpenSSL License

Copyright (c) 1998-2008 The OpenSSL Project. All rights reserved.

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

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

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

3. All advertising materials mentioning features or use of this
software must display the following acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit. (http://www.openssl.org/)"

4. The names "OpenSSL Toolkit" and "OpenSSL Project" must not be used to
endorse or promote products derived from this software without
prior written permission. For written permission, please contact
openssl-corelopenssl.org.

5. Products derived from this software may not be called "OpenSSL"
nor may "OpenSSL" appear in their names without prior written
permission of the OpenSSL Project.

6. Redistributions of any form whatsoever must retain the following
acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit (http://www.openssl.org/)"

L S S S S R S S R S S SN S S SN S S S S S N S e S S
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THIS SOFTWARE IS PROVIDED BY THE OpenSSL PROJECT " "AS IS'' AND ANY
EXPRESSED OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE OpenSSL PROJECT OR
ITS CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT

NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;

LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)

HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

This product includes cryptographic software written by Eric Young
(eay@cryptsoft.com). This product includes software written by Tim
Hudson (tjh@cryptsoft.com).

L I R R T e S S N S N S N N

Original SSLeay License

Copyright (C) 1995-1998 Eric Young (eay@cryptsoft.com)
All rights reserved.

This package is an SSL implementation written
by Eric Young (eaylcryptsoft.com).
The implementation was written so as to conform with Netscapes SSL.

This library is free for commercial and non-commercial use as long as
the following conditions are aheared to. The following conditions
apply to all code found in this distribution, be it the RC4, RSA,
lhash, DES, etc., code; not just the SSL code. The SSL documentation
included with this distribution is covered by the same copyright terms
except that the holder is Tim Hudson (tjh@cryptsoft.com).

Copyright remains Eric Young's, and as such any Copyright notices in

the code are not to be removed.

If this package is used in a product, Eric Young should be given attribution
as the author of the parts of the library used.

This can be in the form of a textual message at program startup or

in documentation (online or textual) provided with the package.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

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

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

3. All advertising materials mentioning features or use of this software
must display the following acknowledgement:

"This product includes cryptographic software written by

ERE T R S S e T S R S . R S S e e e R S N S N S T I S R N
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L A T S S S S N S N S S SN S S S N .

Eric Young (eay@cryptsoft.com)"
The word 'cryptographic' can be left out if the rouines from the library
being used are not cryptographic related :-).
4. If you include any Windows specific code (or a derivative thereof) from
the apps directory (application code) you must include an acknowledgement:
"This product includes software written by Tim Hudson (tjh@cryptsoft.com)"

THIS SOFTWARE IS PROVIDED BY ERIC YOUNG " "AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

The licence and distribution terms for any publically available version or
derivative of this code cannot be changed. i.e. this code cannot simply be
copied and put under another distribution licence

[including the GNU Public Licence.]
/

C.3.1

WA B pyexpat JEARFREE ——with-system-expat, #HIFEHFTEH—MEE expat ST

3 expat

AR

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd

Permi

and Clark Cooper

ssion 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 al

1 copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,

EXPRE

SS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF

MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.
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C.3.14 libffi

BAEE S _ctypes PRI R ER ——with-system-1ibffi, 7 HIFZH% 7 & —ME 2 libf 5 iEH51
B AS 2 7

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

WARAE 5 E BN 21ib A A DABOR VA F R 8 2 1ib 78, Wi st & —MES 2dib Jaa i &l
AR

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be
appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean—-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu
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C.3.16 cfuhash

tracemalloc {#FH¥4EEIZE (hash table) BAE, 12 DA cfuhash BLZE([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 BiglMiik EF) ——with-system-1libmpdec, 75 H#%i4H & Ff—{M(El 2 libmpdec ¥

2R R AR A

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

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

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

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

(Rt
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(R —H)

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 st £1t

test XA H ) C14N 2.0 HIFEM: (Lib/test/xmltestdata/c14n-20/) 24 W3C 48uG https://www.
w3.org/TR/xml-c14n2-testcases/ #hgE, H 2R 3-clause BSD 1% FE 5 (E) -

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All Rights Reserved.

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

* Redistributions of works must retain the original copyright notice,
this list of conditions and the following disclaimer.

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

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.

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

C.3. el [k A 5 M B _
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JRREE

Python 13z 3 [EJHA SCH4- 04 IURE :

Copyright © 2001-2023 Python Software Foundation. All rights reserved.

Copyright © 2000 BeOpen.com {4 i — I HEF]

Copyright © 1995-2000 Corporation for National Research Initiatives {4 &4 —JHEF
Copyright © 1991-1995 Stichting Mathematisch Centrum {88 —4JJHEF) .

SERMR R G 2 05 .
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..., 227

2to03,227

>>> 227

__all__ (package variable), 40
__dict__ (module attribute), 122
__doc__ (module attribute), 122
_ file_  (module attribute), 122
_ future_ , 231
__import_

[z e, 40
_ loader__ (module attribute), 122
__main___

R4, 11, 142, 152
__name___ (module attribute), 122
__package__ (module attribute), 122
_ slots_ ,237
_frozen (C R #), 42
_inittab (C & #), 43
_Py_c_diff (C &#X), 87
_Py_c_neg (C #X), 87
_Py_c_pow (C X)), 87
_Py_c_prod (C &R), 87
_Py_c_quot (C & R), 87
_Py_c_sum(C #X), 87

_Py_InitializeMain (C &HR), 173

_Py_NoneStruct (C 4 %), 184
_PyBytes_Resize (C % R), 90
_PyCFunctionFast (C# ), 185

_PyCFunctionFastWithKeywords (C & £), 186
_PyFrameEvalFunction (C & #), 151
_PyInterpreterState_GetEvalFrameFunc (C

H X)), 151

_PyInterpreterState_SetEvalFrameFunc (C

%R, 151
_PyObject_New (C #X), 183
_PyObject_NewVar (C &#=R), 183
_PyTuple_Resize (C % X)), 110
_thread

/NS

B, 148

bytearray, 90
bytes, 88

Capsule, 131
complex number, 87
dictionary, 113
file, 120

floating point, 86
frozenset, 116
function, 117
instancemethod, 118
integer, 83

list, 112

long integer, 83
mapping, 113
memoryview, 130
method, 119

module, 122

None, 82

numeric, 83
sequence, 88

set, 116

tuple, 110

type, 6,79

BRI

exec_prefix, 4

PATH, 11

prefix, 4

PYTHON*, 141
PYTHONCOERCECLOCALE, 170
PYTHONDEBUG, 140
PYTHONDONTWRITEBYTECODE, 140
PYTHONDUMPREF'S, 196
PYTHONHASHSEED, 141
PYTHONHOME, 11, 141, 145, 166
PYTHONINSPECT, 141
PYTHONIOENCODING, 143

PYTHONLEGACYWINDOWSFSENCODING, 141

PYTHONLEGACYWINDOWSSTDIO, 141
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PYTHONMALLOC, 176, 179, 180
PYTHONMALLOCSTATS, 176
PYTHONNOUSERSITE, 141
PYTHONOLDPARSER, 168
PYTHONOPTIMIZE, 141
PYTHONPATH, 11, 141, 167
PYTHONUNBUFFERED, 142
PYTHONUTFS8, 170
PYTHONVERBOSE, 142

A

abort (), 39
abs
[z R =X, 66

abstract base class (HZEEHEE) | 227

allocfunc (CA %), 219

annotation ([EJf#) ,227

argument (Z|%) , 227

argv (in module sys), 145

ascii

Bz PR K, 59

asynchronous context manager (JE[FA]H{EEE
) 228

asynchronous generator iterator (JE[E #
A #REIRAY) | 228

asynchronous generator (FEFIFEIAHE) , 228

asynchronous iterable (JE[FZEATEYIEE) |
228

asynchronous iterator (FE[REIZENLEY) , 228

attribute (B4:) , 228

awaitable (RJZEfpM(d:) | 228

B

BDFL, 228
binary file (TiEfIfEZE) ,228
binaryfunc (C & #), 220
buffer interface

(see buffer protocol), 7l
buffer object

(see buffer protocol), 71
buffer protocol,71
builtins

R4, 11, 142, 152
bytearray

Yt 90
bytecode ({iJcsHif) , 229
bytes

[E R =X, 59

Y, 88
bytes—like object (ANICALEYIM:) | 228

C

callback ([HFE) , 229
calloc (), 175

Capsule

Pik, 131
C-contiguous, 74, 229
class variable (HHENE#L) , 229
classmethod

[l R =, 187
class (HE) ,229
cleanup functions,40
close () (in module o0s), 153
CO_FUTURE_DIVISION (C % %), 19
code object, 120
coercion ([EJfI#AL) | 229
compile

)z, 41
complex number

Wik, 87
complex number ([El#f) ,229
context manager ([EIEETEAE) ,229
context variable ({HiEg#) 229
contiguous, 74
contiguous (FEHZEAY) , 229
copyright (in module sys), 144
coroutine function (WFERZ) ,229
coroutine (#HAE) , 229
CPython, 229
create_module (C FHX), 125

D

decorator (#:ffigs) ,230
descrgetfunc (C & #&), 219
descriptor (fid#s) ,230
descrsetfunc (C# #), 219
destructor (CH #), 219

dictionary
Prf, 113
dictionary comprehension (FMLEEHFESA) ,
230
dictionary view (FHUEH) , 230
dictionary (FHL) ,230
divmod

[ e, 66
docstring ([FJH=H) |, 230
duck-typing (§§TH[E) , 230

E

EAFP, 230

EOFError (built-in exception), 121
exc_info () (in module sys), 10
exec_module (C % R), 125
exec_prefix, 4

executable (in module sys), 144
exit (), 40

expression (GEER) ,230
extension module (EFHLA) , 230
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f-string (f FHE) ,231
file
Y, 120
file object (FEZEWH:) ,231
file-like object (EEHEZEWM:) ,231
finder (Fg#E) ,231
float
[z, 67
floating point
Y, 86
floor division (A FEUEEYE) 231
Fortran contiguous, 74, 229
free (), 175
freefunc (C & #), 219
freeze utility,42
frozenset

Y14, 116

function

i, 117
function annotation (pRzN[EIFE) , 231
function ([ZJ:—DE) , 231

G

garbage collection (d¥[Allg) , 231
generator, 231

generator expression, 231

generator expression ([Ef#eEER) 232
generator iterator ([EAEZENLEE) 231
generator ([ElE$E) ,231

generic function (THEFR) , 232
generic type (JZZAIF]) , 232
getattrfunc (C A #), 219

getattrofunc (CH ), 219

getbufferproc (CH #), 219

getiterfunc (CH &), 219

GIL, 232

global interpreter lock, 146

global interpreter lock (4&l{E #edH), 232

F{

hash
Bz, 59, 200
hash-based pyc (?&?&%E/‘J pyc) , 232
hashable (A[#EN) | 232
hashfunc (C# #), 219

IDLE, 232

immutable (AH[EEYIE) 232
import path (FEAREK) ,232
importer (MEA#E) ,232
importing (FfEA) , 232

incr_item(), 10, 11
initproc (C A #), 219
inquiry (C A #), 224
instancemethod

P, 118
int

[ K, 67
integer

Yk, 83
interactive (H#H) ,233
interpreted (E#Hy) ,233
interpreter lock, 146
interpreter shutdown (EZE2EEIE) ,233
iterable (ﬂﬁ%ﬁ:) ,233
iterator ([Eftfy) ,233
iternextfunc (C A #), 219

K

key function (fBER=) ,233
KeyboardInterrupt (built-in exception), 29
keyword argument (BH#EFT|H) , 233

L

lambda, 233
LBYL, 233
len
E K, 60, 68, 70, 112, 115, 117
lenfunc (C A #&), 219
list
Poik, 112
list comprehension (H#4iEEE) |, 234
list (E%1) ,234
loader (HE{ARE) ,234
lock, interpreter, 146
long integer
Yk, 83

LONG_MAX, 84

M

magic

method, 234
magic method (BEHIHIE) ,234
main (), 143, 145
malloc (), 175
mapping

Y, 113
mapping (¥fBt) , 234
memoryview

Prik, 130
meta path finder (JUBfRGAH#R) 234
metaclass (fl}ﬁ,ﬁ\) ,234
METH_CLASS ([l % $0), 187
METH_COEXIST ([Fla % %), 187
METH_FASTCALL ([Fli 4 %), 187
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METH_NOARGS ([Flz % ), 187
METH_O ([Elz % #0), 187
METH_STATIC ([Flz % #), 187
METH_VARARGS ([Fla % #), 186
method

magic, 234

special, 238

Y, 119
method resolution order (JFFEMEMTIET), 234
MethodType (in module types), 117, 119
method () ,234
module

search path, 11, 142, 144

Y, 122
module spec (BiZHHIFE) , 234
modules (in module sys), 40, 142
ModuleType (in module types), 122
module (fH4H) ,234

MRO, 234
mutable (R[EY{) | 234
N

named tuple (Fff%4Jc4H) , 234
namespace package (fgasHEN:) ,235
namespace (fig%4a5fH) , 235

nested scope (EJRIEME) , 235
new-style class (FH=JHEE]) , 235
newfunc (C A ), 219

None

Yift, 82

numeric

Pyt 83
O

object

code, 120
object (M%) ,235
objobjargproc (C & #&), 220
objobiproc (CH #), 220
OverflowError (built-in exception), 84, 85

P

package variable

_all_ ,40
package (E{f) ,235
parameter (2#f) ,235
PATH, 11
path

module search, 11, 142, 144
path (in module sys), 11, 142, 144

path-like object (EMEHIME) ,236
PEP, 236
platform (in module sys), 144
portion (#p4y) , 236
positional argument ({TLE%I%() , 236
pow

[z K 5K, 66, 67
prefix, 4
provisional API (¥fT API) , 236
provisional package (Ef7EH:) , 236
Py_ABS (C E%£),4
Py_AddPendingCall (C % 3), 154
Py_AddPendingCall (), 154
Py_AtExit (C &), 40
Py_BEGIN_ALLOW_THREADS, 146
Py_BEGIN_ALLOW_THREADS (C E ££), 149
Py_BLOCK_THREADS (C E 4£), 149
Py_buffer (CH #), 72
Py_buffer.buf (C & B &%), 72
Py_buffer.format (C m 8 &), 73
Py_buffer.internal (C & B s ¥), 73
Py_buffer.itemsize (C & B H#%), 72
Py_buffer.len (C & B &), 72
Py_buffer.ndim (C & B & #), 73
Py_buffer.ob]j (C & & H %), 72
Py_buffer.readonly (C mx 8 FH¥), 72
Py_buffer.shape (C & B FH %), 73
Py_buffer.strides (C m B H %), 73
Py_buffer.suboffsets (C & B &%), 73
Py_Buildvalue (C &X), 50
Py_BytesMain (C &X), 15
Py_BytesWarningFlag (C & %), 140
Py_CHARMASK (C E £), 5
Py_CLEAR (C HX), 21
Py_CompileString (C &#X), 18
Py_CompileString (), 19
Py_CompileStringExFlags (C %HR), 18
Py_CompileStringFlags (C H#X), 18
Py_CompileStringObiject (C H#X), 18
Py_complex (C & #&), 87
Py_DebugFlag (C & #), 140
Py_DecodeLocale (C %R, 36
Py_DECREF (C & X,), 21
Py_DECREF (), 6
Py_DEPRECATED (C E #£), 5
Py_DontWriteBytecodeFlag (C ¥ %), 140
Py_Ellipsis (C ¢ %), 130
Py_EncodeLocale (C #R), 37
Py_END_ALLOW_THREADS, 146
Py_END_ALLOW_THREADS (C E £), 149
Py_EndInterpreter (C %HR), 153

path based finder (HINMEMHBHIE) 236 , :
path entry finder (B&{CIEHEHEL) , 236 Py_EnterRecursungall (C #X), 31

path entry hook (P{EIEHIF) , 236 Py_ev;tl_ln?uF (C%%),19

path entry (BFSIEH) ,236 Py_Exit (C&X), 39
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Py_ExitStatusException (C HX), 161
Py_False (C ¥ %), 86
Py_FatalError (C H#X), 39
Py_FatalError (), 145
Py_FdIsInteractive (C #X), 35
Py_file_input (C %), 19
Py_Finalize (C H3), 142
Py_FinalizeEx (C HX), 142
Py_FinalizeEx (), 40, 142, 153
Py_FrozenFlag (C % %), 140
Py_GenericAlias (C %HX), 138
Py_GenericAliasType (C & %), 138
Py_GetArgcArgv (C H#X), 173
Py_GetBuildInfo (C &), 144
Py_GetCompiler (C #X), 144
Py_GetCopyright (C % R), 144
Py_GETENV (C E %), 5
Py_GetExecPrefix (C =), 143
Py_GetExecPrefix (), 11
Py_GetPath (C &), 144
Py_GetPath (), 11, 143, 144
Py_GetPlatform (C H#X), 144
Py_GetPrefix (C &R, 143
Py_GetPrefix (), 11
Py_GetProgramFullPath (C &#X), 144
Py_GetProgramFullPath (), I1
Py_GetProgramName (C H#R), 143
Py_GetPythonHome (C H X)), 145
Py_GetVersion (C & X)), 144
Py_HashRandomizationFlag (C & #), 140
Py_IgnoreEnvironmentFlag (C ¥ %), 141
Py_INCREF (C & X)), 21
Py_INCREF (), 6
Py_Initialize (C &X), 142
Py_Initialize (), 11,143,153
Py_InitializeEx (C &HR), 142
Py_InitializeFromConfig (C &R), 169
Py_InspectFlag (C %), 141
Py_InteractiveFlag (C 4 %), 141
Py_IS_TYPE (C &X), 184
Py_IsInitialized(C &#R), 142
Py_IsInitialized(), Il
Py_IsolatedFlag (C &%), 141
Py_LeaveRecursiveCall (C % R), 31
Py_LegacyWindowsFSEncodingFlag (C ¥ %),
141
Py_LegacyWindowsStdioFlag (C % #0), 141
Py_Main (C HR), 15
Py_MAX (C E ), 4
Py_MEMBER_SIZE (C E#), 5
Py _MIN (C E%£),4
Py_mod_create (C E£), 125
Py_mod_exec (C E£), 125
Py_NewInterpreter (C $HR), 152

Py_None (C ¥ %), 82

Py_NoSiteFlag (C ), 141

Py_NotImplemented (C & %), 57

Py_NoUserSiteDirectory (C & &), 141

Py_OptimizeFlag (C % #), 141

Py_PreInitialize (C HX), 163

Py_PreInitializeFromArgs (C &HR), 163

Py_PrelnitializeFromBytesArgs (C&X), 163

Py_PRINT_RAW, 121

Py_QuietFlag (C ¥ %), 141

Py_REFCNT (C E %), 185

Py_ReprEnter (C HX), 31

Py_ReprLeave (C & X)), 32

Py_RETURN_FALSE (C E %), 86

Py_RETURN_NONE (C E %), 82

Py_RETURN_NOTIMPLEMENTED (C E %), 57

Py_RETURN_RICHCOMPARE (C E %), 206

Py_RETURN_TRUE (C E #£), 86

Py_RunMain (C $#X), 173

Py_SET_REFCNT (C & X,), 185

Py_SET_SIZE (C % X)), 185

Py_SET_TYPE (C % X)), 185

Py_SetPath (C HX), 144

Py_SetPath (), 144

Py_SetProgramName (C &% =), 143

Py_SetProgramName (), 11, 142144

Py_SetPythonHome (C H#X), 145

Py_SetStandardStreamEncoding (C # X)), 143

Py_single_input (C &), 19

Py_SIZE (C E %), 185

Py_ssize_t (CH#),9

PY_SSIZE_T_MAX, 84

Py_STRINGIFY (C E#),5

Py_TPFLAGS_BASE_EXC_SUBCLASS ([F & % %),
204

Py_TPFLAGS_BASETYPE ([Fli % %), 203

Py_TPFLAGS_BYTES_SUBCLASS ([Eli % %), 204

Py_TPFLAGS_DEFAULT ([Flz % %), 203

Py_TPFLAGS_DICT_SUBCLASS ([l % %), 204

Py_TPFLAGS_HAVE_FINALIZE (B % #0), 204

Py_TPFLAGS_HAVE_GC ([Fi % %), 203

Py_TPFLAGS_HAVE_VECTORCALL ([Fli % %), 204

Py_TPFLAGS_HEAPTYPE ([FliZ % %), 202

Py_TPFLAGS_LIST_SUBCLASS ([Fla % #), 204

Py_TPFLAGS_LONG_SUBCLASS ([Flz % %0), 203

Py_TPFLAGS_METHOD_DESCRIPTOR ([ i % #),
203

Py_TPFLAGS_READY ([Fl& % #), 203

Py_TPFLAGS_READYING ([FliZ % %), 203

Py_TPFLAGS_TUPLE_SUBCLASS ([Fla & #), 204

Py_TPFLAGS_TYPE_SUBCLASS ([Flz % %), 204

Py_TPFLAGS_UNICODE_SUBCLASS ([Fli % %), 204

Py_tracefunc (C# ), 154

Py_True (C % %), 86
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Py_tss_NEEDS_INIT (C E ), 156
Py_tss_t (CR ), 156

Py_TYPE (C E4), 184

Py_UCS1 (C R #), 91

Py_UCS2 (C# #&), 91

Py_UCS4 (CA %), 91
Py_UNBLOCK_THREADS (C E ), 149
Py_UnbufferedStdioFlag (C % %), 141
Py_UNICODE (C & #), 91
Py_UNICODE_IS_HIGH_SURROGATE (C E #£), 95
Py_UNICODE_IS_LOW_SURROGATE (C E %), 95
Py_UNICODE_IS_SURROGATE (C E #£), 95
Py_UNICODE_ISALNUM (C & X)), 94
Py_UNICODE_ISALPHA (C %#X), 94
Py_UNICODE_ISDECIMAL (C &% X)), 94
Py_UNICODE_ISDIGIT (C &X), 94
Py_UNICODE_ISLINEBREAK (C &#X,), 94
Py_UNICODE_ISLOWER (C & X)), 94
Py_UNICODE_ISNUMERIC (C &%), 94
Py_UNICODE_ISPRINTABLE (C % X)), 94
Py_UNICODE_ISSPACE (C % X)), 94
Py_UNICODE_ISTITLE (C & X)), 94
Py_UNICODE_ISUPPER (C # =), 94
Py_UNICODE_JOIN_SURROGATES (C E %), 95
Py_UNICODE_TODECIMAL (C &% X)), 94
Py_UNICODE_TODIGIT (C % X)), 94
Py_UNICODE_TOLOWER (C & X)), 94
Py_UNICODE_TONUMERIC (C & X)), 95
Py_UNICODE_TOTITLE (C &X), 94
Py_UNICODE_TOUPPER (C & X)), 94
Py_UNREACHABLE (C E £), 4

Py_UNUSED (C E £), 5
Py_VaBuildvalue (C &% R), 51

PY_VECTORCALL_ARGUMENTS_OFFSET (C E %),

61
Py_VerboseFlag (C % %), 142
Py_VISIT (C &X),224
Py_XDECREF (C # X)), 21
Py_XDECREF (), 11
Py_XINCREF (C %R), 21
PyAnySet_Check (C #X), 116
PyAnySet_CheckExact (C &X), 116
PyArg_Parse (C % R), 49
PyArg_ParseTuple (C HX), 49
PyArg_ParseTupleAndKeywords (C &
PyArg_UnpackTuple (C & X)), 49
PyArg_ValidateKeywordArguments (C & R),
49
PyArg_VaParse (C % R), 49
PyArg_VaParseTupleAndKeywords (C &
PyASCIIObject (CH #), 92
PyAsyncMethods (C & #), 218
PyAsyncMethods.am_aiter (C s B &%), 218
PyAsyncMethods.am_anext (C s 8 &%), 218

S

4 X)), 49

41X, 49

PyAsyncMethods.am_await (C s 8 &
PyBool_Check (C & X)), 86
PyBool_FromLong (C #=R), 86
PyBUF_ANY_CONTIGUOUS (C E #£), 74
PyBUF_C_CONTIGUOUS (C E ), 74
PyBUF_CONTIG (C E %), 75
PyBUF_CONTIG_RO (C E #£), 75
PyBUF_F_CONTIGUOUS (C E £), 74
PyBUF_FORMAT (C E £), 74
PyBUF_FULL (C E #£), 75
PyBUF_FULL_RO (C E £), 75
PyBUF_INDIRECT (C E %), 74
PyBUF_ND (C E £), 74
PyBUF_RECORDS (C E £), 75
PyBUF_RECORDS_RO (C E ), 75
PyBUF_SIMPLE (C E ), 74
PyBUF_STRIDED (C E #£), 75
PyBUF_STRIDED_RO (C E %), 75
PyBUF_STRIDES (C E £), 74
PyBUF_WRITABLE (C E £), 74
PyBuffer_FillContiguousStrides (C & RX),
77
PyBuffer_FillInfo (C &#=X), 77
PyBuffer_FromContiguous (C &=R), 77
PyBuffer_GetPointer (C H#X), 77
PyBuffer_IsContiguous (C % X)), 77
PyBuffer_Release (C X)), 77
PyBuffer_SizeFromFormat (C H3R), 77
PyBuffer_ToContiguous (C &#R), 77
PyBufferProcs, 71
PyBufferProcs (C & #), 217
PyBufferProcs.bf_getbuffer (C m B & $),
217
PyBufferProcs.bf_releasebuffer (C s B &
), 217
PyByteArray_AS_STRING (C % R), 91
PyByteArray_AsString (C %HR), 90
PyByteArray_Check (C H# ), 90
PyByteArray_CheckExact (C H#X)), 90
PyByteArray_Concat (C &), 90
PyByteArray_FromObject (C &X), 90
PyByteArray_FromStringAndSize (C &
PyByteArray_GET_SIZE (C &), 91
PyByteArray_Resize (C %), 91
PyByteArray_Size (C JJ?{‘) 90
PyByteArray_Type (C % ), 90
PyByteArrayObject (C A& &), 90
PyBytes_AS_STRING (C &%), 89
PyBytes_AsString (C &), 89
PyBytes_AsStringAndSize (C &
PyBytes_Check (C #X), 88
PyBytes_CheckExact (C #X), 88
PyBytes_Concat (C #X), 90
PyBytes_ConcatAndDel (C &

0, 218

5 X)), 90

4 X)), 89

4 X)), 90
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PyBytes_FromFormat (C H=X,), 89
PyBytes_FromFormatV (C & X,), 89
PyBytes_FromObject (C FHX,), 89
PyBytes_FromString (C H#=,), 88
PyBytes_FromStringAndSize (C %#R), 89
PyBytes_GET_SIZE (C % =), 89
PyBytes_Size (C HX), 89
PyBytes_Type (C % &), 88
PyBytesObject (C & ), 88
PyCallable_Check (C &#ZX), 65
PyCallIter_Check (C &), 128
PyCallIter_New (C &), 128
PyCallIter_Type (C % %), 128
PyCapsule (C % #), 131
PyCapsule_CheckExact (C %), 131
PyCapsule_Destructor (C# #), 131
PyCapsule_GetContext (C %HX), 132
PyCapsule_GetDestructor (C HR), 132
PyCapsule_GetName (C %), 132
PyCapsule_GetPointer (C %HR), 132
PyCapsule_Import (C %HX), 132
PyCapsule_IsValid (C %R, 132
PyCapsule_New (C % R), 132
PyCapsule_SetContext (C %HR), 132
PyCapsule_SetDestructor (C &HR), 132
PyCapsule_SetName (C &% R), 133
PyCapsule_SetPointer (C HX), 133
PyCell_Check (C &% R), 119
PyCell_GET (C % R), 119
PyCell_Get (C &X), 119
PyCell_New (C HZ), 119
PyCell_SET (C &#R), 119
PyCell_Set (C % X), 119
PyCell_Type (C % %), 119
PyCellObject (C#& ), 119
PyCFunction (C A #8), 185
PyCFunctionWithKeywords (C & #), 185
PyCMethod (C & #£), 186
PyCode_Check (C & =), 120
PyCode_GetNumFree (C %#R), 120
PyCode_New (C #=,), 120
PyCode_NewEmpty (C &), 120
PyCode_NewWithPosOnlyArgs (C &%), 120
PyCode_Type (C & %), 120
PyCodec_BackslashReplaceErrors (C & R),
55
PyCodec_Decode (C & X)), 54
PyCodec_Decoder (C &% R), 54
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PyDateTime_GET_DAY (C HX), 137
PyDateTime_GET_MONTH (C #X), 137
PyDateTime_GET_YEAR (C H#X), 137
PyDateTime_ TIME_GET_FOLD (C &% X), 137
PyDateTime_TIME_GET_HOUR (C &#Z), 137
PyDateTime_TIME_GET_MICROSECOND (C &
137
PyDateTime TIME_GET MINUTE (C %X), 137
PyDateTime_ TIME_GET_SECOND (C &%X), 137
PyDateTime_TimeZone_UTC (C % %), 135
PyDelta_Check (C %#X), 136
PyDelta_CheckExact (C &HR), 136
PyDelta_FromDSU (C &% R), 136
PyDescr_IsData (C %=X), 128
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PyDict_DellItemString (C &%ZR), 114
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PyErr_NewExceptionWithDoc (C &
PyErr_NoMemory (C & X)), 24
PyErr_NormalizeException (C &
PyErr_Occurred (C HX), 27
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PyExc_ArithmeticError, 32
PyExc_AssertionError, 32
PyExc_AttributeError, 32
PyExc_BaseException, 32
PyExc_BlockingIOError, 32
PyExc_BrokenPipeError, 32
PyExc_BufferError, 32
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PyExc_ConnectionAbortedError, 32
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PyExc_FileNotFoundError, 32
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PyExc_OSError, 32
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PyExc_SyntaxError, 32
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PyExc_TimeoutError, 32
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PyExc_Warning, 34
PyExc_WindowsError, 33
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PyFile_SetOpenCodeHook (C &), 121
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PyList_GetItem(C &), 112
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PyMapping_DelItemString (C &% R), 70
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PyMapping_Items (C &=R), 70
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PyMappingMethods.mp_subscript (C s B &
), 216
PyMarshal_ReadLastObjectFromFile (C &
X), 44
PyMarshal_ReadLongFromFile (C #R), 43
PyMarshal_ReadObjectFromFile (C &% R), 44
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PyModule_AddIntMacro (C %#R), 127
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PyModule_GetFilename (C #X), 122
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PyModule_GetName (C & X)), 122
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PyModuleDef_Slot (C# #), 125
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PyNumber_Check (C &), 65
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