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FFEX AT ) . FF extending-index "FAMBMEILZ, b T BEEN—BER, HEEEE FEANER
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CHAPTER 1

Python [ )% H gmft 4% 1 (API) {15 C Fl C++ FE)J7 I ] ATEZ A2 1)1 Python fifféds . % APLTE
C++ AR, E M fa i, @R H AR Python/C APIL, ffi i Python/C API A W~ EE AL H
SR TRE BN RE 7 Btk BATEY & Python fEREZF DI RERY C AL, X W] B i
LA EE 5. 55 AP i 2 KF Python FAETE CRUAS R, F A 2445 3P 29 30 S A P A — A I o
embedding Python,

9 S AR S RN R UL 5 TRRAR, WIDAE “3GE” MR G R T A A —
SERERE B S X —d A . IR ANTE AR ] Fif A Python RUBIA R CA 2, {Hisk A Python i FE%
ARG Y RAELGAFETT B E -

W2 APL BRAEAR R A BGE Y Python X AR 5 NEREE L HEE I 5 BLAh, KAk A Python 1M ]
FEFPAR A EHR ML A YR, AR AR S bR B H A Python Z BTSSRI 5 IV 1% &2 M 12

o

1.1 K4k

WARARAE 24 S ] 175 T CPython 1) C AURY, R BAUEIETE PEP 7 g ORI M AIARIE . X245 S
JEOUTE AR AT AR BT 24 Jig i) Python AR . T2 SR F B9 S =07 9 FEARLHR N BT DA A0 E 475k SE FLHE
BAERIE A E H 5 17) Python Biiikix LU,

1.2 B&XHF

{1 J1] Python/C API T 2R 4l eR . AU SCATd 1 R T i AT v A 4 35 2 ) AR 2 v

#define PY_SSIZE_T_CLEAN
#include <Python.h>

XERE AL FFRESL S0 <stdio.h>, <string.h>, <errno.h>, <limits.h>, <assert.h>
M <stdlib.h> (WERAH).

f(E: [T Python MBS L—LEREAESELE R BSERARIE L SR AL BRARE L, PRIMAE L & AR A
HESK U2, AR L Se 8 Python . h,
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W a2 7F Python.h §i%E L PY_SSIZE_T_CLEAN , BB AF G HEAT ¥ R T ZHE
ZNEE.

Python.h s SCAY AR Fa] WAAFR (Ph 38 SR ESK SCPRRTE LRIRAL ) BRI RIZR Py B0 _Py. DA
_Py kB B (it Python SCHLNFERGE IR, ARG a5 & (T o S5 A B 4 PRI DR B RTEHL

fE: P AR AGE ALY %€ DA Py 8K _Py FFSk IR, X A B WK, 96 S P AR R
>k Python JUCAHI R RSN, X LERAS AT RE 2 5 VA B RT 2 —TT Sk i HAA R

The header files are typically installed with Python. On Unix, these are located in the directories prefix/
include/pythonversion/ and exec_prefix/include/pythonversion/, where prefix and
exec_prefix are defined by the corresponding parameters to Python’s configure script and version is ' $d.
$d' % sys.version_info[:2]. On Windows, the headers are installed in prefix/include, where
prefix is the installation directory specified to the installer.

To include the headers, place both directories (if different) on your compiler’s search path for includes. Do not place
the parent directories on the search path and then use # include <pythonX.Y/Python.h>;this will break on
multi-platform builds since the platform independent headers under pre fix include the platform specific headers
from exec_prefix.

C++ R IER, A APLZSE A C ks i, (HK SO IE MR A D S W extern "C,
PRIt APLAE C+ Hfii I I APT AN PRI AL BE .

1.3 EHAME

Python 3k SCH:H5E LT — 28 F 0 %% . W 2 @ ARSI AT IR FH I Hb s & LR (B4 Py_RETURN_NONE ).
HAB T A5 8 X B X B s A — N5 B 51 26

Py_UNREACHABLE ()
XA DAEEARE — 30 B REERA RIS BSAAR . Flan, 24— switch &89 Bra ol a8
HEAC B case TAJEE T, MM default: FaHd. MARIER MAER OB — A
assert (0) 8% abort () & B PAHXA .

TE release BN, LA B FARALAAS, FHlEf & AT BRI . filan, ¥ GCC 1y
release f N, ZZE i __builtin_unreachable () 5.

Py_UNREACHABLE () —AHERTEHH — ALk E, HAE AR _Py_NO_RETURN [
Z}’_E“O

RSN K TR R IE AR, (HERR RSO I I ARL, AR %% . B, 721
WAFSET, 80— RG TR G B G R, s, iR iR s s . s
TIER R IR AW E, APy _FatalError() .

3.7 BB
Py_ABS (x)

Il PO CEJSEHA -
3.3 OB

Py_MIN (x, y)
R x Fy 4 IME .

3.3 BUBTINA.

Py_MAX (x,y)
B x Fy 4R .

3.3 OB

4 Chapter 1. &4
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Py_STRINGIFY (x)
5 x FAfh C 45 . Bl Py_STRINGIFY (123) j&[H] "123",

3.4 HUHIA.

Py_MEMBER_SIZE (fype, member)
R EIE5HE (type) member R/, PAFATHRIR .
3.6 BUBTINA.

Py CHARMASK (c¢)

SN [-128, 127] B [0, 255 i Bl NI FAF BB A . XA 200 ¢ s il #45°h unsigned
char iR,

Py_GETENV (s)
5 getenv(s) M, HE2WRGLAIT LE®T -, Wik BE noon (BRWRKET

i
Py_IgnoreEnvironmentFlag ).

Py_UNUSED (arg)
TR EE bR S5 T B g 48 & 5. Bl int func(int a, int

Py_UNUSED (b)) { return a; } .

3.4 BUHTIA.

Py_DEPRECATED (version)
FERFEH . R CETERT S 2 FKHT .

-

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

3.8 R EE: I T MSVC 3CFf.
PyDoc_STRVAR (name, Str)

g%~4‘ﬂ%ﬁiﬁ?ﬁ% Y, 4450 name AR . QISRASFI SCRY 455 Ef — A4 73 Python,
VAR

a0 PEP 7 frik, i PyDoc_STRVARVENSCRYFEAFER, PASCRREARISCRY Z45 58— 4 2 Python [

T o
il
PyDoc_STRVAR (pop_doc, "Remove and return the rightmost element.");
static PyMethodDef deque_methods[] = {
/S
{"pop", (PyCFunction)deque_pop, METH_NOARGS, pop_doc},
VAR

}

PyDoc_STR (str)
R ER AR AR SR FAFER, BRSSO AR s B, B S

W PEP 7 ik, il PyDoc STR 48 E A FATHY, PASCREA ISR 545 H— A4 Python (91§
I

-

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

bi

13. EME 5
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1.4 5. ERFSIATHE

Most Python/C API functions have one or more arguments as well as a return value of type PyOb ject*. This type
is a pointer to an opaque data type representing an arbitrary Python object. Since all Python object types are treated
the same way by the Python language in most situations (e.g., assignments, scope rules, and argument passing), it
is only fitting that they should be represented by a single C type. Almost all Python objects live on the heap: you
never declare an automatic or static variable of type PyOb ject, only pointer variables of type PyObject* can
be declared. The sole exception are the type objects; since these must never be deallocated, they are typically static
PyTypeObject objects.

FirA Python X142 (#L % Python 3%5) H5A —1 type Fil—-> reference count ., ¥4 2B 2 BT 4255
BTG (A%, Rk H Foe SCREG IS Z, 4 types HTA ) o XA AP EV ARG 2E 8, #G—
N ERIGER G R BT HIEL BN, 24 (HALY) a FrigfxT4e 2 Python 51} PyList_Check (a)
HE.

1.4.1 S|RHH

SURVEAERELR, FOABAITENLNA Gl 2) AR EEAZ R RIS R—DX4R.
AR AT DARFA X, SEREA 2R (HS) CAR, TREURHA C M RifAe . 24—
ARFGATI TR N 0, BEHOZXR . AR A ORI G & BRI 5 TR, Wik pplix 28
XIGAT TR AR LR R A5 TR0 0 Z, WIRTDMRKIORE G S0 5, KL IeHE. (IRHLA—
MREB R X R Z A ES I B, Rr R ORI

MR RAEES IS EE YRR ey INCREF () RN — X005 T8, B
FPy_DECREF () R — X5 it 4. %Py _DECREF () WAk ES I HITEE R ANE, RE
WXL R, BB L incref 2 74152 . REAE — M EXT GBS0 P ) pR AR R 6. 0
RGN G A (FIang) %) , WISEEER BRERAS T 5T B 60 B AE X 4 Hp ) A 2 195 |
B, OIPITIrR AL . SISO &, 205 BRI TR AN B —FEZ2 B0 T RS
%L (B sizeof (Py_ssize_t) >= sizeof (void*) ). W, 5IHITHOSEIE E—AN i BAEEE.

B W EN B NSRS ST B SR e BRI 5 R BIE b, YR B mEXTR Ny, X
ST ITTESE N 1, AR LR, SRS 1. (B2, XWEAEAGE, PreAm)ss]
AR AL o 5 RV o —FIE S PR e R ATR A SR e, sl m] LA IR RPRE.
HAGHE A — RPN G AT | A7 I 8] 2 A AEA T AE R, B R 3 5 | T4
— BRI e, XERAE NS A Python A A& 43 8 T G 4™ JRASLH i) C ek St IR T BIL ] > PRIl
TEVE AR B A 8005 1 -

B, A—EILREBEE AR IR, TR — B ), MRS 4 Hees
BT RES MNP RIS, A HS TR, A TR ER 0 iU AR . HIER Gk, X
NFEAUTCH A RAE T BE 2 AR Python fURS—— WA A — MURS R AR SLVFE R Py_DECREF () [1]
B, A AN R BRI B AU o

— Ay R IR Az BB AE (4 XA PyObject_ , PyNumber_ , PySequence_ I
PyMapping_ JFKHYRRED) o X LEHRAE AR B INE MR ] B X R 51 VHE X ik & A TR
PAFEE RGN Py_DECREF () o 2 BUX A AR 52

ST

Python/C APT H ek 05 | BT 80T N 52 il 51 8 P A AR fiRe . A RLE 225, MiARX 4
A AR: ENRESTHLE) . “PIES5IHIaR BEWE U AT Z%5 | a7 H_EE
Py_DECREF, it n] DAREEERS, X MW 55215 | BT A B ACRS 24 R TR 9% 5 | e 20038 L
M Py_DECREF () 8 Py_XDECREF () FREZWETIH - SR XATATLHER A GERZERAHEA
J5) o M ERECKE S| A B AR R T, WARE B UL E] T A #6451 . YT E AR
I, WFRE T B AZ51 . %FFborrowed reference Fei AN AEAT AR AMEAE o

HAR, SR T BB ARSI, FPAEPTRR T RE: KA G0 T RIVGIH, 802
E?ﬁﬁh I3 R A AR — A R AG IR, RS BE EIAEG N, MARREA X E 7
T

6 Chapter 1. &4
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RAE RS IEH; WANERNHISINEPyList_SetItem() flPyTuple_SetItem(), EAfI&E]
Bt HEIH (AR H e A 532! ) o X SR A5 S oy B | 1 2 PR e (0 3 ) 2t
FR %5 SR A 78 TC A B A R A — AN B Bt BUEICH (1, 2, "three™) HIMRALEA K ATA
XN (ERPREAE AR NS BR BB mEE )

PyObject *t;

3);

t, 0, PyLong_FromLong(lL));

t, 1, PyLong_FromLong(2L));

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

t = PyTuple_New
PyTuple_SetItem
PyTuple_SetItem

(
(
(
PyTuple_SetItem(

TEXH, PyLong FromLong () iR T—ANHM5 i HELBIgiPyTuple SetItem () Frgiit. 24
PRAR RS il — X R B B 5 5 U, SRR S IS | R wi s Py INCREF ()
FRINHS—A51H -

i fF 2 — F, PyTuple Setitem() ;e B ILH K BN B — K X PySequence SetItem()
Mipyobject_SetItem() LR R oH @A AT A5 28 AR 24 IR B A2 1T
PG PyTuple _SetItem().,

EMTFIEHT I ENRE T A pyList_New () MlPyList_SetItem() K45,

R, FESLEh, RSl X L BME T T HB S R AR
Py _Buildvalue () W PAMRYE C EDRAIERZHW HXR, B—"4 % X544 8R40 B, £
T PSS BT DA R ISR A (B & STt oA ill)

PyObject *tuple, *list;

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

il pyobject_setItem () FEAALPIRLEARILZMEAGI I HREONE LAY, IS VR e S
R B SR FEXAEOLR , AT TS TR AT S OB, O ARAN R 2 5 | TR A
VRATPARES TR 2 (“SEEREi ). B, XAREeR—A51% (S0 ERATMAT 22 51) i
B s & — A 2 H

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

Py_ssize_t i, n;

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

for (i = 0; i < n; i++) {
PyObject *index = PyLong_FromSsize_t (i);
if (!index)

return -1;
if (PyObject_SetItem(target, index, item) < 0) {
Py_DECREF (index) ;
return -1;
t
Py_DECREF (index) ;
;
return 0;

}

Xt BRBGR [ MEL YT DU AN [l 5 SR 1) R 2 ROk B0 16— A5 A & SO ARXZ 5 | I A BT,
HVFZ R Il —5 | A R B 45 A5 | T I L. BRI AR B FEVF AR DU, 2R [T AR 2 I i G 8
(4, MARFFEI 5 R XHRRT G E—5 | ] o PR, AR IR 5| Rl e %, fnpyobject _GetItem()
MpySequence_GetItem(), FrEZRM—AFHTI GEMITFBONZT A E) .

— N T R B A TR A A e BGR [ 15 L BT AR TR AT Y R R - oA (VRS

14. K. RBMS| At 7
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WAL LRI X R ARAY) R H R #oh | L, WRARME PyList_GetTtem () M—AFFHRIL
FH, WHASIAET I — HRURIR ] PySequence_Get Item () (EMRHIZZEEMFAMSED
A AP FERBURRER 25 H ARSI — 0 B [ 3 2951 -

T U EMAMES DR BE R E A RES R FE RO — A

HPyList_GetItem(), MA—EMHPySequence GetItem(),

long

sum_list (PyObject *list)

{
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; i < n; i++) {
item PyList_GetItem(list, i); /* 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)
return -1; /* Has no length */

for (i = 0; 1 < n; 1i++) {
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;

}
else {

Py_DECREF (item); /* Discard reference ownership */
}

}

return total;
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1.4.2 %5

There are few other data types that play a significant role in the Python/C API; most are simple C types such as
int, long, double and char*. A few structure types are used to describe static tables used to list the functions
exported by a module or the data attributes of a new object type, and another is used to describe the value of a
complex number. These will be discussed together with the functions that use them.

type Py_ssize_t
Part of the Stable ABL. —/Mifif5: sizeof (Py_ssize_t) == sizeof (size_t) WA S LSS
. CO9 WA HE SGXFE ARV (size_t & — DS BECEKAL) . 1S5 PEP 353 T fRi¥.
PY_SSIZE_T_MAX J2Py ssize t JBIMIERIFEE.

1.5 Bish

Python F2 /7 i - 75 AL PR E 77 AL PR A iR e s RALBRAY S8 & A S G i T, ARG B4y
BRI, RIS, ERAIRATHA RS . FEAR RN TR A4 P PR o)

SR, X C AR ok, i o @ B 7. Python/C APL Hh ) ir g eRERES AT DAG | & S5
B AEAE R AL SO T 5 AP AR — Bk, U— D REUB R H IR, EaRE—-NRE, ZREN
PWAEEMXTRGI A, HRE MR R . R BB SN SO, X AR R NULL 5 -1, A
RERPET BRI R MR8 A7 D R SR Il — R EMREE A, P BB SR 5. AR
A B R R e A R R EHE, HREMPyErr_Occurred () FeitfT B WA X
LB AP B2 2 IR R IC A SR

FHRSBAESNRBEWAE PR XM Y4 THE DR N P 2R » — 48R
A PAMCTERAR S 2 — RECELE, A BA KA . REPyErr_Occurred () W AR Rk A ik
RES: Y780 AR ERR E—AME AR S ERBT S5, FE LM R M NULL., 245K
BT AR E S HIRES: PyErr_SetString () @EFE LN RERNEEEMN) BEFHFIRSHREL,
MiPyErr_Clear () A PAVERE RHIIRES.

SERE) TR AN RN (B RER AT DA NULL): R R, MR aE, DA RE S . Xy
W HE L5 Python Ht sys.exc_info () WEERAMFE: AT, EAIAE—FER: Python Xf R MR H
Python try ... except I FTALII G — 75, 1 CERHN FHIRE IR H L AT C hEEk
EEff]Zl‘ﬂfgﬁﬂﬂL@El\Eﬁ,ﬁ\ﬁiﬁ Python “FHAT RS RERR 10 S IAER, RF MR AT LR 2
sys.exc_info () 24k,

THTER A Python 1.5 JF4R, A Python AR M) 3 W ARSI B b 1) . A 22 4z 05 s R B AR sy s
exc_info (), EXfik[u] Python (U /» AR HARGS . BUOL, X PP M) S BRI 7 UG SR A
AT AR TR TR R3] S ) BRSO PR A AR O LR AR Y S RS A PR B R D7 i S RS . KB Ik
S AT — SRR ORAR o Y R B . 1 IEAE AL B S i i B LA R R T AE ]
W A TS | AR RO A BEAR 2 A Ay O K

PR — R IS, — N 55— R AICR AT A B8 AT 55 1) o 800, 224 46 A ) D B R RO 5 5 1 6 T e
FAET | A5 R S RS AL b A AR N 7 . BN 4 EFFE PRI RSI ], R [ — AR
N, HE RRERER DR - IBSEERG I ERRE, R KRR A EZE R .

— AN S AL B AT R BB THE TR sun_sequence () /R HEFT TR . XM TG EEALE
G ) 5 RIS 5 B BT AT AL AT RTINS Bl R R T SRR B A i, T
YRR Python FYHEF, FATE/R 145201 Python fUHH:

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

NIRRT AN RESOER) C A
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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;
}
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 */

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 */

}

XABFAERT CEFH goto WEAY — FZ B AR B H B B B T ] A
W PyErr ExceptionMatches () MPyErr Clear() ¥ 4t F 4 E W B %, VA K& 0 fi] fif
Py _XDECREF () FRALBEW G4 NULL W H A5 H (HEEAMHM 'X'; Py _DECREF () 7£if 5
NULL 5| FIBP R 2 Al ) o BEW— S TR A7 B A 51 1A B0 G 6o NULL A B & FE1E I ;
FIH, B R MER IR R -1 (R0 I B FE S LA TV S 5 A Sl R i

1.6 # A3\ Python

FUAT Python fERESSAYIRA T (RO T A S E M &) A FHEAHOH—IHEES5 2 ERPIhR, mIRE
EHEMREA. RS TIR Z Bl e LA TEMPRES I e 2 Jo A RER B
BRI RO Py_Tnitialize (). MWRERFHIIAMLE MBI, HOIEEASI builtins,
_main__ Ml sys. ELRFHIHIEIE RS (sys . path).

Py Tnitialize() AR E” MASHYF (sys.argv). WG 324047 19 Python {75 5
T AR, WA BE W HPy _Initialize () Z J#f 1 | PySys_SetArgvEx (argc, argv,
updatepath) FEAHIZEE .
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HERZHFRG E (Rl Unix fil Windows, BIA(EANTY EAFTAE), Py Tnitialize () ¥ARIER R
ifE Python i REAR 1T AT SCUHI LB ) S (RS I A TS BB R R % 4%, I Python J2E AT EAH X Python
PSS T AT SCAF R E (7 B EARE o Ry, ERFRIN THE shell fir Rk AE (FRETAL R PATH) B4k
#9440 python BRI AT SCPEITAES H SR &4 1ib/pythonX. Y I H 3%,

ZEBIKE, TR Python ] $fT 30T /usr/local/bin/python, B¥HREFENT /usr/local/
lib/pythonX.Y. (S5 L, XAMFFEBAEREE A “BLER” A8, SFEY4JCHETE PATH FHREIZ N
python BRI AT SCAFIRE A o) P AT DA I i B #R5574% & PYTHONHOME , Siliid 5% & PYTHONPATH
TEARMIE AR 2 BT AN H Sl 8 35 AT R o

AN AR A S Py _Initialize () Z ATV ] Py_SetProgramName (file) 3
AR A B U FF . I ¥ L PYTHONHOME /4R & % i WK Jf H. PYTHONPATH {348 & i 4 A 2] 45
MR Z 8. B HA Y HREFLIRMTE APy _GetPath (), Py_GetPrefix(),
Py_GetExecPrefix() %DPinetProgramFullPath () ifjnb (ﬁ%@fﬁ(i‘gﬁ Modules/getpath.c
HE ).

AW, RN Python $EAT “RWIMG L7 o BN, RO FEY AT REAH 2 E B S 3 (R E
Py _Initialize ()) s N R Python B H B 28 5¢ AL ERE L Python BT 2 BL i AT . X 1]
VA Py _FinalizeEx () RS, AR Y] Python T CHIGMAREN Py_TsTnitialized ()
PRECRHR M EAE . A XX B 25 R EZ G ETT A . WPy _FinalizeEx () TR
TG B Python f#ERESS T LB INAE, BIANE T RAHL T e B9 N A7 B Bl 2 A 2 BOREUY .«

1.7 it

Python 1] AP 3 26 72 54 4 198 DA W ERE e ALY R BRI BOMG L . X 2EAG A &> Sia A T IR
USRS A NN S =R

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.

W7 € X Py_DEBUG %2 K gmis R REAS-IF 7= A= 18 7 BT Ak Y Python 11X 4% 15 . Py_DEBUG 7£ Unix %1% H
JE M EE N ——with-pydebug ¥ . /configure frdRSZIA . B A #E 24tk Python % 81
_DEBUG ZZKJaM . 24 Py_DEBUG 7E Unix 4 5 FI}, Siidas e mist i .

B TR SRS T ROR, e S ATHISME A, 1152 5 Python Debug Build.

E X Py_TRACE_REFS B AL B (B0 configure —-with-trace-refs #M). BEXT I
T, B Pyobject FUSIIPANEIINFEBOR 4Ed — MG S R TR IR EES) 2% . Ao i
@%iﬁﬁﬁ? IR, FTA AR S PR T B ok . (FER BAG Fix R e R A s T B 2 JG
K)o

B XREZFHAME L, 152 Python JFALAL A Misc/SpecialBuilds.txt .
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FERLET-6 B, Python A HIF AL PR A abi3 A2 LS (Bl mymodule . abi3. so).
EASKARXERNY R EARATE ABL, [T CHATH TH) {2, filin, BT 3.10+
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T ABL H BN B AR A1 Python 3L 2P ) BRBUIAAE , AU R . REASENTA AEAR
1) C LB A TE = O

2.1.1 %R API By{E R F0iERE

ZHR APL A H AR AAVFRNAE SR C APLH AT I RETARTY, (HAlRESA MR BRI .

BN, ERpPyList_GetItem() ;2] Y, (HH “NE2M)” FMAPyList _GET_ITEM() WEAT]
A o 3XANZ2 a7 B B R Sk e T AR BOAS & S i 91 X S s By o

TE K % X Py _LIMITED_API {5 ML K, K26 C API B0 B 2 R AT N BE 8 i . & X
Py_LIMITED_APT &xZ5FIXkEA IR, FRVFHETH Python IR EE MR E M, (HA W REARMEBE
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i E A T Py_LIMITED_APT HEAT 4% %% & Ak 58 & fF IE 10 1Y 3f 25 2 R API u{ f2 % ABIL.
Py_LIMITED_API {55 J & X, (A2 APLIAEFEHARE R, BlanmiiniE L5,
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% [ — A7 NULL AR S0 BBk 76 Python 3.9 #1 | NULL BI7E & eff— M EKIAFT A, {H7E Python 3.8
L, BSHCRRCEM, S8 NULL SURBORE. RIS HhIE T A R 7B
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A
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Py_LIMITED_API, PHALAFEIILR S THARE (S5 2R SIATETE ) PRz
*o

REHEZIR APL AR EFGER): 7E Python 3.8 'l Py_LIMITED_API Zgi¥d JREWRE %Y ERE
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2.3 ZMR APIFAE

FIHT, 32FR APT AL T X LL T

PyAlter_Check ()

PyArg Parse ()

PyArg_ ParseTuple ()

PyArg ParseTupleAndKeywords ()
PyArg UnpackTuple ()
PyArg_VaParse ()

PyArg VaParseTupleAndKeywords ()
PyArg ValidateKeywordArguments ()
PyBaseObject_Type
PyBool_FromLong ()

PyBool_Type
PyByteArraylIter_Type
PyByteArray AsString()
PyByteArray_ Concat ()
PyByteArray FromObject ()
PyByteArray_ FromStringAndSize ()
PyByteArray Resize ()
PyByteArray_Size ()
PyByteArray_Type
PyBytesIter_Type
PyBytes_AsString()
PyBytes_AsStringAndSize ()
PyBytes_Concat ()
PyBytes_ConcatAndDel ()
PyBytes_DecodeEscape ()
PyBytes_FromFormat ()
PyBytes_FromFormatV ()
PyBytes_FromObject ()
PyBytes_FromString()
PyBytes_FromStringAndSize ()
PyBytes_Repr ()

PyBytes_Size ()

PyBytes_Type

PyCFunction
PyCFunctionWithKeywords

PyCFunction_Call ()

23.
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e PyCFunction_GetFlags ()

e PyCFunction_GetFunction ()

e PyCFunction_GetSelf ()

* PyCFunction_New ()

* PyCFunction_NewEx ()

e PyCFunction_Type

* PyCMethod_New ()

* PyCallIlter_New/()

e PyCalllter_Type

* PyCallable_Check ()

* PyCapsule Destructor

e PyCapsule_GetContext ()

e PyCapsule_GetDestructor ()

* PyCapsule_GetName ()

e PyCapsule_GetPointer ()

* PyCapsule_Import ()

* PyCapsule_IsValid()

* PyCapsule_ New()

e PyCapsule_SetContext ()

e PyCapsule_SetDestructor ()

* PyCapsule_SetName ()

e PyCapsule_SetPointer ()

e PyCapsule_Type

* PyClassMethodDescr_Type

* PyCodec_BackslashReplaceErrors ()
e PyCodec_Decode ()

e PyCodec_Decoder ()

* PyCodec_Encode ()

* PyCodec_Encoder ()

* PyCodec_IgnoreErrors ()

* PyCodec_IncrementalDecoder ()
* PyCodec_IncrementalEncoder ()
e PyCodec_KnownEncoding ()

e PyCodec_LookupError ()

* PyCodec_NameReplaceErrors ()
e PyCodec_Register ()

e PyCodec_RegisterError ()

e PyCodec_ReplaceErrors ()

* PyCodec_StreamReader ()
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PyCodec_StreamWriter ()
PyCodec_StrictErrors ()
PyCodec_Unregister ()
PyCodec_XMLCharRefReplaceErrors ()
PyComplex_FromDoubles ()
PyComplex_ImagAsDouble ()
PyComplex_RealAsDouble ()
PyComplex_Type
PyDescr_NewClassMethod ()
PyDescr_NewGetSet ()
PyDescr_NewMember ()
PyDescr_NewMethod ()
PyDictItems_Type
PyDictIterItem_ Type
PyDictIterKey_Type
PyDictIterValue_Type
PyDictKeys_Type
PyDictProxy_New ()
PyDictProxy_Type
PyDictRevIterItem Type
PyDictRevIterKey_Type
PyDictRevIterValue_Type
PyDictValues_Type
PyDict_Clear ()
PyDict_Contains ()
PyDict_Copy ()
PyDict_DelItem/()
PyDict_DelIltemString()
PyDict_GetItem()
PyDict_GetItemString/()
PyDict_GetItemWithError ()
PyDict_Items ()
PyDict_Keys ()
PyDict_Merge ()
PyDict_MergeFromSeqZ ()
PyDict_New ()
PyDict_Next ()
PyDict_SetItem()

PyDict_SetItemString()

23.
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PyDict_Size ()

PyDict_Type
PyDict_Update ()
PyDict_Values ()
PyEllipsis_Type
PyEnum_Type

PyErr BadArgument ()
PyErr_BadInternalCall ()
PyErr CheckSignals ()
PyErr_Clear ()
PyErr_Display ()

PyErr ExceptionMatches ()
PyErr Fetch()

PyErr Format ()

PyErr._ FormatV()
PyErr_GetExcInfo ()

PyErr GivenExceptionMatches ()
PyErr_NewException ()
PyErr_ NewExceptionWithDoc ()
PyErr_NoMemory ()

PyErr NormalizeException ()
PyErr_Occurred()
PyErr_Print ()

PyErr PrintEx()
PyErr_ProgramText ()
PyErr_ResourceWarning()
PyErr_Restore()

PyErr_SetExcFromWindowsErr ()

PyErr_SetExcFromWindowsErrWithFilename ()
PyErr SetExcFromWindowsErrWithFilenameObject ()

PyErr SetExcFromWindowsErrWithFilenameObjects ()

PyErr SetExcInfo()

PyErr_SetFromErrno ()

PyErr SetFromErrnoWithFilename ()
PyErr SetFromErrnoWithFilenameObject ()

PyErr SetFromErrnoWithFilenameObjects ()

PyErr_SetFromWindowsErr ()

PyErr_SetFromWindowsErrWithFilename ()

PyErr_SetImportError ()

18
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PyErr_SetImportErrorSubclass ()
PyErr SetInterrupt ()
PyErr_ SetInterruptEx()
PyErr._SetNone ()
PyErr_SetObject ()
PyErr_SetString/()
PyErr_SyntaxLocation ()
PyErr_SyntaxLocationEx ()
PyErr _WarnkEx ()

PyErr WarnExplicit ()
PyErr WarnFormat ()
PyErr _WriteUnraisable ()
PyEval_AcquireLock ()
PyEval_AcquireThread()
PyEval_CallFunction ()
PyEval_CallMethod ()
PyEval_CallObjectWithKeywords ()
PyEval_EvalCode ()
PyEval_EvalCodeEx ()
PyEval_EvalFrame ()
PyEval_ EvalFrameEx ()
PyEval_GetBuiltins ()
PyEval_GetFrame ()
PyEval_GetFuncDesc ()
PyEval_GetFuncName ()
PyEval_GetGlobals ()
PyEval_GetLocals ()
PyEval_InitThreads ()
PyEval_ReleaseLock ()
PyEval_ReleaseThread()
PyEval_RestoreThread()
PyEval_SaveThread()
PyEval_ThreadsInitialized()
PyExc_ArithmeticError
PyExc_AssertionError
PyExc_AttributeError
PyExc_BaseException
PyExc_BlockingIOError

PyExc_BrokenPipeError

23.
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e PyExc_BufferError

* PyExc_BytesWarning

* PyExc_ChildProcessError

e PyExc_ConnectionAbortedError
* PyExc_ConnectionError

* PyExc_ConnectionRefusedError
* PyExc_ConnectionResetError
e PyExc_DeprecationWarning

e PyExc_EOFError

* PyExc_EncodingWarning

e PyExc_EnvironmentError

* PyExc_Exception

e PyExc_FileExistsError

* PyExc_FileNotFoundError

e PyExc_FloatingPointError

* PyExc_FutureWarning

* PyExc_GeneratorExit

e PyExc_IOError

e PyExc_TImportError

* PyExc_ImportWarning

* PyExc_IndentationError

e PyExc_IndexError

* PyExc_InterruptedError

* PyExc_IsADirectoryError

e PyExc_KeyError

e PyExc_KeyboardInterrupt

* PyExc_LookupError

e PyExc_MemoryError

¢ PyExc_ModuleNotFoundError
¢ PyExc_NameError

* PyExc_NotADirectoryError

* PyExc_NotImplementedError
e PyExc_OSError

* PyExc_OverflowError

* PyExc_PendingDeprecationWarning
e PyExc_PermissionkError

* PyExc_ProcessLookupError

e PyExc_RecursionError

* PyExc_ReferenceError
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PyExc_ResourceWarning
PyExc_RuntimeError
PyExc_RuntimeWarning
PyExc_StopAsyncIteration
PyExc_StoplIteration
PyExc_SyntaxError
PyExc_SyntaxWarning
PyExc_SystemError
PyExc_SystemExit
PyExc_TabError
PyExc_TimeoutError
PyExc_TypeError
PyExc_UnboundLocalError
PyExc_UnicodeDecodeError
PyExc_UnicodeEncodeError
PyExc_UnicodeError
PyExc_UnicodeTranslateError
PyExc_UnicodeWarning
PyExc_UserWarning
PyExc_ValueError
PyExc_Warning
PyExc_WindowsError
PyExc_ZeroDivisionError
PyExceptionClass_Name ()
PyException_GetCause ()
PyException_GetContext ()
PyException_GetTraceback ()
PyException_SetCause ()
PyException_SetContext ()
PyException_SetTraceback ()
PyFile_FromFd()
PyFile_GetLine ()
PyFile_WriteObject ()
PyFile_WriteString()
PyFilter_Type
PyFloat_AsDouble ()
PyFloat_FromDouble ()
PyFloat_FromString ()

PyFloat_GetInfo ()

2.3.
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PyFloat_GetMax ()
PyFloat_GetMin ()

PyFloat_Type

PyFrameObject

PyFrame_GetCode ()
PyFrame_GetLineNumber ()
PyFrozenSet_New ()
PyFrozenSet_Type

PyGC_Collect ()

PyGC_Disable ()

PyGC_Enable ()

PyGC_IsEnabled()

PyGILState Ensure()

PyGILState GetThisThreadState ()
PyGILState_Release ()
PyGILState_ STATE

PyGetSetDef

PyGetSetDescr_Type
PyImport_AddModule ()
PyImport_AddModuleObject ()
PyImport_AppendInittab ()
PyImport_ExecCodeModule ()
PyImport_ExecCodeModuleEx ()
PyImport_ExecCodeModuleObject ()
PyImport_ExecCodeModuleWithPathnames ()
PyImport_GetImporter ()
PyImport_GetMagicNumber ()
PyImport_GetMagicTag ()
PyImport_GetModule ()
PyImport_GetModuleDict ()
PyImport_Import ()
PyImport_ImportFrozenModule ()
PyImport_ImportFrozenModuleObject ()
PyImport_ImportModule ()
PyImport_ImportModuleLevel ()
PyImport_ImportModuleLevelObject ()
PyImport__ImportModuleNoBlock ()
PyImport_ReloadModule ()

PyIndex_Check ()

22
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PyInterpreterState
PyInterpreterState_Clear ()
PyInterpreterState_Delete ()
PyInterpreterState_Get ()
PyInterpreterState_GetDict ()
PyInterpreterState_GetID()
PyInterpreterState_New ()
PyIter_Check ()
PyIter_Next ()

PyIter_Send()
PyListIter_Type
PyListRevIter_Type
PyList_Append()
PyList_AsTuple ()
PyList_GetItem()
PyList_GetSlice()
PyList_Insert ()
PyList_New()
PyList_Reverse()
PyList_SetItem()
PyList_SetSlice()
PyList_Size ()

PyList_Sort ()

PyList_Type

PyLongObject
PyLongRangeIter_Type
PyLong_AsDouble ()
PyLong_AsLong ()
PyLong_AsLongAndOverflow ()
PyLong_AsLongLong ()
PyLong_AsLongLongAndOverflow()
PyLong_AsSize_t ()
PyLong_AsSsize_t ()
PyLong_AsUnsignedLong ()
PyLong_AsUnsignedLongLong ()
PyLong_AsUnsignedLongLongMask ()
PyLong_AsUnsignedLongMask ()
PyLong_AsVoidPtr ()

PyLong_FromDouble ()
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PyLong_FromLong ()
PyLong_FromLongLong ()
PyLong FromSize_ t ()
PyLong_FromSsize_t ()
PyLong_FromString ()
PyLong_FromUnsignedLong ()
PyLong_FromUnsignedLongLong ()
PyLong_FromVoidPtr ()
PyLong_GetInfo ()
PyLong_Type

PyMap_Type
PyMapping_Check ()
PyMapping_ GetItemString ()
PyMapping_ HasKey ()
PyMapping_HasKeyString/()
PyMapping_ Items ()
PyMapping Keys ()
PyMapping_Length ()
PyMapping_SetItemString/()
PyMapping_Size ()
PyMapping_ Values ()
PyMem_Calloc ()

PyMem Free()
PyMem_Malloc ()

PyMem Realloc ()
PyMemberDef
PyMemberDescr_Type
PyMemoryView_FromMemory ()
PyMemoryView_FromObject ()
PyMemoryView_GetContiguous ()
PyMemoryView_Type
PyMethodDef
PyMethodDescr_Type
PyModuleDef
PyModuleDef_Base
PyModuleDef Init ()
PyModuleDef_Type
PyModule_AddFunctions ()

PyModule_ AddIntConstant ()

24
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PyModule_AddObject ()
PyModule_AddObjectRef ()
PyModule_AddStringConstant ()
PyModule_AddType ()

PyModule_ Createl2 ()

PyModule ExecDef ()
PyModule_FromDefAndSpecZ2 ()
PyModule_ GetDef ()
PyModule_GetDict ()
PyModule_GetFilename ()
PyModule_ GetFilenameObject ()
PyModule_GetName ()
PyModule_GetNameObject ()
PyModule_GetState ()
PyModule_New ()
PyModule_NewObject ()
PyModule_SetDocString ()
PyModule_Type
PyNumber_Absolute ()
PyNumber_Add ()
PyNumber_And ()

PyNumber_ AsSsize_t ()
PyNumber_Check ()
PyNumber_Divmod ()
PyNumber_Float ()

PyNumber_ FloorDivide ()
PyNumber InPlaceAdd()
PyNumber_ InPlaceAnd()
PyNumber_InPlaceFloorDivide ()
PyNumber_InPlaceLshift ()
PyNumber_InPlaceMatrixMultiply ()
PyNumber_ InPlaceMultiply ()
PyNumber_InPlaceOr ()
PyNumber_InPlacePower ()
PyNumber_InPlaceRemainder ()
PyNumber_ InPlaceRshift ()
PyNumber_InPlaceSubtract ()
PyNumber_InPlaceTrueDivide ()

PyNumber_InPlaceXor ()
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PyNumber_Index ()
PyNumber_ Invert ()
PyNumber_Long ()
PyNumber_ Lshift ()
PyNumber_MatrixMultiply ()
PyNumber_ Multiply()
PyNumber_Negative ()
PyNumber_Or ()
PyNumber_Positive ()
PyNumber_Power ()
PyNumber_ Remainder ()
PyNumber_ Rshift ()
PyNumber_Subtract ()
PyNumber_ToBase ()
PyNumber_ TrueDivide ()
PyNumber_Xor ()
PyOS_AfterFork ()

PyOS _AfterFork_Child()
PyOS_AfterFork_Parent ()
PyOS_BeforeFork ()
PyOS_CheckStack ()
PyOS_FSPath ()
PyOS_InputHook
PyOS_InterruptOccurred()
PyOS_double_to_string()
PyOS_getsig()
PyOS_mystricmp ()
PyOS_mystrnicmp ()
PyOS_setsig()
PyOS_sighandler_t
PyOS_snprintf ()
PyOS_string to_double ()
PyOS_strtol ()
PyOS_strtoul ()
PyOS_vsnprintf ()
PyObject
PyObject.ob_refcnt
PyObject.ob_type

PyObject_ASCII()
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PyObject_AsCharBuffer ()
PyObject_AsFileDescriptor ()
PyObject_AsReadBuffer()
PyObject_AsWriteBuffer ()
PyObject_Bytes ()
PyObject_Call()
PyObject_CallFunction ()
PyObject_CallFunctionObjArgs ()
PyObject_CallMethod()
PyObject_CallMethodObjArgs ()
PyObject_CallNoArgs ()
PyObject_CallObject ()
PyObject_Calloc()
PyObject_CheckReadBuffer ()
PyObject_ClearWeakRefs ()
PyObject_DelItem/()
PyObject_DelltemString()
PyObject_Dir ()
PyObject_Format ()
PyObject_Free ()
PyObject_GC_Del ()
PyObject_GC_IsFinalized()
PyObject_GC_IsTracked()
PyObject_GC_Track()
PyObject_GC_UnTrack ()
PyObject_GenericGetAttr ()
PyObject_GenericGetDict ()
PyObject_GenericSetAttr()
PyObject_GenericSetDict ()
PyObject_GetAlIter()
PyObject_GetAttr()
PyObject_GetAttrString/()
PyObject_GetItem()
PyObject_GetIter()
PyObject_HasAttr ()
PyObject_HasAttrString/()
PyObject_Hash ()
PyObject_HashNotImplemented ()

PyObject_Init ()
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PyObject_InitVar/()
PyObject_IsInstance ()
PyObject_IsSubclass ()
PyObject_IsTrue ()
PyObject_Length ()
PyObject_Malloc ()
PyObject_Not ()
PyObject_Realloc ()
PyObject_Repr ()
PyObject_RichCompare ()
PyObject_RichCompareBool ()
PyObject_SelflIter ()
PyObject_SetAttr()
PyObject_SetAttrString/()
PyObject_SetItem()
PyObject_Size ()
PyObject_Str()
PyObject_Type ()
PyProperty_Type
PyRangeIter_Type
PyRange_Type
PyReversed_Type
PySeqglter_New/()
PySeqlter_Type
PySequence_Check ()
PySequence_Concat ()
PySequence_Contains ()
PySequence_Count ()
PySequence_DelItem()
PySequence_DelSlice ()
PySequence_Fast ()
PySequence_GetItem()
PySequence_GetSlice ()
PySequence_In()
PySequence_InPlaceConcat ()
PySequence_InPlaceRepeat ()
PySequence_Index ()
PySequence_Length ()

PySequence_List ()
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* PySequence_Repeat ()

e PySequence_SetItem()

s PySequence_SetSlice()

* PySequence_Size ()

e PySequence_Tuple ()

* PySetIter_Type

* PySet_Add()

* PySet_Clear()

e PySet_Contains()

* PySet_Discard()

e PySet_New()

e PySet_Pop ()

e PySet_Size()

e PySet_Type

e PySlice_AdjustIndices()

e PySlice_GetIndices ()

e PySlice_GetIndicesEx()

e PySlice_New/()

e PySlice_Type

e PySlice_Unpack/()

e PyState_AddModule ()

e PyState_FindModule ()

e PyState_RemoveModule ()

* PyStructSequence_Desc

* PyStructSequence_Field

* PyStructSequence_GetItem()
e PyStructSequence_New ()

* PyStructSequence_NewType ()
e PyStructSequence_SetItem()
* PySuper_Type

* PySys_AddWarnOption ()

¢ PySys_AddWarnOptionUnicode ()
* PySys_AddXOption ()

e PySys_FormatStderr ()

* PySys_FormatStdout ()

* PySys_GetObject ()

e PySys_GetXOptions ()

* PySys_HasWarnOptions ()

* PySys_ResetWarnOptions ()
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PySys_SetArgv ()
PySys_SetArgvEx ()
PySys_SetObject ()
PySys_SetPath ()
PySys_WriteStderr ()
PySys_WriteStdout ()
PyThreadState
PyThreadState_Clear ()
PyThreadState_Delete ()
PyThreadState_Get ()
PyThreadState_GetDict ()
PyThreadState_GetFrame ()
PyThreadState_GetID ()
PyThreadState_GetInterpreter()
PyThreadState_New ()
PyThreadState_SetAsyncExc ()
PyThreadState_Swap ()
PyThread_GetInfol()

PyThread ReInitTLS ()
PyThread_acquire_lock ()
PyThread_acquire_lock_timed()
PyThread_allocate_lock ()
PyThread create_key ()
PyThread _delete_key ()
PyThread delete_key_value()
PyThread_exit_thread()
PyThread_free_lock ()
PyThread_get_key_value ()
PyThread_get_stacksize ()

PyThread_get_thread_ident ()

PyThread_get_thread_native_id()

PyThread_init_thread()
PyThread_release_lock ()
PyThread_set_key_value ()
PyThread_set_stacksize ()
PyThread_start_new_thread()
PyThread_tss_alloc()
PyThread_tss_create ()

PyThread_ tss_delete ()
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e PyThread_ _tss_free/()

* PyThread_tss_get ()

e PyThread_tss_1s_created()

* PyThread_tss_set ()

e PyTraceBack_Here ()

e PyTraceBack_Print ()

* PyTraceBack_Type

e PyTuplelter_Type

e PyTuple_GetItem()

e PyTuple GetSlice ()

* PyTuple New()

e PyTuple_Pack ()

* PyTuple_SetItem()

* PyTuple Size ()

e PyTuple_Type

e PyTypeObject

* PyType ClearCache ()

* PyType_FromModuleAndSpec ()

* PyType_FromSpec()

* PyType_ FromSpecWithBases ()

* PyType_GenericAlloc ()

e PyType_GenericNew ()

e PyType_GetFlags ()

s PyType_GetModule ()

* PyType_GetModuleState()

* PyType_GetSlot ()

e PyType_IsSubtype ()

e PyType_Modified()

* PyType_Ready ()

e PyType_Slot

* PyType_Spec

e PyType_Type

e PyUnicodeDecodeError_Create()

e PyUnicodeDecodeError_GetEncoding()
* PyUnicodeDecodeError_GetEnd()

* PyUnicodeDecodeError_GetObject ()
e PyUnicodeDecodeError_GetReason ()
¢ PyUnicodeDecodeError_GetStart ()

* PyUnicodeDecodeError_SetEnd()
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PyUnicodeDecodeError_SetReason ()
PyUnicodeDecodeError_SetStart ()
PyUnicodeEncodeError_GetEncoding ()
PyUnicodeEncodeError_GetEnd()
PyUnicodeEncodeError_GetObject ()
PyUnicodeEncodeError_GetReason ()
PyUnicodeEncodeError _GetStart ()
PyUnicodeEncodeError_SetEnd/()
PyUnicodeEncodeError_SetReason ()
PyUnicodeEncodeError_SetStart ()
PyUnicodeIter_Type
PyUnicodeTranslateError_GetEnd ()
PyUnicodeTranslateError_GetObject ()
PyUnicodeTranslateError_GetReason ()
PyUnicodeTranslateError_GetStart ()
PyUnicodeTranslateError_SetEnd()
PyUnicodeTranslateError_SetReason ()
PyUnicodeTranslateError_SetStart ()
PyUnicode_Append ()
PyUnicode_AppendAndDel ()

PyUnicode_ AsASCIIString()
PyUnicode_AsCharmapString ()
PyUnicode_AsDecodedObject ()
PyUnicode_AsDecodedUnicode ()
PyUnicode_AsEncodedObject ()
PyUnicode_AsEncodedString ()
PyUnicode_AsEncodedUnicode ()
PyUnicode_AsLatinlString()
PyUnicode_AsMBCSString/()
PyUnicode_AsRawUnicodeEscapeString ()
PyUnicode_AsUCS4 ()
PyUnicode_AsUCS4Copy ()
PyUnicode_AsUTF16String()
PyUnicode_AsUTF32String ()
PyUnicode_ AsUTF8AndSize ()
PyUnicode_AsUTF8String/()
PyUnicode_AsUnicodeEscapeString()
PyUnicode_AsWideChar ()

PyUnicode_AsWideCharString()
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PyUnicode_BuildEncodingMap ()
PyUnicode_Compare ()
PyUnicode_CompareWithASCIIString ()
PyUnicode_Concat ()
PyUnicode_Contains ()
PyUnicode_Count ()
PyUnicode_Decode ()
PyUnicode_DecodeASCII ()
PyUnicode_DecodeCharmap ()
PyUnicode_DecodeCodePageStateful ()
PyUnicode_DecodeFSDefault ()
PyUnicode_DecodeFSDefaultAndSize ()
PyUnicode_DecodeLatinl ()
PyUnicode_DecodeLocale ()
PyUnicode_DecodeLocaleAndSize ()
PyUnicode_DecodeMBCS ()
PyUnicode_DecodeMBCSStateful ()
PyUnicode_DecodeRawUnicodeEscape ()
PyUnicode_DecodeUTF16 ()
PyUnicode_DecodeUTF16Stateful ()
PyUnicode_DecodeUTF32 ()
PyUnicode_DecodeUTF32Stateful ()
PyUnicode_DecodeUTF7 ()
PyUnicode_DecodeUTF7Stateful ()
PyUnicode_DecodeUTFS8 ()
PyUnicode_DecodeUTF8Stateful ()
PyUnicode_DecodeUnicodeEscape ()
PyUnicode_EncodeCodePage ()
PyUnicode_FEncodeFSDefault ()
PyUnicode_EncodeLocale ()
PyUnicode_FSConverter ()
PyUnicode_FSDecoder ()
PyUnicode_Find()
PyUnicode_FindChar ()
PyUnicode_Format ()
PyUnicode_FromEncodedObject ()
PyUnicode_FromFormat ()
PyUnicode_FromFormatV ()

PyUnicode_ FromObject ()
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* PyUnicode_FromOrdinal ()

* PyUnicode_FromString()

* PyUnicode_FromStringAndSize ()
e PyUnicode_FromWideChar ()

* PyUnicode_GetDefaultEncoding ()
* PyUnicode_GetLength ()

e PyUnicode_GetSize ()

e PyUnicode_InternFromString/()
* PyUnicode_InternImmortal ()
* PyUnicode_InternInPlace ()
e PyUnicode_IsIdentifier ()

e PyUnicode_Join ()

e PyUnicode_Partition()

e PyUnicode_RPartition()

e PyUnicode_RSplit ()

e PyUnicode_ReadChar ()

* PyUnicode_Replace ()

* PyUnicode_Resize ()

e PyUnicode_RichCompare ()

* PyUnicode_Split ()

* PyUnicode_Splitlines()

e PyUnicode_Substring()

e PyUnicode_Tailmatch ()

* PyUnicode_Translate ()

e PyUnicode_Type

e PyUnicode_WriteChar ()

e PyVarObject

* PyVarObject.ob_base

e PyVarObject.ob_size

* PyWWeakReference

* PyWeakref_ GetObject ()

* PyWeakref NewProxy ()

* PyWeakref_ NewRef ()

¢ PyWrapperDescr_Type

* PyWrapper_New ()

* PyZip_Type

* Py _AddPendingCall ()

e Py AtExit ()

* Py BEGIN_ALLOW_THREADS
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Py _BLOCK_THREADS
Py_BuildValue ()

Py BytesMain ()
Py_CompileString/()
Py_DecRef ()
Py_DecodeLocale ()

Py END_ALLOW_THREADS
Py_EncodeLocale ()
Py_EndInterpreter()
Py EnterRecursiveCall ()
Py _Exit ()

Py_FatalError()

Py_FileSystemDefaultEncodeErrors

Py_FileSystemDefaultEncoding
Py Finalize()

Py FinalizeEx()

Py _GenericAlias ()
Py_GenericAliasType

Py _GetBuildInfo()

Py _GetCompiler /()

Py _GetCopyright ()
Py_GetExecPrefix()
Py_GetPath()
Py_GetPlatform()

Py GetPrefix()
Py_GetProgramFullPath ()
Py GetProgramName ()

Py GetPythonHome ()
Py_GetRecursionLimit ()
Py GetVersion ()
Py_HasFileSystemDefaultEncoding
Py _IncRef ()
Py_Initialize()

Py InitializeEx/()

Py _Is()

Py IsFalse()

Py IsInitialized()
Py_IsNone ()

Py_IsTrue()

23.
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Py _LeaveRecursiveCall ()
Py _Main ()
Py_MakePendingCalls ()
Py_NewInterpreter()
Py_NewRef ()
Py_ReprEnter ()

Py _ReprLeave ()
Py_SetPath()

Py _SetProgramName ()
Py SetPythonHome ()
Py_SetRecursionlLimit ()
Py_UCS4
Py_UNBLOCK_THREADS
Py_UTF8Mode
Py_VaBuildValue ()
Py _XNewRef ()
Py_intptr_t

Py _ssize_ t
Py_uintptr_t
allocfunc
binaryfunc
descrgetfunc
descrsetfunc
destructor
getattrfunc
getattrofunc
getiterfunc

getter

hashfunc

initproc

inquiry
iternextfunc
lenfunc

newfunc
objobjargproc
objobjproc
reprfunc
richcmpfunc

setattrfunc

36

Chapter 2. C API phiait



The Python/C API, £[F 3.10.11

setattrofunc

setter

ssizeargfunc
ssizeobjargproc
ssizessizeargfunc
ssizessizeobjargproc
symtable

ternaryfunc
traverseproc
unaryfunc

visitproc
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CHAPTER 3

HEEL% API

AREET P BRI FLVFUR AT AE SCPF G vh X P Iy Python JRACHS , (R AR A SRV URAE AN LAY 7
KGRI T2

X L8 R KA TLAS T LA 2 R I AT SOE AT SR N E S, AT AT 5 Py_eval_input,
Py_file_input PAJ Py_single_input. XERFSRAIERZENNNNES MR B AR .

Note also that several of these functions take FILE* parameters. One particular issue which needs to be handled
carefully is that the FILE structure for different C libraries can be different and incompatible. Under Windows (at
least), it is possible for dynamically linked extensions to actually use different libraries, so care should be taken that
FILE* parameters are only passed to these functions if it is certain that they were created by the same library that
the Python runtime is using.

int Py_Main (int arge, wchar_t **argv)
Part of the Stable ABL £ X R EMEREAR I AT o H#RA T Python RFEFRF W] AR 7 o Bt
arge Ml argv TBZ W24 5L 45 CREFI main () BMEHIESHIE CREARTE T P8 S KSR ) o
—MEEREE IR SR 2B (HSEGNR DA R IR m AR 2B ) .
R ARREAR BB (RIRG IR ) WERIEHERH 0, W RMEREE I 5| K e iR Wk ] 1,
HF RIS Y RARELR AR Python iy 47 MR ] 2.
MR K T —MEHABIA G TR B systemExit, ICRRECHALIRMN 1, TR ik
&, HE Py_InspectFlag b RHBE.

int Py_BytesMain (int argc, char **argv)
Part of the Stable ABI since version 3.8. 23T Py _Main () 1B argv B— & F 884 .

3.8 UBTINA.

int PyRun_AnyFile (FILE *fp, const char *filename)
XN R PyRun._AnyFileExFlags () WRIALIREE D, B closeit ¥~ O Tl flags %5 NULLS,
int PyRun_AnyFileFlags (FILE *fp, const char *filename, PyCompilerFlags *flags)
XRER N PyRun_AnyFileExFlags () WFEAIEED, K closeit ZH5EH 0.,

int PyRun_AnyFileEx (FILE *fp, const char *filename, int closeit)
XREX R PyRun_AnyFileExFlags () MFMBIED, ¥ flags (A NULL.,

int PyRun_AnyFileExFlags (FILE *fp, const char *filename, int closeit, PyCompilerFlags *flags)
AR fp 48 WS R BER) A2 BB e (B & B2 i A B Unix B 2805 ) 09 SO, Wk
[lPyRun_InteractiveLoop () WMH, &R PyRun_SimpleFile () HI4EH . filename i
- 25 HitdHsa (sys.get filesystemencoding ()) EfENS . UM filename Sfy NULL, It
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RESMR "2 VBN U4 . TSR closeit NEAH, XF4SHFE PyRun_SimpleFileExFlags ()
IR [8] 27 TR K A o

int PyRun_SimpleString (const char *command)
This is a simplified interface to PyRun_SimpleStringFlags () below, leaving the
PyCompilerFlags* argument set to NULL.

int PyRun_SimpleStringFlags (const char *command, PyCompilerFlags *flags)
WA flags ZHy, #£ __main__ BB IAT Python YU . #NSR __main_ MAAFAE, BEXRFHAY
. R 0, ARG KR E WR I -1, QR AAGE R, MR TRERAG R E AR R . X T flags
&, ST .
HERENRG IR T —MEHMIA G RPN systemExit, MWERECH AR -1, TRk
f, R Py_InspectFlag ibRHIE .

int PyRun_SimpleFile (FILE *fp, const char *filename)
XA R N RIPyRun_SimpleFileExFlags () WRLIIE D, ¥ closeit B¢h O Tk flags B¢ h
NULL,

int PyRun_SimpleFileEx (FILE *fp, const char *filename, int closeit)
RXAREM N PyRun_SimpleFileExFlags () MRGIIEIT, *F flags B9 NULL,

int PyRun_SimpleFileExFlags (FILE *fp, const char *filename, int closeit, PyCompilerFlags
*flags)
FKMFPyRun_SimpleStringFlags (), {H Python JEAMASEM fp BEBUMA &4 WA 747
. filename VR4, BRI filesystem encoding and error handler SfRRG . QS closeit " EAH.,
WISCAFH5FE PyRun_SimpleFileExFlags () 1R[HZ HiH KM

#E): 7E Windows |, fp B4 PA — 3k #IBIFTFF (B fopen (filename, "rb")), 75M], Python
Al BETCYE IE A AL F A A LF 4745 SR A i B A S

int PyRun_InteractiveOne (FILE *fp, const char *filename)
XRE N R PyRun_InteractiveOneFlags () WIfRALIZE D, ¥ flags & A NULL.

int PyRun_InteractiveOneF1lags (FILE *fp, const char *filename, PyCompilerFlags * flags)
R flags ZHCEHOF AT R B 5 22 B IR A R U — 4184 PS8 H sys.psl
M sys.ps2 RN, filename Y-8 [l filesystem encoding and error handler ARG

Mk ABOR I HATI R ] 0, ANR G| K S wE WA 8] -1, B A0SR A AR T % U0 [ ok 9 AR
> Python ) 4R 2 KA i) errcode. h AR CIFH FE R AL, (¥R errcode.h Jf R HE
Python.h Frfudh, BBLARFTEMAH L THME.)

int PyRun_InteractiveLoop (FILE *fp, const char *filename)
XN R PyRun_InteractiveLoopFlags () WIfRALIED , ¥ flags % A NULL.,

int PyRun_InteractiveLoopFlags (FILE *fp, const char *filename, PyCompilerFlags *flags)
SEBOF B F 5556 3 A B0 1 5 513k BOF. Jil P35 51 (] sys . pel Fil sys.ps2
HIHER . filename Y545 filesystem encoding and error handler SRS . 44T EOF BP¥ikE 0, (%
24 2 G RF AR [ — A~ 1 55

int (*PyOS_InputHook) (void)
Part of the Stable ABL B AR TG M — AN EZLN int func (void) BYEREL. Z K ECE7E Python
I FEREAR PR AT BIRF 25 PR I S5 1 P A iy AR o IR BB S 4 200 o B30 A8 1T 9
ﬁ%%@ﬁ%B@%ﬁf?%ﬁiﬂﬁ%%#ﬁ%tP , #if% Python fr Modules/_tkinter.c FrIRHK

char *(*PyOS_ReadlineFunctionPointer) (FILE*, FILE*, const char*)
B AR M FR A — N R AN char *func (FILE *stdin, FILE *stdout, char *prompt)
IRREL, TR R PR R SR I —ATH A R BRI PR AL . 1 R BT R SR 45 58 prompt
Ah NULL Sk e, R E TR B R bR fa A ST BB AT R, R RIS R AR B,
readline BIHCRFX AN T3 E MR U T o iR A tab BEAM 2 SETRE .

gﬁ%ﬂ‘@ﬁ%g/l\EEPyMemiRawMalloc () ﬁPyMemﬁRawRealloc () %ﬁﬂﬂ@?fﬁ‘%, E‘j%ﬂﬂ%i{
A BE BRI NULL.,
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3.4 FROHE s 4E B 0 iPyMem_RawMalloc () B{PyMem RawRealloc () 4y B, T A =2
EEPyMemiMalloc () jﬁPyMemﬁRealloc () BE.

PyObject *PyRun_String (const char *str, int start, PyObject *globals, PyObject *locals)

Return value: New reference. X241 % P PyRun_StringFlags () WIfaALIRIZED, ¥ flags %K
NULL,

PyObject *PyRun_StringFlags (const char *str, int start, PyObject *globals, PyObject *locals, Py-
CompilerFlags *flags)
Return value: New reference. 1EH1 %4 globals 1 locals 38 E W R LR AT B str 11 Python JEACHE,
HA I LA flags 48 5E RGN - globals L2 — A7 M locals T PAJRAEAM SE 3L T RSP 0T
Ro B2 start $85€ T V2405 KA IEACRS AR IGTEAF

AR [ELRHACHS A Python XFGIATIYEE R, BB AR5 & T 5% Wik 9] NULL.

PyObject *PyRun_File (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *locals)
Return value: New reference. X241 % NiPyRun_FileExFlags () WfRIALIEE T, B closeit %5 0
FHKF flags 5H NULL.

PyObject *PyRun_FileEx (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *locals,
int closeit)
Return value: New reference. X 241X} NiPyRun_FileExFlags () WITALIRIE T, ¥ flags %K
NULL,

PyObject *PyRun_FileFlags (FILE *fp, const char *filename, int start, PyObject *globals, PyObject
*locals, PyCompilerFlags * flags)
Return value: New reference. X241 % FlHPyRun_FileExFlags () WIfRIALIIE D, ¥ closeit %8
0,

PyObject *PyRun_FileExFlags (FILE *fp, const char *filename, int start, PyObject *globals, PyObject
*locals, int closeit, PyCompilerFlags * flags)
Return value: New reference. 22 F-PyRun_StringFlags (), {8 Python JEfCHS 2 M fp 2B A&
— NWNIEP I FEE . filename K084, B ﬁleusrem encoding and error handler SRS . Ul
R closeit AR, WIXHHRFAEPYRun_FileExFlags () IRIAZH KA.

PyObject *Py_CompileString (const char *str, const char *filename, int start)
Return value: New reference. Part of the Stable ABL iX &4 X} N Py_CompileStringFlags () W
PR T, $§ flags Xk NULL.

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

Return value: New reference. X2 %1%} FMiPy_CompileStringExFlags () W RIALIIE D, ¥
optimize %0 -1

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

Flags *flags, int optimize)

Return value: New reference. f#Afr I %ii% str %) Python JFACAS, & [0l 45 AU X R . TG IEAF
H start 5 15 3R] R BR G079 gn i3 i) AAS HF LIVl Py_eval input, Py_file_input B
Py_single_input. HI filename $55& 1) 345 29 ) R A4 3 AR X0 4 9 AT A8 H BRAE [0 945 5L B
SyntaxBrror i {HE . ARAHS T VA AT B 1 0 I PR EICRF IR [1] NUTL.

HERY optimize 45 % HIF AT AL [0 -1 RS -0 BRI A MRS Ut g . g
% 0 (TEflifl; __debug_ SHEAH). 1 (WrEgifskk, __debug_ SARAE) Bk 2 CORYFAF R tLpifs
)0

3.4 BUHTMA.

PyObject *Py_CompileStringExFlags (const char *str, const char *filename, int start, PyCompil-
erFlags *flags, int optimize)
Return value: New reference. 5Py _CompileStringObject () Z5{Ll, 1B filename J& VAfilesystem en-
coding and error handler SRS H HIFTTER

3.2 BUHTMA.

PyObject *PyEval_EvalCode (PyObject *co, PyObject *globals, PyObject *locals)
Return value: New reference. Part of the Stable ABL X251 XPyEval EvalCodeEx () WIfaifbiiE,
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RN R, SRR R . HALS Y30 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. Part of the Stable ABL Xf—/NiZise i S R 8, NERME A BiE
MOERHE. SERSI A RS R, SRS, BH. X AIRIA RO, R s
F SR BAAE R 7 B I £ P e M
type PyFrameObject
Part of the Limited API (as an opaque struct). |l TR &0 C X2 4504 . A By ] fEXE
FEAT I AR AL
PyObject *PyEval_EvalFrame (PyFrameObject *f)
Return value: ~ New reference.  Part of the Stable ABL %f — 4~ $f 47 Wi oK {H. X 2 &
XpyEval EvalFrameEx () WRIALIGEED, HTOREFm T AR

PyObject *PyEval_EvalFrameEx (PyFrameObject *f, int throwflag)
Return value: New reference. Part of the Stable ABL X2 Python fEREZ T AT IBRR EkE. SHATMI
S RERA DX SR T, PR I IR TR B AT o« #AMY throwflag TE.2: BEAS AT AR
Zmg—— WA EE, W SBCLEE— N5 XS TAERENZM throw () Jik.
3.4 HUSE A ZREOIAE & — WS, A DA B 2 205 3 S

int PyEval_MergeCompilerFlags (PyCompilerFlags *cf)

A €S R Y IRRIEL Ui A a0 i L B A I =R (NG p AT
int Py_eval_input
Python 174 i I TG FB X MR IEFTS: APy _Compilestring () il
intPy_file_input
Python 15YE H T A SO BB IR B BGEA) 72 R 6455 LGPy _CompileString () ffifl].
XARTEH AT 2 K1 Python Y A6 RS B2 194545
int Py_single_input
Python {E3L i I T IR F IR IG TS BiLG Py _Compilestring () . X2 M T H AR
A EARIFTZ
struct PyCompilerFlags
X ORAF AR A AR Y S5 R AR . X T RS I 0L, BRHEN int flags A, T
XA ERPATHIIG DL, EXFEN PyCompilerFlags *flags A A. TERXMIELL T, from
__ future__ import A PAMB I flags.
Y pyCompilerFlags *flags A NULL B, cf_flags B M4/EEET 0 A, TMAEf] from
__future_ import rRERYBHEI LW ETE.
int cf_flags
G AR
int cf_feature_version
of _feature_version 52 Python [{)/PRAS . BN 48541454k 8 PY_MINOR_VERSION,

T BN 20, 24 BAUYTE of_flags "Hi'E T PyCF_ONLY_AST JHEARE A BT .
3.8 MR E A I of_feature_version F{V .

int CO_FUTURE_DIVISION
XAPRENLAIE flags FHICE LAERSERAIZTEAT / Wiy PEP 238 FIrHUER “HFRIA”.

42 Chapter 3. tREEBE%R API


https://www.python.org/dev/peps/pep-0238

cHAPTER 4

AT ZAR RN T HE Python R YT AL

void Py_ INCREF (PyObject *0)
A4 o 51 IR

PR BIGE 5 T SR B borrowed reference JERW G R strong reference, Py NewRef () PRELE] ¥ kA
B strong reference,

WX GNZIAN A NULL s QSRR RERf € B A h NULL, il Py _XINCREF (),

void Py_XINCREF (PyObject *0)
SIS 0 5L, XTSPTDAH NULL, (EBCRRIL R Ik R A TR

FHig Py _XNewRef (),

PyObject *Py_NewRef£ (PyObject *0)
Part of the Stable ABI since version 3.10. F7R$8 18] — NXT W strong reference: ¥aHNFT42 o 5| FHTTEL
IR XS 0,

RN B XA strong reference W), N 247EXIG: PR Py DECREF () RA W ZAT S5 L
14 0 WA NULL; 15 o W PASH NULL W ik fl Py XNewRef () o
S5 AR [E] -

Py_INCREF (ob7j) ;
self->attr = obj;

ATPARS I

self->attr = Py_NewRef (obj);

2Py INCREF (),

3.10 BBUBTIA.

PyObject *Py_XNewRe£ (PyObject *0)
Part of the Stable ABI since version 3.10. 2L} TPy _NewRef (), {BX}% o B] DAk NULL,

AN 0 S NULL, % pRE - RfaR [F] NULL.
3.10 HEEF A
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void Py_DECREF (PyObject *0)
RIS 0 15 FITVHEL

WERFIHITEGA RN E, W2 KGRI XS B RS 3 L pR £ GZ R EA R A NULL),
I PR BGE U TR B AE R 5N R — 1 strong reference.,
AT WA R NULL; G0RARASBERG E A N NULL, 5§ i Py_XDECREF ().

B R R BT S EUE R Python (U AGEIAN (HIANY— DA __del O JiARIZEsE
BIRREROIN 2 W) o BRI T i S A LR, AREATRO RS RERS B 7 R P A
Python 4528 & o X B MRFE AT AT Al i 4 =) 28 B AR B X RAE P y_DECREE () AR ) 2 il
B AL T SE HRARAS e BN, 50 r o0k G 1) AR 7 24 K5 B B30t S iy 5 6 DL 21—
A AR R, B RBAREH , AR RN IR AL R Py_DECREF () .

void Py_XDECREF (PyObject *0)
DRG0 B HTTEG. XFRATPAKH NULL, FERCIE DL N AT AT RO s FE g ol =l
WRY5Py DECREF () fHF], F-< MW MR

void Py_ CLEAR (PyObject *0)
XS o (51 T8 XFRFTRAN NULL, FEMCAEOL R A AATATREOR s e A O~ HAL
REpPy DECREF () MF], KAHET HSHR AN NULL, $1Xf Py _DECREF () HYE&EAEM
TRAB IR S, B 2 Ol F — NG IS SR 5 | 82 B S405h NULL.
o 24 B DA AR RUSCHA 18] AT BE > Bl Iy X 2 5 R HEORE, R 2 — M 30

void Py_IncRef (PyObject *0)
Part of the Stable ABL I4H1%t4: o W51 T4k, Py _XINCREF () WIBREURAS . &0 %% HT Python
BT BN HRA o

void Py_DecRef (PyObject *0)
Part of the Stable ABL 3H1%5%: o K951 T4, Py_XDECREF () WA . & v #% T Python f)
BTHF NS HRA o

PATR BRI B 22 AN AT FE iR RE AR A% O P R _Py_Dealloc(), _Py_ForgetReference(),
_Py_NewReference () PANEFSE Py_RefTotal,
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CHAPTER D

Bl5h e 3R

The functions described in this chapter will let you handle and raise Python exceptions. It is important to understand
some of the basics of Python exception handling. It works somewhat like the POSIX errno variable: there is a
global indicator (per thread) of the last error that occurred. Most C API functions don’t clear this on success, but will
set it to indicate the cause of the error on failure. Most C API functions also return an error indicator, usually NULL
if they are supposed to return a pointer, or —1 if they return an integer (exception: the PyArg_ * functions return 1
for success and 0 for failure).

ELRHIE, SRR IR AN TSR, RO, RIS 5. an R R
E,ﬁgﬁﬁﬂﬂ%%NML(@%#%ﬁé@%i%,%w,mﬁﬁﬁ%ﬂ%NML,%K%ﬁ~4$
NULL #8131

21— R T E T A SEA R BOR WO RN, Gl E A SRR R R A BRI R e
ZWETE. MERTAIEREIRR, S R HA B PrA SO R I (X g8 s A7)
i) o WIRAMESALIL SR, W RN IZIEFMARS: . R T — NSRRI, BEA— B 3~
BIEL e T AR WIREHRBCA TS B AL B/ VO 24K, X Python/C APT (YT I AT REAS A FIRY
F18, FF BT RE S AR A i) 75 R

i) HRFREE AR sys.exc_info () WHRATER . BB X 0 AR 0 (FEIRAEAEHE), 10
JEEAERPS R R A5 (R E 2 Ik %) .

5.1 $TEDFO;FHE

void PyErr_Clear ()
Part of the Stable ABL JEEREE IR/ . WERBAWE G ntr, WASHAEM.

void PyErr_PrintEx (int set_sys_last_vars)
Part of the Stable ABL X F5 #fE [l #] 4T B 3| sys.stderr I IH R R4 2~ dr. BRIES 2 2
SystemExit, XFFLL T ASATE M #EFE, H iR Python #EFE, I IR SystemExit
ST E A R
HETER RGN P E I A 5 2R X R, B WX & B R !
i W set_sys_last vars JF 2, N 48 B sys.last_type, sys.last_value #Hl sys.
last_traceback R4l & HITE S HREMEAL, (AN EH .
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void PyErr_Print ()
Part of the Stable ABL. PyErr_PrintEx (1) HE4.

void PyErr_ WriteUnraisable (PyObject *obyj)
Part of the Stable ABL {#i i 4\l 5% F1 obj Z40E ] sys.unraisablehook () »

MBE T, (EARAS AR T RESE PR A S, XSS EUE sys . stderr ITHI MBS
R BN, 2 __del () JyiAH A REIN G AT SR AL

PR A AR oby BATIA I RS BARIR AR A il A i i TR S0 PR ATRE, obj HYARA
FHTEFEESTHE

1 BB B TS 8

5.2 iRw

K 2L R FICT S BRI B Y BT R R AR TS R . A T ORI, —LE R ORI 24R M) NULL $54F, PATE
HT return i&4],

void PyErr_SetString (PyObject *type, const char *message)
Part of the Stable ABL X g W AT RAMCIRFE N 3. H—DSHEEERERA BHlE N HEAD
iR, Bl PyExc_RuntimeError. YRAFFEIGMERTI L. B DS M REE:
B rutf-8" L.

void PyErr_SetObject (PyObject *type, PyObject *value)
Part of the Stable ABL WLRRERMI T PyErr_SetString (), HREAVHENAER “H” HEMLE
—~ Python %4 .

PyObject *PyErr_Format (PyObject *exception, const char *format, ...)
Return value: Always NULL. Part of the Stable ABL X/ REGRE T —ME RIS/~ Hak[H T NULL,
exception [V 24 ;&—A> Python S H . formar T 5 HTE S 28 A XA IRIEE B
YpPyUnicode FromFormat () EMEINE LHE. format J&— ASCIL g F4FER .

PyObject *PyErr_FormatV (PyObject *exception, const char *format, va_list vargs)
Return value: Always NULL. Part of the Stable ABI since version 3.5. flPyErr _Format () F¥[6], BB
Z—> va_list R SHIM AR LR SHLE.

3.5 UGBTI

void PyErr_SetNone (PyObject *type)
Part of the Stable ABL X /& PyErr_SetObject (type, Py_None) HIfii5.

int PyErr_BadArgument ()
Part of the Stable ABL X /& PyErr_SetString (PyExc_TypeError, message) &5, H¥

message 45 H ] TAREASHORA M N ERRAE. B ERN T -

PyObject *PyErr_NoMemory ()
Return value: Always NULL. Part of the Stable ABL. X J& PyErr_SetNone (PyExc_MemoryError)
RIS BiRE NULL , DA NFERERET, R TCR T PAS return PyErr_NoMemory () ;

o

PyObject *PyErr_SetFromErrno (PyObject *type)
Return value: Always NULL. Part of the Stable ABL X 2 AMEREREL, Y4 C F R ER Ml 48R Ik E
errno [}, XARESHE T . EEE— DA S, HE T2 BE(E errno, 25 " TUEAH Y.
MRS E (M strerror () ##E), A5G PyErr_SetObject (type, object). FE Unix
F, YerrnoHE EINTR, BIHMRSGIHAL, XMRBESTHPyErr CheckSignals ()
MR THE R A, PR E R E . R EUKIEIR A NULL PRI R G000 R R4 2R
B2 2 S E AR PAE Y return PyErr_SetFromErrno (type) ;.

PyObject *PyErr_SetFromErrnoWithFilenameObject (PyObject *type, PyObject

* filenameObject )
Return value: Always NULL. Part of the Stable ABL. Z8{l| F'PyErr_ SetFromErrno () , MIMIFT N
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JE N filenameObject A~k NULL , 'EXFE RSB A SHL IR L type WM K. 264001+, 7F
OSError RHW, filenameObject ¥ J1 K& L R SLHI £ilename [B1%.

PyObject *PyErr_SetFromErrnoWithFilenameObjects (PyObject *type, PyObject
* filenameObject, PyObject
* filenameObject2)
Return  value: Always NULL. Part of the Stable ABI since version 3.7. 2

FPyErr SetFromErrnoWithFilenameObject ()

M — A2 A filename [ pR %26 W s fist 45
3.4 UGBTI

PyObject *PyErr_SetFromErrnoWithFilename (PyObject *type, const char *filename)
Return value: Always NULL. Part of the Stable ABL 28{Ml T PyErr SetFromErrnoWithFilenameObject (),
EHCZ DA C FRFERTER G H o filename J2 [ filesystem encoding and error handler RS .

PyObject *PyErr_SetFromWindowsErr (int ierr)

Return value: Always NULL. Part of the Stable ABI on Windows since version 3.7. This is a conve-
nience function to raise WindowsError. If called with ierr of 0, the error code returned by a call
to GetLastError () is used instead. It calls the Win32 function FormatMessage () to retrieve
the Windows description of error code given by ierr or GetLastError (), then it constructs a tu-
ple object whose first item is the ierr value and whose second item is the corresponding error message
(gotten from FormatMessage () ), and then calls PyErr_SetObject (PyExc_WindowsError,
object). This function always returns NULL.

% : Windows,

, [H$EZ % A filename Xf %, T

PyObject *PyErr_SetExcFromWindowsErr (PyObject *type, int ierr)
Return value:  Always NULL. Part of the Stable ABI on Windows since version 3.7. Bl
FryErr SetFromWindowsErr () , BAMAISEE E Tl A M FHEIEA,

. Windows,

PyObject *PyErr_SetFromWindowsErrWithFilename (int ierr, const char *filename)
Return value: Always NULL. Part of the Stable ABI on Windows since version 3.7. 25 {)) T
PyErr_SetFromWindowsErrWithFilenameObject () , {HE filename &2 DA C FAF R4

. filename E N ARG MY (os. £sdecode () ) G H M.
% : Windows,

PyObject *PyErr_SetExcFromWindowsErrWithFilenameObject (PyObject *type, int ierr, Py-
Object *filename)
Return value: Always NULL. Part of the Stable ABI on Windows since version 3.7. 2 {)l T
PyErr_SetFromWindowsErrWithFilenameObject () , FiAPSEFE &Sk m FaAm,

1 : Windows,
PyObject *PyErr_SetExcFromWindowsErrWithFilenameObjects (PyObject *type, int ierr, Py-
Object *filename, PyObject

*filename?2)
Return value:  Always NULL. Part of the Stable ABI on Windows since version 3.7. Bl

FPyErr SetExcFromWindowsErrWithFilenameObject () , {H23:5255 — 4> filename {4,
1 : Windows,
3.4 OB

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

*filename)
Return value:  Always NULL. Part of the Stable ABI on Windows since version 3.7. Bl

FPyErr SetFromWindowsErrWithFilename () , #RAMSEFE E Bl &) S 2A,
W : Windows,

PyObject *PyErr_SetImportError (PyObject *msg, PyObject *name, PyObject *path)
Return value: Always NULL. Part of the Stable ABI since version 3.7. X 2fil & ImportError H{HHE K
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%&0 msg %%ﬁﬁﬁ%ﬁé@lﬁA%\??@% o name %n Palh s (%Kﬁjw\jﬂ NULL ), 3{%‘)% ﬂé%ﬂi&ﬁ ImportError
X1 JE 1 name il path.

3.3 HUHTIA.

PyObject *PyErr_SetImportErrorSubclass (PyObject *exception, PyObject ¥msg, PyObject *name,
PyObject *path)
Return value: Always NULL. Part of the Stable ABI since version 3.6. flPyErr_SetImportError () ff

KL, HRXARIAVEE > ImportError [ MM~ .
3.6 BUHTIA.

void PyErr_SyntaxLocationObject (PyObject *filename, int lineno, int col_offset)
BRI AR SCIE, AR R . MR YA RH A e syntaxError , WEBREBIMNYEMLE,
ERFATE 7 RGN RH 2 SyntaxError,

3.4 BB

void PyErr_SyntaxLocationEx (const char *filename, int lineno, int col_offset)
Part of the Stable ABI since version 3.7. 240} F-PyErr_SyntaxLocationObject (), {H filename 2
H filesystem encoding and error handler fRESH T T H

3.2 BB

void PyErr_SyntaxLocation (const char *filename, int lineno)
Part of the Stable ABL 28{Y) T PyErr_SyntaxLocationEx (), {BWE T col_offset parameter 25,

void PyErr_BadInternalCall ()
Part of the Stable ABL jX/& PyErr_SetString (PyExc_SystemError, message) 45, H

Hh message TR T ARESHOR I NFREAE (B0, Python/C APT %) . & FZH T NARAE .

5.3 AHHES

XLERR AT AN C ARIG % %4 . B I T i Python 53t warnings Sl IREE sk 4. B AT A
] sys.stderr Tl — 38 5F E 408, AP A A REC S48 @ RS 4o iR, TEXMSOLT, B
Pk i . WA R REH TS ILH L I, (O R gl & R . R R e, R IBIMECA O
WER A & e, RIEIE -1, (oS @G LT TEEER, WiEe Rk mER. X2
E&%ﬁzg)ﬁn%ﬁmﬁT%ﬁ, WHE N ZIATIEE W REAHE (Flan, Py_DECREF () A5 FFfR M
— PR °

int PyErr_WarnEx (PyObject *category, const char *message, Py_ssize_t stack_level)

Part of the Stable ABL % H— /M85 B . B4 category 2— 15255 (I F1H) B NULL ; message
&> UTF-8 Jifib i 455 o stack_level ;22— 45 HAR WU S I RGBSR A IZAR T 24 /i IEAE
PATHIIEAT R o stack_level 1 ()@l PyEre_warnEx () WAL, 2 @M EReREL, DA
A

BB PyExc_Warning [ 72X, PyExc_Warning 42 PyExc_Exception [12%; Bt
INEEFIIE PyExc_RuntimeWarning . Axif Python 52K 5IVE 4 mAsmal i, Frfy 4 Fx
AR EE KA

A REEERNER, SIS warnings Mar QA7 3CR P —w 0. #0f TS
C API.

int PyErr_WarnExplicitObject (PyObject *category, PyObject *message, PyObject *filename, int
lineno, PyObject *module, PyObject *registry)
K — AR B A S JE I R AT R s ) S B X 2 fiL T Python BR %[ warnings.
warn_explicit () AMEREEMR: HEEH IO TMEIEN. module F1 registry 24 ] H{K
oA NULL PASS 2 AH 5 SR B iR A BRI ECR -

3.4 BUHTMA.
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int PyErr_WarnExplicit (PyObject *category, const char *message, const char *filename, int lineno,
const char *module, PyObject *registry)
Part of the Stable ABL 28{Y| T-PyErr _WarnExplicitObject () Ait message #1 module ‘& UTF-8 %
TSR, T filename 2/ filesystem encoding and error handler fRRGH]
int PyErr_WarnFormat (PyObject *category, Py_ssize_t stack_level, const char *format, ...)

Part of the Stable ABL 28{M T'PyErr_WarnEx () WHEE, B PyUnicode_FromFormat () ¥
FaARAEEH R . formar 2] ASCI 4gfilh (i) FAFER o

3.2 JUHTMA.

int PyErr_ResourceWarning (PyObject *source, Py_ssize_t stack_level, const char *format, ...)
Part of the Stable ABI since version 3.6. 2l FPyErr WarnFormat () BJREL, {H category &
ResourceWarning 3 H'BE ¥ source {£45 warnings .WarningMessage () »

3.6 BUHTIA.

5.4 EiFEIRIEREE

PyObject *PyErr_Occurred ()
Return value: Borrowed reference. Part of the Stable ABI. Test whether the error indicator is set. If set,
return the exception fype (the first argument to the last call to one of the PyErr_Set* functions or to
PyErr_Restore ()). If not set, return NULL. You do not own a reference to the return value, so you
do notneed to Py DECREF () it.

P A 255 A GIL.

ME): RERIR U SRR 0 T H A TIVR WSO PyErr ExceptionMatches (), MR
Fime (HUBARA o) RIGR 0 TR R UL, i T RER — D SEpli A2 2E, B BT a2 iy
MR — AT 2K.)

int PyErr_ExceptionMatches (PyObject *exc)
Part of the Stable ABL. Z4/yJ* PyErr_GivenExceptionMatches (PyErr_Occurred(), exc).,
R AR 2 HAESEBR i & T S B AR RS AT R B 5 | A R A 2B R N AE DT IR

int PyErr_GivenExceptionMatches (PyObject *given, PyObject *exc)
Part of the Stable ABL U5 given 5395 exc WY S8 B PEFC AR [l B . A02R exc & — ANkt
g, WY given J— A>T ISR IR M B AR exe g —AIodl, WIZICA (PA#IAR)
TIC) PRI R AR B R I T IR .

void PyErr_Fetch (PyObject **ptype, PyObject **pvalue, PyObject **ptraceback)
Part of the Stable ABL R4S ERAE /R FFHE I =8 & rh A s bk . AROR BB A R AE R AF, U
R =AM AR NULL, QPREIE, MR BRI HARRAS R B 2 U A R 5 1 . E
FEIINT 4 0] PASH NULL BRI 4R Ry as

;ﬁ: I BRI 7 R A AR S 1 A k7 I B R A AR R S R FE R AT ARSI A,
f:

{
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)

Part of the Stable ABL BT = AN R B IRIERAT. WRF RO IRE, R ek, o
AN NULL, S5RFE 2R R E bR . 1 AN B% A NULL ZE8UR1 9k NULL {EEk B3 558
FAUR YA, THANEAE ATCRUR) S Rl . (6 X S S B i) Je 2 ) . ) it
W & EXEA XTSRS - ARAHE R 2 B3 A XTS5 005 | AR 2 S5 R AR
WA XS (WERRABRRX — 5, SURNE RS B H 2 A T.)

M It o B 5 B N I CRAF IR S 5 R B R AT B AR BT G o i pyErr_Fetch ()
RARAT Y I BRI o

void PyErr NormalizeException (PyObject **exc, PyObject **val, PyObject **tb)

Part of the Stable ABL TEEE 8L F, FIEPyErr Fetch () FREEIMMETVE “IEERAA", 1
sexc - AFARIT *val AR AKESH . EXFS IS AR R fLk.
BHEARIEIILN, WAL, SR ERAL RN TR,

WE: LB T & A S E I __craceback _ Jgtk. WEEIE YARIEY, &
FEOAT A B

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

void PyErr_GetExcInfo (PyObject **ptype, PyObject **pvalue, PyObject **ptraceback)

Part of the Stable ABI since version 3.7. 2B H5E, HIM sys.exc_info () 53, XEfE—
A SR FHE, ARSI KR RES TR =X mHs H, HP T —41y
A[PAA NULL, ASBUREE SRS,

fE): LR GE AN 2T EAL I S A ARD B B o B O 93 2 A AU R G I RAF I
WE S HRSHIE. WM PyErr_SetExcInfo () KR SIHIRF RS,

3.3 BUBTINA.

void PyErr_SetExcInfo (PyObject *type, PyObject *value, PyObject *traceback)

Part of the Stable ABI since version 3.7. B S5 HE, HIM sys.exc_info () B33, XEfE—
A AR RIS, MAZRIS ] KRR RSB SEN5IH. EESRERES, F
HIE =ZASHAEANULL. RTHX=ASEE— BN, %S FpyErr Restore ().

) R EGE A ST S PR I BT R . B 1Y 39 A R A A T I R A
WE SEH RSO . W PyErr GetExcInfo () RiZEPSFHIRS.

3.3 BUBTINA.

5.5 554bE

int PyErr_CheckSignals ()

Part of the Stable ABL. X%k 5 Python {524 FEAT H .

UNRAET: Python fERES: M T EAR M R AL, ERHG AR A MU AR TS, WRE, Wk
AR AR R (5 5 AR BRAAN . ISR SCRF signal Bk, MIMTPAZSE Y I VA Python 455 i {5 5 AL #
GILp

R AL B R AL B S, SRR 0. {HJ2, AR Python (& S AL BRANNNG K T i, I
WA RARR AT HER B L B [A] -1 GRAF AR AL PEAE 5 T REE BOA B AL B EATTRAE R IR
KEFHPyErr_CheckSignals () W#EALFR).

50
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SRR BN AE BRI, BEAR 3 Python M#RREAS MR, WIEARATALMHEAEH R0 0.
XA RFOT AR A BT PR (BN Cul-C) sl KB R C ARSI A .

#iE): 4% SIGINT f2RIA Python (554N S| & KeyboardInterrupt F4# .

void PyErr_SetInterrupt ()

Part of the Stable ABL i f#i — 4~ SIGINT f§ 5 3 X W %% £. X % i F
PyErr_SetInterruptEx (SIGINT),

filE: LR EUR A E S LA . EATANHGIL 3 C 55 b PR IR 1] .

int PyErr_SetInterruptEx (int signum)
Part of the Stable ABI since version 3.10. ¥4l — M55 235 ER . 24 FIRPyErr_CheckSignals ()
BRI, R TR AT ES 48 E 19155 95 1) Python {55 2L BRI o

VLR BATIRE S S A3, I B Python {55 AL BTN & 7E 3 K P Wi (G424 ) P ™
Ctrl-C S P WV E ) 42 FE T B & e R 1) C AR SRR

TR LA E WG S A2 H Python JACFRAY) (BI#%iX N signal.SIG_DFL B, signal.SIG_IGN), ¥
R signum FERE FRVFIIE S o5 E 2 A8, RRRE] -1, FEHARIT, WERME 0. FIRIERIF4
AN PRI AL

) MREUe RS E T L e . B ARIGIL Il C 55 AL BRI .

3.10 JBUHTIA.

int PySignal_SetWakeupFd (int fd)
XA T HREHE T — M LW BNE 5 R AT R ARSI TE U AME 59 5 1 H AR Sk
ARSF . fd WAUZAELZERT . B RFR R — XA SO T .
BB -1 RFEE R X R IIAIRE . XS T Python 1) signal.set_wakeup_f£d (), {H
S B BT RIG A . fd 20— R0 SCAHIIART . SRR By 2 O TRk

3.5 i AE: E Windows b, IR BOIAE SRR 3R AL B

5.6 ISR

PyObject *PyErr_NewException (const char *name, PyObject *base, PyObject *dict)
Return value: New reference. Part of the Stable ABL X/~ T HER &6k B — AN S5 25, name
SRR RN AR, J& module.classname XY C FAFH . base Fl dict ZHE#H N
NULL. XREE#— R4 H Exception FZRAIS (£ C afAE T PyExc_Exception Pili).

BRI __module_ JRIERF LA name ZHRHIT DY (B)a— A m5Z ), MRARHBIN
JEE (RJF— RS ZIR) . base ZEIHUTRIGERF RIS BRI AR —PREZ— K
AT dict ZROTHUT AR E — At FAS AN T AL 7

PyObject *PyErr_NewExceptionWithDoc (const char *name, const char *doc, PyObject *base,
PyObject *dict)
Return value: New reference. Part of the Stable ABL. FMlPyErr NewException () —FE, BT v AR
LB S 2R — D SORY AT ER . R doc JEPEIESS, BRFIAE S W 2R SO 49 He

3.2 JUHTMA.
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5.7 Bl

PyObject *PyException_GetTraceback (PyObject *ex)
Return value: New reference. Part of the Stable ABL -5 58 40 S BEW BIAVE H— 135 g, wJPA
Wid __traceback__ fE Python Hrijiil. HIARBA T RHRAYEIH], W[5 NULL.

int PyException_SetTraceback (PyObject *ex, PyObject *tb)
Part of the Stable ABL B+ Je&5 K EEF B E N th . 7] “Py_None“JHEE .

PyObject *PyException_GetContext (PyObject *ex)
Return value: New reference. Part of the Stable ABL B 5 R#HH X BEAT B30 (XEANRE ex a3 o %
W I — AR EG) AER— 5 R E, ARG _ context_ #F Python Hiijjii]. AR EH
L RBRAY R3¢, R W] NULL.

void PyException_SetContext (PyObject *ex, PyObject *ctx)
Part of the Stable ABL -5 53 AH IR R SCRE R e (] NULL SRIEZE . BOA HRIIOR cox
e RE OISR AG A . XAFETHC B oo 95 .

PyObject *PyException_GetCause (PyObject *ex)
Return value: New reference. Part of the Stable ABL 5 3540 B R A (— A sLfil, 8542 None,
B raise ... from ... &%) fEN—" 51 HE, AILE Python Hiliid _ cause_ Ry,

void PyException_SetCause (PyObject *ex, PyObject *cause)
Part of the Stable ABL 5 S5 A SR S R R cause. ] NULL SKE2E . BERA FEH AR
cause ;& —P BB None RS A . BORHATI— 818 cause 9511 -

_ suppress_context__ 2R E %N True,

5.8 Unicode &= {5k

TR B TR B HOR B C B Unicode 57

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. Part of the Stable ABL fl]#—> UnicodeDecodeError X} 4 I 7

encoding, object, length, start, end F reason 2@V . encoding 1 reason kj UTF-8 i) F4FER o

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. fl|7—~ UnicodeEncodeError % & H M encoding, object, length,

start, end Fl reason. encoding Fl reason H 2 VA UTF-8 4l F 410 .
3.3 e EH: 3.11

Py_UNICODE H Python3.3 2 #% 5 .15 1T £ 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. fi]###—1> UnicodeTranslateError X} I object, length, start, end

F reason., reason ;&— DA UTF-8 4455 .
3.3 Az EH: 3.11
Py_UNICODE H Python3.3;&2E#F M . iE T £ PyObject_CallFunction (PyExc_UnicodeTranslateErrc

"Onns", ...).
PyObject *PyUnicodeDecodeError_GetEncoding (PyObject *exc)

PyObject *PyUnicodeEncodeError_GetEncoding (PyObject *exc)
Return value: New reference. Part of the Stable ABL & 0] 25 & R H# X4 ) encoding J@ 1k
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PyObject *PyUnicodeDecodeError_GetObject (PyObject *exc)
PyObject *PyUnicodeEncodeError_GetObject (PyObject *exc)
PyObject *PyUnicodeTranslateError_GetObject (PyObject *exc)
Return value: New reference. Part of the Stable ABI. & [0] 45 € 5 X 4 1Y object Jg M
int PyUnicodeDecodeError_GetStart (PyObject *exc, Py_ssize_t *start)
int PyUnicodeEncodeError_GetStart (PyObject *exc, Py_ssize_t *start)
int PyUnicodeTranslateError_GetStart (PyObject *exc, Py_ssize_t *start)
Part of the Stable ABL 3REUA E T XT R start JEMEFHRE A *start. start WA N NULL, (3
IR 0, KRR -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)
Part of the Stable ABL 545 & S %410 start J@EN start. WENBHR ] 0, LA -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)
Part of the Stable ABL. 3REU B R E M2 end JE MG *end., end WosliASH NULL, JTI}
&[0, R RE -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)
Part of the Stable ABL 45 & W21 end JEMEN end. INBHR ] 0, ZLMHHEH] -1,
PyObject *PyUnicodeDecodeError_GetReason (PyObject *exc)
PyObject *PyUnicodeEncodeError_GetReason (PyObject *exc)
PyObject *PyUnicodeTranslateError_GetReason (PyObject *exc)
Return value: New reference. Part of the Stable ABI. iR [0] 45 € S5 X 2 1Y reason Jg M
int PyUnicodeDecodeError_SetReason (PyObject *exc, const char *reason)
int PyUnicodeEncodeError_SetReason (PyObject *exc, const char *reason)

int PyUnicodeTranslateError_SetReason (PyObject *exc, const char *reason)
Part of the Stable ABL B-25 5 R E XL W) reason J&1YER N reason., FEHEHRE] 0, REEHRE] -1,

5.9 IR

XA R it 7 — Mo C 2% B T2 id IR 7730, TER O S B b g iE . 24
IS A— € 2 ARV Python fURS (5 2 A SR BRI ITREE) matfR =B eql. efyT
tp_call SCBARE M ICAL B Ay il A #p3sL  TASTIR AL P
int Py_EnterRecursiveCall (const char *where)

Part of the Stable ABI since version 3.9. ¥ric—-# AR C 2 BRI R AT HY A5 A o

R L7 USE_STACKCHECK, LIS Pyos_CheckStack () A E#IE R G HEMR 2T
it . FEXFMEN T, BREE A MemoryError iR FHEZAE.

W/ M PR BRI A S TR B IR A2R2 YT, KFE > RecursionError k[ —/k
TH. FEHMER T, WREZE.

where [V 3hj—> UTF-8 @i FAFEE U " in instance check", B3 i IH TR B2 R I o 5
M RecursionError 4 EAHPHE.

3.9 RS AE: PR EOAE AESZBR APT HHAT ;] .
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void Py_LeaveRecursiveCall (void)
Part of the Stable ABI since version 3.9. 45 9 — /~Py_EnterRecursiveCall (). W/ &

XfPy_EnterRecursiveCall () WA~ s ey KR HBESIT— I .
3.9 fi A PRI AR SZ B APT Rl ]

IE AT W AR R M tp_ repr FRERERINNIEIAT . TR LI, tp repr MTFEHBERNT S DA
B 1 BAEER . AR B R BCR S B 58 U BE . ASEFRBSCRAE, XIS BREi02 C XY reprlib.
recursive_repr () &MY,
int Py_ReprEnter (PyObject *object)
Part of the Stable ABIL. ¥Etp_repr SEILHITF Lo 8 CAKS PG ER
WIRXS R C AP, SR BCRHR Bl — AR FEHE DL T tp_repr SEELN 243 [0 —F5IH &
PERRITRFR AT S, BI, dict AFGURRI (...} T List APQRHER (.. .1,
AR R3] 328 B A D) 1 b RS [l — AN B E S FERETS LT tp_repr SEEER M 241& 9] NULL,
TESCL T, BCRECHRI BT ¢ o_repr STIATERAKSE
void Py_ReprLeave (PyObject *object)
Part of the Stable ABL 25 —~Py ReprEnter (). Whis 341Nk EIZER Py ReprEnter ()
KRR 4R —

510 IrERE

All standard Python exceptions are available as global variables whose names are PyExc_ followed by the Python
exception name. These have the type PyObject*; they are all class objects. For completeness, here are all the
variables:

C &% Python &FR g
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_ConnectionAbortedEr€fonnectionAbortedError
PyExc_ConnectionError ConnectionError
PyExc_ConnectionRefusedErfonnectionRefusedError
PyExc_ConnectionResetErrpfonnectionResetError
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

Toidks:
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R1-#Er—8

C &R

Python Z#R

[EI#

PyExc_ModuleNotFoundErro

rModuleNotFoundError

PyExc_NameError

NameError

PyExc_NotADirectoryError

NotADirectoryError

PyExc_NotImplementedErro

rNotImplementedError

PyExc_OSError

OSError

PyExc_OverflowError OverflowError
PyExc_PermissionError PermissionError
PyExc_ProcessLookupError| ProcessLookupError
PyExc_RecursionError RecursionError
PyExc_ReferenceError ReferenceError
PyExc_RuntimeError RuntimeError
PyExc_StopAsynclIteration| StopAsynclIteration
PyExc_StopIteration 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_UnicodeTranslateErrdnicodeTranslateError
PyExc_ValueError ValueError

PyExc_ZeroDivisionError

ZeroDivisionError

3.3 WMeoEH A

PyExc_BlockingIOError,

PyExc_BrokenPipeError,

PyExc_ChildProcessError, PyExc_ConnectionError, PyExc_ConnectionAbortedError,
PyExc_ConnectionRefusedError,

PyExc_FileExistsError,
PyExc_IsADirectoryError,

PyExc_FileNotFoundError,
PyExc_NotADirectoryError,

PyExc_ConnectionResetError,

PyExc_InterruptedError,
PyExc_PermissionError,

PyExc_ProcessLookupError fll PyExc_TimeoutError £7F PEP 3151 #5| A

3.5 fRFT A PyExc_StopAsyncIteration fil PyExc_RecursionError.

3.6 GHTIIA: PyExc_ModuleNotFoundError,

XL R4 PyExc_OSError:

C &R

[Elf

PyExc_EnvironmentError

PyExc_IOError

PyExc_WindowsError

3.3 MU A XL B 28 e B SRR

=

figt:

U RCRH AR R R R

* XAE Windows Hh7 S5 AR & LT HALFLRET 2 MS_WINDOWS , DASEARH I # B AR5,

5.10. FFERE
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5.11 FREEE LS

All standard Python warning categories are available as global variables whose names are PyExc_ followed by the
Python exception name. These have the type PyOb ject *; they are all class objects. For completeness, here are all
the variables:

C & Python Z#R [EIfg
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 GHTINA: PyExc_ResourceWarning
(EIfigt -

3 RO AR 2RI B
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A e R 0] T ACAT R T AT, WS B C RV T -7 22l [E14: (portable). 7 C il
Python module (#%4H). PABHATER 5 [#(EIE A C i) EAHE - Python FHHI(E4E

6.1 fERAMIH

PyObject *Py0S_FSPath (PyObject *path)
Return value: New reference. Part of the Stable ABI since version 3.6. 12 [0 path 15 A% & 58 WP I F o~
R WRZX R 24 str B bytes X4, WEMGI NN, WRZNZEH T
os.PathLike #[, MHEERE A str 5 bytes WEEFHRI __fspath__ () . FEHAEN
T¥ 5| % TypeError HiR[H NULL,

3.6 BUHTIMA.

int Py_FdIsInteractive (FILE *fp, const char *filename)
m R 4 WK filename 1 BR HE VO SCHE fp w8 IN R W A2 BRI GR W E(4E %) fH.
isatty (fileno (fp)) NEAHMCAYE T XA WREF/iEbRPy_Interactiverlag
ﬁﬁg, BLBREUTE filename 15514 NULL BCE HAFREE T 547 ' <stdin>' B '222" WHRHR
] LA

void PyOS_BeforeFork ()
Part of the Stable ABI on platforms with fork() since version 3.7. TESEREA X 27 Hi £ 5E 28 P FCIR S R
B BCRREUY SAEI ] fork () BUEARAMT LI SEkE 24 Hi AR Y R B A i i . Had e X
T fork () &S

5 C fork () P JH W 24 H fFmain” % 42 (B T 'main” %4 %) b #47. X F
PyOS_BeforeFork () Ryttt 2untt.

3.7 BB

void PyOS_AfterFork_Parent ()
Part of the Stable ABI on platforms with fork() since version 3.7. TESEFEA X 27 J5 B 528 N LIRS R
B WCRREY SFEW A fork () BURMIZELIA sERE Y iR g2 oA, ot ek 2
. REHTEXT fork ) MRS,
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i f. C fork () P H N Y4 H HE main” & 42 (6 T main” #% 4 %) H #47. X F
PyOS_AfterFork_Parent () EUit 2.

3.7 BB

void PyOS_AfterFork_Child ()
Part of the Stable ABI on platforms with fork() since version 3.7. FEHFE Y X 2 )5 H#H W EREERIRS T
PR WERBUAHE A fork () BURA SRR FoRE 24 5l BERE Y s B 2 S e TR i, 4
Rz REA L2 B E] Python fRERR TG . NG T LT fork () WAL

& C fork () WM M Y4 H A main” % 42 (KL T main” i F 2%) W 47, X T
PyOS_AfterFork_Child () SRULHLEN.

3.7 GBI
hs%:

os.register_at_fork () o s Vaa s wJ #iPyOS_BeforeFork (),
PyOS_AfterFork Parent () MlPyOS_AfterFork child () J8JAH H & X Python FR%].

void PyOS_AfterFork ()
Fart of the Stable ABI on platforms with fork(). FEFFRE4> 2 J5 H L N ERIRS I R A Qn R ZE4k4L
{8/ Python fRE T G R B A FE B AR i A o An SR 2R — AN B T AT SO R BB i A
W, RTS8 I IR A

3.7 BEEH: WEBEry0s AfterFork Child () B,

int PyOS_CheckStack ()
Part of the Stable ABI on platforms with USE_STACKCHECK since version 3.7. 24 fRREZ8 % 25 [8) FE IR}
R EE. X2 DTSR A, BAFEE LT USE_STACKCHECK B ] i (H RifE Windows - {if
FH Microsoft Visual C++ #4ii%#%) . USE_STACKCHECK ¥4 [ 3 & s R4 A N AZAENR A O i fehg
RO R S

PyOS_sighandler_t PyOS_getsig (int i)
Part of the Stable ABIL Return the current signal handler for signal i. This is a thin wrapper around either
sigaction () or signal (). Do not call those functions directly! PyOS_sighandler_t is a typedef
alias for void (*) int.

PyOS_sighandler_t PyOS_setsig (int i, PyOS_sighandler_t /)
Part of the Stable ABI Set the signal handler for signal i to be h; return the old signal handler. This
is a thin wrapper around either sigaction () or signal (). Do not call those functions directly!
PyOS_sighandler_t is a typedef alias for void (*) int.

wchar_t *Py_DecodeLocale (const char *arg, size_t *size)
Fart of the Stable ABI since version 3.7.

Bl BN A A W PyContig APT DAKTFTEfPRAT Python #EAT T 4145 16 11
PyConfig_SetBytesString () KA.

PR AR TATAE This function must not be called before 23 Python 474744 1% 2 Bl 9% & FH DA IE 4
it E LC_CTYPE EE XI: &Py _Prelnitialize () BREL.

i filesystem encoding and error handler RIS —AFA7 8 . RS IRAE TR /A4 4 surrogateescape 4
BRACFRAIAN , AN AT AR ) 7R 9k A 4 U+DC80..U+DCFF i BBl 4% T AR — 45 )7
S AT R RS R B4, T o 2 surrogateescape 4 A AT SR SLIMTAS 2 RS
file

IR A —ANFE 1 BE A B S A R AR R R dR S, T PyMem _RawFree () SRBEHNAE. W0
R size A NULL, JUPFFHERR T null PR S FAFECR G A S *size
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TEFRRD A5 R B A7 Be A 1R B IR 0] NULL. WS size AN NULL, N *size REAE N AEEE RN
(size_t) -1 oifEMRRSES RIS N (size_t) -2,

filesystem encoding and error handler J& B PyConfig_Read () R ¥ £ M): 2 WpPyConfig
W filesystem encoding flfilesystem _errors W H.

TSR IRAERS A Y KA, AR C PEA R BRI «

Effi il Py_EncodeLocale () BRI AT dnlit b 745 ER

bz

PyUnicode_DecodeFSDefaultAndSize () %[]PyUnicode_DecodeLocaleAndSi ze () ]Zlé‘ﬂ(c
3.5 OB

3.7 i A BAAE ML PR AE Python UTF-8 AR UTF-8 A% 3.

3.8 MU 5 MIAEUNSFE Windows [Py LegacyWindowsFSEncodingFlag k25N i pd Fos (i H
UTEF-8 gt =,

char *Py_EncodeLocale (const wchar_t *text, size_t *error_pos)
Part of the Stable ABI since version 3.7. —~ i T FF 4 4L 00 45 88 9 8 K filesystem encoding and
error handler , QR55IRACIRAIHE A surrogateescape 45 iR AL FRA, WIFE U+DC80..U+DCFF i [l N
P AIRFAF 2Pl A5 5717 0x80..0xFF,

R E— AR A B FE TR s Er, [ PyMem Free () SERERNIE . 24 & 4E i sER ek N1F
A TRAE R AR ] NULL.,

A error_pos >k NULL, WKZIF &4 *error_pos Bk (size_t) -1, BURAEREMRIDHSR
RN TR F AR S 5 .

filesystem encoding and error handler & H] PyConfig_Read () ¥ ik £ #y: = WPyConfig
M filesystem encoding flfilesystem errors &/ .

WM Py_DecodeLocale () MREUINF AT H ARG 0] il S8 FAF AL FAFER

ey 1RO AT AE This function must not be called before *1 Python #4744 1% 2 B4k E H DA
fHIER R & LC_CTYPE 155 i &Py _Prelnitialize () BREL.

bz

PyUnicode_EncodeFSDefault () MlPyUnicode_EncodeLocale () %K.
3.5 BB

3.7 iR A% BUAE LR EE Python UTF-8 #E3RFAE ] UTF-8 4 fid i3,

3.8 MREE & PIAEUNSRAE Windows Py LegacyWindowsFSEncodingFlag “h2E N IR ECEH
UTF-8 gk,

6.2 ZMEAX

KEERMR  sys BT RE R PALE C AR I B9 T H KA. EATER T H T Y4 iR ALY sys £
Py, I SN TR ARIR S G i
PyObject *PySys_GetObject (const char *name)
Return value: Borrowed reference. Part of the Stable ABL iR [8]3k H sys BRI name S R B AR
FAENR R NULL, H HASBCESFH

int PySys_SetObject (const char *name, PyObject *v)
Part of the Stable ABL ¥f sys BB ) name 1% v [&3E v S NULL, FEMEDLT name i\ sys fidh
R . iRm0, KAERR R IR -1,
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void PySys_ResetWarnOptions ()
Part of the Stable ABL ¥ sys .warnoptions BB NZHFE. WEREWLEPy Initialize () ZHi
B -

void PySys_AddWarnOption (const wchar_t *s)
Part of the Stable ABL ¥ s 5 /l1%] sys.warnoptions. WEREUWNIAEPY Tnitialize () Z Hi#k
T LAGE 52 i S i i 51 R

void PySys_AddWarnOptionUnicode (PyObject *unicode)
Part of the Stable ABL i unicode {513 sys .warnoptions.

HE: H Al s R W AE CPython SE L Z AMET, W A ELBIAEPy Tnitialize () WY
warnings WA FAZHIHIAN, HREEEITH CHI A AE L A RVFEIE Unicode X4 i A
REBRH .

void PySys_SetPath (const wchar_t *path)
Part of the Stable ABL X§ sys.path ¥R HTE path PR3 B RH T RS, ZSER A
FE PSRRI AT (2 Unix _F2h @, 78 Windows 2 ;) 70 FRIERAEHIS1 2.

void PySys_WriteStdout (const char *format, ...)
Part of the Stable ABL ¥DA format §iiR 04 B4R S AT sys. stdout. Ag| KA F%, H
AT M (LR 30).

Jormar |3 24065 A% AL R i tH A5 B 10BN R BIFE 1000 775 AR - #ad 1000 745 f5, i th 5

FRERPBINT . R, X EERAE A Y BUR SZ BRI %os” #8505 BATIR 2460 1117 %. <N>s” S FR ],

Hop <N> 2 — M EI R <N> 5 HAL S AR AL TR R KT Z FAR £ it 1000 <7451+ 3k

T o BB %, B R RN ARE R ECT T E I EOA T TR

WAL THAR, sys. stdout SREINZE, TRRILATIN AR ABILIER (C 240 sidout.
void PySys_WriteStderr (const char *format, ...)

Part of the Stable ABL. 28{l\PySys_writeStdout (), {HMCNE AF| sys.stderr By stderr,

void PySys_FormatStdout (const char *format, ...)
Part of the Stable ABI. 211 PySys_WriteStdout() %) BRI 0K & {# i PyUnicode_FromFormatV ()
# AT I EASFHE BB 2K

3.2 BUHTMA.

void PySys_FormatStderr (const char *format, ...)
Part of the Stable ABL. Z8{l|PySys_FormatStdout (), {BUMCNE AR sys.stderr B stderr.,

3.2 BT

void PySys_AddXOption (const wchar_t *s)
Part of the Stable ABI since version 3.7. ¥ s ¥ H—A-H -X &AW £ A I BRI
#lpySys_GetXOptions () PRI Y HTEIMUS . WA PAfEPy_Tnitialize () ZHIHI
Mo

3.2 UBTIMA.

PyObject *PySys_GetXOptions ()
Return value: Borrowed reference. Part of the Stable ABI since version 3.7. 12 B4 H] -X W7, 28
fIF sys._xoptions. KAHFRE, R[] NULL I E—DFH .
32 KB A.
int PySys_Audit (const char *event, const char *format, ...)
B K — A I I AT G B8 T o BT R IR (0] 2B B 2 s 3z [ HE B AE R — A
o
WER TR TAR 81, WK formar FIHAMSHORM E— A H AL A ITH. B N PASH,
fEPy_BuildValue () AR A . GAREEGEAE—TCH, ERFsmE
—NEITRICH . (ERIET N VEFE— 51, (H2 B T8 B NIE RS0 S50 75 R 1k
THFE, P e T RE S it . )

R # AN Y B RS EPy_ssize t RALH, LA E LT PY_SSIZE_T_CLEAN,
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sys.audit () &FT53k H Python FCHS A e& HOHH [F] O B4
3.8 HUHTIIA.
3.8.2 iU Biokpy ssize t T # #NTFAF. FEILZ BT, S50 K AR E) 3 A

int PySys_AddAuditHook (Py_AuditHookFunction hook, void *userData)
FERI XS hook T MBS 08 THE T2 36 o AE LTI B R (0] SR AE S MO R Rl HEZBAE . ansRiz
TR EEuiwhil, IBSTER MBI E AR, 83t APL I T 25 HE B 1T )
JT A iR A o

userData F8ET 2 WG N T RE. T8 1 RET e A R TH R, R385 A N B8 1)
Python R

BB AEPy_Initialize () ZHIHCEAEIPRIM . WRAEIBTRAIIGZ SRR M, BUARYH
i‘l‘%@%’[ﬁ%)ﬂiﬁ%ﬂ#ﬂﬁﬁ@ﬂ%Iﬁ*/l\/\}\ Exception THRAMEE REEMGTIRIE CHALSE DR
AL -

The hook function is of type int (*)const char *event, PyObject *args, void
*userData, where args is guaranteed to be a PyTupleObject. The hook function is always
called with the GIL held by the Python interpreter that raised the event.

THZ Y PEP 578 [ fRA K VI TRANNE . FEIS TR HE R P 5 A B VT FF 00 eR B0 0 A
N A7 IR LV GIRE = B

51 % —A H il HF sys. addaudithook, BAHMHSEL.

3.8 HUHIIA.

6.3 1752 (Process) ¥l

void Py_FatalError (const char *message)
Part of the Stable ABL 4Tl — iy i M BT R dbfE . AL PATIEMTER. MeR B0 24 (U7ER
IE 7] BE- 428 1] Python fEREEE1HE I 10 A F I BUAGR I B0, 240 R C IR
. 7E Unix b, #5ifE C FEEREL abort () BNFFFF BRI 4E—1 core M.

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 WS H LSRR TR
void Py_Exit (int status)

Part of the Stable ABL B H 4 Fi#E#2E. X H Py FinalizeEx () SRIGTEH FARME C FE KK
exit (status). WRPy FinalizeEx () iR, BHIRSEHL S 120,

3.6 B R H IR ZALRY R S T 2

int Py _AtExit (void (*func))
Part of the Stable ABL YEW—/NPy Finalizefsx () WNMTEBEE T HIEBE R ECR A ME ALL
PSR HA N IR ITAE B 2 7T AEMF 32 VG BRI . STEM IS, Py_AtExit () FFiR[H]
05 R, ERFRI -1, f e d M H s B s i S WO - T B R AR 2 2 W00 — IR
1T Python [ N AR A ALRFAE T B R AL BT5E A, A It Python APT AR fune JHH -
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6.4 EANERH

PyObject *PyImport_ImportModule (const char *name)

Return value: New reference. Part of the Stable ABI. iXJ& N Py Import_ImportModuleEx () Witk
W R, H globals 1 locals ZH{ 1% K NULL H-4F level %4 0. 4 name ZH0 5 ri's (HI45E
T— MR FAEER) B, fromlist ZELRBEBENFIFR [+ ] BXFEIR AR R I s A BRI AN G AE
HARE BT AREE N A SR e 2. ORFER 2, XFE name 3205 @@ — DT HimdET
RIS — N EAMYBITER : BB __all_ AR IEEn AR Syima. ) & m—4%f
%)\ﬁﬁ%ﬂ’ﬂ%ﬁ%’]?j, HOETE R AR IIHR B NULL H & H . SRS A R RBHA & e
sys.modules o

AR B R AR A

PyObject *PyImport_ImportModuleNoBlock (const char *name)
Return value: New reference. Part of the Stable ABL Z R4 E Py Import_ImportModule () —/ %

BEFEI A o

3.3 MU 8% AP AT — AR SRR B 7 BRI, (EUZ2 A Python 3.3 32, BT SAE K2 4L
T UL NS VI R A M, BT DAL BR BB RRIRA T o B TE

PyObject *PyImport_ImportModuleEx (const char *name, PyObject *globals, PyObject *locals, Py-
Object * fromlist)

Return value: New reference. 5: A— kL, &SN & Python pREY _ import_ () FKESZEMFH
KR
SR EHE AR T AR B R 2R ARG 1, BURTE S ARG Y NULL 50—~
o 5 _import__ () KM, MR UR AR MHEEF % SRR, BRIESR T
—NEZS W) fromlist .
AR SN A T REBIRRAS R, R Py Import  ImportModule () ARt

PyObject *PyImport_ImportModuleLevelObject (PyObject *name, PyObject *globals, PyObject

*locals, PyObject * fromlist, int level)

Return value: New reference. Part of the Stable ABI since version 3.7. S A—"MEH . T R0 5 E:
ULHATEZ7% N Python PRI __import__ (), PEAFRIE __import_ () MRES B IV LR EL.

IR HE & — R T AR R S R R ARG, BURTE S AR M A NULL R E A
Ho 5 _import_ () FML, YRR AR IR BEE O RS 2, BRAEAE T
—ANESS WY fromlist,

3.3 RCHTINA.

PyObject *PyImport_ImportModuleLevel (const char *name, PyObject *globals, PyObject *locals,
PyObject * fromlist, int level)

Return value: New reference. Part of  the Stable ABL M
FPyImport_ImportModuleLevelObject (), {H H 4 Fr 2~ UTF-8 %% B F £F £ A 2
Unicode X% .

3.3 HUHE 8 NP2 level S5 EUHE

PyObject *PyImport_Import (PyObject *name)
Return value: New reference. Part of the Stable ABL iX2—/ N 7418 “SAHTHRE" WEEHZHR
B (RRIEE level 0, FIoRGEXFA) . B EGEW N L Hi 2 RENEN __builtins_
) __import_ () BREC. XEEMEFFN YU HIFRE T 2R A TR A
KRB (AR R AR A

PyObject *PyImport_ReloadModule (PyObject *m)
Return value: New reference. Part of the Stable ABL B #—AMEEL . 1% [B]—A4NFE [0 9F B A 35
TR RIRNHR ] NULL H S — i (TR O PRI IR AT ) .

PyObject *PyImport_AddModuleObject (PyObject *name)
Return value: Borrowed reference. Part of the Stable ABI since version 3.7. 32 [B] 55} BT FAME 42 TR

Hext 4. name ZEE AT PN package .module, UIRAFHE modules 7 HiL I B SGAG £ % 7 L
URARANE], WRTE—ASHrSRI-F5 Hoddi A 2] modules 7 Uit 7ER R[] NULL H 35 B — 455
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) BB S gk el S AT e AREHGE RN, RIFER S R 5.
HPyImport_ImportModule () BB RIHAARIE A F AR, name i FH7 S5 2 FRAG L5
FA A0SR W AN FEAE NN S 1 ) 2

3.3 BUHTMA.

PyObject *PyImport_AddModule (const char *name)
Return value: Borrowed reference. Part of the Stable ABL 23U/ F Py Import_AddModuleObject (), {B
HAFRH UTF-8 Gwh i) 7455 1M A /2 Unicode %142, object.

PyObject *PyImport_ExecCodeModule (const char *name, PyObject *co)
Return value: New reference. Part of the Stable ABL %5 F — &R (A HEN package .module
) Fl—~M Pyhon F-A5RG SCAFSEIE A P B R compile () FREUAARIIXS S, BB, &
MIXHZBHO AT, B TR A A R R 0] NULL 308 A 7 . FE R R R RGO
N name &M sys.modules RS, B name ¥EE APy Import_ExecCodeModule () B
fEAET sys.modules H1. FE sys.modules PR AR TZEVHMBIHCZ @R, FRhFAX
ﬁi’g*ﬁﬁ%‘&ﬁﬁ\%?ﬂiﬁ*ﬁﬁiﬁﬁ%ﬁﬁlﬂ:*ﬁﬂiﬂE"J R AR ) 7 P SR 15 0] BB A2 453K 1Y)

BB __spec_ Fl __loader_ QNMEMARBERINE, RAgiis B AE UAE. IR spec [FmEk#
(AARCWHE) FPCBHY __loader_ MFEHABIE L N A SourceFileLoader fSEH.

B file JRMERFPEN AR co_filename. WIRLEM, __cached  Wff#ix
.

ARBIHRE B P AN R B EHE . WS RPyImport_ReloadModule () | fif B HAH )
.

A name 51— MEX N package .module AT S-S HIAFR, TAEAR] v A B A QAR A
SR,

Hig &R PyImport_ExecCodeModuleEx () MlPyImport_ExecCodeModuleWithPathnames ().

PyObject *PyImport_ExecCodeModuleEx (const char *name, PyObject *co, const char

*pathname)
Return value: New reference. Part of the Stable ABL 2{l)F-Py Import_ExecCodeModule (), {HANSE

pathname A~ NULL WSS BT R __file  J@HRIHE.
W R PyImport_ExecCodeModuleWithPathnames ().

PyObject *PyImport_ExecCodeModuleObject (PyObject *name, PyObject *co, PyObject *pathname,
PyObject *cpathname)
Return  value: New reference. Part of the Stable ABI since version 3.7. 25 1
FPyImport_ExecCodeModuleEx (), {H UM cpathname A~ F NULL N 2= g & f #5855 5 &
% __cached_ {H. TE=ABECH, @R AI—1.

3.3 HUHTIA.
PyObject *PyImport_ExecCodeModuleWithPathnames (const char *name, PyObject *co,

const char *pathname, const char

*cpathname)
Return value: New reference. Part of the Stable ABL. Z8{DlFPyImport_ExecCodeModuleObject (),

{H name, pathname HI cpathname >y UTF-8 S i) #4753 . IR pathname WA NULL Mif 2253
HRIE cpathname FEWT H i Z1(HE

3.2 BTN
3.3 s Ag: AR R T I AR S ] imp . source_from_cache () RITHEIEEAL.
long PyImport_GetMagicNumber ()

Part of the Stable ABL 3&[f] Python F4i S (E) .pyc SCfF) HIBERL. BLEEEON 2177 T 4775
SCRRIFE PO, BRI . R ] 1,

3.3 MR A F AR HRE [l -1
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const char *PyImport_GetMagicTag ()
Part of the Stable ABL 1%} PEP 3147 #5X[¥) Python 751 SC1F44 3% [0l BEARSRZ: A7 H3 . WCIEAE
sys.implementation.cache_tag BN 248 H R AR b pR 00 B R R AE -

3.2 BTN

PyObject *PyImport_GetModuleDict ()
Return value: Borrowed reference. Part of the Stable ABIL & [0] ] TAEH & ) F M (B sys .modules),
T VEE IR R A

PyObject *PyImport_GetModule (PyObject *name)
Return value: New reference. Part of the Stable ABI since version 3.8. & B 45 2 R C-SASSEL, a5
BEHR AR AR ] NULL AAER BB AR D AR AR NNLR [F] NULL H 3B A iR

3.7 BUHTMA.

PyObject *PyImport_GetImporter (PyObject *path)
Return value: New reference. Part of the Stable ABL & a4 % —> sys.path/pkg.__path__ W4
H path B &R AFX 5, WHES ML sys.path_importer_cache FHISRIRE. WIARE ¥ ARHL
Zeff, Wkl sys.path_hooks H R I —MEEALPEX path 25 H A8 T WIRECA T H 144
TR ] None; 33X Kf45HIH A J7path based finder Fok 1% path %7% HAB A . g3
sys.path_importer_cache, iR[E|—A-4g AN L0851 .

int PyImport_ImportFrozenModuleObject (PyObject *name)
Part of the Stable ABI since version 3.7. N4 RN name [ GREFE., WIhRE 1, 4R K3
B E] 0, ASRAI AR A R ONR ] -1 FF BB — . %Tﬁﬂ%ﬂzﬁiwlﬂﬁltﬂ%ﬁ%/\ﬁ’ﬁ%ﬁ%,
%@)ﬁ Pymport_Importiodule (). (IFHEEHARAT S - WREDE B T A BB T
.
3.3 AT AA.
34 fRESE: _ file  JRMERFATAERR FICE.

int PyImport_ImportFrozenModule (const char *name)

Part of the Stable ABL 2 F Py Import_ImportFrozenModuleObject (), {BHZ4Fxk UTF-8
A TAFER A J2 Unicode X4 .

struct _frozen
AR ORGSR AR S5 2R BE L, 5 freeze T RN —2 (1§ F Python JEAL
EATIRPE) Tools/freeze/), HE X HFE Include/import .h P F):

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

bi

const struct _frozen *PyImport_FrozenModules
This pointer is initialized to point to an array of _ frozen records, terminated by one whose members are all
NULL or zero. When a frozen module is imported, it is searched in this table. Third-party code could play
tricks with this to provide a dynamically created collection of frozen modules.

int PyImport_AppendInittab (const char *name, PyObject *(*initfunc)) void
Part of the Stable ABL [ 3G B N BB RIN— MM, X &N Py Import_ExtendInittab ()
MRS, QERTCEY RRNLR I -1, BB ] 45K name Fe A, FA4 T & EL initfunc
VENAES — IR AR R I AG LR B . R 2 e Py Tnitialize () ZHITM.

struct _inittab
IR P EALHS R P — Nk B SR TASEMRER S T N BT AR RS ) R MR 4
FRAPIEG A R A FRE— ASCI 4 i (#4552 . fik A T Python % 7 A] DAfSE FH X 4544 1R 1
WK 5Py Import_ExtendInittab () FHESEVATRHLAR MK N B, ZE5HAHE Include/
import . h HEE U
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struct _inittab {
const char *name; /* ASCII encoded string */
PyObject* (*initfunc) (void);

}i

int PyImport_ExtendInittab (struct _inittab *newtab)
BRI — AR . newtab FALA I LA— 75 DA NULL {28 name “7 B i Wi 2% H 45
W RRESR L K E S FEONAFE R, BIRNRIE] 0 B Q2R TC IR 2 T AR 08 N A7 R4 N e )
R 1o 2EE RS, A SUNIBTREI NS . BB APy _Tnitialize () ZHI .

o A Python  E O £ X W W 4k, WpyImport AppendInittab()
B PyImport_ExtendInittab () WHAEFIR Python H]4GIk 2 miEH .

6.5 B marshal i{EX#F

XLBIREARVF C AU AL IS marshal BT A R B 200 e 21 At 5. oy 28 R 40T R 4L
W5 ARX AP FIAE, 55— L BN AT R EEBOH IR KR - 1 T47i# marshal 25l i) SCHRL25 LA 10F
AT TIT

BOAHEAEAF I SR B ARG 1 RT3k o

PO SRR A RIS AR 55 0 O T SEUAS , 56 1 UAS &34 SC 4N marshal Jiz 7 14k s L2 E AR
ggi )ﬁﬁz}%ﬁZIKAXT/scmﬁzﬁﬂﬂ 4%, Py_MARSHAL_VERSION $§H T 241/ LR (2451
5 2).

void PyMarshal_WriteLongToFile (long value, FILE *file, int version)
Marshal a 1ong integer, value, to file. This will only write the least-significant 32 bits of value; regardless of
the size of the native 1ong type. version indicates the file format.

void PyMarshal_WriteObjectToFile (PyObject *value, FILE *file, int version)
R¢—A~ Python X4 value A marshal &5 A file. version 5 A& A

PyObject *PyMarshal_WriteObjectToString (PyObject *value, int version)
Return value: New reference. 1&[0]— A5 value 1) marshal ZER R FITERER S . version $5H] 30
MR RRAS <

PAF BB VR RO AZAT it marshal A% 2 {E

long PyMarshal_ReadLongFromFile (FILE *file)
Return a C 1long from the data stream in a FILE* opened for reading. Only a 32-bit value can be read in
using this function, regardless of the native size of 1ong.

KRR, R S 24 R (EOFError) Hak ] ~1,

int PyMarshal_ReadShortFromFile (FILE *file)
Return a C short from the data stream in a FILE* opened for reading. Only a 16-bit value can be read in
using this function, regardless of the native size of short.

RAREERIN, B EE M) R A (EOFError) k[l -1,

PyObject *PyMarshal_ReadObjectFromFile (FILE *file)
Return value: New reference. Return a Python object from the data stream in a FILE * opened for reading.

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

PyObject *PyMarshal_ReadLastObjectFromFile (FILE *file)
Return value: New reference. Return a Python object from the data stream in a FILE* opened for reading.
Unlike PyMarshal ReadObjectFromFile (),thisfunction assumes that no further objects will be read
from the file, allowing it to aggressively load file data into memory so that the de-serialization can operate from
data in memory rather than reading a byte at a time from the file. Only use these variant if you are certain that
you won’t be reading anything else from the file.

KAFEARE, R EE S A R (EOFError, ValueError B TypeError) Hik[H NULL,
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PyObject *PyMarshal_ReadObjectFromString (const char *dara, Py_ssize_t len)
Return value: New reference. M 1535 1] data 11 len A5 10 57 28 v DX % . 1A 85008 7 3% o] — A
Python X4 .

KAFARE, HIREEYSH R (EOFError, ValueError B TypeError) iR [H NULL,

6.6 BITSHHWEELZE

TEANERH CHP RERER AR, X ECEE . HEmE BRG] L extending-index .

X SR B A A W w = Ay, PyArg ParseTuple (), PyArqg ParseTupleAndKeywords (), DA
KpyArg pParse (), EATHEMEM & XACF 55 B R RF ek BOUH 70 S 8085 H R £ 33X 28 bR B0 8 1 AH
[ BRI A% A A R

6.6.1 TS

— AT 0 E LRSI T, — MR ITHIRAEIA > Python XF 4 Bl # e —4>
FAFECE MG EAR RSB ITE . BT BB, — RS 51 B M X ST B0 Y I L8 e
W EA B SR FERE T ORAIA T, XG5 NARBAGRRAIG; 5SS O et X 4>
FCHITHY Python XFGEAY; J5fh5 [1 WAYZ LY C 2 (R RS KA,

FHENEEX

X AR AR VFRF X R 7 GRS N AP BB AT U5 I o AR EEFE LR 1] (4 unicode “F4F B 7717 XY
JE AR AT fi o

BRARS AV, Zh XK@ AR PAS LR,
There are three ways strings and buffers can be converted to C:

* Formatssuchas y* and s* filla Py_buf fer structure. This locks the underlying buffer so that the caller can
subsequently use the buffer even inside a Py BEGIN_ALLOW_THREADS block without the risk of mutable
data being resized or destroyed. Asaresult, youhavetocall PyBuffer Release () after youhave finished
processing the data (or in any early abort case).

e The es, es#, et and et # formats allocate the result buffer. You have to call PyMem Free () after you
have finished processing the data (or in any early abort case).

e Other formats take a str or a read-only byfes-like object, such as bytes, and provide a const char *
pointer to its buffer. In this case the buffer is "borrowed”: it is managed by the corresponding Python object,
and shares the lifetime of this object. You won’t have to release any memory yourself.

To ensure that the underlying buffer may be safely borrowed, the object’s PyBufferProcs.
bf_releasebuffer field must be NULL. This disallows common mutable objects such as bytearray,
but also some read-only objects such as memoryview of bytes.

Besides this bf_releasebuf fer requirement, there is no check to verify whether the input object is im-
mutable (e.g. whether it would honor a request for a writable buffer, or whether another thread can mutate the
data).

fE: XFFra # #AEk (s#. y# %), % PY_SSIZE_T_CLEAN WfEfL% Python Z A& X. h.
1€ Python 3.9 S HLRCAS |, W LT PY_SSIZE_T_CLEAN 7%, NMKESHMET Py _ssize t,
IR int.

s (str) [const char *] Kf—> Unicode X} G4 K — g 10 FAFHR I C F55F. —MaEHE M — 12 &7
TERTFAFER , XA L M FAE A . C FAR 2B 245K . Python FERFEHRA
AL B A TERUW S A Wi, —4 ValueError B 951 % . Unicode X} 5 951k %,
'ut £-8" ZRSH C FAFER . WIRER K, —> UnicodeError G| % .
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E): XA FR KA REZbytes-like objects. QNFARKRIEZ XM RFE BAZTH RN C FR7H:,
B os #iEABL G PyUnicode _FSConverter () BN 3#4LR40.

3.5 iR AE: DART, 24 Python FAFHEE Hil %] T AR null fURY 55| % TypeError .

s* (str bytes-like object) [Py_buffer] X Fihs(BEHEZ Unicode X QL Z R FHRAXILR. EH
MR & b Py_buf fer SEHIRME . X HLARAY C FAFH AT RE R 5k A NUL 795, Unicode
R Tut£-8" FtHAL N C FAFER

s# (str, read-only byfes-like object) [const char *, Py_ssize_t] Like s*, except that it provides a borrowed
buffer. The result is stored into two C variables, the first one a pointer to a C string, the second one its length.
The string may contain embedded null bytes. Unicode objects are converted to C strings using 'utf—-8"'
encoding.

z (str 5{ None) [const char *] 5 s Z4{Ll, {H Python Xf G W] HEN None, FERXFMEFLL T, C HREE
>4 NULL,

z* (str. bytes-like object 8§ None) [Py_buffer] 5 s* 250, {H Python %R HE N None, FEIXFh{E
R, Py_buffer 5M buf i Fi%E A NULL,

z# (str, read-only bytes-like object 8% 35 None) [const char *, Py_ssize t] 5 s# 2%{l), {H Python X} %
WATREH None, TEXFMEILT, C 4 E N NULL,

y (Mi#{bytes-like object) [const char *] This format converts a bytes-like object to a C pointer to a borrowed

character string; it does not accept Unicode objects. The bytes buffer must not contain embedded null bytes;
if it does, a ValueError exception is raised.

3.5 AR DART, 45172 KA i ] 1 H# A null P45 25| % TypeError .

y* (bytes-like object) [Py_buffer] s* {253, 432 Unicode X5, Rz deBAr i, XRHZ
T B i ik -

y# (read-only bytes-like object) [const char *, Py _ssize_t] s# [, A$%E3Z Unicode X5, Hizd
FHRAA G,

S (bytes) [PyBytesObject *] Requires that the Python object is a bytes object, without attempting any con-

version. Raises TypeError if the object is not a bytes object. The C variable may also be declared as
PyObject*.

Y (bytearray) [PyByteArrayObject *] Requires that the Python object is a bytearray object, without at-
tempting any conversion. Raises TypeError if the object is not a bytearray object. The C variable may
also be declared as PyOb ject*.

u (str) [const Py_UNICODE *] #—~> Python Unicode %5 %4k 845 7] — 1 PAZS 2 11119 Unicode “F45 28
X EFEEr . RIMIUE AN—APy_UNICODE $8EFAF bt , 17 T— N5 B 2A71ERY Unicode
Gep X% IR —ANPy_UNICODE FEBY P FAF T B WU T g it 1l (16 £ 5 32 i7) . Python
S AUR EEL SRR ARG null (L AT, 3% 4 valueBrror 5.
3.5 Wi s DARG, 24 Python “FAFHR il 2| Tk ARY null fA5 5 25| % TypeError
BIERAS 3.3 BAHERE M, Me g 3.12 v k. - X IHBFEPy_UNICcODE APL i1
$PyUnicode_AsWideCharString().

u# (str) [const Py_UNICODE *, Py_ssize_t] u [0, AW C A&, i m—1
Unicode R ZA7 X, 5 A2 EMKE. B null 5.
HAEHUA 3.3 BAHEEMH, & H A 3.12 1R . - X2k Py_UNICODE APL i§iT#

fPyUnicode_AsWideCharString/().

Z (str of None) [const Py_UNICODE *] 5 u 25{0, {H Python %} 4 8 7] §E N None, ¥FiX it it
FPy_UNICODE #8518 5 NULL,

HAERRAR 3.3 AR A, 46 3 RA 3.12 18k,  X2IHRFER Py _UnICcODE APL; i iE#%

ZPyUnicode_AsWideCharString/().
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Z# (str o§ None) [const Py_UNICODE *, Py_ssize_t] 5 u# 25/, {H Python X} th 7] £y None, ¥F
XFPE LT Py_UNICODE $541 E A NULL.

HIERRA 3.3 AR, & H3 R4 3.12 w8k, « X2 IHRFERPy_UnIcoDE APL; T

Z$PyUnicode AsWideCharString().

U (str) [PyObject *] Requires that the Python object is a Unicode object, without attempting any conversion.
Raises TypeError if the object is not a Unicode object. The C variable may also be declared as
PyObject*.

wh (Bt bytes-ie object) [Py_buffer] A 223532 T 92 BAT ES5 SE1F IS HE L 91 . & )
FARUN Py but for SRR, JEM I TTAEEAEREAR) null 45, Y45 BCUE 52 i T 4 7 2
M PyBuffer Release (),

es (str) [const char *encoding, char **buffer] s 12, & ¥ 4% J5H Unicode ZFEAFFE M IX .
B HACH A i NUL 5735 1Y 2 g D B .

This format requires two arguments. The first is only used as input, and must be a const char* which
points to the name of an encoding as a NUL-terminated string, or NULL, in which case 'ut £-8"' encoding
is used. An exception is raised if the named encoding is not known to Python. The second argument must be
a char**; the value of the pointer it references will be set to a buffer with the contents of the argument text.
The text will be encoded in the encoding specified by the first argument.

pyArg_ParseTuple () R7yHL—A~RME K/ DX, 52 b5 5 i) R # DX 2o X L
B *buffer 5 XA H o BLANAF S8 A E A TUEAEM N AR pyMem_Free () ERRE L
SrBCH G0 X

et (str,bytes or bytearray) [const char *encoding, char **buffer] 1 es fH[F], & T A HEHRBEA
IR . I, EERE ANSEUE RIS G AR AL,

es# (str) [const char *encoding, char **buffer, Py_ssize_t *buffer_length] s# [{725=, BFCaIEH
Unicode “FRFAEATAFEMIX . MM es Tk, EATLAMEIHALE NUL 4%,

It requires three arguments. The first is only used as input, and must be a const char* which points to the
name of an encoding as a NUL-terminated string, or NULL, in which case 'ut £-8"' encoding is used. An
exception is raised if the named encoding is not known to Python. The second argument must be a char**;
the value of the pointer it references will be set to a buffer with the contents of the argument text. The text
will be encoded in the encoding specified by the first argument. The third argument must be a pointer to an
integer; the referenced integer will be set to the number of bytes in the output buffer.

AP ERA T
UNR *buffer 4317 NULL 4551, WeRECRE 7> BOUTH /M Zenh X, 52 i 10 B S i 21 e e X, 5
BCE *buffer LAS| BT M BCHIAEGE o FFINE ST PyMem_Free () DAESE ] SR BRI Zem X

MR *buffer $819E NULL 841 (E0EMZEMIX), WpyArg ParseTuple () ¥ H LA EAIEH
e IX, K *buffer_length MR IATEARRE R vh K K/ BR)G, &K1 4 65 AR B A2 ) 1) g o X
HLIE. WREMXABLR, HiE 4 valueError,

TEXPABITH, *buffer_length RSB F b 545 A NUL BRI .

et# (str,bytes 1 bytearray) [const char *encoding, char **buffer, Py_ssize_t *buffer_length]
M est MF, BTANERDEANFIFRENS. Mk, BIREE ARSI IGE N FAFERR
A,
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ok
b (int) [unsigned char] Convert a nonnegative Python integer to an unsigned tiny int, stored in a C unsigned
char.

B (int) [unsigned char] Converta Python integer to a tiny int without overflow checking, stored ina C unsigned
char.

h (int) [short int] #§—{f Python % ###([F] C §¥ short int.

H (int) [unsigned short int] #§—{f Python ####([F;{ C ¥ unsigned short int, E[FEFE MRS
T

i (int) [int] J{—{F Python ®&#i#(FI C 119 int,

I (int) [unsigned int] }¥%—{# Python F#HEEI C ) unsigned int, ARG G,

1 (int) [long int] #§—{F Python ###(EI; C 1Y long int.

k (int) [unsigned long] —{# Python ##{##[F)j}, C ) unsigned long, EEIEFRMER G
L (int) [long long] }§—i Python ##§##(E]; C ) 1ong long.

K (int) [unsigned long long] 1 Python 3 ¥##[F]j; C 1) unsigned long long, E[EMEFEMERS (7
hatr.

n (int) [Py_ssize_t] J§—{§ Python B ## [ C Py _ssize t.

c (bytes B EJ¥[E] 1 ) bytearray) [char] Convert a Python byte, represented as a bytes or
bytearray object of length 1,toa C char.

3.3 iR fUFF bytearray Y.
Cc (REJ¥[E 1/ str) [int] Convert a Python character, represented as a st r object of length 1, toa C int.
£ (£loat) [float] #$—1 Python % [E) C 1:c:type:float,
d (float) [double] j{§—ff Python 77 #H(EI C [#):c:type:double.
D (complex) [Py_complex] }%—1{F Python [E#{isk([E) C Py complex i,

Hivhtt

O (¥ufF) [PyObject *] f Python X5t (CRBEATALAMELAR) f7AffE C MR Ak . HIL, CRFRILE
B EFRR R MRS FPifIHRE A2 NULL,

o! (¥f) [typeobject, PyObject *] Store a Python object in a C object pointer. This is similar to O, but takes
two C arguments: the first is the address of a Python type object, the second is the address of the C variable
(of type PyOb ject*) into which the object pointer is stored. If the Python object does not have the required
type, TypeError is raised.

o& (¥f) [converter, anything] Convert a Python object to a C variable through a converter function. This takes
two arguments: the first is a function, the second is the address of a C variable (of arbitrary type), converted
to void*. The converter function in turn is called as follows:

status = converter (object, address);

where object is the Python object to be converted and address is the void* argument that was passed to the
PyArg_Parse* function. The returned stafus should be 1 for a successful conversion and 0 if the conversion
has failed. When the conversion fails, the converter function should raise an exception and leave the content of
address unmodified.

IR converter 3R 7] Py_CLEANUP_SUPPORTED, MIGNRSEENT LR, B e FRRIH X
PR, MM s A WL R E A B AR AT . FE5E —NJE Y, object ZH0K S NULL; [H i,
EESEE S NULL; R, RS ECE N NULL, HBE, %S5 NuLL S (R {E) 4 O NULL
address WWES [P o A (EAR R

3.1 iR 5%k A Py_CLEANUP_SUPPORTED,
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p (bool) [int] WM& AMIEE A R EL (— N ZR BN FH EHRFE5 A A ARG R ) C true/false #EAU{H
WRFRANEE 1, BINE 0, BEZAFM AL Python {H. 2 truth ZRIUE Z 5T Python 411
R E R L AE B
3.3 HHTIA.

(items) (tuple) [matching-items] %F505%0)& Python J¥31, ‘B items g BoCH%E. CZ
B, items g —ADMSL AT, FA AT BEA R .

& long” FEAY CREAV(E ML 77 A1 LONG_MAX [ 2R, JRIM A B 138 4 1 FE A i ——

R F BN ISCORBE I, e B A L BRI T (SEPs L, C i S S SRR Y S hili 56 1

FAE I E T RE & KA AR L)

F& A FAFER s — S AL AR FRR A L. XN BB AN B R FE S . B2
| FHAFE Python 24051 3 HH ) N A S EH S Ik . C A8 Bt I Y nT e S 405 B i1k BAE
—NAESHO A TR ERS, PyArg ParseTuple () ANREVFRIAHNI C A8 & (B84 IINE
$ PyArg ParseTupleAndKeywords () only: FHWITE Python Zx${ 413 rh ) 1 1) S HCHR /2 5 ) ¢ f

4. AT, IR SRR AR TR SR, IS AR R | L T— AR S R
Tl
3.3 JRHIA.
o AE IR IR A AR B S R FAF ERBUTRAVE R IRIE B P I B (PyArg_pParseTuple ()
PRI “RER(E” 7).
; $§i§fﬁiﬁﬂﬁﬁﬂiﬁétﬁﬁ$%%5; T R ER BT R A B U RO A BRI B+ AT AR EHE
FERAT A bR 2 B2 LAY Python X5 12 15 k0951 ABLEBIEAIAS ] T4
2 1 25 X 8 bR B BT I SR AU e RS A T E R G 928 BRI XU R A il A T4
A—Leligol, W i aRs X RoTs R AR, XEESEAENRMAEMEA ) XML T, BEAINMZ
DTG SE A B A% R T
For the conversion to succeed, the arg object must match the format and the format must be exhausted. On success,
the PyArg_Parse* functions return true, otherwise they return false and raise an appropriate exception. When

the PyArg_Parse* functions fail due to conversion failure in one of the format units, the variables at the addresses
corresponding to that and the following format units are left untouched.

£

API HZ,

int PyArg_ParseTuple (PyObject *args, const char *format, ...)
Part of the Stable ABL i — A S8, £XX P SEEESEALEIWF AR T . i
ik a] true; MR 9] false F ELG | AAH N Y 57 o

int PyArg_VaParse (PyObject *args, const char *format, va_list vargs)
Part of the Stable ABL. flPyArg ParseTuple () f[F], RN EHEZ— va_list B2H S50 A &
AR SRR -

int PyArg_ParseTupleAndKeywords (PyObject *args, PyObject *kw, const char *format, char
*keywords[], ...)
Part of the Stable ABL 43 MR (& SHCF 5¢ M 5 2 85 m] I e 4 Jey A2 B R BRI 280 keywords 2
B2 XTSRRI NULL & BB .. S 4 FRFE o npositional-only parameters, JEIH R[] true; &
AR, BRRIR (] false F5 | A AH R IR S o

3.6 B S YRI T positional-only parameters 1) 3 15 .

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

*keywords[], va_list vargs)
Part of the Stable ABL. flPyArg ParseTupleAndKeywords () #H[E], SR EREZ—> va_list 257

SR A AR T S Uk .
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int PyArg_ValidateKeywordArguments (PyObject*)
Part of the Stable ABL fff fr = Mt v 1) X B F 2 B8 2 A7 B X A oK B0 B fE A
TPyArg_ParseTupleAndKeywords () AEEHMIEN T, FHEEEANFHMOXFRRE .

3.2 BTN

int PyArg_Parse (PyObject *args, const char *format, ...)
Part of the Stable ABL PR E9¢ R AT iy “IHZR ALY ek B 2 800 % — 3% 28 ok B0l 1)
METH_OLDARGS Z (N J7{AC M Python 3 HHAL . X AR 1 T8 (U 9 2 B, I
HAEREfPREAS R RZEUS E g e, SRR TZEW . BRI ET o mHAbIcd, i
A RE R Ak AN H A AR o

int PyArg_UnpackTuple (PyObject *args, const char *name, Py_ssize_t min, Py_ssize_t max, ...)

Fart of the Stable ABI. A simpler form of parameter retrieval which does not use a format string to specify the
types of the arguments. Functions which use this method to retrieve their parameters should be declared as
METH_VARARGS in function or method tables. The tuple containing the actual parameters should be passed
as args; it must actually be a tuple. The length of the tuple must be at least min and no more than max; min and
max may be equal. Additional arguments must be passed to the function, each of which should be a pointer to
a PyObject* variable; these will be filled in with the values from args; they will contain borrowed references.
The variables which correspond to optional parameters not given by args will not be filled in; these should be
initialized by the caller. This function returns true on success and false if args is not a tuple or contains the
wrong number of elements; an exception will be set if there was a failure.

XM SRR B, BUE _weakre £ i BIBIHLT ARSI A IRAHD :

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;

}

XA F R PyArg UnpackTuple () SEEHM TR PyArg ParseTuple ():

’PyArg_ParseTuple(args, "O|O:ref", &object, &callback)

6.6.2 CIETE

PyObject *Py_BuildValue (const char *format, ...)
Return value: New reference. Part of the Stable ABI. Create a new value based on a format string similar to
those accepted by the PyArg_Parse* family of functions and a sequence of values. Returns the value or
NULL in the case of an error; an exception will be raised if NULL is returned.

py_Buildvalue () HA—HAEE 0l . HA LB TATH SIS 2 1R
A S AE I AR AR RS, BIRE None; AIREMEG—MEHIT, EiRF
HRE R TCIA I AL — X R o TGS A AR S AL AT ER ] DA B3R [0l — AR/ 0 503 1Y
JedH.

2N RAT R BB DA S BOE X% 8 B SR A X Gk, s F s# #EaRB0T, &9 R 4L
. FHERENZ M XMRERA X Py_Buildvalue () QAP ZEGIH . Ba)igvd,
BRI malloc () I HIF R NS RGBS Py _Buildvalue (), YREGRSIEA T
fBAEPy_Buildvalue () IRFIFFE free () .

e NRPHE T, WG SRR AR BEES O0 WEZ A BICRF 2R Ml Python X4
KA Jifhs [ MR C 28 & (R RS 12EAL,
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RN, TIFAF, B FLE SR s e b 2 W (R R AARRE BT, 1 s#). 3%
AT AR K A 2 A4 e LA TR T

s (str o{ None) [const char *] ffi[f] 'utf-8"' FigKas & ) C FEFEE 4N Python str X
%o WA C 47 RE NULL, NI None.

s# (str o None) [const char *, Py _ssize t] {#iff] 'utf-8" i C FE&re L HEK FEEH-N
Python str %[5, W1 C FEAFH48EN NULL, WK EERFPE 20, IR [ None,

y (bytes) [const char *] iXFf C FAFH 4440l Python bytes Xf 4. 1H C FAFERFRE A NULL,
3R [A] None.,

y# (bytes) [const char *, Py_ssize_t] iX2Kf C FAFE KA BEFEAS —A Python X5, 114
% C FAFER 484 NULL, JUIR[H] None.

z (str B None) [const char *] F1 s #H[H].
z# (str of None) [const char *, Py _ssize t] Fl s# fH[dl.

u (str) [const wchar_t *] Convert a null-terminated wchar_ t buffer of Unicode (UTF-16 or UCS-4) data
to a Python Unicode object. If the Unicode buffer pointer is NULL, None is returned.

u# (str) [const wehar_t *, Py_ssize t] Jf Unicode (UTF-16 8f UCS-4) ¥{#ignh X K H K ik
{624 Python Unicode X§42 . @14 Unicode ZZ X484 A NULL, WK X9 Z 0, H-i% 0] None,

U (str 5 None) [const char *] F s #{[H].

U# (str 5 None) [const char *, Py _ssize_t] il s# fH[f].

i (int) [int] #§—{# C /) int EEJ Python Ry {4,

b (int) [char] J§—1{# C () char {H([FJ{ Python ¥ #iy{f: .

h (int) [short int] ¥§—1f C [ short int H#[FIE Python EE#Hy {4

1 (int) [long int] #§—{f C ) long int E(EIE Python B8y,

B (int) [unsigned char] ¥§—{f C ) unsigned char §#[E]; Python B84 .

H (int) [unsigned short int] 4§—{f C ) unsigned short int E[F; Python ¥ &M {:
I (int) [unsigned int] J}—1{# C ) unsigned int H[FJE{ Python 8.

k (int) [unsigned long] #§—1{f C i unsigned long fH[E] Python 384,

L (int) [long long] j#%—f# C [¥) long long H(EJK Python F&# Y {1.

K (int) [unsigned long long] {§—1i C [ unsigned long long fH[FJ{ Python 8y,
n (int) [Py_ssize t] ¥ C Py _ssize t ¥l Python 8,

c (KJEE 114 bytes) [char] j#§—{# C % {7 CALRY int #E R Python W2 FEE—1)
bytes,

C (REFE 11 str) [int] #4—H C hRE—MFICH int BER Python hREE—1 str.
d (float) [double] ¥§—1f C ) double #H(E], Python 37 E5# .

£ (float) [float] }#§—1f C ) float H[EFIE Python 37 2.

D (complex) [Py_complex *] #—1f C [{jPy_complex &iREHE(EI 5 Python [FH.

o (#1F) [PyObject *] Ff Python Xt G (&8 ANAE (HG| HHELERAN, Zit48oh 1 #) . ik
AW G 5& NULL 484, WIBCE X A2 i 128 US54 B 50T e B S i i 5 [ 1)
B, Py _Buildvalue () ¥§iR[H NULL, HALGI LS5, WHRM AT 2T, WKE
SystemError,

s (#fF) [PyObject *] FI O A[7].

N (#fF) [PyObject *] 10 #[A, AWM EIHAIEMAREG UL MiE T SHI =BT
G T B AR R IR L

72
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o& (M) [converter, anything] Convert anything to a Python object through a converter function. The
function is called with anything (which should be compatible with void*) as its argument and should
return a “new” Python object, or NULL if an error occurred.

(items) (tuple) [matching-items] 1~ C 25§ 7554 i Python JCLA I ARFEFAH R A e R EE .
[items] (list) [matching-items] Ff—~ C A5 5 J7 5 #545 i Python 513 LR FEFAH A R T R E = .«

{items} (dict) [matching-items] F§—A~ C AL &7 5 AR Python T, 4 —RHELER) C A E X
YER—AJCEIEA T, 73 BIVEA ST FIME

WRAS AT P PR, MIEE SystemError SR A NULL,

PyObject *Py_VaBuildValue (const char *format, va_list vargs)
Return value: New reference. Part of the Stable ABL. fllPy_Buildvalue () #[E, R EEZ—4
va_list AU SHT AN & W] AL B ) S 8k .

6.7 R IEEN L

S o ORI S B R A

int PyOS_snprint £ (char *str, size_t size, const char *format, ...)
Part of the Stable ABIL ARYEFE K FAFE formar FIESNSEL, H AT size NSF15E] stro 2L Unix
FM LT snprintf(3),

int PyOS_vsnprint £ (char *str, size_t size, const char *format, va_list va)
Part of the Stable ABI. ARYEHE X FAFH: formar VAR EZHH R va, AL size MFEATE] sore S
L Unix F A vsnprintf (3) .

PyOS_snprintf () MPyOS_vsnprintf () W3 CHrfEEREL snprintf () Ml vsnprintf () . B
10 B W@ PRUEZER R &0 N i—BU TR, AR C B RREIAR K

The wrappers ensure that str[size-1] is always '\O' upon return. They never write more than size bytes

(including the trailing '\0') into str. Both functions require that str != NULL, size > 0, format !=
NULL and size < INT_MAX. Note that this means there is no equivalent to the C99 n = snprintf (NULL,
0, ...) which would determine the necessary buffer size.

AR (rv) 4050 20 oK SO % 0 S s R
M0 <= rv < sizel, ¥R EIEINIFRE rv MEFB AR sir NEFERRE strlrov] (LEK)
"\NO"' FIN),
o Y rv >= size i}, HHFERAHENITFHFE NG ov + 1 FANZEF XA RERI AT
TEMIEDN R strisize-11 S '\0"',
e Mrv < OHF, T ARAERNFHFNE., IR strisize-1] 8 '\0", {Hsor FH A
AR . BRI )R BT R)Z 6 .

PATR BR BRI 5 T PR TC R AT H BB e

double PyOS_string_to_double (const char *s, char **endptr, PyObject *overflow_exception)
Part of the Stable ABIL Convert a string s to a double, raising a Python exception on failure. The set of
accepted strings corresponds to the set of strings accepted by Python’s f1oat () constructor, except that s
must not have leading or trailing whitespace. The conversion is independent of the current locale.

WR endptr 4 NULL , SN FA7H . 51K ValueError ¥ Hik[ 1.0 WERFAFERARTE
BRI RIE T .

WIS endpt A2 NULL | JW B AR (FAIEHT *endptx BEDHIAS A FBEMTAT.
WERFAFER VG BN R S A SN RS, I *endptr E NI FARITL, 51K
ValueError 5%, FHikE -1.0.

W s FoR—DRKMABLEHE—NFE AT E (LB, "1e500" FEFZ P& L — 1 F
) KGR overflow_exception f& NULL iR [i] Py_HUGE_VAL (HiEX4H&HS) HHA
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BCEAT ISR AEHAMTTTH, overflow_exception Wi/lif[]— Python R, §IkRH
HRIE -1.0 . FEXMMEIT, BE *endptr fRHFAREZ G — T

WA RS o) S A A AR B¢ (HLAn— S AN R BB R ), BCEE 241 Python S Hak ]
-1.0,

3.1 BUHTA.

char *PyOS_double_to_string (double val, char format_code, int precision, int flags, int *ptype)
Part of the Stable ABI. Convert a double val to a string using supplied format_code, precision, and flags.

z\ﬁfw\ AP HpZ—, re', "B, V£, TR, Tg, G B et RET e, SRR AR LD
s 0o "' AFIAEE TAMEREL repr O #8530,
flags Ej%j@%ﬁ%‘ﬁﬁtﬁ Py_DTSF_SIGN, Py_DTSF_ADD_DOT_0 8f Py_DTSF_ALT B{H.4H &

* Py_DTSF_SIGN FIR B ek B F AT I I — 554, RIME val ARG

* Py_DTSF_ADD_DOT_0 F/RififRR M FAF R B R A G E — 4.

* Py_DTSF_ALT FKn W H” BRI AN . XM S Pyos_snprintf () "' &

PSP

W ptype A K NULL, ‘&35 18] I {E B #% 1%/ Py_DTST_FINITE, Py _DTST_INFINITE B
Py_DTST_NAN Hfj—A>, 735l3R0R val @& — DA REF . ToRET TR

R EME 8 M S G FATER R buffer BOFEER, WIARFESAION A NULL, #5255
HpyMem Free () KREHGR [F )47 o

3.1 GBI

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

FRERRKA NG, BRHULT 5 stromp () 0 THAHR, SUREZM T RN,

int PyOS_strnicmp (const char *s/, const char *s2, Py_ssize_t size)

TR KNG . ZRBILT-S strnemp O LA AME, 2 ERM TN,

6.8 5

PyObject *PyEval_GetBuiltins (void)
Return value: Borrowed reference. Part of the Stable ABL 1% [B] 24 i #0470 A PN B BRI AR 73, AR 24 w1
BA WIELERAT, R [ 2R AR S U AR RS -

PyObject *PyEval_GetLocals (void)
Return value: Borrowed reference. Part of the Stable ABL & [0 4 Fi 47 B s, g
AT R TN AR [B] NULL,

PyObject *PyEval_GetGlobals (void)
Return value: Borrowed reference. Part of the Stable ABL & [0] 4 Bi AT irp 4= R A8 s i) 7 i, QR
24 B PRAT YW R 5] NULL .

PyFrameObject *PyEval_GetFrame (void)
Return value: Borrowed reference. Part of the Stable ABL i [B] 4 HI R FRIRSHI W, UG L ai T TaY
MR 9] NULL,

iR PyThreadState_GetFrame ().

PyFrameObject *PyFrame_GetBack (PyFrameObject * frame)
ARHR frame T — ML

52 1R [a|—“strong reference, BLE NS frame YA AMEMN) & [B] NULL,
frame ANW[E) NULL,
3.9 HEHTIA.
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PyCodeObject *PyFrame_GetCode (PyFrameObject * frame)
Part of the Stable ABI since version 3.10. 3REL frame {0 .

1R 8] —A strong reference .,
frame AR R NULL. 55 (Wi fes) AREAN NULL.
3.9 BUHTINA.

int PyFrame_GetLineNumber (PyFrameObject * frame)
Part of the Stable ABI since version 3.10. 121 frame 45 IEXEHITHIITS .

frame ANT[[F] NULL,

const char *PyEval_GetFuncName (PyObject *func)
Part of the Stable ABL WIS func BEEC. RESLBIXT4, NWHREIEHZAFR, ENERIE func FZEELRY
HFKo

const char *PyEval_GetFuncDesc (PyObject *func)

Part of the Stable ABL R4 func ByZRBLR IR FATE o R BMEALFE R E R 7 E197()”, ” constructor”,
” instance” F1” object”, S PyEval_GetFuncName () HIZERIER:, 4572 func BITIA .

6.9 miFtL2REM SZHFThEE

int PyCodec_Register (PyObject *search_function)

Part of the Stable ABL YEM— B i 4 fF 25 12 2R B AL .
TERREIER, HE2imak encodings {1, WERMARTEM, EHRAERAOTRRREEIENS—
fiie

int PyCodec_Unregister (PyObject *search_function)

Part of the Stable ABI since version 3.10. 45— RIS a8 R R EUHE S HEMESF. WRIEER
RREORPEN, WAEAEATRAE . S iRE 0. A 5] & — Itk E -1,

3.10 JEGHTA.

int PyCodec_KnownEncoding (const char *encoding)
Part of the Stable ABL HRAEENIL E encoding W 4RGSR /275 CAFAETTR W] 1 8¢ 0. JHpR £ E RE AL
.

PyObject *PyCodec_Encode (PyObject *object, const char *encoding, const char *errors)
Return value: New reference. Part of the Stable ABI. y7 i 4 it a8 B A 4t APL,

object ffi [l errors Fir i@ LW RAC IR VAL 145 5E encoding W RS EREL . errors W] PASK NULL 3
FE R gt B e S BRIA . IR B 4t 23 | 25| & LookupError.

PyObject *PyCodec_Decode (PyObject *object, const char *encoding, const char *errors)
Return value: New reference. Part of the Stable ABI. 77 2 4 it w5 EL AR 1S AP,

object [ 11 1 errors it & LA EERAL B ¥EAL 1B 25 7€ encoding WIFRISERBREL . errors WDAA NULL 3
TN R S AR s T SO BN TV . IR A B RS a2 5] % LookupError.

6.9.1 Codec ZE#; API

TEFHIREL, encoding FAFER XA HIT 4 R/ NEGF IR, X AT 1 AL ) A 4R 4 i A =X S B
EX KNG, R RREUTAT RS, WA E KeyError iR [H] NULL.
PyObject *PyCodec_Encoder (const char *encoding)

Return value: New reference. Part of the Stable ABL “K#25 E W encoding IREL— "5 KA.

PyObject *PyCodec_Decoder (const char *encoding)
Return value: New reference. Part of the Stable ABL “N#25 E W encoding FREL— RS4RI E
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PyObject *PyCodec_IncrementalEncoder (const char *encoding, const char *errors)
Return value:  New reference. Part of the Stable ABL K % & W) encoding % Bl —
IncrementalEncoder ¥4,

PyObject *PyCodec_IncrementalDecoder (const char *encoding, const char *errors)
Return value:  New reference. Part of the Stable ABL K %5 %€ W encoding 3 Bl — 4~
IncrementalDecoder %4,

PyObject *PyCodec_StreamReader (const char *encoding, PyObject *stream, const char *errors)
Return value: New reference. Part of the Stable ABL “h#5 €I encoding 3RHl—")> StreamReader L]
PyObject *PyCodec_StreamWriter (const char *encoding, PyObject *stream, const char *errors)

Return value: New reference. Part of the Stable ABL “h#5 I encoding 3RH{—-> StreamWriter )

6.9.2 FF Unicode i3 iRMEBIERFIEME API

int PyCodec_RegisterError (const char *name, PyObject *error)
Part of the Stable ABL FE245 € ) name 2N R AC BRI R EL error . 12 R B BCREAE — 1> G fE RS
PRI B TCTE IR B AT T RS 1 7 BE I HL name 145 72 M encode/decode bR %0 I 1) error J&
S B R RS A R TR
Z Il o K OB & B % — > UnicodeEncodeError, UnicodeDecodeError &{
UnicodeTranslateError WSEGIVE RN M S E, H & & T4 B4R 80537 75 )
HAE PP A B B (W2 5 Unicode 577 3+ % 7 R BUILAE B0 R AN ) o %R R £
WA K258 B S, B AR 1] AN 5 ) 4 BORE R 4 A e, DA R R g
R, ZREBORWI A 2008 E I i/ RS AT
BEEIMR ] <0% | SR eI ] -1

PyObject *PyCodec_LookupError (const char *name)
Return value: New reference. Part of the Stable ABL. Z3RAE name 272 N WA 4S IRACTE [0 F R 8. 1EH
FEBUIE T DA A NULL, FERCIEO0 T RFIR 1 EX strict” (1445 1 A0 23 [a] ] R 45

PyObject *PyCodec_StrictErrors (PyObject *exc)
Return value: Always NULL. Part of the Stable ABIL. 5| % exc {E 535 .

PyObject *PyCodec_IgnoreErrors (PyObject *exc)
Return value: New reference. Part of the Stable ABL. Z1& unicode 48515, BSR4 A .

PyObject *PyCodec_ReplaceErrors (PyObject *exc)
Return value: New reference. Part of the Stable ABL {fiff] ? 58{ U+FFFD %t unicode Jgfi4tiR.

PyObject *PyCodec_XMLCharRefReplaceErrors (PyObject *exc)
Return value: New reference. Part of the Stable ABL fifi f§ XML 2455 | Fl ZH4ft unicode 454t i% .

PyObject *PyCodec_BackslashReplaceErrors (PyObject *exc)
Return value: New reference. Part of the Stable ABL fifi i s BHT 5% SLAF (\x, \u F1 \U) ¥ unicode 4
iR .

PyObject *PyCodec_NameReplaceErrors (PyObject *exc)
Return value: New reference. Part of the Stable ABI since version 3.7. ffi[] \N{ . . .} ¥ X% #t unicode
IR

3.5 BUBTIMA.
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Z {8 (Abstract Objects Layer)

A gL o xCEE Python P A EAE R, ML BUE, sl B Bz BRI Y - 3UE (B0 B i 3 Flak
FA AR . AR A B EDRE A &S] %8 Python [EJ# (exception).

& 2 R AR AN BE N R IEFERI AR AL 1 (Bn—M i PyList_New () BSLH list p4F), 1 H AR g I8
H [FA i s [E—2e 9k NULL f91{H.

7.1 HRMY

PyObject *Py_NotImplemented
NotImplemented BB, MFHMCHANRIEBAHIES ERBAAGHITLI.

Py_RETURN_NOTIMPLEMENTED
C BB RN IERAL TPy Not Tmplemented (iR ALERE (RPN Notlmplemented 115 1403+
BRIz ).

int PyObject_Print (PyObject *o, FILE *fp, int flags)

FEXTSR 0 GABISCHF fpo HEEBRE] -1 o HEARSET T TR E i % . H i SR
Weliiie Py PRINT_RAW; UIREGHIZE, WG AXRE str () A repr () .
int PyObject_HasAttr (PyObject *o, PyObject *attr_name)

Part of the Stable ABL {15 o #7H J@ 4k atr_name, W3R 1, FHWRE] 0, XAHY4T Python FEikz
hasattr (o, attr_name). HEEEENRT.

HE, 7ERH _getattr_ () fil _getattribute__ () H¥ER KA FHEREHHANG . 52K
R, W Pyobject_GetAttr() .

int PyObject_HasAttrString (PyObject *o, const char *attr_name)
Part of the Stable ABL IR o {5 G J@ 1k attr_name, W)iR[A] 1, FWR[E] 0. XAH 24T Python F#iA=
hasattr (o, attr_name). HEEEERI).

ER, FEWA __getattr__ () fl _getattribute_ () J7ikHFBIHE— Ml 545§ % G
SRS . HER R, Wi Pyobject _GetAttrString() .

PyObject *PyObject_GetAttr (PyObject *o, PyObject *attr_name)
Return value: New reference. Part of the Stable ABL. M4 o W iBU4 N attr_name 1)@ IR ]
JEMAE, KIBERE] NULL. 3XAH24T Python A o.attr_name,
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PyObject *PyObject_GetAttrString (PyObject *o, const char *attr_name)
Return value: New reference. Part of the Stable ABL. M4 o WiZEl—1%4 4 attr_name W)@ 1E. BIh
IR [l JE PR, VR [B] NULL, 3%4H24F Python 5353 0. attr_name.

PyObject *PyObject_GenericGetAttr (PyObject *o, PyObject *name)
Return value: New reference. Part of the Stable ABL i il ) J@ MR B R B, F Tt AR AN 2 /Y
tp_getattro ffifh, BEEFRMWFM P (L TX LM MRO H) ERIENFIBRAF, HFEXNZEH
__dict__ WERIAEME. IEQ descriptors Ik, BAEHASFOLE T L BEYE, T ARSEEIARF
MRS, KN £Smh% AttributeError

int PyObject_SetAttr (PyObject *o, PyObject *attr_name, PyObject *v)
Part of the Stable ABL X} o W44y attr_name WJEVEMEBCN v o RIS G R i F R m 15 182h
AR A “0“ o iXAH24TF Python i5/A] o.attr_name = v.

s v o NULL, B ER. s hE s s MmNy e pyobject_pelAter (), {HHTHE
WA E TR .

int PyObject_SetAttrString (PyObject *o, const char *attr_name, PyObject *v)
Part of the Stable ABL X4 o W44k attr_name WJEYEEN v o KIS R aHRE -15 1Y)
AR E “0“ . 1XAH24T Python i&4] o.attr_name = v,

W v 4 NULL, %@ R, (R s Be g 1 m N PyOb ject_DelAttrString ().

int PyObject_GenericSetAttr (PyObject *o, PyObject *name, PyObject *value)
Part of the Stable ABL 1 i ) JE MU E AR R &L, T TIARBIN R tp_setattroflf. BIEL
MF s (AL TXTRA MRO ) BB AS:, WSRIRE], MR HOAE L)< o b g B s 6
P SethAT. B, ZRIEREXI R __dict BB . AR AMIIRHRIE 0, 5] %

AttributeError iR -1,

int PyObject_DelAttr (PyObject *o, PyObject *attr_name)
IMERXS S 0 th 44 attr_name WJ@VE. MU IRE] -1, XA T Python if4] del o.attr_name,

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

WG4 0 W44 M atr_name 1))@ M. RIGEHRE -1, XAH24TF Python i&/4] del o.attr_name.

PyObject *PyObject_GenericGetDict (PyObject *o, void *context)
Return value: New reference. Part of the Stable ABI since version 3.10. __dict__ R 003RBLER Emy
— P . TR AR T

3.3 UGBTI

int PyObject_GenericSetDict (PyObject *o, PyObject *value, void *context)
Part of the Stable ABI since version 3.7. __dict__ #iRfFiX B EET—Fl S8 . X B fe i g
L

3.3 BUHTIA.

PyObject *PyObject_RichCompare (PyObject *ol, PyObject *02, int opid)
Return value: New reference. Part of the Stable ABL. i opid 15 & W IAFE LI ol F 02 E@ﬁ ﬂZ\Zﬁ e
Py LT . Py _LE. Py_EQ. Py_NE ., Py GT 8{ Py_GE Z—, ZR¥NT <. <=, ==, I=

> 3 >=. XY T Python FKiEHK ol op o2, HH op EXITNT opid WIHAERF. WBIET IR lEltlziﬁc
H, KRR E NULL,

int PyObject_RichCompareBool (PyObject *ol, PyObject *02, int opid)
Part of the Stable ABIL ] opid ¥§ & WHAE LI ol F1 02 W{H, o4& Py_LT . Py_LE ., Py_EQ .

Py_NE . Py_GT & Py_ GEZ~ %ﬁuxﬂ“?< <=, ==, =, > >=, FHREHRE -1, &gk
Sy false MR [E] 0, 45 MR XA T Python ik o1 op o2, HHtop xsXTf?opldE’H;k
YERF o

HEE): AR ol F 02 EFl—AXI%, PyObject_RichCompareBool () *HPy_EQ MR 1, 3 Py_NE
LB o
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PyObject *PyObject_Format (PyObject *obj, PyObject * format_spec)
Part of the Stable ABIL. Format obj using format_spec. This is equivalent to the Python expression
format (obj, format_spec).

format_spec may be NULL. In this case the call is equivalent to format (obj) . Returns the formatted string
on success, NULL on failure.

PyObject *PyObject_Repr (PyObject *0)
Return value: New reference. Part of the Stable ABI. ﬁ‘%}d‘% o MFHEEER . WMIIHR Bl 48, 2R
R ] NULL . 3XAH24 T Python 3Rik3 repr (o) « HN'E ML repr () THH.

3.4 R A LR B A S %ME@%T“*@J&&%%{%@JE’J#%O

PyObject *PyObject_ASCII (PyObject *0)
Return value: New reference. Part of the Stable ABL. 5 PyObject_Repr () —FE, TENTE o IFLFEE
¥, {BfEPyobject_Repr () L@Eﬁ??"f% A \x. \u B \U % LR ASCILEAF . 3R il —
AT Python 2 Wil PyObject _Repr () IRMIRFAFH . HINE KA ascii () M.

PyObject *PyObject_Str (PyObject *0)
Return value: New reference. Part of the Stable ABL 13834 o HF/FETE . IR Bl FE4FER, 2R
VR [B] NUL L. 3XAH 24T Python ik str (o) o HIERE str O M, BHdH print O
R -
3.4 B ZREOIAE & — DTS, H A DA iR & 326 3l =

PyObject *PyObject_Bytes (PyObject *0)
Return value: New reference. Part of the Stable ABL 113X 4 o (FTE 2. 5’% R ] NULL, 3
Bf A [ — AN AT R G o SXAH YT o AN @A) Python 3RiAH bytes (o) o 5 bytes (o) Al
A, 24 o B AN ZHI4G R 0 W T ER R, 23 itk TypeError,

int PyObject_IsSubclass (PyObject *derived, PyObject *cls)
Part of the Stable ABL HI5R derived 2585 cls 25 R e A HEIRAZE, WERME] 1, HNERE 0. 4R H 4%
)ﬂ”ﬁ@ -1 o
MR cls JeJedl, MR cls PEATBIGN . AR 2/ DA—UAR IR R 1, G500 1, TR 0.
140 PEP 3119 frik, 412R cls 77H __subclasscheck__ () ik, R il ARG E 2RATAR
o BN, AR derived ZAHESAE T, WEUSTE cls. __mro__ w1, IBAEHRZ s FJ—4
T,
W HARNEA 2PN, H type sRAE R SL G SR, XFRATDAE LA __bases__
JEt: (WA EKRICH) KB A

int PyObject_IsInstance (PyObject *inst, PyObject *cls)
Part of the Stable ABL Y15 inst 2 cls Z5a{ H 72005261, MRE 1, A0SRANZNRE <O, fnsk i 4s
MR -1 FFERE A
W cls 2 oedl, WXt cls P ARG . AR 2= AH — AR A 1, Z5556%0 1, BN 0.

Mu PEP 3119 fifig, ﬁu% cls A __subclasscheck__ () J¥k, RF9R DA & 200k
o BN, R derived 2 cls () T2%, IBATILE cls I—A32H6 .

S5 inst ] PAIEAY _ class_ JEMRE S HIIES.
XT% cls BEYONMESS, PAREE A4, Wi __bases_ J@PE (WFRELHICH) -7

J]]lD

Py_hash_t PyObject_Hash (PyObject *0)
Part of the Stable ABL 11531 WX 5 MG A (H 0.0 R IEEF IR [A] —1 0 3% AH 24T Python ik hash (

3.2 iR BIAERIR BRI Py_hash_t. iXjg— P R/NGPy_ssize t MFEBERFZHEL.

Py_hash_t PyObject_HashNotImplemented (PyObject *0)
Fart of the Stable ABIL. Set a TypeError indicating that type (o) is not hashable and return —1. This
function receives special treatment when stored in a t p_hash slot, allowing a type to explicitly indicate to the
interpreter that it is not hashable.
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int PyObject_IsTrue (PyObject *0)
Part of the Stable ABL ﬁﬂ%}’f%’i o BN NSE true, NER[E 1, FHWER[E 0, X AH24F Python ik
not not o, RMMNER

int PyObject_Not (PyObject *0)
Part of the Stable ABL 3%t o gk Hi2 true, MWER[E] 1, FHNERE 0, XAH24T Python FKis=,
not not o, QEU&WUJBE] -

PyObject *PyObject_Type (PyObject *0)
Return value: New reference. Part of the Stable ABI. When o is non-NULL, returns a type object corresponding
to the object type of object 0. On failure, raises SystemError and returns NULL. This is equivalent to
the Python expression t ype (o). This function increments the reference count of the return value. There’s
really no reason to use this function instead of the Py TYPE () function, which returns a pointer of type
PyTypeObject*, except when the incremented reference count is needed.

int PyObject_TypeCheck (PyObject *o, PyTypeObject *type)
WG 0 32 type KRBT, W [EAEE, HNRE] 0. WASHCELEE NULL,
Py_ssize_t PyObject_Size (PyObject *0)
Py_ssize_t PyObject_Length (PyObject *0)
Part of the Stable ABL iR[HIXT4 o (K. WERXTGE o SCRFFHNFNMI L, MR B FHHE . 4
BHR A 1. %4 ([T Python A= 1en (o)
Py_ssize_t PyObject_LengthHint (PyObject *o, Py_ssize_t defaultvalue)
B SE o WAV, F e BRI 5K PR K B, SRIE I __length_hint () i PTG,

B J5 IR B BRAA (. 4 IR [\ “-1¢, X ZE[A T+ Python #3iA X operator. length hint (o,
defaultvalue),

3.4 BUHTIMA.

PyObject *PyObject_GetItem (PyObject *0, PyObject *key)
Return value: New reference. Part of the Stable ABL 1R [B] X} 52 key %R HJ 0 TG, BUFER TR [A] NULL,
X ZE AT Python FiA= o [key]

int PyObject_SetItem (PyObject *o, PyObject *key, PyObject *v)
Part of the Stable ABL f3§ 5 key WU FIE vo SRICINTG | Z 535 TFIRIN ~1: BRI 0. SATH T
Python 1541 o [key] = v. ZERE RAMHCy 1951 T4

int PyObject_DelItem (PyObject *o, PyObject *key)
Part of the Stable ABL. M\X4 o RN key HUMLST. SR -1, 3XAH24T Python {E4) del

ol[keyl,

PyObject *PyObiject_Dir (PyObject *0)
Return value: New reference. Part of the Stable ABL #{24F Python F#iA= dir (o), RF[—4> (W]fE
23 ) WX RSB FATRINZ, WA R R b NULL WRSHCK NULL, Z5{pl Python /) dir () ,
U3 5] 24 7 Tocals 44775 X HERBA TE S PATHESE, R [A] NULL, {HPyErr Occurred ()

1% [A] false,
PyObject *PyObiject_GetIter (PyObject *0)
Return value: New reference. Part of the Stable ABL. 2£[F]F Python 1Az iter (o) . NXTRSEUR ]

—ASETRIEACE, APRIZNRE LR RS, MR ERAE ﬁH%XT%T EPEN, 251k

TypeError , JfiR[H] NULL,

PyObject *PyObject_GetAIter (PyObject *0)
Return value: New reference. Part of the Stable ABI since version 3.10. 5% [F]F Python ik aiter (o).
35—~ AsyncIterable X4, H HHIER[FE—4 AsyncIterator. #lHiR[EHE— 1%
g%, BURSHE 1 Asynclterator, FRMH A LS. WRZRAGRUEN, 251K
TypeError, iR\ NULL.

3.10 BUHTIA.
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7.2 IE0YiEF (Call Protocol)
CPython 37 1% WifE A [E IR 52 © tp_call Fil vectorcall ([aj=BFnY ).

7.21 tp_call %5

BUE tp_call WARAELZ FEEIEZ T IFINIY . %38 SO (slot) 12 (E):

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

S AR & (A — {8 wuple (JCAL) FROIETIH. — dict FoRBHEF5 18, B Python 2
51/ callable (*args, **kwargs). args W REI NULL (4iREG S8, €6 H—{#%5 ple) ,
EARENS B 7518, kwargs A PAE NULL.

EEOIAE G p_call (], tp_new fltp_init WiEEREIES | #.
ffiflPyobject_call () B{HEARF API ZREER]—{H 44 .

7.2.2 Vectorcall i 5F

3.9 BUHTA.
Vectorcall 17 7€ /2 7E PEP 590 5[ AR, ‘&2 bR =X 0 50 "R B I & o

REERVEA) L AR IEn Y4 4%, CPython JAEIEBIE Y v 8 i) i ] vectorcall, &M, EEIAZ
— R PERLE . SRS, HEEE SO R B G E ] tp_call (TMA R Pyobject_call()). Hi,
—A{ %1% vectorcall {RHEMB N EEEtp _call. MAb, MM AWRER &, TPk T EER L E 2
AN o B a1 H A BSOS 2 tp_call B@Elpyvectorcall call (). w{EfS—FHEME:

s —fH S 1% vectorcall MHEI AL B VE R A M RFEFM to_call,

AR AHENY vectorcall LY p_call 1, WANKERZ EAE vectorcall. i, 1 5AE0T: 1Y 3575 221 5 | S EIE)
args tuple (5|¥oc4l) F1 kwargs dict (BT | #i), IREIEAE vectorcall FiEIG .

HET ASE®E ] Py TPFLAGS_HAVE _VECTORCALL JHAE[FI¥ tp_vectorcall_ offset s EFEIY
ZERETP A BB vectorcallfunc 17 offset JREAE vectorcall 1} . 18 2— 45 EA N FEE 2 IR i

typedef PyObject *(*vectorcallfunc) (PyObject *callable, PyObject *const *args, size_t nargsf,
PyObject *kwnames)

* callable 2 F5 9N B M4

o args Jt—fW C iE S PfiAN (array), A O0E S BRI BI85 [ S0 ME. WREES 3, ST
DA NULL,

o nargsf AL S 1B EEIN ol i €41 PY_VECTORCALL_ARGUMENTS_OFFSET Jfff, %
W nargsf WA EERMALE S [ ¥R, #EiIHPyVvectorcall NARGS ().

o kwnames J&—{843 & WiAT B8 7 5 [ BTG tuple;  [FVAJEEE], 5t/2 kwargs “FHLAGGHE . 544 F b
TP (str FHTHEEG), FEHEMAEEANERY. WRERSREFS 8, IPE
kwnames V] VA NULL 1%,

PY_VECTORCALL_ARGUMENTS_OFFSET
WNIRAE vectorcall [ nargsf 518U HEE T ILHEAE, I AR FFRRE Y Z B R B args [-1] AOMH. [EM)
FHE], args FEMFEFHGH 1 ORZ0). By b Z8E BIE 2 JlE R args [ EI’J{E

HIRPyObject_VectorcallMethod (), e RS EMETRER args [0] #ilss.

BT DADA T E A X (I E B E AR ) AE K, %B.@Tﬁ%ﬂ?m{%ﬁ}ﬂ
PY_VECTORCALL_ARGUMENTS_OFFSET. j&Hifif €7 il bound method (B4 77 3%) Z HHY Al I

n o AR A A A T P CE SRR s B — A 1 (LY self 5140 -
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I — fE FLAE T vectorcall B W) {7, 15 At R 0 Ay 0 — R B R o APT AP pR X
PyObject_Vectorcall () i %Eﬂiﬁxﬁiﬁ’j

i [E: 1t CPython 3.8 1, vectorcall APL I AH B ek =X B & DA #F BA BH IE [E) (9 44 i 2 i
_PyObject_Vectorcall._Py_TPFLAGS_HAVE_VECTORCALL._PyObject_VectorcallMethod.
_PyVectorcall_Function. _PyObject_CallOneArg. _PyObject_CallMethodNoArgs,.
_PyObject_CallMethodOneArg, jiig 4k, PyObject_VectorcallDict , PA
_PyObject_FastCallDict £ FREZML. 35 2687 Z AL A o 58, B W i B i 7 4 iy ()
e

S [El
el p_call W, B WF W OR 2 ¥ 0 [E: CPython ¥ A I mp_call 1) W 1Y & i

Py _EnterRecursiveCall () MlPy_LeaveRecursiveCall ().

EMF 2R, B8 ME T vectorcall [AINFERY © g 9 1 J5 E 55 BLIRE JiE 8 i T Py_EnterRecursiveCall 1

Py_LeaveRecursiveCall ,

Vectorcall 512 API

Py_ssize_t PyVectorcall_NARGS (size_t nargsf)

%6 i il vectorcall nargsf 5%, A5 BINEERER. HATSFF

(Py_ssize_t) (nargsf & ~PY_VECTORCALL_ARGUMENTS_OFFSET)

SR, MEf] PyVectorcall NARGS pRZUDAFEAG A ETLIE T .
3.8 BUBTIA.

vectorcallfunc PyVectorcall_Function (PyObject *op)
W op R3Z3% vectorcall 1 (HEIREIA LR E BHIALIR), sl NULL, 1, 83
TFAE op HIP) vectorcall B FEIE . 151 pR=UAN G5 | 355 71

B K Z HEME op 2 B X & vectorcall K 8 Ik L H ¥, W DL B B kg A
PyVectorcall_ Function (op) != NULL 3JEZ.

3.8 BUHTMA.

PyObject *PyVectorcall_Call (PyObject *callable, PyObject *tuple, PyObject *dict)
WERY callable ffjvectorcall func, HAv BT | OB #55 | #43EIDA tuple F1 dict #4245

Ee—EHEM R, HEEPR At _call #eleie MR tp_call BE 1. bfﬁffé*
Py TPFLAGS HAVE_VECTORCALL JHEFE] H & A €iE [ (fall back) i ff tp_call,

3.8 BUHTIA.

7.2.3 Yoy API

A 2 o 2T BT ACHE Y Python 917 A5 R X 8 16 HL 5 | Sl (BB g b 4 424 i S 3 OB JE 3K 7T A
72 tp_call 5 vectorcall, [E)T[EVWTREEVEEIiEAT, gt — 0B A RITHEA GEHE R .

TEELS TR 2 ESEEN S AR
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BRI callable args kwargs
PyObject_Call () PyObject * | tuple dict/NULL
PyObject_CallNoArgs () PyObject * | --- ---
PyObject_CallOneArg () PyObject * | —fE¥{4:
PyObject_CallObject () PyObject * | tuple/NULL | ---
PyObject_CallFunction () PyObject * | format -—-
PyObject_CallMethod () P4 + char* | format
PyObject_CallFunctionObjArgs () | PyObject * | H[%5|#f _—
PyObject_CallMethodObjArgs () W + %4 BE-GIE:,
PyObject_CallMethodNoArgs () Y + 2 — _—
PyObject_CallMethodOneArg () ik + %4 — W12 -
PyObject_Vectorcall () PyObject * | vectorcall vectorcall
PyObject_VectorcallDict () PyObject * | vectorcall dict/NULL
PyObject_VectorcallMethod () 5|8 + 2 vectorcall vectorcall

PyObject *PyObject_Call (PyObject *callable, PyObject *args, PyObject *kwargs)
Return value: New reference. Part of the Stable ABL FEI—{[ 7] E 1Y %) Python ¥ callable, Pff#%
tuple args 45 & 15 [ U i F L kwargs FT 45 7 1 BASE 75 | B

args WAANIE NULL; f0SRARTFES |38, w6 A2 tple, WUIRAFEBE TS5, A kwargs 7]
PAE) NULL,

SR R LA S RO SR RS | {151 SN e 8 NULL
BEER Python B callable (*args, **kwargs).

PyObject *PyObject_CallNoArgs (PyObject *callable)
Part of the Stable ABI since version 3.10. WERY—( 0] B 14 Python #){4: callable [EI A 3R 5 | 8. &
SBR[ B nY Python W] IERY 1 B A3 807 =K

B [l 4 SR ol oE 2 Oy 5 | 3 — 1 31 SN [ 8 NULL.,
3.9 BUCHTIA.

PyObject *PyObject_CallOneArg (PyObject *callable, PyObject *arg)
I — i Y ) Python #) {4 callable [FI 5 1E 4 — (B 07 &5 | # arg iEA B 875 |44

B [l 4 SR mlofE O BAOE 5 | 3 — 1 i) SN [ 8 NULL.,
3.9 BCHTIA.

PyObject *PyObject_CallObject (PyObject *callable, PyObject *args)
Return value: New reference. Part of the Stable ABL I —{[ 7] E 0 %) Python ¥ callable, Pff#%
tuple args FIr&s 2 15 [ 8. WA T EHEAG |4, Al args 7] PAIE] NULL.

B R [l (A SR w5 — {1 451 SNE ] 8 NULL .
5 ZHE N Python JE4.1 callable (*args) .

PyObject *PyObject_CallFunction (PyObject *callable, const char *format, ...)
Return value: New reference. Part of the Stable ABL IR —{ w] LY 4 Python ¥4 callable, [ty s
AT C 51, 2 C M Py_Buildvalue () BRI A e . %X 0T PAE) NULL,
FoREVEHRUHMEATS
FETIRE IS S, B7E R BORES | 55— (5 NE) =] {8 NULL.
B 4HE A Python 4.3 callable (*args) .
WE, WRIRREA Pyobject* 5|8, HlPyObject_CallFunctionObjArgs () & —{HTE R
TR
3.4 WUE s 3B format (AIEIE R char * ¥k,

PyObject *PyObject_CallMethod (PyObject *obj, const char *name, const char *format, ...)
Return value: New reference. Part of the Stable ABL WY obj #1441 44 [E] name 1) method [Epf} 7 2 AT
S0 C 280 9 C 3B Py Buildvalue () BRFERACHE, EREM A H—H wple.
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#Z AT PAE) NULL, R [EA AT 5] 3.
B R [ A5 SR mE G BORES | — {1 451 SN [a] 8 NULL .
5 4HE N Python . obj.name (argl, arg2, ...).
HE, WRIEAMA pyobject* 518, AlPyObject _CallMethodObjArgs () i —HEPuHE
Epie N
3.4 RS name F format IWBIEICHE char * T,
PyObject *PyObject_CallFunctionObjArgs (PyObject *callable, ...)
Return value: New reference. Part of the Stable ABL B —{ a] IENU f4 Python ¥4 callable, [t g
B[] PyObject* 58, ELE5|#UE AN B AE NULL fZ10 . B n] 28 (1) S 3ORE L.
B g [l A SR s S RO S | — {1 451 SN ] 8. NULL .
BEE N Python 5 callable (argl, arg2, ...).
PyObject *PyObject_CallMethodObjArgs (PyObject *obj, PyObject *name, ...)
Return value: New reference. Part of the Stable ABI. il Python {4 obj H[#j—1{F method, H:#* method

2 name ) Python “FERIIFARTE . WORFIY IR G AP BCR AT 88 1Y) PyObject* 58 BT
se PAGZEAE NULL 1518 . HLEGR W] 3 0 2 R4

JRCTIIRE M A5 AR, BT SR ICORE 5 3% 5] SN E [l 8 NULL.
PyObject *PyObject_CallMethodNoArgs (PyObject *obj, PyObject *name)

AN AL AT S| g Y Python ¥ obj H i) —1il method, H:rf method 44 it name H1{ Python
FRYIPEARE -

IR IR B JBORE S 3% — R 61 S ] {8 NULL,
3.9 BUHTIA.

PyObject *PyObject_CallMethodOneArg (PyObject *obj, PyObject *name, PyObject *arg)
it A — 1 32 B 5 | 9 arg HuIF Y Python ¥ {4 obj 1) —{# method, M method 4 1 i name 11
Python FH ¥4 7E -

JRIRE I AR T R BCRES —f1 51 SNl 48 NULL.
3.9 B

PyObject *PyObject_Vectorcall (PyObject *callable, PyObject *const *args, size_t nargsf, PyObject
*kwnames

)
Iy — 1 B] R 0Y § Python 4114+ callable, [ 5| #Blvectorcall func BIFHE . IR callable 37
B vectorcall, HIJ'Br BN AEICAE callable H1) vectorcall pE L,

B R [l SR ol 2k RO 5 | 3 — 1 51 SME [ 8 NULL.,
3.9 BUCHT A

PyObject *PyObject_VectorcallDict (PyObject *callable, PyObject *const *args, size_t nargsf,
PyObject *kwdict)
¥t 27 B E vecrorcall T & HPE AR A R ALELS [BORIEIY callable, {E-€ i LA Mt kwdict #XELARY
B 751 M. args PEA M H A& (L EH S .

M TR O TR, ER e AT M EE], R, sk sURERE H U TERE Iy C A
— AR 75 | o) . BEE RO 5 | 307 tuple IR A B

3.9 BUHTMA.

PyObject *PyObject_VectorcallMethod (PyObject *name, PyObject *const *args, size_t nargsf,
PyObject *kwnames)
i i vectorcall WAL & {51 2 I 1l —1f method . method 144 % DA Python -8 name B 45E - gEEny
method (Y HE] args[ 0], Tii args FEZIAE args[ 1] BAGAIFHE - B ARFENF Y 15 | 3. WA T/ — (i 3
EEI. nargsf EHIHE args[0] AEER AL 5| B S, QIS args (07 HO{E T BRI RF i s I 22 7
fill L PY_VECTORCALL_ARGUMENTS_OFFSET, B#F5 |3 DAMEAEPyObject_Vectorcall ()

R A
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WY EBAG Py TPFLAGS METHOD_DESCRIPTOR ¥ptk, M PASEHEI args [ S AEES | # sk
Y unbound method (ZREIZE ) Y.

B IR [l (A SR S S RS | — {1 451 SNE [m] 8 NULL .
3.9 BCHTIA.

7.2.4 1:0Y%{E API

int PyCallable_Check (PyObject *0)
Part of the Stable ABL FIE Y4 o @A EIRTRFIY ) o QSR (2 nTp 4 Bl Tl 3 1, JHC At 55 () 8
0o & fiEl R A gL S

7.3 >l

int PyNumber_Check (PyObject *0)
Part of the Stable ABL IR}t o BRUSBCT IO, GEFIE 1, LR, A0 HOR 2 L.
3.8 AR QIR o 2 — ARG EBUILR M 1,

PyObject *PyNumber_Add (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL 1&[\] ol . 02 FHINAYZE S, AR, &[] NULL,
ZEMF Python AT ol + o2,

PyObject *PyNumber_Subtract (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL R[] ol JiiZ= 02 Y455, WL LM, RF| NULL, %5
#rF Python F£ikx 01 - o2,

PyObject *PyNumber_Multiply (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABIL 1&[\] ol . 02 FHFEMLEHR, W, R [F] NULL,
ZET Python FFik3 01 * 02,

PyObject *PyNumber_MatrixMultiply (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABI since version 3.7. 3&[0] ol . o2 fGERERIERIZER , U
SRR, 1RF] NULL. Z8{ftF Python Fik® ol @ o2,

3.5 BUHTIMA.

PyObject *PyNumber_FloorDivide (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL 3&[0] ol DA 02 [n] FHCERIE, IR [E] NULL,
XEEMT Python Fik®X ol // o2,

PyObject *PyNumber_TrueDivide (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. 1 [\ ol [&VA 02 WIECFAEM A FRITOME, B85 m}
IR NULL. 3R [E] 2 SEARME” B 3k 677 oA St 2 i U A mTRE A E RS i 320 iy
SR RO ATE A AT BB 3R [l —ANP7 S . MR T Python ik o1 / o2,

PyObject *PyNumber_Remainder (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL 1&[8] ol [§:DA 02 152480, WR KM, 1R[] NULL,
S5 T Python KiEx o1 & o2,

PyObject *PyNumber_Divmod (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. Z:2% N B REL divmod () » NS4y, 1% [\ NULL,
ZEHF Python F£IAT divmod (01, 02),

PyObject *PyNumber_Power (PyObject *ol, PyObject *02, PyObject *03)
Return value: New reference. Part of the Stable ABI. 5257 N B BREX pow () o THZRIK, 12 0] NULL . 284y
T Python H1)REA pow (01, 02, 03), HH o3 @A[IER . WIREZNE 03, WFFE APy _None
VER AR (ARt A NULL & S8 3B AR .
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PyObject *PyNumber_Negative (PyObject *0)
Return value: New reference. Part of the Stable ABL iR [0] o [ f(H, WR M, 1%F NULL . ZEHT
Python k7 —o,

PyObject *PyNumber_Positive (PyObject *0)
Return value: New reference. Part of the Stable ABL iR [f] o, IS, iR\ NULL . 54T Python 3§
AR +o.

PyObject *PyNumber_Absolute (PyObject *0)
Return value: New reference. Part of the Stable ABL &[0 o B4 %HE, WM, 1k [\ NULL. 4T
Python A= abs (o) .

PyObject *PyNumber_Invert (PyObject *0)
Return value: New reference. Part of the Stable ABL. & [9] o R34 BUS G IS5 5, a2, 1R [A] NULL.,
SFr T Python KiAs ~o.

PyObject *PyNumber_Lshift (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABI. & [0] o] Zi#% 02 MRS IIEEH, Wk, & [H
NULL. %4+ Python FiAH ol << o2,

PyObject *PyNumber_Rshift (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL 1R [\] ol 55%% 02 M HAFIGHIZE R, WREM, &H
NULL . Z8/1F Python F&E o1 >> 02,

PyObject *PyNumber_And (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL 1&[\] ol 1 02 “¥{ 5" WIZEE, WKW, 1R
NULL . Z4F Python FiE ol & 02,

PyObject *PyNumber_Xor (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABI & [0] o] F1 02 “¥fiF8 MISEHE, R LN, &
Al NULL o 24T Python £ik® ol » o2,

PyObject *PyNumber_Oxr (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. 18 [\] ol 1 02 “¥{i8l” MIZEE, WRKMW, &H
NULL . 28T Python ik ol | o2,

PyObject *PyNumber__InPlaceAdd (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL 1&[\] ol . 02 FIINAYZES., AR, #&[A] NULL,
Yol IR, XM EHEEHBEMHEMALHR . SH0T Python i54] ol += o2,

PyObject *PyNumber_InPlaceSubtract (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL iR [\] ol . 02 FMHIEHILESE, WS, 1R[F] NULL
Mol SCFERT, XAEHEBEMEHEMAELS R . M T Python iF4] ol —= o2,

PyObject *PyNumber_InPlaceMultiply (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL &[] ol | o2* fAFeay2E R, 4o R k0, &= “NULL®
o % Fol STHER), XAMEHEBEMH EMALR . ST Python iE4A] ol *= o2,

PyObject *PyNumber_InPlaceMatrixMultiply (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABI since version 3.7. J&[8] ol . 02 {0 MG IS5 R,
WK, R[]I NULL o 24 of SCHERT, XAEEEZMHEMAESIR . %M T Python i5H] ol @=

02,

3.5 BUBTINA.

PyObject *PyNumber_InPlaceFloorDivide (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL 12 [\] ol [&VA 02 G FEBOEHIZER, R A, &
Bl NULL. 4 ol SCHFi, XA EEEBEM I EMfEGR. S0 T Python ifihi] o1 //= o2,

PyObject *PyNumber_InPlaceTrueDivide (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. 1R [B] ol [ DA 02 HIECA(E M)A FUT DR, B8 5% gt
R[] NULL. 3R B2 SME” PR E 60 s oA B2 i e s AP REDA —E RS i 3R ir
SCEL. ER BT DATEAL A RE R 1R ] — AN B0 B TRAE of SCHRFIIRHES: SR iAT. ek
BEEMT Python iE4] o1 /= 02,
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PyObject *PyNumber_InPlaceRemainder (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABL 1&[8] ol [ DA 02 152480, WR KM, 1R [F] NULL,
2 ol SLFRIY, XA IZHEEMEMNEMAER. ST Python ihf] ol %= o2.

PyObject *PyNumber_InPlacePower (PyObject ¥0l, PyObject *02, PyObject *03)
Return value: New reference. Part of the Stable ABL 5% 7] PN B BREX pow () o AN M, iR[H] NULL,
Mol SHFRT, EMEHEEEMEHEMAESR. X o3 &Py _None B, ST Python 4] ol **=
02 M TIEF RN BAEFLE RN pow (01, 02, 03) o WRIEAM 03, WFEHE APy _None
(f& A NULL £ 3 EEAEE N .

PyObject *PyNumber_InPlaceLshift (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABI. & [0] ol Zi#% 02 IS IIEEE, WL, &[H
NULL. 4 o SZRpiE, XAEH BB A SR . S0 Python if4] ol <<= o2.

PyObject *PyNumber_InPlaceRshift (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. 1R [\] ol 5% 02 M HWAFIGHIZE R, WREM, &
NULL. 4 ol SZHER, IXMEHEEMHEMALSER. SN T Python iF4] ol >>= o2,

PyObject *PyNumber__InPlaceAnd (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL [NIHFFIR ] ol F1 027 #4757 IZER, SR 1]
NULL. fE ol SZFRFRRIR T fir RieidT. 45 Python ifH] ol &= o2.

PyObject *PyNumber_InPlaceXor (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABL IR [B] ol Fil 02 ” ¥ Hai U455, R EHR
] NULL. ¥E of XRFRIHE TRBRAERF RHEMAT. %405 Python 5] o1 ~= o2,

PyObject *PyNumber_InPlaceOr (PyObject *0l, PyObject *02)
Return value: New reference. Part of the Stable ABL IR 9] ol F1 02 7 #AV B WILER:, Je IR ]
NULL. TE ol SCRFUFIE PRI RIEMAT. 40T Python i41] ol |= o2.

PyObject *PyNumber_Long (PyObject *0)
Return value: New reference. Part of the Stable ABL IR [H] o S0 BB 5 G &5 5, SRR
[5] NULL. Z84}F Python %A= int (o).

PyObject *PyNumber_Float (PyObject *0)
Return value: New reference. Part of the Stable ABL. IR 0] o #3 JyiF SO R )G HISE R, IR
Bl NULL. 24y T Python A= float (o).

PyObject *PyNumber_Index (PyObject *0)
Return value: New reference. Part of the Stable ABL JF B} ] o #5444y Python int 88 JS5 458, 2
Wi IR [E] NULL I 5| % TypeError S,

3.10 fEAE: G5B RAN int KA, FEZRIRAT, GPRATHEN int B9 T3R50,

PyObject *PyNumber_ToBase (PyObject *n, int base)
Return value: New reference. Part of the Stable ABIL iR [ 385} n ¥4 i DA base “h B0 F 454555 IG5 1 45
Ho EA base ZHOLHI 2, 8, 10 8 16 o X TEAEL 2, 8, = 16, iRl HY~FAFH-RF73 3 _E A%
FRiH '0b', "00',0r '0x" . U n ASE Python W EEEY ine A S i PyNumber Index ()
B e R R AL

Py_ssize_t PyNumber_AsSsize_t (PyObject *o, PyObject *exc)
Part of the Stable ABL HIR o W] DARI AR — S BEBNR ] o He o)l Py_ssize t {H. AR
KM, M&T 1 A—A IR mE -1,

TR o W] PAWE 44 Python | int [H{H 22 M Py_ssize_t {HN45| % OverflowError, M|
exc ZHC- RIS K KB B H -~ IndexError 8 OverflowError), A1 exc A NULL,
DN 2 I W O BB 78 R (AR B N 9 3 50 O PY_SSTZE_T_MIN T AE Ay IE B A 4 4 55
PY_SSIZE_T_MAX,

int PyIndex_Check (PyObject *0)
Part of the Stable ABI since version 3.8. &1 1 H1H o B— KT E (FF nb_index F(IH 73|
tp_as_number 5K ), SUEFEHAMEL TR 0. MR 2 P IIT .
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4 FE5IiY

int PySequence_Check (PyObject *0)

Fart of the Stable ABL iR AR AL T e 50 R ] 1, 5 GR 0. i R E KON B A
—getitem _ ) J7¥EHY Python 2RIk [H] 1, BRIFEATRE dict BT, PRENTEEH LT ik

T i 3% ﬁ*iﬁh%ﬂ‘%ﬁ*i R ELE %EJZIJJ}}MTO

Py_ssize_t PySequence_Size (PyObject *0)

Py_ssize_t PySequence_Length (PyObject *0)
Part of the Stable ABL IR [B] P41 H *o* (55, Itz [|] “-1¢. AH24F Python ¥ “len(o)“32
ST

PyObject *PySequence_Concat (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL IR [H] ol Fl 02 By$HF4E, IR [H] NULL, X
ZEMF Python AT ol + 02,

PyObject *PySequence_Repeat (PyObject *o, Py_ssize_t count)
Return value: New reference. Part of the Stable ABL iR [A]JF 5%} 5 o TIE count YRIE5HR, st [A]
NULL, XZF Python #£ik3 o * count.,

PyObject *PySequence_InPlaceConcat (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABIL iR [E] ol 1 02 WHHE, KEHRE] NULL, £F
ol STRFHINE DL T BRAVERF R 5e . X4FHrT Python Kkl ol += o2,

PyObject *PySequence_InPlaceRepeat (PyObject *o, Py_ssize_t count)
Return value: New reference. Part of the Stable ABIL Return the result of repeating sequence object 3% [1] JF# 41|

X o B count WHILEHR, RGN IR M NULL. TE o SCRFROHIL T ERES Rub s, XEMT
Python A3 o *= count.

PyObject *PySequence_GetItem (PyObject *o, Py_ssize_t i)
Return value: New reference. Part of the Stable ABL &[0 o H)SE i SI0E, RIGETIRH NULL, X4y
T Python Rk o [1]

PyObject *PySequence_GetSlice (PyObject *o, Py_ssize_t il, Py_ssize_t i2)
Return value: New reference. Part of the Stable ABL 1& [B]JFF)XT 4 o 11 il B 2 (Y] F, 2RI} [|]
NULL, XZET Python ik o[i1:12]7,

int PySequence_SetItem (PyObject *o, Py_ssize_t i, PyObject *v)
Part of the Stable ABL XI5 v WU{EZS o 956 i SIeR . KM 51 & SR RE -1; MIhmHR R
0. JXAH T Python ifH) o [1] = v. BLERE RAWNS v 5] 1.

sk v o NULL, JUERFREIMER, (EUR ke g MY S Py Sequence_Delltem ().

int PySequence_DelItem (PyObject *o, Py_ssize_t i)
Part of the Stable ABL HFET4 o 58 i SI028 . KR E] -1, XAH24TF Python 154] del ol[i].

int PySequence_SetSlice (PyObject *o, Py_ssize_t il, Py_ssize_t i2, PyObject *v)
Part of the Stable ABL $/7 5t % v BUEL ¥ HIX % 0 MM il %] 2 9] . B2 F Python i 4]
o[il:1i2] = v,

int PySequence_DelSlice (PyObject *o, Py_ssize_t il, Py_ssize_t i2)
Part of the Stable ABL MR JFFIXTE o (M il B i2 W1 F . RIEHRIE —1. 3%4H24F Python i/
del o[il:1i2],

Py_ssize_t PySequence_Count (PyObject *o, PyObject *value)
Part of the Stable ABI R0 value 75 o P IR R EL, BlR[E{#S o [key] == value WJBEHIEE.
IR XA 24T Python 3K 0. count (value) .

int PySequence_Contains (PyObject *o, PyObject *value)
Part of the Stable ABL #7E 0 BB value, YR o PIFE—TNZET value, WIRME 1, FWRME] 0,
HEERE, R -1, XAH4TF Python FiAx value in o,

Py_ssize_t PySequence_Index (PyObject *o, PyObject *value)
Part of the Stable ABL iR [A|55—A~& 5| *i*, Hif o[i] == value. H45m}, 18\ —1. #1124 F Python
I “o.index(value)“ZFE Az .
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PyObject *PySequence_List (PyObject *0)
Return value: New reference. Part of the Stable ABL 1 Bl — 3 FXT%, HNAESFH) 8 ERANTE o
A, RIGER A NULL. 3R EI A5 RIEE— NS . X & MT Python £ik5 1ist (o) .
PyObject *PySequence_Tuple (PyObject *0)
Return value: New reference. Part of the Stable ABL iR || —ANJe2HNt 4, HANA S5FEF B EAXT 4 o
AHE], RIGHHR F] NULL, 405 o Shocdl, WPRRR A5 T, e A0 D0 R 24 5
HHE—IeH . XEET Python k5 tuple (o) .

PyObject *PySequence_Fast (PyObject *o, const char *m)
Return value: New reference.  Part of the Stable ABL Y J% %) 8 7] £ X X & o 1F b H b
PySequence_Fast* MU X ZIR A QR ZAT AR A ST B, W5k
TypeError J4f m M ESCA . RN [F] NULL,

PySequence_Fast* MR Z T AX a4, @H AHENXIRE o & —NPyTupleObject
W PyListobject HHEIEI o W T B
YE} CPython FSEERAHTY, W o C&R—NFHNESNFR, EREEEERI .

Py_ssize_t PySequence_Fast_GET_SIZE (PyObject *0)
1E o fiPySequence Fast () i&k[AI H o A2 NULL (1§ 0L R &[] o K 2. M A DUESLE o 1A
HPySequence_Size () KB K/, (BEPySequence_Fast_GET_SIZE () BT PLHE A
B LMERE o HF)ERETTA .

PyObject *PySequence_Fast_GET__ITEM (PyObject *o, Py_ssize_t i)
Return value: Borrowed reference. I¥. o HPySequence_Fast () 12 H o /&~ NULL, ¥ H id fER5|
JLE NP TR o B2 i 5 ICEK.

PyObject **PySequence_Fast_ITEMS (PyObject *0)
i [u] PyObject $54HHIR)JZ 4 . (RiX o HPySequence Fast () 3z H o A4 NULL,

TR, WERGRARE RN, FF 4 L] RS BB 7 items K20 PRI, AUFE 79 o vk S0y B R 3
HH o SRR P

PyObject *PySequence_ITEM (PyObject *o, Py_ssize_t i)
Return value: New reference. 1R 8] o W) 55 i A~ J0 & 5 7F 2< W W} 1% [B] NULL, It =X
lPySequence_GetItem() ¥, HASKT o FHPySequence _Check () B RNEAL,
AW AT AT

7.5 BREHRY

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

int PyMapping_Check (PyObject *0)
Part of the Stable ABL WIS T BT HMSER 2RV MR £, RN 0. kRS
HA __getitem () Jrykp Python J&iR[H] 1, PRA7EME R IL N JCIAM & KB SCRrAY BEE A,
IR EUE 2 2 AT .

Py_ssize_t PyMapping_Size (PyObject *0)

Py_ssize_t PyMapping_Length (PyObject *0)
Part of the Stable ABL J{{ IR [MI X} 5 o BB RE, AR aR ] —1. 53X 24T Python ik
len (o).

PyObject *PyMapping_GetItemString (PyObject *o, const char *key)
Return value: New reference. Part of the Stable ABL 1% [H] o X} T F4EER key BICE, a{E K IR
] NULL. 3%AH247T Python 32ik= o [key]. HifiZ: I also PyObject_GetItem().

int PyMapping_SetItemString (PyObject *o, const char *key, PyObject *v)
Part of the Stable ABL TEXfZ o " FAFER key BUSTBIE v. KRMORIR M -1, 3XAH24T Python i)
olkeyl = v. HIEZWPyobject_SetItem(). LR RAHIXF v BT
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int PyMapping_DelItem (PyObject *o, PyObject *key)
MXFG o AL ERXT 5 key HIWLIRE. AR B —1, X AH 24 T Python i54] del olkey]. iX

BPyobject_DelItem() H— 514,

int PyMapping_DelItemString (PyObject *o, const char *key)

MIFG 0 HRSBRFEAFER key HIBLYS . JRIGHTIR ] —1. iXAH24 T Python i5/] del olkey],

int PyMapping_HasKey (PyObject *0, PyObject *key)
Part of the Stable ABL YNSR WG4 B 5 key WIRE] 1, FNRE] 0, X4H4 T Python ik key
in o. WERELE RSN,

WHEBFEWA _getitem () J7 ¥ W) KA 19 5 08 15 & 4 e il B2 3R BUAS 352 i 5 1 2L
HPyObject_GetItem().

int PyMapping_HasKeyString (PyObject *o, const char *key)
Part of the Stable ABL YIS BRI XT 5 B 5 key WR A 1, FRE] 0, 3X4H 4T Python ik key
in oo BURRELE RS MIIIAT.

WHERAET A _getitem O J7ikMIA] KA B0 5 8 R S Wb e AR IBURS DR AR A i

HPyMapping GetItemString ().

PyObject *PyMapping_Keys (PyObject *0)
Return value: New reference. Part of the Stable ABL F{II};, 1R[EIXTER o FRIBERFNF. FIME, &H
NULL,

3.7 WA AEZ WA, R EGR [l — 21 kT

PyObject *PyMapping_Values (PyObject *0)
Return value: New reference. Part of the Stable ABL W}, REIXIE o FHMEIISNZE. FM), &[H
NULL,

3.7 WA FEZ WA, KGR il — 21 koo

PyObject *PyMapping_Items (PyObject *0)
Return value: New reference. Part of the Stable ABL. WINE}, RE[XI% o HE&HMHNFR, Hpa14H
fe MU T . R, 3R [E] NULL,

3.7 WS AEZ HICAS Y, SRR EGR 0451 st .

6 R

AP R EL

int PyIter_Check (PyObject *0)
Part of the Stable ABI since version 3.8. U5 Xt % Return non-zero if the object o W] DA # ZC 4= (&
YipyTter Next () WEREHEZAE, ANRE 0. B RS MEHIT

int PyAIter_Check (PyObject *0)
Part of the Stable ABI since version 3.10. QFEX}4 o 2L T AsyncIterator PV NEREIIEEM, &
MWERE 0. PEPRELE 22 YT .

3.10 BBUFTIA.

PyObject *PyIter_Next (PyObject *0)
Return value: New reference. Part of the Stable ABL. M U #F o IR M K —/MEH. X £ 0 A
Wipyrter Check () Wil Mk R AR (FEIH KM TTKAE) . ﬂﬂ%?ﬁﬁ’ﬂ%é’]fﬁ J & [m]
NULL H HA R E 8 . QRTEIRIBUS HIN A4 TR DE, R[] NULL If HAZ %

BOEREGRE — A EER, C AU MIZE ARG

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

if (iterator == NULL) {

Q3
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(R L —5)

/* propagate error */

}

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

/* release reference when done */
Py_DECREF (item) ;
3

Py_DECREF (iterator);

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

}

type PySendResult
AT REPyIter send () MARRZERIHEAE.

3.10 JBUHTMA.

PySendResult PyIter_Send (PyObject *iter, PyObject *arg, PyObject **presult)
Part of the Stable ABI since version 3.10. ¥ arg (%5315 2s iter. 1R [A]:

* PYGEN_RETURN, IALGEMZRRIE MG, & EE L0 presult Heik[m] .

* PYGEN_NEXT, UIEEAARABAANE. A BIESEL presult FeiR[H] o

* PYGEN_ERROR, WIREMRZRTIKFHIITE. presult 2950 NULL,
3.10 HEHT A

7.7 #:41%F (Buffer Protocol)

£ Python Hi ] {ff JI] — LEXJ G o A0 0 X IR 2 N AF R SR 22 ok 7 ). RN QAL N B bytes il
bytearray PAJ—2840l array.array UFFRYY REIRA ., 25 =J7 R al RES N THRFIRIN H 1910 E LE
1A CHIZAL, BT B R A FEREE T4

ERIX B II g B — AP H CRYTE S, (HENTRA dl AR A A7 Gt IX SR L [RAAIE . e
BEIGOLN, A B E VT %Gt X Jo 5 PRl A il .

Python DA% #33 YIEAE C )24 ERE X RERY DI AE . BB PIANJ T

o FEARTPE X O, R ACAT AR A e XN, RTFATFERIRZEZ MG R
2 OGRS BAEBuffer Object Structures —5 715

o TEIHSRE M, A JURN AR T PSRRI 0 S s R = A i ha 5 (Blan—AIrikmig2) .«

—LUfRT BT S A by tes fil bytearray 23 A )7 E A FENIRIRZE SR X . WAlfEs
4’d33£iﬁ BN array.array FiAFRIICE T AR L 74 E.

b X3 IS B B — N T2 SO 8 write () YR ARATRT DA H S — R R 4 Al
PABEE A SO SR write () TR RSN THEARREY H AR, HAR) Ik, i readinto () 7
RSHNENE AR b IZS% AR G T AP Fo i s R 4 5 B b IR 34

T g X B L OB TR, A PR ORI —A~ H R g i G-
o R IEMHISEREF Pyobject_GetBuffer () R
* WHPyArg ParseTuple () (MHRIHFMNRZ—) FEA yv*, w* or s* 15X A H—A~,
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TEXHAER T, YABEEEM XM PyBuffer Release () . WIRMIEIERIKL, WSS
BRI, BN BT .

7.71 FRX L

Geh XL (S0 A AR N “buffers” ) X5 B Bedli M5 — IR A TIPS Python R/ S ARHA -
EATERTARAEZ S WA HLH] . SERTETT ] NAFRIRE Sy, W] DAIRAS 5y MU RHAT A $0dE 24 T 45 Python
TP 5. WAFRT AR C o R i — DRI H EEEH, T DARTEAL 18 2484 R G 2 wil T T B 5 in
WA, B AT AR AL AL N A AR S S5 A e

5 Python RS ATTHIR Z BB UATE , ZnpIX A g Pyobject FREFTIE R B C 450, XMEFRE
AT AR fey SR @ AN M . U2 Genh K Bz A EgRI), W RAGIE—AS ) AL XL

HRMAMREHF FHXN R EEU, §SM% F R 240, ERREPXINTER, §5
RlPyObject_GetBuffer ().

type Py_buffer

void *buf
Fa 1) i G op X7 Bl ) B S S5 T AR R 48T . X 0] DU S AR IR JE W BN A7 P A AT ]
g B, (AR strides [E0]REFS R WAL R E
X Tcontiguous | 4REE B, AEFE ] NAFERIIF K

PyObject *ob3j
XX R FGI G HAE AR, HlpyBuffer Release () HEBBIHKE
A NULL, Z%FBETALTARE C-APT s R [FIE
VER—FERIR IS, ST PyMemoryView FromBuffer () B{PyBuffer FillInfo ()
W temporary GEPIX, BB NULL, i@#, SHASEAEMH I TE.

Py_ssize_t 1en
product (shape) * itemsize. X TIELEA, XM AIKE. XTIEESEL
4, WRBEEEWE R BTSRRI, WK ERF A RKE.
24 2% v X2 J8 o PRI 7 ZE R 3 SR SRR, A Y5 ((char *)buf) [0] up to
((char *)buf) [len-1] WA H M. FERZEBIEN T, WEIF K HPyBUF_SIMPLE

BYPyBUF_WRITABLE,

int readonly

Zerh e o H e e ngs . 7Bt PyBUF_WRTTABLE FRaGdaiil .
Py_ssize_t itemsize
BASTCEM TR/ (PAFAT AL ). 5 struct.calesize () PWHAENULL format BYMEA
]
EEGIS: AR ORI % oh XY PyBUF_FORMAT Fpak, format $§i% ¥4 NULL,
Hitemsize IRAFIAMEAE.
MH shape TE4E, WHFHZH) product (shape) * itemsize == len {JRTELE, [HHER]
DA i temsize R FHgEnp X,
MR shape & NULL, K-NE5R NPyBUF _SIMPLE 8% PyBUF_WRITABLE 53K, N{#i & 07
Zgitemsize, R itemsize == 1,

const char *format
TE st ruct BHREUEEH NUL F4575 , iR BT N2 . SR 2 NULL, NI R “"B™
(A5 FT) -
W Bt PyBUF_FORMAT Friifs .

int ndim

WAFRIR A n R 42, WRE “0°, buf $RIMFRRAREIBRANIHE . EXFERL T,
shape., strides flsuboffsets Wi “NULL” ,
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%2 PyBUF_MAX_NDIM ¥ Kk BERR BN 64, SRR LTS XA MRS, L 4:% X1
& W% RES AL Bl £ PyBUF_MAX_NDIM 4%,

Py_ssize_t *shape

—MNRENPy ssize t WEH ndim FoRmVEN n 4EARNAFEIR . RS, shape (0] *
. * shape[ndim-1] * itemsize W4T len,

Shape JEARENAL HH (E B PR EE shape [n] >= 0, shapeln] == 0 X —EHEFHEEEHH

. WEEBIES R complex arrays .
shape B2 X T (5 ] 3 fe thi & 2
Py_ssize_t *strides
—MNREENPyY_ssize t B ndim 45 BBk I F 1 BOARBUEAS RO B e &
Stride AP IEERAL A AT DAUAALATRER . X AEA, P IRE R N IERL, (HR R F a6
AL strides [n] <= 0 IEN . 215 EIES Hcomplex arrays .
strides AL PR il 2 B .
Py_ssize_t *suboffsets
— MR Nndim BB NPy ssize t BEE . WA suboffsets[n] >= 0, W% n 4Ef7fK

24T, suboffset (HERAE [ RFRS | I B4 HREH TN Z D7 W% . suboffset fifE, NI
FORA NIRRT (B NAr R #53h) -

WERPTA TiFe )t (BIEFTHCHE ), W5 Bas4itch NuLL  (BOAHE) -

Python Imaging Library (PIL) Hfiff ] T X A2 BB Rk . 55 lcomplex arrays &1 i
A A — D T R TR

suboffsets 2 X0 FH & i 2 i .
void *internal

Mg g A . AT BE R B AR A — AN, TR — MR, AR SR
1 XREHIC ) 2 A AR shape . strides Fl1 suboffsets $42H . JH 94 Y RAFBUZIE.

7.7.2 ZHRXIFREIZEE

W, Widpyobject GetBuffer () [ X RAKEMIXIER, HIMIRIGEPIX. hT NFrZHE
GMAZR, WTRESAMRRZESR:, Zenh XM v ] flags 2804t i FLREAS AL BRI e rh IX LA

Ik Py_buf fer B hi RN E L.

S5ERTXHFER

PURFEASH flags om0, F HO0EEHIEMEET: obj, buf, len, itemsize, ndim,

Riz, #X

PyBUF_WRITABLE
il readonly FE . WRRE T, BWHAT LRI EZERIX, BNHRE R
W Ak, bRy TTARME HRs T SRy b X, ([HX A T BT 54 AR
—F

PyBUF_FORMAT

Pl format B WRBCE, WMHIEHIEE 7B, HMILT, HrFBRumh
“NULL*,

PyBUF_WRITABLE W] PAFI 'R — 7 1 Br & #r & B¢ . B TryBUF_SIMPLE & LN 0, Fr
PAPyBUF_WRITABLE A]DMER— MR, TR — R S,

PyBUF_FORMAT W] AR NBR T PyBUF_STIMPLE Z AMIAEARR . JG& O AR T B Lo 51r
H3) #e
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AR, HiE FRBE
P AT E R SRR AL IR R s P 51 e YR, RS B T I A RS .

AR Bk | 58 | ThEE
PyBUF_INDIRECT = e WIRF TG
PyBUF_STRIDES = T NULL
PyBUF_ND e NULL | NULL
PyBUF_SIMPLE NULL | NULL | NULL

ELMAYIER
ATPA R A HbIE K C B Fortran 44 , AEHERADLIRGEE . HALIRGEE, W Xmie C-H#SH .

RS R | 5B | ThoE | 9B
PyBUF_C_CONTIGUOUS | e NULL C
PyBUF_F_CONTIGUOUS = | 2 NULL F
PyBUF_ANY_CONTIGUOUS = | = NULL | C&F
PyBUF_ND = NULL | NULL C

E&EK

giﬁi?ﬁﬁlﬂ@%ﬂ%ﬁﬁﬂaté*ﬁ*%J&ﬁ%ﬁé’ﬂéﬂ G . RN, Zp XpER s H A E1ER
AR

HETFEF, URFESEMERE L. HEEREFUIIRHPyBurfer IsContiguous () PAREESL:
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iBK K | iR | FRBE eBE | Hix | format
PyBUF_FULL = P WHRFFEME | U 0 =
PyBUF_FULL_RO == WRTERIE | U [ 150 | 2
PyBUF_RECORDS = NULL U |0 H
PyBUF_RECORDS_RO & | R NULL U [1&%o0] B
PyBUF_STRIDED | e NULL U 0 NULL
PyBUF_STRIDED_RO 'R NULL U 1'8{ 0 [ NULL
PyBUF_CONTIG & | NULL | NULL C 0 NULL
PyBUF_CONTIG_RO & | NULL | NULL C 150 | NULL

7.7.3 EZ%A
NumPy-Ritg: FRF0LIE

NumPy XSS B 445 H itemsize . ndim . shape flstrides & X

W ndim == 0, buf fEEINAFALEBIRREN KN R itemsize bR, XK}, shape flstrides
#ih NULL,

Wk strides Jy NULL, WIECHRFGREREA— MRER n 4t CIEFHEH. BN, JHRER T U
J7 K V51R) n AR5 -

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

W BRI, buf W] PASR ) SRR AAFER A AL ROOL . i R AT DA 2% R SR A G o DX F A R

def verify_structure (memlen, itemsize, ndim, shape, strides, offset):
"""WVerify 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
if offset % itemsize:
return False
if offset < 0 or offset+itemsize > memlen:
return False
if any(v % itemsize for v in strides):
return False

if ndim <= O:

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

return True

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

if strides[j] > 0)

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

PIL-R#E: ek, SIRFIFRBE

B THHLIZ AN, PIL XU IR EALR TM@/‘%&% WA IR X S5 EF A BE RN IR LEE I N — e . Bl
wn, HHL = 4E CIESEHE char v [2] TMEWEQ/\M? 2ANTHERUA 2 NR%E: char
(*v[2]) [2][3]. FTEFIWBEERT, i W/\TE%]LTMB"*/\T{buf HIFF3k, F8 1 AN BT AT I AATAA]
fLE ) char x[21 [3] £

R 4 n 4ERGIPTE R N-D B P “NULL S KA T iy, EiREl—g5

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 FHPXEXER

int PyObject_CheckBuffer (PyObject *obj)
W obj AP IXFET, WERE 1, HWERE 0, &[] 1 BEAERIEPyObject_GetBuffer () —
SE SN o AR BRI s T S

int PyObject_GetBuffer (PyObject *exporter, Py_buffer *view, int flags)
6] 4 s S5 A2 ACRTHOR, HIR flags $8E RN EIE view. QR4 1 8RR 7 A RESR BLMERT R U i 22
X, ik PyExc_BufferError, XE view—>obj A NULL Jfi& A -1,

IR, ST view, X view->ob] WNRT exporter HIFGIH, FfiRI 0. ik b K fife )y
PR R ] — XA, view—>o0b) A AT HIZXT R M ANIE exporter (4% it X3 %25 4) .
PyObject GetBuffer () Wil 5PyBuffer Release () [V, T malloc () i
free (). WM, HHERTFHTEEZWIX)G, PyBuffer Release () WM —IK.

void PyBuffer_ Release (Py_buffer *view)
RO X view FFIB I view—>0b] W51 HITHEL. 1% eR B 20HE Gk XA FEASE ) I A RETRL A
mﬂﬂﬁﬁéﬁiﬁlﬂﬂ?ﬁﬂﬂ:’ﬁo

BB M G KN Bt Pyobject_GetBuffer () KB, ¥

Py_ssize_t PyBuffer_SizeFromFormat (const char *format)

R itemsize HEEH format o« WRME, S RHIFRE -1
3.9 BUHTIA.

int PyBuffer_IsContiguous (Py_buffer *view, char order)
AR view F X HTER C Xk (order 3 'C ') BY Fortran X#% (order 3 'F ') contiguous Bt
— (Order 'A! )a I)_"J [Ello 7!55"] [E]O ﬁzﬁ ZS‘BE:I;JO
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void *PyBuffer_GetPointer (Py_buffer *view, Py_ssize_t *indices)
KU 5E view P indices T8 TR NAFIRIK . indices WhZi4E A —A> view—>ndim &5 |54 .

int PyBuffer_FromContiguous (Py_buffer *view, void *buf, Py_ssize_t len, char fort)
M buf SEHITESE len FATF] view o fort WPAE 'C B 'FT Y (ETF ¢ AAgEEH Fortran K
HERT). R HEE 0, FEREERIE -1,

int PyBuffer_ToContiguous (void *buf, Py_buffer *src, Py_ssize_t len, char order)
M sre ST len “FATH buf |, WONIESEFATRIIER . order WJPAZ T B R B A (HET
C A#%. Fortran RBHNUFHEFER—F). RGHEE "0, HEERHEE -1,

TR len = src->len W I R FICRF A -

void PyBuffer_ FillContiguousStrides (int ndims, Py_ssize_t *shape, Py_ssize_t *strides, int item-
size, char order)

4 B TEAR W contiguous FTERELH (AR order >k *C ' MK C K&, N5 order 2k 'F ' N>k Fortran
JAE) KIATE strides B, BATCRRA R ER T

int PyBuffer_FillInfo (Py_buffer *view, PyObject *exporter, void *buf, Py_ssize_t len, int readonly, int

flags)
WL R o XK, RS HARITFE AT RN len 16 buf , FARHE readonly 3 &V 5.
bug YRR — DTS F 1751
SN flags Fon iR AL. ZR B E IR flag $8 2 N IEA view, BRAE buf ¥ 2k, HH
flag Hi%'E T PyBUF_WRITABLE FRi& .
RS, $f view->obj &K exporter 51, Hak[El 0. &M, 5]% PyExc_BufferError ,
Ff view->obj W4 NULL, Hik[ -1,
MR R B A Egetbufferproc 1)—FK53, W exporter Whi R F AT, H Hab e R B R 1% Bl
TE#E flags, N, exporter Whilise NULLS,

7.8 EX & ;41%F (Buffer Protocol)

3.0 fintz E[EA.

XL Python 2 H1 “IHZGEm A" APT Y2 {4y . 7 Python 3, JUPRMMEAREAFAE, (HIXLEK

AR AT DAERS A 2.x WS . BB IAERT 22 o Phasl UARA MRS, HENMIHFARTEZE T

P P ) RSt B R 5T A i o U425 1

Ht, EFEARFEFPyobject_GetBuffer () (EBIEGPyArg ParseTuple () REUEEH v* 8% w*

16 X Ah) KA — R R E , TG E TR A PyBuffer Release ().

int PyObject_AsCharBuffer (PyObject *obj, const char **buffer, Py_ssize_t *buffer_len)
Part of the Stable ABL 3 [n]— AN i) u] FIAE T A7 00 i AR B NAFHLIE R HE 5. obj SRUATE
FRE B fF g 11 SRR 0, KF buffer B NAFHILIETFKF buffer_len SN Gt XKL . Hi
R A -1 Fi%E— TypeError,

int PyObject_AsReadBuffer (PyObject *obj, const void **buffer, Py_ssize_t *buffer_len)
Part of the Stable ABL &[] — A4 1] 40 S AR B i N FE Bk i 46 5. obj B ATSCRR BL BT
PRGN . AR O, S buffer B NAFHINE I RS buffer_len B Gt KA . HAR I IR 1]
-1 Hi%E—1 TypeError,

int PyObject_CheckReadBuffer (PyObject *0)
Part of the Stable ABL W o SCHFFRB ARG ph 422 LTAR [A] 10 IR [A] 00 R BUEE 23 AT
T MR R SRR — AR X, H FLAE R X eR EIO0 ) S A= 1) S S e el . 23K
B AR 2 S il PyOb ject_GetBuffer ().

int PyObject_AsWriteBuffer (PyObject *obj, void **buffer, Py_ssize_t *buffer_len)
Part of the Stable ABL iR [ —/NF§ 0] 0] 5 N FEHbE W 85l obj WL R R EBY A AF SR op 2 11 . B
IR [E] O, Ff buffer B WAFHBIETE RS buffer_len By G KA JE . AR IR o] -1 FF B —4>
TypeError,
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BEFRRE

A P 1 R BURR E T 28 Python X2, BRI S A EA AR — N B WREMN
Python FEJF AL E|— T4, (BAHE T B EHA IEFAEAL, M Se AT RA0 A Bilhn, 2K
TR G NTFH, A PyDict _Check (). AREMLEFIZAT Python XM “FKigh .

i RARTP AR RS AR AR RAOEA, (B T2 A S A ARXT 52
34 NULL, FRiffE A NULL A B8 SN AT ) S RIS A S B 28 1

8.1 BRIt

Atk Python ZERUNS A FA—SLBIN 4t 5 None.

8.1.1 AEIWKR

type PyTypeObiject
Part of the Limited API (as an opaque struct). T4 () C 458 TF-HiAR built-in 287

PyTypeObject PyType_Type
Part of the Stable ABL. 1% 28T type %1411 type object, EFE Python 2T type Al RIHIRT % .

int PyType_Check (PyObject *0)
MRS 0 R—DERADNG, WIEIRAE HAMERBDS G0 RSB W [ HEAE . 7R A HE N O
TR 0. I RBCRE B2 T

int PyType_CheckExact (PyObject *0)
WERXSR 0 @— DA G, (EARZIRMELRN 1) 7 RAMR I IERAE. R HER L TR
[ 0. ICRRECR S AT .

unsigned int PyType_ClearCache ()
Part of the Stable ABL 525 WA AR AT o 1R ] 24 B A FRAE .

unsigned long PyType_GetF1lags (PyTypeObject *type)
Fart of the Stable ABIL. Return the tp_ £1ags member of type. This function is primarily meant for use with
Py_LIMITED_APT; the individual flag bits are guaranteed to be stable across Python releases, but access to
tp_flags itself is not part of the limited APL
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3.2 OB
3.4 SR R EIZRAPAE R unsigned long MARZ long,

void PyType_Modified (PyTypeObject *type)

Part of the Stable ABL (%8 K H T A TR AU N TR AL HRGAF R ML RR B AAE X HZ IS LK)
PSRBT AL P T B Bz J5 IR

int PyType_HasFeature (PyTypeObject *o, int feature)

UPRZETIXG G o BEE T4 feature MR [MARFAH . FEBUFFMEZ M BN HURFRLTAR R R o

int PyType_IS_GC (PyTypeObject *0)
TN G AR ARERRG T B0 S MR A B X MR KBk Py TPFLAGS HAVE GC.

int PyType_IsSubtype (PyTy, peOb]ect *a, PyTypeObject *b)
Part of the Stable ABL {15 a }2 b E’J%%iﬂ)ﬂl] B

WK B R R AL PR FRM, XEWRFE __subclasscheck_ () AXTE Db LW, iEH
}ﬂPyObject_IsSubclass () 5'55514"{!3 issubclass () FrUAHEIRGR

PyObject *PyType_GenericAlloc (PyTypeObject *type, Py_ssize_t nitems)
Return value: New reference. Part of the Stable ABL 28RS R tp_alloc flE Ay AL MG . 56
A Python FJERIA A3 BCATL A 73 Bl — AT SE U R BrAy IN s I a4k NUL L.

PyObject *PyType_GenericNew (PyTypeObject *type, PyObject *args, PyObject *kwds)
Return value: New reference. Part of the Stable ABL RIS S t o_new FE{LE FHACTRAIRE . 755 1
KA tp_alloc FEARATHE—NHEHG.

int PyType_Ready (PyTypeOb]ect *type)
Part of the Stable ABL I ZAb—NRAN R o X W S TEFT A A4 EiR T DASE SUEA TR BT 4G4k . ik
MRS T — KRB BRI M AR RS O . IR ] 0, BURTERASERR M -1 s —

| ==
MR

fEE]: QRS H S T GC PO BT IR B A bR o R B35 Py TPFLAGS_HAVE_GC,
MR B 3 AOH A2 2K 58 B GC o W *Efiiﬁz R g A E oy 8 B AR P ok
Py _TPFLAGS_HAVE_GC W'E &4 H Ol LM cp_t raverse AIfRHESEIE GC 8.

void *PyType_GetSlot (PyTypeObject *type, int slot)
Part of the Stable ABI since version 3.4. 1R [BIFEAETE LR BRGNP EERE . WIREER - NULL, NZE
/%ﬁfyi%%ﬁﬂﬂ NULL, BCEZRE LA T IIES . W 5l i Bk 4 %%ﬁ%ﬁﬂ &2
YRR R

W27 PyType_Slot.slot A& A Y slor ZHH.
3.4 BT
3.10 JiUHE%E: PyType GetSlot () BUAEW DABEZ A KA. ML BT, ERRRHI e L2,

PyObject *PyType_GetModule (PyTypeObject *type)
Part of the Stable ABI since version 3.10. 12 B4 i Py Type_ FromModuleAndSpec () B2 7w}
KERF 45 78 KB RHRAT 42 o

QISR FBRRN 45 R, M E TypeError IR [H] NULL,

DCoR B W B T ARBy e X TE OB, W R EX RN P,
PyType_GetModule (Py_TYPE (self)) A fE A & & [0 Fi # 1) 4% % Py_TYPE (self) ®J

PAE B AR — 4 F X, ﬁﬁ?%’é#%*%%ﬁ%ﬁtﬁ%*ﬁIEIE‘J*%E%*FES&E’JD e
i pyCMethod | UM BRI IAE LHHERE -

3.9 BGHIMA.

void *PyType_GetModuleState (PyTypeObject *type)
Part of the Stable ABI since version 3.10. &[] 3¢ B 3| 25 E KB BT R R & X2 —4
FEPyType_GetModule () HILER FIE PyModule _GetState () WM,

WA FBRR 25 e AR, WS TypeError iR W] NULL,

O
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AN rype A FKERABHEHR ) NULL, R[] NULL HANGEE 395
3.9 BUCHTIA.

BIEHE S ECAE

T R BN SR AT R B E L

PyObject *PyType_FromModuleAndSpec (PyObject *module, PyType_Spec *spec, PyObject *bases)
Return value: ~ New reference. Part of the Stable ABI since version 3.10. R spec
(Py_TPFLAGS _HEAPTYPE) G#EF1& [a] —A4 3 KA,

bases Z 0] kA5 E B2 B AE A RE h 2 AR iy 7ol . ANk bases i NULL, N 2x i
H Py_tp_bases (v . G0FIZFE R NULL, WM Py_ip_base . G0F%FE ([ 4 NULL,
N ZRBLRIRAE H object.,

module Z: 00T W] AT 5 2 SR TE IR . B g — BRI R BN NULL. WA
NULL, WRZBEH S K H 2680 Bl e Jiliid Py Type_GetModule () KARHL. XA~ KHK
RPN AP T RARK; B AU A B E .

BB SAER R LA Py Type_Ready () .

3.9 BUHTA.

3.10 MEEAE: e BORAERE 2 — D BN bases 44552 NULL A2 tp_doc ffiL.
PyObject *PyType_FromSpecWithBases (PyType_Spec *spec, PyObject *bases)

Return value:  New reference. Part of the Stable ABI since version 3.3. & fE p
PyType_FromModuleAndSpec (NULL, spec, bases),
3.3 JRHTIA.

PyObject *PyType_FromSpec (PyType_Spec *spec)
Return value: New reference. Part of the Stable ABL Z£{Ei® PyType_FromSpecWithBases (spec,
NULL) .

type PyType_Spec
Part of the Stable ABI (including all members). & X —"EBIFT M IS5 14
const char *PyType_Spec.name
KAWL FR, HEIRE Py TypeObject . tp_name,
int PyType_Spec.basicsize

int PyType_Spec.itemsize
PAFFT BRI LB RN, FAREBEPyTypeObject . tp_basicsize MIPyTypeObject.
tp_itemsize,

int PyType_Spec.flags
KRABERR, MR EPyTypeObject.tp_flags,
R RN E Py_TPFLAGS_HEAPTYPE fiifx, WPyType FromSpecWithBases () € Hzhi%
ﬁ/—‘—»

PyType_Slot *PyType_Spec.slots
PyType_Slot Z5HIARIEA . DARRIRREOI(E {0, NULL} REH.

type PyType_Slot
Part of the Stable ABI (including all members). & XL — BRI IEIN G 45 M4, A& — {37 ID
M—"MEFRE .

int PyType_Slot.slot
{7 1D
oy ID B2 8 B R4 W KpyTypeObject, PyNumberMethods,

PySequenceMethods, PyMappingMethods M PyAsyncMethods W] F B %4
ME—A~ Py_ WiZk. ZR0RUEL, (EH:
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e Py_tp_dealloc B PyTypeObject.tp _dealloc

e Py_nb_add ¥ PyNumberMethods.nb_add

* Py_sq_length i EPySequenceMethods.sq_length
Y FE SO Py Type_Spec fll PyType_Slot Kik'HE:

s tp_dict

* tp_mro

* tp_cache

* tp_subclasses

* tp_weaklist

* tp_vectorcall

e tp_weaklistoffset (&, PyMemberDef)

e tp_dictoffset (& JL,PyMemberDef)

e tp vectorcall_offset (£ PyMemberDef)
TN FEBAEZIR AP R I Py Type_Spec Fll PyType_Slot K H:

* bf getbhuffer

e bf releasebuffer

XHE Py_tp_bases 8{ Py_tp_base JEF L& LS M, b T B4 ) 8,
M PyType_FromSpecWithBases () [ bases 241,

3.9 Wi 4#: PyBufferprocs WAL RERTEANZ IR APT HYGRE

void ¥*PyType_Slot .pfunc
WAECL U . AERZEUGILT, X2 — T8 m R 55T

Py_tp_doc PASMOFERIIY R A] A NULL,

8.1.2 None ¥jt¥
TR, None [Py TypeObject A HAELE Python/ C APL A JF. | None J2Hiffll, X R AR IR
(7E C i == ) SRR T. B TRFEERH, % PyNone_Check () M4k,
PyObject *Py_None
Python None Xf%t, FIREZ(H. X MXREA . BFREGRTI I HAL AT IH M4 .

Py_RETURN_NONE
IERfALEER B C RN Py_None i&Il (WYL, HihI None 95| HTTHEUFRMIE.)

8.2 B{EMIF

8.2.1 B

JIT A B S B K AR R R KB 4
A, KZ% pyLong_As* API #£ iR ] (return type)-1, XS5 FILERXRSIF. iR
HlPyErr_Occurred () FMPAXSy.
type PyLongObject
Part of the Limited API (as an opaque struct). 7~ Python BN R PyOobject T2,
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PyTypeObject PyLong_Type
Part of the Stable ABIL iX>PyTypeObject (5L FE/~ Python [ EEE(25% . 5 Python 155 W1 int
HAT o

int PyLong_Check (PyObject *p)
MR SH R PyLongObject BPyLongObject WTJAL, MR True, % pKE— & REAE AT K
.

int PyLong_CheckExact (PyObject *p)
MR HESEE T PyLongObject, HAREPyLongObject B FRANR W BAH. HEEE S
AT .

PyObject *PyLong_FromLong (long v)
Return value: New reference. Part of the Stable ABL H v i& [Bl— i) PyLongObject N4, Mt
1% [H] NULL

2 SEIAED S — RO S, B -5 Ml 256 Z R ITEBEN S ERIE MK
)R int F, SEERAFEIARERE N B A X RATT I -

PyObject *PyLong_FromUnsignedLong (unsigned long v)
Return value: New reference. Part of the Stable ABI. Return a new PyLongObject object from a C
unsigned long, or NULL on failure.

PyObject *PyLong_FromSsize_t (Py_ssize_t v)
Return value: New reference. Part of the Stable ABL /] C Py_ssize t R|l—ASHH)PyLongObject
X, R NULL .

PyObject *PyLong_FromSize_t (size_t v)
Return value: New reference. Part of the Stable ABL. f C size_t i&R[E|—4 " PyLongObject X4,
R IGR 9] NULL .

PyObject *PyLong_FromLongLong (long long v)
Return value: New reference. Part of the Stable ABIL. Return a new PyLongObject object from a C long
long, or NULL on failure.

PyObject *PyLong_FromUnsignedLongLong (unsigned long long v)
Return value: New reference. Part of the Stable ABIL Return a new PyLongObject object from a C
unsigned long long, or NULL on failure.

PyObject *PyLong_FromDouble (double v)
Return value: New reference. Part of the Stable ABL [ v BJHEEGE /0 1R ] — AN # 1 Py LongObject X
4, KIGMIR ] NULL .

PyObject *PyLong_FromString (const char *str, char **pend, int base)
Return value: New reference. Part of the Stable ABL 1RJ% str & S {H IR [l — i Py LongObject
, base 578 THEEE . QIR pend KK NULL , W /pend P45 1) stor T LR BUCF A5 TG TR A6 —
AFRF AR base 2y 0, str KR integers 1€ CHEATIERE X IHEE A+ PERI Y I S T2k
ValueError . Q15 base Nk 0, WL 2 Fl 36 28] (%2 F136). 25 REEFZ BHS:
g BN RIS . R AERCT, Pl valueError,

b4

Python methods int .to_bytes () and int . from_bytes () toconverta PyLongObject to/from an
array of bytes in base 256. You can call those from C using PyOb ject_CallMethod ().

PyObject *PyLong_FromUnicodeObject (PyObject *u, int base)
Return value: New reference. 54558 u W11 Unicode 507515446~ Python 380{H .

3.3 HUHTIA.

PyObject *PyLong_FromVoidPtr (void *p)
Return value: New reference. Part of the Stable ABL M 5%} p 1] 7 — 4~ Python ¥ %, W] PAfi
M PyLong_AsvoidpPtr () iRIFFEEHE.

long PyLong_AsLong (PyObject *obj)
Fart of the Stable ABI. Return a C 1ong representation of obj. If obj is not an instance of PyLongOb ject,
first callits __index__ () method (if present) to convertitto a PyLongObject.
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Raise OverflowError if the value of obj is out of range for a long.
AR -1 o M PyErs_Occurred () B ME,

3.8 iR S A: AR PR __index_ ().

3.10 BOE B ABRECR PN __int__ () ©

long PyLong_AsLongAndOverflow (PyObject *obj, int *overflow)
Part of the Stable ABIL Return a C 1ong representation of obj. If obj is not an instance of PyLongObject,
first call its __index__ () method (if present) to convert it to a PyLongOb ject.

R obj FIEK T LONG_MAX 5{/NT LONG_MIN, A *overflow 43y & Hy “1¢ 8 -1, Ha&[H] 1;
I, K *overflow BN 0o WEREAFAMRH , WAL *overflow E2Hy 0, FHiR[E] -1,

HEESRE] -1 o W PyErr Occurred () #%H E K,
3.8 RS R ATRHEN __index_ ().
3.10 JiCESE: AR __int__ O .

long long PyLong_AsLongLong (PyObject *obj)
Part of the Stable ABIL Return a C long long representation of obj. If obj is not an instance of
PyLongObject,firstcallits __index__ () method (if present) to convert it to a PyLongObject.

Raise OverflowError if the value of obj is out of range for a long long.
HEENLERE -1 . W PyErr _Occurred () ¥H BRI,

3.8 iR A: AR AT R __index ().

3.10 B AE: ARBAFMN __int__ 0O -

long long PyLong_AsLongLongAndOverflow (PyObject *obj, int *overflow)
Fart of the Stable ABL Return a C long long representation of obj. If obj is not an instance of
PyLongObject,firstcallits __index___ () method (if present) to convert it to a PyLongObject.

WA obj AR T LLONG_MAX B/ LLONG_MIN, WHZHHLKRE *overflow 43 JIE R 1 8L -1, Fikk
Ml -1, IR Foverflow >k 0o GnEf & HAB S5 W] *overflow >k 0 3R [ -1,

HWARNRE] -1 o W H PyErr_Occurred () % BARMIE,
3.2 BT

3.8 MU AE: WERAT AR __index_ ().

3.10 BUE S ARBRECR TN __int__ () ©

Py_ssize_t PyLong_AsSsize_t (PyObject *pylong)
Part of the Stable ABL 1&[0] pylong ) Ci&E5 Py _ssize t B, pylong Wil /& PyLongObject 5L
il

W pylong BB T Py_ssize t BYHTEFENISE| % OverflowError,
HEENERE] -1 . W PyErr Occurred () e H BRI,

unsigned long PyLong_AsUnsignedLong (PyObject *pylong)

Fart of the Stable ABI. Return a C unsigned long representation of pylong. pylong must be an instance
of PyLongObject.

Raise OverflowError if the value of pylong is out of range for a unsigned long.
HEERTIR[E (unsigned long) -1, HAHPyErr _Occurred () PEHIEAKE)E,

size_t PyLong_AsSize_t (PyObject *pylong)
Part of the Stable ABL. iR 8] pylong W C 155 size_t B3, pylong WsiiiZPyLongObject HISEH.,

TR pylong BMEMEH T size_t BIBYETLEIN£5| % OverflowError,
HAAEIHRE] (size_t) -1, HFMHPyErr_Occurred () PHERHAKAHEL,
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unsigned long long PyLong_AsUnsignedLongLong (PyObject *pylong)
Fart of the Stable ABIL. Return a C unsigned long long representation of pylong. pylong must be an
instance of PyLongObject.

Raise OverflowError if the value of pylong is out of range for an unsigned long long.
HeERtR ] (unsigned long long) -1, HAIHPyErr Occurred () FEREAR I E,
3.1 RS A BIAE pylong NN {EESM KL OverflowError, A TypeError.

unsigned long PyLong_AsUnsignedLongMask (PyObject *obj)
Fart of the Stable ABL Return a C unsigned long representation of obj. If obj is not an instance of
PyLongObject,firstcall its __index__ () method (if present) to convert it to a PyLongObject.

If the value of obj is out of range for an unsigned long, return the reduction of that value modulo
ULONG_MAX + 1.

HEERFRE] (unsigned long) -1, HHHPyErr_Occurred () ey EAL b,
3.8 R A WA HRAETH __index__ ().
3.10 ARCESE: ARBAFEMMN _int__ () .

unsigned long long PyLong_AsUnsignedLongLongMask (PyObject *obj)
Fart of the Stable ABI. Return a C unsigned long long representation of obj. If obj is not an instance
of PyLongObject, firstcallits __index__ () method (if present) to convertitto a PyLongObject.

If the value of obj is out of range for an unsigned long long, return the reduction of that value modulo
ULLONG_MAX + 1.

HEERHRE] (unsigned long long) -1, {EMHPyErr_Occurred () FEH|E AR b H,
3.8 fi A QAR AT AR A __index_ ().
3.10 WA ARFCREMH __int__ () .

double PyLong_AsDouble (PyObject *pylong)
Fart of the Stable ABI. Return a C double representation of pylong. pylong must be an instance of
PyLongObject.

Raise OverflowError if the value of pylong is out of range for a double.
HAESIHRIE ~1.0 , R PyErr_Occurred () HERIEAFE.

void *PyLong_AsVoidPtr (PyObject *pylong)
Fart of the Stable ABI. Convert a Python integer pylong to a C void pointer. If pylong cannot be converted,
an OverflowError will be raised. This is only assured to produce a usable void pointer for values created
with PyLong FromVoidPtr ().

HEERF R ] NULL, iR PyErr_Occurred () PER|E &),

8.2.2 Boolean (#i#k) ¥

Python H1J boolean 2 AR 8 THAEML A EHLK . HA Py_False fil Py_True Wiff] boolean, X t—Fi%
) e 37 AN R 2 EAS 18 i boolean, {H R 41 E 4k (macro) J2& 7] A .
int PyBool_Check (PyObject *0)
W o HEUEIE] PyBool _Type I ELE . i ph =CHE 2 & MUZIEAT .
PyObject *Py_False
Python [f) False ¥{h. W EGEM k. 12 (reference) o FbZHAT E R HALY (4F—Fk
() R PR 2
PyObject *Py_True

Python ff] True ¥Jff. WAIFHEIGIEM Ik, 762 HEHE R AT FRHADY) PF—HRi B X

Py_RETURN_FALSE
R EE py_False, [FHEMWHINE NS G,
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Py_RETURN_TRUE
R EE py_True, [FHEEMWHINTNS G,

PyObject *PyBool_FromLong (long v)

Return value: New reference. Part of the Stable ABL 48 v i) B B3 2K 0] {1 —{# Py_True B
Py_False K2 M.

8.2.3 FE & (Floating Point) ¥4

type PyFloatObject
XA C KA pyobject B TIRAMFK A Python iF s 4.

PyTypeObject PyFloat_Type
Part of the Stable ABL X2 @ET C KM pyTypeobiect W Python S 28R A 5E4 . £ Python
JZTHRZEAL float 2 F— AR,

int PyFloat_Check (PyObject *p)
WREMSEIE— A PyFloatObject M PyFloatObject M FRBNLR M FAL. HRECE 2
KIAT .

int PyFloat_CheckExact (PyObject *p)
WREMSHR—PyFloatObject (HAZPyFloatobject B TIBUMR Bl EAH. Bt pRELE
R WIIHIT.

PyObject *PyFloat_FromString (PyObject *str)
Return value: New reference. Part of the Stable ABL fR{EFZ/FE sor (EB#— A PyFloatObject, 2k
Mg ER ] NULL,

PyObject *PyFloat_FromDouble (double v)
Return value: New reference. Part of the Stable ABL. 34 v Bl|f#t—PyFloatObject X4, JIKHIR
[f] NULL,

double PyFloat_AsDouble (PyObject *pyfloat)
Part of the Stable ABI. Return a C doub1e representation of the contents of pyfloat. If pyfloat is not a Python
floating point object but hasa ___float__ () method, this method will first be called to convert pyfloat into
afloat. If _ float__ () is not defined then it falls back to _ index__ (). This method returns —1.0
upon failure, so one should call PyErr_Occurred () to check for errors.

3.8 MU AE: WA A __index_ ().

double PyFloat_AS_DOUBLE (PyObject *pyfloat)
Return a C double representation of the contents of pyfloat, but without error checking.

PyObject *PyFloat_GetInfo (void)
Return value: New reference. Part of the Stable ABL 3% [i]—~ structseq SZfil, FH A&7 5% float HF
B2 s/ MEFBRKRMEREL . Rk float .h B—MAT AL %

double PyFloat_GetMax ()
Part of the Stable ABI. Return the maximum representable finite float DBL_MAX as C double.

double PyFloat_GetMin ()
Part of the Stable ABI. Return the minimum normalized positive float DBL_MIN as C double.
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8.2.4 BHMR

M CAPLE, Python [R5 B0 4 i PNA [l (7R 70 SE B : —~J& 7 Python F2/7{#1 1 1) Python X4, 7341
o — MUK E IR B C 25k k. APTHOL T s BCt FRIEME .

FTREHH C HHak

it LE R R X LS RV S RO UM R R I ek B, AR ted “(H” A5 e 1t
FUNTE T84~ APL
type Py_complex
2T Python S RO RAYE TR M1 C S5HIA . 4 R0k PRA KON R 1) bR R5CAT T X 2 24 Y
SR A B A, e SO

typedef struct {
double real;
double imag;
} Py_complex;

Py_complex _Py_c_sum (Py_complex left, Py_complex right)
REIPAEZEA, ] CRABPy complex RN,

Py_complex _Py_c_dif£ (Py_complex left, Py_complex right)
RPN R ZE, B C FBpy complex FIR.

Py_complex _Py_c_neg (Py_complex num)

RSB num {E,  C Py_complex Fin.

Py_complex _Py_c_prod (Py_complex left, Py_complex right)
BB R AR, ] C KMy _complex R,

Py_complex _Py_c_quot (Py_complex dividend, Py_complex divisor)
BB A ETT, M C APy complex K.
MR divisor 2, I EIREIEFHEE errno S5 EDOM,
Py_complex _Py_c_pow (Py_complex num, Py_complex exp)
&[] num () exp R, H C HHpPy complex Fn.
IR num H%5 B exp ANRRIESEL, XA ¥R E 5 errno S EDOM.

KRB Python 3%

type PyComplexObject
XA~ CRApyobject [ AUM L —4 Python ZHRIR .

PyTypeObject PyComplex_Type
Part of the Stable ABL X2 JE T PyTypeobject WX FE Python & 25T sE6 . 7 Python J21f]
A complex 2 —XIR.

int PyComplex_Check (PyObject *p)
WREMSER— I PyComplexObject B# PyComplexObject I FIBUMIR B B, IHREL
Sog 2 WINIAT

int PyComplex_CheckExact (PyObject *p)
MR ERSHR— N PyComplexObject (HAEPyComplexObject WTRANIR M EAH. HpK
B 2 T .

PyObject *PyComplex_FromCComplex (Py_complex v)
Return value: New reference. 131 C 258 Py complex MM{EA B— i Python & 5wt 4 .

PyObject *PyComplex_FromDoubles (double real, double imag)
Return value: New reference. Part of the Stable ABL R & real F1 imag & [F] — A # i) C &
AlpyComplexObject X4,
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double PyComplex_RealAsDouble (PyObject *op)
Part of the Stable ABI. Return the real part of op as a C double.

double PyComplex_ImagAsDouble (PyObject *op)
Part of the Stable ABI. Return the imaginary part of op as a C double.

Py_complex PyComplex_AsCComplex (PyObject *op)
REIE R op 1) C FHPy complex{H.

W op AN2E—> Python B4, (HI2HA __complex_ () Fik, WWHIERE LA, #
op ¥4k —~ Python B HOWN S . WIS __complex_ () A& XIKRFFEERZE _ float_ (), IR
_ float_ () REXNPKFEEEZE _ index (). MWLM, HHERRE] —1.0 /FEH5%0E.

3.8 iR S A AIRAT PR __index_ ().

8.3 oYtk
PSR G SR it 1k K454 Python § 5 AT HOREE R AP 104

8.3.1 bytes %

LR AN B — N RS HAIMAT T R IE S PR N 251 K TypeError.
type PyBytesObject
XFfpyobject B FRBFIR—A> Python FI5Xf4.

PyTypeObject PyBytes_Type
Part of the Stable ABL Py TypeObject H)SEfIMFE—> Python 35257 | ¥£ Python JZ1H'E 5 bytes
S M A XT 42 .

int PyBytes_Check (PyObject *0)
MWERAIGE 0 @1 bytes MR BT bytes AU RAFY SN NHR [FT B . IR AU 2 2 BT .

int PyBytes_CheckExact (PyObject *0)

MRS 0 J&—1> bytes Xf R AEA I bytes 1)1 AR [y S5 W) iz [0 BLA . RS A2 23 B A
7o

PyObject *PyBytes_FromString (const char *v)
Return value: New reference. Part of the Stable ABL IR [H]— N PAFEAFER v I EIAS (B )5 =1 88
X4, RIGRHR ] NULL, B2 v RWH NULL; BRI

PyObject *PyBytes_FromStringAndSize (const char *v, Py_ssize_t len)
Return value: New reference. Part of the Stable ABL I 1% Bl — PN PAFEAFER v BRI E B KR
len PR FATHRXTSE, RIEHR B NULL. 405 v o NULL, WAHIGR A1 R AT R 2

PyObject *PyBytes_FromFormat (const char *format, ...)
Return value: New reference. Part of the Stable ABL 57—~ C printf () K&K format 74788 ]
TR SEL, TSR Python FEATHR AT R K /NFR I SHUE A E 7 X 4. w48
%ﬁéﬁ%ﬂ’]i@%ﬁi@jﬂ C KR HLAUELF S format FAFER P RS UFAFAT .. SRt R 210 4%
X FAFER:
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%% n/a W H% TR

ge int — AT, BFRR N C Il E A

sd int SfEN print £ ("sd") .

su unsigned int ZEfEA print £ ("su").!

$1d long EEMEN print £ ("%1d™) ]

s1lu unsigned long | Z&{E A printf ("$1u").!

$zd Py_ssize_t | ZE{EA printf ("%zd").!

Szu size_t ZEfEA print £ ("Szu").!

53 int SEMEA print £ ("%im) .t

$x int SEfEA print £ ("sx") T

$s const char* PA null 22 1551 C 4750 .

5p const void* */\Cfgﬁﬂ’ﬂ“/\ﬁﬁﬂ%ﬁzﬂ?%ﬁc HAEMT printf ("sp") (H
SWPRAF I 0x 13k, MERGT-& L print £ FH 2

Ao

FE RS F A 2 FERAS AR R WEFEREE R RIS R, IFEFIA LR
ZHL
PyObject *PyBytes_FromFormatV (const char *format, va_list vargs)
Return value: New reference. Part of the Stable ABL. 5 PyBytes FromFormat () 5E4HE, BT EF:
LHANSHL
PyObject *PyBytes_FromObject (PyObject *0)
Return value: New reference. Part of the Stable ABI. & [0 =75 FnsE L 28 ih K MM AN *o*,
Py_ssize_t PyBytes_Size (PyObject *0)
Part of the Stable ABL iR [0 5% 4 *o* K,
Py_ssize_t PyBytes_GET_SIZE (PyObject *0)
FAM PyBytes Size () AHRANHHE GG .
char *PyBytes_AsString (PyObject *0)
Part of the Stable ABL SRFIXRV. o I FFITRET . ZAREHRIN 0 HYNFZARIX, K@ 1en (o)
+ 1T, G R RE TR %Eﬁfﬁﬁﬁ”ﬂ%% ﬁ%ETTl_ SURER]
ks, BAERWI#H PyBytes_ FromSt rlngAndSlze (NULL, size) @8z, BA
A L . 2R o AN R —DFATHNG, WPyBytes Asstring () &[0 NULL 35| %

TypeError,
char *PyBytes_AS_STRING (PyObject *string)
FWAR) PyBytes_AsString () {HRANWHE AL .
int PyBytes_AsStringAndSize (PyObject *obj, char **buffer, Py_ssize_t *length)
Part of the Stable ABIL i i %y 25 & buffer 1 length 32 7] DA null "2 1 FF IR 2 obf INZ .

UNZR length 23 NULL, F X GOl E AR 2 7Y RS, WZR BRI -1 5] %

ValueError,

I?QZ%(EF[:?E:['_J obj IINFRENN , BMREBAE —PNEIMIZTFTT (REAE length 241 ) o ZEIRA ]

AR Sk, BIEENI# ] PyBytes_FromStringAndSize (NULL, size) G#HZ%
2’10 EAATHEREE EL. W2R obj iRANE—AFATHRNS, WPyBytes AsStringAndSize ()
FfigE -1 5] % TypeError,

3.5 A DAFT, 4TS B A 2S5 & TypeError,

void PyBytes_Concat (PyObject **bytes, PyObject *newpart)
Part of the Stable ABL ¥£ *bytes TR FIFIT RN, HPEESEME] bytes 1) newpart [RINE; 8
MFFFAFHGI ] . X bytes [R5 FIRAEMCR . QR TCIEBIEFIRS, Xt bytes 11HG | FIT5HF
T H. *bytes (ERFHAN NULL; H-RF 5B 21 75
USEFROB IS (d, u, Id, lu, zd, zu, i, x): YA HKEEERE, O Ffbrab RA 500 .
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void PyBytes_ConcatAndDel (PyObject **bytes, PyObject *newpart)
Part of the Stable ABL £ *bytes H1 AR TR G, A @S u N byres 1) newpart JNZS . 1
JBA 2 I newpart 5] HITL

int _PyBytes_Resize (PyObject **bytes, Py_ssize_t newsize)
WA AR AN —Fh 2, RS RTIASRES” . oy SN TR B T EHR A
R AR AR A HA B AU W] A 5 e SR AT RO B 5 L RO S — DA
FUE PR ECRAR S . 5 A— A TR X R HIIEVE R Ivalue (BERIRERBEBA), IAEARGEIH
RNe IS, *bytes FFAFBUER/ING I F AT BRI GIFIRIE] 05 *bytes H ik ol G5 Hidag A M
Alle WERFBIECRL, W *bytes ERYIETATER XS G PHREI T HC, *bytes 2PEN NULL, [A]I}
XE MemoryError Hik[H -1,

8.3.2 FHMAMR

type PyByteArrayObject
XA Pyobject HTRAHRR—> Python TFHr 4R & .

PyTypeObject PyByteArray_Type
Part of the Stable ABL Python bytearray 2% /R Py TypeObject HISEH]; X5 Python 2T )
bytearray s2fHEHIXT4 .

KBRER

int PyByteArray_Check (PyObject *0)
WRXIR o0 j&—> bytearray X G2l bytearray JERU 1A AU SLHI MR Bl FLE . BERREUE 2
AT

int PyByteArray_CheckExact (PyObject *0)
WERIFR o J&—> bytearray XF G {H A2 bytearray 2 K] 1) S IR [0l EL{EL . PR AR
AT -

oy
=

&m
0>

Ef= APl B%

PyObject *PyByteArray_ FromObject (PyObject *0)
Return value: New reference. Part of the Stable ABL RIEAFAISZIN T 4% o KWL BINTSE o, & [ —N
IO EE S EEROE 8

PyObject *PyByteArray_FromStringAndSize (const char *string, Py_ssize_t len)
Return value: New reference. Part of the Stable ABL R4 string Jt HACF len 61— #11Y) bytearray X
Fo BRMUIR [ NULL,

PyObject *PyByteArray_Concat (PyObject *a, PyObject *b)
Return value: New reference. Part of the Stable ABIL EE2FI5EA a 1 b FH 1R Bl — A 45 R 3 &
gt g
R
Py_ssize_t PyByteArray_Size (PyObject *bytearray)
Part of the Stable ABL ¥E#5 2 NULL $84fF )5 9] bytearray H K/

char *PyByteArray_AsString (PyObject *bytearray)
Part of the Stable ABL ¥Ef#r NULL 3541 J5 & [0 bytearray iR [A] H—AFRFE4H . IR B 54 a2
SEI— RSN 2T

int PyByteArray_Resize (PyObject *bytearray, Py_ssize_t len)
Part of the Stable ABL ff bytearray /7] PN BRI X R K /INJEIEE A len.,
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M

XEETARGE A TE DA IUERE , AT A RS .
char *PyByteArray_AS_STRING (PyObject *bytearray)
C pKipyByteArray AsString() WZERZAR,

Py_ssize_t PyByteArray_ GET_SIZE (PyObject *bytearray)
C ¥ (PyByteArray Size () WZERA .

8.3.3 Unicode ¥+ BiiR &
Unicode Y&

{1, python3.3 2B T PEP 393 DU, Unicode H4AE Py 4RI R 3, DAL 1ty
[ A5 A SRR Unicode 45, XET B RIS AEBIE T 128, 256 5 65536 MIFATH:, A1 LAkl
B 0, AR AAATET 1114112 (3252409 Unicode JF ).

Py_UNICODE* and UTF-8 representations are created on demand and cached in the Unicode object. The
Py_UNICODE* representation is deprecated and inefficient.

Due to the transition between the old APIs and the new APIs, Unicode objects can internally be in two states depending
on how they were created:

 “canonical” Unicode objects are all objects created by a non-deprecated Unicode API. They use the most
efficient representation allowed by the implementation.

e ”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 API.

#i[El: 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 2£%Y

These are the basic Unicode object types used for the Unicode implementation in Python:

type Py_UCS4
type Py_UCS2

type Py_UCS1
Fart of the Stable ABI. These types are typedefs for unsigned integer types wide enough to contain characters
of 32 bits, 16 bits and 8 bits, respectively. When dealing with single Unicode characters, use Py_ UCS4.

3.3 HUHTIA.

type Py _UNICODE
This is a typedef of wchar_t, which is a 16-bit type or 32-bit type depending on the platform.

3.3 iR §%#: In previous versions, this was a 16-bit type or a 32-bit type depending on whether you selected a
“narrow” or "wide” Unicode version of Python at build time.

type PyASCIIObject

type PyCompactUnicodeObject

type PyUnicodeObject
These subtypes of PyOb ject represent a Python Unicode object. In almost all cases, they shouldn’t be used
directly, since all API functions that deal with Unicode objects take and return PyOb ject pointers.

3.3 OB

8.3. FI¥% 111


https://www.python.org/dev/peps/pep-0393
https://www.python.org/dev/peps/pep-0623

The Python/C API, $[F 3.10.11

PyTypeObject PyUnicode_Type
Part of the Stable ABI. This instance of Py TypeOb ject represents the Python Unicode type. It is exposed
to Python code as str.

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 *0)
Return true if the object o is a Unicode object or an instance of a Unicode subtype. This function always
succeeds.

int PyUnicode_CheckExact (PyObject *0)
Return true if the object o is a Unicode object, but not an instance of a subtype. This function always succeeds.

int PyUnicode_READY (PyObject *0)
Ensure the string object o is in the “canonical” representation. This is required before using any of the access
macros described below.

Returns O on success and —1 with an exception set on failure, which in particular happens if memory allocation
fails.

3.3 OB A
HARBR A 3.10 B AHEEMH, & 3 A& 3.12 f . : This API will be removed with

PyUnicode_FromUnicode ().

Py_ssize_t PyUnicode_GET_LENGTH (PyObject *0)
Return the length of the Unicode string, in code points. o has to be a Unicode object in the “canonical”
representation (not checked).

3.3 BCHTNA.
Py_UCSI] *PyUnicode_1BYTE_DATA (PyObject *0)
Py_UCS2 *PyUnicode_2BYTE_DATA (PyObject *0)

Py_UCS4 *PyUnicode_4BYTE_DATA (PyObject *0)
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 be-
fore accessing this.

3.3 BT
PyUnicode_WCHAR_KIND
PyUnicode_1BYTE_KIND
PyUnicode_2BYTE_KIND
PyUnicode_4BYTE_KIND
R [E PyUnicode_ KIND () Z21H1E..
3.3 BT IA.
HAAERUA 3.10 AR, 1€ | A 3.12 hFBR. : PyUnicode _WCHAR_KIND EL[E.

unsigned int PyUnicode_KIND (PyObject *0)
Return one of the PyUnicode kind constants (see above) that indicate how many bytes per character this Uni-
code object uses to store its data. o has to be a Unicode object in the “canonical” representation (not checked).

3.3 BUBTINA.

void *PyUnicode_DATA (PyObject *0)
Return a void pointer to the raw Unicode buffer. o has to be a Unicode object in the "canonical” representation
(not checked).

3.3 BUHTMA.

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
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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 BUBTINA.

Py_UCS4 PyUnicode_READ (int kind, void *data, Py_ssize_t index)
Read a code point from a canonical representation data (as obtained with PyUnicode_DATA ()). No checks
or ready calls are performed.

3.3 BUHTMA.

Py_UCS4 PyUnicode_READ_CHAR (PyObject *o0, Py_ssize_t index)
Read a character from a Unicode object o, which must be in the “canonical” representation. This is less efficient
than PyUnicode_READ () if you do multiple consecutive reads.

3.3 OB

PyUnicode_MAX_ CHAR_VALUE (0)
Return the maximum code point that is suitable for creating another string based on o, which must be in the
”canonical” representation. This is always an approximation but more efficient than iterating over the string.

3.3 HUHTIA.

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).

FRERAS 3.3 RAEBE G, 5@ A 3.12 R, « IHX Unicode APIY—7>, HERE]

M PyUnicode GET _LENGTH().

Py_ssize_t PyUnicode_GET_DATA_SIZE (PyObject *0)
Return the size of the deprecated Py UNICODE representation in bytes. o has to be a Unicode object (not
checked).

HAEHA 3.3 BAER M, A& B A 3.12 .« IHZ Unicode APT (3R, 35 iEA5 2 i

HPyUnicode_GET_LENGTH(),

Py_UNICODE *PyUnicode_AS_UNICODE (PyObject *0)

const char *PyUnicode_AS_DATA (PyObject *0)
Return a pointer to a Py_ UNICODE 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 ¥ 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 ().

FREIRAS 3.3 RAEBE G , 5@ B A 3.12 R, « IH3X Unicode APTY—7>, THEREI

H PyUnicode_nBYTE_DATA () 7.

int PyUnicode_IsIdentifier (PyObject *0)
Fart of the Stable ABI. Return 1 if the string is a valid identifier according to the language definition, section
identifiers. Return 0 otherwise.

3.9 R ¥4 The function does not call Py_FatalError () anymore if the string is not ready.
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Unicode =&

Unicode provides many different character properties. The most often needed ones are available through these macros
which are mapped to C functions depending on the Python configuration.

int Py_UNICODE_ISSPACE (Py_UCS4 ch)
FRAE ch @5 =5 F PRI 15 0.
int Py_UNICODE_ISLOWER (Py_UCS4 ch)
MR ch 2R/ NG PRI 1 B0,
int Py_UNICODE_ISUPPER (Py_UCS4 ch)
Return 1 or 0 depending on whether c# is an uppercase character.

int Py_UNICODE_ISTITLE (Py_UCS4 ch)
Return 1 or 0 depending on whether c# is a titlecase character.

int Py_UNICODE_ISLINEBREAK (Py_UCS4 ch)
Return 1 or 0 depending on whether ch is a linebreak character.

int Py_UNICODE_ISDECIMAL (Py UCS4 ch)
Return 1 or 0 depending on whether ch is a decimal character.

int Py_UNICODE_ISDIGIT (Py_UCS4 ch)
Return 1 or 0 depending on whether ch is a digit character.

int Py_UNICODE_ISNUMERIC (Py UCS4 ch)
Return 1 or 0 depending on whether ch is a numeric character.

int Py _UNICODE_ISALPHA (Py_UCS4 ch)
Return 1 or 0 depending on whether c#/ is an alphabetic character.

int Py_UNICODE_ISALNUM (Py_UCS4 ch)
Return 1 or 0 depending on whether ch is an alphanumeric character.

int Py_UNICODE_ISPRINTABLE (Py_UCS4 ch)
Return 1 or 0 depending on whether c# is a printable character. Nonprintable characters are those characters
defined in the Unicode character database as "Other” or ”"Separator”, excepting the ASCII space (0x20) which
is considered printable. (Note that printable characters in this context are those which should not be escaped
when repr () is invoked on a string. It has no bearing on the handling of strings written to sys.stdout
or sys.stderr.)

These APIs can be used for fast direct character conversions:

Py_UCS4 Py_UNICODE_TOLOWER (Py_ UCS4 ch)
Return the character ¢ converted to lower case.

3.3 Jift#& 2. [ This function uses simple case mappings.

Py_UCS4 Py_UNICODE_TOUPPER (Py_UCS4 ch)
Return the character ch converted to upper case.

3.3 jiftf& EL[F ] This function uses simple case mappings.

Py_UCS4 Py_UNICODE_TOTITLE (Py_UCS4 ch)
Return the character ch converted to title case.

3.3 Jii % C.[EJH: This function uses simple case mappings.

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.

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.
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double Py_UNICODE_TONUMERIC (Py_UCS4 ch)
Return the character ch converted to a double. Return —1 . O if this is not possible. This macro does not raise
exceptions.

These APIs can be used to work with surrogates:

Py_UNICODE_IS_SURROGATE (ch)
Check if ch is a surrogate (0xD800 <= ch <= O0xDFFF).

Py UNICODE_IS_HIGH_ SURROGATE (ch)
Check if ch is a high surrogate (0xD800 <= ch <= OxDBFF).

Py_UNICODE_IS_LOW_SURROGATE (ch)
Check if ch is a low surrogate (0xDCO0 <= ch <= OxDFFF).

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.

Creating and accessing Unicode strings

To create Unicode objects and access their basic sequence properties, use these APIs:

PyObject *PyUnicode_New (Py_ssize_t size, Py_UCS4 maxchar)
Return value: New reference. Create a new Unicode object. maxchar should be the true maximum code point
to be placed in the string. As an approximation, it can be rounded up to the nearest value in the sequence 127,
255, 65535, 1114111.

This is the recommended way to allocate a new Unicode object. Objects created using this function are not
resizable.

3.3 BUBTINA.

PyObject *PyUnicode_FromKindAndData (int kind, const void *buffer, Py_ssize_t size)
Return value: New reference. Create a new Unicode object with the given kind (possible values are
PyUnicode_1BYTE_KIND etc., as returned by PyUnicode_KIND ()). The buffer must point to an
array of size units of 1, 2 or 4 bytes per character, as given by the kind.

3.3 BUBTINA.

PyObject *PyUnicode_FromStringAndSize (const char *u, Py_ssize_t size)
Return value: New reference. Part of the Stable ABI. 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. Part of the Stable ABI. Create a Unicode object from a UTF-8 encoded null-
terminated char buffer u.

PyObject *PyUnicode_FromFormat (const char *format, ...)
Return value: New reference. Part of the Stable ABI. 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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%% n/a N F% FAF

% int PR, RN CHlF AL

sd int EXTN printf("gd") T

su unsigned int MmN print £ ("su") .

$1d long ZEMEA print £ ("$1d") .

$1i long ZEfEA print £ ("%1im).]

$1lu unsigned long LSBT print £ ("%1u") .t

$11d long long A print £ ("s11d") T

$11i long long LA print £ ("%111i") .t

$11lu unsigned long long ZLfEA print £ ("$11u").!

$zd Py _ssize_t LB print £ ("%zd").!

$zi Py_ssize_t ZEfEN print £ ("%zi") ]

Szu size_t EEfBHA print £ ("%zu") .l

$i int SEfEN print £ ("si") T

$x int ZEfEHN print £ ("%x") !

$s const char* PA null S92 FAFH) C 457504

Sp const void* —A~ C 551 +/\J_%J%:z/T B EASENT
printf ("sp") HESPRATIE 0x Ik, NMERS
& Eprintf iyt 24

SA PyObject* ascii () FEHMSR.

U PyObject* — Umcode P,

SV PyObject*, const char* | A Unicode object (which may be NULL) and a null-terminated C
character array as a second parameter (which will be used, if the
first parameter is NULL).

%S PyObject* The result of calling PyObject_Str().

%R PyObject* The result of calling PyObject_Repr ().

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.

#§[F): 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 "S$A", "$U", "$S", "$R" and "$V" (if the PyObject* argument is not NULL).

3.2 i H 4 Support for "$11d" and "$11u" added.
3.3 fR s 5 Support for "$11", "$11i" and "$zi" added.
3.4 Jjx ¥4 Support width and precision formatter for "$s™", "$A", "$U", "$V", "$S", "S$R" added.

PyObject *PyUnicode_FromFormatV (const char *format, va_list vargs)
Return value: New reference. Part of the Stable ABI. Identical to PyUnicode_FromFormat () except that
it takes exactly two arguments.

PyObject *PyUnicode_FromEncodedObject (PyObject *obj, const char *encoding, const char

*errors)
Return value: New reference. Part of the Stable ABI. Decode an encoded object obj to a Unicode object.

bytes, bytearray and other bytes-like objects are decoded according to the given encoding and using the
error handling defined by errors. Both can be NULL to have the interface use the default values (see Built-in
Codecs for details).

All other objects, including Unicode objects, cause a TypeError to be set.

The API returns NULL if there was an error. The caller is responsible for decref’ing the returned objects.

! For integer specifiers (d, u, 1d, i, Iu, 11d, 11i, 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)
Part of the Stable ABI since version 3.7. Return the length of the Unicode object, in code points.

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)
Fill a string with a character: write fill_char into unicode [start:start+length].

Fail if fill_char is bigger than the string maximum character, or if the string has more than 1 reference.

Return the number of written character, or return —1 and raise an exception on error.

3.3 BUBTINA.

int PyUnicode_WriteChar (PyObject *unicode, Py_ssize_t index, Py_UCS4 character)
Part of the Stable ABI since version 3.7. Write a character to a string. The string must have been created
through PyUnicode_New (). Since Unicode strings are supposed to be immutable, the string must not be
shared, or have been hashed yet.

This function checks that unicode is a Unicode object, that the index is not out of bounds, and that the object
can be modified safely (i.e. that it its reference count is one).

3.3 JHTA.

Py_UCS4 PyUnicode_ReadChar (PyObject *unicode, Py_ssize_t index)
Part of the Stable ABI since version 3.7. 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 OB

PyObject *PyUnicode_Substring (PyObject *str, Py_ssize_t start, Py_ssize_t end)
Return value: New reference. Part of the Stable ABI since version 3.7. Return a substring of str, from character
index start (included) to character index end (excluded). Negative indices are not supported.

3.3 HUHTIA.

Py_UCS4 *PyUnicode_AsUCS4 (PyObject *u, Py_UCS4 *buffer, Py_ssize_t buflen, int copy_null)
Fart of the Stable ABI since version 3.7. Copy the string u into a UCS4 buffer, including a null character, if
copy_null is set. Returns NULL and sets an exception on error (in particular, a SystemError if buflen is
smaller than the length of u). buffer is returned on success.

3.3 BUBTIA.

Py_UCS4 *PyUnicode_AsUCS4Copy (PyObject *u)
Fart of the Stable ABI since version 3.7. Copy the string u into a new UCS4 buffer that is allocated using
PyMem_Malloc (). If this fails, NULL is returned with a MemoryError set. The returned buffer always
has an extra null code point appended.

3.3 OB
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Deprecated Py_UNICODE APIs

FIGERAS 3.3 SRAERS N, 158 A HA 3.12 sk,

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 ().

HAEWR A 33 B AMEREMH, i & 3 WA 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.

A 3.3 BAHEREMEH , A%E 5 A 3.12 5[5 . : Part of the old-style Unicode API, please mi-
grate to using PyUnicode_AsUCS4 (), PyUnicode_AsWideChar (), PyUnicode_ReadChar ()
or similar new APISs.

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_ UNICODE buffer
of the given size by ASCII digits 0--9 according to their decimal value. Return NULL if an exception occurs.

EARERA 3.3 B AHEREE T, A% 5 iAs 3.11 HF8F& . : 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 UNICODE () array length (excluding the extra
null terminator) in size. Note that the resulting Py, UNICODE* string may contain embedded null code points,
which would cause the string to be truncated when used in most C functions.

3.3 OB A
HAERAS 3.3 BAHEREME T, 58 8 A 3.12 L%, : Part of the old-style Unicode API, please mi-

grate to using PyUnicode_AsUCS4 (), PyUnicode_AsWideChar (), PyUnicode_ReadChar ()
or similar new APIs.

Py_ssize_t PyUnicode_GetSize (PyObject *unicode)
Fart of the Stable ABI. Return the size of the deprecated Py_UNICODE representation, in code units (this
includes surrogate pairs as 2 units).

FIRERAS 3.3 RAERE G, & B A 3.12 R, « IH3X Unicode APTY—37>, THEREI

FPyUnicode GET _LENGTH().

PyObject *PyUnicode_FromObject (PyObject *obj)
Return value: New reference. Part of the Stable ABIL. 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.

Objects other than Unicode or its subtypes will cause a TypeError.
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Locale Encoding

The current locale encoding can be used to decode text from the operating system.

PyObject *PyUnicode_DecodeLocaleAndSize (const char *str, Py_ssize_t len, const char

*errors)
Return value: New reference. Part of the Stable ABI since version 3.7. Decode a string from UTF-8 on Android

and VxWorks, or from the current locale encoding on other platforms. The supported error handlers are
"strict" and "surrogateescape" (PEP 383). The decoder uses "strict" error handler if errors
is NULL. st#r must end with a null character but cannot contain embedded null characters.

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%:

Py_DecodeLocale () BT\,

3.3 BUBTIA.

3.7 Hit ¥ %#: The function now also uses the current locale encoding for the surrogateescape error
handler, except on Android. Previously, Py__DecodeLocale () was used for the surrogateescape,
and the current locale encoding was used for strict.

PyObject *PyUnicode_DecodeLocale (const char *str, const char *errors)
Return value: ~ New reference. Part of the Stable ABI since version 3.7. 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. Part of the Stable ABI since version 3.7. Encode a Unicode object to UTF-8 on
Android and VxWorks, or to the current locale encoding on other platforms. The supported error handlers are
"strict" and "surrogateescape" (PEP 383). The encoder uses "strict" error handler if errors
is NULL. Return a bytes object. unicode cannot contain embedded null characters.

Use PyUnicode_EncodeFSDefault () toencodeastringtoPy_FileSystemDefaultEncoding
(the locale encoding read at Python startup).

This function ignores the Python UTF-8 Mode.
hz%:
Py_EncodeLocale () BT,

3.3 BUHTA.

3.7 W ¥ %85 The function now also uses the current locale encoding for the surrogateescape error
handler, except on Android. Previously, Py_EncodeLocale () was used for the surrogateescape,
and the current locale encoding was used for strict.

X Z G gminiE

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 () as the conversion function:

int PyUnicode_FSConverter (PyObject *obj, void *result)
Fart of the Stable ABI. 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 BUBTIA.
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3.6 W H S A% — " path-like object

To decode file names to str during argument parsing, the "O&" converter should be used, passing
PyUnicode_FSDecoder () as the conversion function:

int PyUnicode_FSDecoder (PyObject *obj, void *result)

Fart of the Stable ABI. ParseTuple converter: decode bytes objects -- obtained either directly or indirectly
through the os.PathLike interface -- to str using PyUnicode_DecodeFSDefaultAndSize ();
str objects are output as-is. result must be a PyUnicodeObject* which must be released when it is no
longer used.

3.2 JRHTIA.
3.6 W H S Bz — " path-like object

PyObject *PyUnicode_DecodeFSDefaultAndSize (const char *s, Py_ssize_t size)

Return value: New reference. Part of the Stable ABIL. Decode a string from the filesystem encoding and 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%:
Py_DecodeLocale () BT,

3.6 Jilt i 4#k: Use Py_FileSystemDefaultEncodeErrors error handler.

PyObject *PyUnicode_DecodeFSDefault (const char *s)

Return value: New reference. Part of the Stable ABI. Decode a null-terminated string from the filesystem
encoding and 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 iREE%%: Use Py_FileSystemDefaultEncodeErrors error handler.

PyObject *PyUnicode_EncodeFSDefault (PyObject *unicode)

Return value: ~ New reference. Part of the Stable ABI Encode a Unicode object to
Py_FileSystemDefaultEncoding with the Py_FileSystemDefaultEncodeErrors
error handler, and return bytes. Note that the resulting byt es object may contain null bytes.

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 encode a string to the current locale encoding, use
PyUnicode_EncodeLocale ().

L%
Py_EncodeLocale () =,
3.2 UHTIA.

3.6 i[RE%%: Use Py_FileSystemDefaultEncodeErrors error handler.
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wchar_t Support

wchar_t support for platforms which support it:

PyObject *PyUnicode_FromWideChar (const wchar_t *w, Py_ssize_t size)
Return value: New reference. Part of the Stable ABIL. Create a Unicode object from the wchar_t buffer w of
the given size. Passing —1 as the size indicates that the function must itself compute the length, using wcslen.
Return NULL on failure.

Py_ssize_t PyUnicode_AsWideChar (PyObject *unicode, wchar_t *w, Py_ssize_t size)
Part of the Stable ABIL. 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)
Fart of the Stable ABI since version 3.7. 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 HTMA.

3.7 fix ¥4 Raises a ValueError if size is NULL and the wchar_t * string contains null characters.

Built-in Codecs

Python provides a set of built-in codecs which are written in C for speed. All of these codecs are directly usable via
the following functions.

Many of the following APIs take two arguments encoding and errors, and they have the same semantics as the ones
of the built-in str () string object constructor.

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 sys-
tems, it will be a pointer to a static string, on others, it will change at run-time (such as when the application invokes
setlocale).

Error handling is set by errors which may also be set to NULL meaning to use the default handling defined for the
codec. Default error handling for all built-in codecs is "strict” (ValueError is raised).

The codecs all use a similar interface. Only deviations from the following generic ones are documented for simplicity.

Generic Codecs

These are the generic codec APIs:

PyObject *PyUnicode_Decode (const char *s, Py_ssize_t size, const char *encoding, const char

*errors)
Return value: New reference. Part of the Stable ABI. Create a Unicode object by decoding size bytes of the

encoded string s. encoding and errors have the same meaning as the parameters of the same name in the
str () built-in function. The codec to be used is looked up using the Python codec registry. Return NULL if
an exception was raised by the codec.
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PyObject *PyUnicode_AsEncodedString (PyObject *unicode, const char *encoding, const char

*errors)
Return value: New reference. Part of the Stable ABI. Encode a Unicode object and return the result as 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.

PyObject *PyUnicode_Encode (const Py UNICODE *s, Py_ssize_t size, const char *encoding,

const char *errors) )
Return value: New reference. Encode the Py UNICODE 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.

EAACRAS 3.3 BATEE T, & MR 3.11 955 1% . : Part of the old-style Py, UNICODE API,; please

migrate to using PyUnicode AsEncodedString ().

UTF-8 %mftdes

PATR 32 UTF-8 %if#ith i APL:

PyObject *PyUnicode_DecodeUTF8 (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. Part of the Stable ABI. Create a Unicode object by decoding size bytes of the
UTF-8 encoded string s. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_DecodeUTF8Stateful (const char *s, Py_ssize_t size, const char *errors,
Py_ssize_t *consumed)
Return value:  New reference. Part of the Stable ABL 1If consumed is NULL, behave like
PyUnicode_DecodeUTFS8 (). If consumed is not NULL, trailing incomplete UTF-8 byte sequences will
not be treated as an error. Those bytes will not be decoded and the number of bytes that have been decoded
will be stored in consumed.

PyObject *PyUnicode_AsUTF8String (PyObject *unicode)
Return value: New reference. Part of the Stable ABIL. Encode a Unicode object using UTF-8 and return the
result as Python bytes object. Error handling is "strict”. Return NULL if an exception was raised by the codec.

const char *PyUnicode_AsUTF8AndSize (PyObject *unicode, Py_ssize_t *size)
Fart of the Stable ABI since version 3.10. Return a pointer to the UTF-8 encoding of the Unicode object, and
store the size of the encoded representation (in bytes) in size. The size argument can be NULL; in this case no
size will be stored. The returned buffer always has an extra null byte appended (not included in size), regardless
of whether there are any other null code points.

In the case of an error, NULL is returned with an exception set and no size is stored.

This caches the UTF-8 representation of the string in the Unicode object, and subsequent calls will return a
pointer to the same buffer. The caller is not responsible for deallocating the buffer. The buffer is deallocated
and pointers to it become invalid when the Unicode object is garbage collected.

3.3 OB
3.7 {584 The return type is now const char * rather of char *.
3.10 iR 5548 This function is a part of the limited API.

const char *PyUnicode_AsUTF8 (PyObject *unicode)
As PyUnicode_AsUTF8AndSize (), but does not store the size.

3.3 HUHTIMA.
3.7 R S48 The return type is now const char * rather of char *.

PyObject *PyUnicode_EncodeUTF8 (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.
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HAMERA 3.3 BAMEBEMER, &8 WA 3.11 8. : Part of the old-style Py_UNICODE

API; please migrate to using PyUnicode AsUTF8String (), PyUnicode AsUTF8AndSize () or
PyUnicode_AsEncodedString ().

UTF-32 Codecs

These are the UTF-32 codec APIs:

PyObject *PyUnicode_DecodeUTF32 (const char *s, Py _ssize_t size, const char *errors, int
*byteorder)
Return value: New reference. Part of the Stable ABIL Decode size bytes from a UTF-32 encoded buffer string

and return the corresponding Unicode object. errors (if non-NULL) defines the error handling. It defaults to
strict”.

If byteorder is non-NULL, the decoder starts decoding using the given byte order:

*byteorder == -1: little endian
*byteorder == 0: native order
*byteorder == 1: Dbig endian

If *byteorder is zero, and the first four bytes of the input data are a byte order mark (BOM), the decoder
switches to this byte order and the BOM is not copied into the resulting Unicode string. If *byteorder is
-1 or 1, any byte order mark is copied to the output.

After completion, *byteorder is set to the current byte order at the end of input data.
If byteorder is NULL, the codec starts in native order mode.
Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_DecodeUTF32Stateful (const char *s, Py_ssize_t size, const char *errors,
int *byteorder, Py_ssize_t *consumed )
Return  value: New  reference. Part of the Stable ABL If consumed 1is NULL,
behave like PyUnicode_DecodeUTF32 (). If consumed is not NULL,
PyUnicode_DecodeUTF32Stateful () will not treat trailing incomplete UTF-32 byte sequences
(such as a number of bytes not divisible by four) as an error. Those bytes will not be decoded and the number
of bytes that have been decoded will be stored in consumed.

PyObject *PyUnicode_AsUTF32String (PyObject *unicode)
Return value: New reference. Part of the Stable ABIL. Return a Python byte string using the UTF-32 encoding
in native byte order. The string always starts with a BOM mark. Error handling is "strict”. Return NULL if an
exception was raised by the codec.

PyObject *PyUnicode_EncodeUTF32 (const Py_UNICODE *s, Py_ssize_t size, const char *errors,
int byteorder)
Return value: New reference. Return a Python bytes object holding the UTF-32 encoded value of the Unicode

data in s. 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.
Return NULL if an exception was raised by the codec.

HACHRAS 3.3 AR, A5 e B 3.11 85[% . : Part of the old-style Py, UNTCODE API, please

migrate to using PyUnicode AsUTF32String () or PyUnicode_AsEncodedString().
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UTF-16 Codecs

These are the UTF-16 codec APIs:

PyObject *PyUnicode_DecodeUTF16 (const char *s, Py ssize_t size, const char *errors, int

*byteorder)
Return value: New reference. Part of the Stable ABIL Decode size bytes from a UTF-16 encoded buffer string

and return the corresponding Unicode object. errors (if non-NULL) defines the error handling. It defaults to
strict”.

If byteorder is non-NULL, the decoder starts decoding using the given byte order:

*byteorder == -1: little endian
*byteorder == 0: native order
*pbyteorder == 1: Dbig endian

If *byteorder is zero, and the first two bytes of the input data are a byte order mark (BOM), the decoder
switches to this byte order and the BOM is not copied into the resulting Unicode string. If *byteorder is
-1 or 1, any byte order mark is copied to the output (where it will result in either a \ufeff ora \ufffe
character).

After completion, *byteorder is set to the current byte order at the end of input data.
If byteorder is NULL, the codec starts in native order mode.

Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_DecodeUTF1l6Stateful (const char *s, Py_ssize_t size, const char *errors,

int *byteorder, Py_ssize_t *consumed )
Return  value: New  reference. Part of the Stable ABL If consumed 1is NULL,
behave like PyUnicode_DecodeUTF16 (). If consumed is not NULL,
PyUnicode_DecodeUTF16Stateful () will not treat trailing incomplete UTF-16 byte sequences
(such as an odd number of bytes or a split surrogate pair) as an error. Those bytes will not be decoded and the
number of bytes that have been decoded will be stored in consumed.

PyObject *PyUnicode_AsUTF16String (PyObject *unicode)

Return value: New reference. Part of the Stable ABIL. Return a Python byte string using the UTF-16 encoding
in native byte order. The string always starts with a BOM mark. Error handling is "strict”. Return NULL if an
exception was raised by the codec.

PyObject *PyUnicode_EncodeUTF16 (const Py_UNICODE *s, Py_ssize_t size, const char *errors,

int byteorder)
Return value: New reference. Return a Python bytes object holding the UTF-16 encoded value of the Unicode

data in s. 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_ UNTCODE values is interpreted as a UCS-2 character.

Return NULL if an exception was raised by the codec.

EAERA 3.3 B AHEREE I, A%6 5 iAs 3.11 HF4F% . : Part of the old-style Py UNICODE API; please

migrate to using PyUnicode AsUTF16String () or PyUnicode_AsEncodedString().

124

Chapter 8. &M HRE




The Python/C API, £[F 3.10.11

UTF-7 Codecs

These are the UTF-7 codec APIs:

PyObject *PyUnicode_DecodeUTF7 (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. Part of the Stable ABI. Create a Unicode object by decoding size bytes of the
UTF-7 encoded string s. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_DecodeUTF7Stateful (const char *s, Py_ssize_t size, const char *errors,
Py_ssize_t *consumed)
Return value:  New reference. Part of the Stable ABIL If consumed is NULL, behave like
PyUnicode_DecodeUTF7 (). If consumed is not NULL, trailing incomplete UTF-7 base-64 sections will
not be treated as an error. Those bytes will not be decoded and the number of bytes that have been decoded
will be stored in consumed.

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.

AR 3.3 AR, A5 e B3R 3.11 5[ . : Part of the old-style Py._UNTCODE API, please

migrate to using PyUnicode_AsEncodedString().

Unicode-Escape 4gf#i02%

These are the “Unicode Escape” codec APIs:

PyObject *PyUnicode_DecodeUnicodeEscape (const char *s, Py ssize_t size, const char

*errors)
Return value: New reference. Part of the Stable ABI. Create a Unicode object by decoding size bytes of the

Unicode-Escape encoded string s. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_AsUnicodeEscapeString (PyObject *unicode)
Return value: New reference. Part of the Stable ABIL. Encode a Unicode object using Unicode-Escape and
return the result as a bytes object. Error handling is “strict”. Return NULL if an exception was raised by the
codec.

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.

HAERA 3.3 B AHERE M, A%6r 5 ilAs 3.11 28 . : Part of the old-style Py UNICODE API; please

migrate to using PyUnicode_AsUnicodeEscapeString().

Raw-Unicode-Escape Codecs

These are the "Raw Unicode Escape” codec APIs:

PyObject *PyUnicode_DecodeRawUnicodeEscape (const char *s, Py_ssize_t size, const char

*errors)
Return value: New reference. Part of the Stable ABI. Create a Unicode object by decoding size bytes of the

Raw-Unicode-Escape encoded string s. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_AsRawUnicodeEscapeString (PyObject *unicode)
Return value: New reference. Part of the Stable ABI. Encode a Unicode object using Raw-Unicode-Escape and
return the result as a bytes object. Error handling is "strict”. Return NULL if an exception was raised by the
codec.

8.3. FI¥% 125



The Python/C API, £[F] 3.10.11

PyObject *PyUnicode_EncodeRawUnicodeEscape (const Py_UNICODE *s, Py_ssize_t size)
Return value: New reference. Encode the Py UNTCODE buffer of the given size using Raw-Unicode-Escape
and return a bytes object. Return NULL if an exception was raised by the codec.

HAEM A& 33 B A#EEMSMH, &8 WA 311 f1 & K. : Part of the old-style
Py_UNICODE API; please migrate to using PyUnicode_AsRawUnicodeEscapeString () or
PyUnicode_AsEncodedString ().

Latin-1 Codecs

These are the Latin-1 codec APIs: Latin-1 corresponds to the first 256 Unicode ordinals and only these are accepted
by the codecs during encoding.

PyObject *PyUnicode_DecodeLatinl (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. Part of the Stable ABI. Create a Unicode object by decoding size bytes of the
Latin-1 encoded string s. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_AsLatinlString (PyObject *unicode)
Return value: New reference. Part of the Stable ABI. Encode a Unicode object using Latin-1 and return the
result as Python bytes object. Error handling is "strict”. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_EncodeLatinl (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 Latin-1 and return a
Python bytes object. Return NULL if an exception was raised by the codec.

HACRAS 3.3 BATERE M, & BMAR 3.11 FF5%: . : Part of the old-style Py, UNICODE API,; please

migrate to using PyUnicode AsLatinlString () or PyUnicode_ AsEncodedString().

ASCII Codecs

These are the ASCII codec APIs. Only 7-bit ASCII data is accepted. All other codes generate errors.

PyObject *PyUnicode_DecodeASCII (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. Part of the Stable ABI. Create a Unicode object by decoding size bytes of the
ASCII encoded string s. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_AsASCIIString (PyObject *unicode)
Return value: New reference. Part of the Stable ABI. Encode a Unicode object using ASCII and return the
result as Python bytes object. Error handling is “strict”. Return NULL if an exception was raised by the codec.

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.

EACRAS 3.3 AT, Ji5& 3R 3.11 9854 . : Part of the old-style Py, UNICODE API,; please

migrate to using PyUnicode_AsASCIIString () or PyUnicode_AsEncodedString ().

Character Map Codecs

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.

These are the mapping codec APIs:

PyObject *PyUnicode_DecodeCharmap (const char *data, Py_ssize_t size, PyObject *mapping,

const char *errors)
Return value: New reference. Part of the Stable ABI. Create a Unicode object by decoding size bytes of the

encoded string s using the given mapping object. Return NULL if an exception was raised by the codec.
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If mapping is NULL, Latin-1 decoding will be applied. Else mapping must map bytes ordinals (integers in the
range from 0 to 255) to Unicode strings, integers (which are then interpreted as Unicode ordinals) or None.
Unmapped data bytes -- ones which cause a LookupError, as well as ones which get mapped to None,
OxFFFE or '\ufffe', are treated as undefined mappings and cause an error.

PyObject *PyUnicode_AsCharmapString (PyObject *unicode, PyObject *mapping)
Return value: New reference. Part of the Stable ABIL. Encode a Unicode object using the given mapping object
and return the result as a bytes object. Error handling is ”strict”. Return NULL if an exception was raised by
the codec.

The mapping object must map Unicode ordinal integers to bytes objects, integers in the range from 0 to 255 or
None. Unmapped character ordinals (ones which cause a LookupError) as well as mapped to None are
treated as “undefined mapping” and cause an error.

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.

A 3.3 B AHEREE I, A%6 84S 3.11 2% . : Part of the old-style Py UNICODE API; please

migrate to using PyUnicode_AsCharmapString () or PyUnicode_ AsEncodedString().
The following codec API is special in that maps Unicode to Unicode.

PyObject *PyUnicode_Translate (PyObject *str, PyObject *table, const char *errors)
Return value: New reference. Part of the Stable ABI. Translate a string by applying a character mapping table
to it and return the resulting Unicode object. Return NULL if an exception was raised by the codec.

The mapping table must map Unicode ordinal integers to Unicode ordinal integers or None (causing deletion
of the character).

Mapping tables need only provide the __getitem__ () interface; dictionaries and sequences work well.
Unmapped character ordinals (ones which cause a LookupError) are left untouched and are copied as-is.

errors has the usual meaning for codecs. It may be NULL which indicates to use the default error handling.

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.

EACRAS 3.3 BATERE T, A& E MR 3.11 9554 . : Part of the old-style Py, UNICODE API,; please

migrate to using PyUnicode_ Translate (). or generic codec based API

MBCS codecs for Windows

These are the MBCS codec APIs. They are currently only available on Windows and use the Win32 MBCS converters
to implement the conversions. Note that MBCS (or DBCS) is a class of encodings, not just one. The target encoding
is defined by the user settings on the machine running the codec.

PyObject *PyUnicode_DecodeMBCS (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. Part of the Stable ABI on Windows since version 3.7. Create a Unicode object
by decoding size bytes of the MBCS encoded string s. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_DecodeMBCSStateful (const char *s, Py_ssize_t size, const char *errors,
Py_ssize_t *consumed)
Return value:  New reference. Part of the Stable ABI on Windows since version 3.7. It
consumed is NULL, behave like PyUnicode_DecodeMBCS (). If consumed is not NULL,
PyUnicode_DecodeMBCSStateful () will not decode trailing lead byte and the number of bytes that
have been decoded will be stored in consumed.

PyObject *PyUnicode_AsMBCSString (PyObject *unicode)
Return value: New reference. Part of the Stable ABI on Windows since version 3.7. Encode a Unicode object

8.3. FI¥% 127



The Python/C API, £[F] 3.10.11

using MBCS and return the result as Python bytes object. Error handling is "strict”. Return NULL if an
exception was raised by the codec.

PyObject *PyUnicode_EncodeCodePage (int code_page, PyObject *unicode, const char *errors)
Return value: New reference. Part of the Stable ABI on Windows since version 3.7. 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 HUHTIA.

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.

HAMERA 3.3 B AMEEMS T, &8 RA 40 B . : Part of the old-style Py UNICODE
APT; please migrate to using PyUnicode AsMBCSString (), PyUnicode_EncodeCodePage () or
PyUnicode_AsEncodedString ().

Methods & Slots

HESELLEY

The following APIs are capable of handling Unicode objects and strings on input (we refer to them as strings in the
descriptions) and return Unicode objects or integers as appropriate.

They all return NULL or -1 if an exception occurs.

PyObject *PyUnicode_Concat (PyObject *left, PyObject *right)
Return value: New reference. Part of the Stable ABI. Concat two strings giving a new Unicode string.

PyObject *PyUnicode_Split (PyObject *s, PyObject *sep, Py_ssize_t maxsplit)
Return value: New reference. Part of the Stable ABI. Split a string giving a list of Unicode strings. If sep is
NULL, splitting will be done at all whitespace substrings. Otherwise, splits occur at the given separator. At
most maxsplit splits will be done. If negative, no limit is set. Separators are not included in the resulting list.

PyObject *PyUnicode_Splitlines (PyObject *s, int keepend)
Return value: New reference. Part of the Stable ABI. Split a Unicode string at line breaks, returning a list of
Unicode strings. CRLF is considered to be one line break. If keepend is 0, the line break characters are not
included in the resulting strings.

PyObject *PyUnicode_Join (PyObject *separator, PyObject *seq)
Return value: New reference. Part of the Stable ABI. Join a sequence of strings using the given separator and
return the resulting Unicode string.

Py_ssize_t PyUnicode_Tailmatch (PyObject *str, PyObject *substr, Py_ssize_t start, Py_ssize_t end, int

direction)
Part of the Stable ABI. Return 1 if substr matches str [start :end] at the given tail end (direction == -1

means to do a prefix match, direction == 1 a suffix match), O otherwise. Return -1 if an error occurred.
Py_ssize_t PyUnicode_Find (PyObject *str, PyObject *substr, Py_ssize_t start, Py_ssize_t end, int direc-
tion)
Part of the Stable ABI. Return the first position of substr in str [start:end] using the given direction
(direction == 1 means to do a forward search, direction == —1 a backward search). The return value is the

index of the first match; a value of —1 indicates that no match was found, and —2 indicates that an error
occurred and an exception has been set.

Py_ssize_t PyUnicode_FindChar (PyObject *str, Py_UCS4 ch, Py_ssize_t start, Py_ssize_t end, int direc-

tion)
Fart of the Stable ABI since version 3.7. Return the first position of the character ch in str [start:end]
using the given direction (direction == 1 means to do a forward search, direction == —1 a backward search).

The return value is the index of the first match; a value of —1 indicates that no match was found, and -2
indicates that an error occurred and an exception has been set.

3.3 BUBTIA.
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3.7 fRH 5 start and end are now adjusted to behave like str[start:end].

Py_ssize_t PyUnicode_Count (PyObject *str, PyObject *substr, Py_ssize_t start, Py_ssize_t end)
Fart of the Stable ABI. Return the number of non-overlapping occurrences of substr in str [start:end].
Return -1 if an error occurred.

PyObject *PyUnicode_Replace (PyObject *str, PyObject *substr, PyObject *replstr, Py_ssize_t max-

count)
Return value: New reference. Part of the Stable ABIL. Replace at most maxcount occurrences of substr in str
with replstr and return the resulting Unicode object. maxcount == —1 means replace all occurrences.

int PyUnicode_Compare (PyObject *left, PyObject *right)
Part of the Stable ABI. Compare two strings and return —1, 0, 1 for less than, equal, and greater than, respec-
tively.

This function returns —1 upon failure, so one should call PyErr_ Occurred () to check for errors.

int PyUnicode_CompareWithASCIIString (PyObject *uni, const char *string)
Fart of the Stable ABI. Compare a Unicode object, uni, with string and return —1, 0, 1 for less than, equal, and
greater than, respectively. It is best to pass only ASCII-encoded strings, but the function interprets the input
string as ISO-8859-1 if it contains non-ASCII characters.

This function does not raise exceptions.

PyObject *PyUnicode_RichCompare (PyObject *left, PyObject *right, int op)
Return value: New reference. Part of the Stable ABL X~ Unicode =47 88 $UfT & L H- 1R Bl A N EZ

* NULL in case an exception was raised
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. Part of the Stable ABIL Return a new string object from format and args; this is
analogous to format % args.

int PyUnicode_Contains (PyObject *container, PyObject *element)
Fart of the Stable ABI. Check whether element is contained in container and return true or false accordingly.

element has to coerce to a one element Unicode string. —1 is returned if there was an error.

void PyUnicode_InternInPlace (PyObject **string)
Part of the Stable ABIL 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 (decrementing 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.)

PyObject *PyUnicode_InternFromString (const char *v)
Return value: New reference. Part of the Stable ABI. A combination of PyUnicode_FromString () and
PyUnicode_InternInPlace (), returning either a new Unicode string object that has been interned, or
a new ("owned”) reference to an earlier interned string object with the same value.
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8.3.4 jtil (Tuple) ¥4

type PyTupleObject
XA pPyobject HTRBMAE— Python AN R .
PyTypeObject PyTuple_Type
Part of the Stable ABI. Py TypeObject HSLHIFE—4 Python TGZH2EAY , X 5 Python J2[Hif#) tuple
M X4 .
int PyTuple_Check (PyObject *p)
WA p J2—A> tuple X5 tuple S-SR S MR [0 B . 1 bR AR 2 AT -

int PyTuple_CheckExact (PyObject *p)
WL p J2—A> tuple M RAEARZ tuple ZRAUFY T2 AU S B R B ELAR . R AR R 2 AT .«

PyObject *PyTuple_New (Py_ssize_t len)
Return value: New reference. Part of the Stable ABL I EHR [Bl—/AN B TR, KEHN len, JRIGH}
&[] “NULL“,

PyObject *PyTuple_Pack (Py_ssize_t n, ...)
Return value: New reference. Part of the Stable ABL IR Bl — e 5, KANK n, R}
R[] NULL, JTHERIIRIE TG0 Python X4 J5%E n A~ C 3%{. PyTuple_Pack(2, a, b) fl
Py_Buildvalue (" (00)", a, b) fH%.

Py_ssize_t PyTuple_Size (PyObject *p)
Part of the Stable ABL FRUUFE M) T RAYFEEE, R MHZITTH AR/

Py_ssize_t PyTuple_GET_SIZE (PyObject *p)
RIITCH p RS, BATREE NULL 3 HARm— Aol AR TA R A .
PyObject *PyTuple_GetItem (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. Part of the Stable ABL 1&[5] p FF 35 18] I TG LT pos AN TS . 10
R pos I UHBGETTER], R E NULL HtEH—1> IndexError R,
PyObject *PyTuple_GET_ITEM (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. 23T PyTuple_GetItem(), {HAKEHSEL.

PyObject *PyTuple_GetSlice (PyObject *p, Py_ssize_t low, Py_ssize_t high)
Return value: New reference. Part of the Stable ABL &[0 p Frdg miI oY F, TE low Fl high 2 Ja],
AR RN R [A] NULL, X% [6]F Python ik p[low:high]. AICFFMINIFKRERT].

int PyTuple_SetItem (PyObject *p, Py_ssize_t pos, PyObject *0)
Part of the Stable ABL 1 p 450 TCLIY pos FLEIHAX XS 0 BT BRI 05 4R pos i
G, MERE -1, HHH-—4 IndexError R .

e pesfie “HTHC X o 5, HEFEXICH P EAEZEmAIE 14 H 5 .

void PyTuple_SET_ITEM (PyObject *p, Py_ssize_t pos, PyObject *0)
KT ryTuple SetTtem(), {HAMTHIRIGA, HHMNZ R AP RIEEEHRITTH.

il EANES ME” — AR oG, [A5pyTuple SetItem() A, B REEFEXMEM
BRI S I JCHL LT pos AL EAYALAT S | FHHARRF Bt -

int _PyTuple_Resize (PyObject **p, Py_ssize_t newsize)
A AT AR A KN . newsize ¥52 LRI E . R9ICAH BON A AL, BT bA A TE
XFGACH A5, A NZEHE. R SIS AR BTS20 .
TCATE G R KB S EEERBRIATCAI QI — e, Ramask. Mk
M0 . &R A R ABUE *p USSR -S T LR ECZ BT AR A o AR T *p 51 B
g, WEHRE *p FFRCRS. RIS, a&E] 1%, $f *p &N NULL, F5]% MemoryError B3

SystemError,
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8.3.5 LEHFFFIXTR

PRI GRS T namedtuple () (9 CXFR, s, HAga& H 0l L m Iy, %
BIRESHFA, AR E Feb BB E Y 25 751 26 2L

PyTypeObject *PyStruct Sequence_NewType (PyStructSequence_Desc *desc)
Return value: New reference. Part of the Stable ABL {34} desc W B HRAE— N 45K 77 2880, 10
TR, RIPMEF Py St ruct Sequence_New () Bl z4E AR 1 s

void PyStructSequence_InitType (PyTypeObject *type, PyStructSequence_Desc *desc)
M desc SIHIAIIRALEE P SI2R A type.,

int PyStructSequence_InitType2 (PyTypeObject *type, PyStructSequence_Desc *desc)
5 pyStructSequence_InitType f[F], {BMIIERE 0, JHRME -1,

3.4 BUHTMA.

type PyStructSequence_Desc
Part of the Stable ABI (including all members). 13,8 A B 4504 75 2220 o5 & .

1 C Type B

name const char * LER A R B A4 R

doc const char * T 1] S 220 SR ZR ) SORS A A B NUL L B985

fields PyStructSequence_Field #&[0 DA NULL 45 BB T4, HFEBARR
* okt

n_in_sequenceint Python M m] WLAY - BEEC (A0SR fEC4)

type PyStructSequence_Field
Part of the Stable ABI (including all members). Describes a field of a struct sequence. As a struct se-
quence is modeled as a tuple, all fields are typed as PyObject*. The index in the fields array of the
PyStructSequence_Desc determines which field of the struct sequence is described.

i | CType 2B

name const TR A NULL , o ES R G S TR R, HRE
char * HPyStructSequence_UnnamedField DIMEE K a4 7B

doc | const B W) - B SCRY AT ER Bl NULL

char *

const char *const PyStructSequence_UnnamedField
T B W RRIR IR R R R i 22 RS
3.9 JRHT RS XNRBIE M char * B,

PyObject *PyStructSequence_New (PyTypeObject *type)

Return value: New reference.  Part of the Stable ABL 4l & type ¥ 3£ 5, % 5E f
HPyStructSequence_NewType () Bl#,

=

W

\\_:}H

1

PyObject *PyStructSequence_GetItem (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. Part of the Stable ABL 1% [B] p Fr{8 n] 454 73 Hr, 50T pos Ak
% AFREHTHIERE.

PyObject *PyStructSequence_GET_ITEM (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. Py St ruct Sequence_GetItem () WZEMAS.

void PyStructSequence_SetItem (PyObject *p, Py_ssize_t pos, PyObject *0)
Part of the Stable ABL 45874 p RG] pos A FE R E NEH 0o S5 PyTuple SET ITEM() —
B, ERZ A TGRS B .

fE): XA EEE “HTH TR o AT
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void PyStructSequence_SET_ITEM (PyObject *p, Py_ssize_t *pos, PyObject *0)
PyStructSequence_SetItem() MIZERA.

s XA B THRI 0 B— A5

8.3.6 List (&%) ¥t

type PyListObject
XA~ CE A ryobject BT IAAEK—> Python F X R
PyTypeObject PyList_Type
Part of the Stable ABL X248 T PyTypeoObject WX FE Python 5| F2E T SEHI . 7 Python JZH]
FRA List 2[R,
int PyList_Check (PyObject *p)
MR p 2> list RGBT list FEALP 1B LB R I FUE . R EUR R 2 AT
int PyList_CheckExact (PyObject *p)
MR p J—A> list RRAERNZ list AU T2RAU LI NLR A B . IR AU 2 2 BT .
PyObject *PyList_New (Py_ssize_t len)

Return value: New reference. Part of the Stable ABL AR [0l —ANK R len B2 32, S0t [H]
NULL,

iE: 2 len KT ZRF, WK A5 F X0 H B NULL. R AR BE 25 C R
B pysequence_SetItem() W% API 8iF ] C l¥PyList_SetItem () YA W HIXKE
ILELSEXT G HIR Python A% A FF X4 .

Py_ssize_t PyList_Size (PyObject *list)
Part of the Stable ABL 3&[1] list FH)FXRIKIE; XETAEFIRXNZ A len (1ist)
Py_ssize_t PyList_GET_SIZE (PyObject *list)
FIA C fpyList_size () , BHHBRLM.
PyObject *PyList_GetItem (PyObject *list, Py_ssize_t index)
Return value: Borrowed reference. Part of the Stable ABI. 1z [0] list 38105 2 index (Vi & _ IR £ ..
BELACNIENEG A FRMINIRREIATRET . QIR index #EH 1 5 (<0 or >=len(list)), Wiz [7]
NULL X ® IndexError F4.
PyObject *PyList_GET_ITEM (PyObject *list, Py_ssize_t i)
Return value: Borrowed reference. 72U C BREPyList_GetItem() , T&AEIRGIM .
int PyList_SetItem (PyObject *list, Py_ssize_t index, PyObject *item)
Part of the Stable ABL 3|32 125 | index [AIHBEH item. BIIEFIRIE 0. W15 index &8 H 35 FE SR

[\ -1 % E IndexError FH,

filE: phekgisy “fiE” — AN iem MBI EF—ADXFIRPZP A E EHEAFHEI.

void PyList_SET_ITEM (PyObject *list, Py_ssize_t i, PyObject *0)
AR A Py List_SetTtem (). XiEH JPHTHHR P ZBA WAL E T
5T,

il %R “kE” —Axtiem W5, H5PyList_setTtem () AFEKRE T& EFXMEM
PO HTI s A list 19 § AL ERATAS | AR gt eg -
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int PyList_Insert (PyObject *list, Py_ssize_t index, PyObject *item)
Part of the Stable ABL 445 H item 5 A RIS list &5 index Z BIINLE . WR IR E 05 40
RAWINNGRE] -1 FiEE DT, YT list.insert (index, item),

int PyList_Append (PyObject *list, PyObject *item)
Part of the Stable ABL R} item G INFF) 2 list WA R . WRIBEFFIR ] 05 QISRAS B 2 ] —
HE PR, 4T list.append (item).,

PyObject *PyList_GetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high)
Return value: New reference. Part of the Stable ABI. J‘B[E]%AXT%@J%% A list 24T low A1 high
Z IR MRS IR ] NULL FF 8 5 . AT 1ist [low:highl, ALFRMIIFEA

RE#ATERG].

int PyList_SetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high, PyObject *itemlist)
Part of the Stable ABL f§ list 249 low 5 high 2 [8] 09 U] K i% 2K itemlist W) N 7. 24 T
list[low:high] = itemlisto itemlist W] DK NULL, FRIREN—DSHE (M) .
IR IA] O, SR I iR iTﬁZi‘#MﬁU%ﬂi%ﬁ TR,

int PyList_Sort (PyObject *list)
Part of the Stable ABL X} list i) 4% H #EAT I HE 7 . Eh ik Bl 0, RIGEFRIE -1, XM T

list.sort ().

int PyList_Reverse (PyObject *list)

Part of the Stable ABL Xf list Wi 7% H #EAT IS S . ENIRSIR ] 0, RIGIfaR ] -1, X 4Ffr T

list.reverse ().,

PyObject *PyList_AsTuple (PyObject *list)
Return value: New reference. Part of the Stable ABL & [0 —/N i cdl Nt %, Hpad list NS &
T tuple (list),

8.4 FasUF
8.4.1 Famtt

type PyDictObject
pPyObject TAIREMR FE—1H Python ZFHLYI{4F.
PyTypeObject PyDict_Type
Part of the Stable ABL. Py TypeObject B fFl{tF—1# Python FZ ML EE . L Python J& W1 dict
[Fi]— {4 F
int PyDict_Check (PyObject *p)
# p e —fE ML) B M) 1 B A8 B R e erue. S BR EURE AR BT AT L)
int PyDict_CheckExact (PyObject *p)
#r p TP EEA G —EF T BRG], I E true, IR UREREREHA T .
PyObject *PyDict_New ()
Return value: New reference. Part of the Stable ABL & [B]—/N i aS Z L, et [B] NULL.
PyObject *PyDictProxy_New (PyObject *mapping)
Return value: New reference Part of the Stable ABL j&[1] types .MappingProxyType X4, ik
AT AT AR . X T BB L I AR I s aS 2R 2 A py  di

void PyDict_Clear (P)Objecz *p)
Part of the Stable ABL. jj I)bﬁ F I P BB
int PyDict_Contains (PyObject *p, PyObject *key)
Part of the Stable ABIL. 7€ key 2SS 1EFH p H . TR key VUBE I p BOFE—T0, MaRE 1, &)
I 0 . akE -1 FIREHT . X% [T Python ik key in p.
PyObject *PyDict_Copy (PyObject *p)
Return value: New reference. Part of the Stable ABL 12 [0]-5 p 357 H [R] 485 % 1 35 i
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int PyDict_SetItem (PyObject *p, PyObject *key, PyObject *val)
Part of the Stable ABL fifi [f] key /£ MY val 5 AT p. key Wil -Khashable; WSRAE, N¥E| %
TypeError, BUIHfIRE 0, KRMHRE] 1. BERREC R & AR val 5]

int PyDict_SetItemString (PyObject *p, const char *key, PyObject *val)
Fart of the Stable ABL Insert val into the dictionary p using key as a key. key should be a const char*.
The key object is created using PyUnicode_FromString (key). Return 0 on success or —1 on failure.
This function does not steal a reference to val.

int PyDict_DelItem (PyObject *p, PyObject *key)
Fart of the Stable ABL. Remove the entry in dictionary p with key key. key must be hashable; if it isn’t,
TypeError is raised. If key is not in the dictionary, KeyError is raised. Return 0 on success or —1 on
failure.

int PyDict_DelItemString (PyObject *p, const char *key)
Part of the Stable ABL FZERF 4l p o di P AFER key F8EMRINAH . WERTIABH key, WEFI%
KeyError, WIJERE] 0, Stz m -1,

PyObject *PyDict_GetItem (PyObject *p, PyObject *key)
Return value: Borrowed reference. Part of the Stable ABL. ML p F13R [0 DA key SH4EMIRT 4. Wi 4E 44
key NAFAER %A BB — S5 MR 0] NULL.

FEEFEEWLE, MM _hash__ O Ml _eq () HEFEMEEAS M L. &
M PyDict_GetItemWithError () SRR .

3.10 fUHEAE: AEAPREFGIL BT OL R A L APT 8 A I s I g fei . BAE A TRV

PyObject *PyDict_GetItemWithError (PyObject *p, PyObject *key)
Return value: Borrowed reference. Part of the Stable ABL. PyDict_GetItem() HJZAER, BASFEHK R
W o SR AERPRRR ] NULL IR HBCE . WPREEAAENR M) NULL JF HA S BE
St

PyObject *PyDict_GetItemString (PyObject *p, const char *key)
Return value: Borrowed reference. Part of the Stable ABI. This is the same as PyDict_GetItem(), but
key is specified as a const char*, rather than a PyObject*.

TETEME, W _hash__ () . __eq__ () FEERIGIE— NGBS A R R  7E A i
N . M PyDict_GetItemWithError () IRIGEE R4,

PyObject *PyDict_SetDefault (PyObject *p, PyObject *key, PyObject *defaultobj)
Return value: Borrowed reference. iX R Python 2 ¥ dict .setdefault () —Fkf. IR key 1275,
BIREIFETFH p BN AE. WREALEAE, B ATUE defaultobj —i2iE AR 1] defaultoby . X
AR key WG Ay BRAL— IR, TN AE A A AR 3 3

3.4 BUHTMA.

PyObject *PyDict_Items (PyObject *p)
Return value: New reference. Part of the Stable ABI. & o] —/Mu & F b fr G 8B I K Py ListObject

PyObject *PyDict_Keys (PyObject *p)
Return value: New reference.  Part of the Stable ABIL 1% [B] — /> 41 & ¢ ML v i A/ £ (keys)
M PyListObject,

PyObject *PyDict_Values (PyObject *p)
Return value: New reference.  Part of the Stable ABL 1% [B] — A4~ 4 & 5= ML v i 5 {H (values)
MPyListObject,

Py_ssize_t PyDict_Size (PyObject *p)
Part of the Stable ABL R[]~ $ i H %, S5 TR 78 p ] Len (p) .

int PyDict_Next (PyObject *p, Py_ssize_t *ppos, PyObject **pkey, PyObject **pvalue)
Fart of the Stable ABL Iterate over all key-value pairs in the dictionary p. The Py_ssize_t referred to by
ppos must be initialized to 0 prior to the first call to this function to start the iteration; the function returns true
for each pair in the dictionary, and false once all pairs have been reported. The parameters pkey and pvalue
should either point to PyOb ject * variables that will be filled in with each key and value, respectively, or may
be NULL. Any references returned through them are borrowed. ppos should not be altered during iteration. Its
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value represents offsets within the internal dictionary structure, and since the structure is sparse, the offsets are
not consecutive.

HLA5) AR[E) -
PyObject *key, *value;
Py_ssize_t pos = 0;

while (PyDict_Next (self->dict, &pos, &key, &value)) |
/* do something interesting with the values... */

T p ANV AZAE I D) AR U o e P ], SR R A, BRI EAA
KA. BIn:

PyObject *key, *value;
Py_ssize_t pos = 0;

while (PyDict_Next (self->dict, &pos, &key, &value)) |
long i = PyLong_AsLong(value);
if (i == -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 (0) ;
}

int PyDict_Merge (PyObject *a, PyObject *b, int override)

Part of the Stable ABL XFBLIFXI G b #-ATEEA, FHEEMEXRINEFH a. b WRUE—ADFH, SR
Y FgPyMapping Keys () flPyObject_GetItem() WiXI4t. N5 override JyEAH, WIUWIRALE b
TR BIAR R B a b AR AR Y A R 4, 5 W INSRAE @ rp SR [ g S ) L2 T
X MR I 0 BUE M5 & FHEhR M -1,

int PyDict_Update (PyObject *a, PyObject *b)

Part of the Stable ABL X5 C 1) PyDict_Merge (a, b, 1) —FE, LT Python H ¥ a.
update (b) , ZHIHET PyDict_Update () L5 —ANSEBA keys” JE A 2 BIHE 2 A ACHAE
XTFA . 2R ] 0 B0 245 ] A RE iR -1,

int PyDict_MergeFromSeq2 (PyObject *a, PyObject *seq2, int override)

Part of the Stable ABL. f seq2 H ¥ SR {EDN BB ok &1 81 74l a. seq2 W25 R RN 2 1o Ji A1 ot
EXIICR ARG AR R I, UI2R override FLE 5 th BLAGBEIE HH o 24 pily et
R[]0 B MG K IR I -1, SEHEY Python T4 (RIIEERSN)

def PyDict_MergeFromSeq2 (a, seg2, override):
for key, value in seg2:
if override or key not in a:
alkey] = wvalue
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8.4.2 FEWMR

XTI T set Al frozenset XFRIGAIE APL AT ARAE T 115 H 1) 2 BE S - il 52
STE M (B3Pyobject_callMethod (), PyObject_RichCompareBool (), PyObject_Hash (),
PyObject_Repr(), PyObject_IsTrue(), PyObject_Print () PA MPyObject_GetIter())
B H 2 B F W (8 FEPyNumber And(), PyNumber_ Subtract (), PyNumber Or (),
PyNumber_Xor (), PyNumber_InPlaceAnd(), PyNumber_InPlaceSubtract (),
PyNumber_ InPlaceOr () PAMPyNumber InPlaceXor ()).

type PySetObject
X A~Pyobject B T B K PR AF set Ml frozenset Xf G i N i K. B %K U
T ryDictobject WL ET R /NROT G R ULE 2 B E R/ (@ﬁméﬂﬂ’ﬂ?ﬁ%ﬁf)
X T H AR RO R A R Ul R 1) SRR ) AT AR N N AR (IRIR SRR ) o Iesh ff’]@li
(BN AN A H BT RE R A o BT U7 MR 24 38 5 2 5 A SRS APT %ﬁﬁ?ﬁﬁKﬁI
W BRI R (.

PyTypeObject PySet__ Type
Part of the Stable ABL X/&—~PyTypeObject 5Lf|, Fi/n Python set 257,

PyTypeObject PyFrozenSet_Type
Part of the Stable ABL X 2—/~PyTypeObject 5:fil, /R Python frozenset 2K,

ARG AR o T AR R Python XF R F 4. ZE R, X SUAE i pR AR IE H TR B T IE AR
Python X4,

int PySet_Check (PyObject *p)
WL pJ2—A> set XWRBCH R H FRAR L BINR W FAE. HREEZ 2 AT

int PyFrozenSet_Check (PyObject *p)

W p jg—A> frozenset XFRuH & H T IAAYSLBINR I FLE. R EUE e 2T .

int PyAnySet_Check (PyObject *p)
ﬁn%PZE#I set W%, frozenset X E EH FIERAG LB NR B EAH. BREUEIE 2 T
PAT

int PySet_CheckExact (PyObject *p)
MR pe—A set WREARHT LAY SLFINR I EE. MRS BIHAT.

3.10 OB

int PyAnySet CheckExact (PyObject *p)
R p 2 —1> set B frozenset XT;?ME'T Hor B SBR[l FE . SRR EUR 2 & ik
17

int PyFrozenSet_CheckExact (PyObject *p)
N p B2—1> frozenset XMZHEANE ﬁ?%ﬂiﬁ’];&fﬂ)ﬂﬂ MIEAE. SRR &2 BT
PyObject *PySet_New (PyObject *iterable)
Return value: New reference. Part of the Stable ABL 1% [B|—ANHi i) set, LA A5 iterable FiF iR [9] 1 %5}
. iterable A A NULL R BIE— By =S %A B R TR R A, RO R ] NULL. 40
B iterable S2F5_F AR ATEC NI S NE| % TypeError. MRt FH IIEE (c=set (s)).
PyObject *PyFrozenSet_New (PyObject *iterable)
Return value: New reference. Part of the Stable ABL 1&[B]—/N#ii) frozenset, H AL S iterable fiT 1
BIIXT S o iterable W] DA NULL FnBE— SSRGS E S . IR RO RS 6, RIME
iR Al NULL. 405 iterable 525 AN @RI ER XS NE] & TypeError,

TH B ZE T set 8 frozenset HSEHIE & H FIBIAY LA,

Py_ssize_t PySet_Size (PyObject *anyset)
Part of the Stable ABL jR[] set B frozenset XRMKE . ZEMT len (anyset) . IR anyset N
B set, frozenset B{ETRAIPLH N 4G K& PyExc_SystemError,

Py_ssize_t PySet_GET_SIZE (PyObject *anyset)
FIAM Py set_Size (), AHHTAGN .
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int PySet_Contains (PyObject *anyset, PyObject *key)
Part of the Stable ABL QIR FNR A 1, AARARKERE] 0, QRE R ERNRE] -1, A[ET Python
__contains__ () Ji&, Jﬂil%lfﬂ(TAEKJJHT—WAFFﬁE’J%A%?ﬁU\JII RS G . QR key
Kﬂ”’a‘?ﬁﬁ%)ﬂﬂ%é‘liﬁ TypeError, ISR anyset g set, frozenset B FARAASLBIN 25|
& PyExc_SystemError,

int PySet_Add (PyObject *set, PyObject *key)
Part of the Stable ABL ¥s Wl key F| — 4~ set £ ffil. 4 7 ] T frozenset Z5E fi
(HPyTuple SetItem() B’J%’@UZ&&%E’@T%&Z%*%%%E@@ m AR B R A TT 45 HoAb AU
ZHTE AR E) o BT R B O TSR IR IR B - 1. AR key Sy R AT A U £ 5] K
TypeError. ﬁﬂ%?ﬁﬁiﬁél‘ﬂ)ﬂﬂéﬁlﬁ MemoryError, HlIR set Ag set BUH F2R AL
BiNj£5| & SystemError,

THNREGE T set s FRAM LS, (HATHTF frozenset s ARG LH) .

int PySet_Discard (PyObject *set, PyObject *key)
Part of the Stable ABL QISR FFAEBRR M 1, QUERAKE] (ToHAE) &I 0, An i) 4R ik ]
~1o XTAFLEREALT|I K KeyError. QIR key HARIGRITRIM T % TypeError. A
T Python discard () Jy¥k, MCERECRS B R A TR 15 G N Im I VR ZE S 6o TR ser
g set B THRAMLHFIN S5 K PyExc_SystemError.

PyObject *PySet_Pop (PyObject *set)
Return value: New reference. Part of the Stable ABL &[] set WAEB X RBHEIH, FHM set PR ERIZAT

%o KRR NULL, QARG SN L5] K KeyError, W ser AN set o H 12311 526
M£8|% SystemError,

int PySet_Clear (PyOb/ecl *set)
Fart of the Stable ABI. 3% %3 Bl T HL 1) T A SR (EL X

8.5 BXMtF

8.5.1 FX (Function) &
T 2/ Python bR S 17 HLAEEIR .

type PyFunctionObject

T % C S5tk

PyTypeObject PyFunction_Type
XE— N PyTypeobject SLBIFF~ Python pREZEE . ‘BAE N types.FunctionType [a] Python
P AT

int PyFunction_Check (PyObject *0)
ﬁn% o PR G AU PyFunction Type) WhR[EA. JEBMIAN NULL, HREUE
ST

PyObject *PyFunction_New (PyObject *code, PyObject *globals)
Return value: New reference. iR [8] 5ACHEXT S code FBEIHTRREN S . globals Wil 2—~FH | %A
BOn] AT IF) 42 ey A2

AR G B2 B R B SRS AT R FI 4 PR . __module__ 23 M globals WL, 24§ defaults, anno-
tations Fil closure %4 NULL. __ qualname__ %55 BB 44 FRAH IR HAAE -

PyObject *PyFunction_NewWithQualName (PyObject *code, PyObject *globals, PyObject *qualname)
Return value: New reference. Z5{l\PyFunction_New (), {Hif X E RETERHK _ _qualname_
JE@ M. qualname [ 24 2 unicode %f 4 8% NULL; %2 NULL W _ qualname_  J@PEi% K 5 H
__name__ JEMEHFHIHE.

3.3 BUBTINA.

PyObject *PyFunction_GetCode (PyObject *op)
Return value: Borrowed reference. 8] {8 B2 =CHEY) (4-4H B8 1) BRS04 op o
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PyObject *PyFunction_GetGlobals (PyObject *op)
Return value: Borrowed reference. 8] {884 3u R dir=g iUAH BE 10 BRS04 op .
PyObject *PyFunction_GetModule (PyObject *op)
Return value: Borrowed reference. [n] FRECN % op W __module__ J& iR [8]—~borrowed reference, 1%{H
"L NULL,
LI A — S B AP TR, HAT PAE S Python AL AT A HABXT 42 .
PyObject *PyFunction_GetDefaults (PyObject *op)
Return value: Borrowed reference. 2|7 BT AR op SEERAE . X T AR— 1S H0Ocd B NULL,
int PyFunction_SetDefaults (PyObject *op, PyObject *defaults)
KRBTSR op BB SEEIRINE. defaulis V455 Py_None m{—A~7t4l.
KWt5| % systemError SRR -1 .

PyObject *PyFunction_GetClosure (PyObject *op)
Return value: Borrowed reference. 1|1 51K E! bR EOW 52 op HIPIAL . IX AT PASE NULL 5 cell %R AYITH

int PyFunction_SetClosure (PyObject *op, PyObject *closure)
BE IR E KBS op HI L. closure WA252H Py_None B cell %R ITH
KIGI5FI % systemError i HiRME -1 .

PyObject *PyFunction_GetAnnotations (PyObject *op)

Return value: Borrowed reference. 32 [8] BRI op WIARTE . X A] DAE—A] 28 Z sl NULL,
int PyFunction_SetAnnotations (PyObject *op, PyObject *annotations)

BEE PREON S op AR . annotations W75 R—A~“F#LEL Py_None,

KI5 % systemError i H R -1 .

8.5.2 BHlFEYHE (Instance Method Objects)

B EPyCFunct ion [AUERE (wrapper), W 244 PyCFunct ion B4 (bind) FEY) {4 0 — 5
FR. BEMATFEILYE PyMethod_New (func, NULL, class) [IFRY,

PyTypeObject PyInstanceMethod_Type
PyTypeObject [WEHIZ Python BEHI 7 ABIE], B R G B (expose) 4 Python Fx{.

int PyInstanceMethod_Check (PyObject *0)
W o B—MWEF LY (BEEPyIinstanceMethod Type) HI[E|{# true. 2 HulhZHARE
NULL. JbefsARe & ih#iT.

PyObject *PyInstanceMethod_New (PyObject * func)
Return value: New reference. [RM{E—#T BB EWAE, func EUEZIRFIUH(:, FEECH) ) AT
NUIEF func pR G .

PyObject *PyInstanceMethod_Function (PyObject *im)
Return value: Borrowed reference. [n] {5 B2 B 53 im (R BB 2014

PyObject *PyInstanceMethod_GET_FUNCTION (PyObject *im)

Return value: Borrowed reference. EL4E (macro) AN PyInstanceMethod Function (), ZW&T
201 b
B R
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8.5.3 FiEWH (Method Objects)

R EIE)AS M2 (bound function) 4. J 4R 2 S ok (V4% 31— 18 (3 i 3 2 SR EN B0l R BV )y vk
(Eg5 8 —mEEN %) CATH.
PyTypeObject PyMethod_Type
Bl Py Typeobject BHILFE Python J5¥AM(E]., EAEE types.MethodType 23 Bi%: Python £
.
int PyMethod_Check (PyObject *0)
WA 02—l EwE (BUEEPyMet hod Type) RIlEME true. SHLAHAE NULL, IR 42
G IEHAT
PyObject *PyMethod_New (PyObject * func, PyObject *self )
Return value: New reference. [A|{8—RF 0=, func FEEUTZ AR {8, self [B)3% 7 1= EE)
FELO) . AETTIERTIYRE , func WL EHTFI . self WEARE] NULL,

PyObject *PyMethod_Function (PyObject *meth)
Return value: Borrowed reference. [n| {83 2| J5 V5 meth BRI

PyObject *PyMethod_GET_FUNCTION (PyObject *meth)
Return value: Borrowed reference. ELAEMUAN PyMet hod Function (), ZB& T sEiie.

PyObject *PyMethod_Sel€£ (PyObject *meth)
Return value: Borrowed reference. 5] {8 [ ¥ 2| J5 V5 meth HIE G .
PyObject *PyMethod_GET_SELF (PyObject *meth)
Return value: Borrowed reference. ELEENUARI PyMet hod_Self (), ZM& T Saitgts

8.5.4 Cell ¥p%

“Cell” ME T LB 21 G AL & . XJ‘?!:/M_#EI’J”* i, A “Cell” WG T AL
B 5 R A AR HE SR SRy A8, 25 R AR T 17 E‘E’JXT&PWEH%EEE’J “Cell” 51l 5
BAEIS, R “Cell” LSRR E$E$§X¢%$%o AR “Cell” XFRAAERIRALHY S | 752
SCRPE R F s DA ISR 2 H 3 AR RALX e N ZE . “Cell” XTRAEHALI T FTREAH -
type PyCellObject

C KM cell Pyf:

PyTypeObject PyCell_Type
SHE cell H{FR P HUED.
int PyCell_Check (ob)
AR ob s> cell XfRMIREEAH; ob WA N NULL. BpRELE 22 BT
PyObject *PyCell_New (PyObject *0b)
Return value: New reference. )| 1% [0l —/ NS (H ob HIHT cell W4, JEZS 0 PAN NULL,
PyObject *PyCell_Get (PyObject *cell)
Return value: New reference. [A]{# cell [E1Z 1) cell,
PyObject *PyCell_GET (PyObject *cell)
Return value: Borrowed reference. 1& [0 cell X4 cell BNZ, (B2 A cell 2754 NULL 3 HB—A
cell X4,

int PyCell_Set (PyObject *cell, PyObject *value)
B cell X542 cell NN value, XFFRERATATXT cell X447 N5 H value TU\%J NULL,
cell 7R AE NULL; WERBEAZ A cell WG NPFHRE] -1, A3 E P WHF R

void PyCell_SET (PyObject *cell, PyObject *value)
K cell X3 cell KN value. ARG, I A AT APRIER 425 cell 75T AE
NULL 3 H —A> cell X4,
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8.5.5 LN

R 02 CPython SEBUARG AT . A MR — TR AR 95 B ek B0 A ] AT AU
type PyCodeObject
FTHERICID AT SRR 1 C G540 . A 7 BERT IS Bk

PyTypeObject PyCode_Type
Rig—~PyTypeObject S, MR Python i code AU,

int PyCode_Check (PyObject *co)
R co @—> code XFZNERIAIEMH . IR =2 BT

int PyCode_GetNumFree (PyCodeObject *co)
&[5 co Y H HAE R

PyCodeObject *PyCode_New (int argcount, int kwonlyargcount, int nlocals, int stacksize, int flags, PyObject
*code, PyObject *consts, PyObject *names, PyObject *varnames, PyObject
*freevars, PyObject *cellvars, PyObject * filename, PyObject *name, int first-
lineno, PyObject *Inotab)
Return value: New reference. & [A]—ANH AR XTSE o WARARTS Zo— A RIS X ok 8 — A0S
Wi, WM PyCode_NewEmpty (). W PyCode_New () EIEAVASRE FIMEWY Python A,
HEFAT Y E LA H A
PyCodeObject *PyCode_NewWithPosOnlyArgs (int argcount, int posonlyargcount, int kwonlyargcount,
int nlocals, int stacksize, int flags, PyObject *code,
PyObject  *consts, PyObject *names, PyObject
*varnames, PyObject *freevars, PyObject *cellvars,
PyObject *filename, PyObject *name, int firstlineno,
PyObject *Inotab)
Return value: New reference. 23l T PyCode_New (), {BA7H —A~%i 4 posonlyargcount” T Y[R
(DA=2 ¢

3.8 HUHTIIA.

PyCodeObject *PyCode_NewEmpty (const char *filename, const char * funcname, int firstlineno)
Return value: New reference. 3 [ AT 11858 SCF44 « BRI IR — AT S HIFT AU 4 X T exec ()
8 eval () A WA SRR IR .

int PyCode_Addr2Line (PyCodeObject *co, int byte_offset)

RIAIFE byte_offset BN ZHIPAKZ G &AL . MRIR A FE WIS, iF
W PyFrame_GetLineNumber (),

R A — MUEXT S P HIATS, W R PEP 626 4 APL,

8.6 HitiF
8.6.1 =R (File) ¥k

These APIs are a minimal emulation of the Python 2 C API for built-in file objects, which used to rely on the
buffered I/O (FILE*) support from the C standard library. In Python 3, files and streams use the new io module,
which defines several layers over the low-level unbuffered I/O of the operating system. The functions described below
are convenience C wrappers over these new APIs, and meant mostly for internal error reporting in the interpreter;
third-party code is advised to access the io APIs instead.

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. Part of the Stable ABL fRJE L FT I 0 fd 1) 08-3R 6] 22—~ Python
XIS . ZE0 name, encoding, errors F1 newline W] PAK NULL FEn il FHBRIAE; buffering W] PAK -1
TR ERINA . name 29 2R B T W P KRR ] NULL. A5 K 800 30 A T
i, WHZH 1o.open () BREHISRY.
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i T Python it A HE WS Z, HILHENTS OS SO HIAFTHE & &7 LA Bl
(BB AT ) -

3.2 B S5 WS name JB 1.

int PyObject_AsFileDescriptor (PyObject *p)
Part of the Stable ABI. Return the file descriptor associated with p as an int. If the object is an integer,
its value is returned. If not, the object’s £ileno () method is called if it exists; the method must return an
integer, which is returned as the file descriptor value. Sets an exception and returns —1 on failure.

PyObject *PyFile_GetLine (PyObject *p, int n)
Return value New reference. Part of the Stable ABL &4/t T p.readline ([n]) , XPMEREMMNZ p
HEI—1T. p TR CHXRECHA readline () FERAEMIAS. ik n 2 0, WILIBZIT
Bﬁkf“ﬁuﬂ R EEE—4T. W n KT 0%, U"J/‘}\jCFFEPi;&EYTﬁL”/[\?%; AT PAIR [l 47—
TR o FERXPARMES T, WERSZ BRSO R, MR F SRS (HE, R a /o, WL
KR QMR B —A T, (R QRS RIS AR R, W51k EOFError.

int PyFile_SetOpenCodeHook (Py_OpenCodeHookFunction handler)
H# 1o.open_code () WIEEITH, FIHIE S Frid iy A 3AR 7 ok 4 1%
The handler is a function of type PyObject * (*)PyObject *path, void *userData, where
path is guaranteed to be PyUnicodeObject.

userData 85T WG AN T RE. T8 T RET e AR s TEHRH , R385 AN B 1)
Python JR7.

ETENT LTS AR, R BRI T S ARLE, BRARCRENT Nk
RS H AL sys . modules A .

— HH T E, BRI, ZEXfPyFile _SetOpenCodeHook () BV HLRF R
W, AR T A ihtl, BRECER ] -1 R E R .

W PAZE A E Py Tnitialize () ZHIVHM .
gk —A HiF {4 setopencodehook, AFHFEMZSE.
3.8 BUBTINA.

int PyFile_WriteObject (PyObject *obj, PyObject *p, int flags)
Part of the Stable ABL 314 obj 'ﬁ)dC#FXT%p flags WME— S AT E & Py_PRINT_RAW; It
GE, WHAXNR str () AR repr () o JEEIRHRE 0, KM RE] -1, RFECEE 241515

int PyFile_WriteString (const char *s, PyObject *p)
Part of the Stable ABL 5§ AFH1 s SRR p. HBCIIEIEIH 0, T 5k HORe [l o -1, (E 6 e
T HAMRE.

8.6.2 EilMrEH

PyTypeObject PyModule_Type
Part of the Stable ABL X4~ C 2RFI Ll Py TypeObject 335 Python HH ez, ¥ Python
FEI7 HiZ Sl 9l 22 5 A “types.ModuleType*,

int PyModule_Check (PyObject *p)
W p RTINS, SO BN B IR [T FUE . iR UK A R [ .

int PyModule_CheckExact (PyObject *p)
2 p AR R HA @ PyModule Type 1RGN [0l EAH . 12 BR UK A 3 (1]
fH.

PyObject *PyModule_NewObject (PyObject *name)
Return value: New reference. Part of the Stable ABI since version 3.7. iR B Fri ik 54, HE M

__name__ A name . B AIFEM: __name_ , _ doc_ ,_ package_ ,and _ loader_
ewAET. (rEEERT __name__ #B#EEN “None®) . 1 file_ Jgk.
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3.3 BCHTINA.
34 WUEs: _ package_ fll_ loader_ #f#k([F] None,

PyObject *PyModule_New (const char *name)
Return value: New reference. Part of the Stable ABL. iXZ&{lJF PyModule_NewObject (), {HEZLFR A
UTFE-8 4 i) F A7 R A /& Unicode %42 .

PyObject *PyModule_GetDict (PyObject *module)
Return value: Borrowed reference. Part of the Stable ABL iR [8] 2B module 144 a5 B0 78X 55 1k
ML GHPXS G __dict__ JEMEFR . W module K@ —MEHTS (SUBHG L1281

N5 % systemError Hik[H NULL,

It is recommended extensions use other PyModule_* and PyObject_* functions rather than directly ma-
nipulate a module’s __dict__.

PyObject *PyModule_GetNameObject (PyObject *module)
Return value: New reference. Part of the Stable ABI since version 3.7. J& |8 module Y] __name__ {H. fI5%
BEHRIR MR, BT IR EANE AT, M5k SystemError Hi&H| NULL,

3.3 OB

const char *PyModule_GetName (PyObject *module)
Part of the Stable ABL 28l FPyModule_GetNameObject () {BiR[E "ut £-8" LI 4FR.

void *PyModule_GetState (PyObject *module)
Part of the Stable ABL iR FIFEHAY “HRE”, Wl2ii, &M A QN 3 HerY WA T,

B NULL, ZllPyModuleDef.m _size,

PyModuleDef *PyModule_GetDef (PyObject *module)

Part of the Stable ABL 3 [n| 45 [ L WG @ By i i) Py ModuleDe £ S5MIRITEET, B ARBIHUA
e o S5 A E SCRIEAY U3 9] NULL,

PyObject *PyModule_GetFilenameObject (PyObject *module)
Return value: New reference. Part of the Stable ABL iR |9 ] module 1) __file_  JEMFrNakng 423
PS4 . IR EMEARE X, B MR EA 2 —4 Unicode FAFEE, W<x5|k SystemError ik
[l NULL; FEHABAR O T Rfa& 8] —~F519] Unicode XF 421951 H

3.2 BUHTMA.

const char *PyModule_GetFilename (PyObject *module)
Part of the Stable ABI. Similar to PyModule_ GetFilenameObject () butreturn the filename encoded
to ’utf-8’.

32 T EH: PyModule GetFilename () raises UnicodeEncodeError on unencodable file-
names, use PyModule_GetFilenameObject () instead.

Mgt C 1R

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 Tmport_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
resulting module object, or request “multi-phase initialization” by returning the definition struct itself.

type PyModuleDef
Part of the Stable ABI (including all members). 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

WA 24 PR o
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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
multiple 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_ free 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 initializa-
tion.

LR R PEP 3121,

PyMethodDef *m_methods
A pointer to a table of module-level functions, described by PyMet hodDe £ 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 iR B4 Prior to version 3.5, this member was always set to NULL, and was defined as:
inquirym_reload

tfraverseproc 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
immediately 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 0 and the module state (as returned
by PyModule_GetState ())is NULL.

3.9 iR 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.

This function is not called if the module state was requested but is not allocated yet. This is the case
immediately after the module is created and before the module is executed (Py_mod_exec function).
More precisely, this function is not called if m_ s i ze is greater than 0 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 K ¥ %8 No longer called before the module state is allocated.

[freefunc 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
immediately 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 0 and the module state (as returned
by PyModule GetState ())is NULL.

3.9 R ¥ 4#: No longer called before the module state is allocated.
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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_CreateZ () with module_api_version set to PYTHON_API_VERSTION.

PyObject *PyModule_Create2 (PyModuleDef *def, int module_api_version)
Return value: New reference. Part of the Stable ABI 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.

#5(F):  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 func-
tions like PyModule_ AddObjectRef ().

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 cre-
ated, and the execution phase, when it is populated. The distinction is similartothe __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 independent: 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__ orindividual
classes created with Py Type_ FromSpec ()).

All modules created using multi-phase initialization are expected to support sub-interpreters. Making sure multiple
modules are independent is typically enough to achieve this.

To request multi-phase initialization, the initialization function (PyInit_modulename) returns a PyModuleDef in-
stance 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. Part of the Stable ABI since version 3.5. 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 BCHTINA.
The m_slots member of the module definition must point to an array of PyModuleDef_Slot structures:

type 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 BUHTMA.

144 Chapter 8. A#FIIMRE



The Python/C API, £[F 3.10.11

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 dynam-
ically 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.

Low-level module creation functions

The following functions are called under the hood when using multi-phase initialization. They can be used directly,
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 def and the Mod-
uleSpec spec. This behaves like PyModule_ FromDefAndSpecZ2 () with module_api_version set to
PYTHON_API_VERSION.

3.5 HUCHT A

PyObject *PyModule_FromDefAndSpec2 (PyModuleDef  *def, = PyObject *spec, int mod-
ule_api_version)
Return value: New reference. Part of the Stable ABI since version 3.7. Create a new module object, given the
definition in def and the ModuleSpec spec, 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#5(EF]: Most uses of this function should be using PyModule_ FromDefAndSpec () instead; only use this
if you are sure you need it.

3.5 JUHTA.

int PyModule_ExecDef (PyObject *module, PyModuleDef *def )
Fart of the Stable ABI since version 3.7. Process any execution slots (Py_mod_exec) given in def.
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3.5 BUHTMA.

int PyModule_SetDocString (PyObject *module, const char *docstring)

Part of the Stable ABI since version 3.7. 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 BUHTMA.

int PyModule_AddFunctions (PyObject *module, PyMethodDef * functions)

Part of the Stable ABI since version 3.7. Add the functions from the NULL terminated functions array
to module. Refer to the PyMethodDef documentation 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 BUBTINA.

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_AddObjectRef (PyObject *module, const char *name, PyObject *value)

Part of the Stable ABI since version 3.10. Add an object to module as name. This is a convenience function
which can be used from the module’s initialization function.

On success, return 0. On error, raise an exception and return —1.

Return NULL if value is NULL. It must be called with an exception raised in this case.

JEEEB:

static int
add_spam (PyObject *module, int wvalue)
{
PyObject *obj = PyLong_FromLong (value);
if (obj == NULL) {
return -1;
}
int res = PyModule_AddObjectRef (module, "spam", obj);
Py_DECREF (ob7j) ;
return res;

The example can also be written without checking explicitly if obj is NULL:

static int
add_spam(PyObject *module, int value)
{
PyObject *obj = PyLong_FromLong(value);
int res = PyModule_AddObjectRef (module, "spam", obj);
Py_XDECREF (obj) ;
return res;

Note that Py_ XDECREF () should be used instead of Py_DECREF () in this case, since obj can be NULL.

3.10 JEHTA.

int PyModule_AddObject (PyObject *module, const char *name, PyObject *value)

Part of the Stable ABI. Similar to PyModule AddObjectRef (), butsteals a reference to value on success
(if it returns 0).
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The new PyModule_AddObjectRef () function is recommended, since it is easy to introduce reference
leaks by misusing the PyModule_AddObject () function.

#5[E): Unlike other functions that steal references, PyModule_AddObject () only decrements the refer-
ence count of value on success.

This means that its return value must be checked, and calling code must Py_ DECREF () value manually on
error.

ikis ik

static int
add_spam (PyObject *module, int wvalue)
{
PyObject *obj = PyLong_FromLong (value);
if (obj == NULL) {
return -1;
}
if (PyModule_AddObject (module, "spam", obj) < 0) {
Py_DECREF (ob7j) ;
return -1;
}
// PyModule_ AddObject () stole a reference to obj:
// Py _DECREF (obj) is not needed here
return O;

The example can also be written without checking explicitly if obj is NULL:

static int
add_spam (PyObject *module, int value)
{
PyObject *obj = PyLong_FromLong (value);
if (PyModule_AddObject (module, "spam", obj) < 0) {
Py_XDECREF (obj) ;
return -1;
}
// PyModule_ AddObject () stole a reference to obj:
// Py_DECREF (obj) is not needed here
return 0;

Note that Py_XDECREF () should be used instead of Py_DECREF () in this case, since obj can be NULL.

int PyModule_AddIntConstant (PyObject *module, const char *name, long value)
Part of the Stable ABI. Add an integer constant to module as name. This convenience function can be used
from the module’s initialization function. Return —1 on error, O on success.

int PyModule_AddStringConstant (PyObject *module, const char *name, const char *value)
Fart of the Stable ABI. 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)
Fart of the Stable ABI since version 3.10. Add a type object to module. The type object is finalized by calling
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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 BCHTIA.

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. Part of the Stable ABI. 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)
Part of the Stable ABI since version 3.3. 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 harm-
less) 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).

WA H B A2 5  GIL.
Return 0 on success or -1 on failure.

3.3 BUBTINA.

int PyState_RemoveModule (PyModuleDef *def )
Fart of the Stable ABI since version 3.3. Removes the module object created from def from the interpreter
state. Return O on success or -1 on failure.

A I p a2 #5717 GIL.
3.3 OB

8.6.3 [L/{t28 (Iterator) ¥

Python {1t T4l ARG . B RFAERE, EMHR __getitem () FEMEERT
o G AN FT R IR AN —A> sentinel {H, R340 AP )& S I00R AT 052, FFAEIR[A] sentinel {E
INEST S A
PyTypeObject PySeqIter_Type
Part of the Stable ABL PySeqgIter New () iR [B]3% 488X 52 A SRR G2 A1 P L7 51) 28 24 P B bR 4K
iter () HHRSHOEA.
int PySeqIter_Check (op)
W op MRBCR PySeqTter Type MR FEH. HERELEE S BINT.
PyObject *PySeqIter_New (PyObject *seq)
Return value: New reference. Part of the Stable ABL % [8] —A> 5 & #5571 ot 42 — A2 i ) iR 2B A0 2% seqo
YIFHIT FEAET | K IndexError B, EREH.
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PyTypeObject PyCallIter_Type
Part of the Stable ABL [ E¥Pycalllter New() l iter () PEREINSEIER IR B HEA
ARTR RIS

int PyCallIter_ Check (op)
W op WMEB N PyCalllter Type WERFIEA. HRECEE 2 BIIHAT

PyObject *PyCallIter_New (PyObject *callable, PyObject *sentinel)
Return value: New reference. Part of the Stable ABL & [B]l — i8S 5B — 245K callable 7] DA
AEATT AT DATE AT S A0 1 00 T 8 A 1) Python AT BTG s A3 Uk AR % [l B AR H ) R — A0
H. 24 callable & 84T sentinel WEI}, EAOBHZIE.

8.6.4 Descriptor (I#iX2E) ¥k

"Descriptor” AP AL PR 1, B MFER ZE FY dictionary (L) .

PyTypeObject PyProperty_Type
Part of the Stable ABL [z descriptor ZU[FIfZLEI 14

PyObject *PyDescr_NewGetSet (PyTypeObject *type, struct PyGetSetDef *getset)
Return value: New reference. Part of the Stable ABI.

PyObject *PyDescr_NewMember (PyTypeObject *type, struct PyMemberDef *meth)
Return value: New reference. Part of the Stable ABI.

PyObject *PyDescr_NewMethod (PyTypeObject *type, struct PyMethodDef *meth)
Return value: New reference. Part of the Stable ABI.

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. Part of the Stable ABI.

int PyDescr_IsData (PyObject *descr)
2R descriptor Y1 descr i ) i@ — I EORE VR I AEZAE, BGE A E Rk i & —E 7 A R
[5] 0, descr WoZB[F)—1f descriptor #{4:; [FIA 45— A02E .

PyObject *PyWrapper_New (PyObject*, PyObject*)
Return value: New reference. Part of the Stable ABI.

8.6.5 YIF %

PyTypeObject PySlice_Type
Part of the Stable ABL Y] i X 4 HZEH% 4% . ‘5 Python EHAY slice SAMFRIAIR 4.

int PySlice_Check (PyObject *ob)
MR ob j2—4> slice X} NLRIFTEAE; ob MUK A NULL. JERREUR 2 22 AT -

PyObject *PyS1lice_New (PyObject *start, PyObject *stop, PyObject *step)
Return value: New reference. Part of the Stable ABL iR [n] —/NE. A 4 BRI H U X4, start, stop
step T2 23 A slice XTZAHN. 44 AR @RI ME . X SEf g AEA]—ANEF AT DAH NULL, FEX Pl
DU RFE ] None fE XS I JRERIE . AR SR Toik e BL R[] NULL,

int PySlice_GetIndices (PyObject *slice, Py_ssize_t length, Py_ssize_t *start, Py_ssize_t *stop,

Py_ssize_t *step)

Part of the Stable ABL. M Y] i %4 slice $£H start, stop F step R5|5, KEFFKJEMN N length, KT
length H) 75 SR 24 VERT R o
SRR O, AR R -1 I HARE SRR (BRAEEAFI 5 None HIETAREH I BEAL,
X RO R 2R 1] -1 I HE 55 )
PRATREAN 2T 5B B R %
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3.2 [RCESE: 2 Hi slice B SRS AR 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)
Part of the Stable ABIL. PySlice_GetIndices () BT &AL, MU XA slice 3L start, stop FI
step K515, RHTINK N length, FHA5-U) R A EARFAE slicelength v, I TE YRG5 2 0A
Y 52y X5l

SR O, SRR -1 I HAA BB R

) R BT AT AE R NF A R R AN A . X VR N B e Py S1ice_Unpack ()
MPySlice AdjustIndices () WIZHE, H

if (PySlice_GetIndicesEx(slice, length, &start, &stop, &step, &slicelength) <o
—0) A
// return error

}

SR

if (PySlice_Unpack(slice, &start, &stop, é&step) < 0) |
// return error

}
slicelength

PySlice_AdjustIndices (length, &start, &stop, step);

3.2 SR 2 1l slice TE ST SR AR PySliceObject *,

3.6.1 iR E & AN5R Py _LIMITED_API RiIFE B IZE N 0x03050400 5 0x03060000 2 [&]
H CREIENR) 8t 0x03060100 B fM] PySlice_GetIndicesEx () &8st -h—d A
PySlice_Unpack () fl PySlice_AdjustIndices () H%. S5 start, stop F step 429K
1A,

3.6.1 AT E H: W& Ppy_LIMITED_API % & N /MT 0x03050400 8 0x03060000 5
0x03060100 Z[A|HME (AUIEBR) W PySlice_GetIndicesEx () NEFHMIEEL.

int PySlice_Unpack (PyObject *slice, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t *step)
Part of the Stable ABI since version 3.7. M) F Xt 52 H¥4: start, stop A1 step £ i B2 HUCN C B 5, &
SRR T PY_SSIZE_T_MAX HU{EIE/NA PY_SSIZE_T MAX, #EHLE/NTF PY_SSIZE_T_MIN
iy start Fl stop {HI¥ KN PY_SSIZE_T_MIN, FHER#EF/NT —PY_SSIZE_T_MAX i step {HIE K
N -PY_SSIZE_T_MAX,

AR -1, R IE] 0.,
3.6.1 HUHTA.

Py_ssize_t PySlice_AdjustIndices (Py_ssize_t length, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t
step)
Part of the Stable ABI since version 3.7. 5 start/end Y] iy &5 | SR8 & T E 75, &R0
IR S 2 A S EE I R — 2 X 55 bl
BB AR EE . BLEAERR 2. A& TH Python fUHY .

3.6.1 BN
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8.6.6 Ellipsis 345

PyObject *Py_Ellipsis
Python (] E11lipsis X Q. SAREAEMITIE. EM A AL G —FER 7 2651 1
. E5Py_None —FEETHBIXIR.

8.6.7 MemoryView ¥j{§

—/N memoryview X5 C P4 ¥ [RiE 0 Fhis — 0] DAGAL AT AW 52— #4518/ Python X4
PyObject *PyMemoryView_FromObject (PyObject *obj)
Return value: New reference. Part of the Stable ABL M 2 {1k 2% i X 32 10 19 % 42 61 £ memoryview X4 .
IR obj SZFF AT B XS, W) memoryview X405 0] ARG /S, 5 WE vl g2 H Ry, Wn] A
A HITE S .
PyObject *PyMemoryView_FromMemory (char *mem, Py_ssize_t size, int flags)
Return value: New reference. Part of the Stable ABI since version 3.7. i [l mem 1§ N &2 S5 b X A1 —A>
memoryview X4 . flags ] A2 PyBUF_READ 8{# PyBUF_WRITE 2 —.

3.3 BUBTINA.

PyObject *PyMemoryView_FromBuffer (Py_buffer *view)
Return value: New reference. G#— L5 4 5E e IX Z5H4 view 1) memoryview XI5 . T B 7
TEMWIX, PyMemoryView FromMemory () s K%L,

PyObject *PyMemoryView_GetContiguous (PyObject *obj, int buffertype, char order)
Return value: New reference. Part of the Stable ABL M E X 2 X4 1 B XT 2 41 8 —1 memoryview X
S contiguous WAFHE (#£°C’ 5’ Fortran order 1) . QIR PNAFZESLN, W memoryview X 545 7] [ 4
WA, 0], S HI9 H memoryview g ][ bytes X5 .

int PyMemoryView_Check (PyObject *obj)
WA obj J&—> memoryview XL MR F(E. HHEIAALITAIE nemoryview 1K, HRELEZ
2T -

Py_buffer *PyMemoryView_GET_BUFFER (PyObject *mview)
IR [A14 1] memoryview )5t Z b X ALA BIAR 54T . mview #E—> memoryview SL71 5 iX A%
AR TR, JRUATH CARA, 75 AR I 5 15 XU o

PyObject *PyMemoryView_GET_BASE (PyObject *mview)
i2 [l memoryview Ff F T ) 5 X L B9 5 £, & W R memoryview B B B
iﬂ[PyMemoryVi ew_FromMemory () ﬁPyMemoryViewﬁFromBuffer () ﬁIJ Je:s IJIIJ % 8] NULL.,
mview # I SE—4~ memoryview SZf5]

8.6.8 FH&EBYIG

Python 37§ “8595| 1" AFN—0 5. BACKUL, AWM ERSCISE 5 RS, 5 i 8ms]
FXFER 5 AR AT BRI T A — AN S AL
int PyWeakref_Check (ob)

MR ob 2 — A5 H B CEA SR M A . B pR BRI T .

int PyWeakref_CheckRef (ob)
W ob 22— A5 XTSRRI EAE . EeREE & 2 AT

int PyWeakref_CheckProxy (ob)
W2 ob e — B R MGR I FAE . B EUE 2 S AT .

PyObject *PyWeakref_ NewRef (PyObject *ob, PyObject *callback)
Return value: New reference. Part of the Stable ABI. Return a weak reference object for the object ob. This
will always return a new reference, but is not guaranteed to create a new object; an existing reference object
may be returned. The second parameter, callback, can be a callable object that receives notification when ob is
garbage collected; it should accept a single parameter, which will be the weak reference object itself. callback

8.6. Hith¥hi¥ 151



The Python/C API, £[F] 3.10.11

may also be None or NULL. If 0b is not a weakly referencable object, or if callback is not callable, None, or
NULL, this will return NULL and raise TypeError.

PyObject *PyWeakref NewProxy (PyObject *ob, PyObject *callback)
Return value: New reference. Part of the Stable ABI. Return a weak reference proxy object for the object 0b.
This will always return a new reference, but is not guaranteed to create a new object; an existing proxy object
may be returned. The second parameter, callback, can be a callable object that receives notification when ob is
garbage collected; it should accept a single parameter, which will be the weak reference object itself. callback
may also be None or NULL. If ob is not a weakly referencable object, or if callback is not callable, None, or
NULL, this will return NULL and raise TypeError.

PyObject *PyWeakref_GetObject (PyObject *ref)

Return value: Borrowed reference. Part of the Stable ABL &[5 555 | FIXT 42 ref 5| FIRF 2 . WRwE5]
HXEAFAEAE, WERH] Py_None,

#iE): 3% R BOR [ 8 5] X G2 ) — borrowed reference, X i WE W 1% M 2 AEZ RS FA
Py INCREF (), BRIAEEMEAEM AL B G— RO 2 B o vE g S At e .

PyObject *PyWeakref_GET_OBJECT (PyObject *ref )
Return value: Borrowed reference. 23{l)Pyiieakref GetObject (), {BEEIN—A TG LT
e

void PyObject_ClearWeakRefs (PyObject *object)
Fart of the Stable ABI. This function is called by the tp_dealloc handler to clear weak references.

This iterates through the weak references for object and calls callbacks for those references which have one. It
returns when all callbacks have been attempted.

8.6.9 Capsule X%

A KA X LR R I T 2 A5 B S 74 using-capsules.,
3.1 BUEHA.

type PyCapsule
This subtype of PyObject represents an opaque value, useful for C extension modules who need to pass an
opaque value (as a void* pointer) through Python code to other C code. It is often used to make a C function
pointer defined in one module available to other modules, so the regular import mechanism can be used to
access C APIs defined in dynamically loaded modules.

type PyCapsule_Destructor
Part of the Stable ABIL. Capsule [T H 2% [ EI2KEAL, 2 AR :

typedef void (*PyCapsule_Destructor) (PyObject *);

ZPyCapsule_New () FFEL PyCapsule_Destructor 32 [RI{E {15 X o

int PyCapsule_CheckExact (PyObject *p)
WARSHR— N PyCapsule IR EAE. HEHE RS BINIT.

PyObject *PyCapsule_New (void *pointer, const char *name, PyCapsule_Destructor destructor)
Return value: New reference. Part of the Stable ABL. 72— 4% T pointer [\)PyCapsule, pointer 2
% [ PARA NULL,

TE R WA — N S8 H9R [|] NULL,

FHFE name A PAE NULL 82— MEMA SN C FAFRITEEE. WA NULL, WP
ML capsule K (B ARIFAE destructor FREICE . )

AR destructor ZHUR K NULL, W24 & 9l A S BsPRE BT capsule 1S EORTEH

A I capsule HF 9 R AE O — DB H R JE M, W name | 24 97 45 % S8 modulename.
attributename. W AGFIHAMBLFEH PyCcapsule_Tmport () FF AW capsule,
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void *PyCapsule_GetPointer (PyObject *capsule, const char *name)
Part of the Stable ABL 3EBUFAEAE capsule H1[1 pointer, FF 2 M1 B —A 548 F1& B NULL.

name 5 WM S5 RAFAE capsule HH 2 FRIEATREIA LU . WERARAFAE capsule 44K NULL, W
& A1 name 06754 NULL. Python 2] C B%X strcmp () 3 capsule 4475 .

PyCapsule_Destructor PyCapsule_GetDestructor (PyObject *capsule)
Part of the Stable ABL i& [ fR{77E capsule "4 IHTFI AR . AR RN BB — A 574 1% 9] NULL,

capsule H H NULL 7 14 &% & & % 0. X & 15 NULL & [0 19 L8 B G 3
HPycapsule IsValid() B{PyErr Occurred () FiHEEE X,

void *PyCapsule_GetContext (PyObject *capsule)
Part of the Stable ABL i& [ fR{77E capsule "4 FT LN 3. FERWIN BB —A 574 FF1& i) NULL,

capsule H A NULL bE N @ 4 vk . X 2 F NULL R A OA 2 G il
HPyCapsule Isvalid() B{PyErr_Occurred () JEJHEE L.

const char *PyCapsule_GetName (PyObject *capsule)
Part of the Stable ABL & [RI{#77LE capsule A4 BT A PR . TEFRIIEE — R H 1% M NULL,

capsule H 47 NULL # fF & & ¥ M. X & 6 15 NULL R 5] 65 A7 26 0 G 3
HPyCapsule Isvalid() B PyErr Occurred () JjHEE .

void *PyCapsule_Import (const char *name, int no_block)
Part of the Stable ABL. \—AMELHL) capsule J& 1S A T8I0 C XTRMFEES . name TEZ: 1 2448 & J@& PE
SEREZFR, 5 module.attribute PRI —E. LRIFFE capsule 11 name WJ0 5¢ 4 VUL BLA AR ER
MR no_block FEAE, WIPATCPHZERE S S AR ([fi i Py Import_ImportModuleNoBlock ()).
A5 no_block HARAE, WIPMEGAA AR (fi i Py Import_ImportModule ()).

IR [F] capsule [ PYHED 484t TR M B — AR R M NULL,

int PyCapsule_IsValid (PyObject *capsule, const char *name)
Part of the Stable ABL #fj 5E capsule 275 & —NH MW . BRI capsule 2470 A 4 NULL, f&
WPyCapsule CheckExact (), TEHPFEM—AF NULL #3541, 3+ HHEHNE % K5 name
TEZHILEE. (3§ ?%];EJPyCapsule GetPointer () T UM%} capsule 4 FRiIEAT LI A5 H. )

P iE YL, R PyCapsule_TIsValid () i&FIEAE, WAEMXIH#E (PA PyCapsule_Get () JF
SLEATAT R ) B P ERARAIE £ 3

WX GA RO HILEAE AR FRR B AR . BRI 0. BEpRA—E AR 2RI

int PyCapsule_SetContext (PyObject *capsule, void *context)
Part of the Stable ABL - capsule NEHY 5 L3841~ context ,

JREI IR ] 00 SRR [l R A I BB — A

int PyCapsule_SetDestructor (PyObject *capsule, PyCapsule_Destructor destructor)
Part of the Stable ABL *Rf capsule WNERIINTHI#85N destructor .

SRR 00 SRR IR [l JEBALH B B 57

int PyCapsule_SetName (PyObject *capsule, const char *name)
Part of the Stable ABIL. ¥} capsule NI 24 FRIEN name, WA N NULL, )44 FRIG F7-AE 30 06 0 L
capsule T . W Z HIPRAFAE capsule HH 1) name A5A) NULL, NPR S22 BECE

SRR 00 RIS IR [l JEBALH B E— A7

int PyCapsule_SetPointer (PyObject *capsule, void *pointer)
Part of the Stable ABL f capsule PNERIF ZS $8415 0 pointer . 8% ANR] A NULL,

JREI AR ] 00 SRR [l R AR I BB S
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8.6.10 &2 M¥
M Bt 2 Python FH S SEELAE AU HE AR SR04 . B ATTE AT I AR A RS OR BB, TR R

iﬁﬁwﬁPyGen_New()EEPyGen_NewWithQualName()O

type PyGenObject
T HE AT R C St A
PyTypeObject PyGen_Type
RSN R o0 E SUINATIE SN
int PyGen_Check (PyObject *ob)
AR ob J&—> generator X5 MR M| FL{E ; ob WA NULL, IR J& 2 AT -
int PyGen_CheckExact (PyObject *ob)
W2 ob KA PyGen_ Type WEIRBIE(E; ob MAAUANN NULL. BEREURE 2 MINHAT
PyObject *PyGen_New (PyFrameObject * frame)
Return value: New reference. 57T frame Y50 4& Bl —N B A2 AR XS o LRSS BUE — X
frame {5« ZHOUMA N NULL,

PyObject *PyGen_NewWithQualName (PyFrameObject * frame, PyObject *name, PyObject *qualname)
Return value: New reference. 7T frame Nt 4 A1 1R [l — AN A s X 4, HAf _ _name_ Hll
__qualname__ %} name l qualname, BCPRELSWGE—AXT frame 511 o frame SR H
NULL,

8.6.11 Coroutine ({%18) ¥

3.5 JUB A
Coroutine P {2 AL DA async B8 AT A5 1) ok 20T BB K914

type PyCoroObject
F I coroutine {4 C & H

PyTypeObject PyCoro_Type
Hi coroutine 471 FE ) B EIH) {4: .

int PyCoro_CheckExact (PyObject *ob)
W ob FBIEREPyCoro_Type HIEHEE: ob MEARE NULL. ILeR A2 G AT ).

PyObject *PyCoro_New ( PyFrameObject * frame, PyObject *name, PyObject *qualname)
Return value: New reference. ¥L)i% frame W3 7 57 [FI B B— #3577 coroutine #{4, i _ name_
1 __qualname__ #§#K[E) name 1 qualname ., Mo & BUS—H 3% frame )2 18 (reference). frame
5| #h HRE NULL,

8.6.12 I TXTENR

fiilE): 3.7.1 fisEA#: fE Python 3.7.1 v, Jirfy B RS0 C APL I B BRI Pyobject FEHT

ANREPyContext, PyContextVar VA PyContextToken, f5lll:

// in 3.7.0:
PyContext *PyContext_New (void) ;

// in 3.7.1+:
PyObject *PyContext_New (wvoid);

% AN nG R bpo-34762,

3.7 BT
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R EANGE T contextvars T2 H C AP,

type PyContext
TR contextvars.Context X4 C Z5HK,

type PyContextVar
T3/~ contextvars.ContextVar N2 C M4,

type PyContextToken
F T/~ contextvars . Token %41 C G5H14

PyTypeObject PyContext_Type

ZE7n context RFIZETITT A .
PyTypeObject PyContextVar_Type

IR context variable EBI R RAINT 4

PyTypeObject PyContextToken_Type
2R context variable token 2RI ZERINT 4

REG AR
int PyContext_CheckExact (PyObject *0)
R o ANy pyContext Type MIRMIF(H. o AR NULL. MR &2 BT .

int PyContextVar_CheckExact (PyObject *0)
2R o IFA A Py Context Var_ Type WIRBIE{H. o A NULL. BEeRELE S MIIAT .

int PyContextToken_CheckExact (PyObject *0)
2R o KB N Py Context Token_Type WIR[EIEAH . o WA NULL, BURRAUE 2 &M IAT

BRSO SAE B R

PyObject *PyContext_New (void)
Return value: New reference. Bl|#—AH2S FR 3O 4. W05 & AR £ R 3R [9] NULL,

PyObject *PyContext_Copy (PyObject *ctx)
Return value: New reference. Bl|# & A cox B R SCOHG¥e% D1 . 58 % A E55R 3% 1] NULL,

PyObject *PyContext_CopyCurrent (void)
Return value: New reference. B @24 iR I F SCAYEEE DL, 2R & AR 48R W3R [F] NULL

int PyContext_Enter (PyObject *ctx)

B o BN RIZARR 21/ R 3C. MR E o, HAE IR

int PyContext_Exit (PyObject *ctx)
BUH S coe bR SCHREZ RTINSO R 24 i AR 24 10 R SC. iR a0, i [
_1 o

EF A R

PyObject *PyContextVar_New (const char *name, PyObject *def’)
Return value: New reference. fl|&—31 ContextVar ¥4 . % name T ARAEAEFZXH 1.
B2 def 2y bH R REAREBINME, B8 NULL FoR RBOAME. ARA R R, XA KLk [m

NULL,

int PyContextVar_Get (PyObject *var, PyObject *default_value, PyObject **value)
%’szXLTjC’}’EEE‘J{EO WERAEA AR R T A B R R, R -1, WPRBCH R R, itk
FIfE, HRRE°07°

ﬁlﬁl%?ﬁ@]lﬂ‘iﬁ%, value ¥ 2 Fa M ERYFRE . WER LR SR & A HE], value PG :
o default_value, {IH-IE “NULL®;
o var FERIME, WIRAE NULL;
e NULL

B TR NULL, 3XASeRE IR o —ASEi 5 .
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PyObject *PyContextVar_Set (PyObject *var, PyObject *value)
Return value: New reference. 12241 N XX var %4 value, 3R Bl&FXT IS OB FEdm vt 4, B
TSR A R 3R [F] NULLL

int PyContextVar_Reset (PyObject *var, PyObject *token)
R 2R SO var WRIRZSE B N EAEIR M token [jPyContextVar_Set () $ A Z BIHPIRES. It
BRI IR A O, AR E] -1

8.6.13 DateTime 1%

datetime MIHPRHL T & AN H AN RIS . e AETIX R B BT, ARG IS AL 55 3k 5
# datetime.h G ERE M CHIE R ETE Python.h 1), FH% PyDateTime IMPORT MAZ#k K
B, A ARG R B — . XD ESFIRIRRE C S5 Hs A — DS 7
PyDateTimeAPT H', BE& i NHIFZRM .

F Vi UTC B

PyObject *PyDateTime_TimeZone_UTC
R FER UTC gB X B, 5 datetime.timezone.utc NfE—%4 .,
3.7 BCHTNA.
FARG AT
int PyDate_Check (PyObject *ob)
5 ob 5 PyDateTime_DateType KAlnl PyDateTime_DateType FYFEAT2A NI [0 BH.
ob NREN NULL. IeRECE 2 AT

int PyDate_CheckExact (PyObject *ob)
Wk ob 3 PyDateTime_DateType KAINLR M E(H . ob ANEEN NULL. JpRECEJE 2 BT

int PyDateTime_Check (PyObject *ob)
WM ob °f) PyDateTime_DateTimeType KA al PyDateTime_DateTimeType HJIE/AST A
W3R [E Bl . ob ANAEH NULL, IERECMESMIHAT.
int PyDateTime_CheckExact (PyObject *ob)
W3R ob 5 PyDateTime_DateTimeType KRINR [ BE(l. ob NN NULL. IEREE LI
AT,
int PyTime_Check (PyObject *ob)
W ob B2 PyDateTime_TimeType B2 PyDateTime_TimeType )TN [0 BH.
ob WA NULL. DR EUE 22 AT .
int PyTime_CheckExact (PyObject *ob)
sk ob 2k PyDateTime_TimeType FEBUNILR [ E(E . ob ANREN NULL. ILERELE S MIHAT.
int PyDelta_Check (PyObject *ob)
I ob k) PyDateTime_DeltaType KHIE; PyDateTime_DeltaType [HA AR F E
ff. ob NHEHN NULL. MERECERESBINIAT.
int PyDelta_CheckExact (PyObject *ob)
14 ob jy PyDateTime_DeltaType FMNMLR[AIE(E . ob ANHEN NULL, IERREUEE S MINIAT.
int PyTZInfo_Check (PyObject *ob)
IR ob 2K AIE PyDateTime_TzZInfoType B{j2 PyDateTime_TzInfoType [ TF2EH N3k [H]
BUH. ob WA K NULL. MRS IS AT .
int PyTZInfo_CheckExact (PyObject *ob)
A5 ob f) PyDateTime_TZInfoType KB NR [ EH. ob AFEN NULL. HEREE 2SI
17
O i 5
PyObject *PyDate_FromDate (int year, int month, int day)
Return value: New reference. 1IR3 E4. A. HH) datetime.date XA,
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PyObject *PyDateTime_FromDateAndTime (int year, int month, int day, int hour, int minute, int second,
int usecond )
Return value: New reference. 12 [n| LA 3§ 72 year, month, day, hour, minute, second £ microsecond J& 41

datetime.datetime X4,

PyObject *PyDateTime_FromDateAndTimeAndFold (int year, int month, int day, int hour, int minute,
int second, int usecond, int fold)
Return value: New reference. 12 [0 B.A 35 7€ year, month, day, hour, minute, second, microsecond #f1 fold J&
Py datetime.datetime %4,

3.6 BUBTINA.

PyObject *PyTime_FromTime (int hour, int minute, int second, int usecond )
Return value: New reference. %[0 H./5 35 £ hour, minute, second and microsecond JE 4[] datetime.
time X4,

PyObject *PyTime_FromTimeAndFold (int hour, int minute, int second, int usecond, int fold)
Return value: New reference. 3% [0] 2. 75 8 %€ hour, minute, second, microsecond ] fold J& 4/ datet ime.

time X4,
3.6 GHTMA.

PyObject *PyDelta_FromDSU (int days, int seconds, int useconds)
Return value: New reference. iR MR FLEER . A E) datetime. . timedelta X . ST
IEAAARAE AR S Z R FIAD AL AE datet ime . timedelta XFRAYSCRIFEHIIY X A2 4

PyObject *PyTimeZone_FromOffset (PyDateTime_DeltaType *offset)
Return value: New reference. 12 [i|—/~ datetime.timezone XJ4, ZM R EE VA offset ZH RN
KA e B 22 .
3.7 OB

PyObject *PyTimeZone_FromOf fsetAndName (PyDateTime_DeltaType *offset, PyUnicode *name)
Return value: New reference. 12—/~ datetime.timezone ¥4, ZX R HA VA offset ZEFERK)
[F] 58 B 2= F I K4 B name

3.7 BUHTMA.

— 26 ] ok M date XF % PR B BL . S I & PyDateTime_Date i #F H F 2 (i 4n
PyDateTime_DateTime) [3Lfil. SEUNIUAN A NULL, H HIRBIAY AL

int PyDateTime_GET_YEAR (PyDateTime_Date *0)

ARGy, [EIERER.

int PyDateTime_GET_MONTH (PyDateTime_Date *0)

M A Gy, EIERE, 4E1 %) 12,

int PyDateTime_GET_DAY (PyDateTime_Date *0)

g H Y, [EERd, #1531,

— 6 3 M datetime X5 IR FE B0 22 . SR e PyDateTime_DateTime 35 H THRILH]., S
BOZIIAS ) NULL, I HZRBUR 295K A

int PyDateTime_DATE_GET_HOUR (PyDateTime_DateTime *0)
[, [FIEHR S, 4e 0 2] 23,

int PyDateTime_DATE_GET_MINUTE (PyDateTime_DateTime *0)
Mo, [EIEREE, 0 % 59.

int PyDateTime_DATE_GET_SECOND (PyDateTime_DateTime *0)
Ry, EIEREH, 780 3] 59,

int PyDateTime_DATE_GET_MICROSECOND (PyDateTime_DateTime *0)
[l ERD, [FERd, # 0 2] 999999,

int PyDateTime_DATE_GET_FOLD (PyDateTime_DateTime *0)

[l fold, [F]O =i 1 FIEHEYY,
3.6 HUHTINA.
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PyObject *PyDateTime_DATE_GET_TZINFO (PyDateTime_DateTime *0)
1R [9] tzinfo (A] PAH None),

3.10 BUHTIA.

— LR time X5 PHREUF B S . SR PyDateTime _Time WAFHFRAEH. &
AR NULL, F HRBRUR A
int PyDateTime_TIME_GET_HOUR (PyDateTime_Time *0)
[l /N, [FIIERE 8, ¢ 0 %) 23,
int PyDateTime_TIME_GET_MINUTE (PyDateTime_Time *0)
] 54, (FIIE#ES, 1 0 3] 59,
int PyDateTime_TIME_GET_SECOND (PyDateTime_Time *0)
|l Ry, EIEREH, 7§03 59,
int PyDateTime_TIME GET _MICROSECOND (PyDateTime_Time *0)
[l sy, EIEAEHE, 7€ 0 5 999999,

int PyDateTime_TIME_GET_FOLD (PyDateTime_Time *0)

[l {4 fold, [FJO = 1 FIEHESL,

3.6 OB A
PyObject *PyDateTime_TIME_GET_TZINFO (PyDateTime_Time *0)
1R [1] tzinfo (A] PAH None),
3.10 FUFT A
—LE R timedelta X5 R EUE B % . S EU & PyDateTime_Delta WFEHTIHAGLH]. S
WA N NULL, H HIRBUR A A
int PyDateTime_DELTA_GET_DAYS (PyDateTime_Delta *0)
IREIREL, M-999999999 | 999999999 [HjH& % .
3.3 BUBT A
int PyDateTime_DELTA_GET_SECONDS (PyDateTime_Delta *0)
REAREL, A O ) 86399 LAY
3.3 BCHTINA.
int PyDateTime_DELTA_GET_MICROSECONDS (PyDateTime_Delta *0)
I FbE, A0 F1] 999999 [HEEAL .
3.3 OB A
— BB T RIS DB API 7%
PyObject *PyDateTime_FromTimestamp (PyObject *args)
Return value: New reference. £ 1R [0 — 4 EITCHS I H datetime.datetime X4,
f£44 datetime.datetime. fromtimestamp () »
PyObject *PyDate_FromTimestamp (PyObject *args)
Return value: New reference. Bl iR [0l — 44 ETCHSHE datetime.date MR, EHELH
datetime.date.fromtimestamp (),
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8.6.14 JELFMMR

P LA T RAPOR N EZEAL, H e Wi 2% -- GenericAlias #1 Union, HH GenericAlias
2x1n] C HFl.

PyObject *Py_GenericAlias (PyObject *origin, PyObject *args)

Fart of the Stable ABI since version 3.9. Create a GenericAlias object. Equivalent to calling the Python
class types.GenericAlias. The origin and args arguments set the GenericAlias’s __origin___
and __args___ attributes respectively. origin should be a PyTypeObject*, and args can be a
PyTupleObject* orany PyObject*. If args passed is not a tuple, a 1-tuple is automatically constructed
and__args__issetto (args, ). Minimal checking is done for the arguments, so the function will succeed
even if origin is not a type. The GenericAlias’s __ parameters__ attribute is constructed lazily from
__args___. On failure, an exception is raised and NULL is returned.

TR AN R B T

static PyMethodDef my_obj_methods[] = {
// Other methods.

{"__class_getitem__", (PyCFunction)Py_GenericAlias, METH_O|METH_CLASS,
< "See PEP 585"}

}

L4
BARBAI ¥ _ class_getitem () .
3.9 OB

PyTypeObject Py_GenericAliasType
Part of the Stable ABI since version 3.9. HiPy_GenericAlias () FriREIMIXTER) C 28, Z&0NT
Python H1[{{) types.GenericAlias .

3.9 BUHTMA.
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CHAPTER 9

iRl LE45FLIE

152 R Python 45 LELE

9.1 # Python #ig{t 280

E—MEA T Python BN HIFEFH, Py_Initialize () BRECLATEALATHAL Python/C APL b4 i
BRI BIANR AR BN & o e 5

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 ()
o [EE AL
— Py _IsInitialized()
— PyMem_GetAllocator ()

— PyObject_GetArenaAllocator ()
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Py_GetBuildInfo()

Py _GetCompiler ()
— Py _GetCopyright ()
— Py_GetPlatform()
— Py _GetVersion ()
« LH
— Py_DecodeLocale ()
© AT Bl
— PyMem_RawMalloc ()
— PyMem_RawRealloc ()
— PyMem RawCalloc ()

— PyMem_ RawFree ()

% ([ AR BB B A M % fEPy _Initialize(): Py_EncodeLocale (),
Py_GetPath(), Py_GetPrefix(), Py_GetExecPrefix(), Py _GetProgramFullPath(),
Py_GetPythonHome (), Py_GetProgramName () MlPyEval_InitThreads () HJHH-

9.2 2REETE

Python A7 7 5 4 ) 4 JRy L B R )RR AN I A AL B X SEARTE BN v AT

W APRI B AR, ZEERR R 2 B B TR i, b %‘ﬁPY_ByteSWafningFlag
WM 1M —bb 228 Py_BytesWarningFlag ¥4 2.

int Py_BytesWarningFlag
Issue a warning when comparing bytes or bytearray with str or bytes with int. Issue an error if
greater or equal to 2.

H b PEIRE .

int Py_DebugFlag
FrEfgtra i (LR, MO T i) .

i —d L3 1 PYTHONDEBUG MBS ERE .

int Py_DontWriteBytecodeFlag

WRWE NAEE, Python AAAEF AR ZXEGA . pye X
i1 —B ¥ETi A PYTHONDONTWRITEBY TECODE FRJ5AF HH5 i o

int Py_FrozenFlag
Suppress error messages when calculating the module search path in Py_GetPath ().

Private flag used by _freeze_importlib and frozenmain programs.

int Py_HashRandomizationFlag
Set to 1 if the PYTHONHASHSEED environment variable is set to a non-empty string.

If the flag is non-zero, read the PYTHONHASHSEED environment variable to initialize the secret hash seed.

int Py_IgnoreEnvironmentFlag
ZWE T PYTHON* MdiAr &, flin, ©iXEA) PYTHONPATH Fl PYTHONHOME ,

t -E Fll - T ST E .
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int Py_InspectFlag
When a script is passed as first argument or the —c option is used, enter interactive mode after executing the
script or the command, even when sys . stdin does not appear to be a terminal.

Set by the —1 option and the PYTHONINSPECT environment variable.
int Py_InteractiveFlag

Y -1 PEIi .
int Py_IsolatedFlag

Run Python in isolated mode. In isolated mode sys.path contains neither the script’s directory nor the
user’s site-packages directory.

HE] -I ﬁIﬁ&Eo
3.4 FCHTINA.

int Py_LegacyWindowsFSEncodingFlag
If the flag is non-zero, use the mbcs encoding with replace error handler, instead of the UTF-8 encoding
with surrogatepass error handler, for the filesystem encoding and error handler.

Set to 1 if the PYTHONLEGACYWINDOWSFSENCODING environment variable is set to a non-empty string.
W2 R L PEP 529,
i : Windows,

int Py_LegacyWindowsStdioFlag
If the flag is non-zero, use io.FileIO instead of WindowsConsoleIO for sys standard streams.

Set to 1 if the PYTHONLEGACYWINDOWSSTDIO environment variable is set to a non-empty string.
HEZEEE TS R PEP 528,
% : Windows,

int Py_NoSiteFlag
I site WP A BT AT 0l SR sys . path BI#ME. WR site KAEMEHLE AT
ANMAEE X LA RARA R A BTN site.main ().

HE] =S ﬁIﬁ&Eo

int Py_NoUserSiteDirectory

AREH H P site-packages HEEME| sys.path,
Set by the —s and - I options, and the PYTHONNOUSERSITE environment variable.

int Py_OptimizeFlag
Set by the —O option and the PYTHONOPTIMIZE environment variable.

int Py_QuietFlag
RPEEAE AL BA T A s BRI AR B

HE] —gq iﬁiﬁﬁﬁo
3.2 BCHTINA.

int Py_UnbufferedStdioFlag
5 7| stdout FI stderr A ZEM .,
Set by the —u option and the PYTHONUNBUFFERED environment variable.
int Py_VerboseFlag
Print a message each time a module is initialized, showing the place (filename or built-in module) from which

it is loaded. If greater or equal to 2, print a message for each file that is checked for when searching for a
module. Also provides information on module cleanup at exit.

Set by the —v option and the PYTHONVERBOSE environment variable.
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9.3 Initializing and finalizing the interpreter

void Py_Initialize ()

Fart of the Stable ABI. Initialize the Python interpreter. In an application embedding Python, this should be
called before using any other Python/C API functions; see Before Python Initialization for the few exceptions.

This initializes the table of loaded modules (sys.modules), and creates the fundamental modules
builtins, __main__ and sys. It also initializes the module search path (sys.path). It does not set
sys.argv;use PySys_SetArgvEx () for that. This is a no-op when called for a second time (without
calling Py_FinalizeEx () first). There is no return value; it is a fatal error if the initialization fails.

i#iE): 7 Windows |, 42l GBI 0_TEXT ¥y 0_BINARY, SIARFEMIGEA CizfTi 9k
Python [yl 5 {HH «

void Py_InitializeEx (int initsigs)

Fart of the Stable ABI. This function works like Py Tnitialize () if initsigs is 1. If initsigs is 0, it skips
initialization registration of signal handlers, which might be useful when Python is embedded.

intPy_IsInitialized()

Fart of the Stable ABI. Return true (nonzero) when the Python interpreter has been initialized, false (zero) if
not. After Py_FinalizeEx () is called, this returns false until Py_Tnitialize () is called again.

int Py_FinalizeEx ()

Fart of the Stable ABI since version 3.6. Undo all initializations made by Py_Tnitialize () and sub-
sequent use of Python/C API functions, and destroy all sub-interpreters (see Py_NewInterpreter ()
below) that were created and not yet destroyed since the last call to Py_Tnitialize (). Ideally, this frees
all memory allocated by the Python interpreter. This is a no-op when called for a second time (without calling
Py_Initialize () again first). Normally the return value is 0. If there were errors during finalization
(flushing buffered data), —1 is returned.

This function is provided for a number of reasons. An embedding application might want to restart Python
without having to restart the application itself. An application that has loaded the Python interpreter from a
dynamically loadable library (or DLL) might want to free all memory allocated by Python before unloading the
DLL. During a hunt for memory leaks in an application a developer might want to free all memory allocated
by Python before exiting from the application.

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 mod-
ules. Dynamically 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_Tnitialize () and Py_FinalizeEx () more than once.

Raises an auditing event cpython._PySys_ClearAuditHooks with no arguments.

3.6 BUHTIA.

void Py_Finalize ()

Fart of the Stable ABI. This is a backwards-compatible version of Py_FinalizeEx () that disregards the
return value.
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9.4 Process-wide parameters

int Py_SetStandardStreamEncoding (const char *encoding, const char *errors)
This function should be called before Py Initialize (), if itis called at all. It specifies which encoding
and error handling to use with standard IO, with the same meanings as in str.encode ().

It overrides PYTHONIOENCODING values, and allows embedding code to control IO encoding when the
environment variable does not work.

encoding and/or errors may be NULL to use PY THONIOENCOD ING and/or default values (depending on other
settings).

Note that sys.stderr always uses the “backslashreplace” error handler, regardless of this (or any other)
setting.

If Py FinalizeEx () is called, this function will need to be called again in order to affect subsequent calls
toPy_Initialize().

Returns 0 if successful, a nonzero value on error (e.g. calling after the interpreter has already been initialized).

3.4 BUHTIMA.

void Py__SetProgramName (const wchar_t *name)

Part of the Stable ABI. This function should be called before Py Tnitialize () is called for the first time,
if it is called at all. It tells the interpreter the value of the argv [0] argument to the main () function of the
program (converted to wide characters). This is used by Py_GetPath () and some other functions below
to find the Python run-time libraries relative to the interpreter executable. The default value is 'python'.
The argument should point to a zero-terminated wide character string in static storage whose contents will not
change for the duration of the program’s execution. No code in the Python interpreter will change the contents
of this storage.

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

wchar *Py_GetProgramName ()
Part of the Stable ABI. Return the program name set with Py SetProgramName (), or the default. The
returned string points into static storage; the caller should not modify its value.

This function should not be called before Py Tnitialize (), otherwise it returns NULL.
3.10 JiR ¥4 It now returns NULL if called before Py Tnitialize ().

wchar_t *Py_GetPrefix ()

Part of the Stable ABIL Return the prefix for installed platform-independent files. This is derived through a
number of complicated rules from the program name set with Py_ Set ProgramName () and some environ-
ment variables; for example, if the program name is ' /usr/local/bin/python', the prefixis ' /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.

This function should not be called before Py Tnitialize (), otherwise it returns NULL.
3.10 iR ¥4 It now returns NULL if called before Py Tnitialize ().

wchar_t *Py_GetExecPrefix ()

Fart of the Stable ABIL Return the exec-prefix for installed platform-dependent files. This is derived through
a number of complicated rules from the program name set with Py_Set ProgramName () and some envi-
ronment variables; for example, if the program name is ' /usr/local/bin/python’', the exec-prefix is
'/usr/local'. The returned string points into static storage; the caller should not modify its value. This
corresponds to the exec_prefix variable in the top-level Makefile and the ——exec-prefix argu-
ment to the configure script at build time. The value is available to Python code as sys .exec_prefix.
It is only useful on Unix.

Background: The exec-prefix differs from the prefix when platform dependent files (such as executables and
shared libraries) are installed in a different directory tree. In a typical installation, platform dependent files
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may be installed in the /usr/local/plat subtree while platform independent may be installed in /usr/
local.

Generally speaking, a platform is a combination of hardware and software families, e.g. Sparc machines run-
ning the Solaris 2.x operating system are considered the same platform, but Intel machines running Solaris 2.x
are another platform, and Intel machines running Linux are yet another platform. Different major revisions of
the same operating system generally also form different platforms. Non-Unix operating systems are a different
story; the installation strategies on those systems are so different that the prefix and exec-prefix are meaning-
less, and set to the empty string. Note that compiled Python bytecode files are platform independent (but not
independent from the Python version by which they were compiled!).

System administrators will know how to configure the mount or automount programs to share /usr/
local between platforms while having /usr/local/plat be a different filesystem for each platform.

This function should not be called before Py Tnitialize (), otherwise it returns NULL.

3.10 fiix 48 It now returns NULL if called before Py_Tnitialize ().

wchar_t *Py_GetProgramFullPath ()

Part of the Stable ABI. Return the full program name of the Python executable; this is computed as a side-
effect of deriving the default module search path from the program name (set by Py SetProgramName ()
above). The returned string points into static storage; the caller should not modify its value. The value is
available to Python code as sys.executable.

This function should not be called before Py Tnitialize (), otherwise it returns NULL.

3.10 fifit 8 48 It now returns NULL if called before Py_Tnitialize ().

wchar_t *Py_GetPath ()

Part of the Stable ABI. Return the default module search path; this is computed from the program name (set by
Py_SetProgramName () above) and some environment variables. The returned string consists of a series
of directory names separated by a platform dependent delimiter character. The delimiter character is ' : '
on Unix and macOS, '; ' on Windows. The returned string points into static storage; the caller should not
modify its value. The list sys . path is initialized with this value on interpreter startup; it can be (and usually
is) modified later to change the search path for loading modules.

This function should not be called before Py Tnitialize (), otherwise it returns NULL.

3.10 fifit 548 It now returns NULL if called before Py_Tnitialize ().

void Py_SetPath (const wchar_t*)

Part of the Stable ABI since version 3.7. Set the default module search path. If this function is called before
Py_Initialize (),thenPy_GetPath () won'tattemptto compute a default search path but uses the one
provided instead. This is useful if Python is embedded by an application that has full knowledge of the location
of all modules. The path components should be separated by the platform dependent delimiter character, which
is ' : ' on Unix and macOS, '; ' on Windows.

This also causes sys.executable to be set to the program full path (see
Py_GetProgramFullPath()) and for sys.prefix and sys.exec_prefix to be empty. It
is up to the caller to modify these if required after calling Py Tnitialize ().

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.
The path argument is copied internally, so the caller may free it after the call completes.

3.8 fft H % The program full path is now used for sys.executable, instead of the program name.

const char *Py_GetVersion ()

Part of the Stable ABI. Return the version of this Python interpreter. This is a string that looks something like

"3.0a5+ (py3k:63103M, May 12 2008, 00:53:55) \n[GCC 4.2.3]"

The first word (up to the first space character) is the current Python version; the first characters are the major
and minor version separated by a period. The returned string points into static storage; the caller should not
modify its value. The value is available to Python code as sys.version.
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const char *Py_GetPlatform ()
Part of the Stable ABI. Return the platform identifier for the current platform. On Unix, this is formed from
the “official” name of the operating system, converted to lower case, followed by the major revision number;
e.g., for Solaris 2.x, which is also known as SunOS 5.x, the value is ' sunos5'. OnmacOS,itis 'darwin’'.
On Windows, itis 'win'. The returned string points into static storage; the caller should not modify its value.
The value is available to Python code as sys.platform.

const char *Py_GetCopyright ()
Fart of the Stable ABI. Return the official copyright string for the current Python version, for example

'Copyright 1991-1995 Stichting Mathematisch Centrum, Amsterdam'

The returned string points into static storage; the caller should not modify its value. The value is available to
Python code as sys.copyright.

const char *Py_GetCompiler ()
Fart of the Stable ABI. Return an indication of the compiler used to build the current Python version, in square
brackets, for example:

"[GCC 2.7.2.2]1"

The returned string points into static storage; the caller should not modify its value. The value is available to
Python code as part of the variable sys.version.

const char *Py_GetBuildInfo ()
Part of the Stable ABI. Return information about the sequence number and build date and time of the current
Python interpreter instance, for example

"#67, Aug 1 1997, 22:34:28"

The returned string points into static storage; the caller should not modify its value. The value is available to
Python code as part of the variable sys.version.

void PySys_ SetArgvEx (int argc, wchar_t **argv, int updatepath)
Fart of the Stable ABI. Set sys . argv based on argc and argv. These parameters are similar to those passed
to the program’s main () function with the difference that the first entry should refer to the script file to be
executed rather than the executable hosting the Python interpreter. If there isn’t a script that will be run, the
first entry in argv can be an empty string. If this function fails to initialize sys.argv, a fatal condition is
signalled using Py FatalError ().

If updatepath is zero, this is all the function does. If updatepath is non-zero, the function also modifies sys .
path according to the following algorithm:

* If the name of an existing script is passed in argv [0], the absolute path of the directory where the
script is located is prepended to sy s .path.

» Otherwise (that is, if argcis 0 or argv [0] doesn’t point to an existing file name), an empty string is
prepended to sys . path, which is the same as prepending the current working directory (" . ").

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

#i(E): Itis recommended that applications embedding the Python interpreter for purposes other than executing
a single script pass O as updatepath, and update sy s . path themselves if desired. See CVE-2008-5983.

On versions before 3.1.3, you can achieve the same effect by manually popping the first sys . path element
after having called PySys_SetArgv (), for example using:

PyRun_SimpleString ("import sys; sys.path.pop(0)\n");

3.1.3 HCHTA.

void PySys_SetArgv (int argc, wchar_t **argvy)
Part of the Stable ABI. This function works like Py Sys_SetArgvEx () with updatepath set to 1 unless the
python interpreter was started with the —I.

9.4. Process-wide parameters 167


https://cve.mitre.org/cgi-bin/cvename.cgi?name=CVE-2008-5983

The Python/C API, £[F] 3.10.11

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.
3.4 iR 48 The updatepath value depends on —1I.

void Py_SetPythonHome (const wchar_t *home)
Fart of the Stable ABI. Set the default "home” directory, that is, the location of the standard Python libraries.
See PYTHONHOME for the meaning of the argument string.

The argument should point to a zero-terminated character string in static storage whose contents will not change
for the duration of the program’s execution. No code in the Python interpreter will change the contents of this
storage.

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

wchar_t *Py_GetPythonHome ()
Part of the Stable ABIL Return the default “home”, that is, the value set by a previous call to
Py_SetPythonHome (), or the value of the PYTHONHOME environment variable if it is set.

This function should not be called before Py Tnitialize (), otherwise it returns NULL.

3.10 fifit 548 It now returns NULL if called before Py_Tnitialize ().

9.5 KRENETFLEFERFERH

The Python interpreter is not fully thread-safe. In order to support multi-threaded Python programs, there’s a global
lock, called the global interpreter lock or GIL, that must be held by the current thread before it can safely access
Python objects. Without the lock, even the simplest operations could cause problems in a multi-threaded program:
for example, when two threads simultaneously increment the reference count of the same object, the reference count
could end up being incremented only once instead of twice.

Therefore, the rule exists that only the thread that has acquired the G/L may operate on Python objects or call Python/C
API functions. In order to emulate concurrency of execution, the interpreter regularly tries to switch threads (see
sys.setswitchinterval ()). Thelock is also released around potentially blocking I/O operations like reading
or writing a file, so that other Python threads can run in the meantime.

The Python interpreter keeps some thread-specific bookkeeping information inside a data structure called
PyThreadState. There’s also one global variable pointing to the current Py ThreadState: it can be retrieved
using PyThreadState_Get ().

9.5.1 Releasing the GIL from extension code

Most extension code manipulating the GI/L has the following simple structure:

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.

This is so common that a pair of macros exists to simplify it:

Py_BEGIN_ALLOW_THREADS
. Do some blocking I/O operation
Py_END_ALLOW_THREADS

The Py BEGIN_ ALLOW_THREADS macro opens a new block and declares a hidden local variable; the
Py_END_ALLOW_THREADS macro closes the block.

AR R R S A
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PyThreadState *_save;

_save = PyEval_SaveThread();
Do some blocking I/O operation
PyEval_RestoreThread(_save);

Here is how these functions work: the global interpreter lock is used to protect the pointer to the current thread state.
When releasing the lock and saving the thread state, the current thread state pointer must be retrieved before the
lock is released (since another thread could immediately acquire the lock and store its own thread state in the global
variable). Conversely, when acquiring the lock and restoring the thread state, the lock must be acquired before storing
the thread state pointer.

#(E): Calling system I/O functions is the most common use case for releasing the GIL, but it can also be useful before
calling long-running computations which don’t need access to Python objects, such as compression or cryptographic
functions operating over memory buffers. For example, the standard z1ib and hashlib modules release the GIL
when compressing or hashing data.

9.5.2 3k Python gllE&a9%k 12

When threads are created using the dedicated Python APIs (such as the threading module), a thread state is
automatically associated to them and the code showed above is therefore correct. However, when threads are created
from C (for example by a third-party library with its own thread management), they don’t hold the GIL, nor is there
a thread state structure for them.

If you need to call Python code from these threads (often this will be part of a callback API provided by the afore-
mentioned third-party library), you must first register these threads with the interpreter by creating a thread state
data structure, then acquiring the GIL, and finally storing their thread state pointer, before you can start using the
Python/C API. When you are done, you should reset the thread state pointer, release the GIL, and finally free the
thread state data structure.

The PyGILState_Ensure () and PyGILState_ Release () functions do all of the above automatically.
The typical idiom for calling into Python from a C thread is:

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 auto-
matically by Py _Tnitialize()). Python supports the creation of additional interpreters (using
Py_NewInterpreter ()), but mixing multiple interpreters and the PyGILState_* API is unsupported.
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9.5.3 Cautions about fork()

Another important thing to note about threads is their behaviour in the face of the C fork () call. On most systems
with fork (), after a process forks only the thread that issued the fork will exist. This has a concrete impact both
on how locks must be handled and on all stored state in CPython’s runtime.

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.

The fact that all other threads go away also means that CPython’s runtime state there must be cleaned up properly,
which os . fork () does. This means finalizing all other Py ThreadStat e objects belonging to the current inter-
preter and all other Py InterpreterState objects. Due to this and the special nature of the “main” interpreter,

fork () should only be called in that interpreter’s “main” thread, where the CPython global runtime was originally
initialized. The only exception is if exec () will be called immediately after.

9.5.4 5 API

These are the most commonly used types and functions when writing C extension code, or when embedding the
Python interpreter:

type PyInterpreterState
Part of the Limited API (as an opaque struct). This data structure represents the state shared by a number of
cooperating threads. Threads belonging to the same interpreter share their module administration and a few
other internal items. There are no public members in this structure.

Threads belonging to different interpreters initially share nothing, except process state like available memory,
open file descriptors and such. The global interpreter lock is also shared by all threads, regardless of to which
interpreter they belong.

type PyThreadState
Fart of the Limited API (as an opaque struct). 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 ()
Fart of the Stable ABI. Deprecated function which does nothing.

£ Python 3.6 N HZIIRA T, MERESTE GIL RNMEAER A E
3.9 iR 548 The function now does nothing.
3.7 iR % This function is now calledby Py_Tnitialize (),soyoudon’thave to callit yourself anymore.

3.2 it B4 This function cannot be called before Py_Tnitialize () anymore.

FAERAS 3.9 SAER BT, i & A A 3.11 PRk,

int PyEval_ThreadsInitialized()
Part of the Stable ABI. Returns a non-zero value if PyEval_TnitThreads () has been called. This func-
tion can be called without holding the GIL, and therefore can be used to avoid calls to the locking API when
running single-threaded.

3.7 R T4 The GIL is now initialized by Py Tnitialize ().

FREIA 3.9 AERE O], S5 A A 3.11 kR, .

PyThreadState *PyEval_SaveThread ()
Fart of the Stable ABI. Release the global interpreter lock (if it has been created) and reset the thread state to
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NULL, returning the previous thread state (which is not NULL). If the lock has been created, the current thread
must have acquired it.

void PyEval_RestoreThread (PyThreadState *tstate)
Fart of the Stable ABI. Acquire the global interpreter lock (if it has been created) and set the thread state to
tstate, which must not be NULL. If the lock has been created, the current thread must not have acquired it,
otherwise deadlock ensues.

Hi(E]: Calling this function from a thread when the runtime is finalizing will terminate the thread, even if the
thread was not created by Python. You can use _Py_IsFinalizing() or sys.is_finalizing()
to check if the interpreter is in process of being finalized before calling this function to avoid unwanted termi-
nation.

PyThreadState *PyThreadState_Get ()
Fart of the Stable ABIL Return the current thread state. The global interpreter lock must be held. When the
current thread state is NULL, this issues a fatal error (so that the caller needn’t check for NULL).

PyThreadState *PyThreadState_Swap (PyThreadState *tstate)
Part of the Stable ABI. Swap the current thread state with the thread state given by the argument zstate, which
may be NULL. The global interpreter lock must be held and is not released.

The following functions use thread-local storage, and are not compatible with sub-interpreters:

PyGILState_STATE PyGILState_Ensure ()
Part of the Stable ABI. Ensure that the current thread is ready to call the Python C API regardless of the
current state of Python, or of the global interpreter lock. This may be called as many times as desired by a
thread as long as each call is matched with a call to PyGILState _Release (). In general, other thread-
related APIs may be used between PyGILState_Ensure () and PyGILState_Release () calls as
long as the thread state is restored to its previous state before the Release(). For example, normal usage of the
Py _BEGIN_ALLOW_THREADS and Py_END_ALLOW_THREADS macros is acceptable.

The return value is an opaque “handle” to the thread state when PyGILState_Ensure () was called, and
must be passed to PyGILState_Release () to ensure Python is left in the same state. Even though
recursive calls are allowed, these handles cannot be shared - each unique call to PyGILState Ensure ()
must save the handle for its call to PyGILState Release ().

When the function returns, the current thread will hold the GIL and be able to call arbitrary Python code.
Failure is a fatal error.

#[E):  Calling this function from a thread when the runtime is finalizing will terminate the thread, even if the
thread was not created by Python. You can use _Py_IsFinalizing() or sys.is_finalizing()
to check if the interpreter is in process of being finalized before calling this function to avoid unwanted termi-
nation.

void PyGILState_Release (PyGILState_ STATE)
Part of the Stable ABI. Release any resources previously acquired. After this call, Python’s state will be the
same as it was prior to the corresponding PyGILState Ensure () call (but generally this state will be
unknown to the caller, hence the use of the GILState API).

Everycallto PyGILState_Ensure () must be matched byacallto PyGILState Release () onthe
same thread.

PyThreadState *PyGILState_GetThisThreadState ()
Fart of the Stable ABI. Get the current thread state for this thread. May return NULL if no GILState API
has been used on the current thread. Note that the main thread always has such a thread-state, even if no
auto-thread-state call has been made on the main thread. This is mainly a helper/diagnostic function.

int PyGILState_Check ()
Return 1 if the current thread is holding the GIL and 0 otherwise. This function can be called from any thread
at any time. Only if it has had its Python thread state initialized and currently is holding the GIL will it return
1. This is mainly a helper/diagnostic function. It can be useful for example in callback contexts or memory
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allocation functions when knowing that the GIL is locked can allow the caller to perform sensitive actions or
otherwise behave differently.

3.4 BUHTIA.

The following macros are normally used without a trailing semicolon; look for example usage in the Python source
distribution.

Py_BEGIN_ALLOW_THREADS
Part of the Stable ABIL This macro expands to { PyThreadState *_save; _save =
PyEval_SaveThread () ;. Note that it contains an opening brace; it must be matched with a fol-
lowing Py_END_ALLOW_THREADS macro. See above for further discussion of this macro.

Py_END_ALLOW_THREADS
Part of the Stable ABL It %9 &5 PyEval_RestoreThread (_save); }. BEBEES—IHIE
B B SIS 2 ifPy BEGIN ALLOW_THREADS F2PURt. &5 I Se bAdE—SHe b % .

Py_BLOCK_THREADS
Fart of the Stable ABI. This macro expands to PyEval_RestoreThread (_save) ;: it is equivalent to
Py_END_ALLOW_THREADS without the closing brace.

Py_UNBLOCK_THREADS
Fart of the Stable ABI. This macro expands to _save = PyEval_SaveThread () ;: itis equivalent to
Py_BEGIN_ALLOW_THREADS without the opening brace and variable declaration.

9.5.5 Low-level API

All of the following functions must be called after Py_Tnitialize ().
3.7 iR %k Py_Initialize () now initializes the GIL.

PylInterpreterState *PyInterpreterState_New ()
Fart of the Stable ABI. Create a new interpreter state object. The global interpreter lock need not be held, but
may be held if it is necessary to serialize calls to this function.

Raises an auditing event cpython.PyInterpreterState_New with no arguments.

void PyInterpreterState_Clear (PylnterpreterState *interp)
Fart of the Stable ABI. Reset all information in an interpreter state object. The global interpreter lock must be
held.

Raises an auditing event cpython.PyInterpreterState_Clear with no arguments.

void PyInterpreterState_Delete (PylnterpreterState *interp)
Fart of the Stable ABI. Destroy an interpreter state object. The global interpreter lock need not be held. The
interpreter state must have been reset with a previous call to PyInterpreterState_Clear ().

PyThreadState *PyThreadState_New (PylnterpreterState *interp)
Fart of the Stable ABI. Create a new thread state object belonging to the given interpreter object. The global
interpreter lock need not be held, but may be held if it is necessary to serialize calls to this function.

void PyThreadState_Clear (PyThreadState *tstate)
Fart of the Stable ABI. Reset all information in a thread state object. The global interpreter lock must be held.

3.9 it §E %#: This function now calls the PyThreadState.on_delete callback. Previously, that hap-
pened in PyThreadState_Delete ().

void PyThreadState_Delete (PyThreadState *tstate)
Part of the Stable ABI. Destroy a thread state object. The global interpreter lock need not be held. The thread
state must have been reset with a previous call to PyThreadState_Clear ().

void PyThreadState_DeleteCurrent (void)
Destroy the current thread state and release the global interpreter lock. Like PyThreadState_Delete (),
the global interpreter lock need not be held. The thread state must have been reset with a previous call to
PyThreadState_Clear().
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PyFrameObject *PyThreadState_GetFrame (PyThreadState *tstate)
Fart of the Stable ABI since version 3.10. Get the current frame of the Python thread state zstate.

Return a strong reference. Return NULL if no frame is currently executing.
Wi R PyEval_GetFrame (),

tstate ANW][E] NULL,

3.9 HUHIA.

uint64_t PyThreadState_Get ID (PyThreadState *tstate)
Part of the Stable ABI since version 3.10. Get the unique thread state identifier of the Python thread state fstate.

tstate ZNA[[E] NULL.,
3.9 BUBT A

PyInterpreterState *PyThreadState_GetInterpreter (PyThreadState *tstate)
Fart of the Stable ABI since version 3.10. Get the interpreter of the Python thread state zstate.

tstate N[ [E] NULL,
3.9 BGETMA.

PylInterpreterState *PyInterpreterState_Get (void)
Part of the Stable ABI since version 3.9. 3B iR .

Issue a fatal error if there no current Python thread state or no current interpreter. It cannot return NULL.
I35 DA 2555 A GIL.
3.9 BB

int64_t PyInterpreterState_GetID (PylnterpreterState *interp)
Part of the Stable ABI since version 3.7. Return the interpreter’s unique ID. If there was any error in doing so
then -1 is returned and an error is set.

P A 255 A GIL.
3.7 BOHTIA.

PyObject *PyInterpreterState_GetDict (PylnterpreterState *interp)
Part of the Stable ABI since version 3.8. Return a dictionary in which interpreter-specific data may be stored.
If this function returns NULL then no exception has been raised and the caller should assume no interpreter-
specific dict is available.

This is not a replacement for PyModule_GetState (), which extensions should use to store interpreter-
specific state information.

3.8 HUHTIIA.

typedef PyObject *(*_PyFrameEvalFunction) (PyThreadState *tstate, PyFrameObject *frame, int

throwflag)
Type of a frame evaluation function.

The throwflag parameter is used by the throw () method of generators: if non-zero, handle the current
exception.

3.9 fiCE S LR BORAE Pl #5252 —A> tstate TS .

_PyFrameEvalFunction _PyInterpreterState_GetEvalFrameFunc (PylnterpreterState *interp)
Get the frame evaluation function.

See the PEP 523 ”Adding a frame evaluation API to CPython”.
3.9 BUHTMA.

void _PyInterpreterState_SetEvalFrameFunc (PylnterpreterState *interp,
tion eval_frame)

PyFrameEvalFunc-

Set the frame evaluation function.
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See the PEP 523 ”Adding a frame evaluation API to CPython”.

3.9 BUCHTIA.

PyObject *PyThreadState_GetDict ()
Return value: Borrowed reference. Part of the Stable ABI. Return a dictionary in which extensions can store
thread-specific state information. Each extension should use a unique key to use to store state in the dictionary.
It is okay to call this function when no current thread state is available. If this function returns NULL, no
exception has been raised and the caller should assume no current thread state is available.

int PyThreadState_SetAsyncExc (unsigned long id, PyObject *exc)
Part of the Stable ABI. 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 iR HE 4 The type of the id parameter changed from long to unsigned long.

void PyEval_AcquireThread (PyThreadState *tstate)
Fart of the Stable ABI. Acquire the global interpreter lock and set the current thread state to fstate, which must
not be NULL. The lock must have been created earlier. If this thread already has the lock, deadlock ensues.

#([E):  Calling this function from a thread when the runtime is finalizing will terminate the thread, even if the
thread was not created by Python. You can use _Py_TIsFinalizing() or sys.is_finalizing()
to check if the interpreter is in process of being finalized before calling this function to avoid unwanted termi-
nation.

3.8 W HE & Updated to be consistent with PyEval RestoreThread(),
Py_END_ALLOW_THREADS (), and PyGILState_Ensure (), and terminate the current thread
if called while the interpreter is finalizing.

PyEval_RestoreThread () is a higher-level function which is always available (even when threads have
not been initialized).

void PyEval_ReleaseThread (PyThreadState *tstate)
Part of the Stable ABI. Reset the current thread state to NULL and release the global interpreter lock. The lock
must have been created earlier and must be held by the current thread. The zstate argument, which must not be
NULL, is only used to check that it represents the current thread state --- if it isn’t, a fatal error is reported.

PyEval_SaveThread () is a higher-level function which is always available (even when threads have not
been initialized).

void PyEval_AcquireLock ()
Part of the Stable ABIL. Acquire the global interpreter lock. The lock must have been created earlier. If this
thread already has the lock, a deadlock ensues.

32 it % © [E] fl: This function does not update the current thread state. Please use
PyEval_RestoreThread () or PyEval_AcquireThread () instead.

#i(E): Calling this function from a thread when the runtime is finalizing will terminate the thread, even if the
thread was not created by Python. You can use _Py_IsFinalizing() or sys.is_finalizing/()
to check if the interpreter is in process of being finalized before calling this function to avoid unwanted termi-
nation.

3.8 M FE & Updated to be consistent with PyEval RestoreThread(),
Py_END_ALLOW_THREADS (), and PyGILState_FEnsure (), and terminate the current thread
if called while the interpreter is finalizing.

void PyEval_ReleaseLock ()
Fart of the Stable ABI. Release the global interpreter lock. The lock must have been created earlier.
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32 fit % © [E] H: This function does not update the current thread state. Please use
PyEval_SaveThread () or PyEval_ReleaseThread () instead.

9.6 FRERIIXIF

While in most uses, you will only embed a single Python interpreter, there are cases where you need to create several
independent interpreters in the same process and perhaps even in the same thread. Sub-interpreters allow you to do
that.

The ”"main” interpreter is the first one created when the runtime initializes. It is usually the only Python interpreter in
aprocess. Unlike sub-interpreters, the main interpreter has unique process-global responsibilities like signal handling.
It is also responsible for execution during runtime initialization and is usually the active interpreter during runtime
finalization. The PyInterpreterState_Main () function returns a pointer to its state.

You can switch between sub-interpreters using the PyThreadState_Swap () function. You can create and de-
stroy them using the following functions:

PyThreadState *Py_NewInterpreter ()
Fart of the Stable ABI. Create a new sub-interpreter. This is an (almost) totally separate environment for the
execution of Python code. In particular, the new interpreter has separate, independent versions of all imported
modules, including the fundamental modules builtins, __main__ and sys. The table of loaded modules
(sys.modules) and the module search path (sys.path) are also separate. The new environment has no
sys.argv variable. It has new standard I/O stream file objects sys.stdin, sys.stdout and sys.
stderr (however these refer to the same underlying file descriptors).

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.)

Extension modules are shared between (sub-)interpreters as follows:

e For modules using multi-phase initialization, e.g. PyModule_ FromDefAndSpec (), a separate
module object is created and initialized for each interpreter. Only C-level static and global variables
are shared between these module objects.

» For modules using single-phase initialization, e.g. PyModule Create (), the first time a particular
extension is imported, it is initialized normally, and a (shallow) copy of its module’s dictionary is squir-
reled away. When the same extension is imported by another (sub-)interpreter, a new module is initialized
and filled with the contents of this copy; the extension’s init function is not called. Objects in the mod-
ule’s dictionary thus end up shared across (sub-)interpreters, which might cause unwanted behavior (see
Bugs and caveats below).

Note that this is different from what happens when an extension is imported after the interpreter has been
completely re-initialized by calling Py_FinalizeEx () and Py _Initialize ();in that case, the
extension’s initmodule function is called again. As with multi-phase initialization, this means that
only C-level static and global variables are shared between these modules.

void Py_EndInterpreter (PyThreadState *tstate)
Part of the Stable ABI. 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 inter-
preter 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. FRERBRII 175



The Python/C API, $[F 3.10.11

9.6.1 HRFIE S

Because sub-interpreters (and the main interpreter) are part of the same process, the insulation between them isn’t
perfect --- for example, using low-level file operations like os . c1lose () they can (accidentally or maliciously) affect
each other’s open files. Because of the way extensions are shared between (sub-)interpreters, some extensions may not
work properly; this is especially likely when using single-phase initialization or (static) global variables. It is possible
to insert objects created in one sub-interpreter into a namespace of another (sub-)interpreter; this should be avoided
if possible.

Special care should be taken to avoid sharing user-defined functions, methods, instances or classes between sub-
interpreters, since import operations executed by such objects may affect the wrong (sub-)interpreter’s dictionary of
loaded modules. It is equally important to avoid sharing objects from which the above are reachable.

Also note that combining this functionality with PyGILState_* APIs is delicate, because these APIs as-
sume 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.

9.7 Fi@EH

A mechanism is provided to make asynchronous notifications to the main interpreter thread. These notifications take
the form of a function pointer and a void pointer argument.

int Py_AddPendingCall (int (*func)) void*
, void *arg Part of the Stable ABI. Schedule a function to be called from the main interpreter thread. On
success, 0 is returned and func is queued for being called in the main thread. On failure, —1 is returned
without setting any exception.

When successfully queued, func will be eventually called from the main interpreter thread with the argument
arg. It will be called asynchronously with respect to normally running Python code, but with both these con-
ditions met:

* on a bytecode boundary;
 with the main thread holding the global interpreter lock (func can therefore use the full C API).

func must return O on success, or —1 on failure with an exception set. func won’t be interrupted to perform
another asynchronous notification recursively, but it can still be interrupted to switch threads if the global
interpreter lock is released.

This function doesn’t need a current thread state to run, and it doesn’t need the global interpreter lock.

To call this function in a subinterpreter, the caller must hold the GIL. Otherwise, the function func can be
scheduled to be called from the wrong interpreter.

# e This is a low-level function, only useful for very special cases. There is no guarantee that func
will be called as quick as possible. If the main thread is busy executing a system call, func won’t be called
before the system call returns. This function is generally not suitable for calling Python code from arbitrary
C threads. Instead, use the PyGILState API.

3.9 jf 54 If this function is called in a subinterpreter, the function func is now scheduled to be called from
the subinterpreter, rather than being called from the main interpreter. Each subinterpreter now has its own list
of scheduled calls.

3.1 BUETIA.
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9.8 SHTFOERER

The Python interpreter provides some low-level support for attaching profiling and execution tracing facilities. These
are used for profiling, debugging, and coverage analysis tools.

This C interface allows the profiling or tracing code to avoid the overhead of calling through Python-level callable
objects, making a direct C function call instead. The essential attributes of the facility have not changed; the interface
allows trace functions to be installed per-thread, and the basic events reported to the trace function are the same as
had been reported to the Python-level trace functions in previous versions.

typedef 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:

what &
PyTrace_CALL
PyTrace_EXCEPTION
PyTrace_LINE

arg FIE X

,‘é\zEéPy_None.

sys.exc_info () BRI FHEL.
,‘é%Py_None.

PyTrace_RETURN RGP IE, BCE A i 5 S 20 Ik (] NULL,
PyTrace_C_CALL E?@Jﬁ% IZ@‘&XHL%
PyTrace C_EXCEPTION | IEAEVE/H A BN 4.,
PyTrace_C_RETURN TETEVE H s 42

PyTrace_OPCODE

mEPy None.

int PyTrace_CALL
The value of the what parameter to a Py_ t racefunc function when a new call to a function or method is
being reported, or a new entry into a generator. Note that the creation of the iterator for a generator function
is not reported as there is no control transfer to the Python bytecode in the corresponding frame.

int PyTrace_EXCEPTION
The value of the what parameter to a Py_t racefunc function when an exception has been raised. The
callback function is called with this value for what when after any bytecode is processed after which the
exception becomes set within the frame being executed. The effect of this is that as exception propagation
causes the Python stack to unwind, the callback is called upon return to each frame as the exception propagates.
Only trace functions receives these events; they are not needed by the profiler.

int PyTrace_LINE
The value passed as the what parameter to a Py_t race func 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
The value for the what parameter to Py_ t race func functions when a call is about to return.

int PyTrace_C_CALL
The value for the what parameter to Py_ t race func functions when a C function is about to be called.

int PyTrace_C_EXCEPTION
The value for the what parameter to Py_ t race func functions when a C function has raised an exception.

int PyTrace_C_RETURN
The value for the what parameter to Py_t race func functions when a C function has returned.

int PyTrace_OPCODE
The value for the what parameter to Py_tracefunc functions (but not profiling functions) when a new
opcode 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.
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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.

The caller must hold the GIL.

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 func-
tion 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 pa-
rameter.

The caller must hold the GIL.

9.9 BRI IBIZHF

These functions are only intended to be used by advanced debugging tools.

PylnterpreterState *PyInterpreterState_Head ()
Return the interpreter state object at the head of the list of all such objects.

PyInterpreterState *PyInterpreterState_Main ()
Return the main interpreter state object.

PylnterpreterState *PyInterpreterState_Next (PylnterpreterState *interp)
Return the next interpreter state object after inferp from the list of all such objects.

PyThreadState *PyInterpreterState_ThreadHead (PylnterpreterState *interp)
Return the pointer to the first PyThreadState object in the list of threads associated with the interpreter
interp.

PyThreadState *PyThreadState_Next (PyThreadState *tstate)
Return the next thread state object after #state from the list of all such objects belonging to the same
PyInterpreterState object.

9.10 LEFMFHZ

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.

The GIL does not need to be held when calling these functions; they supply their own locking.

Note that Python . h does not include the declaration of the TLS APIs, you need to include pythread.h to use
thread-local storage.

#§[E]l:  None of these API functions handle memory management on behalf of the void* values. You need to
allocate and deallocate them yourself. If the void* values happen to be PyObject*, these functions don’t do
refcount operations on them either.
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9.10.1 Thread Specific Storage (TSS) API

TSS API is introduced to supersede the use of the existing TLS API within the CPython interpreter. This API uses
anew type Py_tss_t instead of int to represent thread keys.

3.7 BT
hs%:
”A New C-API for Thread-Local Storage in CPython” (PEP 539)
type Py_tss_t
This data structure represents the state of a thread key, the definition of which may depend on the underlying

TLS implementation, and it has an internal field representing the key’s initialization state. There are no public
members in this structure.

When Py_LIMITED_API is not defined, static allocation of this type by Py tss_NEEDS_INIT is allowed.

Py _tss_NEEDS_INIT
This macro expands to the initializer for Py_ tss_t variables. Note that this macro won’t be defined with
Py _LIMITED_API.

Dynamic Allocation

Dynamic allocation of the Py_tss_ t, required in extension modules built with Py_LIMITED_API, where static
allocation of this type is not possible due to its implementation being opaque at build time.

Py_tss_t *PyThread_tss_alloc ()
Fart of the Stable ABI since version 3.7. Return a value which is the same state as a value initialized with
Py_tss_NEEDS_INIT,or NULL in the case of dynamic allocation failure.

void PyThread_tss_free (Py_1ss_t *key)
Part of the Stable ABI since version 3.7. Free the given key allocated by PyThread_tss_alloc (), after
first calling PyThread _tss_delete () toensure any associated thread locals have been unassigned. This
is a no-op if the key argument is NULL.

#(E): A freed key becomes a dangling pointer. You should reset the key to NULL.

Bk

The parameter key of these functions must not be NULL. Moreover, the behaviors of PyThread tss_set ()
and PyThread_tss_get () are undefined if the given Py _tss_t has not been initialized by
PyThread_tss_create().

int PyThread_tss_is_created (Py_iss_t *key)
Fart of the Stable ABI since version 3.7. Return a non-zero value if the given Py_ t ss_ t has been initialized
by PyThread_tss_create ().

int PyThread_tss_create (Py_fss_t *key)
Fart of the Stable ABI since version 3.7. Return a zero value on successful initialization of a TSS key. The
behavior is undefined if the value pointed to by the key argument is not initialized by Py_ t ss_ NEEDS_TNIT.
This function can be called repeatedly on the same key -- calling it on an already initialized key is a no-op and
immediately returns success.

void PyThread_tss_delete (Py_iss_t *key)
Fart of the Stable ABI since version 3.7. Destroy a TSS key to forget the values associated with the key across
all threads, and change the key’s initialization state to uninitialized. A destroyed key is able to be initialized
again by PyThread_tss_create (). This function can be called repeatedly on the same key -- calling it
on an already destroyed key is a no-op.
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int PyThread_tss_set (Py_tss_t *key, void *value)
Part of the Stable ABI since version 3.7. 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_1ss_t *key)
Part of the Stable ABI since version 3.7. 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 Thread Local Storage (TLS) API

3.7 A& E.[E)H: This API is superseded by Thread Specific Storage (TSS) API.

#i(El: This version of the API does not support platforms where the native TLS key is defined in a way that cannot
be safely cast to int. On such platforms, PyThread_create_key () will return immediately with a failure
status, and the other TLS functions will all be no-ops on such platforms.

T B RN R FRA M AR, S BRSSP LIRS APL

int PyThread_create_key ()
Part of the Stable ABI.

void PyThread_delete_key (int key)
Part of the Stable ABI.

int PyThread_set_key_value (int key, void *value)
Part of the Stable ABI.

void *PyThread_get_key_value (int key)
Part of the Stable ABI.

void PyThread_delete_key_value (int key)
Part of the Stable ABI.

void PyThread_ReInitTLS ()
Part of the Stable ABI.
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3.8 U

Python W] DA i flPy_InitializeFromConfig() MPyConfig %5 ¥ 1k % #1 4h 1k B W] DA ff
Py PreInitialize () MIPyPreConfiqg MR IE4

A PRI 5 5

» The Python Configuration can be used to build a customized Python which behaves as the regular Python. For

example, environment variables and command line arguments are used to configure Python.

 The Isolated Configuration can be used to embed Python into an application. It isolates Python from the system.

For example, environment variables are ignored, the LC_CTYPE locale is left unchanged and no signal handler

is registered.

Py_RunMain () PECTRIIRSE E Hl) Python F£/7 .
2 Winitialization, Finalization, and Threads.

wE%:

PEP 587 "Python ¥ 4G4t &

10.1 EHI

7€ i1 Python F 7 il 52 2 PARR SRz AT

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)) A
goto exception;

*/

Q)

181



https://www.python.org/dev/peps/pep-0587

The Python/C API, £[F] 3.10.11

(R L —5)

}

status = Py_InitializeFromConfig(&confiqg);
if (PyStatus_Exception(status)) {
goto exception;

}
PyConfig_Clear (&configqg);

return Py_RunMain () ;

exception:

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);

10.2 PyWideStringList

type PyWideStringList
i wehar_t* A3,

U2 length SARZAE, W items WZHAS ) NULL Ff HL A 545 Ef 3500 4 NULL,
Tk
PyStatus PyWideStringList_Append (PyWideStringList *list, const wchar_t *item)
Y item G5 INE) list.
Python W25 AT 46 A LASE VR T G BR

PyStatus PyWideStringList_Insert (PyWideStringList *list, Py_ssize_t index, const wchar_t
*item)

K item JH A B list /) index 1V E ..
NS index KTEET list WK JE, WIKF item FSIME list o
index must be greater than or equal to 0.
Python WAZ5T 4 AT 4R A LATE 8] T L BR K
Structure fields:
Py_ssize_t length
List K J&,
wchar_t **items

FIFIH .
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10.3 PyStatus

type PyStatus

Structure to store an initialization function status: success, error or exit.
For an error, it can store the C function name which created the error.
Structure fields:

int exitcode
Exit code. Argument passed to exit ().

const char *err_msg
0
YH Fﬂ%ﬂﬂa%\ o

const char *func
Name of the function which created an error, can be NULL.

Functions to create a status:

PyStatus PyStatus_Ok (void)
R
7[352 °

PyStatus PyStatus_Error (const char *err_msg)
Initialization error with a message.

err_msg AN [E] NULL,

PyStatus PyStatus_NoMemory (void)
Memory allocation failure (out of memory).

PyStatus PyStatus_Exit (int exitcode)
PATE E 1R H AL iR Y Python.

Functions to handle a status:

int PyStatus_Exception (PyStatus status)
Is the status an error or an exit? If true, the exception must be handled; by calling
Py ExitStatusException () for example.

int PyStatus_IsError (PyStatus status)
GERLER IR ?

int PyStatus_IsExit (PyStatus status)
GERRIRH?

void Py_ExitStatusException (PyStatus status)

Call exit (exitcode) if status is an exit. Print the error message and exit with a non-zero exit code
if status is an error. Must only be called if PyStatus_Exception (status) is non-zero.

#i(E: Internally, Python uses macros which set PyStatus . func, whereas functions to create a status set func
to NULL.

H

PyStatus alloc(void **ptr, size_t size)

{

*ptr = PyMem_RawMalloc (size);
if (*ptr == NULL) {

return PyStatus_NoMemory () ;
}
return PyStatus_O0Ok();

int main(int argc, char **argv)

Q)
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void *ptr;

PyStatus status = alloc(&ptr, 16);

if (PyStatus_Exception(status)) {
Py_ExitStatusException (status);

}

PyMem_Free (ptr);

return 0;

10.4 PyPreConfig

type PyPreConfig

Structure used to preinitialize Python.

Function to initialize a preconfiguration:

void PyPreConfig_ InitPythonConfig (PyPreConfig *preconfig)
Initialize the preconfiguration with Python Configuration.

void PyPreConfig_InitIsolatedConfig (PyPreConfig *preconfig)
Initialize the preconfiguration with Isolated Configuration.

Structure fields:

intallocator
Name of the Python memory allocators:

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): usemalloc () of the C library.

e PYMEM_ALLOCATOR_MALLOC_DEBUG (4): force usage of malloc () with debug hooks.

e PYMEM_ALLOCATOR_PYMALLOC (5): Python pymalloc memory allocator.

¢ PYMEM_ALLOCATOR_PYMALLOC_DEBUG (6): Python pymalloc memory allocator with debug

hooks.

PYMEM_ALLOCATOR_PYMALLOC and PYMEM_ALLOCATOR_PYMALLOC_DEBRUG are not sup-

ported if Python is configured using --without-pymalloc.

R T I

JE#%: PYMEM_ALLOCATOR_NOT_SET,

int configure_locale

Set the LC_CTYPE locale to the user preferred locale.

If equals to 0, set coerce_c_localeand coerce_c_locale_warn members to 0.

&5 Flocale encoding .

Default: 1 in Python config, 0 in isolated config.

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.

5% Flocale encoding .

Default: —1 in Python config, 0 in isolated config.
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int coerce_c_locale_warn
If non-zero, emit a warning if the C locale is coerced.

Default: —1 in Python config, 0 in isolated config.

int dev_mode
If non-zero, enables the Python Development Mode: see PyConfig. dev_mode.

Default: —1 in Python mode, 0 in isolated mode.

int isolated
Isolated mode: see PyConfig.isolated.

Default: 0 in Python mode, 1 in isolated mode.

int legacy_windows_fs_encoding

WAL 0:
o ¥pPyPreConfig.utf8_mode #[E] 0,
e MPyConfig.filesystem_encoding #([F) "mbes",
e ¥PyConfig.filesystem_ errors iRlE) "replace",
Initialized the from PYTHONLEGACYWINDOWSFSENCODING environment variable value.
Only available on Windows. #ifdef MS_WINDOWS macro can be used for Windows specific code.
THEE: 0.
int parse_argv
If non-zero, Py PrelInitializeFromArgs ()and Py PrelnitializeFromBytesArgs ()
parse their argv argument the same way the regular Python parses command line arguments: see
Command Line Arguments.

Default: 1 in Python config, 0 in isolated config.

int use_environment
Use environment variables? See PyConfig.use_environment.

Default: 1 in Python config and 0 in isolated config.

int ut £8_mode
If non-zero, enable the Python UTF-8 Mode.

Set by the —X ut £8 command line option and the PYTHONUTF 8 environment variable.

Default: —1 in Python config and 0 in isolated config.

10.5 Preinitialize Python with PyPreConfig

The preinitialization of Python:

* Set the Python memory allocators (PyPreConfig.allocator)

¢ Configure the LC_CTYPE locale (locale encoding)

¢ Set the Python UTF-8 Mode (PyPreConfig.utf8_mode)
The current preconfiguration (PyPreConfig type) is stored in _PyRuntime.preconfig.
Functions to preinitialize Python:

PyStatus Py_PreInitialize (const PyPreConfig *preconfig)
Preinitialize Python from preconfig preconfiguration.

preconfig NA[[E] NULL,
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PyStatus Py_PreInitializeFromBytesArgs (const PyPreConfig *preconfig, int arge, char
*const *argv)
Preinitialize Python from preconfig preconfiguration.

Parse argv command line arguments (bytes strings) if parse_argv of preconfig is non-zero.
preconfig AZT[[E] NULL,

PyStatus Py_PreInitializeFromArgs (const PyPreConfig *preconfig, int argc, wchar_t *const
*argv)
Preinitialize Python from preconfig preconfiguration.
Parse argv command line arguments (wide strings) if parse_argv of preconfig is non-zero.

preconfig ANT[F) NULL,

The caller is responsible to handle exceptions (error or exit) using PyStatus_Exception () and
Py_ExitStatusException().

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 Python UTF-8 Mode.

PyMem_SetAllocator () can be called after Py_PrelInitialize() and before
Py _InitializeFromConfig() to install a custom memory allocator. It can be called before
Py _Prelnitialize () if PyPreConfig.allocator issetto PYMEM ALLOCATOR_NOT_SET.

Python memory allocation functions like PyMem_RawMalloc () must not be used before the Python preinitializa-
tion, whereas calling directly malloc () and free () is always safe. Py_DecodeLocale () must not be called
before the Python preinitialization.

Example using the preinitialization to enable the Python UTF-8 Mode:

PyStatus status;
PyPreConfig preconfig;
PyPreConfig_InitPythonConfig (&preconfiqg);

preconfig.utf8_mode = 1;

status = Py_PrelInitialize (&preconfiqg);

if (PyStatus_Exception(status)) A
Py_ExitStatusException (status);

3

/* at this point, Python speaks UTF-8 */
Py_Initialize();

/* ... use Python API here ... */
Py_Finalize();

10.6 PyConfig

type PyConfig
Structure containing most parameters to configure Python.

When done, the PyConfig_Clear () function must be used to release the configuration memory.
Structure methods:

void PyConfig InitPythonConfig (PyConfig *config)
Initialize configuration with the Python Configuration.

void PyConfig_InitIsolatedConfig (PyConfig *config)
Initialize configuration with the Isolated Configuration.
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PyStatus PyConfig_SetString (PyConfig *config, wchar_t *const *config_str, const wchar_t

*str)
Copy the wide character string str into *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 *argv)
Set command line arguments (argv member of config) from the argv list of wide character strings.

Preinitialize Python if needed.

PyStatus PyConfig_SetBytesArgv (PyConfig *config, int argc, char *const *argv)
Set command line arguments (a rgv member of config) from the argv list of bytes strings. Decode bytes
using Py_DecodeLocale ().

Preinitialize Python if needed.

PyStatus PyConfig_SetWideStringList (PyConfig *config, PyWideStringList *list, Py_ssize_t
length, wchar_t **items)
Set the list of wide strings /ist to length and items.

Preinitialize Python if needed.

PyStatus PyConfig_Read (PyConfig *config)
Read all Python configuration.

Fields which are already initialized are left unchanged.

The PyConfig_Read () function only parses PyConfig.argv arguments once: PyConfig.
parse_argv is set to 2 after arguments are parsed. Since Python arguments are strippped from
PyConfig.argv, parsing arguments twice would parse the application options as Python options.

Preinitialize Python if needed.

3.10 kit ¥ 5. The PyConfig.argv arguments are now only parsed once, PyConfig.
parse_argv is set to 2 after arguments are parsed, and arguments are only parsed if PyConfig.
parse_argvequals 1.

void PyConfig_Clear (PyConfig *config)
Release configuration memory.

Most PyConfig methods preinitialize Python if needed. In that case, the Python preinitialization config-
uration (PyPreConfig) 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:

* PyConfig.dev_mode

e PyConfig.isolated

e PyConfig.parse_argv

* PyConfig.use_environment

Moreover, if PyConfig SetArgv () or PyConfig SetBytesArqgv () is used, this method must be
called before other methods, since the preinitialization configuration depends on command line arguments (if
parse_argv is non-zero).

The caller of these methods is responsible to handle exceptions (error or exit) using
PyStatus_Exception () and Py_ExitStatusException ().

Structure fields:

PyWideStringList axrgv
Command line arguments: sys.argv.
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Set parse_argv to 1 to parse argv the same way the regular Python parses Python command line
arguments and then to strip Python arguments from argv.

If argv is empty, an empty string is added to ensure that sys . argv always exists and is never empty.
TERZ{H: NULL,
See also the orig argv member.

wchar_t *base_exec_prefix
sys.base_exec_prefix,

FHRAE : NULL,
Part of the Python Path Configuration output.

wchar_t *base_executable
Python base executable: sys._base_executable.

Set by the __ PYVENV_LAUNCHER___ environment variable.
Set from PyConfig.executable if NULL.

THRR{H: NULL,

Part of the Python Path Configuration output.

wchar_t *base_prefix
sys.base_prefix,

THFRA{H: NULL,
Part of the Python Path Configuration output.

int buffered_stdio

If equals to 0 and configure_c_stdio is non-zero, disable buffering on the C streams stdout and
stderr.

Set to 0 by the —u command line option and the PYTHONUNBUFFERED environment variable.
stdin is always opened in buffered mode.
HBE: 1.

int bytes_warning

If equals to 1, issue a warning when comparing bytes or bytearray with st r, or comparing bytes
with int.

If equal or greater to 2, raise a BytesWarning exception in these cases.
Incremented by the —b command line option.
R 0.

int warn_default_encoding

If non-zero, emit a EncodingWarning warning when io. Text IOWrapper uses its default encod-
ing. See io-encoding-warning for details.

TR 0.
3.10 BGHTANA.
wchar_t *check_hash_pycs_mode
Control  the validation behavior of hash-based .pyc files: value of the

——check-hash-based-pycs command line option.

Valid values:
e L"always": Hash the source file for invalidation regardless of value of the ‘check_source’ flag.
e L"never": Assume that hash-based pycs always are valid.

e L"default™": The 'check_source’ flag in hash-based pycs determines invalidation.
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FEHEX: L"default",
Z:Iil, PEP 552 “Deterministic pycs”,

int configure_c_stdio
If non-zero, configure C standard streams:

* On Windows, set the binary mode (O_BINARY) on stdin, stdout and stderr.
e If buffered_stdio equals zero, disable buffering of stdin, stdout and stderr streams.

e If interactive is non-zero, enable stream buffering on stdin and stdout (only stdout on Win-
dows).

Default: 1 in Python config, 0 in isolated config.

int dev_mode
If non-zero, enable the Python Development Mode.

Default: -1 in Python mode, 0 in isolated mode.

int dump_refs

fefi# Python 5| 17
If non-zero, dump all objects which are still alive at exit.
Set to 1 by the PYTHONDUMPREF' S environment variable.

Need a special build of Python with the Py_TRACE_REFS macro defined: see the configure
—-—-with-trace-refs option.

0.

wchar_t *exec_prefix
The site-specific directory prefix where the platform-dependent Python files are installed: sys.
exec_prefix.

THFH: NULL,
Part of the Python Path Configuration output.

wchar_t *executable
The absolute path of the executable binary for the Python interpreter: sys.executable.

FH#A{E . NULL,
Part of the Python Path Configuration output.

int faulthandler
Enable faulthandler?

If non-zero, call faulthandler.enable () at startup.
Setto 1 by -X faulthandler and the PYTHONFAULTHANDLER environment variable.
Default: —1 in Python mode, 0 in isolated mode.

wchar_t *filesystem_encoding
Filesystem encoding: sys.getfilesystemencoding ().

On macOS, Android and VxWorks: use "ut £-8" by default.

On Windows: use "utf-8" by default, or "mbcs" if legacy windows_fs_encoding of
PyPreConfig is non-zero.

Default encoding on other platforms:
e "utf-8"if PyPreConfig.utf8 mode is non-zero.

e "ascii" if Python detects that n1_langinfo (CODESET) announces the ASCII encoding,
whereas the mbstowcs () function decodes from a different encoding (usually Latin1).

e "utf-8"if nl_langinfo (CODESET) returns an empty string.
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¢ Otherwise, use the locale encoding: n1_langinfo (CODESET) result.

At Python startup, the encoding name is normalized to the Python codec name. For example,
"ANSI_X3.4-1968" is replaced with "ascii".

Z N filesystem _errors WG .

wchar_t *filesystem_errors
Filesystem error handler: sys.getfilesystemencodeerrors ().

On  Windows: use "surrogatepass" by  default, or "replace" if
legacy_windows_fs_encoding of PyPreConfig is non-zero.

On other platforms: use "surrogateescape" by default.
Supported error handlers:
e "strict"
* "surrogateescape"
e "surrogatepass" (fU37F UTF-8 4gfidg L)
Z N filesystem _encoding .
unsigned long hash_seed

int use_hash_seed
Randomized hash function seed.

If use_hash_seediszero, a seed is chosen randomly at Python startup, and hash_ seed is ignored.
Set by the PYTHONHASHSEED environment variable.
Default use_hash_seed value: -1 in Python mode, 0 in isolated mode.

wchar_t *home
Python home directory.

If Py_SetPythonHome () has been called, use its argument if it is not NULL.
Set by the PYTHONHOME environment variable.

THRR(HE: NULL.

Part of the Python Path Configuration input.

int import_time
If non-zero, profile import time.

Set the 1 by the -X importtime option and the PYTHONPROFILEIMPORTTIME environment
variable.

TEFE: 0.

int inspect
Enter interactive mode after executing a script or a command.

If greater than 0, enable inspect: when a script is passed as first argument or the -c option is used, enter
interactive mode after executing the script or the command, even when sys . stdin does not appear to
be a terminal.

Incremented by the —i command line option. Set to 1 if the PYTHONINSPECT environment variable
is non-empty.

W 0.

int install_signal_handlers
Install Python signal handlers?

Default: 1 in Python mode, 0 in isolated mode.
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int interactive
If greater than 0, enable the interactive mode (REPL).

Incremented by the —i command line option.
HE: 0.

int isolated
If greater than 0, enable isolated mode:

* sys.path contains neither the script’s directory (computed from argv [0] or the current direc-
tory) nor the user’s site-packages directory.

¢ Python REPL doesn’t import readline nor enable default readline configuration on interactive
prompts.

e Set use_environment and user_site_directoryto0.
Default: 0 in Python mode, 1 in isolated mode.
7 R PyPreConfig.isolated,

int legacy_windows_stdio
If non-zero, use io.FileIOinstead of io.WindowsConsoleIOforsys.stdin, sys.stdout
and sys.stderr.

Set to 1 if the PYTHONLEGACYWINDOWSSTDIO environment variable is set to a non-empty string.
Only available on Windows. #ifdef MS_WINDOWS macro can be used for Windows specific code.
R 0,

See also the PEP 528 (Change Windows console encoding to UTF-8).

intmalloc_stats
If non-zero, dump statistics on Python pymalloc memory allocator at exit.

Set to 1 by the PYTHONMALLOCSTATS environment variable.

The option is ignored if Python is configured using the —--without-pymalloc

option.
TH#%: 0,

wchar_t *platlibdir
Platform library directory name: sys.platlibdir.

Set by the PYTHONPLATLIBDIR environment variable.

Default: value of the PLATLIBD IR macro which is set by the configure —--with-platlibdir
option (default: "1ib").

Part of the Python Path Configuration input.

3.9 BUFTA.

wchar_t *pythonpath_env
Module search paths (sys .path) as a string separated by DELIM (os.path.pathsep).

Set by the PYTHONPATH environment variable.

THRR{H: NULL.

Part of the Python Path Configuration input.
PyWideStringList module_search_paths

intmodule_search_paths_set
Module search paths: sys.path.

If module_search_paths_setisequal to 0, the function calculating the Python Path Configuration
overrides the module_ search_paths and sets module_ search_paths_set to 1.
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Default: empty list (nodule_search_paths)and 0 (module_search_paths_set).
Part of the Python Path Configuration output.

int optimization_level
Compilation optimization level:

¢ 0: Peephole optimizer, set __debug___ to True.
¢ 1: Level 0, remove assertions, set ___debug__ to False.
e 2: Level 1, strip docstrings.

Incremented by the —O command line option. Set to the PYTHONOPTIMIZE environment variable
value.

T 0.

PyWideStringList orig_argv
The list of the original command line arguments passed to the Python executable: sys.orig_argv.

If orig argv list is empty and argv is not a list only containing an empty string,
PyConfig_ Read () copies argv into orig_argv before modifying argv (if parse_argvis
non-zero).

See also the argv member and the Py Get ArgcArgv () function.
Default: empty list.
3.10 JCHTINA.

int parse_argv
Parse command line arguments?

If equals to 1, parse argv the same way the regular Python parses command line arguments, and strip
Python arguments from argv.

The PyConfig Read () function only parses PyConfig.argv arguments once: PyConfig.
parse_argv is set to 2 after arguments are parsed. Since Python arguments are strippped from
PyConfig.argv, parsing arguments twice would parse the application options as Python options.

Default: 1 in Python mode, 0 in isolated mode.

3.10 it 5F %%: The PyConfig.argv arguments are now only parsed if PyConfig.parse_argv
equals to 1.

int parser_debug
Parser debug mode. If greater than O, turn on parser debugging output (for expert only, depending on
compilation options).

Incremented by the —d command line option. Set to the PYTHONDEBUG environment variable value.
TEHEE: 0.

int pathconfig_warnings
On Unix, if non-zero, calculating the Python Path Configuration can log warnings into stderr. If equals
to 0, suppress these warnings.

It has no effect on Windows.
Default: 1 in Python mode, O in isolated mode.
Part of the Python Path Configuration input.

wchar_t *prefix
The site-specific directory prefix where the platform independent Python files are installed: sys.
prefix.

THRR{HE: NULL.

Part of the Python Path Configuration output.
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wchar_t *program_name
Program name used to initialize executable and in early error messages during Python initialization.

e If Py_SetProgramName () has been called, use its argument.
¢ On macOS, use PYTHONEXECUTABLE environment variable if set.

e [fthe WITH_NEXT_FRAMEWORK macro is defined, use __ PYVENV_LAUNCHER___ environment
variable if set.

e Use argv[0] of argv if available and non-empty.

¢ Otherwise, use L"python" on Windows, or L"python3" on other platforms.
THRR{H: NULL.
Part of the Python Path Configuration input.

wchar_t *pycache_prefix
Directory where cached . pyc files are written: sys.pycache_prefix.

Set by the -X pycache_prefix=PATH command line option and the PYTHONPYCACHEPREFIX
environment variable.

If NULL, sys.pycache_prefixissetto None.
THRC{E: NULL,

int quiet
Quiet mode. If greater than 0, don’t display the copyright and version at Python startup in interactive
mode.

Incremented by the —g command line option.
W 0.

wchar_t *run_command
Value of the —c command line option.

Used by Py_RunMain ().
THRR{H: NULL.

wchar_t *run_filename
Filename passed on the command line: trailing command line argument without —c or —m.

For example, it is set to script .py by the python3 script.py argcommand.
Used by Py_RunMain ().
THFR(H: NULL,

wchar_t *run_module
Value of the —m command line option.

Used by Py_RunMain ().
TEFRA(H: NULL,

int show_ref count
Show total reference count at exit?

Setto 1 by -X showrefcount command line option.
Need a debug build of Python (the Py_REF_DEBUG macro must be defined).
W 0.
int site_import
Import the site module at startup?

If equal to zero, disable the import of the module site and the site-dependent manipulations of sys.
path that it entails.
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Also disable these manipulations if the site module is explicitly imported later (call site.main ()
if you want them to be triggered).

Set to 0 by the —S command line option.
sys.flags.no_site is set to the inverted value of site_import.
R 1.

int skip_source_first_line
If non-zero, skip the first line of the PyConfig. run_filename source.

It allows the usage of non-Unix forms of # ! cmd. This is intended for a DOS specific hack only.
Set to 1 by the —x command line option.
ik 0.

wchar_t *stdio_encoding

wchar_t *stdio_errors
Encoding and encoding errors of sys.stdin, sys.stdout and sys.stderr (butsys.stderr
always uses "backslashreplace™" error handler).

If Py_SetStandardStreamEncoding () has been called, use its error and errors arguments if
they are not NULL.

Use the PYTHONIOENCODING environment variable if it is non-empty.
Default encoding:

e "UTF-8" if PyPreConfig.ut f8_ mode is non-zero.

¢ Otherwise, use the locale encoding.
Default error handler:

¢ On Windows: use "surrogateescape".

e "surrogateescape" if PyPreConfig. ut f8_mode is non-zero, or if the LC_CTYPE lo-
cale is ”C” or "POSIX".

e "strict" otherwise.

int tracemalloc
Enable tracemalloc?

If non-zero, call tracemalloc.start () atstartup.

Setby -X tracemalloc=N command line option and by the PYTHONTRACEMALLOC environment
variable.

Default: -1 in Python mode, 0 in isolated mode.

int use_environment
Use environment variables?

If equals to zero, ignore the environment variables.
Default: 1 in Python config and 0 in isolated config.

intuser_site_directory
If non-zero, add the user site directory to sys.path.

Set to 0 by the —s and —I command line options.
Set to 0 by the PYTHONNOUSERSITE environment variable.
Default: 1 in Python mode, O in isolated mode.

int verbose
Verbose mode. If greater than 0, print a message each time a module is imported, showing the place
(filename or built-in module) from which it is loaded.
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If greater or equal to 2, print a message for each file that is checked for when searching for a module.
Also provides information on module cleanup at exit.

Incremented by the —v command line option.
Set to the PYTHONVERBOSE environment variable value.
HE: 0.

PyWideStringList warnoptions

Options of the warnings module to build warnings filters, lowest to highest priority: sys.
warnoptions.

The warnings module adds sys.warnoptions in the reverse order: the last PyConfig.
warnoptions item becomes the first item of warnings. filters which is checked first (highest
priority).

The —W command line options adds its value to warnoptions, it can be used multiple times.

The PYTHONWARNINGS environment variable can also be used to add warning options. Multiple options
can be specified, separated by commas (, ).

Default: empty list.

int write_bytecode
If equal to 0, Python won't try to write . pyc files on the import of source modules.

Set to 0 by the —B command line option and the PYTHONDONTWRITEBYTECODE environment vari-
able.

sys.dont_write_bytecode is initialized to the inverted value of write_ bytecode.
THEE: 1.

PyWideStringList xoptions
Values of the —X command line options: sys._xoptions.

Default: empty list.

If parse_argv is non-zero, a rgv arguments are parsed the same way the regular Python parses command line
arguments, and Python arguments are stripped from argv.

The xoptions options are parsed to set other options: see the —X command line option.

3.9 iR ¥ %#: The show_alloc_count field has been removed.

10.7 Initialization with PyConfig

Function to initialize Python:

PyStatus Py_InitializeFromConfig (const PyConfig *config)
Initialize Python from config configuration.

The caller is responsible to handle exceptions (error or exit) using PyStatus_Exception () and
Py_ExitStatusException().

If PyImport_FrozenModules (), PyImport_AppendInittab () or
PyImport_ExtendInittab () are used, they must be set or called after Python preinitialization and
before the Python initialization. If Python is initialized multiple times, Py Import_AppendInittab () or
PyImport_ExtendInittab () must be called before each Python initialization.

The current configuration (PyConfig type) is stored in PyInterpreterState.config.

Example setting the program name:

10.7. Initialization with PyConfig 195



The Python/C API, £[F] 3.10.11

void init_python (void)
{
PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&confiqg);

/* Set the program name. Implicitly preinitialize Python. */
status = PyConfig_SetString(&config, &config.program_name,
L"/path/to/my_program") ;
if (PyStatus_Exception(status)) A
goto exception;

status = Py_InitializeFromConfig(&confiqg);
if (PyStatus_Exception (status)) {
goto exception;
}
PyConfig_Clear (&configqg);
return;

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

More complete example modifying the default configuration, read the configuration, and then override some param-

eters:

PyStatus init_python (const char *program_name)
{
PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&confiqg);

/* 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) ;
if (PyStatus_Exception(status)) {
goto done;

/* Read all configuration at once */

status = PyConfig_Read (&config);

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)) A
goto done;

/* Override executable computed by PyConfig_Read() */
status = PyConfig_SetString(&config, &config.executable,
L"/path/to/my_executable");

(R
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(R L —5)

if (PyStatus_Exception(status)) {
goto done;

}

status = Py_InitializeFromConfig(&config);

done:
PyConfig_Clear (&configqg);
return status;

10.8 Isolated Configuration

PyPreConfig_InitIsolatedConfig() and PyConfig_InitIsolatedConfig () functions create
a configuration to isolate Python from the system. For example, to embed Python into an application.

This configuration ignores global configuration variables, environment variables, command line arguments
(PyConfig.argv is not parsed) and user site directory. The C standard streams (ex: stdout) and the
LC_CTYPE locale are left unchanged. Signal handlers are not installed.

Configuration files are still used with this configuration. Set the Python Path Configuration (output fields”) to ignore
these configuration files and avoid the function computing the default path configuration.

10.9 Python Configuration

PyPreConfig_InitPythonConfig() and PyConfig_InitPythonConfig () functions create a con-
figuration to build a customized Python which behaves as the regular Python.

Environments variables and command line arguments are used to configure Python, whereas global configuration
variables are ignored.

This function enables C locale coercion (PEP 538) and Python UTF-8 Mode (PEP 540) depending on the
LC_CTYPE locale, PYTHONUTF 8 and PYTHONCOERCECLOCALE environment variables.

10.10 Python Path Configuration

PyConfig contains multiple fields for the path configuration:
 BAEHCE A
— PyConfig.home

PyConfig.platlibdir

PyConfig.pathconfig warnings

PyConfig.program_name

PyConfig.pythonpath_env

current working directory: to get absolute paths

PATH environment variable to get the program full path (from PyConfig.program name)

— _ PYVENV_LAUNCHER__ FEISsiif

(Windows only) Application paths in the registry under “SoftwarePythonPythonCoreX.YPythonPath” of
HKEY_CURRENT_USER and HKEY_LOCAL_MACHINE (where X.Y is the Python version).
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* Path configuration output fields:

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 1is overridden and
module_search_paths_setissetto 1.

It is possible to completely ignore the function calculating the default path configuration by setting explic-
itly 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 set if module_search_paths_set is set to 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, Win-
dows does not log any warning).

If base_prefix or base_exec_prefix fields are not set, they inherit their value from prefix and
exec_prefixrespectively.

Py_RunMain () and Py_Main () modify sys.path:

e If run_filename is set and is a directory which contains a __main__.py script, prepend
run_filenameto sys.path.

e If isolatedis zero:

— If run_moduleisset, prepend the current directory to sys . path. Do nothing if the current directory
cannot be read.

— If run_filename is set, prepend the directory of the filename to sys.path.
— Otherwise, prepend an empty string to sy s .path.

If site_import isnon-zero, sys.path can be modified by the site module. If user_site_directory
is non-zero and the user’s site-package directory exists, the site module appends the user’s site-package directory
to sys.path.

The following configuration files are used by the path configuration:
* pyvenv.cfg
e python._pth (¥ Windows)
e pybuilddir.txt ({{ Unix)

The _ PYVENV_LAUNCHER___ environment variable is used to set PyConfig.base_executable
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10.11 Py_RunMain()

int Py_RunMain (void)
Execute the command (PyConfig. run_command), the script (PyConfig.run_filename) or the
module (PyConfig. run_module) specified on the command line or in the configuration.

By default and when if -1 option is used, run the REPL.
Finally, finalizes Python and returns an exit status that can be passed to the exit () function.

See Python Configuration for an example of customized Python always running in isolated mode using
Py _RunMain ().

10.12 Py_GetArgcArgv()

void Py_GetArgcArgv (int *argc, wchar_t ***argv)
Get the original command line arguments, before Python modified them.

See also PyConfig.orig_argv member.

10.13 Multi-Phase Initialization Private Provisional API

This section is a private provisional API introducing multi-phase initialization, the core feature of PEP 432:

¢ ”Core” initialization phase, “bare minimum Python”:

Builtin types;

Builtin exceptions;

Builtin and frozen modules;
— The sys module is only partially initialized (ex: sys.path doesn’t exist yet).

* ”"Main” initialization phase, Python is fully initialized:

Install and configure importlib;

Apply the Path Configuration;

Install signal handlers;

Finish sys module initialization (ex: create sys.stdout and sys.path);

Enable optional features like faulthandler and tracemalloc;

Import the site module;
- SFAE.
AA G APL:

e PyConfig._init_main:ifsetto0, Py_TnitializeFromConfig () stops atthe ”Core” initializa-
tion phase.

e PyConfig._isolated_interpreter: if non-zero, disallow threads, subprocesses and fork.

PyStatus _Py_InitializeMain (void)
Move to the "Main” initialization phase, finish the Python initialization.

No module is imported during the "Core” phase and the import1ib module is not configured: the Path Configu-
ration is only applied during the "Main” phase. It may allow to customize Python in Python to override or tune the
Path Configuration, maybe install a custom sys .meta_path importer or an import hook, etc.
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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.

The ”Core” phase is not properly defined: what should be and what should not be available at this phase is not specified
yet. The API is marked as private and provisional: the API can be modified or even be removed anytime until a proper
public API is designed.

Example running Python code between "Core” and "Main” initialization phases:

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)) {
Py_ExitStatusException (status);

/* 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);

200 Chapter 10. Python #)i&{tE=E



https://www.python.org/dev/peps/pep-0432

cHAPTER 11

111 @28

1& Python /1, NTEEFEM K B]— U5 Frf Python S AIEIR S B FL A HE (heap) . X/NALE HERYAE
T RS Python M 5% 32 %% (Python memory manager) {#iE. Python PNTEATHLERA A ] 1 ZH 4 e b 2
AN SAERAEE IR A, b=, L B E AT .

TERRIR, — /MR TEAM I BT 5 B R A AR S T, WAL M A S 2 A7l
FA7 53 Python HIZEHOCHE. 7650 NAFAMALARHOSER |, JLAXE S8 1 RS R o st , FEAR
e AR 4 T O SR 0 O A B W . DL, RO SAE N AT B X R ) T . e
AU, RO R o 7 R AL S 2 BB . DAL, Python OSBRSS — B T 4}
RUAA G SRS, (R & A R e T Az T«

Python i 774 I th ARG R ANAT , T PO BB IAL, BI85 S5 A0 i i e PN AL B0
GREE, BT P EE R Python XFGUNIHA AR v DX 14 3k 23 18] 23 B2 i Python PP PRLAR% 7R
LA 51 i) Python/C APT eR BUEAT I -

J T B NAERER BRI G W AZ AR ) C RS Y BR BICR KT Python X 42 HEAT A, ix st
PREfHE: malloc (), calloc (), realloc () Fll free (). XIFFE C / i #5Al Python NTFAEHRE 2
ERE, BIEMEGR, XM T eSS T ARG, IERNRRE L. B2, AL
S C A Tic g R Bk i) H A A AR A, R BT R -

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;

TEXABIFH, VO G XA K2 C BT TCas AL PR . Python WAFE Bl gs R 215 T M FCAE A 45
HIR PR G

In most situations, however, it is recommended to allocate memory from the Python heap specifically because the
latter is under control of the Python memory manager. For example, this is required when the interpreter is extended
with new object types written in C. Another reason for using the Python heap is the desire to inform the Python
memory manager about the memory needs of the extension module. Even when the requested memory is used
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exclusively for internal, highly specific purposes, delegating all memory requests to the Python memory manager
causes the interpreter to have a more accurate image of its memory footprint as a whole. Consequently, under certain
circumstances, the Python memory manager may or may not trigger appropriate actions, like garbage collection,
memory compaction or other preventive procedures. Note that by using the C library allocator as shown in the
previous example, the allocated memory for the I/O buffer escapes completely the Python memory manager.
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default raw memory allocator ffi fliX 264k : malloc (). calloc (). realloc () #l free(); HiFEYF
TR malloc (1) (B{ calloc(l, 1))

3.4 BCHTINA.

void *PyMem_RawMalloc (size_t n)
Allocates n bytes and returns a pointer of type void* to the allocated memory, or NULL if the request fails.

TORFBFATAREIR [ — AR 4E NULL 84, SR RT T PyMem_RawMalloc (1) —#f. fHJ2
WAEAR S DTy R batb .

void *PyMem_RawCalloc (size_t nelem, size_t elsize)
Allocates nelem elements each whose size in bytes is elsize and returns a pointer of type void* to the allocated
memory, or NULL if the request fails. The memory is initialized to zeros.

T RELAT ] BRR B — N RF IR NULL 484, B EA T PyMem_RawCalloc (1, 1) —F,
3.5 JUB A

void *PyMem_RawRealloc (void *p, size_t n)

B p A5 PRI NFEEA n 735 DUFTIHINAFER N R i/ IMECR HE, o AR FFANAE

W p & NULL , WARY T PyMem_RawMalloc (n) 5 @I n 55T 0, WINAFHRANSHHE,
AR SHREL, &M HE NULL $54T .
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MdE p 2 NULL , 50BN 2 2 8l HPyMem_RawMalloc () . PyMem_RawRealloc ()
ﬁPyMemﬁRawCalloc () F)fﬁi[ﬁ]ﬁﬁo

WRAERK KW, PyMem RawRealloc () iRIE NULL , p {/58R &8 M Bl AT KIS 2064l

void PyMem_RawFree (void *p)
BEC p I8 M B N AR 3R, p 202 2 B lPyMem _RawMalloc () . PyMem_RawRealloc ()
B pyMem_RawCalloc () ik Bl 48%t. W, B7E pyMem RawFree (p) ZHiC &M ity
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W2k p 2 NULL, IBASF A BEEA 20T
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B MR B, WA 2 R A S 40 (GIL)

3.6 R A AN R L #f 2 pymalloc T E RSN malloc () .

void *PyMem_Malloc (size_t n)
Part of the Stable ABI. Allocates n bytes and returns a pointer of type void* to the allocated memory, or
NULL if the request fails.

R E AR R [ AR AR NULL $54F, SURIAA T PyMem_Malloc (1) —#E. {HE2WTF
AL VMETTT X pewtafe.

void *PyMem_Calloc (size_t nelem, size_t elsize)
Part of the Stable ABI since version 3.7. Allocates nelem elements each whose size in bytes is elsize and returns

a pointer of type void* to the allocated memory, or NULL if the request fails. The memory is initialized to
ZEer0s.

R EBFATA BB B — gAY AR NULL 484, S T PyMem_Calloc (1, 1) —#f.
3.5 BB A

void *PyMem_Realloc (void *p, size_t n)
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A IRFEAAE,
WA p & NULL , WA T PyMem_Malloc (n) 5 QR n 5T 0, WINFEHA/DagE, H
ANEWorE, &mlE NULL $54t .
M dE p & NULL , {5 W B W92 Z af i HPyMem _Malloc() . PyMem Realloc ()
B PyMem_Calloc () FriR[aH.

WA KRR, PyMem_Realloc () JRMI NULL , p {h3R 24810 Je il NAF DI A R dE4L

void PyMem_Free (void *p)
Part of the Stable ABL Bk p 8 M 0 N 17 3. p W20 2 2 B W HPyMem_Malloc ()
PyMem_Realloc () ﬁPyMemiCalloc () B Bl @385t 7{?[)“, ﬁ?’f PyMem_Free (p) ZHIEZ
PRSP T, KE XTI e kA,
st p & NULL, AP At A B E AN 38T .

DA T ) 2B 2 R AL . YR TYPE n] DAFEATA] C 287,

TYPE *PyMem_New (TYPE, size_t n)
Same as PyMem Malloc (), butallocates (n * sizeof (TYPE)) bytes of memory. Returns a pointer
cast to TYPE*. The memory will not have been initialized in any way.
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TYPE *PyMem_Resize (void *p, TYPE, size_t n)
Same as PyMem_Realloc (), butthe memory block isresizedto (n * sizeof (TYPE) ) bytes. Returns
a pointer cast to TYPE *. On return, p will be a pointer to the new memory area, or NULL in the event of failure.

g4 C BB, p SRR WA p IRIA{E, PABEGAE AL BT BRI 2 AT

void PyMem_Del (void *p)
MpyMem_Free () #[F.

BESL, FAAAARME T LA 25 M T E R Python IWAF S fideds, miA & LIS C APT %, H2
TR, B ENIFARELRILE Python MUAR) —JERIARAME, HILLEY FBHFH .

e PyMem_MALLOC (size)

* PyMem_NEW (type, size)

¢ PyMem_ REALLOC (ptr, size)

e PyMem_RESIZE (ptr, type, size)
e PyMem_FREE (ptr)

* PyMem_DEL (ptr)

11.5 HRHHZE

PATBREAR, D588 ANSIC ApifE, FHHHRE THRF 74T, W T Python M7 FL AR N AT«

fiE): 2M5Ead A 2 U A e B A A AR T Y A R RN, TC YA PRIIEIX 843 TE R [ Y
AT ] ARSI e 6 Fi Python X 4% .

RN Zo B 2% i pymalloc N 5 Hic 2%

B TEMLX BN, AR & R it S 4 (GIL) .

void *PyObject_Malloc (size_tn)
Fart of the Stable ABIL. Allocates n bytes and returns a pointer of type void* to the allocated memory, or
NULL if the request fails.

TORE AT REIR [ — MR A NULL $84F, BRI T PyObject _Malloc (1) —#f. fHi2
WAFA 2 DMEAT T Xl fa Ak o

void *PyObject_Calloc (size_t nelem, size_t elsize)
Fart of the Stable ABI since version 3.7. Allocates nelem elements each whose size in bytes is elsize and returns
a pointer of type void* to the allocated memory, or NULL if the request fails. The memory is initialized to
ZEeros.

TR BT REIR [ — A ERR dE NULL 5841, st T PyObject_Calloc (1, 1) —Ff.
3.5 JUB A

void *PyObject_Realloc (void *p, size_t n)
Part of the Stable ABL Kf p $g 1] i NAF B/ NEEE R n 747 o DABTIH ARSI g B/ IMECA T,
AR

A2 Fp* Jg “NULL®, WIAH2Y T PyObject_Malloc(n) ; AR n ST 0, MNFFRI/NEH
TEE, (EARSHORE, &I 9E NULL $84t.

Mk p & NULL , &N E W22 iiEHPyobject_Malloc() . PyObject_Realloc ()
w{PyObject_Calloc () friRIAH .

W R KW, PyObject_Realloc () R NULL , p ISR IEH8 M) JCHT AT KIS 06 4T
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void PyObject_Free (void *p)
Part of the Stable ABL B p 38 M W W AE ¥ p W W 2 2 wi W lPyObject_Malloc ()
. PyObject_Realloc() BiPyObject_calloc() Ji & M B ¥ 4. & W, =% ¥F
PyObject_Free (p) ZHICAMHEMIFENR T, KEXITHXKE.

W p & NULL, IR 2 A B A &3t T .

11.6 ENAAIESBC2E

NN e

& P47 PyMem_RawMallocPyMem_Malloc | PyOb-
ject_Malloc

KA A "pymalloc" malloc pymalloc pymalloc

JE A "pymalloc_debug™malloc +debug | pymalloc+de- | pymalloc +de-

bug bug

%A pymalloc ) %7 | "malloc" malloc malloc malloc

A

%A pymalloc )i, | "malloc_debug" | malloc +debug | malloc +debug | malloc + debug

i

-
o #FF: PYTHONMALLOC IfIEA5 2 H{E.
e malloc: EH CHiEFER RS Hies, C % malloc (). calloc (), realloc () fl free ().
* pymalloc: pymalloc I 5 Bt 2.
o “+ debug”: PffiFPython M 7452 25 648X 47
o YA E PR RY Python A4

1.7 HENLAESEC2E

3.4 UM
type PyMemAllocatorEx

TR AR B R 25 A . S5 IR T8 7 B

i, B

void *ctx ERFH—NSEE A L
T

void* malloc (void *ctx, size_t size) L — A N R

void* calloc(void *ctx, size_t nelem, size_t IEE— A IEEA R O B PN ARk

elsize)

void* realloc(void *ctx, void *ptr, size_t A EE—AS N AR B R AN

new_size)

void free(void *ctx, wvoid *ptr) BE— PN

3.5 R i %#: The PyMemAllocat or structure was renamed to PyMemAllocatorEx and anew calloc
field was added.

type PyMemAllocatorDomain
FAAR B Bea A A28 2. I
PYMEM_DOMAIN_RAW
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* PyMem RawMalloc ()
* PyMem RawRealloc ()
* PyMem RawCalloc ()
* PyMem RawFree ()
PYMEM DOMAIN_MEM
B
* PyMem Malloc(),
* PyMem Realloc ()
* PyMem_Calloc ()
* PyMem Free/()
PYMEM_DOMAIN_OBJ
PR
e PyObject_Malloc /()
* PyObject_Realloc ()
* PyObject_Calloc()

e PyObject_Free ()

void PyMem_GetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)

AREUH S Sk A7 BRI P 2% -

void PyMem_SetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)

BCE R E I AT HL I O -
MIERE T, HTR RO AR Bl — R Al NULL 84

XfF PYMEM_DOMAIN_RAW I, /rHC#sibAle S Ze 4 Mo Mias i Iy, AFefr & 5 iths &2
4

WERFH B A28 T ORI Z BTN BCRS) . AR Pyien_SetupDebugHooks () 4K
TEH 73 H e HOBT 2R R 1

. PyMem_SetAllocator () does have the following contract:

e It can be called after Py Prelnitialize () and before Py _TnitializeFromConfig/()
to install a custom memory allocator. There are no restrictions over the installed allocator other than
the ones imposed by the domain (for instance, the Raw Domain allows the allocator to be called
without the GIL held). See the section on allocator domains for more information.

o If called after Python has finish initializing (after Py_TnitializeFromConfig () has been
called) the allocator must wrap the existing allocator. Substituting the current allocator for some
other arbitrary one is not supported.

void PyMem_SetupDebugHooks (void)

B Python 1 75 B2 2% 04981 X 40T DAKI N 1E4E 12
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11.8 Python A7F45 BL28HTiEA$4F

24 Python ZE RS N, PyMem SetupDebugHooks () BREAEPython Fa#145 1w BHgEE H, PAYE
Python N7t % b % B4 T DAKS I N FEAE 1 .

PYTHONMALLOC ¥ 5§ 48 & W] 9 J T 7E DA %& 47 82 X N 45 i3 19 Python | 22 2% i il 4 1~ (9 4n:
PYTHONMALLOC=debug).

PyMem_SetupDebugHooks () BRERIHE I THEH T PyMem_SetAllocator () Z )Gk BT .

XL T R R R WA B B SUE FE B A A L N AR R B LAY A ST OxeD
(* *PYMEM_CLEANBYTE) 7, BN AEHFET 0xpp” > (C " PYMEM_DEADBYTE) 9. WAEHHE
WA T4 0xFD’ ° (° " PYMEM_FORBIDDENBYTE) A “Z% 795 @WHl. XEFIHEAKTEEEAE
ML 3 R EE ASCIT 45 H

BT
o KRS APL (. Biln: KpiliXfpyrem Malloc () MEEHKNAFHEAMN Pyobject _Free ().,
o g KGRI ERIE A (S IX N .
o Rl K& EACE R G A (G X ) .

o ¥ 24 9% F PYMEM_DOMAIN_OBJ (#ll: PyObject_Malloc()) 1 PYMEM_DOMAIN_MEM (l:
PyMem_Malloc ()) 7 Hias R AN GIL E A .

TSR, R T tracemalloc FHeSEHM NS B E . BA2Y tracemalloc IEFE
iBE: Python NAZAIC, I HINFHBHEBER, A2 BoREl.
ik S =sizeof (size_t) . R 2*s DEITRMEBN N R N FATEBIRIA PG . NAFT 1R 2
XA, Horb p A H A malloc B realloc [ pR IR Ml Il (0 [1:3] FIRM * (p+i) MR
B > (p+3) ML R R R AR S AL LS Python Y] F @ ANFEIK) -
pl-2*S:-8] WITERIFAE . Xd— size_t, HRIgF (5 THENFEFAE 0 .«
pl-S1 APIFRIAFF (ASCIL“E4F) :
e 'r' /N PYMEM_DOMAIN_RAW,
e 'm' F/N PYMEM_DOMAIN_MEM,
e 'o' /8 PYMEM_DOMAIN_OBJ,
p[-S+1:01 PYMEM_FORBIDDENBYTE (JgI4<. T3k T 205 AFIZE
pLO:N1 Jritiski 47, i PYMEM_CLEANBYTE W RIASE 7, F T KRB GG L AER 51 o 2418
realloc 2 ZS 1) bR FICK 15 K BRI PIAEERES, BiANET G 1) 715 122 il PYMEM_CLEANBYTE SRIH 7S .
LiH ] free 2 MRS, XL 2 PYMEM_DEADBYTE k&5, DA R ANAE5]
Mo 24 realloc 2 ) RECE KT/ NP AEIE, ZRMIHF 7t H PYMEM_DEADBYTE
RIAFE
pIN:N+S] PYMEM_FORBIDDENBYTE /&4, Tk Rm 5 AR
PIN+S:N+2*S] {{247F X | PYMEM_DEBUG_SERIALNO ZHI P (BRIARE LT RAE L) .
— PSS, AR malloc 2 ZEEY realloc 2 AR Y 1. Kig/Fl size_t. WIRZER
MR T BRI NAE", WP S5 Ht T — MR T B RAE N UG TR BB B, AT 3R
%NS IR 1B (R] . obmalloc.c H ()5 75 B 5L bumpserialno() & It /3515 2% & A FH B fE—Hb
77, EAFTESEAR AT A5 (0 i B R A T A
— realloc 22 22l free 22 517 LS e 28 Wi () PYMEM_FORBIDDENBYTE F47 2 A 52 4. W
e ZE T, W2 Wi S AF| stderr, I HARPHRFi@d Py_FatalError() Hik. Jj—7f 32 B 2k A
AR AR 7 3 B JE AP AR R 1 P AR S o R I A bk B gk e AP 52 o A SR AR il B A Rl o
EHERNS, RRTEESE ST O E2IH N PYMEM_DEADBYTE (W35 CUREA N AF g8 ) 5K
PYMEM_CLEANBYTE (W& R YIUGBHE AR D -
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3.6 iliHE 5% PyMem_SetupDebugHooks () PREUIIAEWM REAE 8 KA 4m 1% ) Python b TAE. X%
AEERET, AT IAES M tracemalloc SRR A ECHAFRIGEINGEE . S TR ST
PYMEM_DOMAIN_OBJ ] PYMEM_DOMAIN_MEM VE I8 [ oK Ecuk 8 F e 2 2 54354 GIL.

38 M & 7 B 2L 0xCB (PYMEM_CLEANBYTE), 0xDB (PYMEM_DEADBYTE) Afl OxFB
(PYMEM_FORBIDDENBYTE) C.#% 0xCD . 0xDD #l1 0xFD &/t PA{#i ] 5 Windows CRT JEi malloc () #
free () MIFHIME.

11.9 pymalloc 4 e

Python 4 B A %G ay R R /NS UNF ST 512 79) ALl pymalloc Ay Tiees . &6 F 1 & K/
A 256 KiB [ FR Ay "arenas” [ N AFIR G X ORT 512 FATHY 0 IE, BRI BME ] PyMem RawMalloc ()
M PyMem RawRealloc () .

pymalloc & PYMEM_DOMAIN_MEM (ffl fll: PyMem_ Malloc()) Fl PYMEM_DOMAIN_OBJ (ff 1
PyObject_Malloc ()) RIS IANELE .

arena 73t 8 HI DA R L
e Windows [ VirtualAlloc () #l VirtualFree () ,
e mmap () Al munmap () , WRAH,
« BN, malloc() Ml free() .

2k Python il % | ——without-pymalloc &M, ARA M4rHe#sKF 9k 45 H. o w] DAYE i 17 i) i A
PYTHONMALLOC' (fl#n: * " PYTHONMALLOC=malloc' ) MIEASE LI T,

11.9.1 H3%E X pymalloc Arena 43 it 2§

3.4 WU

type PyObjectArenaAllocator
JIAAIE—A arena S} FLaR S M (A . XS A = FE

i3 eB

void *ctx ERNE—TSEEANH LT
X

void* alloc(void *ctx, size_t size) AyEE—H size T X E,

void free(void *ctx, void *ptr, size_t BER— B X Juk

size)

void PyObject_GetArenaAllocator (PyObjectArenaAllocator *allocator)
ARHL arena 73 ALdE

void PyObject_SetArenaAllocator (PyObjectArenaAllocator *allocator)
U arena 71y
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11.10 tracemalloc C API

3.7 WUHTIA.

int PyTraceMalloc_Track (unsigned int domain, uintptr_t ptr, size_t size)

TF tracemalloc R iR IR EE—NE A HC A AT
BRI 0, HASHHR ] -1 o FE AR ARATFIR BRE B . W2REEH T tracemalloc MR [A] -2,
MR NAERC R, TR A IR R E

int PyTraceMalloc_Untrack (unsigned int domain, uintptr_t ptr)

1E tracemalloc f%ﬁ%qjﬁl{ﬁﬁ'ﬁﬁﬁ*/\a/\@ﬂﬂﬁlﬁﬁﬁ% AR N AFHR IR R MR P AR AT A
H1 tracemalloc B 2% F AR 7] -2, 75 3R

11.11 GHI

PATR IR 48 52 /NG, e F 5 PAGE VO G X aed B 55— e AR M Python M rp 7L HY:

PyObject *res;

char *pbuf = (char *) PyMem_Malloc (BUFSIZ); /* for I/O0 */
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;

57 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;

THERAEA LRI RO, Znp X B i s T AR s BOR BN . L b, XTI EERN
FEHL B I R B N AF APL I, DAEGEAHE &5 A [ 7l el 1) KU 2 de A1 DA AU 91 A0 25 AL B
e, H—AREHh fatal AERE T PIRTEAR e EBAER AR 7 Bl .

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 () */

W T B AEALFE R B Python Mk J5 IR A A7 B iR £ 2 41, Python WX Rl id Pyobject New (),
PyObject_NewVar () MlPyObject_Del () F4 B ABERH -

X EERHAEAT KANAE C g SCRISE BB R AR —F h kg
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RIS HF

AFAIR TR SPGB i i i . BRI

121 7 F B EEMR

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. Part of the Stable ABI. Initialize a newly allocated object op with its type
and initial reference. Returns the initialized object. If rype indicates that the object participates in the cyclic
garbage detector, it is added to the detector’s set of observed objects. Other fields of the object are not affected.

PyVarObject *PyObject_InitVar (PyVarObject *op, PyTypeObject *type, Py_ssize_t size)
Return value: Borrowed reference. Part of the Stable ABL. ‘BB FEMPyObject_Init () —k, HFHE
I AR TR/ TR R B

TYPE *PyObject_New (TYPE, PyTypeObject *type)
Return value: New reference. ffi ] C 254255 TYPE F1 Python 2RI 4 type 43 i —~ #7119 Python X}
%o ARTEZ Python X 53k i X F BN 2BRI I PRG-I —. WA BL R/
i type Sf 4 tp_basicsize FEHRMIE o

TYPE *PyObject_NewVar (TYPE, PyTypeObject *type, Py_ssize_t size)
Return value: New reference. i JT] C MR 4544255 TYPE F1 Python [ ZREINT A type 23 Be—4~ 8119
Python Xf 4. Python Xf 5k U A & L) FBOR SR IR L. W BCHY NAF 2SRl T | TYPE
LERNN type MR tp_itemsize TFEARMEN size FEAYE . O T SEAUTCAIX FHREBTEAY 1
WPeE B ORISR RS o R B B AL i A B R 3 A7 23 BC v Rl A2 N A7 43 B 1Y
UB, X T WA BCIIRCE .

void PyObject_Del (void *op)
Rt Pyobject_New () 8{(# PyObject _NewVar () PHCNFFRIXTR . Xl H XA type 7
BOE X tp_dealloc ABReREORIAM - P8 IEXABEEAJG op X5 iy 7 BOAR AN o] AR 517
MR LR N AF 25 [H] E R R — AN 2401 Python X4 .
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PyObject _Py_NoneStruct
XA G2 None —HEY Python X4, BRI LA Py_None 5], AR EEE MR
a5t

hs%:
PyModule_Create () JMECATFHIBIEY AR

12.2 @AMHEE

K E L5 H A F T3 S Python [FXT R . 3xX— 5k 13X S 45 AR B AT T 08 1 s

12.2.1 BEFRMHMREBFOE

it A5 1 Python Xif G2 #[AE X G N AFE R m W IF MR St = b B Z B, X7 B fpyobject
i Pyvarobject JBRFIR, XEERA Nl —20 5258 S, X L6524l JR] B T A HoAth Python
G E Lo

type PyObject
Fart of the Limited APL (Only some members are part of the stable ABI.) 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.

type PyVarObject
Part of the Limited APL (Only some members are part of the stable ABI.) This is an extension of PyObject
that adds the ob_s1i ze 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;

Z W L PyVarobject 3CFY.

int Py_Is (const PyObject *x, const PyObject *y)
Part of the Stable ABI since version 3.10. T3k x 25N y ¥4, 5 Python Wi x is y AH[H.

3.10 JFHTMA.

int Py_IsNone (const PyObject *x)
Part of the Stable ABI since version 3.10. JiX—"X% 275 M None Biff], 5 Python ) x is None
HHIE

3.10 HCHTIA.

int Py_IsTrue (const PyObject *x)
Part of the Stable ABI since version 3.10. WX —X%R 275N True B, 5 Python iy x is True
A o
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3.10 JBGHTA.

int Py_IsFalse (const PyObject *x)
Part of the Stable ABI since version 3.10. i — X R 275 N False Bfl, 5 Python W) x is
False FH[H.

3.10 JBHTA.

PyTypeObject *Py_TYPE (const PyObject *0)
FRHX Python X4 o 22,

1R [B]—A~borrowed reference.
Use the Py_ SET_TYPE () function to set an object 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 BUHTIMA.

void Py_SET_TYPE (PyObject *o0, PyTypeObject *type)
Set the object o type to fype.

3.9 BCHT A

Py_ssize_t Py_REFCNT (const PyObject *0)
Get the reference count of the Python object o.

3.10 iR ¥ %% Py REFCNT () is changed to the inline static function. Use Py_SET_REFCNT () to set an
object reference count.

void Py_SET_REFCNT (PyObject *o, Py_ssize_t refcnt)
Set the object o reference counter to refcnt.

3.9 BUHTMA.

Py_ssize_t Py_SIZE (const PyVarObject *0)
Get the size of the Python object o.

Use the Py_SET_SIZE () function to set an object size.
void Py_SET_SIZE (PyVarObject *o0, Py_ssize_t size)
Set the object o size to size.

3.9 BUHTMA.

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/ typel

PyVarObject_HEAD_INIT (fype, size)
This is a macro which expands to initialization values for a new Py VarOb ject type, including the ob_size
field. This macro expands to:

_PyObject_EXTRA_INIT
1, type, size,
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12.2.2 Implementing functions and methods

type PyCFunction
Part of the Stable ABI. 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);

type PyCFunctionWithKeywords
Fart of the Stable ABIL 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);

type _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);

type _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) ;

type 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.

type PyMethodDef
FPart of the Stable ABI (including all members). Structure used to describe a method of an extension type. This
structure has four fields:

const char *ml_name
name of the method

PyCFunction m1_meth
pointer to the C implementation

intml_flags
flags bits indicating how the call should be constructed
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const char *ml_doc
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 PyCFunct 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 parameters: 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 ().

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 PyObject*
values indicating the arguments and the third parameter is the number of arguments (the length of the array).

3.7 BUHTMA.

3.10 W ¥ %84 METH_FASTCALL is now part of the stable ABI.

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
vectorcall 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.

3.7 BB

METH_METHOD | METH_FASTCALL | METH_KEYWORDS
Extension of METH_FASTCALL | METH_KEYWORDS supporting the defining class, that is, the class that
contains 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 BUHTA.

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 PyCFunct ion. 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 pa-
rameter, 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.
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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
repeated 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 corresponding 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.

12.2.3 Accessing attributes of extension types

type PyMemberDef
Part of the Stable ABI (including all members). Structure which describes an attribute of a type which corre-
sponds to a C struct member. Its fields are:

] C Type Eh

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 Rl
T_SHORT short

T_INT int

T_LONG long
T_FLOAT float
T_DOUBLE double
T_STRING const char *
T_OBIJECT PyObject *
T_OBJECT_EX PyObject *
T_CHAR char

T_BYTE char

T _UBYTE unsigned char
T_UINT unsigned int
T_USHORT unsigned short
T_ULONG unsigned long
T_BOOL char
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 del statement on that attribute more correctly than T_OBJECT.
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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 mem-
bers can be deleted. (They are set to NULL).

Heap allocated types (created using PyType_ FromSpec () or similar), PyMemberDef may
contain definitions for the special members __ _dictoffset_ , _ weaklistoffset__ and
__vectorcalloffset_ , corresponding to tp dictoffset, tp_weaklistoffset and
tp_vectorcall_offset in type objects. These must be defined with T_PYSSIZET and READONLY,
for example:

static PyMemberDef spam_type_members[] = {
{"__dictoffset__ ", T_PYSSIZET, offsetof (Spam_object, dict), READONLY},
{NULL} /* Sentinel */

bi

PyObject *PyMember_GetOne (const char *obj_addr, stxuct 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 o. The attribute to set is described by
PyMemberDef m. Returns 0 if successful and a negative value on failure.

type PyGetSetDef
Fart of the Stable ABI (including all members). Structure to define property-like access for a type. See also
description of the Py TypeObject.tp_getset slot.

1 C Type B

24 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

clo- void * optional function pointer, providing additional data for getter and setter

sure

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.
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12.3 HBIHR

Perhaps one of the most important structures of the Python object system is the structure that defines a new type: the
PyTypeObject structure. Type objects can be handled using any of the PyObject_* or PyType_* functions,
but do not offer much that’s interesting to most Python applications. These objects are fundamental to how objects
behave, so they are very important to the interpreter itself and to any extension module that implements new types.

HRZBARERTALL, KRG K X AR R EEA R R T RERE, Kre C
PRACREE, BRI TRBIRER —/ N . AT RIA A R T B X ORI E
AR P B U A T

BT RS, f ) INTTEREE TP TPy TypeOb ject [ SCRITERI B+«

12.3.1 BRESE

"tp_ iR
PyTypeObject #&' Type B E R =
II_"\2
OT 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 * FiEte (FiEk) 9
tp_repr reprfunc __repr__ X X X
tp_as_number PyNumberMethods * FiEte (FiE) 9
tp_as_sequence PySequenceMethods * Tk (FikR) %
tp_as_mapping PyMappingMethods * T ikih (k) %
tp_hash hashfunc __hash__ X G
tp_call ternaryfunc _call__ X X
tp_str reprfunc _str X X
tp_getattro getattrofunc __getattribute__, __getattr__ X X €
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 QG
tp_clear inquiry X (€
tp_richcompare richcmpfunc _lt ,_le_,_eq_,__ne X G
_gt_,_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__
tp_dict PyObject * _ dict__
tp_descr_get descrgetfunc _get X
tp_descr_set descrset func _set_,_delete_ X
Toigksr
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R1-#ELH—8
PyTypeObject #&' Type R B =
2
OT |
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 *
[tp_subclasses] PyObject * __subclasses__
[tp_weaklist] PyObject *
(tp_del) destructor
[tp_version_tag] unsigned int
tp_finalize destructor _del__ X
tp_vectorcall vectorcallfunc
FhHiEE (FHiEE)
FiEtE Type YR
am_await unaryfunc __await__
am_aiter unaryrfunc __aiter__
am_anext unaryfunc __anext__
am_send sendfunc
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__
T TI4kEE

1 (): A slot name in parentheses indicates it is (effectively) deprecated.
<>: Names in angle brackets should be initially set to NULL and treated as read-only.
[]: Names in square brackets are for internal use only.
<R> (as a prefix) means the field is required (must be non-NULL).

25

”Q”: PyBaseObject_Type WX E

YT PyType_Type WK E

"D BROABCE (AR A B B NULL)
X - PyType_Ready sets this value if it is NULL

~ — PyType_Ready always sets this wvalue

(it should be NULL)

? — PyType_Ready may set this value depending on other slots

Also see the inheritance column (

i il %E‘(

>

oe

o

- it's complicated;

"I") .

R, A T R R A R A AR -

- type slot is inherited via *PyType_Ready* if defined with a *NULL* value
— the slots of the sub-struct are inherited individually
— inherited, but only in combination with other slots;
see the slot's description

see the slot's description
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FT2-#ELrH—8
FiEtE Type YR A
nb_divmod binaryfunc __divmod__
__rdivmod__
nb_power ternaryfunc __pow__ _ rpow__
nb_inplace_power ternaryfunc _ipow_
nb_negative unaryfunc __neg
nb_positive unaryfunc __pos__
nb_absolute unaryfunc __abs__
nb_bool inquiry __bool__
nb_invert unaryfunc __invert__
nb_Ilshift binaryfunc __Ishift__ _ rlshift__
nb_inplace_lshift 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 _or__ _ ror__
nb_inplace_or binaryfunc _jor__
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__
sq_concat binaryfunc _add__
sq_repeat ssizeargfunc _ mul__
sqg_item ssizeargfunc __getitem___
sq_ass_item ssizeobjargproc __setitem___
__delitem__
sq_contains objobjproc __contains__
sq_inplace_ concat binaryfunc _ dadd__
sqg_inplace_ repeat ssizeargfunc __imul__
bf _getbuffer getbufferproc()
bf_releasebuffer releasebufferproc()

220

Chapter 12. &I X%




The Python/C API, £(F] 3.10.11

12.3. RN 221



The Python/C API, [F] 3.10.11

FE{L typedef
typedef SH%R EEES]
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 *
descrsetfunc int
PyObject *
PyObseat
222 Pyobject * Chapter 12. &
hashfunc PyObject * Py_hash_t
richcmpfunc PyObiect *
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W2 AN T ITHSlot Type typedefs.

12.3.2 PyTypeObject 5 X

PyTypeObject MZEHIE X ATPATE Include/object .h HEk |, N T HES%E, WEERTHPME
e

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

/* Methods to implement standard operations */

destructor tp_dealloc;

Py_ssize_t tp_vectorcall_offset;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

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

reprfunc tp_repr;

/* Method suites for standard classes */

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

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

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

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

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

const char *tp_doc; /* Documentation string */

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

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

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

/* weak reference enabler */
Py_ssize_t tp_weaklistoffset;

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

(FOAkRED)
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(R L —5)

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

struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

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

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

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

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

PyObject *tp_subclasses;

PyObject *tp_weaklist;

destructor tp_del;

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

destructor tp_finalize;
vectorcallfunc tp_vectorcall;
} PyTypeObject;

12.3.3 PyObject #&{i:

KB R LMY R T Pyvarobject 4. ob_size FEMTEISEA () type_new () G, #HiE
HAEAPRI D . FR Py Type Type OLERB) Skt p_itemsize, XIEWREBISLH] (RPN
%) LR HA ob_size FE.

Py_ssize_t PyObject .ob_refcnt
Part of the Stable ABL X 2 2KAF 4 5] 14, 1 PyObject _HEAD_INIT ZEHIIGIL N 1. 57
EXT A feay XA 2, BRRSLH] WA ob_type FRIEIZEA) Ragm AT 5L =
X A o ieay R 2, S0 s s ARG

Mok :
TRBUARIR I T BL o

PyTypeObject *PyObject .ob_type
Fart of the Stable ABI. This is the type’s type, in other words its metatype. It is initialized by the argument
to the PyObject_HEAD_INIT macro, and its value should normally be &§PyType_Type. However, for
dynamically loadable extension modules that must be usable on Windows (at least), the compiler complains
that this is not a valid initializer. Therefore, the convention is to pass NULL to the PyObject_HEAD_INIT
macro and to initialize this field explicitly at the start of the module’s initialization function, before doing
anything else. This is typically done like this:

Foo_Type.ob_type = &PyType_Type;

This should be done before any instances of the type are created. PyType_Ready () checks if ob_type
is NULL, and if so, initializes it to the ob_type field of the base class. Py Type_Ready () will not change
this field if it is non-zero.

Aok :
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W BB TR AR

PyObject *PyObject . _ob_next

PyObject *PyOb ject . _ob_prev
These fields are only present when the macro Py_TRACE_REFS is defined (see the configure
—-—with-trace-refs option).

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 a/l live objects on the heap.

This could be used for various debugging purposes; currently the only uses are the sys.getobjects ()
function and to print the objects that are still alive at the end of a run when the environment variable
PYTHONDUMPREF'S is set.

Bk :
P BT RILK,

12.3.4 PyVarObject $&{it

Py_ssize_t PyVarObject .ob_size
Part of the Stable ABI. For statically allocated type objects, this should be initialized to zero. For dynamically
allocated type objects, this field has a special internal meaning.

Aok :
TREAGR I T B

12.3.5 PyTypeObiject &

Each slot has a section describing inheritance. If PyType_ Ready () may set a value when the field is set to
NULL then there will also be a ”Default” section. (Note that many fields set on PyBaseObject_Type and
PyType_ Type effectively act as defaults.)

const char *PyTypeObject .tp_name
Pointer to a NUL-terminated string containing the name of the type. For types that are accessible as module
globals, the string should be the full module name, followed by a dot, followed by the type name; for built-in
types, it should be just the type name. If the module is a submodule of a package, the full package name is
part of the full module name. For example, a type named T defined in module M in subpackage Q in package
P should have the tp_name initializer "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.

If no dot is present, the entire tp_name field is made accessible as the __name___ attribute, and the
__module__ attribute is undefined (unless explicitly set in the dictionary, as explained above). This means
your type will be impossible to pickle. Additionally, it will not be listed in module documentations created
with pydoc.

This field must not be NULL. It is the only required field in PyTypeObject () (other than potentially
tp_itemsize).

Aok :
TRBAGIR I T B

Py _ssize_t PyTypeObject .tp_basicsize
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Py _ssize_t PyTypeObject.tp_itemsize

These fields allow calculating the size in bytes of instances of the type.

There are two kinds of types: types with fixed-length instances have a zero tp_itemsize field, types with
variable-length instances have a non-zero tp_itemsize field. For a type with fixed-length instances, all
instances have the same size, given in tp_basicsize.

For a type with variable-length instances, the instances must have an ob_size field, and the instance size
is tp_basicsize plus N times tp_itemsize, where N is the "length” of the object. The value of
N is typically stored in the instance’s ob_s1ize field. There are exceptions: for example, ints use a negative
ob_size toindicate 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_s1i ze 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 ini-
tializer 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.

A note about alignment: if the variable items require a particular alignment, this should be taken care of by the
value of tp basicsize. Example: suppose a type implements an array of double. tp itemsize
is sizeof (double). It is the programmer’s responsibility that tp_basicsize is a multiple of
sizeof (double) (assuming this is the alignment requirement for double).

For any type with variable-length instances, this field must not be NULL.
Aok :

These fields are inherited separately by subtypes. If the base type has a non-zero tp_itemsize, itis gen-
erally not safe to set tp_itemsize to a different non-zero value in a subtype (though this depends on the
implementation of the base type).

destructor PyTypeObject .tp_dealloc

A pointer to the instance destructor function. This function must be defined unless the type guarantees that
its instances will never be deallocated (as is the case for the singletons None and E11ipsis). The function
signature is:

void tp_dealloc (PyObject *self);

The destructor function is called by the Py_DECREF () and Py_XDECREF () macros when the new ref-
erence count is zero. At this point, the instance is still in existence, but there are no references to it. The
destructor function should free all references which the instance owns, free all memory buffers owned by the
instance (using the freeing function corresponding to the allocation function used to allocate the buffer), and
call the type’s t p_ f ree function. If the type is not subtypable (doesn’t have the Py TPFLAGS_BASETYPE
flag bit set), it is permissible to call the object deallocator directly instead of via tp_ free. The object deal-
locator should be the one used to allocate the instance; this is normally PyObject_Del () if the instance
was allocated using PyObject_New () or PyObject_VarNew (), or PyObject_GC_Del () if the
instance was allocated using PyObject_GC_New () or PyObject_GC_NewVar ().

If the type supports garbage collection (has the Py TPFLAGS_HAVE_ GC flag bit set), the destructor should
call PyObject_GC_UnTrack () before clearing any member fields.

static void foo_dealloc (foo_object *self) {
PyObject_GC_UnTrack (self);
Py_CLEAR (self->ref);
Py_TYPE (self)->tp_free ((PyObject *)self);

Finally, if the type is heap allocated (Py_ TPFLAGS_HEAPTYPE), the deallocator should decrement the ref-
erence count for its type object after calling the type deallocator. In order to avoid dangling pointers, the
recommended way to achieve this is:
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static void foo_dealloc (foo_object *self) {
PyTypeObject *tp = Py_TYPE (self);
// free references and buffers here
tp—>tp_free(self);
Py_DECREF (tp) ;

4ok :
WP BB TR AR
Py_ssize_t PyTypeObject .tp_vectorcall_offset

An optional offset to a per-instance function that implements calling the object using the vectorcall protocol, a
more efficient alternative of the simpler tp_call.

This field is only used if the flag Py TPFLAGS HAVE_VECTORCALL is set. If so, this must be a positive
integer containing the offset in the instance of a vectorcall func 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.

Any class that sets Py_TPFLAGS_HAVE_VECTORCALL must also set tp_call and make sure its
behaviour is consistent with the vectorcallfunc function. This can be done by setting #p_call to
PyVectorcall Call().

g Ae: Tt is not recommended for Keap types to implement the vectorcall protocol. When a user sets
__call__ inPython code, only #p_call is updated, likely making it inconsistent with the vectorcall func-
tion.

3.8 Ji B 5% Before version 3.8, this slot was named tp_print. In Python 2.x, it was used for printing to a
file. In Python 3.0 to 3.7, it was unused.

B
This field is always inherited. However, the Py_ TPFLAGS_HAVE_VECTORCALLflagis 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 ieap types (including subclasses defined in Python).

getattrfunc Py TypeObject .tp_getattr
An optional pointer to the get-attribute-string function.

This field is deprecated. When it is defined, it should point to a function that acts the same as the
tp_getattro function, but taking a C string instead of a Python string object to give the attribute name.

Mok :
AH: tp_getattr, tp_getattro

This field is inherited by subtypes together with tp_getattro: a subtype inherits both tp_getattr and
tp_getattro from its base type when the subtype’s tp_getattrand tp_getattro are both NULL.

setattrfunc Py TypeObject .tp_setattr
An optional pointer to the function for setting and deleting attributes.

This field is deprecated. When it is defined, it should point to a function that acts the same as the
tp_setattro function, but taking a C string instead of a Python string object to give the attribute name.

Pk :
Group: tp_setattr, tp_setattro

This field is inherited by subtypes together with t p_setattro: a subtype inherits both tp_setattr and
tp_setattro from its base type when the subtype’s tp_setattrand tp_setattro are both NULL.
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PyAsyncMethods *Py TypeObject .tp_as_async

Pointer to an additional structure that contains fields relevant only to objects which implement awaitable and
asynchronous iterator protocols at the C-level. See Async Object Structures for details.

3.5 {3 A : Formerly known as tp_compare and tp_reserved.
ok :

The tp_as_async field is not inherited, but the contained fields are inherited individually.

reprfunc PyTypeObject .tp_repr

An optional pointer to a function that implements the built-in function repr ().

The signature is the same as for PyOb ject_Repr ():

PyObject *tp_repr (PyObject *self);

The function must return a string or a Unicode object. Ideally, this function should return a string that, when
passed to eval (), given a suitable environment, returns an object with the same value. If this is not feasible,
it should return a string starting with ' <' and ending with ' > ' from which both the type and the value of the
object can be deduced.

ok
BB T AR
i

When this field is not set, a string of the form <%s object at $%p> isreturned, where %s is replaced by
the type name, and $p by the object’s memory address.

PyNumberMethods *Py TypeObject .tp_as_number

Pointer to an additional structure that contains fields relevant only to objects which implement the number
protocol. These fields are documented in Number Object Structures.

MoK :

The tp_as_number field is not inherited, but the contained fields are inherited individually.

PySequenceMethods *PyTypeObject .tp_as_sequence

Pointer to an additional structure that contains fields relevant only to objects which implement the sequence
protocol. These fields are documented in Sequence Object Structures.

Bk :

The tp_as_sequence field is not inherited, but the contained fields are inherited individually.

PyMappingMethods *PyTypeObject .tp_as_mapping

Pointer to an additional structure that contains fields relevant only to objects which implement the mapping
protocol. These fields are documented in Mapping Object Structures.

Aok :

The tp_as_mapping field is not inherited, but the contained fields are inherited individually.

hashfunc Py TypeObject .tp_hash

An optional pointer to a function that implements the built-in function hash ().

The signature is the same as for PyObject_Hash ():

Py_hash_t tp_hash (PyObject *);

The value —1 should not be returned as a normal return value; when an error occurs during the computation
of the hash value, the function should set an exception and return —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 PyObject_HashNotImplemented ().

This field can be set explicitly to PyOb ject_HashNot Implemented () to block inheritance of the hash
method from a parent type. This is interpreted as the equivalent of _ _hash__ = None at the Python
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level, causing isinstance (o, collections.Hashable) to correctly return False. Note that the

converse is also true - setting __hash___ = None on a class at the Python level will result in the tp_hash
slot being set to PyOb ject_HashNot Implemented ().
Mok :

Group: tp_hash, tp_richcompare

This field is inherited by subtypes together with tp_richcompare: a subtype inherits both of
tp_richcompareand tp_hash, whenthe subtype’s tp_richcompareand tp_hash are both NULL.

ternaryfunc PyTypeObject.tp_call
An optional pointer to a function that implements calling the object. This should be NULL if the object is not
callable. The signature is the same as for PyObject_Call ():

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

Bk
WP BT R BAK .
reprfunc PyTypeObject .tp_str
An optional pointer to a function that implements the built-in operation st r () . (Note that st r is a type now,

and str () calls the constructor for that type. This constructor calls PyObject_Str () to do the actual
work, and PyOb ject_ Str () will call this handler.)

The signature is the same as for PyObject_Str ():

PyObject *tp_str (PyObject *self);

The function must return a string or a Unicode object. It should be a "friendly” string representation of the
object, as this is the representation that will be used, among other things, by the print () function.

Pk :

W B RBIg0K.

it

When this field is not set, PyOb ject_Repr () is called to return a string representation.

getattrofunc PyTypeObject .tp_getattro
An optional pointer to the get-attribute function.

The signature is the same as for PyObject_GetAttr():

PyObject *tp_getattro(PyObject *self, PyObject *attr);

It is usually convenient to set this field to PyObject_GenericGetAttr (), which implements the normal
way of looking for object attributes.

Mok :
A3H: tp_getattr, tp_getattro

This field is inherited by subtypes together with tp_getattr: a subtype inherits both tp_getattr and
tp_getattro from its base type when the subtype’s tp_getattrand tp_getattro are both NULL.

Bk
PyBaseObject_Type uses PyObject_GenericGetAttr ().

setattrofunc Py TypeObject .tp_setattro
An optional pointer to the function for setting and deleting attributes.

The signature is the same as for PyObject_SetAttr():

int tp_setattro(PyObject *self, PyObject *attr, PyObject *value);
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In addition, setting value to NULL to delete an attribute must be supported. It is usually convenient to set this
field to PyObject_GenericSetAttr (), which implements the normal way of setting object attributes.

ok :
Group: tp_setattr, tp_setattro

This field is inherited by subtypes together with tp_setattr: a subtype inherits both tp_setattr and
tp_setattro from its base type when the subtype’s tp_setattrand tp_setattro are both NULL.

Hig:
PyBaseObject_Type {%ﬁHPyObj ect_GenericSetAttr ().

PyBufferProcs *Py TypeObject .tp_as_buffer
Pointer to an additional structure that contains fields relevant only to objects which implement the buffer in-
terface. These fields are documented in Buffer Object Structures.

Pk :
The tp_as_buffer field is not inherited, but the contained fields are inherited individually.

unsigned long Py TypeObject .tp_£flags
This field is a bit mask of various flags. Some flags indicate variant semantics for certain situations; oth-
ers are used to indicate that certain fields in the type object (or in the extension structures referenced via
tp_as_number, tp_as_sequence, tp_as_mapping, and tp_as_buffer) that were historically
not always present are valid; if such a flag bit is clear, the type fields it guards must not be accessed and must
be considered to have a zero or NULL value instead.

Aok :

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.

Hig:
PyBaseObject_Type uses Py TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE.
Bit Masks:

The following bit masks are currently defined; these can be ORed together using the | operator to form the
value of the tp_ f1ags field. The macro PyType_HasFeature () takes a type and a flags value, #p and
f, and checks whether tp—>tp_flags & f isnon-zero.

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 (). Inthis case, the ob_t ype field of its instances is considered a reference
to the type, and the type object is INCREFed 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 INCREFed or DECREF’ed).

Aok :
777
Py_TPFLAGS_BASETYPE

This bit is set when the type can be used as the base type of another type. If this bit is clear, the type
cannot be subtyped (similar to a “final” class in Java).

Aok :

777

Py_TPFLAGS_READY
This bit is set when the type object has been fully initialized by Py Type_Ready ().
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Mok :
777

Py_TPFLAGS_READYING
This bit is set while Py Type_Ready () is in the process of initializing the type object.

Aok :

Py_TPFLAGS_HAVE_GC
This bit is set when the object supports garbage collection. If this bit is set, instances must be created using
PyObject_GC_New () and destroyed using PyObject_GC_Del (). More information in section
12 22 F 53R 338 D)4, This bit also implies that the GC-related fields tp_traverse and
tp_clear are present in the type object.

Pk :
Group: Py _TPFLAGS_HAVE_GC,tp_traverse, tp_clear

The Py_TPFLAGS_HAVE_ GC flag bit is inherited together with the tp_traverse and 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.

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.

Aok :

777

Py_TPFLAGS_METHOD_DESCRIPTOR
This bit indicates that objects behave like unbound methods.

If this flag is set for t ype (meth), then:

e meth.__get__ (obj, cls) (*args, **kwds) (with obj not None) must be equivalent
tometh (obj, *args, **kwds).

e meth.__get__ (None, cls) (*args, **kwds) must be equivalent to meth (*args,
**kwds).

This flag enables an optimization for typical method calls like ob7j .meth () : it avoids creating a tem-
porary "bound method” object for obj .meth.

3.8 BUFTIA.
Aok :

This flag is never inherited by heap types. For extension types, it is inherited whenever t p_descr_get
is inherited.

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

12.3. RN 231



The Python/C API, £[F] 3.10.11

Py_TPFLAGS_TYPE_SUBCLASS

These flags are used by functions such as PyLong_Check () to quickly determine if a type
is a subclass of a built-in type; such specific checks are faster than a generic check, like
PyObject_IsInstance (). Custom types that inherit from built-ins should have their tp_flags
set appropriately, or the code that interacts with such types will behave differently depending on what
kind of check is used.

Py_TPFLAGS_HAVE_FINALIZE

This bit is set when the tp_finalize slotis present in the type structure.

3.4 BT

3.8 i & CLFJH: This flag isn’t necessary anymore, as the interpreter assumes the tp_finalize slot
is always present in the type structure.

Py_TPFLAGS_HAVE_VECTORCALL

This bit is set when the class implements the vectorcall protocol. See tp_vectorcall_offset for
details.

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 BUBTIA.

Py TPFLAGS_IMMUTABLETYPE

This bit is set for type objects that are immutable: type attributes cannot be set nor deleted.
PyType_Ready () automatically applies this flag to static types.

HR :

This flag is not inherited.

3.10 BUHTIA.

Py_TPFLAGS_DISALLOW_INSTANTIATION

Disallow creating instances of the type: set t p_new to NULL and don’t create the ___new___key in the
type dictionary.

The flag must be set before creating the type, not after. For example, it must be set before
PyType_Ready () is called on the type.

The flag is set automatically on static types if tp_base is NULL or &§PyBaseObject_Type and
tp_new is NULL.

Aok :

This flag is not inherited. However, subclasses will not be instantiable unless they provide a non-NULL
tp_new (which is only possible via the C API).

#i(E): To disallow instantiating a class directly but allow instantiating its subclasses (e.g. for an abstract
base class), do not use this flag. Instead, make tp_new only succeed for subclasses.

3.10 HCHTIA.

Py_TPFLAGS_MAPPING

This bit indicates that instances of the class may match mapping patterns when used as the subject of a
mat ch block. It is automatically set when registering or subclassing collections.abc.Mapping,
and unset when registering collections.abc.Sequence.

#i[El: Py TPFLAGS MAPPING and Py_TPFLAGS_SEQUENCE are mutually exclusive; it is an
error to enable both flags simultaneously.
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Aok :

This flag is inherited by types that do not already set Py TPFLAGS SEQUENCE.
W%

PEP 634 — £S5t (LRiITREL . ALY

3.10 HEHT A

Py_TPFLAGS_SEQUENCE
This bit indicates that instances of the class may match sequence patterns when used as the subject
of a match block. It is automatically set when registering or subclassing collections.abc.
Sequence, and unset when registering collections.abc.Mapping.

#i[El: Py TPFLAGS MAPPING and Py TPFLAGS_SEQUENCE are mutually exclusive; it is an
error to enable both flags simultaneously.

Aok :

This flag is inherited by types that do not already set Py TPFLAGS_MAPPING.
hE%:

PEP 634 — 45t (LRIt he: AL

3.10 FHTIA.

const char *PyTypeObject.tp_doc
An optional pointer to a NUL-terminated C string giving the docstring for this type object. This is exposed as
the ___doc___ attribute on the type and instances of the type.

Hk
This field is not inherited by subtypes.

traverseproc Py TypeObject .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, wvoid *arg);

More information about Python’s garbage collection scheme can be found in section 1% % % & & & F-1g 3R
B IR L.

The tp_traverse pointer is used by the garbage collector to detect reference cycles. A typical imple-
mentation of a tp_ t raverse 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 () from the
_thread extension module:

static int
local_traverse (localobject *self, visitproc visit, woid *arg)
{

Py_VISIT (self->args);

Py_VISIT (self->kw);

Py_VISIT (self->dict);

return O;

Note that Py_ VISTT () is called only on those members that can participate in reference cycles. Although
there is also a sel f->key member, it can only be NULL or a Python string and therefore cannot be part of
a reference cycle.

On the other hand, even if you know a member can never be part of a cycle, as a debugging aid you may want
to visit it anyway just so the gc module’s get_referents () function will include it.
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g . 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 via the
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).

Note that Py VISIT () requires the visit and arg parameters to Local_traverse () tohave these specific
names; don’t name them just anything.

Instances of heap-allocated types 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 Jiit ¥ 4% Heap-allocated types are expected to visit Py_TYPE (self) in tp_traverse. In earlier
versions of Python, due to bug 40217, doing this may lead to crashes in subclasses.

Mok :
Group: 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
flagbit, tp_traverse,and t p_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 *);

The tp_clear member function is used to break reference cycles in cyclic garbage detected by the garbage
collector. Taken together, all tp_ clear functions in the system must combine to break all reference cycles.
This is subtle, and if in any doubt supply a t p_ clear function. For example, the tuple type does not imple-
ment a tp_clear function, because it’s possible to prove that no reference cycle can be composed entirely
of tuples. Therefore the tp_ clear functions of other types must be sufficient to break any cycle containing
a tuple. This isn’t immediately obvious, and there’s rarely a good reason to avoid implementing tp_clear.

Implementations of tp_clear should drop the instance’s references to those of its members that may be
Python objects, and set its pointers to those members to NULL, as in the following example:

static int

local_clear (localobject *self)

{
Py_CLEAR (self->key);
Py_CLEAR(self->args);
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 con-
tained 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.

Note that tp_clear is not always called before an instance 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 tp_deallocis called directly.
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Because the goal of tp_clear functions is to break reference cycles, it’s not necessary to clear contained
objects like Python strings or Python integers, which can’t participate in reference cycles. On the other hand, it
may be convenient to clear all contained Python objects, and write the type’s t p_dea 1 oc function to invoke
tp_clear.

More information about Python’s garbage collection scheme can be found in section 1% %} % & & & #1431
3 IR EDIK.

Mok :
Group: 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
An optional pointer to the rich comparison function, whose signature is:

PyObject *tp_richcompare (PyObject *self, PyObject *other, int op);

The first parameter is guaranteed to be an instance of the type that is defined by Py TypeOb ject.

The function should return the result of the comparison (usually Py_True or Py_False). If the comparison
is undefined, it must return Py_Not Implemented, if another error occurred it must return NULL and set
an exception condition.

The following constants are defined to be used as the third argument for tp_richcompare and for
PyObject_RichCompare ():

BH XFER
Py_LT | <
Py_LE | <=
Py_EQ | ==
Py_NE | !=
Py_GT | >
Py_GE | >=

E PN NN T Rt S 35 W LR R L
Py_RETURN_RICHCOMPARE (VAL_A, VAL_B, op)
Return Py_True or Py_False from the function, depending on the result of a comparison. VAL_A

and VAL_B must be orderable by C comparison operators (for example, they may be C ints or floats).
The third argument specifies the requested operation, as for PyObject_RichCompare ().

The return value’s reference count is properly incremented.
On error, sets an exception and returns NULL from the function.
3.7 HHTIA.

Hk

Group: tp_hash, tp_richcompare

This field is inherited by subtypes together with tp_hash: a subtype inherits tp_richcompare and
tp_hash when the subtype’s tp_richcompare and tp_hash are both NULL.

i

PyBaseObject_Type provides a tp_richcompare implementation, which may be inherited. How-
ever, 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
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the instance structure of the weak reference list head (ignoring the GC header, if present); this offset is used
by PyObject_ClearWeakRefs () and the PyWeakref_* functions. The instance structure needs to
include a field of type PyObject* which is initialized to NULL.

Do not confuse this field with t p_ weak 11 st; that is the list head for weak references to the type object itself.
Bk :

This field is inherited by subtypes, but see the rules listed below. A subtype may override this offset; this means
that the subtype uses a different weak reference list head than the base type. Since the list head is always found
via tp_weaklistoffset, this should not be a problem.

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 that slot’s offset.

When a type’s __slots__ declaration contains a slot named __weakref__, that slot becomes the weak
reference list head for instances of the type, and the slot’s offset is stored in the type’s t p_weaklistoffset.

When a type’s ___slots__ declaration does not contain a slot named __weakref__, the type inherits its
tp_weaklistoffset from its base type.

getiterfunc PyTypeObject .tp_iter
An optional pointer to a function that returns an iferator for the object. Its presence normally signals that the
instances of this type are iferable (although sequences may be iterable without this function).

This function has the same signature as PyOb ject_GetIter ():

PyObject *tp_iter (PyObject *self);

Aok :
BT Bt TR BAK

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);

When the iterator is exhausted, it must return NULL; a StopIteration exception may or may not be set.
When another error occurs, it must return NULL too. Its presence signals that the instances of this type are
iterators.

Iterator types should also define the tp_ i ter function, and that function should return the iterator instance
itself (not a new iterator instance).

This function has the same signature as PyIter Next ().
Aok :
WP B TR BAK .

struct PyMethodDef *PyTypeObject .tp_methods
An optional pointer to a static NULL-terminated array of PyMethodDef structures, declaring regular meth-
ods of this type.

For each entry in the array, an entry is added to the type’s dictionary (see tp_dict below) containing a
method descriptor.

Aok :
This field is not inherited by subtypes (methods are inherited through a different mechanism).

struct PyMemberDef *PyTypeObject .tp_members
An optional pointer to a static NULL-terminated array of PyMemberDef structures, declaring regular data
members (fields or slots) of instances of this type.

For each entry in the array, an entry is added to the type’s dictionary (see tp_dict below) containing a
member descriptor.
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ok :
This field is not inherited by subtypes (members are inherited through a different mechanism).

struct PyGetSetDef *PyTypeObject .tp_getset
An optional pointer to a static NULL-terminated array of PyGetSetDef structures, declaring computed
attributes of instances of this type.

For each entry in the array, an entry is added to the type’s dictionary (see tp_dict below) containing a getset
descriptor.

MoK -
This field is not inherited by subtypes (computed attributes are inherited through a different mechanism).

PyTypeObject *PyTypeObject .tp_base
An optional pointer to a base type from which type properties are inherited. At this level, only single inheritance
is supported; multiple inheritance require dynamically creating a type object by calling the metatype.

#§(El: Slot initialization is subject to the rules of initializing globals. C99 requires the initializers to be “address
constants”. Function designators like Py Type_GenericNew (), with implicit conversion to a pointer, are
valid C99 address constants.

However, the unary ’&’ operator applied to a non-static variable like PyBaseObject_Type () is not re-
quired to produce an address constant. Compilers may support this (gcc does), MSVC does not. Both compilers
are strictly standard conforming in this particular behavior.

Consequently, t p_base should be set in the extension module’s init function.

Aok :
This field is not inherited by subtypes (obviously).
Hig:

This field defaults to &§PyBaseObject_Type (which to Python programmers is known as the type
object).

PyObject *PyTypeObject .tp_dict
The type’s dictionary is stored here by Py Type Ready ().

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 Py Type_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__ ()).

Aok :

This field is not inherited by subtypes (though the attributes defined in here are inherited through a different
mechanism).

2L,
Ha

If this field is NULL, Py Type_Ready () will assign a new dictionary to it.

e Ttis not safe touse PyDict_SetTtem () onor otherwise modify t p_dict with the dictionary
C-APIL

descrgetfunc PyTypeObject .tp_descr_get
An optional pointer to a “descriptor get” function.

The function signature is:

PyObject * tp_descr_get (PyObject *self, PyObject *obj, PyObject *type);
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ok :
BT Bt R BAK

descrsetfunc PyTypeObject .tp_descr_set

An optional pointer to a function for setting and deleting a descriptor’s value.

The function signature is:

int tp_descr_set (PyObject *self, PyObject *obj, PyObject *value);

The value argument is set to NULL to delete the value.
oK :
WP B TR BAK .

Py _ssize_t PyTypeObject.tp_dictoffset

If the instances of this type have a dictionary containing instance variables, this field is non-zero and
contains the offset in the instances of the type of the instance variable dictionary; this offset is used by
PyObject_GenericGetAttr ().

Do not confuse this field with tp_dict; that is the dictionary for attributes of the type object itself.

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 dictio-
nary 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_itemsize and tp_dictoffset are taken 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().)

ok :

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 has no __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 a slot named __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.)

it

This slot has no default. For static types, if the field is NULL thenno __dict___ gets created for instances.

initproc PyTypeObject .tp_init

An optional pointer to an instance initialization function.
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This function corresponds to the __init__ () method of classes. Like __init__ (), it is possible to
create an instance without calling __init__ (), and it is possible to reinitialize an instance by calling its
__init__ () method again.

The function signature is:

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__ ().

The tp_init function, if not NULL, is called when an instance is created normally by calling its type, after
the type’s tp_new function has returned an instance of the type. If the £ p_ new function returns an instance
of some other type that is not a subtype of the original type, no tp_init function is called; if tp_new
returns an instance of a subtype of the original type, the subtype’s tp_init is called.

Returns 0 on success, —1 and sets an exception on error.
Aok :

WP B R AK

Bk

For static types this field does not have a default.

allocfunc PyTypeObject .tp_alloc
An optional pointer to an instance allocation function.

The function signature is:

PyObject *tp_alloc(PyTypeObject *self, Py_ssize_t nitems);

Aok :
This field is inherited by static subtypes, but not by dynamic subtypes (subtypes created by a class statement).
i

For dynamic subtypes, this field is always set to PyType_GenericAlloc (), to force a standard heap
allocation strategy.

For static subtypes, PyBaseObject_Typeuses PyType_GenericAlloc (). Thatis the recommended
value for all statically defined types.

newfunc PyTypeObject .tp_new
An optional pointer to an instance creation function.

The function signature is:

PyObject *tp_new (PyTypeObject *subtype, PyObject *args, PyObject *kwds);

The subtype argument is the type of the object being created; the args and kwds arguments represent positional
and keyword arguments of the call to the type. Note that subtype doesn’t have to equal the type whose tp_new
function is called; it may be a subtype of that type (but not an unrelated type).

The tp_new function should call subtype->tp_alloc (subtype, nitems) to allocate space for
the object, and then do only as much further initialization as is absolutely necessary. Initialization that can
safely be ignored or repeated should be placed in the tp_init handler. A good rule of thumb is that for
immutable types, all initialization should take place in tp_new, while for mutable types, most initialization
should be deferred to tp_init.

Set the Py TPFLAGS_DISALLOW_INSTANTIATION flag to disallow creating instances of the type in
Python.

oK :
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This field is inherited by subtypes, except it is not inherited by stafic types whose tp_base is NULL or
&PyBaseObject_Type.

it

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
An optional pointer to an instance deallocation function. Its signature is:

void tp_free(void *self);

An initializer that is compatible with this signature is PyObject_Free ().

MoK :

This field is inherited by static subtypes, but not by dynamic subtypes (subtypes created by a class statement)
2L,
ﬁx .

In dynamic subtypes, this field is set to a deallocator suitable to match Py Type_GenericAlloc () and the
value of the Py_ TPFLAGS_HAVE_GC flag bit.

For static subtypes, PyBaseObject_Type uses PyObject_Del.

inquiry PyTypeObject .tp_is_ge
An optional pointer to a function called by the garbage collector.

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 tp_f1lags 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 0 for a
non-collectible instance. The signature is:

int tp_is_gc(PyObject *self);

(The only example of this are types themselves. The metatype, PyType_Type, defines this function to
distinguish between statically and dynamically allocated types.)

Aok :

WP B TR AAK

it

This slot has no default. If this field is NULL, Py_ TPFLAGS_HAVE_GC is used as the functional equivalent.

PyObject *PyTypeObject .tp_bases
Tuple of base types.

This field should be set to NULL and treated as read-only. Python will fill it in when the typeis initialized.

For dynamically created classes, the Py_tp_bases slot can be used instead of the bases argument of
PyType_FromSpecWithBases (). The argument form is preferred.

% fi:: Multiple inheritance does not work well for statically defined types. If you set tp_bases to a
tuple, Python will not raise an error, but some slots will only be inherited from the first base.

Pk :
This field is not inherited.

PyObject *PyTypeObject .tp_mro
Tuple containing the expanded set of base types, starting with the type itself and ending with object, in
Method Resolution Order.
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This field should be set to NULL and treated as read-only. Python will fill it in when the type is initialized.
Aok :
This field is not inherited; it is calculated fresh by Py Type_ Ready ().

PyObject *PyTypeObject .tp_cache
Unused. Internal use only.

Pk :
This field is not inherited.

PyObject *PyTypeObject .tp_subclasses
List of weak references to subclasses. Internal use only.

Pk :
This field is not inherited.

PyObject *PyTypeObject .tp_weaklist
Weak reference list head, for weak references to this type object. Not inherited. Internal use only.

Pk :
This field is not inherited.

destructor PyTypeObject .tp_del
This field is deprecated. Use tp_finalize instead.

unsigned int Py TypeObject .tp_version_tag
Used to index into the method cache. Internal use only.

ok :
This field is not inherited.

destructor PyTypeObject .tp_£finalize
An optional pointer to an instance finalization function. Its signature is:

void tp_finalize (PyObject *self);

If tp_finalizeis set, the interpreter calls it once when finalizing an instance. It is called either from the
garbage collector (if the instance is part of an isolated reference cycle) or just before the object is deallocated.
Either way, it is guaranteed to be called before attempting to break reference cycles, ensuring that it finds the
object in a sane state.

tp_finalize should not mutate the current exception status; therefore, a recommended way to write a
non-trivial finalizer is:

static void
local_finalize (PyObject *self)
{

PyObject *error_type, *error_value, *error_traceback;

/* Save the current exception, if any. */
PyErr_Fetch(&error_type, &error_value, &error_traceback);

VA V4

/* Restore the saved exception. */
PyErr_Restore (error_type, error_value, error_traceback);

Also, note that, in a garbage collected Python, t p_dealloc may be called from any Python thread, not just
the thread which created the object (if the object becomes part of a refcount cycle, that cycle might be collected
by a garbage collection on any thread). This is not a problem for Python API calls, since the thread on which
tp_dealloc is called will own the Global Interpreter Lock (GIL). However, if the object being destroyed in turn
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destroys objects from some other C or C++ library, care should be taken to ensure that destroying those objects
on the thread which called tp_dealloc will not violate any assumptions of the library.

Aok :
BT B T 2RAAK
3.4 BN

3.8 Jit BE % Before version 3.8 it was necessary to set the Py TPFLAGS HAVE_FINALIZE flags bit in
order for this field to be used. This is no longer required.

hz%:
”Safe object finalization” (PEP 442)

vectorcallfunc Py TypeObject .tp_vectorcall
Vectorcall function to use for calls of this type object. In other words, it is used to implement vectorcall for
type.__call__ . If tp_vectorcall is NULL, the default call implementation using __new___ and
__init__ isused.

Pk :
This field is never inherited.

3.9 BTN A (the field exists since 3.8 but it’s only used since 3.9)

12.3.6 Static Types
Traditionally, types defined in C code are static, that is, a static Py TypeOb ject structure is defined directly in code
and initialized using Py Type_Ready ().
This results in types that are limited relative to types defined in Python:
« Static types are limited to one base, i.e. they cannot use multiple inheritance.

* Static type objects (but not necessarily their instances) are immutable. It is not possible to add or modify the
type object’s attributes from Python.

« Static type objects are shared across sub-interpreters, so they should not include any subinterpreter-specific
state.

Also, since Py TypeOb ject is only part of the Limited API as an opaque struct, any extension modules using static
types must be compiled for a specific Python minor version.

12.3.7 Heap Types
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. Heap types have the Py TPFLAGS _HEAPTYPE flag set.

This is done by filling a PyType Spec structure and calling PyType FromSpec (),
PyType_FromSpecWithBases (),or PyType_ FromModuleAndSpec ().
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12.4 Number Object Structures

type PyNumberMethods
This structure holds pointers to the functions which an object uses to implement the number protocol. Each
function is used by the function of similar name documented in the 4 5 ¥+ section.

Here is the structure definition:

binaryfunc
binaryfunc
binaryfunc
binaryfunc
binaryfunc

binaryfunc
binaryfunc
binaryfunc
binaryfunc
binaryfunc

binaryfunc
binaryfunc
binaryfunc

typedef struct {

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;

nb_lshift;
nb_rshift;
nb_and;
nb_xor;
nb_or;

unaryfunc nb_int;
void *nb_reserved;
unaryfunc nb_float;

nb_inplace_add;
nb_inplace_subtract;
nb_inplace_multiply;

binaryfunc nb_inplace_remainder;
ternaryfunc nb_inplace_power;
binaryfunc nb_inplace_1lshift;
binaryfunc nb_inplace_rshift;
binaryfunc nb_inplace_and;
binaryfunc nb_inplace_xor;
binaryfunc nb_inplace_or;

binaryfunc nb_floor_divide;
binaryfunc nb_true_divide;
binaryfunc nb_inplace_floor_divide;
binaryfunc nb_inplace_true_divide;

unaryfunc nb_index;
binaryfunc nb_matrix_multiply;

binaryfunc nb_inplace_matrix_multiply;
} PyNumberMethods;

#[E): Binary and ternary functions must check the type of all their operands, and implement the necessary
conversions (at least one of the operands is an instance of the defined type). If the operation is not defined
for the given operands, binary and ternary functions must return Py_Not Implemented, if another error
occurred they must return NULL and set an exception.

#[E]l: The nb_reserved field should always be NULL. It was previously called nb_1ong, and was re-
named in Python 3.0.1.
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binaryfunc PyNumberMet hods .nb_add

binaryfunc PyNumberMethods .nb_subtract

binaryfunc PyNumberMethods.nb_multiply

binaryfunc PyNumberMet hods.nb_remainder
binaryfunc PyNumberMet hods .nb_divmod

ternaryfunc PyNumberMethods .nb_power

unaryfunc PyNumberMethods.nb_negative

unaryfunc PyNumberMethods .nb_positive

unaryfunc PyNumberMethods.nb_absolute

inquiry PyNumberMethods .nb_bool

unaryfunc PyNumberMet hods .nb_invert

binaryfunc PyNumberMethods .nb_lshift

binaryfunc PyNumberMethods.nb_rshift

binaryfunc PyNumberMet hods.nb_and

binaryfunc PyNumberMethods .nb_xor

binaryfunc PyNumberMethods .nb_or

unaryfunc PyNumberMethods.nb_int

void *PyNumberMethods.nb_reserved

unaryfunc PyNumberMethods.nb_float

binaryfunc PyNumberMethods.nb_inplace_add
binaryfunc PyNumberMethods.nb_inplace_subtract
binaryfunc PyNumberMethods.nb_inplace_multiply
binaryfunc PyNumberMethods .nb_inplace_remainder
ternaryfunc PyNumberMethods.nb_inplace_power
binaryfunc PyNumberMethods.nb_inplace_lshift
binaryfunc PyNumberMethods .nb_inplace_rshift
binaryfunc PyNumberMethods .nb_inplace_and
binaryfunc PyNumberMethods.nb_inplace_xor
binaryfunc PyNumberMet hods.nb_inplace_or
binaryfunc PyNumberMethods .nb_floor_divide
binaryfunc PyNumberMethods .nb_true_divide
binaryfunc PyNumberMethods.nb_inplace_floor_divide
binaryfunc PyNumberMethods .nb_inplace_true_divide
unaryfunc PyNumberMethods.nb_index

binaryfunc PyNumberMethods.nb_matrix_multiply

binaryfunc PyNumberMet hods.nb_inplace_matrix_multiply
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12.5 Mapping Object Structures

type PyMappingMethods
This structure holds pointers to the functions which an object uses to implement the mapping protocol. It has
three members:

lenfunc PyMappingMethods .mp_length
This function is used by PyMapping_Size () and PyObject_Size (), and has the same signature. This
slot may be set to NULL if the object has no defined length.

binaryfunc PyMappingMethods.mp_subscript
This function is used by PyObject_GetItem() and PySequence_GetSlice (), and has the same
signature as PyObject_GetItem (). This slot must be filled for the PyMapping Check () function to
return 1, it can be NULL otherwise.

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 v can 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 Sequence Object Structures

type PySequenceMethods
This structure holds pointers to the functions which an object uses to implement the sequence protocol.

lenfunc PySequenceMethods.sq_length
This function is used by PySequence_Size () and PyObject_Size (), and has the same signature. It
is also used for handling negative indices via the sg_itemand the sg_ass_itemslots.

binaryfunc PySequenceMethods.sq_concat
This function is used by PySequence_Concat () and has the same signature. It is also used by the +
operator, after trying the numeric addition via the nb_add slot.

ssizeargfunc PySequenceMethods.sq_repeat
This function is used by PySequence_Repeat () and has the same signature. It is also used by the *
operator, after trying numeric multiplication via the nb_multiply slot.

ssizeargfunc PySequenceMethods.sq_item
This function is used by PySequence_GetItem() and has the same signature. It is also used by
PyObject_GetItem(), after trying the subscription via the mp_subscript slot. This slot must be
filled for the PySequence_Check () function to return 1, it can be NULL otherwise.

Negative indexes are handled as follows: if the sq_length slotis filled, it is called and the sequence length is
used to compute a positive index which is passed to sq_item. If sq_length is NULL, the index is passed
as is to the function.

ssizeobjargproc PySequenceMethods.sq_ass_item
This function is used by PySequence_SetItem() and has the same signature. It is also used by
PyObject_SetItem() and PyObject_DelItem (), after trying the item assignment and deletion via
the mp_ass_subscript slot. This slot may be left to NULL if the object does not support item assignment
and deletion.

objobjproc PySequenceMethods.sq_contains
This function may be used by PySequence_Contains () and has the same signature. This slot may be
left to NULL, in this case PySequence_Contains () simply traverses the sequence until it finds a match.

binaryfunc PySequenceMethods.sq_inplace_concat
This function is used by PySequence_ InPlaceConcat () and has the same signature. It
should modify its first operand, and return it.  This slot may be left to NULL, in this case
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PySequence_InPlaceConcat () will fall back to PySequence_Concat (). Itis also used by the
augmented assignment +=, after trying numeric in-place addition via the nb_inplace_add slot.

ssizeargfunc PySequenceMethods.sq_inplace_repeat

This function is used by PySequence_InPlaceRepeat () and has the same signature. It
should modify its first operand, and return it.  This slot may be left to NULL, in this case
PySequence_InPlaceRepeat () will fall back to PySequence Repeat (). Itis also used by the
augmented assignment *=, after trying numeric in-place multiplication via the nb_inplace_multiply
slot.

12.7 Buffer Object Structures

type PyBufferProcs

This structure holds pointers to the functions required by the Buffer protocol. The protocol defines how an
exporter object can expose its internal data to consumer objects.

getbufferproc PyBufferProcs.bf_getbuffer

The signature of this function is:

int (PyObject *exporter, Py_buffer *view, int flags);

Handle a request to exporter to fill in view as specified by flags. Except for point (3), an implementation of this
function MUST take these steps:

(1) Check if the request can be met. If not, raise PyExc_BufferError, set view—>0bj to NULL and
return —1.

(2) Fill in the requested fields.
(3) Increment an internal counter for the number of exports.
(4) Set view->o0b7j to exporter and increment view—>o0bj.
(5) Return 0.
If exporter is part of a chain or tree of buffer providers, two main schemes can be used:

* Re-export: Each member of the tree acts as the exporting object and sets view—>obj to a new reference
to itself.

» Redirect: The buffer request is redirected to the root object of the tree. Here, view—>obj will be a
new reference to the root object.

The individual fields of view are described in section Buffer structure, the rules how an exporter must react to
specific requests are in section Buffer request types.

All memory pointed to in the Py__buf fer structure belongs to the exporter and must remain valid until there
are no consumers left. format, shape, strides, suboffsets and internal are read-only for the
consumer.

PyBuffer FillInfo () provides an easy way of exposing a simple bytes buffer while dealing correctly
with all request types.

PyObject_GetBuffer () is the interface for the consumer that wraps this function.

releasebufferproc PyBufferProcs.bf_releasebuffer

The signature of this function is:

void (PyObject *exporter, Py_buffer *view);

Handle a request to release the resources of the buffer. If no resources need to be released,
PyBufferProcs.bf_releasebuffer may be NULL. Otherwise, a standard implementation of this
function will take these optional steps:

(1) Decrement an internal counter for the number of exports.
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(2) If the counter is 0, free all memory associated with view.

The exporter MUST use the i nt ernal field to keep track of buffer-specific resources. This field is guaranteed
to remain constant, while a consumer MAY pass a copy of the original buffer as the view argument.

This function MUST NOT decrement view->obj, since that is done automatically in
PyBuffer Release () (this scheme is useful for breaking reference cycles).

PyBuffer_ Release () is the interface for the consumer that wraps this function.

12.8 Async Object Structures

3.5 WUHT A

type PyAsyncMethods

This structure holds pointers to the functions required to implement awaitable and asynchronous iterator ob-
jects.

Here is the structure definition:

typedef struct {
unaryfunc am_await;
unaryfunc am_aiter;
unaryfunc am_anext;
sendfunc am_send;

} PyAsyncMethods;

unaryfunc PyAsyncMethods.am_await

The signature of this function is:

PyObject *am_await (PyObject *self);

The returned object must be an iterator, i.e. PyIter_Check () must return 1 for it.

This slot may be set to NULL if an object is not an awaitable.

unaryfunc PyAsyncMethods.am_aiter

The signature of this function is:

PyObject *am_aiter (PyObject *self);

WA [H]— asynchronous iterator Sf4 . SR __anext__ () TEEN.

This slot may be set to NULL if an object does not implement asynchronous iteration protocol.

unaryfunc PyAsyncMethods.am_anext

The signature of this function is:

PyObject *am_anext (PyObject *self);

Must return an awaitable object. See __anext__ () for details. This slot may be set to NULL.

sendfunc PyAsyncMethods.am_send

The signature of this function is:

PySendResult am_send (PyObject *self, PyObject *arg, PyObject **result);

See PyIter_Send () for details. This slot may be set to NULL.

3.10 BBUHTIA.
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12.9 Slot Type typedefs

typedef PyObject *(*allocfunc) (PyTypeObject *cls, Py_ssize_t nitems)
Fart of the Stable ABIL The purpose of this function is to separate memory allocation from memory initial-
ization. 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_1itemsizeisnon-zero, the object’s ob_size field should be initialized to nitems and the length of the al-
located memory block should be tp_basicsize + nitems*tp_itemsize,rounded up to a multiple
of sizeof (void*) ;otherwise, nitems is not used and the length of the block should be tp_basicsize.

This function should not do any other instance initialization, not even to allocate additional memory; that should
be done by tp_new.

typedef void (*destructor) (PyObject*)
Part of the Stable ABI.

typedef void (*freefunc) (void*)
mRtp free,
typedef PyObject *(*newfunc) (PyObject*, PyObject*, PyObject*)
Part of the Stable ABL 5% R.tp_new.
typedef int (*initproc) (PyObject*, PyObject*, PyObject*)
Part of the Stable ABIL §5 . tp_init,
typedef PyObject *(*reprfunc) (PyObject*)
Part of the Stable ABL. 5§ R.tp_repr.

typedef PyObject *(*getattrfunc) (PyObject *self, char *attr)
FPart of the Stable ABI. Return the value of the named attribute for the object.

typedef int (*setattrfunc) (PyObject *self, char *attr, PyObject *value)
Part of the Stable ABI. Set the value of the named attribute for the object. The value argument is set to NULL
to delete the attribute.

typedef PyObject *(*getattrofunc) (PyObject *self, PyObject *attr)
Fart of the Stable ABI. Return the value of the named attribute for the object.

sEHtp getattro,

typedef int (*setattrofunc) (PyObject *self, PyObject *attr, PyObject *value)
Part of the Stable ABI. Set the value of the named attribute for the object. The value argument is set to NULL
to delete the attribute.

SR tp_setattro,

typedef PyObject *(*descrget func) (PyObject*, PyObject*, PyObject*)
Part of the Stable ABI. 5% R.tp_descr_get.,
typedef int (*descrsetfunc) (PyObject*, PyObject*, PyObject*)
Part of the Stable ABL 5 R.tp_descr_set.,
typedef Py_hash_t (*hashfunc) (PyObject*)
Part of the Stable ABI. 5% R.tp_hash,
typedef PyObject *(*richempfunc) (PyObject*, PyObject*, int)
Part of the Stable ABI # R.tp_richcompare,
typedef PyObject *(*getiterfunc) (PyObject*)
Part of the Stable ABL §§ H.tp_iter,

typedef PyObject *(*iternextfunc) (PyObject*)
Part of the Stable ABL §5R.tp_iternext,

typedef Py_ssize_t (*lenfunc) (PyObject*)
Part of the Stable ABI.
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typedef int (*getbufferproc) (PyObject*, Py_buffer*, int)
typedef void (*releasebufferproc) (PyObject*, Py_buffer*)

typedef PyObject *(*unaryfunc) (PyObject*)
Part of the Stable ABI.

typedef PyObject *(*binaryfunc) (PyObject*, PyObject*)
Part of the Stable ABI.

typedef PySendResult (*sendfunc) (PyObject*, PyObject*, PyObject**)
i Ham_send,

typedef PyObject *(*ternaryfunc) (PyObject*, PyObject*, PyObject*)
Part of the Stable ABI.

typedef PyObject *(*ssizeargfunc) (PyObject*, Py_ssize_t)
Fart of the Stable ABIL.

typedef int (*ssizeobjargproc) (PyObject*, Py_ssize_t, PyObject*)
Part of the Stable ABL

typedef int (*fobjobjproc) (PyObject*, PyObject*)
Fart of the Stable ABI.

typedef int (*fobjobjargproc) (PyObject*, PyObject*, PyObject*)
Part of the Stable ABI.

12.10 36l

The following are simple examples of Python type definitions. They include common usage you may encounter.
Some demonstrate tricky corner cases. For more examples, practical info, and a tutorial, see defining-new-types and
new-types-topics.

A basic static type:

typedef struct {
PyObject_HEAD
const char *data;
} 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_new = myobj_new,
.tp_dealloc = (destructor)myobj_dealloc,
.tp_repr = (reprfunc)myobj_repr,

bi

You may also find older code (especially in the CPython code base) with a more verbose initializer:

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT (NULL, O)

"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 */

QS
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/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

tp_repr */
tp_as_number */
tp_as_sequence */
tp_as_mapping */
tp_hash */
tp_call */

tp_str */
tp_getattro */
tp_setattro */
tp_as_buffer */
tp_flags */
tp_doc */
tp_traverse */
tp_clear */
tp_richcompare */
tp_weaklistoffset */
tp_iter */
tp_iternext */
tp_methods */
tp_members */
tp_getset */
tp_base */
tp_dict */
tp_descr_get */
tp_descr_set */
tp _dictoffset */
tp_init */
tp_alloc */
tp_new */

A type that supports weakrefs, instance dicts, and hashing:

typedef struct {
PyObject_HEAD
const char *data;
PyObject *inst_dict;
PyObject *weakreflist;
} MyObject;

static PyTypeObject MyObject_Type
PyVarObject_HEAD_INIT (NULL,
.tp_name = "mymod.MyObject",

{

.tp_basicsize = sizeof (MyObiject),
.tp_doc = PyDoc_STR("My objects"),
.tp_weaklistoffset = offsetof (MyObject, weakreflist),

.tp_dictoffset = offsetof (MyObject,
.tp_flags = Py_TPFLAGS_DEFAULT

.tp_new = myobj_new,

inst_dict),

Py_TPFLAGS_BASETYPE | Py TPFLAGS_HAVE_GC,

.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)
using Py_TPFLAGS_DISALLOW_INSTANTIATION flag:
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typedef struct {
PyUnicodeObject raw;
char *extra;

} 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 | Py_TPFLAGS_DISALLOW_INSTANTIATION,
.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, 0)
.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, O)

.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject) - sizeof (char *),
.tp_itemsize = sizeof (char *),

bi

1211 EXMREBZIHEIANIR B

Python % (RFRA| FI ALK I S IR B 7o RHRATAG L, I 7R AR o TR (L 1
PG, RS AR S R, S PP TR (er sl ) s iR,
0 AR LR K

HEAE-NERE, KB EWep_flags FER WA Py TPFLAGS _HAVE_GC Ff # ik —
Atp_traverse AP . WIRAZEAIN LB AN, BFELMtp _clear .

Py_TPFLAGS_HAVE_GC
W T ARG B RAAIAT A AL TSR . A R L, R S SERT R AR A 2524
%.

B RBU 5 R BT A AR -

1. WAl PyObject_GC_New () BiPyObject_GC_NewVar () RikEsi 4Bl NAE -

2. Wihatl 1B TR S A AR AR S Y 7 B, B PyObject _GC_Track () .
[FIRERY, XTGBT A 2L R -

L fER| I BRI FBRSmT, WA PyObject _GC_UnTrack () .
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2. WIE i Pyobject_GC_Del () BT EBINAE .

B WER AN Py_TPFLAGS_HAVE_GC, WE 2/REMED>—Atp_traverse
AR R A R B H— A A TR A

Y W HMPyType Ready() 8 # APL b K 26 5 5 H H B W K £
MPyType_ FromSpecWithBases () B{PyType_ FromSpec () W fif ¥ 25 ¥ B 3 H
Fitp_flags, tp_traverse Mltp_clear F B, WA ZERE R B LI T 17 3% Wk
ARt RI Hag 728 R Wdf Py_TPFLAGS_HAVE_GC HEFRHITE .

TYPE *PyObject_GC_New (TYPE, PyTypeObject *type)

ETryobject_New() , @M TRE T Py_TPFLAGS_HAVE_GC FRZIAZFAE .
TYPE *PyObject_GC_NewVar (TYPE, PyTypeObject *type, Py_ssize_t size)

T Pyobject_NewVar () , @ TRE TPy _TPFLAGS HAVE_GC WAt R4 o
TYPE *PyObject_GC_Resize (TYPE, PyVarObject *op, Py_ssize_t newsize)

MPyObject_NewVar () F)fﬁj\@ﬁ@gﬁﬁ%ﬁﬂﬁkﬁd‘ A% [ R RE R /I i B G B R I 3R
NULL. op @/ [ ARG it B

void PyObject_GC_Track (PyObject *op)
Part of the Stable ABL XI5 op MAF B3R A A ER BRI 2 a5 b o X GAE 1k [l Wi e B B P A 00
PRAFARY, P s ol BETEAEAT I ARTT 469217 . fEtp_t raverse ALPRHTHFTA T B A AL
Jei, LAV P RE PR S, 8 A A AL T R BOR R A

int PyObject_IS_GC (PyObject *obj)
BTSRRI T L T A S [ A A, 75 U3 ] O

QISR R SR 5] O DX 52 To gl b 3 e A B
int PyObject_GC_IsTracked (PyObject *op)
Part of the Stable ABI since version 3.9. {13 op X ZEFISLH T GC ML H. op H B 197 3% 9] Ui 25
IBERGERE] 1, FHWERE] O,
X ZEPLT Python fK%{ gc.is_tracked().
3.9 BCHTNA.

int PyObject_GC_IsFinalized (PyObject *op)
Part of the Stable ABI since version 3.9. {15 op SR IISESLIN T GC Wil H. op B & W73 Y as 2
ZENGR M1, 0GR E 0,

XZEPTF Python pK%{ gc.is_finalized ().
3.9 BUGHTINA.

void PyObject_GC_Del (void *op)
Part of the Stable ABL Ff it X & 09 N 17, 1Z X £ 4] #4 tb i FiPyObject_GC_New ()
B{PyObject_GC_NewVar () S BENAT»

void PyObject_GC_UnTrack (void *op)
Part of the Stable ABL M [H] i 5+ B B ) 284 0T R A RS IR op X R TR AT ATEIEXT 4 TR
M Pyobject _GC_Track () PAKFHIMEI BB EEXT R A . RS (tp_dealloc AIHR) W24
fEtp_traverse FHT A LR B R R TR0 G I R &K
3.8 iR ##: _PyObject_GC_TRACK () fil _PyObject_GC_UNTRACK () ZEMANH C API 1555,
tp_traverse CHHRILPA KRB RETE S .
typedef int (*visitproc) (PyObject *object, void *arg)
Part of the Stable ABL &5 tp_traverse AbPRIGTT R BRELIZEEL . object J& 2545 W 75 B T 1 —

IXE, BTSN T tp_traverse AbPRAY arg . Python UMl FH Z2AN5 1) & bR BCSE BLIG R
S| RRERAST I, NFEEH P A TSE BT R R AL

tp_traverse AbBLUAZR AT A
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typedef int (*traverseproc) (PyObject *self, visitproc visit, void *arg)
Part of the Stable ABL JJ T 25 W Sk [T R A B SEBLLZIONT self Jir 4 60 0 4 X 4 1 )
visit AL, visit (TE S0 B SRR AL L5 A PR P Y arg fH. visit BEECUE FIAS T BT NULL X4
HNZH AR visit REIAEZAE, W 4807 IR W] .

N T fiifbtp_traverse ALFAYSEIEL, Python $Efit 7 —ArPy vIsIT() . HBEMIMXAT, B
Wep traverse IEENG K visit Fl arg .
void Py_VISIT (PyObject *0)

sk o Ak NULL, WIYHH visie [FIEEEC, AT SEC 0 Fl arg. NS visie 3R [N HESAE, R[]
Ml BHAREZE, tp_traverse AR AIT:

static int
my_traverse (Noddy *self, visitproc visit, woid *arg)
{

Py_VISIT (self->foo0);

Py_VISIT (self->bar);

return O;

}

tp_clear AbPRREFOAN inquiry 8B, WIERXIGOR R AE N)2A NULL,

typedef int (*inquiry) (PyObject *self)
Part of the Stable ABL EFF /= A5 G H . AW AR QAT EFE I, BT
REE AL . FEERNE, WRIEWH M M %G A2 A 20 CREEXT S| K
M Py DECREF () J5¥k) e 4RI IS A0 220 ARG T ey, ey e adi i .

12.11.1 {25 B RS RZ

XA C-APL IR T DAF eR A T4 b3k Ml iz 47
Py_ssize_t PyGC_Collect (void)
Part of the Stable ABL ${AT58 4 iR B, ansRdr 3k msgs B8 G . (B3R gc.collect ()
STEAMHPATE )
R[] 2 T + JEYE MDA TSRO G Bt . SR 3 e #8454 s /e T i, U S7 B
R[] 0. FERR PICBIE & L AR S WG 45 sys .unraisablehook. HWEREIAXEI KT .
int PyGC_Enable (void)
Part of the Stable ABI since version 3.10. |2 ALk les: F3UT gc.enable () . R[EIZHIFLIRES,
0 &L 1 M.
3.10 BGHT A
int PyGC_Disable (void)
Part of the Stable ABI since version 3.10. 25 153k Ak #s: 25T ge.disable () o R[] Z BIHPRAES,
0 &L 1 A .
3.10 GHT A
int PyGC_IsEnabled (void)
Part of the Stable ABI since version 3.10. ZEifik FIKRESFLRES: 22T ge.isenabled () . R[A]Y
HIARAS, O HZEM 1 AEH .
3.10 FHT A
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cHAPTER 13

API| 0 AB| fR AR E 18

CPython i PA N E 4E (macro) /A BHHIRASE . siiE, BERAZHEE (built) FrHBRRA, FIA—2
SEIEA T (run time) BT A ICAS

RS APL I ABL RGP MOy, 35 C AP 41572 12

PY_MAJOR_VERSION
¥E 3.4.1a2 #1 3,

PY_MINOR_VERSION
FE 3.4.1a2 i 4,

PY_MICRO_VERSION
¥E 3.4.1a2 #1 1,

PY_RELEASE_LEVEL
TF 3.4.1a2 ) a. OxA {3 alpha fliA. 0xB {3 beta i, oxC [FlEfife A . oxr AIF

PY_RELEASE_SERIAL
1E 3.4.1a2 iy 2, FHIEHEKEARA.

PY_VERSION_HEX
Pl 5 ) B —RE 9017y Python JiAR 55 .

JI AR AR AT DA AT BRI HL R o — I 32 A oclie v ARG

fir 7t 4 | T (KiwfrcA s (bigendianorder)) | E%% 3.4.1a2 B Y
& &
1 1-8 PY MAJOR_VERSION | 0x03
2 916 PY_MINOR_VERSION | 0x04
3 17-24 PY MICRO_VERSION | 0x01
4 25-28 PY _RELEASE_LEVEL | OxA
2932 PY RELEASE_SERIAL| 0x2

I 3.4.1a2 403 hexversion 0x030401a2, 3.10.0 {32 hexversion 0x030a00£0,
FIr G 52 5 i) 5 4241 2 284E Include/patchlevel.h,

255
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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 AR ARSI . AE— S ICIC R 2 E AT (delimiter, BIANSESR. J5fE9%. E45
SRE=519%) [, sRTEHEE — R E/ifR (decorator) 2 1%, ZH AFRAHERS, HH)5 shell #
/I TH L Python $278°FIC.

o FF# Ellipsis,

2to3 {334 Python 2.x s HEIE) Python 3.x L MEAY THL, & 3 B4 AL ZEHE A
PR 10, T 32 L R AT DS T S 30 T BT At

2t03 7E A MEHER X FE DA Lib2to3 Bl A s B3t 7B 1 i A8, 7F Tools/scripts/
2to3. #E2[F] 2to3-reference.

abstract base class (MIZAEEHIE) M EIEHE (XAE ABC) R4t T e R MM ik, 1
Elduck-typing (W F2UE]) MH7E. HABRERI AT, B2 hasattr (), HIBHAER A A5
IS5 R (40 B JBE AT 7% (magic method)) . ABC [EJ A [EJ#ER subclass (F4HE]) , B MEIARER
H % —1{# class (FHE]), HA5A 4% isinstance () K& issubclass () #i; sH2E abc BALRY
[EIHASC 4. Python 45 ¥ £ [EIE ) ABC, HNERIEER (F£ collections.abe i) . #F (£
numbers i) . H (FF 1o B4L) KX import FAFAR AL (7F importlib.abe #i4). &
ATPAE ] abc B4 AT 3 O ABC,

annotation ([EJff) —HELSAEL. class BME. pRCAY 2k ml AN BB O AEE) . IR, &0l F ARAE
[Eltype hint (BIEFHER) .
FEFEATIE (runtime) , [W53 SO (ERR VA DA I, (R A3k o, class B MEAN R X AOE)R, ErorE)w:
TEAEAEBLAE . class fIBR) __annotations__ FiRE M.

#5 2 [Elvariable annotation. function annotation. PEP 484 F1 PEP 526, =202 %A Hh e ERA .
IR I VR 1) o {4 B 8y Y25t 2] annotations-howto

argument (51%0) WP R OREREELIR AR funcrion (method ) FME.. 5 I3CA Wi :

o B4 7| B (keyword argument): FERZNIFIY 1 DLERE)IT (identifier, 4 name=) BHFEMIT 3L,
o2 DA < * 1A dictionary (7i) EIAGME M EIERS 2. BN, 3 F 5 #HIZPAT complex ()
WY H g B g = [

complex (real=3, imag=>5)
complex (**{'real': 3, 'imag': 5})
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o 15 E 51 ¥ (positional argument): AJe B4 5 WG H. FUET | BOTHE— {05 B LA E IR E
B, A (2) fEE * 2k Wierable (PEWCME) PTHOTCHEBER. G0, 3 F S HRLAT
RN IVATCIE &

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

5| BB o A e R B PR [ oS B, R SCILIE R i i AR A R, 5 2] calls i 72
g b, ARAE S AR T AT ARG s — 5 18 HRPAS (B o 6 [ s 0

Syt 2 ORI parameer (Z280) W&H . & REETH5ER2 82 ML, P& PEP 362,

asynchronous context manager (JEFIZBINBIEMEY) 0] DAFEH] asyne with BUAZUH B FUEREERY
Y, MERBRERR _ aenter_ () fl__aexit__ () method (F7¥E) Ke=Hli. i PEP 492
FIA.

asynchronous generator (JEFIGEIEZS)  —{W & Bl {Easynchronous generator iterator (3E[R 2 E14E #EEM
%) . EERERGE ML async def EFIW AR (coroutine function), {HAS[H][1) 2 E Al
HT yield #EEX, BN —RIA IR async for EREAYHE.

B ATHEE 3 AR F R — AR R EA g ek 2, (B, AR FRER FEA BERX
% (asynchronous generator iterator), #—RFIEN) B ERENERE, IO A 2 LAMHE, DABEIE;
.

— AL A EVE 2SR AR await BRI, PAK async for fll async with PR,

asynchronous generator iterator (JERIZBEI:ZSEUREY)  — 1 thasynchronous generator (1R 2 [E14: £%)
PRI N R

& & —Masynchronous iterator (FEFIEENLAE), B EDA __anext_ () method NPy, &r[a]{EH—
T % R4 (awaitable object), %I ATAERIAEEAE S AR 0, EEBE T yield
i yield ErEg R Miie )y, Rt BHATRE (O s 8O M E 1Y ry BAR) . BaE
R FEA BERE LS P __anext__ () EMEHF ] SEEY A RO IR, & a5k rib
FHEEAT. 752 (E PEP 492 f1 PEP 525,

asynchronous iterable (JE[RZLnf[EfCHIfE)  —(E(F, BRIPATE async for BR= PR . SZE1E
B __aiter_ () method [E|fE—{E asynchronous iterator (FE[RIZENLES). B PEP 492 5] A,

asynchronous iterator (JEFRIZBEMRZS) — M E/E __aiter_ () F __anext__ () method [¥ 4 {4.
__anext__ /A [l — flawaitable (W] % F5 ¥ F) . async for & AT Ak [ 4 B 5 1Y
__anext__ () method Fr[EE K AT ZGM1F, HP|'E5|%E StopAsyncIteration 4, Hf PEP
492 5| A

attribute (Jitk) —EEEY A BB AOME, %00 KL Re7E R 6 FH 2543 BR #3520 (dotted expression) )44
gz M. B, WERYMH o 5 —REME a, HIEZEIEREI o.a #2 1R.
WR—AY 7, BT —M% R 2l identifiers fT & 382 sE)fF (identifier) (1)@ M2 A
TRERY, BIANfEFH setattr () o BIE BN & M A e L 50 FH 240 P 55 ORI, 1 2 7 0
getattr () FKEISGE.

awaitable (WZEfFPME) — (T AYE await SEE X Py . ©r A2 —Mcoroutine () |
®E A __await__ () method [, 5% (E PEP 492,

BDFL Benevolent Dictator For Life (#E{" 2583 ), X4 Guido van Rossum, Python [ 833 .

binary file (_iERIER) —EAEER N R Abytes-like objects BN TCHER I 1) file object (REZEE).
TIHERIAREPIP T DL R (rb L 'wb B 'rb+') BEAEZE. sys.stdin.buffer,
sys.stdout.buffer, PAJ io0.BytesIO fll gzip.GzipFile B,

st sEext file (XFHEE), ER—MHEEERIREA str WRERYM.

borrowed reference (M) 7 Python g C APLift, (/2 UL ~WEHI(FHOZ I, EA AL
P 2 BRI (reference count) . QAR XY BESHE], & & WUE)— {1 2E 3% 4545 (dangling pointer). {3
fn, —¥R B3 Ak (garbage collection) T ARSI 141 1% — Wl strong reference ([F1HR), Tid$#%
Py H(E
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¥tborrowed reference WEN Py TNCREF () DAMHE 5 (in-place) ##[F[Elstrong reference 32 4% kL
¥, BRARZYERRETE R K A 2 IR mi b B(E). Py._NewRer () pRZTT IR EESL— 8B

H)strong reference.

bytes-like object (KL ICALHE M)  —1(8 238 45 &5 1% 52 (Buffer Protocol) H.RE[FIFE Hy C-contiguous 4518 |
W BAFEITA K bytes, . bytearray fllarray.array ¥, PARFFZH A memoryview
Yo BT ER P R A B P e R AR R S S AR A . R R IR
FHiZ i socket (L) HEik.

AU AT R R PR . (EIRA SR @k Se A RRE) [T sl & e A R A 1 L
PSR G (E W ) Y4 bytearray, PAK bytearray [} memoryview, JHAlff 555 28 ik
il R A TEA AT Y (TMERER A TR ) s S (s bytes, PAM bytes
P4 memoryview,

bytecode (fiiyC&Hf) Python 1) ﬁﬁﬁﬁ%@?ﬁ?ﬁﬁ)ﬁ@ﬁzﬂﬁ% ‘B & Python #£x{7E CPython F 3% 1Y)
HRFIRYE . NS i A -pyc LZELTN U\@Hﬁ#{}\iﬂﬁn TR SR EET e (m]
PAAS I ARE 5 2 85 55 %-hﬁzﬂﬁ%) JEAE [P [H]EE T (intermediate language) | {5([E)&i#E T —
i viriual machine ([EERRS) I, szEeARs G fT B4R A7 C AL 3 E AU M2 (machine code).
B E RS, ISR bR AR [ #Y Python [FIHEA& 88 2 EAERY, HASREXEA A A HY
Python 2 [ fRFFEEE -

(L TCALAS R 212 AT DATE dis BEAHAYERA SO 4 3] o

callable (W[WEIYHyPl) —1f callable ;& n] DAREIFIY A #p44, WERYIRE il BEA N ADE A A — 45 13 (5%
Hargument):

’ callable (argumentl, argument2, ...)

—Aill function BLELIEAR jmethod Ff /2 callable, —{#H EHAE __call__ () F¥EM class 22 Bl 21

callable,
callback (IPE)  FEE]S [ #5epl (IR ) — M EIFLL (subroutine) pRizX, e A AR A S I [ B LA T

dass (JHE]) — 0 A8 7 0 & E BB . Class B9 7€ 3218 % € 97 method ) EFE, &L
method 7] PATE class B BB i THR0E .

class variable (HEIS%) —fH7E class FHESE, FIERZ LAETE class IR (FEEIAREFE class A ECBIH)
DI

coercion ([EIiRIEIHRL)  FE¥5 K Wil AR ZLE S | v Ve fe b, i — R EIAG B 3 [EIE) 55— R 2L
&= E(E) (implicit conversion) i@ . B4, int (3.15) &z EEssFIE#e 3, {HAF 3+4.5 1,
B G BR AR RE (—0 int, —F float), i Wi 5 | #H B4 Bl EIEIA [ 0 B4 E) 2> 4% 7 fg
A, SRt E 5% TypeError, WIREMGEIHREA, BEVEFTA WS SR ESHE, EIMERNE
%Hﬁii B% T IE#AE (normalize) [EIFH A IME, B4, %A £loat (3)+4.5 MIARERE 3+4.5,

complex number ([EJ%) —EILMATMHBRGIIETE, TEHITA BT @R [El— 18 25—
ARz A F#u2EEE A (-1 frrR) e, REEF R tynE i, £T
e as(E] 5. Python [EV 1 HEIM 1%, ERMEE MR RES: [ERaHE Mz
B 3 PewES, BN 3+17. E Y math BEAAE THSEO0 N RES, #0H cnath B4,
i%g£m~ﬁ%ﬁﬁfﬁﬁﬁ%@%mﬁ IARAREE 2R E M TR, IRERT-RERE 2 VR nl A%

Hb 2 A

context manager (T§BEEPRAY) — ol DA with BRIA AT BB Y08, T2 %M E %
__enter_ () Ffl__exit__ () method 3l . 3H2[E PEP 343,

context variable (§His#%) — B E, G DURE L F SO mA Ir A . 8 B RAT 4 17
fi#i f7 5 (Thread-Local Storage), £ rv, — {5 /e 3 (L1745 ] e B A N E. AR, B
T, AT T RE A 2 HEEE, Tfﬁf*ﬁ“%tﬂ’]i%)ﬂl_7 ETI??B@#EH%EE’%
(concurrent asynchronous task) 77, 3} #R BB BE) . #52[[F) contextvars.

contiguous (JEAN) WNH—H4EH W 2Z C-contiguous 55 3% Fortran contiguous, RI|'& €5 g1 [E) 28
#H1 . FE4fE (zero-dimensional) [ 4% 18 [ AR /& C I Fortran contiguous ., 7F—#f (one-dimensional) [§%1) H,
AT H W ZRAE RO R A AR RS TR G TR 18 25 B AR IE Y - #E 2 41 (multidimensional)
C-contiguous iz, FeRo R HE 7 0L IE 37 & EIH H IR, e — MRG0 fb et 28, #¢
Fortran contiguous [§i51 57, 55—f2 5| 8 kAt .
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coroutine ([fifit) 1f#2 2 f|FEs\ (subroutine) 1y — R EIRE MY TE . Rl 22 A I (0 e [ ol e A
P73 —(ERE B IGR . AR T DATERF 2 R IR e W Bt A R . B MAEEIA async
def BRIARB M. i S[E PEP 492,

coroutine function ({jFEr=) —1E B Ecoroutine (HHFE) WFRIE . — KX FEVL asyne def
A oes, EfEE{d await. async for Ml async with BT . iR H PEP
492 5| A,

CPython Python #23{5E & MAZHE B {E (canonical implementation), #{%§7i{E python.org I, [CPython] &
TEATFEAE LB AT, DA I BB B B F W ELAE, 191401 Jython 5§ IronPython,

decorator (:ffigN) —MER, B EES MR, BHETGHH ewrapper 5, M E—ER
5[ (function transformation), ZEAfIELIHH AIM & classmethod () Fl staticmethod (),

Fetiian ik FUZRRRRE . DA W ek o FRAERR SR 2 SR

def f (arg):
f = staticmethod (f)

@staticmethod
def f (arqg):

Class WA [F MRS, (EAEAREILBOAR T H . B ethidn i e 2 B2, 552 (Em0E R class
SE S IR S

descriptor (fiii&2%) AEMTEFET _get (). __set_ () B __delete_ () method FJ¥{k. ¥#—
18 class J& 12— AL, CMRRE A TE G re A R e g s . W%, M a.b ACHUS .
S S EIR S LR, @FF a 1 class FIP AR AMRE b (0, HWR b2k, Al
HH B FEA 2 method G gy . SEHFEAR R FEAR 2 VR AR Python [ BISE, WEIEMERTZY
BEny A, SHTEEemIEER . method. J&VE (property). class method. [EJAE method, DA %3} super
class (SCHIE)) 12,

BRI A S method fYSE 2 ¥EaH, w52 {E] descriptors Bl & 61 57 .

dictionary (‘y2Mlt) 1 B W[5 (associative array), HH (T2 4 88 € g WGy 2 (H . §8 ] DAL A5
__hash__ () fl_eq__ () method (¥4, 7 Perl Wi #EF)5%E] (hash).

dictionary comprehension (‘P i&sPiisY) BB VA, HAESE @ T ER YR 2 seR
T, EH AR FHE 1, results = {n: n ** 2 for n in range (10)} &
EAE— i, EaE T n MUHEE n ** 2. 552[E comprehensions.

dictionary view (FZMLEE#) 7 dict.keys (). dict.values () M dict.items () [E{EHY 0T
st B3R T HOPIEE B AR, SRR E I BB R, AR O RS e
B A B EI A E) e B list (H251)), M list (dictview) . #52I[E dict-views.

docstring (W Hy)  —fH¥E class. R EBAL b, VRIS — S A B0 FEp SR, R EEEN
HATHFEr ol 2%, (e aeianes e, EWOAFTE class. B EEALN __doc_ JE@YEH.
JAEIRA =58 ] DA )4 (introspection) SEEVER , K e & W A (EIRH SCH-FE R A AZEE (7 B

duck-typing (W§1HIE]) —FEREAGEREME, B EHE RS — Y B E R 2 & e i HAa 1Bl
AT B2 A9 /2, method B & I & WAL WP I s 6 . (TR B &R ARG — (B 1
Hyg kg —EE T, BEE—Ee—EET. ) HEERN IS ERE, R
A5 RE £ L (polymorphic substitution) A8 i & A EE TG 1. 18T BUEIZ G A type () 3§
isinstance () #FTHIEL. ((ER2a5HEE, W FREN DAY %4 & JalE] (abstract base class) A
7o) BRI, EEEEEM hasattr () PEt, SUREAFP BEAGEERTENE .

EAFP Easier to ask for forgiveness than permission. (35K EA i KFA T EAS ) 5% R Python %if
JEUE Er e B Sk B B R A, (D 5 (S ol T el PRl A 091 1o 35 Tl i () LR g S
HEF O RIFAET LW try fl except PR, B2 HMEET (Fl0 C) & WALBYL &%
e T ¥ 1

expression (FEFIR) —BDAEHEELREAREE . EARRE, —MEE e oy . A, B
B, B 7ol pR A S R TR B, I8 Lo ERRE el . B HAMEE SRR
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5=, [AEFTA ) Python 355 MG H @A . BAINE —Lstatement (BEA) AHEWL ML,
Fln while, BR{H (assignment) HI2BRiA, 1A A,

extension module (i FEBE41) DA C 3 C++ ARESHYBLAL, & fH] Python fr) C APT ACHAZ. I il 2
R AT

f-string (f2p) DA £ 8 'Fr [ERIB0 PR SO EBREE [f 78], R 78 SO 4
2. 2 PEP 498,

file object (F¥Wnft) — {0 3 (& 5 @4 L & i (file-oriented) API (1l read () 5{ write () %
method ) SRELAVEIRIRE GIRM Y IF. ARSEAE R YO 5, e Re ) o o8 3 B B A AR 58 L
& HAWBAL ) AR SRR B (PIAnERES A / B . sOtRBE) 5. socket (4fi)E) . &
(pipe) %5) MYAFHL. HERYHBAREEI A% £ 1 (file-like object) B8 % iR (stream)
HIE L, A=MAERY M R =& 5048 5% B =& A48 ST % . BEMINAHAE o
B e R . B R YR 2 open () MR,

file-like object (JRERWPE) file object (REEWIT) HIFFET .

filesystem encoding and error handler (K§ZXZRFMUEMEEREIIARA) Python B ili F i) — T 4 A F1 4
PRIEHER S, SRS BEE RSB, PASGK Unicode #nfl§EIMEZE R4t

T % R S A A ZE PR B RE TR A FIr g /it 128 BN TeA . WA R R S AN v E R L bR es, HI
API {0 &5|%f UnicodeError,

sys.getfilesystemencoding () fll sys.getfilesystemencodeerrors () I A HAEL
A 8 2R 00 A A R £k B P R 2

filesystem encoding and error handler ({8 & 2 %% # 15 F1 8% 5% 2 3 o8 2%) & ¥£ Python [F) B I
i PyConfig Read () B KELE: #H2[Flfilesystem encoding, VA MNPyConfig WK
Bfilesystem errors,

#t%(Ellocale encoding (@I 4HE) .
finder (SHbgy) — MY, & EWEIELEY import A F K loader (WAZE).

¢ Python 3.3 §4&, A WTERRIA SRS 1 UIAAE F 48 22 (meta path finder) € {§i[f] sys .meta_path,
Mis44€28 B ¥ % (path entry finder) € {#Jf] sys.path_hooks.

#%2[E) PEP 302, PEP 420 fl PEP 451 DL T fift 58 2 40 .
floor division (In] FIUREBRIL) 1] 1 MG - 25 B R i B O OB B vk 1) N BBUBR RV IE S 12

/). Bm, AR 1L /7 4 WEHEESRE 2, B float (JRENEL) ERIEIIRIMER 2,75 RFE. @
HE, (-11) // 4pEERRE -3, HER -2.75 #ié T EEA4E 5. #H2([E PEP 238,

function (X)) —HHABIARK, EREEI N2 Ll B0 AR EESEK LM &, &
SUT | AT B 5 R R A B AT . s 2 Eparameter (23%) . method (F53%), DA function £
i -

function annotation (FXERY) K2 8EEEAE R —Mannotation ([EIRE) .

ek BE R R 2 [ElR o g, e AT @S2 W int 5180, ElgH @ int [
H{E:

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

bR A EIRE A R FE function ZEE AT wEANfRRE .
st 2 [Flvariable annotation #1 PEP 484, Y a I hRemdiiik. BN EREMRETER T, 3

annotations-howto,

e
W
6]

_ future__ future ffiA=: from _ future_  import <feature>, G5/ HiELS i HILEAE Python
AR A PR B EIME (R BEEE, AR R ni A . T __future_ BHAIREET
feature (Fh#%) WIRER(E. Fith import PASTAH FIS A BORAA, 1R DAE W— BT B e (TR 1
WHCHE R BRES T, AR EMEsE (e s) mETHEZATEE:
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>>> import __ future_
>>> _ future__ .division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection (Lp¥mlly) HEFCIEHEA TGRS, A4 HBYEFE. Python ST EIL, 2iF
12 WG (reference counting), DA K — 1 RE[E g A A B 2 HEJG B (reference cycle) ()G EE 735 1]
i (cyclic garbage collector) ZR5E . 3 IR i LA g #5438 A T il .

generator ([E14:2%) — & nl{Hgeneraror iteraior ([EVERFENCEE) B . EHEERGE FHIEFER,
EARFKZEEE T vield #AN, fELE—RFIWME, @S] ik for [EE, #i2PA next ()
R, BRI — R
TE A AT R o AR S EVE R R, (AL e, i gE R FnE A BERE. B 4%
R EARERERE, IR e s, DAk 36,

generator iterator ([EIZ:23EFUCES) —{f generator ([EVAERS) KT ESLA .
B yield S5 EHifey, [ERt M BRI TIRAE (3E R M E P ay BAR) . #(E
i)%iﬁ%%[ﬁlfﬁﬂ%%, B I AT (BTSSR 2 T B 4 1) R = T AN
[A]).

generator expression ([EEZNETA) —HemEERRGERTN. BEHERG -MEFETX, %
Wi for 4], ez T DB E . MR L MRS 1 70, S amEdNe
(150 e S E A 22 {4 -

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

generic function ({Z%IpA5X) — 8 d 2 M sRA AR, ek 0GB W 1 R E AR B R, IF
LY S01 o B 2 2 P WORARR £ 1, 2 ol i BETE 3300 (dispatch algorithm) 2K(ETE

a5 2 [Flsingle dispatch (B—3FRE) #3E#RMH . functools.singledispatch () #EAfi#efl PEP
443,

generic type (JZIMIE]) —fHAEEID; 2 81k (parameterized) [Fnpe (ZUE]); H#H 2 A258E, Bt
list fl dict. EHHAE ER = MEE,

2z 2E4AE. PEP 483, PEP 484, PEP 585 fll typing 4.
GIL 352[Elglobal interpreter lock (430 22858H) .

global interpreter lock (4IRFEFENE) CPython HEEAR I OMEH], H DARECRERE A — BT 4%
REHLAT Python [f)byrecode ({iTCHHA) . SRR (WHEMEYERAFE, 1dict) HEH
G [ETA7HL (concurrent access) [ fE i, A% I AT DAfE b CPython () E{/F . SHw BEqM ELaas, € fi
HE A S BE Z WA T4 (multi-threaded) , {HAAE 2 S dni 2 SR FEZH M 2 BEERR AL — G
2471 (parallelism)

SRIM, AL Femial, Mm@ BEmse st =0, Mt e T 4 o () S 5 R 4
(computationally intensive) FJ{E#::, W DAMEES: GIL. 54, ¥E#fT VO Wy, GIL 482 Eryhfidis: .

R S TR GIATAE ] e (A S AR AR 8 e L R B S ) A% IR AR
oy, HEFE— ) R B E T, ke era rBsk. —BRE, FEaiE Masem e, el
PR ERMERT 2, JEIAT 0 ) A A A

hash-based pyc (#EEZRHEN pye) — (7 CALES (bytecode) W f7AR , & o FH AR EME T N & 3 ME S AE i 52
R IG MURe ], A A 3. 55 2(E] pyc-invalidation.,

hashable (W[#E[EIRY) WR — WY A — LM, ZEEEEGEY PR WS (BFE M
__hash__ () method) , HA[E AW EMILE (EFHE—M _eq () method) , HEE
=T 2 E . el 4l SRR 5 i 2 m] S 2, e 0 ZE A A [ it A (EV

A HEEINE (hashability) (—{E 4 (F Al JIE dictionary (F4t) MY8EA set () HKE, HEELE
T R H TR T AR E M

KZ W) Python A 5 [FE ) (4R 2 AT BE TR s Als# A 2sss (B4 list B dictionary) [FIARE; mWiA
Az e (510 tuple (JCAHL) Al frozenset) , A EEMKICE 2R EEN, EMA & A 2] 5
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By, AR HE AE class FEB, JE Sy e piEL B 3 ER . ©M7E A g A
EAMEN (BAFemMeE g ), meMisEEENRAEE e ido .

IDLE Python f#] Integrated Development and Learning Environment (¥4 BH 25 BLEL B FEEE ), idle 2 —fHE A
() A A LR AR IR BT, BRI Python FUEETESEATRROAS— 2 g AR 11t .

immutable (An[8EWPE) — WA B EEADE. AP OEET . FHA wple (Jo4l). SHEY
PSRN RERE Y o AR — O R (LB A, MBS, — R e . e MAE TR B
EME T, PHEE A6, B0 dictionary (7#) i — 1 4

import path (FEAPKAR) A6 E (54278 B ) 53, MARLA B ErE import FLAHNE , & #liparh
based finder (FRAIRIFMES) SN E . 7F import IR, M7 EHFEEZHRE sys.
path, {H¥A & (subpackage) M5, BEWAEERRKHLEM N _path_ B

importing (FEA) —ffliffE. —EBIALH ) Python RexURE AT DAZE IS M A, W5 —MBAL 1) Python

FEAHE A -
importer (FEAZ) —MREESHLBMABMYIE; EWER finder (Fgds) Widloader (BALR) P
.

interactive (FLEhI)) Python A7 H. B H s, & Fm 1T DATE L i B 7 0l A B ORE
H, SCHATEMEHERI MR . REES) python, RTEALMEIH (ATHRERE b 7R IRIY
FEN Y s g R ) . JE R WIRUMTAA SR BRI SR ERER I (G help()) .

interpreted (Fii#ff)) Python &R ARG T, M AT, N ME S TR Lol WEA
(L TCALE (bytecode) Ak HIAFAE . 5/ IS W] DA B BEEA T, AN WAt 57 5 —fl el
FTAE, SREFPATE . AR S T LA S B/ BREREN, A EMmERREEE
HEATREANG . A2 Eineracive (HEH)) .

interpreter shutdown (FiFEgsBP) 7 Python EEANVGEKBIPARE, & &t A —(HFRIRRF B, FEHE
G RE I A W B AR, BRI AN A AR B SR R AL M . Bt & 2 KIE 35 S ele % (garbage
collector), & REEIMBEEME ¥ A E R 0 (destructor) 5% 553 | F 17 [ I (weakref callback), [FI3
PR RECRS . 72 B BB B T AR A EriB B 4 A 41, IIEE BT R AY EVE ] BEAS A 1R
AT (R E) T pa X B A 2 2 i )

ERER B E 2R, 2 main_ B EUERGEATHEA O AATIE

iterable (W[[EfCIE) —FEABE— R a0 L s S A 2 o TIEUR P {4 A 811 356 I 1 57 B4 )
(82 1ist. str fll tuple) FIFLLIRFHIBIE], B)E dict ., #2400, PARARITEFRAYEAT class
Y, HERL class 5 _ iter_ () method BY 2 B {ESequence (J¥4) #EEZM _ _getitem__ ()
method, #%H{4 k2 AT ER 14

A EURYI AT S for EIREIAIFF S HAL T 2 FSIAHT (zip ()« map () ...). &—EATEI4)
PHEES | g A E R iter () KB, B GERZY A REHERR . HEMR R 7 et
—#AfH AT (one pass) JEA. T HIEUCARE, WH A—EEIFY iter () B ATEEERLEY
F. for BEIAN G B BMEREIE LS, B adr YRR A M2 8, FRTEEIE b AR
HZEUE . BigzElierator (EURES). sequence (JE%)) Flgenerator ([E1ERE),

iterator ([EURZ%) —MHEFERERRAY:. EEHPEYESCESH _ next () method (B &1 T &
KR next () ) ERFEERNR P AISIEE - & AT R, 154 stopIteration
Bilsh. BLiE, ZEMCZIYEC AT, MET3HE _ next_ () method [yif—2 Ny, #F €
PR % stopIteration, [EIREFNZEA M __iter_ () method, T & [mHEMCEMIIFAE,
BT AR EMR 2 A2 nTEM ¢, BT DA A K 22 s ) HA T [EU (i35 . — 1 I BE A 151
Gb, RERZMER (multiple iteration passes) FUREAX A . AP (B2 1ist) ERRIREE
BLES iter () RREHE for BT HEHA TR, MEELE—MEHmERS. AR ER K
i (?Eﬁ) e, g e AT —m EMC g AR . R e A R ER e, HER
WG — S A .

£ typeiter SCH ] AR B £ &

CPython F{fi:4fi: CPython [EIAZ ip 4t — i arifds (DRI AESRE __iter O ) EMEM
7E o

key function (ZpAx) k=37 58 = (collation function) & — 1 B BERY (callable) pE =, ‘& & [a]{#—

18 F A HEF (sorting) B %E [ (ordering) FO{H. B4, locale.strxfrm () Bl FAREIE —{i 7 fif [ ok
B HEF B HE 8
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Python T2 TR, #iHe3Z DAGE ek A A il T 20k 24 8 7 X B EFE min () L max () .
sorted (). list.sort (). heapg.merge (). heapg.nsmallest (). heapg.nlargest ()
Fl itertools.groupby () .

H YA DA S, SRS, B4, str.lower () method ] DAVEEIAS 43K /INES HEFF Y 88 oFi
Ko B, — AR WA lambda R PEE, Hla0 lambda r: (r[0], r[2]). 54b,
operator BAHFRAL T =18 bR = RS ER =X (constructor): attrgetter ()., itemgetter ()
methodcaller (). BERMUN]E ST Al AR pR A, w2 EATHET .

keyword argument (B3t 5|8) w52 Eargument (5]31).

lambda [ ¥i—expression (JEZE) FrALSH—E 2447 E)K R (inline function), A% b PR B SR AH .
#£57 lambda KX HFEVE 2 lambda [parameters]: expression

LBYL Look before you leap. (= JEMIf&AT.) 15 4 5 EU S e e A7 ny sk 2 42 2 1, PRk S [E g
o EEEREEAFP FERE L, HENSOLEA7 L 1 BAIEE.

TE—HZ s, LBYL a7 [ =B Al (%17 Z 5] A T 8iEW&{: (race condition) 1)
JaBE . FITNPA T AESCHE if key in mapping: return mappinglkey], WA — @457
W2 ARMEAEE IR Z /T, 1€ mapping HRERR T key, HIRZARACHSRE € K%L 1.1@ ] DA 85 (lock)
o {fi fl EAFP %t 7 =R fR(E

locale encoding ([sJ3§4fl) #£ Unix I, &2 LC_CTYPE [B 3% E W 4 5. =l A locale.
setlocale (locale.LC_CTYPE, new_locale) KiiE.

1r Windows |, B2 ANSI{UCHEE (code page, iUl cpl252),
locale.getpreferredencoding (False) A DA AREUA: 5k 4 A .

Python fii [l filesystem encoding and error handler (F%¢ 22 4% 4t A8 5= i HH PR =) 7 Unicode fi %44
RN TCAHRR 222 F 2 K T ()

list (H#3%51]) —1# Python [El#(K)sequence (J73). EVE B4 T4 list, & H B R HADE = i —1{@
W% (array) MiEEANE — {045 5B 51 (linked list) Ilﬁﬁﬁ?ﬂ@ﬁﬁl%f 72 O(1),

list comprehension (H3IEEAHESE) 7 SRR HE {0351 v i 30 ulih 0 e R, [EDHE S HH 45 SR DA— 1

list [E{E A B vk, result = ['{:#04x}'.format (x) for x in range (256) if x %

1 GEVE— e list, HoP s 0 2 255 @EE], Ara s+ sl (0x.), if 74
SEEEEEERT . AREREE, M range (256) ITA TR IR

loader (H{AZY) —MAEERABANYIM. BUEEFR MAE Load_module () ) method (J5%).
WAL E T W finder (SA58%) [, HLZAEGHRE PEP 302, B ikabstract base class (55t
JEHE]), #%2[F importlib.abce.Loader,

magic method (BEHTJiik) special method (F§5R75%) W9—EARIE XA 35 .

mapping (¥HW) —FEERYE, BB EN A, HABE/E abstract base classes (15 &K
[E]) &, Mapping 8{ MutableMapping fif & & ) method. #if{fJ4E dict. collections.
defaultdict. collections.OrderedDict il collections.Counter,

meta path finder (mﬁ%ﬁﬁﬁﬁ%ﬁ) —FEKEH#F sys . .meta_path [ E 1 finder (FAfies). JCEEEH
M AR EEL YL AE 38 B S48 35 (path entry finder) FHBI{HEAIA] .

A A TC RS AR %*ﬁ%ﬁgﬂiéﬂ method, #32[F] importlib.abc.MetaPathFinder,

metaclass (JCJE]) —7& class [ class, Class EZ%i1BFE €87 —{f class 2458 . —1f class dictionary (¢
#), PAK 1 base class (JJIRHHE]) (19513 . Metaclass £ 5545 3738 — 1518, [FVE7 3% class. KEZ#
E’J%#Fli%; I FE U G it R B /E . Python AYHFE]Z XY & REIEVE ST F %1 1Y) metaclass.
TR B AR T B TR, (R H 7R ZERF, metaclass F] DASRAEEIR HAEFERRE %, B
%T)ﬁ@?&g‘.@ PEAFEL, ST s et BEW S . EER G (singleton), Ux&%?%

H: TF

T £ % A AE metaclasses Z5 i 1R F) .

method (Jjik) —fi7E class A<BBEIE AR . 412 method {EIELH class T2 — (I g, A
EAF G R B B E e S argument (5180) (M5 #ERE HREE self). &[] funcion
(BEX) Hlnested scope (HLRAERI) .
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method resolution order (JjiEfEHINT) 7 EEMRATIE T /& AE AT 4R IR S, base class (RIS
[E)) BHARFMIET . BRES 2.3 4, Python ELREAR Il M LM, F52(E Python 2.3 it
DTV SEATNE o

module (i) —f##5{E: Python P25 HY A4k ¥/ (organizational unit) F4 . BLAHA — 18 iy 4 25 A,
EWEEE Python Y. BLALEFE timporting WEAE, WA A Python,
58 Fpackage (£45).

module spec (B#IBIRE) MR H, B HREAMSLR import FHEH & . B/ importlib.
machinery.ModuleSpec [—1{HEH.

MRO 5 %[Elmethod resolution order (7 H:8EATIET) -

mutable)(ﬁ]‘ﬁ%ﬁ:) AR AR T AOME, (AR EMA id O « BiE2Eimmutable (A58
%),

named tuple (Fif#7C4H) 757 [named tuple (Fff#47C4) | J2461¢ tuple AR AL ATZEIEY class, HERY
2275 (indexable) TCF LT LA PR 4% B PEAAFIL . S LERU(FTaR class ] DARAT HA AR

A UE)7# A ([E)E named tuple, {935 time.localtime () Ml os.stat () FEFE. B—FHHT

B sys.float_info:

>>> sys.float_info[l] # Iindexed access
1024

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

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

True

45 %% named tuple ZEIZEFE] (1 E6). 5%, —1# named tuple 157 DA —1fi IE X1 class & 362K
By, NG class 248K H tuple, HEFR THIZMNAL (named field) BJw] . E81Y class IJ AT T
e, AT DAE A TRkeR =X (factory function) collections.namedtuple () AL, BFH Mt
Y —LEEHAMY) method, 35 2% method W] fE 2 7E T 55 ok [EJ## Y named tuple H, VAL F]K) .

namespace (M%) SEPEAAHY . G4 MEPA dictionary (FH#lL) BEE/E. AN, 2
) KR 4 25, TEY R (78 method ) A SR G2 25 . v 4% 25 RIEE f iy 1k v 44
g, AWM. BN, MKl builtins.open fll os.open () @iFim T M1 4 25 [ AR
IR i 4 2 T S H EH A w0 IR A A B — M R X, 2RO o vl s e A T bl 1
4, B4 random.seed () B{ itertools.islice () BiREHIE R, B2 ESEH random
Ml itertools BIAHAEEAE.

namespace package (Ar#%sMIAEME) —{H PEP 420 package (40F), &I\ REFE T450F (subpackage)
—fHERE. A AP AT R EVA B 2k, T LA PR 2 — Mregular package (iE
AP, FEEMEES _init .py EEHE.

FtizElmodule (F4) .

nested scope (HUR{EIIK) HEEIZ B AME 3% (enclosing definition) H1 8 B BE 17 . S0 2K(E], — 1 bR
RN — MmN wEsE, el rsNgwm b, sSeE, rERElr, 8
STRAE P 0 P 7 2 B, e IR o [t et B e A A (B 1 Y el B S B . TR, 4
Tl st R A A A 44 23 T s U 2 B9 . nonlocal 5 ANEAME FIGETE A

new-style class (BiAME) — &4, ©RIGBLEFA K class P78 B 6 1) class Jakg. 765 101/

Python it i, HA M class 7 GEfI ] Python BT . ZHRIITIEE, %@ __slots__ . ks
(descriptor). J& 1 (property). __getattribute_ (). class method (¥H[EI}3%) Fl static method ([EF]

REE)
object (¥fF) HAIKE (BIESME) MgiERWITE (method) WATATE R . & HRTAMnew-style class
(BrUEE]) At #K base class (FEEHHE)

package (%£:ff:) A Python module which can contain submodules or recursively, subpackages. Technically, a
package is a Python module witha __path___ attribute.

Rt Flregular package (IEFEA:) Flnamespace package (4423 BB .
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parameter (ZY{) 7Efuncrion (PR3() B method i FEH ) — iy 24 B4 (named entity), B F5IH% KX fE
(B2 —Mfargument (5190), sSAERLAFE TR 2518, SAH TR ) 2 Bosz

* positional-or-keyword (VBB BHSET) + 5] DAd 8 45 5 iR VR R 48 5 5| Spl R
58 BRSHWITESAL, BUPA TR foo Fl bar:

’def func (foo, bar=None): ... ‘

* positional-only (PEFRAIEL) : H5I]—8 HAEH IO ERpR (A 5 | . ek 2 8 R
W/ FoC, W] ATERZ T OCHI T E SR A E 28, BIUILATR I posonlyl Fl posonly2:

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

* keyword-only ({EFRBAGET) : f80]—08 H A8 ABH S F e iy 51 9. e =y 2 30 %
W A — WAL 2 R 5 2 8 (var-positional parameter) B{ 2 BEATNY * T, BUATDATEHAR
ERIEREABET 2, UL TR kw_onlyl F1 kw_only2:

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

* var-positional (fEREHEIE) : 45U —HRELMER VI gHR L A E5 1 3 (TEC P2
EZHUEMIOIET | M2 AN . BRSO ERE 2 WA E L~ AGERR, Bl

args:

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

* var-keyword ({EEHEMGET ) FEAPTHHRENEEHORBE TS 8 (FECyH s 2
HATA B 5 | 8z 4h) . BSOS LS AT E i L > AR, Bl L
B kwargs .
ST PAFE IS | B R E A B TR, AT DAE)— S8 1) 5 | S o TR
bt 2 BN B £ Wargument (5180 H. # A EF RG] M2 B 2E. inspect.
Parameter class, function Z i, DA PEP 362,
path entry (PEFSIEH ) FEimport path (EABAR) WH—MNLE, Wipath based finder (FEABEAR R AR
%) S E AR import (KA .
path entry finder (PEFEIEH =-Mi2%) W¢ sys.path_hooks H1 Ay — 1 0] BF 1Y 47 {4 (callable) (7 R —
\Epath entry hook) ft [l 8¢ —F finder, BFI1E WA DA— AW path entry g iF4H .
BT IR AR TH H A EY EAE ) method, 352 ([F) importlib.abe.PathEntryFinder,
path entry hook (PRRIHHE]) F£ sys.path_hook %13 Fff— 1 BT FERYH{2F (callable), #8158 4na]
FE—W4E Bipath entry h IR, Rl & [l —{Wpath entry finder (BEFRTEH FAEE).
path based finder (FLRERFEHITIEZY) THRRAUIEIE F 48 B (meta path finder) Z—, B8 {E—1#import
path GBI .
path-like object (JEMETS¥IME) WL RERE RS BIEDIEITDUR—BF RSN st
5 bytes Y, B —MHEAE os.PathLike WMWY, BEEIFIY os. fspath () R, —ff

%48 os.PathLike W E MY ABHIE(EIE str 5 bytes R AFIKLL; 1M os. fsdecode ()
I os.fsencode () HIAMEA]JHAHEM: str I bytes BI&EHE. |1 PEP 519 ] A,

PEP Python Enhancement Proposal (Python [E4#222), PEP &3 aksHEIR S0, B #EE] Python #HEER
R, sE AR Python 1 —ff #r DI RE s s D RE MO AL P FIER % . PEP JERZ B (IL i i B AT &
DA B D) RE G TE 1 S5
PEP W7EAE H Y, 22 E B ThRE R 5. AL R o BRI 0 B R i = e, AREAA
Python % FHERERYFEE), & Sbil Ay 3 Hl . PEP AV B e s et B sk Fre B 5
B

#H2([F PEP 1,

portion (J34y) FEH —HEMMM—HESE (WATRERAAAE—M zip fE) , BLUEEEE —HHH
EA{4 (namespace package) H T EEL, HWI[E PEP 420 PR ERR.

K

A
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positional argument (.5 51%) FH2Eargument (51#).

provisional API (¥47 API) 47 API 245, 102K = E W B2 (backwards compatibility) {7 3
W, WCEREHERR Y APL, BESR G, HEE MR EE TR, M EEReE ERNE T,
EARAZ OB N BREELE, W ieg BB mEAHAN ST (LR aEERE N m). S
S FIR G Mg HhEE—— U AP RN A Z BT R S0 B AR B A B 2 hr . B A &84k

RIS BT 4T APL, [a)4 A28 s o th Sl E) [ Rz A ARIEDS 28 ) — STl B 5 ) )
158K G ST BB — MR [ AR AR A AR E) )y 22
T I 30 A (A v R =X e R i R () AN Tt A, Tl A T 2 P R () 25 8 A ) e i B vt
it 2([E PEP 411 T 8 Z 41 .

provisional package (¥1784F) #E&Eprovisional API (84T API),

Python 3000 Python 3.x R ¥ A ERE (RACARTAITER), B 3 MM 2 EEE AR, ) ol
PAKEESE) [Py3k].

Pythonic (Python Jalfkty) — ALK —BAR @, EMEN T Python 5 e ST AIRE, A28
A HCAbE 5 A S A VERE A . BN, Python R WAy —REE A, 2EH M for B
B, BT ERY BT TR TR . 32 HALRE S EEA SR A, AR AR
Python it A A7 IR @ (0 11— (R B e et AU -

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

HIBZN, DA IAEREAER . BAA Python Jl# :

for piece in food:
print (piece)

qualified name (KR #4f%) —H BB, BHEURKE —FRALR S E I 3] 24l b E =1
class, pRzUE method [y [#AE 1, 41 PEP 3155 HifEFR. HRTEE MR class T 5, BRES T
HLHY 2 R ] -

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

>>> C.__ _qualname__

IC’

>>> C.D.__gualname_

'C.D'

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

wRIRG | AR, 7 ATRE & & (fully qualified name) j2 3R i WA 1) SE BE BE 0 IR BE AR, AUHE(TAn]
MAXEM, Bl email .mime.text:

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

reference count (ZRGHE) Bt IER S ML H— WP 2 HEHECT BRI R, ©aufE
PRECE (deallocated). 2 IHFHEUE # 1E Python REsUaGh & R E|, (HE[EVECPyhon BN — 18 B #
JLR. sys BAEFR T —MH getrefcount () pRaX, A7 Beatflial DAY % o 22 o] 43— {4
P2 IR

regular package (IERUEME) — MG package (B1F), HIan—MEE __init_ .py HEMHE.
ak s FElnamespace package (4423 &) .
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_slots__ 7£ class [ER R —AE 4y, BRI TEICE S BOEER 2, AR E ) dictionary (i),
HETA TR, BEARZRNTIREE , (HE 7 B DAIE e, Al PR B AR IR E — (o
(memory-critical) [ FH R 2 v A7 e S B 491 ) 2 LIS (ED

sequence (Jp4) —fliterable (W[EMRP1F), B _ getitem () special method (455K Y% ), (i
MRS | IR BRI TC R, FE38 T __len_ () method X[z 7o RE . —L&
Ed)F5 8 EfEHE 1ist. str. tuple fllbytes, FEE, MR dict 4T getitem_ ()
M __len_ (), {HEWHEREB (mapping) 1fi A2 5, HIEIHA & 7 2 6 F AL A immutable
o, MR

4 E M) (abstract base class) collections.abce. Sequence F3% | — B N E & A1,
AMERFY _ getitem_ () Ml __len_ (), BT count (). index (). __contains__ ()
Ml __reversed_ (). BEMEMBEFNMAHEE, WA register () PHFEHEIE.

set comprehension (SEALAIER) —FEZH W, ACE B8 v [EC ) 14 Hh i) 42 30 5 4 e
=, [EH e P45 S DL—1# set [0]f#, results = {c for ¢ in 'abracadabra' if c not
in 'abc'} gEA—MFHF set: {'r', 'd'}. #E2([F comprehensions.

single dispatch (¥.—J)%) generic funciion (ZE) FAEN—FEIE, FELL, BEVEM RS ENE
—5| # i AE],

slice (VJR) — MW, ©#E%E WS — Bsequence (JF4]) 3 —EB5. @B —BY) k2
fifi R AZAF 9% (subscript notation) [1, #7 B4 H 2 85, RIAESC 2 M0 H B 98, il
variable_name[1:3:5]. FEFE9E () FF880ERT, &6 slice Wit

special method (¥§¥kJ5i7k) —RE @ Python FEJIFFNY[Y) method, 3R B (FI AT SRS, 4
Ty &8 method 144 A5 & e B SE AN 45 2 A Wil FJi[E). Special method 7E specialnames H14 4
(IR .

statement (BBsR) BOAZE A4 (suite, —(HFENES TFIRL) A9 F0o. BORRATLAR
fBlexpression (GEFX), SU2EHHET (B if. while u{ for) MEMAHKL —.

strong reference ([F1%) 7E Python ff) C APL 1, [FIZ MR — WIS, TEEHHL RS @i ne%
P 2 BB (reference count), 76 @ EI R IRE I & (E)/ Dz (41 2 BRI
py_NewRef () BzUA] IR @ — M WHMES K. W%, EREES RMEREZ A, BHEE
ZE2 B Py pECREF () R, DAEENE—1H2 0.
Ak Eborrowed reference (&2 ).

text encoding (SC#if%) Python Hf¢ 52 EE 2 —1{# Unicode #5 2} (code point) 1741 (FEEFE U+0000 --
U+10FFFF Z[H]). AERAFSEREEFES, BUEgTIMLE— e F 5 .

ﬂ%‘*@??f?‘ﬁﬂﬂzﬁﬁ%ﬂ?ﬂ, FRE) 4w, WAL TCALT 5 EH o a% 7 o R RRED [ g
(decoding) .

A Z AR ST PSR (codecs), EMBESIREE [ 0741

text file (SC7HER) —MEBEEFEIURIE A str W18l file object (REED1E) o HH, CFHEEH
BE b R AN TCAHE ] (& R (byte-oriented datastream) [F€r [ & g Fitext encoding (SCF &) .
FREEMG T DR (et 8 'w) BEMREZE. sys.stdin, sys.stdout PAN
io.StringIO IENHI.

i Elbinary file (—HERIRESR), B MHAEEREBURI S A8 1204 ¢ 49 1t (bytes-like object) IR
ESYLC

triple-quoted string ( =5I5%[EIyh)  d =S98 ( ) SCET19E O WEELRS R —MEEH . B e
[FIE JEALET A 5 [ 58 B AT s AN Eh e, EER T ZIEH, eMO2RaE . eMEreT
PATE - 55 o1, 25 R[] (unescaped) 1) BE5 | SR FIEE 51 5%, 17 H B AT 6 1 # 415 JC (continuation
character) i F] PABSHR AT, TE (15T M4 4 55 (E) A - B e R (B 1

type (%U[E)) —ff Python ¥{F 1 HEEE T & ERE MY FEYAHRE —MAEE. @Yt
HRERTANEM __class__ JBHAAFE, =LA type (ob]) AR

type alias (REEH) —EAERFESE, FEiEs2EHE E & — W ELT (identifier) HCHN.
HEFEZ R R (type hint) A . fF0:
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def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuplel[int, int, int]]:
pass

FIPARGERG, BRAT AT

Color = tuple[int, int, int]

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

w20 typing Hl PEP 484, A IWIIRERHEIA .

type hint (BERR)  —Hannowarion (EIRE), EfgE —REE. —{H class B — K12 Hak ]
FHH{ERTEINAE.

RUEH RS IR, A28 Python [EIHIF, {H M EIReZIE 4 T HACA A, [EREHR B) IDE
St RE A #l 4 (completion) Al E ## (refactoring) .

4 3 5 . class JB MR ORI R 2N O & I s ) M B EHR R, AR A LA A typing.
get_type_hints () RTEHL.

2L typing #l PEP 484, £ HLIIRERIHIA -

universal newlines (GlJHEF73I0) — MR E SCFIR (text stream) {53, @44 AR i 1915 [ElR EE)
—AFIIEE R Unix 721 H '\n'. Windows 1] "'\r\n' FI# Macintosh €] '\r'. #H2([E
PEP 278 1 PEP 3116, DA bytes.splitlines () WYMHINTIE.

variable annotation (S28{(EIF%) — (R 8EL class JB i annotation ([FIf).
(EVRES sl class JMERE, BRELZSEFRIER) :

class C:
field: 'annotation'

SYEREE T AR L ERRT (ype hint): BN, FEES BRI RIS int CEE) (A

count: int = 0

5 B ERR 1Y) REVATE annassign T2 6 A FFEAR I R .

st [Flfunction annotation (FE[EIEE ). PEP 484 F1 PEP 526, 4 ILIhREHIA . BN EREN L
B, 75 2[E annotations-howto.,

virtual environment ([EIfERES) —H %/ EE (cooperatively isolated) [ F 7B LS, fiEi# Python f¥){di /1]
A R RE UG DAL SE RN THA) Python BREIE (4, RIS € 38 i) —fH &R 414 T A9 HiAth Python JfE F 72
KT EEATE.

s venv,

virtual machine ([EIEERERS) — 8 5¢ 4 b 0CHE 7 2 S8 19 BB (computer). Python [ [E) e #% & & #117
Hibytecode ({TCALTE) Ak B ¥ A9 (L TCALTS

Zen of Python (Python Z[F]) Python st HISEPT 5%, HIEIAA BR SEARAGE T e = - sl
KA A EE) X RATICRIMA [import this] AHREIE,
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APPENDIX B

BARELEFIRA S 14

i SEEI] SO 7 Sphinx  (— & (E) Python [EIW]SCHF IR RS O SCPRIERERR ) 4B reStructured Text 45
TR R AR R i

Wil Python B B, ik H 1155 1 T EI SCARBLE AR BB BAT TR, AR ERI AR, #5572
reporting-bugs FUTHT, [ AH BRIl FAM i BBy B B A

et
e Fred L. Drake, Jr., Jflf Python SCPF T HAERYAITE # DA K — KM EIERIVES
* A3 reStructuredText F1 Docutils T 41/ Docutils B2 ;
e Fredrik Lundh 454, Sphinx #¢//#) Alternative Python Reference #1#| 1 #1521 F & .

B.1 Python {898 BRKE

% NFR I Python 13 M35 . Python 4223 p% 2 )& A1 Python [FIH] (4 B kil . Python B (E) R 4G i h
TAT M ERE R, # 7 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 !

271


https://www.sphinx-doc.org/
https://docutils.sourceforge.io/rst.html
https://docutils.sourceforge.io/
https://github.com/python/cpython/tree/3.10/Misc/ACKS

The Python/C API, $[F 3.10.11

272 Appendix B. FidiELe[FIEA3 &



appeENDIX C

i E IR

C.1 &icio

Python 2 1 7 B S22 0 5 AR R 2T 97 B (CWI, R https://www.cwinl/) [ Guido van Rossum & 1990
ERFHETAE, B 2/EE—EEE ABC SEE1E4E . [F)%8 Python 08 T &£ 3K B Hifth A EER,
Guido {32 H FEAEH .

1995 4E, Guido {r4E JE 5i M 25 WriE i B KA B iF 9T A 5] (CNRI, 5, https://www.cnri.reston.va.us/) #4548
fliAE Python fit) T4, EWEAREIEFE 7%l iy 2 AR A .

2000 4£ 7. H, Guido F1 Python #%.0» B % [#] ) 2% 2| BeOpen.com [E])i{,37. T BeOpen PythonLabs [# [ . [
4+ H , PythonLabs [ P53 Digital Creations (¥i[E] Zope Corporation; & https://www.zope.org/). 2001
4E, Python ##43L4-6r (PSF, K https://www.python.org/psf/) 37, g —{HEEHEA Python FHE %2
EHEIRENT A7 1) IR R 44K . Zope Corporation J& PSF f)—H & & &

Jir A7 B Python JRAKSZBHIRAY (A BB EFE, 2(E hups//opensource.org/) . M b, KEH{HAE4
By Python JAS, o2 GPLAHZAH; DAR FARAE 4 25 M A 1 22 [E.

BERRA | BA Fh #EE GPL 114 7
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 7w
2.0.1 2.0+1.6.1 | 2001 PSF =
2.1.1 2.1+2.0.1 | 2001 PSF =
2.1.2 2.1.1 2002 PSF =
2.13 2.1.2 2002 PSF 2
22 DAL 2.1.1 2001 £4- | PSF =

fiiE): GPL MIAREIAZ RN 21E GPL N #[E] Python, A4 GPL, 1) Python $ZAEHS AT DA 455 (1)
BRI A, (A B 5 o IR . GPL AHZR B #2 HE 1S Python W] PA%S & A7 GPL R
SE R HH B ERRERIARTT.
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IR 2SN T, £ Guido FRE NIATH, FfHE LA 1 B [ R(E AT A

C.2 FANREMHLIEMFGXER Python BHISHER

Python FCHFIEI SR RZAE 2 LR PSF 424 &4

% Python 3.8.6 B4R, [EIHASCH:rpagaifl, R BN HAWRE XA, 2908 FEIZHE (dual licensed) 7 PSF #%
WEA #1 VA K Zero-Clause BSD % #¢ .

A LEHAN A Python SRR BLA R R B0 S5 SEARRER G BB REZ LR — g . B RE 2
FHERI A SERETE L, 2 O T 3R 09 34 20

C.2.1 ¥ PYTHON 3.10.11 §Y PSF % &%

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

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

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

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

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

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

distribute, and otherwise use Python 3.10.11 alone or in any derivative

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

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

Reserved" are retained in Python 3.10.11 alone or in any derivative.
—version

prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.10.11 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

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

—~to Python
3.10.11.

4. PSF is making Python 3.10.11 available to Licensee on an "AS IS" basis.

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

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

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

USE OF PYTHON 3.10.11 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.10.11
FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A.
—RESULT OF
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MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.10.11, OR ANY.
—~DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

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

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

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

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

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

third party.

8. By copying, installing or otherwise using Python 3.10.11, Licensee.

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

C.2.2 Fj* PYTHON 2.0 j BEOPEN.COM B &

BEOPEN PYTHON BHRIZHESZI5E 1 I

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

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

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

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

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

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at

(N gkze)
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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 ¥ PYTHON 1.6.1 g CNRI iR &#

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
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

(N maksr)
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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 Fi* PYTHON 0.9.0 E 1.2 §§ CWI {R{EEH

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

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

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

C.2.5 Fj? PYTHON 3.10.11 [FlEA 3 4 [FI#2X iE#9 ZERO-CLAUSE BSD i%i#

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

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

C.3 #usrIekRany iR 8 MBI

ARG AN S B AR AU N Y P E SR BN B, 502 AE Python BEEIUAS BTk [Eiy 35 =T ik
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C.3.1 Mersenne Twister

_random B&H S T DA http://www.math.sci.hiroshima-u.ac. jp/~m-mat/MT/MT2002/emt19937ar.html ] N #&
7R EEARE A A . DAT 2 AR Al Y 5 48 iy -

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

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

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

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

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

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

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

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

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)

C.3.2 Sockets

socket B4 /Tl getaddrinfo () fil getnameinfo () K=, B WIDE 8% (https:/www.wide.
ad.jp/) [E), AU [A) A D L 8 v e 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

(FgkzE)
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notice, this list of conditions and the following disclaimer in the

documentation and/or other materials provided with the distribution.
3. Neither the name of the project nor the names of its contributors

may be used to endorse or promote products derived from this software

without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS "~ "AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.3 JERFI#¥ socket fR¥%E

asynchat il asyncore 40 A5 DA R :

Copyright 1996 by Sam Rushing
All Rights Reserved

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

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

C.3.4 Cookie &1

http.cookies HEAH LS DA R :

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

(N Baksr)
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pertaining to distribution of the software without specific, written
prior permission.

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

C.3.5 #{TiB[I

trace B E AT B
portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko O'Whielacronx
http://zooko.com/
mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.

C.3.6 UUencode E& UUdecode &E=

uu BRAL R DA :

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

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

(N Baksr)
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LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO

THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE

FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:

— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

— Arguments more compliant with Python standard

C.3.7 XML Eixf2 ey

xmlrpc.client AL E AR EIY:

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. 1IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

C.3.8 test_epoll

test_epoll B E DA A :

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

(N Baksr)
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the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select BLFEfHY kqueue 71 Al & DA R -

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

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

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

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "~ "AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.10 SipHash24

Python/pyhash. c %4 Marek Majkowski’ 554 Dan Bernstein f{) SipHash24 JEEVERIEE. B8
R

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in

Q)
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all copies or substantial portions of the Software.
</MIT License>

Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/1ittle2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod Hi dtoa

Python/dtoa.c fHE4-AL T C [ dtoa il strtod pRX, A C 1) EERS B2 17 B BOR 7 5 HAHEE . 3% 4R
274 H David M. Gay 257 H [RGB 25, 153 BAE R AR hitps://web.archive.org/web/20220517033456/http:
[lwww.netlib.org/fp/dtoa.c T#E. it 2009 4F 3 H 16 H FFkZ2 0 iGRE 226067 DA MURE B 37 e ] -

/****************************************************************

*

* The author of this software is David M. Gay.
*

Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

* % o

Permission to use, copy, modify, and distribute this software for any
purpose without fee is hereby granted, provided that this entire notice
is included in all copies of any software which is or includes a copy
or modification of this software and in all copies of the supporting
documentation for such software.

* % o

* % 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.

*

***************************************************************/

C.3.12 OpenSSL

10157 OpenSSL B3 HUATHE -3 R GEA 1, B hashlib, posix. ssl. crypt Bl (I ASLIHL
. IHAh, [HIE) Windows il macOS i) Python 8T i 0.9 OpenSSL B HHEIA:, Pk Mz
S OpenSSL 42 HEf I

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.

*

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

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

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

3. All advertising materials mentioning features or use of this
software must display the following acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit. (http://www.openssl.org/)"

4. The names "OpenSSL Toolkit" and "OpenSSL Project" must not be used to
endorse or promote products derived from this software without
prior written permission. For written permission, please contact
openssl-core@openssl.org.

5. Products derived from this software may not be called "OpenSSL"
nor may "OpenSSL" appear in their names without prior written
permission of the OpenSSL Project.

6. Redistributions of any form whatsoever must retain the following
acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit (http://www.openssl.org/)"

THIS SOFTWARE IS PROVIDED BY THE OpenSSL PROJECT " "AS IS'' AND ANY
EXPRESSED OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE ARE DISCLAIMED. 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).

R T S A R S e R S N S S S S N S S e R S S N S N S S N S N S S S N I i S N

Original SSLeay License

Copyright (C) 1995-1998 Eric Young (eay@cryptsoft.com)
All rights reserved.

by Eric Young (eaylcryptsoft.com).

*

*

*

* This package is an SSL implementation written

*

* The implementation was written so as to conform with Netscapes SSL.
*

Q)
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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
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. 1i.e. this code cannot simply be
copied and put under another distribution licence

[including the GNU Public Licence.]
/
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C.3.13 expat

M AEAE B pyexpat K EE] ——with-system-expat, #HIZHETEH—MEE expat JFAATE
) A S

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.14 libffi

BRAEfE R E _ctypes PR EE] ——with-system-1ibffi, FHHIFZMETT & H—(HES libfi JFAA1HS
B B A AR

Copyright (c) 1996-2008 Red Hat, Inc and others.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
*Software''), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED " "AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.
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C.3.15 zlib

URAE R S BAR B 2lib A KR PABOR Ik R 2110 JE5E, ARz se g M — M EE 2ib [5G
AR R A 2

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be
appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash

tracemalloc {#i Y 3EEIFE (hash table) F4E, J2DA cfuhash B2 ([FIRLAE:

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

(N gkze)
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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

MAETEEE _decimal BiAIEF R EE] ——with-system—1libmpdec, 7 Al %41 € H—H(E] 2 libmpdec
PR B A ) A 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.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.18 W3C C14N B|RE#

test B CI4N 2.0 HIFLEM (Lib/test/xmltestdata/c14n-20/) &4 W3C #fu} https:
[Iwww.w3.0org/TR/xml-c14n2-testcases/ githizx, HAEH A 3-clause BSD I HEw 4t

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.
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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.3.19 Audioop

The audioop module uses the code base in g771.c file of the SoX project:

Programming the AdLib/Sound Blaster

FM Music Chips

Version 2.0 (24 Feb 1992)

Copyright (c) 1991, 1992 by Jeffrey S. Lee

jleel@smylex.uucp

Warranty and Copyright Policy

This document is provided on an "as-is" basis, and its author makes
no warranty or representation, express or implied, with respect to
its quality performance or fitness for a particular purpose. In no
event will the author of this document be liable for direct, indirect,
special, incidental, or consequential damages arising out of the use
or inability to use the information contained within. Use of this
document is at your own risk.

This file may be used and copied freely so long as the applicable
copyright notices are retained, and no modifications are made to the
text of the document. No money shall be charged for its distribution
beyond reasonable shipping, handling and duplication costs, nor shall
proprietary changes be made to this document so that it cannot be
distributed freely. This document may not be included in published
material or commercial packages without the written consent of its
author.
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5

EFE

..., 257

2to3, 257

>>> 257

__all__ (package variable), 62
__dict__ (module attribute), 142
__doc__ (module attribute), 141

_ file_  (module attribute), 141, 142
__ future__, 261

__import_

Bz & R, 62
_ loader__ (module attribute), 141
__main___

A4, 10, 164, 175
__name___ (module attribute), 141, 142
__package___ (module attribute), 141
_ PYVENV_LAUNCHER_ , 188, 193
__slots__ ,268
_frozen (C struct), 64
_inittab (C struct), 64
_Py_c_diff (C function), 107
_Py_c_neqg (C function), 107
_Py_c_pow (C function), 107
_Py_c_prod (C function), 107
_Py_c_quot (C function), 107
_Py_c_sum (C function), 107
_Py_InitializeMain (C function), 199
_Py_NoneStruct (Cvar), 211
_PyBytes_Resize (C function), 110
_PyCFunctionFast (C type), 214
_PyCFunctionFastWithKeywords (Ctype), 214
_PyFrameEvalFunction (C type), 173
_PyInterpreterState_GetEvalFrameFunc

(C function), 173
_PyInterpreterState_SetEvalFrameFunc
(C function), 173

_PyObject_New (C function), 211
_PyObject_NewVar (C function), 211
_PyTuple_Resize (C function), 130
_thread

A, 170
ot

bytearray, 110

bytes, 108

Capsule, 152

complex number, 107

dictionary, 133

file, 140

floating point, 106

frozenset, 136

function, 137

instancemethod, 138

integer, 102

list, 132

long integer, 102

mapping, 133

memoryview, 151

method, 139

module, 141

None, 102

numeric, 102

sequence, 108

set, 136

tuple, 130

type, 6,99

BHEN

__PYVENV_LAUNCHER__, 188, 193

PATH, 11

PYTHON*, 162

PYTHONCOERCECLOCALE, 197

PYTHONDEBUG, 162, 192

PYTHONDONTWRITEBYTECODE, 162, 195

PYTHONDUMPREFS, 189, 225

PYTHONEXECUTABLE, 193

PYTHONFAULTHANDLER, 189

PYTHONHASHSEED, 162, 190

PYTHONHOME, 11, 162, 168, 190

PYTHONINSPECT, 163, 190

PYTHONIOENCODING, 165, 194

PYTHONLEGACYWINDOWSEFSENCODING,
185

PYTHONLEGACYWINDOWSSTDIO, 163, 191

PYTHONMALLOC, 202, 205, 207

PYTHONMALLOC (4 4
*"PYTHONMALLOC=malloc", 208

PYTHONMALLOCSTATS, 191, 202

PYTHONNOUSERSITE, 163, 194

163,
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PYTHONOPTIMIZE, 163, 192
PYTHONPATH, 11, 162, 191
PYTHONPLATLIBDIR, 191
PYTHONPROFILEIMPORTTIME, 190
PYTHONPYCACHEPREFIX, 193
PYTHONTRACEMALLOC, 194
PYTHONUNBUFFERED, 163, 188
PYTHONUTFS, 185, 197
PYTHONVERBOSE, 163, 195
PYTHONWARNINGS, 195

A

abort (), 61
abs
Bz & K, 86

abstract base class (#H%FEEHEN) ,257

allocfunc (Ctype), 248

annotation ([Ef8) ,257

argument (5|#) ,257

argv (in module sys), 167

ascii

Bz & =X, 79

asynchronous context manager (3 [ ¥ &
HEEE) 258

asynchronous generator iterator(JF[|%F
)4 #EIRE) ,258

asynchronous generator (3| F[EI4 %), 258

asynchronous iterable (3 [ T EIR 47 4)
, 258

asynchronous iterator (z]}z[ﬁ]%}—ﬁ%%) , 258

attribute (BM#) ,258

awaitable (T &4 1) , 258

B

BDFL, 258
binary file (%4 %) ,258
binaryfunc (C type), 249
borrowed reference (FHZKE) ,258
buffer interface

(see buffer protocol),9l
buffer object

(see buffer protocol),9l
buffer protocol, 91
builtins

4, 10, 164, 175
bytearray

ik, 110
bytecode (frt#l#) ,259
bytes

Bz &K, 79

Hr, 108
bytes-like object (MM TALEMHE) ,259

C

callable (F ey 4) , 259
callback ([E®¢) ,259
calloc (), 201

Capsule

M, 152

C-contiguous, 94, 259
class variable (FE# %) ,259
classmethod

Bz & =X, 216
class (H[E]) ,259
cleanup functions, 61
close () (in module os), 175
CO_FUTURE_DIVISION (C var), 42
code object, 139
coercion ([EJ#|#A) 259
compile

[z & =X, 63
complex number

i, 107
complex number ([El#) ,259
context manager (FEAHEAE) ,259
context variable (¥ 8#) ,259
contiguous, 94
contiguous (FELH) ,259
copyright (in module sys), 167
coroutine function (Ty?}/ﬁ@ih) , 260
coroutine (#H#) ,260
CPython, 260

D

decorator (#AF#) ,260
descrget func (C type), 248
descriptor (###) ,260
descrsetfunc (Ctype), 248
destructor (Ctype), 248

dictionary
o, 133
dictionary comprehension (?ﬁﬂ,%é\zﬁﬁ) S
260
dictionary view (F#HApti) ,260
dictionary (FFH) , 260
divmod
B & =, 85

docstring ([EJ# &) , 260
duck-typing (%FA[E]) ,260

E

EAFP, 260

EOFError (built-in exception), 141
exc_info () (in module sys), 9
executable (in module sys), 166

exit (), 61

expression (EHER) , 260
extension module (IEFAEAL) , 261

F

f-string (f &) ,261
file
W, 140
file object (HZEMH) ,261
file-like object (MM ZMH) ,261
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filesystem encoding and error

handler (# % 7 4t % % 0 5 &% &
BEHR) 261
finder (F#H %) ,261
float
[Elz & =R, 87
floating point
#1 . 106

floor division (| TH EW%iE) , 261
Fortran contiguous, 94,259

free (), 201

freefunc (C type), 248

freeze utility, 64

frozenset

M1, 136

function

W, 137
function annotation (& R[[EE) , 261
function (HE ) ,261

G

garbage collection (¥ E) , 262

generator, 262

generator expression, 262

generator expression ([El4HEER) ,262

generator iterator ([E4BEIRE) 262

generator ([El4#) ,262

generic function (& FR) , 262

generic type (ZAAE) ,262

getattrfunc (Ctype), 248

getattrofunc (C type), 248

getbufferproc (Ctype), 248

getiterfunc (Ctype), 248

GIL, 262

global interpreter lock, 168

global interpreter lock (&3 = E4) ,
262

Fl

hash
Bz % =, 79, 228
hash-based pyc (?ﬁ%%fﬁ PYC) , 262
hashable (T#IJH) , 262
hashfunc (C type), 248

IDLE, 263
immutable (R &) , 263
import path (@)\%@) , 263
importer (EA#) ,263
importing (FEAN) , 263
incr_item(),9, 10
initproc (Cnype), 248
inquiry (C type), 253
instancemethod

i, 138
int

[Elz & =, 87

integer
M, 102
interactive (Z#H) ,263
interpreted (H#W) ,263
interpreter lock, 168
interpreter shutdown (EZEEHH) ,263
iterable (WERHH) ,263
iterator (ﬁ%&) , 263
iternextfunc (C type), 248

K

key function (#®=R) ,263
KeyboardInterrupt (built-in exception), 50, 51
keyword argument (B85 5|#) ,264

L

lambda, 264
LBYL, 264
len
Mz & =&, 80, 88, 89, 132, 134, 136
lenfunc (C type), 248
list
M1, 132
list comprehension (BF|4&EH) ,264
list (&%) ,264
loader (FHAH) ,264
locale encoding (EH4) , 264
lock, interpreter, 168
long integer
M4, 102

LONG_MAX, 103

M

magic

method, 264
magic method (EHTF %) ,264
main (), 165, 167
malloc (), 201
mapping

i, 133
mapping (¥#:) , 264
memoryview

W, 151
meta path finder (TGEZEFmE) ,264
metaclass (TGHE) , 264
METH_CLASS ([ % %), 215
METH_COEXIST ([Flz % %), 216
METH_FASTCALL ([l % #), 215
METH_NOARGS ([Flz % #), 215
METH_O (3£ % %), 215
METH_STATIC ([[a % #0), 216
METH_VARARGS ([Fl# % ), 215
method

magic, 264

special, 268

Y, 139
method resolution order (FEMATE)F) |

265

gL ]
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MethodType (in module types), 137, 139
method (F ) , 264
module

search path, 10, 164, 166

W, 141
module spec (FAHA) , 265
modules (in module sys), 62, 164
ModuleType (in module types), 141
module (H#l) ,265

MRO, 265
mutable (&Y H) , 265
N

named tuple (Mf4&JG#AL) , 265
namespace package (& ZXMHEH) ,265
namespace (&% =MH) ,265

nested scope (ﬁﬂkﬁffﬂﬁ) , 265
new-style class (F#[E) ,265
newfunc (C type), 248

None
M, 102
numeric
Y, 102
@)
object
code, 139

object (##) ,265

objobjargproc (C type), 249
objobjproc (C type), 249
overflowError (built-in exception), 103105

P

package variable
_all_,62
package (&) ,265
parameter (%) ,266
PATH, 11
path
module search, 10, 164, 166
path (in module sys), 10, 164, 166

path based finder (FHERBLH Figit) ,266
path entry finder (BRBIEEFHE) , 266

path entry hook (BEIEEHIFE]) , 266
path entry (BAEIEEH) ,266
path-like object (BEHH) ,266
PEP, 266
plat form (in module sys), 167
portion (#4) , 266
positional argument ({L%3|#) ,267
pow

[ & =, 85, 87
provisional API (¥ 4T API) , 267
provisional package (¥ATEH) , 267
Py_ABS (C macro), 4
Py_AddPendingCall (C function), 176
Py_AddPendingCall (), 176
Py_AtExit (C function), 61

Py_BEGIN_ALLOW_THREADS, 168
Py_BEGIN_ALLOW_THREADS (C macro), 172
Py_BLOCK_THREADS (C macro), 172
Py_buffer (Ctype), 92

Py_buffer.buf (C member), 92
Py_buffer.format (C member), 92
Py_buffer.internal (C member), 93
Py_buffer.itemsize (C member), 92
Py_buffer.len (C member), 92
Py_buffer.ndim (C member), 92
Py_buffer.ob]j (C member), 92
Py_buffer.readonly (C member), 92
Py_buffer.shape (C member), 93
Py_buffer.strides (C member), 93
Py_buffer.suboffsets (C member), 93
Py_Buildvalue (C function), 71
Py_BytesMain (C function), 39
Py_BytesWarningFlag (Cvar), 162
Py_CHARMASK (C macro), 5

Py_CLEAR (C function), 44
Py_CompileString (C function), 41
Py_CompileString(),42
Py_CompileStringExFlags (C function), 41
Py_CompileStringFlags (C function), 41
Py_CompileStringObject (C function), 41
Py_complex (Ctype), 107

Py_DebugFlag (Cvar), 162
Py_DecodeLocale (C function), 58
Py_DECREF (C function), 43

Py_DecRef (C function), 44
Py_DECREF (), 6

Py_DEPRECATED (C macro), 5
Py_DontWriteBytecodeFlag (Cvar), 162
Py_Ellipsis (Cvar), 151
Py_EncodeLocale (C function), 59
Py_END_ALLOW_THREADS,l68
Py_END_ALLOW_THREADS (C macro), 172
Py_EndInterpreter (C function), 175
Py_EnterRecursiveCall (C function), 53
Py_eval_input (Cvar), 42

Py_Exit (C function), 61

Py_False (Cvar), 105

Py_FatalError (C function), 61
Py_FatalError (), 167
Py_FdIsInteractive (C function), 57
Py_file_input (Cvar), 42
Py_Finalize (C function), 164
Py_FinalizeEx (C function), 164
Py_FinalizeEx (), 61,164,175
Py_FrozenFlag (Cvar), 162
Py_GenericAlias (C function), 159
Py_GenericAliasType (Cvar), 159
Py_GetArgcArgv (C function), 199
Py_GetBuildInfo (C function), 167
Py_GetCompiler (C function), 167
Py_GetCopyright (C function), 167
Py_GETENV (C macro), 5
Py_GetExecPrefix (C function), 165
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Py_GetExecPrefix (), 11

Py_GetPath (C function), 166

Py_GetPath (), 11, 165, 166

Py_GetPlatform (C function), 166

Py_GetPrefix (C function), 165

Py_GetPrefix (), 11

Py_GetProgramFullPath (C function), 166

Py_GetProgramFullPath (), 11

Py_GetProgramName (C function), 165

Py_GetPythonHome (C function), 168

Py_GetVersion (C function), 166

Py_HashRandomizationFlag (Cvar), 162

Py_IgnoreEnvironmentFlag (Cvar), 162

Py_INCREF (C function), 43

Py_IncRef (C function), 44

Py_INCREF (), 6

Py_Initialize (C function), 164

Py_Initialize (), 10,165,175

Py_InitializeEx (C function), 164

Py_InitializeFromConfig (C function), 195

Py_InspectFlag (Cvar), 162

Py_InteractiveFlag (Cvar), 163

Py_TIs (C function), 212

Py_IS_TYPE (C function), 213

Py_IsFalse (C function), 213

Py_IsInitialized (C function), 164

Py_IsInitialized(), 1l

Py_1IsNone (C function), 212

Py_IsolatedFlag (Cvar), 163

Py_IsTrue (C function), 212

Py_LeaveRecursiveCall (C function), 53

Py_LegacyWindowsFSEncodingFlag (C var),
163

Py_LegacyWindowsStdioFlag (C var), 163

Py_LIMITED_APTI (C macro), 13

Py_Main (C function), 39

PY_MAJOR_VERSION (C macro), 255

Py_MAX (C macro), 4

Py_MEMBER_SIZE (C macro), 5

PY_MICRO_VERSION (C macro), 255

Py_MIN (C macro), 4

PY_MINOR_VERSION (C macro), 255

Py_mod_create (C macro), 145

Py_mod_create.create_module (C function),
145

Py_mod_exec (C macro), 145

Py_mod_exec.exec_module (C function), 145

Py_NewInterpreter (C function), 175

Py_NewRef (C function), 43

Py_None (C var), 102

Py_NoSiteFlag (Cvar), 163

Py_NotImplemented (C var), 77

Py_NoUserSiteDirectory (Cvar), 163

Py_OptimizeFlag (Cvar), 163

Py_PrelInitialize (C function), 185

Py_PreInitializeFromArgs (C function), 186

Py_PreInitializeFromBytesArgs (C func-
tion), 185

Py_PRINT_RAW, 141

Py_QuietFlag (Cvar), 163

Py_REFCNT (C function), 213

PY_RELEASE_LEVEL (C macro), 255

PY_RELEASE_SERIAL (C macro), 255

Py_ReprEnter (C function), 54

Py_ReprLeave (C function), 54

Py_RETURN_FALSE (C macro), 105

Py_RETURN_NONE (C macro), 102

Py_RETURN_NOTIMPLEMENTED (C macro), 77

Py_RETURN_TRUE (C macro), 105

Py_RunMain (C function), 199

Py_SET_REFCNT (C function), 213

Py_SET_SIZE (C function), 213

Py_SET_TYPE (C function), 213

Py_SetPath (C function), 166

Py_SetPath (), 166

Py_SetProgramName (C function), 165

Py_SetProgramName (), 11, 164166

Py_SetPythonHome (C function), 168

Py_SetStandardStreamkEncoding (C function),
165

Py_single_input (Cvar), 42

Py_SIZE (C function), 213

Py_ssize_t (Ctype), 9

PY_SSIZE_T_MAX, 104

Py_STRINGIFY (C macro), 4

Py_TPFLAGS_BASE_EXC_SUBCLASS ([Eli & #),
231

Py_TPFLAGS_BASETYPE ([FiZ % %), 230

Py_TPFLAGS_BYTES_SUBCLASS ([Fli % #), 231

Py_TPFLAGS_DEFAULT ([Elz 4 ), 231

Py_TPFLAGS_DICT_SUBCLASS ([Flz & %), 231

Py_TPFLAGS_DISALLOW_INSTANTIATION ([F]
#2%),232

Py_TPFLAGS_HAVE_FINALIZE ([Fla % #), 232

Py_TPFLAGS_HAVE_GC ([Elg 4 ), 231

Py_TPFLAGS_HAVE_VECTORCALL ([ #& % #),
232

Py_TPFLAGS_HEAPTYPE (B % %), 230

Py_TPFLAGS_IMMUTABLETYPE (i % %), 232

Py_TPFLAGS_LIST_SUBCLASS ([Elz % %), 231

Py_TPFLAGS_LONG_SUBCLASS ([Flz % #), 231

Py_TPFLAGS_MAPPING ([Flz % %), 232

Py_TPFLAGS_METHOD_DESCRIPTOR ([Fl3Z & #0),
231

Py_TPFLAGS_READY ([FlzZ % %0), 230

Py_TPFLAGS_READYING ([Elz % #0), 231

Py_TPFLAGS_SEQUENCE ([FliZ % %), 233

Py_TPFLAGS_TUPLE_SUBCLASS ([Flz % %), 231

Py_TPFLAGS_TYPE_SUBCLASS ([Elz % %), 231

Py_TPFLAGS_UNICODE_SUBCLASS ([F]# 4 #),
231

Py_tracefunc (Ctype), 177

Py_True (Cvar), 105

Py_tss_NEEDS_INIT (C macro), 179

Py_tss_t (Ctype), 179

Py_TYPE (C function), 213
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Py_UCS1 (Ctype), 111

Py_UCS2 (Ctype), 111

Py_UCS4 (Ctype), 111

Py_UNBLOCK_THREADS (C macro), 172

Py_UnbufferedStdioFlag (Cvar), 163

Py_UNICODE (C type), 111

Py_UNICODE_IS_HIGH_SURROGATE (C macro),
115

Py_UNICODE_IS_LOW_SURROGATE (C macro),
115

Py_UNICODE_IS_SURROGATE (C macro), 115

Py_UNICODE_ISALNUM (C function), 114

Py_UNICODE_ISALPHA (C function), 114

Py_UNICODE_ISDECIMAL (Cfunction), 114

Py_UNICODE_ISDIGIT (C function), 114

Py_UNICODE_ISLINEBREAK (C function), 114

Py_UNICODE_ISLOWER (C function), 114

Py_UNICODE_ISNUMERIC (C function), 114

Py_UNICODE_ISPRINTABLE (C function), 114

Py_UNICODE_ISSPACE (C function), 114

Py_UNICODE_ISTITLE (C function), 114

Py_UNICODE_ISUPPER (C function), 114

Py_UNICODE_JOIN_SURROGATES (C macro), 115

Py_UNICODE_TODECIMAL (C function), 114

Py_UNICODE_TODIGIT (C function), 114

Py_UNICODE_TOLOWER (C function), 114

Py_UNICODE_TONUMERIC (C function), 114

Py_UNICODE_TOTITLE (C function), 114

Py_UNICODE_TOUPPER (C function), 114

Py_UNREACHABLE (C macro), 4

Py_UNUSED (C macro), 5

Py_VaBuildvalue (C function), 73

PY_VECTORCALL_ARGUMENTS_OFFSET c
macro), 81

Py_VerboseFlag (Cvar), 163

PY_VERSION_HEX (C macro), 255

Py_VISIT (C function), 253

Py_XDECREF (C function), 44

Py_XDECREF (), 10

Py_XINCREF (C function), 43

Py_XNewRef (C function), 43

PyAIter_Check (C function), 90

PyAnySet_Check (C function), 136

PyAnySet_CheckExact (C function), 136

PyArg_Parse (C function), 71

PyArg_ParseTuple (C function), 70

PyArg_ParseTupleAndKeywords (C function),
70

PyArg_UnpackTuple (C function), 71

PyArg_ValidateKeywordArguments (C func-
tion), 70

PyArg_VaParse (C function), 70

PyArg_VaParseTupleAndKeywords (C func-
tion), 70

PyASCIIObject (Ctype), 111

PyAsyncMethods (C type), 247

PyAsyncMethods.am_aiter (C member), 247

PyAsyncMethods.am_anext (C member), 247

PyAsyncMethods.am_await (C member), 247
PyAsyncMethods.am_send (C member), 247
PyBool_Check (C function), 105
PyBool_FromLong (C function), 106
PyBUF_ANY_CONTIGUOUS (C macro), 94
PyBUF_C_CONTIGUOUS (C macro), 94
PyBUF_CONTIG (C macro), 95
PyBUF_CONTIG_RO (C macro), 95
PyBUF_F_CONTIGUOUS (C macro), 94
PyBUF_FORMAT (C macro), 93
PyBUF_FULL (C macro), 95
PyBUF_FULL_RO (C macro), 95
PyBUF_INDIRECT (C macro), 94
PyBUF_ND (C macro), 94
PyBUF_RECORDS (C macro), 95
PyBUF_RECORDS_RO (C macro), 95
PyBUF_SIMPLE (C macro), 94
PyBUF_STRIDED (C macro), 95
PyBUF_STRIDED_RO (C macro), 95
PyBUF_STRIDES (C macro), 94
PyBUF_WRITABLE (C macro), 93
PyBuffer_FillContiguousStrides (C func-
tion), 97
PyBuffer_FillInfo (C function), 97
PyBuffer_FromContiguous (C function), 97
PyBuffer_GetPointer (C function), 96
PyBuffer_IsContiguous (C function), 96
PyBuffer_Release (C function), 96
PyBuffer_SizeFromFormat (C function), 96
PyBuffer_ToContiguous (C function), 97
PyBufferProcs, 91
PyBufferProcs (Ctype), 246
PyBufferProcs.bf_getbuffer (C member),
246
PyBufferProcs.bf_releasebuffer (C mem-
ber), 246
PyByteArray_AS_STRING (C function), 111
PyByteArray_AsString (C function), 110
PyByteArray_Check (C function), 110
PyByteArray_CheckExact (C function), 110
PyByteArray_Concat (C function), 110
PyByteArray_FromObject (C function), 110
PyByteArray_FromStringAndSize (C func-
tion), 110
PyByteArray_GET_SIZE (C function), 111
PyByteArray_Resize (C function), 110
PyByteArray_Size (C function), 110
PyByteArray_Type (Cvar), 110
PyByteArrayObject (Ctype), 110
PyBytes_AS_STRING (C function), 109
PyBytes_AsString (C function), 109
PyBytes_AsStringAndSize (C function), 109
PyBytes_Check (C function), 108
PyBytes_CheckExact (C function), 108
PyBytes_Concat (C function), 109
PyBytes_ConcatAndDel (C function), 109
PyBytes_FromFormat (C function), 108
PyBytes_FromFormatV (C function), 109
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PyBytes_FromObject (C function), 109
PyBytes_FromString (C function), 108
PyBytes_FromStringAndSize (C function), 108
PyBytes_GET_SIZE (C function), 109
PyBytes_Size (C function), 109
PyBytes_Type (Cvar), 108
PyBytesObject (Ctype), 108
PyCallable_Check (C function), 85
PyCallIter_Check (C function), 149
PyCallIter_New (C function), 149
PyCallIter_Type (Cvar), 148
PyCapsule (C type), 152
PyCapsule_CheckExact (C function), 152
PyCapsule_Destructor (Ctype), 152
PyCapsule_GetContext (C function), 153
PyCapsule_GetDestructor (C function), 153
PyCapsule_GetName (C function), 153
PyCapsule_GetPointer (C function), 152
PyCapsule_Import (C function), 153
PyCapsule_IsValid (C function), 153
PyCapsule_New (C function), 152
PyCapsule_SetContext (C function), 153
PyCapsule_SetDestructor (C function), 153
PyCapsule_SetName (C function), 153
PyCapsule_SetPointer (C function), 153
PyCell_Check (C function), 139
PyCell_GET (C function), 139
PyCell_Get (C function), 139
PyCell_New (C function), 139
PyCell_SET (C function), 139
PyCell_Set (C function), 139
PyCell_Type (Cvar), 139
PyCellObject (C type), 139
PyCFunction (C type), 214
PyCFunctionWithKeywords (C type), 214
PyCMethod (C type), 214
PyCode_Addr2Line (C function), 140
PyCode_Check (C function), 140
PyCode_GetNumFree (C function), 140
PyCode_New (C function), 140
PyCode_NewEmpty (C function), 140
PyCode_NewWithPosOnlyArgs (C function), 140
PyCode_Type (C var), 140
PyCodec_BackslashReplaceErrors (C func-
tion), 76
PyCodec_Decode (C function), 75
PyCodec_Decoder (C function), 75
PyCodec_Encode (C function), 75
PyCodec_Encoder (C function), 75
PyCodec_IgnoreErrors (C function), 76
PyCodec_IncrementalDecoder (C function), 76
PyCodec_IncrementalEncoder (C function), 75
PyCodec_KnownEncoding (C function), 75
PyCodec_LookupError (C function), 76
PyCodec_NameReplaceErrors (C function), 76
PyCodec_Register (C function), 75
PyCodec_RegisterError (C function), 76
PyCodec_ReplaceErrors (C function), 76

PyCodec_StreamReader (C function), 76
PyCodec_StreamWriter (C function), 76
PyCodec_StrictErrors (C function), 76
PyCodec_Unregister (C function), 75
PyCodec_XMLCharRefReplaceErrors (C func-
tion), 76
PyCodeObject (Ctype), 140
PyCompactUnicodeObject (Ctype), 111
PyCompilerFlags (C struct), 42
PyCompilerFlags.cf_feature_version (C
member), 42
PyCompilerFlags.cf_flags (C member), 42
PyComplex_AsCComplex (C function), 108
PyComplex_Check (C function), 107
PyComplex_CheckExact (C function), 107
PyComplex_FromCComplex (C function), 107
PyComplex_FromDoubles (C function), 107
PyComplex_ImagAsDouble (C function), 108
PyComplex_RealAsDouble (C function), 108
PyComplex_Type (C var), 107
PyComplexObject (Ctype), 107
PyConfig (Ctype), 186
PyConfig.argv (C member), 187
PyConfig.base_exec_prefix (C member), 188
PyConfig.base_executable (C member), 188
PyConfig.base_prefix (C member), 188
PyConfig.buffered_stdio (C member), 188
PyConfig.bytes_warning (C member), 188
PyConfig.check_hash_pycs_mode (C mem-
ber), 188
PyConfig.configure_c_stdio (C member),
189
PyConfig.dev_mode (C member), 189
PyConfig.dump_refs (C member), 189
PyConfig.exec_prefix (C member), 189
PyConfig.executable (C member), 189
PyConfig. faulthandler (C member), 189
PyConfig.filesystem_encoding (C member),
189
PyConfig.filesystem_errors
190
PyConfig.hash_seed (C member), 190
PyConfig.home (C member), 190
PyConfig.import_time (C member), 190
PyConfig.inspect (C member), 190
PyConfig.install_signal_handlers (o
member), 190
PyConfig.interactive (C member), 190
PyConfig.isolated (C member), 191
PyConfig.legacy_windows_stdio (C mem-
ber), 191
PyConfig.malloc_stats (C member), 191
PyConfig.module_search_paths (C member),
191
PyConfig.module_search_paths_set C
member), 191
PyConfig.optimization_level (C member),
192

(C member),
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PyConfig.orig_argv (C member), 192
PyConfig.parse_argv (C member), 192
PyConfig.parser_debug (C member), 192
PyConfig.pathconfig_warnings (C member),
192
PyConfig.platlibdir (C member), 191
PyConfig.prefix (C member), 192
PyConfig.program_name (C member), 192
PyConfig.pycache_prefix (Cmember), 193
PyConfig.PyConfig_Clear (C function), 187
PyConfig.PyConfig_InitIsolatedConfig
(C function), 186
PyConfig.PyConfig_InitPythonConfig (C
function), 186
PyConfig.PyConfig_Read (C function), 187
PyConfig.PyConfig_SetArgv (C function), 187
PyConfig.PyConfig_SetBytesArgv (C func-
tion), 187
PyConfig.PyConfig_SetBytesString c
Sfunction), 187
PyConfig.PyConfig_SetString (C function),
186
PyConfig.PyConfig_SetWideStringList (C
function), 187
PyConfig.pythonpath_env (C member), 191
PyConfig.quiet (C member), 193
PyConfig.run_command (C member), 193
PyConfig.run_filename (C member), 193
PyConfig.run_module (C member), 193
PyConfig.show_ref_count (C member), 193
PyConfig.site_import (C member), 193
PyConfig.skip_source_first_1line (Cmem-
ber), 194
PyConfig.stdio_encoding (C member), 194
PyConfig.stdio_errors (C member), 194
PyConfig.tracemalloc (C member), 194
PyConfig.use_environment (C member), 194
PyConfig.use_hash_seed (C member), 190
PyConfig.user_site_directory (C member),
194
PyConfig.verbose (C member), 194
PyConfig.warn_default_encoding (C mem-
ber), 188
PyConfig.warnoptions (C member), 195
PyConfig.write_bytecode (C member), 195
PyConfig.xoptions (C member), 195
PyContext (Ctype), 155
PyContext_CheckExact (C function), 155
PyContext_Copy (C function), 155
PyContext_CopyCurrent (C function), 155
PyContext_Enter (C function), 155
PyContext_Exit (C function), 155
PyContext_New (C function), 155
PyContext_Type (Cvar), 155
PyContextToken (C type), 155
PyContextToken_CheckExact (C function), 155
PyContextToken_Type (C var), 155
PyContextVar (Ctype), 155

PyContextVar_CheckExact (C function), 155
PyContextVar_Get (C function), 155
PyContextVar_New (C function), 155
PyContextVar_Reset (C function), 156
PyContextVar_Set (C function), 155
PyContextVar_Type (C var), 155
PyCoro_CheckExact (C function), 154
PyCoro_New (C function), 154
PyCoro_Type (Cvar), 154
PyCoroObject (C type), 154
PyDate_Check (C function), 156
PyDate_CheckExact (C function), 156
PyDate_FromDate (C function), 156
PyDate_FromTimestamp (C function), 158
PyDateTime_Check (C function), 156
PyDateTime_CheckExact (C function), 156
PyDateTime_DATE_GET_FOLD (C function), 157
PyDateTime_DATE_GET_HOUR (C function), 157
PyDateTime_DATE_GET_MICROSECOND (C func-
tion), 157
PyDateTime_DATE_GET_MINUTE (C function),
157
PyDateTime_DATE_GET_SECOND (C function),
157
PyDateTime_DATE_GET_TZINFO (C function),
157
PyDateTime_DELTA_GET_DAYS (C function), 158
PyDateTime_DELTA_GET_MICROSECONDS c
function), 158
PyDateTime_DELTA_GET_SECONDS (C function),
158
PyDateTime_FromDateAndTime (C function),
156
PyDateTime_FromDateAndTimeAndFold (C
function), 157
PyDateTime_FromTimestamp (C function), 158
PyDateTime_GET_DAY (C function), 157
PyDateTime_GET_MONTH (C function), 157
PyDateTime_GET_YEAR (C function), 157
PyDateTime_TIME_GET_FOLD (C function), 158
PyDateTime_TIME_GET_HOUR (C function), 158
PyDateTime_TIME_GET_MICROSECOND (C func-
tion), 158
PyDateTime_TIME_GET_MINUTE (C function),
158
PyDateTime_TIME_GET_SECOND (C function),
158
PyDateTime_TIME_GET_TZINFO (C function),
158
PyDateTime_TimeZone_UTC (C var), 156
PyDelta_Check (C function), 156
PyDelta_CheckExact (C function), 156
PyDelta_FromDSU (C function), 157
PyDescr_IsData (C function), 149
PyDescr_NewClassMethod (C function), 149
PyDescr_NewGetSet (C function), 149
PyDescr_NewMember (C function), 149
PyDescr_NewMethod (C function), 149
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PyDescr_NewWrapper (C function), 149
PyDict_Check (C function), 133
PyDict_CheckExact (C function), 133
PyDict_Clear (C function), 133
PyDict_Contains (C function), 133
PyDict_Copy (C function), 133
PyDict_DelItem (C function), 134
PyDict_DelItemString (C function), 134
PyDict_GetItem (C function), 134
PyDict_GetItemString (C function), 134
PyDict_GetItemWithError (C function), 134
PyDict_TItems (C function), 134
PyDict_Keys (C function), 134
PyDict_Merge (C function), 135
PyDict_MergeFromSeq2 (C function), 135
PyDict_New (C function), 133
PyDict_Next (C function), 134
PyDict_SetDefault (C function), 134
PyDict_SetItem (C function), 133
PyDict_SetItemString (C function), 134
PyDict_Size (C function), 134
PyDict_Type (Cvar), 133
PyDict_Update (C function), 135
PyDict_Values (C function), 134
PyDictObject (Ctype), 133
PyDictProxy_New (C function), 133
PyDoc_STR (C macro), 5
PyDoc_STRVAR (C macro), 5
PyErr_BadArgument (C function), 46
PyErr_BadInternalCall (C function), 48
PyErr_CheckSignals (C function), 50
PyErr_Clear (C function), 45
PyErr_Clear (), 9,10
PyErr_ExceptionMatches (C function), 49
PyErr_ExceptionMatches (), 10
PyErr_Fetch (C function), 49
PyErr_Format (C function), 46
PyErr_FormatV (C function), 46
PyErr_GetExcInfo (C function), 50
PyErr_GivenExceptionMatches (C function),
49
PyErr_NewException (C function), 51
PyErr_NewExceptionWithDoc (C function), 51
PyErr_NoMemory (C function), 46
PyErr_NormalizeException (C function), 50
PyErr_Occurred (C function), 49
PyErr_Occurred(),9
PyErr_Print (C function), 45
PyErr_PrintEx (C function), 45
PyErr_ResourceWarning (C function), 49
PyErr_Restore (C function), 49
PyErr_SetExcFromWindowsErr (C function), 47

PyErr_SetExcFromWindowsErrWithFilename

(C function), 47

PyErr_SetExcInfo (C function), 50
PyErr_SetFromErrno (C function), 46
PyErr_SetFromErrnoWithFilename (C func-
tion), 47
PyErr_SetFromErrnoWithFilenameObject
(C function), 46
PyErr_SetFromErrnoWithFilenameObjects
(C function), 47
PyErr_SetFromWindowsErr (C function), 47
PyErr_SetFromWindowsErrWithFilename (C
function), 47
PyErr_SetImportError (C function), 47
PyErr_SetImportErrorSubclass (C function),
48
PyErr_SetInterrupt (C function), 51
PyErr_SetInterruptEx (C function), 51
PyErr_SetNone (C function), 46
PyErr_SetObject (C function), 46
PyErr_SetString (C function), 46
PyErr_SetString(),9
PyErr_SyntaxLocation (C function), 48
PyErr_SyntaxLocationEx (C function), 48
PyErr_SyntaxLocationObject (C function), 48
PyErr_WarnEx (C function), 48
PyErr_WarnExplicit (C function), 48
PyErr_WarnExplicitObject (C function), 48
PyErr_WarnFormat (C function), 49
PyErr_WriteUnraisable (C function), 46
PyEval_AcquireLock (C function), 174
PyEval_AcquireThread (C function), 174
PyEval_AcquireThread(), 170
PyEval_EvalCode (C function), 41
PyEval_EvalCodeEx (C function), 42
PyEval_EvalFrame (C function), 42
PyEval_EvalFrameEx (C function), 42
PyEval_GetBuiltins (C function), 74
PyEval_GetFrame (C function), 74
PyEval_GetFuncDesc (C function), 75
PyEval_GetFuncName (C function), 75
PyEval_GetGlobals (C function), 74
PyEval_GetLocals (C function), 74
PyEval_InitThreads (C function), 170
PyEval_InitThreads (), 164
PyEval_MergeCompilerFlags (C function), 42
PyEval_ReleaseLock (C function), 174
PyEval_ReleaseThread (C function), 174
PyEval_ReleaseThread (), 170
PyEval_RestoreThread (C function), 171
PyEval_RestoreThread(), 169, 170
PyEval_SaveThread (C function), 170
PyEval_SaveThread(), 169, 170
PyEval_SetProfile (C function), 177
PyEval_SetTrace (C function), 178
PyEval_ThreadsInitialized (C function), 170

PyErr_SetExcFromWindowsErrWithFilename@yfsat ArithmeticError, 54

(C function), 47

PyExc_AssertionError, 54

PyErr_SetExcFromWindowsErrWithFilename@yRsat AttributeError, 54

(C function), 47

PyExc_BaseException, 54
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PyExc_BlockingIOError, 54
PyExc_BrokenPipeError, 54
PyExc_BufferError, 54
PyExc_BytesWarning, 56
PyExc_ChildProcessError, 54
PyExc_ConnectionAbortedError, 54
PyExc_ConnectionError, 54
PyExc_ConnectionRefusedError, 54
PyExc_ConnectionResetError, 54
PyExc_DeprecationWarning, 56
PyExc_EnvironmentError, 55
PyExc_EOFError, 54
PyExc_Exception, 54
PyExc_FileExistsError, 54
PyExc_FileNotFoundError, 54
PyExc_FloatingPointError, 54
PyExc_FutureWarning, 56
PyExc_GeneratorExit, 54
PyExc_ImportError, 54
PyExc_ImportWarning, 56
PyExc_IndentationError, 54
PyExc_IndexError, 54
PyExc_InterruptedError, 54
PyExc_IOError, 55
PyExc_IsADirectoryError, 54
PyExc_KeyboardInterrupt, 54
PyExc_KeyError, 54
PyExc_LookupError, 54
PyExc_MemoryError, 54
PyExc_ModuleNotFoundError, 54
PyExc_NameError, 54
PyExc_NotADirectoryError, 54
PyExc_NotImplementedError, 54
PyExc_OSError, 54
PyExc_OverflowError, 54
PyExc_PendingDeprecationWarning, 56
PyExc_PermissionError, 54
PyExc_ProcessLookupError, 54
PyExc_RecursionError, 54
PyExc_ReferenceError, 54
PyExc_ResourceWarning, 56
PyExc_RuntimeError, 54
PyExc_RuntimeWarning, 56
PyExc_StopAsyncIteration, 54
PyExc_StopIteration, 54
PyExc_SyntaxError, 54
PyExc_SyntaxWarning, 56
PyExc_SystemError, 54
PyExc_SystemExit, 54
PyExc_TabError, 54
PyExc_TimeoutError, 54
PyExc_TypeError, 54
PyExc_UnboundLocalError, 54
PyExc_UnicodeDecodeError, 54
PyExc_UnicodeEncodeError, 54
PyExc_UnicodeError, 54
PyExc_UnicodeTranslateError, 54
PyExc_UnicodeWarning, 56

PyExc_UserWarning, 56
PyExc_ValueError, 54
PyExc_Warning, 56
PyExc_WindowsError, 55
PyExc_ZeroDivisionError, 54
PyException_GetCause (C function), 52
PyException_GetContext (C function), 52
PyException_GetTraceback (C function), 52
PyException_SetCause (C function), 52
PyException_SetContext (C function), 52
PyException_SetTraceback (C function), 52
PyFile_FromFd (C function), 140
PyFile_GetLine (C function), 141
PyFile_SetOpenCodeHook (C function), 141
PyFile_WriteObject (C function), 141
PyFile_WriteString (C function), 141
PyFloat_AS_DOUBLE (C function), 106
PyFloat_AsDouble (C function), 106
PyFloat_Check (C function), 106
PyFloat_CheckExact (C function), 106
PyFloat_FromDouble (C function), 106
PyFloat_FromString (C function), 106
PyFloat_GetInfo (C function), 106
PyFloat_GetMax (C function), 106
PyFloat_GetMin (C function), 106
PyFloat_Type (Cvar), 106
PyFloatObject (Ctype), 106
PyFrame_GetBack (C function), 74
PyFrame_GetCode (C function), 74
PyFrame_GetLineNumber (C function), 75
PyFrameObject (Ctype), 42
PyFrozenSet_Check (C function), 136
PyFrozenSet_CheckExact (C function), 136
PyFrozenSet_New (C function), 136
PyFrozenSet_Type (Cvar), 136
PyFunction_Check (C function), 137
PyFunction_GetAnnotations (C function), 138
PyFunction_GetClosure (C function), 138
PyFunction_GetCode (C function), 137
PyFunction_GetDefaults (C function), 138
PyFunction_GetGlobals (C function), 137
PyFunction_GetModule (C function), 138
PyFunction_New (C function), 137
PyFunction_NewWithQualName (C function),
137
PyFunction_SetAnnotations (C function), 138
PyFunction_SetClosure (C function), 138
PyFunction_SetDefaults (C function), 138
PyFunction_Type (Cvar), 137
PyFunctionObject (C type), 137
PyGC_Collect (C function), 253
PyGC_Disable (C function), 253
PyGC_Enable (C function), 253
PyGC_TIsEnabled (C function), 253
PyGen_Check (C function), 154
PyGen_CheckExact (C function), 154
PyGen_New (C function), 154
PyGen_NewWithQualName (C function), 154
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PyGen_Type (Cvar), 154
PyGenObject (C type), 154
PyGetSetDef (C type), 217
PyGILState_Check (C function), 171
PyGILState_Ensure (C function), 171
PyGILState_GetThisThreadState (C func-
tion), 171
PyGILState_Release (C function), 171
PyImport_AddModule (C function), 63
PyImport_AddModuleObject (C function), 62
PyImport_AppendInittab (C function), 64
PyImport_ExecCodeModule (C function), 63
PyImport_ExecCodeModuleEx (C function), 63
PyImport_ExecCodeModuleObject (C func-
tion), 63
PyImport_ExecCodeModuleWithPathnames
(C function), 63
PyImport_ExtendInittab (C function), 65
PyImport_FrozenModules (C var), 64
PyImport_GetImporter (C function), 64
PyImport_GetMagicNumber (C function), 63
PyImport_GetMagicTag (C function), 63
PyImport_GetModule (C function), 64
PyImport_GetModuleDict (C function), 64
PyImport_Import (C function), 62
PyImport_ImportFrozenModule (C function),
64
PyImport_ImportFrozenModuleObject (C
function), 64
PyImport_ImportModule (C function), 62
PyImport_ImportModuleEx (C function), 62
PyImport_ImportModuleLevel (C function), 62
PyImport_ImportModuleLevelObject c
function), 62
PyImport_ImportModuleNoBlock (C function),
62
PyImport_ReloadModule (C function), 62
PyIndex_Check (C function), 87
PyInstanceMethod_Check (C function), 138
PyInstanceMethod_Function (C function), 138
PyInstanceMethod_GET_FUNCTION (C func-
tion), 138
PyInstanceMethod_New (C function), 138
PyInstanceMethod_Type (Cvar), 138
PyInterpreterState (Ctype), 170
PyInterpreterState_Clear (C function), 172
PyInterpreterState_Delete (C function), 172
PyInterpreterState_Get (C function), 173
PyInterpreterState_GetDict (C function),
173
PyInterpreterState_GetID (C function), 173
PyInterpreterState_Head (C function), 178
PyInterpreterState_Main (C function), 178
PyInterpreterState_New (C function), 172
PyInterpreterState_Next (C function), 178
PyInterpreterState_ThreadHead (C func-
tion), 178
PyIter_Check (C function), 90

PyIter_Next (C function), 90
PyIter_Send (C function), 91
PyList_Append (C function), 133
PyList_AsTuple (C function), 133
PyList_Check (C function), 132
PyList_CheckExact (C function), 132
PyList_GET_ITEM (C function), 132
PyList_GET_SIZE (C function), 132
PyList_GetItem (C function), 132
PyList_GetItem(),8
PyList_GetSlice (C function), 133
PyList_Insert (C function), 132
PyList_New (C function), 132
PyList_Reverse (C function), 133
PyList_SET_ITEM (C function), 132
PyList_SetItem (C function), 132
PyList_SetItem(),6
PyList_SetSlice (C function), 133
PyList_Size (C function), 132
PyList_Sort (C function), 133
PyList_Type (Cvar), 132
PyListObject (Ctype), 132
PyLong_AsDouble (C function), 105
PyLong_AsLong (C function), 103
PyLong_AsLongAndOverflow (C function), 104
PyLong_AsLongLong (C function), 104
PyLong_AsLongLongAndOverflow (C function),
104
PyLong_AsSize_t (C function), 104
PyLong_AsSsize_t (C function), 104
PyLong_AsUnsignedLong (C function), 104
PyLong_AsUnsignedLongLong (C function), 104
PyLong_AsUnsignedLongLongMask (C func-
tion), 105
PyLong_AsUnsignedLongMask (C function), 105
PyLong_AsVoidPtr (C function), 105
PyLong_Check (C function), 103
PyLong_CheckExact (C function), 103
PyLong_FromDouble (C function), 103
PyLong_FromLong (C function), 103
PyLong_FromLongLong (C function), 103
PyLong_FromSize_t (C function), 103
PyLong_FromSsize_t (C function), 103
PyLong_FromString (C function), 103
PyLong_FromUnicodeObject (C function), 103
PyLong_FromUnsignedLong (C function), 103
PyLong_FromUnsignedLonglong (C function),
103
PyLong_FromVoidPtr (C function), 103
PyLong_Type (Cvar), 102
PyLongObject (Ctype), 102
PyMapping_Check (C function), 89
PyMapping_DelItem (C function), 89
PyMapping_DelItemString (C function), 90
PyMapping_GetItemString (C function), 89
PyMapping_HasKey (C function), 90
PyMapping_HasKeyString (C function), 90
PyMapping_TItems (C function), 90
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PyMapping_Keys (C function), 90
PyMapping_Length (C function), 89
PyMapping_SetItemString (C function), 89
PyMapping_Size (C function), 89
PyMapping_Values (C function), 90
PyMappingMethods (C type), 245
PyMappingMethods.mp_ass_subscript (C
member), 245
PyMappingMethods.mp_length (C member),
245
PyMappingMethods.mp_subscript (C mem-
ber), 245
PyMarshal_ReadLastObjectFromFile (o
function), 65
PyMarshal_ReadLongFromFile (C function), 65
PyMarshal_ReadObjectFromFile (C function),
65
PyMarshal_ReadObjectFromString (C func-
tion), 65
PyMarshal_ReadShortFromFile (C function),
65
PyMarshal_WriteLongToFile (C function), 65
PyMarshal_WriteObjectToFile (C function),
65
PyMarshal_ WriteObjectToString
tion), 65
PyMem_Calloc (C function), 203
PyMem_Del (C function), 204
PyMem_Free (C function), 203
PyMem_GetAllocator (C function), 206
PyMem_Malloc (C function), 203
PyMem_New (C function), 203
PyMem_RawCalloc (C function), 202
PyMem_RawFree (C function), 203
PyMem_RawMalloc (C function), 202
PyMem_RawRealloc (C function), 202
PyMem_Realloc (C function), 203
PyMem_Resize (C function), 203
PyMem_SetAllocator (C function), 206
PyMem_SetupDebugHooks (C function), 206
PyMemAllocatorDomain (C type), 205
PyMemAllocatorDomain.PYMEM DOMAIN_MEM
(C macro), 206
PyMemAllocatorDomain.PYMEM_DOMAIN_OBJ
(C macro), 206
PyMemAllocatorDomain.PYMEM_DOMAIN_RAW
(C macro), 205
PyMemAllocatorEx (C type), 205
PyMember_GetOne (C function), 217
PyMember_SetOne (C function), 217
PyMemberDef (C type), 216
PyMemoryView_Check (C function), 151
PyMemoryView_FromBuffer (C function), 151
PyMemoryView_FromMemory (C function), 151
PyMemoryView_FromObject (C function), 151
PyMemoryView_GET_BASE (C function), 151
PyMemoryView_GET_BUFFER (C function), 151

(C  func-

PyMemoryView_GetContiguous (C function),
151
PyMethod_Check (C function), 139
PyMethod_Function (C function), 139
PyMethod_GET_FUNCTION (C function), 139
PyMethod_GET_SELF (C function), 139
PyMethod_New (C function), 139
PyMethod_Self (C function), 139
PyMethod_Type (Cvar), 139
PyMethodDef (C type), 214
PyMethodDef .ml_doc (C member), 214
PyMethodDef .ml_flags (C member), 214
PyMethodDef .ml_meth (C member), 214
PyMethodDef .ml_name (C member), 214
PyModule_AddFunctions (C function), 146
PyModule_AddIntConstant (C function), 147
PyModule_AddIntMacro (C function), 147
PyModule_AddObject (C function), 146
PyModule_AddObjectRef (C function), 146
PyModule_AddStringConstant (C function),
147
PyModule_AddStringMacro (C function), 147
PyModule_AddType (C function), 147
PyModule_Check (C function), 141
PyModule_CheckExact (C function), 141
PyModule_Create (C function), 144
PyModule_Create2 (C function), 144
PyModule_ExecDef (C function), 145
PyModule_FromDefAndSpec (C function), 145
PyModule_FromDefAndSpec?2 (C function), 145
PyModule_GetDef (C function), 142
PyModule_GetDict (C function), 142
PyModule_GetFilename (C function), 142
PyModule_GetFilenameObject (C function),
142
PyModule_GetName (C function), 142
PyModule_GetNameObject (C function), 142
PyModule_GetState (C function), 142
PyModule_New (C function), 142
PyModule_NewObject (C function), 141
PyModule_SetDocString (C function), 146
PyModule_Type (Cvar), 141
PyModuleDef (C type), 142
PyModuleDef_Init (C function), 144
PyModuleDef_Slot (Ctype), 144
PyModuleDef_Slot.slot (C member), 144
PyModuleDef_Slot.value (C member), 144
PyModuleDef .m_base (C member), 142
PyModuleDef .m_clear (C member), 143
PyModuleDef .m_doc (C member), 142
PyModuleDef .m_free (C member), 143
PyModuleDef .m_methods (C member), 143
PyModuleDef .m_name (C member), 142
PyModuleDef .m_size (C member), 143
PyModuleDef .m_slots (C member), 143
PyModuleDef.m_slots.m_reload (C member),
143
PyModuleDef.m_traverse (C member), 143
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PyNumber_Absolute (C function), 86
PyNumber_Add (C function), 85
PyNumber_And (C function), 86
PyNumber_AsSsize_t (C function), 87
PyNumber_Check (C function), 85
PyNumber_Divmod (C function), 85
PyNumber_Float (C function), 87
PyNumber_FloorDivide (C function), 85
PyNumber_Index (C function), 87
PyNumber_InPlaceAdd (C function), 86
PyNumber_InPlaceAnd (C function), 87
PyNumber_InPlaceFloorDivide (C function),
86
PyNumber_InPlaceLshift (C function), 87
PyNumber_InPlaceMatrixMultiply (C func-
tion), 86
PyNumber_InPlaceMultiply (C function), 86
PyNumber_InPlaceOr (C function), 87
PyNumber_InPlacePower (C function), 87
PyNumber_InPlaceRemainder (C function), 86
PyNumber_InPlaceRshift (C function), 87
PyNumber_InPlaceSubtract (C function), 86
PyNumber_InPlaceTrueDivide (C function), 86
PyNumber_InPlaceXor (C function), 87
PyNumber_Invert (C function), 86
PyNumber_Long (C function), 87
PyNumber_Lshift (C function), 86
PyNumber_MatrixMultiply (C function), 85
PyNumber_Multiply (C function), 85
PyNumber_Negative (C function), 85
PyNumber_Or (C function), 86
PyNumber_Positive (C function), 86
PyNumber_Power (C function), 85
PyNumber_Remainder (C function), 85
PyNumber_Rshift (C function), 86
PyNumber_Subtract (C function), 85
PyNumber_ToBase (C function), 87
PyNumber_TrueDivide (C function), 85
PyNumber_Xor (C function), 86
PyNumberMethods (C type), 243
PyNumberMethods.nb_absolute (C member),
244
PyNumberMethods .nb_add (C member), 243
PyNumberMethods .nb_and (C member), 244
PyNumberMethods.nb_bool (C member), 244
PyNumberMethods.nb_divmod (C member), 244
PyNumberMethods.nb_float (C member), 244
PyNumberMethods.nb_floor_divide (Cmem-
ber), 244
PyNumberMethods
PyNumberMethods
ber), 244
PyNumberMethods
ber), 244

.nb_index (C member), 244
.nb_inplace_add (C mem-

.nb_inplace_and (C mem-

PyNumberMethods.nb_inplace_matrix_multiply

(C member), 244
PyNumberMethods.nb_inplace_multiply (C
member), 244
PyNumberMethods.nb_inplace_or (C mem-
ber), 244
PyNumberMethods.nb_inplace_power C
member), 244
PyNumberMethods.nb_inplace_remainder
(C member), 244
PyNumberMethods.nb_inplace_rshift (C
member), 244
PyNumberMethods.nb_inplace_subtract (C
member), 244
PyNumberMethods.nb_inplace_true_divide
(C member), 244
PyNumberMethods.nb_inplace_xor (C mem-
ber), 244
PyNumberMethods
PyNumberMethods

.nb_int (C member), 244
.nb_invert (C member), 244
PyNumberMethods.nb_1shift (C member), 244
PyNumberMethods.nb_matrix_multiply (C
member), 244
PyNumberMethods.nb_multiply (C member),
244
PyNumberMethods
244
PyNumberMethods
PyNumberMethods
244
PyNumberMethods
PyNumberMethods
244
PyNumberMethods
244
PyNumberMethods
PyNumberMethods
244
PyNumberMethods
ber), 244
PyNumberMethods .nb_xor (C member), 244
PyObject (Ctype), 212
PyObject_AsCharBuffer (C function), 97
PyObject_ASCITI (C function), 79
PyObject_AsFileDescriptor (C function), 141
PyObject_AsReadBuffer (C function), 97
PyObject_AsWriteBuffer (C function), 97
PyObject_Bytes (C function), 79
PyObject_Call (C function), 83
PyObject_CallFunction (C function), 83
PyObject_CallFunctionObjArgs (C function),
84
PyObject_CallMethod (C function), 83
PyObject_CallMethodNoArgs (C function), 84

.nb_negative (C member),

.nb_or (C member), 244
.nb_positive (C member),

.nb_power (C member), 244
.nb_remainder (C member),

.nb_reserved (C member),

.nb_rshift (C member), 244
.nb_subtract (C member),

.nb_true_divide (C mem-

PyNumberMethods.nb_inplace_floor_divideyObject_CallMethodObjArgs (C function), 84

(C member), 244
PyNumberMethods.nb_inplace_lshift
member), 244

PyObject_CallMethodOneArqg (C function), 84

(C PyObject_CallNoArgs (C function), 83

PyObject_CallObject (C function), 83
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PyObject_Calloc (C function), 204
PyObject_CallOneArqg (C function), 83
PyObject_CheckBuffer (C function), 96
PyObject_CheckReadBuffer (C function), 97
PyObject_ClearWeakRefs (C function), 152
PyObject_Del (C function), 211
PyObject_DelAttr (C function), 78
PyObject_DelAttrString (C function), 78
PyObject_DelItemn (C function), 80
PyObject_Dir (C function), 80
PyObject_Format (C function), 78
PyObject_Free (C function), 204
PyObject_GC_Del (C function), 252
PyObject_GC_IsFinalized (C function), 252
PyObject_GC_IsTracked (C function), 252
PyObject_GC_New (C function), 252
PyObject_GC_NewVar (C function), 252
PyObject_GC_Resize (C function), 252
PyObject_GC_Track (C function), 252
PyObject_GC_UnTrack (C function), 252
PyObject_GenericGetAttr (C function), 78
PyObject_GenericGetDict (C function), 78
PyObject_GenericSetAttr (C function), 78
PyObject_GenericSetDict (C function), 78
PyObject_GetAIter (C function), 80
PyObject_GetArenaAllocator (C function),
208
PyObject_GetAttr (C function), 77
PyObject_GetAttrString (C function), 77
PyObject_GetBuffer (C function), 96
PyObject_GetItem (C function), 80
PyObject_GetIter (C function), 80
PyObject_HasAttr (C function), 77
PyObject_HasAttrString (C function), 77
PyObject_Hash (C function), 79
PyObject_HashNotImplemented (C function),
79
PyObject_HEAD (C macro), 212
PyObject_HEAD_INIT (C macro), 213
PyObject_Init (C function), 211
PyObject_InitVar (C function), 211
PyObject_IS_GC (C function), 252
PyObject_IsInstance (C function), 79
PyObject_IsSubclass (C function), 79
PyObject_IsTrue (C function), 79
PyObject_Length (C function), 80
PyObject_LengthHint (C function), 80
PyObject_Malloc (C function), 204
PyObject_New (C function), 211
PyObject_NewVar (C function), 211
PyObject_Not (C function), 80
PyObject._ob_next (C member), 225
PyObject._ob_prev (C member), 225
PyObject_Print (C function), 77
PyObject_Realloc (C function), 204
PyObject_Repr (C function), 79
PyObject_RichCompare (C function), 78
PyObject_RichCompareBool (C function), 78

PyObject_SetArenaAllocator (C function),
208
PyObject_SetAttr (C function), 78
PyObject_SetAttrString (C function), 78
PyObject_SetItem (C function), 80
PyObject_Size (C function), 80
PyObject_Str (C function), 79
PyObject_Type (C function), 80
PyObject_TypeCheck (C function), 80
PyObject_VAR_HEAD (C macro), 212
PyObject_Vectorcall (C function), 84
PyObject_VectorcallDict (C function), 84
PyObject_VectorcallMethod (C function), 84
PyObjectArenaAllocator (C type), 208
PyObject.ob_refcnt (C member), 224
PyObject.ob_type (C member), 224
PyOS_AfterFork (C function), 58
PyOS_AfterFork_Child (C function), 58
PyOS_AfterFork_Parent (C function), 57
PyOS_BeforeFork (C function), 57
PyOS_CheckStack (C function), 58
PyOS_double_to_string (C function), 74
PyOS_FSPath (C function), 57
PyOS_getsig (C function), 58
PyOS_InputHook (C var), 40
PyOS_ReadlineFunctionPointer (Cvar), 40
PyOS_setsig (C function), 58
PyOS_snprintf (C function), 73
PyOS_stricmp (C function), 74
PyOS_string_to_double (C function), 73
PyOS_strnicmp (C function), 74
PyOS_vsnprintf (C function), 73
PyPreConfig (Ctype), 184
PyPreConfig.allocator (C member), 184
PyPreConfig.coerce_c_locale (C member),
184
PyPreConfig.coerce_c_locale_warn c
member), 184
PyPreConfig.configure_locale (C member),
184
PyPreConfig.dev_mode (C member), 185
PyPreConfig.isolated (C member), 185
PyPreConfig.legacy_windows_fs_encoding
(C member), 185
PyPreConfig.parse_argv (C member), 185

PyPreConfig.PyPreConfig InitIsolatedConfig

(C function), 184

PyPreConfig.PyPreConfig_InitPythonConfig

(C function), 184
PyPreConfig.use_environment (C member),

185
PyPreConfig.utf8_mode (C member), 185
PyProperty_Type (Cvar), 149
PyRun_AnyFile (C function), 39
PyRun_AnyFileEx (C function), 39
PyRun_AnyFileExFlags (C function), 39
PyRun_AnyFileFlags (C function), 39
PyRun_File (C function), 41
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PyRun_FileEx (C function), 41
PyRun_FileExFlags (C function), 41
PyRun_FileFlags (C function), 41
PyRun_InteractiveLoop (C function), 40
PyRun_InteractiveLoopFlags (C function), 40
PyRun_InteractiveOne (C function), 40
PyRun_InteractiveOneFlags (C function), 40
PyRun_SimpleFile (C function), 40
PyRun_SimpleFileEx (C function), 40
PyRun_SimpleFileExFlags (C function), 40
PyRun_SimpleString (C function), 40
PyRun_SimpleStringFlags (C function), 40
PyRun_String (C function), 41
PyRun_StringFlags (C function), 41
PySendResult (Ctype), 91
PySeqlter_Check (C function), 148
PySeqglter_New (C function), 148
PySeqglter_Type (Cvar), 148
PySequence_Check (C function), 88
PySequence_Concat (C function), 88
PySequence_Contains (C function), 88
PySequence_Count (C function), 88
PySequence_DelItem (C function), 88
PySequence_DelSlice (C function), 88
PySequence_Fast (C function), 89
PySequence_Fast_GET_ITEM (C function), 89
PySequence_Fast_GET_SIZE (C function), 89
PySequence_Fast_ITEMS (C function), 89
PySequence_GetItem (C function), 88
PySequence_GetItem(), 8
PySequence_GetSlice (C function), 88
PySequence_Index (C function), 88
PySequence_InPlaceConcat (C function), 88
PySequence_InPlaceRepeat (C function), 88
PySequence_ITEM (C function), 89
PySequence_Length (C function), 88
PySequence_List (C function), 89
PySequence_Repeat (C function), 88
PySequence_SetItem (C function), 88
PySequence_SetSlice (C function), 88
PySequence_Size (C function), 88
PySequence_Tuple (C function), 89
PySequenceMethods (C type), 245
PySequenceMethods.sq _ass_item (C mem-

ber), 245

PySequenceMethods.sq concat (C member),
245

PySequenceMethods.sq _contains (C mem-
ber), 245

PySequenceMethods.sqg _inplace_concat (C
member), 245

PySequenceMethods.sq inplace_repeat (C
member), 246

PySequenceMethods.sq_item (C member), 245

PySequenceMethods.sq length (C member),
245

PySequenceMethods.sq repeat (C member),
245

PySet_Add (C function), 137
PySet_Check (C function), 136
PySet_CheckExact (C function), 136
PySet_Clear (C function), 137
PySet_Contains (C function), 136
PySet_Discard (C function), 137
PySet_GET_SIZE (C function), 136
PySet_New (C function), 136
PySet_Pop (C function), 137
PySet_Size (C function), 136
PySet_Type (Cvar), 136
PySetObject (C type), 136
PySignal_SetWakeupFd (C function), 51
PySlice_AdjustIndices (C function), 150
PySlice_Check (C function), 149
PySlice_GetIndices (C function), 149
PySlice_GetIndicesEx (C function), 150
PySlice_New (C function), 149
PySlice_Type (Cvar), 149
PySlice_Unpack (C function), 150
PyState_AddModule (C function), 148
PyState_FindModule (C function), 148
PyState_RemoveModule (C function), 148
PyStatus (C type), 183
PyStatus.err_msg (C member), 183
PyStatus.exitcode (C member), 183
PyStatus. func (C member), 183
PyStatus.Py_ExitStatusException (C func-
tion), 183
PyStatus.PyStatus_Error (C function), 183
PyStatus.PyStatus_Exception (C function),
183
PyStatus.PyStatus_Exit (C function), 183
PyStatus.PyStatus_IsError (C function), 183
PyStatus.PyStatus_IsExit (C function), 183
PyStatus.PyStatus_NoMemory (C function),
183
PyStatus.PyStatus_0k (C function), 183
PyStructSequence_Desc (Ctype), 131
PyStructSequence_Field (Ctype), 131
PyStructSequence_GET_ITEM (C function), 131
PyStructSequence_GetItem (C function), 131
PyStructSequence_InitType (C function), 131
PyStructSequence_InitType2 (C function),
131
PyStructSequence_New (C function), 131
PyStructSequence_NewType (C function), 131
PyStructSequence_SET_ITEM (C function), 131
PyStructSequence_SetItem (C function), 131
PyStructSequence_UnnamedField (C var),
131
PySys_AddAuditHook (C function), 61
PySys_AddWarnOption (C function), 60
PySys_AddWarnOptionUnicode (C function), 60
PySys_AddXOption (C function), 60
PySys_Audit (C function), 60
PySys_FormatStderr (C function), 60
PySys_FormatStdout (C function), 60
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PySys_GetObject (C function), 59
PySys_GetXOptions (C function), 60

PySys_ResetWarnOptions (C function), 59

PySys_SetArgv (C function), 167
PySys_SetArgv (), 164
PySys_SetArgvEx (C function), 167
PySys_SetArgvEx (), 10, 164
PySys_SetObject (C function), 59
PySys_SetPath (C function), 60
PySys_WriteStderr (C function), 60
PySys_WriteStdout (C function), 60
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411,267
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PYTHON*, 162

PYTHONCOERCECLOCALE, 197
PYTHONDEBUG, 162, 192
PYTHONDONTWRITEBYTECODE, 162, 195
PYTHONDUMPREFS, 189, 225
PYTHONEXECUTABLE, 193
PYTHONFAULTHANDLER, 189
PYTHONHASHSEED, 162, 190
PYTHONHOME, 11, 162, 168, 190
Pythonic (Python JE##) ,267
PYTHONINSPECT, 163, 190
PYTHONIOENCODING, 165, 194
PYTHONLEGACYWINDOWSFSENCODING, 163, 185
PYTHONLEGACYWINDOWSSTDIO, 163, 191
PYTHONMALLOC, 202, 205, 207
PYTHONMALLOC (| 4
" "PYTHONMALLOC=malloc", 208
PYTHONMALLOCSTATS, 191, 202
PYTHONNOUSERSITE, 163, 194
PYTHONOPTIMIZE, 163, 192
PYTHONPATH, 11, 162, 191
PYTHONPLATLIBDIR, 191
PYTHONPROFILEIMPORTTIME, 190
PYTHONPYCACHEPREFIX, 193
PYTHONTRACEMALLOC, 194
PYTHONUNBUFFERED, 163, 188
PYTHONUTEFS, 185, 197
PYTHONVERBOSE, 163, 195
PYTHONWARNINGS, 195
PyThread_create_key (C function), 180
PyThread_delete_key (C function), 180
PyThread_delete_key_value (C function), 180
PyThread_get_key_value (C function), 180
PyThread_ReInitTLS (C function), 180
PyThread_set_key_value (C function), 180
PyThread_tss_alloc (C function), 179
PyThread_tss_create (C function), 179
PyThread_tss_delete (C function), 179
PyThread_tss_free (C function), 179
PyThread_tss_get (C function), 180
PyThread_tss_is_created (C function), 179
PyThread_tss_set (C function), 179
PyThreadState, 168
PyThreadState (Ctype), 170
PyThreadState_Clear (C function), 172
PyThreadState_Delete (C function), 172
PyThreadState_DeleteCurrent (C function),
172
PyThreadState_Get (C function), 171
PyThreadState_GetDict (C function), 174
PyThreadState_GetFrame (C function), 172
PyThreadState_GetID (C function), 173
PyThreadState_GetInterpreter (C function),
173
PyThreadState_New (C function), 172
PyThreadState_Next (C function), 178
PyThreadState_SetAsyncExc (C function), 174
PyThreadState_Swap (C function), 171
PyTime_Check (C function), 156
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PyTime_CheckExact (C function), 156 PyType_Spec.PyType_Spec.itemsize c
PyTime_FromTime (C function), 157 member), 101
PyTime_FromTimeAndFold (C function), 157 PyType_Spec.PyType_Spec.name (C member),
PyTimeZone_FromOffset (C function), 157 101
PyTimeZone_FromOffsetAndName (C function), PyType_Spec.PyType_Spec.slots (C mem-
157 ber), 101
PyTrace_C_CALL (Cvar), 177 PyType_Type (Cvar), 99
PyTrace_C_EXCEPTION (Cvar), 177 PyTypeObject (C type), 99
PyTrace_C_RETURN (C var), 177 PyTypeObject.tp_alloc (C member), 239
PyTrace_CALL (Cvar), 177 PyTypeObject.tp_as_async (C member), 227
PyTrace_EXCEPTION (Cvar), 177 PyTypeObject.tp_as_buffer (C member), 230
PyTrace_LINE (Cvar), 177 PyTypeObject.tp_as_mapping (C member),
PyTrace_OPCODE (Cvar), 177 228
PyTrace_RETURN (C var), 177 PyTypeObject.tp_as_number (C member), 228
PyTraceMalloc_Track (C function), 209 PyTypeObject.tp_as_sequence (C member),
PyTraceMalloc_Untrack (C function), 209 228
PyTuple_Check (C function), 130 PyTypeObject.tp_base (C member), 237
PyTuple_CheckExact (C function), 130 PyTypeObject.tp_bases (C member), 240
PyTuple_GET_ITEM (C function), 130 PyTypeObject.tp_basicsize (C member), 225
PyTuple_GET_SIZE (C function), 130 PyTypeObject.tp_cache (C member), 241
PyTuple_GetItem (C function), 130 PyTypeObject.tp_call (C member), 229
PyTuple_GetSlice (C function), 130 PyTypeObject.tp_clear (C member), 234
PyTuple_New (C function), 130 PyTypeObject.tp_dealloc (C member), 226
PyTuple_Pack (C function), 130 PyTypeObject.tp_del (C member), 241
PyTuple_SET_ITEM (C function), 130 PyTypeObject.tp_descr_get (C member), 237
PyTuple_SetItem (C function), 130 PyTypeObject.tp_descr_set (C member), 238
PyTuple_SetItem(),6 PyTypeObject.tp_dict (C member), 237
PyTuple_Size (C function), 130 PyTypeObject.tp_dictoffset (C member),
PyTuple_Type (Cvar), 130 238
PyTupleObject (Ctype), 130 PyTypeObject.tp_doc (C member), 233
PyType_Check (C function), 99 PyTypeObject.tp_finalize (C member), 241
PyType_CheckExact (C function), 99 PyTypeObject.tp_~£flags (C member), 230
PyType_ClearCache (C function), 99 PyTypeObject.tp_~free (C member), 240
PyType_FromModuleAndSpec (C function), 101 PyTypeObject.tp_getattr (C member), 227
PyType_FromSpec (C function), 101 PyTypeObject.tp_getattro (C member), 229
PyType_FromSpecWithBases (C function), 101 PyTypeObject.tp_getset (C member), 237
PyType_GenericAlloc (C function), 100 PyTypeObject.tp_hash (C member), 228
PyType_GenericNew (C function), 100 PyTypeObject.tp_init (C member), 238
PyType_GetFlags (C function), 99 PyTypeObject.tp_is_gc (C member), 240
PyType_GetModule (C function), 100 PyTypeObject.tp_itemsize (C member), 225
PyType_GetModuleState (C function), 100 PyTypeObject.tp_iter (C member), 236
PyType_GetSlot (C function), 100 PyTypeObject.tp_iternext (C member), 236
PyType_HasFeature (C function), 100 PyTypeObject.tp_members (C member), 236
PyType_IS_GC (C function), 100 PyTypeObject.tp_methods (C member), 236
PyType_IsSubtype (C function), 100 PyTypeObject.tp_mro (C member), 240
PyType_Modified (C function), 100 PyTypeObject.tp_name (C member), 225
PyType_Ready (C function), 100 PyTypeObject.tp_new (C member), 239
PyType_Slot (Ctype), 101 PyTypeObject.tp_repr (C member), 228
PyType_Slot.PyType_Slot.pfunc (C mem- PyTypeObject.tp_richcompare (C member),
ber), 102 235
PyType_Slot.PyType_Slot.slot (C member), PyTypeObject.tp_richcompare.Py_RETURN_RICHCOMPARE
101 (C macro), 235
PyType_Spec (C type), 101 PyTypeObject.tp_setattr (Cmember), 227
PyType_Spec.PyType_Spec.basicsize (C PyTypeObject.tp_setattro (Cmember), 229
member), 101 PyTypeObject.tp_str (C member), 229
PyType_Spec.PyType_Spec.flags (C mem- PyTypeObject.tp_subclasses (C member),
ber), 101 241

PyTypeObject.tp_traverse (C member), 233
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PyTypeObject.tp_vectorcall (C member),
242
PyTypeObject.tp_vectorcall_offset (C
member), 227
PyTypeObject.tp_version_tag (C member),
241
PyTypeObject.tp_weaklist (C member), 241
PyTypeObject.tp_weaklistoffset (C mem-
ber), 235
PyTZInfo_Check (C function), 156
PyTZzInfo_CheckExact (C function), 156
PyUnicode_1BYTE_DATA (C function), 112
PyUnicode_1BYTE_KIND (C macro), 112
PyUnicode_2BYTE_DATA (C function), 112
PyUnicode_2BYTE_KIND (C macro), 112
PyUnicode_4BYTE_DATA (C function), 112
PyUnicode_4BYTE_KIND (C macro), 112
PyUnicode_AS_DATA (C function), 113
PyUnicode_AS_UNICODE (C function), 113
PyUnicode_AsASCIIString (C function), 126
PyUnicode_AsCharmapString (C function), 127
PyUnicode_AsEncodedString (C function), 121
PyUnicode_AsLatinlString (C function), 126
PyUnicode_AsMBCSString (C function), 127
PyUnicode_AsRawUnicodeEscapeString (C
function), 125
PyUnicode_AsUCS4 (C function), 117
PyUnicode_AsUCS4Copy (C function), 117
PyUnicode_AsUnicode (C function), 118
PyUnicode_AsUnicodeAndSize (C function),
118
PyUnicode_AsUnicodeEscapeString (C func-
tion), 125
PyUnicode_AsUTFS8 (C function), 122
PyUnicode_AsUTF8AndSize (C function), 122
PyUnicode_AsUTF8String (C function), 122
PyUnicode_AsUTF16String (C function), 124
PyUnicode_AsUTF32String (C function), 123
PyUnicode_AsWideChar (C function), 121
PyUnicode_AsWideCharString (C function),
121
PyUnicode_Check (C function), 112
PyUnicode_CheckExact (C function), 112
PyUnicode_Compare (C function), 129
PyUnicode_CompareWithASCIIString (c
function), 129
PyUnicode_Concat (C function), 128
PyUnicode_Contains (C function), 129
PyUnicode_CopyCharacters (C function), 117
PyUnicode_Count (C function), 129
PyUnicode_DATA (C function), 112
PyUnicode_Decode (C function), 121
PyUnicode_DecodeASCII (C function), 126
PyUnicode_DecodeCharmap (C function), 126
PyUnicode_DecodeFSDefault (C function), 120
PyUnicode_DecodeFSDefaultAndSize (c
function), 120
PyUnicode_DecodeLatinl (C function), 126

PyUnicode_DecodeLocale (C function), 119
PyUnicode_DecodeLocaleAndSize (C func-
tion), 119
PyUnicode_DecodeMBCS (C function), 127
PyUnicode_DecodeMBCSStateful (C function),
127
PyUnicode_DecodeRawUnicodeEscape C
function), 125
PyUnicode_DecodeUnicodeEscape (C func-
tion), 125
PyUnicode_DecodeUTF7 (C function), 125
PyUnicode_DecodeUTF7Stateful (C function),
125
PyUnicode_DecodeUTF8 (C function), 122
PyUnicode_DecodeUTF8Stateful (C function),
122
PyUnicode_DecodeUTF16 (C function), 124
PyUnicode_DecodeUTF16Stateful (C func-
tion), 124
PyUnicode_DecodeUTF 32 (C function), 123
PyUnicode_DecodeUTF32Stateful (C func-
tion), 123
PyUnicode_Encode (C function), 122
PyUnicode_EncodeASCII (C function), 126
PyUnicode_EncodeCharmap (C function), 127
PyUnicode_EncodeCodePage (C function), 128
PyUnicode_FEncodeFSDefault (C function), 120
PyUnicode_EncodeLatinl (C function), 126
PyUnicode_EncodeLocale (C function), 119
PyUnicode_EncodeMBCS (C function), 128
PyUnicode_EncodeRawUnicodeEscape (e
function), 125
PyUnicode_EncodeUnicodeEscape (C func-
tion), 125
PyUnicode_EncodeUTF7 (C function), 125
PyUnicode_EncodeUTFES8 (C function), 122
PyUnicode_EncodeUTF16 (C function), 124
PyUnicode_EncodeUTF32 (C function), 123
PyUnicode_Fill (C function), 117
PyUnicode_Find (C function), 128
PyUnicode_FindChar (C function), 128
PyUnicode_Format (C function), 129
PyUnicode_FromEncodedObject (C function),
116
PyUnicode_FromFormat (C function), 115
PyUnicode_FromFormatV (C function), 116
PyUnicode_FromKindAndData (C function), 115
PyUnicode_FromObject (C function), 118
PyUnicode_FromString (C function), 115
PyUnicode_FromString(), 134
PyUnicode_FromStringAndSize (C function),
115
PyUnicode_FromUnicode (C function), 118
PyUnicode_FromWideChar (C function), 121
PyUnicode_FSConverter (C function), 119
PyUnicode_FSDecoder (C function), 120
PyUnicode_GET_DATA_SIZE (C function), 113
PyUnicode_GET_LENGTH (C function), 112
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PyUnicode_GET_SIZE (C function), 113
PyUnicode_GetLength (C function), 116
PyUnicode_GetSize (C function), 118
PyUnicode_InternFromString (C function),
129
PyUnicode_InternInPlace (C function), 129
PyUnicode_IsIdentifier (C function), 113
PyUnicode_Join (C function), 128
PyUnicode_KIND (C function), 112
PyUnicode_MAX_CHAR_VALUE (C macro), 113
PyUnicode_New (C function), 115
PyUnicode_READ (C function), 113
PyUnicode_READ_CHAR (C function), 113
PyUnicode_ReadChar (C function), 117
PyUnicode_READY (C function), 112
PyUnicode_Replace (C function), 129
PyUnicode_RichCompare (C function), 129
PyUnicode_Split (C function), 128
PyUnicode_Splitlines (C function), 128
PyUnicode_Substring (C function), 117
PyUnicode_Tailmatch (C function), 128
PyUnicode_TransformDecimalToASCII (C
function), 118
PyUnicode_Translate (C function), 127
PyUnicode_TranslateCharmap (C function),
127
PyUnicode_Type (Cvar), 111
PyUnicode_WCHAR_KIND (C macro), 112
PyUnicode_WRITE (C function), 112
PyUnicode_WriteChar (C function), 117
PyUnicodeDecodeError_Create (C function),
52
PyUnicodeDecodeError_GetEncoding c
function), 52
PyUnicodeDecodeError_GetEnd (C function),

53
PyUnicodeDecodeError_GetObject (C func-
tion), 52
PyUnicodeDecodeError_GetReason (C func-
tion), 53
PyUnicodeDecodeError_GetStart (C func-
tion), 53
PyUnicodeDecodeError_SetEnd (C function),
53
PyUnicodeDecodeError_SetReason (C func-
tion), 53
PyUnicodeDecodeError_SetStart (C func-
tion), 53
PyUnicodeEncodeError_Create (C function),
52

PyUnicodeEncodeError_GetEncoding (c
function), 52

PyUnicodeEncodeError_GetEnd (C function),
53

PyUnicodeEncodeError_GetObject (C func-
tion), 52

PyUnicodeEncodeError_GetReason (C func-
tion), 53

PyUnicodeEncodeError_GetStart (C func-
tion), 53
PyUnicodeEncodeError_SetEnd (C function),
53
PyUnicodeEncodeError_SetReason (C func-
tion), 53
PyUnicodeEncodeError_SetStart (C func-
tion), 53
PyUnicodeObject (Ctype), 111
PyUnicodeTranslateError_Create (C func-
tion), 52
PyUnicodeTranslateError_GetEnd (C func-
tion), 53
PyUnicodeTranslateError_GetObject (C
function), 52
PyUnicodeTranslateError_GetReason (C
function), 53
PyUnicodeTranslateError_GetStart (&
function), 53
PyUnicodeTranslateError_SetEnd (C func-
tion), 53
PyUnicodeTranslateError_SetReason (C
function), 53
PyUnicodeTranslateError_SetStart (e
function), 53
PyVarObject (C type), 212
PyVarObject_HEAD_INIT (C macro), 213
PyVarObject .ob_size (C member), 225
PyVectorcall_Call (C function), 82
PyVectorcall_Function (C function), 82
PyVectorcall_ NARGS (C function), 82
PyWeakref_Check (C function), 151
PyWeakref_CheckProxy (C function), 151
PyWeakref_CheckRef (C function), 151
PyWeakref_ GET_OBJECT (C function), 152
PyWeakref_GetObject (C function), 152
PyWeakref_ NewProxy (C function), 152
PyWeakref_NewRef (C function), 151
PyWideStringList (C type), 182
PyWideStringList.items (C member), 182
PyWideStringList.length (C member), 182

PyWideStringList .PyWideStringList_Append

(C function), 182

PyWideStringList.PyWideStringList_Insert

(C function), 182
PyWrapper_New (C function), 149

Q

qualified name (fREZF%) ,267

R

realloc (), 201
reference count (ZJEF#) ,267
regular package (EHREM) ,267
releasebufferproc (Ctype), 249
repr

Bz & =, 79, 228
reprfunc (C type), 248
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richcmpfunc (Ctype), 248 type
Bz & =, 80

S 1 ¢, 6,99
sdterr type alias (AEEF%) ,268

stdin stdout, 165 type hint (E[EHEFT) ,269
search type (#[F) ,268

path, module, 10, 164, 166
sendfunc (C type), 249 U
sequence ULONG_MAX, 104

1, 108 unaryfunc (C type), 249
sequence (JF7|) , 268 universal newlines (B AFMTF L) ,269
set

i, 136 Vv
set comprehension (£4#%4EH) ,268 variable annotation (& #([E%) ,269
set_all(),7 REEE
setattrfunc (C type), 248 _ _import_ ,62
setattrofunc (C type), 248 abs, 86
setswitchinterval () (in module sys), 168 ascii, 79
SIGINT, 50, 51 bytes, 79
signal classmethod, 216

A4, 50,51 compile, 63
single dispatch (E—3 ) ,268 divmod, 85
SIZE_MAX, 104 float, 87
slice (1K) ,268 hash, 79, 228
special int, 87

method, 268 len, 80, 88, 89, 132, 134, 136
special method (4% Fik) ,268 pow, 85, 87
ssizeargfunc (C type), 249 repr, 79, 228
ssizeobjargproc (C type), 249 staticmethod, 216
statement (F#&=R) ,268 tuple, 89, 133
staticmethod type, 80

Bz &=, 216 vectorcallfunc (C type), 81
stderr (in module sys), 175 version (in module sys), 166, 167
stdin virtual environment ([FI##E3) ,269

stdout sdterr, 165 virtual machine ([FJ## %) 269
stdin (in module sys), 175 visitproc (Ctype), 252
stdout

sdterr, stdin, 165 W
stdout (in module sys), 175 M
strerror (), 46 main__, 10, 164, 175
string ) _thread, 170

PyObject_Str (C function), 79 builtins. 10. 164. 175
strong reference ([EJ& %) ,268 signal,S(,),S{ '
sum_list (),8 sys, 10, 164, 175
sum_sequence (), 8,9
SYs y4

AL, 10, 164, 175
SystemError (built-in exception), 142

T

ternaryfunc (C type), 249
text encoding (X??ﬁ%) , 268
text file (XEHE) , 268
traverseproc (C type), 252
triple-quoted string (=5 3EIF &) , 268
tuple
Flz &=, 89, 133
o, 130

Zen of Python (Python ZI[F]) ,269
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