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CHAPTER 1

Python {57 [l 245 11 (API) filif C Fl C++ R 7 A AT DATEZ N2 G L7 Python i RERS . 1% APLTE
Cor+ el A, G TR fedliid, e R Ry Python/C APL. i /] Python/C APL A7~ BEAS I 2 «
BRI THRE HY TS & At sk B2 Y & Python RS I RERY C Bibk. X AEI2 e

WEBE 5. 5 A E i 2 Ff Python JAE S ALY I AU ZELAT S5 X33 5 Wk R AE— A L i
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

JTh O

1.1 K4k

WARARAE 24 S ] 175 T CPython 1) C AURY, R BAUEIETE PEP 7 g ORI M AIARIE . X245 S
JEUUSE AR AR BT 2 A Python HUAS . TR SR F T RS =I5 I AR AT DA 46 B X 2L ALY,
B ARIRIE A AE H 517 Python TTikIX LERLER

1.2 B&XHF

{1} Python/C AP Tl BEAYATRRR £, EZUHN 0 SCRT il N AT 1A & BRI AU Z

#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).

#{E: HT Python P RS a8 L —SURBTE RS R4 B bRk SCA AR PRAS 2 S, e S AR (AR
WSS 2 HT, AR 4R 5ef 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

ik PRI A V% E LA Py B _Py TR A FR. XM @E N, HHE S0 AR xR
>k Python JUCAHI R RSN, X LERAS AT RE 2 5 VA B RT 2 —TT Sk i HAA R

S4B T 4 5 Python —2 4235 JFE Unix |, BT LA RN HR :prefix/include/pythonversion/
M exec_prefix/include/pythonversion/, HH prefix fl exec_prefix J& M [4] Python [1)
configure HIARME AN NS E X, 1 version W2k '%d.%d' % sys.version_info[:2]. 7F
Windows |, K1 %%T prefix/include, HW prefix @ RRBFIER L H .

AL SO, RIS H 3 (SRR #CEIR BT i 00 0L S R BAR P o 1 2550 H SR
WERBARRGMA #include <pythonX.Y/Python.h>; RRFHEML-FE4IEAITN, Hhprefix
T AR SRR TR A exec_prefix THEEFGHILI .

C++ PN TER, R APL@SE (il C g i, (K SCPFIE Ry A D S W extern "C,
Pt APTFE C++ H (] I APT A b BT AT R AL P

1.3 FHME

Python 3k SCHFHRUE LT — 284 HIY % 1T 2 R AE S E A9 F i3 Iy s SCRY (Bl 40 py_RETURN_NONE),
A g3 Y 0 SO L. X LB R R AN R — S A 3R

Py_ABS (x)
IR = 4 XHE
3.3 Bl ise.

Py ALWAYS_INLINE

Ask the compiler to always inline a static inline function. The compiler can ignore it and decides to not inline
the function.

It can be used to inline performance critical static inline functions when building Python in debug mode with
function inlining disabled. For example, MSC disables function inlining when building in debug mode.

Marking blindly a static inline function with Py_ ALWAYS_INLINE can result in worse performances (due
to increased code size for example). The compiler is usually smarter than the developer for the cost/benefit
analysis.

If Python is built in debug mode (if the Py_DEBUG macro is defined), the Py ALWAYS INLINE macro
does nothing.

It must be specified before the function return type. Usage:

static inline Py_ALWAYS_INLINE int random(void) { return 4; }

3.11 FHEIfE.
Py_CHARMASK (c)

SRR [-128, 127] B, [0, 255] i Bl N FAF BB AR B . XA 200 ¢ 3 il #45°h unsigned
char iR,

Py_DEPRECATED (version)
FNAEM . A ETERT 5 4 PR .
ANCIE

4 Chapter 1. i
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Py_DEPRECATED (3.8) PyAPI_FUNC (int) Py_OldFunction (void) ;

e 3.8 R #Sh T MSVC 37,

Py_GETENV (s)

Like getenv(s), but returns NULL if -E was passed on the command line (see PyConfig.
use_environment).

Py_MAX (X,y)
R = Fly MR .
3.3 iR e

Py_MEMBER_SIZE (type, member)
R[4 (type) member HIR/N, PAFHHRIR

3.6 B HE.

Py_MIN (Xx,y)
B x Fy 2R ME.
3.3 B IEE.

Py_NO_INLINE

Disable inlining on a function. For example, it reduces the C stack consumption: useful on LTO+PGO builds
which heavily inline code (see bpo-33720).

Usage:

Py_NO_INLINE static int random(void) { return 4; }

3.11 B fE.

Py_STRINGIFY (x)
Bt x #:0ok C F45E. Bt Py _STRINGIFY (123) i&[H "123",
3.4 Bl ie.

Py_UNREACHABLE ()

XA ATEARA — A8 DI 2A A AR . B, 24— switch iBA)HRTA T AR
FEAC B case THAEE T, M HMHLE default: . MARIEF MAERL O E A
assert (0) B¢ abort () &K A PAH XA .

1E release B R, R A B ALAAD, FFlkoe & R Tl 2RI S . Flan, 75 GCC i
release #IC T, %22 __builtin_unreachable () 3L,

Py_UNREACHABLE () — M HZERTFH — AL E, (HAEA R _Py_NO_RETURN [ K%L
ZJG.

WAR— RSB KT RE 2 IE A, (HIERRRE LR T ARIS, SURREME %2 . BN, 7E%
WA, B — RGPS BUNTE RS, e, SArraiRiRE ST E . ik
ToERHE RS AT, FIMER Py_FatalError() .
3.7 B iRE.

Py_UNUSED (arg)
MTREE X PRGN S8, AWMHERSRESES. Bl int func(int a, int
Py_UNUSED (b)) { return a; }.
3.4 Bl ike.

PyDoc_STRVAR (name, str)

A — AT AT SCRY AR T, 247k name [AE B, QARASHN SORY 49 H3 —ii2 A 7 Python,
IR =

13. EME 5
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0 PEP 7 frik, i PyDoc_STRVARVERN SCRYFEAFHR, PACRRARISCRY E 455 — 2 A4 2 Python f
EL .

vk

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

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

}

PyDoc_STR (str)
R E P FAFER AR SO AT, B Y SO AR A I, B D E A

W PEP 7 frik, i/l PyDoc STR 48 FATH, PASCREAMISCR P47 HR A Python 1%
.

(B

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

bi

1.4 &R, XTSI ATHE

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 PyObject, only pointer variables of type PyOb ject* can
be declared. The sole exception are the type objects; since these must never be deallocated, they are typically static
PyTypeObject objects.

A Python %14 (#H:% Python #4}) #G —1> type F1—A> reference count, S5 (2B E © B 48
BTG (FIAnEeRl. IRk A Foe SCREG IS, 4 types HRTA ) o XFFRE AP RV ARG 2SR, #G—
A TERRERT GG E T %A G, 24 (HAY) a Frfgrgxt 52 Python 51) A} PyList_Check (a)
HE.

1.4.1 S|RHH

SUMTHEARFEZ, POVBATEALINGT GER2) ARG EEa 2R E I 5 F— X4
XFERY T AT DARFA NS, SERREA 2R (HS) CAR, TRECRHA C M Rt . 24—
ARFGETI TR N 0, BEHOZXR . ARX A ORI G & HEXT RGN, Wik X 28
XIGEF VIR AR LR R A5 RO N Z, W DMRKIORE G S0 52, KL IeHE . (IRHA—
MREII R FE—X R Z WA ES I B, ERorsR RO )

BB EAES I . B IR R M ZZ Py INCREF () R — X2 m5 it g, A
FPy DECREF () Ky — X5 Hit4. %Py _DECREF () Wk &S| HIT 2 E N NE, RiE
THXT R BRI G incref 28 7415 2 . BEla & — MO S EXT R BES h i sR Ekdg &t
BTG ARG IR (FanF) ) , WIS AER 2 B R AR T ST I A0 B e X 4 vp i) A 2 04 5 |
B, AT YS . 5IUHTHECR &R, 205 ERNAE TR E AL E —FEZ2 B0 T RS
T4 (B sizeof (Py_ssize_t) >= sizeof (void*) ). HI, 5IFITHGENGE AN HEAEAE.

BOA L EON N S 1R X R A BRI R 5. BOE b, YA RAR IR, X
ST RS 1, A8 R R, MRS 1. (B2, XWEAEAGY, PreAm)ss]

6 Chapter 1. i
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PR A AL o S5 DR TR E— R SR P2 A BERATHYAS A e, sl mT LA IR RO 4N
SRPIE 2 A — SRR G HAT | A5 I 18] 2 D AIRAT TS B — R, DS 2RI 384 5 | 4
— MRS, MEAE NS Python W& 3B 45 WU I A4 BB Fr ity C eR&SN, PR AL 2 fRAIE
TEVE )5 X B S 805 L

B2, A—NEILWEBEEMFNE PRI S, GG —Ba], moAH S | gk, Sk
BAERT RS WA T MR FEA X4, W G T, A TREE B A X % . BIERGERZ, X
NELUTCE R ERE T BE 2 LR Python fLAS— Wi — MBI AR AL IFE R Py_DECREF () [A]
FIHFP, RIAERE A5 LR ER AR A I AU o

— AW TR IR A 1z B E (4 FRDA PyObject_ , PyNumber_ , PySequence_ if
PyMapping_ JFk M pREL) o X SE 3 E M 2B E AR B xR 5] 8. X1k & A STAE
HAGLER G Py _DECREF () o BRIy AR faI

SR

Python/C API "1 pg 58| 80T R Bt s 8 4 21 8 B A AU IRRE . T AUE BR8] H, A X4
R AAR: BEMNRESHIE). “RESIHIAR BEWE U Z%5 | L aife = FE
Py_DECREF. iAW DAEHER, X EWRE2%5 | H IE BURACHS 24 8 5 %5 | B b 2058 1o 17
M Py_DECREF () Py _XDECREF () Rl ZHas5I 1 - SO XA sefE iR & Gl A HEM
D)o M—AERBCEE | A BB AR 5k, WFRE s 7 —A #red 51 . 4T ERCK
B, WFRE R T B NZ51 . XFTFborrowed reference FKeifi ANTEAT A RN .

FAR L, iR T BB A ARG I, FPAEPIRP T RE : R AL 57 3 T — RIS, 802
AEIW . 5B R MR DR E L A G IR, ZRESEEEIaIZT N, MRS AREXTE i
AL

RAHRBEGIGIH WAEEXFISNEPyList_SetItem() MlPyTuple_SetItem(), EAf1X%]
BOS 4 HE5 I (AR5 H e e s %! ) o X SR Epl st b 257 s |2 B A7 0 1 1)
BRI 5 SR A 78 T AH A A — AN B Bt BUEICH (1, 2, "three™) HIMRSHA K ATA
FEXRER (R ZAS AL P4 BR FiF R B RS )

PyObject *t;

)i

, 0, PyLong_FromLong (1L));

, 1, PyLong_FromLong(2L));

, 2, PyUnicode_FromString("three"));

t = PyTuple_New
PyTuple_SetItem
PyTuple_SetItem

(3
(t
(t
PyTuple_SetItem(t

fEX B, PyLong FromLong () iR[E T — A5 I BB RIRiPyTuple SetTtem () i, 24
;’gﬁ%%%@fﬂ% — XS E B 5 | R8T BN, TRV 5 IS | B R wi B Py INCREF ()
RIMES — 51 H

i —F, PyTuple_SetIitem() @i E LML HM & — ks PySequence_SetItem()
Fpyobject_SetItem() 2T IKFEM A TCH 2 A T AR B2, ARV 24 KR B O 818 i1 oo
HFF PyTuple SetItem().

EMTHAMINEHRIEB T AL PyList_New () flPyList_SetItem() K5 .

SR, TE SR, AR D & il A X st a) @ A I s H B A KA Oy e A — A R
Rpy_Buildvalue () WIUMRYE C EARGEAZHEIMNR, d—A4 % XF 4 ERME. g0, b
TIPSR AT A R SR AR (B & st ill)

PyObject *tuple, *list;

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

fifilpyobject_setTtem () FERALPARLEARILRME AT I A HRHE NH LK), BlIANE 4 IRIETE 9 S
R B SR AEXAEOLT , AT 5 TR AT S OB, O ARAS TR 2 5 | T R OA
PRATOARFS HH S R & (L EResi i) . BIan, & REe— a3 (S0 LRAEMAAERFS) i
BrA s B — AR 2 H

14. K. RBMS| At 7
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int
set_all (PyObject *target, PyObject *item)
{

Py_ssize_t i, n;

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

}

X R EGR FHE S DU A R . BRI K2R B L 38— 5 A SR RXHZ S | BT A BT,
HFZ R E—5] HER A ARG AR JRER G 2T, R BRI SR Ik R
B, ARSI 5 1 R AHZXT S B ME—5 ] o BRI, SR 655 | B3 H R4, iPyObject_GetItem()
flpysequence _GetItem(), R RZREI—AFMEIH (VB RBCZS I HNTEE) .

— ANt B R B AR T AR A o eRRGR [R5 ) R BT R B e P A e R - T (M2
KL BRI XT R TY) T2 R e | PIL, WRAREE PyList_GetTtem () M—"FIEHEHL
FH, WHASIARTI — BRURIRH ] PySequence_Get Item () (EMRIFERZEEMAMSE
MIA—AFNFARBUARER 25 H . ARSI — 0 BT B3R5 -

N U AR B g A R BRI S B RO RR &H BoR Bl — 2fi

HpPyList_GetItem(), MAB—RBMHPySequence_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, 1); /* Can't fail */
if (!PyLong_Check(item)) continue; /* Skip non-integers */
value = PyLong_AsLong(item);
if (value == -1 && PyErr_Occurred())
/* Integer too big to fit in a C long, bail out */
return -1;
total += value;
}

return total;

long
sum_sequence (PyObject *sequence)
{
Py_ssize_t i, nj;
long total = 0, value;
PyObject *item;

Q)
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n = PySequence_Length (sequence) ;
if (n < 0)
return -1; /* Has no length */

for (i = 0; i < n; i++) {
item = PySequence_GetItem(sequence, 1i);
if (item == NULL)

return -1; /* Not a sequence, or other failure */
if (PyLong_Check (item)) {
value = PyLong_AsLong (item);
Py_DECREF (item) ;
if (value == -1 && PyErr_Occurred())
/* Integer too big to fit in a C long, bail out */
return -1;
total += wvalue;
}
else {
Py_DECREF (item); /* Discard reference ownership */
}
}

return total;

1.4.2 28

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 LS
A, C99 WA HEE GXFEARTY (size_t & — NI SRERA) . iS5 H PEP 353 T f#iflg.
PY SSIZE_T MAX J&Py ssize t Ik IFEH .

1.5 &

Python F2 /7 i HU 75 BEAL BARF E 77 AL BRI A e e s RACBRINY St & A S B i T, SRSB4y
BRI, KICEHE, BB MRIATHA MRS, IR E N2 M I RS e ) -

IR, XT CREFP GORYE, SR ALLUE 2 AU THY . Python/C APT AR BITA R 4T HT DAG | K 575
R ARTE R R SO S SN . —BORUE, M — PR BB iR, ESRE R, BFE
WA RGIH, IR Bl OR R . AR U BISMY SO, X AR NULL 8 -1, B
PR T R AR B R A A DR ARk ol — AN R B RS E, Hoh BAES R iR AR %L
A B AR AR R SO A AR BME, HR BN PyErr_Occurred () RATRAMAEI . X
LRI SN X BFHLCA SR

FHRSBAES N RN P AR XYL T DR Y P 2 RE) . — 2R
ADAMFER RS — BHESRE, ERA L. EEPyErr_Occurred () A PARE FRA 2 3L
RS Y5785 AR ERR E—AME AR S ERBTSE H, FE MR R F NULL, A 24K
BT AR E S ERES: PyErr_setString () RiFEWM RENSRMAN) REFFRSHREL,
MPyErr Clear () Al ATHMRFHARTS .

SEREI RS =R (B R#E T DAH NULL): a 2R, MW aE, ARG . XLy
WG L Python tt sys.exc_info () MGRAME: SR, ENFHFAZ—FER: Python Xf R 3KH
Python try ... except iGN SG— 75, 1M C 2P R HIRE RAE T H9e A S| C kgl
EEﬂ]ZI‘ﬂ%@N@EF?E&Uﬁ Python F 5 i i REe 1) AL, R F MRS MR HER R
sys.exc_info () 4k,

1.5. B&E 9
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THTER A Python 1.5 JF4f, A Python AUR ] M) 5 FORAS Y ¥ 2k #Y . e 22 4z i 05 O I 1 R AR sys
exc_info (), EXfik[u] Python fUR I /M AR HARLS . BUOL, X PRSI S FR A Y 7 2N SRR A&
AT AR AR TR AR 1) 5 35 14 R BSCRF PR A I LA Y S F RS A BR B AR D7 B S BRSO 7 1
S A AR SRR RAR TC S Y eR B . 1 IEAE AL B R i B LA R R TR
) P R T 5 | R S AN B B A e O

VER— B B, — N8 55— A BRSO P A T 35 S8 AT 55 1) R BSOS 24 4G A g FH R BB B 5 L R T 5
HAES | Z R RS E RS AR . BN Y EFE a5 1, IR E— iR
N, HE REEER DR - IBSEBENEI RS, 5 AR YE Y EEE
ARG SR B A 35 T AT B 1T B FAE LR Y sum_sequence () B AT TR . XA TS 1TAE
I ) B R R TR B PN AT 5 . R IR R RS T SR PRERE. B, AT
RN Python (LT, FRATRER T 4411 Python {75

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

NIRRT AN RESOER) C A

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);

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

}

XAB R ET CUEFF goto WA Mz BN B D OB W T @ ] fE
WM PyErr ExceptionMatches () MPyErr Clear() 3 4b FE ¥ & 0 B %, VA K& 0 fo] fif
M Py _XDECREF () FRALPEFIHEH NULL W H A5 H (HEEAKRHFM 'X'; Py _DECREF () F£if %
NULL 5| FI B RF2 Aa it ) o BB — S TR AF B A 51 A B Zg Gk NULL 4 8 & FE1E ] ;
SRt IR [ BRI IR AL N -1 (BRI H HLR B TE R A AT SN G A S i B

1.6 #& A Python

FUAT Python fERESRHYIRA T (FIXS T RA S H M 5 ) A FEILOW—IHEAES 2 ERHIR, mIRE
EHERREA. RASHIRZ B e LA RS I b2 J5 A RER B

HARRAEAC R BEPy_Initialize (). WHREHRIIRILE MBI, IO EEANIL builtins,
_main__ Ml sys. BEibLFFHIHRMBEIE R (sys.path).

Py_TInitialize () doesnotsetthe “scriptargumentlist” (sys.argv). If this variable is needed by Python code
that will be executed later, setting PyConfig.argv and PyConfig.parse_argv must be set: see Python
Initialization Configuration.

ERZHARGE L (Fp52 Unix fl Windows, SARTEATY EAPTAI), Py _Tnitialize () FHRYEXHR
fE Python fFRRAS 1T AT SCHF I A7 B S AT MR T BIIUR R B 4%, HiE Python FE AT {EAXT T Python
PR T AT SCAF RO T 2 (7 B AR B o R, ERFRIN THE shell fir R R AR (FREIAL R PATH) B4k
BIR 4 python B RTHRAT SCIEITAE AL H SR #4404 1ib/pythonX. ¥ i H 3.

ZERUE, W2R Python A $4fT X T /usr/local/bin/python, BEXHEEZEN T /usr/local/
lib/pythonX.v. (SEPs b, XMFEBGERHCH “BHRY (78, SFEM4ICETE PATH HREIZ N
python BRI AT OISR A o) PRl DA 2 i PR35 78 f PYTHONHOME , Bl 1% # PYTHONPATH
TERRE RS AR 2 I A BN H SR B AT N

MABN AP AE S B APy _ITnitialize () Z Al W ] Py_SetProgramName (file) 3
AR R KT . 5 YE B PYTHONHOME 1/3 4K £ 78 35 b i ¥ Jf H. PYTHONPATH 1348 & W 4 A E| 4%
W Z Bl st & HIAE N AR AR E B C WPy _GetPath (), Py_GetPrefix (),
Py_GetExecPrefix () fllPy_GetProgramFullPath () SE¥ (XEEREEIIAE Modules/getpath.c
HE ).

HIE, iE 5 XF Python #EAT “R W BG4 o BN, BRI FE Y W] ORE A B OE B S 3 (R
M Py _Initialize ()) B3N HFETF X Python i A £ 48 58 i A ZUREARL Python IIr ) BL ) N AFE . 3X W]
PR Py _Finalizebx () RIEH. AR H] Python 4T EHIIRMAREN Py _TsTnitialized ()
PRECR R M B . A XX R 2 (5 B EZ G ST A . H RSPy FinalizeEx () AR
AT B Python f#RESS BT BRI PIAT, Bl 4™ R A E i 2 Be i P9 A7 B BT A SR RERITY

1.7 RHidf5E

Python W] DAPR 3 28 72 54 4138 DA L XHERE S ALY BRI BOME AL . X 284G 2> 2ia A T IR HE IR R
SIS L EMIBOARBIE T -

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.

Bff7 € X Py_DEBUG %2R Jm i3 R - 7= A= 18 i T Ak Y Python 11X 4% 1% it . Py_DEBUG 7E Unix %1+
2R ——with-pydebug 3| . /configure frdRLIAY. &t AT LIE Python £ @1
_DEBUG ZKJa M. 24 Py_DEBUG 7E Unix 4iH 5 HIR, Siidas e rewist i .

B TR SRS T EOR, e S ATHISME R, 1§25 Python Debug Build.
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E X Py_TRACE_REFS BT B (B0 configure ——-with-trace-refs # ). BEXLT I
T, FHEETEEAPyobject FUSIIANEINFBR 4ES — MG X R TR RS 2R . 5B
’@%iﬁﬁﬁ? RS, FTA AR S R T B ok . (FER B RG P R e T B 2 JG
K)o

HRXEZHAMER, 125 Python JEfUISH1#) Misc/SpecialBuilds.txt .

12 Chapter 1. i



CHAPTER 2

C APl fyfaE

Python 1) C 1575 APL A& T [n] FAAESK PEP 387 th. C APT 2 ¥REf/NSCARY &A1 A A 424 (Hetn 3.9
B 3.10 ) , A RZHCEA S FARAR, WH RSN APL. ©A APT RS s
B, HATER IR 5 s 52 )™ 2 L A 2 AT

CPython f{ . —#EHil32 001 (ABL) W AES/INRARSEHHT G (REARIFE i S0 FE-T 4
49% /5 ). I, I Python 3.10.0 iSRS Al DAYE 3.10.8 FizdT, [ZIRK, {HEFT 3.9.x F1 3.10.x I
L0 AT YRR

W R RIS 2 FA APL, Wl _Py_InternalState, BIfEE%NT &AHRA o n] GEA M A HEA T
I8

2.1 MAERFZ#EEONREER

Python 3.2 5| AT &k API, Python fj C AP f)—/~F4E. WU AZFR APT AP Jn] AR — ik Mg 128 1M
i& T 24> Python i, 3ZKR APL [ NEE 4o T Fio .

jﬂ THEIIX— 4, Python ${it T —A #22 ABI: —~F§7E4% Python 3.x A HRFFARAMEMIFT S G .
& ABL LA T AEZ IR APLIVREIOIS , (LA HAOF S B, S H5IFIUE R APL T A ) B AL

(7 ETJ%%LJL, )ZIKSCTél WHE T ¥ &, (H3ZFR APLAfaE ABIL X APL ) ATA A AR R RS B, ik
A Python %,

Py_LIMITED_API
THTEALHE Python. h Z Bl SUXAN L PAVERE LU I 32 R AP, JFe sz R APT BIRCA .

4 Py_LIMITED_API & AN ARMIY &I L RE I 5 MIk Python A PY_VERSTON_HEX W{E.
PRI E IR R TS AT T E AT 4R BT A Python 3 A, I ATl B 2% A 1 FT 5
AH)Z R APL,

ANHEM A PY_VERSION_HEX %, T @M% — /MUK A (41 0x030A0000 FIR
Python 3.10) DAfEFEf F & K Python KA HES T4 138 I R HFFRRE -

YRIERTPAKF Py_LIMITED_API TE K 3. HARE 0x03020000 A[A (BP Python 3.2, 5| AZKR
API [AIUAR)

£ Windows b, /5 7E ABL B9 RN A BiBERE] python3. A1l MIAZMRA L @AY AN python39.
dll,
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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+
2R APL 4R 1 AN AT 20 T SR MCA ) Python H

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

AT #E Py _LIMITED_API % X, RIPAMHEETIRAL @K ABI k4% 2R APL 4 @S Ml R, X AEHR
THHAEAA Y. Python JiAS_F g PERE, HHRFRRHI LA M. BT Py_LIMITED_API T4t r=4—14
AIERRA L @Y AN 34 &5 BT - an, &1 BIRF A& 7 1Y Python HUAR B T & A0

2.1.2 Z R APl &/r

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,

Py_LIMITED_APT ANFEALFHAY— A~ 82 Al 7L B AIK Python JA Hh Jo i 2 400 IR~ e g i,
% [ — A7 NULL AR S0 BBk 76 Python 3.9 #1 | NULL BI7E & eff— M EKIAFT A, {H7E Python 3.8
L RSB CE RGN, A NULL 5RBORST. RIS RS T A R B

T3 — R 2 5E LT Py_LIMITED_APT WPSEELLEH (A B H AR S, RIEEAT232FR AP
A

XL, FATHBUN SRR #A Python /NRAV SR — N, H- 2 I h S ARAIAR
ARHFE

AT DA POl H APL ) 4= SR AR 25 32 75 8 AU W 32 R AP ) — i gp . B2 LT
Py_LIMITED_API, PHALAFEIILR S THARE (S5 2R SIATETE ) PRz
*xo

BE R AZBR APT AR 2R E ). 7E Python 3.8 1] Py_LIMITED_API 4iif¥ JREWE LY ERE
1 Python 3.12 3247, (AT ¥ A—E e Python 3.12 %i% . HR5IHL, 7Efa ABL R EMEN T, &b
4352 B APT n] RES 9 77 FH -0 A8 12

2.2 FENEIE

ABI [ @A QUL T Python, s LTIl I A 2 e . ARJZ E AN A i T, X TH85E ABL I H
PR, XLEATTE LT A CFET. ENTEESELT OS ML PIER I .

WHARAEEEE V-6 ERYFTA Python IRASESAANTRIR S & ABI (77 2 M e 4 MR & Python 43 K 77 54T .
K H python.org PANFZLEE =74 KR Windows Fl macOS & 7 AR T iX FlE Ot o
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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

PyBuffer FillContiguousStrides ()
PyBuffer FillInfo()

PyBuffer_ FromContiguous ()
PyBuffer GetPointer ()

PyBuffer IsContiguous ()
PyBuffer Release()

PyBuffer SizeFromFormat ()
PyBuffer ToContiguous ()
PyByteArrayIter_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 ()

23.
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* PyBytes_FromObject ()

e PyBytes_FromString ()

* PyBytes_FromStringAndSize ()
* PyBytes_Repr ()

* PyBytes_Size ()

e PyBytes_Type

e PyCFunction

* PyCFunctionWithKeywords

e PyCFunction_Call ()

e PyCFunction_GetFlags ()

* PyCFunction_GetFunction ()
e PyCFunction_GetSelf ()

e PyCFunction_New ()

* PyCFunction_NewEx ()

e PyCFunction_Type

¢ PyCMethod_New ()

* PyCalllIter_New/()

* PyCalllter Type

e PyCallable_Check ()

* PyCapsule_Destructor

* PyCapsule_GetContext ()

* PyCapsule_ GetDestructor()
* PyCapsule_GetName ()

* PyCapsule_GetPointer ()

* PyCapsule Import ()

* PyCapsule_IsValid()

e PyCapsule_New ()

* PyCapsule_SetContext ()

* PyCapsule_SetDestructor()
e PyCapsule_SetName ()

s PyCapsule_SetPointer ()

* PyCapsule_Type

e PyClassMethodDescr_Type

* PyCodec_BackslashReplaceErrors ()
* PyCodec_Decode ()

* PyCodec_Decoder ()

e PyCodec_Encode ()

e PyCodec_Encoder ()

* PyCodec_IgnoreErrors ()
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PyCodec_IncrementalDecoder ()
PyCodec_IncrementalEncoder ()
PyCodec_KnownEncoding ()
PyCodec_LookupError ()
PyCodec_NameReplaceErrors ()
PyCodec_Register ()
PyCodec_RegisterError ()
PyCodec_ReplaceErrors ()
PyCodec_StreamReader ()
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_DelItemString()
PyDict_GetItem/()

PyDict_GetItemString()

23.
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e PyDict_GetItemWithError ()

* PyDict_Items ()

e PyDict_Keys ()

e PyDict_Merge ()

* PyDict_MergeFromSeqZ ()

e PyDict_New/()

e PyDict_Next ()

e PyDict_SetItem()

e PyDict_SetItemString()

e PyDict_Size /()

e PyDict_Type

* PyDict_Update ()

* PyDict_Values ()

* PyEllipsis_Type

e PyEnum_Type

* PyErr BadArgument ()

* PyErr BadInternalCall ()

e PyErr CheckSignals ()

* PyErr Clear /()

* PyErr_Display ()

* PyErr ExceptionMatches ()

* PyErr Fetch()

* PyErr Format ()

* PyErr FormatV()

* PyErr GetExcInfo ()

* PyErr GetHandledException ()
* PyErr GivenExceptionMatches ()
s PyErr NewException ()

* PyErr NewExceptionWithDoc ()
e PyErr NoMemory ()

e PyErr NormalizeException ()
* PyErr Occurred()

* PyErr Print ()

* PyErr PrintEx()

e PyErr ProgramText ()

* PyErr ResourceWarning ()

* PyErr Restore()

* PyErr_ SetExcFromWindowsErr ()

e PyErr SetExcFromWindowsErrWithFilename ()
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* PyErr SetExcFromWindowsErrWithFilenameObject ()
* PyErr SetExcFromWindowsErrWithFilenameObjects ()
* PyErr SetExcInfo()

* PyErr_ SetFromErrno ()

* PyErr SetFromErrnoWithFilename ()

* PyErr SetFromErrnoWithFilenameObject ()
e PyErr SetFromErrnoWithFilenameObjects ()
* PyErr SetFromWindowsErr ()

* PyErr SetFromWindowsErrWithFilename ()
e PyErr SetHandledException ()

* PyErr SetImportError ()

* PyErr SetImportErrorSubclass ()

* PyErr SetInterrupt ()

* PyErr SetInterruptEx()

* PyErr_SetNone ()

* PyErr_ SetObject ()

* PyErr SetString()

e PyErr SyntaxLocation ()

e PyErr SyntaxLocationEx ()

* PyErr WarnEx ()

* PyErr WarnExplicit ()

* PyErr WarnFormat ()

* PyErr WriteUnraisable ()

e PyEval_AcquireLock ()

e PyEval_AcquireThread/()

e PyEval_CallFunction ()

* PyEval_CallMethod()

e PyEval_CallObjectWithKeywords ()

e PyEval_EvalCode ()

e PyEval_FEvalCodeEx ()

* PyEval EvalFrame ()

* PyEval_EvalFrameEx ()

e PyEval_GetBuiltins ()

* PyEval_ GetFrame ()

* PyEval GetFuncDesc ()

* PyEval_GetFuncName ()

e PyEval_GetGlobals ()

* PyEval_ GetLocals ()

* PyEval InitThreads ()
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PyEval_ReleaseLock ()
PyEval_ReleaseThread()
PyEval_RestoreThread()
PyEval_SaveThread/()
PyEval_ThreadsInitialized()
PyExc_ArithmeticError
PyExc_AssertionError
PyExc_AttributeError
PyExc_BaseException
PyExc_BaseExceptionGroup
PyExc_BlockingIOError
PyExc_BrokenPipeError
PyExc_BufferError
PyExc_BytesWarning
PyExc_ChildProcessError
PyExc_ConnectionAbortedError
PyExc_ConnectionError
PyExc_ConnectionRefusedError
PyExc_ConnectionResetError
PyExc_DeprecationWarning
PyExc_EOFError
PyExc_EncodingWarning
PyExc_EnvironmentError
PyExc_Exception
PyExc_FileExistsError
PyExc_FileNotFoundError
PyExc_FloatingPointError
PyExc_FutureWarning
PyExc_GeneratorExit
PyExc_IOError
PyExc_ImportError
PyExc_ImportWarning
PyExc_IndentationError
PyExc_IndexError
PyExc_InterruptedError
PyExc_IsADirectoryError
PyExc_KeyError
PyExc_KeyboardInterrupt

PyExc_LookupError

20
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PyExc_MemoryError
PyExc_ModuleNotFoundError
PyExc_NameError
PyExc_NotADirectoryError
PyExc_NotImplementedError
PyExc_OSError

PyExc_OverflowError

PyExc_PendingDeprecationWarning

PyExc_PermissionError
PyExc_ProcessLookupError
PyExc_RecursionkError
PyExc_ReferenceError
PyExc_ResourceWarning
PyExc_RuntimeError
PyExc_RuntimeWarning
PyExc_StopAsynclIteration
PyExc_StopIteration
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 ()

2.3.

%R API BT

21



The Python/C API, %% 3.12.0a0

PyException_SetCause ()
PyException_SetContext ()
PyException_SetTraceback ()
PyFile_FromFd/()
PyFile_GetLine ()

PyFile WriteObject ()

PyFile WriteString()
PyFilter_Type
PyFloat_AsDouble ()
PyFloat_FromDouble ()
PyFloat_FromString()
PyFloat_GetInfo ()
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 ()
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e PyImport_GetMagicTaqg ()

e PyImport_GetModule ()

e PyImport_GetModuleDict ()

e PyImport_Import ()

* PyImport_ImportFrozenModule ()
¢ PyImport_ImportFrozenModuleObject ()
e PyImport_ImportModule ()

e PyImport_ImportModuleLevel ()
* PyImport_ImportModuleLevelObject ()
e PyImport_ImportModuleNoBlock ()
* PyImport_ReloadModule ()

e PyIndex_Check ()

e PyInterpreterState

* PyInterpreterState_Clear/()

e PyInterpreterState_Delete ()

* PyInterpreterState_Get ()

* PyInterpreterState_GetDict ()
* PyInterpreterState_GetID()

* PyInterpreterState_New ()

* PyIter Check /()

* PyIter_ Next ()

e PyIlter_ _Send()

e PyListIter_Type

e PyListRevIter_Type

e PyList_Append()

e PyList_AsTuple()

e PyList_GetItem()

e PyList_GetSlice()

e PyList_Insert ()

* PyList_New/()

e PyList_Reverse()

e PyList_SetItem()

e PyList_SetSlice()

e PyList_Size()

e PyList_Sort ()

e PyList_Type

* PyLongObject

e PylLongRangeIter_Type

* PyLong AsDouble ()
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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 ()
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
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e PyMemoryView_ FromBuffer ()
* PyMemoryView_FromMemory ()

* PyMemoryView_FromObject ()
e PyMemoryView_GetContiguous ()
* PyMemoryView_Type

* PyMethodDef

* PyMethodDescr_Type

e PyModuleDef

* PyModuleDef_Base

¢ PyModuleDef Init ()

* PyModuleDef_ Type

e PyModule_ AddFunctions ()

* PyModule AddIntConstant ()
* PyModule_ AddObject ()

e PyModule_ AddObjectRef ()

* PyModule_AddStringConstant ()
* PyModule_ AddType ()

s PyModule_Createl ()

e PyModule_ ExecDef ()

e PyModule_ FromDefAndSpecZ ()
* PyModule_GetDef ()

e PyModule_GetDict ()

e PyModule_GetFilename ()

* PyModule_GetFilenameObject ()
* PyModule_GetName ()

e PyModule_ GetNameObject ()

* PyModule_GetState ()

* PyModule_ New ()

e PyModule_NewObject ()

e PyModule_ SetDocString ()

s PyModule_Type

* PyNumber_Absolute ()

e PyNumber_ Add ()

* PyNumber_And ()

* PyNumber AsSsize_t ()

* PyNumber_ Check ()

* PyNumber_Divmod ()

* PyNumber_Float ()

* PyNumber_ FloorDivide ()
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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 ()
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()
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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()
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_CheckBuffer ()
PyObject_CheckReadBuffer ()
PyObject_ClearWeakRefs ()
PyObject_CopyData ()
PyObject_DelItem/()
PyObject_DelltemString()
PyObject_Dir ()
PyObject_Format ()
PyObject_Free ()
PyObject_GC_Del ()
PyObject_GC_IsFinalized()
PyObject_GC_IsTracked()

PyObject_GC_Track()
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PyObject_GC_UnTrack ()
PyObject_GenericGetAttr ()
PyObject_GenericGetDict ()
PyObject_GenericSetAttr ()
PyObject_GenericSetDict ()
PyObject_GetAIter()
PyObject_GetAttr()
PyObject_GetAttrString/()
PyObject_GetBuffer ()
PyObject_GetItem()
PyObject_GetIter()
PyObject_HasAttr ()
PyObject_HasAttrString()

PyObject_Hash ()

PyObject_HashNotImplemented ()

PyObject_Init ()
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
PyRangelter_Type
PyRange_Type
PyReversed_Type

PySeqglter_New/()
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* PySeqglter_ Type

e PySequence_Check ()

* PySequence_Concat ()

e PySequence_Contains ()
* PySequence_Count ()

* PySequence_DelItem()

* PySequence_DelSlice()
* PySequence_Fast ()

e PySequence_GetItem()

* PySequence_GetSlice ()
* PySequence_In ()

* PySequence_InPlaceConcat ()
* PySequence_InPlaceRepeat ()
* PySequence_Index ()

* PySequence_Length ()

* PySequence_List ()

* PySequence_Repeat ()

* PySequence_SetItem()

e PySequence_SetSlice ()
* PySequence_Size ()

* PySequence_Tuple ()

e PySetIter_Type

* PySet_Add()

* PySet_Clear()

s PySet_Contains ()

e PySet_Discard()

e PySet_New ()

* PySet_Pop ()

e PySet_Size()

e PySet_Type

e PySlice_AdjustIndices ()
* PySlice_GetIndices ()

e PySlice_GetIndicesEx ()
* PySlice_New ()

e PySlice_ Type

e PySlice_Unpack ()

e PyState_AddModule ()

* PyState_FindModule ()

* PyState_RemoveModule ()
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PyStructSequence_Desc
PyStructSequence_Field
PyStructSequence_GetItem/()
PyStructSequence_New ()
PyStructSequence_NewType ()
PyStructSequence_SetItem()
PyStructSequence_UnnamedField
PySuper_Type
PySys_AddWarnOption ()
PySys_AddWarnOptionUnicode ()
PySys_AddXOption ()
PySys_FormatStderr ()
PySys_FormatStdout ()
PySys_GetObject ()
PySys_GetXOptions ()
PySys_HasWarnOptions ()
PySys_ResetWarnOptions ()
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_GetInfo()

PyThread ReInitTLS ()
PyThread_acquire_lock ()
PyThread_acquire_lock_timed()

PyThread_allocate_lock ()
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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()
PyThread_ tss_free()
PyThread_ _tss_get ()
PyThread_ tss_is_created()
PyThread_ tss_set ()
PyTraceBack_Here ()
PyTraceBack_Print ()
PyTraceBack_Type
PyTuplelter_Type
PyTuple_GetItem()
PyTuple_GetSlice ()
PyTuple_New ()

PyTuple Pack ()
PyTuple_SetItem()
PyTuple_Size ()

PyTuple Type

PyTypeObject
PyType_ClearCache ()
PyType_FromMetaclass ()
PyType_FromModuleAndSpec ()
PyType_FromSpec ()
PyType_FromSpecWithBases ()

PyType_GenericAlloc ()

23.

%R API BT

31



The Python/C API, %% 3.12.0a0

PyType_GenericNew ()
PyType_GetFlags ()
PyType_GetModule ()
PyType_GetModuleState ()
PyType_GetName ()
PyType_GetQualName ()
PyType_GetSlot ()
PyType_IsSubtype ()
PyType_Modified()

PyType_Ready ()

PyType_Slot

PyType_Spec

PyType_Type
PyUnicodeDecodeError Create ()
PyUnicodeDecodeError_GetEncoding ()
PyUnicodeDecodeError_GetEnd/()
PyUnicodeDecodeError_GetObject ()
PyUnicodeDecodeError_GetReason ()
PyUnicodeDecodeError_GetStart ()
PyUnicodeDecodeError_SetEnd()
PyUnicodeDecodeError_SetReason ()
PyUnicodeDecodeError_SetStart ()
PyUnicodeEncodeError_GetEncoding ()
PyUnicodeEncodeError_GetEnd ()
PyUnicodeEncodeError_GetObject ()
PyUnicodeEncodeError_GetReason ()
PyUnicodeEncodeError_GetStart ()
PyUnicodeEncodeError_SetEnd()
PyUnicodeEncodeError_SetReason ()
PyUnicodeEncodeError_SetStart ()
PyUnicodelIter_Type
PyUnicodeTranslateError GetEnd()
PyUnicodeTranslateError_GetObject ()
PyUnicodeTranslateError_GetReason ()
PyUnicodeTranslateError_ GetStart ()
PyUnicodeTranslateError_SetEnd()
PyUnicodeTranslateError_SetReason ()
PyUnicodeTranslateError_SetStart ()

PyUnicode_Append ()
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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()
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 ()
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PyUnicode_DecodeUTFl1é6Stateful ()

PyUnicode_DecodeUTF32 ()

PyUnicode_DecodeUTF32Stateful ()

PyUnicode_DecodeUTF7 ()
PyUnicode_DecodeUTF7Stateful ()
PyUnicode_DecodeUTF8 ()

PyUnicode_DecodeUTF8Stateful ()

PyUnicode_DecodeUnicodeEscape ()

PyUnicode_EncodeCodePage ()
PyUnicode_EncodeFSDefault ()
PyUnicode_EncodeLocale ()
PyUnicode_FSConverter ()
PyUnicode_FSDecoder ()
PyUnicode_Find()
PyUnicode_FindChar ()
PyUnicode_Format ()
PyUnicode_FromEncodedObject ()
PyUnicode_FromFormat ()
PyUnicode_FromFormatV ()
PyUnicode_FromObject ()
PyUnicode_FromOrdinal ()
PyUnicode_FromString ()
PyUnicode_FromStringAndSize ()
PyUnicode_FromWideChar ()
PyUnicode_GetDefaultEncoding ()
PyUnicode_GetLength ()
PyUnicode_InternFromString()
PyUnicode_InternInPlace ()
PyUnicode_IsIdentifier ()
PyUnicode_Join ()
PyUnicode_Partition ()
PyUnicode_RPartition ()
PyUnicode_RSplit ()
PyUnicode_ReadChar ()
PyUnicode_Replace()
PyUnicode_Resize ()
PyUnicode_RichCompare ()
PyUnicode_Split ()

PyUnicode_Splitlines ()
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PyUnicode_Substring/()
PyUnicode_Tailmatch ()
PyUnicode_Translate ()
PyUnicode_Type
PyUnicode_WriteChar ()
PyVarObject
PyVarObject.ob_base
PyVarObject.ob_size
PyVectorcall_Call/()
PyVectorcall NARGS ()
PyWeakReference
PyWeakref_GetObject ()
PyWeakref NewProxy ()
PyWeakref_NewRef ()
PyWrapperDescr_Type
PyWrapper_New ()
PyZip_Type
Py_AddPendingCall ()

Py AtExit ()

Py BEGIN_ALLOW_THREADS
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()
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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 ()

Py LeaveRecursiveCall ()
Py_Main()
Py_MakePendingCalls ()
Py_NewlInterpreter()
Py_NewRef ()
Py_ReprEnter()

Py ReprLeave ()
Py_SetPath()
Py_SetProgramName ()
Py _SetPythonHome ()
Py_SetRecursionlLimit ()
Py _UCS4
Py_UNBLOCK_THREADS
Py_UTF8Mode

Py _VaBuildValue ()
Py_Version
Py_XNewRef ()

Py _buffer

Py_intptr_t
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* Py ssize_t

e Py_uintptr_t

e allocfunc

e binaryfunc

e descrgetfunc

* descrsetfunc

* destructor

* getattrfunc

e getattrofunc

* getiterfunc

* getter

* hashfunc

e initproc

* inquiry

* iternextfunc

* lenfunc

* newfunc

* objobjargproc
* objobjproc

* reprfunc

e richcmpfunc

* setattrfunc

* setattrofunc

* setter

* ssizeargfunc

* ssizeobjargproc
* ssizessizeargfunc
* ssizessizeobjargproc
* symtable

* ternaryfunc

* traverseproc

* unaryfunc

* vectorcallfunc

s visitproc
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CHAPTER 3

HEEL% API

AR B R R FLVFAR A TAE SO Rl e X A1) Python JEACRS , (HENTREA FRVFURTE AL 7
KGRI T2

L R B AT LA BT DA B2 AR SE Y BT SOEIE AT S RN B S . IR TS5 A Py_eval_input,
Py_file_input PAK Py_single_input. KRS LAEEZENNENIES MR BRI ABEHT .
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 argc, wchar_t **argv)

Part of the Stable ABL X PREMERERTHY AT . A T Python YRR/l i BLARF . Frd ity
arge Fl argy TS 24 51645 C RE/F ) main () BREIE SR CRARTE A B9iE 5 KRR ) .
—ANEZPER RIS SRR RS g (SRR PR PR I A AR 2B ) -
WER R IERR Y (BRI K ) W BIMERS S 0, AR RER N5 1 A 5 Rt R[] 1,
B WIRIE S S| FA RELRA R Python fiy 4TI [H] 2.

Note that if an otherwise unhandled SystemExit is raised, this function will not return 1, but exit the
process, as long as PyConfig. inspect is zero.

int Py_BytesMain (int argc, char **argv)
Part of the Stable ABI since version 3.8. 23Dl Py_Main () 1B argyv B— &7 44 .
3.8 i IfE.
int PyRun_AnyFile (FILE *fp, const char *filename)
XA P PyRun_AnyFileExFlags () WITRAGIIE R, K closeit ¥4 O TMHF flags %A NULL,
int PyRun_AnyFileFlags (FILE *fp, const char *filename, PyCompilerFlags *flags)
KRR R PyRun_AnyFileExFlags () WIEMEEE D, #F closeit ZHBIN 0.
int PyRun_AnyFileEx (FILE *fp, const char *filename, int closeit)
KRR N PyRun_AnyFileExFlags () WFEAIEED, K flags Z40N NULL,
int PyRun_AnyFileExFlags (FILE *fp, const char *filename, int closeit, PyCompilerFlags *flags)

WA fp g0 — A X EE 2 B (5 6 & 804 f A B Unix B Zam) 09 SCF, TR
BlPyRun_InteractiveLoop () WMH, HNWRMEPyRun_SimpleFile () WI4EHR . filename £ i
SR GRS (sys.get filesystemencoding ()) EfERS. UIR filename 5 NULL, It
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RESMR "2 VBN U4 . TSR closeit NEAH, XF4SHFE PyRun_SimpleFileExFlags ()
AR 0] 22 BT A
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)

WY flags 280, F£ _main__ BB AT Python LS. WK __main__ MIATHAE, BRI
e MEHINERE 0, ARG KR E MR R -1, WA AR, MR TR RS R . W flags
&, WS T

Note that if an otherwise unhandled SystemExit is raised, this function will not return —1, but exit the
process, as long as PyConfig. inspect is zero.

int PyRun_SimpleFile (FILE *{p, const char *filename)
X2 ER N PyRun_SimplerileExFlags () WRALIRIE D, $F closeit ¥k 0 THi¥F flags ¥H
NULL,

int PyRun_SimpleFileEx (FILE *fp, const char *filename, int closeit)
XN P PyRun_SimpleFileExFlags () WITRALIRIED, ¥ flags %5 NULLS,

int PyRun_SimpleFileExFlags (FILE *fp, const char *filename, int closeit, PyCompilerFlags *flags)

FUF PyRun_SimpleStringFlags (), {H Python JEARFLZM fp BB A& — A WAEH I FAF
. filename VR SCAE% , B filesystem encoding and error handler SEfRRG . QIS closeit " EAH.,
M SCAERFAE PyRun_SimpleFileExFlags () &M Z BI# KM .

ik 7F Windows I, fp W24 PA —#EHIBHTH (B fopen (filename, "rb")). {5, Python
Al BETCYAIE R AL BRAE ] LE 4745 AT 10 B AR S

int PyRun_InteractiveOne (FILE *fp, const char *filename)
X4 P PyRun_InteractiveOneFlags () BIfRALIRIZE D, $ flags % K NULL,

int PyRun_InteractiveOneFlags (FILE *fp, const char *filename, PyCompilerFlags *flags)

R flags ZHCEHOFHATR B 532 B IR A& AH BRI UM — B4 . B PR EEER sys.pst
M sys.ps2 RN, filename Y-{§i [l filesystem encoding and error handler ARG

L AR RN AT R ] 0, QRG] R SR Wk ] — 1, B R AR AR AR AT R 1 R [ R 5 A
“k Python [ 2 84> K1) errcode.h (W LA RIS, (R errcode.h JEAB
Python.h Urfaf&, BICAIERFRZNAG L THLALTE. )

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

int PyRun_InteractiveLoopFlags (FILE *fp, const char *filename, PyCompilerFlags *flags)
BEOF TR H 532 B AH X BRI TE R B 2 231k EOF. Hl 38| ] sys.ps1 fil sys.ps2
HIHEIR . filename Y55 i filesystem encoding and error handler SRS . 24{7F EOF BP¥iE 0, 3
PNV GIERRAEI R h ik i

int (*PyOS_InputHook)(void)
Part of the Stable ABL 1] DA% 35 1M — R ZALH int func (void) WIREL. ZEHCELE Python
PRSP R AT RIS 25 IR I S8 R F P i AR o IR MBS 200 . S0 1 T g
He KRR PR R AT A B A S ERH, BE18 Python i Modules/_tkinter.c il
FEs

char *(*PyOS_ReadlineFunctionPointer)(FILE*, FILE*, const char*)
B AR AR ] — N R AN char *func (FILE *stdin, FILE *stdout, char *prompt)
IRRER, B R EBUR R PR R AT — AT AR BN RR A . R B AR 455 prompt
ANh NULL gl e, SR E AT L i Ar vl day A SCHF e —AT8 A, H R I Z5 7R . B,
readline BEHURFIX AN T ICE IR TR AN tab SN SEINRE
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LZER R —AH PyMem_RawMalloc () B{PyMem_RawRealloc () A ECHIF4FE, BEEWR %
AEAE RN NULL,

JE 3.4 RE W 45 R U fHpyMem RawMalloc () B{PyMem_RawRealloc () 4+ W2, T A &
HPyMem Malloc () B{PyMem_Realloc () %Ed.

PyObject *PyRun_String (const char *str, int start, PyObject *globals, PyObject *1ocals)

Return value: New reference. X &4t Xt FliPyRun_StringFlags () WfRALRIE O, ¥ flags %K
NULL,

PyObject *PyRun_StringFlags (const char *str, int start, PyObject *globals, PyObject *locals,
PyCompilerFlags *flags)

Return value: New reference. Tt 1 X4 globals Rl locals 35 €W R X7 B sor 19 Python JEACHE
FAE LA flags $5 7€ IR AR IR . globals W@ —NFML; locals W] DA AT AR SE B T WSS X
Ko B2 start $87€ T W 2405 HORBHT IR R IR TEAF -
IR KA/ Python XFGATINAE A, Wi ARG | % 7 5% Wik 1] NULL.

PyObject *PyRun_File (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *locals)
Return value: New reference. iX 241X N PyRun_FileExFlags () WTRiALIRIE T, K closeit & H 0
IRt flags 5H NULL.

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

closeit)

Return value: New reference. X 24t % FiPyRun_FileExFlags () WIfRALIRIE O, 35 flags 5
NULL,

PyObject *PyRun_FileFlags (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *locals,
PyCompilerFlags *flags)

Return value: New reference. X 241 % FlHjPyRun_FileExFlags () WIfRIALIIE D, ¥ closeit %8
0,

PyObject *PyRun_FileExF1lags (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *1ocals,
int closeit, PyCompilerFlags *flags)
Return value: New reference. 2\ T-PyRun_StringFlags (), {H Python JFACASZ M fp S2HUM A 2
— MNP TR . filename Nl SCH4 , BRI filesystem encoding and error handler e fii .
R closeit JyEAE, WSCANGFEPyRun_FileExFlags () iR Z FigE K.

PyObject *Py_CompileString (const char *str, const char *filename, int start)

Return value: New reference. Part of the Stable ABIL X241 %} N Py_CompileStringFlags () I
PRI T, KF flags Bh NULL.

PyObject *Py_CompileStringFlags (const char *str, const char *filename, int start, PyCompilerFlags *flags)
Return value: New reference. iXJ2 %%} N HPy_CompileStringExFlags () WAL O, ¥
optimize &R -1,

PyObject *Py_CompileStringObject (const char *str, PyObject *filename, int start, PyCompilerFlags *flags,

int optimize)
Return value: New reference. fEHTF 415 str W[ Python JEACHD, R [ 45 BT 2. HIGHES
Hi start %5 5 X TR R BR AT e g i ) AURS IF HL. O Py_eval input, Py_file input H{
Py_single_input. Hi filename $§7E i) S 44 205 R A3 AU AT X R I RT AE H BLLE ] 3 45 L B
SyntaxError SR THE A . AR TCVA AT ol 4 13 0] L R EICRF IR [1] NULL.
REH optimize $55E G kAR IALG; H -1 RS -0 IR Ry RE s U0k 2. X9l
H 0 (Al __debug_ SHEH). 1 (BE#R8ER, __debug_ SAMRE) B 2 CORFAFH LR
B
3.4 i CIRE.

PyObject *Py_CompileStringExFlags (const char *str, const char *filename, int start, PyCompilerFlags
*flags, int optimize)
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Return value: New reference. 5Py _CompileStringObject () 25, 1B filename 2 DAfilesystem en-
coding and error handler RS H HIFT5ER

3.2 B TRe.

PyObject *PyEval_EvalCode (PyObject *co, PyObject *globals, PyObject *locals)
Return value: New reference. Part of the Stable ABL X241 % PyEval_EvalCodeEx () BRI D,
WP AR XS %, DA &R R . HMS40y3% A 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— /TR CAS % ok, NHSRES B E
WIS . A4 R S, R R R, S8 KRBT RBOAE R, Rkt
F SR BOAE R TSN TR B T A R

PyObject *PyEval_EvalFrame (PyFrameObject *f)

Return value:  New reference. Part of the Stable ABL X} — A4~ $f 47 Wi 3k H. X 2 4
WPyEval EvalFrameEx () WRACIEE D, F TR FI3EAME.

PyObject *PyEval_EvalFrameEx (PyFrameObject *f, int throwflag)

Return value: New reference. Part of the Stable ABL X2 Python fERSEFT A BN F . 5 AT
RIS AR AT, MR AR IR /L HAT I . SN throwflag U2 B W] AR
Zng—— WA EE, WL SBCLEE — M55 XN TAERZN R throw () k.

e 34 R KBRS — RS, AR R A S E 3 m sh i
int PyEval_MergeCompilerFlags (PyCompilerFlags *cf)

DL R B BSOS BOREMIA TS, TR R I B, SRR [a] AR
int Py_eval_input

Python i3k i I T IR NG IGFT 5 WPy _Compilestring () .

intPy_file_input

Python i3 H T M SCHF S IR BEGE 7] P S R UG RS LG Py_Compilestring () .
BARTES AT 5 K 1 Python JE GRS IHEL T 0455

int Py_single_input

Python 1534 F B E A AL 645 BLGPy_CompileString () (. X2 HF 3 B AR
MRS .

struct PyCompilerFlags

XA L RAF U AR AR I S5 R R . X R g i G L, BERHEN int flags fEA, 1
XTI ZERHATHIR O, BN PyCompilerFlags *flags f& A, FEXFEL T, from
__future__ import A]PAMB I flags.

Y pyCompilerFlags *flags A NULL B, cf_flags B4 /EEET 0 A, TR from
__future__ import BB SR a9 £ 55 .

int cf_flags
G AT o
int cf_feature_version
f _feature_version 52 Python [{)/PRAS . BN 48541454k~ PY_MINOR_VERSION,
PP BN S W, 4 L OCSTE of_flags i T PyCF_ONLY_AST AR E A S ifiiH .
TE 3.8 MREE ML S4HIT of _feature_version FE% .
int CO_FUTURE_DIVISION
XAPRELLFTTE flags HHECE AMERSEREAIZTEAT / Bifi#iely PEP 238 FIrHUER “EFRIE”.
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cHAPTER 4

51 AT

AT E N T B Python XF 415 | HI 4.
Py_ssize_t Py_REFCNT (PyObject *0)
Get the reference count of the Python object o.
Use the Py_SET_REFCNT () function to set an object reference count.
7 3.11 it e The parameter type is no longer const PyObject*.
JE 3.10 JREEER: Py _REFCNT () is changed to the inline static function.
void Py_SET_REFCNT (PyObject *0, Py_ssize_t refcnt)
Set the object o reference counter to refcnt.
3.9 FrhfE.
void Py_ INCREF (PyObject *0)
A4 o HI51I T

R B0 4k ] St borrowed reference R HhEEI Ky strong reference, Py _NewRef () EREUAT#% KA
@ Fstrong reference.

PR GANA S NULL s QERARAN BB € B AN NULL, i1 Py_XINCREF (),
void Py_XINCREF (PyObject *0)
SRR 0 BB FVTH XEGTDAH NULL, FEBCHIIL F B AT AT ATACR
WiESE Py XNewRef (),
PyObject *Py_NewRe£ (PyObject *0)

Part of the Stable ABI since version 3.10. 245 0] —NXt 4 Hstrong reference: ¥aHNFT4 o 5] FHITEL
HAREIXTE 0.

ORI A strong reference I}, W 24EX 5 FVHH Py _DECREF () HA WAZN G051 L
K42 0 WA A NULL; 415 o AT PAH NULL W i Py XNewRef () .
f4n:

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

Al A R
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self->attr = Py_NewRef (obj);

Ji S HPy_INCREF ().
3.10 HrHIIHE.
PyObject *Py_XNewRef£ (PyObject *0)
Part of the Stable ABI since version 3.10. 2{Q)F Py _NewRef (), {BX}% o W] DAl NULL,
WIS 0y NULL, R, - $Fi& 7] NULL.
3.10 HiHIHE.
void Py_DECREF (PyObject *0)
BTG 0 5 HIHEL.
AR T ROR RN 2, 2 At A 6 SRS IL AR 70 L eR 8 G BR B AR 2 NULL)
R 80 % B TR A TS TN R —A~strong reference.
WX RALIA N NULL; QRN BERf 3 B A NULL, 386 Py_XDECREF ().

Bl R R BT S EUE R Python (U AGEIAN (FIANY—DAFA __del O JiARIZEsE
BIRREROIN 2 W) o BRI T S WA 2L, AREATRO RS RERS B th 7 R P Ay
Python 4528 & o X B MRFEATAT Al o 4 =) 28 B AR B X RAE P y_DECREE () AR ) 2 il
B AL T SE HRARAS . BN, A5 2 rol o0k G 1) AR 7 24 K5 B B30t 4 iy 5 96 DL 21—
A AR R, EORSRBARS , ARG RN R AE R Py_DECREF () .

void Py_XDECREF (PyObject *0)
WD o B TR, ST ATAA NULL, FEBUIEOL MR A= AEATATRCR s #e i i HAL
R5Py DECREF () MF], FF&M IR &2 .

void Py_ CLEAR (PyObject *0)
WIS o EI TR XFRATAH NULL, FEMIEO N B AT RCR s FE AR O Al
RY5py_DECREF () MR, KAIET HSEWM RN NULL, §X%Py_DECREF () HYEEAEH
THHEIBIIRT S, A% 7% 2 40U M — I B A8 8 e > s | B2 7RS40 NULL.
o 214 B DAE I TR SO 18] T B8 £ 0k g e S 5 R, e — M8

void Py_ IncRef (PyObject *0)
Part of the Stable ABL 3% 4 o W51 4L, Py_XINCREF () [BRELA . E W 4% AT Python fiy
BTHF ISR o

void Py_DecRef (PyObject *0)

Part of the Stable ABL 34 o W51 4L, Py _XDECREF () [HRELA . E W4 T Python 1y
BT HRA -
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CHAPTER D

FELE

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

il HRTREE AR sys.exc_info () WHATER . BB X 0 KRR 0 (FEIEAEAEHE), 1
JEEAERPS R R A5 (R E 2 Ik %) .

5.1 $TEDFO;FHE

void PyErr_Clear ()
Part of the Stable ABL JE PR IRIG N ar. WREA KB RZIG~a, WASHEM.

void PyErr_ PrintEx (int set_sys_last_vars)
Part of the Stable ABL 5 7 1 [8] ] #7 B | sys.stderr I iF Ay iR 48 = 28, B dE4S i 2
SystemExit, XA T AT B E i #ERE, H iR Python #FE, I /R SystemExit
S FE A B R IR A .
HETEA R TR N A B A T B X R, A X 25 S8R iR !
m B set_sys_last_ vars AE ZE, W] AF B sys.last_type, sys.last_value I sys.
last_traceback 4 JIE AFTEV R RAL, (EFN[HH .
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void PyErr_Print ()
Part of the Stable ABI. PyErr_PrintEx (1) H514.
void PyErr_WriteUnraisable (PyObject *obj)
Part of the Stable ABL {i il 24\l 5% H1 obj Z40E ] sys.unraisablehook () .
ME TR, ARSI AR SL Pt & S, XS R sys . stderr $THI S
FE B, 2% __del () JyEH KA RIS XA R AL

R B Z8 obj HEATTRI . RS EAR R AR AT il A S i B R S0 A2RATRE, obj YA
FHTEFEESTHE T

SRR A A S

5.2 filth &%

X LU R HOT S I VR B 2 BT AR R AR R . N T ORI, — SRR IR 2R 7] NULL 54, DAfE

HT return {54,

void PyErr_SetString (PyObject *type, const char *message)
Part of the Stable ABL X2 W B ARICHRFE A . H—PSEIRE R ERE, BlE HHEAD
PESEH, Bl PyExc_RuntimeError. MRATREMMEMGI M. % - ASHRMRIEE
Bl "utf-8" M.

void PyErr_SetObject (PyObject *type, PyObject *value)
Part of the Stable ABL WK TF PyErr_SetString (), {HEAVFIRNFER “H” 1§81 E
—~ Python %%,

PyObject *PyErr_Format (PyObject *exception, const char *format, ...)
Return value: Always NULL. Part of the Stable ABL XA REKE T — iR~ s Higk [\ 7 NULL,
exception 1.4 f&—- Python IS format RIBH I 52 MDA ILEHERAO (2 1)
YpPyUnicode FromFormat () B EMEIWE UHE. format 72— ASCI i) #4550 .
PyObject *PyExrr_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¥[F], {HE
Z—A> va_list KAWSLENAZ LB SHUE .
3.5 B fE.
void PyErr_SetNone (PyObject *type)
Part of the Stable ABIL. X /& PyErr_SetObject (type, Py_None) W5 .

int PyErr_BadArgument ()

Part of the Stable ABI. %X & PyErr_SetString (PyExc_TypeError, message) W5, Hf
message 3§ H T AEESE A N EEAE. EREATHEMEH.

PyObject *PyErr_NoMemory ()
Return value: Always NULL. Part of the Stable ABL. X 4& PyErr_SetNone (PyExc_MemoryError)
A5 ; EiRM NULL , DAY ARSI, WG BLER P PAS return PyErr_NoMemory () ;

PyObject *PyErr_SetFromErrno (PyObject *type)
Return value: Always NULL. Part of the Stable ABL X 2 ANMERER S, Y4 C JFE R0k 4517 I B
errno B}, XN RS R EWE—AIcHNS, HE—UEBEE errno, 5N
SRS E (M strerror () 3REL), X5 PyErr_SetObject (type, object). ¥ Unix
F, YerrnofH2 EINTR , HIFWMHI RGN, X PRSI PyErr _CheckSignals ()
WS TR RIS, PRI B % . R BUKITIR [P NULL PRI AR 8 R R R
F 22 SE N EERBPIPAE K return PyErr_SetFromErrno (type) ;.
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PyObject *PyErr_SetFromErrnoWithFilenameObject (PyObject *type, PyObject *filenameObject)
Return value: Always NULL. Part of the Stable ABL. 28{)lFPyErr_SetFromErrno () , NI4T
SE MR filenameObject A 2F) NULL , 'BERHE RS = AS40L 845 ype MM RE KR 281011, 7E
OSError RHW, filenameObject ¥ J1| K & LR SLHIF £ilename [B%.
PyObject *PyErr_SetFromErrnoWithFilenameObjects (PyObject *type, PyObject *filenameObject,
PyObject *filenameObject2)
Return  value: Always NULL. Part of the Stable ABI since version 3.7. Bl

FPyErr_SetFromErrnoWithFilenameObject () , {H %52 % — 4> filename X} 4, H T
WA filename (1) R RS WS i 4 B 5% o

3.4 FriIEE.

PyObject *PyErr_SetFromErrnoWithFilename (PyObject *type, const char *filename)
Return value: Always NULL. Part of the Stable ABL 28{Ml T PyErr SetFromErrnoWithFilenameObject (),
B2 A C FRFERETER G . filename 12 [l filesystem encoding and error handler fRFS] o

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.

B] F 4 Windows,
PyObject *PyErr_SetExcFromWindowsErr (PyObject *type, int ierr)

Return value:  Always NULL. Part of the Stable ABI on Windows since version 3.7. Bl
FrPyErr SetFromWindowsErr () , BAMASEFEE Tl A K FHIA,

1] 4 Windows .,
PyObject *PyErr_SetFromWindowsErrWithFilename (int ierr, const char *filename)

Return value: Always NULL. Part of the Stable ABI on Windows since version 3.7. 2T
PyErr_SetFromWindowsErrWithFilenameObject () , {HE filename 2 PA C F4&F 4L

. filename M ARG (os. fsdecode () ) fEISHSEM .
] M Windows.,
PyObject *PyErr_SetExcFromWindowsErrWithFilenameObject (PyObject *type, int ierr, PyObject

*filename)
Return value: Always NULL. Part of the Stable ABI on Windows since version 3.7. 25 {Ll T
PyErr_SetFromWindowsErrWithFilenameObject () , BiIMSEFE & Lifil & m Fa2iml,

w] H M Windows .,

PyObject *PyErr_SetExcFromWindowsErrWithFilenameObjects (PyObject *type, int ierr, PyObject
*filename, PyObject *filename?2)

Return value:  Always NULL. Part of the Stable ABI on Windows since version 3.7. B )|
FPyErr_SetExcFromWindowsErrWithFilenameObject () , {H23:525E — 4> filename %4,

] M Windows.,
3.4 FIfe.

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. 2 1)
FPyErr_SetFromWindowsErrWithFilename () , %ﬁﬁl‘%ﬁj’gﬁgﬁﬂﬁﬁgﬁ%%ﬂo

B] F 4 Windows,
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PyObject *PyErr_SetImportError (PyObject *msg, PyObject *name, PyObject *path)
Return value: Always NULL. Part of the Stable ABI since version 3.7. X J2fill & ImportError MK
H. msg FEUBEA S8 1 TH B T AT ER o name Fl path , (7] DAY NULL ), B HI R4 E ImportError
Xt JE M name Hl path,

3.3 B fE.
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, HXAREAVFIRE N ImportError YTkl .
3.6 HiIHE.
void PyErr_SyntaxLocationObject (PyObject *filename, int lineno, int col_offset)

WE T WSO, AT FS R B . QPRSI R A2 syntaxError , MIEREMIMYEME,
i+ RSN FH 2 SyntaxError,

3.4 FriR e
void PyErr_SyntaxLocationEx (const char *filename, int lineno, int col_offset)

Part of the Stable ABI since version 3.7. Z8{l) T PyErr _SyntaxLocationObject (), 1{H filename &
H filesystem encoding and error handler fiFRSIFT5 55 .

3.2 B fE.

void PyErr_SyntaxLocation (const char *filename, int lineno)
Part of the Stable ABL. Z8{l| FPyErr_SyntaxLocationEx (), {BAWET col_offset parameter 25,

void PyErr_BadInternalCall ()
Part of the Stable ABL. iX /& PyErr_SetString (PyExc_SystemError, message) HI4i5E, H

i message FR M TARESEOM N NETERAE (B0, Python/C APT p&i%%) . ‘& EZM T MMM .

5.3 AHHES

XLERRET AN C AR e 5 . EAT 105 B 17 i Python i3t warnings S AYARLE R . BAT 1A %
] sys.stderr ¥TE]— 2055 H M98, P WA REC S48 @ R B S iR, TEXMIEIL T, B
Rl e e . AT AT RE D T ALH B, EAS B A i . AR K e, SR IIMEN O ;
WA S, IRIAE N -1, (ToWERiE 2 S SEbafT Bl TS5 R, WIREE ik EE. X2
W) WEARMA T 5, WNHE R TIER R AL s (B, Py DECREF () fA 5N
— MR .
int PyErr_WarnEx (PyObject *category, const char *message, Py_ssize_t stack_level)
Part of the Stable ABL % H—/MNE&E&A5 B . 28 category 2— 5255 (DL R1H) B NULL ; message
se— > UTF-8 Jifh iY77 H . stack_level Jg— 45 AR MR R A IER 5RO AR T 24 1 IEAE
WATHIRIS T A H o stack_level 1 1 W PyErr_WarnEx () WIERE, 2 BYEMZ EHIES, PA
I2RAE
AR PyExc_Warning B 128, PyExc_Warning & PyExc_Exception fi12; Bk
INEERIE PyExc_RuntimeWarning . A5if Python &R HIVE 4 Rz sl i, Frfr A4 Hx
WARELE A
A REEERER, SISO warnings M7 ORI PR —w 00, #of T8-S 1)
C API,
int PyErr_WarnExplicitObject (PyObject *category, PyObject *message, PyObject *filename, int lineno,
PyObject *module, PyObject *registry)
K — AR A JE AT B B S B X 2 fiL T Python B %[ warnings.
warn_explicit () AMZHYEBEMIR: HEEH O THEIFEN. module T registry 24 ] # X
SN NULL PASEIAH 5 SCRY AT fnR i BOARCR -
3.4 i ChRE.
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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 Z8{Ml FPyErr_WarnExplicitObject () ANid message Fll module ;& UTF-8 %
TR FRFER, T filename 2 H filesystem encoding and error handler fRRS o

int PyErr_WarnFormat (PyObject *category, Py_ssize_t stack_level, const char *format, ...)
Part of the Stable ABL 28{Ml T PyErr_WarnkEx () W, (B PyUnicode_FromFormat () ¥
R EEIHE . format 2 ASCI it i F45£f o
3.2 Bl e

int PyErr_ResourceWarning (PyObject *source, Py_ssize_t stack_level, const char *format, ...)
Part of the Stable ABI since version 3.6. ZE{M T PyErr warnFormat () W, B category &

ResourceWarning H H'E4¥ source {545 warnings .WarningMessage () .

3.6 B

5.4 EiFHiRIERER

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
donotneed to Py DECREF () it.

IEI A 255 A GIL.

wik TR EE S 0 R T IR WSO PyEr s mxcept ionMatches (), HIR
Fr. (OB 5 kI Rt T2 R, AT AR e PR 228, S e T g UM
A

int PyErr_ExceptionMatches (PyObject *exc)
Part of the Stable ABL. 24/t J* PyErr_GivenExceptionMatches (PyErr_Occurred(), exc).,

W BRSO, 2 AR SEBR B T S I AR T 5 AR BEATART S 4 | B IRE e A ARVE AT D
int PyErr_GivenExceptionMatches (PyObject *given, PyObject *exc)

Part of the Stable ABL {15 given 7455 exc W1 55 2 BUAH VT HC IR [0l BB . 42K exc & — N2}
., MY given ;22— T IRMSLH AR B EAE . 2R exc 2—ocdl, WHZoedl (DASIEIAT)
TIedl) IR S BRI R I TITR

void PyErr_Fetch (PyObject **ptype, PyObject **pvalue, PyObject **ptraceback )
Part of the Stable ABL R HHRAG/RAFHEIE] =& rpIF A Hot bt . A ROR B R AR R AT, W
P = RARBOY NULL, ARECE, R AR R i & X R 51 1. (6
FEIIXT 4 0] PASH NULL BRI 4R Ry s,

ﬁﬁ‘h‘?: I B BRI 7 R A AR S 1 A B R I B R AR R B DR F R R A AR B 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 = AU RV EFFIRIT/NT . AR ATOBEE, ERFE ik,
REAXREYN NULL, HHRIGREFOIE R A A% A NULL JRBUAIHE NULL {8l 1] . 7%
KA R—DRK. WARBAL ATCRHH) 4 KRB (G SOX SRR B Y 2R R ) 1t
T &AEN AR RGN AR AAETE 2 B XX G 5 | HAER 2 S5 AR A
WAXLTI M. (AR — A, AR R g & 2 A )

Frilis CRR B R I PR A MR S B R B R AT AR BT G 1 W Py Ere_Fetch ()
HARAT A BT IRTERAT -

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

Part of the Stable ABL TE¥EENSBLF, FIEPyErr Fetch () FREEMEITVE “IEERAR", 1
sexc - AFMRIT *val AR AKESH . LRSI AR RS fiek.
B AR TEALI , WRGEAEAE. SCBLX R AR ALY T3 TR,

/I B R A BAMAERE(E LIRE _ traceback @M. WNSRARELE L E W, £
it ZEDA T M AR A B

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

PyObject *PyErr_GetHandledException (void)

Fart of the Stable ABI since version 3.11. Retrieve the active exception instance, as would be returned by
sys.exception (). This refers to an exception that was already caught, not to an exception that was
freshly raised. Returns a new reference to the exception or NULL. Does not modify the interpreter’s exception
state.

£51#: This function is not normally used by code that wants to handle exceptions. Rather, it can be used when
code needs to save and restore the exception state temporarily. Use PyErr_ SetHandledException ()
to restore or clear the exception state.

3.11 FrHIIfE.

void PyErr_SetHandledException (PyObject *exc)

Fart of the Stable ABI since version 3.11. Set the active exception, as known from sys.exception ().
This refers to an exception that was already caught, not to an exception that was freshly raised. To clear the
exception state, pass NULL.

£%1:: This function is not normally used by code that wants to handle exceptions. Rather, it can be used when
code needs to save and restore the exception state temporarily. Use PyErr_ GetHandledException ()
to get the exception state.

3.11 FiHfE.

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

Part of the Stable ABI since version 3.7. Retrieve the old-style representation of the exception info, as
known from sys.exc_info (). This refers to an exception that was already caught, not to an excep-
tion that was freshly raised. Returns new references for the three objects, any of which may be NULL.
Does not modify the exception info state. This function is kept for backwards compatibility. Prefer using
PyErr GetHandledException ().

Fril: CRREGE A 2 PR B R W R AU BT BT . R 37 A R A AR 5 I I PRAE I
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WIS IR SRR . W PyErr SetExcInfo () MWRE BIERFHIRES.

3.3 FihRE.
void PyErr_SetExcInfo (PyObject *type, PyObject *value, PyObject *traceback)

Part of the Stable ABI since version 3.7. Set the exception info, as known from sys.exc_info (). This
refers to an exception that was already caught, not to an exception that was freshly raised. This function steals
the references of the arguments. To clear the exception state, pass NULL for all three arguments. This function
is kept for backwards compatibility. Prefer using PyErr SetHandledException ().

T R ECEE A SR AP SR E R T . B B3 A RS T B R
WE RSO . B PyErr GetExcInfo () RiZBUFHIRTS.

3.3 B fE.

JE 3.11 R EE P The t ype and t raceback arguments are no longer used and can be NULL. The interpreter
now derives them from the exception instance (the value argument). The function still steals references of
all three arguments.

5.5 554bE

int PyErr_CheckSignals ()
Part of the Stable ABL X/~ $t5 Python [ {E 2 4IRS H

WIRAEF: Python e M ELR M ZRE, BERA SR MR THES, e, Wk
BT HI AN A5 S Ab B AAD . SR AR signal BB, AT PAAEE I DA Python % 5 (-5 AL
GILTe

R A BT A R AL PR S, RJ5IRE] 0. B2, WI2R Python 55 ALBRAINAS | & T S, I
WCE A RAE S AT H R ECR L R ] -1 GXAFHAB R A FRE 5 T RE IR A AL B BT TR IR
KB PyErr_CheckSignals () BT,

AR R EONAE ERE I, BFEARE T Python MEREAR MR, MIEAPITLATHAEH & H 0.
XA SRR AR A O i oK (B Cul-C) BT IRz A T C AU 1 .

ik % SIGINT HYERIA Python {5 S4B Aili<x 5| & KeyboardInterrupt 7.

void PyErr_SetInterrupt ()

Part of the Stable ABL H#i # — /4~ SIGINT & 2 # F W o $£. X % N T
PyErr_SetInterruptEx (SIGINT),

|

ik WRBUE R E S LN, BRI GIL 31 C A5 AL B AR AT .

int PyErr_SetInterruptEx (int signum)
Part of the Stable ABI since version 3.10. fFl— ME S 2ARIMH . 24 FIRPyErr_CheckSignals ()
BRI, K2R R ES 48 € 19155 905 119 Python {55 2L #R/AJA o
MR O] th BATIRE RS0 B, Ay B Python {55 AL FRLAIAR ALV SR BB (BG4 I P4 N
Ctrl-C SR AR ) e BT B AR R W C ARSI A
MR E E W55 A2t Python SEALFRR (BI#%X°H signal . SIG_DFL B signal.SIG_IGN), &
FF2PL A
TS signuum E SRV (5 5 5 HL2 A, HHEI ~1, ZELIOHITF, DR 0. HERHORT4:
AR EIE L
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il WRBUE RS E LA BRIAARGIL 31 C A5 AL B AR A .

3.10 B HRIIBE.

int PySignal_SetWakeupFd (int fd)
XA TR KB E 1T — A8 LR S R AT AERAS 7 1 I 3UE A G5 9 5 79 H AR SCF
TRFT o fd WAUZAEPHIER . BRFR [ H]— XA SCIHIA T -
BB -1 R X R AIIAIRES . iIXSEM T Python HfY) signal.set_wakeup_£d (), {H
Se AL R A o fd N2 02— T R SCOHIR T o LR B 24 M T AR A
1 3.5 HE L 7E Windows |, WSR3 E B AL B

5.6 Exception 3

PyObject *PyErr_NewException (const char *name, PyObject *base, PyObject *dict)
Return value: New reference. Part of the Stable ABL X/~ T HB &6k B — S 5525, name
SRR R AR, & module.classname R C FAFH . base Fl dict ZHE# N
NULL. XA AJRAEH Exception X4 (F£ C A DAL PyExc_Exception ).
M __module  JEVEXFBIN name ZHEFILEHD (B)a— RIS AT, AN
JEiar (e — AT ZI5) . base ZETHIRIGE R AL BuLAR — P REE A hE
MR TCH . dict ZELATHE KA 08— E AL A R

PyObject *PyErr_NewExceptionWithDoc (const char *name, const char *doc, PyObject *base, PyObject

*dict)

Return value: New reference. Part of the Stable ABL. fIPyErr NewException () —F&, & T 7] AT
HIZHI RSO ER Q2R doc JEMHIES, B HVER & RN SR v

3.2 B fE.

5.7 FEMR

PyObject *PyException_GetTraceback (PyObject *ex)
Return value: New reference. Part of the Stable ABL 35 &4 S B B VE R — 385 | R |, A pA
it traceback__ fE Python Hr i), ANMEEA E BRI, W3R [M] NULL,

int PyException_SetTraceback (PyObject *ex, PyObject *tb)
Part of the Stable ABL B B85 KEEF B E N th . 71 “Py_None“JFEE .

PyObject *PyException_GetContext (PyObject *ex)
Return value: New reference. Part of the Stable ABL 5 S35 40 X Bem R 3¢ (FEALTH ex (382 5| &
W5 — AR p) Ve8GR R, WPAE _ context_ 7E Python Hiijj. AIRIZH
BRI LR 3C, W [e] NULL.

void PyException_SetContext (PyObject *ex, PyObject *ctx)
Part of the Stable ABL -5 S A IR R SCBESN eve (] NULL SRIEZE . A FRBfR cox
RN R ARG A . RGNS e 95

PyObject *PyException_GetCause (PyObject *ex)
Return value: New reference. Part of the Stable ABL Y5 B B R R (— A5 554, B2 None,
i raise ... from ... &®E) 1B MR, AIFE Python Hiiid _ cause_ Hifji.
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void PyException_SetCause (PyObject *ex, PyObject *cause)
Part of the Stable ABI. K5 54 HH SE IR J5 H 58N cause. {HH] NULL RiES T . BEA HRFHE
cause ;& —P BB None FUZRAUKGA . BORHI— 814 cause 9511«

__suppress_context__ &R HiE N True,

5.8 Unicode S E X%

T R B TRIERME MOk B C 1Y Unicode 34 .
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 £ #—> UnicodeDecodeError X% I iy
encoding, object, length, start, end 1 reason %¢ &V . encoding F reason }j UTF-8 il i) F4FER o
PyObject *PyUnicodeDecodeError_GetEncoding (PyObject *exc)
PyObject *PyUnicodeEncodeError_GetEncoding (PyObject *exc)
Return value: New reference. Part of the Stable ABL. 1% [0 45 & 5 W 411 encoding J@ Pk

PyObject *PyUnicodeDecodeError_GetObject (PyObject *exc)
PyObject *PyUnicodeEncodeError_GetObject (PyObject *exc)
PyObject *PyUnicodeTranslateError_GetObject (PyObject *exc)
Return value: New reference. Part of the Stable ABI. iR [0] 45 € 55 X 5 1Y object J@
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 FREUZE € B XA start JEMEFHBE A *start. start W0 K 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 45 & S %210 start JBERN start. WENEHR ] 0, ZMHHR ] -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 3REUZS & REXTR M) end JETEFFHFEIA *end. end WoZfiAS R NULL., It
R[]0, R E -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. Y28 52 S0 5 10 end J@YEBEN end . FRINEFRIE] 0, JIGHHRE] -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. 1% [1] %5 7E T2 55 W11 reason Jg P
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 445 7 RE N4 11 reason J@ VN reason., IIRFIRE] 0, JIgmtizE -1,

5.8. Unicode S#wigk 53



The Python/C API, %% 3.12.0a0

5.9 T

AR BRI T —FPAE C 2% EdE T s R B9 07 30, e ORI G 3 R R & . 2
AR AN —E £ KB VR ) Python AURD (S5 & H ShIR EZJLEITIRIE) Wl M EAT. e
tp_call SEHARAE TS ELR Ay 38 R P05 22 DT AL B .

int Py_EnterRecursiveCall (const char *where)
Part of the Stable ABI since version 3.9. ¥iic—NE A1) C 2285 H B8 AT I A A o

R LT USE_STACKCHECK, L& MiPyos _CheckStack () A& #VE R G HEMR 20
i . FEXFMEL T, BREE 4 MemoryError iR [ IEF(E.

Wt I L PR SRR A S TR B I IR AR2 3., KFCE > RecursionError k[ —/~k
TAH. EHARET, WR[EE,

where [ 2hj—~ UTFE-8 i FAFER U " in instance check", B3 B IH TR EE R 1 i S
W RecursionError JH EAHBHE,

e 3.9 R BERRBORAE tAEZ BR APT AR .

void Py_LeaveRecursiveCall (void)

Part of the Stable ABI since version 3.9. 4% ¥ — /{~Py_EnterRecursiveCall (). b &
XfPy_EnterRecursiveCall () WA s 2oy KT BRAE AT — U o

e 3.9 BOE M BERRBOIAE thAEsZ B APT Hal ]

BRI X RN R B Bl cp_repr TR ERFAIHIBIHALHE . AR R Z A8, tp_repr TR ELHBEXT S A
B 1 FLARER. DA PR KR 5 I RE . AL SCRRACRIENE, KSR C b reprlib.
recursive_repr () WM.

int Py_ReprEnter (PyObject *object)
Part of the Stable ABL £ t p_ repr SEILAIITL 958 T DARS TG 2R o

WRMRE LA, R ECF IR Ml — AN IR FEBLIE DL to_repr SEHN 23R 0] —NEH] &
AR AR R . BN, dict XPRKFRIE (...} 1 1ist XGeRFRE ... ],

TSR 3 3] 2 A R ) DO S R R A [ — A 1 RS FEMGIE LR to_repr SEILEE Y. 243R 1] NULL.
AEHAFOL T, R ECRR B M ¢ p_repr SEHLKF AT IEH4REE
void Py_ReprLeave (PyObject *object)

Part of the Stable ABL 25—/ ~Py_ReprEnter ()., W% %44 M ZER Py _ReprEnter () H]
K BAERH —IK .

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 PyOb ject™; they are all class objects. For completeness, here are all the
variables:

C &R Python #Z#R &iE
PyExc_BaseException BaseException !
PyExc_Exception Exception Page 55,1
PyExc_ArithmeticError ArithmeticError Page 55,1
PyExc_AssertionError AssertionError
PyExc_AttributeError AttributeError
PyExc_BlockingIOError BlockingIOError
PyExc_BrokenPipeError BrokenPipeError
PyExc_BufferError BufferError
PyExc_ChildProcessError | ChildProcessError

To4ks:
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R1-ZIW

C &R

Python Z#R

#it

PyExc_ConnectionAbortedE

rfonnectionAbortedError

PyExc_ConnectionError

ConnectionError

PyExc_ConnectionRefusedE

rfonnectionRefusedError

PyExc_ConnectionResetErr

pfonnectionResetError

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 Page 55,1
PyExc_MemoryError MemoryError

PyExc_ModuleNotFoundErro

rModuleNotFoundError

PyExc_NameError

NameError

PyExc_NotADirectoryError

NotADirectoryError

PyExc_NotImplementedErro

rNotImplementedError

PyExc_OSError

OSError

Page 55, 1

PyExc_OverflowError OverflowError
PyExc_PermissionError PermissionError
PyExc_ProcessLookupError| ProcessLookupError
PyExc_RecursionError RecursionError
PyExc_ReferenceError ReferenceEkrror
PyExc_RuntimeError RuntimeError
PyExc_StopAsynclIteration| StopAsyncIteration
PyExc_StopIteration StopIteration
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

33 B W I

&b,
He:

PyExc_BlockingIOError,

PyExc_BrokenPipeError,

PyExc_ChildProcessError, PyExc_ConnectionError, PyExc_ConnectionAbortedError,

PyExc_ConnectionRefusedEr
PyExc_FileExistsError,
PyExc_IsADirectoryError,

ror,

PyExc_FileNotFoundError,
PyExc_NotADirectoryError,

PyExc_ConnectionResetError,

PyExc_InterruptedError,
PyExc_PermissionError,

PyExc_ProcessLookupError and PyExc_TimeoutError MHUI T PEP 3151.

3.5 FhRIBE: PyExc_StopAsyncIteration fll PyExc_RecursionError.

RO H AR R R R

5.10. FFERE
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3.6 FRINEE: PyExc_ModuleNotFoundError.

XU R A R4 PyExc_OSError:

C & &iE
PyExc_EnvironmentError
PyExc_IOError
PyExc_WindowsError

TE 3.3 IR R X 851 44 1 282 Bk ) S s 2R
H:

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 &#R Python Z#R &it
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 FhRIBE: PyExc_ResourceWarning

HE:

> AXAE Windows 7 35 AR E LT HALHLRRT 2 MS_WINDOWS , DABE{RI I E B AR5,
3 RO AR S B
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Az R T A S TRAT S5, B3R C AU TS -F- & nI RS A, fE C HfiiiJi] Python ALk,
PABSEHT R B BT IR C F 9 (EH 8 Python HHAHA54E .

6.1 IRIERFZHIR

PyObject *PyOS_FSPath (PyObject *path)
Return value: New reference. Part of the Stable ABI since version 3.6. 1% [H] path 15 A% & 58 WP I F o~
e IR ZXGRE—A str 8 bytes X4, WERTIHITECH BN, WERZXZRLH T
os.PathLike # [, WMHZER—4 str s bytes MRHFHRI __fspath_ (). FEHARRL
T¥5| % TypeError HiR[H NULL,
3.6 FriIRE.

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

Return true (nonzero) if the standard I/O file fp with name filename is deemed interactive. This is the case for
files for which isatty (fileno (fp)) istrue. If the PyConfig. interactive is non-zero, this func-

tion also returns true if the filename pointer is NULL or if the name is equal to one of the strings '<stdin>"
or '???2"'.

This function must not be called before Python is initialized.

void PyOS_BeforeFork ()

Fart of the Stable ABI on platforms with fork() since version 3.7. Function to prepare some internal state before
a process fork. This should be called before calling fork () or any similar function that clones the current
process. Only available on systems where fork () is defined.

s The C fork () call should only be made from the “main” thread (of the “main” interpreter). The
same is true for PyOS_BeforeFork ().

3.7 BRI HE.
void PyOS_AfterFork_Parent ()

Fart of the Stable ABI on platforms with fork() since version 3.7. Function to update some internal state after a
process fork. This should be called from the parent process after calling fork () or any similar function that
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clones the current process, regardless of whether process cloning was successful. Only available on systems
where fork () is defined.

g e: The C fork () call should only be made from the “main” thread (of the “main” interpreter). The
same is true for PyOS_AfterFork_Parent ().

3.7 FrhfE.
void PyOS_AfterFork_Child ()

Part of the Stable ABI on platforms with fork() since version 3.7. Function to update internal interpreter state
after a process fork. This must be called from the child process after calling fork (), or any similar function
that clones the current process, if there is any chance the process will call back into the Python interpreter.
Only available on systems where fork () is defined.

#gfe: The C fork () call should only be made from the “main” thread (of the "main” interpreter). The
same is true for PyOS_AfterFork_Child ().

3.7 FiIRE.
W
os.register_at_fork () allows registering custom Python functions to be called by
PyOS_BeforeFork (), PyOS_AfterFork_Parent () and PyOS_AfterFork_Child().
void PyOS_AfterFork ()

Part of the Stable ABI on platforms with fork(). Function to update some internal state after a process fork;
this should be called in the new process if the Python interpreter will continue to be used. If a new executable
is loaded into the new process, this function does not need to be called.

3.7 WG E RS IWEREEMiPyvos AfterFork Child () BUt.

int PyOS_CheckStack ()

Fart of the Stable ABI on platforms with USE_STACKCHECK since version 3.7. Return true when the interpreter
runs out of stack space. This is a reliable check, but is only available when USE_STACKCHECK is defined
(currently on certain versions of Windows using the Microsoft Visual C++ compiler). USE_STACKCHECK
will be defined automatically; you should never change the definition in your own code.

PyOS_sighandler_t PyOS_getsig (inti)
Part of the Stable ABI. 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 h)

Fart 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)
Part of the Stable ABI since version 3.7.

e This function should not be called directly: wuse the PyConfig API with the
PyConfig_SetBytesString () function which ensures that Python is preinitialized.

This function must not be called before Python is preinitialized and so that the LC_CTYPE locale is properly
configured: see the Py _PreTnitialize () function.

Decode a byte string from the filesystem encoding and error handler. If the error handler is surrogateescape
error handler, undecodable bytes are decoded as characters in range U+DC80..U+DCFF; and if a byte sequence
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can be decoded as a surrogate character, the bytes are escaped using the surrogateescape error handler instead
of decoding them.

Return a pointer to a newly allocated wide character string, use PyMem_ RawFree () to free the memory. If
size is not NULL, write the number of wide characters excluding the null character into *size

Return NULL on decoding error or memory allocation error. If size is not NULL, *size is set to
(size_t)—1 on memory error or set to (size_t) —2 on decoding error.

The filesystem encoding and error handler are selected by PyConfig_ Read(): see
filesystem_encodingand filesystem errors membersof PyConfig.

Decoding errors should never happen, unless there is a bug in the C library.
Use the Py_EncodeLocale () function to encode the character string back to a byte string.
Z W
PyUnicode_DecodeFSDefaultAndSize () MlPyUnicode_DecodeLocaleAndSize () ]Zlé‘ﬂ(o
3.5 B fE.
e 3.7 BOE R BUAE MR A0 Python UTF-8 BT F5 1] UTF-8 4% (.
7E 3.8 fx ¥ Pt: The function now uses the UTF-8 encoding on Windows if PyConfig.
legacy_windows_fs_encoding is zero;
char *Py_EncodeLocale (const wchar_t *text, size_t *error_pos)

Part of the Stable ABI since version 3.7. Encode a wide character string to the filesystem encoding and
error handler. If the error handler is surrogateescape error handler, surrogate characters in the range
U+DC80..U+DCFF are converted to bytes 0x80..0xFF.

Return a pointer to a newly allocated byte string, use PyMem_ Free () to free the memory. Return NULL on
encoding error or memory allocation error.

If error_pos is not NULL, *error_posissetto (size_t) —1 on success, or set to the index of the invalid
character on encoding error.

The filesystem encoding and error handler are selected by PyConfig_Read(): see
filesystem_encodingand filesystem errors members of PyConfig.

Use the Py_DecodeLocale () function to decode the bytes string back to a wide character string.

#gfiz: This function must not be called before Pyrhon is preinitialized and so that the LC_CTYPE locale
is properly configured: see the Py_PreInitialize () function.

S W

The PyUnicode _EncodeFSDefault () and PyUnicode_ EncodeLocale () functions.
3.5 B e

£ 3.7 B L BAE LR $AE Python UTF-8 A5 R i UTF-8 4.

JE 3.8 Mt ¥ #it:  The function now uses the UTF-8 encoding on Windows if PyConfig.
legacy_windows_fs_encoding is zero.
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6.2 RGiThAE

These are utility functions that make functionality from the sy s module accessible to C code. They all work with
the current interpreter thread’s sy s module’s dict, which is contained in the internal thread state structure.
PyObject *PySys_GetObject (const char *name)
Return value: Borrowed reference. Part of the Stable ABI. Return the object name from the sys module or
NULL if it does not exist, without setting an exception.
int PySys_SetObject (const char *name, PyObject *v)
Part of the Stable ABI. Set name in the sys module to v unless v is NULL, in which case name is deleted from
the sys module. Returns O on success, —1 on error.
void PySys_ResetWarnOptions ()
Fart of the Stable ABIL Reset sys.warnoptions to an empty list. This function may be called prior to
Py_Initialize().
void PySys_AddWarnOption (const wchar_t *s)
Part of the Stable ABIL This API is kept for backward compatibility: setting PyConfig.warnoptions
should be used instead, see Python Initialization Configuration.

Bt s S| sys.warnoptions. MREANTEPy Initialize () Z FiHEIE A DA 52 m s i
HERRA 3

3.11 G5,

void PySys_AddWarnOptionUnicode (PyObject *unicode)
Part of the Stable ABIL This API is kept for backward compatibility: setting PyConfig.warnoptions
should be used instead, see Python Initialization Configuration.

¥ unicode Y53 sys.warnoptions.,

Note: this function is not currently usable from outside the CPython implementation, as it must be called prior
to the implicit import of warningsin Py_Tnitialize () to be effective, but can’t be called until enough
of the runtime has been initialized to permit the creation of Unicode objects.

311 UG EMER.

void PySys_SetPath (const wchar_t *path)

Part of the Stable ABIL This API is kept for backward compatibility: setting PyConfig.
module_search_pathsand PyConfig.module search_paths_set should be used instead, see
Python Initialization Configuration.

Set sys.path to a list object of paths found in path which should be a list of paths separated with the
platform’s search path delimiter (: on Unix, ; on Windows).

3.1 HUSE M.

void PySys_WriteStdout (const char *format, ...)

Part of the Stable ABI. Write the output string described by format to sys.stdout. No exceptions are
raised, even if truncation occurs (see below).

format should limit the total size of the formatted output string to 1000 bytes or less -- after 1000 bytes, the
output string is truncated. In particular, this means that no unrestricted ”%s” formats should occur; these should
be limited using ”%.<N>s” where <N> is a decimal number calculated so that <N> plus the maximum size of
other formatted text does not exceed 1000 bytes. Also watch out for ”%f”, which can print hundreds of digits
for very large numbers.

If a problem occurs, or sys . stdout is unset, the formatted message is written to the real (C level) stdout.

void PySys_WriteStderr (const char *format, ...)
Part of the Stable ABL. Z8{l|PySys_writeStdout (), {BYMCHNE AR sys.stderr By stderr.

60 Chapter6. TH



The Python/C API, &% 3.12.0a0

void PySys_FormatStdout (const char *format, ...)
Part of the Stable ABL. 211 PySys_WriteStdout() %) BRZ0CRF < {#i i PyUnicode_FromFormatV () 3
AT B EA SR B B R R,
3.2 B fE.
void PySys_FormatStderr (const char *format, ...)
Part of the Stable ABL. 28{l\PySys_FormatStdout (), {HM NG AF| sys.stderr By stderr,
3.2 Hi e
void PySys_AddXOption (const wchar_t *s)
Part of the Stable ABI since version 3.7. This API is kept for backward compatibility: setting PyConfig.

xoptions should be used instead, see Python Initialization Configuration.

Parse s as a set of —X options and add them to the current options mapping as returned by
PySys_GetXOptions (). This function may be called priorto Py_Tnitialize ().

3.2 B fE.
3.1 U E B
PyObject *PySys_GetXOptions ()

Return value: Borrowed reference. Part of the Stable ABI since version 3.7. Return the current dictionary of
—X options, similarly to sys._xoptions. On error, NULL is returned and an exception is set.

3.2 Hi e
int PySys_Audit (const char *event, const char *format, ...)
Raise an auditing event with any active hooks. Return zero for success and non-zero with an exception set on

failure.

If any hooks have been added, format and other arguments will be used to construct a tuple to pass. Apart
from N, the same format characters as used in Py BuildValue () are available. If the built value is not a
tuple, it will be added into a single-element tuple. (The N format option consumes a reference, but since there
is no way to know whether arguments to this function will be consumed, using it may cause reference leaks.)

R # MR Y B MEPy_ssize t AL, TLIRERE X T PY_SSIZE_T_CLEAN,
sys.audit () 2$f75%k B Python FURS i ek EAH ] A B4 o
3.8 Frh e

TE 3.8.2 iU : Require Py_ssize_t for # format characters. Previously, an unavoidable deprecation
warning was raised.

int PySys_AddAuditHook (Py_AuditHookFunction hook, void *userData)

Append the callable hook to the list of active auditing hooks. Return zero on success and non-zero on failure.
If the runtime has been initialized, also set an error on failure. Hooks added through this APT are called for all
interpreters created by the runtime.

userData 335t XA T oR%. T8 7 BR80T BE A I R TR, %85 AN Y AR 1)
Python R

This function is safe to call before Py_Initialize (). When called after runtime initialization, existing
audit hooks are notified and may silently abort the operation by raising an error subclassed from Exception
(other errors will not be silenced).

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.

See PEP 578 for a detailed description of auditing. Functions in the runtime and standard library that raise
events are listed in the audit events table. Details are in each function’s documentation.

gl &— HiTHf sys.addaudithook, HGMHSEL.
3.8 B TIsE.
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6.3 TR

void Py_FatalError (const char *message)

Part of the Stable ABI. Print a fatal error message and kill the process. No cleanup is performed. This function
should only be invoked when a condition is detected that would make it dangerous to continue using the Python
interpreter; e.g., when the object administration appears to be corrupted. On Unix, the standard C library
function abort () is called which will attempt to produce a core file.

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

1E 3.9 iR A Bk m B Fx
void Py_Exit (int status)

Fart of the Stable ABI. Exit the current process. This calls Py_FinalizeFEx () and then calls the standard
C library function exit (status). If Py_FinalizeEx () indicates an error, the exit status is set to 120.

TE 3.6 U B ok B i AL EE RN 2 TR 20
int Py _AtExit (void (*func)())

Part of the Stable ABI. Register a cleanup function to be called by Py FinalizeEx (). The cleanup function
will be called with no arguments and should return no value. At most 32 cleanup functions can be registered.
When the registration is successful, Py_AtExit () returns O; on failure, it returns —1. The cleanup func-
tion registered last is called first. Each cleanup function will be called at most once. Since Python’s internal
finalization will have completed before the cleanup function, no Python APIs should be called by func.

6.4 SRR

PyObject *PyImport_ImportModule (const char *name)

Return value: New reference. Part of the Stable ABI. iXJ& NPy Import_ImportModuleEx () Witk
Wi, R globals Fl locals 4% A NULL HRf level %68 00 24 name ZH43 & —A 5 (BI48E
T— MR FAEER) B, fromlist ZELRBEBENFIFR [+ ] XFEIR AR R I8 s AR T AN G AE
AW DL ABRE A SR e 2t . ORSEMZ, XTE name 5205 F2 4 e — Tk
WP — N EAMYBITER : BB __all  AREhIEEn AR Syma. ) & m—4%F
@A*ﬁﬁ%ﬂ@%ﬁ%’]?j, HOUETE R AR R B NULL 3 & h . S ARIKRBA & B AE
sys.modules o

ZEREER T AT R AR A

PyObject *PyImport_ImportModuleNoBlock (const char *name)
Return value: New reference. Part of the Stable ABL Z R E Py Import_ImportModule () f—/ %
I 54 o
e 3.3 CHE R AR A B — ARSI IR B 7 BRI, (HUZ M Python 3.3 32, 87 A RZ
QT N RA I ok A DR 2829 |/ R N 1 A< G UES 37 X Wy [ WAL s

PyObject *PyImport_ImportModuleEx (const char *name, PyObject *globals, PyObject *locals, PyObject

*fromlist)

Return value: New reference. S A\ —~15Ht, #5257 N'E Python B __ import__ () FRESEEMIFH
IR ME & — % T e AR R S R R ARG, BURTE S AR I A NULL IR — A
o 5 _import_ () ML, HiFRK DO FEIELR EMERE Dz = ZR0E, BRIESHET
—/NEZS W) fromlist .

AR SN TE RN R, B Py Tmport_TmportModule () ARk,

PyObject *PyImport_ImportModuleLevelObject (PyObject *name, PyObject *globals, PyObject *locals,
PyObject *fromlist, int level)
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Return value: New reference. Part of the Stable ABI since version 3.7. S A—/ &, T R 53
WG S '8 Python iK%k import_ (), FNFRME __import () MRELS EHEH L.
R A AR T AR B R S R HT T I, SURTE AR N NULL H A~ 7
e 5 _import__ () KL, MiER—ACNFEIEN R P E xR 280, RIS T
— RS WY fromlist .,

3.3 Bl e

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

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

£ 3.3 WU ANFHESZ level Sy T8

PyObject *PyImport_Import (PyObject *name)
Return value: New reference. Part of the Stable ABL 1X-2— /M T 418 “SAHTERE WESZEHR
B (RRHEE level 2 0, FIREXFAN) . B R LA 2 REMET _builtins__
) __import_ () BEEL. XEMAERHE M LA N AT R A TR A
ZEREE R O AT R AR A

PyObject *PyImport_ReloadModule (PyObject *m)
Return value: New reference. Part of the Stable ABL FE#i— A&, 1R [Bl— 48 Mgk E AR A 55 1,
HCEAERIGENHR ] NULL H3E — 7 (R O BT R S AEAE )

PyObject *PyImport_AddModuleObject (PyObject *name)
Return value: Borrowed reference. Part of the Stable ABI since version 3.7. 3 [B] 55} B T F M5 42 BRI

Bt . name 2 AT AN package .module, WIFRAFEFE modules 7 8l 1 4o 46 2 3% 7 L,
WERIRAE], W E— BB IR HAf A Z modules M. YERIINR A NULL FFHECE— R

ik LRSI S S AR @ AR HGA RPN, VRS E— S hoBEet 4. il
fPyImport ImportModule () BUERFEANAMIER KT AMR ., name ff 75 152 A E 45
FA RIS M AAEAE A S 2

3.3 B e
PyObject *PyImport_AddModule (const char *name)

Return value: Borrowed reference. Part of the Stable ABL 23/ F Py Import_AddModuleObject (), {B
HAFRH UTF-8 il 745531 A 22 Unicode X4, object.
PyObject *PyImport_ExecCodeModule (const char *name, PyObject *co)

Return value: New reference. Part of the Stable ABL. %5 5E— PRI ZFR (W fEH package .module JE
) Fl—AM Pyhon 7R SCASEHE M P B R 5L compile () FREUARIEXT S, n#Gzsid. iR
WXL GBS I, B W A A R R [B] NULL I8 —AN 0 . 76 R R ARG O
§ name &M sys.modules PR, BN name ¥EidE APy Import_ExecCodeModule () BE
TAET sys.modules i, F£ sys.modules PR EH R RWIGMIIBEUE K, FRHFAX
FERIBLHOE A I E B R AT —FP AR O TR ) 2 B R 1 W] B2 TR Y )
RA.

W) _ spec_ Ml __loader_ HWIURMARBEEMIE, KForskE Hid Y. LY spec Hmats
(WREBE) P B _ loader  TifE HiAthIH M Fik M SourceFileLoader f5LfH.

Wiy _ file  JEMERFRE AL SN co_filename, YISREH, _ cached  Rf#fik
B

R E B F AN R B EHE . WS HPyImport_ReloadModule () | fif B EAR B T
EH
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WK name $g 11— KK package .module W7 RS WA FR, WALA] A QI @R L5 AR
AN
HiEZ R PyImport_ExecCodeModuleEx () MPyImport_ExecCodeModuleWithPathnames ().
TE 3.12 KR B The setting of __cached___ and __loader__is deprecated. See ModuleSpec for
alternatives.
PyObject *PyImport_ExecCodeModuleEx (const char *name, PyObject *co, const char *pathname)
Return value: New reference. Part of the Stable ABL 24{l) TPy Import_ExecCodeModule (), {HANE
pathname N NULL WP BERAT R _ file  JBYEMIME.
Z: L 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 (), {HUNH cpathname 7~ /) NULL NI <= ¥ 45 5 A B Xf 4
1) __cached_ fH. TE=ARECT, XL
3.3 B I HE.
JE 3.12 JiREE RN Setting __cached__ is deprecated. See ModuleSpec for alternatives.
PyObject *PyImport_ExecCodeModuleWithPathnames (const char *name, PyObject *co, const char
*pathname, const char *cpathname)
Return value: New reference. Part of the Stable ABL 24{l)F-PyImport_ExecCodeModuleObject (),
{H name, pathname F cpathname “}j UTF-8 4t 7558 . W pathname W% 8 NULL MR S35
HRIE cpathname HEWT H Hi FHO{E.
3.2 Fi I HE.
1 3.3 BOE S AR R HE T i R M & ] imp . source_from_cache () SRR JRERAZ.
long PyImport_GetMagicNumber ()

Part of the Stable ABL & [i] Python A5 304 (Bl .pye SCMF) BUBEEL. MBERON MAEAE T 7155
SCIFRTE RIS A o, 4% BN 7 . AR IR Ml -1,
TE 3.3 BUH A R IMEHR I ~ 1.

const char *PyImport_GetMagicTag ()
Part of the Stable ABL 1%} PEP 3147 %=/ Python 7455 SC{A4 44 3% M BEARAR 8 F A5 Hr o T ICHETE
sys.implementation.cache_tag FH{EERN 248 > 0= e sk B B AU H (B -
3.2 Bl e

PyObject *PyImport_GetModuleDict ()
Return value: Borrowed reference. Part of the Stable ABL 3% 0] FJ TS PR (B sys.modules).
T VE R SR MR i 2 5

PyObject *PyImport_GetModule (PyObject *name)
Return value: New reference. Part of the Stable ABI since version 3.8. 1R B2 E R B AR, a5
B AR AR 0] NULL A S BB R . MR R R MOWR 7] NULL I35 E A 5.
3.7 B EIHE.

PyObject *PyImport_GetImporter (PyObject *path)
Return value: New reference. Part of the Stable ABIL. i Bl £f%f—> sys.path/pkg.__path_ W4
H path F) &R AFX S, THEL ML sys.path_importer_cache FHMORIREL. WA E M AP
Zff, WLk sys.path_hooks H R F|—MEEALPEZ path 25 HEYH 1 WIEREA T 14

FIAE ] None; 1k 45 1V i Jypath based finder Tk Jy% path 4 F4RE 24008, G5 HLKFBA7E]
sys.path_importer_cache, 1&[E—FgmEesxt2a0H#Hs M.
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int PyImport_ImportFrozenModuleObject (PyObject ¥*name)
Return value: New reference. Part of the Stable ABI since version 3.7. N# 2 ¥R name W EHEEB .
wpiR el 1, AR BB A 0, WIRWIAAL R MONR ] -1 FH R E— DR B MEL
WEVIRBEE AL, M Py Tmport_TImportModule () (IHERIATA RSE - W24
PO S A LR T )
3.3 B fE.
TE 34 R _ file  JBMEREAFTEAL FIHE .

int PyImport_ImportFrozenModule (const char *name)
Part of the Stable ABL 2{l| TPy Import_ImportFrozenModuleObject (), {HH. ¥k UTF-8
A FAFER A /2 Unicode X142 .

struct _frozen
RN C RS AR I G5 2K 8 L, S freeze T HIA N —2 (53 F Python Ji
W EATHH ) Tools/freeze/), Hig X AHE Include/import .h H#F]:

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

bi

TE 3.11 it 2k The new is_package field indicates whether the module is a package or not. This replaces
setting the size field to a negative value.

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 [a)FiA 1N BEACHL R TRIN— AL, X BEXTPyImport_ExtendInittab ()
M EFE R, WRICVEY R NGR B -1, BpBIH Al i 4 HK name ' A, H-6E ) BREL initfunc
VERTEESS — IR ZEIR AR A I R B . LR 24 TEPy_Tnitialize () Z AWM.

struct _inittab

TR N ERTHRS FR P — A B SR . A SEMRER S D T N B AR RS ) SRR
PRAIWIIRAL B £ 02 —> ASCIL 4 (i F 47 . ik A T Python AR 7 ] DAGE I 3% 45 14 (4R 11
K SPyImport ExtendInittab () MZEE AR M N B . ZE5MWALE Include/
import .h HE L K:

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

}i

int PyImport_ExtendInittab (struct _inittab *newtab)
P BRI — B . newrab B WM PA— 055 A NULL /E R name “FEIF) < iE 4% H 45
W KRR I E 2 BN F A 1R . R [ 0 B35 AN SR TEyE 4 L /R 0% N7 R e N 2R )
R -1, MRS, KA SUIBIRE| N ERER . KRB AEPy Tnitialize () ZHITAM.

wm R Python B £ W oW Wtk NPy Import_AppendInittab ()
W PyImport_ExtendInittab () WhAFERFK Python UGtk HiE H .
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6.5 #i#E marshal i#{Exx#F

BV C [URMALIE marshal B BFRANI AU FAAT R, SOl LT AL
35 AR, S BT R SO UL R . 7% marshal ARG SC PRSI — i
HBGRTIF

BT AT 2R G 15 AT .

BB RATTF B USRS 90 0 ORISR, 55 1 BUA A SRR marshal FFE 51236 2

?Ei )%ZHﬁZIK%m%MﬁzﬁH% HEilkg. Py_MARSHAL_VERSION $5B T 4 Fi SO p4%0 (47T
HUE R 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 Long type. version indicates the file format.

void PyMarshal_WriteObjectToFile (PyObject *value, FILE *file, int version)
¥—~ Python X4 value DA marshal 185 A file, version 5B LR AIRAR

PyObject *PyMarshal_WriteObjectToString (PyObject *value, int version)
Return value: New reference. 12 [\l — /125 value 1) marshal FER BRI FETT NS . version F5HH L
R HCA <

PATR BB R VRSO IS A7 il marshal #5CRY1E .

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.

KAEAERNE, BN 4 R (EOFError) HaR ] -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.

KA, FFBLEIE M) 5 (EOFError) Hakk[a] -1,
PyObject *PyMarshal_ReadObjectFromFile (FILE *file)
Return value: New reference. Return a Python object from the data stream in a FILE* opened for reading.
KAEFEARE, B 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), IR EE S R (EOFError, ValueError B TypeError) iR [H NULL,
PyObject *PyMarshal_ReadObjectFromString (const char *data, Py_ssize_t len)

Return value: New reference. M 1535 18] data 11 len A5 1 57 7 28 v DX % . A 85008 Y7 3% o] — A~
Python X%,

KA R, BIREE 4R (EOFError, ValueError B TypeError) JfiR 5] NULL,
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6.6 BTSHHMBELE

TERVEIRH CHY FERRECRITI AR, XL Boe 7 FI0. HERIE BFIFEG] L extending-index .
X B8 pR B A A 1 BT = S, PyArg ParseTuple (), PyArg ParseTupleAndKeywords (), VA

JepyArg Parse (), ENVHRH A% XA F F  RKF ok B0 A ) 2 80085 T ek B, 36 2 R 0 60 0 A
[l TR R A A AT R

6.6.1 BEITS%

—ERE TR 0 s ARSI, —MRUEICHIRNIA —A Python X5 EillH 21
TR RG-SR RS ITT . BT AEBISN, — AR S S B R X BT BN Y X 48 R
WO RAT B — MR B4, AR PORAYHIA T, NG5 AR ZRAURAR 0 BT O AR XA
U0 Python XFRIA; J5fh= [ Wity C 28kt (R RHAR) 2.

FHBENEEERX

X A X PRV R 4 MRS N A7 BB AT U5 I ARl R IR ] B unicode 45 B 737 X 1Y
NG eip Rl

— R, M RBBCE MR — DR X, X XA DAY Y Python XTS48H, I
HXA G KIS R EAF M AR T ENRRERAE TN ZS ] B T IX2E es, es#, et and
et#.

IR, Y—Apy_buffer S5MBIRME, ARG KEBUE, FrOAE & ERS (XA Genp X, Bl
(6fEPy_BEGIN_ALLOW_THREADS HRHf, T DAkl S n] A% Bl PR Ay el BE A/ NaR 3 i B 8 Bl SR ) XU
B, A PyBuffer Release () AEARGEHAUAT BRI (B AEZ R BT S0 )

BRAES AU, SRR AEL IR,

B 2o 2T B H B2 Wbytes-like object, I B E g B A 2 28 vb IX 45 #4. A AT 38 i & A 0 5
WPyBufferProcs.bf_releasebuffer T2 A NULL R AVE(ER , ZFERA VN bytearray
ALY AT AE TSR

ik XTI # AWK (s#. y# %§), X PY_SSIZE_T_CLEAN WMTEALF Python Z [ & X, h.
1€ Python 3.9 JeEFIUAS |, WA LT PY_SSIZE_T_CLEAN 7%, WIKESEWRA NPy ssize_t,
A int,

s (str) [const char *] Kf—> Unicode XJ G540 ill— A8 M A7 1) C 845, — A48 — 1B 847
T, INFRFRIAE RN TR A & . C AR RS 45W. Python FAFHAR
REAL AT R A IO RIS A Wk, —4> valueError B# &85 & . Unicode Xif 4 4 4% b ik
'ut £-8" L) C FAFER . AR KR, — UnicodeError RH#HT K.

ik XA FBNAREZbytes-like objects. QNRARKIEZ AT RGEFAATF R E AR C E/7H
B os RIXXFLAPyUnicode_FSConverter () fER L RE

TE 3.5 e AR, 24 Python 478 sl E Tk ARY null A% & 5% TypeError .

s* (str or byfes-like object) [Py_buffer] XA Ui Z Unicode X RMIEZRFATRANR . BN
T ESRBE Py_buffer G5MIRME. X AR C FAFERATREW S AR NUL 5577, Unicode X
Sl ut£-8" IRl C FAFHE .

s# (str, read-only bytes-like object) [const char *, Py _ssize t] 1% s*, & T EANEZZLZHINTE . 55H1
FERETEMAS C A8 F T, 55— N2 d8 I C PRI TRET, 28 MR BMKEE . FAE TR S IRA
%) null 5745, Unicode X GARBGE L "ut £-8" HhdAELN C FA7H .

z (str or None) [const char *] 5 s Z5{b[, {H Python X}Z LA HEN None, FEXFMEI T, CIeEHNEN
NULL,
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z* (str, bytes-like object or None) [Py_buffer] 5 s* Z5{tl, {H Python X} tH ] §E-H None, FEXFi it
N, Py_buffer 45 buf IR E N NULL,

z# (str, read-only bytes-like object %3 None) [const char *, Py_ssize t] 5 s# 2%{il, {H Python X}%
WATHEN None, FEXFPEOLT, CI84H&E N NULL,

y (read-only bytes-like object) [const char *] iX k2R — AN LEATLRBS L5 — D8 17 FAF R 1Y
C #&4F; B ARE:AZ Unicode X% . P GAF K LA A AR null 7355 WERALE T null 737,
£8| %k —A ValueError 4.,

AE 3.5 BCEHC: PART, 457 b KB 2] 7 AR null 745 25| % TypeError .

y* (bytes-like object) [Py_buffer] s* f785X, A4%3Z Unicode %5, HERZIFIRAALE . Xtz -
TR A7 D5 1 -

yi# (read-only bytes-like object) [const char *, Py _ssize_t] s# ({753, A& Unicode X4, Higszdk

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) [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*.

w* (W[5 bytes-like object) [Py_buffer] XA~k A2 2 AT S BT 505 G A7 I3 XS 5. B MRS
P Py_buffer G5HMRIE . i DXV REAFAE I A null 7770 24 80 X 52 5 o8 1 34 75 228
M PyBuffer Release ().

es (str) [const char *encoding, char **buffer] s 725, T %45 J5 1% Unicode “FfF AN FLFEMPIX.
B HAEEE A ik NUL F47 10 E g A5 .

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 () 3 HL— A RBR/NHGEMIX, KF 4 b 5 BB 75 D1 HEX A e X H.
B *buffer 5 XA Hr BLA AT 2S 18] A E A SUTAEM AR PyMem_Free () ERRE L
rECm X

et (str,bytes or bytearray) [const char *encoding, char **buffer] Fl es fH[f], [& T A HEHRILIE A
HIFAFERXT . MR, BIRE AN SEUE I 5 A R 258,

es# (str) [const char *encoding, char **buffer, Py_ssize_t *buffer_length] s# [{J25=, BFC MG H
Unicode “FAFAFEAFAFEITIX . MR es Fih, BEARFEAMEHE S NUL F45F.

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.

A PR

U *buffer 4517 NULL $55F, WIeKBCRF 2 RCHT G /G X, R iR Boe 2 Hi 2 ke X, 9F
BCE *buffer AT VBT M BCRIAEGE o RPN ST Pyidem_Free () DAESE M SR BLH Zem X
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W *buffer $51HIE NULL 841 (EQEHZNIX), MpyArg ParseTuple () ¥HHEH LA EAIEH
Gerh X, FHRE buffer_length (R RIERRREN MM IX KN BRI, B0 D i B 52 4 2 g2 oh X
HLIE. WRFEHRAER, K E— ValueError,

TEX BB, *buffer_length RSt B4 o 4 AN NUL i 8da i) K

et# (str, bytes 1 bytearray) [const char *encoding, char **buffer, Py_ssize_t *buffer_length]
M es# HF, BTAMERDEANFRERNS. R, BIREEANSER RGN FrFHRE
A,

T 3.12 JREE R u, u#, 7, and Z# are removed because they used a legacy Py_UNICODE* representation.

2
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] Convert a Python integer to a C short int.

H (int) [unsigned short int] Converta Python integer toa C unsigned short int, without overflow check-
ing.

i (int) [int] Convert a Python integer to a plain C int.

I (int) [unsigned int] Convert a Python integer to a C unsigned int, without overflow checking.

1 (int) [long int] Convert a Python integer toa C long int.

k (int) [unsigned long] Convert a Python integer to a C unsigned 1long without overflow checking.
L (int) [long long] Convert a Python integer to a C 1ong long.

K (int) [unsigned long long] Convert a Python integer toa C unsigned long long without overflow check-
ing.

n (int) [Py_ssize_t] J¥f—> Python BAIEEAY ii—~ C Py_ssize_t Python JLK/NEHL,

c (bytes #i# bytearray KJ¥ 4 1) [char] Convert a Python byte, represented as a bytes or bytearray
object of length 1, to a C char.

1E 3.3 BUEHG: S bytearray REHIRFS.
C(str KJ%4 1) [int] Convert a Python character, represented as a st r object of length 1, toa C int.
f (float) [float] Convert a Python floating point number to a C £1oat.
d (float) [double] Convert a Python floating point number to a C double.
D (complex) [Py_complex] > Python &3 A AL i— C Py_complex Python & 3%,

Hipatx

O (object) [PyObject *] ff Python X4t (RIEATILATHEHR) TEfffE C X G488 . Bit, CRFHERIEE
BAYSEERAR . WFREGG TR 2840, FEiERTEE A2 NULL,

0! (object) [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 PyObject*) into which the object pointer is stored. If the Python object does not have the required
type, TypeError is raised.

0O& (object) [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:
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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 status 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.

5 converter 3R 7] Py_CLEANUP_SUPPORTED, AR SEMITRA LI, & 0] feS U E %
BRAL, ML e 2 A ML SRR E A L AT A7 HESE /MR, object Z801 0 NULL; H it
S ECR o NULL; H i, %S0 NULL, L, %S HC N NULL S (R {E) A O NULL
address W{H-5 [ ARVEIY b (AR ] o

7E 3.1 B Py_CLEANUP_SUPPORTED #§UR o

p (bool) [int] ML AMEZE NE (— MR FIW FH B GER A ANV Y C true/false B ALE .
WARFAANEE 1, BRIN'E 0, BEZEAMTGIAN Python {H. Z: I, truth SKELEZ 5T Python 411
fap I AR R
3.3 B IIfE.

(items) (tuple) [matching-items] %5007 Python J¥41, ‘B JER items g FCH s, C S
BN Y. items Hhg— DML AT, FA AR OC A BER R E .

%1% long” FE AU CREAY(EMEL T F- 5 19 LONG_MAX BRI &P RERY, SRIMEA T8 S E B

T BN HMOR B Y, 5 A A AR T (S2F5 b, C B S RAEE AR ELA 5

R I RE T RE S K AR L) .

A FAFER I — S AL FAF A RRR A L . XL BEH AR ETE RS . B2

| FHITE Python 45| R P F A SECER R W LR . C A8 B IV 1 W] 1 S 4 RE BRI IR AL BRI E
— RSB TRER, PyArg ParseTuple () AREVIAHN ) C Af (RRH) HINE.

$ PyArg ParseTupleAndKeywords () only: FTE Python SR F TR 1) S B0HS 2 5 ] 5% B
S8 M, FIra RG] RS HEL N R TS, T DME AL FE AR | A EAE S
M.
3.3 B IE.

: B EITHP RS B S R AR RN R IR R R R A (PyArg_ParseTuple ()
BREG I AI CRBME” 7).

; *%i}t‘;ffn%ﬂ%éﬁﬁﬁ%; 535 TG BT ER T R A I S BCBA B BRI R .« A1 AHEAE

ERATAT i I8 E S AILY Python XF425 | 2 #Re95| H B E 105 41!

1% R 253X 8 SR BV BT I SRl 02 F s AL A R A 8 72 B L s X LU H R A7 it A e R ME .

A—-LefF oL, BT pas Ry Rrh T AR, XSS R A s FEXAMER T, BTN

VEFCHE & A Y. AR R

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.

&
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API E#

int PyArg_ParseTuple (PyObject *args, const char *format, ...)

Part of the Stable ABL f##fi— BRI SE, FiBX P WS EEESEALE N FAEA TR . B
YR [ true; JWMGR ] false Ff HL5 | A AR (1) 535

int PyArg_VaParse (PyObject *args, const char *format, va_list vargs)

Part of the Stable ABL. flPyArg ParseTuple () fH[E], R EBZ— va_list BREISE0N A 2
AR S

int PyArg_ParseTupleAndKeywords (PyObject *args, PyObject ¥kw, const char *format, char *keywords[],
)

Part of the Stable ABL 74 Hﬁﬁﬁﬁlﬁﬁ‘é%?%i& [F] o e i Ay Jry v 1) BB S48 keywords 2
B2 M S TR NULL & FE 4. @ﬁ(%%/j*pmm(mal only parameters, IR true; &
AR, BRI ] false T | AOAH I Y

T 3.6 REEH: RN T positional-only parameters ) 3 15 .

int PyArg_VaParseTupleAndKeywords (PyObject *args, PyObject ¥*kw, const char *format, char
*keywords[], va_list vargs)

Part of the Stable ABL. flPyArg ParseTupleAndKeywords () #[E], SR EREZ—> va_list 257!
HIS M A & i AR R 1 SR

int PyArg_ValidateKeywordArguments (PyObject*)

Part of the Stable ABL i fR FH P 1) XEF SR M FRAH. X DR A A
FPyArg_ ParseTupleAndKeywordS () AHEHEL T, EECENFHEX A .

3.2 B Hhe

int PyArg_Parse (PyObject *args, const char *format, ...)

Part of the Stable ABL bR 9 1 R A # “IH 2K AL B H ) 2 H0 01 R — 31X 28 o B 1 Y
METH_OLDARGS ¥ #7 77 ¥5 €. A Python 3 H1 4% . LT%METH% N KM E’Jf}éﬁtﬁ;ﬁﬁ i)
HAARERREAS H R BUUE E g, AT ZAR. ERT T aocdl, 2m
A RE A A3 A~ H BB 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.

e MEA IR UG, BUE _weakre £ H BB ST A PRACHD -

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;

EAN R PyArg UnpackTuple () SEEZM T PyArg ParseTuple ():
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’PyArg_ParseTuple(args, "O[O:ref", &object, &callback)

6.6.2 BIETE

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—HAE—IICH. HALERHEETAHRASPASEL R
oA A e AR PR AE, BRI None; AIBREME —MEAHIC, Bkl
HAE B ICHA I AT —XE SR . RS AR s A A s l AR f B ak [ K/INA O B 1Y
JCA.

Y INTE A X B BTG DA S RO 2018 356 SR M et G ish, B s A s# AU B0, £S48 N8
o T Z A E M XM EAR 29 Py Buildvalue () SIEHRIXTE B . Hoh)iGih, W
R ARSI malloc () I HIF B NS B LB %5 Py_Buildvalue (), YREGVSEEA 5T
{EFEPy_Buildvalue () IREIBEM free() .

TE R T, WG SR FA ARG BIES O WA 2A% U ICRF2ER B ) Python X5
KA T4 [ WRY R C 28R (R HYRAL,

FRIMZER, $IRMT, B RUE SFER R LA h A AW (R R AR T, 1 s4). i
AT BRI 3P 4 LA O T B

s (str o None) [const char *] {fiff] 'utf-8"' g fr s & 1) C FEAF 4 Python str X4,
WAR C R T84 NULL, W None,

s# (str B None) [const char *, Py _ssize t] fiif] 'utf-8"' 434X C F44 L L H K BFiE N
Python str %4, WIR C FERFHRFEEN NULL, WK B4 20, IR [E] None,

y (bytes) [const char *] XRf C A7 4% 404 Python bytes X4, 1R C FAFH 4N NULL,
NJ3% 7] None.,

y# (bytes) [const char *, Py_ssize_ t] X2 C FAFH M HAK AR N —4> Python Xf4¢. W
% C FAFER R4 NULL, JUIR[H] None.

z (str or None) [const char *] Fll s —#F£.
z# (str B None) [const char *, Py _ssize t] fil s# —Ff.

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 8% UCS-4) %S X K HAK Fkk
#°4 Python Unicode X4 . #5 Unicode ZZ1 X 35418 NULL, WK EER4E Z0%, H1R[H] None,

U (str 5 None) [const char *] il s —FF.

U# (str 3 None) [const char *, Py _ssize t] Fll s# —Ff,

i (int) [int] Convert a plain C int to a Python integer object.

b (int) [char] Convert a plain C char to a Python integer object.

h (int) [short int] Convert a plain C short int to a Python integer object.

1 (int) [long int] Converta C long int to a Python integer object.

B (int) [unsigned char] Converta C unsigned char to a Python integer object.

H (int) [unsigned short int] Converta C unsigned short int toa Python integer object.
I (int) [unsigned int] Converta C unsigned int to a Python integer object.

k (int) [unsigned long] Converta C unsigned long to a Python integer object.
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L (int) [long long] Converta C long long to a Python integer object.

K (int) [unsigned long long] Convert a C unsigned long long to a Python integer object.

n (int) [Py_ssize_t] ¥—4 C Py_ssize_ t J5HI%E4k >k Python 3&7

c (bytes K4 1) [char] Convert a C int representing a byte to a Python bytes object of length 1.
C(str KJ% M 1) [int] Converta C int representing a character to Python st r object of length 1.

d (float) [double] Converta C double to a Python floating point number.

f (float) [float] Converta C float to a Python floating point number.

D (complex) [Py_complex *] ¥—4~ C Py_complex JER G54k Jy Python &5 52 H

O (object) [PyObject *] *Kf Python X} G % i ANAE (H G| HITERAN, &IT80h 1 3#3) o ik
ARG 2 NULL 3540, MR X 2 B T4 S50 T8 & B DT B S a m 51 & .
Wik, Py _Buildvalue () ¥fiR[H NULL, HAS5|KSHE. WRMKTI LS, WKE
SystemError,

S (object) [PyObject *] Fil 0 FH[7 .

N (object) [PyObject *] #1 0 AH[F], SR EFHAMEMATZA5IHTE. XS8R Bt
G AR X SR SE A

O& (object) [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] 4§~ C A5 Ff 3 H 4 Python LA 17T £ 4L
[items] (List) CHGHIEH] 5 C A KA R Python S804 0 TC 2
{items) (dict) HIXHIEH] A5 1> CASRFIUREHUR Python ik, f—XHHELEY C ASREAT{E
H—AICRBATHA 733 KT FOE
WK AT R A R, WE SystemError S Ik A NULL,
PyObject *Py_VaBuildValue (const char *format, va_list vargs)

Return value: New reference. Part of the Stable ABL. flPy_Buildvalue () fH[E, R EREZ—4
va_list RS HOM A2 AR SR NS HEE .

6.7 FHEBRIMSHEAL

F TR S A5 RN A% =04 245 5 o 1) R AR
int PyOS_snprint £ (char *str, size_t size, const char *format, ...)

Part of the Stable ABL fRHE#E = FAFH format FIEINSEL, i ASEL size D758 str. 2, Unix
FWHUTTH snprintf(3),

int PyOS_vsnprint £ (char *str, size_t size, const char *format, va_list va)

Part of the Stable ABL fR¥EHE X FLFFER formar FIAE B B8N va, i AL size NF178)] srro 5
O, Unix T LHE vsnprintf (3),

PyOS_snprintf () MIPyOS_vsnprintf () fd3 C FrifE FERKEL snprint £ () fl vsnprintf () . B
1189 B B2 PR 00 N R —8 T, MiAsiE C R BN SK .

The wrappers ensure that str[size-1] is always '\0"' 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.

X LERR AR A (rv ) B4 HE DA™ ML R

* M0 <= rv < sizelf, FHFHRIINIR: v NFAFE AR sir ONUTERE str[rv] (B
"\NO'FY).
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o Y rv >= size ), WS HEBITFAFTENEA rv + 1 FWHNEF XA RN AT,
TEMCRFILS strisize-11 S '\0 ',

e Mrv < OWf, "2 EAENGFHFE. "HEWHRT strlsize-1] 4 '\0", {Hsor By HRHAS
AT . iR R E BT RZ T4 .

PATR BRI B 5 1 5 PR T R Y A R B R e
double PyOS_string_to_double (const char *s, char **endptr, PyObject *overflow_exception)

Fart of the Stable ABI. 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.

W endptr & NULL , BB 475 . 51K ValueError I HaR[] -1.0 AIBRFAFH AT
B RS

W endptr ANJg NULL , RATREZ IFAFAF R IR *endpt v 8 I8 17 55— N AREEH AT
MR FFFER VG BN R S A SN RS2, I *endptr E NG FAFRIF L, 51K
ValueError 74, FfHIRME -1.0 .

W s FR—DRKIMARAEREE— MRS E (g, "1e500" EFZ & L2 —1F
FE) RGNS overflow_exception /& NULL iR 0] Py_HUGE_VAL (Hi@&EXM4M5S) FHAN
WEARM R FEHAT M, overflow_exception WJiHg [ —> Python EHXTS: 51K 55
kM -1.0 o FEXPAIEOLR, & *endptr f8MEBIEZ G HE— T4

URAE SIS o) S A AR A 2 (HEAn— AN R BB R ), BCEE 241 Python S Haik ]
-1.0.

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

B XBLARANTH B Z—, Te', "E", V£, TF, g, G BT Tt X e $RAEY AR
Hise 0o ' r " ARXIHEE THREREL repr O #2A.
flags M] DA M HAh{ Py_DTSF_SIGN, Py_DTSF_ADD_DOT_0 8{ Py_DTSF_ALT { HH A&

* Py_DTSF_SIGN FR SRR M AT Ef B I — N AF2 545, RIE val S E %K.

* Py_DTSF_ADD_DOT_0 F/nfifRiR [ i) FAF R B/ KA G2 — B

* Py_DTSF_ALT F/n M ™ B RI™ A& AL . AR S PyOS_snprintf () "#' &

XS

5 prype AR NULL, W45 [a) i) {86 %% % & Py_DTST_FINITE, Py_DTST_INFINITE H{
Py_DTST_NAN Hff—4>, Zp3l3R val 22— ABRET . TCRET s

R HE R — G S 0 5 AT I buffer (F8ET, WNSRERIR G H NULL. 18 F 7 5 1 5
HpyMem_Free () FREHGR A7

3.1 BRI HE.
int PyOS_stricmp (const char *s1, const char *s2)
TFREAR KNG . ZRBILTF5 stremp O B TAET M, 2B T RN,

int PyOS_strnicmp (const char *s1, const char *s2, Py_ssize_t size)

FRRARR D K/ANG . EEREULT-5 strnemp () B TAERHE, HEREZK T RN,
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6.8 5

PyObject *PyEval_GetBuiltins (void)

Return value: Borrowed reference. Part of the Stable ABL 3% [0 24 5047 Ml vh PN B pR A 2 i, s 24 w1
BAWUETESAAT, TR ] AR S A R4 -

PyObject *PyEval_GetLocals (void)

Return value: Borrowed reference. Part of the Stable ABL 1 [B] 24 #0470 G AR B Ry, anifiss
2 HIPA T IO [B] NULL,

PyObject *PyEval_GetGlobals (void)

Return value: Borrowed reference. Part of the Stable ABL & [W] 24 i AT & AR | a7, s
2 RTHATAY WO [B] NULL.

PyFrameObject *PyEval_GetFrame (void)

Return value: Borrowed reference. Part of the Stable ABL 1 [0] 24 B2 B RAS MWL, AR VA Y B HAT I
TR [8] NULL,

WiEZMPyThreadState_GetFrame () o

const char *PyEval_GetFuncName (PyObject *func)

Part of the Stable ABL Y12t func JEpR%L. KELBIXTR, MR ERIZAFR, FHMERE func BIZEAUH
HFR.

const char *PyEval_GetFuncDesc (PyObject *func)

Part of the Stable ABL R4 func ByZRBLR IR FATE o IR BMEALFE R EF 75 197()”, ” constructor”,
” instance” #” object”, S5 PyEval_ GetFuncName () LSRR ERE, 455882 func A

6.9 ‘miFtD2REM SZFFThEE

int PyCodec_Register (PyObject *search_function)
Part of the Stable ABL YEAl— A (0 G S R 4K

TERRIFER, Hzlng encodings &, WIRMATEM, WA EHAMTRRRESRNE—

Lo

int PyCodec_Unregister (PyObject *search_function)

Part of the Stable ABI since version 3.10. 58— Ym RS 2518 R R BTG 25 {Iﬂﬂ%‘z%ﬂ? AR e
KERECAPEN, WABAEATEAE . BEhRE 0. A5 & — Rk

3.10 Hrhi Eh g

int PyCodec_KnownEncoding (const char *encoding)

Part of the Stable ABL RIEFEMKIZA E encoding 1 J RG2S B & CAEAEM IR A 1 B8 0. I EREUE BB AL
o

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

Return value: New reference. Part of the Stable ABI. y7 4 it #5 EL AN gt AP,

object [ [ H errors I 5 LR HRAL B ¥EAL 1B 25 7€ encoding B SmiS s bR%L . errors W PAA NULL 3
TN R RS T E LR BRIV . MR A B 4S8 £ 5] & LookupError,

PyObject *PyCodec_Decode (PyObject *object, const char *encoding, const char *errors)
Return value: New reference. Part of the Stable ABL 7 F iR 45 EL A fRAY APIL,

object i 11 i1 errors [t & LI EERAL I VEAB 1B 25 7€ encoding WIFRIGER %L, errors W DAA NULL 3
NG ﬁéﬁ%ﬁﬁ%&@?ﬁ)‘(ﬂﬁ%ﬁ%ﬁ& R AR RIS 2$ W 25| & LookupError,
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6.9.1 Codec &1k API

ETHRE, encoding FAFER P ERIF A /NG FHIE, 33k (A58 128 AL 1 2 4% g A% =X 52 b
XK/ NEARGUR . WRARIR BT M R4y, PR E KeyError H4& [ NULL.
PyObject *PyCodec_Encoder (const char *encoding)

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

PyObject *PyCodec_Decoder (const char *encoding)
Return value: New reference. Part of the Stable ABL “K#25 E W encoding IRE— RS %5 KA.

PyObject *PyCodec_IncrementalEncoder (const char *encoding, const char *errors)
Return value:  New reference. Part of the Stable ABL K %5 E W) encoding % Bl —
IncrementalEncoder ¥4,
PyObject *PyCodec_IncrementalDecoder (const char *encoding, const char *errors)
Return value:  New reference. Part of the Stable ABL N % E W encoding % Bl — 4~
IncrementalDecoder %4,
PyObject *PyCodec_StreamReader (const char *encoding, PyObject *stream, const char *errors)
Return value: New reference. Part of the Stable ABIL “j25 €W encoding 3 Bl—]> St reamReader T.J
PyObject *PyCodec_StreamWriter (const char *encoding, PyObject *stream, const char *errors)
Return value: New reference. Part of the Stable ABL “N#5 7€ ) encoding FREl— StreamWriter 1)

PREL.

6.9.2 FiF Unicode 4i5EiRAMIBIZFHY M= API

int PyCodec_RegisterError (const char *name, PyObject *error)

Part of the Stable ABL YE25 5E W) name 2 N WS 1R AL B [0 JH R KL error o % [0 JH R ECRFAE — A Jm flthD
A i B IOV S R ) A TC RS 1 BE I H. name %48 7€ Hy encode/decode pR{i 1] EI’J error J&
ZI i R g R A

Z |l o K OB S ¥ % — 4~ UnicodeEncodeError, UnicodeDecodeError &{
UnicodeTranslateError E@%Tﬁﬂ?ﬁﬂﬂﬁ@ﬁiﬁ, SN R SO e 161 B o A S s S I

TJ?&AT“EJE’J{WZEG S (B H Unicode 5+ *F % 1 fREEBUAT BR sRBGENE ) o % 11 pR X
Mﬁ‘:%li{ ARER S, B AR B — NS A 0 R Y B e A e, AR — AR
B EIREL, W*&ﬁf B AEA T AL R St R s B

SR [E] 0%, SR I3 [m] -1+
PyObject *PyCodec_LookupError (const char *name)

Return value: New reference. Part of the Stable ABL. Zr3HAE name 2 TN M AR AL B JH K. 158
FEOIE ] DAE A NULL, R LT RF 38 [ 5% strict” (88 RA0 3 ] 8 R 40
PyObject *PyCodec_StrictErrors (PyObject *exc)
Return value: Always NULL. Part of the Stable ABI. 5| % exc {55 .
PyObject *PyCodec_IgnoreErrors (PyObject *exc)
Return value: New reference. Part of the Stable ABL. Z1& unicode 1%, Bkid&5 R4 A .
PyObject *PyCodec_ReplaceErrors (PyObject *exc)
Return value: New reference. Part of the Stable ABL {fiff] ? 58{ U+FFFD ## unicode Jmfi4tiR.
PyObject *PyCodec_XMLCharRefReplaceErrors (PyObject *exc)
Return value: New reference. Part of the Stable ABL fiff f§ XML 2455 | Fl 4 unicode 454 % .

PyObject *PyCodec_BackslashReplaceErrors (PyObject *exc)

Return value: New reference. Part of the Stable ABL fiff Fl st AT 5% LAF (\x, \u F1 \U) #{# unicode 4
TR
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PyObject *PyCodec_NameReplaceErrors (PyObject *exc)
Return value: New reference. Part of the Stable ABI since version 3.7. ffi[] \N{ . . .} & X%t unicode
Gl Ei iR .
3.5 Bl Hise.
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MERE

AF PRI Python WRACH., TR HARM, sHAZRMXEKA (B, FrafuEsesd, =0
HIFHNEA) . M RIEBIEAE N, A&7 E—4> Python 5.

XL PR FCRE A AT BE TR IERI AL T 52 1, — Nkt St pyList_New () B, (HHEARTH
BB B B — 9k “NULLf{H .

7.1 HRMY

PyObject *Py_NotImplemented
Not Implemented BB, HTHRICHEANEAERA 04w SR H G158 .

Py _RETURN_NOTIMPLEMENTED
C ERBUNER N IEHaAL Py Not Implemented HYIR Al AE (B HN Notlmplemented HY5 | 14501
RMZ).

int PyObject_Print (PyObject *o, FILE *fp, int flags)
FiXI5 0 B AR fpo WASHHRIE -1 o HEFRSEON T8 AR e i ki, H RiME— SR
WEIE Py _PRINT_RAW; HIRZE LI, WRFE AL str () AR repr () .

int PyObject_HasAttr (PyObject *0, PyObject *attr_name)
Part of the Stable ABL W3R o 1A J@1E attr_name, W] 1, HNERE] 0. X AH 24T Python FIAR
hasattr (o, attr_name). HEREEEIN.
W, WA __getattr_ () Ml _getattribute_ () JiKBIAAER 8 Rl . 23K
BRI, U PyObject_GetAttr () .

int PyObject_HasAttrString (PyObject *o, const char *attr_name)
Part of the Stable ABL {15 o WG J@ % atr_name, WIRFE] 1, FWERE] 0. XAHY4TF Python Fikz
hasattr (o, attr_name). HEREE NI
WR, TR __getattr_ () Ml __getattribute_ () Jy¥EFFEIEE— N Ih 4550 R,
SEEPAN S . AT R, WEH Pyobject_GetAttrString () .

PyObject *PyObject_GetAttr (PyObject *0, PyObject *attr_name)
Return value: New reference. Part of the Stable ABL. M4 o W istEU4, N attr_name W) J@ . IR 1]
JEMEE, KBOERIE] NULL. 3XAH24T Python #ih o.attr_name,
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PyObject *PyObject_GetAttrString (PyObject *0, const char *attr_name)
Return value: New reference. Part of the Stable ABL. M4 o WiEl—1%4 4 attr_name W JE1E. B3N
IR BB PE(E, RN E] NULL, 3XAH24T Python Fik3 o.attr_name.

PyObject *PyObject_GenericGetAttr (PyObject *o, PyObject *name)
Return value: New reference. Part of the Stable ABL 1 ] i )@ tE R BLR S, Tk A KA 4 1)
tp_getattro . BIEFRMFH P (ML TXRH MRO 1) EHIEARMIARF, HAEXRH
__dict__ H&ERKEAEM:. 1B descriptors fTik, BAEHIATFOLET LGN, 0 AREHRR AT
NWERHESE. RN & fi % AttributeError

int PyObject_SetAttr (PyObject *o, PyObject *attr_name, PyObject *v)
Part of the Stable ABL $§X1% o 1444 attr_name [ JEYE(HIZ N v » KEBIE] K SE R -1; H2h
R E “0“ . iXAH24T Python i&/4] o.attr_name = v,

WK v o NULL, B ONER . AT NERFE M S Pyobject _DelAttr (), {HHRNE
HBRER friZJ
int PyObject_SetAttrString (PyObject *o, const char *attr_name, PyObject *Vv)
Part of the Stable ABL XI5 o W44y attr_name WJEVE(EBCN v o RIS R i F R m 15 182h
AR E “0“ . 1XAH24T Python i&/4] o.attr_name = v,
QSR v NULL, SRR, (F2 DR C s F S H PyObject_DelAttrString ().
int PyObject_GenericSetAttr (PyObject *o, PyObject *name, PyObject *value)
Part of the Stable ABL i H] ) JE PEBCE AR K&, M TR R tp_setattrofl. BEIER
g (P XTEA MRO H) AR IASS , WRARE], RE He7E SE 0 it b i =0 5
PEOCSEAT. BN, ZEPREXN R dict  tPICEBUMBR . RS E 0, HNRET A
AttributeError kA -1,
int PyObject_DelAttr (PyObject *o, PyObject *attr_name)
WIEEXT % 0 W44 M atr_name W)@ M. RIGEHRE -1, XAH24TF Python i&/4] del o.attr_name.
int PyObject_DelAttrString (PyObject *o, const char *attr_name)
MERXTS: 0 44K atr_name WY JEME. RIGHHRE] -1, X424 T 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__ iR 00 3R B R E0my
— A . TR AR T

This function may also be called to get the __dict___ of the object 0. Pass NULL for confext when call-
ing it. Since this function may need to allocate memory for the dictionary, it may be more efficient to call
PyObject_GetAttr () when accessing an attribute on the object.

On failure, returns NULL with an exception set.
3.3 FrhiYihe
int PyObject_GenericSetDict (PyObject *o, PyObject *value, void *context)
Part of the Stable ABI since version 3.7. __dict__ fiiAFFE RE—F0E 2. X B g
T,
3.3 Bl g
PyObject **_PyObject_GetDictPtr (PyObject *obj)
Return a pointer to __dict___ of the object obj. If there isno __dict__, return NULL without setting an

exception.

This function may need to allocate memory for the dictionary, so it may be more efficient to call
PyObject_GetAttr () when accessing an attribute on the object.

PyObject *PyObject_RichCompare (PyObject *0l, PyObject *02, int opid)
Return value: New reference. Part of the Stable ABL Ji] opid 35§ & I #:/E L8 ol %ﬂ 02 1 ﬁ ,[A\
Py LT . Py_LE. Py_EQ. Py_NE ., Py_GT B Py_GE Z—, HIXNT “<. ~ <=, ==,
> B >=, XA T Python Kkl ol op o2, HH op W VT opid IHEAERT . BJZIJJHJI E]Hﬁiﬁ?
{H, KIGIfR W] NULL,
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int PyObject_RichCompareBool (PyObject *ol, PyObject *02, int opid)

Part of the Stable ABIL. | opid 1§ E W EAE L o F1 02 W{H, W2 Py_LT . Py_LE . Py_EQ .
Py NE ., Py GT B Py_GE Z—, WHIXNT <. <=, == 1= > >=, FFiREHRE -1, 74

jgfalse MR 0, AIERE] 1. XA 24T Python ik ol op o2, HH op @Xf T OPld g
YERF

ik AR ol Ml 02 Z[R—RE, PyObject RichCompareBool () 2 Py _EQ WR[E 1, 25 Py NE
R 0

PyObject *PyObject_Repr (PyObject *0)

Return value: New reference. Part of the Stable ABL. ﬁ‘%ﬁ}(}‘ 2o WFFPETE . IR Bl E545E, k
VKR [A] NULL. 3424 T Python k5 repr (o) « HNEKEL repr O T

TE 3.4 BUE P R B E o — AT S, W U\EﬁﬁTAﬁgj(ﬂﬁ%#{?ﬁﬁﬁﬂ’J
PyObject *PyObject_ASCII (PyObject *0)
Return value: New reference. Part of the Stable ABL. 5 PyObject_Repr () —FkE, THEIMER o FAFE

B, (HfEPyObject_Repr () Llﬁlﬂﬁf—?%qﬂﬂﬂ \x. \u 3¢ \U §% AE ASCH F4F . X RF2E—
AT Python 2 HH PyObject_Repr () iRIBIFRFH . HINERE ascii () #H.

PyObject *PyObject_Str (PyObject *0)
Return value: New reference. Part of the Stable ABL T13EXI % o W FFFRIER . IR PR, &
Wi iR ] NULL. j%AH24F Python #iks str (o) . HNERE str () WA, HILWH print ()
BRSO
T 3.4 BUE U RO & — DS, B AR DR iR 2 3215 3h i =

PyObject *PyObiject_Bytes (PyObject *0)

Return value: New reference. Part of the Stable ABL 113X 4 o (FTTE . QEJJZHTLIEI NULL, J&3)
HTJ_IEI*/\?%‘$XT% AT o AN @) Python ik bytes (o) . 5 bytes (o) A[H]
FiE, 24 o BEBMA I 0 BFATEEXT G m;, 2% TypeError.

int PyObject_IsSubclass (PyObject *derived, PyObject *cls)

Part of the Stable ABL HI5f: derived 255 cls 25FA R B A EIRAZE, WHERME] 1, HNERE] 0, 405 B 4E
Mg ME -1,

R cls ;2 oedl, WX cls PEATZIRGIN . AR 2 A — AR ] 1, Z525000 1, SR 0.

14 PEP 3119 Fridk, W3R ols 4 __subclasscheck__ () F¥E, FF&wif DA E T2EH0R
o B, IR derived SR H B AT, HMETE cls._mro_ f, IAEWRE s FI—4
Tk,
WA RS R A S, B type j‘ii)ﬁi%ﬂ’ﬂ;‘@%o IR, MRATPAEESIA __bases
JEE (WAUREIMICH) HF XA

int PyObject_IsInstance (PyObject *inst, PyObject *cls)

Part of the Stable ABL IR inst /& cls s HIRAGLH], WERIE] 1, ASRAZENIRE] 0%, A4 H 4
R[] -1 HBCE—A R

WA cls 72 oedl, WA cls SEATBIGN . WSR2 A — AR ] 1, G55RF58 1, BN 0.

IE4N PEP 3119 Jirik, 40 cls 5 __subclasscheck__ () JF¥k, R H DA E FIERHR
o BN, IR derived J2 cls BT, IBAEHIE cls B—A5EH1 .

SC8) inst W] PAESY _ class_ JEMRE S HIES.

MG cls R BYOAES, PARFZRA4, Wil __bases__ J@¥ (b2
C L

Py_hash_t PyObject_Hash (PyObject *0)
Part of the Stable ABL 131 [0l % 4 M 25 00 IR [E] -1 o 53X AH 24T Python 353 hash (o)
TE 3.2 B ek IAERYIR A1 Y2 Py_hash_t. XN R/NGPy_ssize t MIFRARS5EEL.

MR oTd) AT

1
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Py_hash_t PyObject_HashNotImplemented (PyObject *0)
Part of the Stable ABL % B —> TypeError /RN type (o) B ANAMBZAEN, HiRM -1 . ZEEURE
FAAE to_hash # P SZBIRRRIRIRE, FRVFREA AL ) ks xR BT B R /T

int PyObject_IsTrue (PyObject *0)
Part of the Stable ABL ﬁﬂ%}’f%’i o BHIANSE true, NER[E 1, FHWER[E 0, X AH24F Python ik
not not o, RN

int PyObject_Not (PyObject *0)
Part of the Stable ABL fI3R %4 o #ik H52 true, WER[E] 1, FHWERE 0, XAH24 T Python Fis=,
not not o, KPMWRME -1,

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)
WERXSS 0 /2 type BB TIRA, WHREEHEE, LR 0. WASSEHRLAE NULL,

Py_ssize_t PyObject_Size (PyObject *0)

Py_ssize_t PyObject_Length (PyObject *0)
Fart Of the Stable ABL RS 0 A JE . WIRXTG o SCRe P A AL, MR [ P2 RE .
ips X ZE[FT Python EiAR; 1len (o) »

Py_ssize_t PyObject_LengthHint (PyObject *o, Py_ssize_t defaultvalue)
RER S o MR E. WSk LEKE, REH __length_hint__ () #E174liTT,
55 IR B BRAAME . AR 8] “-1¢, X % [F] T Python 33k 3 operator.length_hint (o,
defaultvalue),
3.4 FiiaE

PyObject *PyObiject_GetItem (PyObject *o, PyObject *key)
Relurn value: New reference. Part of the Stable ABL 1R [R5 key X[ [¥) 0 G2, BUAES Y AR [B] NULL,

X AE AT Python A2 o [key] .

int PyObject_SetItem (PyObject *o, PyObject *key, PyObject *V)
Part of the Stable ABL X§Xf 4 key W EIME vo RIS A R EFHFRIE 15 BEIEFRIE 0, XAHYT
Python i5f] o [key] = v. ZRE REMH v 195 H T4

int PyObject_DelItem (PyObject *o, PyObject *key)
Part of the Stable ABL. M\X 4 o HRSIRNTS key BUBLET. JRITR Al -1, 3X4H24T Python 1541 del
olkeyl,

PyObject *PyObiject_Dir (PyObject *0)
Return value: New reference. Part of the Stable ABL 24T Python £iAm dir (o), &RM—4> (W]HE

é)iﬁéxﬁ%ﬁ%&%?ﬁ%ﬂ% AR A R [B] NULL . QSRS %0k NULL, 28{0) Python ) dir () ,
DR (8] 24 7 locals 1444 575 X AN A 1&g P THESS , WIaR A NULL, {HPyErr Occurred()

Y1z 7] false
PyObject *PyObject_GetIter (PyObject *0)
Return value: New reference. Part of the Stable ABIL. %[f]F Python A= iter (o) . AXIHRSHR[H

—AEERER, WS E SR kRS, WLREIX SR AL, ﬁH%XT%T Rk, &5k
TypeError , FiRk[H] NULL,

PyObject *PyObject_GetAIter (PyObject *0)
Return value: New reference. Part of the Stable ABI since version 3.10. %:[6]F Python FiAH aiter (o).
32—/~ Asynclterable X%, Jf R[4 AsyncIterator. % iR {2 — 1 #iik

s, EARZSHE— AsyncIterator, FREH A H. WRZNRAGREWEN, 251K
TypeError, ik NULL.
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3.10 IR
7.2 AR
CPython SCHFPAR IR 1p_call XTI

7.2.1 tp_call {ipiY
WHE tp_call FZERSEBIEE TN . FEOIN% 4N

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

— MR — D ICH IR ESEL, H—A dict KR KEFSEL, RUT Python AURS 1Y) “callable(args,
*¥kwargs)©, *args* 5057 F E Y (&v%«x%‘fti{c LA — AL, 124 BRI KT A, Fhowargs*
VAR *NULL.

XANPEAE *tp_call* i : tp_new fltp_init HXFAZIESEL.
B — A%, EEEHPyobject_call () BEHABRYE A API,

7.2.2 Vectorcall {ipi¥

3.9 HR e

vectorcall HISUEFE PEP 590 %551 AR, E &M FH sh BCE A 2 B m i

YRR ARG, an 5w o B 2 77 3 HF vectorcall, CPython £ B {5 [n) T-PNHRIE A . S8TH, XIFAE—1
TEPERLE . BUAh, —S8E =y R R p_call (AR Pyobject_call (). HIL, —EHE

vectorcall (R HEL I cp_call, BN, Tl BRI ML, ARG A4 T HERL AR A E A . HHERE
W ¥R R tp_call W& NPyVectorcall _Call (). {HS—RHZ:

e — A SEHF Vectoreall 25 B SE B A HH R LW tp_call,

TE 3.12 R\ ¥ The Py TPFLAGS _HAVE_VECTORCALL flag is now removed from a class when the class’s
__call__ () method is reassigned. (This internally sets t p_ca 11 only, and thus may make it behave differently
than the vectorcall function.) In earlier Python versions, vectorcall should only be used with immutable or static

types.

R0 vectorcall LY *tp_call* 12, WA 1% S 8E vectorcall. i, A5 E F & 75 2R S 8045 R
args JLAL N kwargs dict, AR SEP vectorcall BN H = L.

Kul B B Py _TPFLAGS_HAVE_VECTORCALL ﬁi,b\%«{j‘tp vectorcall_ offset B XIS 4
FH g vectorcallfunc 1] offset R SEEY vectorcall ML X A& — 5 10 HA DA 22 W sR B0 54t

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

Part of the Stable ABI since version 3.12.
* callable ;2 HE WM IR R -

o args —A CiEEHAL, MABESERAGEE @72 H0E. WREASH, XMETAZ
NULL ,

* nargsf E{iﬁﬁﬁﬂ’]ﬁ@jf]ﬂkjﬂaﬂ’] PY_VECTORCALL_ARGUMENTS_OFFSET #Riti. 2EM nargsf
LRI ESEE, i Pyvectorcall_NARGS (),

o kwnames J:—R AT HFROCHL.  HADIEUL, B2 kwargs FULGHRE . X LU R T
Fiep (st B TF2RMSEH) , I HENTRAUEME—1 . WERBAH KBTS, T4 kwnames 7]
PAMI NULL AU

7.2. FERHIY 83


https://peps.python.org/pep-0590/

The Python/C API, %% 3.12.0a0

PY_VECTORCALL_ARGUMENTS_OFFSET
WRAE vectorcall [ nargsf ZHEUHBCE T MRS, MAVFHOR TN F MR ES args [-1] M{E. #Hh)
WL, args FEMAMTLEEPINSE L N2 0). #E My AR B Z Bk args [-1] BfHE.
XtFPyObject_VectorcallMethod () , IXAFRGHIMNAS ZIKE “args[0]° I RERAE T .
28 H 7 WAL R iy o7 =8 (BBUAN I W A2 B G ), A0 4 U 3 o 4 4E A

PY_VECTORCALL_ARGUMENTS_OFFSET. X FEMCR: 1R 38 W46 & 77 vk 2 25 i ml o ok Bk
BRI T EiE A LR EE— R self 250 .

B — A S BT vectorcall [ Xt 4, i 8 I Acall APT R B, R AR H A AT X 5 — B
PyObject_Vectorcall () 1B EiA .

#il: 78 CPython 3.8 w1, vectorcall APT FIAH 5¢ 1% B& ¥ B &2 DA W IF 3k F Rl 2 i 44 k42 i
_PyObject_Vectorcall, _Py_TPFLAGS_HAVE_VECTORCALL, _PyObject_VectorcallMethod,
_PyVectorcall_Function, _PyObject_CallOneArq, _PyObject_CallMethodNoArgs,
_PyObject_CallMethodOneArg, jlig 4k, PyObject_VectorcallDict PA

_PyObject_FastCallDict WZHRFEME. THAFRAIIRGTE SONANT T I LB 44 PRI 5144 -

B
TE ) tp_call B, WA A 3 R 0 4H 0a% )30 CPython X 8 ] wp_call 3t AT 19 ¥4 J &

Py _EnterRecursiveCall () MlPy_LeaveRecursiveCall ().

RPRUERCR, XA T8 A vectorcall (R F = B A 5 76 75 B0 B 24 (8 ] Py_EnterRecursiveCall F

Py_LeaveRecursiveCall ,

Vectorcall 3£ API

Py_ssize_t PyVectorcall_NARGS (size_t nargsf)
Part of the Stable ABI since version 3.12. #455E —-> vectorcall nargsf 552, IR PSS EFEE. HEl
T
=7 .

(Py_ssize_t) (nargsf & ~PY_VECTORCALL_ARGUMENTS_OFFSET)

IR, WA Pyvectorcall NARGS eRELLAMERELY fE.
3.8 FriIIRE.
vectorcallfunc PyVectorcall_Function (PyObject *op)

AR *op* N SZFE vectorcall YN (AR HRAN T, BAZH B HEREFA L), &M
*NULL*, 0], 3R [EFFEAETE *op* WU vectorcall pRELFGEN . XA BREM Al A S8

XTERE op 275 35 vectorcall 4 F AL, WIPAELHEA PyVectorcall_Function (op) !=
NULL s2F,
3.8 Bl Hise.

PyObject *PyVectorcall_Call (PyObject *callable, PyObject *tuple, PyObject *dict)
Part of the Stable ABI since version 3.12. & * AJHXI% * fjvectorcall func, FHAVESHUOM 4
FSE RIPATCALR dict JEX 25 .

ER—NLTTEE, HEMEER At _call ST tp_call M. EALK
Py TPFLAGS_HAVE_VECTORCALL fE#RHF HBEASMIES] tp_call,

3.8 B RE.
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7.2.3 AR API

A ZA BRI KV Python X 52, 454 bk K2 5 H ML A0 W3 RS G i SRR A9 1519010 A2

tp_call B vectorcall. T /R A e HIIEATHEH , 5 et — N1 B AR ) A% s R A
NEEES TR RSIAE S A U TR R

BRI 3 ATiA A% (Callable) | args kwargs
PyObject_Call () PyObject * TG dict/NULL
PyObject_CallNoArgs () PyObject * --- ---
PyObject_CallOneArqg () PyObject * 1NN 4% ---
PyObject_CallObject () PyObject * JLZH/NULL | ---
PyObject_CallFunction () PyObject * format -
PyObject_CallMethod () %1% + char* format -
PyObject_CallFunctionObjArgs () | PyObject * QEE 20 -
PyObject_CallMethodObjArgs () X+ ZFR BT
PyObject_CallMethodNoArgs () X2 + 25 - -
PyObject_CallMethodOneArg () X4 + 4 FK 1 %5 -
PyObject_Vectorcall () PyObject * vectorcall vectorcall
PyObject_VectorcallDict () PyObject * vectorcall dict/NULL
PyObject_VectorcallMethod () S8+ 2R vectorcall vectorcall

PyObject *PyObject_Call (PyObject *callable, PyObject *args, PyObject ¥*kwargs)
Return value: New reference. Part of the Stable ABL & ] —~TT 1 J 1Y) Python X4 callable, i+ G
M args TG INSEL, LALLM kwargs Firgs i S S8

args WA A NULL; WISRAAHBESEOE M — A2 704 . IR AR XS, W kwargs BT DA
°} NULL,

DI IR AT G55 A SR I — > Sk [a] NULL .
XEEMT Python A, callable (*args, **kwargs).
PyObject *PyObject_CallNoArgs (PyObject *callable)

Part of the Stable ABI since version 3.10. ¥ Fl—A~W]# H ) Python X} 4 callable JF- ANMHATMSE. X
AT S ER F Python Rl X4 i A R0 K.

SRR R SE5R ARG — 7 R [|] NULL .
3.9 FrihRE.
PyObject *PyObject_CallOneArg (PyObject *callable, PyObject *arg)
P —S AT Y Python XF4 callable FEIAH AT 1AM ESEL arg TAT KT SHL
ST IR AT AR Il — A~ S F ik [|] NULL .
3.9 FrihfE.
PyObject *PyObject_CallObject (PyObject *callable, PyObject *args)

Return value: New reference. Part of the Stable ABL ¥ Fl—~7] 1 Fi 1Y) Python X4 callable, [ftay oG
H args g h IS WERABEUL ASH, W args PP NULL,

IR A5 AR I — 4> S I [|] NULL .
XM T Python FiAx callable (*args) .
PyObject *PyObject_CallFunction (PyObject *callable, const char *format, ...)
Return value: New reference. Part of the Stable ABL 1§ F1—~7] V% 1 1) Python X} callable, 7 ] A5 %5

HC S XL CSHMM M Py_Buildvalue () KA FAFE K HliA . format WAk NULL
TR RRMUL I SEL.

SR B G R AR Wl — A Rk [8] NULL.
XA T Python A callable (*args) .
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Note that if you only pass PyObject* args, PyObject_CallFunctionObjArgs () is a faster alter-
native.

TE 3.4 UCHE B 13X format ZEFELM char * K,
PyObject *PyObject_CallMethod (PyObject *obj, const char *name, const char *format, ...)

Return value: New reference. Part of the Stable ABL i i obj %15 /144 A name 1) J5 355 Mt vl A8 B &=
1 C S5, X8 C St Py_Buildvalue () ¥aUFRFERRHATF I 244 B —A~ T4 .

¥ A NULL , R REEBHEMT S5
SIS IR AT R IG4l H—A~ S H ik [ NULL .
X F1 Python 31A3L “obj.name(argl, arg2, .. E—FEH
Note that if you only pass PyObject* args, PyObject_CallMethodObjArgs () is afaster alternative.
TE 3.4 FiREE P The types of name and format were changed from char *.

PyObject *PyObject_CallFunctionObjArgs (PyObject *callable, ...)
Return value: New reference. Part of the Stable ABIL Call a callable Python object callable, with a variable
number of PyOb ject* arguments. The arguments are provided as a variable number of parameters followed

by NULL.
BT IR [ 25 5L AR — A S f%%‘ | NULL.
X1 Python ik “callable(argl, arg2, ...)“;&—FE1 .

PyObject *PyObject_CallMethodObjArgs (PyObject *obj, PyObject *name, ...)
Return value: New reference. Part of the Stable ABI. Call a method of the Python object obj, where the name
of the method is given as a Python string object in name. It is called with a variable number of PyObject*
arguments. The arguments are provided as a variable number of parameters followed by NULL.

ST IR AT TR I — A~ S H I3k [m] NULL .
PyObject *PyObject_CallMethodNoArgs (PyObject *obj, PyObject ¥*name)
?Zﬁ tlaython XHG obj I — NI B AL ZEL, Ko7 IA A PR name 1) Python 477 5 X
Ao
SIS IR AT TR Il H— A~ S5 ik [] NULL .
3.9 BT fE
PyObject *PyObject_CallMethodOneArg (PyObject *obj, PyObject *name, PyObject *arg)
5 1} Python XI5 obj i) — N7 EH M AL E S HL arg, HrP 544 Rl name i) Python <
PR G4 .
IR I EE R, AER WOl — A S IRk ] NULL.
3.9 HihwHhe

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

P& —~ 0] 8 F /Y Python X§%: callable, [fiHiiZ 8 S vectorcall func f[E]. W callable 57
Fvectorcall, W'E 2 H V8 T EE callable F1 1) vectorcall B .

IR IS5 AR R WOl — A~ i & [l NULL,
3.9 Bl g

PyObject *PyObject_VectorcallDict (PyObject *callable, PyObject *const *args, size_t nargsf, PyObject

*kwdict)

T callable F ¥yt S AEvectorcall Pl AR 5e AR O EES R, (A ERAF L kwdict 13X
TR RE TSI args AL AL EMESHL
TERAE N FBEE R, FRT LTSRN FA . NI, BRR B 4 ST I © 2 1 %
s SIS N E R @ SR (BN AL 4 (U plved i e (U

3.9 i Hhae
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PyObject *PyObject_VectorcallMethod (PyObject *name, PyObject *const *args, size_t nargsf, PyObject
*kwnames)

{8 1 vectorcall i BRI — ATk FriE £ KA Python “E4FHE name (TENZ5 H . A s
WIXTG R args[0], T args $8ZH M args[1] FFIRRTERAT WA RS E. DAtk AR D—MiES
o nargsf RAUHE args[0] ZE IO E SRR, AR args [0 AY(E AT RERE I I elo2s ) 22 /- b
PY_VECTORCALL_ARGUMENTS_OFFSET, XiEFHEAIPMEAEPyObject_Vectorcall () H—
FERE AR A

MR R HA Py _TPFLAGS_METHOD_DESCRIPTOR Fitk, 1M e BCRF-U 0 T R 98 1 i) 7 vk 0 42
HPrHHT SE BRI args vector VE RS EL.

BB IR I, AR R WOl — > 8 I 8] NULL.

3.9 FriR e

7.2.4 FHZH API

int PyCallable_Check (PyObject *0)

Part of the Stable ABL #i5E X R o jg IR . WM GE W PR G m 1, HAWR SRR 0 . X
A ERECR SR R

7.3 ¥l

int PyNumber_Check (PyObject *0)
Part of the Stable ABL WX o FRMEECF RIS, RIFE 1, FHNEREER. XS EBOR T8 R
1 3.8 MU B AN o & — &G AR [M] 1.

PyObject *PyNumber_Add (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL 1&[\] ol . 02 FAINAYZES., AR 4, #&[A] NULL,
ZE4T Python F#ik3 01 + 02,

PyObject *PyNumber_Subtract (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL R[] ol JiiZ= 02 Y45 HR, WR LM, RF] NULL, 2
#rF Python k= 01 - o2,

PyObject *PyNumber_Multiply (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABL iR [7] ol . 02 fHIEMIGER, WKW, 1&2[H NULL,
5T Python F#ikx o1 * o2,

PyObject *PyNumber_MatrixMultiply (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABI since version 3.7. 3&[0] ol . o2 f{FEMERIERZER , 10
S, JR[A] NULL., Z5{frF Python Fik® ol @ o2,
3.5 Bl Hise.

PyObject *PyNumber_FloorDivide (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. 12 [\] ol & VA 02 [0 FEUEHI(E, JRIEHHE [ NULL,
XA T Python ik o1 // o2,

PyObject *PyNumber_TrueDivide (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL 1&[5] ol [§:DA 02 HECFAER ST E, B85k Mt
AR NULL. JR[EN9 2" M Ry 77 s oA Bopt e ITUE: AT REDA e RS o Ay
SR RO ATE A AT BE RO R [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 iR [8] ol & DA 02 52 BI4%%, Unidey, iR 8] NULL,
ZEHF Python iAol % 02,
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PyObject *PyNumber_Divmod (PyObject *o1, PyObject ¥02)
Return value: New reference. Part of the Stable ABIL. 22 N & AL divmod () » WKL, 3&[H] NULL,
ZE4T Python k3 divmod (01, 02).

PyObject *PyNumber_Power (PyObject *ol, PyObject ¥02, PyObject *03)
Return value: New reference. Part of the Stable ABI. 1527 N B BREX pow () o WHHZIK, 12 1] NULL . 2844y
T Python H1f#) 155 pow (01, 02, 03), HHt o3 EA[HEN. ﬁﬂ%%@fﬂ% 03, WFL APy_None
TERE (AnSRAe A NULL 2 SFECEEE NI .

PyObject *PyNumber_Negative (PyObject *0)
Return value: New reference Part of the Stable ABL iR [0] o W f(E, WMy, 1%\ NULL . ZEMT
Python FiA= -

PyObject *PyNumber_Positive (PyObject *0)
Return value: New reference. Part of the Stable ABL 1R [F] o, IS, iR\ NULL . 54T Python 3§
B +o,

PyObject *PyNumber_Absolute (PyObject *0)
Return value: New reference. Part of the Stable ABL &[0 o fy4a%HE, WM, 1k [E NULL. 4T
Python A= abs (o)

PyObject *PyNumber_Invert (PyObject *0)
Return value: New reference. Part of the Stable ABL. 3% [9] o [R5 BUS G IS5 5, a2, 1R [B] NULL.,
ZE4-T Python FFik5 ~o.

PyObject *PyNumber_Lshift (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. 1R [\] ol Zc%% 02 M HWAFIGHIZE R, WREM, &H
NULL, Z4F Python ik o1 << o2,

PyObject *PyNumber_Rshift (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABL 12 [\] ol 15%% 02 M HAFIGIIZE SR, A0SR, 1R [H]
NULL . 24T Python A ol >> 02,

PyObject *PyNumber_And (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL & [0] ol 1 02 “¥{v5” BIZER, WHLM, 1&[E
NULL . 27T Python k3 ol & o2,

PyObject *PyNumber_Xor (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL 1&[\] ol 1 02 “¥{i Ful” MIZEE, WREKMW, &
Bl NULL . Z5{rT Python Fikz o1 ~ 02,

PyObject *PyNumber_Oxr (PyObject *ol, PyObject *¥02)
Return value: New reference. Part of the Stable ABIL & [0] ol Fil 02 “¥{VBl” MIE5HE, WL, &[H
NULL . 21T Python ik o1l | o2,

PyObject *PyNumber_InPlaceAdd (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL iR [8] ol . o2 FHIMAYEEHE, A0SR LM, 329 NULL,
Yol TR, XA BHEEBEMEHEHASER. S40T Python iE4] ol += o2,

PyObject *PyNumber_InPlaceSubtract (PyObject ¥ol, PyObject *02)
Return value: New reference. Part of the Stable ABL 12 [\] ol . 02 FHIHIZESE, A0, 1R[F] NULL
ol SRR, BOMER B AR . ST Python i) ol — o2.

PyObject *PyNumber_InPlaceMultiply (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL &[] o |, o2* fAFe a2t R, 4o k0, & & “NULL®
o 4 ol LFEH), XA IBHEEBMH AR SMT Python iEf] ol *= o2,

PyObject *PyNumber_InPlaceMatrixMultiply (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABI since version 3.7. 1&[8] ol . 02 {50 3 ik G ro 455,

WK, R[]I NULL o 24 of SCHERT, XAEHEBRMH ML R . %M T Python i5H] ol @=
02,

3.5 H s
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PyObject *PyNumber_InPlaceFloorDivide (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABL 1R [1] ol DA 02 J5 ] FEEEHILER, WR LN, &
[ NULL. 24 of CHfRS, XM HHBMENEMFLIE. 0N T Python iF4] o1 //= o2,

PyObject *PyNumber_InPlaceTrueDivide (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABI. i&[1] ol DA 02 MECAEM ST LE, B2k Mt
AR NULL e JR[AA 2" SEME™ R 3 7 s 8oA Sopt /e el e AN vl GEDA kDR o By
SEHL. BT DL e AT BRI R . BB STAE of CHHIRTIES: FOLBUT. SR
M Python i54] o1 /= 02,

PyObject *PyNumber_InPlaceRemainder (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL 1&[0] ol [ DA 02 182 H 4380, WKL, 1R[] NULL,
2ol IR}, XA BEEBEGEHEMHALER. SMT Python iFH] ol %= o2.

PyObject *PyNumber__InPlacePower (PyObject *ol, PyObject *02, PyObject ¥03)
Return value: New reference. Part of the Stable ABL 5% 5] N B R EX pow () o MMM, iR[H] NULL,
Mol SCHFRT, XM EHEEEMEH MR . M o3 &Py _None B, ST Python {541] ol **=
02; MM T AN B LR pow (01, 02, 03) . WIREZNE 03, MFhAPy_None
(fe A NULL & SBEARENAER) .

PyObject *PyNumber_InPlaceLshift (PyObject *ol, PyObject *¥02)
Return value: New reference. Part of the Stable ABL 1R [B] ol /2% 02 M HWAFIGIIZE R, WK, & [H
NULL. 4 of SZHERF, XAEHEZMHEMAESIR . %S0T Python ifH] o1l <<= o2,

PyObject *PyNumber_InPlaceRshift (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABL 1 [\] ol 15%% 02 M HAFIGHIZE R, WR KM, &
NULL. 4 ol SZHER), XS EBEMHAEMALSR . ST Python 4] ol >>= o2,

PyObject *PyNumber_InPlaceAnd (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL I HHR ] ol F 027 $A1-5” HIZER, Sz A
NULL. 7 ol B N ZEER RaeihdT. %45 Python 1541 ol &= o2,

PyObject *PyNumber_InPlaceXor (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL IR [B] ol Fil 02 ” 7 Fai U455, RIEHR
[f] NULL. 7£ ol SZHFIRIHE N ZEIER RehfT. %45 Python iFH] o1 "= o2,

PyObject *PyNumber_InPlaceOr (PyObject *0l, PyObject *02)
Return value: New reference. Part of the Stable ABL JINIF IR [B] o F1 02 ” $A71E8” HILER, 2 TR 1]
NULL. fE ol SZFRFRRIR TR fr RieidT. 40T Python ihH] ol |= o2.

PyObject *PyNumber_Long (PyObject *0)
Return value: New reference. Part of the Stable ABL IR [B] o #5400 BB 5 )G I 45 5, SRR
[8] NULL. Z84fyF Python %A= int (o).

PyObject *PyNumber_Float (PyObject ¥0)
Return value: New reference. Part of the Stable ABL FEHIFR ] o #E4 iR SR G ISR, RIIER
Al NULL. 24T Python #3iA= float (o).

PyObject *PyNumber_Index (PyObject *0)
Return value: New reference. Part of the Stable ABL B} 7] o #4# >k Python int 884 J5 458, 2
WEipR ] NULL 5] % TypeError R# .
1E 3.10 BUCE L G55 2N int BB, FEZRIRAY, G508 int FIEM0 L0,

PyObject *PyNumber_ToBase (PyObject *n, int base)
Return value: New reference. Part of the Stable ABIL 1R[] B} n ¥645 i{ DA base “h BB F44 55 IG5 1 45
Ro XA base ZHAE 2, 8, 10 535 16 o XFTEE2, 8, 516, RIIMFAFERFE/ 00 _HHEEL
PR T0b', "00',0r '0x' . I n RJE Python W EEEY in 25T S il PyNumber Index ()
FFE A U AL
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Py_ssize_t PyNumber_AsSsize_t (PyObject *0, PyObject *exc)
Part of the Stable ABL 1R o W] DARERR B2 A — M EEHOWIR W] o He i i py_ssize t fHo QR
KM, MG R—AREHRE -1,

W o A] DAL FE 5 Python ] int ({22 Py ssize t {HNSH| % OverflowError, N
exc ZHCB- NS KB R 2B B # -~ IndexError 8 OverflowError), AN exc A NULL,
I 5 5 U B 9T HAB S AE R OB B B 50 oy PY_SSTZE_T_MIN [ 5 Ay IE B A 9l 5T hy
PY_SSIZE_T_MAX,

int PyIndex_Check (PyObject *0)
Part of the Stable ABI since version 3.8. &1 1 #1H o 22— KI5 (B nb_index F(LIH 7T %]
tp_as_number 5K ), SUCETEHAMEL TR 0. B2 2 EIIT .

7.4 3N

int PySequence_Check (PyObject *0)
Part of the Stable ABL HII R 3%F G 42 41 7 /7 M W3 8] 1, AR ] 0. 3 W B N HA
__getitem__ () Jy¥AKY Python 2Kkl 1, BRAEEA]Z dict W12, PNTE@EE T T LIk
X PP SRR AR S AL . SRR R 2 P A T

Py_ssize_t PySequence_Size (PyObject *0)

Py_ssize_t PySequence_Length (PyObject *0)
Part of the Stable ABL J{ZJ i [0 J 1 v *o* BUXF AL, J Mt ] “-1¢. AH24 T Python [ “len(o)“3

PyObject *PySequence_Concat (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL IR [H] ol F1 02 ByHFE, JIHR [H] NULL, X
ZEMF Python A ol + o2,

PyObject *PySequence_Repeat (PyObject *0, Py_ssize_t count)
Return value: New reference. Part of the Stable ABL & [B]JFH| N4 0 TR count YRIVEESE , J I IR 1]
NULL. X% Python A o * count.,

PyObject *PySequence_InPlaceConcat (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABL IR [B] o F1 02 BHEE, KIEHHR[E] NULL, 7E
ol SZRHNFIL FHAER B G T Python Fikat o1 += 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 1% [A] J3 51
XI5 0 B count WA, RIGHIR ] NULL. 7E o LRI F iz ES Ry el XEMT
Python iAo *= count.

PyObject *PySequence_Get Item (PyObject *o, Py_ssize_t 1)

Return value: New reference. Part of the Stable ABL iR [8] o W5 i B0, LIYHHR A NULL, X4,
F Python £k o[i],

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

Return value: New reference. Part of the Stable ABL 1k [B] JF# %14 o 1 il 3| i2 W8], 2 TUF 3k o]
NULL. XZHT Python ik o[i1:12].

int PySequence_SetItem (PyObject *o, Py_ssize_t i, PyObject *v)

Fart of the Stable ABL Y4152 v BR{HZ o W55 i SIo0E. R E5 K RHE RN -1; KR E
0. XH1Y4T Python iE4] o[1] = v. ILEREL RAWAXT v 5] .

W v Ry NULL, TR, (F2 O g il Py Sequence_Delltem ().
int PySequence_DelItem (PyObject *0, Py_ssize_t 1)
Part of the Stable ABL WX o 145 i B0 . KIMEHRE] -1, 3XAH24 T Python i541] del o[i].
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int PySequence_SetSlice (PyObject *o, Py_ssize_t il, Py_ssize_t 12, PyObject *Vv)
Part of the Stable ABL X JF S XI5 v BAEZ T 5% 4 o W il B i2 Y) Fr o iXAH 24T Python /i)
o[il:12] = v,

int PySequence_DelSlice (PyObject *0, Py_ssize_t il, Py_ssize_t i2)
Part of the Stable ABL [ FE5 %4 o B il 3| i2 FIYIF . RIEIHR ] -1, X AH4F Python i)
del o[il:12],

Py_ssize_t PySequence_Count (PyObject *o, PyObject *value)
Part of the Stable ABL 3&[1] value 7 o " H IR AL, BRI o [key] == value fEEMEE .
RIAFIR Al -1, XAH 24T Python F£3iAx 0. count (value) .

int PySequence_Contains (PyObject *o, PyObject *value)
Part of the Stable ABL 7€ 0 BB value, WNE o WIYFE—TEET value, WIRME 1, FWRME] 0,
HEER, BRI -1, XAH4F Python £iKx value in o,

Py_ssize_t PySequence_Index (PyObject *o, PyObject *value)
Part of the Stable ABL iR [F] 255 —A2K5] *i*, Hf o[1] == value. 45}, &\ 1. #H24F Python
i “o.index(value)“FEiA .

PyObject *PySequence_List (PyObject *0)
Return value: New reference. Part of the Stable ABIL iR [ — /31 FXt4, HNAESFEH S ERATE o
FAIE, RIGHHR B NULL, 3R B SRRIER —DFIX 4. XN T Python b= 1ist (o) .

PyObject *PySequence_Tuple (PyObject *0)
Return value: New reference. Part of the Stable ABL iR [a] —ANTegH Nt %, HANA S5FEH B EAXT 2 o
M, RIGESIR ] NULL. 8028 o e, JRRREI—ASETRYG I, FE LA G0 R4 6 24 1
M E—A I . X T Python Fik3X tuple (o) .

PyObject *PySequence_Fast (PyObject *0, const char *m)
Return value: New reference.  Part of the Stable ABL f J¥ ) 5f W 1% X XF & o 4F h H b
PySequence_Fast* BRG] YA GR [E]. QSR ZA RN 2 79 8T B AR5, W5k
TypeError J4f m A IHESCA . RIGHFR A NULL.
PySequence_Fast* ¥ Z i AIXH 4, BB NENMNXIKE o @ —PyTupledbject
i PyListobject HEIEVI o R TBL
YEk CPython [ SEERAHAY, AR o C&R—AFHNEFN R, EREEBRE .

Py_ssize_t PySequence_Fast_GET_SIZE (PyObject *0)
1E 0o HPySequence_Fast () i&IAl H o Ak NULL B91E SRRl o K B2, AT DAE L FE o LR
HPySequence_Size () KWK/, (BRPySequence_Fast_GET_SIZE () BT HHE N
BT LMEE o HF)EKETTH.

PyObject *PySequence_Fast_GET_ITEM (PyObject *o0, Py_ssize_t 1)
Return value: Borrowed reference. I¥. o fHPySequence_Fast () #2[H H o A NULL, FfH id fERY|
WHENB IR RE o 5 i 5ITER.

PyObject **PySequence_Fast_ITEMS (PyObject *0)
ik [1] PyObject $5EF HIICEEH . ik o Py Sequence _Fast () #&[A H o N>k NULL.
TVERL, QSRS FRIEE SN, FFr /e °T BE 2 BT e A7 items B4 PR, AFE 781 Jovk S el iy |1 3
Hhfift LR B2 SR

PyObject *PySequence_ITEM (PyObject *o, Py_ssize_t 1)

Return value: New reference. 12 [0l o 28 i A~ J0 & 8¢ 7E 28 W I} 3R vl NULL, it 7 =€
lPysequence _GetItem() ¥, HASHK & o FJPySequence_Check () = NE(H, B
R AT AT .
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7.5 BREHMIY

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

int PyMapping_Check (PyObject *0)
Part of the Stable ABL ISR SR T WL alE SRR MR ] 1, R IGR I 0. THERE R A
HAY __getitem_ () J5¥KHY Python ZEiR ] 1, PRSAAEE H A OL T Joikmf xR SR AU BE IS
IR R 2 2 AT .

Py_ssize_t PyMapping_Size (PyObject *0)

Py_ssize_t PyMapping_Length (PyObject *0)
Part of the Stable ABL [ IR M XF 5 o HEEAG R, ik ] —1. 53X 424 T Python ik

len (o).
PyObject *PyMapping_GetItemString (PyObject *0, const char *key)

Return value: New reference. Part of the Stable ABI iR [a] o TN T 455 key WICE, B #H L MR
[f] NULL. 3%AH24F Python AR o [key]. HiffZ N also Pyobject_GetItem().

int PyMapping_SetItemString (PyObject *o, const char *key, PyObject *v)

Part of the Stable ABL FEXISE o HXFFAFER key WSS EIE v RIGHHR ] -1, XAH24TF Python 15/4]
olkeyl = v, BiiZMPyobject_SetItem (). MPREL RAIEIXT v 951 H

int PyMapping_DelItem (PyObject *o, PyObject *key)
MRG0 HREERAT SR key WM. RIS R W] -1, X AH 24T Python i H] del olkey]. iX

EPyobject_bDelltem() W—A 5%,
int PyMapping_DelItemString (PyObject *o, const char *key)
MXFGE o MRS IR TFATH key WL o RIGIRTIR[E] -1 JXA24TF Python 4] del olkey].
int PyMapping_HasKey (PyObject *o, PyObject *key)
Part of the Stable ABL fISRBUFIAS G HATHE key WIR[A] 1, IR [E] 00 JXAH24T Python £k key
in o. MEKELERSIIIAT.

WYHEBTE WA __getiten__ () J7 ¥ M) & A2 19 5 08 15 & 4 e . 2 R BCAR 3% 4 5 1 L
HPyObject_GetItem().

int PyMapping_HasKeyString (PyObject *o, const char *key)
Part of the Stable ABL QIRBUFHNT G HATHE key WHRIE 1, FRIR[E] 00 JXAH4T Python FikH key
in oo BUERECE RS MIIHAT.

WIEBET N _getitem () J7 ¥k WA B A2 0 5 0 KF & W5 Wice AR BURE R 4 5 K

K PyMapping GetItemString ().

PyObject *PyMapping_Keys (PyObject *0)

Return value: New reference. Part of the Stable ABL I}, IRFEIXIS o FAYEEAISNFE. R, R[H
NULL,

T 3.7 BOEHC: FEZ BRAS T, IR EiuR il — 31 R .
PyObject *PyMapping_Values (PyObject *0)

Return value: New reference. Part of the Stable ABL W, R[EIXFS o FMEIIHNZE. M, &[E]
NULL,

TE 3.7 R FEZ HICA A, e GR ]2 e -

PyObject *PyMapping_Items (PyObject *0)

Return value: New reference. Part of the Stable ABL W}, REIXIS o & HBHNFE, HpdaP5%H
e MI R CH . R, 3R] NULL,

TE 3.7 BOEE: FEZ BRAH, SRRk [ — 31 R sl

92 Chapter 7. #HiI&RHRE



The Python/C API, &% 3.12.0a0

7.6 XA 2RI

EAAA IR

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 # 4 4= 4%
YipyTter Next () WEREIEHER(E, HMERE 0. HKECERSBIIIET.

int PyAIter_Check (PyObject *0)
Part of the Stable ABI since version 3.10. TIN5 0 it T AsyncIterator P NER[EIEE(ME, &
MR A 0. BEEREUE S S AT .
3.10 FrHLIBE.

PyObject *PyIter_Next (PyObject *0)
Return value: New reference. Part of the Stable ABL M ik 2% o I8 Ml F — P H. X% 0]

#iryIter Check () ik mHiEM A (FERA T RNTAELE) o WREA R KOE, WRIME
NULL Hf HA G E R . WRIERISE H i &4 T4, WERF NULL I A% 3555 .

BB T — A AMER, C RN IZE R ARG

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

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

}

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

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

Py_DECREF (iterator);

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

}

type PySendResult
MAFHFEPyIter_send () KIARFZRIIBAE.
3.10 BRI BE.

PySendResult PyIter_Send (PyObject *iter, PyObject *arg, PyObject **presult)
Part of the Stable ABI since version 3.10. ¥ arg {5 %3 3B 28 iter. 1R [H]:

¢ PYGEN_RETURN, WISRZERZHREIGTE. RIEELE T presult FeiR [H]

* PYGEN_NEXT, WISRIEAZREBERIE . AU E 2585 presult g ] .

* PYGEN_ERROR, HIIREMET | K RHERI. presult 4 NULL.
3.10 Frf e
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7.7 il

F£ Python HtaJ {fi fij — L83 GOR AL RS I Z AT ERAL SR 2P BT LR QALHE B bytes Fl
bytearray PAJ¢—284ll array.array AR REIA., 5 =J7 B W] BRS04 T HRIRN H BT E SCE
ITECAYRAL, B T B BAE PRI E 2 45 .

IR LI Y — B E CRYTE S, (BB NTTRA t o] RERCR A A G IX SR L FRAHIE . FEH
YOREDLT, A B EL YT A% Gt DX JE e A A

Python PAZZ i #33 BTEATE C 29 FARHLXFERIZIRE . It HE A 75 T
o FEAE X, ZRAMATARE A ‘G RN, RS ERNIRZEZ M RAEE.
ZE ORI E B AEBuffer Object Structures —i 915
o FEHRE M, AU EN TR 1 R R a2 8 i fe st (Blan— A mEniEs) .

— LRI RBIAN bytes fl bytearray S UAH P REXATTENMIRZEZ P IX . Ml fEs i
s Bl array.array JrAIFICE I AR Z 1 {H.

B KB LN B B T — AN 2 SO R ) write () ¥k AT ] DAS R — B A i 4 n]
PARE B ASCE. SR write () J5¥E RN TAE AR SR B L AR, HABR 3L, W readinto () 7
BRI G AR G X A5 X G2 v] DARE R b fe i sl FE 40 52 5l e o X g 34 .
X gEop KO HETT S, AR 2RI~ B X g ny 2o :

s WHIERNS BRI Pyobject_GetBuffer () K%L

* WHPyArg ParseTuple () (S{HFHEINGZ —) HLA v*, wr or s* 4 X KA HF—A,

PRSI T, YR TR K AU P yBurfer Release () . AAMARMERIK, THEALS
SRV, ) AT

7.71 ZRRX L

Zerh X G (TR A HUFR Ry “buffers” ) X —HERIEE M o5 — DRI R A TF 45 Python A7 UAEH A I .«
ENTERTAAVEZ S DI RALE . [ EAI5 I NAFERIIRE T, W] LAMRZS 5) HRFAE AT 58 22 T 45 Python
FEF . WAFAT AR C i) — AN R ], Wl DU TE (G B E R G0 2w T T 8 E Y Jsih
WA, BT AT SR AL 1AL N AR X 4 A A SR «
4 Python fifRéds A TR Z HEER KRR, G XA R Pyobject fREHTIZ MM C 451 . XEHE
ATRT AR ) SR B AN S i . 24 FREA G KN FiZz A0 REas iy, T DARIEE— R AL X4
B R H G H PR FE I, S 0% F XA 2480, ZHRREWRMNE, S
RlPyObject_GetBuffer ().
type Py_buffer

Part of the Stable ABI (including all members) since version 3.11.

void *buf

i 1] B 22 b X B AR B AR S5 iR i a5t . X n] DUR S AR I 2 W B N A7 B (AR i
(. P, R st rides [ERTREFR I PRI -

S Fcontiguous , AR B, {EAS NIRRTk .
PyObject *ob3j

XSG HXFRAHEI . S MAERE G, HhPyBurfer Release () HENHBITFE
A NULL, % FBETALIARE C-APL pR AR [MIE -

VER—FER T 0L, ST PyMemoryView FromBuffer () B{PyBuffer FillInfo () fl
$E temporary Gevh X, WP BN NULL. %, SRS £,
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Py_ssize_t 1en
product (shape) * itemsize. X THELEHA, KeBmiNAFRKRE. X TARELEEL
H, WRZBEEMERRNESFIOREX, WIZKERFRAZKE.

24 2% pf X2 3 o PRk 7 22 M 0 i SR SRHUEE, A 95 B ((char *)buf) [0] up to
((char *)buf) [len-1] B A B M. HERZEIGEH T, WEIFKF HpyBUF _SIMPLE
B PyBUF_WRITABLE,

int readonly
IR N R e R e . W Bt PyBUF_WRITABLE Friidsiil.

Py _ssize_t itemsize

BANTEET AN (PAFTTNEAL) . 5 struct.calesize () EHIENULL format {EAH
[A] .

FHAF A QR E SR B vh X A PyBUF_FORMAT fjiik, format ¥4 %A NULL,
fHitemsize A FEIHMEXIIME.

MH shape TE4E, WFHZEH) product (shape) * itemsize == len {JRTEAE, [ EW]
PAMEFH i temsize RSALGMIX .

¥ shape & NULL, KNS5 NPyBUF_SIMPLE B{PyBUF_WRITABLE K, NI & v/
ZMgitemsize, R itemsize == 1,

const char *format
1E struct FHAEEE Y NUL 455 iR AT N2 . X2 NULL, B E R <" B

1 2

(EAF7F99) -
M Beth PyBUF_FORMAT FRabidaiil o

int ndim
WHFRIR A n R 4R 5. WIRE “0%, buf $RIMFRRAREIBRANIH . EXFELT,
shape, strides flsuboffsets Wi “NULL” ,
%% PyBUF_MAX_NDIM Wi R AL SRR EI K 64, AL A ESr ik MRS, 242 0h X1
il )25 B REAS AL P % PyBUF_MAX_NDIM 4,

Py_ssize_t *shape

—MRKEER Py _ssize_t WEEH ndim FRIER n A NAETEAR . WETER, shape[0] *
. * shape[ndim-1] * itemsize WHiZF len,

Shape JEARELL H W(E % PR € 7 shape [n] >= 0. shapel[n] == 0 X—{HETHERHITE
. BL25 E1ES Hcomplex arrays .

shape B0 T I R 2 iy«
Py_ssize_t *strides
—MRIEHPy _ssize t (I ndim 45 B A A BOASRBUEAS ROT Y BTE

Stride 5 R AL A ME AT DUOMAR MBS X T AL, IR R, (R (T U 20 fg
AL strides [n] <= 0 BN . B2(E B S Wcomplex arrays .

strides 4 X ok il 2 B .
Py_ssize_t *suboffsets

—NRENndim BRIl Py _ssize_t BEH . TR suboffsets[n] >= 0, N n 4E7E %
M2 d5%r, suboffset (H e T MRFRT | H T EELSHRET S I 2 D i WE% . suboffset Sy fifE, W
FORANRRRGIH (FEES N R23)) .

WP TRt (RIZEHHGHTIN), M5 Bubich NULL - (BROAME) -

Python Imaging Library (PIL) H (i ffl T iX Fp 2B 52l 38 . 3 & [icomplex arrays KT fil
AT X AE— DB P TR TR

suboffsets i ZH X FH & >k i & A .
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void *internal

Mt BT G B . e an T gl B AR A — AN, T — M, ARHTESE
IR 2 75 A AT shape . strides FiT suboffsets 540 . 143 E LT RAHEHUZIAE.

7.72 EHRXiERHYSER

W, HlitPyobject_GetBuffer () AR ABEGEMIKIEK, BIMTHFAEZMIX. BT N ZHE
gERIE 7R, MTRES AR K2R, S XM HE T flags ZH0FE 2 H e AL PRI S vh X HL RS,

i Py_buffer FEIYHERITIHEE X,

S5FRTROFE

PN EBEASY flags s2m, I B0 SR A IEFEIETS: obj, buf, len, itemsize, ndim,

R, #X

PyBUF_WRITABLE

Yl readonly FB. WIRBLE T, WhREF LM ft— I GRyZnhX, &Nk K
Weo AARBCE, fthAeT T ARG RS FR gt X, (HXPrA T B e T o0 R e
gﬁo

PyBUF_FORMAT

PEfl format FB WRBCE, WOAIEFRIES B HAMARKLT, BRIy
“NULL*,

PyBUF_WRITABLE W] PAFI N — 5 1 Br A #r & B¢ . B TryBUur_sIMPLE E LN 0, Fr
PAPyBUF_WRITABLE R DMER—AMALAbrT:, HFIERK—AR a5 %X,

PyBUF_FORMAT W DARE& KR T PyBUF_SIMPLE Z AMWAEMIFRE . J5&H CAHE R T “BULfF 557
) A

®AK, HiE FIRBE
P AT E R SRR S IR R s P A1 . YR, RS G S B T I A R .

Bk Eik | $iE | FiREE

= & AR
PyBUF_INDIRECT

= p=A NULL
PyBUF_STRIDES

J=A NULL | NULL

PyBUF_ND

NULL | NULL | NULL
PyBUF_SIMPLE
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ELEERYIEK

LA ISR C 2 Fortran it 22 , AMEAWALRER . HRALIRELR, Wb Xugi2 C-HELEH .

Bk K | iR | FiIRBE |
= = NULL C
PyBUF_C_CONTIGUOUS
B B NULL F
PyBUF_F_CONTIGUOUS
S ot NULL Cai F
PyBUF_ANY_CONTIGUOUS
PyBUF_ND J = NULL | NULL C

A T RER T SRRy by AR AL B e g e NI R I, Zenh KSR IE R A AR
AR

ET%@*H U RFELEMEARE X fﬁ%‘%%%ﬁ}?ﬂ‘fﬁﬂ%—]mPyBufferfIsContiguous () W\Eﬁﬁﬁﬁﬁo

Bk K | SR | FieEE 4Bz | RiE | format

& P WARFENE | U 0 =
PyBUF_FULL

= = WARFERE | U 150 | 2
PyBUF_FULL_RO

=8 B NULL U 0 i=]
PyBUF_RECORDS

B2 2 NULL U 150 | 2
PyBUF_RECORDS_RO

B = NULL 9] 0 NULL
PyBUF_STRIDED

B2 J=A NULL U 150 | NULL
PyBUF_STRIDED_RO

B NULL | NULL C 0 NULL
PyBUF_CONTIG

B NULL | NULL C 180 | NULL
PyBUF_CONTIG_RO
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7.7.3 EZHA
NumPy-R#&: FERFOEIE

NumPy XUEEH B R4 h i temsize . ndim . shape flstrides & X,

W ndim == 0, buf F{AIMNFEN BERERREN KN R itemsize bR, iXB, shape fllstrides
#i-h NULL,

¥ strides iy NULL, WIBHBHMERE D — FRER n 4k CIBH A . BN, WHEERTF LT
FrECU ] n 4ERA

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

W BRIk, buf W PASR ) SRR AR AL BUAL . i R A AR T DA 2 R BOR  ZR oh DX A R

def verify_structure (memlen, itemsize, ndim, shape, strides, offset):
"""Verify that the parameters represent a valid array within
the bounds of the allocated memory:
char *mem: start of the physical memory block
memlen: length of the physical memory block
offset: (char *)buf - mem
mrrn
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 <= 0:

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

return True

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

if strides[j] > 0)

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

PIL-R#E: MK, SIRFIFRBE

B TR LI Ah, PIL RS I ECALIA vl AL & F8 5L, AR Bl X L3841 A BB R A e T — A& . il
m, FMA =2 CIEEHA char vI[2] (2] [3] W RARIER A8 2 > 4E84RY 2 19840 char
(*v[2]) [2][3]. FEFmMBEERF, X MNHEE ] DR ATEbur BHk, F8 A BT DAL T IAFATAA]
B char x[2] [3] $i4.

R eRE, 4 n 4ERG TR0 N-D B4 iy “NULL* B KA s BNy, Bk el 4a4

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];

}

QS
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(£ L£50)

}

return (void*)pointer;

7.7.4 ZHXEXER

int PyObject_CheckBuffer (PyObject *obj)
Part of the Stable ABI since version 3.11. TI5% obj T iFLgrh X210, WERE] 1, FWERE 0, &\ 1 B
AMRUEPyObject_GetBuffer () —EMH. ARRE—E WM.

int PyObject_GetBuffer (PyObject *exporter, Py_buffer *view, int flags)

Part of the Stable ABI since version 3.11. [i] 4y & BA2 5 K 537K, I8 flags 18 E M NZEIETE view, T
g P ISR A R AL E R SR 0 X, 2L 4Afil % PyExc_BufferError, wWH view->0bj
o NULL Ff3R 5] -1,
S, B view, K view—>obj BAXT exporter BIHTTIH], FFIRIE 0. MEEX G np KERHERR 7
FEUE R ) F] R, view—>0b) Al AT HIZRT R AN IE exporter (147 it X3 %25 4)).
PyObject_GetBuffer () Wi 5pPyBuffer Release () MR TI, KT malloc ()
free (). M, HHERTFHTEEZMWIX)G, PyBuffer Release () WhMPRIERIHH—IK.
void PyBuffer_ Release (Py_buffer *view)
Part of the Stable ABI since version 3.11. BEE M X view Hi# il view—>obi MG JHTTEL. ZEE
RAEGE o XN T R A BBV, 75 AT e A 2B 5 | it -
FrZREGT X B G KONl Pyob ject_GetBuffer () #RIFH), i,
Py_ssize_t PyBuffer_SizeFromFormat (const char *format)
Part of the Stable ABI since version 3.11. &[] itemsize W& format . R ML, Sk wHE
FaR M -1,
3.9 Bl Hise.
int PyBuffer_ IsContiguous (const Py_buffer *view, char order)
Part of the Stable ABI since version 3.11. Y15 view 5 X NTER C X4% (order 25y 'C') BY Fortran JX|
¥ (order Jy "F') contiguous 8 HA 2 — (order & 'A'), WERE 1, FHWER[E 0, ZBREE S,
void *PyBuffer_GetPointer (const Py_buffer *view, const Py_ssize_t *indices)

Part of the Stable ABI since version 3.11. $HUZ5 7€ view N indices FTH8 R BY N AE X, indices Wh75i 5
m]— view—>ndim &5 A .

int PyBuffer_FromContiguous (const Py_buffer *view, const void *buf, Py_ssize_t len, char fort)
Part of the Stable ABI since version 3.11. )\ buf 5 | S len “FATE] view o fort AfPAZ& 'C B "F' 0
(XETFT ¢ R Fortran RASHINAF). MIIBTEE 0, 45REHERE] -1,

int PyBuffer_ToContiguous (void *buf, const Py_buffer *src, Py_ssize_t len, char order)
Part of the Stable ABI since version 3.11. M src 52| len =353 buf , WCHIESEFITRBER . order 1]
P e s rra A (RRET ¢ MdE. Fortran RS MIRFEEFERE ). Ry HE
E] o 07 h‘:'l%ﬁrj‘iglil _10
TR len \= src->len W R BORF R4 o

int PyObject_CopyData (Py_buffer *dest, Py_buffer *src)

Part of the Stable ABI since version 3.11. Copy data from src to dest buffer. Can convert between C-style and
or Fortran-style buffers.

0 is returned on success, —1 on error.
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void PyBuffer_FillContiguousStrides (int ndims, Py_ssize_t *shape, Py_ssize_t *strides, int itemsize,
char order)

Part of the Stable ABI since version 3.11. [ %45 5 Fo AR B contiguous F5 B (AN order )y ' C' NIK
C W&, AN order 3y &' WUk Fortran XUA%) SKIE T strides $04H, BIT0REHA L& F54L

int PyBuffer_FillInfo (Py_buffer *view, PyObject *exporter, void *buf, Py_ssize_t len, int readonly, int
flags)

Part of the Stable ABI since version 3.11. AbPE T HAFEFII R XK, %S HBRTF AT RN len 1
buf , FHLYE readonly B GV . bug Wl H— TS A .

SR flags Fon it KA. ZRBUS 2% IR flag FRE M NEHA view, BRAE buf ¥ i, FFH.
flag FEE T PyBUF_WRITABLE FRiE

LI, K view—>0by XN exporter W5, Fi&[E 0. &HN, 5% PyExc_BufferError ,
¥ view—>o0bj o NULL, FfiR[H -1,

TSR MR ET M gerbufferproc W—853, W exporter WhZBE R XSG, I HLAAJHEARAE B 15 DL
THEE flags. TN, exporter WhjliJ& NULLS,

7.8 |BZ& Y

3.0 s E AR,

XL HE Python 2 v “IHZEnb " APL RYZLAES o fE Python 3 i, UMM C AR AFAE, (HiXLLMR
BATVIRWL A TFDAMERSAR 2.x BACRS o BT 22 0h sl BRI AT, (HEANFASTEG T
HH R 1] A (A X BT R B AL 2 o o O 4

.lﬂ_’, AR EH Pyobject_GetBuffer () (HB A PyArg ParseTuple () REUEMSH v* 8% w*
16 KAl KA — AR R ZE PR, TG E TR A PyBuf fer Release ().

int PyObject_AsCharBuffer (PyObject *obj, const char **buffer, Py_ssize_t *buffer_len)

Part of the Stable ABL & [n]— 45 ] /] FIVERE T A 45 0 i AR R N AR FR 5T o obf ZEU A3
R B FAF oo 1 o IR ] 0, K buffer Bk INAFHBAEH X buffer_len 15 Ry 22 IRACFE o HH 4
AR -1 % E 4 TypeError,

int PyObject_AsReadBuffer (PyObject *obj, const void **buffer, Py_ssize_t *buffer_len)
Part of the Stable ABI. 1R [8]— 4§ [ 8 55 AT B A %) X e NAFHBEE 3R 5 . obf S0 SCR; PR BT
B nhE . IR 0, X buffer & NAFHUIEFHRF buffer_len PRt KK BE . H A5 B IR 1]
-1 % E—1 TypeError,

int PyObject_CheckReadBuffer (PyObject *0)
Part of the Stable ABL 415 o SZF5 LB A28 vh 4 LI LR ] 10 B WER [ 0, BLeR AR 22 AT
TR PR B S 2RO R — & DX, I ELAE VR X B bR B0 18] & 2B 1) S S Bl . 3k
B 4R 45 W S 2 |l PyOb ject_GetBuffer ().

int PyObject_AsWriteBuffer (PyObject *obj, void **buffer, Py_ssize_t *buffer_len)

Part of the Stable ABL iR [8]—/N 4§ 6] 0] 5 NFE AL A H54L . obj 2020 32 FR A FAF Gob 2 1. B
W IE] O, Bf buffer Bh WAFHBIE I buffer_len By Zeoh XK. AR IR A -1 HE—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
TG T, M PyDict_Check (). AREELEHIZT Python X5 AKAM “FiRM” .

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 BEAMR

Atk Python ZERUNS A FA—SLBIN 4t 5 None.

8.1.1 AEIWKR

type PyTypeObject

Part of the Limited API (as an opaque struct). 374 1) C 45 FT-HiAR built-in 287
PyTypeObject PyType_Type

Part of the Stable ABI. 1% 2 J& T type %421 type object, ‘EFE Python ETAIF type sl R4 .
int PyType_Check (PyObject *0)

MRS 0 R—DERADNG, WIEIRAE HAMERBD G0 RSB W R [ HEAE . 7R A HE R O
TR 0. I RBCRE B2 T

int PyType_CheckExact (PyObject *0)
WERX LR 0 R—DLRADNS, (HARARMES AN R TRANGR FHERE . ETA HE RO N ERIR
] 0. JERRECK: B AT .«

unsigned int PyType_ClearCache ()
Part of the Stable ABL {75 WA G A7 IR 0] Y i iR A 345
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unsigned long PyType_GetFlags (PyTypeObject *type)
Part 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 API.

3.2 Hi e
TE 3.4 fiRFE PR The return type is now unsigned long rather than long.
void PyType_Modified (PyTypeObject *type)
Fart of the Stable ABL Invalidate the internal lookup cache for the type and all of its subtypes. This function
must be called after any manual modification of the attributes or base classes of the type.
int PyType_AddWatcher (PyType_WatchCallback callback)

Register callback as a type watcher. Return a non-negative integer ID which must be passed to future calls to
PyType_Watch (). In case of error (e.g. no more watcher IDs available), return —1 and set an exception.

3.12 B RE.
int PyType_ClearWatcher (int watcher_id)
Clear watcher identified by watcher_id (previously returned from Py Type_ AddWatcher ()). Return 0 on

success, —1 on error (e.g. if watcher_id was never registered.)

An extension should never call PyType_ClearWatcher with a watcher_id that was not returned to it by a
previous call to Py Type AddWatcher ().

3.12 B HE.

int PyType_Watch (int watcher_id, PyObject *type)

Mark type as watched. The callback granted watcher_id by Py Type_AddwWatcher () will be called when-
ever PyType_Modified () reports a change to fype. (The callback may be called only once for a series of
consecutive modifications to fype, if PyType_Lookup () is not called on fype between the modifications;
this is an implementation detail and subject to change.)

An extension should never call PyType_Watch with a watcher_id that was not returned to it by a previous
callto PyType_ AddWatcher ().

3.12 iR fE.
typedef int (*PyType_WatchCallback)(PyObject *type)
Type of a type-watcher callback function.

The callback must not modify type or cause Py Type_Modified () to be called on fype or any type in its
MRO; violating this rule could cause infinite recursion.

3.12 B HIIBE.
int PyType_HasFeature (PyTypeObject *o, int feature)
Return non-zero if the type object o sets the feature feature. Type features are denoted by single bit flags.
int PyType_IS_GC (PyTypeObject *0)
Return true if the type object includes support for the cycle detector; this tests the type flag
Py TPFLAGS_HAVE_ GC.
int PyType_IsSubtype (PyTypeObject *a, PyTypeObject *b)
Fart of the Stable ABI. Return true if a is a subtype of b.
This function only checks for actual subtypes, which means that __subclasscheck__ () is not called on
b. Call PyObject_TsSubclass () todo the same check that issubclass () would do.
PyObject *PyType_GenericAlloc (PyTypeObject *type, Py_ssize_t nitems)

Return value: New reference. Part of the Stable ABI. Generic handler for the tp_a 1 1oc slot of a type object.
Use Python’s default memory allocation mechanism to allocate a new instance and initialize all its contents to
NULL.
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PyObject *PyType_GenericNew (PyTypeObject *type, PyObject *args, PyObject ¥*kwds)
Return value: New reference. Part of the Stable ABI. Generic handler for the tp_new slot of a type object.
Create a new instance using the type’s tp_alloc slot.

int PyType_Ready (PyTypeObject *type)

Fart of the Stable ABI. Finalize a type object. This should be called on all type objects to finish their initial-
ization. This function is responsible for adding inherited slots from a type’s base class. Return O on success,
or return —1 and sets an exception on error.

;. If some of the base classes implements the GC protocol and the provided type does not include
the Py_TPFLAGS_HAVE_GC in its flags, then the GC protocol will be automatically implemented from its
parents. On the contrary, if the type being created does include Py TPFLAGS_HAVE_GC in its flags then it
must implement the GC protocol itself by at least implementing the tp_ t raverse handle.

PyObject *PyType_GetName (PyTypeObject *type)

Return value: New reference. Part of the Stable ABI since version 3.11. Return the type’s name. Equivalent to
getting the type’s ___name___ attribute.

3.11 FrHIIfE.
PyObject *PyType_GetQualName (PyTypeObject *type)

Return value: New reference. Part of the Stable ABI since version 3.11. Return the type’s qualified name.
Equivalent to getting the type’s ___qualname___ attribute.

3.1 RE.
void *PyType_GetSlot (PyTypeObject *type, int slot)

Fart of the Stable ABI since version 3.4. Return the function pointer stored in the given slot. If the result
is NULL, this indicates that either the slot is NULL, or that the function was called with invalid parameters.
Callers will typically cast the result pointer into the appropriate function type.

See PyType_Slot.slot for possible values of the slor argument.

3.4 H e

TE 3.10 JRE R Py Type_GetSlot () can now accept all types. Previously, it was limited to heap types.
PyObject *PyType_GetModule (PyTypeObject *type)

Fart of the Stable ABI since version 3.10. Return the module object associated with the given type when the

type was created using Py Type_FromModuleAndSpec ().

If no module is associated with the given type, sets TypeError and returns NULL.

This function is usually used to get the module in which a method is defined. Note that in such a method,
PyType_GetModule (Py_TYPE (self) ) may not return the intended result. Py_TYPE (self) may
be a subclass of the intended class, and subclasses are not necessarily defined in the same module as their
superclass. See PyCMethod to get the class that defines the method. See Py Type GetModuleByDef ()
for cases when PyCMethod cannot be used.

3.9 FrhRE.
void *PyType_GetModuleState (PyTypeObject *type)

Fart of the Stable ABI since version 3.10. Return the state of the module object associated with the given type.
This is a shortcut for calling PyModule_GetState () onthe result of Py Type_GetModule ().

If no module is associated with the given type, sets TypeError and returns NULL.

If the fype has an associated module but its state is NULL, returns NULL without setting an exception.

3.9 B fE.
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PyObject *PyType_GetModuleByDef (PyTypeObject *type, struct PyModuleDef *def)
Find the first superclass whose module was created from the given PyModuleDe £ def, and return that module.
If no module is found, raises a TypeError and returns NULL.

This function is intended to be used together with PyModule GetState () to get module state from slot
methods (such as tp_init or nb_add) and other places where a method’s defining class cannot be passed
using the PyCMet hod calling convention.

3.11 FrHIIfE.

Creating Heap-Allocated Types

The following functions and structs are used to create /eap types.

PyObject *PyType_FromMetaclass (PyTypeObject *metaclass, PyObject *module, PyType_Spec *spec,
PyObject *bases)

Part of the Stable ABI since version 3.12. Create and return a heap type from the spec (see
Py_TPFLAGS_HEAPTYPE).

The metaclass metaclass is used to construct the resulting type object. When metaclass is NULL, the metaclass
is derived from bases (or Py_tp_base[s] slots if bases is NULL, see below). Note that metaclasses that override
tp_new are not supported.

The bases argument can be used to specify base classes; it can either be only one class or a tuple of classes. If
bases is NULL, the Py_tp_bases slot is used instead. If that also is NULL, the Py_tp_base slot is used instead.
If that also is NULL, the new type derives from object.

The module argument can be used to record the module in which the new class is defined. It must be a module
object or NULL. If not NULL, the module is associated with the new type and can later be retrieved with
PyType_GetModule (). The associated module is not inherited by subclasses; it must be specified for
each class individually.

This function calls PyType_Ready () on the new type.

Note that this function does not fully match the behavior of calling t ype () or using the class statement.
With user-provided base types or metaclasses, prefer calling t ype (or the metaclass) over PyType_From*
functions. Specifically:

e _ new__ () isnot called on the new class (and it must be set to type.__ _new__ ).
e init__ () isnot called on the new class.
e __init_subclass__ () isnot called on any bases.
e __set_name__ () isnot called on new descriptors.
3.12 i fE.
PyObject *PyType_FromModuleAndSpec (PyObject *module, PyType_Spec *spec, PyObject *bases)

Return value: ~ New reference. Part of the Stable ABI since version 3.10. Equivalent to
PyType_FromMetaclass (NULL, module, spec, bases).
3.9 B fE.

JE 3.10 JiEE : The function now accepts a single class as the bases argument and NULL as the tp_doc slot.

FE 3.12 R P The function now finds and uses a metaclass corresponding to the provided base classes.
Previously, only t ype instances were returned.

PyObject *PyType_FromSpecWithBases (PyType_Spec *spec, PyObject *bases)

Return value:  New reference. Part of the Stable ABI since version 3.3. Equivalent to
PyType_FromMetaclass (NULL, NULL, spec, bases).
3.3 B IhE.
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TE 3.12 FUHE 2 The function now finds and uses a metaclass corresponding to the provided base classes.
Previously, only t ype instances were returned.

PyObject *PyType_FromSpec (PyType_Spec *spec)

Return value: New reference. Part of the Stable ABIL Equivalent to PyType_FromMetaclass (NULL,
NULL, spec, NULL).

TE 3.12 {5 2 The function now finds and uses a metaclass corresponding to the base classes provided in
Py_tp_base[s] slots. Previously, only t ype instances were returned.

type PyType_Spec
Part of the Stable ABI (including all members). Structure defining a type’s behavior.

const char *PyType_Spec.name
Name of the type, used to set PyTypeObject . tp_name.

int PyType_Spec.basicsize

int PyType_Spec.itemsize

Size of the instance in bytes, used to set PyTypeObject.tp_basicsizeand PyTypeObject.
tp_itemsize.

int PyType_Spec. flags
Type flags, used to set Py TypeObject.tp_flags.

If the Py_TPFLAGS_HEAPTYPE flag is not set, PyType_FromSpecWithBases () sets it auto-
matically.

PyType_Slot *PyType_Spec.slots
Array of Py Type_S1ot structures. Terminated by the special slot value {0, NULL}.

Each slot ID should be specified at most once.

type PyType_Slot
Fart of the Stable ABI (including all members). Structure defining optional functionality of a type, containing
a slot ID and a value pointer.

int PyType_Slot.slot

A slot ID.

Slot IDs are named like the field names of the structures PyTypeObject,
PyNumberMethods, PySequenceMethods, PyMappingMethods and
PyAsyncMethods with an added Py__ prefix. For example, use:

* Py_tp_dealloctoset PyTypeObject.tp_dealloc
* Py_nb_addtoset PyNumberMethods.nb_add
* Py_sqg_lengthtoset PySequenceMethods.sq_length
The following fields cannot be set at all using Py Type_ Spec and PyType_Slot:
s tp_dict
* tp_mro
* tp_cache
* tp_subclasses
* tp_weaklist
e tp_vectorcall
e tp weaklistoffset (use Py TPFLAGS_MANAGED_ WEAKREF instead)
e tp _dictoffset (use Py_TPFLAGS MANAGED_DICT instead)

* tp_vectorcall_offset (see PyMemberDef)
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Setting Py_tp_bases or Py_tp_base may be problematic on some platforms. To avoid
issues, use the bases argument of PyType_FromSpecWithBases () instead.

15 3.9 U PyBufferProcs FHIMEAIATRERTEANZIR APL AR E

JE 3.11 R R: bf_getbuffer and bf_releasebuffer are now available under the limited
API.

void ¥*PyType_Slot .pfunc
WAECL T . FERZEUIEOLT, XK — 8w R a4t
Py_tp_doc PASMYIEZE AT 2 NULL,

8.1.2 None Y&

THYERE, None [JPyTypeObject NXEILFE Python/ C APT /AT . i None ;2 HBI, WX SRl
(TEC P == ) MBS T . M TRFERER, A PyNone_Check () Hi4l.

PyObject *Py_None
Python None X4, FIRERZ(H. R MXGEA T L. EFTEGRT AR PEATH AR 52

Py_RETURN_NONE
IEfALIEE B C BN Py_None SR (HUEERUE, W None 151 FITHECHFRIIE.)

8.2 F{EMR

8.2.1 BHEIMR

P BT L A K AT B A R BB 42
e EE I, K24 PyLong_As* API #§£xiR M| (return type) -1, X5 FELHEX S, #HR
W PyErr Occurred () FHPAX .
type PyLongObject
Part of the Limited API (as an opaque struct). 37~ Python BE R ) pyobject T-I5H,
PyTypeObject PyLong_Type
Part of the Stable ABL iX~PyTypeObject H)SEf|FE/~ Python 825 % . 5 Python 155 W int
GEICIR
int PyLong_Check (PyObject *p)
i}ljl%’ﬁ%ﬁmPyLongObJect g PyLongObject FZAL, MIR[E True. %K% REMS T T K
.
int PyLong_CheckExact (PyObject *p)

WRESHE T PyLongObject, HAZPyLongObject BFZEBINLR [ B . HREEZ2 A
AT

PyObject *PyLong_FromLong (long v)
Return value: New reference. Part of the Stable ABL H v ik [B|— ) PyLongObject Xt4, St
izl NULL

MHT LI — AR S, S -5 R 256 Z M ITA BEEON S . AR — M Tz
[EJFY int 1, SEERASEIRREE N EA X RIT I .
PyObject *PyLong_FromUnsignedLong (unsigned long v)

Return value: New reference. Part of the Stable ABL. Return a new PyLongObject object from a C
unsigned long, or NULL on failure.
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PyObject *PyLong_FromSsize_t (Py_ssize_t V)
Return value: New reference. Part of the Stable ABL /] C Py_ssize_t Rl —ANHiHPyLongObject
X5, KIGHHR [ NULL .

PyObject *PyLong_FromSize_t (size_t V)
Return value: New reference. Part of the Stable ABL H] C size_t iR[E— 1 PyLongObject N4,
IR ] NULL .

PyObject *PyLong_FromLongLong (long long v)
Return value: New reference. Part of the Stable ABIL. Return a new PyLongOb ject 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 [l — AN # 1 Py LongObject X
£, RIGR A NULL .

PyObject *PyLong_FromString (const char *str, char **pend, int base)

Return value: New reference. Part of the Stable ABI. Return anew PyLongOb ject based on the string value
in str, which is interpreted according to the radix in base, or NULL on failure. If pend is non-NULL, *pend
will point to the end of s#r on success or to the first character that could not be processed on error. If base is 0,
str is interpreted using the integers definition; in this case, leading zeros in a non-zero decimal number raises
aValueError. If base is not 0, it must be between 2 and 36, inclusive. Leading and trailing whitespace
and single underscores after a base specifier and between digits are ignored. If there are no digits or str is not
NULL-terminated following the digits and trailing whitespace, ValueError will be raised.

PyObject *PyLong_FromUnicodeObject (PyObject *u, int base)
Return value: New reference. Y7 475% u A Unicode $ 7 745545 Python BE%{H .
3.3 Frihte.

PyObject *PyLong_FromVoidPtr (void *p)

Return value: New reference. Part of the Stable ABL. M #5 4t p A1 7 — /> Python ¥ %, 7] DA i
HlPyLong_AsVoidPtr () R[] HIFEEE

long PyLong_AsLong (PyObject *obj)

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.

Raise OverflowError if the value of obj is out of range for a long.
AR -1 . WH PyErr Occurred () #%HHAK 8.

e 3.8 R AR AT APRFE __index_ ().

e 3.10 BOE M ARBRBORTHEN __int__ () .

long PyLong_AsLongAndOverflow (PyObject *obj, int *overflow)

Part of the Stable ABL Return a C 1ong representation of obj. If obj is not an instance of PyLongOb ject,
first call its __index__ () method (if present) to convertittoa PyLongObject.

W obj I{E AT LONG_MAX 5{/NT LONG_MIN, MN&HE *overflow 43 BB N “1“ 8 -1, Ffk[E 1;
B, RF *overflow ERy 0. WA KA HA SR, WS HAF L *overflow Bk 0, R[] -1,

AR E] -1 . W PyErr Occurred () #%HEAA ),
TE 3.8 U B ansnl R __index_ (),
1E 3.10 MU ARECATIEH __int__ ()
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long long PyLong_AsLongLong (PyObject *obj)

Part 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.

Raise OverflowError if the value of obj is out of range fora long long.
HEENRERE] -1 . EHPyErr Occurred () B4R E,

T 3.8 BUEHC: AR A RHEN __index ().

5 3.10 R ABRECR M __int__ O .

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 FY{ER T LLONG_MAX B/ LLONG_MIN, WHEZHEHLKE *overflow 43 JIE K 1 8 -1, Fikk
[l -1, IR Foverflow >k 0o GQnEf & HAB S5 W] Foverflow >k 0 3R [ -1,

HASWGERE] -1 o A PyErr_Occurred () $HHARFEL
3.2 Hi e
TE 3.8 RS AR AT PR __index_ ().
e 3.10 OEW: AR __int__ O .
Py_ssize_t PyLong_AsSsize_t (PyObject *pylong)

Part of the Stable ABL &[5 pylong /) C 155 Py_ssize_t 3. pylong Wi j&PyLongObject W5
Bl

W pylong WEMEH T Py_ssize_t HHUEIEEN 5% OverflowError,
AR R -1 o M PyErr_Occurred () FH B4,
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.
HAEHRE] (unsigned long) -1, HFIHPyErr_Occurred () PERIEMARE.
size_t PyLong_AsSize_t (PyObject *pylong)
Part of the Stable ABL iR [5] pylong ) C &5 size_t B, pylong W2 PyLongObiect WM.
TR pylong WERH T size t MBUEIERE N5 % OverflowError,
HEERTRE (size_t) -1, A PyErr _Occurred () HEHl AR,
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.
HEERFR Al (unsigned long long) -1, #EFIPyErr Occurred () HEmEAAK A8,
e 3.1 R BAE pylong N {HE & 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,firstcallits __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.

HiEFRIE] (unsigned long) -1, WAIMPyErr_Occurred () HEulR A M.
7 3.8 R AR R __index__ ().
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1 3.10 BOEM: ARBOAFHEN __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, firstcall its __index__ () method (if present) to convert it to a PyLongOb ject.

If the value of obj is out of range for an unsigned long long, return the reduction of that value modulo
ULLONG_MAX + 1.

HeERHR ] (unsigned long long) -1, HAIHPyErr Occurred () FERER N H,
TE 3.8 CHE B WA AT PRI __index_ ().
1 3.10 RCEH: ARRECAFME _int__ O .

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.
eI RE -1.0 , WHHPyErr_Occurred () PRl Ak HE .
void *PyLong_AsVoidPtr (PyObject *pylong)
Part 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 ().

SRR E] NULL, iR PyErr Occurred () HEHl A& A .,

8.2.2 FHIRMEK

Python HAT /R A BEAN 7KL . A Py_False fll Py_True PM/RME. HIL, IEHK
DUEFIBR I REAE M TR (Hi2, ToIZETH .

int PyBool_Check (PyObject *0)

MR o ALK PyBool _Type MRIAIE(EH . ML &2 BT
PyObject *Py_False

Python [) “False“ X 5. ZAREAEMITVE. EWIZRHEM T TG BRI R—FE A .
PyObject *Py_True

Python ) “True“Xf 4. XS RIA AT v EMWIRGHE M AT T ECE B — O
Py_RETURN_FALSE

MEEEGRIE] Py_False W, FGESEMERTIHTTAL
Py_RETURN_TRUE

MEEEGRIE] Py_True W, #GEIEMERTIHTTAL
PyObject *PyBool_FromLong (long v)

Return value: New reference. Part of the Stable ABL MR ¥g v WL BR{E, iR F— Py_True B H
Py_False HH5IH.
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8.2.3 FREMR

type PyFloatObject
XA C A pyobject (5 AM L4 Python 7 N4 .

PyTypeObject PyFloat_Type
Part of the Stable ABL % 2AN@ T C KB Py Typeob ject L3 Python 7 f 258 1y 5215) . 7€ Python
JZMRYZEAL float s m—PRR.

int PyFloat_Check (PyObject *p)
IR ERNBHIE A PyFloatObject HF# PyFloatobject [ FRBNRE HAL. Ik HUE 2
KEIAT .

int PyFloat_CheckExact (PyObject *p)
WREMSEIE— N PyFloatObject (ARREPyFloatobject BT IBUMIR M B fE. ok £
R IIAT.

PyObject *PyFloat_FromString (PyObject *str)
Return value: New reference. Part of the Stable ABL fR{EFZFE sor (EHB#— A PyFloatObject, 2k
K EsF IR [A] NULL,

PyObject *PyFloat_FromDouble (double v)
Return value: New reference. Part of the Stable ABL 1R¥E v Glft—/~PyFloatObject X4, KRINFR
[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.

15 3.8 R N AR AT R __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 1% [A]—~ structseq S|, H A&7 X float [
B B/MEMBRREREE . Bk float . h —E AR,

double PyFloat_GetMax ()
Part of the Stable ABI. Return the maximum representable finite float DBL_MAX as C double.

double PyFloat_GetMin ()
Fart of the Stable ABI. Return the minimum normalized positive float DBL_MIN as C double.

Pack and Unpack functions

The pack and unpack functions provide an efficient platform-independent way to store floating-point values as byte
strings. The Pack routines produce a bytes string from a C double, and the Unpack routines produce a C double
from such a bytes string. The suffix (2, 4 or 8) specifies the number of bytes in the bytes string.

On platforms that appear to use IEEE 754 formats these functions work by copying bits. On other platforms, the
2-byte format is identical to the IEEE 754 binary16 half-precision format, the 4-byte format (32-bit) is identical to
the IEEE 754 binary32 single precision format, and the 8-byte format to the IEEE 754 binary64 double precision
format, although the packing of INFs and NaNs (if such things exist on the platform) isn’t handled correctly, and
attempting to unpack a bytes string containing an IEEE INF or NaN will raise an exception.

On non-IEEE platforms with more precision, or larger dynamic range, than IEEE 754 supports, not all values can be
packed; on non-IEEE platforms with less precision, or smaller dynamic range, not all values can be unpacked. What
happens in such cases is partly accidental (alas).
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311 RE.

8.2.4 Pack functions

The pack routines write 2, 4 or 8 bytes, starting at p. le is an int argument, non-zero if you want the bytes string in
little-endian format (exponent last, at p+1, p+3, or p+6 p+7), zero if you want big-endian format (exponent first,
atp). The PY_BIG_ENDIAN constant can be used to use the native endian: it is equal to 1 on big endian processor,
or 0 on little endian processor.

Return value: 0 if all is OK, -1 if error (and an exception is set, most likely OverflowError).
There are two problems on non-IEEE platforms:

* What this does is undefined if x is a NaN or infinity.

e —0.0 and +0. 0 produce the same bytes string.

int PyFloat_Pack2 (double x, unsigned char *p, int le)
Pack a C double as the IEEE 754 binary16 half-precision format.

int PyFloat_Pack4 (double x, unsigned char *p, int le)
Pack a C double as the IEEE 754 binary32 single precision format.

int PyFloat_Pack8 (double x, unsigned char *p, int le)
Pack a C double as the IEEE 754 binary64 double precision format.

8.2.5 Unpack functions

The unpack routines read 2, 4 or 8 bytes, starting at p. le is an int argument, non-zero if the bytes string is in
little-endian format (exponent last, at p+1, p+3 or p+6 and p+7), zero if big-endian (exponent first, at p). The
PY_BIG_ENDIAN constant can be used to use the native endian: it is equal to 1 on big endian processor, or O on
little endian processor.

Return value: The unpacked double. On error, thisis ~1.0 and PyErr_Occurred () is true (and an exception
is set, most likely OverflowError).

Note that on a non-IEEE platform this will refuse to unpack a bytes string that represents a NaN or infinity.

double PyFloat_Unpack2 (const unsigned char *p, int le)
Unpack the IEEE 754 binary16 half-precision format as a C double.

double PyFloat_Unpack4 (const unsigned char *p, int le)
Unpack the IEEE 754 binary32 single precision format as a C double.

double PyFloat_Unpack8 (const unsigned char *p, int le)
Unpack the IEEE 754 binary64 double precision format as a C double.

8.2.6 FHMKR

M C APL %, Python FSZHOR G bl P AN A ) FS 73 5L BE . — 324 Python A7 (1] () Python X4, 734
e — MR IR BER C 25K 4. APL 2L T s AL [ B
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RREHH C &Half

it SE R R X B RV S RO UM R I ek B, AR ted (67 A5 e 1t
PN T84~ APL
type Py_complex

X2 — X LY. Python S BOGH R AYAEH 1 C ZEMI A, 2 73 Ak BIAZ HAO0 5 1) e J30HT i SR 20U )
SR E R A BCE AR, e T SO :

typedef struct {
double real;
double imag;
} Py_complex;

Py_complex _Py_c_sum (Py_complex left, Py_complex right)
BIPASEE T, ) CAlry complex Fn.
Py_complex _Py_c_diff (Py_complex left, Py_complex right)
BIPASEE 22, 1 CAlry complex Fn.
Py_complex _Py_c_neg (Py_complex num)
AR [ SR num WTAE, H) C Py_complex KR,
Py_complex _Py_c_prod (Py_complex left, Py_complex right)
R B Z R, ] C KMy complex R,
Py_complex _Py_c_quot (Py_complex dividend, Py_complex divisor)
BB LT, W CRABPy complex iR,
W divisor 2S5, EANTTEIREBIZEHRE errno S5 EDOM,
Py_complex _Py_c_pow (Py_complex num, Py_complex exp)
AR num 1) exp YR, I C R BPy complex FiR,
MR num 273 . exp AR IESEL, XA AR AR HE errno i EDOM,

RREHE Python 3%

type PyComplexObject
XA CRAMpyobject FAUM L Python ZHRIR .

PyTypeObject PyComplex_Type
Part of the Stable ABL X 2/N@ T PyTypeobject W Python & 2R AIM) S5 . FF Python JZ1A]
IZEAY complex & [a—RR.

int PyComplex_Check (PyObject *p)
MAREMS LR — A PyComplexobject B PyComplexObject M FAMMIRFITLH. HR%L
MRS IPAT .

int PyComplex_CheckExact (PyObject *p)
IR EMSER—PyComplexObject ARRPyComplexObject ) FRANLR M FE. B
FOSS = RIE/

PyObject *PyComplex_FromCComplex (Py_complex v)
Return value: New reference. 1R C 58Py complex W{EAE — 1) Python & 5064 .

PyObject *PyComplex_FromDoubles (double real, double imag)

Return value: New reference. Part of the Stable ABL R & real F1 imag & [F] — A i) C &
RlpycomplexObject X4,
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double PyComplex_RealAsDouble (PyObject *op)
Fart of the Stable ABI. Return the real part of op as a C double.
double PyComplex_ImagAsDouble (PyObject *op)
Part of the Stable ABIL Return the imaginary part of op as a C double.
Py_complex PyComplex_AsCComplex (PyObject *op)
R E op 1) C APy complex .
Wk op AN@—> Python ZHXIR, (HR2HA _complex_ () Ik, ﬁtﬁ‘?ﬂ%ﬁf‘ﬁ%ﬁﬁlﬂ% . F

op 548l —> Python ZH0 4. f2k _complex ) REXNPEEELGEE _ float_ (), HIR
_ float__ () KEIEEHESE _ index_ ﬂn%é&ﬁ'& P ERR ] -1 .0 ﬂfj\b@ﬁl{ﬁ

e 3.8 e AR AT PR __index_ ().

3 FIIMR

FEAR G — R BAAE B — R el 295748 Python 1 5 AT HURRE R F IR .

8.3.1 bytes ¥

XL R BT PR — AP AT ER RS AN T — A T RESBIHIN 25K TypeError,
type PyBytesObject
XFpryobject BT RAFKR—1 Python FATXE
PyTypeObject PyBytes_Type
Part of the Stable ABL Py TypeObject H)SEfIFE—> Python 35257 | ¥£ Python JZ1H'E 5 bytes
M X4 .
int PyBytes_Check (PyObject *0)
TERXFR 0 42— bytes XFREF bytes FEAURY T ARAU R SLBNNR [ EAH . B pRBLEE 2 BT
int PyBytes_CheckExact (PyObject *0)

UWERXFR 0 72— bytes XFZAHAE bytes JAU Y1 IR Y S Wi 0] B . b bR AU A2 22 1B A
7.

PyObject *PyBytes_FromString (const char *v)

Return value: New reference. Part of the Stable ABL. F{E & [0 — NPAFEAFER v IR AS (B ) 8 515 5
X4, RMEHRF NULL. B2 v AR NULL; BEASPHA .

PyObject *PyBytes_FromStringAndSize (const char *v, Py_ssize_t len)

Return value: New reference. Part of the Stable ABL R} R Bl —ANPAFAF e v I EIAS H{E B K JE N
len W FTFTTHRXSR, RIGIR A NULL. #2R v 2 NULL, WRHIGRAC ST B RN A .

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

Return value: New reference. Part of the Stable ABL %57 —4~ C printf () K& format 458 Ffm]
WHERNSEL, TSR Python S5 BT RIN K/ NIk [F S EUH 2 A AL R I F x4 . Al Az
BRI SE MY C B H IS S format 458 P AS AR o Fevp i ] R 51A%
AP AP
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%% iE A F% FAF

sc int — AT, BFRR N C Il E A

sd int R4 T printf ("sd™).

Su unsigned int MY T printf ("sun) PeeTIT

51d KA HI4 T printf ("s1d") fec ]

$1lu unsigned long | A4 T printf ("slu") P TiaT

$zd Py _ssize_t | IS4 T printf ("%zd") e lldl

Szu size_t YT printf ("szu") P TIET

%1 int MM T printf (msim) Peeelidl

$x int MY T printf ("ex") Pee T

$s const char* PA null B2 R0 C 47504 .

5p const void* —~C f‘éﬁﬂﬁﬁ“/\ﬁﬁﬂ%ﬁzﬂ?%ﬁc HAZGEMT printf ("sp") (H
Hﬂ%"ﬁﬁ%%?ﬁﬁ 0x IF3k, MEARG P& L print £ B2t
Ao

TeEFRIAR X FAF & P ERAR X TR R I WA R R 2R %, HERTA LR
4L
PyObject *PyBytes_FromFormatV (const char *format, va_list vargs)
Return value: New reference. Part of the Stable ABL. 5PyBytes_FromFormat () 524HRE, BT EH
WWHANZEL.
PyObject *PyBytes_FromObject (PyObject *0)
Return value: New reference. Part of the Stable ABIL. 1% [B] =5 3R SIS i X PSS 4 *o*
Py_ssize_t PyBytes_Size (PyObject *0)
Part of the Stable ABIL 1R [B] X4 *o* TR,
Py_ssize_t PyBytes_GET_SIZE (PyObject *0)
Similar to PyBytes_Size (), but without error checking.

char *PyBytes_AsString (PyObject *0)

ParfOffhe Stable ABL & [} ). o EI’JV\]%?E’JT‘&%JF ZAREHE M 0 E’J[jﬂiﬁ%?q“l:, Hrpfif len (o)
+ 1T, G RNRE N FIERAE, NMEREAEHA ST, é‘ﬁET—IL AT
RSB, BIE2RIE A PyBytes FromStrlngAnd81ze (NULL, size) GIBHZXZ. BEA
B L . 2R o AN R —DFATHN G, WPyBytes Asstring () &I NULL #5]%

TypeError,
char *PyBytes_AS_STRING (PyObject *string)
Similar to PyBytes_AsString (), but without error checking.
int PyBytes_AsStringAndSize (PyObject *obj, char **buffer, Py_ssize_t *length)
Part of the Stable ABL i@ 15 %y 258 buffer 1 length 32 [5] DA null S 2 1 FF IR A obf IINZ .
WNR length }) NULL, TR R QAL EIAR 2775 WREE, WLz -1 35 %

ValueError,

I?QZ%FFIX?HF? obj WNTBZE T, BEMRRBMAE—MNIMZSFN (INEALE length 2471 ) o ZHHHAT]

WA ks, BAERNI#E ] PyBytes_FromStringAndSize (NULL, size) GI@HZN
?ﬁ BRI . Q2R obj IRAN R —NFATEXNS, WPryBytes AsStringAndSize ()
ikl -1 5|k TypeError.

T 3.5 M AR, 2455 HX g b IR AR 2 P55 & TypeError.
void PyBytes_Concat (PyObject **bytes, PyObject *newpart)

Part of the Stable ABL ¥F *bytes T EIZH I FITENE, HPEEEINZ] bytes ) newpart [N ;
HEREDATFIITIH . X bytes JFAER S | HRFB ] . AR TR Q@RS XF bytes [1HT | AR
B 30 H *bytes WO NULL; P05 B 24 1) 5

PXPTERBGINAE (d, u, 1d, Lo, zd, zu, 0, x) METHURREZIN, O BRI .
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void PyBytes_ConcatAndDel (PyObject **bytes, PyObject *newpart)

Part of the Stable ABL 7E *bytes " A B H ) 77X 5, HA &I INE] bytes 1) newpart FNZE . I
A 25 987 newpart W95 4L

int _PyBytes_Resize (PyObject **bytes, Py_ssize_t newsize)

AR AT R RN — R X, B HESR ARTIARXT 47 . o S TS H B E T B x4 W
ST ERAE AR B AR 4 RO AT 7 2. A0SR A5 R 5 1 THEOR Sy — Dl
TR BRI S o A A— A BUE TR RN HIEE N Ivalue (BERTRESHE T A ), AL AR EINH
Ko MBI, *bytes FEAFHEAE R/ING T HR AT ZIF IR ] 05 *bytes Hrifg ik o] i 5 Him AE
ANl MR BRI, W “bytes b1 S 75 XTSRS 7 IC . *bytes 23951 °H NULL, [A]H}
&E MemoryError Hik[H -1,

8.3.2 FHMAMR

type PyByteArrayObject
XANPyObject PFIHMFEIR—> Python “FHr 4T A .
PyTypeObject PyByteArray_Type

Fart of the Stable ABL Python bytearray 2% % /R NPy TypeObject B SEH]; XY Python 2 )
bytearray EMFIFIRTS .

KBRER

int PyByteArray_Check (PyObject *0)
WARXIR o0 j&—> bytearray X G2l bytearray JERU Y1 AR S B MR [0l FLE . HERRBUE 2
iz

int PyByteArray_ CheckExact (PyObject *0)

WERXF G 0 f&—A~ bytearray X G {HANJ2 bytearray SR i) I 9 B MR o A . BERRAILEL
IS«

oy
=

&m
M

B APl H%

PyObject *PyByteArray_FromObject (PyObject *0)
Return value: New reference. Part of the Stable ABL RIEAFASZI T 4% o7 R W3 NS o, & [H—N
TR 4

PyObject *PyByteArray FromStringAndSize (const char *string, Py_ssize_t len)
Return value: New reference. Part of the Stable ABL 1R4% string Jt HAC & len 67—~ #11Y) bytearray X}
Go MRMUIR ] NULL,

PyObject *PyByteArray_Concat (PyObject *a, PyObject *b)
Return value: New reference. Part of the Stable ABL JEFT58H a 1 b FHR Ml —AN G 45 R 131 5
T

Py_ssize_t PyByteArray_Size (PyObject *bytearray)
Part of the Stable ABIL. ¥EAG 2 NULL 1541 )5 & 0] bytearray WK /N,

char *PyByteArray_AsString (PyObject *bytearray)
Part of the Stable ABL TEAG A NULL $84 53R IR bytearray iR [ — S FAFEEH . R B EALE 2
SIEIM— A A T

int PyByteArray_Resize (PyObject *bytearray, Py _ssize_t len)
Part of the Stable ABL 5 bytearray /7 N B ZE P IX R K /INJEIEE A len.,
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M

XN AR RE , BN AR
char *PyByteArray_AS_STRING (PyObject *bytearray)
Similar to PyByteArray_AsString (), but without error checking.

Py_ssize_t PyByteArray_ GET_SIZE (PyObject *bytearray)
Similar to PyByteArray_Size (), but without error checking.

8.3.3 Unicode ¥t f14widfRt028
Unicode &
1M python3.3 15280 T PEP 393 DUk, Unicode X4 M 4 PR ik, DUBAE LA PO FE e 1

[F] IS A PR 5E RE T 1) Unicode 74 . X1 BrA fURD mUARIR T 128, 256 B 65536 B FAFHR , A —LUhkty
ol AW, AR ST 1114112 (G258 #E1Y Unicode JEH ) -

UTF-8 representation is created on demand and cached in the Unicode object.

$11: The Py_UNICODE representation has been removed since Python 3.12 with deprecated APIs. See PEP 623
for more information.

Unicode 3#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 B fE.
type Py_UNICODE
This is a typedef of wchar_t, which is a 16-bit type or 32-bit type depending on the platform.
7£ 3.3 L 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 FrhRE.
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 C macros and static inlined functions for fast checks and access to internal read-only data of
Unicode objects:
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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)

Returns 0. This API is kept only for backward compatibility.

3.3 B RE.

3.10 UG E.#8 B This API does nothing since Python 3.12.
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 BRI HE.
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 function.

3.3 B IInE.
PyUnicode_1BYTE_KIND
PyUnicode_2BYTE_KIND
PyUnicode_4BYTE_KIND
RB|PyUnicode KIND () Z2HI{H.
3.3 B fE.
TE 3.12 iU I PyUnicode_WCHAR_KIND has been removed.
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 HrihfE.
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 Frihfe.
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 function performs
no sanity checks, and is intended for usage in loops. The caller should cache the kind value and data pointer
as obtained from other 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 B IIfE.
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 B fE.
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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 B fE.

Py_UCS4 PyUnicode_MAX_CHAR_VALUE (PyObject *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 B

int PyUnicode_IsIdentifier (PyObject *0)

Fart of the Stable ABIL Return 1 if the string is a valid identifier according to the language definition, section
identifiers. Return 0 otherwise.

1 3.9 U HE PR The function does not call Py FatalError () anymore if the string is not ready.

Unicode & E

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)
A ch 2 2 HFAFR M 18 0.
int Py_UNICODE_ISLOWER (Py_UCS4 ch)
R ch 25 R/ NEGFAFIRE 15 0.
int Py_UNICODE_ISUPPER (Py_UCS4 ch)

Return 1 or 0 depending on whether ch 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 U/CS4 ch)

Return 1 or 0 depending on whether c# 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 c#h 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 ch 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:
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Py_UCS4 Py_UNICODE_TOLOWER (Py_UCS4 ch)

Return the character ch converted to lower case.

3.3 {5 E #8658 This function uses simple case mappings.
Py_UCS4 Py_UNICODE_TOUPPER (Py_UCS4 ch)

Return the character ch converted to upper case.

3.3 iR JG L4804 This function uses simple case mappings.
Py_UCS4 Py_UNICODE_TOTITLE (Py UCS4 ch)

Return the character ch converted to title case.

3.3 UG EL 8 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 function
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 function does
not raise exceptions.

double Py_UNICODE_TONUMERIC (Py_UCS4 ch)
Return the character ch converted to a double. Return —1 . 0 if this is not possible. This function does not
raise exceptions.

These APIs can be used to work with surrogates:

int Py_UNICODE_IS_SURROGATE (Py_UCS4 ch)
Check if ch is a surrogate (0xD800 <= ch <= O0xDFFF).

int Py_UNICODE_IS_HIGH_SURROGATE (Py_UCS4 ch)
Check if ch is a high surrogate (0xD800 <= ch <= OxDBFF).

int Py_UNICODE_IS_LOW_SURROGATE (Py_ UCS4 ch)
Check if ch is a low surrogate (0xDC0O0 <= ch <= 0xDFFF).

Py_UCS4 Py_UNICODE_JOIN_SURROGATES (Py_UCS4 high, Py_UCS4 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. high must be in the range [0xD800; 0xDBFF] and low must be in
the range [0xDCO00; OxDFFF].

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 FriR e
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.
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If necessary, the input buffer is copied and transformed into the canonical representation. For example, if the
buffer is a UCS4 string (PyUnicode_4BYTE_KIND) and it consists only of codepoints in the UCS1 range,
it will be transformed into UCS1 (PyUnicode_1BYTE_KIND).

3.3 B fE

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. The return value might
be a shared object, i.e. modification of the data is not allowed.

This function raises SystemError when:
o size <0,
e 1 is NULL and size > 0

TE 3.12 fiRREE PR u == NULL with size > 0 is not allowed anymore.

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 print £ () -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:

BFFHF | KR EX

%% i€ f L% FH o

$c int PAFERE, £k Cilg AL,

sd int MY T printf ("sd").!

Su unsigned int MY T printf ("su").!

$1d KRR M4 F printf ("$1d").

$1i KA YT printf ("s1i") ]

$1u unsigned long MM T printf ("$1u").!

%$11d long long MY T printf("s11d") .t

5111 long long MY T printf ("$114im).!

$11lu unsigned long long 4T printf("s11u").!

$zd Py _ssize_t MM T printf ("%$zd").!

$z1 Py ssize_ t YT printf ("$zi").!

$zu size_t FX4T printf ("Szu").!

%1 int AT printf('%l )T

%x int 4T printf ("sx").!

$s const char* PA null 252 1451 C ?f—'j‘éﬁléﬂ

$p const void* —~ C 485 +)Ti?£%J%‘%/?ﬁjiﬁ RGN T
printf ("sp") (HELXFHRAFHE 0x 3k, MERSE
BRI prlntf Wk A 4.

SA PyObject* ascii () LR,

$U PyObject* A Unicode object.

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 ().

! For integer specifiers (d, u, 1d, 1i, Iu, 11d, 11i, 1, zd, zi, zu, i, x): the O-conversion flag has effect even when a precision is given.
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£ 1: 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$A", "SU", "$S", "$R" and "$V" (if the PyObject* argument is not NULL).

TE 3.2 MR s e Support for "$11d" and "%$11u" added.
TE 3.3 MU P Support for "$1i", "$11i" and "$zi" added.
TE 3.4 JiRFE L Support width and precision formatter for "$s™", "$A", "SU", "$V", "$S", "$R" added.

TE 3.12 it B B An unrecognized format character now sets a SystemError. In previous versions it caused
all the rest of the format string to be copied as-is to the result string, and any extra arguments discarded.
PyObject *PyUnicode_FromFormatV (const char *format, va_list vargs)
Return value: New reference. Part of the Stable ABL 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.
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 B fE.
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 FrihfE.

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 B Tfe.
int PyUnicode_WriteChar (PyObject *unicode, Py_ssize_t index, Py_UCS4 character)
Fart 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 BRI HE.

Py_UCS4 PyUnicode_ReadChar (PyObject *unicode, Py_ssize_t index)

Fart 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 PyUnicode_READ_CHAR (), which
performs no error checking.

3.3 Hge.
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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 B fE.

Py_UCS4 *PyUnicode_AsUCS4 (PyObject *u, Py_UCS4 *buffer, Py_ssize_t buflen, int copy_null)

Part 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 B .

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 HRge.

PyObject *PyUnicode_FromObject (PyObject *obj)

Return value: New reference. Part of the Stable ABI. 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.

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. str must end with a null character but cannot contain embedded null characters.

Use PyUnicode_DecodeFSDefaultAndSize () to decode a string from the filesystem encoding and
error handler.

This function ignores the Python UTF-8 Mode.
B

The Py_DecodeLocale () FREL.

3.3 B e

TE 3.7 B L 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 B .

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.
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Use PyUnicode_EncodeFSDefault () toencode a string to the filesystem encoding and error handler.
This function ignores the Python UTF-8 Mode.

W

The Py _EncodeLocale () function.

3.3 B IhE.

JE 3.7 B E B: 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.

XHRGRBER

Functions encoding to and decoding from the filesystem encoding and 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 PyBytesOb ject* which must be released when it is no longer used.

3.1 H e

JE 3.6 fREE e 3252 —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 R e
T 3.6 RS 22— 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 you need to decode a string from the current locale encoding, use
PyUnicode_DecodeLocaleAndSize ().

B

The Py_DecodeLocale () HR%L.
TE 3.6 JiREE PR The filesystem error handler is now used.

PyObject *PyUnicode_DecodeFSDefault (const char *s)

Return value: New reference. Part of the Stable ABL. Decode a null-terminated string from the filesystem
encoding and error handler.

If the string length is known, use PyUnicode_DecodeFSDefaultAndSize ().
TE 3.6 JRFE R : The filesystem error handler is now used.
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PyObject *PyUnicode_EncodeFSDefault (PyObject *unicode)
Return value: New reference. Part of the Stable ABIL. Encode a Unicode object to the filesystem encoding and
error handler, and return bytes. Note that the resulting bytes object can contain null bytes.

If you need to encode a string to the current locale encoding, use PyUnicode_EncodeLocale ().

W

=

The Py_EncodeLocale () function.
3.2 Bl Yie.
JE 3.6 JRFE N : The filesystem error handler is now used.

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)
Fart 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 New () (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 B fE.

’E 3.7 Bk Raises a ValueError if size is NULL and the wchar_ t * string contains null characters.
g

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 system calls should
use PyUnicode_FSConverter () for encoding file names. This uses the filesystem encoding and error handler
internally.

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.
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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.

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.

UTF-8 Zmfftdes

PAR 2 UTE-8 Ziff# it 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_f size, const char *errors, Py_ssize_t
*consumed)

Return value: ~ New reference. Part of the Stable ABI. If 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 ABI. 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)

Part 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 Frihhe.
JE 3.7 IR B The return type is now const char * rather of char *.
FE 3.10 JiR B8k 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 BRI HE.

T 3.7 MU PR The return type is now const char * rather of char *.
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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 is 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.

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
*byteorder == 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.
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PyObject *PyUnicode_DecodeUTF16Stateful (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 is 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.

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 ABI. If consumed is NULL, behave like
PyUnicode_DecodeUTFE7 (). 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.

Unicode-Escape 4gf#i52%

These are the "Unicode Escape” codec APIs:

PyObject *PyUnicode_DecodeUnicodeEscape (const char *s, Py_ssize_f 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.

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.
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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.

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.

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.

If mapping is NULL, Latin-1 decoding will be applied. Else mapping must map bytes ordinals (integers in the
range from 0O 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 ABL. 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.

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.
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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.

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. If
consumed 1is 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
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 B fE.

Methods & Slots

HESEMLER

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.

8.3. FRAINIgR 129



The Python/C API, %% 3.12.0a0

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)

Fart 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 direction)
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 direction)

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 i Ise.
TE 3.7 U PR 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 maxcount)

Return value: New reference. Part of the Stable ABI. 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)

Part 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 Xt~ Unicode 4788 $UT & L H-1R Bl A M EZ

e 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_FEQ, Py_NE, Py_LT,and Py_LE.
PyObject *PyUnicode_Format (PyObject *format, PyObject *args)

Return value: New reference. Part of the Stable ABL Return a new string object from format and args; this is
analogous to format % args.
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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)

Fart of the Stable ABL 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.

8.3.4 TTHIMR

type PyTupleObject
XAPyobject [FRIMNFE—4 Python Y ITLHN 4 .
PyTypeObject PyTuple_Type
Part of the Stable ABL Py TypeObject FSERIFE—1 Python JuZHZEZY , X5 Python Z ] tuple
M X4 .
int PyTuple_Check (PyObject *p)
W p 22—~ tuple XFZ i # tuple AL FHRAUWY S FIN LR I FAE . R BUR 22 I T.
int PyTuple_CheckExact (PyObject *p)
HIE p 2 tuple A4 2 tuple YSZAY THIUMTHIMEFIELH . I ERHC SR HIIAAT
PyObject *PyTuple_New (Py_ssize_t len)
Return value: New reference. Part of the Stable ABL J{{I IR [Bl—ANE AT 4, KN len, SR}
iR [A] “NULLS,
PyObject *PyTuple_Pack (Py_ssize_t n, ...)
Return value: New reference. Part of the Stable ABL IR Bl — AN e %, K/ANK o, SR}
&M NULL. JTAAERIAR LR ) Python XA J54E n 4> C 4. PyTuple_Pack (2, a, b) Al
Py_Buildvalue (" (00)", a, b) fH%E.
Py_ssize_t PyTuple_Size (PyObject *p)
Part of the Stable ABL SRIUIR 0] LM R AYHEEE, H R IZICH R/
Py_ssize_t PyTuple_GET_SIZE (PyObject *p)
R ETCH p RV, BN EE NULL - HAg [ — 4 Iedl; A PETHT A A
PyObject *PyTuple_GetItem (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. Part of the Stable ABL 1R[] p Fr 4§ 1m B I 57T pos ALFIXTE . Ul
R pos FHUEEGEILER], MR W] NULL H5#—4> IndexError RH.
PyObject *PyTuple_GET_ITEM (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. 23 T-PyTuple_GetItem(), {HABEHESE.
PyObject *PyTuple_GetSlice (PyObject *p, Py_ssize_t low, Py_ssize_t high)

Return value: New reference. Part of the Stable ABI. Return the slice of the tuple pointed to by p between low
and high, or NULL on failure. This is the equivalent of the Python expression p [ low: high]. Indexing from
the end of the tuple is not supported.
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int PyTuple_SetItem (PyObject *p, Py_ssize_t pos, PyObject *0)

Part of the Stable ABL 7E p 35 [/ JCZLHY pos FLEAR ARG 0 BT o MENINHRIE] 05 412 pos i
B, WER[E -1, HHH—4> IndexError fH.

il MRS C“HiEC X o MG, HFEFRCAT EAEZE MO ER A H G .

void PyTuple_SET_ITEM (PyObject *p, Py_ssize_t pos, PyObject *0)
FUTPyTuple_Setitem(), EABATHUAGE, HHVIZ 22PN REEE R L.

#517F: This function “steals” a reference to o, and, unlike PyTuple_ SetItem(), does not discard a
reference to any item that is being replaced; any reference in the tuple at position pos will be leaked.

int _PyTuple_Resize (PyObject **p, Py_ssize_t newsize)

AAHF AR ICH I KN . newsize K2 UKL . R0 BON AR AR AL, B A A TE
XFGAH A5, A NZEHE. R S AR BTS20 .
TCHTERJG SR KB LERERHRIATA I — 1 Hocd, Rawai. moimhR
0 o Z AU A BABE *p BISERERE 518 A ML eR B BTAGMEAH ) . SRR T o 51 RO
4, WIERE *p FREC . RO, &IE] -1, $f *p &E N NULL, H5|% MemoryError o3

SystemError,

8.3.5 ZHIFFFIXIR

G P I G Z N T namedtuple () B CXFR, Hl—ANFa, Hoiyz A Bl A @i . 2
DIREEFFH, AR So G R BS54 1) 26 2.

PyTypeObject *PyStruct Sequence_NewType (PyStructSequence_Desc *desc)

Return value: New reference. Part of the Stable ABL. #R1E desc FHIEHRAI & — N as 77288,
FArid. RILMEH Py St ruct Sequence_ New () Al f45 2R SL 41 .

void PyStructSequence_InitType (PyTypeObject *type, PyStructSequence_Desc *desc)
M desc AT UG ALEE R FP BRI type .

int PyStructSequence_InitType2 (PyTypeObject *type, PyStructSequence_Desc *desc)
5 pystructSequence_InitType f[A], (AT 0, KRIKH R -1 .
3.4 e

type PyStructSequence_Desc
Part of the Stable ABI (including all members). & A 458 77 2R CE B -

1, C za8 B

name const char * A BB E S

doc const char * Fi 1) 22 M R B SCRY A4 R B NULL R %

fields PyStructSequence_Field #5[n DA NULL 45 BB T4, HFEAHR
* HHRA

n_in_sequenceint Python il o] ULiY = B8 (anf i 1Ec4l)

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 PyOb ject*. The index in the fields array of the
PyStructSequence_Desc determines which field of the struct sequence is described.
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i | CkH -y

name const FERMW A NULL , #FES R G4 F R E, HRE
char * “HPyStructSequence_UnnamedField PMEE Ry FE

doc | const TS B - B AT R Bl NULL
char *

const char *const PyStructSequence_UnnamedField
Part of the Stable ABI since version 3.11. 7B W R B R RS

TE 3.9 R XANRBEM char * B,
PyObject *PyStructSequence_New (PyTypeObject *type)

Return value: New reference.  Part of the Stable ABL ] #t type 1 5E i, 1% £ i
JlPyStruct Sequence_NewType () B,

=

W

\\E\H

N

PyObject *PyStructSequence_GetItem (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. Part of the Stable ABL & [5] p BF3§ 18] IG5 FF R, T pos AL
Ko NREHATHRGA.

PyObject *PyStructSequence_GET_ITEM (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. Py St ruct Sequence_GetItem () WA,

void PyStructSequence_SetItem (PyObject *p, Py_ssize_t pos, PyObject *0)

Part of the Stable ABL 45874 p RG] pos A FE R E NH 0o S5PyTuple SET ITEM() —
FE, BMNAZH T2 5 S

Frik:s XAREC BT TR o N5 .

void PyStructSequence_SET_ITEM (PyObject *p, Py_ssize_t *pos, PyObject *0)
Similar to PySt ruct Sequence_Set Item (), but implemented as a static inlined function.

ik XAERE BT TR o A5

8.3.6 XKW

type PyListObject
XA CEAPyobject BTIAAEK—> Python F X R .
PyTypeObject PyList_Type
Part of the Stable ABL X 2/N@ T PyTypeobiect W& Python 51| FE2RAIM LB . FF Python JZ1A]
AR List R —IRR.
int PyList_Check (PyObject *p)
MR p sg—A> list RPREGEE list ZEAU0) 72BN S B LR B B H . R EUR R 2 AT .
int PyList_CheckExact (PyObject *p)
MR p @ —A> list XPGAEAZ list AL T2RAUN S BINLR P FYE . MR BRI T .
PyObject *PyList_New (Py_ssize_t len)

Return value: New reference. Part of the Stable ABL F{II IR [B]— AN Bk len B35 3%, S0t [H]
NULL,

s M len KT, B W% XL 00 H 8¢5 B NULL, [ BEA/RASREH 2501 C 8
B pysequence_SetTtem() i API 8i# H C lR¥PyList_SetItem () ¥rA W HIXKE
B GHTAT Python A 2 X AN 42 .
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Py_ssize_t PyList_Size (PyObject *list)
Part of the Stable ABL iR 1] list P HEXMRHKE; XETENNFNZREM len(1list) &
Py_ssize_t PyList_GET_SIZE (PyObject *list)
Similar to PyList_Size (), but without error checking.
PyObject *PyList_GetItem (PyObject *list, Py_ssize_t index)
Return value: Borrowed reference. Part of the Stable ABI. 1z [1] list i385 55 index (Vi &_FIRT S . ]
BN AEEG A FRMINIFRREIAITRG . W index BT 15 (<0 or >=len(list)), Jiz 1]

NULL %% IndexError 5%,
PyObject *PyList_GET_ITEM (PyObject *list, Py_ssize_t 1)
Return value: Borrowed reference. Similar to PyList_Get Item (), but without error checking.

int PyList_SetItem (PyObject *list, Py_ssize_t index, PyObject *item)

Part of the Stable ABL Y3 F P RG| K index [INIX N item, JNINAFIRE] 0. AN index #8 H 30 FE )&
[a] -1 7% E IndexError J#.

ik RS “fiE” — AR iem (5 HH EFE— DY R 2w E FMEAAEHBTIE.

void PyList_SET_ITEM (PyObject *list, Py_ssize_t i, PyObject *0)

AR B Py List_Set Ttem () . FlH A THIIR P ZBIBA WAL E AT
BT,

ik BES “fak” — A iem 51, (H5PyList_SetItem() RRIFEE REEFIHEAM
WA H IS AE list 0 i ALE ERATAT S| AR it 2%

int PyList_Insert (PyObject *list, Py_ssize_t index, PyObject *item)
Part of the Stable ABL 445 H item 4§ AFNHFE list &GS index Z HIIALE . WR IR E 05 40
BARBINNERE] -1 FEE— DT, ST list.insert (index, item).

int PyList_Append (PyObject *list, PyObject *item)
Part of the Stable ABL XI5 item S INFNSF list WA RS . AR EIHRFIR A 05 QRIS By sk [|] -1
HiRE—PDRE. 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 ABL R [0] — /4NN R 555, A4 list 24T low F high
Z XSG WEARAS R ] NULL FF 8 55 . 4T 1ist [low:highl, ACFRMIIFEAK
R#FTERS]

int PyList_SetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high, PyObject *itemlist)
Part of the Stable ABL ¥ list 24 ¥ low 5 high 2 |6 {4 ] Jr 3% K4 itemlist W) N 2. 24 T
list[low:high] = itemlist. ifemlist A] DA°j NULL, FERREN—D55%E (W) .
BCIEHRE] 0, RIMEHRE] -1, X HEARSZR MG FRKBHITERT

int PyList_Sort (PyObject *list)
Part of the Stable ABL Xf list "1 2% H 347 /¥ . Bzl 0, KM E -1, X541
list.sort (),

int PyList_Reverse (PyObject *list)
Part of the Stable ABL Xf list "I 2% H #E47 )5t S e o B ikl 0, R iR E] -1, X554 T
list.reverse().,

PyObject *PyList_AsTuple (PyObject *list)

Return value: New reference. Part of the Stable ABL & [W]l—/N g cdi Xt %, Hpad list NG 5
MTF tuple (list) .
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8.4 FIAMR
8.4.1 FHIUR

type PyDictObject
XANPyobject HFRBE—> Python FHXIR .
PyTypeObject PyDict_Type

Part of the Stable ABL Python LKA E IR H Py Typeobject HSLH. X5 Python EHH dict &
GO 3

int PyDict_Check (PyObject *p)

MR p @ —A> dict MR ECE dict 840 5 FE AR S R B B . IR EUE 2 2 AT .
int PyDict_CheckExact (PyObject *p)

WA p 22—~ dict MZEAIE dict 2RI FRUF L NGR U EAE . IR E0E 2 2 AT -
PyObject *PyDict_New ()

Return value: New reference. Part of the Stable ABL & [A]—/N i) 25 7ML, eIk [7] NULL.
PyObject *PyDictProxy_New (PyObject *mapping)

Return value: New reference Part of the Stable ABI. ik [0 types.MappingProxyType X4, ATl
AT AT A RIS o 338 3 T 6 2 I DARTT 148 i R Bh S 2R R B iy -l

void PyDict_Clear (PyObject *p)
Part of the Stable ABL ¥ 23 I 7 ML) BT BE(E T
int PyDict_Contains (PyObject *p, PyObject *key)

Part of the Stable ABL #iji€ key je 3 67 7E 7L p 1o IR key VUEE E p (R —50, AR 1, A0
R0 . ARk -1 FR s . XAET Python #iki key in po

PyObject *PyDict_Copy (PyObject *p)
Return value: New reference. Part of the Stable ABL 1% [0 5 p 385 H [5] G5 %5 1 35 74
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; WA, N¥E| %
TypeError. WMIIHRE 0, JMHFRE] -1, BpR @(TAWTHXT val 151 H

int PyDict_SetItemString (PyObject *p, const char *key, PyObject *val)
Part 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 O on success or —1 on failure.
This function does not steal a reference to val.

int PyDict_DelItem (PyObject *p, PyObject *key)

Part of the Stable ABL F5[xyl p iy key (925 H o key Ab2 & WIS 75 1 5 ﬂﬂ%Tm ﬁ"JA%I?'i
TypeError, IR 4L tP&?ﬁ key, WZ5|% KeyError. WHHFR[E 0, JKIMHHER

int PyDict_DelItemString (PyObject *p, const char *key)

Part of the Stable ABL F[R=7il p EPEE???% key T E MR 45 H o WERF I ARG key, M5|%
KeyError., JINEHRIE O, %JQBT

PyObject *PyDict_GetItem (PyObject *p, PyObject *key)
Return value: Borrowed reference. Part of the Stable ABL. MM p F13R [ DA key SH4ERIRT 4. Wi 4E 4
key INAFAEAH %A B E—A S & [A] NULL,

BEEEMZ, WH _hash__ (0 M _eq () FHEEMEE RSN H. &K

HPyDict_GetItemWithError () RS RRE,

£ 3.10 BUE MG FEAEFREGIL (s B0 V8 A I AP BG5S J5 R I Fe ik BRAE AR FERE AR
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PyObject *PyDict_GetItemWithError (PyObject *p, PyObject *key)
Return value: Borrowed reference. Part of the Stable ABL. PyDict_GetItem() HZEM, BASFEK R
Ho M LR ] NULL I R E— . AEREAAAAENLR ] NULL JF HAZBRE—1
T

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 thana PyOb ject*.

TEVERMRE, W __hash_ O« __eq () JEFAEIE— IR FAF ER R G 7 A 1)
Aewih ., HPyDict_GetItemWithError () IRFSEHRIRE,

PyObject *PyDict_SetDefault (PyObject *p, PyObject *key, PyObject *defaultobj)
Return value: Borrowed reference. iX R Python ZH ¥ dict .setdefault () —Fkf. UIREE key 127E,
EIRIEET M p BRI AOE. WEREASAE, EXHUH defaultobj —i2 4 A IF1RIA] defaultobj . X
AU IR key RUMG A BB —IR, A R IE A FAHE AN 33T R E .
3.4 FIRE.

PyObject *PyDict_Items (PyObject *p)
Return value: New reference. Part of the Stable ABI. & [n| — AN & b frg (i) Py ListObject,

PyObject *PyDict_Keys (PyObject *p)
Return value: New reference.  Part of the Stable ABL & [A] — /> {0 & & i A7 fif 4 8 (keys)
MPyListObject,

PyObject *PyDict_Values (PyObject *p)
Return value: New reference.  Part of the Stable ABL 1% [B] — A4~ A1 & 5 ML v fF 5 {H (values)
WM PyListObject,

Py_ssize_t PyDict_Size (PyObject *p)
Part of the Stable ABL iR [n|ZZHL P I H 4L, 24 TXF4 p i len (p) -

int PyDict_Next (PyObject *p, Py_ssize_t *ppos, PyObject **pkey, PyObject **pvalue)
Part of the Stable ABI. 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

value represents offsets within the internal dictionary structure, and since the structure is sparse, the offsets are
not consecutive.

fian:

PyObject *key, *value;
Py_ssize_t pos = 0;

while (PyDict_Next (self->dict, &pos, &key, &value)) |
/* do something interesting with the values... */

}

Ul p N B DR R AL A o A S, SRS RO AR, (AR T RS A
KA . BIan:

PyObject *key, *value;
Py_ssize_t pos = 0;

while (PyDict_Next (self->dict, &pos, &key, &value)) {
long i = PyLong_AsLong(value);
if (1 == -1 && PyErr_Occurred()) {
return -1;

Q)
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(£ L£50)

}

PyObject *o = PyLong_FromLong (i + 1);

if (o == NULL)
return -1;

if (PyDict_SetItem(self->dict, key, o) < 0) {
Py_DECREF (0) ;
return -1;

}

Py_DECREF (o) ;

}

int PyDict_Merge (PyObject *a, PyObject *b, int override)
Part of the Stable ABL XSRS b FEATIRA, AR EXTME FH a0 b ATPAR—AF M, BULA]
Y HPyMapping Keys () flPyObject_GetItem() WXTH . UIHE override JyBEAH, WIHNRALE b
HR AR Y B @ vh AR R RSN R e, 5 I ANSRAE @ vh 3SR I ) 2L o
fEX o M BERRIA] 0 B 25 | A SR IR ] -1

int PyDict_Update (PyObject *a, PyObject *b)
Part of the Stable ABL X5 C #fJ PyDict_Merge(a, b, 1) —Ft, HZE{LIT Python i) a.
update (b) , ZEHFET PyDict_Update () TR “ASHA "keys” B A 2 MR B A A E(E
XA o 2MENINHRIE 0 B 45| A H R m -1,

int PyDict_MergeFromSeq2 (PyObject *a, PyObject *seq2, int override)
Part of the Stable ABL Ff seq2 P SE(EN STl & IF 2 7ML a. seq2 WM HEAC BN 2 1Y 11
(EXTA TR A RN R . UAAE BB, R override M5 H LA SEME . 24 Sl iy
R0 BE MG K IR -1, Y Python MRS (GRIEIEERSN)

def PyDict_MergeFromSeq2(a, seqg2, override):
for key, value in seqg2:
if override or key not in a:
alkey] = wvalue

int PyDict_AddWatcher (PyDict_WatchCallback callback)

Register callback as a dictionary watcher. Return a non-negative integer id which must be passed to future calls
to PyDict_Watch (). In case of error (e.g. no more watcher IDs available), return —1 and set an exception.

3.12 B RIIBE.
int PyDict_ClearWatcher (int watcher_id)
Clear watcher identified by watcher_id previously returned from PyDict_AddWatcher (). Return O on
success, —1 on error (e.g. if the given watcher_id was never registered.)
3.12 B IIBE.
int PyDict_Watch (int watcher_id, PyObject *dict)
Mark dictionary dict as watched. The callback granted watcher_id by PyDict_Addwatcher () will be
called when dict is modified or deallocated. Return 0 on success or —1 on error.
3.12 BRI BE.
int PyDict_Unwatch (int watcher_id, PyObject *dict)
Mark dictionary dict as no longer watched. The callback granted watcher_id by PyDict_AddWatcher ()

will no longer be called when dict is modified or deallocated. The dict must previously have been watched by
this watcher. Return 0 on success or —1 on error.

3.12 HiHIIHE.

type PyDict_WatchEvent

Enumeration of possible dictionary watcher events: PyDict_EVENT_ADDED,
PyDict_EVENT_MODIFIED, PyDict_EVENT_DELETED, PyDict_EVENT_CLONED,
PyDict_EVENT_CLEARED, or PyDict_EVENT_DEALLOCATED.
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3.12 Fri .

typedef int (*PyDict_WatchCallback)(PyDict WatchEvent event, PyObject *dict, PyObject *key, PyObject
*new_value)

Type of a dict watcher callback function.

If event is PyDict_EVENT_CLEARED or PyDict_EVENT_DEALLOCATED, both key and new_value
will be NULL. If event is PyDict_EVENT_ADDED or PyDict_EVENT_MODIFIED, new_value will be
the new value for key. If event is PyDict_EVENT_DELETED, key is being deleted from the dictionary and
new_value will be NULL.

PyDict_EVENT_CLONED occurs when dict was previously empty and another dict is merged into it. To
maintain efficiency of this operation, per-key PyDict_EVENT_ADDED events are not issued in this case;
instead a single PyDict_EVENT_CLONED is issued, and key will be the source dictionary.

The callback may inspect but must not modify dict; doing so could have unpredictable effects, including infinite
recursion.

Callbacks occur before the notified modification to dict takes place, so the prior state of dict can be inspected.

If the callback returns with an exception set, it must return —1; this exception will be printed as an unraisable
exception using PyErr_WriteUnraisable (). Otherwise it should return O.

312 iR TR

8.4.2 REWMR

XN A TEX set Hil frozenset XRIGA I APL, ARATARTE NS 2 BEfc b =2 6l 5
SR (B3EPyobject_CallMethod (), PyObject_RichCompareBool (), PyObject_Hash (),
PyObject_Repr(), PyObject_IsTrue(), PyObject_Print () PA MPyObject_GetIter())
B FE WS B FE I (® FPyNumber And(), PyNumber Subtract (), PyNumber_Or(),
PyNumber_Xor(), PyNumber_InPlaceAnd(), PyNumber_InPlaceSubtract (),
PyNumber_InPlaceOr () [/‘]\&PyNumber_InPlaceXor ())o

type PySetObject
X ApPyobject B KA Ok R AF set Ml frozenset X R N W H . B FEM
TryDictobject WHIITTE T X /N RAF AR E 2 [ e K/ (RG T i) ,
X H AR RO R AR Ul B R4 1) B b iy T A8 KN A (FRAG SR A 2) o I Z a1k
() F B AR A6 I BT B8 A AR . TR U7 IR Y 2438 4 & 5 A SCRY Y APT R BEAT I AN 7]
A B ARG R P (e .
PyTypeObject PySet_Type
Part of the Stable ABL X 2&—/PyTypeObject M|, %/~ Python set 257,
PyTypeObject PyFrozenSet_Type
Part of the Stable ABL X 2&—/PyTypeObject S|, %/~ Python frozenset 5%,
TP A 0 T35 6 T Python A S0 i, (i, 300 b i bR LI T AR T R4 AL 9
Python %1% .
int PySet_Check (PyObject *p)
MR pR—A> set WREHE RHTLARYLFINREEE. MRS EIHAT.
int PyFrozenSet_Check (PyObject *p)
MR p &—A> frozenset MR 2 H TRAWLOINLR I EE. HREUR RS BEIT.
int PyAnySet_Check (PyObject *p)
WA p je—A> set XR. frozenset XFREFH R T IAUYLHINR B FAH. HEREUE 2 &M
AT
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int PySet_CheckExact (PyObject *p)
W p J2—A> set IFGABA R H A B S R [0 BAE . LR AR & 2 AT
3.10 LI fE.
int PyAnySet_CheckExact (PyObject *p)
WA p 22— set B frozenset X GAEAEH T ZEAU Y SO MR B EAH . 1R AR 2 2 U
175
int PyFrozenSet_CheckExact (PyObject *p)
W p j2—A~ frozenset XZHEANEH IR SLHINLR MIEAE . R EUE 2 2 BT -
PyObject *PySet_New (PyObject *iterable)
Return value: New reference. Part of the Stable ABL 1% [B|— AN set, LA A5 iterable FiF iR [9] 1) %5}
. iterable VA NULL R B — SR . MNRNR G4, RIGIIR [ NULL, 0
R iterable 25 FAE A EEAXTGNE] % TypeError. M SE F THE IEES (c=set (s)).
PyObject *PyFrozenSet_New (PyObject *iterable)
Return value: New reference. Part of the Stable ABL & [0]—/ Nl frozenset, HWALE iterable fiT iR

IS o iterable W] A NULL FoRBIE— NI S RGEE G . MR EET RS ES, KM
R[] NULL, 404 iterable 525 b Z W ERXT LN G| & TypeError,

THREORN G T set 5 frozenset MSEB s T2 AL1 L0 .

Py_ssize_t PySet_Size (PyObject *anyset)
Part of the Stable ABL jR[] set B frozenset XRMKE . ZEMT len (anyset) . UIHE anyset N
B set, frozenset B{HFRAIFSLF NI4T &k PyExc_SystemError,

Py_ssize_t PySet_GET_SIZE (PyObject *anyset)
FIAW Py Set_Size (), NFHRMM .

int PySet_Contains (PyObject *anyset, PyObject *key)
Part of the Stable ABL WIRFF R[] 1, qnRAFLRN R 0, quARIEF 4R -1, 7R [FT Python
__contains__ () F¥k, MWEREAS HEFEA T IEA I EGEECIER TR E S W key
ANAERRTZN 5] % TypeError, QIR anysert )& set, frozenset BH TR SLHIN 225
& PyExc_SystemError,

int PySet_Add (PyObject *set, PyObject *key)
Part of the Stable ABL ¥§ Wl key 3| — 4> set ZE ffil. 4 7 ] T frozenset 3£ fi
(HPyTuple_SetItem() WZAlZ 4b & & ] B F ok by 408 1 o 45 46 & 16 0 FF 45 HoAt AL 1S
ZHIE R EHE) o BIERE O A MR E] ~1. MR key NS X RN £ 5] &
TypeError, YR EHF MK SE N 25| K MemoryError., UISHE set N2 set af H 2RI 5L
BNj£5| & SystemError,

THNREGE T set BOLFRBPEG], (HARFHT frozenset BUH-FARARSLHA.

int PySet_Discard (PyObject *set, PyObject *key)
Part of the Stable ABL QIIRFLFFFRERRE] 1, RARE] (ToHfE) &I 0, Q2] a5 R [kl
1o XMTARFAEM ARG K KeyError, W1 key AT G ARG M 235 & TypeError, ANl
F Python discard () ¥k, MERECA S HIPREA TG 7 AR S I I R S5 56 6. QIR ser
NE set BHTRARYLAFIN 5] % PyExc_SystemError,

PyObject *PySet_Pop (PyObject *set)
Return value: New reference. Part of the Stable ABL iR [5] set FAEEXTLIIFEIH, FEM ser h %N
%o KM NULL, QRGN M5 K KeyError, QR set A set BiH 7215201
&5 % SystemError,

int PySet_Clear (PyObject *set)

Part of the Stable ABL 575 945 B i) BT A SE(ELXT
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8.5 Function &

8.5.1 Function ¥}

A —LehfE T Python pRAIK AL
type PyFunctionObject

T eR %Y C S5tk
PyTypeObject PyFunction_Type

XE— N PyTypeobject SLHFFf:F~ Python pREZEEL, 'BEAE N types.FunctionType [a] Python
FEF AT

int PyFunction_Check (PyObject *0)

ﬁH%OZE#/\ Bowt g GBIl pyFunction Type) MR FE(H. JES00IA0 NULL, MEREE
S IIT

PyObject *PyFunction_New (PyObject *code, PyObject *globals)

Return value: New reference. R SRS code FERHIFTRBON A . globals Wil 2—~ 7, %R
BT LAV IR) 42 JRy AR o

The function’s docstring and name are retrieved from the code object. __module__ is retrieved from globals.
The argument defaults, annotations and closure are set to NULL. __qualname__is set to the same value as the
code object’s co_qualname field.

PyObject *PyFunction_NewWithQualName (PyObject *code, PyObject *globals, PyObject *qualname)
Return value: New reference. As PyFunction_New (), but also allows setting the function object’s

__qualname___ attribute. qualname should be a unicode object or NULL; if NULL, the __qualname_
attribute is set to the same value as the code object’s co_qualname field.

3.3 Fri e
PyObject *PyFunction_GetCode (PyObject *op)

Return value: Borrowed reference. 12|85 BB 42 op FERIIACID R4 .
PyObject *PyFunction_GetGlobals (PyObject *op)

Return value: Borrowed reference. 12|05 BRENT 4 *op* F EBHY LR T
PyObject *PyFunction_GetModule (PyObject *op)

Return value: Borrowed reference. [n] KBNS op W) __module__ J&1:1R [Bl—A borrowed reference., 1%{H
) [/)Lj\'j NULL,

WML E R L FR 77, AR PAE L Python AU B AT (] HARIT 42 .
PyObject *PyFunction_GetDefaults (PyObject *op)
Return value: Borrowed reference. 12 0] RE 4 op IS EUERAE . XA AR — DS H0c4 s NULL,
int PyFunction_SetDefaults (PyObject *op, PyObject *defaults)
NG op WCESHEEINE. defaults W2 Py_None s{—It4l.
KI5 % SystemError FHH k(A -
void PyFunction_SetVectorcall (PyFunctionObject *func, vectorcallfunc vectorcall)

Set the vectorcall field of a given function object func.
Warning: extensions using this API must preserve the behavior of the unaltered (default) vectorcall function!
3.12 Fi e
PyObject *PyFunction_GetClosure (PyObject *op)
Return value: Borrowed reference. 121 JEER B RPN op B AL . X T PASE NULL BY cell XT2R ) IC4H .
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int PyFunction_SetClosure (PyObject *op, PyObject *closure)

PR R R BN 52 op AL, closure Wh75iH Py_None 5§ cell %4 T4 .

KI5 % systemError FiHiRME -1 .
PyObject *PyFunction_GetAnnotations (PyObject *op)

Return value: Borrowed reference. 32 |7 BRET A op WIARTE . X ] DA — 0] A8 el NULL,
int PyFunction_SetAnnotations (PyObject *op, PyObject *annotations)

BEEPREN S op WIFRTE . annotations W5 — A 415L Py_None.

RG] % SystemError FH IR -1 .

8.5.2 SLBIHERR

SRRy CPunct fon HELERE, HURIEPyCRunct on S5E BIXRI LM —FB K. BB T
Se B PyMethod_New (func, NULL, class).

PyTypeObject PyInstanceMethod_Type
XA PyTypeobject SLfF Python SEBIEZEAL. EFH AR Python FEJ7 A
int PyInstanceMethod_Check (PyObject *0)

W 0 2 —AEFI HEX G KB NPyInstanceMethod Type) MR EAH. &S WA N
NULL. MEREBUEES BT .

PyObject *PyInstanceMethod_New (PyObject *func)
Return value: New reference. J& |0 —ASHSEBIITVER S, func NMAERLFTRIR G o func FHAESL B
T3 VERIE FT A o Bl 1
PyObject *PyInstanceMethod_Function (PyObject *im)
Return value: Borrowed reference. 32 |7] JC BRI SLB )7 ¥E im BB 4 .
PyObject *PyInstanceMethod_GET_FUNCTION (PyObject *im)
Return value: Borrowed reference. /AN Py Inst anceMethod _Function (), WS T EERAGI.

8.5.3 HEMR

T E R BN R . B R R R E R — D A E RSB R E N (FER—DER
HE) EAREAH.
PyTypeObject PyMethod_Type

XAPyTypeObject SIfLFE Python k2R AL, ‘E{EHR types.MethodType [a] Python #2324
I

int PyMethod_Check (PyObject *0)
2R 0 @ —Ir XS KAy PyMethod Type) MIRFIE(E. TESWAHIAN NULL. HERHUE 2
ST -

PyObject *PyMethod_New (PyObject *func, PyObject *self)

Return value: New reference. 3R [B|—ANH ) H¥EX G, fune WAL RTINS, self iz ik 45
FERISEG . AT ERR I func XR0E R RERER . self WA A NULL.

PyObject *PyMethod_Function (PyObject *meth)

Return value: Borrowed reference. &[0 5= 2| J5¥E meth HIBREU 4 .
PyObject *PyMethod_GET_FUNCTION (PyObject *meth)

Return value: Borrowed reference. 7RI PyMet hod_Function (), B&ETEEREGI.
PyObject *PyMethod_Self (PyObject *meth)

Return value: Borrowed reference. 32 [8] 3 BER 715 meth )52 .
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PyObject *PyMethod_GET_SELF (PyObject *meth)
Return value: Borrowed reference. AN PyMet hod_Self (), W& T 455K

8.5.4 Cell 38

“Cell” MR TIHI b 2 ME G R R TR ACE, — “Cell” XIGh TAH#%E

MIRERIAE s 71 FH R/ b 2 A o 7 G P S LR SR i) “Cell” 51 1y
FHZAERS, R “Cell” HASHIETA S FICMRA L . XA “Cell” XGAEXBAHTI
BRI T DI A 2 BRI EE N AT . “Cell” X G Hopthth 75 n] BEA A H -

type PyCellObject

T Cell X4 C ghithyfk.
PyTypeObject PyCell_Type

55 Cell AR AYRAN; 4.
int PyCell_Check (ob)

U2R ob J&—A> cell X GMIR I FUH; ob MMM NULL, HEpRELE e 22 AT .
PyObject *PyCell_New (PyObject *ob)

Return value: New reference. B 1% [0l —/ ML E(H ob WHT cell X4 . JEZ 0] PAH NULL.
PyObject *PyCell_Get (PyObject *cell)

Return value: New reference. 1&[7] cell X}4 cell HNZ -
PyObject *PyCell_GET (PyObject *cell)

Return value: Borrowed reference. 12 [0] cell %4 cell (N, (B2 cell B 4E NULL 3 H o h—A4>
cell XF4.,

int PyCell_Set (PyObject *cell, PyObject *value)

P cell X} 52 cell (NZRBEN value, XFFREAT AN} cell XF 52 24 Hi N WIS o value 7] DA NULL.
cell AMAE NULL; WIRBE AR —A cell XfRNPFRR ] -1, AR B E MR R ] 0.

void PyCell_SET (PyObject *cell, PyObject *value)

$5 cell X5 cell WEHBE N value. RNLEEG| AL, I B3 TR DAPRIEZE 42 5 cell W2 R A
NULL 9 HoA—A> cell X4,

8.5.5 LR

XS5 & CPython SEILAYARGAN Y . A AU — TR AR 4658 1 ek F0h 1 AT A7 AURS
type PyCodeObject
FTHERICRD AT BRI C G540, A 7 BERT IS ek
PyTypeObject PyCode_Type
XR— N PyTypeobject £, FHFER Python [ code 257,
int PyCode_Check (PyObject *co)
MR co @—> code XFZNERIEIEME . B 22 BT
int PyCode_GetNumFree (PyCodeObject *co)
R[] co H1 1 AR AL

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 firstlineno,
PyObject *linetable, PyObject *exceptiontable)
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Return value: New reference. Return a new code object. If you need a dummy code object to create a frame,
use PyCode_NewEmpty () instead. Calling PyCode_New () directly will bind you to a precise Python
version since the definition of the bytecode changes often. The many arguments of this function are inter-
dependent in complex ways, meaning that subtle changes to values are likely to result in incorrect execution or
VM crashes. Use this function only with extreme care.

7E 3.11 it ek Added exceptiontable parameter.

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 *linetable, PyObject
*exceptiontable)

Return value: New reference. Similar to PyCode_New (), but with an extra ”"posonlyargcount” for positional-
only arguments. The same caveats that apply to PyCode_New also apply to this function.

3.8 FrhR e
IE 3.11 JiiE L Added exceptiontable parameter.

PyCodeObject *PyCode_NewEmpty (const char *filename, const char *funcname, int firstlineno)
Return value: New reference. Return a new empty code object with the specified filename, function name, and
first line number. The resulting code object will raise an Except ion if executed.

int PyCode_Addr2Line (PyCodeObject *co, int byte_offset)
RMIAE byte_offset (EIZ HIAKZ JG ZAERHRLHFTS . WRIRATGE W75, i
W PyFrame_GetLineNumber ().
For efficiently iterating over the line numbers in a code object, use the API described in PEP 626.

int PyCode_Addr2Location (PyObject *co, int byte_offset, int *start_line, int *start_column, int *end_line,

int *end_column)

Sets the passed int pointers to the source code line and column numbers for the instruction at
byte_offset. Sets the value to O when information is not available for any particular element.

Returns 1 if the function succeeds and 0 otherwise.

PyObject *PyCode_GetCode (PyCodeObject *co)

Equivalent to the Python code getattr (co, 'co_code'). Returns a strong reference to a
PyBytesObject representing the bytecode in a code object. On error, NULL is returned and an excep-
tion is raised.

This PyBytesObject may be created on-demand by the interpreter and does not necessarily represent the
bytecode actually executed by CPython. The primary use case for this function is debuggers and profilers.

3.1 RE.
PyObject *PyCode_GetVarnames (PyCodeObject *co)

Equivalent to the Python code getattr (co, 'co_varnames'). Returns a new reference to a
PyTupleObject containing the names of the local variables. On error, NULL is returned and an exception
is raised.

3.11 BRI BE.
PyObject *PyCode_GetCellvars (PyCodeObject *co)

Equivalent to the Python code getattr (co, 'co_cellvars'). Returns a new reference to a
PyTupleObject containing the names of the local variables that are referenced by nested functions. On
error, NULL is returned and an exception is raised.

3.11 FiHHE.
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PyObject *PyCode_GetFreevars (PyCodeObject *co)

Equivalent to the Python code getattr (co, 'co_freevars'). Returns a new reference to a
PyTupleObject containing the names of the free variables. On error, NULL is returned and an excep-
tion is raised.

3.11 HiRE.

8.6 H{th¥t:R
8.6.1 IR

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 LTI 304 fd 1 AR R0 2 —> Python
AT . ZE0 name, encoding, errors Fl1 newline 7] DA NULL FER 8 FHBRINE s buffering W PAK -1
FOREHERINMA . name 2397 2B AU T FAess . KRIMEFIR ] NULL. A3 6 S 500 0 4 T
i, iS5 io.open () ALY SRS,

B T Python L HA HOWIZMZE, NILKFENTS OS FOUHMRFFIR G &7 LA Fh
(B i B M) o

TE 3.2 MUE G Z W name JE1E.

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 24T p.readline ([n]) , X EREBMITE p
1T, p FTLLE CHRRECEA readline () FERAEMIAG. @R nZ 0, WICIBZAT
PR BEAIAT, FER 4T W n KT <0, WM ST e ORI n N5 AT AR BIATI—
oy e TERXWIFMESL T, WERSZEPEASCHARRE, WP FArEH. B2, Wi a /N o, WITGie
K EE AN ER 2 B4, (ER AR BB A Se kK R, WI5|% EOFError,

int PyFile_SetOpenCodeHook (Py_OpenCodeHookFunction handler)

HZ io.open_code () MIEHATH, FFHIES L i it ab AR PR ALk .

The handler is a function of type PyOb ject * (*) (PyObject *path, void *userData), where
path is guaranteed to be PyUnicodeObject.

userData 5T WL AN T RE T8 TR BT e i ARz TEHR IR 38EF AN B 1)
Python K% .

BT XA F LT IHES ARG, 3 # A Fs T ST S ARE, BRIECHENT R
ZIRSEE BTE sys .modules R,

— B THB0E, AR RIS, 2N PyFile_SetOpenCodeHook () WA HAF K
W, WERAERESC AR, BRECRFIR ] -1 HFRE R

IBRETT AZ A TEPy_ Tnitialize () ZHIVEI.
gk —A HiTF Y setopencodehook, A HEMZSE.
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3.8 B fE
int PyFile_WriteObject (PyObject *obj, PyObject *p, int flags)

Part of the Stable ABL (X142 obj 'ﬁ/\j{{fFXjL%%p flags ME— LI ARE 2 Py_PRINT_RAW; R
e, WEAXZRM) str () AR repr () o BEBHRE 0, KMHEFIRE -1, KBS 405055

int PyFile_WriteString (const char *s, PyObject *p)
Part of the Stable ABL K783 s H ARG po BRI 0 %Mk s R BCE R Y S

8.6.2 {RIRITR

PyTypeObject PyModule_Type
Part of the Stable ABL X4~ C AL Py TypeObject Ik FE 8 Python FRRYFREERZEM . #F Python
FRF % L 9 2 55 A “types.ModuleType*,
int PyModule_Check (PyObject *p)
2 p IAHRRIN S, s IE R RT S IR B AR . i PR EOK I A R [ .
int PyModule_CheckExact (PyObject *p)
Y p AR R HAZ PyModule Type [T 2RABUFN AR B EAE . % REUKIEA IR [F
PyObject *PyModule_NewObject (PyObject *name)
Return value: New reference. Part of the Stable ABI since version 3.7. iR Bl Fr i % 4, HIE M
__name__ A name . B AIN )@ __name_ , _ doc_ ,_ package_ ,and _ loader_
o HAERE . (rAJEMERR T __name_ #{#iX K “None*). WHBIN M$2ME _ file  JEE.
3.3 Bl ihg
TE 3.4 MUER: JE@ M __package_ fl__ loader_  #{i%5 “None“,
PyObject *PyModule_New (const char *name)
Return value: New reference. Part of the Stable ABL XZ{Ml T PyModule NewObject (), {HEZFRN
UTF-8 4wt EAF M A& Unicode %42,
PyObject *PyModule_GetDict (PyObject *module)
Return value: Borrowed reference. Part of the Stable ABL. % [0 323} module 1) fiy 44 25 [0 ) F LN 55 I
MG GG __dict__ JEMEMR . W module K@ —MEHTS (BUBHOT L1281

&5k SystemError HiR[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& |8l module () __name__ {f. %
BBRIR UL, BE IR EANZ— PR, W&5I% systemError i[9 NULL,
3.3 e

const char *PyModule_GetName (PyObject *module)
Part of the Stable ABL 2{l)F-PyModule_GetNameObject () {HiR[H] "utf-8" Yl FK .

void *PyModule_GetState (PyObject *module)
Part of the Stable ABL JR[IAHy IRZS”, W2 it, & Mg fERIH G-I 2 e AR HE
B{#F NULL., &L PyModuleDef.m_size,

PyModuleDef *PyModule_GetDef (PyObject *module)

Part of the Stable ABL. i 1135 [ HEHe B BF B F 1 2y Modlu 1 eDe £ 45 FRRSETR, SU ATHLBBOR
S0 P4 M 2 SRR G ] UL
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PyObject *PyModule_GetFilenameObject (PyObject *module)
Return value: New reference. Part of the Stable ABL & [a]{#i Fl module ¥ __file__ JEVERTINERNY A2k
BSOS o AR B MR E S, BEE IR EAR—A Unicode FAFER, 5% SystemError Hik
] NULL; FEHAE B0 TR [7]—~4&15] Unicode XRS5 -
3.2 Hi e

const char *PyModule_GetFilename (PyObject *module)
Part of the Stable ABI. Similar to PyModule_GetFilenameObject () butreturn the filename encoded
to ‘utf-8§’.

32 MIGE % PyModule GetFilename () raises UnicodeEncodeError on unencodable file-
names, use PyModule GetFilenameObject () instead.

gt 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 Import_AppendInittab ()). See
building or extending-with-embedding for details.

The initialization function can either pass a module definition instance to PyModule Create (), and return the
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
PR 24 R o
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_ £ ree function has been called, if present.

Setting m_size to —1 means that the module does not support sub-interpreters, because it has global
state.

Setting it to a non-negative value means that the module can be re-initialized and specifies the additional
amount of memory it requires for its state. Non-negative m__size is required for multi-phase initializa-
tion.

HZ Y PEP 3121 T #E

PyMethodDef *m_methods

A pointer to a table of module-level functions, described by PyMethodDe £ 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.

TE 3.5 R EEP: Prior to version 3.5, this member was always set to NULL, and was defined as:
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inquiry m_reload

traverseproc m_traverse
A traversal function to call during GC traversal of the module object, or NULL if not needed.
This function is not called if the module state was requested but is not allocated yet. This is the case
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_si ze is greater than 0 and the module state (as returned
by PyModule_GetState ())is NULL.

TE 3.9 B ¥ 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_size 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.

TE 3.9 R P 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_si ze is greater than 0 and the module state (as returned
by PyModule_GetState ())is NULL.

TE 3.9 B H P No longer called before the module state is allocated.

Single-phase initialization

The module initialization function may create and return the module object directly. This is referred to as “single-
phase initialization”, and uses one of the following two module creation functions:
PyObject *PyModule_Create (PyModuleDef *def)
Return value: New reference. Create a new module object, given the definition in def. This behaves like
PyModule_Createl () with module_api_version set to PYTHON_API_VERSION.
PyObject *PyModule_Create2 (PyModuleDef *def, int module_api_version)

Return value: New reference. Part of the Stable ABIL. 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.

£51:: 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 ().
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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 similar tothe __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 Hi e
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 B e
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
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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 module and the Mod-

uleSpec spec. This behaves like PyModule_ FromDefAndSpec?Z () with module_api_version set to
PYTHON_API_VERSION.

3.5 B hE.
PyObject *PyModule_FromDefAndSpec2 (PyModuleDef *def, PyObject *spec, int module_api_version)

Return value: New reference. Part of the Stable ABI since version 3.7. Create a new module object, given the
definition in module and the ModuleSpec spec, assuming the API version module_api_version. If that version
does not match the version of the running interpreter, a Runt imeWarning is emitted.

441032 Most uses of this function should be using PyModule FromDefAndSpec () instead; only use this
if you are sure you need it.

3.5 FrihfE.
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.
3.5 FrihsE.
int PyModule_SetDocString (PyObject ¥module, const char *docstring)

Fart 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 B e
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 B
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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)

Fart 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.

FREARBY -

static int
add_spam (PyObject *module, int value)
{
PyObject *obj = PyLong_FromLong (value);
if (obj == NULL) {
return -1;
}
int res = PyModule_AddObjectRef (module, "spam", obj);
Py_DECREF (obj) ;
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 (ob7j) ;
return res;

Note that Py_ XDECREF () should be used instead of Py_DECREF () in this case, since obj can be NULL.
3.10 e
int PyModule_AddObject (PyObject *module, const char *name, PyObject *value)

Part of the Stable ABI. Similar to PyModule_ AddObjectRef (), but steals a reference to value on success
(if it returns 0).

The new PyModule_ AddObjectRef () function is recommended, since it is easy to introduce reference
leaks by misusing the PyModule_AddObject () function.

$41:: 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.

FREARBY -

static int
add_spam (PyObject *module, int value)
{

PyObject *obj = PyLong_FromLong(value);
if (obj == NULL) {

(R gkzk)
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return -1;
}
if (PyModule_AddObject (module, "spam", obj) < 0) {
Py_DECREF (obj) ;
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 (ob3j) is not needed here
return O;

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)
Fart 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 ABIL. 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)
Part of the Stable ABI since version 3.10. Add a type object to module. The type object is finalized by calling

internally PyType_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 BRI HE.
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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).

W H B 2 GIL.
Return O on success or -1 on failure.
3.3 FriR e

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 b 28571 GIL,
3.3 B fE.

8.6.3 XM ZBIR

Python Jt T AEAHIE LT 4. S5 RUFAIEAE, EHLH  getitem () JrEMIEEF
G o B A AT IR R AN —A sentinel {81, 4781 ARSI T T XS, HAER[E] sentinel {H
IEAT SV AW
PyTypeObject PySeqIter_Type
Part of the Stable ABL. PySeqTter New () &[]l EAR X5 B BURT G A N &7 51 2R B4 P 5 bR 4K
iter () WEPSHIEA.
int PySeqIter_Check (op)
MR op WA Py SegTter Type MIRBIEE . BERECE RS MINHAT.
PyObject *PySeqIter_New (PyObject *seq)
Return value: New reference. Part of the Stable ABL 1% [A]—A™ 55 & 3 5 41 Xof G2 —F 48 1 if) 11X 28 seq.
BIPT FBRIES K IndexError I, RALEH.
PyTypeObject PyCallIter_Type
Part of the Stable ABL. FHR$(PyCalllter New () Fl iter () WE RIS EILIIR M 15
ARG
int PyCallIter_Check (op)
W op B RpycallTter Type WERBIF(H . HRECER S MIIHAT.
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PyObject *PyCallIter_New (PyObject *callable, PyObject *sentinel)
Return value: New reference. Part of the Stable ABL i [B|—/N T HIER 28, 56— 1S % callable 7] DA 2
AT AT PATE IS A S 800 00 W ) Python R AT s AR IR AR R %3 [l 36 AR i i R — A0
H. 4 callable & |04 T sentinel BB}, EABHFLIE.

8.6.4 HIRFFIER

RRFE AR RSB A G o EATAE T BN R T

PyTypeObject PyProperty_Type
Fart of the Stable ABL. [N ZHHRFFH B RBUNT 5

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)

NIRRT G2 descr i) 2 — DR @ IENGR RS, w3 iR etk m 2 — A Jr kiR el
0o descr ILIFN—PHRIRFFXI G s A UEATHRAL I -

PyObject *PyWrapper_New (PyObject*, PyObject*)
Return value: New reference. Part of the Stable ABI.

8.6.5 Y1 HItg

PyTypeObject PySlice_Type
Part of the Stable ABL ¥J] i XF % 2R B4 . B 5 Python ZTH Y slice BAHEIIXTA .
int PySlice_Check (PyObject *ob)
W ob 22—~ slice X NLRIFEAE; ob MUK A NULL. JERREUR 222 AT -
PyObject *PySlice_New (PyObject *start, PyObject *stop, PyObject *step)
Return value: New reference. Part of the Stable ABL & [B]|—/ANELG A EME VI X% . start, stop Fl

step 125 A slice X RA N4 FRAYIEPERI(E . X LE(E T AT — R PACH NULL, FEX i
UL None fEOART VR IERIE . ANAFTA R ICIE P BLWR [9] NULL.

int PySlice_GetIndices (PyObject *slice, Py_ssize_t length, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t
*step)

FPart of the Stable ABL. MHJ X4 slice HEHL start, stop £l step K515, KFFHIK A length, KT
length W) ¥ 5“5 RE45 4 VRS 15 -

SRR IE 0, IR A -1 F HABCESRH (BRARREAFH1S5 A None HICIARUE B4,
TEEFEOLF 2R W -1 9f BB — ) .

PR BEAN 2 FT B0 e R AL
TE 3.2 HUEE: 2 | slice TE S TSR 2 PySliceObject *,
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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 ABL PySlice_GetIndices () WA H#AL. MY X4 slice $E B start, stop il
step R[5, RHFFKEMR length, FHFU) R (K BERAETE slicelength v, &8 B I RT 52 PA
5w R — B0 e .
BCEHRE] 0, HASERRE] -1 If AR E 55 .

P MR T RS KNP AR UL AN LA . R E R g h Pysiice_Unpack ()
MpPyslice AdjustIndices () A, Hp

if (PySlice_GetIndicesEx(slice, length, &start, &stop, &step, &slicelength) <o
—0) |
// return error

}

SR

if (PySlice_Unpack(slice, &start, &stop, &step) < 0) {
// return error
}
slicelength = PySlice_AdjustIndices (length, &start, &stop, step);

FE 3.2 R 2 Hi slice EZ I E S E PySliceObject *,

JE 3.6.1 iR U py_LIMITED_APT R EIIXE N 0x03050400 5 0x03060000 2 [A]HY)
H (AEFEBHR) 58 0x03060100 B{HE KM PySlice_GetIndicesEx () &#sLi-H— Ml H
PySlice_Unpack () #l PySlice_AdjustIndices () %E. Z%L start, stop Fl step 4 2 PR

i

361 JRIGE B %: WA py_LIMITED_API & B N/NTF 0x03050400 B 003060000 5
0x03060100 Z[A|HME (AUIEBRR) N PySlice_GetIndicesEx () NEFHMEEL.

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) X5 H¥&: start, stop A1 step £ i R HEHUCN C 85k, &&
BRI T PY_SSIZE_T_MAX HI{E/INA PY_SSIZE_T_MAX, HERHE/NT PY_SSIZE_T_MIN
[ start Al stop (IS KN PY_SSIZE_T_MIN, H-EERHKF/NT -PY_SSIZE_T_MAX ] step {HIE K
> -PY_SSIZE_T_MAX,

AR ] -1, R 0.
3.6.1 FiIfE.

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 ] 7 &5 | SR IEHS & P ST IH%E . BiE
FIY RS 2 A EE Y] — 20 7y AT 55 1)

BB K. HERAEE RS M. A2 A Python fU5.
3.6.1 FiIIfE.
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8.6.6 Ellipsis 345

PyObject *Py_Ellipsis

Python [ E11lipsis MG, M EEALMI L. BUMPAGAEATHALRS G — R0 T X BEE5
. 5Py _None @ T HRBIMR.

8.6.7 MemoryView %5

—A memoryview X4 C YR L F R4E 0 ZEEH— A ABATATH AT 5 — A% 151 Python XF4 .
PyObject *PyMemoryView_FromObject (PyObject *obj)
Return value: New reference. Part of the Stable ABL M #2327 o X 42 11 #9 %) %2 41 88 memoryview %42 .
WK obj XFFAI B XS, W) memoryview XG5 A ARE 32/, 5 WE AT g2 H iy, WA
AR EITRERN Y .
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 {E N &2 S5 b X A1 —A>
memoryview X14 . flags A P2 PyBUF_READ B{# PyBUF_WRITE 2 —.
3.3 Bl HIE.
PyObject *PyMemoryView_FromBuffer (const Py_buffer *view)
Return value: New reference. Part of the Stable ABI since version 3.11. B|##E—/ M8 45 8 S b X 5K view
fY memoryview X4 . X TR A FIZMIX, PyMemoryView FromMemory () & GEREL.
PyObject *PyMemoryView_GetContiguous (PyObject *obj, int buffertype, char order)

Return value: New reference. Part of the Stable ABL M & X & X322 1B XT 2 61—~ memoryview %
G contiguous WAEHE (F£°C’ 8’ Fortran order W) . ISR NTERIESLRY, N memoryview X428 [ 5 44
WA &, S H memoryview $5 a1 5711 bytes X 4.

int PyMemoryView_Check (PyObject *obj)
2k obj ;22— memoryview X NEREIEAH. HHIAAFEE memoryview FF2. BLREEE
SIIAAT -

Py_buffer *PyMemoryView_GET_BUFFER (PyObject *mview)
1 114 1] memoryview -5t G IKFAA B A KR 5T . mview #62UE—> memoryview SLf1; XA
A BRI, RAE CARE, A RS T 15t KUK -

PyObject *PyMemoryView_GET_BASE (PyObject *mview)
% [ memoryview Fr B T Ay 3 i X 89 45 £, B0 FH W0 R memoryview T i1 BR

%&PyMemoryView_FromMemory () ﬁPyMemoryView_FromBuffer () ﬁIJ e gl| :L)Z [M] NULL,
mview 41 i&—> memoryview 515 .

8.6.8 855 AR

Python 3ZH5 “55951 117 M —J0R . BAMARUL, AW EZLBETIIRXSR. H—Mpt2 i sms]
AXFER, 26 AR AT REHBAE A — AN RO R A A

int PyWeakref_Check (ob)

MR ob 22— A5 T BEN G R B B . R R 2 S T .
int PyWeakref_CheckRef (0ob)

W2 ob J2— G RMGR T B . HEREUE R 2 AT

int PyWeakref_CheckProxy (ob)
MR ob 22— GNER AR . R 2 T .
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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
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 ABL Return a weak reference proxy object for the object ob.
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 &[0 555 | FIXt4 ref 955 AT . W 9E5]
HXRAFAEAE, WERM] Py_None,

i R R BGR [E G X A borrowed reference, X VR VA% &L A2 AE %R S ER
Py _INCREF (), BRAEE S EAEMATH G — R 2 i o S .

PyObject *PyWeakref_GET_OBJECT (PyObject *ref)

Return value: Borrowed reference. Similar to Pyleakref_GetObject (), but does no error checking.

8.6.9 Capsule X%

A RAT X BEXT R 5 215 75 S 7] using-capsules..
3.1 B hg
type PyCapsule

This subtype of PyOb ject 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 F 2L EHAGERL, & XA

typedef void (*PyCapsule_Destructor) (PyObject *);

ZPyCapsule_New () HFEL PyCapsule_Destructor 12 [RI{E )15 X o
int PyCapsule_CheckExact (PyObject *p)
MRS HE— N PyCapsule WHIRIEIEE . BB 22 BT .
PyObject *PyCapsule_New (void *pointer, const char *name, PyCapsule_Destructor destructor)

Return value: New reference. Part of the Stable ABIL. 72—~ 435 T pointer [{jPyCapsule, pointer 5
[ A NULL,

TER I B —A 7 H R [B] NULL,

FAFE name W PAJE NULL B — M8 AR C FAFR RS . WA NULL, W45 5 o0
WL capsule £ (B 9R L ALVFAE destructor FRERRE )

IR destructor ZHUR K NULL, D24 T 9l 44 S i REIfHT capsule 1S EOREH
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A I capsule FF 9 PR A — DB H R JE M W name | 24 9% 45 % S8 modulename.
attributename. X AGFHAEE ] Pycapsule Import () AWM capsule.

void *PyCapsule_GetPointer (PyObject *capsule, const char *name)
Part of the Stable ABL. $EBURIFAE capsule H1[1) pointer . FERWRHE E— D RH 12 [ NULL,

name WM S1RAFAE capsule HAG A FRIEATAEIA LR . WNSRARAFAE capsule (4% 7% NULL, NI
& A name ’d_l,uxfﬁjy NULL, Python &{#iJf] C iK%k st remp () K4 capsule 4475 .

PyCapsule_Destructor PyCapsule_GetDestructor (PyObject *capsule)
Part of the Stable ABL & [0l {RF77E capsule 1 24 HIATHIRE . 76 RGN E — A 579 H & [7] NULL.

capsule H 7 NULL #7 #4 8% 2 & & #9. X & (15 NULL & [l 4 A 28 8 3G 9
HPyCapsule Isvalid() 8{PyErr_Occurred () kL X,

void *PyCapsule_GetContext (PyObject *capsule)
Part of the Stable ABL. iR [H]f&1F4E capsule H 245 bR 3C. FERIM I &35 I 8] NULL,

capsule H A NULL b RN 2 4 vk . X £ G NULL R [E A 2 G il
HPycapsule IsValid() B{PyErr Occurred () FHEEE X,

const char *PyCapsule_GetName (PyObject *capsule)
Part of the Stable ABL R [1 fRF77E capsule FH24 B4 FR . FER MM BCE— > & Ml NULL,

capsule H H NULL £ ff 2 & ¥ M. X & 15 ~unn R [ i OF L8 B G
HPyCapsule _IsvValid() B{PyErr_Occurred () kL X .

void ¥*PyCapsule_Import (const char *name, int no_block)

Part of the Stable ABI. Import a pointer to a C object from a capsule attribute in a module. The name parameter
should specify the full name to the attribute, as in module.attribute. The name stored in the capsule
must match this string exactly.

JEI IR 0] capsule [N ER 38 1. FER NS — R IRk [I] NULL,
TE 3.3 BRI no_block has no effect anymore.

int PyCapsule_IsValid (PyObject *capsule, const char *name)

Part of the Stable ABL Wi i€ capsule 7275 & — 1A % W. A ZHY capsule 271 A S NULL, 1%
#pPyCapsule_CheckExact (), fEHPEME—AA R NULL i385, 7 HHENE LS name
JESHIILEE. (5 f%]ﬂPyCapsule GetPointer () T UM%} capsule 24 FRHEAT LA KAGH )

Pem)iE YL, WK PyCapsule_TIsvValid () i&FIEAH, WAEMXIiH#E (PA PyCapsule_Get () JF
SLIAEARTEREL) BT PR RAIE 2 183

RN RA RO HICEAE AR FRUGR [ AR . BIRE 0. HLeRE—EA K.

int PyCapsule_SetContext (PyObject *capsule, void *context)
Part of the Stable ABL - capsule PNERIF_E N SCI84%E% N context .
IR 00 SRIGIS R [ IR A BB — R .
int PyCapsule_SetDestructor (PyObject *capsule, PyCapsule_Destructor destructor)
Part of the Stable ABL R} capsule NERIINTHI S5 destructor .
JETI IR 00 SRS i ] JE A I BB —

int PyCapsule_SetName (PyObject *capsule, const char *name)

Part of the Stable ABIL. ¥ capsule NERIA 2 FR%N name, AN NULL, )44 BRI F7AE 3 D670 L
capsule B . WIRZ HIPRFEFE capsule H11f) name AN NULL, WIS 0RE M E .

IR 00 SRIKI R [0 I BAE T BB — > R .

int PyCapsule_SetPointer (PyObject *capsule, void *pointer)
Part of the Stable ABL - capsule PNERIZS $8415 N pointer . 8% AR] A NULL,
I IRIE] 0 S Mt iR [l HE AT R E— A
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8.6.10 Frame Objects

type PyFrameObject
Part of the Limited API (as an opaque struct). The C structure of the objects used to describe frame objects.

There are no public members in this structure.

FE 3.11 fit 8 2i: The members of this structure were removed from the public C API. Refer to the What's
New entry for details.

The PyEval_GetFrame () and PyThreadState_GetFrame () functions can be used to get a frame object.
See also Reflection.
PyFrameObject *PyFrame_GetBack (PyFrameObject *frame)
Get the frame next outer frame.
Return a strong reference, or NULL if frame has no outer frame.
3.9 B IHE.
PyObject *PyFrame_GetBuiltins (PyFrameObject *frame)
Get the frame’s £_builtins attribute.
Return a strong reference. The result cannot be NULL.
3.11 BRI BE.
PyCodeObject *PyFrame_GetCode (PyFrameObject *frame)
Part of the Stable ABI since version 3.10. Get the frame code.

Return a strong reference.
The result (frame code) cannot be NULL.
3.9 FrihfE.
PyObject *PyFrame_GetGenerator (PyFrameObject *frame)

Get the generator, coroutine, or async generator that owns this frame, or NULL if this frame is not owned by
a generator. Does not raise an exception, even if the return value is NULL.

Return a strong reference, or NULL.
3.1 RE.

PyObject *PyFrame_GetGlobals (PyFrameObject *frame)
Get the frame’s £_globals attribute.

Return a strong reference. The result cannot be NULL.
3.1 Fr R fE.

int PyFrame_GetLasti (PyFrameObject *frame)
Get the frame’s f_lasti attribute.

Returns -1 if frame.f_lasti is None.
3.11 FHEfe.

PyObject *PyFrame_GetLocals (PyFrameObject *frame)
Get the frame’s £_locals attribute (dict).

Return a strong reference.
3.1 RE.

int PyFrame_GetLineNumber (PyFrameObject *frame)
Fart of the Stable ABI since version 3.10. Return the line number that frame is currently executing.
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8.6.11 A mMEMHR
A A4 2 Python R SEEUAE g b (AR O R . EATE F Il A EER R BOR B, A2 2

LA PyGen_New () B{PyGen_NewWithQualName ().
type PyGenObject

T A AR R C ZE5F 1k
PyTypeObject PyGen_Type

SN R0 UE SUINATIE IO
int PyGen_Check (PyObject *ob)

2R ob ;2 —> generator XM ZNIR M E(E; ob /AN NULL, BLERELE 2 AT«
int PyGen_CheckExact (PyObject *ob)

MR ob (WAL Z PyGen_ Type WHIRIEIEAE; ob MAIA N NULL. BLEELE S BENAIT.
PyObject *PyGen_New (PyFrameObject *frame)

Return value: New reference. 5 frame X526 HF 1R B —AF 0 AL AR AT S R EL 2 HUE—AXF
frame 151 Ji] o ZHLLINIA N NULL,

PyObject *PyGen_NewWithQualName (PyFrameObject *frame, PyObject *name, PyObject *qualname)

Return value: New reference. J:T frame X} A @I 3% [ —ASH a0 A A X 4, HA _ _name_ Al
__qualname__ &4 name Fl qualname. W HRELHGE—XE frame (5. frame ZHUIIARH
NULL,

8.6.12 thiZ¥ R

3.5 B IEE.
IR RIZ I async SBE P B R EI0R Rl Y .
type PyCoroObject
MTF XSG C S5t 1R
PyTypeObject PyCoro_Type
MR A RIXS R
int PyCoro_CheckExact (PyObject *ob)
2R ob (A E Py Coro_Type WHRIMIAE; ob AMHA Y NULL. BRI 2T -
PyObject *PyCoro_New (PyFrameObject *frame, PyObject *name, PyObject *qualname)

Return value: New reference. J:T frame T2 G H R [ — NI ESN %, Hd _ name_ Hl
__qualname__ &% K name Fl qualname, R EEASE—XT frame 85| . frame ZH00 A K
NULL,

8.6.13 L T LEEMR
1 3.7.1 JRE L

#411: AE Python3.7.1 v, firfy b S8 i C APL A4 4% WO Pyob ject F85H I AN E Py Context,
PyContextVar VA PyContextToken, flll:

// in 3.7.0:
PyContext *PyContext_New (void) ;

// in 3.7.1+:
PyObject *PyContext_New (void);
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T2 bpo-34762 T fRENE .

3.7 B EIRE.
FTRANG T contextvars fEL A H C APIL,
type PyContext
T3~ contextvars.Context X2 C g5,
type PyContextVar
T 3R contextvars.ContextVar XA C g5H)K,

type PyContextToken
JTFFIR contextvars. Token X4 C 45144 .
PyTypeObject PyContext_Type
FIR context TIN5
PyTypeObject PyContextVar_Type
27 context variable 25 R 2R RN 4
PyTypeObject PyContextToken_Type
ZE7R context variable token 2T IR AN 4
KA AL
int PyContext_CheckExact (PyObject *0)
W o AR pyContext  Type MIRMIF(H. o WAURA NULL. HEREUEE R BIIIAT .
int PyContextVar_CheckExact (PyObject *0)
R o WA Py Context Var Type WIREIFAH. o MAZHIAN NULL. BpRELE & 2 IMEHAAT .
int PyContextToken_CheckExact (PyObject *0)
MR o LA PyContext Token Type MR EfE. o AR A NULL. MEREUE RS BIIT .
BRSO AE B R
PyObject *PyContext_New (void)
Return value: New reference. Bf&—AHH9%S 1R 4. AR A AR A1 R 8] NULL.
PyObject *PyContext_Copy (PyObject *ctx)
Return value: New reference. BEEFTE AR cox | R SCW SRR DL, 000 & 4R 55 3R 1] NULL,
PyObject *PyContext_CopyCurrent (void)
Return value: New reference. B 4T B F SCAEHE Do W12 % AR 455 Wk 9] NULL
int PyContext_Enter (PyObject *ctx)
K coc BRI 210 E R 3Ce MEhERR R 0, HEEHR R -1,
int PyContext_Exit (PyObject *ctx)
IBUH S coe BTR SOFREZ BB SO R 24 BT AR 24 /T B R SC ER ) 0, H A R [l
1,
NS R R
PyObject *PyContextVar_New (const char *name, PyObject *def)
Return value: New reference. G| E— ¥l ContextVar X4 ., EZ name JT B E MK HE 1.
% def J BT 3R R ERGAME, 2O NULL FoRTEEOME. QPR AR, XA RS ik [0]
NULL,
int PyContextVar_Get (PyObject *var, PyObject *default_value, PyObject **value)
%%L%ESE%EOE’J{E WERAEA R AR T A R R R, R -1, WPRECAH KRR, itk
) B )

WERAR B BRSO R, value FH2 AR ERITEET . MR BTN SCE SR RA ], value FiHE1
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e default_value, YNHIE “NULL*,
o var FERIME, WIRAE NULL;
e NULL
B 7RI NULL, XSRS IR m—ASH 5 .
PyObject *PyContextVar_Set (PyObject *var, PyObject *value)

Return value: New reference. 162411 SCH ¥ var %88 value, & [B1EFT UG RS, a3
LR e AR AR R [B] NULL

int PyContextVar_Reset (PyObject *var, PyObject *token)

B SRR var PRAS BN EAEIR 8] token ) PyContextVar Set () #HHZ FIFPIRES. It
PREURTIR ] 0, HESHHRE -1,

8.6.14 DateTime Y{&

datetime BIHERML T 2 Fh HIAFNES IG5 AR AT X S8 pR B 1T, 20U AR ) YRS Hh A 573 3¢
{4 datetime.h GEYERE I SCHH £ @A TE Python.h 1), I H% PyDateTime_ IMPORT M4 #E %
B, AN I R B — o . XA ERHR RS C S5 e A — NS &
PyDateTimeAPT 1, ‘Bl RN Z KM
F:1)jh) UTC Hfi:
PyObject *PyDateTime_TimeZone_UTC

R[] Fm UTC R IX ], 5 datetime.timezone.utc HF—%%,

3.7 FriR e
RARG AT
int PyDate_Check (PyObject *ob)

A5 ob °f PyDateTime_DateType #lnl PyDateTime_DateType MFHAT2AIN) IR [0 BH.
ob ANAEN NULL. MEREUE &2 AT
int PyDate_CheckExact (PyObject *ob)
U ob 2y PyDateTime_DateType KHINLR M Ef. ob ANEEHN NULL. BLpRECE &2 BT
int PyDateTime_Check (PyObject *ob)
N ob 5 PyDateTime_DateTimeType KHIEL PyDateTime_DateTimeType WA T2 H
NEREIE(E . ob ANEEN NULL, MERELE RSB IIHIT.
int PyDateTime_CheckExact (PyObject *ob)
HI3E ob 5 PyDateTime_DateTimeType KRN3R A BEfl. ob NN NULL. IEREE 2SI
W7,
int PyTime_Check (PyObject *ob)

W ob 25512 PyDateTime_TimeType #{J¢ PyDateTime_TimeType [T HNI3E [ EfH.
ob WAARN NULL. UpR R 2 2 AT .

int PyTime_CheckExact (PyObject *ob)
G4 ob 2k PyDateTime_TimeType FBUNILR [ E(H. ob ANEEN NULL. ILERELE S MIHAT.
int PyDelta_Check (PyObject *ob)

IR ob ) PyDateTime_DeltaType KHEf PyDateTime_DeltaType FYIEAT-ZALN)R ] B
fH. ob RAEN NULL. BLEREURESMINNAT.

int PyDelta_CheckExact (PyObject *ob)
IR ob A PyDateTime_DeltaType KAINLR M EH . ob ANEEHN NULL. BERRELEE S TIHAT.
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int PyTZInfo_Check (PyObject *ob)
IR ob 2R AIE PyDateTime_TzZInfoType B{j2 PyDateTime_TzZInfoType K TZEH NI [H]
Biff. ob WA K NULL. BRREM 22 mIhigT.

int PyTZInfo_CheckExact (PyObject *ob)
W ob 2y PyDateTime_TZInfoType FEHMERMIEE. ob ANREN NULL. JHERELEE S BIIHM
1T

TN R %

PyObject *PyDate_FromDate (int year, int month, int day)
Return value: New reference. 12 [B|35F4E. H. HHJ datetime.date X4,

PyObject *PyDateTime_FromDateAndTime (int year, int month, int day, int hour, int minute, int second, int

usecond)

Return value: New reference. 1 [B| 4G 35 72 year, month, day, hour, minute, second £ microsecond J& {4 1)
datetime.datetime ¥4,

PyObject *PyDateTime_FromDateAndTimeAndFold (int year, int month, int day, int hour, int minute, int

second, int usecond, int fold)

Return value: New reference. 12 [0 B A5 35 %€ year, month, day, hour, minute, second, microsecond A1 fold &
VEH] datetime.datetime X%,

3.6 BN fE.

PyObject *PyTime_FromTime (int hour, int minute, int second, int usecond)
Return value: New reference. & [0 B4 $5 5€ hour, minute, second and microsecond J& ) datetime.
time X4,

PyObject *PyTime_FromTimeAndFold (int hour, int minute, int second, int usecond, int fold)
Return value: New reference. iR [1] L7 5 %€ hour, minute, second, microsecond F1 fold J& (1 datet ime.

time X4,
3.6 FrIfE.
PyObject *PyDelta_FromDSU (int days, int seconds, int useconds)

Return value: New reference. 1R [BIfCERAHE R, PHMFIEY datetime. timedelta XS4 . K47
TE AL BAE DA i TR R DB AE datetime . timedelta W4 SCRYHE IR I X [A) 2 19 .

PyObject *PyTimeZone_FromOffset (PyDateTime_DeltaType *offset)

Return value: New reference. I2[B]—/> datetime.timezone X142, ZWFHAG VA offset ZHFHRN
A4 [ i 22

3.7 FihRE.
PyObject *PyTimeZone_FromOf fsetAndName (PyDateTime_DeltaType *offset, PyUnicode *name)

Return value: New reference. JR[n]—/~ datetime.timezone X%, ZWRHEAG VA offset ZEF /R
[&] 8 I 22 FI I X 44 R name.

3.7 FiIRE.
— R date X Z R B R, S B 2 PyDateTime Date L 3F 1 3¢ (Bl 4N
PyDateTime_DateTime) [J5Efl. SEMAHURN NULL, H HARBURE A #:
int PyDateTime_GET_YEAR (PyDateTime_Date *0)
PATE B R TE 2R [ AR
int PyDateTime_GET_MONTH (PyDateTime_Date *0)
IREH M0 F 12 R
int PyDateTime_GET_DAY (PyDateTime_Date *0)
AREH, A0 2 31 R

— BB 5 M datetime X4 R BUE BRI 5 . SIS PyDateTime_DateTime fU3HEH THM 56, 2
BB NULL, - HREUR Sk o
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int PyDateTime_DATE_GET_HOUR (PyDateTime_DateTime *0)
IR[EZINEE, A0 B 23 [ REEL

int PyDateTime_DATE_GET_MINUTE (PyDateTime_DateTime *0)
RS, A0 2] 59 HYEEEL.

int PyDateTime_DATE_GET_SECOND (PyDateTime_DateTime *0)
WEED, A0 F 59 fEEEL.

int PyDateTime_DATE_GET_MICROSECOND (PyDateTime_DateTime *0)
RIEHED, MO 3] 999999 [RERL .

int PyDateTime_DATE_GET_FOLD (PyDateTime_DateTime *0)
Return the fold, as an int from O through 1.
3.6 HiIHE.

PyObject *PyDateTime_DATE_GET_TZINFO (PyDateTime_DateTime *0)
1R [9] tzinfo (W] PAH None),
3.10 BRI BE.

— LU time XR PRI BUNZ . SHUE PyDateTime _Time WHFHT-IMLH]. SHuM

AN NULL, H HIERR Sk

int PyDateTime_TIME_GET_HOUR (PyDateTime_Time *0)
IR EINEE, A0 2] 23 AL

int PyDateTime_TIME_GET_MINUTE (PyDateTime_Time *0)
REMh, A0 F SO HEAL

int PyDateTime_TIME_GET_SECOND (PyDateTime_Time *0)
M, M0 F 59 HEEEL.

int PyDateTime_TIME_GET_MICROSECOND (PyDateTime_Time *0)
ARG, MO F1] 999999 Y HE AL .

int PyDateTime_TIME_GET_FOLD (PyDateTime_Time *0)
Return the fold, as an int from O through 1.
3.6 HiIIHE.

PyObject *PyDateTime_TIME_GET_TZINFO (PyDateTime_Time *0)
1R [9] tzinfo (W] PAH None),
3.10 i HE.

—LEHR M timedelta X[ R IUFE B 7 . SEA/E PyDateTime_Delta WHFH FRALH] . S5

WA N NULL, I HEBUN Sk oA
int PyDateTime_DELTA_GET_DAYS (PyDateTime_Delta *0)
R KEL, M-999999999 F1| 999999999 [ ELEN

3.3 FrihhE.

int PyDateTime_DELTA_GET_SECONDS (PyDateTime_Delta *0)
REFEL, A0 2] 86399 AL
3.3 B fE.

int PyDateTime_DELTA_ GET_ MICROSECONDS (PyDateTime_Delta *0)
AR GRDEL, A O F] 999999 FHERL
3.3 B e,

— A TR SE I DB API (75

8.6. Hfthxts
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PyObject *PyDateTime_FromTimestamp (PyObject *args)

Return value: New reference. B)EIf1& [0 — /45 EITCH S I H datetime.datetime XfH, &EH
{45 datetime.datetime. fromtimestamp () o

PyObject *PyDate_FromTimestamp (PyObject *args)

Return value: New reference. B)ZEHiR [l — 4 ETCHSHH P datetime.date XH, EEHES
datetime.date.fromtimestamp (),

8.6.15 FKELFMITR

P LR TRBPER N E LB, B RIAEM AP 2L - GenericAlias 1 Union, 5 GenericAlias
2] C FFJ

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.

R — AT A R B 1 T

static PyMethodDef my_obj_methods[] = {
// Other methods.

{"__class_getitem_ ", Py_GenericAlias, METH_O|METH_CLASS, "See PEP 585"}

}

Z W

BB __class_getitem_ ()
3.9 HrTge.

PyTypeObject Py_GenericAliasType

Part of the Stable ABI since version 3.9. H{Py_GenericAlias () FrRFIMIXT SN C KA., T
Python Hff{] types.GenericAlias .

3.9 B RE.
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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()
« TH
— Py DecodeLocale ()
© AT Bl
— PyMem RawMalloc ()

— PyMem RawRealloc ()

PyMem RawCalloc ()

— PyMem_ RawFree ()

% T 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 7 544 i 4 JRyC B AP OR P RPE AT I AL B o X BEARTE BRI fir 4T85

M AR E AR, TREAR R R BRI R B BN, b &RfPy_BytesWarningFlag
WM 1M —bb 228 Py_BytesWarningFlag ¥4 2.

int Py_BytesWarningFlag

This APT is kept for backward compatibility: setting PyConfig.bytes_warning should be used instead,
see Python Initialization Configuration.

Issue a warning when comparing bytes or bytearray with str or bytes with int. Issue an error if
greater or equal to 2.

EH -b iﬁIﬁifi%o
3.2 iRIEE R

int Py_DebugFlag

This API is kept for backward compatibility: setting PyConfig.parser_debug should be used instead,
see Python Initialization Configuration.

FFE AR s . (R R M, WK T ik i) .
i —d 3T #1 PYTHONDEBUG FEAS ik E- .
312 UG EFERR.

int Py_DontWriteBytecodeFlag

This API is kept for backward compatibility: setting PyConfig.write_bytecode should be used in-
stead, see Python Initialization Configuration.

R BN AES, Python AN&FEF ATRAIEE2AE A . pyc XM
i —B &I f PYTHONDONTWRITEBY TECODE FRIBAS B ik & .

3.12 G E R
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int Py_FrozenFlag

This API is kept for backward compatibility: setting PyConfig.pathconfig_warnings should beused
instead, see Python Initialization Configuration.

Suppress error messages when calculating the module search path in Py_GetPath ().

Private flag used by _freeze_module and frozenmain programs.

3.12 UG E MR

int Py_HashRandomizationFlag

This API is kept for backward compatibility: setting PyConfig.hash_seed and PyConfig.
use_hash_seed should be used instead, see Python Initialization Configuration.

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.

3.12 UG E .

int Py_IgnoreEnvironmentFlag

This API is kept for backward compatibility: setting PyConfig.use_environment should be used in-
stead, see Python Initialization Configuration.

ZWE A PYTHON* Ffds2As &, Hlin, B% B PYTHONPATH Ml PYTHONHOME.,
B —E Fl -1 5 E .
312 G E SRR,

int Py_InspectFlag

This API is kept for backward compatibility: setting PyConfig. inspect should be used instead, see
Python Initialization Configuration.

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 —1i option and the PYTHONINSPECT environment variable.

3.12 UG E R .

int Py_InteractiveFlag

This API is kept for backward compatibility: setting PyConfig. interactive should be used instead,
see Python Initialization Configuration.

B -1 T3
3.12 fR G E K.

int Py_IsolatedFlag

This API is kept for backward compatibility: setting PyConfig. isolated should be used instead, see
Python Initialization Configuration.

Run Python in isolated mode. In isolated mode sys.path contains neither the script’s directory nor the
user’s site-packages directory.

B -I T3,
3.4 B Ige.
32 RGO

int Py_LegacyWindowsFSEncodingFlag
This API is kept for backward compatibility: setting PyPreConfig.

legacy_windows_fs_encoding should be used instead, see Python Initialization Configuration.

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.
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Set to 1 if the PYTHONLEGACYWINDOWSFSENCODING environment variable is set to a non-empty string.
HZ RS PEP 529.

A] Fl 14 Windows,

312 URE R

int Py_LegacyWindowsStdioFlag

This API is kept for backward compatibility: setting PyConfig. legacy_windows_stdio should be
used instead, see Python Initialization Configuration.

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.
AREZIEMEE, iS5 PEP 528,

u] F M Windows .,

3.12 [ E R

int Py_NoSiteFlag

This API is kept for backward compatibility: setting PyConfig.site import should be used instead,
see Python Initialization Configuration.

B site M A MBI BT 0 0T sys . path (FE. WER site RAEM R RAH T
AW B LA URARA B A A E AT site.main ().

EB -S iﬁIﬁi’&%o
312 iREE R

int Py_NoUserSiteDirectory

This API is kept for backward compatibility: setting PyConfig.user_site_directory should be
used instead, see Python Initialization Configuration.

KRNI F P site-packages H xUsHEF sys.path,
Set by the —s and - I options, and the PYTHONNOUSERSITE environment variable.
3.12 UG E R

int Py_OptimizeFlag

This API is kept for backward compatibility: setting PyConfig.optimization_Ilevel should be used
instead, see Python Initialization Configuration.

Set by the —O option and the PYTHONOPTIMIZE environment variable.

3.12 UG E K.

int Py_QuietFlag

This API is kept for backward compatibility: setting PyConfig. quiet should be used instead, see Python
Initialization Configuration.

BRIV AL AR A S 7R URCRII A
Hi —q BT E .

3.2 Filhde.

3.12 UG E .

int Py_UnbufferedStdioFlag

This API is kept for backward compatibility: setting PyConfig.buffered_stdio should be used in-
stead, see Python Initialization Configuration.

5 1 stdout A1 stderr Jii A7 .

Set by the —u option and the PYTHONUNBUFFERED environment variable.
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3.12 UG E R

int Py_VerboseFlag
This API is kept for backward compatibility: setting PyConfig.verbose should be used instead, see
Python Initialization Configuration.

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.

3.12 fiE ERER.

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.

Usethe Py_TnitializeFromConfig () function to customize the Python Initialization Configuration.

41k £ Windows [, il 6450 O_TEXT BCH O_BINARY, XK C iz frhf ik
Python 4% il & i

void Py_InitializeEx (int initsigs)

Fart of the Stable ABI. This function works like Py Tnitialize () if initsigsis 1. If initsigs is 0, it skips
initialization registration of signal handlers, which might be useful when Python is embedded.

Usethe Py _InitializeFromConfig () function to customize the Python Initialization Configuration.

int Py_IsInitialized ()

Part 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
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freed. Some extensions may not work properly if their initialization routine is called more than once; this can
happen if an application calls Py Initialize () and Py _FinalizeEx () more than once.

Raises an auditing event cpython._PySys_ClearAuditHooks with no arguments.
3.6 FCIRE.
void Py_Finalize ()

Fart of the Stable ABI. This is a backwards-compatible version of Py_FinalizeEx () that disregards the
return value.

9.4 Process-wide parameters

int Py_SetStandardStreamEncoding (const char *encoding, const char *errors)
This API is kept for backward compatibility: setting PyConfig.stdio_encoding and PyConfig.
stdio_errors should be used instead, see Python Initialization Configuration.

This function should be called before Py_Tnitialize (), 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 PYTHONIOENCOD 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 i CIRE.
311 UG E R

void Py_SetProgramName (const wchar_t *name)
Fart of the Stable ABI. This API is kept for backward compatibility: setting PyConfig.program_name
should be used instead, see Python Initialization Configuration.

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.

3.1 HUSE M.

wchar *Py_GetProgramName ()

Fart of the Stable ABI. Return the program name set with Py_ Set ProgramName (), 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.

FE 3.10 iR 4 It now returns NULL if called before Py_Initialize ().
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wchar_t *Py_GetPrefix ()

Fart 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.
FE 3.10 iR 4 It now returns NULL if called before Py_Initialize ().

wchar_t *Py_GetExecPrefix ()

Fart of the Stable ABI. 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
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.
JE 3.10 fREE Pk It now returns NULL if called before Py_Initialize ().

wchar_t *Py_GetProgramFullPath ()

Fart 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.
FE 3.10 R ¥ It now returns NULL if called before Py_Initialize ().

wchar_t *Py_GetPath ()

Fart 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.

JE 3.10 iR 4 It now returns NULL if called before Py_Initialize ().
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void Py_SetPath (const wchar_t*)

Part of the Stable ABI since version 3.7. This API is kept for backward compatibility: setting PyConfig.
module_search_pathsand PyConfig.module search_paths_set should be used instead, see
Python Initialization Configuration.

Set the default module search path. If this function is called before Py Initialize (), then
Py_GetPath () won't attempt to 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.
TE 3.8 JiR B The program full path is now used for sys.executable, instead of the program name.

311 R G E .

const char *Py_GetVersion ()
Fart 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.

See also the Py_ Version constant.

const char *Py_GetPlatform ()

Fart 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 ()

Part 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]"

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 ()

Fart 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"
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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)

Part of the Stable ABI. This API is kept for backward compatibility: setting PyConfig.argv, PyConfig.
parse_argvand PyConfiqg. safe_path should be used instead, see Python Initialization Configuration.

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 argc is 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.

See also PyConfig.orig_argvand PyConfig.argv members of the Python Initialization Configura-
tion.

£41:: Ttis recommended that applications embedding the Python interpreter for purposes other than executing
a single script pass O as updatepath, and update sys . 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 Bl 6E.
3.1 UG E AR
void PySys_SetArgv (int argc, wchar_t **argv)

Part of the Stable ABIL This API is kept for backward compatibility: setting PyConfig.argv and
PyConfig.parse_arqgv should be used instead, see Python Initialization Configuration.

This function works like PySys_SetArgvEx () with updatepath set to 1 unless the python interpreter
was started with the —T.

Use Py_DecodeLocale () to decode a bytes string to get a wchar_* string.

See also PyConfig.orig_argvand PyConfig.argv members of the Python Initialization Configura-
tion.

TE 3.4 FiUHE PR The updatepath value depends on — 1.
311 UEE .

void Py_SetPythonHome (const wchar_t *home)

Part of the Stable ABI. This API is kept for backward compatibility: setting PyConfig. home should be
used instead, see Python Initialization Configuration.

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.
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Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

3.11 RGO BR.

w_char *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.

T 3.10 Je 5 P It now returns NULL if called before Py_Initialize ().

9.5 KENETFLEFERFEEH

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 G/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 TR S A

PyThreadState *_save;

_save = PyEval_sSaveThread();
. 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
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variable). Conversely, when acquiring the lock and restoring the thread state, the lock must be acquired before storing
the thread state pointer.

#&1¥: 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 jE Python 6|29k 72

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.

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 TnterpreterState 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.
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9.5.4 E 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.

1t Python 3.6 MBI HUA T, M pREISTE GIL AFLER I E .
TE 3.9 iR The function now does nothing.

TE 3.7 WUCHE L This function is now called by Py_Tnitialize (), so you don’t have to call it yourself
anymore.

T 3.2 MU HE PR This function cannot be called before Py Tnitialize () anymore.
Deprecated since version 3.9, removed in version 3.11.

int PyEval_ThreadsInitialized()

Part of the Stable ABIL. Returns a non-zero value if PyEval_InitThreads () hasbeen 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.

T 3.7 MU PR The GIL is now initialized by Py Tnitialize ().
Deprecated since version 3.9, removed in version 3.11.

PyThreadState *PyEval_SaveThread ()

Fart of the Stable ABI. Release the global interpreter lock (if it has been created) and reset the thread state to
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.

$41k: 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 ()

Part 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).
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PyThreadState *PyThreadState_Swap (PyThreadState *tstate)

Fart of the Stable ABIL. 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 ()

Fart 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.

41z 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.

void PyGILState_Release (PyGILState_STATE)

Fart 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).

Every callto PyGILState_Ensure () must be matched by acallto 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
allocation functions when knowing that the GIL is locked can allow the caller to perform sensitive actions or
otherwise behave differently.

3.4 F e
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 ABIL. L7735 PyEval_RestoreThread(_save); }. WEEBHEE—MEI
55 BMS 2RI Py _BEGIN_ALLOW_THREADS %EVLHL. i5Z 5 _FCAE—HHis %2 .
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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 () ;: it is 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 ().
JE 3.7 EM: Py _Initialize () now initializes the GIL.

PylnterpreterState *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)

Part of the Stable ABI. Reset all information in an interpreter state object. The global interpreter lock must be
held.

Raises an auditing event coython.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 Py InterpreterState_Clear ().

PyThreadState *PyThreadState_New (PylnterpreterState *interp)

Part 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)
Part of the Stable ABI. Reset all information in a thread state object. The global interpreter lock must be held.

TE 3.9 it B8 ¥k This function now calls the PyThreadState.on_delete callback. Previously, that
happened 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().

PyFrameObject *PyThreadState_GetFrame (PyThreadState *tstate)
Fart of the Stable ABI since version 3.10. Get the current frame of the Python thread state tstate.

Return a strong reference. Return NULL if no frame is currently executing.
See also PyEval_ GetFrame ().
tstate must not be NULL.

3.9 B fE.
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uint64_t PyThreadState_GetID (PyThreadState *tstate)

FPart of the Stable ABI since version 3.10. Get the unique thread state identifier of the Python thread state fstate.

tstate must not be NULL.
3.9 Hi e

PyInterpreterState *PyThreadState_GetInterpreter (PyThreadState *tstate)
Part of the Stable ABI since version 3.10. Get the interpreter of the Python thread state zstate.
tstate must not be NULL.
3.9 Hii e

void PyThreadState_EnterTracing (PyThreadState *tstate)
Suspend tracing and profiling in the Python thread state tstate.
Resume them using the PyThreadState_LeaveTracing () function.
3.1 RE.

void PyThreadState_LeaveTracing (PyThreadState *tstate)

Resume tracing and profiling in the Python thread state #state suspended
PyThreadState EnterTracing () function.

See also PyEval_ SetTrace () and PyEval_SetProfile () functions.
311 F e

PyInterpreterState *PyInterpreterState_Get (void)
Part of the Stable ABI since version 3.9. 3REU4 Hi eSS o

by the

Issue a fatal error if there no current Python thread state or no current interpreter. It cannot return NULL.

IEI A2+ A GIL.
3.9 BRI HE.

int64_t PyInterpreterState_GetID (PylnterpreterState *interp)

Fart 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 FrhfE.
PyObject *PyInterpreterState_GetDict (PylnterpreterState *interp)

Fart 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 BRI HE.

typedef PyObject *(*_PyFrameEvalFunction)(PyThreadState *tstate, _PyInterpreterFrame *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.

TE 3.9 M B EORAE [ 352> 1state JE 5
TE 3.11 HUCE L The frame parameter changed from PyFrameObject* to _PyInterpreterFrame*.
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_PyFrameEvalFunction _PyInterpreterState_GetEvalFrameFunc (PylnterpreterState *interp)

Get the frame evaluation function.
See the PEP 523 ”Adding a frame evaluation API to CPython”.
3.9 Hi e
void _PyInterpreterState_SetEvalFrameFunc (PylnterpreterState *interp, _PyFrameEvalFunction
eval_frame)

Set the frame evaluation function.
See the PEP 523 ”Adding a frame evaluation API to CPython”.
3.9 B RE.

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)

Fart of the Stable ABIL. 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.

FE 3.7 MU PR The type of the id parameter changed from 1ong 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 zstate, which must
not be NULL. The lock must have been created earlier. If this thread already has the lock, deadlock ensues.

£41:: 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 kR HE W 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)

Fart 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 ()
Fart 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 J5 B # B This function does not update the current thread state. Please use
PyEval_RestoreThread () or PyEval_AcquireThread () instead.
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£41:: 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 kR HE W 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.

void PyEval_ReleaseLlock ()
Fart of the Stable ABI. Release the global interpreter lock. The lock must have been created earlier.

32 WU )5 B B [%: This function does not update the current thread state. Please use
PyEval_SaveThread () or PyEval_ReleaseThread () instead.

9.6 FREREIEHF

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:

¢ 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_Tnitialize ();in that case, the
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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 ABIL. 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.

9.6.1 F|RFES

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 . close () 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 L&A

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)

Fart of the Stable ABIL Schedule a function to be called from the main interpreter thread. On success, O 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.
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e M. 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.

TE 3.9 BB e 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 B fE.

9.8 SHTFIERER

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 B91& arg a X
PyTrace_CALL mE Py None.
PyTrace_EXCEPTION sys.exc_info () IR REER.

PyTrace_LINE BEPy None.

PyTrace_RETURN RGP RDTIE, BCE AR i 5 S 30 R 7] NULL,
PyTrace_C_CALL IE?’flJ%ﬁH @?&5@%0
PyTrace_C_EXCEPTION | iF7EVaH BREOTE.
PyTrace_C_RETURN EAE R RO 4.

PyTrace_OPCODE

BERPy_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.
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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.

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.

See also the sys.setprofile () function.

The caller must hold the GIL.

void PyEval_SetProfileAllThreads (Py_tracefunc func, PyObject *obj)

Like PyEval_SetProfile () but sets the profile function in all running threads belonging to the current
interpreter instead of the setting it only on the current thread.

The caller must hold the GIL.

As PyEval_ SetProfile (), this function ignores any exceptions raised while setting the profile functions
in all threads.

3.12 FiR I GE.
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.

See also the sys.settrace () function.

The caller must hold the GIL.

void PyEval_SetTraceAllThreads (Py_tracefunc func, PyObject *obj)

Like PyEval_SetTrace () but sets the tracing function in all running threads belonging to the current
interpreter instead of the setting it only on the current thread.

The caller must hold the GIL.

As PyEval_SetTrace (), this function ignores any exceptions raised while setting the trace functions in
all threads.

312 e
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9.9 ERiAI 283 HF

These functions are only intended to be used by advanced debugging tools.

PylInterpreterState *PyInterpreterState_Head ()
Return the interpreter state object at the head of the list of all such objects.

PylInterpreterState *PyInterpreterState_Main ()
Return the main interpreter state object.

PylnterpreterState *PyInterpreterState_Next (PylnterpreterState *interp)

Return the next interpreter state object after interp 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.

% 7E: 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.

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 B IEE.
W
”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_TINIT is allowed.

Py _tss_NEEDS_INIT

This macro expands to the initializer for Py_ t ss_t variables. Note that this macro won’t be defined with
Py_LIMITED_API.
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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_tss_t *key)

Fart of the Stable ABI since version 3.7. Free the given key allocated by PyThread_tss_alloc (), after
first calling Py Thread_tss_delete () to ensure any associated thread locals have been unassigned. This
is a no-op if the key argument is NULL.

& 1E: 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_1ss_t *key)
Fart of the Stable ABI since version 3.7. Return a non-zero value if the given Py_ tss_ t has been initialized
by PyThread_tss_create ().

int PyThread_tss_create (Py_tss_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 tss_NEEDS_INIT.
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_tss_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.

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_tss_t *key)

Fart 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 )G ELFZ 4 This APLis superseded by Thread Specific Storage (TSS) API.

#&1¥: 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 TR B AR L MR, S R RS i LR AR AL
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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.

9.10. EFMEMZF

187



The Python/C API, %% 3.12.0a0

188 Chapter 9. #isft, LKREEFLLTE



cHAPTER 10

Python #t& LBl &

3.8 HR I E.

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 () BRECATHEIR SIS E il Python £2)F
2 Winitialization, Finalization, and Threads.

S

PEP 587 "Python ] i54L AL &,

10.1 ;=61

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)
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}

status = Py_InitializeFromConfig(&confiqg);
if (PyStatus_Exception(status)) A
goto exception;

}
PyConfig_Clear (&configqg);

return Py_RunMain () ;

exception:

PyConfig_Clear (&configqg);

if (PyStatus_IsExit (status)) {
return status.exitcode;

3

/* Display the error message and exit the process with
non—-zero exit code */

Py_ExitStatusException (status);

10.2 PyWideStringList

type PyWideStringList

i wehar_t* FAFER A EIF 3.
AR length AEZEAHE, W items WAk NULL F H A FAFHR U A NULL,
Tk
PyStatus PyWideStringList_Append (PyWideStringList *list, const wchar_t *item)
Y item TN list
Python W25 I 46 A LASE 8] FHT L PR
PyStatus PyWideStringList_Insert (PyWideStringList *list, Py_ssize_t index, const wchar_t *item)
¥ item JEH A B list 1) index LB L.
A index KFET list WKJE, WIXF item FRIME list,
index must be greater than or equal to 0.
Python WA T4 4 A AT 1 L B K
Structure fields:
Py_ssize_t 1ength
List K J&,
wchar_t **items

FIETIH -
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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
HrRAEE
const char *func
Name of the function which created an error, can be NULL.
Functions to create a status:
PyStatus PyStatus_Ok (void)
SEN.
PyStatus PyStatus_Error (const char *err_msg)
Initialization error with a message.
err_msg must not be NULL.
PyStatus PyStatus_NoMemory (void)
Memory allocation failure (out of memory).
PyStatus PyStatus_Exit (int exitcode)
PATE E IR H AR H 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)
BERBEIRL?

int PyStatus_IsExit (PyStatus status)
ERRETIRI?

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.

£47:: Internally, Python uses macros which set PyStatus . func, whereas functions to create a status set func
to NULL.

I

PyStatus alloc(void **ptr, size_t size)
{
*ptr = PyMem_RawMalloc (size);
if (*ptr == NULL) {
return PyStatus_NoMemory () ;

Q)
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return PyStatus_Ok () ;

int main(int argc, char **argv)

void *ptr;

PyStatus status = alloc(&ptr, 16);

if (PyStatus_Exception(status)) {
Py_ExitStatusException (status);

}

PyMem_Free (ptr);

return 0O;

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).

¢ 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.

e PYMEM_ALLOCATOR_PYMALLOC_DEBUG (6): Python pymalloc memory allocator with debug
hooks.

PYMEM_ALLOCATOR_PYMALLOC and PYMEM_ ALLOCATOR_PYMALLOC_DEBUG are not sup-
ported if Python is configured using —--without-pymalloc.

2l Memory Management.
Default: PYMEM_ALLOCATOR_NOT_SET

int configure_locale
Set the LC_CTYPE locale to the user preferred locale?

If equals to O, set coerce_c_localeand coerce_c_locale_warn members to O.
See the locale encoding.

Default: 1 in Python config, 0 in isolated config.
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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.
See the locale encoding.

Default: —1 in Python config, 0 in isolated config.

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

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

If non-zero:
e B PyPreConfig.utf8 mode N 0,
e B PyConfig.filesystem encoding A "mbcs",
» B PyConfig.filesystem errors A "replace".
Initialized the from PYTHONLEGACYWINDOWSF SENCOD ING environment variable value.
Only available on Windows. #ifdef MS_WINDOWS macro can be used for Windows specific code.
BRIAHE: 0.
int parse_argv
If non-zero, Py_PrelnitializeFromArgs () 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 to 0 or 1 by the —X ut £8 command line option and the PYTHONUTF 8 environment variable.
Also set to 1 if the LC_CTYPE locale is C or POSIX.

Default: -1 in Python config and 0 in isolated config.

10.4. PyPreConfig 193



The Python/C API, %% 3.12.0a0

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 must not be NULL.

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 must not be 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 must not be 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_TInitializeFromConfig() to install a custom memory allocator. It can be called before
PyiPreInitialize()inyPreConfig.allocatorﬁsSﬂtoPYMEM_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 (&preconfigqg);

if (PyStatus_Exception(status)) {
Py_ExitStatusException (status);

}

/* at this point, Python speaks UTF-8 */
Py_Initialize();

/* ... use Python API here ... */
Py_Finalize();
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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.

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 arge, wchar_t *const *argv)
Set command line arguments (2 rgv member of config) from the argv list of wide character strings.
Preinitialize Python if needed.

PyStatus PyConfig_SetBytesArgv (PyConfig *config, int arge, 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, Py WideStringList *list, Py_ssize_t
length, wchar_t **items)

Set the list of wide strings list 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.

Fields for path configuration are no longer calculated or modified when calling this function, as of Python
3.11.

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 WU 2i: 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_argv equals 1.

TE 3.11 JREE L PyConfig Read () no longer calculates all paths, and so fields listed under Python
Path Configuration may no longer be updated until Py_TnitializeFromConfig () is called.
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void PyConfig_Clear (PyConfig *config)

Release configuration memory.

Most PyConfig methods preinitialize Python if needed. In that case, the Python preinitialization config-
uration (PyPreConfiqg) in based on the PyConfig. If configuration fields which are in common with
PyPreConfig are tuned, they must be set before calling a PyConig method:

e PyConfig.dev_mode

e PyConfig.isolated

e PyConfig.parse_argv

* PyConfig.use_environment

Moreover, if PyConfig SetArgv () or PyConfig SetBytesArgv () 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 axgv

Command line arguments: sys.argv.

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 sy s . argv always exists and is never empty.
BRAE: NULL.
See also the orig_argv member.

int safe_path
If equals to zero, Py_RunMain () prepends a potentially unsafe path to sys.path at startup:

e If argv/[0]isequalto L"-m" (python -m module), prepend the current working directory.

e If running a script (python script.py), prepend the script’s directory. If it’s a symbolic link,
resolve symbolic links.

e Otherwise (python -c code and python), prepend an empty string, which means the current
working directory.

Set to 1 by the —P command line option and the PYTHONSAFEPATH environment variable.
Default: 0 in Python config, 1 in isolated config.
3.1 R fE.

wchar_t *base_exec_prefix

sys.base_exec_prefix.
BRA{E: 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.

BRAE: NULL.

Part of the Python Path Configuration output.
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wchar_t *base_prefix

sys.base_prefix.

BRINE: 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.
RRAME: 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 —lo command line option.
BRAE: .

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.

BROAE: 0.
3.10 R Eh E.

int code_debug_ranges

If equals to 0, disables the inclusion of the end line and column mappings in code objects. Also disables
traceback printing carets to specific error locations.

Set to 0 by the PYTHONNODEBUGRANGE S environment variable and by the -X no_debug_ranges
command line option.

BRAAE: 1.
3.1 R hge.

wchar_t *check_hash_pycs_mode

Control  the validation Dbehavior 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.
* L"default": The check_source’ flag in hash-based pycs determines invalidation.

ERIMHE: L"default",

Z: I, 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.

* If interactive is non-zero, enable stream buffering on stdin and stdout (only stdout on Win-
dows).
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Default: 1 in Python config, 0 in isolated config.

int dev_mode

If non-zero, enable the Python Development Mode.
Set to 1 by the -X dewv option and the PYTHONDEVMODE environment variable.
Default: —1 in Python mode, 0 in isolated mode.

int dump_refs
Hfi# Python 5| 7
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.

BRAE: 0.

wchar_t *exec_prefix

The site-specific directory prefix where the platform-dependent Python files are installed: sys.
exec_prefix.

BRA{E: NULL.
Part of the Python Path Configuration output.

wchar_t *executable

The absolute path of the executable binary for the Python interpreter: sys.executable.
BRAE: NULL.
Part of the Python Path Configuration output.

int faulthandler
Enable faulthandler?

If non-zero, call faulthandler.enable () atstartup.
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"ifnl_langinfo (CODESET) returns an empty string.
* 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 K.
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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"
e "surrogateescape"
* "surrogatepass" ({3 FF UTF-8 g
%L filesystem_encoding MG .
unsigned long hash_seed
int use_hash_seed
Randomized hash function seed.
If use_hash_seedis zero, 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.
BRA{E: 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.

RRINME: 0.
int inspect
Enter interactive mode after executing a script or a command.

If greater than O, 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.

BRAE: .
int install_signal_handlers

Install Python signal handlers?
Default: 1 in Python mode, 0 in isolated mode.

int interactive

If greater than 0, enable the interactive mode (REPL).

Incremented by the —i command line option.

BRAE: .
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int int_max_str_digits

Configures the integer string conversion length limitation. An initial value of —1 means the value will
be taken from the command line or environment or otherwise default to 4300 (sys.int_info.
default_max_str_digits). A value of 0 disables the limitation. Values greater than zero but less
than 640 (sys.int_info.str_digits_check_threshold)are unsupported and will produce
an error.

Configured by  the -X int_max_str_digits command line flag or the
PYTHONINTMAXSTRDIGITS environment varable.

Default: —1 in Python mode. 4300 (sys.int_info.default_max_str_digits) in isolated
mode.

3.12 i fE.

int isolated

If greater than 0, enable isolated mode:

e Set safe_path to 1: don’t prepend a potentially unsafe path to sys.path at Python startup,
such as the current directory, the script’s directory or an empty string.

» Set use_environment to 0: ignore PYTHON environment variables.
e Set user_site_directory to 0: don’t add the user site directory to sys.path.

¢ Python REPL doesn’t import readline nor enable default readline configuration on interactive
prompts.

Set to 1 by the —I command line option.
Default: 0 in Python mode, 1 in isolated mode.

See also the Isolated Configuration and 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.
BRINME: ©.

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.

BRINME: 0.

wchar_t *platlibdir

Platform library directory name: sys.platlibdir.
Set by the PYTHONPLATLIBDIR environment variable.

Default: value of the PLATLIBDIR macro which is set by the configure --with-platlibdir
option (default: "1ib", or "DLLs" on Windows).

Part of the Python Path Configuration input.
3.9 B fE.
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7E 3.11 it 3 g This macro is now used on Windows to locate the standard library extension modules,
typically under DLLs. However, for compatibility, note that this value is ignored for any non-standard
layouts, including in-tree builds and virtual environments.

wchar_t *pythonpath_env
Module search paths (sys.path) as a string separated by DELIM (os.path.pathsep).

Set by the PYTHONPATH environment variable.
BRAE: NULL.
Part of the Python Path Configuration input.
PyWideStringList module_search_paths
int module_search_paths_set
Module search paths: sys.path.

If module search_paths_setisequalto 0, Py_InitializeFromConfig () will replace
module_search_paths and sets module_search_paths_set to 1.

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.

BRAE: 0.
PyWideStringList orig_argwv
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 GetArgcArgv () function.
Default: empty list.
3.10 BT 6E.

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 hR ¥ : The PyConfig.argv arguments are now only parsed if PyConfig.
parse_argv equals to 1.
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int parser_debug

Parser debug mode. If greater than 0, 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.
Need a debug build of Python (the Py_DEBUG macro must be defined).
BRAE: 0.

int pathconfig_warnings

If non-zero, calculation of path configuration is allowed to log warnings into stderr. If equals to 0,
suppress these warnings.

Default: 1 in Python mode, 0 in isolated mode.
Part of the Python Path Configuration input.
7E 3.11 iR 2i: Now also applies on Windows.

wchar_t *prefix

The site-specific directory prefix where the platform independent Python files are installed: sys.
prefix.

BRA{E: NULL.
Part of the Python Path Configuration output.

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.

e Otherwise, use L"python" on Windows, or L"python3" on other platforms.
BRiA{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.
BRAE: 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.
RRINME: 0.

wchar_t *run_command

Value of the —c command line option.
Used by Py_ RunMain ().

BRA{E: NULL.
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wchar_t *run_filename

Filename passed on the command line: trailing command line argument without —c or —m. It is used by
the Py_ RunMain () function.

For example, it is set to script.py by the python3 script.py argcommand line.

See also the PyConfig. skip_source_first_1ine option.

BRA{E: NULL.

wchar_t *run_module

Value of the —m command line option.

Used by Py RunMain ().

BRA{E: 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).

BRIAE: .

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.

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.

BROAE: 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.

BRAE: 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.utf8 mode is non-zero.

¢ Otherwise, use the locale encoding.
Default error handler:

¢ On Windows: use "surrogateescape".
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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 perf_profiling

Enable compatibility mode with the perf profiler?

If non-zero, initialize the perf trampoline. See perf_profiling for more information.

Set by -X perf command line option and by the PYTHONPERF SUPPORT environment variable.
Default: -1.

3.12 i fE.

int use_environment

Use environment variables?
If equals to zero, ignore the environment variables.
Set to 0 by the —E environment variable.

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, 0 in isolated mode.

int verbose

Verbose mode. If greater than O, print a message each time a module is imported, showing the place
(filename or built-in module) from which it is loaded.

If greater than 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 by the PYTHONVERBOSE environment variable value.

BRAE: .

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 warnopt ions, 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.
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intwrite_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.
BROAME: 1.
PyWideStringList xoptions
Values of the —X command line options: sys._xoptions.
Default: empty list.

If parse_argv is non-zero, argv arguments are parsed the same way the regular Python parses command line
arguments, and Python arguments are stripped from argv.

The xopt ions options are parsed to set other options: see the —X command line option.

¥E 3.9 fii s : 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:

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:
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PyConfig_Clear (&configqg);
Py_ExitStatusException (status);

More complete example modifying the default configuration, read the configuration, and then override some param-
eters. Note that since 3.11, many parameters are not calculated until initialization, and so values cannot be read from
the configuration structure. Any values set before initialize is called will be left unchanged by initialization:

PyStatus init_python (const char *program_name)

{

PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&configqg);

/* Set the program name before reading the configuration
(decode byte string from the locale encoding).

Implicitly preinitialize Python. */
status = PyConfig_SetBytesString(&config, &config.program_name,
program_name) ;
if (PyStatus_Exception(status)) {
goto done;

/* Read all configuration at once */

status = PyConfig_Read (&confiqg);

if (PyStatus_Exception(status)) {
goto done;

/* Specify sys.path explicitly */
/* If you want to modify the default set of paths, finish
initialization first and then use PySys_GetObject ("path") */
config.module_search_paths_set = 1;
status = PyWideStringList_Append (&config.module_search_paths,
L"/path/to/stdlib");
if (PyStatus_Exception (status)) {
goto done;
}
status = PyWideStringList_Append (&config.module_search_paths,
L"/path/to/more/modules") ;
if (PyStatus_Exception(status)) {
goto done;

/* Override executable computed by PyConfig Read() */
status = PyConfig_SetString(&config, &config.executable,
L"/path/to/my_executable");
if (PyStatus_Exception(status)) {
goto done;

status = Py_InitializeFromConfig(&confiqg);

done:

PyConfig_Clear (&configqg);
return status;
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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 to determine paths that are unspecified. Ensure PyConfig.
home is specified to avoid 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:
o BRAZHCE R

— 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___ environment variable

— (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).

* 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
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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_set issetto 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,
module_search_paths will be used without modification.

Set pathconfig warnings to O 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_prefix respectively.

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_moduleis set, prepend the current directory to sy s . 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 is non-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 ._pthfile (ex: python._pth)
e pybuilddir.txt ({{ Unix)
If a . _pth file is present:
e Set isolatedto 1.
e Set use _environment to 0.
e Set site _import to 0.
e Set safe_pathto 1.

The _ PYVENV_LAUNCHER___ environment variable is used to set PyConfig.base_executable

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().
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10.12 Py_GetArgcArgv()

void Py_GetArgcArgv (int *arge, 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;
- 4
FLAIwET API:

e PyConfig._init_main:ifsetto 0, Py _TInitializeFromConfig () 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.

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);

Q)
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config._init_main = 0;
/* ... customize 'config' configuration ... */
status = Py_InitializeFromConfig(&confiqg);

PyConfig_Clear (&configqg);
if (PyStatus_Exception(status)) A
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);

n
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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.

S
2 PYTHONMALLOC W] #{ I R HC & Python FT i H I A7 L -
%

PYTHONMALLOCSTATS W PA I A AERF UK B Al 56 P BT Y pymalloe X4 Xk} F] Bl pymalloc 1
E G

E28
H

5
i
HoBE

11.2 5EC2RiE

FRA 4y B R AR B T = AR “Ar e 2 — (MPyMemAllocatorDomain) . iXSEIRft 3 T
A A BER NS, AN H B 3E4T T 0040 B33 n] 4 B PN A7 R0 4 A S ] P TR A iy 3 o 1y L
RN N2 SE AT, ER T E A, T ATEs L $RB]— K F 4 iY 24 éi%iﬁﬁkt%?ik%#
BT % ﬁmﬁ%@ﬁLE%Wﬁ,ﬂm%ﬁﬁ&%mam(%ﬁﬁm%%mﬁﬁ) m YR AT A
YfPyMem RawMalloc () [ NLER T4 D Python X142, BiEF¥iPyobject_Malloc () iR [BIH NIT
FVEZ X,
AN BRI A
JRbg T s AR KA BE A, A BE * A B B R S o AR I HLAr Bl 2% v] DAFE &
HGIL g0 T iztt. WAFEETRE RS,

* "Mem” I JJ T2 Python Zeuh XHIE I W A7 Gt XM LN AF, 7 BCI e AURFA GIL. NAFHUE T
Python FA 4

« MR AT BCET Python MRIMTF. NAFEUA T Python AL HE.

R T 44 A A R B A A, GRS RRRRAC. DI, Pyvem Free ()
B PyMem Malloc () 4rBeHg NAT .

1.3 RigAFEED

PATT BRER BN T ARG i . XL BUR AR LN, AFERA & 5 A 590

default raw memory allocator ffi fliX 264k : malloc (). calloc (). realloc () #l free(); HiFEYF
TR malloc (1) (B{ calloc(l, 1))

3.4 BifE
void *PyMem_RawMalloc (size_tn)

Allocates n bytes and returns a pointer of type void* to the allocated memory, or NULL if the request fails.

TR AT A AR Bl — AR 3 NULL $845F, BB IUEH T PyMem_RawMalloc (1) —#f., {H2
WAFA S DMEAT 5 w1 a1k -

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.

TRF T AER [ RR AR NULL 558, SRR T PyMem_RawCalloc (1, 1) —kf.
3.5 B fE
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void *PyMem_RawRealloc (void *p, size_t n)
K p FII IAEEI N EE R n 7715 . ABTIH ARSI i e IME e, Hoh R R AR

W p & NULL , WMDY T PyMem_RawMalloc (n) 5 @1 n 55T 0, WG NSHHE,
ALY, &Il HE NULL $54T .

Mk p & NULL , & W E W22 il HPyMem RawMalloc () . PyMem RawRealloc ()
B{PyMem RawCalloc () JfriRIAH .

R R KW, PyMem_RawRealloc () R[] NULL , p AI8RIE 48 M) JC R AT RIS A 206 4T

void PyMem_RawFree (void *p)

B p 18 M B N AF R, p 20 2 2 B l PyMem_RawMalloc () . PyMem_RawRealloc ()
B(PyMem_RawCalloc () FriRk IRy $8%r. 50, E{E PyMem_RawFree (p) ZHIC &M TR
BT, K LT he k.

Wk p 2 NULL, IS 2 A8 E A 23017

11.4 AEEO

DIRBRESE, ( 1 ANSIC fRifE, FR4i0E TSR T T IIAGTT . 7T Python S5 RLAIRERLAE.
BRINA F 4B 25 SR T pymalloc P 720 Be 3.

Bl AEGERX LR BN, AR 2 R A 25 4 (GIL)

TE 3.6 Pl BAEERINA 4 Bl #s 22 pymalloc M AER S malloc () »
void *PyMem_Malloc (size_tn)

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.

TSR 20T gk bl — A rER IR NULL 484, BB T PyMem_Malloc (1) —F#. {HEZWFE
Ao PMEAT L9 sk
void *PyMem_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.

TREBFAT A RRR B — MR HE NULL 484, #BEA T PyMem_Calloc (1, 1) —#f.
3.5 FrhR I EE.

void *PyMem_Realloc (void *p, size_t n)

Fartof the Stable ABL 5 p 5 HINAEHOIUINERER n 595, DAIRIFINAEHOOINR BRI,
A

WA p J& NULL , A4 T PyMen_Malloc (n) 5 QI n 25T 0, WNLESI/NaHRHE, B
ALY, RIEHE NULL 54t

9 p & NULL , 5 W E & %92 2 5l ¥ flPyMem Malloc() . PyMem Realloc ()
B{PyMem_Calloc () FriR[EIAY.

WERAR KNG, PyMem_Realloc () jRIEI NULL , p KRR Jenl WA RIS A5 5

void PyMem_Free (void *p)

Part of the Stable ABL T p & 10 ) W 1 . p 20 2 2 8 8 flPyMem Malloc ()
PyMem_Realloc () BiPyMem Calloc () FriREI$8%E. BN, 81 PyMem_Free (p) ZHIELZ
PRSP, KX e kA,

W2k p & NULL, BB AMH A8 ST
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PAR I R 28R 22 R Ak . Y33 TYPE W] DAFEATAR C 2631,
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.

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.

KA CHBE, p SO PCEHIMRE. W ORAF p BOIRAAME, DARESTEALPRER RN 2R NAF.
void PyMem_Del (void *p)
YHpyMem Free () }d]

SO, FATAARME T LATR 25 M T B Python A7/ Bicds, AN X EIig ] i) C APT ek, {H2
TR, S ENIFABERULRS Python BUAK) —REfIeAME, PHUILEY R .

¢ PyMem_ MALLOC (size)

* PyMem_ NEW (type, size)

e PyMem_REALLOC (ptr, size)

e PyMem_RESIZE (ptr, type, size)
e PyMem_FREE (ptr)

e PyMem_DEL (ptr)

11.5 HRIBE2E

PATF BRI, 17 ANSIC ARifE, FHE5E THHREFRATA, 7T A Python M7 FEATRERL N AT«

ik i A 7 LN B B F IR R AR T I 2 RRBRS , TCTAPRUIEIX L8 2y RO AR IR (8] 1Y
AT T AR B 4G i Python X 5%

RN Zo B 5 {F i pymalloc N 55 B2 5.

B ARG R B, WA 2 R AR 40 (GIL)

void ¥*PyObject_Malloc (size_tn)

Fart of the Stable ABI. Allocates n bytes and returns a pointer of type void* to the allocated memory, or
NULL if the request fails.

TR B F A BRI ] — AR A NULL 484, SR JEH T PyObject_Malloc (1) —#f. {HZ
WA DMEAT J 01461k -
void *PyObject_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.

TR B AT REIR B — AR AE NULL $5%F, st T PyObject_Calloc (1, 1) —Ff.
3.5 HrhRhEE.
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void *PyObject_Realloc (void *p, size_t n)

Partof the Stable ABL ¢ p &N PIEYIINERER n 515, LATRIF RO IR RN, 3
PR,

s *p* & “NULL®, WY F#H PyObject_Malloc (n) ; W n 4T 0, WNFEHRA/ NS
WE, HARSHREL, &kIaHE NULL $54t

B9k p 2 NULL , B A2 2 B Pyobject_Malloc ()
B{PyObject_Calloc () ffriRIAH .

WRIER KW, PyObject_Realloc () iR NULL , p {39K 28 a1 5 ail WA I A A RF 41 .

void PyObject_Free (void *p)
Part of the Stable ABL B p 38 M W W AE ¥ p W W 2 2 wi W fiPyObject_Malloc ()

. PyObject_Realloc ()

. PyObject_Realloc() B{PyObject_cCalloc() Jf i& [ 0 4§ 4. & W, 3K 7&
PyObject _Free (p) ZHEAMARMNHT, HiE Ui A%,
Wk p & NULL, IR At A B E A AT .
11.6 BLAAHEDHECES
NN R e
[T, ZFR PyMem_RawMallocPyMem_Malloc | PyOb-
ject_Malloc
RATRA "pymalloc" malloc pymalloc pymalloc
Tel i "pymalloc_debug™alloc +debug | pymalloc+de- | pymalloc +de-
bug bug
%A pymalloc ) %7 | "malloc" malloc malloc malloc
A
1% pymalloc HJ i | "malloc_debug" | malloc +debug | malloc +debug | malloc + debug
i

LUK

e ZFR: PYTHONMALLOC ¥ABEAF & U{H

* malloc: K H CHrfEER RS i, CREC: malloc () .

e pymalloc: pymalloc N 4B %.
* "+ debug”: [fiH Python 1 %2 35 09 1RX 4T
o CTHIEAET: JEIABIATR Y Python #EE

11.7 BEXLAFESEE

3.4 B RE.

type PyMemAllocatorEx

HTFHHE NP Bl S A . REIR T 57 B

calloc ().

realloc () Ml free ().,

11.6. EIARHEHEC2E
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1 S

void *ctx YERSE—DSEE AN L
X

void* malloc (void *ctx, size_t size) rEe— N A

void* calloc(void *ctx, size_t nelem, size_t EE— N IEEAC R O B AR

elsize)

void* realloc(void *ctx, void *ptr, size_t A EE— AN AR BE #E AN

new_size)

void free(void *ctx, void *ptr) FBERC— > A7

TE 3.5 it 5 2it: The PyMemAllocator structure was renamed to PyMemAllocatorEx and a new
calloc field was added.

type PyMemAllocatorDomain
SRR B AR AR 2 . A
PYMEM_DOMAIN_RAW
PRAL
* PyMem RawMalloc ()
* PyMem RawRealloc ()
* PyMem RawCalloc ()
* PyMem RawFree ()
PYMEM DOMAIN_MEM
PREL
* PyMem Malloc(),
* PyMem Realloc ()
* PyMem_ Calloc ()
* PyMem Free()
PYMEM_DOMAIN_OBJ
PRAL
* PyObject_Malloc ()
e PyObject_Realloc ()
* PyObject_Calloc()
* PyObject_Free()
void PyMem_GetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)
BRIIE E A AR LS -
void PyMem_SetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)
BCEL TR E A N A T -
BPRFBFATN, BB AR 0] — AR JE NULL 684t
ﬁ?PWMLWWHMNWﬁ,ﬁm%%ﬁ%%ﬁﬁémz%%m%ﬁﬁmw,xﬁﬁééﬂﬁﬁ
n o
WERFR MR T ORI Z BT iCes) . AR PyMem_SetupDebugHooks () B4
AEHT T Bies B A P 1.
See also PyPreConfig.allocator and Preinitialize Python with PyPreConfig.

void PyMem_SetupDebugHooks (void)
B Python 1 7 5B 3 093X 4T DA I AESS 15
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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) . Ff 2*S NMFEITHRMBGFABIE KA N FATEIRI P . WAANTREBE
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,
* 'm' {/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 .
LR free Z EMRELRT, X272 ] PYMEM_DEADBYTE SR 5, DA RN AR5 |
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
2% N AF IR i 7] . obmalloc.c H ) #5745 R 41 bumpserialno() 42 It 7415 2x A AE H 3 1 fE— b
77 ERAEEVR AT DA S 35 S R A
— realloc 22 22l free 22 517 LS e 28 Wi () PYMEM_FORBIDDENBYTE F47 2 A 52 4. W
TRE T, WeeRHZ Wik 1 5 A F) stderr, - HAZ 75 Py_FatalError() H11k. 75 —Fp 32 B e I A
A2 YRR T L B AP Rk 1 PR 3 e oo S A ik el fipk e N AR5 1 o A SR AR B R AR 8 O
BREIZNE, RS ESIEC TN PYMEM_DEADBYTE (M & CREIU AR ) B¢
PYMEM_CLEANBYTE (W& R YIUGBHE AR D -
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1E 3.6 iU M: PyMem_SetupDebugHooks () pREINAEMRELEM FH L Ak gm %) Python | TAE. 4
RAR R, WS TS M tracemalloc AR /AL NAFHE WG S . W TEIER &
FE PYMEM_DOMAIN_OBJ F1 PYMEM_DOMAIN_MEM VE Ik ¥ pR Ecuk 8 F e 2 2 544 GIL.

7E 3.8 R W M & 97 B 3L 0xCB (PYMEM_CLEANBYTE)., OxDB (PYMEM_DEADBYTE) #lI OxFB
(PYMEM_FORBIDDENBYTE) .4 0xCD . 0xDD F 0xFD /A F§ 5 Windows CRT i malloc ()
Fl free () FFEMIME.

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 ) a6 I AT R L
e Windows [ VirtualAlloc () #l VirtualFree () ,
» mmap () Fl munmap () , GHEAH,
* 50, malloc () Ml free() .
41 2R Python FiL ' T ——without-pymalloc eI, HR2 M7l e fF 048 . WA AYEIZ AT I (1

PYTHONMALLOC' (fl#n: * " PYTHONMALLOC=malloc' ) MIEASE LI T,
11.9.1 H%F X pymalloc Arena 9 fg 2
3.4 FriR e

type PyObjectArenaAllocator
JAeAIA—A> arena M TEEFFAIGEAR . X NEEAH =T B

1, *E

void *ctx ERE—DSEE AW P B
X

void* alloc(void *ctx, size_t size) Ayt —H size TR X,

void free(void *ctx, void *ptr, size_t RET— e X 3%

size)

void PyObject_GetArenaAllocator (PyObjectArenaAllocator *allocator)
RN arena /)AL s

void PyObject_SetArenaAllocator (PyObjectArenaAllocator *allocator)
XE arena Z)fings
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11.10 tracemalloc C API

3.7 B se

int PyTraceMalloc_Track (unsigned int domain, uintptr_t ptr, size_t size)
1 tracemalloc B EREE—ANE 7 BCHI NAFHR.
JEE IR 0, HREI R E] -1 (GEVE B AR BRAFER EAE 2D . WREE T tracemalloc JJ3z ] -2,
WERNFFREBURER, WA R B R

int PyTraceMalloc_Untrack (unsigned int domain, uintptr_t ptr)

f£ tracemalloc AP HGHIRER— O ECHI AFH . W PIAFH AR B B B A P T A A 2 4E
AN5R tracemalloc #FZEF NR[E] -2, LR [E O,

11.11 5|5

PATR IR H Lt NG, 2 B PAGE 1O G X2 ad il 55— e AR M Python b 73 BiLff:

PyObject *res;

char *buf = (char *) PyMem_Malloc (BUFSIZ); /* for I/O */
if (buf == NULL)

return PyErr_NoMemory () ;
/* ...Do some I/O operation involving buf... */

res = PyBytes_FromString (buf) ;
PyMem_Free (buf); /* allocated with PyMem Malloc */
return res;

5 P T i) 28 o AR A A ] AR

PyObject *res;
char *buf = PyMem_New (char, BUFSIZ); /* for I1/0 */

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 EPIAR O, Znp KB i s T AR R BOR B . L b, XTI EENN
FEHL B A R B N AF AP, DATEGEAHE &5 A [ il e 1) WU B 2 A 1. DA AU 91 A0 & AL B
e, HA—DARCH fatal RERE T TFAEA [ BRI 2 BLas -

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 () */

B T BAEAL PR F Python Hi i J5UlG N AF B B %2 A, Python H XIS R il i Pyobject _New (),
PyObject_NewVar () fMlPyObject_Del () 4 BEAMBEM -

X EERFAEAT KANMAAE C v SCRSE BB R AR R —F P kg
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CHAPTER 12

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 *PyObiject_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 fype 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 ‘B IEEMPyObject_Init () —FkE, HH&
WA R/ IR K AR B

TYPE *PyObject_New (TYPE, PyTypeObject *type)
Return value: New reference. {§iJf] C 45#J25% TYPE F1 Python 258U} 4: type 43—~ i Python %
%o ARTEZ Python Xf R ARk 1 LI F B RBRI I XFREIHTECR—. AR BL R/
i type Xt %W tp_basicsize FERME

TYPE *PyObject_NewVar (TYPE, PyTypeObject *type, Py_ssize_t size)
Return value: New reference. {§i ] C HEiHa 25 #2584 TYPE il Python [ 2REINI 4 type 43 Bt — A
Python X§4¢. Python Xt 53k SCAF A & LI FBA BRI I . #E BLm AR [ T8 T TYPE
LEFYIN type X5 tp_itemsize FEARMEN) size FERIE . 0T SE B CALX FhRENS e 1
Yo B ORI RS B . R Ber gt A B AH [F] B9 3 A 23 B AT DA A2 B Y
UH, XA T WA B RCE

void PyObject_Del (void *op)
Bl Pyobject _New () B(# PyObject NewVar () 43PENAFRIX G, I AT 4 type F
BOE XM tp_dealloc ALPRREOCRIAM . A XA ERELLAG op X H B AT ARG I,
R IEA L) N AF S [ AN B — A 2008 Python X4
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PyObject _Py_NoneStruct
XA G2 None —FE Python X4, B AT Py._None Zii), AR EEHE I IZXT 51
e

S

PyModule_Create () 4rBLNAFFIEIEY ik

12.2 ARMRER

RERIL RGO T E X Python FUXTRAKA . X—F7fid T X LS5 AR RIE MR B T35 -

12.2.1 BRI AERF0E

All Python objects ultimately share a small number of fields at the beginning of the object’s representation in memory.
These are represented by the PyOb ject and PyVarObject types, which are defined, in turn, by the expansions
of some macros also used, whether directly or indirectly, in the definition of all other Python objects. Additional
macros can be found under reference counting.

type PyObject
Part of the Limited API. (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 0, FfiPyvarobject B,

int Py_ Is (PyObject *x, PyObject *y)
Part of the Stable ABI since version 3.10. ik x BE N vy ¥4, 5 Python WP x is y fH[H.
3.10 Hh I AE.

int Py_IsNone (PyObject *X)

Part of the Stable ABI since version 3.10. Wi —"XT%R 275 M None Biff], 5 Python Hf) x is None
FHIA] o

3.10 i fE.

222 Chapter 12. &t



The Python/C API, &% 3.12.0a0

int Py_IsTrue (PyObject *x)
Part of the Stable ABI since version 3.10. JiX—"XTR 215N True B, 5 Python iy x is True
I

3.10 A RE.
int Py_IsFalse (PyObject ¥x)

Part of the Stable ABI since version 3.10. i — X227 N False Bfil, 5 Python W x is
False fH[A].

3.10 BRI BE.
PyTypeObject *Py_TYPE (PyObject *0)
RN Python X4 o HZEAL .
iR [l —/~borrowed reference,
Use the Py_SET _TYPE () function to set an object type.

F£ 3.11 f]EER: Py_TYPE () is changed to an inline static function. The parameter type is no longer const
PyObject*.

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 Hil e
void Py_SET_TYPE (PyObject *o, PyTypeObject *type)
Set the object o type to type.
3.9 FrihRE.
Py_ssize_t Py_SIZE (PyVarObject *0)
Get the size of the Python object o.
Use the Py SET SIZE () function to set an object size.

TE3.11 lCE Y Py_SIZE () is changed to an inline static function. The parameter type is no longer const
PyVarObject*.
void Py_SET_SIZE (PyVarObject *o, Py_ssize_t size)
Set the object o size to size.
3.9 FrihhE.
PyObject_HEAD_INIT (type)

This is a macro which expands to initialization values for a new PyOb ject type. This macro expands to:

_PyObject_EXTRA_INIT
1, type,

PyVarObject_HEAD_INIT (type, size)

This is a macro which expands to initialization values for anew Py VarObject 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

Fart 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 BRI HE.

type PyMethodDef

Part of the Stable ABI (including all members). Structure used to describe a method of an extension type. This
structure has four fields:

] oF3:1] 3=

ml_name const char * name of the method

ml_meth PyCFunction | pointer to the C implementation

ml_flags | int flag bits indicating how the call should be constructed
ml_doc const char * | points to the contents of the docstring

224
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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 PyCFunct ion, 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 () or 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 FrR e
7 3.10 Jii B 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 FriR e
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 B Tige.

METH_NOARGS

Methods without parameters don’t need to check whether arguments are given if they are listed with the
METH_NOARGS flag. They need to be of type PyCFunction. The first parameter is typically named self
and will hold a reference to the module or object instance. In all cases the second parameter will be NULL.

The function must have 2 parameters. Since the second parameter is unused, Py_ UNUSED can be used to
prevent a compiler warning.

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 PyCFunct ion, 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 stat icmethod () 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

Fart 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:

const char *PyMemberDef .name
Name of the member

int PyMemberDef .type
The type of the member in the C struct.
Py_ssize_t PyMemberDef .offset
The offset in bytes that the member is located on the type’ s object struct.
int PyMemberDef . flags
Flag bits indicating if the field should be read-only or writable.
const char *PyMemberDef .doc

Points to the contents of the docstring.

PyMemberDef . 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.
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Macro name C Rl

T _SHORT short

T_INT int

T_LONG R
T_FLOAT float
T_DOUBLE double
T_STRING const char *
T_OBIJECT PyObject *
T_OBJECT_EX PyObject *
T_CHAR =

T _BYTE Sy
T_UBYTE unsigned char
T_UINT unsigned int
T_USHORT unsigned short
T_ULONG unsigned long
T_BOOL Sy
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.

PyMemberDef.flags can be 0 for write and read access or READONLY for read-only access. Using
T_STRING for type implies READONLY. T_STRING data is interpreted as UTF-8. Only T_OBJECT and
T_OBJECT_EX members can be deleted. (They are set to NULL).

Heap allocated types (created using PyType_FromSpec () or similar), PyMemberDef may
contain definitions for the special member __ vectorcalloffset_ , corresponding to
tp_vectorcall_offset intype objects. These must be defined with T_PYSSIZET and READONLY,
for example:

static PyMemberDef spam_type_members[] = {

{"__vectorcalloffset__ ", T_PYSSIZET, offsetof (Spam_object, vectorcall), .
—READONLY},

{NULL} /* Sentinel */
bi

The legacy offsets tp_dictoffset and tp_weaklistoffset are still supported, but extensions are
strongly encouraged touse Py_ TPFLAGS_MANAGED_DICTand Py_TPFLAGS_MANAGED_WEAKREF in-
stead.

PyObject *PyMember_GetOne (const char *obj_addr, struct PyMemberDef *m)

Get an attribute belonging to the object at address obj_addr. The attribute is described by PyMemberDef m.
Returns NULL on error.

int PyMember_SetOne (char *obj_addr, struct PyMemberDef *m, PyObject *0)

Set an attribute belonging to the object at address obj_addr to object 0. The attribute to set is described by
PyMemberDef m. Returns 0O if successful and a negative value on failure.

type PyGetSetDef

Part 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.
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2} C & =

AN 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 constchar * | optional docstring

clo- void * optional function pointer, providing additional data for getter and setter

sure

The get function takes one PyOb ject* parameter (the instance) and a function pointer (the associated

closure):

typedef PyObject * (*getter) (PyObject *, wvoid *);

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 *, void *);

In case the attribute should be deleted the second parameter is NULL. Should return O on success or —1 with

a set exception on failure.

12.3 FBIR

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.

GRZHIRERTIML, KRB RYU K X ARBE PR R A D RAR QA T RERE, K2 C
BREREE, BERESEIL TR RER —/NER S . AR AR IO R IO T B XU T BIR IR E
AR BRI BEA T i

BTN HIRES BT NRIL T POE TPy Typeobject M SCRIUTIARIHI T

12.3.1 BRESE

"tp_ HiEHE"
PyTypeObject &~ ! Type 5k 7 ik B 1=
’%PagCZZQ,Z
QT DI
<R> tp_name const char * __name__ X X
tp_basicsize Py_ssize_t X X X
tp_itemsize Py_ssize_t X X
tp_dealloc destructor X X X
tp_vectorcall_offset Py_ssize_t X X
(tp_getattr) getattrfunc __getattribute__, __getattr__ €
(tp_setattr) setattrfunc __setattr__, __ delattr__ G
tp_as_async PyAsyncMethods * Tk (FikR) %
tp_repr reprfunc __repr__ X X X
tp_as_number PyNumberMethods * F ikt (FiEk) %
tp_as_sequence PySequenceMethods * FiEte (FiEsk) 9
TTIdkLE
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P9, 2

R1-Ztn
PyTypeObject f&F= 2201 Type R B =
’§‘Page 2
QT DI
tp_as_mapping PyMappingMethods * FiEte (FiEE) 9
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 G
tp_setattro setattrofunc _ setattr__, _ delattr__ X X (€
tp_as_buffer PyBufferProcs * %
tp_flags unsigned long X X ?
tp_doc const char * __doc X X
tp_traverse traverseproc X G
tp_clear inquiry X €
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_ X
tp_dict PyObject * _ dict__ ?
tp_descr_get descrgetfunc _get X
tp_descr_set descrsetfunc _set_, delete_ X
(tp_dictoffset) Py_ssize_t X ?
tp_init initproc __init__ X X X
tp_alloc allocfunc X ?
tp_new newfunc __new__ X X ?
tp_free freefunc X X ?
tp_is_gc inquiry X X
<tp_bases> PyObject * __bases___ ~
<tp_mro> PyObject * __mro__ ~
[tp_cache] PyObject *
[tp_subclasses] void * __subclasses__
[tp_weaklist] PyObject *
(tp_del) destructor ‘
[tp_version_tag] unsigned int
tp_finalize destructor _del X
tp_vectorcall vectorcallfunc

VNS IS A SRR E (R D) T SRS P A BRI R . RS P A R LB R . "<R>T (U R Bi
80 FoRiR T BT (AR IE “NULLY).

25

”(Q”: PyBaseObject_Type WM &

YT PyType_Type W E

D7 BRIABCE. (PR T VAR B NULL)
X — PyType_Ready sets this wvalue 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").

i il %%
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FhEE (FHikE)

FikE Type HH®AE
am_awailt unaryfunc __await__
am_aiter unaryfunc __ aiter__
am_anext unaryfunc __anext__
am_send sendfunc
nb_add binaryfunc _add___ radd__
nb_inplace_add binaryfunc __dadd__
nb_subtract binaryfunc _sub___ rsub__
nb_inplace_subtract binaryfunc __isub__
nb_multiply binaryfunc _ mul___ rmul__
nb_inplace_multiply binaryfunc __imul__
nb_remainder binaryfunc _mod__ __rmod__
nb_inplace_remainder binaryfunc __imod__
nb_divmod binaryfunc __divmod__
_rdivmod___
nb_power ternaryfunc __pow__ _ 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_1lshift 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__ __IXOr__
nb_inplace_xor binaryfunc __IXor__
nb_or binaryfunc __Oor__ __ror__
nb_inplace_or binaryfunc __dor__
nb_int unaryfunc _int__
nb_reserved void *
nb_float unaryfunc _ float___
nb_floor _divide binaryfunc _ floordiv__
nb_inplace_floor_divide binaryfunc __ifloordiv__
nb_true_divide binaryfunc _ truediv__
nb_inplace_true_divide binaryfunc __itruediv__
nb_index unaryfunc _index__

X — type slot is inherited via *PyType_Ready* if defined with a *NULL* value

% — the slots of the sub-struct are inherited individually

G - inherited, but only in combination with other slots; see the slot's description
?

- it's complicated; see the slot's description

R, A T R R A R A AR -
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R2-ZIW

FitE Type YR A
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__
sg_item ssizeargfunc __getitem___
sg_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/()

12.3. FBWK

231




The Python/C API, %% 3.12.0a0

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
232 Pyobject * Chapter 12. &
hashfunc PyObject * Py_hash_t
richcmpfunc PyObiect *
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2 [iSlot Type typedefs HATHZ HEANE .-

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

struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

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

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

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

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

PyObject *tp_subclasses;

PyObject *tp_weaklist;

destructor tp_del;

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

destructor tp_finalize;
vectorcallfunc tp_vectorcall;
} PyTypeObiject;

12.3.3 PyObiject #&{i

KNG LR Y T Pyvarobject 451, ob size %&Hﬁaﬂuxﬁé(m type_new () G, I
BRI . HE Py Type Type OLRB) &4kt _itemsize, XEWREE E’J;&W (GIESEtyo)
2 LI HEA ob_size FEL.

Py_ssize_t PyObject .ob_refent
Part of the Stable ABL X2 28HIN % 5| T4k, H PyObject_HEAD_INIT ZEWJIG4k N 1. HH

BXT A g muey 22 5, BBAGLH IR ob_type FRMNZER) RE&MAGIHITE. H
YT s ameay XA %, LB # kS EAES .

K
TRAAYK I T
PyTypeObject *PyObject .ob_type

Part 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_t ype field of the base class. Py Type_ Ready () will not change
this field if it is non-zero.

Bk :
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B ot RGN K .
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 all 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.

Aok :
P B ST RBGK .

12.3.4 PyVarObject #&{iL

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.

ok :
TRAURYK BT 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).

ok :
TRBUAYIR M F 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_ itemsi ze 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_s1ize 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_size 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_s1ize 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.
4ok :
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) ;

Aok :
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().

Ir 3.8 T 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.

TE 3.12 WU ;. Before version 3.12, it was not recommended for mutable heap types to implement the
vectorcall protocol. When a user sets __call__ in Python code, only #p_call is updated, likely making it
inconsistent with the vectorcall function. Since 3.12, setting __call___ will disable vectorcall optimization
by clearing the Py TPFLAGS_HAVE_VECTORCALL flag.

Aok :

This field is always inherited. However, the Py TPFLAGS_HAVE_VECTORCALLflag is not always inherited.
If it’s not set, then the subclass won't use vectorcall, except when PyVectorcall_Call () is explicitly
called.

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.

Rk :
A tp_getattr, tp_getattro

This field is inherited by subtypes together with t p_getatt ro: 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 PyTypeObject .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 tp_setatt ro: 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 TN fE: 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 Py TypeObject .tp_repr

An optional pointer to a function that implements the built-in function repr ().

The signature is the same as for PyObject_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.

ook :
B AW TRAK
2Rik:

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.

Pk :
The tp_as_number field is not inherited, but the contained fields are inherited individually.

PySequenceMethods *Py TypeObject .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.

Pk :
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_HashNot Implemented ().
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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
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 t p_hash
slot being set to PyOb ject_HashNot Implemented().

Yok :
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_hashare bothNULL.
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 PyOb ject_Call ():

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

4ok :
WP BB TR AAK
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.

ok

P B TR AK

Bk

When this field is not set, PyObject_Repr () is called to return a string representation.

getattrofunc Py TypeObject .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 PyOb ject_GenericGetAttr (), which implements the normal
way of looking for object attributes.

Mok :
Syl 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.

A
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 ():
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int tp_setattro(PyObject *self, PyObject *attr, PyObject *value);

In addition, setting value to NULL to delete an attribute must be supported. It is usually convenient to set this
field to PyOb ject_GenericSetAttr (), which implements the normal way of setting object attributes.

Mok :
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.

BRik:
PyBaseObject_Type [fifflPyObject_GenericSetAttr ().

PyBufferProcs *PyTypeObject .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.

ok :
The tp_as_bufrfer 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.

Bk :

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_traverseand tp_clear fields in the subtype exist and have NULL values. .. XXX are most
flag bits really inherited individually?

E NI
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_flags 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 INCREF’ed when a new instance is created, and DECREFed when
an instance is destroyed (this does not apply to instances of subtypes; only the type referenced by the
instance’s ob_type gets 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
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777
Py_TPFLAGS_READY
This bit is set when the type object has been fully initialized by Py Type_Ready ().
Aok :
777
Py_TPFLAGS_READYING
This bit is set while Py Type_Ready () is in the process of initializing the type object.
Aok :
777
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 PyOb ject_GC_Del (). More information in section
{2t % A F 345373537 =)k, This bit also implies that the GC-related fields tp_t raverse and
tp_clear are present in the type object.
Aok :
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:

* meth.__get_ (obj, cls) (*args, **kwds) (with obj not None) must be
equivalent to meth (obj, *args, **kwds).

* meth.__get__ (None, cls) (*args, **kwds) must be equivalent to
meth (*args, **kwds).

This flag enables an optimization for typical method calls like obj .meth () : it avoids creating
a temporary “bound method” object for obJj .meth.

3.8 BRI HE.
oK :

This flag is never inherited by types without the Py TPFLAGS IMMUTABLETYPE flag set.
For extension types, it is inherited whenever tp_descr_get is inherited.

Py _TPFLAGS_MANAGED_DICT

This bit indicates that instances of the class have a __ dict attribute, and that the
space for the dictionary is managed by the VM.

If this flag is set, Py TPFLAGS_HAVE_GC should also be set.

3.12 HiHE.
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Bk :
This flag is inherited unless the tp_dictoffset field is set in a superclass.
Py _TPFLAGS_MANAGED WEAKREF

This bit indicates that instances of the class should be weakly referenceable.

3.12 FiHIHE.
oK :

This flag is inherited unless the tp_weaklistoffset field is set in a superclass.

Py_TPFLAGS_LONG_SUBCLASS
Py_TPFLAGS_LIST SUBCLASS
Py_TPFLAGS_TUPLE_SUBCLASS
Py_TPFLAGS_BYTES_SUBCLASS
Py_TPFLAGS_UNICODE_SUBCLASS
Py_TPFLAGS_DICT_ SUBCLASS
Py_TPFLAGS_BASE_EXC_SUBCLASS

Py_TPFLAGS_TYPE_SUBCLASS

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_TIsInstance (). 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 B IIRE.

3.8 MG EL#2[%: 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 if tp_call is also inherited.
3.9 B Ise.

7E 3.12 W B ¥ This flag is now removed from a class when the class’s __call__ () method is
reassigned.

This flag can now be inherited by mutable classes.

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.

Hhk

This flag is not inherited.

3.10 B HE.
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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.

H
This flag is not inherited.
3.10 B fE.
Py_TPFLAGS_MAPPING

This bit indicates that instances of the class may match mapping patterns when used as the subject of a
match block. It is automatically set when registering or subclassing collections.abc.Mapping,
and unset when registering collections.abc.Sequence.

#i{k: 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 SEQUENCE.
S

PEP 634 ——ZE LR ITHE . M

3.10 B HE.

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{l: 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.
S

PEP 634 —#5 (LA ITRS . ALY

3.10 Frf I fE.

const char *Py TypeObject .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.

Aok :
This field is not inherited by subtypes.

traverseproc PyTypeObject .tp_traverse

An optional pointer to a traversal function for the garbage collector.  This is only used if the
Py_TPFLAGS_HAVE_GC flag bit is set. The signature is:
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int tp_traverse (PyObject *self, visitproc visit, woid *argqg);

More information about Python’s garbage collection scheme can be found in section {# %} % & 7 & #1437
32 IR EIL.

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, wvoid *arg)
{

Py_VISIT (self->args);

Py_VISIT (self->kw);

Py_VISIT (self->dict);

return 0O;

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.

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 () to have 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_traverse of another heap-allocated
type (such as a heap-allocated superclass). If they do not, the type object may not be garbage-collected.

TE 3.9 JiR 55 ¥: 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.

Yok :
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
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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.

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 1oc function to invoke
tp_clear.

More information about Python’s garbage collection scheme can be found in section 1% % % % & F-1E 31
3T IR DI

ok :
Group: Py TPFLAGS_HAVE_GC,tp_traverse, tp_clear

This field is inherited by subtypes together with tp_traverse 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 ():
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BE XFER
Py_LT | <
Py_LE | <=
Py_EQ | ==
Py_NE | !=
Py_GT | >
Py_GE | >=

T SLOA T T i T A g 5 4= 1 LR R A
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 B IsE.

ok :

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.

PyBaseObject_Type provides a tp_richcompare implementation, which may be inherited. How-

ever, if only t p_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

While this field is still supported, Py TPFLAGS MANAGED_WEAKREF should be used instead, if at all
possible.

If the instances of this type are weakly referenceable, this field is greater than zero and contains the offset in
the instance structure of the weak reference list head (ignoring the GC header, if present); this offset is used
by PyObject_ClearWeakRefs () 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 tp_ weak 11 st; thatis the list head for weak references to the type object itself.
It is an error to set both the Py TPFLAGS_MANAGED_WEAKREF bitand tp _weaklist.

Aok :

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.

BN

If the Py TPFLAGS MANAGED_WEAKREF bitissetinthe tp_dict field, then tp_weaklistoffset
will be set to a negative value, to indicate that it is unsafe to use this field.

getiterfunc Py TypeObject .tp_iter

An optional pointer to a function that returns an iterator for the object. Its presence normally signals that the
instances of this type are iferable (although sequences may be iterable without this function).

This function has the same signature as PyObject_GetIter ():

PyObject *tp_iter (PyObject *self);
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Aok :
P BB TR BAK
iternextfunc Py TypeObject .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 t er function, and that function should return the iterator instance
itself (not a new iterator instance).

This function has the same signature as Py Iter_ Next ().
H
WF BT R RAK

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.

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 t p_ dict below) containing a getset
descriptor.

oK :
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.

$41:: 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.
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Consequently, t p_base should be set in the extension module’s init function.

ok

This field is not inherited by subtypes (obviously).

Bl

This field defaults to sPyBaseObject_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__()).

MoK :

This field is not inherited by subtypes (though the attributes defined in here are inherited through a different
mechanism).

BRiA:

If this field is NULL, Py Type_Ready () will assign a new dictionary to it.

#e M. Itis not safe touse PyDict_SetItem () on or otherwise modify tp_dict with the dictionary
C-APL

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);

Aok :
BT B T 2RRAK

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.
Mok :
BT B g T 2RRAK

Py _ssize_t PyTypeObject.tp_dictoffset

While this field is still supported, Py_ TPFLAGS_MANAGED_DICT should be used instead, if at all possible.

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_di ct; that is the dictionary for attributes of the type object itself.

The value specifies the offset of the dictionary from the start of the instance structure.
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The tp_dictoffset should be regarded as write-only. To get the pointer to the dictionary call
PyObject_GenericGetDict (). Calling PyObject_GenericGetDict () may need to allocate
memory for the dictionary, so it is may be more efficient to call PyObject_GetAttr () when accessing
an attribute on the object.

It is an error to set both the Py TPFLAGS MANAGED_WEAKREF bitand tp_dictoffset.
4ok :
This field is inherited by subtypes. A subtype should not override this offset; doing so could be un-

safe, if C code tries to access the dictionary at the previous offset. To properly support inheritance, use
Py TPFLAGS_MANAGED_ DICT.

Bl
This slot has no default. For static types, if the field is NULL then no __dict__ gets created for instances.

If the Py TPFLAGS_MANAGED_DICT bitissetinthe tp_dict field, then tp_dictoffset will be set
to —1, to indicate that it is unsafe to use this field.

initproc PyTypeObject .tp_init

An optional pointer to an instance initialization function.

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 t p_new function has returned an instance of the type. If the £t 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 TR BAK .

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).

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.
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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.

Aok :

This field is inherited by subtypes, except it is not inherited by static types whose tp_base is NULL or
&PyBaseObject_Type.

Bk

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 PyOb ject_Free ().

Aok :

This field is inherited by static subtypes, but not by dynamic subtypes (subtypes created by a class statement)
BRiA:

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_ flags field, and check the Py TPFLAGS HAVE_GC flag bit. But some
types have a mixture of statically and dynamically allocated instances, and the statically allocated instances are
not collectible. Such types should define this function; it should return 1 for a collectible instance, and O for a
non-collectible instance. The signature is:

int tp_is_gc (PyObject *self);

(The only example of this are types themselves. The metatype, Py Type_Type, defines this function to
distinguish between statically and dynamically allocated types.)

Aok :
T BT RBGR .
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This slot has no default. If this field is NULL, Py TPFLAGS_HAVE_GC is used as the functional equivalent.
PyObject *PyTypeObject .tp_bases

Tuple of base types.

This is set for types created by a class statement. It should be NULL for statically defined types.

ok :

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.

Aok :

This field is not inherited; it is calculated fresh by Py Type_Ready ().
PyObject *PyTypeObject .tp_cache

Unused. Internal use only.

Aok :

This field is not inherited.
void *PyTypeObject .tp_subclasses

A collection of subclasses. Internal use only. May be an invalid pointer.

To get a list of subclasses, call the Python method ___subclasses__ ().

TE 3.12 iR 5 ¥ For some types, this field does not hold a valid PyObject*. The type was changed to
void* to indicate this.

Aok :
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.

TE 3.12 Jit B Internals detail: For the static builtin types this is always NULL, even if weakrefs are added.
Instead, the weakrefs for each are stored on PyInterpreterState. Use the public C-API or the internal
_PyObject_GET_WEAKREFS_LISTPTR () macro to avoid the distinction.

Pk :
This field is not inherited.

destructor Py TypeObject .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.
Aok :
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.
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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);

/S */

/* Restore the saved exception. */
PyErr_Restore (error_type, error_value, error_traceback);

Also, note that, in a garbage collected Python, tp_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
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 2RAK
3.4 BT IIHE.

7r 3.8 Wit B ¥: Before version 3.8 it was necessary to set the Py TPFLAGS_HAVE_FINALTZE flags bit in
order for this field to be used. This is no longer required.

S W
”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.
Aok :

This field is never inherited.

3.9 BRI HEE: (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 TypeObject 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.
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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 c1lass 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 (), PyType_FromModuleAndSpec (), or
PyType_FromMetaclass ().

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:

typedef struct {

binaryfunc
binaryfunc
binaryfunc
binaryfunc
binaryfunc

nb_add;
nb_subtract;
nb_multiply;
nb_remainder;
nb_divmod;

ternaryfunc nb_power;

unaryfunc nb_negative;
unaryfunc nb_positive;
unaryfunc nb_absolute;

inquiry nb_.

bool;

unaryfunc nb_invert;

binaryfunc
binaryfunc
binaryfunc
binaryfunc
binaryfunc

nb_lshift;
nb_rshift;
nb_and;
nb_xor;
nb_or;

unaryfunc nb_int;
void *nb_reserved;
unaryfunc nb_float;

binaryfunc
binaryfunc
binaryfunc
binaryfunc

nb_inplace_add;
nb_inplace_subtract;
nb_inplace_multiply;
nb_inplace_remainder;

ternaryfunc nb_inplace_power;

binaryfunc
binaryfunc
binaryfunc
binaryfunc
binaryfunc

binaryfunc
binaryfunc
binaryfunc
binaryfunc

nb_inplace_1lshift;
nb_inplace_rshift;
nb_inplace_and;
nb_inplace_xor;
nb_inplace_or;

nb_floor_divide;
nb_true_divide;
nb_inplace_floor_divide;
nb_inplace_true_divide;

unaryfunc nb_index;

binaryfunc

nb_matrix_multiply;

binaryfunc nb_inplace_matrix_multiply;
} PyNumberMethods;
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441: 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.

$#51k: The nb_reserved field should always be NULL. It was previously called nb_1ong, and was re-
named in Python 3.0.1.

binaryfunc PyNumberMet hods .nb_add

binaryfunc PyNumberMet hods .nb_subtract

binaryfunc PyNumberMet hods.nb_multiply

binaryfunc PyNumberMethods .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 PyNumberMethods.nb_invert

binaryfunc PyNumberMethods.nb_lshift

binaryfunc PyNumberMethods .nb_rshift

binaryfunc PyNumberMet hods .nb_and

binaryfunc PyNumberMet hods.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_1lshift
binaryfunc PyNumberMethods.nb_inplace_rshift

binaryfunc PyNumberMethods.nb_inplace_and
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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 PyNumberMet hods .nb_index

binaryfunc PyNumberMet hods.nb_matrix_multiply

binaryfunc PyNumberMethods.nb_inplace_matrix_multiply

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.
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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 sgq_length slot is 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
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 (). It is 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.
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» 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.
(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 B IIHE.
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.
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unaryfunc PyAsyncMethods.am_aiter

The signature of this function is:

PyObject *am_aiter (PyObject *self);

WAIR [B]—A~asynchronous iterator 3%t . 1§20 __anext__ () TR .
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 PyTter_Send () for details. This slot may be set to NULL.

3.10 I HE.

12.9 Slot Type typedefs

typedef PyObject *(*allocfunc)(PyTypeObject *cls, Py_ssize_t nitems)
Fart of the Stable ABI. 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_s1ize field should be initialized to niferms 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 (*£reefunc)(void*)
See tp_free.
typedef PyObject *(*newfunc)(PyObject*, PyObject*, PyObject*)
Part of the Stable ABI. See tp_new.
typedef int (*initproc)(PyObject*, PyObject*, PyObject*)
Fart of the Stable ABI. See tp_init.
typedef PyObject *(*reprfunc)(PyObject*)
Part of the Stable ABI. See tp_repr.
typedef PyObject *(*getattrfunc)(PyObject *self, char *attr)
Fart 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.
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typedef PyObject *(*getattrofunc)(PyObject *self, PyObject *attr)
Part of the Stable ABI. Return the value of the named attribute for the object.
See tp_getattro.

typedef int (*setattrofunc)(PyObject *self, PyObject *attr, PyObject *value)

Fart 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.

See tp_setattro.

typedef PyObject *(*descrget func)(PyObject*, PyObject*, PyObject*)
Part of the Stable ABI. See tp_descr_get.

typedef int (*descrset func)(PyObject*, PyObject*, PyObject™*)
Fart of the Stable ABI. See tp_descr_set.

typedef Py_hash_t (*hashfunc)(PyObject*)
Part of the Stable ABI. See tp_hash.

typedef PyObject *(*richempfunc)(PyObject*, PyObject*, int)
Part of the Stable ABI. See tp_richcompare.

typedef PyObject *(*getiterfunc)(PyObject*)
Fart of the Stable ABIL. See tp_iter.

typedef PyObject *(*iternext func)(PyObject¥)
Fart of the Stable ABI. See tp_iternext.

typedef Py_ssize_t (*1lenfunc)(PyObject*)
Fart of the Stable ABI.
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**)
See am_send.
typedef PyObject *(*ternaryfunc)(PyObject*, PyObject*, PyObject™)
Part of the Stable ABI.
typedef PyObject *(*ssizeargfunc)(PyObject*, Py_ssize_t)
Part of the Stable ABI.
typedef int (*ssizeobjargproc)(PyObject*, Py_ssize_t)
Part of the Stable ABI.
typedef int (*objobjproc)(PyObject*, PyObject™)
Part of the Stable ABI.
typedef int (*objobjargproc)(PyObject*, PyObject*, PyObject*)
Part of the Stable ABI.
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12.10 5|

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,

b

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,
"mymod.MyObject",
sizeof (MyObject),

~

destructor)myobj_dealloc,

~ 0~

~

Ko~

eprfunc)myobj_repr,

~

N~ S SN S~ S~ N

~

O O OO OO OO0 ~0O0 OO0 O ~O0
~

’

PyDoc_STR("My objects"),

N~ SN SN S~ S~ N

~

~ SN SN S~ N~ N

O O O O O OO OO o oo oo o
~

~

0)

= A

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

tp_name */
tp_basicsize */
tp_itemsize */
tp_dealloc */
tp_vectorcall_offset
tp_getattr */
tp_setattr */
tp_as_async */
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

QS
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0, /* tp_alloc */
myobj_new, /* tp_new */
bi

A type that supports weakrefs, instance dicts, and hashing:

typedef struct {
PyObject_HEAD
const char *data;
} MyObject;

static PyTypeObject MyObject_Type = {

PyVarObject_HEAD_INIT (NULL, O0)

.tp_name = "mymod.MyObject",

.tp_basicsize = sizeof (MyObiject),

.tp_doc = PyDoc_STR("My objects"),

.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE |
Py_TPFLAGS_HAVE_GC | Py_TPFLAGS_MANAGED_DICT |
Py_TPFLAGS_MANAGED_WEAKREF,

.tp_new = myobj_new,

.tp_traverse = (traverseproc)myobj_traverse,
.tp_clear = (inquiry)myobj_clear,

.tp_alloc = PyType_GenericNew,

.tp_dealloc = (destructor)myobj_dealloc,
.tp_repr = (reprfunc)myobj_repr,

.tp_hash = (hashfunc)myobj_hash,

.tp_richcompare = PyBaseObject_Type.tp_richcompare,
bi

A str subclass that cannot be subclassed and cannot be called to create instances (e.g. uses a separate factory func)
uﬁngPy_TPFLAGS_DISALLOW_INSTANTIATIONﬂag

typedef struct {
PyUnicodeObject raw;
char *extra;

} MyStr;

static PyTypeObject MyStr_Type = {
PyVarObject_HEAD_INIT (NULL, O)
.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, O)
.tp_name = "mymod.MyObject",

bi

The simplest static type with variable-length instances:
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typedef struct {
PyObject_VAR_HEAD
const char *datalll];
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT (NULL, O0)
.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject) - sizeof (char *),
.tp_itemsize = sizeof (char *),

bi

1211 EXMREBZIHEIANIIR B

Python X EFAG | HIAYSLIRAG I 5 I FE 2L “28te” MR Ry, HRBPMASN R PR & HE
BRMR . AAFHENRITI A, 8 DR TR (Eer s A eR) sIHmRE, A
it 2 S e AR [ ) S35

HEAE-ANERE, RMUMRWp flags T BLM A Py TPFLAGS_HAVE_GC I g i —
Atp_traverse QEERAYSCEL. WRZEMAYIBIZAER), BFELHLtp_clear .

Py_TPFLAGS_HAVE_GC

BCE T MARE AL SR T A AR SR . 07 S L, TR SCHE XX RAR A A Xt
£

PRI AL R BREICL AT A ) -

1. Wil PyObject GC_New () B{PyObject GC _NewVar () “hiXx¥xt4 /il NTE.

2. WAL T A TR A AW A ES 5 | I B G, BWAEHPyOobject _GC_Track () .
[FIRER, X5 AR AT A S AL KL -

L FE5 | B A FBRAE, WA Pyobject _GC_UnTrack () .

2. WA Pyobject _GC_Del () REHOMRIINAE

ey R ASKRAELRN T Py_TPFLAGS_HAVE_GC, T & /AL E»—Atp traverse
A B R AR SR B H— AN B AT 2R AN .

X P HpyType Ready() = % APL v K & a] £ i 1 B 0 K %
Py Type_FromSpecWithBases () B{PyType_FromSpec () W fif Bt 28 ¥t B 3 i;i
Fitp_flags, tp_traverse fitp_clear B, WIRZLFEAZ YK H SE BT b7 3% [ 4
ARSI Hag 738 R Wi Py_TPFLAGS_HAVE_GC JEhRHYIE .

TYPE *PyObject_GC_New (TYPE, PyTypeObject *type)

R FPryobject_New() , @M TIRE T Py_TPFLAGS _HAVE_GC FRESHIZBRENT 4 o
TYPE *PyObject_GC_NewVar (TYPE, PyTypeObject *type, Py_ssize_t size)

R TFPyobject_NewVar () , &HATE TPy _TPFLAGS HAVE_GC FRASMIZ R4 .
TYPE *PyObject_GC_Resize (TYPE, PyVarObject *op, Py_ssize_t newsize)

HPyObject_NewVar () Jr4r BLXF G 8T A BE /e 2 0] 6 B K /0N J5 1 % 5 BT 2R TCHR 3 [
NULL. op W/ AR IR B EF .

void PyObject_GC_Track (PyObject *op)
Part of the Stable ABL SBF4: op A FIRLI R BRI 2 H0 G oft . X MO BB 50
PREFERY, B RIS v BB AR MBI 7121 T . #Etp_traverse ABHINITA FEA AL
J&, AR A R, SR I A R AR R R .
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int PyObject_IS_GC (PyObject *obj)
pUESOE 302 v a7 SR H Bl =g - I PIA N
TSR L BRSO JUJ X G TE i b i

int PyObject_GC_IsTracked (PyObject *op)

Part of the Stable ABI since version 3.9. I3 op MBI T GC ¥ H. op H B g% 71t
BERNGRIE T, AR A 0,

XZEPLTF Python (K% gc.is_tracked().
3.9 B fE.
int PyObject_GC_IsFinalized (PyObject *op)

Part of the Stable ABI since version 3.9. T op FE B E T GC Wil H. op B L BRI as 4
ZEMER A1, AR [E 0.

X ZEPLT Python pR%{ gc.is_finalized ().
3.9 FrihRE.

void PyObject_GC_Del (void *op)
Part of the Stable ABL B¢ Jix X & 1) W 17, % X R W] 1k 4k i) thpyobject GC _New()
B{PyObject_GC_NewVar () S BENAFE-

void PyObject_GC_UnTrack (void *op)
Part of the Stable ABL M [ 5R BRI ai A R G PR IR op X5 . WHERE A AEMA R EHR
M Pyobject _GC_Track () VARFH MBI FIBEIRERS R A . B (cp_dealloc AJlH) 124
TEtp_ traverse AR R AEART F B R0 Fil ot S T ek 4R

TE 3.8 RH P: _PyObject_GC_TRACK () fll _PyObject_GC_UNTRACK () ZEMAHF CAPI 114,
tp_traverse AEHHEIA T REK R EIE S .
typedef int (*visitproc)(PyObject *object, void *arg)

Fart of the Stable ABL 154 tp_traverse AbFRATT B BRELISEAL . object J& 7545 75 Bl [ 1) —
MG, BTSN T tp_traverse AbPRRY arg . Python UMl F 2415 17) 35 pRBCEE BLIE R
5 PSRRI, ANFTEER A TS A R

tp_traverse ACFRLMIE DA N7
typedef int (*traverseproc)(PyObject *self, visitproc visit, void *arg)

Part of the Stable ABL Fl-T 2848 AT 42 ()3 [J7 BR KL . & W SE BTN self Bt B3 & A% 2 8
visit BREL, visit ISR I & 0 AR S AL BEFR P 89 arg {E . visit BRECR A AT Bt NULL X524
KHSEL AR visit IR BIEHESSAE, WRRAE R 249857 Bag 1]
N T fEifetp_traverse IEFAYSLBL, Python $&ML T —Ary vISIT() K. HEMAXAE, LM
Wep traverse IZEAN4 N visit Fl arg .
void Py_VISIT (PyObject *0)
WR o ANk NULL, WS visie BIEREL, PS40 0 fl arg. WA visit IR [l —ASFER(E, W ]
. BHNEZE, tp_traverse AAEREFITE AN T:

static int
my_traverse (Noddy *self, visitproc visit, woid *arqg)

{

Py_VISIT (self->foo0);
Py_VISIT (self->bar);
return O;

}

tp_clear bFRRRJFWAUN inquiry FEBL, WIRXFZARAIAZN]2A NULL,
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typedef int (*inquiry)(PyObject *self)

Part of the Stable ABL 3¢ EARINGIHEYGI M. A RIZERT RN 2P W B 3K, I)bﬁ’ﬂﬂ]T_I
REELHE AR PEAA G . R, W RIET T 7 %5 AR A R (RREX 51
HﬂPy,DECREF() TP e AR IASCESAS I B2 AL ERG | ﬁt?‘i%%%)ﬁﬂ%ﬂ%o

12.11.1 2§ hR ER SR A

XA C-APLERME T DAR pR A T8 B3k w321 7.
Py_ssize_t PyGC_Collect (void)

Part of the Stable ABL fT5E 4Ry I, ansibzdk miiss 28 TG . (R ge.collect ()
ST HPATE )

IR A E I + TEYE I A A AT FRBON S A0 . B0 SR 8% [ e s o 258 ) sl S e S AT [, <7 B
IR 0. FESR IS ] & 2R A IR S WG 45 sys . unraisablehook. MEREIAST|LKRH

int PyGC_Enable (void)
Part of the Stable ABI since version 3.10. |2 AL BEIes: 5T gc.enable () . REIZ HIFLIRE,
0 MEEHT 1 B .
3.10 Frhi g

int PyGC_Disable (void)
Part of the Stable ABI since version 3.10. 2 5% Bl gs: 22T ge.disable () . 1R [EZ HIBIRES,
0 & 1 M.
3.10 FriEfe.

int PyGC_IsEnabled (void)

Part of the Stable ABI since version 3.10. ZEifi3k FIRES RIS : 25T ge.isenabled () . 1R[A]Y
RIRAS, O HZEHM 1 AEH .

3.10 Fr g
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CPython 7E N 7% th B Fg A . R T gabE - RAAAS , AN i@ fri i R4 .
WS HC AP 094552 1 BB F AR APLAT ABI FaiE 1 .
PY_MAJOR_VERSION
3(3.4.1a2 HHE—ED).
PY_MINOR_VERSION
4(3.4.1a2 HHYZE ).
PY_MICRO_VERSION
1(3.4.1a2 PEE=BIHEEF).
PY_RELEASE_LEVEL

a(3.4.1a2 W5 3 BRI FHE) . A HEN 0xA Rl alpha, 0xB H[J beta, 0xC H[l release candidate 5§ 0xF HfI
final ,

PY RELEASE_SERIAL
2 (3.4.1a2 WYREBEEFE) . FHEREL KM
PY_VERSION_HEX
Hht Ry B REEOIE 2 Python HUAS:-.
TS JZH AR B AT T # AR 5 ORI 1 32 LRI B - AL FE R AR B

FhE | ¥ (KHFNF) | 88 3.4.1a2 BB
1 1-8 PY_MAJOR_VERSION | 0x03
2 9-16 PY_MINOR_VERSION | 0x04
3 17-24 PY_MICRO_VERSION | 0x01
4 25-28 PY_RELEASE_LEVEL | OxA
29-32 PY_RELEASE_SERIAL | 0x2

XAE 3. 4. 1a2 BRI A S 0x030401a2 1 3.10.0 B iEfl iR A 5 0x030a00£0,

This version is also available via the symbol Py_Version.
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const unsigned long Py_Version

Part of the Stable ABI since version 3.11. The Python runtime version number encoded in a single constant
integer, with the same format as the PY_ VERSTON_HEX macro. This contains the Python version used at
run time.

3.11 BRI fe.
A 3207 2280 & XAE Include/patchlevel.h,
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APPENDIX A

RIEXFERE

>>> A7 H 40 TP BAA Y Python HURAF. A4 Bon T REARE By sUAE M Rea B AT RO RE B AR RS 2 i o
. BHAENFE X
o A H A L AR A AT B ERIARY Python $E/RAF, fdh: gAFR AR, UMY 43 PR AF
2N (JIES. FiEe. #ESH=8515), d2iiE M EmesZ 5.
* Ellipsis NEHFE.
2to3 4 Python 2.x AR %%k Python 3.x ARG T H. | JHATAEATIRAD , 3 Dy AT, A3 R 2 B0kl
FI RN I 8
2t03 WA FEARMERE R, BN 1ib2to3; FRME T ML A AN Tools/scripts/2to3. L

2to3-reference ,

abstract base class -- fIR M TR KPR ABC, J@Xtduck-typing BI#h 7S, BHEAL T —FpE S O 3%
Fa, M2 FHALR G EU hasattr () B TRMECE HEC R (FlangH EAR5). ABC
SIAT T2, XM IEg& B HAb3S, (HAWIRERY isinstance () Ml issubclass () ik
Al DL abe i SCRY . Python H A 42 N ERY ABC HH TS U451 (F£ collections. abe
Herp), 807 (FF numbers ) i (FE 1o i), S ABRASFIMESS (F£ importlib. abe
i) o ARATPAE ] abe BHCRAIE H 21 ABC.

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

SRR LA AT R TV, R4t . SRR IR 2 BIER . ARt
B __annotations__ #piRJEMETF.

2 Wvariable annotation, function annotation, PEP 484 1 PEP 526, XfWIGEHENFH. HiESW
annotations-howto | fig i F ARyt i fefE 5L B .

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

o RAEF A TERRBOM I P ETTEATAARRAT (B0 name=) SUEME N ASTERTTEATA ** 15
PCHLER A 25BRUE, 3 F1 5 FEPA X complex () WM @ T X BT SEC

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

s 2 E A ANETRBTSHENSE. MESEOTH T SBIN R IT K CA R/ 805 15w
WA * [iterable B TCRBAE A . 2EBIKRUL, 3 F1 5 FELA M S JE T A8 S 4
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complex (3, D5)
complex (* (3, 5))

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

3% Wparameter RIEFRFH , LSS SEGESH K 5IA K PEP 362,

asynchronous context manager -- 5720 | F3CHEISY L FP X f @ i ¥ X _aenter_ () A
__aexit__ () FEEX async with i) IEITEES. B PEP 492 5] A,

asynchronous generator -- 55252 K 3S 1% [BI{E Masynchronous generator iterator R B-5{JJ async
def & XMW HRERERAHLL, AFRZAFETEAE vield RIXA P4 — RS FHE asyne for
PEER S FH A
WARTE 248 50 AR e R gL, (BAERR LU0 IR BRI 48 0 A B R E. WERFEEHE
FEAREME X, W AR AL .

SRR LA avait FAREK asyne for M async with .
asynchronous generator iterator -- 525 7 85 5028 asynchronous generator FRELFT B EE IR .

WXt )@ Fasynchronous iterator, 24 H __anext_ () JF¥EE B2 R B —A 0] EE R0 SR P T
A A R RS B T —1 yield ik,

FE/ yield SIEHIEALTE, OME4 AT RCEATIR (TR AL RRAY uy ). %%
HARBEREGIM _anext () BFATTTSHMEA RSN, MBI TAKSE T
Z: i, PEP 492 1 PEP 525,

asynchronous iterable -- 5 2B W[ KRR W fE async for A o gk 6 X . 0 A0 HE o B
__aiter_ () F¥ERE—A asynchronous iterator, {1 PEP 492 5| A,

asynchronous iterator -- 52B3% 08 SEM T __aiter_ () fl__anext_ () FEMNIE. _ _anext_
WMHLR [l —A~awaitable ¥4 . async for SACHIRLIEMARN __anext_ () FiEFTREIF A4
s, HAHEG| K — StopAsyncIteration B . H PEP 492 5| A,

attribute -- JP: A value associated with an object which is usually referenced by name using dotted expressions.
For example, if an object o has an attribute a it would be referenced as o.a.

It is possible to give an object an attribute whose name is not an identifier as defined by identifiers, for example
using setattr (), if the object allows it. Such an attribute will not be accessible using a dotted expression,
and would instead need to be retrieved with getattr ().

awaitable -- \[2FFE R GEFE await FIXX PRI SR . W PAEcoroutine B2 HA __await_ () 7
XS, 20 PEP 492,

BDFL “Z B zZEp#E” WP 45S, B Guido van Rossum, Python f{)EI3E# .

binary file -- “JERISCH: file object BEMETLE F 1 AT o T HERISCARRI B EEE A BRI (Teb,
"wb' or 'rb+") FTHH . sys.stdin.buffer, sys.stdout.buffer DA io.BytesIO
M gzip.GzipFile HYSLHI.
A S Wiext file T fREEVSIES st MM CIRT4 .

borrowed reference -- fif A 51Ji] 7t Python () C APT 1, fEAGI A —FXREI . EAXBURIREI
M RIS S e S — A To B bndast. Blan, S0 m 2% vl AR R 2 ) i s —
A~strong reference A .
HEFEAEborrowed reference PRIl Py INCREF () DAY H R HEL Y Aystrong reference, BRAER 41ZXT%
TS AT R G — R Z BT &% . Py_NewRef () BRI AR R AN —ANHT i) strong
reference.,

bytes-like object -- “y Pi ¥R SCRELE o L I HBES Y C-contiguous Zap x4 . XWHEIIA bytes,
bytearray fll array.array X%, PAKRIFZHEE nemoryview X5, FHHEXN AL M
PRI BIEERAE P A s XS E R ESE . BT R S A MGl i B T R RS
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FBE PRV E R ST AL BRI . X RO RAE SR TR R TS R . AT AR R
RBTH4E bytearray VAN bytearray f) memoryview, HABEAET R IR T A
AN (0 R4 XA R I G704 bytes PAK bytes Xf4H) memoryview,
bytecode -- “y= 1% Python JEAHS S d 3 7 I5RS, HJ CPython fifffdi 1387 Python £ 7 1) PARALAD .
FEREAFAE - pyc U, SRFESE ZYCHRAT IR — SO I FE SR (7T DA S 23R IR0 5307 i3
KA )RR R 2 AR T BT S BUBS RS viral machine 2 1. 1R )
Python UL FFATRA—E @, WA —ERETEAIR] Python A 34
AT P TTAE dis BEHA SR 267

callable A callable is an object that can be called, possibly with a set of arguments (see argument), with the following
syntax:

callable (argumentl, argument2, ...)

A function, and by extension a method, is a callable. An instance of a class that implements the __call__ ()
method is also a callable.

callback -- [ —ERSEWEE AP DATE AR R 0 AN 209508 FH 1) 1B RE R AL
cdass -- & R P XS BN . 20 SRS WHZ SRR SEB AT ERAE I i e
class variable -- 2328 5y e g AR &, I HAUSRAE 202 B (M @76 2200 356 B 240 .

complex number -- 535 X% HLBARGNY SR, Hh A Ber AR R A A — A R A
MEROR RERCRAL (-1 WP R) MSeflle, W ERes P Sl 1, TE TSN . Python N
TR SRy, R TARRSAARIe T o A —4 3 8, BN 3+15 . WSRFGE math fibk
PR RAR  ZBORAS, W cmath, REEIMEAR— A B S R R WERAR G
HE, BMENEILTF A AR,

context manager -- |- FICRPIES 7F with B P, EidE X __enter_ () fl _exit__ () Hik
RFEFIAFDIRSHXT S . 20 PEP 343,

context variable -- |- F 303 g —FRIEH BN LR SO AEA AFRIPMER A . XU TAELRR R
PN PATEAE R AR ARRIWAS . Ak, ST BT sskil, —MTEEdR T aEs
HZA TR, M E RN R E ARSI KRS A B TiEE: . 20 contextvars.

contiguous -- ¥8: — PZp IR R C # 42 1§ Formran % St S0 RSN . FE4EZ /2 C Ml Fortran
L. FE—4EEH T, Fr A 25 H L TE NAE I U A P HBHES ], SR MBI IR IR G R 5 0T .
T2 Y C-IELH T, B3 NAFHBIEHES B e — & 51U 45 H i3 ek . {HJ&7E Fortran
ELHA N RS — DR etk

coroutine -- P P e T BIRERY S — BB . TBIRR AT AER — dE AFFAE S — RGB o PRI AT PA
W ZAFEN S LA BEAKE . BTl asyne def ifRREH . 2L PEP 492,

coroutine function -- BpFERA%EL IR [5]—coroutine JF IR E. THFRREA @ T asyne def B8 E X,
HAHEHL S await., async for Ml async with RS, X2 H PEP 492 5] A 1.

CPython Python Zif5iH 5 UALIESL I, 75 python.org |- %A, "CPython” — 3] JI} T-7E00 BRI S H-5 H
S 4n Jython B IronPython AH X 71«

decorator -- $EHZS IR IFE R 75— R EU R AL, EHEMEH ewrapper IEETEACRHI TR BT . 2
FRIE WA T4 FE classmethod () fll staticmethod ().

P MAEAR RN, DU WA eR B0 ST S R Se 5

def f (arg):
f = staticmethod (f)

@staticmethod
def f (arqg):

E*ﬂ‘]’f%ﬁiﬁiﬁﬂ%?%’& (I F R - A SRR TS WL s 80E SO 285E L SC
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descriptor -- #iiB%; F(TEX T _get__ (), __set__ () M __delete_ () FEMXIR. X—1KE
PENHRAR I, ERRRRIEFT A S E R A A . EEREOLN, S a.b KRR, RE
sl SRR SAE o BZEF IR AR A TN b IR, HUR b2 Mibds, WS
(HflIAEE TR B A AT S SR 2 P Python [ 88, TR @ VF 2 T S PRI A
BIERE DR BE. FO7R. BRSTERA LS ISHY 5 H A

A KB ERITEMEZ (5, WZ I descriptors B {15 .

dictionary -- Uit — SR, Ho AL AR BIA I A9 (E . 7T PARALATRA __hash__ () Hl
_eq__ () JTYEBINR . 1E Perl 1575 A5 hash.

dictionary comprehension -- “y il A AbH— N R ARG b B BirAy sl 3 JC 3R R ] 2R T LY —
MEESYE, results = {n: n ** 2 for n in range (10) } FEH—PHE n B{Hn **
2 FOWRLET S A 78l 2 i comprehensions.

dictionary view -- ‘FHLELE] M dict.keys (), dict.values () fl dict.items () IR [EIWIXTEYETR N
FHAE . EAHEHE T E D ESHE, XERE Y FHRSAER, EE SN A, 2
P A BRI o BRI A, Al list (dictview) . 2L dict-views.,

docstring -- SCRY VAP (o028, eRBEBLER 2 ISR — AU LR A7 P . EAEAUS AT
W 2, (BB R BT TAER . BRAERIRE) __doc_ J@iEH. T ERHTA
TN, DR X R A RO A RO B

duck-typing -- 1878 F5—Fh g e XS, BIFAREEE R R EAORH & 2 A B EmpE 0,
EHBRAS A EEUENE: (BRGNS T, MERBEN T, WAl EmENST.”) BT
SR U AERRE A, Bt RIS Al 8 fe i 2 SRR T RG22 5 o0 fif
type () B isinstance () fgill. ((HEERNF-2EBRT DAME 40 208 & fE b e, ) MIfERESR
F hasattr () s 2EAFP SRfE,

EAFP  RIFURHOSRVFATHE A 5" HPESCHRE - X Python 7 A 4 5 UK 2 BUE BT s 1) S R AT
e, FEAEMBOE SRR B o XM R PR KRS B i@ K iE ] try Al except 4], T
FARRT R MR PrELBYL WA, FLT C 42 Hihih 5

expression -- FAX T PUK I EAMEMEARIC. AP, — Rk 3ah e Rk Bl . 4
PR JBEEVTI . AT SRR EOR R, ENERAESRE —ME. 52 HMES AR, 5k
PrA i S MR R b IBAFAEA BEBON R Wstatement , Bl while. WR{EWEET1ER
[UE == Sriva v

extension module -- §JEBIH DL C 5 C++ 4 S5 HUMIEL, (i Python 1) C API 36 5515 5 4.0 A K P AR
AT A2 H

f-string -- f--F 4 WA £ WP BIS TAFER P I EIE RPN AR RS AT
fHRIfE S . L PEP 498,

file object -- SCPEXF 4 X AMRAL T ) S04 APL DA R 2B HRXTS (A read () B write () iXFE
7)o« AR HANE T AR, SCEXT G AT DA SR B SR SO, A R B, st
iﬁiiﬂ?%ﬂ/‘ﬁﬁ]‘ﬂ (BlbrER A . WFZT X, BT, HE%%). SUERTRmpiich i
R R R
S b A I SRS G SR IR = 2] SUPE, SR — R S DA U BRI E
SR do ik, GBS R 2 open () B

file-like object -- SLPERM S file object W [R] i,

filesystem encoding and error handler -- Sk R Gk X G P4y Python i 3 M 2 1F 2 5 il i
SEAT A BAE B4R Unicode [ 2 F % 205 45 15 Ab FH A 4
A B G G b A ARIE R R I RS K BEAE 128 DA BT A 358 . ISR e R G 4o =X TG
VARALIGARIE, W) API pR#( R BE£5| & UnicodeError,
sys.getfilesystemencoding () #ll sys.getfilesystemencodeerrors () PREA]#HE ¥k
IREUS R G gt s 25 B R AL BRI .
filesystem encoding and error handler ‘Z4F Python JEz|IHE T PyConfig_Read () ERECRAECEN : 15
ZPyConfigfjfilesystem _encoding fMlfilesystem errors ZE G,

52 Wlocale encoding
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finder -- #RA — P ERPT ABLR I loader FIXT5E

M Python 3.3 F2{EAE PP ARIAG A 4R 8% L3512 & 3% BilA sys.meta_path ffifll, PASepath entry
finders Bl &y sys .path_hooks i,

LA 5 1 PEP 302, PEP 420 i PEP 451,

floor division -- [i] FHUBEERE: 5] F & A BB BB A YA 1 FBUEREN RN ZE // . B
fn, F#kX 11 /7 AWITESSRE 2, M52 RSB EIERZERE 2.75 . {5 (-11)
// 4 4R[E -3 X E -2.75 @ FTRAGEINEEE ., L PEP 238,

function -- A% W] DA [ I 3R [ BEAME I — 2R o 38 0] DA HAE ABA B2 S e R BUARIIA T
¥ . 59 Wparameter, method 1 function 2877 .

function annotation -- FREChrI: R4 R EE 250K Bl {E ¥ annotation
PREPREEIE T R 242« BIan DA R R Z A int SEOF LR E—4 int {H:

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

PR AR VB I AR UL function —5 .

Z: W,variable annotation 1 PEP 484, A3k T ILINEE. 553525 5 annotations-howto DA T fitfif A%
R RS B

_ future__ future i5/4), from _ future_  import <feature> F§/R 4 iFas i F¥-7E A i) Python
KA R A AR B TEEAIE SOk i 4 pi AR . future  BEHRSCRHCSE T RRENY feature B
flo AT A BRSO X AR R, ARV DA BB 50H Re HEAE fl B 8 B OImA BB S T AR E
B (5E) FE(TI A ERIA:

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

garbage collection -- K JeInlfc B FBE 60 ) N AE 2SRt A2 . Python 2 3t 5 | FTHECHI — AR e
AT AGERE | FH OGRS [ i R AT B3R [ i o AT PAGE ) g ARt 2 il 1 % [l e 2% o
generator -- /2N R[5 generator iterator REL . ‘B ARRMBGIEERE, AFSETHAE yield
PR A= — RIE LS for-THFAME I B2l 4T next () pREZE KL
W TR AR, (AR O N T AR R4S A A Bk K% . WERFFEE KBS X, iF
{1 F A PR DATRE L S
generator iterator -- 2 R ESEIRES generator BB EIAINTS .
FEAS yield IGHFRHMSFAIR, CEL A BRI TIRGS (B8R B AEERD ry 154]) . 4% £
AR R B, B MBI EREIAT (X580 AR MO T 517538 R 522 HIAR )
generator expression -- /LR AR X R — A ERARNFRIBA . BHERMRG -8 TR L5 A & X
T MEAAE R BRI for T4, PAK—ANAIEER 1f Fh). AR GFRBEX S NINZ R EA T
—ZRIIH:

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

generic function -- {Z RIpR %L AN [F] 9 S SCEUR [ S A1 1) 224 R BT AL IS0 BR AR VRTINS & v R 5
SRR AN R R B WA~ S B

g2 Wsingle dispatch RiEFES<H . functools.singledispatch () HEigeA K& PEP 443,

generic type -- {Z R WYL S ope; WHE I 1ist 1 dict [¥ container class, A F &M%
AR FIARIE
WZYNAT, ES 0 R4 23, PEP 483, PEP 484, PEP 585 , fll typing fbk,

GIL 2 Wglobal interpreter lock
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global interpreter lock -- 2 JSyffREZT BT CPython fRRERR TR B —FOHLA], B R PR [ — i 2 A — A2
FELEINAT Python byrecode, MALHITHE T BEEXT SR ((13E dict GEBNERA) HMIF LU
ke 4x i T CPython SEE. 2 BE MRE R N B (AR 4 2 RIS AT BT 68, AR U 4
PETAEZ AL PRES BT

However, some extension modules, either standard or third-party, are designed so as to release the GIL when
doing computationally intensive tasks such as compression or hashing. Also, the GIL is always released when
doing I/0O.

BlE—A (PARORSANRLE RS e S8R ) A ARE” MRS M ARIRIE R, BhixX 2
A A R A PR DL S RO BE o 5 S IR bk R (R A A HE R B AR A Ak, AT R
MEDAGEP

hash-based pyc -- 3 TR pye (16 I S 4008 7 LT 3 5 1 R L 8 R 5
AL . 21 pyc-invalidation.

hashable -- W[y — /N3 G2 B0 A (0 SR AE LR dy I IN B R B, iehcl e A (EmREEA
__hash__ () J7ik), HAILARIHEAMX ST (EFEEA _ea () 7ik). AR R
JEAT R [ A NG A (L EU RS SR A A ]

]I PE CERERT G REAS VD T SR A A L B, TR Ry B 2 ) A P R I AL

KZH Python AT AR N B X LA PTG A AR 254 (Blans| el 7 at) #ATAA: A
A[ARZEES (BIANTCLRN frozenset) {4 ENTHICEIY NI A B AR . P E A 513
KRBT . BAITEREER— A (BRIERSHOWER), BN A ERE K2R
FEANIRT id (),

IDLE An Integrated Development and Learning Environment for Python. idle is a basic editor and interpreter
environment which ships with the standard distribution of Python.

immutable -- AEXR HAREEERRSR . AN RATERT . FAERFTTA. RN RN GERL
AL o AL ITAFAH— DA AIE, WL ETHET AR G o BN ITER 20 R A (A T A %
TERL, BNt d i i

import path -- A HZAE (B4 2458 ) AR5, SR path based finder I K2R
FABVR. TERAR, WACESFREFERE sys.path, HEXFRKGEREBTHERE EHRER
__path__ J@.

importing -- FA 4 —/MEH ) Python HUTEAE R 7 — MY Python AURS T 66 11 72 .
importer -- ‘FAZY EHIFIBBIRIGXTS WX GBEIE T finder & T loader

interactive -- 28 f. Python #i A7 — 32 H AR, BIMR W] DAE MRS AT I 4 A TR ) IRk, SZA]
PATHABRHGR . HFANTSEHES) python fird (WA DATEVRI T SALIF 46 35 B h e PR AH
I SE AT ) o AR BT ARV SRS IR A L e 4 X R N AR w O (EICAS ] help (x) ).

interpreted -- fiFFE%! Python —@MREALIE T, SZMMARHIFALET . BRI DO d 1577
M2 s A AFAE T A TR . X R RE RS ] A2 AT M AN a0 S 2 B vl S0 A7 S s
7o MRREALE & 108 HA M g i A0 5 BRI Al Y, (R KA s TR g, &

Dinteractive.,

interpreter shutdown -- fRFEZS P PRI, Python MR &350k A —MRpFRiz 1T BOT 2 R
BUTTH E M BEFTIR, BIABEAERAIAS P OB N RS 45 . EIR R BRI A DI . XA
S SATH AR B 5 | [ A A AAS AT o T8 R P B AT AR T RE B B A Fp e, R TR
BRI RIRC A AR (R U0 1A PR AL ] 45 ) o

fREAR T Z I 2R N __main_ BB ETE AT AT S8 AT -

iterable -- ] ZfC*x} 4 An object capable of returning its members one at a time. Examples of iterables include all
sequence types (such as 1ist, str, and tuple) and some non-sequence types like dict, file objects, and
objects of any classes you define with an __iter__ () method or with a __getitem__ () method that
implements sequence semantics.

SRR T for JEFRLA K2 HALTE—DFIIRMIT (2ip O L map () ..)o H—AH]
AR GAE NS EALLNERE iter () B, BRREZMGAIENAA. X AERE T 40E
O FEFUH AR AT R A, REFHATEIN iter O B A CABLIEAIXTS.
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for IBA 2 AR H S AL BB AE B — NG IS A i 22 748 & R TE I Rk A% . S
Witerator, sequence VA Jtgenerator,

iterator -- WE{CH AR F R LR BN S . BB _nexc__ O ik (SRELEAN
BEERE next () KRB RER AR, M4 3%AAEdE ] NG5 % StopIteration FH . FiX
B AR ReXT 2 P BRI C AR, RS next_ () HYEHSFIRE|% StopIteration
S0, SRR _ iter_ () W AGERZERERT S (B, BB A T
PR, T T EAB T R GE IR & A BB RO PIINR IR & A 35 A
T RS . AR5 (10 List) ERBRINHAL A iter () REEGRLE for THERHE B H#H
7L o Q0 SRAE AR O N AR 2 AR I 23k [l 7E 2 122k A R gl R 1 (]
— IS, ARG R D EAA.
W25 E £ typeiter.
CPython implementation detail: CPython %A% —N FERERE X _ iter_ () MR,

key function -- SEPA% 5 o B AR RS FE PR 2, 2 REWS R 0] H T HE R sCHEO A AE B TR B W %, i,
locale.strxfrm () A T —FEH & KIHET 2 & o HE 7 .

Python Hf7 ¥ 2 T HAR Ao vF S e Bk = R OC R HE 8 H A X HA 46 min (), max (),
sorted (), list.sort (), heapg.merge (), heapg.nsmallest (), heapg.nlargest () DA
M itertools.groupby ().

There are several ways to create a key function. For example. the str. lower () method can serve as a key
function for case insensitive sorts. Alternatively, a key function can be built from a 1 ambda expression such as
lambda r: (r[0], r[2]). Also, operator.attrgetter (), operator.itemgetter (),
and operator.methodcaller () are three key function constructors. See the Sorting HOW TO for
examples of how to create and use key functions.

keyword argument -- 38t S8 £ Wargument,
lambda Hy—/> i lexpression F I S 44 INEKCER AL, Faka N TE I BB RAE . Q)22 lambda pRE07) F)vA

> lambda [parameters]: expression

LBYL “Se#ifaBbik” M3ESCqis . XA USRS XA S AEDEA TR s 402 w2 A i fe 2
BERAE S EAFP 5 AG O L, RO KB 1 £ T84

2B, LBYL X380 “&/” M WK Z R AR S K. fan, PURAR
if key in mapping: return mappinglkey] W REH TIEREEAEZ 5 HABL AR mapping
RS IR T key T AR o XA DU R] A N E ] EAFP Oy HOR .

locale encoding -- iE & X 4% 4%, On Unix, it is the encoding of the LC_CTYPE locale. It can be set with
locale.setlocale(locale.LC_CTYPE, new_locale).

On Windows, it is the ANSI code page (ex: "cpl1252™").
On Android and VxWorks, Python uses "ut £-8" as the locale encoding.
locale.getencoding () can be used to get the locale encoding.

See also the filesystem encoding and error handler.

list -- §1|# Python &) —Ffsequence. BIRANHNFR, HHERMTHME S P m s %,
T E TR I RIS 2R EE R O(1).

list comprehension -~ FIFHESS, LT FE 1) f ) T 47 045 76 2 9648 1 5 L0 22 1) B R
result = ['{:#04x}'.format (x) for x in range(256) if x % 2 == 0] KK —
>0 F) 255 A oS BRI REOR REARAR (0x.) B, o 1 FRpR ATERY, A0 2R mE Il
range (256) HFHYFTHICREP YA,

loader -- MRS A TTMEBIIP X Z . B E L4 Lload_module () Bk, MBS EE H—
A finder 128 . PGS PEP 302, XfTF-abstract base class W[ Jl, importlib.abc.Loader,

magic method -- AR J51: special method f)AEIE = [R] XA .

mapping -- WLt A container object that supports arbitrary key lookups and implements the methods speci-
fied in the collections.abc.Mapping or collections.abc.MutableMapping abstract base
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classes. Examples include dict, collections.defaultdict,collections.OrderedDict and
collections.Counter.

meta path finder -- JCPRFETEIREY sys.meta_path B R TR B i) finder. JCES R 45 Spath entry
finders FEAE RIPAEFH A -

H& A importlib.abc.MetaPathFinder T fEICEAEE TR as T LB HYE,

metaclass -- JLR —FhH TR, KE UL BFMERY R, oMz Lik=
SHOTAIEM N RIS KT I R g s S AR RN BRI SE B . Python [RHRHIZ Ab7E 3:
DA E G2 K POKIEAN T B AN T H, (HA T2 B, JomT$R A A o 4
§?§%§1 %‘Eﬂlaﬁﬁﬁ?ﬂ%ﬁﬁuﬂﬂEllu\ TIMERE LA . IREERT S )2 . S Eapl, DA
HAhFZ2A4E

21312 I, metaclasses.

method -- Jjik TEIENHE LA REL. WERVERIZER LI — BRI, iR R IR B B 4
VE R HEE—Aargument GBI 44N self). £ function finested scope.

method resolution order -- Ji iR 5 32 M I 5t 2 70 2 4R D3 i 8 23R AP BL 2 BT FH B SE R I
W25 E Python 2.3 J AN THEE 2.3 BGE Python fEAT2E T FHAH 26 84 3L 112615

module -- §ie XTSI Python (UG —FPL LIRS, A BIBRBA ML ar 4 25 M), W45 {15 Python
R Bkl L importing BAEPIMEE] Python .

5 Wpackage.

module spec -- BiJu bl — A ap 4 a5, HPh s H T s X :AFE. 2 importlib.
machinery.ModuleSpec HJZLH .

MRO Z:lmethod resolution order
mutable -- R[AEX R W[ASXT R I AFEE 1d () PREREDERIEN T UCERBUE . 51525 Wimmutable,

named tuple -- H# e8] Aify “HAZuH” ol {l TAEMA0K ool FFHHEH R RIRG RN 4
PRIBYEARDT BB . ARSI s SA n] REHT A H AR

FUepERAE T HA 4, 836 time. localtime () fll os.stat () FRE{E. 50T
sys.float_info:

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

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

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

True

ALHA e E NEIRA (Bl T 6] o tesh, B4 oAbl # A E U tuple 4k
ﬁ%%)‘(%%?ﬁ%é@ﬁiﬁﬂéﬁﬂ@o XAERRAT AT T4 5, sE M T 4L collections.
namedtuple () Q. JF—MIr UL LEIN—LET Lo S BN B B4 T4 A s ik .

namespace -- nn%'ji'lfﬂ i 2 AR AL WA BT« fin s 2 (A Jeil . AR RN E R, AR R P iR E
4 a0 (TEEZ ) o A a3 [ 3E I B 1k fir 24 oh 98k SOt BN, % builtins. open
Y os.open () AEA H A 2RI IXr o firs 23 )0 18 i Wi R SEH S SIS R IOk 35 1
P T e ﬂl_ffﬁ?)jﬁ 4N, random.seed () Bf itertools.islice () XFPEEIAH T iX
R R random 5 itertools B HISEENE

namespace package -- iy %23 M4 PEP 420 fir5| AW —F U AE T 258 Wpackage, v 44 23 [ A0 7]
PASA SR Fom Yy, Hathid Iy s\ S regular package AN[a], B EATEA __init_ .py XfF.
S R] 2 Womodule

nested scope -- Hkﬁﬁfﬂiiﬁ A SGERE NG A RRE . BN, 755 —REz W E LH R ET A
5 HHIE AR B R e A Xj‘%'lﬁﬁﬁxﬁlﬁﬁﬁ)%@?ﬁxi JRITH AR B RS AR 2 PR T HR
WEVE . 2RI, éﬁ”’r‘alﬂﬁ S WWEM T4 R4 250, @il nonlocal KT RIFE
NINZVE R
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new-style class -- FraXJ& X T H 5l 4% W T FrfA BT 22K X IHFRE. 78 5561 Python By A<
H, LA HAE ﬁﬁ%ﬁﬁﬁ Python #4785 R G EFME, B0 __slots_ . FHIBFF. HRAEJE M.
__getattribute__ (). RHEMEBSHIESE.

object -- X4 LA HARE (J%‘TEEZE) PARTIE AT R (O73k) W% . object tLg AT fafnew-style class
R T EE2R A

package -- f4 — i) A & TR B S L 5 T Python module, MEGAR Tk, @A __path__
JE ¥R Python A5k

Y2 Wregular package Flnamespace package.

parameter -- JE5 funciion (B(J73%) & LA, EA8E KB DA Z B — A argument (SRR
BT, 20%%). ALMES:

* positional-or-keyword: (BB IHET, F52— D0 DMERIL T A4 AT AR X4 5 Sk
BARES . X EBINNES AL, FIATRER foo 1 bar:

’def func (foo, bar=None): ... ‘

* positional-only: (LRI, ?anz—/\ﬂﬁﬁl_kuﬁ%fxlﬁﬁ%ﬁ IR AL 2 Ll A R RUE
SHPESIN R ENZ IR E—A / FRRESL, BIANTN R posonlyl FI posonly2:

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

o keyword-only: {XPRKHEF, 5 HEEEM KEFEANSEH . (R EFIES s
HREUE LHES IR PSR ETE S BETEZ DB EIE S Z Wil —1 * KE X,
B0 R T kw_onlyl F1 kw_only2:

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

e var-positional: T[ARNLE, FRE R PARABEH — ME R BRI AL E S B R 75 (B Hefth
ESEHZMNESEZ)G). XMESTESEESAREIME > ke X, Bl N args:

’def func (*args, **kwargs): ... ‘

* var-keyword: W]ABSCEETE, FEE P DASRHME B AR AT S (M AL TE S T 2 %
PSR )G) . XMIESWEESAEES ARG <> K e L, Gl EER kwargs.
B2 ] DARI I8 PTE RS EL, nT DK HEEEnT BE S 4038 i BRIAE
W& Wargument RiEFESZH . SHEESH X BIP R ILEB, inspect .Parameter 3, function
—I35PA MK PEP 362,
path entry -- PRFEA O import path WH)— BN B, Sx@ipath based finder SR8 TS A WIFER,

path entry finder -- Y15 A D #8S F— 07 8 JH X 26 ] sys.path_hooks (Bipath entry hook) i 1]
W) finder, BEFRXTGREE L path entry Fe g (AR,

{5%% importlib.abc.PathEntryFinder PA TR A D& E T SEH SN

path entry hook -- J&F8 A LVe 1~ —Fhal i FIXS G, FERNE AT A2 HR A4 5 path entry FRREH 1 BT BE
(5[] sys.path_hook ¥R [E]—"path entry finder.

path based finder -- J£ TP FEMIAE R ES BRAM—Fp Uik 12 38 %%, AIHE—Nimport path A FATS

path-like object -- JRIEFX G R E— DU REBBMRTS . REEEXL T LR D ERR RN str
B H bytes X4, B PAR— TSI T os.PathLike MpINAIR . — > F ¥ os.PathLike
L XIS BT os . fspath () RN str 8% bytes BRI R G IR os.
fsdecode () fll os.fsencode () AIHE5 5 RIMIRIRAG str 5 bytes HBBPLEIR . XI5 2
i PEP 519 5] A1)

PEP  “Python 3R 1" MWIELHHE . —> PEP wiiie—(hlit3Cr, ok Python 4 IXARA(EEL, oK
filiid—~ Python FRIHT Rk S IEE B jzﬂ . PEP N4 SO ) 5 AR U AN T3 BURE P T B
e
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PEP [ V4 th BB R P s, WAL DO R DR S 151 LA B R 625N Python B35 TT HLsfE
95 SR ENLE . PEP IS STEAEAE I TR E T S0, I RCREAS [ B AT A SR

%1, PEP 1.

portion -- {5 A4 KA 4 S A A H SR U S (WATREAAICT — A zip SCEN) , Bk X
i, PEP 420,

positional argument -- i & %5 = Wargument.

provisional API -- #Z APT & APL & 358 B HERRAEARUE FE 1 ) J5 A PE PR UEZ S I FH G2 11
BIRIERIE N EAS AR RN, HHEHERC N &, S RBTEAZ. 0T &8 1 A 2
LT TR ARAENE Y (LR EFEBRIZED ). WASEEOF AR SBEEIT -- (FE APLYIN
A HIAT [EH ) i S Al B B A B A ] BE 2 iX AR -
RIE 2 X8 2 APTRUL, 105 A HA RSB SIN “Sa My 227 — R4 B AR i A B
R R TT B S R B —Fh ) 5 AR A R 2
KPS BEATFR SRV FRUE RS AT E , AN 2T RA RS KA BT B IR . 130 UL PEP
411.

provisional package -- 819t 5 Wl provisional API ,

Python 3000 Python 3.x R AR MWERR (X4 FHERA 3 Wy KAl iE T st e il 1) . A
RSN “Py3k”,

Pythonic 15—~ L o — BE AR B85 38A0G 1 Python 1755 S 19 KU AR, TS 2 6 oA &5
RS R SEL AR . B, Python (% I KA I £or TEAIIEER A Hy— A n] kAU SR
A IR W2 HAME SR AR EEH, PO 24K Python YA I S B 60 — DRIt
K

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

T FH 7 f 5 5 375 B Pythonic [ 7 YA S X FEAY:

for piece in food:
print (piece)

qualified name -- g %88 — DPASIS R AR, T R MBI 4 5 1 I3 i g SO HEA- 28
PR R “EEAET, FHOEE XL PEP 3155, X1 Z R AU, IRESA RS54 55—
2

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

>>> C.__qualname___

lcl

>>> C.D.__ _gualname__
'C.D'

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

R TG AR, R IR G AR BRI DS A B A AR, T S A Y
ALHL, Ul email .mime. text:

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

reference count -- 5|14 The number of references to an object. When the reference count of an object drops
to zero, it is deallocated. Reference counting is generally not visible to Python code, but it is a key element
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of the CPython implementation. Programmers can call the sys.getrefcount () function to return the
reference count for a particular object.

regular package -- 1 B Z4 B package, BN EH—A> _init__.py XM HEF.
%2 W namespace package.

_slots__ —FSLERNTR ], il W B SOl @i SR R R S B MR 1 N AE . BRI Fh
PIGRGAT, HRENGAFAEY), Sl RETE DB T R, BIAAGHEE A A7 B 2
Fr, FF HHP A R Sl

sequence -- )35l —Ffirerable, '©3CFRES __getitem () FFRFA AR MM BEERG AT RAAMITR
i, HEXT—MREFIKER __len__ () Fik. WEIMFHIERAA list, str, tuple
Flbytes. AL dict ©37FF__getitem () Fl_len_ (), HEBIANE THIHMIEF
G, A E AR AT B immutable ST AEREEL

collections.abc.Sequence IR ELEXN T —NTEEEWED, BIfE __getitem__ ()
_len_ () ZAMXEINT count (), index (), _ _contains__ () fl __reversed_ (). L

WY R ORI DAV register () SREZIBHEM .

set comprehension -- 345G AL B — AN RTEE AR F Y B AT B T BRI IR 1] 25 R AL B i — Fh K0
5k, results = {c for c in 'abracadabra' if c not in 'abc'} KA FFERELE
G {'r', 'd"}. &N comprehensions.

single dispatch -- Y5y —Fhgeneric function 73JRIL, HELHEET BASHIIZEROREREN -

slice -- Yy 7 HALE T REE sequence (—34 RS . U1 R 2l 8 FARbRic kB, 6 [
R ILNVAE B4 RnEis, il variable_name[1:3:5], H¥EE (Fin) FRicrENFRHEH
slice X%,

special method -- }§84 Jji% —# i Python [aCiR MY 753k, ORI AR ATy & #R A B Ui A 45
8o XFITIRMIA PRI AT KL . FRIRTT VAR SRS L specialnames.,

statement -- i&4) EAERFE (— MU “H) BALRERNT . — 4B DA — P expression By AT
B BFIGEN, FH if. while 5f for,

strong reference -- 5 5| ]l 7£ Python 1) C APL . 95| JIRZXF RGN —Fh, 4E w01 #IRF S X
G5 | FHVHENT 24 B A0 B i DU 2 s 45 | TR

Py_NewRef () MRCTHOUN TR — AR GAYSET | . @ H, WAEIR AR5 ) A1 i 7E
kG | _EVR M Py _DECREF () pR%L, PABEST | Bt -

i 2 Rlborrowed reference.

text encoding -- LAY 7F Python W, — > F 45 2 — 5 Unicode U A4 & (38 F A “U+0000%--
U+10FFFF)., N TAHESUEH— TR, EREGTIME I —BF.

TP PSR — AT P IVGRRN” Gifi”, 0519 741 b s B 45 B ol i
5.

ARFAE R SCAFIE Fifdds, BRGNS AR GRS

text file -- SCAR L —FREAS 1S st WM file object. W —A SCAS SO 52 B /& 7 8] — 4N T ] 75
R I B Ak iext encoding. SCASCAFI B FRFEASCABIA ("o 5k "w') FTIHFAY S0
sys.stdin, sys.stdout PAf io.StringIO HJSEH.

533 R binary file TIRAESSHES 57 511 2 IR

triple-quoted string -- 5|5 i W R&W S NESNES (7) ERGS ) WERFH. BITED
e LS5 ERESH -9 SRR AE T ARRE, HEaZ2MAL. BV REFFFRNE
FARGE WG S ANG 5, I H AT AR A7 o /R (0 B84, TE9R S SO A5 5 IR Il AT
Ho

type - M s Python A RRT-(F 4K B G RAIAT RIS, SRR, ]
PAVITRIER __class__ J&T, Bigiliid type (obj) RIKHL.

type alias -- JRBU %, — KA IR A], B 7 2RI BURE 4555 AR HAT o
RN A E 2 ik 2 22 A% . filn:
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def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuplel[int, int, int]]:
pass

] DA e ] s

Color = tuple[int, int, int]

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

Z: 0, typing fl PEP 484, JLrifg Xt it R A A4
type hint -- 384 annotation "R . EME. RENIESE0R RIETS E W28,

RAUEAR)E TR0, Python REOREEME, (HH W XS A M THEMH, 3 7THr) IDE L
(M EEL SR A

AR, RIEMEREE BB AE A typing.get_type_hints () Kihn, (HEHAE
AT A,

Z UL typing fil PEP 484, HAAyxt ko GBI P4 filid .

universal newlmes - ﬁﬂi gy — MR T, KA A R %’%ﬁﬁ%’bﬁl TEER bR : Unix (94T
ZER A E . Windows [Z55%E "\r\n"' PAMIHR Macintosh [ 5E . Z I, PEP 278 Il PEP
3116 F bytes .splitlines () TEHEZ LU,

variable annotation -- 28 5 bR {1 5(3‘/7'“%32%!@ J@ ) annotation
TEARE AR B BRI, 8 T35k LA

class C:
field: '"annotation'

AR AR RO AR R 2R AR . BINDA R AZ B2 int JRAURO(E:

count: int = 0

AR AR ETE YA AN R RE I annassign —7

2 W function annotation, PEP 484 1 PEP 526, H. 4R T IHINEE. 51527 annotations-howto PA T
Aot P AR ) B AR S B

virtual environment -- JE{ 3RS —Fh R H IMER IR BEREFTINERES, AT Python ] IR I RR AR 4235
T+ Python 43 K AR 2 THLEN A — R G iz HAL Python i AR IIATH .

HZN venv,

virtual machine -- JEHIDL — & 56 0 B A0F 2 RTTE AL, Python K S AT $HAT S5 2 135 2% 0T A AR
H)bytecode.

Zen of Python -- Python Z#fi 51| Python ¥ty IR N 53, A B FHMESHEHXMIES . &FHAK
WA AIAERZ B R AT i A”import this”,
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APPENDIX B

i AA

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

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

I
e Fred L. Drake, Jr., Jf4f Python SCRY T ELAE 2 GEE, AREZ IR ZA/EH
* the Docutils project for creating reStructuredText and the Docutils suite;

* Fredrik Lundh [/ Alternative Python Reference i H , Sphinx M H{5-3| T 5 £ {F A AH .

B.1 Python {44 SifkE

HR LN Python 155, Python FRifE N Python U A TiEk A, [l Python YRR A& ) Misc/ACKS 3
50 TR TR

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

279


https://www.sphinx-doc.org/
https://docutils.sourceforge.io/rst.html
https://docutils.sourceforge.io/
https://github.com/python/cpython/tree/main/Misc/ACKS

The Python/C API, %% 3.12.0a0

280 Appendix B. 3C#4ikER



appeENDIX C

7 S F0iFATE

C.1 ZHHFrIm s

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

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

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

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

RWAE | BB Fh mEE GPL %% 7
09.0% 1.2 | n/a 1991-1995 | CWI =
132152 |12 1995-1999 | CNRI 2
1.6 1.5.2 2000 CNRI &
2.0 1.6 2000 BeOpen.com | 15
1.6.1 1.6 2001 CNRI =
2.1 2.0+1.6.1 | 2001 PSF 5
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 GEE | 201 2001 %4 | PSF =y

Frik: GPLARAIFA MR Python 7t GPL N %Afi. 5 GPL AfH, Jirfy Python ¥ i UEAR SR 070 K 18 vk
JERIRAS, T TCRE IR P S EE. GPL 3 BV AIEf15 Python W] DAL HUETE GPL "R KA AR 1445
AR HHERFHENATT.
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AR ZAE Guido 153 T TARRISNIEIERE , (XL A N AT RE .

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

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

M Python 3.8.6 7y, SURHHFAYZRBI . A5 SAIHARACAS R 2 PSF ¥ AT PSR 4 2k BSD 76T 1)
XUEE 0T

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

C.2.1 FF PYTHON 3.12.0a0 4 PSF iFa] il

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

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

3.12.0a0 software in source or binary form and its associated.
—documentation.

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

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

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

distribute, and otherwise use Python 3.12.0a0 alone or in any derivative

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

copyright, i.e., "Copyright © 2001-2022 Python Software Foundation; All_
—~Rights

Reserved" are retained in Python 3.12.0a0 alone or in any derivative.
—version

prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.12.0a0 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

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

—~to Python
3.12.0a0.

4. PSF is making Python 3.12.0a0 available to Licensee on an "AS IS" basis.

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

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

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

USE OF PYTHON 3.12.0a0 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.12.
—0a0
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FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A.
—RESULT OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.12.0a0, OR ANY.
—~DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

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

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

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

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

trademark sense to endorse or promote products or services of Licensee,.
—O0or any

third party.

8. By copying, installing or otherwise using Python 3.12.0a0, Licensee.

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

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

BEOPEN PYTHON JF5 /] PS5 1 fiz

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

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

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

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

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

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a

Q3
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trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

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

C.2.3 FHF PYTHON 1.6.1 g5 CNRI #F o]t

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 THEREOEF.

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

(N oiaRs:)
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(22 B30
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement

does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

C.2.4 FF PYTHON 0.9.0 E 1.2 5 CWI ¥ a]HpiX

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

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

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

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.12.0a0 DOC-
UMENTATION

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

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

C.3.1 Mersenne Twister

The _random C extension underlying the random module includes code based on a download from http:
/Iwww.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html. The following are the verbatim com-
ments from the original code:

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

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

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

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

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

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

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

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

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)
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C.3.2 EEx

The socket module uses the functions, getaddrinfo (), and getnameinfo (), which are coded in separate

source files from the WIDE Project, https://www.wide.ad.jp/.

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

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

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

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software
without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS ""AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 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.33 RLEEFRS

asynchat fil asyncore B4 DA R EEHA:

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. WrRHRHaYiF =] 508
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C.3.4 Cookie &1

http.cookies Bl &PLFFEH:

Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>
All Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy O'Malley not be used in advertising or publicity

pertaining to distribution of the software without specific, written
prior permission.

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

C.3.5 HITERR

trace HHALE AT A

portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.
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C.3.6 UUencode 5 UUdecode F#h

uu AL DA AR

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:

- Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

- Arguments more compliant with Python standard

C.3.7 XML & E2=EAH

xmlrpc.client fEHEE DA FEH:

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

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

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.
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C.3.8 test_epoll

test_epoll fHELE AR EH:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select BT kqueue ()42 N5 AT FEH:

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

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

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

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS " 'AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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C.3.10 SipHash24

Python/pyhash.c {47 Marek Majkowski’ %] Dan Bernstein {{] SipHash24 A ¥ERISEH . EREPAT
—=
FE

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
all copies or substantial portions of the Software.
</MIT License>

Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/1ittle2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod #1 dtoa

The file Python/dtoa. c, which supplies C functions dtoa and strtod for conversion of C doubles to and from
strings, is derived from the file of the same name by David M. Gay, currently available from https://web.archive.org/
web/20220517033456/http://www.netlib.org/fp/dtoa.c. The original file, as retrieved on March 16, 2009, contains
the following copyright and licensing notice:

/****************************************************************

*

* 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

* % of

THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY
REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.
*

* % o

***************************************************************/
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C.3.12 OpenSSL

WERBAERG W, W hashlib, posix. ssl. crypt Bl OpenSSL AR FMERE. HLAh, T
T+ Python ] Windows FI macoS ‘2% F2 )7 A Bt 45 OpenSSL FEf#E D1, i DATE AR 51 11 T OpenSSL 1
AERY$E UL

LICENSE ISSUES

The OpenSSL toolkit stays under a dual license, i.e. both the conditions of
the OpenSSL License and the original SSLeay license apply to the toolkit.
See below for the actual license texts. Actually both licenses are BSD-style
Open Source licenses. In case of any license issues related to OpenSSL
please contact openssl-core@openssl.org.

OpenSSL License

Copyright (c) 1998-2008 The OpenSSL Project. All rights reserved.

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

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

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

3. All advertising materials mentioning features or use of this
software must display the following acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit. (http://www.openssl.org/)"

4. The names "OpenSSL Toolkit" and "OpenSSL Project" must not be used to
endorse or promote products derived from this software without
prior written permission. For written permission, please contact
openssl-core@openssl.org.

5. Products derived from this software may not be called "OpenSSL"
nor may "OpenSSL" appear in their names without prior written
permission of the OpenSSL Project.

6. Redistributions of any form whatsoever must retain the following
acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit (http://www.openssl.org/)"

THIS SOFTWARE IS PROVIDED BY THE OpenSSL PROJECT " "AS IS'' AND ANY
EXPRESSED OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE ARE DISCLAIMED. 1IN NO EVENT SHALL THE OpenSSL PROJECT OR
ITS CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
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)

L S S I S ST N S N S N S N S T N S N S e S N S N IS S N T N S

CFgkzs)
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% ok X ok X % X %

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).

Original SSLeay License

L e T S S N I N S T S I S N T T S S N e e N S N N S N S N S N S T N S

Copyright (C) 1995-1998 Eric Young (eay@cryptsoft.com)
All rights reserved.

This package is an SSL implementation written
by Eric Young (eaylcryptsoft.com).
The implementation was written so as to conform with Netscapes SSL.

This library is free for commercial and non-commercial use as long as
the following conditions are aheared to. The following conditions
apply to all code found in this distribution, be it the RC4, RSA,
lhash, DES, etc., code; not just the SSL code. The SSL documentation
included with this distribution is covered by the same copyright terms
except that the holder is Tim Hudson (tjh@cryptsoft.com).

Copyright remains Eric Young's, and as such any Copyright notices in

the code are not to be removed.

If this package is used in a product, Eric Young should be given attribution
as the author of the parts of the library used.

This can be in the form of a textual message at program startup or

in documentation (online or textual) provided with the package.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:
1. Redistributions of source code must retain the copyright
notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.
3. All advertising materials mentioning features or use of this software
must display the following acknowledgement:
"This product includes cryptographic software written by
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. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY

Q)
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(8L 7))
* QUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
* SUCH DAMAGE.
*
* The licence and distribution terms for any publically available version or
* derivative of this code cannot be changed. i.e. this code cannot simply be
* copied and put under another distribution licence
* [including the GNU Public Licence.]
*/

C.3.13 expat

BrRAEGEN ——with-system—expat BB THE, T pyexpat § ARE M5 expat YR DAY

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

The _ctypes C extension underlying the ct ype s module is built using an included copy of the libffi sources unless
the build is configured ——with-system-1ibffi:

Copyright (c) 1996-2008 Red Hat, Inc and others.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the

‘" Software''), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED " "AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
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HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.

C.3.15 zlib

R ARG EARERY 20ib AR IH T ok A, W 55 zlib PG 8 DR 2 1ib 3 %:

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be
appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean—-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash

tracemalloc {§i ] (MG F S SE B EL T cfuhash 31 H :

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

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

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

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

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived
from this software without specific prior written permission.

CNgkzs)
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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.3.17 libmpdec

The _decimal C extension underlying the de cimal module is built using an included copy of the libmpdec library
unless the build is configured ——with-system-libmpdec:

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

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

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

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

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.18 W3C C14N X EH

test fLHA) CI4N 2.0 iR 4E (Lib/test/xmltestdata/cl14n—20/) $2H H W3C M https:/www.
w3.org/TR/xml-c14n2-testcases/ FEARYE 3 453 BSD ¥ vk & 17

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All Rights Reserved.

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

* Redistributions of works must retain the original copyright notice,
this list of conditions and the following disclaimer.

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

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.

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

C.3.19 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
jlee@smylex.uucp Warranty and Copyright Policy This document is provided on an “as-is” basis, and
its author makes no warranty or representation, express or implied, with respect to its quality performance
or fitness for a particular purpose. In no event will the author of this document be liable for direct, indirect,
special, incidental, or consequential damages arising out of the use or inability to use the information contained
within. Use of this document is at your own risk. This file may be used and copied freely so long as the
applicable copyright notices are retained, and no modifications are made to the text of the document. No
money shall be charged for its distribution beyond reasonable shipping, handling and duplication costs, nor
shall proprietary changes be made to this document so that it cannot be distributed freely. This document may
not be included in published material or commercial packages without the written consent of its author.
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EFE
..., 267
2to3, 267
>>> 267
__all__ (package variable), 62
__dict__ (module attribute), 145
__doc__ (module attribute), 145
_ file_  (module attribute), 145, 146
_ future_ ,271
__import_

| & &%, 62
_ loader__ (module attribute), 145
__main___

M, 11,1609, 181
__name___ (module attribute), 145
__package___ (module attribute), 145
__ _PYVENV_LAUNCHER_ , 196, 202
__slots_ ,277
_frozen (C struct), 65
_inittab (C struct), 65
_Py_c_diff (C function), 112
_Py_c_neqg (C function), 112
_Py_c_pow (C function), 112
_Py_c_prod (C function), 112
_Py_c_quot (C function), 112
_Py_c_sum (C function), 112
_Py_InitializeMain (C function), 209
_Py_NoneStruct (Cvar), 221
_PyBytes_Resize (C function), 115
_PyCFunctionFast (C type), 224

_PyCFunctionFastWithKeywords (C type), 224

_PyFrameEvalFunction (C type), 179

_PyInterpreterState_GetEvalFrameFunc

(C function), 179

_PyInterpreterState_SetEvalFrameFunc

(C function), 180
_PyObject_GetDictPtr (C function), 80
_PyObject_New (C function), 221
_PyObject_NewVar (C function), 221
_PyTuple_Resize (C function), 132
_thread

R, 176
THRLE

__ PYVENV_LAUNCHER__, 196, 202
exec_prefix,4
PATH, 11
prefix, 4
PYTHON*, 167
PYTHONCOERCECLOCALE, 207
PYTHONDEBUG, 166, 202
PYTHONDEVMODE, 198
PYTHONDONTWRITEBYTECODE, 166, 205
PYTHONDUMPREF'S, 198, 235
PYTHONEXECUTABLE, 202
PYTHONFAULTHANDLER, 198
PYTHONHASHSEED, 167, 199
PYTHONHOME, 11, 167, 173, 174, 199
PYTHONINSPECT, 167, 199
PYTHONINTMAXSTRDIGITS, 200
PYTHONIOENCODING, 170, 203
PYTHONLEGACYWINDOWSFSENCODING, 168,
193
PYTHONLEGACYWINDOWSSTDIO, 168, 200
PYTHONMALLOC, 212, 215, 217
PYTHONMALLOC" (] 4
" "PYTHONMALLOC=malloc", 218
PYTHONMALLOCSTATS, 200, 212
PYTHONNODEBUGRANGES, 197
PYTHONNOUSERSITE, 168, 204
PYTHONOPTIMIZE, 168, 201
PYTHONPATH, 11, 167, 201
PYTHONPERFSUPPORT, 204
PYTHONPLATLIBDIR, 200
PYTHONPROFILEIMPORTTIME, 199
PYTHONPYCACHEPREFIX, 202
PYTHONSAFEPATH, 196
PYTHONTRACEMALLOC, 204
PYTHONUNBUFFERED, 168, 197
PYTHONUTEFS, 193, 207
PYTHONVERBOSE, 169, 204
PYTHONWARNINGS, 204

A

abort (), 62

abs
[F1E % %, 88

abstract base class —- HZH %, 267
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allocfunc (Ctype), 258

annotation -- 4§y, 267

argument -- ¥, 267

argv (in module sys), 173

ascii

[EE & %, 81

asynchronous context manager -—- 7 25
ETXEREE, 268

asynchronous generator -- % ¥ 4 & &,
268

asynchronous generator iterator —- =3
¥ R B R, 268

asynchronous iterable -—- ® # 7 #% K& xt
%, 268

asynchronous

attribute —--

awaitable —--

B

BDFL, 268
binary file —— 3% UH, 268
binaryfunc (C type), 259
borrowed reference —— & A\5| /A, 268
buffer interface

(see buffer protocol), 93
buffer object

(see buffer protocol),93
buffer protocol, 93
builtins

He 11, 169, 181
bytearray

£, 115
bytecode —- F ¥, 269
bytes

& &%, 81

4,113
bytes-like object —-- FH ET £, 268

C

callable, 269
callback -- [Eif, 269
calloc (), 211
Capsule
T4, 156
C-contiguous, 96, 269
class —— 2,269
class variable —- X4 &, 269
classmethod
[EE & %, 226
cleanup functions, 62
close () (in module os), 182
CO_FUTURE_DIVISION (C var), 42
code object, 142

iterator —- FF &R E, 268
J& M, 268
&R E, 268

context manager —- T X&H%E, 269
context variable —- FTFXZE,269
contiguous, 96

contiguous -- #4269

copyright (in module sys), 172

coroutine -- HH4E, 269

coroutine function —— WHE &%, 269
CPython, 269

D

decorator —— ¥, 269
descrget func (C type), 259
descriptor —- #HRE&E, 270
descrsetfunc (Ctype), 259
destructor (Ctype), 258
dictionary
x4, 135
dictionary
dictionary
270
dictionary
divmod
[FE % %, 88
docstring —-- XAEFEF#E, 270
duck-typing —-- #F %A 270

E

EAFP, 270

EOFError (built-in exception), 144
exc_info () (in module sys), 9
exec_prefix, 4

executable (in module sys), 171

exit (), 62

expression -- FHKR, 270
extension module -- ¥ EAEH, 270

F
f-string ——- f-F4&,270
file
x4, 144
file object -- XfX%£,270
file-like object —- X E3t4£, 270
filesystem encoding and error
handler - X B 24w E % X 5
Ei% 222 AR, 270
finder —-- #H#H &, 271
float
)& & %, 89
floating point
T4, 110
floor division —-— & BB, 271
Fortran contiguous, 96,269
free (), 211

- ?7@’270
comprehension —— FHI#fEGER,

view —— FHAME, 270

compile freefunc (C type), 258
[EFE % %, 63 freeze utility, 65
complex number frozenset
W&, 111 %%, 138
complex number —— £ #,269 function
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%, 140
function -- F#, 271
function annotation -- FEARE, 271

G

garbage collection —-- XK [E K, 271

generator, 271

generator —-- 4 &, 271

generator expression, 271

generator expression —- 4 @& 8 % % &,
271

generator iterator -- A4 @K &% RE, 271

generic function -- Z A, 271

generic type —— %A XA, 271

getattrfunc (Ctype), 258

getattrofunc (C type), 258

getbufferproc (C type), 259

getiterfunc (Ctype), 259

GIL, 271

global interpreter lock, 174

global interpreter lock —— 4 F # B &
#, 272

hash

[ 7%, 81, 238
hash-based pyc —— ®EFW%BAHH pyc, 272
hashable -- H¥&,272
hashfunc (C type), 259

IDLE, 272

immutable -- FH L%, 272
import path —-- B AEAZ, 272
importer —-— ® A4, 272
importing —- B A, 272
incr_item(), 10, 11

initproc (C type), 258

inquiry (C type), 263

instancemethod

x4, 141
int

[FIE & %, 89
integer

T4, 106
interactive —-- X F,272
interpreted —— @EA, 272
interpreter lock, 174
interpreter shutdown —- BEEXH,272
iterable -- H#ERW 4,272

iterator —- # R %, 273
iternextfunc (C type), 259

K

key function -- # %%, 273
KeyboardInterrupt (built-in exception), 51
keyword argument —- X#F 5%, 273

L

lambda, 273
LBYL, 273
len
FIE % %, 82, 90, 92, 134, 136, 139
lenfunc (C type), 259
list
T4, 133
list —- %%,273
list comprehension -- F|XK#HEHR, 273
loader —- jn# £, 273
locale encoding —- EZ X E4%EHK R, 273
lock, interpreter, 174
long integer
£, 106

LONG_MAX, 107

M

magic

method, 273
magic method —-- JEARF ik, 273
main (), 170, 173
malloc (), 211
mapping

14, 135
mapping —— B, 273
memoryview

T4, 155
meta path finder -- TTERFEHKE, 274
metaclass —— 0%, 274
METH_CLASS (HE % %), 225
METH_COEXIST ()& % &), 226
METH_FASTCALL ([F1 & % &), 225
METH_NOARGS ([FJ £ % ), 225
METH_O (F& % #), 225
METH_STATIC ([E1E % %), 226
METH_VARARGS ([F] % % &), 225
method

magic, 273

special, 277

*t %, 141
method —--— 7,274
method resolution order -- F ¥ f # i

7,274

MethodType (in module types), 140, 141
module

search path, 11, 169, 171, 172

T4, 145
module -- i 274
module spec —- B AAS, 274
modules (in module sys), 62, 169
ModuleType (in module types), 145
MRO, 274
mutable —-- H L X%, 274

N

named tuple —-- B &4, 274
namespace -- @4 % [, 274

gL ]
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namespace package —-- % X [H 4,274
nested scope —-— ﬁ%ﬁ?}ﬂﬁ’ 274
new-style class —— ¥R %, 275
newfunc (C type), 258
None

x4, 106

numeric

4., 106
O

object

code, 142
object —— X#%,275
objobjargproc (C type), 259
objobjproc (C type), 259
OverflowError (built-in exception), 107, 108

P

package -- 4,275
package variable
__all_ ,62
parameter —- H%,275
PATH, 11
path
module search, 11, 169, 171, 172
path (in module sys), 11, 169, 171, 172

path based finder —— E F B & W & & &,
275

path entry -- B#&AH,275

path entry finder —- E#&A &, 275

path entry hook -- BN H4F,275

path-like object —- B#ZEEX%,275
PEP, 275
platform (in module sys), 172

portion —-- 4,276
positional argument -- (L& %%, 276
pow

B & & %, 88, 89
prefix, 4
provisional API -- ¥ & API, 276
provisional package -- % FA4,276

Py_ABS (C macro), 4

Py_AddPendingCall (C function), 182
Py_AddPendingCall (), 182
Py_ALWAYS_INLINE (C macro), 4
Py_AtExit (C function), 62
Py_BEGIN_ALLOW_THREADS, 174
Py_BEGIN_ALLOW_THREADS (C macro), 177
Py_BLOCK_THREADS (C macro), 177
Py_buffer (Ctype), 94

Py_buffer.shape (C member), 95
Py_buffer.strides (C member), 95
Py_buffer.suboffsets (C member), 95
Py_Buildvalue (C function), 72
Py_BytesMain (C function), 39
Py_BytesWarningFlag (C var), 166
Py_CHARMASK (C macro), 4

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), 112
Py_DebugFlag (Cvar), 166
Py_DecodeLocale (C function), 58
Py_DECREF (C function), 44

Py_DecRef (C function), 44

Py_DECREF (), 6

Py_DEPRECATED (C macro), 4
Py_DontWriteBytecodeFlag (Cvar), 166
Py_Ellipsis (Cvar), 155
Py_EncodeLocale (C function), 59
Py_END_ALLOW_THREADS,174
Py_END_ALLOW_THREADS(CnmavL177
Py_EndInterpreter (C function), 182
Py_EnterRecursiveCall (C function), 54
Py_eval_input (Cvar), 42

Py_Exit (C function), 62

Py_False (Cvar), 109

Py_FatalError (C function), 62
Py_FatalError(), 173
Py_FdIsInteractive (C function), 57
Py_file_input (Cvar), 42
Py_Finalize (C function), 170
Py_FinalizeEx (C function), 169
Py_FinalizeEx (), 62,169,181, 182
Py_FrozenFlag (Cvar), 166
Py_GenericAlias (C function), 164
Py_GenericAliasType (C var), 164
Py_GetArgcArgv (C function), 209
Py_GetBuildInfo (C function), 172
Py_GetCompiler (C function), 172
Py_GetCopyright (C function), 172
Py_GETENV (C macro), 5
Py_GetExecPrefix (C function), 171
Py_GetExecPrefix (), 11
Py_GetPath (C function), 171
Py_GetPath (), 11,170,172
Py_GetPlatform (C function), 172
Py_GetPrefix (C function), 170

Py_buffer.buf (C member), 94 .

Py_buffer. format (C member), 95 Py_GetPrefix (), 1l )

Py buffer.internal (Cmember), 95 Py_GetProgramFullPath (C function), 171
Py_buffer.itemsize (C member), 95 Py_GetProgramFullPath ( )j 1

Py buffer.len (Cmember), 94 Py_GetProgramName (C function), 170

Py buffer.ndim (C member), 95 Py_GetPythonHome (C function), 174

Py buffer.ob? (Cmember), 94 Py_GetVersion (C function), 172
Py_buffer.readonly (C member), 95 Py_HashRandomizationFlag (Cvar), 167
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Py_IgnoreEnvironmentFlag (Cvar), 167

Py_INCREF (C function), 43

Py_IncRef (C function), 44

Py_INCREF (), 6

Py_Initialize (C function), 169

Py_Initialize (), 11,170,181

Py_InitializeEx (C function), 169

Py_InitializeFromConfig (C function), 205

Py_InspectFlag (Cvar), 167

Py_InteractiveFlag (Cvar), 167

Py_TIs (C function), 222

Py_IS_TYPE (C function), 223

Py_IsFalse (C function), 223

Py_IsInitialized (C function), 169

Py_IsInitialized(), Il

Py_TIsNone (C function), 222

Py_IsolatedFlag (Cvar), 167

Py_IsTrue (C function), 222

Py_LeaveRecursiveCall (C function), 54

Py_LegacyWindowsFSEncodingFlag (C var),
167

Py_LegacyWindowsStdioFlag (Cvar), 168

Py_LIMITED_API (C macro), 13

Py_Main (C function), 39

PY_MAJOR_VERSION (C macro), 265

Py_MAX (C macro), 5

Py_MEMBER_SIZE (C macro), 5

PY_MICRO_VERSION (C macro), 265

Py_MIN (C macro), 5

PY_MINOR_VERSION (C macro), 265

Py_mod_create (C macro), 148

Py_mod_create.create_module (C function),
148

Py_mod_exec (C macro), 149

Py_mod_exec.exec_module (C function), 149

Py_NewInterpreter (C function), 181

Py_NewRef (C function), 43

Py_NO_INLINE (C macro), 5

Py_None (C var), 106

Py_NoSiteFlag (Cvar), 168

Py_NotImplemented (C var), 79

Py_NoUserSiteDirectory (Cvar), 168

Py_OptimizeFlag (Cvar), 168

Py_PrelInitialize (C function), 194

Py_PreInitializeFromArgs (C function), 194

Py_PreInitializeFromBytesArgs (C func-
tion), 194

Py_PRINT_RAW, 145

Py_QuietFlag (Cvar), 168

Py_REFCNT (C function), 43

PY_RELEASE_LEVEL (C macro), 265

PY_RELEASE_SERIAL (C macro), 265

Py_ReprEnter (C function), 54

Py_ReprLeave (C function), 54

Py_RETURN_FALSE (C macro), 109

Py_RETURN_NONE (C macro), 106

Py_RETURN_NOTIMPLEMENTED (C macro), 79

Py_RETURN_TRUE (C macro), 109

Py_RunMain (C function), 208

Py_SET_REFCNT (C function), 43

Py_SET_SIZE (C function), 223

Py_SET_TYPE (C function), 223

Py_SetPath (C function), 171

Py_SetPath (), 171

Py_SetProgramName (C function), 170

Py_SetProgramName (), 11, 169171

Py_SetPythonHome (C function), 173

Py_SetStandardStreamEncoding (C function),
170

Py_single_input (Cvar), 42

Py_SIZE (C function), 223

Py_ssize_t (Ctype), 9

PY_SSIZE_T_MAX, 108

Py_STRINGIFY (C macro), 5

Py_TPFLAGS_BASE_EXC_SUBCLASS (1% % &),
242

Py_TPFLAGS_BASETYPE ([F] & % &), 240

Py_TPFLAGS_BYTES_SUBCLASS (EE & &), 242

Py_TPFLAGS_DEFAULT (B % % ), 241

Py_TPFLAGS_DICT_SUBCLASS (BE &%), 242

Py_TPFLAGS_DISALLOW_INSTANTIATION ([F]
AL F), 242

Py_TPFLAGS_HAVE_FINALIZE (E]E & &), 242

Py_TPFLAGS_HAVE_GC (B & % §), 241

Py_TPFLAGS_HAVE_VECTORCALL ([F] & & &),
242

Py_TPFLAGS_HEAPTYPE ([F] & % &), 240

Py_TPFLAGS_IMMUTABLETYPE (EE & &), 242

Py_TPFLAGS_LIST_SUBCLASS (EE & &), 242

Py_TPFLAGS_LONG_SUBCLASS (B % % %), 242

Py_TPFLAGS_MANAGED_DICT (B % &%), 241

Py_TPFLAGS_MANAGED_WEAKREF ([F] & & &),
242

Py_TPFLAGS_MAPPING ([FlE & &), 243

Py_TPFLAGS_METHOD_DESCRIPTOR ([F] T &),
241

Py_TPFLAGS_READY ()% & %), 241

Py_TPFLAGS_READYING ([HE & &), 241

Py_TPFLAGS_SEQUENCE ([F % & &), 243

Py_TPFLAGS_TUPLE_SUBCLASS (& % %), 242

Py_TPFLAGS_TYPE_SUBCLASS (B % &%), 242

Py_TPFLAGS_UNICODE_SUBCLASS (] & & &),
242

Py_tracefunc (Ctype), 183

Py_True (Cvar), 109

Py_tss_NEEDS_INIT (C macro), 185

Py_tss_t (Ctype), 185

Py_TYPE (C function), 223

Py_UCS1 (Ctype), 116

Py_UCS2 (Ctype), 116

Py_UCS4 (Ctype), 116

Py_UNBLOCK_THREADS (C macro), 178

Py_UnbufferedStdioFlag (Cvar), 168

Py_UNICODE (C type), 116

Py_UNICODE_IS_HIGH_SURROGATE (C function),
119

gL ]
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Py_UNICODE_IS_LOW_SURROGATE (C function),
119

Py_UNICODE_IS_SURROGATE (C function), 119

Py_UNICODE_ISALNUM (Cfunction), 118

Py_UNICODE_ISALPHA (C function), 118

Py_UNICODE_ISDECIMAL (C function), 118

Py_UNICODE_ISDIGIT (C function), 118

Py_UNICODE_ISLINEBREAK (C function), 118

Py_UNICODE_ISLOWER (C function), 118

Py_UNICODE_ISNUMERIC (C function), 118

Py_UNICODE_ISPRINTABLE (C function), 118

Py_UNICODE_ISSPACE (C function), 118

Py_UNICODE_ISTITLE (C function), 118

Py_UNICODE_ISUPPER (C function), 118

Py_UNICODE_JOIN_SURROGATES (C function),
119

Py_UNICODE_TODECIMAL (C function), 119

Py_UNICODE_TODIGIT (C function), 119

Py_UNICODE_TOLOWER (C function), 118

Py_UNICODE_TONUMERIC (Cfunction), 119

Py_UNICODE_TOTITLE (C function), 119

Py_UNICODE_TOUPPER (C function), 119

Py_UNREACHABLE (C macro), 5

Py_UNUSED (C macro), 5

Py_VaBuildvValue (C function), 73

PY_VECTORCALL_ARGUMENTS_OFFSET c
macro), 84

Py_VerboseFlag (Cvar), 169

Py_Version (Cvar), 265

PY_VERSION_HEX (C macro), 265

Py_VISIT (C function), 263

Py_XDECREF (C function), 44

Py_XDECREF (), 11

Py_XINCREF (C function), 43

Py_XNewRef (C function), 44

PyAIter_Check (C function), 93

PyAnySet_Check (C function), 138

PyAnySet_CheckExact (C function), 139

PyArg_Parse (C function), 71

PyArg_ParseTuple (C function), 71

PyArg_ParseTupleAndKeywords (C function),
71

PyArg_UnpackTuple (C function), 71

PyArg_ValidateKeywordArguments (C func-
tion), 71

PyArg_VaParse (C function), 71

PyArg_VaParseTupleAndKeywords (C func-
tion), 71

PyASCIIObject (Ctype), 116

PyAsyncMethods (C type), 257

PyAsyncMethods.am_aiter (C member), 257

PyAsyncMethods.am_anext (C member), 258

PyAsyncMethods.am_await (C member), 257

PyAsyncMethods.am_send (C member), 258

PyBool_Check (C function), 109

PyBool_FromLong (C function), 109

PyBUF_ANY_CONTIGUOUS (C macro), 97

PyBUF_C_CONTIGUOUS (C macro), 97

PyBUF_CONTIG (C macro), 97
PyBUF_CONTIG_RO (C macro), 97
PyBUF_F_CONTIGUOUS (C macro), 97
PyBUF_FORMAT (C macro), 96
PyBUF_FULL (C macro), 97
PyBUF_FULL_RO (C macro), 97
PyBUF_INDIRECT (C macro), 96
PyBUF_ND (C macro), 96
PyBUF_RECORDS (C macro), 97
PyBUF_RECORDS_RO (C macro), 97
PyBUF_SIMPLE (C macro), 96
PyBUF_STRIDED (C macro), 97
PyBUF_STRIDED_RO (C macro), 97
PyBUF_STRIDES (C macro), 96
PyBUF_WRITABLE (C macro), 96
PyBuffer_FillContiguousStrides (C func-
tion), 99
PyBuffer_FillInfo (C function), 100
PyBuffer_FromContiguous (C function), 99
PyBuffer_GetPointer (C function), 99
PyBuffer_IsContiguous (C function), 99
PyBuffer_Release (C function), 99
PyBuffer_SizeFromFormat (C function), 99
PyBuffer_ToContiguous (C function), 99
PyBufferProcs, 94
PyBufferProcs (Ctype), 256
PyBufferProcs.bf_getbuffer (C member),
256
PyBufferProcs.bf_releasebuffer (C mem-
ber), 257
PyByteArray_AS_STRING (C function), 116
PyByteArray_AsString (C function), 115
PyByteArray_Check (C function), 115
PyByteArray_CheckExact (C function), 115
PyByteArray_Concat (C function), 115
PyByteArray_FromObject (C function), 115
PyByteArray_FromStringAndSize (C func-
tion), 115
PyByteArray_GET_SIZE (C function), 116
PyByteArray_Resize (C function), 115
PyByteArray_Size (C function), 115
PyByteArray_Type (Cvar), 115
PyByteArrayObject (Ctype), 115
PyBytes_AS_STRING (C function), 114
PyBytes_AsString (C function), 114
PyBytes_AsStringAndSize (C function), 114
PyBytes_Check (C function), 113
PyBytes_CheckExact (C function), 113
PyBytes_Concat (C function), 114
PyBytes_ConcatAndDel (C function), 114
PyBytes_FromFormat (C function), 113
PyBytes_FromFormatV (C function), 114
PyBytes_FromObject (C function), 114
PyBytes_FromString (C function), 113
PyBytes_FromStringAndSize (C function), 113
PyBytes_GET_SIZE (C function), 114
PyBytes_Size (C function), 114
PyBytes_Type (Cvar), 113
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PyBytesObject (Ctype), 113
PyCallable_Check (C function), 87
PyCallIter_Check (C function), 152
PyCallIter_New (C function), 152
PyCallIter_Type (Cvar), 152
PyCapsule (Ctype), 156
PyCapsule_CheckExact (C function), 156
PyCapsule_Destructor (C type), 156
PyCapsule_GetContext (C function), 157
PyCapsule_GetDestructor (C function), 157
PyCapsule_GetName (C function), 157
PyCapsule_GetPointer (C function), 157
PyCapsule_Import (C function), 157
PyCapsule_IsValid (C function), 157
PyCapsule_New (C function), 156
PyCapsule_SetContext (C function), 157
PyCapsule_SetDestructor (C function), 157
PyCapsule_SetName (C function), 157
PyCapsule_SetPointer (C function), 157
PyCell_Check (C function), 142
PyCell_GET (C function), 142
PyCell_Get (C function), 142
PyCell_New (C function), 142
PyCell_SET (C function), 142
PyCell_Set (C function), 142
PyCell_Type (Cvar), 142
PyCellObject (Ctype), 142
PyCFunction (C type), 224
PyCFunctionWithKeywords (C type), 224
PyCMethod (C type), 224
PyCode_Addr2Line (C function), 143
PyCode_Addr2Location (C function), 143
PyCode_Check (C function), 142
PyCode_GetCellvars (C function), 143
PyCode_GetCode (C function), 143
PyCode_GetFreevars (C function), 143
PyCode_GetNumFree (C function), 142
PyCode_GetVarnames (C function), 143
PyCode_New (C function), 142
PyCode_NewEmpty (C function), 143
PyCode_NewWithPosOnlyArgs (C function), 143
PyCode_Type (Cvar), 142
PyCodec_BackslashReplaceErrors (C func-
tion), 76
PyCodec_Decode (C function), 75
PyCodec_Decoder (C function), 76
PyCodec_Encode (C function), 75
PyCodec_Encoder (C function), 76
PyCodec_IgnoreErrors (C function), 76
PyCodec_IncrementalDecoder (C function), 76
PyCodec_IncrementalEncoder (C function), 76
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), 142
PyCompactUnicodeObject (Ctype), 116
PyCompilerFlags (C struct), 42
PyCompilerFlags.cf_feature_version (C
member), 42
PyCompilerFlags.cf_flags (C member), 42
PyComplex_AsCComplex (C function), 113
PyComplex_Check (C function), 112
PyComplex_CheckExact (C function), 112
PyComplex_FromCComplex (C function), 112
PyComplex_FromDoubles (C function), 112
PyComplex_TImagAsDouble (C function), 113
PyComplex_RealAsDouble (C function), 112
PyComplex_Type (Cvar), 112
PyComplexObject (Ctype), 112
PyConfig (C type), 195
PyConfig.argv (C member), 196
PyConfig.base_exec_prefix (C member), 196
PyConfig.base_executable (C member), 196
PyConfig.base_prefix (C member), 196
PyConfig.buffered_stdio (Cmember), 197
PyConfig.bytes_warning (C member), 197
PyConfig.check_hash_pycs_mode (C mem-
ber), 197
PyConfig.code_debug_ranges
197
PyConfig.configure_c_stdio (C member),
197
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
198
PyConfig.filesystem_ errors
198
PyConfig.hash_seed (C member), 199
PyConfig.home (C member), 199
PyConfig.import_time (C member), 199
PyConfig.inspect (C member), 199
PyConfig.install_signal_handlers (e
member), 199
PyConfig.int_max_str_digits (C member),
200
PyConfig.interactive (C member), 199
PyConfig.isolated (C member), 200
PyConfig.legacy_windows_stdio (C mem-
ber), 200
PyConfig.malloc_stats (C member), 200
PyConfig.module_search_paths (C member),
201

(C member),

dev_mode (C member), 198
dump_refs (C member), 198
exec_prefix (C member), 198
executable (C member), 198
faulthandler (C member), 198
filesystem_encoding (C member),

(C member),

gL ]
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PyConfig.module_search_paths_set (o
member), 201
PyConfig.optimization_level (C member),
201
PyConfig.orig_argv (C member), 201
PyConfig.parse_argv (C member), 201
PyConfig.parser_debug (C member), 201
PyConfig.pathconfig_warnings (C member),
202
PyConfig.perf_profiling (C member), 204
PyConfig.platlibdir (C member), 200
PyConfig.prefix (C member), 202
PyConfig.program_name (C member), 202
PyConfig.pycache_prefix (C member), 202
PyConfig.PyConfig_Clear (C function), 195
PyConfig.PyConfig InitIsolatedConfig
(C function), 195
PyConfig.PyConfig_InitPythonConfig (C
function), 195
PyConfig.PyConfig_Read (C function), 195
PyConfig.PyConfig_SetArgv (C function), 195
PyConfig.PyConfig_SetBytesArgv (C func-
tion), 195
PyConfig.PyConfig_SetBytesString c
function), 195
PyConfig.PyConfig_SetString (C function),
195
PyConfig.PyConfig_SetWideStringList (C
function), 195
PyConfig.pythonpath_env (C member), 201
PyConfig.quiet (C member), 202
PyConfig.run_command (C member), 202
PyConfig.run_filename (C member), 202
PyConfig.run_module (C member), 203
PyConfig.safe_path (Cmember), 196
PyConfig.show_ref_count (C member), 203
PyConfig.site_import (C member), 203
PyConfig.skip_source_first_line (Cmem-
ber), 203
PyConfig.stdio_encoding (C member), 203
PyConfig.stdio_errors (C member), 203
PyConfig.tracemalloc (C member), 204
PyConfig.use_environment (C member), 204
PyConfig.use_hash_seed (C member), 199
PyConfig.user_site_directory (C member),
204
PyConfig.verbose (C member), 204
PyConfig.warn_default_encoding (C mem-
ber), 197
PyConfig.warnoptions (C member), 204
PyConfig.write_bytecode (C member), 205
PyConfig.xoptions (C member), 205
PyContext (C type), 160
PyContext_CheckExact (C function), 160
PyContext_Copy (C function), 160
PyContext_CopyCurrent (C function), 160
PyContext_Enter (C function), 160
PyContext_Exit (C function), 160

PyContext_New (C function), 160
PyContext_Type (Cvar), 160
PyContextToken (C type), 160
PyContextToken_CheckExact (C function), 160
PyContextToken_Type (C var), 160
PyContextVar (C type), 160
PyContextVar_CheckExact (C function), 160
PyContextVar_Get (C function), 160
PyContextVar_New (C function), 160
PyContextVar_Reset (C function), 161
PyContextVar_Set (C function), 161
PyContextVar_Type (Cvar), 160
PyCoro_CheckExact (C function), 159
PyCoro_New (C function), 159
PyCoro_Type (C var), 159
PyCoroObject (C type), 159
PyDate_Check (C function), 161
PyDate_CheckExact (C function), 161
PyDate_FromDate (C function), 162
PyDate_FromTimestamp (C function), 164
PyDateTime_Check (C function), 161
PyDateTime_CheckExact (C function), 161
PyDateTime_DATE_GET_FOLD (C function), 163
PyDateTime_DATE_GET_HOUR (C function), 162
PyDateTime_DATE_GET_MICROSECOND (C func-
tion), 163
PyDateTime_DATE_GET_MINUTE (C function),
163
PyDateTime_DATE_GET_SECOND (C function),
163
PyDateTime_DATE_GET_TZINFO (C function),
163
PyDateTime_DELTA_GET_DAYS (C function), 163
PyDateTime_DELTA_GET_MICROSECONDS C
function), 163
PyDateTime_DELTA_GET_SECONDS (C function),
163
PyDateTime_FromDateAndTime (C function),
162
PyDateTime_FromDateAndTimeAndFold (C
function), 162
PyDateTime_FromTimestamp (C function), 163
PyDateTime_GET_DAY (C function), 162
PyDateTime_GET_MONTH (C function), 162
PyDateTime_GET_YEAR (C function), 162
PyDateTime_TIME_GET_FOLD (C function), 163
PyDateTime_TIME_GET_HOUR (C function), 163
PyDateTime_TIME_GET_MICROSECOND (C func-
tion), 163
PyDateTime_TIME_GET_MINUTE (C function),
163
PyDateTime_TIME_GET_SECOND (C function),
163
PyDateTime_TIME_GET_TZINFO (C function),
163
PyDateTime_TimeZone_UTC (Cvar), 161
PyDelta_Check (C function), 161
PyDelta_CheckExact (C function), 161
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PyDelta_FromDSU (C function), 162
PyDescr_IsData (C function), 153
PyDescr_NewClassMethod (C function), 153
PyDescr_NewGetSet (C function), 153
PyDescr_NewMember (C function), 153
PyDescr_NewMethod (C function), 153
PyDescr_NewWrapper (C function), 153
PyDict_AddwWatcher (C function), 137
PyDict_Check (C function), 135
PyDict_CheckExact (C function), 135
PyDict_Clear (C function), 135
PyDict_ClearWatcher (C function), 137
PyDict_Contains (C function), 135
PyDict_Copy (C function), 135
PyDict_DelItem (C function), 135
PyDict_DelItemString (C function), 135
PyDict_GetItem (C function), 135
PyDict_GetItemString (C function), 136
PyDict_GetItemWithError (C function), 135
PyDict_TItems (C function), 136
PyDict_Keys (C function), 136
PyDict_Merge (C function), 137
PyDict_MergeFromSeq2 (C function), 137
PyDict_New (C function), 135
PyDict_Next (C function), 136
PyDict_SetDefault (C function), 136
PyDict_SetItem (C function), 135
PyDict_SetItemString (C function), 135
PyDict_Size (C function), 136
PyDict_Type (Cvar), 135
PyDict_Unwatch (C function), 137
PyDict_Update (C function), 137
PyDict_Values (C function), 136
PyDict_Watch (C function), 137
PyDict_WatchCallback (Ctype), 138
PyDict_WatchEvent (C type), 137
PyDictObject (Ctype), 135
PyDictProxy_New (C function), 135
PyDoc_STR (C macro), 6
PyDoc_STRVAR (C macro), 5
PyErr_BadArgument (C function), 46
PyErr_BadInternalCall (C function), 48
PyErr_CheckSignals (C function), 51
PyErr_Clear (C function), 45
PyErr_Clear(),9,11
PyErr_ExceptionMatches (C function), 49
PyErr_ExceptionMatches (), 11
PyErr_Fetch (C function), 49
PyErr_Format (C function), 46
PyErr_FormatV (C function), 46
PyErr_GetExcInfo (C function), 50
PyErr_GetHandledException (C function), 50
PyErr_GivenExceptionMatches (C function),
49
PyErr_NewException (C function), 52
PyErr_NewExceptionWithDoc (C function), 52
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_SetExcFromWindowsErrWithFilenameObject

(C function), 47

PyErr_SetExcFromWindowsErrWithFilenameObjects

(C function), 47
PyErr_SetExcInfo (C function), 51
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_SetHandledException (C function), 50
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), 49
PyErr_WarnExplicitObject (C function), 48
PyErr_WarnFormat (C function), 49
PyErr_WriteUnraisable (C function), 46
PyEval_AcquireLock (C function), 180
PyEval_AcquireThread (C function), 180
PyEval_AcquireThread(), 176
PyEval_EvalCode (C function), 42
PyEval_EvalCodeEx (C function), 42
PyEval_EvalFrame (C function), 42
PyEval_EvalFrameEx (C function), 42
PyEval_GetBuiltins (C function), 75
PyEval_GetFrame (C function), 75
PyEval_GetFuncDesc (C function), 75
PyEval_GetFuncName (C function), 75
PyEval_GetGlobals (C function), 75
PyEval_GetLocals (C function), 75
PyEval_InitThreads (C function), 176
PyEval_InitThreads (), 169
PyEval_MergeCompilerFlags (C function), 42
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PyEval_ReleaseLock (C function), 181
PyEval_ReleaseThread (C function), 180
PyEval_ReleaseThread(), 176
PyEval_RestoreThread (C function), 176
PyEval_RestoreThread (), 174,176
PyEval_SaveThread (C function), 176
PyEval_SaveThread (), 174,176
PyEval_SetProfile (C function), 184
PyEval_SetProfileAllThreads (C function),
184
PyEval_SetTrace (C function), 184
PyEval_SetTraceAllThreads (C function), 184
PyEval_ThreadsInitialized (C function), 176
PyExc_ArithmeticError, 54
PyExc_AssertionError, 54
PyExc_AttributeError, 54
PyExc_BaseException, 54
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, 56
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, 56
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, 56
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), 144
PyFile_GetLine (C function), 144
PyFile_SetOpenCodeHook (C function), 144
PyFile_WriteObject (C function), 145
PyFile_WriteString (C function), 145
PyFloat_AS_DOUBLE (C function), 110
PyFloat_AsDouble (C function), 110
PyFloat_Check (C function), 110
PyFloat_CheckExact (C function), 110
PyFloat_FromDouble (C function), 110
PyFloat_FromString (C function), 110
PyFloat_GetInfo (C function), 110
PyFloat_GetMax (C function), 110
PyFloat_GetMin (C function), 110
PyFloat_Pack2 (C function), 111
PyFloat_Pack4 (C function), 111
PyFloat_Pack8 (C function), 111
PyFloat_Type (Cvar), 110
PyFloat_Unpack?2 (C function), 111
PyFloat_Unpack4 (C function), 111
PyFloat_Unpack8 (C function), 111
PyFloatObject (Ctype), 110
PyFrame_GetBack (C function), 158
PyFrame_GetBuiltins (C function), 158
PyFrame_GetCode (C function), 158
PyFrame_GetGenerator (C function), 158
PyFrame_GetGlobals (C function), 158
PyFrame_GetLasti (C function), 158
PyFrame_GetLineNumber (C function), 158
PyFrame_GetLocals (C function), 158
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PyFrameObject (Ctype), 158
PyFrozenSet_Check (C function), 138
PyFrozenSet_CheckExact (C function), 139
PyFrozenSet_New (C function), 139
PyFrozenSet_Type (Cvar), 138
PyFunction_Check (C function), 140
PyFunction_GetAnnotations (C function), 141
PyFunction_GetClosure (C function), 140
PyFunction_GetCode (C function), 140
PyFunction_GetDefaults (C function), 140
PyFunction_GetGlobals (C function), 140
PyFunction_GetModule (C function), 140
PyFunction_New (C function), 140
PyFunction_NewWithQualName (C function),
140
PyFunction_SetAnnotations (C function), 141
PyFunction_SetClosure (C function), 140
PyFunction_SetDefaults (C function), 140
PyFunction_SetVectorcall (C function), 140
PyFunction_Type (C var), 140
PyFunctionObject (C type), 140
PyGC_Collect (C function), 264
PyGC_Disable (C function), 264
PyGC_Enable (C function), 264
PyGC_IsEnabled (C function), 264
PyGen_Check (C function), 159
PyGen_CheckExact (C function), 159
PyGen_New (C function), 159
PyGen_NewWithQualName (C function), 159
PyGen_Type (C var), 159
PyGenObject (C type), 159
PyGetSetDef (C type), 227
PyGILState_Check (C function), 177
PyGILState_Ensure (C function), 177
PyGILState_GetThisThreadState (C func-
tion), 177
PyGILState_Release (C function), 177
PyImport_AddModule (C function), 63
PyImport_AddModuleObject (C function), 63
PyImport_AppendInittab (C function), 65
PyImport_ExecCodeModule (C function), 63
PyImport_ExecCodeModuleEx (C function), 64
PyImport_ExecCodeModuleObject (C func-
tion), 64
PyImport_ExecCodeModuleWithPathnames
(C function), 64
PyImport_ExtendInittab (C function), 65
PyImport_FrozenModules (Cvar), 65
PyImport_GetImporter (C function), 64
PyImport_GetMagicNumber (C function), 64
PyImport_GetMagicTag (C function), 64
PyImport_GetModule (C function), 64
PyImport_GetModuleDict (C function), 64
PyImport_Import (C function), 63
PyImport_ImportFrozenModule (C function),
65
PyImport_ImportFrozenModuleObject (C
function), 64

PyImport_ImportModule (C function), 62

PyImport_ImportModuleEx (C function), 62

PyImport_ImportModuleLevel (C function), 63

PyImport_ImportModuleLevelObject (o
function), 62

PyImport_ImportModuleNoBlock (C function),
62

PyImport_ReloadModule (C function), 63

PyIndex_Check (C function), 90

PyInstanceMethod_Check (C function), 141

PyInstanceMethod_Function (C function), 141

PyInstanceMethod_GET_FUNCTION (C func-
tion), 141

PyInstanceMethod_New (C function), 141

PyInstanceMethod_Type (Cvar), 141

PyInterpreterState (Ctype), 176

PyInterpreterState_Clear (C function), 178

PyInterpreterState_Delete (C function), 178

PyInterpreterState_Get (C function), 179

PyInterpreterState_GetDict (C function),
179

PyInterpreterState_GetID (C function), 179

PyInterpreterState_Head (C function), 185

PyInterpreterState_Main (C function), 185

PyInterpreterState_New (C function), 178

PyInterpreterState_Next (C function), 185

PyInterpreterState_ThreadHead (C func-
tion), 185

PyIter_Check (C function), 93

PyIter_Next (C function), 93

PyIter_Send (C function), 93

PyList_Append (C function), 134

PyList_AsTuple (C function), 134

PyList_Check (C function), 133

PyList_CheckExact (C function), 133

PyList_GET_ITEM (C function), 134

PyList_GET_SIZE (C function), 134

PyList_GetItem (C function), 134

PyList_GetItem(), 8

PyList_GetSlice (C function), 134

PyList_Insert (C function), 134

PyList_New (C function), 133

PyList_Reverse (C function), 134

PyList_SET_ITEM (C function), 134

PyList_SetItem (C function), 134

PyList_SetItem(),7

PyList_SetSlice (C function), 134

PyList_Size (C function), 133

PyList_Sort (C function), 134

PyList_Type (Cvar), 133

PyListObject (Ctype), 133

PyLong_AsDouble (C function), 109

PyLong_AsLong (C function), 107

PyLong_AsLongAndOverflow (C function), 107

PyLong_AsLongLong (C function), 107

PyLong_AsLongLongAndOverflow (C function),
108

PyLong_AsSize_t (C function), 108
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PyLong_AsSsize_t (C function), 108
PyLong_AsUnsignedLong (C function), 108
PyLong_AsUnsignedLongLong (C function), 108
PyLong_AsUnsignedLongLongMask (C func-
tion), 109
PyLong_AsUnsignedLongMask (C function), 108
PyLong_AsVoidPtr (C function), 109
PyLong_Check (C function), 106
PyLong_CheckExact (C function), 106
PyLong_FromDouble (C function), 107
PyLong_FromLong (C function), 106
PyLong_FromLongLong (C function), 107
PyLong_FromSize_t (C function), 107
PyLong_FromSsize_t (C function), 106
PyLong_FromString (C function), 107
PyLong_FromUnicodeObject (C function), 107
PyLong_FromUnsignedLong (C function), 106
PyLong_FromUnsignedLongLong (C function),
107
PyLong_FromVoidPtr (C function), 107
PyLong_Type (C var), 106
PyLongObject (C type), 106
PyMapping_Check (C function), 92
PyMapping_DelItem (C function), 92
PyMapping_DelItemString (C function), 92
PyMapping_GetItemString (C function), 92
PyMapping_HasKey (C function), 92
PyMapping_HasKeyString (C function), 92
PyMapping_Items (C function), 92
PyMapping_Keys (C function), 92
PyMapping_Length (C function), 92
PyMapping_SetItemString (C function), 92
PyMapping_Size (C function), 92
PyMapping_Values (C function), 92
PyMappingMethods (C type), 255
PyMappingMethods.mp_ass_subscript (C
member), 255
PyMappingMethods.mp_length (C member),
255
PyMappingMethods.mp_subscript (C mem-
ber), 255
PyMarshal_ReadLastObjectFromFile (o
function), 66
PyMarshal_ReadLongFromFile (C function), 66
PyMarshal_ReadObjectFromFile (C function),
66
PyMarshal_ReadObjectFromString (C func-
tion), 66
PyMarshal_ReadShortFromFile (C function),
66
PyMarshal_WriteLongToFile (C function), 66
PyMarshal _WriteObjectToFile (C function),
66
PyMarshal_WriteObjectToString
tion), 66
PyMem_Calloc (C function), 213
PyMem_Del (C function), 214
PyMem_Free (C function), 213

(C  func-

PyMem_GetAllocator (C function), 216
PyMem_Malloc (C function), 213
PyMem_New (C function), 214
PyMem_RawCalloc (C function), 212
PyMem_RawFree (C function), 213
PyMem_RawMalloc (C function), 212
PyMem_RawRealloc (C function), 212
PyMem_Realloc (C function), 213
PyMem_Resize (C function), 214
PyMem_SetAllocator (C function), 216
PyMem_SetupDebugHooks (C function), 216
PyMemAllocatorDomain (C type), 216
PyMemAllocatorDomain.PYMEM_DOMAIN_MEM
(C macro), 216
PyMemAllocatorDomain.PYMEM DOMAIN_OBJ
(C macro), 216
PyMemAllocatorDomain.PYMEM_DOMAIN_RAW
(C macro), 216
PyMemAllocatorEx (Ctype), 215
PyMember_GetOne (C function), 227
PyMember_SetOne (C function), 227
PyMemberDef (C type), 226
PyMemberDef .PyMemberDef.doc (C member),
226
PyMemberDef .PyMemberDef.flags (C mem-
ber), 226
PyMemberDef .PyMemberDef .name (C member),
226
PyMemberDef .PyMemberDef.offset (C mem-
ber), 226
PyMemberDef .PyMemberDef.type (C member),
226
PyMemoryView_Check (C function), 155
PyMemoryView_FromBuffer (C function), 155
PyMemoryView_FromMemory (C function), 155
PyMemoryView_FromObject (C function), 155
PyMemoryView_GET_BASE (C function), 155
PyMemoryView_GET_BUFFER (C function), 155
PyMemoryView_GetContiguous (C function),
155
PyMethod_Check (C function), 141
PyMethod_Function (C function), 141
PyMethod_GET_FUNCTION (C function), 141
PyMethod_GET_SELF (C function), 141
PyMethod_New (C function), 141
PyMethod_Self (C function), 141
PyMethod_Type (Cvar), 141
PyMethodDef (C type), 224
PyModule_AddFunctions (C function), 149
PyModule_AddIntConstant (C function), 151
PyModule_AddIntMacro (C function), 151
PyModule_AddObject (C function), 150
PyModule_AddObjectRef (C function), 150
PyModule_AddStringConstant (C function),
151
PyModule_AddStringMacro (C function), 151
PyModule_AddType (C function), 151
PyModule_Check (C function), 145
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PyModule_CheckExact (C function), 145
PyModule_Create (C function), 147
PyModule_Create?2 (C function), 147
PyModule_ExecDef (C function), 149
PyModule_FromDefAndSpec (C function), 149
PyModule_FromDefAndSpec?2 (C function), 149
PyModule_GetDef (C function), 145
PyModule_GetDict (C function), 145
PyModule_GetFilename (C function), 146
PyModule_GetFilenameObject (C function),
145
PyModule_GetName (C function), 145
PyModule_GetNameObject (C function), 145
PyModule_GetState (C function), 145
PyModule_New (C function), 145
PyModule_NewObject (C function), 145
PyModule_SetDocString (C function), 149
PyModule_Type (Cvar), 145
PyModuleDef (C type), 146
PyModuleDef_Init (C function), 148
PyModuleDef_Slot (Ctype), 148
PyModuleDef_Slot.slot (C member), 148
PyModuleDef_Slot.value (C member), 148
PyModuleDef .m_base (C member), 146
PyModuleDef .m_clear (C member), 147
PyModuleDef .m_doc (C member), 146
PyModuleDef .m_free (C member), 147
PyModuleDef .m_methods (C member), 146
PyModuleDef .m_name (C member), 146
PyModuleDef .m_size (C member), 146
PyModuleDef .m_slots (C member), 146
PyModuleDef.m_slots.m_reload (C member),
146
PyModuleDef.m_traverse (C member), 147
PyNumber_Absolute (C function), 88
PyNumber_Add (C function), 87
PyNumber_And (C function), 88
PyNumber_AsSsize_t (C function), 89
PyNumber_Check (C function), 87
PyNumber_Divmod (C function), 87
PyNumber_Float (C function), 89
PyNumber_FloorDivide (C function), 87
PyNumber_Index (C function), 89
PyNumber_InPlaceAdd (C function), 88
PyNumber_InPlaceAnd (C function), 89
PyNumber_InPlaceFloorDivide (C function),
89
PyNumber_InPlaceLshift (C function), 89
PyNumber_InPlaceMatrixMultiply (C func-
tion), 88
PyNumber_InPlaceMultiply (C function), 88
PyNumber_InPlaceOr (C function), 89
PyNumber_InPlacePower (C function), 89
PyNumber_InPlaceRemainder (C function), 89
PyNumber_InPlaceRshift (C function), 89
PyNumber_InPlaceSubtract (C function), 88
PyNumber_InPlaceTrueDivide (C function), 89
PyNumber_InPlaceXor (C function), 89

PyNumber_Invert (C function), 88
PyNumber_Long (C function), 89
PyNumber_Lshift (C function), 88
PyNumber_ MatrixMultiply (C function), 87
PyNumber_Multiply (C function), 87
PyNumber_Negative (C function), 88
PyNumber_Or (C function), 88
PyNumber_Positive (C function), 88
PyNumber_Power (C function), 88
PyNumber_Remainder (C function), 87
PyNumber_Rshift (C function), 88
PyNumber_Subtract (C function), 87
PyNumber_ToBase (C function), 89
PyNumber_TrueDivide (C function), 87
PyNumber_Xor (C function), 88
PyNumberMethods (C type), 253
PyNumberMethods.nb_absolute (C member),
254
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
ber), 255
PyNumberMethods
PyNumberMethods
ber), 254
PyNumberMethods
ber), 254

.nb_add (C member), 254
.nb_and (C member), 254
.nb_bool (C member), 254
.nb_divmod (C member), 254
.nb_float (C member), 254
.nb_floor_divide (C mem-

.nb_index (C member), 255
.nb_inplace_add (C mem-

.nb_inplace_and (C mem-

PyNumberMethods.nb_inplace_floor_divide

(C member), 255
PyNumberMethods.nb_inplace_1lshift (C
member), 254

PyNumberMethods.nb_inplace_matrix_multiply

(C member), 255
PyNumberMethods.nb_inplace_multiply (C
member), 254
PyNumberMethods.nb_inplace_or (C mem-
ber), 255
PyNumberMethods.nb_inplace_power (c
member), 254
PyNumberMethods.nb_inplace_remainder
(C member), 254
PyNumberMethods.nb_inplace_rshift (C
member), 254
PyNumberMethods.nb_inplace_subtract (C
member), 254
PyNumberMethods.nb_inplace_true_divide
(C member), 255
PyNumberMethods.nb_inplace_xor (C mem-
ber), 254
PyNumberMethods.nb_int (C member), 254
PyNumberMethods.nb_invert (C member), 254
PyNumberMethods.nb_1shift (C member), 254
PyNumberMethods.nb_matrix_multiply (C
member), 255
PyNumberMethods.nb_multiply (C member),

gL ]

313



The Python/C API, %% 3.12.0a0

254
PyNumberMethods
254
PyNumberMethods
PyNumberMethods
254
PyNumberMethods
PyNumberMethods
254
PyNumberMethods
254
PyNumberMethods
PyNumberMethods
254
PyNumberMethods
ber), 255
PyNumberMethods .nb_xor (C member), 254
PyObject (C type), 222
PyObject_AsCharBuffer (C function), 100
PyObject_ASCII (C function), 81
PyObject_AsFileDescriptor (C function), 144
PyObject_AsReadBuffer (C function), 100
PyObject_AsWriteBuffer (C function), 100
PyObject_Bytes (C function), 81
PyObject_Call (C function), 85
PyObject_CallFunction (C function), 85
PyObject_CallFunctionObjArgs (C function),
86
PyObject_CallMethod (C function), 86
PyObject_CallMethodNoArgs (C function), 86
PyObject_CallMethodObjArgs (C function), 86
PyObject_CallMethodOneArqg (C function), 86
PyObject_CallNoArgs (C function), 85
PyObject_CallObject (C function), 85
PyObject_Calloc (C function), 214
PyObject_CallOneArqg (C function), 85
PyObject_CheckBuffer (C function), 99
PyObject_CheckReadBuffer (C function), 100
PyObject_CopyData (C function), 99
PyObject_Del (C function), 221
PyObject_DelAttr (C function), 80
PyObject_DelAttrString (C function), 80
PyObject_DelItem (C function), 82
PyObject_Dir (C function), 82
PyObject_Free (C function), 215
PyObject_GC_Del (C function), 263
PyObject_GC_IsFinalized (C function), 263
PyObject_GC_IsTracked (C function), 263
PyObject_GC_New (C function), 262
PyObject_GC_NewVar (C function), 262
PyObject_GC_Resize (C function), 262
PyObject_GC_Track (C function), 262
PyObject_GC_UnTrack (C function), 263
PyObject_GenericGetAttr (C function), 80
PyObject_GenericGetDict (C function), 80
PyObject_GenericSetAttr (C function), 80
PyObject_GenericSetDict (C function), 80
PyObject_GetAIter (C function), 82

.nb_negative (C member),

.nb_or (C member), 254
.nb_positive (C member),

.nb_power (C member), 254
.nb_remainder (C member),

.nb_reserved (C member),

.nb_rshift (C member), 254
.nb_subtract (C member),

.nb_true_divide (C mem-

PyObject_GetArenaAllocator (C function),
218
PyObject_GetAttr (C function), 79
PyObject_GetAttrString (C function), 79
PyObject_GetBuffer (C function), 99
PyObject_GetItem (C function), 82
PyObject_GetIter (C function), 82
PyObject_HasAttr (C function), 79
PyObject_HasAttrString (C function), 79
PyObject_Hash (C function), 81
PyObject_HashNotImplemented (C function),
81
PyObject_HEAD (C macro), 222
PyObject_HEAD_INIT (C macro), 223
PyObject_Init (C function), 221
PyObject_InitVar (C function), 221
PyObject_IS_GC (C function), 262
PyObject_IsInstance (C function), 81
PyObject_IsSubclass (C function), 81
PyObject_IsTrue (C function), 82
PyObject_Length (C function), 82
PyObject_LengthHint (C function), 82
PyObject_Malloc (C function), 214
PyObject_New (C function), 221
PyObject_NewVar (C function), 221
PyObject_Not (C function), 82
PyObject._ob_next (C member), 235
PyObject._ob_prev (C member), 235
PyObject_Print (C function), 79
PyObject_Realloc (C function), 214
PyObject_Repr (C function), 81
PyObject_RichCompare (C function), 80
PyObject_RichCompareBool (C function), 81
PyObject_SetArenaAllocator (C function),
218
PyObject_SetAttr (C function), 80
PyObject_SetAttrString (C function), 80
PyObject_SetItem (C function), 82
PyObject_Size (C function), 82
PyObject_Str (C function), 81
PyObject_Type (C function), 82
PyObject_TypeCheck (C function), 82
PyObject_VAR_HEAD (C macro), 222
PyObject_Vectorcall (C function), 86
PyObject_VectorcallDict (C function), 86
PyObject_VectorcallMethod (C function), 87
PyObjectArenalAllocator (Ctype), 218
PyObject.ob_refcnt (C member), 234
PyObject.ob_type (C member), 234
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
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PyOS_ReadlineFunctionPointer (C var), 40

PyOS_setsig (C function), 58

PyOS_snprintf (C function), 73

PyOS_stricmp (C function), 74

PyOS_string_to_double (C function), 74

PyOS_strnicmp (C function), 74

PyOS_vsnprintf (C function), 73

PyPreConfig (C type), 192

PyPreConfig.allocator (C member), 192

PyPreConfig.coerce_c_locale (C member),
192

PyPreConfig.coerce_c_locale_warn
member), 193

PyPreConfig.configure_locale (C member),
192

PyPreConfig.dev_mode (C member), 193

PyPreConfig.isolated (C member), 193

PyPreConfig.legacy_windows_fs_encoding
(C member), 193

PyPreConfig.parse_argv (C member), 193

(e

PyPreConfig.PyPreConfig_InitIsolatedCorBfiSequenceMethods

(C function), 192

PyPreConfig.PyPreConfig_InitPythonConfiRySequenceMethods

(C function), 192
PyPreConfig.use_environment (C member),

193
PyPreConfig.utf8_mode (C member), 193
PyProperty_Type (Cvar), 153
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
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), 93
PySeqgIter_Check (C function), 152
PySeqglter_New (C function), 152
PySeqglter_Type (Cvar), 152
PySequence_Check (C function), 90
PySequence_Concat (C function), 90
PySequence_Contains (C function), 91
PySequence_Count (C function), 91
PySequence_DelItem (C function), 90
PySequence_DelSlice (C function), 91
PySequence_Fast (C function), 91

PySequence_Fast_GET_ITEM (C function), 91
PySequence_Fast_GET_SIZE (C function), 91
PySequence_Fast_ITEMS (C function), 91
PySequence_GetItem (C function), 90
PySequence_GetItem(), 8
PySequence_GetSlice (C function), 90
PySequence_Index (C function), 91
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PySequence_ITEM (C function), 91
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PySequence_List (C function), 91
PySequence_Repeat (C function), 90
PySequence_SetItem (C function), 90
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PySequence_Size (C function), 90
PySequence_Tuple (C function), 91
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PySet_Add (C function), 139
PySet_Check (C function), 138
PySet_CheckExact (C function), 138
PySet_Clear (C function), 139
PySet_Contains (C function), 139
PySet_Discard (C function), 139
PySet_GET_SIZE (C function), 139
PySet_New (C function), 139

PySet_Pop (C function), 139

PySet_Size (C function), 139
PySet_Type (Cvar), 138

PySetObject (Ctype), 138
PySignal_SetWakeupFd (C function), 52
PySlice_AdjustIndices (C function), 154
PySlice_Check (C function), 153
PySlice_GetIndices (C function), 153
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PyState_FindModule (C function), 152
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PyStatus (C type), 191
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PyStatus.exitcode (C member), 191
PyStatus. func (C member), 191
PyStatus.Py_ExitStatusException (C func-
tion), 191
PyStatus.PyStatus_Error (C function), 191
PyStatus.PyStatus_Exception (C function),
191
PyStatus.PyStatus_Exit (C function), 191
PyStatus.PyStatus_IsError (C function), 191
PyStatus.PyStatus_IsExit (C function), 191
PyStatus.PyStatus_NoMemory (C function),
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PyStatus.PyStatus_0Ok (C function), 191
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PyStructSequence_SET_ITEM (C function), 133
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PySys_AddWarnOptionUnicode (C function), 60
PySys_AddXOption (C function), 61
PySys_Audit (C function), 61
PySys_FormatStderr (C function), 61
PySys_FormatStdout (C function), 60
PySys_GetObject (C function), 60
PySys_GetXOptions (C function), 61
PySys_ResetWarnOptions (C function), 60
PySys_SetArgv (C function), 173
PySys_SetArgv (), 169
PySys_SetArgvEx (C function), 173
PySys_SetArgvEx (), 169
PySys_SetObject (C function), 60
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PYTHONPROFILEIMPORTTIME, 199
PYTHONPYCACHEPREFIX, 202
PYTHONSAFEPATH, 196
PYTHONTRACEMALLOC, 204
PYTHONUNBUFFERED, 168, 197
PYTHONUTEFS, 193, 207
PYTHONVERBOSE, 169, 204
PYTHONWARNINGS, 204
PyThread_create_key (C function), 186
PyThread_delete_key (C function), 187
PyThread_delete_key_value (C function), 187
PyThread_get_key_value (C function), 187
PyThread_ReInitTLS (C function), 187
PyThread_set_key_value (C function), 187
PyThread_tss_alloc (C function), 186
PyThread_tss_create (C function), 186
PyThread_tss_delete (C function), 186
PyThread_tss_free (C function), 186
PyThread_tss_get (C function), 186
PyThread_tss_is_created (C function), 186
PyThread_tss_set (C function), 186
PyThreadState, 174
PyThreadState (Ctype), 176
PyThreadState_Clear (C function), 178
PyThreadState_Delete (C function), 178
PyThreadState_DeleteCurrent (C function),
178
PyThreadState_EnterTracing (C function),
179
PyThreadState_Get (C function), 176
PyThreadState_GetDict (C function), 180
PyThreadState_GetFrame (C function), 178
PyThreadState_GetID (C function), 178
PyThreadState_GetInterpreter (C function),
179
PyThreadState_LeaveTracing (C function),
179
PyThreadState_New (C function), 178
PyThreadState_Next (C function), 185
PyThreadState_SetAsyncExc (C function), 180
PyThreadState_Swap (C function), 176
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PyTime_CheckExact (C function), 161
PyTime_FromTime (C function), 162
PyTime_FromTimeAndFold (C function), 162
PyTimeZone_FromOffset (C function), 162
PyTimeZone_FromOffsetAndName (C function),
162
PyTrace_C_CALL (Cvar), 184
PyTrace_C_EXCEPTION (C var), 184
PyTrace_C_RETURN (C var), 184
PyTrace_CALL (Cvar), 183
PyTrace_EXCEPTION (C var), 183
PyTrace_LINE (Cvar), 183
PyTrace_OPCODE (C var), 184
PyTrace_RETURN (C var), 183
PyTraceMalloc_Track (C function), 219
PyTraceMalloc_Untrack (C function), 219

PyTuple_Check (C function), 131
PyTuple_CheckExact (C function), 131
PyTuple_GET_ITEM (C function), 131
PyTuple_GET_SIZE (C function), 131
PyTuple_GetItem (C function), 131
PyTuple_GetSlice (C function), 131
PyTuple_New (C function), 131
PyTuple_Pack (C function), 131
PyTuple_SET_ITEM (C function), 132
PyTuple_SetItem (C function), 131
PyTuple_SetItem(),7
PyTuple_Size (C function), 131
PyTuple_Type (Cvar), 131
PyTupleObject (Ctype), 131
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PyType_Check (C function), 101
PyType_CheckExact (C function), 101
PyType_ClearCache (C function), 101
PyType_ClearWatcher (C function), 102
PyType_FromMetaclass (C function), 104
PyType_FromModuleAndSpec (C function), 104
PyType_FromSpec (C function), 105
PyType_FromSpecWithBases (C function), 104
PyType_GenericAlloc (C function), 102
PyType_GenericNew (C function), 102
PyType_GetFlags (C function), 101
PyType_GetModule (C function), 103
PyType_GetModuleByDef (C function), 103
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PyType_GetName (C function), 103
PyType_GetQualName (C function), 103
PyType_GetSlot (C function), 103
PyType_HasFeature (C function), 102
PyType_IS_GC (C function), 102
PyType_IsSubtype (C function), 102
PyType_Modified (C function), 102
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ber), 105
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PyTypeObject.tp_as_async (C member), 237
PyTypeObject.tp_as_buffer (C member), 240
PyTypeObject.tp_as_mapping (C member),
238
PyTypeObject.tp_as_number (C member), 238
PyTypeObject.tp_as_sequence (C member),
238
PyTypeObject.tp_base (C member), 247
PyTypeObject.tp_bases (C member), 251
PyTypeObject.tp_basicsize (C member), 235
PyTypeObject.tp_cache (C member), 251
PyTypeObject.tp_call (C member), 239
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PyTypeObject.tp_descr_get (C member), 248
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PyTypeObject.tp_dict (C member), 248
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PyTypeObject.tp_flags (C member), 240
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PyTypeObject.tp_init (C member), 249
PyTypeObject.tp_is_gc (C member), 250
PyTypeObject.tp_itemsize (C member), 235
PyTypeObject.tp_iter (C member), 246
PyTypeObject.tp_iternext (C member), 247
PyTypeObject.tp_members (C member), 247
PyTypeObject.tp_methods (C member), 247
PyTypeObject.tp_mro (C member), 251
PyTypeObject .tp_name (C member), 235
PyTypeObject.tp_new (C member), 249
PyTypeObject.tp_repr (C member), 238
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PyUnicode_4BYTE_DATA (C function), 117
PyUnicode_4BYTE_KIND (C macro), 117
PyUnicode_AsASCIIString (C function), 128
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PyUnicode_AsEncodedString (C function), 125
PyUnicode_AsLatinlString (C function), 128
PyUnicode_AsMBCSString (C function), 129
PyUnicode_AsRawUnicodeEscapeString (C
Sfunction), 127
PyUnicode_AsUCS4 (C function), 122
PyUnicode_AsUCS4Copy (C function), 122
PyUnicode_AsUnicodeEscapeString (C func-
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PyUnicode_AsUTF8 (C function), 125
PyUnicode_AsUTF8AndSize (C function), 125
PyUnicode_AsUTF8String (C function), 125
PyUnicode_AsUTF16String (C function), 127
PyUnicode_AsUTF32String (C function), 126
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124
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PyUnicode_CompareWithASCIIString (e
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PyUnicode_Concat (C function), 129
PyUnicode_Contains (C function), 130
PyUnicode_CopyCharacters (C function), 121
PyUnicode_Count (C function), 130
PyUnicode_DATA (C function), 117
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PyUnicode_DecodeASCII (C function), 128
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251
PyTypeObject.tp_traverse (C member), 243
PyTypeObject.tp_vectorcall (C member),

252
PyTypeObject.tp_vectorcall_ offset

member), 237
PyTypeObject.tp_version_tag (C member),

251
PyTypeObject.tp_weaklist (C member), 251
PyTypeObject.tp_weaklistoffset (C mem-

ber), 246
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function), 123
PyUnicode_DecodeLatinl (C function), 128
PyUnicode_DecodeLocale (C function), 122
PyUnicode_DecodeLocaleAndSize (C func-

tion), 122
PyUnicode_DecodeMBCS (C function), 129
PyUnicode_DecodeMBCSStateful (C function),

129
PyUnicode_DecodeRawUnicodeEscape

Sfunction), 127
PyUnicode_DecodeUnicodeEscape (C func-

tion), 127
PyUnicode_DecodeUTF7 (C function), 127
PyUnicode_DecodeUTF7Stateful (C function),
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PyUnicode_DecodeUTF8 (C function), 125
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PyUnicode_DecodeUTF8Stateful (C function),
125
PyUnicode_DecodeUTF16 (C function), 126
PyUnicode_DecodeUTFl6Stateful (C func-
tion), 127
PyUnicode_DecodeUTF32 (C function), 126
PyUnicode_DecodeUTF32Stateful (C func-
tion), 126
PyUnicode_EncodeCodePage (C function), 129
PyUnicode_EncodeFSDefault (C function), 123
PyUnicode_EncodelLocale (C function), 122
PyUnicode_Fill (C function), 121
PyUnicode_Find (C function), 130
PyUnicode_FindChar (C function), 130
PyUnicode_Format (C function), 130
PyUnicode_FromEncodedObject (C function),
121
PyUnicode_FromFormat (C function), 120
PyUnicode_FromFormatV (C function), 121
PyUnicode_FromKindAndData (C function), 119
PyUnicode_FromObject (C function), 122
PyUnicode_FromString (C function), 120

PyUnicode_FromString (), 135
PyUnicode_FromStringAndSize (C function),
120

PyUnicode_FromWideChar (C function), 124
PyUnicode_FSConverter (C function), 123
PyUnicode_FSDecoder (C function), 123
PyUnicode_GET_LENGTH (C function), 117
PyUnicode_GetLength (C function), 121
PyUnicode_InternFromString (C function),
131
PyUnicode_InternInPlace (C function), 131
PyUnicode_IsIdentifier (C function), 118
PyUnicode_Join (C function), 129
PyUnicode_KIND (C function), 117
PyUnicode_MAX_CHAR_VALUE (C function), 118
PyUnicode_New (C function), 119
PyUnicode_READ (C function), 117
PyUnicode_READ_CHAR (C function), 117
PyUnicode_ReadChar (C function), 121
PyUnicode_READY (C function), 117
PyUnicode_Replace (C function), 130
PyUnicode_RichCompare (C function), 130
PyUnicode_Split (C function), 129
PyUnicode_Splitlines (C function), 129
PyUnicode_Substring (C function), 122
PyUnicode_Tailmatch (C function), 130
PyUnicode_Translate (C function), 128
PyUnicode_Type (Cvar), 116
PyUnicode_WRITE (C function), 117
PyUnicode_WriteChar (C function), 121
PyUnicodeDecodeError_Create (C function),
53
PyUnicodeDecodeError_GetEncoding (o
function), 53
PyUnicodeDecodeError_GetEnd (C function),
53

PyUnicodeDecodeError_GetObject (C func-

tion), 53
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_GetEncoding c
function), 53
PyUnicodeEncodeError_GetEnd (C function),

53
PyUnicodeEncodeError_GetObject (C func-
tion), 53
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), 116
PyUnicodeTranslateError_GetEnd (C func-
tion), 53
PyUnicodeTranslateError_GetObject (C
function), 53
PyUnicodeTranslateError_GetReason (C
function), 53
PyUnicodeTranslateError_GetStart (e
function), 53
PyUnicodeTranslateError_SetEnd (C func-
tion), 53
PyUnicodeTranslateError_SetReason (C
function), 53
PyUnicodeTranslateError_SetStart (e
function), 53
PyVarObject (C type), 222
PyVarObject_HEAD_INIT (C macro), 223
PyVarObject .ob_size (C member), 235
PyVectorcall_Call (C function), 84
PyVectorcall_Function (C function), 84
PyVectorcall_NARGS (C function), 84
PyWeakref_Check (C function), 155
PyWeakref_CheckProxy (C function), 155
PyWeakref_CheckRef (C function), 155
PyWeakref_ GET_OBJECT (C function), 156
PyWeakref_GetObject (C function), 156
PyWeakref_NewProxy (C function), 156
PyWeakref_NewRef (C function), 155
PyWideStringList (Ctype), 190
PyWideStringList.items (C member), 190
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PyWideStringList.length (C member), 190 string
PyWideStringList.PyWideStringList_Append PyObject_Str (C function), 81
(C function), 190 strong reference —— #&E|H, 277
PyWideStringList.PyWideStringList_Insergum_list(),8
(C function), 190 sum_sequence (), 9, 10
PyWrapper_New (C function), 153 sys
B, 11,1609, 181
Q SystemError (built-in exception), 145, 146
qualified name —-- [RE 4 FF, 276
T
R ternaryfunc (C type), 259
realloc(),?211 text encoding —- X A%, 277
reference count —-- 3| fit%k, 276 text file —-- XAXf,277
regular package —-- ¥ ¥4, 277 traverseproc (Ctype), 263
releasebufferproc (Ctype), 259 triple-quoted string -- = 3| & F ff &,
repr 277
[FIE &%, 81, 238 tuple
reprfunc (C npe), 258 & & %, 91, 134
richcmpfunc (C type), 259 X%, 131
type
S [EE % #, 82
sdterr H &, 6, 101
stdin stdout, 170 type —- X#,277
search type alias —- XA R 4,277
path, module, 11, 169, 171, 172 type hint —— XAZH, 278
sendfunc (C type), 259 U
sequence
£, 113 ULONG_MAX, 108
sequence —-- J¥7%|,277 unaryfunc (C rype), 259
set universal newlines —- i f#4T,278
T4, 138
set comprehension —— £4#FR, 277 vV
set_all(),8 variable annotation -- ZTEAFE, 278
setattrfunc (Ctype), 258 EE % %
setattrofunc (C type), 259 _ _import_ ,62
setswitchinterval () (in module sys), 174 abs, 88
SIGINT, 51 ascii, 81
signal bytes, 81
M, 51 classmethod, 226
single dispatch —-- B4k, 277 compile, 63
SIZE_MAX, 108 divmod, 88
slice —— Y K,277 float, 89
special hash, 81, 238
method, 277 int, 89
special method -- #%kF ik, 277 len, 82, 90, 92, 134, 136, 139
ssizeargfunc (C type), 259 pow, 88, 89
ssizeobjargproc (C type), 259 repr, 81, 238
statement —— EA, 277 staticmethod, 226
staticmethod tuple, 91, 134
[EE &%, 226 type, 82
stderr (in module sys), 181 vectorcallfunc (Ctype), 83
stdin version (in module sys), 172, 173
stdout sdterr, 170 virtual environment -- & #3334, 278
stdin (in module sys), 181 virtual machine -— JEH#IHL, 278
stdout visitproc (C type), 263
sdterr, stdin, 170 it 4
stdout (in module sys), 181 bytearray, 115
strerror (), 46 bytes, 113
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Capsule, 156
complex number, 111
dictionary, 135
file, 144

floating point, 110
frozenset, 138
function, 140
instancemethod, 141
integer, 106

list, 133

long integer, 106
mapping, 135
memoryview, 155
method, 141

module, 145

None, 106

numeric, 106
sequence, 113

set, 138

tuple, 131

type, 6, 101
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